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Digital Equipment Corporation makes no representation that the interconnection of its products
in the manner described herein will not infringe on existing or future patent rights, nor do the
descriptions contained herein imply the granting of license to make, use, or sell equipment con-
structed in accordance with this description.

Digital believes the information in this publication is accurate as of its publication date; such infor-
mation is subject to change without notice. Digital is not responsible for any inadvertent errors.

The following are trademarks of Digital Equipment Corporation: CTS-300, DATATRIEVE, DEC,
DEC, DECnet, DECservice, DIBOL-83, the Digital logo, DSM-11, FMS, FORTRAN 1V, Internet,
LA, Letterprinter 100, Letterwriter 100, MicroPDP-11/23, MicroPDP-11/73, MicroPower/Pascal,
Micro/RSTS, Micro/RSX, MicroVAX, MicroVMS, Packetnet, PDP, Professional, Q-bus, Rainbow,
ReGIS, RSTS, RSX, RT, ULTRIX, UNIBUS, VAX, VAXELN, VMS, VT.

This handbook was produced by Digital Equipment Corporation, Corporate Communications
Group, 200 Baker Avenue, West Concord, Massachusetts 01742.

Copyright © 1986 Digital Equipment Corporation. All Rights Reserved.

Disclaimer and Proprietary Notice

This databook contains proprietary product information that should not be distributed outside of
Digital Equipment Corporation without proper authorization. The product information is
believed to be reasonably accurate at the time of publication. However, it was compiled from
engineering and purchase specifications, data sheets, and other technical sources that are subject to
change or are under ECO control. If discrepancies in the documentation are found or revisions and
corrections are required, please report them to

Digital Equipment Corporation
Semiconductor Marketing Group
HLO02-1/N11
Hudson, Massachusetts 01749-2809
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» New Products in Development

The following products are currently in development at the Semiconductor Engineering Group,
Hudson, Massachusetts. All information related to these products should be considered prelimi-
nary and subject to change.

For more information, contact Hudson hotline at DTN 225-5061 (617-568-5061) or
HUDSON::HOTLINE.

The information in this section is proprietary and should be handled in accordance with DEC STD
128, Confidential Engineering Information and Documentation: Policy and Requirements.

Part Device Documentation
78690-GB Dragon (ADDER I1)—Custom video processor Product bulletin
interface for the subsystem plus single pixel clipping Product brief (preliminary)
attribute. Data sheet (preliminary)
Engineering specification
78680-GA SCVIPER—Standard cell CMOS version of the Product bulletin
78660 video processor (VIPER). Product brief (preliminary)
Data sheet (preliminary)
Engineering specification
78620-GA Video D/A Converter (VDAC)—Custom color map Engineering specification
and digital-to-analog converter device.
78630-GA VAXStar Monochrome Timing Chip (VMTC)— Engineering specification
Semicustom video device for monochrome timing.
78640-GA Dragon Timing Chip (DTC)—Semicustom video Engineering specification
device for color timing
78650-GA FIFO Compression Chip (FCC)—Semicustom FIFO Engineering specification
and data compression device.
DC501 Terminal Wire Concentrator (TWC)—Custom VLSI Engineering specification
device that provides the main function of the Janus
terminal interconnect products.
DC508 Analog-to-Digital/Digital-to-Analog (ADDA)
converter.
DC514 Second-generation CMOS VAXBI Interface Chip Engineering specification
(CBIC)—Combines the functionality of the VAXBI
78732 BIIC and VAXBI 78743 BCAI on one device.
DC518 CI-2 Link Protocol Chip—Implements the UltraNet Engineering specification
full-duplex link protocol.
DC519 CI-2 Switch Chip—Provides “crossbar” intercon- Engineering specification

nect for five standard UltraNet Interfaces.
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Part

Device

Documentation

78034

CVAX Central Processor Unit (CVAX CPU)—High
performance 32-bit virtual memory microprocessor:
CMOS implementation of the MicroVAX architec-
ture; provides 2.7 to 3.3 times the performance of
the MicroVAX 78032 CPU.

Engineering specification

78134

CVAX Floating-point Accelerator (CFPA)—
Designed for use with the CVAX CPU; high-per-
formance floating-point coprocessor that processes
F_, D_, and G_ format floating-point instructions.

Engineering specification

78135

CVAX Clock Chip (CCLOCK)—Supports CVAX-
based systems by providing all the precision MOS
clock signals necessary to operate the CVAX CPU,
CFPA, and CVAX Memory Controller (CMCTL).

Engineering specification

78588

CVAX Memory Controller (CMCTL)—Engineering
specification features two memory error checking
modes (ECC or parity); performs single- and multi-
ple-transfer memory read and write operations initi-
ated by either the CVAX 78034 or external DMA
devices.

RTVAX Central Processor Unit—The Realtime
MicroVAX CPU is a unique version of the MicroVAX
78032 CPU. Because it will run VAXELN and VAX
applications and not VMS, it is ideal for applications
such as realtime controllers and dedicated I/O
processors.

Engineering specification

78332

System Support Chip (SSC)—Incorporates the core
functions required to support the VAX environment
on a single chip to enable significant cost savings on
module space. Also interfaces with the MicroVAX
78032 CPU.

Engineering specification

78534

CVAX DMA Controller (CDMA)—High-perform-
ance, dual-ported, virtual memory DMA controller
that features full VAX-11 compatible paged memory
management capabilities; provides a simple inter-
face to the CVAX CPU bus for intelligent I/O subsys-
tems and can function with 8, 16, and 32-bit I/O
devices.

Engineering specification

78516

Vectored Interrupt Controller (VIC)—Featured in
Section 1 of this databook can also be used with the
CVAX 78034 CPU.

iv
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« Functional Product Classification

Name Number
Microprocessors

78032 21-20887-01
78132 21-22797-01
78532 21-24329-01
78516 21-24334-01
78584 21-23864-01
ADVICE

DC327 21-20852-AA
DC328 21-20851-AA
DC329 21-20850-AA
DC330 21-20849-AA
DCJ11

FPJ11 21-21858-00
DCT11 21-17311-01
Video Controllers

78610 21-24941-01
78660 21-21552-01
78690 21-21553-01
Communications

78808 21-23458-01
DC319 21-17312-00
Bus Support

78071 19-22110-01
78072 19-22111-01
78732 21-21689-00
78733 21-23839-01
78743 21-23838-01
DCO003 19-12730-00
DCO004 19-12729-00
DCO005 19-13040-00
DC006 19-14035-00
DC010 19-14038-00
DCO013 19-14438-00
DC021 19-19015-00
General Purpose

DC022 19-17871-00
DC102 19-13888-00
DC301 21-12623-00
Mass Storage Support

DCO18 19-19015-00
DC024 19-20116-01
DC309 21-15102-00

Description

MicroVAX 32-bit CPU

MicroVAX Floating-point Unit
MicroVAX Direct Memory Access
MicroVAX Vectored Interrupt Controller
MicroVAX Dynamic RAM Controller
MicroVAX Incircuit Emulation Unit

V.11 ROM/RAM
V-11 Instruction/Execution Logic
V-11 Memory Management Logic
V-11 Floating-point Accelerator Logic

DCJ11 16-bit Microprocessor
FPJ11 Floating-point Accelerator

DCT11 16-bit Microprocessor

Programmable Sprite Cursor
Video Processor (VIPER)
Video Control (ADDER)

Octal ART
DLART

VAXBI Clock Driver

VAXBI Clock Receiver

VAXBI BIIC

VAXBI BCI3

VAXBI BCAI

Dual-interrupt Circuit

Register Selector (Protocol Chip)
4-Bit Transceiver

Word Count/Bus Address Logic
Direct Memory Access Logic
UNIBUS Request Logic

Octal Bus Transceiver

16-word by 4-bit Register File
Equals Checker
Dual Baud Rate Generator

Serializer/Deserializer Logic
Encoder/Decoder Logic
Reed Solomon Generator
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« Part Identification Codes

The following identification codes are used with the devices in this databook.

780 Series
78xyz

1 0=Processors
1=Coprocessor
2=Memories
3=1/O Devices
4 =Reserved

DC Series

DCxyz
0=Custom bipolar devices
1= Custom bipolar devices

5 = Controllers

6= Graphic devices

7 =Bus interfaces

8 = Communications devices
9 =Reserved

5=MOS devices
5=MOS devices

- Cross-referencing of Semiconductor Products

Part Part Purchase
Name Number  Number
DCO003 DC003 19-12730-00
DC004 DC004 19-12729-00
DCO005 DCO005 19-13040-00
DC006 DCO006 19-14035-00
DCO010 DCO010 19-14038-00
DCO013 DCO013 19-14438-00
DCO018 — 19-17043-00/1
DCO021 DCO021 19-19015-00
DC022 —_ 19-17871-00
DC024 — 19-20116-01
DCO028 78701 19-22110-01
DC029 78072 19-22111-01
DC102 — 19-13888-00
DC301 — 21-12623-00
DC309 — 21-15102-00
DC310 DCT11 21-17311-01
DC319 DC319 21-17312-00
DC321 FPj11 21-21858-00
DC322 78660-GA  21-21552-01
DC323 78690-GA  21-21553-01
DC324 78732-PA  21-21689-00
DC327 — 21-20852-AA
DC328 — 21-20851-AA
DC329 — 21-20850-AA
DC330 — 21-20849-AA
DC333 78032-GA 21-20887-01
DC335 DCJ11 21-17679-00
DC337 78132-GA  21-22797-01
DC343 78743-PA  21-23838-01

Description

Dual-interrupt Circuit

Register Selector (Protocol) Logic
4-bit Transceiver

Word Count/Bus Address Logic
Direct Memory Access

UNIBUS Request Logic
Serializer/Deserializer

Octal Bus Transceiver

16-Word by 4-bit Register File
Encodet/Decoder Logic

VAXBI Clock Driver

VAXBI Clock Receiver

Equals Checker

Dual Baud Rate Generator

Reed Solomon Generator

DCT11 16-bit Microprocessor
DLART

FPJ11 Floating-point Accelerator
Video Processor (VIPER)

Video Control (ADDER)

VAXBI BIIC

V.11 ROM/RAM

V-11 Instruction/Execution Logic
V-11 Memory Management Logic
V-11 Floating-point Accelerator Logic
MicroVAX 32-bit CPU

DCJ11 16-bit Microprocessor
MicroVAX Floating-point Unit
VAXBI BCAI
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Part
Name

DC344
DC349
DC357
DC358
DC503
DG506
ADVICE

Part
Number

78733-PA

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

Purchase
Number

21-23839-01
21-23458-01
21-23864-01
21-24329-01
21-24941-01
21-24334-01

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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- Foreword

Who would have thought 10 years ago that by 1986 Digital would have its own semiconductor
facility, and further, that the products we would produce would challenge the state-of-the-art. As a
result of the vision of our management in the early 1970s, we embarked on a strategy that
eventually led us to such a facility with processes and products that truly are a step ahead.

Our MicroVAX 78032 CPU chip and its associated peripherals represent the leading edge in
processor technology. No other company has been able to match the performance or price of this
product, although many have tried.

Our next generation of products, based on further improvements in process and manufacturing
technology and more sophisticated CAD, will continue this trend. The chipsets we are building to
satisfy the Team Computing requirements are equally impressive.

As the competition from IC vendors in this country and Japan intensifies in our system markets,
you can depend on a helping hand from the people at the semiconductor facility in Hudson,
Massachusetts. We will be there offering you the leading edge in system-engineered products using
the most advanced semiconductor technology available, at reasonable prices. This is our main
strategy. We are here to give the systems designers at Digital direct access to the technology they
need to keep our systems products the best in the world.

As we move into the next year and our product line expands, you can feel confident in our ability to
compete successfully in the marketplace. More important, you can feel confident about your ability
to contribute to the solution of many of the problems that face our world by offering the computing
tools necessary to understand, manage, and respond to the difficult challenges that we face.

We certainly hope you will find as much excitement in using these products as we have had in
bringing them to you.

Sincerely,

Leonard J.Umina

Manager, Semiconductor Marketing Group
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» Section 1—Microprocessor and Support Devices

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

MicroVAX 32-bit Microprocessor

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

MicroVAX 78132 Floating-point Unit—The MicroVAX FPU is a high-performance cooperative
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 Interrupt 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 between
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.

For Internal Use Only




PDP-11 16-bit Processors

DCJ11 Microprocessor—The DCJ11 microprocessor is a 60-pin CMOS DIP device that implements
the full PDP-11 instruction set and has a performance comparable to the PDP-11/44 miniprocessor.
FPJ11 Floating-point Accelerator—The FPJ11 FPA is a 40-pin DIP that implements in hardware all
the floating-point instructions of the DCJ11 thereby significantly improving the performance of
floating-point instructions.

DCT11 Microprocessor—The DCT11 microprocessor is a 40-pin DIP device that contains the
essential elements of the PDP-11 architecture.



» Features

= High performance = Subset of the VAX instruction set
~ 32-bit internal and external data path - 245 instructions
— Pipelined architecture — 21 address modes
- Instruction prefetch -9 data types
= 4 gigabyte virtual address space = Sixteen 32-bit general purpose registers
= 1 gigabyte physical address space = 22 interrupt levels
- 512 Mbyte physical memory space - 15 software
- 512 Mbyte I/O space - 7 hardware
= VAX memory management = Vectored software and hardware interrupts

- Full memory protection
- Four privilege modes :
— Process and system space mapped » Single 5 Vdc power supply

» Industry compatible external interface

» Description

The MicroVAX 73082 is a high-performance single-chip microprocessor 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 physical memory. Figure 1 is a block
diagram of the MicroVAX 78032 microprocessor.
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[+ AnD
CONTROL STORE INTERFACE [@—+ CS<2>
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MEMORY
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UNIT e
—> AS
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CLKI ~—— CLOCKS

RESET —#
]

Figure 1 « MicroVAX 78032 Microprocessor Block Diagram
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dilglilt]all Preliminary MicroVAX 78032

The MicroVAX 78032 uses a single 5 Vdc power supply, requires no special support logic, and is
easily interfaced with industry standard peripheral chips. It is ideal for use as a single-board
computet, personal computer and workstation, and as a low-end system.

« Pin and Signal Descriptions

This section provides a brief description of the input and output signals and power and ground
connections of the MicroVAX 78032 68-pin package. The pin assignments are identified in Figure
2 and the signals are summarized in Table 1.
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Figure 2 « MicroVAX 78032 Pin Assignments
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Table 1 « MicroVAX 78032 Pin and Signal Summary

Pin

Signal Input/Output*  Definition/Function

33-42 DAL<31:00> input/output Data/Address lines—Time multiplexed, bidirec-

45-59 tional data and address bus.

62-68

30 AS output Address strobe—System address strobe.

29 DS output Data strobe—System data strobe.

12-15 BM<3:0> input/output Byte masks—Identifies the bytes of the DAL bus that
contain valid data.

21 WR output Write—Provides read/write control for the bus.

28 DBE output Data buffer enable—Provides control of the DAL bus
transceivers.

19 RDY input Ready—Provides status of the data transfer during a
memory or interrupt bus cycle.

20 ERR input Error—Indicates a bus or memory error.

16 RESET input Reset—Starts the CPU initialization process.

11 HAIT input Halt—Halts the execution of macroinstructions
(nonmaskable interrupt).

24-26 CS<2:0> input/output Control status—Indicates the type of bus cycle.

3,4, 1IRQ<3:0> inputfoutput Interrupt request—Interrupt lines for device interrupts.

6,7

8 PWRFL input Powerfail—Indicates an external power fail condition.

10 INTTIM input Interval timer—Indicates an external interval timer
condition.

18 DMR input DMA request—Requests the bus for DMA transfers.

22 DMG output DMA grant—Grants bus for DMA transfers.

23 EPS output External processor strobe—Coordinates external
processor transactions.

2,32, Vpp input Supply voltage—5 Vdc supply.

44,61

1,31, Vs 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 pin 23 (EPS) which is CMOS.
For Internal Use Only 1-3
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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, and other information during bus cycles. For a detailed
description of DAL < 31:00 > bus, refer to the MicroVAX 78032 32-Bit Central Processing Unit User’s
Guide. (Document No. EK-78032-UG)

Bus Control

Address strobe (AS)—This signal indicates that valid address information is available on the
DAL < 29:02> bus and valid status information is on the BM<3:0>, CS<2:0>, and WR lines.
The leading edge of this signal can be used to latch the address.

External processor strobe (EPS)— This signal is used by the CPU to coordinate external processor
transactions. It is used with the following transactions:

~ « Transaction between an external processor controlled by the CPU, such as the MicroVAX 78132
Floating-Point Unit.

« Transactions between logic that implements a register or registers that are defined as a part of the
MicroVAX internal processor register set.

Data strobe (DS)— This signal indicates that the DAL bus is free to receive data during a CPU read
cycle or that valid data is on the DAL bus during a CPU write cycle.

Byte masks (BM < 3:0>)—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 BM<3:0> are valid when the AS signal is asserted.

Table 2 = MicroVAX 78032 Byte Mask Data Selection
Byte Mask Valid Data Byte

BM<3> DAL<31:24>

BM<2> DAL<23:16>
BM<1> DAL<15:08>
BM<0> DAL<07:00>

1-4 For Internal Use Only
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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 contro] transceivers that
may be between the CPU and the DAL bus.

Ready (RDY)—This signal is asserted by external logic to indicate the completion of the current
bus cycle. When not asserted, it extends the current bus cycle for a slower memory or peripheral
device. The RDY or ERR signal must be asserted to end the current bus cycle.

Error (ERR)— This signal is asserted by external logic to indicate that an error, associated with the
current bus cycle, has occurred (e.g., bus timeout or parity error) and to end the bus cycle. The ERR
or RDY signal must be asserted to end the bus cycle.

System Control
Reset (RESET)—This input signal is used to initialize the CPU to a known state.

Control status (CS < 2:0>)—These lines are used with either the AS or the EPS and WR signals to
define the type of operation in progress for the current bus cycle lines. Lines CS <2:0> are valid
when the AS or the EPS signal is asserted.

During a read, write, or interrupt-acknowledge cycle (AS asserted), the WR and CS<2:0> lines
select the bus cycles indicated in Table 3.

Table 3 » MicroVAX 78032 Bus Cycle Selection

Werite Control Status Bus Cycle
WR CS<2:0>

H LLL reserved

H LLH reserved

H LHL reserved

H LHH interrupt acknowledge

H HLL read (instruction)

H HLH read lock

H HHL read (data, modify intent)
H HHH read (data, no modify intent)
L LLL reserved

L LLH reserved

L LHL reserved

L LHH reserved

L HLL reserved

L HLH write unlock

L HHL reserved

L HHH write (data)

For Internal Use Only 15
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At the beginning of an external processor read, write, or response cycle (EPS asserted), the
CS<2> signal is high, and the WR and CS<1:0> signals select the bus cycles indicated in
Table 4.

Table 4 = MicroVAX 78032 External Register Bus Cycle

Write Control Status Bus Cycle
WR CS<1:0>

H LL reserved

H LH read data

H HL reserved

H HH response enable

L LL write command (FPU)

L LH write data

L HL write command (non-FPU)
L HH reserved

During a response enable cycle the CS < 2> signal may be pulled low by the external logic. Refer to
the External Processor Cycle section for a description of a response enable cycle.

Interrupt Control
Interrupt request (IRQ < 3:0>)—These lines are used by the external logic to generate interrupt
requests to the CPU. The lines are sampled by the CPU every microcycle. Table 5 lists the interrupt
level assignments.

Table 5 « MicroVAX 78032 Interrupt Request Assignments
IRQLine Interrupt Level

IRQ 3 IPL 17
TIRQ 2 IPL 16
IRQ1 IPL 15
IRQO IPL 14
1-6
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Powerfail (PWRFL)—This line allows the external logic to notify the CPU of a powerfail
condition. It is sampled by the CPU every microcycle. The PWRFEL 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 (INTTIM)— This line provides system timing information of the interval 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 (HALT)— 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 conttol
to user code beginning at physical address 20040000 (hexadecimal). For a description of the restart
process, refer to the MicroVAX 78032 User’s Guide.

DMA Control
DMA request (DMR)—This signal is used by the external logic to take control of the DAL bus and
its related control signals.

DMA grant (DMG)—This signal indicates 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 timing to the clock generator on the
MicroVAX 78032.

Clock out (CLKO)—A timing signal output at half the frequency of basic clock (CLKI) to be used
for system timing.

Miscellaneous Signals
Test (TEST)—Reserved. This pin 7zust be connected to ground.

Power Supply Connections
Power (Vy,p)—5 Vdc supply.
Ground (Vg)—Ground reference.

Back-bias generator (Vyz)—Reserved. This pin mzust not be connected.
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» Architecture Summary

The MicroVAX 78032 architecture shown in Figure 3 is grouped into 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 programmer and contains process
control registers, memory management registers, interrupt registers, and the processor status
longword.

APPLICATIONS PROGRAMMING
GENERAL REGISTERS

RO | AP |
R1 L FP |
R2
R3 KsP
R4 ESP
RS sSSP
R6 UsP
R7
R8 | PC |
R9
R10 PROCESSOR STATUS WORD
R11
SYSTEM  PROGRAMMING
PROCESS CONTROL REGISTERS INTERRUPT REGISTERS
L SCBB | [ SIRR ]
[ PCBB | L SISR ]
MEMORY MANAGEMENT REGISTERS [ ISP |
[ POBR ] [ ASTLVL ]
| POLR ]
P1BR ] PROCESSOR STATUS LONGWORD
PILR ] [ [iec]  psw ]
| SBR ]
L SLR ]
l MAPEN ]

Figure 3 » MicroVAX 78032 Programming Model
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General Registers

Sixteen 32-bit general 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 are 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 interrupts. The stack pointer in use is determined by the operating mode of
the processor.

Argument pointer— The VAX procedure call convention uses an argument list data structure. The
argument pointer (AP) contains the address of the base of this structure.

Frame pointer— The VAX procedure call convention builds a data structure on the stack frame. The
frame pointer contains the address of the base of this structure.

Program counter— The program counter (PC) contains the address of the next byte of the program.
Therefore, the PC is not used as an accumulator, index, or temporary register.

Processor Status Word
The processor status word (PSW), the lower 16 bits of the PSL, contains the condition codes and

trap enable flags. The PSW is the user accessible portion of the processor status longword (PSL) and
is shown in Figure 4 and described in Table 6.

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00

1 1 I T T T T
mMBZ IDVIFUlIV’TlNIZlVICI:PSV\
1 1 | 1 1 1 1

Figure 4 » MicroVAX 78032 Processor Status Word Format

MR-1159¢

Table 6 » MicroVAX 78032 Processor Status Word Descriptions
Bit  Description
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 to 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 = 1if the result was negative.
Z = 1if the result was zero.
V = 1 if 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 registers that are accessed by the operating system. These
registers are used in context switching, memory management, exception and interrupt handling,
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 servicing
interrupts and exceptions.

Process control block base register-—The processor control block base register (PCBB) contains the
base address of the process control block (PCB). The PCB contains the hardware. context of the
current process.

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 memory used to
cranslate virtual addresses into physical addresses. The function of each of these registers 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, current 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 privileged and accessed by the system. The PSL format is shown in Figure 5
and described in Table 7.

31302928 2726252423222120 1615
T Loy rrryprrrrrrrrrrrrrritr
CUR|PRV
I mMBZ MODlMOD SIPL | PROCESSOR STATUS WORD ] :PSL
I 1 L1l TS NS W T T T T T T T Y T I T O
MBZ FPD MBZ
TP IS

Figure 5 » MicroVAX 78032 Processor Status Longword Format
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Table 7 = MictoVAX 78032 Processor Status Longword Descriptions

Bit  Descriptions

31 MBZ (Must be zero).

30 TP (Trace pending)—Forces a trace trap when set at the beginning 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 interrupt 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 IS (Interrupt stack)—Set when the processor is executing on the interrupt stack.

25:24 CUR MOD (Current access mode)— The access mode of the currently executing process as
follows:

0 = Kernel

1 = Executive
2 = Supervisor
3 = User

23:22 PRV MOD (Previous access mode)—Loaded from CUR MOD by exceptions and Change
Mode instructions, cleared by interrupts, and restored by REL

21 MBZ (Must be zero).

20:16 TIPL (Interrupt priotity level)—Contains the curtent processor priority in the range 0 to 1F
hexadecimal. The processor will accept interrupts only on levels greater than its current IPL.

15:00 PSW (Processor status word)—Contains the processor status accessible by the user.
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» Data Types

The architecture of the MicroVAX 78032 supports nine data types: byte, word, longword,
quadword, character string, variable-length bit field and, through the optional floating-point unit,
F_floating, D_floating, and G_floating. Figures 6 and 7 show the organization of the data types.

07 00

MR11634

WORD
15 00
TTTT T T T T TTTTTT
A
| S TN N T T T O T W [ S A I |
MR-11635
LONGWORD
31 00
rrrrrrrrrrrrrrr e rr T T T T T T T Tl
A
T T U N U T U 0 W O 0 O O A B B B A N A B O
MA11636
QUADWORD
31 00
rrrrrrrrrrrrrrrrrrrrrrrrrrorrrororT
NI U T N T U T T T T T T N T T N T D O I | A
T rrrrrrrrrrrerrrrrrrrrrrrrrrrrrrr e A+4
[ Y T N T T N I T W T Y O T T T T o o |
63 32
WR-11637
CHARACTER STRING
07 00
TTTTTTT
A
A+
| T T T |
1
1
07 i 00
m:A+L_L
MR11638
VARIABLE LENGTH BIT FIELD
P+S P+5-1 P P-1 00
l lFFFFFFFFFFFFFFFFFFFFFFFFFFFFFl A
s1 00

MR-11633

Figure 6 » MicroVAX 78032 Integes, Character-string, and Bit-field Data Types
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« Instruction Formats

o . .
Preliminary MicroVAX 78032
F_FLOATING
15 14 07 06 00
T T T T T T T T T T T
s EXPONENT 1 FRACTION A
FRACTION (A2
1 Il | i 1 1 1 1 1 1 A4 ! 1
31 16
MR 11640
D_FLOATING
1514 07 08 00
T T T T T T T T T 1 T
s EXPONENT FRACTION A
FRACTION A+2
FRACTION A4
FRACTION A6
1 1 1 1 1 1 1 Il 1 1 ! 1 L
63 48
MR 11641
G_FLOATING
1514 04 03 00
T T T T T T T T T T T
s EXPONENT FRACTION A
FRACTION (A+2
FRACTION ‘A+4
FRACTION A6
1 1 1 1 1 1 1 1 1 1 ul L !

63

Figure 7 = MicroVAX 78032 Floating-point Data Types

48

MR 11642

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 operand type. It includes both the

access type and the data type.

For Internal Use Only

1-13



dlilgiltlali §

Preliminary

MicroVAX 78032

OPCODE (1 OR 2 BYTES)

OPERAND SPECIFIER 1

OPERAND SPECIFIER 2

OPERAND SPECIFIER 3

|
!
|
i
|
1
I
|
!
!

OPERAND SPECIFIER 6

MR-11601

Figure 8 « MicroVAX 78032 Instruction Format

Opcode Formats

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.

ONE BYTE OPCODE:

L

T
OPCODE .
1

T T
TWO BYTE OPCODE: [

T
OPCODE
1

T

!

Figure 9 = MicroVAX 78032 Opcode Formats

1-14
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» Addressing Modes

A summary of the addressing modes used by the MicroVAX 78032 is listed in Table 8 with a brief
description of each mode.

Table 8 = MicroVAX 78032 Register Addressing Modes
General Register Addressing Mode

Access
Hexadecimal Name Assembler + m w a v PC SP Indexable?
0-3 literal S" #literal y £ £ £ £ - - f
4 index i (Rx) y vy yyy f oy f
5 register Rn y vyt y u u f
6 register deferred (Rn) y Yy yyy u vy y
7 autodecrement -(Rn) y Yy yyy u y ux
8 autoincrement (Rn)+ y Yy Vyyy p vy ux
9 autoincrement @(Rn) y Yy vy VvyYy P ¥ ux
deferred
A byte displacement B'dRn) y vy vy vy vy p ¥ y
B byte displacement @BdRn) y vy vy vy Vv p ¥y y
deferred
C word displacement W'dRn) y y y y vy p ¥y y
D word displacement @W'dRn)y y y vy vy p ¥ y
deferred
E longword displacement L*dRn) y y y y y p vy y
F longword displacement @L'dRn) y y vy y vy p vy y
deferred
Program Counter Addressing Mode
Access
Hexadecimal Name Assembler r m w a v Indexable?
8 immediate I"#constanty u u y vy y
9 absolute @#address y 'y y vy y y
A byte relative Baddress y vy y vy vy y
B byte relative deferred ~ @B"addressy v y y y vy
C word relative Waddress y y y y y y
D word relative deferred W"address y y y y vy y
E longword relative L'address y vy y y vy y
F longword relative L'address y y y y vy y
deferred
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Table 8 = MicroVAX 78032 Register Addressing Modes (Cont.)
Addressing Legend

Access: Syntax:

r = read i = any indexable address mode
m = modify d = displacement

w = write Rn = general register, n = 0to 15
a = address Rx = general register, x = 0 to 14
Results:

y = yes, always valid address mode

f = reserved address mode fault

- = logically impossible

p = program counter addressing

u = unpredictable

uq = unpredictable for quad, D_/G_floating, or field if pos + size > 32

ux = unpredictable if index reg = base reg

General Register Addressing

The general register address modes use one or more general registers, depending on the 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 registers (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—Register Rn contains a longword address that points 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 efficient 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 register Rn, and the result is
the operand address.

Displacement deferred 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 register Rn, and the result
is the operand address.
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Index mode—The operand specifier consists of two bytes or more, a primary operand specifier and
a base operand specifier. The primary 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 operand address.

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 ready-only.

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

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

. Address—Address 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.

5. Variable bit field base address—If only register R[n] is specified, the field is in general register
Rln] or in R[n+1TR[n] (i.e., RIn+ 1] concatenated with R[nl). If R[n] is not specified, an
address calculation occurs until the actual address of the operand is obtained. This address
specifies the base to which the field position (offset) is applied.

6. Branch—No operand is accessed. The operand specifier is the branch displacement and the
data type indicates the size of the branch displacement.

Program Counter Addressing

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 specifier, and immediate data or
addresses of the instruction are evaluated. The amount that the PC is incremented is determined by
the opcode, number of operand specifiers and other values. The PC can be used with all of the VAX
addressing modes, except register, index, register deferred, or autodecrement.

Immediate mode—This mode is an autoincrement mode and the PC is used as the general register.
The contents of the location following the addressing mode contain immediate data.

Absolute mode—This mode is an autoincrement deferred 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 remains constant in the
memory location where the assembled instruction is executed.

Relative mode—This mode is a displacement mode and the PC is used as the general register. The
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 the sum is the longword address of the
operand.
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Branch Addressing

During branch displacement addressing, the byte or word displacement is sign-extended to 32 bits
and added to the updated content of the PC. The updated content of the PC is the address of the
first byte beyond the operand specifier.

« Instruction Set

A summary of the VAX instructions implemented by the MicroVAX 78032, the floating-point
instructions supported by the floating-point unit, and the emulated instructions that are assisted
by the microcode are listed in Appendix D.

» Memory Management

The memory management unit provides a flexible and efficient virtual memory programming
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/write access control for each mode.

The VMS Virtual Memory System provides a large address space and allows programs to run with

small memory configurations. Programs are executed in a process environment. Each process can
operate with an address space of 4-billion bytes.

Virtual Address Space

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

00000000
LENGTH OF PO REGION IN PAGES-
(POLR)
PO
REGION
PO REGION GROWTH DIRECTION
3FFFFFFF
40000000
P1 REGION GROWTH DIRECTION
P1
REGION
LENGTH OF P1 REGION IN PAGES
(2**21-P1LR)
JFFFFFFF
80000000
LENGTH OF SYSTEM REGION IN PAGES
(SLR)
SYSTEM
REGION
l SYSTEM REGION GROWTH DIRECTION
BFFFFFFF
€0000000
RESERVED
REGION
FFFFFFFF

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 layout— Access to the PO, P1, and System regions is controlled by the (POLR,
P1LR, and SLR) length registers. Within the limits set by the length registers, the access is
controlled by a page table that specifies the validity, access requirements, and location of each page
in the region.

31 0908 00

rrrrrrrrrrrrrrrrr1i17 T 1] T TTTrTd
I_L VPN BYTENUMBERJ

N VN S T VN VO VO O U | I T T I Y

Figure 11 = MicroVAX 78032 Virtual Address Format

Table 9 = MicroVAX 78032 Virtual Address Descriptions

Bit Descriptions

31:09 VPN (Virtual 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 select the region of virtual address space being
referenced as follows:

Value of Region
Bits <31:30>  Referenced
0 PO
1 P1
2 System
3 Reserved
08:00 Byte number— This field specifies the number of the byte within the page.

Access Control

The access control function determines whether a read or write memory reference will be allowed
to a memory page. Every page in memory is assigned a protection code to prevent illegal access to
memory information.
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Mode—The four hierarchical modes used by the MicroVAX 78032 in the order of most to least
privileged are

0 Kernel—used by the kernel of the operating system for page management, scheduling, and
I/O drivers.

1 Executive—used for many of the operating system setvice calls.
2 Supervisor—used for services such as command interpretation.
3 User—used for user level code, utilities, compilers, debuggers, etc.

The current processor mode is stored in the current mode field of the processor status longword
. (PSL).

Protection code—A protection code, located in the page table entry for that page, defines the
accessibility of the page for each mode. These codes are described in Table 10.

Table 10 - MicroVAX 78032 Protection Code Assignments

Decimal Binary Mnemonic Current Mode Comment
Code Code K E S U

0 0000 NA — — — — no access
1 0001 * * * * reserved
2 0010 KW RW — — —

3 0011 KR R — — —

4 0100 uw RW RW RW RW all access
5 0101 EW RW RW — —

6 0110 ERKW RW R — —

7 0111 ER R R — —

8 1000 SW RW RW RW —

9 1001 SREW RW RW R —

10 1010 SRKW RW R R —

11 1011 SR R R —

12 1100 URSW RW RW RW R

13 1101 UREW RW RW R R

14 1110 URKW RW R R R

15 1111 UR R R R R

Legend:

— = no access K = Kernel

* = unpredictable E = Executive

R = read only S = Supervisor

RW= read/write U = User

W = write
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« Memory Management Control

Three registers are used to control memory management. One register is used to enable and disable
memory management and the other two are used to control the address translation buffer.

Memory Management Enable

The map enable register (MAPEN) determines whether the memory management functions is
disabled or enabled. The format of the map enable register is shown in Figure 12 and described in
Table 11.

31 0100
TT1T1r1rrrrr1rrrrrrrrrrrrrrrrrrrrT
| I :MAPEN

MBZ
) S T T T TN T Y T T T T T S T U T T T O S W O

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 disable memory management as
follows:
1=MME enabled
0=MME disabled

Translation Buffer

The translation buffer stores frequently 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 invalidate single (TBIS) register and the translation buffer
invalidate all (TBIA) register.

The TBIS register invalidates single PTE entries in the translation buffer. This is accomplished 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 register.

The TBIA register clears the translation buffer by invalidating all the PTEs in the translation 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 00
Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
VIRTUAL ADDRESS :TBIS
TN TN NN TN N T N T T T T T O T T N T I
31 00
Trrrrrrrrrrrrrrrrrrrrr1rrrrrrorTT
MBZ I :TBIA
T T W N T T N T T T N T O Y B |

Figure 13 = MicroVAX 78032 Translation Buffer Registers
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Address Translation

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 translation process when
memory 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 2726252423222120 00

T rrrjrrrrrrrrrrrrrrrrrrrt
IV PROT lMIOl IOOI PFN J
1
OWN

L1l N N N T T T Y Y T T Y O O O O
Figure 14 = MicroVAX 78032 Page-table Entry Format

Table 12 = MicroVAX 78032 Page Table Entry Descriptions
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 valid
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 modified. 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. Used if 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 virtual 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 virtual address space that is virtual byte
address 80000000 (hexadecimal).

Figure 16 shows the translation of a system virtual address to a physical address.

The algorithm used to generate a physical address from a system region virtual address is

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

3130129 02 0100
T rrrrrrrrrrrrrrrrrrrrrrrrrrr T

MBZ PHYSICAL LONGWORD ADDRESS OF SPT [MBZ] :SBR
1 U NS NN U N VN VO T T T T T T T T T O O | 1

31 2221 00
Trrrrrrrr Trrrrrrrrrrrrrrrrrr1rrr

I MBZ LENGTH OF SPT IN LONGWORDS ] SLR
I O N T TN NN T T T T T T T T I

Figure 15 = MicroVAX 78032 System Mapping Register Formats

313029 0908 00
SVA: TIrrrrrrrrrrrrrirrrrTT Trrorr1rT
(SYSTEM VIRTUAL I 2 BYTE
ADDRESS) CI N T U W W O U U U U W A O O O O O A O
EXTRACT AND
CHECK LENGTH
31 23|22 02{0100
TT1T 1T 1T 1T 1T 1T T1Ttrr1rrrrrrr o T T o T TrTT T
§ IS N T T | N T VO N Y T T N O s S o | 1
ADD
31 0100
TTrrrt1rtrrrrrrrrrrrrrrrroro o T TT 17 T
SBR: I PHYSICAL BASE ADR OF SPT 0
[N N (N U U U NN T AN U VN N NN N N U N O TN N 1 W W s o | 1
YIELDS
31 0100
rrrrrrrrrrrrrrrr T T TrrrriT it iirTT 1
I PHYSICAL ADR OF PTE I 0 ]
NN I VN N W T N T O WV N T N N T T Ty B | 1
FETCH
3130 2120 00
UL L Trrrr7 717 77T T T 7T o717 1777
PTE: |1 PEN
| T A T T | ) T T T T RO N VNS T W T T T T Y I I O 1
CHECK ACCESS THIS ACCESS CHECK
IN CURRENT MODE
29 09{08 00
TrTrrrrrrrrrrrrvrrrirTT TTr 11017 T
PHYSICAL ADR OF DATA:
F S I O T S T O T T (N T (N T 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 virtual 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 in longwords,
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 >

313029 020100
T Trrrrrrrrrrrrrrrrrrrrrrrrrr T
I 2 [ SYSTEM VIRTUAL LONGWORD ADDRESS OF POPT MBZ :POBR
il NS T N T T T T T T T T TN T OO W T WO TN N O O O O | 1
31 22 21 00
L L rTTr T rrrrrrrrr T T TT T TT
l mBZ LENGTH OF POPT IN LONGWORDS I :POLR
) N T T T T I N T U W T T W T W s v O v |

Figure 17 = MicroVAX 78032 PO Region Mapping Register Formats

313029 0908 00
PVA: LIS (LN L L U I O
(PROCESS VIRTUAL 0 BYTE ]
ADDRESS) R O T N Y O N W O O O W T O O IO O L1111
EXTRACT AND
CHECK LENGTH
31 23{22 020100
rrrrrr1r1r T rrrrrrrrrrrrrrrriTrTrT T
) O S T . | § SN VR S T T T T T T T T o T Sy v | A
ADD
31 0100
rrrrrrrrrrrrrrrrrrrrrrrr1ouvrTT T
POBR: [ SYS VIRT BASE ADR OF POPT l OJ
{ N VRSN NN N N N N O O T N Y U TN T O N T O T s o o o 4 L
YIELDS
31 0100
TTT T T T T T I T T T T T T I T T T T T T T T T T T T 17T
SYS VIRTUAL ADR OF PTE | 0 I
BN WSRO T Y N T T T Vs N I T T (S N T N O O I 1
FETCH BY SYSTEM SPACE
TRANSLATION ALGORITHM,
INCLUDING LENGTH AND
KERNEL MODE ACCESS CHECKS
3130 2120 00
T T T TTTrTT rerrrrrrrrrrrrrrrrrr
PTE: I‘I PFN
S T T T T O | T VN T RO T N O OO T TR O S N A Y O O
CHECK ACCESS THIS ACCESS CHECK
IN CURRENT MODE
29 09|08 00
LS, L A O A O I 0
PHYSICAL ADR OF DATA:
T I N N T O U T S W Y T 0 O A S G B B

Figure 18 « MicroVAX 78032 PO Virtual-to-physical Address Translation
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P1 region 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 P1 space
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 virtual 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 physical address translation.

The algorithm used to generate a physical address from a P1 region virtual address is

PVA_PTE=P1BR+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 >

31 020100
rrrrrrrrrrrrrrr1rrrr1rrrrrrrrrr

l SYSTEM VIRTUAL LONGWORD ADDRESS OF P1PT IMjB;l :P1BR
I T N T T T T T T T T O T T O T Y 0 Y N 1

31 2221
TIrrrrrrrr TTrri1irrrrrrrrrrrrrrrrr

l MBZ LENGTH OF P1PT IN LONGWORDS PILR
I T T N N O U T T T T T T T T T I

Figure 19 = MicroVAX 78032 P1 Region Mapping Register Formats

313029 0908 00
PVA: LIS L L L O |
(PROCESS VIRTUAL 1 BYTE
ADDRESS) TN N U T W T T U U T W U U A O T O A O A O O B A AN B |
EXTRACT AND
CHECK LENGTH
31 23|22 02/0100
TT1T 1111107 Trrrrrrrrrrror170 oo om0 T
| S O Y W I I | § U N T N N NN N N T N T N N O O N v | 1
ADD
31 0100
Trrrrrrrrrrrrrrrrrrrrrrrovo1mTT T
P1BR: I SYS VIRT BASE ADR OF P1PT o
S WA O N T T TR TN U N N TN T S T O T N U T Wy W | 1
YIELDS
31 0100
Trrtrrrrrrrrrrrrrrrrrror0r1rr0TomTT 1
I : SYS VIRTUAL ADR OF PTE 0
| O N TN T VN T T TN N TS VN T N T N T N VN NN (U T O N | 1
FETCH BY SYSTEM SPACE
TRANSLATION ALGORITHM,
INCLUDING LENGTH AND
KERNEL. MODE ACCESS CHECKS
3130 2120 00
TTIrrr1r1rruria Trrrrrrrrr 07T T i irTmT
PTE: |1 PEN
) N T T U O | WS N N S N W T T T T T T T OO T Y |
CHECK ACCESS THIS ACCESS CHECK
IN CURRENT MODE
29 09|08 00
A O O O
PHYSICAL ADR OF DATA:
N I N O N N T T W T | N T O T T

Figure 20 = MicroVAX 78032 P1 Virtual-to-physical Address Translation
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Memory Management Faults

The two types of faults associated with memory mapping and protection are translation 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 notification of an event that is relevant to the currently executing process and
normally invokes a program in the context of the executing process.

An interrupt 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 TRQ<3> asserted
16 INTTIM asserted
16 IRQ<Z> asserted
15 TRQ<1> asserted
14 IRQ<0> asserted
10-13 unused

01-OF software interrupt request
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Interrupt Requests
Interrupt requests are serviced during the execution of long interactive instructions such as string
instructions and at the completion of an instruction.

Urgent interrupts—Interrupt level 1E (hexadecimal) indicates a powerfail condition and requires
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 the MicroVAX 78032 system to generate
software controlled interrupts.

Interrupt Registers

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

Software interrupt summary register—The software 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
T

T T T T PENDING SOFTWARE INTERRUPTS

F E|D,CB)A[9,8,7,6,54,3,2,1

:SISR

N T TR O T T W W |

MBZ

Figure 21 » MicroVAX 78032 Software Interrupt Summary Register Format

Software interrupt request register—The software interrupt 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

rrrrrrrrrrrrrrrrrrrrrrrrTrT T TrrTTrTT
REQUESL':SIRR
11 1

IGNORED
Figure 22 = MicroVAX 78032 Interrupt Request Register Format

N N T S W N T T N T O T T T T S A |

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

31 05 04 00

rrrrrrrrrrrrrrrrrrrrrrrrror|1r1rTo1T
IGNORED, RETURNS 0 | [IPL

NN N 1 S T T T T T I I I

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 of executing a specific instruction. Exceptions also
include etrors automatically detected by the processor, such as improperly formed instructions.

The MicroVAX 78032 recognizes the six classes of exceptions summarized in Table 14.

Preliminary

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

memory 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

09 08

T
mMBZ
!

rrrrrrrrrrrrrrrrrrrr

PHYSICAL LONGWORD ADDRESS OF SCB
N I T T N |

rrrerTrrT
MBZ
[ |

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 interrupt

0C powerfail fault

10 reserved/privileged fault
instruction

14 extended instruction fault/abort

18 reserved operand fault

1C reserved addressing mode fault

20 access control violation fault

24 translation not valid fault

28 trace pending (TP) fault

2C breakpoint instruction _—

30 unused trap/fault

34 arithmetic —

38-3C unused trap

40 CHMK trap

44 CHME trap

48 CHMS trap

4C CHMU —

50-80 unused interrupt

84 software level 1 interrupt

88 software level 2 interrupt

8C software level 3 interrupt

90-BC software levels 4-15 interrupt

Co interval timer —

C4 unused fault

Cs8 emulation start fault
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Table 15 = MicroVAX 78032 System Control Block Vectors (Cont.)

Vector Vector Type
Address Name

(hexadecimal)

CC emulation continue —
DO-FC unused interrupt
100-1FC adapter vectors® 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.

31 00
KSP :PCB
ESP +4
ssP +8

uspP +12

RO +16

R1 +20

R2 +24

R3 +28

R4 +32

RS +36

R6 +40

R7 +44

R8 +48

RO +52

R10 +56

R11 +60

AP (R12) +64

FP (R13) +68

PC +72

PSL +76

POBR +80

wez | 5T [ wez] POLR +84
P1BR +88

pe| maz | PILR +92

NOTE: THE PME FIELD IS UNUSED.

Figure 25 » MicroVAX 78032 Process Control Block Assignments
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313029 020100
T TT T rrrrrrrrrrrrrr1r1rrrrrrrrr T
MBZ| PHYSICAL LONGWORD ADDRESS OF PCB MBZ
1 ) NN NS T T N Y T T T T T T O T T T T T O 1

:PCBB

Figure 26 » MicroVAX 78032 Process Control Block Base Register Format

Processor Registers

The MicroVAX 78032 processor contains many registers that are accessible to the user. These
registers are listed in Table 16 and are groups described by the following categories.

1= Registers implemented by the MicroVAX 78032 as specified by the MicroVAX Architecture.
2=TRegisters implemented only by the MicroVAX 78032.

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

4 = Register access is not allowed (reserved operand fault).

Table 16 « MicroVAX 78032 Internal Processor Registers

Number Register Name Mnemonic Type Scope Initialize Category*®
0 Kernel Stack Pointer KSP RW PROC — 1
1 Executive Stack Pointer ESP RW PROC — 1
2 Supervisor Stack Pointer SSP RW PROC — 1
3 User Stack Pointer USP RW PROC — 1
4 Interrupt Stack Pointer ISP RW CPU — 1
5 reserved — _ - — 4
6 reserved — _— = — 4
7 reserved — —_— - — 4
8 PO Base Register POBR RW PROC — 1
9 PO Length Register POLR RW PROC — 1
10 P1 Base Register P1BR RW PROC — 1
1 P1 Length Register PILR RW PROC — 1
12 System Base Register SBR RW CPU — 1
13 System Length Register SLR RW CPU — 1
14 reserved — —_ - — 4
15 reserved — —_ - — 4
16 Process Control Block Base PCBB RW PROC — 1

*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 vyes 1
19 AST Level ASTLVL  RW PROC yes 1
20 Software Interrupt Request SIRR W CPU — 1
21 Software Interrupt Summary SISR RW CPU yes 1
22 Interprocessor Interrupt IPIR RW CPU — 4
23 CMI Error Register CMIERR R CPU — 4
24 Interval Clock Control ICCS RW CPU yes 2
25 Next Interval Count 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 Storage Transmitter Status ~ CSTS RW CPU — 3
31 Console Storage Transmitter Data CSTD w CPU — 3
32 Console Receiver Status RXCS RW CPU — 3
33 Console Receiver Data RXDB R CPU — 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 Pointer SAVISP R CPU — 2
42 Console Saved PC SAVPC R CPU — 2
43 Console Saved PSL SAVPSL R CPU — 2
44 WCS Address WCSA RW CPU — 4
45 WCS Data WCSD RW CPU — 4
46 reserved — - — — 4
47 reserved — R — — 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 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 IO Bus Reset IORESET W  CPU — 3
56 Memory Management Enable MAPEN RW CPU yes 1
57 Trans. Buf. Invalidate All TBIA W CPU — 1
58 Trans. Buf. Invalidate Single TBIS w CPU — 1
59 Translation Buffer Data TBDATA RW CPU — 3
60 Microprogram Break MBRK RW CPU — 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 — 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 Vg pins. The Vp, pins connect to 5 V and the Vs pins connect
to ground. The power decoupling and grounding is important. Decoupling the power supply is
implemented by connecting a capacitor between each Vp;, pin and its associated Vs pin as shown in
Figure 27. The recommended capacitor type is 10 uf 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 Vi pin #2ast not be connected either
to ground or to 5 V.
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VSSX VCCX

I—_—-—T—l l—_L_O* +5V
rsvo— L (0 Yo T
VCCX VSSX -

_L_V\SE'% 1 MicroVAX 78032

veel
+5V 1L 1, a2 |YeC +5V
Vel +
vssl ==
\_ 16 Y,
ALL CAPACITORS
RESET 10 uF 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.

1-34 _ For Internal Use Only



dilgliltial]

« Bus Cycles

INTERRUPT
CONTROL

DMA
CONTROL

Preliminary MicroVAX 78032
AALT ERR ERR
— Y
| il Frrer
*1 INTTIM BM<3:0: s -
—*1 iR0<3:0> DS =
7
{—" DMR l
<+—— DMG
. < > ADDRESS >
DAL<31:00> LATCH | BA<31:00>
MicroVAX 78032
CENTRAL PROCESSING
UNIT DATA BD<31:00>

RESET
CLKI

DBE
WR

EPS

f

MicroVAX 78132
FLOATING
POINT

CS<2:0>

UNIT

CLKO

EPS

£S<2:0>

CLKO

Figure 28 = MicroVAX 78032 Typical Interface Configuration

A bus cycle will be initiated by one of the following conditions:

A microcycle is the basic timing unit for a bus cycle. A microcycle is shown in Figure 29 and is
defined as four cycles of CLKO (T'1 through T4).

= Reading or writing information from or to memory or a peripheral device.

= Acknowledging an interrupt by reading the device interrupt vector.

= Transferring information from or to an external processor.

MICROCYCLE

MICROCYCLE

Figure 29 « MicroVAX 78032 Microcycle
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CPU Read Cycle

The CPU uses a CPU read cycle to input information from memory or an I/O device. A CPU read
cycle timing sequence is shown in Figure 30. A CPU read cycle requires a minimum of 2.0
microcycles and may be extended for slower memory or devices.

MICROCYCLE MICROCYCLE

| 1
|
DAL<31:00> >——< ADDRESS

N

.

WA 7 /
T
|

l

<
- X :x
—/ ' 7 sl V7777777 :M

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

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

. The WR signal is unasserted and CS < 2:0> are asserted as required to indicate 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 latched 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 assetted at this time and can be used to control the DAL bus transceivers.

. If the requested data is valid, it can be placed on the bus during T3 of the next microcycle, the

external logic asserts the RDY signal, and the microcycle that follows 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. 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 when the 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 assertion of either RDY or the ERR signals
results in the completion of the current bus cycle.

. 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 information to memory or to an I/O device. A CPU
write cycle, shown in Figure 31, requires a minimum of 2 microcycles and may be extended for
slower memory or devices.
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Figure 31 » MicroVAX 78032 CPU Write Cycle Timing Sequence

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

The sequence of events for a CPU write operation follows:

1.

2.
. The BM < 3:0> lines are asserted as required.

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

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

. 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.

. 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 I/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 interrupting device 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> lines 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.

AW N

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 7zust be a high or low level in accordance with the setup
times specified in the timing diagrams.

7. If an error occurs, the external logic asserts the ERR signal 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 to end the bus cycle.

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 asserting the DMR signal.

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

3. The CPU causes the DAL < 31:00>, AS, DS, DBE, WR, BM<3:0>, and CS<2:0> lines to
become a high-impedance and asserts the DMG line to grant the DMA device use of the DAL
bus.

4. When the requesting device is finished using the bus, it deasserts the 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 communicate 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 CS < 2> line 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

The sequence of events for an external processor response cycle is
1. The CS< 1:0> lines are asserted as required and the CS < 2> line is sustained at 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 bus and optionally drives
the CS<2> 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 CS<2>, 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 CS <2> 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.

MICROCYCLE

m, £
e X IO

Figure 34 » MicroVAX 78032 External Processor Write Cycle Timing Sequence

DAL<31:00>

» 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 ADAW1 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 longword
boundary require two bus cycles.

BM<3> BM<2> BM<1> BM<O>
A N &—'ﬁr [

8BITS 8 BITS 8BITS 8 BITS
| 1 I I

L | ! ! | BN
DAL<29:02>—e I | | | =
1 | | | B
| 1 1 |
DAL<31:24> DAL<23:16> DAL<15:08> DAL<07:00>

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 CPU. 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 CS< 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 CS< 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 CS<2> bus low. The CPU responds to the CS<2> 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 more 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 MicroVAX 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 CS<2> 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 CS<2> line is high, the CPU
returns zero as the result.
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Figure 36 « MicroVAX 78032 Read from Processor Register Timing Sequence
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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 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 indicating a non-FPU command, the DAL < 31 > lines equal
0 (write register), and the DAL <05:00> lines contain the register number specified by the
MTPR instruction.

2. The CPU executes an external processor write cycle to write the register data. During this cycle,
the CS < 1:0> lines equal 01 (write data), and the DAL < 31:00 > lines contain the data specified
in the MTPR instruction.

3. The next cycle is not an external processor cycle.
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Figure 37 » MicroVAX 78032 Write to Processor Register Timing Sequence

« dc Electrical Characteristics

The dc electrical characteristics of the MicroVAX 78032 for the operating voltage and temperature
ranges specified are listed in Table 17.
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Table 17 = MicroVAX 78032 dc Input and Qutput Parameters

Parameter Symbol Requirements Units Test Condition
Min. Max.

High-level input voltage Viu 2.0 \

Low-level input voltage Vi 0.8 v

High-level output voltage Vou 2.4 A Tow = —400 A

Low-level output voltage VoL 0.4, AV, I, = 2.0mA

High-level output

voltage (EPS only) Vour 2.6 \ Tow = —100 pA

Low-level output

voltage (EPS only) Vore 0.2 \Y Io. = 1.0mA

Input leakage

current (CS<2>)! T 3.2 mA V=04V

Inpuf leakage current I -10 10 pA 0.4 <V < Vop

Output leakage current Iow -10 10 uA 0.4 < Viy < Vo

Active supply current Ioo 700 mA Iour =0, T, =0°C

Input capacitance Cn 8 pF

Output capacitance Cour 8 pF

Note:

"When CS < 2> 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
period=tc,=P.

2. All times are in nanoseconds except where noted.

. 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.

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

signals.

. An ac 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.

. 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 signal is asserted.

* 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 transition during the sampling window while the AS
signal is asserted, the result is indeterminate.

* The DMR signal is sampled at every microcycle 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 begin a DMA cycle if the DMR

signal is asserted throughout the sampling window, the AS signal 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 IRQ<3:0>, PWRFL, INTTIM, and HATT lines.

Specifications

The mechanical, electrical, and environmental characteristics and specifications 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: 70°C
= Ground reference (Vis): 0 V
= Supply voltage (Vio): 4.75 V

Mechanical Configuration
The physical dimensions of the MicroVAX 78032 68-pin CERQUAD package are contained in
Appendix E.

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.

= Supply voltage (Vo): <0.5 Vto 7.0V
» Input or output voltage applied: -0.5 Vto 7.0V

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

« Storage temperature range: -55°C to 125°C

» Power dissipation: 3.5 watts (maximum)
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Recommended Operating Conditions

« Supply voltage: 4.75 V0 5.25 V

+ Active supply current: (Ipp): 700 mA (maximum)

+ Temperature range: 0°C to 60°C

+ Relative humidity: 1096 to 95% (noncondensing)

» Minimum airflow over chip: 250 linear feet/minute

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

tcip

tCIF —# tciL

Figure 38 » MicroVAX 78032 CLK1 Timing Waveform

Table 18 = MicroVAX 78032 CLKI Timing Parameters

Timing Symbol Signal Definition Requirements

Min. Max.
tew Clock in fall time 4.5
tom Clock in high 8
ten Clock in low 8
tow Clock period 25 » 250
tem Clock in rise time 4.5
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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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Figure 40 = MicroVAX 78032 CPU Write Cycle Timing Sequence
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Table 19 = MicroVAX 78032 CPU Read and Write Cycle Parameters

Timing Signal Definition Requirements
Symbol Min. Max.
tans Address set up time to AS assertion 2P-28
tasa Address hold time after AS assertion 2P-15
tasuc  AS rising through 2.0 V to CLKO rising through 0.8 V. P-23
tasLc AS falling through 0.8 V to P-20
CLKO rising through 0.8 V
taspB 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
tasoz AS and DBE deassertion to data three-state 2P-20
tasw  AS deassertion width 3P
tasLw AS assertion width 12P-15+8PS
tasws AS assertion to beginning of (6P-45) + 8PS
RDY, ERR, and DMR sampling window?
taswE AS assertion to end of RDY, 6P+10+8PS
ERR, and DMR sampling window’
taswr  WR, W> ,CS<2:0> hold P-20
time from AS deassertion
tamas BM<3:0> set up time before AS assertion 2P-25
teasH CLKO rising through 2.0 V to AS rising through 0.8 V. P-7 P+15
teast CLKO rising through 2.0 V to AS falling through 2.0 V. P-9 P+16
teor CLKO rising through 2.0 V to read data valid P-5
tepo Write data hold time from CLKO rising through 2.0V P-15
ter CLKO fall time 12.5
ten CLKO high (2P-25)x0.5
ter CLKO low (2P-25)x0.5
tep CLKO period 50 500
ter CLKO rise time 12.5
tews T4 CLKO rising through 2.0 V to beginning of 3P-45
RDY, ERR, and DMR sampling window?
tews 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 Read and Write Cycle Parameters (Cont.)

Timing Signal Definition Requirements
Symbol Min. Max.
tpsLw DBE assertion width 9P-20+ 8PS
tpoc Wirite data set-up time to CLKO rising through 0.8 V. 3P-42
tpobs Wrrite data set-up time to DS assertion 3P-30
tosas DS deassertion to AS and DBE deassertion P-15
tosp Read data hold time after DS deassertion 0
tosor DS assertion to read data valid* 8P-35+8PS
tpsno Write data hold time from DS deassertion 3P-20
tospz DS deassertion to read data 3-state 3P-20
tosuw DS deassertion width 6P
tosswr DS assertion width (read) 8P-20+ 8PS
tostwo DS assertion width (write) 6P-20+8PS
twept Sampling window end to read data valid 5P-25
twras @, CS<2:0> set up time before 3P-35
AS assertion
Notes:

! Read data is valid early enough if tysp; OF tpsp; OF tepy is satisfied.

? Requirements for the beginning of the sampling window are satisfied if either tysyg OF tews is
satisfied.

> Requirements for the end of the sampling window are satisfied if either tygyg OF tews is satisfied.
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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.
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