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Tektronix

COMMITTED TO EXCELLENCE

Our Company — Now in our 33rd year,
Tektronix has established a reputation as an
innovator and leader—first in oscilloscopes,
then in areas including professional studio
television equipment, graphic display de-
vices and numerous other electronic prod-
ucts.

Our corporate offices and main manufac-
turing operations are located at the 300-
acre Tektronix Industrial Park, just west of
Portland, Oregon. Two nearby industrial
parks are the sites of our Systems Division
and Information Display Group. Another site
in Vancouver, Washington allows for further
growth. Within the United States, we main-
tain 47 field offices staffed by sales, service
and support personnel trained and dedi-
cated to meeting customer needs.

International manufacturing plants are lo-
cated near London; on the English Channel
Isle of Guernsey; at Heerenveen, The
Netherlands; and in Tokyo and Gotemba,
Japan, (occupied by Sony/Tektronix Cor-
poration, our equally-owned Japanese af-
filiate).

Worldwide, the manufacturing, engineering,
warehousing and related space owned by
Tektronix totals about 3.4 million square
feet. Sales during calandar year 1978 ex-
ceeded $600 million.

Our Products — Tektronix products en-
compass virtually all aspects of human en-
deavor in research, design, manufacturing,
and testing. This catalog includes complete
specification for some products, and a sum-
mary of others. If you would like additional
specification or application information, use
the return card at the rear of the catalog, or
contact our nearest office directly. It is listed
on the page facing the return card.

To find out more about our products and our
company, contact your local Tektronix office.

CORPORATE OFFICES AND PRINCIPAL
PLANT LOCATED AT

TEKTRONIX INDUSTRIAL PARK

14150 S.W. KARL BRAUN DRIVE,
BEAVERTON, OREGON

Copyright © 1979, Tektronix, Inc. All rights reserved.
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stream.
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PORTABLE OSCILLOSCOPES 103
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specifically designed digitizers, systems and
software.

10

T e e

SEMICONDUCTOR DEVICE

TEST SYSTEMS 171
Tektronix offers comprehensive solutions
for automated test and measurement prob-
lems encompasing linear and digital ICs, LSI
devices, Microprocessors and discrete com-
ponents.
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These TDR cable testers provide mainte-
nance people with fast, accurate, portable
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A lightweight, portable digital photometer/
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High-performance plug-in spectrum analy-
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generators, other analyzers, and related
products.
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PATIENT MONITORS 199
Compact, reliable physiological monitors.
Portable and versatile for bedside, transport,
intensive care, operating room or nursery.
Options include hard copy and multiple
digital readout.
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For both OEM and end-users, we offer a
wide range of display monitors for direct
viewing or photography; bistable or variable
persistence storage; and X-Y, raster scan
(video), random dot scan or vector displays.
UL 544 Listing and Component Recognition
is available on most instruments.
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Extend your measurement capabilities. Con-
tains selection guides, charts, descriptions
and specifications.
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sale and warranty.
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OUR NEWEST PRODUCTS

INFORMATION DISPLAY PRODUCTS 4027 Color Graphics Termlnal
GMA125 Computer Display '

Color Graphics and Alphanumerics
PLOT 10 Software Support

Modular Construction 4016-1 Computer Display Terminal
High Performance 25-inch Graphics

and Alphanumerics
Combined Refresh and Storage Capability

4633A Continuous Recorder

25" Graphics Display for more Information

Capacity
High Resolution Gray Scale Detachable Keyboard and Display
Continuous Dry Silver Paper Images of Local Digitizing Capabilities
M-Mode Ultrasound Systems PLOT 10 Compatible

Fiber Optics Technology
4663 Interactive Digital Plotter
4634 Image Forming Module

C-size Plotter Convenience
Microprocessor-based Local Intelligence
Unique Parameter Entry Device
Automatic Media Advance

See page 11 for more information on these
and all other IDG products.

High Resolution Gray Scale

Dry Silver Paper Records of Raster Scan
Video Signals

Fiber Optics Technology

7000 SERIES OSCILLOSCOPES
7104 1 GHz Oscilloscope

2104 0SCILLGSCOPE.
o e

The new 7104 non-storage, plug-in oscillo-
scope offers a 1 GHz bandwidth, a rise-time
of 350 ps (our fastest) and a writing speed of
20 cm/ns. This newest addition to the 7000
Series is used to observe or photograph very
fast single-shot waveforms.

The 7104 is compatible with standard 7000
Series plug-in units, including three new ones
designed to take the instrument to its speC|f|—
cation limits. They are:

7A29 Vertical Amplifier—1 GHz bandwidth:
10 mV/div—1 V/div calibrated vertical deflec-
tion factors; 50Q) input.

7B10 Delayed Time Base—200 ps/div max-
imum sweep rate; 1 GHz triggering; extremely
low jitter (0.02%).

7B15 Delaying Time Base— Same perform-
ance as 7B10 plus delay time and A time
measurement capabilities when used with the
7B10 or equivalent time base.

For more information on the 7104 Oscillo-
scope, turn to page 48.

PORTABLE OSCILLOSCOPES
305 Portable Oscilloscope/DMM

The new SONY/TEKTRONIX 305 Oscillo-
scope DMM is a 5 MHz portable scope with
an integral auto-ranging DMM and built-in,
rechargeable battery power. It also offers full
X-Y and Dual Trace in a compact, lightweight
package.

See page 118 for more information.



DIGITAL SERVICE INSTRUMENTS
832 Data Comm Tester

New this year to the Digital Service Instrument
group is the 832 Data Comm Tester, a portable
digital service instrument that guides the user
towards possible problems in data communi-
cation systems.

The 832 can monitor, analyze, test and trouble-
shoot data communications interfaces. For
further information, see page 132.

TM 500 SERIES PRODUCTS
SC 503 10 MHz Storage Oscilloscope

TM 500 Plug-in 10 MHz Oscilloscope

Bistable Storage Auto-erase

Variable Enhancement and Integration to
Increase Writing Speed

Trigger View

Variable Holdoff

Switchable Front/Rear X and Y Inputs,
Rear Z Axis Input

True X-Y Capability
See page 159 for more information

MEASUREMENT DISPLAY PRODUCTS

620 Low Cost Display Monitor

The new TEKTRONIX 620 Display Monitor is
a very low cost electrostatically-deflected
display that offers small spot size, a 10 x 12 cm
screen and medium brightness. Modular pack-
aging and other options make the 620 an
excellent value in price/performance situa-
tions where good system/display interface is
also required.

Special pricing, terms and conditions are
available to qualified OEMs. For more infor-
mation see page 205. -

TELEVISION PRODUCTS

B Retroee

L f MG

ANSWER™ System

The ANSWER™ System is a new, all digital,
software-programmable, automated video
signal measurement set. It is factory pro-
grammed to make over 30 amplitude, phase,
and timing measurements using the NTC 7
and FCC VIT signals. See page 187 for more
information.

SEMICONDUCTOR TEST SYSTEMS

S-3280 Automated Semiconductor
Test System

 Tests ECL (Emitter Coupled Logic) devices
» Sub-nanosecond measurement capability
* 50 Ohm Environment
 Full graphics and data reduction package
« Interfaces to various handlers and probers
« Easy to program and edit
« Uses TEKTEST Ill, a device-oriented

test language
» Tests high-speed logic
» Individual drivers per device pin

S-3270 Automated Semiconductor
Test System

» Device characterization for microprocessors,
RAMs, ROMs, LSI devices, hybrids

» Uninterrupted Error Storage at 20 MHz

* Multiple Pattern Sources

» Versatile driver formats

» 14 programmable channels of timing
information

s Single-shot timing

» Advanced graphics and data reduction

» Uses TEKTEST Ill, a device-oriented
test language

» Easy to program and edit

 True foreground/background timesharing

S$-3250 Automated Semiconductor
Test System

» Fast, efficient high-volume device testing

» |Interfaces with various handlers and probers

* 20 MHz clock rate

* Minimum operator interface

* High through-put

e Uses TEKTEST Ill, a device-oriented
test language

e Easy to program and edit

» Tests microprocessors, LS| devices,
RAMS, ROMS, hybrids and more

See page 171 for more information on
TEXTRONIX Automated Test Systems.

New Product Summary

CABLE TESTER PRODUCTS

The PA1 Cable Comparator is used with the
1503 Cable Tester to amplify the test pulse
and test two lines at the same time. This gives
the user a clear picture of faults on noisy or
lossy lines, the ability to see crosstalk and
the advantage of instant comparison of a bad
line with a good one. See page 183 for more
information.

TELEQUIPMENT
Test & Measurement Products

Telequipment Instruments are now available
through the new U.S. stocking distributor
network offering:

» More products (Previously unavailable in
the U.S.)

* New products

» Local stock

» Local sales and warranty

» Local service and support

« Credit card purchasing in selected areas

For low-priced oscilloscopes that meet your
measurement needs day-in and day-out,
consider our Telequipment line.

PORTABLE SCOPES
¢ D32 - 10 MHz Dual Trace
New
« S22 - 5 MHz Single Trace
e D34 - 15 MHz Dual Trace

BENCH SCOPES

e S61 - 5 MHz Single Trace

 D61A - 10 MHz Dual Trace

New

» DBBA - 25 MHz Dual Trace

New

» D67A - 25 MHz Dual Trace Delayed Sweep

STORAGE SCOPE
» DM64 - 10 MHz Dual Trace
CURVE TRACER
* CT71

Four new products for 2nd quarter 1979:

D1015, D1016
* 15 MHz

D1010, D1011
* 10 MHz

For Telequipment distributor addresses, see
Page 248 or use the catalog reply card, or
write: Telequipment U.S. Sales

P.O. Box 500 Beaverton, OR 97077

Phone: (503) 644-0161, Ext. 6205
or (503) 644-0143




Reference Information

USING THIS REFERENCE SECTION

The products in this catalog cover a range of capabilities in a
number of areas. In many cases you'll have several products from
which to choose. These introductory notes are intended to help
you review some of the factors involved in making a selection.

Of course this reference section can only outline some of the
major factors involved. If you need more information, contact your
local Tektronix Field Office, Representative, or Distributor — we’re

ready and eager to help.

INSTRUMENT CONFIGURATION

Two Basic Approaches ................ 5

A discussion of plug-in and monolithic
designs for oscilloscopes and other types
of electronic equipment. Includes charts.

PORIEDHIY: . " i s MLy e 6

Discusses what factors make an instrument
a portable. A chart of TEKTRONIX portable
instruments is provided.

Environmental Factors ................ 6

Information about how to interpret envi-
ronmental specifications.

Power Source Considerations ........... 6

Material on what kind of power sources
TEKTRONIX instruments can handle.

CRT DISPLAY OPTIONS

SIOTAGR 7. . oo b e s ahd i v it n s i bl 5 7

‘Many TEKTRONIX products which use crts
for a display come in storage models.
Advantages of storage and the character-
istics of various techniques are presented.
Accompanied by a chart of TEKTRONIX
products using crt storage. »

REFERENCE SECTION CONTENTS

Display Monitors ...... i i e e 8

Factors which influence image characteris-
tics, the advantages of crt storage, and as-
sociated amplifiers are mentioned.

Cathode-Ray Tube Phosphor Data ....... 8

A section on phosphors; and human eye
response, and one on phosphor protection.

Chart of common phosphor types and their

characteristics.
KEY SPECIFICATIONS AND FEATURES
Oscilloscopes and Related Equipment .. .9

Amplifier Considerations ............... 9
Rise Time and Bandwidth

Sensitivity (Deflection Factor)

Differential, Balanced, or Push-Pull Inputs
Multiple Inputs

Two Techniques: Dual-Beam and Dual-Trace

Time Bases .. .. ...................... 10
Sweep Rates, and Sweep Types

Relating Fast Sweep, High Frequencies, and
Rise Times

Delaying/Delayed Time Bases
Digital Time Displays

Sampling ....... TR RO Tl 10

All products identified with this phrase

GPIB Products

incorporate the |IEEE STD. 488-1975 Digital
Interface for Programmable Instrumentation.
This same interface has also been adopted
by the American National Standards Insti-
tute as ANSI MC 1.1-1975. The interfacing
scheme set forth in these standards is
commonly known as the “GPIB’”’ — General
Purpose Interface Bus. It is a byte serial,
eight bit parallel interface designed spe-
cifically for connecting together test and
measurement instruments, controllers and

peripherals into systems for automatic test-
ing, monitoring, controlling and computa-
tion. In selecting equipment to incorporate
into a GPIB system, the user must be aware
that a wide latitude of interface capability is
permitted within the scope of the IEEE-488-
1975 standard. This latitude may allow de-
vices which fully comply with the standard
to be operationally incompatible with each
other. It is therefore recommended that spe-
cific information on each GPIB product be
obtained from the vendor in order to deter-
mine the operational capability which may
be realized in the interconnection of these
products into a system.



CONFIGURATION

TWO BASIC APPROACHES

There are two basic configurations for test
and measurement instruments. Modular in-
struments, more often called plug-in or
laboratory models when referring to oscil-
loscopes, combine a mainframe and one or
more interchangeable plug-in subassem-
blies. Integrated instruments, such as mono-
lithic oscilloscopes, are one-piece units.

Although portable instruments are tradition-
ally designed as integrated units, not all
monolithic instruments meet all the objec-
tives of portability. On the other hand, some
modular systems, such as the TEKTRONIX
TM 500 Modular Test and Measurement Line,
are designed for easy transport right into the
field — See the reference section on port-
ability for more details.

Modular Design

Versatility is the primary advantage of a
modular instrument. Many more functions
than could be economically or practically
combined in a single unit can be made
available in separate plug-ins. You the user,
can then choose the ones that serve you best.

Because a modular instrument is so versatile,
it can also make use of advances in instru-
ment design. New plug-ins or mainframes
can be added that, within the basic limita-
tions of the other units, add new functions or
higher performance.

Modularity also allows plug-ins and main-
frames to be shared between various uses.
For example, with the TM 500 Line, the same
general test and measurement plug-ins used
in the lab for design work can be quickly
inserted into a portable mainframe and easily
carried to a service problem. Alternately,
where demand warrants it, the identical
model plug-ins can be supplied to both field
service and laboratory personnel, assuring
the repeatability of measurements and min-
imizing training time.

Plug-ins can also extend the original instru-
ment range to other functions. Digital multi-
meters, curve tracers, spectrum analyzers
and logic analyzers are just a few examples
of the many specialized plug-ins Tektronix
offers for modular oscilloscopes.

Oscilloscopes

There are two lines of TEKTRONIX modular
oscilloscopes to choose from. The TEK-
TRONIX 5000 Series uses two amplifier plug-
ins plus one time base. The TEKTRONIX
7000 Series, which offers higher perform-
ance in a number of areas, can accept up to
two vertical-channel plug-ins and two time
bases or other horizontal units simultane-
ously. In-depth coverage begins on page 39.

Reference Information

MODULAR NON-STORAGE OSCILLOSCOPES

Model Minimum Number Maximum Delayed
Number Bandwidth** Deflection Factor of Traces Sweep Rate | Sweep | Page | Price*
7104 1 GHz 10 mV/div at BW up to 4 200 ps/div X 48
10 uV/div $14400
1 mA/div
7904 500 MHzt 10 mV/div at BW up to 4 500 ps/div X 50 5695
R7903 10 pV/div 5150
1 mA/div
7844 400 MHzt 20 mV/div at BW up to 4 1 ns/div X 52 8295
10 uV/div Dual-Beam
1 mA/div
7704A 250 MHz 20 mV/div at BW up to 4 2 ns/div X 55 +200
Opt 09 10 uV/div
1 mA/div
7704A 200 MHz 10 mV/div at BW up to 4 2 ns/div X 54 3635
10 pV/div
1 mA/div
7603 100 MHz 5 mV/div at BW up to 4 5 ns/div X 56 2260
10 wV/div
1 mA/div
5440 60 MHz 5 mV/div at BW up to 8 5 ns/div X 91 1640
10 wV/div
0.5 mA/div
5112 2 MHz 1 mV/div at BW up to 8 100 ns/div X 97 1360
10 wV/div Dual-Beam
0.5 mA/div
5110 2 MHz 1 mV/div at BW up to 8 100 ns/div X 96 795
10 uV/div
0.5 mA/div
7603N11S | Ruggedized 5 mV/div at BW up to 2 5 ns/div X 57 4895
oscilloscope i
system [meets or
exceeds
MIL-0-24311 (EC)
(AN/USM 281
Specs)]

*Price does not include plug-ins.
**Bandwidths are real time.

11 GHz with 7A21N direct-access plug-in.

Sampling plug-ins that extend bandwidths to 14 GHz are available for most mainframes.

Test and Measurement Instruments

In the general test and measurement field
the TEKTRONIX TM 500 Test and Measure-
ment Line is our modular system. One, three,
four, five, and six-compartment mainframes
accept a broad selection of plug-in units.
The mainframe unit provides a common pri-
mary power supply, keeping total instrument
weight, size, and cost down. Just as impor-
tantly, TM 500 Mainframes also provide a
signal control and data interface between
modules. This allows TM 500 units to work
either individually or together as integrated
measuring systems. The TEKTRONIXTM 500
Modular Test and Measurement Line is ex-
tensive: more than 30 units, including power
supplies, signal sources, oscilloscope mod-
ules, a logic analyzer, digital multimeters,
counter/timers, and more. Custom plug-in
kits allow you to add your own unique cir-
cuits. With this feature, you can also apply
TM 500’s capability to unusual applications.
In-depth coverage begins on page 133.

Other Modular Devices

Logic Analyzers page 21
Waveform Digitizing Instruments

and Systems page 169
Spectrum Analyzers page 188
Curve Tracers page 176

Integrated and Monolithic Devices

Taking the other design approach to instru-
ment design, integrated instrument are op-
timized for a single range of functions. One-
piece instrument design provides reduction
in weight, increased ease of use, smaller
size, and usually lower power requirements
when a definite function is required.

Many oscilloscopes of this type are partic-
ularly designed for portable use, with rug-
ged cases, environmental protection, and
internal or external battery power. In-depth
coverage begins on page 103.

Tektronix also offers many other one-piece
products designed to be used alone or as
elements of larger systems. Each performs
its specialized task economically yet fully
because it is designed for a specific type of
use:

Graphic Terminals page 11
Digital Service Instruments page 129
Tv Products page 186
Display Monitors page 201

To sum up, modular instruments feature
versatility, opportunities for tailor-made se-
lection of functions, and a wide range of
measurement capability. Integrated designs
are strongest in economy for single func-
tions, ruggedness, and portability.




Reference Information

PORTABILITY

Any instrument not actually permanently
bolted down is in some sense portable, but
by “portable’” we mean something more.

Portable Oscilloscopes

For oscilloscopes, a combination of factors
must be considered. Small size and light
weight are obviously important, but the de-
gree depends on the application and the
uses. Similarly, ruggedized cases or dust
covers may be required. The TEKTRONIX
200-Series Oscilloscopes, for example, are
less than 8 x 14 x 23 cm (3 x 6 x 9 in), weigh
less than 2 kg (3%2 Ib) and are specifically
designed and packaged for field use. The
300-Series all weigh less than 5 kg (11 Ib).
The high-performance TEKTRONIX 400-Ser-
ies models, 10.5 to 11.8 kg (21 to 26 Ib), are
designed as portables, too.

For many applications, internal battery pow-
er is often essential. On the other hand, the
weight of internal batteries can be a dis-
advantage if they are rarely needed. In some
applications power is always available, since
it must be provided to the equipment being
tested. TEKTRONIX Portable Oscilloscopes
cover the full range of power options. The
200-Series has internal batteries. The 300-
Series models and high performance por-
tables, such as the TEKTRONIX 400-Series,
are line operated. However, external battery
packs are available as accessories for both
the 300-Series and the 400-Series.

Portable Test and Measurement Instruments

Many of these same factors apply to other
instruments besides oscilloscopes. The TM
500 Modular Test and Measurement Line, for
example, has several configurations designed
for portability. The TM 515 Traveller Main-
frame travels like luggage but works like a
lab bench set-up. Although it is attractive
and convenient enough to treat as carry-on
luggage (it will even go beneath your seat
in most airplanes), the TM 515 is designed
to take rugged travel. It carries up to five
TM 500 plug-in instruments. Again, relatively
light weight, rugged construction, and con-
venient size are the key to portability.

Plug-ins include: pulse generators, function
generators, other signal generators, ampli-
fiers and filters, oscilloscopes and monitors,
lab power supplies, digital counter/timers,
digital multimeters, special plug-ins, and
custom plug-ins.

All of the more than 30 TM 500 plug-ins are
portable when used with portable TM 500
Mainframes: TM 515 5-compartment Travel-
ler Mainframe, TM 503 3-compartment Main-
frame with carrying case or protective cover,

TM 504 4-compartment Mainframe with.

carrying case or protective cover.

In-depth coverage of TM 500 products be-
gins on page 133.

Our Other Portables

Still other TEKTRONIX portable instruments
meet special requirements far above simple
movability. The 1502 and 1503 TDR Cable
Testers, for example, are designed to work

'PORTABLE NON-STORAGE OSCILLOSCOPES

Model Minimum Maximum Delayed
Number Bandwidth Deflection Factor Dual-Trace | Sweep Rate SWEEP Page Price
485 350 MHz 5 mV/div at BW X 1 ns/div X 106 $5725
475A 250 MHz 5 mV/div at BW X 1 ns/div X 108 3800
475 200 MHz 2 mV/div at BW X 1 ns/div X 108 3435
465 100 MHz 5 mV/div at BW X 5 ns/div X 108 2495
465M 100 MHz 5 mV/div at BW X 5 ns/div X 110 2620
455 50 MHz 5 mV/div at BW X 5 ns/div X 113 2055
335 35 MHz 10 mV/div at BW X 20 ns/div X 116 2175
1 mV/div
305 5 MHz 5 mV/div at BW X 0.1 us/div 118 1725
221 5 MHz 5 mV/div at BW X 100 ns/div 119 1190
213 1 MHz 20 mV/div at BW 400 ns/div 120 1595
5 mV/div
212 500 kHz 10 mV/div at BW X 1 us/div ; 122 1190
1 mV/div
T935A 35 MHz 2 mV/div at BW X 10 ns/div X 125 1535
T932A 35 MHz 2 mV/div at BW X 10 ns/div 125 1245
T922 15 MHz 2 mV/div at BW X 20 ns/div 123 975
T921 15 MHz 2 mV/div at BW 20 ns/div 123 795
1 mV/div
D67A* 25 MHz 10 mV/div at BW X 40 ns/div X 3
1 mV/div
DB6A* 25 MHz 10 mV/div at BW X 20 ns/div 3
1 mV/div
D34* 15 MHz 2 mV/div at BW X 40 ns/div 3
D32* 10 MHz 10 mV/div at BW X 100 ns/div 3
i 10 MHz 5 mV/div at BW X 40 ns/div 3
e 15 MHz 5 mV/div at BW X 40 ns/div .3
S22* 5 MHz 10 mV/div at BW 100 ns/div 3
1 mV/div
SC 504t 80 MHz 5 mV/div at BW X 5 ns/div 158 1900
SC 502t 15 MHz 5 mV/div at BW X 20 ns/div 160 1500

1 mV/div
*TELEQUIPMENT :

1The SC 502 and SC 504 are TM 500 Oscilloscopes that must be plugged into a TM 500 Mainframe for

operation.

Please turn to page 164 for more information on TM 500 Mainframes.

outdoors in any weather, including pouring
rain.

TEKTRONIX Portable Patient Monitors pro-
vide hours of battery-powered operation so
they can keep on providing data on vital
functions not only during surgery but right
through patient transport.

For movement within limited areas, TEK-
TRONIX SCOPE-MOBILE® Carts and Lab
Carts are available in several configurations.
A typical setup might include a 400-Series
Oscilloscope on the top shelf with two TM
503 Mainframes underneath. These carts are
particularly useful for in-plant servicing,
school and research laboratories, and simi-
lar applications.

For more information, see the following
pages:

Logic Analyzer page 21
Cable Testers page 183
Spectrum Analyzers page 188
Portable Patient Monitors page 199
SCOPE-MOBILE® Carts page 234

ENVIRONMENTAL CHARACTERISTICS

The environmental characteristics listed in instrument
specifications may include some or all of the follow-
ing: temperature, altitude, humidity, vibration, shock,
and electromagnetic compatibility (emc, previously rfi
or emi).

The specifications for humidity, vibration, shock, and
transportation are intended to be beyond what can be
expected in use, and operation at these extremes may
cause minor physicial deterioration. Such operation,
however, should not cause electrical performance to
deteriorate outside specifications.

The specifications for temperature and altitude are
such that continual use at the limits will not cause
significant short-term deterioration. Naturally, higher
temperature operation can be expected to reduce
longterm reliability and should be avoided if possible.
The emc test is completely nondestructive.

Sample production instruments are tested periodically
as part of a continual quality-control process. Com-
plete tests on every production instrument are un-
desirable as well as uneconomical.

Fer more specific information on the environmental
characteristics and how they apply to given instru-
ments, please refer to the page covering that instru-
ment.

POWER SOURCE CONSIDERATIONS

In general, instruments are factory wired for the nom-
inal voltage of the country of manufacture. Most
TEKTRONIX instruments provide wide-range regu-
lated supplies, or quick change line-voltage selectors
for convenient selection of line-voltage operating
ranges. Transformer taps in other instruments can be
changed to accommodate specific line-voltage oper-
ating ranges or can be factory wired for a specific
range if specified on the purchase order.

Most TEKTRONIX instruments are designed for op-
eration from a power source with its neutral at or near
ground (earth) potential. They are not intended for
operation from two phases of a multiphase system or
across the legs of a single-phase three-wire system
(220 V).

Except for some double-insulated instruments, most
TEKTRONIX instruments are equipped with either a
three-conductor attached power cord or a three-ter-
minal power-cecrd receptacle. The third wire or termi-
nal is connected directly to the instrument chassis to
protect operating personnel.

Power-cord coding follows one of the two following
schemes: .

Scheme 1 Scheme 2
Line Black Brown
Neutral White Light blue

Ground (safety earth) Green-yellow Green-yellow



STORAGE

Storage crts continue to display a waveform
after the input signal ceases. The period of
image retention runs from a few seconds
to several hours depending on several fac-
tors mentioned below. The stored display
may be erased to make way for storage of a
later waveform. Storage tubes may also be
operated as conventional (nonstorage) tubes.

Storage oscilloscopes allow easy, accurate
evaluations of slowly changing phenomena
that would appear only as slow moving dots.
They are also needed for viewing rapidly
changing nonrepetitive waveforms whose
images would otherwise flash across the crt
too quickly to be evaluated. Storage can re-
duce the time to photograph scope traces by
allowing you to “compose’” the picture. Un-
wanted displays can be erased as many
times as necessary before the photograph is
taken.

Storage crts are used in other TEKTRONIX
products, too. For terminals, crt storage
provides an economical means of retaining
graphic and alphanumeric display without
requiring refresh circuitry. Curve tracers with
a storage crt show a wider range of wave-
forms. And monitors with storage find a wide
variety of applications.

TYPES OF STORAGE

TEKTRONIX products use three types of
storage crts — the TEKTRONIX proprietary
bistable phosphor storage tube, a variable
persistence tube (sometimes called half-
tone storage), and a fast transfer tube. The
last device can also provide operating
modes similar to the simpler bistable and
variable persistence types.

Although storage writing speeds are not
quite as fast as conventional crt speeds yet,
they are catching up: recent developments
in transmission storage tubes at Tektronix
have resulted in a fast stored writing speed
of 2500 cm/ us.

BISTABLE

The bistable-phosphor crt utilizes a special
phosphor with two stable states: written and
unwritten.

The storage mode allows waveforms to be
stored and displayed a minimum of several
hours (in some cases much longer) or until
erased by operator.

Bistable storage is often the easiest kind of
storage to use. It is also usually the most
inexpensive. Some principal applications
include mechanical measurements, signal
comparisons, and data recording. Most bi-
stable phosphor crts have a split-screen
viewing area which allows each half to be
used independently for storage displays. The
split-screen feature provides many unique
advantages. With this system, a reference
waveform can be stored on one half of the
screen and the other half can be used to
store the effect that calibration adjustments
or the insertion of filters, etc, have on circuit
operation. If desired, this technique can be
used where the reference portion operates
in the stored mode and the other half of the
display, operating in the nonstored mode,
monitors an external input.
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CRT STORAGE OSCILLOSCOPES
(in order of Stored Writing Rate)

Stored
Model Writing Type of Band- Minimum Number | Delayed
Number Speed View Time Storage width** | Deflection Factor | of Traces | Sweep |Plug-in |Page |Price
7834 5500 div/us 30 s tt Fast Variable | 400 MHz | 20 mV/div at BW up to 4 X X 60 [$7695
Persistence 10 mV/div at
325 MHz
776 div/us | 30 min Fast Bistable
minimum
12 div/us 30s tt Variable
Persistence
0.2 div/us 30 min Bistable
minimum
466 3000 div/ us 15 s 1t Fast variable 100 MHz 5 mV/div at BW | up to 2 X 111 | 5355
persistence
3 div/us 15 s 1t Variable
persistence
7633 2200 div/us 30 s 1t Fast variable 100 MHz 5 mV/div at BW | up to 4 X X 62 | 5615
persistence 10 pV/div
1 mA/div
400 div/ps 30 min Fast bistable
minimum
3 div/us 30 s 1t Variable
persistence
2 div/ps 30 min Bistable
minimum
7623A 150 div/ps 30 s ft Fast variable 100 MHz 5 mV/div at BW | up to 4 X X 62 | 4295
persistence 10 uV/div
1 mA/div
50 div/us | 30 min Fast bistable
minimum
0.5div/ps | 30stt Variable
persistence
0.03 div/us 30 min Bistable
minimum
464 110 div/us 15s 1t Fast variable [ 100 MHz 5 mV/div at BW | up to 2 X 111 | 4375
0.5 div/us 1581+ persistence
7613 5 div/us 1 hr Variable 100 MHz 5 mV/div at BW | up to 4 X X 64 | 3430
persistence 10 pV/div
1 mA/div
5441 5 div/us 1 hr Variable 60 MHz 5mV/div at BW | up to 8 X X 92 2775
persistence 10 pV/div
0.5 mA/div
7313 5 div/us 30 min Bistable 25 MHz 5 mV/div at BW | up to 4 X X 65 | 3535
minimum split screen 10 pV/div
1 mA/div
434 5 div/us 4 hrs Bistable 25 MHz 10 mV/div at BW | up to 2 115 3480
split screen 1 mV/div
5115 0.8 div/us 10 hrs Bistable 2 MHz 1 mV/div at BW | up to 8 X X 97 1565
split screen 10 pV/div
0.5 mA/div
5113 0.2 div/us 10 hrs Bistable 2 MHz 1 mV/div at BW | up to 8 X X 97 | 2025
split screen 10 pV/div dual-beam
0.5 mA/div
5111 0.02 div/us 10 hrs Bistable 2 MHz 1 mV/div at BW | up to 8 X X 96 | 1490
split screen 10 pV/div 5
0.5 mA/div
214 0.5 div/us 1 hr Bistable 500 kHz 10 mV/div at BW | up to 2 122 | 1595
1 mV/div
314 0.25 div/us 4 hrs Bistable 10 MHz 2mV/div at BW | up to 2 117 | 2645
DM 64* | 0.25 div/us 1 hr Bistable 10 MHz 1 mV/div at BW | up to 2 3
SC 5031| 80 div/ms 4 hrs Bistable 10 MHz 1 mV/div at BW up to 2 159 2200

*TELEQUIPMENT

**Bandwidths are real time. Sampling plug-ins that extend bandwidths to 14 GHz are available for most mainframes.
+The SC 503 is a TM 500 Oscilloscope that must be pugged into a TM 500 Mainframe for operation.
Please turn to page 164 for more information on TM 500 Mainframes.
+1View times are at full stored display intensity. They may be increased by using reduced intensity in the save display mode.

An example of the usefulness of the split-
screen feature is in speech therapy. The
normal speech pattern is recorded on the
upper half of the storage screen and the
patient’s attempts to match this pattern are
recorded on the lower half. With split-screen
operation, the lower half showing the trial
waveform can be erased as many times as
desired without affecting the stored informa-
tion on the upper screen.

VARIABLE PERSISTENCE

Variable persistence storage allows a con-
tinuous gradation between the bright written
level and the dark reference.

The variable persistence mode also allows
for the selection of the time a stored image
will be retained. The storage persistence
can be adjusted so the entire waveform can
be viewed, yet the stored trace fades from
view just as the new waveform is being
plotted. With the save feature, an entire dis-
play can be stored for further analysis if
desired.

Applications for variable persistence stor-

age include real time, spectrum analysis,
time-domain reflectometry, sampling and
other measurements which require slow
sweep displays. For fast repetitive sweeps,
the storage persistence can be set so mul-
tiple traces are displayed before the first
trace fades from view. Then you can view
changes in signal response with changes in
circuit conditions, time, or adjustments. This
method can also be used to provide display
integration so that only the coincident por-
tions of a repetitive signal are displayed. Any
aberration or jitter not common to all repeti-
tive traces will not be stored or displayed.
Low-repetition rate, fast-rise-time signals
that are not discernible on conventional crts
can be easily viewed.

This type of storage provides the best dis-
play when storing displays with varying
intensities, such as delayed sweep or with
Z-axis intensity modulation. Variable per-
sistence storage provides very good displays
for photographs due to the high contrast
between dark background and bright wave-

forms.
(Continued on following page)




Reference Information

FAST TRANSFER

Fast transfer storage uses a tube with a
special intermediate mesh target. This tar-
get, which is optimized for speed, captures
the waveform and then transfers it to a
slower, longer-storing electrode. The second
target can be designed to offer bistable or
variable persistence modes, in combination
with the transfer mesh or by itself.

Several TEKTRONIX Oscilloscopes use this
combination of capability to provide unique
multimode storage. By front-panel controls,
users of these instruments can select the
operating mode suited to the specific mea-
surement situation.

DIGITAL STORAGE

Although not directly comparable in some
respects, digital storage is also a useful
technology for waveform retention. More in-
formation is given in the sections on digital
oscilloscopes, logic analyzers and signal
processing systems products.

DISPLAY MONITORS
Image Characteristics

Elements that may be important to you in
obtaining the best image from a display
monitor include the brightness of the image,
the resolution or spot diameter, the size of
the image and the phosphor type used and
its characteristics.

Brightness depends on the type of crt used,
the phosphor and the accelerating voltage.

In general, higher brightnesses can only be
obtained at the cost of lower resolution or
slower writing speed. On some monitors, a
separate intensity or Z-axis input is available
to modulate the brightness of the beam. Res-
olution is specified either by spot size or by
number of line pairs in a given distance.
Smaller spot sizes or greater numbers of
line pairs in general mean a more detailed
image can be displayed.

Screen size and the size of the graticule on
conventional monitors is normally compar-
able to that offered on laboratory oscillo-
scopes (up to 8 by 10 cm). Tektronix also
offers a series of displays with screen sizes
of 19 and 25 inches (see page 18). Phosphor
characteristics can be selected to optimize
viewing or photography and to match de-
sired image decay rates. See the phosphor
chart and following information.

Storage

Storage is an essential feature on monitors
when the information to be presented is
transitory or the image to be built up is too
complex for the source to communicate all
at one time. Tektronix offers both bistable
storage monitors and variable persistence
models. See page 203 for application infor-
mation.

Vertical and Horizontal Amplifiers

The amplifiers in display monitors must
faithfully translate the input signal to a de-
flection on the crt screen. Two important
characteristics are the bandwidth of the
amplifier and the linearity, each of which
contributes to how faithfully the signal will
be reproduced on the screen. The phase dif-
ference and the common-mode rejection
ratio determine how closely two signals can
be graphed against one another and how
well they can be extracted from extraneous
background noise. See the amplifier con-
siderations section on the next page for
further details.

PHOSPHOR DATA CHART

CATHODE-RAY TUBE
PHOSPHOR DATA

HUMAN EYE RESPONSE

An important factor in selecting a phosphor
is the color or radiant energy distribution of
the light output. The human eye responds in
varying degrees to light wavelength from
deep red to violet. The human eye is most
sensitive to the yellow-green region; how-
ever, its responsiveness diminishes on eithgr
side in the orange-yellow area and the blug-
violet region. The eye is not very receptive
to deep blue or red.

If the quantity of light falling on the eye is
doubled, the brightness “seen” by the eye
does not double. The brightness of a color
tone as seen is approximately proportional
to the log of energy of the stimulus.

The term Iluminance is the photometric
equivalent of brightness. It is based on mea-
surements made with a sensor having a
spectral sensitivity curve corrected to that of
the average human eye. The Sl (international
metric standard) units for luminance are
candelas per meter squared, but the English
footlamberts are still used extensively in the
U.S. One footlambert = 0.2919 candelas/m?.
The term luminance implies that data has
been measured or corrected to incorporate
the CIE standard eye response curve for the
human eye. CIE is an abbreviation for “Com-
mission Internationale de L’Eclairage” (Inter-
national Commission on lllumination). The
luminance graphs and tables are therefore
useful only when the phosphor is being
viewed.

PHOSPHOR PROTECTION

When a phosphor is excited by an electron
beam with an excessively high current den-
sity, a permanent loss of phosphor efficiency
may occur. The light output of the damaged
phosphor will be reduced, and in extreme
cases complete destruction of the phosphor

Phosphorescence Relative Decay to
Where Different Photographic 0.1% Relative Ordering
from Relative Writing Decay to | Decay to | (in ms) Burn Information
Phosphor Fluorescence Fluorescence Luminance! Speed? 10% 1% Resistance Comments Option
P1 Yellowish-green — 50% 20% 24 ms 48 ms 95 Medium Replaced by P31 in Special
most applications order
P2 Bluish-green Yellowish-green 55% 40% 75 us — 1202 Medium Good compromise for Special
high high- and low-speed order
applications. Replaced by
P31 in most applications
P4 White — 50% 40% 60 us 470 us 20 Ml:el_di#m Television displays 74
g
P7 Blue Yellowish-green 35% 75% 0.3s 3s 8 sec Medium Long decay, double- 76
layer screen
P11 Purplish-blue — 15% 100% 80 us — 20 Medium For photographic 78
applications
P31 Yellowish-green — 100% 50% 38 us 250 us 32 High General purposes, 80
brightest available
phosphor
P39 Yellowish green = 27% NA4 - 36 203 1250 NA# Photographic applications 40
P45 White - 32% NA4 7 1.9 5 NA4 Monochrome TV displays

Measured with TEKTRONIX J16 photometer and J6523 luminance

P31 as reference.

probe which incorporates a CIE standard eye filter. Representative of 10 kV aluminized screens.

2P11 as reference with Polaroid 410 film. Representative of 10 kV aluminized screens.

3Low level lasts over one minute under conditions of low ambient illumination.

4Not available.




may result. Darkening or burning occurs
when the heat developed by electron bom-
bardment cannot be dissipated rapidly
enough by the phosphor.

The two most important and controllable
factors affecting the occurrence of burning
are beam-current density (controllable with
the Intensity, Focus, and Astigmatism con-
trols) and the length of time the beam ex-
cites a given section of the phosphor (con-
trollable with the Time/Div control). Of the
total energy from the beam, 90% is converted
to heat and 10% to light. A phosphor must
radiate the light and dissipate the heat, or
like any other substance, it will burn. Re-
member, burning is a function of intensity
and time. Keeping the intensity down or the
time short will save the screen.

SELECTING A PHOSPHOR

The catalog description of each oscilloscope
indicates the phosphor normally supplied or
offered as an option. Special phosphors are
available for applications which require dif-
ferent characteristics. For example, P11 is
excellent for waveform photography but due
to its short persistence it is not well suited
for applications requiring visual observation
of low-speed phenomena. For more specific
information regarding the best-suited phos-
phor for your particular applications, please
confer with your Tektronix Sales Engineer,
Representative or Distributor. They know
the factors that must be considered in selec-
tion of a phosphor for any given application.

Phosphors are rated in several parameters,
such as color of fluorescence or phosphore-
science, decay, etc. The table on page 8 de-
scribes the more commonly used phosphors.
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KEY SPECIFICATIONS AND FEATURES

for oscilloscopes and related equipment

AMPLIFIER CONSIDERATIONS
RISE TIME AND BANDWIDTH

One vital capability generally sought in an
oscilloscope is sufficient bandwidth and ade-
quate rise time.

Although rise time is usually the more im-
portant parameter when working with faster
waveforms, signal bandwidth is commonly
specified for lower speeds.. Constraints make
the two numerically related in well-designed
general-purpose oscilloscopes. Bandwidth
in megahertz multiplied by rise time in nano-
seconds is approximately 0.35. Therefore, if
your needs are defined in terms of one fac-
tor, dividing it into 0.35 will produce the
other.

Bandwidth is of course defined as the fre-
quency range in which signals are handled
with less than a 3-dB loss compared to mid-
band performance. Since modern oscillo-
scopes work well at low frequencies down to
dc, bandwidth here commonly refers to the
highest frequency which can be displayed
with a 3-dB or less error.

Most oscilloscope designs make use of grad-
ual roll-offs at the high-frequency end, so in
many cases a scope will be useful far be-
yond its specified bandwidth. Waveshapes
may be altered and amplitudes reduced
somewhat.

In terms of rise time, scopes ideally should
have a vertical system capable of respond-
ing at least five times as fast as the fastest
applied step signal (thus having a rise time
less than 1/5 as great). In such a case, the
rise time of the signal indicated on the
scope will be in error by less than 2 percent.

Using the 1/5 and 0.35 factors together, the
minimal requirements for scope bandwidth
for accurate rise time measurements can be
estimated using the following rule of thumb:

1.70
Fastest Rise Time

Bandwidth (minimal) ~

Very accurate absolute rise time measure-
ments are not always important. When sim-
ply comparing the rise times of two signals,
scopes with a rise time equal to the rise time
of the signals applied are usually considered
adequate.

Besides indicating bandwidth for the vertical
channel, many oscilloscope specifications
also include a bandwidth figure for the hori-
zontal and trigger channels.

Bandwidth and rise time figures also apply
to many other TEKTRONIX instruments. Sig-
nal sources, probes, amplifiers, TDR sys-
tems and many other test instruments are
characterized in part by rise time. Frequency
response figures are given for portable pa-
tient monitors, spectrum analyzers and
many tv products. The specifications will
indicate values where these figures are
relevant.

SENSITIVITY (DEFLECTION FACTORS)

Although sensitivity specifications are most
often associated with oscilloscope vertical
channels, specifications can also be pro-
vided for horizontal channels and trigger
circuits with external inputs. Similarly, vari-
ous other instruments may have a sensitivity
specification relating minimum input level to
some function or output level.

Sensitivity, in the case of oscilloscopes, re-
fers to the input needed to produce a stated
deflection of the spot on the crt. Specifica-
tions typically are given in millivolts per
centimeter or division.

At a given state of the art, sensitivity is a
tradeoff with bandwidth. The small amount
of noise in even the best input circuit will
mask signals which are too weak. Raising
the bandwidth increases the noise picked up
by the amplifiers, requiring more of a signal
to create a clear display.

As a consequence of this relationship, many
high-sensitivity scopes provide bandwidth-
limiting controls to allow you to make better
low-level, moderate frequency measure-
ments. For these and other models, a set of
sensitivity specifications may be given for
limited frequencies as well as over the full
range.

Many times, external noise will be the prob-
lem. Differential amplifiers are often used to
lessen the effects of external noise and
common-mode signals, thus improving the
useful measurement sensitivity range.

DIFFERENTIAL, BALANCED, OR
PUSH-PULL INPUTS

Differential or balanced amplifiers provide
a feature beyond mere accommodation of
push-pull signals: they have the ability to
cancel or reject, to a high degree, any sig-
nal components equal in amplitude and
phase that appear at both inputs. Such am-
plifiers provide a simple and accurate means
of measuring the difference between two sig-
nals. They also provide a means of rejecting
most unwanted signal components common
to both inputs, such as power line “hum.”

MULTIPLE INPUTS

It is quite often useful to be able to view any
one or several of a number of input signals
without disturbing connections to the oscil-
loscope. Several types of multiple-input am-
plifiers which display more than one signal
on the same crt display are available.

Common applications include input-output
comparisons, checking a signal against a
standard or working with complex circuits.
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Two Techniques: Dual-Beam and Dual-Trace

Two techniques, dual-trace or dual-beam cir-
cuitry, are commonly used for creating two
traces on a single crt. The dual-trace scope
incorporates electronic switching to alter-
nately connect two input signals to a single
deflection system. The dual-beam scope,
however, has two independent deflection
systems within its crt. (Some models do
share horizontal systems, though.) There are
distinct advantages to both dual-beam and
dual-trace scopes. A dual-beam scope can
display two input signals separately and
simultaneously. Therefore, it can show two
nonrecurrent signals of short duration. Also,
models with independent horizontal deflec-
tion can display nonrecurrent signals on
different time bases.

The principal advantages of dual-trace
scopes are lower cost and intrinsically bet-
ter comparison capabilities. This comes from
using a single horizontal amplifier and one
set of deflection plates. On the other hand,
since a transient event might occur on one
input channel while the beam is tracing the
other, dual-trace scopes are not recom-
mended for viewing fast one-shot phe-
nomena.

Extension of the dual-trace principles has
produced newer multiple-trace oscilloscopes
capable of displaying up to eight traces.

TIME BASES
SWEEP RATES AND SWEEP TYPES

Except in special cases, oscilloscopes have
built-in sawtooth sweep generators for pro-
ducing constant-speed horizontal beam de-
flection. In early scopes, these generators
ran continuously and horizontal calibration
was based on their repetition frequency. In
most modern scopes, sweeps are calibrated
in terms of a direct unit of time for a given
distance of spot travel across the screen;
hence the term, “time base.”

This technique permits:

1. Direct measurement of time between
events.

2. Viewing and measuring small portions of
pulse trains.

3. Viewing and measuring random or ape-
riodic events.

4. Viewing and measuring single nonrecur-
rent events.

Distances representing time are measured
on the scope’s graticule, the ruled scale
built into the display. The internal graticule
built inside the crt face on modern scopes
is preferable, as it eliminates parallax.

A major graticule division may be an inch,
centimeter or some other length. Some in-
struments have different distance-units for
the vertical and horizontal scales. Graticules
often have small markings which subdivide
the major divisions to assist in making ac-
curate measurements. Such subdivisions
should not be interpreted as the distance
unit in a specification.
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Strictly speaking, sweep specifications are
rates properly expressed as time/length.
However, the term sweep speed (implying
length/time) is often used synonymously.

RELATING SWEEP RATES, HIGH
FREQUENCIES AND RISE TIMES

The appropriate sweep rate for frequency-
specified measurements is based on the
nature of the test. Given a moderate fre-
quency, a sweep is usually considered ade-
quate if it is capable of displaying one cycle
across the full horizontal scale. At high fre-
quencies, however, scopes seldom have
sweeps that fast. To measure rise time as
accurately as possible, a step signal (square
wave, rectangular pulse, etc) should occupy
most of the full vertical scale, and the rising
portion of the signal should be displayed at
nearly a 45° slope. This objective can be
met only if the fastest sweep is able to move
the beam a horizontal distance nearly equal
to the full vertical scale in a time interval
equal to the rise time of the vertical deflec-
tion system. Because of the compounding
difficulties and cost of providing extremely
fast sweeps which are both linear and ac-
curate, this goal must be tempered some-
what in scopes having the very best vertical
deflection system rise time capabilities.

In some cases rise time measurements are
not made to determine actual rise time, but
are done to decide whether certain limits are
met or exceeded. In such cases, an adequate
comparison with a standard signal of known
rise time can usually be made even with a
sweep that provides a fairly steep display,
given that the vertical deflection system rise
time is good enough.

DELAYING/DELAYED TIME BASES

Delaying-sweep measurements use two lin-
ear calibrated time bases. The first time
base, commonly called the delaying sweep,
allows the operator to select a specific delay
time. When this time is reached, the second
time base, called the delayed sweep, starts.
The delayed sweep is typically set a decade
or two faster than the delaying sweep and
therefore offers additional resolution. The
combination of these two time bases also
offers increased accuracy of time interval
measurement.

DIGITAL TIME DISPLAYS

You can make delay and interval time mea-
surements with digital ease on several
TEKTRONIX oscilloscopes. The DM44 option
for the 400 Series allows you to read the
delay time, interval frequency, or tempera-
ture right from an LED readout, with no cal-
culation or interpolation required. The 7B10,
7B15, 7B85 and 7B80 Plug-ins for 7000-
Series Oscillosccopes provide A time (dual-
delayed sweep) measurements. With this

feature, both ends of the selected interval
which can be independently positioned on
the trace are shown by intensified regions.
The time interval between those points is
shown on the screen using the 7000-Series
crt-readout capability.

SAMPLING

Sampling is a powerful technique for ex-
amining very fast repetitive signals. It is
similar, in principle, to the use of strobo-
scopic light to study fast mechanical motion.
Progressive samples of adjacent portions of
successive waveforms are taken; then they
are “'stretched” in time, amplified by rela-
tively low-bandwidth amplifiers, and finally
shown, all seemingly at one time, on the
screen of a cathode-ray tube. The graph
thus produces a replica of the sampled
waveforms. The principal difference in ap-
pearance between displays made by sam-
pling techniques and conventional displays
is that those made by sampling are com-
prised of separate segments or dots. This
technique is limited to depicting repetitive
signals, since no more than a portion of the
signal is captured and displayed each time
the signal recurs.

The sampling method, however, provides a
means of examining fast-changing signals
of low amplitude that cannot be examined
in any other way. The system is capable of
resolving events that occur in less than 30
picoseconds on an ‘‘equivalent” time base
of less than 20 picoseconds per division and
less than 5 mV of peak amplitude.

Tektronix uses the random sampling tech-
nique which differs from conventional sam-
pling because it does not require a delay
line or pretrigger for lead time to be visible
in the display. The benefits afforded by this
feature are:

1. Signals with no source of pretrigger can
be observed.

2. The inherent rise time limitation of signal
delay lines is eliminated.

3. It is no longer necessary to work into the
50 @ characteristic impedance of a delay
line, so high impedance can be retained.

4. External triggers may occur before, coin-
cident with, or after the displayed signal,
with lead time still visible in the display.

5. Display time jitter otherwise caused by
pretrigger-to-signal jitter is eliminated.



Information Dlsplay Group Products

As the world’s computer graphics leader,
Tektronix Information Display Group enters
each market with a commitment to the best
solution in the industry. You’ll see that com-
mitment demonstrated here in low cost
graphics. High information density. Alpha-
numerics and forms ruling. Local intelli-
gence. Color. Software. Peripheral support
and service. From business and scientific
graphing to complete graphic computer sys-
tems, our product development is a mutual
process: As our customers demonstrate new
needs, we continue to develop solutions. On
the following pages you'll see where the
graphics market, and thus the graphics
leader, are heading.

For additional product information and de-
tails on interfacing, software, and accessory
support, please indicate your interest on the
postcard at the back of the catalog.

The Graphic Computing Systems Division
(GCS) of Tektronix provides computing
products and associated peripherals to
serve the growing need for stand-alone
graphics, desktop computing systems and
intelligent graphics terminals.

Simple to use, high technology GCS prod-
ucts have been used in business, medicine,
education engineering, and scientific re-
search and development applications.

The nucleus of the GCS product line is the
4051, a proven product with friendly graph-
ics and extended BASIC, interfacing flex-
ibility and a wide range of options and pe-
ripherals providing affordable and expand-
able computing power. A choice of mass
storage devices, line printers, graphic in-
put and output devices, plug-in functions
(ROM Packs), and applications software
packages further extends 4051 versatility.

The 4051 is an integrated system providing
approachable computing and graphics tech-
nology for efficient and meaningful display
of information. With 4051 systems, comput-
ing and graphics become friendly, useful
tools, whether your expertise is in educa-
tion, mathematics, the sciences, business,
engineering or some other field. GCS prod-
ucts are supplied with a commitment to high
quality, worldwide service and support syn-
onymous with Tektronix.




4051
4907

4051 Graphic System

The 4051 is an integrated desktop computer
with Extended Basic programming language,
a graphics-alphanumeric display, keyboard,
magnetic tape cartridge drive and |IEEE (Std-
488-1975) interface built-in. Extensions of
the language make it simple for the begin-
ning programmer, but powerful for advanced
problem solving. Built-in peripherals and
IEEE interface are easy to handle; the lan-
guage commands accommodate built-in or
expanded peripherals through device inde-
pendent keywords.

The keyboard contains full 128 character
ASCII encoding plus user definable function
keys, program editing keys, numeric and
calculator function keys.

Numeric results are accurate over a wide
range. Accurate results are provided to 14
decimal digits from =1 x 103% to =103,

The CRT display, using storage tube tech-
nology, is 20.3 cm x 15.2 cm (8 inches wide

Graphic Computing Systems

by 7 inches) high. There is capacity for 35
lines of 72 characters; 2520 characters
total. High resolution graphics—1024 x 780
points—means smooth plots of data or func-
tions.

Screen copies are possible with a 4631
Hard Copy Unit plugged into the built-in
interface. '

File structured storage is readily accessible
via the built-in language and 3M® DC300
cartridge drive. Up to 300k bytes of pro-
gram or data may be stored on the cart-
ridge. Direct access memory of 8k bytes is
standard. Optionally it may be extended to
32k bytes.

The General-Purpose Interface Bus (488-
1975) provides byte serial, bit parallel data
and control for a broad range of peripherals
and instruments. Language extentions give
program control over interrupt handling
polling, and data transfer.

RS-232 Interfaces:

An RS-232-C printer interface (Option 10)
permits connecting the 4051 to any RS-232-C
compatible printer.

An asynchronous communications interface
(Option 01) permits the 4051 to share data
with a host computer. Option 01 gives the
4051 a terminal mode making it look like
a 4012 terminal with 300k bytes of local
storage. You may send and receive in batch
mode directly to or from your host computer
and 4051 tape cartridge.

PHYSICAL CHARACTERISTICS
Height — 34.5 cm (13.6 in).

Width — 46.5 cm (18.3 in).

Length — 82.6 cm (32.5 in).

Net Weight — 29.5 kg (65 Ib).
Shipping Weight — 36.8 kg (81 Ib).

GPIB Product

ORDERING INFORMATION

4051 Graphic System .............. $5995
Option 01
Data Communications Interface . Add $1500
Option 10
RS-232 Printer Interface ........ Add $550
Option 20
4051 with 16k byte memory . ...Add $1400
Option 21 :
4051 with 24k byte memory . ...Add $2600
Option 22

4051 with 32k byte memory ....Add $3800

4907 File Manager

The 4907 File Manager is a high capacity,
highly reliable mass storage device with a
built-in file manager and controller. Its ease
of operation and compact design make it a
natural companion to the 4051. It is compact
enough to fit on a desktop or in a rack
mount.

The 4907 is a direct access, flexible disc de-
vice for the storage and retrieval of ASCI|
and Binary data and programs. A GPIB (IEEE
488-1975) cable is used to connect the 4907
to the 4051 and provides data and command
communication. Data and program integrity
is assured by the use of CRC (Cyclic Redun-
dancy Checking) and automatic recovery
from erroneous disc reads. A special 4051
File Manager ROM Pack is included to ex-
tend the BASIC language to include file
management and access commands. None
of the 4051 read/write memory is required
by the 4907 or ROM Pack. No overhead is
added to the 4051 because the 4907’s built-
in controller assumes the functional tasks.

The flexible disc provides a capacity of 630
kilobytes of user accessible storage using
a double density recording technique. As an
option, up to two additional disc drives can

be connected to one 4907 providing a total .

of 1.89 megabytes of storage capacity.
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The 4907 File Manager offers many features
available only on large computer systems.
A real-time clock providing date and time of
file activities, up to 9 simultaneously open
files, file security (passwording and execute
only) and dynamic allocation of file space
are examples of these enhancements. No
bootstrapping of system software is ever
required. An advanced multiple level file-

by name system includes a directory that
maintains user files, passwords, and avail-
able space.

GPIB Product

ORDERING INFORMATION
4907 File Manager ................ $4400




4641 MATRIX PRINTER

180 Characters Per Second

132 Column Printout
Form Versatility

The 4641 is a 180 character per second
matrix printer offering reliable performance
with complete form versatility for a variety
of output applications. A selectable form
feature lets you handle a variety of format
sizes, from labels to legal. A format control
will adjust machine operation to 11 different
form lengths.

A servo controlled carriage assures precise
placement of characters, upper and lower
case on a 7 x 7 dot matrix, 132 characters
per line, six lines to the vertical inch. A
tractor-driven paper feed system provides
dependable feeding of multipart forms. The
printer will adjust for forms up to 6 parts
(.020 maximum thickness) and in varying
widths. An alarm signals when paper is ex-
hausted.

ORDERING INFORMATION
4641 Matrix Printer . . ... ........... $4315

4050C01 SYNCHRONOUS
COMMUNICATION INTERFACE

9600 Baud
IBM Binary Synchronous 2780 RJE Protocol

The 4050C01 Synchronous Communications
Interface allows up to 9600 baud, error free
communications between IBM computer sys-
tems and TEKTRONIX 4051 Graphic Sys-
tems.

The 4050C01 connects through a ROM
backpack slot and is a firmware implemen-
tation of IBM Binary Synchronous 2780 re-
move job entry protocol in a microprocessor
based intelligent peripheral interface.

Compatible modems which are supported

include Bell 201A, 201B or C, 208 or 209

which support baud rates from 2000 to 9600.
ORDERING INFORMATION

4050C01 Synchronous
Communications I/F .............. $3200

Graphic Computing System Components |

4924 DIGITAL
CARTRIDGE TAPE DRIVE

300k Bytes of Storage

GPIB Product

The 4924 auxiliary tape drive provides in-
expensive storage and enhances the built-in
storage capacity of 4051 Graphic Systems.
300k bytes of information can be stored on
each tape cartridge and the 4924 can be
addressed by the same commands used to
control a 4051 built-in tape unit.

The 4924 can also be placed on-line to an-
other controller which follows the |[EEE 488-
1975 standard protocol or off-line in talk
only or listen only mode, which allows lim-
ited data logging capability.

ORDERING INFORMATION
4924 Digital Cartridge Tape Drive .. .$2495

4642 PRINTER

60 Characters Per Second
80 and 132 Column Output

The 4642 is a 60 character per second, low
cost printer which utilizes standard RS232
interfacing. Regular and elongated charac-
ters are available in 80 column and condsen-
sed 132 column output, using a 5 x 7 dot
matrix.

The 4642 is a compact, table top unit which
supports inexpensive roll paper, or with the
optional tractor feed paper drive, can be
used with both fan-fold paper and multi-part
forms. '

ORDERING INFORMATION
4642 PrInter ... . .. i il S faa e $2250

4051E01 ROM EXPANDER

The 4051E01 ROM Expander Unit is a desk-
top accessory for the 4051 Graphic System
and provides 8 additional slots for connect-
ing ROM packs.

The ROM Expander Unit is interfaced using
an Expander Interface ROM Pack and allows
any combination of special functions or in-
terface ROM packs to be inserted into the
remaining backpack slot or any of the 8
slots provided by the expander.

ORDERING INFORMATION
4051E01 ROM Expander ............ $795

4952/0pt. 02 Joystick

The 4952 Option 02 Joystick provides in-
creased interactive graphics input power to
users of 4051 Graphic Systems.

The 4952 utilizes a vertical lever which can
be moved in the direction you want to move
the cursor; speed is controlled by the angle
or distance of the lever from the center
position.

When activated by the BASIC command,
POINTER, the joystick returns an X, Y co-
ordinate accurate to .1% for percise input.
The joystick provides the perfect combina-
tion of free form and guided direction need-
ed for interactive graphics.

ORDERING INFORMATION
4952/0Option 02 Joystick ............ $595

4956 GRAPHIC TABLET

GPIB Interface
Resolution: 0.1 mm (0.005”)
Available In Two Sizes

The 4956 Graphic Tablet provides users of
4051 Graphic Systems with digitizing, trac-

ing, and free-hand graphics capability. Avail-

able in two sizes, 20” x 20” x 48", the 4956
offers exceptional resolution and accuracy
with a choice of stylus or cursor input. The
tablet uses the IEEE 488-1975 standard in-
terface and has four digitizing modes which
allows one or more data points to be input
at a user selectable rate.

ORDERING INFORMATION

4956 Graphic Tablet 20” x 20” ... ... $4900
4956 Option 33 ‘
36” x 48" Graphic Surface . .. . .. Add $2600
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| Graphic Computing Systems Software

SOFTWARE:

4051 software provides flexible, interactive
programs that aid the user in business,
scientific, and general purpose applications.
High quality graphics are an integral part
of the software. Each package comes com-
plete with a binder, program tape(s), instruc-
tion manual, and any required key overlays.

Plot 50: Mathematics Vols. 1 and 2 can be
purchased individually, or together as the
Plot 50: Mathematics Program Library. Plot
50: Mathematics Vol. 1 contains 23 programs
and subroutines that provide fast solutions
to frequently encountered mathematical
probelms. Included are conversions, func-
tion analysis and plotting, integration, dif-
ferentiation, and solutions to linear and dif-
ferential equations. Plot 50: Mathematics
Vol. 2 consists of 16 programs and sub-
routines for solving more advanced mathe-
matical probelms, such as linear program-
ming, data fitting, and fast fourier trans-
forms. The package also provides sophis-
ticated techniques for advanced matrix op-
erations, integration, and solutions to linear
or differential equations.

Plot 50: Statistics Vols. 1, 2, 3, and 4 may be
purchased separately, or together as the
Plot 50: Statistics Program Library. Plot 50:
Statistics Vol. 1 contains 24 programs that
generate tabled values for many common
statistical distributions, allow testing of var-
ious hypotheses, and provide several data
plotting and regression techniques. Plot 50:
Statistics Vol. 2 provides six sophisticated
programs for one, two, and three-way an-
alysis of variance and covariance; and Latin
squares. PLOT 50: Statistics Vol. 3 contains
two large, highly interactive programs for
performing polynomial and multiple linear
regression. Plot 50: Statistics Vol. 4 is a
comprehensive package that provides 9
sophisticated non-linear regression tech-
niques.

The Plot 50 Mathematics, Statistics, and
Graph Plot packages may be purchased to-
gether as the Plot 50: Scientific Library.

Plot 50: Graph Plot helps either the novice
or the sophisticated user prepare data rep-
resentation graphics on the display or the
4662 Plotter. The package allows conven-
ient data entry from keyboard or tape, then
lets the user create a ‘“‘presentation” of his
data; arranging combinations of graphs,
tables, and text together on one page.
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The data and the completed presentation
can be stored on tape. The format of the
presentation can also be saved, and used
again with different sets of data.

Plot: 50 General Utility Programs Vol. 1 con-
tains fifteen subroutines and programs that
aid the user in everyday 4051 tasks. In-
cluded are routines to edit BASIC programs
quickly and easily, sort strings or data, du-
plicate tapes, and name tape files. Also in-
cluded is a program that generates easy-to-
read formatted listings of any BASIC pro-
gram.

Plot 50: Business Planning and Analysis Vol.
1 is a collection of interactive programs for
business decision-making and problem solv-
ing. The programs perform 1) general finan-
cial analysis, 2) quantitative decision analy-
sis, and 3) recordkeeping and sorted data
report generation. Problem solutions are
presented graphically, on the display or the
4662 Plotter. Data reports can be shown on
the display or the 4641/2 Printer.

Plot 50: Electrical Engineering Vol. 1 is a
set of programs for modeling and analyzing
audio, high frequency, VHF, UHF, and micro-
wave circuits and systems. The programs
are highly interactive and allow the user
complete control over the circuit model, the
method of analysis, and the type of graphic
or tabular output.

Modeling and Reporting Software is a gen-
eral-purpose modeling and reporting system
that allow the user to automate his analysis
and reporting processes. The package is
optimized for user convenience, and re-
quires no previous computer experience.
Using simple English-like statements, the
user can enter, manipulate, and store his
data in matrix format. Once the desired cal-
culations and format are saved in the form of
a model, reports and graphics can be pro-
duced simply by revising the data and run-
ning the model. Report-quality tabular and
graphic output are available from the dis-
play, the 4641 Printer, or the 4662 Plotter.
The model and the reporting structure can
be saved on tape or disc for future use.

ORDERING INFORMATION
4050A01 PLOT 50: Statistics, Vol. 1 ...$350
4050A02 PLOT 50: Statistics, Vol. 2 .. .$350
4050A03 PLOT 50: Statistics, Vol. 3 . . .$600
4050A10 PLOT 50: Statistics, Vol. 4 . . .$600
4050A13 Statistics Library .......... $1550
4050A04 PLOT 50: Mathematics, Vol. 1.$300
4050A05 PLOT 50: Mathematics, Vol. 2. $400

4050A14 Mathematics Library ........ $600
4050A15 Scientific Library ......... $2400
4050A06 PLOT 50:
Electrical Eng., Vol. 1 .............. $300
4050A07 PLOT 50: Graph Plot ....... $350
4050A08 PLOT 50:

Gen. Util. Prgm., Vol. 2 . ............ $275
4050A09 PLOT 50: '
Business Planning & Analysis, Vol. 1 .$350

4050B01 Modeling and Reporting
SORWALS - s i, e S s o $2000

THE 4051
APPLICATIONS LIBRARY:

4051 owner and users are encouraged to
join tht 4051 Applciation Libarary. A library
of contributed software is maintained which
provides a central resource of existing pro-
grams. A free newsletter, TEKniques, in-
forms members of other users’ applications,
programming tips, new programs in the li-
brary and new 4051-related products.

4051 APPLICATIONS LIBRARY MEMBER-
SHIP write to: Group 451, P.O. Box 500,
Beaverton, Oregon 97077.

SPECIAL FUNCTION ROM PACKS

Special function ROM packs are accessor-
ies that plug into the 4051 backpack or into
the 4051E01 ROM Expander Unit. The ROM
packs provide additional 4051 commands,
without using any read/write memory.

The 4051R01 matrix functions ROM pack
supplements the 4051 with five commonly
used matrix operations: matrix multiplica-
tion, matrix inversion, transpose, identity,
and determinant. The operations are 2 to 8
times faster than functionally equivalent
BASIC programs.

The 4051R05 Binary Program Loader ROM
pack provides four commands' that allow
fast program loading and storing in binary
format. Program file saving, recalling, over-
laying and appending are 3 to 10 times
faster using the Binary Loader ROM pack.

The 4051R06 EDITOR ROM pack is a gen-
eral-purpose text editor that can be used
to create, edit, and store ACSII text of any
kind. Twenty-nine commands are provided
for quickly rearranging and modifying text.
The text can be any set of ASCII| characters:
programs, data, or free-form text.

The EDITOR lets you use the 4051 to write
or update programs in FORTRAN, COBAL,
and other programming languages. This
greatly enhances the 4051’s capabilities as
an intelligent terminal. You can develop pro-
grams off-line using the EDITOR, then use
the 4051 Option 01 Data Communications In-
terface to send them to a host computer for
processing.

ORDERING INFORMATION
ROM PACKS
4051R01 Matrix Function ROM Pack . . $350

4051R05 Binary Program
Loader ROM Pack ................. $200



4006-1

Low Cost

High Resolution
Graphic and Alphanumerics

SPECIFICATIONS
Display Size — The screen is a direct-view storage
crt, 19.1 cm wide x 14.2 cm high, (7-1/2 in wide x
5-3/5 in high).
Alphanumeric Mode Format — 35 lines, 74 characters
per line, 2590 characters full screen.

Character Set — 63 printing characters (TTY ASCII ,

Code).

Graphic Display Mode
Vectors Only.
Vector drawing time 3.6 £.2 ms.

Information Density — 1024 X by 1024 Y Addressable
points. 1024 X by 780 Y viewable points.

Baud Rate — Transmit and receive independently
selectable from 75 to 4800 baud.

Interfacing — The 4006-1 is shipped with a Standard
Data Communication Interface, with inputs and out-
puts conforming with EIA RS-232-C.

ORDERING INFORMATION
4006-1 Computer Display Terminal . .$2,995

Option 01, Data Communication
INMOEIBEE . v is ad s oiets 5 wre 3 576 s Add $350

4010-1

Supports Alphanumerics Plus Low-Cost
Computer Graphics

Graphic Input
Convenient Bus Structure for
Peripheral add-on

Complete PLOT 10 Software Support

SPECIFICATIONS

Display Size — The screen is a direct view storage
crt, 19.1 cm wide x 14.2 c¢m high, (7-1/2 in wide x
5-3/5 in high).

Alphanumeric Mbde Format — 35 lines, 74 charac-
ters per line, 2590 characters full screen.

Information Display Products

Character Set — 63 printing characters (TTY ASCII
Code).

Character Generation — 5 x 7 dot matrix. Up to 1200
characters per second.

Graphic Display Mode — Vectors only. There are
1024 X by 1024 Y addressable points, and 1024 X by
780 Y viewable points.

Graphics Input Mode — A thumb-wheel controlled
cross-hair cursor for 3 through 1023 X and 0 through
780 Y addressable points.

ORDERING INFORMATION

4010-1 Computer Display Terminal with
Standard Data Communication
Interface . ....................... $4,950

4012
High Resolution Flicker-Free Graphics

Full Upper and Lower Case
ASCII character set

Convenient bus structure for
peripheral add-on

SPECIFICATIONS

Display Size — The screen is a direct-view storage
crt 21 cm wide x 16.2 cm high, (8% in wide by 63
in high).

Character Set — The 4012 has 96 printing characters
and a 7 x 9 dot matrix. (Full ASCII code).

Graphic Display Mode — There are 1024 X by 1024 Y
addressable points, and 1024 X by 780 Y viewable
points.

Graphic Input Mode — A thumb-wheel controlied
cross-haired cursor for 3 through 1023 X and 0
through 780 Y addressable points.

ORDERING INFORMATION

4012 Computer Display Terminal with
Standard Data Communication
Interface s o vnms vbv i s s $6,495

R4012 Computer Display Terminal with
Standard Data Communication Interface
(Rackmount) . ... s ce s oknise s s $6,895

4013

4012 High Performance
plus APL Character Set

ORDERING INFORMATION

4013 Computer Display Terminal with
Standard Data Communication
1) 1ol g0 T oo PR O g . e $6,995

R4013 Computer Display Terminal with
Standard Data Communications Interface
(Rackmount) ... ... vvi i b 5o $7,395

4010
Series

Computer Display Terminals

4014-1

48.3 cm (19 in), Direct-View
Storage Display

Selectable Formats in Alphanumeric
and Graphic Modes

Plug-in Intelligence Options

High-Resolution, Attractive, Flicker-Free
Interactive Graphics

The 4014-1's 19-inch, high resolution and
interactive graphics capabilities have made
it the leading graphics device in a growing
number of graphic applications.

SPECIFICATIONS

Display Size — The screen is a direct-view storage
crt, 38.1 cm wide x 28 cm high; 48.3 cm diagonal (15
in wide x 11 in high; 19 in diagonal).

Character Set — Includes 96 characters (full ASCII
upper and lower case, plus a TTY subset).

Vector Mode — There are 1024 X by 1024 Y address-
able points, and 1024 X by 780 Y viewable points.

Graphic Input Mode — Thumb-wheel controlled cross-
hair cursor for 3 through 1024 X and 0 through 780 Y
addressable points.

4014-1 Enhanced Graphics Module, Option 34 —
With this extra-cost option, capacity is extended to
4096 X by 4096 Y addressable points and 4096 X by
3120 Y displayable points. Dotted and dashed line
vectors (five variables).

ORDERING INFORMATION

4014-1 Computer Display Terminal with
Standard Data Communications

IMOIIBEE .5 v i e bt r s s v $12,195
Option 34, Enhanced Graphics Module
(Factory Installed Only) ........ Add $795
4015-1

Full APL and ASCII Character Sets

4014-1 High Performance plus
APL Character Set

Interactive Graphics Capability

ORDERING INFORMATION

4015-1 Computer Display Terminal with
Standard Data Communications

Interface: . . ol i A R e $13,245
Option 34, Enhanced Graphics Module
(Factory Installed Only) ........ Add $795
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4010 Series
4020 Series
- 4081

4016-1

63.6 cm (25 inch) Direct-View
Storage Display

High Resolution Flicker-free Graphics

Selectable Formats in Graphic and
Aiphanumeric Modes

Plug-in Intelligence Options

The Tektronix 25 inch Computer Display
Terminal is the most effective way to display
a large data base. It features a big 63.6 cm
(25 inch), diagonal screen.

The 63.6 cm (25 inch), direct-view storage
display tube allows over 15,000 characters
on the screen in 179 characters per line
columns, or in 3 other format sizes. A variety
of vector types, point plot modes, and inter-
active modes are provided.

Complete TEKTRONIX 4014-1 Compatibility

The 4016-1 was designed for complete com-
patibility with all PLOT 10 Software, peri-
pherals, communications support, and the
series of intelligent plug-in options.

ORDERING INFORMATION

4016-1 Computer Display Terminal with
Standard Data Communications
13553 5 £ 7o) - MR S I e S T e $19,500

4081

Interactive Graphics Terminal

Merging Storage and Refresh Graphics
to Create a Technological First

16

Information Display Products
Computer Display Terminals

Standard Features:

Local Graphics Editor

4014 Terminal Emulator

Graphics File Transfer

Local Storage of Graphics Information
Host Control of Terminal Functions

‘Command Language

Service Independence
Hard Copy Compatible
Host-terminal Data Error Detection

ORDERING INFORMATION*
4081 Interactive Graphics Terminal . $27,000
Option 06 CDC Synchronous

[[118:73 {7 o) g e s SR Add $3,995
Option 22 64K Byte

Total Memory ................ Add $3,950
Option 31 Expansion Package . .Add $1,800
4905 Mass Storage Module .......... $635
Option 31 Dual Flexible Disc ...... $5,725
Option 32 Two Dual Flexible Discs .$11,450
Option 33 Single Hard Disc . ... ... $12,000
Option 34 Dual Hard Disc ........ $21,000
4080A04 PLOT 80 Programming Support
= 7 AR S S e e $2,000
4080A05 PLOT 80 Fortran IV and Distributed
Graphics Support Subroutines ... .. $3,000

*The 4081 and 4905 may not be available in some
areas of the world. Consult your local Tektronix
Representative or Distributor.

4020 Series

Computer Display Terminals

% M

el

4024 — The Complete Alphanumerics Ter-
minal Data Entry, Program Writing, Editing,
and Forms Fill Out with optional forms rul-

ing.

4025 — Expandable from full alphanumer-
ics, to forms rulings, and then into graphics.

Rolling & Scrolling both alphanumerics and
graphics.

4027 — Full Color Graphics and Alphanu-
merics rolling and scrolling of alphanumer-
ics and graphics Multi-paged graphing. With
the added dimension of color Graphics In-
put.

4025 SPECIFICATIONS
Display Medium — Video Monitor.

Display Size — 22.9 cm wide x 16.3 cm high. (9 in
wide x 6.4 in high).

Raster Line — Standard 525 line scan, with 480 lines
displayed.

Character Set — 64/96 Upper and Lower Case ASCII
(Optional character sets available).

ALPHANUMERIC

Mode Format — 34 lines, 80 charactears per line,
2720 characters full screen.

CHARACTER

Generation — 7 x 9 in a 8 x 14 dot matrix (graphic
cells are 8 x 14 matrix).

Cursor — Wide underscore.
Baud Rate — Selectable to 9600 baud.
Graphics — Optional.

4027 SPECIFICATIONS

Display Size — 25.4 cm wide x 19.1 c¢m high, (10 in
wide x 7.5 in high).

Graphics — Standard with Full Screen cross-hair
cursor.

Color — 8 colors displayable, colors selected from
a pallette of 64 colors.

Patterns — 120 user definable color patterns.

Local Functions — Circle and pie generation, poly-
gon fill.

Other 4027 Specification — Same as 4025.

ORDERING INFORMATION
4024 Computer Display Terminal .. .$2,995
4025 Computer Display Terminal ...$3,595
4027 Color Graphics Terminal . ..... $8,695



PLOT 10 SOFTWARE

For 4010-Series Terminals. 4006-1, 4025
and 4027 color display.

Tools for easy use of graphic and ’alpha-
numeric capabilities of TEKTRONIX Ter-
minals.

4010A01 PLOT 10 Terminal Control
SV I & i e N e & $850

4010A10 PLOT 10 Terminal Control System,
Implementation for IBM with TSO ..$1,095

4010A11 PLOT 10 Terminal Control System,
Implementation CDC SCOPE/Intercom with
Option 20 Interface ................ $895

4010A12 PLOT 10 Terminal Control System,
Implementation for PDP-11 with DOS .$895

Versatile software to graph your data using
a powerful set of FORTRAN IV subroutines.
4010A02 PLOT 10 Advance Graphing Il $950
Complete Support for TEKTRONIX 4013 and
4015 with self documenting commands, for
the APL Programmer.

4010A09 PLOT 10 APL GRAPHIII . .. .. $850
4010A13 PLOT 10 APL GRAPH II,
Implementation for

() BRSO $1,095
Office machine simplicity for the production
of the most popular formats in graphing.
4010B01-5 PLOT 10 Easy Graphing . ..$875

4010B01 Plot 10 Easy Graphing

Punch Paper Tape ........... T $875
4010B02 Piot 10 Easy Graphing

026 Format Punched Cards .......... $875
4010B03 Plot 1 Easy Graphing

Magnetic Tape . ......... 0% .;0son $1250
4010R04 Plot 10 Easy Graphing

Dec RK-05 Hard Disc .............. $1000

410B05 Easy Graphing 029 Format

BONCHRCAROE: 7y L. . iipiams o copom v bon $875

4010C01 PLOT 10 Interactive Graphics
Library.

Powerful graphing through English lan-
guage commands for the non-programmer
4010A03 PLOT 10 Interactive Graphing

il Lo [ e R T C A S R $1,300

Correct your graphics easily with a TEK-
TRONIX Terminal before plotting.

4010A04 PLOT 10 Preview Routines for
CalComp Plotters ................. $350

Provides complete flexibility of character
definition, including rotation, scaling, and
special characters.

4010A05 PLOT 10 Character Generation
T T e s e s $175

Point by point TEKTRONIX 4953 and 4954
support plus pencil and paper input ease
for many computer systems.

4010A06 PLOT 10 Graphic Tablet Utility
HOUIINES . 5 o e v o st i s & $125

Individual addressing of up to 12 Tektronix
displays.

4010A08 PLOT 10 Display Multiplexer Utility
ROWHRGS - oo ns i vy s $110

Designed for device independent control of
DVST, raster scan displays, and plotters.
Offers a growing array of graphics control
functions such as commands for color, 3-D,
line smoothing, and multi font text manipula-
tion.

Information Display Products
Computer Display Terminal, Peripherals and Software

4662

Microprocessor Based
7-Character Fonts
RS-232-C and GPIB Compatible

GPIB Product

The Tektronix 4662 Interactive Digital Plot-
ter is microprocessor based, interactive,
flexible in capabilities and easy to use.

25.5 mm x 38.1mm, (10 in x 15 in), drawing
area.

0.005 inch resolution £0.0025 inch repeat-
ability.

1:1 reproduction of crt displays up to 19 in
diagonal.

Convenient, electrostatic positioning. Pen
speed is 16 to 22 ips.

It is plug compatible with many Data Com-
munications Systems (RS-232-C Full Du-
plex) and with the TEKTRONIX 4051 and
IEEE 488-1975 interface standard.

The Fully Internal Character Generator Easy
Labeling from Terminal Keyboard Exact Siz-
ing to “Fit"” only Graph or Plot.

1600 byte buffer.

Accommodation of Formatted Media.
Joystick Positioning.

Allowance for up-dating or changes on back
of acetate.

90 watts maximum, 60 watts typical power
requirement.

30 Ib 13.8 kg Approx Weight.
UL Listed, CSA Approved.

ORDERING INFORMATION

4662 Interactive Digital Plotter ... .. $4,195
Option 01, Interactive Digital Plotter (for
4051 Graphic System) ............... NC
Option 30, RS232 Interface for

U el T W e NSO o T G Add $525

4662, 4663
4631
Software

4663

Built-in Processing Power
C-Size: 420 mm x 594 min
Unique Parameter Entry Device

GPIB Product

The 4663 is the first high speed C-size plot-
ter with the built-in processing power. This
built-in processing power together with 5.5k
buffer memory frees the host from many
routine computational operations.

This gives you maximum system efficiency.
The paper advance option is available for
roll stock.

The plotter features dual programmable pen
control with interchangeable multi-color
pens and is capable of producing dotted or
dashed lines from local firmwave.

SPECIFICATIONS

Max. Plotting Area — X axis 569 mm x Y axis 432
mm (22.4 in x 17 in).

Repeatability — =£.0025 inches.
Max. Plotting Speed — 16-22 ips Vector Dependent.

Paper Size — U.S. C-size (17 in x 22 in)—European
A2-size (420 mm x 594 mm).

Media Type — Paper or acetate.
Baud Rate — — 110 — 9600 BPS.

Joystick — Manually positions the pens or cross-
hairs. US Listed .CSA Approved.

ORDERING INFORMATION

4663 Interactive Digital Plotter . .. .. $9,495
Option 36 Paper Advance ....... Add $700

4631

Dry Process Hard Copy Unit

21.6cm x 28 cm, (8'2 in x 11 in), copies
Supports up to Four Terminals with
optional multiplexer

SPECIFICATIONS

Paper Size — 21.6 cm x 28 cm, (8% in x 11 in) Dry
Silver. }

Copy Size — Position | and |ll produces 22.5 cm x
17.1 cm, (8.85 in x 6.7 in), copy, oriented horizontally
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GMA SERIES

OEM Products

on an 21.6 cm x 28 cm, (8%2 in x 11 in), piece of paper.
Position Il produces a 18.1 cm x 13.8 ¢m, (7.1 in X
5.4 in), copy, oriented vertically on an 21.6 cm x 28
cm, (8%2 in x 11 in), piece of paper.

Exposure Time — Position | and i! approx 7 s., posi-
tion Il approx 14 s. ;

Dimension — (Height, width, length) 29.5 cm x 40.7
cm x 64.8 cm, (11.6 in x 16 in x 25.5 in).

Weight — Approx 29.5 kg (65 Ib).

Standard Accessories — One 10 ft Connecting Cable
(012-0547-00).

ORDERING INFORMATION
4631 Hard Copy Unit . ............. $4,495

Option 01 — Copy Counter, automatically
counts the copies made by the
BOAL . s v e R e e Add $60

Information Display Group

Option 02 — Four Channel
Multiplexer .................. Add $575

One 4631 can copy up to 4 separate terminal
displays and/or storage display units.

4632

Simple, Quiet Operation
Completely Self-Contained
Dry Process Developing

Permanent 21.6 cm x 28 cm, (8%2 in x 11
in), Gray Scale Copies from Standard Video
Signals and Most Refreshed Terminals.

SPECIFICATIONS

Standard Copy size adjustment is 21.6 cm x 28 cm,
(8%2 in by 11 in), for horizontal raster display (4:3
aspect ratio). Copy time is approx 18 s for the first
copy and about 8 s for additional copies of the same
display.

Input Requirements — Input signals may be any one
of three configurations: composite video, video with
horizontal and vertical drive, or video with composite
sync. Input video amplitude is from 0.3 V to 5 V. Im-
pedance is 75 ohms, loop-through. Return loss is at
least 46 dB, Common-mode rejection is at least 30
dB. Max input is 10 V dc plus peak ac. Input sync
amplitude is 0.3 V to 8 V p-p; impedance is 20 k(2.

ORDERING INFORMATION
4632 Video Hard Copy Unit . ....... $4,595

OEM Products

The GMA Series of displays are designed to
allow a system builder significant flexibility
in incorporating a computer display with
both low-cost and higher-performance op-
tions.

The following three GMA’s are basic mod-
ules, each of which may be coupled to the
many performance options to meet the spe-
cific need of the system builder. Exceptions
on module/performance capability can be
noted in the list of options.

GMA 125

The GMA125 was designed exclusively for
systems builders and is intended to satisfy
display applications of the greatest size and
complexity. It incorporates 70% more work-
space than even our own previous industry
leaders, the 19-inch GMA102A and GMA-
101A. Like other members of the GMA se-
ries, it provides high resolution storage tube
graphics at low cost.

The detail of storage. The dynamics of re-
fresh. The GMA125 features a 25-inch crt
that offers unequaled information display
capacity. Adjacent points that would be
indistinguishable on a smaller screen can
be seen as distinct units on the GMA125.
It is ideal for group viewing and for greater
graphics detail. A new 110 degree crt en-
ables greater brightness with less energy
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GMA Series Information Display Group

GMA 101A GMA 102A GMA 125
Opt 32 Opt 43
PERFORMANCE CRITERIA Display V/C Gen Display | Hi Speed | Display
V/C Gen
Screen Size (diagonal) 48.3cm 48.3 cm 63.6 cm
191in 19in 25in
Stored Writing Speed:
Vectors (Kcm/sec) 10 10 15 11 20
Characters (char/sec) 2000 >6000
Vectors/ msec >140 >160
Refresh Capacity (30 Hz):

- Vector inches 1575in  |[>1100in 1968 in
Characters >300
Vectors/frame >13,000

Refresh Speed: ‘
Vectors (Kcm/sec) 120 90 150
Characters (char/sec) >10,000
Vectors/msec >390
Stored Dot Writing Time (1S) 5 ] 2
Settling Time (uS):
>1cm move 54-5/cm 14+2/cm 14+2/cm
<1 cm move 10 3 3
Resolution:
Line Pairs/inch (Screen center) 40 40 40
Line Pairs/axis 420x525 420x525 540x675
Addressable Points/long axis 4096 4096
Addressable Points/inch >290 >290
Addressable Picture Elements >12M >12M
Characters/line 133 133
Lines/Page 64 64
Characters/page >8500 >8500
Contrast Ratio:
Refresh (60 Hz) 4:1 4:1
Stored 4:1 4:1 4:1
Stored Luminance (foot-Lamberts) 5 5 8

consumption in a more compact package
than would be achievable with a 90 degree
crt.

The GMA125 will display up to 1968 vector
inches of refreshed data, enabling all the
benefits of selective erase, interactivity and
dynamic motion with the same high resolu-
tion of storage. By placing fixed or finalized
data in store while retaining dynamic or
working data in refresh, you can work inter-
actively with high density graphics and al-
phanumerics while making maximum use of

processing power to address the application
rather than support the display.

Modular design assures ideal building eco-
nomy. Order crt chassis and power supply
only, or configure it based on your own man-
ufacturing capabilities and system specifica-
tions. The welded-steel, symmetrically struc-
tured chassis may be rotated vertically or
horizontally, and tilted to any degree. Space
is left in the card cage for you to add up to
three circuit boards with your own applica-
tion options.



GMA102A/101A

GMA102A is a 19-inch high performance
member of the GMA Series with both stor-
age and refresh capability. The GMA 102A
can display up to 1575 vector inches of re-
freshed data while simultaneously providing
all of the benefits of storage technology. The
refresh feature adds the benefits of selective
erase, interactivity and dynamic motion with
the same high resolution of storage.

The GMA101A is the 19-inch low cost, high
resolution storage display available to the
system builder and tailored for an applica-
tion that emphasizes storage graphics. It
has a very fast stored data-drawing capabil-
ity of 3900 inches per second and at this
rate, the entire screen can be redrawn in
less than a second, permitting effective
zooming or panning.

Modular Construction. Both the GMA102A
and GMA101A have crt and printed circuit
board modules arranged on a unique high
strength wireform chassis. This construction
not only supports different performance, in-
terface and packaging options but permits
easy removal of modules for field service.

GMA SERIES OPTIONS

Options
Option 30 Non-Hard Copy
Option 31 Vertical format (no charge)*
Option 32 Dot Character/Vector Generator
Option 33 Front Panel Pushbutton Switches*
Option 34 Analog Rear Connector
Option 35 Digital Rear Connector
Option 36 Excess Current +5 Volt Supply
Option 37 Green Glass CRT Filter*
Option 38 Blue Glass CRT Filter
Option 39 Green Plastic CRT Filter*
Option 40 Blue Plastic CRT Filter*

Option 42 High Speed Vector Generator
(includes Option 36)**

Option 43 High Speed Vector Character Generator
(Includes Option 36)**
*Available on GMA101A or GMA102A only. Option
37 is included with basic GMA125.
**Available only with GMA102A or GMA125.

Peripheral
TEKTRONIX 4631 Hard Copy Unit

4633A Continuous Recorder. High-resolution
black-and-white gray scale output.

The 4633A Continuous Recorder provides
high-resolution hard copy from devices such
as M-mode ultrasound systems, which pro-
duce a Z-axis input signal simultaneously
with a horizontal ramp signal. It is particu-
larly easy for the OEM system builder to
integrate within any M-mode ultrasound
system.

The key to its consistent high quality is the
Tektronix fiber optics technology. Images
are exposed one line at a time as paper
moves across the fiber optic crt. They are
then thermally-developed by the internal
processor and emerge via a slot in the front
panel.

Operation is especially straightforward, for
example, in continuous format, output may
continue either automatically or only as long
as the RECORD switch is depressed. Page
formats are adjustable for either 190 mm
(7.5in) or 270 mm (10.6 in) lengths.

Image width is also adjustable to a maxi-
mum full seven inches, allowing multiplex-
ing of other signals alongside. Paper. speed
is selectable from 10 mm/sec, 25 mm/sec,
50 mm/sec and a two times speed control

- for rates of 20 mm/sec, 50 mm/sec and

100 mm/sec.

These and other options such as, inverted
image, or slow scan continuous configura-
tions are front panel selctable and easily
implemented via simple jumper strap or pin
adjustments on the internal circuit boards.

SPECIFICATIONS
RECORDING SPECIFICATIONS
Recording Paper — 3M Dry Silver, Type 7772.
Roll Paper Length — 152 m (500 ft)
Paper Width — 21.6 cm (8.5 in)
Image Width — 18 cm (7 in).
Resolution — Spot Size: 15 mm (.006 in).
Shades of Gray — 5 distinguishable levels with 8
linear input steps of 0.125 volts each.
Selectable Paper Speeds — 10 mm/s, 25 mm/s, 50
mm/s.
—2X SPEED (jack for foot switch) — 20 mm/s, 50
50 mm/s, 100 mm/s. Depress to double selectable
paper speed, release to return to normal speed.
Record Mode Selection — Internal Jumper Selectable
for page mode or one of two continuous modes.
Page Format — 190 mm (7.5 in) copy or 270 mm (10.6
in) copy.
Continuous Format — Push to Start, then Push to End
the record: Or Push to Start, Release to End the
record.
RUN/PAUSE (jack for foot switch) — Depress to in-
itiate record, release to interrupt.
SAFETY
Listed by Underwriters (UL) 114 and Canadian Stan-
dards Association (CSA) 154.

IFS Series OEM Products

-4634 Image Forming Module. High contrast,
gray scale dry paper records from raster
scan video signals.

The 4634 uses Tektronix fiber optics tech-
nology to reproduce raster scan video sig-
nals on high quality photographic paper.
The process is dry, fast, efficient and in-
expensive, and is designed to provide the
necessary stability required for consistently
sharp gray scale images.

Virtually any video refresh display can be
exposed and developed within seconds.
Line rates are easily selectable—up to 1029
interlaced or 512 non-interlaced. The video
image must remain static for about 8.5
seconds for the image to be properly record-
ed/exposed.

The exposed image is then thermally-
processed and advanced through the front
panel, dry and ready-to-use. Total image-
forming time for an 11-inch record is 26
seconds for the first frame, aproximately 12
seconds for subsequent images.

The 4634 is adaptable, via rear panel switch,
to use two types of paper for either best
dynamic range and gray scale uniformity, or
for instances where gerater operating eco-
nomy is preferred to enhance gray scale.

SPECIFICATIONS
RECORDING SPECIFICATIONS
Recording Paper — 3M Dry Silver, Type 7772, or
switch selectable to 3M Type 7770 paper.
Roll Paper Length — 152 m (500 ft); or about 540 11
inch copies.
Roll Paper Width — 22.6 cm (8.5 in).
Record Length — 17.8 cm (8.5 in).
Image Size — 20.3 ¢cm (8 in) by 15.2 cm (6 in) ma.
Resolution — 125 Line per inch at optical density of
1.0.
Optical Density Range — Max Density 1.5; Min Den-
sity 0.12 with 3M Type 7772 paper.
COMPOSITE VIDEO OR VIDEO INPUT
Amplitude — Composite Video: 0.5 to 5 V, P-P.
Impedance — 75 (2 loop-through.
Return Loss — 46 dB or greater from dc to 5 MHz.
Common Mode Rejection — 30 dB or greater at 60 Hz.
System Bandwidth — 16 MHz or greater.
Maximum Input, Operating — =10 V (Signal and dc
offset). -
SAFETY —
Listed by Underwriters (UL) 114 and Canadian Stan-
dard Association (CSA) 154.

*The GMA and Image Forming Series of IDG OEM
Products are ONLY available to those qualified cus-
tomers who purchase for resale. These products are
separately priced and also have specific IDG quan-
tity discounts, warranty arrangements and service
contracts.




MEG 121
MEG 131
MEG 141

Graphic Systems

GRAPHICS FOR THE MECHANICAL
DESIGN AND MANUFACTURING ENGINEER

The DIMENSION Series is a truly modular,
uniquely flexible approach to CAD/CAM.
We've brought together the state-of-the-art
in interactive graphics and processing
power, plus the latest generation of proven,
powerful, easy to use mechanical design and
manufacturing software, packaged accord-
ing to your special requirements. You select
from major software packages and subsets
to begin your growth.

Design Software

This package represents the ultimate in two
and three dimensional geometric construc-
tion, with facilities for splines, conics, sur-
faces, composites and more by a variety of
techniques. A step by step menu guides the
designer from rough ideas to refined plot.
Various subsets will allow analysis of the
geometry defined, including spline analy-
sis, section properties, center of mass, mo-
ment of inertia, and other 2-D and 3-D analy-
sis functions.

Finite Element Modeling Software

Our FEM software provides the most power-

.ful graphics yet available to finite element
modeling. Interactivity with the menu allows
easy selection of commands. Automatic
node labeling, nodal copy, Z-plane clipping,
shrink element and other convenient com-
mands simplify graphics generation and
vastly reduce design time. A Mesh Genera-
tor is also available to further enhance your
modeling capabilities.

Drafting Software

This package provides a sophisticated, auto-
mated environment for mechanical drafting,
parts management and attribute manage-
ment with a variety of view and display con-
trols available. Users can take advantage of
dimensioning, line type, cross hatching, bal-
loon and true position tolerance symbols,
user definable character sets and basic geo-
metric construction. Options include three
dimensional construction and additional, ad-
vanced graphing support.

N/C Software

This enables numerical tape preparation via
powerful, interactive graphics. Step-by-step
menu format permits handling of multi-axis
machining problems. It provides for a high
level interactivity during both geometry con-
struction and cutter motion creation, en-
hances clarity through labeling capabilities
and alleviates conversion problems by crea-
ting a standard APT CL file. Highly modular,
N/C software packages permit incremental
function enhancements from basic systems
to optional multi-axis routines. Contains
automatic features or user controlled drive
and check surfaces.

Dimension Series hardware is designed to
satisfy specific equipment, graphic and
growth need in virtually all applications and
environments of mechanical design and
manufacturing.
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Four Stage Engineering Tool

MEG121 Graphics Workstation

For users with existing computer systems,
MEG121 provides easy access to Tektronix’
advanced software capabilities. A complete
console assembly incorporating the best of
Tektronix’ large screen high-resolution
graphics, MEG121 can serve as a high per-
formance vehicle for your own software or
processing system; as the focal point for
Tektronix’ application software; or as an ad-
ditional graphics workstation within a
MEG131 multi-user application system.

MEG131 Graphics Application System

In its simplest form, MEG131 is configured
with an integral minicomputer and one (or
more) graphics workstation. But the real
benefit of MEG131 is to provide multi-user
capability and integrated data base through-

out your design, analysis, drafting, and man-

ufacturing environments.

MEG141 Intelligent Graphics Workstation

The MEG141 provides a powerful, interac-
tive, stand-alone tool, compatible with vir-
tually any host processor including the
MEG131 applications system. Its stand-
alone capability, disc memory and refresh
graphic capabilities make it ideal for me-
chanical design and manufacturing appli-
cations including design, analysis, drafting,
and manufacturing.

Peripherals like the following are plug com-
patible with all workstations and intelligent
terminals in the Dimension Series.

4631 Hard Copy Unit

Quiet, quick, and proven reliable, the 4631
provides sharp 8%2” x 11” paper copies of
on-screen displays. Facsimiles are dry, per-
manent, and processed within seconds.

4662 and 4663 Digital Plotters

Both of these microprocessor-based units
have set the standard for B- and C-size
plotters. Packed with unexpected capabil-
ities, as well as exceptional speed and pre-
cision, both plotters produce camera-ready
graphics and alphanumerics on paper or
acetate, in one, two or more colors.

4953 and 4954 Graphic Tablets

Console or drawing board size, these tablets
let you digitize graphics directly from draw-
ings to on-screen display, thus maximizing
your interactivity with the system.

You can rely on us for total support

Support that begins at our manufacturing
headquarters, with a rigorous inspection
and testing program that makes every piece
of equipment prove its dependability. You’ll
have experienced personnel getting your
system up and running, and throroughly
acquainting your engineers and program-
mers with its easy operations.

We provide both on-site training and spe-
cialized classroom seminars. We provide
conscientious response to service requests,
and can usually plug in replacement parts
to get you back on the job quickly.

Tektronix’ excellent warranty and regular
maintenance programs make life a lot
simpler for you. And there are a variety of
financial arrangements available that make
the Dimension Series all the more attractive.
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Logic Analyzers

INSTRUMENTS FOR
DIGITAL DEVELOPMENT

Logic analyzers represent the latest in a
growing product family that is dedicated to
solving the special problems encountered in
the field of digital design. These problems
are those generated when digital equipment
exchanges ' information with other digital
equipment over many channels simultan-
eously.

The logic analyzer decodes electronic sig-
nals into data words. This enables the de-
signer to check that his random logic cir-
cuitry is performing properly and to isolate
trouble areas. It also enables the program-
mer to evaluate the performance of his soft-
ware while running on its intended hard-
ware.

Whether in design, service, or production,
the logic analyzer is the essential tool for
everyone who needs to quickly sort through
masses of digital information.

Why consider logic analyzers?

Why can’t | use a good oscilloscope instead
of a logic analyzer? This is the question
most of us ask when first shown a logic
analyzer. An oscilloscope is still the best
general purpose instrument ever developed
for analyzing an electrical signal.

Digital systems, however, depend not on a
single electrical signal but on a combination
of many such signals. The signal does not
carry information; rather, the unique com-
bination of signals at a given point in time
conveys digital information, or data. This is
why a logic analyzer is necessary.

What does a logic analyzer do?

A logic analyzer does one important thing.
It saves you time. In design and develop-
ment, in service and maintenance, in
troubleshooting hardware, in evaluating soft-
ware, logic analyzers save you time and
money by displaying logic in terms of data
combinations rather than as individual sig-
nals.

To analyze signal combinations, a logic an-
alyzer acquires signals from many channels
simultaneously, and then, at an appropriate
trigger, stores the signals as data levels for
later display. Storage holds the data so you
can have as much time as you wish for
analysis.

Sequentially shifting data into storage al-
lows you to display data occurring before
the trigger. Since the condition you’'re exam-
ining may be the result of earlier data com-
binations, you may need to look back in
time from the trigger point to see what led
up to it. This we call the pre-trigger display
of data (or, sometimes, negative time) —
the unique ability to display data that oc-
curred before an error trigger was gener-
ated.

Likewise you can select a trigger point to
display data that occurs after the trigger-
post trigger display. Or, you can view a bal-
anced display of pre- and post-trigger data-
center trigger display.
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The 7D01F2 Logic Analyzer (7D01 Logic Analyzer and DF2 Display Formarter) converts any 7000-Series Main-

frame to a logic analyzer with seven ways to look at logic.

The 7D01 Logic Analyzer can be combined with
general purpose oscilloscope plug-ins to produce a
complete system capable of logic analysis and ana-
log measurements at the same time.

But what about that trigger? Since data is

_ the combination of many signals, the trigger

event is most likely a combination of sig-
nals. A logic analyzer needs word recogni-
tion — the ability to recognize a unique
data word and generate a trigger when the
word occurs.

Word recognition is often the most versatile
source of triggering. Any desired parallel
word (up to 16 bits) can be selected with
front panel switches for Hi, Lo, or X (don’t
care) conditions on each channel. The word
recognizer will then trigger the logic analy-
zer whenever an incoming parallel word
matches the one selected.

The Logic Company

Logic analyzer systems are available within
the 7000-Series of oscilloscope-based in-
struments from Tektronix. We offer a variety
of logic analyzer configurations so you can
choose only as much analysis capability as
you need. All logic analyzer instruments are
compatible with our expanding line of in-
strumentation components so you can match
your logic analyzer needs to your overall
instrumentation needs. Match your instru-
ment selection to your needs today or ex-
pand your system as your needs grow and
as we add new measurement capability to
our equipment families.



You can choose high-performance logic an-
alyzers from Tektronix which offer:

* 16-Channel Operation to store and moni-
tor signals on up to 16 data lines.

* Asynchronous Timing Resolution to 15 ns.

* Deep Memory to Store Pre-Trigger Data;
Formattable with data rates for resolution
of timing problems:

Asynchronous:
16 channels x 254 bits at 20 MHz
8 channels x 508 bits at 50 MHz
4 channels x 1016 bits at 100 MHz

Synchronous:
Up to 50 MHz

* High Impedance Probes that won't load
your circuits.

* Word Recognition using 16 channels and
2 qualifiers.

* Pre-set, variable or split thresholds for
working with different logic families.

The 7000-Series uses the modular instru-
ment packaging system. Interchangeability
of packages let you minimize your invest-
ment. Today’s investment will not become
obsolete with improvement in technology.

PDoLTRIG

The 7D01F (7D01 Logic Analyzer and DF1 Display
Formatter) makes a complete, basic logic analysis
system when installed in a 7603 Mainframe.

TEKTRONIX Logic Analyzers are engineered
to provide swift solutions to your logic
problems. Tektronix will continue to support
your application needs in the digital world
of logic analyzers as it has for years in the
world of oscilloscopes.

7000-Series Logic Analyzers

Plug-in compatibility within the family en-
ables you to convert any existing 7000-
Series Oscilloscope Mainframe into a high-
performance logic analyzer. Conversely, the
logic analyzer system (mainframe and logic
analyzer plug-in) which you buy today can
be converted later to a high-performance
oscilloscope or spectrum analyzer merely
with the addition of a plug-in or two. Con-
sequently, your equipment investment is
safe longer, and upgrading is cheaper than
it would be with monolithic instruments.

The heart of the 7000-Series Logic Analy-
zer System is the 7D01 Logic Analyzer. This
versatile plug-in acquires 16 channels of
data simultaneously, contains its own 16-bit
parallel word recognizer with two qualifiers,
clock qualifier, has a formattable memory
that stores 4096 bits in 4, 8 or 16 channei
format, captures single shot data, features
a movable cursor and comes equipped with
two high-Z probes plus many other features.
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The 7D01 displays 16 channels of timing information,
intensifies a movable cursor point on the data stream
and displays its location and binary state equivalent
on the crt.
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The DF1 and DF2 display timing data similar to the
7D01 except that state readout can be binary, hex or
octal (plus IEEE 488/GPIB and ASCII in the DF2) as
desired, and that the mainframe need not be equipped
with crt readout.

Until recently, logic analyzers have been
display limited. To choose each different
display format, you needed to choose a dif-
ferent instrument. Now, with addition of the
DF1 and DF2 Display Formatter to the 7D01
Logic Analyzer, you have numerous display
formats.

Logic Analyzers

7DO1 TRIG

.

The data map display produced by the 7D01 in as-
sociation with the DF1 or DF2, is reformatted for full
screen display whether you use 4, 8, or 16 data chan-
nels.

TEKTRONIX Display Formatters offer you a
choice as to the type of display that is best
for you. The DF1 gives you five ways to look
at logic in one package — Timing, Mapping
and state table displays in Binary, Hexa-
decimal and Octal. The DF2 offers the same
five display formats plus two additional
modes — |IEEE 488/GPIB (General Purpose
Interface Bus) and ASCIl (American Stan-
dard Code for Information Interchange) for-
mats. With both the DF1 and DF2 you can
use the map display for an overview of dig-
ital system performance. Whether you use
4, 8, or 16 channels, the Tektronix map is
reconfigured for a full screen matrix. Or
select a state table with binary, hexadecimal
or octal words. Or display your data on a
timing or ladder diagram for close examina-
tion of timing relationships between data
lines.

With the DF2, you can display data in ASCI!I
format and even monitor and display activi-
ty on a GPIB data bus in GPIB mnemonics.

Another Logic Analyzer Plug-in, the DL2
Digital Latch, extends the 7D01 Logic Analy-
zer's measurement capability by detecting
narrow pulses in a data stream that cannot
be captured by a logic analyzer alone.

When combined with a 7D10 Digital Events Delay in
four-compartment mainframe, the 7D01F System (or
7D01F2) obtains additional triggering flexibility,
whereby the trigger of the logic analyzer can be de-
layed by up to 107 events.
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Logic Analyzers

7D01 LOGIC ANALYZER

The 7D01 is a dual-wide, plug-in instrument
which occupies one vertical amplifier com-
partment and an adjacent time base com-
partment in any 7000-Series Oscilloscope
Mainframe. With such compatibility, you can
convert your existing 7000-Series Oscillo-
scope to a logic analyzer, or, if you use a
four-compartment mainframe, you can com-
bine your logic analyzer with your analog
oscilloscope and display the outputs of both
at the same time.

In order to get efficient use of the memo-
ry at all times, the 7D01 memory is format-
ted according to the number of input chan-
nels used. You can select: 16 data channels
of 254 bits each at a 20 MHz sample rate,
8 data channels of 508 bits each at a 50 MHz
sample rate, or 4 data channels of 1016 bits
each at an asynchronous sample rate of
100 MHz, or a synchronous sample rate of
50 MHz.

1100 0101 0110 0011

The 7D01 displays up to 16 channels of timing data
along with the binary state and location of the word
at the movable cursor position.

Four methods of obtaining a trigger to store
and display data are available. First, you can
use the manual trigger button as a trigger
source even if no data has been acquired
so that you can center the traces and set
intensity levels. Second, a trigger can be
generated by the first positive-going transi-
tion on data channel 0 (CH 0 position). Third,
trigger (of either polarity) can be received
through a front panel BNC Jack (EXT posi-
tion). Or fourth, a trigger can be generated
by a unique data combination using the
word recognizer (W.R. position).

The word recognizer produces an output
when the logic states of the input channels
match the states of the corresponding word
recognizer switches. Probe qualifier and ex-
ternal qualifier functions select the logic
state of external signals that can aid in
word recognition. A variable filter (10 ns to
300 ns) inhibits word recognizer output to
prevent false triggering from glitches or
data skew. The store clock out BNC pro-
vides the sampling clock, external or in-
ternal, at the front panel for interface with
digital delay, frequency counters or other
external test equipment.

A clock qualifier can be used when the 7D01
is sampling in the synchronous mode, using
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the clock of the system under test. During
normal synchronous operation, new data is
sampled into memory once during each
clock cycle. When the clock qualifier is
activated, sampling will only occur when' the
clock cycle has been qualified by an ex-
ternal signal.

Data displays can feature data which oc-
curs before the trigger (PRE TRIG selec-
tion), data which occurs after the trigger
(POST TRIG), or data balanced between
pre-trigger and post-trigger (CENTER posi-
tion selection).

The trigger location is displayed with a
column of intensified dots, one on each
channel. A second column of intensified
dots is positioned anywhere on the display
with a movable cursor (COARSE cursor
moves the dots in increments of 16 sample
intervals or data clocks; FINE POS moves
it in single increments). An alphanumeric
readout at the top of the display locates the
cursor relative to the trigger (in sample or
clock intervals). A second readout at the
bottom of the display identifies the data
word at the cursor location, in binary, hexa-
decimal or octal.

Data is acquired by the 7D01 through two
P6451, 10-channel, high-impedance, active
probes. Each probe has eight data input
channels, an external clock or qualifier
channel and a ground lead. In order to min-
imize loading on test circuits, probe im-
pedance is 1 MQ paralleled by 5 pF. Grab-
ber tips conveniently clip onto adjacent
DIP leads, or by removing the grabber tip,
the probe leads connect directly to 25-mil
pins. Logic input thresholds can be selec-
ted at a pre-set TTL level or at any variable
level between +12 V. Additionally, one
probe may be set to TTL, while the thres-
hold of the other is varied. To assure you've
selected the proper level, the threshold volt-
age can be continuously monitored at a
front-panel jack.

Display Formatters

7D01F Logic Analyzer (7D01 and DF1 Display For-
matter).

There are two Display Formatters available
with the 7D01 Logic Analyzer —the DF1
and DF2. The two are identical in features
and function except that the DF2 offers two
additional display formats. Both the DF1
and DF2 offer Timing, Mapping and state
table displays in Binary, Hexadecimal and
Octal formats. The DF2 offers additional
formats for IEEE 488/GPIB and ASCII.

Each Display Formatter is a dedicated plug-
in for use with the 7D01. It occupies one
vertical compartment adjacent to the 7D01
in the 7000-Series Mainframe, but does not
function by itself — it connects to the 7D01.
In formatting the logic display, the Display
Formatter provides complete alphanumeric
character generation so that the logic analy-
sis package can be used in mainframes with-
out crt readout (mainframe option 01). For
dedicated logic analyzer packages, this
saves you $400.

The timing diagram formatted by the Dis-
play Formatters is virtually identical to that
of the 7D01 except that the state display of
the cursor word may be presented in binary,
hexadecimal or octal.

Map Mode
_?BOI TRIG +24

Both the DF1 and DF2 display a formatted map with
up to 64K unique data word locations (254 can be
displayed at one time) in a dot matrix according to
value.

The map mode is used to display unique
data words in memory. Up to 254 data words
can be displayed at one time in a dot matrix
according to value. The least significant
half of the word determines the horizontal
location of a word while the most significant
half determines the vertical location.

In FAST or SLOW modes a “+’ symbol
automatically scans the map data, moving
from point to point in the same order in
which data was loaded into memory. A
state display beneath the map (binary, hexa-
decimal or octal) shows the word at the
“+" symbol location. In MANUAL mode the
“+4' symbol is manually moved across the
map using the 7D01 cursor control. The cur-

- sor location in memory is displayed at the

top of the display in all map modes as it is
for the timing diagram.

A significant feature of the Display For-
matter map is that it is formatted. That is,
if 16 channel operation is selected, the map
can display up to 64K unique data word
locations (254 at one time). However, if
only 8 channels are selected, the map is
reformatted to use the entire display drea
for 8-bit words (a 4-bit by 4-bit matrix);
similarly, the map is reformatted for full crt
use if 4-channel operation is selected.



State Display Mode
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The DF1 and DF2 display a binary state table con-
sisting of the word selected by the cursor and the
16 following words. The 18th word at the bottom is
the trigger word.

With the Display Formatters, you can dis-
play state information in the format best
suited to your application: binary, hexa-
decimal or octal. (The DF2 offers addition-
al formats for IEEE 488/GPIB and ASCIL.)
Each display presents 17 data words. An
18th word, the trigger word, is displayed at
the bottom of the crt. When the trigger word
occurs on the display, it flashes.
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The DF1 and DF2 can display and compare new hexa-
decimal state data (on left) with stored reference
data (on right).
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The DF1 and DF2 can display octal state data for
convenience to operators who prefer to work in
octal-based systems. In this display new octal in-
formation (on the left) is being compared with stored
reference data (on the right).. .

The memory stores 254 bits in 16-channel
operation, 508 bits in 8-channel operation
and 1016 bits in 4-channel operation. The
state table (or page of data) that is display-
ed is selected by the cursor position. The
cursor is used to page through all this data
stored in memory ‘in varying increments.
Cursor FINE POS steps through data dis-
plays one word at a time. Similarly, COARSE
cursor control moves the display 16 words
at a time. Cursor location, relative to the
trigger word, is displayed at the top of the
cri.

EXCLUSIVE OR(®)

The 7D01 and DF1 or DF2 logic_analysis
package offers an EXCLUSIVE OR(Pfeature
that is used to compare newly acquired
7D01 data with reference data stored in
the DF1 or DF2.

The RESET IF feature automatically monitors and de-
tects intermittent faults that may occur in the sys-
tem under test. The DF1 and DF2, in combination with
the 7D01, does this by automatically acquiring up to
4096 bits of data and comparing it to 4096 bits of
stored reference data. If a mismatch occurs between
memories, the display formatter intensifies the dif-
terences so you know exactly where the fault is loca-
ted.

Both the DF1 and DF2 have 4K memories
which permit reference data to be stored
and displayed on the crt side by side with
7D01 data for easy comparison. Older or
reference data is displayed on the right side
of the crt and newer 7D01 data is displayed
on the left. With the EXCLUSIVE OR (1)fea-
ture you can display one page of memory
at a time and any differences between the
two state tables will be intensified in the
7D01 table. If there are no differences the
TABLE = indicator light.

There are also two modes of automatic data
acquisition in both the DF1 and DF2 that
automatically compare the entire 7D01 mem-
ory to the reference memory. If a difference
is detected in the RESET IF 7D01 = REF
memory mode, the difference and location
will be read out at the top of the 7D01 state
table, intensified in the 7D01 table itself,
and the number of resets required to find
the error also displayed. The RESET IF
TABLES=memory mode performs the same
function except that it compares only the
two tables selected by the cursor control
one to another.

Logic Analyzers

An additional feature, column blanking,
gives you the ability on state displays to
remove unwanted data, column by column,
out of all compare functions. This permits
you to concentrate your search for data by
eliminating columns of data that are not
relevant.

Four other features that augment each of
the state displays are: reference table fol-
lows 7DO01, reference table held, reference
table follows with offset, and search.

When the reference table follows the 7D01,
both tables begin at the same cursor loca-
tion so that you can make comparisons be-
tween both 4K memories, one page at a
time.

When the reference table is held, the cursor
moves the 7D01 data display and holds the
reference table so that you can compare
one page in reference memory to any page
of the new data. The amount of offset be-
tween the two tables is evident from the
cursor locations displayed above both
tables. Once an offset is selected in the
HELD mode, the selection of FOLLOWS
WITH OFFSET maintains a constant offset
between the two tables. The cursor moves
both displays keeping the offset constant.

Search mode allows you to automatically
scan the 7D01 memory for a word that you
have stored in reference memory. This is
accomplished by positioning the desired
word to the first word in the reference state
table. Pressing the SEARCH button will
cause the Display Formatter to scan the
7D01 memory for that word. If it locates the
word, it positions it to the first word in the
7D01 state display and reads out its location
at the top of the crt. This operation is re-
peated each time the SEARCH button is
pressed.

DF2 Dlsplay Formatter

7D01F2 Logic Analyzer (7D01 Logic Analyzer with
DF2 Display Formatter.)

The DF2 Display Formatter is a second gen-
eration companion plug-in to the 7D01 Logic
Analyzer and offers the digital designer a
choice of seven display formats. Containing
all of the features and functions found in
the DF1 (including Timing, Mapping and
state table displays in Binary, Hexadecimal
and Octal), the DF2 provides two additional
operational modes. These two modes are a
format for ASCII and for IEEE 488/ GBIB.
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End or identify when asserted

ASCIl decoded
device depend-
ent message
transmitted over
data bus

Attention mes-
sage on the bus

7001 TRIG +133

Attention mes-
sage mnemonic

Data byte in hex- aTN

adecimal :
ATN TAG 8.

Listen, talk or
ATN SPE -

secondary ad- D
dress in decimal ATN SPD

(no $) ATN UNL

TIAD B 00 Db

I7I1C |TRIG

npnuy

A DD
DODD

&3

Remote enable when asserted

SO0 ©
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i
i
i
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1
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4 user definable lines

Service request when asserted

The GPIB mode monitors and displays activity on the GPIB data bus, transfer bus (handshake lines), and
management bus (control lines). Disassembled instructions are displayed on the crt in |IEEE 488 message

mnemonics familiar to the GPIB user.

These two modes are selected from the DF2
front panel by pressing the MENU button.
Pressing MENU will initiate a list of num-
bered items and display them on the crt.
These numbered items are marked on the
front panel from 1 to 10 (only 1 and 2 are
now used).

Pressing button 1 (with the GPIB Probe
Adapter connected to the leads of the
P6451 Probe) will display on the crt the dis-
assembled instruction in IEEE 488 message
mnemonics familiar to the GPIB user.

Information is acquired synchronously us-
ing the data valid (DAV) line as a clock. Up
to 256 instructions are stored in the 7D01
Logic Analyzer, then disassembled and dis-
played in format. Up to 18 instructions are
displayed at one time, and, as the data is
scrolled, all 256 instructions can be viewed.
The states of four GPIB management lines
(ATN, EOI, SRQ and REN) are displayed in
GPIB mnemonics and eight data lines are
displayed in hexadecimal or decimal. Four
additional lines of data are user definable to
provide circuit information and are dis-
played in binary. This display enables
you to monitor and display activity on the
GPIB data bus, transfer bus (handshake
lines) and management bus (control lines).

Because the DF2 is attached to the 7DO01
Logic Analyzer, timing information relative
to the handshake lines can be displayed
with 10 ns resolution. This allows you the
capability of not only checking the sequence
of handshake activity but measuring the
time relationships as well.
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IEEE 488 standard connector with quick connections
to P6451 Probe.

A 24-pin GPIB adapter provides the monitor-
ing of the GPIB bus. Using this adapter, the
DF2 is stacked on the system as any other
piece of GPIB equipment. With this adapter,
the DF2 monitors the bus activity and pro-
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This mode displays stored data in an ASCI| format.
The ASCI!I characters are further decoded into hexa-
decimal ($ precedes decode), octal (@ precedes de-
code), or binary. The decode of the ASCII| character
is determined by the state table mode previously
selected.

vides for monitoring of four user-selected
lines. The logic analyzer may be triggered
via the word analyzer GPIB lines or exter-
nal event; the user may observe events prior
to as well as following the trigger.

Pressing button 2 will provide a representa-
tion of the data recorded in the 7D01 mem-
ory in all 128 possible ASCII characters. The
appropriate ASCIl character will be dis-
played in 8 or 16 channel along with the
binary, octal, or hexadecimal value to the
right of the character.

Digital Latch

The DL2 Digital Latch extends the 7DO1
Logic Analyzer’'s measurement capabilities
by detecting narrow pulses in a data stream
that cannot be captured by a logic analyzer
alone. Operating in an asynchronous mode,
the 16-channel Digital Latch can detect
spikes or glitches between system clock
edges that are narrower than the sample
clock interval or as narrow as 5 ns.

The DL2 Digital Latch extends the measurement ca-
pabilities of the 7D01 Logic Analyzer by detecting
glitches which are narrower than one sample interval.

In asynchronous measurements without
latching capability, high speed data anom-
alies go undetected if they do not appear
on a clock edge. The DL2 Digital Latch
allows you to expand the time frame in
which information can be stored by sam-
pling at a slower rate. The DL2 captures
the glitch (or pulses which are narrower
than one sample interval), holds it until the
next clock edge, then expands it to one
sample interval for display.

The DL2 plugs into any compartment of a
7000-Series Mainframe. Two 25-pin connec-
tors connect the DL2 with the TEKTRONIX
7D01 Logic Analyzer. Data is acquired via
the P6451 Probes which plug into the front
panel of the DL2.

A two position switch allows you to select
either the LATCH input mode or OFF. An
asynchronous clock input is required from
the STORE CLOCK OUT of the 7D01 Logic
Analyzer to the STORE CLOCK IN of the
DL2.



Logic Analyzers, Display Formatters, and Digital Latch for 7000 Series

The flexibility of the DL 502 allows it to be used in a variety of configurations. It can be used with all TM 500
Mainframes as a companion to the 7D01 Logic Analyzer (as is is depicted above.)

Whether you select the 7D01 Logic Analy-
zer or any of the combinations (7D01F, con-
sisting of the 7D01 and DF1) or the 7D01 and
DF2, you can choose any 7000-Series Main-
frame for a powerful logic analysis system
that is fully compatible with an extensive
oscilloscope measurement system. Perfor-
mance characteristics of the 7D01, DF1,
DF2 and DL2 are listed here. Characteris-
tics of the mainframes may be found on
pages 39 through 58.

7D01 CHARACTERISTICS

The 7D01 acquires 4, 8, or 16 channels of data and
stores the data in a 4k memory. Data storage format
is selectable as 4 channels x 1016 bits, 8 channels x
508 bits, or 16 channels x 254 bits.

Data sampling can be asynchronous (internal clock)
or synchronous (external clock). In asynchronous
modes, sampling rates can be selected up to 100 MHz
in the 4 channel mode, up to 50 MHz in the 8 channel
mode, or up to 20 MHz in the 16 channel mode. Ex-
ternal sampling clocks up to 50 MHz can be used in
the 4 and 8 channel modes, and up to 25 MHz in the 16
channel mode.

An invalid light (blinking light behind knob skirt)
warns the operator that he has selected:

1. A sampling rate greater than 20 MHz in the 16
channel mode; or

2. A sampling rate greater than 50 MHz in the 8
channel mode.

SIGNAL INPUTS

Clock, Qualifier, and Data Input Source — Two multi-
lead P6451 Probes provide connections for 10 chan-
nels (9 input and ground) each. Channels 0-7 and
clock are through. probe 1, and channels 8-15 and
qualifier are through probe 2. Each probe attaches
through a 25-pin connector at the 7D01 front panel.

Clock Qualifier — Setup Hold
P6451 20 ns 0 ns
*External 11 ns 7 ns

*Measured at external BNC jack. For 0 ns hold time,
42 inch BNC coaxial cable is recommended.

Input Impedance — 1 M( paralleled by 5 pF (at probe
head).

Threshold at Probe Tips — Front panel switch selects
fixed TTL (+1.4 V =0.2 V), variable (=12 V) or split
(variable for top probe, TTL for bottom probe). Front
panel jack monitors variable threshold only.

Minimum Logic Swing — 500 mV plus 2% of thres-
hold voltage p-p or less, centered on the threshold
voltage.

Maximum Logic Swing — —60V or less, to at least
threshold voltage plus 10 V. (Max non-destructive
input =60 V.)

MEMORY
Storage — 4096 bits
Format — Front panel selectable.

7DO1
DF1
DF2
DL2

Logic Analyzers

INTERNAL CLOCK
Crystal Oscillator Frequency — 100 MHz ®=0.005 MHz.

Sample Intervals — 10 ns to 5§ ms/sample in a 1-2-5
sequence.

Store Clock Out Connector — Sampling clobk is out-
put during store cycle. This clock may be either the

"internal or external clock. ECL Level. Reverse ter-

minated in 50 Q. Do not terminate at receiving end.

WORD RECOGNIZER

Word Recognizer — 16 data inputs, Probe Qualifier
and External Qualifier. Output is true when input con-
ditions match settings (HI, X, LO).

Minimum
Input Pulse Width

Format (Asynchronous Mode)

Any Single Channel 10 ns or less

Channels 0-3 15 ns or less

20 ns or less

Any Other Combination

Inputs — 16 data input channels plus 2 qualifiers.
Qualifiers — Can be used to recognize 18 bit words.

Word Selection — Made using eighteen 3-position
toggle switches. Positions are HI, X (don’t care), and
LO.

Modes — Synchronous (looks for a match with the
selected logic states only at an external clock edge)
and asynchronous (looks for a match with the selec-
ted logic states at any time).

Synchronous Mode
Characteristic
Minimum Setup Time

Time Requirement

12.5 ns or less

Minimum Hold Time 8.5 ns or less

Async Filter — Rejects recognized words that remain
true for less than an operator selected time period.
Period is variable from 10 ns to 300 ns.

W.R. Out Connector — A recognized word produces
a displayed trigger marker and a front panel output
for triggering external circuitry.

Data Channels ‘ Bits per

" Displayed Channel
0-3 1016
0-7 ‘ 508
0-15 254

SAMPLING RATE

Asynchronous (internal clock) — Sampling intervals
are selectable from 10 ns to 5 ms in 18 steps using
a 1-2-5 sequence.

Data Maximum Minimum Min. Data
Channels Sampling Sampling Pulse
Displayed Rate Interval* Width*

0-3 100 MHz 10 ns 15 ns

0-7 50 MHz 20 ns 25 ns

0-15 20 MHz 50 ns 55 ns

*Minimum data pulse width to insure recording is one
sample interval +5 ns.

Synchronous (external clock) — + or — edge of
clock pulse can be selected to initiate sample.

Data Data

Data Max. Minimum/| Set-up Hold
Channels Clock Clock Time Time
Displayed Freq. Width* | Required|Required

0-3 50 MHz 10 ns 20 ns 0

0-7 50 MHz 10 ns 20 ns 0

0-15 25 MHz 20 ns 23 ns 0

*High and low clock width.

Characteristic Requirement

HI Level =19V

LO Level <01V
Impedance (Rising Edge) 50 O =£10%

TRIGGER

Source — Three-position switch provides selection
of trigger source from among channel 0, external
(External Trigger/Qualifier Input), or internal word
recognizer. A display can also be obtained with front
panel MANUAL TRIGGER pushbutton.

Channel 0 — Triggers on rising edge of CH 0 data.

External Trigger/Qualifier Input Connector (EXT
TRIG/QUALIFIER INPUT) —

Characteristics Requirement
Threshold +1.4V, 0.2V
(TTL Level)
Minimum Pulse Width 15 ns
Maximum Safe Input —5 V or less,
Voltage to at least +10V

Triggered Light — Indicates display trigger has oc-
curred.

Trigger Marker — Trigger position on crt display is
marked by an intensified spot. Spot appears on all
displayed channels.

DATA POSITIONING

Three-position switch selects between pre-trigger,
center-trigger, and post-trigger modes. In the pre-
trigger mode =~90% of the displayed data occurs
before the trigger and =<10% after. In the center-
trigger mode =~50% of the data occurs before the
trigger and =~50% occurs after. In the post-trigger
mode =~10% of the data occurs before the trigger and
~90% after.
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CURSOR

Word Selection — Cursor appears as a movable
second intensified spot on the crt display. It is used
to select and mark a word.

Coarse and Fine Position Controls — Coarse control
moves cursor in increments of 16 sample intervals.
Fine control moves cursor in increments of 1 sample
interval.

Cursor to Trigger Position Crt Readout — The dif-
ference in sample interval bits between cursor posi-
tion and trigger position is displayed by the crt read-
out at the top, right-hand portion of the crt graticule
(e.g., TRIG = XXX).

Cursor Position Binary Data — The logic state of
each displayed channel coincident with the cursor
position is displayed in binary by the readout at
the bottom of the crt (HI=1; LO=0).

Cursor Byte Display — The two-position CURSOR
BYTE switch selects the display format of the cursor
readout to either a 3-bit or 4-bit byte. In 16 channel/
3-bit byte format, the most significant byte group re-
mains 4 bits.

DISPLAY

Type — Data is displayed as a timing diagram. The
number of sample intervals between the trigger and
the word selected by the cursor appears as an al-
phanumeric readout. The word selected by the cursor
is displayed as ones and zeros in 3-bit or 4-bit
groups. ¢

Display Time — A rotary control is used to select
the time for which stored data will be held for display
before a new record cycle starts. Variable from less
than 1 s to at least 10 s. A detent position provides
indefinite storage of data. A new record cycle can
be started at any time by pushing the MANUAL
RESET button.

Vertical Display Controls (VERT POS/MAG) — A vari-
able vertical magnifier control magnifies the on-screen
display from X1 to X5. A concentric vertical position
control positions the display within the graticule area.

Horizontal Display Controls (HORIZ POS/MAG) — A
variable horizontal magnifier control magnifies the
on-screen display from X1 to approximately X9. A
concentric horizontal position control positions the
display within the graticule area.

Display Format — Selectable by a switch (DATA
CHANNELS).

Format

] Bits/Chan Display
Chan 0-3 1016 bits 1 group of 4 traces
Chan 0-7 508 bits 2 groups of 4 traces each
Chan 0-15 254 bits 4 groups of 4 traces each

Crt Retrace Blanking Time —

Format | Bits Blanked
Chan 0-3 8 bits
Chan 0-7 4 bits
Chan 0-15 2 bits
Trigger Intensified Marker — Intensified zone in-

dicating the trigger point, selectable by a switch
(DATA POSITION).

Intensified Zone
Location

Data Position
Switch Setting

Pre-trigger
Center-trigger
Post-trigger

Near extreme right of display
Near center-of display
Near extreme left of display

Trigger Intensified Marker Accuracy — Position of
intensified zone with respect to word recognizer out-
put.

Sample Interval Maximum
Control Setting Bit Error
10 ns +4 bits
20 ns =+3 bits
50 ns to 5 ms +1 bit
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DATA OQUTPUT

Connector — A 25-pin connector (inside 7D01) pro-
vides output of stored data from the 7D01. It also
provides control signals necessary for transfer of that
data to other equipment. All outputs are ECL levels.

Parallel Data— 16 pins provide parallel access to
stored data.

Serial Data — One pin provides serial access to
stored data.

Flag — A positive-going edge on this pin indicates
the end of each channel.

Format — 2 pins are used to identify the stored format
as 4 channels x 1016 bits, 8 channels x 508 bits, or
16 channels x 254 bits.

Frame — Occurs every 16th sweep. A positive-going
edge indicates end of channel 3. Negative during
channel 3.

Display/Store Mode — Store HI
Display LO

Trigger Marker Output — LO = marker point in data
stream.

External Display Clock Input — Allows data output at
externally selected rates 1 Hz-2 MHz.

POWER

Line Voltage Ranges — Determined by the 7000-Series
Oscilloscope Mainframe.

Power Consumption — 32 W at nominal line voltage.

ENVIRONMENTAL

Temperature — Operating: 0°C to +40°C. Nonoperat-
ing: —40°C to +75°C.

Altitude — Operating: to 15,000 feet. Nonoperating:
to 50,000 feet.

Vibration — With the 7D01 and DF1 or DF2 combined,
frequency swept from 10 to 50 cps at one minute per
sweep. Vibrate for 15 minutes along each of the 3
major axes at 0.015 inch total displacement. Hold 3
minutes at any major resonance, or if none, at 50 cps.
Total time, 54 minutes.

Shock — Operating and nonoperating: 30 g's, 12 sine,
11 s duration, 2 shocks in each direction along 3
major axes, for a total] of 12 shocks.

INCLUDED ACCESSORIES
Two, P6451 Data Input Probes (010-6451-03).

DF1 CHARACTERISTICS

The DF1 reformats the output of the 7D01 in a choice
of five display formats including Timing, Mapping
and state table displays in Binary, Hexadecimal and
Octal. It imposes no significant electrical character-
istics on the 7D01 which affect measurement param-
eters.

DF2 CHARACTERISTICS

The DF2 reformats the output of the 7D01 in a choice
of seven display formats including Timing, Mapping
and state table displays in Binary, Hexadecimal,
Octal, ASCIl and |EEE 488/GPIB. It imposes no
significant electrical characteristics on the 7DO01
which affect measurement parameters.

INCLUDED ACCESSORIES

GPIB Probe Adapter for the P6451 (103-0209-00).
(A 24-pin |EEE Standard Connector with quick con-
nection to the P6451 Probe Head.)

DL2 CHARACTERISTICS

The 16-channel DL2 aids the 7D01 measurement capa-
bilities by detecting narrow asynchronous pulses of
less than one sample interval or as narrow as 5 ns
in a data stream. The DL2 plugs into any compart-
ment of a 7000-Series Mainframe. Two 25-pin connec-
tors connect the DL2 with the 7D01. Data is acquired
via two P6451 Probes which plug into the front panel
of the DL2.

Minimum pulse width to initiate latch — 5 ns.

Minimum amplitude to initiate latch — 500 mV cen-
tered at threshold.

Minimum sample interval asynchronous clock—20 ns.

ORDERING INFORMATION

7D01F2 Logic ‘Analyzer (7D01 and

DF2 Display Formatter) ............ $5450
7D01 Logic Analyzer ............ ..$3520
DF1 Display Formatter ............ $1530
DF2 Display Formatter ............. $2140
DL2 Digital Latch ............... ..$1650
7603 Oscilloscope* ............... $2260
7603 Option 01

(Deletes one readout board) ... .. Sub $400
7704A Oscilloscope* .............. $3635

7704A Option 01
(Deletes one readout board) ....Sub $400

To modify your present 7D01 to include the new
clock qualifier feature order Clock Qualifier* modifi-
cation kit.

QA0=08N <007 7 =i ol e s i e $65**
*See pages 39 through 66 in this catalog for details
on these and additional 7000-Series Mainframes. See
pages 67 through 86 for details on complementary
7000-Series Plug-ins.

**Price does not include installation.
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7D11 Digital Delay

The 7D10 or 7D11 let you add delay to your
7D01 Logic Analyzer trigger. The 7D11 has
all of the features of the 7D10, plus it delays
by time as well as digital events. Both units
provide a trigger pulse output upon counting
a preselected number of digital pulses.

For example, you can start the delay counter
with the W.R. out pulse, count some number
of clock pulses, and then supply an external
trigger to the 7D01. See page 77 for com-
plete details.



# EVENTS DELAY COUNT

et

DD 501 Digital Delay

Delay by Events Counting Rate to 65 MHz

Divide by N Mode with Counting Rate to
20 MHz

Delays by up to 99,999 Events
Companion Unit for Any Logic Analyzer

The DD 501 provides delay by events in a
plug-in for TM 500 Mainframes. Using five
thumbwheels on the control panel, the op-
erator can set any desired delay from 1
through 99,999 events. When the number of
input events reaches the preset count, the
DD 501 will put out a trigger pulse which
can be used for triggering a logic analyzer,
oscilloscope, or counter.

The logic analyzer memory window is easily
delayed from the trigger by a selected count
using the DD 501.

Because the DD 501 creates its delay by
counting a number of pulses rather than by
analog timing of an interval, jitter is not a
problem, even when viewing pulses toward
the end of a long train. Events can be
counted at frequencies up to 65 MHz. With
the selected number of events clearly dis-
played on the thumbwheel dials, the oper-
ator knows at all times what part of a pulse
train he is viewing on the accompanying
logic analyzer or oscilloscope.

SPECIFICATIONS
EVENTS DELAY
Count — 1 to 99,999 events.
Max Count Rate — 65 MHz.

Insertion Delay — 30 ns or less from final event to
trigger output pulse.

Recycle Time — 50 ns or less.

Reset — Manually resets delay counter.

INPUT CHARACTERISTICS

(All characteristics apply to both events and start in-
puts.)

Input Impedance — 1 MQ, 20 pF.
Slope — Either + or —, selectable.
Sensitivity — 85 mV p-p @ 30 MHz.

Frequency Response — Up to 65 MHz at 120 mV sen-

sitivity.

Logic Analyzer Companion Instruments for TM 500 Series

Minimum Detectable Pulse Width — 5 ns.

Threshold Level Range — From —1.5 V to +15 V
(—15 V to 415 V with 10X probe). Can be externally
programmed or monitored at front panel jacks.

Trigger View Out — Threshold detector output, at
least 0.5 V (200 Q or less source impedance).

Events Triggered Light — Visual indication that events
are being detected.

Start Triggered Light — Visual indication that delay
is in progress.

TRIGGER OUTPUT

Pulse Width — Width of events pulse plus 6 ns or
less.

Voltage Swing— + 0.8 V or less to at least +
2.0 V with 3 TTL loads (=~ 5 mA).

Light — Indicates output trigger.

GENERAL

Temperature — Operating 0°C to +50°C. Non-oper-
ating: —40°C to +75°C.

Altitude — Operating: to 15,000 ft; Nonoperating to
50,000 ft.

Shipping Weight — 3 |b.

Dimensions — 2.6 in wide, 5 in high, 12.2 in deep
(6.6 x 12.7 x 31 cm).
ORDERING INFORMATION

DD 501 Digital Delay ............... $800

*The DD 501 must be plugged into a TM 500 Main-
frame to achieve a working unit.

WR 501 Word Recognizer
with Digital Delay

The WR 501 is a 16-bit parallel Word Rec-
ognizer with digital delay that produces
trigger pulses when a preselected word oc-
curs. It occupies one plug-in position in any
TM 500 Series Power Module Mainframe.

The WR 501 may be used separately as a
word recognizer to generate triggers for
oscilloscopes or other measurement instru-
ments. It gives you fast access to any unique
word in the data stream.

SPECIFICATIONS
Inputs — 16 data inputs plus a clock and qualifier.
Word Selection — Made using sixteen three-position

toggle switches. Positions are HI, X (don’t care), and
LO.

Qualifier — Can expand the word recognizer to 17
bits, act as a gate for the external clock or do both.

Clock — Selects positive- or negative-going edge of
clock input signal. Used for synchronous operation.

Modes — Front panel selection of synchronous word
recognition (a trigger is produced only when the
operator selected word occurs at a clock edge; either
position, positive or negative edge, may be selected),
or asynchronous word recognition (a trigger is pro-
duced anytime the recognized word occurs).

Synchronous Mode —
Minimum Set-up time 18 ns
Minimum Hold time 0ns
(Filter is automatically disabled)

Asynchronous Mode and Filter —
Minimum coincidence time is variable from 15 ns or
less to 200 ns or more.

ORDERING INFORMATION
WR 501 Word Recognizer .......... $1,650

DL 502 Digital Latch

The TEKTRONIX DL 502 Digital Latch ex-
tends the logic analyzer’'s measurement ca-
pabilities. The Digital Latch aids in detec-
ting narrow pulses in a data stream that can-
not be captured by a logic analyzer alone.
Operating in an asynchronous mode, the 16-
channel Digital Latch can detect spikes or
glitches between system clock edges that
are narrower than the sample clock interval
or as narrow as 5 ns.

In asynchronous measurements without
latching capability, high-speed data anom-
alies go undetected if they do not appear
on a clock edge. The DL 502 Digital Latch
allows you to expand the time frame in
which information can be stored by samp-
ling at a slower rate. The DL 502 captures
the glitch (or pulses which are narrower
than one sample interval) holds it until the
next clock edge, then expands it to one
sample interval for display.

The DL 502 plugs into any compartment of
a TM 500 Mainframe. Two 25-pin connectors
connect the DL 502 with the 7D01 Logic
Analyzer. Data is acquired via P6451 Probes
which plug into the front panel of the DL
502.

A two-position switch allows the user to
select either the LATCH input mode or OFF.
An asynchronous clock input is required
from the STORE CLOCK OUT of the
7D01 Logic Analyzer to the STORE CLOCK
IN of the DL 502.

SPECIFICATIONS

Minimum pulse width to initiate latch 5 ns.

Minimum amplitude to initiate latch — 500 mV cen-
tered at threshold.

Minimum sample interval asynchronous clock—20 ns. .

ORDERING INFORMATION
DL 502 Digital Latch ............. $1,480




Logic Analyzer Accessories

Probe I-It:;lder—CIip-on holder accommodates probe
pod from P6451.

(B52:0AT3=00) i i o isins it i e & i e 454 e $2.50
BNC Cable — Used with the Digital Latch
E012:00T8-00) s iatiis o« 5o & 5l5as ilsts b e slins T s $16.00

P6451 Replacement Active Probe — For WR 501, 7D01,
7D01F or 7DO1F2. Two probes are needed for 16 chan-
nel operation.

(0102845 1=D3) Yo 0y e S e $400.00
BNC Cable — 50 2 8 in
(012:0076-00) . oo vavinn o auais b mores 5 ssom 5 8o & $15.00

P6401 Logic Probe

The small, lightweight, hand-held P6401
indicates the state of logic levels in TTL,
DTL, or any other system with threshold
between 0.7 and 2.15 volts. A strobe input
can be used to detect the coincidence of
logic signals at two points. An indication
of whether a logic pulse has or has not oc-
curred can be obtained in a “store” mode.

Power may be obtained from the unit under
test or any 5 V supply.

Two bright lights in the probe tip indicate
condition of the logic signal.

30

SPECIFICATIONS

Low State Input Voltage Range—0 V to -}0.7 V
#+0.125 V.

High State Input Voltage Range — 2.175 V =*=0.125 V
to Vce.

Minimum Recognizable Pulse Width — 10 ns.
Impedance — ~ 7.5 k{2 paralleled by =~ 6 pF.

Minimum Circuit Resistance for Open Circuit Indi-
cation — 10 kQ.

Max Safe Input — =150 V (dc or rms).

Minimum Recognizable Strobe Pulse Width — 20 ns.
Max Safe Strobe Input — =30 V (dc or rms).

Strobe Input Impedance — 5.6 kQ within 20%.

ORDERING INFORMATION
P6401 5 ft. Probe (010-6401-01) ...... $105

Includes: Hook Tip (206-0114-00)
Strobe Lead (175-0958-01)
Strobe Lead (175-0958-00)

Probe Tip to 0.025 in square pin adapter
(206-0137-01)

White Plug (348-0023-00)
2 Alligator Clips (344-0046-00)
Accessory Pouch (016-0537-00) not shown

1. Retractable Hook Tip — Suitable for use with
P6401 Logic Probe.

(013=0106=00) ... v iloan ariimpanes winied s sinme o ame s $7.00
2. Pomona Hook Tip to 6-32 —

(384-0267-00) . :ivnotinss inses same s swants v s $3.00
3. Probe Pin Tip — Accepts 0.025 in IBM SLT pin.
Slip on.

(206-02009-00) . . "o il GBilts daen 3 vsbnin s saters s $2.65
4. Probe Tip — Flexible probe tip to fit 0.025 in square
pin.

(200=0T GBa00) 5 . e i e e sl T v sl o e = wom $6.00
5. Miniature Alligator Clip —

(344-0046-00)", . sy ¢ s snbin e b s s e $1.00
6. Clothes Pin IC Clip —

(003-0709-00) ........ A N ot st o TSR KT L $24.00

7. Probe Pin Tip — Accepts 0.025 in IBM SLT pin.
Screw on.
(206:0134-03)" .5 [, o 0a s T wanen vt S snvali $3.15

8. Probe Ground Lead Adapter — #6-32 to 0.025 in
IBM SLT square pin.
LT B i ek i DA A a0 $1.40

9. Miniature Probe Tip Adapter — For testing inte-
grated circuits. Package of 10.
(015-0200=01) 5.0 S i Bl s et s sl $2.50

Additional accessories are described on pages 227
through 228.

1. 10 Wide Comb — With 10 grabber tips.
(012-0747-00)5 5 doiativntia oo Al Sha dd i S vu i $25.00

2. 20 cm Individual Connectors — Grabbers not in-
cluded.

(OF250B55202Y). /15 oy alif o v ats o tiniets svniesit 2 ariecnsnoiets $25.00
3. 10 Wide Comb — With Harmonica Connector.
(092-0800-00) ..v..ois i i s somes sinite o $20.00
4. Clother Pin IC Clip —

(003-0709=00) ....vons vinimsoinoins siolois sammine st $24.00
5. GPIB Connector —

(103-0209-00) .. v.voo ¢ vaie S vansiss oihis ¥ iatels- vt $45.00

6. 16 Pin Low Profile Dip Clip — Can be used with
14 or 16 pin IC's.

(015-0330-00) .............. e silriots Blundlonss apcand $25.00
7. Grabber Tip —
(206-0222-00) .........c.iviririnnrinriaaan $2.50

8. 40 cm, Color Coded Replacement Lead Set* — For
the P6450 Probe or the P6451 Probe. 10 leads/set con-
nects probe lead to 0.025 in, square pins.

(012=0855:01) itios o vuucine v Smudle « avittion # somani - Haieds s $30.00

9. 40 cm Individual Connector* — 10 wire with Pomo-
na Grabbers. ;
012-0670-00 .............c0imiimmnrannnnnnn $36.00

*Note: EMI can exist with the 40 cm length. This can
be a problem if using a digital latch.
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Microprocessor Lab

8002A

A Complete Software Development System

Multiple Microprocessor Support

Real-Time Trace Option

The 8002A Microprocessor Lab is a com-
plete software development system for the
design of microprocessor-based products.
A key feature is its ability to support -many
microprocessor chips, including the Intel
8085A and 8080A, Motorola 6800, Texas In-
struments TMS9900, Zilog Z80A, Fairchild
F8, and the Mostek 3870 and 3872. In ad-
dition to multiple microprocessor support,
the 8002A offers a superior operating system
and powerful text editor, assembler, and de-
bugging programs; three optional levels of
emulation for software debugging, partial
and full emulation; and a real-time proto-
type analyzer option offering all the capabil-
ities of a microprocessor analyzer with eight
channels of external input.

Software Development and Debugging

In a typical design sequence, software is
developed using all the resources of TEK-
DOS, the disc-operating system software for
the 8002A Microprocessor Lab. TEKDOS
performs flexible disc and file utility func-
tions, data transfer functions, and system/
peripheral device control functions. In ad-
dition to relieving the user of these house-
keeping chores, TEKDOS also supervises
the text editor, assembler, and linker pro-
grams and the optional emulation support,
debugging system, and PROM programming
routines. 3

Program entry and editing may be accom-
plished module by module. The line-orient-
ed text editor provides 150 60-character
lines of buffer workspace, and offers sev-
eral convenience features for preparing,
correcting, and modifying the program
quickly and easily. The macro command al-
lows a multiple-step routine to be defined
by one new command. At the end of each
work session, file space is allocated by TEK-
DOS; duplicate files of important material
may be readily created. When program entry
has been completed, all program files may
be merged with a single TEKDOS command.

The assembler processor, with the appro-
priate disc inserted in the flexible disc drive,
performs program assembly functions for
each microprocessor supported by the
8002A.

The powerful macro capability allows the
designer to access frequently used sets of
code by referencing the macro by name.
The linker, working with the relocating fea-
tures of the Assembler, links and locates
multiple code segments into a complete
executable program. Additionally, the con-
ditional assembler capability of the 8002A
allows the designer to customize the final
program by testing conditions to determine
which of certain code segments are to be
assembled into the final program. Code
management is further enhanced by the
Assembler’s versatile string handling ca-
pability. Extension English language diag-
nostics of the 8002A provide easy to under-
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The 8002A Microprocessor Lab consists of the 8002A Mainframe with 32K of Program Mem-
ory, and the dual flexible disc unit. Recommended optional peripherals are the CT 8100 Crt
Terminal, the CT 8101 TTY Terminal, the 4024/4025 Computer Display Terminals, or the LP

8200 Line Printer.

stand error messages and locate the line in
which the error has occured. When assem-
bly is completed, the assembled object code

~ is stored on disc in a newly created binary

format file. 3

After an error-free assembly listing has been
obtained, the resulting object code may be
executed in system emulation (mode 0) on
the optional emulator processor. The emula-
tor processor is identical to the micro-
processor that will finally be installed in
the user’s prototype. Execution is performed
under control of the debug system; during
execution, program steps can be traced,
software breakpoints can be set, and mem-
ory can be examined and changed as re-
quired. Should an error be discovered, that
portion of the program can be corrected at
the source level using the text editor. It
can then be reassembled and executed
again. This procedure continues until the
program is correct.

Partial and Full Emulation

After the software has been debugged, it
may be exercised on the prototype circuitry
in the partial emulation mode (mode 1). Dur-
ing partial emulation, control may be re-
leased from the 8002A to the prototype in
stages. The developmental software runs
using 8002A memory space and prototype
I/0O and clock. The 8002A memory mapping
feature allows memory to be gradually map-
ped over to the prototype in 128-byte ad-
dress blocks. Throughout partial emulation,
the user has access to prototype circuitry
through the debugging system, which en-
ables him, as before, to trace, set break-
points, examine and change memory and
register contents.

In full emulation (mode 2) the program is
run on the prototype, but program execution
is still under the complete control of the
debug system. All 1/0 and timing functions
are directed by the prototype: all memory
has been mapped over to the prototype;

and only the prototype control probe is still
in place, emulating the target microproces-
sor. Although the prototype is effectively
free-standing, then, the user may still direct
program activity from the 8002A.

8002A CHARACTERISTICS

The 8002A Microprocessor Lab is a modular
system whose mainframe houses up to 20
plug-in circuit boards. A terminal is neces-
sary for system operation, and may be or-
dered as an optional peripheral.

The Real-Time Prototype Analyzer module,
additional 16K byte Program Memory mod-
ules (Standard Program Memory consists of
32 k bytes of RAM), and PROM Programmer
modules for the 1702 or 2704/2708 are avail-
able as system options.

A system communications module provides
three RS-232-C-compatible ports for inter-
face with system peripherals. Two ports are
designated for such peripherals as the op-
tional TEKTRONIX CT8100 Crt Terminal,
CT8101 Console Terminal, 4024/4025 Com-
puter Display Terminals, and LP8200 Line
Printer. The remaining port is designated
as a communications port for use with a
modem. Baud rate is selectable for each
port as 110, 300, 600, 1200, or 2400.

8002A PHYSICAL CHARACTERISTICS

Dimensions cm in
Height 24.7 98
Width 48.3 18.8
Length 57.3 22.3

Weight kg Ib
Net 30 66

8002A ENVIRONMENTAL CHARACTERISTICS

Temperature
Operating 0°C to +35°C (+32°F to 95°F).
Storage Not available.
Humidity To 90° relative noncondensing.
Altitude
Operating To 15,000 ft max.
Storage To 50,000 ft max.




8002A ELECTRICAL CHARACTERISTICS

115 V ac =10% or
230 V ac =10%.

60 Hz (50 Hz special order).

Ac Input Voltages

Frequency Range |

8002A DUAL FLEXIBLE DISC CHARACTERISTICS

Flexible Disc Unit — The Flexible Disc Unit consists
of two disc drives, a controller, and power supplies.
The two disc drives are designated as drive 0 and
drive 1. Drive 0 is the default system drive. System
programs are placed in this drive, including disc-
operating system programs, the text editor, and the
debugging routines peculiar to a specific emulator
processor. Drive 1 may be used for storing user files,
for modifying user files, or as a scratch data area.
Drive 0 or drive 1 may be designated as the system
drive.

Disc Organization — Each disc contains 77 concen-
tric tracks. Each quarter track, or block, is split into
eight sectors, and each sector can contain 128 bytes.
Due to directory limitations, a maximum of 72 files
can be contained on one disc. The disc-operating
system reserves track 0 for the disc directory; tracks
one through four are normally automatically reserved
for system programs.

Write Protection — Each disc has a write-protect slot.
If the slot is covered, the disc is write-enabled; if the
slot is not covered, the disc is write-protected. If an
attempt is made to write to a write-protected disc, an
error message will be displayed on the appropriate
peripheral.

ENVIRONMENTAL CHARACTEHISTICS

Temperature

Operating +10°C to 35°C

(4 50°F to 95°F).

Humidity

Operating To 90% relative noncondensing.
Altitude

Operating To 15,000 feet max.

Storage To 50,000 feet max.

PHYSICAL CHARACTERISTICS

Size cm in
Height 27 10.5
Width 44 17.5
Length 60 23.6

Weight kg Ib
Net 38.6 85

ELECTRICAL CHARACTERISTICS

Voltage Current
115 V ac =10% at 60 Hz 35A
230 V ac =10% at 50 Hz 20A

60 Hz (50 Hz special
order).

Line Voltages

Line Frequency

DISC UNIT CHARACTERISTICS

Capacity Bits Bytes
Per Disc 77 x 32 x 128 x 8 bits = (2,523,136 |315,392
Per Track 32 x 128 x 8 bits = 32,768 | 4,096
Per Sector 128 x 8 bits = 1,204 128
Access Time 10 ms/track

ORDERING INFORMATION

8002A Microprocessor Lab .. ... ... $10,790
*Option 45 32K Program Memory Module. .. .. $3100
*QOption 49 16K Program Memory Module...... $1550

*8002A Standard Program Memory consists
of 32 k bytes of RAM.

Microprocessor Lab
A Complete In-Prototype Test and Emulation System

8001

The 8001 Microprocessor Lab consists of the 8001 Mainframe with 16 K of Program Memory.
Microprocessor Support Packages for microprocessors are optional. A Microprocessor Sup-
port Package includes an emulator ROM, an emulator processor, and a prototype control
probe. The CT 8100 Crt Terminal, CT 8101 TTY Terminal, 4024/4025 Computer Display Ter-
minals, or the LP8200 Line Printer are recommended optional peripherals.

Multiple Microprocessor Support
Real-Time Trace Option

The 8001 Microprocessor Lab is a total
hardware debugging system for the design
of microprocessor-based products. A key
feature is its ability to support many micro-
processor chips, including the Intel 8085A
and 8080A, Motorola 6800, Texas Instru-
ments TMS9900, Zilog Z80A, Fairchild F8
and Mostek 3870 and 3872. In addition to
multiple microprocessor support, the 8001
offers three emulation modes for software
debugging, partial and full emulation, as well
as a real-time prototype analyzer option of-
fering all the capabilities of a microproces-
sor analyzer with eight channels of external
input.
Three Emulation Modes

In a typical design sequence, software is
first developed independently using time-
sharing, a minicomputer, another develop-
ment system, or some other means. It is
then downloaded to the 8001. At this point
the in-prototype emulation and software/
hardware integration capabilities of the 8001
come into play.

In emulation mode 0, the software runs only
on the emulator processor. This enables the
program to be debugged on a microproces-
sor identical to the one that will ultimately
be used in the completed product. In emu-
lation modes 1 and 2, the prototype control
probe is connected to the emulator proces-
sor at one end and plugged into the proto-
type's empty microprocessor socket at the
other.

Partial emulation (mode 1) lets the user
release control in methodical steps from the
8001 to the prototype. The developmental
software runs using 8001 memory space
and prototype 1/0 and clock. The 8001 mem-
ory mapping feature allows memory to be
gradually mapped over to the prototype in
address blocks. Throughout partial -emula-
tion, the user has access to prototype cir-
cuitry via the powerful 8001 debugging sys-
tem, which enables him to trace, set break-
points, .examine and change memory and
register contents.

Full emulation (mode 2) lets the user exer-
cise the program on the prototype while still
maintaining complete control through the

Microprocessor Lab. All I/0 and timing func-
tions are directed by the prototype; all mem-
ory has been mapped over to the prototype;
and only the prototype control probe is still
in place, emulating the target microproces-
sor. Although the prototype is effectively
free-standing, then, the user may still direct
program activtity through the prototype con-
trol probe.

8001 CHARACTERISTICS

The 8001 Microprocessor Lab is a modular system
whose mainframe houses up to 20 plug-in circuit
boards. Emulator processor modules for the micro-
processor of choice, its associated prototype control
probe, and an ROM-based software module are op-
tional. A terminal is necessary for system operation,
and may be ordered as an optional peripheral.

The Real-Time Prototype Analyzer module, additional
16K byte Program Memory modules, and PROM Pro-
grammer modules for the 1702 or 2704/2708 are avail-
able as system options.

A system communications module provides three
RS-232-C-compatible ports for interface with system
peripherals. Two ports are designated for such peri-
pherals as the optional TEKTRONIX CT8100 Crt Ter-
minal, CT8101 Console Terminal, 4024/4025 Com-
puter Display Terminals, and LP8200 Line Printer. The
remaining port is designated as a communications
port for use with a modem. Baud rate is selectable
for each port as 110, 300, 600, 1200, or 2400.

8001 PHYSICAL CHARACTERISTICS

Dimensions cm in
Height 24.7 9.6
Width 48.3 18.8
Length 57.3 22.3

Weight kg Ib
Net 30 66

8001 ENVIRONMENTAL CHARACTERISTICS

Temperature
Operating 0°C to +35°C (+32°F to 95°F).

Humidity To 90° relative noncondensing.

Altitude
Operating To 15,000 feet max.

8001 ELECTRICAL CHARACTERISTICS

Ac Input Voltages l 115V ac =10% or
230 V ac =10%.

60 Hz (50 Hz special order)

Frequency Range [

ORDERING INFORMATION

8001 Microprocessor Lab ......... $4610
**Option 45 32K Program Memory Module ....5$3100
**Option 49 16K Program Memory Module ....$1550

(**8001 Standard Program Memory consists
of 16 k bytes of RAM.)
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Emulator Processor and Prototype Control Probe Support Packages

The 8002A and 8001 Microprocessor Labs
currently support six different microproces-
sors: the Intel 8085A and 8080A, Motorola
6800, Texas Instruments TMS9900, Zilog
Z80A and Fairchild F8; plus two micro-
computers: the Mostek 3870 and 3872. Tek-
tronix will continue to introduce support for
selected microprocessors and microcom-
puters on a regular schedule.

Emulator packages for the 8002A and 8001
may be ordered as system options. These
options provide the capabilities necessary
to fully emulate the target microprocessor
in a user’s prototype system.

The emulator processor, which resides on
a plug-in circuit module along with control-
ling logic circuitry, enables the user to exe-
cute and debug the program on a micro-
processor identical to the one which will
be used in the prototype, while giving him
access to the full 64K bytes of Micropro-
cessor Lab program memory.

The prototype control probe, which links
the emulator processor to the prototype
system, allows partial and full in-circuit
emulation.

All emulation operations are controlled by
the powerful Microprocessor Lab system
software. The user is able to monitor pro-
gram execution, set software breakpoints,
examine and change memory and register
contents. Debug trace information is dis-
played in a format unique to the micropro-
cessor, with instruction fetches disassem-
bled into mnemonics for easy interpretation.

F8, 3870, 3872 EMULATOR
SUPPORT PACKAGE CHARACTERISTICS

F8 refers to microprocessors manufactured by Fair-
child’s Corporation; the 3870 and 3872 refer to micro-
processors manufactured by Mostek Corporation.
Tektronix, Inc., does not guarantee that other ven-
dor's versions of the F8, 3870, or 3872 will be com-
patible with the TEKTRONIX Microprocessor Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft (1.8 m) of cable from emulator processor
to the interface assembly. 1 ft (30 cm) of cable
from the interface to 40-pin plug.

Cable Configuration

6 ft (1.8 m) — Two 40 conductor ribbon cables with
chassis ground plane and signal paths.

1 ft (30 ecm)—Two 40 conductor twisted pair cables.

Termination

6 ft (1.8 m) — The interface assembly contains re-
ceivers for data, address, and control from the
F8/3870/3872 Emulator Processor module.

1 ft (30 cm)—Not terminated.

TIMING CHARACTERISTICS

3870/3872—The 3870/3872 Prototype Control Probe
was designed to meet all the ac character-
istics of the 3870 and 3872 Microcomputers.

F8 (3850)—The F8 Prototype Control Probe meets
all of the F8 ac characteristics with the fol-
lowing exceptions: (1) the worst-case delay
from the falling edges of WRITE to the ROMC
lines being valid is 650 nsec (compared to 550
nsec for the F8 CPU); (2) the worst-case skew
between an external clock input is 0 to 90
nsec longer than that specified for the F8.

ORDERING INFORMATION

Factory Field Field
Option Description Price Number | Price

8001 Microprocessor Lab | $4610

Option 06 3870/3872
Microcomputer Sup-
port Package

+$4190 | 8001F06 | $4240

Option 07 F8 Micro-
processor Support
Package

+$4190 | 8001F07 | $4240

TIMING CHARACTERISTICS
Emulation Interface Delays*

8002A Microprocessor Lab [$10,790

Option 06 F8/3870/
3872 Assembler Soft-
ware Support

+$ 550 | 8002F06 | $ 600

Option 21 F8/3870/

3872 Emulator Support [+ $2510 | 8002F21 | $2610

Option 36 3870/3872
Prototype Control

Probe +$ 920 | 8002F36 | $1020

Option 37 F8 Proto-
type Control Probe

+$ 920 | 8002F37 | $1020

8080A EMULATOR SUPPORT PACKAGE
CHARACTERISTICS
8080 and 8080A refer to microprocessors manufac-
tured by Intel Corporation. Tektronix, Inc., does not
guarantee that other vendors' versions of the 8080

will be compatible with the TEKTRONIX Microproces-
sor Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft (1.8 m) of cable from the emulator proces-

sor to the interface assembly.

1.5 ft. (45.8 cm) of cable from the interface
assembly to the 40 pin plug.

Cable Configuration

6 ft (1.8 m) — 2 40 conductor ribbon cables with al-
ternating ground and signal paths.

1.5 ft (45.8 cm) — 2 twisted pair 40 conductor cables.

Termination

6 ft (1.8 m) — The Interface assembly contains resis-
tive termination and receivers for data, ad-
dress, and control from the emulator proces-
sor module.

1.5 ft (45.8 cm) — Not terminated.

4
40 pin plug—40 pin spring plate protected plug. When
used with a zero insertion force socket, an
included 40 pin low profile DIP socket must
be used between the zero insertion force
socket and the 40 pin probe plug.

To 8080A from
Interface Assembly | Typ Max (in ns)
21 44 60
@2 44 60
HOLD 44 67
RESET 44 67
RDY** 35 40
INT 63 104
DATA 44 53

From 8080A to
Interface Assembly | Typ Max (in ns)
HOLDA*** 39 55
SYNC 37 45
WAIT 37 45
WR 37 45
DBIN 37 45
INTE 39 55
ADDRESS 27 35
DATA 50 63

*Assumes 6 ft of cable at 1.5 ns/ft.

**RDY is ignored unless user memory or 1/0 is ac-
cessed in control mode 2 or special mode.

***The equation for HOLDA to tristate timing is as
follows: HOLDA « DBIN = FLOAT. Tristate of data
and address follows the trailing edges of DBIN or
WR by approximately 20 ns.

ORDERING INFORMATION

Factory Field Field
Option Description Price Number Price

8001 Microprocessor Lab | $4610

Option 01 8080A
Microprocessor
Support Package $3690

8002A Microprocessor Labl $10,790

Option 01 8080A
Assembler Software

8001F01 | $3740

Support +$550 | 8002F01 $ 600
Option 16 8080A

Emulator Support +$2010 | 8002F16 $2110
Option 31 8080A

Prototype Control

Probe +$920 8002F31 $1020



6800 EMULATOR SUPPORT PACKAGE
CHARACTERISTICS

6800 refers to microprocessors manufactured by Mo-
torola Corporation. Tektronix, Inc., does not guaran-
tee that other vendors' versions of the 6800 will be
compatible with the TEKTRONIX Microprocessor
Labs.

PHYSICAL CHARACTERISTICS
Length 6 ft (1.8 m) of cable from the emulator proces-
sor to the interface assembly.

1 ft (30 cm) of cable from the interface assem-
bly to the 40-pin plug.

Cable Configuration
6 ft (1.8 m) — 2 40 conductor ribbon cables with al-
ternating ground and signal paths.

1 ft (30 cm) — 2 twisted pair 40 conductor cables
made up of signal/ground pairs.

TIMING CHARACTERISTICS
Emulation Interface Delays™

To 6800 from
Interface Assembly | Maximum |TPCS! (in ns)
a1 26 —
@2 26 —
NMI 30 200
IRQ 67 200
RESET 94 200
HALT** 72 —
DATA 28 114 (input setup)
DBEF*** L —
ToGN* not used |[—
From 6800 to
Interface Assembly | Maximum [TAD2 (in ns)
ADDRESS 20 300
DATA**** 28 460
VMA 45 300
R/W 63 300
BA 35 —

*Assumes 6 ft of cable at 1.5 ns/ft.

**HALT must occur within 80 ns after the falling
edge of @1 to be recognized at the rising edge of
the following 22.

***Delay to tristate, TSD=36 ns. Tristate is per-
formed by the interface buffers, not by the 6800.
****Nata from the 6800 will be available to the proto-
type 460 ns after the rising edge of @1 or DBE +
36 ns, whichever is greater.
ITPCS—Control signal setup time prior to 82 fall-
ing edge.
2TAD—Output propagation delay from clock after
@1 rising edge.

ORDERING INFORMATION

Factory | Field Field
Option Description Price | Number| Price

8001 Microprocessor Lab $4610

Option 02 6800 Micro-
processor Support
Package $3690

8002A Microprocessor Lab | $10,790

Option 02 6800 Assem-
bler Software Support

Option 17 6800 Emulator
Support

8001F02 | $3740

$ 550 |8002F02 | $ 600

+$2010 [8002F17 | $2110

Emulator Processor and Prototype Control Probe Support Packages

Termination
6 ft (1.8 m) — The interface assembly contains re-

ceivers for data, address, and control from
the Z80 Emulator Processor module.

1 ft (30 cm) — Not terminated.

TIMING CHARACTERISTICS

The Z80 Emulator Processor was designed to match
the ac characteristics of the Z80 Microprocessor with
two exceptions. Those exceptions are:

Prototype Clock

The prototype clock may not be stretched over a
total of 10 us during any one memory or 1/0 request
when a Microprocessor Lab memory access may oc-
cur in the next cycle. This exception is valid only if
the prototype clock runs in excess of 1 MHz.

NMI (Non Maskable Interrupt) must occur one-half
cycle earlier than in a standard Z80 configuration.
This means the NMI must occur before the next to
last trailing edge of the M cycle just prior to M1.

ORDERING INFORMATION

Factory Field Field
Option Description Price | Number | Price

8001 Microprocessor Lab $4610

Option 03 Z80 Micro-
processor Support
Package $3690

8002A Microprocessor Lab | $10,790

Option 03 Z80 Assem-
bler Software Support

8001F03 | $3740

$ 550 |8002F03 | $ 600

Option 32 6800 Prototype
Control Probe

+$ 920 [8002F32 | $1020

Z80 EMULATOR SUPPORT PACKAGE
CHARACTERISTICS

Z80 and Z80A refer to microprocessors manufactured
by Zilog Corporation. Tektronix, Inc., does not guar-
antee that other vendor's versions of the Z80 will be
compatible with the TEKTRONIX Microprocessor
Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft (1.8 m) of cable from the emulator proces-
sort to the interface assembly.

1 ft (30 cm) of cable from the interface assem-
bly to the 40 pin plug. :
Cable Configuration

6 ft (1.8 m) — 2 40 conductor ribbon cables with chas-
sis ground plane and signal paths.

1 ft (30 cm) — 2 40 conductor twisted pair cables.

Option 18 Z80 Emulator
Support

Option 33 Z80 Emulator
Prototype Control Probe | +$ 920 8002E33 $1020

+$2010 | 8002F18 | $2110

TMS9900 EMULATOR SUPPORT PACKAGE
CHARACTERISTICS

TMS9900 refers to microprocessors manufactured by

Texas Instruments Corporation. Tektronix, Inc., does

not guarantee that other vendor's versions of the

TMS9900 will be compatible with the TEKTRONIX

Microprocessor Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft (1.8 m) of cable from the emulator proces-
sor to the interface assembly.

9.5 in (24.2 cm) of cable from the interface as-
sembly to the 64 pin plug.

Cable Configuration

6 ft (1.8 m) — 2 40 conductor ribbon cables with chas-
sis ground plane and signal paths.

9.5 in (24.2 cm) — 2 32 conductor twisted pair cables.

Termination

6 ft (1.8 m) — The interface assembly contains re-
ceivers for data, address, and control from the
TMS 9900 emulator processor module.

9.5 in (24.2 m) — Not terminated.

'TIMING CHARACTERISTICS

To TMS9900 from Emulation [Interface Delays*
Interface Assembly Typical Maximum (in ns)
o1 41 59
22 41 59
23 41 : 59
o4 41 59
CRUIN 12 i 23
INTREQ 12 18
1C0 12 23
1C1 . 12 23
1C2 12 23
1C3 12 23
HOLD 12 18
READY 12 18
LOAD 1 18
RESET 68 98
DATA 14 21
From TMS9900 to
Interface Assembly Typical Maximum (in ns)
_DBIN 24 41
MEMEN 12 18
WE 12 18
CRUCK 12 23
CRUOUT 12 23
HOLDA 12 23
WAIT 12 23
1AQ 12 23
ADDRESS 14 21
DATA 14 21

*Assumes 1.5 ft of cable at 1.5 ns/ft.

Note: All inputs and outputs of the 64 pin plug at
the end of the prototype control probe are
buffered by 74LSXXX type devices. In all
cases, data and control should not change
during clock 1.




8002A and 8001 Microprocessor Lab System Options

ORDERING INFORMATION

Factory | Field Field
Option Description Price | Number | Price
8001 Microprocessor Lab $4610
Option 04 TMS9900
Microprocessor Support
Package $4120 | 8001F04 | $4180

8002A Microprocessor Lab | $10,790

Option 04 TMS9900
Assembler Software

Support $ 550 | 8002F04 | $ 600
Option 19 TMS9900
Emulator Support $2280 | 8002F19 | $2380

Option 34 TMS9900
Prototype Control
Probe

+$1090 | 8002F34 | $1190

8085A EMULATOR SUPPORT PACKAGE
CHARACTERISTICS

8085 and 8085A refer to microprocessors manufac-
tured by Intel Corporation. Tektronix, Inc., does not
guarantee that other vendor’s versions of the 8085
will be compatible with the TEKTRONIX Microproces-
sor Labs.

PHYSICAL CHARACTERISTICS _
Length 6 ft (1.8 m) of cable from the emulator proces-
sor to the interface assembly.
1 ft (30 cm) of cable from the interface assem-
bly to the 40 pin plug.

Cable Configuration
6 ft (1.8 m) — 2 40 conductor ribbon cables with chas-
sis ground plane and signal paths.

1 ft (30 cm) — 2 40 conductor twisted pair cables.

Termination

6 ft (1.8 m) — The interface assembly contains re-
ceivers for data, address, and control from the
8085 emulator processor module.

1 ft (30 cm) — Not terminated.

AC CHARACTERISTICS
Emulation Clock
Mode 1 or Mode 2
(user’s clock), with
8085A Prototype Con-
trol Probe.
Mode 0 (system clock)
Operational Speed
Full speed or 1 wait state per machine cycle during
8001/8002A program memory access selectable with
jumper.
One wait state per machine cycle is inserted when
using DEBUG breakpoints (BKPT) regardless of jum-
per position. When the Real-Time Prototype Analyzer
option is installed, real-time operation with break-
points automatically ensured during DEBUG by using
the event triggers (EVT).
*A clock error detection circuit ensures that the
user's clock is operational and basically within Intel
max (1 us) and min (160 ns) specifications.

6.25 MHz max*; crystal,
RC timing network or
TTL input to X1.

6.25 MHz £0.01%

ORDERING INFORMATION

Factory| Field Field
Option Description Price | Number | Price

8001 Microprocessor Lab $4610

Option 05 8085A Micro-
processor Support
Package x $3690 | 8001FO05 | $3740

8002A Microprocessor Lab | $10,790

Option 05 8085A Assem-
bler Software Support
Option 20 8085A Emu-
lator Support

Option 35 8085A Proto-
type Control Probe

$ 550 | 8002F05 | § 600

+$2010 | 8002F20 | $2110

+$ 920 | 8002F35 | $1020

36

Real-Time Prototype Analyzer

The Real-Time Prototype Analyzer, Option
46 for the 8002 and 8001 Microprocessor
Labs, is comprised of a real-time trace
module, a data acquisition interface, and
an 8-channel general logic probe. This op-
tion provides a real-time trace of the user
program executing on the emulator proces-
sor, with 43 channels of data acquired si-
multaneously. The prototype address bus,
data bus, control bus, and any eight exter-
nal locations on the prototype circuit may
be monitored without slowing up the opera-
tional speed of the processor. The Real-
Time Prototype Analyzer is indispensable
when isolating critical timing errors and
hardware/software sequence discrepancies
during the final integration phases of proto-
type development.

The analyzer module is a separate plug-in
circuit card that may be inserted into either
the 8002A or 8001 system mainframe. The
P6451 Probe connects to the prototype cir-
cuitry and permits data transference from
the prototype to the analyzer. Data from the
prototype is buffered and driven by the
probe to the data acquisition interface, and
then loaded into the analyzer module’s real-
time trace buffer.

As the user program executes on the emula-
tor processor, 48-bit data words are se-
quentially acquired from the prototype and
loaded into the real-time trace buffer. Each
data word contains 16-bit data from the ad-
dress bus; 8-bit or 16-bit data from the data
bus; 8-bit data from the test probe; 3-bit
data identifying cycle type (read, write, 1/0,
memory, or instruction fetch); and 5-bit
data used internally to identify last start/
stop of the emulator processor. The analy-
zer will continue to acquire these sequential
cycles of logic input until the processor is
stopped or the real-time trace buffer is
frozen by a specified trigger occurrence.
The real-time trace buffer can retain up to
128 data words in pre-, variable center, or
post-trigger modes; thus enabling the stor-
age of pertinent program bus transactions.

The Real-Time Prototype Analyzer offers ex-
panded breakpoints to aid in efficient loca-
tion of prototype problems. Two event com-
parators located within the analyzer module
can be utilized to halt program execution
and stop real-time trace. A trigger may be
generated on any specific data occurrence
in the address bus, data bus, test probe in-
put, and instruction cycle type. Triggering
may be immediate; delayed by counting the
number of passes; or delayed by counting
the number of clock select outputs (clock
select may be by microseconds, millisec-
onds, emulator clocks, etc.). In addition, an
output pulse may be generated, via the
data acquisition interface, to trigger a logic
analyzer or an oscilloscope.

The two event comparators (triggers) may
be set to designate a break or halt in the
program execution. These comparators
may be used as independent breakpoints;
or they may be used together to enable a
breakpoint on a specific event combination.
The program execution can be halted when

two trigger events occur simultaneously;
when one trigger event precedes another;
or when either trigger event occurs. When
a break in the program execution takes
place, program transactions stored in the
real-time trace buffer may be displayed or
printed.

Data stored in the real-time trace, buffer is
displayed sequentially in the order it was
acquired from the prototype. Buffer con-
tent may be displayed in whole or in part.
Optional command parameters are avail-
able to limit the storing of data to any spe-
cific transaction type, such as memory reads
only. If the total buffer contents are dis-
played, a blank line will separate the data
sequence associated with each program
starting point.

The Real-Time Prototype Analyzer features
a convenient and easy-to-understand dis-
play format. With this format, the address
location, data, probe input, and control bus
data of each acquired transaction are dis-
played. If the transaction was an instruc-
tion fetch, the instruction is also disassem-
bled into the appropriate mnemonic read-
out unique to the emulator type being used.

The Real-Time Prototype Analyzer functions
in all emulation modes and operates with
all commercial microprocessors supported
by the 8002A and 8001 Microprocessor
Labs. :
REAL-TIME PROTOTYPE ANALYZER
CHARACTERISTICS
OPERATIONAL SPEED CHARACTERISTICS

Processor Maximum Processor Clock Rate*
8085A 3.125 MHz (internal clock)

8080A 2.08 MHz

6800 1.00 MHz

Z80 4.00 MHz

TMS9900 3.33 MHz

3870/3872 4.00 MHz

8 2.00 MHz

*Maximum processor clock rate for Real-Time Proto-
type Analyzer operation.

INPUT/OUTPUT CHARACTERISTICS
Variable Threshold
Range
Preset TTL Voltage
Event Trigger Out

>-+10V dc to <—10 V dc
+1.4 V.dc *=200 mV

High level voltage out (when
Vcc=Min, Vi=0.5,
Ro=50 © to GND) is >2 V dec.

Adjustments—Variable Threshold may be adjusted
from >+10 V dc to <<—10 V dc with a screwdriver
adjustment accessible at the rear panel of the Micro-
processor Lab. This voltage must be monitored with
a voltmeter having an input impedance of at least
10 MQ.

Jumpers—With the internal jumper in position ‘0-3'
the clock threshold is designated to be the same
as channels 0-3. In position ‘4-7' the jumper desig-
nates the clock threshold to be the same as channels
4-7.

Cable Length — 50 cm (19.5 in).
ORDERING INFORMATION

Factory Field Field
Option Description Price Number Price
8001 Micro- .
processor Lab $4610
Option 46 Real-
Time Prototype
Analyzer +$2500 | 8001F46 $2700
8002A Micro-
processor Lab $10,790
Option 46 Real-
Time Prototype
Analyzer +$2500 | 8002F46 $2700



8002A Microprocessor Lab Basic

High level languages provide the easiest,
most natural programming method available
for microprocessor development. No other
high-level language approaches the simplic-
ity of BASIC. BASIC keywords are extremely
easy to learn and use. Typically, the novice
can program an application within hours
of being introduced to BASIC. Because
BASIC is widely used, computer books and
magazines contain hundreds of programs,
and various application programs are avail-
able for microprocessor development.

8002A Microprocessor Lab BASIC is a mod-
ification of ANSI standard BASIC. It sup-
ports modular programming and the use
of specific microprocessor features and
8002A 1/0 resources. A BASIC program
may be developed in modular components
that are separately compiled. Sub routines
and data defined in one module may be
used (referenced) by another. The target
processor’s I/0O and interrupt structures as
well as 8002A peripherals and file I/0O can
be accessed with BASIC constructs. The
language provides data handling capabil-
ities for integers, strings, and arrays of these
types.

The 8002A BASIC Compiler supports soft-
ware development for the 8080A and 8085A
Microprocessors (and the 8080A subset of
the Z-80). A BASIC program consists of one
or more modules and may include assembly
modules. The programmer uses the 8002A
text editor to enter and modify BASIC source
code. The 8002A BASIC compiler translates
BASIC source modules into symbolic as-
sembly modules. The assembly code con-
tains as comments the corresponding
BASIC statements. It can be listed and ed-
ited. The 8002A Assembler translates these
~assembly modules into relocatable object
modules for the 8080A/8085A. The 8002A
Linker .combines BASIC modules and any
user-coded assembly modules with selected
BASIC run-time routines. The executable
load module thus produced is loaded into
ROM and RAM as specified. The program
executes in any 8002A emulation mode. The
full debugging capabilities of the 8002A
can be used to complete program develop-
ment.

8002A Microprocessor Lab
BASIC Software Support

ORDERING INFORMATION
Option Description Factory Field Field
Price Number Price
8002A Micro-

processor Lab $10,790
Option 1A
8080A/8085A BASIC
Software Support*
(Requires 64K Pro- $900
gram Memory and
__Option 1)

8002F1A $950

8002A and 8001 Microprocessor Lab System Peripherals

1702 and 2704/2708 PROM Programmer

The 1702 and 2704/2708 PROM Program-
mer, Options 47 and 48 for the 8002A and
8001 Microprocessor Labs, provide the abil-
ity to program either 1702 or 2704/2708
erasable PROM chips. When the module is
installed in an 8002A or 8001 Mainframe, the
PROM Programmer software enables com-
munication between 8002A or 8001 program
memory and the PROM installed in the front-
panel PROM programming porch.

1702 or 2704/2708 PROM Programmer soft-
ware transfers one data byte at a time, and
actual addresses are assigned. Data may be
written from 8002A or 8001 program memory
(WPROM); read from PROM into program
memory (RPROM); or compared on the
system terminal (CPROM).

The RPROM command allows the program-
med PROM to be read into program memory
and dumped to the system console. The
CPROM compare function performs an ad-
dress-by-address comparison between the
PROM and the program under development.
When an inequality between PROM bytes
and memory bytes occurs, the memory ad-
dress, memory byte content, and PROM byte
content are displayed on the system con-
sole. A successful comparison between des-
ignated PROM and memory bytes is indi-
cated by an End of Job message on the
console.

ORDERING INFORMATION

Option 3A
8080A/Z80 BASIC
Software Support**
(Requires 64K Pro- $900
gram Memory and
Option_3)

8002F3A $950

Option 5A
8080A/8085A BASIC
Software Support*
(Requires 64K Pro- $900
gram Memory and
Option 5)

*Option 1A and 5A are identical.

**The compiler generates 8080A assembly language.
This output must be assembled with 8080A assem-
bler which is included in Option 3A, The B8080A
output can then be run on the Z-80.

8002F5A $950

Factory Field Field

Option Description Price Number Price
8001 Micro-
processor Lab $8300
Option 47
~ 1702 PROM

Programmer + $650 8001F47 $700
Option 48

2704/2708 PROM

Programmer + $650 8001F48 $700
8002A Micro-
processor Lab $10,790
Option 47 :

1702 PROM

Programmer +$650 | 8002F47 $700
Option 48

2704/2708 PROM

Programmer +$650 8002F48 $700

CT 8100 Crt Terminal

The CT 8100 Crt Terminal is an optional per-
ipheral recommended for use with the 8002A
and 8001 Microprocessor Labs.

The CT 8100 is interfaced to the 8002A or
the 8001 through an EIA standard RS-232-C
port on the system communications module.
Data formats and baud rate are switch-
selectable for TTY or EIA operation.

The keyboard provides selection of the full
ASCII set of 96 characters.

The console screen provides space for 24
lines of 80 characters each, allowing the 12-
inch diagonal, refreshed crt to display up
to 1920 characters.

ELECTRICAL CHARACTERISTICS
115/230 (Hi, Medium, Lo) V ac,
50 to 400 Hz; nominal 220 W.

PHYSICAL CHARACTERISTICS

Dimensions cm in

Height 33.02 13

Width 45.72 18

Length 68.58 27

Weight Ib

Net 46

Shipping 67

ORDERING INFORMATION

CT8100Crt Terminal .............. $3495




8002A and 8001 Microprocessor Lab System Peripherals

CT 8101 Console Terminal

The CT 8101 Console Terminal is an optional
peripheral recommended for use with the
- 8002A and 8001 Microprocessor Labs.

The CT 8101 in interfaced to the 8002A or
8001 through an EIA standard RS-232-C
port on the system communications module.
Data formats and baud rate are switch-
selectable for TTY or EIA operation.

The keyboard provides selection of the full
ASCII set of 96 characters. It also features
character repeat when any key is pressed
at the same time as the REPEAT key.

ELECTRICAL CHARACTERISTICS

Voltage 115 V RMS; +10%, —15%.
Frequency 47 through 63 Hz.
Power 75 W max.

PHYSICAL CHARACTERISTICS
Dimensions cm in
Height 10.79 4.25
Width 37.08 14.60
Length 38.73 15.25
Weight Ib
Net 11.20 (including paper)

ORDERING INFORMATION
CT8101 Console Terminal

38

4024 Computer Display Terminal

The 4024 Computer Display Terminal is an
optional peripheral recommended for use
with the 8001 or 8002A Microprocessor
Labs.

The 4024 Computer Display Terminal is seri-
ally interfaced to either Microprocessor De-
velopment Labs through an EIA standard
RS-232-C port on the systems communica-
tions module. The 12 inch (30 cm) diagonal
crt displays up to 34 line of 80 characters
each, and the keyboard contains a full ASCII
set of characters in upper and lower case.
Option 20 (8K bytes Program Memory) is
required for proper 8001 and 8002A opera-
tion.

4024 Computer Display Terminal
with Option 20* .. ... ... ......... $3245

4025 Computer Display Terminal
The 4025 Computer Display Terminal is an
optional peripheral for use with the 8001 or
8002A Microprocessor Development Labs.

The 4025 Computer Display Terminal is seri-
ally interfaced to either Microprocessor De-
velopment Labs through and EIA standard
RS-232-C port on the systems communica-
tions module. The 4025 Terminal provides
all the capabilities of the 4024 plus the abil-
ity to expand from basic alphanumerics, to
forms ruling and then into graphics. Option
20 (8K bytes Program Memory) is required
for proper 8001 and 8002A operation.

4025 Computer Display Terminal
with Option 20* ... ........... .. $3845

*Option 20 (8K bytes Display Memory) is required for
proper 8001 and 8002A operation.

LP 8200 Line Printer

The LP 8200 Line Printer is an optional sys-
tem peripheral for the 8002A and 8001 Mic-
roprocessor Labs.

The LP 8200 is serially interfaced to either
Microprocessor Lab through an EIA stan-
dard RS-232-C port on the system communi-
cations module. Baud rates of 300 to 9600
are selectable.

The printout provides space for 132 charac-
ters/line, 6 lines/vertical inch. The full
ASCI| set of 96 upper/lower case charac-
ters is provided.

ELECTRICAL CHARACTERISTICS

Voltage 90 to 132 V ac standard*

Frequency 60 Hz +=1 Hz.

Power 400 W max (printing);
200 W max (idle).

PHYSICAL CHARACTERISTICS

Dimensions cm in
Height 85.09 33.5
Width 69.85 27.5
Length 55.12 21.7
Weight Ib
Net 102

ORDERING INFORMATION
LP8200 Line Printer ............... $3765
*Alternate line voltages are available for the LP 8200.

Please contact a Tektronix Field Office in your area
for more information.



Pick a Plug-in Oscilloscope for:

Superior Performance. The 7000 Series of plug-in laboratory in-
struments embodies more state-of-the-art performance fea-
tures than any other oscilloscope-based measurement system.
The new 7104 Oscilloscope features a 1-GHz bandwidth com-
bined with the fastest rise time and writing speed available
today. - : . .

Flexibility. Mainframes in the family offer a choice of popular band-

‘width ranges and a variety of additional features. With over 35
compatible plug-ins to choose from, you can configure a flex-
ible scope package based on your individual needs. .

yoL hat the i nst t_umentﬂ yo u buy today
' eeds, and that




7000 Series...more than an oscilloscope

Crt Readout

Bright Traces ‘

Large No Parallax
llluminated Graticules

Easy Display Selection

Convenient Camera
Mountings And
Connections

o ASTIG

TRIGGER
SOURCE

A

Plug-In Flexibility

The 7000 Series is a unique family of
instrumentation components, a continuation
of the Tektronix heritage of bringing to the
laboratory the ultimate in measurement
technology.‘

Numerous measurement concepts—oscil-
loscopy, synergistic analog-digital measure-
ments, spectrum analysis, sampling, time
domain reflectometry, curve tracing—are
fused into a family of interdependent cath-
ode-ray-tube mainframes and instrumen-
tation plug-ins. :

A system can be tailored for your exact

40

measurement needs. Mainframes in the
family offer a choice of popular bandwidth
ranges and a wide selection of additional
features. Plug-ins—including oscilloscope
vertical amplifiers and time bases as well
as instruments for a variety of applica-
tions—can be selected to round out your
tailored system.

In opposition to an industrial world that is
frequently faulted for planning obsoles-
cence, this instrument family strategically
defers obsolescence. Each mainframe and
each plug-in reflect the latest technology

Calibration Standard

SR
A INTENSITY

B asew o

7904
OSCILLOSCOPE

’ =38
CALIBRATOR
15100 soa

Pick The Trigger Source

at their inceptions, yet each fits a well-
planned niche in this interdependent family.
The result is an array of instrumentation
components that can adapt to our new de-
velopments while protecting your initial in-
vestment. Today’s system may be expanded
to meet future needs at a relatively low cost
by the addition of a plug-in or two. When the
time comes to add a more powerful main-
frame, your -older model continues to be
useful for a host of applications.

i Liiibiiiia ik




¥4 7834 STORAGE OSCILLOSCOPE |

Crt Readout*

All significant parameters are displayed in
alphanumeric characters right on the crt.
They are readily visible when you need them
for quick oscilloscope measurements, and
they are permanently recorded on your
waveform photographs for future analysis.
When your 7000-Series Measurement Sys-
tem includes a digital instrument plug-in,
the measurement is presented in clear,
accurate digital terms, along with a corre-
sponding analog waveform.

Bright Traces

All 7000-Series Crts have bright displays
and excellent photographic writing speeds.
For applications requiring maximum photo-
graphic writing speeds, several mainframes
feature a condensed scan on a reduced
area in the center of the crt.

Large llluminated Graticules
Eliminate Parallax

The display area is 8 by 10 divisions (0.9,
0.98, 1.0, or 1.22 cm/div depending upon
mainframe) with a parallax-free graticule.
All graticules are illuminated except the
7313.

Convenient Camera Mountings
and Connections

A standard bezel connector matches all

*Not available in mainframes or plug-ins with “N"
suffix.

TEKTRONIX Oscilloscope Cameras to 7000-
Series Mainframes.

Independent Intensity Controls

Separate intensity controls allow for inde-
pendent adjustment of A sweep, B sweep,
and character readout brightness. The
intensity of each sweep may be adjusted to
a level that suits your application.

Autofocus

The trace stays in focus with changes in
intensity. After the focus is initially set, an
autofocus circuit reduces the need for ad-
ditional adjustments.

Adjustable Graticule lllumination

This gives you easier viewing and sharper
photos. Not available on the 7313.

Plug-ins
Flexible Measurement Systems

More than thirty plug-ins provide you with
flexibility to choose just the measurement
capability you require.

Analog/Digital Synergism

Digital instrumentation plug-ins create un-
surpassed measurement capabilities. Highly
accurate digital measurements may be
made at selectable points on complex
waveforms by visually superimposing gate
waveforms over signal waveforms.

7000-Series Reference

TJaaq
UAL-BEAM  OSCILLOSCOPE

Mainframes
Calibration Standard

All the 7000-Series Calibrators serve as a
voltage standard for calibrating vertical
plug-ins, a 1 kHz square wave for adjusting
probe compensation, or a 1 kHz frequency
standard in the 7800- and 7900-Series Main-
frames. The output is available in several
dc or 1 kHz square-wave voltages.

Trigger Source Flexibility

The left and right trigger selector main-
frame pushbuttons route the desired trigger
source to the appropriate time base. A
VERT mode position automatically routes
whichever source has been chosen for
vertical inputs.

Easy Display Selection

Vertical mode switches allow you to easily
select the desired vertical amplifier or
interaction of amplifiers (e.g., alternate,
chopped, or added modes). Four-compart-
ment mainframes provide equivalent flex-
ibility for time bases as well.

Mainframe Flexibility

Numerous options add even more flexibility
in creating the oscilloscope system that
most closely meets your measurement re-
quirements.
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7104 NON-STORAGE

1 GHz Bandwidth

10 mV/Div Sensitivity
200 ps/Div Sweep Speed
20 cm/ns Writing Speed

DUAL BEAM

400 MHz Bandwidth

Full Vertical and Horizontal
Cross-over Switching
(one input shown at two sweep speeds)

Full Overlap on 8 x 10 cm Display
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SPECTRUM ANALYZER

i T S
3

115§

Accurate Amplitude Measurements at
11 GHz

Crisp, Clean Displays via Low
Residual FM’ing

60 dB Dynamic Range at Offset
Frequencies as Low as 500 Hz

Spurious Free Displays with Internal
Calibrated Preselector

Flicker Free Digital Storage

DIGITAL

e
po | | sorda] | | |

Sample and Hold Dvm Measures
Difference Voltage between Two Points
on Complex Waveform (gate waveform
indicates two points—leading and trailing
edges—where voltage difference is
made—+0.737 V)

Readout Unit Identifies this Waveform as
TEST DATA-PHOTO 17

Counter/Timer Measurement with
Analog Display

Compare Digital Measurement with
Analog Display

STORAGE

Readout Stored with the Waveform
Fast Stored Writing Speeds
Multimode 7834/7633/7623A

Variable Persistence 7613
or
Split Screen Bistable 7313

SAMPLING

Two-Dot Time Measurement

Calibrated Delayed Sweep

Simultaneous Sampling & Convehtional
Displays

Operational Ease of a Conventional
Oscilloscope



7000-Series Storage
Oscilloscopes

Storage, as it applies to most instruments
in thes TEKTRONIX 7000 Series, involves
techniques for capturing and retaining sig-
nals within the cathode-ray tube itself.
(Systems for digitally reconstructing sig-
nals, sometimes included under the broad
umbrella of storage, are discussed on
pages 169 and 170).

Why Store?

Capturing an event for detailed analysis is
perhaps the most obvious application for a
storage crt, but many other situations also
call for its unique advantages. Some ex-
amples include capturing the entire display
of a slowly occurring signal . . . observing
signal changes during circuit adjustment . . .
comparing incoming signals with a standard
. . . increasing the brightness of a repetitive
signal for viewing in normal ambient light
... reducing flicker or noise . . . baby-sitting,
or unattended monitoring for a transient
event . . . and enhancing other recording
techniques such as photography.

Storage Features

Since 1962, when Tektronix introduced
phosphor target bistable storage in the
564, techniques for capturing and retaining
waveforms have grown at an explosive rate
in order to keep pace with measurement
demands.

However, the language of storage—such
terms as bistable, variable persistence, and
mesh transfer—frequently presents as much
confusion as the measurement that must
be made.

Characteristics of -individual 7000-Series
Mainframes employing storage techniques
are listed on pages 59 through 66. A re-
view, though, of storage concepts should
prepare the reader to evaluate the various
alternatives more knowledgeably.

Bistable

Phosphor target bistable, available on the
7313 Mainframe, offers a low-cost alter-
native with relatively long view times.
Waveform storage takes place directly on
the crt phosphor. This easy-to-use tech-
nique offers the flexibility of split-screen
storage. Upper and lower halves of the
screen may be stored independently. Thus,
a reference signal may be stored on one
half for comparison against signals on the
other half.

Phosphor target bistable has a relatively
slow writing speed and a dim contrast be-
tween the trace and the background bright-
ness.

Bright Bistable

Bright bistable storage, available as one
storage mode on the 7834, 7633 and 7623A
Mainframes, employs a mesh between the
electron gun and the crt phosphor. It
features bright, long-lasting displays with
reduced contrast.

Variable Persistence

Variable persistence storage is available in
the 7613, 7623A, 7633, and 7834 Mainframes.
It features bright, high-contrast displays and
controlled persistence.

A front-panel persistence knob provides
control of the decay (fade-away) rate of the
stored image. The rate can be varied
from almost instantaneous disappearance
to a view time of greater than 15s in the
7613 (30 s in the 7623A, 7633, and 7834).

Fast Multimode

Fast multimode storage, available in the
7623A, 7633, and 7834, provides four storage
modes. The four modes combine the pre-
viously discussed bright bistable and vari-
ablé persistence storage modes with fast
bistable and fast variable persistence.

The display characteristics of fast bistable
and fast variable persistence are the same
as bistable and variable persistence re-
spectively. In either fast storage mode the
trace image is first written on a fast mesh,
then transferred to a long retention mesh
for viewing.

As the name implies, fast provides in-
creased storage writing speed. For ex-
ample, in the reduced scan display mode,
the variable persistence writing speed of
5.4 cm/us is increased to 2500 cm/us by
selecting fast variable persistence. The
2500 cm/us writing speed is fast enough to
capture a single event equivalent to the
7834’s 400-MHz bandwidth or a 900 ps rise
time.

400 MHz Dual-Beam

Dual-beam oscilloscopes are essentially
two oscilloscopes in one. Each beam op-
erates separately and independently of the
other. They are required for many applica-
tions where two transient events must be
compared simultaneously. These applica-
tion areas include stimulation and reaction
events in such fields as medicine, biology,
chemistry, engineering mechanics, to name
just a few.

Depending on the plug-ins selected, up to
eight traces can be displayed at a time.

7000-Series Reference

Digitals

The 7000-Series Digital Plug-ins include: a
universal counter/timer, 525 MHz direct
frequency counter, digital multimeter with
temperature mode, digital delay by time or
events, a versatile 0.01% A/D converter
with vertical amplifier, and a special read-
out unit to label each test for future refer-
ence. Together with a 7000-Series Main-
frame, these give you the advantage of
seeing what you're measuring, plus ac-
curacy of digital techniques.

This combination offers many advantages
over separate test units. You get: scope-
controlled digital measurements, measur-
ing convenience and confidence, increas-
ed accuracy, easier and faster solution to
complex problems, a lower dollar invest-
ment, more bench space and signal condi-
tioning.

Sampling

The 7000-Series Sampling Plug-ins provide
some unique measurement capabilities not
available in other sampling oscilloscopes.
You get: a low-cost storage crt for slow
scans, a random mode that lets you see
leading edges with pretrigger or bandwidth-
limiting delay line, a wide choice of sam-
pling heads at minimal cost, and the con-
venience of sampling and conventional dis-
plays at the same time on the crt.

The sampling waveform on the preceding
page was displayed using the 7514. You
can position the two bright dots to any two
points in a waveform which is displayed at
10 ns/div or faster. The separation be-
tween dots is controlled by a calibrated 10-
turn DTM dial. Repeated time measure-
ments on similar waveforms may be made
more rapidly and accurately and with less
fatigue using this unique two-dot method.

Spectrum Analysis

Unexcelled plug-in performance from 20 Hz
to 60 GHz is provided by the 7L5, 7L13 and
7L18 Spectrum Analyzer. Stable, sensitive
and spurious-free, these analyzers work in
any 7000-Series Mainframe. The same main-
frame may be used with other plug-ins for
oscilloscope measurements.

Some plug-in analyzers have microproces-
sor-aided controls for easy operation, and
digital storage and display capability for re-
calling and comparing signals. Others offer
30 Hz resolution for viewing close-together
signals. Some optional tracking generators
are available for swept frequency measure-
ments.

Refer to the Spectrum Analyzer section be-
ginning on p. 188 for more information.
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PLUG-IN AMPLIFIER

7A11

7000-SERIES VERTICAL SYSTEM SPECIFICATIONS

TA13

TA15A

TA16A TA1T 7A18 TA19 7A21N TA22 7A24 TA26 TA29
PAGE 68 70 68 68 69 71 69 69 70 71 71 71
PERFORMANCE Low-capaci- Differential Low-cost Wide-band- Low-cost, Dual- Wide-band- Direct Dc-coupled, Dual- Dual-
FEATURE tance FET i dc offset, conven- width con- easy to channel width 50-Q crt high-gain channel channel
probe amplifier | high-freq ; tional ventional customize |amplifier input access differential 50-Q amplifier
cmrr ampli- input input amplifier amplifier amplifier amplifier
fier amplifier amplifier
MIN DEFL 5 mV/div 1 mV/div 5 mV/div 5 mV/div 50 mV/div | 5 mV/div 10 mV/div | <4 V/div 10 uV/div 5 mV/div 5mV/div | 10 mV/div
FACTOR (0.5 mV/div)? ®
ACCURACY! 2% 1.5% 2% 2% —_— 2% 3% e 29 2% %
WITHOUT PROBE (integral) ; 5 ¢ 3 5 % 2 £
¥ 100 MHz P6053B*
BW 250 MHz 1gg mnz Egagg" 80 MHz 225 MHz 150 MHz 75 MHz 600 MHz _ 1 MHz = 10% | 400 MHz 200 MHz 1000 MHz
z
™ ., S -
1.4 ns .5 ns e 4.4ns 1.6 ns 2.4 ns 4.7 ns 0.6 300 ns * 9% 0.9 1.8 %
EQA?\;'ILV 5 Beses ns ns ns 0.35ns
(0°C to 105 MHz P6053B*
30°C) BW 250 MHz 122 hMﬁnz ggégg" 80 MHz 225 MHz 150 MHz 75 MHz 500 MHz 1 GHz 1 MHz + 10% | 350 MHz 200 MHz 500 MHz
Z
7904 3.4 ns P6053B*
R7903 Tr 1.4 ns 3.4 ns P6106** 4.4 ns 1.6 ns 2.4 ns 4.7 ns 0.8 ns 350 ps 350 ns = 9% 1.8ns 1.0 ns 0.8 ns
R7912¢ 5.4 ns P6055
100 MHz P6053B*
SIG OUT BW 140 MHz 100 MHz P6106** 70 MHz 140 MHz 15 MHz 70 MHz 300 MHz —_ 1 MHz = 10% | 140 MHz 140 MHz 300 MHz
65 MHz P6055
3 100 MHz P6053B*
| BW 200 MHz 100 MHz P6106** 80 MHz 200 MHz 150 MHz 75 MHz 400 MHz3 1 GHz 1 MHz + 10% 300 MHz 180 MHz 400 MHz
7844/R 65 MHz P6055
3.5 ns P6053B*
7800 Tr 1.8 ns 3.5 ns P6106** 4.4 ns 1.8 ns 24ns 4.7 ns 0.9 ns 350 ps 350 ns + 9% 1.2ns 1.9 ns 0.9 ns
FﬁMILY 5.4 ns P6055
éosﬂ?:)lo 95 MHz P6053B* :
BW 200 MHz 95 MHz P6106** 80 MHz 200 MHz 150 MHz 75 MHz 400 MHz —_ 1MHz = 10% | 300 MHz 180 MHz 400 MHz
7834 65 MHz P6055
3.7 ns P6053B*
Tr 1.8 ns 3.7 ns P6106** 4.4 ns 1.8 ns 2.4 ns 4.7 ns 0.9 ns S 350 ns £ 99 1.2 ns 1.8 ns 0.9 ns
5.4 ns P6055
100 MHz P6053B*
BW 170 MHz 100 MHz P6106** 75 MHz 170 MHz 150 MHz 75 MHz 250 MHz+ —_— 1 MHz *= 10% 200 MHz 170 MHz 250 MHz
7704A 65 MHz P6C55
3.5 ns P6053B*
g‘;}:gto I 21 ns 3.5ns P6106**  |4.7ns 21ns 2.4 ns 4.7 ns 15ns e 350ns 9% | 1.8ns 2.1 ns 15ns
2 5.4 ns P6055
%) 60 MHz P6053B*
SIG OUT BW 70 MHz 60 MHz P6106** 55 MHz 70 MHz 15 MHz 55 MHz 80 MHz _—_ 1 MHz + 10% 70 MHz 70 MHz 80 MHz
50 MHz P6055
100 MHz P6053B*
BW 170 MHz 100 MHz P6106** 75 MHz 160 MHz 150 MHz 75 MHz 200 MHz — 1 MHz = 10% 200 MHz 150 MHz 200 MHz
65 MHz P6055
3.5 ns P6053B*
;mlgll.v T704A Tr: 21ns 3.5 ns P6106** 4.7 ns 2.2ns 2.4 ns 4.7 ns 1.8 ns —_— 350 ns = 9% 1.8 ns 24ns 1.8 ns
5.4 ns P6055
60 MHz P6053B*
SIG OUT BW 70 MHz 60 MHz P6106** 55 MHz 70 MHz 15 MHz 55 MHz 80 MHz —_ 1 MHz £ 10% 70 MHz 70 MHz 80 MHz
50 MHz P6055 i
100 MHz P6053B* :
BW 150 MHz 100 MHz P6106** 75 MHz 150 MHz 150 MHz 75 MHz 175 MHz _— 1 MHz + 10% 160 MHz 140 MHz 175 MHz
65 MHz P6055
3.5 ns P6053B*
R7704 Tr 24 ns 3.5 ns P6106** 4.7 ns 2.4 ns 24 ns 4.7 ns 2.0 ns -— 350 ns *+ 9% 2.2ns 2.5ns 2.0 ns
5.4 ns P60ES
55 MHz P6053B*
SIG OUT BW 60 MHz 55 MHZ P6106** 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz —_— 1 MHz + 10% 60 MHz 60 MHz 65 MHz
45 MHz P6055
7603/R BW 100 MHz 75 MHz P6016 65 MHz 100 MHz 100 MHz 75 MHz 100 MHz _ 1 MHz + 10% 100 MHz 100 MHz 100 MHz
7633/R 55 MHz P6055
7623A/R Tr 3.5ns 5.0 ns P6016 5.4 ns 3.5ns 3.5ns 4.7 ns 3.5ns _ 350 ns + 9% 3.5ns 3.5ns 3.5ns
7613/R 6.4 ns P6055
7603N SIG OUT BW 60 MHz 55 MHz P6016 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz —_— 1 MHz = 10% 60 MHz 60 MHz 65 MHz
7600 Opt 11% 45 MHz P6055 -
FAMILY BW 26 MHz 25 MHz P6062B | 25 MHz 25 MHz 25 MHz 25 MHz 25 MHz — 1MHz £ 10% | 25MHz 25 MHz 25 MHz
ToRAGE 24 MHz P6055
FAMILY 7313 Tr 14 ns 14 ns P6062B 14 ns 14 ns 14 ns 14 ns 14 ns —_— 350 ns = 9% 14 ns 14 ns 14 ns
R7313 15 ns P6055
SIG OUT BW 60 MHz 55 MHz P6062B 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz _— 1 MHz = 10% 60 MHz 60 MHz 65 MHz
45 MHz P6055
System Environmental Specifications (apply to all instruments except where iBandwidth is 325 MHz to 10 mV/div. *P6053B has Trace Identify
noted)—Operating temperature range is from 0°C to -50°C. Operating s y s
altitude to 15,000 feet. Nonoperating to 50,000 feet. Bandwidth is 200 MHz at 10 mV/div. 6106 has Ground Reference
lAccuracy percentages apply to all deflection factors. Plug-in gain must be *All 7000-Serles Plug-ins are compatible with the 7603N Opt 11. However,
set at the deflection factor designated on each plug-in. When a probe is they do not meet the rigid environmental specifications required by the
used, the gain must be set with the calibration signal applied to the probe military.
tip. The calibration signal is supplied by an external calibrator whose ¢Refer to Transient Digitizer, R7912 not available with signal outputs.
accuracy is within 0.25%.
20btained with X10 gain at reduced bandwidth of 10 MHz.
RECOMMENDED COMBINATIONS 7000-SERIES MAINFRAMES AND T!ME BASES
7904 7704A 7603N 7633/R
MAINFRAME 7104 R7903 7834 7844/R R7704 7603/R Opt 11 | 7623A/R | 7613/R | 7313/R
Time Base PERFORMANCE FEATURE ® [NDICATES RECOMMENDED COMBINATION
7B50A Single time base ® ® ° ® L ]
7B53A Dual time base with mixed sweep @ e * ® ® [ ]
7B53A Opt 05 7B53A with tv sync triggering ® ® ® ®
Single time base (used also as
7B80 delayed time base) L4 * L o
Single time base with delaying and A
7B85 delay sweep function e . o .5
7B92A Dual time base with display switching L ] ° ® el
7B10 Single time base (used also as ™ °® ™ °
delayed time base)
7B15 Single time base with delaying and A
: { ] L ] o [ ]
delay sweep function

*7B53AN Opt 11 is recommended; one is supplied with 7603N Opt 11S system.
'No trace separation on R7704 only.
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¢ 7000-SERIES
OSCILLOSCOPE SYSTEMS/PROBE SELECTION CHART*

PASSIVE VOLTAGE FET PROBES 50 Q/1 MQ
PASSIVE VOLTAGE 1-MQ INPUT COMPATIBLE 50-Q INPUT COMP INPUT COMPATIBLE CURRENT PROBES
PROBE P6101 P6106 P6055 P6009 P6015 P6062B P6105 P6056 P6057 P6202 P6046 P6201 w/passive |w/passive P6302/
1 Meter 1 Meter 3.5 9’ 10’ 6 P6108 6’ 6’ 2 Meter 6’ 6’ term term AM 503
P6053B 2 Meter P6021 P6022 6’
3.5 5'10 mV/mA| 5’ 10 mV/mA
FEATURES Miniature Fastest Adj 1.5 kV Com- | 40 kV Pk Selectable | Miniature | Fastest 10X Fastest | 10-MQ Input | Differential |Low Capaciq{ Ac High Ac High Dc High
Probe Probes Attenuation | patibility Pulse Attenuation Probe Passive 100X Pas- | Impedance |Probe High |tive Loading Current Frequency Current
Compatible or Com- Probe sive Probe| D¢, Off- Cmrr Ac Coupling
with 1-MQ | Differential patibility Low C Low C set Dc Offset
Input Use
ATTENUATION 1X 10X 10X 100X 1000X Selectable | 10X 10X 100X Selectable |Selectable | Selectable | Selectable | Selectable | Selectable
7A19 Nc Nc Nc Nec Nec Nc Nec 500 MHz 480 MHz 300 MHz 100 MHz 430 MHz Nc Nc 50 MHz
7104 TA24 Nc Nec Nc Nec Nec Nc Nc 350 MHz 350 MHz 300 MHz 100 MHz 310 MHz N¢ Nec 45 MHz
7A26 34 MHz 175 MHz 125 MHz 75 MHz 100 MHz 185 MHz 90 MHz 195 MHz 60 MHz 140 MHz 50 MHz
7A29 Nec Nc Nec Ne¢ Nc Nc Nc 950 MHz 800 MHz 450 MHz 100 MHz 660 MHz Nc Nc 50 MHz
TA11* Nc Nec Nc Nc Nc Nc 55 MHz 150 MHz 45 MHz
TA13 34 MHz 105 MHz 65 MHz 85 MHz 65 MHz 75 MHz 105 MHz 105 MHz 70 MHz 105 MHz 50 MHz 90 MHz 45 MHz
7900 TA15A 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz 80 MHz 80 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
FAMILY TA16A 34 MHz 200 MHz 130 MHz 80 MHz 205 MHz 205 MHz 90 MHz 215 MHz 55 MHz 150 MHz 45 MHz
7A18 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz 75 MHz 75 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
TA19 Nc Nc Nc Nc Ne¢ Nc Nc 500 MHz 480 MHz 300 MHz 95 MHz 430 MHz Nc Nc 50 MHz
TA22 1 MHz Nc 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
TA24 Nc Nc Nc¢ Nc Nc Nc 350 MHz 350 MHz 290 MHz 90 MHz 310 MHz Nc c 45 MHz
TA26 34 MHz 175 MHz 125 MHz 75 MHz 185 MHz 85 MHz 180 MHz 55 MHz 140 MHz 45 MHz
TA11 Nc Nc Nc Nc Ne¢ Nc Nc 55 MHz 130 MHz 45 MHz
7A13 34 MHz 95 MHz 65 MHz 85 MHz 60 MHz 100 MHz 100 MHz 70 MHz 100 MHz 50 MHz 85 MHz 45 MHz
7A15A 34 MHz 75 MHz 70 MHz 55 MHz 75 MHz 75 MHz 80 MHz 60 MHz 80 MHz 45 MHz 70 MHz 40 MHz
7800 TA16A 34 MHz 160 MHz 110 MHz 75 MHz 100 MHz 170 MHz 85 MHz 165 MHz 55 MHz 130 MHz 45 MHz
FAMILY TA18 34 MHz 85 MHz 80 MHz 60 MHz 85 MHz 85 MHz 75 MHz 65 MHz 90 MHz 45 MHz 70 MHz 40 MHz
TA19 Nc Nc Nc Nc Nc Nc¢ Nc 400 MHz 400 MHz 320 MHz 95 MHz 360 MHz Nc Nec 50 MHz
TA22 1 MHz Nc 1 MHz 1 MHz 1 MHz 1 MHz Nc 1 MHz 1 MHz 1 MHz
TA24 Nc Nc Nc Nc Nc Nc Nc 300 MHz 300 MHz 270 MHz 90 MHz 280 MHz Nc Nec 45 MHz
TA26 34 MHz 145 MHz 105 MHz 75 MHz 100 MHz 150 MHz 85 MHz 155 MHz 55 MHz 125 MHz 45 MHz
TA11 Nc c Nc Nc Nc Nec, Nc 55 MHz 125 MHz 45 MHz
TA13 34 MHz 100 MHz 65 MHz 85 MHz 65 MHz 70 MHz 100 MHz 70 MHz 100 MHz 50 MHz 85 MHz 40 MHz
TA15A 34 MHz 70 MHz 65 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 70 MHz 45 MHz 70 MHz 40 MHz
T704A TA16A 34 MHz 145 MHz 115 MHz 75 MHz 100 MHz 160 MHz 80 MHz 150 MHz 55 MHz 125 MHz 45 MHz
TA18 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz - 75 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
TA19%* Nc Nc Nc Nc Nc Nc Nc¢ 250 MHz 250 MHz 220 MHz 85 MHz 215 MHz Nc Nc 45 MHz
TA22 1 MHz Nc 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
TA24 34 MHz Ne Nc Nc Nc Nc 200 MHz 200 MHz 185 MHz 80 MHz 180 MHz Nc Nc 45 MHz
TA26 Nc 140 MHz 105 MHz 75 MHz 100 MHz 160 MHz 80 MHz 140 MHz 55 MHz 115 MHz 45 MHz
TA11 Nc Nc Nc Nc N¢ Nc Nc 50 MHz 85 MHz 40 MHz
TA13 34 MHz 75 MHz 55 MHz 60 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 45 MHz 70 MHz 40 MHz
7600 TA15A 34 MHz 60 MHz 55 MHz 50 MHz 60 MHz 60 MHz 65 MHz 50 MHz 40 MHz 60 MHz 35 MHz
FAMILY TA16A 34 MHz 95 MHz 85 MHz 65 MHz 95 MHz 95 MHz 100 MHz 70 MHz 50 MHz 85 MHz 40 MHz
7TA18 34 MHz 70 MHz 65 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 45 MHz 70 MHz 40 MHz
TA22 1 MHz Nc 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
7A26 34 MHz 95 MHz 85 MHz 65 MHz 95 MHz 95 MHz 100 MHz 70 MHz 50 MHz 85 MHz 40 MHz
7TA11 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz Nc Ne¢ 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
7A13 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz Nc Nc 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
7313 TA15A 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz Nc¢ Nc 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
TA18 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz Nc Nec 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
TA22 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz Nc Nc 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
*Note: The values in the above table represent the approximate useful If there is no bandpass specified the probe/plug-in combination is compatible
frequency response for the measurement systems at the probe tip. but not recommended.
** = Option 09 Mainframe
Nc = Not compatible
DIMENSIONS AND WEIGHTS 7000-SERIES MAINFRAMES AND PLUG-INS
7633, R7633,
7623A, | R7623A,

3 7603N | 7603N | 7613, | R7613, PLUG-INS
Dimensions 7104 7904 R7903 7844 R7844 7834 7704A R7704 7603 R7603 [ OPT 11S |OPT 11 7313 R7313 |SINGLE DOUBLE
s in 13.6 13.5 5.3 12.9 7.0 13.6 13.6 7.0 11.4 5.25 11.5 11.5 12.0 5.25 5.0 5.0

e
9 cm 345 34.3 13.5 32.8 17.8 34.5 345 17.8 29.0 13.3 29.2 29.2 30.5 13.3 12.7 12.7
Width in 12.0 12.0 19.0 12.0 19.0 12.0 12.0 19.0 8.7 19.0 9.7 9.7 8.7 19.0 2.8 5.5
. cm 30.5 30.5 48.3 30.5 48.3 305 | 305 48.3 22.1 48.3 24.6 24.6 212 | 48.3 7.1 14.0
Length in 23.5 23.3 22.8 23.8 24.8 23.2 22.7 22.4 24.0 24.7 25.2 23.5 23.5 22.3 14.5 14.5
cm 59.2 59.2 57.9 60.5 63.0 58.9 57.7 56.9 61.0 62.7 64.0 59.7 59.7 56.6 36.8 36.8
Weights (approx)
b 43.6 32 27 36 33 35.5 30 44 30 30 45 36 30 32 2 9
Net kg 19.8 14.5 12.2 16.3 15.0 16.1 13.6 20.0 13.6 13.6 20.4 16.3 13.6 14.5 0.9 4.1
atilpping Ib 44 52 47 63 47 43 77 46 62 72 42 42 62 5 12
kg 20 23.6 21.3 28.5 21.3 19.5 35.0 20.8 28.2 32.7 19.0 19.0 28.2 2.3 5.4
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SUMMARIZED CAMERA CHARACTERISTICS

LENS FILM BACKS
PRICE
FIELD OF VIEW with
PERFORMANCE (with 3.25 x 4.25 in back
FEATURES MAXIMUM Polaroid Film ORDI- OPTIONAL AND ordi-
RECOMMENDED AND RELATIVE RELATIVE except NARILY INTER- narily
CAMERA FOR BENEFITS APERTURE MAG SPEED* where noted) USED CHANGEABLE used
C-51 7904, R7903, Fastest writing speed f/1.2 0.5 3.0 8x10cm/ Polaroid Polaroid Pack $1500
7844, 7704A with 0.5 mag lens. 3.15 x 3.93.in Roll and
4x5in Graflok
C-53 All except General-purpose f/1.9 0.85 1.0 8x10 cm/ Polaroid Polaroid Roll $1225
7603 with 0.85 mag lens. 3.15x 3.93 in Pack and
7603N11S 4 x5 in Graflok
C-59 7603 General-purpose f/2.8 0.67 0.65 10.2x12.7 cm/ Polaroid Polaroid Roll $750
7603N11S at low price. 4x5in Pack and
i 4 x5 in Graflok
C-5B All Low cost. t/16 0.67 or 0.02 9.76 x 12.2 cm Polaroid None $395
0.85 Pack
select-
able

*Relative light-gathering power.

Recommended Camefas and Adapters

OSCILLOSCOPE

7904, R7903, 7844, 7704A

7104, 7633, 7623A, 7613, 7834
7603, 7603N Opt 118
C-50 Series Camera Adapter, part number 016-0249-03, included with camera.

For full details see camera section, page 209.
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RECOMMENDED CAMERA

C-53 or C-51

C-53
C-59

TEK Lab Cart Model 3

Model 3 Lab Cart accepts all 7000-Series
Oscilloscopes. A lockable drawer for stor-
age and a movable shelf for additional
instrumentation are included. The shelf
accepts TM 500 Test and Measurement
instruments, 5000-Series Oscilloscopes, or
400-Series Oscilloscopes.

For full details see SCOPE-MOBILE® Cart
section, page 234.
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A high performance instrument system begins with
the basic oscilloscope building block — the 7000-
Series Mainframe. Each mainframe consists of a
cathode-ray tube, a power supply, electron beam
deflection systems, and the switching circuitry
necessary to integrate a versatile and complete
measurement system.

The new TEKTRONIX 7104 is 'a 1 GHz oscilloscope
featuring the fastest rise time (350 ps) and writing
speed (20 cm/ns) available today.

Choose from a variety of features, including band-
width, dual-beam, alphanumeric displays, rack-
mounting, and three- or four-plug-in flexibility:

7100 Series 1 GHz page 48
7900 Series 500 MHz page 50
: 7800 Series 400 MHz  page 52
7700 Series 200 MHz page 56
7600 Series 100 MHz page 54

the 7000 Series . . . more than an oscilloscope




7104

1 GHz at 10 mV/div

200 ps/div Fastest Calibrated
Sweep Rate

20 cm/ns Writing Speed
X-Y 350 MHz Option Available
Crt Readout

Over 30 Compatible Plug-ins

The 7104 is a new measurement instrument
combining versatility and dependability with
exceptionally high performance.

- The 7104 gives you a 1 GHz bandwidth with
rise times of up to 350 picoseconds. This,
combined with our fastest sweep speed of
200 picoseconds per division means that
troublesome high frequency overshoot and
digital pulse ringing can be detected and
measured in detail.

A writing speed of 20 cm/ns makes the 7104
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almost a thousand times brighter than the
next best oscilloscope. Thus the 7104’s
single shot rise time of 350 ps can be
viewed under normal ambient lighting—
without image loss. Tedious and compli-
cated photographic techniques are no long-
er needed to photograph fast single-shot
waveforms. Single-shot jitter and glitches
can be made visible—even when superim-
posed over a multi-MHz repetitive signal, by
the 7104’s distinct image' viewing. With an
X-Y bandwidth of 350 MHz, fast switching

signals can be plotted with acceptable
phase accuracy (2° to 350 MHz). This means
an accurate picture of fast switching power
regulators or phase coherence in analog
and digital processors.

The 7104 is compatible with standard 7000
Series plug-in units, including several new
ones from Tektronix that take the instru-
ment to the limit of its specifications.



VERTICAL SYSTEM

Channels— Two left-hand plug-in compartments; com-
patible with all 7000-Series Plug-ins. Bandwidth de-
termined by mainframe and plug-in unit.

Modes of Operation — LEFT, ALT, ADD, CHOP, RIGHT,
Chopped Mode —Repetition rate is approx 1 MHz.

Trace Separation Range (Dual-sweep Modes)—The
B trace can be positioned 4 divisions above or be-
low the A trace when 7104 operates in ALT or CHOP
horizontal modes.

Delay Line—Permits viewing leading edge of dis-
played waveform when using 7B10, 7B80 and 7B90
Series Time Bases. 7B50 Series not recommended.

HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments;
compatible with time bases of the 7B10, 7B80 and
7B90 Series. 7000-Series Vertical Amplifiers and spe-
cialized plug-ins may also be used.

Fastest Calibrated Sweep Rate—200 ps/div with
the 7B10 or 7B15.

Chopped Mode —Repetition rate is approx 200 kHz.

Bandwidth—DC to 350 MHz.

With delay compensation (7104 Option 02 using
7A19s or 7A29s, at least one of which has the Vari-
-able Delay Option, B Horizontal compartment only),
within 2° from dc to 50 MHz after adjusting variable
delay for balance at 35 MHz. Phase balance can be
obtained at any frequency up to 350 MHz. Phase
shift is withil 2° from dc to .50 kHz without delay
compensation. -

CRT AND DISPLAY FEATURES

Crt — Internal 8 x 10 div (0.85 cm/div) graticule
with variable illumination. Accelerating potential is
12.5 kV with P 31 phosphor standard.

Pulse Readout and Graticule Illumination—Provides
a means of pulsing the graticule lights at a preset
level coincident with a single-shot event in one ex-
posure. The graticule lights may be pulsed by the
event, an external ground closure, or a front panel
pushbutton.

Min Photographic Writing Speed (Using Polaroid Film
Type 107, 3000 ASA w/out film fogging) — 20 cm/ns
(w/o blue filter). Phosphor: Standard P31. Camera:
TEKTRONIX C-53, /1.9, 1:0.85 lens.

Autofocus — Reduces the need for additional man-
ual focusing with changes in intensity after focus
control has been set.

Beam Finder — Limits display within graticule area.

External Z-Axis Input—2 V p-p for full intensity
range. A positive signal blanks the trace. Max input
voltage is 15 V (dc + peak ac) and p-p ac. Input
is dc coupled. Bandwidth is dc to 1 MHz.

CALIBRATOR

Voltage Output— Square wave, positive-going from
ground. Ranges are 40 mV, 0.4 V, and 4 V into 100
kQ; 4 mV, 40 mV, and 0.4 V into 50 . Amplitude ac-
curacy is within 1%; repetition rate is 1 kHz within
.25%. :

Current Output — 40 mA rectangular waveshape with
optional cufrent-loop’ accessory (012-0341-00) con-
nected to calibrator output. Qutput R is 450 {2.

OUTPUTS/INPUTS

+ Sawtooth— User selectable from A or B horizon-
tal. Output voltage is 50 mV/div (£=5%) into 50 ,
1 V/div (£10%) into 1 M. Output R is approx 950 (2.

+ Gate — Positive-going rectangular waveform user
selectable from A or B horizontal. Output voltage is
0.5 V (£10%) into 50 @, 10 V (£10%) into 1 MQ.
Output R is approx 950 €.

Sig Out — Selected by B TRIGGER SOURCE switch.
Output voltage is 25 mV/div (£25%) into 50 2, 0.5 V
(£25%) into 1 MQ. Bandwdith depends upon vertical
plug-in. Output R is approx 950 .

Camera Power — Three-prong connector to the left
of the crt provides power, ground, and remote single-
sweep reset access for C50-Series Camera.

Probe Power — Two rear-panel connectors .provide
correct operating voltages for two active probes.

Single-sweep Ready Indicators A and B—+5 V,
rear panel BNC outputs for single sweep ready in-
dications.

Graticule/Readout, Single-shot — Ground closure,
rear panel BNC input initiates one frame of crt read-
out and the GRAT ILLUM is illuminated for approx
0.5 sec.

External Single-sweep Reset — Ground closure, rear
panel BNC, provides input to reset sweep.

POWER REQUIREMENTS

Power Requirements — Line voltage ranges, 90 to
132 V ac and 180 to 250 V ac. Line frequency, 48 to
440 Hz. Max power consumption, 215 W, 3.3 A at
90 V line, 60 Hz.

Dimensions and Weights — See page 45.
For Recommended Cameras — See page 46.

7104 1 GHz Oscilloscope

7104 ORDERING INFORMATION
(Plug-ins not included)

7104 Oscillocsope .............. $14,400
OPTIONS

Option 02 X-Y Horiz Comp. ..... Add $300

Option 03 Emi Modification ... .. Add $250
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7904
R7903

500 MHz at 10 mV/div

1-GHz Direct-access Unit
(less than 4 V/div)

500 ps/div Fastest
Calibrated Sweep Rate

Greater than 15 cm/ns Enhanced
Writing Speed

Crt Readout
Over 30 Compatible Plug-ins
900-MHz FET Probe Available

The 7904 and 5% in rackmount R7903 are
the second-widest, real-time bandwidth,
general-purpose oscilloscopes available to-
day. The 7A19 Amplifier/7904 Mainframe at-
tains 500 MHz at 10 mV. A 7A19 variable de-
lay option allows for the matching of signal
transit times of two plug-ins and their probes
to better than 50 ps.

The P6201 1X FET probe gives you high
impedance and wide bandwidth. It has a
900-MHz bandwidth by itself, and in com-
bination with the 7A19/7904, it provides a
system bandwidth of 450 MHz at 10 mV.

The crt, the major contributor to the per-
formance of the 7904 and R7903, has excel-
lent visual brightness and an 8 x 10 cm
display area. The C-51R Camera, Writing
Speed Enhancer, 10,000 ASA film and P11
phosphor can produce writing speeds of at
least 9 cm/ns. Speeds up to 15 cm/ns are
possible when an optional max-brightness
crt with a 4 x 5 cm display area is used.
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7904 and R7903 — VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series Plug-ins. Bandwidth
determined by mainframe and plug-in unit.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Trace Separation Range (Dual-sweep Modes) — The
B trace can be positioned 4 divisions above or below
the A trace (7904 only).

Delay Line — Permits viewing leading edge of dis-
played waveform when using 7B80 and 7B90 Series
Time Bases. 7B50 Series not recommended.

7904 — HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments;
compatible with time bases of the 7B80 and 7B90
Series. 7000-Series Vertical Amplifiers and specialized
plug-ins may also be used.

Fastest Calibrated Sweep Rate — 500 ps/div with the
7B92A.

Chopped Mode — Repetition rate is approx 200 kHz.

X-Y Mode — Phase shift is within 2° from dc to 35
kHz without phase correction (dc to 1 MHz with phase
correction, Option 02) between vertical and horizontal
channels. Bandwidth is dc to at least 1 MHz.

R7903 — HORIZONTAL SYSTEM

Single Channel — Right-hand plug-in compartment
compatible with time bases of 7B80 and 7B90 Series.
7000-Series Vertical Amplifiers and specialized plug-
ins may also be used.

Fastest Calibrated Sweep Rate — 500 ps/div with the
7B92A.

7904 and R7903
CRT AND DISPLAY FEATURES

Standard — Internal 8 x 10 cm graticule with variable
illumination. Accelerating potential is 24 kV with P31
phosphor standard.

Option 01, without Crt Readout — No crt readout.

Option 04, Max Brightness Crt With Reduced Area —
Internal 4 x 5 cm graticule with variable illumination.
Accelerating potential is 24 kV. P11 phosphor provides
max writing rate. This provides extremely high photo-
graphic and information writing speed and increases
the visibility of low-rep-rate, high-speed signals.

Option 78, P11 Phosphor

Option 10, Pulsed Graticule (R7903 Only) — Provides
a means of pulsing the graticule lights at a preset
level coincident with a single-shot event in one ex-
posure. The graticule lights may be pulsed by the
event, an external ground closure, or a front panel
pushbutton. If the mainframe is equipped with crt
readout, Option 10 provides additional controls and
inputs for crt readout pulsed operation.



The R7903 requires only 5% in of rack height in a
standard 19 in rack. It is fan-cooled and comes com-
plete with slide-out chassis tracks.

Min Photographic Writing Speed (Using Polaroid Film
without Film Fogging) — Can be increased by using
the TEKTRONIX Writing Speed Enhancer. In typical
applications P31 phosphor has approx one-half the
writing speed of P11 phosphor.

Crt Writing Speed cm/ns | Camera | Lens
P11
Type 410 | Type 47
Standard 6.1 3.1 C-51R f/1.2
8 x 10 cm 1:0.5
Option 04 10.0 5.0 C-51R /1.2
4x5cm 1:0:5

The following table lists the approx relative writing
speed of three types of Polaroid film and the gains
that can be achieved by controlled fogging with the
Writing Speed Enhancer. See chart on page 52 for
further information.

Polaroid Approx Relative
Film Writing Speed
ASA
Equivalent
Type Speed Unfogged Fogged
Print Print Print
viewed viewed viewed
with with with
front back front
illum- illum- illum-
ination ination |ination*
107 3000 1 Print base 3
(Reference) | is opaque
47 3000 1 1.2 3
410 10,000 2 2224 4

*Viewing a fogged print with back illumination does
not increase the apparent writing speed.

Autofocus — Heduces the need for additional manual
focusing with changes in intensity after focus control
has been set.

Beam Finder — Limits display within graticule area.

External Z-Axis Input— 2 V p-p for full intensity
range. A positive signal blanks the trace. Max input
voltage is 15 V (de + peak ac) and p-p ac. Input is
dc coupled.

7904 — CALIBRATOR

Output Waveshape — Rectangular positive-going from
ground, 1 kHz (*=0.25%), dc or B Gate —+ 2.

Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V, 40 V into
an open circuit; 2 mV, 20 mV, 0.2 V, 0.4 V into 50 Q
(E=1%).

Current Output — 40 mA dc or 1 kHz.

R7903 — CALIBRATOR
(Not Available with Option 10)

Output Waveshape — Rectangular positive-going from
ground, 1 kHz (*£0.25%).

Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V ‘into an
open circuit; 4 mV, 40 mV, 0.4 V into 50 Q (%=1%).

Current Output — 40 mA rectangular waveshape with
optional . current-loop accessory (012-0341-00) con-
nected to calibrator output. Output R is 450 Q.

7904 and R7903 500 MHz Oscilloscopes

7904 — OUTPUTS/INPUTS

-+ Sawtooth — Sawtooth starts 1 V or less from ground
(into 1 MQ). Internally selectable from A or B hori-
zontal. Output voltage is 50 mV/div (=5%) into 50 2,
1 V/div (=10%) into 1 MQ. Output R is approx 850 €.

- GATE — Positive-going rectangular waveform de-
rived from A, B, or Delayed Gate, internally selectable
Output voltage is 0.5 V (*=10%) into 50 Q, 10 V
(+10%) into 1 MQ. Rise time is 5 ns or less into 50 &;
output R is approx 950 Q.

Sig Out — Selected by B TRIGGER SOURCE switch.
Output voltage is 25 mV/div (=10%) into 50 €, 0.5
V/div (£10%) into 1 MQ. Bandwidth depends upon
vertical plug-in. See the Vertical System Specifications
Chart. Output R is approx 950 (.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, -and remote single-
sweep reset access for C-50-Series Cameras.

Probe Power — Two rear-panel connectors provide
correct operating voltages for two active probes.

R7903 — OUTPUTS/INPUTS
(Standard)

---Sawtooth — Sawtooth starts 1 V or less from ground
(into 1 MQ). Output voltage is 50 mV/div (=15%) into
50 Q, 1 V/div (=10%) into 1 MQ. Output R is approx
950 Q.

- Gate — Positive-going rectangular waveform de-
rived from Main or Auxiliary Gate. Output voltage 0.5
V (=10%) into 50 ©2. 10 V (£10%) into 1 MQ. Rise time
is 7 ns or less into 50 2. Output R is approx 950 (.

Sig Out — Selected by TRIGGER SOURCE switches.
Output voltage is 25 mV/div (=10%) into 50 , 0.5
V/div (=10%) into 1 MQ. Bandwidth depends on the
vertical plug-in. See the Vertical System Specifications
Chart. Output R is approx 950 Q.

Single-sweep Ready Indicator — +5 V, rear panel
BNC output, for single-sweep ready indication.

Exlernal Single-sweep Reset — Ground closure, rear
panel BNC, provides input to reset sweep.

Crt Readout, Inhibit — Ground closure, rear panel
BNC input locks out crt readout. Not available with
Option 10.

Crt Readout, Single-shot — Ground closure, rear panel
BNC input initiates one frame of crt readout. Not
available with Option 10 separately, but in combina-
tion with the pulsed graticule input.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single
sweep reset access for C-50-Series Cameras.

Probe Power — Two front-panel connectors provide
correct operating voltages for two active probes. Not
available for R7903 Option 10.

R7903 — OUTPUTS/INPUTS OPTIONS

Option 10, Pulsed Graticule — No crt readout single-
shot input, crt readout inhibit input, calibrator, and
probe power. Single-shot graticule and crt readout
(ground closure) rear-panel BNC input is added. Initi-
ates one frame of crt readout and pulses graticule. Crt
readout inputs are not functional with Option 01.

POWER REQUIREMENTS

7904 Power Requirements — Line voltage ranges, 90
to 132 V ac and 180 to 264 V ac. Line frequency, 48 to
440 Hz. Max power consumption, 190 W, 2.5 A at 115
V line, 60 Hz.

R7903 Power Requirements — Line voltage ranges, 90

to 132 V ac and 180 to 264 V ac. Line frequency, 48

to 440 Hz. Max power consumption, 160 W, 2 A at 115
V line, 60 Hz.

7904 Included Accessories — Test adapter (012-0092-
00); two 18 in test leads (012-0087-00); 9-pin cable-
mount plug (134-0049-00).

R7903 Included Accessories — Test adapter (012-
0092-00); two 18 in test leads -(012-0087-00); rack-
mounting hardware.

Dimensions and Weights— See page 45.

For Recommended Cameras — See page 46.

7904 ORDERING INFORMATION
(Plug-ins not Included)

7904 Oscilloscope ............... $5695
7904 OPTIONS

Option 01 without Crt Readout............ Sub $400
Option 02 X-Y Horiz Comp .............. Add $150
Option 03 Emi Modification .............. Add $250
Option 04 Max Brightness Crt With Reduced

Area (Specify Phosphor) ....... Add $500
Option 78 P11 Phosphor ................. Add $35

7904 CONVERSION KITS

040-0605-03 Crt Readout .................. $480
040-0606-00 X-Y HorizComp ............... $200
040-0570-00 Emi Modification .............. $300

R7903 ORDERING INFORMATION
(Plug-ins not Included)

R7903 Oscilloscope ............. $5150
R7903 OPTIONS

Option 01 without Crt Readout............ Sub $400
Option 03 Emi Modification ............. Add $250
Option 04 Max Brightness Crt With Reduced

Area (Specify Phosphor) ....... Add $500
Option 10 Pulsed Graticule .............. Add $100
Option 78 P11 Phosphor ................. Add $35

R7903 CONVERSION KITS

040-0605-03 Crt ‘Readout ..........sie00 6n $480
040-0647-00 Emi Modification ............. $280

SIGNAL PROCESSING SYSTEMS
7912AD Programmable Digitizer

The 7912AD Programmable Transient Digiti-
zer features unparalleled performance in an-
alog-to-digital conversion for total waveform
analysis.

The 7912AD is the core of two completely
programmable signal processing systems
designed and built for state-of-the-art wave-
form analysis. For more information on the
7912AD and the complete line of Waveform
Digitizing Instruments and Systems, please
turn to page 169 of this catalog.
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7844
R7844

400-MHz Bandwidth

Dual Beam

Full Vertical Crossover Switching
8 x 10 cm Full Scan Overlap Crt
Crt Readout

1 ns/div Max Calibrated Sweep

1-GHz Direct-access Unit
(less than 4 V/div)

The 7844 and 7 inch rackmount R7844 are
wide bandwidth, dual-beam oscilloscopes
designed primarily for fast, single-shot
events. Unique features such as pulsed
graticule and pulsed crt readout allow you
to photograph vertical and horizontal scale
factors, test date, test number, and other
pertinent data before or after an event. Ver-
tical signal crossover switching permits you
to view a single event from a single probe at
two sweep speeds.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series Plug-ins. Bandwidth
determined by mainframe and plug-in unit.

Display Logic —

Beam 1 Beam 2
Vertical Compartment Left Left
Controlling Beam Left Right

Right Left

Right Right

Vertical Crossover — Permits viewing the same signal
on two time bases.

Vertical Trace Separation — Beam 1 can be posi-
tioned =4 cm with respect to Beam 2.

Delay Line — Permits viewing leading edge of dis-
played waveform when using 7B80 and 7B90 Series
Time Bases; not compatible with 7B50 Series.

HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments;
compatible with time bases of the 7B80 and 7B90
Series. 7000-Series Vertical Amplifiers and specialized
plug-ins may also be used. 7B53AN11 requires modi-
fication for use in the 7844.

Fastest Calibrated Sweep Rate — 1 ns/div.
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7000-Series 400-MHz Dual-Beam Oscilloscopes

X-Y Mode — Phase shift is within 2° from dc¢ to 50
kHz.

Bandwidth — Dc to at least 1 MHz.

Horizontal Separation — Beam 1 can be positioned at
least 0.25 cm to the right and at least 0.25 cm to the
left of Beam 2 with a total 2 cm range.

Display Logic —

Beam 1 Beam 2
A Horizontal A Horizontal
A Horizontal B Horizontal
B Horizontal A Horizontal
B Horizontal B Horizontal

CRT AND DISPLAY FEATURES

Crt — Dual beam, full overlap. 8 x 10 cm graticule
with variable illumination. Crt readout intensity is
adjustable with front-panel control. Accelerating po-
tential is 24 kV with P31 phosphor standard.

Option 78, P11 Phosphor

Autofocus — Reduces the need for additional manual
focusing with changes in intensity after focus control
has been set. g

Beam Finder (Beam 1 and Beam 2, Independent Con-
trols) — Limits display within graticule area and in-
tensifies bear_n.

External Z-Axis Input (Beam 1 and Beam 2) — 2 V
p-p for full intensity range. A positive signal blanks the
trace. Max input voltage is 15 V (dc 4 peak ac) and
p-p ac. Input is dc coupled.

7E44
UAL-BEAM OSCILLOSCOPE

Minimum Photographic Writing Speed — 1.7 cm/ns
using Polaroid type 47 film, C-51R and optional P11
phosphor. In typical camera applications, P31 phos-
phor has about one-half the writing speed of P11
phosphor. Writing speed can be increased by using
the TEKTRONIX Writing Speed Enhancer or Polaroid
type 410 film or both.

The following table lists the approx relative writing
speed of three types of Polaroid film and the gains
that can be achieved by controlled fogging with the
Writing Speed Enhancer.

Polaroid Actual Relative Film
Film Writing Speed
ASA
Equivalent
Type Speed Unfogged Fogged
Print Print Print
viewed viewed viewed
with with with
front back front
illum- illum- illum-
ination ination [ination*
107 3000 1 Print base 3
_ (Reference)| is opaque
47 3000 1 1.2 3
410 10,000 2 2.2—2.4 4

*Viewing a fogged print with back illumination does
not increase the apparent writing speed.

The Photographic Writing Speed Enhancer (Opt 22)
provides a preset automatic method of photographic
writing speed enhancement. Opt 22 is recommended
for writing speed enhancement when a camera with
a writing speed enhancer is not available, With Opt
22, photographic writing speed can be increased
approx 2 times.



PULSED READOUT AND
GRATICULE ILLUMINATION

Provides a means of pulsing the graticule lights or crt
readout at a preset level, coincident with a single-shot
event in one exposure. The graticule lights or crt
readout can be pulsed by the event, an external
ground closure, or front-panel pushbutton.

CALIBRATOR

Calibrator — Rectangular positive-going waveform
from ground, 1 kHz (%£0.25%).

Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V (£1%)
into an open circuit; 0.4 mV, 4 mV, 40 mV, 04 V
(=1%) into 50 (2.

Current Output — 40 mA (*1%) rectangular wave-
shape, front panel current loop 7844, optional current
loop adapter (012-0341-00) required for R7844.

OUTPUTS/INPUTS

A and B | Sawtooth — Sawtooth starts 1 V or less
from ground (into 1 MQ). Output voltage is 50 mV/div
(%=15%) into 50 2, 1 V/div (=10%) into 1 MQ. Output
R is approx 950 (.

A and B |+ Gate — Positive-going rectangular wave-
form derived from Main or Delayed Gate. Output volt-
age 0.5 V (*=10%) into 50 Q. 10 V (£10%) into 1 MQ.
Rise time is 5 ns or less into 50 Q. Output R is approx
950 Q.

Single-sweep Ready .Indicator — -5 V, rear panel
BNC output, for single-sweep ready indication.

External Single-sweep Reset — Ground closure, rear
panel BNC, provides input to reset sweeps.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single-
sweep reset access for C-50-Series Cameras.

Probe Power — Two connectors provide correct oper-
ating voltages for two active probes.

POWER REQUIREMENTS

Line Voltage Ranges — _Selectable 115 V nominal
(90-132 V), 230 V nominal (180-264 V).

Line Frequency — 48 to 440 Hz.

Max Power Consumption — 235 W, 2.9 A at 60 Hz 115
V line.

INCLUDED ACCESSORIES

R7844 — 1 rackmount hardware kit, 1 rackmount slide
guide (351-0314-00).

Dimensions and Weights — See page 45.
For Recommended Cameras — See page 46.

ORDERING INFORMATION
(Plug-ins not Included)

7844 Oscilloscope ............... $8295
R7844 Oscilloscope ............. $8605
OPTIONS
Option 03 Emi Modification ............. Add $250

Option 22 Writing Speed Enhancer
Modiffcatlon .....:....ouesaevsvoaenee s Add $275
Option 78 P11 Phosphor .................. Add $35

7844 and R7844 Dual-Beam Oscilloscopes
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The above graph shows the relationship of

‘writing speed to practical measurement

parameters of signal amplitude and fre-
quency or rise time.

The vertical scale is the maximum peak-to-
peak signal amplitude. The horizontal scale
below the graph is maximum sine-wave fre-
quency. Above the graph, the horizontal
scale is the equivalent signal rise time for
nonsinusoidal signals. These speeds assume
a horizontal spot velocity that is small com-
pared to the maximum vertical velocity. The
step rise time is assumed to be a linear ramp

measured between 10% and 90% points.
The diagonal lines represent the minimum
photographic writing speeds for 7000-Series
Mainframes and are all measured under the
following conditions: Camera, TEKTRONIX
type C-51R, f 1.2, with the shutter opened
before the sweep and closed 5 seconds after
the sweep. Phosphor, P11 (optional). Film,
Polaroid type 47 (ASA 3,000), no fogging for
film speed enhancement, developed for 20
seconds at 25°C and viewed with back illu-
mination.




7704A
R7704

Dc to 200 MHz with Optimum
Pulse Response

Dc to 250 MHz Bandwidth Option

Greater than 15 cm/ns
Enhanced Writing Speed with
Optional Crt and WSEN

Crt Readout

‘The 7704 family is awide bandwidth general-
purpose oscilloscope measurement system.

The 7704A Oscilloscope offers you the capa-
bility to optimize the oscilloscope’s response
for your type of work. For pulse analysis,
aberrations are reduced below the normal
level in the optimized transient response
version while still giving you a bandwidth of
200 MHz. The 250 MHz option is optimized
for bandwidth performance for high-frequen-
cy applications. The R7704 offers a 175 MHz
bandwidth.

The 7704A modularity permits the addition
of a processing module. With this addition
and a Controller, the 7704A is converted
into a Digitizer Oscilloscope. This modular-
ity also provides for easy maintenance.

Quite often the need arises to photograph
the waveforms that are produced. The 7704A
gives you a choice of two designs available
for this purpose: the standard 8 x 10 cm crt
and an optional 4 x 5 cm reduced-scan crt
for high writing-speed applications. The
standard crt affords 5.3 cm/ns writing speed
(C-51R Camera, P11 phosphor, and 10,000
ASA film), without enhancement, and 8 cm/
ns with the TEKTRONIX Writing Speed En-
hancer. With the optional crt and film
fogging technique, writing speed can be
increased to at least 15 cm/ns. This writing
speed reserve means reduced intensity set-
ting for improved trace definition. See chart
on page 53 for additional information.
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7000-Series 250-MHz General-Purpose Oscilloscope System

Characteristics are common to all mainframes un-
less noted.

VERTICAL SYSTEM

Channels — Two left-hand plug-in -compartments;
compatible with all 7000-Series Plug-ins. Bandwidth
determined by mainframe and plug-in unit; see Ver-
tical System Specifications Chart.

Option 09 Bandwidth Change (250 MHz) — 7704A ver-
tical circuit performance is adjusted to extend fre-
quency response to 250 MHz at 20 mV/div (upper
—3 dB) when 7A19 is used. Provides additional per-
formance for those working in this frequency domain.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — 7704A, repetition rate is internally
selectable, approx 100 kHz or 1 MHz; R7704, fixed at
approx 1 MHz.

Trace Separation Range (Dual-sweep Modes) — The
B trace can be positioned above or below the A trace.

Delay Line — Permits viewing leading edge of wave-
form.

HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments:
lcompatible with all 7000-Series Plug-ins.

Fastest Calibrated Sweep Rate — 2 ns/div with 7B80
or 7B90 Series.

Chopped Mode (between Horizontal Plug-ins) —
7704A, repetition rate is internally selectable, approx
20 kHz or 200 kHz; R7704, fixed at approx 200 kHz.

X-Y Mode — Phase shift is within 2° from dc to 50
kHz (7704A), from dc to 35 kHz (R7704) between verti-
cal and horizontal channels. Frequency response at
10% down is dc to at least 3 MHz.

Option 02, X-Y Horizontal Compensation (R7704
only) — Provides phase shift compensation to less
than 2° from dc-to-2 MHz.

CRT

Standard — Internal 8 x 10 cm graticule with variable
illumination. Accelerating. potential is 24 kV with
P31 phosphor standard.

Option 01, without Crt Readout — No crt readout.



Option 04, Max Brightness Crt With Reduced Area
(7704A Only) — Internal 4 x 5 cm graticule with var-
iable illumination. Accelerating potential is 24 kV
with P31 phosphor standard, P11 optional. This pro-
vides extremely high photographic and information
writing speed and increases the visibility of low-rep-
rate, high-speed signals.

Option 78, P11 Phosphor

Minimum Photographic Writing Speed (Using Polaroid
Film without Film Fogging) — Can be increased by
using the TEKTRONIX Writing Speed Enhancer. In
typical application, P31 phosphor has approx one-
half the writing speed of P11 phosphor. See chart on
page 51 for further information.

P11 Writing Speed
Mainframe cm/ns Camera Lens

Type 410 | Type 47 ;
7704A 53 2.7
R7704

f/1.2

8 x 10 cm C-51R 1:0.5
7704A 10.0 5.0
Option 04
4x5cm

Autofocus — Reduces the need for additional manual
focusing with changes in intensity after focus control
has been set.

Beam Finder — Limits display within graticule area.

External Z-Axis Input (7704A only) — 2 V p-p for full
intensity range. A positive signal blanks the trace.
Max input voltage is 15 V (dc -+ peak ac) and p-p ac.
Input is dec-coupled.

External Z-Axis Inputs (R7704 only) — High sensitivity
input: minimum pulse width to blank trace is 30 ns
at 2 V; 2 V p-p for full intensity range from dc to 2
MHz; intensity range diminishes to 20% of full range
at 10 MHz. A positive signal blanks the trace; input
R is 500 2 within 10%. Max input voltage is 15 V
(dc 4 peak ac) and p-p ac.

High Speed Input — Minimum pulse width to blank
trace is 3.5 ns at 60 V; 60 V p-p for full intensity
range from dc to 100 MHz. A positive signal blanks
the trace; input R is 18 k@ within 20%. Max input
voltage is 60 V (dc |+ peak ac) and p-p ac.

OUTPUTS/INPUTS

- Sawtooth — Sawtooth starts 1V or less from
ground (into 1 MQ). Internally selectable from A or
B horizontal. Output voltage is 50 mV/div (*=15%)
into 502, 1V/div (%=10%) into 1 MQ. Output R is
950 2 nominal.

-+ Gate — Positive-going rectangular waveform de-
rived from A, B, or Delayed Gate, internally select-
able. Output voltage is 0.5 V (=10%) into 50 ©Q, 10 V
(=10%) into 1 M. Rise time .is 20 ns or less into
50 ©; output R is 950 @ nominal.

Sig Out — Selected by B TRIGGER SOURCE switch.

7704A and R7704 250 MHz Oscilloscopes

The R7704 requires 7 inches of rack height and offers
175 MHz bandwidth.

Output voltage is 25 mV/div (*=10%) into 50 0,
0.5 V/div (%=10%) into 1 M. The bandwidth depends
upon vertical plug-in; see Vertical System Specifi-
cations Chart. Output R is 950 @ nominal.

External Single-sweep Reset — Ground closure, rear-
panel input to reset sweep.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single-
sweep reset access for the C-50-Series Cameras.

Probe Power — Two rear-panel connectors provide
correct operating voltages for two active probes.
R7704 connectors are located on both the front and
rear panels. Probe power is deleted on Option 01 of
7704A.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground (40 V and 4 mV available when
selected by internal jumper). Ranges are 40 mV, 0.4 V,
4V into 1 M2; 20 mV, 0.2 V, 0.4 V into 50 £. Amplitude
accuracy is within 1% (+15°C to 435°C); within 2%
(0°C to -}-50°C). Repetition rate is approx 1 kHz.

Current Output — 40 mA rectangular waveshape with
optional current-loop accessory (012-0259-00) con-
nected between 4 V and gnd pin jacks.

 POWER REQUIREMENTS £

Line Voltage Ranges — 90 to 132V ac and 180 to
264 V ac.

Line Frequency — 48 to 440 Hz (7704A), 48 to 66 Hz
(R7704).

Option 05, Line Frequency Change (50-400 Hz) — Con-
verts the R7704 to 50-400 Hz operation (not required
for 7704A).

Max Power Consumption —180W, 25A at 115V
line 60 Hz (7704A); 225 W, 2.8 A at 115V line, 60 Hz
(R7704).

Included Accessories — For 7704A: 20 in cable, two-
pin-to-BNC, (175-1178-00). For R7704: 42 in BNC 50-(2
cable (012-0057-01); 20 in cable, two-pin-to-BNC (175-
1178-00); rackmounting hardware.

Weights and Dimensions — See page 45.

For Recommended Cameras — See page 46.

ORDERING INFORMATION
(Plug-ins not Included)

7704A Oscilloscope ............. $3635
R7704 Oscilloscope ............. $4630
7704A OPTIONS
Option 01 without Crt Readout
and Probe Power .............. Sub $400
Option 03 Emi Modification .............. Add $250
Option 04 Max Brightness Crt With Reduced
Area (Specify Phosphor) ....... Add $500
Option 09 Bandwidth Change (250 MHz)..Add $200
Option 78 P11 Phosphor ................. Add $35
R7704 OPTIONS
Option 01 without Crt Readout............ Sub $400
Option 02 X-Y Horiz Comp .............. Add $150
Option 03 Emi Modification ............. Add $250
Option 05 Line Freq Change
(50-400 Hz) (not required for 7704A)...... Add $125
Option78 P11 Phosphor ................. Add $35

7704A CONVERSION KITS

040-0613-00 Crt Readout and Probe Power ....$480

040-0612-00 Emi Modification ............. ..$285

040-0619-00 Sig Out/In ........... ... ..., $125
R7704 CONVERSION KITS

040-0533-01 Crt Readout .................... $480

040-0529-00 X-Y HorizComp ................. $110

040-0562-00 Emi Modification ................ $275

SIGNAL PROCESSING SYSTEMS

Digitizing Oscilloscope
Tektronix combines the 7704A and P7001
Digitizer (with local 4-channel memory) into
one powerful and versatile digitizing oscillo-
scope. This scope is compatible with 7000-
Series Plug-ins including amplifiers up to
175 MHz, sampling to 14 GHz and a wide
range of time base and spectrum analyzer
plug-ins. '

We build completely programmable wave-
form digitizing systems around this versatile
scope, utilizing the GPIB/IEEE 488 interface
bus. Through this interface the Digitizing
Oscilloscope can “talk” to a wide range of
controllers and peripherals for automated
signal processing.

For more information about our high per-
formance Digitizing Oscilloscope and the
complete line of waveform digitizing instru-
ments, please turn to page 169 of this cata-
log.
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7603
R7603

Dc to 100 MHz Bandwidth
672 in Crt
Crt Readout

5% in Rackmount

The TEKTRONIX 7603 and R7603 Oscillo-
scopes represent the best price/perform-
ance ratio available in the 100-MHz plug-in
oscilloscope market today.

The crt is large, 8 x 10 div (1.22 cm/div), and
features an internal graticule with variable
illumination and 15 kV accelerating poten-
tial. An optional maximum brightness crt
with a smaller 8 x 10 cm display and 18 kV
potential gives you greater visual brightness
. and higher photographic writing speed.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series Plug-ins. Bandwidth
determined by mainframe and plug-in unit; see Ver-
tical System Specifications Chart.

Modes of Operation— LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL SYSTEM

Channels — One right-hand plug-in compartment;
compatible with all 7000-Series Plug-ins.

Fastest Calibrated Sweep Rate — 5 ns/div.

X-Y Mode — The phase shift between vertical and
horizontal channels is within 2° from dc to 35 kHz.
Bandwidth is dc to at least 2 MHz.

CRT AND DISPLAY FEATURES

Standard — Internal 8 x 10-div (1.22 cm/div) graticule
with variable illumination. Accelerating potential is
15 kV with P31 phosphor.

Option 01, without Crt Readout — No crt readout.

Option 04, Max Brightness Crt With Reduced Area —
Internal 8 x 10 cm graticule with variable illumination.

Accelerating potential is 18 kV with P31 phosphor

standard.

Option 06, Spectrum Analyzer Graticule.

Optional Phosphors (Specify) — P7, P11, or P7/SA. .

(Phosphor/Spectrum Analyzer graticule combination.)

Minimum Photographic Writing Speed — Using Pola-
roid film without film fogging. Can be increased by
using the TEKTRONIX Writing Speed Enhancer.
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7000-Series 100-MHz Wide Performance Oscilloscopes

f  Cn2porammy
up

NVERY

Crt Writing Speed div/us |Camera | Lens
Type 107/47 | Type 410
P31 | P11 | P31 | P11
Standard c-50 |f/1.9
8 x 10 div
(1.22 cm/div)| 100 | 150 | 200 | 300
g {10 )y 4
Option 04
8 x 10 div
(1 cm/div) 200 | 300 | 400! 600

External Z-Axis Input— 2 V p-p for full intensity
range from dc to 2 MHz; intensity range diminishes to
20% of full range at 10 MHz. A positive signal blanks
the trace. Max input voltage is 10 V (dc -+ peak ac)
and p-p ac.

Autofocus — Reduces the need for additional manual
focusing with changes in intensity after focus control
has been adjusted.

Beam Finder — Limits display within graticule area.

OUTPUTS/INPUTS

+SAWTOOTH — Sawtooth starts 1 V or less from
ground (into 1 MQ). Output R is 950 . Output voltage
is 1 V/div (£10%) into 1 MQ, 50 mV/div (£15%)
into 50 Q.

+ Gate — Positive pulse of the same duration and
coincident with sweep. Output R is 950 . Output
voltage is 10 V (*=10%) into 1 MQ, 0.5 V (£10%)
into 50 Q. Rise time is 20 ns or less into 50 ©. Source
is selectable from Main, Delay, or Auxiliary Gate.

{ 7803 0SCilLOSCOPE

| W rensiy
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Sig Out — Selected by TRIGGER SOURCE switch.
Output voltage is 0.5 V/div (=10%) into 1 MQ, 25
mV/div (= 10%) into 50 Q. Output R is 950 Q. Band-
width depends upon vertical plug-in; see Vertical
System Specifications Chart.

External Single-sweep Reset — Ground closure, rear
panel BNC provides input to reset sweep.

Single-sweep Ready Indicator— Rear panel BNC
provides 5 V for single-sweep ready condition.

CAMERA POWER OUTPUT

Three-prong connector to the left of the crt provides
power, ground, and remote single-sweep reset access
for the C-50-Series Cameras.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground (dc voltage available when se-
lected by internal jumper). Ranges are 40 mV, 0.4 V,
4 V into 1 MQ; 20 mV, 0.2 V, 0.4 V into 50 2. Ampli-
tude accuracy is within 1% (+15°C to +35°C);
within 2% (0°C to +50°C). Repetition rate is approx
1 kHz. :

Current Output — 40 mA rectangular waveshape (dc
current available when selected by internal jumper)
with optional current-loop accessory (012-0259-00)
connected between 4 V and gnd pin jacks.



POWER REQUIREMENTS
Line Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac =*10%; internally selectable with quick-
change jumpers.
Line Frequency — 50 Hz to 400 Hz (7603); 50 Hz to 60
Hz (R7603).
Option 05, Line Frequency Change (50-400 Hz) —Con-
verts the R7603 to 50-400 Hz operation (not required
for 7603).

7603 and R7603 100-MHz Oscilloscopes

ORDERING INFORMATION
(Plug-ins not Included)

7603 Oscilloscope . ............ $2260
R7603 Oscilloscope ............. $2560

7603 OPTIONS

7603 CONVERSION KITS

040-0654-02 = Crt Readout ................... $480
040-0662-00 Emi Modification ............... $300
040-0629-01 SigQut/In . ...... 0 ciiiiiiieaas $120
040-0686-00 Power Supply to Light

Plug-in Pushbuttons ......................... $30
040-0718-00 X-Y HorizComp ................ $150

Max Power Consumption — 180 W, 2.0 A at 115 V Option 01  without Crt Readout........... Sub $400 R7EG3 CONVERSIONKITS
line, 60 Hz. Cooling is provided by a fan for the Option 03 Emi Modification ............ Add $250 A OBTA0E < Crt Hoad 480
R7603. Option 04  Max Brightness Crt With Xl G b T sk $
Included Accessories — (For 7603 and R7603) 20 in Reduced Area (Specify Phosphor) ...... Agaidon:. - A06T-00 -~ JEmi MOMIMERIOT: . oo ok ~ip 3238
cable (two-pin-to-BNC) (175-1178-00); crt filter (Blue Option 06  with Internal Spectrum 040-0633-00 Sig Out/In ..................... $85
337-1700-01, Clear 337-1700-04). The R7603 includes Analyzer Gratlcule s . u. i ovisivsmis sanis aeldhen $50 040-0686-00 Power Supply to Light
rackmounting hardware. Option 08 Protective Panel Cover ........ Add $100 Plug-in Pushbuttons ..................co0uun $30
Dimensions and Weights — See page 45. 040-0718-00 X-Y HorizComp ................ $150
For Recommended Cameras — Se 46.
s S R7603 OPTIONS
. . PHOSPHOR OPTIONS (7603/R7603)
Option 01 without Crt Readout .......... Sub $400 3 adiiise
Option 03 Emi Modification ............ Addigzsy . 9ptionTe . FT P"°s"h°’ """"""""" e
Option 04 Max Brightness Crt With Or::’lit:: I-’n-,ter::l Pst;?c‘:r:':‘
Heduced Awe Spegily. Eheenipn e A Analyzer Graticule ..................... Add $35
Option 05 Line Freq Change Option 78 P11 Phosphor .................. Add $35
i ; (EOAOO LY it oo N it o mrones o Add $300
The R7603 requires only 5% in of rack height in a (not required for 7603)
standard 19 in rack. It is fan cooled and comes com- Option 06  with Internal Spectrum
plete with slide-out chassis tracks. Analyzer Gralicule . ... s s s s s s Add $50
7000-Series Ruggedized Oscilloscope System 7603N11S

Ruggedized for Extreme Environments

Meets or Exceeds MIL-0-24311 (EC)
(AN/USM-281C Specifications)

Large Bright Display—672 in Crt (15 kV)
5 ns/div Delaying Sweep

0.5 mV Vertical Sensitivity

Three-plug-in Flexibility

Versatile Trigger-source Selection
Pushbutton Switching

llluminated No-Parallax Graticule
Color-keyed Panels

Protective Cover with Accessories

The 7603N11S Ruggedized Oscilloscope
System meets the rigid environmental and
electrical specifications required by MIL-O-
24311 (EC) and appears on U.S. Navy
QPL-24311. The system consists of a three-
plug-in mainframe, two single-trace ampli-
fiers, a dual time base, and a front-panel
cover with probes and accessories.

Although the military spec requires only
50-MHz performance, this system actually
performs to 65 MHz. Other better-than-re-
quired specs include operating altitude, sen-
sitivity at reduced bandwidth with X10 gain,
“X” sensitivity in X-Y mode, triggering fre-
guency range, delaying and delayed sweep
speeds, and crt size.

§ oy wmac
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7603N11S Ruggedized Oscilloscope System

The mainframe and plug-ins are compatible
with the TEKTRONIX 7000-Series product
line. The system does not have crt readout,
and it can’t be used with the digital plug-ins.

ENVIRONMENTAL

Temperature — Nonoperating —62°C to -}-75°C, oper-
ating —28°C to +65°C.

Humidity—0 to 95% rh over entire temperature range,
operating or nonoperating.

Altitude — Nonoperating sea level to 50,000 ft, oper-
ating sea level to 15,000 ft.

Vibration (Operating) — 5 to 15 Hz at 0.060 in *=0.012
in p-p amplitude, 16 to 25 Hz at 0.040 in ==0.008 in
p-p amplitude, 26 to 33 Hz at 0.020 in ==0.004 in p-p
amplitude.

Shock (Operating) — 9 consecutive 400-pound ham-
mer blows without failure from 1, 3, and 5 ft in vertical,
horizontal, and longitudinal axis as per MIL-S-901 for
Grade A, Class 1, Type A for lightweight equipment.

Inclination (Operating) — As per MIL-E-16400.

Drip Proof (Nonoperating) — As per MIL-STD-198.
Salt Spray (Nonoperating) — As per MIL-E-16400.
Electromagnetic Interference — As per MIL-STD-462
performed by MIL-STD-461 for the following tests:
CE-01 30 Hz to 20 kHz
CE-03 20 kHz to 50 MHz
CS-01 30 Hz to 50 kHz

Power lead emission
Power lead emission

Power lead, radiation
susceptibility

CS-02 50 kHz to 400 MHz Power lead, radiation

susceptibility

CS-06 Spike Test Power lead, spike

susceptibility

RE-01 30 Hz to 30 kHz Instrument radiation,

magnetic

RE-02 14 kHz to 10 GHz Instrument radiation,

electric

RS-01 30 Hz to 30 kHz Instrument susceptibility,

magnetic

RS-03 14 kHz to 10 GHz Instrument susceptibility,

electric

Reliability — Optimum performance and reliable serv-
ice are provided during continuous or interrupted op-
eration. The MIL-0-24311(EC) MTBF requirement of
greater than 600 hours is met as tested under the
following conditions: temperature -}40°C *=2°C; rela-
tive humidity 70% =%£5%; vibration 25 Hz at 0.040 in
+0.0008 in p-p amplitude for 10 minutes of each
““Power On’’ hour during each day of the 8 hour
manned schedule; power cycled at 4 hour intervals
with 10 minutes power off for each 4 hour period of
the manned test schedule. An MTBF of greater than
2000 hours was achieved during testing.

VERTICAL SYSTEM
(Includes Two 7A15AN11 Plug-ins)

Channels — Two left-hand plug-in compartments, with
a delay line which allows the leading edge of the dis-
played waveform to be viewed. All 7000-Series Plug-
ins are compatible (except those which require crt
readout).

Display Modes — LEFT, ALT, ADD, CHOP, RIGHT.
Chopped frequency is approx 1 MHz. Added mode
displays signals algebraically with a cmrr of 20:1 to
25 MHz.

58

Bandwidth/Sensitivity — Dc to 65 MHz from 5 mV/div
to 10 V/div, accuracy within 2%, variable extends to
25 V/div. Max sensitivity is 0.5 mV at 10 MHz with
X10 gain. A-c coupled Tower—3 dB point is less than
2 Hz. Rise time is 5.4 ns with less than 2% aberra-
tions.

Input R and C — 1 MQ within 2%, less than 27 pF.
Max Input Voltage — 400 V (dc + peak ac).
Dc Stability — Less than 1 div/hr drift at 25°C.

HORIZONTAL SYSTEM
(Includes One 7B53AN11 Plug-in)

Channels — One right-hand plug-in compartment. All
7000-Series Plug-ins are compatible (except those
which require crt readout).

Internal Trigger Modes — LEFT VERT, VERT MODE,
RIGHT VERT.

X-Y Mode — The phase shift between vertical and
horizontal channels is less than 2° from dc to 35
kHz. Bandwidth is at least 2 MHz. Rise time is less
than 175 ns. Using the 7B53AN11 time-base external
amplifier, 10 mV, 100 mV, and 1 V sensitivities (=10%)
are available. Input R and C for 7B53AN11 is 1 MQ
within 2%, 20 pF within 2 pF. Any vertical plug-in,
such as the 7A15AN11, may be used in the horizontal
compartment, providing a greater number of sensitivi-
ties for calibrated X-Y displays.

Sweep Display Modes — Main Sweep, Main Sweep
Intensified by Delayed Sweep, Delayed Sweep.

MAIN (DELAYING) SWEEP

Sweep Rate — 0.05 ps/div to 5 s/div in 25 steps
(1-2-5 sequence). 5 ns/div fastest calibrated sweep
rate, obtained with X10 magnifier. The uncalibrated
variable is continuous between steps and to 12.5
s/div.

Sweep Accuracy — Within 3% from 0.05 us/div to 5
s/div, within 5% at 5 ns/div.

Sweep Modes — Normal, Auto,’SingIe Sweep.

Delay Time — Multiplier range is 0 to 10 times the
Time/Div setting. Accuracy is within 1% from 0.5
s/div to 0.5 us/div, within 2% from 5 s/div to 1 s/div.
Incremental linearity is within 0.2% of full scale. Jitter
is less than 1 part in 20,000 of X10 Time/Div setting.

Triggering (Source/Sensitivity) — Internal 0.5 cm to
50 MHz. External, 0.25 V to 20 MHz, 0.5 V to 50 MHz.
Ext — 10, 2.5 V to 20 MHz, 5 V to 50 MHz. Triggering
extends to 100 MHz with reduced sensitivity in both
Internal and External Modes. Input R and C is 1 MQ
within 2%, 20 pF within 2 pF.

Triggering Frequency Range — Ac, 30 Hz to 50 MHz;
ac If Rej, 30 kHz to 50 MHz; ac hf Rej, 30 Hz to 50
kHz; dc, dc to 50 MHz. With external level range,
slope is =30 V.

DELAYED SWEEP

Triggering (Source/Sensitivity) — Internal 0.3 div to
10 MHz increasing to 1.5 div at 50 MHz. External, 0.1
V to 10 MHz increasing to 0.5 V at 100 MHz. Input R
and C is 1 MQ within 2%, 20 pF within 2 pF.

Triggering Frequency Range — Ac, 30 Hz to 50 MHz;
dc, dc to 50 MHz.

Sweep Rate — 0.05 us/div to 0.5 s/div in 22 steps
(1-2-5 sequence). The delayed sweep runs after delay
time or is triggerable after delay time.

Sweep Accuracy — Within 3% from 50 ms/div to 0.5
us/div, within 4% for all other sweep rates except the
magnified X10 sweep rate of 5 ns/div, which is within
6%.

CRT
Accelerating Potential — 15 kV.
Phosphor — P31.

Graticule — Internal 8 x 10 cm with variable illumina-
tion. The 62 in crt permits 2 cm of linear overscan
in both axes, making a total viewing area of approx
10ix-127cmi

Crt Controls — Located on front panel are Focus, In-
tensity, Graticule Illumination, Beam Finder, and Trace
Rotation. Astigmatism is an internal control.

External Z-Axis Input (BNC Connector on Rear Panel)
— 2 V p-p for full intensity range from dc to 2 MHz,
intensity range diminishes to 20% of full range at 10
MHz. Max input voltage is 10 V (dc }- peak ac).

OUTPUTS

Calibrator (BNC Connector on Front Panel) —1 V
within 1%, 1 kHz square wave within 20%.

Horizontal — Main Sweep -5 V, Delayed Sweep -}-5
V, Main Sweep Gate 42 V, Delayed Sweep Gate 2
V, Delayed Trigger -1 V with pulse width of greater
than 50 ns. All amplitudes are minimum and measured
‘when working into at least 100 k2 and 15 pF.

POWER REQUIREMENTS

Input Voltages — 100, 110, 120, 220, and 240 V ac =+
10% internally selectable with quick-change jumpers
with 47.5—440 Hz single phase line frequency. Max
power consumption is 125 W.

C281 COVER WITH ACCESSORIES

The cover provides protection during transport and
packages the included accessories.

INCLUDED ACCESSORIES
(All Packaged in Cover)

Two P6006 Probe packages (010-0127-00); two 8 ft
long 50-22 BNC cables (012-0366-00); two BNC female
to uhf male adapters (103-0015-00); two BNC male to
uhf female adapters (103-0032-00); two BNC male to
binding post adapters (103-0033-00); two BNC T con-
nectors (103-0030-00). One set of technical manuals
(not packaged in cover)..

Dimensions and Weights — See page 45.

For Recommended Cameras — See page 46.

ORDERING INFORMATION
7603N11S Oscilloscope

System (AN/USM-281C)
Order 7603NMS ... ............... $4895

System Includes — One each 7603N11 Os-
cilloscope, two each 7A15AN11 Amplifier
Plug-ins, one each 7B53AN11 Time Base*,
and one each C281 Cover with Accessories.

To Order Separately:

7603N11 Oscilloscope
COS-2A5(PYIUY i i i endiiis vm i $2595

7A15AN11 Amplifier
Plug-in (AM-6565/U)
Order 7A15ANM . ... ............... $510

7B53AN11 Time Base*
Plug-in (TD-1085/U)

Order 7B53ANM ... ............ ... $1325
016-0553-00, C281 Cover
W/Accessories . ................... $120

*Requires modification for use in the 7844.



Storage mainframes in the 7000 Series offer a full selec-
tion of stored writing speeds: from ~0.03 cm/us for me-
chanical, spectrum analysis, or TDR applications, to
2500 cm/us for capturing fast single events such as
high speed digital logic. A selection of storage modes
offer the following features:

Bistable ..............Long View Time

Variable
Persistence .. High Contrast Displays

FAST Bistable .........Captures Fast Single or
Multiple Events

FAST Variable
Persistence .........Provides Maximum
Stored Writing Rate

7613
Variable Persistenc

7313
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7834 I 7000-Series Fast Storage Oscilloscope

2500 cm/ ;s Stored Writing Speed
4 Plug-in Compartments

Dc to 400 MHz Bandwidth
Multimode Storage

Long View Time

The 7834 Storage Oscilloscope has a stored
writing speed of 2500 cm/us, enabling you
to capture single-shot rise times to 1.4 ns,
3.5 cm high, at full reduced scan amplitude.
The 7834’s mainframe bandwidth is 400
MHz (nonstore). The system bandwidth may
vary from 160 MHz to 400 MHz depending
on the plug-in selected.

This instrument has four storage modes—
bistable and variable persistence, FAST
bistable and FAST variable persistence.

FAST Variable Persistence provides the
maximum stored writing rate of 2500 cm/us
(reduced scan). View time at least 30 s.

FAST Bistable increases bistable writing
rates to 350 cm/us (reduced scan).

Bistable lets you store displays for long pe-
riods of time.

Variable Persistence gives you high con-
trast displays of both single-shot and repeti-
tive phenomena. When viewing changing
waveshapes, you get continuous bright dis-
plays of new information as old information
fades from the crt.

The 4-compartment flexibility lets you per-
form more than one measurement at the
same time without switching plug-ins. The
7834 also offers auto-erase for automatic
display updating...a save control for 30
times longer viewing . . . gated readout which
prevents the blooming that tends to occur
between sweeps with nongated readout . . .
and an adjustable multitrace delay for vary-
ing the viewing time prior to the next sweep
in the FAST transfer mode.

The multimode storage unit is designed for
single shot, low-rep-rate or fast pulse anal-
ysis in laser fusion, digital design and non-
destructive component testing applications.
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VERTICAL SYSTEM

Input—Two left-hand plug-in compartments; compati-
ble with all 7000-Series Plug-ins.

Modes of Operation—LEFT, ALT, ADD, CHOP,
RIGHT.

Mainframe Bandwidth—400 MHz with 7A19 Amplifier
plug-in (325 MHz at 10 mV).

Mainframe Step Response—0.9 ns or less with 7A19
Amplifier plug-in (1.1 ns at 10 mV),

Chopped Mode—Repetition rate is approximately 1
MHz.

Delay Line—Permits viewing leading edge of dis-
played waveform (not recommended for use with
7B50 Series time bases).

Trace Separation Range—In dual-sweep modes, B
trace can be positioned 4 divisions above or below
the A trace.

HORIZONTAL SYSTEM

Input—Two right-hand plug-in compartments; com-
patible with all 7000-Series Plug-ins. 7000-Series Ver-
tical Amplifiers and specialized plug-ins may also be
used.

Modes of Operation—A, ALT, CHOP, B.
Fastest Calibrated Sweep Rate—1 ns/div.
Chopped Mode—Repetition rate is approx 200 kHz.

X-Y Mode—Phase shift between vertical and hori-
zontal channels is within 2° from dc to 35 kHz with-
out phase correction (dc to 1 MHz with phase cor-
rection, B horizontal only, Option 02). Bandwidth is
dc to at least 1 MHz.

CRT AND DISPLAY FEATURES

Graticule—Internal variable illuminated graticule. 8
x 10-division (0.9 cm/div) graticule in full scan and
8 x 10-division (0.45 cm/div) in reduced scan.

Option 01, without Crt Readout and Probe Power—
Deletes crt readout and probe power.

Accelerating Potential—Approx 10 kV full scan mode,
and 12 kV in reduced scan mode.

Phosphor—P31.

Crt Display Modes—Nonstore, Bistable, Variable Per-
sistence, FAST Bistable and FAST Variable Persis-
tence (full and reduced scan).**

Persistence—(Variable Persistence mode only) con-
trols rate of continuous erasure of the variable per-
sistence and fast variable persistence stored dis-
plays.

Auto Erase—Continuously variable from less than 1
s to greater.than 10 s.

Multitrace Delay—Adjusts the transfer cycle time in
the FAST transfer modes. Continuously variable from
less than 1 s to greater than 4 s.

Save—Prevents display from being accidentally
erased, and provides up to 30 times longer viewing
times in all modes.

External Z-Axis Input—2 V peak-to-peak for full in-
tensity range from dc to 1 MHz. Positive signal
blanks the trace. Maximum input voltage is 15 V (dc
plus peak ac).

Auto-Focus—Maintains crt focus following changes
in display intensity after focus control has been
initially set.

Beam Finder—Limits display within graticule.



STORAGE WRITING SPEED

FULL SCAN (Center 6 x 8 div at 0.9 cm/div)

Fast
Display |Variable Fast Variable
Mode Persistence|Bistable |Persistence|Bistable
Stored [270 45 1.8 0.027
Writing [cm/us cm/us |cm/us cm/us
Speed |(300 div/ (50 div/ |(2 div/ (.03 div/
1s) us) us) us)
View 30 s* 30 min |30 s* 30 min
Time
Erase 1.4 s 1.4s 09s 09s
Time
(Approx)
**REDUCED SCAN Center 8 x 10 div at 0.45 cm/div
Fast
Display |Variable Fast Variable
Mode Persistence|Bistable |Persistence|Bistable
Stored [2500 350 5.4 0.09
Writing [cm/us cm/us |cm/us cm/us
Speed  |(5,500 div/ [(776 div/|(12 div/ (.2 div/
us) 18) us) us)
View 30 s 30 min [30s 30 min
Time*
Erase
Time* [1.4s 14s 0.9s 09s
(Approx)

*\View times are at full stored display intensity; they
may be increased more than 30 times by using re-
duced intensity in the SAVE display mode.

Fast Variable Persistence Writing Speed

Peak-to-
Scan Sweep peak Step
Mode Speed Sine wave | Response
7.1div 7.7 div
Reduced Scan 250 MHz 1.4 ns
5,500 div/us =1 ns/div
(0.45 cm/div) 8 div 8 div
221 MHz 1.45 ns
3.2 div 3 div
Full Scan 30 MHZ 10 ns
300 div/us >10 ns/div
(0.9 cm/div) 6.4 div 5 div
15 MHz 16.6 ns

OUTPUTS/INPUTS

+ Sawtooth—Positive going with baseline at 0 V %1

V into 1 MQ. Voltage is 1 V/div (£10%) into 1 MQ,
50 mV/div (=15%) into 50 2. Output R is approx 950 €.

+ Gate—Positive pulse of the same duration and co-
incident with sweep. Output voltage is 10 V (£10%)
into 1 MQ, 0.5 V (=10%) into 50 Q. Output R is ap-
prox 950 Q. Source is selectable from A Gate, B Gate,
or A Delayed Gate.

Vertical Signal Out—Selected by A TRIGGER
SOURCE switch. Output voltagesis 0.5 V (=10%) into
1 MQ, 25 mV (£10%) into 50 ©. Output R is approx
950 Q. Bandwidth depends upon vertical plug-in.

Remote Single Sweep Reset, Remote Save and Re-

mote Erase—Rear

ground closure

panel
activated.

BNC connector

inputs,

Remote FAST Transfer Gate—TTL compatible. Low
to high transition enables high speed target to re-
ceive information to be stored; high to low transition
initiates transfer from high speed target to storage

target.

CAMERA POWER OUTPUT—Three-prong connector
to the left of the crt provides power, ground, and

remote single-sweep reset access for the C-50-Series

Cameras.

7834 Fast Storage Oscilloscope

CALIBRATOR

ORDERING INFORMATION

Voltage Output—Square wave, positive-going from 2
. : / - (Plug-ins not Included)

ground. Ranges are 40 mV, 0.4 V, and 4 V into 100

kQ: 4 mV, 40 mV, and 0.4 V into 50 Q. Amplitude ac- 7834 Storage Oscilloscope ......... $7695
curacy is within 1%; repetition rate is 1 kHz within
25%. OPTIONS
Currerit Output—é0 mA avallable throigh CALIBRA-  Option 01 Without Crt Readout and Probe
TOR output with optional BNC to current loop adap- POWOT = s aisosel st SIuuAE-b e aaredetase as Sub $400
ter. Option 02 X-Y Mode Phase Correction...... Add $150
Dimensions and Weight. See page 45. Option 03 Emi Modification............... Add $250
For Recommended Cameras—See page 46. For Rackmounting, order Cradle
Mount Adapter 040-0560-00 ................. $155
POWER REQUIREMENTS
Line Voltage Ranges—90 V-132 V.
180 V-250 V.
Line Frequency—48-440 Hz.
Max Power Consumption—215 watts.
Included Accessories—Gray crt filter (installed) (378-
0625-02) green crt filter (378-0625-08); power cord
(161-0066-00).
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Graph showing the stored writing speed needed to

display a given sine wave or step rise time at a given
amplitude.
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7633
7623A

7633

1000 cm/us Stored Writing Speed
Long View Time

Multimode Storage

Dc to 100 MHz Bandwidth

The TEKTRONIX 7633 Storage Oscilloscope
provides 2200 div/us (1000 cm/us) stored
writing speed and 100-MHz bandwidth. The
instrument has three display modes—store,
nonstore, and save—and four storage modes
—bistable, variable persistence, fast bi-
stable, and fast variable persistence. The
top writing speed of 1000 cm/us (using the
center 8 x 10 reduced scan divisions, 0.45
cm/div) is achieved in reduced scan mode.

This multimode storage instrument allows
for retention and viewing of fast-rise, low-
repetition-rate, single-shot, or slow-moving
waveforms. The instrument’s capability and
versatility make it a problem solver in com-
puter sciences, aerospace, ballistics, com-
munications, and many other fields.

Characteristics are common to the 7633 and
the 7623A unless noted.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments: com-
patible with all 7000-Series Plug-ins. Bandwidth de-
termined by mainframe and plug-in unit.

Modes of Operation— LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL SYSTEM

Channel — One right-hand plug-in compartment: com-
patible with all 7000-Series Plug-ins.

Fastest Calibrated Sweep Rate — 5 ns/div.

X-Y Mode — The phase shift between vertical and
horizontal channels is less than 2° from dc¢ to 35 kHz.
Bandwidth is dc to at least 2 MHz.
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7000-Series Multimode Storage Oscilloscopes

CRT AND DISPLAY FEATURES

Crt — Internal 8 x 10 div (0.9 cm/div) and 8 x 10 div
(0.45 cm/div) graticule with variable illumination.

Phosphor — P31,
Option 01 — No crt readout.

Accelerating Potential — Approx 8.5 kV 'in normal

mode, 10 kV in reduced scan mode.

Storage Display Modes — Nonstore, FAST variable
persistence, FAST bistable, variable persistence, bi-
stable. Full or reduced scan may be selected on the
7633 in all display modes. Select normal scan to view
the entire crt; select reduced scan for the fastest
writing rate.

Persistence — Variable. When set to max, provides
the longest retention of high contrast stored displays,
without the characteristic fading of variable persis-
tence.

Autoerase — Variable up to 10 s.

Save — Prevents erasing and storing additional dis-
plays; also extends view time in variable persistence
mode.

External Z-Axis Input — 2 V p-p for useful intensity
range from dc to 2 MHz; intensity range diminishes to
20% of full range at 10 MHz. A positive signal blanks
the trace. Max input voltage is 10 V (dc + peak ac)
and p-p ac. :

Autofocus — Reduces the need for calibrated man-
ual focusing with changes in intensity after focus
control has been set.

Beam Finder — Limits display within graticule area.

STORAGE WRITING SPEED
Full Scan (7633 and 7623A)

FAST

Variable Variable
Display Persis- FAST Persis-
Mode tence Bistable tence Bistable
Srorsd. | ‘qas 45 0.45 0.027
Speedg cm/us cm/us cm/us cm/us
View 30 s* 30 min. 30 min.
Time minimum | 30 s* minimum
Erase
Time 1.4s 1.4s 09s 09s
(Approx)

Reduced Scan (7633 Only)

FAST

Variable Variable
Display Persis- FAST Persis-
Mode tence Bistable | tence Bistable
Bee L nog 180 1.35 0.9

riting | omyus cm/us cm/us cm/us

Speed e & 3 K
View 30 s* 30 min. 30 min.
Time minimum | 30 s™ minimum
Erase
Time 14s 1.4s 09s 09s
(Approx)

*These times are at full stored display intensity; they
may be increased more than 30 times by using re-
duced intensity in the save display mode.



7623A

135 cm/us Stored Writing Speed
Long View Time

Multimode Storage

Dc to 100 NiHz Bandwidth

The TEKTRONIX 7623A Storage Oscillo-

scope has all the features and performance
of the 7633 except the reduced scan mode.

Fast Variable Persistence Writing Speed

- | Peak-to-
Scan Sweep peak Step
Mode Speed Sine . Response
7.1 div 7.7 div
Reduced Scan** 100 MHz | 3.5 ns
2200 div/us =5 ns/div
(0.45 cm/div) 8 div ,| 8 div
89 MHz 3.7 ns
3.2 div 3 div
Full Scan 15 MHz 20 ns
150 div/us
(0.9 cm/div) >50 ns/div | 6.4 div 5 div
7.5 MHz 33 ns

**Applies to 7633 only.
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Graph showing the stored writing speed needed to
display a given sine wave or step rise time at a given
amplitude.

. OUTPUTS/INPUTS

--Sawtooth — Sawtooth starts 1 V or less from ground
(into 1 MQ). Output voltage is 50 mV/div (=15%) into
.50 Q, 1 V/div (Z=10%) into 1 MQ. Output R is 950
within 2%.

-+ Gate — Positive pulse of the same duration and
coincident with sweep. Output voltage is 0.5V (=10%)
into 50 ©, 10 V (*£10%) into 1 M. Rise time is 20 ns
or less into 50 ©, output R is 950 © within 2%. Source
is selectable from main, delay, or auxiliary gate.

Vertical Signal Out — Selected by TRIGGER SOURCE
switch. Output voltage is 25 mV/div (Z=10%) into 50
Q, 0.5 V/div (=10%) into 1 MQ. Bandwidth depends
on vertical plug-in. Output R is 950 2 within 2%.

External Single-Sweep Reset — Ground closure; rear
panel BNC provides input to reset sweep. =

Remote Erase — Ground closure; rear panel BNC pro-
vides input to erase stored trace.

CAMERA POWER OUTPUT

Three-prong connector to the left of the crt provides
power ground, and remote single-sweep reset access
for the C-50-Series Cameras.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground (dé voltage available when se-
lected by internal jumper). Ranges are 40 mV, 0.4 V,
4 Vinto 1 MQ; 20 mV, 0.2 V, 0.4 V into 50 . Amplitude
accuracy is within 1% (-+15°C to +35°C); within 2%
(0°C to -}-50°C). Repetition rate is approx 1 kHz.

Current Output — 40-mA dc or 40-mA rectangular
waveshape with optional current-loop accessory (012-
0259-00) connected between 4 V and gnd pin jacks.

POWER REQUIREMENTS

Line Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac =*=10%; internally selectable "with quick-
change jumpers.

Line Frequency — 50-60 Hz.

Option 05, Line Frequency Change (50-400 Hz) — Con-
verts the 7633 and R7633 to 50-400 Hz operation.

Max Power Consumption — 180 W, 2.0 A at 115 V
line, 60 Hz. Fan cooling is provided for both models.

SHLSERTIES Y

Included Accessories — 20 in cable (two-pin-to-BNC)
(175-1178-00); crt filter Green (378-0625-08). The R7633
and R7623A include rackmounting hardware.

Weights and Dimensions — See page 45.

For Recommended Cameras — See page 46.

ORDERING INFORMATION
(Plug-ins not Included)

7633 Storage Oscilloscope ......... $5615
R7633 Storage Oscilloscope ....... $5915
7623A Storage Oscilloscope ........ $4295
R7623A Storage Oscilloscope ...... $4595
; OPTIONS
Option 01 without Crt Readout .......... Sub $400
Option 03 Emi Modification ............ Add $250
Option 05 Line Freq Change

(50—400 Hz) ................ Add $300

CONVERSION KITS

Crt Readout (040-0748-01 Cabinet) ............ $480
(040-0759-01 Rackmount) ................... $480
Emi Modification
(040-0663-00 Cabinet) ...................... $300
(040-0678-00 Rackmount) ................... $285
Sig Out/In (040-0629-01 Cabinet) .............. $120
(040-0633-00 Rackmount) .................... $85
Power Supply to Light Plug-in
Pushbuttons (040-0686-00) ................... $30




7613

7000-Series Variable Persistence Storage Oscilloscope

Variable Persistence Storage
4.5 cm/us Stored Writing Speed
Dc-to-100 MHz Bandwidth

Burn Resistant Crt

5va” Rackmount Height

The TEKTRONIX 7613 Storage Oscilloscope
offers variable persistence operation with a
stored writing speed of 5 div/us or nonstor-
age operation. Stored traces may be viewed
up to 60 minutes on a display area of 8 x 10
div (0.9 cm/div). The 7613 crt is burn resist-
ant and doesn’t require any special oper-
ating precautions.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series Plug-ins. Bandwidth
determined by mainframe and plug-in unit; see Verti-
cal System Specifications Chart.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.
Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL SYSTEM

Channel — One right-hand plug-i-n compartment; com-
patible with all 7000-Series Plug-ins.

Fastest Calibrated Sweep Rate — 5 ns/div.
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7613 OSCILLOSCOPE

INTENSITY

X-Y Mode — The phase shift between vertical and
horizontal channels.is within 2° from dc to 35 kHz.
Bandwidth is dc to at least 2 MHz.

CRT AND DISPLAY FEATURES
Variable Persistence Storage Crt — Internal 8 x 10
div (0.9 cm/div) graticule with variable illumination.
Phosphor — P31.
Option 01 — No crt readout.
Accelerating Potential — 8.5 kV.
Nonstore Mode — For displaying waveforms in the
conventional (nonstorage) mode.
Store Mode — For displaying waveforms using the
variable persistence storage feature.
Max Stored Writing Speed — Greater than 4.5 cm/us.
View Time — The view time is the amount of time the
stored signal can be viewed before it fades away.

At the max writing speed the view time is 15 seconds
or 0.25 minutes with the stored intensity control fully
cw. Adjusting the stored intensity ccw will reduce
the stored writing speed, but view time can be in-
creased up to 5 minutes (see the chart below).
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Graph showing the stored writing speed needed for a
given sine wave or step rise time at a given amplitude.

Erase Time — 0.5 s or less.

Persistence — The persistence control also varies the
view time. The persistence can be adjusted from al-
most instantaneous disappearance (fade away), to off,
which provides the view time selected by the stored
intensity control.

Save — Prevents erasure of the stored display and
activates the save time control.

Save Time Control — Allows an extension of the view
time (see Storage View Time Chart).

External Z-Axis Input — 2 V p-p for full intensity range
from dc to 2 MHz; intensity range diminishes to 20%
of full range at 10 MHz. A positive signal blanks the
trace. Max input voltage is 10 V (dc + peak ac) and
p-p ac.

Autofocus — Reduces the need for additional man-
ual focusing with changes in intensity after focus
control has been set.

Beam Finder — Limits display within graticule area.

OUTPUTS/INPUTS

- Sawtooth — Sawtooth starts 1 V or less from
ground (into 1 MQ). Output voltage is 50 mV/div
(£ 15%) into 50 @, 1 V/div (=10%) into 1 MQ. Output
R is 950  within 2%.

-+ Gate — Positive pulse of the same duration and co-
incident with sweep. Output voltage is 0.5 V (=10%)
into 50 2, 10 V (*=10%) into 1 MQ. Rise time is 20 ns
or less into 50 Q; output R is 950 © within 2%. Source
is selectable from main, delay, or auxiliary gate.

Sig Out — Selected by TRIGGER SOURCE switch.
Output voltage is 25 mV/div (%=10%) into 50 Q, 0.5
V/div (=10%) into 1 MQ. Bandwidth depends upon
vertical plug-in; see Vertical System Specifications
Chart. Output R is 950 Q within 2%.

External Single-Sweep Reset — Ground closure; rear
panel BNC provides input to reset sweep.

Remote Erase — Ground closure; rear panel BNC pro-
vides input to erase stored trace.



CAMERA POWER OUTPUT

Three-prong connector to the left of the crt provides
power, ground, and remote single-sweep reset access
for the C-50-Series Cameras. ;

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground. (Dc voltage available when se-
lected by internal jumper.) Ranges are 40 mV, 0.4V,
4V into 1 MQ; 20 mV, 0.2 V, 0.4 V into 50 2. Ampli-
tude accuracy is within 1% (415°C to --35°C);
within 2% (0°C to --50°C). Repetition rate is approx
1 kHz.

Current Output — 40-mA dc or 40-mA rectangular
waveshape with optional current-loop accessory
(012-0259-00) connected between 4 V and gnd pin
jacks.

POWER REQUIREMENTS

Line Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac *=10%: internally selectable with quick-
change jumpers.

Line Frequency — 50-60 Hz.

Option 05, Line Frequency Change (50-400 Hz) — Con-
verts the 7613 and R7613 to 50-400 Hz operation.

Max Power Consumption — 180 W, 2.0 A at 115 V
line, 60 Hz. Fan cooling is provided for both models.

The R7613 requires only 5% in of rack height in
a standard 19 in rack. It is fan cooled and comes
complete with slide-out chassis tracks.

Included Accessories (for 7613 and R7613) — 20 in
cable (two-pin-to-BNC) (175-1178-00); crt filter (gray,
378-0625-02). The R7613 includes rackmounting hard-
ware. ;

Weights and Dimensions — See page 45.
For Recommended Cameras — See page 46.

ORDERING INFORMATION
(Plug-ins not Included)

7613 Storage Oscilloscope ......... $3430
R7613 Storage Oscilloscope ....... $3730
7613 OPTIONS
Option 01  without Crt Readout .......... Sub $400
Option 03 Emi Modification ............ Add $250

Option 05 Line Freq Change
(50-400 Hz) .................. Add $300
Option 06  Special Int Graticule
(Spectrum Analyzer) ........... Add $50
Option 08  Protective Panel Cover ........ Add $100
R7613 OPTIONS
Option 01  without Crt Readout........... Sub $400
Option 03 Emi Modification ............ Add $250
Option 05 Line Freq Change (50-400 Hz) . .Add $300
Option 06  Special Int Graticule
(Spectrum Analyzer) ........... Add $50
7613 CONVERSION KITS
040-0656-02 Crt Readout ................... $480
040-0663-00 Emi Modification ............... $300
040-0629-01 SigOut/In ...................un $120
040-0686-00 Power Supply to Light
Plug-in Pushbuttons .............. $30
R7613 CONVERSION KITS
040-0676-02 Crt Readout ................... $480
040-0678-00 Emi Modification .............. $285
040-0633-00 SigOut/In ...................... $85
040-0686-00 Power Supply to Light
Plug-in Pushbuttons .............. $30

7000-Series Split-Screen Bistable Storage Oscilloscope

7313

7313 OSCILLOSCOPE

wERY

INTENSITY

; TRIG
MODE SOURCE

Split-Screen Bistable Storage
4.9 cm/us Stored Writing Speed
Dc to 25 MHz Bandwidth
Burn-Resistant Crt

5% in Rackmount

The TEKTRONIX 7313 Storage Oscilloscope
offers split-screen bistable operation or non-
storage operation. It has a stored writing
speed of 5 div/us. Stored traces may be
viewed for at least 30 minutes on a display
area of 8 x 10 div (0.98 cm/div). The 7313
crt is burn resistant.

The split-screen storage crt allows for both
a stored display and a real-time display
on the same crt at the same time. This capa-
bility is useful in many applications. The
operator may wish to store a reference trace
and then view the change in waveform
characteristics as he varies circuit- com-
ponents. He can do this easily by operating
half the display in a stored mode and the
other half in a conventional mode. Thus,
amplitude, duration, and other character-
istics of waveforms displayed in the conven-
tional mode may be precisely adjusted to
the stored reference trace.




7313 and R7313 Bistable Storage Oscilloscopes

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments; com-
patible with all 7000-Series Plug-ins. Bandwidth de-
termined by mainframe and plug-in unit, limited to 25
MHz.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Deléy Line — Permits viewing leading edge of wave-
form.

HORIZONTAL SYSTEM

Channel — One right-hand plug-in compartment; com-

patible with all 7000-Series Plug-ins.
Fastest Calibrated Sweep Rate — 20 ns/div.

X-Y Mode — The phase shift between vertical and
horizontal channels is within 2° from dc to 35 kHz.
Bandwidth is dc to at least 2 MHz.

STORAGE CRT AND DISPLAY FEATURES

Split-Screen Bistable Storage Crt — Internal 8 x 10
div (0.98 cm/div) non-illuminated graticule. Store on
upper or lower half of screen with nonstore display
on other half. Store on entire screen or nonstore on
entire screen. Independent operation on both halves.

Accelerating Potential — 4 kV.
Phosphor — P1.

Stored Writing Speed — Normal, 500 div/ms; adjust-
able to at least 5000 div/ms in Enhance Mode.

Storage View Time — At least 30 minutes.

Autoerase View Time Range — 0.5 or less to at least
10 s after end of sweep.

Erase Time — 400 ms or less.

Enhance Mode — Controls single-sweep writing capa-
bilities of the storage crt. Up to 5000 cm/ms or
better can be stored with minimal loss of resolution
and contrast.

Integrate Mode — Provides additional writing speed
for repetitive signals by allowing the storage target
to integrate the written information over several signal
repetitions.

Autoerase Mode — Viewing time continuously vari-
able up to 10 s. The sequence begins with the arrival
of the signal. The signal initiates a sweep. After each
sweep, the stored display is retained and further
sweeps are locked out for the viewing interval se-
lected by the VIEW TIME Control. Then the display
is erased and the time-base enabled for the next
sweep. This cycle will automatically repeat itself
as long as a signal is available. The stored display
may also be erased by the MANUAL control.
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Graph showing the stored writing speed needed to
display a given sine wave or step rise time at a given
amplitude.

External Z-Axis Input— 2 V p-p for full intensity
range from dc to 2 MHz; intensity range diminishes to
20% of full range at 10 MHz. A positive signal blanks
the trace. Max input voltage is 10 V (dc - peak ac)
and p-p ac.

Beam Finder — Limits display within graticule area.

OUTPUTS/INPUTS

-+ Sawtooth — Sawtooth starts 1 V or less from
ground (into 1 MQ). Output voltage is 50 mV/div
(£15%) into 50 @, 1 V/div (=10%) into 1 MQ. Output
R is 950 Q within 2%.

- Gate — Positive pulse of the same duration and
coincident with sweep. Output voltage is 0.5 V
(£10%) into 50 @, 10 V (*=10%) into 1 MQ. Rise time
is 20 ns or less into 50 Q; output R is 950 Q within
2%. Source is selectable from main, delay, or auxil-
iary gate.

Sig Out — Selected by TRIGGER SOURCE switch.
Output voltage is 25 mV/div (=10%) into 50 2, 0.5
V/div (£10%) into 1 MQ. Bandwidth depends on
vertical plug-in. Output R is 950 Q within 2%.

External Single-Sweep Reset — Ground closure: rear
panel BNC provides input to reset sweep.

Remote Erase — Ground closure; rear panel BNC
provides input to erase stored trace. Internally select-
able for either or both halves of crt.

The R7313 requires only 5% in of rack height in a
standard 19 in rack. It is fan cooled and comes com-
plete with slide-out chassis tracks.

CAMERA POWER OUTPUT

Three-prong connector to the left of the crt provides
power, ground, and remote single-sweep reset access
for the C-50-Series Cameras.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground (dc voltage available when se-
lected by internal jumper). Ranges are 40 mV, 0.4 V,
4V into 1 MQ; 20 mV, 0.2V, 0.4 V into 50 Q. Amplitude
accuracy is within 1% (+15°C to -35°C); within
2% (0°C to -}-50°C). Repetition rate is approx 1 kHz.

Current Output — 40 mA dc or 40 mA rectangular
waveshape with optional current-loop accessory (012-
0259-00) connected between 4 V and gnd pin jacks.

POWER REQUIREMENTS

Line Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac =*=10%; internally selectable with quick-
change jumpers,

Line Frequency — 50-400 Hz (7313), 50-60 Hz (R7313).

Option 05, Line Frequency Change (50-400 Hz) — Con-
verts the R7313 to 50-400 Hz operation (not required
for 7313).

Max Power Consumption— 180 W, 2 A at 115 V
line, 60 Hz. Fan cooling is provided for the R7313.

Included Accessories (for 7313 and R7313) — 20 in
cable (two-pin-to-BNC) (175-1178-00); green crt light
filter (378-0625-08). The R7313 includes rackmounting
hardware.

Weights and Dimensions — See page 45.

For Recommended Cameras — See page 46.

ORDERING INFORMATION
(Plug-ins not Included)

7313 Storage Oscilloscope .. ....... $3535
R7313 Storage Oscilloscope . ... .... $3835
; 7313 OPTIONS
Option 01  without Crt Readout .......... Sub $400
Option 03  Emi Modification ............. Add $250
R7313 OPTIONS
Option 01 without Crt Readout .......... Sub $400
Option 03 Emi Modification ............. Add $250
Option 05 Line Freq Change (50-400 Hz) . .Add $300
Not Required for 7313
7313 CONVERSION KITS
040-0655-02 Crt Readout ................... $480
040-0664-00 Emi Modification .............. $285
040-0629-01 SigOut/In ..................... $120
040-0686-00 Power Supply to Light
Plug-in Pushbuttons ............. $30
R7313 CONVERSION KITS
040-0675-02 Crt Readout ................... $480
040-0678-00 Emi Modification .............. $285
040-0633-00 SigOut/In ...................... $85
040-0686-00 Power Supply to Light
Plug-in Pushbuttons .............. $30



O-Series Plug-ins

For the 7000-Series you can select from over
thirty different plug-ins. For example, digital
multimeters, counters and A-D converters.
With this plug-in selection you can solve
problems in many applications including
spectrum analysis, curve tracing, spectro-
scopy, logic analysis, and sampling. This
variety lets you tailor your instrument to meet
your immediate need. And to expand its cap-
abilities later as your needs change.

Amplifiers Pages 67-71

Twelve vertical amplifiers offer choices
in system bandwidth, number of input
channels, vertical sensitivity, input im-
pedance, and differential inputs.

Seven horizontal time bases offer
choices in sweep speeds, single or
dual sweeps, and now, digital delta
delay measurements.

Five plug-in units offer a choice of
single- and dual-channel sampling,
general-purpose sampling combined
with time domain reflectometry, sam-
pling sweep, and dual delay line.

Six digital instrument i
changeable modules, offer unique solutions to
complex measurement problems. Timing and
amplitude measurement instruments interact
with the oscilloscope to easily obtain accurate
measurements of complex signals.

Sampliﬁg Heads Pages 83-86

Ten sampling heads offer choices in
input impedance, equivalent band-
width, and triggering for a matched
sampling system.

Special Purpose Plug-ins

7CT1N Curve Tracer see page 182

7L5/L1/L2/L3 Spectrum Analyzer see page 192 and 193
7L12 Spectrum Analyzer see page 191

7L13 Spectrum Analyzer see page 190

7L18 Spectrum Analyzer see page 189

7K11 CATV Preamplifier see page 195

7M13 Readout Unit see page 76

7D01 Logic Analyzer, see page 77
DF1 Display Formatter, see page 23
DF2 Display Formatter, see page 23
DL2 Digital Latch, see page 23




7A11
7A15A
7A16A
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7A11
Built-in FET Probe
DC-to-250 MHz Bandwidth (7900 Family)

5 mV/div to 20 V/div
Calibrated Deflection Factors

Dc Offset
Lit Pushbuttons

The 7A11 is a wideband plug-in amplifier.
The captive FET probe input configuration
optimizes signal acquisition with high re-
sistance (1 MQ) and low capacitance (5.8 pF
at 5 mV/div), without loss of signal ampli-
tude by probe attenuation. Two 20X attenua-
tors, physically mounted in the probe tip, are
relay-switched into the input signal path at
the appropriate deflection factor. Therefore
you need not concern yourself with manual

plug-on attenuators and signaldynamic range.

Deflection Factor — 5 mV/div to 20 V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%
of gain adjustment at 0.1 V/div. Uncalibrated VARI-
ABLE is continuous between steps to at least 50 V/div.

Input R and C — 1 MQ within 1%; =~ 5.8 pF (5 mV/div
to 50 mV/div), =~ 3.4 pF (0.1 V/div to 1 V/div), = 2 pF
(2 V/div to 20 V/div).

Signal and Offset Range

Deflection 5 mV/div

Factor to 50 0.1 V/div 2 V/div

Settings mV/div to 1 V/div to 20 V/div

Offset +1Vto —+20 V to -+-400 V to

Range —1V —20V —400 V

Offset 1:1 within 20:1 within | 400:1 within

Range to 1% 1.5% 2%

Offset Out +0.5 mV -+0.5 mV -+0.5 mV
200 V (dc 200 V (dc 200 V (dc

Max Dc- + peak ac, | + peak ac, | + peak ac,

coupled ac com- ac com- ac com-

Input ponent to ponent to ponent to
50 kHz) 40 MHz) 70 MHz)

Max Ac-

coupled

Input +200 V

(Dc Com-

ponent)

LS

7000-Series Single-Trace Amplifiers

o Vamiamie

voLTs/piv. |
- o

Dc Stability — Drift with time (constant ambient tem-
perature and line voltage): short term, 0.1 div or less
per minute after 20 minute warm-up. Long term, 0.3
div or less per hour after 20 minute warm-up. Drift
with ambient temperature (constant line voltage), 200
uV/°C or less.

Displayed Noise—0.5 mV or 0.1 div, whichever is great-
er, in FULL BANDWIDTH mode, measured tangentially.

Offset Function — An internal dc source, continuously
variable between +1 V and —1 V, may be used to
offset the trace. (See chart for offset range.) An OFF-
SET OUT jack allows for monitoring of the offset volt-
age. OFFSET QOUT source resistance is 500 Q within
3%.

Included Accessories — Capacitor-coupler head (011-
0110-00); retractable hook tip (013-0106-00); probe tip
ground adapter (013-0085-00); 3 in ground lead (nose)
(175-0849-00); 3 in ground lead (screw-in) (175-0848-
00); 12 in ground lead (screw-in) (175-0848-02); three
miniature alligator clips (344-0046-00); two insulated
sleeves (166-0404-01); probe hook tip (206-0114-00);
probe tip to GR 50 @ termination (017-0088-00); 18 in
cable (offset out) (175-1092-00). :

Order 7A11 Amplifier ............. $1560

7A15A
Dc-to-80 MHz Bandwidth (7900 Family)

5 mV/div to 10 V/div
Calibrated Deflection Factors

500 »V/div at 10 MHz (X10 Gain)

The 7A15A is an easy-to-use, 80-MHz ampli-
fier that features a X10 magnifier to increase
the sensitivity to 500 pV/div with 10 MHz
bandwidth. It has a constant bandwidth at all
deflection factors in the X1 setting. Polarity
of the display is selectable.

Deflection Factor — 5 mV/div to 10 V/div in 11 cali-
brated steps (1-2-5 sequence). X1 gain accuracy is
within 2% with X1 gain adjusted at 10 mV/div. X10
gain (increases sensitivity to 500 wV) accuracy is
within 10% at 10-MHz bandwidth throughout deflec-

tion factor settings. Uncalibrated VARIABLE is con-
tinuous between steps to at least 25 V/div.

Input R and C — 1 MQ within 2%; =~ 20 pF.
Max Input Voltage — Dc-coupled: 250 V (dc + peak

ac), ac component 500 V p-p max, 1 kHz or less. Ac-
- coupled: 500 V (dc + peak ac), ac component 500 V

p-p max, 1 kHz or less.

Order 7A15A Amplifier ............. $435

For recommended probes—refer to page 45.
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7A16A

Dc-to-225 MHz Bandwidth (7900 Family)

5 mV/div to 5 V/div
Calibrated Deflection Factors

The 7A16A is an easy-to-use, 225-MHz am-
plifier. It features constant bandwidth over
the deflection factor range of 5 mV/div to
5 V/div. Polarity of the display is selectable;
bandwidth is selectable to FULL or limited to
20 MHz for low-frequency applications.

Deflection Factor — 5 mV/div to 5 V/div in 10 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%
with gain adjusted at 10 mV/div. Uncalibrated VARI-
ABLE is continuous between steps to at least 12.5
V/div. =

Input R and C — 1 MQ within 2%; =~ 20 pF.

Max Input Voltage — Dc-coupled: 250 V (dc + peak
ac), ac component 500 V p-p max, 1 kHz or less. Ac-
coupled: 500 V (dc + peak ac); ac component 500 V
p-p max, 1 kHz or less.

Dc Stability — Drift with ambient temperature (con-
stant line voltage) is 0.01 div/°C. Drift with time (am-
bient temperature and line voltage constant) is 0.02
div in any one minute after 1 hour warm-up.

Order 7A16A Amplifier ............. $755
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Low Cost
Dc-to-150 MHz Bandwidth (7900 Family)

50 mV/div Calibrated Deflection Factor

Easy to Customize

The 7A17 is a unique wideband, plug-in am-
plifier electrically and mechanically suitable
for do-it-yourself design and modification.

The layout of the circuit board assembly
provides a blank soldering pad matrix and
ground plane surface totaling approximately
40 square inches. Circuits may be installed
here. Mainframe power is identified and
available on the circuit board. The front sub-
panel is prepunched with holes of various
sizes and shapes which allow for the mount-
ing of connectors, switches, indicators, etc.

Deflection Factor — Adjustable to 50 mV/div. There
is no step attenuation.

Input Z — 50 Q.
Max Input Yoltage — 5 V rms.
Order 7A17 Amplifier .............. $200

7000-Series Single-Trace Amplifiers, and Direct Access Unit
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7A19

Dc-to-500 MHz Bandwidth (7900 Family)

10 mV/div to 1 V/div
Calibrated Deflection Factors

Optional =500 ps Variable Delay Line

The 7A19 is a high-performance, wide-band-
width, single-trace plug-in amplifier de-
signed primarily for use with the 7900-, 7800-,
and 7700-Family Mainframes. The polarity
of the display is selectable, either normal or
inverted. '

Deflection Factor — 10 mV/div to 1 V/div in 7 cali-
brated steps (1-2-5 sequence). Accuracy is within 3%.
Input R — 50 Q.

Option 04, Variable Signal Delay — Permits matching
the transit time of two preamps and probes to better
than 50 ps. Range is =500 ps.

Max Input — 50 div peak or 10 V rms (2 W), whichever
is less, in the dc-coupled mode. 100 V dc additional
in the ac-coupled mode.

Order 7A19 Amplifier ............. $1325

7A19 OPTION

Order Option 04 Variable Sig '
07 | R TSP S P o ST Add $150

For recommended probes—refer to page 45.

TA17
7A19
7A21N

7A21N

MODE DETERMINED

7A21N

Bandwidth to 1 GHz
(Useable with 7844, R7844, 7904, R7903)

Less than 4 V/div Deflection Factor

DIRECT ACCESS

Single and Differential Inputs

Positioning Control

The 7A21N unit is designed so that high-
frequency or fast rise time signals may be
ac-coupled directly into the wide-bandwidth
crt of the 7844 and 7900-Family Oscillo-
scopes. Two front-panel input connectors
allow single-ended or differential operation
(internally selected). Vertical-trace position-
ing is controlled on the front panel.

Direct access means that the vertical ampli-
fier is bypassed. Interconnection boards and
coupling cables are supplied with each
7A21N. The 7A21N is not a plug-in since it is
hardwired to the crt vertical deflection sys-
tem even though it is installed in a vertical
compartment. The 7A21N does not incorpo-
rate crt readout or an internal trigger.

When used in 7900-Family Oscilloscopes,
vertical mode switching is inoperative, and
plug-ins can’t be used in the adjacent verti-
cal channel.

With the 7844 or R7844 Oscilloscopes, the 7A21N may
be used in one or both vertical compartments. When
one 7A21N is used with Beam 1 left vertical compart-
ment, preamps or specialized plug-ins may be used
with Beam 2 right vertical compartment, leaving the
crt readout operative for Beam 2 and the horizontal
compartments. Vertical mode switching is inoperative
when a 7A21N is used with Beam 1. When two 7A21Ns
are used, crt readout and vertical mode switching are
inoperative. Horizontal mode switching is always
operative.

An 80-ns pretrigger should be provided for fast single-
shot events. If this is impractical, use a:-7M11 Dual
Delay Line in the signal path. The 7A21N is compati-
ble only with the 7900- and 7800-Family Oscilloscopes,
excluding the 7834.

Bandwidth — 20 kHz to 1 GHz.

Deflection Factor — Less than 4 V/div.

Input Z — 50 Q.

Max Input Voltage — 25 V dc, 100 V pulsed ac.

Included Accessories — Interconnecting board as-
sembly.

Order 7A21 Direct Access . . . . ......$1065
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7A13
Dc-to-105 MHz Bandwidth (7900 Family)

1 mV/div to 5 V/div
Calibrated Deflection Factors

20,000:1 Cmrr
10,000 Cm Effective Screen Height
Lit Pushbuttons

The 7A13 is a differential comparator am-
plifier. It incorporates a number of features
which make it particularly versatile, especi-
ally in multitrace combination with other
7000 Series vertical plug-ins.

The 7A13 has constant bandwidth over the 1 mV/div
« to 5 V/div deflection factor range. The bandwidth is
selectable to FULL or 5 MHz for best displayed noise
conditions for low-frequency applications.

As a differential amplifier the 7A13 provides a bal-
anced (+ and —) input for applications requiring re-
jection of a common-mode signal. The cmrr is 20,000:1
from dc to 100 kHz, derating to 200:1 at 20 MHz. The
unit can reject up to 10 V of common-mode signal at
a deflection factor setting of 1 mV/div, increasing to
100 V rejection potential at 10 mV/div (X10 V¢ pulled)
and 500 V at 0.1 V/div.

As a comparator amplifier the 7A13 loses its differen-
tial capability, but provides an accurate (0.1%) posi-
tive or negative internal offsetting voltage covering
the common-mode signal range of the unit. A signal
of up-to =10 V may be applied to an input (+ or —)
at a deflection factor setting of 1 mV/div and, with an
opposing Vc (offset voltage), viewed in 10,000 seg-
ments of 1 mV. The offset voltage is also available
as an output for external monitoring.

Input R and C — 1 MQ within 0.15%; = 20 pF. R in
=~ oo, is available in the 1 mV to 50 mV/div range,
selectable by an internal switch.

Deflection Factor — 1 mV/div to 5 V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within
1.5% with gain adjusted at 1 mV/div. Uncalibrated
VARIABLE is continuous between steps to at least
12.5 V/div.

Signal Range

10 mV to

50 mV/div 0.1 Vto 0.5
Deflection (X10 Ve out) | V/div (X10 Ve
Factor imVto |and 0.1 Vto | out)and 1V
Settings 50mV/div| 0.5 V/div to 5 V/div
Common-
mode Signal +=10V +100 V +500 V
Range
Max Dc-
coupled Input
(Dc + Peak 40 V +=400 V +500 V
Ac at 1 kHz
or Less)
Max Ac-
coupled Input *500 V
(Dc Voltage)

Max Input Gate Current — 0.2 nA or less from 0°C
to +35°C; 2 nA or less at +35°C to +50°C.

70

7000-Series Differential Amplifiers
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Dc Stability — Drift with time (constant ambient tem-
perature and line voltage): short term, 1 mV p-p or
0.1 div, or less (whichever is greater) over any 1-min-
ute interval after 20 minute warm-up. Long term, 1 mV
p-p or 0.1.div or less (whichever is greater) during any
1 hour interval after 20 minute warm-up. Drift with
ambient temperature (constant line voltage), 2 mV/
10°C to 0.2 div/10°C or less, whichever is greater.

Displayed Noise (Tangentially measured) — With X10
Vc in, 400 4V (200 wV rms) or less at 1 mV/div; 0.2
div or less at 2 mV/div to 5 mV/div; 0.05 div or less
at 10 mV/div to 5 V/div. With X10 V¢ out, 0.4 div or
less at 10 mV/div to 0.5 V/div.

Overdrive Recovery — 1 us to recover to within 2 mV
and 0.1 ms to recover to within 1 mV after a pulse of
+10 V or less, regardless of pulse duration.

Internal Comparison Voltage — Range, 0 V to =10 V;
accuracy, *£(0.1% of setting + 3 mV); Vc output R,
approx 15 kQ.

Common-Mode Rejection Ratio

r - s

[ | - I

CMRHK Specification (1 mV/div to 50 mV/div only)
i 1 ]

= =me=  P.-P Amplitude Sinusoid Tes! S:gnaf

: | 20.000:1

n
=1

=
|

P-P AMPLITUDE IN VOLTS

+  Venficalion Points

| | | D 1001

DC 10 kHz 100 kHz IMHz 10 MHz 100 MHz
FREQUENCY

At least 2000:1, 10 mV/div to 50 mV/div (X10 Vc out)
and 0.1 V/div to 5 V/div. Ac-coupled input at least
500:1 at 60 Hz.

Order 7A13 Amplifier ............. $2050

TA22
Dc-to-1 MHz Bandwidth

10 wV/div to 10 V/div
Calibrated Deflection Factors

100,000:1 Cmrr

Selectable Upper and Lower —3 dB Points
Dc Offset

10 xV/Hour Dc Drift*

The 7A22 is a differential amplifier well suited
for difficult low-amplitude, low-frequency
measurements.

*With constant temperature. See dc stability specifi-
cations.

Bandwidth — Hf —3 dB point; selectable in 9 steps
(1-3 sequence) from 100 Hz to 1 MHz, accurate within
10% of selected frequency; rise time in 1 MHz position
is 350 ns £9%. Lf —3 dB point; selectable in 6 steps
(1-10 sequence) from 0.1 Hz to 10 kHz, accurate with-

For recommended probes—refer to page 45.

in 12% of selected frequency. The switch also con-
tains dc and dc with OFFSET positions. Ac-coupled
at input, 2 Hz or less.

Deflection Factor — 10 uV/div to 10 V/div in 19 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%
with gain adjusted to 1 mV/div. Uncalibrated VARI-
ABLE is continuous between steps to at least 25
V/div.

Input R and C — 1 MQ within 1%; =~ 47 pF.

Max Input Gate Current — Differentially measured, 40
pA (-+25°C) and 200 pA (450°C) at 10 uV/div to 10
mV/div; 10 pA (+25°C) and 20 pA (+450°C) at 20
mV/div to 10 V/div. Single ended, one-half the differ-
ential measurement. Display shift is =4 div (+25°C)
and =20 div (+50°C) at 10 uV/div (ac-coupled).

Signal and Offset Range

Deflection 10 pV 20 mV 0.2V 2V
Factor to 10 to 0.1 to 1 to 10
Settings mV/div V/div V/div V/div

Common-

mode
Signal *10Vv

Range

Max Dc-
coupled
Input (Dec
-+ Peak Ac
at 1 kHz
or Less)

Max Ac-
coupled
Input (Dc
Voltage)

+1V | +10v | +100V [ 41000 V
ggnozset to ‘ to to to
g —HAr. | o300 | —100 ¥ | ~=1000r

Dc Stability — Drift with time (constant ambient tem-
perature and line voltage): short term, 5 uV (p-p) or
0.1 div, whichever is greater in any minute after 1 hour
warm-up. Long term, 10 uV (p-p) or 0.1 div, whichever
is greater in any hour after 1 hour warm-up. Drift with
ambient temperature (constant line voltage) is 50
uV/°C or less.

Displayed Noise — 16 uV or 0.1 div (whichever is
greater) at max bandwidth; source resistance 25 Q or
less measured tangentially.

Overdrive Recovery — 10 us or less to recover within
0.5% of zero level after removal of a test signal
applied for 1 s (signal amplitude not to exceed differ-
ential dynamic range). Front-panel OVERDRIVE light
indicates that an overdrive condition is being ap-
proached.

Common-mode Rejection Ratio (For Signals not Ex-
ceeding Common-mode Signal Range)

Y A verirication poinrs

+=100 V =+500 V

*+15V | =200V +500 Vv

*+500 V
dc rejection, at least 4 x 105:1

100,000 1 ¢ T 1

10 uV /dly — 10 mv/dly OC COUPLED -

AC COUPLED
) 20,0001

—
10,0001 + — 4 —

.
/

DC COUPLED

7
,'//M: CoupLep 20 MV /dlv - 10 V/din
/l; -"‘jC i _—L i
— f \ 50011
CN i

1,00011

COMMON - MODE REJECTION RATIO

| [~
S |
Order 7A22 Amplifier ... ........... $1060



7A18
Dc-to-75 MHz Bandwidth

5 mV/div to 5 V/div
Calibrated Deflection Factors

The 7A18, the basic building block of 3- and
4-trace operation, is a dual-trace plug-in
amplifier. The 7A18 features constant band-
width for all deflection factors, 5 operating
modes (CH 1, CH 2, ALT, CHOP, ADD), trig-
ger source selectivity and color-keyed con-
trol grouping. The 7A18 has a trace identify
function. Polarity of channel 2 is selectable.
Deflection Factor — 5 mV/div to 5 V/div in 10 cali-
brated steps (1-2-5 sequence). Accuracy is Wwithin
29, with gain adjusted to 10 mV/div. Uncalibrated

VARIABLE is continuous between steps to at least
12.5 V/div.

Input R and C — 1 MQ within 2%; =~ 20 pF.

Max Input Voltage — Dc-coupled: 250 V (dc + peak
ac); ac component 500 V p-p max, 1 kHz or less. Ac-
coupled: 500 V (dc + peak ac); ac component 500 V
p-p max, 1 kHz or less.

Dc Stability — Drift with ambient temperature (con-
stant line voltage) is 0.01 div/°C. Drift with time
(ambient temperature and line voltage constant) is
0.02 div in any one minute after 1 hour warm-up.

Common-Mode Rejection Ratio (ADD, CH 2 Invert) —
At least 10:1, dc to 50 MHz.

Order 7A18 Amplifier .............. $915
DC Offset Option

Dc Offset is for the user who needs to analyze small
signals that are riding on larger signals, such as
power supply ripple.

Option 06, Dc Offset — Two separate Channel-1 and
Channel-2 variable offset controls are concentric with
the position controls replacing the identify push-
buttons of the standard 7A18. The ac-dc-ground switch
of each channel is expanded to accommodate a fourth
position for dc offset.

Offset Range Display — *=200 div max, equivalent to
+1 V at 5 mV/div. ’

Accuracy — When in DC OFFSET the deflection ac-
curacy is derated by 1%.

Order Option 06 Dc Offset. .. ..... Add $115

: 7A24
Dc-to-350 MHz Bandwidth (7900 Family)

5 mV/div to 1 V/div
Calibrated Deflection Factors

50-Q Input
The 7A24, a high-performance, wide-band-

width, dual-trace amplifier, is designed pri-

7000-Series Single Trace and Dual-Trace Amplifiers

7A24 TA26

POSITION i
" PUSH

VARIABLE (CAL IN}
VOLTS/DIV

marily for use with the 7700-, 7800-, and
7900-Series Mainframes. The 7A24 offers
350 MHz bandwidth and 5 mV/div sensi-
tivity; this provides the basic building block
for 3 or 4 trace operation. It features con-
stant bandwidth for all deflection factors, 5
operating modes (CH 1, CH 2, ALT, CHOP,
ADD), trigger source selection (CH 1, CH 2,
MODE), and color-keyed control groupings.
Polarity of channel 2 is selectable.

Deflection Factor — 5 mV/div to 1 V/div in 8 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%
with gain adjusted to 5 mV/div. Uncalibrated VARI-
ABLE is continuous between steps to at least 2.5
V/div.

Input R — 50 Q within 0.5%; vswr 1.25:1 or less at
5 mV/div and 10 mV/div, 1.15:1 or less from 20 mV/
div to 1 V/div at 250 MHz.

Max Input — 5 V rms; 0.5 W max input power, intern-
ally protected.

Common-Mode Rejection Ratio — At least 10:1, dc to
50 MHz.

Dc Stability — Drift with ambient temperature (con-
stant line voltage) is 0.02 div/°C. Drift with time (am-
bient temperature and line voltage constant), 0.02 div
in any one minute after 1 hour warm-up.

Order 7A24 Amplifier .............. $1560

7A26
Dc-t0-200 MHz Bandwidth (7900 Family)

5 mV/div to 5 V/div
Calibrated Deflection Factors

1-MQ Input

The 7A26, a dual-trace plug-in amplifier, is
a basic building block for 3- or 4-trace oper-
ation. It features constant bandwidth for all
deflection factors, 5 operating modes (CH
1, CH 2, ALT, CHOP, ADD), trigger source
selection (CH 1, CH 2, MODE), and color-
keyed control groupings. Polarity of channel
2 is selectable. Bandwidth may be set at
FULL or limited to 20 MHz for low-frequency
applications.

Deflection Factor — 5 mV/div to 5 V/div in 10 cali-
brated steps (1-2-5 sequence). Accuracy is within
2% with gain adjusted at 10 mV/div. Uncalibrated
VARIABLE is continuous between steps to at least
12.5 V/div.

Input R and C — 1 MQ within 2%; = 20 pF.

Max Input Voltage — Dc-coupled: 250 V (dc + peak
ac); ac component 500 V p-p max, 1 kHz or less. Ac-
coupled: 500 V (dc + peak ac); ac component 500 V
p-p max, 1 kHz or less.

For recommended probes—refer to page 45.
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Common-Mode Rejection Ratio (ADD, CH 2 Invert) —
At least 10:1, dc to 50 MHz.

Dc Stability — Drift with ambient temperature (con-
stant line voltage) is 0.02 div/°C. Drift with time
(ambient temperature and line voltage constant) is
0.02 div in any one minute after 1 hour warm-up.

Order 7A26 Amplifier ............. $1435

7A29
Dc-to-1 GHz Bandwidth (7104)

10 mV/div to 1 V/div
Calibrated Deflection Factors

50-Q Input

The 7A29 is a high performance, wide-band-
width, single-trace plug-in amplifier de-
signed primarily for use with the 7104 and
the 7900, 7800, and 7700-Family main-
frames. A vertical amplifier to bw of main-
frame, the 7A29 has a 10 mV/div to 1 V/div
vertical sensitivity. :

Deflection Factor — 10 mV/div to 1 V/div in 7 cal-
ibrated steps (1-2-5 sequence). Accuracy is within
2% with gain adjusted at 0.1 V/div. Uncalibrated var-
iable is continuous between steps to at least 2.5
V/div.

Input R — 50 Q.

Option 04, Variable Signal Delay — Permits matching
the transit time of two preamps and probes to better
than 10 ps. Range is 1 ns.

Max Input— 10 V RMS or 1 W-second pulses not
exceeding 50 V peak in dc coupled mode. 100 V dc
additional in ac coupled mode.

Input Protection — Internal detection circuitry pro-
vides protection by automatically disconnecting ex-
cessive signals of up to 50 V. The ‘‘disconnected”
condition is indicated, and has manual reset.

Order 7A29 Amplifier ............. $1 895
7A29 OPTION
Order Option 04 Variable Sig
DIBIBY ool oo § sonersiipe dod e, ks Add $350
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7B10
7B15

7B15 Features:

A Time Measurements
with Crt Read_out

Delay Time Measurements
with Crt Readout

Vertical Trace Separation
between Two Delayed Sweeps

Both Feature:

0.2 ns/div to 0.5/div Calibrated
Time Bases

Triggering to 1 GHz
Variable Trigger Holdoff

The 7B10 and 7B15 are horizontal time
bases designed for use with the 7104 Main-
frame to provide optimum bandwidth/
sweep-speed compatibility, but may also
be used with the 7700-, 7800-, and 7900-
Series Mainframes. (Each may be used in
any slower 7000-Series Mainframe with
some reduction in sweep accuracy at the
fastest sweep speed.)

Together they provide the A time measure-
ment capability in addition to the standard
delay time capability. Either time interval is
digitally displayed on the crt. A single inten-
sified zone which you can position anywhere
on the trace identifies the delay time interval
(the time from the “A” or main sweep to the
start of the intensified zone). Two intensified
zones which you can position anywhere on
a trace identify the A time interval (time be-
tween intensified zones). Alternate sweep
switching makes it possible to display the
information between the intensified zones
full screen at the “B” sweep speed. By over-
lapping the two expanded waveforms, you
are confident of the exact positioning of
the intensified zones on the “A” sweep. This
results in easy-to-make, precise and repeat-
able timing measurements.

By rotating the TRACE SEPARATION con-
trol out of the OFF position, the A time mode
is activated. Two intensified zones can be
independently positioned. As in the con-
ventional delay mode, the DELAY TIME knob
adjusts the time to the first intensified zone;
the A TIME knob adjusts the time between
the two intensified zones. Now, the crt digital
readout shows the A time between the two
delays.

Either plug-in can be used separately as an
independent single time base, or they can
be combined in any mainframe with two
horizontal compartments for delaying and
delayed operation.
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7B10

CHARACTERISTICS

Sweep Rates — 0.2 s/div to 2 ns/div in 25 steps.
X10 MAGNIFIER extends fastest calibrated sweep
rate to 0.2 ns/div. The uncalibrated VARIABLE is con-
tinuous to at least 2.5 times the calibrated sweep.

Sweep Accuracy — Measured over the center 8 div,
+15°C to +35°C, in the 7104, 7900, or 7800-Series
Mainframes. Derate accuracies by an additional 1%
for 0°C to +50°C.

Time/Div! Unmagnified | Magnified
0.2 s/div to 10 ns/div 2% 3%
5ns/div and 2 ns/div 3% 4%

'Fastest calibrated sweep rate is limited by 7900,
7800, 7700, 7600, and 7300-Series Mainframes.

Trigger Holdoff Time —

Maximum
Minimum with VARIABLE
0.2 s/div
to 50 ms/div 40 ms 400 ms
20 ms/div 2X the 20X the
to 2 us/div TIME/Div Setting | TIME/Div Setting
1 us/div
to 0.5 us/div 2 us 20 ps
0.2 us/div
to 2 ns/div 2 us 6 us

A Time Range — 0 to at least 9 times TIME/DIV
setting.

A Time Accuracy — Within (0.5% measurement plus
3 least significant digits) 20 ms/div to 100 ns/div.

Trace Separation Range — Functional only in A
Delay Time mode when alternating or chopping be-
tween time-base units. The second delayed sweep
display can be vertically positioned at least 3 div
below the first delayed sweep display.

Delay Time Range — 0.2 or less to at least 9.0 times
TIME/DIV setting.

Jitter — 0.02% of TIME/DIV setting up through 50
us/div. 0.03% of TIME/DIV setting plus 0.1 ns for
sweep speeds of 20 us/div through 100 ns/div.
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7B15

TRIGGERING
Triggering Sensitivity

Triggering Fre- |Minimum Triggering
quency Range? Signal Required

Coupling Internal | External
AC 30 Hz to 250 MHz 0.5 div 50 mV
250 MHz to 1 GHz | 1.5 div | 150 mV

AC LF REJ? |50 kHz to 250 MHz| 0.5 div 50 mV
250 MHz to 1 GHz | 1.5 div | 150 mV

AC HF REJ |30 Hz to 40 kHz 0.5 div 50 mV
DC3 Dc to 250 MHz 0.5 div 50 mV
250 MHz to 1 GHz | 1.5 div | 150 mV

'The triggering frequency ranges given here are lim-

ited to the —3 dB frequency of the oscilloscope ver-
tical system when operating in the Internal mode.

Will .not trigger on sine waves at or below 60 Hz
when amplitudes are less than 8 division Internal or
3 volts External.

3The Triggering Frequency Range for DC COUPLING
applies to frequencies above 30 Hz when operating
in the AUTO TRIGGERING MODE.,

Single Sweep — Requirements are same as for re-
petitive inputs,

Internal Trigger Jitter — 30 ps or less at 1 GHz into '
0.3 div, (50 mV EXTERNAL).

H F Sync Mode — 250 MHz to 1 GHz.

External Trigger Input — Max input voltage is 250 V
(dc + peak ac) for 1 MQ input. | W average for 50
input. Input R and C for 1 MQ Input is 1 MQ within
5%, 20 pf within 10%; for 50 Q input, 50 Q within
2%. Level range is at least 3.5 V in EXT =1,
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7B50A

5 ns/div to 5 s/div Calibrated Time Base

Triggering to 150 MHz
Variable Trigger Holdoff
Peak-to-Peak Auto Triggering
Single-Sweep Operation

The easy-to-use 7B50A Time Base is recom-
mended for use with 7313 and 7600-Series
Mainframes to provide optimum bandwidth/
sweep-speed compatibility. It may, however,
be used in any 7000-Series Mainframe. The
fastest rate (5 ns/div) is obtained with the
X10 MAGNIFIER.

This time base features expanded capability
in maximum triggering frequency — now 150
MHz — and variable trigger holdoff — for
stability on lengthy asynchronous data
trains.

Pushbutton positions select triggering mode,
coupling method, and source. For routine
applications, hands-off triggering is accomp-
lished by actuating three switches: INT
SOURCE, AC COUPLING, and P-P AUTO
MODE. The P-P AUTO MODE provides a
base line trace in the absence of a signal
and a triggered trace at any position of the
LEVEL/SLOPE control when a signal of 0.5
div or greater is present. Except for the se-
lection of + or — SLOPE this mode is auto-
matic. The other triggering positions are
useful for specific applications.

AC LF REJ attenuates undesirable trigger
components below 30 kHz. AC HF REJ at-
tenuates components above 50 kHz, which
can cause triggering problems during low-
frequency applications. Single-sweep func-
tions with lighted READY indicator and man-
ual reset are associated with the trigger
mode controls.

X-Y displays are available with Option 02
installed. A front-panel button (DISPLAY
MODE) selects either normal sweep or X-Y

display. Both signals are applied to vertical
(Y) amplifiers and the desired horizontal (X)
signal is then routed through plug-in and
mainframe trigger paths to the 7B50A. An
X-Y mode selection then applies the signal
to the horizontal deflection system.

CHARACTERISTICS
Sweep Rates — 0.05 us/div to 5 s/div in 25 steps
(1-2-5 sequence). 5 ns/div, the fastest calibrated
sweep rate, is obtained with the X10 MAGNIFIER.
The uncalibrated VARIABLE allows continuous sweep
rate selection between steps.

Sweep Accuracy — Measured over center 8 div,
+15°C to +35°C, with any 7000-Series Mainframe.
Derate accuracies by an additional 1% each for 0°C
15 25020,

Time/Div! Unmagnified Magnified
5 s/div to 1 s/div 4% *

0.5 s/div to 0.5 us/div 2% 3%
0.2 us/div to 0.05 us/div 3% 4%

IFastest calibrated sweep rate is limited to 20 ns/div
by 7313 mainframe.

*Unspecified

Trigger Holdoff Time —

5 s/div to 2 times TIME/DIV
MIN Holdoff 1 us/div setting or less
Setting 0.5 us/div to 2.0 us or less

50 ns/div
Variable Extends holdoff time through at least
Holdoff Range 2 sweep lengths for sweep rates

of 20 ms/div or faster

Triggering —
Sensitivity (AUTO and NORM modes)

7000-Series Time Bases

Triggering Min Signal Required

Coupling Frequency Range' Int Ext
AC 30 Hz to 50 MHz 0.3 div 50 mV

50 MHz to 150 MHz 1.5 div 250 mV
AC LF 30 kHz to 50 MHz 0.3 div 50 mV
REJ? 50 MHz to 150 MHz | 1.5div | 250 mV
RSP | 30 Hzto 50 kHz 0.3div | 50mV
DC3 Dc to 50 MHz 0.3 div 50 mV

50 MHz to 150 MHz 1.5 div 250 mV

I Triggering frequency ranges are [imited to the fre-
quency of the vertical system when operating in the
Internal mode.

2 Will not trigger on sine waves of less than 8 div INT,
or 3V EXT, at or below 60 Hz.

3 Triggering Frequency Range for dc coupling applies
to frequencies above 30 Hz when operating in the
Auto Triggering mode.

Sensitivity (P-P AUTO MODE) (Ac or Dc Coupling)
Triggering Frequency Min Signal Required

7B50A
7B53A

5 ns/div to 5 s/div Calibrated Time Base
Calibrated Mixed Sweep

Triggering to 100 MHz

Single-Sweep Operation ,
Optional Tv Sync-Separator Triggerin

The easy-to-use 7B53A Dual Time Base is
recommended for use with 7313 and 7600-
Mainframes to provide optimum bandwidth/
sweep-speed compatibility. It may, however,
be used in any 7000-Series Mainframe. The
fastest rate (5 ns/div) is obtained with the
X10 MAGNIFIER.

The 7B53A Time Base features four kinds of
sweep: normal, intensified delaying, delayed,
and mixed. The pushbutton switches cannot
be lit.
DELAYING SWEEP

Sweep Rate — 0.05 us/div to 5 s/div in 25 steps
(1-2-5 sequence). 5 ns/div, the fastest calibrated
sweep rate, is obtained with the X10 MAGNIFIER.
The uncalibrated VARIABLE is continuous between
steps. The variable control is internally switchable
between main, delayed-sweep, and variable main-
sweep holdoff.

Sweep Accuracy — Measured over the center 8 div.

Range Int Ext

200 Hz to 50 MHz 0.5 div 125 mV

50 MHz to 150 MHz 1.5 div 375 mV

Option 02

X-Y Phase Shift (Determined by the circuitry in main-
frame) — For mainframes without X-Y horizontal com-
pensation, the mainframe phase shift specification is
retained for frequencies of 50 kHz and below. For
mainframes with optional X-Y horizontal compensa-
tion, the extra delay adds to the phase shift error
above 50 kHz.

Order 7B50A Time Base ............ $675
7B50A OPTION
Order Option 02, X-Y.........coiiiiiinennnn Add $50

Time/Div Unmagnified Magnified
+15°C | 0°C | 415°C | 0°C
to to to to
+35°C | 4-50°C | +35°C | +50°C
5 s/div to .
1 s/div 3% 4% *
0.5 s/div to
0.05 us/div 3% 4% 3.5% 5%
8-05 Tls;{,%ll\'\;’ ¥ 2% 3% 2.5% 4%

*Unspecified

Delay Time Multiplier Range — 0 to 10 times the
DELAY TIME/DIV setting from 5 s/div to 1 us/div.

Differential Delay Time Measurement Accuracy — 5
s/div to 1 s/div *=1.4% of measurement 4 0.3% of
full scale; 0.5 s/div to 1 us/div: =0.7% of measure-
ment +0.3% of full scale. Full scale is 10 times the
DELAY TIME/DIV setting. Accuracy applies over the
center 8 DTM divisions from -+15°C to -}35°C.

Jitter — 0.05% or less of TIME/DIV setting.

Triggering —
Triggering Min Signal Required

Coupling Frequency Range Int Ext
Ao 30 Hz-10 MHz 0.3 div | 100 mV
10 MHz-100 MHz 1.5 div | 500 mV

30 kHz-10 MHz 0.3 div —_—
Ac Lf Rej* 150 kHz-10 MHz —_ 100 mV
10 MHz-100 MHz 1.5 div | 500 mV
Ac Hf Rej 30 Hz-50 kHz 0.3 div | 100 mV
b Dc-10 MHz 0.3 div | 100 mV
10 MHz-100 MHz 1.5 div | 500 mV

*Will not trigger on sine waves of 3 div or less INT
or 1.5 V EXT below 120 Hz.
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7B80
7B85

Single Sweep — Triggering requirements are the
same as normal sweep. When triggered, sweep gen-
erator produces one sweep only until reset.

Internal Trigger Jitter — 1 ns or less at 75 MHz..

External Trigger Input — Max input voltage is 500
V (dc + peak ac), 500 V p-p ac at 1 kHz or less.
Input R and C is 1 MQ within 2%, 20 pF within 2 pF.
LEVEL range is at least 4+1.5 V to —1.5 V in EXT, at
least 415 V to —15 V in EXT — 10.

DELAYED SWEEP

Sweep Rate — 0.05 us/div to 0.5 s/div in 22 steps
(1-2-5 sequence). 5 ns/div, the fastest calibrated
sweep rate, is obtained with' the X10 MAGNIFIER.
The uncalibrated VARIABLE is continuous between
steps to at least 1.25 s/div and is switchable between
;he;dmf?in, delayed sweep, and variable main sweep
oldoff. :

Sweep Accuracy — Measured over the center 8 div.

Time/Div Unmagnified Magnified
+15°C 0°C | L15°C 0°C
to to to to
+35°C | 4-50°C | +35°C | 4-50°C
O}Sds/divdto 0.1
s/div and 0.2
us/div to 0.05 4% 5% 4.5% 6%
us/div
SO e/divio 05) gop | 4% | B5% || 5%

Delayed Sweep Gate — Output voltage is approx
+3.5 V into at least 10 k{2 shunted by 100 pF or less,
or 0.5 V into 50 2. Rise time is 50 ns or less; output
R is 350 @ within 10%. Gate is available at the DLY'D
TRIG IN connector when the delayed sweep source
switch is set to INT.

Triggering —
Coupling Triggering Min Signal Required
Frequency Range
Int Ext

Ac 30 Hz-10 MHz 0.3 div | 100 mV
10 MHz-100-MHz 1.5 div | 500 mV

Dc Dc-10 MHz 0.3 div | 100 mV
10 MHz-100 MHz 1.5 div | 500 mV

Internal Trigger Jitter — 1 ns or less at 75 MHz.

External Trigger Input — Max input voltage is 500 V
(dc + peak ac), 500 V p-p ac at 1 kHz or less. Input
R and C is 1 MQ within 2%, 20 pF within 2 pF. LEVEL
range is at least +1.5 Vto —1.5V in EXT.

MIXED SWEEP

Sweep Accuracy — Within 2% plus measured main
sweep error. Exclude the following portions of mixed
sweep: first 0.5 div after start of main sweep display
and 0.2 div or 0.1 us (whichever is greater) after
transition of main to delayed sweep.

EXT HORIZONTAL INPUT

Deflection Factor — 10 mV/div within 10% when in
EXT, MAG X10, 100 mV/div within 10% when in EXT;
1 V/div within 10% when in EXT — 10.

Bandwidth
Coupling Lower —3 dB Upper —3 dB
Ac 40 Hz 2 MHz
Ac Lf Re]j 16 kHz 2 MHz
Ac Hf Re]j 40 Hz 100 kHz
Dc De 2 MHz
TV SYNC

Option 05, Tv Sync Separator Triggering — Permits
stable internal line or field rate triggering from dis-
played composite video or composite sync waveforms.
Conventional waveform displays and measurements
can be made from standard broadcast or closed
circuit tv systems, domestic or overseas, with up to
1201-line, 60-Hz field rates. Individual lines may be
displayed with delayed sweep features. The wide
range of delayed sweeps permits accurate alternate-
frame, color-burst observations in the PAL color
system.

Order 7B53A Dual Time Base ...... $1135

7B53A OPTION

Option 05 — Deletes ac line trigger and External = 10
from trigger source.

Order Option 05, Tv Triggering.............. Add $75
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7000-Series Delayed and A Delaying Time Bases

7B85 Features:

A Time Measurements
with Crt Readout

Delay Time Measurements
with Crt Readout

Vertical Trace Separation
between Two Delayed Sweeps

Both Feature:

1 ns/div to 5 s/div Calibrated
Time Bases

Triggering to 400 MHz
Variable Trigger Holdoff
Peak-to-Peak Auto Triggering

The 7B80 and 7B85 are horizontal time bases
recommended for use with 7700-, 7800-, and
7900-Series Mainframes to provide optimum
bandwidth/sweep-speed compatibility.
(Each may be used in any slower 7000-
Series Mainframe with some reduction in
sweep accuracy at the fastest sweep speed.)

Together they provide the A time measure-
ment capability in addition to the standard
delay time capability. Either time interval is
digitally displayed on the crt. A single inten-
sified zone which you can position anywhere
on the trace identifies the delay time interval
(the time from the ““A’ or main sweep to the
start of the intensified zone). Two intensified
zones which you can position anywhere on
a trace identify the A time interval (time be-
tween intensified zones). Alternate sweep
switching makes it possible to display the
information between the intensified zones
full screen at the “B”’ sweep speed. By over-
lapping the two expanded waveforms, you
are confident of the exact positioning of
the intensified zones on the “A’” sweep. This
results in easy-to-make, precise and repeat-
able timing measurements.

By rotating the TRACE SEPARATION con-
trol out of the OFF position, the A time mode
is activated. Two intensified zones can be
independently positioned. As in the con-
ventional delay mode, the DELAY TIME knob
adjusts the time to the first intensified zone;
the A TIME knob adjusts the time between
the two intensified zones. Now, the crt digital
readout shows the A time between the two
delays.

0R7%S

Fig 1. Delaying and delayed sweeps are shown with
the mainframe selecting ALT sweep modes. The delay
time to the start of the delayed sweep is digitally
presented on the lower edge of the crt.
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Fig 2. With the mainframe still selecting ALT sweeps,
delaying and both delayed sweeps are shown. The
digital readout on the lower crt edge shows the time
between the two sweep delays. The TRACE SEPARA-
TION knob is used to position the second delayed
sweep below the first delayed sweep with up to 3 div
of separation.

Either plug-in can be used separately as an
independent single time base, or they can
be combined in any mainframe with two
horizontal compartments for delaying and
delayed operation.

X-Y displays are available using a 7B80 with
Option 02. A front-panel button (DISPLAY
MODE) selects either normal sweep or X-Y
display. Both signals are applied to vertical
(Y) amplifiers, and the desired horizontal
(X) signal is then routed through plug-in and
mainframe trigger paths to the 7B80. An X-Y
mode selection then applies the signal to
the horizontal deflection system.

CHARACTERISTICS

Characteristics are common to both units unless
otherwise noted.

Sweep Rates — 5 s/div to 10 ns/div in 27 steps (1-2-5
sequence). X10 MAGNIFIER extends fastest calibrated
sweep rate to 1 ns div. The uncalibrated VARIABLE
is continuous to at least 2.5 times the calibrated
sweep rate.

Sweep Accuracy — Measured over the center 8 div,
+15°C to +35°C, in the 7700, 7800, or 7900-Series
Mainframe. Derate accuracies by an additional 1%
for 0°C to +50°C.

Time/Div! Unmagnified Magnified
5 s/div to 1 s/div 4% Unspecified
0.5 s/div to 50 ns/div 1.5% 2.5%

20 ns/div to 10 ns/div 2.5% 4.0%

| Fastest calibrated sweep rate is limited by 7700,
7600, and 7300-Series Mainframes.




Trigger Holdoff Time —

2 times
Minimum 5 s/div to TIME/DIV
Holdoff 1 us/div setting or less
Setting 0.5 us/div to 2.0 us or less
10 ns/div
Variable Extends holdoff time through at least
Holdoftf 2 sweep lengths for rates of 20 ms/
Range div or faster

/\ Time Range — 0 to at least 9 times TIME/DIV
setting.

/\ Time Accuracy — (-15°C to +35°C)

Within (0.5% measurement + 0.3% of TIME/DIV set-
ting + 1 least significant digit) from 20 ms/div to 100
ns/div.

Trace Separation Range — Functional only in A\
Delay Time mode when alternating or chopping be-
tween time-base units. The second delayed sweep

display can be vertically positioned at least 3 div
below the first delayed sweep display.

Delay Time Range — 0.2 or less to at least 9.0 times
TIME/DIV setting.

Jitter — 0.02% of TIME/DIV setting + 0.1 ns, or less.

TRIGGERING

Triggering Sensitivity (Auto and Norm Modes) —
(from repetitive signals)

Triggering Min Signal Required
Coupling | Frequency Range! Int Ext
- 30 Hz to 50 MHz 0.3 div 50 mV

50 MHz to 400 MHz 1.5 div 250 mV
Ac_l.f 30 kHz to 50 MHz 0.3 div 50 mV
Rej 50 MHz to 400 MHz | 1.5 div | 250 mV
ngHf 30 Hz to 50 kHz 03div | 50mV
Do Dc to 50 MHz 0.3 div 50 mV

50 MHz to 400 MHz 1.5 div 250 mV

1 Triggering frequency ranges are limited to the fre-
quency of the vertical system when operating in the
Internal mode.

2 Will not trigger on sine waves of less than 8 div
Int, or 3 V Ext, at or below 60 Hz.

3 Triggering Frequency Range for dc coupling applies
to frequencies above 30 Hz when operating in the
Auto triggering mode.

Single Sweep — Requirements are same as for repe-
titive inputs.

Internal Trigger Jitter — 0.1 ns or less at 400 MHz.
Sensitivity (P-P AUTO Mode) — (ac or dc coupling)

7000-Series Dual Time Base

0.5 ns/div to 0.2 s/div Calibrated Time Base
Triggering to 500 MHz

Alternate Display of Intensified
Delaying and Delayed Sweeps

Contrast Regulation between
Delaying and Delayed Sweeps

The 7B92A Dual Time Base is recommended
for use only in the 7800- and 7900-Series
Mainframes (the 7B92A may be used in all
other mainframes at slower sweep speeds).

There are four display modes: normal sweep,
intensified delaying sweep, delayed sweep,
and alternate sweep (excepting alternate in
R7704). When operating in the AUTO mode
of main triggering, a bright base line is dis-
played in the absence of a trigger signal.

DELAYING SWEEP (MAIN SWEEP)

Sweep Rate — 0.2 s/div to 10 ns/div in 23 calibrated
steps (1-2-5 sequence). An uncalibrated variable rate
is continuous between steps, and extends sweep rate
to at least 0.5 s/div. The VARIABLE control is in-
ternally switchable between delaying and delayed
sweeps.

Sweep Accuracy — Measured over the center 8 div in
a 7900-Family Oscilloscope:

7B92A

Delay Time Jitter — Not applicable for the first 2% of
max available delay time (DELAY TIME MULT dial
setting greater than 0.2).

0.2 s/div to 1 part in 50,000 of the max
50 us/div available delay time

20 us/div to 1 part in 50,000 of the max

10 ns/div available delay time + 0.5 ns

Max available delay time is 10 times the TIME/DIV
or DLY TIME switch setting.

MAIN TRIGGERING

Auto, Norm
Min Signal
Coupling Fregﬂlﬁwiﬂﬂnge Inl:!equlregm
30 Hz-20 MHz 0.5 div | 100 mV
Ae 20 MHz-500 MHz | 1.0 div | 500 mV
30 kHz-20 MHz 0.5 div | 100 mV
Ac Lf Rej
20 MHz-500 MHz | 1.0 div | 500 mV
Ac Hf Rej 30 Hz-50 kHz 0.5 div | 100 mV
Dc-20 MHz 0.5 div | 100 mV
be 20 MHz-500 MHz | 1.0 div | 500 mV

EXT — 10 switch attenuates external signal 10 times.

HF SYNC — Triggering sensitivity is 0.5 div INT or
100 mV EXT, from 100 MHz to 500 MHz for any
coupling except Ac Hf Rej.

Single Sweep — Triggering requirements are the same
as normal sweep. When triggered, time base pro-
duces one sweep only until reset.

Internal Trigger Jitter — 50 ps or less at 500 MHz.

External Trigger Input — Selectable 50 © or 1 MQ in-
puts (1 MQ is paralleled by approx 20 pF). Max safe
input is 250 V (dc + peak ac) for 1 MQ input, and 1
W average for 50 { input. Range of trigger level is at
least ==3.5 V in EXT, and at least =35 V in EXT = 10.

DELAYED SWEEP

Sweep Rate — 0.2 s/div to 0.5 ns/div in 27 steps
(1-2-5 sequence). An uncalibrated variable rate is con-
tinuous between steps, and extends sweep rate to at
least 0.5 s/div. The VARIABLE control is internally
switchable between delaying and delayed sweeps.

Sweep Accuracy — Measured over the center 8 div in
a 7900-Family Oscilloscope:

Time/Div —+15°C to -+-35°C | 0°C to |-50°C
0.2 s/div to
20 ns/div Within 2% Within 3%
10 ns/div Within 3% Within 4%

Triggering Min Signal Required
Frequency Range Int Ext
200 Hz to 50 MHz 0.5 div 125 mV
50 MHz to 400 MHz 1.5 div 375 mV
Low Frequency Response: :
At least 50 Hz 2.0 div 500 mV

External Trigger Input — Max input voltage is 250 V
(dc + peak ac). Input R and C is 1 MQ within 5%
and 20 pF within 10%. The level range (excluding P-P
AUTO) is at least =1.5 V in EXT = 1, and at least
+15 V in EXT — 10.

7B80 Option 02

X-Y Phase Shift (Determined by the circuitry in main-
frame) — For mainframe without X-Y horizontal com-
pensation, the mainframe phase shift specifications
are retained for frequencies of 50 kHz and below. For
mainframes with optional X-Y horizontal compensa-
tion, the extra delay adds to the phase shift error
above 50 kHz.

Order 7B80 Time Base ... ........... $945

Order 7B85 Delaying Time Base ....$1120
7880 OPTION
Order Option 02, X-Y ...........ciivninnnnn Add $50

Delay Time Multiplier Range — 0-to 9.8 times the DLY
TIME/DIV setting from 0.2 s/div to 10 ns/div (0 to 1.96
seconds).

Differential Delay Time Measurement Accuracy —
(+15°C to +35°C)

Sweep Speed .
=+(0.75% of meas-

0.2 s/div to | Both delay time

0.1 us/div mult dial urement + 0.25%
settings at 0.5 of full scale)
or greater
One or both delay | =(0.75% of meas-
time mult dial urement 4+ 0.5% of
settings at less full scale -+ 5 ns)
than 0.5

50 ns/div to | Both delay times *(1% of measure-

10 ns/div equal to or ment -+ 0.5% of
greater than 25 ns | full scale)
One or both =*+(1% of measure-
delay times less ment -+ 1% of full
than 25 ns scale -+ 5 ns)

Full scale is 10 times the TIME/DIV or DLY TIME
setting. Accuracy applies over the center 8 Delay
Time Multiplier div from -15°C to +35°C.

Time/Div -+15°C to }-35°C | 0°C to 50°C
gbzrf; L Within 2% Within 3%
Uy DL Within 3% Within 4%
SIBIE I Within 4% Within 5%
0.5 ns/div Within 5% Within 6%
Delayed Triggering

Min Signal
. Triggering Required
Coupling quire
Frequency Range Int Ext
. 30 Hz to 20 MHz 0.5 div | 100 mV
c
20 MHz to 500 MHz 1.0 div | 500 mV
Dc to 20 MHz 0.5 div | 100 mV
Dc
20 MHz to 500 MHz 1.0div | 500 mV

Internal Trigger Jitter — 50 ps or less at 500 MHz.

External Trigger Input — Selectable 50 © or 1 MQ in-
puts (1 MQ is paralleled by approx 20 pF). Max safe
input is 250 V (dc -+ peak ac) for 1-MQ input, and 1 W
average for 50-0 input. Range of trigger level is at
least = 3.5V in EXT.

Order 7B92A Dual Time Base ...... $2260
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CURVE TRACER
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10 nA/div to 20 mA/div
Vertical Deflection Factors

0.5 V/div to 20 V/div
Horizontal Deflection Factors

The 7CT1N Curve Tracer Plug-in displays
characteristic curves of small-signal semi-
conductor devices to power levels up to 0.5
W. The 7CT1N operates in horizontal or ver-
tical compartments of 7000-Series Oscillo-
scopes.

CHARACTERISTICS

COLLECTOR/DRAIN SUPPLY

X1 X10
Horizontal 0.5 2 5 20
Volts/Div
Voltage Range|0-7.5V|0-30V|0-75V | 0-300V
Max 240 mA |60 mA 24 mA 6 mA
Current

Max Open Circuit Voltage — Within #=20%. Max short-
circuit current, within 30%.

Series Resistance — Automatically selected with hor-
izontal V/div switches. Peak power is 0.5 W or less,
depending upon control settings.

High Voltage Warning — When the horizontal V/div
switch is in the X10 position, a flashing warning light,
indicating that dangerous voltages may exist at the
test terminals, appears on the front panel.

STEP GENERATOR

Transistor Mode — Step amplitude range is 1 uA/step
to 1 mA/step, 1-2-5 sequence. Max current (steps plus
aiding offset) is X15 amplitude setting. Max voltage
(steps plus aiding offset) is at least 13 V. Max oppos-
ing offset current is at least X5 amplitude setting.

FET Mode — Step amplitude range is 1 mV/step to
1 V/step, 1-2-5 sequence. Voltage amplitude (steps
plus aiding offset) is X15 amplitude setting, 13 V
max. Source impedance is 1 kQ = 1%.

Accuracy — Incremental: within 3% between steps.
Absolute: within == (3% -+ X0.3 amplitude setting).
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7000-Series Curve Tracer and Readout Unit

Step Polarity — The step generator polarity is the
same as the collector/drain supply in the transistor
mode and opposing in the FET mode.

Number of Steps — Selectable in 1 step increments
between 0 and 10.

Offset — Selectable to 5 steps. Polarity aids or op-
poses the step polarity.

Vertical Deflection Factors — 10 nA/div to 20 uA/div
with the —1000 control activated. 10 xA/div to 20
mA/div in the X1 mode.

Vertical Display Accuracy — Within 5% in the X1
mode. Within 5% ==0.2 nA per displayed horizontal volt
in the —1000 mode.

Horizontal Deflection Factors — Selectable: 0.5 V,
2V,5V,or20V.

Horizontal Display Accuracy — Within 5% plus the
deflection factor accuracy on the plug-in being driven.
The plug-in is a vertical or horizontal amplifier with a
100 mV/div deflection factor and an input R of at
least 50 k@ when it is used in the horizontal com-
partment.

Order 7CT1N Curve Tracer ......... $895
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- READOUT UNIT
. TMI3 -

7M13
Easy and Convenient Identification
of Photographed Displays

Automatic Sequence Advance
with Each Camera Exposure

The 7M13 Readout Unit provides front-panel
keyboard operation for convenient access to
the crt readout characters. Up to ten alpha-
numeric characters can be displayed at the
top and/or at the bottom of the crt. The
7M13 is designed for use in all 7000-Series
Mainframes with crt readout. A remote-ad-
vance cable is supplied with the 7M13 to
connect it to the shutter x-sync connector of
the C-50-Series Cameras. An optional cable
is available for cameras using an ASA con-
nector for x-sync.

Included Accessory — Remote-advance cable (012-
0339-01).

Order 7M13 Readout Unit . .......... $545

The photograph above was identified as TEST 14 by
using the 7M13 in 7834 Oscilloscope.

Optional Accessory — Remote-advance cable with
ASA connector for camera x-sync

Order 012-0364-01 ....... L BERL P RE L ) o e $16
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Delay by Time or Events | moo @

RLers

Digital Delay Readout to 712 Digits e

100-ns to 1-s Delay Time
1-ns Resolution

2.2-ns Delay Time Jitter
0.5-ppm (*2 ns) Accuracy

Delay Interval Crt Display

The 7D10/7D11 Digital Delay Plug-
ins give stable delayed triggers for
measurements requiring low jitter.
The 7D11 also provides precision
time delays. The 7D10/7D11 may
be used in any compartment of a
7000-Series Mainframe equipped
with crt readout. It provides a vari-
ety of outputs.

The delay-by-events mode is used to elimin-
ate jitter in mechanically based systems
such as disc file memories. It is also useful
for selecting a certain time frame in data
for analysis and for making other measure-
ments under complex timing conditions.

In the delay-by-events, the 7D10/7D11 counts
arbitrary trigger events, periodic or aperi-
odic, and delivers an output after the pre-
selected count has been reached (see Fig 2).

An accurate and jitter-free delay-by-time is
very useful when working with digital logic,
pcm telemetry, sonar, radar, shock tube test-
ing, and delay line measurements, to name
a few. On receipt of a trigger, the 7D11 in the
delay-by-time mode counts a highly accurate
clock; at the selected delay time, it delivers
a delayed trigger to its front-panel connector
and mainframe. In both modes, delay time or
number of events to be counted is selected
by a single front-panel control.

When the 7D10/7D11 is installed in a vertical
compartment, the crt can display a waveform
that lasts for the duration of the delay inter-
val. This waveform may be displayed to-
gether with the signal waveform the 7D10/
7D11 triggers on. From a vertical compart-
ment, the 7D10/7D11 can trigger a time base
such as 7B80, 7B53A, or another 7D10/7D11
through the internal mainframe trigger path.

In any horizontal compartment, the 7D11
generates a display similar to the “A Intensi-
fied by B” mode of conventional delayed

Fig 1. Delay-by-time. A 0.2 us time marker delayed
4.9998 ms by the 7D11 and displayed at 5§ ns/div.

COUPLING  SOURCE 2

7000-Series Digital Delay Units

I svmxs START
TRIGGER

AL

sweep (see Fig 2). When used in the A hori-

zontal compartment, the 7D10/7D11 B sweep
delay mode controls will permit the B sweep
to run after the delay generated by the 7D10/
7D11. This delay interval is also available at
the front panel for such uses as gated inter-
val counter measurements and generating
pulses of highly accurate width.

In delay-by-events, an external pulse (events
start trigger) may be used to enable count-
ing of the events. In such applications as a
line selector on a video monitor, the vertical
sync pulse is the events start trigger. Then
the 7D10/7D11 counts ““n” number of hori-
zontal sync pulses (events) into the field or
frame. In a similar manner, the origin pulse
of a disc memory can be used as the events
start trigger, and the disc clock pulses be-
come the events that are counted.

For timing measurements that require a
higher degree of accuracy than the 0.5 ppm
source available in the 7D11, the delay-by-
time clock may be referenced to an external
1-MHz timing standard through the EXT
1-MHz input.

Time delay resolution up to 1 ns may be

obtained by using the front—panel fine delay
control.

By setting an internal switch, the indicated
delay time is half the actual delay time. In
such applications as tdr, radar timing, etc,
the crt readout would display the “‘one-way-
trip” time.

2V 0000265

gl ool G s il T an g T

o

2V

Fig 2. Delay-by-events. The lower trace is the master
clock in our logic circuit. The top trace is our data
which is delayed by 265 clock pulses.

7D10

EVENTS DELAY
Events Delay Range — One to 107 events.
Delay Increment — One event.
Insertion Delay — 35 ns =5 ns.
Recycle Time — Less than 500 ns.
Max Event Frequency — At least 50 MHz.
TRIGGERING
External Trigger
Source Int, Line, Ext, Ext — 10
Coupling | Dc, Ac, Ac Lf Rej, Ac Hf Rej
Max
Input 250 V dc + peak ac
Voltage
Level *+1.75 V in Ext
Range =17.8'V in Ext = 10
nput | 1 MQ %5%, 20 pF =2 pF
Coup- | Frequency Haculned
i e Int Ext
B 30 kHz-10 MHz | 0.3 div | 150 mV
10 MHz-50 MHz | 1.0 div | 750 mV
Sensi- Agiif 30 kHz-10 MHz | 0.3 div —
tivity HC =11 150 kHz-10 MHz — |150 mV
el 10 MHz-50 MHz | 1.0 div | 750 mV
Aggf 30 Hz-50 kHz | 0.3 div | 150 mV
D Dc-10 MHz 0.3 div [ 150 mV
€ | 10 MHz-50 MHz | 1.0 div | 750 mV

*Will not trigger on sine waves of 3 div or'less INT
or 1.5 V EXT below 120 Hz.

Events Start Trigger

Source External Only

Coupling Dc Only

Max Input

Voltage 150 V dc + peak ac

Level Range oL A

Input O within E9 e

R and C 1 MQ within 5%, 20 pF = 2 pF

Sensitivity 100 mV minimum, 30 Hz to 2 MHz;
increasing to 250 mV, 2 MHz to 20
MHz; increasing to 500 mV, 20 MHz
to 50 MHz.

TIME DELAY

Digital Delay Range — Normal mode: 100 ns to 1 s in
100 ns increments. Echo mode: 200 ns to 2 s in 200 ns
increments.

Analog Delay — Continuously variable from 0 to at
least 100 ns, accuracy within 2 ns of indicated delay.
Jitter with Internal Clock — 2.2 ns or delay time X10-7
whichever is greater.

10 us
1us 7077
o DIS!IJLAY JHITEH
L
= 100 ns DELAY TIME
=
-
10 ns
22
ms,
2.2ns
1ns
MWus 100us 1ms 10 ms 100 ms 1s 10s 100 s

DELAY TIME

Insertion Delay — Zero within 2 ns.
Recycle Time — Less than 575 ns.

Time Base — 500 MHz oscillator phase-locked to in-
ternal or external clock.

Internal Clock — 5 MHz crystal oscillator. Accuracy
is 0.5 ppm.

External Clock — 1 MHz within 1%, ac coupled, 50 {1.

OUTPUTS

Delayed Trigger Out — Amplitude: 2 V or greater into
open circuit, 1 V or greater into 50 Q. Rise time into
50 © load: 2 ns or less. Fall time into 50 2 load: § ns
or less. Pulse width: 200 to 250 ns.

Delay Interval Out — Amplitude: 2 V or greater into
open circuit, 1 V or greater into 50 . Rise time and
fall time: 5 ns or less. Accuracy: equal to delay in-
terval less 20 to 30 ns.

READOUT

Display — 712 digit with leading zero suppression, ms
legend in time delay mode. Plus (+) symbol reminds
the operator to add on the FINE DELAY (ns) setting.

Order 7D10 Digital Events Delay Unit $1115
Order 7D11 Digital Delay Unit ... ... $1870
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. 1012 CORVERTIA

Versatile 0.01% A/D Converter
with Vertical Amplifier

3 Plug-in Modules Available
Automatic, Manual, or External Triggering

Automatic Polarity and Overrange
Indicators

Lit Pushbuttons

The 7D12 A to D Converter, constructed in
modules, is a versatile and expandable DVM
measurement system. The 7D12 and three
interchangeable modules will make most
DVM measurements, including dc volts, re-
sistance, temperature, one- or two-point
sample and hold, and true rms volts.

The 7D12 is designed for use with all 7000-
Series Oscilloscope Mainframes with crt
readout.

7D12/M1 MULTIFUNCTION MODULE

Temperature Mode

47> Digit Crt Readout

100 »V Resolution

Probe Measures Temperature or Voltage

The M1 Multifunction Module measures dc
volts, resistance, and temperature. The input
can be elevated 1 kV above ground without
probe, with a 10-MQ input impedance on the
dc volts scale. When the temperature probe
is used, a front-panel analog output of 10
mV/°C (0°C = 0 V) is available regardiess
of model selected.

Dc Voltage Range — 0 to 1000 V in four ranges. 4V2-
digit presentation of 1.9999 V, 19.999 V, 199.99 V,
1000 V. Accuracy is *=0.03% of reading =*=0.005%
of full scale from 420°C to 430°C; #=0.04% of read-
ing *=0.005% of full scale from 415°C to -}40°C.
Input impedance is 10 MQ on all ranges. Max safe
input is 1 kV peak between either connector and
ground. Polarity is automatic. Cmrr is at least 80 dB
at 60 Hz (100 Q imbalance). Normal-mode rejection
ratio is at least 50 dB at 60 Hz.

Resistance Range — 0 to 20 MQ in six ranges. 4V2-
digit presentation of 199.99 Q, 1.9999 kQ, 19.999 k%,
199.99 kQ, 1.9999 MQ, 19.999 MQ full scale. Accuracy
is *=0.09% of reading *=0.01% of full scale from
-+15°C to +40°C. Input is fuse protected.

Temperature Range — —55°C to -+150°C in one
range. Accuracy (+15°C to -+40°C ambient) is
£1°C from —55°C to +125°C, = 2°C above -}-125°C.
Temperature out is 10 mV/°C into a load of at least
2 k.

Settling Time — 2 s or less to within 1 count of final
reading (voltage and resistance modes).

Measurement Rate — External Trigger: 1 to 12 mea-
surements per second, depending on external trigger
frequency and internal adjustment. Auto Trigger: 1 to
4 measurements per second, internally adjustable.

Overrange Indication — When overrange occurs, a >
symbol appears to the left of the reading.
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7000-Series A/D Converter with Interchangeable Modules
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Included Accessories — P6058 voltage/temperature
probe package (010-0260-00); pair of test leads (012-
0427-00). (See 7D13 for P6058 probe specs.)

7D12/M2 SAMPLE/HOLD MODULE
Oscilloscope-controlled Sampling DVM
10-ns Aperture Uncertainty

Input Signal and Sample Points
Displayed on Crt

312 Digit Crt Readout
Approaching 0.25% Accuracy
1-mV Resolution

25-MHz Bandwidth

0-to-2 V and 0-to-20 V Input Range, 200 V
with P6055 Probe

The M2 Sample/Hold Module measures volt-
age amplitude from ground to a selected
point or the difference voltage between any
two selected points (independent control of
each point). The sample point(s) may be
triggered automatically, manually, or ex-
ternally from sources such as the oscillo-
scope’s Delayed B gate, the 7D15's pseudo
gate, 7D11’s delayed trigger out, etc.

On command, the 7D12/M2 samples the
displayed waveform and also generates a
gate display. Both the signal and 7D12/M2
gate are displayed together, providing a
visual indication of where the sample(s)
is taken. In the S1 mode (sample one), a
single sample coincident with the rise of the
7D12/M2 displayed gate is taken, and the
voltage amplitude, from the 0 V level, is
digitally displayed on the crt readout. In the
S2-S1 mode (sample two minus sample one),
two samples are taken, one at the rise and
one at the fall of the 7D12/M2 displayed
gate, and the voltage difference between
these two points is digitally displayed on the
crt readout.

Sample-gate Display Amplitude — 2 div, rise time and
fall time 5 ns or less.

Analog-signal Display — Bandwidth is dc to 25 MHz
(dc-coupling), 3.4 Hz to 25 MHz (ac-coupling). Vertical
sensitivity is 100 mV/div to 5 V/div in 6 steps (1-2-5
sequence in combination with M2 range and 7D12
vertical display attenuation). Accuracy is within 5%.

Input R and C — 1 M} and 20 pF.

L S TEKTRONIX 8 A/D CDNV_ER‘;E‘- l T mexveomns A /D CONVERTER TR rewrmomxz A/D CQNVEHR
4 7012 7D12 7D12 : s "
7D12/MA1 7D12/M2 7D12/M3

Max Input Voltage — 100 V peak.

Measurement Readout — 0 to 20 V in two ranges. 312-
digit presentation of 1.999 V and 19.99 V full scale,
extended to 199.9 V with P6055 probe.

Overrange Indication — When overrange occurs, a >
symbol appears to the left of the reading.

Aperture Uncertainty — 10 ns or less.

Pulse-width Sample Time (S2-S1 mode) — 30 ns to
5 ms with repetitive signal. 150 us to 5 ms with single-
shot signal.

Measurement Rate — External Trigger: 1 to 12 mea-
surements per second, depending on external trigger
frequency and internal adjustment. Auto Trigger: 1 to
4 measurements per second, internally adjustable.

Settling Time — 40 ns.

Accuracy without Probe (40 ns after Input Signal Step
Function)

Temperature
Range S1 Mode S2-S1 Mode

#+0.15% of p-p in- | *=0.25% of p-p

4-20°C to put voltage, 0.1% | input voltage,

43000 of reading, = 2 *0.15% of reading,
counts, &= % of ac | == 2 counts, = %
decay™ of ac decay*
+0.25% of p-p in- | #=0.35% of p-p

+159C to put voltage, =0.2% | input voltage,

14000 of reading, = 3 =+0.25% of reading,
counts, == % of ac | == 3 counts, *= %
decay* of ac decay*

*Applicable when M2 is ac-coupled.

Included Accessory — 3.5 ft P6055 probe package
(010-6055-01). :

Sample and Hold DVM measures difference voltage
(—168.6 V) between two points on complex waveform.
Gate waveform indicates two points: leading and
trailing edges where voltage difference is made.




7D12/M3

True Rms Measurements with Isolated-
analog Dispiay (Floating Common-mode
Capability)

Measures Ac + Dc or Ac Only

40 Hz-to-100 kHz Ac Voltage Range

0.25% Accuracy from 40 Hz to 40 kHz

3%z Digit Crt Readout

1 mV Resolution

500 V Max Peak Common-mode Voltage

The M3 RMS Volts Module measures the
true rms voltage of signals from 40 Hz to

100 kHz. Voltages up to 1 kV peak may be
measured while floating the input connectors.

Input R and C — 1 MQ; ~ 50 pF.

Max Crest Factor — 5 (crest factor — Sl ).

Max Input Voltage Erms

2V,20V,

Range 200V 0.5 kV
Max Input 2.5 X range | 500 rms
between peak 1 kV peak

oArc connectors

Dc Max Input 500 V peak | 500 V peak

coupledt | between either
connector and
chassis ground

tAc-coupling adds an additional 200 V dc isolation.

Digital System Cmrr — 66 dB at dc to 60 Hz, decreas-
ing 20 dB per decade for higher frequencies (100-
imbalance load).

Measurement Readout— 0 to 500 V rms in four
ranges. 312 digit presentation of 1.999 V, 19.99 V,
199.9 V, 0.500 kV full scale.

Overrange Indication — When overrange occurs, a
> symbol appears to the left of the reading.

Measurement Rate — External Trigger: 1 to 12 mea-
surements per second, depending on external trigger
frequency and internal adjustment. Auto Trigger: 1 to
4 measurements per second, internally adjustable.

Accuracy — Stated with form factor of 1.2 or less
(form factor — _ERMS ). | 150C to -1-400C*.

average

40 Hz to| 4 kHz to| 40 kHz to
Range Dc 4 kHz 40 kHz 100 kHz
2V,20V |=0.5% | *=0.25% |=*0.25% |=*=0.5%
200V +0.5% | *=0.25% |=*0.5% *+0.5%
plus 1% |plus 1%
of reading | of reading
500 v *+1% *+1% +2% +2%
plus 1% | plus 1%
of reading | of reading

*Accuracies represent a percentage of full scale. For
signals with form factors greater than 1.2, add =
[0.1% x (form factor —1)] to the above percent of full
scale accuracy specifications.

Analog-Signal Display — Bandwidth is dc to 700 kHz,
max slew rate limited to full scale voltage = 1 us
(100 V/us max). Vertical sensitivity is 100 mV/div
to 500 V/div in 12 steps (1-2-5 sequence, combining
M3 and 7D12 vertical display attenuation). Accuracy
is within 5%, and aberrations are 5% or less.

Included Accessories — Pair of test leads (012-
0427-00).

7D12/M1/M2/M3
ORDERING INFORMATION

7D12 A/D Converter (Modules

notincluaded ... . oo w2 iiias o $895
M1 Multifunction Module ........... $490
Option 02 without P6058 ......... Sub $100
M2 Sample/Hold Module ........... $840
Option 02 without P6055 . ... ... .. Sub $120
M3 RMS Volts Module .............. $650

7000-Series Digital Multimeter

7D13

Temperature Mode

1.5 kV Max Common-mode Voltage
Probe Measures Temperature or Voltage
312 Digit Crt Readout

The 7D13 is a digital multimeter designed
for use in all 7000-Series Oscilloscope Main-
frames with crt readout. The 7D13 functions
in any compartment.

The 7D13 measures dc volts, dc current,
and resistance. It also measures temperature
from a temperature sensor on the tip of the
P6058 voltage/temperature probe. The tem-
perature probe functions regardless of 7D13
mode or range setting and provides a front-
panel analog signal output of 10 mV/°C
(0°C = 0 V). Temperature may be measured
simultaneously along with any other func-
tion. Almost any npn transistor may be used
as a separate sensor to make small-space
“free air”’ measurements. '

When the 7D13 is used, the character gen-
erator traces out a 32 digit display on the
crt and a legend for units like k2, mA, °C.

Dc Voltage Range — 0 to 1000 V in four ranges. 32~
digit presentation of 1.999 V, 19.99 V, 199.9 V, and
1000 V full scale. Accuracy is =0.1% of reading =1
count from +15°C to +40°C, £0.2% of reading £2
counts from 0°C to -+50°C. Input impedance is 10
M on all ranges. Max safe input is 1.5 kV peak be-
tween either contact and ground, 1.0 kV peak between
voltage contacts.

Dc Current Range — 0 to 2 A in four ranges. 312 digit
presentation of 1.999 mA, 19.99 mA, 199.9 mA, and
1999 mA full scale. Accuracy is *=0.5% of reading
#+2 counts from +15°C to +40°C, £0.7% of reading
*+4 counts from 0°C to +50°C. Max input is 3 A (fuse
protected). Input impedance is 0.2 V/full scale cur-
rent +0.3 Q.

Resistance Range — 0 to 2 MQ in five ranges. 3a-
digit presentation 199.9 2, 1999 Q, 19.99 k2, 199.9 kQ,
and 1999 kQ full scale. Accuracy is =0.5% of reading
+1 count from +415°C to +40°C, =0.8% of reading
+2 counts from 0°C to -+50°C. Input is fuse pro-
tected.

Temperature Measurement Range — —55°C to -+150°C
in one range. 3% digit presentation to +150°C. Ac-
curacy (-+5°C to -+40°C ambient) is *=1°C from
—55°C to }+125°C, £2°C above +125°C. Accuracy
(0°C to -+50°C ambient) is *=2°C from —55°C to
-+125°C, *=3°C above -}125°C.

Setting Time — 1.5 s or less (voltage, current, and
resistance modes). ‘

7D13

Polarity — Automatic indication.

Max Common-mode Voltage — 1.5 kV peak between
two terminals and ground.

Normal-mode Rejection Ratio — At least 30 dB at
60 Hz, increasing at 20 dB/decade.

Common-mode Rejection Ratio — With a 1 kQ imbal-
ance, at least 100 dB at dc; 80 dB at 60 Hz.

Overrange Indication — When overrange occurs, the
readout blinks and the most significant digit displays
a 2.

Recycle Time — 5 measurements per second.

Temperature Out — 10 mV/°C into a load of at least
2 kQ.

Included Accessories — P6058 Voltage/Temperature
Probe package (010-0260-00); pair of test leads (0083-
0120-00).

Order 7D13 Digital Multimeter . . .. .. $805

7D13 OPTION

Order Option 02
without P6058 Probe . ............ Sub $90

P6058 PROBE

The P6058 Probe is a combination 1X dc
voltage and temperature measuring device.
The temperature-sensing element consists
of a transistor installed in the tip that plugs
into the end of the probe body. For voltage
measurements, a twelve inch and five inch
“common” (low) strap is provided. There
is no external ground on the P6058 body;
ground or the low-potential point of the cir-
cuit under test is referenced to the common
strap, a floating common that has no tie to
chassis ground. This lead may be floated at
up to 40 V dc above chassis ground. The
probe tip may be 500 V above ground.

The retractable hook tip must be used on
the probe when voltage measurements are
made.

Temperature is measured by appl&ing the
flat surface of the probe tip to the device to
be measured.

Dc Voltage Range — 0 to 1000 V. Accuracy is %0.1%
of reading =1 count. ° d

Max Safe Input — 500 V peak between high and com-
mon; 40 V peak between common and chassis ground.

Temperature Range — See the 7D13 for the accuracy
of a P6058/7D13 combination.

Cable — 46 in including probe body. Output connector
is four-pin locking type for attaching the P6058 to
the 7D13. Supplies power to the probe sensor tran-
sistor and signal to the digital multimeter.

Net Weight — Approx 5 oz.

P6058 Voltage/Temperature Probe

Order 010-0260-00 ................. $135
Includes P6058 Probe (010-0259-00): probe retractable
hook tip (013-0121-00); 12 in ground lead screw-in

(175-0991-00); - two miniature alligator clips (344-
0046-00).
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7D14
7D15

‘TRIGGER -~ W
- LEVEL/SLOPE

7D14

Frequency Measurements Directly to
525 MHz

Trigger Indicator Display
No-warm-up Oscillator
50-0 and 1-MQ Inputs

Signal Conditioning via
Mainframe Trigger Source

Lit Pushbuttons

The 7D14 is a directly gated digital counter
plug-in unit designed for use in all 7000-
Series Oscilloscope Mainframes with crt
readout. It will function in any plug-in com-
partment. The 7D14 has three modes of
operation: frequency—0 to 525 MHz, fre-
quency ratio (A/B)—0 to 10*1 and total-
ize—0 to 10°

The 7D14 counts directly to 525 MHz. The
gated approach makes possible “single
event” counting which is frequently very de-
sirable in rapid burst measurements. The
resolution and accuracy can be improved by
increasing the measurement interval.

Measurements which were previously impos-
sible can now be made with an oscilloscope
having a digital counter plug-in. By locating
the counter in one of the vertical compart-
ments of the oscilloscope and operating the

scope in the delaying time-base mode, the -

B sweep (delayed sweep) can drive the
counter gate. By doing this, signals may be
displayed on the screen. Those being count-
ed will be intensified.

With the 7D14 in a vertical compartment, the
output of its trigger circuit can be displayed
directly on the crt. This provides an indica-
tion of the actual triggering point, thus many
signals that were difficult to trigger on in the
past can now be measured with much
greater reliability. Selective triggering is now
possible too.

When the 7D14 is used in a horizontal plug-
in compartment, a signal connected to a
vertical plug-in may be internally routed to
it by the trigger source switches. All the
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7000-Series Digital Counter and Universal Counter/Timer

7000-Series Vertical Plug-ins are available
as signal conditioners for the counter. An-
other advantage is the reduction of circuit
loading. One connection to the oscilloscope
deflects the vertical and provides the input
for the counter.

FREQUENCY MEASUREMENTS

Input — Channel A, 0 to 525 MHz. Upper bandwidth
may be restricted to 5 MHz to filter incoming high
frequency noise.

Measurement Interval (Time Base) — 1 ms to 10 s in
five decade steps. Up to 0.1 Hz resolution can be
obtained.

1

total count

Time-base Stability — Within =*0.00005%, 0°C to
+4-50°C ambient temperature.

Accuracy — Within = =+ time base.

Long-term Drift — 1 part or less in 107/month.

Input Characteristics

Channel A Channel | Internal
B Trigger
50 Q 1 MQ Source
Dc- Dc to Dc to Ac- Ac-
coupled | 525 MHz | 525 MHz coupling|coupling
only only
Ac- 200 kHz |5 Hz to 10 Hz to |5 Hz to
coupled | to 525 MHz 2 MHz 525 MHz*
525 MHz
Sensi- 100 mV |100 mV p-p [800 mV |1.5

tivity p-p (35 |(35 mV rms) | p-p graticule
mV rms) div*
Input 50 @ 1 MQ 10 k2 Depends on
R&C ~20 pF ~30 pF |amplifier
plug-in
used
Max 10V rms|200V (dc + |15V (dc |Depends on
Voltage peak ac) to | -+ peak [amplifier
5 MHz ac) to plug-in
50V (dec + |2 MHz used
peak ac)
5 MHz to
525 MHz

*Bandwidth and sensitivity limited by mainframe,
sensitivity derated above 150 MHz. \

FREQUENCY RATIO

Range — Channel A: 0 to 525 MHz.
Channel B: 10 Hz to 2 MHz.

TOTALIZE
Range — 0 to 108,

Gating — Operated manually or with an electrical
gate. The external gate input is compatible with the
sweep gate from the oscilloscope mainframe. Reset
and external gate signals compatible with TTL logic.

MONITORS

Monitor/Ext Gate — Provides crystal-based time
markers of -5 V; width determined by the measure-
ment interval.

REF FREQ/CH B Monitor — Provides a crystal-based,
1-MHz, +5 V output pulse. This connector functions
as CH B input in the EXT IN mode.

READOUT

Display — Eight digits with leading zero suppression,
positioned decimal, MHz or kHz legend.

Display Time — 0.1 to 5 s; also a preset position for
infinite display time.

TRIGGERING

Level/Slope Range — + and —0.5 V with INPUT at
100 mV.

Displayed Trigger Indicator — Displayed amplitude of
Schmitt trigger output is approx 0.2 div.

Included Accessory — BSM male to BNC female
adapter (103-0036-00).

Order 7D14 Digital Counter ........ $1870

e

7D15

Oscilloscope-controlled Time and
Frequency Measurements

10 ns “Single-shot” Time Interval
Measurement Resolution

Time Interval Averaging
Crt Display of Counting Interval
10 ps Period Averaging Resolution

Frequency Measurements Directly
to 225 MHz

Signal Conditioning via Mainframe
Trigger Source

Lit Pushbuttons

The 7D15 is a universal counter/timer de-
signed for use in all 7000-Series Oscillo-
scope Mainframes with crt readout.

The 7D15 offers all the measurement capa-
bilities of the counter/timer, such as time
interval, period, frequency, frequency ratio,
totalize, and manual stop watch.

Three displays, the pseudo gate, Ch B
Schmitt trigger output, and true gate, are
selectable by a 7D15 front-panel switch and
are also available at a front-panel connector.

The 7D15 can also be completely controlled
by the oscilloscope’s delayed gate. Arming
inputs are provided for each channel. By
using the delayed B gate to control the start
and stop count points, visually selective
measurements can be made at any point on
the crt display.

Two identical high-speed trigger circuits
provide complete signal processing. lden-
tical trigger circuits also allow single-shot
time interval measurements to be made with
10 ns resolution. With repetitive signals,
time interval averaging will increase the ac-
curacy of a measurement by a factor of ten
or more.

The 7D15 has high resolution because of a
10 ns clock, one of five clock positions ob-
tainable from the front panel. A front-panel
Clock Out connector makes the selected



Modes of Operation

T— Dc to 225 MHz
Frequency . Resolution 0.1 Hz maximum
Mode >
Accuracy Errsathz) = £ T8 * £, 5
10 ns to 105 seconds with averaging times
Range of X1 to X1000 in decade steps.
Period and Resolution: 10 picoseconds maximum
Multi-Period i 2E P
Mode g d():iTB'P-rmgi npk ek
Accuracy period(s in M“ dv M
— M
dt
6 ns to 105 seconds with averaging times
Time Interval Range of X1 to X1000.
Tl and (Tl 0.1 ns resolution (usable)
Average)
Mode Accuracy Pek . 2Enpk
Worst Case riisi * 2 TE VB T —"010" 2p
inal M >
(Nominal) ==
Fequererfatio. | Range | 1071010
Manual Stop Watch Range 0 to 105 seconds
Totalize, Ch B Range 0 to 108 counts

NOTE: Formulas given where € is the error; TB (expressed as a decimal) is the
time base accuracy: Pin is the period or time interval of unknown signal; M is the
number of averages given; Pc is the measurement clock period; T is the gate time;
fin is the frequency of the unknown signal; Enpk equals peak noise pulse amplitude
as presented to Schmitt trigger circuit; dv/dt equals signal slope at input to Schmitt
trigger (volts per second). These formulas were used to develop the associated charts.

FREQUENCY MODE

1000

P

™T=TrTTrT

O1sec

Measurement interval /
4

™11

(R EE]

Conditions:

+ -

Internal oscillator

-

Within 3 months since calibration _|

* 0-50°C operation

Trigger recognition occurs only
at desired point on waveform -
no false triggering

nl..l e gl
™t

WORST CASE MEASUREMENT ERROR - (Hz)

L e e

M T

3
™ L

1000Hz 100MHz

Fig 1. Oscilloscope-controlled digital measurements
using the delayed B gate as the arming input logic
allow user to make precise time interval measurement
from third to seventh pulse on crt display. Counter Ch
A is “armed’’ with leading edge of B gate while Ch B
Counter is “armed’” with falling edge of B gate.
Lower trace is pseudo gate of 7D15. Crt readout dis-
plays the result of 2325.295 us.

result of 151.0 ns.

NOMINAL MEASUREMENT ERROR 10, 100, 1000, AVERAGES

WORST CASE MEASUREMENT ERROR - PERIOD MODE

ACCURACY

TIME INTERVAL MODES

1ms Clock 1 Average

7D15 Universal Counter/Timer
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= = effective counter hysteresis R Gion 1 Himyge
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e * * Signal rise times as encountered
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g 4 " When more than one average is
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TIME INTERVAL MEASURED
PERIOD MODE
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i ‘ 1
100us 1ms Clock 10 Averages |
T ‘ '
10us Clock 1 Average | ‘ ‘ —
10us F —_ . T t |
¥ | | |
T | |
1 1us Clock 1 Average |
S
S E
+ | \_/
100ns 100ns Clock 1 Average — - _
|
T ‘ |
T  10nsClock 1 Average ‘L»
1 : L ; = -
iy =3 Conditions:
T * Internal oscillator
|
s 10ns Cldek 10 Averages * 0-50° operation
¥ * Within 3 months since calibration
1 ‘ i E * Peak noise level does not exceed
10ns Clock 100 Averages / ‘ -
100ps E — —+—— effective counter hysteresis -
¥ |
I / * Signal rise times as encountered
1 in typical TTL logic environments
10ns Clock 1000 Averages | |
10ps S A+ e

10ns

Fig 2. The propagation delay time between the input
of a delay line (upper trace) and the output of the delay
line (middle trace) is measured digitally. Lower trace
is 7D15 pseudo gate display. Crt readout displays the

'
t
1000s Tus 10us

b
T
1

100ps

PERIOD MEASURED

ms

154392

100ms s 10s

-~ )200nS

Fig 3. Independent slope and level control allows the
user to visually select precise points on the waveform
where the counter starts and stops. Crt readout dis-
plays the result of 1543.9 ns.
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7M11
7511
7T11

clock signal available at a front-panel con-
nector. This provides a time mark function
that is TTL compatible and will drive a 50 Q
load.

The Ext Clock In connector allows an ex-
ternal 1 MHz timing standard to be used for
measurements requiring a higher degree of
accuracy than that provided by the internal
time base.

The 7D15 may be used in vertical or hori-
zontal compartments of 7000-Series Main-
frames. It provides a full 8 digit crt display
with leading zero suppression and posi-
tioned decimal. Legend and averaging in-
formation appear at the bottom of the crt
display.

INTERNAL TIME BASE

Crystal Oscillator — Accuracy: within 0.5 ppm (0°C
to +50°C ambient). Long-term drift: 1 part or less in
107 per month. Oscillator is temperature compensated;
no warm up is required.

OUTPUT SIGNALS

Clock Out — Logical 1 = 0.5 V into 50 Q. Logical 0
<< 0 V into 50 Q. TTL compatible without 50 @ load
(1.6 mA current capacity).

A and B Trigger Level — Zout =~ 1 k@, Vout = *0.5
V into 1 MQ.

Displayed Waveform (Internally Connected) — Front-
panel switch selects true gate, pseudo gate, or chan-
nel B signal out. Position controlled by front-panel
screwdriver control.

External Display — Same as internal except position
control has no effect.

Display Mode Switch — Allows selection of readout
“follow or store.”

Display Time — 0.1 to 5 s; also a preset position for
infinite display time.

Readout — Eight-digit display; the four most signifi-
cant have zero suppression. Overflow indicated by a
> symbol.

INPUT SIGNALCHA & B

Frequency Range (CH B only) — Dc-coupled: dc to
225 MHz. Ac-coupled: 5 Hz to 225 MHz.

Sensitivity (CH A and B Inputs) — 100 mV p-p. Trigger
source: 0.5 division to 100 MHz, 1.0 division to 225
MHz, or to the vertical system bandwidth, whichever
is less.

Input R and C — 1 MQ and 22 pF.

Triggering (Preset Position) — Automatically triggers
ato V.

Level Control Range (CH A and B Inputs) — 100-mV
range: =500 mV. 1-Vrange: =5 V. 10-V range: =50 V.

Arming Inputs — Input R and C: 10 k@ and 20 pF.
Sensitivity arm A: logical 1 = +0.5 V, logical 0 <
+0.2 V. Sensitivity arm B: logical 1 < 0.2 V, logical
0> +405V. ;

External Clock-In — 20 Hz to 5 MHz.

Reset Front Panel — Reset readies the instrument. All
counters are affected, including averaging circuits.

Included Accessories — Two cables RF 44 in (012-
0403-00, Sealectro to BNC connector).

Order 7D15 Universal
Counter/Timer ................... $2000
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7000-Series Dual Delay and Sampling and Sampling Sweep Units

DELAY
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TYPE 5-2
SAMPLING HEAD
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SAMPLING UNIT
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7M11

75 ns Time Delay
Selectable Trigger Out
175 ps Rise Time

The 7M11 is a passive dual delay line unit
for use with the 7000-Series Sampling Sys-
tem. In low-repetition-rate applications re-
quiring the sequential mode of operation,
the 7M11 provides the trigger source and
signal delay necessary to view the triggering
event at fast time-per-div settings.

Vertical delay for two 7S11 vertical sampling
units is available with the dual 50 @, 75 ns
delay lines. The closely matched (30 ps)
lines have GR874 input-output connectors,
175 ps rise time, and 2X signal attenuation.
Trigger selection is from either input, 5X
attenuated, with a rise time of 600 ps or less.

CHARACTERISTICS
DELAY LINE

Time Delay — 75 ns within 1 ns.

Delay Difference — 30 ps or less between channels.
Rise Time — 175 ps or less.

Attenuation — 2X within 2% into 50 .

Input Impedance — 50 Q within 2%.

Max Input Voltage — =5 V rms.

TRIGGER OUTPUT

Rise Time — 600 ps or less.

Attenuation — 5X within 10% into 50 Q (referred to
INPUT).

Output Impedance — 50 £ within 10%.

Ambient Temperature — Performance characteristics
are valid over an ambient temperature range of 0°C
to +4-50°C.

INCLUDED ACCESSORIES

10 in BNC cable (012-0208-00); two 2 ns GR cables
(017-0505-00).

Order 7M11 Delay Line Unit .. ....... $495

7811

2 mV/div to 200 mV/div
Calibrat_ed Deflection Factors

Plug-in Sampling Heads

The 7S11 is a single-channel sampling unit.
The input configuration employs the sam-
pling plug-in head concept. The heads,
which mount in the 7S11, range in band-
width from 350 MHz to 14 GHz.

The 7S11 can be used in a variety of com-
binations. Single-channel sampling uses one
7511 with a 7T11 Time Base. Two 7S11s and
one 7T11 provide dual-trace sampling. One
7811 and one 7S12 provide dual-trace sam-
pling. Two 7S11s can be used for X-Y oper-
ations.

CHARACTERISTICS

Deflection Factor — 2 units/div to 200 units/div in 7
steps (1-2-5 sequence), accurate within 3%. Uncali-
brated VARIABLE is continuous (extends deflection
factor from 1 unit/div or less to at least 400 units/div).
Deflection factor is determined by the plug-in sam-
pling head.

Bandwidth — Determined by the sampling head.
Input Impedance — Determined by the sampling head.

Dc Offset — Range, +1 V to —1 V or more. Offset
out is X10 the offset voltage within 2%. Source R is
10 k2 within 1%.

Delay Range — At least 10 ns for comparing two sig-
nals in a dual-trace application.

Memory Slash — 0.1 div or less at 20 Hz.

Vertical Signal Out — 200 mV per displayed div within
3%.

Ambient Temperature — Performance characteristics
are valid over an ambient temperature range of 0°C
to 4+50°C.

Order 7811 Sampling Unit
without Sampling Head ............. $920



7T11

10 ps/div to 5 ms/div Calibrated Time Base
Random or Sequential Sampling
Equivalent or Real-time Sampling

No Pretrigger Required

The 7T11 Sampling Time Base provides ||

equivalent-time and real-time horizontal de-
flection for single- or dual-trace sampling.
Timing accuracy is within 3% and nonlin-
earity is well below 1%. Triggering range
is from =~ 10 Hz (sequential mode) to above
12.4 GHz.

CHARACTERISTICS

Time/Div Range — 10 ps/div to 5 ms/div (1-2-5 se-
quence) directly related to time position ranges. Un-
calibrated VARIABLE is continuous between steps to
at least 4 ps/div.

Time Position Range — Equivalent time is 50 ns to 50 '

us in 4 steps; real time is 0.5 ms to 50 ms in 3 steps.

Time/Div Accuracy — Within 3% for all time/div set-
tings over center 8 cm.

TRIGGERING

Ext 50-Q Input — Frequency range is dc to 1 GHz in
X1 TRIG AMP mode. Sensitivity range is 12.5 mV to
2 V p-p (dc to 1 GHz) in X1 TRIG AMP, 1.25 mV to
2 V p-p (1 kHz to 50 MHz) in X10 TRIG AMP. Input R
is 50 © within 10%. Max input voltage is 2 V (dc +
peak ac).

Ext 1-MQ Input — Frequency range is dc to 100 MHz
in X1 TRIG AMP mode. Sensitivity range is 12.5 mV to
2 V p-p (dc to 100 MHz) in X1 TRIG AMP, 1.25 mV to
2 V p-p (1 kHz to 50 MHz) in X10 TRIG AMP. Input R
is 1 MQ within 5%. Max input voltage is 100 V p-p
to 1 kHz (derating 6 dB per octave to a min 5 V p-p).

Ext HF Sync — Frequency range is 1 GHz to 12.4
‘GHz. Sensitivity range is 10 mV to 500 mV p-p. Input
R is 1 MQ. Max input voltage is 2 V p-p.

Int Trigger Source (Sine-wave Triggering)* — Fre-
quency range is 5 kHz to 500 MHz in X1 TRIG AMP;
5 kHz to 50 MHz in X10 TRIG AMP. Sensitivity range
is 125 mV to 1 V p-p (referred to the vertical input) in
X1 TRIG AMP; 12.5 mV to 1 V p-p (referred to the
vertical input) in the X10 TRIG AMP.

Random Mode Trigger Rate — 100 Hz min.

Display Jitter — Measured under optimum trigger con-
ditions with TIME/DIV switch clockwise.

Time Pos Range Sequential Mode Random Mode
50 us to 500 ns 0.4 div or less 1 div or less
50 ns 10 ps 30 ps

Pulse Out — Positive pulse amplitude at least 400 mV
(into 50 Q) with 2.5 ns rise time or less.

*Trigger circuits will operate to dc with pulse trigger-
ing, except for HF Sync.

Trigger Kickout — 2 mV or less into 50 @ (except HF
SYNC).

Display Scan Rate — Continuously selectable from at
least 40 sweeps/s to less than 2 sweeps/s.

External Scan — Deflection factor is continuously vari-
able from 1 V/div to 10 V/div. Input R is 100 k@2 within
10%. Max input voltage is 100 V (dc + peak ac).

Sweep Out — 1 V/div within 2%. Source R is 10 kQ
within 1%.

Ambient Temperature — Performance characteristics
are valid over an ambient temperature range of 0°C
to +50°C.

INCLUDED ACCESSORIES

42-in BNC 50 Q cable (012-0057-01); 10X 50 Q at-
tenuator (011-0059-02); SMA (3 mm) male to BNC ad-
apter (015-1018-00); SMA (3 mm) male to GR874
adapter (015-1007-00).

Order 7T11 Sampling Sweep Unit . .$2680

7000-Series TDR and General-Purpose Sampler
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7512

45 ps TDR or 30 ps
General-purpose Sampler

6 Plug-in Sampling Heads Available
2 Plug-in Pulse Sources Available

1 Trigger Recognizer Head Available
1 Trigger Countdown Head Available

The 7512 is a combined vertical-horizontal, double-
width plug-in for high-resolution tdr or general-purpose
sampling measurements. As a tdr using the S-6 Sampl-
ing Head and S-52 Pulse Generator Head, the 7512
has a system rise time of 45 ps (return from short-
circuit termination) and distance range to 290 ft in
any cable. Its vertical scale is calibrated in reflection
coefficient (p) from 2 mp/div to 500 mp/div and in
voltage from 2 mV/div to 500 mV/div. Two-way time
or one-way distance to a, discontinuity of interest is
read directly from tape dial calibrated for time, air,
polyethylene, or your choice of dielectrics. As a long
line tdr using the S-5 Sampling Head and S-54 Pulse
Generator Head, distance calibration extends to 4900
ft (air line) and discontinuities to twice this distance
may be viewed. System rise time with this combina-
tion is 1.5 ns.

General-purpose measurements may be made by using
an S-1, S-2, S-3A, S-4, S-5, or S-6 Sampling Head with
an S-53 Trigger Recognizer Head or S-51 Trigger
Countdown Head. For dual-trace sampling displays,
use a 7S11 Sampling Unit with a 7S12. The addition of
a 7M11 Dual Delay Line provides the signal delay
necessary to view the triggering event when a pre-
trigger signal is not available.

CHARACTERISTICS
System Performance with S-6 and S-52
System Rise Time — 35 ps or less for the incident

step. 45 ps or less for the displayed reflection from
a short-circuited, 1 ns test line.

Time and Distance Ranges — Direct-reading tape dial
gives calibrated one-way distance to at least 400 ft
(air line). Time range is at least 0.9 us round trip.
Both ranges are limited by the duration of the pulse
from the S-52,

Pulse Amplitude — At least +200 mV into 50 €.

Input Characteristics — Nominal 50 (2, feed-through
signal channel (termination supplied). SMA (3 mm)
connectors.

Jitter — Less than 10 ps (without signal averaging).

Aberrations — +7%, —7%, total of 10% p-p within
1.8 ns of step with reference point at 1.8 ns from step;
+2%, —2%, total of 4% p-p after first 2.5 ns with
reference point at 300 ns from step.

TDR System Performance with $-5 and S-54

System Rise Time — 1.5 ns or less for the displayed
reflection from a short-circuited test line.

NANIAHLE (CAL W

7512

Time and Distance Ranges — Direct-reading tape dial
gives calibrated one-way distances to 4900 ft air line,
3240 ft solid polyethylene. Time range is 20 us round
trip.

Pulse Amplitude — At least +400 mV into 50 Q.

Ihput Characteristics — Nominal 50 {2 test-line con-
nection (cable and T supplied). BNC connectors.

Jitter — Less than 20 ps (without signal averaging).

Aberrations — +4%, —6%, total of 10% p-p within
first 17 ns of step; +1.5%, —1.5%, total of 3%
thereafter.

OTHER 7512 CHARACTERISTICS

Vertical Scale — Calibrated in mp (reflection coeffi-
cient X10-3) and mV from 2 to 500 units/div in 8 steps
(1-2-5 sequence), accurate within 3%. Uncalibrated
VARIABLE is continuous between steps.

Resolution — Reflection coefficients as low as 0.001
may be observed. Signal averaging reduces test-line
noise in display.

Dc Offset Range — +1 V to —1 V. Allows open-circuit
reflections to be displayed at full sensitivity. Monitor
jack provides X10 dc offset through 10 k.

Time/Distance — Tape dial is calibrated in time and
distance: full-scale ranges of 4900 ft, 490 ft, 49 ft
(air dielectric); 3200 ft, 320 ft, 32 ft (polyethylene
dielectric); and 10 us, 1 s, 0.1 us (time). Accurate
within 1%. Distance calibration may be preset for
dielectric having propagation factors from 0.6 to 1.
Time/Div — 20 ps/div to 1 us/div (1-2-5 sequence) in
three ranges with direct-reading magnifier. Accurate
within 3%. Uncalibrated variable is continuous be-
tween steps.

Locate Button — Provides instant return to unmagni-
fied display showing entire full-scale range. Bright-
ened portion of trace indicates time position and
duration of magnified display.

Display Modes — Repetitive or single sweep, manual
or external scan.

Signal Outputs — Pin jacks provide both vertical sig-
nal and sweep outputs.

INCLUDED ACCESSORIES
750 ps rigid "'U'" delay line (015-1017-01); short-circuit
termination (015-1021-00); tdr slide rule (003-0700-00).
Order 7512 TDR Sampling Unit
(Tape Dial in Feet) without

Sampling Heads . ................ $1925

Order Option 03 Tape Dial

Change (Meters) ........ ......Nocharge
OPTIONAL ACCESSORIES

Patch Cords — available for the OFFSET OUT, EXT
SWEEP INPUT, VERT SIG OUT, and SWEEP OUT
jacks of the 7812, Pin-jack to pin-jack, 0.08 in dia. pin.

Red, 8 in, Order 012-0179-00 ................. $3.50
Red, 18 in, Order 012-0180-00 ................ $3.50
Black, 8 in, Order 012-0181-00 ................ $3.50
Black, 18 in, Order 012-0182-00 ............... $3.50
Tape Dial (Calibrated in Feet)

Order 331-0273-00 .............c.covvrivnennnn $12.50
Tape Dial (Calibrated in Meters)

Orde 3B 027800 ..o o s eteos o8 iasertea o Shopmin @ $12.50

3 ft Sampling-Head Extender, Order 012-0124-00 .$165
6 ft Sampling-Head Extender, Order 012-0125-00 .$170

NOTE: See 1502-1503 Portable TDR Cable Tester on page 183.
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S-1/S-2
S-3A/S-4
S-5

TYPE -1
SAMPLING HEAD

S-1
Dc-to-1 GHz Bandwidth -
Clean Transient Response

The S-1 Sampling Head is a low-noise, 350-ps rise
time unit with a 50 Q input impedance. The S-1 can
be plugged in or attached by a cable for remote use.
A trigger pickoff within the S-1 provides a trigger
signal output from the plug-in unit.

Rise Time — 350 ps or less.

Bandwidth — Equivalent to dc to 1 GHz at 3 dB down.

Transient Response — Aberrations as observed with
the 284 Pulse Generator are +0.5%, —3% or less,
total of 3.5% or less p-p, first 5 ns following the step
transition; +0.5%, —0.5% or less, total of 1% or
less p-p after 5 ns.

Displayed Noise — 2 mV or less, unsmoothed; 1 mV,
smoothed.

Signal Range — Variable dc offset allows signals be-
tween +1 V and —1 V limits to be displayed at
2 mV/div. Signals between +2 V and —2 V limits
may be displayed at 200 mV/div. For best dot re-
sponse with random-sampling sweep unit, signal amp-
litude should be less than 500 mV p-p.

Input Characteristics — Nominally 50 (2. Safe overload
is =5 V. GR874 input connectors.

Included Accessories — 5 ns, 50 £ RG58 A/U cable
(017-0512-00); 10X, 50 ¢ GR attenuator (017-0078-00).

Order S-1 Sampling Head ........... $650

S-2
Dc-to-4.6 GHz Bandwidth

Displayed Noise Less than
6 mV (Unsmoothed)

The S-2 Sampling Head is a 75 ps rise time unit with
a 50  input impedance. The S-2 can be plugged in or
attached by a cable for remote use. A trigger pickoff
within the S-2 provides a trigger signal output from
the plug-in unit.

Rise Time — 75 ps or less.

Bandwidth — Equivalent to dc to 4.6 GHz at 3 dB
down. \

Transient Response — Aberrations as observed with
the 284 Pulse Generator are +5%, —5% or less, total
~of 10% or less p-p, first 2.5 ns following a step tran-
sition; +2%, —2% or less, total of 4% or less p-p
after 2.5 ns.

Displayed Noise — 6 mV or less, unsmoothed; 3 mV,
smoothed.

Signal Range — Variable dc offset allows signals be-
tween +1 V and —1 V limits to be displayed at 2 mV/
div. Signals between +2 V and —2 V limits may be
displayed at 200 mV/div. For best dot response with
random-sampling sweep unit, signal amplitude should
be less than 200 mV p-p.

Input Characteristics — Nominally 50 ©2. Safe overload
is =5 V. GR874 input connectors.

Included Accessories —5 ns, 50 @ RG213/U cable
(017-0502-00); 10X, 50 © GR attenuator (017-0078-00).

Order S-2 Sampling Head .......... $780

OPTIONAL ACCESSORIES
P6040/CT-1 Current Probe,

Order (Std) 015-0041-00 ...................... $100
P6056 10X Passive Probe,
Order (Std) 010-6056-03 ..................... $115
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P6057 100X Probe,

Order (Std) 010-6057-03 ...................... $115

Coupling Capacitor, GR874-K,

Order 017-0028-00 ..............ciivirvneennn. $60

Power Divider GR874-TPD,

Order 017-0082-00 .............cciviirrirnnnnn. $225

GR to BNC Adapter,

Order 017-0063-00 ..................coiivuunn. $25
S-3A

Compact, 4.5 Ft, 100 k2, 2.3 pF Probe
Dc-to-1 GHz Bandwidth

Displayed Noise Less than 3 mV
(Unsmoothed)

The S-3A Sampling Head is an active sampling-probe
unit with 100 k2, 2.3 pF input impedance. Up to 2 V
of dc offset may be used while maintaining a 2 mV/
div deflection factor.

Rise Time — 350 ps or less.

Bandwidth (Probe Only) — Equivalent to dc to 1 GHz
at 3 dB down.

Transient Response (Probe Only) — Aberrations in the
first 2 ns following a step are +8%, —2% or less,
total of 10% or less p-p, +1%, —1% or less, total of
2% or less p-p after 2 ns, with 284 pulse displayed.

Displayed Noise (Probe Only) — 3 mV or less referred
to probe tip (includes 90% of dots).

Signal Range — Variable dc offset allows signals be-
tween +1 V and —1V, X1 range, or +2 V and —2 V,
X2 range, to be displayed at 2 mV/div. The signal
range may be increased X10 or X100 with the probe
attenuators.

Included Accessories — 10X attenuator head (010-
0364-00); 100X attenuator head (010-0365-00); coupling
capacitor (011-0098-00); probe tip (206-0114-00); tip-
ground adapter (013-0085-00); two test-point jacks
(131-0258-00); 5%2 in ground lead (175-1017-00); 1212
in ground lead (175-1018-00); 3 in cable assembly
(175-0249-00); three ground clips (344-0046-00); end
cap (200-0834-00); two end caps (200-0835-00); probe
holder (352-0090-00); retractable hook tip (013-0097-
01); 50 Q voltage pickoff (017-0077-01); carrying case
(016-0121-01); 3 in elec lead (175-0849-00); 6 in elec
lead (175-0849-01).

Order S-3A Sampling Head . ......... $965

S-4
25 ps Sampling Head
Dc-to-14 GHz Equivalent Bandwidth

Displayed Noise Less than 5 mV
(Unsmoothed)

The S-4 Sampling Head is a 25 ps rise time unit with
a 50 Q input impedance. The S-4 can be plugged into
the sampling unit or attached by a sampling head
extender for remote use. A trigger pickoff within the
S-4 provides a trigger signal output from the plug-in
unit.

Rise Time — 25 ps or less.

Bandwidth — Equivalent to dc to 14 GHz at 3 dB down.

Transient Response — Aberrations in the first 400 ps
following a step from an S-52 Pulse Generator Head
are —10%, +10% or less, total of 20% or less p-p.

TYPE 5.5
SAMPLING HEAD

From 400 ps to 25 ns following a step from a 284 Pulse
Generator, 0%, +10% or less, total of 10% or less
p-p with 284 pulse displayed; after 25 ns, —2%,
+2% or less, total of 4% or less p-p.

Displayed Noise — 5 mV or less, unsmoothed; 2.5 mV,
smoothed (includes 90% of dots).

Signal Range — Variable dc offset allows signals be-
tween +1 V and —1 V limits to be displayed at 2 mV/
div. For best dot-transient response with random-
sampling sweep unit, signal amplitude should be less
than 500 mV p-p.

Input Characteristics — Nominally 50 (). Safe overload
+5 V. SMA (3 mm) input connector.

Included Accessories — 2 ns cable with SMA con-
nectors (015-1005-00); 10X 50 Q@ SMA attenuator (015-
1003-00); GR874 to SMA male adapter (015-1007-00);
SMA male-to-male adapter (015-1011-00); 5/16 in
wrench (003-0247-00).

Order S-4 Sampling Head ...... ... $1435

S-5
1 MQ, 15 pF Input Impedance
Passive Probe
Internal Trigger Pickoff

The §-5 Sampling Head is a low-noise, 1 ns rise time
sampling unit with a 1 MQ, 15 pF input impedance.
When used with the included P6010 passive probe, the
input impedance increases to 10 MQ, 10 pF while
maintaining the 1 ns rise time at the probe tip. A
switch on the sampling head selects either ac or dc¢
coupling of the input.

Rise Time — S-5 only, 1 ns or less; with 3.5 ft P6010,
1 ns or less.

Bandwidth — Equivalent to dc to 350 MHz at 3 dB
down at input connector or probe tip.

Transient Response — S-5 only (driven with a 50
source terminated in 50 Q): aberrations +2.5%, —5%
or less, total of 7.5% or less p-p within 17 ns after
step; +1%, —1% or less, total of 2% or less p-p
thereafter.

S-5/P6010 (3.5 ft probe, properly compensated): aber-
rations +5%, —5% or less, total of 10% or less p-p
within 25 ns after step; +1%, —1% or less, total of
2% or less p-p thereafter.

Displayed Noise — S-5 only, 500 uV or less (includes
90% of dots). S-5/P6010, 5 mV or less (includes 90%
of dots).

Signal Range — S-5 only: dc coupled, 1 V p-p from
+1 V to —1 V; ac coupled, 1 V p-p. S-5/P6010: dc
coupled (dc + peak ac), 10 V p-p; ac coupling, dc
voltage, 100 V.

Input Characteristics — S-5 only, 1 MQ within 1%
paralleled by 15 pF. S-5/P6010, 10 MQ paralleled by
approx 10 pF.

Attenuator Accuracy — Probe attenuation is 10X with-
in 3%.

Included Accessories — P6010 probe package (010-
0188-00), 50 © termination (011-0049-01).

Order S-5 Sampling Head ....... ... $650

OPTIONAL ACCESSORIES
Probe Tip-to-BNC Adapter,

Order D1 3-0084-0 . i 0 e e 5 i 2 e e st $8
Probe Tip-to-GR Adapter,

Order (0170076000 s i © snie $32
Probe Tip-to-GR Terminated Adapter,

Order 017-0088-00 .. ............ccovvvuivnnnnnn $42
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S-6
30 ps Rise Time

Displayed Noise Less than 5 mV
(Unsmoothed)

Loop-through Input

The S-6 Sampling Head is a 50 @ feed-through unit
for high-speed applications.

Rise Time — 30 ps or less. 35 ps or less as observed
with S-52 Pulse Generator.

Bandwidth — Equivalent to dc to 11.5 GHz at 3 dB
down.

Transient Response — Pulse aberrations following the
steps are +7%, —7%, total of 10% p-p within 1.8 ns
of step with reference point at 1.8 ns from step; +2%,
—2%, total of 4% p-p after first 2.5 ns with reference
point at 300 ns from step.

Displayed Noise — 5 mV or less, measured tangen-
tially. \

Signal Range — +1 V to —1 V (dc + peak ac). 1V
p-p. Dc offset allows any portion of input signal to
be displayed.

Input Characteristics — Nominally 50 €, loop-through
system, unterminated. SMA (3 mm) connectors. Max
safe overload is =5 V.

Included Accessories — 50 @ termination (015-1022-
00); 1 ns 50 Q cable (015-1019-00); SMA (3 mm)
female-to-female adapter (015-1012-00); SMA male-to-
GR874 adapter (015-1007-00); combination wrench
(003-0247-00).

Order S-6 Sampling Head ......... $1345
OPTIONAL ACCESSORIES FOR

SAMPLING HEADS
with SMA (3 mm) Connectors

2X 50 Q0 Attenuator, Order 015-1001-00.......... $120
5X 50 Q Attenuator, Order 015-1002-00.......... $120
10X 50 @ Attenuator, Order 015-1003-00......... $120
50 Q Termination, Order 015-1004-00 .......... $60
2-ns 50 Q Signal Cable, Order 015-1005-00 ...... $70
5-ns 50  Signal Cable, Order 015-1006-00 ...... $125
Male-to-GR874 Adapter, Order 015-1007-00 ...... $50
Female-to-GR87 Adapter, Order 015-1008-00 ..... $55
Male-to-N Female Adapter, Order 015-1009-00 ...$50
Male-to-7-mm Adapter, Order 015-1010-00 ...... $175
Male-to-Male Adapter, Order 015-1011-00 ....... $20
Female-to-Female Adapter, Order 015-1012-00 ...$16
Coupling Capacitor, Order 015-1013-00 ........ $130
50 Q Power Divider T, Order 015-1014-00........ $200
500-ps 50 Q Semirigid Cable, Order 015-1015-00 ..$40
SMA T Adapter, Order 015-1016-00 ............. $30
SMA Male-to-BNC Female Adapter,

Order - 015-1018-00 . . .o iiv a6 0 emasivio s sivoeiamasenss $8
1-ns 50 Q Cable, Order 015-1019-00 ............ $75
SMA Male Short-Circuit Termination,

Order 015=1020=00 . . .. ; 5 »ote obivins siss o si@wis st $17.50
SMA Female Short-Circuit Termination,

Order 015-1021-00 ...........c.covivnuinnnnns $17.50

SMA Male 50 ( Termination, Order 015-1022-00. . .$32

With BNC Connectors
50 () Feed-through Termination,

Order: 01100895017 or 50 25 aise v oitmenioirianselim oin 028 $25
50 Q Feed-through (5 W), Order 011-0098-00 ...... $40
50 O 2X Attenuator, Order 011-0069-02 .......... $35
50 @ 2.5X Attenuator, Order 011-0076-02 ........ $35
50 Q 5X Attenuator, Order 011-0060-02 .......... $35
50 Q 10X Attenuator, Order 011-0059-02 ......... $35

50 Q 18 in, Coaxial Cable, Order 012-0076-02 ....$35
50 Q 42 in, Coaxial Cable, Order 012-0057-(_)1 ....$15

TYPE S5.51 -
TRIGGER
COUNTDOWN
- HEAD

S-51
18 GHz Countdown
10 ps or Less Trigger Jitter

The S-51 Trigger Countdown Head is a free-running
tunnel-diode oscillator designed to provide stable
sampling displays of signals up to 18 GHz. The S-51
has a front-panel sync control that synchronizes the
oscillator frequency to a subharmonic of the input
signal. The output from the S-51 is available at a
front-panel trigger output connector and through a
rear-panel connector for internal triggering. The out-
put signal is a direct countdown of the input and per-
mits triggering by a standard sampling time-base unit.

Input Signal — Frequency range is 1 GHz to 18 GHz.
Stable synchronization on signals at least 100 mV p-p,
as measured separately into 50 2, 5 V, p-p max.

Input Characteristics — 50 ! SMA (3 mm) connector.
Open termination paralleled by 1 pF.

Trigger Output — Front-panel trigger output is at least
200 mV into 50 2, BSM type connector. Internal trig-
ger output is at least 100 mV into 500 €, internally
connected to sampling unit. Jitter is 10 ps or less with
signals from 5 GHz to 18 GHz; 15 ps or less with sig-
nals from 1 GHz to 5 GHz. Kickout at signal input con-
nector is 400 mV or less; kickout occurs between
successive samples.

Order S-51
Trigger Countdown Head ........... $885

S-52
25 ps Rise Time
200 mV into 50 Q

50 Q Source
Pretrigger Output

The S$-52 Pulse Generator Head is a tunnel-diode step
generator designed for use with the 7512 as a high
resolution Time Domain Reflectometer.

For tdr applications, the S-52 features automatic bias
circuit control to eliminate effects of tunnel-diode and
load changes. A 50 @ reverse termination minimizes
reflections. The pulse width is sufficient for distances
up to 32 ft in any cable. A pretrigger output allows
the S-52 to be operated in sequential sampling sys-
tems without a delay line.

Pulse Output — Rise time is 25 ps or less. Amplitude
into 50 2 is at least 200 mV, positive-going. Pulse dur-
ation 800 ns, pulse period 16 us within 2 us. Pulse
aberrations following the step are +7%, —7%, total
of 10% p-p within 1.8 ns of step with reference point
at 1.8 ns from step, +2%, —2%, total of 4% p-p after
first 2.5 ns with reference point at 300 ns from step.

Pretrigger Output — Rise time is 1 ns or less. Ampli-
tude into 50 Q is at least 1 V, positive going. Pretrig-
ger pulse duration is 4 ns. Pretrigger occurs 85 ns
(within 5 ns) before the pulse output. Pretrigger to
pulse output jitter is 10 ps or less. Pretrigger output
is also available at rear connector for internal trigger-
ing of the sampling sweep unit.

Output Connectors — Pulse output uses an SMA (3
mm) connector. Pretrigger output uses a BSM con-
nector.

Included Accessory — 1 ns, 50 Q semirigid coax delay
line (015-1023-00).

Order S-52 Pulse Generator Head . .. .$885

552
|  russe Bevemaron

SAMPLING HEAD WEIGHTS (Approx)

S-1 S-2 S-3A S-4 S:5
Ib | kg |Ib | kg [Ib |kg [Ib | kg |[Ib | kg
Net |1 [05|1[05]|3|[14]1 [05[06]0.3

Ship- | 3 |14|3|14|5 123|2 |09]|2 |09

ping

S-6 S-51 S-52 S.-53 S-54
Ib (kg [Ib [ kg [Ib | kg [ Ib | kg | Ib | kg
Net |1 [o5|1 |05/|0.8]|0.3({08[0.3|08(0.3

Ship- | 5 |09 |5 [23|1 05| 1 |05]| 1|05

ping
S-53
Dc-to-1 GHz Operation

10 mV Sensitivity

The S-53 Trigger Recognizer Head is intended for
use with the 7S12 to permit operation as a general-
purpose sampling system. The S-53 supplies trigger-
ing for the 7512 or for other applications.

Input Characteristics — Frequency range is dc to 1
GHz. Sensitivity range is 10 mV to 2 V p-p into 50 @,
Kickout at input, =5 mV or less.

Output Characteristics — Rise time is 1 ns or less.
Amplitude is at least 1.5 V positive-going into 50 Q.
Pulse duration is 3 ns within 2 ns at the 50% ampli-
tude level. Pulse period is 27 us minimum. Trigger-to-
signal delay is 15 ns or less; jitter is 15 ps or less.

Connectors — Trigger input connector is BNC type.
Front-panel trigger output connector is BSM type.
Trigger output is also available at rear connector for
internal triggering. ,

Included Accessories — 42 in, 50 ©? cable (012-0057-
01); 10X 50 @ attenuator (011-0059-02).

Order S-53
Trigger Recognizer Head . .......... $650

S-54
1 ns Rise Time
Low Aberrations
400 mV into 50 @
50 Q@ Source

Variable Pretrigger Lead Time

The S-54 Pulse Generator Head is a step generator
designed for use with the 7812 as a long line Time
Domain Reflectometer unit.

Intended for tdr applications, the S-54 is 50 () reverse
terminated to minimize reflections and has a 0 V base
line to eliminate base line shift with load changes. A
continuously variable front-panel control enables ad-
justment of pretrigger lead time. The pretrigger output
allows the S-54 to be operated in sequential sampling
systems without a delay line.

Pulse Output — Rise time is 1 ns or less. Amplitude
into 50 Q is +400 mV or greater. Pulse duration is
25 us within 2 us. Pulse aberrations following the step
are +1.5%, —1.5%, total of 1.5% p-p, as displayed
with S-1 Sampling Head. Base line level is 0 V within
20 mV, terminated in 50 €.

Pretrigger Output — Rise time is 5 ns or less. Ampli-
tude into 50  is at least 200 mV, positive-going. Pre-
trigger pulse duration is 20 ns or less at the 50%
amplitude point. Pretrigger lead time is front panel
adjustable from 120 ns or less to 1 us or greater. Pre-
trigger-to-pulse-output jitter is 100 ps or less at 120
ns lead time to 1 ns or less at 1 us lead time.

Output Connectors — Pulse output uses a BNC con-
nector. Pretrigger output uses a BSM connector.

Included Accessories — BNC T connector, (103-0030-
00); 8 in 50 Q cable (012-0118-00).

Order S-54 Pulse Generator Head . .. .$545
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7514

7514
Calibrated Delayed Sweep

o

Two-dot Measurements
Dc to 1 GHz Bandwidth

Dual Trace, 2 mV Sensitivity

Crt Readout
Simplified Triggering

Operational Ease of a
Conventional Oscilloscope

The 7S14 Sampling Unit combines
vertical and time-base functions in
one double-width plug-in.

Two identical vertical channels pro-
vide dual-trace sampling, a two-ramp i
time base and calibrated delayed
sweep.

Front-panel controls are grouped by color,
and the control nomenclature is similar to
conventional oscillosocpe nomenclature.
Learning to operate the 7S14 requires a
minimum of effort for those familiar with
conventional oscilloscope operation.

VERTICAL CHANNEL

Modes — Channel 1 only; Channel 2 only; Dual Trace;
Channel 1 added to Channel 2; Channel 2 subtracted
from Channel 1 (CH 2 INVERT); Channel 1 Vertical
(Y), Channel 2 Horizontal (X).

Input Impedance — Nominally 50 Q.
Bandwidth — Equivalent to dc to 1 GHz.
Rise Time — 350 ps or less.

Step Aberrations — +2%, —4%, total of 6% p-p
within® first 5 ns, =1% thereafter, tested with a 284
Pulse Generator.

Deflection Factor — 2 mV/div to 0.5 V/div in 8 steps
(1-2-5 sequence). Continuously variable between steps
by at least 2.5 to 1.

Accuracy — Within £3%.
Max Input Voltage — =5 V.

Input Signal Range — 2 V p-p max within a +2 V to
—2 V window at any sensitivity.

Dc Offset Range — At least +2V to —2 V.

Displayed Noise — 2 mV or less unsmoothed (meas-
ured tangentially). Low noise pushbutton reduces ran-
dom noise by a factor of 4 to 1 or more.

Vertical Signal Output — 0.2 V/div of vertical deflec-
tion; 10 kQ source resistance.

Channel Delay Difference — Adjustable to zero, or for
any time difference up to at least 1 ns.

TIME BASE
Scan Modes — Repetitive, single, manual, or external.

Delaying Sweep — May be used as the crt time base
or as a delay generator for the delayed sweep. The
sweep starts with minimum delay from the instant of
trigger recognition. When the delaying sweep mode is
selected for the time base, two bright dots in the
trace, which may be positioned anywhere on the dis-
played waveform, are generated. The time between
dots is equal to the reading on the Delay Time Multi-
plier dial multiplied by the time/div.

Delayed Sweep — This mode is used when the signal
to be displayed occurs considerably later than. the
instant of trigger recognition or when the time must
be 5 ns or less per div. The delayed sweep may be
started with zero delay time with respect to the start
of the delaying sweep. Or the start may be delayed by
any’ time interval up to that represented by ten divi-
sions of the delaying sweep selected.

Horizontal Signal Output — 1.0 V per div of horizontal
deflection; 10 kf2 source resistance.

.:' 508 INPUT

TEKTRONIL Y

7514

7000-Series Dual-trace, Delayed Sweep Sampler

DCGFF%:?V i
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CH 1
VOLTS/DIV

VERT
W

DUAL TRACE DELAYED
SWEEP SAMPLER 1,-150ps

DELAYING SWEEP

Range — 10 ns/div to 100 us/div in 13 steps (1-2-5
sequence).

Accuracy — Within =3%, excluding first one-half div
of displayed sweep.

Delayed Zero (1st Dot) — Adjustable to correspond to
any instant within the time interval represented by the
first 9 div of the delaying sweep selected.

Delay Time (2nd Dot) — Adjustable to any position of
the time interval represented by 10 div of the delaying
sweep selected.

Delay Accuracy — Within *=1% of 10 div when meas-
urement is made within the last 9.5 div.

DELAYED SWEEP |

Range — 100 ps/div to 100 us/div in 19 steps (1-2-5
sequence). Variable between steps by at least 2.5 to 1.

Accuracy — Within =39% excluding first one-half div
of displayed sweep.

Start Delay — Depends on the delaying sweep time
selected and the setting of the Delay Time Multiplier
dial. Adjustable from zero to any time interval up to
that represented by 10 div of the delaying sweep
selected. The delaying sweep start point corresponds
to the position of the second bright dot.

Delay Jitter — Less than 0.05% of the time repre-
sented by 1 div of the delaying sweep selected.

TRIGGERING AND SYNC

Signal Sources — Internal from Channel 1 vertical
input or external through front-panel connector.

External Triggering — Nominal 50 Q input, ac coupled,
2 V p-p 50 V dc max. Trigger pulse amplitude 10 mV
p-p or more with rise time of 1 us or less. 10 Hz to
100 MHz. Sine-wave amplitude 10 mV p-p or more from
150 kHz to 100 MHz.

Internal Triggering — Pulse amplitude 50 mV p-p or
more with rise time of 1 us or less. Sine-wave ampli-
tude 50 mV p-p or more from 150 kHz to 100 MHz.

Triggered Mode — Trigger recognition may be made
to occur at any selected voltage level between +0.5 V
and —0.5 V on either a + slope or a — slope of the
triggering signal.

Auto Trigger Mode — For small signals or when there
may be no triggering signal. Sampling pulses are auto-
matically generated at a low rate in the absence of a
triggering signal so that a trace may always be gen-
erated and displayed. The trigger level range auto-
matically adjusts to approx the p-p voltage of the
signal.

Holdoff — Varies the length of the interval during
which recognition is inhibited. Variation is at least 5
to 1. The control is particularly useful for displaying
digital words when triggering on binary pulses.

HF SYNC Mode — For sine waves from 100 MHz to 1
GHz, 10 mV p-p or more from external source, 50 mV
p-p or more from internal pickoff.

Order 7S14 Dual-Trace
Delayed Sweep Sampler ........... $2905

109
284

Fast-Rise Pulse Generators

¢ 250-ps Rise Time
Pulses

Alternate Pulses
of Equal or Different
Time Duration

0-55 V Calibrated
Variable Amplitude

PULSE CHARACTERISTICS
Characteristics Performance
Less than 250 ps
Adjustable from 0 through 50 V

Preset between 550 p/s and
720 p/s (using two
charge lines)

0.5 ns to max of 100 ns at full
rep rate; 300 ns at half rep rate

Rize time
Amplitude
Repetition Rate

Pulse Duration

Decay approx 10% in 300 ns

Polarity Positive or negative

Output Impedance 50

Charge Lines — Either one or two charge lines can be
used to provide alternate equal or unequal pulses as
desired. Equal charge lines produce a repetition rate
of 550 pulses per second to 720 pulses per second.

External Dc Charge Voltage Inputs — Use of external
charge voltages allows alternate pulses to be of differ-
ent amplitude and polarity. Maximum external charge
voltage is 600 volts. With up to 100-volt input, the
output amplitude will be half the external input ampli-
tude.

109 Pulse Generator ............. .$1025

70-ps or Less Rise
Time Pulse

Sinewave and Square-
wave Outputs

OUTPUT CHARACTERISTICS

Pulse Output — 70 ps or less rise time with a pulse
width of more than 1 us and a repetition rate of ap-
prox 50 kHz. Aberrations immediately following posi-
tive-going transitions are less than *=3%, 3% total
peak-to-peak; after 2 ns less than *=2%, 2% total
peak-to-peak. Pulse amplitude is more than +200 mV
into 50 Q. Source resistance is 50 .

Squarewave Output — Periods of 10 us, 1 us, or 100
ns. Amplitude is 10 mV, 100 mV, or 1 V into 50 .

Sinewave Output — Periods of 10 ns or 1 ns. Output
amplitude is 100 mV into 50 Q.

Trigger Output — Squarewave, sinewave, or pretrigger
pulse output, depending on the selected main signal
output. Amplitude is 200 mV, accurate within 40%.
When PULSE OUTPUT is selected, the trigger can be
switched to arrive 5 ns =5 ns, or 75 ns =5 ns ahead
of the main pulse. Rise time is 3 ns or less; pulse
width is 10 ns or greater.

Timing and Amplitude Accuracy

) Timing Amplitude Accuracy
Output | Period |Accuracy 1V 100mv | 10 mv
Pulse 20 us |*=10%
10 us ;
Square- M +0.5% |+05%| 1% +1.5%
wave 1 us

100 ns[£0.05%* £2%t | £2.5%1 | =3%t

Sine- 10 ns

i i +1% +20%

* crystal controlled 1 20 ns after transition
284 Pulse Generator .............. $1550
Option 01 Less Cabinet* ......... Sub $25

*Mounts in rack adapter listed on page 232.



5000-Series Instruments

Pick a 5000-Series Plug-in
Oscilloscope for:

Performance Value . . . The 5400 Series is
designed for the cost-conscious user as an
alternative to the monolithic scope; it gives you
'60-MHz bandwidth in both non-store and
variable permstence storage mainframes wnh
crt readout

Maxrmum Fiexrbnllty ... The 5100 Seriesis
|deai for Eow-frequency applzcat:ons such as
dical and mechanical measurements re-
_quiring up to ZwMHz_.bandmdth tgivesyou
'”unparalleied chozces in measurement f!exab:l:ty




5000-Series Reference

Low Cost

2 MHz or 60 MHz Bandwidth
Sampling to 1 GHz

0 to 100 kHz Spectrum Analysis
7 Oscilloscope Models

23 Plug-ins Available

Dual-Beam and Storage Displays
Crt Readout (5400 Series Only)
Large 6% in Crt (8 x 10 div)

10 .V/div High Gain Differential Amplifier
1 to 8 Trace Capability
Delayed-Sweep Time Bases

Y-T or X-Y Operation _
Color-Coded Front Panels
Bench-to-Rack Convertibility

The 5000-Series Oscilloscopes are designed
to provide optimum versatility and perform-
ance at the lowest possible price.

5100-Series Oscilloscopes

Five 5100-Series Oscilloscopes are avail-
able. They include single-beam, dual-beam,
and storage displays. The storage display
units feature bistable, split-screen storage
with burn-resistant phosphor. The dual-beam
display units have two writing guns and two
pairs of vertical deflection plates. One pair
of horizontal deflection plates drive both
beams.

The 5100 Series features 2 MHz mainframes
with large 62" crts that accommodate two
vertical deflection plug-ins and one hori-
zontal deflection plug-in. They can be easily
converted from bench to rackmount con-
figuration.

To date, 16 plug-ins are available for use
with the 5100 Series. Among these are the
low-cost 5L4N Spectrum Analyzer for the
0-to-100 kHz frequency range and the 5S14N,
a general-purpose, 1-GHz dual-trace sam-
pling plug-in.

5100-Series Dimensions and Weights

Cabinet Rackmount
Dimensions in cm in cm
Height 11.9 | 30.2 5.3 13.3
Width 84 | 213 | 19.0 | 48.3
Length 20.4 | 51.8 | 19.0 | 48.3
Weight (approx) Ib kg b kg
Net 23.0 | 10.4 | 240 | 10.9
Shipping 32.0 14.5 43.0 19.5

5400-Series

5400-Series Oscilloscopes

Two 5400-Series display units are presently
available: a single-beam, non-storage dis-
play and a variable persistence storage dis-
play. Both feature crt readout of plug-in
scale factors.

Like the 5100 Series, the 5400 Series fea-
tures 3 plug-in compartments and bench-
mount-to-rackmount convertibility.

The 5400 Series takes a giant step in per-
formance; it offers 60 MHz bandwidth. The
5400 Series is capable of satisfying a wide
range of measurement needs. It features
readout of plug-in scale factors on the crt
(except with plug-ins having a suffix N:
5A22N, 5B10N, etc). This feature, previously
available only on more sophisticated oscil-
loscopes, allows you to make measurements
more quickly and conveniently. The crt read-
out can also be externally accessed.

5400-Series Dimensions and Weights

Cabinet Rackmount
Dimensions in cm in cm
Height 11.9 30.2 5.3 13.3
Width 8.4 21.3 19.0 48.3
Length 20.4 | 51.8 19.0 | 48.3
Weight (approx) Ib kg Ib kg
Net 25.0 | 11.3 26.0 | 11.8
Shipping 34.0 15.4 45.0 20.4

\

Whether you chooée the 2 MHz 5100 Series
or the 60 MHz 5400 Series, TEKTRONIX
5000-Series Oscilloscopes always give you
the most versatility and performance for
your dollar.

MAINFRAMES
Mainframe/
Display Page Beams| Storage Diss_play
: ize
Unit
5110 96 Single 8 x 10 div
(1.27 cm/div)
5111 96 Single Bistable 8 x 10 div
(1.27 em/div)
5112 96 Dual 8 x 10 div
(1.27 cm/div)
5113 96 = Dual Bistable 8 x 10 div
(1.27 em/div)
5115 96 Single | Bistable 8 x 10 div
(1.27 cm/div)
5440 91 Single 8 x 10 div
(1.22 cm/div)
5441 92 Single | Variable 8 x 10 div
Persistence | (0.9 cm/div)

IV



PLUG-IN VERSATILITY

23 plug-ins are now, available in the 5000-
Series Family. All these plug-ins are com-
patible with the 5400 Series, and all but
seven are compatible with 5100-Series Main-
frames.

The amplifier plug-ins include single, dual,
and four trace units, various differential
amplifiers (including one with a current
probe input), and a differential comparator
amplifier. The time-base plug-ins include
single, dual, delayed sweep units, and a
digital delay time base.

Three special-purpose plug-ins are also
available. The 5L4N is a spectrum analyzer
for the 0-to-100 kHz frequency range. It has
10 Hz bandwidth resolution. The 5CT1IN is
a semiconductor curve-tracer plug-in. It al-
lows characteristic curves of transistors,
FETs, diodes and other semiconductor de-
vices to be disp'ayed on the crt. The 5S14N,
a general-purpose dual-trace, delayed sweep
sampler, extends the bandwidth of either
the 5100 or the 5400 Series to 1 GHz at 2
mV sensitivity.

Back-lighted knob skirts on the plug-ins pro-
vide scale-factor readout. The correct scale
factor is automatically indicated when using
the X10 magnifier and the recommended 1X
and 10X probes. In addition, the 5400 Series
automatically presents correct scale factors
on the crt when used with non-N suffix plug-
ins. This feature helps reduce human errors
and enables photographic recording of mea-
surement conditions.

AMPLIFIERS
Prod- Minimum Band-
uot Page | Type |Deflection | width Cmrr
Factor —3dB

5A13N 99 | Single | 1 mV/div 2 MHz | 10,000:1

5A14N 98 Four 1 mV/div 1 MHz

5A15N 98 | Single | 1 mV/div 2 MHz

5A18N 98 Dual 1 mV/div 2 MHz

5A19N 99 | Single | 1 mV/div 2 MHz 1000:1

5A21N 99 | Single | 50 uV/div | 1 MHz |100,000:1

(voltage | 0.5 mA/div
and

current)

5A22N | 100 | Single 10 uV 1 MHz |100,000:1

5A23N 98 | Single | 10 mV/div [1.5 MHz

5A24N 98 | Single | 50 mV/div | 2 MHz

5A26 100 Dual 50 uV/div 1 MHz |100,000:1

5A38 93 Dual |10 mV/div | 35 MHz

5A45 93 | Single | 1 mV/div* | 60 MHz

5A48 93 Dual 1 mV/div* | 50 MHz

*Bandwidth is dc to 25 MHz at 1 mV/div and 2 mV/div
and 50 MHz at 5mV/div through 10 V/div.

Time-Base Plug-ins

: Volts/
Prod- Sweep Single 2
Page Type Mag Div Ext
uct Rate Sweep | ‘mode
5B10N | 101 1usto5s/X10| Yes |50mV
and
500 mV
5B12N | 101 Dual | A1pus [X10| Yes [50mV
Delay-| to5s and
ing B2us |— — 500 mV
to0.5s
5B13N | 101 1 us to 50 mV
100 ms j
5B31 94 Digital| 0.2 us [X10| Yes |50 mV
Delay-| tob5s
ing
5B40 94 0.1us [X10| Yes [50mV
toc65s
5B42 94 Delay-| A 0.1 us |X10| Yes [50mV
ing to5s
B 0.1 us [ X10 -
to0.5s
5B44 95 Dual 50ns |X10| Yes |50mV
Delay-| to2s
ing

5000-Series Reference

Special-Purpose Plug-ins

Product | Page Description

5CTiIN 102 |Semiconductor Curve Tracer

5L4N 102 |Low-Cost Spectrum Analyzer

5S814N 102 |Dual-Trace Delayed Sweep Sampler

5000-Series Plug-in Dimensions and Weights

Dimensions Height Width Length
in cm | in cm in cm
Single Width 5.0 12.7| 2.6 6.6 |12.0 30.5
Double Width 5.0 12.7 | 5.2 13.2 |[12.0 30.5
Weight (approx) Net Shipping
Ib | kg Ib kg
Single Width 28| 1.3 |[10.0 | 4.5
Double Width 58|26 |10.8 | 4.9

Rear Panel Signal Outputs, an optional fea-
ture for all 5100-Series Mainframes. See
page 97.
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5000-Series Reference

CONVERTIBILITY: Cabinet-to-Rackmount, Rackmount-to-Cabinet

All 5000-Series Oscilloscopes are available
in either cabinet or rackmount configura-
tions. Kits are also available to convert exist-
ing units from cabinets to rackmount, or
from rackmount-to-cabinet configurations
(see conversion kits at right).

All 5000-Series Rackmount Oscilloscopes
and cabinet-to-rackmount kits include com-
plete slide out tracks and mounting hard-
ware to interface with standard 19-inch racks.

CONVERSION KITS
Cabinet-to-Rackmount,

Order 040-0583-02 . ................ $105
Rackmount-to-Cabinet,
Order 040-0584-03 ................. .$85

RECOMMENDED PROBES FOR 5000-SERIES AMPLIFIER PLUG-INS

The following probes are recommended for
general use with the listed amplifier plug-ins.
These probes automatically program the
knob-skirt readout and the crt readout (avail-
able only in the 5400 Series) to indicate

correct deflection factor. Probe packages
include various tips, ground leads and ac-
cessories. Probes are also available in differ-
ent lengths, attenuation ratios, input loading
and bandwidths. Special purpose probes,

such as high voltage, FET and current probes
are available for use with 5000-Series Ampli-
fier Plug-ins. See probe section for complete
information.

‘;,'::fglf::‘es' Probe Type Attenuation sf:ﬂg?ﬂd Features :Icnl:gg?
— P6060 Voltage 10X 6/ Full bandwidth, low cost, (not compatible with crt readout). 010-6060-03
5A15N , . ; ;
5A18N P6062B Voltage 1X/10X 6 Full bandwidth, switchable attenuation, ground reference button. 010-6062-13
5A23N _

P6101 Voltage 1X 2m Full bandwidth, miniature. Modular construction simplifies repair. 010-6101-03

P6060 Voltage 10X 6/ Full bandwidth, low cost, (not compatible with crt readout). 010-6060-03
5A13N P6062B Voltage 1X/10X 6/ Full bandwidth, switchable attenuation, ground reference button. 010-6062-13
5A21N* :
5A22N P6101 Voltage 1X 2m Full bandwidth, miniature. Modular construction simplifies repair. 010-6101-03
5A26

Adjustable Adjustable attenuation. Will give up to 20,000: 1 CMRR

P6055 Voltage to 10X 3.5 only when used in pairs. (5A21N, 5A22N and 5A26). 010-6055-01

P6105 Voltage 10X 2m Full bandwidth, miniature. Modular construction simplifies repair. 010-6105-03
SA38 Switchable attenuation (full bandwidth in the 10X position)
5A45 P6062B Voltage 1X/10X 6/ ground reference button. 010-6062-13
5A48

P6101 Voltage 1X 2m Miniature, modular (reduced bandwidth). 010-6101-03

*The 5A21N also provides direct access to current probe P6021. Order 5A21N, Option 01
for 5A21N Amplifier and Current Probe package. See pages 99-100 for complete information.

CARTS

SCOPE-MOBILE® Carts — For cabinet models, order
TEK Lab Cart, Model 3.
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CAMERAS

All 5100 Series — C-5B, suitable for repetitive or
stored traces.

5100 Storage Instruments, 5440 (with P or R back),
5441 (with G back) — C-59, general purpose.

For full details see Camera Section, page 209.

ACCESSORIES

Blank Plug-in Kit — (040-0818-03)

Blank Panel — (016—0195-b2)

Viewing Hoods — (016-0154-00, or 016-0260-00 folding)
Protective cover — (016-0544-00)

For full details see Accessories Section, page 229,



Low Cost

Dc to 60 MHz

Sampling to 1 GHz

Crt Readout

3-Plug-in Flexibility

Choice of 23 Plug-ins

Bench to Rack Convertibility

The 5440 combines versatility and low cost
in a 60 MHz general-purpose, plug-in oscil-
loscope. It features crt readout of ‘plug-in
scale factors, a 3-plug-in mainframe, a
choice of 23 plug-ins* and bench to rack
convertibility.

Crt readout displays plug-in scale factors on
the crt, so measurement time and operator
errors are reduced by taking into account
magnifiers and probe attenuators. It can also
be accessed externally. This unique ability
can be used to read out dates, picture num-
bers, digital clock times, etc.

All the plug-ins in the 5000 Series are com-
patible with the 5440.**

The wide variety of plug-ins available lets
you configure your oscilloscope to meet your
needs today as well as tomorrow: from a
single-trace, single time-base configuration
for production monitoring, to 4-trace, de-
layed sweep for logic work, to 4-trace differ-
ential amplifiers for transducer measure-
ments, to dual-trace, delayed sweep for
general purpose measurements.

If you're looking for a general-purpose
oscilloscope, the 5440 gives you the most
versatility and performance at the lowest
price.

*Plug-ins with a suffix N (5A13N, 5B12N, etc) do not
provide crt readout. ;

**The 5B10N, 5B12N, and 5B13N Time Bases do not
permit viewing the leading edge of a friggered wave-
form when used in the 5400 Series.

5000-Series 60-MHz General Purpose Oscilloscopes

VERTICAL SYSTEM

Channels—Left and center plug-in compartments
are compatible with all 5000-Series Plug-ins. Crt
readout is not available with plug-ins having a suf-
fix N (5A13N, 5B10N, etc).

Deflection Factor—Determined by plug-in unit.

Bandwidth— 60 MHz max, determined by plug-in
unit.

Chopped Mode—The 5440 will chop between chan-
nels at approx 25 to 100 kHz, depending on plug-ins
and operating modes.

Alternate Mode—Each amplifier plug-in is swept
twice before switching to the next. A single-trace
amplifier is swept twice and each channel of a
dual-trace amplifier is swept once before the 5440
switches to the second amplifier.

HORIZONTAL SYSTEM

Channel—Right-hand plug-in compartment compat-
ible with all 5000-Series Plug-ins. Crt readout is not
available for plug-ins with a suffix N.

Internal Trigger Mode—Left vertical, center vertical.

Fastest Calibrated Sweep Rate— 5 ns/div, deter-
mined by plug-in.

X-Y Mode—Phase shift within 2° from dc to 20 kHz.

CRT AND DISPLAY FEATURES

Crt—Internal parallax-free 8 x 10 div (1.22 cm/div)
graticule with edge-lit illumination.

Phosphor—P31 Standard, P7 or P11 optional.
Accelerating Potential—15 kV.

External Intensity Input— -5V turns beam on from
off condition. —5V turns beam off from on con-
dition. Frequency range dc to 2 MHz. Input R and
C is approx 10 kQ paralleled by approx 40 pF. Max
input is £ 50V (dc + peak ac).

OTHER CHARACTERISTICS

Calibrator—Voltage amplitude is 400 mV within 1%.
Current is 4 mA within 1%. Frequency is 2 times
the line frequency.

5440
R5440

Minimum Photographic Writing Speed—Using Polar-
oid film without film fogging. Writing speed can be
increased with the TEKTRONIX Writing Speed En-
hancer (see camera section for more information).

Writing Speed cm/us Camera Lens
P31 Phosphor P11 Phosphor
10,000 | 3000 | 10,000 | 3000
ASA |ASA | ASA | ASA
180 90 245 125 | C-59R f/2.8
0.67 mag
* L8
330 160 450 230 C-50R /1.9
0.7 mag

*Slight cropping of the graticule corners.

**Qequires optional battery pack (016-0270-00) for
operation with the 5440.

Beam Finder—Intensifies trace and brings it into
graticule areas.

Ambient Temperature—Performance characteristics
valid from 0°C to -+ 50°C unless otherwise specified.

Line Voltage Range— 100, 110, 120, 200, 220, and
240 V ac *£10%; (Except that max input should not
exceed 250 V ac) internally selected with quick
change jumpers. Line frequency range, 48 to 440 Hz.

Max Power Consumption— 100 W at 120 V ac, 60 Hz.

OPTIONS

Option 01 without Crt Readout—The 5440 may be
ordered without crt readout. This feature can easily
be added later with a conversion Kkit.

Option 03 User Addressable Crt Readout—An ad-
ditional crt readout access is available for the
operator to program two 10-digit characters such as
time, operator name, or test number. The additional
display is useful for photographic records and is
programmed by external resistors and switches.

Option 04 Protective Panel Cover (Cabinet Model
Only)—The 5440 may be ordered with a protective
front-panel cover. The cover protects the front
panel and knobs during transportation and storage.

For Recommended Cameras — See camera section,
page 2089.

ORDERING INFORMATION
(Plug-ins not included)

The 5440 may be ordered as a cabinet-
model oscilloscope equipped with a tilt
bail, or as a 5% in rackmount oscilloscope
with slide-out assembly.

5440 Oscilloscope ................ $1640
R5440 Oscilloscope (Rackmount) ...$1690

OPTIONS
Option 01 without Crt Readout ........... Sub $400
Option 03 User Addressable Crt Readout ...Add $75
Option 04 Protective Panel Cover

(Cabinet Model Only) ..................... Add $25
Option 76 P7 Phosphor ...............cccovvnnnn $35
Option 78 P11 Phosphor ....................... $35

Conversion Kits

Cabinet-to-Rackmount, Order 040-0583-02 ...... $105
Rackmount-to-Cabinet, Order 040-0584-03 ....... $85
Crt Readout, Order 040-0691-01 ............... $450




5441
R5441

Low Cost

Variable Persistence Storage
Crt Readout

Dc to 60 MHz

3-Plug-in Flexibility

23 Versatile Plug-ins

Bench to Rack Convertibility

5 div/us Stored Writing Speed

With the 5441 Variable Persistence Storage
Oscilloscope, view time at normal intensity
can be varied from a fraction of a second to
more than 5 minutes. In the save mode, sig-
nals can be viewed at lower intensity for up
to an hour.

High-speed events that occur only once or
at very low repetition rates are easily
observed. You can make low-frequency
measurements more easily and accurately
by eliminating flicker or transforming a
slowly moving dot into a stable display.
Repetitions of the same signal can be com-
pared simultaneously to detect changes in
amplitude or phase. The integrating effect
of variable persistence can be used to sup-
press the random noise that obscures low
signal-to-noise ratio waveforms.

The 5441 enhances the capabilities of the
5000-Series Sampler and Spectrum Ana-
lyzer Plug-ins. In sampling applications,
discrete dot traces are converted into a
continuous waveform by holding repeated
sweeps on the crt.

In spectrum analysis, slow scan rates are
used to maximize resolution. With the
5441, it is easy to display a full-scan pat-

tern simultaneously even when the scan -

rate yields full-scale periods of more than a
second.

Like other 5400-Series Oscilloscopes, the
5441 offers crt readout of deflection fac-
tors for convenient, error-free measure-
ments and optional user-programmable crt
readout of test information for ready iden-
tification and easy photographic recording.
With the flexibility of a 3-plug-in. mainframe
and a choice of 23 plug-ins, you can make
virtually any measurement from dc to
60 MHz.

92

SOOO-Series 60 MHz Variable Persistence Storage Oscilloscopes

ki SR

VERTICAL SYSTEM

Channels—Left and center plug-in compartments
compatible with all 5000-Series Plug-ins. Crt read-
out not available for plug-ins with suffix N.

Deflection Factor—Determined by plug-in.
Bandwidth— 60 MHz max, determined by plug-in.

Chopped Mode—The 5441 will chop between chan-
nels at approx 25kHz to 100 kHz, depending on
plug-ins and operating modes.

Alternate Mode—Each plug-in is swept twice before
switching to the next. A single-trace amplifier is
swept twice and each channel of a dual-trace ampli-
fier is swept once before the 5441 switches to the
second amplifier. -

HORIZONTAL SYSTEM
Channel—Right-hand plug-in compartment com-
patible with all 5000-Series Plug-ins. Crt readout
not available for plug-ins with suffix N.

Internal Trigger Mode—Left vertical, right vertical.

Fastest Calibrated Sweep Rate— 5ns/div, de-
termined by plug-in.

X-Y Mode—Phase shift within 2° from dc to 20 kHz.

CRT AND DISPLAY FEATURES

Crt—Internal, parallax-free, 8 x 10 div (0.9 cm/div)
graticule with edge-lit. illumination.

Persistence—Continuously variable, may be turned
off when not needed, thus producing high-contrast
stored displays without the characteristic fading of
variable persistence.

Phosphor—P31.
Accelerating Potential— 8.5 kV.

Max Stored Writing Speed—Writing speed greater
than 5 div/us for a view time of 15s.

Storage View Time — The view time is the amount of
time the stored signal can be viewed before it fades
away.

At the max writing speed the view time is 15 seconds
or 0.25 minutes with the writing speed control fully
CW. Adjusting the stored intensity CCW will reduce
the stored writing speed, but view time can be in-
creased up to 5 minutes (see the chart above).

Save Mode—Extends view time of stored displays
up to 1 hr; prevents erasure of stored display and
storage of unwanted displays.

Erase Time—0.5 s =10%.

-

saveTme

STORAGE VIEW TIME
Minutes

ONTF?OL . ,_._

0.1 1.0 5.0
STORED WRITING SPEED

(div/us at Maximum Persistence)

External Intensity Input— 4-5V turns beam on from
off condition. —5V turns beam off from on condi-
tion. Dc to 2 MHz usable frequency range. Input
R and C approx 10 kQ paralleled by approx 40 pF.
Max input 50 V (dc + peak ac).

OTHER CHARACTERISTICS
Beam Finder—Intensifies trace and brings it into
graticule area. ’
Auto Focus—Reduces the need for manual focusing
with changes in intensity after the front-panel FOCUS
control has been set.
Calibrator—Voltage amplitude 400 mV =*1%. Cur-
rent amplitude 4 mA *=1%. Frequency is 2 times
line frequency.
Ambient Temperature—Performance characteristics
valid from 0°C to -}-50°C unless otherwise spec-
ified.
Line Voltage Ranges— 100, 110, 120, 200, 220, and
240 V ac ®=10%; (Except that max input should not

exceed 250 V ac.) internally selected with quick
change jumpers. Line frequency range, 48 to 440 Hz.

Max Power Consumption—100 W at 120 V ac, 60 Hz.

OPTIONS

Option 01 without Crt Readout—The 5441 may be
ordered without crt readout. This feature can
easily be added later with a conversion Kkit.

Option 03 User Addressable Crt Readout—Crt read-
out access allows the operator to program up to
two 10-digit words.

Option 04 Protective Panel Cover (Cabinet Model
Only)—The 5441 may be ordered with a protective
front-panel cover. The cover protects the front
panel and knobs during transportation and storage.

Option 05—A 1 div/us writing speed can be ordered
(at a significantly lower price) when a writing speed
of 5div/us is not required.

For Recommended Cameras — See camera section,
page 209.

ORDERING INFORMATION
(Plug-ins not Included)
5441 Oscilloscope . ............... $2775
R5441 Oscilloscope (Rackmount) . ..$2825

OPTIONS
Option 01 without Crt Readout ............ Sub $400
Option 03 User Addressable Crt Readout ....Add $75
Option 04 Protective Panel Cover

(Cabinet Model Only) ..................... Add $25
Option 05 Reduce Writing Speed to
NIV 8 et S s soms & sats 5 aohes Seay o Sub $300

CONVERSION KITS

Cabinet-to-Rackmount, Order 040-0583-02 ...... $105
Rackmount-to-Cabinet, Order 040-0584-03 ....... $85
Crt Readout, Order 040-0691-01 ............... $450
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5A38

 BA38 DUALTRACE |

Low Cost
Dc to 35 MHz Bandwidth

10 mV/div to 10 V/div Calibrated
Deflection Factors

The 5A38 is a dual-trace, 35 MHz plug-in
amplifier for use only in 5400-Series Main-
frames. It features 10 mV/div sensitivity
and crt readout of deflection factor.

Bandwidth—Dc coupled, to =35 MHz. Lower end
response, ac coupled, << 10 Hz.

Display Modes—Channel 1 only, Channel 2 only
(normal or inverted), Dual-trace, and Added. Alter-
nated or chopped operation determined by time
base plug-in. Internal trigger selectable from
channel 1 or channel 2.

Rise Time— <10 ns.

Deflection Factors—Calibrated deflection factors
from 10 mV/div to 10 V/div in a 1-2-5 sequence.
Accuracy < 3% from 15°C to 35°C, 4% from 0°C
to 50°C. A continuously variable control provides
=>2.5X additional attenuation on each range.

Common-Mode Rejection Ratio— >50:1 up to 1 MHz.

Channel Isolation— >50:1 to 35 MHz with both
traces displayed.

Input R and C— 1 MQ shunted by approx 20 pF.

Max Input Voltage—Dc coupled, 250 V (dc -} peak
ac). Ac coupled, 500V (dc - peak ac). Ac com-
ponent 500V p-p max at 1 kHz or less.

Stability— <<0.3 mV vertical shift in any one minute
after one hour warm-up, ambient temperature and
line voltage held constant. <0.2 mV/°C vertical
shift with line voltage held constant.

5A38 Dual-Trace Amplifier .......... $440

5000-Series Dual-Trace and Single-Trace Amplifiers

5A48

vewnowxs  5AGS DUAL TRACE AMPL

Dc to 50 MHz Bandwidth

1 mV/div to 10 V/div Calibrated
Deflection Factors

The 5A48 is a dual-trace 50 MHz plug-in
amplifier for use only in the 5400-Series
Mainframes. The 5A48 features five oper-
ating modes and selectable trigger source.

Bandwidth—Dc coupled, dc to at least 60 MHz at
5 mV/div to 10 V/div, decreasing to dc¢ to 25 MHz
at 1 mV/div and 2 mV/div (3 dB down). Ac coupled,
10 Hz or less (1.0 Hz with a 10X probe) at all
deflection factors (lower 3 dB point).

Display Modes— Channel 1 only, Channel 2 only
(normal or inverted), Dual-trace, Added, Alternated,
Chopped (determined by time-base plug-in hori-
zontal compartment). Internal trigger source is
selectable from channel one or channel two.

Rise Time—7 ns or less (5 mV/div to 10 V/div), 14 ns
or less (1 mV/div and 2 mV/div).

Deflection Factors — Calibrated deflection factors
from 1 mV/div to 10 V/div in a 1-2-5 sequence. Ac-
curacy <5% at 1 mV/div and 2 mV/div, <3% from
5 mV/div to 10 V/div from 15°C to 35°C, <4% from
5 mV/div to 10 V/div from 0°C to 50°C. A continuously
variable control provides =>2.5X additional attenuation
on each range.

Common-i\aode Rejection Ratio—>50:1 from 5 mV/
div to 10 V/div, up to 1 MHz. = 20:1 from 1 mV/div
to 2 mV/div, up to 1 MHz.

Input R & C— 1 MQ within 1%, approx 24 pF.

Max Input Voltage—Dc coupled, 250V (dc + peak
ac); ac coupled, 500V (dc + peak ‘ac). Ac com-
ponent 500 V p-p max, 1 kHz or less.

Stability— <<0.3 mV vertical shift in any one minute
after one hour warm-up, ambient temperature and
line voltage held constant. <<0.2 mV/°C vertical
shift with line voltage held constant.

5A48 Dual-Trace Amplifier .......... $595

For recommended probes — refer to page 90.

5A38
5A48
5A45

5A45

| riie | T8 ARUTIER,

Low Cost
Dc to 60 MHz Bandwidth

1 mV/div to 10 V/div Calibrated
Deflection Factors

The 5A45 is a single-trace, 60 MHz plug-
in amplifier for use only in 5400-Series Main-
frames. It features 5 mV/div sensitivity
(1 mV/div at 25 MHz) and crt readout of
deflection factor.

Bandwidth—Dc coupled, greater than 60 MHz for
5 mV/div through 10 V/div deflection factors, greater
than 25 MHz for 1 mV/div and 2 mV/div deflection
factors. Ac coupled, lower end response <10 Hz
(<1.0 Hz with 10X probe) for all deflection factors.

Rise Time— <<14 ns, 1 mV/div and 2 mV/div. <5.8
ns, 5 mV/div through 10 V/div.

Deflection Factors—Calibrated deflection factors
from 1 mV/div to 10V/div in a 1-2-5 sequence.
Accuracy =<5% at 1mV/div and 2 mV/div, <3%
from 5 mV/div to 10 V/div from 15°C to 35°C,
<4% from 5 mV/div to 10 V/div from 0°C to 50°C.
A continuously variable control provides >2.5X
additional attenuation on each range.

Input R and C— 1 MQ, shunted by approx 20 pF.

Max Safe Input Voltage—Dc coupled, 250V (dc
-+ peak ac). Ac coupled, 500V (dc - peak ac).
Ac component 500V p-p max, 1kHz or Iless.

Stability— <<0.3 mV vertical shift in any one minute
after one hour warm-up, ambient temperature and
line voltage held constant. <<0.2 mV/°C vertical
shift with line voltage held constant.

5A45 Single-Trace Amplifier ......... $310
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5B40
5B42
5B31

5000-Series Time Bases

4 rexraomx s

5840 TIME BASE

5B31

90005

Low Cost

10 ns/div to 5 s/div
Calibrated Time Base

Triggering to 60 MHz

The 5B40 Time Base is designed for use
in 5400-Series Mainframes. It features
sweep rates from 10 ns/div to 5 s/div and
crt readout of the sweep rate selected.

Sweep Rate— 0.1 us/div to 5 s/div in 24 calibrated
steps (1-2-5 sequence). 10 ns/div is fastest sweep
rate obtained with X10 magnifier. Uncalibrated,
continuously variable between steps and up to
12.5 s/div.

Sweep Accuracy—Measured in 5400-Series Oscillo-
scope over center 8 graticule divisions. Valid for
100 div of magnified sweep after the first 30 ns.

Time/Div Unmagnified Magnified
+15°C to | 0°C to [+ 15°C to| 0°C to
+35°C +50°C |+35°C +50°C

1 s/div to 3% 4% 4% 5.5%
0.5 us/div
5s/div and
2 s/div,
0.2 us/div 4% 5% 5% 6.5%
and
0.1 us/div
TRIGGERING
Coupling| Frequency Minimum Signal
; Range Required
Int Ext
Dc Dc to 10 MHz 0.4 div 60 mV
10 MHz to 1.0 div 150 mV
60 MHz
Ac Trigger requirements increase
below 50 Hz.
Lf Rej Trigger requirements increase
below 7.5 kHz.
Hf Rej Trigger requirements increase
above 50 kHz.

Single Sweep—Triggering requirements are the same
as normal sweep. When triggered, sweep generator
produces only one sweep.

External Trigger Input—Max input voltage is 350 V
dc -+ peak ac, 350V p-p ac at <<1kHz. Input R
and C is 1 MQ paralleled by approx 24 pF. Trigger
level range is = = 1.5 V.

External Horizontal Input—Deflection factor s
50 mV/div +3%. Input R and C is 1 MQ paralleled
by approx 24 pF. Dc coupled bandwidth is dc to
<2 MHz. The ac coupled lower response is < 50
Hz. Max input voltage is 350 V (dc -+ peak ac) or
350V p-p ac at < 1 kHz.
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5B42
10 ns/div to 5 s/div Calibrated Time Base
Single-Sweep Operation
Triggering to 60 MHz

The 5B42 Delaying Time Base is designed
for use in 5400-Series Mainframes. The 5B42
is designed so that the user may easily oper-
ate the time base in the many applications
where delayed sweep and sweep rates up to
10 ns/div are required.

Sweep Rate— 0.1 ps/div to 5 s/div in 24 calibrated
steps (1-2-5 sequence). 10 ns/div is the fastest
calibrated sweep rate obtained with the X10 mag-

nifier. Uncalibrated, continuously variable between
steps and to 12.5 s/div.

Sweep Accuracy—Measured over the center 8 div.

Time/Div Unmagnified Magnified
15°C to [0°C to 15°C to |0°C to
35°C -}-50°C 35°C -+-50°C

1 s/div to 3% 4% 4% 5.5%
0.5 us/div
5 s/div and
2 s/div,
0.2 us/div 4% 5% 5% 6.5%
and
0.1 ps/div
TRIGGERING
Minimum
Coupling Frequency Signal
Range Required
Int Ext
Dc 5400 ampl |Dc to 10 MHz 0.4 div|{100 mV
5400 ampl [10 MHz to 60 MHz | 1.0 div{400 mV
5100 ampl |Dc to 2 MHz 0.4 div[100 mV
Ac Requirements increase
below 50 Hz.
Ac Lf Rejection|Requirements increase
below 7.5 kHz.

Single Sweep—Triggering requirements -are the
same as normal sweep. When triggered, sweep
generator produces one sweep.

External Trigger Input—Max input voltage is 350V
(dc + peak ac), 350V p-p ac at 1kHz or less.
Input R and C is 1 MQ within 2%, approx 20 pF.
Trigger level range is at least + 2.5 V.

DELAYING SWEEP CHARACTERISTICS

Delay Time Multiplier Range—0.2 to 10 times the
TIME/DIV setting.

Differential Time Measurement Accuracy—Within
1% plus 0.2% of full scale from 1 us to 0.5 s delay
time. Within 2% plus 0.2% of full scale for 1s
to 5 s delay time.

Jitter—Less than 0.05% of the time represented by
one div of delaying sweep selected.
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Sweep Rate— 0.1 us/div to 0.5s/div in 21 cali-
brated steps (1-2-5 sequence). 10 ns/div is the
fastest calibrated sweep rate obtained with the
X10 magnifier.

Sweep Accuracy—Measured over the center 8 div.

Time/Div Unmagnified Magnified
15°C to |0°C to |--15°C to |0°C to
35°C -+50°C |+35°C -+50°C

0.1 s/div to 3% 4% 4% 5.5%
0.5 us/div
0.5 s/div to
0.2 s/div,
0.2 us/div 4% 5% 5% 6.5%
and 0.1 us/div
TRIGGERING
Coupling Frequency Min Signal
Range Required
Int

Dc 5400 ampl | Dc to 10 MHz 0.4 div

5400 ampl | 10 MHz to 60 MHz|1.0 div

5100 Dc to 2 MHz 0.4 div

EXTERNAL HORIZONTAL INPUT
Deflection Factor— 50 mV/div within 3%.

Bandwidth—Dc coupled, dc to at least 2 MHz. Ac
coupled, 50 Hz or less to at least 2 MHz.

5B31
Jitter-Free Digital Delay
Delay by Time or Events
20 ns/div Sweep Rate
Crt Readout

The 5B31 Digitally Delayed Time Base fea-
tures easy and accurate operation. It adds
digital delay to the 5400-Series Oscillo-
scopes, and may be used only in a 5400-
Series Mainframe.

The 5B31 can be used in many applications
that call for accurate time delays and/or
jitter-free displays, such as analyzing high-
jitter digital data, machinery controls or
production line testing. Its simple operation
is helpful in production and education en-
vironments.

The 5B31 can delay by time or by events, and
its digital delay system eliminates most in-



herent delay jitter. The delay mode is se-
lected by pushbutton: the highly accurate
delay time (from 1 us to 99,999 us) or the
number of events (up to 99,999) is clearly
displayed on thumbwheel dials.

CHARACTERISTICS

Sweep Rate— 0.2 us/div to 5s/div in 24 calibrated
steps (1-2-5 sequence). 20 ns/div is the fastest
calibrated sweep rate obtained with the X10
magnifier. Uncalibrated, continuously variable be-
tween steps and to 12.5 s/div.

Sweep Accuracy—Measured over the center 8 div.

Time/Div Unmagnified Magnified

-+15°C  0°C -+15°C  0°C
to to to to

+35°C -450°C | +35°C +50°C

1 s/div to 3% 4% 4% 5.5%

0.5 ps/div

5 s/div, 4% 5% 5% 6.5%

2 s/div, and

0.2 us/div

Single Sweep—Triggering requirements are the
same as normal sweep. When triggered, sweep
generator produces one sweep.

TRIGGERING
Coupling | Amplifier Frequency| Minimum Signal
Type Range Required
: Int Ext
Dc 5400 Dc to 0.4 div | 100 mV

Plug-ins |10 MHz

10 MHz to |1.0 div | 400 mV
35 MHz

35 MHz to |2.0 div | 600 mV
60 MHz

5100 Dc to 0.4 div
Plug-ins (2 MHz

Ac Requirements increase below
50 Hz.

External Trigger Input—Max input voltage is 350V
(dc } peak ac), 350 V p-p ac at 1 kHz or less. Input
R and C is 1 M@ within 2%, approx 24 pF. Trigger
level range is at least ®£2.0V.

DELAY BY MICROSECOND
Delay Range— 0 to 99,999 us in 1-us steps.

Ditferential Time Measurement Accuracy—Within 2
parts in 105 plus 1 part in 105 per month.

Jitter—Less than 10ns -+ 1 part in 107 of selected
delay.

DELAY BY EVENTS
Delay Range— 1-event steps from 0 to 99,999.

Triggering—Dc coupled from left vert only. Separate
slope and level controls provided.

Minimum
Amplifier Signal
Type Frequency Range Required
5400 Dc to 10 MHz 0.4 div
5400 10 MHz to 20 MHz 1.5 div
5100 Dc to 2 MHz 0.4 div

EXTERNAL HORIZONTAL INPUT

Deflection Factor— 50 mV/div within 3%.

Bandwidth—Dc coupled, dc to at least 2 MHz. Ac
coupled, 50 Hz or less to at least 2 MHz.

DELAYED GATE OUT

Amplitude—Approx 2.5V from  50-Q source will
drive one standard TTL load. Rises at end of delay,
falls at end of sweep.

5000-Series Time Bases

Figure 1. The above waveform shows a pre-set delay
of five events such that the intensified zone starts on
the sixth event.

Figure 2. By triggering on a specific event, you can
locate a glitch in a waveform. The above photo shows
the same waveform as in Figure 1 triggered on the
fifth event. Now you can locate the glitch that occurs
on the falling edge of the above waveform.

5B44
Two Independent Sweeps
5 ns/div Sweep Rates

Dual Sweep by Sweep Switching
Techniques

Crt Readout

The 5B44 Dual Time Base brings fast (5
ns/div) dual sweep display capability to
5400-Series Mainframes.

Sweep switching techniques ‘enable both
sweeps to be viewed at the same_time. For
example, in the “A” intensified, “B”’ delayed
mode, both the intensified and the delayed
waveforms are presented at full screen
width, with independent control of horizontal
and vertical positioning.

Versatile and symmetrical triggering con-
trols let you independently select A and B
sweep trigger sources from either left hand
or center compartments, or from external
inputs. For example, this feature lets you
display two asynchronous signals, giving you
almost two scopes in one.

The 5B44 also features crt readout and an
edge-lighted seconds/div selector switch.

5B40/5B42
5B31/5B44

CHARACTERISTICS
The following applies to both A and B sweeps and
triggering circuits, unless otherwise noted.

Sweep Accuracies—Measured over the center 8
div for A and B sweeps.

Time/Div Unmagnified Magnified

—+15°C 0°C -+15°C 0°C
to to to to

-+350¢ | }+50°C | +35°C | +50°C

1 s/div to

0.5 us/div 3% 4% 4% 5.5%

2 s/div and

0.2 us/div

to 100

ns/div 4% 5% 5% 6.5%

50 ns/div 4% 5% 6% 7%

Sweep Rate— 50 ns/div to 2 s/div in 25 calibrated
steps (1-2-5 sequence). 5ns/div, the fastest cali-
brated sweep rate, is obtained with the X10
magnifier. Uncalibrated, continuously variable be-
tween steps up to 5 s/div (A sweep only).

TRIGGERING
Minimum Signal
Coupling Triggering Required

Frequency Range Int Ext
Dc Dc to 10 MHz 0.4 div | 100 mV
10 MHz to 60 MHz | 1.0 div | 400 mV
Ac .| Requirements increase below 50 Hz.
Ac LF REJ | Requirements increase below 7.5 kHz.

Single Sweep—Triggering requirements are the
same as normal sweep. When triggering, sweep
generator produces one sweep. Single sweep on
both A and B sweep.

External Trigger Input—Max input voltage is 350 V
(de 4 peak ac), 350V p-p ac at 1kHz or less.
Input R and C is 1MQ within 2%, paralleled by
approx 26 pF. Trigger level range is at least +2 V.
External trigger inputs on both A and B sweep.

EXTERNAL HORIZONTAL INPUTS
Deflection Factor— 50 mV/div *3%.
Input R and C — 1 MQ *+ 2% paralleled by ~ 26 pF.
Bandwidth—Dc coupled, dc to at least 2 MHz. Ac
coupled, 50 Hz or.less to at least 2 MHz.

DELAYING SWEEP CHARACTERISTICS

Delay Time Multiplier Range— X0.2 to X10 the A
sweep TIME/DIV setting.

Differential Time Measurement Accuracy—Within
1% plus 0.2% of full scale from 1us to 1s of
A sweep rate setting. Within 2% plus 0.2% of
full scale for 2 s/div.

Jitter—Less than 0.05% of the delaying sweep
TIME/DIV.

ORDERING INFORMATION

5B40 Time Base ................... $410
5B42 Delaying Time Base ........... $730
5B31 Digitally Delayed Time Base . ...$670
5B44 Dual TimeBase ............... $920
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5110/5111
5112/5113
5115

Low Cost

Dc to 2 MHz

Sampling to 1 GHz

Choice of 16 Plug-ins

Rear Panel Signal Outputs Optional

5110

The 5110 is a single-beam nonstorage oscil-
loscope featuring a large 6%2” diagonal
(1.27 cm/div) crt.

Tailor your measurement needs with the ap-
propriate plug-in units to obtain high-gain
differential (10 xV/div), four-channel differ-
ential at 50 pV/div, eight-channel displays
at 1 mV/div. Or choose from our extra low
cost basic amplifier and time-base plug-ins
to suit the special needs of education and
industry.

When using two amplifiers and a dual time-
base plug-in in the dual-sweep mode, the
sweeps are slaved to the amplifiers.

CRT AND DISPLAY FEATURES

Crt — Internal 8 x 10 div (1.27 cm/div) parallax-free,
non-illuminated graticule.*

Accelerating Potential — 3.5 kV.
Phosphor — P31 standard, P7 or P11 optional.

5111

The 5111 is a single-beam, split-screen,
bistable storage oscilloscope with a large-
screen, 6%2" diagonal (1.27 cm/div) display.

The 5111 extends measurement capability
into areas requiring retention of single and
multitrace displays for long-term examina-
tion and/or photography.

The 5111 is particularly useful for recording
low and medium speed displays like those
found in audio spectrum analysis, semi-
conductor curve tracing, sampling, vibration
analysis, and the biophysical sciences.

When using two amplifiers and a dual time-
base plug-in in the dual-sweep mode, the
sweeps are slaved to the amplifiers.

CRT AND DISPLAY FEATURES
Crt — Internal 8 x 10 div (1.27 cm/div) parallax-free,
non-illuminated graticule.*
Accelerating Potential — 3.5 kV.
Phosphor — Similar to P1.
Max Stored Writing Speed — At least 20 div/ms.

Storage View Time — At least 1 hr at normal intensity;
up to 10 hr at reduced intensity, after which time. it
may be increased to original level.

Erase Time — Approx 250 ms.

5112

The 5112 is a dual-beam nonstorage oscil-
loscope featuring two independent vertical
systems referenced against a common hori-
zontal deflection system.

The 5112 can display two simultaneous
events, either single-shot or repetitive,
against acommon time base within the band-
width and writing rate limits of the system.
Both beams are driven by one set of hori-
zontal deflection plates.
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5110

Lowest Cost Single-beam Nonstorage
Oscilloscope with Plug-in Configurability

8 Channels at 1 mV/div, 4 Channels at
50 nV/div, 2 Channels at 10 »V/div,
with Appropriate Amplifiers

5000-Series 2 MHz Single-Beam, Dual-Beam, and Storage Oscilloscopes

5111

Single-beam Storage Oscilloscope
Bistable, Split-screen Display
Stored Writing Speed > 20 div/ms

Storage View Time up to 10 hrs at Reduced
Intensity

When teamed up with the appropriate differ-
ential amplifiers, the 5112 can display up to
four channels of high-gain (50 V) differen-
tial information for use in the biophysical,
electromechanical, and component testing
fields.

CRT AND DISPLAY FEATURES

Crt — Internal 8 x 10 div (1.27 cm/div) parallax-free,
non-illuminated graticule.*

Accelerating Potential — 3.5 kV.
Phosphor — P31 standard, P7 or P11 optional.

5113

The 5113 is a dual-beam bistable storage os-
cilloscope featuring easy-to-use split-screen
storage. Stored writing speed is at least 20
div/ms (Option 03 provides 200 div/ms for
the center 6 x 8 div). View time is at least 1
hr at normal intensity and can be increased
to 10 hr at reduced intensity.

The 5113 can display two simultaneous
events, either single-shot or repetitive,
against a common time base within the
bandwidth and writing rate limits of the sys-
tem. Both beams are driven by one set of
horizontal deflection plates.

The 5113 is particularly useful in biomedi-
cal research where low-repetition-rate stim-
ulus/response potentials need to be ob-
served and recorded.

CRT AND DISPLAY FEATURES

Crt — Internal 8 x 10 div (1.27 cm/div) parallax-free,
non-illuminated graticule.*

Accelerating Potential — 3.5 kV.
Phosphor — Similar to P1.

Max Stored Writing Speed — At least 20 div/ms. At
least 200 div/ms at lower stored brightness (over
center 6 x 8 div) with Option 03.

Storage View Time — At least 1 hr at normal intensity;
up to 10 hr at reduced intensity, after which time it
may be increased to original level.

Erase Time — Approx 250 ms.

Option 03 Fast Writing Speed Crt — Increases stored
writing speed to 200 div/ms (center 6 x 8 div).

5115

The 5115 is a single-beam bistable storage
oscilloscope with a writing speed of at least
200 div/ms in the normal mode and 800
div/ms (>1000 cm/ms) in the enhanced
mode. Storage view time is at least 1 hr at
normal intensity. A variable brightness con-
trol allows the storage time to be extended
to at least 10 hrs at reduced intensity, after
which time intensity may be increased to
original level. Variable brightness also gives
optimum photographic results and allows
for the integration of multiple traces.

The 5115 is useful in a wide variety of fields,
including education, biophysical engineer-
ing, component testing, and industrial elec-
tronics.

When using two amplifiers and a dual time-
base plug-in in the dual-sweep mode, the
sweeps are slaved to the amplifiers.

CRT AND DISPLAY FEATURES

Crt — Internal 8 x 10 div (1.27 cm/div) parallax-free,
non-illuminated graticule.*

Accelerating Potential — 3.5 kV.

Phosphor — Similar to P1.

Max Stored Writing Speed — At least 200 div/ms in
the normal-mode and 800 div/ms in the enhanced
mode.

Storage View Time — At least 1 hr at normal inten-
sity; up to 10 hr at reduced intensity, after which
time it may be increased to original level.

Erase Time — Approx 250 ms.

*Illuminated graticule available at exfra cost.



Dual-beam Nonstorage Oscilloscope
Two Independent Vertical Systems
Common Horizontal Deflection System

Can Display Two Single-shot Signals
without Time-sharing, or up to Eight
Signals in the CHOP Mode

Dual-beam Bistable Storage Oscilloscope
Same Features as 5112, Plus Split-screen
Storage. Stored Writing Speed >20
div/ms, or > 200 div/ms with Option 03

5100-Series Oscilloscopes

Single-beam Bistable Storage Oscilloscope

Fastest Stored Writing Speed in the 5100-
Series Line: g

> 200 div/ms in Normal-Mode

> 800 div/ms in Enhanced Mode
Storage View Time up to 10 hrs at Reduced
Intensity ,

#

T

COMMON CHARACTERISTICS

for 5110, 5111, 5112, 5113, 5115
unless otherwise specified

- VERTICAL SYSTEM

Channels — Left and center plug-in compartments
compatible with all 5100-Series Plug-ins.

Deflection Factor — Determined by plug-in.
Bandwidth — 2 MHz max.

Chopped Mode — (5110, 5111, 5115) The mainframe
vertical amplifier will chop between left and center
plug-in compartments, and/or between two or more
amplifier channels. The total time segment per chan-
nel is ~5 us, consisting of ~3 us displayed, ~2
us blanked. Chop or alternate mode is selected at the
time base unit.

Chopped Mode — (5112, 5113) The left and right
mainframe vertical amplifiers are dedicated to the
left and center plug-in compartments. Each main-
frame vertical amplifier will chop between two or
more channels in their associated plug-in compart-
ments. No channel switching is necessary between
left and center plug-in compartments. The total time
segment per channel is ~5 us, consisting of 3 us
displayed, ~2 us blanked. Chop or alternate mode
is selected at the time base unit.

Alternate Mode — (5110, 5111, 5115) Each amplifier
plug-in is swept twice before switching to the next. A
single-trace amplifier is swept twice and each channel
of a dual-trace amplifier is swept once before switch-
ing to the second amplifier. '

Alternate Mode — (5112, 5113) Single-trace amplifiers
are swept full time. Each channel of a multitrace
amplifier is swept once before switching to the next
channel. No channel switching is necessary between
left and center plug-in compartments.

HORIZONTAL SYSTEM

Channel — Right-hand plug-in compartment compat-
ible with all 5100-Series Plug-ins.

Fastest Calibrated Sweep Rate — 0.1 pus/div (X10
mag) with 5B10N or 5B12N.

X-Y Mode — Phase shift within 1° from dc to 100 kHz.

OPTIONAL REAR PANEL SIGNAL OUTPUTS

Left and Center Compartments — Two BNC connec-
tors provide access'to the crt-related signals from
the left and center plug-in amplifiers. Sensitivity: 0.5
V/crt division. Output Impedance: 1 k.

Right Compartment (Sweep) — One BNC connector
provides access to the cri-related sweep waveform.
Sensitivity: 0.5 V/crt division; positive-going saw-
tooth, = 5 V. Output Impedance: 1 k2.

Right Compartment (Gate) — One BNC connector pro-
vides access to TTL compatible gate. Positive-going,
coincident with displayed sweep.

X-Y Mode — Crt related X-Y signals are available
at the appropriate rear panel connectors when am-
plifier plug-ins are used in either the left or center
compartment and the right compartment to display
X-Y information. Sensitivity (X-Y): 0.5 V/crt division.
Order Option 07.

OTHER CHARACTERISTICS

Ambient Temperature — Performance characteristics
valid from 0°C to +50°C.

Line Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac *+10%; (Except that max input should not
exceed 250 V ac.) internally selected with quick
change jumpers. Line frequency range, 48 to 440 Hz.

Typical Power Consumption — For 5110, 53 W. For
5111, 74 W. For 5112, 67 W. For 5113, 88 W. For 5115,
74 W.

External Intensity Input — +5 V turns beam on from
off condition. —5 V turns beam off from on condition.
Frequency range dc to 1 MHz. Input R and C is approx
10 kQ paralleled by approx 40 pF. Max input %50 v
(de + peak ac).

calibrator — Voltage output 400 mV within 1%. Cur-
rent output (loop) 4 mA within 1%. Frequency is 2
times line frequency.

Beam Finder — Positions beam on screen regardless
of vertical and horizontal position control settings.

ORDERING INFORMATION
(Plug-ins not Included)

Cabinet Model

5110 Oscilloscope ................. $795
5111 Oscilloscope ................ $1490
5112 Oscilloscope ................ $1360
5113 Oscilloscope . ............... $2025
5115 Oscilloscope . ............... $1565
Rackmount Model

R5110 Oscilloscope ... .......... ...$845
R5111 Oscilloscope . .............. $1540
R5112 Oscilloscope ............... $1410
R5113 Oscilloscope .. ............. $2075
R5115 Oscilloscope .. ............. $1615

OPTIONS

Option 02 Protective Panel Cover (Cabinet Models
Only) — The cover protects the front panel and knobs

during transportation and storage .......... Add $25
Option 03 Fast Writing Speed Crt (5113, R5113 Only)
........................................ Add $100
Option 07 Add Rear Panel Signals Out (All

MOdElS) .. vwisi slelaies aiwiaiui alete wiviselvin e Add $75
Option 76 P7 Phosphor (5110, R5110, 5112,

RST12 ONIY) oo vveiinnnnar s rnnnns Add $35
Option 78 P11 Phosphor (R110, R5110, 5112,
R51120N1Y) .. ..ovvviiennensnsrrancnsansns Add $35

CONVERSION KITS
Cabinet-to-Rackmount Conversion Kit,

Order 040-0583-02 .........covvvvivanennnnons $105
Rackmount-to-Cabinet Conversion Kit,

Order 040-0584-03 ..........conn vvmvurunnnnns $85
Protective Panel Cover Kit,

Order 040-0620-00 ...........cocvvmuovnnneneuns $25

For Recommended Cameras — See camera section,
page 209. -
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5A14N/5A15N

5A18N/5A23N
5A24N
5A14N 5A15N

5000-Series Single-Channel, Two-Channel, and Four-Channel Amplifiers

R R 4 2 ;s ‘-. — ——a
VOLTS DIV .

| rosmion

i FOUR CHANNEL
1 recnown s SABN - T anstiFiER

TEKTRONIX S

SAISN AMPLIFIER

1M1 47 pF

TEXTRONIX S

‘5AZaN

SAZ3N AMPLIFIER Tecraowe

5A14N
1 mV/div to 5 V/div

The 5A14N Four-Channel Amplifier features
simplified front-panel controls and can be
used in any 5000-Series Mainframe.

5A14N operating modes are: each channel
separately, and alternated or chopped be-
tween any combination of channels. Inter-
nal trigger is available from channel one
only.

CHARACTERISTICS

Bandwidth — Dc coupled, dc to at least 1 MHz at all
deflection factors. Ac coupled, 2 Hz or less to at
least 1 MHz at all deflection factors.

Deflection Factor — 1 mV/div to 5 V/div in 12 calj-
brated steps (1-2-5 sequence). Accuracy is within 2%.
Uncalibrated, continuously variable between calibra-
ted steps and to 12.5 V/div.

Input R and C — 1 MQ within 1%, approx 47 pF.

Max Input — Dc coupled, 350 V (dc + peak ac). Ac
coupled, 350 V dc.

Chopping Rate — 25 kHz to 100 kHz depending upon
plug-in combinations and number of traces displayed.

SA15N
1 mV/div to 5 V/div

The 5A15N Single-Channel Amplifier fea-
tures easy to use front-panel controls and
can be used in any 5000-Series Mainframe.
Two 5A15Ns (one must be located in the right-hand

compartment) provide versatile X-Y operation when
used-in a 5100-Series Mainframe.

CHARACTERISTICS

Bandwidth — Dc coupled, dc to at least 2 MHz at all
deflection factors. Ac coupled, 2 Hz or less to at
least 2 MHz at all deflection factors,

Deflection Factor — 1 mV/div to 5 V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%.
Uncalibrated, continuously variable between calibra-
ted steps and to 12.5 V/div.

Input R and C — 1 MQ within 1%, approx 47 pF.

Max Input — Dc coupled, 350 V (dc + peak ac). Ac-
coupled, 350 V dc.

S5A18N
1 mV/div to 5 V/div

The 5A18N Dual-Trace Amplifier features
easy to use front-panel controls and can be
used in any 5000-Series Mainframe.

S5A18N operating modes include channel one
or two only, channels one and two added,
channel two inverted and channel one alter-
nated or chopped with channel two. Internal
trigger source is selectable from channel
one and channel two.

CHARACTERISTICS

Bandwidth — Dc coupled, dc to at last 2 MHz at all
deflection factors. Ac coupled, 2 Hz or less to at
least 2 MHz at all deflection factors.

Deflection Factor — 1 mV/div to 5 V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%.
Uncalibrated, continuously variable between calibra-
ted steps and to 12.5 V/div.

Input R and C — 1 MQ within 1%, approx 47 pF.
Max Input — Dc coupled, 350 V (dc + peak ac). Ac-
coupled, 350 V dc.

Chopping Rate — 25 kHz to 100 kHz depending upon
plig-in combinations and number of traces displayed.

5A23N

10 mV/div to 10 V/div
Calibrated Deflection Factors

The 5A23N is a general-purpose amplifier
for the 5000-Series Oscilloscopes. Featuring
low cost and simplicity of controls, it is ideal
for monitor and systems applications. It op-
erates in the left or middle plug-in compart-
ment of the 5000-Series Mainframes for Y-T
displays, or in the right compartment for X-Y
displays.

Bandwidth — Dc coupled, de¢ to at least 1.5 MHz at

all deflection factors. Ac coupled, 2 Hz or less to
at least 1.5 MHz at all deflection factors.

Deflection Factor — 10 mV/div to 10 V/div within 3%
in 4 calibrated decade steps. A lighted multiplier
control provides continuous variation between steps,
and extends the deflection factor range to 100 V/div.
Accuracy is within 5% at X2 and X5 multiplication.

Input R and C — 1 MQ within 1%, approx 47 pF.
Max Input — 350 volts (dc + peak ac).

For recommended probes — refer to page 90.

5A24N
50 mV/div to 1 V/div
Deflection Factors
Easy to Customize

The 5A24N is a low-cost utility plug-in pro-
viding direct access to either the vertical or
horizontal deflection system of the 5000-
Series Mainframes. It contains mode switch-
ing, crt beam positioning, trigger pickoff for
basic measurements, and a built-in 3% x 23
in soldering pad matrix for use by the cus-
tomer who wishes to build his own input
circuits 'for special applications. Customer-
built circuits are powered through the circuit
board which provides access to all main-
frame power supplies.

Bandwidth — Dc coupled, dc to at least 2 MHz at
50 mV/div, decreasing to dc to 200 kHz at mid-atten-
uator range. Ac coupled, 25 Hz to at least 2 MHz at
50 mV/div, decreasing to 25 Hz to 200 kHz at mid-
attenuator range. Uncompensated input.

Deflection Factor — 50 mV/div, accurate within 3%.
Continuously variable, uncalibrated from 50 mV/div
to at least 1 V/div.

Input R and C — Approx 100 kQ, approx 30 pF.
Max Input — 50 volts (dc + peak ac).

ORDERING INFORMATION

5A14N Four-Trace Amplifier ....... .. $860
5A15N Single-Trace Amplifier . . ... ... $200
5A18N Dual-Trace Amplifier ....... .. $440
5A23N Single-Trace Amplifier . ... . . .. $175
5A24N Single-Trace Amplifier ... .. ... $110




5A13N

Dc to 2 MHz Bandwidth

1 mV/div to 5 V/div

10,000:1 Cmrr

10,000 Div Effective Screen Height

The 5A13N is a differential comparator plug-
in amplifier for the 5000 Series. It incorpo-
rates a number of performance features that
makes it particularly versatile, especially in
multitrace combination with other 5000-
Series Amplifier Plug-ins. The following op-
erational areas describe the functions of the
5A13N.

Conventional Mode — As a conventional am-
plifier, the 5A13N has constant bandwidth
over the 1 mV/div to 5 V/div deflection fac-
tor range. The bandwidth is selectable at
2 MHz or 10 kHz for best displayed noise
conditions during low-frequency applica-
tions. The plus or minus inputs allow normal
or inverted displays.

Differential Mode — As a differential ampli-
fier, the 5A13N maintains its conventional
features and provides a balanced input for
applications requiring rejection of a com-
mon-mode signal. The cmrr is 10,000:1 from
dc to 20 kHz, decreasing to 100:1 at 2 MHz.
The unit rejects up to 15 V of common-mode
signal at a deflection factor setting of 1
mV/div, increasing to 350 V rejection capa-
bility above 100 mV/div.

Comparator Mode — As a comparator am-
plifier, the 5A13N uses its differential cap-
abilities, but provides an accurate positive
or negative internal offsetting voltage. A sig-
nal of up to =10 V may be applied to an
input (plus or minus) at a deflection factor
setting of 1 mV/div and viewed in 10,000 div
by offsetting the signal with the opposing
comparison voltage. A =1 V comparison
voltage is also available for applications re-
quiring max resolution. The offset voltage
may be externally monitored through a front-
panel output.

CHARACTERISTICS
Bandwidth — Dc to 2 MHz. Bandwidth limit mode,

dc to 10 kHz. Ac coupled, 2 Hz or less at the lower
—3 dB point.

Deflection Factor — 1 mV/div to 5 V/div in a 1-2-5
sequence. Accuracy is within 3%. Uncalibrated, con-
tinuously variable between steps and to at least
12.5 V/div.

Input R and C — 1 M@, approx 51 pF.
Signal Range

Deflection
Factor
Settings

0.1 Vto
5 V/div

1mVto
50 mV/div

Common-Mode

Signal Range - =10V +350 V

Max Dc
Coupled Input
(Dc + Peak Ac

at 1 kHz or Less) +350V

+350 V

Max Ac
Coupled Input

(Dc Voltage) +350V

Max Input Gate Current — 0.1 nA or less (equivalent
to 100 uV or less, depending on external loading)
at 25°C.

Overdrive Recovery — 1 us to recover to within 3.0
mV and 0.1 ms to recover to within 1.5 mV after
removal of an overdrive signal between +10 V and
—10 V, regardless of overdrive signal duration.

5000-Series Differential Amplifiers

5A19N

5A13N
5A19N
5A21N

5A21N

Internal Comparison Voltage — Ranges, 0 V to =10 A
and 0 V to =1 V. Accuracy, within 0.2% of dial
setting plus 5 mV from =1 V to £10 V; within 0.2%
of dial setting plus 1 mV from =25 mV to +=1 V on
the 0 V to £1 V range. From 0 V to =25 mV, use the
on-screen display for greater resolution. Vc output R,
approx 15 kf2.

Common-Mode Rejection Ratio — At least 10,000:1,
dc to 10 kHz at 1 mV/div to 50 mV/div dc coupled,
with up to 20 V p-p sine wave, decreasing to 100:1
at 1 MHz. At least 400:1, dc to 10 kHz at 0.1 V/div
to 5 V/div dc coupled, with up to 100 V p-p sine wave,
decreasing to 40:1 at 1 MHz. For frequencies above
5 kHz ac coupled, cmrr is the same as stated for dc
coupled. Below 5 kHz ac coupled, cmrr decreases
to 400:1 at 10 Hz. Cmrr with two P6060 Probes is at
least 400:1 at any deflection factor.

5A13N Differential Comparator
Amplifier ........ ... ..ot $755

5A19N
Dc to 2 MHz Bandwidth
1 mV/div to 20 V/div
Dc Offset

The 5A19N is a low-cost differential amplifier
featuring variable dc offset and simplicity of
controls. It is ideal for monitor and systems
applications. It operates in the left or middle
plug-in compartment of the 5000-Series
Mainframe for Y-T displays, or in the right
compartment for X-Y displays.

Bandwidth — Dc coupled, dc to at least 2 MHz at all

deflection factors. Ac coupled, 2 Hz or less to at
least 2 MHz at all deflection factors.

Deflection Factor — 1 mV/div to 20 V/div in a 1-2-5
sequence. Accuracy is within 2%. Uncalibrated, con-
tinuously variable between calibrated steps and to
50 V/div.

Input R and C — 1 MQ within 0.3%, approx 47 pF.

Signal and Offset Range

1 mV/div to
200 mV/div

500 mV/div
to 20 V/div

Deflection
Factor Settings

Common-Mode Rejection Ratio — Dc coupled, 1 mV/
div to 200 mV/div, at least 1000:1 from dc to 10 kHz;
decreasing to 100:1 at 500 mV/div to 20 V/div.

5A19N Differential Amplifier ......... $250

5A21N

Dc to 1 MHz Bandwidth

10 kHz Bandwidth Limiter

50 nV/div to 5 V/div

100,000:1 Cmrr

Voltage and Current Probe Inputs

The 5A21N is a 50 xV/div, dc coupled differ-
ential amplifier for the 5000 Series. The
5A21N has a current probe input.

VOLTAGE CHARACTERISTICS

Bandwidth — D¢ coupled, dc to at least 1 MHz. Ac
coupled, 2 Hz or less to at least 1 MHz. Bandwidth
may be limited to 10 kHz.

Deflection Factor — 50 uV/div to 5 V/div in 16 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%.
Uncalibrated, continuously variable between calibra-
ted steps and to 12.5 V/div.

Input R and C — Voltage mode, 1 M within 0.15%,
approx 47 pF.

Max Input Voltage

Common-Mode
Signal Range

+16 V +350V

Max Dc
Coupled Input
(Dc + Peak Ac

at 1 kHz or Less) +350V

Max Ac Coupled

Input (Ac Voltage) +350 V

4350V to
—350V

+15 V to
—15V

Dc Offset
Range

For recommended probes — refer to page 90.

Dc Coupled Ac Coupled
50 wV/div to 10 V (dc + 350 V dc (coupling
50 mV/div peak ac) cap pre-charged),
10 V peak ac
100 mV/div 350 V (dec + 350 V (dc +
to 5 V/div peak ac) peak ac)

Input Gate Current — 100 pA or less (equivalent to
100 uV or less, depending on external loading), at
25°C.

Displayed Noise — 30 uV or less, tangentially mea-
sured.

Common-Mode Rejection Ratio — Ac coupled, 50
wV/div to 0.5 mV/div, at least 20,000:1 at 5 kHz and
above decreasing to 400:1 at 10 Hz. Dc coupled, at
least 100,000:1, dc to 30 kHz at 50 wV/div and 100
wuV/div with up to 20 V p-p sine wave, decreasing by
less than 20 dB/decade on sensitivity ranges up to
50 mV/div. From 100 mV/div to 5 V/div, cmrr is at
least 400:1 with up to 100 V p-p sine wave. Cmrr with
two P6060 Probes is at least 400:1 at any deflection
factor.

Additional information on following page.
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5A22N
5A26

CURRENT PROBE INPUT CHARACTERISTICS
(with P6021 CURRENT PROBE)

Bandwidth — 15 Hz or less, to at least 1 MHz. Band-
width may be limited to 10 kHz,

Deflection Factor — 0.5 mA/div to 0.5 A/div in 10
calibrated steps (1-2-5 sequence). Accurate within 3%.
Uncalibrated, continuously variable between steps
and to 1.25 A/div.

Max Input Current —4 A p-p (at probe loop) with
125-turn P6021 Current Probe.

Displayed Noise — 300 nA or less, tangentially mea-
sured. Performance characteristics are valid for the
5A21N from 0°C to +50°C.

5A21N Differential Amplifier ... .- .. ..$350
with Option 01 (includes P6021, 5 ft.
currentiprobe)r v b T e ...$150

The 5A21N and 5A22N Differential Ampli-
fiers are available with crt readout at ad-
ditional cost (crt readout functional in 5400-
Series Mainframes only). Contact your local
Tektronix Field Engineer for details.

5A22N

Dc to 1 MHz Bandwidth

10 xV/div to 5 V/div

100,000:1 Cmrr

Selectable Upper and Lower —3 dB Points
Dc Offset

The 5A22N is the most versatile of the 5000-
Series Differential Amplifiers. It features front
panel selectable filtering which enables re-
duction of undesirable displayed noise; both
upper and lower 3 dB points are selectable.
Dc offset at full bandwidth is available for
viewing signals riding on a dc component
such as low-level ripple and noise on a
power supply.

These features, together with its high com-
mon-mode rejection, make the 5A22N well
suited for measurements in difficult low-
amplitude, low-frequency areas.

CHARACTERISTICS

Bandwidth — HF —3 dB point: selectable in 9 steps
(1-3 sequence) from 100 Hz to 1 MHz. 100 Hz to 0.3
MHz, accurate to within 20% of selected frequency;
at 1 MHz, bandwidth is down 3-dB or less. LF —3 dB
point: selectable in 6 steps (1-10 sequence) from 0.1
Hz to 10 kHz accurate to within 20% of selected fre-
quency. Ac coupled, 2 Hz or less.

Deflection Factor — 10 uV/div to 5 V/div in a 1-2-5
sequence. Accuracy is within 3%. Uncalibrated, con-
tinuously variable between steps and to at least
12.5 V/div.

Common-Mode Rejection Ratio — Ac coupled, 10 uV/
div to 0.5 mV/div, at least 20,000:1 at 5 kHz and above,
decreasing to 400:1 at 10 Hz. Dc coupled, .at least
100,000:1, dc to 30 kHz from 10 uV/div to 100 uV/div
with up to 20 V p-p sine wave, decreasing by less than
20 dB/decade on sensitivity ranges up to 50 mV/div.
From 100 mV/div to 5 V/div, cmrr is at least 400:1
with up to 100 V p-p sine wave. Cmrr with two P6060
Probes is at least 400:1 at any deflection factor.
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5000-Series Differential and Dual Differential Amplifiers

5A22N

Signal and Offset Range

Deflection 10 uV to 0.1 Vto

Factor Settings 50 mV/div 5 V/div

Common-Mode =10V +350V

Signal Range

Max Dc Coupled

Input (Dc + Peak

Ac at 1 kHz or Less) +12V +350V

Max Ac Coupled +350V

Input (Dc Voltage) Dc rejection, at least 4 x 105:1

Dec Offset Range +05V +50 V

to to

—0.5V —50V

Input R and C — 1 MQ within 0.15%, approx 47 pF.

Overdrive Recovery — 10 us or less to recover within
99.5% of reference level after removal of a test signal
applied for 1 s. Signal amplitude not to exceed com-
mon-mode signal range.

Max Input Gate Current — 200 pA or less.

Displayed Noise — 20 xV at max bandwidth, source
resistance 25 (2 or less, measured tangentially.

Drift with Temperature — 100 uV/°C or less.
5A22N Differential Amplifier . ... ... .. $650

5A26
Two Dilferential Amplifiers in One Plug-In

50 xV/div Sensitivity at 1 MHz

*100,000: 1 Cmrr

Crt Readout

The 5A26 Dual Differential Amplifier com-
bines two independent differential amplifiers
in one plug-in. It adds no-compromise differ-
ential measurement capability to the line of
low-cost, high-performance 5000-Series La-
boratory Oscilloscopes. It may be used in
any 5000-Series Mainframe.

The 5A26 provides 50 uV/div sensitivity at
1 MHz, high common-mode rejection ratio,
crt readout in any standard 5400-Series
Mainframe, trigger-source selection and
bandwidth limit on each channel. With two
SA26s, it is possible to observe up to four
differential channels at one time in the chop
or alternate mode.

The 5A26 has many applications in areas
that require dual differential performance,
especially in biomedical and electromechan-
ical fields, education, and component manu-
facturing.

For recommended probes — refer to page 90.

5A26

CHARACTERISTICS
Number of Differential Channels — Two.

Bandwidth — Dc coupled, dc to at least 1 MHz. Ac
coupled, 2 Hz or less to at least 1 MHz. Bandwidth
may be limited to 10 kHz.

Deflection Factor — 50 uV/div to 5 V/div in 16 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%.
Uncalibrated, continuously variable between calibra-
ted steps and to 12.5 V/div.

Crt Readout — Crt readout of deflection factors.
Functional in crt readout-equipped 5400-Series Os-
cilloscopes, nonfunctional in 5100-Series ©Oscillo-
scopes.

Input R and C— 1 MQ within 0.15% paralleled by
approx 47 pF.

Max Input Voltage

Dc Coupled Ac Coupled
50 uV/div to 10 V (dc + 350 V dc (coupling
50 mV/div peak ac) cap precharged),
10 V peak ac
100 mV/div 350V (dec + 350V
to 5 V/div peak ac) (de + peak ac)

Input Gate Current — 100 pA or less (equivalent to
100 uV or less, depending on external loading) at
25°C.

Displayed Noise — 30 uV or less, tangentially mea-
sured.

Common-Mode Rejection Ratio

Dc Coupled
50 uV/div to At least 100,000:1 from dc
50 mV/div to 30 kHz with up to 20 V

p-p sine wave

100 mV/div to At least 300:1 from dc to

5 V/div 30 kHz with up to 100 V
p-p sine wave
Ac Coupled
50 p.V/di_v to At least 20,000:1 at 5 kHz
50 mV/div to 30 kHz, decreasing to
not less than 2000:1 at
60 Hz
With 2 P6062A Probes 400:1 at 10X probe atten-
uation
5A26 Dual Differential Amplifier . . . . .. $670
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5B10N
100 ns/div to 5 s/div Calibrated Time Base
Single Sweep
Direct Readout X10 Mag
Provides Alternate and Chopped Displays
50 mV/div and 500 mV/div External Input

The 5B10N is a time base/amplifier plug-in
unit for generating a sweep in the 5000-
Series Oscilloscopes. An external input al-
lows use of the 5B10N as a voltage amplifier
with calibrated deflection factors of 50
mV/div and 500 mV/div.

Triggering the 5B10N is straightforward even
with the many triggering modes which are
pushbutton selected. Source positions in-
clude left or right plug-in, composite (from
the mainframe vertical amplifier), line and
external.

CHARACTERISTICS

Sweep Rates — 1 us/div to 5 s/div in 21 calibrated
steps (1-2-5 sequence). X10 magnifier extends dis-
played sweep time/div to 100 ns. Uncalibrated, con-
tinuously variable between steps and to 12.5 s/div.
Sweep Accuracy — Unmagnified, within 3% from
1 us/div to 1 s/div, and within 4% at 2 s/div and
5 s/div. Magnified displays accurate within 1% in
addition to specified time base sweep accuracy.

TRIGGERING
Coupling To 1 MHz At 2 MHz
De Internal 0.4 div 0.6 div
External 200 mV 200 mV
Ac Requirements increase below 50 Hz

Auto Trig — Same as above except signal rate re-
quirements are 15 Hz and above.

Single Sweep — Same as for ac and dc coupled.
External Trigger Input — Max input is 350 V (dc +
peak ac). Input R and C is 1 M2 within 2% paralleled
by ~70 pF. Trigger level voltage range is +5 V to

—5 V.
EXTERNAL HORIZONTAL MODE

Deflection Factor — 50 mV/div and 500 mV/div, ac-
. curate within 3%. X10 variable extends range to at
least 5 V/div.

Bandwidth — Dc coupled, dc to at least 1 MHz. Ac
coupled, 50 Hz or less to at least 1 MHz.

Input R and C — 1 MQ within 2%, approx 70 pF.
Max Input Voltage — 350 V (dc + peak ac).

ORDERING INFORMATION

5B10N Time Base/Amplifier ......... $305
5B12N Dual Time Base ............. $650
5Bi3BN TimeBase .................. $170

5B13N TIME BASE

5B12N
100 ns/div to 5 s/div Calibrated Time Base
Dual and Delayed Sweep
Direct Readout X10 Mag

The 5B12N is a time base for generating
single, dual, or delayed sweeps in 5000~
Series Oscilloscopes. The 5B12N is normally
used in the right plug-in compartment but is
compatible with the vertical deflection com-
partments as well.

The display modes are A sweep, B sweep,
A intensified — B delayed and dual sweep.
Each mode is selectable by pushbutton
switches. Triggering sources for A and B
sweep include left and right plug-in, line,
and display composite. In the display com-
posite mode the sweep is triggered from
the composite signal being displayed. Auto
and external trigger and single sweep are
provided for the A sweep. The B sweep is
triggerable after the delay time.

When operated in the dual-sweep mode in
a dual-beam oscilloscope with two amplifier
plug-ins, first the A sweep and then the B
sweep displays the signals from both ampli-
fiers; four traces will be displayed. Both
sweeps are displayed simultaneously in
chop mode.

When operated in the dual-sweep mode in
a single-beam oscilloscope with two ampli-
fier plug-ins, the A sweep is slaved to the left
plug-in and the B sweep is slaved to the
right plug-in.

The display mode pushbutton selects chop
or alternate time-share switching between
vertical plug-ins and amplifier channels.
Chop rate is 25 kHz to 100 kHz depending
on plug-in combinations and number of
traces displayed.

CHARACTERISTICS

A Sweep Rates — 1 us/div to 5 s/div in 21 calibrated
steps (1-2-5 sequence). X10 magnifier extends dis-
played sweep time/div to 100 ns. Uncalibrated, con-
tinuously variable between steps and to 12.5 s/div.

A Sweep Accuracy — Unmagnified, within 3% from
1 us/div to 1 s/div and within 4% at 2 s/div and
5 s/div. Magnified, displays accurate to within 1%
in addition to specified time-base sweep accuracy.

5000-Series Time Bases

5B10N
5B12N
5B13N

B Sweep Rates — 0.2 us/div to 0.5 s/div in 20 cali-
brated steps.

B Sweep Accuracy — Within 3% from 1 us/div to
0.1 s/div. Within 4% at 0.2 us/div, 0.5 us/div, 0.2
s/div, and 0.5 s/div.

TRIGGERING

The following applies to the A and B trigger except
as noted.

Coupling To 1 MHz At 2 MHz
Internal 0.4 div 0.6 div
Dc
External* 200 mV 200 mV
Ac Regquirements increase below 5¢ Hz

*A Trigger only.

B sweep operates in triggered or free-run mecde after
delay time.

Auto Trig — Same as above on signal rates of 15 Hz
and above.

The following characteristics apply to the A trigger
only.
Single Sweep — Same as for ac and dc coupled.
External Trigger Input — Max input voltage is 35C V
(dc + peak ac). Input R and C is 1 MQ within 2%
paralleled by approx 70 pF. Trigger level voltage
range is +5 V to —5 V.

DELAYING SWEEP CHARACTERISTICS
Delay Time Accuracy — 1 us/div to 0.5 s/div, within
1%. 1 s/div to 5 s/div, within 2%.
Delay Time Multiplier Range — 0.2 to 10.2 times the
time/div setting.
Delay Time Multiplier Incremental Linearity — Within
0.2%.

Differential Time Measurement Accuracy — Withiin 1%
plus 2 minor dial div for 1 us to 0.5 s delay times.
Within 2% plus 2 minor dial div for 1 s to 5 s delay

' times.

Jitter — Less than 0.05% of the time represented by
one div of the delaying sweep selected.
EXTERNAL HORIZONTAL MODE

Deflection Factor — 50 mV/div and 500 mV/div ac-
curate to within 3%. X10 variable extends range to
at least 5 V/div.

Bandwidth — Dc coupled, dc to at least 1 MHz. Ac
coupled, 50 Hz or less to at least 1 MHz.

Input R and C — 1 MQ within 2%, approx 70 pF.
Max Input Voltage — 350 V (dc + peak ac).

5B13N
1 us/div to 100 ms/div Calibrated Time Base
External Horizontal Input

The 5B13N is a low-cost, general-purpcse
time base for 5000-Series Oscilloscopes.

The 5B13N suits applications such as basic
laboratory use by students, production test-
ing, scientific research, and others.

CHARACTERISTICS

Sweep Rates — 1 us/div to 100 ms/div within 5% In
6 calibrated decade steps. A lighted multiplier control
provides continuous, uncalibrated variation between
steps and extends the pushbutton-selected rate to at
least 1 s/div.

TRIGGERING
Coupling Sensitivitly and Frequency Range
Ac Int 0.4 div from 50 Hz to 100 kHz,

increasing to 1 div at 1 MHz
Ext 200 mV from 50 Hz to 1 MHz

External Trigger Input — Max input voltage is 200 V
(de + peak ac). Input R and C is approx 100 kQ2
paralleled by approx 1000 pF. Trigger-leve! voltage
range is +1.5 Vto —1.5 V.

EXTERNAL HORIZONTAL INPUT

Deflection Factor — 50 mV/div, accurate to within §%.
A continuously variable deflection factor muiltiplier
provides variation between 50 mV/div and 0.5 V/div.

Bandwidth — Dc to at least 100 kHz.
Input R and C — Approx 50 kQ paralleled by 1000 pF.
Max Input Voltage — 200 V (dc + peak ac).
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5CTiIN
5L4N
5S14N

S5CTiIN

5L4N

5000-Series Curve Tracer, Spectrum Analyzer, and Dual-Trace Sampler

5CT1N Curve Tracer

® Test Semiconductor Devicesto 0.5W @ 10
nA/div to 20 mA/div Vertical Deflection Fac-
tors ® 0.5 V/div to 20 V/div Horizontal De-
flection Factors ® For a complete descrip-
tion see page 182.

5L4N Spectrum Analyzer

® | ow Cost ® 0-100 kHz Frequency Range
® Resolution Bandwidth 10 Hz to 3 kHz ®
Log and Linear-Span Modes ® Auto Resolu-
tion ® For a complete description see page
197.

5514N Sampler

Dc to 1 GHz Bandwidth

Dual Trace, 2 mV/div Sensitivity
Calibrated Delayed Sweep
Simplified Triggering
Operational Ease of
Conventional Cscilloscope

Two-Dot Time Measurements

The 5814N Sampling Unit combines ampli-
fier and time-base functions in one double-
width plug-in unit designed to operate in
all 5000-Series Mainframes. Combining the
sampling amplifier and time-base functions
in one plug-in enables the 5S14N to provide
new economy and ease of operation.

Two identical amplifier channels provide
dual-trace sampling. A two-ramp time base
introduces calibrated delayed sweep oper-
ation to sampling in an inexpensive package.

A unique feature is a system for making two-
dot time-interval measurements. This feature
provides an easy and accurate means for
measuring the time between two points on a
waveform. One bright dot on the trace is
positioned with the Delay Zero control to
the start of an event to be measured. Next
a second bright dot is positioned by the
Delay Time Multiplier Control to the end of
the event. The time-interval between the
selected points is then determined by mul-
tiplying the number read directly from the
Delay Time Multiplier Dial by the selected
time per division.
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SLAN SPECTRUM ANALYZER

AMPLIFIER CHARACTERISTICS

Modes — Channel 1 only; Channel 2 only; Dual Trace;
Channel 1 added to Channel 2; Channel 2 subtracted
from Channel 1 (CH 2 INVERT); Channel 1 vertical
(Y), Channel 2 horizontal (X).

Input Impedance — Nominally 50 Q.
Bandwidth — Equivalent to dc to 1 GHz.
Rise Time — 350 ps or less.

Step' Aberrations — +2%, —3%, total of 5% p-p
within first 5 ns, *=1% thereafter, tested with 284
Pulse Generator.

Deflection Factor — 2 mV/div to 0.5 V/div in 8 cali-
brated steps (1-2-5 sequence). Variable between steps
by at least 2.5 to 1.

Accuracy — Within £3%.
Max Input Voltage — =5V,

Input Signal Range — 2 V p-p max within a +2 V to
—2 V window at any sensitivity.

Dc Offset Range — At least +2 Vto —2 V.

Displayed Noise — 2 mV or less unsmoothed (tangen-
tially measured). Low noise pushbutton reduces ran-
dom noise by factor of 4 to 1 or more.

Vertical Signal Output — 0.2 V/div of vertical deflec-
tion; 10-kQ source resistance.

Channel Delay Difference — Adjustable to zero or for
any time difference up to at least 1 ns.

TIME BASE CHARACTERISTICS
Scan Modes — Repetitive, Single, Manual, or External.

Delaying Sweep — May be used as crt time base or
as a delay generator for the Delayed Sweep. The
sweep starts with minimum delay from the instant of
trigger recognition. When the Delaying Sweep mode
is selected for the time base, two bright dots in the
trace are generated which may be positioned anywhere
on the displayed waveform. The time between dots
is equal to the reading on the Delay Time Multiplier
dial multiplied by the time/div.

Delayed Sweep — This mode is used when the signal
to be displayed occurs considerably later than the
instant of trigger recognition or when the time must
be 5 ns or less per div. The Delayed Sweep may be
started with zero delay time with respect to the start
of the Delaying Sweep. Or the start may be delayed
by any time interval up to that represented by ten div
of the Delaying Sweep selected.

Horizontal Signal Output — 1.0 V per div of horizontal
deflection; 10-kQ source resistance.

DELAYING SWEEP CHARACTERISTICS

Range — 10 ns/div to 100 us/div in 13 steps (1-2-5
sequence). :

Accuracy — Within *=3% excluding first 1 div of
displayed sweep.

Delay Zero (1st Dot) — Adjustable to correspond to
any instant within the time interval represented by
the first 9 div of the Delaying Sweep selected.

Delay Time (2nd Dot) — Adjustable to any portion of
the time interval represented by ten div of the Delay-
ing Sweep selected.

Delay Accuracy — Within = 1% of ten div when mea-
surement is made within the last 9.5 div.

DELAYED SWEEP CHARACTERISTICS

Range — 100 ps/div to 100 us/div in 19 calibrated
steps (1-2-5 sequence). Variable between steps by at
least 2.5 to 1.

Accuracy — Within *=3% excluding first % div of
displayed sweep.

Start Delay — Depends on the Delaying Sweep time
selected and the setting of the Delay Time Mult dial.
Adjustable from Zero to any time interval up to that
represented by 10 div of the Delaying Sweep selected.
The Delaying Sweep start point corresponds to the
second bright dot position.

Delay Jitter— Less than 0.05% of the time represented
by 1 div of the Delaying Sweep selected.

TRIGGERING AND SYNC CHARACTERISTICS

Signal Source — Interval from channel 1 vertical input
or external through front-panel connector.

External Triggering — Nominal 50 Q input, ac coupled,
2V p-p, 50 V dc max. Trigger pulse amplitude 10 mV
p-p or more with rise time of 1 us or less. 10 Hz to
100 MHz. Sine-wave amplitude 10 mV p-p or more
from 150 kHz to 100 MHz.

Internal Triggering — Pulse amplitude 50 mV p-p or
more with rise time of 1 us or less. Sine-wave ampli-
tude 50 mV p-p or more from 150 kHz to 100 MHz.

Triggered Mode — Trigger recognition may be made
to occur at any selected voltage level between +0.5 V
and —0.5 V at instants when either a + slope or a —
slope of the triggering signal crosses that level.

Auto Triggered Mode — For small signals or when
there may be no triggering signal. Sampling pulses
are automatically generated at a low rate in the ab-
sence of a triggering signal so a trace may always be
generated and displayed. The trigger level range auto-
matically adjusts to approx the p-p voltage of the
signal.

Holdoff — Varies the length of the time interval during
which recognition is inhibited. Variation is at least 5
to 1. The control is particularly useful for displaying
digital words when triggering on binary pulses.

HF SYNC Mode — For sine waves from 100 MHz to
1 GHz, 10 mV p-p or more from external source, 50 mV
p-p or more from internal pickoff.

5S14NSampler ................... $2470
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For Accuracy and Versatility in the Field, Take One of Our 22 Portable Oscrlloscopes
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Tektronix offers an unmatched selection of
21 portable oscilloscopes, including six
storage models, designed to meet the test-
ing requirements of the electronics indus-
try. These high-quality scopes are used for
computer servicing, communication system
maintenance, research, education, and pro-
duction testing.

Your specific measurement needs should
guide you in selecting the TEKTRONIX Port-
able that's best for you. First consider your
performance, price and weight require-
ments. Then choose a model from one of
our four oscilloscope lines. Each combines
portability, reliability and ruggedness with
unique features and capabilities.

400-Series Performance Leaders

Take lab quality into the field with TEK-
TRONIX 400-Series Portable Oscilloscopes.
Choose from nine models including the
350-MHz 485, the widest bandwidth portable
available today and the 100-MHz High-
Speed Storage 466 with a 3000 div/us (1350
cm/us) stored writing speed.

These instruments are backed by our ex-
clusive IC and crt technology, years of reli-
ability testing and continuing commitment to
excellence in scope design. All weigh less
than 26 pounds (11.8 kg). Various models
feature bandwidths from 25 MHz to 350 MHz,
dual trace, delayed sweep, high-speed stor-
age, external trigger view, graticule illumin-
ation, variable-trigger holdoff and optional
battery power with the 1106 Clip-on Battery
Pack (when the scope is ordered with
Option 07). For easy operation, all have
color-coded controls and an automatic
volts/div readout (except for the environ-
mentalized 465M). The DM 44 Option, a
direct numerical readout available on five
models allows simple, quick, and highly ac-
curate differential-time and DMM measure-
ments.

Take advantage of the 400-Series’ unique
features for your computer servicing, point-
of-purchase terminal repair, and communi-
cation system maintenance applications. Or
use one of the 400-Series Scopes in its
rackmount version for your in-plant service
or production testing work. Descriptions of
these nine lab-quality models begin on
page 105.
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300-Series Portables—Excellent
Size/Weight/Performance Combinations

SONY®/TEKTRONIX® 300-Series Oscillo-
scopes prove that a precision scope can
weigh less than 11 pounds (5.0 kg) and still
contain many of the high performance ca-
pabilities found on our 400-Series Portables.
This family features bandwidths from 5 MHz

- to 35 MHz, long-term storage, delayed

sweep, battery operation and low power
consumption.

Sony/Tektronix Corporation builds these
portables tough to withstand the strains of
high altitude and extreme humidity. Two
models are especially designed for severe
environments and meet the MIL-Std-202C,
Method 106B test for humidity.

New this year is the 5-MHz SONY/TEK-
TRONIX 305/DMM scope that features a
built-in DMM plus the portability you require.

Take one of our three 300-Series Scopes
with you for servicing medical electronics,
on-board ship equipment, or remote com-
puter terminals — wherever light-weight,
medium-size scopes are required. Detailed
specifications begin on page 116.

200-Series Miniscopes

Have you ever tried carrying an oscillo-
scope up a ladder and across a catwalk in
a processing plant? Or wished that the off-
shore platform had a nearby ac power out-
let? Then you know that for many oscillo-
scope applications, light weight, small size
and battery operation are absolute neces-
sities.

The TEKTRONIX 200-Series Miniscopes are
powered by rechargeable, internal NICAD
batteries or external ac, and weigh less than
3.7 pounds (1.7 kg) each. These four instru-
ments offer solutions to your measurement
requirements that you can hold in your hand.

We designed the 200 Seéries for portability
and ease-of-operation. Then we added the
features most useful for remote servicing.
Bandwidths range from 500 kHz to 5 MHz.
The 214 offers storage capabilities while
the 213 combines scope and DMM functions.

Attached color-coded probes and cable
storage compartments facilitate scope set-
up and operation. Simplified slope and
triggering controls make one-hand opera-
tion easy. Included neck straps free your
hands for other tasks. Rugged impact-resis-
tant cases on these double-insulated instru-
ments afford shock protection and make
floating measurements possible. Their 6 x
10 division (0.5 cm/div) crts are easy to
read. And with their small, 3 x 5.25 x 9.50
inch (7.6 x 13.2 x 22.6 cm) size, each 200-
Series Miniscope fits easily into your brief-
case or toolbox.

Examine the features of the four 200-Series
models begnning on page 119. We think
you'll find that these oscilloscopes really
are the perfect traveling companions.

T900-Series Low-Cost Oscilloscopes

T900-Series Oscilloscopes combine low cost
with Tektronix quality and reliability. Choose
from five bench-top models and one rack-
mount. Bandwidths range from 10 MHz to
35 MHz. Family capabilities include dual
trace, delayed sweep, variable-trigger hold-
off and bistable storage—all at a price your
instrumentation budget will appreciate.

We build several features into all our T900
scopes that make them ideal for education,
production testing, consumer electronics
repair, and general service applications.
Their large, bright, 8 x 10 cm crts are es-
pecially useful during classroom demon-
strations. Simple control design and color-
coded front panels make teaching scope
operation fast and easy. For television re-
pair, tv triggering capabilities are standard
on the non-storage models. At 18 pounds
(8.2 kg) or less, the five bench-top models
are light-weight, rugged and easy to trans-
port. And to make the price even more at-
tractive, we include 10X attenuation probes
with these five scopes.

The T900-Series design focuses on relia-
bility and ease-of-operation. All critical ac-
tive components are pretested to insure high
reliability. Modular circuitry simplifies cali-
bration and repair. A beam finder helps you
locate the trace. An external graticule
eliminates parallax errors in crucial mea-
surements. And built-in delay line lets you
see the leading edge of the signal.

To increase the capabilities of your T900
Instrument while still keeping it a truly low-
cost portable, we've developed an inexpen-
sive line of accessories like the C-5B Cam-
era, modular probes, a dust cover and a
viewing hood. Accessories begin on page
128. T900 specifications start on page 123.

Accessories to Complete Your Oscilloscope
System

Extend your measurement capabilities with
TEKTRONIX Probes, Cameras, Battery
Packs and SCOPE-MOBILE® Carts.

A complete line of voltage, current, temper-
ature, FET and logic probes are designed to
work efficiently with your TEKTRONIX Os-
cilloscope. Scope cameras let you record
the results of your work. Two battery packs
can power your oscilloscope where line
power isn’t available. And a SCOPE-
MOBILE® Cart makes transporting your test

equipment easy.

Recommended probes, cameras, carts and
accessories are included in the ordering
information for each oscilloscope. For com-
plete information on battery packs, see page
128. For all other accessories, page 209.

To find out more about how Tektronix Port-
able Oscilloscopes will satisfy your perform-
ance, applications, service and price re-
quirements, contact your nearest Tektronix
Field Office (p. 248). Ask your Field En-
gineers for a demonstartion of how we can
satisfy your applications needs.

Or, mail the reply card at the back of this
catalog and tell us what we can do for you
—literature, planning assistance or a dem-
onstration. For even faster service, call us
toll-free within the Continental U.S. at 1-800-
547-1512.
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DM 44 DIFFERENTIAL-TIME/DMM OPTION

1% timing measurements were never this
easy! With the DM 44 Option, available on
five TEKTRONIX 400-Series Portables, time
intervals can be read directly from the 32
digit LED screen. Simply use the Delay
Time control and the A time dial to position
intensified spots at the beginning and end
of the interval you wish to measure(A). Next,
switch to delayed sweep and use the A time
dial to superimpose the end of the interval
on the beginning (B). Then read its differen-
tial time or frequency from the 3%2 digit LED
panel (C). It's that simple. Time intervals are
accurate to 1% and the frequency of peri-
odic waveforms can be read out with 2%
accuracy by simply pushing the 1/Time
button. '

Compare the DM 44 sequence with the
measurement technique you may now be
using. Calculating the interval from the crt
may take 10 times as long.

Voltage, resistance, and temperature mea-
surements are also much easier with a DM
44-equipped 400-Series Oscilloscope. The
DM 44 measures dc voltage with 0.1% ac-
curacy, resistance with 0.3% accuracy, and
temperature from —55°C to 150°C. Pre-
viously, you would have needed a separate
DMM and digital thermometer in addition
to your oscilloscope. Now, these features
are combined in one small, inexpensive, in-
tegral package.

The DM 44 is available as a factory-installed
option on the 464, 465, 466, 475 and 475A
Portables. It adds Delta Delayed Sweep and
independént DMM capabilities to these 400-
Series Scopes. First, consider your band-
width, sensitivty, storage, and price require-
ments. Then specify the DM 44 Option for
simple and accurate digital measurements.

DM 44 CHARACTERISTICS

Timing Measurements
Differential Time Delay Accuracy —

+15°C to +35°C —15°C to +55°C
used with 464, 465, used with 464, | used with 475
466, 475, and 475A 465, and 466 and 475A
within 1% of within 2.5% within 1.5%
reading of reading of reading
+1 count +1 count + 1 count
1/Time Accuraéy —
+15°C to +35°C —15°C to +55°C
used with 464, 465, used with 464, | used with 475
466, 475, and 475A 465, and 466 and 475A
within 2% of within 3.5% within 3%
reading i of reading of reading
+ 1 count ij count + 1 count
Dc Voltage

Ranges — 0-200 mV, 0-2 V, 0-20-V, 0-200 V, 0-1.2 kV.
Resolution — 100 uV.
Accuracy — Within 0.1% of reading %=1 count.

Input Resistance — 10 MQ for all ranges. Removal of
an internal strap increases resistance to approximate-
ly 1000 M2 on 200 mV and 2 V ranges.

Normal-Mode Rejection Ratio — At least 60 dB at 50
Hz and 60 Hz.

Common-Mode Rejection Ratio — At least 100 dB at
dc, 80 dB at 50 Hz and 60 Hz.

Recycle Rate — Approximately 3.3 measurements/s.
Response Time — Within 0.5 s.

Maximum Safe Input Voltage — = 1200 V dc + peak
ac between + and common inputs or between + and
chassis. =500 V (dc + peak ac) common floating
voltage between common and chassis.

Resistance

Ranges — 0-200 &, 0-2 kQ, 0-20 k{, 0-200 k2, 0-2 MQ
and 0-20 MQ.

Resolution — 0.1 Q.

Accuracy —
Range Accuracy
200 Q within 0.25% =1 count

+ probe resistance
within 0.25% =1 count

2 k@, 20 k2, 200 k2, 2 MQ

(A)

(B)

DM 44

Recycle Rate — Approximately 3.3 measurements/s.

Response Time —

200 2 through within 1 s
200 k@ ranges A T R
within 5 s

2 MQ ranges ‘
20 M ranges

Maximum Safe Input Voltage — 120 V rms between +
and common inputs.
Temperature Using P6430 Probe

20 MQ within 0.3% =1 count

Range — —55°C to +150°C
Accuracy —
Accuracy A=
DM 44 P6430 probe probe not
Temp Tip Temp calibrated calibrated
to DM 44 to DM 44

+15°C to —55°C to +2°C +6°C
+35°C +150°C .

—55°C to +3°C +8°C
—15°C to +125°C
+55°C +125°C to +4°C +8°C

+150°C

INCLUDED ACCESSORIES

One pair, Test Leads (003-0120-00), one P6430 Tem-
perature Probe (010-6430-00).

ORDERING INFORMATION

AESDM AR ... . ..u.5 . Tordae L s $2940
Vg e U e R ) R $3880
475A DM 44 (Order 475A Option 44) .$4245
466 DM:AR . .. o i e i G e s $5800
BCA'DIVAR - e S e e v $4820
Option 01, delete temperature probe

(for 475A order Option 45) ........... Subtract $85

Modification kits for field conversion of existing 464s,
465s, 466s, 475s, and 475As to DM 44 equipped
scopes are available. These are typically more ex-
pensive than when the option is ordered with the
instrument. Contact your Tektronix Field Engineer,

Distributor, or Representative for information.
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485

350 MHz at 5 mV/div

1 ns/div Sweep Rate

3.0 div/ns Writing Speed

1 MQ and 50 Q Input Impedances
Input Protection 50 © Internal
Automatic Deflection Factor Reado‘ut
Pushbutton Ext Trigger View

Battery Operation (Optional)

Weighs =21 Ib

At just 21 pounds, the 1 ns/div dual-trace
485 is the only truly portable 350-MHz oscil-
loscope on the market. This wide bandwidth
is one reason why the 485 is highly compat-
ible with today’s increasing technology.

Many features contribute to the 485’s extraor-
dinary overall performance. Fast 3.0 div/ns
writing speed is one, making it especially
attractive for use in field research environ-
ments. :

The 485 features a wide bandwidth at its
full 5 mV/div vertical sensitivity (350 MHz
at 50 @ and 250 MHz at 1 MQ). Selectable
input impedance provides the capability to
measure low and high impedance points
with the same scope and without active
probes.

Internal detection circuitry protects the 50 Q
input by automatically disconnecting when
the signal exceeds approximately 5 V rms.

106

400-Series Portable Oscilloscopes
350 MHz Dual Trace Oscilloscope

You no longer have to mentally compensate
for attenuating probes. Automatic vertical
scale-factor readout is provided by three
light-emitting diodes located around the
edge of each input attenuator knob. A quick
glance at the readout tells the operator the
correct on-screen V/div when the recom-
mended 10X or 100X probes are used.

And you always know exactly where you are
in a pulse train when making a delayed
sweep measurement. An alternate sweep
mode allows the delayed sweep to appear
alternately with the intensified main sweep.
In this mode, you can view the intensified
zone and the delayed display simultaneously.

The external trigger signal can be easily
viewed on the 485. A front-panel pushbutton
automatically routes the external signal used
to trigger Time Base A to the vertical deflec-
tion amplifier. This feature can also be used
to quickly make time comparisons between
the signal of interest and the external trigger
signal.

On the 485, focus is always correct in single-
shot photography. An autofocus circuit elim-
inates the need to readjust the focus each
time the intensity is changed.

When commercial power is not available, use
the 1105 Battery Power Supply. It weighs
only 19.5 pounds, and lets you take the
high-performance 485 virtually anywhere.

Often chosen as a general-purpose scope
for computer and electronic servicing en-
vironments because of its fast writing speed
and wide bandwidth, the 485 can also be
found in specialized and unusual applica-
tions. For example, to maintain a ground-
based laser/radar acquisition system, the
485’'s alternate sweep switching mode
proved an important factor.

VERTICAL DEFLECTION
(2 Identical Channels)
Bandwidth* and Rise Time — (at all deflection factors
from 50 © terminated source).
—15°C to +35°C | +85°C to +55°C

50 @ Dc to 350 MHz, Dc to 300 MHz,
1ns 1.2 ns

1 MQ Dc to 250 MHz, Dc to 200 MHz,
1.4 ns 1.8 ns

*Measured at —3 dB. Bandwidth may be limited to
approx 20 MHz by bandwidth limit switch.

Lower —3 dB point, ac coupling 1X probe: 1 kHz or
less for 50 ©, and 10 Hz or less for 1 MQ. 10X probe:
100 Hz or less for 50 @, and 1 Hz or less for 1 MQ.

Deflection Factor —5 mV/div to 5 V/div (1-2-5 se-
quence), accurate *=2%. Uncalibrated, continuously
variable between steps and to at least 12.5 V/div.
Gain can be recalibrated at the front panel.

Display Modes — Ch 1, Ch 2 (normal and inverted),
X-Y (Ch 1-Y and Ch 2-X), ADD (Ch 1 = Ch 2).

CMRR — Common-mode rejection ratio at least 20 dB
at 50 MHz for common-mode signals of 6 div or less.

Automatic Scale Factor — Probe tip deflection factors
for 1X, 10X, and 100X coded probes are automatically
indicated by three readout lights at the edge of the
knob skirts. All lights are off when the channel is not
selected for display or when the trace identification
control on the probe is depressed.

Selectable Input Impedance — 50 Q and 1 MQ impe-
dances are available at a single BNC connector by
pushbutton selection.

50 Q *£0.5%; 1.15:1 or less from 20 mV/div to 5 V/div
to 350 MHz, vswr 1.25:1 or less at 5 mV/div to 10
mV/div.

Input R and C— 1 MQ 1% paralleled by approx
20 pF.

50 @ Protection — Internal detection circuitry pro-
vides protection by automatically disconnecting ex-
cessive signals of up to 50 V. The ‘‘disconnected”
condition is indicated, and has manual reset.

Max Input Voltage

Protection disconnect occurs for volt-
ages that exceed approx:

5 V rms continuous
50 Q 0.1 watt-second for instantaneous
voltages of 5 V to 50 V.

Ac Coupled 250 V (dc + peak ac),
500 V p-p to 1 kHz.

Dc Coupled 250 V (dc + peak ac),
ki 500 V p-p to 1 kHz.
Ac Coupled 500 V (dc + peak ac).

500 V p-p to 1 kHz.

Selectable Input Coupling — Ac; dc; GND (provides
zero reference, precharges coupling capacitor, dis-
connects 50  load in 50 Q mode).

Delay Line — Permits viewing leading edge of dis-
played waveform.

Probe Power — Connectors provide correct voltages
for two optional P6201 FET probes.

HORIZONTAL DEFLECTION
Time Base A and B — Calibrated sweep range; 1 ns/
div to 0.5 s/div (1-2-5 sequence).

Variable Time Control — Time Base A provides con-
tinuously variable uncalibrated sweep rates between
steps and to at least 1.25 s/div.

Time Base A and B Accuracy, center 8 div

Sweep Rate +15°C to —15°C to
+35°C +55°C
1 ns/div to 20 ns/div +3% +5%
50 ns/div to 0.1 s/div +29% *4%
0.2 s/div and 0.5 s/div +3% *+5%

Horizontal Display Modes — A, intensified, alternate,
and B (delayed sweep). A only is displayed for A
sweep rates of 1, 2, and 5 ns/div. B ends A for in-
creased intensity in the delayed mode.

Alternate Display Modes — Allows the B delayed
sweep to appear alternately with the intensified A
sweep. Trace separation control positions B (delayed
sweep approx 4 div from the A sweep).



CALIBRATED SWEEP DELAY

Delay Time Range — 0 to X10 delay time/div setting
of 10 ns/div to 0.5 s/div.

Differential Delay Time Measurement Accuracy
+15°C to +35°C

+ (1% of measurement
+0.2% of full scale)

*+ (0.5% of measurement
+0.1% of full scale)

+ (1% of measurement
+0.1% of full scale)

Delay Time Setting
10 ns/div and 2C ns/div

50 ns/div to 1 ms/div

2 ms/div to 0.5 s/div

Full scale is 10 times the delay time/div setting.

Jitter — 1 part or less in 20,000 of X10 the time/div
setting.

TRIGGERING A and B

A Trigger Modes — Normal (sweep runs when trig-
gered). Actomatic (sweep free-runs in the absence
of a triggering signal and for signals below 20 Hz).
Single sweep (sweep runs one time on the first trig-
gering “event after the reset selector is pressed).
Lights indicate when sweep is triggered and when
single sweep is ready.

A Trigger Holdoff — Adjustable control permits a sta-
ble presentation of repetitive complex waveforms. The
control covers at least the time of one full sweep for
faster than 0.2 s/div.

B Trigger Modes — B runs after delay time (starts
automatically at the end of the delay time) and B
triggerable after delay time (runs when triggered). The
B (delayed) sweep runs once, in each of these modes,
following the A sweep delay time.

Time Base A and B Trigger Sensitivity

Coupling To 50 MHz To 350 MHz
Dc Internal 0.3 div deflection | 1.5 div deflection
External |20 mV 100 mV
Ac Signals below 16 Hz are attenuated

Ac Lf Reject | Signals below 16 kHz are attenuated

Ac Hf Reject| Signals below 16 Hz and above 50
kHz are attenuated

Jitter — 0.1 ns or less at 350 MHz at 1 ns/div.

A Trigger View — A spring-loaded pushbutton over-
rides other vertical controls and displays the external
signal used for A sweep triggering. This provides
quick verification of the external signal and time com-
parison between a vertical signal and the external
trigger signal. The deflection factor is approx 50 mV/
div (0.5 V/div with external = 10 source).

Level and Slope — Internal, permits selection of
triggering at any point on the positive or negative
slope of the displayed waveform. External, level is
adjustable through at least = 0.5 V for either polarity;
+5V for Ext + 10.

A Sources — Internal, line, external, external =+ 10.

B Sources — B runs after delay time, internal, exter-
nal, external = 10.

External Inputs — R and C approx 1 MQ paralleled
by approx 20 pF. Max input voltage; 500 V (dc +
peak ac), 500 V p-p to 1 kHz.

X-Y OPERATION
Full Sensitivity X-Y (Ch 1 Vert, Ch 2 Horiz) —5 mV/
div to 5 V/div, accurate *2%. Y-axis bandwidth
identical to Channel 1. X-axis bandwidth is dc to at
least 4 MHz (—3 dB). Phase difference between am-
plifiers is 3° or less to 4 MHz.

DISPLAY
Crt— 8 x 10 div display, each div is 0.8 cm. Hori-
zontal and vertical centerlines further marked in 0.2
div increments. P31 phosphor standard; P11 optional.
21 kV accelerating potential.

Photographic Writing Speed — At least 1.5 div/ns
with standard P31 phosphor and at least 3 div/ns with
optional P11 phosphor using the TEKTRONIX C-31R
Camera and 3000 speed film.

Auto Focus — Automatically maintains beam focus
for all intensity settings.

Graticule — Internal, nonparallax; variable edge light-
ing: markings for measurement of rise time.

485 350-MHz, Dual-Trace Portable Oscilloscope

Beam Finder — Compresses trace to within graticule
area for ease in determining the location of an off-
screen signal.

Z-Axis Input — Rise time ~15 ns. Input R ~500 2.
+0.2 V (dc to 20 MHz) decreases intensity. + 2 V (dc
to 2 MHz) blanks max intensity trace.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C.
Nonoperating: —35°C to +75°C. Filtered forced air
ventilation is provided.

Altitude — Operating: to 15,000 ft; max allowable am-
bient temperature decreased by 1°C/1000 ft from 5000
to 15,000 ft. Nonoperating to 50,000 ft.

Vibration — Operating: 15 minutes along each of the
three axes. .06 cm (0.025 in) p-p displacement (4 g's at
55 Hz) 10 to 55 to 10 Hz in 1 minute cycles.

Humidity — Operating and nonoperating: 5 cycles
(120 hours) to 95% relative humidity referenced to
MIL-E-16400F (par 4.5.9 through 4.5.9.5.1, class 4).

Shock — Operating and nonoperating: 30 g's, 2 sine,
11-ms duration, 2 shocks per axis in each direction
for a total of 12 shocks.

OTHER CHARACTERISTICS

Two-Frequency, Fast-Rise Calibrator — Output resis-
tance is 450 © with a rise time (positive slope) into
50 Q of 1 ns or less. 1 kHz, duty cycle 49.8% to
50.2%. Amplitude is 5 V =0.5% into 1 M and 0.5 V
+1% into 50 © (*£0.5%). Optional BNC accessory
current loop provides 50 mA *1%. Selectable repe-
tition rates are 1 kHz and 1 MHz *=0.25%. Specifica-
tions apply over +15°C to +35°C range.

A Sweep Output — Open circuit, approx 10 V positive-
going sawtooth; into 50 Q, approx 0.5 V.

A and B Gate Outputs — Open circuit, approx 4 V
positive-going rectangular pulse; into 50  approx
0.5 V.

Power Requirements — Recessed slide switch selects
nominal operating line range. Line voltage range is
90 V to 136 V and 180 V to 272 V. 60 W max power
consumption at 115 V. Line frequency 48 to 440 Hz.

Cabinet Rackmount

Dimensions in cm in cm
Height 6.6 | 16.8 7.0 17.7
Width 12.0 | 30.5 | 19.0 | 48.3
Depth 18.0 | 45.7

(handle extended) 20.6 | 52.3

(handle not extended) | 18.5 | 47.0
Weights (Approx) Ib kg Ib kg
Net

(with accessories) 24 10.9

et

(without accessories) | 21 95 | 26.2 11.9
Shipping 33 15 54 24.5

INCLUDED ACCESSORIES

50-Q, 18-inch BNC cable (012-0076-00), two BNC jack
posts (012-0092-00), two 50-Q terminators (011-0049-01),
clear filter (386-0118-00), four 3-amp fuses (159-0015-
00), accessory pouch (016-0535-00) or (016-0537-00).
Rack models also include mounting hardware and
slide out assemblies.

ORDERING INFORMATION
485 Oscilloscope . ................ $5725
R485 Oscilloscope, 7 in Rack Model .$5850

485-1 or R485-1 Oscilloscope, without A
Ext Trigger Display ............ Sub $100

485-2 or R485-2 Oscilloscope, without A
Ext Trigger Display and with 50 Q input only
instead of selectable input

impedance ... .. 2k is s vesas Sub $350
INSTRUMENT OPTIONS

Option 04 Emc Modification .............. Add $75

Option 78 P11 Phosphor ..................... $35

For more information on instrument options, see your
Tektronix Field Engineer, Distributor, or Representa-
tive.

OPTIONAL ACCESSORIES

Probes —
Bandwidth*
Input Probe Attenua- Input with
Terminal| Type tion Impedance 485
P6056 10X 500 © 350 MHz
6 ft 1 pF
P6057 100X 5000 Q 350 MHz
6 ft 1pF
Iiopgt 1X .| 100 kQ
P6201 3 pF
BET ‘|vakiead | 4 NG| 2o MiE
2 Meter 1.5 pF
100X Head 1 MQ
1.6 pF
50 Q or P6202 10X 10 MQ2 285 MHz
1 MQ |2 Meter | 100X Head 2 pF
(optional)
P6106 10X 10 MQ 250 MHz
2 Meter 13 pF
1 MQ P6063B 1X 1 MQ 6 MHz
Input 6 ft Switchable| 12 pF
10X
10 MQ 200 MHz
14 pF
Bandwidth*
Current | Probe Cali- Insertion with
Probe Type bration |(Impedance 485
P6022 | 1TmA/mV | .03Q @ 130 MHz
10 mA/mV | 1 MHz In-
(Select- | creasing
able) to
20 @
120 MHz

*Bandwidths are measured at the upper —3 dB, and
apply only to the cable length shown. Generally,
shorter cable lengths increase bandwidth, longer
ones decrease bandwidth.

Current Loop Adapter — The adapter provides an ac-
curate 50 mA square-wave calibrator when connected
to the 485 voltage calibrator. The rise time is approx
25 ns.

Order (092-0383-00) .5 " i coas vaiemn s mws o weiis s 9 $30

50 2 5X Pad — Provides reverse termination for the
calibrator.

Order 01A=0080:02. . i e o cobless ik olbisie i SasTE o s $35

Folding Viewing Hoods — Folds to % x 42 x 7%z in.
(1.2 x 11.5 x 19.1 cm).

Order 016-0274-00 ............cc0ivirinnnrnnnn $12

Folds to % x 6% x 133 in. (1.4 x 17.2 x 34.9 cm).
Ovder 01B:0082-00 .o i s oshs « 5 s a4 » $15

SCOPE-MOBILE® Cart— Occupies less than 18 inches
aisle space, has storage area in base.

Order:200C: ... . .o b Toomin e dbahs § darie,s 5o @ Sapy $190

1105 Battery Power Supply — Provides 2.3 hours of
battery operation.

Order 1105 Battery Power Supply ............. $915
Rack Adapter — 016-0558-00 .................. $180

RECOMMENDED CAMERAS

C-30AP General Purpose Camera — Includes 016-
0306-00 mounting adapter.

Ordar: CoalRP - . . . . e st s 5 el e 4 S $925
C-31R High Speed Camera — Includes 016-0306-00
mounting adapter.

Order GBI ol s, 200 L s mr S s e $1100

For further information see camera section.




475A
475
465

Except for the TIME/DIV and VOLTS/DIV
controls, the 465 pictured above js identical
in appearance to the 475 and 475A.

1 ns/div Sweep Rate (475) (475A)
with X10 Sweep Magnifier

5 ns/div Sweep Rate (465)
with X10 Sweep Magnifier

Trigger View

Versatile Trigger Selection
Battery Operation (Optional)
Weighs ~22% Ib

Ail three of these TEKTRONIX Portables
feature high performance and light weight

for making complex measurements in the
field.

1) The 475A provides a 250 MHz bandwidth
at 5 mV/div. It features wider bandwidth
than the 475, plus a more concise spot size
and trace for particular applications.

2) With 200 MHz at 2 mV/div, the 475 fea-
tures better sensitivity than the 475A. This
bandwidth/sensitivity combination is useful
in a wide variety of measurements.

3) The 465, long considered the industry
standard, features 100 MHz at 5 mV/div.

Both the 475 and 475A offer 1% (1 ns/div)
timing accuracy, which can be critical in
servicing computers. The 465 can be found
in numerous service applications, and has
proved to be one of the most popular oscillo-
scopes available.
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400-Series Portable Oscilloscopes
250-MHz, 200-MHz, and 100-MHz Dual-Trace Oscilloscopes

All three oscilloscopes are light, compact,
and rugged for portability and durability,
yet each contains a large, bright 8 x 10 cm
crt. Operation has been simplified by single-
function pushbuttons, control knob design,
layout, and color-coordinated front panels.

Determining deflection factors used to be
error-prone and costly. Now, it's a problem
of the past...readout lights behind knob
skirts automatically indicate the proper
probe tip deflection factors for recommended
1X and 10X probes.

Measuring with respect to ground is impor-
tant in many applications. This is controlled
at the probe when dc-coupled by simply
pressing the small ground reference button
on recommended probes.

You can choose from the 1105 or-1106 Bat-
tery Packs. Both are small and light weight,
and provide a ready solution for making ac-
curate measurements in difficult environ-
ments such as conducted emc, ground
loops, power line fluctuations or where line
power is nonexistent.

Applications for these three instruments are
widespread. The 475 performs tests and
measurements aboard flight test aircraft, in
both stationary and portable modes. The
465 troubleshoots radio/remote-controlled
cranes. The 465 is also used to maintain
mini-computers for one of the nation’s larg-
est department store chains. And a leading
computer hardware manufacturer uses the
465 because of its wide bandwidth.

CHARACTERISTICS

All characteristics are common to the 465, 475 and
475A except where indicated.

VERTICAL DEFLECTION
(2 Identical Channels)

Bandwidth* and Rise Time — (at all defiection factors
from 50 {2 terminated source)

—15°C to +40°C +40°C to +55°C
465 Dc to 100 MHz, 3.5 ns 85 MHz, 4.1 ns
475 Dc to 200 MHz, 1.8 ns 175 MHz, 2.0 ns
475A Dc to 250 MHz, 1.4 ns 250 MHz, 1.4 ns

*Measured at —3 dB, Bandwidth may be limited to
approx 20 MHz by bandwidth limit switch.

Lower —3 dB point, ac coupling 1X probe: 10 Hz or
less. 10X probe: 1 Hz or less.

Deflection Factor at BW

465 — 5 mV/div to 5 V/div
475 — 2 mV/div to 5 V/div
475A — 5 mV/div to 10 V/div

1-2-5 sequence, accurate *=3%. Uncalibrated, contin-
uously variable between steps and to at least 12.5
V/div (465/475) to at least 25 V/div (475A). In cascade
mode sensitivity is approx 1 mV/div (465); approx 400
uV/div (475); and approx 2.5 mV/div (475A). Cascaded
bandwidth is at least 50 MHz (465/475/475A) when
signal out is terminated in 50 Q.

Display Modes — Ch 1; Ch 2 (normal and inverted),
alternate, chopped (465 — approx 250 kHz rate,
475/475A — approx 1 MHz rate), added; X-Y (Ch 1-X,
Ch 2-Y).

CMRR — Common-mode rejection ratio at least 20
dB at 20 MHz (50 MHz for 475/475A) for common-mode
signals of 6 div or less.

Automatic Scale Factor — Probe tip deflection factors
for 1X or 10X coded probes are automatically indi-
cated by two readout lights behind the knob skirts.
All lights are off when the channel is not displayed.
Ground reference display selectable at probe (when
dc coupled).

Input R and C— 1 MQ *=2% paralleled by approx
20 pF.

Max Input Voltage

Dc Coupled 250 V (dc + peak ac)
500 V (p-p ac at 1 kHz or less)
500 V (dc + peak ac)

Ac Coupled
500 V (p-p ac at 1 kHz or less)

Delay Line — Permits viewing leading edge of dis-
played waveform.

Probe Power (475/475A only) — Connectors provide
correct voltages for two optional P6201 FET Probes.

HORIZONTAL DEFLECTION
465
Time Base A — 0.05 us/div to 0.5 s/div (1-2-5 se-
quence). X10 mag extends max sweep rate to 5 ns/div.

Time Base B — 0.05 us/div to 50 ms/div (1-2-5 se-
quence). X10 mag extends max sweep rate to 5 ns/div.

475/475A

Time Base A and B — 0.01 us/div to 0.5 s/div (1-2-5

sequence). X10 mag extends max sweep rate to 1
ns/div.

Variable Time Control — Time Base A (465/475/475A
provides continuously variable uncalibrated sweep
rates between steps and to at least 1.25 s/div. Warn-
ing light indicates uncalibrated setting.

Time Base A and B Accuracy, full 10 cm

+20°C
to
+30°C —15°C to +55°C
465 | 475/475A| 465 | 475/475A
Unmagnified +2% *1% +3% +2%
Magnified *3% +2% +4% +3%

Horizontal Display Modes — A, mixed sweep, A inten-
sified, B delayed. B ends A for increased intensity in
the delayed mode.

Calibrated Mixed Sweep — Displays A sweep for
period determined by delay-time position control,
then displays B sweep for remainder of horizontal
sweep.



CALIBRATED SWEEP DELAY
Delay Time Range
465 — 0.2 to X10 delay time/div settings of 200/ns 'to
0.5 s (minimum delay time is 200 ns).

475/475A — 0 to X10 delay time/div settings of 50 ns
to 0.5 s (minimum delay time is 50 ns).

Differential Time Measurement Accuracy
Delay Time Setting +15°C to +35°C
over one or more +1%
major dial divisions
less than one major +0.01 major
dial division dial division
Jitter — 1 part or less in 50,000 (0.002%) of 10X the
A sweep time/div setting. 1 part in 20,000 when oper-
ating from 50 Hz line.

TRIGGERING A and B

A Trigger Modes — Normal (sweep runs when trig-
gered). Automatic (sweep free-runs in the absence of
a triggering signal and for signals below 30 Hz).
Single Sweep (sweep runs one time on the first trig-
gering event after the reset selector is pressed).
Lights indicate when sweep is triggered and when
single sweep is ready.

A Trigger Holdoff — Adjustable control permits a
stable presentation of repetitive complex waveforms.

B Trigger Modes — B runs after delay time (starts
automatically at the end of the delay time) and B
triggerable after delay time (runs when triggered).
The B (delayed) sweep runs once, in each of these
modes, following the A sweep delay time.

Time Base A and B Trigger Sensitivity and Coupling —

465 475 475A

Coupling To 25 At 100 To 40 At 200 to 40 At 250
MHz MHz MHz MHz MHz MHz

Internal| 0.3 div | 1.5div | 0.3 div 1.5 div | 0.3 div | 2.0 div
deflec- | deflec- | deflec- | deflec- | deflec- | deflec-
5 tion tion tion tion tion tion
e Externall 50mV |150mV | 50 mV | 250 mV | 50 mV | 250 mV
Externall
<+ 10 | 500mV | 1.5V |500 mV 25V |500mvV | 25V
Ac Requirements increase below 60 Hz
Ac Lf Reject |Requirements increase below 50 kHz

Ac Hf Reject [Requirements increase below 60 Hz
and above 50 kHz

465 Jitter — 0.5 ns or less at 100 MHz and 5 ns/div.
475 Jitter — 0.2 ns or less at 200 MHz and 1 ns/div.
475A Jitter — 0.2 ns or less at 250 MHz and 1 ns/div.

A Trigger View — A spring-loaded pushbutton over-
rides other vertical controls and displays the external
signal used for A sweep triggering. This provides
quick verification of the signal and time comparison
between a vertical signal and the trigger signal. The
deflection factor is approx 50 mV/div (0.5 V/div with
external = 10 source).

Level and Slope — Internal, permits selection of
triggering at any point on the positive or negative
slope of the displayed waveform. Level adjustment
through at least =2 V in external, through at least
£20 V in external =+ 10.

A Sources — Norm, Ch 1, Ch 2, line, external, and
external = 10.

B Sources — Staris after delay, norm, Ch 1, Ch 2,
and external.

External Inputs — R and C approx 1 MQ paralleled
by approx 20 pF. 250 V (dc + peak ac) max input.

X-Y OPERATION
465
Full-sensitivity X-Y (CH 1 Horiz, CH 2 Vert) —5
mV/div to 5 V/div, accurate =4%. Bandwidth is dc
to at least 4 MHz. Phase difference between amplifiers
is 3° or less from dc to 50 kHz.

475, 475A

Full-sensitivity X-Y (CH 1 Horiz, CH 2 Vert) —2
mV/div to 5 V/div (475), 5 mV to 10 V/div (475A) ac-
curate +=3%. Bandwidth is dc to at least 3 MHz. Phase
difference between amplifiers is 1° or less from dc to
1 MHz.

475A/475/465 Dual-Trace Portable Oscilloscopes

DISPLAY

Crt — 8 x 10 cm display. Horizontal and vertical cen-
terlines further marked in 0.2 cm increments. P31
phosphor standard; P11 option. 18 kV accelerating
potential.

Graticule — Internal, nonparallax; variable edge light-
ing; markings for measurement of rise time.

Beam Finder — Compresses trace to within graticule
area for ease in determining the location of an off-
screen signal. A pre-set intensity level provides a
constant brightness.

Z-Axis Input — Dc coupled, positive-going signal de-
creases intensity; 5 V p-p signal causes noticeable
modulation at normal intensity; dc to 50 MHz.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C.
Nonoperating: —55°C to +75°C. Filtered forced air
ventilation is provided.

Altitude — Operating: to 15,000 ft; max allowable am-
bient temperature decreased by 1°C/1000 ft from 5000
to 15,000 ft. Nonoperating to 50,000 ft.

Vibration — Operating: 15 minutes along each of the
three axes, .06 cm (0.025 in) p-p displacement (4 g's at
55 Hz) 10 to 55 to 10 Hz in 1 minute cycles.

Humidity — Operating and nonoperating: 5 cycles
(120 hours) to 95% relative humidity referenced to
MIL-E-16400F (par 4.5.9 through 4.5.9.5.1, class 4).

Shock — Operating and nonoperating: 30 g's 2 sine,
11 ms duration, 2 shocks per axis in each direction
for a total of 12 shocks.

OTHER CHARACTERISTICS
Amplitude Calibrator

Output Voltage 03V 1%
0°C to +40°C

30 mA 2%

QOutput Current o
+20°C to +30°C

Frequency Approx 1 kHz

Vertical Signal Output — (465) Ch 1 vertical signal
is dc to at least 50 MHz (—3 dB), and approx 25
mV/div terminated into 50 @, and approx 50 mV/div
terminated into 1 MQ. (475/475A) Ch 2 vertical signal
is dc to at least 50 MHz (—3 dB), and approx 10 mV/
div terminated into 50 Q, and approx 20 mV/div ter-
minated into 1 MQ.

Gate Outputs — Positive gates from both time bases
(approx 5 V).

Power Requirements — Quick-change line voltage
selector provides six ranges; 110 V, 115 V, 120 V.
220 V, 230 V, and 240 V, each *=10%. 48 to 440 Hz,
75 watts (465) or 100 watts (475, 475A) max at 115 V
and 60 Hz. Operation from 12 or 24 V dc is available
with Option 07.

Cabinet Rackmount

Dimensions in cm in cm
Height (w/o pouch) 6.2 15.7 7.0 17.7
Width (with handle) 12.9 | 32.8 19.0 | 48.3
Depth

(with panel cover) 18.1 46.0 18.0 45.7
Depth

(handle extended) 20.3 | 51.6
Weights (approx) Ib kg Ib kg
Net (without panel

cover) 228 | 10.3 | 29.4 13.3
Net (with panel cover

and accessories) 25.3 11.5
Shipping 37.0 16.7 58.0 26.3

INCLUDED ACCESSORIES

Two P6105 10X probes (010-6105-03) (465 only), two
P6106 10X probes (010-6106-03) (475/475A only), blue
accessory pouch (016-0594-00), clear pouch (016-0537-
00), blue crt light filter (337-1674-00), clear crt light
filter (337-1674-01), BNC male to ground wire (134-
0016-01), two 1%z2-amp fuses (159-0016-00), one %-
amp fuse (159-0042-00). Rack models also include
mounting hardware and slide out assemblies, do not
include accessory pouches.

ORDERING INFORMATION

465 Oscilloscope ................. $2495
475 Oscilloscope ................ $3435
475A Oscilloscope ................ $3800
R465 Oscilloscope ............... $2620
R475 Oscilloscope ............... $3560
R475A Oscilloscope .............. $3925
Uy e R S e e 5 I $2940
AT DN B o v s oy, Sws i R $3880

475A DM 44 (order 475A Option 44, see fol-
lowing instrument options).

INSTRUMENT OPTIONS
Option 01, delete temperature probe on DM 44.

(for 475A order Option 45).................. Sub $85
Option 04, Emc Environmental ............. Add $125
Option 05, Tv Sync Separator (465 only)..... Add $185
Option 07, Ext Dc Operation .............. Add $180
Option 07 cannot be ordered with DM 44.

Option 44, Built-in DMM (475A only) ...... Add $445
Option 45, Built-in DMM without temperature

probe (475Aonly) .........coivieniieienns Add $360
Option 78, P11 Phosphor ...................... $35

Modification kits for field conversion of existing 465s,
475s, or 475As to Option 04, Option 07, or DM 44
equipped scopes are available. These are typically
more expensive than when the option is ordered with
the instrument. Contact your Tektronix Field Engi-
neer, Distributor, or Representative for information.

OPTIONAL ACCESSORIES
Probes —
Probe Input Bandwidth* with
Type | Attenuation | Impedance | 465 | 475 |475A
P6063B 1X 1 MQ 6 6 6
6 ft 105 pF MHz | MHz | MHz
Switchable
10X 10 MQ 90 | 145 | 160
14 pF MHz | MHz [ MHz
P6202 10X 10 MQ 100 | 185 | 220
FET 2 pF MHz | MHz | MHZz
Probe
2 Meter 100X Head 10 MQ 100 | 185 | 220
2 pF MHz | MHz | MHz
Ac Head 10 MQ 100 | 185 | 220
4 pF MHz | MHz | MHz
Current Insertion Bandwidth with
Probe | Calibration | Impedance | 465 | 475 |475A
P6022 1 mA/mV 030 @ 85 | 125 | 160
5 ft 10 mA/mV 1 MHz In- | MHz | MHz [ MHz
(Selectable) creasing
to
020 @
120 MHz

*Bandwidths are measured at the upper —3 dB and
apply only to the cable length shown. Generally short-
er cable lengths increase bandwidth, longer ones
decrease bandwidth.

Folding Polarized Viewing Hood —

Order 016-0180-00 .............. e $23
Collapsible Viewing Hood — Binocular

Order 016-0566-00 ............covvvuviennennnas $13
Protective Cover — Waterproof, blue vinyl

Order 016-0554-00 ..........ccciviunnenvannsns $18
Mesh Filter — Improves contrast and emc filtering
OrAar AT BROTR 005 5 00 e sl Shabesiyaliuras v: & dmmaria' s $33

SCOPE-MOBILE® Cart — Occupies less than 18 in
aisle space, has storage area in base

Order 200G Y 5. Sl e L e S, $190
1106 Battery Pack (for use with Option 07) ..... $675
1105 Battery Power Supply ...........c..contnn $915
Rack Adapter — 016-0556-00 .................. $160

RECOMMENDED CAMERA

C-30AP Option 01 General Purpose Compact Camera
Includes 016-0301-00 mounting adapter/corrector lens.
Order C-30AP Option 01 . ............civvunen $945

For further information see camera section.




465M (AN/USM

425 (V)1)

400-Series Portable Oscilloscopes
100 MHz Dual Trace, Delayed Sweep Oscilloscope

Fully Provisioned through the Federal
Supply System

Meets MIL-T-28800, Type II, Class 4,
Style C for the Environmental
Conditions Listed

100 MHz at 5 mV/div, Dual Trace,
Delayed Sweep

Accepted and Specified by All
Branches of the Military and by
Several Civil Agencies

If you're a contractor involved in designing
and specifying systems for the government,
here’s a 100-MHz oscilloscope that should
top your recommended support equipment
list—the TEKTRONIX 465M Portable Oscil-
loscope.

The TEKTRONIX 465M is the AN/USM-425
(v) 1 tri-service standard 100-MHz portable
oscilloscope. The instrument is accepted,
fully provisioned, and supported throughout
the Federal Supply System. Because the MIL
manuals and support documentation are al-
ready complete, your required paper work is
greatly reduced and it's much simpler for
the government to accept your recommen-
dations.

You can now order the 465M directly from
your Tektronix Field Engineer with the AN/
USM 425 (v) 1 nomenclature by simply spe-
cifying option 49. This assures, in most
cases, the fastest possible delivery of your
AN/USM 425 (v) 1.
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 CHARACTERISTICS
VERTICAL SYSTEM

Bandwidth and Rise Time—Dc to at least 100 MHz
(—3 dB) and rise time 3.5 ns or less for dc coupling
and —15°C to +55°C. For ac coupling the lower 3
dB point is 10 Hz or less with a 1X probe and 1 Hz
or less with a 10X probe.

Bandwidth Limit Mode—Bandwidth limited to 20
MHz.

Deflection Factor—5 mV/div to 5 V/div in 10 steps
(1-2-5 sequence). Dc accuracy: *=2% 0°C to 40°C;
+3% —15°C to 0°C, 40°C to 55°C. Uncalibrated,
continuously variable between settings, and to at
least 12.5 V/div.

Common-Mode Rejection Ratio—25:1 to 10 MHz;
10:1 from 10 to 50 MHz, 6 cm sinewave. (ADD Mode
with Ch 2 inverted.)

Display Modes—Ch 1, Ch 2 (normal or inverted),
alternate, chopped (250 kHz rate), added, X-Y.

Input R and C—1 MQ *£2%, approx 20 pF.

Max Input Voltage—Dc or ac coupled: =250 V dc +
peak ac at 50 kHz, derated above 50 kHz.

Cascaded Operation—(Ch 2 Out into Ch 1), Band-
width, dc to at least 40 MHz. Sensitivity, approx 1
mV/div when terminated in 50 © at Ch 1 input with
both Ch 1 and Ch 2 V/div switches set to 5 mV/div.

HORIZONTAL DEFLECTION
Time Base A—0.5 s/div to 0.05 us/div in 22 steps
(1-2-5 sequence). X10 mag extends fastest sweep
rate to 5 ns/div.

Time Base B—50 ms/div to 0.05 us/div in 19 steps
(1-2-5 sequence). X10 mag extends maximum sweep
rate to 5 ns/div.

Mixed Sweep Accuracy—A Portion—=*4%
B portion—=%2%.

Horizontal Display Modes—A, A intensified by B, B
delayed by A, and mixed.

CALIBRATED SWEEP DELAY

Calibrated Delay Time—Continuous from 0.1 us to
at least 5 s after the start of the delaying A sweep.

Differential Time Measurement Accuracy—for meas-
urements of two or more major dial divisions:

+15°C to +35°C 1% + .1% of full scale

0°C to +55°C additional 1% allowed.

Jitter—1 part or less in 20,000 (0.005%) of 10X the
A TIME/DIV switch setting.

TRIGGERING A AND B

A Trigger Modes—Normal Sweep is triggered by an
internal vertical amplifier signal, external signal, or
internal power line signal. A bright baseline is pro-
vided only in presence of trigger signal. Automatic:
A bright baseline is displayed in the absence of in-
put signals. Triggering is the same as normal-mode
above 40 Hz. Single: (Main time base only). The
sweep occurs once with the same triggering as nor-
mal. The capability to re-arm the sweep and illu-
minate the reset lamp is provided. The sweep ac-
tivates when the next trigger is applied for rearming.

A Trigger Holdoff—Increases A sweep holdoff time
to at least 10X the TIME/DIV settings, except at .2 s
and .5 s.

Triggering Sensitivity and Coupling—

Accuracy—
Unmagnified Magnified
+20°C to +30°C *+2% *+3%
—15°C to +55°C +3% *4%

From 30 Hz
Coupling to 25 MHz | At 100 MHz
Dc Internal 0.3 div 1.0 div
External 50 mV 150 mV
Ac Attenuates signals below | 30 Hz
Ac Lf Reject | Attenuates signals below | 15 kHz
Ac Hf Reject | Attenuates signals below | 50 kHz

Jitter—0.5 ns or less at 100 MHz and 5 ns/div,
—15°C to +55°C.

Trigger View—View external and internal trigger sig-
nals; Ext X1, 100 mV/div, Ext = 10, 1 V/div.

Level and Slope—Internal, permits triggering at any
point on the positive or negative slopes of the dis-
played waveform. External, permits continuously
variable triggering on any level between 1.0 V and
—1.0 V on either slope of the trigger signal.

A Sources—Ch 1, Ch 2, NORM (all display modes
triggered by the combined waveforms from Ch 1 and
2), LINE, EXT, EXT + 10.

B Sources—B starts after delay time; Ch 1, Ch 2,
NORM, EXT, EXT + 10. -

X-Y OPERATION

Sensitivity—5 mV/div to 5 V/div in 10 steps (1-2-5
sequence) through the vertical system. Continuously
variable between steps and to at least 12.5 V/div.

X Axis Bandwidth—Dc to at least 4 MHz.
Y Axis Bandwidth—Dc to 100 MHz.
X-Y Phase—Less than 3° from dc to 50 kHz.

SIGNAL OUTPUTS
A Gate—Approx 5.0 V positive-going pulse.
B Gate—Approx 5.0 V positive.

DISPLAY

Crt—5 in, rectangular tube; 8 x 10 cm display; P31
phosphor.

Graticule—Internal, non-parallax; illuminated. 8 x 10
cm markings with horizontal and vertical centerlines
further marked in 0.2 cm increments. 10% and 90%
markings for rise time measurements.



Graticule Illumination—Provides variable illumination
from 0 to greater than optimum illumination.

Beam Finder—Limits the display to within the grati-
cule area and provides a visible display when pushed.

Z-axis Input—A female BNC connector is provided
to permit intensity modulation over the dc to 15
MHz range. At optimum intensity, intensity modula-
tion is accomplished with a Z axis input of from
—5 V (to intensify) to +5 V (to blank). Continuous
operation maximum input shall be =£50 V (dc +
peak ac).

ENVIRONMENTAL

EMI—Complies with the following limits as specified
in MIL-T-28800B. CEO1 (10 kHz to 20 kHz only), CEQ3,
CS01, CS02, CS06, REO1 (relaxed 10 dB at funda-
mental, third harmonic, and fifth harmonic of the
power source frequency), REO2 (limited to 1 GHz),
RS01 and RS03 (limited to 1 GHz).

Ambient Temperature—Operating: —0°C to +55°C.
Non-operating: —62°C to +85°C.

Altitude—Operating: to 15,000 feet. Max operating
temperature decreased 1° C/1,000 ft above 5,000 ft
Non-operating: to 50,000 ft

Vibration—Operating: along each of the three major
axes:

a. cycling 5 to 25 to 5 Hz for 10 min at 0.025 in p-p;
b. cycling 25 to 55 to 25 Hz for 5 min at 0.020 in p-p;
c. dwelled at 55 Hz for 10 min at 0.020 in p-p.

Total vibration time 75 min.

Humidity—5 cycles (120 hours) referenced to MIL-
E-16400F (operating and non-operating).

Shock—Operating: 30 g's, 2 sine, 11 ms duration,
3 shocks each direction per axis for a total of 18
shocks.

OTHER CHARACTERISTICS

Calibrator Output Voltage—1.0 V £1.0% —15°C
to +55°C. Frequency approx 1 kHz.

465M Triservice Standard 100-MHz Oscilloscope

Channel 2 Signal Output—Through main module Ch
2 OUT connector. Output voltage: approx 50 mV/div
into 1 MQ, approx 25 mV/div into 50 {. Output re-
sistance: approx 50 €. Bandwidth: dc to at least 40
MHz into 50 €.

Power Requirements—100 V to 132 V rms, 200 V
to 264 V rms. 48 Hz to 440 Hz. Maximum power con-
sumption 60 watts at 115 V, 60 Hz.

Dimensions in cm
Height (with feet) 7.05 17.91
Width (with handle) 13.65 34.67
Width (without handle) 12.50 31.75
Depth (including panel cover) 24.45 54.58
Depth (handle extended) 24.10 61.10
Weight (approx) Ibs kg
Net (without cover and

accessories) 24.0 10.9
Net (with panel cover, modules,

and accessories) 27.0 12.2
Shipping 34.2 15.5

Transportation—Meets the limits of National Safe
Transit Committee test procedure 1A with a 30-in
drop.

Included Accessories—One accessory and cover as-
sembly (200-2055-01), one 1X probe (010-6101-00),
two 10X probes (010-6104-00), three pincer tips (013-
0107-03), two UHF male to BNC female adapters
(103-0015-00), two BNC male to UHF female adapters
(103-0032-00), one T connector (103-0030-00), one
BNC male to dual binding post adapter (103-0035-00),
three probe tip adapters (103-0051-01), three banana
tips (134-0013-00), three 6” leads with spring clips
(175-0124-01), three hooked probe ftips (206-0105-00),
one blue filter (337-2122-00), one clear filter (337-
2122-01), three miniature alligator clips (344-0046-00),
one power cord (161-0118-00).

ORDERING INFORMATION
465M Portable Oscilloscope ................. $2620

Option 49AN/USM 425 (v) 1 nomenclature ..No Charge

OPTIONAL ACCESSORIES
Probe—P6022 Current Probe, 5 ft cable with termi-

nation.

Order 015-0135-01 .. :...contvmoneromonanecnsas $250
Folding Polarized Viewing Hood

Order 016-0180-00 ...........ccivivininnnennnn $23
Mesh Filter—Improves contrast and emi filtering.
Order 378-0726-01 ..........cco0iieeeenviensss $33
SCOPE-MOBILE® Cart—Occupies less than 18 in of
aisle space.

OTder 200:C: on s dii i iressiess st & siaigis s win ipiats vy $190

1105 Battery Power Supply—Provides 1.8 hours of
battery operation.
Order 1105 Battery Power Supply ............. $915

Rack Adapter (Cradle Mount) Kit—Rack height 7 in,
depth 1834 in, width 19
Order 040-0825-00 ............ccniniennnnrsn $215

RECOMMENDED CAMERA

C-30AP Option 01 General Purpose Camera—Includes
016-0301-00 mounting adapter/corrector lens.
Order C-30AP Option 01 Camera .............. $945

For further information see camera section.

400-Series Portable Oscilloscopes

466
464

100-MHz Storage Oscilloscopes

100 MHz at 5 mV/div

5 ns/div Sweep Rate with X10
Sweep Magnifier

Variable Persistence and Fast Mesh
Transfer Storage Modes

3000 div/us Stored Writing Speed (466)
Battery Operation (Optional)

Third Channel Trigger View now
available on 466 and 464

Weighs ~26 Ib

The 466 and 464 Portable Storage Oscillo-
scopes are both designed to display non-
repetitive or slow moving signals. And with
the exception of stored writing speed on the
466, both instruments offer similar perform-
ance.

Operating in a reduced scan mode, the
stored writing speed of the 466 is 3000 div/
us (1350 cm/us) making it our fastest port-
able storage oscilloscope available. The
lower cost 464 doesn’t offer a reduced scan
mode and stores at 110 div/us. Both instru-
ments feature two modes of storage — vari-
able persistence and fast transfer.
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466/464 Portable Storage Oscilloscopes

The bright 8 x 10 cm crt on both instruments
comprises 0.90 cm/divisions. In the 466, re-
duced scan graticule is superimposed over
the center of the main graticule, measuring
8 x 10 divisions with 0.45 cm/division. All
graticules are etched onto the inner face of
the crt to eliminate parallax problems.

Third channel trigger view option is now
available for the 466 and 464. This option
allows the simultaneous display of channels
1 and 2 with the external trigger.

TEKTRONIX P6062B Probes provide opera-
tor convenience of 1X or 10X input attenua-
tion at the probe tip. The correct deflection
factor is automatically indicated on the 464
or 466 front panel when the probe attenua-
tion factor is switched.

Light weight plus the ability to use optional,
external dc power makes both the 466 and
464 sufficiently portable for virtually all field
measurement applications. The snap-on
1106 Battery Pack is also useful in isolating
these oscilloscopes from noisy or intermit-
tent power sources.

CHARACTERISTICS

All characteristics apply to both the 466 and 464, ex-
cept where indicated.

VERTICAL DEFLECTION
(2 Identical Channels)

Bandwidth* and Rise Time — at all deflection factors
from 50 (! terminated source.

—15°C to +40°C | +40°C to +55°C

Dc to 100 MHz, <<3.5 ns | Dc to 85 MHz, <<4.15 ns

*Measured at —3 dB down. Bandwidth may be limited
to approx 20 MHz by bandwidth limit switch. Lower
—3 dB point, ac coupling 1X probe; 10 Hz or less.
10X probe; 1 Hz or less.

Deflection Factor — 5 mV/div to 5 V/div (1-2-5 se-
quence); accurate =3%. Uncalibrated, continuously
variable between steps and to approx 12.5 V/div. In
cascade mode sensitivity is approx 1 mV/div. Cas-
caded bandwith is at least 50 MHz when signal out
is terminated in 50 .

Display Modes — Ch 1, Ch 2 (normal or inverted), al-
ternate, chopped (approx 250 kHz), added, X-Y.

CMRR — Common-mode rejection ratio at least 20 dB
at 20 MHz for common-mode signals of 6 div or less.

Automatic Scale Factor — Probe tip deflection factors
for 1X or 10X coded probes are automatically indi-
cated by two readout lights behind the knob skirts.
All lights are off when the channel is not displayed.
Ground reference display selectable at probe (when
dc coupled).

Input R and C— 1 MQ *=2% paralleled by approx
20 pF.

Max Input Voltage —

D¢ Coupled 250 V (dc + peak ac)
500 V (p-p ac at 1 kHz or less) -
Ac Coupled 500 V (dc + peak ac)

500 V (p-p ac at 1 kHz or less)

Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL DEFLECTION

Time Base A — 0.05 us/div to 0.5 s/div (1-2-5 se-
quence). X10 mag-extends sweep rate to 5 ns/div.

Time Base B — 0.05 us/div to 50 ms/div (1-2-5 se-
quence). X10 mag extends sweep rate to 5 hs/div.
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Variable Time Control — Time Base A — Provides
continuously variable uncalibrated sweep rates be-
tween steps and to at least 1.25 s/div. Warning light
indicates uncalibrated setting.

Time Base A and B Accuracy — full 10 cm

+20°C to +30°C —15°C to 4 55°C
Unmagnified +2% +3%
Magnified +3% +4%

Horizontal Display Modes — A, mixed sweep, A in-

tensified, B delayed. B ends A for increased intensity
in the delayed mode.

Calibrated Mixed Sweep — Displays A sweep for per-
iod determined by DELAY-TIME POSITION control,

then displays B sweep for remainder of horizontal
sweep.

CALIBRATED SWEEP DELAY

Delay Time Range — 0.2 to X10 delay time/div set-
tings of 200/ns to 0.5 s (minimum delay time is 200
ns).

Ditferential Time Measurement Accuracy —

Delay Time 4+15°C —15°C

Setting to to
+35°C +55°C

over one or *1% *+2.5%

more major

dial div

less than #+0.01 major =£0.025 major

one major dial div dial div

dial div

Jitter — 1 part or less in 50,000 (0.002%) of X10 the
A sweep time/div setting.

TRIGGERING A and B

A Trigger Modes — Normal (sweep runs when trig-
gered), automatic (sWeep free-runs in the absence of
a triggering signal and for signals below 30 Hz).
Single sweep (sweep runs one time on the first trig-
gering event after the reset selector is pressed). Lights
indicate when sweep is triggered and when single
sweep is ready.

A Trigger Holdoff — Adjustable control permits a
stable presentation of repetitive complex waveforms.
At least 10:1 variation.

B Trigger Modes — B starts after delay time (starts
automatically at the end of the delay time), B trig-
gerable after delay time (runs when triggered). The B
(delayed) sweep runs once, in each of these modes,
following the A sweep delay time.

Time Base A and B Trigger Sensitivity and Coupling —

External Inputs — R and C approx 1 MQ paralleled
by approx 20 pF. 250 V (dc + peak ac) max input.
Third Channel Trigger View Specifications (Option 10)
Deflection Factor (Dc trigger coupling only)

EXT 100 mV/div £5%

EXT =+ 10 1 V/div 5%

Delay difference (to CH 1orCH 2) 3.5 =1 ns

Trigger point is approximately center screen.

Risetime <<5 ns.

Abberration <<10% peak-to-peak.

X-Y OPERATION

Full Sensitivity X-Y (Ch 1 Horiz, Ch 2 Vert) — 5 mV/
div to 5 V/div, accurate ®=4%. Bandwidth is dc to at
least 4 MHz. Phase difference between amplifiers in
3° or less from dc to 50 kHz.

DISPLAY

Crt — 8 x 10 div display, each div is 0.9 cm (normal);
0.45 cm/div (reduced scan). 8.5 kV accelerating po-
tential, normal-mode, 10 kV reduced scan, P31 phos-
phor.

Graticule — Internal, nonparallax; variable edge light-
ing; markings for measurement of rise time.

Beam Finder — Compresses trace to within graticule
area for ease in determining the location of an off-
screen signal. A preset intensity level provides a con-
stant brightness.

Z-Axis Input — Dc coupled, positive-going signal de-
creases intensity; 5 V p-p signal causes noticeable
modulation at normal intensity; dc to 50 MHz.

STORED WRITING SPEEDS

Storage*
View

466 464 Time
Full Scan
(Center 6 x 8 div;
0.9 cm/div) .
FAST 150 div/us | 110 div/us >15s
VARIABLE 0.5 div/us | 0.5 div/us >15s

PERSISTANCE
Reduced Scan

Coupling To 25 MHz At 100 MHz
Int 0.3 div 1.5 div
deflection deflection
DS Ext 50 mV 150 mV
Ext =+ 10 500 mV 1.5V
Ac Lf Requirements increase below 60 Hz
Ac | Relect Requirements increase below 50 kHz
Ac Hf Requirements increase below 30 Hz
Reject and above 50 kHz

Jitter — 0.5 ns or less at 100 MHz and 5 ns/div
(X10 mag).

A Trigger View — A spring-loaded pushbutton over-
rides other vertical controls and displays the external
signal used for A sweep triggering. This provides
quick verification of the signal and time comparison
between a vertical signal and the trigger signal. The
deflection factor is approx 50 mV/div (0.5 V/div with
external =+ 10 source).

Level and Slope — Internal, permits selection of trig-
gering at any point on the positive or negative slope
of the displayed waveform. Level adjustment through
at least =2 V in external, through at least =20 V in
external = 10.

A Sources — Norm, Ch 1, Ch 2, line, external and
external = 10.

B Sources — Starts after delay, norm, Ch 1, Ch 2,
and external.

(Center 8 x 10 div; Reduced
0.45 cm/div) Scan not
FAST 3,000 available
div/us on 464 >15s
VARIABLE 3 div/us >15s

PERSISTANCE

*These times are at full-stored display intensity; they
can be extended at least 25 times using reduced in-
tensity in SAVE Display Mode.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C.
Nonoperating: —55°C to +75°C. Forced air ventila-
tion is provided. i

Altitude — Operating: to 15,000 ft; max allowable am-
bient temperature decreased by 1°C/1000 ft from 5000
to 15,000 ft. Nonoperating to 50,000 ft.

Vibration — Operating: 15 minutes along each of the
three axes, .06 cm (0.025 in) p-p displacement (4 g's at
55 Hz) 10 to 55 to 10 Hz in 1 minute cycles.

Humidity — Operating and nonoperating: 5 cycles
(120 hours) to 95% relative humidity referenced to
MIL-E-16400F (par 4.5.9 through 4.5.9.5.1, class 4).

Shock — Operating and nonoperating: 30 g's, ¥2 sine,
11 ms duration, 2 shocks per axis in each direction
for a total of 12 shocks.

OTHER CHARACTERISTICS
Amplitude Calibrator —

Output Voltage | 0.3 V : 1%
0°C to +40°C

Output Current | 30 mA 2%

+20°C to +30°C

Frequency Approx 1 kHz

Vertical Signal Output — Ch 1 vertical signal is dc to
at least 50 MHz and approx 25 mV/div terminated into
50 Q, and approx 50 mV/div terminated into 1 MQ.

Gate Outputs — Positive gates from both time bases
(approx 5 V).



Power Requirements — Quick-change line voltage se-
lector provides six ranges: 110 V, 115V, 120 V, 220 V,
230 V, and 240 V, each *=10%. 48 to 440 Hz, 100 W
max at 115 V and 60 Hz. Operation from 12 or 24 V
dc is available with Option 07.

Dimensions in cm
Height (w/o pouch) 6.2 15.9
Width (with handle) 13.0 33.0
Depth (with panel cover) 21.7 55.0
Depth (handle extended) 23.5 59.7
Weights (approx) Ib kg
Net (without panel cover or

accessories) 26.0 11.8
Net (with panel cover and

accessories) 29.8 13.5
Shipping 415 18.8

INCLUDED ACCESSORIES

Two P6062B Probes (010-6062-13), blue accessory
pouch (016-0535-02), clear pouch (016-0537-00), crt
light filter (337-1674-01), two 12 amp fuses (159-0016-
00), one 3 amp fuse (159-0042-00), adapter, ground
wire (134-0016-01), viewing hood (016-0592-00).

ORDERING INFORMATION
466 Storage Oscilloscope .......... $5355
466 DM 44 Storage Oscilloscope/

Multimeter .................... $5800
464 Storage Oscilloscope .......... $4375
464 DM 44 Storage Oscilloscope/

MUBIMBaT . v idhma'ew s oo s s o s Ws $4820

INSTRUMENT OPTIONS
Option 01, delete DM 44 temperature probe
(466 DM 44,464 DM 44 only)................ Sub $85
Option 04, Emc Environmental ............ Add $125
Option 05, Tv Sync Separator.............. Add $185

Option 07, Ext Dc Operation
(Option 07 cannot be ordered with DM 44) . .Add $180

466/464 Portable Storage Oscilloscopes

Option 10, Third Channel Trigger View ...... Add $75
(Option 10 cannot be ordered with Option 05)

Modification kits for field conversion of existing 466s
and 464s to Option 07 or DM 44 equipped scopes are
available. These are typically more expensive than
when the option is ordered with the instrument. Con-
tact your Tektronix Field Engineer, Distributor, or
Representative for information.

OPTIONAL ACCESSORIES

Probes —
Bandwidth*
Probe Attenua- Input with
Type tion Impedance 464/466
P6063B 1X 1 MG 6 MHz
6 ft Switchable 105 pF
10X 10 MQ 90 MHz
14 pF
P6202 10X 10 MQ 100 MHz
FET Probe 2 pF
2 Meter 100X Head 10 MQ
2 pF
Ac Head 10 MQ
4 pF
Bandwidth
Current Calibra- Insertion with
Probe tion Impedance 464/466
P6022 1 mA/mV 0.030 @ 85 MHz
10 mA/mV 1 MHz In-
(Select- creasing
able) to
0.2Q @
120 MHz

*Bandwidths are measured at the upper —3 dB point,
and apply only to the cable length shown. Generally,
shorter cable lengths increase bandwidth, longer
ones decrease bandwidth.

OPTIONAL ACCESSORIES

1106 Battery Pack (used with Option 07) ....... $675
1105 Battery Power Supply ............ ... $915
Mesh Filter — Improves display contrast in

high ambient light. Order 378-0726-01 .......... $33
Protective Cover — Waterproof vinyl.

For 464/466 Order 016-0365-00 ................. $19

Folding Viewing Hood — Order 016-0592-00 ...$11.50
Folding Binocular Hood — Order 016-0566-00 ....$13

Polarized Collapsible Viewing Hood —

Order 016-0180-00 .................c.ccuieninnn $23
SCOPE-MOBILE® Cart — Occupies less than 18 inches
aisle space, has storage area in base.

(o1 [ Y o [ Lo SO S E e o SN L S, A B, Sher ...$190

RECOMMENDED CAMERA

C-30AP Option 01 General Purpose Camera — In-
cludes 016-0301-00 mounting adapter/corrector lens.
Order C-30AP Option 01 ...................... $945
Camera Adapter — Mounts C-30A Series Camera to
464/466 Oscilloscopes.

Order 016-0301-00: :icraimins somnn v seiiis seowws o $85

For further information see Camera section.
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400-Series Portable Oscilloscopes
50-MHz Dual-Trace, Delayed Sweep Oscilloscope

455

50 MHz at 5 mV/div

5 ns/div Sweep Rate with X10
Sweep Magnifier

Trigger View
Dual-Trace, Delayed Sweep
Battery Operation (Optional)

The 455, the 400-Series value leader, is a
rugged and economical portable that retains
the high performance of the 400-Series.

Special features of the 455 let you check
trigger signal presence and timing at the
push of a button, without moving the probes.
Errors in amplitude readings are minimized
through lighted vertical deflection factor
readout. 1X and 10X probes are automatical-
ly accounted for by the readout. If the 455’s
modular probes should become damaged,
the probe tip, cable or compensation unit
can be quickly and inexpensively replaced.
A large 8 x 10 cm display permits easy view-
ing, yet the control area remains uncrowded.

An important 455 option, adding to versatili-
ty, is the snap-on 1106 Battery Pack.

Modular design means easy serviceability.
Vertical amplifier and time-base modules
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455 Dual-Trace Portable Oscilloscope

can be quickly removed for ready access to
all components, making repairs faster and
less costly.

Calibration time is reduced with the 455. A
minimum number of adjustments, made pos-
sible by actively trimmed networks, simpli-
fies procedures and saves calibration time.

The 455 is extremely easy to operate, thanks
to well-laid-out, color-coded controls. This
means minimum operator training time, plus
easier, faster, more error-free measure-
ments.

The value leading 455 is an economy/per-
formance, general-purpose oscilloscope.
Though its price is moderate, it accommo-
dates most measurements required in digi-
tal service.

VERTICAL DEFLECTION
(2 Identical Channels)

Bandwidth* and Rise Time — Bandwidth dc to at least
50 MHz and rise time 7.0 ns or less, at all deflection
factors from 50-Q terminated source. Lower —3 dB
point, ac coupling 1X probe: 10 Hz or less. 10X probe:
1 Hz or less.

*Measured at —3 dB.

Deflection Factor —5 mV/div to 5 V/div (1-2-5 se-
quence), accurate *=3%. Uncalibrated, continuously
variable between steps and to at least 12.5 V/div. In
cascade mode sensitivity is approx 1 mV/div. Cas-
caded bandwidth is at least 20 MHz, when signal out
is terminated in 50 Q.

Display Modes — Ch 1, Ch 2 (normal or inverted), al-
ternate, chopped (250 kHz rate), X-Y.

CMRR — Common-mode rejection ratio at least 20 dB
at 10 MHz for common-mode signals of 6 div or less.
Automatic Scale Factor — Probe tip deflection factors
for 1X or 10X coded probes are automatically indicat-
ed by two lighted indicators beside the knob skirts.
All lights are off when the channel is not displayed.
Ground reference display selectable at probe (when
dec coupled).

Input R and C — 1 MQ 2%, approx 20 pF.
Max Input Voltage —
250 V (dc + peak ac)

De Gaupted ‘ 500 V (p-p ac at 1 kHz or less)

TRIGGERING A AND B

A Trigger Modes — Normal Sweep (runs when trig-

gered), single sweep (runs one time on the first trig-
gering event after the single sweep pushbutton is
pressed). Automatic (sweep free-runs in the absence
of a trigger and for signals below 20 Hz). Lights indi-
cate when single sweep is ready.

A Trigger Hold-off — Adjustable control permits a
stable presentation of repetitive complex waveforms.

B Trigger Modes — B runs after delay time (starts
automatically at the end of the delay time) and B
triggerable after delay time (runs when triggered).
The B (delayed) sweep runs once, following the A
sweep delay time, in each of these modes.

Time Base A and B Trigger Sensitivity and Coupling—

OTHER CHARACTERISTICS

Amplitude Calibrator — 0.3 V *1%. Frequency ap-
prox 1 kHz.

Vertical Signal Output — Ch 2 vertical signal is dc
to at least 20 MHz and approx 25 mV/div terminated
into 50 2, and approx 50 mV/div terminated into 1 MQ.

Gate Outputs — (approx 5 V) internally selectable
from either A or B time base.

Power Requirements — Quick change line voltage
selector provides two ranges: 100 V to 132 V, 200 V
to 264 V, 48 Hz to 440 Hz. Power consumption 35
watts at 115 V, 60 Hz. Operation from 12 V or 24 V
dc is available with Option 07.

500 V (dc + peak ac)
500 V (p-p ac at 1 kHz or less)

Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL DEFLECTION

Time Base A — 0.05 us/div to 0.5 s/div (1-2-5 se-
quence). X10 mag extends fastest sweep rate to 5
ns/div.

Time Base B — 0.05 us/div to 50 ms/div (1-2-5 se-
quence). X10 mag extends fastest sweep rate to 5
ns/div.

Variable Time Control — Time Base A, provides con-
tinuously variable uncalibrated sweep rates between
steps and to at least 1.25 s/div. Warning light indi-
~cates uncalibrated setting.

Time Base A and B Accuracy, Full 10 Cm —

+20°C to +30°C | —15°C to +55°C

Ac Coupled (

Unmagnified +2% +3%
Magnified +3% - 1
Horizontal Display Modes — A, A intensified by B, B

delayed. B ends A for increased intensity in the de-
layed mode.

CALIBRATED SWEEP DELAY

Delay Time Range — 0.2 to X10 delay time/div set-
tings of 200/ns to 0.5 s (minimum delay time is 200 ns).

Differential Time Measurement Accuracy —

Delay Time Settings +15°C to +35°C
Over one or more major 1.5%
dial divisions
Less than one major +0.015 major
dial division dial division
Jitter — 1 part or less in 20,000 (0.005%) of 10X the
A sweep time/div setting.
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Coupling To 10 MHz | At 50 MHz
Dc Internal 0.4 div 1.5 div
deflection | deflection

External 50 mV 250 mV
External = 10|500 mV 25V

Ac Requirements increase below 60 Hz

Ac Lf Reject | Requirements increase below 50 kHz

Ac Hf Reject | Requirements increase below 60 Hz
and above 50 kHz

Jitter — 0.5 ns or less at 50 MHz and 5 ns/div (X10
MAG on).

A Trigger View — A spring-loaded pushbutton over-
rides other vertical controls and displays the external
signal used for A sweep triggering. Provides quick
verification of external trigger and time comparison
between external trigger and the displayed signal.
Deflection factor approx 50 mV/div (0.5 V/div in ex-
ternal = 10 mode).

Level and Slope — Internal, permits triggering at any
point on the positive or negative slopes of the dis-
played waveform. External, permits triggering on any
level between —2 V and +2 V (—20 V to +20 V for
external = 10).

A Sources — Norm, Ch 1, Ch 2, line, external, and
external =+ 10.

B Sources — Starts after delay, norm, Ch 1, Ch 2 and
external.

External Inputs — R and C approx 1 M( paralleled by
approx 20 pF. 250 V (dc + peak ac) max input.

X-Y OPERATION

Full-sensitivity X-Y (Ch 1 Horiz, Ch 2 Vert) — 5 mV/
div to 5 V/div, accurate *=4%. Bandwidth is dc to at
least 3 MHz. Phase difference between amplifiers is
3° or less from dc to 50 kHz.

DISPLAY

Crt — 8 x 10 cm display, horizontal and vertical cen-
ter lines further marked in 0.2 cm increments: P31
phosphor standard, P11 phosphor optional. 12 kV ac-
celerating potential.

Graticule — Internal, nonparallax; variable edge light-
ing; markings for measurement of rise time.

Beam Finder — Compresses the display to within the
graticule area and provides a visible display when
pushed.

Z-axis lnpui—-— Dc coupled, positive-going signal de-
creases intensity: 5 V p-p signal causes noticeable
modulation at normal intensity: dc to 20 MHz.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C.
Nonoperating: —55°C to +75°C.

Altitude — Operating: to 15,000 ft; max allowable am-
bient temperature decreased by 1°C/1000 ft from
5000 to 15,000 ft. Nonoperating to 50,000 ft.

Vibration — Operating: 15 minutes along each of the
three axes, .06 cm (0.025 in) p-p displacement (4 g’'s
at 55 Hz) 10 to 55 to 10 Hz in 1 minute cycles.

Humidity — Operating and nonoperating: 5 cycles
(120 hours) to 95% relative humidity referenced to
MIL-E-16400F (par 4.5.9 through 4.5.9.5.1, class 4).

Shock — Operating and nonoperating: 30 g's, 2 sine,
11 ms duration, 2 shocks per axis each direction for
a total of 12 shocks.

Dimensions in cm
Height (w/o pouch) 7.1 17.9
Width (with handle) 13.7 34.7
Depth (with panel cover) 19.5 49.5
Depth (handle extended) 21.7 55.2
Depth (handle not extended)
Weight (approx) Ib kg
Net (without panel cover) 24.0 10.9
Net (with panel cover

and accessories) 27.0 12.2
Shipping 34.2 15.5

INCLUDED ACCESSORIES

Two P6105 probes (010-6105-03), blue accessory pouch
(016-0339-00), clear pouch (016-0537-00), clear crt fil-
ter (337-2122-01), adapter (134-0016-01) %2-A fuses
(159-0025-00), two 2-A fuses (159-0021-00), one 1-A
fuse (159-0022-00).

ORDERING INFORMATION

455/A2/B2 Portable Oscilloscope .. .$2055
INSTRUMENT OPTIONS
Option 04 Emc Modification ............. Add $125
Option 05 Tv Sync Separator ............. Add $185
Option 07 External Dc Operation ........ Add $180
Option78 P11 Phosphor ..................... $35
OPTIONAL ACCESSORIES
Probes —
Probe Input Bandwidth*
Type Attenuation | Impedance with 455
P6062B ' 1X 1 MQ 6.7 MHz
6 ft Switchable 105 pF '
10X 10 MQ 50 MHz
14 pF
P6202 10X 10 MQ 50 MHz
2 pF
FET probe 100X Head 10 MQ
2 pF
2 meter Ac Head 10 MQ
4 pF
Current Calibration Insertion Bandwidth
Probe Impedance with 455
P6022 10 mA/mV 030 @ 47 MHz
1 mA/mV 1 MHz in-
creasing to
020 @
120 MHz

*Bandwidths are measured at the upper —3 dB point,
and apply only to the cable length shown. Generally,
shorter cable lengths increase bandwidth, longer ones
decrease bandwidth.

1106 Battery Pack (used with Option 07) ....Add $675

Rack Adapter (Cradle Mount) Kit — Includes hardware
for converting standard 455 to 19 in rack installa-
tion. Cradle mount consists of a shelf and a mask to
fit over regular instrument panel. Instrument can be
slid out from rack. Rack height 7 in, depth 1834 in,
width 19 in.

Order 040-0825-00 ..............cciinuvnnnnn. $215
Protective Cover — Waterproof, blue vinyl.

Order 016-0344-00 .........ccovivivininnensnns $18
Folding Viewing Hood — Polarized

Order 016-0180-00 ..............c0ivvueinnnnns $23
Folding Viewing Hood — Binocular

Order 016-0566-00 ..............c.0oiuninnnnnn $13

SCOPE-MOBILE® Cart—Occupies less than 18 inches
of aisle space.
Dider 2000:C % soik e et i e B | i $190

RECOMMENDED CAMERA
C-30AP Option 01 General Purpose Camera — In-
cludes 016-0301-00 mounting adapter/corrector lens.

Order C-30AP Option 01 ..................... $945
For further information see camera section.



25 MHz at 10 mV/div

20 ns/div Sweep Rate
with X50 Sweep Magnifier

Automatic Volts/div Readout
Direct-Reading Wide-Range Magnifier
Weighs ~20% Ib

Battery Operation (Optional)

A bistable, split-screen storage oscilloscope
with a 25 MHz bandwidth, the compact 434
fills many needs in the field as well as on
a bench.

The 434’'s split screen operates in three
modes: full-screen storage, or upper or low-
er screen storage, with the other half in a
conventional mode.

Vertical scale-factor readout is provided by
lighted knob skirts. You save time by not
having to calculate the scale factor each
time a measurement is made.

The 1105 Battery Power Supply powers the
434 for up to 1.8 hours. Take the 1105 along
when required, or forget it when line power
is available.

TEKTRONIX 434’s have been used for main-
taining display boards, video monitors and
automatic baggage handling systems for an
airline, maintenance of X-ray systems in a
hospital and monitoring air-conditioning and
heating systems that are hooked into an
alarm system in large buildings.

VERTICAL DEFLECTION
(2 Identical Channels)

Bandwidth and Rise Time — (from 509 terminated
source, with or without 10X probe) Dc to at least

400-Series Portable Oscilloscopes

25 MHz at 3 dB down*, 14 ns from 10 mV/div to
10 V/div, decreasing to 15 MHz, 22 ns at 1 mV/div.
Low frequency 3 dB down point with ac coupling is
14 Hz or less (less than 1 Hz with 10X probe).

Deflection Factor — 1 mV/div to 10 V/div, accurate
*+3%. Lighted knob skirts indicate correct deflection
factor for either 1X or 10X probes. Uncalibrated, con-
til;uously variable between steps and to approx 25
V/div.

Display Modes — Ch 1 only, Ch 2 only (normal or in-
verted), alternate, chopped (approx 100 kHz), added.

CMRR — Common-mode rejection ratio at least 20 db
at 10 MHz for common-mode signals of 6 div or less.

Automatic Scale Factor — Probe tip deflection factors
for 1X or 10X coded probes are automatically indi-
cated by two lighted indicators beside the knob
skirts. All lights are off when the channel is not
displayed. Ground reference display selectable at
probe (when dc coupled).

Input R and C — 1 MQ =+2% paralleled by approx
24 pF.

Max Input Voltage — Dc coupled: 250 V (dc + peak
ac); ac coupled: 500 V (dc 4+ peak ac). In either
mode the max -ac is 500 V p-p at 1 kHz or less.

Delay Line — Permits viewing of leading edge of dis-
played waveform. ‘

*Bandwidth derated to 22 MHz at temperatures above
+30°C.

HORIZONTAL DEFLECTION

Time Base — 0.2 ys/div to 5 s/div (1-2-5 sequence).
X50 mag extends fastest sweep rate to 20 ns/div.

Variable Time Control — Uncalibrated, continuously

25-MHz Storage Oscilloscope 434

TRIGGER

Modes — Auto trigger (sweep free-runs in absence of
triggering signal and provides bright baseline at all
sweep rates), normal trigger, single sweep.

Trigger Sensitivity and Coupling —

Coupling To5 MHz | At25 MHz
Dc ntarmal dgf.lzgtli\én def‘IIngt“i’on
External 50 mV 125 mV
Ac Requirements increase below 20 Hz
Ac Lf Reject | Requirements increase below 50 kHz
Ac Hf Reject | Requirements increase above 50 kHz

Sources — Ch 1 only, composite line, external and
external = 10. External trigger level range is at least
+2Vio—2Vor+20Vto —20V.

Level and Slope — External trigger level range is at
least =2 V or =20 V in external <+ 10.

External Inputs — Input R approx 1 MQ paralleled by
100 pF = 1 or 70 pF =+ 10. 250 V (dc + peak ac).

DISPLAY

crt—8 x 10 div (1 div = 0.975 cm) horizontal and -
vertical divisions further marked in 0.2 div incre-
ments. P1 phosphor. 4 kV accelerating potential.

Graticule — Internal, non parallax; nonilluminated.

Beam Finder — Compresses trace to within graticule
area for ease in determining the location of an off-
screen signal.

Z-axis Input — Dc coupled, positive going signal de-
creases intensity, 5 V p-p signal causes noticeable
modulation; dc to 20 MHz usable frequency range.

STORAGE FEATURES

Display Modes — Split-screen storage with 3 display
modes: storage on either upper or lower half of screen
with conventional display on other half. Storage on
entire screen or conventional display on entire screen.
Independent operation of both halves.

Stored Writing Speed (Center 8 Div) — Normal, 100
div/ms. Enhanced, increases single-sweep storage
writing speed to at least 400 div/ms. (Option 01, 500
div/ms, normal; to 5000 div/ms, enhanced).

Erase Time — 300 ms or less.

Locate — When the 434 is operated in the stored
mode, the beam can be positioned to the left of the
graticule area to determine the vertical position of
the next sweep without disturbing a stored display.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C.
Nonoperating: —55°C to +75°C.

Altitude — Operating: to 15,000 ft; max allowable am-
bient temperature decreased by 1°C/1000 ft from 5000
to 15,000 ft. Nonoperating: to 50,000 ft.

Vibration — Operating: 15 minutes along each of the
three axes, .06 cm (0.025 in) p-p displacement (4 g's at
55 Hz) 10 to 55 to 10 Hz in 1 minute cycles.

Humidity — Operating and nonoperating: 5 cycles
(120 hours) to 95% relative humidity referenced to
MIL-E-16400F (par 4.5.9 through 4.5.9.1, class 4).

Shock — Operating and nonoperating: 30 g's, %
sine, 11 ms duration, 2 shocks per axis in each di-
rection for a total of 12 shocks,

OTHER CHARACTERISTICS

Amplitude Calibrator — 0.6 V *=1.0%, 1 kHz =1.0%
(+20°C to +30°C). Output resistance is 575 2.

Power Requirements — Operates on all voltages from
90 V to 136 V and 180 V to 272 V, 48 to 440 Hz, 60 W
max. Also operates from 220 V dc to 350 V dc.

variable between steps and to 12.5 s/div. Gabin Hackmgunt
Dimensions in cm in cm

Time Base Accuracy, Full 10 div — Height (w/o pouch) 56 | 14.2 538|138

+20°C to +30°C | —15°C to +55°C Width (with handle) 13.0 | 33.0 19.0 | 48.3

Unmagnified +3% +4% Depth 18.7 47.5 18.0 | 45.7
Magnified +4% +5% Weights (approx) Ib kg Ib kg
N ; ; : 3

External Horizontal Input — Deflection factor is ap- e.t ; St o Bl 19.9

prox 0.5 V/div. Input resistance is approx 50 kQ. Shipping 30.0 | 13.6 | 49.0 | 22.2

Additional information on following page.
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434 Portable Bistable Storage Oscilloscope

INCLUDED ACCESSORIES

Two P6105 probes (010-6105-03), accessory pouch
(016-0165-00). Rack models also include mounting
hardware and slide out assemblies, do not include
accessory pouch.

ORDERING INFORMATION
434 Storage Oscilloscope .......... $3480

R434 Storage Oscilloscope Rackmount
Nadel - e SRR R $3605

INSTRUMENT OPTIONS \
Option 01 Increased Writing Speed ........ Add $75

OPTIONAL ACCESSORIES

Probes —
Probe Input Bandwidth*
Type Attenuation | Impedance with 434
PB062A Switch- 1X 1 MQ 6.7 MHz
6 ft able 5 pF
10X 10 MQ 25 MHz
14 pF
Current Insertion Bandwidth
Probe Calibration | Impedance with 434
P6022 1 mA/mV 0.03 Q - 25 MHz
10 mA/mV @ 1 MHz
(Selectable) | increasing
to 0.2Q
@ 120 MHz

*Bandwidths are -measured at the upper —3 dB, and
apply only to the cable length shown. Generally,
shorter cable lengths increase bandwidth, longer
ones decrease bandwidth.

1105 Battery Power Supply — Provides 1.8 hours of
battery operation.
Order 1105 Battery Power Supply .............. $915

Mesh Filter — Improves contrast and emc filtering.
Order 378-0682-00 ...............ccoviinnnnnnn $33

Portable to Rackmount Assembly — Includes hard-
ware for converting standard 434 to 19-inch rack in-
stallation.

Order 016-0272-00 ..........ccoivvvvnnrinneenn $150
Folding Polarized Viewing Hood —

Order 016-0180-00 .............ccoviiiriennnenn $23
Clear Plastic Crt Filter —

Order 378-0677-00 . ........c.ccvivuieninnnnnns $1.50

SCOPE-MOBILE® Cart — Occupies less than 18 inch-
es aisle space, has storage area in base.
Qrdar: 2006 5 i e B e ce et s $190

RECOMMENDED CAMERA

C-30AP Option 01 General Purpose Camera— Includes
016-0301-00 mounting adapter/corrector lens.

Order C-30AP Option 01 ...............cc0uuun. $945

For further information see Camera Section.

335

300-Series SONY/TEKTRONIX Portable Oscilloscopes

35-MHz Dual-Trace Delayed Sweep Oscilloscope

35 MHz at 10 mV/Div

Small Size, Weighs ~10.5 Ib

1 mV/div Vertical Sensitivity at 25 MHz
Delay Lines Input

Rugged Construction

The portability of the 335 is a big plus in
many digital and analog trouble-shooting
applications. And it weighs only 10.5 pounds.

1 mV/div (at 25 MHz) vertical sensitivity in-
sures that low level signals from magnetic
recording heads, optical read heads, or in-
dustrial control transducers can be accu-
rately and easily measured. Delay lines at
the inputs let you view the leading edge of
the triggering signal. By using a composite
of channels 1 and 2 as a trigger source, sta-
ble displays of non-time-related signals can
be obtained.

Operation from either ac (90 to 132 V, or 180
to 264 V, 48 to 440 Hz) or dc (+11to +14 V
or +22 to +28 V) assures that power can be
obtained at nearly any location.
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Rugged construction, plus environmental
specifications that equal or better those of
any portable scope, help the 335 withstand
the wide range of temperature and humidity
and rough handling it may encounter in field
environments.

Color coding and functional layout of the
front panel controls make the 335 easy to
operate. Combined function controls and
side mounting probes lead to small size and
an uncluttered control panel.

VERTICAL DEFLECTION
(2 Identical Channels)

Bandwidth and Rise Time — Dc to at least 35 MHz,
rise time 10 ns or less. For 1 mV/div to 5 mV/div
bandwidth is at least 25 MHz, rise time 14 ns or less.
For ac coupling, the lower 3 dB point is 10 Hz or less
with a 1X probe and 1 Hz or less with a 10X probe.

Deflection Factor — 1 mV/div to 10 V/div (1-2-5 se-
quence) accurate *=3%. Uncalibrated, continuously
variable between steps and to at least 25 V/div.

Display Modes — Ch 1, Ch 2 (normal or inverted) al-
ternate, chopped (approximately 300 kHz rate) added,
X-Y.
CMRR — Common-mode rejection ratio at least 20
dB at 10 MHz for common-mode signals of 6 div or
less.

Input R and C— 1 MQ *2% paralleled by approx
24 pF.

Max Input Voltage, ac or dc coupled, 300 V (dc +
peak ac). 300 V p-p ac at 1 kHz or less.

Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL DEFLECTION

Time Base A — 0.2 yus/div to 0.5 s/div (1-2-5 se-
quence). X10 magnifier extends fastest sweep rate to
20 ns/div.

Time Base B — 0.2 us/div to 50 ms/div (1-2-5 se-
quence). X10 magnifier extends fastest sweep rate
to 20 ns/div.

Variable Time Control — Time Base A provides un-
calibrated, continuously variable sweep rates between
steps and to at least 1.25 s/div. Warning light indi-
cates uncalibrated settings.

Time Base A and B Accuracy, center 8 div —

+20°C to +30°C | —15°C to +55°C
Unmagnified +3% +4%
Magnified +5% +6%

Horizontal Display Modes — A only. A intensified by
B, B delayed by A, B triggerable after A.

CALIBRATED SWEEP DELAY

Delay Time Range — Continuously variable from 1 us
to at least 5 s after the start of the delaying (A) sweep.

Differential Time Measurement Accuracy —

Delay Time Settings

between 1.0 and 9.0 +15°C to +35°C

one or more
major dial divisions . +2%
less than one

major dial divisions

+.02%

Jitter — 1 Part or less in 20,000 (0.005%) of X10 the
A time/div setting.

TRIGGERING A AND B

A Trigger Modes — Normal (sweep runs when trig-
gered). Automatic (sweep free-runs in absence of a
triggering signal and for signals below 20 Hz). Single
sweep (sweep runs once on the first trigger signal
after the reset button is pushed).

Variable Trigger Holdoff — For the A sweep an ad-
justable holdoff control permits a stable display of
complex waveforms. Sweep holdoff time can be in-
creased at least X10.

B Trigger Modes — B runs after delay time (starts
automatically at the end of the delay time). B trigger-
able after delay time (runs when triggered). The B
(delayed) sweep runs once in each of these modes,
following the A sweep delay time.

Trigger Sensitivity and Coupling —

Coupling To 10 MHz At 35 MHz
Internal 0.35 div 1.5 div

Dc External 70 mV 250 mV
Ext - 10 700 mV 25V

Ac above requirements increase below 60 Hz

Ac Hf Rej | requirements increase above 20 kHz

Ac Lf Re] | requirements increase below 40 kHz



Trigger Sources — Internal Ch 1, internal Ch 2, in-
ternal composite (uses a composite of Ch 1 and Ch 2
signals to produce trigger), external, external = 10,
and line. The B sweep can also be started automat-
ically at the end of the time base A delay.

X-Y OPERATION

Input — X-axis input is via the external horizontal
input connection. Both Ch 1 and Ch 2 provide vertical
inputs. Using chopped mode, two simultaneous X-Y
., displays can be obtained.

X-axis Deflection Factors — Variable from approx 20
mV/div to approx 20 V/div. Dc to at least 500 kHz.

Input Impedance — Approx 1 M paralleled by 24 pF.

DISPLAY
Crt — 8 x 10 div (0.6 cm/div) display. P31 phosphor.
12 kV accelerating potential.

Graticule — Internal (non-parallax) non-illuminated.
Vertical and horizontal centerlines marked in 5 minor
div per major 0.6 cm.

Z-axis Input — +5 V signal causes noticeable modu-
lation at normal intensity. Useful bandwidth dc to
600 kHz.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C.
Non-operating: —40°C to +75°C.

Altitude — Operating: to 15,000 ft max, decrease max
temperature by 1°C/1000 ft from 5000 ft to 15,000 ft.
Nonoperating: to 50,000 ft max.

Vibration — Operating and nonoperating: 15 minutes
along each of the three major axes, .06 cm (0.025 in)
p-p displacement (4 g’s at 55 Hz) 10 to 55 to 10 Hz
in 1-minute cycles.

Humidity — 5 cycles (120 hours) referenced to MIL-
E-16400 F.

Shock — Operating and nonoperating: 30 g's, ¥2 sine,
11 ms duration each direction along each major axis.
Total of 12 shocks.

OTHER CHARACTERISTICS

Amplitude Calibrator — 0.5 V (*1%) approx 1 kHz
from 20°C to 30°C.

Power Source — External ac source, 90 V to 132 V or
180 V to 264 V with a line frequency of 48 Hz to 440
Hz. Max power dissipation 24 W at 115 V. External dc¢
source: +11 Vto +14 V or +22 V to +28 V with a
max current drain of 2A at +12 V or 1.0A at +24 V.

Dimensions in cm
Height 4.4 11.2
Width (with handle) 9.3 23.6
Depth (handle not extended) 13.6 34.7
Depth (handle extended) 17.6 44.8
Weights (approx) Ib kg
Net (without accessories) 10.5 4.7
Shipping 17.0 7.6

335 Dual-Trace Portable Oscilloscope

INCLUDED ACCESSORIES

Two P6149 10X probes (010-6149-03), carrying case
and pouch (016-0485-00), external dc cable assembly
(012-0406-00), strap assembly (346-0131-00), two A-1
fuses (159-0064-00), two 0.4-A fuses (159-0139-00),
two 2-A fuses (159-0107-00), three 0.2-A fuses (159-
0080-00).

ORDERING INFORMATION

335 Portable Oscilloscope ......... $1925
OPTIONAL ACCESSORIES
Viewing Hood — Order 016-0297-00 ........... $6.50

Crt Filter — Light blue. Order 378-2016-00 ....$1.80
crt Filter — Light amber. Order 378-0843-00 ...$1.80

Crt Mesh Filter — With frame and holder.

Order 378-0063-00 ..........co00nvonsenensnces $23
The SONY®/TEKTRONIX® 335 is manufactured and
marketed in Japan by Sony/Tektronix Corporation,
Tokyo, Japan. Outside of Japan, the 335 is available
from Tektronix, Inc., its marketing subsidiaries and
distributors.

RECOMMENDED CAMERA

C-30AP General Purpose Camera .............. $925
Camera Adapter — mounts C-30A to 335.
Order 016-0327-01 /.. vsslibons swmis sinie o vessis $75

For further information see Camera section.

10 MHz at 1 mV/div

100 ns/div Sweep Rate
with X10 Sweep Magnifier

Stored Viewing Time to 4 Hours

Integrate Mode for Intensifying Fast
Rise Time, Low Repetition Rate Signals

Operates from Ac Line, 12V Dc,or 24 V Dc
Small Size, Weighs ~10.5 Ib

The 10.5-pound, bistable storage 314 pro-
vides 1 mV/div sensitivity at 10 MHz, with a
4-hour viewing time. With long-term storage,
you can use the 314 to monitor signal lines
where undesired transients are suspected.

300-Series SONY/TEKTRONIX Portable Oscilloscopes

314

10-MHz Dual-Trace, Long-Term Storage Oscilloscope

For fast rise time, low repetition rate signals,
an integrate mode increases the intensity of
the stored trace.

Compact size and operation from ac, dc, or
external dc source mean that the 314 will
easily go wherever you need a storage oscil-
loscope.

Combined function controls, color coding,
and functional front-panel layout make the
314 easy to use. Probes mount on the side,
permitting an uncrowded front panel and
large crt.

The 1 mV/div sensitivity is particularly use-
ful for measurement of transducer signals

such as those from magnetic recording
heads. An autoerase mode, with variable
erase period from 1 to 5 seconds, enhances
the ability of the 314 to make measurements
on slowly changing analog signals such as
those from a pressure transducer. Other ap-
plications for the 314 occur in industrial con-
trol systems, biophysical instrumentation,
communication terminals, POS terminals,
computer peripherals, and communication
systems.

VERTICAL DEFLECTION

Bandwidth and Rise Time — Dc to at least 10 MHz.
Rise time, 36 ns or less for a 4 div step input. For
ac coupling, the lower 3 dB point is 10 Hz or less.

Deflection Factor — 1 mV/div to 10 V/div (1-2-5 se-
quence), accurate +£3%. Continuously variable be-
tween steps and to at least 25 V/div (uncalibrated).

Display Modes — Ch 1, Ch 2 (normal or inverted),
chopped, alternate, added, and X-Y.

Input R and C — 1 MQ paralleled by approx 47 pF.

Max Input Voltage — ac aqr dc coupled, 300 V (dc +
peak ac).

Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL DEFLECTION

Time Base — 1 us/div to 5 s/div. X10 mag extends
sweep rate to 100 ns/div.

Variable Time Control — Uncalibrated, continuously
variable between steps and to at least 12.5 s/div.

Time Base Accuracy, center 8 div

Unmagnified
1 us/div to 0.2 s/div +3%
0.5 s/div to 5 s/div +4%
Magnified
50 ms/div to 0.5 s/div +5%
0.5 us/div to 20 ms/div : +4%
0.1 us/div and 0.2 us/div *+5%
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314 Dual-Trace, Storage Oscilloscope

TRIGGER
Modes — Normal (sweep generator requires a trigger
to generate a sweep). Automatic (minimizes trigger
adjustment. Sweep generator free-runs in the absence
of a trigger. Single sweep (one sweep is initiated by
the first trigger after a reset).

Trigger Sources — Internal: Ch 1, Ch 2 or composite,
external.

Trigger Sensitivity and Coupling

Coupling To 1 MHz At 10 MHz
Dc Internal 0.8 div 1 div
deflection deflection
External 150 mV 500 mV
Ac requirements increase below 30 Hz
Ac Lf Reject | requirements increase below 50 kHz

X-Y OPERATION
Input — X-axis input is via the external horizontal
input connection. Both Ch 1 and Ch 2 provide vertical
inputs. Using chopped mode, two simultaneous X-Y
displays can be obtained.

X-axis Deflection Factors — Continuously variable from
20 mV/div to 2 V/div. Bandwidth, dc to at least 200
kHz.

Input Impedance — 1 MQ =*=29% paralleled by approx
62 pF.

DISPLAY

Crt — 8 x 10 div (0.6 cm/div) display. P44 phosphor.
2 kV accelerating potential.

Graticule — Internal, non-illuminated. Vertical and
horizontal centerlines marked in 5 minor div per major
0.6 cm/div.

Z-axis input — Range +5 V to +20 V (dc coupled)
with a 100 kHz or greater usable frequency range.
Max input voltage, 50 V (dc 4+ peak ac).

STORAGE FEATURES

Display Modes — Direct view, bistable storage, and
non-store modes. Enhance mode to increase stored
writing rate in the single sweep mode. Auto erase
mode to automatically erase stored display after each
sweep. Viewing time before auto erase can be varied
from 1 sec or less to at least 5 sec. Integrate mode
increases stored brightness of very fast repetitive
signals.

Stored Writing Speed — Normal, at least 80 div/ms.
Enhanced increases to at least 400 div/ms (250 cm/
ms) in enhanced mode.

Erase Time — 300 ms.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C.
Nonoperating: —40°C to +75°C.

Altitude — Operating: to 20,000 ft max, decrease max
temperature by 1°C/1000 ft from 5000 ft to 20,000 ft.
Nonoperating: 50,000 ft max.

Vibration — Operating: 15 minutes along each of the
three major axes, .06 cm (0.025 in) p-p displacement
(4 g’s at 55 Hz) 10 to 55 to 10 Hz in 1 minute cycles.

Humidity — Nonoperating: 5 cycles (120 hours) of
MIL-Std-202D, Method 106C. Omit freezing and vi-
bration and allow a post-test drying period at 25°C
+5°C and 20% to 80% relative humidity.

Shock — Operating and nonoperating: 30 g's, V2 sine,
11 ms duration each direction along each major axis.
Total of 12 shocks.

OTHER CHARACTERISTICS

Amplitude Calibrator — 0.5 V accurate *£1% from
20°C to 30°C, =2% from —15°C to +55°C.

Power Sources — External ac source, 90 V to 132 V or
180 V to 264 V with a line frequency of 48 Hz to 440
Hz. Max power dissipation 29 W at 115 V. External dc¢

source, +11 V to 414 V or 422 V to +28 V with a
max current drain of 1.6 A at +12V or 0.8 A at +24 V.

Dimensions in cm
Height (w/0 pouch) 4.4 11.2
Width (with handle) 9.3 23.6
Depth (handle not extended) 13.6 34.7
Depth (handle extended) 17.6 44.8
Weights (approx) Ib kg
Net (without accessories) 10.5 4.7
Shipping 17.0 7.6

INCLUDED ACCESSORIES

Two P6149 10X probes (010-6149-03), carrying case
and pouch (016-0612-00), external dc cable assembly
(012-0406-00); strap (346-0131-00), two 1.6-A fuses
(159-0098-00), two 0.8-A fuses (159-0132-00), two
0.15-A fuses (159-0130-00), three 0.16-A fuses
(159-0131-00).

ORDERING INFORMATION
314 Storage Oscilloscope .......... $2645

The SONY®/TEKTRONIX® 314 is manufactured and
marketed in Japan by Sony/Tektronix Corporation,
Tokyo, Japan. QOutside of Japan the 314 is available
from Tektronix, Inc., its marketing subsidiaries and
distributors.

RECOMMENDED CAMERA

C-30AP General Purpose Camera .............. $925
Camera Adapter-Mounts C-30AP to 314.
Order D16-0327507 i i st o 5loiois 5 ommisne's sotieds s wiaase $75

For further information see camera section.

305

300-Series SONY/TEKTRONIX Portable Oscilloscopes

A Battery-Powered Oscilloscope and DMM in a Lightweight, Portable Package

5 MHz at 5 mV/div

Dual-Trace
Full X-Y
Weighs ~10.6 Ib.
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The 305 Oscilloscope/DMM is the ideal os-
cilloscope for those who demand portability
and multi-function versatility in their test
instrumentation.

The SONY/TEKTRONIX 305 combines a
5-MHz oscilloscope with an integral auto

ranging DMM and a built-in rechargeable
battery pack. Take the 305 instead of multi-
ple instruments when you climb the ladder
to maintain your in-plant industrial controls.
Or leave the extension cord at your bench
when you go on location to service medical
instrumentation.

The 305 features a dual-trace 5-MHz oscillo-
scope with a large 8 x 10 div (0.6 cm/div)
crt display and an autoranging DMM with
dc and ac volts, and resistance measure-
ment functions—all in a 10.6 Ib. (4.8 kg), 4.4
X 9.3 x 14.6 inch (11.2 x 23.6 x 37.1 cm)
package. The front panel TTL marker pre-
sets the trigger generator for optimum level
control on TTL signals.

VERTICAL DEFLECTION

Bandwidth — Dc to at least 5 MHz." For ac coupling,
the lower 3 dB point is 10 Hz approx.

Deflection Factor — 5 mV/div to 10 V/div (1-2-5 se-
quence) accurate +3% from 0°C to +40°C, *4%
through remainder of operating range. Uncalibrated,
continuously variable between steps and to at least
25 V/div.

Display Modes — Ch 1, Ch 2, Chopped, Alternate,
Added, Invert Ch 2 and X-Y. Bandwidth in Add mode
is dc to at least 4.5 MHz.

Input R & C—1 MQ =*£29%, paralleled by 47 pF
approx.

Max Input Voltage — ac or dc coupled, 250 V (dc +
peak ac), or 250 V p-p ac at <1 kHz.



HORIZONTAL DEFLECTION

Time Base — 500 ms/div to 1 us/div (1-2-5 sequence).
X10 mag extends sweep rate to 0.1 us/div.

Variable Time Control — Uncalibrated, continuously
variable between steps and to at least 1.25 s/div.

Time Base Accuracy, center 8 div—

0°C to +40°C | —15°C to +55°C
Unmagnified +3% +4%
Magnified *5% +6%

(excludes first 10 div and all sweep past 90 div in X10
Mag).

TRIGGER
Modes — Normal and Auto (p-p).

TTL Triggering — TTL position of trigger level con-
trol presets for optimum triggering from TTL levels,
in 50mV, .1V and .2 V/div or external trigger signals.

Trigger Sources — Internal Ch 1, internal Ch 2, ex-
ternal. Threshold voltage, int (with 10X probe) 1.4 V
within +=0.3 V, Ext (with 10X probe) 1.4 V within
+0.2V.

Trigger Sensitivity in NORMAL-Mode

Coupling Mode To 0.5 MHz | At 5 MHz
Dc Internal 0.3 div. 0.75 div
External 15 mV 50 mV
Ac Above requirements

increase below 60 Hz

P-P Auto Operation Sensitivity

500 Hz 0.5 MHz
Mode to 0.5 MHz

Coupling to 5 MHz
G i Internal \ 0.5 div 1.0 div
d External 35 mV 70 mV

External Trigger — Max lhput Voltage: 250 V (dc +
peak ac) at 1 kHz or less (same as vertical). Input
R and C, approx 1 MQ paralleled by approx 47 pF.‘

X-Y OPERATION

Input — X-axis input is via the Ch 1 connector; Y-axis
input is via the Ch 2 connector.

X-Y Characteristics — Same as stated for vertical
deflection, except deflection factor accuracy is =4%
from 0°C to +40°C over the center 8 div.

X-Axis Bandwidth is dc to 150 kHz.

DISPLAY

Crt— 8 x 10 div (0.632 cm/div) display. P31 phos-
phor. 2 kV accelerating potential.

Graticule — Internal, non-illuminated.

DMM

DC VOLTAGE
Ranges — 2 V, 20 V, 200 V, 1000 V (autoranging).
Accuracy — Within 0.1% of reading, =2 counts.
Common-Mode Rejection — >100 dB at dc, 80 dB at
60 Hz with 1 k unbalance.
Normal-Mode Rejection — >>30 dB at 60 Hz increasing
20 dB per decade to 2 kHz.
Response — <1 sec plus range step time (<1 sec/
step).
Input R — 10 MQ *£2%.

AC VOLTAGE
Ranges — 2V, 20 V, 200 V, 700 V, (autoranging).

Accuracy — Within 0.5% of reading, =10 Counts,
40 Hz to 500 Hz. :

Response Time — <5 sec plus range step time (<1
sec/step).

Input impedance — 10 M paralleled by ~ 70 pF.

RESISTANCE
Ranges — 2 k{2, 20 k2, 200 k2, 2000 k€.
Accuracy — Within 0.6% of reading +=3 cbunts.

Response Time — <5 sec plus range step time (<1
sec/step). Max safe input voltage at DMM Input Con-
nectors—DCV: 1000 V dc¢ -+ peak ac, between HI
and LO inputs or between HIl and chassis.

ACV — 700 V RMS if sinusoidal between HI and LO
inputs or between HI and chassis, +1000 V dc +
peak ac between Hl and LO inputs or between HI
and chassis, +500 V (dc component) between LO
and chassis. k{? function settling: 100 V (dc + peak
ac) between HI and LO inputs.

All Ranges: 500 V (dc + peak ac) between LO and
chassis (LO Floating Voltage).

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C
(Oscilloscope), 0°C to +55°C (DMM), non-operating:
—25°C to +75°C.

Altitude — Operating: to 30,000 feet max, decrease
max temperature by 1°C/1000 feet from 5,000 feet to
30,000 feet. Non-operating: 50,000 feet max.

Vibration — 15 min along each of the three major
axes, 0.025” (.06 cm) p-p displacement (4 g's at 55
Hz) 10 to 55 to 10 Hz in 1 min cycles.

Humidity — Non-operating: 5 cycles (120 hrs) of MIL-
E-164000G. Omit freezing and vibration and allow a
post-test drying period at +25°C, +5°C and 20%
to 80% relative humidity.

Shock — Operating and non-operating: 30 g's, 2
sine, 11 ms duration. Total of 12 shocks.

305 DMM/Dual-Trace Oscilloscope
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OTHER CHARACTERISTICS

Amplitude Calibrator — 0.3 V accurate +=1% from
20°C to 30°C *£2% from —15°C to 55°C.

Power Sources — External ac source, 90 V to 132 V
or 180 V to 250 V with a line frequency of 48 Hz to
440 Hz. Max power dissipation of 17 W. External dc
source +9 Vto +32 V.

Charge Time: at least 16 hours for full charge.

Operating Time — Internal NiCd batteries provide
~1.6 hours of scope and DMM operation, 10 hours of
DMM alone operation, or 2 hours of scope alone
operation at maximum trace intensity and 20°C to
25°C operating temperature.

Dimensions in cm
Height 4.4 11.2
Width (with handle) 9.3 23.6
Depth (handle

not extended) 14.6 37.1
Depth (handle

extended 18.0 45.8
Weights (approx.) Ib kg
Net (without

accessories) 10.6 4.8
Shipping 17.1 7.8

INCLUDED ACCESSORIES

Two 10X probes (010-6149-03), one DMM probe pack-
age (012-0732-00), one carrying case (016-0401-00),
one carrying case cover (200-2260-00), one carrying
strap assembly (346-0131-00), one clear crt filter (331-
0394-01), one blue crt filter (378-2016-01), one exter-
nal dec cable assembly (012-0406-00).

ORDERING INFORMATION
305 DMM/Oscilloscope ............ $1725

The SONY®/TEKTRONIX® 305 DMM/Oscil-
loscope is manufactured and marketed in
Japan by Sony/Tektronix Corporation, Tok-
yo, Japan. Outside of Japan the 305 is avail-
able from Tektronix, Inc., its marketing sub-
sidiaries and distributors.

OPTIONAL ACCESSORIES
Viewing hood (016-0297-00) .................. $6.50
BNC to binding post adapter (103-0033-00) ....$4.75

RECOMMENDED CAMERA

C30AP General Purpose Camera .............. $925
Camera Adapter Mount C30A to 335
Order 018032701 .. ..... .ol coininmsvaies ssmen $75

For further information see camera section.

5 MHz, 5 mV/div to 100 V/div

0.1 us/div Sweep Rate with
X10 Sweep Magnifier
Internal Battery Pack
Integral 1 MQ probe
Weighs ~3.51b

~ The 221 miniscope weighs just 3.5 pounds

and easily fits into a tool box or brief case;
it measures only 3 x 5¥4 x 92 inches. Yet it
has the capability needed for on-site service
of much of today’s complex equipment. This
versatile miniscope has a 5-MHz bandwidth,
5 mV/div sensitivity, and 0.1 us/div sweep

200-Series Miniscopes 294
5-MHz Oscilloscope

rate (using X10 magnifier) packaged in an
impact-resistant case.

Internal rechargeable batteries allow at least -

three hours operation away from external
power sources. And the 221 will operate and
charge from practically all the world’s prin-
cipal line voltages: 90 to 250 V, 48 to 62 Hz
ac, or 80 to 250 V dc (all without making any
change to the instrument).

The 1 MQ low-capacitance probe minimizes
circuit loading. And because it’s attached,
it's always there when you need it. Vertical

deflection factors extend from 5 mV/div, al-

lowing on-screen measurement of signals up
to 600 V dc + peak ac. The 1 us/div to 200
ms/div time base is enhanced by a X10 mag-
nifier that extends the fastest range to 0.1
us/div. A variable control will slow the sweep
to about 0.5 s/div.

A single rotary control on the 221 is used for
all trigger level and slope functions. Controls
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221 5-MHz Miniscope

are side mounted and recessed for protec-
tion, yet are easily accessible.

In applications where it is necessary to
“float” the oscilloscope to make your mea-
surements, 200-Series Miniscopes can be
elevated to 700 V (dc + peak ac) above
ground when operated from batteries. Al-
though insulated, caution should be ob-
served when connecting the probe to test
points.

The 221 is used in a wide assortment of
service applications. For example, in data
transmission systems, the 221 is preferred
for maintenance and testing of modems be-
cause of its ability to see higher frequency
noise. It can even help in building roads...
by spot checking motors in a road grader’s
closed loop servo system that controls blade
angle, depth of cut and machine direction.

VERTICAL DEFLECTION
Bandwidth — Dc to 5 MHz (—3 dB point) at all cali-

brated deflection factors. Lower —3 dB point ac
coupled is approx 2 Hz.

Deflection Factor — 5 mV/div to 100 V/div, accurate
3% from 0°C to +40°C and *=5% from —15°C to 0°C
and +40°C to 55°C. Uncalibrated, continuously vari-
able between steps to at least 300 V/div.

Input R and C — Approx 1 MQ paralleled by approx
29 pF via attached signal acquisition probe.

Max Input Voltage — 600 V (dc + peak ac), 600 V
p-p ac, 5 MHz or less.

HORIZONTAL DEFLECTION
Time Base — 1 us/div to 200 ms/div, accurate *3%.

Magnifier — Increases all sweep speeds X10 with a
max sweep speed of 0.1 us/div.

Variable Time Control — Extends minimum sweep
rate to approx 0.5 s/div. Continuously variable be-
tween calibrated settings.

TRIGGER

Modes — Automatic or manual. Level and slope se-
lected with a single control. Automatic operation
minimizes trigger adjustment and provides a bright
baseline with no input.

Trigger Sensitivity

Mode To 1 MHz At 5 MHz
Internal 0.5 div 1 div
External 05V 1V

X-Y OPERATION
Input — X-axis input is via the external trigger or the
external horizontal input.

X-axis Deflection Factor — 1 V/div =10%, dc to 500
kHz. Sensitivity is increased by a factor of 10 (0.1
V/div) using horizontal magnifier.

Max External Horizontal Input Voltage — 200 (dc +
peak ac), 200 V (p-p ac) to 500 kHz, decreasing to 20 V
p-p ac at 5 MHz.

Input Impedance — Approx 0.5 MQ paralleled by ap-
prox 30 pF.

DISPLAY
Crt — 6 x 10 div (0.5 cm/div) display. P31 phosphor
normally supplied; P7 optional without extra charge.
1 kV accelerating potential.

Graticule — Internal, black line, non-illuminated.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: (battery only),
—15°C to ++55°C. Charging or operating from ac
line: 0°C to +40°C. Nonoperating: —40°C to +60°C.
Altitude — Operating: 25,000 ft, decrease max tem-
perature by 1°C/1000 ft above 15,000 ft. Nonoperat-
ing: 50,000 ft.

Vibration — Operating and nonoperating: 15 minutes
along each of the 3 major axes, .06 cm (0.025 in) p-p
displacement (4 g's at 55 Hz) 10 to 55 to 10 Hz in one
minute cycles. Held for 3 min at 55 Hz.

Humidity — 5 days at -+50°C, 95% humidity.

Shock — Operating and nonoperating: 100 g's, 12 sine,

2 ms duration each direction along each major axis.
Total of 12 shocks.

OTHER CHARACTERISTICS

Power Sources — Internal NiCd batteries provide at
least 3 hours operation at max trace intensity for a
charging and operating temperature between -+20°C
and +30°C. Internal charger charges the batteries
when connected to an ac liné with instrument turned
on or off. Dc operation is automatically interrupted
when battery voltage drops to approx 10 V to protect
batteries against deep discharge. Full recharge re-
quires approx 16 hours. Extended time-charges will
not damage the batteries. An expanded scale battery
meter indicates full, low, and recharge. External power
source, 90 to 250 V ac (48 to 62 Hz) or 80 to 250 V dc,
5 W or less.

200-Series Miniscopes
1-MHz Oscilloscope/ DMM

213

1 MHz at 20 mV/div

‘0.4 us/div Sweep Rate with
X10 Sweep Magnifier

DMM and Miniscope in One Unit
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Compact, Weighs ~3.7 Ib

True Rms Voltage and Current
Measurements

Internal Battery
Rugged Construction

=T

Insulation Voltage — 500 V rms or 700 V (d¢c + peak
ac) when operated from internal batteries, with the
line cord stored and the plug protected. When oper-
ated from an external line, line voltage plus floating
voltage not to exceed 250 V rms; or 1.4 x line + (dc
+ peak ac) not to exceed 350 V.

Dimensions in cm
Height 3.0 7.6
Width 5.2 13.3
Depth 9.0 22.8
Weights (approx) Ib kg
Net 3.5 1.6
(without accessories)

Shipping ~8.0 ~3.6

INCLUDED ACCESSORIES
Viewing hood (016-0199-01), carrying case (016-0512-
00), neck strap (346-0104-00), Two spare fuses (159-
0080-00).

ORDERING INFORMATION

221 Oscilloscope,
including batteries and probe . ..... $1190

INSTRUMENT OPTION
Option 76, P7 Phosphor ........................ $35

OPTIONAL ACCESSORIES

Alligator Clip Kit — A pair of alligator clips that allow
connecting the probe and ground lead to large (up
to 3 in) conductors. Includes: red clip (015-0229-00);
yellow clip (015-0230-00); 6-32 to probe adapter (103-
0051-01).

Order 015-0231-00 ..............¢covvvrvnnnunn. $14

Probe-tip to BNC Panel Connector Adapter
Order 013-0084-01 ...........covvtinnnennnnnn $8.00

Probe-tip to BNC Cable Adapter
Order 103-0096-00 .................. e g $8.50

Power Cable Adapter Assembly — A short length of
two-wire power cord, One end has a female NEC
socket fitting the 200-Series power cords; the other
end is left open so that the wires can be attached to
a non-NEC male power plug. Plugs not supplied.

Order 161=0077-01. .. . Jovs ¢ v soens s van & 500 $5.00

R T e S - ——

The 213 combines a precision 312 digit digi-
tal multimeter and a 1 MHz oscilloscope in
one instrument. It is a compact (3 x 5.2 x 8.9
inches) and lightweight (only 3.7 pounds)
package that will fit easily into your brief-
case or tool kit.

In operation, the light-weight 213 can be
hand held, rested on the equipment being
tested or carried conveniently on a neck-
strap. Operating controls are designed for
speedy measurements and easy understand-

ing.

Rugged construction enables the 213 to
withstand hostile industrial or transporta-
tion environments.

The 213, combining both oscilloscope and
DMM functions, fits many on-site service ap-
plications. As an example, the 213 is used
extensively for preventive maintenance on
industrial control systems.



VERTICAL DEFLECTION (VOLTAGE)

Bandwidth—Dc to 1 MHz (—3 dB point) for 20 mV/div
to 100 V/div deflection factors. Dc to 400 kHz (—3 dB
point) for 5 mV/div and 10 mV/div. Lower —3 dB point
for ac coupling is approx 1 Hz.

Deflection Factor — 5 mV/div to 100 V/div (1-2-5
sequence), accurate = 3%. Uncalibrated; continuously
variable between steps to at least 250 V/div.

Input R and C — 10 MQ paralleled by 150 pF for §
mV/div through 1 V/div and 100 pF for 2 V/div
through 100 V/div.

Max Input Voltage

Max Input Voltage

500 V (dc + peak ac)
at 1 MHz or less

800 V (dc + peak ac)
500 V peak ac
component

800 V (dc + peak ac)
at 1 MHz or less

Input Condition

Dc coupled, 5 mV/div
to 1 V/div

Ac coupled, 5 mV/div
to 1 V/div

Ac, Dc coupled,
2 V/div to 100 V/div

VERTICAL DEFLECTION (CURRENT)

Bandwidth — Dc to at least 400 kHz (—3 dB point)
for 20 uA/div through 100 mA/div deflection factors.
Dc to at least 200 kHz (—3 dB point) for 5 pA/div
and 10 zA/div.

Deflection Factor — 5 pA/div to 100 mA/div (1-2-5
sequence), accurate £3%. Uncalibrated; continuously
variable between steps to at least 250 mA/div.

Max Input Current—2 A rms or 3 A peak for any
range (fuse and diode protection).

HORIZONTAL DEFLECTION

Time Base — 2 us/div to 500 ms/div (1-2-5 sequence),
accurate +5%.

Variable Magnifier — Increases all sweep speeds to
at least X5 with a max sweep speed of 0.4 us/div.

TRIGGER

Modes — Normal (sweep runs when triggered). Auto-
matic (sweep free-runs in absence of trigger signal or
for frequencies below 7 Hz).

Trigger Sensitivity and Coupling — Ac Internal, (auto
and normal, 1 MHz) 0.5 div Dc External, 1 MHz, 1 V.

DISPLAY

Crt — 6 x 10 div (0.52 cm/div) display. P43 phosphor
is standard.

Graticule — Internal, black line, non-illuminated.

ENVIRONMENTAL CAPABILITIES

Ambient  Temperature — Operating: (battery only).
—15°C to +55°C. Charging or operating from ac line:
0°C to +40°C. Nonoperating: —40°C to +60°C.

Altitude — Operating: to 25,000 ft, decrease max tem-
perature by 1°C/1,000 ft above 15,000 ft. Nonoperat-
ing: 40,000 ft.

Vibration — Operating and nonoperating: 15 minutes
along each of the 3 major axes, .06 cm (0.025 in) p-p
displacement (4 g's at 55 Hz) 10 to 55 to 10 Hz in 1
minute cycles. Held for 3 minutes at 55 Hz.

Humidity —40°C or less, 80% or less relative humidity.

Shock — Operating and nonoperating: 150 g's, 2
sine, 2 ms duration in each direction along each
major axis. Total of 12 shocks.

OTHER CHARACTERISTICS

Power Sources — Internal NiCd batteries provide
approx 3.5 hours operation at max trace intensity for
a charging and operating temperature between 20°C
and 30°C. Internal charger charges batteries when
connected to an ac line with instrument turned on or
off. Dc operation is automatically interrupted when
battery voltage drops below 2 V to protect batteries
against deep discharge. Full recharge requires approx
16 hours. External power source, 90 to 136 V ac (48
to 62 Hz). Option 1 allows operation from an external
~ 180 to 250 V ac (48 to 62 Hz) or dc supply. Power
consumption, 8 watts or less.

Insulation Voltage — 500 V rms or 700 V (dc + peak
ac) when operated from internal batteries with line
cord and plug stored. When operated from ac, line
voltage plus floating voltage not to exceed 250 V rms
or 1.4 X line + (dc + peak ac) not to exceed 350 V.

Dimensions in cm
Height 3.0 7.6
Width 8.2 13.2
Depth . 8.9 22.6
Weights (approx) Ib kg
Net (without accessories) 3.7 1.7
Shipping 8.6 3.9
DMM

Provides true rms readings of voltage and current.

DC AND AC VOLTAGE
Range — 0.1 V to 1000 V full scale in 5 ranges.

Resolution — 100 uxV at 0.1 V full scale.
Accuracy in Dec Mode — For 25°C +5°C,
Range (Full Scale)

01V +0.1% of reading =3 counts.
Temp coef is (£0.015% of reading
+ 0.04% of full scale) per °C.

"1V +0.1% of reading =1 count.

Temp coef is (£0.01% of reading
+ 0.01% of full scale) per °C.

10 V and 100 V +0.15% of reading =1 count.
Temp coef is (=0.015% of reading

+ 0.01% of full scale) per °C.

1000 V *+0.2% of reading =1 count.
* Temp coef is (*=0.02% of reading

+ 0.01% of full scale) per °C.

Accuracy in Rms Mode — For 25°C =*+5° Tempera-

ture coefficient (=0.05% of reading +0.1% of full
scale) per °C.

Range Within % of reading shown =5 counts*
40 Hz 4 kHz
to to
\ Dc 4 kHz 40 kHz
01V 2.5% 1.5% 3.5%
1V,10 V, and 100 V 2% 1% 1%
1000 V 2% 1% 2%

*Accuracy limit increases linearly for crest factor
greater than 2 up to twice indicated limit for crest
factor of 5.

Input Resistance — 10 MQ

Input Capacitance — 150 pF on 0.1 V to 10 V ranges,
100 pF on 100 V and 1000 V ranges.

Settling Time — DC: 1.5 sec to 0.1% of reading.
RMS: 2 sec to 1% of reading.

Max Input Voltage —
Dc Coupled
0.1Vtoi0V
500 V (d¢ + peak ac)
Ac Coupled
0.1Vtoi0V
800 V (dc + peak ac)

100 V to 1000 V
800 V (dc + peak ac)

DC AND AC CURRENT
Range — 0.1 mA to 1000 mA full scale in 5 ranges.

Resolution — 100 nA at 0.1 mA full scale.
Accuracy in Dc Mode — For 25°C £5°C.

Temperature Coef — (=0.02% of reading + 0.04%
of full scale) per °C. 0.1 mA =0.5% =3 counts. 1 mA
to 1000 mA *=0.25% =+ 3 counts.

213 Miniscope/DMM

Accuracy in Ac Mode —

Range Within % of reading shown =5 counts*
i 40 Hz 4 kHz
to to
Dc 4 kHz 40 kHz
0.1 mA 2.5% 1.5% 4.5%
1 mA to 1000 mA 2.5% 1.5% 3.5%

*Accuracy limit increases linearly for crest factor
greater than 2 up to twice the indicated limit for
crest factor of 5. {

Settling Time — 1.5 sec to 0.1% of reading.

Max Input Current —2 A rms or 3 A peak on any
scale (fuse and diode protection).

RESISTANCE
Ranges — 1 k{ to 10 M full scale in 5 ranges.
Resolution — 1 @ on 1 kQ scale.
Accuracy — For 25°C £5°C.
Range % of Reading
1 kQ 0.5% =3 counts
10 k@ to 1 MQ 0.5% =1 count

10 MQ 1% =1 count

Settling Time — 2 seconds = 2 counts.

READOUT
N.umber of Digits — 312 digits plus decimal point and
sign.
Display Size — 1 cm High by 4 cm wide (5 characters).
Overrange Capability — At least 200% of full scale.

Overrange Indication — Readout displays scrambled
characters.

INCLUDED ACCESSORIES

Viewing hood (016-0199-01), carrying case (016-0512-
00), 2 test leads (alligator clip to banana jack) (red
012-0015-00) (black 012-0014-00), neck strap (346-
0104-00), 2 power line fuses (159-0080-00), power line
plug adapter (option 01 only) (161-0077-01), identifica-
tion tag (334-2614-00), identification tag (000-7983-00).

ORDERING INFORMATION

213 Miniscope/DMM including batteries and
BEBIIB: <ol s s 3 v i B 6tk $1595

POWER OPTIONS

Option 01, 180 to 250 V ac (48 to 62 Hz) or dc
(includes batteries and probe)............ No charge

OPTIONAL ACCESSORIES

Alligator Clip Kit — A pair of alligator clips that allow
connecting the probe and ground lead to large (up to
3% in) conductor. Incudes: red clip (015-0229-00);
yellow clip (015-0230-00); 6-32 to probe adapter (103-
0051-01).

OTdar015-0231-00. %5 .08l vt SHER otlocv st v s $14

Probe-tip to BNC Panel Connector Adapter
Order-013-0084701 o nvlon  huia s e o dhn s s % $8

Probe tip to BNC Cable Adapter
Order 103-0096-00 ................co0niuiunnn $8.50

Power Cable Adapter Assembly — A short length of
two-wire power cord. One end has a female NEC
socket fitting the 200-Series power cords; the other
end is left open so that the wires can be attached to
a non-NEC male power plug. Plugs not supplied.

Order 18T=00F 72000 .o s Snmislomsonuis sthmipms, s v $5
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212
214

200-Series Miniscopes
500-kHz Dual-Trace Storage (214) Oscilloscope

500 kHz, 1 mV/div to 50 V/div
Internal Battery

Integral 1 MQ Probe

Weighs 3.5 Ib

The 212 and 214 feature similar signal ac-
quisition capabilities: bandwidth to 500 kHz
with deflection factors from 1 mV/div to 50
V/div. Both are lightweight (only 3.5 pounds)
and compact (3 x 5% x 9%z inches). They
differ in that the 214 offers storage capabili-
ties. This is useful for viewing non-repetitive
or slow moving signals.

Built of impact-resistant plastic and fully
self-contained, these miniature portables are
perfect for applications in severe environ-
ments. And they permit “floating’’ measure-
ments since they are double insulated and
can be elevated to 700 V (dc + ac) above
ground when operated from batteries. Al-
though insulated, normal caution should be
observed when connecting the oscilloscope
probe to the test point.

Both the 212 and 214 feature integral probes
that are color matched with the vertical de-
flection controls to minimize measurement
error. The probes have their own storage
space and are part of the instrument — you
can't forget and leave them behind. Clip-on
10X attenuators are available for higher volt-
age applications.

Trigger level and slope functions are simpli-
fied to one rotary control on the side of the
unit. A convenient neckstrap is an included
accessory, freeing both hands to perform
other tasks.

In the single sweep mode the 214 can be
set to wait for, then record, a single event.
With this feature, the scope’s sweep circuit
is armed-and will wait for the signal to arrive
before it runs. When the signal occurs, the
sweep runs once. When combined with stor-
age, this provides the unique capabilities of
automatically waiting for an event and then
storing it for subsequent viewing.
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VERTICAL DEFLECTION

Bandwidth — Dc to at least 500 kHz from 10 mV/div
to 50 V/div, reducing to at least 100 kHz at 1 mV/div.
Lower —3 dB point ac coupled is less than 2 Hz.

Deflection Factors — 1 mV/div to 50 V/div (1-2-5 se-
quence), accurate ®=5%. Uncalibrated, continuously
variable between steps to at least 125 V/div.

Display Modes — Ch 1 only, Ch 2 only, or Ch 1 and
Ch 2 chopped (approx chop rate — 40 kHz) from 500
ms/div to 2 ms/div of time base, alternate from 1
ms/div to 5 us/div of time base.

Input R and C — Approx 1 MQ paralleled by approx
160 pF from 1 mV/div to 50 mV/div; and 140 pF from
100 mV/div to 50 V/div.

Max Input Voltage (1X probe only)

1 mV/div to 50 mV/div 600 V (dc + peak ac)
ac not over 2 kHz.

600 V (dc + peak ac)
600 V p-p ac

0.1 V/div to 50 V/div
5 MHz or less

HORIZONTAL DEFLECTION
Time Base — 5 us/div to 500 ms/div, accurate =5%.
Variable Magnifier — Increases each sweep rate X5
with a max sweep speed of 1 us/div.
External Horizontal Input — (Ch 1) 1 mV/div to 50
V/div #=10%; dc to 100 kHz: X-Y phasing to 5 kHz
less than 3°, Input characteristics same as Ch 1.
Max External Horizontal Input Voltage — 50 V (dc +
peak ac), 100 V (p-p).
Input Impedance — R and C, 1 MQ paralleled by
approx 30 pF.

TRIGGER

Trigger Modes — Automatic or normal. Level and
slope selected with a single control. Automatic oper-
ation minimizes trigger adjustment and provides a
bright baseline with no input.

Trigger Sensitivity and Coupling

Coupling {o 500 Hz
Dc Internal 0.2 div
(w/composite
trigger
source)
Internal 0.2 div
(w/ch 2 trigger
source)
External 1Vto
20 V p-p

Single Sweep — Sweep generator produces one
sweep when trigger is received. (214 only)

DISPLAY

Crt — Bistable storage, 6 x 10 div (0.52 cm/div) dis-
play P44 Phosphor (214 only). P31 Phosphor (212
only).

Graticule — Internal, black line, non-illuminated.

STORAGE FEATURES
Stored Writing Speed — Normal, at least 80 div/ms.
Enhanced, increases single-sweep storage writing
speed to at least 500 div/ms. Enhance is automatic
from 0.1 ms to 5 us/div in single sweep.
Stored Luminance — At least 8 footlamberts.

Storage Viewing Time — Approx 1 hr.

ENVIRONMENTAL CAPABILITES
Ambient Temperature — Operating: (battery only),
—15°C to +55°C. Charging or operating from ac line,
0°C to +40°C. Nonoperating: —40°C to +60°C.

Altitude — Operating: 25,000 ft, decrease max tem-
perature by 1°C/1000 ft above 15,000 ft. Nonoperating:
50,000 ft.

Vibration — Operating and nonoperating: 15 minutes
along each of the 3 major axes, .06 cm (0.025 in) p-p
displacement (4 g’s at 55 Hz) 10 to 55 to 10 Hz in one-
minute cycles. Held for three minutes at 55 Hz.

Humidity — 5 cycles (120 hours). 95% relative humid-
ity, referenced to MIL-E-16400F.

Shock — Operating and nonoperating: 150 g's, 12
sine, 2 ms duration in each direction along each
major axis. Total of 12 shocks.

OTHER CHARACTERISTICS

Power Sources — Internal NiCd batteries provide
approx 5 hours operation (approx 3.5 hours in 214
stored mode) at max trace intensity for a charging
and operating temperature between 20°C and 30°C.
Internal charger charges the batteries when con-
nected to an ac line with instruments turned off. Bat-
tery operation is automatically interrupted when bat-
tery voltage drops to approx 10 V to protect batteries
against deep discharge. Full recharge requires approx
16 hours. Extended charge times will not damage the
batteries.

A pilot light battery-charge indicator light will ex-
tinguish when oscilloscope has about 10 min (5 min
for the 214) of operating time remaining in the
batteries.

External Ac Source — 110 to 126 V, 58 to 62 Hz, 3 W
Can be operated at 104 to 110 V with resulting slow
discharge of internal batteries.

Insulation Voltage — 500 V rms or 700 V (d¢ + peak
ac) when operated from internal batteries, with the
line cord and plug stored. When operated from ac,
line voltage plus floating voltage not to exceed 250 V
rms; or 1.4X line + (dc + peak ac) not to exceed
350 V.

Dimensions in cm
Height 3.0 7.6
Width 5.3 13.3
Depth . 9.5 241
Weights (approx) Ib kg
Net (without accessories) 3.5 1.6
Shipping 7.0 3.2

INCLUDED ACCESSORIES
Viewing hood (016-0199-01), carrying case (016-0512-
00), two 4-A fuses (159-0121-00), identification tags
(000-7983-00), identification tag (334-2614-00), carry-
ing strap (346-0104-00).

ORDERING INFORMATION
212 Dual-Trace Oscilloscope, including

batteries ............ ... .. ....... $1190
214 Dual-Trace Storage Oscilloscope,
including batteries ................ $1595

POWER OPTIONS
Option 01 for 220-250 V, (48 to 52 Hz) includes

Batterios | . lni o e A et o e st T No Charge
Option 02 for 90 to 110 V, includes
batteries ........... .. .. .. ..., No Charge

OPTIONAL ACCESSORIES

10X Attenuator Package — A slip-on tip to provide
lower circuit loading (4.4 MQ, .approx 20 pF) and
higher max input voltage 1000 V (dc + peak ac) in-
cludes: 10X attenuator (010-0378-01); pincher tip
(013-0071-00); flex tip (206-0060-00); banana tip (134-
0013-00); IC adapter (206-0203-00).

Qrden 010=0378-01 ..c.olai £ Fun M s siten samaras $33

Alligator Clip Kit — A pair of alligator clips that allow
connecting the probe (or optional 10X attenuator) and
ground lead to large (up to 3 in) conductors. In-
cludes: red clip (015-0229-00); yellow clip (015-0230-
00); 6-32 to probe adapter (103-0051-01).

Order-015:0231=00- ... . v vons s sl 5 suie svinn s o $14
Probe-tip to BNC Panel Connector Adapter

Order 013-0084-01 . ..........c0iiiiinnminnnnnnnn $8
Probe-tip to BNC Cable Adapter

Order 103-0096-00 ..............cccovvmuunnn. $8.50

Power Cable Adapter Assembly — A short length of
two-wire power cord. One end has a female NEC
socket fitting the 200-Series power cords; the other
end is left open so that the wires can be attached to
a non-NEC male power plug. Plugs not supplied.

Order 1800 T T=0T s o s P e iy ohe s agaoaine $5



T921 15 MHz Single-Trace Oscilloscope

Dc to 15 MHz at 2 mV/div

20 ns/cm Sweep Rate with X10
Sweep Magnifier

Bright (12 kV) Display

Easy to Use

Regulated Power Supplies
Differential Input Option (T922 only)
Weighs ~15 |b

‘The T921 (single-trace) and T922 (dual-
trace) Oscilloscopes provide the basic func-
tions of a general-purpose oscilloscope at
the lowest price consistent with quality con-
struction and reliable performance. Small
and easy to operate, they are an excellent
choice for the student’s workbench in basic
electricity, electronics, and physics classes.
The same characteristics suit them well for
production line applications wherever elec-
tronic components, circuits, or equipment
must be tested or calibrated. In the manu-
facturing and servicing of consumer elec-
tronics the T921 and T922 are a cost-effec-
tive answer to most test and measurement
requirements. As a signal processing, mea-
surement and display device for dynamic
transducer measurements, both oscillo-
scopes offer superior performance at a rela-
tively low cost.

Although lightweight (15 Ib) and small (7 X
10 x 19 inches), the T921 and T922 provide
an especially bright, high resolution, 8 x 10
cm crt display. Even in high ambient light
conditions, low-rep-rate signals are easily
viewed. Their features shorten familiariza-
tion time and help make day-to-day mea-
surements easier and more accurate. Func-
tionally related controls are color coded for
easy identification and grouped together for
convenience. Chopped or alternate sweep
modes are selected automatically to yield
the best display for the selected sweep rate.
An option for differential input may be or-
_dered with the T922. In DIFF mode, the T922
displays the difference between Channel 1
and Channel 2 signals. The Channel 2 sig-

T922 15 MHz Dual-Trace Oscilloscope

nal is automatically inverted; the algebraic
sum of the Channel 1 signal and the inverted
Channel 2 signal is then displayed on the
crt.

Measurement accuracy of the T921 and
T922 is superior to most similarly priced os-
cilloscopes. A twelve-step attenuator pro-
vides calibrated deflection factors ranging
from 2 mV/cm to 10 V/cm. Both models of-
fer 3% vertical amplitude and sweep timing
accuracy, with minimal corner shift over a
broad vertical dynamic range.

VERTICAL SYSTEM
Mode Selections
Ch 1 — Displays only the Ch 1 signal.

Ch 2 — Displays only the Ch 2 signal (T922 only).

Dual Trace (T922 only) — Displays Ch 1 and Ch 2
signals simultaneously. Alternate or chopped mode
is automatically selected by the SEC/DIV control
setting. Chopped mode is selected for settings =1
ms/div, alternate for settings <500 us/div. Trigger is
derived from Ch 1 signal only.

Differential Input (T922 Option 01) — Adds Ch 1 and
Ch 2 and automatically inverts Ch 2 for a differential
display.

Deflection Factor
Range — 2 mV/div to 10 V/div in 12 steps in a 1-2-5
sequence.

Accuracy —
+20°C to +30°C Within 3%
0°C to +45°C Within 4%

Uncalibrated (VAR) Range — Continuously variable
between settings. Extends deflection factor to at
least 25 V/div.

Frequency Response — Dc to at least 15 MHz (mea-
sured at —3 dB).

Rise Time — 23 ns or less.

Chopped Mode Repetition Rate (Dual Trace) — ~250
kHz.

Input Resistance — ~1 M(.
Input Capacitance — =30 pF.
Max Input Voltage — Dc Coupled—400 V (dc + peak

ac) 800 V p-p ac at 1 kHz or less. Ac Coupled—400'V
(dc + peak ac) 800 V p-p ac at 1 kHz or less.

Delay Line — Permits viewing edge of displayed
waveform.
HORIZONTAL SYSTEM

Calibrated Range — 0.5 s/div to 0.2 us/div in 20
steps in a 1-2-5 sequence. Variable X1 to X10 mag-
nifier extends max sweep rate to 20 ns/div.

Accuracy — Unmagnified Magnified
+20°C to +30°C Within 3% Within 5%
0°C to +45°C Within 4% Within 6%

T921
T922

T900-Series Oscilloscopes
15-MHz Oscilloscopes

TRIGGERING

Trigger Mode
Auto — Permits normal triggering on waveforms with
a repetition rate of at least 20 Hz. Sweep ‘‘free-runs”
in the absence of an adequate trigger signal, or with
a repetition rate below 20 Hz.
Norm — Permits normal triggering. Sweep does not
run in the absence of an adequate trigger signal.
Tv — Provides triggering on tv field when SEC/DIV
switch is set at 0.1 ms or slower. Triggers on tv line
when SEC/DIV switch is set at 50 us or faster.
Slope + Out — In — Sweep is triggered on the pos-
itive/negative-going slope of the triggering waveform.
Level — Variable control selects the amplitude point
on the trigger signal when sweep triggering occurs.

Triggering Sensitivity
Auto and Norm — 0.5 div internal or 100 mV external
from 2 Hz to 5 MHz, increasing to 1.5 div internal or
150 mV external at 15 MHz.
Tv — Composite sync 1 div internal or 100 mV ex-
ternal (about 2.3 div or 230 mV of composite video).

External Trigger Input
Max Input — 400 V (dc + peak ac) 800 V p-p ac at
1 kHz or less.
Input Resistance — <1 MQ.
Input Capacitance — =30 pF.

X-Y OPERATION
Sensitivity, Variable Magnifier — =100 mV/div (X10
mag), =~1 V/div (X1 mag).
X-Axis Bandwidth — Dc to at least 1 MHz (measured
at —3 dB).
Input Resistance — ~1 M(.
Input Capacitance — =30 pF.
Phase Difference between X and Y Axis Amplifiers —
Within 5° from dc to 50 kHz.

CRT DISPLAY
Display Area — 8 x 10 cm, internal graticule.
Standard Phosphor — P31.
Beam Finder — Locates off-screen display.
Nominal Accelerating Potential — =12 kV.
Z-axis Input — +5 V signal causes noticeable modu-
lation at normal intensity. Useful bandwidth dc to 5
MHz. Input impedance =10 k.

PROBE ADJUST
Output Voltage — =0.5 V.
Repetition Rate — =<1 kHz.

POWER SOURCE (AC)
Line Voltage Ranges — HI-LO range accessible ex-
ternally; 110-120 V, 220-240 V line selector visible
but not accessible externally.
100-120 V Range — HI: 108 to 132 V rms. LO: 90 to
110 V rms. :
220-240 V Range — HI: 216 to 250 V rms. LO: 198 to
242 V rms.
Line Frequency — 50 to 60 Hz.
Power Consumption — Watts (max) 36, amps (max)
0.35, at 120 V, 60 Hz.

ENVIRONMENTAL CAPABILITIES

Temperature )
Storage — —55°C to +75°C.
Operating — —0°C to +45°C.
Altitude

Storage — To 15,200 meters; 50,000 feet.

Operating — To 4,500 meters; 15,000 feet max.
Operating temperature decreased 1°C/304.8 meters
(1,000 feet) above 1524 meters (5,000 feet).

PHYSICAL CHARACTERISTICS

Dimensions in cm
Height 10.0 25.4
Width 7.09 18.0
Depth 18.7 47.5
Weight (approx) Ib ka
Net (with panel cover) 156.5 7.0
Net (w/o panel cover) 15.0 6.8

INCLUDED ACCESSORIES
Probe — P6006 general-purpose 10X voltage probe
for each channel. Provides full bandwidth capabilities
for either the T921 or the T922.

T921 — Dc to 15 MHz, Single-Trace, Mono
Time Base Oscilloscope (Includes One 10X
e[ M AU S R B S T $795
T922 — Dc to 15 MHz, Dual-Trace, Mono
Time Base Oscilloscope (Includes Two 10X
Probas) i oi il b b s sl ot $975
Option 01, Differential Input for 7922 ....... add $50
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T922R

15 MHz Rackmount

T900-Series Oscilloscopes

T922R 15 MHz Rackmount Oscilloscope

Dc to 15 MHz at 2 mV/div
Switchable Front and Rear Signal Inputs

Only 13.3 x 48.2 x 43.2 cm, 9.1 kg
(5% x 19 x 17 in., 20 Ib)

Single Sweep Operation
Bright (12kV) Display

The T922R Oscilloscope is our rackmount-
able version of the popular T922. In addition
to standard features like its 15-MHz band-
width at 2mV/div vertical sensitivity and
its 20 ns/div maximum sweep rate with the
X10 magnification control, we’'ve added
switchable front and rear signal inputs,
selectable chop and alternate sweeps, grat-
icule illumination and rear panel outputs
(gate out, sweep out and vertical signal
out). The T922R fits any standard 19-inch
(.48 m) rack and weighs only 20 pounds
(9.1 kg). Option 01 adds the differential
capability.

Many companies are using the T922R for
their production testing applications—often
as an inexpensive replacement for aging
instruments which require frequent repair
and calibration.

T922R SPECIFICATIONS

Seven recessed rear panel BNC connectors provide:
Ch 1, Ch 2 vertical signal input, External trigger input,
Z-axis input, Sweep Output, Gate Output, Vertical
Output.

VERTICAL SYSTEM

Mode Selections
Ch 1 — Displays only the Ch 1 signal.
Ch 2 — Displays only the Ch 2 signal.

Dual Trace — Displays Ch 1 and Ch 2 signals simulta-
neously. Alternate or chopped mode is manually se-
lectable.

Deflection Factor
Range — 2 mV/div to 10 V/div in 12 steps in a 1-2-5
sequence. :
Accuracy —

=+20°C to +30°C
0°C to +45°C |

Within 3%
Within 4%
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Uncalibrated (VAR) Range — Continuously variable
between settings. Extends deflection factor to at least
25 V/div.

Frequency Response — Dc to at least 15 MHz (mea-
sured at —3 dB).

Rise Time — 23 ns or less.

Chopped Mode Repetition Rate (Dual Trace) —
~ 250 kHz.

Input Resistance — ~ 1 megohm.
Input Capacitance — 30 picofarads.

Maximum Input Voltage — Dc Coupled, 400 V (d¢ -+
peak ac) 800 V p-p ac at 1 kHz or less. Ac Coupled,
400 V (dc + peak ac) 800 V p-p ac at 1 kHz or less.
Delay Line — Permits viewing” edge of displayed
waveform.

HORIZONTAL SYSTEM

Calibrated Range — 0.5 s/div to 0.2 us/div in 20 steps
in a 1-2-5 sequence. Variable X1 to X10 magnifier ex-
tends maximum sweep rate to 20 ns/div.

Accuracy — Unmagnified Magnified
+20°C to +30°C Within 3% Within 5%
0°C to +40°C - Within 4% Within 6%

Z-AXIS INPUT

Sensitivity — 5 V signal causes noticeable intensity
modulation. Polarity of the voltage causing a decrease
in intensity is internally selectable.

TRIGGERING
Trigger Mode

Auto — Permits normal triggering on waveforms with
a repetition rate of at least 20 Hz. Sweep ‘‘free runs'’
in the absence of an adequate trigger signal, or with
a repetition rate below 20 Hz.

Norm — Permits normal triggering. Sweep does not
run in the absence of an adequate trigger signal.

Tv — Provides triggering on tv field when SEC/DIV
switch is set at 0.1 ms or slower. Trigger on tv line
when SEC/DIV switch is set at 50 us or faster.

Slope + Out — In — Sweep is triggered on the posi-
tive/negative-going slope of the triggering waveform.

Level — Variable control selects the amplitude point
on the trigger signal when sweep triggering occurs.

Triggering Sensitivity

Auto and Norm — 0.5 div internal or 100 mV external
from 2 Hz to 5 MHz, increasing to 1.5 div internal or
150 mV external at 15 MHz.

Tv — Composite sync 1 div internal or 100 mV exter-
nal (about 2.3 div or 230 mV of composite video).

External Trigger Input

Maximum Input — 400 V (dc + peak ac) 800 V p-p
ac at 1 kHz or less.

Input Resistance — ~ 1 megohm.
Input Capacitance — ~ 30 picofarads.

T TEKTRONIX
T922R
% OSCILLOSCOPE

X-Y OPERATION

Sensitivity, Variable Magnifier — ~ 100 mV/div (X10
mag) ~ 1 V/div (X1 mag).

X-Axis Bandwidth — Dc to at least 1 MHz (measured
at —3 dB).

Input Resistance — ~ 1 megohm.
Input Capacitance — ~ 30 picofarads.
Phase Difference Between X and Y Axis Amplifiers —
Within 5° from dc to 50 kHz.
CRT DISPLAY

Display Area— 8 x 10 cm, illuminated internal grati-
cule.

Standard Phosphor — P31,
Beam Finder — Locates off-screen display.
Nominal Accelerating Potential — ~ 12 kV.

PROBE ADJUST\
Output Voltage — ~ 0.5 V.
Repetition Rate — ~ 1 kHz.

OUTPUTS

Sweep/Gate Out—-Outpui Voltage is ~ 5 V positive
going into 1 MQ, ~ 50 mV into 50 Q load.

Vertical Output — a composite of Ch 1 and Ch 2 with
~ 0.5V output per displayed division into a 1 MQ
load. ~ 50 mV with 50 Q load. Bandwidth is at least
1 MHz.

POWER SOURCE (AC)

Line Voltage Ranges — 100-120 V, 220-240 V line volt-
age and HI/LO range are accessible externally.

100-120 V Range — HI: 108 to 132 V rms. LO: 90 to
110 V rms.

220-240 V Range — HI: 216 to 250 V rms. LO: 198 to
242 V rms.

Line Frequency — 50 to 60 Hz.
Power Consumption — Watts (max) 36, amps (max)
0.35, at 120 V, 60 Hz.

PHYSICAL CHARACTERISTICS

Dimensions in cm
Height . 5.25 : 13.3
Width 19 48.2
Depth 17 43.2
Weight Ib kg
Net 20 = F [

For envirocnmental performance, see T922 information,
page 123.

CAMERAS
T922R interfaces to all TEKTRONIX cameras.

ACCESSORIES
None included as standard equipment.

T922R — Dc to 15 MHz, Dual-Trace, Mono

e Bage i e S s $1345

Option 01, Differential Input. ........... add $50
OPTIONAL ACCESSORIES

Rackmount Hardware Kit
Order 016-0375-00 ..............coovvinunnnnn $48



T900-Series Oscilloscopes
35-MHz Oscilloscopes

T932A 35 MHz Dual-Trace Oscilloscope

35 MHz at 2 mV/div

10 ns/div Sweep Rate
(with X10 Sweep Magnifier)

Differential Display

Full Sensitivity X-Y Capability

Ac and Dc Trigger COUinng
Composite, Ch1orCh2 Triggering
Selectable Chop/Alternate

Trigger Holdoff

Weighs =15 |b

Meet the two newest members of our T900
Oscilloscope Family — the T932A and the
T935A. With these models we've added dif-
ferential and full sensitivity X-Y capabilities,
dc trigger coupling, a composite trigger
and selectable chop/alternate display
modes to the Tektronix line of low-cost port-
able oscilloscopes.

The T932A and T935A 35-MHz Dual-Trace
Oscilloscopes are designed for cost-sen-
sitive applications that require greater meas-
urement capability than the T921/T922 os-
cilloscopes offer. Typical applications in-
clude design, production-line testing, and
servicing of digital equipment such as com-
puter peripherals, point-of-purchase data
processors, numerical machine controls and
consumer electronics.

Other T932A and T935A features seldom
found in moderately-priced oscilloscopes in-
clude delayed sweep (the T935A) and trig-
ger holdoff capabilites. Displayed signals
that do not reveal sufficient detail on the time

base A sweep may be selectively expanded
using the delayed sweep feature and dis-
played on the B sweep. The trigger hold-off
function permits adjustment of the sweep
repetition frequency without changing sweep
time per centimeter. Both features are valu-
able measurement aids, especially in digital
design and service applications.

When making measurements which require
delayed sweep, the T935A is the logical
choice. Except for this feature, it is identical
to the T932A.

VERTICAL SYSTEM

Mode Selection
Ch 1 — Displays only the Ch 1 signal.
Ch 2 — Displays only the Ch 2 signal.

Chop — Displays Ch 1 and Ch 2 signals simultan-
eously (¢hop rate 250 kHz), triggers on Ch 1 or Ch 2
signal.

Alt — Displays Ch 1 and Ch 2 signals alternately,
triggers on Ch 1 or Ch 2 signal.

Diff — Displays difference between Ch 1 and Ch 2
signal; Ch 2 automatically inverted.

Deflection Factor

Range — 2 mV/div to 10 V/div in 12 steps in a 1-2-5
sequence.

Accuracy —
+20°C to +30°C Within 3%
0°C to +45°C Within 4%

Uncalibrated (VAR) Range — Continuously variable
between settings. Extends deflection factor to at least
25 V/div.

Frequency Response — Dc to at least 35 MHz (mea-
sured at —3 dB).

Rise Time — 10 ns or less.
Chopped Mode Repetition Rate — =~ 250 kHz.

‘T932A
T935A

T935A 35 MHz Dual-Trace Oscilloscope
with Delayed Sweep

Input Resistance — =~ 1 M.
Input Capacitance — =~ 30 pF.

Max Input Voltage — Dc Coupled, 250 V (dc + peak
ac) at 1 kHz or less. Ac Coupled, 250 V (dc + peak
ac) at 1 kHz or less.

Delay Line — Permits viewing edge of displayed
waveform.
HORIZONTAL SYSTEM
Calibrated Range
A Sweep — 0.5 s/div to 0.1 us/div in 21 steps in a

1-2-5 sequence. Variable X1 to X10 magnifier extends
max sweep rate to 10 ns/div.

B Sweep — (T935A only) 50 ms to 0.1 us/div in 16
steps in a 1-2-5 sequence. Variable X1 to X10 mag-
nifier extends max sweep rate to 10 ns/div.

Accuracy — Unmagnified Magnified
+20°C to +30°C | Within 3% Within 5%
0°C to +45°C Within 4% Within 6%

Delay Time Position Range — (T935A only) 0.5 to 10
div (uncalibrated).

Delay Time Jitter — (T935A only) One part or less in
10,000 (0.01%) of ten times the SEC/DIV switch set-
ting. ‘
TRIGGERING
Trigger Mode

Auto — Permits normal triggering on waveforms with
a repetition rate of at least 20 Hz. Sweep “free-runs”
in the absence of an adequate trigger signal, or with
a repetition rate below 20 Hz.

Norm — Permits normal triggering. Sweep does not
run in the absence of an adequate trigger signal.

Tv — Provides triggering on tv field when SEC/DIV
switch -is set at 0.1 ms or slower. Triggers on tv line
when SEC/DIV switch is set at 50 us or faster.

Slope + Out — In — Sweep is triggered on the posi-
tive/negative-going slope of the triggering waveform.

Level — Variable control selects the amplitude point
on the trigger signal when sweep triggering occurs.

Trigger Holdoff — Permits adjustment of time interval
between end of sweep and next acceptable trigger to
achieve stable displays of complex words.

more on next page.
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T900-Series Oscilloscopes

Coupling

Ac (switch out) — Blocks dc (<60 Hz) component
of triggering signal and allows triggering on ac por-
tion of signal.

Dc (switch in) — Passes all components of triggering
signal from dc to at least 35 MHz.

Trigger Source
Comp (composite) — Trigger signal is derived from
the displayed vertical signal.

Ch 1/Ch 2 (internal) — Trigger signal is derived
from either the Ch 1 or Ch 2 signal as described in
the vertical mode section.

Line — Trigger signal is derived from the line voltage
frequency.

Ext (external) — Trigger signal is derived from the
signal applied to the external trigger input.

Ext/10 (external = 10) — External signal is attenu-
ated by a factor of 10.

X-Y — Permits X-Y displays when Ch 2 vertical but-
ton is depressed.

Trigger Sensitivity

Auto and Norm —
Ac — 0.5 div internal.or 100 mV external from 60
Hz to 2 MHz, increasing to 1.5 div internal or 150
mV external at 35 MHz.

Dc — 0.5 div internal or 100 mV external from dc
to 2 MHz, increasing to 1.5 div internal or 150 mV
external at 35 MHz. 7

TV — Composite sync 1 div internal or 100 mV ex-
ternal (about 2.3 div or 230 mV of composite video).
External Trigger Input

Max Input — 250 V (dc + peak ac) 800 V p-p ac at
1 kHz or less.

Input Resistance — =~ 1 MQ.

Input Capacitance — =~ 30 pF.
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~ X-Y OPERATION
(Ch 1-X, Ch 2-Y)

Sensitivity — Same as Ch 1 and Ch 2.

Accuracy — 20 to 30°C—5%.
0 to 45°C—6%.

X-Axis Bandwidth — Dc to at least 2 MHz (measured
at —3 dB).

Input Resistance — ~ 1 MQ.
Input Capacitance — ~ 30 pF.

Phase Difference between X and Y Axis Amplifiers —
Within 3° from dc to 50 kHz.

CRT DISPLAY
Display Area — 8 x 10 cm, internal graticule.
Standard Phosphor — P31.
Beam Finder — Locates off-screen displays.

Nominal Accelerating Potential — =~ 12 kV.

PROBE ADJUST
Output Voltage — =~ 0.5 V.
Repetition Rate — =~ 1 kHz.

Z-AXIS INPUT
Sensitivity — 5 V causes noticeable modulation.
Usable Frequency Range — Dc to 5 MHz.
Input Impedance — =~ 10 kQ.

POWER SOURCE (AC)

Line Voltage Ranges — HI—LO range accessible
externally; 110-120V, 220-240V line selector visible
but not accessible externally.

100-120 V Range — HI: 108 to 132 V rms. LO: 90 to
110 V rms.

220-240 V Range — HI: 216 to 250 V-rms. LO: 198 to
242 V rms.

Line Frequency — 50 to 60 Hz.
Power Consumption — Watts (max) 36, amps (max)
0.35, at 120 V, 60 Hz,

For environmental performance, weights and dimen-
sions, see T922 information on page 123.

INCLUDED ACCESSORIES

Probes — 2 each. P6108 general-purpose 10X voltage
probe provides full bandwidth capability for either the
T932A or T935A.

ORDERING INFORMATION

T932A — Dc to 35 MHz, Dual Trace, Mono
Time Base Oscilloscope (Includes Two 10X
PIODEE). s L0 e s el i $1245

T935A — Dc to 35 MHz, Dual-Trace, Mono
Time Base (with Delayed Sweep) Oscillo- -
scope (Includes Two 10X Probes) . ..$1535



T912 10 MHz Oscilloscope with Storage

10 MHz at 2 mV/div
250 cm/ms Stored Writing Speed

50 ns/div Sweep Rate (with X10
Sweep Magnifier)

8 x 10 cm Bistable Storage Crt
Weighs ~17.5 1b
Differential Input Option

The T912 Storage Oscilloscope is well-
suited for a wide range of applications in
education and industry. As a training
aid in basic electricity and electronics
courses, the storage feature is highly
useful in creating visual representations
of electrical signals. In physics and en-
gineering courses, storage permits the
user to capture and display single-shot
events like the pressure curve generated
in the chamber of an engine or the stress-
strain characteristics of a material under-
going destructive testing.

The T912 has similar industrial applica-
tions, where it can also be used to com-
pare input vs feedback signals in servo-
mechanisms, shock and vibration anal-
ysis, and countless other transducer-
aided measurements. :

" Besides bistable storage, the T912 offers
other features seldom found in economy-
model oscilloscopes. These include a de-
lay line, which allows you to view the
leading edge of fast-rising signals; a 12-
step calibrated vertical attenuator; con-
stant bandwidth throughout the sens-
itivity range of 10 V to 2 mV per centi-
meter; 19 calibrated sweep rates rang-
ing from 0.5 s to 500 ns/cm; 3% ampli-

tude and timing accuracy; and minimal
corner shift over a broad vertical dynamic
range.

The T912 may be ordered with a differen-
tial input option. In DIFF mode, the T912
displays the difference between Channel
1 and Channel 2 signals. The Channel 2
signal is automatically inverted: the al-
gebraic sum of the Channel 1 signal and
the inverted Channel 2 signal is then
displayed on the crt.

VERTICAL SYSTEM
Mode Selection

Ch 1 — Displays only the Ch 1 signal.

Ch 2 — Displays only the Ch 2 signal.

Dual Trace — Displays Ch 1 and Ch 2 signals
simultaneously. Alternate or chopped mode is
automatically selected by the SEC/DIV control
setting. Chopped mode is selected for settings >
1 ms/div, alternate for settings << 500 us/div.
Trigger is derived from Ch 1 signal only.

‘Dellectlon Factor

Range — 2 mV/div to 10 V/div in 12 steps in a
1-2-5 sequence.

Accuracy —
+20°C to +30°C Within 3%
0°C to +45°C 2 Within 4%

Uncalibrated (VAR) Range — Continuously vari-
able between settings. Extends deflection factor
to at least 25 V/div.

Frequency Response — Dc to at least 10 MHz
(measured at —3 dB).

Rise Time — 35 ns or less.

Chopped Mode Repetition Rate — ~ 250 kHz.
Input Resistance — ~ 1 MQ.

Input Capacitance — ~ 30 pF.

Max Input Voltage —

Dc Coupled — 400 V (dc -+ peak ac) 800 V p-p
ac at 1 kHz or less.

Ac Coupled — 400 V (dc -+ peak ac) 800 V p-p
ac at 1 kHz or less.

Delay Line — Permits viewing edge of displayed
waveform.

T900-Series Oscilloscopes T912
'10-MHz Oscilloscope with Storage

HORIZONTAL SYSTEM

Calibrated Range — 0.5 s/div to 0.5 us/div in
19 steps in a 1-2-5 sequence. Variable X1 to X10
magnifier extends max sweep rate to 50 ns/
div.

Accuracy —

Unmagnified Magnified
+-20°C to +30°C Within 3% Within 5%
0°C to +45°C | Within 4% | Within 6%

TRIGGERING
Trigger Mode

Auto — Permits normal triggering on waveforms
with repetition rate of at least 20 Hz. Sweep ‘‘free-
runs’’ in the absence of adequate trigger signal,
or one with a repetition rate below 20 Hz.

Norm — Permits normal triggering. Sweep does
not run in the absence of an adequate trigger
signal.

Single Sweep — Displays one sweep only. Sweep
cannot be triggered again until reset.

Slope - Out — In — Sweep is triggered on the
positive/negative-going slope of the triggering
waveform.

Level — Variable control selects the amplitude
point on the trigger signal when sweep triggering
occurs.

Trigger Sensitivity

Auto and Norm — 0.5 div internal or 100 mV ex-
ternal from 2 Hz to 5 MHz, increasing to 1.5 div
internal or 150 mV external at 10 MHz.

External Trigger Input

Max Input — 400 V (dc -+ peak ac) 800 V p-p ac
at 1 kHz or legss.

Input Resistance — ~ 1 MQ. N
Input Capacitance — ~ 30 pF.

POWER SOURCE (AC)

Line Voltage Ranges — HI-LO range accessible ex-
ternally; 110-120 V, 220-240 V line selector visible
but not accessible externally.

100-120 V Range — HI: 108 to 132 V rms. LO: 90
to 110 V rms.

220-240 V Range — HI: 216 to 250 V rms. LO: 198
to 242 V rms.

Line Frequency — 50 to 60 Hz.

Power Consumption — Watts (max) 65, amps
(max) 0.6, at 120 V, 60 Hz.

CRT STORAGE DISPLAY
Writing Rate — At least 25 cm/ms.
Enhanced Writing Rate — At least 250 cm/ms.
Display Area — 8 x 10 cm, internal graticule.
Storage Phosphor — P1.
Beam Finder — Locates off-screen display.
Nominal Accelerating Potential — ~ 2.76 kV.

PHYSICAL
Weight

With Panel Cover and Accessories— 18.0 Ib
(8.2 kg).
Without Panel Cover and Accessories — 17.5 Ib
(7.9 kg). '
For X-Y operation, probe adjust, Z-axis input, en-
vironmental performance and dimensions, see
7922 information on page 122.

INCLUDED ACCESSORIES

Probes — 2 each. P6006 general-purpose 10X volt-
age probes. Provides full bandwidth capabilities
for the T912.

T912 — Dc to 10 MHz, Dual-Trace, Single
Time Base Storage Oscilloscope (In-
cludes Two 10X Probes ......... $1545
Option 01, Differential Input............. Add $50
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Battery Packs and T900 Accessories

Battery Packs

1105 BATTERY POWER SUPPLY

The 1105 is a rugged, portable power supply
suitable for powering virtually any portable
oscilloscope in the field. The 1105 is not
recommended for the T912.

Frequency — Square wave, 60 Hz =10%.

Amplitude — Approx 108 V peak, operating from 24 V
dc external or 22 V internal charge. Approx 137.5 V
peak, operating from 28 V dc external or 30 V internal
charge.

Amplitude (Option 01) — Approx 216 V peak, from 24 V
dec external or 22 V internal charge. Approx 275 V
peak, operating from 30 V dc external or 28 V internal
charge.

Charging Power Source — 100 to 132 V ac, 48 to 440
Hz (or internal connections expand range). Option 01
— 200 to 264 V ac, 48 to 440 Hz (or internal connec-
tions expand range).

Battery Operating Time — Approx 140 VA hours.
Recommended Max Output Current — 0.9 amp.
Weight — 19.5 Ib.

Order: 1105 Battery Power Supply ...$915
Option 01, 230 V Operation............... No Charge
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1106 BATTERY PACK

The 1106 is a convenient, snap-on battery
power supply for TEKTRONIX 455, 464, 465,
466, 475 or 475A Oscilloscopes when the
scope is ordered with Option 07.

Output Power — 22 to 26 V dc; 140 watt-hours from
full charge. :

Charging Power Source — 90 to 132 V ac, 50 to 400
Hz; or 180 to 264-V ac, 50-to 400 Hz.

" Charging Time — 14 to 16 hours.

Weight — 16 |b.
Order: 1106 Battery Pack .......... $675

T900 Accessories

209 SCOPE STAND

Supports any benchtop T900 Oscilloscope
at convenient angle for viewing and easy
access to controls. Quick|y disassembled, it
forms a lightweight (3 Ib) package that can
be neatly attached to the bottom of the
oscilloscope for easy carrying. Consists of
a molded plastic base, support bracket, and
a 15 in. aluminum support column.

Order: 209 Scope Stand . .. ........... $70

C-5B CAMERA

Recommended for all T900-Series Oscillo-
scopes, the C-5B attaches directly to the
front panel without adapters and uses Pol-
aroid pack film. A fixed f/16 lens aperture
and an electric shutter with continuously
variable speeds from .1 to 5 seconds com-
bine to make the C-5B a rugged, low-cost
scope camera. Bench model T900 Oscillo-
scopes use the C-5B Option 03 which in-
cludes a built-in Xenon flash unit that flashes
to illuminate the graticule when the shutter
opens. The T922R uses the C-5B Option 01,
without the Xenon flash. Batteries are not
included for either version.

Order: C-5B, Option03 ... .......... $395
C-5B, Optiono01 ............. $355

VIEWING HOOD

Provides for convenient viewing in high am-
bient light conditions (except T922R).

Order: Viewing Hood (016-0377-00). . . $6.10

PROTECTIVE COVERS
Front Panel Cover

Snaps over the oscilloscope front panel to
protect controls during transport or storage.
Molded from high-impact-resistant plastic.
Storage compartment for two probes and
cables is built into inner side.

Order: Protective front cover
(016-0340-00) ... ..... i iueewssminnis $18

Dust Cover/Rain Jacket (not shown)
Provides protection against dust accumula-
tion when not in use, and against rain and
snow during transportation. Constructed of
15 mil tough durable vinyl. An opening at
the top allows access to the oscilloscope
handle.

Order: Protective cover
(O16-086T-00) /i s i ke o das s $18






851 | Digital Tester

Designed for digital
Field Service Applications

S'ﬁngle Knob Selects 22 Fpnctions
Autoranging On All Functions

LED Display

Logic State Indicators for Each Channel
Built-in Self Test

Small and Lightweight

The 851 Digital Tester is an easy-to-operate
first-line service tool used to troubleshoot

and maintain a wide range of digital equip-
ment.

With this portable digital tester (only 13
pounds, 6 kg), a first-line service engineer
can make many of the same measurements
that now require an oscilloscope, DMM,

counter, timer, logic probe, thermometer

and special purpose test equipment.

One knob lets you dial 22 functions to per-
form a wide variety of tests and measure-
ments. Eleven functions measure timing, two
register plus and minus peak voltages, three
carry out DMM measurements through sep-
arate leads and one reads line voltage at
the outlet. Another function allows you to
take temperature readings with an optional
temperature probe. The 851 also measures
its four input thresholds to adjust to the logic
levels of the equipment being serviced.

Dial 22 different functions with the turn of
this one knob.

&

All together, these functions allow you to:
Measure system parameters.
Check for signal activity.

Correct synchronization problems in elec-
tro mechanical subsystems through ad-
justment or repair.

Identify boards or component parts of the
system in need of replacement.

It’s easy. Just dial a function, probe the cir-
cuit being examined, and read the results
directly from the five-digit LED display (412
digits for DMM functions). All the functions

are completely autoranging and the indica- :

tor lights tell you exactly what range is being
used.

The capabilities of the 851 make it particu-
larly suitable for servicing computer per-
ipherals, small business systems, and in-
dustrial control equipment.
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851 DIGITAL TESTER FUNCTIONS

MEASUREMENTS DIGITAL SIGNAL ANALYSIS SELF TEST

VOLTAGE LOGIC STATE INDICATORS TEST SIGNAL

PEAK (10 ns to 25 ms) HI, LO, INVALID, ACTIVE - EXERCISE FUNCTIONS

AC % DUTY FACTOR ADJUST PROBE

DC READOUT TEST

UNTIN
POWERLINE il
INPUT LOGIC FREQUENCY RATIO
THRESHOLDS EVENTS BETWEEN
START AND
RESISTANCE
(0.1 © to 50 M) STOP PULSES
TEMPERATURE TRANSITIONS BETWEEN
START AND

TIME (20 ns to 10 s) STOP PULSES

PERIOD

FREQUENCY W TALIEE

PULSE WIDTH

INTERVAL

COINCIDENCE

TRANSITION




Electrical
Inputs
(ACV, DCV, Q)

Resistance and Capacitance — 10 M2 *=1% and ap-
prox 100 pF. Red to black terminal. (Volts only)

Max Safe Input Voltage (<1 kHz) —

+500 V (peak) red terminal to ground.

+500 V (peak) black terminal to ground.

+500 V (peak) red to black terminal.

+250 V (peak) red to black terminal in @ function.

Resistance

Ranges — 200 Q, 2 k2, 20 k, 200 k@, 2 MQ, 20 MQ,
and 50 MQ.

Accuracy —

200 Q, 2 k2, 20 k2, 200 kQ: *0.3% of reading *4
counts (plus probe resistance).

2 MQ: x£0.5% of reading =4 counts.

20 MQ: *=5% of reading =10 counts.

50 MQ: =10% of reading %20 counts.

Extended temperature range: add 0.2% on 200 (1
through 2 MQ and 5% on 20 MQ and 50 M ranges.

AC Volts

(Average responding RMS calibrated for sine wave.)
Ranges — 2V, 20 V, 200 V, and 350 V.

Accuracy —
2Vand20V:
+0.5% or reading =4 counts, 40 Hz to 1 kHz.
+29% of reading =4 counts, 1 kHz to 25 kHz.
>9% full scale.
200 V and 350 V:
+0.5% of reading =4 counts, 40 Hz to 1 kHz.
Extended temperature range: add £0.2%.

DC Volts
Ranges — 2 V, 20 V, 200 V, and 500 V.

Accuracy —

2V, 20V and 200 V: *=0.1% of reading =3 counts.
500 V: =0.15% of reading =3 counts.

Extended temperature range: add *=0.05%.

Normal-Mode Rejection Ratio
(Dc volts) — =60 dB at 50 to 60 Hz. For peak ampli-
tude <<5X full scale.

Common-Mode Rejection Ratio
(Ac and dc volts — >80 dB at dc; =60 dB at 50 to 60
Hz; >52 dB on 350 V.

Line Voltage
Range — 90 to 132 V and 180 to 250 V.

Accuracy — * 3% of reading.

Temperature
Range — —55° to +150°C.

Accuracy — +=2°C (0.01° resolution). Extended tem-
perature range: add = 1°C.

Inputs
(3 probes; one for each channel A, B, C.)

Resistance and Capacitance — 10 M{ and approx 12
pF.

Max safe input voltage — =500 V at probe tip (<50
kHz)

Threshold Levels
Variable (4 controls) range: £30 V; setability £10
mV.

TTL (nominal, in detent position) — Input A LO +
0.7V;HI + 21V;InputBand C + 1.4 V.

Threshold Error — (Max difference between a dis-
played threshold voltage or TTL threshold voltage and
the actual signal voltage at threshold crossing.) A
Input (HI and LO THRESHOLDS): =100 mV *=2% of
threshold voltage =3% of the signal voltage (p-p) for
pulses at least 14 ns wide at the threshold. B and C
inputs: =100 mV £ 2% of threshold voltage 8% of
the signal voltage (p-p) for pulses at least 14 ns wide
at the threshold.

Extended temperature ranges: add =20 mV *2% of
signal voltage (p-p).

Input Filter
(Narrow pulse rejection) max input rep rate for pulse
rejection = 20 MHz.

Range — off and 50 ns =20% to >>300 ns.
Channel to channel delay mismatch: <<100% of set-
ting.

+, — Peak Volts

Range — +=30 V.

Accuracy — *=2% of reading =3% of p-p signal =90
mV. Max time between recurrent peaks, 25 ms. Peak
amplitude must be maintained for at least 25 ns.

Extended temperature range: add =1% of reading
+1% of p-p signal =10 mV.

Frequency
Ranges — 100 kHz (1 Hz resolution), 1 MHz, 10 MHz,
and 35 MHz.

Accuracy — = 0.005% of reading ®=1 count.

Time Measurements
(Period, pulse width, transition time, time interval, and
coincidence time.)

Ranges — 1 ms (10 ns resolution), 10 ms, 100 ms, 1 s,
and 10 s.

Minimum Time Interval — 20 ns.

Accuracy — £0.005% of reading =1 count % Trigger
Error.

Trigger Error —
g Threshold Errori
= dv/d! of signal? at time start threshold
4 Threshold Errori
~ dv/dt of signal? at time stop threshold
=+ Input filter setting

Counting
(Totalize, frequency ratio, events count, and transi-
tions count.) 8

Range — 0 to 99,999

Max Input Frequency — 35 MHz (except 17.5 MHz for
transition counting).

Accuracy — =1 count, =A Input event or transition
frequency multiplied by the Time Interval Trigger
Errors.

Duty Factor
Range — 0 to 100%

Input Freq Range — 40 Hz to 10 MHz,
Min pulse width (HI and LO portions) — 50 ns.

Accuracy —
Trigger Errors x 100
oL + ()
el e Pulse Period
300ns
" Pulse Width %
Display

Readout

Type — 5 digits, fully buffered 7 segment, 0.5” LEDSs.
Polarity Indication — + for positive readings, — for

negative readings.
Overrange Indicalion — Display flashes.

UP Ranging — Up ranging occurs at 100% of display
range.

Down Ranging — Down ranging occurs at 9% of volts
and ohms ranges, and 8% of time and frequency.

Range Indicators — LEDs show function ranges in
Q, k2, M2, MHz, kHz, ms, us and V.

Logic State Indicators — Red, yellow, and green LEDs
show valid and invalid logic state inputs for CH A.
Red and green LEDs show logic states above or below
the threshold set for CH B and C. Any state change
indication is sustained long enough to be visible.

Threshold Lock Indicator (LO > HI) — Red LED indi-
cates when CH A LO and HI thresholds are locked
together (LO threshold setting is higher than the HI
setting).

Digital Service Instruments

Mechanical
Dimensions (approx) cm in
Width 33 13
Height i 12
Depth 18 7
Weight kg Ib
Net 6 13

Power Requirements
Line Voltage Range — 90 to 132 V or 180 to 250 V.
Frequency — 48 Hz to 440 Hz.
Power Consumption — 57 watts max.

Environmental Capabilities

Ambient Temperature — Operating: +15°C to +40°C.
Nonoperating: —40°C to +75°C. Extended operating
range: +5°C to +50°C.

Altitude — Operating: to 10,000 ft. Nonoperating: to
35,000 ft.

Vibration — Qperating: 15 minutes along each of the
3 major axes, .06 cm (0.025 in) p-p displacement (4
g's at 55 Hz) 10 to 55 to 10 Hz in 1 minute cycles.
After cycle vibration in each axis, hold frequency
steady at 55 Hz for 10 minutes. All major resonances
must be above 55 Hz.

Humidity — To 90% at 30°C Tektronix Test Method
11 90% relative humidity at 30°C for 4 hours.

Shock — Two shocks at 30 g’s, 12 sine, 11 ms dura-
tion, each direction along each major axis. Total of
12 shocks.

EMI — Reference Mil Standard 461A-462 suscepti-
bility as specified. Conducted emission, relax 10 dB.
Radiated emission, relax 15 dB <100 MHz and relax
25 dB >100 MHz.

See Threshold Error under Threshold Levels.

2Refer to the appropriate input (CH A, CH B, or CH C)
for the measurement being made.

3See Trigger Error under Time Measurements.

INCLUDED ACCESSORIES

Three signal probes (010-0280-00), two DMM probes

(012-0732-00).

ORDERING INFORMATION
851 Digital Tester .. ............... $2145

INSTRUMENT OPTION
Option 01 (with temperature probe) ........ Add $135

OPTIONAL ACCESSORIES
Temperature Probe —

Order 010-6430-00 ...........ccnvuueenuuennnn $135

Rain Jacket —

Order 016-0639-00 ...........covvreruvnnnnennns $15
131
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Data Comm Tester

832

(L

Microprocessor controlled
Portable and lightweight (11 Ibs.)
Easy-to-operate keypad

Built-in self diagnostics

The TEKTRONIX 832 Data Comm Tester is
a portable, digital service instrument which
can be used to direct the user to possible
problems in data communications systems.
It can monitor, analyze, test and trouble-
shoot data communications interfaces that
conform to EIA standard RS-232-C, CCITT
V.24 or current loop. The 832 operates as a
serial data transmission monitor or as a
modern simulator for off-line testing of Data
Terminal Equipment (DTE).

In MONITOR mode the 832 reads and selec-
tively records DTE data and Data Communi-
cations Equipment (DCE) data, as well as
recording the status of key interface lines.

In SIMULATE mode the 832 simulates the
operation of a modem. The 832 can send a
message to the DTE and record its re-
sponse. This data can be sent directly from
the 832 or can be transmitted upon receipt
of an expected trigger from the DTE.

ECHO mode is the same as SIMULATE, ex-
cept the 832 sends back to the DTE (echoes)
any character sent by the DTE.

In REREAT mode the 832 can send data re-
peatedly to the DTE, or the 832 can be pro-
grammed to repeat the transmission only
upon receipt of an expected trigger from the
DTE.

132

ELECTRICAL
Data Transmission Timing — Synchronous and asyn-
chronous.
Communications Mode — Half- or full-duplex.
Bits Per Character — 5, 6, 7, or 8.

Data Transfer Rates —
Internal (crystal controlled) — 50, 75, 110, 134.5,
150, 200, 300, 600, 1200, 1800, 2400, and 4800 bits
per second. 9600 bits per second at 8 bits per
character only. Accuracy — Within 0.5%.
External — Determined by the DCE or DTE clock.

Parity — Odd, even, or none.

Synchronizing Character (SYN), (synchronous mode
only) — Programmable to require one character, or
two equal characters. If not programmed, defaults to
ASCII SYN character.

RTS/CTS Delay, (half-duplex mode only) — Program-
mable from 0 to 255 ms. If not programmed, defaults
to 200 ms. Accuracy — Within 1% =1 ms.

Stop Bits (asynchronous mode only) — Responds to
one or more, Transmits 2.

Trigger — Programmable to require a sequence of
1, 2, or 3 characters.

Trigger Position — Location of last trigger character
in Receive Buffer: Post Trig, 000; Center, 127; Pre
Trig, 255.

RS-232 CONNECTORS

Inputs (except pins 20 & 24)
MARK or OFF: —25 V <V in <+40.75 V.
SPACE or ON: +1.5V <V in<+25V.
Input Impedance: 3 kQ <Z in <7 kQ.

Inputs (pins 20 & 24)
MARK or OFF: —25V <V in < —3 V.
SPACE or ON: +3V <V in << 425 V.
Input Impedance: Pin 20 Z in > 40 kQ.
Pin 24 Z in > 100 k.

Outputs
MARK or OFF: V out —7.5 V.
SPACE or ON: Vout > +7.5 V.
With load impedance: RL >3 kQ.

BREAKOUT PANEL
Probe —

Space: +3V<Vin< +25V.
Mark: —25 V<V in <V in< —3 V.
Input Impedance: > 50 k{.

Marker — MARK or OFF: —25V < V in < —3 V.
SPACE or ON: +3 V <V in < 425 V (Schmitt input).

+12 Volt Source — +12 V =1 V (no load). Qutput
Impedance approx 3 k2 (each pin).

—12 Volt Source — —12 V =1 V. (no load). Qutput
impedance approx 3 k{2 (each pin).

DISPLAY

Buffer CONTENT — 2 hexadecimal digits: 7-segment,
LED displays.

Buffer LOCATION — 3 decimal
LED displays.

Data Source — DCE, DTE: 2 LED indicators.

digits: 7-segment,

Error — Parity, Frame: 2 LED indicators.
No Trig, No Syn — 2 LED indicators.

RS232 Control Lines — DSR, CD, CTS, RTS, DTR, and
MARKER: 6 LED indicators.

Probe — Mark, Space: 2 LED indicators.

PHYSICAL
Dimensions (approx.) cm in
Width 33 13
Height 10 4
Length 31 12
Weight kg Ib
Net 5 11

POWER REQUIREMENTS
Line Voltage Ranges —
115V —90to 132 V.
230 V — 180 to 250 V.

Line Frequency Range — 48 to 440 Hz.

Power Consumption — Approx 15 watts.

ENVIRONMENTAL

Temperature — Operating: 0° to +50°C (+32° to
+122°F). Nonoperating: —55° to +75°C (—67° to
+ 167°F).

Humidity — 5 cycles (120 hrs), 30° to 60°C, 95%
relative humidity.

Altitude — Operating: To 15,000 feet (4500 m). Non-
operating: To 50,000 feet (15,000 m).

Vibration — Cycle the vibration frequency from 10
to 65 to 10 Hz (linear or logarithmic sweep) for a
duration of 15 minutes in each major axes at a dis-
placement of 0.025 inches (0.64 mm) peak to peak.
Dwell for 10 minutes in each major axis at any
resonant frequency.

Shock — 50 g's, 12 sine, 11 ms duration, three shocks
in each major axis for a total of 18 shocks.

INCLUDED ACCESSORIES

RS-232 cable assembly (012-0815-00), jumper set
(198-4006-00), power cord (161-0066-00).

ORDERING INFORMATION
832 Data Comm Tester ............ $1595

INSTRUMENT OPTIONS

High-Level Data Link Control (HDLC) option —
Order OpYion 01 ... cuiveivins vimi i Add $225

Current loop interface option —
Order OpHon 02, ..o o it i) Sh e s a5 Add $300

OPTIONAL ACCESSORIES
Self Test Adapter —

Order 067-0878-00 ................0c0vvuunnn. $100
Probe tip —
Order 206-0193-00 ....... I ey o T PR S TR e 2 $6

Miniature Probe Dual Lead Adapter —
Order 015-0325-00

/



TM500

a complete family of
test and measurement

instruments

Concepts 134-137
Digital Counters 138-141 TM 500 is a complete family of plug-in test
Ly ; and measurement instruments. Over forty
Digital Multimeters 142-143 modular instruments and six compact main-
Pulse Generators 144-146 frames combine to make TM 500 a per-
formance-packed, highly versatile family.
Function Generators 147-149
. TM 500 functions run the gamut from DMMs
Amplifiers, Current Probes, to Word Recognizers. Yet all are related by
Signal Processors 150-152 their mechanical and electrical configur-
: ability and, since they are related, they
sl BAMp Eane T 153 share the same “family’” name, TM 500.
Calibration Instruments 154-155 >
They cover a wide range of general purpose
Power Supplies 156-157 and specialized applications, too. With TM
: 500 instruments and mainframes, multi-
Oselliogegpcs i function packages can be created to en-
Digital Delay, Digital Latch compass thousands of applications.
Word Recognizer 162-163 When it comes to talent, it’s all in the TM 500
Mainframes and Carts 164-165 family.
Accessories 165-168 TM 500 is also a growing family.

New instruments with higher performance
capabilities are continually being generated
at Tektronix to meet new needs.

Each new TM 500 instrument is configurable
with any other TM 500 instrument, so you
can update your system with the latest
developments without starting from scratch.

To complement your TM 500 System, Tek-
tronix offers accessories including a Rise
Time Limiter, a one-shot manual trigger
generator, front panel circuit board adapter
kits, protective covers, an external battery
operated power source, cables, probes and
transducers.

It takes a broad family circle to draw a line
around so many applications. TM 500 does it.

TM 500 Designed
_ for
- Configurability




TM 500 Concepts

“Configurability” means a
mouthful. ‘

When the TM 500 approach to test and meas-
urement instrumentation was developed, we
combed the dictionary for one word that
might describe it.

Though it was unique, it seemed like a
simple concept: A variety of compact, inter-
changeable instruments that could easily
function individually or in combination.

Several words came close to describing this
idea. One was modularity. Each TM 500 in-
strument — whether a multimeter or power
supply, oscilloscope or logic analyzer — is
designed as a plug-in module to fit into
TM 500 Mainframes. Instruments are inter-
changeable in seconds so you can slip to-
gether a system for one test, then rematch
the set using other modules for a com-
pletely different application. Nearly 40 dif-
ferent TM 500 instruments are available.

But modularity didn’t say enough.

DC 508 1 GHz Counter is shown actual size.

Integrated seemed to get several ideas to-
gether. The back of each TM 500 Plug-in has
connectors which slide into the connectors
of the mainframe’s “mother board.” The
“mother board” allows the user to interface
the plug-ins with one another and with other
devices external to the mainframe.

We also considered flexibility. TM 500 Main-
frames can be racked, stacked or rolled
around on TEKTRONIX Lab Carts. You can
pack up to 5 instruments in a TM 515 Trav-
eler Mainframe which looks (and fits under
the seat) like a handsome carry-on flight
case. But no single word captured the most
popular features of the TM 500 concept,
namely the ability to mix and match several
mechanically and electrically interfaced in-
struments quickly and conveniently.

So, we coined our own word.

For testing and measuring, configurability
means just about everything: A logic ana-
lyzer with digital delay. A plug-in oscillo-
scope with function generator, counter/timer
and digital multimeter. You name it. The
combinations run into the hundreds.

Exactly what configurability can mean to
you is something to figure out for yourself.

At any rate, you might just add it to your
vocabulary so the next time you get caught
up in benchwork or run short of plugs on
the floor, you’ll be able to describe, in one
word, exactly what you need.

TM 500 Configurability.
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Lots of plug-ins,
not a lot of plugs.
Let’s start with your work bench.

If you're plugging along with a bench-load
of single-function instruments that necessi-
tate picking your way through a maze of
spaghetti to set up for a test, maybe it's
time to do some spring cleaning.

With the TM 500, you can load up to 6 modu-
lar instruments in a single mainframe and
build a custom system of instrument inter-
facing. You can focus on the task to be
performed, instead of getting sidetracked
with set up.

You’ll save time and clutter when you have
the ability to configure, in seconds, a variety
of systems for testing and measuring. You
can combine everything from state-of-the-art
function generators to workaday digital
multimeters to oscilloscopes and word
recognizers.

And, if you're keeping a close measure on
costs, remember that a significant part of
the price of every single-function instrument
is its power supply. But with TM 500, one
power supply is shared by several instru-
ments, so you can add on more performance
capabilities for less money.

Through electrical configurability and main-
frame interfacing, you can create an instru-
ment more powerful than the sum of its
parts, like combining two pulse generators
with a digital delay module to create a logic
system with self-contained burst genera-
tion.

TM 500 Concepts

TM 500 configurability not only allows you
to choose from nearly 40 ready-to-go, com-
pact plug-ins for testing and measuring, but
the mainframe also makes room for com-
patible custom plug-ins you assemble your-
self with a TM 500 custom Plug-in Kit.

TM 500 electrical configurability is a neat
idea in other ways, too. It gives you lots of
plug-ins, not a lot of plugs.
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Instrumentation a la carte

Whether your daily rounds include routine
" checks on the production floor, periodic R
& D measurements at the bench, quality con-
trol inspection of in-coming components
or on-site customer maintenance, there’s a
TM 500 Mainframe that gets all your instru-
mentation together and keeps it close at
hand.

TM 500 instruments slide into any one of
several power-module mainframes, avail-
able in six versions accepting one instru-
ment or combinations of up to six.

Benchtop models, fitted with tilt bails and
front panel switches, also sport a tough-
tested handle and cord-wrap feet, providing
a fair amount of portability, especially if you
pick up an optional protective front cover.

If you're set up with a rack or console ar-
rangement, TM 500 Rackmount Mainframes
feature a slide out assembly, lateral grips,
and powerful ventilation fan.
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Ultimate Portability—TM 515

The ultimate in modular instrument porta-
bility is the TM 515. For on-site applications
across town or across the country, you can’t
beat it. With the front and rear covers snap-
ped in place, it looks like a carry-on flight
case.

Pop the covers off and it acts like a bench-
top lab with up to five instruments.

Instruments on wheels

You can set one or more benchtop main-
frames in the mounting trays of a TEK Lab
Cart, combine them mechanically, even
electrically, with monolithic instruments on
the same cart and create an extremely ver-
satile rollabout test laboratory. Fully loaded
for a variety of applications, you can slip
down crowded aisles, across the production
floor or into tight quarters, like the confines
of an X-ray booth, to deliver everything you
need to solve the problem in one trip, not
several.

No matter where your work takes you, take
TM 500 — racked, packed or ready to roll.

TM 500 Concepts




Counter/Timers

TM 500-Series Test and Measurement System

Comparison of Characteristics

When it comes to accurate time and fre-
quency instrumentation, our TM 500 Coun-
ter/ Timers always measure up. Their unique
flexibility, compact size and easy readability
are making testing and measuring more con-
venient and reliable.

Add our new DC 508 1 GHz counter to our
four other versatile models, and you've got
a full range of capabilities — a counter for
virtually every application.

Our DC 501 and DC 508 Counters can mea-
sure frequencies and totalize events from
low audio through 110 MHz to 1 GHz. The
low-cost DC 504 has a period mode to im-
prove resolution and accuracy.of low fre-
quency measurements. In addition to fre-
quency, period and totalize, it has rpm
capability.

For totalizing and frequency measuring plus
single period, period averaging, frequency
ratio and time interval capabilities, our Uni-
versal Counter/Timers, DC 503 and DC
505A, are the ones to watch. A sophisticated
combination of features like the DC 503’s
time-manual (electronic stopwatch), and the

DC 505A’s time interval averaging, direct
pulse width measurements and unique
events A-during-B mode can enhance your
level of productivity while decreasmg oper-
ator fatigue.

The second channel capabilities of the DC
503 and DC 505A Universal Counter/Timers
permit measurement of frequency ratios
and, more importantly, time intervals, in ad-
dition to the frequency and total events
measurement of single-channel instruments.
Time intervals are measured by the internal
clock pulses which occur between a start
event on channel A and a stop event on
channel B. Resolution and accuracy are de-
termined by the instrument’s clock rate, and
by whether time interval averagmg is avail-
able.

Whatever the application from industrial
control to research and communications—
the TM 500 Counters are designed to cover
most measurement needs. And they’re built
for maximum production with minimum
downtime, since replacement is as simple
as pulling a plug.

DIGITAL COUNTERS — COMPARISON OF CHARACTERISTICS

DC 501 DC 503 DC 504 DC 505A DC 508
Number of Digits F 4 f 5 7 9
Frequency Range 110 MHz 100 MHz 80 MHz 225 MHz 1 GHz
Totalize Yes Yes Yes Yes Yes
Period No Yes Yes Yes No
Period Average No Yes No Yes ° No
Time Interval No Yes;1us | No Yes; 10 ns No
maximum maximum clock
clock rate rate
Time Interval Average | No No No Yes No
Ratio No Yes No Yes No
Other Option 01 | Time Rpm Events A During B, | Option 01
Manual single-jack pulse
width, dc trigger Option 07
level out
Option 01 | Option 01 | Option 01
Price $675 $795 $500 $1700 $1150
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DC 508
FREQUENCY COUNTER

Frequency up to 1 GHz

Sensitivity to 20 mV Rms Prescale,
15 mV Rms Direct.

X100 Resolution Multiplier to 25 kHz
Input Out-of-Range Light
Nine Digit LED Readout

Front Panel Fuse Protection on
Prescale Input

The DC 508 Counter, designed to operate in
a TM 500-Series Power Module, measures
frequency from 10 Hz to 1 GHz. A nine-digit
LED display shows frequency or totalized
events from 0 to 999,999,999. The prescaler
input allows it to measure frequency from
100 MHz to 1 GHz, and the direct input from
10 Hz to 100 MHz. The decimal point is auto-
matically positioned and leading zeros sup-
pressed. Digit overflow is indicated by a
front panel LED. Option 01 includes a high-
stability time base, and Option 07 also in-
cludes an interface for the TR 502 Tracking
Generator/Spectrum Analyzer along with
the Option 01 time base. An audio frequency
resolution multiplier multiplies the resolu-
tion by 100 to 25 kHz. This allows resolution
of .01 Hz in 1 second.



DC 508 SPECIFICATIONS

DISPLAY

Nine-digit LED display, leading zeros blanked, auto-
matic decimal point positioning, LED front panel
indicators for gate open, overflow, kHz, and MHz.

DIRECT INPUT
Frequency Range — 10 Hz to 100 MHz
Sensitivity — 15 mV rms.

Impedance — Selectable 50 2 and 1 MQ paralleled
by 25 pF.

Maximum Operating Input Voltage — For 50 Q is
<7 V peak. For 1 MQ 1X attenuation, V peak <400
V; V p-p <300 V from 10 Hz to 0.75 MHz, V p-p 225/
fmHz V from 0.75 MHz to 22 MHz, V p-p <10 V above
22 MHz; for a pulse, V peak <400 V and dV/dt <5
V/ns. For 1 M{}, 10X attenuation, V peak <400 V;
V p-p <300 V from 10 Hz to 1 MHz, V p-p <300/fMH:z
V from 1 MHz to 6 MHz, V p-p <100 V above 6 MHz.
Attenuation — 1X, 10X.

Resolution (without resolution multiplier) — 0.1 Hz
with 10 s gate, 1 Hz with 1 s gate, 10 Hz with 100 ms
gate, 100 Hz with 10 ms gate, and 1 kHz with 1 ms
gate.

Rear Interface Internal Input Sensitivity — 125 mV
rms.

Rear Interface Internal Input Impedance — 50 ).

Rear Interface Internal Input Maximum Safe Input
Voltage — 4 V.

Resolution Multiplier Frequency Range — 10 Hz to
25 kHz.

Resolution Multiplier Multiplication — X100.
Resolution Multiplier Lock Time — <5 s.

PRESCALE INPUT (=8)
Frequency Range — 100 MHz to 1 GHz.
Sensitivity — 20 mV rms from 50 () source (—21 dBm).
Impedance — 50 (.
VSWR — <{2.2:1.

Maximum Operating Input Voltage — V peak <15 V,
Vrms <2V (+19 dBm).

Resolution — 1 Hz with 8 s gate, 10 Hz with 800 ms
gate, 100 Hz with 80 ms gate, and 1 kHz with 8 ms
gate.

Input Protection Voltage — Input fuse opens at <9
V rms (+30 dBm).
Input Out-of-Range LED — Indicates voltage or fre-

quency too low for error-free counting.

TIME BASE

Frequency — 10 MHz; may also be used with exter-
nal time bases with TTL levels at 1, 5, and 10 MHz.

Accuracy — Temperature stability, 0°C to 50°C —
*+=5 X 104

Aging Rate — 1 X 10-¢ per year.

OPTION 01 TIME BASE
Frequency — 10 MHz.
Temperature stability, 0°C to 50°C after warmup —
Within 0.2 parts in 10¢ after warmup.
Warmup Time — Within =0.2 ppm of final frequency
in less than 10 minutes when cold-started at 25°C.
Aging Rate — <{1 x 10-3/day at time of shipping. <4
x 10-8/week after a month of continuous operation.

<1 x 10-¢/year after two months of continuous opera-
tion.

Setability — =2 x 108

ACCURACY

The overall DC 508 accuracy is:
Accuracy (% of reading) = =% (time base accuracy +
1

; x 100.
total displayed counts )
Time base accuracy <= [calibration accuracy -+
temperature stability 4+ (aging rate x time since cal-
ibration) + short-term stability].

DC 508 Frequency Counter . ........ $1150
Option 01 (Time Base) .......... add $200
Option 07 (Includes Option 01 Time

Base for use with TR502) ....... add $200

TM 500-Series Test and Measurement System
Frequency Counter, Universal Counter/ Timer

DC 505A
UNIVERSAL COUNTER/TIMER

Dc Output for Accurate Trigger Level
Setting with Companion DMM

Direct Counting to 225 MHz
10 Nanosecond Clock Rate

Time Interval Averaging with Resolution
to 100 Picoseconds

Two Equal Bandwidth Channels for Time
Measurements on Narrow Pulses

Events A During B_

The DC 505A is a high-performance univer-
sal counter featuring direct counting to 225
MHz. Both channels A and B have equal
response for ratio, time interval, and other
measurements requiring two channels. The
DC 505A provides dc trigger level output
both at the front-panel jack and rear inter-
face connector. Any TM 500 Digital Multi-
meter may be connected via the rear inter-
face to read the DC 505A trigger level set-
ting when the DMM input switch is pushed
to the INT position. Alternately, an external
voltmeter or oscilloscope may be connected
to the front-panel jack to perform this func-
tion. The DC 505A can perform virtually any
counting-timing function below 225 MHz.

Various functions include conventional fre-
quency operation on channel A, ratio of
channel A to B frequency, period of signal B,
time interval from channel A start to B stop,
width B, events A during B, and totalize. An
averaging feature allows measurements to
be averaged from 1 to 10° times as selected
by front-panel controls with the resultant
average displayed on the LED readout. Aver-
aging factor and clock rate are independ-
ently selectable. Pulse width may be mea-
sured directly with single shot resolution to
10 ns. By use of maximum averaging on
width or interval measurements of repetitive
waveforms, resolution to better than 100
picoseconds is possible. Typical application
of the DC 505A is in the design, develop-
ment, or maintenance of logic circuitry in

DC 508
DC 505A

high speed digital computers. It is a high-
performance counter for state-of-the-art de-
sign and measurements up to 225 MHz.

Display — 7 digits (7 segment LEDs).

Frequency (A input) — Range: 0-225 MHz, dc coupled.
10 Hz to 255 MHz, ac coupled. Gate Times: 0.01s,
0.1s, 1s, 10s. :

Accuracy (A—»B) — =1 count =+ time-base error.
Time Interval Resolution — Single event; 10 ns to
1 ms selectable. Repetitive Events: <100 picoseconds
with 10 ns clock and 105 averaging. Clock rate selec-
table, 10 ns to 1 ms. Averaging factor independently
selectable from 1 to 105 5 ns minimum pulse width
in either channel.

Time Interval Accuracy — =£1 count £ time base
error = trigger error CH A* =+ trigger error CH B*
+ channel delay match error (2 ns max) * slew rate
error*** +2 counts (10 ns clock rate only). Best
absolute accuracy 3 ns.

Width (B input) — Single pulse: 10 ns to 1 ms, selec-
table. Repetitive pulses: <100 picoseconds with 10
ns clock and 105 averaging factor. Clock rate selec-
table 10 ns to 1 ms. Average factor independently
selectable in decades from 1 to 105. 2 ns minimum
pulse width.

Width Accuracy — =*1 count * time base error +
hysteresis error** = slew rate error*** + 2 counts
(10 ns clock rate only). Best absolute accuracy, 1.5
ns. :

Period and Period Averaging (B input) — Resolution:
From 10 ns to 1 ms for single period; to 0.1 pico-
second max with 10 ns clock and 105 averaging.

‘Accuracy: +1 count *= time-base error =% trigger

errort +2 counts (10 ns clock rate only).

Ratio (A/B) — Averaged over 1 to 105 cycles of
signal at B. Accuracy: =1 count FREQ A = trigger
jitter CH Bt.

Events A during B — Averaged over 1 to 105 occur-
rences of signal at B. Accuracy: =1 count FREQ A +
hysteresis error** %= slew rate error***.

Totalize (A) — 1 to 9,999,999 at max rate of 225 MHz.
Front panel start, stop, reset control.

Input Frequency Range (A and B) — 0 to 225 MHz,
dc coupled 10 Hz to 225 MHz, ac coupled.

Sensitivity, A and B— 150 mV p-p (50 mV rms sine

wave) below 150 MHz. 300 mV p-p (100 mV rms sine
wave) from 150 to 225 MHz.

Impedance (A and B) — 1 MQ) paralled by 24 pF.
Trigger Level (A and B) — Adjustable =2.0 V at 1X
attenuation.

Max Input Voltage (Aand B) — 1X Atten: 50 V at 10
kHz or less; derate —20 dB/decade to 100 kHz. 5 V
from 100 kHz to 225 MHz. 20X Atten: 250 V at 1 MHz
or less, derate —20 dB/decade to 50 MHz. 5 V from
50 MHz to 225 MHz.

Attenuation (A and B) — Selectable 1X, 20X.

Standard Time Base Accuracy — Temp stability, 0°C
to 50°C after warm-up: =1 X 10-5 (0.001%). Long
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