Databook

Volume 1
Y10
Ope-“A Ns
06
<
:)0 tJSA.
3 ISRAEL
§ SCOTLAND
o
=
w
"

Confidential and Proprietary

1987




R



» 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 - V-1 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 e »VAXBI Cl@ck Drlver

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

78732 21-21689-00 w7 VAXBIBIIC

78733 21-23839-00 . VAXBIBCI3

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

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 « i
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-11 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
;rgna SHIFTER EPS
DAL BiA<3 0>
INTERFACE [e—e cS<2>
[ CS<1:0>
> WhR

mem ol Bﬁ
—
—= 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- MmroVAX 78032 Pin and S:gnal Summary
3342 DAL< 31:00> mput/output o Data/Address hnes-T;me muluplexed b}dm:c-«
45-59 tional data and address bus. ;
62-68
30 AS ‘ output B ’,Addtess strobc—-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 ""'contamvahddata
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 nput
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;;nar
- N condition. B A
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




dilgiitall |

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>
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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‘.

Confidential and Proprietary 17




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

1-14 Confidential and Proprietary




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 g

<

.~

g e g | @

B

~<

WO s g e

e

=

T TR R s P

e kg ma

g “<

=

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 A

L R
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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] G.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
C3FFFFFFF ' e
40000000 e e
P1 REGION GROWTH DIRECTION
P1
REGION p
LENGTH OF P1 REGION IN PAGES
{2°*21-P1LR)
YEEFEEFE | , :
80000000
: ", " LENGTH OF SYSTEM REGION IN PAGES
(SLR)
SYSTEM )
REGION
SYSTEM REGION GROWTH DIRECTION
BFFFFFFF
/€0000000.
' RESERVED
REGION
FEFFFFEF

o 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 Coade K E S U

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

250011 - KR v Rio e e e 0
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
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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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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
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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 addres<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>