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» Foreword

We at Semiconductor Operations (SCO) are committed to provide excellence in integrated cis-
cuit technologies, products, and services to support our customers, the Digital Systems Groups.

OQur primary objective is to optimize Digital’s competitive market position by develop-
ing leadership system performance at the lowest possible cost and within the appropriate
time constraints.

The execution of programs designed to achieve this objective has resulted in the technologies
and products described in the 1987 Semiconductor Databook Volumes 1 and 2. While the basic
charter of SCO is to provide strategic and tactical management of all integrated circuit
requirements, the VLSI design and manufacturing function of SCO has become the focal point
for unique and complex circuits that have contributed significantly to the success of many new
Digital products. A strategic investment has been made in CMOS technology and in the design
tools necessary to take advantage of this technology. Increased circuit densities and perform-
ance have resulted, and capabilities have been extended from full-custom design for maximum
performance to semi-custom design for fast time-to-market application. CAD tools are
continually being developed to further enhance design and design methodology.

SCO is continually expanding its facilities to provide you with better service. While Hudson
and Andover, Massachusetts are the nucleus of the engineering and manufacturing operations,
supplemental design facilities are available in Israel and Japan and additional manufacturing
capacity is being planned in Scotland. In addition, a new 6-inch wafer pilot fabrication line has
been approved for construction in Hudson to aid in the state-of-the-art development of the
advanced CMOS devices.

During the past year, many new integrated circuits have been developed and released. Although
some are application-specific, the circuits that are suitable for general use are described in
Volumes 1 and 2 of this databook. Volume 1 is a revision to the 1986 Databook and includes the
latest revisions and changes. Volume 2 contains information related to the new CMOS products
that have been recently developed for general use. We encourage you to become familiar with
these products and to use them in the design of Digital’s systems products when possible. We are
ready to assist you in your design process and in support of your production needs.

Our ultimate goal is to ensure that Digital’s systems continue to maintain significant competi-
tive advantage through the use of SCO services and products.
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« Functional Product Classification

Name Number Description

Microprocessors

78032 21-20887-01 - MicroVAX 32-bit CPU

78132 21-22797-01 - MicroVAX Floating-point Unit

78532 21-24329-01 MicroVAX: Ditel:themoljy Access
78516 7 21:24330-01 MicroVAX Vectored Interrupt Controller
78584 21-23864-01 MictoVAX Dynamic RAM Controller
ADVICE MicroVAX Incircuit Emulation Unit'
DC327 21-20852-AA V-11 ROM/RAM

DC328 21-20851-AA - V11 Instruction/Execution Logic
DC329 21-20850-AA A Memory Msnagement Logic
DC330 21-20849-AA * V11 Floating-point Accelerator Logic
DCJ11 DCJ11 16-bit Microprocessor

FPJ11 21-21858-00 FPJ 11 Floating-point Accelerator  + -
DCT11 21-17311-01 DCT11 16-bit Mcropg:gcessor

Video Controllers

78610 21-24941-:01 - Programmable Sprite Cursor

78680 21-25011-01 - i . Video Processor (VIPER) - ;
78690 21-21553-01 - Video Control (ADDER) | - EREa
Communications ‘ R o ; e \
78808 21-23458-01 ‘Octal ART gt

DC319 211731200 . DLART

Bus Support . o

78701 19-22110-01 R »VAXBI Cl@ck Drlver

78702 19-22111-:01 - VAXBI€lock Recewer !

78732 21-21689-00 w7 VAXBIBIIC

78733 21-23839-00 . VAXBIBCI3

78743 21-23838-01 4 VA : *
DCO003 19-12730-00. ‘ ‘Dual-imermpt Clrau“t

DC004 19-12729-00 . .~ . Register Selector (Pmmcol Chxp)
DC005 19-13040-00 - -  4-Bit Transceiver <

DC006 19-14035-00 Word Count/Bus Address Loglc
DC010 19-14038-00.- - Direct Mémory Access Logic
DCO13 1914438-00° UNIBUS Request Logic
DCo021 19-19015-00 = © - OCtal Bus Transcewer

General Purpose

DC022 19-17871-00 16-word by 4-bit Reglster File
DC102 19-13888-00 Equals Checker .

DC301 21-12623-00 ' DuaI Baud Rate Gengrator
Mass Storage Support :

DCO018 19-19015-00 ~ :Setializcr/Deserializer Logic
DCO024 19-20116-01 .- - ‘Encoder/Decoder Logic
DC309 21-15102-00 Reed Solomon Generator
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» Part Identification Codes ki s
The following identification codes are used with the devices in this databook.

780 Series
78xyz - xx
1 0 = Processors
1 = Coprocessor
2 = Memories -
3 = IJO devices,.
4 = Reserved

-XX :
GA = Gullwmg
FA = Straight
PA = Pin grid array

5 = Controllers

6 = Graphic devices

7 = Businterfaces =

8 = Communications devices
9 = Reserved

DC Series
DCxyz

? 0 = Custom bipdlaf aev'ic,‘es

1 = Custom bipolar devices

3 = MOS devices

5 = MOS devices

« Cross-referencing of Sé@coﬁducﬁr Products

Part Part Purchase Description

Name Number  Number

DC003  DC003 19-12730-00  ‘Dual-interrupt Circuit

DC004  DCO04 19-12729-00  Register Selector (Protocol) Loglc :
DCO05 DCO005 19-13040-00 4-bit Transceiver

DC006  DCO006 19-14035-00  Word Count/Bus Address Logic
DCO010 DCO010 19-14038-00  Direct Memory Access

DCO013 DCO013 19-14438-00  UNIBUS Request Logic

DCO018 — 19-17043-00/1 Serializer/Deserializer

DCO021 DCO021 19-19015-00  Octal Bus Transceiver

DCO022 — 19-17871-00 - 16-Word by 4-bit Register File
DC024  — 19-20116-01  Encoder/Decoder Logic

DCO028 78701 19-22110-01 VAXBI Clock Driver

DC029 78702 19-22111-01 VAXBI Clock Receiver

DC102 19-13888-00  Equals Checker 2
DC301  — 21-12623-00  Dual Baud Rate Generator -
DC309 — 21-15102-00  Reed Solomon Generator
DC310 DCTiL 21-17311-01 DCT11 16-bit Microprocessor « -
DC319 DC319 21-17312-00 DLART

DC321  FPJU1 21-21858-00 - FPJ11 Floating-point Accelerator
DC502 78680-GA  21-25011-01 . Video Processor (VIPER)

DC323  78690-GA 21-21553-01  Video Control (ADDER)

DC324 78732-PA  21-21689-00 VAXBI BIIC

DC327 o 21-20852-AA V-11 ROM/RAM

DC328 — 21-20851-AA V-1l Instruction/Execution Logic
DC329  — 21-20850-AA V11 Memory Management Logic
DC330 — 21-20849-AA V11 Floating-point Accelerator Logic
DC333 78032-GA  21-20887-01 MicroVAX 32.-bit CPU

DC335 DCJ11 21-17679-00 - ~DCJ11 16-bit Microprocessor
DC337 78132-GA  21-22797-01- . MicroVAX Floating- pomt Umt :
DC343 78743-PA  21-23838-01 VAXBI BCAI

vi
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Part
Name

DC344
DC349
DC357
DC358
DC503
DC506

Part
Number

78733-PA

78808-GA
78584-GA
78532-GA
78610-GA
78516-GA

ADVICE ADVICE

Purchase
Number

21-23839-01
21-23458-01
21-23864-01
21-24329-01
21-24941-01
21-24330-01

Description

VAXBI BCI3

Octal ART

Dynamic RAM Controller (DYRC)

MicroVAX Direct Memory Access (DMA)
Programmable Sprite Cursor

MicroVAX Vectored Interrupt Controller (VIC)
MicroVAX Incircuit Evaluation/Emulation Unit
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» Section 1—Microprocessor and Support Devices

The microprocessors.and support devices provide a low-cost means to 1mp1ement the power and
versatility of the PDP-11 and VAX computers into system designs. ,

McroVAX 32-bit Mlcmprocessor

MicroVAX 78032 Central Processing Unit—The MmmVAX CPU is a 32-bit hxgh performance
microprocessor that contains the architecture and functions of a VAX mxmcomputer The
MicreVAX 78032 implements a subset of the VAX instruction sét and full VAX:11 memory
management. It is fabricated in ZMOS (double-metal NMOS) and is contained in 4 single 68-pin
package.

MicroVAX 78132 Floating-point Unit-—The MictoVAX FPU is a hxgh performance cooperatlve
processor used to accelerate the floating-point instructions  of the MicroVAX 78032 CPU. It
supports floating-point add, subtract, multiply, divide, and convert and other VAX-11 floating-
point operations. The FPU is fabricated in ZMOS and is contained in a 68-pin package.

MicroVAX 78516 Vectored Intersspt Controller—The VIC is a programmable interrupt controller that
is fully compatible with the MicroVAX 78032 CPU. The 78516 VIC services up to 16 interrupt
sources, resolves interrupt priorities, drives the IRQ lines of the CPU, and provides a programmable
16-bit interrupt to the CPU. It is fabricated in high-speed CMOS and is contained in a 68-pin
package.

MicroVAX 78532 Direct Memory Access Controller—The 78532 DMA is a high-performance dual-
ported four channel virtual memory DMA controller that enables high-speed data transfers
between I/O subsytems and peripheral devices and the MicroVAX 78032 CPU bus. It contains dual
ports and four channels that are independently programmable. The 132-pin device is fabricated in
CMOS.

MicroVAX 78584 Dynamic RAM Controller—The MicroVAX DYRC provides an interface betvween
the MicroVAX CPU and up to 4 Mbytes of dynamic random access memory (DRAM). The 78584
DYRC operates at two speeds to support 256K by 1-bit DRAMs that operate at different speeds. It
is contained in an 84-pin package and is fabricated in CMOS.

Advanced Development VAX Incircuit Emulator—The ADVICE is contained on a single module and
provides a full-speed incircuit emulator of the MicroVAX 78032 CPU and MicroVAX 78132 FPU. It
is used for the development of hardware and software products using the MicroVAX CPU and FPU.

V-11 32.bit VAX Processor

The V-11 processor chip set consists of four custom VLSI chips that were developed for use with the
Scorpio CPU module which is a single module VAX system.

DC327 ROM/RAM Logic—The ROM/RAM chip is a 44-pin cerquad device that provides the
microcode control store function for the V-11 processor.

DC328 Instruction/Execution Logic—The I/E chip is a 132-pin PGA device that functions as the
main data path and contains the microsequencer, minitranslation buffer, and instruction buffer.
DC329 Memory Management Logic—The M chip is a 132-pin PGA device that provides most of the
memory management logic and includes a tag store for cache memory, four UARTS, and a 512-entry
backup translation buffer.

DC330 Floating-point Accelerator Logic—The F chip is a 132-pin PGA device used to decrease the
execution time of F , D, and G floating-point instructions and some integer multiply and divide
instructions.
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PDP-11 16-bit Processors
DCJ11 Microprocesser—The DCJ11 ‘microprocessot is @ 60-pin CMOS DIP device that ‘implements
the full PDP-11 instruction set and has a performance comparable to the PDP-11/44 miniprocessor.

FP]11 Floatmg pomt Accelemtor—-—The FPJ11 FPA is a 40-pm DIP that 1mplements in hardware all

.....

ﬂoatmg pomt mstructlons

DCTII MtcmpmcessormThe DCTll xmcropmcessor is a 40 -pin DIP device that: com;ams the
essent.tal elements of the PDP-11 architecture. : . . .
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- Features

= High performance « Subset of the VAX instruction set
- 32-bit internal and external data path - 245 instructions. . . o0 0
. - Pipelined architecture ) - - 21 address modes -
—Instrumcnprefetch AR IR R S —9dathtypes IR Ly
« 4 gigabyte virtual address space - . Sxxte:cn 32 bit neral p purpose regxstcrs
« 1 gigabyte physical address space » 22§ mterrupt levels
- 512 Mbyte physical memory space - 15 software
~ 512 Mbyte I/O space - - -T7hardware
« VAX memory management . Vectorédﬁdftware and hardware interrupts
~ Full memory protection ‘ AT
— Four privilege modes » Industry. campatlble external interface
~ Process and system space mapped '
» Description

The MicroVAX 73082 is a h:gh—performance single-chip mlemprocessnr that provides the
architecture and functions of the VAX minicomputer in a single 68-pin package. Fabricated in
ZMOS (double-metal MOS), the MicroVAX 78032 implements a full 32-bit architecture that can
directly access 4 Gbytes of virtual memory and 1 Gbyte of phys:cai mtmory Figure 1 is a block
diagram of the MicroVAX' ?8032 Microprocessor.

-]

ST ] e e HALT

| pREFETCH STACK | INTERRUPT Ja—mr FWRFL
AND DECODE | CONTROL g INTTIM

[ {RQ<3:0>

GENERAL REGISTERS

INTERNAL REGISTERS ~ | B NN ST Y ;
CONTAOL BUSSES ) 1

t

be— ERR
e RDY
o OMR
|—» GMG
-
- ad

32.8IT ALY
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INTERFACE [e—e cS<2>
[ CS<1:0>
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—
—= AS

cixo
CLK} -~ CLOCKS

RESET ~——)

Figure 1 » MicroVAX 78032 Microprocessor Block Diagram
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eas1ly mterfaced with mdustry standard peripheral cfups Tt is ideal for use as a smgle-board '
computer, personal computer and workstation, and as a low-end system.

« Pin and Slgnal Descnptmns

This section provides a brief dcscnpnon of the input and output signals and _power -and ground
connections of the MicroVAX 78032 68-pin package. The pin asmgnments are 1dent1f1ed in Flgure
2 and the signals are summanzed in Table 1.

<SOQ00QOUOO0O00ODO0O00DD
. GEEEEEEEEEEEZESE,
=@ oamwhmmwmngc
AN
/6059 5857 56 55 54 53 52 5150 49 4847 46 45 44
Vpp {61 43+—Vss
DAL06 —| 62 : 42p—DAL22 .
DALOS —{ 63 o 41—DAL23
DALO4—| 64 r 7 40}—~DAL24
DALO3~—] 65 I { 39— DAL25
DAL02 —| 66 38}— DAL26
DALO1— 67 | | 37p—DALZT
oALm:«_)ﬁ*i II MicroVAX 78032 } o ;‘ﬁ“‘gitig ‘
s PROCESSOR CHIP B Rl
vDD—{ 2 | N 34— DAL30
S RG34 3 | TOP VIEW | 3ak— DAL
iﬁﬁ?—«g } } 32F—Vop .
TEST - 31— Vgs
Roi— 6 R S o | 30}—A3
TRQ0— 7 29103
PWRFL— 8 28+—DBE
Veg =~ 9 . . 27}~ CLKD
\1011121314151617191920212223242526 J ,

HI

3JJ%#§§ J#ﬂ%Ag 23

Figure 2 « MicroVAX 78032 Pin Assignments
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Preliminary = - MicroVAX 78032
; Table 1 » MicroVAX 78032 Pin and Signal Summary
Pin  Signal Input/Output* Definition/Function ;
33-42 DAL<31:00> inputfoutput = - DatafAddress hnes-T;me muluplexed b}dm:c-«
45-59 tional data and address bus. ;
62-68
30 AS _output B ’,Addtess strobe—System address stmbe
29 DS output " Data smbe-8ystésiderasmbc ;
12-15 BM<3:0> mput/mrxtpué‘ o ‘,‘Byte masks-——Identiﬁes‘ : ebytes of the DAL bus that
SRt PR T ""'contamvahﬁdata
21 WR ‘ . output R Wnne-—-vaxdes read wrxte comrol far thc bus. )
28 DBE * output " Data buffer enable—Provides control ,:he DAL bus
‘, : transceivers. " ‘
19 RDY input Ready—-Pravldes st,‘; ‘
20 FRR input
16  RESET input.. -
11 HAIT mput
24-26 CS<2:0> input/outpui k Contml status—-Indicates the type of bus cycle
34, IRQ<3:0>  inputfoutput Interrupt request—Interrupt lines for device interrupts.
6,7 "y ‘
8 PWRFL Cinput leGWerfadmIndlmms an‘ex : nalpowc:faﬂ condition.
10 INTTIM input Interval nmer-«lndmams an ,mal mmrvai t;;ner
- N condition. PO e
18 DMR input ‘DMA request——R:quests the bus for BMA transfers
22 DMG output DMA grant—-—Grants bus for DMA tmrwfers
23 EPS output External processor strobemComdmates extemal
' processor transactions.
2,32, Vpp input Supply voltage—3 Vdc supply.
44,61
1,31, Vg input Ground—Ground reference.
43,60 .
17 CLKI input Clock in—Clock input for chip timing.
27 CLKO input Clock out—Clock output at half the frequency of
CKLI.
9 Vs output Back-bias—For manufacturing use.
5 TEST input Test—For manufacturing use.

*All signals are TTL levels except for pm 23 (E‘§) whlch is CMOS ,
Conﬁdentlal and Pmpnetary 1-3
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Data and Address Bus .- . : 3

Data and address bus (DAL < 31*00 > )&—The data and address bus is ttme-«multlplexed bidirec-
tional bus that transfers address, data, and" other mformaflfsn ‘during bus cycles. Fom detadéd
description of DAL < 31:00 > bus, refer to the MicroVAX 78032 32-Bit Gentral Processing Unit User’s
Guide. (Document No. EK-78032-UG) i

Bus Control | o

Address strobe (AS}-—-Thls s:gnal indicates that vahd address information is avaﬂable on thc
DAL <29:02> bus and valid status information is on the "1‘\‘4‘&“3"65’ C8<2:0>, andW‘ lines:
The leading edge of this signal can be used to latch the address.

External processot strobe (EPS)——Th1s signal is used by the CPU to coordmate external processor
tmnsactmns Itis used \mth the foﬂowmg trmsacuons ~

. Transactlon between an external processor contmllt:d by the CPU such as the MlcroVAX 7‘8132
" Floating-Point Unit.

» Transactions between logic that lmplements a reg1ster ot registers that are defined as a part of the
" MicroVAX iriternal processor”reglster sef.

Data strobe (DS)—This .ﬂgnal mdlcates that the DAL bus is free to recelve data durmg aCPU read
cycle or that valid data is on the DAL bus during a CPU write cycle..

Byte masks (BM< 370> )—These signals are used to indicate which bytes of the DAL bus contain
valid data as listed in Table 2. For a read cycle they indicate which bytes of the DAL bus must have
data driven onto them. For a write cycle, they indicate which bytes of the DAL bus contain valid
data: Bits W— > are vahd when the AS sxgnal is asserted .

L Table 2- MlcroVAX 78032 Byte Mask Data Selecuon o
Byte Mask Vahd Data Byte " ;

B3 DAL<31:24>
BMZ ~  DAL<23:16> .
BMI  .DAL<15:08>
BMO.  -DAL<07:00>

14 " Confidential and Proprietary




Write (WR)~ This signal specifies the direction of data transfer on the DAL bus for the current bus
cycle: When asserted; ‘the CPU is performing a write operation. When not deasserted, the CPU
is performing a read operation. The WR signal is valid when the AS or EPS signal is asserted.
Data buffer enable (DBE)—This signal is used with the WR signal to the control transceivers that
may be between the CPU and the DALbus. =~

Ready (RDY)—This signakis asserted by externaf kigm to' xnci;g:a-’e‘é the téompienon of the current
bus cycle. When not asserted, it extends the current bus cycle for.a slmr,;g@mo or. penpheral
device. The RDY or ERR signal must be asserted to end the current bus cycle
Etror (ERR)~This signal is asserted by external logic to indicate that

current bus cycle, has occurred {e.g., bus timeout or parity error} and ta;énd the bus cyclc The ERR
or RDY signal must be asserted to end the bus cycle. :

System Control -~ - :
Reset (RESET)— This input mgnal is used to mltxahze Vthe CPU
Control status (CS < 2:0 > )—These lines are used with either tt

define the type of operatlon in progress for the current bus cy
when the AS or the EPS signal is asserted: - :

During a read, write, or interrupt- acknowledge cycle @3 assax:ted),»the ;\X'B. andCS<2 0 > lmes
select the bus cycles indicated in Table 3.

or the EPS and WR'signals to
yLincs CS <2:0 > are valid

... Table 3.« MicroVAX 78032 Bu&Cygle/Ss]mt‘,
an Contml Status Bmcyde : ST

WR CS$<2:0>

H LLL reserved

Ho o LLH. o o reserved oo

H LHL ~  reserved

H LHH interrupt acknowledge

H HLL  read(] (instruction)

H  HLH 7 readlo lock

H  HHL o ‘read (data, modlfy mtent)

H HHH read (data, no modify mtent)

L LLL reserved st
— T B Coone e —
L LHL  reserved

L “LHH T reserved

L HLL reserved

L HLH write unlock

L HHL reserved

L HHH write (data)

Confidential and Proprietary 1-5
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Slcmseg

At the begirining of an ‘external processor read, write, or response cycle (EPS asserted), the
€S2 -signal-is- lugh, nd the WR md C§< i 0> mgnals selcct the bus cycles mdmated in
Table 4. g SR

: Table 4 » MicroVAX 78032 Extemal Regmstu Bus Cycle
Wrm-. Control Status Bus Cyele

WR cCs<1:0>

H 1L reserved

H LH  readdata

H HL reserved

H HH . responseenable

L . LL . writecommand (FPU)

L LH © o write data

L HL ~write command (non-FPU)
L HH T teserved " ‘

Dunng aresponse enabIe eycle theCS<2> 51gnal may be pu]led low by the external loglc Refer to
the External Processor Cycle section for a description of a response énable cycle ! :

Interrupt Control

Interrupt request (IRQ <3:0>)—These lines are used by the external loglc to generate mterrupt
requests to the CPU. The lines are sampled by the CPU every mlcrocycle Table 5 hsts the mterrupt
level assignments. - :

Table 5. MmroVAX 78032 Interrupt Request Asslgnments

IRQ3  IPL17

IRQ?Z IPL 16

RQI L1

TRQO  IPL14
16 Confidential and Proprietary




Powetfail (PWRFL)—This line allows the external logic to notify the CPU of a powerfail
condition. It is sampled by the CPU every microcycle. The PWRFL signal generates an interrupt at
IPL 1E (hexadecimal). This interrupt is internally acknowledged by the CPU and does not use an
interrupt acknowledge bus cycle.

Interval timer (TN_T"'— TIM)— This line provides system timing information of the mterval timer and is
sampled every microcycle. The INTTIM signal generates an interrupt at IPL 16 hexadecimal). This in-
terrupt is internally acknowledged by the CPU and does not use an interrupt acknowledge bus cycle.
Halt (HATT)—This signal results in an interrupt used to halt the execution of macroinstructions,
and is sampled every microcycle. At the conclusion of the current macroinstruction the CPU
executes an external processor write cycle (CS < 1:0>> =10 and DAL <05:00 > =111111) and then
enters the restart process. The restart process sets the CPU to a known state and then passes control
to user code beginning at physical address 20040000 (hexadecumal) Fora descmpnon of the restart
process, refer to the MzcmVAX ? 8032 Users Guide.

DMA Control : ‘
DMA request (DMR )-»—Thxs signal is used by the external loglc to take centrol of the DAL bus and
its related control signals.

DMA grant (DMG)—This signal mdlcates that the CPU has granted the use of the DAL bus and its
related control signals.

Clock Signals
Clock in (CLKI)—A TTL input that provides the basic’ clock tumng to the clock generator on the
MicroVAX 78032.

Clock out (CLKO)—A timing s1gnal output at half the frequency ef basu: clock (CLKI) to be used
for system timing. ’

Miscellaneous Signals :
Test (TEST)—Reserved. This pin nzust be connected to ground

Power Supply Connections

Power (V,,)—5 Vde supply. -
Ground (V;)—Ground reference.
Back-bias generator (Vy;)—Reserved. This pin must not be 'Ciixﬁméctéd‘.
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The MicroVAX 78032 arcfutectune shown in Flgure 3 grouped mto two main areas. One area is

used by the application programmer and contains general registers, pointer registers, and the
processor status word. The remaining area is used by the system programmet and contains process
control- reglsters, memory management regxsters, mtermpt reglsters, and the processor status

longword

‘ it APPLICATIONS

TR g © GENERAL REGISTERS

RO
R1

]2
R3
R4
RE
R6
R7

R9
R10
R11

SYSTEM .«

PROCESS CONTROL REGISTERS

l,o"":"SCBB I

{ PCBB 1

MEMORY MANAGEMENT REGISTERS

POBR
POLR

P1BR
P1LR

SBR
SLR

{ WMAPEN ]

PROGRAMMING

| AR

]
| kP 1
KSP
ESP
S5P
usP
i S iPC 1
PROCESSOR STATUS WORD
PROGRAMMING
INTERRUPT REGISTERS { o
SRR ]
| SISR 1
l i ]
I ASTLVL ¥ S

PROCESSOR STATUS LONGWORD
| Tip] PSW | .

Figure 3 » MicroVAX 78032 Programming Model
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Sixteen 32-b1t gpneral registers are included and can be used for temporary storage, as accumu-
lators, as base registers, and index registers. The registers used for specific functions ate the stack
pointer (SP), argument pointer (AP), frame pointer (FP), and program counter (PC).

Stack pointer—The stack pointer (SP) contains the address of the processor defined stack. There
are five stack pointers, one for each of the four operating modes of the processor and one for use by
the system for handling i mterrupts The stack pointer in use is dctemuned by the opcmtmgmode of
the processor.

Argument pointer—The VAX pmcedure call convention uses an axgument hst data structirre. ’I'hc
argument pointer (AP) contains the address of the base of this structure.

Frame pointer—The VAX procedure call conventionbuilds a data structuge on tha staa,:k framc The
frame pointer contains the address of the base of this structure.” GO

Program counter— The prograrti counter (PC) contains the address of the next byt:e of the program
‘Therefore, the PC is not used as an accumulamr, index, or temperary regism "

Processor Status Word B
The processor status word (PSW), the lawer 16 bits of the PSL; contams the condxtxoﬁ codes and
trap enable flags. The PSW is the user accessible portion of the: pmccssor status longwmd (PSL) and
is shown in: Flgum 4 amzl descnbed in 'B:lblc 6

15;5 4 13 ,12 LAt 10 09 08 . 07, 06 .05 . 04 .03 02 0Ot 0
T T T T T T T R " )
MBZ [DV FU[IVlTI N Z ,VI;CLI"MVJ ..
] i 1 1 Il i 1 i S .

Figure 4 « MicroVAX 78032 Pracessor Status Word Format

Table 6 = MicroVAX 78032 PtmssarSmmM Descriptions
Bit  Description W
15:08 MBZ (Must be zero).

07:04 Trap Enable Flags-—These bits cause traps to occur under the following conditions.
' DV (Decimal overflow)—Used by the emulation software in the emulation of decimal
instructions.
FU (Floating underflow)—When set, this bit causes a floating underflow fault after the
execution of any instruction which produced a floating result too small in magnitude w be
represented.
IV (Integer overflow)—When set, this bit causes an integer overflow trap after an
instruction that produced an integer result that could not be correctly represented in the
space provided.
T (Trace)— When set, this bit causes a trace trap to occur after the execution of the next
instruction.

03:00 Condition Codes—These bits contain information related to the result of the last CPU
arithmetic or logical operation. The bits are defined as follows:
N = 1 if the result was negative.
Z = 1if the result was zero.
V = 1if the operation resulted in an arithmetic overflow.
C = 1if the operand resulted in a carry-out-of or borrow-into the MSB (Most Significant
Bit).
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System Registers ;
The system registers are’ privileged ‘registérs that are accessed by the operatmg system These
registers are used in context sthchmg, meriory management excepnon and interrupt handhng,
and processor control. -

System control block base register—The system control block base register (SCBB) contains the
base address of the system control block (SCB). The SCB- contains the vectors’ USed for servrcmg
interrupts and exceptions. : ‘ .

Preliminary - = MicroVAX 78032

Process control block base reg:tstet«—-The processor control block base register (PCBB) contairs the
base address of the process control block (PCB). The PCB contains the hardware context of the
cutrertt process. B EREE R R

Memory management registers— These registers are used by the system to control the memory
management unit of the MicroVAX 78032 and to access the page-table entries in membry used to
translate virtual addresses into physical addresses. The function of each of these reglsters is
described in the memory management section. _—

Interrupt registers— These registers are used to control the interrupt system of the processor by
storing interrupt requests, curtent interrupt priority level, and the interrupt stack pointer. The
function of each of these registers is described in the Exception and Interrupt section.

Processor status longword—The processor status longword: (PSL) contains the processor status
information. The lower 16 bits of the PSL are the user accessible processor status word. The upper
16 bits of the PSL are privilegéd and accessed by the system. The PSL fortnat is shown in Figure 5
and described in Table 7

313026282726252423222120 1615 00
PF{V LR FerrrTTrrrrTrrTT !

Ll lmaz ] o‘mon PL & PROCESSOR STATUSWORD, | :PSL

[ [0 W W | Sodemideemdm oo il ek i i e

MBZ FPD MBZ

i1 Is

o Figuré5 s MicroVAX 78032 Progessor Status Iféngword Format. i
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Table 7 - MmVAX 78032 Processor Status Longword Descnpmns

Bit Deseripuons

31 ’_MBZ(Muszbezem) , ; , i

30 TP (Trace pending)—Forces a trace trap when set at the bcgmmng of any instruction. Set
by the processor if the T bit in the PSW is set at the beginning of an instruction.

29:28 MBZ (Must be zero).

27 FPD (First part done)—Set when an exception or. intetrupt occurs during an instruction
that can be suspended. If FPD is set when the processor returns: from an exception or
interrupt, it resumes the interrupted operation where it left off, rather than restarting the
instruction.

26 1S (Interrupt stack)—Set when the processor is executing on the interrupt stack.

25:24 CUR MOD (Current access mode)uThe aeccss ‘mode Uf‘the curteﬁﬂy executing process as
follows: O ,

0 = Kernel

1 = Executive

2 = Supervisor

3 = User .

23:22 PRV MOD (Prevzous access mode)wLoaded from CUR MQD by e:xceptlous and Change
Mode instructions, cleared by interrupts, and restored by REL

21 MBZ (Must be zero). . o

20:16 IPL (Interrupt pnonty level)-—-Contams the curmnt processor priority in the range 0 to 1F
hexadecimal. The processor wﬂl accept mtcrmpts only [ levels greater than its current IPL.

15:00 PSW (Processor status word)——-Contams the processor status accessible by the user.
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BERE:11 -5 E RN RO l:A ;

word, .

MA11634

N e !
WORD
15 - ) 00
T T T T T T
A
| S S TN N N T T T N I T e |
MR-11635
LONGWORD R
31 [s.1]
EII!!III!IT])ITFY1II|Illllllll]
mr . ) - w .
£ G R TR Ot S OO U TN W S TN VRS WO W WS A (I A TR W 0 TR0 W 2 0 R . 3
: e
QUADWORD : , '
31 a0
L1001 I Y R N O M O 108 §
WAST TR EA A T TN YN TE O T T S YA R M W T O Bt S W ALY ST e W A R W A
rrirrrrrrrrqrrrrrrryrrryrrrrrrrrrrr A+4
E 00NN WU O NS N U VR TR NN JOUSY TSR NN SN JUNN NN N Y U N N (O S U Y AR N R A O
63 7]
MR-11637
CHARACTER STRING
07
LI R B I I |
A
A+
§ U T I I
1l
1
o7 i 00
I l:AH.--L
MRA-11638
VARIABLE LENGTH BIT FIELD
P+5 P+§-1 P P-1 00
FFFFFFFFFFFFFFFFFFFFFFFFFFFFF1 A
81 a0
MR-11639

Figure G = MicroVAX 78032 Integer, Character-string, and Bit-field Data Types
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quadword, character string, variable-length bit field and, through the optlonal floatmg—pomt unit,
F ﬂoatmg, D_ﬂoatmg, and G ﬂoanng Flgurcs 6 and 7 show the orgamzatm of the data typés




F_ELOATING

18 14 i . 07 06 - 0a
T T T T T T T T T =T T L T
$ EXPONENT } FRACTION A
: FRACTION o A%2
1 1 i 1 i i 1 L 1 A 1 i 1 L 1
3 : 16
B i MA- 11640
D_FLOATING
15 14 ) 07 06 00
H 1 ¥ Y T T A T T | 1 A L]
s EXPONENT FRACTION A
FRACTION . (A%2
FRACTION 3 A+
FRACTION . .o : JAHE
1 L i L doend NS TN EHNN SR N | L L L
63 a8
MR-11641
G_FLOATING R R ERTC IR0 ¢ A I EC s e
15 14 04 03 00
1 T T 1 1 T T Ll Rl ) ) T T
s l EXPONENT [ FRACTION A
FRACTION foasz
CCERAGTION he AL
; FRACTION B
I L £ RN ST RS | A L L 1 RTINS
63 a8
MR- 11642
Figure 7 » MicroVAX 78032 Floating-point Data Types
.
= Instruction Formats

The VAX instruction set has a variable length instruction format that may be one byte or more
depending on the type of instruction. The general format of a VAX instruction is shown in Figure 8.
Each instruction consists of an opcode followed by as many as six operand specifiers. The number
and type of operand specifiers depends on the opcode. All operand specifiers are of the same
format: an address mode plus additional information used to locate the operand. This additional
information contains up to two register designators and addresses, data, or displacements. The use
of the operand is determined from the opcode and is called the cperand type. It includes both the
access type and the data type: 0 0l o
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OPCODE (10 2BYTES)

OPERAND SPECIFIER 1 _

QOPERAND SPECIFIER 2

OPERAND SPECIFIER 3

A
B am

4

)

OPERAND SPECIFIER 6

MR-11601

Figure 8 « MicroVAX 78032 Instruction Format

Opcode Formats o ) S

The opcode. specifies the desired operation to be performed and may be one or two bytes,
depending on the contents of the byte at address A. The opcode consists of two bytes if the value of
the byte at address A is FD (hexadecimal). Figure 9 shows the opcode formats.

07 90
1 L4 T L
ONE BYTE OPCODE: OPCODE | ] A
L J 1

.1 TWOBYTE QPCODE: - EO OPCODE . SRR F - FD

Fz’gt)m 9 = MicroVAX 78032 Opcoder Formats
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Addressmg Modes

MicroVAX 78032

A summary of the addressing modes used by the MicroVAX 78032 is listed in Table 8 witha bnef

description of each mode.

Table 8 « MicroVAX 78032 Reglster Addressmg Modes

General Regxstet Addressmg Mode

Hmdecnmal Name

Assembler r

iz"
8

0-3 literal

index

register

register deferred
autodecrement
autoincrement
autoincrement
deferred

byte displacement

W00~ NG

deferred

word displacement

word dlsplacement

deferred - o

longword. dlsplacement
~ longword dxsplacemem

deferred ,

mME DO W

_B*d(Rn)

byte displacement . @B d(Rn)

S" #literal

i(Rx)

Rn

(Rn) .
(Rn)

(Ra)+

@{Rn)

W d(Rn) y

'@\W“ d(Rn) y'

L d(Rn) ¥

@L,d(ﬁn}; Y

e
I I Y

e <

P

=

e e e g

<

.~

g g g | @

B

~<

WO s g e

e

=

T TR R s PR

e ke

o “<

=

SP ' Indexable?

ngmm Counter Addmssmg Mode

Hexadeclmal Name

k A#sehiﬁier 55

4

" Indexable?

immediate

- absolute .~ "¢
byte relative

.- byte relative dcfenred
word relative

* word relative defermd

_longword relative
longword, relative
deferred

THEg O >0 e

T #eonstant y
‘@#address y -

B address y

. @B’ addressy -
W address y-
W address y

L*address y

L address y

MR El g

e W e < E

IR R

R R R R

R IR
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Preliminary MictoVAX 78032

Table 8 - MicroVAX 78032 Regtster Addressmg Modes (Cont.) FEAT
Addressing Legend e ; : ‘
Access: Syntax: ‘
r. = read i = any indexable address mode
m = modify d = displacement
w = write Rn = general register, n = 0 to 15
a = address Rx = general register, x = 0 to 14
v = field ‘ . .
Results:

y = yes, always valid address mode
f- = reserved address mode fault
~ = logically impossible
p
u

L3

‘program counter addressing
unpredictable

o

uq = unpredictable for quad, D_/G_floating, or field if pos + size > 32
ux = unpredictable if index reg = base reg
General Register Addressmg

The general register address modes use one or more . general registers, dependmg on thei instruction
and data type, or information required to locate the operand(s) to be used by the specified
instruction.

Register mode—The operand is contained in one of the general regxsters (Rn)
Register deferred mode—Register Rn contains the address of the operand.

Autoincrement mode— Register Rn contains the address of the operand. After the operand address
is determined, the size of the operand in bytes is determined by its data type and is added to the
contents of register Rn and the result is placed in register Rn.

Autoincrement deferred mode—-Regxster Rn contains a Iongword address that pomts to the
operand address. After the operand address has been determined, the number four is added to the
contents of Rn and the result is so tred in Rn. =

Autodecrement mode—The size of the operand in bytes is determined by its data type and is
subtracted from the contents of Rn and the result is stored in Rn. The updated content of register
Rn is the address of the operand.

Literal mode—Literal mode addressing provides an efﬁclent means of specifying integer constants
in the'range of from 0 to 63 (decimal). In addition to short integer literals; this mode can be used to
specify floating-point literals. The value is contained in the operand specifier.

Displacement mode—The displacement contained in the operand specifier, after being sign-
extended to 32 bits if it is a byte or word, is added to the contents of reglster Rn, and the result is
the operand address.

Displacement deferred mode-—The displacement contamed in the operand specxfler, after being
sign-extended to 32 bits if it is a byte or word, is added to the contents of register Rn, and the result
is the operand address.
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Preliminary MicroVAX 78032

Index mode—The operand specifier consists of two bytes or more, a primary operand specifier and
abase operand specifier. The primarty operand specifier, contained in bits!0 through 7, includes the
-index register (Rx).and a mode specifier of 4. The address of the primary operand is determined by
multiplying the contents of index register Rx by the size of the primary operand in bytes which is
determined by operand type. This value is then added to the address specified by the base operand
specifier (bits 15 through 8), and the result is the primary. apetand addrcss G

Program Counter Addtessmg

Register 15 is used as the program counter (PC). It can also be used in the addressing modes, The
processor increments the program counter as the opcode, operand spemfmr and immediate data or
addresses of the instruction are evaluated. “Thie améunt that the: PC is incremented is determined by
the opcode, number of operand specifiers andother values. The PC can be used with all oi’ the V&X
addressing modes, except register, index; register defetred, or autociecrement R
Immediate mode—This mode is an autoincrement mode and the PCis used as the gcneral reglster
“The contents of the location foﬂawmg the- a&dressmg mode contain immediate data. =
'Absolute mode—This mode is an autoincrement clefen:g:d mode using the PC as_the general
register. The contents of the location following the addressing mode are taken as the operand
address. This is interpreted as an absolute address that is an address that remgmns mmtgn; in the
‘memory location where the assembled i instruction is executed. . 1, . .

Relative mode—This mode is‘a displacement mode and the PC is used as the geneml regls&:n Tbe
displacement that follows the operand specifier is added to the PC and the sum is the address of the
operand.

Relative deferred mode—This mode is similar to the relative mode except that the displacement,
which follows the addressing mode, is added to the PC and fhe sum is the Iongword address of the
operand.

Branch Addressmg '

During branch displacement addressmg, the byte or word displacement is sign-extended to 32 bits
and added to the updated content of the PC. 'I'he updated content of the PC is the address of the
first byte beyond the operand spec1f1er o

« Instruction Set

A summary of the VAX instructions implemented by the MicroVAX 78{)52 the floating-point
instructions supported by the ﬂoatmg-pomt unit, and the emulatcd mstrucuons that are assisted
by the microcode are listed in Appendlx A. » »

Operand Type
- The operand type specifies the use of the operand that is associated with an’ instruction, The
opcode includes the data type of each operand and the method of access as follows

1. Read—The specified operand is rf:ady only.

2. Write—The specified operand is write-only. .

3. Modify—The specified operand is read, may be modnfled and is written.
4

. Address—Addtess calculation occurs until the address of ‘the operand is obtained. In this
mode, the data type indicates the operand size to be used in address calculation. The specified
operand is not accessed directly; however, the instruction may use the address to access that
operand.
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5. Variable bit field base address—If only régister R[n}is specified; the field is in general register
‘Rin] or in:RIn+1Rin] Gi.e., Rln+1]:concatenated with R[nj).-If Rin] is not specified, an
address calculation occurs untll the actual address of the operand is obtained: Thxs addness
specifies the base to which the field position (offset) is apphed ‘ '
6. Branch—No operand is accessed. The operand specxfler is the branch dlsplacement and the
data type indicates the size of the branch'displacement.

. Memory Management

The. memory management unit provxdes a ﬂe:ﬂble and efflcu:nt virtual memory programmmg
environment. Memory management and the operating system provide paging with user control
and swapping. It also provides.four hierarchical modes-—kernel, executive, supervisor, and user,
with read/wrlte access control for each mode. g
The VMS Virtual Mcmory System provides a large address space and allows programs to run w1tH
small memory configurations. Programs are executed in a process environment. Each process can
operate w1th an address space of 4 bx]hon bytes.

Virtual Address Space ' : i

Memory management divides the virtual address space into two spaces of equal size—the system
space and the process space. The process space is dmded into PO and P1 regions. Figure 10:shows
‘the virtual address space assignments. ; : , ,

00000000 :
LENGTH OF PO REGION IN PAGES-
{POLR) i
)
REGION E
: PO REGION GROWTH DIRECTION
CAFFFFFFF ' S
40000000 e e
P1 REGION GROWTH DIRECTION
P1
REGION p
LENGTH OF P1 REGION IN PAGES
{2°*21-P1LR)
YEEFEEFF | , :
80000000
: ", " LENGTH OF SYSTEM REGION IN PAGES
(SLR)
SYSTEM )
REGION
SYSTEM REGION GROWTH DIRECTION
BFFFFFFF
/€0000000.
' RESERVED
REGION
FEFFFFEF

0o Figure 10 MicroVAX 78032 Virtual Address Space Assignments
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Virtual address format—A 32-bit virtual address is generated for each instruction and operand in
" memory. As the process is executed, the processor translates each virutal address into a physical
-address. The format of a virtual address is shown in Figure 11 and described in Table 9.

Page protection—Independent of its location in virtual address space, a page of 512 bytes may be
protected according to its use. A program may generate any address; however, the program may be
prevented from modifying or accessing portions of the shared system space. A program may also be
prevented from accessing or modifying portions of process space. ‘
Virtual address space iayout—-—Access to the PO, P, and System negaons is controlled by the (P()LR
PILR, and SLR) length registers. Within the limits set by ‘the length registets, the access is
controlled by a page table that speclfles the vahdxty, access requmments, and lncation of each page
‘in the region. : , 5

31 0908 20

LI N I B N N N SN R N B JCK B A I TTTrrtre

VPN BYTE NUMBER

TN 0 TN WO WO T W O 0 0 TR N TG SO 1O T 1O s N OO 125 T e G ot |
“ : B 2, SRR IR Ve . N R e

Figure 11 » MicroVAX 78032 thmmﬁoma: -

: stle 9. MmVAX 78032 Virtual Address Desmpnons
Bit  Descriptions |
31:.09 VPN (ertual Page Number)—This field specifies the virtual page to be referenced
' Virtual address space contains 8,388,608 pages of 512 bytes each.
Bits <31:30> of the VPN sclect the regxon “of virtual address space’ bemg

referenced as follows:
~ Value of "' Region
Bits <31:30> Referemed

07 PO
1 Pl

2 ‘ ' System ™
3 : .- Reserved

08:00 Byte number—'ﬂus fxeld spemﬁes the number of the byte thhm tzhe page
. Access Comrol

The access control function dewxmmes whether a read or wnngmgmury mfetence will be allowed
to a memory page. Every page in memory is assigned a pmtectmnmde to prew:nt illegal access to
memory information.
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2" Supervxsor—-—used for services such as command mterpretahon - |
A I& : User-—«-used for user level code, utlhnes, comgxlers debuggers etc ) ;
E’I'he currem; proqcssor m@de is stoxed in the current mode field of ::he pmcessor status ong;word
APSL).... el & '
Protectlon code-—A pmtectlon code, Iocated in the page table entry for that page, defmes the
accessibility of the page for each mode. These codes are described in Table 10.

'I'nble 10 . MlcroVAX 78032 Protectlon Code Assxgnments

Decimal Binary  * Mnemonic '~ CurrentMode = ' Comment
Code Cade K E S U

0 0000 NA o — — — no access
0001 v i cir v Frocoox o oo% pecerved
o — e A

53 00 iy o oots KR o e Rist of o pcdoort ] oo obaria o 4 s
Omo oUW RW' RW RW RW' all access
o1 | EW | RW RW  — . —
0110 ERKW RW . R — .. —
0111 ER R R =
1000 4 RW RW RW ' —
1001 SREW RW RW R = —
1010 SRKW RW . R R —
1100  URSW ___ RW  RW
1101 UREW RW  RW
Legend:

— = no access K = Ketnel

* = unpredictable E = Executive
R = read only S = Supervisot
RW= read/write U = User

W = write

e

-
PO

[y
[y

.
g |

—
9

-

1

[l
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Preliminaty MicroVAX 78032
» Memory Management Control

Three neglsners are used to control memory management. One reglster is used to enable and d1sable
memoty management and the other two are used to control the address translation buffer.

Memory ManagementEnnble

The map enable register (MAPEN) determmes whether the memory management functions is
disabled or enabled. The format of the map enable reglster is sbown in Flgum 12 and described in
Table11. T

31 0100 - i
l‘lIl“!ﬁllllll[llI'ITl!lllTPlI1fl~ A
) . :MAPEN

Il!l!llllllllLlllll[llllljll(!

MME

Figure 12 » MicroVAX 78032 Map Enable Register Format

Table 11 » MicroVAX 78032 Map Enable Register Description
Bit Descriptions |
31:01 MBZ (Must be zero).

00 MME (Memory management enable)———used to enable and dJsablc memory management as
follows: Lo , e

1=MME enaihled ;
0=MME di;abled

Translation Buffer (' '

The translation buffer stores frequendy used memory page references. The translation buffer
stores eight entries that contain page table entries (PTE) for successful virtual address translations.

It is controlled by the translation buffer mvahdate single (TBIS) register and the translation buffer
invalidate all (TBIA) register. L

The TBIS register invalidates single PTE entries in ‘the translanon buffer Thls is accomphshed by
the system software by writing a virtual address into the TBIS register shown in Figure 13. The
MicroVAX 78032 will invalidate the translation buffer entry that maps ‘to the page in virtual
memory accessed by the virtual address written into the registet. '

The TBIA register clears the translation buffer by invalidating all the PTEs in the tmnslanon buffer.
This is accomplished when the system software writes a 0 into the TBIA register ‘shown in Figure

13. When a 0 is written into the TBIA register, all the PTEs in the. translation buffer will be
invalidated.

31

L2NLUNLINE I T U N B N M B A N N O N L B N O N N
l VIRTUAL ADDRESS l:TBlS
TN W N TN TN WS OO0 T TN N W W Y U VO Y O 10 U N S T WY T O O T O O |
31 00
TtTyvrrrryrryJrrrrreryrrrrrrrryrroerty
[ MBZ ]TSIA

WU TN SU0S JOUN W SN U N YO O U O T YO TN N VO N TN N TN T T T (N A A |

Figure 13 » MicroVAX 78032 Translation Buffer Registers
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Address Translation : ' 8
Translating a virtual address into a physical address by the memory management unit is controlled
by the memory mapping enable (MME) bit in the MAPEN register. When MME =0, the memory
mapping is disabled, bits <29:00>> of the virtual address become the physical address, and access
is allowed in all modes. When MME = 1, the memory mapping is enabled and the virtual address is
mapped to a physical address by the memory management. The address translauon process when
memoty management is enabled is as follows.

Page table entry—All virtual addresses are translated to physical addresses by a page table entry
(PTE) shown in Figure 14 and described in Table 12.

Protection check before valid check—The page table entry contains a valid bit that controls the
validity of the modify bit and page frame number field. The protection field is always valid and is
checked first.

3130 272625248222120
T IJ TT T T T T T T T T rrr rr et il

VPVROTMO 00 PFN
Ll i1 B U O O T T Y S O T T 0 O I Y T |

owN

Figure 14 » MicroVAX 78032 Page-table Entry Format

Table 12 « MicroVAX 78032 Page Table Entry Desctiptions
Bit Descriptions

31 V (Valid bit)—Governs the validity of the M modify bit and the page frame number (PFN)
field. V=1 for valid; V=0 for not valid.

30:27 PROT (Protection field)—Describes the protection for the page. This field is always vahd
and is used by the hardware even when V=0.

26 M (Modify)—This bit is set (= 1) if the page has already been recorded as modxfled M=0
if the page has not been recorded as modified. Used only if V=1. '

25 0 (Zero)—reserved.
24:23 OWN (Owner)-—reserved.
22:21 0 (Zero)—reserved.

20:00 PFN (Page frame number)—The upper 21 bits of the physical address of the base of the
‘ page. Usedif V=1.
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System Space Address Translation ‘

A virtual address with bits 31 and 30 equal to 2 is an address in the system vm:ual address space
that is mapped by the system page table (SPT). The SPT is located in physical memory and its
location and length are defined by the system base register (SBR) and the system length register
(SLR), Figure 15. The SBR contains the physical address of the system page table. The SLR contains
the size of the SPT in longwords that is the number of page table entries. The page table entry
pointed to by the SBR maps to the first page of system vartual address space that is virtual byte
address 80000000 (hexadecimal).

Figure 16 shows the translation of a system wrtual address toa physmai address.:

The algorithm used to generate a physical address from a system reglon | virtual addressis

SYS_PA = (SBR +4*SVA <29:9>) <20:00> SVA <08:00>

31302 ' : " 020100

rIi‘lllllllllllllillllTII|l|l1~
MBZ| .. PHYSICAL LONGWORD ADDRESS OF SPT l :SBR
P T R I S I O T MO B TS G AT T B

31 2221

LNLINE 201 25 B M M N [ RO N (22 (200 O B S0 EE M 0 S0 S0 U I I E
MBZ H . .. LENGTHOF SPT IN LONGWORDS SLR

OO O O O I Illlllllllllllll]llll

Figure 15 » MicroVAX 78032 Systems Mapping Register Formats

do

33029 el - 0908 00
T LA L L L L L L I L ) LI I A A B I )
fvsTEM VIRTUAL, l 2 BYTE [
ADDRESS) L F Y T D N T OO0 N TN T OO S T T W O Y F I T T T |
EXTRACY AND
i CHECK LEMGTH
31 23|22 o 02{0100
LISL LA A A TTFVY I YT e rrrrTerrrred L)
LA b4 i F IO WUR JCEE NN NN UYWL NN N Y AU L O N S T N I | i
ADD :
31 ; 0100
frrrJrJ1ryrrrrrryrrryeerrrrerrriad T
SBR: . PHYSICAL BASE ADROF SPF - - 0
[V S U0 TN O TN OO O JOO T U0 O O AN U JOE O OO N N TN OO O U N S i
YIELOS.
31 ) . 0100
Ty rirryrye Ty 77T ra 'f LI LSEL N LS B B )
I = - PHYSICAL ADR OF PTE - - ot : [ 0 l
[ RN SN WO TN N O Y OO OO NSNS N R B TN U TN Y NS TR T T O W |
" Ferce
3130 kN ) - SR .
LI I R DL L) LI } I LI l LA I O DO O I A B B B B 4
PTE: l J PFN
T O T T T T T | T N l IS T8 108 S T TN T WO WAL OO0 O O OO0 W 1
CHECK ACCESS THIS ACCESS GHECK
’ N 1N CURRENT MODE
2 . 0808 00
LI DI I B AR O AL A B B TTririea LELBR LA 2 1
PHYSICAL ADR OF DATA: ‘
F U N VO O T T T (O T N T TN T OO T N Y | j I T

Figure 16 » MicroVAX 78032 System Virtual-to-Physical Address Translation
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Process Space Address Translation ; ' :
A virtual address with bit 31 set to 0 is an address in the process vu:tual address space The process
space is divided into two equal sized, separately mapped regions. If virtual address bit 30 is set to 0,
the address.is in region PO. If virtual address bit 30 is set to 1, the address is in-region P1..

PO region address translation— The PO region of process address space is specified by the PO page
table (POPT). The POPT is located in system virtual address and its location and length are defined
by the PO base register (POBR) and the PO length register (POLR), Figure 17. The POBR contains the
system virtual address of the PO page table. The POLR contains the size of the POPT inlongwords,
that is, the number of page table entries. The page table entry pointed to by the PO base register
maps the first page of the PO region of the virtual address space, that is, virtual byte address 0.

Figure 18 shows the translation of a PO virtual address into a physical address.
The algorithm used to generate a physical address from a PO region virtual address is

PVA_PTE = POBR +4*PVA < 29:09 >
PTE_PA =(SBR +4*PVA_PTE < 29:09 >) < 20:00> 'PVA_PTE < 08:00 >
PROC_PA = (PTE_PA) < 20:00 > ‘PVA < 08:00>

3130:29 020100
T I LA ‘ i T I 1 TrTrryryrTreryTT Ll

l_i [ SYSTEM VIRTUAL LONGWORD ADDRESS OF POPT MBZ‘ :POBR

[N T O W I T TS O TN NN O T TN WY B O 5 o IR R B S M | 1

3 221 L i - 5
L I I B A A N e 0 A B

I mBz LENGTH OF POPT IN LONGWORDS :POLR
B T T | T T N T N O T 00 T O O T T T e A |

Figure 17 « MicroVAX 78032 PO Region Mapping Register Formats
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Figure 18 » MicroVAX 78032 PO Virtual-to-physical Address Translation
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P1 regjon address translation—The P1 region of the address space is specified by the P1 page table
(P1PT). The P1PT is located in the system virtual address space and its location and length are
defined by the P1 base register (P1BR) and the P1 length register (P1LR), shown in Figure 19.
Because the P1 space expands toward smaller addresses, and a consistent hardware interpretation
of the base and length registers is desirable, the P1BR and P1LR contain the portion of the P1space
that is not accessible. Note that P1LR contains the number of nonexistent PTEs. P1BR contains the
system virtual address of what would be the PTE for the first page of P1, which is the vitrtual byte
address 40000000 (hexadecimal). The address in the P1BR may not be a valid system virtual
- address; however, all the addresses of PTEs must be valid system virtual addresses. Figure 20 shows
the P1 virtual address to physmal address translation.

‘The algonthm used to generate a physxcal addxess from a Pl regmn vmual addmss is

PVA_PTE =P1BR + 4*PVA < 29: D9> ; ;
PTE_PA =(SBR +4*PVA_PTE < 29:09>) <20:00> "PVA_PTE <08: 00>
" PROC_PA= (PTE__PA)<20 00>’PVA<08 00> o

MicroVAX 78032
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T l‘l T o
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Figure 19 » MicroVAX 78032 P1 Region Mapping Register Formats
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Figure 20 « MicroVAX 78032 P1 Virtual-to-physical Address Translation
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Memory Management Faults - i

The two types of faults associated with memory mapping and protecnon are translatlon not valid
and access control violation. An access control violation fault exists when the protection field of
the PTE indicates: that the intended page reference in the specified access mode is illegal. A
translation not-valid fault exists when a read or write reference is attempted through an invalid
PTE. If an access control violation and a translation not-valid faults occur, the access control takes
precedence.

« Exceptions and Interrupts

During system operation, events that are not related to the current process can require service.
These events cause the processor to interrupt the process being executed and transfer control to a
program that will service the event.

An exception is the notxflca,txon of a an event that i is relevant to the currently executing process and
normally invokes a program in the context of the executing process.

Aninterrupt is the notification of an event that is relevant to other processes or to the system and is
serviced in a system wide context. The system wide context is defined as executing on the interrupt
stack. The priority associated with the interrupt is the interrupt priority level. (IPL).

Interrupt Priority Levels

The VAX architecture includes 31 priority interrupt levels. Fifteen levels (1 through F hexadecimal)
are software related and 16 levels (10 through 1F hexadecimal) are hardware related. Table 13 lists
the interrupt priority level assignments for the MicroVAX 78032,

Table 13 » MicroVAX 78032 Interrupt Priority Level Assignments
IPL Level Interrupt Condition

(hexadecimal)

1F unused ‘
1E PWREL asserted
18-1D unused ‘

17 IRG3 aésc;rtx:d

16 INTTIM asserted

16 RQ2 asserted
15 » ROT asserted
14 TRQO asserted
10-13 unused -

01-OF software interrupt request

'1-26 Confidential and Proprietary




Preliminary : MicroVAX 78032

Interrupt Requests ~
Interrupt requests are serviced during the execution of long i mteracnve instructions such as smng
instructions and at the completion of an instruction.

Urgent mtetmpts———lnterrupt level 1E (hexadecimal) indicates a powerfad condition and reqmrcs
immediate service in the MicroVAX 78032.

Device interrupts—Interrupts 14 through 17 (hexadecimal) are assigned to the peripheral devices
operating with the MicroVAX 78032.

Software interrupts—Interrupts 1 through F are'used by tﬁe MicroVAX 78032 system to generate
software controlled interrupts.

Interrupt Registers ‘

The interrupt system is controlled by the mtcrmpt pnomty level register (IPL) the software
interrupt request register (SIRR), and the software interrupt summary register (SISR).

Software i interrupt summary registet—The software i interrupt summary register (SISR), shown in

Figure 21, is a privileged register that records pending software interrupts. A 1 is set in the bit
position corresponding to levels on which software interrupts are pending.

31 1615 . 00
ll'fllll'Tllllll T

PENWNG SOFWARE l“TBﬁRUPTS
RSN Fﬁ&;kms.sgms.a 32,4

SISR

MBZ

Figure 21 = MicroVAX 78032 Saféuam]kmt Sammaiy Register Format

Software interrupt request register—The software mterrupt request register (SIRR), shown in
Figure 22, is a write-only, 4-bit privileged register used for making a software interrupt request.
The software requests an interrupt by writing the appropriate interrupt level to the SIRR. Once a
software interrupt request is made, the corresponding bit in the SISR is set. The processor will clear
the bit in the SISR when the interrupt has been acknowledged.

31 - 0403 00
LANLANLANLINS I BN I S N N AN N BN N I N B AN BN N N N N N A |

tGNORED ];?EQUEST
FUNE T SO TN WO TN WK O TN T O YO U N T T 0 O WO T T Y SO T 1 O N6 O

:SIRR

~ Figure 22 = MicroVAX 78032 Interrupt Request Register Format

Interrupt priority level register—Writing to the IPL regiéter, shown in Figure 23, loads the
processor priority field in the processor status longwood (PSL).

31 05 04 00
llelwﬁTl1llwll||lll||lleru(itl
1PL

IGNORED, RETURNS 0

N T N YO T T NS TN OO N W G T S N T VY A T T A Li i1

PSL<20:16>

Figure 23 » MicroVAX 78032 Interrupt Priority Level Register Format
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» Exceptions
An exception is an event that is the direct result ofﬁéxecﬁting a specific instruction. Exceptions also
include errors automatically detected by the processor, such as improperly formed instructions.
The MicroVAX 78032 recognizes the six classes of exceptions summarized in Table 14.

‘Table 14 « MicroVAX 78032 Classes of Exceptions .

Exception Class Condition
arithmetic traps/faults integer overflow trap

integer divide by zero trap
subscript range trap ‘
floating overflow fault
floating divide by zero fault
floating underflow fault

memory management exceptions access control violation fault
translation not valid fault

operand reference exceptions reserved addressing mode fault
reserved operand fault or abort

instruction execution exceptions reserved/privileged instruction fault
' emulated instruction fault

extended function fault
breakpoint fault

tracing exception . " trace trap

:system failure exceptions . memoty read error abort
memory write error abort

kernel stack not valid abort
interrupt stack not valid abort
machine check abort

System Control Block

The system control block (SCB) is a page in physical memory that contains the vectors for servicing
interrupts and exceptions. Table 15 shows the type and location of the vectors. The SCB is pointed
to by the system control block base register (SCBB), Figure 24.

313029 N 0008 00
‘||l|l'l|l||l|TIIIIIT“l‘TlT[r

T
MBZ PHYSICAL LONGWORD ADDRESS OF SCB MBZ l :5CB8
I [N T T O O T W T T T T N O N O O Y T A T W

Figure 24 » MicroVAX 78032 System Control Block Base Register Format
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- Table 15 = MicroVAX 78032 System Control Block Vectors

Vector Vector Type

Address Name

(hexadecimal)

00 unused abort

04 machine check - abort

08 kernel stack not valid >+ intetrupt

0C powerfail fault

10 -reserved/privileged o faalt
instruction s T PR R Y

14 ‘ _éxtgnded instmgtibn o fault]abort ‘

18 reserved operand falt

1C reserved addressing mode fault

20 access control violation fault

24 cooslationnorvalid  fat

28 tmcopending(T)  fault

2C breakpoint instruction —

30 unused trap/fault

34 arithmetic i ‘

38-3C unused - trap

40 CHMK - trap

44 CHME . trap

48 CHMS - “trap

4C CHMU T

50-80 unused , ~ interrupt

84 software level 1 iqténupt

88 software level 2 interrupt

8C software level 3 "i‘mer’rupt‘

90-BC software levels 4-15 ‘interrﬁpt

Co interval timer —

C4 unused o fault

C8 emulation start © 0 fault
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Table 15 » MicroVAX 78032 System Control Block Vectors (Cont.)

Vector Vector Type
Address Name

(hexadecimal)

cc emulation continue L —
DO-FC unused interrupt
100-1FC adapter vectors® o interrupt

200-3FC device vectors*®

*Used by the MicroVAX 78032 to directly vector interrupts from the external bus. The vector is
determined from bits <9:2> of the value supplied by external hardware. If bit <0> of the offset
is 1, then the new IPL is forced to 17 hexadecimal. Only device vectors in the range of 100 to 3FC
hexadecimal should be used, except by devices emulating console storage and terminal devices.

= Process Structures

A process is the basic entity scheduled by the system software. The context of the current process is
contained in the process control block (PCB) shown in Figure 25. The PCB is located in physical
memory and is pointed to by the process control block base register (PCBB) shown in Figure 26.

0 . o0
KSP :PCB
ESP +4
sSSP +8
usp +12
RO +16
R1 +20
R2 +24
R3 +28
R4 +32
RS +38
A6 +40
R7 +a4
RB +48
RO +52
R10 +56
R11 +60
AP (R12) +64
P (R13) | 88
rC +72
PSL +76
POBR +80
msz | P57 | wez] ; POLA +84
PIBR +88
pme| MBZ 1 PILR +92

NOTE: THE PME FIELD IS UNUSED.

Figure 25 » MicroVAX 78032 Process Control Block Assignments
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Figure 26 » MicroVAX 78032 Process Control Block Base Register Format

« Processor Regxsters ; ; :

The MicroVAX 78032 processor contains many registers that are accesslble to the uset. These
registers are listed in Table 16 and are groups described by the follomng categories. -
1=Registers unplemented by the MlcroVAX 78032 as specified by the MlcroVAX Archltecture
2=Registers implemented only by the MlcroVAX 78032.

3=Registers passed to the external logic ‘via the external _processor regxster protocol If not
implemented externally, they are read as zero and result in no operation durmg a write cycle.

4 =Register access is not allowed (reserved opemnd fault)

Table 16 - M:ctoVAX 78032 Intemal Processor chlsﬁets

Number Register Name _ - ~Mnememe Type’Seope Inmdm Category
0 KemelStackPom;er R e - 1
1 Esecutive Stack Pointer  ESP KW PROC — :‘i 1
2 SupervisorStack Pointer - Ssp RV; PROC — 1
3 User Stack Poinﬁer - - USP TRW :P"ROC — -1
4 Interrupt Stack Pointer ISP RW CPU — 1
5 reserved ; - - - 4
6 reserved - - - - = T4
7 reserved ‘ = 4
8 PO Base Register - POBR ~ RW PROC — 1
9 PO Length Register . T POLR RWPROC—- 1
10 P1 Base Register " PIBR _ RW PROC — 1
1 P1 Length Register " PILR  RW PROC — 1
12 System Base R;gisaer T SER RW CPU — 1
13 System Length Register SLR RW CPU — 1
14 reserved ‘ — —_—— —_ 4
15 reserved — — — -4
1

16 Process Control Block Base PCBB.  RW PROC —
*Refer to Processor Register description. »
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Table 16 + MicroVAX 78032 Internal Processor Registers (Cont.)

Number Register Name = ~ Mnemonic Type Scope Initialize Category*
17 System Control Block Base SCBB RW CPU — 1
18 Interrupt Priority Level IPL RW CPU yes 1
19 AST Level ASTIVL RW PROC vyes 1
20 Software Interrupt Request SIRR W CPU = 1
21 Software Interrupt Summary " SISR -~ RW CPU ves 1
22 Interprocessor Intem-upt - IPR RW CPU — 4
23 CMI Error Register T CMIERR R CPU — 4
24 Interval Clock Control ICCS Rw CPU yes 2
25 Next Interval Count s NICR W CPU — -3
26 Interval Count . ICR R CPU — 3
27 Time Of Year TODR RW CPU — 3
28 Console Storage Receiver Status CSRS RW CPU — 3
29 Console Storage Receiver Data - CSRD R CPU — 3
30 ~Console Stotagé Tr'ansmitter‘ Starus  CSTS 4 RW CPU — 3
31 Console Storage Transmitter Data ~ CSTD W CPU  — | 3
32 Console Receiver Stati;‘s: : ‘ RXCS RW f‘CPU C— 3
33 Console Receiver Data RXDB - R CEU — 3
34 - Console Transmitter Status TXCS RW CPU - 3
35 Console Transmitter Data TXDB W CPU — " 3
36 Translation Buffer Disable TBDR RW CPU — 3
37 Cache Disable CADR RW CPU — 3
38 Machine Check Error Summary MCESR RW CPU — 3
39 - Cache Error : _ CAER RW CPU — 3
40 Accelerator Control/Status ACCS RW CPU — 4
41 Console Saved Interrupt Stack Poiﬁter SAVISP R CPU —. 2
42 Console Saved PC - SAVPC R CPU — 2
43  Console Saved PSL T SavPSL R CPU — L2
44 WCS Address ; : ‘ T WesA RW CPU — 4
45  WCSDam WCSD ~ RW CPU — 4
46 reserved L - = — 4

| 4

*Refer to Processor Register description.
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Table 16 + MicroVAX 78032 Internal Processor Registers (Cont.)

Number Register Name ' Mnemonic Type Scope Initialize Category™
48 SBI Fault/Status SBIFS RW CPU — 3
49 SBI Silo SBIS R CPU — 3
50 SBI Silo Comparator SBISC RW CPU — 3
51 SBI Maintenance 7 SBIMT RW CPU — 3
52 SBI Error Register SBIER  RW CPU —- 3
53 SBI Timeout Address SBITA R CPU — 3
54 SBI Quadword Clear SBIQC W CPU — 3
55 IOBusReset . . IORESET..W CPU — 3
56 Memory Management Enable ~ ~  MAPEN RW CPU yes 1
57 Trans. Buf. Invalidate AL~~~ TBIA W CPU — 1
58 Trans, Buf. Invalidate Single _ TBIS W CPU  — 1
59 Translation Buffer Data TBDATA RW CPU — 3
60 Microprogram Break v oMBREKA RW ’ A,CPU;L L= ; 3
61 Performance Monitor Enable - “PMR ~ . ‘RW . PROC = 3
62 System Identification  SID R CPU — | 1
63 - Translation Buffer Check .. TBCHK W CPU — - - 1
64:127  reserved — e e 4

*Refer to Processor Register description.

Interfacing Requirements
The MicroVAX 78032 connects to memory, to external circuits, and to the power source through

the connection pins on the package. The following paragraphs define the power, reset, and bus
connections and describe the timing considerations for bus operation. ; ;

Power Connections

The MicroVAX 78032 requires a single 5 Vdc power supply. Eight pins are provided for power
connections; four Vi, pins and four Vi pins. The Vi, pins connect to 5 V and the Vi, pins connect
to ground. The power decoupling and grounding is important. Decoupling the power supply is
implemented by connecting a capacitor between each V,,, pin and its associated Vg pin as shown in
Figure 27. The recommended capacitor type is 10 pf tantalum, + 1, —109%. The ground pins (V)
should be connected to the common ground for the power supply at the chip.

The MicroVAX 78032 internally generates the required negative voltage that is externally available
on the Vg pin. This voltage does not require filtering and the V5 pin mzust not be connected either
togroundorto 5 V.
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= e “1\ [+
+5V o 8 : ‘ —1—_, :
5 voox 18" 3 Vesx

—E—V:lss—,‘_—a 1 MicroVAX 78032

+svo—--—I——2 ~ a2 +5V

k \_ .18 J

ALL CAPACITORS
RESET 10 4F TANTALUM, +1 —10%

Figure 27 « MicroVAX 78032 Power and Reset Connections

Reset and Powerup Requirements

The MicroVAX 78032 is reset by the following conditions.

1. When power is first applied, the RESET level must be held low for a minimum of 3.0 ms after
Voo has reached 4.75 V. To ensure that the internal voltages are stable before an operation
begins. ,

2. The RESET level must be held low for a minimum of 3.0 ps if the RESET level is asserted after
Voo has been at 4.75 V for more than 3.0 ms.

When RESET level is asserted, the MicroVAX 78032 stops executing instructions and enters the
restart process. The restart process sets the CPU to a known state and then passes control to user
code beginning at physical address 20040000 (hexadecimal). For a description of the restart
process, refer to the MicroVAX 78032 Central Processing Unit User’s Guide.

Bus Connections , :

Figure 28 shows a typical interface configuration of the MicroVAX 78032 and includes control
signals and bus connections. The directions of the input and output signal are indicated by the
arrows on the lines.
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—— AT ERR ERR
BRY RDY
INTERRUPT J —®] FRFL fAbv .%:W
CONTROL | ——a1 iRTTIM BM<I0> ...D—s--—>
! [RO<3:0> 63 — v
28 AS
DMA I l
CONTROL  \_ —r]

DAL<31:00>

i

ADDRESS -
ADDRE BAGIO0> D
MicroVAX 78032 —
CENTRAL PROCESSING ;
uNIT DATA ) k
: > TRANSCEIVERS BoEN:00>

e i BBE
; WR
WR l

_..:> MicroVAX 78132

. FLOATING -~

== POINT

EPS UNIT

RESET C8<0>

cLKt CLKO . i .
. ‘ EPS
CS<2:0>
R - oLk

Figure 28 » MicroVAX 78032 Typical Interface Conﬁgymtfoh ,

» Bus Cycles .
A bus cycle will be initiated by one of the followmg conditions:

A microcycle is the basic timing unit for a bus cycle A nucrocydc is shown i in Figure 29 and is
defined as four cycles of CLKO(T1 through T4). ©

* Reading or writing mformatmn from or to rne X

* Acknowledging an interrupt by reading the devxce mterrupt vector.

= Transferring information from or to an external processor.

MIGROCYCLE lo MICROCYCLE |
. " _r w R

Figure 29 » MicroVAX 78032 Microcycle
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CPURead Cycle

The CPU uses a CPU read cycle to input mformahon from memory oran I/O device. A CPU read

cycle timing sequence is shown in Figure 30. A CPU read cycle requires a minimum of 2.0
microcyeles and may be extended for slower memory or devices.

Figure 30 » MicroVAX 78032 CPU Read Cycle Timing Sequence
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The first microcycle of a CPU read operation is used to transfer the address and control information
and the data is latched into the CPU during the last microcycle.

The sequence of events for a CPU read operation follows:

1

2.

7.

The physical (longword) address is driven onto DAL <29:02> and the memory operand length
onto DAL < 31:30> by the CPU. B

The WR signal is unasserted and CS <2:0> are asserted as reqmred to mchcate the type of bus
cycle being performed.

. The BM<3:0> lines are asserted as required.
. The AS signal is asserted to indicate that the address is valid and can be 1atched for

demultiplexing and to qualify CS<2:0> and BM<3:0> information.

. The DS signal is asserted to indicate that the bus is free to receive the requested information.

The DBE signal is also assertcd at this time and can be used to control the DAL bus transceivers

mi cle, the
external logic asserts the 'R-ﬁ? signal, and the microcycle that follows is thelast for this bus cycle
If the RDY signal is not asserted by the end of the clirrent nucrocycle, the bus eycle will be
extended by one microcycle.

If a bus error occurs, external logic responds by asserting the ERR signal. If ERR is asserted
during a data read, the CPU ignores the data on DAL < 31:00 >, extends the bus cycle by one
microcycle, and initiates a machine check. If the ERR signal is asserted during an instruction
read with CS <2:0> =100, the CPU stops prefetching and \hm r.hr: instruction buffer is
empty, the CPU will attempt to fetch the next instruction byte with a data read cycle. The ERR
signal takes precedence over the RDY signal. The assemén of mther RDY or the ERR signals
results in the completion of the current bus oycle.

The requested data is latched into the CPU and the DS signal is deasserted.

8. The AS and DBE signals are deasserted to end the bus cycle. -

CPU Write Cycle :
The CPU uses a CPU write cycle to transfer mformatxon to memory or to an I/O devtcc A CPU
write cycle, shown in Figure 31, rcqmres 3 rmmmum of 2 xmcrocycles and may be extended for
slower memory or devices.
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Figure 31 » MicroVAX 78032 CPU Whrite Cycle Timing Sequence

The first microcycle of a CPU write operation is used to transfer the address and contml
information and the valid data is written during the second microcycle.

The sequence of events for a CPU write operation follows:

1. The physical (Iongword) address is driven onto DAL < 29:02> and the memory operand length
is onto DAL < 31:30> by the CPU.

2. The WR signal is asserted and CS <2:0> lines are asserted as required.
3, The BM<3:0> lines are asserted as required.

4, The AS signal is asserted to indicate that the address is valid and can be latched for
demultiplexing and to qualify the CS <2:0> and BM<3:0> information.

5. The DBE signal is asserted and can be used to control the DAL bus transceivers.
6. The CPU drives data onto the DAL bus and asserts the DS signal to indicate that the data is valid.

7. If the data can be read during the next microcycle, the external logic asserts the RDY signal and
the following microcycle is the last for this bus cycle. If the RDY signal is not asserted by the end
of the current microcycle, the bus cycle will be extended by one microcycle.

If a bus error occurs, external logic responds by asserting the ERR signal and the CPU initiates a
machine check. The ERR signal takes precedence over the RDY signal.

The assertion of either the RDY or ERR signals results in the completion of the current bus cycle.
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8. The DS signal is deasserted to indicate that the data will be removed from the DAL bus by the
CPU. '

9. The AS and DBE signals are deasserted to end the bus cycle.

Interrupt Acknowledge Cycle
An interrupt acknowledge cycle is used to acknowledge an interrupt request from an /O device,
and to read a vector. The structure of this cycle is the same as a CPU read cycle shown in Figure 30.

The first microcycle of an interrupt acknowledge cycle is used to transfer the interrupt priority level
(IPL) that is being acknowledged and the interrupt vector from the mterruptmg dévice is latched
into the CPU during the last microcycle.

The sequence of events for an interrupt acknowledge cycle is as follows:

1. The CPU places the IPL of the interrupt being acknowledged on DAL <04:00>.

DAL < 29:05> lines are zero and the DAL < 31:30 > lines are= 10,

. Lines CS <2:0> are asserted to indicate an interrupt acknowledge cycle.

. Lines BM<3:0> are all asserted and the WR signal is unasserted. :

. The AS signal is asserted to indicate that the IPL level on the DAL < 04:00> hnes is valid.

. The DS is asserted to indicate that the bus can receive incoming data. The DBE signal is also

asserted at this time and can be used to control the DAL bus transceivers.

6. If no error occurs, the external logic responds by placing the interrupt vector on the
DAL <09:02> lines the normal Q-bus processing flag on DAL <00>, and by asserting the
RDY signal. The DAL < 15:10,01 > lines »zust be a high or low level in aceordance with the setup
times specified in the timing diagrams.

7. If an error occurs, the external logic asserts the ERR s1gnal and the CPU cancels the cycle and
ignores the data on the DAL bus.

8. The interrupt vector is latched into the CPU and the DS signal is deasserted.
9. The AS and DBE signals are deasserted toend the bus cycle. . .

Wi W N

DMA Cycle

A DMA cycle shown in Figure 32, is used by the CPU to relinquish control of the DAL bus and

related control signals upon request from a DMA device or another CPU.

The sequence of events for a DMA cycle is

1. The DMA device requests use of the bus by assertmg the DMR s1gnal

2. The CPU samples the DMR line for a DMA request durmg each mlcmcycle unless the current bus
cycle is a read lock cycle.

3. The CPU causes the DAL < 31:00>, AS, DS _'ﬁﬁ W_ <§0> andCS<2 0> luwsto
become a high-impedance and asserts the DMG hne 10 grant the DMA devlce use of the DAL
bus.

4. When the requesting device is finished using the bus, it deasserts the DMR DMR signal, and the CPU
takes control of the bus.
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Figure 32 = MicroVAX 78032 DMA Cycle Timing Sequence

- External Processor Cycles
The CPU uses external processor cycles to commumcate with external processors and external
processor registers.

External Processor Read Cycle ‘

The external processor read cycle shown in Figure 33 is used to transfer information from an
external processor or external processor register to the CPU. An external processor read cycle
requires one microcycle.

The sequence of events for an external processor read cycle is:

1. The CS < 1:0> lines are asserted as required and the CS2 hne is sustained at a high level.

2. The WR signal is not asserted for a read cycle.

3. The EPS signal is asserted to indicate that an external processor bus cycle is in process and to
qualify the CS <2:0> lines.

4. The external processor places the requested information on the DAL.

5. The requested information is latched into the CPU and the EPS line is deasserted.

6. The external processor removes its information from the DAL bus to end the bus cycle.

External Processor Response Cycle

The external processor response cycle shown in Figure 33 is used to transfer information and a
completion or confirmation signal from an external processor or external processor register to the
CPU. An external processor response cycle requires one microcycle.
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Figure 33 » MicroVAX 78032 External Processor Read/Response Cycle Timing Sequence

——— ke o o e

The sequence of events for an external processor response qrclc 1s
1. The CS< 1:0> lines are asserted as required and the C:,SZ e is sustamcd at hxgh level.
2. The WR signal is not asserted for aread cycle. '

3. The EPS signal is asserted to indicate that an external pmcessor bus cycle is in process and to
qualify the CS <2:0> lines.

4. The external processor places the requested information o the DAL bus and optionally drives
the CS2 line low.

5. The requested information is latched into the CPU and the EPS signal is deasserted.

6. The external processor removes its information from the DAL bus and deasserts CS2, if asserted,
to end the bus cycle.
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External Processor Write Cycle

The external processor write cycle shown in Figure 34 is used to transfer information from the CPU

to an external processor or external processor register. An external processor write cycle requires
_one microcycle. :

The sequence of events for an external processor write cycle is:
1. The CS<1:0> lines are asserted as required and the CS2 line is sustained at high level.
2. The WR signal is asserted.

3. The EPS signal is asserted to indicate that an external processor bus cycle is in process and to
qualify the CS <2:0>> lines.

4. The CPU drives the information onto the DAL bus.
5. The EPS signal is deasserted and the external processor reads the infromation to the bus cycle.

T3

crwe W
DAL<31:00> *—""‘{ > < DATA >""'

-, /
¥

MICROCYCLE
Ti

H

Figure 34 « MicroVAX 78032 External Processor Write Cycle Timing Sequence

X

« Memory Access Protocol

The 28-bit address provided by the MicroVAX 78032 on DAL < 29:02 > is a longword address that
uniquely identifies one of up to 268,435,456 32-bit memory locations. The chip provides four-byte
masks, BM < 3:0>, to select byte accesses within the 32-bit memory locations. No restrictions
exist on data alignment. The data may start at any memory address except for the aligned operands
of ADAWI instruction and the interlocked queue instructions.

The memory consists of four parallel 8-bit banks, each of which receive the longword address on
the DAL<29:02> lines in parallel. Each bank reads or writes one byte of the data bus
(DAL < 31:00>), when its byte mask signal is asserted as shown in Figure 35.
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CPU read or write operations are grouped into one of the following categories—byte access, word
access within a longword, word access across longwords; aligned longword access, and unaligned
longword access. Quadword accesses are treated as two successive longword accesses, with no
optimization. Byte accesses, word accesses within a longword, and aligned longword accesses
require one bus cycle. Unaligned longword accesses and word accesses that cross a Iongword
boundary require two bus cycles.

NS W< BM<0>
e S G

WS
8BITS 8BITS 8BITS - smims
T T T T
| 1 I | N
DAL<29:0>— | I T 1 -
! 1 _, ] N
i 1 1
DAL<31:24> DALL23116> DAL<15;08> : DAL<O7:00>
Figure 35 = MicroVAX 78032 Memory Organization
- External Processor Protocols

External processor protocols allow the MicroVAX 78032 to communicate efficiently with one or
more external processors. Two external processor protocols exist—one for communicating with the
optional floating-point unit and the second for communicating with processor register logic.

Floating-Point Unit Protocols
The optional floating-point unit (FPU) is controlled by the CFU. When the CPU receives a floating-
point instruction, it passes the opcode and operands to the FPU for processing. The CPU waits for

the FPU to complete the operation and then requests status information and the processing results.
The FPU protocol is as follows:

1. Command transfer—The CPU performs an external processor write cycle to transmit a
command to the FPU. During this cycle, the C$ < 1:0> contains 00 indicating a FPU command
and the opcode of the floating-point instruction is placed on the DAL <08:00> lines.

2. Operand transfer—The VAX opcode determines the number and data type of operands to be
transferred from the CPU to the FPU. The CPU performs one or more external processor write
cycles to transfer the operands. During these cycles, the C5 < 1:0> lines are equal to 01 (data
transfer), and the DAL < 31:00> lines contain the data to be transferred.
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3. Operand processing—While the FPU is processing the operands, the CPU checks to determine
;where the operation is completed by executing external processor response enable cycles.

4. Status transfer—When the FPU has finished processing the operands, it responds to the next
‘external processor response enable cycle by placing status information on the DAL<05:00>
lines and by driving the CS2 bus low. The CPU responds to the CS2 low signal by reading the
status information on the DAL <05:00> lines, ; :

5. Result transfer—After reading the status code, the CPU may initiate one or mote external
processor read cycles to transfer the result operand(s). During these cycles, the CS < 1:0> lines
are equal to 01 (data transfer), and the DAL < 31:00> lines contain the data to be transferred.
The VAX opcode determines the number and data type of the operand(s) to be transferred from
the FPU to the CPU.

Register Protocols :

The external processor register protocol permits the external logic to implement processor register
functions that are a part of the MictoVAX architecture but are not implemented in the hardware of
the MicroVAX 78032. Refer to Table 16 for the processor registers implemented by the MicroVAX
78032, The following CPU protocols are used with a move from processor register (MFPR) or move
to processor register (MTPR) instruction to access a register not contained in the CPU.

Read from ‘processor register—The read from processor sequence is shown in Figure 36. This
sequence is performed when an MFPR instruction is used to read data from processor registers 25
through 39, 48 through 55, or 59 through 61. The protocol is as follows:

1. The CPU initiates an external processor write cycle to specify the register number, During this
cycle, the CS < 1:0> lines equal 10 to indicate to a non-FPU command, the DAL< 31> lines
equal 1 (read register), and the DAL < 05:00 > lines contain the register number specified by the
MFPR instruction.

2. The CPU waits one cycle and then executes an external processor response cycle to read
the register data. If the CS2 line is driven low by the external logic, the data on the
DAL < 31:00> lines is the result of the MFPR instruction. If the CS2 line is high, the CPU
returns zeto as the result.
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Figure 36 = MicroVAX 7 8032 Read from Processor Register Timfng Sééuenée
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Write to processor register— The write to processor register sequence is shown in Figure 37. This
sequence is performed when an MTPR instruction is used to write data to processor regzsters 25
through 39, 48 through 55, or 59 thmugh 61. The protocol is as follows:

1. The CPU initiates an external processor write cycle to specify the register number. During this
cycle, the CS<1:0> lines equal 10 indicating a non-FPU command, the DAL31 lines equal
0 (write register), and the DAL <035:00> lines contain the reglster number specified by the
MTPR i mstrucnon

2. The CPU executes an external processor write cycle to write thc reg15ter data. Dunng thiscycle,

the CS < 1:0 > lines equal 01 (write data) and the DAL <31:00> lines contain the data spemfled
in the MTPR instruction.

3. The next cycle is not an external processor cycle.

MICROCYCLE : - MICROCYCLE '
n ! 2 { T3 | T4 T | T2 I 3 | T4

CLKO

i
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©oCs<2>

EXTERNAL PROCESSOR NON-FPU EXTERNAL PROCESSOR WRITE CYCLE

]
|
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|
I
I
|
S 4
: COMMAND CYCLE
! ;
Figure 37 » MicroVAX 78032 Write to Processor Register Timing Sequékce

dc Electrical Characteristics S
The dc electrical characteristics of the MicroVAX 78032 for the operatihg voltage and temperature
ranges specified are listed in Table 17.
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‘Table 17 = MicroVAX 78032 d¢ Input and Output Parameters

Parameter ~ Symbol  Requitements  Units Test Condition
min  max

High-level input voltage Vi 2.0 A

~ Low-level input voltage Vo 0.8 A
High-level output voltage Von 2.4 - v Iow = —400 pA
Low-level output voltage Vou 0.4 \Y Too = 2.0mA
High-level output
voltage (EPS only) Vorz 26— \Y Iow = —100 uA
Low-level output
voltage (EPS only) Vore — 0.2 \Y Too = LOmA
Input leakage
current (CS2)* Lis e 32 mA V=04V
Input leakage current I -10 10 HA 0.4 < Vi < Vi
Output leakage current | -10 10 pA 0.4 <V < Vo
Active supply current Ioo — 700 mA Iour = 0, T, = 0C
Input capacitance Cw — 8.0 pF
Qutput capacitance Cour e 8.0 pF
Note:

"When CS2 is sustained high by the CPU the maximum sustainer current {I,;) is 3.2 mA.

ac Electrical Characteristics

The input and output signal timing parameters for the MicroVAX 78032 is shown in Figures 38

through 43.

The following notes apply to Figures 38 through 42 and their associated timing tables.

1. Formulas for the timing parameters are stated in terms of the CLKI period. CLKI
petiod=tep=P. ~

2. All times are in nanoseconds except where noted.

3. The ac characteristics are measured with a purely capacitive load of 100 pF. Times are valid for
loads of up to 100 pF on all pins. ‘

4. ac high levels are measured at 2.0 volts and ac low levels at 0.8 volts except for the EPS and TEST
signals. , ,

5. Anac high level for the EPS and TEST signals are measured at 2.2 volts and an ac low level at 0.6
volts.

6. S=the number of microcycles slipped during a bus cycle.

7. The sampling window is used to sample the following asynchronous signals: RDY, ERR, and
DMR. The RDY and ERR signals are qualified when AS is asserted. The DMR signal is qualified
by the AS signal being deasserted. The effect of these signals on the current bus cycle is as
follows:
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* The bus cycle will conclude at the end of the current microcycle if the RDY signal is asserted and
the ERR signal is not asserted throughout the sampling window while the AS Signaifis"ass*ermd‘.

* If the ERR signal is asserted throughout the sampling window while the AS signal is asserted, the
current microcycle becomes an extension cycle and the bus cycle ends after the next microcycle.

* If the RDY or ERR signals go through a tmnsntmu durmg the samphng wmdaw whlle the &S
* signal is asserted, the result is indeterminate, .~ V

* The DMR signal is sampled at every nucrocycle boundary

* If the DMR signal is asserted throughout the sampling window and the AS signal is not asserted,
and the CPU has not locked the bus, the next microcycle will be the beginning of a DMA cycle.

* The first microcycle after the end of the current bus cycle will begm a DMA cycle i the m
signal is asserted throughout the sampling window, the”g mgnal is asserted and the CPU has not
locked the bus.

* A DMA cycle concludes at the end of the current microcycle if the DMR signal, is deasserted
throughout the sampling window.

8. There are no internal pull-up circuits on the‘IRQi<'§§0> ,WRTK INTTIM, and FHALT lines.

Specifications

The mechanical, electrical, and environmental chamctenstmsand spemﬁcatlons for the MicroVAX

78032 are described in the following paragraphs. The test conditions for the electrical values are as
follows unless specified otherwise.

» Operating temperature (T,): 70°C
« Ground reference (Vg): 0V
« Supply voltage (Vyp): 4.75V

Mechanical Conﬁgumuoa :
The physical dimensions of the MlcroVAX 78032 68- pm cerquad package are contamed in
Appendix E.

Absolute Maximum Ratmgs s
Stresses greater than the absolute maximum ratings may ‘cause p@rmanent damage to the devu:e

Exposure to the absolute maximum ratings for extended penods may adversely affect the
reliability of the device. «

» Supply voltage (Vyp): =0.5 V0 7.0V

« Input or output voltage applied: -0.5 Vto 7.0 V
= Active temperature (T,): 0°C to 70°C

» Storage temperature (Tg): -55°C to 125°C

» Power dissipation: 3.5 watts (maximum)
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Recommended Operating Conditions
. Supply voltage Vo): 4.75V.105.25V
» Active supply current: (I,,): 700 mA (maxlmum)
» Temperature (T,): 0°C to 60°C
« Relative humidity: 10% to 95% (noncondcnsmg)

» Minimum airflow over chip: 250 linear feet/minute

Clock Input Timing
Figure 38 shows the timing specxflcatlons for the CLKI input clock signal and Table 18 hsts the
timing parameters indicated on the diagram.

tcip

tCIR

1CIF —| ik

Figure 38 » MicroVAX 78032 CLK1 Timing Waveform

Table 18 » MicroVAX 78032 CLKI Timing Parameters

Timing Symbol Signal Definition Requirements (ns)

tom Clockin fall time — 15
tom Clock in high 8 —
fn ~ Clock in low I
e Clock period 25 50
tam A Clock in rise time = 45
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CPU Read and Write Cycle Timing

Figure 39 shows the timing sequence for the CPU read cycle and Figure 40 shows the timing

sequence for the CPU write cycle. The parameters for the CPU read and write cycles are listed in
Table 19.
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Figure 39 = MicroVAX 78032 CPU Read Cycle Timing Sequence
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1-50

" Figure 40 « MicroVAX 78032 CPU White Cycle Timing Sequence
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~ Table 19 « MicroVAX 78032 CPU and Writé Cycle Parameters

Timing _Signal Definition Requirements (ns)
Symbol - : min max .

taas Address set up time to AS assertion 2P-28 0 —
tsw  Addresshold timeafter ASassertion  ~ ©° . 2P-15 0 —
tassc  ASrising through 2. OVtoCLKOnsmgthroughﬂsv P23 o~

Easic 1faumgth“’ughoSvm came S P20 i e
~ CLKO rising through 0.8 V PR Sl

fuow  AS assertion o DBE and DS (read) assertion _ 3P-15  3P420
ton RS aerion wread detavilidd . 1Pp-30+48PS
tispso  AS assertion to DS assertion (write) ‘ - 5P—15 SP+20

tasoz AS and DBE deassertion to data three—state T 2P20

tew Rassemonmdth, © DP-15+48PS .

twws  ASassertiontobeginningof  — . (6P-45)+8PS
‘RDY, ERR, and DMR samphngwmdow’ _— _— S

twwe  AS assertion to end of RDY, S 6P+10+8PS -
ERR, and DMR sampling window® - -

twe  WR,BM<3:0>,CS8<20>hod . -~ ;P-,-zoq RO e
time from AS deassertion P e aob s ,

tauas mmupmbefomxsasmn o P—ZS L

teasn CLKOmmgthtoughIZOVtoASnsmgthmughOSV EX; P4+15

tas.  CLKO rising through 2.0 V to AS falling through 2.0V P-9 P+16 :
temn CLKO rising through 2.0 V to read data valid —_ P-5 !
two  Werite data hold time from CLKO rising through 2.0V P-15 — !
ter CLKO fall time — 12.5

ten CLKO high @P-25)x.5 —

ta CLKO low @P-25)x.5 —

tor CLKO period 50 100

ter CLKO rise time — 12.5

tews 14 CLKO rising through 2.0 V to beginning of — 3P-45
RDY, ERR, and DMR sampling window?

tew T4 CLKO rising through 0.8 V to end of 3P+15 —_—
RDY, ERR, and DMR sampling window?
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Table 19 = MicroVAX 78032 CPU and White Cycle Parameters (Cont.)

Timing _Signal Definition Requirements (os) -
Symbo! - o min max
tomw  DBE assertion width . 9P-20+8PS - —
thoc Write data set-up time to CLKO rising through 0.8 V- 3P-42 —
tnm,; Write data set-up time to DS assertion - 3P-30 —
tosas DS deassertion to AS and DBE deassertion P-15 R
toss . Read data hold time after DS deassertion I s =
tpsm DS assertion to read data valid! . e 8P-35 + 8PS
t,,su; " White data hold time from DS deassertion - 3p-20 0 00—
tosoz DS deassertion to read data high impedence - ©3P-20
tosuw DS deassertion width ‘ 6P R
tosswr DS assertion width (read) , - 8P-20+8PS —
tomwo DS assertion width (write) , 6P-20+8PS  —
twent Sampling window end to read data valid - ‘ 5P-25
twras @, CS <2:0> set up time before L 3P-35 -
AS assertion :
Notes:

! Read data is valid early enough if tpgpy OF tpsps OF tepy is satisfied.

2 Requirements for the beginning of the sampling window are satisfied if e1ther taswn OF tows 1S
satisfied.

* Requirements for the end of the samplmg window are satlsflcd if elther t,\s“ OF tewg 18 sat1sf1ed
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Direct Memory Access Cycle Timing
Figure 41 shows the timing sequence for’ direct memory access (DMA) transfers and Table 20 lists
the timing parameters for the symbols referenced on the diagram.

DAL<3T00

&l

B0,
TEC2:0>
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MicroVAX 78032

N
2 I

A I

LA

Figure 41 - DMA Timing Sequence
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Table 20 - MicroVAX 78052 DMA Cle Timing Parsmeters

Timing Signal Definition ; ‘Requirements (ns)
Symbol min max
tasc AS and DBE deassertion to DMG assertion 4P-25 —
teon CLKO rising through 2.0 V to P-7 P+16
DMG rising through 0.8 V :
teoL CLKO rising through 2.0 V to - P-7 P+18
DMG falling through 2.0v ‘ ‘
tomre DMR to DMG latency 10P-25 60P + 20+ 16PS
tourcy  DMR to DMG latency with 10P-25 28P+20+8PS
bus unlocked
[ — DMR hold with respect to 0 —
DMG assertion ‘
teoaz  DMG deassertion to external : _—  4P-20
device three-state of DALS.
teour DMG assertion to DMR deassertion ' — 6P-45 +
such that no more DMA cycles are ((N-2)x 8P)!
- requested
tenc DMG rising through 2.0 V to . P.25 -
CLKO rising through 0.8 V
towc DMG falling through 0.8 V to P-23 —
CLKO rising through 0.8 V
tow DMG minimum assertion width 10P-25+ —_
((N-2)x 8P)!
tosz DMG assertion to three-state -10 0
of AS, DS, DBE, WR. CS§<2:0>
and BM <3:0>
tez DMG deassertion to external 3p-202

device of three-state of AS, DS,
DBE, WR, C$<2:0> <3:0>and BM <3:0>

Notes:

! The number of microcyles that occur during a DMA grant. A DMA grant is issued for a minimum
of two microcycles.

2 At the conclusion of a DMA grant the external logic must deassert the AS, DS, and DBE signals
before the external bus drivers become a high impedance.

External Processor Cycle Timing

Figure 42 shows the timing sequence for the external processor read and response timing and for
the external processor write command timing. Table 21 lists the timing parameters for the symbols
referenced on the diagrams.
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P

|

-

[ tEPWR
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Exte;nal Proqnsaor Write/Command Timing

Figure 42 « MicroVAX 78032 External Processor Cycle Timing Sequence

Confidential and Proprietary

155




Table 21 « MicroVAX 78032 External Processor Cycle Tlmmg Patameters

Timing Signal Definition o , Requirements
Symbol o . ‘ Min. Max.
teer CLKO falling through 0.8 V to EPS falling through 2.2 V P-5 P+19
tpore  Write data valid set up time to EPS deassertion ' “2P-35

tepcs.  EPS assertion to external processor assertion of CS <2> ‘ 0 3P-40
twesz  EPS deassertion to CS < 2> three-stated by external processor 0 2P-20
tepor EPS assertion to read data valid ; 4P-40
tepe “Eﬁsfautifnefmmzzvmev R 10
tepnpo . Write data hold time from EPS EDPS deassertion W . 2p-25

terec EPS falling through 0.6 V to CLKO falling through 2.0 V ) P-25

temwt  EPS assertion width (read) o - 4P-20 4P+20
temwo ‘-E'Pg assertion width (write) - 5P-20 5P+20
tepwr WK and CS<1:0> hold time fmm EPS deassertion . P-20

tepz EPS deassertion to read data three-state B 3P-20
twxee ~ WRand CS<1:0> set up time before EPS assertion. 2P-35

Reset Timing

Figure 43 shows the timing sequence for the reset function of the processor and Table 22 lists the
timing parameters for the symbols referenced on the diagram. ,

4 : I

f ) 2] y L
RESET —"nesw [
- ‘RESZ o :
DAL <3900 . "o H p L . g
cs<2:05> " H i i
PRBCNECRESN—

WzTEs Ry : ' A

4 g : T
3 i

it § . . "

mos. 'wxnm

Figure 43 » MicroVAX 78032 Reset Timing Sequence

-1-56 Confidential and Proprietary




Preliminary MicroVAX 78032

Table 22 » MicroVAX 78032 Reset Timing Parameters

Timing Signal Definition Requirements (ns)

Symbol min max

trus RESET deassertion to first CLKO pulse if RESET 3P+10 3P+85
is deasserted synchronously

taesc Number of CLKO periods from RESET deassertion 32 periods —
until first DAL activity

trmscw  RESET assertion to DMG, EPS deassertion® : — 150

taesn RESET assertion to AS, DS, DBE, WR deassertion? —_— 1.0ps

tresw RESET assertion width after Vg, = 4.75V 3.0ms —_—

tresws  RESET assertion width if Vpp has already been at 4.75 V 3.0 us —
for 3 ms when RESET is asserted

tresz RESET assertion to DAL < 31:00>, BM<3:0>, 100
CS <2:0> high impedence’

Notes:

* When the RESET level is asserted, the DMG and EPS signals become high and remain high.

? When RESET is asserted, AS, DS, DBE and WR outputs bemmc a high impedance state and the
levels become high by low current internal pull-ups.

* When the RESET level is asserted the BM<3:0> lines and CS<2:0> lines become high-
impedance.

» Mechanical Specifications

The dimensions of the MicroVAX 78032 68-§in cerquad surface and socket mount packages are
shown Appendix E.
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» Features

» High performance
— Accelerates by 50 times the execution of MicroVAX floating-point instructioris
—Accelerates by two times the execution of MicroVAX integer multlply and dﬁnde

Subset (70 instructions) of the VAX floating- pomt instructionset =

Operates with standard VAX integer data 1 types
—byte, word, longword, and quadword ~~

Operates with standard VAX floating-point data types

—single-precision (F_floating)
—double-precision (D_floating)
—extended range double—prcaslon (G._ﬂoaung)
* Arithmetic etror checking and reportmg
= High-speed ZMOS technology N

= Single 5 Vdc power supply

« Description

The MicroVAX 78132 Floating-Point Unit (FPU), contained in a 68-pin cerquad package, is a high-
performance cooperative processor that extends the data paths of the MicroVAX 78032 central
processing unit (CPU). Its primary function is to execute MicroVAX floating-point instructions to
eliminate the emulation of floating-point mstmctmns ‘in software. Flgure 1 is a general block
diagram of the MicroVAX 78132 FPU.

cLxi AESET
— z
T | EXPONENT FRACTION | FRACTION
SIGN DATAPATH [ CONTROL DATA PATH | CONTROL
PROCESSOR )
o] MuLTiPLEXER

P | b deoreexen

13 £ I !aﬂ : ‘

v . ST 1 ! N
auma -

DAL 32-8IT INTEﬁm BUS * )

atd A
LATCH
MAIN SEQUENCER
(200 X 35)
INSTRUCTION
STATUS DECODE
LOGIC
I INTERFACE CONTROL I

cs2 cs1 cs0 WR EPS

Figure 1 » MicroVAX 78132 General Block Diagram
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The MicroVAX FPU handles the F_.ﬂoatmg smglﬁ-preczsmn) D floating (double-premmon), and
G_floating (extended range double-precision) VAX floating-point data.types. It supports several
VAX floating-point operations, including floating-point add, subtract, multiply, divide, and
convert.

The MicroVAX FPU also accelerates the execution of integer multiply and divide operatlons The
FPU supports signed integer multiply and un51gned integer divide operations.

« Pin and ngnal Descnpuans

This section provides a brief descrlptmn of the input and output signals and power and ground
connections of the MicroVAX 78132 68-pin package. The pin assignments are identified in Figure 2
and the signals are summarized in Table 1.

DALOO CS2  CSO PS5 vss NC vee  vee N -
ne | ocst | WR vss | we | we [vee | ves

A I I

) 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46. 45 44
DALO1 — 61 S a3 b DAL
DALO2 — 62 42 |— Dpaw3o
pALO3 ~—~{ 63 S At DAL28
DALO4 —] 64 r 7 40 |— pawzs
DALOS ——] 65 l l 39 |— DALI7
DALOE fag : : 38 j—= DAL26
DALO? 4 67 l ; . . l 37 p—  DAL2S
vce ~{ 68 1 . MicroVAX 78132 I 36 t— DAL24
vss “)1 i FLQAT!N?F :S)INTUNIT [ 3 — wvee
vss —| 2 ! | 34 |— vss
DALOS =] 3 | ] 33 }— vss
DALO9 —1 4 ! | 32 |— bpai23
DALIO —] & : : 31— bAL22
paLt1 — 6 ; 30 — DpaL21
pALIZ ~~ 7 b o - - 29 b— DpAL20
DALI3 —] 8 28 — DpaLig
DALI4—] 9 27 |— opaue
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

vce

vce

TTTTTTTTIT1

NC jvss | NC | NC | vss |DaLle
‘DALIS VCC  CLkl RESET VS NC  NC  VSS  DAL17

~ Figure 2« MicroVAX 78'132’Pt'n Assignments
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Table 1 » MicroVAX 78132 Pin and Sigm\l Summarx:

Pin Signal Input/()utput Definition/Function : S
43-36, “DAL<31:00> inputfoutput Datafaddress lines— Transfers dam ‘status, and
32-25, control information between the FPU and CPU.
10-3, T
67-61
5756 =~ CS<1.0> input ~Control ‘status’ < 1: 0>-——~Ind1cates the type of
SR ' ' " information being thansferred to or from the FPU
(commands, data; or respénse enable). Valid
- when EPS is asserted.
58 CSs2 output  Control status 2— Asserted durmg an artemal
o : _ ProCessor response . enable bus cycle when the
, F - FPU has completed the commanded operation.
55 WR input Write—Input from the MicroVAX CPU that indi-
: ~ cates data flow direction. When asserted, indi-
: : - cates data. ﬂmw fmm the CPU to the FPU. Valid
54 EFS input '
MicroVAX' CPU' to quahfy alI communication
between the FPU and CPU.
16 RESET input \ ‘Reset——-Asserted by external logic to resyn-
14 " CLKI Cinput aput
FPU. Has the same frequency as the McroVAX
- CPUcock (CLKI)input. -
45 Vs ~’m1tpu‘t“ = : Back btas voltage. : -
11-13,46-48, V. ih;;ut e Voltage-Pewer supply dc voltage
35,68 ‘ i R ’
1,2,17,18, Vg input Ground—-—Common gmund refgrenc‘e
23,24,33,34,
52,53
15,19-22, NC No connection—All unused pins should be left
44,49-51,59 floating and not pulled up or grounded.
Data and Address Bus -

Data and address bus (DAL < 31:00 > )—The data and address bus is a time-multiplexed bidirec-
tional-bus that transfers address, data, status, and control information between the FPU.and the
GPU. The MicroVAX CPU is always the bus master and communicates with the FPU @ccordmg to
the protocol outlined in the “CPU/FPU General Protocol” discussion.
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Bus Control

External processor strobe (E“')—-The EDPS 51gnal is used to initiate all CPU/FPU bus cycles that are
external processor bus cycles. It indicates to the FPU that the information on'the CS<1:0> and
WR lines is valid. Refer to the “Bus Cycles Description” discussion for more information on CPU/
FPU bus cycles.

For reset operations, the FPU uses the first assertion of the EPS cycle following the assertion of the
RESET signal to synchronize itself with the CPU.

Werite (WR)—The WR signal is an input from the MictoVAX CPU that specifies the direction of
data flow between the CPU and FPU on the DAL < 31:00> lines. When WR is asserted, data is
being transferred from the CPU to the FPU.

System Control

Reset (RESET)—External loglc asserts the RESET signal to synchromzc the FPU and the
MicroVAX CPU. The assertion of RESET causes the CPU to perform a number of EPS cycles. The
first external processor (EPS) cycle synchronizes the FPU and CPU. The remammg EPS cycles are
used to verify the presence of the FPU in the system.

Control Status (CS< 2:0>)—The CS lines provide status information about the current bus cycle
The CS< 1:0> lines are inputs to the FPU that specify the type of information being transferred.
CS<1:0> are valid inputs only when the EPS signal is asserted. The WR signal further qualifies
the type of bus cycle, as summarized in Table 2. Refer to the “Bus Cycle Descriptions” section for
more information on the types of bus cycles.

Table 2 » MicroVAX 78132 Bus Cycle Types

CS line Write (WR)  Bus Cycle Type

1 -0 '

0 0 0 External processor command write
0 0 1 - External processor data read

0 1 0 External processor data write

1 0 0 Non-FPU command write

1 1 1 External processor response enable

CS2is an open-drain output that is asserted when the current bus cycle is an external processor
response enable cycle and the FPU gas completed the current commanded operation.

Clock Signal = - '
Clock In (CLKI)-—-—Thxs signal is the basic timing mput provtded to both the FPU and CPU from an
external clock source.
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Power Supply Connections
Power (Vc)—These inputs are used to supply 5 Vde power to the FPU.
Ground (Vss)—Thzse mputs are used as a ground reference for the chip.

Back-Bias Generator (V-.)——Thxs is a back-bias voltage that is either bypassed o grouud thh a
capacitor (typically 0.01 uF) or attached to a back-bias supply (typlca]ly -2.5 volt + 10% at 10
mA).

« Architecture Summary

The MicroVAX 78132 FPU architecture, shown in Fxgum 3, consxsts of three separate processors-—a
1-bit slgn processor, a 13-bit exgqnent 0y : fract;on pmcessor. The extra bxts in

enters and leaves the FPU. thmugh the /O bfuf e:r' Conu'd mférmvn passes to and from the FPU.
through the interface conttol loglc

lﬁw m“:im

|} ExPONENT
CONTADL

FRACTION

wo
BUFFER 3

A - 3
{ DAL 3700 ) <' 32017 INTERNAL BUS >
L4

MAIN SEQUENCER
INSTRUCTION
DECODE 1200 X I8

H

Figure 3 « MicroVAX 78132 Detailed Block Diagram
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Visible State

The MicroVAX FPU does not contain user-accessible internal registers or tnodﬁ blts The MmroVAX

CPU contains the floating-point general registers and condition codes. Commands sent from the
CPU to the FPU determine the operauonal modes (round or truncate) and the data types (for
example, F_ﬂoatmg or D _floating). ’ T

Exception Detection and Reporting
Table 3 lists the exceptions that the MicroVAX FPU detects and reports.

Table 3 » MicroVAX 78132 Repormed Exceptmns

Conditon _ Result Returned to CPU R |
Reserved operand " Unpredictable-~-CPU uncondntlonally faults s
Integer overflow Low order 8, 16, or 32 bits of the true ‘result ‘
Floating overflow Unpredictable—CPU uncondmonally faults

Floating underflow Floating zero

Floating divide by zero Original quotient

Unimplemented instruction - Unpredictable—“command not valid” exception

The exceptions assamated w1th spec1f1c MicroVAX FPU instructions are descnbed in the following
paragraphs. \

Data Types ‘

The MicroVAX FPU handles seven data types-——byte, wond longword quadword F_floating,
D_floating, and G_floating. Figure 4 illustrates the data type formats. For a summary of the data
types associated with specific MicroVAX FPU mstructmns refer to appropriate instruction
discussions that follow.
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TYPE LENGTH SE

===

07 00

BYTE ... - -BBITS

SIGNEDOR
UNSIGNED INTEGER

WORD 16 BITS SIGNED OR A i
UNSIGNED INTEGER E ,

LONGWORD . - ., 32 BITS ;&g‘mwm‘ o 1o 7 A
o SIGNED INTEGER o - & £

o e o I

;

QUADWORD 64 BITS SIGNEDOR . |
RS LIt ROY IS UNSIGNED INTEGER . 4

i

F_FLOATING = “32BITS ' ~ FLOATING POINT . .:

D_FLOATING" 84BITS  FLOATINGPOINT ]

3T

63
1514

e

G_FLOATING . -~ 64BITS - FLOATINGPOINT ;.. ~ |S| . ' EXPONENT:

4 FRACTION

FRACTION

FRACTION

63
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MicroVAX 78132 FPU Instruction Set

The MicroVAX 78132 FPU instruction set consists of floating-point instructions, integer multipli:
cation instructions, and integer division instructions. Refer to Appendix A for a summary listing of
the FPU instruction set.

Floating-Point Instructions

The FPU opcode is a nine-bit code for an FPU instruction derived from the opcode of the original
instruction fetched by the MicroVAX CPU. The opcode for a G_floating instruction is the original
instruction preceded by a 1. The opcode for an instruction that is not of extended range
(G._floating) is the original instruction preceded by a 0. -

The MOV, MNEG, and TST floating-point instructions are marked with an asterisk to indicate that
they are implemented entirely within the MicroVAX CPU. In a system without an FPU, the CPU
performs a reserved operand fault if an attempt is made to execute these instructions.

The MicroVAX FPU treats a two-operand instruction the same way it treats the cortesponding
three-operand instruction. The MicroVAX CPU handles the differences in processing these
instructions. '

The POLY instruction is implemented as a continuous, intertuptible instruction. The MicroVAX
FPU assists the CPU by performing floating-point addition and multiplication operations. After
each step of the polynomial calculation, an intermediate result is returned to the MicroVAX CPU
and a new coefficient is passed to the FPU. (No new command is issued to process this coefficient
during normal operation.) A new intermediate result is then computed. If the CPU is interrupted, it
can restart the POLY instruction by reissuing the POLY command and sending the most recent
intermediate result, the argument, and the current coefficient.

Integer Multiplication Instructions

The MicroVAX FPU can perform signed integer multiplication. The MicroVAX CPU uses this
capability to accelerate the execution speed of the following instructions. Refer to Appendix A for
the format and exceptions of the signed integer instructions executed by the MicroVAX FPU.

Opcode  Instruction

7A EMUL (Extended multiply)
0A INDEX (Index calculation)
C4 MULL2 (Multiply long 2-operand
C5 MULL3 (Multiply long 3-operand)

During MicroVAX FPU integer multiplication
» The FPU performs a 32 by 32-bit signed multiplication.
= The FPU in all cases returns a 64-bit result.

= The exception code is zero and the condition codes are unpredictable.

Integer Division Instructions

The MicroVAX FPU can perform unsigned integer division. The MictoVAX CPU uses this
capability to accelerate the execution speed of the following instructions. Refer to Appendix A for
the format and exceptions of the unsigned integer division instructions executed by the MicroVAX
CPU. ‘
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Instruction
Cé - .DIVL2 (Divide long E-nperand)
c7 DIVL3 (Divide long 3-operand)
7B ‘EDIV (Extended divide)

During MicroVAX FPU integer division- :
« A 64-bit dividend is divided by a 32- bxt dmsor. e

» The operands are unsigned.

» The operands are guaranteed not to cause an mteger overﬂmv (The MlcmVAX CPU checks tlns :
condition before activating the FPU Yot e

» The FPU returns a 32-bit result and a 32 b:t remamdcn
» The exception code is zero and the con&inon codes are unp able. = ° "

The MicroVAX 78132 FPU is designed as a coprocessor for the MicroVAX 78032 CPU. Therefore,
all interfacing considerations are made with respect to the: MictoVAX CPU. The FPU/CPU.
interface—including bus cycles, the FPU/CPU pr mcol,[ and a typical FPU/CPU interconnection
scheme—is descnbed in the following paragraphs : - e -

Bus Cycle De xS : SRR
The MicroVAX FPU recognizes five types of bus cycles-——ex nal processor command write,

external processor data read, external processor data write, non-FPU.command write, and external
processor response enable. The following pamgmphs bneﬂy desmbe these bus cycles. Refer to the
“MicroVAX 78032 32 b1t Central Processo U 7 i for tha cormspondmg MicrovAX Cru

l .

External Processor Command Wme—-An external processor command write cycle is performed,
when the CPU has a command (typically an instruction opcode) for the FPU to réad and execute.
This type of cycle hsts four &ock (CLKCJ')r permds or one cle The‘ qumce of eventsis :

» The CPU drxves cyde-status mformanon on lmes CS< :
cyc]e), dnves the command on the DAL< 31 00 > bUS, and as

-TheFPUreadstheapcodemtheDAL e

» The CPU deasserts the EPS and W mgnais m&the cycle ends

Externnl processor dau read——An external proces@or data read cycle is perfmmed when the FPU
has data for the CPU to process. This type of cycle Jasts four clock periods. The sequence of events is-

= The CPU drives cycle-status information on lines CS< 1:0> (CS<1:0> =01 for this type of
cycle) and asserts the EPS signal. The WR signal is not asserted because this is not a write cycle.

» The FPU responds by driving the DAL < 31:00> bus withdata.. . .
» The CPU reads the data. o
« The CPU deasserts the EPS signal, and the cyclc ends
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External processor data write—An external processor data write cycle is performed when the CPU -
has data to write to the FPU. This type of cycle lasts four clock periods. The sequence of events is

» The CPU drives cycle-status information on lines CS<1:03> (CS<1:0> = Oi,‘for this type of
cycle) and asserts the EPS and WR signals.

« The CPU drives the data on the DAL < 31:00> bus and dcasserts rhe EPS and WR \XfR hnes

» The FPU responds to the deassertion of the EPS signal by reading the data on the DAL <31: 00>
bus, and the cycle ends. ; .

Non-FPU command Wnte—-A non-FPU command write cycle is performed when the CPU has an
instruction or command for a processing unit other than the FPU. The sequence of events is

= The CPU drives cycle—status information on lines CS < 1 0> (CS<1: 0> 10 for thxs type of
cycle) and asserts the EPS and WK signals. - '

» The FPU initializes itself, suspends its operation, and disables its outputs so that it cannot
respond to an external processor data read cycle or an external processor response enable cycle
until an external processor command write cycle for the FPU has been initiated.

External processortesponse enable—An external processor response enable cycle is performed
when the CPU is'ready to accept the result of some operation from the CPU. The sequence of events is
» The CPU drives cycle-status information on lines CS<1: :0> (CS<1:0> =11 for this type of

cycle), asserts the EPS signal, and puts the CS2 line in the high-impedance state. The WR mgnal is
not asserted because this is not a write cycle.

» When the FPU completesits current mstructlon, it dtlves status mformatlon onthe DAL bus and
pulls line CS2 low. \ A :

» The CPU reads the information and dcasserts the E—§ sxgnal to end the cycle B

CPU/FPU General Pmmeol : ,

The communication protocol between the CPU and the FPU is grouped mto fwe categones——«
command transfer, operand transfer, operand processing, status transfer, and result transfer The
fo]lowmg paragraphs describe each transfer. :

Command transfer—The CPU initiates an interaction with the FPU by perforrmng an external

processor command write cycle. The CPU drives a command (an instruction opcode) on the DAL:
bus, drives a status code on lines CS < 1:0 >, and asserts the EPS and WR signals.

Although the DAL < 31:00 > bus is driven with a command (in this case an instruction opcode)
during the external processor command write cycle, only DAL < 08:00>> is significant to the FPU
F1gure 5 shows the FPU command format and Table 4 describes the bit funcnons ~

31 ' ) R , 0808 00
11111171 rT e rrrryrevy1r7vr7y 1T ry vy rrud

PR W YN T U WS N T NN WA U TN N W YOO WY TN O NN (N O OO N T U GY A Y B

~Figure 5 » MicroVAX 78132 Command Format
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Table 4» MmVAX 78132 Commiand Dcscﬁptmn
DAL Line Desmptmn
<31:09> 'Not used

<08:00>  Contains the opwde of the msnc‘nctmn that the FI’U is to execut:e er asszst in
executing. =

Operand transfer—The i instruction opcode specaﬂes the: operatmn(s) to be performed by the FPU V
and the number and data type of operands involved. The CPU fetches the ‘requiired operand(s) andﬁ ‘
transfers them to the FPU by performing one or more external pmcessor data write cycles. During
these cycles, lines CS < 1:0> =01 and the DAL < 31:00> bus contains the transferred data.

The opcode of the instruction to be executed determines the number and data'type of the operands :
transferred from the CPU to ﬂ:e FPU The follwmg rules apply to the transfer of upemads from' the =
CPU to the FPU: d '

» Integer operand—An i mteger operand is trans ferred in one external proccssor data Wmcg cycle If; N
the integer is a byte, it appears on DAL <07:00> with leading zeroes on DAL < 31: 08 > If the
integer is a word, it appears on DAL <15: 00 > wxgh leading zeroes on DAL < 3116 >

» Floating-point ommﬁwAn F_floating operand is transferred in one external prmessor dm
write cycle. A D_floating or G_floating operand is transferred in two consecutive externial
processor data write cycles; bits <31: Qﬂ>: are transferred durmg the first cycle and blts.;
<63:32> during the second. i :

» Multiple operands—-—In operatxons requmng “two operands, the second bperand is transferred
first. In operations requiring three or more opcrands the order of operanﬂ transfer is detemuned -
by the instruction bémg execuited. ' '

» POLY instruction—Execution of the POIX mstmctmn mvoiw:s an mdetermmate numbet of;
operands and results. During a POLY instruction, the FPU need only receive a coefficient to-
calculate the next intermediate result. The FPU continues to accept coefﬁcxems and return resu!ts -
until the CPU sends, the FPU another command - . #

Table 5 summarizes fhe order in which operands and results are tmnsferred for all mstrucnons .
recognized by the FPU. The table uses the fo]lowmg conventions: ,

. An “x” ina mnemomc mdxcates that the FPU pmcesses the two-opcrand and three—opemnd 1

= The “#” next to some of the operands and results of a- POLY instruction indicates that the
number of these operands and results depends on the size of the coefflcient tabie &l '

» A result may be rounded [R], truncated [T], of exact [E]

The MzcmVAX FPU User’s. Gazde prov;des complme dﬁscrxptwns of the operatmn of thcse '
instructions, L e, . b
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) Tuble 5 * MictroVAX 78132 Operand Transfer .
VAX FPU First  Second Third o
Mnemonic Opcode Transfer Transfer Transfer Operation ~ Result 1 Result 2
ACBD  06F limit.d add.d index.d (index+add):limit (index.d[R]) —
ACBF 04F limit.f add.f index.f (index+add):limit (index.fl[R)) —
ACBG 14F limit.g add.g index.g (index+add):limit (index.g[R]) —
ADDDx 060,061 add2.d addi.d add1 +add2 sum.d[R] —
ADDFx 040, 041 add2.f addl.f add1 +add2 sum.f[R] —
ADDGx 140,141 add2.g addlg add1+add2 sum.g[R] —
CMPD 071 sre2.d  srcld srcl-src2 — —
CMPF 051 sre2.f  srclf srcl-src2 — —
CMPG 151 src2.g  srelg srcl-src2 - —_
CVIBD 06C sceb — flt cvrt d_float[E] -
CVTBF . - 04C stc.h . — flt.cvrt - f_float{E] —
CVIBG 14C  srcb  — flt curt g float{E] —
CVIDB 068 sre.d — int cvrt byte[T] —
CVIDF 076 sred  — flt change f_float[R] —
CVIDL 06A  srcd — int cvrt longword[T] =" —
CVIDW 069 sed  — int cvrt word[T] ~ -
CVTFB =048  srcf — int cvrt byte[T] - —
CVIFD 056 sre.f — flt change d_float[E] —
CVIFG 199 sref - - flt change d_float[E] —
CVTFL 04A stef  — int cvrt longword{T] = —
CVTFW 049 sref = int cvrt word[T] —_
CVIGB 148 sre.g — intevrt  byte[T] —
CVIGF 133 sic.g — flt change f_float[R] —
CVIGL 14A sre.g — int cvrt longword[T] —
CVIGW 149 src.g — intcvrt word[T] —
CVILD 06E sre] - flt cort d_Aloat[E] —
CVTLF 04E stel 0 — flt cort f_floatfR] —
CVILG 14E sre] - flt cvrt g _float[E] —
CVTWD 06D sfew  — flt cvrt d_float{E] —
CVTWF 04D srC.w - flt cvrt f_float[E] —_
CVITWG 14D srcw — flt cvrt g_float[E] —
CVTRDL 06B sed  — mid int cvrt longword[R] = —
CVTRFL  04B sre.f  — mid int cvrt longword[R] —
CVTRGL 14B sre.g — midintcvrt . longword[R] -~ —
DIVDx. 066, 067 divd.d dived divd/divr quo.d[R] —
DIVFx 046,047 divd.f divef divd/divr quo.f[R] —
DIVGx 146,147 divd.g diveg divd/divr = quo.g[R] —
EMODD 074 muirx.b muird muld.d muir*(muir’muirx) int. fract.d[R]
EMODF - 054 “muirk.b muitf  muld.f  muir*(muirmuir) ine.] fract.f[R]
EMODG 154 muirx.wmuitg muld.g muir*(muit’muirx) int.1 fract.g[R] -
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MULDx 064,065 muird muldd —  muir*muld - prod.d[R] —_— :
MULFx 044,045 muirf muldf —  muirfmuld =~ prodf[R] — —

MULGx 144,145 muitg muldg — muirmuld ~ prod.g[R] —

POLYD 075 argd  intld  #coeff.d (arg*intl)+coeff #int2. d[R] ~ #int3.d[R]...
POLYF 055 argf  intLf - #coeff.f (arg*intl)+coeff Hint2§ fIR] -~ #int3.f[R]...
POLYG 155 arg.g intlg #coeffg *(ar‘g*int,ljif,c@eff #mr?. gIR3 ~ #int3.g[R]...
SUBDx 062,063 mind subd — min-sub diff dIR] —

SUBFx 042,043 minf subf —. ‘min-sub - difff[R] 0 —

SUBGx 142,143 ming subg — mmsub diff g[Rl I

EMUL 07A muirri muld.ri — muirtmuld . prod. wq{.E]‘

INDEX  00A (muirti) sizeri — - muir*size ~indexout. 'wq[E]-——

MULLx  0C4,0C5 muirri muldri — muirtmuld prod. Wq[E] —

DIVLx  0C6,0C7 diverl divd.rq — divd/dive ... quo.w[E] rem.w{E]
EDIV 07B diverl  divdrq — ~divd/dive . quo.wl[E] rem.w[E]

Note: The integer divide instructions require that the 10Wer 32 bn:s of the dividend be transferred
first, and then the upper 32-bits.

Operand processing—After the CPU transfers the last epermd it continuously performs external
processor response enable cycles and waits for a response from the FPU. For each of these cycles,
the CPU asserts the appropriate status code on lines CS < 1:0> (CS< 1:0> = 11) and asserts the
EPS signal. , ;
FPU operand pmcessmg is compl:t:ly mvmblc to the CPU and may not be altm'ed by the user.
Status transfer—When the FPU is ready to pass a result to tbe CPU; it responda to the next external
processor response enable cycle by asserting the CS2 signal aﬁd simultaneously driving status
information onto the DAL bus. The CPU responds to the assertion of the CS2 signal by performing
one additional external processor response enablecyclc durmg whmh the CPU :eads thé FPU status
information again. >

The format of the status mformauon is shown me;gure 6 and defmed in Table 6. When the FPU

asserts the CS2 signal, it places 32 b1ts of status onto the I)AL< 3L 00 > bus The CPU exaxmnes
bits <05:00>.

31 ' : osusmoaoa 00

,:lxt;lvvlalillllgr|r1|rrr - )
459«:4
;Jlllllll!lllllllllllj_llil Z1R}-CODE

Figure 6 « MicroVAX 78132 Status Format
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'Ihble 6 » MicroVAX 78132 Status Desmpt:onﬂ

31.06 - Not used
05 ’ FN (Function negative)—Indicates the status as follows:
=1if result LSS is 0
FNaO if LSS not 0
04  FZ(Function zero)—Indicates the status as follows:

FZ =1 if the result EQL is 0
FZ =0 if result EQL is not 0

03 BR (Branch)m—Indxcates the status as follows:
BR =1 if ABCx should branch
BR =0 if ABCx should not branch

02:00 EXC CODE (Exception code)—Indicates that the followmg events have occurred
: Code Description - . .

reserved

floating divide by zero

integer overflow

floating overflow

floating underflow

reserved operand detected

.operation completed normally

G\U&WNHO

If the EXC CODE is not 7 after a floating-to-integer conversion instruction, the condition codes
associated with the instruction are unpredictable and must be determined by the CPU. Integer
multiply and divide instructions always return unpredictable conclmon codes (that is; in the FN,
FZ, and BR fields) and set the EXC CODE field to 7. ;

Result transfer—The CPU performs one ot more external processor data read cycles to read a result
from the FPU. During one of ‘these cycles; lines CS< 1:0>=01 and the DAL<31:00> bus
contains the read data. After the result transfer, the CPU and FPU are free for the'next transaction.

The following rules apply to result transfers from the FPU to the CPU:

« Integer results—An integer result is transferred in one external processor data read cycle. If the
integer is a byte, it appears on DAL < 07:00> with unpredictable data on DAL < 31:08>. If the
integer is a word, it appears on DAL < 15:00> with unpredictable data on DAL <31:16>. For
integer multiplication, two 32-bit transfers are necessary to return the entire result.

= Floating-point results—An F_floating operand is transferred in one external processor data read
cycle. A D_floating ot G_floating operand is transferred in two consecutive external processor
data read cycles; bits < 31:00> are transferred during the ﬁrst cycle, and bits <63:32>, during
the second cycle.

« Overflow and underflow—In integer overflow cases, the FPU always returns the low-order bits of
the true integer result; in floating underflow cases, the FPU always returns a zero result.

» CMPx instruction results—CMPD, CMPF, and CMPG do not cause a result to be generated by the
FPU, but the CPU will request one. The FPU returns a meaningless result that the CPU ignores.
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Typical FPU/CPU Interconnection ched
Figure 7 illustrates:a typical FPU/CPU hardware configuration: In the example a DAL transceiver
and latch is included in the design for the benefit of the external logic that communicates with the
FPU/CPU via the DAL. Also included for completeness are several MicroVAX 78032 CPU control
signals that must be interpreted or generated by external logu; Refer to the “MicroVAX 78032
CPU” section for information on these control signals.

CLKI

vee ' 1 1 [ GND.vgs v

1RQFI0> ] L] T > AS
INTTIM > RIS SRR
B . L_bAL<areo> | ; A
MR et D JTET B
BM<I0> ] : TRANSCEIVER @~ 8D<31:00>
— MicroVAX i A NN R T T
0. @e— NN | WA .| . 3 g
PWRFL ——— cPU BBE. | ey b o
HALT ~———
ERR * EPS 1 s C-LKI
- 73 . q—.—-—.—-
ADY ————— cs<o> FPU vcc
T e GND,VBB

& Cs<1:0>

Figure 7 » MicroVAX 78132 Typical FPU/MicroVAX 78032 CPU Interconnection

« Specifications ;

The mechanical, electrical, and environmental characteristics and specifications for the MicroVAX
78132 are described in the follovmng paragraphs. The test condxtmns for the elécmcal values are as
follows unless specified otherwise.

» Operating temperature range (T,): 0°C to 70°C

= Ground reference (V) ‘ X
= Supply voltage (V¢o): 4.75V

Mechanical Configuration
The physical dimensions of the MictoVAX 78132 68-pin CERQUAD package are contained in
Appendix E.
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Absolute Maximum Ratings : :
Stresses greater than the absolute maximum ratings may cause permanznt damage to the devme
Exposure to the absolute maximum ratings for: extended perlods may adversely ‘affect the
reliability of the device. N ,

Preliminary

MicroVAX 78132

» Supply voltage (Vo): 0.5 Vto 7.0V

= Input or output voltage applied: ~-1.0 Vto 10 V

= Operating temperature (T,): 0°C to 125°C

= Storage temperature range: -35°C to 125°C

= Power dissipation: 3 watts (maximum)

Recommended Operating Condiﬁons

« Supply voltage: 4.75 V10 5.25V

« Active supply current (Ic): 240 mA (maximum)

» Temperature i'angc: 0°C to 70°C

» Relative humidity: 109 to 95% (noncondensing)

dc Electrical Characteristics A
The dc electrical specifications of the MicroVAX 78132 FPU for the operating voltage and
temperature ranges specified are listed in Table 7.

Table 7 - MicroVAX 78132 dec Input and Output Parameters

Symbol  Parameter Requlrements Units Test Conditions
Max.
Vis High-level 2.0 — A
input voltage
Vo Low-level — 0.8 \Y
: input voltage ; ;
Ve High-level ‘ 2.2 — \Y
input EPS signal
Vs Low-level — 0.6 \Y
input EPS signal ‘ ‘
Von High-level 2.4 — v Lon=—400 pA
output voltage
Voo Low-level — 0.4 \Y% Iou=2.0mA
output voltage
VOLS I.JOW‘ICVC]. - 0.4 V IOL = 5 .2 mA
output voltage CS2
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Input leakage -10 10 pA
N t N g i * N % .

0<‘vhév,,,, A

Output leakage -10 o uA -
nt " -

T0.4<V, <V

Acﬂvesupply R T 17:0(}:" mA

current

L;.«#O; /tA =0%C

Input capacitarice 10 B pF
(except EPS)

EPS input 30 - pF
capacitance e

ac Electrical Cbnmcm:sucs

Figures 8 is the timing waveform for the clock input (CLKI)-and Table 8 lists the clock timing
parameters. The formulas for the timmg parameters are stated in terms of clock periods where a
period P=tgp. ‘ RN

CLKI ;
tcmﬁl B e

telF—=

Figure 8 MicroVAX 78132 CLKI Timing Waveform

Table &+ MicrVAX 78132 CJ,K1 Thming Msarmeters

Symbol

Definition

- Requnements (ns)

Max.

tar

Clock in fall time

4.5

tau

Clock inhigh

8.0

ten

Clock inlow -

8.0

tap

Clock in period

25

250

tor

Clock in rise time

4.5
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Figure 9 shows the external processor data timing sequence for a read/response enable cycle and a
write/command write cycle. Table 9 lists the s1gnal mmng pammeters The followmg notes apply to
the signal measurements. -

 ac characteristics are measured with a purely capacmve load of 100 pF and the parameters are
valid for loads up to 100 pF. : o

= ac hlgh levels are measured at 2.0 V and low levels at 0.8 V except for the EBS 51gnaI
« The ac hlgh level of the EPS signal is measured at 2.2 V and the ac low level is measured at 0.6 V.

* P=tep

T4 T T2 T3 14 bl
CEP tEPLC

CLKO
-5Q o]

DAL <31:00>> ¥ DATA l
tEpPDI
tEPz

tEPLWI 4M|N)

TEPLWI (MAX) ——e ‘EPWR

WREP ~*{
WA 7
LI | |
cs<1:0> XN X
: }o—-—tercSL—-' - r—'spcsz

Read/Response Enable Cycle

T4 o T2 T3 T4 T
ICEP tEPLC

oo /‘\_/‘\t/p\_/\_f‘\j\_
-850 V] 50 100 150 V]

DATA

WJ
B : .. DOEPH :E,,HDO
: TEPLWO (MIN) .
EPS / \

[ TEPLWO {MAX)
Wrep _‘1 e I—‘ tEPWR

Vs

. ’ l
es<ro> )Dq - K

Write/Command White Cycle -

Figure 9« MicroVAX 78132 External Processor Data Transaction Tz'mfng‘
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Table 9 = MicroVAX 78132 External Processor Data Transaction Timing Patameters

Symbol Definition Requirements (ns)
Min. = Max.

teep CLKO falling through 0.8 V to EPS falling through 2.2 V P+1 P+ 19
tpopes  Write data valid setup time to EPS deassertion 2P-35 —

teees  EPS assertion to external processor assertion of CS<2> 0 3P-40
teesz  EPS deassertion to CS < 2> three-stated by external processor 0 2P-20
tgen  EPS assertion to read data valid 4P - 40 —
tepsno  Write data hold time from EPS deassertion , 2P-25 —

tgwc  EPS falling through 0.6 V to CLKO rising through 2.0 V P-25 —_

tewr  EPS assertion width (read) 4P-20 4P + 20
teerwo  BPS assertion width (write) S5P-20 5P + 20
towe  WRand CS< 1:0> hold time from EPS deassertion P-20 —

tesz EPS deassertion to read data three-state 3P-20 —_

twxee ~ WRand CS< 1:0> set up time before EPS assertion 2P-35 —
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« Features

« Fully compatibile with the MictoVAX 78032 CPU, CVAX 78034 CPU and rtVAX 78R32 CPU

= 16 Peripheral Interrupt Request (PIRQ) lines

= Edge or level triggering for each PIRQ line with ﬂldividuaﬂy geléc;g:d priorities

» 16 Programmable vector addresses

= Optional external vector generation

= Fixed or round robin priority

modes

= Uses a daisychain interrupt-enable scheme for cascading

= High-speed, low-power CMOS technology

* Single 5-Vdc power supply

. Descﬁption

The MicroVAX 78516 Vectored Intetrupt Controller (VIC)* is a low-cost, programmable interrupt
controller that is fully compatible with the MicroVAX 78032 CPU, CVAX 78034 CPU, and rtVAX
78R32 CPU. The VIC manages as many as 16 interrupt sources, resolves interrupt priorities, drives
the interrupt request (IRQ) lines of the CPU, and provides a programmable 13-bit interrupt vector
to the CPU. Users can choose either the fixed or round robin interrupt priority mode. Using a
daisychain scheme, the VIC is cascadable. Figure 1 is a general block diagram of the MicroVAX

fe— piRQ1IS
DALK15:00> ot
00> e PIRQ14
8 PIRQTA
] —_—
WR —
REGISTERS e PIRQ12
B8~ MicroVAX AND
- INTERFACE CONTROL e PIRQ11
CE<LO> —oy ) WOGIC . - i
: ’ : h - le——: PROTO
ROV < le— P1RO0S
TRA<T OS> et .
: e PUROOS
TEE i
jo— PIRO7
INTERFACE po—— FIRO06
b PIROOS
. - jo— piRCO4
oLk __”4
be—  PIRQO3
CLOCK PRIORITY o
GENERATION AND fiRaoz
AND RESET ARBITRATION je—— PRQO1
LOGIC LOGIC » FIROO
RESET ~—mef
|—e EC
Ji > e
DAISY
T R <o/ MY laxeor
LoGIC TAKEON

Figure 1= MicroVAX 78516 VIC General Block Diagram

*The MicroVAX 78516 VIC and the rtVAX 78516 VIC are physically and functionally identical and
are assigned the same Digital part number.
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¥ Preliminary . MicroVAX 78516
« Pin and Signal Descriptions |

The input and output signals and power and ground connections for the 68-pin device are shown in

Figure 2. Table 1 contains a summary of the signals and describes their functions. Detailed - *
descriptions of the signal functions are contained in paragraphs that follow.

VDD VSE  IAKEOP  IRQO IRO2 RDY

vss cso VDD
VSS | IAKEON| 1ACK IRQ1 IRQ3 | VDD l AS cst
14 1 1 ] L1 1 i |
- { 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 )
XVEC - 611 . 43 |— CS2
DALOO.—] 62 42 |— 1AKEl
. DALO1~] 63 o a1 }— D8
DALO2 —] 64 : 40 |- WR
DALO3 — 65 39 |~ CSEL
DALO4 — 66 38 |— NC
DALOS —] 67 . 37 |- nc
DALO6 — 68 36 }— NC
MicroVAX 78516
DALO7 s VECTORED INTERRUPT 35 }— NC
' CONTROLLER
DALO8 —| 2 {CAVITY DOWN} ' 34 |— NC
DALO9 —| 3 a3 b—-ne
DAL10 —| 4 ‘ 32 - vss
DAL11 —~ 5 31:p RESET
DAL12—} 6 30 b~ cik
DAL13 — 7~ . 29 |— VDD
DAL14—] B : 28 }— PIRQ15
DAL15 ] 9 27 |- PIRQ14
\_ 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 )
{ I | ] | | | {
vDD |{PIRQOO | PIRQO2 | PIROO4| PIRQOSE | PIRQOS | PIRQ1O| PIRQ12

vDD VvSss PIRQO1 PIRQO3 PIRQO5 PIRCO7 PIRQO9 PIRQ11T PIRQ13

Figure 2 = MicroVAX 78516 Pin Assignments
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Table 1+ MieroVAX ~78516 Pin and Signal Summary

Signal ~ Input/Output Definition/Function

9-1,68-62

DAL<15:00> lnput/output Datafaddress lines < 15:0> —Time-multiplexed

lines used to transfer address, data, and interrupt

_information between the VIC and the CPU.

47

AS _input ’

,.,Address strobe—Latches the ‘state of the VIC

into internal registers.

41

DS | ‘ inpvutv

, Data Strobe-—When asserted during a CPU read
“or interrupt acknowledge cycle, it indicates that
“ DAL < 15:00 > lines are available to receive data:

When asserted during a CPU write cycle, it

. latches the data on the DAL < 15:00 > lines into
- the mternal regxsters

40

WR input

erte«lndlcates the direction of data transfer
on the DAL < 15:00 > lines.

43,45,46

CS<2:0> input

Control status—Used to decode the bus cycle
type.

50

RDY output

" Ready——Synchmmzes data transfcrs between the
S VIC and the cpu. ‘

28-13

P'IRQ_<’15:'OQ,>, inputs ;

. Penphcral inferrupt requests < 15: 00>——Used
by penpheral devices to request an interrupt.

51-54

RQ<30> bixtput 7

* - Interrupt request < 3: :0>—Used to notify: the
" CPU of any pending i mterrupts These lines are
< maskdble by the CPU;

35

TACK (r)utput' '

Interrupt acknawledge—-lndlcates that the cur-

rent bus cycle edge is an mterrupt acknowledge

~cycle,

61

XVEC . output

External vecmrmln&cates that the mterrupt
request is being acknowledged and the peripheral

. device must supply a vector to the CPU.

42

TAKEL input

‘Inherrupt acknowledge enable ‘in—Daisychain

control signal that indicates the VIC can respond
o the curret mtemxpt acknowledge oycle.

56

IAKEOP output

L Intcrrupt acknowledge enable out P—An active

high pullup output that connects together with
the with the TAKEON output to the TAKEL IAKET| input

o of the next devme in the daisycham
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Pin Signal Input/Qutput - Definition/Function -

57 TAKEON | output Interrupt acknowledge enable out N—An active

low pulldown output that connects together with
the TAKEOP output to the TAKEI input of the
next device in the daisychain or connects to the

ERR input of the CPU.

39 CSEL input ~ Chip select—Enables read/write operations to
_the internal registers.

31 - RESET input Reset—Sets the VIC to a known initial state.

30 CLK input Clock—-Used to generate the internal time states
of the VIC.

10,11,29,44,60 Vo, " 'input Voltage—Power supply voltage.

12,32,48,58,59 Vi input Ground-—Ground reference

MicroVAX Bus Interface Signals

Data/Address lines (DAL < 15:00>)—These lines are bidirectional and are used to transfer
address and data between the VIC and the CPU. During internal VIC register access cycles, when
the CSEL line is asserted, the DAL < 15:00 > lines transfer data to and from the internal registers.
During interrupt acknowledge cycles, if the TAKEI input is asserted and the VIC has a pending
interrupt at the level being acknowledged, the VIC places one of its interrupt vector registers on the
DAL < 15:00> lines or assert the external vector control signal (XVEC). When the XVEC signal is
asserted, the interrupting device must then supply a vector. During interrupt acknowledge cycles,
the DAL < 15:00> lines are driven only when the TAKEI input is asserted, the TAKEON output is
deasserted, and the XVE bit in the interrupt vector register is cleared. The DAL < 15:00 > lines are
otherwise in a high-impedance state.

Address strobe (AS)—When asserted, this signal latches the information on the DAL <06:00>,
C$<2:0>, and the WR lines into the VIC. This information is used internally to latch the
PIRQ < 15:00> line information for the duration of a read or interrupt acknowledge bus cycle that
accesses the VIC.

Data strobe (DS)—This signal is used by the VIC for data timing during internal register access
cycles and interrupt acknowledge cycles. When writing to one of the internal registers, the
assertionof this signal strobes the DAL < 15:00 > line data into the selected register. When reading
an internal register, the assertion of this signal is used to transfer the contents of the selected
register onto the DAL <15:00> lines. When responding to an interrupt acknowledge cycle, the
assertion of this signal is used to transfer the contents of the appropriate interrupt vector register
onto the DAL< 15:00> lines.
Write (WR)— This signal indicates whether the current bus cycle is a read or a write cycle. This
signal is used with the C$<2:0> inputs to decode the type of bus cycle in progress and to access
- internal registers to determine whether the operation is a read or write operation. The WR input is
asserted for write cycles and is deasserted for read or interrupt acknowledge bus cycles.
Conttol status (CS < 2:0 > )—These lines and the WR input are decoded to determine the presence
of a read, write, or interrupt acknowledge bus cycle. The bus cycle selections are listed in Table 2.
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Table 2 » MicroVAX 78516 Bus Cycle Decoding* -

.CS Line WR  CSEL BusCycle

2 1 0

H X X H L Read

H X H L L Wi

L H H . H X . Interrupt acknowledge

*H= h:ghlevel L= lorw Ievel X= e1ther }ngh or Iow level

Ready (ﬁﬁ—Y')—-—'Ihs signal is asserted by the VIC when its mtemal registers are accessed durmg a
‘read or write cycle or during an interrupt acknowledge (IACK) cycle when the VIC is providing an
interrupt vector. During IACK cycles, at least one ready slip will be genetated to allow an interrupt
acknowledge enable signal (TAKEI, JAKEOP, or IAKEON) to propagate through the daisychain.
The total number of ready slips that occur depenids on the length of the daisychain. This is an open
drain (pulldown) output capable of sinking 16 mA.

Interrupt Interface Signals

Peripheral interrupt request (PIRQ < 15:00> )—-—These input lines are used by penphcral circuits
to request an interrupt. When one or more of these lines are asserted and the interrupts are
enabled, the VIC will assert the appropriate IRQ line(s). Mapping between each PIRQ line and the
IRQ line is programmable by software though the IRQ Map registers. The interrupt request can be
sensed by a signal level or edge or by the signal polarity. The sensing is programmable by the user.
Unused PIRQ lines must be connected to a valid logic level.

Interrupt request (TRQ< 3:0>)—One or more of these hnes will be asserted by the VIC Whm a
PIRQ line is asserted and the interrupts are enabled. The IRQ Map registers determine which IRQ
line is asserted for a particular PIRQ line. An IRQ line will be deasserted when all pending
interrupts mapped to that IRQ line have been serviced. These:are open drain (pulldown) outputs
that require external pullup resistors.

Interrupt acknowledge (TACK)— This signal is a result of decodmg the CS <2:0> and the WR
lines and will be asserted for all interrupt acknowledge cycles. The signal is not affected by the
interrupt acknowledge daisychain signals. It allows the external logic to disable the memory
transceivers during an interrupt adcnowledge cycle.

External vector enable (XVEC)—This signal is asserted if the XVE bu: is setin the i interrupt vector
register for the PIRQ being acknowledged. The requesting device must supply its own vector and
the VIC places the DAL < 15:00> lines in the high-impedance state, The- hardware supplymg the
vector is required to assert the RDY s1gnal at the correct time.

Daisychain Interface Sngnals

Interrupt acknowledge enable in (IAKEI)—This input allows more than ong VIC and other
peripheral chips to be connected togetherina daisychain. When this i input is asserted, the VIC can
respond to the current interrupt acknowledge bus cycle. This signal should be connected to a
ground refcrence if the VIC is the highest priority device in the datsycham
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Interrupt acknowledge enable out high (IAKEOP)—This output and the TAKEON output are
connected to the TAKEI pin of the next lowest device in the - interrupt daisychain. The IAKEOP
output is normally an active high pullup. However, when the TAKEI signal is asserted and the VIC
has no pending interrupts at the level being acknowledged, the IAKEOP output is a high-
impedance. If the VIC is the lowest-priority device in the daisychain, this line is not connected to
another device. This is an open drain, pullup output that cannot be pulled low. For daisychain
operation, the pulldown function is performed by the AKEON line. ,

Interrupt acknowledge enable out low/error low (TAKEON)—This is an open drain pulldown
output that is used to either pull down the next TAKEI level in a daisychain application, or pull
down the ERR input to the CPU if this VIC is the last (or only) device in the daisychain. The
TAKEON line is normally in a high-impedance state. However, when the TAKEI signal is asserted

and the VIC has no pending interrupts at the level being acknowledged, the TAKEON signal is

asserted. The VIC asserts this signal if PIRQ line is in level mode and the interrupting device
removes its request before the interrupt is acknowledged. The level sensitive inputs are not stored
by the VIC. Therefore, the PIRQ line that was asserted cannot be used to determine the vector to
return to the CPU. This output is a high current open drain output.

Miscellaneous Signals
Chip select (CSEL)—This signal, when asserted, enables read/wrlte operations to the internal
registers.

Reset (RESET)—This signal, when asserted, sets all the internal registers to a known value except
for the interrupt vector (IVEC) and IRQ map (IMAP) registers. The contents of the IVEC and IMAP
registers are unknown. 'I'he mterrupts are disabled and the DAL < 15:00> lines become a high

impedance.

Clock (CLK)—This signal is used to generate the internal time states within the VIC. Any oscillator
that meets the input requirements of CLK signal may be used. ‘

Power and Ground Connections
Power supply voltage (V,,,)—Power supply 5 Vdc.
Ground (V)—Ground reference.

Funcnona] Description

“The VIC may be connected directly to the CPU bus or to a bufferéd I/O bus. It accepts up to 16
priority interrupt requests (PIRQ < 15:00>) from peripheral devices and it drives an associated
IRQ line to the CPU. The mapping between the VIC PIRQ lines and CPU IRQ lines is
programmable. The VIC decodes the presence of a CPU interrupt acknowledge (IACK) cycle on the
bus and monitors the interrupt priority level of the interrupt being acknowledged. It will respond
to the IACK cycle by transferring the appropriate user programmed vector on lines DAL < 15:00 >,
The CPU uses the vector as an offset into the system control block (SCB) to locate the starting
address of the interrupt routine. :

A daisychain wiring scheme enables the user to connect more than one VIC together so as to
expand the interrupt handling capability from that of a single VIC. This scheme is compatlble w1th
the daisychain scheme used by the other peripheral interfaces. .

A peripheral device requests service by asserting one of the PIRQ lines. When the VIC detects the
PIRQ line that has been enabled, it reflects the assertion of the line in the pending summary
register (PSR) bit that corresponds to that PIRQ line. The IRQ output, programmed by the user for
that PIRQ, will also be asserted to indicate to the CPU the interrupt condition at the specified IPL
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level. The CPU will respond with an interrupt acknowledge cycle that contains the priority level of
the intérrupt being acknowledged. The VIC then decodes the IACK cycle and IPL line information
and if the VIC generated the interrupt and the TAKET (daisychain input) signal is asserted, it selects
the vector of the next PIRQ to be serviced for that IPL level. It then places that vector on the
DAL < 15:00> lines. If the VIC did not request the interrupt, it asserts the TAKEON (daisychain
output) sxgnal to allow the next devices in the daisy cham to be serviced. When the VIC is

daisychain that have a lower priority from respondmg

Registers. .

The VIC contains 16 mterrupt vector reglsters and 9 mtcrmpt control reglsters that allow each
request to be individually configured by software. The internal VIC registers, shown in Figure 3,
are accessible by the CPU ‘and are used by software to configiire the operation of the VIC. Each
register consists of 16-bits and is located on a longword boundary. The base address is determined
by external address decode logic. Direct access to the VIC registers is enabled when the CSEL signal
is asserted and the VIC decodes the address on the DAL < 06 00 > lmes to select the reg1stcr to be
accessed.

NOTE: Only word access to the lower 16-bits of the"lo’nng:d{é‘xé allowed to transfer data between
the CPU and the VIC. Byte accesses and longword accesses are not allowed. Longword
access may result in the CPU reading the incorrect data or lost data during a write cycle.

ADDRESS 15 IR .00
BASE _ POLARITY REGISTER
BASE+4 * LEVEL/EDGE REGISTER
BASE+8 | ' PENDING SUMMARY REGISTER
BASE+12 ~ * INTERRUPT ENABLE REGISTER
BASE+16 . ; IRQ MAP REGISTER 0
BASE+20 | IRQ MAP REGISTER 1
BASE+24 IRQ MAP REGISTER 2
BASE+28 {RQ MAP REGISTER 3
BASE+32 ' 0. ROUND FOBINBEGISTER .
BASE+36 ¥ ADDRESSES (sAss+3a) 1
. :agﬁﬁaeﬂwk L$ ‘
: : Dewnenw HE VIC
BASE+64 INTERRUPT VECTOR REGISTER 0
BASE+68 .
.
. BASE+124 . . INTERRUPT VECTOR REGISTER.16

Figure 3 » MicroVAX 78516 Register Address and Descriptions
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Polarity register—The polarity (POL) register selects the polarity of the input used to assert a
PIRQ<15:00> line. When 2 bit is set, the cotresponding line is asserted by a low-to-high
transition or by a high level. When a bit is clear, the corresponding line is asserted by a high-to-low
transition or by a low level. The register format is shown in Figure 4.

PIRQ<15:00>LEVEL/EDGE POLARITY

Figure 4 = MicroVAX 7 8516 Polarity Register Format

The POL register is used with the level/edge (LE) register to configure each PIRQ input. A PIRQ
input may be configured to respond to a rising edge, a falling edge, a high level, or a low level signal.
Table 3 shows the bit selections of the POL and LE registers and the resulting state of a PIRQ line.
When the RESET line is asserted, the POL register is cleared.

Table 3 » MicroVAX 78516 PIRQ Input Line Configurations

POL Bit LE Bit PIRQ Asserted State
0 0 Falling edge

1 0 Rising edge

0 1 : Low level

1 1 High level

- Level/Edge register—The level/edge (LE) register is used to select the way in which a PIRQ

< 15:00> line detects an interrupt request. It allows the user to select either level or edge sensitive -
triggering. When a bit is set, the corresponding PIRQ line is level sensitive. When a bit is clear, the
corresponding PIRQ line is edge sensitive. The polarity of the PIRQ line input is selected by the
polarity register (POL). Figure 5 shows the register format.

PIRQ«15:00>LEVEL/EDGE TRIGGER

Figure 5 « MicroVAX 78516 Level/Edge Register Format
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Level-sensitive inputs allow more than one device to be connected to a single PIRQ line by using a
wired NOR structure. Once the correct polarity level is detected by the VIC, the corresponding
interrupt pending bit is set in the pending summary register (PSR). The interrupt pending bit will
remain set until the PIRQ line is cleared. Therefore, an interrupt acknowledge cycle from the CPU
will not clear the interrupt pending bit in the PSR register until the PIRQ line is deasserted. If a
wired NOR structure is used, 2 external pullup resistors is required on the PIRQ line.

Edge sensitive inputs detect either a high-to-low (falling edge) or low-to-high (rising edge)
transition. When the correct transition is detected, the corresponding bit in the PSR register will be
set. The VIC will clear the bit when the mtcrrupt is serviced and will not recognize another
interrupt request on this Jine until the proper transition occurs. When the RESET line is asserted,
the LE register is cleared

Pending Summary mg:stermThe pend.mg summary reglster (PSR) movxdes a summary of the
internal interrupt pending flags. When a bit is set, an interrupt request is pending for the
corresponding PIRQ line. When a bit is clear, no interrupt is pending for the correspondmg PIRQ
line. The contents of the PSR register are latched during a read and IACK cycle. The regxster format
is shown in Figure 6.

A g
PIRQ<15:00>INTERRUPT PENDING -

Figure 6 » MicroVAX 78518 Pending Summary Register Format

The VIC manages the setting and clearing the PSR register bits for level and edge sensitive PIRQ
inputs as follows. When the RESET input is asserted, the PSR register is cleared.

« For level sensitive PIRQ inputs, the corresponding PSR bit will be set When the PIRQ hne is
asserted and cleared when line is deasserbed

« For edge sensitive PIRQ inputs, the corresponding PSR bitis is set on the. asserting edge of the PIRQ
input. The PSR bit for a PIRQ input will be cleared by an interrupt acknowledge cycle that
acknowledges the interrupt request of the corresponding PIRQ line, when the software clears the
PSR bit by writing a zero into the appropnate bit, or when mformatlort is written into the LE
register.

Interrupt Enable register—The interrupt enable (IEN) register is used to enable or disable the
reporting of interrupts to the CPU by each PIRQ line. When a bit is set, it allows an interrupt
request from the associated PIRQ line to generate an interrupt to the CPU. When a bit is clear, the
associated PIRQ line is prevented from generatmg an mterrupt to the CPU. The reglster format is
shown in Figure 7. .
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PIRQ<15:00>INTERRUPT ENABLE/DISABLE

Figzire 7 = MicroVAX 78516 Interrupt Enable Register Format

The IEN register enables or disables the generating of an interrupt to the CPU and does not affect
the detection of interrupts by the VIC. When a PIRQ line is asserted, the corrésponding bit in the
PSR register is set regardless of the state of the IEN bit for the PIRQ line. The IEN register provides
the support fora software mterrupt polling scheme. The register is cleared when the RESET RESET input
is asserted.

IRQ Map registers (0-3)— The interrupt request map registers (IMAPO through IMAP3) are used to
select the IRQ line to be asserted by the VIC when a PIRQ line is asserted. When a bit in one of the
IMAP registers is set, the corresponding PIRQ line is mapped to the associated IRQ line. The

register format is shown in Figure 8. Each register corresponds to one of the IRQ outputs as defined
in Table 4.

PIRQ< 15:00>TO MicroVAX IRQ LINE

Figure 8 » MicroVAX 78516 IRQ Map Registers (0-3) Format

, Table 4« MicroVAX 78516 IMAP Register to IRQ Mapping
Register Line

‘IMAP3 IRQ3
IMAP2 IRQZ
IMAP1 TRQ1
IMAPO TRQO

Exarnple If bit 3 of the IMAPI register is set when the PIRQ3 line i is asserted and the IEN reglster
bit is set for this line, line IRQ1 will be asserted.

The IMAP registers are not initialized when the RESET line is asserted and the contents will be
undefined until programmed by software.
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Round Robin register—The round robin (ROBIN) register is used to select either fixed or round
robin priority mode of operation for each IRQ level. More than one bit may be set in this register at
a time and the register controls only the PIRQ lines for the asscociated VIC. The register is cleared
when the RESET input is asserted. The register format is shown in Flgure 9. Table 5 describes the
functlon of each bit.

. RAZ B RR17-RR14
Frgure 9 MzcmVAX 78516 Round Robin Regzster Farmat

Table 5 - MicroVAX 78516 Ronnd Robin Reglster Descnptlon
Bit Description SRR i ‘
15:04 RAZ (Read as zeros)—Not used

03:00 RR17-RR14 (ROUND ROBIN IPL17-IPL14)—These bits select the priority mode for all

interrupts mapped to lines IRQ<3:0>. RR17 selects IRQ3 etc. When set, the round
robin mode is selected. When cleared ‘the ﬁxed mode is: selected

Interrupt Vector registers (0-15)——Each of the 16 mterrupt vector (IVECO through IVEC 15)
registers contains a fully programmable 16-bit vector. There is an IVEC register for each PHRQ line.
The reg1ster format is shown in Flgure 10 and Table 6 describes the functlon of each blt v

15 02 01 .00 g
L] ¥ 1 ] ¥ 1 i t T 1 ¥ L ¥
1 ! 1 1 1 ] 1 1 1 i 1L ] 1
PIRQINTERRUPTVECTOR. . . . e |
QFLG

 Figure 10+ MicroVAX 78516 Interrupt Vector Registers (0-15) Format
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Table 6 - MicroVAX 78516 Interrupt Vector Registers (0-15) Description

Bit . Descnptnon ; ‘

15:02 VECTOR (PIRQ interrupt vector)—This vector is the offset mto the systern
control block (SCB) for the location of the interrupt routine.

01 , XVE (External vector enable)—When set, the DAL < 15:00> line drivers are

disabled and the XVEC line is asserted during an JACK cycle, indicating that an
external vector is to be supplied. When clear, the VIC will drive the contents of
the IVEC register onto the DAL < 15:00> lines during an IACK cycle.

00 " QFLG (Normal/Q-bus processing flag)-—When set, this bit forces the interrupt
priority line of the CPU to priority IPL17 when servicing the interrupt. When
clear, the CPU will service the interrupt normally.

These registers are not initialized when the RESET input is asserted and the contents of the register
is undefined until programmed by software.

Interrupt Level Triggering and Edge Triggering

The sensing of an interrupt condition by the VIC may be programmed for each PIRQ mput by the
LE register. Each PIRQ line can be set to respond to either a signal level or to a 31gnal transition
(edge). The polarity of the sensed condition is also programmable.

In the edge-triggered mode, either a high-to-low or low-to-high transition on the PIRQ line will
cause the VIC to latch the PIRQ line information. Further transitions on this PIRQ line will have no
effect. After the acknowledgment of the latched assertion by the CPU, the VIC resets the latching
mechanism allowing the user to again assert the interrupt with a proper transition on the PIRQ line.
A latched PIRQ assertion may be cleared by writing to the LE register or by writing a zero to the
corresponding bit of the pending status register.

In the level mode, the interrupting device must deassert the PIRQ input before the interrupt
service routine ends to prevent the VIC from sensing the previous level and posting the same
interrupt twice. During edge- or level-triggering, a bit in the pending summary register correspond-
ing to that PIRQ line indicates the pending interrupt and if the interrupt is enabled, the VIC will
assert the appropriate IRQ line as programmed in the IMAP register.

If the CPU responds to an interrupt caused by a edge-triggered signal, the completlon of the IACK
cycle will cause the VIC to clear the corresponding PSR register bit. If level-triggered mode was
selected, the PSR bit would continue to reflect the PIRQ status.

1-90 Confidential and Proprietary




Preliminary MicroVAX 78516

Fixed and Round Robin Priority
The two priority modes available to the user are fixed and round robin. Each PIRQ line has a fixed

priority with respect to the other PIRQ lines with line PIRQ15 as the highest priority and line
PIRQO as the lowest.

In fixed priority mode, the highest pending PIRQ for the IRQ level being recognized by the CPU
will be serviced first. In round robin mode, the highest pending PIRQ for the IRQ level being
recognized by the CPU will be serviced and then prevented from requesting another interrupt until
all other pending interrupts for that IRQ level have been setviced. When all pending interrupts
assigned to an IRQ level have been serviced, the VIC will enable all the PIRQ lines assigned to that
IRQ level and the round robin process will start again. The round robin mode operates only within
the PIRQ lines of a specific VIC.

The VIC accepts as many as 16 interrupts from peripheral devices and drives an interrupt request
(IRQ) line of the CPU, as determined by the user. The VIC decodes the presence of an interrupt
acknowledge cycle on the bus, monitors the interrupt priotity line (IPL) being recognized, and
sends a 13-bit vector to the CPU. Each of the 16 (IRQ) lines is conhgured by software as follows:

= triggering mode and polarity
» IRQ mapping to the CPU ,
= enabling/disabling of interrupt request . .

= an interrupt vector

External Vector Generation v
External devices can generate their own vector undcr control of a bit in the IVEC register. The
vector generation sequence is as follows:

1. The VIC provides the external vector enable (XVEC) signal to‘ the external logic that generates
the vector.

2. The XVEC signal indicates that the interrupt requcsted is bemg acknowledged.
3. The external logic supplies a vector to the CPU and asserts an RDY to end the bus cycle.

Daisychain Configuration

More than one VIC can be connected in a dmy&mm—enable conﬂguratxon as shown in Figure 11.
The three signals used are the acknowledge enable in (TAKEI), interrupt acknowledge enable out
high (IAKEOP), and interrupt acknowledge enable out low/ferror low (TAKEON). When the TAKE]
signal is asserted, the VIC can respond to the current interrupt acknowledge cycle. If no pending
interrupts exist for the IPL line being acknowledged, the VIC asserts the TAKEON and IAKEOP
lines to allow the next device in the chain to respond to the interrupt acknowledge cycle.

Interrupt Opemuon
The VIC receives interrupt requests from devices and posts interrupts to the CPU by asserting the
appropriate IRQ lines. It also provides a vector address to the CPU during an interrupt acknowledge

cycle if the XVE bit in the interrupt register is not set. If it is set, the VIC notifies the device that a
vector address is required from the device.

Posting interrupts— When the VIC detects an assertion on a PIRQ input from adevice, it sets 2 blt
in the in Pending Summary register that corresponds to the PIRQ input. If the corresponding
interrupt enable (IEN) bit in Interrupt Enable register is also set, an IRQ line is'set to notify the
CPU of the interrupt request. The IRQ line that is set is selected by one of the four Interrupt Map
registers. Figure 11 shows the sequence for posting an interrupt request.
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PIRQ ~
ASSERTED

YES

READ OR
IACK BUS
CYCLE IN

PROGRESS

SET BIT
IN PSR

ASSERT IRQ <3:0>
LINE SELECTED
BY IMAP REG

END

Figure 11 » MicroVAX 78516 Interrupt Request Posting Sequence

Interrupt acknowledge tesponse—After the IRQ line is asserted, The CPU responds with an
interrupt acknowledge cycle that transfers the interrupt priority level (IPL) of the interrupt being
acknowledged on the DAL < 04:00> lines. The VIC decodes this information to determine if it
had requested the interrupt. If it had made the request, and the TAKEI input is asserted, the VIC
blocks the propagation of the TAKEI signal to another VIC, and select'the vector address associated
with the PIRQ line that requested the interrupt. The VIC then transfers the vector to the CPU
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through the DAL < 15:00> lines. If an interrupt is not pending at the IPL being acknowledged, the
VIC passes control to the next device in the daisychain by asserting the TAKEON signal and by

placing the IAKEOP line in a high-impedance state. The interrupt acknowledge response sequence
is shown in Figure 12.

DECODE
P
SELECT HIGHEST
PENDING
INTERRUPT
FORIPL
PLACE IVEC
REG ON o
ASSERT ROV
4

9 9 C

Figure 12 » MicroVAX 78516 Interrupt Acknowledge Response Sequence
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]
PIRQ
EDGE TRIG

YES

NO

RESET EDGE
DETECT MECH

CLEAR PSR BIT

BLOCK PIRQ
JUST SERVICED
FROM REQUEST
ANOTHER
INTERRUPT

MORE
“PENDING
INTERRUPTS
AT IPL

UNBLOCK
ALL PIRQs
MAPPED TO IPL’

YES 3
ASSERTED

NO

END

Figure 12 = MicroVAX 78516 Interrupt Acknowledge Response Sequence (Continued)
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« Interfacing Requirements

The VIC can be used with the MicroVAX 78031 CPU, CVAX 78034 CPU, or the rtVAX 78R32 CPU.
It can be connected to either the CPU bus or to a bufferred I/O bus. A typical example of the VIC
connectéd to a MicroVAX 78032 CPU is shown in Figure 13. The circuit includes separate address
decode logic to assert the CSEL input that is used to select registers in the VIC. -

e

ADDRESS | 23
DECONE : ’ g (
LOGIC . PERIPHERAL | | PERIPHERAL | | PERIPHERAL
: BAL<15:00> § pevice - -f--{oevce  |{,,J DEVICE
| SO, - . _SooLL= bt : [
MicroVAX s - apn
78032 CPU
CS<2:0> . , :
R  PIRO<1 6:00>
,_35_..__.________.,. 7asw 9\%f SVEC
 RO<TO>w ¢ | e i
— TACK. . .o -
RESET™ Cko e, felAKEL__
| REH,,
RESET JAKEOP
! .

* ANY CLOCK MEETING AC SPECIFICATIONS
** SYSTEM-WIDE RESET SIGNAL
*** THESE LINES NEED EXTERNAL PULLUPS.

Figure 13« MicroVAX 78516 Bypical VIC and MicroVAX ?803"2 CPU Interface Configuration

Daisychain Wiring
Figure 14 is an example of a MicroVAX 78032 CPU and than one VIC a.nd wired in a daxsycham— A
enable configuration. The inital TAKEL i input to the VIC is held asserted by a ground connection to
allow the VIC to respond to to the current interupt acknowledge cycle. If a pending interrupt does
not exist for the IPL being acknowledged, the VIC asserts the TAKEON and TAKEOP lines to aﬂow
the next device in the chain to respond to the interrupt acknowledge cycle
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by >

——=1DAL<31:00>] ey . @ : @ £ @
, ~ |akel .
DAL <15:00>] ] ‘| PERIPHERAL PERIPHERAL PERIPHERAL
1 DEVICES DEVICES DEVICES
MICROVAX
78032 CPU
MICROVAX | PIRG <15:00>
78516 VIC
Ra<30S ‘IRO<3:0>] IAKEOP :
TAKEON
TAKE!
DAL <15:00>
MICROVAX ‘ .
7eEevIe PIRQ <15:00>
*IRQ <3:0> {AKEOP
TAKEON -
TAKE
DAL <15:00>
MICROVAX ¥ pina <15:00
*{RQ <305 IAKEOP
iAKEON

N4

TO NEXT DEVICE IN DAISY CHAIN
SEXTERNAL PULLUP CIRCUITS REQUIRED

Figure 14 » MicroVAX 78516 IAK Daisychain Wiring Configuration

Bus Cycles R .

'The VIC responds to read cycles, write cycles, and interrupt acknowledge cycles.

Register read cycle—A read cycle is performed by the CPU to read information from a VIC internal

register. The VIC responds to the read cycle when the CSEL input is asserted and when the address

on the DAL < 15:00 > lines corresponds to the address of a VIC internal register. The signal timing

and parameters for register read cycle are shown in the Specification section. The register read cycle

sequence follows.

1. The CPU transfers an address on the DAL < 15:00 > lines, indicates a read cycle on control lines
CS$<2:0>, and deasserts the WK input to the VIC.

2. The CPU asserts the AS signal to indicate that the information on the bus is valid.

3, The VIC latches the DAL < 06:00>, CS <2:0>, and WR line information.

4. The external address decode logic, Figure 13, decodes the address on the DAL lines and asserts
the CSEL input to the VIC.
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5. The VIC transfers the content of the selected register to the bus and asserts the RDY o’ﬁtp't'it’“

6. The' CPU latches the data and deasserts the DS and A3 outputs to indicate the end of the bus
cycle. The’ VIC then deasserts the RDY output to the CPU to end the read cycle.

Register write cycle—A write cycle is performed by the CPU o write 'mfdmiiztidh into a VIC
internal register. The VIC responds to the write cycle when the CSEL input is asserted by the CPU
and the address on the DAL <06:00> lines corresponds to the address of a VIC internal register.
The signal timing and parameters | for register write cycle are in the Sp@mﬁcatmn section, The
register write cyde sequence foﬂows

1. The CPU transfers an address on the DAL < 15:00 > “Tines, indicates a write cycle on control lines
CS<2:0>, and asserts the WR input to the VIC.

2. The CPU asserts the AS signal to indicate that the information on the bus is vahd
. The VIC latches the DAL <06:00>, C$<2:0>, and WK line information.

4. The external address decode logic, Figure 13, decodes the address on the DAL lines and asserts
the CSEL input to the VIC.

5. The VIC asserts the RDY signal, latches the data on the DAL <15:00> lines into the selected
register, and deasserts the RDY output when the CPU deasserts the DS input. :

6. The CPU deasserts the AS output to indicate the end of the bus cycle which also ends the register
write cycle. Yt e

o

Interrupt acknowledge cycle—The CPU performs an mtermpt acknowledge cycle in response to an
interrupt request (IRQ<3:0>) output from the VIC. The VIC responds to the interrupt
acknowledge bus cycle when its TAKEI input is asserted and when its pending interrupt is the same
interrupt level recognized by the CPU. The signal timing and parameters for the interrupt
acknowledge cycle are in the Specification section. The sequence of the interrupt acknowledge
cycle sequence follows.
1. The CPU transfers a hexadecimal value of the IPL on the DAL < 15:00> lines,- mdlcates an
interrupt acknowledge cycle on control lines CS < 2:0>, and deasserts the WR i mput to the VIC.

2. The CPU asserts the AS signal to indicate that the information on the bus is valld
3. The VIC latches the DAL < 06:00>, CS<2:0>, and WR line mformatmm

4. The TAKEI input is asscrted The timing of this event depends on the Iocatmn of the VIC in the
daisychain: -

5. The VIC transfers the vector address on the DAL <15:00> lines and asserts the RDY signal. If
the device is required to supply the vector address, the VIC asserts the XVEC output to the
device and the device asserts the RDY signal.

6. The CPU latches the vector address and deasserts the DS and AS outputs to indicate the end of
the bus qx:le The VIC then deasserts the RDY output if asserted to end theeydle.
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Power Supply Decoupling
Figure 15 shows the power supply connections to the VIC ’I'he Vm, pins connect to 5 Vdc and the

Vss pins connect to a common ground. All the Voo pins should be connected together and all the Vg
pins should be connected together. Decoupling is provided by connecting 1.0u f capacitors between
the Vip and Vs pins as shown on the figure, ; :

-0 +5V

oo
= 'J: ‘ =+
+5Vv -
VoD I VSS vDD VSS VoD
(60 69 58 a9 48 as \
MicroVAX 78516
1 VECTORED INTERRUPT
CONTROLLER : ‘ vss
- e
=
+
29 o e4sV
10 11 12, : : ‘ - .
VDD Vss , !
- I ALL CAPACITORS
+5V [ | e 1 uf ELECTROLYTIC

Figure 15+« MicroVAX 78516 Power Supp'lbeecoupling

» Specifications

The mechanical, electrical, and environmental specifications for the VIC are contained in the
following paragraphs. The test conditions for the values specified are listed as follows unless

specified otherwise.

» Temperature: 70°C
» Power supply voltage (Vpp): 4.75 V
» Ground (Vi): 0 V
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Absolute Maximum Ratings

Stresses greater than the absolute maximum ranngs may cause permanent damage to ‘the device.
Exposute to the absolute maximum ratings for extended periods may adversely affect the
reliability of the device.

» Storage temperature range: -53°C to 125°C

» Active temperature range: 0°C to 70°C

» Power supply voltage (Vos to Vss) 0Vto6 V "

« Input or output voltage apphed -0.3 Vto (Vm, + 0 3 V)

= Temperature: 0°C to 70°C
= Power supply voltage: 4.75 V to 5 25 V

» Power dissipation: 1.0 W (maximum)

de Electrical Characteristics
The de input and output parameters for the VIC are listed in Table 7.

" Symbol  Parameter Test Conditions Requirements  Units

; Min. Max.

Viu High-level ST 20 — \'
input voltage i i

Vi Low-level — .0.8 A
input voltage SEE S

Vou'? High-level Io,, = —40() pA 24 — \Y
output voltage o

Vo Low-level o Ia=2. 0 mA % — 0.4 \
output voltage T

Tie Input leakage 0< V,,, < (Vpp -0.6 V) —_ 20 A
current, -, v G

Torc Output leakage 0<V, < (Vm, -0. 6 V) — 100 nA
current ,

| P Active supply — * mA
current ‘

VODODI‘ Open d.rain Io[_ = 6.0 InA — 0.4 V
pulldown
low-level output
voltage
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Symbol  Parameter Test Conditions Requirements  Units -
Vorops Opendrain“ , MIOL='25mXA - = 0.4 V
pulldown: : : _
low-level output
voltage
Ca Input capacitance : S = LA pF...
Coue Qutput capacitance e - - pF
*To be determined. - ' ‘

Only one output may be shorted to elther supply rall at one time, and the duration of the short
must be less than 2 seconds.

*This specification also applies to the open drain output on IAKEOP ‘

*All outputs floating, all inputs connected to either supply rail. The CLK mput is fu]ly swmgmg
between both supply rails at 20 MHz. o

*Applies only to the IRQ < 3:0> outputs. : B

*Applies only to the RDY and IAKEON outputs.

ac Electrical Characteristics
Figure 16 shows the input signal and clock signal waveforms and the parameters are listed in Table 8.

tRISE ‘ tFALL

90%
10%

CLOCK INPUT

oo o YW
- ICPH crL

CLK

INPUT SIGNAL

. Figure 16 = MicroVAX 78516 Input and Clock Signal szzng :
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Table 8 » MicroVAX 78516 Input and Clock Signal Timing Parameters

Symbol Definition o —
tere Inputclockhigh o 51ns 500 ps
e Input clock 1(}W ' o : REES “ 51ns 500 s
tew  Inputclock penod e I 50ns

tuse  Inputsignalrise . 15p¢
traLL Input slgna! fall S o ; i : ’ N L
'To be determined o ‘ i e

Measured between 10% and 909% levels. Applies’ toall mputs éxcept PIRQ < 15 00> Maxxmum
tuase and ty,, umas for PIRQ< 15:00> is. 500415 \

Figure 17 and 18 show the signal timing and symbols for a register read cycle and register write
cycle, respectively, between the MicroVAX CPU and VIC. Figure 19 shows the signal timing and
symbols for an interrupt acknowledge cycle when the VIC responds with a vector and when the
external device supplies the vector: Figute 20 shows the timing-and symbols for a daisychain
configuration when the intefrupt priority is not passed to the VIC and when it is passed to the VIC.
Figure 21 shows the signal timing and symbols for the PIRQ input to IRQ output signal generation.
It also includes the RESET input signal timing. Table 9 lists and defines the symbols and
parameters used on the figures. The foﬂowmg notes apply to the table mformatmn

« (T) =input-clock penod (tew)
» All'units aré nanoset:onds (ns) except where mdlcamd
» All times are spec&md with @ 100-pF capacitive load on the outputs.

« All times aremeasured at the 50 percent levels of the wavefo;i;msux&ept"whgre indicated.
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Figure 18 » MicroVAX 78516 Register Write Cycle Timing
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Figure 19 » MicroVAX 78516 Interrupt Acknowledge Cycle Timing
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1104 Confidential and Proprietary




A B A P Sy P ; ik B TRy 1J
' ! PMIN . ’
te tpiap q re- MDD
RG<n> o .

PIRQ ASSERTED/DEASSERTED TO IRQ ASSERTED/DEASSERTED

&

PIRQ<H> . X’

< SECERREnS

RSTL

| . g e e o e )
DAL<15:00> 4 — S O | art

, , .

- ! a0

AS .
RESET TIMING

Figure 21 + MicroVAX 78516 PIRQ and Reset Signal Timing
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- Table 9 - MicroVAX 78516 Signal Timing Parameters

Symbol Definition - -/ o el A Requirements
‘ ' Min. Max.
tasn DAL <06:00> hold after AS assertion 0 —
tasss DAL <06:00> setup to AS assertion o 15 —_—
tascs  CSEL assertion éffér S assertion T —_ 1ps
tysps DS assertion after AS assertion 0 —
tisu  AS high after deassertion S ; 15T —
teun  CSEL hold after AS deassertion S B 0 —_—
toxn RDY or XVEC deassertion from DS deassertion ‘ — 1.5T+45
tpsas  AS deassertion after DS deassertion 0 —
tpss DS setup before RDY assertion 30 —
toz Read data three-state delay from DS deassertion — 30
tena'  RESET deassertion to VIC enabled internally " 5T+250 —
tuxs  IACK assertion after AS assertion ' — 15T +45
tioas  IACK deassertion after AS deassertion — 1.5T+45
toxs  TAKEO/IAKEOP deassertion from &S déassertion _ 40
tupms  IAKEON/IAKEOP delay from TAKEL IAKEI assertion (TAKEI asserted 25 —
7.5T or more after AS
tupme TAKEO/IAKEOP delam)L»~ from AS assertion (TAKEI asserted less = — 8.5T+25
than 7.5T more after AS '
£ TAKET hold after AS deassertion 0 —
twan>  PIRQ assertion to IRQ assertion delay 0 100
P PIRQ deassertion to IRQ deassertion delay (applicable to level — 100
triggering only)
Epmin PIRQ minimum assertion width (applicable to edge triggering 90 —
only)
timgss  PIRQ setup (proper level/edge) before AS assertion 50 —
trop Read data delay from CSEL assertion 6.5T 7.5T+25
taoor  Read data or XVEC C delay from TAKFI assertion (TAKEI asserts 6T —
7.5T or more after AS)
tropimee  Read data or X'V:I:Z_? delay from AS assertion (TAKEI asserted less — 13.5T+25
than 7.5T after AS)
teoyn  RDY delay from CSEL assertion 85T 9.5T+25
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Symbol Definition Requirements
tgen*  Minimum RESET low time 200pus —
tarz RESET assertion to DALS three-state — 100
tayome RDY delay from TAKEI assertion (TAKEI asserted 7.5T or more 8T —_
after AS)
trvoime«  RDY delay from AS assertion (TAKE] asserted less than 7.5T after — 15.5T+25
&%)
taps DS deassertion from RDY assertion 0 —
twesn  CS<2:0>, WR hold after AS assertion ’ 0 —_
twess  CS<2:0>, WR setup to AS assertion 15 —
twoo  Write data delay from CSEL assertion ’ — 3.5T-5
twpa  Write data hold after DS deassertion 20 —

'V,p must be greater than or equal to 4.75 V during this period.

*Maximum time is 100 ns unless a PIRQ line is asserted during a register read or an IACK cycle. In
these cases the IRQs will be asserted 100 ns after the end of the register read or IACK cycle.

3This ensures that the PIRQ signal will be recognized if the bus cycle started by the AS signal is a
read or interrupt acknowledge cycle. Otherwise the VIC will not recognize the PIRQ signal until
the bus cycle has ended. ' '

*The VIC requires 5T +250 ns after RESET is deasserted to complete its internal reset. The AS .
signal should not be asserted until after this delay.

The MicroVAX 78516 is available as a 68 pin cerquad surface mount package or socket mount
package. The physical dimensions of each package is contained in Appendix E.
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. Vmual memory DMA (direct memory access) contmﬂer, compmzble mth ?AX aﬂd MémVAX
architectures i

= Full 32-bit architecture and implementation

» Four independently programmable channels
= Performs byte alignment to accommeodate info
» Operates wx.th 8-, 16-, and 32-bit O devmes
« Bytefword packmg for mcreased t;hmugbput ) ;
« Peak data transfer rate of 10 Mbytes/sec
» Maximum DMA transfer length of 1 Gigabyte
» Maximum /O bus address space of 16 Mbytes s SIS N
« Provides simple interface to MicroVAX bus for mtcﬂigent 1o subsystems T

ngh-speed CMOS technology
. Smgle 5-Vdc power supply

» Description
The MicroVAX 78532 MicroDMA controller is a high-performance, dual-ported, four—ch;mnel
vxrmél memory DMA controller. Figure 1 is a block diagram of the MicroDMA controller.

b
o S
38T GISTERS ANO
W‘. Eace| ALy LA

v i
=E- | = NEES

Figure 1+ MzcmVAX 78532 MicroDMA Block Diagran

It pro\ndes two buses, one for the MlcmVAX interface and one for the IJO devices. It mterfwes the
32-bit MicroVAX bus with high-speed peripheral devices or intelligent I/O subsystems on the 8-,
16-, or 32-bit IO bus. The MicroDMA is used for the following applications:

» For DMA transfers between memory (or devices) on the MicroVAX bus and memory {(or devmes)
are ;he I/O bus

« For DMA transfers between memory and deviceson-the JObus - . .
« As a window into MicroVAX memory for devices onthe /Obus .
* As an access port to devices on the J/O bus for the MicroVAX..
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managemenit capabﬂitxes It processes address translation for DMA tran

transparent to the user. Page table information is accessed from MicroVAX memory ‘and used
directly without alteration. The MicroDMA also performs data buffering and byte ahgnment for
transfers between the MicroVAX bus and the /Obus.

« Pin and Signal Definitions

The input and output signals and power and ground connections of the MictoDMA controller 132-
pin package are shown in Figure 2. The signals are defined in the following paragraphs in two
groups—signals that connect to the MicroVAX bus and signals that connect to the I/O-bus. The
power and ground connections are defined with the I/O bus 51gnals

oy

voDXa  iAEG PRI TR WA TiR3 CLKI VS5l IDALDG  IDALDZ  IDALO4 . IDALOG  (DALOS IDALIO  IDALIZ IDALI4  VDDX3

VESX4 wmef 117 ) 83 = vésx:l
BMO -] 118 : 82 ke IDALIE
W1 119 . . . . v . 81 R DALIZ
iamz ~ 120 . T B0 e OALTS
a3 - 121 ' : - 79 = i0ALIS

s ~4 122 78— wa20
e et v
WR ——gf 123 77 - IDAL2Y
DB =-f 124 - ‘ . : ‘ . . E 76 - IDALZ2

AS —f 125 e 2 i . o ; . 75 |- iDAL23
iDMG —4 126 P 1DAL24

OPINT ~—f 127 73— 1DALZS
iCIKG =4 128 72 p~ 10AL26
iDMR «f 120 : g 7 DAL27
ERR =4 130 ‘ 8 A : . 70 f— waze

L IRDY ~ 131 s g : 89— IDAL29

P . e

- _,;"’ " MicroVAX 78532DMA - : : o I

=1 ’ ; TOP VIEW . o o : o
-t 3 —

R s ) . o b~ oazs

5 4 s : : " e b Dawzs
o — s ’ ; . [ o pAL2T
i —f 7 : 61 f— DAL26
BNZ ~f B 60 p— DAL2E
M3 —d o : . ) . v 59 b— DaL24

A5 -~ 10 ) ‘ 58 1~ pazz
Ve —4 11 v ’ R i Cwd LM ey e a2

e —f 12 FAE N : : : ¥ RERCE 3 ALY
CS2 wd 13 s . oo i . - i ot ' : 66 e DAL20
cst —1 1a L . . e . o 54 f— oaus
€80 ~f 15 T e E Teop e RS T /63 ' }— naure
AKED -~ 16 o B2 e DALTT

Fzgum 2 MzcmVAX 78532 Pin Ass:gnments
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MicroVAX Bus Interface S:gnnls Gy

The following lines connect to the McroVAX bus and mclude data and address hnes bus contml
and status lines, i mtermpt controlhnes, and a clock input line. The bus signals are summarized in
Table 1. A more demlad clcsmptlon of the sxgnal ﬁmcnons is contamed in the followmg

paragraphs

49-33

6652 DAL<31:00> inputjoutput I

] lmes usedto tmnsfer data and address infor-
- mation between: theMmmDMAanddwxces on thc
e ‘MicroVAX bus

0 A&

mput/output ~ Address strobe—Asserted to indicate a valid

’ onﬂ)eDAL<31 00> lines.

~inputfoutput

9.6 BM<ZI30>

inputfoutput

oo

27 RDY

inputfoutput. ;.

" for the assertion 0f this sxgnal before termmaung
. the cycle and removing data from the bus.

26 ERR

inputfoutput Error——Asserted to indicate an etror condmon in
the current MicroVAX cycle.
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Pin Signal ~ Input/Output Definition/Function (R R A
1315 C$<2:0> ipput/dtfﬁui ~ Control status-—-Indxcates ‘the type of cycle bemg
\ ' PN ) performed on 'the MlcroVAX bus. ‘
22.25 IRQ<3:0> output Interrupt request—Interrupt request hnes for the:

devices on the MicroVAX bus that are maskable.
29 DMR output DMA request-—Asserted to indicate that a device on
S ~ the MicroVAX bus is requesting control of the
_ - McmVAX bus..
20  DMGI input ~  DMA grant mput’-—-‘-Asserted, to Cause the

* MicroDMA controller to become bus master of the
MicroVAX bus and perform a DMA transfer.

12 DMGO output - DMA grant output—Used only with systems having
mote than one MicroDMA controllers.. Asserted
when a DMA request is to be granted to another
controller in the daisychain.

19 TAKEL | input Inteffupt acknowledge enable in—Asserted to allow

‘ the MicroDMA to respond to a MicroVAX interrupt
iy ’ ~ acknowledge.

16 IAKEO " output Interrupt acknowledge enable out—Asserted when

an interrupt acknowledge is to be processed by
another device in the interrupt daisychain. -

104 CLKI input -~ Clock in—A TTL clock input used for timing.

103 NC ' " No connection. .
MicroVAX Bus Interface Lines

Data and Address (DAL < 31:00>)—These are' time-multiplexed bidirectional lines used to
transfer data and address information between the MicroDMA controller and other MicroVAX bus
devices such as MicroVAX CPU and MicroVAX memory. The strobe signals AS and DS determine
whether data or address information is transferred.

Address Strobe (AS)— The falling edge of the &S signal indicates that lines DAL < 31:00> contain
a valid address. On the falling edge of AS, the MictoDMA controller latches the address and
interprets it as a physmal address. If the TSL line is also asserted, the CPU is performing a
MicroDMA access operation. This access could be to a MicroDMA reglster or to a location in I/O
bus memoty space. Refer to the Access Operations section.

If the MicroDMA controller is bus master; the ASline mdlcates that lines DAL < 29:02 > ) contain a
valid ‘MicroVAX physxcal memory address The DAL<31:30> lines contain a 1 and a 0,
respectively '

The falling edge of the &S s1gna1 also indicates that the mfo:manon is valid on the “1\71-23_0_—
/CS<2:0>,and WR lines.
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or write cycle. Dmagateadcycle, &efa&@edgdﬁstgﬂdthﬁthe%<3k%>
lines are available to receive data and the rising edge indicates that the data is about to be latched.
During a write cycle, the falling edge of the DS signal indicates that data is present onthe
DAL < 31:00> lines andtheasmgcdgemd:eatesthattbcdatamabouttobcmmoved

Byte Masks 3:00>)—These signals specify whlduhyues of the DAL<31:00> hnesm
vahddurmgthccumntdamtmnsfer Durmgawmecycie,hms‘ i< 3:0> specify which bytes of
the DAL <31:00> lines contain valid data. Duting a read cycle, lines BM<3:0> specify which
bytes of the DAL<31:00> lines must be supphed with valid data by an external device. The
information on lines BM< 30> is vdld on the faﬂing ﬂdgf: of the AS srgnal “The byte mask
assignments are showanabIe.? T

Tnble 2 »MmVAX 78532 Miuo,,
BymeMnsk!ine o
= . "m«n;z;;& ,,,,,
BMZ . DAL<2316>

BMO | o DpAL<07:00>

Weite (W'")-—-Th:s sxgnal spcmfms the dnect;cn of data ttansf r o lines DAL <31:00> for the
current bus cycle. When asserted, the current bus master tra on the DAL < 31:00> lines
during the data transfer portion of the cycle. When WR is not asserted an external device supplies
the data dunng the data transfer portion of the cycle or hnes IZJAL< 31:00> do not contain data.

ycbntiﬁitheDAL<310ﬂ> buﬂersam“amwmm Ads bus At asser
the DBE signal to enable the buffers or transceivers and deasserts DBE to disable them.

Ready (RDY)— This signal is asserted by external logic to indicate that it will complete the current
bus cycle. When not asserted, it extends the curvent bus cycle for a slower memory or peripheral
device. Theﬁﬁ?ormmgm‘ims%bé«méwe&t? ,%imscyc‘l&.

Bus Error (ERR)—This signal is asserted by the external gic to indicate that an error assqcagwd
with the current busqrcle, such as bus timeout or parity error; has oceurred and to-end the current
bus cycle. The ERR or RDY signal must be assate&m end the current bus cycle. If the MlcroDMA
is bus master and detects the assertion of the m signal, it ends the bus cycle, mterrupts the

MicroVAX CPU (if enabled), and records the error. The MicroDMA asserts the ERR signal if an 1}0
bus error (TERR) signal is detected during an access transfer.

Control Status (CS<2:0>)—The MicroDMA wuses these lines together with the WR mput to

 recognize and respond to the type of bus cycle currently in progress. Table 3 lists the bus cycle
selections.
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'&ble 3. MmVAX 78532 Bus Cycle Sdecﬁon
Bus Cyde Type

reserved

' reserved

reserved

- interrupt acknowledge

read instruction
read lock*
read data, modify intent

" ‘read data, no mod1fy intent*

reserved

reserved

reserved

reserved
reserved
write unlock*
reserved

write*

ik ololoclolm|mimimlolololoclw®

OCOOO‘OOOH)—EHHHH]—,‘)—'gi‘€<f

»—nv-oordh-o/o'r-in—-ocb—-r—-oo;-?
=lo|lm|lo|mlo|lm|lo|lrlo|l~|lol~=lo|~lole

1
*Used by MlcroDMA as bus master.

MicroVAX Bus Interrupt Control ‘ ’ -

Interrupt Request IRQ<3:0>. )--Thcse lines are used by the MicroDMA 'to intetrupt the

MicroVAX CPU. The vectors associated with these interrupts are ‘provided to the MicroDMA by
“MicroVAX system software. The interrupt request assignments are listed in Table 4.

Table 4+ MmroVAX 78532 Inta'mpt Requen Assxgnmeuts

IRQLme S *Interrupt Level
= w1
RQ2 R 1 %5
IRQT | k IPL 15

TRQO Hs e L
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- TACK Ensble Input (TAKET)—This signal is asserted to allow the MicroDMA to respond to a

MicroVAX interrupt acknowledge. The interrupt acknowledge lines of the /O devices on the

MicroVAX bus are connected in daisychain. CSchonnecmdmtheMeofﬂuci}‘dmof

the highest priority. If this device does not have an interrupt pending at the correct priority level, it

assertsxtsmﬁmgaal wluchmmmdmthaiﬁﬁihneofthenmdmmmthedmsychmn :
> ' nowledge until its TAKEI line is asserted.

d to enable lower priority devices in an
ackmwledge The MicroDMA asserts the

control of the bus. After the: Mj,cmDMA ;
agnalmretumconnolofthebusmﬂze'
MmDMA onlylftﬁeDMA enable bit of

MicroVAX bus for  DMA transfe. This li
 device is in a system. The MicroVAX DMG ou
DMA devmc I this chmDMA obmnﬂer

Coksgnd s e
Mmmlm-—-Amdocksngnalu%adfor iming by
and /O bus. TheCLKIngnnlxsﬂmsameasuse&hythc '

Il@BusInterhceSlgnls

The I/O bus interface lines connect to the I/O bu
control lines. The bus signals are sun ble
fuﬂcnons is contamed in the felbwms paragfaphs.. 5
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Pin

'Iﬁbleﬁ bﬁ&oVAX 78532 I/O’Busl’iﬂmdgigml Suxmnny
ripuyOutput

Definition/Function

67-82°
85-101

IDAL<: 3t 00> mput/output

i

~ Data and address lines <31 00>-——T1me muluplexed

lines used to ‘transfer data and address mformanon

“between the MicroDMA and devices'on the YO bus:

1013 RS>

input

1fe] transfer request <3: 0>-—-Asserted to indicate
“that a devxce on the /O bus requnes service. Lines’

ITR <3:0> corrcsponds to channcl 3 through 0,
respectively. -

106-109 TIR<3:0>

input

IO interrupt request—Interrupt request lines for. YO
bus:devices. Lines IIR < 3:0> corresponds to channel

-3 through 0, respectwely Typica]ly used to terminate a

DMA transfer. -

125

s

input/output -
L - IDAL<31: 00> lmes contain valid data

I/O ‘address stmbe——Asserted to mchcate that the'

122

-iinputfoutput

- IO data strobe—Asserted during a rcad cycle to mdl
i cate that the IDAL<31:00> lines are available to

receive data and deasserted to indicate that the data has

_ been received. Asserted during a write cycle to indicate

that data is present on the IDAL<31:00> lines and

. deasserted to.indicate that dataistobe, remaved

124

inputfoutput

1/0 data buffer enable—Asserted  to- enabk ‘the

- IDAL < 31:00> transceivers.

121118 IBM<3:0>

input/output

I/O byte mask—Specifies the bytes on the
IDAL < 31:00> lines that contain valid data.

123

.. inputfoutput

10 wnte-—-Specxf1es the direction of data trénsfer on\
" the IDAL < 31:00 > lines. Assérted to indicate that the

current bus master will be the source of the data. Can
be used to control the direction of the IDAL < 31:005 -
lines.

131

~ inputfoutput

10 ready—-—Used to synchromze dam transfersbetween
devices opérating at different transfer fates‘on the /O
bus. The current bus master must wait for the assertion
of this line before terminating the cycle and removing
the data.

inputfoutput

I/O error—Asserted to indicate an I/O bus error condi-
tion. In the window mode, it also may indicate a
MicroVAX bus error.

inputfoutput

1/O DMA request—Asserted to indicate that a device
on the IO bus is requesting mastership of the I/O bus.
The transfer could be I/O DMA, DMA, or I/O access.

1-116
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ize. - m o ;ipput[@iput IiO DMA mt—-—Assermd to mdieshe that t!ze?/() bus'
has been released by the currezxtl{()busmastermalluw
a DMA tmnsfer to occur.

21 - VBR: inputfk © MicroVAX bus wqw—*twmdmmmﬁmﬂsm
el s e e R ey mquestzhemof%Mfem%Xb Ty

n VBG ~_output

14  TREG . ' input

27 TOPINT  output

IMASTER ~ input

1

g

105 =~ RESET  mpw

132 Test<10> imput . T

128 ICLKO output 1O clock output-—-A/clock pulse output at one—fcmrth
of the CLKI frequency ’

32,101 Vpp s ADPRIE Ao
1850, TR
84,116 ,
31,102 Vg © “input ~  Ground—Ground reference. -
17,51 . R SNl

83, 117

20

‘IIOBmmdAJdtus

/O Datsi and Address Bus: (IDAL<31 00>- )--,'I‘hese hnesmc ﬂm&inidnp!emd md%ﬂ:muand
“and are used to transfer data and address information between the MicroDMA controller and
' devices or controllers on the O bus: The lines can‘be programmed for 8, 16-, of 32-bit data
‘widths. The strobe signals TAS and Tﬁ@demmmwhe&mthehuswneszdamm addxess,

information. L el
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1/O Address Strobe (TAS)—1If the MicroDMA is bus master, it uses the TAS signal to indicate that
the IDAL<31:00> lines contain valid address information and that the information on
IBM<3:05 and TWR is also valid. Themhne is usedby external circuits to latch this address and
to qualify the conitrol signals.

If the MicroDMA is not bus mastet, the falling edge of the TAS signal causes the MicroDMA to latch
the address and control information to determine whether a window transfer is indicated. If a
window transfer is not specxfled the MicroDMA does not participate in the cycle. If it is specified,

~ the MicroDMA participates in the cycle by performing mapping (if required) and by asserting the

IRDY line when the transfer is complete

/O Data Stmbe (Tﬁg)-—-Thls signal provides timing ,information for the data transfer portion of an
1/O bus read or write cycle. During a read cycle, the falling edge of the IDS signal indicates that the
MicroDMA is ready to receive data and the rising edge indicates that the data has been latched by
the MicroDMA and can be removed. During a write cycle, the falling edge of the IDS signal
indicates that the MicroDMA has placed valid data on the IDAL lines and the rising edge indicates
that the data is about to be removed.

/O Byte Masks ((BM<3:0>)—These sxgnals indicate which bytes of the IDAL<31:00> lines
are valid during the current data transfer. During a write cycle, the IBM< 3:0> lines specify the
bytes that contain valid data for writing. During a read cycle, the TBM<3:0> lines specify the
DAL <31:00> lines that must be supplied with valid data by an external device. The mformatlon
on the IBM<3:0< lines is valid on the falling edge of the TAS signal.

The validity of the bytes also depends on the width of the current data transfer. If the current
transfer is 1 byte wide, the information on the IBM<3:0> lines is not significant because a byte is

transferred only on the IDAL<07:00> lines. If the current transfer is 2 bytes wide, the

IBM<3:0> lines specify whether lines IDAL < 15:08> andjor IDAL<07:00> contain valid
information. If the current transfer is 4 bytes wide, the valid bytes are specified by IBM < 3:0> .
Table 6 lists the I/O bus byte mask assignments., .~

Table 6  MicroVAX 78532 /O Bus Byte Mask Assignments

1/O Byte Mask Line
Valid Data

M3 ~ IDAL<3L:24>
BM2 IDAL<23:16>
IBMI : IDAL < 15:08 >
IBMO IDAL <07:00>

I/O Wirite (TWR)-— This signal specifies the direction of data transfer on the IDAL < 31:00> lines
for the current bus eycle. When the TWR signal is asserted, the current bus master drives the lines

‘during the data transfer portion of the cycle."When the TWR signal is not asserted, an external
*device siipplies the data during the data transfer portion of the cycle or the lines are idle. This signal
-may be used by external logic to control the direction of the IDAL < 31:00> transceivers. ’I'he IWR

information is valid on the falling edge of the TAS signal.
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l’lODmBuiﬁuEmhle (TDBE)— This signal may be used with the IWR signal to-control external
IDAL<31:00>> transceivers and buffers. When asserted; it enables a transceiver or l:mf&erand
when not asserted, the outputs of the transceiver or buffer are disabled. =~

1/O Ready (TRDY)—During I/O bus cycle data transfer, the bus master must wait for meumnon
ofthmmgndbefmmmmmngthsmmchhmdmnﬁmmmmg}dwﬁmmthebm !

mtmeMAmnrbyanaddmsﬁd&mdﬁrmm”{ e
assigned to each channel. Simultaneous requests are processe
with TTRO at highest priority and TTR3 at lowest. The Micr
line by performing a DMA transfer if the channel is in DM
channel is in window mode. TheMlmDMAdoesnotackmicdgethese
performed automatically. The signals involved in. '

device mqmmsanacknowkdgmem

chmelmdmbledmeptfmhe” rup
mtermptcond:tlont}mtcausedthehneetog : assert
enabled again.

/O Bus DMA leml

ownership. When the’ chmDMﬁ is thé de i?ﬂt ‘master (IMASTER input is as

TDMR is an input signal that is typically asserted by:an mpmmwgmmmmuom
When the MicroDMA is not the default bus master, it asserts ﬂzem lme to use thc bus for a
local memory transfer or a transfer to a peripheral register. ;

I/O DMA Grant (TDMG)—This signal is asserted by the m bus’master in mpome to the
TDMR signal. Itmchcatesthatthebusmasterhasre!cased&elf@busmdthmhzm ship:
now be assumed by another device.

1/O Processor Control

MicroVAX Bus Request (VBE)— This s:guai
IvhcmVAKbuswhenperfarmmga indow ‘transfer
MicroVAX CPU accesséstheflObusatthesame‘ i
transfer When asserted, the MicroDMA requests ¢
Vﬁﬁs:gnnlwhencomrolofthehﬂicmm  is grantes process :
vﬁﬁmgnal as soon as window transfm-lsmm{ﬂefe :der ,;"nrethesymm t}woughpnt ,
MictoVAX Bus Grant (VBG)—This signal is “asserted by the MicroDMA in response to the
assertion of the VBR signal. It informs an [/O processor that control of the MicroVAX bus has been
acquired and that the I/O processor may proceed with a window transfer.
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1/O Bus Register Access (IREG)— This signal is asserted by an I/O processor to accessa MictoDMA
internal register. It is asserted during the address pottion of an I/ bus cycle to indicate that the
information on the IDAL < 08:00 > -lines should be mmrpresed as a*mg:ster address It shou!d be
deasserted at the end of the cycle..

/O Processor Interrupt (TOPINT)—This sxgnal is asserted when any of the MjcroDMA channels
initiates an interrupt to an I/O processor. Because more than one channel may interrupt at the same
time, the I/O processor must poll all the channels to determine the highest priority interrupt. The
IO processor software deasserts this signal by setting the ENABLE bit or clearing the DONE bit
of the channel control register of the intetrupting channel or by redirecting the intcrrupt‘ to
the MicroVAX CPU.

MicroVAX Bus Lock (ILOCK)—This signal is asserted by an IO processor to create locked
MicroVAX bus cycles during a window reference. During window read' and write operations,
asserting this signal causes MicroVAX memory read and write operations to be performed with a
code of 101 on lines €S < 2:0>> {read lock or write unlock). The MicroDMA continues to assert the
DMR line while the TLOCK signal is asserted, but does not assert the read lock code while accessing
the page table mformmmn reqmmd by tiie window access. It does not check the sequence of reads
and wrwes

s Slymls ‘ '

I/O Bus Master (IMASTER)——-When asserted, the MicroDMA becomes bus master of the I/O bus
by default and it responds to the assertion of the IDMR s:gnal by assertmg the W line and by
releasmg the T/O bus. ‘

Chip Select (Eﬁ)-—Tlns signal is" used by the external logic to allow the MicroVAX CPU to access
the /O bus or a MicroDMA internal register. When asserted, the information on the
DAL < 23:00> lines is interpreted as an 1/O bus physmal address if lines DAL <23:09> are not all
~ zeros or the information on lines DAL <08:00> are interpreted as an internal register address 1f
the DAL <23:09> lines are all zeros.

Reset (RESET)—When asserted, this signal sets the MicroDMA to a specified initial state. .

Test (TEST < 1:0>)—Reserved for manufacturing use. If Test0 is asserted, all outputs will be
forcedtoa lngh—unpedance state. Test <1:0> contains an internal pull-down circuit. :

o Bus Clock Om:pnt (‘ICLKO)-—-A clock output at one—fourth of the CLKI frcquency

Power and Gmund Connectxons
Voltage (Vp)—5-Vdc power supply.
Ground (Vg;)—Ground reference.

« MictoDMA Controller Operation

The MicroDMA controller is a multipurpose interface that can be used betwcen the MlmVAX
processor and a companble 32-bit /O bus for. penpheral devices or controllers. The MicroDMA has
four independently programmable channels through which DMA, Wmdow, and I/O bus data
transfers can be performed. The four channels are assigned a fxxed priority with channel 0 having
the highest priority. Devices that transfer. data at the highest rates or memory transfers should be
assigned the lowest priority channels to allow the slower devices to access the bus. This s section
briefly descnbes the charactenstxcs of these transfers and the other ma]or funct;ons of the
MlcrODMA _

AT P SR . Syphd n o oy
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AESTOTRIRUTINRTY Chg ) SO SPTE) B 3 : ik . OTHER ,
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of data can be transferred betweena demce or. mtelﬁaént ’.t/@ subsys&m#m dw!{b bus t0a devme
or memory on MicroVAX bus without CPU intervention, DMA transfers roay a}mmlve addre:
tmnslauan, data reahgnmm;, and data buffering. SN

memory. Window transfers allow the devices to access buffers and to operate: from \mrk queues in
memoty. The location and size of a wind wmd;ﬁnedby ! "dqmm;sﬁm
may involve address translation and datg reali ) 4,
TO DMA Transfers—The MicroDMA Conitroller: cm@mnfm kacal ifled bus BMA trmsﬁers ‘
independently of other activities that' may occut ‘on the MictGVAX bus. The /O DMA capability
allows the /O bus memory to be used as a large buffer for data rate smoothing. The /O bis memory
canbe filled by a channel in I/O DMA mode while another channel in DMA mode transfers the data
to MicroVAX memory. I/O DMA transfers do not involve address translation or data realignment.

Access Operations

The MicroDMA controller allows the MicroVAX CPU to access memory and devices on the I/O bus
similarly to devices directly connected to the MicroVAX bus. These access opetations are
performed by the user application and define a region of MicroVAX physical address space as an [/O
bus access range. When a range is referenced, an access to one or more equivalent locations on the
YO bus is performed. Access operations may occur in parallel with channel operations such as
DMA, window and I/O DMA transfers. Duting access operations, data packing and unpacking is
petformed and address translation or realignment is not performed.
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Data Realnmment-a-Data in MicroVAX memory or I/O memoty can be accessed on arbitrary byte
boundaries. The realignment can occur as part of a DMA or window transfer. During realignment a
data byte, word, or longword on one bus is buffered by the MicroDMA and shifted for proper
alignment on the other bus.

Data Buffering—The MicroDMA provides a buffer of two longwords per channel to improve DMA
transfer speed and effluency The data from a device on one bus can be read and buffered until the'
device on the other bus is ready to accept the data. The buffer can also be used to convert bytes and
words from the IO bus.into longword data for the MicroVAX bus. This improves the speed of
MicroVAX bus transfers. During realignment, the buffer is used to hold data temporarily that is to.
be realigned. :

Data Packing and Unpacking—Data packing and unpacking is used ,for byte and word DMA
transfers and access operations. It asembles or separates data between the MicroVAX and I/O bus.
Data packing is performed to arrange byte or word data into longwords for the MicroVAX bus. Data
unpacking separates longwords into bytes and words for the 1/O bus.

Address Translation

The MicroDMA performs virtual to physical address translation for DMA and window transfers if
mapping is enabled for the channel involved in the transfer. The MicroDMA uses page table
information stored in MicroVAX memory and maintained by MicroVAX system software. This
information includes the system page table (a collection of page table entries contiguous in physical
memory), the process page tables (a collection of page table entries contiguous in virtual memory),
and the global page table used to describe shared pages.

Bus Interfacing

The MicroDMA controller prevents different activities between the buses from interfering with
each other. The controller appears as a DMA peripheral device on the MicroVAX bus. It requests
and relinquishes the bus through the DMA request and grant logic. The bus interface uses signals
with the same timing characteristics as those used for any other MicroVAX bus dewce such as
MicroVAX memory. :

The controller appears as an IfO processor or CPU on the I/O bus. The. I/O bus supports the
simultaneous use of 8-, 16-, and 32-bit devices and has an mterfacmg protocol s1mnlar to that of the
MicroVAX bus. | ,

The MicroDMA may operate as a master or a slave on either bus. Therefore the bus control- s1gna]
AS (address strobe), for example, can be used as an input or output. Table 7 simmarizes the
MicroDMA operations. It specifies operations for which the MicroDMA is bus mastér and shows
the source and destination buses for each. MicroDMA internal registers can be accessed from either
the MicroVAX bus or I/O bus. , ;
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“Table 7 MicroVAX 78532 Operation Summary

Bus Source Destination  Address Data Data
Opetation Master Bus Bus = Translation Alignment Packing
DMA :
Transfer MicroDMA  MicroVAX/I0O IO/MicroVAX  Yes Yes Yes
Window , o : ‘
Transfer  IOP* IO/MictoVAX  MicroVAX/IO Yés Yes No
1/0 DMA ’ ; o B
Transfer =~ MicroDMA 10 IO ~ No No No
Access o : S V
Operation MicroVAX - MicroVAX/IO  I0/MicroVAX  No No - Yes

*IOP = Intelligent I[/O device or /O processor.

Registers

The MicroDMA contmller contains 63 byte addressable, user- r-accessible reglstcrs The MicroDMA
controller contains one set of global registers that defines the overall state of the MicroDMA
controller and four sets of channel registers that define the state of each channel. The regxsr.ers may
be accessed from either the MicroVAX bus or the I/O bus: -

The reglsters occupy a 512-byte region in MicroVAX I/O address space. The base address of this
region is defined by the user and must begin on a 16- Mbyte boundary. The user’s application
decodes lines DAL < 31:00> and asserts the CSL line when an address in the register region is
referenced. When CSL is asserted, the information on the DAL < 08:00> lines is interpreted as a
register address if the DAL <23:09> lines are all zeros. If DAL <23:09> are not all zeros, the
information on DAL < 23:00 > is interpreted as an I/O bus address and an /O access cycle will be
performed. (Refer to Access Operations.) The addresses associated with the global registers are
listed in Table 8. Table 9 lists the addresses assigned to the channel registers.

Table 8 » MicroVAX 78532 Globil Registers Address Assignments

Address* Read/Write

(hexadecimal) Mnemonic ®wW) , Description

000 DGCTL 0E RW. . B . GlobalcontfoIRégister
004 ' DSBR RW © " System Base Register
008 "DGER KW Global Base Register
00C-03C | " Reserved

*Register addresses must appear on the DAL <08:00> or IDAL<08:00> lines. References to
reserved addresses will cause unpredictable results, Some registers have more than one function
depending on the current operational mode of the MicroDMA controller.

Confidential and Proprietary 1-123




Preliminary + MicroVAX 78532

Table 9 - MicroVAX 78532 Channel Registers Address Assignments

Address* o o - Read/Whrite

Ch0 Chl Ch2 Ch3 Mnemonict R/W Registerf

040 080 0CO 100 DCCTLx RW DMA Channel Control

044 084 0C4 104 ' Reserved

048 088 0C8 108 DCINTx RW DMA Channel Interrupt Vector
04C 08C OCC 10C DCIOBAx RW - DMA I/O Base Address

04C 08C 0CC 10C DCIDSx RW DMA 1/O Source Address

050 090 O0DO 110 DCIBCx RW DMA Initial Byte Count

050 09 O0D0 110 DCWMx RW Window Mask (window)

054 094 0D4 14 DCBOx RW Byte Offset (mapping on)

054 094 0D4 114 DCUPAx RW MicroVAX Physical Address (no map)
058 098 O0OD8 118 DCSPTEx RW SVAPTE Register (DMA, window)
058 098 0D8 118 DCIDDx RW 1/O DMA Destination Address
060 0AO0 OE0 120 DCCSVX R Current System Virtual Address of PTE
064 0A4 OE4 124 DCIOAx R Current IfO Bus Address

068 O0A8 OE8 128 DCBCx R Current Byte Count

06C 0AC OEC 12C. DCPTEx R Current Page Table Entry

070 0BO OF0 130 DCPAx R Current Physical Address

074 OB4 OF4 134 Reserved

078 0B8 OF8 138 Reserved

07C 0BC OFC 13C ‘ Reserved

*Hexadecimal notation. Register addresses must appear on the DAL < 08:00> or IDAL < 08:00 >*
lines. References to reserved addresses will cause unpredictable results.

tx = Register designations 0, 1, 2, or 3, depending on channel number.

$Some registers have more than one function depending on the current operational mode of the
MicroDMA controller. :

To access a register from the I/O bus, the user’s application decodes IDAL < 23:00> and asserts
the TREG signal to indicate a register access. The MicroDMA interprets the IDAL <08:00>
information as a register address. The I/O bus write access to the registers is controlled by bit 10 in
the DGCTL register, the value of which is usually determined by MicroVAX system software.
DMA Global Control Register—The DMA global control register (DGCTL) is used to control,
configure, and determine the global status for the MicroDMA controller. The format of the register
information is shown in Figure 4 and defined in Table 10.

1-124 Confidential and Proprietary




Preliminary MicroVAX 78532

3130 Gl 111009 050403020100
I I B L S B T T
SRPR ViD BLIM wso
NN R NN [N N

DEAD l JOWE " DEN|RESET
C ) MWE : EBLIM

Figure 4 » MicroVAX 78532 DMA Global Control Register Format

Bit

Table 10 » MicroVAX 78532 Global Control Register Description
— - X e et

31

30:24

DEAD (Deadlock)—A read-only bit that is set to mdlcate that a deadlock situation
existed in a previous I/O bus access operation. Cleared during a reset operation or
by writing a one to this bit. D

Not used (read-as zeros). .. o Do

23:12

VID (Version identification)—A read-only field that contains: the version number
of the MicroDMA chip. For the initial version of this chlp, the number is 00000001.

MWE (Maintenance write enable)—»Setnng this read/wnte hlt enables writing to

_any register mcludmg the read-only. reglsters Itis mtended for diagnostic and
manufacturing test usage only. The status/error bits cannot be set when this blt is
set. Cleared during a reset operation.

10

IOWE (I/O bus register write enable)—-—-A read/wnte blt set 1o enable an IJO device
to write data to a channel register. When cleared, a write to external registers will be
 ignored. Cleared during a reset operation.

9:5

BLIM (Burst hmtt)-»—»Spemﬁes the maximum léengg;h {in bus (.ycles) of a DMA burst
on the MicroVAX bus when EBLIM (bit 1) is set. Cleared during a reset operation.

4:3

WID (deth)——-A read[wnte fxeid that specifies the data width of I/O bus access
operations as follows. These bits are cleare:f durmg a reset operanon ‘

WID Bits Data Width
04 03

o0 0 _lbyte .
0 1 1 byte

1 -0 - 2bytes
1 1 4 bytes

DEN (DMA cnable)—-A read/wnte blt that must be set to allow the MicroDMA
controller to perform DMA transfers on the MicroVAX bus. Clearing this bit
prevents the MicroDMA from asserting DMR. Cleared during a reset operation.

EBLIM (Enable burst limit)—A read/write bit. When set, BLIM (bits 9:5) define
the maximum length-of a DMA burst. When clear, the DMA burst length is
unlimited. Cleared during a reset operation.

RESET—A read/write bit that is set to-initiate a reset operatlon that forces the
MicroDMA to a known initial state. Settmg this blt has the same effect as asserting

the RESET input. . o
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DMA System Base Register—The DMA system base register (DSBR) is used in address translation
and contains a copy of MicroVAX system base register which is the physical address of the base of
the system page table. Refer to MicroVAX 78032 CPU in this databook for more detailed
information on the MicroVAX system base register. The DSBR must be loaded by MicroVAX system
software before any address translation occurs so that MicroVAX memory will not be corrupted.
The format of the register information is shown in Figure 5 and defined in Table 11.

313029 020100
1 rFrrerryrrrr T rr T T T T T T T ey v I
00 : 8BR 00
0 S T T NN N W T T T T T 1 O T v O T T 1 oy I A | 1

Figure 5« MicroVAX 78532 DMA System Base Register Format

Table 11 - MicroVAX 78532 DMA System Base Register Description

Bits Description

31:30 Not used (read as zeros).

29:02 SBR (System base register)—Contains the physical longword address of the system
' page table. The same as bits 29:02 of the MicroVAX system base register.

01:00 Not used (read as zeros).

DMA Global Base Register—The DMA global base register (DGBR) contains a copy of the
information in the MicroVAX global base register. It is used by the MicroDMA during virtual-to-
physical address translation to locate the global page table that describes the shared pages in system
virtual memory. The register must be loaded by MicroVAX system software before any virtual DMA
activity so that MicroVAX memory will not be corrupted. The format of the register information is
shown in Figure 6 and defined in Table 12.

. 313029 . 02 0100

V|Ill]llIIIIIIII!]IIIIIII!]Il
/) GBR 00
A

N N TN S T T YO N T N T N O T Y Y I v e |

Figure 6= MicroVAX 78532 DMA Global Base Register Format

~ Table 12 « MicroVAX 78532 DMA Global Base Register Description
Bits  Description ‘ :

31:30 Not used (readfwrite). -
129:02 GBR (Global base register)—Used to locate the global page table in the system
- virtual memory. The same as bits 29:02 on the MicroVAX glob:éalrb‘ase register
01:00 Not used (read as zeros).
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DMA Channel Control Registers (0-3)—The four channel control (DCCTLO through DCCTL3)
registers, one for each channel, are used to control, configure, and determine status for the four
channels. Three translatlon error bits are used for system, process, and global translation errors.

Translation etrors can occur when a bus error is detected while fetching a page table entry, by an
invalid page table, and by a global page table entry that leads to another global page table entry.

The cause of errors is indicated only by the error bits that define the location in the translation
process in which the error occurred. For example, if the error occurred during the global part of
translation, then the global error bit will be set. The format of the register information is shown in
Figure 7. and defined in Table 13. , ,

313029282726 24232221 l8171615141312“1009@807 050403020100
' 1 IR 5 ol ;

O, RRUNY.OURE TN R B N N B A
i I S 1 Y I T
leTe| | | \oe DONE[ PHYS | NXTCH|iOP| cTM |’ MODE | 1E [ENABLE
ERR IPTE[ VBE 10t IPR  CHAIN.TOL ' WIDTH  DIR TERW
ISPTE

Figure 7 « MicroVAX 78532 DMA Channel Control Registers (0-3) Format

Table 13- MlmVAX 78532 DMA Clunnel Conuol Regns-lers (0-3) Descnpt:on

Bits

. Description

31

ERR (Ermr)pA read-only blt setto mdmatr:. that an error has occurred in-a channel
operation when any of bits 30:26 are set. Cleared during a reset operation, by
writing 2 1 to this locatmn, or by setting the ENABLE (bit 00).

30

GTE (Glohal translation error)—A. nead—only bit. set to mchcate that an error
occurred during an address translation involving global page tables ‘The ISPTE and
IPTE bits indicate where in the process the error occurred Cleared during a reset
operation by wrmng alto tlns Iocatwn, or when the ENABLE (bit 00} is set.

29

IPTE (Invalid process page: table entry)-——A xeadmnly bit set to indicate that an
invalid process page table entry has been fetched. Cleared dunng a reset operation,
by wntmg a1 to this location, or by setting the ENABLE (bit 00)

28

ISPTE (Invalid system page table entry bit)—A mad anly bit set to indicate that an
invalid system page table entry has been fetched. Cleared dunng a reset operation,
by writing a 1 to this location, or by setting thae ENABLE (bit 00).

27

VBE (MicroVAX bus error)—A read:only bit set to indicate that a bus error
occurred on the MicroVAX bus during a DMA' transfet on this channel. Cleared
during a reset operation, by writing a 1 to this location, or by setting the ENABLE
(bit 00).

26

IBE (I/O bus error)—A read-only bit set to indieéte that a bus error occurred on the
I/O bus during a DMA transfer on this channel. Cleared during a reset operation, by
writing a 1 to this location, ot by setting the ENABLE (bit 00).
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, ,Desmptmn

k - Not used (read as zems)

DONE—A read-only bit set to indicate that the current channel operation has
terminated. Cleared during a reset opcratxon when written toa 1 or when ENABLE
(bit 00) is set. .

22

101 (I/O interrupt)—A readfwrite bit set to indicate that the TR line for this
channel has been asserted. If the TOI (bit 10) is also set, the current transfer will
terminate, Cleared during a reset operation or when ENABLE (bit 00) is set.”

21:18

Not used (read as zeros).

17

PHYS (Physical)—A read/write bit set to disable the address translation for this
channel. The contents of the DCSPTEx register are ignored and the contents of the
DCUPAx register are used as the first physical byte address of the transfer.

16:15

IPR (Interrupt priority)—Read/write bits that specify whichIRQ line is asserted if a
channel error occurs or when a DMA operation terminates as follows:

IPR  Bits IRQLine '

16 15

0 0 IRQO

0 1 RQT

1 0 IRQ2

1 A 1 ‘ IRQ?

14:13

NXTCH (Next channel)—Read/write bits that indicate the number of the next
channel to be enabled in a chaining operation when CHAIN (bit 12) is set.

CHAIN—A readfwrite bit set to start -a transfer on the channel specified by

" NXTCH channel number when the current transfer terminates without error.

1

TIOP (Interrupt I/O processor)—A read/write bit when set and IE (bit 02) is set, it
causes the channel interrupts to be directed to an IfO bus processor when the

' TOPINT signal is asserted. When cleared and IE' (bit 02) is set, the channel

interrupts are directed to the MicroVAX CPU as determined by the IPR line.

10

~TOI (Termination on mterrupt)-wA read/write bit set to terminate DMA transfers
on thls channel upon the assertion of the TIRsignal for this channel.

09:08

CTM (Count mode)—Read/write bits that determine whether addresses on the
MicroVAX bus andfor I/O bus will remain the same or be incremented for data
transfers on this channel. MicroVAX bus addresses are incremented by 4. The YO

" bus addresses are incremented accordmg to the data’ width of the I/O device

involved in the transfer.

CTM  Bits MicroVAX Bus - - I/O Bus.

09 08 - Address ' ‘ - Address

" same ‘ same

same incremented
‘incremented - ~ . same
incremented . .-’ incremented

[~}

OO
. O e O
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07:06 , WIDTH—-—MWH!C bits that specify the data width of the IIO device assomawdk
: .~ with the channel as follows:
. WIDTH Bits.  Data Width
07 06
0 0 1byte
0 1 1 byte
1 0 2bytes -
1 1 4 bytes : ‘
05:04 MODE (Mode fzeld)——Read/wnte bxts that speelfy the operanonal mode of the
channel. .
MODE Bits Openmonal Mode
05 04
0 0 illegal . . .
0 1. - JJODMA
1 - 0 DMA -
1 1 ,mndow . , ; ;
03 DIR (Direction)—A read[wnne bit that specifies the dxrectmn ofa data transfer in

DMA mode. Set to specify a transfer from the IfO bus to the MicroVAX bus. Cleared
to specify a transfer from the MicroVAX bus to the /@ bus.

02 IE (Interrupt enable)—A read/write bit set to enable the interrupts to devices on
the MicroVAX bus and I/O bus. Must be set before or at the same time ENABLE (bit
00) is set. Cleared during & reset operation to immediately disable all channel
interrupts.

0l TERM (Terminate)—A read/write bit, set to force the termination of the current
- channel operat:on, but allows bufféred data te be written. Cleared durmg a reset
+ operation or by setting ENABLE (bit 00). :

00 ENABLE (Enable)—A read/write bit set to immediately clear bits 31:27 and 23:22
of this register and to configure the channel acmr&mg to bits 17:03. Cleared during
a reset operation to immediately abort the cutrent channel operation. Aty buffered
data is lost.

DMA Channel Interrupt Registers (0-3)——The channel interrupt vector (DCINTO through
DCINTS3) registers contain the vector value used by MictoVAX CPU to procéss interrupts related to
the operation of the channel. The priority of the interrupt is specified by the: IPR field of the
register. The format of the register information is shown in Flgure 8.

31 1009 . - D20100
. l IR T ! LR L A ] 1 l l L 1 ¥ T TTT T T o

0 ~ VECTOR | / -
NS K A SN AT TN OO TN T TS0 (W8 VO O TS UG QN G 0 K (0 W% NO8 WO EF JUC. N 0 DO |

Figure 8 » MicroVAX 78532 DMA Channel Interrupt Regzstem (0-3) Format
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DMA 1/O Base Address Registers (0-3)—The DMA 1/O base address (DCIOBAQ through
DCIOBA3) reg1sters contain the base address of the device or memory on the /O bus that will
participate in a DMA transfer on this channel. When the DMA transfer is started, the register is
copied into the DCIOAx register which may be modified during the transfer. The DCIOBAx
register information may be used in subsequent transfers or in chaining operations. The format of
the register information is shown in Figure 9.

31 2423

L L L L L L UL L O e e e e B e
0 BASE ADDRESS

N N VO O R (Y S O T T O O T Y O A O

Figure 9 « MicroVAX 78532 DMA I/O Base Address Registers (0-3) Format

DMA I/O Source Address Registers (0-3)—The DMA I/O source address (DCIDSO through
DCIDS3) registers contain a 24-bit physical IfO bus address that specifies the source of an I/O DMA
transfer. This address may be associated with a peripheral device or the start of a memory buffer in
I/O bus memory. The format of the register information is shown in Figure 10.

31 2423 00

LR LR LI l' FrrTrr T rTr T e T rird
o SOURCE ADDRESS

I N I | I T T N T T T S RO O A T s O

Figure 10 » MicroVAX 78532 DMA I/O Source Address Registers (0-3) Format

DMA Initial Byte Count Registers (0-3)—The initial byte count (DCIBCO through DCIBC3)
registers contain the initial byte count for a DMA or I/O DMA transfer When the transfer is started,
the register information is copied into the DCBCx register whete it is decremented as the transfer
proceeds. The maximum DMA transfer length is 1 Gbyte and the maximum IO DMA transfer
length is 16 Mbytes. The format of the register information is shown in Fxgure 11.

313029 00
rryrrrrerrryrvyrerrrrrr v ey e ey
oo BYTE COUNT

Il N O A T N T T N N T N T O T ey oy (v e o v

Figure 11 « MicroVAX 78532 DMA Initial Byte Count Registers (0-3) Format

" DMA Wintlow Mask Registers (0-3)—The DMA window mask (DCWMO through DCWM3)
registers are used during window mode data transfers to help determine where in MicroVAX
memory a window mode transfer will occur. Refer to the Window Transfers paragraph for more
information. In window mode, the register information islogically ANDed with the address on the
1/O bus to specify an offset within the wmdow The format of the reglster information is shown in

Figure 12.
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31 3029 2423 00
LI LR l FrrrTryrrTrrrrerirrorredy
L 1N O N W T U O T Y O YO O O O

Figure 12 » MicroVAX 78532 DMA Window Mask Registers (0-3) Format

DMA Byte Offset Registers (0- 3)—The DMA byte offset (DCBOO through DCBO3) registers are
used with the DMA system virtual PTE (DCSPTEOQ through DCSPTE3) registers to determine a
memory location where a mapped DMA buffer or MicroVAX window 'starts. The register
information is used to find the physical address of the first (base) page of the transfer. Each register
contains an offset (in bytes) that, when added to the base page address, specifies the physical
address of the first byte of the buffer or window. Refer to the Address Translation paragraph for the
use of these registers. The format of the register information is shown in Figure 13.

313029 0908 00
T TTTTTTT]
I L1111

Figare 13 « MicroVAX 7 8532}DMA Byte Offset Registers (0-3) Format

DMA MicroVAX Physical Address Registers (0-3)-—The DMA MicroVAX physical address
(DCUPAO through DCUPA3) registers contain the base physical address in MicroVAX memory for
unmapped transfers in DMA and window modes. For unmapped DMA mode transfers, this register
specifies the physical address in MictoVAX memory at which a DMA transfer will begin. For
unmapped window mode transfers, an offset is added to the contents of these registers to
determine the starting address of the transfer. The offset is obtained by ANDing the address on the
1/O bus with the DCWMzx register. The format of the register information is shown in Figure 14.

313029 Q0
| rrTrrrrrrerrrrrrrrrrr Tt T T Trd

oa ADDRESS

i N O TN Y T T N T W T s I O O O A |

Figure 14« MicroVAX 78532 DMA Physical Address Registers (0-3) Format

DMA System Virtual Address PTE Registets (0-3)-—The system virtual address PTE (DCSPTEQ
through DCSPTE3) registers contain the system virtual address of a page table entry. The page table
entry points to the base address of the page at which a mapped DMA buffer or window begins. An
offset (expressed as a number of bytes) contained in the DCBOx register is added to the base
address to specify the address of the first byte in the buffer or window. The format of the register
information is shown in Figure 15. \ :
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313028 00

rrryrrTervrr vy rrrr T ey r v ey e e e ey
ADDRESS : .

7 1 1 N O O T T O T O Y T Y I v |

Figure 15 « MicroVAX 78532 DMA System Virtual Address PTE Registers (0-3) Format

DMA YO Destination Address Registers (0-3)—The DMA IO destination address (DCIDDO
through DCIDD3) registers contains a 24-bit physical I/O bus address that specifies the destination
of an IfO DMA transfer. This address may be associated with a peripheral device or the start of a
memory buffer in I/O bus memory. The format of the register information is shown in Figure 16.

31 2423 00
/ rrrTrrTrrrrrrerrr i rrrTTrrrd
///N//////%// DESTINATION ADDRESS

) N OO T T VN N N O N N O T Y T T Y W |

Figure 16 « MicroVAX 78532 DMA IJO Destination Address Registers (0-3) Format

DMA Current System Virtual Address PTE Registers (0-3)—The current system virtual address
PTE (DCCSVO through DCCSV3) registers contain the system virtual address of the page table
entry currently being accessed. If a translation error occurs (for example, when a page table entry is
invalid), the system virtual address of the erroneous page table entry is in this register. These
registers are read only. The format of the register information is shown in Figure 17.

31 00

LI D U AN OO RO S D R U O O N R Y |
. CURRENT SVAPTE

N O T NN O T T O T N N N I T T T T A 1 0 1 I I O O

Figure 17 » MicroVAX 78532 DMA Current System Virtual Address PTE Registers (0-3) Format

DMA Current /O Bug Address Registers (0-3)—If an I/O bus error occurs, the DMA current I/O
bus address (DCIOAOQ through DCIOA3) registers contain the IfO bus address associated with the
error. These registers are read only. The format of the register information is shown in Figure 18.

31 2423 . 00
W rrrrrT T e T T T T T r T r e rTred
' ADDRESS :

S 1 T 1 S T 5 T T I I I

Figure 18 « MicroVAX 78532 DMA Current /O Bus Address Registers (0-3) Format
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DMA Current Byte Count Registers (0-3)—The current byte count (DCBCO through DCBC3)
registers contain the byte count for the transfer currently in progress. It specifies the number of
bytes remaining in the transfer These registers are read only. The format of the regxstet
information is shown in Figure 19. -

313029

IllilIII(ITIllll!!JYll!l!ll![
BYTE COUNT
1]llllllil|l!illf!llll!lﬂlltil

Fzgzm: 19 MzcmVAX 78532 DMA Cumt Byte CountRegmen (O~3) Format

DMA Current Page Table Entry Registers (0-3)—The DMA current page table entry (DCPTEO
through DCPTE3) registers contain the page table entry currently being accessed. If a transla-
tion error occurs due to an invalid page table entry, the erroneous page table entry can be found in
these registers. These registers are read only. The format of the register information is shown in
Figure 20. ,

tTT T T rTrrTd | I | T I I l l i l l 11 ]
PAGE TABLE ENTRY -

l/llIlll[l"llllilll‘i‘lyl!vllllllwllll

Figure 20+ MicroVAX 78532 DMA Current Page Table Eniry Registrs (0-3) Format

DMA Current Physical Address Registers (0-3)—If a MicroVAX bus error occurs, the DMA current
physical address (DEPAO through DCPA3) registers canusually be decremented by 4 to obtain the -
MicroVAX longword physical address associated with the error. An exception is when bits 8:0 = 0
during a mapped transfer (i.e., a page boundary is crossed) and the longword that caused the error
is the last longword of the previous page. These registers are read only. The format of the register
information is shown in Figure 21. - ‘

313029 00
lllH1:[1!(!{!1111!!1!!11!11r
00 .- ADDRESS .

1 IllleIlIllll!'illtllill!llllL

Fzgure 21 M:croVAX 78532 DMA Current Pbyszczzl Address Reg:sters (0«3) Fommt
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Channel Operations -

The type of operation performed by a channel is(specifiéd by MODE bits 05 and 04 of the
appropriate DMA configuration register (DCCTLO through DCCTL3).- A channel operation is
performed by the following:

» The configuration data is entered into the DMA global control register.

« The I/O device involved in the transfer must be appropriately configured and enabled. This is
usually accomplished by an access operation that writes data to the I/O device.

* In the MicroDMA, the user registers that define the parameters of the channel operation are
written (initialized) with appropriate data. If mapped transfers are to occut, the DMA global base
register and DMA system base register must also be initialized.

» The data that configures the channel and initiates the channel operatmn is written into the DMA
" channel control mglsﬁer ‘

DMA Transfers

A DMA transfer requires the user to specify the starting MicroVAX bus address, the starting I/O bus
address of the transfer, and the number of data bytes to be transferred. The configuration
parameters such as the direction and data width of the transfer are then written into the
appropriate DMA channel control register.

For unmapped DMA transfers, the starting' MicroVAX bus address of the transfer is completely
specified by the physical byte address of the beginning of the data buffer. This is contained in the
DMA MicroVAX physical address register. For mapped DMA transfers, the system virtual address of
the page table entry that points to the first buffer page and the byte offset from the start of that
page to the first data byte must be entered. These addresses specify the beginning of the buffer in
virtual memory when the DMA system base register and the DMA global base register are
initialized. The system software computes these quantities from a virtual address and the process
context, and loads them into the appropriate DCSPTEx register and the DCBOx register to define
the virtual buffer. The starting I/O bus address of a transfer is contained in the DMA I/O base
address register.

The initial byte count is contained in the DMA initial byte count register (DCIBCx). At the
beginning of the transfer, the DCIBCx register information is loaded into the current byte count
register (DCBCx) and the register is decremented as the transfer progresses. When DCBCx reaches
zero or becomes negative, the transfer is complete and is terminated.

Configuration information for the DMA transfer is contained in the DCCTLx register. In addition
to specifying the data width and direction of the transfer, it also contains a “count mode” that
specifies which addresses will be incremented and the value of the increment as data is transferred
from one bus to another. Addresses to or from the MicroVAX bus may be incremented by 0 or 4
because memory is always addressed in longwords on that bus. Addresses to or from the I/O bus
may be incremented by 0, 1, 2, or 4 depending on the programmed width of the /O bus. I/O bus
addresses are not incremented for DMA transfers to or from a peripheral device through its data
register. I/O bus addresses are incremented for I/O bus memory to MicroVAX memory transfers.

Table 14 lists the initial conditions of the registers involved with a DMA transfer. When these
conditions have been established, a DMA transfer is initiated by the assertion of the TTR signal by
the I/O device. A simplified flow diagram of the actions of an IO device, the MicroDMA controller,
the MicroVAX CPU, and MicroVAX memory during a typical DMA transfer is shown in Figure 22.
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Table 14 lists the initial conditions of the registers involved with a DMA transfer. When these
conditions have been established, a DMA transfer is initiated by the assertion of the TTR signal by
the I/O device. A simplified flow diagram of the actions of an I/O device, the MicroDMA controller,
the MicroVAX CPU, and MicroVAX memory during a typical DMA transfer is shown in Figure 22.

Table 14 - MicroVAX 78532 DMA Transfer Initial Conditions

Register Bit Content
DGCTL OC(16) (DEN = 1, WID 03:02 (byte)
- Dcioeaz ~ 1001(16) (O base address)
DCIBC2 " 0A(16) (Initial byte count)
DCBO2 33 16) (Byte offset)
DCSPTE2 System virtual address of base page table entry
DCCTLO2 03 1 (Transfer is to MicroVAX)
DCCTL2 05:04 10 (DMA mode)
DCCTL2 07:06 01 (Byte wide) ”
DCCTL2 09:08 10 (HOLD J/O address and INC MicroVAX address)

Data to be transferred is 01,02,03,04,05,06,07,08,09, and OA.
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++ MicroVAX : oo MicroVAX . ;o MicroDMA s s, 2O Bug s
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Figure 22 « MicroVAX 78532 DMA Transfer Flow Diagram
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. ‘MicroVAX g MicroVAX MicroDMA . 1/0 BUS
Memory CPU Controller Device

ASSERTSAS, WR,ETC. ~ T 0L ; oy
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' Figure 22+ MicroVAX 78532 DMA Transfer Flow Dzagmm (Continued)
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An example of a DMA sequence to transfer 10 bytes of data from a bytewide I/O device at I/O bus
address 1001 (hexadecimal) to a buffer in MicroVAX virtual memory at offset 33 (hexadecimal)
from the base page is listed in Table 15. Channel 2 is used for the transfer.

Table 15 - MicroVAX 78532 DMA Transfer Sequence

Byte MicroVAX Bus I/O ' Bus

Count Operation Address* BM<3:0> Data Operation Address IBM<3:0> Data

10 ‘ read 1001 xxx0 xxxxxx01
write --30 o111 Olxxxxxx ~

9 : read 1001 xxx0 sxxxxx02

8 read 1001 xxx0 xxxxxx03

7 read 1001 xxx0 xxxxxx04

6 read 1001 xxx0 xxxxxx05

' write ~-34 0000 05040302

5 ' read 1001 xxx0 xxxxxx06

4 read 1001 xxx0 xxxxxx07

3 read 1001 xxx0 xxxxxx08

2 . . read 1001 xxx0 xxxxxx09

1 write ---38 0000 09080706 —

0 read 1001 xxx0 xxxxxx0A
write --3C 1110 xxxxxx0A ~—

Transfer terminates

*The upper bits of the MicroVAX address depend on the page table information and are not shown.
The lower two bits of the MicroVAX address are indeterminate and not necessarily zero.

Window Transfers

To perform a window transfer, a window (i.e., a set of I/O bus addresses that correspond to
locations in MicroVAX memory) must first be defined by the user. The user application decodes 1/0
bus addresses (IDAL<23:00> such that the ITTRx signal is asserted when an address in the
window region is referenced.

When the I/O processor begins a window access, the MicroDMA uses the IBM < 3:0> informa-
tion, and the width of the I/O bus (byte, word, or longword) the effective byte count of the transfer

and to perform substitution for the low one or two bits of the incoming address, shown in Figure 23
and Table 16.

For unmapped window transfers, the base of the window region is completely specified by the
physical byte address of the window in MicroVAX memory. This must be loaded into the
MicroDMA physical address register (DCUPAx), and is added to the window address derived from
the I/O bus device requesting the window access.
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iBM<3:0> |
IDAL<23:02> DCCTLx <07:08>
DECODE
TO DCBCx
{BYTE COUNT)
IDAL<01:00>
DCWMx
31 24 23 S 00

WINDOW ADDRESS (WA) I [} ] ; R |

Figure 23 » MicroVAX 78532 Window Addressing Logic

This window address is derived by ANDing the effective 24-bit I/O address with the window mask
register DCWMx). Using the window mask to mask off the “don’t care” bits from the address,
simplifies the external hardware required to decode the TTRx signal. The sum of this window
address and the DCUPAx register forms the MicroVAX physical address of the window transfer. The
actualtransferwﬂmqun'emote than one access o MicroVAX mamoryxstlmaccess bytes cross of
longword boundary. .

For mapped window transfers both the system vn'tual addressof the page mble entry mdbylae
offset in the first window page must be spemﬁedsunﬂarlymaDMA transfer, The incoming I/O bus
,addmsandbytemasksddmeaduplacementfmm thebascof thewmdow Thsnsmaskadby the
contents of DMA window mask register and used to compute a new system virtual address PTE and
byte offset.

For both mapped and unmapped wmdow transfers, the width of the channel is defmed by DMA
channel control register bits 7 and 6.
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Table 16 - MicroVAX 78532 Window Transfer Byte Count and Effective Displacement

Effective I/O
Channel Width IBM< 30 > Byte Count Bus Address <01:00 >
Byte XXXX - 1 IDAL <01:00>
" Word xx00 2 IDAL<01>'0*

xx01 1 IDAL<01>"1

xx10 1 IDAL<01>0
Longword 0000 4 00

0001 3 01

0011 2 10

o111 1 1

1000 3 00

1001 2 01

1011 1 10

1100 2 00

1101 1 01

110 1 00

*(") indicates concatenation.

If the MicroVAX CPU performs ‘an IfO bus access when'a wmdow access is being performed a
deadlock may occur as the MicroVAX and I/O processor each wait for the other’s bus. - ‘

The I/O processot can ensure a unique access to MicroVAX memory. Before beginning a window
access, the I/O processor must assert VBR and wait for VBG to be asserted. Because the MicroVAX
bus is acquired by the MicroDMA before the window access, the possibility of deadlock is
eliminated. After the window access (or accesses), VBR should be deasserted to allow the
MicroVAX processor to regain control of its bus.

The MicroDMA chip contains hardware that detects the presence of a deadlock if it occurs. It
breaks the deadlock by causing a bus error on the MicroVAX bus by asserting the ERR signal and
sets a bit in the DMA global control register to inform the MicroVAX CPU of the cause of the error.

Table 17 lists the initial conditions for an example of 2 window transfer. The sequence of events
involved in this example is shown in Table 18. One byte is to be transferred from the I/O bus to the
MicroVAX bus. The channel is configured in word mode. The user application decodes I/O bus
addresses in the range xxx10000-xxx101FF (hexadecimal) as window references. The IO
processor writes data word 55xx to location 10022 (hexadecimal).
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Table 17 » MicroVAX 78532 Window Transfer Initial Conditions

Register ' Bit Content

pGCeTL 04DEN=1 :

DCWMx [T T 1FF (Mask lugh bits of IfO bus addxess)
DCCTLx 05:04 11 (Window mode)

DCCTLx 17 1 (Physical addressing)

DCCTLx 07:06 10 (Word width)

DCUPAx SR ; 7341 (MicroVAX memory base physical address)

:  Table 18 - MicroVAX 78532 W’mdow’&msfer Sequence 5
1/O Bus ~‘MicroVAX |

Address IBM<3:0> Data memﬁddﬁss BM<3:0> Data Operation

10022 xx01 XXXX55%X \Write 7364 ’1110 xxxxxx35 Write

The MlcroDMA ad]usts the value of the lower blts of the I/O bus address, as shown in Table 16. A

,,,,,,

1/O DMA Teansé , . - ,
An I/O DMA transfer is an unmapped unbuffered data transfer between an 1/O bus
source and an I/O bus destination. Because buffering and data dlignment are not performed, the
source and destination addresses must be-aligned on “natural”boundaries.<If a channel is
configured to ‘perform word transfers; the addresses must-be'a multiple of 2. If a channel is
configured to perform longword transfers, the address«:s must be a mu!tlple of 4. An I/O DMA
operation has the following sequence:

1. The appropriate TTR < 3:0> signal is asserted by an IO devxce

2. An /O bus read cycle is performed at the address spec1f1ed by the DMA /O source address
register (DCIDS).

3. If bit 8 of the DMA channel control register (DCCTL) is'set, the DCIDS register is incremented
by the width of the channel specx.ﬁcd by blts 7:6 of the DCCTL reglster. If cleared the DCIDS
register is not changed. .

4. An1/O bus write cycle is performed at the address specxfled by the DMA 10 destmatxon address
(DCIDD) register. The appropriate TTR< 3:0> line should be deasserted by the end of this
write cycle if the I/O device is not ready for another transfer.

5. If bit 9 of DCCTL register is set, the DMA destination address (DCIDD) register is incremented
by the width of the channel. If cleared, the DCIDD register is not changed.

6. The byte count initially contained in DCIBC register and subsequently contained in DCBC
register is decremented by the width of the channel. If the byte count is zero or a negative value,
the transfer terminates. If it is not, the transfer continues at step 1.
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» Access Operations

Figure 24 shows the relationship between a user-defined “access region” in MicroVAX physical
address space and its counterpart in I/O bus address space. The user application decodes MicraVAX
bus addresses such that CSL is asserted whenever a reference to the access region is made. The
access region always starts on a 16-Mbyte boundary and the lower 512 bytes of the region are
reserved for the MicroDMA internal registers. '

MicroDMA
|
i .
. MicraVAX BUS ! /0 BUS
XXFEFFFF : ' FrFRFE
|
|
1/0 BUS I 10 BUS
hobus I LOCATIONS
XX000200 ; Lo 000200
XX0001FF MicroDMA ' MicroDMA
REGISTER REGISTERS
XX000000 - 000000

Figure 24 » MicroVAX 78532 Access Operation

When the CSL signal is asserted and the address on lines DAL <23:09> is cqualk to zero, a
MicroDMA internal register is accessed by the address on lines DAL <08:00>. When the
DAL < 23:09> address is not zero, the I/O bus is accessed.

An access operation may require the transfer of a byte, word, or longword as determined by bits 4
and 3 of the DGCTL register and the information on lines BM<3:0>. The following are more
detailed examples of the access operation.

Example 1-—Table 19 lists the sequence required to perform an access operation to write a word in
1/0 bus memory from the MicroVAX CPU. The number 1234 (hexadecimal) is to be written into
location 2002 (hexadecimal) and the I/O bus width is 16 bits. The MicroDMA has an address of
21000000 (hexadecimal) in MicroVAX physical address space.

Table 19 « MicroVAX 78532 Access Operation Sequence 1

MicroVAX : 1/0
Address BM<3:0> Data Operation Address IBM<3:0> Data Operation

21002000 0011 1234xxxx Write— 2002 xx00 1234 Write
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Example 2—Table 20 lists the sequence required to perform access operation 2 from the MicroVAX
CPU. The number 332211 (hexadecimal) is read from location 2001 (hexadecimal). The IO bus
width is 8 bits. The MicroDMA has an address of 21000000 (hexadecimal)in MicroVAX physical
address space. The initial condition of the DGCTL register is bits 4:3 =01 (I/O bus byte width).

Table 20 MicroVAX 78532 Access Operation Sequenoe 2

MicroVAX I/O
Address BM<3:05 Data Operition Address ml)ata * Operation
21002000 0001 — ~Read— 2001  xxx0 11 Read
: - 22002 xxx0 . ~22 - Read
. 2003 xxxQ o =33 Read
33221 xx
« Address Translation

When bit 17 (PHYS) of a channel control register is clear, mapping is enabled and virtual to physical
address translation will occur for DMA and window mode transfers on that channel.

For mapped DMA transfers, the information requirements to completely specify a buffer in virtual
memory after the DSBR and DGBR registers have been initialized are that the DCSPTEx register
must point to the page table entry that references the physlcal page in which the virtual buffer or
window starts. The DCBOx register must contain the byt@ offset from the beginning of that
physical page to where the virtual buffer or window starts.

Figure 25 shows the address translation for DMA transfers that use references to process (P0 or P1)
or system page tables. Figure 26 shows a DMA transfer that uses refemnces to global (i.e., shared)
page tables. Further information related to VAX memory management is in Chapter 5 of the
VAX-11 Architecture Reference Manual (EK-VAXAR-RM).
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2 31 . L e 0908 ; 00
pceox} - S S e aBYTE
313029 ‘ 09 08 00
DCSPTEx | 10 VPN OF PTE BYTE

EXTRACT o

31 23|22 s : 02}0100

0 0
31 ADD 00
DSBR " PHYSICAL BASE ADDRESS OF SYSTEM PAGE TABLE

3 YIELDS ‘ 0

PHYSICAL BASE ADDRESS OF SYSTEM PTE

PERFOAM MEMORY REFERENCE TO FETCH SYSTEM PTE; CHECK VALID.
IF BUS ERROR, OR INVALID, OR GLOBAL, DCCTLx<(30:28 > =001,

a1 2120 00
SYSTEM PTE PFN
29 09|08 .00
PHYSICAL ADRESS OF
PO, P1, OR SYSTEM PTE

PERFORM MEMORY REFERENCE TO FETCH PO, P1, OR SYSTEM
‘PTE. CHECK BITS <31, 26,22>.

IF BUS ERROR, OR INVALID, DCCTLx<30 28> =010.

IF VALID, THEN USE PFN TO FORM PHYSICAL. ADDRESS.

IF GLOBAL, TO TOP OF FIGURE 8,

31 26 22 20 00
PTE .  PFN
20 09§08 ‘00
PHYSICAL ADDRESS OF DATA OR
INSTRUCTION

PTE<(31, 26, 22> PTE TYPE

1XX VALID PEN

000 VALID PFN

001 GLOBAL PTE (SEE FIGURE 26)
01X INVALID, I/O ABORT

Figure 25 « MicroVAX 78532 DMA Address Translation for Process and PTE References
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31 26 22 21 o o . 00
eTE fo| o] 1 GLOBAL PAGE TABLEINDEX
EXTRACT
3 2afm ... 62]0100
0 f 0
3130 20 ADD 02 01 00
pGer | 0 SYSTEM VIRTUAL BASE ADDRESS OF GLOBAL PAGE TABLE 0
31 30 29 COUT T YIELDS 09 08 - 00
SYSTEM VIRTUAL ADDRESS ; VP
OF GLOBAL PTE N OF PTE BYTE
“EXTRACT
n 23|22 § ‘ ) 02}01 00
o 1o
&
3t ! : ADD .00
DSBR PHYSICAL BASE ADDRESS OF SYSTEM PAGE TABLE
3 YIELDS e 00,
PHYSICAL BASE OF SYST m‘WE«

PERFORM MEMORY REFERENCE TO FETCH SYSTEM PTE; CHEC!
IF BUS ERROR, OR INVALID, QR GLOBAL, DCCTLx < 30:28> =101,

31 21 20 00

- PFN
29 09fo08 1 00

PHYSICAL ADDRESS OF
FINAL PTE

PERFORM MEMORY REFERENCE TO FETCH GLOBAL PTE; CHECK VALID.

IF BUS ERROR, OR INVALID, OR GLOBAL, DCCTLx < 30:28>=101.

31 21 20 00
PFN
29 09} 08 00

PHYSICAL ADDRESS OF
DATA OR INSTRUCTION

\—.—.——_—_"’—-——_——_—J

LOW BYTE = DCBOx IF FIRST TRANSLATION
=0 OTHERWISE

Figure 26 MicroVAX 78532 DMA Address Translation for Global References
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For mapped window transfers, the actual transfer might not start in the page referenced by the
DCSPTEx register. The window address, shown in Figure 23, is used to compute new values for the
SVAPTE register and byte offset shown in Figure 27. The operation is transparent to the user.

A byte offset (BO’) and system virtual address (PTE) are associated with point B in Figure 28 that
must be calculated before address translation can occur. Figure 28 shows how these parameters are

determined. Once BO’ and DCSPTE’ are found, they are used to perform address translation in the
same way as for a DMA transfer (see Figures 25 and 26).

SYSTEM VIRTUAL ADDRESS SPACE

& o

1 f
Ll

ADDRESSES DCSPTEX’

BO

DCSPTE;
C X > y

A= BASE ADDRESS OF WINDOW .
B = ADDRESS WITHIN WINDOW THAT IS REFERENCED
WA = WINDOW ADDRESS RELATIVE TO BASE
WA' = WINDOW ADDRESS RELATIVE TO FIRST PAGE
DCSPTEx’ AND BO’ ARE THE DISPLACED SVAPTE AND
BYTE OFFSET DERIVED FROM DCSPTEx AND BO.

Figure 27 » MicroVAX 78532 Address Translation for Window References
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31 2423 '
WINDOW ADDRESS (WA} o
ADD
o . . 09 08 )
DCBOX ‘ 0 w0
31 2493 - - YIELDS ) : 0908 00
WINDOW ADDRESS’ (WA'} e F AT ~—T =
=L 17116 . 02000
i 0
3130 29 R oo
. DCSPTEx 10 i aE
3130 29 YIELDS 00
pesPTEx’ |10 Coen VNG arih gt

Figure 28 » MicroVAX 78532 Window R:ferehce?ammeten :

MncroDMA Interrupts

The MicroDMA can interrupt the MicroVAX CPU or an I/O pmcessor depcndmg on the contents of
the interrupting channel’s DCCTLx register.

The termination of 2 DMA transfer sets DONE (bit 3) of the DMA channel contml (DCCTL)

register resulting in an interrupt if 1IE (bit-02) is set. The interrupt wﬂlbepmcessedbythe,
MicroVAX CPU if IIOP (bit 11) is cleared ot by an I/O processor 1:E bit 11 is set.

For a MicroVAX CPU interrupt,

» The MicroDMA asserts an IRQ < 3:0> line accordmg to the level encoded by IPR (bits 16 and 15)
of the DCCTLx register,

s The MictoVAX CPU re:sponds by i unnatmg an: mterrupt acknowladge lms cycle The MlcmDMA
provides an interrupt vector from the the DCINTx register. = -

« If the system contains more than one MicroDMA controller, the MicroDMA closest to the CPU

with respect to the interrupt daisychain that has posted an’ mterrupt at the current level wﬂl
participate in the i interrupt ‘acknowledge cycle. :

« If more than one channel on the MicroDMA contro]]er has posted an mtermpt at the current
level, the channel with the highest priority will r return the interrupt vector to the CPU.
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» The system software clears DONE (bit 23) of the DCCTLx register after the interrupt has been
acknowledged to prevent the same interrupt from bemg acknowledged again.

For an [JO processor interrupt,

» The MicroDMA asserts the TOPINT signal.
= The I/O processor polls all MicroDMA channels to determine which channel caused the interrupt.

» The I/O processor processes the interrupt according to some I/O processor dependent protocol.

« The IfO processor software clears DONE (bit 23) of the DCCTLx register after the interrupt has
been acknowledged.

Termination of DMA Transfers

DMA and I/O DMA transfets are normally terminated when the byte count associated with the
transfer and contained in DCBC register becomes zero or a negative value. A transfer can also be
terminated before the byte count reaches zero when the TERM (bit 01) of the DCCTL register is set
or when the external hardware asserts the appropriate TIR sighal and TOI (bit 10) of a DCCTL
register is set. The IOI (bit 22) of the DCCTL register is also set to indicate that termination was
caused by an interrupt. The number of bytes remaining to be transferred can be read from the
DCBCx register

DMA transfers can also be terminated when the TERR signal is asserted during an 1/O bus cycle,
when the ERR signal is asserted during a MicroVAX bus cycle, or when an invalid page table entry is
referenced. A global page table entry reference that is either invalid or refers to another global page
table entry will also terminate the transfer. If the transfer is terminated by an error, a corresponding
bit in the DCCTL register is set to specify the error type.

The MicroDMA performs the following for all DMA transfer that are terminated.

» Sets DONE (bit 23) of the DCCTL register.

o Sets IOI (bit 22) of the DCCTL register if an I/O interrupt caused the termination.

= Clears ENABLE (bit 00) of the DCCTL register. '

= Asserts the IOPINT signal if IE (bit 02) and IIOP (bit 11) of the DCCTL register are set.

= Initiates a MicroVAX interrupt at the level specified by IPR (bits 16 and 15) of the DCCTL register
if IE (bit 02} is set and IIOP (bit 11) is cleared.

(:] * . v

The MicroDMA includes logic to automatically switch channels after the data transfer has
terminated. This is defined as chaining and is normally used by I/O subsystems that continuously
transfer data at high data rates. To reduce the time required to service an interrupt and reconfigure
a channel following the termination of a DMA transfer, chaining is used to switch channels and the
buffers associated with the channels to prevent data loss.

Chaining is enabled by setting CHAIN (bit 12) of the DCCTL reglster and the next channel in the
chain is specified by NXTCH (bits 14 and 13). If the current DMA transfer terminates without
error, the channel specified by the NXTCH bits begins operation. Interrupts that " were enabled for
the first chanriel will be serviced when the next channel in the chain is active.

The pins for the TTR< 3:0> channels involved in a chain should be connected together to preserve
the transfer requests.
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The pins for the TTR< 3:0> channels mvolved in a chain should be tonnected togetber o preserve
thc transfer requests. -

« MicroDMA Resét
When the RESET line is asserted, the RESET (bit 00) of the DGCTL register is set and the
MicroDMA performs the following reset opetation:

* DGCTL mgxsﬁer-——-(:lem's the DEAD (bit 31), TOWE (blt 10}, WID bit <04:03 > and RESET (blt 00)

« All DCCTL registers—Clears the error. condition (b;ts 31 27), DONE (bat 23) 101 (bxt 22),1IE
-{bit 02), TERM (bit 01), and ENABLE (blt 00)

- Bus Cycles

Operanons such as DMA transfers, wmdow transfers, and access operatmns requne the execunon
of one or more bus cycles on the MicroVAX bus and/or the J/O bus. A bus cycle is a sequence of
events that results i in a transfer of information betwcen a bus master and a bus slave. Bus cycles
usually involve read ‘write, interrupt acknowledgc, or DMA operations. :

This section bnefly describes the characteristics and protocols of the vmous MmroDMA bus
cycles. Bus cycles on the /O bus and the MicroVAX bus are. srxmlm; Detaile ﬂmmg mfmmatlon is
contained in the ac Characteristics sectmn

MicroVAX Bus Cycles

MicroVAX Bus Read Cycle—A MicroVAX bus master performs a MicroVAX bus read cycle when it

requires information from another MicroVAX bus device. Address and control information is sent

to the bus slave during the first part of a read cycle and the s&cond partof the cycle is used to read

the data. The sequence of events follows:

1. The bus master transfers the phymcal longwm‘d address of the Iocanon to be mad on the
DAL <29:02> lines. :

2. The WR line is unasserted and the CS <2 0> lmes are drlven by the bus master to. mdlcame the .
type of cycle being performed. e ,

3. The bus master drives the BM< 3:0> lines. . ..

4. The bus master asserts the AS signal to indicate that the addxess on thf: DAL hncs isvalid and can

. be latched. When the MicroDMA is being addressed for register or /O bus access, the CSL

signal must be asserted. The AS s1gnal also qualifies the. miormaﬁon on the C§<2:0>, \XIR
and BM<3:0> lines. - 7

5. The bus master asserts the DS stgnal to 1nd1cate that the bus is avallable to receive the nequ:red
information. The bus master also asserts the DBE sxgna] at tbxs time whu;h can be uscd to
.control DAL line bus transceivers. o

6. If the slave can supply valid data within minimum access tlme, L,t asserts the ﬁﬁ? sxgnal at the
first sample window after the assertion of AS and the master latches the data. If data is.not
available at this time, the master waits eight periods of the CLKI signal and samples the RDY
signal again. This sequence continues every eight clock periods until the RDY signal is asserted.
If a bus error occurs, the external logic or the bus slave will respond by asserting the ERR signal.
The bus master must then process the error. The current bus cycle is completed when the RDY or
ERR signals are asserted. The bus master latches the requested data and deasserts the DS line.

7. The bus master deasserts the CSL line if it is asserted, and asserts the AS and DBE lines to end
the bus cycle.
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MicroVAX Bus Write Cycle - ‘

A MicroVAX bus master performs a MicroVAX bus write cycle to transfer mformanon to another

MicroVAX bus device. During the first part of the bus cycle, address and control information is sent

to the bus slave. During the second part, the data to be written is transferred. The sequence of

events follows:

1. The bus master drives the physical longword address of the location to be read onto the
DAL <29:02> lines.

2. The WR signal is asserted and the CS < 2:0>> lines are driven by the bus master as requlred

3. The bus master drives the BM< 3:0> lines and asserts the AS signal to indicate that the address
on the DAL lines is valid and can be latched. When the MicroDMA is being addressed for
register or I/O bus access, the CTSL signal must be asserted. The AS signal also qualifies the
information on the CS <2:0>, WR, and BM < 3:0> lines.

4. The bus master asserts the DBE signal, drives data onto the DAL lines, and asserts the DS line to
indicate that the data is valid.

5. If the slave can accept valid data within the minimum write cycle time, it asserts the RDY signal
at the first sample window after the assertion of the AS signal and latches the data when the DS
line is deasserted. If the data cannot be accepted at this tifne, the master waits eight periods of
the CLKI signal and samples the RDY signal again. This sequence continues every eight clock
periods until the RDY line is asserted. If a bus error occurs, the external logic or the bus slave
responds by asserting the ERR signal and the bus master must then process the error. The
current bus cycle is completed when the RDY or ERR signal is asserted.

6. The bus master deasserts the DS signal to indicate that it will remove the data from the DAL lines
and deasserts the AS and DBE lines to end the bus cycle.

MicroVAX Bus DMA Cycle

This cycle is used to force the bus master to release control of the DAL lines and related control

signals to another MicroVAX bus device. The sequence of events follows:

1. A device requests the use of the MicroVAX bus from the bus master by asserting the DMR DMR sxgnal

2. 1f the bus master is not performing a locked read cycle, it responds to the assertion of the DMR
by releasing the DAL < 31:00>, AS, DS, DBE, WR, and BM<3:0>, lines.

3. The bus master asserts the DMG signal when it releases control of the bus and grants the use of
the bus to the requesting device. :

4. One or more read and/or write cycles occur on the bus between the requesting device (the new
bus master) and its slave.

5. When the requesting device is finished with the bus it deasserts the DMR line to return control
of the bus to the original bus master.

6. The bus master deasserts the DMG signal and resumes operation on the bus:

MicioVAX Bus: Imerrupt Acknowledge Cycle

A MicroVAX bus master performs an interrupt acknowledge cycle to acknowledge an interrupt

requiest from a slave through the TRQ lines and to read a vector. The timing for this cycle is the same

as the MicroVAX bus read cycle shown in Figure 30. The sequence of events follows:

1. The bus master transfers the priority of the interrupt being acknowledged onto lines
DAL < 04:00>. The DAL <29:05> lines contain zeros and the DAL < 31 30> lines contain
the value of 10.

2. The CS <2:0>> lines are driven by the bus master to indicate an interrupt acknowledge cycle.

3. The bus master asserts all the BM<3:0> bits. The WR signal is unasserted. - :
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4. The bus master asserts the AS signal to indicate that the interrupt priority on the DAL lines is
valid and asserts the DS signal to indicate that the bus is available to receive incoming data. The
bus master also asserts the DBE line, which can be used to control DAL line transceivers.

5. If no error occurs, the external logic or the bus slave transfers the interrupt vector on the
DAL <09:02> lines, the normal processing/Q-bus processing flag on the DAL < 00> line, and
asserts the RDY signal. Refer to the MicroVAX CPU User’s Guide for a description of the normal
processing/Q-bus processing flag. The DAL < 15:10,01 > lines must be set to a valid high or low
level in accordance with the setup times shown in Figure 30.

6. If an error occurs, the external logic or the bus slave asserts the ERR signal. The ‘bus master
cancels the cycle and ignores the data on the DAL lines.

7. The bus master latches the interrupt vector, deasserts the DS sxgnal and deasserts the AS and

- DBE signals to end the cycle. .

1/O Bus Cycles

1/O Bus Read Cycle—An I/O bus master performs an I/Q bus read cycle when it reqmres

information from another I/O bus device. During the first part of aread cycle, address and control

information is sent to the bus slave. During the second part of the cycle the data is n:ad The

sequence of events follows:

-1. The bus master drives the physical longwoxd address of the location to be read onto the
IDAL < 23:00> lines.

2. The TWR signal is left unasserted. The bus master asserts tbe m as reqmred

4. The bus master asserts the IAS signal to indicate that the address on the IDAL lines is valid and
ready to be latched. The TAS signal also quahﬁes the mfotmatmn on the BM<3:0> and TWR
lines.

5. If the MicroDMA is not /O bus master and is perforrmng a wmdaw access, then the TTR signal
for the requested window channel should be asserted when the TAS. signal is asserted. If a
MicroDMA register access is to be performed, the IREG signal should be asserted at this time.

6. The bus master asserts the IDS signal to indicate that the bus is available to receive the required
information. At this time the bus master also asserts ID! _—“E which can be used to control IDAL
line transceivers.

7. If the slave can supply valid data within the minimum access mne, it asserts the IRDY s;gnal at
the first sample window after the assertion of the TAS signal and the master latches the data. If it
cannot supply valid data durmg this time, the master waits four periods of the CLKI signal and
samples the TRDY signal again. This sequence continues every four clock periods until the TRDY
line is asserted. If a bus error occurs, the external logic or the bus slave responds by asserting the
TERR slgnal and the bus master must then progess | the errot “The current bus cycle is completed
when the TRDY or TERR signals are asserted.

8. The bus master latches the requested data, deasserts the ™3 sxgnal and. deasserts the T&S and
IDBE signals to end the bus cycle.

1/O Bus Write Cycle

An /O bus master performs an I/O bus write cycle to transfer information to another IO bus

device. During the first part of the cycle, address and control information is sent to the bus slave.

During the second part, the data is written. The sequence of events follows:

1. The bus master drives the physical longword address of the location to be read onto the
IDAL < 23:00> lines.

2. The TWR signal is asserted.
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3. The bus master drives IBM<3:0> lines and asserts the TAS signal to indicate that the address
on the IDAL lines is valid and should be latched. The TAS mgn*al also quahﬁes IBM<3:0> and
TWR line information.

4. Tf the MicroDMA is riot bus master and is performing a wmdow access, the TTR slgnal for the
requested window channel should be asserted when the TAS signal is asserted. If 2 MicroDMA
register access is to be performed, the TREG signal should be asserted at this time.

5. The bus master asserts the IDBE line which can be used to control the IDAL line transceivers,
transfers data onto the IDAL lines, and asserts the TD3 signal to indicate that the datais valid.

6. If the slave can accept valid data within the minimum write cycle time, it asserts the TRDY signal
at the first sample window after the assertion of the IAS line and latches the data when the DS
signal is deasserted. If the slave cannot accept the data during this time, the master waits four
clock periods and samples the TRDY line again. This sequence continues every four petiods of
the CLKI signal until the TRDY signal is asserted. If a bus error occurs, the external logic or the
bus slave responds by asserting the TERR signal and the bus master must then process the error.
The current bus cycle is completed when the IRDY or TERR signal is asserted.

7. The bus master deasserts the TDS )8 signal to indicate that it will remove the data from the IDAL
lines and deasserts the TAS and TDBE signals to end the bus cycle.

1/O Bus DMA Cycle ‘ : :

This cycle is used to force the bus master to release control of the IDAL hnes and control signals to

another 1/O bus device. The sequence of events follows:

1. A device requests the use of the I/O bus from the bus master by asserting the IDMR signal.

2. If the bus master is not performing a locked read cycle, it responds to the assertion of IDMR by
releasing the IDAL < 31:00 >, TAS, IDS, IDBE, IWR, and IBM<3:0> lines.

3. The bus master asserts the IDMG line to release control of the bus'and to grant the use of the bus
to the requesting device.

4, One or more read or write cycles occur on the bus between the requesting de\rlce (the new bus
master) and its slave.

5. When the requesting device has finished with the bus, it deasserts the TDMR signal to return
control of the bus to the original bus master. , :

6. The bus master deasserts the IDMG signal and resumes operation on the bus.

Specifications
The mechanical, electrical, and environmental characteristics and specifications for the

MicroDMA are described in the following paragraphs. The test conditions for the electncal values
are as follows unless specified otherwise.

= Temperature: 70°C
e Vpp=4.75V, V=0V

'Mechanical Configuration
The physical dimensions of the 133-pin package are contained in Appendix E.
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Absolute Maximum Ratings

Stresses greater than the absolute maximum ratings may cause permanent damage to the device.
Exposure to the absolute maximum ratings for extended periods may adversely affect the
reliability of the device. The functional operation of the device at these or other conditions greater
than indicated is not defined.

« Power supply voltage (Vpp): -0.5 Vo 5.5V

* Input or output voltage applied: Vss-0.3 Vo Vi, 0.3V
» Storage temperature (Tg): ~55°C to 125°C

- Relative humidity: 1096 to 95% (noncondensing)

Recommended Operating Conditions

« Power supply voltage (Vyp): 5V £5%

« Supply current (Lo} : 500 mA (maximum)

. Opemting sempemtureﬂ(fl‘,‘): 0°Cto 75°C .

&cElectmalChmcﬁeusncs

The dc electrical characteristics of the MicroVAX 78532 for the operating voltage and temperanne
ranges specified are listed in Table 21.

Table 21 - MmVAX78532&eInputmd0uiputParmm
Symbol Psmmet;et TestComﬁﬁoﬂ . Min.  Max. Units’
Ve | Highlewd 20  — V¥
input voltage ‘ ' - :
; ~ input voltage o LSRR
'~ outputvoltage @~ C,=100pF G e e
Vo Lowlevel p=20mA .  — 04 V
outputvoltage . Cy=100pF =
Voron Low-level © Ly=125mA, - - dan 5 040 0 VL
output open-drain C,=100pF ot ,
 voltage* V
RDY, ERR DMR,
IRA<3:0>)
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Requ:ements

Symbol = Parameter = Test Condition oo Ming Max.  Units

I Input leakage 0<V,<Vpy - -10 10 A
current ‘

| Output leakage 0.4<V, . <Von -10 10 A

: current

Tec Active supply L.=0,T,=0°C — 500 © mA
current : :

C. Input capacitance — 10 pF

*Minimum pullup resistor=470  +5%.

ac Electrical Characteristics

The electrical characteristics for the signals used to control the information transfers to and from
the MicroDMA are defined in the following paragraphs. The following notes apply to both the
MicroVAX bus timing diagrams and the IfO bus timing diagrams and their associated tables.

» The timing parameters are specified in terms of the clock (CLKI) period, where CLKI =t =P.
Pis nominally 25 ns.

= All times are in nanoseconds except where noted.

« ac characteristics are measured with a purely capacitive load of 100 pE Times are valid for loads
of up to 100 pF on all pins.

» ac high levels are measured at 2.0 V, and ac low levels at 0.8 V.

« S=the number of slipped microcycles during a bus cycle. A MicroVAX bus microcycle is
nominally 8P or 200 ns and the I/O bus microcycle is normally 4P or 100 ns.

» N =the number of MicroVAX and I/O bus microcycles in a DMA transfer. N has a minimum value
of 2.

The following notes apply to the MicroVAX bus timing diagrams and their associated tables.

= The sampling window is used to sample the RDY and ERR asynchronous signals. The RDY and

ERR signals are qualified by the assertion of the AS signal. The effect of these signals on the

current bus cycle is as follows:

1. The bus cycle concludes at the end of the current microcycle if the RDY or ERR signal is
asserted throughout the sampling window while the AS signal is asserted.

2. If a transition of the RDY or ERR signals occurs during the sampling window while the AS line
is asserted, the result is indeterminate.

3. PS=Clock period (P) times slipped microcycles (S).
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The following notes apply to /O bus timing diagrams and their associated tables:.

» The sampling window is used to sample the following asynchronous signals—IRDY, IERR, and

TDMR. Signals TRDY and TERR are qualified by the assertion of the TAS signal. The TDMR signal

is qualified by the assertion of the TAS signal. The effect of these signals on the current bus cycle

is as follows:

1. The bus cycle concludes at the end of the current microcycle if the IRDY or IERR signal is
asserted throughout the sampling window while the TAS signal is asserted. -

2. If a transition of the IRDY or IERR signals occurs durmg thewsamphng mndow while the TAS
signal is asserted, the result is mdetermmate

3. The IDMR signal is sampled at every IO bus microcycle. -

Clock Input Timing
Figure 29 shows the mmng spec:flcatmns for the clock i mput (CLKI sxgnai and Table 22 lists the
timing parameters indicated in the chagram

Fzgure 29 MzcmVAX 78532 CLKI szmg Wefam

B T -

CIF ~ oL

Table 22 - Micro VAX ?8\532%&% v Inpm'l"lming Paremeters
Symhol Ddinmon ‘ :

Clockmputfalltune’ ~ T — 45

tar

ten Clock input low 8.0 —
tew Clock period 25 50
Clock input rise time — 4.5

Confidential and Proprietary 1-155




MicroVAX Bus Read and Write Cycles il T o
Figure 30 shows the MicroVAX bus master read cycle timing: and Fl,gure 31 shows the MicroVAX bus
master write cycle: nmmg “Table 23 defines the read and write cycle timing parameters

MicroVAX 78532

ao_ /TN N N N

DAL<31:0> ~ M AobRess
taAs tASA
tASHW tASD1  tpsDZ
tAsLW
AS ry
¢ - le-{ tASDZ
DSHW . tosas
DS /)
tASDB
DBE a
" Z I AN\
T
WRAS e taswR
cs<2:0> X
tBMAS
BM<3:.0>
' tASWE
. tASWB o

X

SAMPLE

‘ | i
R A////// 7 oon

|

Figure 30 = MicroVAX 78532 MicroVAX Bus Master Read Cyéle Tz’mikg \ .
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Figure 31- MzcmVAX 78532 MicroVAX Bus Mas er ‘Wme Cycle sziﬂg

Table 23 - MicroVAX 78532 Bus Master Mmm Cyde ’Timihg Paumeters
Symbol Signal Definition -~ Reqtmmems(ns)
taas DAL< 31:0> address s setup time to?ﬁ assertion ——
tasa DAL < 31:0> address hold time after AS assertion ~ 2P-15 —
tasos AS assertion to DBE and DS (read) assertion 3P-15 3P+20
taspr AS assertion to read data valid* —_ 11P-30+8PS
taspso AS assertion to DS assertion (write) 5P-15 5P+20
taspz AS and DBE deassertion to busslave DAL<31:0>  — 2P-20

three-state

tasw AS deassertion width 4P-25 —_—
tastw AS assertion width 12P-15+8PS —
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tasws AS S assertion to begmmng of RDY and ERR sample — 6P—45+8PS
window -

taswe  AS assertion to end of RDY and ERR sample window- ~ 6P+10+8PS —

trswr Wfﬁﬁ<§6>/cs<1> hold time from AS P-20 —
deassertion '~

taneas BM<3:0> setup time before AS assertion 2P--25 —

tosw DBE assertion width 9P-20+4+8PS —

toops  DAL<31:0> write data setup time to DS assertion — 3P-30

tosss DS deassertion to AS and DBE deassertion P-15 —

tosp DAL < 31:0> read data hold time after DS 0 —

) ;deassertlon o o
tosor DS assertion to DAL< 31:0> read data va.hd - 8P-35+8PS
toso  DAL<31:0> write data hold time from DS — 3P-20

deassertion
tooz DS deassertion to bus slave DAL < 31: 0> three- state  — 3P-20
onread bus cycles SRR P
tosuw DS deassertion width (read) 8P-50 —_
toswr DS assertion width (read) 8P-20+8PS —
tomwo DO assertion width (write) 6P-20+8PS —
twem ~ RDY internal sample window end to DAL<31:0> — = 5P-25
read data valid .
twmas WR and CS< 1> setup time before AS assertion 3P-35 —

*Read data is valid if tasn; OF toso; conditions are satisfied.
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Figure 32 shows the MicroVAX bus slave read cycle timing and Figure 33 shows the MicroVAX bus

slave write cycle timing. Table 24 lists the timing parameters.

ICLko _/—\_—/-\N\-N__\—

DAL<31:0> 3 ADDRESS

=

SDAle—uf |e—s{tHDA

ASH

oo '__j - 'ASDSR .

WR ' ’

_tWRS

d———

S lm

fetwn

CS<Z:0>

I
tgMs I-—q

tARE

tRDR

TASRE

Y

~ Figare 32 » MicroVAX 78532 MicroVAX Bus Slave Read Cycle Timing
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DAL<31:0> ADDRESS DATA E(

e SDA ﬁ_D_AJ tDDSW tnouwl
. o PR tA,SDSW ~ TR -tDSASS o
cs<2:0> ) — I @ ‘
- tp'Msi
WS >XOX . G
~ . L
o 'ARE tASRE N

Figure 33« MicroVAX 78532 MicroVAX Bus Slave Write Cycle Timing

Table 24 « MicroVAX 78532 Bus Slave Read and Write Cycle Timing Parameters

Symbol Signal Definition Requirements (ns)

tane AS assertion to RDY/ERR assertion for MicroDMA ~ * *
bus-slave cycles

taspsze ~ Required AS assertion to DS assertion delay (read 3P-20 3P+25
cycles)

taspsw  Required AS assertion to DS assertion delay (write 5P-—20 5P+25
cycles)

tas AS deassertion width 2P+25 —_

tasne AS deassertion to RDY/ERR deassertion — 100

taus BM < 31:00> setup time before AS assertion 2P-25 —_

— DAL < 31:00> data hold time after DS deassertion 0 —
(slave reads)

— Required DAL < 31:00> hold time after DS deasser- 35 —_
tion on MicroDMA bus-slave writes
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Symbol Signal Deﬁnmon Requirements (ns)

tosw  Required DAL<31:00> setup time before DS deas- 20 -
sertion on MictoDMA bus-slave writes

tossss  Required DS deassertion to AS deassertion delay P-20 —_

tosps DS deassertion to DAL < 31:00> three-state —_ 55

tww  Required DAL<31:00> hold time after AS assertion 35 —

tror RDY assertion to DAL<31:00> data valid for — 35
MicroDMA bus-slave reads ‘ ‘

tsoa Required DAL < 31:00 > setup time before 7\_ 15 —_
assertion

twrn WR/BM<31:00>/Cs<2:0> holdnmeafmrEE P-25 —
deassertion o

twrs WR/CS < 2:0> setup time before AS assertion 3P-50 —

*t,ze time depends on the system conﬁgutanon (memory speed number of cycle slips, type of
transfer, etc.)

Figure 34 shows the MicroVAX bus signal timing for the DMA cycle and Table 25 lists the
MicroVAX bus DMA cycle timing parameters.

DMGO

bt tDCND '-——- TDAWE '

= 35 \

——— tpooT
o] 55 5 R
: — i OVWE I-r-—
ViG
V N\

MicroDMA Has DMA Requast

Figure 34 » MicroVAX 78532 MicroVAX Bus DMA Cycle Timing
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DMGO -j’ .
MicroOMA Not Using Bus

omet 'Glony;__.__.
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ICLKO ___/—_‘—\—".__/—_—\——
« .
/ 4
RS, BBE—-J

DMGI
fo—  1ASG

DMGO _:'3 .

No Intarrupt Pending for MicroDMA

Figure 34 » MicroVAX 78532 MicroVAX Bus DMA Cycle Timing (Continued)
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Table 25 » MictoVAX 78532 MicroVAX Bus DMA Cycle Timing Parameters

L ; . Min. Max.
tasc AS and DBE deassertion to DMGO assertion ~ 21P=25 ~ —

request pending for MicroDMA) : S ,

toowr - Deassert DMR to AS/DS/WR/CS<1>/DBEf — 3<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>