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* Foreword

We at Semiconductor Operations (SCQ) are committed to provide excellence in integrated cir-
cuit technologies, products, and services to support our customers, the Digital Systems Groups.
Our primary objective is to optimize Digital’s competitive market position by develop-
ing leadership system performance at the lowest possible cost and within the appropriate
time constraints.

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

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

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

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

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

780 Series
78xyz - XX - XX
10 = Processors 5 = Controllers GA = Gullwing
1 = Coprocessor 6 = Graphic devices FA = Straight
2 = Memories 7 = Bus interfaces PA = Pin grid array
3 = I/O devices & = Communications devices
4 = Reserved 9 = Reserved
DC Series
DCxyz
3 0 = Custom bipolar devices 3 = MOS devices
——1 = Custom bipolar devices 5 = MOS devices

« Cross-referencing of Semiconductor Products

Part Part Purchase Description
Name Number  Number

DC341 78034-GA 21-24674-01  CVAX Central Processing Unit (CVAX CPU)
DC513 78134-GA  21-26604-01  CVAX Floating-point Accelerator (CFPA)
DC509 78135-GA  21-24673-01 CVAX Clock Generator (CCLOCK)

DC551 78332-GA 21-24942-01 MicroVAX System Support Chip (SSC)
DC357 78588-PA  21-25091-01 CVAX Memory Controller (CMCTL)
DC527 78711-GA  21-25972-01 CVAX Q22-bus Interface Chip (CQBIC)
DC514 - 21-24674-01 CMOS VAXBI Bus Interface Chip (CBIC)

Confidential and Proprietary




vi

Confidential'and Proprietary




Contents

Section 1 « Microprocessor and Support Devices

CVAX 78034 32-bit Central Processing Unit. . ... ... ... ... .. 1-1
CVAX 78134 Floating-point Accelerator . ............co it 1-91
CVAX 78135 Clock Generator. . ..o oo vttt et e e e e e e 1-109
MicroVAX 78332 System Support Chip ... ... 1-123

Section 2 = Bus Support Devices

CVAX 78388 Memoty Controller . . . ... ... . 2-1
CVAX 78711 Q22-bus Interface Chip . . .. ... ... it 2-55
DC3514 CMOS VAXBI Bus Interface Chip . ... ...... ... . i 2-107

Appendix » Mechanical Specifications

Confidential and Proprietary vii







» Section 1—Microprocessor and Support Devices

The CVAX 78034 microprocessor and support devices are the latest development in CMOS devices.
They provide the increased performance and the versatility required for the design of new and
faster VAX systems.

CVAX 78034 Central Processing Unit—The CVAX 78034 CPU is a low-cost high-performance, 32-
bit virtual memory microprocessor. It is implemented in double-metal CMOS and is functionally
compatible with the MicroVAX 78032 CPU. It contains a 1-Kbyte cache memory and provides
pipeline architectures and instruction prefetch.

CVAX 78134 Floating-point Accelerator—The CVAX 78134 CFPA is a high-performance coprocessor
used with the CVAX 78034 CPU to accelerate the execution of floating-point instructions. It
eliminates the need to emulate floating-point operations in software.

CVAX 78135 Clock Generator—The CVAX 78135 CCLOCK generates the precision MOS clock
signals required by the CVAX 78034 CPU, CVAX 78134 CFPA, and up to two additional support
chips.

MicroVAX 78332 System Support Chip—The MicroVAX 78332 SSC is a multifunction device that
provides the common functions necessary to support the MicroVAX 78032 and CVAX 78034 CPU.
It includes support logic for an external ROM, two asynchronous serial-line ports, programmable
address decoders, programmable timers, and a realtime clock.







Features

= High performance » Vectored software and hardware interrupts
—32-bit internal and external data path
—~-1 Kbyte on-chip instruction/data cache
—Pipelined architecture
—Instruction prefetch

* VAX memory management
~—Full memory protection
—Four privilege modes
—Process and system space mapped

Optimized flodting-point accelerator interface

4 gigabyte virtual address space

VAX instruction set

—304 instructions (59 emulated)
—21 address modes

—14 data types

1 gigabyte physical address space
-—512 megabyte memory space
—-512 megabyte IO space

- - - . D; ;' o -
Sixteen 32-bit general purpose registers ata parity checking

» Industry compatible external interface

22 interrupt levels
—15 software
—7 hardware

Single 5-volt power supply

84-pin surfacemount package

Description

The CVAX 78034 Central Processing Unit (CVAX CPU) is a 32-bit, virtual memory microprocessor.
Implemented in a double-metal CMOS process, the CVAX CPU is a low-cost, high-performance
microprocessor for single-board computers, single-user workstations, low-end systems, and other
applications such as multiprocessing configurations. The CVAX CPU is functionally: compatible
with the MicroVAX 78032 CPU and offers the system designer software compatibility, faster bus
cycle times, a 1-KByte on-chip cache, and an optimized interface for the CVAX 78134 Floating-
point Accelerator (CFPA). Figure 1 is a block diagram of the CVAX 78034 CPU.
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Figure 1» CVAX 78034 A’Iicropmc:essor Block Diagram
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. CVAX 78034

- Pin and Slgnal Descupnons

This section pmvldes a descrlptlon of the input and output 51gr1als and power and ground
connections used by the CVAX 78034 CPU. The signal pin assignments are identified in Figure 2
and summarized in Table 1.
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Figure 2« CVAX 78034 Pin Assignments

Table 1 « CVAX 78034 CPU Pin and Signal Summary

Pin Signl  Input/Output Definition/Function

84-78, DAL<31 00> Input/Output Data/Address LmesmTlme multlplexed data and

74-54, address lines used to transfer address and data informa-

50.47 tion between the CVAX CPU and memory, external

» processor registers, CFPA, or I/O devices.

39-42 CSDP<310> Input/Output Control Status and Data Parity—Time-multiplexed
lines used to transfer eycle status information and data
parity. '
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Pin

Signal

Input/Qutput

Definttion/Function

38

DPE

Input/Output Data- Parity Enable—A signal used to enable parity

checking and to indicate valid parity information on
CSDP< 3:0>.

30

i Inpu’thutput

Address QtrobewA strobe that indicates the initial

-information on DAL <31: 00> and CSDP<3 0> is

valid. The leading edge can be used to latch the

. ,mformatmn on the lines.

29

- Output

"Data Strobe—A strobe, that indicates to the system

mterface that DAL<31: 00> and CSDP<3:0> are
ready to receive -data during a CPU tead, external
‘ pmcessor register read; ‘or interrupt acknowledge cycle.

“It'is ‘deasserted to decate that the data has been

received. It also contains valid outgoing;data during a

 CPU write cycle or external processor register write
. ¢ycle and is deasserted when the data is ready to be
- removed. e

43-46

BM‘<,3:O,V>‘

 Output

Byte Masks—-Spééify which by'tesy of DAL data and
associated parity bits are vahd durmg the second part of

“an [/O cycle :

32

Output

ert@-5pec1f1es the dxrecuon of data transfer on the
o DAL

31

Outpﬁt

Data Buffel EnablewUsed \wth WR to control cxter
nal DAL trarxscewers

27

Ihputy h

/ Ready—-—Asserted by extemai logic to indicate the nor-
mal termination of the current bus cycle. RDY and ERR.

can be- asserted togethér to requést a refry of the bus

- cycle

28

— s

Error«—Asserted by external logic to indicate the

~abnormal termination of the current bus cycle. ERR

" B and RDY can be asserted together to request a retry of
thebus cycle.

35

Input. - "

fir Reset——Assérted by external logic to initialize the

CVAX CPU to a predetermined initial state.

19

JInput

. HaltwAnanmaskable im«;:rrupt used tb reansfer con--

trol to.console macrocode.

14-11

TRO<3.0>

Input

Interrupt Requesthour maskable mtr:rrupt request
lines for device i interrupts.

18

 PWREL

Input

PowerfalimA maskable mtermpc used to mdlcate a

. powerfail, cond;tlcn

Confidential and Proprietary 1-3




Preliminary

Pin Signal Input/Output Definition/Function:

16 CRD Input . Corrected Read Data—A maskable interrupt used to
signal an ECC correctable read error in a memory
subsystem.

15 INTTIM Input Interval Timer—A maskable interrupt used to provide

, system timing information from the interval timer.

17 MEMERR Input Memory Error— A maskable interrupt used to indicate
a Memory error.

26 “DMR Input DMA Request— Asserted by external logic to request a

' DMA cycle.

25 DMG Qutput DMA Grant—Asserted by the CVAX CPU to acknowl-
edge a DMA request.

24 CCTL Input Cache Control—Used by external logic to control the
operation of the internal cache memory during DMA
and CPU read cycles.

3-8 CPDAT <5:0> Input/Output Coprocessor Data—Used to transfer opcode, control
information, condition code, and exception status
between the CVAX CPU and the CFPA.

9,10 CPSTA < 1:0> Input/Output Cbprocessor Status—Used to transfer status informa-

o tion between the CVAX CPU and the CFPA.

1,21,36, Vyp Input Voltage—5-volt power supply.

53,76,77 S

2,22,37, Vs Input Ground—Ground reference.

51,52,75 ~ ~

34,33 CLKA,CLKB Input Clock A and Clock B—Supply the basic clock timing to
the CVAX CPU. CLKA and CLKB are phase shifted by
180 degrees. These inputs are nominal 20-MHz, MOS
level, square-wave signals.

23 CWB Qutput Clear Write Buffer—Used to indicate that conditions
internal to the CPU require the external write buffer (if
included) to be cleared. This signal provides test infor-
mation when the TEST input is asserted and its test
output is reserved for chip manufacturing test.

20 TEST/ Vs Input Test{Vis—Reserved for chip manufacturing test. TEST
must be connected to Vys when not in test mode.

Data/Address

Data/Address Lines (DAL < 31:00 >)—These are bidirectional time-multiplexed lines used to

transfer address, data, and interrupt information. The information'on DAL < 31:00 > depends on

the type of bus cycle being executed. During the first part of a CPU read or CPU write cycle,
DAL < 31:00> specify the length of the memory operand and DAL<29:02> contain the
longword address of the memory operand. DAL29 is used to distinguish a memory space address

1-4
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Preliminary CVAX 78034

from an /O space address. DAL < 01:00 > are reserved. BM < 3:0 > determine whichbyte(s) of the
longword address are to be used. Refer to the Menzory Access Protocol section for adchnonal
information. The DAL mfermanon is defmed in Table 2. :

Tabie 2:CVAX 78034 Dam and Address Line Information ;
DAL ‘Operandlength DAL Type DAL S DAL}‘<'01=06‘>, i

31 30 R 29 o <28 02> _
0. 0 DMA hexword 0 - Memory longword address reserved -
0 1 longwerd 1 i I/O i

1 0 quadword L . : ﬂ
1. 1 . DMA octaword V | )

extemal processor regl.ster x;ead or write,
Reglster (IPR) number. that is being acce; ! ] , )
processor reg1ster read, or interrupt ackno ed cycle, DAL< 00> z:eceive mcmmng :,nforma—
tion. Durmg the second part of a CPU wr,xte or, extemal processor reglster write cycle
DAL < 31:00 > are used to transmit the data to be wmt

Cycle Status and Data Parity (CSDP <3:0 >)—These time:,
and data parlty mformatlcm between AtV
cycle m and WR provide staru: informati e current bus cycle as listed in Table 3.
CSDP3 mdlcates the set in the internal k\t:he memory that eu;g allocated durmg.a, cachable read
operation and i fmed durmg‘a,il;»othgr bus cycles, C&Bg’} is assezted to: apeafy ser 1 and
negated to specgfy set2. ) , o ey

m&luplexed hg?es Hgnsfe: cycle status
evices. During the first part of 2 bus

N

*““raiszé 3 -”i:\%ﬁjé ”713‘0‘32% m;;z‘fyaé *‘si‘a‘mgf‘ o

WR CSDP Bus cycle type
H L ] L RIS 7request: D-stream read
H | L H‘ H L extemal IPR read
H L : T H , H 5 mtermpt acknbwfedge o -
H: H ‘ L ' L .. ~/_frmquest Lstreamread |
H H L H'  demandDisticam read Iock)
H H H t - L u.,gdemand D-stream read modai:y intent
H‘ H H H demandD stream read (no lcck or modlfy mteht)
L L L i ,mserved - o e i '
' L ; “L Hee o reserved» : !
L L “éktemallfgg&;ite
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Mﬂﬂﬁﬂ #77s Preliminary |

WR 0 CSDP e ol “"'Bﬁs”éycle't‘)}j’e AR
O VO T e W TUIet B A TN 3
L L H H ‘ reserved for use by DMA devleesr
L H L " L “resetved ‘

L H L H write unlock” :
L H H - L -~ reserved - |

L H H H - wfg,t:e:no unlock

*H =high level, L=low level

During the second part of a bus cycle, CSDP < 3:0> transfer byte parity mformatlon for DAL line
data during a CPU read, CPU write, or external processor write cycle. Parity checking is not
performed during external processor register read cycles or during transfers between the CPU and
the optional floating-point accelerator. Even parity is checked or génerated on even bytes, and odd
parity is checked or generated on odd bytes, During a CPU read ¢ycle, the CPU reads ‘and checks the
data parity on the bytes specitied by the BM<3:0> information. During a CPU write or external
processm register write transaction, the CPU g generates data parity for all bytes regardless of the
state of BM< 3:0> . The DPE sxgnal spec1f1es when the CPUisto check or generate parity. It must
not be asserted during external processor register read operauons or durmg transfers between the
CPU and the optional floating-point accelerator.

Data Parlty Enable (DPE)—This bldlrectxonal signal controls the checkmg ot generatlon of data
parity. During 4 CPU read cycle or interrupt acknowledge cycle, D DPE is asserted by external logic
with the DAL data to enable parity checkmg by the CPU of the mcommg data. During a CPU.write
cycle or external processor register write cycle, the CPU asserts DPE to indicate that vahd parity
information is on CSDP< 3:0> . DPE must not bé asserted during external processor reglster read
transfers or transfers between the CPU and the optional floating-point accelerator. DPE requirés an
external pullup resistor and must be as serted by an extemal mterf ace that requires the CPU to check
parity.

Bus Control : V

Address Strobe (AS)—This bidirectional signal indicates that valid address information is on the
DAL lines. The CPU asserts AB- to dindicate-that the address and ‘control information on
DAL < 31:00> and CSDP<3:0> is valid. During a DMA transfer, the CPU uses the assertion of
AS by the DMA device to latch the DMA address The CPU'uses this address during a DMA cache
invalidate cycle.

Data Strobe (DS)— This signal prov1des timing mformanon for data transfers. Durmg aCPU read

external processor register read, or interrupt acknowledge bus cycle, the CPU asserts DS to indicate
that DAL < 31:00> and CSDP<3:0> ate available to receive incoming data and deasserts DS to
indicate that the incoming data has been latched into the CPU. During a CPU write or external
processor - register write cycle, the C PU asserts DS to indicate that DAL< 31:00> and
CSDP<3:0> ‘contain valid outgoing data. It deasserts DS to 1nd1cate that the data is about
tobe remaved o : : :
Byte Masks (BM <3 0 S )-—These 51gnals 1nd1cate which bytes of the DAL lines contain vahd data

During a CPU read cycle, they indicate the bytes of data and associated parity bits that are to be
transferred onto the DAL and CSDP lines. During a CPU write cycle, theyiindicate the bytes of the’
DAL lines and CSDP lines that contain valid data and" pam‘v information. The BM<3:0> line
information is qualified by the assertion AS ' ?
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ol Preliminary’ .

Write: (WR)-——This signal indicates the direction of data transfer on' the DAL bus for the current
bus cycle. When asserted during a CPU bus cycle, the CPU will-transfer data onto the DAL lines.
When deasserted during a CPU bus cycle; the CPU will read data from the DAL lines. WR can be
used to contxol the direction of the external DAL transceivers inputs. WR is quahfned by the
assertlon Qf AS v ,

Data Buﬁen Enable {DBE)-——Thxs mgnal and WR isused to ccmm'ol extemai DAL transceivers. The
CPU asserts DBE to enable the DAL transceivers and. deasserts ﬁ to: chsabie the DAL
transceivers, DBE is qualified by the assertion of AS.. . « .. 3 e
Read:y (RDY)—-Thxs signal is asserted by external lcgax: t0] mdxcawtha ﬁormal termination cf the
current bus cycle It may a,lso beasseftcd wn:h the m:ror mgnal (ﬁ“}to rc:quest a retry:of ﬁhe current
buscycle: e ; o b b
Error (ERR)-—TIus ﬂgnﬁl is asserted by ex‘ternai logic to ndlcaie the hbnm‘mal termination af the
current bus cyde It may also be asserted w1th RDY to requzest a re‘try of rhe current bus cshtle

System Control ; S b e s b il b
Reset (RESET)-——Thls mgnal is asserted by extemal loglc to force thc CPU to its mltlal powemp
state.

restart process with a restart code equﬂ o 2 and the H
sensmve sampked eVery rmcrocycfe, and mtemally syﬁchremzed’

Interrupt Request ( ‘Qi 3:0> )~=These sigtials allow external logic to transfer intetrupt réquests
to the CPU. The CPU responds to the assertion of one or more of these signals by executing an
interrupt acknowledge bus cycle for the highest pending Interrupt Priority. Level (IPL)S T IPL
associated with each line is hstéd in Table 4 The m s;gnaIs are Ievei‘-*sensxtfve an& m«e
sampledevexﬁymlcrocycle, DI TTLT e BT TR R SRR R P I e

rilnge

Table 4 - CVAX 78034 Interrupt Request Lme Assxgnments

Line ’Intermptl’no' ity B o
ST Level (hexadecimal) N

IRQ3 IPL 17

RQ2 ~ IPLI6

w1 | L | A
m B IPL 14”; : T ,'-:;v fvf LS B I SRS FIPTOS L *

Powerfail (PWRFL)— This signal allows external logic to notify the CVAX CPU of a power failyre.
When asserted, it results in the generation of an interrupt at IPL 1E (hexademmal) The CPU
responds to the interrupt by accessing System Control Block (SCB) vector OC (hexadec;mal) The
CPU does not execute an interrupt acknowledge bus cycle when responding to this intefrupt. This
signal is edge-sensitive, sampled every microcycle, and internally synchronized by the CPU.,

Corrected Read Data (CRD)—This signal allows external logic to notify the CPU of an ECC error mz,
memory. Assertmg thls sxgnal results in the, generatlon of-an mterrupt at IPL. 1A (hexadeamal)
The CPU responds to this interrupt by accessing SCB vector 54 (hexadecimal). The CPU does not

Confidential and Proprietary . 1-7
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execute an interrupt 'acknowledge bus cycle when responding to this interrupt. This Sig“nal is edge
sensitive, sampled every microcycle, and internally synchrofiized by the CPU:

Interval Tlmer (INTTIM)—This s1gnal allows external logIc to signal an mterVal timer rollover to
the CPU. The assertion of this signal results in'the generation of an interrupt at IPL 16
(hexadecimal). The CPU responds to this interrupt by accessing SCB vector CO (hexadecimal). The
CPU does not execute an interrupt acknowledge bus eycle when responding to: this interrupt. It is
edge-sensitive, sampled every microcycle, and internally synchromzed by the LPU j

Memory Error (MEMERR)— This signal allows external logic to indicate to the CPU’ thata memory
error has been detected. The assertion of this signal results in the generation of an interrupt at TPL
1D (hexadecimal). The CPU responds to this interrupt by accessing SCB vector 60 thexadecimal)
and does not execute an interrupt acknowledge bus cycle. MEMERR provides support for the
implementation of a memory subsystem with multiple write buffers or delayed write transfers:
When the CPU writes to this type of memory subsystem, the address and data are latched and the
RDY signal is asserted. If an error occurs it is reported to the CPU when MEMERR is asserted. It is
edge-sensitive sampled every microcycle, and internally synchronized by the CPU. . . ;

D:rect Memory Access Control

DMA Request (DMR)—This signal allows external logic to request use of the DAL and re]ated
control signals for a DMA transfers or for other purposes. It is a level-sensitive sxgnal sampled
every microcycle, and lntemally synchromzed by the C PU.

DMA Grant (DMG)—This 51gnal is asserted by the CPU to grant control of the DAL hnes and
related control signals to external logic. The CPU sets the DAL<31:00> AS, DS, BM<3:0>,
DEE, DPE, CSDP< 3:0>, and WR lines to a high-impedance state. When extemal Ilec deasserts
DMR, the CPU responds by deasserting DMG and by starting the next buscycle. . o

o

Cache Control .
Cache Control (CCT L)——The {unctzon of thlS 51gnal depends onthe tj, pe of bus cycle

During 2 DMA cycle, the assertion of this signal by external logic initiates a conditional cache

invalidate cycle. CCTL is edge-sensitive, sampled every mlcrocyde and mternally synchronized by
the CPU. ) . P ; ,

During a CPU read cycle, thxs signal is assertcd to prevent the accessed data from being stored in the
internal cache memory of the CPU. CCTL is level-sensitive and must be assextgd synchronously
with the timing sampling point for the CPU read cycle.

Floating-point Accelerator Control

FPA Data (CPDAT < 5:0>)—These bidirectional lines transfer opcodes, contro] mformanon
condition codes, and exception status information between the CVAX CPU and the CVAX FPA.-

FPA Status (CPSTA < 1:0 > )—These bidirectional lines indicate the mterpretatlon of the C PDAT
<5:0> line mformatlon to the CVAX C PU or CVAX FPA.

Power Supply
Voltage (Vm,)-——5 volt power ‘supply

Ground’ (\Ls)u—-Ground reference

Clock Tmung

Clock A and Clock B (CLKA and CLKB)—T hese i inputs supp]y the baslc cloci«: ’tlmxng fo the CVAX

CPU. The inputs are nominally 20 MHz and are MOS- level sf;uare ane 51gnals CLKA is. phase
shifted from CBKB by 180 degrees.
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Miscellaneous ‘ §
Clear Write Buffer (CWB)—This signal is asserted by the CPU to indicate that mtemal conchtmns
of the CPU require clearing of the external write buffer (if included). This signal provides test
information when the TEST input-is asserted. It is reserved for manufacturing test. The CPU ;-
asserts CWB Z

» At the start of an instruction or sequence that can change the processor state. These are CHMx,
REI], start of an interrupt, exception or abort (including machine check, BPT, etc.), or entry to the
console {including HATT).

« Asapartof an instruction or sequence that can change context such as end of LDPCTX or end of
SVPCTX.

» As a part of an instruction or, sequence 1nvolved in ermr recovcry such as a write to the MAPEN
CADR, or MSER registers. ‘ , : .

Test (TEST)—Reserved for manufacturmg test. Tl'us mput prcmdes the gmund fcr the Ab Ioglc
and must be connected, to Vs durmg normal operation, .

'

Architecture Summary

The programming model for the CVAX 78034 archuectune is shown in Flgure 3. Itis, greuped into 1
application programming (user) area and system programming area.

The sixteen general registers and Processor Status Word (PSW) are user accessible. The system
registers are privileged registers that are used by the operating system. These registers are used for
context swuchmg, memory management cache memory control, reportmg of memory subsystem
status, exception and i mterrupt handlmg, and processor control

APPLICATIONS PROGRAMMING
GENERAL REGISTERS

v . G =1~
TR RN R R 3 ¥
S - ;
R3
R4
2 |
L i i L g .
AN (R T 1
R10 PROCESSOR STATUS WORD
Rig Poaiv ‘L
: CSYSTEM 11 PROGRAMMING "7+ b
PROCESS CONTROL REGISTERS _INTERRUPT REGISTERS.
T | | SIRR |
[ PCER ] [ SISR ]
MEMORY MANAGEMENT REGISTERS. o T
Il POBR 1
[ ros | L __ASTLVL ] .
[ rryes i *"MEMORY SYSTEM REGISTERS * o ' ,
| PILR - 1 7 caon T
[ sB ] [ TTMSER 7
| SLR | ; e v
i X PROCESSOR STATUS LONGWORD
[ MAPEN T [ IYPL[ psw |

Fzgwe 3= CVAX 78034 Programmzng Model
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Genetal Registers s fing
The CVAX 78034 has sixteen 32-bit general registers th.at can be used for temporary storage a8
accumulators, base registers, and index registers. The registers used for specific functions are the
Stack Pointer (SP), Argument Pointer (AP), Frame Pointer (FP), and Progtam ‘Counter (PC).
Stack Pointer (SP)—Five SP registers are included, one for each operating mode of the processor
and one for use by the system when handling interrupts. The SP contains the address of the
processor defined stack The stack pointer(s) used is determined by the operating mode of the
processor.

Argument Pointer (AP)—The VAX procedure call convention uses a data structure called an
argument [ist. The AP register contains the address of the base of this structute.

Frame Pointer (FP)—The VAX procedure call convention builds a data structure on the stack caﬂed

a stack frame. The FP register contains the address of the base of this structure.

Program Counter (PC)— The PC register contains the address of the next byte of the pmgram nand
is not used as an accumulator, index; or temporary register. 113

Processor Status Word (PSW)—The PSW ¢ontains the condition codes and trap enable flags for
the CVAX 78034 CPU. The PSW is the user accessible portion of the processor status longword.
The lower 16 bits of the PSL contain the PSW. The format of the PSW is shown in Figure 4 and
described ini ‘Table 5.

15 1413 12 ‘11 10 09 o8 07 06 05 04 03 02 01 00

mez ojoviegl vt Nz v]oe

Figure 4« CVAX 78034 Processor Status Word Format

Table 5 » CVAX 78034 Processor Status Word Description

Bit Description | : L
15:08 MBZ—Must be zero.

07:04  Trap enable flags-»—Thesé bits are used to enable traps to occur inspecial circumstances.
DV (Decimal overflow)—Used by macrocode in the emulation of decimal instructions.

FU (Floating underflow)-—~When set, this bit causes a floating underflow trap after an
instruction that 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 correctlv represented in the
space provided. o i

T (Trace)—When set, this bit causes a trace trap to occur after 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 set as follows: ~ *~
N =1 if the result was negative.
Z =1 if the result was zero. * .
V=1 if the operation resulted inan arlthmeue overﬂow ~
C=1if the operand resulted in a carry out of or bogrow into the most significant bit.
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Process Control Registers
The process control reglsters are’ used by the system to access the system controi black and the
process control block. / '

System Control Block Base register (SCBB)—The SCBB register contains the base address of the
System Control Block (SCB). The SCB contains the vectors used-for serv;cmg interrupts and
exceptions,

Process Control Block Base register (PCBB)—The PCBEB mntams the base address of the Process
Control Block (PCB). The PCB contains the hardware cont&xt of the current process.

Memory Management Registers '

These registers are used by the system to enable the mtemal memory management unit of the
CVAX CPU and to access the page-table entries in memory used to translate virtual addresses into-
physical addresses. The function of each of these registers is:described in the Memm"y Managemenf
section.

Interrupt Registers SRR ; o

These registers are used to contro] the interrupt system of thc processor They monitor mtermpt
requuests, current interrupt priority level,-and. the interrupt stack pmrite:r The fﬂm:tmn of each af
these registers is. descnbed inthe Exceptzam and: Intmpt section,’ : ,

Memory System chxstcrs ha ' i /

These registers aré used to control: the opemnon 0£ the mtema] cache m&moéry and to repurt status
and errors for both the cache memory and the external memory subsystem. 12 :
Cache Disable Register (CADR)—The CADR controls the internil ¢ache memory. This- register
enables and disables:cache memory opefation; selects the set (Set'l and Set 2) to be used,; and
selects the type of reference(s) to be stored. Thi format of the CADR reglswr is shscwn in Fxgure 5.

anddescmbed in Table 6. . P R F 0 YRR SR SR RN ¥
31 08070605 0403020100 .
L2500 D A 0 WD
0 SEN[CEN| 1/ 1| Th | cADR
N T Y 0 R 0 A AT Al

Fzgure 5 CVAX 78034 Cacbe Disable Register Format

Table 6 = CVAX 78034 Cache Disable Register Description

Bit Description
31:08 Readaszeros

07:06. - SEN {Set enable)—These bits are read/write and are used-to embie Set 1 and bet 2
sections of cache memory.

Bit - Set2 . L /Set.l

07 06

0 0 disabled ~ disabled
0 1 disabled - -enabled
1 0 “enabled - disabled @
1 1 enabled enabled
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Bit Dcscnptlon

05:04 CEN (Lache enable)——These read/wrlte blts are used to enable cache and to select the
type of references to be stored in cache.

k . Bit o Result
05 04
0 - cache disabled

1 I-stream only
1 I-stream and D-stream

03:02°  Read as ones.

0 1 D-stream only (for diagnostic use) \
0
1

01 WW (Write wrong parity)—This bit is set to cause wrong parity to be stored when the
cache is written.

00 DIA (Diagnostic)—This bit is set to select diagnostic mode for cache memoty. The cache‘
cannot be cleared when this bit is set.

When CADR bits 5:4 selecﬁ I-stream:only (10)to be stored in cache, the CVAX CPU automatically
clears the cache when an REI instruction is-executed. The REI instruction must be executed prior
to running code from an updated page of memory as defined by the VAX Systemn Reference Manual
(VAX SRM). Therefore, systems that adhere to the VAX SRM are not required to monitor DMA
write operations in order to prevent stale data from accumulating in the cache. When CADR bits
5:4 select D-stream only (01) or I-stream and D-stream (11), invalidate-on-hit cycles must be used to
remove stale data from the cache, . , :

Diagnostic mode should be selected only when one set (Set 1 or Set 2) is enabled. The dxagnostlc
mode prevents clearing of the cache when the CADR is written. ' o

Memory System Error Register (MSER)—The MSER contains status and error information for the
internal cache memory and the external memory subsystem. The format of the MSER register is
shown in Figure 6 and described in Table 7.

3 I . 080706050403020100
LI T O O B O P 2 120 DT}

©Amialcici i AlAl  MSER
N N N I O O O 0 A A U B viplef | I1ig

Figure 6+ CVAX 78034 Memory System Error Register Format

Table 7 - CVAX 78034 Memory System Error Register Description

Bit  Description

31:08  Read as zeros. ;

07 HM (Hit/Miss)— Set for a cache miss and ¢leared for a cache hit.

06 DAL (DAL parity)—Set when a parity error is detected on the DAL durmg a demand or

request read operation. It is cleared by wrltmg, to the M% R.

05 MCD (Machine check on DAL pamty error)—Set whm a DAL parity error: causes a
machine check. It is cleared by writing to the MSER.
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Bit Description

04  MCC (Machine check on cache parity error)—Set when a cache parity error (tag or data)
causes a machine check. It is cleared by writing to the MSER.

03:02 1—Read as ones.

01 DAT (Cache parity error in data)—Set when the cache parity error was detected in the
data. It is cleared by writing to the MSER.

00 TAG {(Cache parity error in tag)—Set when the c%iché"p'arify error was in the tag. It is
cleared by writing to the MSER. This is the only bit set ‘when a cache entry has a parity
error in both its tag and data. e : :

Processor Status Longword (PSL)—The I PSL contams pmccssor stat‘ "nformatlon The lower 16
bits are the user accessible Processor Status Word (PSW), The upper 16 bits are privileged and
accessed only by the system. The format of the PSL is shown in Figure 7 and descnbed in Tabie 8
Refer to the Cacbe Memory secnon far a descmptlon of the PQW

31 3029282726252423222120 1615 a0

N ‘CUR RV | NG DN DU DO NN FNON NN AN NN S DO NN NN SN SNE N BN S MO g
{mBz} B BT TR | PROCESSOR STATUS WORD - | :PSL
V821, | |mopjmon} E : Act ,

[l ISTONEN I TN TR NS WO O WA O O 0 O S O R T O

MBZ FPD MBZ TR R SR
TP BTN

s Fz’gu.mi’y' CVAX 78034 Processor Status Loungword Eométt, oiE

'I’able 8 CVAX 78034 I’%ocessor Status Langword Iﬁescrlptmn
Bit Descnpnon , :
31 MBZ-<-Mustbezero.

30 TP (Trace pending)—Forces a trace trap when set at the begiﬁniﬁglof a'ny' instruction. Set
by the processor if the T b1t in the PS\W is set at the begmmng of an instruction.

29:28 MBZ——-Mustbezem

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

restartmg the complete mstructlon i e
[STa e L Gk vE i gy

26 1S (Im;errupt stack)wSet when the pmc«:asor is executmg ot the mterrupf stm:k
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Bit  Description

25;;24,‘. CUR MOD (Current mode)——lndlcates the access mode of the currently exeautmg

process. ot Y ot I
Bit o Mode '

25 24 o

0 0 7 ‘Kernel

0 1 - Executive

1., 0 .. . Supervisor .

1 1 .. User . .

23:22 PRV MOD (Previous mode)w—-Loaded from CUR MOD bits 25:24 by exceptions and
_ Change mode (CHM\) instructions. Qleared by i interrupts, and restort,d by Return from
T Excepnon or Intcrrupt (RFI) mstrucnon T , :

21 0 MBZ~+Must.be Z€e10: )

20:16  IPL (Intetrupt Priority Lé\}eij Contains the current bro(:essot éfiéfitv in the‘rén:ge 0 to
1F (hexadecimal). The processor will accept mterrupts only on Ievels greater than the its

current IPL. . :

15:00  Processor Statua Word Contams processor status that is-¢ accesstbie by the user.

Implementation Specific Registers
The registers that are specific to the CVAX 78034 CPU are the Interval Clock Control and Status
(ICCS) register, Console Saved PSL {SAVPSL) register, and the Console Saved PC (SAVPC) register.

Interval Clock, Control, and Status Register (ICCS)—The ICCS register, Figure 8, controls the
interval timer interrupt. It contains a read/write IE bit 06 that is used to enable or disable interval
timer interrupts generated by the assertion of the INTTIM input. When this bit s set, the interval
timer interrupts are enabled and the assertion of INTTIM results in an interrupt request at IPL 16
(hexadecimal). When this bit is clear, the interval timer interrupts are disabled and the assertion of
INTTIM does not generate an interrupt request. Bits 31:07 and 05: 00 are .redd as Zeros and are
1gnored durmg write operatlens -

WO gy e B Q706051 “ oo
| A A A TTTTT

!
E

hees -

lllllllilllJllllllelill l]lll

f zgme 8 C VAX 7 8034 Iﬂte’rwl (,lock Control cmd Stcztm Regmer Format
Console Saved Registers (SAVPC and SAVPSL) —The SAVPC and SAVPSL regi\stéxié<rééord the value
of the PC and PSL when the CVAX CPU restarts: The SAVPC register contains the previous value of
the PC befare the restart operation. The SAVPC and SAVPSL register formats are shown in Figure 9.
The SAVPSL register contains the information described in Table 9.
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o 00
I L L I o
' SAVED PROGRAM COUNTER {SAVPC
RN RN RN NE N
31 e T T eistas 0807 © oo
L N O I L0000 O
PSL <31:16> RESTART PSW SAVPSL
RN NENE RN ke I

MN’EN—-J LVAUD STACK FLAG

F ‘igure 9+ CVAX 78034 Console, Saved Regtster Formats o

Table 9« CVAX 78034 Console Saved Processor Status Longword Reglster Descrxptlon

Bit Descrlptlon

31:16  PSL (Processor Status Longword)——Contams ::he prevxous PbL value k
15 MAPEN (Map Enable)—Set to enable the map.

14 Valid stack flag—Set to indicate a valid stack flag.

13:08  Restart Code—Contains the restart code (hexadecimal) as follows
Code '+ Definition. ‘

2 HAIT asserted

3 _initial power on

4  interriipt stack not valid'during exception

5 machine check normal exception

6~ | HALT instruction executed in kernel mode

7 - SCB.vector bits 01:00=11. . .
8 " SCB vector bits 01:00= 10

A CHMx executed while on interrupt stack

10 ACV or TNV during machine check exception

1 ACV or TNV durmg kernel stack not valid exception -~
12 machine check during machine check exception

13 machine check during kernel stack not valid exception ™

19 PSL bits 26:24 = 101 during interrupt or exceptlon

1A PSL bits 26:24 = 110 during interrupt or exception
1B PSL bits 26:24 = 111 during interrupt or exceptmn :
1D PSL bits 26:24 = 101 during REI
1E PSL bits 26:24 = 110 during REI
1F PSL bitd 26:24 = 111 during REI

07:00  PSW (Processor Status Word)—Contains the previous PSW value.

System Identification Register (SID)—The SID register is a read-only register that specifies the
processor type as 2a GVAX CPU and defines its microcode revision level: Figure 10 shows the register
format.
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31 2423 0807 00
T LD U A A M A A A D O AR R P T
10 (DECIMAL) RESERVED MICROCODE REV.
Y T T | 1N TN U T T O O A S I | | NS T |

Figure 10+ CVAX 78034 System ldentification Register Format

DataTypes I S i
The architecture of the CVAX 78034 supports the following data types: byte, word, longword,
quadword, character string, variable-length bit field, and, through the optional floating-point

accelerator, F_floating, D_floating, and G_floating. Figures 11 shows the integer, character string,
and field data types. Figure 12 shows the floating-point data types.

5

WORD

15 00 07 o0
LN LA B DL S B D B N R T T T T T7T
Lo -l A BYTE (R Y.
TR SN S TEN SN [N WS LN W (R RS R IO | R N TR X2% WO a1
LONGWORD ; ; , . P
31 - . . 90
III(»II]TTIIII!IIlllllllll;lltllllf;,,:
A
S WO TN N O T T U N O T N T T N T N SO U O O 24 R % P s
QUADWORD o
31 , : 00
LI A 1 S B A RO N (O O U S kS AR A O O U A B
PN SRR TR TN NN TN A0 TN U T T I il U N VA ik A0 O A Ol 0 A
LI N N O A A B S A S S N S N B A N SN S G N S B A+
FNSR VR VNS YR S0 E TN DNV T Y U0 UG K VOO OO JURE WO UK S0 WL LR U it OO 00 A o A it
63 . . 32
CHARACTER STRING
07 00
L I B I
A
At
[ T W |
!
07 i 00
L N A B
AL
[ I
VARIABLE LENGTH BIT FIELD
P+§ P+S-1 ‘ PPt 00
FFFFFFFFFFFFEFFFFFEFRFRFFRRFF oA
s1 ' 00

Figure 11 = CVAX 78034 Integer, Character String, and Field Data Types
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D_FLOATING
15 14 a7 Q06 : 00
T T T l 4 i T 1 1 1
8 EXPONENT FRACTION
FRACTION
FRACTION
. FRACTION
i i i i i i i 1 1 1 i i
63 48
F_FLOATING
15 14 07 06 00
i T T ! T T T L T 1
S EXPONENT FRACTION
FRACTION
i 4 1 1 i L i ] i A i |
31 16
G_FLOATING
15 14 04 03 00
H i i i T T i 1 [ H
S EXPONENT FRACTION
FRACTION
FRACTION
FRACTION
i 1 ] 1 i | i i I i i i
83

« Instruction Formats

Figure 12 =« CVAX 78034 Floating-point Data Types

48

(A2

(A+4

:A+6

A2

" (A2
A4

(AB

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
13. Each instruction is made up of an operation code (opcode) followed by no operand or up to six
operand specifiers. The number and type of operand specifiers depend on the opcode. All operand
specifiers are similar and consist of an address mode plus additional information used to locate the
operand. This additional information contains up to two register designators and addressds, data,
or displacement values. The use of the operand is determined implicitly from the opcode and is the
operand type. It includes both the access type and the data type.
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OPCODE (1 OR 2 BYTES}

OPERAND SPECIFIER 1

OPERAND SPECIFIER 2

OPERAND SPECIFIER 3

3T

]
1
|
i
{
|
i
I
|
|

OPERAND SPECIFIER 6

Figure 13 « CVAX 78034 Iustruction Format

Opcode Format § o , - .

Each VAX instriction contains an opcode that specifies the desired operation to be performed, The
opcode may be one ot two bytes depending on the contents of the byte at address-A. The opcode is
two bytes if the value of the byte at address A is FD (hexadecimal). Figure 14 shows the opcode
format. I o ‘

ONE BYTE OPCODE:

07 00

OPCODE A
i i L i H H 1

TWO BYTE OPCODE:

1 R - IRt AN RSt o o0
L/ B AN AESUN IUERE | T T T T T T T
OPCODE FD A

AT Y A 1 o (TRERIGEE RS LRSI B S | ]

i i 1

‘ Figu‘re 14 CVAX 78034 Opcode Format
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Operand Type . ' T ~
The operand type specifies the use of the operand associated w1th an instruction. Informamon
provided by the opcode includes the data type of each operand and its method of access. An
Operand may be accessed as follows:

* Read—The specified operand is read- only h

» Write—The specified operand is write-only.

« Modify—The specified operand is read, may or may not be modified, and is written,

= Address--Address calculation occurs until the actual address of the operand is obtained. In this
mode, the data type indicates the operand size to be used in the address calculation. The
specified operand is not accessed directly although the instruction may use the address to access
that operand.

+ Variable bit field base address—If only R[n] is specified, the field is in general register R[n] or in
Rln+17R[n] (i.e., R[n+ 1] concatenated with R[n]). Otherwise, the 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.

= Branch—No operand is accessed. The operand specifier is the branch dmplacement In the
specifier, the data type indicates the size of the branch displacement. # :

- Addressing Modes

A summary of the addressing modes used by the CVAX 78034 is hsted in Table: 10 A brief
description of each mode follows.

Table 10 » CVAX 78034 Summary of Addressmg Modes
General Register Addressing Mode

,Access Cotpthonoss ey
Hexadecimal Name Assembler r “m w a v PC SP Indexable?
0-3 literal S #iteral v f £ f £ - - f
4 index i (Rx) VoV ove¥oay b Yesie® ledes
5 register. . ~ Rn v.ov oy o Loy o ow S
6 register deferred {Rn).. VoVoY.¥. ¥y, ou e
7 autodecrement ~(Rn) VvV V OV V ¥.oou Cuxe
8 autoingrement .~ (Rn)+ VOV VOV Y P Y e X
9 autoincrement  @MRn) vy v vy v v p ux
deferred e : ) L
A bvte displacement - . B'dRn) v v v v oy 2T
B _byte displ acement @B dRn) y yuvoyoy o op o Ly ooy
deferred i z ‘ e e bl
C word displacement W'dRn) v v v v v o p. oy o o
D ~ word dxsplaccmnm . @W'dRn)y v v v v poy LY
deferred T P N . A : e
E longword displacement L'd(Rn) v v v v v p y vy
F ” longword Jlsphaemmt @L" d(Rn), v Vv v oy Py Ty
- deferred o ' . I '
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Program Counter Addressing Mode

e , Access
Hexadecimal Name : Assembler * m w a v -+ Indexable?
8 immediate I"#constant v. u u v vy u
9 absolute @#address. v v v v v y
A bvte relative B address v v v v-v : v
B byte relative deferred  @B"addressy v v v v y
C word relative W address v. vy v v oy y
D word relative deferred W address v- v v v vy oy
E longword relative - Lladdress v v v vy ' y
F longword relative Liaddress v v v vy vy y

deferred \ = SR

Addressing Legend
Access: - Syntax:
r = read i = any indexable address mode
m = modify d = displacement
W= write, Rn = general register; n-= 0 to 15
a = address Rx = general register, x = 0 to 14-
vV = fiéld
Results: "
v = yes, always valid address mode
f = reserved address mode fault R
- = logically impossible
p = program counter addressing
u = unpredictable
uq = unpredictable for quad, D_/G_floating, or field if pos + size > 327
ux = unpredictable if index reg = base reg

General Register Address Modes

The general register address modes use one or mote general registers, depending on the instruction
and data type, to contain the operand(s) or information required to locate the operand(s) to be used
by the specified instruction. ‘ o

Register Mode—The operand is contained in one of the general regi‘s'téxf's (Rnj}.
Register Deferted 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 (determined by its data
type) is added to the contents of Rn and the result is placed in Rn,

Autoincrement Deferred Mode—Register Rn contains a longword address that is a pointer to the
operand address. After the operand address has been determined, the value of four is added to the
contents of Rn and the contents of R are replaced by the result.

Autodecrement Mode—The size of the operand in bytes (determined by its data type) is subtracted
from the contents of Rn and the contents of Rn are replaced by the result. The updated contents of
Rn are the address of the operand.
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Literal Mode—Litcral mode addressing provides an efficient means of specifying ifiteget.constants.

in the range from 0 to 63 (decirnal). In addition to short integer literals, this mode can be used to
‘specify floating-point hterala The value is containied in the opérand specifier. ’

Dlsplacemem Mode-«The dlsplacement conramed in the operand spemfler afte "\g s;gn—
extended to 32 bits if it is a byte or word, is added to the contents of register Rn. The msu_  is the
operand address. B

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, -The result is
the longword address of the operand address. '

Index Mode—The operand specifier con51sts of a mlmmum of two by tes, a prxmarv operand
specifier, and a base operand specifier. The primary operand specifier contained i in bits 0 through 7
includes the index register (Rx) and a mode specifier of 4. The address of the prlmary operand is
determined by multiplying the contents of index register Rx by the size. of the primary operand in
bytes as determined by operand type. This value is then added to the address, spec1f1:d by the base
operand specifier (bits 15:08) and the result is used as the primary operand address

Program Counter Addressing

Register 15 is used as the Program Counter (PC). It can also be used as a regxster in addressing
modes. The processor increments the program counter as the opcode, operand specifier, and
immediate data or addresses of the instruction are evaluated. The incremented vahue is determined
by the opcode, number of operand specifiers, etc. The PC can be used with éll \7AX addressmg
modes except reglster index, register deferred, or autodecrement.

Immediate mode—This mode is autoincrement mode when the PC is used as the general regxster
The contents of the location following the addressing mode are immediate data '

Absolute mode—This mode is autoincrement deferred using the PC as the gerxeral reglster Th¢
contents of the location following the addressing mode are used as the operan@ address. Thls is

,,,,,

memory where the assembled mstructlon IS executed) \

Relative mode— This mode is displacement mode with the PC used as: tbe gergg’al reglster The
dxsplacement that follows the operand specifier is added to the contents of the PC, ; and the. result is
the address of the operand. N i
Relative deferred mode—This mode is similar to relative mode except that the dxsplacement t:hai
follows the addressing mode is added to the contents of the PC; and the result. is the Jongword
address of the operand. .

Branch Addressing Lk
During branch displacement addressing, the byte or word dleplacement is sign-ex: o 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. , D .
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Thxs section provldes a summary o{ the VAX mstructlons 1mplemenred,by the CVAX 78034 the
floating-point instructions supported by the ﬂoatmg -point accelerator, aad the emulated instryc-
tions that are assisted by the mlcmcode of the CS/AX 78034 The standard notatxon us;d for the
operand specifiers is

<mame> < accese type> ‘<data type>

1. Name—A suggestive narme for the operand in the comext of the mstrucnon It is the capltahzed
name of a register or block for implied operands. B
2. Access typemA letter denotlng the operand speafier access type. -
‘a=address operand ;
' b=branch displacement §
= modified operand (both read and wr1tten) o
S read only operand o
=if not “Rn;” same as address opetand other\mse Rln+1TR[n]

w=write only operand
3. Data type—A letter denotmg the data type of the operand

b= by:e I

,d =D ﬂoatmg

f= R.,ﬂcvatmg

g=G_floating

I=longword

'q=quadword , ' L

v= field (used only m 1mphed operands) ‘

w=word E

K multxp%e !dngwords (uscd only in 1mplied operands}

Qperand are denoted by braces { }. The abbrevlatxons for condmon codes are
- ¥ =conditionally set/cleared :
~=not affected
O =cleared
I=set. . = unn e NG S o

“The abbreviations for exceptions are

rsv=reserved operand fault
iov =integer overflow trap
idvz =integer divide by zero trap
fov=floating overtlow fault

" fuv =flodting underflow fault =
fdvz = floating divide by zero fault
dov = decimal overflow ttap
ddvz = decimal divide by zero trap
sub = subscript range trap
prv=privileged instruction fault

Opcode values are given in hexadecimal.
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Preliminary CVAX 78034
« Integer Arithmetic and Logical Instructions ey
OP Mnemonic and Arguments Description NZVC Exceptions
58  ADAW1 add.rw, sum.mw Add ali;gned word interlocked Kok jQ\g o
80 - ADDB2 add.rb, sum.mb Add byte 2-operand Rk E gy
CO ADDL2 add.t], sum.ml Add long 2-operand *ox * ov
A0 ADDW?2 add.rw, sum.mw Add word 2-operand X *jov
81 ADDB3 add1.rb, add2.rb, sum.wb Add'k‘byre 3-operand BoEOY % oy
C1 ADDL3 add1.1l, add2.tl, sum.wl Add long 3-operand R 1+
Al ADDW3 addl.rw, add2.rw, sum.ww Add word 3-operand R OE % oy
D8 ADWC add:rl, sum.ml ' Add with carry RO OF jov
78 ASHL cnt.rb sre.rl, dst.wl Arithmetic shift left % %0 jov
79. ASHQ ent.rb sre.rq, dst.wq Arithmetic shift quad R0 dov
8A BICB2 mask.rb, dst.mb Bit clear byte 2-operand oE Q-
CA BICL2 mask.rl, dst.ml Bit clear long 2-operand o
AA BICW2 mask.rw, dst.mw Bit cleat word 2-operand S (I
8B BICB3 mask.rb, src.rb, dst.wb Bit clear byte 3-operand A B
CB BICL3 mask.1l, src.rl, dst.ml Bit clear long 3-operand R ¢ I
AB BICW3 mask.rw, stc.rw, dst.mw ; Bit;clear word 3-operand RO -
88 BISB2 mask.rb, dst.mb Bit set byte 2-operand R |
C8 BISL2 mask.r], dst.ml . Bit set long 2-operand R (I
A8 BISW2 mask.rw, dst.mw Bit set word 2-operand S {
89 BISB3 mask.rb, src.rb, dst.mb Bit set byte 3-operand EF Q-
C9 BISL3 mask.rl, sre.rl, dst.ml Bit set long 3-operand R -
A9 BISW3 mask.rw, src.rw, dst.mw Bit set word 3~operand BT
93  BITB mask.tb, src.tb Bit test byte ok Qo
D3 BITL mask.rl, src.rl Bit test fong A § K
B3 BITW mask.rw, stc.rw Bit test word S ¢ I
94 CLRBdst.wb Clear byte 010 -
D4 CLRLdst.wl Clear long 010 -
7C CLRQdst.wq Clear quad 0190 -~
B4 CLRW dst.ww Clear word 0 1.0 =
91 CMPBsrelrb, sre2.rb Compare byte G | B
D1 CMPL srcl.rl, sre2.1l Compare long Hookogow
Bl CMPW srcl.rw, src2.rw Compare word FOEOQ %
98 CVTBL src.tb, dst.wl - Convert byte to long =g
99  CVTBW src.rb, dst.wl ‘Convert byte to word I VR ¢
F6 CVTLB stre.rl, dst.wb Convert long to byte RO 0 jow
F7 CVTLW src.rl, dst.ww Convert long to word ¥R F 0 jov
33 CVTWB src.rw, dst.wb Convert word to byte *okk 0 jov
32 CVTWL src.rw, dst.wl Convert word to long 00
97 DECBdif.mb Decrement byte Bokk L E oy
D7 DECLdif.l Decrement long BOkOFE oy
97 DECW dif.mw Decrement word ‘ S A (1
86 DIVB2 divrrb, quo.mb Divide byte 2-operand %R0 oy, idva
C6 DIVL2 diverl, quo.ml Divide long 2-operand EORE 0 oy idvz
A6 DIVW2 dive.rw, quo.mw Divide word 2-operand *0% % (0 oy, idvz
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OP Mnemonic and Arguments Description SNy e Exeeptions

87 DIVB3 dive.rb, divd.rb, quo.wb Divide byte 3~opex~éxia ¥ - iov; idvz
~C7 DIVL3 diverl, divd.rl, quo.wl Divide long 3-operand * 0 ov, idvz

A7 DIVW3 diverw, divd.rw, quo.ww " Divide word 3-operand % ) oy, idvz

7B EDIV divrrl, divd.rq, quo.wl, rem.wl o E’xtendpd divide * Lioy, idvz -

7A  EMUL mulerl, muld.t, add.«l, prod.wq  Extended multiply * ‘

96 INCB sum.mb Increment byte * iov

D6 INCL sum.ml Increment long * iov.

B6 INCW sum.mw Increment word v o oy,

92 MCOMB stc.th, dst.wb " Move compleniented byte RO - :

D2 MCOML sre.1l, dst.wl Move complemented long b

B2 MCOMW sre.rw, dst.ww Move complemented word oEog oL

8E MNEGB src.rb, dst.wb " Move negated byte * ok FF oy

CE MNEGL src.rl, dst.wl Move negated long ORI oy

AE MNEGW sre.rw, dst.ww Move negated word R OE L Gov

90 MOVB src.th, dst.wb Move byte R0 -

D0 MOVL src.rl, dst.wl Move long - FEL e

BO MOVW sre.rw, dstww - Move word oo

9A MOVZBW sre.rb, dst.wh Move zero-extended byte toword 0 * 0 -

9B MOVZBL src. gb, dst.wl Move zero-extended byte tolong 0 %0 "~

3C MOVZWL sre.rw, dst.ww -Move zero‘extended word tolong 0 % 0 =

84 MULB2 mulr.rb, prod.mb Multiply byte 2-operand R 0 iov

C4 MULL2 mulr.rl; prod.ml Multiply long 2-operand ok F 0 jov©

A4 MULWZ mulrrw, prod.mw Multiply word 2-operand PORE O jovo

85 MULB3 mulrrb, muld.tb, prod.mb’ Multiply byte 3-operand %0 joy

C5 MULL3 mulrrl; muld.rl, prod.ml Multiply long 3-operand 0 o

A5 MULW3 mult.rw, muld.rw, prod.mw Multiply word 3-operand Qi

DD PUSHL src.rl, Push long - :

9C ROTL ent.rb, sre.rl, dst.wl Rotate long’

D9 SBWC sub.rl, dif.ml Subtract with carry

82 SUBB2 sub.rb, difimb Subtmgn byte 2-operand

C2 SUBL2 sub.tl, dif.ml " Subtract long 2-operand

A2 SUBW2 sub.rw, dif.mw Subtract word 2-operand

83
C3

SUBES3 sub.rb, min.rb, dif mb
SUBL3 sub.rl, min.fl, dif.ml

* Subtract byte 3-operand

Subtract long 3-operand

A3 SUBW3 sub.rw, min.rw, dif. mw Subtract word 3-operand

95 TSTBsrcab Test byte

D5 TSTLsre.xl Test long

B> TSTW src.rw Test word

8C  XORB2 mask.rb, dst.mb Exclusive or byte 2-operand 8.
CC XORL2 mask.rl, dst.ml Exchusive or long 2-operand i
AC XORW?2 mask.rw, dst.mw Exclusive or word 2-operand o~
8D XORB3 mask,rb) sre.rb, dst.wb Exclusivé or byte 3-operand * kP -
CD XORL3 mask.rl, src.rl, dst.wl Exclusive or long 3-operand SEEEL S
AD XORW3 mask.rw, stc.rw, dst.ww Gl g

Exclusive or word 3-operand
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+ Address Instructions
OP Mnemonic and Arguments ‘Description N Z V C Exceptions
9E MOVAB src.ab, dst.wl ~ Move address of byte N
DE MOVAL {=F} src.al, dst.wl . Move address of long A | B
7E MOVAQ {=D=G} src.aq, dst.wl _ Move address of quad ¥ %0
3E MOVAW src.aw, dst.wl - ) Mow)é_ address of word R
9F PUSHAB sic.ab, {~(SP).wl} = . . .Push address of byte Q-
DF PUSHAL {=F} stc.al, {-(SP).wl} .Push address of long *oE QL
7F PUSHAQ {=D=G} src.aqg, {-(SP).wl} ... Pushaddmssof quad @ .~ *: *.0 <
3F PUSHAW src.aw, {~(SP).wl} : - Push address of word oY | I
» Variable-length Bit Field Instructions. -
OP Mnemonic and Arguments Descriptioxiﬂ e . NZV C ’E;:égptigns
EC CMPV pos.tl, size.rb, base.rb, R Gt ! s
{field.rv}, src.rl Compare field S X E sy
ED CMPZV pos.1l, size.tb, base.vb, o . : -
{field.rv?,)src.rl Compare zero-extended field ~  * *0 * sy
EE EXTV pos.tl, size.rb, base.vb, (b s et
{field.rv}, dst.wl Extractfield .. . . - RO - orsvo
EF EXTZV pos.tl, size.tb, base.vb, ) T ol o . A
{field.rv}, dst.wl I . .Extract zero-extended field ' *oF Q0 o~ rsv,
FO INSV src.rl, pos.rl, size.rb, ) . et s ‘ ’
buseab, {feldws} . lmsecfidd
EB FFC startpos.tl size.rb, base.vb, G L0 S LR : o
{field.rv}, findpos.wl Find first:iclearbit o R sy
EA FFS startpos.rl, size.rb, base.vb, s i oo L it : P
{field.rvf, findpos.wl - Find first setbit - . ... oA | B Vv
« Control Instructions
OP Mnemonic and Arguments I)‘es'cripti/o’l'l' h B o NZ N C "VExcepvﬁ;)‘n‘s
9D ACBB limit.tb, add.rb, R S
index.mb, displ.bw Add compare and branch byte R - A
F1 ACBL limit.rl, add.t], index.ml, ' , P T T
displ.bw - Add compare and brapch long LR e oV
3D ACBW limit.rw, add.rw, - o - S
index.mw, displ.bw - .Add compare and branch woérd ¥R o~ ov -
F3 AOBLEQ limit.tl, index.ml, [ '
displ.bb Add one and branch on less or equal R OE o~ ov
F2 AOBLSS limit.rl, index.ml, o et B osiichie il
displ.bb Add one and branch on less *EOF - oy
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OP Mnemonic and Arguments

Description

1E BCC{=BGEQU} displ.bb
1F BCS{=BLSSU} displ.bb
‘13 BEQL{ =BEQLU} displ.bb
18 BGEQdispl.bb

14 BGTR displ.bb

1A BGTRU displ.bb
15 BLEQdispl.bb

1B BLEQUdispl.bb

19 BLSSdispl.bb

12 BNEQ {=BNEQU} displ.bb
1C  BVC displ.bb

1D BVS displ.bb

Branch on carry clear
Brangh on carry set
Branchon equal

" Branch on greater or equal

Branch on greater
Branch on greater urmgnﬁd
Branch on less or equal

“+ Branch on less or equal unsigned

Branch on less

- Branch on not equal
- Branch on overflow clear

Branch on overflow set

El BBCgos .t], base.vb, displ.bb,

{fiel Branch on bit clear ¥+
EO0 BBS pos. rl base.vb, displ.bb,
- {field.rv} Branch on bit set B A
E5 BBCC pos.i, base. vb displ.bb, ‘ o - Con o
{field.mv} Branch on bit clear and clear R R A
E3 BBCS pos.tl, base.vh, displ.bb, e :
{field.mv} Branch on bit clear and set - = = -lrsv
E4 BBSC pos.rl, base.vb, displ.bb, . . - ‘ .
- {field.mv} Branch on bit set and clear - - - - sV
E2 BBSS pos.tl, base.vb, displ.bb, ‘ ‘
- {field.mv} ‘Branch on bit set and set R O
E7 BBCCI pos.rl, base vb, dislp.bb, Lo :
{field. mv} - Branch on bit clear and clear interlocked - - = = fsv
E6 BBSSI pos.tl, base.vb, dislp.bb, o ‘ -
{field.mv} Branch on bit set and set interlocked - == = rsy
E9 BLBC src.1l, displ.bb Branch on low bit clear e
E8 BLBSsrc.rl, displ.bb Branch onlow bit set: — = s
11 BRBdispl.bb Branch with byte displacement - e
31 BRW d1spl bw Branch with word disp]at:@hlent R
10 BSBBdispl.bb {- (bP) wl} Branch to subroutine with byte
displacement - = = ==
30 BSBW displ.bw {-(SP).w!} Branch to subroutine with word
S ; ; displacement - - - - -
8F:: CASEB selectorrb; base.rb, o o
- limit.tb, displ.bw-list Case byte ‘ o0
CF CASEL selector.t], base.rl, i )
 limit.rl, displ.bw-list . - Case long R Q X
AF CASEW selector.rw, base.rw,
~ limit.rw, displ. bw-list Case'word A U
17 JMPdst.ab ; ~ Jump _ R
16 JSBdst.ab, {~(SP).wl} Jump to subroutine - oo -
05 RSB {(SP)+-.rl} Retinn fmm subroutine . -~ - = =
F4 SOBGEQ index.ml, displ.bb' Subtract one and branch on greater i i
L ¢ or equal’ oo L lov:
F5 SOBGTR index.ml, displ.bb Subtract one and branch on greater * - dov
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BVS displ.bb

» Variable-length Bit Field Instructions R

OP Mnemonic and Arguments Description N Z V::C %xbéptiqns

EC CMPV pos.1l, size.rb, base.rb, i e
{field.rv}, src.1tl Compare field * Y0 rsy

ED CMPZV pos.rl, size.tb, base.vb, ERRTE sy b s ;
{field.rv];c,] sre.rl Compare zero-extended field FLEOQY syl

EE EXTV pos.1l, size.rb, base.vb, o RESRE : R
{field.rv}, dst.wl Extract field e RO~ rsv

EF EXTZV pos.tl, size.rb, base.vb, o i D
{field.rv}, dst.wl Extract zero-extended field R0 - xSy

‘FO'INSV sre.rl, pos.tl, size.rb, ) o B w14
base.vb, {fieldwv} Insertfield - = = ISV

EB FFC startpos.1l size.rb, base.vb, ] ; i S
{field.rv}, findpos.wl - Find first clearbit © 07 * w

EA FFS startpos.tl, size. rb base.vh, vt bl e el g 3
{field.rvfo mdpos wl Find first set:bit . LR ;

« Control Instructions

OP Mnemonic and Arguments . Description et N :Z. V.G Exceptiops

9D ACBB limit.rb, add.rb, ; R :
index.mb, dlspl bw Add compare and branch hyte FE L E e ey

F1 ACBL limit.fl, add.rl, index.ml, AL e
displ.bw Add compare and branch long SEE R ov

3D ACBW limit.rw, add.rw, B T e
index.mw, displ.bw Add compare andibym,ngh Word ' R Ko~ dov

F3 AOBLEQ limit.rl, index.inl, A
displ.bb . Addone dl'ld branch on ]ess or equal CEE % L jow .

F2 AOBLSS limit.rl, index.ml, § RS
displ.bb. Add one. and branch on less AR L oy

1E BCC{=BGEQU} dispLbb . Branch on carry clear e i

1F BCS{=BLSSU} displ.bb Branch oncarry set -~ 7/ - - - - -

13 BEQL{=BEQLU} displbb . ... Branchonequal, . e

-18 - BGEQ displ.bb Branch on greater ot equal - - e

14 BGTR displ.bb Branch on greater - )

1A BGTRU displ.bb Branch on greater unsigned ~ ziti i

15 BLEQ displ.bb Branch on less or equal - - - - -

1B BLEQU displ.bb Branch on less or equal unsigned

19 BLSS displ.bb Branch ¢hléss * *

12 BNEQ {= BNEQU} dlspl bb " Branch on not- equal

1C BVC displ.bb ; ‘Branch on overflow clear . e

1D Bmﬂch on overﬂ@w set - - -
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-Elisenen Preliminary | CVAX 78034
OP Mnemonic and Arguments Description NZ Ve Ei‘:ééptibns
E1 BBC é)os.rl, base.vb, displ.bb, , ;
oo {fieldrv} o Branch on bit clear, TS v
"E0° BBS pos.rl, base.vb, displ.bb, )
{field.rv} Branch on bit set - - = = v
E5 BBCC pos.1l, base.vb, displ.bb,
{field.mv} Branchon bit clearand clear -~ -~ - - sV
E3 BBCS pos.l, base.vb, displ.bb, ' ‘
{field.mv} Branch on bit clear and set - ~ = -~ 18V
E4 BBSC pos.1l, base.vb, displ.bb, ' . i
{field.mv} Branch on bit set and clear -~ = = = ISV
E2 BBSS pos.tl, base.vb, displ.bb, ‘
{field.mv} ‘Branch on bit set and set - = = = I8V
E7 BBCCI pos.rl, base.vb, dislp.bb,
{field.mv} Branch on bit clear and clear interlocked -~ -~ -~ - rsv
E6  BBSSI pos.rl, base.vb, dislp.bb, . ;
{field.mv} Branch on bit set and set interlocked - + - - 1SV
E9 BLBC src.tl, displ.bb Branch on low bit clear - e - -
E8 BLBS src.1l, displ.bb Branchonlow bitset -~ - < - - -
11 BRBdispl.bb Branch with byte displacement  ~~ ~ - - - -
31 BRW displ.bw Branch with word displacement =
10 BSBB displ.bb {-(SP).wl} Branch to subroutine with byte
’ ; ‘ : displacement .- e - s
30 BSBW displ.bw {~(SP).wl} Branch to subroutine with word
' o displacement F
8F CASEB selector.rb, base.rb,
limit.rb, displ.bw-list Case byte R0
CF CASEL selector.r], base.rl, ]
: limic.rl, displ. bw-list Case long * 0
AF CASEW selector.rw, base.rw, _ .
~ limit.rw, displ.bw-list Casé word *Q o
17 JMPdst.ab Jump ’ - - e
16 ~-JSB-dst.ab, {~(SP).wl} Jump to subroutine ~ - -l L
05 RSB {(SP)+ .11} Return from subroutine - -
F4 SOBGEQ index.ml, displ.bb Subtract one and branch on greater ;
or equal , N
F5 SOBGTR index.ml, displ.bb Subtract one and branch on greater B
Procedure Call Instructions
OP Mnemonic and Arguments Description N Z V C Exceptions
FA  CALLG arglist.ab, dst.ab, {~(SP).w'} Call with general argumentlist -~ 0 0 0 0 rsv
FB CALLS numarg.tl, dst.ab, {-(SP).w'} ' Call with argumentlistonstack 0 0 0 0 rsv
04 RET {(SP)+.r'} Return from procedure kKK gy
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» Miscellaneous Instructions

Preliminary -

oP M;;aem&mt and A#guments Descrip;:ioh,, - N & V. €. Exceptivns
B9 BICPSW mask.rw:  Bit clear processor status word: % ¥ ¥ psgi
B8 BISPSW maskirw' Bit set pmceﬁsér status wofcf'k' kR gy

03 BPT {~(KSP).w'}

' "',‘Breakpomtfault " . 00 0(}

00 HALT {~(KSP).w'} Hait(kernalmﬁdg:only} B R S e A
OA" INDEX subscript.tl, low.t1, high.tl, : Erg #omn w T L BT 00
size.rl, indexin.rl, indexout.w «Indm’calmlanon = % 0 0 sub

DC MOVPSL dst.wl

" Move processor status longword - = -

01 NOP .+ No operation’ fgm= = o 7
BA POPR mask.rw, ;{{SP)+.r"} Pcp regiét’&é f? e T =
BB PUSHR mask.rw, ;{-(SP)+.w'} Push regxswrs G i Ly e

FC XFC {unspecified oeprands}

Queue Instructions

o Exlmded mnctxon calI 0 (Q 08

OP Mnemonic and Arguments

Description

5C INSQHI entry.ab headeraq

Insert at head of

Exceptions

5D INSQTL entry.ab headerag

Insert'at tail of qu‘ e:,-mtetiﬁcked

0E INSQUE entry.ab, pred.ab

Insert into queue

N ETe

Remove from head of queue, mterlod‘:ed

sy

5E REMOQHI header.aq, addr.wl 0
SF REMOQTIheaderag, addrwl  Remove from tail of queue, interlocked 0 * * * rsv
0F - REMCUE ‘entry.ab, addr.wl Rem@v&frﬁhi;}ﬁew A Rb * i

- Character String Instructions B ‘

OP

Mnemonic-and Arguments

_ Description

~ Exceptions

29

CMBC3 len.rw, sn,laddr ab, src2s acidr ab

L ,»Compare character

o igdend

- 3-operand e
2D C.MPCS src]len rw, srcladdr ab, t;ll by “Compare Lharacter IR ARIRAS S TS
src2len.rw, szw:Zaddr ab - S-operand " e
5A LOCC char. th, len.rw, addr_a,’o " Locate character . . 0% 0.0
28 MOVC3 len.tw, srcaddrab, dstaddnab i3 S '
{RO-5.wl} - - Move character 3-operand. - 0 100
2C  MOVCS5 srclen.rw, srcaddrab fill.rb,, o o o
dstlen.rw, dstaddr.ab, {RO-5. wit ‘Move character S-operand " * % 0 ¥
2A SCANC len.rw, addr.ab, t’bladdnab; m‘ée‘ak,x‘b, :S:can for éfwﬁfgctéf o 0 * 0
3B SKPC charrb, len.rw, addrab . Bkip character 0 - .0 ¥
2B SPANC len.rw, len.rw, thladdrab, mask.tb - Scan characters O -*-0 0
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» System Support Instructions

OP  Mnemonic and Arguments Description N 'Z V C Exceptions

BD CHME param.rw, {~(ySP).w'} Change mode to executive 0000

BC CHMK param.rw, {-(ySP).w'} Change mode to kernel 00 0.0

BE CHMS param.rw, {~(ySP).w'} Change mode to supervisor - 0000

BF CHMU param.rw, {~(ySP).w'} Change mode to user 0000

Where y=MINU(x.PSL < current_mode <)

06 LDPCTX {PCB.r", -(KSP).w'} Load process context - =~ = ISV, prv
{(kernel mode only)

DB MFPR procreg.tl, dst.wl Move from processor register ¥ ¥ 0 - orsv, prv
(kernel mode only)

DA MTPR ste.tl, procreg.rl Move to processor register * % 0 - rsv,prv
{kernel mode only)

0C PROBER mode.rb, len.rw, base.ab ~ Probe read access 0 * 0 -

0D PROBEW mode.rb, len.rw, base.ab  Probe write access 0 * 0 -

02 REI{(SP)+.r"} Return from exception or interrupt ~ * * * rsv

07 SVPCTX {{SP)+.r", PCB.w'} Save process context - = - - prv

(kernel mode only)

Mlcrocode assisted Emulated Instructions

The CVAX 78034 provides microcode assistance: for the emulation of these instructions by
system software. The processor processes the operand specifiets, creates a standard argument list,
and takes an emulated instruction fault.

OP Mnemonic and Arguments Description N Z V C Exceptions
20 ADDP4 addlen.rw, addaddr.ab, sumlen.rw,

sumaddr.ab Add packed 4-operand ¥oEF 0 rsy dov
21  ADDP6 addllen.rw, addladdr.ab, add2len.rw,

add2addr.ab, sumlen.rw, sumaddr.ab Add packed 6-operand ¥oE %0 rsy dov
F8 ASHP cnt.rh, srclen.rw, sreaddrab, round.rb,  Arithmetic shift and round .

dstlen.rw, dstaddr.ab packed SRLUFF 0 rsy, dov
35 CMPP3 len.rw, srcladdrab, sre2addrab Compare packed 3-operand * * .0 0
37 CMPP4 srcllen.rw, sreladdrab, src2len.rw,

src2add.ab Compare packed 3-operand * * 0 *
0B CRC tbl.ab, inicrc.tl, strien.rw, stream.ab Calculate cyclic

redundancy check 00

F9 CVTLP src.tl, dstlen.rw, dstadde.ab Convert long to packed % % (0 rsv, dov
36 CVTPL srclen.rw, srcaddr.ab, dst.wl ’ Convert packed to long ¥k OF 0 rsy,iov
08 CVTPS, stclen.rw, sicaddrab, dstlen.rw, Convert packed to leading

dstaddr.ab separate ¥ oE % (0 rsy, dov
09 CVTSP srclen.rw, srcaddr, dstlen.rw, ._-Convert leading separate to . .

dstaddr.ab packed ¥o% % rey, dov
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opP Mnémonic and Arguments Déscription N Z V C Exceptions
24 CVTPT srclenrw, sreaddrab, tbladdrab, ' g

dstlen.rw, dstaddr.ab Convert packed to trailling * * * .0 fsv, dov
26  CVTTP srclen.rw, srcaddr.ab, thladdr. ab :

 dstlen.rw, dstaddr.ab Convert packed to trailing * * * 0 .rsv, dov

27 DIVP divrien.rw, d1vmddr ab, dlvdlen rw, o , , ) .

quolen.rw, quoaddr.ab ~ Divide packed * % % 0 rsv,dov,ddvz
38 EDITPC srclen.rw, srecaddr.ab, pattem ab, Edit packed to character

dstaddr.ab string ®o¥ow % rgy dov

39 MATCHC objlen.rw, objaddr.ab, srclen.ow,

o

stcaddr.ab , ,, Matcﬁ characters

34 MOVP len.rw, srcaddr.ab, dstaddrab i Move packed k00

2E  MOVTIC srclen.rw, sreaddeab, fillxb, o
tbladdr.ab, dstlen.rw, dstaddrab Move x:ranslated characters * * 0 *

2F MOVTUC srclen.rw, srcaddrab, escrb, . © Move trans]ated until . .
tbladdrab dstlen rw, dstaddr.ab i characr.a . o e

25 MULP mulrien.rw, mulraddr.ab, muldlen W, . Sty S
muldaddr.ab, prodlen.rw, prodaddr ab ’ Multiply packed _FF % 0 rsydov

22 SUBP4 sublen.rw, subaddr.ab, d;lﬂen tw, s ; !
difaddr.ab - Subtract packed 4-operand ¥ ¥ F O asv dov:

23 SUBP6 sublen.rw, subaddr.ab, minleniew, oo ‘ Ceaihs e .
minaddr.ab, diflen.rw, difaddr.ab Subtract packed 6-operand * * * 0 rsv, dov

* Floating-point Instructions

These instructions are implemented in hardware only if the optional CVAX 78134 Floating-point
accelerator is present in the system. They must be sof'tware emulated if the CVAX 78134 is not
included. : ,

OP Mnemonic and Arguments =" Description' © N Z 'V C Exceptions
06F  ACRBD limit.rd, add.rd, index.md  Add compare and branch =~ S A

D_floating R * 0~ rav foy fuv ,
04F  ACBF limit.rf, add.rf, index.rf Add compare and branch

F_floating FEOQ e sy, fmf, fuv
4FFD ACBG limit.rg, add.rg, index.mg ' Add compare and branch '

G__floating BB I A {cw fuv
060  ADDD?2 add.rd, sum.md 'Add D_floating 2-operand ¥ (0 rsv, foy, fuv
040  ADDF2 add.rf, sum.mf < Add F_#loating 2-operand cEE g 0 rsw, fov, fuv
40FD ADDG?2 add.rg, sum.mg ~ Add G_floating 2-operand *oE 0.0 rsy, foy, fuv
061  ADDD3 addl.rd, add2.rd, sumwd ~ Add D-_floating 3-0pemnd o % %) yey fov, fuy
041  ADDF3addi.rf; add2.rf, sum-wf  Add F_floating 3-operand ok k0 gy, fov, fuv

* .0 rsv, fov, fuv

41FD ADDG3 addl.rg, add2.rg, sum.wg  Add G._floating 3-operand ¥
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OP::o:Mnemonic and-Arguments fﬁescnpmm UNeZoV G Exceptions ¢
071 CMPD srelrd, src2.1d - Compare D_ floatmg Gt s Oy e b
051  CMPF srel.rf, src2.rf ~Compare F__floating E00 sy
51FD CMPG srel.rg, sre2.rg Compare G_floating WOEg 0
06C  CVTBD src.rb, dst.wd Convert byte to D_floating =% * 0 0
04C  CVTBF sre.rb, dst.wf Convert byte to F_ iloatmg L Ego
4CFD CVTBG ste.rb, dst.wg - Convert byte to G_fleating woxo0o0
068  CVTDB sre.rb, dst.wh Convert D,,ffbat‘iﬂg' w© byte %0 rsy, iov
076~ CVTDF src.rd, dstowf Convert D_floating to F_float ~ * * 0" 0 tsy, fov
06A  CVTDL src.rd, dst.wl Convert D_ floating to long FoE ¥ (0 sy iov
069  CVTDW sre.rd, dst.ww Convert D_ floating to word % 0 rsy; dov
048  CVTFB src.rf, dst.wb Convert F_floating to byte * * 0 rdv, iov
056  CVTFD sre.rf, dst.wg Convert F._floating to D_float! * 0 rsv
99FD CVTFG sre.rf, dst.wg Convert F__floating té G_float 0 rsv .
04A  CVTFL src.xf, dst.wl Convert F_floating to long 0. rsy, iov
049  CVTFW src.rf, dst.ww Convert F_floating to word * 0 rsy,iov -
48FD CVIGB sre.xg, dst.wb Convert G_floating to byte’ “ 0 sy iov
33FD CVTGF sic.rg, dst.wf Convert G_floating to F_float  * 0 -rsv, fov, fuv
4AFD CVIGL ste.rg, dst.wl Convert G_floating to long *0 sy, foy
49FD CVTGW sre. rg, dst.ww Convert G_floating to word * 0 sy iov |
06E  CVTLD sre.tl, dst.wb Convert long to D_floating 00
04E  CVTLF sm.ri, dst.wf Convert long to F__floating * 0 0
4EFD CVTLG stc.tl, dst.wg Convert long to G__floating 00
06D  CVTWD src.rw, dst.wd Convert word to D__floating 00
04D CVTWE sre.rw, dst.wf Convert word to F__floating i 0.0
ADFD CVTWG sre.rw, dst.wg: Convert word to G__floating 0 0
06B  CVTRDL src.rd, dst.wl Convert roundcd D._ floatmg, i L
: ‘ w long - %070 rsv oy
04B CVTRFLsre.rf, dst.wl Convert munded F_floating
to long * 0 rsviov
4BFD CVTRGL sre.rg, dst.wl Convert rounded G__floating e =
to long SR E 0 rgy ov :
066~ DIVD2 divrrd, quo.md Divide D_floating 2-operand ~ * * 0 0 rsv fov fuv fdvz
046 DIVF2 diverf, gio.mf Divide F__floating 2-operand ~ * * 0 0 svfovfuv fdvz
46FD DIVG2 divrrg, quo.mg Divide G_floating 2-operand * 0 0 rsvfovfuyfdvz
067  DIVD3 divr.ed, divr.rd, quo.wd Divide D_floating 3-operand * 0 0 rxsyfov fuy fdvz
047 . DIWVD3 div uf, diverf; quo.wf Divide F_floating 3-operand. . --*. * 0. 0 rsv fov fuv fdvz>
47FD DIVD3 divr.rg, divrrg, quo.wg Divide G_ floatmg 3-operand  * F 00 sy fov fuv fdvz,
074  EMODD nuirtd, mulrx.rd,
muld.rd, int.wl, fract.wd Extendcd modulus D_floating * * 0. gsv fov fuviov:
054  EMODF muirrf, mulrx.rb,
muld.rd int.wl, fract.wf “ % % 0 rsyfov fuviov -

54FD - EMODG muir.rg, mulrs.rw,

Extended modulus F__floating

‘muld.rg int,wl, fract.wg Extended modulus G_floating = * * * 0 ‘rsvfoy fuviov
072  *MNEGD ste.xd, dst.wd Move negated D_floating 0 sy
052  *MNEGF src.rf, dst.wf Move negated F__floating S0 sV
52FD *MNEGG src.1g, dst.wg Move negated G_floaring 0 rsv. . .
070 *MOVD-sre.rd, dstwd Move D_floating A
050 . *MOVF src.of, dst.wf - Move F..floating - “hgsy T
50FD  *MOVG sic.rg, dstiwg” Move G__floating -y
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OP  Mnemonic and Arguments ”D'escv:yryipt’ion . NZV C E':Ecépfié’mﬁs
064 MULD2 mulrrd, prod.md Multiply D_floating 2-operand * * 0 0 rsy, fov, fuv
044  MULF2 mulcrf, prod.mf - -Multiply F_fleating 2-operand  * * "0 0 ssv, fov, fuv
44FD MULG2 mulorg, prod.mg Multiply G_floating 2-operand ¥ 0 0 1sv, foy, fuv
065 MULD3 mulr.rd, muld.rd, prod. wd Multiply D_floating 3-operand * * 0 0 rsv, foy, fuv
045  MULF3 mulr.rf, muld.rf, prod.wf | Multiply F_floating 3- operand ¥ 0 0 a4 fov fuv -’
45FD MULG3 mulrrf, muld.rg, pmd.wg; Multiply G_ifloating 3-operand * 0 0 rsy, foy, fuv
075  POLYD arg.rd, degree rw, tbladder.ab Evaluate polynomial D_floating * * 0 0 " rsvy, fov, fuv
055  POLYF arg,rf, degree rw, tbladderab Evaluate polynomial F_floating * * 0 0 rsy, fov, fuv
55FD POLYD arg.rg, degreerw; tbladderafb Ewvaluate polynomial G_floating * * 0 0 rsy, foy, fuv
062  SUBD2 sub.rd, dif.md © Subtract D_floating 2-operand * ¥ 00 rsy, fov, fuv -
042 .- SUBE2 sub.rf, dif.mf - : ' Subtract F_floating 2-operand  * * 0 0 sy, fov, fuv
42FD SUBG2sub.rg, dif. mg - Subtract G_floating 2-operand  *..* .0 0 rsv, fov, fuv
063  SUBD3 sub.rd, minrd, dif.md | Subtract D_floating 3-operand ® %% rsy fov fuv
043  SUBF2 sub.rf, minrf, dif. mf - Subtract F_floating 3-operand  * * 0 0 rsvfov fuy
43FD SUBG2sub.rg, minrg, dif.mg -Subtract G_floating 3-operand . * * .0..0.; rsv fov fuv
073 *TSTD src.rd " Test D_floating ¥R 0 sy

053 *TSTF src.xf ¢ Test F_floating FE D0 sy

53FD *TSTG src.rg . Test G_floating R0 0 v

+ Memory Managemem .

The memory management unit of the CVA)& 78034 pmvxdes a ﬂexxbie ‘and efficient virtual
memory programming environment. Memory management, together with the operating system
prov1des both pagmg (w1th user control) and swappmg It also pm\udes four hlgrarchxcal

hardware with small memory conflguratlons Programs e ecutey in an envu‘o_ ment : ;
process. The virtual memory system for the CVAX 78034 promdes each process ‘with a 4 billion
byte address space.

Virtual Address Space , i

Virtual address space consists. of two address. -spaces of: equal sizé~—alsystemr-space and a process
space. The process space contams the P() and P1 regmns Flgune 15 shows the virtual address space
3331gnmenl:s
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00000000 [C - RSO S
- ‘ ~VLENGTHOFPDHEGWNINPAGES-“~“
‘ (POLR) =
PO .
REGION ' L
PO REGION GROWTH DIRECTION *
BFFFFFFF || ‘ e ' B
40000000 Ehe T , R : ,
. P1 REGION GROWTH DIRECTION
e ] L
REGION ' ;
- LENGTHOFPTRENON!NPAGES
St 72t r21=PILR)
7EFFFFFF
80000000 o , T ; ; i
[T o s REEE LENGTHDFSYSTEMREGIONINPAGES
. (SLR) <l
SYSTEM ‘ ) » o
REGION ‘ ) S e : IS (TR 0
o ' SYSTEM REGION GROWTH DIRECTION .
BFFFFFFF ; E
€0000000
" RESERVED
REGION
FFFFEFFF

~ Figure 15 = CVAX 78034 Virtual Address Space Assz'gn;;zeﬁis

flf,lds of a v1rtuaI address

31 0908 00
| AR A T A A N U N Y T N N A D I N O A | LN B O A D B B

VPN BYTE NUMBER '
il vlv;.l | O T TOURC O WU U VOO NN (N OO NN S 0 U051 (OO AR N IO s O W JOUSN NS M OO

S Y e 16+ CVAX 78034 Virtual Addess Format
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Taiﬁie 11 ‘CVAX 18(!354 Vn'iual Addvess l)escﬂptmﬁ

Bit Descnptlon

%

31:09 VPN (Virtual page number)—This field specmeb the wirtual page to be xeferenced
~  Virtual address space contains 8,388,608 pages of 512 bytes each !

- Bits 31:30 of the VPN are used to- select the reglon ot vn:tual address space bemg
referenced as follows: :

Bits 31:30. . .. Region

value - . . .. i e S P—— e i
00 < PO
1 . . - - Pi - - ,i ;{;» s
2 . system SR it R o
3 . reserved . b S fen

08:00 Byte Number— This fleld specxfles thﬁ byte numbeer thhm the:page.

Page protecuon-—lndependem of s locatlo
protected according to its use. Although the sysig : » «
address, the program can be prevented from modifying or ac és&mg p onsof the e/ stx@:m space. A
program can also be prevented from: accessing or* modvamg portions 6:‘5 pfocess space

Virtual address space allocations— Access to the PO, P1, and System region is controlled by a lengﬁl
register. The PO region is controlled by the PO Length Register (POLR), the P1 region by the Pt
Length Register (P1LR), and the system region by the Syster Length Regist 3

limits defined by the length registers, the access is controlled by & page tabie t}tat speafxes thz;
validity,-access rcqun'emems and- iocanorr of each page in the regio : -

Access control

The access control functxon vahdates the type of memory access that is ailowed 10 dccess 4 page.

running is stored in the current mode field of thc Processor Status Longword (PSL). “The médes in
order of most to least privileged are

. GKernﬁinScdbythe kemei of theopemmg system for page msnagemem ‘scheduling; and i7l)
drivers. e T g _ :

+ 1 Executive—Used for many of éhe ope’ral?mg Systerii‘service calls.”

* 2 Supervisor—Used for services such as command i mterpretation

» 3 User—Used for user-level code, utilities, compil s, T debBuy gt:rs ete, T T

The protection code; located-in the page-table entry fcr that page; specifies whether the page can
be accessed for each‘mode These codes are described in Table 12,
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Table 12 = CVAX 78034 Pmmcnm Codes Ass:gnmems

Code Mnemonic Current mode' ‘ il
dgcimal binary K; E S "U:_ _ Comment
0 0000 NA. o — . — — no access
1 - 0001 il ol % ekl ‘reserved
2 0010 KW RW - — —-—
3 oo11 KR R — — — "
4 0100 Uw RW RW RW RW all access
5 0101 EW RW RW —_ —
6 0110 ERKW RW —_ —
7 0111 ER - R — -
8 1000 . . SW R\X/ ! RW . - ¢ RW — e
9 1001 SREW ~ RW RW R —
10 000 | SRKW  RwW R R —
1 - 1011 ‘ SR~ R / "R ‘ R : i
12 100 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
'— = 1o access . 4 o K=Kernel ' o
% = unpredictable E = Executive
=read only S = Supervisor

RW = read/writé o

Memory-management Control
The three registers used to control the memory management function are descmbed as follows

U="User =

Map Enable register (MAPEN)—-—Thls register is used to enable and disable memory management.
The format of the register is shown in Figure 17 and described in Table 13.

136

31

o ;01‘00

TSN TS S T TN T S S W T N WO S U O S0 U Y S Y Y O

MBZ

LN AN N I A L N O (RO S A (3 O A A U S AR LV AV R U PO B B0 S N 0

Figure 17 » CVAX 78034 Map Enable Register Format
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, » 'Ihble 13- CVAX 78034 Map Enable Reglster Desenpu‘)n >
Bit Dcmr;mon
31:01  MBZ—Must be zero

00 MME (Memory management enable)—Enable and disable memory management as
follows:" , EREER L S
MMEXm 1 (enabled)
MME = 0 (disabled)

Translation butfer—This buffer is used to save the actual memom references when pages are
repeatedly referenced. The CVAX CPU uses this buffér to record successful virtual address
translations and page status. The translation buffer contains 28 fully associative entries. Both
system space and process space references share the entries.’ Transiauon buffer entries are replaced

f) alg : 2 that
last translauon buffet entr’y to be used This is aecomphs , ,é&bymtating vszhe repl
the next sequennal translanon butfer entry if the pomter is pointing to an entrs

The TBIS regwter is used ‘to mvahdate smgle PTE: enm‘
accomplished by ‘writing a ‘virtual address into ‘the TBIS register that mvakéates any tr’amlanon
buffer entry that maps the virtual address Flg:,urc 18 5}10*&:15 th£ regm&er ?:{amial;

.31 .

B 100 R
VIRTUAL ADDRESS

llll}liLll!lIllll!iilj//_

Figure 19+ CVAX 7 8034 Trcmslatioﬁ Byuﬁer frﬁ;aixda\fe All }"’wgisﬁer

Address Translation

The translation of a virtual address to a physical address by the memory management unit is
controlled by the Memory Management Enable bit 00 of the MAPEN register. When MME is
cleared, memory mapping is disabled and the low-order bits of the virtual address bits 29:00 are the
physical address. When MME is set, memory mapping is enabled and the virtual address is mapped
to a physical address by memory management.
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All virtual addresses are translated to physical addresses by a page table entry (PTE). The PTE has a
valid bit that controls only the wahdnv of the modify bit and page frame number field. The
protection field is always valid and is checked first. The page table entry is shown in F}gure 20 and
described in Table 14. : :

3130 2726252423222120 00

vl T 1 L L L N L L O
Vi PROT [MicC 00 PFN
Jo L i k. 10000 W NN TN N N VO TN Y N U Y N Y O o v
OWN

Figure 20« CVAX 78034 Page Table Entry Format

Table 14 + CVAX 78034 Page Table Entry Description

Bit =~ Description

31 V (Valid bit)}—Determines the validity of the modify bit 26 and the page frame number
+ - field bits 20:00. V is set for valid and cleared for not valid.

30:27 PROT (Protection)—Defines the protection for the page. This field is always vahd and is
used by the hardware even when V bit 31 is cleared.

26 M (Medify bit)—This bit is set 1 if the page has already been recorded as modified, If M
is cleared, the page has not been recorded as modified. Used only if V is set. .

25 0—Reserved for used by Digital.

24:23  OWN (Owner)—Reserved.
22:21  0—Reserved for use by Digital.

20:00 PPN (Page frame number)—The upper 21 bits of the phy51cal address of the base of the
page. Used only if V is set.

System Space Address Translation

A virtual address with bits 31:30 equal to 2 is identified as an address in the svstem virtual address
space that is mapped by the System Page Table (SPT) in physical memory. The System‘Base
Register (SBR) contains the physical address of the SPT and the System Length Register (SLR)
defines the number of SPT entries in longwords. The page table entry pointed to by the SBR maps
the first page of system virtual address space which is virtual byte address 80000000 (hexadeci-
mal). Figure 21 shows the SBR and SLR mapping format. The process of translating a system virtual
address to a physical address is shown in Figure 22.
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vgz| PHYS!CAL LONGWOHDADBRESSGFSPT
SRRV XIS SN N TN U1 O L WO R YN S5 DU N JOOU U A O (0 0 L OOF O O . §

f:ﬂr T T TTTT T lrll\llxll,|1r;1'"

310 : 2221 : : 00
T T T T T T T [T T T T T L
MBZ | CLENGTH OF SPT IN' i SUR
| N I T T T O | NV SN0 O TUUON TN JOIC DR T S s | L.l

Figure 21 « CVAX 78034 System Mapping Registers Format

313029 00
SVA: JTTTT T it
(SYSTEM VIRTUAL Fr Voo o " 'BYTE NUMBER
ADDRESS) [l B | ; [ T R R R
CERTRACT AND .
CHECK LENGTH
31 S Cpslo2 -t g 02{0100
LR B A AL ) L LA Ty T
0 0
S T S W O | | NN S S NS SN TEN NS AY T OO KNS N AU N N MR SO U AU 1
ADD
31 0100
o e L O L I I | LI R O O O O R TR T T
$BR: i A PHYGICAL BASE ADE OF §hT

lll!llllilil![llL!l’! I CRI: TR T SO A [N WO NN P |

o bl
31 s , i 0100

L DL L L O L 0 A A N e e P B s I G | 2
| I PHYSICAL ADR OF PTE
JS0sdd OO U SRS OO N W JSACE SO By ! GRS GRS MRS S SRR W i) Lot i

FRESIE S N TUR RN S
3130 . 21200 L e 00
;rrrrllrllT17111«111TIT“TI1:1|115
PTE: 1 } R <2 L p;& ’ ’ ¥ A
B 20005 SO0 (0 T 050 [0 U Tk N S 105 T O A0 ke U A 10 DA, 00 s YO o) Ve T 00 o O T U
CHECK ACCESS o THIS ACCESS CHECK
; IN CURRENT MODE 1y
29 e 09108 00
TT T 17 T T T I T T T T T T T
PHYSICAL ADR OF DATA: P J
E T S0 U G0 TR TN WO N0 30 D) 1 8 AN T T T O I O IO I W O

Process Space Address Translation

A virtual address with bit 31 equal to 0 is identified as an addrcss in the process virtual address
space. Process space is divided into two equal sized: sepamt@ly mapped regions. When bit 30 is
equal to 0, the address is in region P0O. When bit 30 is equal to 1, the address is in region P1:
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PO Region Address Translation—The PO region of process address space is mapped by the PO Page

Table (POPT) that is Jocated in system virtual address space. The PO ragxo;l addres

s éefmed by the

PO Base Register ( 1508}{ \The page table entry pointed-to by the POBR-imdps the first page of the PO
region of the virtual address space which is virtual byte address 0. The PO Length Register (POLR)
contains the number of page table entries in longwords. Figure 23 shows the POBR and POLR
mapping formats. The process of translatmg a PO yirtual address to a physmal address is shown

in Figure 24.
313029 ) 020100
i 1 T T T T T TP ryryrrrrrrr T
SYSTEM VIRTUAL LONGWORD ADDRESS OF POPT MBZ :POBR
Jd ) OO NN N S U TR N OO N TSN TN N T VN T Y O T N N NN WO NN N 1 1
31 { L2221 e, : 00
B I A A A DR N N B | lFIITTWlll]II]!!Ii‘IY
ooamez L . LENGTH.OF POPT IN LONGWQRDS :POLR
TN T O U TN T T O T T O T O O O S A OO W O A O O
Figure 23 « CVAX 78034 PQ Region Mapping Registers Format
i 313029 R 0908 00
PVA T LB ERNS ISR I A RS S AR A Sl A N N N A | LR LR
(PROCESSV!RTUAL 0. o RTINS SN O 0 N0 S S BYTE NUMBER
ADDRESS) 1 N0 SN0 N Y SO S TN U S (O S N W O O O WO A Y N T O O S O |
EXTRACT AND
yeeey r ¢ GHECK LENGTH
131 23(22 -1 : 02{0100
% R S o | JR 200 N PUDH NS DUDE JN0E MUSS SR SUUY SUNS SUN SN SN AR N A SN N A N | | AN A o T
0 0
LAl L W 0 T W TS TN N S K D T W N N A N | S 1
ADD
31 0100
[ DAt S P | Y AP SN RIS ) SR MG IS SR S 00 DU SENR SR PR AR AN ex M U ) ] B A ) ¥
POBR: ! SYS VIRT BASE ADR OF POPT 0
: L.l TS TN SN 1Y I O Y U 0 O S Y O T -
YIELDS
31 0100
[ ] t T e TrrirrreaT Tyt Tror L 1
; ) SYS VIRTUAL ADR OF PTE - 0
il [N TN N U T T T T TG O O W O O L Ll Li i 1
FETCH BY SYSTEM SPACE
TRANSLATION ALGORITHNM;
INCLUDING LENGTH AND
KERNEL MODE ACCESS CHECKS
313000 2120 oo T A oo
LA L I L I L LR L B e L e 1T
PTE: 1 PFN
. | J T - | 1SN0 N O O O W T N DU TN SO N O U | L.l 4
CHECK ACCESS THIS ACCESS CHECK .
IN CURRENT MODE ¢ i
¥ 29 ' B ;'
HE S L LG O R A N I RO R DL G EEEY BN SR R SR ERN ORN RN AN H p S0 S0 Ll N A A AR 3
PHYSICAL ADR OF DATA; . L e S P i
. TN NN N O T T T O T S0 | L1 T T B T A |

Figuse 24 « CVAX 78034 PO Virtual-to-physical Address Translution
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P1 Region Address Translation—The P1 region of the address space is'mapped by the P1 Page
Table (P1PT) thit is lacated in system virtual address space. The Pf‘region' is'definéd by the P1
Base Register (P1BR) and the P1 Length Register (P1LR). Because the P1 space advances towar{f
smaller addresses and because'a consistent hardware interprétation of the'base and fength re

is not desirable, P1BR and P1LR define the portion of P1 space that is not accessible.
contains the numbet of nonexistent PTEs; P1BR cofitains the systémvirtual addreéss of what would
be the PTE for the first page of P1 which is virtual byte address 40000000 (hexadecimal). The

address in P1BR may not be a valid system virtual address but all addresses of PTEs mustbevalid -

system virtual addresses. The P1BR and PILR ma
of v1rtua1 address to physmal address trans

apping format is shown in F}gure 25. The process
t on 15 ‘hown in }"‘xgure 6. ‘

a1 o . ‘620100

o i . 4 2 e S e e s i R DA TIRL
. SYSTEM VIRTUAL LONGWORD, @m} s@mf ?m le
ll'i‘ltnl:'llsxtnifrrllll TR S I T N0 R

gy L g L

B0 O EON B IR G AR PN D i!Fl»rs&lyu
MBZ 2

) S TR NN O S W S . | L.l

1

313029 . e ... . .0808 . .. ... 00
PVA: T 1.7 . . :
(PROCESS VIRTUAL [53 SICTECTRERPRIRY

ADDRESS)

T i ok
P1BR: SYS VIRT BASE ADR
N U TN S N A YO R O s s I o

T

TRANSLATION ALGORI By
INCLUDING LENGTH ANDI: i
KERNEL MDDE AGLESS LHELKS

3130 i o0
. L L L A 4 1][' LR A I S RS M A IR S 3
PTE: 1 PEFN
| O T T | | SO OO S S Y TSR YOO N AN JOC A N N O N N N T N

CHECK ACCESS . . ; THIS ACCESS LHECK
T ‘ CHANCURKENTMODE 1

PHYSICAL ADR OF DATA:

F igure 26+ CVAX /8034 Pl meual ro»;.\byszcal Addrm flmmlatzon
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Memory Management Faults . st ‘ o el spehhd poten sl 9
The two types of faults assocmted vmh memorv mappmg and pa:otecmon are Tmnslatlon Not V,ahd
(TNV) and Access Control Violation (ACV), An ACV fault exists when the protection field of the
page table entry. (PTE) indicates that the intended page reference in the specified access: mode-is
illegal. A TNV fault exists when a read o write reference is attempted through an invalid PTE (PTE
btt 31is set). The A(,u\7 fau t takes prcc:edence when bcvth an ACV and TNV fault peears. | 2

Exceptxons and Interrupts

During the operatxon 'of a system, events within the system may occur ir that 1 requlre the execunon of
software beyond the software required for normal control. The processor transfers control by
forcing a change in the flow of control from the currently executing process.

Events that are primarily relevant to-the currently executing process normally-invoke software in
the context of the current process. The notification of these events are defmed as exceptions.

Events that are prlmauly relevant to other processes or to the entire system are serviced in a
systemwide context. The notlflcatlon of these events is defined as interrupts. The system wide
context is also defined as “executing on the interrupt stack.” The pnorxty associated with an
interrupt is specified by the i interrupt priority level (IPL).

Interrupt Priority Levels—The VAX architecture has 31 mterrupt priority levels grouped into 15
software levels (1 to F hexadecimal) and 16 hardware levels (10 to 1F hexadecimal). Table 15 lists the
CVAX 78034 IPL, priority, and the conditions causing the interrupt.

. 'Table 15 « CVAX 78034 Interrupt Prlonty Level Assngnments

Prioity ~ ~ IPL Condition
(hexadecimal)
Highest ~unused -
PWRFL asserted
MEMERR asserted
. ,1B through 1L unused
CT1A - CRDasserted
18,19, _unused .
17 ' RO3 asserted
w016 INTTIM Asserted
S 16 IRQ2 asserted
A5 . TROT asserted -
14 IRQO asserted
, 10 through 13 unused
Lowéest 01 through OF  software mterrupt request oo re
Interrupt Reglstem b e Pl hads oo Lobdeshe s b :

The. interrupt system is controlled by the Interrupt Priority Level register, the Software Interrupt
Request Register (SIRR) and the Softwarc. Interrupt Summary Register (SISR). The IPL corres-
ponds to PSL bits 20:16. e

Sqftwa.re Intexrupt _Summary Reglster (SISR)—The SISR 1S a privileged regtster ‘that records

‘pending softwate interrupts. It contains ones in the bit positions that correspond to levels on which
software interrupts are pending. Figure 27 shows the SISR format. '
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i

set. The processor will Clear the bit Iﬁ the SISR when the interrupt has been taken. F1g1re 28 shm*zs
the SIRR format.

Fegn

PECU. i { 0403 00
1r1!1x1r1|1|11|r|11« T T
' ST HGNORED T Pl e B K0 IREQUESTY ISIRR 0

IlltllllllllillllllllIilli[III

Figure 28 + CVAX 78034 Safgware InterruptRequest Register.Format

Wmtmg to the IPL register loads the pmcessor pnontv
‘ IPL register format.

Interrupt Priority Level Register (IPL)-«-
field in the processor status iongword F ‘

05 04 oo
T T LI B
a2 O T OO 3 LA S | T e s A O SR

- i i , ‘ PSL<20:16> -
Figure 29 « CVAX 78034 Iﬁ&*m;pt Pho y Lwei Regzsfer Format

Interrupts Sy
Hardware and software i anterrugt:§ am uunated by the following conditions.

Hardware interrupts—Hardware interrupts : vitiated: by 'HAIT (nonmaskable interrupt),
PWRFL, MEMERR, CRD, INTTIM, and IRG<3;0> signals: These signals are sampled once each
microcycle by the interrupt controller of the CPU. The interrupt controller compares the IPL
associated with ‘any signal that is assertéd to the current IPL of the CPU. If any-of-the asserted
signals have ari IPL higher than the CPU, an interrupt will be taken. For interrupts generated by the
TIATT, PWRFL, MEMERR, CRD, and INTTIM, the CPU internally generates a vector which is an
offset into the SCB. For interrupts generated by TRQ<3:0>, the CPU executes an mnerrupt
acknowledge cycle to fetch the vector from the device requesting the interrupt.

An interrupt is serviced at its priority level except for interrupts requested by* Q<305 that are
serviced at either their associated TPL or IPL 17 Gzexa&ecxmal) The level at ‘which an interrupt
requested by an TRQ3105> is'serviced is determined by DALOO whéin the device sends’ the vector to
the CPU. When DALOO is 2 0, the nﬁérmpt is ‘serviced af ‘the TPL asséciated with the asserted
signal. When DALOO is a 1, the interrupt is serviced at IPL 17 (hexadecimal).
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Software interrupts— Software interrupts are requested by system or user macrocode by writing a
value into the Software Interrupt Request: Regls ter (SIRR). The value written to the SIRR is one of
the IPL levels (hexadecimal) assigned to software interrupts, Writing a value to the SIRR results in
setting the corresponding bit in the software interrupt summary register. The interrupt controller
compares the IPL of the highest pending software interrupt request to the current IPL of the CPU.
If no outstanding hardware interrupt exist and the IPL of the software interrupt is higher than the
current IPL of the CPU, the interrupt will be granted. The CPU internally generates the interrupt
vector in the SCB.

The software i mterrupt system is affected by an REI i instruction or othef event that changes the IPL
of the CPU. If the IPL is Lhanged toa value lower than the highest pending software interrupt
request and no hardware mterrupts are pending, the mterrupt controller grants the software
interrupt.

Exceptions

An exception is an event resulting from the execution of a specific instruction. Exceptions also
include errors automatically detected by the processor such as improperly formed instructions. The
CVAX 78034 recognizes the six classes of exceptions summarized in Table 16.

- Table 16 - CVAX 78034 CPU Summary of Exceptions

Exception class Cause

arithmetic traps/faults o integer overflow trap
S integer divide by zero trap
‘subscript range trap
tloating overflow fault
floating divide by zero fault
: ufloating underflow fault -

memory management exceptions . . access Lontrol violation (ACV) fault
o translation not valid (TNV) fault

operand reference exceptions . reserved addressing mode fault
o ‘ ’ reserved operand fault or abort

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

* breakpoint fa,uit
tracmg exceptmn o o 1 trace fault T e e ‘
system failure exceptmns ¢+ machine chcck zabort mdudmg read/wme bus and parity

errors, cache parity errors, and FPA pmmcol errors
‘ , , kernel stack not valid abort o S
WP T B s Voo interrupt stack not valid abort -

System Control Block ‘
The System Control Blocl«: (SCB) is a page ahgned mble in: physmal memory thar contams the
vectors for servicing interrupts and exceptions. Table 17 lists the system control block vectors. The:
SCB,is pointed to by the system control bloc,k ba:e register. (SQBB) The register. f@rmat s shawn in
Flgure 30. 3 , i e : My e e
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Vector -
(I\exa&ecamal)

“Table 17 - CVAX 78034 System Control Biock Vectorﬁ" g

Name .

00'{ ’

04
08

0oC

lob Qi
g
g
1C

20
24

28

2C

30

34

38-3C
40 . .

44

48

4C

50

54

58-5C
60

64-80

84

88

8C
90-BC -
co
c4

C8

CC

100-1FC’
200-FFFC

DOFC -~~~ -

 passive release
" machine chec
e vkernel stack

access controt ?ials}flﬂn

translation not valid'
trace pending (TP)

4 Cresemed addressmg mode

breakpomt mstructmn :

unused =

aritﬁmetm Gl e

unused
—GCHMK
CHME
CHMS
CHMU
unused :
- corrected read data '
unused-
memory error
~ unused ‘
C software level 1
 software level 2.
software 1@6:1 3

unused
e ‘,;emulatxon st:arc
.+ emulation cam‘murz
unused o

adapter x vemors

device vectms

o interrupt

3 30 29

odos

MBZ

LS UL CRE EER T P ER: O AN R SR B IS P2 U0 O S B i T

PHYSICAL LONGWORD ADDRESS OF SCB

FO SO0 T VAO0 S Y (N WOOY UIUO0 JUC UV U NUUF SUUN NN JURS: RO D N WO S5 |

MBZ - -
BT O T R T O 1t

Figure 30 CVAX 78034 System Control Block Base Register Format
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clifgliltlal) S Preliminary ' CVAX

SCB vectors from 100 through FFFC (hexadecimal) are used to directly vector interrupts from the
external bus. The SCBB vector index is determined by bits 15:02 of the value supplied by external
hardware. The new PSL priority level is determined either:by:the external interrupt request-level
that caused the interrupt or by bit 0 of the value supplied by external hardware. If bit.0 is cleared,

the new IPL level is determined by the interrupt request level being serviced. If bt 0 is set, the new
IPL is forced to 17 (hexadecimal). The ability to force the IPL to 17 supports an external bus, such as
the Q-bus, that cannot guarantee that the device generatmg the SCBB vector index is the device
that originally requested the interrupt. For example, the Q- bus has four separate interrupt request
signals that correspond to TRQ < 3:0> but only one interrupt grant is daisychained. Devices on the
Q-bus are also arranged so that higher-priority devu:es are electrically closer to the bus master. If an
IRQT is being serviced, a device with a higher priority may intercept the grant. Software must
determine the level of the device that was serviced and set the IPL to the correct value.

External devices, except devices that emulate the console storage and terminal hardware, should
use only the vectors in the range of 100 to FFFC (hexadecimal),

Machine Check
A machine check occurs as a result of serious 1mernal CPU errors or external CPU errors such as
memory subsystem errors. These errors and conditions include

» FPA protocol errors.

= Impossible situations in memory management.

= Unused IPL requests.

+ Impossible situations in the CPU microcode.

= Bus memory errors.

» Multiple errors.

Machine Check Processing—The CPU processes a machine check as follows:

» If an exception is in progress and a machine check occurs, a processor restart is executed by the
CPU. Refer to the Processor Restart description that follows.

« If the current instruction can be suspended (MOVC3, MOVCS5), the state of the processor should
be saved and the machine check handled. '

» If the instruction cannot be suspended, the state of the processor should be returned to the
beginning of the instruction, if possible, and then the machine check should occur.

An instruction that cannot be restarted after the machine check is considered nonrecoverable and
the current process or the operating system must be terminated.

When a machine check is generated, the CPU sets an internal serious error flag and performs
machine check exception processing through SCB vector 4. A machine check exception is always
pracessed on the interrupt stack. When machine check exception processing is complete, the CPU
clears its internal serious error flag and the next instruction is decoded. The parameters recorded
on the stack for a machine check are shown in Figure 31 and listed in Table 18.

i
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BYTE COUNT (00000010 HEX)

MACHINE CHECK CODE

MOST RECENT MEMORY ADDRESS -~~~ 1[0

INTERNAL STATE iNFOHMATlQN 2

INTERNAL STATE INFORMATION 1.

PC

PSL

Figure 31+ CVAX 78034 Machine Check Sack

T

s

Table 18 « CVAX 78034 Machine Check I’arameters‘g ST s

Machine check code (hexadecimal):

code

000NN e

o .

. read bus etror, $PTE; PCB; or: SCB read

definition

- FPA protocol error.,
. FPAreserved i mstructmn
~FPA unknown error

FPA unknown ereor. - : =t
process PTE in PQ space (TB rmss]
process PTE in P1 space (TB miss)
process PTE in PO space (M=0)
process PTE in P1 space (M =0)
undefined interrupt ID code
impossible microcode state (MOVLX)
read bus error, normal read

write bus error; normal write

- write bus error] SPTE of PCB write

e

Most recent memory address:

address

31:00

value
currem; contents of VAP ; reglster

Internal state mformatmn 1

bits

31:24
23:20

19116
15:08.
07:00 -

value
cm‘i*en‘t canytents of opcode 7:0

11
. current contents of HSIR 3 O

current contents of CADR 07:00
current contents of MSER 07:00
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Internal state information 2:

bits value

31:24 cutrent contents of SC 7:0

23:22 11: . ! ) . -
21:16 current contents of State 5: 0 i
15 current contents of VAX CAN'T RESTART blt :
14:12 111

11:08 cufrent ALU condition codes

07:00 delta PC at time of exception

Program counter (PC)

bits value -

31:00 PC of start of current instruction

Processor status longword (PSL)

bits value
31:00 current contents of PSL
Machine Check Errors =/

Machine check errors include protocol errors, memory management and microcode impossible
situations, bus memory errors, and multiple errors.

Protocol—CVAX 78134 FPA checks for the proper order of requests from the' CPU. If a protocol
violation is detected, a machine check occurs. All FPA protocol error ‘machine checks are
nonrecoverable. The error should be logged and the currently riinning process or the operang
system should be terminated. The hexadecimal codes generated for a FPA pmtocol error are

Code Error o

1 FPA protocol
2 FPA reserved instruction
3 and 4 FPA unknown

Impossible situations (memory management)—The CVAX LPU ch@cks for some impossible
conditions in the memory management unit. If an impossible situation is detected, a machine
check occurs. All impossible memory management machine checks are nonrecoverable. The ertor
should be logged and the currently running process or operating system should be tesminated. The
current memory management registers (POBR, P1BR, SBR POLR PlLR and SLR) :»hould also! he
logged. The hexadecimal codes generated are

Code  Machine check error

5 The calculated virtual address for a process PTE is in PO space (TB miss flows)
6 “The calculated virtual address for a Process PTE is in P1 space (TB mms f]ows)
7

PRS2 ias

The calculated virtual address for a Process PTE is in PO space (M 0 flows)

[0e]

The calculated virtual address for a Process PTE is in P1 space (M =0 flows)

Unused IPL request—The CVAX CPU uses 13 of the 16 hardware interrupt ptiority levels as
defined in the VAX architecture. If an interrupt at an unused hardware IPL: is requested;’a
hexadecimal code and machine check occurs. The unused IPL-machine check is:nonrecoverable.
The error should be logged. A nonvectored interrupt representifig a serious error (corrected read
data, memory error, powetfail, or processor halt) has probably been lost. The operating system
should be terminated. The hexadecimal code and error is
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Code  Machine check error
9 The i interrupt controller returned an mterruptmg IPL of 18 19, or 1B {hexadeamal?

Imposs:ble situations (tmcrocode)—-—Because of size constramts ::rroneous branches in mxcrocode
will usually result in the execution of random fmcmmstruct' ) r, if th xmcrocode detecr.,s
an 1mp0531blc sxmation a machme check ‘occurs. The

Code Machme check em;cr
A MOVC3 or MOVCS in impossible state

Bus memory errors—If external logic asserts ERR in response to a memory cyc:lc jothe than ar
instruction prefetc;h or, mterru” ¥ ckno edg ck ogeur: i
hexadecxmal cod e is generated

Code  Machine check error

80 read bus error, normal read g
81 read bus-error, SPTE, PCB, or SCB read S
82 rite bws error; normal write- S RS SO AP
83 wr1te bus error; SPTE-or-PCB write -

Bus memory error machine checks may be rechemblq depending on the error code, the VAX Can't
Restart flag, and FPD flags in the machine check stack frame, Bas memory ettor machine checks
that are recogmmd by the CPU as restartable may be nemecevembie for system reasons {e.g., a read
lock may be outstanding). On a nonrecoverable etror, the error should be logged, and the currently
running pméess or the operating system should be termmatnd The code andrelatmns}np is

Code . VAXcant - FPD* - Action '
© restart* )
80,81 0 X = wsestﬂr»table» o
AR Y ¢ N xmmecésjerabla ;
1 1 _restartable . o e i e
82,83 X X _— nonrecqﬁ}emble« :
*X is either 1 or 0.~ : -

Multiple Errors-—-lf the CVAX CPU encoutiters sérious errofs that are nested together (e g., kernel
stack not vahd inside a machine check) orother conditions that cannot be processed by the system
macrocode (e.g., HALT instruction in kernel mode), the microcode places the current PC in internal
processor register-SAVPC and-the: current PSL; MAPEN -and restart-code in mtemal processor
register SAVPSL It then executes a processor restart. i

Processor Resta:tu-lf the hardware or kernel sofi twam env1mnmem becomes severely ;:ormpted
the CPU may not be able to continue normal pmcessmg The CP{J then executes 2 processor restart
operation and transfers control to the recovery code begmnmg at p};}smal address’ 120040000
(hexadecimal). The SAVPC register contains the previous PC. value and the SAYPSLLegIStEr contains
the previous PSL value with MAPEN in bit 15, a valid stack flag in bit 14,'ahd a restart code in bits
13:08. The restart codes are summarized in Table 9. The state of the CPU fpr, a processor restart is as
follows. All other registers are not defined. '
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Register Condition

SAVPC .. _saved PC . ‘ - [

SAVPSL  saved PSL b!ts 31:16. 07 OO in blts 31 16 and 07 00 saved MAPENO in blc 15, vahd
- S ‘stack flag in blt 14, and sgved restart code 1nlb1ts 13 08" ‘ ‘
S interrupt stack pomter o _A;.TLYL 4 (powerup only)

PSL 041F0000 (hexadecimal) " '1¢CS '_:f}cleared (powerup only)

PCc 20040000 (hexademmal) ~ MSER  cleared (powerup only)

MAPEN ~ cleared =~ ' CADR cleared (powerup ly)
SISR cleared (powerup only)

Process Structure o

‘A process is 4 single thread of execution. Thé contdxt of e eirent process is contame& in the
Process Control Block (PCB). The PCB, as defined by'the CVAX 78034 CPU, is shown in Fxgure 32
The PCB is located in physical memory and is pointed to by the Process Control Block Base register
(PCBB) shown in Figure 33,

e

KSP v e o "1 pce

ESP R
o - ‘ o ‘ ‘ Y
‘{'MUS‘P\‘( ", R ! L ’ i’“z N

R2 o |t

R3S ] s

R T

RS +36

RE ‘ 440

R7 ) ) +44

R8 ; +48

"R +52

R10 Tl T
RIT e
CAPR12) e o +64 e
O B R
T B
PSL - D ‘
PosR T g

B A . A P
: T e —
'f,;PM‘EJ:,"w FMBZ l o b e RILRY +#92;

NOTE: THE PME FIELDIS UNUSED, 7' o
[P R R CE A

Figure 32 = CVAX 78034 Process Control Block Format
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[ 315029, o ) 020100
”“t1(1111r!l|r|lr1|11111|11111vIA‘""
MBZ i PHYSICAL LONGWORD ADDRESS OF PCB mBZl PCBE

5lllJlJ[llllll[lli||i!lll!l4'l' :

Figure 33 CVAX 78034 Pmcess Control Block Base chzs‘ter

Processor Reg;sters L e
The VAX architecture defines the Imemal Processor Regis

implemented in the CVAX 78034 CPU and some can be imp)
by the CVAX CPU. These registers are explicitly accessed by thﬂ M
(MTPR) and Move From Processor Regxs;:e; (MFPR) instructions.
processor registers and their Lategorxes that are defmed as Eaﬂmws: .
1 Implemented by the CVAX CPU as spemﬁed in the VAX Arc:hl

032). -

2 Implemented only by th& CVAX.CPU.

3 Passed to external logic via an external processor register cycle. If not extgr,;, [y impl
they are read as zero and perform no funcnon during write ﬂpemuons

4 Access not allowed (reserved opermd fault}

'ﬂ‘log ‘fand accessed
‘To Processor Register

Tai;le 19~ CVAX 78954 Ime: N

Number Register Name = M ; Categgtf‘
0 Kernel Stack Pointer | R ©OKSP 1
1~ Executive Stack Pointer T RSP 1
2 Supervisor Stack Pointer SSP .
3 User Stack Poi,}i:ter _ ) ) S usp 1
4 Interrupt Stack Pointer s 1
5 reserved e AL 4
6 reserved A L 4
7 reserved T = 4 |
8 PO Base Regi_s;'é} 7 POBR_ 1
9 PO Length Regitter | POLR . RW 1
10 PI Base Register “ PIBR 1
11 P1 Length Regiéter S pPILR o1
2 Svstem Base Register T SBR ’ 1
13 System Length Register ~~~° SLR. __RW CPU T
14 reserved o e — — - 4
15 reserved V ; T - = -4
16 Process Control Block Base ~ peBB RW _ PRC '

Y

*Refer to Processor Register description.
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Number RegiSte}‘~~N§ﬁ;\e~z» e Minemonie - Type. Scopefnmalxze Category*

17 SysiemControl Block Base ~ SCBB KW CPU - 1
18 Interrupt k[’,l}jj‘oxi‘gy I&?YQJ , AL CRW - CPU - ves 1
19 AST Level ASTLVL RW  PROC ves 1
20 Software Interrupt Request SIRR W CPU -z ey
21 o Sg‘t)t\'va‘ré'[n@fuptiSunﬂn‘xafy e SISIi . :"R‘\\’f, cry yes S 1
22, .. a'Ihtéx*prOCGSSOr'Iriterfupt : s cIPIR RW o CPU — o
235 CMIEmorRegister ' CMIERR R = ru A
20 TnevalClockComol IS RW G ye 2
25 - Next IntervalkCount NICR wooCPU — L3
26 Interval Count ICR ‘R CPU =7 >3
27 77 Time Of Year R TODR CRWCCPU - o 3
28 Console StoragekRecei\"e} Stﬁtvus‘ (VTSTRS V _‘RX\\(/ 3"(“.1‘31{ — ;\," " 3
29 Console Storage Receiver Data CSRD R U — 3
30 Console Storage Transmitter Status, - CSTS . RW = CPU: — 3
3‘1" o éCon's'lec;‘ Stor?g\é’ifrqrtl?znittqr'[)zﬁligzyll . CSTD W cru - -~ ,; , v 3
32 k Consélé Receijv’er,St"’atu:; | W - RXCS RW  CPU ‘ — ’ AS
33 " Console Receiver Data ; RXDB R CPU  — 3
34 Console Transmitrer St:;;t\,ls - TXCS RW (‘.I’{U - . 3
35 | Console Transmitter Data . TXDB wooCcPu — "3
36 Translation Buffer DisaBle - TBDR RW  CPU -~ — 3
37 Cache Disable CADR R\‘é’ cru — ' 3
38 Machine Check Error Summary MCESR RYW CPU  — 3
39 Cache Error CAER RW  CrU - 3
40 Accelerator Control/Statns = ACCS RW  CPU. — 4
41 Console Saved Inrerrupt Stack Pointer SAVISP R !(111I;I ': — 2
42 Console Saved PC SAVPC R (II/"L_!J‘ — 2
43 Console dechSl : SAVPSL R "(;T’Iv..l o 2
44 WCS Address ‘ ; WCSA RW. . ‘CP[}’I — | 4
45 ’ WCS Data . o WUSD RW >(:PU =7 4 7,
46 reserved ‘ ‘ — [ — _ 4
47 reserved ’ ' - el DA 4
48 SBI Fau]t/Sta:tgl; . SBIFS RW  GPU —~ 3

*Refer to Pracessor Register description.
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Number Register ﬁme A
% SBISle .. . . _SBIS _ .R CP

50 SBI Silo Comparawr SBISC RW
51 SBI Maintenance | SBIMT RW
52 . " SBLEsror Register oo SBEER T RW
53 SBI Timeout Addreés . sB
S4 ,SBLQuAdworci( lear - P

55 AOBusReset 110 i 00008 3
56 Memory Management Enable T
57 Trans. Buf. Invalidate All ; 1
58 Tans Buf InvalidateSingle  TRIS _ W_ CPU_— o1
59 Translation Buffér Data" "LjBDATA RW : CPU% S 3
60 Microprogram Bmak MBRR RW CPU  — 3
61 . Performance Mommr Lmble .~ BMR RW PR(‘}C - 3
62 System Identification . SID BCPU e " b1
63 Translation Buffel Chec:k ! } ‘ ’"X;B(ZHKV W ’ CPU o | 1
64:127  reserved »*— E -~ it ] 4

*Refer to Processor Register description, |

Data cycles and read/wrlte bus cydes, in the C P ,
classes are determined by the type of data to be transfers the data is required unmedlately
by the CPU. Status information, related to the type and class of bus cycle, is transferred onto the
CSDP < 2:0> lines during the address part of a bus cycle. :

Data Class--The data class mcluc’f‘es Istrzam {mstmctl i stream) and DQstmam (data stream).

Bus Cyde Classww'l'l‘lem areAi_ ,  es of The..
request I-stream read; request D-stream read; and demand sﬁ%am, read and swrite.-Each class of
bus cycle is also grouped according to the type of bus or memory aperatmn performzd These are
read, read lock, read modify intent, read no lock or modify, wwrite: unlock, and write no unlock:

Request read cycles are generated when data is not immediately required by the CPU. For example,

prefetching the I-stream (request I-stream read) and filling the second cache langword during &

D-stream read (request D-stream read) generate request reads.

Demand read cycles are generated when data is immediately required by the CPU. For example,,
when an operand PTE, SCB and PCB refamx;wes all generate. demand D-stream reads,,

Wmte cycles are. ge:ﬂex:at@d when dm;a s ‘to be wr ten to cache: and e:xtem:al memfsry
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Request and demand read cycles respond differently to errors reported during the reference.
Request read errors usually do not affect | program flow, and demand read errors cause a. rnachme
check abort. The effects of errors on the operation of the CPU during these cycles are described in
the Error Handling section. e

Cache Memory

To optimize the performance of the memory subsystem, the CVAX CPU contains a 1 KByte, two-
way associative, 8-byte block cache memory. Cache memory can be configured to store I-stream
only, I-stream and D-stream, or D-stream only (diagnostic use) references.

Organization—The CVAX CPU cache memory is organized into two sets of 64 rows as shown in
Figure 34. Each row in a set is made up of a Valid (V) bit, a 20-bit tag with parity, and 8-byte data
block with byte panty showrl in Figure 35.

SET1 ‘ R SET2
. .
TAG DATA TAG DATA
(20-BITS WITH " (BBYTESWITH PARITY) (20-BITSWITH | ' (8 BYTES WITH PARITY)
26 ROWS PARITY AND 26 ROWS PARITY AND
¢ VALID BIT) VALID BIT)
93 72 71 00 93 LUT2TU s i 00

Fzgwe 34. CVAX 780 34 C acbe Memory Oigamzatzon '

19 T oo

“i83 86 55 a8 - a7 4o 38 s om0 za 23 16 15 08T o7 o0

“lel eyt el evres |e{ BvrEs |e| evres [p| svre3 |P|Evez2 " |p| Tevrer e} svree |

P = PARITY BIT
V = VALID BIT

~ Figure 35+ CVAX 78034 Cache Tag and Data Format

Control ‘ ' " Co e S
Operation of cache memory is controlled by the Cache Disable Register (CADR) and the CCTL
signal. Status informatiomis reported by the Memory Error Register (MEMER) ‘and CSDP3. The
CADR register determines the operating mode of the cache and selects the set(s) to be enabled.
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External logic can use the CCTL signal to prevent the storing of data in cache during CPU read
cycles and-to invalidate cache entries during DMA cycles that write to a memory location stored in
cache. CSDP3 allows external logic to track the set in the internal cache that has been aﬂor:ated
This allows a coherent external cache memory system to be constructed.

Access—A cache memory location is accessed by a physical address generated by the CPU. The
cache physical addresses are shown in Flgure 36 The fumtmn of each fxeld of the physxcal address
“is descnbed in Table 20.

2928 0908 0302 00

L T A O N O S CANY 0 I A
LABEL CACHE INDEX, .
llllltllillllllilll'»r‘l”fl”“lfl Ligr
{/0 SPACE P T s i e BWE/WORD/LONGW@RD
. . SR - ISELECT oo

Fi zgure 36+ CVAX 78034 P/oyszczzl Address for Cacbc'ﬂccess

i

Table 20 - CVAX 78034 Physical Address 'Déécfi[ition

Bit Description

29 1O '("input/o‘utput)ii‘—"fh.is bit indicates whether the '}é)}iyéitél address is iiﬁ/@ space. When
set, the physical address.isiin I/O space. I/O space references are never stored in c‘ache‘. i

28:09 .- Label-These bits are compared to thc TAG fleld(s) of the row selected by the Cache
Index bits 08:03. i

08:03 = Cache Index—These bits select the row in cache memory to be accessed

02:00 Byte/Word/Longword Select—These bits select the bytes to be accessed in thc data block
when there is a cache hit.-

Cachable reference—A cachable reference has the followmg characterlstlcs

» The reference matches the type seleuted by bits 05 04 of the (ADR These are I stream onlv,
I-stream and D- stream, or D- stream only (dlagnostlc use)

« The reference i is notaread Iock reference e e

» The reference is not in I/O space, bit 29 of the physmal address i5 0.

‘Cache hit—A cache hit occurs when the requested data is present and valid in cache. memory. Ahit
is recognized when the label field of the physical address is the same as a tag in the selected set(s)
and the entry is valid, During a CPU read operation, the data is from cache memory and no external
bus cycle is performed. During a CPU write operation, cache memory and external memory are
updated. This is defined as a write-through. , -

Cache miss— A cache miss occurs when the requested data is not in cache memory or is not valid. A
cache miss during a CPU read operation resalts in a cache allocation if the reference is a cachable. A
cache location cannot be allocated on a write-miss.

-Cache allocation—The CVAX CPU allocates a ca(,he memory Iocauon when a CPU read operation
to a cacheable reference results in'a cache miss. When the CVAX allocates a cache memorylocation,
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it initiates a multiple transfer CPU read cycle. This bus cycle will read two longwords from memory
to fill the allocated 8-byte row in cache. The first longword read is the one that contains the data
requested by the CPU (preferred longword). The second longword read completes the quadword in
the row.

Random set selection is used when both sets in cache memory are selected. The CPU does not
differentiate between valid and invalid entries when selecting the set for a cache allocation. When
the CPU allocates a row in cache, it clears the valid bit for the row in the selected set, fetches the
preferred longword, fills the row with the second longword, and sets the valid bit if no errors occur.
Refer to the Multiple Transfer CPU Read Cycles section.

Error Handling

The response of the CVAX 78034 CPU to ertors depends on the type of etror reported and the
function being performed at the time the error was reported. Some errors result in an interrupt,
and the CPU responds to other errors. Errors reported by the assertion of the CRD, MEMERR, and
PWRFL signals generate interrupts. Bus errors, DAL parity errors, cache parity errors, and memory
management errors have a defined response from the CPU.

Bus errors— External logic notifies the CPU of a bus error by asserting the ERR signal during a bus
cycle. The response of the CPU to a bus errors is summarized in Table 21. External logic can also
request a retry of some bus cycles by asserting the ERR and RDY signals.

Table 21 - CVAX 78034 Response to Bus Errors and DAL Parity Errors

Cycle type Prefetch ~ Cache' Error status® Results

demand D-stream . — entry is logged in machine check -
(read) invalidated MESRbits 06:05 abort

write — . —_ — machine check

‘ abort

request D-stream  — entry is logged in —_

(read) invalidated MESR bit 06
«tequest I-stream prefetch entry is logged in ( —

(read) halted invalidated MSER bit 06

"The entire row in cache memory selected by the faulting address is invalidated whether the
reference is cachable or not cachable. The entries from both sets are invalidated.
*Only DAL parity errors will log the status.

DAL parity errors—E xternal logic enables DAL parity checking by asserting the DPE signal. Each
8-bit byte of DAL data is conditionally checked by a parity bit. Odd data bytes have odd parity and
even data bytes have even parity. The parity sense is alternated in order to detect stuck-at-one faults
and stuck-at-zero faults. DAL parity checking can be disabled, referente by reference, by
deasserting the DPE signal.

The action following the detection of a DAL parity etror depends on the type of refeérence; During a
demand D-stream reference, the cache entry is invalidated, the cause of the error is logged in the
MSER bits 06:05, and a machine check abort is initiated. During request D-stream and I-stream
references, the cache entry is invalidated, the cause of the error is logged in MSER b1t 06, and no
abort occurs. Table 21 lists responses of the CPU to DAL parity ertors. ;
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Cache parity—The CVAX CPU protects the internal cache with parity. Each 8-bit byte of cache
data and the 20-bit tag field is checked by a parity bit. Odd data bytes record odd parity and even
data bytes record even parity. The tag field records odd parity. The stored parity is valid only when
the valid bit associated with the cache entry is set. Cache parity is checked on all cachable read and
write references that can be stored in cache and on DMA invalidate cycles Read cycles report cache
parity errors when a valid tag matches bits 28:09 of the physical address and either the stored tag or
the longword selected by address bit 02 generate a parity error. Write and DMA invalidate cycles
repott cache parity errors when a valxd tag matches bits 28:09 of the physical address and the stored
tag generates a parity error.

The results of detecting a cache parity error depend on the reference type Durmg a demand
‘D-stream reference, the entire cacheé is cleared and disabled (CADR is cleared), the cause of the
error is logged in MSER bits 04:00, and a machine check abort is initiated. During a DMA
invalidate cycle, the cache remains unchanged, the cause of the errot is logged in MSER bits 3:0,

V and an abort does not oceur. During a request I-stream reference, the entire cache is cleared but it
remains enabled, the. cause of the error is Iogged in MSER bits 3:0; prefetchmg is halted and an
abort does not occurs.. : ;

The responses of the CPU to cache pmt’y errots is hsted in Table 22.

; ~ Table 22 CVAX 78034 ResponsetoCache P’m:xty Ertor S
Cydetype  Prefewch Cache . 1 ' Errorstatus ~  Results

demaﬁd‘D-stream‘ L e clearcache loggedin ~ machine check
(read) and disabled! MSER bits 04:00 abort
write — ' ' clear cache” loggedin -
cache hit - : MSER bits 03: ()02

DMA invalidate . — no cache loggedin . —
cache hit ; change MSER bits 03:00* -
write : = (not possible) g ;
cache miss

request D-stream ’ (not possibley

(read)

request I-stream  prefetch clear cache! logged in —
(read) halted MSER bits 03:00

'The cache is cleared only if CADR bit 00 is cleared.
*A parity error is detected only in the tags.

Memory Management Ertor—The CPU response to-memory management faults is listed in Table
23. Refer to Memory-management Faults for a descmptlon of memory management faults.

Table 23 - CVAX 78034 Response to 'Mémory-management Faults

Cycle type Prefetch Results
demand D-stream — memory-management fault (ACV, TNV, etc.)
(read)
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Cycle type " Prefetch ©  Results’ | ’ L
write : —ﬂ— L o ;memérwmanégexﬁent fatﬂt (ACV,«,TNV, etc.) ‘
' reques"‘t‘D-stréani‘ ' (i}pf poés'ibl(fr)" '
(read) R
. request I-stream prefetch halted
(read)
Interfacing Requirements

‘The power supply; clock timing, and bus connectmns to the CVAX CPU chip are descnbed in the
, followmg paragraphs ,

. Power and Ground Connections" ‘ o ” ‘
The CVAX 78034 requires a single' 5-volt power supply. Six Vi pins and six Vi, pins connect to the

- power supply and ground. The TEST/V,s pin connects to the supply ground or can be used for test
purposes. Figure 37 shows the power and ground connection and decouphng Table 24 lists the
CVAX CPU pin and associated power and ground requirements.”

Note
Care must be taken when connecting the Vi, and Vs pins. The Vyp pins should be connected
together and to the 5-volt power plane using short wires. The Vi pins should also connect together
and to the ground plane using short leads. The power supply should be decoupled by connecting a
0.33 fand'a 0.047 f ceramic or equivalent capacitor between each Vo, pin and its associated Vs pin.

" vS$ cs E 53\ voc:L .
’ ; PR ERE B A

p ~
047{ .33 . 33| .047 .
+5V VoD 76 . E 52 ves 1l
+5V v 77 :
‘ ‘ VSS
51 p————{t
047 33
[l
- VDD :
+5V°‘TT‘51 CVAX 78034 CPYU .
sl 33 5
VSS

o] o[ |

ALL VALUES IN uF ALl CAF‘ACITOHS CERAMIC OR EQUIVALENT.,

 Figure 37 « CVAX 78034 CPU Power and Ground Connections
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Table 24 = CVAX 78034 CPU Power Distribution

Pin Type Output signals powered

76,53 Voo DAL<31:00>,BM<3:0>

7552 Vg - DAL<31:00>,BM<3:0>

77 Voo caiéhé and internal IDAL drivers

51 Vis o \,cache and mternal IDAL drwers

1,36 Voo mtefnal Iagn: :

2,37 Vi, internal logm ; T

21 Voo CPDAT<5:0>, CPSAT< 10>, TEST ‘c“:‘v”c?’a‘ CCTL, "ISM'G DS, AS,

DBE» fWR CSDP<3:.0> . Py

22 \Iqs ' "~ CPDAT<5:0>, CPSAT<1:0>, TEST CWB CCTL, DMG DS, WR,
‘ c<’ﬁ§“«&"§’"ﬁ’§

20 Vi AS ‘V

Clocks and Synchronization:

The CVAX CPU uses two precision MOS, clock inputs to generate its internal timing and control
signals. These clocks are provided by the CVAX 78135 clock generator. The TTL level oscillator
input pro\ndes the two 180 degree phase shifted, precision MOS clock signals required by the
CPU.

The RESFT RDY, and ERR 51gnals to the CPU must be asserted synchronously with respect to the
CLKA and CLKB inputs. To aid the system designer, the CVAX 78135 clock (CCLOCK) generator
provides a common synchronization point for these signals. This allows peripheral support chips
and other devices to operate asynchronously with the CCLOCK and to synchronize these inputs to
meet the timing requitements of the CPU. Figure 38 shows the CVAX 78135 CCLOCK in a CVAX
78034 CPU system. Care must be taken during board layout to limit the amount of skew between
the CLKA and CLKB inputs of the CVAX CPU so that the timing parameters are met.
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IR Y:] s J—
" vss —1 _
P iy h
 TEST CONTROL ~={TesT ‘
TEST CLOCK SOURCE smremmeememeetid TCLK N
1 CLKIN
1T osc MCLKA.B -
RESET -
e RDY
POWER UP CVAX 78034
LoGIC SYSRESET =, e
SYSRDY o
G
SYSERR = —
ACLKA, B, C
CVAX 78135 -
ASYNCHRONOUS CLOCK CHIP
SYSTEM
INTERFACE CVAX 78134
: FPA
OTHER
SYNCHRONOUS
SUPPORT
CHIPS
NOTE: -

TEST, TCLK__IN, SYSRDY, SYSERR, RDY,
AND ERR REQUIRE PULL-UP RESISTORS. -

Figure 38+ CVAX 78034 CPU SyStem with CVAX 78135 Clock Genentor

Strobe Termination

To eliminate interactions between the output strobes of the CVAX 78034 CPU, each strobe output
must be terminated with a series resistor. The strobe ouputs that requiring resistors are AS, DS,
DBE, WR, DPE, CSDP < 3:0>, and CWB. The resistor value should be from 20Q to 47Q, however,
the value depends on the layout and loading of each strobe. The resistor value selected should
dampen the transmission line reflections. A 10Q series resistor reduces a glitch by approximately
1.0 volt. The terminating resistors should be connected as close to the signal pin as possible.

Bus Cycles
The CVAX CPU performs a bus cycle when

« Reading or writing information to or from memory, a peripheral device, or an externally
implemented processor register.

= Acknowledging an interrupt and reading a device interrupt vector.

= Transferring information from or to the CVAX 78134 FPA,
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Figure 39 shows the bus connections used by the CVAX CPU.

e HALT . DS - : e EAELENEE. .
et} PAVRFL %, ‘ =
INTERRUPT | %] CRD aM<3:0> : :
CONTROL | ] TAEMERR : BYTEMASK | BW<30>
el INTTIM - . !
) [RG<3:0> _
1 CONTROL STATUS |~ T8<2.0>
fpatcw o T
CVAX 78034
CENTRAL PROCESSOR
UNIT £ §
e PRy ] DFE0S
CS DP<3:0> TRANSCEIVERS —_—
WRITE 1. b e
B ik oI M AR
"DBE - BEE
DMA - i D,,H ; . [ DTS o [e) ‘ ! L :
CONTROL \. e BT i ; i »
B ) : [PUIREgE ¥ : A para :
DAL<31:005 c:—-—:_> Thanscevens [CBO<ITOE> >
’ " ADDRESS "
LATCH
CACHE MEMORY p— B B -
- ANDWRITE Burrer { T ] STt =
CONTROL & e 377 : oap
: D DAL<31:00>
| CPETA1:05 fatwameirs W crsTa< 10
CPDAT<5:03 b et CPOBT<5:05 .
R RCRIBE bepit : a
CLKB =+ CLKB cvgx%man, )
: FLOATING-POINT]
; RES A RESET ot FRATOR. - J
. . . ; i | ACCEL ‘ﬁ“D""(
Y
: CLKB  RDY. Eﬁﬁ
et RESET wE B

Figure 39+ CVAX 78034 CPU Bus Connections

A microcycle is the basic timing unit for a bus cycle. A microcycle is defined as four clock phases (P1
through P4) as shown in Figure 40. Detailed timing information for the following bus cycles is
contained in the ac Electrical Characteristics.

et MICROCYCLE MICROCYCLE

23

=/ N\

Pa

T\

P3

N/

N\ /N

e an

Figure 40» CVAX 78034 Microcycle
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Idle cycle—An idle cycle requires one’ microcycle. During an idle cycle; DAL< 31:00> are

undefined and the bus control signals are not asserted.

Single transfer CPU read cycle—During a single transfer CPU read cycle, shown in Figure 41, the

CPU reads'a minimum of one longword from main memory or from an IfO device. A single transfer

CPU read cycle requires two or more microcycles. Additional microcycles are always in increments

of a microcycle. The sequence of events is

1. The CPU transfers the physical longword address onto DAL <29:02>. DAL <31:30> are set to
01 to indicate a single longword transfer.

2. BM<3:0> and CSDP< 3:0> are asserted as required and WR is negated.

3. The CPU asserts AS indicating that the physical address, BM< 3:0>, CSDP < 3.0 >, and WR
are valid and can be latched. o

4. The CPU asserts DBE to enable'the external interface to drive the DAL and asserts DS to indicate
that DAL are available to receive the incoming data.

5. The CPU checks for a complete cycle once every two clock phases starting at the next possible P1
edge. The three Responses are used by external logic to indicate to the CPU that the cycle is
complete are o e
a. If no error occurs, external logic places the required data on DAL<31:00> and parity
information on CSD < 3:0 >, asserts DPE if DAL parity is to be checked, and asserts RDY with
ERR deasserted. The CPU reads the data and corresponding byte parity information from
DAL < 31:00> and CSDP < 3:0>. If a parity error occurs, the appropriate error information is
logged in the memory system etror register, the CPU ignores the data on DAL < 31:00>, and
generates a machine check if the cycle was a demand read cycle.

b. If an error occurs, external logic asserts ERR with RDY deasserted. The CPU ignores the data
on DAL < 31:00> and generates a machine check if the cycle was a demand read cycle. An error
will be recognized only if RDY is deasserted for two consecutive P1 sample points. If the error
response (ERR asserted and RDY deasserted) is detected at the first P1 sample point, but RDY is
asserted at the second P1 sample point, the cycle will terminate according to the retry protocol.

c. External logic can request a retry of the cycle by asserting RDY and ERR. Retrying a read cycle
can eliminate deadlocks on the DAL because the CPU guarantees that bus arbitration occurs
before the cycle is restarted (DMG will be granted if DMR is asserted). Certain request read
cycles will not reissue a bus cycle if they are retried. Specifically, if the retry occurs on a prefetch
reference, the operation may not be reissued because the CPU may execute a branch operation
before the prefetch can be retried.

6 The CPU completes the cycle by deasserting DS, DBE and AS.
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Figure 41 + CVAX 78034 Single ,:f;»;ffzsfer?:c.pg Read Cycle

Multiple transfer CPU read cycle—During multiple transfer CPU read cycles shown in Figure 42,
the CPU reads two longwords (one quadword) from main memory. A multiple transfer CPU read
cycle requires a minimum of three microcycles. Each longword transfer may be increased in
increments of one microcycle. I/O space read references always occur as single transfer read cvcles.
The sequence of events for a multiple transfer CPU read cycle is

1. The CPU transfers the physical address of the preferred longword that is to be accessed onto
DAL <29:02>. This address can be aligned with either of the longword addresses within the
quadword block. DAL < 31:30 > are set to 10 to indicate a quadword transfer. The CPU sends an
address only on the initial longword (preferred) transfer of a multiple transfer read cycle. The
address associated with the second (cache fill) transfer is implied and therefore is not transferred
by the CPU. External logic can generate the implied address by inverting address bit 02 of the
preferred address. All references, therefore, remain within a quadword block. For example, if
the initial longword address in a quadword transfer is 0007FB36 (hexadecimal), the implied
address is 0007FB32.
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2. BM<3:0> and CSDP<3:0> are asserted and WR is not asserted. .

3. The CPU asserts AS to indicate that the physical address, BM < 3:0>, CSDP< 3:0> and WR
are valid and can be latched. ,

4. The CPU asserts DBE to indicate that the external 1nterface can transfer mformatxon onto
DAL < 31:00>. DBE is not asserted between each data transfer.

5. The CPU asserts DS for each data transfer to indicate that DAL <31:00> are available to receive
incoming data.

6. The CPU checks for a complete cycle after each longword transfer. This check is performed once
every microcycle at the first P1 edge after DS is asserted for each transfer. The response by the
external logic is

a. If no error occurs, external logic places the required data on DAL< 31:00> and parity
information on CSDP < 3:0 >, asserts DPE if DAL parity is to be checked, asserts CCTL if data
caching is to be prevented, and asserts RDY with ERR deasserted for each transfer. The CPU
reads the data from the DAL lines and the corresponding byte parity information from
CSDP<3:0> and deasserts DS. If data caching was not prevented (CCTL deasserted), the CPU
continues on to read the next longword by reasserting DS. If data caching is prevented, the cycle
immediately terminates without reading the second longword of data. If a parity error occurs,
the appropriate error information is logged into the MSER register, the CPU ignores the data on
DAL < 31:00> and generates a machine check if the cycle was a demand read cycle. If a DAL
parity error is detected on the first longword transfer, the CPU will perform the second data
transfer and ignore the data.

b. If an error occurs during either data transfer, external logic asserts ERR with RDY deasserted.
The CPU “ignores the data on DAL<31:00>, terminates the cycle without reading any
additional data, and generates a machine check if the cycle was a demand read cycle. Only the
first transfer can be.a demand cycle. An error will be recognized only if RDY is deasserted for
two consecutive P1 sample points. If the error response (ERR asserted and RDY deasserted) is
detected at the first P1 sample point but RDY is asserted at the second P1 sample point, the cycle
will terminate accordmg to the retry protocol.

¢. To request a retry, external logic asserts both RDY and ERR. Retrying a read cycle can
eliminate DAL deadlocks because the CPU guarantees that bus arbitration occurs before the
cycle is restarted (DMG will be granted if DMR is asserted). If the retry occurs during the second
longword transfer, the read cycle will not be reissued.

7. The CPU completes the cycle by deasserting AS, DBE, and DS.
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Figure 42« CVAX 78034 Multiple Transfer CPU Read Cycle

Normally, 2 multiple transfer CPU read  cycle reads two longwords of data. However, the cycle
terminates after the first data transfer if ERR is asserted and RDY is deasserted (memory error), or

if CCTL is assertcd to prevent data cachlng The cycle does not terminate early if a DAL parity error.
is detected on the first transfer Table 25 lists the possxble multlple transfer cycle responses.

Table 25  CVAX 78034 Responses to a Multiple Trarisfer CPU Read Cycle

Condition DAL patity Action - R ,

CCTL RDY ERR emor First reference Second reference

X H H ‘ X ' wait fof data wa.lt for data

X “H L X machine check if demand  no machihe check -
“invalidate cache entry ' invalidate cache entry
‘no second reference E

H L H H no machine check . 'no machine check

__proceed to second reference

update cache

update cache
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Condition DAL parity Action
CCTL RDY ERR  error First reference Second reference
L L - H H no machine check . no machine check
‘ invalidate cache entry update cache
no second reference
H L H L " machine check if demand no machine check
' " invalidate cacheentry =~ invalidate cache entry
log error in MSER log error in MSER
~ proceed to second reference
L L H L machine check if demand ~ no machine check
’ invalidate cache entry invalidate cache entry
log etror in MSER log error in MSER
no second reference
X no machine check no machine check

no cache change

no second reference-retry ~

invalidate cache entry
no retry

X is either hlgh or low level

CPU Write Cycle—During a CPU write cycle, shown in Figure 43, the CPU writes information to

main memory or-to an I/O device. A CPU write cycle requires 2 minimum of two microcycles. Each

transfer can be increased in increments of one microcycle. The sequence of events for a CPU write

cycle is X

1. The CPU chlp transfers the phvsm:il Iongword address onto DAL <29:02>. DAL < 31:30> are
set to 01 to indicate a longword transfer.

2. BM<3:0> and CSDP<3:0> are asserted as required and WR is asserted

3. The CPU asserts AS to indicate that the physmal address, BM<3:0>, CSDP<3:0>, and WR
are valid and can be latched.

4. The CPU asserts DBE to indicate the write data can be transferred onto an external bus. -

5. The CPU transfers the output data onto DAL< 31:00> and byte parity information onto

CSDP< 3:0>, asserts DPE to indicate that valid parity information is available, and asserts DS

to indicate that the DAL contains valid data.

6. The CPU checks for a complete cycle once every two clock phases starting at the next possible
P1. The response of the external logic is : :

a. If no error occurs, external logic reads the data from the DAL < 31 00> and asserts RDY with
ERR deasserted.

b. If an error occurs, external Ioglc asserts ERR with RDY deasserted. Aborting a write rite cycle
generates a machine check. External logic can report a DAL parity etror by asserting ERR and
deasserting RDY. An error will be recognized only if RDY is deasserted for two consecutive P1
sample points, If the error response ERR asserted and RDY deasserted) is detected at the first P1
sample point but RDY is asserted at the second P1 sample pomt the cycle will terminate
- according to the retry protocol. .

¢. To request a retry, external logic asserts both RDY and ERR. DAL arbitration occurs after the
write operation is terminated.

7. The CPU completes the cycle by deaésefting AS, DBE, and DS.
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External Processor Register Read Cycle—An external processor tegistér read cycle'is initiated
when a category 3 processor register (refer to. Processor.Registers)is read using a MFPR instruction.
The external processor register read cycle is the same as a single transfer CPU read cycle shown in
Figure 41. This cycle requires a minimum of two microeycles and can be extended.in increments of
one microcycle. The sequence of events for an éxternal processor register read cycleis - - -

1.

. BM<3:0> are all asserted, CSDP <3+
. The CPU asserts AS indicating that the neglster number BM < 3 1‘3> C‘SDP< 3 0 > and ‘W_

The CPU transfers the processor register rmmbefr onto DAL< 07 02 >, and DAL < 31 30 > ‘are
set to 01 to indicate longword transfer:

< are assérted as requwe& and WRis unassea‘tefd

are valid and can be latched. - i

4. The CPU asserts DBE to indicate. that, read glat@ can be. transgerredmnm the !AL

. The CPU asserts DS to indicate that DAL are available to: receive incoming data. e
. The CPU checks for a complete cycie once every two clock phases at the next posalblc Pl The

response of external logicis =~ ;

a. If the processor register is 1mplemented extema] logxc transfers the neqmred data on
DAL < 31:00>, deasserts DPE, and asserts R 5 wn:h Edeasserted The CPU reads rhe data‘

- from DAL < 31:002> .. TR

b. If the processor registet is riot xmpierrfemed external loglc asserts ERR wrth Ei')'" deasserted
The CPU ignotes the data on DAL < 31: 00> and internally forces the result to zero. A detected

parity érror will force the result to zero and is not reported Therefore, it is recommendéd that
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DPE remain deasserted during a processor register read. The unimplemented response will be
recognized only if RDY is deasserted for two consecutive P1 sample points. If this response (ERR
asserted and RDY deasserted) is detected at the first P1 sample point but RDY is asserted at the
second P1 sample point, the cycle will temunate according to the retry protocol.

¢. To request a retry, external logic asserts both RDY RDY and ERR. DAL arbitration occurs after the
initial read cycle is terminated.

The CPU completes the cycle by deasserting AS, DBE, and DS. -

External Processor Register Write Cycle—An external processor register write cycle is initiated
when a category 3 processor register (refer to Processor Registers) is written using.a MTPR
instruction. An external processor register wiite cycle is the same as a CPU write cycle shown in
Figure 43. This cycle requires a minimum of two microcycles and may be extended in increments of
one microcycle. The sequence of events for an external processor register write cycle is

1.

The CPU transfers the processor register number onto DAL < 07:02> and DAL <31:30> are
set to 01 to indicate a longword transfer.

2. BM<3:0> are all asserted, CSDP< 3:0> are asserted as required, and WR is asserted.

. The CPU asserts AS to indicate that the reglster number, BM<3:0>, CSDP<3:0> and WR

are valid and can be latched.

. The CPU asserts DBE to indicate that the data to be written can be transferred onto an external

bus.

. The CPU transfers the data onto DAL<31 00> and asserts DS to mchcate that the DAL

contains valid data.

. The CPU checks for a complete cycle once every two clock phases starting at the next possible

P1. The response of the external logic is

a. If the processor register is implemented, external loglc reads the data from DAL and asserts
RDY while ERR is deasserted. . :

- b. If the processor register is not implemented, extcma!

logic either responds as if the register is implemented by asserting ERR when RDY is deasserted :

" Both responses have the same effect and no special action is taken. The unimplemenited:

response initiates no special action only if RDY is deasserted for two consecutive P1 sample

- points. If this response is detected at the first P1 sample point, but RDY is Asserted at the

7.

second P1 sample point, the cycle will terminate according to the retry protocol..

c. To request a retry, external logic. asserts both RDY and ERR. DAL arbitration occurs after the
initial write cycle is terminated.

The CPU completes the cycle by deassertmg AS DBE and DS.

Interrupt Acknowledge Cycle—An interrupt acknowledge cycle sequence: is snmlar toa smgle
transfer CPU read cycle shown in Figure 41. The sequence of events is :

1.

DAL < 06:02> transfers the IPL of the interrupt being acknowledged with TPL 17, IPL 16, IPL
15 and IPL 14 as IRQ3, IRQ2, IRQ1, and IRQO, respectlvely DAL < 31:30 > are set to 01, and
DAL <29:07 > and DAL < 01:00> are set to zeros, ~

. The data read is used to generate the vector and new IPL far t:he mterrupr sequence. Bits 15:02

of the incoming data are used to create the vector offset within the system ‘control block: The
new processor status longword priority level is determined either by the external interrupt

‘ ‘request level that caused the interrupt or by bit 00 of the value supplied by external hardware. If

‘bxt 001is 0, the new IPLis determined by the interrupt request level being serviced. TRQ3 sets the
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. IPL to 17 (hexadecimal) and IRQO to IPL 14 (hexadecimal). If bit 00 of the value supplied by
, e);temal hardware is 1, the new IPL is forced to 17 (hexadecimal). Bits <31:16> and bit 01 of
the incoming data are ignored.

3. Assertion of ERR in the proper order with RDY causes the bus cycle to be reissued or aborted.
An abort causes the DAL data to be ignored and the CPU continues as if the interrupt request
never occurred (passive release of the interrupt request) A detected DAL parity error also causes
a passive release and is not reported. Therefore, it is recommended that T remam deasserted
during an interrupt acknowledge cycle.

DMA Grant Cycle—The CPU can mlmquxsh its control of the DAL bus and related control slgnals
upon request from a DMA device or another CPU. Figure 44 shows the sequence of the DMA grant
cycle. The sequence is

1. The external dewce requests controlof the bus by assertmg DMR

2. At the conclusion of the current bus cycle, the CPU responds by causmg DAL < 31:00> S,

WR, DBE, BM<3:0>, and CSDP <3:0>to become a high mlpedance and asserts
3. The exfernal device: rray now use the DAL to transfer data.

4. To return control of DAL to the CPU, the external device deasserts DMR DMR The CPU responds by
deasserting DMG and starting the next bus cycle.

,AS,
M

The CPU ensures that successive DMA requests (DMR asserted) cannot. pmvent-aﬂ CPU activity. As
an example, one CVAX cycle can occur bétween two successive assertions of DMR.

X_/'*m IW

o —4
MG
\ it 1.
. . . . r LA . : "
¢ - ;
= om " . 4 e i - . .
DMA DEVICE] 2 -
B . . . Ry
TS (FROM 'l' - ) ” "
TS (FROM (VAX) d )
AS BBE D9E, i § {6
Wh BR<EES " "
{ - -
DAL=31-00: L N v /
BF<aD: . r T
1 . |

Figure 44 » CVAX 78034 DMA Grant Cycle

Cache Invalidate Cycles—External logic initiates a conditional cache invalidate cycle, shown in
Figures 45 and 46, to allow the CPU to detect and invalidate stale data that is stored in the cache. A
conditional invalidate cycle uses a minimum of three rmcrocycles The sequence of events for a
cache invalidate cycle is

1. After DMG is asserted by the CPU, extemai icg)c asynchmnously tmnsfers the physlca} address

" onto DAL < 31:00>, asynchronously asserts &S to latch ‘the address into the CPU, and

asynchronously asserts CCTL to start a conditional invalidate cycle.

2. The CPU invalidates the quadword cache entry sélected by the DMA address if the location is
stored in the cache.

Confidential and Proprietary 169




dilolit 2/ S Preliminary -~ CVAX 78034

3. External logic deasserts CCTL and optionally reasserts CCTL to conditionally invalidate the
“alternate quadword formed by inverting address bit 03 of the physical address. This allows
external logic to detect and invalidate stale data stored in any naturally aligned octaword. =

4; The cycle ends when external logic deasserts both S and TCTL. '

If a cache parity error is detected during the condltlonal invalidate operatlon no macEme check is
generated no invalidate occurs, and the error xs logged in the MSER.’

The CPU detects and invalidates quadword stale data in three microcycles. Therefore the
maximum cache invalidate rate cannot exceed 8-byte or three microcycles (nommally 26 6 Mbytes)
per secorrd

P3 e P3 Pl P3 Pt P
o W \ / \ /-_~\_.
: R : Cohe ’ - TWO EYCLE

J ¢
P
I
i NEXT OMA
DAL«<37:00> DMA ADDRESS o ADDRESS
T ¥

Figure 45 » CVAX 78034 Quadword Cache Ivalidate Cycle

Py P » 4 P £3 P P

TWO CVCLE
DELAY

MAMI\_

=T ks

d
T 3T 1} —
DALZ 3160 » OM4 ADDRESS
| { it

%
A =

Figure 46+ C WIX 78034 Octaword Cache Invalidate Cycle

Copmcessor Protocols : ; T . ' :

Coprocessor protocols are used by the CVAX CPU when commumcatmg w1th the optlonal CVAX
78134 FPA (CFPA). These devices communicate with each other through the CPSTA < 1:0> and
CPDAT < 5:0 > lines and DAL < 31:00>, CPSTA < 1:0> inform the CPU or CFPA ori thé method
of interpretation of the CPDAT < 5:0> information. The CPDAT < 5:0 > lines transfer opcode and
control information to the CFPA and return condirion code and exception status to the CPU.
DAL < 31:00> are used to transfer operands and results.
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The protocol for the transfer of information between the two devices is -+
1. The CPU sends the opcode for the instruction to be executed and the operand(s) to the CFPA.

2. The CPU waits for the CFPA to complete the instruction. DMA devices may be granted use of
DAL < 31:00 > and its associated control signals while the CPU waits. .

3. The CFPA notifies the CPU that the result is ready. Condition codes. and error information are
transferred on CPDAT < 5:0> lines by the FPA.

4 The CFPA transfers any results of the computauon thmugh DAL < 31 {}{3 > durmg consecutive
microcyeles. ¢ g .
5. When the operation is. complete the CPU can mnd am)ther opcade o the CFPA

Opcode Transfer-—The CPU transfers opcode information to the CFPA when the CFPA is ready to
execute an instruction, The transfer cycle is shown in Figre 47. The CPU tran

bits of the opcode onto the CPDAT <'5:0> hnes and the optocle type (F D (} fioatmg or 1meger)

onto.the CPSTA< 1:0> hnes

P2 P4 -y P2,

OPCODE ON CPDAT

CPDAT<5:0> . X ppeooe X ’
. e EXEEUTION G NEW . E ST
VAX INSTRUCTION. . 5
BEGINS

Figure 47 « CVAX 78034 Opcode Transfer Cycle =

CPSTA<1:0> £ ' B #/0. 6 OR INTEGER X

Operand Transfer—After sending the opcode to the CFPA, the CPU transfers the necessary
operands to the CFPA as shown in Figures 48 and 49. The operand(s) can originate from the general
reglsters or the internal cache memory of the CRU or.from eﬁé:@rnal memory,; The CFPA monitors
the &S signal to determine if the source of the operand. When &S is deasserted, the operand is from
the CPU. When AS is asserted, the operand is from external memory. The protocol used for an
operand transfer is

1. The CPU sets the CPSTA< 1:0> lines to 00 to mdmate that the operation is encoded on
CPDAT <5:0>.
2. The CPU transfers information related to the operand transfer onto CPDAT < 5:0>. The line
information is
CPDAT Line Description
<5:4> Address alignment code. These are zeros when the operand originates from
general registers. They transfer the two low-order address bits of the reference
when the operand originates from cache or external memory.

3 0 for an operand transfer.
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CPDAT Line Description. - .. 1 .. |

0 when PSL 06is cleared

1 when PSLG is set

0 for no action S :
1 when DAL < 31:00> contains the operand -

0 for no action
1 when DAL <05:00> is a short literal (DAL < 31:06> are zeros.

3. The operand is transferred to the CFPA on DAL < 31:00>. The CFPA aligns all unahgned data.
When the operand originates from external memory (A5 asserted), the CFPA reads
DAL < 31:00 > according to the full memory read protocol (RDY and/or ERR asserted). When
the operand originates from the general registers or internal cache memory of the CPU, the data

s transferred onto DAL < 31:00> at P3 of the cycle and sampled by the FPA at the next P1.
4. If a parity error is detected by the CPU when the soutce of the operand is either the internal

cache memory or external memoty, it aborts the FPA operation. The CPU aborts the operation
by not informing the CFPA of the current result. The CFPA is reset when the CPU sends a new

opcode.
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CPSTA<T:0> o o >\ - o A )
CPDAT<5:0> X OPERAND ON DAL X
DAL<31:00> ) X OPERAND X )

Figure 48 » CVAX 78034 Single-precision CPU to CFPA Transfer
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CLKB.

CPSTA<1:0>. - | i¢ i :
fei Res A S I SRR Rd S e (R
CPDAT<5:0>" '~ 7 X OPERAND ON DAL o X OPERAND ON DAL X
DAL<31:00> . x FIRST OPERAND X " X SECOND OPERAND X
1 ; SE e £ g P Torie 3

ngmé 49+ CVAX 78034 Dréyuglé:})recis;én CPElto CFM Tramfer . |

CFPA Result Transfer—-After receiving the opcode and otpera‘ ds, th»c C F’PA executes the
instruction and transfers condition codes status information, and result of the computatlon to the
CPU. Flgure 50 showsv a sirigle- -precision CFPA to CPU transfer, and Flgure 51 shows a double-
precision CFPA to CPU transfer. The protocol for the transferis

1.

When the CPU is ready for a result it set the CPSTA << 1:0 > lines to zero and the CPDAT3 hne to
1. Ownership of CPSTA< 1:0> and CPDAT < 5:0>> lines is then transferred to the CFPA. The
DAL < 31 00> areset toa hxgh»lmpedancﬁstatc at the next P2 edge

. The CFPA. gaing ownershlp of the CPSTA < 1:0> and CPDAT <5:0 > lines by transfemng Zeros

on lines CPSTA<1:0> indicating that the result is not-‘ready and undefined-data on
CPDAT<5:0> during the next P3 edge. The CFPA continues to transfer zeros on
CPSTA < 1:0> ateach P3 edge. The CPU continuously monitors the CPSTA < 1:0>> lines until a
11 is present indicating that the result is ready. While waiting for the CFPA to retusn the result
ready condition, the CPU.can grant use of the DAL and its associated control signals (DMG
assérted) to 'a DMA device. The CPU asserts. DMG ¢ on.a. P4 edge and’ stops samphng
CPSTA < 1:0> until it deasserts DMG.

. The CFPA sets the CPSTA< 1:0> to 11 and transfers condltwn codes and status information on

lines CPDAT <5:0> on-the next P3-edge.-If a DMA ¢ycle-is-in-progress-or is gmnted on the
following P4 edge, the CFPA repeats the response until DMG is deasserted

. The CPU reads the CPDAT<5:0> information to determine the response of the FPA, and a

DMA request is not granted untxl the end of the operatlon The CPDAT<5 0> lines are
encoded as follows:

CPDAT Line Description

5

0 if the result clears the N bit of the PSL
1 if the result sets the N bit of the PSL

0 if the result clears the Z bit of the PSL
1 if the result sets the Z bit of the PSL

0 if the result clears the V bit of the PSL ’
1 if the result sets the V bit of the PSL (integer overflow/ACB condition met)
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<2:0>., These bits define the. status of the mformanon
: .. Code -Status ' .
000 .-~ protocol error - ]
0oL 7 reserved opeode’ 4
- 010 reserved operand trap
~ou divide by zero
1007 floating-point overflow
- 10t~ floating-point underflow
"110- - - reserved-—protocol error
m no error

CVAX 78034

Data transfer

aborted
aborted
aborted
aborted
aborted

“aborted

aborted

continue

The results are transferred on DAL < 31:00> in consecutive microcycles immediately following
the return of the condition codes. A single unaligned longword is transferred for a single-
precision result (F floating) and two unaligned longwords are transferred for a double-precision
result (D or G floating). The CPU ahgns the data and performs the fmal transfer if the

destination of the data is memory.

If CPDAT < 2:0> indicate a protocol error, reserved opcode, reserved operand trap, divide by

zero, floating-point overflow or underflow, no data i is transferred The CFPA will not return a

- floatmg -point undetflow ertor if PSL6 is clear.

5. The CFPA sets the C PSTA< 1: O> and CPDAT < 5: 0> ines to a hlgh lmpedance state on the
next P2 edge. The CPU gains control of CPSTA <1:0> and CPDAT < 5:0> on the followmg P3

edge to completc? the transfer.

P3 P3

/*‘"\/"\/‘"\/‘"\/“\;

CLKE

coruumcm )
CODES READY, I

CPSTAC<1:05

/ cj

. [ R [ ERTEI . . . :
CPDAT<5:0> X READY FOR RESULT . ).__.g M NO ERRORX
DAL<31:00> )___! {

L

e\l
L/L,J\/\/\/\/“

X -

DMG
. CVAXS DAL, CPDAT
AND CPSTA MASTER

o CFPAISCPOATAND
CPSTA MASTER

CVAX IS DAL,
CPDAT, AKD
i CPSTAMASTER

Figure 50+ CVAX 73’034 Sirlz'glye—pmcyz;s‘z‘on‘ CFPA to CPU Hansfw o b
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 Figure 51 CVAX 78034 Double-precision CEPA to CPU Transfer

Memory Access Protocol -
The 28-bit address provided by the CVAX CPU on DAL<29 02 > isd lcngwmd a&dfess that‘
uniquely identifies one of up to 268,435,456 32-bit memory Ioaa}:wms PU provic te,
masks on lines BM<3:0> to facilitate byte accesses within 32-bit mem{}ry locanons The CPU
imposes no restrictions on data alignment. Any data item regardless of size may- starf at ‘any
memory address except for the aligned operands of ADAWT and the interlocked queue instructions.

Memory is viewed as four parallel 8-bit banks each of which receives:the: longword address
DAL <29:02> in parallel. Each bank-reads or writes one byte of the data from DAL < ii’ 00 >
when its byte mask signal is asserted. Figure 52 shows the memory organization. 2

B3> ‘
[4 A ;r
gBITS
NI pe s
: : -
1 , } X i
© DAL<29:02>—e T | I ‘ | ) B
| I [ it Col RO
] I : i
'?a e
DAL<31:24> DAL<23:16> DAL<15:08> DAL<07:06>
Figure 52 « CVAX 78034 Memory Qrganization
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Any CPU read or write operation can be a byte access, word access within a longword, word access
across longwords, aligned longword access, or unaligned longword access: Quadword accesses are
performed as two successive longword accesses with no optimization. Byte accesses, word accesses
within a longword, and aligned longword accesses require one bus cycle. Word accesses that cross a
longword boundary and unaligned longword accesses require two bus cycles.

I-stream Prefetchmg

The CVAX CPU contains a-12-byte I-stream prefetch buffer orgamzed as three aligned longwords.
The CPU generates an I- stream prefetch cycle when an aligned longword in the buffer is empty. At
any time the CPU can use up to a maximum of 6 bytes from the prefetch buffer.

- Specifications
The mechanical, electrical, and environmental Specificétions of the CVAX 78034 are contained in

the following paragraphs. The test conditions for the values specified are listed as follows unless
indicated otherwise.

» Temperature (T,): 70°C -

. Power supply voltage (Vo): 4. BV
. Ground (Vss)

Mechamcal Conﬁguratmn ‘ ! :
The physical dimensions of the CVAX 78()34 CPU 84 pm surfacemount package are contamed in
the Appendix. :

Absolute Maximum Ratings

Stresses greater than the absolute maximum ratings may cause permanent damage to the device.
Exposure to thé absolute maximum ratings for extended periods of time may adversely affect the
reliability of the device. '

= Storage ﬁemperature range (Ty): -55°C to 125°C

» Active temperature range (T,,: 0°C to 125°C

» Power SUPPIY voltage (VDD): —Ojv to 70V e

« Input or output voltage applied: ~1.0 V to 7.0 V

Rf.comme'hded Operating :Conditions

- Temperature( m): 0°C 1o 70°C , ;
= Power supply voltage (V,,;,): 4.75 V»to 5.25v.
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dec Electrical Characteristics -
The dcinput and output parameters are hsted in Table 26

Tabie 26~ CVAX 78034 de Input aml Ontput Pammeters ittt it o1

Symbol Parameﬁer _

e Requmemems

= Umts ' Tcst Ctmdium

k High—lé%rel input o
| voltage (TTL)

" Lowlevel input
 voltage (TTL).

High-level output

EXt valmgewzmosr

VOLN

Low-level output o i

' voltage {MOS)

Vi

High-level input

© yoltage (MOS)

V i i
V | i ".' i
T~ |

Viw

Low-level input
voltage (MOS)

High-level output

™ ‘voltage

A/ IoH":*f*QQ“A

~ Low-level output voltage P

(all pins cxcept DBE)
DBE pin

v “,L.,l‘Imsz OmA

I,L—-S 0 mA

IIL

Input leakage current

A 0<V, <525V

Low

Output leakage current

WA 0<V, <525V

Lec

Active supply current

mA  L.=0,T,=0°C

Cin -

Input capacitance ="

Cou

Output capacitance "

*Tobe ﬂdetermined;k :

ac Electrical Characteristics i :
The following notes apply to Figures 53 thmzxgh 67 and their assoémted txmmg tabie&

=-All times are inr nanoseconds (ns) except Whe:re ‘rioted.

L

* Cua= 130 pF {except for CPDAT < 5:0 > aﬁd CPSTA<: 0>)

= ac highs for MOS inputs are measured at Vi and lows are measurcd at Vm

» ac highs for MOS outputs are measured at Vo and lows are measured at Vi,

= ac highs for TTL inputs are measured at Vi, and lows are measured at V.

Contidential and Proprietary. .

1-77-




= ac highs for TTL outputs are measured at Vi, and lows are measuredat Vi, cwne s Db o

T

« MOS mputs are driven to Voum of Vouw and TTLi mputs are driven to \/m or Vou.
—RDY and ERR sampling is performed by the CPU to determine if one of the following bus cycles
is to be completed: CPH tead cycle, mtermpt acknowlédge‘ cycle, multiple transfer CPU read
cycle, and a CPU write cycle. If RDY or ERR is not asserted during the sampling window, the
bus cycle is extended in increments of one mxcrocycle until KDY or ERR are asserted. The
following restrictions apply to the assertion-and deassertion of RDY or ERR with respect to the
sampling window.

—Only 2 high to low transition (assertion) is allowed on RDY or ERR during a P4 that is part of
the sampling window. If the assertion of RDY or ERR meets setup time tgys, the CPU
recognizes the assertion of the signal. The result of a low-to-high transition (deassertion) of
either of these signals during P4 is unpredictable.

—If RDY or ERR is to be recognized by the CPU as deasserted, the signal must be deasserted prior
to the P4 that starts the sampling window and held deasserted through the sampling window.

—RDY and ERR can be asserted prior to P4 that starts the sampling window and yrer'na‘iyn asserted
through the sampling window if they are to be recognized by the CPU as asserted.

Clock Timing—Figure 53 shows the timing symbols used to define the CLKA 'and‘”CLKB clock
inputs. The timing parameters are defined in Table 27. :

¢

20%

CLKA /
0%
-n—— Tc1 KE
fevete ».-MJ iCLKE . - xww‘

90% f"“CLKDL\' , ERIAYE .
cLke
10% E Lo
—1 e CLKE t
J YAV S— o ICLKE ieL KHA TCLKL % .

Figure 53 » CVAX 78034 Clock Input Timing

Table 27 « CVAX 78034 Clock Timing Parameters

Symbol  Definition ‘ Requirements (ns)
, -Min. , - Max.
taxmy  CLKA to CLKB delay teref2-2 toad2+2
terke External clock edge rate ; ‘ 0 10
town External clock high 50 - k o 25
te . External clock low 5o ‘ s
teyers - External clock cycle 50 ' T

*Ta be determined.
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Initialization and Reset Timing
The initialization and reset timing sequence is shown in Flgura 54. The txmmg parameters are
hsted in Table 28.

e ool TV B e 0 e BT 0 e il
* Figure 54 « CVAX 78034 Initialization and Reset Timjﬁg

~ Table 28~ CVAX 78034 Initializatiory and Reset Tumng

Symbol Definition e Requmemzms (ns)
‘ Min, Max

Uinitasp First asselfti(?ﬁ' of AS after RESET i 20 x tmcu: -

theseto Strobe inactive delay from RESET 0 o 25

tresgroy - Output drive from RESET deassertion . 7 Xtcvcm 3 57X tmcu«."'ZG

tresers RESET input setup prior to P1 20 tevee—10

treseTw RESET input width , S 10 X tevews —_—

treserz Bus h1gh1mpedance t1me from RESET N 0 25

Clear Write Buffer and Test Signal Tlmmg

The Clear Write Buffer (CWB) and TESI sighal ummg are shown in Figure 55. The signal
parameters are listed in Table 29: :
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PJ;\ ; /m AN i

W NN \
o fo-tream ] f-»wesm ‘, TESTH —wf
- m C.EAR WRITE BUFFER Clﬂﬁ“"“ﬁ'ﬁ BUF;ESR TEST STATE i . X
J : “"“"""“‘" T
i 77
B %«}E‘i‘ ,). NORMAL INPUTS X TEST INPUTS L )
, el P e e
é‘gg:&:‘sﬂoz NORMAL INPUTS TEST INPUTS K TESTINPUTS
Figure 55 CVAX 78034 Clear Write Buﬁér‘éhd Test Signal Tz’mz’ﬂg .
'Eable 29+ CVAX 78034 Clear Wrxte Buffelr and TEST Slgnal Parameters
Symbol Definition* ‘ Requxrements (ns)
Min. Max.
reso CWBdrive o 32
Lresta CWB hold v‘ - 0 o -
b . Test input hold 50 —
trs Test input setup 10 -
External Interrupt Timing

Figure 56 shows external interrupt timing sequence, and Table 3{) hsts the timing parameters.
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CLKB \

IRG<3:0>

MEMERR,
CRD. PWRFL,
INTTIM, HALT

s
TSYNF h—
[ tCCTLW

f ISYNR

Figure 56 » CVAX 78034 External Interrupt Input Timing
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 Table 30~ CVAX 78034 External Interrupt Input Timing Parameters

Symbol  ‘Definition* Requfmmmts (ns)
temw  CCTLwidth during cache invalidates ' tyuns + tian —.

towe  Asynchronousinput fall time 0 — 15

tson - Asynchronous input hold

toynn - Asynchronous input rise time

tsyns Asynchmnous input setup

*IRQ<3: U > are level sensitive and must be asserte& for ) j g(tm,s) _agd hafd time (tmg) near
the end of P2 to assure recognition. : T

- Low going pulses that occur outside the setup and held w e not, rt:cogmzed

MEMERR, CRD, PWREL, INTTIM, and HATT are edge sens;t £ Thetranmmn from deasserted

 to asserted must occur one setup time (tgyys) before the end of P2 to assure recognition; otherwise,
recogmnon is delayed one mlcrocycle o)

% ‘;, .

Extemal DMA Timing

Figure 57 shows the timing sequence for the cxtema& DMA' sxgnais Table 31 Jists the tlmmg
parameters.

\ ) i . T
' .
b TN ot Lo ok by y Iy . H R e S Y ey Y e 3
—SYNF " iOMGSD o o . X 15YNA ;' N .

L 1OMGSID

e i 5 — etz foeg gy
5 el 5 n { % F ;

BRCATE

OALZHL—

DAL <31:00>, L
BT

;:«.
- " Fa '
Foom oma ' 5 f 5 /‘”\-—
oeviE] oy e
———
|
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Requirements (ns)

Symbol

! Min. Max.
tpaLnLz . DAL h@gh;impedance delay 0 20
tparzuL . DAL active arivekdelay L0 0
fomasp’  DMG strobe assertion delay 0 20
- DMG strobe deassertion delay 0 20
thspLy ~ DS delay from receiving DMG R R o _
tsnz ‘ «Sitro‘be<higfhfimkagdancé delay 0 20
Toynr Asynchronous input fall time e 15 i
tsynu’ As'ynchrohous’iﬁpqt hold ‘ ’ 15 ___
‘?sm‘ Aé‘ygxcli‘ronpﬁs‘ti’ﬁizidt rise time _ 15
toyns’ Asynchronous input setup 15 o
tszm Strobe active drive delay 0 20

IDMG is asserted at P4 when DMR is asserted eight phases earlier and no CPU I/O eyele has star{ed
*DMG is deasserted at P3 when DMR is deasserted seven phases earlier.

2toyns and tsyny are the setup and hold times needed at a synchronizer to ensure that a signal is
recognized by the CPU as expected.

Cache Invahdate Tnmmg o ‘
Figure 58 shows the timing sequence for a quadword cache invalidate cycle-and Figure 59 shows the
timing sequence for a octaword cache mvahdate cycle. Table 32 hst& the timing parameters.

-/ \’/\/““\/‘*

ECTL

1SYNS
-!ccnw g ——
b 1CCTLADRS

TWOLYCLE
OELAY P4

\__/

P2

R

tASDLY

|
LASADRS —»1
’Ensmnua{

DAL<31:00> y DMA ADDRESS X :L X NAE;))gRIéBSASA
Figure 58 » CVAX 78034 Quadword Cache Invalidate Cycle Timing
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DAL<31:60> B f y i OMAADDRESS T " | £ T
S , i g e m £ f¢
" 4 Ry Y

=

- Figure 59+ CVAX 78034 Octaword Cache Invalidate Cycle Timing -

N Tab}e 32 CVAX 78034 Cache invahdaﬁemﬁﬁg Parameters

Symbol Deﬁmtlon* TS Requlrements (ns)
" DAL hol d during ache tovalidates S S5
tasaprs -~ DAL setup during cache. invalidates % .2~
tamy . ASdelay. fromasscstmgﬁﬁfdurmg mvahciates P 1
tyn?~ - AShold-during caﬂhe mhdates o R s ;
taswo ""5 width during octaword mVahdaxes BN B R —
tAst - Wld durmg quadword invalidates ,» d e

tCCTLADRS oo AS set updurmg cache invalidates .. . . 200

tecmeve CCTL cycle time during octaword mvahdates 6 —
teenw - TCTT width diiring cache invalidates = v+ oy
R Asynchronous input hold , 15 —
tsyns' Asynchronous input setup 15 —

'2 X teyee — tenkn (MAX.) + toyns — tocriangs:

?tysn is measured from the third P4 that follows recognition of CCTL. On octaword invalidate
cycles, it is measured from the third P4 that follows the second CCTL.

*tecrieve = 2 X taspry + aswo + taspry (Max.).

*4 X teyers + teoraprs * tasu + Lasory {MAx.) - taspry.

*teerianes is measured from the P4 that follows the recognition of CCTL. On octaword invalidate
cycles, it is measured from the first recognition of CCTL.

6 X teycrs + tsyns + Lsynn.

"tsyns and tsyny are the setup and hold times needed at a synchronizer to ensure a signal is recognized
by the CPU as expected.

Read and Write Timing

Figure 60 shows the timing sequence for a single-transfer read and interrupt cycle, Figure 61 shows
the timing sequence for a multiple-transfer read bus cycle, and Figure 62 shows the timing
sequence for CPU write bus cycle. Table 33 lists the read and write cycle timing parameters.
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- Figure 60 = CVAX 78034 Single-transfer Read and Interrupt Bus Cycle Timing
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Figure 61 « CVAX 78034 Multiple-transfer Read Bus Cycle Timing
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Figure 62 « CVAX 78034 CPU Write Bus Cycle Timing
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Table 33 - CVAX 78034 Read and Write Bus Cycle Timing Parameters

Symbol Definition Requirements (ns)

Min, Max.
taso AS strobe assertion delay 0 15
tasto AS strobe deassertion delay 0 20
amu BM and WR hold 0 —
toaLD DAL drive 0 20
tparn DAL hold 5.0 —
EpALHLZ DAL high-impedance delay 0 20
tou DAL hold 5.0 —
tops Parity setup 20 —
tps DAL setup 25 —
tosn DS strobe assertion delay 0 20
Eosio DS strobe deassertion delay 0 18
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Symbol Definition , Requirements (ns)

' : ' . Min, * Max.
toz DAL high impedance ‘ ' " oo -
T DP drive S 0 35
- pPhold o —
ten General strobe assertion delay - - <ot Q0 20
tsip Stmbe'deassértibn'délat" oo 20
tswns "Yand ERR deassertlon setup o h tmm —
town RDY and ERR sample- wmdow hold . 5%0 e —
towLMAX RDY and ERR maximum assertion time . 40
tows " RDY and ERR sample-window setup -~~~ 715 —
Coprocessor Timing

These following specifications are in effect when the CVAX 78034 CPU is operating with the CVAX
78134 floating-point accelerator (CFPA) coprocessor. Figure 63 shmvs the timing sequence for the
operand transfer cycle. Figure 64 shows the CPU to CFPA timing sequence for single-precision
transters, and Figure 65 shows the CPU to CFPA timing sequence for double-precision transfers.
Figures 66 and 67 show the CFPA to CVAX CPU smgle and double preclsxon transfers, respectively.
Table 34 hsts the coprocessor tmnng parameters

g e A g

L¥ - <2
1
o F/D, G OR INTEGER
CPSTA<1:03 DS OR INTECER,
CPOAT<5:0> X OPCODE K
| EXECUTION OF NEW |
VAX INSTRUCTICN
| BEGINS i

Figure 63 » CVAX 78034 Qperand Transfer Cycle Timing

Confidential and Proprietary 1-87




ENBHnEn

CPSTA<1:0>
CPDAT<S:0>
DAL<31:00>

AS

OPERAND ON DAL

—

OPERAND

—7

Figure 64 » CVAX 78034 Single-precision CPU to CFPA Transfer Timing
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Figure 65 « CVAX 78034 Double-precision CPU to CFPA Transfer Timing
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Figure 66 = CVAX 78034 Single-precision CFPA to CPU Transfer Timing
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Figure 67 « CVAX 78034 Double-precision CEPA to CPU Transfer Timing

Table 34 - CVAX 78034 Coprocessor Timing Parameters
Definition

Symbol Requirements (ns)

Min. Max.

tepp® Coprocessor line drive 0 20
teppn™ Coprocessor line hold 0 —
teon™ Coprocessor line hold 23 —
tepuiz Coprocessor high-impedance delay 0 20
teps ™ Coprocessor line setup 23 —
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Symbol- Definition " Requirements (ns)
S st caro’ I B i - Min. Max.“‘“

o DALdme 0w

ta  DALhold -~ - - . 0 20
ton DALhod 5.0 , -
tbs», " DALsetup , R 25 L
*Cu=50pE. * ‘
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« Features. .

= High-performance, floating-point processor for use with the CVAX 78034 CPU

= VAX floating-point instruction set (70 mstrucuons)

= Processes VAX lnteger d’tta types

—byte
—word
—longword

—single-precision (F_floating)

—double-precision (D_floating)
—extended range double precision (G_floating)

Processes standard VAX floating-point data types

» Enhanced CPU intefface

» Single 5-volt power supply

Description

The CVAX 78134 Floating-point Accelerator (CFPA) is a high- pez;formance cogmmcessor for use with
the CVAX 78034 Central Processing Unit (CVAX CPU). The primary purpose of .the FPA is to
accelerate the execution of floating-point instructions by ehmmatmg the need to emulate them in
software. The CFPA handles single-precision, double-precision, and extended-range, double-
precision, floating-point data types. The CFPA supports floating-point add, subtract, multiply,
divide, convert, and other floating-point operations, It also accelerates the execution of integer

multiply and divide operations for longwords only Flgum lisa black dxagram of the CFPA.

CPSTATC 100 vl
CPOAT<E:05 i}

BIU
CONTROL

BIU SEQUENCER
80 x 22

MULTIPLIER
DECGDE

MULTIPLIER
REGISTERS

L -
TP BT INFLTBUS

S TR BT IEREnG 't
B ] G FEIPEERSRE
" EXPONENT .
DATA PATH ", N
Foo e i tas
MULTIPLY ARRAY -
Lot sl EXPONENT . ; X ¥ 1
. ’ - CoNtROL - o . 71 /
) | . : R R 7 S —
S AL s G - - R CONTROLS
DALZ31.00>) SIGN ) "
TV 1] RROCESSOR K ‘_J\:: 3
R 1 srarustosc
s FRACTION: ALY -
EXECUTION UNIT )
1. scalencer’ - CLOCK
160 x 44 S
: 32 BIT /O RUS

k Figurev 1+CVAX 7 8134 Fl&atz'ié_é—paént Accelerator Block Diagram
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-+ Pin ami Sngnal Descnptmns

This section provides a description of the input and output signals and power and ground
connections used by the CFPA. The signal pin assignments are identified in Figure 2 and
summarized in Table 1.

A i

DALO6 DALO8 DAL10O DAL12 - VDD VSS DAL14 DAL16 DAL1E

DALO7 | DALO9 DAi.H vsl;s v[lm DAiJB DALT5 | DAL17
60 59 58 57 56 55 54 53 52 &1 50 49 48 47 46 45 44
DALO5 —{ 61 43 }— DAL19
DALO4 —] 62 42 }— DAL20
DALO3 — 63 “ 41 }— paLz21
DALO2 — 64 40 |— DAL22
DALOT — 65 39 |—vss
DALOO —| 66 ‘ ) 38 |—voD
vDD 1 67 37 |—vDD
vbD — 68 CVAX 78134 36 |—vss
FLOATING POINT ACCELERATOR
vss~——§ 1 (CAVITY DOWN) 35 p— DAL23
- vss — 2° 34 b— pAL2a’
CPSTAD —{ 3 33 }— DAL25 .
cPsTA1 —| 4 32 |—oatzs
' CPDATO —{ 5 31 }— DAL27
CcPDATI —] & © 30 |— DAL28
CPDAT2 —~ 7 29 |— DAL29
cPDAT3 —{ 8~ 28 |— DAL3D
CPDATA — 9 : ‘ 27 |— DAL3%
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 |

R

Vvss VoD | RESET CLKBL EAR DMG TST2
TST

CPDATS  VSS vDD RDY

1
NC

Figure 2 « CVAX 78134 Pin Assignments

Table 1+ CVAX 78134 Pin and Signal Summary

Pin Signal : Input/Output Definition/Function

27-35,40-43, DAL<31:00> Input/()utput Data/Address lines—Time- muhtplexed data and

44-49,54-66 address lines used to transfer data between the
CFPA and the CVAX CPU and memory.

18 AS Input Address strobe—Monitored by the CFPA to

determine if data is coming from CPU internal
cache or registers or from memory.

20 RDY Input Ready—Asserted by external logic to indicate
’ o e that valid data is on the DAL. The CFPA uses this
signal to detect valid memory data.
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Pin Signal Input/Output Definition/Function ,
19 ERR Input ; Errox—-Asserted by external loglc to indicate

abnormal termination of the current bus cycle.
"The CFPA uses this sxgnal to detect faulty mem-
ory cycles.

ESET Input Reset—Asserted to force the CFPA to its 1mtlal
powerup state. g e

15

=

- ot -

MG Input ~ DMA grant———Th'sf signal is momtored by,the
R CI‘PA todeternnnelfaDMA cyc]e 1sptogress

all

2t

10:5 . - DPDAT<S5:0>. Inpm/Oumput Coprocessor ; data Jines~~Used o trmﬁfer
: : o7 opeode, control:informatién;: condition: codes,
and exception status: bemeen the GFPA and the
: » gt , it VAR CPU. it ot e
4,3 CCPSTA<1:0> Inpnt/Output ‘Coptocessor 'status Ilncs-wUsed o noufyf the
SR ; At ' CFPA or CVAX CPU of the type of mfbrmanon
present on CPDAT < 5: 0>

16,17 CLKA,CLKB  Input = 'Clocks~8uppiy ba&xc clmqk timing to the CFPA.
" CLKA and CLKB are nominal 20-MHz, MOS
level, square-wave signals that are phase shifted

from each other by 180 degrees.

13,14,37,38, Voo . Input  Voltage—5 volt power supply ;

51,52,67,68 dra [

1,2,11,12 Vs Input R ,Gmundemund neference.

36,39,50,53 . : SRR o R R e T {

23,22 TST<2:1>  Input Test 2 and Test l———Resetved for CEPA manufac-
‘ o ) turing test.

CVAX Bus and Control

Data And Address Lines (DAL < 31:00 > )-—These are bidirectional time-multiplexed lines used by
the CFPA to exchange data with the CVAX CPU. The CFPA receives operands fmm the CPU or
memory over DAL < 31:00> and returns the results over these lines. ,

Address Strobe (AS)—This signal is used by the CFPA to determine if an operand is from the
internal registers or cache memory of the CVAX CPU or from external memory. When the operand
is from the internal registers or cache memory, the CPU deeg not assert AS durmg the operand
transfer. When the operand is from external memory, the CPU asserts K§ and the CFPA reads the
operand following the normal protocol fot'a CPU read bus cycle. :

Ready (RDY)—This signal is asserted by external logic to 1nchcate that valid data is on
DAL < 31:00 >. The CFPA monitors this signal when an operand comes from external memory to
determine if valid data is on DAL < 31:00>.

Error (ERR)—This signal is asserted by external logic to indicate abnormal termination of the
current bus cycle. The CFPA monitors this sighal to detect bad memory references when an operand
comes from external memory.
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Note

RDY and ERR must be asserted synchronc)usly mth respect to the timing samphng point of the
CFPA and must not change during the sample window.

DMA Grant (DMG)—This signal is asserted by the CPU to grant control of the DAL and its
associated control signals to external logic. The CFPA monitors this signal to determine if a DMA
cycle is in progress.

Coprocessor Signals

Coprocessor Data Lines (CPDAT <5:0>)—The CFPA uses these lines to receive opcode and
control information from the CPU and to return condition codes and exception status to the CPU.

The CVAX CPU drives these lines when it is not waiting for data to be returned from the CFPA. The
‘CFPA drives these lines after the CVAX CPU indicates it is ready for the result and until the CFPA
indicates status ready and DMG is not asserted. The CPDAT < 5:0> lines are sampled synchro-
nously by the destination at the beginning of P1.

Coprocessor Status lines (CPSTA < 1:0 > )—These bidirectional lines are used by the FPA and CPU
to determine the interpretation of the contents of CPDAT < 5:0>. CPSTA < 1:0> are sampled
synchronously at the beginning of P1. and indicate the contents of CPDAT<5:0> to the
destination processor. - :

Table 2 lists the function of the coprocessor status information from the CPU to the CFPA. Table 3
lists the function of the coprocessor status information from the CFPA to the CPU.

Table 2 = CVAX 78134 CPU to CFPA Status Line Information

CPSTA Function CPDAT Description

<L0> <5:0>

00 Operation encoded on <5:4> Address alignment code

’ CPDAT <5:0>* " 3 CPU ready for result
' ' 2 Floating underflow (PSL6)
1 Next floating-point operand is on
DAL < 31:00>

0 Next floating-point operand is a

.- short literal on DAL<03:00>;
DAL < 31:06> are zeros.

01 Integer opcode <5:0> Integer opcode
on CPDAT <5:0> :

10 F_/D_floating- -point <5:0>  Floating-point opcode
' opcode on CPDAT <5:0> ‘

1 G_floating-point , <5:0> Floating-point opcode
opcode on CPDAT < 5:0 > ‘

*Operand on bus (CPDAT1 = 1) and short literal (CPDATO = 1) are mutually exclusive.
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Table 3 « CVAX 78134 CFPA to CPU Status Line Information

CPSTA Function a CPDAT Description
<1:0> <5:0> ' ,
00 Result not ready reserved .
01 illegal
10 illegal b i
1 Condition codes ready 5 N condition code
4 - Z condition code”
© 3 Veeondition code or ACBf branch
 S0> . Statns cpde g follpws:
" 000 protocol error
- 001 illegal opcode
010 reserved operand trap
. 011 divide by zero

100 floating-point overflow
101 floating-point underflow
110 reserved {error)

111 no fatal error

Power and Clocks ol

Care must be taken to connect the power and graund pms with the shortest wires or power plane
possible.

Voltage (V,,,)—3-volt power supply.

Ground (Vgs)—Ground reference. -

Clock A In and Clock B In (CLKA,CLKB)—These inputs provide the basic clock timing to the
CFPA. CLKA and CLKB are nominally 20-MHz, MOS-level, square-wave signals that are phase
shifted from each other by 180 degrees.

Miscellaneous R
Reset (RESET)—This 51gna] is asserted by extemal loglc to force the CFPA to its initial powerup
state. Deassertion of RESET is mternally synchronized so that the first rising edge of CLKA that
follows the deassertion of RESET RESET corresponds to P1. ' :

Test 2 and Test 1 (TST < 2:1 > )—These signals are 1'LS€1’V€d for CFPA manufacturmg use.

Architecture Summary

The following is-a brief descnpuon of the CFPA archltecture Thc: CFPA has no user-accessible
registers or mode bits. The general registers and condition codes are coritained in the CPU. Round
or truncate operational modes and F_floatirig ‘or D..f oatmg data types are determined by
commands sent from the CPU to the CFPA.

Data Types

The architecture of the CVAX 78134 FPA supports seven data types-—byte, word, longword,
quadword, F_floating, D_floating, and G__ ﬂoatmg Figures 3 and 4 show the organization of
these data types. , f
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31 00
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63 32
Figure 3 » CVAX 78134 Integer Data Types
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15 14 07 06 00
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63’ ‘ 48
F_FLOATING
15 14 07 06 00
T T 1 T T i T T T T T T
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1-96

Figure 4« CVAX 78134 Floating-point Data Types
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Instruction Set o ,
The CFPA instruction set consists of 70 floating-point instructions and five integer instructions
that provide the following operations. :

Addition and Subtraction— For single-precision and double-precision ﬂoatmgpomt numbers

Multiplication and Division—For single-precision and double- prec1sxon flmatmg pomt numbers
and for integers {longwords only).

Conversion—The CFPA performs floating-to-integer and integé'r*to ﬂoatiné “conversions and
double-precision to or from single-precision floating-point conversions.

Comparison—The CFPA has a compare (CMP) and test. (TST) instruction assoc;ated wlth each of
the three floating-point data types.. Dt b st B _
Add Compare and Branch—=The CFPA assists the CPU mexecutmg an Adcl Compam and anch
(ACB) instruction by performing the add and compare portions of the instruction. There is an ACB

instruction associated with each of the t;hree floating-point data types.

Polynomial Evaluation—The CFPA assists the CPU in executing the polynomial cvaluanon (POLY).
instruction. The CFPA performs the floating-point addition and multiplication operatmns ‘associ-
ated with the polynomial evaluation. There is a POLY instruction for each ﬂoatmg -point data type.

Extended Multiply and Integenze—-The CFPA has an edetende:d multxpiy and mtegenzé (EMOD)
instruction associated with each floating- pomt clata type f()r accurate: range veductz@ns of math
function arguments. -

Instruction Set Notation
The standard notation for operand specifiers is

<name> . < access type >< dat;a type >

name of a register or block for implied opexands

2. Access type is a letter denoting the operand specifier access type, ‘
~ a=address operand e
b=branch displacement . * - - ' o
m=modified operand (both read and wrmten) SR
r=read-only operand. » e
w = write-only operand

3. Data type is a letter denotmg the data type of the opemnd
b=byte »
 d=D_floating
f=F_ ﬂoaung
g=G_floating
I=longword
q=quadword -
" w=word ;
The abbreviations for condition codes are
*=conditionally set/cleared
-=not affected
0=cleared
1=set,
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The abbreviations for exceptions are
rsy = reserved operand fault”
iov=integer overflow trap

idvz =integer divide by zero trap
fov =floating overflow fault

fuv =floating underflow fault
fdvz =floating divide by zero fault

Integer Instructions

The CFPA ‘accelerates the integer instructions listed in Table 4. The table lists the VAX opcode
(hexadecimal) for the instruction, code transferred by the CPSTA<1:0> and CPDAT <5 O>
lmes instruction, condition codes affected and exceptions that can be reported 3

Table 4+ CVAX 78134 Integer Instructions

Opcode CPSTA/CPDAT Instrucuon o ' "N Z V C Ekééfitioﬁs
}codes, ‘ ’ ‘ ' o
C6 -, 01000110. DIVL2 divr.r],quo.ml o i | T ¥ % 0 iovidvz
C7 01000111 * DIVL3divrrl,divd.t],quo.wl xk k0 jovidvz
7A 01111010 EMUL mulr.rl,muld.rl,add.rl,prodwg * * 0 0 | ‘
C4 01 000100 MULL2 mulerl,prod.ml R 0 . iov
0 iov

C5 01000101 MULL3 mulr.rl,muld:rl,prod.wl *oow

Floating-point Instructions

The CFPA implements all the floating-point instructions for F_floating, D_ floating, and G float-
ing data types except for CLRF which is equivalent to CLRL, and CLRD/G which is equivalent to
CLRQ. Table 5 lists the floating-point instructions implemented by the CFPA giving the VAX
opcode (hexadecimal), code transferred over the €PSTA<1:0> and CPDAT <5:0> lines,
instruction, condition codes affected, and exceptions that can be reported. :

Table 5« CVAX 78134 Floating-poiﬁt Instructions

Opcode CPSTA/CPDAT Instruction N Z V C' Exceptions
codes E

6F 10101111 ACBD limit.rd,add.rd,index.md,displbw ~ * * 0 .- rsvfovfuv

4F 10001111 ACBF limit.rf,add.rf,index.mf,displ.bw * %0 - rswiovfuv

4FFD 11001111 ACBG limit.rg,add.rg,index.mg,displ.bw = %0 - :sv,f})v,fuv

60 10 100000 ADDD2Z add.rd,sum.md » LR * 0 0 rsvfovfuv,
40 10 000000 ADDF2 add.+f,sum.mf ' Cr %0 0 rsvfovfuv
40FD 11 000000 ADDG?2 add.rg,sum.mg * %0 -0 rsyfovifuv

61 10 100001 ADDD3 addl.rd,add2.rd,sum.wd * %0 0 rsyfovfuv

41 10 000001 ADDF3 add1.1f,add2 rf sum.wf % 0 0 rsvfovfuv
41FD 11 000001 ADDG3 add1l.rg,add2.rg,sum.wg * % 0 0 rsyfoyfuv’
71 10 110001 CMPD srcl.rd,src2.0d * % 0 0 rsv

51 10010001 CMPF srcl.rf,src2.of * % 0 0 rsv
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Opcede -CPSTA/CPDAT  Instruction Nt Z N C Exceptions
codes S

51FD ¢ 11010001 CMPG srcl.rg,src2.rg = Lo 0 Oirsy

6C 10101100 CVTBD src.xb,dstowd 0o fELT0 0

4C. .+ 10001100 CVTBF src.tbydstoswfic v 1000 Fox Q00

4CFD © 11001100 ° CVTBGsrcbydstwg = oo il t & & Q7

68 . -101010000 = CVTDB src.rd,dstowb:. oo SEF L) rsviiov

76 10110110 CVTDF src.rd,dstawfe o * 0 0 rsvfov

6A 10101010 CVTDL src.od,dst.wl SF R0 rsviiov

69 . . -10 101001 CVTDW src.rd,dst. ww ¥ LA k) réviov

48 - 10001000 CVTFB src.rf,dst.wb Lol BUROEF U gy fov

56 . 10010110 CVTED sre.ref,dstowd © . oo o SRR 0 ey

99FD - 11011001 CVTFG src.rf,dst.wg: ~ X0 0y L

4A. 210001010 CVTFL src.xf, dstiwl 20, 0 coo ndng 7% % s iov

49 ... 10001001 CVTFW src.of dstowew 700 e £ 0% % 1) rgyjov

48FD 11001000 CVTGR src.rg,dst.wb SR ) rsyiov.

33FD 11110011 CVTGF src.rg,dst.wi o XE QL0 rswfov,fuv

4AFD -11001010° CVTGL src.rg,dst.wl gme ELF %L reyiov {

49FD 11 001001 CVTGW src.rg,dst.ww ST ®F % () rgyiov

6E 10 101110 CVTLD src.rl,dst. wd Y0 0

4E 10001110 CVTLF src.1l dst.wf ¥ R0 0

4EFD 11001110 = CVTLGsrerldstwg 070

6D 10101101  CVTWDstc. rw,dst\wdgj - * 000

4D 10001101 , CVTW FT 000

4DFD 11001101 cvWGsrcmastwg’ | A

6B 10 101011 CVTRDLsre.nd;dstwl * v 0 0 oo Daiiee 0 gegrioy

4B 10001011 CVTRFL ste.of,dst wl' #0000 100 ol & %0y reylioy

4BFD 11001011 CVTRGL sre.rg,dst.wl % % () rsyiov

66:-- 10100110 .. DIVD2 diverd;quo.mdy ¢ Tt 29 F 200 O esyfovfuvfdvz

46, - - 10000110 - DIVE2 divrrf,quoimf: ? 50 0 rsvifovfuvfdez o

46FD . . 11000110 . | DIVG2divirg,quoimg’ / o E 0 Oursyfovfuvfdvz

67 10 100111 DIVD?3 divr.rd,divd.rd,quo. wd * % 0 0 wsviovfuvfdvz

47 10000111 . DIVF3diverfdivd.rf,quocwfs -0 o % 2 .0 0 rsufovfuyfdyz:

47FD 11 000111  DIVG3 divrrg,divd, rgk,qua,wg - * . *0 0 rsy, fov,fuv,fdvz

74 110110100 . EMODD mulr.rd, mulrx.tb,muld. rd Liabie '

S U (o wl fract wd . F rsv,fav,fuv 10\!" ‘:
54 10010100  EMODF mulrr, mulrx rb muld,rf,
 int.wl fract.wf

54FD 11 010100 - EMODG fnulrrg,muﬁ*x rw, G

 muld.fg,int.wl,fr ; 0 ;s'\’g‘,fkpv,‘ﬁiv,“iqj.?‘ o
72 10110010  MNEGD src.id,ds Wd 0y

sy

52° 7 10010010 © ¢ MNEGF src. xf dst.wf

»
PO T

0 rsvfoufuv
0 rsvfovfuv: .

64+ 10100100 - . - MULDZ2 mulrrd,prod.md-.
44 10000100 . -+  MULE2 mulrrf,prod. miz

cecoocogo ¥

52FD 110100107 MNEGGérc.“rg,d’st;wg R e D 0 tsv

70 10110000  MOVDsreaddstwd - ok ~ 1sv

50 10 010000 MOVF src.rf,dst.wf * e

50FD’ 11010000 = MOVG sreagdstowg o, F - ISV v
S
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Opcode.. CPSTA/CPDAT _ Instruction o N Z N € Exceptions
codes N

44FD 11 000100 MULG2 mulr rg,,prod mg oo * %00 0 rsvfovfuv
65 10 100101 MULD3 mulr.rd,muld.rd,prod.wd - * %000 rsvfovfuv
45 10000101 MULF3 mulr.ef,muld.rf,prod.wf - - * %00 rsvfov,fuv
45FD 11000101 MULG3 mulr.rg,muld.rg;prod.wg %00 sy fovfuv
75 10110101 POLYD arg.rd,degree.rw,table.ab ¥ %0 0 rsvfovfuv
55 10010101 POLYF arg.tf degree.rw,table.ab -~ * * 0 0 rsyfoyfuv
55FD 11010101 POLYG arg.rf,degree.rw,table.ab * % 0 0 rsvfovfuv
62 10 100010 SUBD2 sub.rd,dif.md o Do w0000 rsvfovfuv
42 10.000010 SUBF2 sub.rf,dif.mf ; ' * %0 0 rsyfovfuv
42FD 11 000010 SUBG2 sub.rg,dif. mg : * % 0 0 rsvfoyfuv
63 10 100011 SUBD3 sub.rd,min.rd,dif.wd * % 0 0 rsyfoyfuv
43 10 000011 SUBF3 sub.rf,min.rf,dif . wf . * * 0 0 rsvfoyfuv
43FD 11000011 SUBG3 sub.rg,min. rg,dlf wg oo w0 0 rsvfovfuve
73 10110011 TSTD sre.rd . : %0 0 rsv
53 10010011 TSTF src.rf : ¥ % 000 rsv

0 0 rsv

53FD 11 010011 TSTG src.rg : o

Instruction Processing

During normal operations, the opcode and all operands associated with the instruction to be
executed are transferred to the CFPA. The CFPA executes the instruction and returns the status
including all errors and the results. The exceptions to this general case are described as follows.

Integer divide (DIVL2, DIVL3)—During integer d1v1de instruction, the CPU detect and reports:a
divide by zero condition. It does not request a result and the CFPA will abort the mteger dmde
operation. = : ‘
Floating compare (CMPD, CMPF, CMPG)—-—Durlng a floating compare instruction, the only result
transferred is the status of the PSL condition codes. To maintain the normal return result protocol,
the CFPA will return a longword result. The CVAX CPU should dlscard thls longword as its contents
are unpredictable.

Floating Add Compare and Branch (ACBF, ACBD, ACBG)——Durmg a floating add compare and
branch instruction, the CFPA reports, in addition to the normal result, whether the branch should
be taken. This is encoded in bit 3 of the returned status. Bit 3 is normally used to report integer
overflow, which cannot occur on a floating add, compate, and branch. After testing this bit, the
CPU must ensure that the V bit in its PSL is cleared.

Extended Modulus (EMODF, EMODD, EMODG)—The extended modulus instructions compute
two results. The CFPA returns the integer result followed by the floating result. Therefore, EMODF
returns two longwords and EMODD and EMODG return three longwords.

Polynomial Evaluation (POLYF, POLYD, POLYG)~The CFPA supports the polynomial evaluation
instructions by implementing a POLY step function. Given the argument and the current partial
result, the CFPA reads the new coefficient, computes the parual result and returns status and the
new partial result to the CPU. ; ; Ty .
The protocol for the startup and poly step loop phase between the CVAX CPU and the CFPA for
POLYF, POLYD, and POLYG instructions is described. After the sétup phase, the CPU and CFPA
enter the POLY STEP loop. The CPU records the loopcount using the degree operand. :
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Startup Phase

1. The CPU sends the opcode for POLYE, POLYD, or POLYG to the CFPA:

2. The CPU sends the argument operand to the CFPA. '

3. The CPU sends the degree operand to the CFPA which checks for a reserved operand (degree

GTR 31). If found, the CFPA returns reserved operand status when the CPU mdxcates it is ready
for the results. o :

4. The CPU does not send the table address operand to thc CFPA.
5. The CPU indicates when it is ready for a result. The CFPA responds by transferring status and a

result equal to the argumenit operand. If the drgument was a'short literal, the CFPA returns the
argument in expanded form: one longword for, POLYE, two longwords for POLYD-or POLYG.
6. The CPU sends the seed partial result-to the CFPA: If the instruction is being started, the seed
will be zero; if the instruction is being restarted, the seed wﬂl be the last partial result
POLY STEP Loop
1. The CPU sends the new coefficient to the CFPA. The FPA checks the new cqefflment for a

reserved operand. The FPA computes new pamal result which is equai to the current partial
result * argument) plus coefficient. :

2. The CPU indicates when it is ready for the result. The CFPA responds by transfemng status and
the new partial result. The status includes the reserved operand check on the coeffmlent and any
errors from the polynomial step computation. o ;

3. The FPA executes the POLY STEP loop unti] a new opcode is received.

Specifications

The mechanical, electrical and environmental specifications of the CFPA are contamed in the
following paragraphs. The test conditions for the values spemﬁed are listed as foﬂows unless
indicated otherwise.

» Temperature (T,): 70°C
» Power suppi}( voltage (Vpp): 4.75V
+ Ground (V): o v

Mechamcal Conﬁguration ' oo ;
The physical dimensions of the CVAX 78135 44-pin surfacemount cerquad package are contained
in the Appendlx : i \

Absolute Maxmmm Ratings
Stresses greater than the absolute maximum ratings may cause permanent damage to the device.

Exposure to the absolute maximum ratings for extended penods of zxme adversely affect the
reliability of the device:

= Storage temperature range (T;): -55°C to 125°C

» Active temperature range ( W) O°C to 125°C

= Power supply voltage (VDD). ~05Vto*V

« Input or output voltage applied: ~-1.0 Vio*V

*To be determined.
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Recommended Operating Conditions

= Temperature (T,): 0°Cto 70°C

» Power supply voltage (VDD) 4.5 V 055V

de. Elecmcal Chaxacterxstlcs
The dc input and output parameters are hsted in Table 6.

,, Table 6+ CVAX 78134 dc Input and Output Parametets

Symbol Parameter ' Requirements:  Units Test Condmon
2‘ PRI Min. : H Max-,
Viu High-level input voltage 20 0 — Y
(TTL)
Vi Low- level input voltage ‘ o 0.8 v
(TTL) ' o ' o .
Vou . High-level output voltage 24 N v Tou=-400uA
(TTL) R . _
Vo Low-level output voltage — 04 V¥V Io.=2.0mA
(TTL) R :
Vinm High-level input voltage 70% Vpp — \%
(MOS)
Vi * Low-level input voltage — 30% Voo V
' " (MOS) ‘ '
Vot High-level output voltage 90% Vy, — \Y I,.=-1.0 mA
(MOS) .
Voru Low-level output voltage — 04 \Y ‘ Jo =10 mA
(MOS)
I Input leakage current -20 20 HA 0<V, <525V
loz  Output leakage current -20 20 A 0<V, <525V
Tec Active supply current — 200 mA L.=0
T,=0°C
C,. ‘ Input‘f:apacitance - o pF
Cout i Output capacitance —_ ¥ - pEF

*To be determined.

ac Electrical Characteristics
The following notes apply to Figures 5 through 12 and their assomated timing tables.

= All times are in nanoseconds (ns) except where noted.

+ Cpy= 130 pF (except for CPDAT < 5:0> and CPSTA < 1:0>>)
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» ac highs for MOS iriputs are measured at VmM and lows are measured a.t,VnM.

« ac highs for MOS outputs are measured at Vg and lows are measured at V,
p VoLy-

= ac highs for TTL inputs are measured at Vy; and lows are measured at V,,.

» ac highs for TTL outputs are measured at V, and lows are measured at V.

« MOS inputs are driven to Vo or Vopw and TTL inputs are driven to Vo, or Vgy.

Clock Input
Figure 5 shows the clock input timing and the pafameters are listed in Table 7.

R S SV S

k—’cnm
90% \ M- CLKDLY -+
CLKB
10%
Je-toLke . ; ) .
CYCLE : ~1CLKE

Figure 5« CVAX 78134 Clock Input Timing

Table 7 - CVAX 78134 Clock Input Txmmg Paa'ameters

Symbol Parameter ' o . Requnrements (ns)
- Min,~ Max.
terxory CLKAto CLKBdelay - tmm/«:z-z teyers/2+2
(nominal) 23 27
f— External clock high 5.0 25
L External clocklow -~ Clhiens M RITEY 5000 25
teixe External clock edge rate 0 s 10
S ~ External clock cycle o 30 , *
*To be determined. o
Initialization

Figure 6 shows the 1rut1ahz.at10n timing and the parameters are hsted in Table 8

Sl LI L b3
CLia / \ / \ / \ £2 e [
'assms—-]
RESETW
RESET \

i1
—f - RESETZ

ks
DAL<31:00> \ {

s

L
q PRESETOLY - [o« ferHLZ
CPSTA<1:0> \ |
CPDAT<6:0> (1 V4
? )}

Figure 6 = CVAX 78134 Initialization Timing
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* Table 8+ CVAX 78134 Imtlalxzatwn Tlmmg Parameters

Symbol Parameter  Requirements (ns)
Ceonn : ... Min. ‘ ‘Max.

T— Coprocessor high-impedance delay -0 .o 20
trEsETDLY Output drive from RESET assertion =~ .~ 0.~ 25
TRESETS RESET input setup prior to P1 20 tLYC,E—IO

(nominal) —_ 40
treserw RESET input width - ‘ 10X teves | —

{(nominal) 500 —
tmm Bus high-impédance time from RESET 0 235
External DMA Tlmmg

Figure 7 shows the DMA signal timing, and the timing parameters are hsted in Table 9.

-1DMOE,

BRG .
. !-— HOALZHL

DAL<3T:00%

Figure 7» CVAX 78134 External DMA Tinting

Table 9 » CVAX 78134 External DMA Timing Parameters

Symbol Parameter*  Requirements (ns)

) A ' - Min. Max.
toaLniz DAL high-impedance delay 0 o 20
[ DAL active drive delay 0 20
tomen DMGhold . - TN TS N B e
tomes DMG setup 25 —

*DMG must remain asserted during all DMA cycles to avoid conflict on the DAL. .

1-104 Confidential and Proprietary




Preliminary - CVAX 78134

Coprocessor Timing
Figures 8 through 12 show the tlmmg of the transfers between the CPU and CFPA, and the timing
parameters are hsted in Tabie 10.

CPSTAC1 0> ¢ X i K I

CPDAT<E:0

‘-‘ s:éem-ncm OF NEW VX INSTRUCTION BEG
HOTE
CVA)( DRIVES CPSTA<1.0> ANDCPDAY(E 0>

Fzgure 8 CVAX 78134 Opcode ﬁ*ansfer szmg

] b LT PR

U CPSTA< TS i i = B )\/ -

3 : K
. OPERAND ON DAL
CPDAT<50> XALIGN CODE, FU BIT K
3 L Ty e A iy B G 5 Abe, | ol ®
q l‘_‘lDM
DAL<31:00> y OPERAND K
el T
v‘] - }-‘*msw

= 7 Fi ‘;‘
PR —— e

LA

- - L . - -
CPSTA<3:0> )\ [ . - [<

CPOAT<5:0> Xum_mwnm e X

ALIGN CODE. FU: Bt

ba— DK

el

{w s
f

Figure 10+ CVAX 78134 CPU to CFPA Operand Transfer (A3 asserted) Timing
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P1

P3
e o e\
n—-tcr’s*&wua{
CPSTA<!:0>
(CVAX DRIVING)

R
CPDAT<5:0> - ¢
(CVAX DRIVING) X CPUREADY P
T
e ferow

S ——
DAL<37:00>
(CVAX DRIVING)

—»{ " fa--tepDH o~ 1CPOH

CPzHL~» "

CPSTA<1:0> .

i

ot
| Y

)

o

h—
Yy
CPDAT<S:
{CFPA DRIVING) B .
DALZH ~f pae

k - 3 | i !
- N e RN |
DAL<31:00> y
(CFPA DRIVING] \ Y

Figure 11 « CVAX 78134 Bus Control Transfer from CPU to CFPA Timing

o tcro o i ‘
T i hlﬁ I »

T 7= o e ren ] e L

Figure 12 » CVAX 78134 Data and Status Transfer front CFPA to CPU Timing
~ Table 10 - CVAX 78134 Coprocessor Timing Parameters
Symbol Pafatmétet h k Requirements (ns)
Min. Max.

tasu AS hold 5 _
tass AS setup o 25 -
tep ~ Coprocessor line drive delay o 20%
teepy © ... . Coprocessorlinehold . . .. .. R . —_—
teew Copmcessor line drive hold o 23+ ’_~’"
tepmz : y,C'c;ISryoqgssér hiéh«impedance delay - 0 . 20
tees C’opbqg‘éys'sm line setup . ' 23% - _
tepm - - —Coprocessor active drive delay - 0 =20
toan DAL drive delay » k . 0 ’ 20 .
oDl DAL drive hold 5o 32
tparniz DAL yhighdx’npedance‘ delay 0 20
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Symbol Parameter Requitements (ns)

" Min. Max.
[o— DAL active drive delay 0 20
tou DAL hold 5 —_
tos DAL setup 25 —
tswn RDY and ERR sample window hold 5 —
tows RDY and ERR sample window setup 15 —
*C,.,=150 pE
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- Features

= Standard TTL oscillator input

» Generates two 180-degree out-of-phase pl;easmn MOS c]crck signals fm CVAX 78034 CPU, CVAX
78134 FPA, and CVAX support chxps N

« Generates two auxxhary 180-degree Gut—of‘phase prccxsxon cIocks for uses by system interface

» Generates a single_ auxllxaxy MOS clock in phase with the C PU rmcrocyd@; e

= Generates propet mmng and synchromzatlon for RESET 51gnal ’

» Provides common: synchmmzatxon point for the RDY and ERR sngma} allowing the system
interface to operate asynchronously : -

« Provides board level tester support wa TEST and TCLKIN

* Requires single 5-volt supply

Description e

The CVAX 78135 Clock (CCLOCK), contained in a 44-pin surfacemount package ‘generates the
precision MOS clock signals required by the CVAX 78034 CPU, CVAX 78134 FPA, and up to two
additional support chips. The CCLOCK ﬂlsogemmtes three aaxﬂmrydask signals that can be used
by the CVAX system interfacé and provides timing and synchm i atmn for the RESET, RDY, and
ERR signals. Figure 1 is the: b}ock diagram for the CVAX, 78135 clock. .

SYSRESET WI—

PERe ) :
TN t?--'————\

L A TR

Figure 1+ CVAX 78135 Clock Generator Logic Diagram
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Pm Descrxptmns

' This section prov1des a brief descnpuon of the mput and output signals and power and ground
connections of the CVAX 78135 clock generator. The pin assignments are identified in Figure 2 and
the signals are summarized in Table 1.

NC VSS = ACLKA vDD “NC

S g

N
ACLKB | vs$ vDD | ACLKC NC

vss — 40
VDD—4'41
VDD ~vi 42
VSS ] 43
CLKIN ~{ 44
TCLK_IN = 1
?ST -—12

' vDD —§ 3
VDD —4 4
VDDl 5

NC ~——

6
.

(39 38 37 36 35 34 33 32 31 30 29

28 b—vss

27 b—vss

26 p—vss

25 |— 5vserm
CVAX 78135 24— SvsRDY
CLOCK GENERATOR 23 b—'yss

22 }— ERR

21 |— RDY

20 |— SYSRESET
19 |— voD

‘ 18 p—ne
7 8 9 10 11 121314151617]

L] L l

MCLKB | VvSS VDD VSS ps |
NC VSS  MCLKA  vDD  RESET  DMG

Figure 2 =« CVAX 78135 Pin Assignments

Table 1« CVAX 78135 Pin and Signal Summary

Pin Signal Input/Output Definition/Function

44 CLKIN Input Clock in—An input that provides the timebase
for the CCLOCK outputs. This input is driven by
a standard TTL oscillator output.

1 TCLK IN Input Test clock in—An auxiliary test input clock that
provides the timebase to all CCLOCK outputs
when the TEST input is asserted.

2 TEST Input Test—Selects the clock input to be used as the
timebase for the CCLOCK.
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Pin ~ Signal Input/Output Deﬁxﬁﬁon[Funcuon
1,8 MCLKA, MCLKB Output. - Master clock A and Master clock B—-T'Ihese
outputs provide the timebase to CVAX 78034
- CPU and support chips. The frequency of both
clocks is one-half of the frequency of CLKIN
~ input. MCLKA is phase shif;ted by 180 degrees
) ’ ; . o kfrom MCLKE " i
35,38 ACLKA, ACLKB . Output - AuxﬂlaryclmckA and au;nhary clock B~—~Thase
, - o coutpufs- provide: a rgeneral ‘purpose timebase.
- ACLKA-and ACLKB are the same frequency as
MCLKA and are synchmmz,ed with MCLKA and
RS e e . MCLKB, respectively. s
32 ACLKC  Output  Auxiliary dock CThivo output is one—fourth of
ERE ' - the frequency of CLKIN and is synchmomzed to
- MCLKAand ACLKA.
20 SYSRE SET Input » i ‘System xesathn async}m)naus system r@set s;g-
, : , ; o T ’ ’
24 SYSRDY Input/Output System ready—»An asynchronous system ready
25 ) SYSERR- : Input/Output'fSystem ermre-An asynchronous system error
‘ ‘ mgnal : !
15 RESET Outéut - R.CSCt-—-—A synchromzed reset slgnal for theﬁVAX
. 78034CPUandits associated support chips.
21. RDY . Input/Qutput . Ready-—A synchronized ready signal for the
1 GVAX 78034 GPU and its assoczated support
cooehipse o e :
22 ERR Input/Output Error—A " synchromzed error 51gna1 for the
* T G CVAKY 78034 C?U and lfts assocmted smpport
chlps ﬂ; e
17 DMG Ijput ~  DMA grant—- ovides bus dlmcnon contrcl for
. o o  the S?SR?% SYSERR, RDY, and ﬁﬂgnals
16 DS Input - . Data strobe—A mnmg stmbe to control the
v deassertion nf'the Y?:RDY SYSERR RIV, and
3,4,5,12, - Vyp Input o -‘Vohage-—«j voit power supply
13,19,33, : : ‘
34,41,42
9,10,14, Vg Input Ground—;ﬁéimﬁioﬂ ground reference.
23,26,27, S
28,36,37,
40,43
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Clock In (CLKIN)—This input provides the time base for all ce LOCK outputs It is driven by a
~ standard TTL oscillator output (nomxnally 40 MHz).

Master Clock A ‘and B (MCLKA, MCLKB)—Precision MOS clock outputs- that prov1de the
timebase for the CVAX CPU and support chips. The frequency of these clocks is one-half of the
oscillator input frequcncy (nomma]ly 20 MHz) MCLKB is nominally delayed 180 degrees relative
toMCLKA. =~

'Auxiliary Clocks A, B, and C (ACLKA, ACLKB, ACLKC)—ACLKA and ACLKB are auxiliary
precision clock outputs that provide a general purpose time base. ACLKA and ACLKB have the
same frequency as MCLKA and are nominally delayed 0 degtees annd 180 degrees, respectively,
relative to MCLKA. The frequency of ACLKC is one-half of MCLKA and is nominally delayed 0
degrees relative to MC LKA It canbe used by the system interface and defines the starting time of a
“eycle.

Reset (RESET)—This output drives the RESET input of the CVAX CPU and support chips. It
results in the chips being set to their initial powerup state. RESET is asynchronously asserted when
the SYSRESET signal is asserted. It is deasserted after SYSRESET is deasserted and is synchro-
nized with the rising edge of MCLKA. This defines the system phase 1 (P1).

System Reset (SYSRESET)— This asynchronous input is synchronized by the CCLOCK to drive
the RESET output. The assertion of SYSRESET causes the RESET output to be asynchronously
asserted. The deassertion of SYSRESET is synchromzed on thc rising edge of MCLKA to cause
‘RESET to deassert. -

Ready (RDY)~—This is a bldlrectmnal signal and is an open-drain output durmg a CPU cycle when
DMG is deasserted. It is an input to SYSRDY during a DMA cycle when DMG is asserted. RDY
connects directly to the RDY input of the CVAX CPU and synchronous CVAX support chips. RDY is
anoutput when an asynchronous slave devtce may be respondmg to a CVAX CPU external reference

(DMG deasserted).

When DS is deasserted, RDY is deassérted. When DS and SYSRDY are asserted, RDY is
synchronized with MCLKA and ACLKC and then asserted. RDY is deasserted by the deassertion of
DS-or SYSRDY, whichever comes first. An external pullup resistor is required to provide the
deasserted state for the system. The RDY synchronizer is cleared on deassernon of SYSRDV. Itisa
high impedance when SYSRESET is asserted.

System Ready (SYSRDY)—This is a bidirectional mgnal Itisan open-drain output when DMG is
asserted. It is an input to RDY when DMG is deasserted. SYSRDY connects to the RDY input of
asvnchmnous CVAX support chlps SYSRDY is an output when the memory system is responding
toa DMA transaction from an asynchronous device (DMG asserted).

When DS is deasserted, SYSRDY is deasserted and when DS and RDY are asserted, SYSRDY is
asynchronously asserted. It is deasserted asynchronously with the deassertion of DS or RDY,
‘whichever comes first. An external pullup resistor is required to provide the deasserted state for the
system. SYSRDY is a high impedance when SYSRESET is asserted.

Error (ERR)—This is a bidirectional signal. It is an s an open-drain output when DMG is deasserted. Tt
is an input to SYSERR when DMG is asserted. ERR connects to the ERR inputs of the CVAX CPU
and CVAX synchronous support chips.

ERRis an output when an asynchronous slave device may be responding to a CVAX CPU external
reference (DMG deasserted). :

When DS is deasserted, ERR is a high impedance (deasserted). When DS and SYSERR are asserted
ERR is synchronized with MCLKA and ACLKC and asserted. ERR is deasserted by the deassertion
of DS or SYSERR, whichever comes first. An external pullup resistor is required to provide the
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-deasserted state for the system. The The ERR synchronizer is cleared on deass::rtloﬁ af Y"SER ERR is
a high impedance when SYSRESET is asserted. ,

System Error (SYSERR)—This is a bidirectional signal. It is an open-drain output when DMG is
asserted. It is an input to ERR when DMG is deasgserted SYSER R connects directly to the ERR
input on asynchronous CVAX support chips. e l,»:

SYSERR is an output when the memory syﬁtem is responding to a DMA transactxon from an

asynchronous device (DMG asserted). When DS is aeasserted gﬁﬁﬁ isa hlgh impedance
(deasserted). P&

When DS and ERR are asserted, SYSERR asy;;chmaously asserts It deasserts asynchmnously with
the deassertion of DS or ERF L, Whlchever comes fn‘st An e'xtemal puﬂup reslstor is required to
provide the deasserted state foz the syshem ERR-is a-high- wen

asserted.

Data Strobe (DS)—This asynchronous mEfEL caﬁtmls rihe state af RDY ERR SYSRDY and
SYSERR. These signals are deasceried when DS is deasserted:

When DS is asserted, the sng;;als that are defmsd outputs by the state of DMG may| be asserted
depending on their respectlveélnputs [

DMA Grant (DMG)—This a&yﬁclm)mus mput pmvxdes a bus dlrectxon contiol fﬂr drwmg RDY,
ERR, SYSRDY, and SYSERR.. P

When DMG is deasserted, Y and ER R are outputs that respond to the SYSRDY, SYSERR, and

DS DS inputs. When DMG is assxerted SY ﬁﬁ and SYSERR are outputs that respond to the RDY,
ERR, and DS inputs.

Test (TEST)—This input prtwides am mput enable control. When TEST is asserted, the CLKIN
input is disabled and all CCLOCK outputs are timed by TCLKIN. This allows the system to be
functionally tested at reduced fréquehcxes without requiring the outputs to be set to high
impedance: When this signal is not used m a CVAX system, it must be connected to V;, through an
external pui]up resistor,

Test Clock Input (TCLKIN)»-_Thls aux;hary test input provxdes a time base for all CCLOCK
outputs when the TEST input is asserted. It can be driven by TTL or MOS levels that are provided
by the tester setup. It connects through an external resistor to the Vyp supply when not used.
Because there are no dynamic nodes'in the CCLOCK; the lower frequeticy limit of TCLKIN is not
restricted.

Voltage (V,,)—These inputs provide 5 volts, (+5 percent) from the power supply
Ground (V,5)—These inputs provide a ground reference.

R

Al V[,D inputs must be connected together and to the pawer supply usmg the sho;:test lea or

power plane possible. All ground (Vis)-inputs must be connected- together usmg the shortest wires
or ground plane possible.

- Interfacing Requirements

The CVAX 78135 clock generator interfaces to the CVAX systern as showr in Flgurc 3 The system
can be sectioned into a synchronous side and an asynchronous side. The synchmnous side consists
of the CVAX 78034 CPU, CVAX 78134 FPA, and other synchronous d demceé The asynchronuus sﬂe
consists of the asynchronous system interface and associated support devices and the ‘powerup
logic. The SYSRESET, SYSRDY, and SYSERR signals are asynchronous and are controlled by the
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-MCLKA and MCLKB signals. The RESET, RDY, and ERR s1gnals are. the correspondmg synchm—
nous 51gnals generated by the CCLOCK. o ) :

ST ADD

VSS "‘l

TEST CONTROL ""’—“—“""-""' TEST X
TEST ‘CLOCK SOURCE - rcu< _IN.
TTL OSC CLKIN
[mosc f—— “ewas
e ' . RESET ~
: Toar o] o : . k
.| POWER UP . reppepon ek . .| .|} . cvax 78034
1 idec — SYSRESET? [T 1IN
[UNE———— {a]at
SYSRDY ——
L —____ DMG
G g S SYSERR™
D!
ACLKA, B, C
SR CVAX 78735 T P
ASYNCHRONOUS CLOCK CHIP i
SYSTEM
CINTERFACE .. ([R5 e | Fdad cvax 78134 |
- FPA i
,-. H
OTHER . oo L
SYNCHRONOUS
SUPPORT
i CHIPS .;

. Figure 3» CVAX 78135 Epz'ml CVAX CPU Systens with CVAX 78135 Clock Generator

« Specifications

The mechanical, electrical and environmental specifications of the CCLOCK are contained in the
following paragraphs The test condltlons for the values spec1fled are hsted as follows unless
indicated otherwise. - ; qo B

. Temperatui'e (TA): 70°C -

= Power supply voltage (Vip): 4.75 V
. Ground (Vss): ov

Mechamcal Conflgmsmon -
‘The phy51cal dlmensmqs of the CVAX 78135 44-p1n surfacemount cerquad package are contamed
in the Appendix. : : FFERES ; ‘ :
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Absolute Maximum Ratings :

Stresses greater than the absolute mmmum raungs may cause permanent damage to the dewce
Exposure to the absolute maxxmum ratxngs for extended penods of time adversely affect the
reliability of the device. coi gl

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

* Active temperature range (T,): 0°C to 70°

*+ Power supply voltage (Vop): -0.5 V0 7.0V

« Input or output voltage applied: 0.5V to (V,,D+0 SV

Recommended Operating Conditions

» Temperature (T,): 0°C} to 70°C
» Power supply voltage (Vpp): 4.75 V to 5. 25 V »
chlecmcalCharacterlsncs . - .
The dc input and output parameters sme hsted : Tﬁbie 2 Y
Table'2 « CVAX 78135 dc: Input.ami Guqswl’arammts*m EIT e alaid
Symbol Parameter Requirements:’ - - Units - - Test Condition -
Viu High-level input voltage 2.0 —_
Vo | Lowlelioputwisge
Von High-level output voltage 24
(TTL)
Vo Low-level output voltage N T 04 -'—4"; V .  In=40mA
Voun High-level output voltagev . 90% VP;) - v on=-100 pA
Vorm Low-level output voltage — To=100 A
Tn Tnputleakagecurent BA - 0<V,<525V
It ‘Output leakage current 50 S0 pA  0<V,<5s. 25 v
L  Active supply current . —~ 200 mA. :Lm—o
''f)“g«dc:a)s,,se:;rte:d’g
L eyaen =25 ns¥
| o S V=525V
C.  Input capacitance - i 10 pF : -
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ac Electrical Characteristics . " ‘ v
The following notes apply to Figures 4 through 9 and their associated timing tables. -

8dl1o/i11a]| I Preliminary " CVAX 78135
Symbol  Parameter Requlrements o Umts - i Test Condmon
" o o ‘ Mm ' Max k
Coue Qutput capacitance — 25 pF
MCLKA, MCLKB, ACLKA,
ACILKB, and ACLKC .
C.. RESET output capacitance — 20 pF
Conio I/O pin output capacitance — 15 pF
*Refer to Table 3. B

« All times are in nanoseconds except as noted.

» Cpy=150pF

» ac highs for MOS outputs are measured at Vo and lows are measured at V.

« ac highs for TTL inputs are measured at Vy,; and lows are measured at Vi,.

= ac highs for TTL outputs are measured:at Vi and lows are measured-at V.

» TTL inputs are driven:to Vo or Voy.. -

Clock Inputs and Output Tmung :
Figure 4 shows the timing for the clock input and Table 3 lists the clock input txmmg pararneters
Figure 5 shows the clock output timing and Table 4 lists the clock output timing parameters.

CLKIN

’ﬂ e

Figure 4+ CVAX 78135 Clock Input Timing

be— tCLKINL

Table 3 - CVAX 78135 Clock Input Timing Parameters*

1Symbol Parameter Requxrements (ns)

: ) ~ Min. Max.
feLkine CLKIN fall 0.5 4.5
oo CLKIN high 9.5 —
Terking CLKIN low 9.5 —
| P — CLKIN rise 0.5 4.5
teversms CLKIN cycle 25 —

*Requirements for TCLKIN are the same as for CLKIN.

1-116

Confidential and Proprietary




Preliminary B5

—et e LMY - et

- R

= =4

— 1CLKBOLY
ICYCLEAR i CIKABE  TCLKAER

o = FCLKCDLY

J e f
ACLKC z
[ 1CLKCH it LG
po ICLKABR CLKABF . -

Figure 5+ CVAX 78135 Clock Output Timing

Table 4 » CVAX 78135 Clock Output Timing Parameters =~

Symbol Parameter Réqiuire:iiéhts (ns)

taxssr  ACLKA, ACLKB and ACLKC fall' <+ 7" 70 igg ™ =0 50
texasn  ACLKA and ACLKB high' ) —
taxam  ACLKA and ACLKB low" =
texass  ACLKA, ACLKB and ACLKC tise"? S 08 5.0
tomory  MCLKAtACLKAdely’ .~ -~ =05 = 05
taxsry MCLKAtoACLKBdelay* = " toamaf2  torawal2
taxes ACLKChigh T —
taxee  ACLKC low' e T -
takcory  MCLKA or MCLKB to ACLKC delay to coincidentedge’ - ~0.5 - 0.5 -
tawoy MCLKAtoMCLKBphasedelay® ~  ~  © "
tome  MCLKA and MCLKB fall® Y 5.0
teuoun  MCLKA and MCLKB high' e i M R
terrm- MCLKAand’MCLKB}Bw' RGNl BRNT i S —
teLkMR MCLKAandMCLKé rise® 0.8 1 50
tevarss ACLKAandACLKBeydle = 2Xtoamw  —
teyase  ACLKC cycle UL At —
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Symbol Parat;zeter‘ ,

" Requirements (ns)
Min. Max.

MCLKA and MCLKB cycle

tCYCLEM

2 X teyveren

MOS timing measured at 909 (V) and 109 ( on)-

*C=150 pF (max.), C=50 pF (min.), and Iw
tevereas/2) ~ terkan i
Htevcruan/2) = torkane

*MCLKA and ACLKA equaﬂy loaded
*MCLKA and MCLKB equally loaded.

(teveree/2) - terkasr
*(teyeree/2) - Cexase

*MCLKA, MCLKB and ACLKC equally loaded.
MCLKA and ACLKB equally loaded, Im,, =0
teyeremf2)-0.5
teyerem/2)+0.5
BC =150 pF (max.), C=50 pF (min.).
teverew/2) - toons (Max.)
u(tCYCLEM/ 2) - tegwr (Max.) -

Clock Initialization

Figure 6 shows the clock initialization timing, and the parameters are listed in Table 5.

EYSRESET \
K

~ RESETD [*—

i‘-—- tgvneoLy
—

RESET \ :
iy
i

/

! TRESETZ @

o, BRR ._.....—-...._.\k

SVERDY, 4 &
ES T —

Figure 6 » CVAX 78135 Initialization Timing

Table 5 - CVAX 78135 Initialization Timing Parameters

Requirements (ns)

Symbol Parameter

' Min. : Max.
treseTD Async assertion time for RESET toyns + Lsynmic
‘tRESETW SYSRESEj Wldth 1 —
treseTz High-impedance output from SYSRESET 20 —_
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Symbol Parameter Requirements (ns)

toyne RDY and ERR assertion from SYSRDY and ~ - 1
SYSERR assertion with DMG deasserted '

EsynepLy - oy and ERR assertion and RESET | e §OT L - - 15

deassertion from MCLKA (phase 3}
edge with DMG deasserted

toynm Synchronizer . = o 51(),:’ R
tsyns Synchronizer setup S 50 —

15+ X tevesm) - tsynn
*toyns+ D Hteverem

Ready and Ermor Tlmlng ' : =
Figure 7 shows the timing for the RDY and ERR sxgnals thh DMG deasserted and Table 6 hsts the
timing parameters v S

RS ey k : T P TR A S ¥

wn_/ \W,{L N\ TNETTTNG TN TN

ISYNH
— {
oS 4’
SVSROY: A - : N on RPN 9 o i - . . .t
SVSERR ; X . /
. - B . —~ol >~ ISYNCDLY l—top .
) | SYNC-
ERR s yirw E 3
»‘} 1PMGS e REF - — [o-tRER

e P
Figure 7« CVAX 78135 Ready and Error (DMG Deasserted) Signal Timing

E R

Table 6 - CVAX 78135 Ready and Error (DMG Deasserted) Signal Timing Paramerers

Symbol Parameter ; I o "Reqmremems (ns)
too ' RDY, SYSRDY, ERR, and SYSERR 20 10
* deassertion from DS deassertion ,
tomes - DMG setup time before DS T —
toss DS setup time before RDOYor ERR . . . 10 —
trer RDY/ERR fall ) ’ 10 7 s 10
trer RDY/ERR rise Y TR
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Symbol  Parameter ) " Requirements (ns)
i Min. Max.

towne RDY, ERR assertion from SYSRDY and TR
SYSERR assertion ! p G B

teyneoLy RDY, and FRR assertion and RESET . 5.0 15
deassertion from MCLKA (phase 3) edge

toyne’ Synchronizer hold h 5.0 —

tsyns’ Synchronizer setup 0 R —

Ysyns + I + toyaem
15+ (3 X teyerew) — tsvnn : :
3tsyns and tgyny ate the setup and hold times needed at a synchronizer input to ensure that the s1gnal
is recognized as expected. Signals with a shorter setup or hold time than specified Wﬂl be
synchronized but the results are unpredlctable : G

System Ready and System Error Timing

Figure 8 shows the timing for the SYSRDY and SYSERR signals with DMG asserted, and Table 7
lists the timing parameters. Figure 9 shows the timing for the SYSRDY and SYSERR 51gnals during
a retry, and Table 8 lists the tumng parameters

~— 'ne‘-v- . — 10D jxmi‘—

' =
— REF b tRER
OMGS [
MG ;

Figure 8« CVAX 78135 System Ready and System Ervor (DMG Asserted) Signal Timing

Table 7+ CVAX 78135 System Ready and System Error (DMG Asserted) Sighal Timing Parametets

Symbol Parameter* ; Requitements (ns)
: . Min. .. Max.
toa ~ RDY, SYSRDY, ERR, and SYSERR high 4.0 15

impedance from deassertion of
asynchronous input prior to DS
deassertion .

ton RDY, SYSRDY, ERR, SYSERR deassertion 2.0 v 10
- from DS deassertion : .

tomes DMG setup time before DS 20 —_—
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Symbol Patameter* Requirements (ns)
Min. Max.
toss DS setup time before RDY or ERR 10 —
tre SYSRDY and SYSERR assertion from RDY 5.0 15
and ERR assertion
trer RDY or ERR fall 1.0 10
trer RDY or ERR rise 1.0 40

*SYSRDY and SYSERR are not synchronized to MCLKA or MCLKB in this configuration since the
asynchronous portion of the system is receiving these signals.

MCLKA o

5YNG —»

SYSERR

—of o I8YNS

=/ / /

Figure 9« CVAX 78135 System Ready and System Error (Retry) Signal Timing

Table 8 - CVAX 78135 System Ready and System Error (Retry) Signal Timing Parameters

Symbol Parameter* Requirements (ns)
Min Max.
tsynm Synchronizer hold 5.0 —
teyns Synchronizer setup 5.0 -
troy SYSERR to SYSRDY on retry toyns + tsynn 2 X tevoiem
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« Features

= Support for external ROM » 100-Hz interval timer
—8-, 16-, or 32-bit data width ,
—Programmable address decoding

» Two programmable timers

—Cycle completion (RDY assertion) - « 4-bit cutput port
—Byte or word unp ackmg « . ngrémmahle busmtimeout
. ;gii)c}f battery baCkEd up RAM (256 by » Battery backed-up VAX SRM tune-of-year

clock

= VAX SRM. compaitible console terminal
UART similar to DLART with eight baud
rates, CTRL/P break detection, and secure . ... » Haltarbittation logic
console support:

* 1/O bus reset support

+ Two programmable add;egxs decode strobes

VAX SRM compatible console storage (auxil-
iary) UART similar to DLART

Description

The MicroVAX 78332 System Support Chip (SSC) is a multifunction mterface that provides the
common functions necessary to support the MicroVAX or CVAX system environment: It includes
unpacking logic for up to 1 MB of extetnal ROM; a 1-KB RAM; two asynchronous serial hx;e ports, a
4-bit output port, two programmable address decoders, two programmable timers, and a realtime
clock. It substantially reduces the number of components necessary to develop a MicroVAX system
on a CPU board and is contained in a single 84-pin cerquad package. The functlenal block diagram
of the MicroVAX 78332 SSC is shown in Flgure 1

R ; e
SYSTEN BUS. X 1)

N

78322 . B
SYSTEM SYPPORT Crif-

INTERRUPT ACKNOWLEDGE ENABLE

sus 0
INTERFACE BUS DEVICES

L

PROGRAMMAELE
TIMERS
” ROM PROGRAMMABLE
1
v EO e [ G s
LOGIC LOGIC

CONSOLE SERAL LINE CONSDLE
TERMINAL TERRINAL
256 x x 32y ¢ LART

625 kM2

INTERMAL BUS

ADDRESS - FPROGRAMMABLE CONSOLE 5
STROBES AUDRESS “ y STORAGE SR L W hevice
TG DEVICES a~t DECOUERS USRT !
625 KHZ
o aeim 100 HZ
ceps oevices € ourrr KT TERVAL FREQUENCY | 20z
PORT TIMER TMHZ | DIVIDERS
1004z
FEALTIME -
o DIVIDE BY 256 N T
I ey .
v

Figure 1= MicroVAX 78332 SSC Functional Block Diagram
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~ Pinand Sngnal Descrnptxons '
The input and output pins and power and ground connections of the MicroVAX 78332 SSC are
shown in Figure 2. Table 1 provides a summary of the signals defined in the following paragraphs.

-0 i
583 B i
gggggﬁélgggéwlalﬁglhzo~
SRl 28R ‘EE “I5l2 2 2IRIIEIT L% |£ c% IS
4 791 7J5 ?lz 7[1 710 ga Gls sj"/s‘e GiBB}J. Eilti e}z st‘o‘sle 5L E% 5l 5|5 514 ‘
VSS 75 N 4 53 |— ROMWIDO
RESET —] 76 ‘ 52 }— ROMWIDT -
ERR — 77 ' 51 }— BIO
RDY —] 78 ‘ ‘ 50 f— GPT3
WR — 79 S 49— GFT2
EPS— 80 ’ - a8 |— GFt1
cs2 —4 81 : 47 p— GPTO
cs1 — 82 46 | cspi
cso — 83 . 45 +— CcSDO
55 — 54 aa btierpr
A‘g_r 1 MicroVAX 78332 43 }— cToo
SYSTEM SUPPORT CHIP
VSS ——q 2 42 — VSS
vDDl —— 3 41 —‘VDDI
DAL31 — 4 40 }— SECCON
PAL30 — 5 39 — 0ALOO
DA.L‘2'9‘ [§] 38 — DALO1
DAL28 j 7 37 |— paLoz
‘DAL27 —] 8 36 }— pALO3
DAL26 <] 8 ' a " '35 b—paLoa
‘DAL2E —] 107 ' 34 |—DaLos
voox-j 11 ‘ o 33 {— voox
12 13 14 15 16 17 18 19 20 2122 23 2425 2627 28 29 30 31 32 |
crrrrrrrerrrrrrrerreed
LiogyggeRreoToNOgBE Sy
Siid332773222232:22422"

Figure 2 =« MicroVAX 78332 Pin Assignments
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Table 1 » MicroVAX 78332 Pin and Signal Summary

k Pin Slgnal ~ Type Description/Function »
4-10,13-31, DAL<31:00> inputfoutput Data and Address Lines—Time multiplexed
©3439 ¢ ‘ Lo A lines used to transfer address and data informa-
ERRR ~ tion between the SSC, the CPU, and the SSC
81-83 CS<2:0> “7 inputfoutput Cycle stams-thowdes status and control infor-
o , mation about the current bus cycle. Connects to
o C8/DP<2:0> onthe CVAX.
1 AS input. Address strobe—Provides timing and centrol
V : information to the SSC.
84 DS o dnput . Data s;mBe-é«—Providés" timing and control
: ’ ; information for data transfers to and from the
; SSC.
54-57 BM<30> . input Byre maskmlndxcates which bytes of DAL lines
; RERPRY data contain valid information durmg the sec-
’ - ond part of an /O cycle. - \
79 - WR. dnput- © - Write—Specifies the chnectxon of data transfer
’ o ‘on the DAL. N
78 RDY output’ Ready-—Asserted by the SSC to indicate the
o ' - endofbuscycle.
77 ERR " output Error—Asserted by the SSC to indicate a bus
_ timeout condition. _
80 EPS © - input ~ External processor strobe—Coordinates the
) o MicroVAX external processor transactions.
76 RESET ‘input ‘Reset———Asserted during power system transi-
. tions and during battery backup mode. The
deassertion of the RESET sxgnal initializes the
) SSC. :
60 CFMUVHKLT o c;gigtgﬁt:% k -~ CprU Halt—A halt request to the CPU.
59 HALTIN . input - Halt m«—A halt request from the external logic,
40 SECCON input Secure console—When asserted, the halt
o requests received by the console terminal are
not transmitted to the CPU.
58 RUN output Run—Asserted when the halt signals are
’ enabled.
68 IRQ<n> ~output Interrupt request—An interrupt request to a

CpPU.
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Pin Signal - Type - ‘Description/Function:
67 [AKEO outpiit Interrupt acknowledge enable out—Asserted
. by the SSC upon receipt of an interrupt
acknowledge from the CPU if no SSC interrupts
are pending at the interrupt acknowledge level.
66 TIORESET output 1/O System Reset— Asserted by the SSC when
: the CPU writes to processor register IPR #55.
Typically used to reset a Q-bus system.
72 ROMEN output ROM Enable—Enables the external ROM.
70,71 ROMADR<1:0>  output ROM Address—Selects the correct bytes dur-
‘ ing a ROM read operation. .
153,52 ROMWID<1:0> input ROM ‘Width—Determines the width of the
: C ‘ ROM and is also used to cause the SSC input/
output lines to become high impedance.

44 CTDI input Console Terminal Data In~—A serial input to

' the console terminal receiver.
43 CTDO output Console Terminal Data Out—A serial output
c of the console terminal transmitter.
46 CSDI input Console Storage Data In—A serial input to the
‘ console storage receiver.
43 CSDO output Console Storage Data Qut—A serial output of
; the console storage transmitter.
62,61 ADS<T.0> output Decoder Strobes—Asserted when the selected
, addresses are detected by the SSC.

50,47 - OPT<3:0> output Output Port—Can be used to control output
devices such as LED indicators.

65 INTCLKO output Interval Timer Clock Output—A 100-Hz inter-

' val timer signal.
74 CLKI input Clock In—An SSC clock timing signal nomi-
\ : nally 40 MHz. , ,
73 TB40M input Time Base 40 Msz’——»Proirides a 40-MHz time-
' base to the baud rate generator, the bus timeout

logic, and the interval and programmable tim-
ers. Also provides a timebase to the time-of-
year clock if the TB25K input is grounded.

69 TB25K input- Time Base 25.6 KHz—Provides the timebase

' for the time-of-year clock.

51 BIO “input Battery Low—Indicates that the battery power
is low.
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Pin Signal  © Type = Debeription/Function

3 ,41 ' Voot , ihput ; Voltage—Continuous 5 Vde power to the SSC
> o , o internal circuits. )
11,33,64  Vgpy © input Voltage—5 Vde power: to the SSC pads
2,12,32,63 Vg B ~input’ f Ground*@rqgnd,reference. ' ' ‘

Data and Address Lines

Data and Address Lines (DAL <31 00 >)—-The data and a&lﬂress }.mes are time-multiplexed and
transmit addresses and data between the CPU and other devices. The protocols used for the
MicroVAX CPU and the CVAX CPU are as follows. ’

During the first part of a MicroVAX CPU read or write cycle, DAL < 29:02 > contain the Iongwm‘d
address of the operand. During the second-part of a CPU read cycle DAL < 31:00> are used to
transmit information to the CPU. Durmg the second part of a MicroVAX CPU write cycie

DAL < 31:00> are used to receive incoming information.

During the first part of an MicroVAX interrupt acknowledge cycle DAL<04 00> contain the
interrupt priority level of the interrupt being acknowledged, DAL<31:30> =10 and
DAL < 29:05> are zeros. During the second part of the cyclg thei mterrupt vector is transmitted to
the CPU on DAL <09 02>, : A :

During a MicroVAX external processor (EP) write commandcyde the CPU transfers the pmcessor
register number on DAL<05:00> and the upmrmng transaction type on DAL3L (read:u
write=0).-

During a MlcmVAX EP mad response cycle; DAL<31 0(]} transmit mformatmn to thr: CPU
During an EP write data cycle, DAL < 31:00 > receives incoming information from the CPU.

During the first part of 2 CVAX CPU read or write cycle, DAL < 29:02 contain the iongwdrd
address of the operand. Durmg the sec0nd part of: a fead cycle ‘DAL < 31:00> ‘transmit
information to the CPU. : ;

During the second part of a write cycle DAL <31:00> receive mcommg mformatmn from the
CPU.

During the first part of a CVAX CPU mterrupt acknowledge cycle, DAL<06:02> contain the
interrupt priority level of the interrupt’ beéing ‘acknowledged and DAL<31:07> and
DAL < 01:00> equal zero. During the second part of the ::ycle, DAL <3 00 > transmit mforma #
tion:to the CPU. .

During the first part of a CVAX EP read or write cycle, the CPU transfers the processor register
number on DAL<07:02> ahd zeros on DAL < 10:08 > . During the second part of an EP read
cycle, DAL < 31:00> . transmit information to the CPU.-During the second: paxt of an EP write
cycle, DAL < 31:00 > receive incoming information from the CPU. , »

Control Lines

Address Strobe (AS)mDurlng a CPU read or write cycle, a CVAX External Processor mgmter r:ead
or write cycle, or an interrupt acknowledge cycle, the CPU asserts the AS line when the information
on DAL < 31:00> is valid and deasserts the line when the bus cycle has been completed.

Data Strobe (DS)—During a CPU read cycle or interrupt acknowledge cyc]e, the CPU asserts the
DS signal to indicate that DAL < 31:00> are available to receive incoming data and deasserts the
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DS signal to indicate that it has received and latched the incoming data. During a CPU write cycle
or CVAX external processor register write cycle, it is asserted by the CPU to indicate that
DAL < 31:00> contain valid data and deasserted when the data is not valid.

During a CPU write cycle, the CPU asserts the DS line to indicate that DAL < 31:00 > contain valid
outgoing data and deasserts the DS line to indicate that the data will be removed from the bus.

Byte Mask (BM<3:0>)—The byte mask specifies which bytes of the DAL contain valid
information during the second part of a CPU write cycle. The SSC ignores the byte mask except
during write operations to the RAM. The byte mask assignments are shown in Table 2.

,  Table 2 - MicroVAX 78332 Byte Mask Data Selection
Byte Mask  Valid Lines

Line

BM3 DAL <31:24>
BMZ = DAL<23:16>
BMIT DAL <15:08>
BMO DAL<07:00>

Wiite (WR)—This input specifies the direction of data transfer on the the DAL. When WR is-
asserted, the CPU transfers data on the DAL. When WR is not asserted, the CPU receives data from
the DAL. The WR signal is latched when the AS input is asserted.

Ready (RDY)-~The SSC asserts this output to:indicate that the current bus cycle should be
successfully terminated. During a read cycle or interrupt acknowledge cycle, the assertion of the
RDY signal indicates that the SSC has placed the required data on the DAL. During a write cycle,
the assertion indicates that the SSC has latched the data. It remains asserted until the AS input is
deasserted. This is an open-drain output.

Error (ERR)—The SSC asserts this output to indicate that a timeout of the current bus cycle has
occurred. The length of the timeout period is determined by the value loaded into the Bus Timeout
Control register of the SSC. The ERR output remains asserted until the DS input is deasserted.
This is an open-drain output. j
External Processor Strobe (EPS)—This signal is used by the MicroVAX CPU to coordinate extema]
processor transactions. It is not used by the CVAX CPU.

Reset (RESET)~-The deassertion of the RESET input initializes the SSC to its powerup state. It
must be asserted during battery backup mode (i.e., during a power loss) or when there is a
transition on a power supply output. When asserted, the DAL < 31:00>, RDY, ERR, and the CS2
lines are forced to a high-impedance state. All other outputs are dcassertcd

Cycle Status (CS < 2:0>)—These lines and the WR line provide status and control mformanon for
the current bus cycle. The CS < 2:0>> line information is latched when the AS line is asserted.

In a CVAX CPU system, the CS < 2:0> lines connect to and are time-multiplexed with the Cycle
Status/Data Parity lines (CS/DP<2:0>). The SSC _ignores the DAL line parlty and latches the
CS$ < 2:0> lines information at the assertion of the AS input.

Table 3 lists the bus cycle selected durmg a CPU read ot write cycle, an mterrupt acknowledge cycle 4
ora CVAX EP read or write cycle
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Table 3 » MicroVAX 78332 Bus Cycle Control Seiectlon (non-chroVAX EP cycle)*
Wrme Cuntml Line ; Bus Cycle Type

WR cs2 CS1 €SO

H L Lo L ‘READ ;

H L ~H L  CVAXEPregisterread
H L H H ' interrupt acknowledge
H H L L 'Istreamread o
H H L H rcad,‘ &

H H H L read 1T e

H H H H rad |
L L H L CVAX EP register write
L H L H  write

L H H H write:

*AS=L and EPS=H. The C§ <2:0> combinations not listed are reserved.
Duringa MicroVAX EP transactlon mvolvmg the SSC, the €S2 line i is not used excr:pt durmg an EP

Read Response cycle where CS2 is pulled low by the ‘%S(, Table 4 shows the bus cycle selectcd
during a MICI’OVAX EP read or wrlte cycle '

Table 4 - MicroVAX 78332 Bus Cycle Control Selecnon (MlcroVAX EP cycle)*

Write  Control Line' ',“;ff;;?;usaﬁycle Type
WR €82 CSs1 CS0

H Xe H H read response

L X L H  writedata

L X H L write command?

*AS=H and EPS=L. The C§<2:0> combinations not Iis;édﬁre reserved.

'H =high level, L=low level, X =high or low level ,

*During an EP write command cycle, DAL31 mdmates that the t transactlon that follows is a read (H)
or awrite (L). | : by ot -

*Precharged high (H) and assertqd !ow durmg re:ad response By

CPU Halt (CPUHALT)—This 51gna1 is asserted for at least eight rmcrocycles (nommally 80()

nanoseconds) when a halt request is detected by the SSC. It connects to the HALT input of the

CPU.

Halt In (HALTIN)— This is a level:sensitive input-that receives halt requests from extema! loglc

When appropriate, these requests are passed to the CPU through the CPUHALT output.

Secure Console (SECCON)—When- this input is:connected: to ground; ‘breaks recelvad by the
Console Terminal UART are prevented from asserting CPUHALT.
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Run (RUN)—This output is asserted when the halt conditions are enabled and is deasserted when
the halt conditions are disabled. Durmg the first mlcrosecond after the RESET i input is deasserted,
the RUN signal will oscillate at approximatély 10 MHz (for test. purposes*} and then operate
normally.

Interrupt Request (IRQ <n>)— This open- n-drain output tequests an interrupt from the CPU on
one of the four CPUIRQ lines. The i interrupt priority level is defined by bits <25:24>> of the SSC
Configuration register and must correspond to the IRQ level to which the IRQ<n> output is
connected.

Interrupt Acknowledge Enable Out (TAKEO)—The SSC asserts this output when it receives
interrupt acknowledge cycle that it has not requested. This output is not asserted if an SSC
interrupt is pending and the IPL is the same as defined by bits <25:24> of the SSC Configuration
register. The SSC deasserts the TAKEO output when the CPU deasserts the DS signal.

1/O Reset (IORESET)—The SSC asserts this output when a write cycle to Internal Processor
Register 55 is a request for a bus reset.

ROM Select

ROM Enable (ROMEN)—The assertion of this output by the SSC enables the ROM bank to be
read. It connects to the Chip Enable inputs of the ROM(s). -

ROM Address (ROMADR < 1:0>)—When using an external wordwide ROM, the ROMADRI1
output connects to the A0 input on the ROM. \When using an external byte-wide ROM, the
ROMADRI and ROMADRO outputs connect to Al and A0 inputs, respectively, on the ROM .
ROM Wldth (ROMWID < 1:0>)—These outputs select the width of the boot ROM and the DAL
that connect to the ROM. It also selects a high-impedance state for all SSC I/O outputs. The
selections are listed in Table 5. -

Table 5 - MicroVAX 78332 Boot ROM Width Selection

ROMWID Width Lines

1 o0

H H 32  DAL<3L00>

H L 16 DAL<15:00>

L H 8 DAL<07:00>

L L high impedance (all SSC /I/O and output lines)

The ROMWID outputs that are to remain a high level connect to Vy, through resistors. When both
pins are connected to gmund all SSC /O and output lines are lngh 1mpedance N

Serial Data

Console ‘Terminal Data In: (CTDI)~This input provides serial character data to the. console
terminal receiver of the SSC. R s , 1
Console Terminal Data Out (CTDO)uThls output pr0v1des serial characmr data fmm the console
terminal transmitter of the SSC. B iy ;

Console Storage UART Data In (CSDI)—This input provides serial character data to the Console
Storage UART receiver of the SSC.
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Console Stotage UART Data Out’ (CSDO)—-’Fhis output premdesv serial character data from rhe’
Console Storage UART transmitter of the SSC

M:sce]laneous Slgnals
Address Decoder Strobes (ADS < 1:0 > )—These outputs provide stmbe sxgnals to extemal Iogxc
when predefined addresses are detected by the S5C. )

Output Port (0PT~< 3:0 >)--Thé§e om’:pms ff@m tﬁc @ut‘fmt Porc register ean be used to control
LED indicators or other devices.

Clock Slgnals B

Clock Output (INTCLKO)— This output is produced by th@ H)O-Hz Interval Timer of the §sC. ff
normally connects to the INTTIM input on the CPU'iniordér to generate Interval Clock interrupts.
The first assertion of this signal is approxxmately 8.2 mﬁaﬁsecohds after the deassertion of the
RESET signal. FHG
Clock In (CLKI)—This high frequency TTL input (nomi
timing to the SSC. In the transition to normal opér 10 ,
deasserted until CLKI is within specification.

Timebase 40 MHz (TB40M)—This input is dnven by n. extemal 40-MHz TTL escﬂa::or and
provides the timebase for the baud-rate generators in the UAR'IE‘ ‘the Programmable Bus Timeout
logic, the 100-Hz Interval Timer; and the programmable timers. If the TB25K inpiit is conniected to
ground, this oscillator will also supply the tlmebase fam e 1me~of-year clock' when the system
power is supphed ‘ S pnnd

Timebase 25.6 KHz (TBZS Vhen dri nsby an. zxter@ 23 6-KHz oscillator th&s mput
supplies the timebase for the Tﬂnc»oeraar‘ (TOY).clack. To maintain the TOY clock when system
power is removed, this oscillator should be supplied power.from battery backup unit. When this
input is connected to ground, the TOY clock uses the TB40M signal as its timebase while system
power is supplied. “This input requires-a CMOS level- :md must_not- be S\mtched between rhe
oscillator and ground while the SSC is running.

MHz) provides the basm clock
RESET input should not be

[ B 52 COFR BNt

Power and Ground i

Battery Low (BLO)—If this input is asserted while the RES£T i pm is asserted, the BLO bxt 31 ef
the SSC Configuration Register is set. It can-becleared Qaiy by thewuser. If the BLO bit is xet when
the SSC is reset, the time-of-year clock is cleared. LB

Voltage (V) These mputs provide continuous dc powet to the internal circuits of the* $8C:
When the RESET input is asserted, a lower voltage and current is supplied so that the RAM will
hold its state and the time-of-year clock will co m Qpemte The RESET mput must; be
asserted when the voltage on these inputs is 'e_l;gnsigti g ..

Voltage (Vy,px)—These inputs provide dc powsy to: the pad: dnvcrs of the SSC. The RESET ;nput
must be asserted when the voltage o these inputs s transitioned. -

Internal Ground (V;s)—These input pins provldc the gmuqd reference to the SSC.

Registers

The SSC contains ten VAX Internal Processor Reglsters (IPR) tlaat may be addressed either bv then
IPR number (through MTPR or MFPR instructions} or by their I/O-space-address. All SS€ register
accesses are 32-bits wide and longword aligned. The SSC registers are contained in a relocatable 2-
KB block of I/O space except for the Base Address register (BA) which has a fixed I/O space address

i
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of 20140000. Storage element locations are defined as offsets from the value contained in the BA
register. The notation “BA + < offset > denotes the address of the storage elements..

The SSC registers are listed in Table 6. The offsets are shown in hexadecimal notation and the IPR
numbers in decimal notation. NI

Table 6 « MicroVAX 78332 I.riternal Reglster Offset and Number o

Offset IPR Register

000-003 —_ Base Address (BA)

004-00F — . Reserved

010-013. .. — .- SSC Configuration

014-01F — -+ . Reserved

020-023 — Bus Timeout Control

024-02F — . Reserved

030033  — . Output Port

034-06B  — ' Reserved

06C-06F 27 Time-of-Year (TOY) L
070-073 28 - Console Storage Receiver Status (CSRS) :
074-077 29 Console Storage Receiver Data (CSRD)
078-07B .30 . Console Storage Transmitter Status (CSTS)
07C-07F 31 Console Storage Transmitter Data (CSDB)
080083 32 ! . Console Receiver Control/Status (RXCS)*
084-087 =~ 33 " Comnsole Receiver Data Buffer (RXDB)
088-08B 34 -~ = Console Transmitter Control/Status (TXCS)
08C-08F =~ 35 = ‘Console Transmitter Data Buffer (TXDB)
090-0DB  — Reserved .

0DC-0DF 55 1/O System Reset (IORESET)

0E0-OEF Reserved

0F0-0F3 ~ — = " Rom Data* '

OF4-0F7 < " - Bus Timeout Counter*

0F8-0FB — Interval Timer*

OFC-OFF — : Reserved

100-103 ~ ~ — = "Timer 0 Conttol

104:107 T — “Timer 0 Interval

108-10B e Timer 0 Next Interval

10C10F - © — % Timer 0 Interrupt Vector

110-113 — Timer 1 Control

114-117 — Timer 1 Interval

118-11B — Timer 1 Next Interval

11C-1F — Timer 1 Interrupt Vector

12()-1F‘F?"' e Reserved '
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Offset ‘IPR Register - g ;,
1’3(5'133’ - Address Decode Channel 0 Match
134-137° — Address Decode Channel 0 Mask
138-13F — ~ Reserved

140-143 — Address Decode Channel 1 Match
144147 ~ — = Address Decode Channel I Mask
1483FF =~ = " 'Reserved "

400-7FF = — Internal RAM

PR

*These registers are used for test purposes and should not be accessed by the user. LR

The hardware updates the register blts m response to mrents thhm the SSC Thg register
information that is accessible by the user is defined as follows.

RW Read/Write—Can be read or written by the user. The hardware can change the value of
the bit only when the RESET input is asserted.

RW'  Read/Write’—Can be cleared by the hardware at any time Wntmg to these bit by the
user is sgnored if cleared by the hardware during the same cycle. .

RO Read Only—Can be read only by the user. Only the hardware can change the value of the
bit. Writing to these bits by the user is xgnored ,

WO Write Only-—Can be written only by the usér and is xead as a zero.

WC Write 1 to Clear—Can be read by the user. The hardware can change the value of these

bits. If not being updated by the hardware, the user can clear these bits by writinga 1 to
them. . , 4 ;

MBZ  Must Be Zero——AIways read as Zero. Wmmg to thcse blts is lgnored

Base Address Reg:ster b \ ‘

The Base Address (BA) register. contains the base address @f the aaelocatahle Z-KB block of I/O space
in which the SSC internal RAM and 29 controlfstatus registers are located. The software writes the
base address of this block. The SSC RAM and registers ate then addressed. by addmg the offset
value to the value in the BA register. When the RESET input is asserted, this register is set to the
default value of 20140000, With this value; the BA: register is located within the 2-KB block of
relocatable I/O space assigned to the SSC. The register format is shown in Figure 3 and the function
of the blts is descrfbed in Table 7.

31302928 S gt 00
~HH1IH&MHH1I11[!1111[5

IMBZ‘! “BASE ADDRESS : MBZ

1 llll[ltﬂll!lli]lilltlAlLJQL
RO C CREADAWRITE ‘ i et i i

Figure 3« MicroVAX 78332 Base Address Register Format
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Table 7 - MicroVAX 78332 Base Address Register Deseription’

Bit Function

31:30 MBZ (Must be zero)

29 Set to a one i . S

28:11 Base Address— The base address of the relocatable 2-KB block of I/O space.
10:00 MBZ (Must be zero)

Configuration Register -

This register contains the setup mformatlon that defmes the funct:ons of SSC The reglster format
is shown in Figure 4 and Table 8 defmes the functlon of the blts

3130 28272625242322 201918 1615614 121110 080706050403020100

o B DT M IPL TRT ROM IM[ HALT-1C] CT [M[ AUX |M|RIADS|M|RIADS
LI maz [V|ejLvL|S| sIzE |B|PROT.{T|BAUD|B|BAUD|BID|i |B|D0O
0| 1 | |bjzisEL|P]| SEL |Zz|SPACE{P|SEL [z]|SEL |z|E|ENA|Z|E[ENA] -
we AW RW | RW AW | RwW - RW | RW | AW
) RW RW RW T RW

Figure 4 = MicroVAX 78332 anfigurazfz'ozz Register Format "

Table 8 + chroVAX 78332 Conﬁguratton Reglster Descrlptlon

Bit Description

31 BLO (Battery Low)—Set if the BLO input is asserted when the RESET input is asserted-
' and when the Vy,,, inputs are grounded. The BLO bit can be cleared only by the user. If the
=BLO bit is set when the SSC is reset, the time- of -year clock is cleared

30:28 MBZ (Must be zero)

27 . IVD (Interrupt Vector Dlsable)mWhen set, tlm SSC does not produce interrupt vectors or
v assert the RDY output in response t6 an interrupt acknowledge cyde The RESET 1nput
clears this bit.

26 MBZ (Must be zero)

25:24  IPL LVL SEL (Interrupt Priority Level Select)—These bits specify the IPL level to which
the SSC level responds during an interrupt acknowledge cycle. These bits are set to the
value that corresponds to the IRO <n> line of the MicroVAX or CVAX CPU to which the
SSC line is connected. For example, if the SSCTRQ<n> output is connected to the CPU
TIRQ2 line, bits 25:24 must be set to 10. The encodings are as follows

Bits ... . IPLLevel IRQ Line . Priority

25 24 ‘ ' ‘ .

0 0 14 1RQ0 lowest (default)
0 1 15 IRQ1

1 0 16 IRQ2

1 1 17 IRQ3 highest
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Bit Descr‘iption‘
23 RSP (ROM Speed)—»Thls bit selects the ROM access time. The RESET input clears this
: bit. The ROM access times are
Bit 23=0:350 ns (default).
© Bit23=1: 250 ns
22:20 ROM SIZE SEL (ROM Size Select)—These secify the extent of the ROM address
space. The RESET input clears these bits. The efault ROM size is 8 KB The encodmgs
_are defined below. Rt
Bits ROM Address Spac'e : RQM Size (KB)
22 21 20 :
0 0 0 20040000- 20041FFF 8 (default) .
0 0 1 20040000- 20043FFF - 16
0 1 0 20040000-20047FFF 32
Bt 1 1 20040000-2004FFFF . 64
1 0 0 20040000-2005FFFF 128
1 0 1 i20040000 -2007FFFF 256
1 1 0 20040000-200BFFFF 512,
111 : 20040Q00—2013FFFF 1024
19 MBZ (Must be zero): ' £ - 15
18:16  HALT PROT SPACE {(Halt protect space)—«Selec the halt-protected address space. The
RESET input clears these bits. The lowest 8 KB of ROM space is halt-protected by default.
The halt-protected address space may be large:r than the ' ROM address space. The
encodings are
Bits Halt-protected e Halt-protected
18 17 16 ROM Address Space Extent (
0 0 0 20040000-20041FFF 8 (default)
0 0 1 20040000-20043FFE 16
0 1 0 20040000-20047FFF 32
0 1 1 20040000-2004FFFF 64
0 0 2 . 0040000 2’905FFPF Getor 128
1 0 1 . 20040000-2007FFFF . = 256
11 0 2004000@@005;3?}2? s
1 1 1 Nope .. None. :
15 CTP(Control P Enable)»-««CTRL/P is. recagmzed asa break inthe consale terminal UART

if this bit is set. When this bit is cleared, 20 consecutive space bits are recognized as a
break. This bit is cleared by the RESET input.
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Bit Description
14:12© CT BAUD SEL (Console terminal baud select)—Selects ‘the baud rate of the console
terminal UART. These bits are cleared by the RESET input. The default baud rate is 300.
The boot code should write the proper value into the register before the first console
access. The SSC baud dock runs about 1.75 percent faster. The bit baud rates avaxlable are
~ Bits , - BaudRate
4 B 2 (default)
0 0 1 600
o 1. .0 1200
0 1 1 2400
1 0o 0 4800
1 0 1 9600
1 1 0 19.2K
1 1 1 38.4 K
1 MBZ (Must be zero) 0 .
10:08  AUX BAUD SEL (Auxiliary baud select)—Selects the baud rate of the console storage
UART. These bits ate cleared by the RESET input. The default baud rate is 300. The boot
code should write the proper value into the register before the first console access. The
SSC baud clock runs about 1.75 percent faster. The baud rates available are -
~Bis BaudRate '
10 09 08 (default)

0 0 1 600

0 1 0 1200

0 1 1. 2400

1 0 0 4800

1 0 1 9600

1 1 0 19.2K

1 1 1 38.4K

07 MBZ (Must be zero) | ; ‘

06 RDE (Ready Enable)—When set, thé RDY output of Programmable Address Strobe
Channel 1 is asserted eight SSC microcycles (nominally 800 nanoseconds) after the
corresponding address strobe. When RDE is cleared, the SSC takeés no action after

~ asserting the address strobe. This bit is cleared by the RESET input.

05:04 ENA (Enable)~These bits enable the read and write channels of‘ Address Strobe

a ‘Channel 1 as follows: =~ »

ENA Read Write
05 04
0 0 disabled disabled (default)
0 1 disabled enabled
1 0 enabled disabled
1 1 enabled enabled
03 MBZ (Must be zero)
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Bit Descnpnon

02 - BDE (Ready Enable)—When set, the RDY Output of the Programmable Address Strobe
; ~Channel 0 is asserted eight microcycles (nominally 800 nanosecondss) after the corres-

, pondmg addxcss snobe When RDE is cleared, the $SC takes no action after assertmg the
address strobe. This bit is cleared by the RESET input. . S

01:00 ENA (Enable)—These bits enable the read and write channels of Address Strobe
Channel 0 as follows:

o Bits . Read:: . ou White v
o OF 00 e e ek el e T e
00 0 disabled % disabled (default)
0 1 disabled enabled
1 0 enabled disabled
1 1 enabled enabled
Bus Timeout Cc}ntrol Register

n of the —A.g mput to prevem chsablmg the system
operation resulting from Unanswered CPU read Sr write accesses, CVAX EP read or write accesses,

or interrupt acknowledge cycles. The bus timeout is controlled by the Bus Timeout Control register
that stores the required timeout interval. Each time the AS input is asserted, the SSC clears and
starts an internal counter. When the AS input is deasserted, the counter is stopped. If the counter
value becomes the same as the value in the Bus Timeaut. Control register, the counter is stopped,

the ERR output is assérted, and the BTO bit 31'in this register is set. This indicates that the bus
cycle should be aborted. The ERR output is deasserted when the DS input is‘deasserted. If the
timed-out transaction is a CPU Read or CPU Write” transactmn, the RWT bit 30 is also set. This
register is cleared by the RESET i mput The register format is shown in F1gurc 5 and Table 9 defmes
the functmn of the blts = : it

The SSC monitors the assertion and deasse

313029 2423 00
. [EBRT T TT T T1lli|l(lll|l"li‘{¥ll!llt‘,,
CETiw] o mBZo b B RS TIMEOUTINTERVAL o
,QT',J;U‘;’1111{1141111&11;1111114’u
wel|  BEAD/WRITE

W AT RN LI A

Figure 5 « MicroVAX 78332 Bus Timeout Control Register Format

. Table 9- chmVAX 78332 Bus Imeam Reggsm Description.
Bits Description 1

31 BTO (Bus Timeout)—When set, this bit indicates that a bus timeout has occurred during
a transaction.

30 RWT (Read or Write Transaction)—When set, this, bit. mdicates that.a bus timeout has
. occurred during a CPU read or CPU write transacmon ;

29:24"  MBZ (Must be zero)

oy b
oy
33
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Bits Description

23:00  Bus Timeout Intefval—These’ b1ts specxfy the txmeout pemod The avaﬂable range of 1to

i FPEFFF (hexadecimal) -corresponds to a selectable’ timeout interval in the ‘range of 1

" microsecond to 16.77 seconds in 1 microsecond mt:rements \ertmg a zero to this field
disables the bus timeout function.

4-Bit Output Port Register e

The 4-bit Output Port register provides four data outputs OPT <3:0> that can be used to control
LED indicators or similar devices. The data value in this register continually-drives the outputs.
This register is cleared during the powerup sequem:e Figure 6 shows the register format and Table
10 lists the bit functions.

31 o o 0403 00
[

MBZ | DATA
N AN I NS AN AR AN N BN A 0 I S A iae i A Sa Rk

, Eiga_ré Gn Mz"cmVAX 78332, Oultz;yzﬁztkl’grt Registei Format

Table 10 - MicroVAX 78332 Output Port Retg:ist’:er‘ ‘De’script‘i,on' -

Bits = - Description

3104 L MBZ (Must be zero) ; - o ,
03:00 Data—The register data value that is contmuaﬂy driven on the OPT<3:0>

output. Bit 03 corresponds to the OPT3 output and bit 1 to the OPTT output.

Time-of-Year Register

The Time-of-Year (TOY) clock is controﬂad by the Time-of-Year regxster that can be addressed
either as IPR #27 or by a CPU read and write transaction. Refer to the Functional Operanon section
for detailed time-of-year clock information. Figure 7 shows the register format.

31 00
ForT TT | ! rrr Tt T T g l | T
TOY CLOCK
Lobo b bt e b e L ey L g

Fzgure 7 flzme-of }{ﬂar Regzster Format

L

Conscle Termma] and Console’ Storage UART $ e '

The SSC contains a console storage UART and a 'corisole termmal UART. zhat operate ‘similarly to
Digital’s DC319 DLART. Each UART contains four internal processor registers. The IPR numbers
assigned to each register are listed in Tables 11 and 12.
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" Table 11 + MicroVAX 78332 Console Storage UART Registers

IPR Number
28 ‘Console Storage Recexver Status (CSRS) e R
29 ‘Console Storage Receiver Data (CSRD) T Y el s s
30 ; Console Storage Transmitter Status (CSTS). :
31 Console Storage Transmitter Data (CSTD)
Table 12+ MncroYAx 78332 Console Terminal UART Registers
IPR Number f Register PP !
32 Console Receiver Control mtus RXCS)
33 Console Receiver Data, Buffer (RXDB) | i
34 ' ‘Console Transmitter ControlfStatus (TXC s)
35 Console Transmitter Data Buffer (TXDB)

These registers. are typxcally accessed-by- ex&rnal processor- register protocols, but may-also be
accessed by CPU read atid wite transactions. Only 8-bit data and single sfcp Bit operations without
parity are supported. £ .
The selectable baud rates are 300, 600, 1200, 2400, 4800, 9600, 19.2 K, and 38 4 K Baud rate
selection is achieved by writing to the SSC Configuration. register Framing and overrun errors are
indicated by the setting of error blts in the rewvm ﬁam regzsaaera SRDand RXDB: ~

E at. The differences are noted in

the register descriptions that follow,

Receiver Registers—FEach UART has a: Remver Lontrol and Status regtster (CSRS and RXCS) and
a Receiver. Data Buffer (CSRD and RXDB) register. fI'heSe registers are cleared by the RESET signal.
Figure 8 shows the format of the CSRD anid RXCS registers and Table 13 describes the function of

the bits. Figure 9 shows the format of the CSRS and RXCS 7 8l 'i:s;'and Tahle 1 hsts the functum
of the bits. ' ik,

Table 13- M:craVﬁX 78332 Rece;m Camrol amf Status (CSRS[RXGS) Regmser Descﬁpnoﬁ

Bnts k Descrlpnon ;  L o bttt st £ _
31:08  MBZ (Mustbezero) ¢ i coiaoo

07 DON (Done)—Set when a chamcter is recewed Cleared when the RXDB is read
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Bits Description. . .+

06 IE (Interrupt enable)—Can be set or cleared by writing to the RXCS or CSRS registers.
: Aninterrupt is generated whenever IE and DON transitions to a one state. Interrupt
requests are cleared when the correspondmg mterrupt request is acknowledged or by

clearing the IE or DON bits.

05:00 MBZ (Must be zero)

3 1615141312110 0807 .00
|111r11||||r|r|EQFMR|1 T T TTT7T
MBZ 1R{R|R|B|B| MBZ DATA .
[N VO PR O O O T OO O O 514 13 4 1 I I I B G G
N ) o no]ao RO , RO
"RO '

Figure 9 » MicroVAX 78332 Receiver Data Buffer ( CSRD/RXbB) Register Format

 Table 14 - MicroVAX 78332 Receiver Data Buffer (CSRD/RXDB) Register Description

Bits Description
3116 ﬂ MBZ (Must be zem)

15 ERR (Error)=-Set if ORE blt 14 or FRE bxt 13 are set. These ertor bits are updated when
~data is loaded into the register and cleared when the RXDB or CSRD registers are read.

14 ORE {Overrun error)—The receiver is double buffered. If both buffers are full when data
J s received, the assembly register is overwritten and this bit is set when the overwriting
¢haracter is loaded into RXDB or CSRD register. When set, the ERR bit 15:as also set.

13 FRE (Framing ¢rr0r)~{3et"if’ a framing etror occurs. When éet, the ERR bit 15 is als'oi’se;t.

12 MBZ (Must be zero)

1 RBR Received Break—Set if the receiver detects a break condition. Cleared by reading
the RXDB or CSRD registers. The RXDB register recognizes either 20 consecutively
received space bits or a CTRL/P character as a break condition as specified the CTP bit 15
of the SSC Configuration Register. The CSRD register only recognizes 20 space bits as a
break condition. If the break was the result of 20 space bits, the FRE bit 13 is also set.
Breaks received by the Console Terminal UART may halt the CPU. However, breaks
received by, the Console:Storage UART will not halt.the CPU.

10:08 MBZ (Must be zero)

‘07:00 Data—Contains the received data.

Transmitter, Reglsters*Each UART has a Transmitter Control. and Status- tégister (CSTS and
TXCS) and a Transmitter Data Buffer register (CSTDand TXDB). The data to be sent out is written.
into bits 07:00 of the CSTD or TXDB registers which are cleared by the RESET input. The format
of the of the CSTS and TXCS registers is shown in Figure 10 and Table 15 defines the function of
the bits. Figure 11 shows the format of the CSTD and TXDB reglsters and Table 16 defines the"
functionof the bits. ©~
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3 08070605 +-03020100 .
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M plg| MBZ
Jlllliil!lllllllllltillYé'}tt
RO |
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Fzgwe 10+M zcmVAX J 8332 I}ammzﬂe# ﬁanmi md Smtus KSTS/TXCS} Reg:sm Famat

Table 15 Mm\&&x 78332 Tmsnum Cammi aml Sutw (Cﬁ’I?S{TXC‘ﬁ) Reg:sters Deserimmn ;

Bits  ‘Description =~ FISIE AATIT ,
31:08  MBZ (Must be zero) . - T R
07 ' (RDY) Rcadyw?bet by the: hamlmm the traﬁsmmer ;
~ registers are available to’ ‘accept data’or when the RESET signalis deasserted Wﬂnng a
 character to the CSTD of TXDB register causes the UART to send the character and to
' ¢lear this bit until the character is transferred to the: mai!zation buffer, This bit is set by
the RESET input. '
06 IE (Interrupt enable) —Set by the software C]earad by the RESET input, when the
corresponding mterrupt request is aclmowledged ot when this bit or the RDY bit 07 is
cleared. An interrupt is generated when IE and RDY transition to a 1 )
05:03 MBZ (Must be zero) T ;7
02 LPB (Loopback)mSettmg this b}t connects the transmitter scnal outptit to the receiver
serial input. Also sets the extema.l serial- output pm to MARK Thxs blt is cleared by the
RESET input. : %
01 MBZ (Must be zem)
00 XBR (Transmit break)—Set when the UART sets serial output line to the space condition

when it has finished transmitting the current character, Clearing this bit terminates the

break; This bﬁ is cleared by ﬂ:\c BESET ,mput, e

81 . oot Ve Ca T »
LI I ! l LI ] i T I 1 !T LR |Q1 {
1374

JLiLl!LJIIlI;iIiiIIlII[{LLLl}i
'WO

" Figure 11 M:cmVAX 78332 tﬂmmmrnm Baﬁfer (CS"I‘ D/TXDB) Regzstem Format

Tab!e 16 - MicroVAX 7 8332 Transmxtter Data Bnifer (CSTE)/'I’XDB) R@gxsters Desmpmn

Bits - . Description
31 08 MBZ (Must be zero) k
07: 00 Data—Data to be transrmtted
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I/O System Reset Register -
Writing to the JO System Reset register (IPR #55) reques*ts a bus reset. The SSC responds by
asserting the TORESET output

Programmable Timer Regsters

The SSC includes general purpose programmable timers 0'and 1'that are similar to the VAX Interval
Clock. Each programmable timer consists of four I/O space registers: the Timer Control register,
the Timer Interval register, the Timer Next Interval register, and the Timer Interrupt Vector
register. A timer is programmed by loading the negative (two’s complement) of the desired interval
value into - the Timer Next Interval Count register. The timer is-started by writing a”'51
(hexadecimal) ifito the Timer Control register. An interrupt will then occur every interval count or
microsecond. .

Timer Control Registers 0 and 1—The configuration of the Timer Control register is shown in
Figure 12 and Table 17 defines the function of the bits in the register. Control bit 02 (STP) has been
added to the conflgurauon of the standard VAX regis ter to stop the timer when an overflow occurs.

The overﬂow condition causes an interrupt request on an IRQ<n> line at the user-selected IPL
level. ‘The interrupt vector is also user programmable. These registers are cleared by the RESET
input.

3130 : : i o -~ ‘0BD706050403020100°

EIIIlIIIIIlIIIIllII!!II5’3x’MSMR

R MBZ nlglalrisTiBiU

S 1 T T T O O O B O O I A R O B A e A e N v Rl

o we L S p , we |wo|  RwW RW
“RW WO

Figure 12 « MicroVAX 78332 Timer Control Registers (0 and 1) Format

Table 17 » MicroVAX 78332 Timer Control Registers (0 and 1) Description

Bit Description

31 ERR (Error)—Set to indicate a missed overflow when the Timer Interval register
overflows and the INT bit 07 is set.

30:08 MBZ (Must be Zero)

07 INT (Interrupt)—Set when the Timer Interval register overflows. If the IE bit 06 is set
when the INT bit is set, an interrupt request is posted.

06 IE (Interrupt enable)—Set or cleared by the software to indicate that an interrupt request
~ should be posted when the INT bit 07 is set.

05 SGL (Smgle)«-When the RUN bit 00 is cleared, writing'a 1 to this bit causes the Timer
Interval register to be incremented by a value of 1. When the Timer Interval Count (ICR)
overflows because of the assertion of SGL, STP is ignored arid the counter is reloaded.,
When the RUN bit 00 or XFR bit 04 are set, write operanons to the SGL blt are 1gnored
This bit is always read as a zero. ; ,
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'Bit  Description R | , 9
04 - XFR (Transfer)-—-\}(?rmng a one to thls bit causes the Timer Next Interval registef to be
copied to the Timer Interval register. This bit is always read as 4 zero; -
03 MBZ (Must be zero)

02 STP (Stop)—This bit determines whether the timer stops after it overflows. When this bit
is set, the RUN bit 00 is set, and the Tlmer Interval register overflows, the RUN bit is
cleared and the cmmung stops \ ' Tl

00 RUN-=When this bit is set, theTimerInte al"“”i:‘égiﬁtel'{' is “incremented once per
microsecond. The INT bit 07 is set when the timer overflows. If the STP blt is set when
the timer overflows, the RUN bit is cleared by the: hardware. e

Timer Interval Count Registers (0 and 1)—These registers contain the interval count value. Figure
13 shows the format of the register information.

3 S
B e e e e e
; TIMER INTERVAL REGISTER ,

|HH{LJHJHilt;umun;uezly

" _READONLY

Figure 13 » MicroVAX 78332 Timer Interval Count Regzs;:erx (0.and 1) Format.

=5

|1|1HHT|HH T : TTTTTITLTT .
“ TIMER NEXT INTERVAL REGI T S S s
RN R RN B S 000 W O 0 O A TN

READ/WRITE

Figure 14 « MicroVAX 78332 Timer Next Interval Count Registers (0 and 1) Format

Timer Interrupt Vector Registers (0 and 1)—These registers store the interrupt vector value to be
transferred to the CPU. An interrupt request is-posted when the IE bit 06 and INT bit 07 are
transitioned to a 1. When the SSC detects an interrupt acknowledge Cycle and one of the timers is
set to the highest internal priority requesting an interrupt; the interriipt vector for that timer is
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“transferred to the DAL. The corresponding interrupt request is then cleared. Interrupt requests can
also be cleared by clearing the IE or the INT bits. Timer 0 has the higher priority. The Interrupt
Vector registers are cleared by the RESET input. The format of ;he Tlmer Intempt Vector register
is shown in Figure 15, Table 18 defines the regxster bits. - ,

31 <. 1009 ¢ i 020100

LR} 1 T 1 FT T L f 1 l T T T T IAERERRR
MBZ INTERRUPT VECTOR IMBZ]
"lllll]lyllyllllllf’lllllf Iylll‘l’ Ll
BEERTR) - R N i © RW .

F;‘gure 15+ MicraVAX 78332 Timer Interrupt Vector Registers (0 and 1) Format

Table 18 » MicroVAX 78332 Timer Interrupt Vector Registers (0 and 1) Description

Bit Description

31:10 MBZ (Must be zero) ’ ‘ . ,

09:02 Interrupt Vector-—The-interrupt vector addtess to be transferred to the CPU.
01:.00 ~ MBZ (Must be zero)

Decode Channels

The Programmable address decoders are used to decode the address on the DAL to select channel 0
or 1. Each channel consist of an address decode channel Mask and Match register. When the AS
’mput is asserted and the bus cycle is a'CPU read or write transaction, the address on the DAL is
compatred to all the bits of the Match register for which the corresponding Mask 1 register bit is zeto.

If the comparison is successful, the corresponding output strobe is asserted. The ADS0 output to
the external logic is asserted to select Channel 0 and the ADST is asserted to select Channel 1. Bits
06:04 of the SSC Configuration register control the operation of the programmable address
decoder for Channel 1 and bits 02:00 control the operation of Channel 0. When the RESET input
is asserted, both output strobes are disabled and the Match and Mask registers are cleared.

Figure 16 shows the format of the Address Decode 0 and 1 Match registers and the register bits are
defined in Table 19. Figure 17 shows the format of the: Address Decode 0 and 1 Mask registers and
the register bits are defined in Table 20.

313029 020100

| TrTrrrtr1r1r1rrir it T i Ty I
MBZ MATCH REGISTER MBZ ) i
| S GO G0 IS U1 (350 8 W GO M o O PO 0 0 OO0 L0 IR 0 UM WA 90 0.0 01T 1 A NG S U (R EE SRR

i READ/WRITE & 1

 Figure 16~ MicroVAX 78332 Address Decode Channel (0 and. 1) Match Registers Format
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Table 19- MmVAX 78332 Addness Decode Chmmel (0'and 1) Match Registers Description

Bit Description
31:30 MBZ (Must be zero) : ,
29:02  MATCH—Contains the address to be conqpa]:ed wn:h the: DAL addmss
01:00 MBZ (Must be zero) ;
sl stone e O TERR Al A
L L L L L
MBZ MASK REGISTER MBZ
[ OO Y T T T O T T T N S O T A O VOO U IO O T O O OO I IO

READ/WRITE

Figure 17 « MicroVAX 78332 Address Decode Channel (0 and 1) Mask Register Format -+ .

Table 20 - MicroVAX 78332 Address Decode Channel (0 and 1) Mask Registers Description

Bit Description

31:30 MBZ (Must be zero) |

29:02 MASK-—Each of the blts that is to correspond to an address bit of the Match
register is cleared. The remaining bits are set.

01:00 MBZ (Must be zeré)

Test Registers i 3B

The ROM Data register (BA+OF O) Bus Timeout Counter (BA+0F4) and the Interval Timer
(BA+OF8) registers are used for test purposes during manufacturmg and should not be accessed by
the user. The results of such accesses are unpredictable:

« Functional Description

The SSC interfaces directly to the Mx:roVA.X bus as shown.in Fxgure 18. It contains two
programmable address decodets that can be used to control external device operation and two
serial line UARTS for a console and auxiliary device: It includes an internal RAM and provides
support for an external ROM. The 7&?"‘" output pmmdes mterrupt acknowledge support for
other interfaces on the bus.
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L DATAAND ADDRESS LINES (DAL~~~

MicrovAX | IRGn SYSTEM SUPPORT CHIP : 1
OR CVAX - - - o » ROM ] €~AD1I?CRHESS -
ey o oossa o f L o

IAKEO SERIAL  OSCILLATORS

LINES AND CLOCK

Figure 18 « MicroVAX 78332 CPU to SSC Interface System Configuration

I/O Space Assignments : o

The SSC operates with the fixed I/O space and relocatable I/O space shown in Flgure 19. The
address assignments for the external ROM and Base Address register are within the fixed 1/O space.
The internal SSC registers and RAM are assigned to the relocatable I/O space.

FIXED 1/0 SPACE

20040000

‘ROM 1 Twe
BASE ADDRESS REGISTER 20140000
T e e OFFSET") i
RELOCATABLE 10 SPACE FROM (BA) -
SSC REGISTERS BA + 004
BA + 3FF
BA+ 400
;.s . RAM . . . BA+T7FF.

NOTE:
BA = CONTENTS OF THE BASE ADDRESS REGISTER.

Figure 19 » MicroVAX 78332 I/O Space Allocations
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.The. ROM is controlled by an external address latch that stores the appropriate bits: of
DAL <29:02>. The SSC drives the ROM chip select inputs and the data lines of the ROM connect
directly to the DAL as shown. The ROM address space begins at address 20040000. The ROM must
contain at least 8 KB (default). A larger ROM size can be selected by writing to $SC Conflguratlon
register bits 22:20 before making a ROM access at an address greater than 8 KB. The ROMs can be
16, 32, 64, 128, 256, 512 KB and 1 MB. The SSC responds to all CPU reads operations within the
'ROM space. Write operations to a space other than those specified are ignored. The SSC can be
used with fast orslow ROMs. When bit 23 of the ﬁonf;gumtion reglster is set, the ROM access time
is 250 nanoseconds. When it is cleared, the access time is 350 nanoseconds which is the default
'condmon E)p::ept for write operanqns to tha-RAM all accesses. are 532%b'ts,.w1dc and lnngwqrd
aligned. ~ :

The RAM and the SSC I‘ftng”tEI‘S are located f:;j:ed offsets f’mm the B& ddfess of\20140{)00 Ioaded

"byte mask ‘

IntetruptLog;c it 4 1l :
Because the SSC does not co;ntam an IK‘ 'E mput it must be asagned the
pnonty that respands‘t‘ '

Conflguratmn reglsber bits <25:24 > must heﬁrxi to: spemfy thm l@el« s e et e

Interrupt Requests— The SSC requests an interrupt by asserting the IRQ<n> output When any
of the conditions listed in Table 21 occur if their respective Interrupt Enable bits are set.

T

" able 21+ MicroVAX 78337 Tnserrupt Reah

i .VegmsAddms

Pﬁo”ity Cﬂndmon v (1 s

Assz!gnmem R L N o | ’

;11 ; »A o Console Termmal UAR’i‘ Receivet Re 000900138
2 Console Exmmal UART Tmnsmit@r Read . 000000FC .
5 ComoleStorage UART ReceiverReady =~ 000000F0
4 Consols Stomge UART Transmicter Ready _ .. . 000000F4
5 TxmﬁrOICROverﬂow o A /’ g
6 Titer. ICROVE;xﬂow S AT R e

*User pmgmmmable and stored in Intermpt Vectar regxsters

. The foﬂcwmg c@ndmons mﬁ cause the sac o genera@e an mtermpt request.

. Console “Terminal UART Receiver Ready~—-When the IE bit 06 and the DON b}.t 07 of the
Console Terminal Receiver Control and Status register transition to a 1.

= Console Terminal UART Transmitter Ready—When the 1E bit 06 and the RDY b1t 07 of the
Transmit Control and Status register transition toal. W s

Console Storage UART RﬁCClVEI Ready-——When IE bu: 0@ and the DON bxt 07 of Conseler‘%tnrage
Recewer Status reglster transmon toal. « P L i e i)
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= Console Storage UART “Fransmitter | Ready—-—When the IE bit 06’ and the'’ RDY b1t 97 of the
Console Storage Trans‘mltter registes’ trammtmn toal S

Tlmer <0:1>ICR overﬂow—»-\X[hen the IF bit 06 and IN T blt 07 of the Tlmer Control reglster
trans1t10n toal , ' R .

Interrupt. Acknowle(vlgek--ThéSSG ‘responds 0 interrupt acknowledge cydr:é as follows:

« If the i mterrupt ‘acknowledge is not at the IPL level spec1f1ed by the SSC or if no mternal SSC
interrupts are pending, the SSC assetts the TAKEO output to indicaté that it has no mtetrupts
pending at the given IPL level.

- If the i interrupt acknowledge is at its IPL level, and if there is at least one internal SSC mterrupt
pending, the response of the SSC depends on the state of the IVD bit 27 of the Configuration
register. If the IVD is cleared, the SSC places the interrupt vector of the highest priority internal
interrupt pending onto the DAL, clears its corresponding internal interrupt request and if no
other mternal interrupts are pendmg, deasserts the IRQ <n> output. ~ =

« I IVD s set, the SSC clearsits internal i mterrupt request for the hxghest priority pendmg mxernal
interrupt. If there are no other mternal interrupts are pendmg, it, deasscrts the RQ<n> eutput

» The deassertion of the DS input causes the deassertion of the TAKEO output. -

Break Detect/Transmit Logié '
The Console Terminal and Console Storage UARTS include break detec,uon and rransrmt logic. The
UART registers are described in Registet section. |

Break Detect—The Console Terminal UART recognizes either 20 consecutlvely recelved space bits
(default) or a CTRL/P command received as a break condition, as determined by the CTP bit 15 of
the Configuration register. The break generates a GPU halt operation if the halts are enabled and
the console is not secured. The Console Storage UART recognizes only 20 consecut1vely received
space bits as a break condition. A break received by the Console Storage UART cannot generate a
CPU halt. If either UART detects a valid break condition, The RBR bit 11 of the RXDB or CSRD
registers are set. If the break was the result of 20 conseautix?ely received space bits, the FRE bit 13 is
also set. The RBR is cleared by reading the RXDB or CSRD registers and can be set only by a break
condition received by the UART.

Break Transmit—Setting the XBR bit 00 of the TXCS or CSTS reglsters causes the UART to set the
serial output line to the space condition. Clearing the bit terminates the break. The UART does not
react to a change in the state of XBR bit until it has finished transmitting the current character.
When the XBR bit is set, the transmitter gperates normally but the output line remains low.
Therefore, the user can send dummy characters in order to time.the break. After clearing the XBR
bit, the user can prov1de an extended MARK character by al]owmg the transrmtter to idle for the
desired period. ‘

Ha]t Atbxttatnon Lognc : ;

The console terminal UART can request a CPU halt when a break condltlon is detectt:d 1f the
SECCON input is not asserted. A CPU halt request ¢an also be generated if the ﬁALTIFE mput from

the external logic is asserted. Either of these conditions normally results in the assertion of the
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CPUHALT output of the SSC that connects to the TAIT input of the CPU. The halt arbltratxcn
logic of the SSC may conditionally prevent the CPU halt request as deseribed.” '

The: halt-pmteeted address space of the ROM is defined by bits 18:16 of the SSC Cemﬁguratlon
“register. A CPU halt request is disabled when halt-protected space is actessed by an I'stream read
‘transaction. Oneach I-stream read transaction, the'SSC determinies whether the target addressis in

the halt-protected space. If the address is in this space, then the CPUHALT output is disabled until

am, read f the adc i the: balvpmtcm:d space, then the

’?TI“}TKIT output is asserted until the next I-stream read trans actionoceurs.

Assertion of the FATTIN input will assert the CPUHALT T output if the halt corxdmon is enabled If
the HALTIN output is asserted when the halt functions are disabled and the halt is then etabled,
the SSC asserts m urml halts are: &gam &sabled or uitil the m cr(ltput is dea’sserted

e SSC
the CVAX CPU mtemal cache When used
V the halt-protected locanons dxsables tI“ie halt

'BusSupport i‘l ; s e i et o el vl okl
"Each time the mput is asserted the SSC clears and ‘starts an mtemal countet. When AS is

deasserted, the counter is stopped. When the counter reaches a value equal to the value loaded into
‘the Bus Timeout Conttol register, the ctmnter is smpped the BTObit 31 in this register is set, and
‘the ERR output is asserted o indicate th 1d be aborted! If the timed:out
' tranisaction was ‘& CPU read or CPU write, the RWT b:t 30 is sa:t Thé E‘ﬁ output temams
asserted until the AS mput is deasserted. ERE LR

Thie $SC includes logic to recognize an external processor (EP) write cyeIe to the [/O System RE’SET
registér (IPR’ #55} In Q-Bus systems, this typfcaiiy indicates a request- for an [JO system reset.
'If the write opetation is performed by a MmmVAX EP cycle, the 'S5C résponds by assertmg
IORESET output for two SSC microcycles (nominally 200 nanoseconds} followmg the completxbn
of the external processor write command ¢yele.
If the write operation is performed by a CPU write or CVAX EP write cycle, theé SSC responds by
asserting T TORESET output for eight SSC mtcamcyd@s nm-aﬂy 800 nénosemn&s) after which the
RDY outpuyt is asserted.; |

The falling edgeof the T ORES] . /T s,tgnal can be usedtg) reset :he, I/@ System The @" s;gnal is

deasserted when the "S' input is is deasserted

Realtime Clock and Interval Timer =~ S B

The Time-of-Year (TOY) clock is an unsxgned 32 -bit binary counter whose least- mgmﬁcant bit
‘represents a resolution.of 10 milliseconds. It consists of one longword register-that is typically
addressed as external processor register IPR #27 but may. also be accessed by CPU read and write
transactions. The register counts only when it contains a nenzerovalue. The TOY ¢lock is driven
from the TB25K input by an external 25.6-KHz oscillator. If TB25K is connected to ground, the
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timebase for the clock is supplied by the 40-MHz oscillator at the TB40M input which also prov1des
the timebase for the baud rate generator and the Interval and Programmable timers. . -

The counter function is maintained during powerfail conditions by the battety-backup supply to
the SSC and to the. 25.6-KHz external oscillator. If the BLO bit 31 (Battery low) of the
Configuration register is set, the SSC is reset and the register is cleared and remains cleared untll a
nonzero value is written by software. o

The Interval timer prov1des a 100-Hz input to the TOY clock and to the INTCLKO output. It canbe
used as the INTTIM input to the CPU which drives the CPU ICCS register (IPR #24).

Ptogrammahle Address Decoder R :

The programmable address decoders (channel 0 and channel 1) selectively decode bus addresses
during CPU read and write transactions to generate address strobe signals for external devices.
Each address decoder consists of a Match register and Mask register which are w1th1n the
relocatable I/O address space.

When the AS input is asserted, the address on DAL <29 02> is compared with all the

: correspondmg bits of the Match register that have been selected. The Match register bits that are

to be compared with bus address bits are selected by the Mask register. If a Mask reg1ster bit is zero,
then the corresponding Match register bit will be used in the comparison. The remammg bits of
the Match register that are not selected by a Mask register bit are not used in the comparison. -

‘When a match exists, an ciutpﬁt strobe ADST (channel 1) or ADS0 (channel 0) is asserted between

one and two SSC microcycles (nominally 100 to 200 nanoseconds) after the assertion of the AS
input provided that the bus cycle is a CPU read or write transaction and the assertion of the strobe
is enabled by ENA bits 05:04 for channel 1 or bits 03:02 for channel 2 of the Confrgurauen
register.

After the ADST or ADS2 output strobe is asserted the SSC can assert the RDY output eight

microcycles (nommally 800 nanoseconds) later to permit the external device time to respond. The
RDY output is controlled by the RDE bits in the Configuration register. The deassertion of the DS
input causes the deassertion of the address strobe. , .

‘The address decoders for channel 0 or 1 should be not be programmed with the RDY srgnal asserted
if another device in the system can respond to the read or write transaction programmed into that
channel or if the programmed address is located within the SSC ROM, RAM, or I/O register address
space.

When RESET is asserted th'* ADS <0:1> output strobes are disabled and the Match and Mask
registers are cleared.

Some examples of implementing the address strobes are -

» A channel can be programmed to respond to a single longword read address. The ADS0 or ADS1
strobe is used to gate the value selected by external smtches © the DAL The SSC can then assert
the RDY output to complete the cycle. o SRR

* A channel can be programmed to decode only some of the high-order DAL. The strobe is then
used with an external decoder to select other devices.

= An address strobe ¢an drive the chip select (CS) input of another perxpheral ch1p such as'a direct
~memory access (MicroDMA) or vectored interrupt controller (MmrcNAX VIC). The perrpheral
Chlp must then assert the RDY output : 8 gt
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Modes of Operation = - ? e

The SSC operates. in norm:al mode and battery—backup mode In nermal mode the system is
powered up and running. The input dc power is supplied by the system power supply and the
RESET i mput: is deasserted. In the battery-backup mode, the system is powered down, but the ssC
receives power from an external battery and the RESET input is asserted RESET is asscrted before
the initial powerup sequence and is deasserted after the system is in normal operation. It is also

asserted before the transition to battery- backup mode and is deasserted when normal operation is
resumed

« Bus Transacﬁons .

The SSC supports CPU read C,PU wrxtg:, MmroVA;( engmal pmcessar (EP) w;:te command
chmVAX EP write data,, l\zllcroVAX EP, read mspo

Ref::r to the ac Speczf catmm sectton fc v -the &
paragraphs.

CPU Rcad CVAX EP Read, ‘'or Interrupt Ai:knowledge e ‘ :
During CPU read transactions or interrupt acknowledge cycles, the CPU addresses the SSC ot the
external ROM to receive data. A CPU read tramsacnon requires a minimum of six SSC nncrocy::les
and 'the byte mask BM<3:
1.1 : DAL<31:00>, WR, andcs<2 0>
when the &S input is asserted. The type of read access is determined byt <2“l§ > mput

During the flrst part of a read cycle the C PU transfers the address on the DAL 1f the - access isa
¢ DAL<29: 02> . 1f the ac:cess is

,ft‘g Humt ‘r onDAL<O7 :02> and zéros on
DAL<10:08>. For a 'CVAX system lf the access is an{ rrupt acknowledge ¢ycle, the CPU
transfers the priority of the interrupt being acknowledged (IPL} on DAL<06: 02> The
DAL < 31:07> and DAL <01:00> =0. With a MicroVAX system; the IPL is on DAL < 04:00>,
DAL <31:30> =10, and DAL < 29:05«0. The CPU then asserts the &S input to indicate that
the address is valid. When no device mspﬁnds m the address : the SSC méy assert the ERR ﬁutput to
‘indicate that a bus timeout has occurred. e

During the second part of a read cycle, the CPU accepts the addressed data fmm the DAL. If the
access is to internal storage, the SSC transfers the required data on DAL < 31:00> and asserts the
RDY output. The CPU reads th data and deasserts the AS and ts tb encl i‘he read

t e read mnsactton
If the access is dxrccted o an extegnal m:rdwxdc RQM he $SC as Ob f but whe
the DS input is asserted and then performs two ROM read sequences It latches the RDM data after
each read operation and inverts the ROMADRI after the first read. The SSC then deasserts the
ROMEN output, transfers the unpacked longword to DAL < 31:00>, and asserts the RDY output.

The CPU reads the data from the DAL and deasserts the AS and ES— mputs to end the read
transaction.

If the access is directed at external longwordmde ROM the SSC asserts the ROMEN output when
the DS input is asserted and latches the ROM data when it is valid. The SSC then deasserts
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ROMEN, transfers the latched longword on DAL < 31:00 >, and asserts the RBY RBYomput The CPU
reads the ROM data and deasserts the &S and DS outputs to end the read transaction.

During an interrupt acknowledge cycle, ‘the SSC ' transfers the mterrupt vector data on
DAL <09:02> and asserts the RDY output. The CPU reads thxs data and then deasserts the AS and
DS outputs to end the read transactlon

CPU Write and CVAX EP Write ,

During a write cycle, the CPU writes information to storage elements in the SSC. A write cycle
requires six SSC microcycles (nominally 600 nanoseconds). The first half of a write cycle isisimilar
to a CPU read transaction except that the WR i input is asserted. The CPU transfers the address and
the operand length onto DAL <31:02> and asserts the AS 1nput If the access is directed to

‘internal storage in the SSC, the $SC latches the data from DAL<31:00> after the DS input is

asserted. The BM< 3:0> lines specify which bytes of the target longword should be wntten The
S$SC stores the data and asserts RDY output. The CPU then deasserts A5 and DS sagnals to end the
write transaction. Write transactions to the ROM address space are ignored.

If a device does not responds to the address, a bus t1meout may occur and the SSC w111 assert the
ERR output. :

MctoVAX External Processor Register Transaetlons ‘

The SSC responds to two sequences of MictoVAX External Processor Reglster transactlons an EP
Write command followed by an EP Read Response and an EP Write command followed by EP
Write Data command

During an EP Write command/EP Read Response, the CPU reads data from the SSC. In the first
part of the transaction, the CPU performs an EP Write Command transaction. The DAL <05:00>
contain the address of the reqmred reglster and DAL31 is a 1 to indicate that the read transaction

wﬂl follow.

The SSC latches the DAL< 31 00 > mformauon on the rxsmg edge of EPS EPS mput Durlng the next
two SSC microcycles (one MicroVAX microcycle is nominally 200 -nanoseconds), the §SC accesses
and stores the requested data. After this delay, the CPU executes an EP Read Response cycle during
which the SSC uses the EPS signal as a strobe to transfer the data to DAL < 31:00> and to pulldown
the CS2 output level. 4 ,

EP Wnte Command/Wnte Data
TheC PU writes data to the SSC during this transacuon Inthe fxrst part of the transacnon the CPU

petforms an EP Write Command transaction. The DAL<05 00> specify the location of the
required register. When DAL31 bit is a 0, a write transaction will follow. The SSC transfers the
DAL < 31:00 > information on the rising edge of EPS input. In the next MicroVAX microcycle, the
SSC latches the data from DAL<31 00> on the rising edge of EPS. The SSC stores the data
internally durmg the followmg two SSC ntucmcycles No accesses may therefore be directed at the
$8C for two SSC mlcrocycles (one MlcroVAX rmcrocycle is normnally 200 nanoseconds) after an EP
Wnte Data transactxon :

‘Transaction Time Estimates

Table 22 shows the estimated maximum transaction time for a longword, Word and byte transfer
when the CPU and the SSC are operatmg at 40 MHZ
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Table 22  MicroVAX 78332 §SC Estimated Transaction Tnnes ’

Access Type MicroVAX .. CVAX i

, Longword Word Byte .. LongwotdWord . Byte’
EP Read 600 — — 600 @ — =
EP Write 800 . — — 600 | —
InternalRAMRead : 800 — — 700 —
Internal RAM Write 800 —_ — 600 . — -
250 ns External ROM 10000 1400 2000 1000 © 1300 - 1900
350 ns External ROM 1000 | 1600 2400 1100 1500 2300
Intexﬁxcmg Requnrements

Figure 20 shows a typical system interconnection of the SSC and MicroVAX CPU or CVAX CPU.
The input and output signals between the SSC, terminals, and external devices are also shown.
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I £S<2:0> [MicroVAX) - C5/DP<2:0> (CVAX) —
L EFS {MicroVAX ONLY) ————errree—y
le— DAL<31:00>

CPy — BM<3:0>
(MicroVAX OR CVAX) [ AS
b 55
— WR
le— RDY
R
HAD, - wrnw [f7 Re<30> —m
SYSTEM OSCILLATOR 5 1 1 I
(NOMINALLY 40 MHz) CLK CPUHALT INTCLKO *|a~- (c5<2:0% OR CS/DP<2:0>
YO CONSOLE  ——=¢Tp) Sl R [+ EPS
TERMINAL e CTDO =mmrmee] e DAL <31:00>
TO AUXILIARY < CSDI et [+~ BM<3:0>
1/0 DEVICED e (SDQ —ommem] le— AS
R ~
_ : BS
TO EXTERNAL LOGIC ~#—— ADS<1:05 = ) v DS
. . . MicraVAX 78332 le— WR
A RD e .0 e
TO VDD/VSS ON BOARD ROMWID<1:0> SYSTEM ROV
TONEXT PERIPHERAL = TAKEO &»u&mm l-— ERR
TO 1/0 SYSTEM CONTROL 6 TORESET ~———i (650 IRQ<n> :
-t OUTPUT e OFT<305 je— BLO —| Low-POWER
TO LEDs BUFFER [ RUN -~ SENSOR
e x - B
- FROM EXTERNAL |~ SECCON ] OSCILLATORS
LOGIC OR — RESET ———™
SWITCHES e ke~ TR4OM - 40 MHz
HALTIN 1 ja- TR25K ~| 25.6 KHz
CONTINUOUS VDD vDDI
T . ‘ ¥
ROTEN ROMADR<1:0>
LT : ST L P LN : . :
R = LOG2 (NUMBER OF BYTES IN ROM M .
e (NUM ; b ' (2"*R x ROMwidth BITS) - f#— DAL<{ROMwidths 1):00>
ADDRESS LATCH<(R-1):2>>
ADDRESS LATCH be— DAL<(R~1):02>
(R~2 BITS WIDE) e AT

TO REST OF MicroVAX/CVAX SYSTEM

Figure 20 = MicroVAX 78332 SSC to CPU Typical Interconnections

Power Supply Interfacing
A typical block diagram of the power supply and external power control circuit is shown in Figure
21. The power circuit provides continuous power to the Time-of-Year (TOY) clock and to the RAM
circuits to maintain memory data during a power interruption or failure. During normal operation,
the power supply provides both V5, and Vipx voltages to the SSC. During battery backup mode,
the power source is switched by the power control logic to the battery and the Vi, input provides
the power to maintain the TOY clock and RAM. The Vpy also provides continuous powet to the
external 25.6-Hz oscillator to maintain the TOY clock operation.

1-154

Confidernitial and Proprietary




RESET
RESET RESET
T . 78332
CONTINUOUS ssC
POWER v
POWER —*] 'DDI
SUPPLY POWER :
CONTROL ; ;
12V, 5V
LoGIC SUPPLY POWER f v
: : BLO F
CHARGE /"1 , T I B
CURRENT —
BACKUP [ LOVWFOWER
_supry | R

Figure 21 « MicroVAX 78332 Power Supply Intemoﬂfgecfirfﬁ R

The power connections to the SSC are shown in Figure 22, Each Vnm and VDDX pm”should be
bypassed to Vg with a 0.01-F capacitor located as close to the package pin as possible. All Vygy pins

should connect to the same supply Both Vi, pms conneet togeﬂqer and are: bypassed wmh 4 smgle
0.33-F capacitor. : .

CONTINUOUS - |
o RSO o
33pF -
- B3pE
=)L
| 2 .
OWF |
}:4
i {1 annn B
vk ves )
iy
2P vss SSC 78332 ves |22
omF I_- ’ __l,_ — O1yF
3 wper s ST T A vpon 42
POWER. . I V
Voox VDDX
SUPPLY _J_ __L '\VSS VSS) __L _L
. .33%—[___.-[1 v o 32) 0P 3uF
= L

- Figure 22 « MicroVAX 78332 Power Supply Connections

Confidential and Proprietary 1:155




- Specifications

The mechanical, electrical, and environmental characteristics and specifications for the SSC are
described in the following paragraphs. The test conditions for the electrical values are as follows
unless specified otherwise.

= Ambient temperature (T,): -55°C to 125°C

= Power supply voltage (Vppy): 5.0V £5%

= Continuous supply vt)ltagé (Vopy): 5.0V £10%

Mechanical Configuration
The physmal dimensions of the SSC 84-pin cerquad package are shown in the Appendix.

Absolute Maximum Ratings

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

. Supﬁly vo]t’age’ (Vop): 05Vt07.0V

= Input V) and output voltage (V,;): 0.5 Vto 7.0V .

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

» Storage temperature (Ty): 55°C to 125°C

Recommended Operating Conditions

= Power supply voltage (Vppy): 5.0V +5%

= Power supply voltage (Vi,p,): 5.0V + 109

» Operating temperatﬁre (T): 0°C 1o 7OQC :

= Relative humidity: 109 to 95% (noncondensirig)

= Power Dissipation: 1.0 W/

de Electrical Characterlstlcs

The dc electrical parameters of the SSC for the operating voltage and temperature ranges specified
are listed in Tables 23 and 24. Refer to Table 1 for the pin deygnanong of the signals listed in the
tables. Table 25 lists the characteristics output and 25. Refer to Flgure 23 for the output load
cireuits used for the test.

“Table 23 » MicroVAX 78332 dc Input Parameters -

Symbol  Patameter Test Condition . Requirements _ Units
P I . Min.. Max. *
Vi High-level 20 - v
¢ input voltage - '
“except TB25K input ‘ N ) ’
TB25K input o 3.2 — \Y
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Symbol  Parameter Test Condition .. Requirements Units
| Min. ‘Max.
Vi Low-level ‘ — 0.8 \Y
input voltage )
I Input leakage 0<V, <525V -10 10 MA
current o
C.. Input capacitance : — 12 pF
except TB25K input
TB25K input —_ 15 pF
Table 24  MicroVAX 78332 dc Output Parameters
Symbol Parameter Test Condition Requirements Units Load
Min. Max. Circuit
Vor' High-level Ioe=3.2mA _ 0.4 A% Fig 23A
output voltage
Vou! Low-level Iyy=-20mA 40 . — -V~ Fig 23A
output voltage ,
Voo Lowlevel - I,=23mA  — 04 v Fig 23B
output voltage
) Output leakage 0 < Vou < Vip —_ 10 A Fig 23B
current
Vor’ High-level Iy=-80 = Vip-10 — \Y Fig 23C
output voltage o T '
Vo Low-level Ip=10 mA 0.4 A% Fig 23C
output voltage

'Outputs DAL < 31:00>, CTDO, CSDO, C CPUHALT, ADS<T1:0>, INTCLKO OﬁESE IAKEO
ROMADR < 1:0>, and ROMEN. Qutput signals capable of driving a fan-out load. of elght LSTTL

loads
two standard TTL loads.

or

*Qutputs ERR, RDY, IRQ<n>, and CS2. Open-drain pulldown output capable of operating with

a 250- pullup resistor.

*Outputs OPT<3:0> and RUN OPT<3:0> capable of drlvmg TTL or low current LED

indicators.
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.o Rl ,
e e I
D2 D3 D4
D& R2
A R1: 1.2K
»t VWA R2: 1.7K
CL: . 130 pF
- L D1toD5: 1N4152
LOAD A
R1
ETJC%IG\’AUT e —L i °+5V
" CL R1: 250 QHMS
0T Cl: 100 pF
LoAD B
‘ o1 R1
S?J(?rrr\anT o— et A AS © +5V
D2 R2 R1: 400 OHMS
& AV R2: 370 OHMS
cL: 100 pF
D1,D2: 1N4152
e
1: LOAD C =

Figure 23 » MicroVAX 78332 dc Output Load Circuits

ac Characteristics

The clock input waveform and timing symbols ate shown in Figure 24. Table 25 lists the clock
input timing parameters.

ICIF — tciL

Figure 24 « MicroVAX 78332 Clock Input Waveform
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Table 25 » MicroVAX 78332 Clock Input Timing Parameters

Symbol . Definition Requirements(ns) -
e E Min. Max.
tew Clock In rise time: , ' : prac < 4.5
tar Clock In fall time + - = - e 248
tem - Clock In high DB L e
tew Clock In low‘ 8.0 S—
taw Clock In period T 25 250

Figure 25 shows the timing and symbols for the SSC 1n1t1ahzat10n and Table 26 hsts the
initialization parameters. The following specifications apply to the signals.

1. During cold-start powerup, the order in which Vi, and Vi are powered up is ummportant and
the BLO input is ignored.

2. For total power down of Vo and Vppx with no battery backup, the sequencing or transition
times of Vpp, and Vypx are not specified and the RESET input need not be asserted.

3. In any transition to normal operation, the RESET input should not be deasserted until the
CLKI, TB40M, and all other input signals are within specification. -

4. The deassertxon of the RESET input initializes the SSC to its powerup state. The SSC should not
be accessed until at least 1.0 microsecond after RESET is deasserted.

5. Inbattery backup mode, the high level of input signals TB25K, BLO, and RESET must reach the
value of Vyp,. All other input must have a low impedance to ground during battery backup and
should be powered from wa during ncrmal operanon :

OFERATION:

RESET \ / . S\ L
1-——‘vns el : ,- ey '»»{ }«_ RS -»u;
= -

POWER-UP TRANSITION NORMAL OPERATION BATTERY BACKUP OPERATION MORMAL

VDD

© el tvas e 14. thsy J : F——lvns e

vDDX

BLO

WHEN .
ASSERTED

= UNKNOWN INTERMEDIATE VOLTAGE

Figure 25 » MicroVAX 78332 Iuitialization Timing
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Table 26 » MicroVAX 78332 Initializatiori Timing Parameters

Symbol  Definition - - e - Requirements (ns) '
Min. Max.

tvrs Voor ©f Vppx in normal operation range to RESET deasserted 0 —

tgsv RESET asserted to Vyy, or Vypx out of normal operation range 50 —

thLoRS BLO asserted to RESET deasserted : 50 —_

taLown BLO pulse width . .25 —

The timing sequence for the CPU Read, CVAX EP Read, and Interrupt Acknowledge transactions
are shown in Figure 26. Table 27 lists the timing parameters for the transactions shown. The
specifications listed are relevant for transactions directed only at the SSC except for tagy and tyg
parameters. ‘ \

DATA

DAL<31:00> =g ~ ADDRESS }1 s

1

. WR 3

Vi
IADP\AS"" r-
- TADRHD

v

N\

|

|
/X T
= —\f“ \ = ROBAT : /

ROYOS

| F—* DSDAT

tast

y <

k

nsROY

f

K

RDY
- l‘“ TRMRDY
TASRM -i 'i
ROMEN® \___/
* fe--— tASADS -———--‘

1
por LAGIAK e ——v]

[N

TRREG™

*WHEN ASSERTED

Figure 26 » MicroVAX 78332 CPU Read, CVAX Read, and Interrupt Acknowledge Timing

1-160 Confidential and Proprietary




X 78332

Preliminary MicroVZ

Table 27 » MicroVAX 78332 CPU Read, CVAX EP Read, and
Interrapt Acknowledge Timing Parameters '

Symbol! Definition Requmements (ns)
tacenss AS asserted to RDY asserted ' ‘ :
CSR access ] , 150 " 250
250-ns longwordwide ROM access : 550 ' 650
250-ns wordwide ROM access ' 850 , 950
250-ns bytewide ROM access 1450 ©1550
350-ns longwordwide ROM access 650 750
350-ns wordwide ROM access - - - 1050 ~ 1150
350-ns bytewide ROM access 1850 1950
tanras -~ Address setup before AS asserted : 5 =
T Address hold after &S asserted « 10 -
tasams AS asserted to ADS <n > asserted 100 200
tasos &S asserted to DS asserted 25 —
Casu - Address strobe'h'igh'time A .1 45 i AN
tastax AS asserted to TAKEO asserted 150 230
tast Address strobe low time 75 _
tastmt i s BB asserted 1o ROMEN agserted ' -0 (00175 007 CA00 075 o0 sids
tnsm‘wk ’ ;_\"’3 d@assermdto DAL line high impedance — e E 050
tosroy < DS deasserted to RDY deasserted I 50
tropar " RDY asserted to data valid S -
tapyps. " RDY asserted to DS deasserted ' ; B yk 75 o -
trMrDY - 'ROMEN deaé;éérted toRDY asserted 75—

'Except for tugy and t,g values, the above specxflcatmns are relevant only for tmnsacnons dnrected
at the SSC. : : ;

Figure 27 shows the signal timing for the CPU Write anc:l CVAX EP Wmte; transactions. I‘able 28
lists the tlmmg parameters.

My
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BM<3:0>
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ADS<n>*

TORESET®

*WHEN ASSERTED

al Preliminary
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MicroVAX 78332
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o™

T VALID. B
TADRAS —of »»L__ ADRHD.
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‘.—— tASH |
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s
|
i
\
|
!

VALID ]

| lasBM

N
Rl

t-« tDSDAT

\ | e .|/___-.,_

ASADS —— |

i
_.l- BMHD —

L—~ 1ASDS BWRITE —

|

\

|

|

=

I

',

1ASIOR

\.

Figure 27 » MicroVAX 78332 CPU Write and CVAX EP Write Transaction Timing

Table 28 - MicroVAX 78332 CPU Write and CVAX EP Wirite Transaction Timing Parameters

Symbol‘ Definition Requirements (ns)
Mm - Max.
tanras _~Address setup before AS asserted 15 —
tARED Address hold after AS asserted 10 —
tasans , AS asserted to ADS<n>> asserted 100 200
tasem ’ AS asserted to byte mask valid — 75
tasps AS asserted to DS asserted 0 _
tasn Address strobe high time 45 -
tasior AS asserted to TORESET asserted 175 275
tast Address strobe low time 75 —
tasroy AS deasserted to RDY high impedance —_ 25
tamE Byte mask hold time after AS 275 —
toaTen Data hold time after RDY asserted 75 —
tospat DS asserted to data valid — 50
f— DS deasserted to RDY deasserted —_ 50
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Symbol! Definition Requirements (ns)

o TR Min. Max.
tiorpy TORESET asserted to RDY assermd s 775 - 800?
trpvos ~ RDY asserted to DS dcasserted , o 75 - C B --
twrme D5 asserted to RDY asserted o 100 o !:2”002

'Except for tm, and t values, the above sper:lflcatlons are xelevant only Eor transacmon.s directed
at the SSC. 7 i ;

*When TORESFET is asserted toroy determines whenm is aSSerted and twm,; is not used.

Figure 28 shows the the minimum transaction timing for the IvhcroVAX EP Wnte Cammand and
Read Response transaction and Table 29 hsts the tlmmg parameters '

0 SIS WS FRETES e
T I W T TN
Pl
! I ! tEPL - ONEXT ] -
PR — ) | R ) i
R T ' ﬂ c *\ E i ooy E i ’ oy o N’1~~\'v,f*"‘5.‘)ﬁTﬂD»,,'
e | N Y I
DAL<31:00> ADDRESS H' 4 3 i
\-«———«J i B
TADREP ~—mi 1 ’
ﬁ TADRHD ;
i |
V4 N ! ! |
£5<1:00> VALID i I : :
ry— | |
e e NEPIAQ, s [ - % 3
1 ;
| ‘ ERRAC -— i
, teRocs »i : !»_ ‘ ;
£p20S. ~—a ‘
! {EPICS - ’ la-tcsziin -
52> T
|
}

MO 56C ACCESSES ARE ALLOWED DURING THIS DELAY.

g } ‘ !
. THE THANSACTION MAY BE WIRENED HERE } fs ] \—————-—————-—/—“ 8

Figure 28 = MicroVAX 78332 MicroVAX EP Write and Read Response Transaction Timing

Symbol‘ Defmmon Requn'ements (ns)
Min. Max.
[ Fe— Address setup time before EPS deassertion 15 _
LapRuD Address hold time after EPS deassertion 10 —_
tesomp CS2 hold time after EPS deassertion — 25
Tp— Data hold time after EPS deassertion — 25
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Symbol' Definition - - Requirements (ns)

y .y Min. Max.
fa— @ deasserted to next assertion of é"i 75 _—

EPS deasserted to next assertion of EPS 225 —
tepiac - EDS deasserted to data valid 225 325
tepics EPS deasserted to CS2 asserted 150 250
tepaac EPS asserted fo data valid — 507
tepacs EPS asserted to CS2 asserted — 25°
top EPS assertion time 75 —
toasep Last deassertion of EPS to assertion of EPS 225 —

"Except for tgp, tiaser, and tonexr, these specifications are relevant only for transactions directed at

the SSC.

?Although the DAL will be driven tgp,c time after EDS is asserted, the data will be valid after tgp, .c.
3CS2 is deasserted after tgp,s, however, it will not be asserted until tgp,¢ after the second assertion

of EPS.

The minimum time for MicroVAX EP Write command and Write data transaction are shown in
Figure 29 and Table 30 lists the timing parameters.

DAL<31:00>

CS<1:0>

1ORESET
{WHEN ASSERTED}

s TN / \
y’}-—,w [T TR —— L ERL ’ "DNEXT J}
ILASEP |
EPEPWY
. |
{ apoRess ) 4§ { DATA >
——-} TADREP o= —’t!m‘rep
—— {ADAHD 'DATHD
. |
"\
{ VALID > {4
EP10
UORHD
4.5
y \.____________/_—
THE TRANSACTION MAY BE WIDENED HERE /

NO SSC ACCESSES ARE ALLOWED DURING THIS DELAY

Figure 29 « MicroVAX 78332 MicroVAX EP Write Command and Write Data Transaction Timing
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Table 30 - MicroVAX 78332 MicroVAX EP Write Command and Write Data Transaction Parameters

Symbol' Definition Requirements (ns)
Min. Max.
tapREP Address setup time before EPS deassertion 15 -
tapRHD Address hold time after EPS deassertion 10 —
toarep Data setup time before EPS deassertion 15 —
toatHp Data hold time after EPS deassertion : 15 -~
tonext EPS deassertion to next assertion of AS 225 —_
EPS deassertion to next assertion of EPS 225 —
tepno EPS deassertion to TORESET assertion 175 275
— Address EPS deassertion to data EPS deassertion 150 —
- EPS assertion time | 75 —
tromip TORESET assertion time 200 200
tiaser Last deassertion of EPS to assertion of EBS 225 —

'Except for tgpy, tyasee, and tonxr, these specifications are relevant only for transactions directed to
the SSC.
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» Section 2—Bus Support Devices

The bus support devices provide the interfaces for CVAX memory bus, VAXBI bus, and Q22-bus.
CVAX 78588 Memory Controller—The CVAX 78588 CMCTL is a high-performance dynamic
memoty controller for CVAX systems. It provides an interface between devices on the CVAX bus
and the MOS private memory interconnect bus for memory arrays.

CVAX 78711 Q22-bus Interface Chip—The CVAX 78711 CQBIC provides an asynchronous interface
between the CVAX CPU bus and the Q22-bus. It supports byte, word, and longword transfers and
block mode DMA transfers.

DC514 CMOS VAXBI Bus Interface Chip—The DC514 CBIC is a high-performance interface used

between the VAXBI bus and a user-developed interface of a node. It combines the functions of the
the VAXBI 78742 BCAI and the VAXBI 78732 BIIC.







« Features

« High-performance CMOS dynamic-memory controller for CVAX systems

» Two error checking modes: 7-bit ECC or single-bit parity

+ Address multiplexing for 256 Kbit by 1 and 1 Mbit by 1

« RAM access time of 120 and 150 nanoseconds

» Synchronous or asynchronous interface to DMA devices

» Optimized write-through cache control

» Supports memory array diagnostics

= CPU interface compatible with CVAX Bus

+ Integral refresh logic

» Single 5-volt power supply

Description

The CVAX 78588 Memory Controller (CMCTL) is contained in a 132-pin package and
provides an interface between devices on the CVAX bus and an MOS private memory interconnect
(PMI) bus to memory arrays. The CMCTL performs read or write operations initiated by the CVAX
CPU in synchronous mode or initiated by external DMA devices connected to the CVAX bus in
synchronous or asynchronous mode. The CMCTL controls from one to four memory arrays and
one, two, or four banks of dynamic random access memory per array. The CMCTL allows mixed
RAM sizes and provides error checking between arrays. Figure 1 is a functional block diagram of

the CMCTL.

DAL <31:00>

DATA
AND
ADDRESS

BUFFERS

ADORESS
RECOGMTION

l BANK HIT

TEIEP 305 -]

OPE i

PARITY
LOGIC

MICRD-
SEQUENCER

INSTRUCTION

CLOCK
LOGIC

po— RESET
- CLKA -
bt CLKB

BUS
INTERFACE

fe— TR
le— WR
P EM <30
-
= CRD
oo WAEAMERR

Lol
CONTROL

bt RAS<3:02
e CAS< 3.0
- WR
BE

INTEANAL DAL {iDAL)

i

ECC
MEMORY
DATA
PATH

ADDRESS
PATH AND
REFRESH
LOGIC

MO 3800

MACSOY

Figure 1= CVAX 78588 Memory Controller Functional Block Diagram
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* The CMCTL operates with the 1/O sngnais and power and ground connectmm(shown in Figure 2.
The signals are summarized in Table 1 and the signal functions are described in the followmg

paragtaphs
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Table 1+'CVAX 78588 Pin and Signal Summary

Pin. - Signal Inpuf/()utput Defimtmn/Funcnon
59 - AS Cinput - Address strobe—Indicates that the ‘CVAX bus contains
. S vald control and address information.
50-47  BM<3:0>  input . Byte masks—-Specify which bytes on CDAL < 31:00 >
' ‘ . contain valid information during memory write opem-
tions. ;

32-35  CAS<3:0>  output Column address strobe-—Asserted during memory
o s i = -+ operations to indicate that MA <9:0> lines contain
wwvalid column address information. In fast diagnostic
©“'mode, the CAS<3:0> lines are asserted simultane-
ously. In normal diagnostic mode or signature read,
_only one of CAS<3:0> is asserted. The CAS < 3:0>

- lines are deasserted during refresh mode.

S6 ~ CRD  output  Corrected read data—During memory read operations,
- : ‘ : ‘ this line indicates that:the data‘on CDAL < 31:00> is
correct. During masked memory write operation, it
 iridicates that the CDAL < 31:00 > contains correctable
‘memory data in the read part of the operation and no

e * parity efror,
69,66-64 TS/DP<3:0> inp‘ut/out‘put Contmfététus/datd parity—Transfers cycle status and
data parm, information. : e

104-85, CDAL %731:(:)O>-ﬁiniju‘t/outp1§tl 'CVAX data and address— Transfers. 8.2 71~addmss and
O e o data information between the CMCTL, CVAX CPU,
" and external DMA devices.

57 . DMG input -  DMA grant— Asserted to indicate that a DMA opera-
tionis in process. When deasserted, it indicates that
... the operation is initiated by the CVAX CPU.

70 DPE  input/cutput’  Data parity enable—Enables parity checking and indi-

g ; _cates that the CS/DP< 3:0> contain valid parity infor-
_mation. -

58 ﬁ§ o iﬁput o Data strobe— Asserted during read operations to indi-

___cate that the CMCTL can transfer information on
“*GDAL<31:00> and during write operations to indi-
caté that CDAL < 31:00> contains valid data,

52 ERR " inputfoutput Errof— Indicates abnormal termination of the current
bus cycle. The ERR and RDY inputs may be simulta-
neosly asserted to request a retry of the bus cycle e

20-29° MA<9:0> .. output B Memory address— Time-multiplexed output spe;cva‘
‘ ing a row, column, or memory refresh address. - -
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Pin Signal . Input/Output Definition/Function. -
61 MCLKA input . Clock A—Provides the time base to the CMCTL and is
- 180 degrees out of phase with the MCLKB input.
60 MCLKB input. . ~ Clack B—Provides the time base to the CMCTL and is
, o 180 degrees out of phase with the MCLKA input.
915,  MD<38:00> inpur/qutﬁht Memory data—Provides memory data Between the
105-115," SR CMCTL and the memory arrays.
118-132,
54 MEMERR ‘output - Memory error—Asserted as an interrupt to the CPU
RTINS i ~when a parity error is detected on CDAL < 31:00>>
. during a.CVAX CPU single-transfer unmasked memory
e © ... . cyriteoperation.
55  NIMR ° output ' Nonlocal memory reference— Asserted to indicate that
- Con the ‘memory, loaded from CDAL<31 00>, 1s not
T w1thm the range of the CMCTL. e
3841 - RAS<3:0>:: output ; Rnw addrcss stmbewlndlcates which MA < 9 0> hnes
; ; PRIV . have a valid row address and which MD lines have a
S S - .. valid command for a memory read or write operation.
53 RDYw inputfoutput - Ready-—Asserted to indicate normal termination of a
currenit bus cycle. The RDY and ERR inputs may be
- simultaneously asserted fo request.a retry of the bus
L Ode
62 -~ - RESET nput Rsset«Asserted to initialize the CMCTL. S
45 - SE .- output. Slg,nature “enable—Asserted with the RAS<3 0>
- information to indicate a refresh operation and with
~ the CAS<3:0> information to indicate that lines
- MD<4:0> contain signature read information from
dnbog oy b ~the CMCTL.
16 TRIOUT  input  “Threé:state outputs—Asserted to indicate that all out-
S T R e putsamhtgh impedance. .
44 WE output “Write enable—Asserted with the CAS<3:0> infor-
mation to indicate that the MD < 38:00> information
. is valid. If deasserted with the CAS<3:0> informa-
, ‘ o B ,t, n, zhe ’VID<38 00> information is CMCTL inputs.
63  WR. . dnput.. . oo thte—eﬂsserted to specify a read operation and deas-
ey bl serted for a write operation,
2,18,30, Vi _input, Voltage——Power supply voltage
36,37,42, ' : )
50,67, 84
116,1,17,
19,31,43, Vi “input k " Ground—Common ground reference.
68,83, 117 S RN
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Data and Address Lines ‘ '
CVAX Dats and address (CDAL < 31:00 > w—Bldm:ctlona} tlme—multlplexed hnes used to transfer
addresses and data between the CMCTL, CVAX CPU; and external DMA devices.

During the first part of a read or write cycle, these lines provide address and control mfc:rmatmn 10

the CMCTL. The mf,ormatmn tbansferred dunng a memory read or write transaction is listed in-

Table 2.

B Tuble 2- CVAX 78588 Read or Wrie CDAL Information
31 30 Length - 29 - Type 0 <28:02> 0 <01:00>
L L ’hexword L : k Mx’ﬁi%gj‘xyory'sbaéé Iongward addness 1gn0redbv
L H | longword .~ - H. - »'I',‘Ovspﬂice, ot for uansfer "'4CMCTL'
H L qua&wor&’ i o :

H H octaword

During the second part of a memory or control status regxster (CSR) write Qperamon, the
CDAL < 31:00> provide information to the CMCTL. During the second part of a memory or CSR

read operation, the CDAL < 31:00 > transfer information from the CMCTL. During memory read

operations, the data on the MD < 31:00> lines are transferred to the CDAL < 31:00>. During a
memory write operation, the data on CDAL < 31:00>> is transferred to the MD < 31:00> lines.

Address strobe {AS)—This input is asserted by the external logic to indicate that the CVAX bus
contains valid control and address information. When asserted, the CDAL < 31:00> and control
signals BM<3:0>, C5/DP<3:0>, and WR are evalitated. At the conclusion of the bus cycie, the
external fogic deasserts AS.

Byte masks (BM < 3:0>)—During memory write operations, these inputs specify which bytes on
CDAL < 31:00> contain valid information as shown i in Table 3. The byte masks are not used by the
CMCTL during configuration register (CSR) read or- writé operations or during memory n:ad
operations,.

Table 3. CVAX 78588 Byte Mssk Assngnments

BM<3:0>* Vahd Byms ’

L ' L L CDAL< 31:00>
H H H L  CDAL<07:00>
H H L H  CDAL<15:08>
H L H H CDAL<23:16>
L H H H CDAL<31:24>
H H H H read but no write

*All other bmary combinations that specify the vahdity of two or three bytes on CDAL < 31:00 >
are allowed.
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When AS is asserted, the CMCTL evaluates the BM<3:0> information for a memony write
operation. If the operation is a multiple transfer and the first transfer completes successfully, then
following each assertion of DS, the BM<3:0> information is evaluated on each data transfer to
determine unmasked and masked memory write operations. If the BM<3:0> lines are all
asserted, an unmasked memory write is performed by the CMCTL: Otherwise, a masked memory
write is performed. The CMCTL ignores the BM < 3:0> information during memory read and
CSR read or write operations. A masked memory write occurs on a byte or word operation.

Corrected read data (C RD)wThls output is asserted during memory read operations and masked
memory write operations to indicate that the CMCTL data has been corrected. During memory
read operations, if the CDAL < 31:00> contains corrected data from the CMCTL, both the CRD
and RDY inputs are asserted. During masked memory write operations, a memory read is
performed to detect and correct single-bit errors before the masked write to memory occurs. If a
correctable error occurs during a memory read portion and no parity errors were detected on
CDAL< 31:00>, the CMCTL asserts both the CRD and RDY outputs.

Control status/data parity (CS/DP < 3:0 >)— These bidirectional, time-multiplexed lines transfer
control, status, and parity information. In the first part of an IO cycle the CS/DP3 input is asserted
by a DMA device to request a synchronous operation. This input has an internal pullup resistor to
accommodate asynchronous DMA devices that do not drive the C CS/DP3 line.

The CS/DP<2:0> inputs and the WR signal provide control mformatlon about the current bus
cycle when the AS input is asserted as defined in Table 4. : ,

Table 4 « CVAX 78588 Bus Cycle Selection

=1

m line Bus cycle - CMCTL Function*
2 1 0 :
H L L L request D-stream read ‘ © read
H L . L H reserved . NOP (ﬁo operation)
H L H L external IPR read NOP (no operation)
H L H H interrupt acknowledge ’ NOP (no operation)
H H L L request I-stream read ' read
H L H H demand D-stream read (lock) read memory (1§ck) or
read CSR (no lock)
H H H L demand D-stream read read
(modify intent)
H H H H demand D-stream read read
(no lock or modify intent) :
L L L L reserved | NOP (o operation)
L L L H reserved o NOP (ﬁo operation)
L L H | L external IPR write NOP (no bperafion) .
L L H H reserved for DMA device use NOP (no operation)
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H
L
H

1
L L L reserved ; - NOP {no opetation)
L 'H H writeunlock ~ write memory (unlock) or
| o o ) o ;‘ B ' wr1te CSR (noun!ock)
L “H L s :reséwed o L e NOP(nooperauon)
L H H - H . write no unlock’ R ’wmtc /'

*The read and write operanons are executed only if the address on CDAL < 31:00> is wnhm the:
programmed range of the CMCTL. If the address is not in the range, a no operation (NOP) occuss.

Durmg the second part of an 1/O cycle, the CS/DP < 3:0> outputs provide byte parity for data on
CDAL < 31:00 > during a memory or CSR read/write. Even parity is checked or gf:ncrated for even
bytes and odd parity is checked or generated for odd bytes.

During a write operation, the CS/DP<3:0> provides input information. If the DPE input is
asserted, the CMCTL tests the CDAL < 31:00> for patity errors. The CS/DP < 3:0> information
must have valid parity for all bytes on CDAL <« 31:00:> regardless of the BM< 3:0>. inputs. Tf
parity errors are detected during a memory write operation, the data and incorrect check bits are
written to memory A CSR write operation thh parity errots is abort,ed

During a read operation, the CS/DP<3:0> outputs contain parity information generated by the

CMCTL for all bytes regardless of the the | M<§ 0> mputs The parlty assignments are listed:in
Table 5. o ; ,

Table 5 - CVAX 78588 Read Opetation Parity Assignments

Parity bit " Byte

CSOP3 CDAL<31:24>
CS/DP2 B ~CDAL<*2‘3416>“;3 o
oSOPT . CDAL<15.08> .

PR CDAL<07:00>

DMA Grant (DMG)-—-—TI’HS mput is asserted by external Iog1c to 51gn1fy a DMA operanon It is
deasserted to specify an operation that was 1n1t1ated by the CVAX CPU.

Data Panty Enable (ﬁfi‘ )--Th15 bldxregtlonal signal is used to control the checkmg or generatlon
of data parity when the DS inputis asserted. Durmg a memoryread operation, the CMCTL asserts
DPE if the CS/DP<3:0> lines contain vahd par;ty mformauon During a write cycle, the DPE
input enables parity checking on the incoming data. If not asserted during a write cvcle, the
CMCTL ignores the CS/DP<3:0> information. This is an open-drain output and must be
connected to Voo d]rough an external resistor o maintain high level when the outputs are a high
impedance.

Data Strobe (DS)-—-—Thxs input provides timing mformatlon for data transfers. Durmg a memory or
CSR read operation, it is asserted by the CVAX CPU or external logic to allow the CMCTL to
transfer data to the CVAX bus. When an asynchronous operation is specified by the TS/DP < 3:0 >

information, the CMCTL stalls a read operation until the DS input is asserted. When external logic
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receives and latches the data, it deasserts DS. When deasserted at the end of a CMCTL operation,
it causés the W CDAL< 31:00>, and DPE lines to become a high' 1mpedance and
deasserts the ERR and RDY signals.

Error (ERR)-This signal is used by the external loglc and the CMCTL to indicate an error
condition and is asserted during memory read operations until the CMCTL transfers data to the
CVAX bus. If it is asserted by external logic during memory read operations, the CMCTL
terminates the operation and does not transfer data. The CMCTL asserts ERR to indicate that a
CDAL< 31:00>> parity error has occurred during a DMA write operation or that an uncorrectable
error has been detected during a memory read or on the read portion of a masked memory write
operation. Memory parity errors are considered uncorrectable Dumng a retry on a read lock
request, the RDY signal is asserted. ‘ :

The ERR signal is asserted by the CMCTL when a read-lock request occurs and the lock-bit test
results in a hit. Both the ERR and RDY signals are asserted for one sampling window to indicate a
retry: For asynchronous DMA read opemnons, the ERR input is asserted first and the RDY i mput is
asserted after phase. : ’ ‘

When a single-transfer unmasked write operation (dump and run) is initiated by the CVAX CPU in
which a parity error is detected, the ERR signal is' not asserted by the CMCTL. Refer to the
MEMERR signial description foradditional information.

When the DS input is deasserted, the ERR signal is also deasserted. When the AS input is
deasserted, ERR is a high iripedance. This output requires an external pullup resistor connected
Vi to maintain high level when the outputs are a high impedance. :

Memory Address (MA <9:0>)—These time-multiplexed lines provide row address column
address, or memory refresh address to the memory array.

Master Clock A (MCLKA)—A clock input that provides the timebase for the CMCTL. It is phase-
shifted by 180 degrees from the MCLKB input.

Master Clock B (MCLKB)—A clock input that provides the tlmebase for the CMCTL. It is phase-
shifted by 180 degrees from the MCLKA input.

Memory Data (MD < 38:00> )—Bidirectional lines that provxde memory data between the
CMCTL and one of four external memory arrays. When the CMCTL is in ECC mode, the
MD < 38:32 > lines contain the seven ECC check bits. In parity mode, the MD32 line contains odd
parity, the MD < 38:33 > lines are ignored during memory read operations, and the MD < 38:33 >

lines contain zeros during memory write operations. If an error detection mode is not ¢nabled
(controlled by the CSR in the memory), then the MD < 38:32> information is ignored during
‘memory read operations. The MD < 38:32> lines contain zetos during memory write operatxons

When the RAS < 3:0> outputs are vahd each MD30, MD20, MD10, and MD0O hne contains a
valid command for the external logic on the memory array. The MD lines indicate the logic value of
the fast diagnostic test bit 9 of control and status register (CSR17). If each of these MD lines is a
zero, subsequent memory read and write operations occur normally. If each line is a 1, subsequent
memory read and write operations occur in fast diagnostic test mode, all RAS < 3:0> strobes are
asserted and deasserted simultaneously, and all CAS<3:0> strobes are s1multaneously asserted
and deasserted ‘

Dumng a signature read operatlon, the MD <04:00> lines are asserted when not controlled by a
memory array. When the SE output is asserted with the assertion of one of the CAS<3; 0> lines,
signaturé information i is transferred on the MD < 04:00> hnes by each memory array as defmed in
Table6. ..
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. Table6-CVAX 78588 Memory nm ngnature Information
MD ~ . - Memory checkbxts

04 03

H H o %

H L ome

L L <+ reserved ; :
MD  Memorybanks ~ MD02 RAMsize
H L = one G spoe B S PRBE s ady
L L four

Memory Error (MEMERR)--This output interrupts single-transfer unmasked' memory write
operations initiated by the CVAX CPU in which a parity error has been detected on the incoming
data. In this operating mode, the RDY input is asserted before the input data parity is checked.
This output prov1des a means to repcrg late e;ro s, It is an opeq mm autput and must connected
to Vm, through an cxtemd resistor. ' ‘

Nonlocal Memory Reference (NLMR)-—»Tlns output is asserted by the CMCTL to mdlcate m the
external logic that the memoty or CSR address from the CDAL <31:00> isnot a CMCTL address
It is deasserted when the &S input is deasserted.

Row Address Strobe (RAS < 3:0 > )—The CMCTL asserts one of the thes:z: lines dumng a memory
read or write operation if the address on the CDAL < 31:00>> is within the programmed range of
the CMCTL and if a refresh request is not pending. At a low-to-high transition, the RAS<3:0>
information indicates that the MA < 9:0 >:lines contain a valid row address and the MD30;MD20,
MD10, and MDOO lines have a valid command for logic on the memory array. The RAS<3:0>
lines are asserted simultaneously during a ‘memory refresh or fast diagnostic test:mode epemmn

Column Address Strobe (CAS <3:0>)~-These outputs are asserted by the. CMGTL .duri
memory read or write operations to indicate that a valid.column address is on the MA < 9:0. > lines
if the CDAL <31:00>> lines contain a valid CMCTL address and if a refresh request is not pending:
During a signatute read operation, one of the CAS < 3;0> lines is-asserted, depending on which
signature read request bit is set in the CSR. mgls;er thatis acgessed: Durmg amﬁresh opemtmn, the
CAS < 3:0> lines are deasserted. esdstnte shiaiyei o B so ]

Ready (RDY)— This signal indicates when bus operations can occur. As an input, it prevents the
CMCTL from completing a read operation. As an output, it indicates that a read operation with
valid parity has been completed or that parity has been checked.

During memory read operations, KDY is an input until the CMCTL transfers data to the CVAX bus.
When asserted by the external logic, the CMCTL terminates the read operation and does not
transfer data to the CVAX bus. The RDY signal is asserted by the CMCTL to indicate that the CS/
DP3:0> lines, CDAL < 31:00>>, and DPE line contain valid data. During single-transfer unmasked
memory write operations initiated by the CVAX CPU, the RDY signal is asserted when the CMCTL
has latched the data from CDAL < 31:00>>. For all other write operations, the CMCTL asserts the
RDY signal after the CDAL < 31:00 > data is latched and valid parity has been detected.
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The RDY signal may be asserted durmg the sampling window, except for a retry of asynchronous
transfers when it is asserted on phase 1 (P1) of a clock cycle. It is deasserted when the DS input is
deasserted and becomes a high impedance when the AS input is deasserted. The RDY mput must
be connected to Vy, through a resistor.

Reset (RESET)— When this input is asserted, the CAS < 3:0>, TRD, NLMR, RAS<3:0>, SE,
and WE lines are deasserted. The CS/DP<3:0>, CDAL< 31:00>, DPE, ERR, MEMERR, and
RDY lines are set to a high impedance. The MA < 9:0> and MD < 38:00> lines, the control and
status registers, the refresh countet, and the refresh request counter are cleared. The lock bit is set
to the unlocked condition. When RESET is deasserted, the CMCTL is synchronized with the first
low-to-high transition of the MC LKA mput at the start of phase (P1) and the refresh timeout
counter begins counting.

Signature Enable (SE)—This output is asserted with the CAS < 3:0> outputs to request signature
information and to indicate that the MD < 04:00 > lines contain input information. When the SE
output is asserted, the RAS<3:0> and WE outputs are deasserted. The SE output and
RAS < 3:0> outputs are asserted when the CMCTL is performing a memory-refresh operation. .

Three-state Qutputs (TRI OUT)—When asserted, this input causes all outputs to become high
impedance. :

Write (WR)-~This mput is asserted to spemfy a write bus cycle and is deasserted to spec1fy d read
bus cycle. 3 ;

Write Enable (\VE)—-—Thls output is asserted to enable a memory read or write operatlons 1f WE
antd CAS < 3:0> are asserted during memory write cycles, the MD <38:00> information is valid.
If deasserted when the CAS < 3 0 > hnes are abserted the MD < 3% 00 > contams mput
information.

Voltage (V,p)—This is the Svolt i 1nput from the power supply

Ground (Vss)—This is the signal and power ground reference.

Reg1sters B

The CMCTL contains 18 control and status registers: (CSRO tnrough CSR17). CSRO through CSR15
ate configuration registers, CSR16s a systeim error status register, and CSR17 isa Mode Control
and Diagnostic Status Register. Each registers must be longword accessed. - oo

Configuration Registers (CSRO-CSR15)—A configuration register is assigned to each of the 16
banks of memory that can be connected to the CMCTL. CSRO through CSR3 correspond to the
four banks on array 0, CSR4 through CSR7'to the four banks on array 1, CSR8 through CSR11
correspond to the four banks on array 2, and CSR12 through CSR15 to'the four possible banks on
array 3. Figure 3 shows the read format and Figure 4 shows the write: fdrmat of these reglsters
Table 7 describes the function of the regmter mformatlon i e

2-10 Confidential and Proprietary




Preliminary CVAX 78588

313029282726252423222120191817 1615141312 111009080706050403 020100

T T T T ™ T
. .MEMORY BASE :
ADDRESS .

| RS

0

Q

o|ofololololojojololojofo|

" BASE ADDRESS VALID | -
STLOCKBIT w0 o
. - SIGNATURE READ REQUEST. *-
. ERROR MODE. - :
RAM SIZE:-
'BANK USAGE -

Figure 3 = CVAX 78588 Configuration Registers (CSRO€SR 15) Read Format

WRITE FORMAT:

kil 302928272625242322 21280191817 16 1514431239 1099080? 060504030201 00

T T T T oY oINS i
MEMOR‘{BASE XXXXXX:XXX&XXK)‘: XXX X]X
. IADDRESS j j S CIErEr e

X

>

o 1

© BASE ADDRESS VALID S O HieNaTURe READ REQUEST

Figure 4« CVAX 78588 Coaﬁgumtmn Regzsfem (CERO»CSR 15) Write Format

Some of these registers contain information used at the array level. The fields'of the four registers
related to an array will contain the same information. For example, a signature read request issued
by the processot can be performed through any one of the four registers related to an array. All of

the related registers receive the 51gnature mformatmn The CSRO through CSRIS are c!eared when
the RESET signal isasserted. - -

§

'Ihble? CVAX 78588 Conﬁgmmnnegxsm{csm—csmsa Dcs‘ ription
Bit  Description L et B

31 Base address valid—Set when the base address is written to enable the addressmg of the
bank indicating that the base address CSR < 28:20> is valid. This bit is cleared during
powerup and may be used by dlagnosucs to dxsable a memory bank.

¥

30:29° Not usedwa:ad as zeros anda write has no effectj““

28:20 Memory Base Add:ess—»«Spamfws the base address of the related memory bank. If the

bank contains 256 KB RAMs, all nine bits are used in the address compare. 1f the RAM

 size is 1 MB, only bits 28:22 are used. All nine bits are read and written. Refer o the
Addressing section for the use of the base address. 5 :

T

19:07 = Not used—wRead as zeros

06 . Lock b1t~—~1nd1ca,tes the status of the lock bit for all 16 banks of RAM. This blt is'cleared
during powerup and unlocks the CMCTL. When set, the CMCTL is prevented from
performing a read-lock request. Memory réad operations without the lock qualifier are
not affected by the status of this bit and the installation of this function is optional.
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Bit Descmptaon T : :
05 Slgnature xead : request———Causes z;he CMCTL to read ths: memory array signature
mformataon When set, the CMCTL reads the related memory array and loads bits 04:00
‘with the information. All four registers associated with the array receive the information.
‘The signature may then be read by the processor to initialize the base addresses of all
ibanks. This bit is cleared by the CMCTL on completion of the signature read operation.
04:03  Error mode—-—lnchcates the errof detectmn/correctlon mode that is used on a given array.
The encodmg is’
Bit .. .0 Mode -
04 03
0 0 no detection/correction
0 1 parity
1 -0 - ECCerror correction code)
1 1 notused
02 RAM size—Indicates the size of the RAM used on the array.
0=256 Kb (1 MB bank) and 1=1 Mb (4 MB bank). , .
01:00  Bank used— Indlcates the number of banks used on an array as fcnllows .

Bit Banks

01 00

0 0+ . array not present ,

0 1 one L R
1 0 R SO . A .

1 1 s four

System Error Status Register
The CMCTL stores error data in the system error status register (CSR16). The error status flags (bits
30:29) are cleared by writing a 1 to the bit. Once these bits are cleared, the state of the error status
flags will not change. This register is cleared when the RESET input is asserted. The read format of
this register is shown in Figure 5, and Figure 6 shows the write format. Table 8 descrlbes the
function of the register information.

RDS ERROR LOG REQUEST
(MORE'THAN 1BIT ERROR)

* READ FORMAT '

31 302928272625242322212019181716156141312 1 1009080?0605040‘30”0700

LIS I I T AL A R A S B O I |
PAGE ADDRESS ERROR

AR L

 SYNDROME, .
sodonoa qial

Taraat 1

Y TS N R TS O U T S N R A (A MO O I

RDS HIGHERROR RATE . . L. el e

CRD ERROR LOG REQUEST (1BIT ERROR)

DMA ERFOR LG

BUS ERROR LOG

. ECC ERROR SYNDROME 6:0 -

2-12

- Figure 5 CVAX 7 85 885yxtem Eﬁor Smtys Regzster Read Eoméaf
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WRITE FORMAT: .-
ST ' 3130202827262524232221 2018181716 151413 2 1003080706050403020100

xxpe x|l b el e e e et e e el

RDS HIGH ERROR RATE (WRITE 1 TO CLEAR)

CAD ERROR LOG REQUEST (WRITE 1 TO CLEAR)

DMA ERROR LOG {WRITE 1 TO CLEAR)

BUS ERROR LOG (WRITE 1 TO CLEAR)

" Figure G+ CVAX 78588 System Error Status Register Write Forntat

Table 8 - CVAX '78588 System Error Statu’ "

Bit

Descnptmn

31

RDS error log—This blt is set when an uncorrectable ECC or panty error occurs during a
memory read or masked. write operation. It is cleared by writing a 1 to this bit.

30

RDS high error log—This bit is set when an uncorrectable: ECG or pmty etror occurs
while the RDS error log bit (bit 31) is set. It i is cleamd b‘y writing a 1 to this bit.

29

CRD error log—This bit is set when a cotrectable (smgle bit) error occurs during a
memory read or masked write operation. It is cleared by writing a 1 to this bit.

28:09

Page address of error—Identifies the page (512:byte block) where an error occurred
during a memory operation. The logging of the error address is prioritized. If an address
has already been logged by an error of equal or hlgher priotity, the address is not
overwritten. The etror conditions that may cause the logging of the error address may
occur’ during’ either a CVAX CPU‘iniriawd mmf ‘oF 4 DMA opemtmn The error
condition prlomty s '

1. Abus parity error occuxts dunng a write operauon‘ and is logged by t;he Bus Error Log
bit 07 of the system error status register.

2. An uncorrectable error occurs during a memory rcad 93:' masked write operation and is
logged by the RDS Errot LogRequest bit31.In parity mode panty ertors are considered
uncorrectable.

3. A correctable error ocetts durmg a mermory read or masked write operation and is
logged by the CRD error log b1t 29.

08

DMA error log—Set when an error has occu.rred durmg a D V

Opétﬂl_tion and cleared by
writinga 1 to this bit. - :

07

Bus error Iog—-—Set when a bus parity error has beendetecsed durmg a write operation and
cleared by writing a 1 to this bit.

06:00

Error syndrome———If a memory error is det:ected in ECC mode this field stores the error
syndrome which is loaded with the error address field when a memory error is detected.
When parity mode is enabled and a memory error is detected, this read-only field will be
read as zeros.
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Mode Control and Diagnostic Status Register -

The mode control and dlagnasnc status register (CSR17) controls the selection of operating modes
and stores diagnostic status: 1nfe)rmat1on This register is cleared when RESET input is asserted.
The read format of this register is shown in Figure 7 and the write format is shown in Figure 8.
Table 9 describes the function of the register bits and Table 10 describes the check bit fxeld (blts
06:00).

"'READ FORMAT:

313029282726252423222120191817161514 13121110 090807060504 03020100
‘ ' 0 S O T Y B I I L
‘lojotojojojolufo|ojotojoiolo]ojofolo 1110 CHECK'BITS
L1l

PMI CYCLE SELECT
ENABLE CRD INTERRUPT
“FORCE REFRESH REQUEST
DISABLE ERROR DETECT
FAST DIAGNOSTIC TEST

. DIAGNOSTIC CHECK MODE

IF ECC MODE, THEN
‘CHECK BITS 6:0'" ~

IF PARITY MODE, THEN s
CHECK BITS 06:1.0 = XXXXXX,0

Fig,ﬂm: 7+ CVAX 7 8588 Mode Control and Diagnostic Status Register Read Format

31 30292827252524232221 20191817 1615141312 1110 09080706 050403020100
; : . B R N B |
XXXXXXXXXXXXXXXXXX 0 CHECK BITS
| .

PMI CYCLE SELECT
- ENABLE CRD INTERRUPT
. FORCE REFRESH REQUEST
DISABLE ERROR DETECT
FAST DIAGNOSTIC TEST

D|AGNOST|C CHECK MODE

IF ECC MODE; THEN .
CHECK BITS 6:0

.. IF PABITY MODE, THEN
. CHECK BITS XXXXXX,0

Figure § » CVAX 78588 Mode Control and Diagnostic Status Register White Format

‘
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‘ Table 9. CVAX 78588 Mode Control and Diagnostic Status Register Deﬁmpﬁon

3114  Notused and read as zeros g a
13 PMI cycle select—Set to select the private memory interconnect (PMI} cyck as an integral
multiple of CVAX bus cycles. This feature maintains a fixed PMI cycle dumng the time that
the speed of CVAX bus- cycl«; increases from 100 to 80 nanoaqconds It allows the use of
RAMs with faster access time. Wh his bit is cleared le is added o each memory
read transfer, and the RDY o output is slipped one cycle. Wh n set, a cycle is removed from
each memory read transfer. Refer to the Opmﬂoﬂﬁ‘%&ct& ditic
The relationship of the Buis cycles and access ‘timeis
CVAXbus | PMI bus
100 ns B 1)
80 ns L5
2.
f’”hndorrectable crmr occurs' ‘ o . . : :
011 Force refresh-—<This bit causes a memory- m&esh opremuen to be performed mmed;a,teiy
- following the' CSR write transaction that sets this bit. When:cleared; the refresh control
- logic operates in:normal mode: Setting this bit allows the speed-of the refresh logic to'be
'increased during CMCTL manufacturing test: This bitis write: oniy md tyread: as zero. it
is cleared by the CMCTL after the forced: refresh is compiieted LS
10 ""Disable memory error detecé—-ﬂ\'ﬁ’hcnﬁs .t ¢
e deteetlon and corrccﬂon axe ena‘bkzd:*-
09, . Fast dlagnustlc teag:-\}&'hen set and. brts 29 36 of the addres& am degred,; aﬂ the
. RAS<3:0> and CAS < 3:0> strobes are asserted fora.memory.read or write operation.
This bit and the CDAL < 29:26 > mﬁgrmanon are used to decrease the time of the initial
G h dxagnosuc memory test. s
08:. . Not us&d and read-as zero.| ,
07 D1agnost1c check thode—Set to select the d1agnostx;: cheg £ C
~ of the check bits 06:00 is transferrgd to lines. MD< 38: 32 > or check | bit 00'is transferred
- to’ MD32 fot a memory write operation in EGC or parn:y mode. When' cfeared check’ bits
06:00 or 00 are loaded from th MD<38:32> o MD32 es ‘during a memory read
' operation in ECC or panty mode Only unmasked 1 ry write operatmns can be used
- ‘mthlsmodé
06:00 Check blts-’1‘ins fleld cgnzams thc check b1t(s) msultmg £mm ot used w:th the error

+ 1 detection and correction operations. The relationship of this mformatwn dependson the

modes selected and the type of operations as listed.
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Bit ccDeseription i s 7 winoewni) hos a2 ol SREE

' Diagnostic check mode
ECC Parity - Write oper&tion '
mode mode
‘enabled  disabled blts 06:00 transfer to MD <28:32>
" “disabled  enabled bit 00 transfers to MD32

disabled disabled 000000 transfers to MD < 38:33 >
© disabled disabled -~ 0000000 transferé to MD {38:32 >

B Nondxagnostlc check mode oy o
" ECC Parity . Memory read operation
mode mode ‘ S
enabled  disabled = = MD<28:32> transfer to bits 06:00
disabled enabled =~ MD32 transfers to bit 00

disabled disabled 000000 transfers to bits 06:01
disabled disabled 0000000 transfers to bits 06:00

Error Checking
“The CMCTL can operate without error checkmg, in error checking and correctlon (ECC) mode, or
in parity mode. In ECC mode, the CMCTL flags and corrects single-bit errors and flags double-bit
errors. Smgle bit errors are corrected on CDAL< 31:00> but not corrected in memory. Error
correction in memory is an optional software function. In parity mode, the CMCTL performs asin
ECC mode except that memory parity errors are considered uncortectable. If an uncorrectable
error is detected during a transfer, the assertion of ERR signal terminates the memory read
operation: As an example;-if an uncorrectable error is detected in the first longword read from
memory during an octaword transfer, the transfer is terminated by asserting ERR. The remaining
-three longwords are not read from memory. In either ECC or parity mode, a cnrxectable error is
reported as an interrupt by the assertion of the CRD and RDY signals. :

- ECC mode data—During memory write operations, the MD31:00 > contains the same information as
CDAL: < 31:00> together with seven check bits generated from an ECC generator. During memory
read operations, error checking and correction is generated from the MD31:00 > inputs and compared
to the MD < 38:32> check bits. The ECC mode uses 232-bit modified Hamrmng code to encode a
32-bit data longword with seven check bits. When an error is detected, the syndrome is loaded into
bits 06:00 of the- system error status register. The ECC logic detects and corrects single-bit errors in
the MD < 31:00> data field. Single-bit errors in the check bit field are detécted and reported.
Double-bit etrors are detected but not corrected and are reported by asserting' 'the ERR ERR signal.

The modified Hamming code, shown in Table 10, generates seven check bits that are stored in

memory. For a memory write operation, bits MD < 31:00 > that are exclusively OR (XOR) gated are

indicated by an X in each row. From this value, parity that is even is generated on Cl C2,andCT
“and odd parlty is generated on C4, C8, C16, and C32. ‘

) Durmg a memory read operation, the data bits mdlcated w1th ;m X in each row are XOR gated
~againand check bits are again generated. These check bits are XOR gated with the check bits stored
. in memory. If the 7-bit result is zero, no errprs were generated If the result is not zero, one or more
ertors in the data has been detected or an error in a check bit has been detected. The ECC error
-syndrome is the result of an error and is stored in CSR16 bits 06:00. If the syndrome matches any
column of bits'that containan X it MD < 32:38 > , the errot'is cotrectable and the column number
‘cotresponds to the it that is corrected: For example; if the'memiory check bits are 0111100 and an
error is indicated in MDOO, the check bits generated 6n a memory write would be 1100100.
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Therefore, the 0111100 value is XOR gated with 1100100 to equal 1611000, This result corresponds
_ to.syndrome bits ST, $32, §16, S08,,504, 502, and §01 and can be read under column MDOO by
 reading the bits that contain an X as a one and the bits without an X as zero. Any syndrome value
- that does not. match the value in '.[hble 10 indicates an uncorxectable error, Table 11 lists sample
syndromes that can be read from bus 06:00.

'Ikble 10+ chx 73588 32-Bit Modiﬁed Hammng CoJe for ECC
MDO00s — T Tup sz —

o . Generated Check Bits
Syn. S eTC32CI6CRCAC2 Gt
Bits 313029282726 252423222120 19 18 17 16 15 14 13 12 11 10 09.08 07 06.05 04 03 02 m,oo 38 3736 35 3433 32
S1
S2
S4
s8
S16
S32
$34
‘CSRBR:;:‘;{M arls e G
,m ‘ - ¥
10110005 TR 0 T ¥ T 7
1111001 MD31
0000001 MD32
1000000 MD38
0000011 uncorrectable .

During a memory write operation when a data parlty; 35 ,\,r is. detected cm CDAL< 31:00>,

incorrect check bits are generated and transferred to the MD < 38:32> outputs fo detectionona
subsequent memory read operation. The algorithm that generates the incor b
complements the generated check bits for the MD < 34:32> outputs and transfers the g nerated
check bxts unchanged to MD < 38 35 > outputs R

»incotrect check bit lcgié compleméms the geﬁéi:ated odd p a ‘bé‘fore n‘ ’IS tmxﬁferred to th MD"&Z
soutput. i B 5

Addressmg Scheme , o ' ”'
The CMCTL can oontrol up to 16 banks of 256 Kb or 1 Mb RAM Each locatzoncan gonmst of }2
bits of data and 0, 1, or 7 bits of error detection or correction int ormatmn Eachbank has a 32~b;t
‘base address that resides in  the CMCTL. Seven or 9 bus of thns';addxess are sxgmfxeant If the RAM
size is 256 Kb (bit 02 of CSRO thmugh CSR15 is zero), the base address is mapped to
CDAL<28:20>. If the RAM size is 1 Mb (bit 2 is 1) the base address is mapped to
CDAL < 28:22>. Refer to the Register section for reading and writing the base addresses. When a
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‘base address/matches the address on CDAL'<31:00>>, the bank related:to ‘that address is activated
foreitheraread or writeoperation. The CDAL29 isabvayszeto mdxcatmg a memry addréss spafe
RAM “access’ is’ pm\ndcd by the' MA<9:03| RAS <3:0>, and 'CAS<3: 0> outpt:tts "The
‘RASK3:0> and CAS<3:0> enable one of the banks ‘The MA<9:0> dutputs (MA9 1s not used
for 256 Kb RAMs) provide the memory address w1thm a'bank 4§ described. © 7"

MA <9:0> addresses—The source of the MA < 9:0> output information depend on the type of
‘memory operation. The MA<9:0> output contains a row address during the low-to-high
transition of the RAS<3:0> output and a column address during a low-to-high transition of the
GAS <3:0> outputs. ,

‘During a single transfer memory operations

Row CDAL20 transfers to MA9 -
CDAL <19:11 > transfers MA< 8: 0> A Lo W
Column - CDAL20 transfers to MA9 S

CDAL<10:02> transfers to MA<8:0>

During multiple transfer memory operations, the MA<9: 0> RAS <3:0>, and CASK 3 0>
output information is in page mode format. The CMCTL compares the address on CDAL < 31:00 >
with the CSR address. One of the RAS < 3;0>> lines is then asserted followed by the assertion of
“one of the CAS<3:0> linés. After completing the First operation, the RAS<3:0> line is held
asserted while the CAS < 3:0> line is continually negated and. réasserted for the remainder of the
operation. Because the RAS<3:0> line is not negated and reasserted, the time required. to
~perform the operation is minimized. MA9 is not used when 256 Kb RAMS are present. The address
_information on MA<9:0> is

Row CDAL21 transfers to MA9 iy Ty
© CDA<19:11> transfersto MA<8:0> . .. R

Column(0) - ~CDAL20 transfers to MA9 -
~ CDAL<10:02> transfers to MA<8:0>
Column(n)* CDALZ20 transfers to MA9 A
- "”"CDAL<1004>“ transfers to MA<8:2> - '
o LWCTR 1 Otmnsfers to MA<1,0> SR
’; n ](quadword) L
. n 2 (hexword)

" 'n=3 (octaword)

The longword counter (LW CTR) is initialized w1th the address value on CDAL< 0 QQ> ﬁor the
fxrst‘:transfe:r ’Ifor a quadword transfer LW CTR bxt 0 is thcn cqmplemented If, 7 ettransferqs
) hexword or octaword the counter is mcremented two or three times, respectively.

If an mternal memc;ary rg{resh request is pendmg while the CMCTLisin the idle state che CMCTL
performs only a RAS memory refresh. If the AS input s asserted; the address on CDAL < 31:00 > is
latched and the requested operation is stalled until the memory refresh completes. All-the
RAS < 3:0> outputs on the memory bus are asserted and all CAS<3:0> outputs are deasserted.
_The source of the MA<9: 0> refresh address is a 9-bit (0,8:0) refresh counter. Thé coumer is

‘cleared by the RESET mput and mcremented after the refresh peration has been completed The
] ESE i mput also clears the re fresh tlmer that pr0v1de thc rciresh request Table 1 spek > :‘ h

S LAt
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Table 12 + CVAX 78588 Refresh Request Timing -

PMIcycde = Clock " Clock ‘ Overhead =
select! petiods(ns) =~ cycles (percent) . rate (us)’
1 s 226 27 12.43
1 ) 50 oy  ; 26 27 ' i 113

0 40 oo 228 35 0902

o so . 28 35 114

1Bit 13 of the mode control and status fegistér (CSR17)

*Includes 4.0 microseconds for the completxon of an asynchronous DMA octaword wrﬂae ep&mgmn
-and for aslower clockcycle. o0 o o

RAS<3:0 > and CASK 3:0> hddressewlf ase addﬁfessaf 4 memory. bank ma‘tch% the addie
on CDAL< 28:023>, ‘one of the RAS< 3:05 outputs and one of the CAS<3: 0> outputs is

-asserted. Table 13 summarizes the bank at!d’ressmg on each atxi‘ayﬂss é functitm of the «assérted
RAS<3 0> aﬂd CAS~<3 0> s;gﬁﬁls’ o

- ,RASOand CASO
RAS1 and CASO
| 'RASB andCz}SO o
T RASOandCASI .
RAST and'CAS1
RAS2and CAS1

7 o RASHand CAS1 w1« 1 Lo o185 v RASIENE

AU R W=

‘Register addressing—Each mglsccr (CSRO,through CSRl?J has'a jflxcd address m,the I,!Q spac::: of
the CVAX CPU. If a register’s address matches the ad ess on .a read or write
operation to or from one of the registers occurs. The register addresses are listed i in Table 14.

 Table 14+ gmxm '7’f;glmstgmsmmﬂdm

‘Register . . ,&addmss , 'Register . Address
(hmdecxmnl) N (hexadecimal)

0 20080100 9 . 20080124

1 20080104 . 10 . 20080128
2 20080108 11 . 2008012C .
3 ' 2008010C 12 - 20080130
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Register Address

(hexadecnmal) S b

4 '29080110 SO 13 20080134 T

5 | §'20080114 T 14 “ ’20080138

’6 ' §20080118 V iﬁ I 2008013C o
7 2008011C 16~ 20080140

8 { 20080120 ” 17" ' 20’080144
‘Operations '

The CMCTL performs memory read, memory write, CSR read and CSR write operatlons under the
control of the CVAX bus. Before an operation can be.initiated,. a-signature read operation:is

. performed during system boot time to load a bank address into CSRO through CSR15. The

signature information for each memory array connected to the PMI bus.is stored in CSRO through
CSR15. A signature read operation is initiated for each register by writing a 1 to the signature read
request bit in CSRO, CSR4, CSR8, or CSR12. The RDY output is not asserted until the signature
information is loaded into the CSR. During this operation, the MD <04:00> outputs are first
asserted. One of the CAS<3:0> outputs is then asserted together with the SE output to enable
the signature read logic on the selected memory array. The RAS<3:0> and WE signals are
deasserted. The memory array. transfers the array signature information to, the MD <04:00>
outputs. Refer to the ac Specifications for the signature read operation, The relatlons}up between
the CSRs and CAS<3:0> is provided in-the Addressmg section.

The signature information in the CSRs can be read to determine the number of banks and the RAM
size on each memory array. The system boot program determines the address for each banks of
RAM and can selectively write to a valid bank address in CSRO through CSR15.

Memory read—The CMCTL supports masked or unmasked, single- and multiple-longword read
operations (quadword, hexword, and octaword). Before a memory read operation, the RESET
signal must.be asserted to mmahze CSRO through CSR15. . e

The number of cycles necessary to complete a read transfer is a functlon of the transfer type, the
clock (MCLK) input period, the type of memory error detected 1f a parity efror was detected inan
external cache, or if a DMA retry occurred.

‘The number of cycles requlred to complete the different types of synchronous memory read
Operatlons 1f no error 1s detected 1s shown inTable 15.

Table 15 - CVAX 78588 Synchmﬁons Mefnory Read Perforrmunce

Transfer PMIcycle 5" CVAX = Total ot fiMegal)ytes/second
pe  select!  yeler eyl

longwod 1~~~ 4% 04 w®

quadwod 1 v 46 - 0 BS
hexword’ 1 4/2 8 o 15
octaword 1 v 42 10 i I6 ’
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Transfer PMIcyde . CVAX Total  Megabytes/second
type select’ - cycle? / cycles? L :
longword 0 o 5/0 k 5 ‘ s, ‘ 10

quadword 0 5/3 8 s

hexword 0 sz n 136

octaword O 5/3 o o u o 14ﬁ3

1Bit 13 of the mode control and status regxster (CSR17)
*The PMI bus cycle penod is an integral number of CVAX bus cycles Example 4/2 spemﬁes that

cycles. When the PMI cyde select s 1, the PMI bus cyc:le’x f2 and one c;{cle is 100 ns When the
PMI cycle select bzt is 0, the PMI'bus cycleis 53 and one cycleis80ns.
*One CVAX bus cycle or two MGLKA or MCLKB clock cydes ‘

The following are exceptions to the table Infprmﬂtlon

» If a transfer is collides with a refresh operation, add fQur cycles 1f the PMI cyr:la select bxt is. 1 aad
five cycles if the PMI cycle selept bit.is 0,

+ Add one cycle to the f‘:rst transfer of aread lock

« Add one cycle for each transfer w1th a correc ol
select bit i isa 1 :

'le error 1f it 1s the first transfer or 1f the P;MI cycle

- Acld two cycles for each transfer thh an |

correctable ermr The memory read operatwn is
termmatcd during the transfer: that’l%ﬁe erto : ; 9

s detected

+ Addc one cycle for each asynchmnous transfer ‘

.» Aread lock with the lock bit already ,’ et mquims the same numb¢r of cycles asa sxﬁg}c tmnsfer

« A read operation that is aborted by external logic reqmres

”g
e same numbeg:of cycles asa smgle
transfcr o R TR N R P

Abortmg rea&-—-—Before the flrst Iongworcf is transferred the CMCTL evaluates the "Tfﬁ or RDY
signal to détermine if 2 memory read operation should be allowed to continue or to be aborted. To
abort a local memory nead access prowdes the abﬁrty to’ ac:: fan externai cache tdgether thh a

If an external cache asserts the RDY signal, the CMCTL will abort its rnemory read operat;on If
external logic lock mechanist is 1mplemented assertmg the RDY and ERR signal sunultaneously
during a read lock will' result ina CVAX CPU retry and Wﬂl abort the CMC'I‘L memory xead
operation, ‘

Table 16 hsts the number of cycles between the asseruon of the AS 51gnal and the RDY sagnal or
ERR inputs to CMCTL. If RDY or ERR is assetted within the specified number of cycles, the
CMCTL aborts the read operatmn
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Table 16 ¥CVAX 78588 Rcdd Almrt Cycle Tm.mg wednitinl

Read T PMIcyle | CVAX " Input
type & _selegt‘ ) cycle? ’ cycler:sar
norﬁal e | 42 2
normal 0 | ©5/33 ; ‘
k1 s
lock 0 53 i

'Bit 13 of the mode control and status register (CSR 17 .

?The PMI bus cycle perlod isan 1ntcgml number of CVAX bus cycles Examplc 4/2 spec:hes that
the first longword is read in four CVAX bus cycle and the remaining longwords in two CVAX bus
cycles. When the PMI cycle select is 1, the PMl bus cycle is 4/2 and one cycle i is 100 ns, When the
PMI cycle select bit is 0, the PMI bus cycle is 5/3 and one cycle is 80 ns. . .

*One CVAX bus cycle or two MCLKA or MCLKB clock ¢ycles.

“Single transfers—During a single-transfer read from memory ‘operation, the CMCTL leads the
address from CDAL < 31:00 >, compares the address to the values stored in CSRO through CSR15,
evaluates CDAL < 31:30 > for transfer length, and evaluates the CS and DMG inputs. -

~ During a synchronous operation, the CMCTL evaluates the RDY or ERR inputs to detérrmne if the
operation should be aborted. This function is inhibited during assynchronous ¢ operation. If RDYor

ERR is asserted, the memory read cycle on the PMI bus is completed, but the CMCTL does not
drive the CVAX bus. If RDY or ERR is'not asserted, the CMCTL reads data from the PMI bus and
checks the data for errors. The CMCTL asserts RDY or ERR to indicate the transfer is complete.

Multiple transfers—During a multiple transfer read operation, the CMCTL loads an address from
CDAL<31:00> and returns two longwords (quadword), three longwords (hexword) or four
longwords (hexword). The CMCTL then loads the address from CDAL<31:003>>, cornpates the
address to the values stored in CSRO through CSR 15, evaluates CDAL < 31:30 > for transfer length,

and evaluates the CS and DMG inputs.

During a synchronous operation, the CMCTL evaluates the RDY or ERR inputs to determme if the
operation should be aborted. The abort function is inhibited during asynchronous operation. If
RDY or ERR is asserted, the PMI bus read cycle is completed. The CMCTL does not drive the CVAX
bus and the operation is aborted. If RDY or ERR is not asserted, the CMCTL reads data from the
_PMI bus, checks the data for errots, passes the data to CDAL < 31:00:>, and asserts the RDY or
ERR to flag the termination of the transfer. The operation is termmated when the last longword is
read from the PMI bus.

_Read lock——-The G MCTL performs the read lock oge;arxons smular toa mr:mory read operatlon
~and momtors t;he lock bit 6 of conﬁguratlon rcglstcrs (CSRO-C SR;S) Ifa; xead lock is detected, the
CMCTL requests a retry and completes the PMI bus read operation on the first transfer. It then
terminates the operation on the CVAX bus by as>ertmg both the ERR and RDY signals. The
CMCTL will not retty a read lock If 'a read lock is not detected t:he CMCTL completes the
“téquested read operation.

The CMCTL sets the lock bit if an uncorrectable error does not occur on any tramfer An extra cyde
is added to the first transfer to allow sufficient time for external asynchronous logic to terminate
the operation with the RDY or ERR signals.
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Memory write—The CMCTL performs single and multiple word memory write o peraugns

(masked or unmasked) on each transfer. The RESET signal must be asserted prior to the operatmn ‘

The number of cycles necessary to complete a write operation is a function of the transfer type, the

status. of PMI cycle select bit in C&:Rl? the B M< § 0> mputs and whether the tmmfer is

synchronous or asynchronous. o i

Table 17 lists the number of cycles mq_uired to complete each type of synchronous write. When the

PMI cycle select bit is 1, one CVAX bus.cycle is 100 nanoseconds: When the PMI cycle. select bitis0,
one CVAX bus cycle is 80 nanoseconds e

. Table 17 + CVAX 78588 Sync}n:onugs an Performan

Trigater 7  PMIcydle
typem“'"k i "  3 Seh’:ct‘ \ "fotemaSk

Tuomasked | 244 4
: uqfﬁasked«f» ;2343f(}‘ ol
Tubmasked B2 8 o

Ic?pgword Ry
longword
quadword

hexword

octaword < e unmasked

lOl’lgWQL‘d, 7; {’ masked e 3 :v

quadword masked

1 | 66‘ R

hexword

octaword

- masked

longword unmasked 244

Ioﬁgword , ’ ;unmaskéd

hexword

octaword

‘ ﬁ’)ii'unmasked 3

; :unmasked .

longword
quadword . -+
hecword

octaword 0 masked

Lol mas)

S

'Bit 13 of the mode control and statusregister (CSRI7Y: o sl 2 ot fard
*The PMI bus cycle period isan'integral numbe# of CVAX bus cycles. «hxamp}e 4/2 specxfxes that
the first longword is read in four CVAX bus cycle and the remaining longwords in two CVAX bus
cycles. When the PMI cycle select is 1, the PMI bus eyele is 4/2 and orie‘cyele is 100 ns: When thc

- PMI cycle select bit is 0, the PMI bus cycle is 5/3:and one cyele is 80ns. 1 o

*Orne CVAX bus cycle, or two MCLKA or. MC.LKB clcack cyc:ies o e
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The following are exceptions to the synchronous wtite operations:

» When an operation collides with'a refresh operatxon, add four cycles 1f the PMI ycle sé:lect biti is a
land fNe cycles if it isa 0.

= Ifadata parlty etror or an uncorrectable memory error occurs during a write operation, add one
cycle. :

= When the BM<3 0> 1nformatlon changes between masked and unmasked durmg a write
transfet, add one cycle. : '

= Add one cycle for each asynchronous transfer.

Error handling—When DPE is asserted, the CMCTL tests the data parity on CDAL < 31:00> . If a
data parity error is detected during an unmasked or masked transfer with no uncorrectable memory
errors, the CMCTL writes the data and the incorrect check bits onto the PMI bus. The algonthm
for generating incorrect check bits is specified in the Error Cbec/etng section.

The CMCTL petforms masked write transfers by doing a memory read and checking the data for
memory etrors. If a correctable memory error is detected, it is corrected before the memory write is
completed. If an uncorrectable error is detected including the data on CDAL<31:00>, the
CMCTL does not execute the write portion of the masked write. A memory read operation instead
of the memory write operation does not change the data in memory.

The ERR output is asserted to indicate uncorrectable memory errors and DMA-related data parity
errors. A correctable error is reported as an interrupt by the assertion of the CRD output. The
MEMERR output is asserted to indicate data parity errors resulting from operations initiated by the
CVAX CPU.

Single transfers—During a smgle transfer write operation, the CMCTL loads the address from
CDAL < 31:00>, compares the address to the values stored in CSRO through CSR15, evaluates
CDAL< 31:30 > for transfer length and monitors the CS and DMG inputs.

If the DMG signal is not asserted, the write cycle is CVAX-initiated and the CMCTL evaluates the
BM < 3:0> inputs to determine if the write transfer is masked or unmasked. An unmasked write is

a dump and run operation to allow the CMCTL tokeep up with an external write-through cache and

not degrade the single transfer write performance. During a masked write operation, the CMCTL

receives data from CDAL < 31:00> and asserts the RDY signal. If the DPE signal is asserted, the

data is checked for parity etrors. If no error is detected, a PMI bus write is initiated with correct

check bits. If an error is detected, the CMCTL asserts the MEMERR output, a PMI bus write

operation is initiated, and the data is transferred to the PMI bus with incorrect check bits.

During DMA transfers, the DMG signal is asserted. If DPE is asserted, the data is checked for
parity errors. If an error is not detected, the RDY signal is asserted, the CMCTL transfers the data to
the PMI bus with correct check bits, and the CVAX bus is released. If an error is detected, the data
is transferred to the PMI bus with incorrect check bits and the ERR output is asserted for two CVAX
bus cycles.

Multiple transfers—Multiple-transfer write operations are performed as a page mode write

opetation to-the PMI bus. The CMCTL loads a single address and performs multiple page mode

memory data transfers (including check bits) from the CVAX bus to the PMI bus. Refer to- the

Addressing section for a deseription of the page mode. -

During the write operation, the CMCTL receives the addness from CDAL <31:00> and compares

the address to the values stored in CSRO  through CSR15. 1t evaluates the CDAL<31:30> for
transfer length, the €S and DMG inputs, and the BM< 3:0> inputs to determine if the transfer is
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masked or unmasked. The RBY or ERR is asserted (depending on the error conditions detected) to
enable the external logic to start the next data transfer. When the last longword has been written to
the PMI bus, the CMCTL terminates the operation.

Write unlockahe CMCTL performs a write uniuck operatxon similar to memory wrlte operanons
except that it clears the lock bit. :

CSR read—A CSR read is perfnrmed similar to a single- ;ransfer ‘memory read operatxon except that
operation cannot be aborted by the RDY and ERR inputs: A synchronous CSR read operation is

completed w1th1n a minimym of four cyeles Async’hronous CSR read opemnons requite adchilonal
cycles » .

CSR Wnte-—-A CSR write operation is performed asa longwaﬁd unmasked) transfer A synchm
nous CSR write operation is completed within a minimum of four CVAX bus cycles. An
asynchronous transfer regires additional cycle. Because- ‘C8R | operations are unimasked, the
BM<3:0> outputs are not used to validate the CDAL< 31:00> data during the actual CSR write
operations. The CMCTL begms the write: e operation by loac{ing and checkinig the CDAL < 31:00>
address and by evaluating the TS and DMG inputs. If "DPE input is asserted the &ata on
CDAL<31:00> is checlccd for parity errors. If an errot is detected, the write operatis n
and the ERR output is asserted for two CVAX-bus cyéles. If an error is not détected, the séieé ed
CSR is loaded with CDAL< 31:00> information and thmi‘{'ﬁ? “output is asserted* - .

Bus Operating Modes : Lo ’

When a DMA device is bus master af the CVAX bus tij:g: CMCTL -can’ gmmfer data either
synchronously or asynchronously. The DMA bus operatmg mbde is contmﬂed by the CS/DP3 line.
When the CVAX CPU is bus master of the CVAX bus, the CMETL tesponse is synchronous with the
CVAX CPU.

Asynchronous DMA Mode—If CS/DP3 is not asserted during the first part of an I/O cycle nunated
by a DMA device, the CMCTL responds asynchronously to the CVAX bus by momtormgﬁhe 2

DS inputs. Before the CMCTL starts the next operation, it waits for the assertion of the AS before

evaluatmg the CVAX b:w to dettrmme the nsexz opemrwn Thfé DS inpure must he am -d b&fcre,

Durmg write operatlons DS must be deasserted to determme if C DAL< 31“@’0> h
before performing the write operation.

Synchronous Mode—All operations initiated by the CVAX CPU are synchronous The CMCTL
responds synchronously during DMA transfers if the C W 51gnai is asserted during the first part.
of an I/O cycle. During synchronous operations, the DS signal is ignored an
stall. Before starting a synchronous operation, th ‘E,VCMCTL checks. f@; the ass

seston of &S,

- Interfacing Requirements =

A typical CVAX system interface, using the C‘VAX 78588 CMCTL is: shown in F::gure 9 The :
CMCTL can control up to four DRAM arrays on the PMI bus: It prowdes a. nonlocal memory .
reference for a DMA interface to initiate transfer from extemal bus demces
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S mg‘-x B "'"MEMA\'dﬂv | memory
ST EARETILEI SO 3wl A % Giciighy WETEN YGRS
[ ekt ﬂfu Y0 7 RAY 3
MD<38:00> - T P O O .
_MA<9:0> ool
CRD RAS<3:0> IR O O A
ot LCASD ;
HEVAX L cyaxpiNBus o] oMot CASL . o Ll L
4l g CAS2 N N ; — . . ¢ A
CAS3 ) ) N ]
MEMERR WE I ]
_SE - ro ol i
£78 7 ~1 surFERED "
« » cvaxpingus | SYOX | cvAxPINBUS ¢
{SYI CHRDNOUS) . : . . BUFFER :
RDY.
SSFESET — e CoLOoK L Wﬁ' J L CLKREF © | exrernaL -
SVSRESET —wf CCLOCK Ja———d  lad DMA f""_a , | Ben
CLKIN , ,
éAs‘(NCHﬁONou'S)‘ ‘ I i lg\gjcmomus‘.)
SYSRDY RDY
. QBUS VAXEI BUS, OROTHER DMABUS
. (e Fzgure9 « CVAX 78588 CPUS;vstem Inten‘acel)zagmm
Specxﬂcatmns

Thga mec:hamcal elecmcal and envxronmental charactemtxcs and spemﬂcatlons for the CVAX‘
78588 are described in the following paragraphs The test conditions for the electrical values are as
follows unless specified otherwise, . bt co spvan S

. Amblent temperature (T,): 70°C
- Supply voltage (Vpp): 4.75 V10525V
= Ground reference (Vi): 0 V

Absolutemaxrmummnngs RS (ETICRE LA E BRI :
Stresses greater than absolute maxlmurn ratmgs may cause pérmanernit damage to a device.
Exposure ‘to absoluté maximum rating conditions for extended periods may affect’ device
reliability. , o
= Power supply voltage (Vpp): 0.5 V0 7.0V .

- Storage temperature (T,): 235°C to 125°C

@3

ol

« Ambient temperature (T,): 0°C to 70°C

= Package dissipation: 1.8 W

« Input or output voltage applied: (Vs—0.5 V) to (Vpp+ 1.5 V=7.0 V)
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Recommended Operating C?%&fﬁPH?' o
s Ambient temperature (T,):0°C 1o 70°C

« Powet supply voltage (Vo):5.0V +5% T B LA e

- Supply current (Ico: 336 mA (maximum) © o

- Relative hurmdxty 109% to 95% (nOncondensmg)

A1r flow 100 Imear feet/mmute

de Electrmdl Charactefisﬁcs BN

Table 18 contains the dc electrical parameters for thg input and cutput sxgnals of thc CMQT
to Table 1 for the pin numbers of the” sxgnals referenced in ’I%xble 18; Table 19 hsts ﬂ*m,
applicable for the inputs and outputs. - ‘

Table 18- CVAX 7858&’&: Input and Output Patmneters o

Symbol _ Parameter Requirements 4 Unit - Tet
TR i L R S |

T N
(FTL) 2.0 — v Vpp=5.25V Al
~os 70%%@ g RS2

W Tewled , e

(TTL) — - 08 \ o
MOS T — vy v

Vo, Low-level F— B 0 AT S
. . output voltage - e
Vou (TTL) — 04 v

Voo 'ngh ol P ———
, (MOS} o 0BV — V. lu=-05m
Vo Low»level £ ‘
‘ "6ut>put"V'01ktage'~“" e
(MOS) —_ 0%V, V

I Input leakage -10 10 HA
. . ...current . - e bt e e

Iy" * Output leakage 2107 i 50
currcnt

o Adveswsly  — 336 mA  L=0,L,-70°C
. cutrent . e ST o ‘VDD»“sZ:’Y,',
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 Table 19+ CVAX 78588 dc Test Summm'y T

— . Applicable Test . T
Signal Name Voo V' Vo't V2 L L Ve Vi VoV,
= B
CRD X | V X X
BM3-BMO X X X BT
CAS3-CASO X X X
CS/DP3 X X X X X
CSpP2-CSPP0 - X XX X X
CDAL31-CDALO0 X X X X X
DPE X X X . X ‘
DS o X X X
ERR and RDY X X X X X
MA9-MAO X X X
MCLKA and MCLKB X X x
MD38-MD00 X X X X X
MEMERR X X I
NLMR | X X X
RAS3-RAS0 X X X
RESET X X X
SE X X X
TRIOUT X X X
WE o X X X
WR ' X X X V
ITTL level
IMOS level

ac Electrical Characteristics

The ac load circuits used in the measurements of the ac parameters are shown in Figure 10 and
summarized in Table 20. The input, and output pin capacitance is hsted in Table 21. The test,

conditions are

. Temperature (’I' ) 70°C

. VSS OV

. Vyp=4.75 V (except as noted)

228
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DUT PIN ot o1 A DUT PIN B 5

o — - -0 VDD o

DUT PIN

20mA

-

T
vss vss
' A

CL = 130 pF

R = 4000 for DPE:
= 2000 for MEMERR

Al O VDD

22.(5 mA

- CL=130pF

T

_vss vss

C

DUTPIN - 05mA

== L= 130pF
T

vss vss

Q vDD

-

05mA

o= o Tes e l

-

vss o wss

1 Figure 10 CVAX 78588 av Test Cirguits . . v

Test

Signal |

Vou! and V2

CSOP<20>

CRD
6664
'CDAL<31:00>
NLMR

_ loa7

Vou! and Vo’

ERR
-~ RDY

69 B
52
53

Vou? and Voi?

DPE Rari
MEME R
C CAS<3:0>

MA<9:0>"

MD < 38005 -

RAS<3:.0>
SE
WE

70 ... . C.

s 54

3235 D

Co2029
©9-15,105-115,
1184132,3-8

38-41
45

'TTL level -
IMOS level

Confidential and Proprietary 229

TR

s S

S




i ]| Preliminary . .

Table 21 » CVAX 78588 Pin Capacitance

Symbol ~  Signal " ¢ - Requirements (pF)
; Min, Max.
Cic CVAX bys inputs . — . . 10
BM<3:0>, DMG, DS ‘
RESET, TRI OUT, WR R
S — 15
CVAX bus outputs —_ 10
CRD, MEMERR, NLMR
Coc PMI bus outputs — o o 15
. CAS<3:0>,MA,RAS<3:0>, o
SE, WE ,
Cuoen CVAX Bus input/output — 10
CDAL < 31:00>, DPE, ‘ ]
CS/DP<3:0>, MP'< 38:00> o
ERR, RDY — 15
Cicm Clock input —_ 20

Table 22 lists the signals that can be connected to Vy,;, through an external resistor. Refer to Table 1
for the pin numbers of the 51gnals listed.

, Table 23 - CVAX 78588 External Resnstor Reqmrements
Signal Resistance @ Remarks

Min.’ Max. ; ced

CS/DP3 200 620 Accommodates asynchronous DMA devices that do not drive
‘ thls pin. o
DPE 4k - Used as a passive pull-up for external logic that may be wire
ORed to this input. Larger value may be used if the passive
pullup timing can be met.

ERR 200 Required for external logic. o

MEMERR 200 Used as a passive pull-up for external logic that may be wire

ORed to this input. Larger value may be used if the passive
. pullup timing can be met,

RDY 200 - Required for external logic. -

ac Synchronous Characteristics
A subset of the CMCTL operations is used to spec1fy the phase txmmg for the CMCTL sxgnais The
ac test conditions are

= Supply voltage (Vyp): 4.75V

» Ambient temperature (T,): 70°C
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* Vo (MOS)=10% Vo
- Vi, (MOS)=90% Vy
-V, (TTD=08YV
Vi (TT)=20V

Table 23 hsts the mput sxgnal timing parameters and Tabie 24 list ‘the oatfput signal nmmg
parameters.

R

"Table 23 - CVAX 78588 Synchronous Input Timing Parameters,

Requirements (ns)
Symbol Definition Min. Max.

e S mp v 1; T
o T BMZT0S hold 0 T

tec External clock cycle srmiis bt VO S0ne FAT 0 F s
te * MCLKA to MCLKB delay 2405 tef240.5

ten External clock high i ' ~ 25

ter ‘External clock low &7 25

ten External clock rise/fall |

tess + CS setup L
tesn “TS hold i

toas ' CDAL address setup

toan :CDAL address hold 5
tops -CDAL data setup I N e T RO N

toon CDAL data hold. _
tems “ERR and RDY setup o (uE TS er e e
tegs ERR and RDY hold ‘ P
tos *DP and DPE setup : ’
ten DP and DPE hold
Tomrs MD < 38:00> setup
Commn PMI bus input héld

trs “ Reset input prior to P1 setup N RS

trw . - Resetinput width

tes Strobe setup o =
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Requirements (ns)

Symbol  Definition M. .. Max

tw  Strobehold 0 U e T

tsyns AS and DS synchronizer setup » 10 | o

tosn. - ASand DS synchronizerhold . 10 ‘ —— EERA Py
t.;,s Wﬁsemp 25 —

twn WR hold v .0 —

*To be continued ~ o ' IR ‘

Table 24  CVAX 78588 Synchronous Output Timing Parameters V

Symbol Parameter , o Ké(‘]ilh::kmenut"s (ns)
¢ Min. - - ‘Max,
tasern AS to ERR and RDY hold time 0 25
tasnp « ASto NLMR delay v L e .25
teast CAS<3:0> low L 70 G —
temnn - CRD, MEMERR and NLMR delay i L0 25
toop CDAL < 31:00> delay ——l .20
tosern DS to ERR and RDY delay — , 25
tpspon DS to CDAL < 31:00> high impedance 0 .25
tosen DS to DP and DPE high impedance 0o . 25
terp ERR and RDY delay ’ 30
taacasy ‘MA<9:0> to CAS<3:0> hold 150% . 0 -
tM,\,;M,s © MA<9:0> tostrobe setup 2000 —
tmarasH MA <9:0> to RAS< 3:0> hold 25% L
tyop MD < 38:00> delay 0 . 30
tupn ~ MD<38:00> hold o .. 25
to = DPand DPE delay el G 14125
town  PMIbus deléy ~ e T e 1EDS
toas RAS < 3:0> low ' 1205 o 4 —
tess  RESET to CDAL<3L1:00>,CSDP<30>, '« — . . 50

DPE, RDY, ERR, MEMERR, CRD, and NLMR

*Preliminary values subject to change
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Clock Input Timing
Figure 11 shows the MCLKA and MCLKB external clock input txmmg for synchronous operatmn of
the CMCTL. The timing parameters are listed in Table 24. : , :

i 1 f ' "
s0% - N r——\L—/ —\!
. ,;-'cn . [ A LTC—L{\ l
- Figtre 11 = CVAX 78588 Clock Input Timing
Initialization ‘

Figure 12 shows the RESET input t1mmg for 1n1t1ahzmg of the cMC TL for synchronous operation.

Al P2 | P3. P4 Pl P2 P3 Pe

vl q_/i\_*_m_,/mmf—
=TN | | |/

Figue 12+ CVAX 78388 Intialization Timing (Synchronous Operation).

CVAX Bus Reset Txmmg R : ‘

Figure 13 shows the relatlonshlp of the RESET s:gnai to the CVAX bus s1gnﬂls When RESET is
asserted, CDAL <31:00>, CS/DP< 3:0>, DPE, RDY, ERR and MEMERR outputs are asynchron-
ously set to a high impedance and CRD and m are asynchronously deasserted.

RESET \
....1‘ o tRSTD
N,
CDAL<31:00>

T s

|
TELF<305 \
OFE Vs
RDY/ERR, AN
FMEMERR Vs
CRD.NLMR /

Figure 13« CVAX 78588 CVAX Bus Reset Timing
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Synchronous DMG and AS Timing

Figure 14 shows the phase timing of the DMG and AS inputs duringa svnchronous DMA opera“non
The timing relation of these signals is the same for a CSR or metory operation. The CS/DP3 input
selects synchronous or asynchronous DMA operation.

pei P2 P3| Pal pi| P2 | pafre P2 | P3| 'Pa | Pt | P2 | Pa ] pal P P2 | Pa|palpr PPl

VAWA
AVAW/

CVAX 8US

MCLKA

C T

MCLKB

DMG
[ totio]
—n' la—tass ‘
s \ | U
—a] fe—icsH - 1ss .

QFTIGNAL PARITY CVAX STATUS

Bl AR S '€ss
] DATA Y 77T ‘j

Figure 14 « CVAX 78588 Synchronous DMG and AS Timing

CPU or Synchronous DMA Read Operation Timing
Figures 15 through 21 show the CPU or synchronous DMA read timing for the various transfer
operation. For all operations CDAL < 31:00 > selects single or quadword transfers, CS/DS < 3:0>
selects no read lock and the PMI cycle is 4/2 selected by the control and status register CSR17. For
additional information on read lock, refer to the Operations section. Refer to the Register section for
information on the PMI cycle select functions of CSR17.

Single Transfer Read (no memory errors)—Figure 15 shows the phase timing for a single transfer to
a CSR or a memory read operation with no ertors detected. The phase timing relatlonshlp is not
shown in the following dlagramb unless it is dxffcrent ;
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Jpr [Pz Pafpafiop| P2 P3| Pa)p|er j'm'f Pa | P | ez tieai] e P | P2 e e L ) [w;&'@ pa.|

\VaAVAV
VAVA VAN

- 1DSDBH

CDAL<31:00> - H | ADDRESS - - - - X . 2 J(( ADDRESS )——-———
b | . . tPo i ;
TSOP<E0> H sTATUS - ; ; X

CvAX BUS

e SN\

,s;mos‘ ).__.__.__
o, ] ‘ pp. l‘" I“i } po INSPH
BFE R ' i ‘ - ’ < PA:N“;),“UD‘ >

5 ]
la—tass . ; IGH o
. B R - SRR S i Jremeee, | e 1S5
— _._/———_ i | e 1 CH TN

,5”7"?",, - D i’snw,L-

55 / ‘ 1 ‘ \
| ) IS ,
BM<3:0> X

.. Figure 15 » CVAX 78588 CPU or Synchronous DMA Read Timing (Single—No Memory Error)

K

Confidential and Proprietary 2-35°




ol 2| Preliminary = CVAX 78588

Quadword Transfer Read (no memory etror)—Figure 16 shows the phase timing for a quadword
memory read operation after the AS signal is asserted with no memory error detected.

ovaxaus LR [ P2 | P3| pa e [ P2 | pafpa| p1|pa| pajPal Pt | P2 | P3| pa) P1] p2]| e
SV AVAVA VA VA AVAW AV
AV VA VaVAY Ve

) } '
.

-oi | et 05D

153

Pa | P P2 | P3|oPa]

s

DOD—wd

CDAL<31:00> DATA N DATA ADDRESS

} 1 A —J 1 ‘.{ I T
PO -— |
C50P<3:0> PARITY PARITY STATUS >_._.__.

T EHTH

RITY VALID PARITY STATUS

1 L s

—t 3

8
.E
¥

BM<3:0>

v 1
| —4 DSERD !
| RO | —»| YASERH
J— / N
ROY

Figure 16 = CVAX 78588 CPU or Synchronous DMA Read Timing (Quadword—No Memory Error)

Single Transfer Read (uncorrectable memory error)—Figure 17 shows the timing for the ERR
output during a single transfer memory read operation with an uncorrectable memory error. The
memory read operation is terminated when the ERR signal is asserted indicating that an
uncorrectable error was detected. This timing is similiar for quadword, hexword, and octaword
transfers.
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CVAX BUS Ll;i f P2l P3| Pa| P |P2]|P3|Pa p———-—-zchLes—»-‘ Pl | P2 [ P3| P4 |"m | P2 | P3| P4 1 P PZ‘[ P3| ,,4,1 .

CDAL<31:00> AH ADDRESS ) - ) DATA

ESoP<3 0> >—-——-< STATUS } S 3 PARITY )—-——C
/

DPE PARITY VALID

N
|

i — —
W TX

1ERD e —J tosem
: , . . -’! [ tasERH
AR 7 \ /S

F:gum 17 = CVAX 78588 CPU.or Syncbmnom DMA Read szmg
(Smgle—- Uncorrectable Memory Error)
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Single Transfer Read (correctable memory error)—Figure 18 shows the timing for the CRD and
RDY outputs during a memory read transfer with a correctable memory error detected.

CVAX BUS |m|P2L'pa|p«z‘m[pz\pa]m[m{92|Pa\pa|Fw|pz|P3174jP171921P3|P4 [ Pt | P2 P3| P

\

MCLKA

MCLKB

CDAL<31.00> >—-—( ADDRESS \,\
TSRS ' H STATUS }

GPE

SRONS
T LI

PARITY VALID

]
S
_
~.

BM<3:0> - X x

Figure 18 « CVAX 78588 CPU or Synchronous DMA Read Timing (Single— Correctable Memory Error)
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Quadword Transfer Read (correctable memory error)——Flgure 19 shows the phase txmmg for a
' quadword memory read a&er the AS input is asserted with correctable memory error detected.

cvaxBus | PL [ P2 | P3} P4 | P | P2 P3 jPaT| Pt | P2 | P3| Pa| PI | P2 | P3| Pa| P | P2l PILPA) PI|P2IP3| P

ETAVA VA VA VAV VAV VAV
VAV VAV AVAVAVAD AW
- owe e [

CDAL<31:00> ERROR DATA K CORRECTED DATA ERROR DATA ' CORRECTED’ DATA> }
N

I By Iy

TEOP<3:05 X PARITY PARITY —{{ " staus )—————-—-

DSDGH

DSPH

[ =1 FH]

DPE .1 PARITY VALID ; PARITY VALID .. Yt NL', STATUS

¥

Rrla

1 . . e 155

-
11l
S

—r

T
TERE~m f“_‘{
>
:
‘CMND—-"r - CMND

Figure 19+ CVAX 785 88 CPU or Synchronous DMA Read szmg
- (QuadwardwComzctabIe Memwy Em)r) )
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" Single Teansfer Read (address miss NOP)—Figure 20 shows the tlmmg for the NTMR output

during a CPU or DMA single transfer to a CSR or 2 memory read operation when the address on
CDAL < 31:00>> is not within the programmed range of the CMCTL.

CvAX BUS LPtfpz]pralpafr|pa|epa]pal . J pr ez | p3fpa | P lp2 P3| pPafpifp2les]re ]

o\

ANV ANVANVANY VAVAVAVANVANVAN
CDAL<31:00> H ADDRESS } 4% < X DATA H ADDRESS )——-»—-——-

= _/ AN i 7/
F
1CMND el —*-"4] .”%(ASND
NLMA / \ ‘ . /

“ Figuew 20+ CVAX 78588 CPU or Synchronous DMA NOP Timing (Address Miss)

CPU Single Transfer Read (abort)-—Figure 21 shows the timing for the ERR and RDY inputs during
a CPU single transfer memory read operation initiated by the CPU when the address on

CDAL< 31:00> is within the programmed range of the CMCTL. The ERR or RDY signals are
asserted by external logic in time to abort the operation.

Cvax BUS [ plpalpaflpa) P | P2 pPalra e fp2jp3lPed pr|pra|palrglpi| p2]ps|opa]

MeLka /—\/_\_/\_/\_/ WW
, ~ e

CDAL<31:00> H ADDRESS ).__________.@ERNAL LOGIC DATAH Anpﬁgss)—__—
o

j——ERS
— 1‘-—'ERH
INPUT:
ERR / \ /
ROY

L L—-—— LAST SAMPLE WINDOW TC ABORT CMCTL.

FIRST SAMPLE WINDOW TQ ABORT CMCTL.

Figure 21 » CVAX 78588 CPU Memory Read Abort Timing (External Logic)

2-40 Confidential and Proprietary




P]:e]‘k L ,' :

CPU or Synchronous DMA Write Operation Timing o
Figures 22 and 23 show the phase timing for the CPU or synchronous DMA write operations,

Single Tmnsfer CPU Write (unmasked)—-Flgure 22 shows the timing of the MEMERR R output.
This is an open-diain output and requires an external pullup resistor connected to Vgg: Other
timing consxderanons are the same as shown in Fxgure 23

CvAX BUS

MCLKE . .Y, -

CDAL<3T:00> | e nooness )O( on K X wooness XY oarh

9

LPM»:[M!W[E;szpa(m}m{nxm P4 | pi| P2 |oP3 p4[m('pz($3|‘p41m 1 p2 | P23} P4 |

. . . R — I ....;1...-{;,,.",,
f o - : e bt I - - - - { -
MEMERR i }/ (SEE NOTE)
NOTE:

THIS 16 A LOW-CURRENT PULL-UP-ITS TRANSITION TIME FROW THE ASSERTED TO THE DEASSERTED ..o -
STATE IS NOT GUARANTEED.

Figure 22 « CVAX 78588 CPU Write Timing (Single—Unmasked)

Quadword Transfer DMA write (no error)—Figure 23 shows the timing for synchronous quadword
unmasked write operation when no parity errors are detected on the CDAL < 31:00> data. Whena
parity error is detecteg, the ERR signal is asserted instead of the RDY sigpal and at the same time.
When ERR is asserted, the DS input must remain asserted for an additional cycle before it is
deasserted to start the next data transfer The timing for the ERR signal is the same as the
synchronous read operation. The timing for'a masked wite 8peration is similiar 6 the unmasked
write timing except that one or more slip cycles occur after &S js asserted and until the RDY or ERR
signaliis asserted. There are also more error conditions, Tabl 5 lists the number of shp cycles
added in relation to the type of write operation and error- condition. The CRD, ERR and RDY
sxgnals are asserted for the same dumtlon as fora memory read operatlon o
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Figure 23 « CVAX 78588 Synchronous DMA Write Timing (Quadword—No Error)

~ Table 25 - CVAX 78588 Write Operation Slip Cycles-

v , .y - Slip cycles .. Output
Write operation .. Esror type from RDY (ns) asserted
‘Unmasked® =~ =~ ‘none 0 o RDY
o - bus pantv _‘ 0 ERR
First transfer masked? . _none . : 4tCC =200 RDY
correctable 4t =200 RDY and CRD
uncorrectable 4tee=200 ERR
Second transfer masked?*? none Gt =300 RDY
correctable 6tec= 300 RDY and CRD
uncorrectable 6tec= 300 ERR
bus parity Gtec=300 ERR

'Add 2te. = 100 ns to all transfers except the first if the previous transfer is masked.
2Add 2t.c =100 ns if the PMI cycle select bit of CSR17 is set.
*Add 2tcc= 100 ns to all transfers except the first if the previous transfer is unmasked.
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PMI Bus Timing

 Figures 24 through 33 show the tlrmng of the PMI bus during a reset condmon and durmg read
and write operations. The timing shown is a result of the PMI cycle select bit being set and no
errors being detected. When the cycle select bit is cleared, the CAS < 3:0> outputs are asserted

for an additional microcycle during a memory read operation or during the read portion of a
masked write operation and the RAS < 3:0> and SE outputs are asserted for an additional cycle
during-a memory refresh ‘operation. No timing conditions on the CAS<3:0>, MA<9:0>,
RAS < 3:0>, and WE outputs foran error condition are not critical and are not spemfled

The timing for multiple masked write operations is similar to a single masked write, Figure 28,
except that the RAS<3:0> outputs are asserted durmg ‘the operatmn For the read signature
operation, the RAS < 3:0 > outputs are negated... .. . =

During memory refresh, Figure 34, the CAS<3:0> and \X’E ouputs are negated and the
MD < 38:00> lines provides the command. -

,T he synchronizer timing for asynchronous DMA operations, Figure 34, is used dunng manufactur-
ing test to determine the asynchronous cycle tesponse time of CMCTL.

RESET—Figure 24 shows the timing of the PMI bus signals with respect to the RESET input.

When RESET is asserted; all' PMI outputs are asynchtonously” negated. The RAS<3:0>,

CAS <3:0>, WE, and SE outputs are negated and then asserted for the first pass of the CMCTL
chip.

“—_”ESE L "  ,, ) ; E : N
£ S Y P < fe tpsTOY

CAS<BO> . i - o i \t
|

- RAS<:0> ;,‘\\,_

SE o e \\

we N

MA<:0>

MD<3B:00> \
o ; . : . Sp G

Figure 24 = CVAX 78588 PMI Reset Timing
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Figure 25~ CVAX 78588 PMI Read Timing (Single Transfer)
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Figure 34 » CVAX 78588 Synchronizer Timing for Asynchronous DMA Operations

ac Asynchronous Characteristics

A subset of the CMCTL operations are used to specify the asynchronous timing for the CMCTL.,
Table 26 lists the asynchronous input timing and Table 27 lists the asynchronous output timing

parameters. :
Table 26 - CVAX 78588 Asynchronous Input Timing Parameters
Symbol Parameter Requirements (ns)*'
Min. Max.
—— AS to DMG lead time 0 —_—
taspsrL AS to DS read lead time 50 4t
taspswL AS to DS write lead time 50 2t
tasew AS high width 100 —
tasiw’ AS low width 3.5t 4000
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Symbol Parameter Requirements (ns)

‘ o Min. Masx.
taspwns &S to BM<3:0> and WK hold 0 =
tasts Input to AS setup 20 —
tascsss C5/DP3 to ASsetup 40 —
tas Input to AS hold 20 _
omast DMG to AS lead time 100 =
tosast DS to K§ lead time 0 | —
tosoo DStodatadelay — 5.0
toso ﬁg _;toydata} hold 0 T
I BS high width 175 —
T DS high width 20 —
tosLw’ S low width —_ 4000
't=50ns,

The lead time that results in an AS memory read access relative to DS without synchromzatlon slip

cycles.

’The lead time that results inan AS memory write relative to the DS mgnal wuhout synchromzatlon

slip cycles.

*The minimum occurs duxmg an address miss and. results in-assertion of the LMR mgnal for a
minimum of 25 ns (0.5t¢). The maximum ensures proper refresh timing for dynamic RAMs
*When the ERR mgnal is-asserted, the E_ 51gnal must temain asserted for 1(1(} ns (2tee) beﬁ)m it is

deasserted.
Table 27« CVAX 78588 Asynchronous Output Timmg Parameters

Symbol  Parameter Reqmrements (ns}‘ _Emr/; o PMI
‘Min.©  Max. Con,d_ition?, , cycle.

tuen ~ AStoERRKandRDYV hold 0 s ‘

tasnin ASto NLMR low delay = 2.5t 245t

tasnrn Kstom}ngh delay - 25

tosso ~ DStoERRandRDY delay 0 25

torw Qutput low width" 100 — ,

trason Read AS to output delay ~ 6.5tec = 8.5t¢c N 4/
8.5t 10.5t¢c C 4/2
8.5t¢c 10.5t¢ U 4/2
8.5t 10.5¢tc N 513
10.5tc 12,5t C 5/3%
10.5tc  12.5tc U 5/310
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Symbol  Parameter - - Requirements (ns)' Error/ PMI
Vi ‘ Min. Max. Condition? cycle
tanson Read DS to output delay 25tcc 4.5t N 4f21
45t 65t C 4
4.5tcc 6.5t U 442
2.5t 4.5tcc N 5/3710
4. 5tcc 6.5t C 5/3710
45t 65t U 5/310
twason Werite AS to output delay 4.5tcc 6.5t unmasked 6
8.5tcc 10.5¢t¢ masked 4/2°
10.5t¢¢ 12,5t masked 5/31
twpsop Werite DS to output delay 2.5tcc 4.5tcc unmasked 381
2.5tcc 4.5tcc masked 1st 911
transfer
8.5tcc 10.5tc ~ masked 2nd 4/
transfer .
10.5t¢c 125t masked 2nd 5/3%u
second
transfer

't=50 ns.

*N=none, C = correctable, U =uncorrectable :
>During the first transfer of a read (no lock), the output delay is deterrmned by DS when tygpeer is
greater than 4te, and the output delay is df:termmed by AS when tygpe, is less than or equal to
dtcc.

*During the first transfer of a read (lock) the output delay is determined by DS when tasosrr 15
greater than 6t and the output delay is determined by AS when tspsy. is less than or equal to 6.
Add 2t ns to tasop for a read (lock).

"During the second, third, or fourth transfer of a multiple transfer operation, the output delay is
determined by DS. ‘

‘Durmg multiple transfer reads the spec1f1ed trpson values are used if the delay from the previous
RDY assertion to DS assertlon is n is greater than 1.5t¢c. If the delay is less than or equal to 1.5tcc, then
the delay from the previous RDY to the next RDY is equal to 4tc.

"During multiple transfer reads, the specified typsop values are used if the delay from the previous
RDY assertion to DS assertion is greater than 3.5t¢c. If the delay is less than or equal to 3.5tcc,
then the delay from the previous RDY to the following RDY is equal to 6t¢c:

*During the first transfer of an unmasked write, the output delay is determined by DS when tyspswr
is greater than 2t... The output delay is determined by AS when tygpewy is less than or equal to 2t

*During the first transfer of a masked write, the output delay is determined by DS when tspewr is
greater than Gtec. The output delay is determined by AS when t,pswr.is less than or equal to 6tec.

©Add 2t to the AS to DS delays in notes **° when PMI cycle select bit is set.
1Add 2t to typsop 0n @ multiple transfer write if a masked write is followed by an unmasked write
or if an unmasked write is followed by a masked write.
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Asynchronous DMA Timing

Figures 35 through 37 show the asynchronous timing for a direct memory access (DMA) transfer
with.no errors detected. The timing of the DMG and AS signals is the same as for a read and a write
operation. ,

During the memory read operation of the single transfer memory or CSR read transfer, Figure 36, 2
single transfer and no read lock is specified and the PMI cycle is 4/2. No memory errors occur.
During the asynchronous quadword unmasked write opeation, Figure 37, if a parity error is
detected the ERR signal would be asserted instead of the RDY signal and at the same. When the
ERR signal is asserted, the DS signal must remain asserted for an additional cycle before it can be
deasserted to start the next data transfer. The timing of ERR is the same as an asynchronous read
operation. During masked write operations, the type of error does not affect the assertion time of
RDY or ERR. These signals are asserted at the same time when no error is detected.

Figure 38 shows the timing of the NLMR output during a read or write operation where the address
on CDAL < 31:00> is not within the programmed range of the CMCTL.

e (OMASL it L —-—{  le—tasomc o s o
- .

. o . 14SCS3S P . - .
J —l
SPT ) OPTIONAL PARITY CVAX STATUS
: . : e - g Sk i

Figure 35 » CVAX 78588 DMA Transfer Timing (DMG and AS Signals)
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Figure 37« CVAX 78588 DMA Write Timing
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Figure 38 « CVAX 78588 DMA Address Miss Timing (NOP)

Mechanical Configuration
The physical dimensions of the CVAX 78588 132-pin package are contained in the Appendix.

Confidential and Proprietary 2-53




2-54

Confidential and Proprietary




Features '

. 32 bit CVAX bus to 16 b1t Q22 -bus mterface :

= Integral Q22-bus transceivers

» 16-entry cached copy of the external 8 K longword scatter and gather map

NErEL

Performs scatter and gather aperanons and map control and address tramlanon

- Powerup, 1n1t1ahzatmn, powerfail, and powerdown contml

= Integral address decoding for internal registers, scatter and gather map locotions, and Q2‘2 bus
references

= MicroVAX II- compauble doorbell reglster ‘ :
» Two Q22-bus octakvord write buffers and a quadword nead buffer ;

« Transparent alignment of 32-bit and 16-bit data transactions

« Longword, quadword, hexaword, and octaword CVAX bus DMA transactions

« Q22-bus nonblock and block-mode transaction support

= Q22:bus :;xrbiter or auxiliaty mode operation

. Single 5-volt power supply

Descmptlon

The CVAX 78711 Q22-bus Interface Chip (CQBIC) is an asynchronous interface adapter for use
between the 32-bit CVAX 78034 CPU and its internal memory and the 16-bit Q22-bus. Flgure lisa
block d1agrarn of the CVAX 78711 CQBIC.

{\ N\ i
M a22-8us8
MASTER CONTROL
B - ARBITER AND
INITIALIZATION
CONTROL

CVAX BUS
{22-8US

SCATTER AND GATHER
MAP CONTROL
CMAP)

SLAVE s e L Siave oo <
TOvAX BUS priDRITRZE | ciorh22euE T >
CONTROL : : : 7 BONTROL 7L 3

LEGEND ; .« . . : \l

‘
. .

—
ADORESS AND DATA PATHS

mmmpemms CONTROL PATHS

Figure 1« CVAX 78711 Q22-bus Interface Block Diagram
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3

The CQBIC performs the necessary address mapping and 32-bit and 16-bit data alignment. The
CQBIC can function as the Q22-bus arbiter or as an auxiliary device. The CQBIC contains scatter
and gather map translation and control logic, a 16-entry cache of the external 8 K longword
mapping registers, a system configuration register, a DMA error register with master and slave
address error registers, a MicroVAX I1-compatible doorbell register and Q22-bus transceivers. The
CQBIC uses a single 5-volt power supply, is available in a 132-pin surfacemount ceramic package,
and dissipates less than 1.5 watts of power.

« Pin and Signal Descriptions

This section provides a description of the input and output signals and power and ground
connections used by the CQBIC. The signal pin assignments are shown in Figure 2 and summarized
in Table 1.
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Figure 2 « CVAX 78711 Pin Assignments
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Table 1 CVAX 78711 Pin and Signal Summary

Pin Signal : Input/Output  Definition/Function
18-22 BDAL<21:00> Input/Output Q22-bus Data/Address Lines—Time multi-
24-26,28, v plexed, bidirectional data and address lines.
29,32-36,
38-42,44,45 V
63 BDMR Input/(:)ut'pﬁt Q22 buq DMA Request—-—Reque‘;ts bus master-
; o ship for DMA transfers, =
62 BHALT . Input Q22-bus Halt——A CPU halt request by way of
’ ~ the HAL’I‘IN signal. ~
61 BREF quqt/()utput Q22-bus reference—A strobe used to coordx-
- o nate block-mode transfers.
63 BDCOK Input Q22-bus DC OK—Indicates that the system dc
power is stable.
64 BPOK Input Power OK-—Indicates that the primary ac
: i power to the system power:supply is normal.
60 BSACK ‘Inp‘ut/()dt‘p‘ut Q22-bus Slave Acknowledge—Indicates that a
i DMA device is bus master.
59 BDOUT Input/Output  Q22-bus Data Output Strobe—Indicates a
: ‘ data ougput transfer with respect to the bus
. - master and valid data is on BDAL<15:00>.
57 BRPLY - Input/Output  Q22-bus Rleply«A strobe to indicate that the
- slave device has transferred the requested data
- 16 the bus or has accepted data from the bus.
56 BDIN Input/Output  Q22-bus Data Input— A strobe to indicate that
' o ah input transfer with respect to the bus master
is in process or that an interrupt operation is
 takingplace.
55 - BSYNC Input/Outpuf Q22-bus Synchmmzermlndlcates the start
' ' of a bus transfer and a valid address is on
_ BDAL<2[:00>.
54 BWTET Input/Qutput  Q22-bus Write and Byte Select—Provides bus
T cycle control. During the address portion of a
bus cycle, it indicates an output cycle. During
the data portion of a bus cycle it indicates a
byte transfer. ‘
53 BIAKI Input Q22-bus Interrupt Acknowledge Inmlnterrupt
acknowledge daisychain input. -
52 BIARO Output Q22-bus Interrupt Acknowledge Out—Inter-

rupt acknowledge daisychain output.
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Pin Signal - Input/Qutput - Definition/Function
70-73 BIRQ<7:4>" Input Q22-bus Interrupt Request lines—Interrupt
, request lines for Q22-bus devices.
49 BBS7 - Input/Output  Q22-bus Bank 7 Select—Indicates an I/O page
reference or block-mode transfer. ‘ ‘
48 BDMGI Input/Qutput Q22-bus DMA Grant In—The DMA grant
: ' ' ‘daisychain input.
47 BDMGO Input/Output . Q22-bus DMA Grant Out—The DMA grant
' daisychain output. ‘
46 BINIT Input/Qutput  Q22-bus Initialize—Q22-bus reset signal.
79-82, CDAL < 31:00> Input/Outpui CVAX Data/Address lines—Time multiplexed,
84-90, ' bidirectional data and address bus.
92-98, »
100-107,
109-115
120-122 CSDP<2:0>  Input/fOutput Control Status/Data Parity—Provide status
‘ ' ‘ information about bus cycle.
7 AS Input/Qutput CVAX Address Strobe—CVAX system address
‘ strobe. \
8 DS Input/Qutput CVAX Data Strobe—CVAX system data strobe.
14 BM<30> Input/Output CVAX Byte Masks—Identify the bytes of the
‘ : R ' CVAX bus and parity bits that are valid.
6 WR ~ Input/Output  CVAX Write—Provides read and write control
’ - for the bus.
1 SYSRDY Input/Output CVAX System Ready—Provides normal termi-
nation of the current bus cycle. Used with the
SYSERR signal to request a retry of the current
bus cycle. ’
10 SYSERR Input/Output  CVAX System Error—Provides abnormal ter-
- mination of the current bus cycle in the event of
an error. Used with SYSRDY to request a retry
of the current bus cycle.
12 D R ~Output CVAX DMA Request—Requests the bus for
’ o DMA transfers.
13 DMG Input CVAX DMA Grant—Grants the bus for a DMA
o ; ‘ transfer. -
124-127 TRQ<3:0> . Ontput CVAX Interrupt Request lines—These lines are
s § } - used to pass interrupt requests to the CVAX
- cpu.
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Pin Signal Input/Qutput  Definition/Function
15 MEMERR Qutput CVAX Memory Error—CQBIC requests an
: interrupt for a nonexistent memory error.
128 PWRFL Qutput CVAX Powerfail—Indicates a powerfail condi-
: ' ‘ tion on the Q22-bus.
14 CCTL QCutput CVAX Cache Control-—Provides the means to
invalidate CVAX cache entries when the CQBIC
4accesses local memory. .
129 SYSRESET - Output ' ‘System Reset———Imtlahzes CVAX CPU durmg
,the powemp sequence
16 HALTIN Output - Halt—Halts the CVAX CPU ‘
118 AUX ' * Input "Aux1hary—-Selects the operatmg mode of the
i L LR ’ jCQBIC ERY
117 IORESET Inpﬁg ' I/O Resr:t—«Bgsets devmes on the CVAX bus and
' ' ' Q22-bus. &
131 NCQBICR. ~ Output ... Not CQBIC Reference*Lndxcams ﬂut .the
; . , i,address on’ xhc CVAX bus is not for the CQBIC.
123 TAKT “Imput . - oo Interrupt."Acknowledge: In—Enableés’ the
CQBIC to respond to anintesrupt acknowledge
cycle o the: CVAX bus. -+ - RERCTRNTSY
5 NLMR Input ~  Not Local Memory Reference-lhdxcateﬁ that
' : the address on the CVAX bus 15 not a “Iocal
memory address.
130 RINIT Output " Receive lmtlahze——lmtxahzes the CVAX bus
T and brmgs system toa predetermmed state.
76 TB40M - Input . 40-MHz Clock—The 40-MHz TTLclock input:
78 CLKOUT Output ~ Clock Otat—This ¢ output is used for test durmg
manufacturmg of the CQBIC
9,51,67, Voo  Input  Voltage—Power supply vof,tage-,.
91,106, ‘ S '
108,119 ; b
17,23,27, Vis ' Inputv ' Ground re;ﬁ;fence,
31,32,37, | 7
43,50,58,
68,75,83, :
99,116,132 N Tl TSI ISCE T ~
66 Input Q22-bus Bias—Provides the bias voltage for

VBIAS

.Q22-bus transceiverson the CQBIC.: .
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Pin Signal k «Input/Output  Definition/Function

69 EXTCAP . Input External Capacitor—Provides a 100 ms delay
of the BDCOK input when 1.0 pF external
capacitor is connected to this pin.

74 TEST Input Test—Used for test during manufacturing of
the CQBIC.

Q22-Bus Signals

Q22-Bus Data Address Lines (BDAL<21:18>)—These lines are used to transfer address
information between the CQBIC and the Q22-bus.

Q22-Bus Data Address Lines (BDAL <17:00>)-—These time-multiplexed lines are used to
transfer address, data, and parity control information between the CQBIC and the Q22-bus.
During address protocol, BDAL<17:01> transfer address information and BDALOO specifies a
high or low byte during DATOB and DATIOB cycles. During data protocol, BDAL < 17:16 > transfer
parity control information, and BDAL < 15:00> transfer data.

Direct Memory Access Request (BDMR)— This line is asserted by the CQBIC or another device on
the Q22-bus to request bus mastership.

Processor Halt (BHALT)— This signal, when asserted, requests a CPU Halt through the HALTIN
output. The CQBIC asserts the HALTIN signal if it is enabled by the SCR register.

Block Mode Reference (BREF)-~This signal is asserted or deasserted with the BRPLY signal by
block mode slave devices to indicate to the bus master that the slave can accept another block mode
data in (DIN) or data out (DOUT) transfer.

DC Power OK (BDCOK)—This is a power supply generated signal that is asserted when sufficient
dc voltage is available to allow reliable system operation. It used as part of the powerup and
powerdown protocol and boot protocol.

AC Power OK (BPOK)—This signal is asserted by the power supply when the primary ac power is
normal. If the signal is deasserted during processor operation, a powerfail trap is initiated. This is
part of the powertp and powerdown protocol.

Slave Acknowledge (BSACK)—This signal is asserted by a DMA device when it becomes (Q22-bus
master. The device will assert this signal while it is bus master. When the device has completed
using the bus, it deasserts BSACK.

Data Output (BDOUT)—This signal is asserted by the Q22-bus master to indicate that an output
transfer, with respect to the bus master, is in progress and that valid data is on BDAL<15:00>.
This signal is deskewed with respect to the data placed on the bus.

Reply (BRPLY)— This signal is asserted by a (Q22-bus slave device in response to the assertion of
the BDOUT or BDIN signal or by a device responding to an interrupt acknowledge (IAK) transfer.
When BRPLY is asserted in response to the BDOUT signal, the slave device has read the data from
BDAL<15:00>. When it is asserted in response to the BDIN signal, the slave device has placed
the requested data on BDAL < 15:00 > . When BRPLY is asserted during an IAK transfer, the devxce
responding to the interrupt has placed a vector on BDAL < 15:00> .

Data Input (BDIN)— This sighal is asserted during the time that BSYNC is asserted to indicate that
the current bus master requires a response from the addressed slave device. It is also asserted by the
interrupt fielding processor and is followed by the assertion of the BIACK output to initiate the
interrupt service.
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Synchronize (BSYNC)—This signal is asserted by the Q22-bus master to start a bus transfer and to
indicate that it has transferred an address onto the BDAL < 22:00> lines. The transfer continues
until this signal is deasserted. For blockmode transfets, the BSYNC signal is asserted until the last
transfer cycle is complete.

Write Byte (BWTBT)—This signal is used to control a bus cycle Ieis asserted durmg the addmss
portion of a bus cycle to indicate that a DATO, DATOB, or DATBO output cycle is to follow instead
of an input cycle. It is also asserted during the data portion of a DATOB or DATBO cycle to indicate
that a byte transfer will follow instead of a word transfer.

Interrupt Acknowledge In (BTAKT) and Interrupt A&knbwledge Out (BIAKO)—-The processor
asserts the BTAKO input to acknowledge an mterrupt request according to the interrupt protocol.
The bus transmits the status of this signal to the BIAKI input of the next priority device electrically
closest to the processor. This device accepts the interrupt acknowledge, if it had previously
requested the bus, by asserting one of the interrupt request lines lines (BTIRQ <7:4>) or if it is assigned
the highest priority interrupt request on the bus when the BDIN, JIN signal was previously asserted. If
both of these conditions do not exist, the device asserts the BTAKO output to the next device on
the bus. This process continues in a daisychain configuration until the device with the highest
interrupt priority receives the BLAKI mterrupt acknowledge 51gnal and continues the interrupt
protocol sequence. i

Q22-Bus. Intertupt R@quest (BIRQ< 7: 4 > )«—These s;gnais are a&serted by devu:es on, the Q22-v
bus to request an interrupt. If the CQBIC is in.arbiter mode, the CQBIC will transfer these signals
to th¢ appropriate CVAX IRQ< 3:0> line as indicated in TabIe 2.

'Ihble 2+ CQBIC: 78711 m ﬁb ﬁf“ anpmg

BIRQline @~ .  IRQline

BIRQG7 - ' IRQ3

BIRQS RQ2
BROS @Ol

BIRQ4 IRQD

Bank 7 Select (BBS7)~~This signal is asserted by the bus master to reference the I/O page including
the part of the I/O page reserved for nonexistent memory. When BBS7 is asserted, the address on
BDAL <12:00> is the I/O page address. During DATBI transfers, the bus master asserts this signal
to indicate to the block mode slave device that subsequent transfers will occur.

DMA Grant In (BDMGI) and DMA Grant Out (BDMGO)—The- bus arbiter asserts these 51gnal to
grant bus mastership to a device that had requested use of the bus by asserting the BDMR signal.
The arbiter grants the use of the bus by asserting the BDMGO signal. This signal is passed in the
daisychain configuration through the bus to the EDMGI input of the next priority device-
electrically closest to the bus. This device accepts the grant xf it had asserted the BDMR MR signal. Ifit
did not, the device passes the DMA grant to the next device on the bus by asserting BDMGO. This-
sequence continues until the BDMGI input of the requesting device is asserted. The device stops
the DMA grant by not asserting its BDMGO output and acknowledges the grant by asserting the
BSACK signal after both the BRPLY and BSYNC signals are deasserted.

Initialize (BINIT)-—This signal is used to reset the system. When asserted, all the devices on the
bus are set to a known state. The initialize process includes clearing registers, disabling bus drivers,
and setting the internal logic for an operation. Exceptions to.the normal mltmhzatlon must be
documented in programming engmeermg specifications for the device.
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CVAX Bus and System Control - : Flositnee L g ’
CVAX DatafAddress Lines {CDAL <31: 00>)—-These are bldlrectlonal tifmie- multlplexed hnes
used to transfer information between the CQBIC and the CVAX CPU or local memory. -~

During the first part of a read or write bus cycle CDAL < 31:30> mdlcates the Iength of the
memory opex:and as listed in Table 3. ' g :

1,

i " Table 3~ CQBIC 78711 Memoty Operand Length.

CDALline =~ :..Opelzandlength o

3 . 30 ‘

0 0 " hexaword " -

0 Cawgad A ‘_lenlgword . L
1 © 0 o guadword

1‘ i vl‘; L Qctaword

CDAL < 29:02> contain the longword address of the memory operand The BM< 3: 0> lines
specify which byte(s) of the longword address are to be used. The CDAL29 specifies a memory -
space address or an 1/O space address. When CDAL29 is 0, memory space is spec1f1ed and when
CDAL29is 1, I/Ospace is specified. The CDAL < 01:00>) are reserved

During the first part of an interrupt acknowledge cycle, CDAL <06:02> transfer the ‘hexadecimal
number of interrupt priority. level.of the interrupt being acknowledged and CDAL < 31:07 > and
DCAL < 01:00> are zeros. During the second part of a read cycle, CDAL<31:00> transfers the
incoming data. During the second part of an interrupt ackr‘iowiedé,e cycle, CDAL<31:00>

transfer the vector required by the CPU. Durmg the second part of a write cycle, CDAL < 31:00>
transfer the outgoing information.

Control Status/Data Parity (CSDP < 2:0 > )—These lines and the WR line provide the status of the‘
current bus cycle as listed in Table 4. The CSDP < 2:0> line information is valid when the AS line
is asserted. The CSDP<2:0> lines dre not used with the CQBIC which does not support CVAX
bus parity.

- Table 4 = CQBIC 78711 Cycle Status*.

’ 2 1 0 transaction o ’ ) _‘Operation
H. o L | L L ' requestD streamread S P read
H- L L - H resérved W - none
H L H L extemal IPR readt N  none
s R L H H mterrupt acknowledge : Ly ' U IAK S
H | H L. . request read (I-Stream) LT i e read .
H H L H demandreadlock T readdock
H H HL L demand r\ead (Dstream, mQQify intent) ” read
H - H. H. H  demandrcad (D-stream, ' '

-+.»derhand read (D-stream; no modify intent) ' .+ read:
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WR  CSDP  Bus ' ' - CQBIC
2 1 0 transaction ~ Operation

L L L. L reserved R _ nore

L L L H reserved ‘ ' IR ;\i"‘lylyb‘rle”"

L L _H L y_zexternal IPR write o S 5  none

L~ L -H H reser\redfor DMA dewce R e R pone

L 'H L L ‘reserved b;none

L H H  write-unlock SR B "wmte-tmlock

L H H L reserved " one L

L H H H :‘wrlte (D- stream) . o wrxt&uniock

“Hisahighlevel, Lisalowlevel ~ '« om0 5’ satspu] AIAL

The CQBIC ignores modify intent transactions and considers a write transacnon asa wrlte unlock )
When the CQBIC accesses  t0 local memory, the SDP<‘ *025 imes are set hlgh for aﬂ read and‘
write operations.

Address Strobe (AS )--Thls bldlrectxonal sxgnal indicates that vahd address mformatxon is present
on the CVAX bus. The AS signal is asserted at the beginning of a bus cycle to indicaté that valid

address and control information is on CDAL < 31:00>, TS P < 2 B BM< 3 (T =, and W‘ imes k
AS is deasserted at the conclusion of the bus cycle. '

Data Strobe (DS)—This signal prov1des timing mformatlon for data transfers During a read or
interrupt acknowledge cycle, it is asserted to indicate that the CDAL < 31:00> are available to
receive incoming data and is deasserted to indicate that the data has been received and latched by
the requesting device (CVAX CPU, CQBIC, etc.). During a write cycle, it is asserted to indicate that
CDAL < 31:00> contain valid outgoing data and is. deasserted to indicate that the sendmg devlce
will remove the data.

Byte Masks (BM < 3:0>)—These signals mdlcate whxch ‘bytes of the CVAX bus contain valid data
during the second part of a read or write bus cycle as defined in Table 5. During a read cycle, these
signals indicate which bytes of the CVAX bus must transfer the data. All other bytes are ignored.
During a write cycle, the BM< 3:0> lines indicate which bytes of the CVAX bus contain valid data.
During an interrupt acknowledge bus cycle, all four byte mask lines are asserted, The BM<3:0>.
lines are qualified by the assertion of the AS signal. For read bus cycles, all bits of the byte(s)
specified by BM < 3:0> must be set to high or low levels 1 in accordance thh the setup times
defined in the Specnfzcatzon section.

; . 'Ihble 5. CVAX 78711 Byte Mask Mappmg
Byte mask Valld data

asserted

BM3 CDAL< 31:24 >

BMZ ~ CDAL<2316>
BMI CDAL < 15:08>,
BMO CDAL<07:00>
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Write (\X/'R)-—Thls signal indicates the direction of the data transfer on the CVAX bus for the
current bus cycle When WR is asserted durmg a bus cycle, data is transferred to the CVAX bus by
the originator of the bus cycle. When WR is deasserted during a bus cycle, the requested data is
transferred to the bus by the responding device. WR is qualified by the assertion of the AS signal.

System Ready (SYSRDY)—This bidirectional signal indicates that the normal termination of the.
current CVAX bus cycle has occurred. It is also used with the SYSERR signal to request a retry of a
bus cycle generated by the CVAX CPU. Assertion of this signal during a CVAX bus read or interrupt
acknowledge bus cycle indicates that external logic will transfer.the requested data onto the bus
according to the timing requirements of the bus cycle in progress. Assertion of this-signal during a
CVAX bus write cycle indicates that external logic will receive the information on the bus according
to the timing requirements of a write bus cycle.

System Error (SYSERR)—This bidirectional signal indicates the abnormal termination of the
current bus cycle. It is also used with with the SYSRDY signal to request the retry of a bus cycle
generated by the CVAX CPU,

DMA Request (DMR)— This signal is asserted by the CQBIC to request use of the CVAX bus and its
related control 51gnals

DMA Grant (DMG)—This signal is asserted by the CPU to grant contml of the CVAX bus and its
related control signals to external logic. If the CQBIC has asserted the DMR signal, the CQBIC will
respond to the assertion of DMG by assuming control of the CVAX bus and its control signals.
Interrupt Request (IRQ < 3:0>)—These signals are used to pass interrupt requests to the CVAX
CPU. The CQBIC uses IRQO to pass a Doorbell register interprocessor intetrupt request to the local
system. When the CQBIC is in arbiter mode, it maps the interrupt requests from the BIRQ < 7:4 >
of the Q22-bus to IRQ <3:0> as listed in Table 6.

, ‘ - Table 6- CVAX 78711 Interupt Request Mapping
Q22-bus CVAX Priority level ’

request request ‘ (hexadecimal)
BIRQ7 IRQ3 IPL 17
BIRQ6  1ROZ  IPLI6
BIRQ5 =~ - IRQI IPL 15
BIRQ4 RGO IPL 14

Memory Error (MEMERR)— This signal indicates that a nonexistent memory interrupt request to
the CVAX CPU has occurred. The CQBIC asserts this signal with the assertion of the AS signal at
the beginning of the next CVAX bus cycle. It remains asserted until the DS SLgnal is deasserted at
the end of the bus cycle.

Powerfail (PWRFL)—This signal indicates a powerfail condition on the Q22 bus. The CQBIC
assetts this signal when the BPOK input is deasserted.

Cache Control (CCTL)—This signal is used to invalidate the cache memory in the CVAX CPU
during write transactions to local memory. The CQBIC asserts this signal when it performs a write
to local memory and causes the CVAX CPU to perform a cache invalidate cycle. :
System Reset (SYSRESET)—This signal is used during the powerup sequence to initialize the
CVAX CPU. It is asserted when the BDCOK input is deasserted.
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Halt In (HALTIN)—This signal is asserted in response to the assertion of the BHALT input from
the Q22-bus. It is controlled by bit 14 of the system conflguramon register, by bit 08.of the doorbell
register and by the operating mode of the CQBIC.

CQBIC and System Control

Auxiliary Mode (AUX)—This signal selects the operating mode of the arbitration logic of the
CQBIC, the master logic, the powerup and reset sequences, and the doorbell register, The-CQBIC
samples this signal when the AS signal is ‘asserted to determine its-operating mode. When it is
deasserted, the arbitration mode of the (22-bus'is selected. The CQBIC is'then the arbiter for the
Q22-bus. Only one CBIC can be bus arbiter when more than one CBIC are available. When this
signal is asserted aumhary mode i$ selected an& the CQBIC does not perform arbltranon for
Q22-bus. ,

I/O Reset (TORESET)—This signal resets the devices on the CVAX bus and the Q22-bus as
determined by CQBIC operating mode. When it is asserted, theé CQBIC gains ¢ control of the CVAX
bus and the Q22-bus by first asserting the DMR output and then the BDMR output. When the
DMG and BDMGI signals are asserted, the CQBIC asserts the RINIT output to initialize the
devices on the CVAX bus. If the CBIC is not in auxrhary mode (AUX cieasserted) it asserts the
RINIT output to initialize the Q22-bus.

Not CQBIC Reference (NCOBICR)— This slgnal indicates that the address on the CVAX bus is not
a COBIC address. When the CVAX initiates a bus transaction that is not mtended forthe CQBICor
a bus transaction that is not an mtermpt acknowledge cycle, the CQBIC asserts this 51gnal when the
DS sngnal is asserted by the CVAX. o

Interrupt Acknowledge Enable (IAKI)u-— T hlS signal is asserted to allow the CQBIC to respond to
interrupt acknowledge cycles on the C VAX bus. It is normally connected in a daisychain
configuration with the CQBIC as the Tast device i in the chain.

Not Local Memory Reference. (NLMR)—-——Thls signal indicates d’}dt the address onthe G VAX bus is
not a local memory address ‘When asserted, it netlfles the CQBIC of an attempt to access
nonexistent Jocal memory from the Q22 bus

Recewe Inmalxze (RINIT)—This s1gna1 isused to mmahze dewces on zhe CVAX bus and 1n1t1ahze
the system to predetermined state. It is asserted during the poweruip sequence or in response to the
assertion of the TORESET input.

Clock Timing

40-MHz Clock (TB40M)—A 40-MHz clock input for the CQBIC timing. Thxs input is dlvlded by
two (20 MHz) for use by the COBIC. The timing sequence 1s started by the first rising edge of this
input following the deassertion of W input.

Clock Output (CLKOUT)—A 20-MHz clock output from’ the CQBIC Thxs sxgnal is generated by
the CQBIC and is used only during manuchrurmg test of the CQBIC

Power and Ground A ,
Voltage (V,,,)—35-volt power supply input.
Ground (V,)—Ground reference. ‘

Voltage Bias (VBIAS)—The bias voltage for the Q22 bus transcelvers This pin should be
connected to ground through a resistor with a tolerance of 1 percent. The value of the resistor is
selected to provide a bias current of 300 microamperes.
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Miscellaneous - : : :
External Capacitor (EXTCAP)-«—'IIHS pin cohnects to an extemal 1.0 uF capacitor to generate the
100-millisecond delay for BDCOK output during the powerup sequence.

Test (TEST)—Used only for manufacturing test of the CQBIC.

Functional Description

The CQBIC provides the interface between the CVAX 78034 CPU and its local memoty and the
Q22-bus. The CQBIC can perform Q22-bus arbitration or can function as an auxiliary device on
the Q22-bus. The CQBIC contains a 32-bit CVAX bus to 16-bit Q22-bus interface; scatter and
gather map translation and control logic, a 16-entry cache register that contains the external 8 K
longword mapping registers, a system configuration register, a DMA error register with master and
slave address error registers, a MicroVAX IT-compatible doorbell register and (Q22-bus transceivers.

The CQBIC contains a master, slave, arbiter, arid cache section. The master section monitors the
CVAX bus addresses and control signals and performs operations directed to the internal registers
of the CQBIC. It monitors the Q22-bus master transactions and requests assistance with scatter
and gather map operations from the slave section. The slave section monitors the Q22-bus
addresses and control signals and petforms operations directed to the CQBIC from a (322-bus
mastet. It controls the doorbell register and performs transfers to and from local memory. The
master and slave sections of the CQBIC use the cache registers to validate Q22-bus addresses that
are to be mapped into local memory. The cache section uses the slave section to perform the local
memory operations directed to the scatter and gather map registers in local memory. The arbiter
section resolves conflicts between the master and slave sections that relate to the use of the CVAX
bus, the Q22-bus, and Q22-bus DMA and interrupt acknowledge arbitration. It also controls the
powerup and powerdown sequence and the initialization protocols.

The CQBIC supports master transactions that are byte, word, and longword transfers from the
CVAX bus to the Q22-bus and to the internal registers of the CQBIC. It also supports slave write
transactions that are byte and word write transfers, blockmode word write transfers from the Q22-
bus to local memory on the CVAX bus, and slave read-modify-write word transactions that are
block-mode word read transfers from Q22-bus to local memory. The CQBIC also supports local-
miss and global-hit transactions from the CVAX CPU to Q22-bus memory space where the Q22-bus
map translates the address back into the local memory space.

Q22-bus Interface

The Q22-bus interface supports nonblock-mode and block-mode transactions. As a Q22-bus slave,
the CQBIC supports the following DEC Standard 160 transactions: DATI, DATIB, DATO, DATOB,
DATIO, DATIOB, DATBO, and DATBI. As Q22-bus master, the CQBIC supports the following
transactions: DATI, DATIB, DATO, DATOB, DATBO, DATBI, and interrupt acknowledge (IAK)
transactions. As Q22-bus master, the CQBIC supports Q22-bus master read parity errors and Q22-
bus nonexistent memory tlmecxuts

When the CQBIC functions as a slave to a Q22-bus block-mode write transaction, it stores up to 16
words and maintains the address alignments. The contents of the storage buffer is then transferred
to local memory in two octaword transfers. When a Q22-bus block-mode transfer is not 16-word
aligned, the CQBIC stores up to the 16-word boundary, stops replying as a Q22-bus block-mode
slave, and performs the transfer to local memory. The CQBIC controls address alignments of block-

mode write transfers of two to eight words. When the CQBIC responds asaslavetoa Q22-bus read
tranisaction, it stores up to a quadword of data before the Q22- bus block-mode read transfer. The
CQBIC performs a read prefetch operation from local memory when the third word of its internal
quadword buffer is transferred to the (322-bus block-mode master that is performing a DATBI
transaction.
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Address Decoding

The CQBIC performs all address decodmg for its internal reglsters Q22 bus memory and Q22-bus
/O address spaces, and for the external scatter and gather map registers. It also provides a not-
addressed signal (NCQBICR) for system use. The CQBIC Jatches the address from the CVAX bus
with the assertion of the AS signal. In addition to the addmss, the CQBIC latches the
CSDP<2:0>, BM<3;0>, and WR mformatlon to determine the type of transaction. The valid
physical addresses that are decoded by the CQEIC are hsted in Table 7. AH other phy51c31 addresses
cause the CQBIC to assert its NCQBI(’ R s:gmﬂ :

Table 7 - CVAX 78711 CVAX Bus Physncal Address Deocodes

CVAX bus addresses ~_ Address descrlpmm o

20000000 to 2000 LFFF “Q22-bus /O space

2008 0000 to 2008 oor0 CQBIC internal t reglsters o

2008 SOQd to 2008 FFFC . . | ' Q22-bus scatter md gather map mglsters
3000 0000 to 303F FFFF < e Q22 bus memory space = '

The doorbell register is located in Q22 bus I/O space. Its address is determined by the tnode of
operation of the CQBIC and bits 03: Ol of thc system conflgumman reglster

Clock o ‘ L ‘

The CQBIC requues an external 40-MHz TTL cIock mput that can be asynchronous or
synchronous to the clock of the CVAX CPU. This fixed rate clock produces a two-phase internal 20-
MHz clock and the required (Q22-bus timing in accordancewith DEC Standard 160. The COBIC
operates with a CVAX'bus cycle time of 100 to 80 nanoseconds and a Q22-bus with fixed timing.-

Registers ' it ‘
The CQBIC contains mapping reglsters error reglsters and a configuration register. It uses the
doorbell register, Iocated in the 1/O page of thg ()22 bus address space, for mterpmcessor
communications.

Mapping Regnsters (MRA)-«-The Q22-bus scatter arzd gather map contains 8192 mapping mglsmrs
Each MRA maps a page (512 bytes) of Q22-bus address space into-a selected page of local memory.
The MRA format is shown in Figure 3 and described in Table 8.

a30 2009 b i 00 i
L L L I 0 1 O i
v 0 A28~

rl}xlln;J|lultilir\txulliu

Fzgum 3 CVAX 78 711 Mappmg Regzster Format
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Table 8 - CVAX 78711 Mapping Register Description

Bit rDescrlptxon

31 'V (Valid)—Whe set, this bit indicates that mapping is enabled to a'page in Q22 bus
a address space specified by bits 19:00 of this register. When cleared, the mapping for the
selected page in Q22-bus address space is disabled and the CQBIC does not respond

30:20 MBZ (Must be zeros)— These bits are read as zeros. ,

19:00 - A28 to A09 (Address bits 28:09)— This field contain the physmai page address in local
memory to which the Q22-bus address is mapped.

The mapping registers are located in the local processors I/O space at physical addresses 2008 8000
through 2008 FFFC (hexadecimal). Each MRA is located on a longword boundary and is byte
addressable. The physical longword address of each register is such that bits 14:02 of the physical
address are identical to bits 21:09 of the Q22-bus address. The actual location of the scatter and
gather map in local memory is determined by the map base register that contain the starting
address of an aligned 8 Kblock of local memory. Only the local processor can directly access these
registers through the CQBIC. Table 9 shows the relatlonshlp of the mapping registers to the Q22—
bus addresses.

Table 9 » CVAX 78711 CBIC to Q22-bus Address Mapping

Register address Q22-bus address ' ‘

{Ke:kgdeéima]) * Mapped (hexadecimal) _ - Mapped (octal)

20088000 - 00 0000 - 00 O1FF - 00000 000 - 00 600 777
2008 8004 00 0200 - 00 Q3FF 00001 000-00001777
2008 8008 00 0400 - 00 O5FF 00 002 000 - 00 002 777
2008 800C 00 0600 - 00 O7FF 00 003 000 - 00 003 777
2008 8010 00 0800 — 00 09FF 700 004 000 - 00 004 777
20088014 00 0A00 - 00 OBFF 00 005 000 - 00 605 777
2008 8018 00 0C00 - 00 ODFF 00 006 000 - 00 006 777 ’
2008 801C 00 OEOO - 00 OFFF 00 007 000-00007777
2008 FFFO 3F F&00 - 3F FOFF 1777400017774 777
2008 FFF4 3F FA0O - 3F FBFF 17775000~ 17775777
2008 FFF8 3F FCO0 - 3F FDFF 17 776 000 = 17 776 777
2008 FFFC B 17 776 000 - 17 777777

"3F FEOO - 3F FFFF

Note

The system boot PROM must remove the local memory space used for the scatter and gather map
registers from the bit map of good memory. Direct accesses to the local memory copy of the map by
a device other than the CQBIC can result in nonvalid data in the cache of map registers of the
CQBIC and the results are unpredictable.

At powerup time, the scatter and gather map registers and their valid bits are undefined. These
registers are not altered by system or local resets.
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Cached Map Registers (CMR)—The CQBIC maintains a 16-entry cache of map registers that
performe all mapping functions. If the cache does not contain a valid copy of the map register used
to map a Q22-bus address into local memory, the CQBIC obtains the required register information
from the scatter and gather map. Only map registers that have their valid bit set are stored in the
cache of the CQBIC. The CMR replacement algorithm is fxrst-ln/ﬁrst-out (FIFO) The format of
the CMR is shown in Fxgure 4 and d&scmbed in Table 10. ~ :

3332 2019 00
LI 0 L P L

Q22-BUS ADR21:09 - A28-ADB '
R OO OO0 O T 1 O O I Y B I 0 0 O

Fz’guré 4 CVAX 78711 Cacbed Map Regzster Fth k

Table 10 - CVAX 78711 Cached Map Register Description
Bit Description . , . .

33 CV (CAM valid)—When set, this bxt mdxcates that the CMR contains a valid copy of a
map register, and mapping is enabled for the page in Q22-bus address space. When
cleared, it indicates that the contents’ of the CMR are not valid and mapping is disabled.
The CQBIC must update the cache: from the scatter and gather map to determine if
mapping is enabled for the Q22-bus address to be mapped.

32:20 Q22-BUS ADR 21:09 (Q22-bus address 21: G9)—-—This field contains the address of the
page in Q22-bus address space mapped by the map register address bits stored in bits
19:00 of this register.

19:00 A28-A09 (Address bits 28: 09}——-'1'}115 field contains the address of the page in local
memory that the associated Q22-bus address is mapped to.

Map Base register—This longword accessible register is located at physic‘alyaddressﬂ 2008 0015
(hexadecimal) and contains the starting address of the scatter.and gather map in local memory. This
address must be located on an aligned 8 K Iozagword block of local memory. The system boot PROM
must indicate when this block of memory is unavailable. The only access to the scatter and gather
map should be through the CQBIC. A write operation to the map base register clears all the CAM
valid bits in the CMR. This removes the cached copy of the map registers when changing the
location of the scatter and gather map in local memory. The format of the map base register is
shc:wn in Flgure 5 and is descnbed in Table 11

31 2928 1514 ) ) ~ 00
I I R O I A O O
0 MAP BASE ! o
[ SN YRS NN A O 0 0 S0 S5 T 000 W0 1V A T Y N T S W0 WO LA 00 WO ) 2 |

Figure 5 » CVAX 78711 Map Base Register Format
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. Table1t- CVAX 78711 MGP Base chxster Descﬂpnon N

Bit

Descrxptnon DT NPT U et g b .

31:29

Not used. Read as zeros

28:15

MAP BASE (Map base adchess)»«These blts are Used as physu:al addresz« bus 28 15 when‘
the CQBIC accesses the scatter and gather map. Bits 14:02 of the map register address are
used as physical address bits 14:02. Bits 01:00 are zeros.

14:00

Not used. Read as zeros.

System Configuration Register (SCR)—The system configuration is used by the CVAX 78034 CPU
to configure the operation of the CQBIC. This register controls the doorbell register offset address,
the enabling and disabling of the Q22-bus BHALT signal and the Power OK (POK) and AUX flag.
The SCR is located at CVAX physical address 2008 0000 (hexadecimal). The format of this register
is shown in Figure 6 and described in Table 12. The SCR is cleared during the powerup sequence or
when the SYSRESET signal is asserted. This register is not affecred bv a processor programmed

reset.

31 16151413 111009 0403 0100

TT T T T T T TT T T T TT T TT T T T TT771
[o] : . 0 o . . 0
N O TR N A 0 A RN G N O OO i1 iyl (N
- i o DOORBELL
sOAUX Ye il
POK i * OFFSET
- BHALT ENB

 Figure 6= CVAX 78711 System'ConﬁgumﬁmﬂRegister Format

Table 12 - CVAX 78711 System Configuration Register Desctiption =

Bit

Description

31:16

. Not used. Read as zeros.

15

“POK (Power OK)—This isa read-only bit that mdlcates the the state of the BPOK 31gna1

on the Q22-bus. It is synchronized and latched at each assertion of the AS signal on the
CVAX bus and is set to indicate that the power is OK and normal operation is possible. Itis -

* cleared to indicate that the power supply has fa}led or that the supply voltage is below :
“'normal. ~

14

'BHALT ENB (BHALT Enab]le}—— This read/write bit is used to enable the transfer of

BHALT signal from the Q22-bus to the HALTIN output of the CQBIC. When set, the
state of BHATT is transferred to HATTIN. When cleared, BHALT has no effect on the

HALTIN output.

13:11

Not used Read as zeros..

10

AUX (Auxiliary n1ode)——~Thls read- only bit mdlnates the state of the AUX input to the
CQBIC and the operating mode of the CQBIC. When set, the AUX input is asserted and
auxiliary mode is selected. Whencleared, the AUX input’is negated and arbiter mode is
selected.
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” Bit Description
- 09:04 " Not used. Read as zeros.
03:01 Doorbell—These readjwnte bits select the auxﬂxary doorbell mgﬁster when the AUX
input of the CQBIC is asserted and auxiliary mode is selected. When AUX is-not asserted
these bits have no effect on the doorbell register used. i
00 Not used Readas 0.

DMA System Em'or chrster (DSER).—-Thxs reglster is: used o repmft DMA etrors to the local
system. It is located in the VAX [/O space at address 2008 0004 (hexadecimal). It can be accessed
only by the local processor. Other processors on the Q22-bus cannot access this register. This
register is cleared when the RINIT output is asserted. Individual bits may be cleared by writing a 1
to the respective bit. Writing a 0 to any bit has no effect on Lhe reg15ter mformatlon The format of

the DSER is shown in Flgure ? and descnbed in ’I'able 13,7

_'31 : VA osemsasomsozmqg] v oy
“ItlllllfilriTlllllI[!El T T TTTTTl o
b Tl 1o

~!rlilitfiﬁimlltltll‘lllt!l

MASTER DMA NXM Al v
MASTER PE
SLAVE ME
LOST ERROR
NO GRANT
LSLA\/E DMA NXM

thme 7 CVAX 78711 DMA System Ermr Regzster Pomat

Table 13 - CVAX 78711 DMA System Error Register Descriptions

Bit Description o

3108 Notuséd Readas#éros. V

07 MASTER DMA NXM (Master DMA nonexistent memory. f:rmr)m’fhiﬂ read/‘wrn;e bit is
set for Q22-bus read or write cycles that do not assert the BRPIX sxgnai in less than 10

~ microseconds. Fhls blt is cleeu-ed by wr‘xtmg alto it

06 Not used. Rr:ad as 0. ;

05 ’MASTER PARITY ERROR»—vTins read/wme bxt 1s:set whe:n pa,uty errox's ars: detected
durmg QZZ bus read cycles perfarmed by the CQBIC ’ihis btt is cle:ared by wrn:mg a

04 SLAVE MEMORY LRROR-—*TMS bit is'set: when a local memory read access’ fmm the

© 0 Q22-bus, Q22-bus device, or local-miss or global-hit cycles receives a memory error and

asserts the SYSERR signal. This bit is clearéd by writing a 1 to it.

03 LOST ERROR~-This bit is set to indicate that an error address has been lost. An error

address is lost when the DSER bits 07, DSER bits 05:04, and DSER bit 00 were previously
set and another error that would have set one of these bits occurs. This bit is cleared by
writing a 1 to it.
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Bit Descnptum

02 NO GRANT TIMEOUT—This read/write bit is set if the Q22-bus' does not return a bus
~~ grant within 10 milliseconds after a bus request, generated by a local processor demand
read or write cycle, has occurred. This bit is cleared by writing a 1 to it.

01 Not used. Read as 0.

00 SLAVE DMA NXM (Slave DMA nonexistent memory— This read/write bit is set when the
CQBIC executes a slave cycle that results in the CMCTL asserting the NLMR signal. This
includes local-miss or global-hit cycles and map refenences that are nonexistent memory.

- This bit is cleax‘ed by ertlng altoit.

Master Error Address Register (MEAR)-—This register contains the address of the page in Q22-
bus space that resulted in a parity error (DSER bit 05 set) or a bus timeout (DSER bit 07 set) during
an access by the local processor. The MEAR is located in VAX IfO space at address 2008 0008
(hexadecimal). The content of this register is valid only when bit 07 or bit 05 of the DSER is set and
undefined when these bits are cleared. The MEAR is a read-only register and writing to this register

causes the CQBIC to assert the SYSERR signal. The format of the MEAR is shown in Figure 8 and
described in Table 14,

3 g 1312 00
rrrrryrTrirrrrr Ty R

Q22-BUS SPACE ADDRESS

NS T T Y I |

. 0 ) .
|1 T O T T O TN O T O I O A |

Figure 8« CVAX 78711 Master Error Address Register Format

Table 14 » CVAX 78711 Master Error Address Register Description .

Bit.  Description
31:13  Not used. Read as zeros.
12:00  (Q22-BUS SPACE ADDRESS—This field contains Q22-bus address bits 21:09. -

Slave Error Address Register (SEAR)—This register contains the map translated address of the
page in local memory that resulted in a memory error (DSER bit 04 set) or a nonexistent memory
“error (DSER bit 00 set) during an access by the local processor. The SEAR is located in VAX 1/O
space at address 2008 000C (hexadecimal). The content of this register is valid only when bit 04 or
bit 00 of the DSER is set, The content is undefined when these bits are cleared. The SEAR is a read-
only register and writing to this register causes the CQBIC to assert the SYSERR 51gna1 The format
of the SEAR is e.hown in Figure 9 and described in Table 15. ,

'
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o MAPPED 022-BUS ADDRESS
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Figure 9« CVAX 78711 Slave Ervor Address Register Format

Table 15 - CVAX 78711 Slave Error Address Register Description
Bit Description
31:20  Notused. Read aszeros. . .

19:00 MAPPED Q22-BUS ADDRESS«Tth fleld contains the map tran§la »ddress of the
page in local memory that resulted i ina memery error or ﬁanexistent memory error-from
- the Q22-bus to 1ocal memory 4 R N SR

Doorbell Reglster (DBR}—-The DBR is used by the CQBLG mterpmcessm commiunication facility

‘to allow other processors on the Q22-bus to request. program interripts fmm the local processor of
‘the CQBIC without | usmg the Q22-bus mte‘ ‘ ] >, The DBR also
controls external access from the Q22- bus to local memory ancf allows Gther processors to halt an
auxiliary CPU. The DBR resides in the I/O Page of Q22-bus address space and is accessed by any
device that can become Q22-bus master. The address of the DBR is-determinéd by the arbiter or
auxiliary mode of operation of the CQBIC and by bits 03:01 of the System Corifiguration Register
{SCR). Table 16 hsts the SCR bits 03:01 and the selected 324:11: address for the DBR The format of
the DBR is shown m F1gure 10 and descrlbed in Table 17 i

Table 16+ CVAX 78711 Doorbell Reglster Address Se!eetlon

SCRbits ~ Doorbell . . Address

03 02 01 _  register . . (hexadecxmal)

0 0 0 ° abitrCPU 7 20001F40

0 : 0  k 1. f'\aux’illiakry‘ﬁo.kl . 20001F42

0 1 0 awdlaymos | 20001F44

0 1 1 auxiliaryno.3 o 2800111#’6 i
10 0 awdlayned | 2001F48

1 0 1 auxiliaryno.5 v U 20001P4A& A
1 1 0 auxiliary no.6 2000 1F4C "
1 1 '1'  auxiliary no.7 © ~20001'F4E“

When the COQBIC is in arb1ter mode, SQR bxts 03: 01 are clcarecf by default and the arbiter CPU
doorbell register address is selected, When the CQBIC is in auxiliary mode, cIearmg thc: SCR bits
03:01 will disable the doorbeﬂ regxster . : )
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151413 080807060504 0100
i I L 6 N O L
« 0. .| o 0
' I L1l T
DMA AUXHLT{LMEAE  DBIRQ -
QME
MCIA DBIIE

Figure 10« CVAX 78711 Doorbell Register Format

Bit

Table 17 « CVAX 78711 Doorbell Register Description \

Description -

15

DMA:QME (DMA Q-22 memory error)— This read-only bit is set to indicate an address
space memory error when bit 04 of the DMA System Error Register (DSER) is set. It is

- cleared when bit 04 of DSER is cleared or when the RINIT output is asserted.

;14 -

MCIA (Map cache invalidate aH)——‘Th‘Qis write-only bit is used to invalidate fhe cache of
map entries of the CQBIC. Writing a 1 to this bit clears the CAM valid bit 33 of the CMR

for each entry. This bit is read as 0 and writing a 0 to this bit has no effect.

+13:09

Not used. Read as zeros.

08

) AUX HIT (AUXﬂiary halt)—This read/write bit is ,uf.eﬂ‘ when the CQBIC is in auxiliary
- mode. It is typically set by the arbiter CPU and causes the HATTIN output of the CQBIC

to be asserted. This bit is cleared by writing a 0 to it or by the assertion of the RINIT
output. The BHALT enable bit 14 of the system configuration register has no effect on
this bit. When the CQBIC is in arbiter mode, this bit is read-only and is read as 0.

07

Not used. Read as 0.

06

DBI IE (Doorbell interrupt enable)—This bit is set to énable interprocessor doorbell
interrupt requests through the DBR bit 00. It is cleared to disable interprocessor doorbell
interrupt requests. It is a read/write bit when the CQBIC is Q22-bus master and a read-
only bit when another device or CPU is Q22-bus master: It is'cleared by the RINIT output.

05

~LM EAE (Local memory external access enable)—This bit is set to enable access to local

memory from the Q22-bus. This bit is cleared to disable access to local memory from the
Q22-bus. It is a read/write bit when the CQBIC is Q22-bus master and a read-only bit
when another device or CPU is Q22-bus master. It is cleared by the assertion of the
RINIT output when the CQBIC is in auxiliary mode and by the assertion of the

SYSRESET signal when the CQBIC is in arbiter mode.

Not used. Read as zeros. . .-

04:01
s

DBIRQ (Doorbell interrupt request)—The function of this bit is enabled and disabled by
bit 06 (DBI IE} of this register. When DBI'IE ‘is set, writing a 1 to DBI RQ causes the

- CQBIC to assert the IRQD output to post an interrupt request to the local processor. When
* DBILIE is cleared; the CQBIC holds'DBI.RQ cleared and writing a 1 to this bit has no

effect. Writing a 0 to this bit never has an effect. It is cleared by an IPL 14 interrupt
acknowledge cycle to the CQBIC or by the assertion of the RINIT output.

2:74
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Scatter and Gather Map Opetration

The CQBIC uses a scatter and gather map to store Q22-bus addresses into local memory. The map
consists of 8192 mapping registers stored externally in local memory, 2 map base register to record
the location of the external map registers, and a 16-entry cache containing the most recently used
map reglsters Each map register selects a 512 byte page of Q22 bus address space in local memory.
The map is enabled or disabled by the LM EAE bit 05 in the doorbell register of the CQBIC. All
mapping is performed from the internal cache: of map registers. Therefore, if the reqmred map
register is not present in the cache, the CQBIC updatcs the cache with the requm:d map register
from local memory and then continues the mapping operatmn Through ‘the use of a valid bit in
each register, the software can selectively enable and dxsable the mappmg (}f sa!ected pages in Q22-

bus address space.

The CQBIC monitors each Q22-bus cycle and responds if the LM EAE bit 05 in the doorbeﬂ

register is set or if the Vahd bit 31 of the selected mapping regxster is set. The LM EAE bit is ignored

for a local miss or hit transaction. Only map mgxsters that have the;lr valid blt set are stored i in the

CQBIC ciche.

During read operatlons, the mappmg reglster must map the Q22 bus address into an cxxstmg Iocal

memory, or a bus timeout will occur. During write operations, the CQBIC asserts the W sxgnal

to the Q22 bus before chcckmg for h)cal memory and 2 bus tlmeout does not occur, :

Flgure 11 shows the translation froma Q22abus address toa lgcal memory. address. The sequcnce is

1. Bits 21:09 of the Q22-bus address are extracted and used to select the map register.

2. The map register is selected and its V bxt 31 1is checked If the V bit is not set the operauon

terminates.

3. Map register bits 19:00 are used for bits 28:09 of the local nh&:mory physica] adi:h'es,s’ and bits

+ 08:00 of the Q22-bus address are used for bits 08:00 of the local memory physical address.

S 58 S TR P 1 A 4 T T A 1 e
Q-22 BUS ADDRESS :
ERRENE NS AN
EXTRACT TO SELECT
MAP REGISTER
3130 2018 I o 00
TTTT T T T T T ||||Ti|1lllrtt!r171 ‘
v MAP REGISTER _
SN T T N VN T O A W 00 A
CHECK VALID BIT
- FOR MAPPING
ENABLED .
287 o : 0908 : oo
S8 1 5 £ £ P (0 G 0 e O ) i S Pt o
 PHYSICAL ADDRESS OF LOCAL MEMORY

lllllllllllillLJlJllJll!ll‘l

- Figure 11 » CVAX 78711 Q22w13m to Local Memory Addfesv Mapping
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Operation Modes ‘ &
The CQBIC operates inarbiter or auxiliary mode as se,lected by thc AUX input. \When AUX is
negated, arbiter mode is selected. When it is asserted, auxiliary mode is selected. .

Arbiter mode—During this mode, the CQBIC is the Q22-bus arbiter and coritrols the Q22-bus
DMA arbitration, powerup and powerdown and reset protocols, and powerfail and restart
detection. It also supports the no- grant timeouts and no- -sack bus grant aborts.

Auxdlary mode—During this mode, the CQBIC is a Q22-bus auxiliary device and controls the
powerup and powerdown and reset protocols, and the powerfail and restart detection. It also
supports Q22-bus request and mastership protocols, the DMA and TAK daisychain functions, and
the honexistent Q22-bus memory timeouts.

Retry Handling

The CQBIC requests a retry that causes the CVAX to release ownership of the CVAX bus and to
retry the current transaction. This allows the CQBIC to obtain bus ownership and to perform a
transaction such as fetching a map register from local memory or handling a bus deadlock.

The CQBIC detects a retry request when the ERR or RDY signal is asserted. The SYSERR and
SYSRDY sighals are synchronized by the CVAX clock and become the RDY and ERR inputs to the
CVAX CPU. The CVAX CPU uses two sampling windows to detect an error or a retry request. When
ERR is asserted in the first sampling window, the CVAX CPU waits for the second sampling
window. If RDY is asserted in the second window, the CVAX CPU retries the transaction and if RDY
is not asserted in the. second sampling window, the CVAX CPU detects an error. The CQBIC
requests a retry by asserting SYSERR, waiting 50 nanoseconds, and then asserting SYSRDY. The 50
nanosecond delay ensures that the CVAX clock chip synchronizer does not skew the SYSRDY signal
so that the retry request is not detected by the CVAX CPU.

An'y CQBIC master transaction that is deadlocked because the C QBIC slave controller needs CVAX
bus ownership results in the CQBIC issuing a retry request to the CVAX CPU. These transactions are

» A master read transaction to the Q22-bus.

« A master read or read-lock transaction to the scatter and gather map when the map register is not
in the CMAP.

= A master write transaction to the QZZ bus, system configuration register, DMA system error
register, or map base register.

= A master read-lock transaction to local memory, Q22-bus, or internal registers.

» A local-miss or global-hit transaction.

» A CVAX interrupt acknowledge transaction.

A retry is used for all read-lock transactions to local memory or to the CQBIC. During a read-lock
transaction until the CQBIC becomes (Q22-bus master, each CVAX CPU transaction is retried. This
prevents a Q22-bus device from breaking the lock via the slave controller of the CQBIC. If the
CQBIC does not receive a no-grant timeout while attempting to gain Q22-bus mastership, it asserts
the SYSERR signal instead of attempting retry transactioni. The CQBIC retains Q22-bus master-
ship after the completion of the read-lock transaction and until the next CVAX bus write-unlock
transaction or other CQBIC transactions. This prevents the CQBIC from holding the CVAX bus if

the CVAX CPU does not recognize the read-lock transaction and does not. complete the write-
unlock.
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Interrupt Handling ' T
The function of the CQBIC during an interrupt request depends on its mode. In arbiter mode, the
“CQBIC provides the interface between the CVAX interrupt system and the Q22-bus. In auxiliary
- mode the CQBIC responds as an auxiliary device on the Q22-bus and as a devzce on the CVAX bus
It blocks interrupt acknowledge cycles from the Q22-bus.
"The CQBIC is placed at'the end of the daisychain conﬁguraaon for all four interrupt pnomy levels
used by the CVAX CPU. This is necessary so that when no other device on the CVAX bus has
“trequested an interrupt and ‘when the CQBIC has no outstanclm mterrupts, n: transfers ‘the
assertion of TAKL sagnal to the Q22-bus ot blocks it and asserts the ERR‘signal :

Arbiter mode——-Durmg arblter mode, tlxe CQBIC transf a1 Q22—bus mte:rrupt requests dtrectly to

with an mterrupt acknowledge cycle The C’Q‘BIC can also ’req $t an interrupt Ey asserting the
MEMERR signal andfor the I—JW L signal. The CVAX doey not respond to] ﬁfMER Ror' W
interrupt requests with an interrupt acknowledge cycle.

The CQBIC responds to a CVAX CPU interrupt acknowledge cycle when the TAKI input is asserted.
The response is determined by the IPL aclcnewledged and if the CQBIC has any outs*taﬁdmg
interrupts as follows: ,

« For an interrupt acknowledge at IPL 17, IPL 16 ot IPL 15 ‘the. CQBIC initiatés a QZZ -bus TAK
- transaction. When the CQBIC receives the vector from the i interrupting device on the Q22-bus,
it appends bits 9 and 0 to the vector and passes the vector to the local processor. Both bits 9 and 0
of the vector are set to force the vector address into- unallocated dewc& vector space (>200
5 hexademmal) and force the pmcessors mfermpt priority level to TPL 1?

« For an mtemlpt acknowledge cycle at IPL ; when, th, QEIC hasa doorbell mterrupt request

pending, the CQBIC responds by returning vector 204 (lwiadectmal) to the CVAX CPU and by

. asserting the RDY output, When no dootbell interrupt request is pending, the CQBIC initiates a

Q22-bus interrapt acknowleédge transaction: This: transaction \is processed the sameas an
interrupt acknowledge cycle at IPL 17, 1PL 16, 0r IPL 15, - : e

Auxiliary mode-—During auxiliary mode, the CQBIC blocks mterrupt acknowledge cycles in
response fo IPL 17, IPL 16, and IPL 15 from ‘being transferred to- the Q22- bus. The GQBIC
processes interrupt requests: from its dootbell r register and can also requre:st an interrupt by asserting
the MEMERR and/or PWRFL signal. The CVAX does not respond to a ﬁfm or PWRFL
interrupt request with an mterrupt acknowlcdge cycle. : :

The response of the CQBIC to a CVAX CPU interrupt acknowledge cycle when its TAKI input is
asserted is determined by the IPL acknowledged and if outstanding interrupts are. pendmg as
follows:

« For an interrupt acknowledge cycle at IPL, 17, IPL 16, or IPL 14, theCQBIC blocks the cycle from
the Q22-bus and asserts the SYSERR output to end the cycle. '

= For an interrupt acknowledge cycle at IPL 14 when the CQBIC has a doorbell mterrupt request
pendmg, the CQBJC responds by returmng vector 204 (hexadecimal) to the CVAX CPU and by
asserting the RDY output. When no doorbell i Il interrupt request is pending, the CQBIC blocks the
cycle from the Q22-bus and asserts the SYSERR signal to end the cycle. When SYSERR
terminates the cycle, the CVAX CPU ignores the interrupt request and does not take an exception
to the termination. '
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Error Handling

The classes of errors detected and reported by the COBIC are nonexistent Q22 bus memory and
/O references, nonexistent local memory references; n no-grant timeout, no-sack abort, slave
‘memory error repoeting, master parity error detection, and local-miss and global-hit nonexistent
memory and memory errors. These are grouped into errors processed by the master section of the
CQBIC, the slave secnon of the CQBIC, local-miss and global—bu errors, and CQBIC arbiter errors.

- The, CQBIC. reports errors and error status to the CVAX CPU using the following sxgnals and
registers; SYSERR, MEMERR; PWRFL, the DMA System Error Register. (DSER), Master Error
Address Register (MEAR), and Slave Error Address Register (SEAR). The assertion of the SYSERR
signal causes the CPU to terminate the current transaction and to take a machine check for errors
 that occur on demand read and write transactions. When reporting an error to the CVAX CPU by
:assertlng SYSERR the CQBIC sets CDAL<31:00> to valid logic levels. The assertion of the
' IEMERR and PWRFL 31gnals are recognmed as interrupt requests by the CVAX CPU.

All parity and merory error flags and error addresses. are latched and held until cleared by the
CVAX CPU. Additional parity or memory errors that occur will set the Lost Error bit-03 in the
DSER

Master sectnon errors—«Tbe CQBIC pro:;esses nonemstent memory errors as fc]lcws

« During demand read transactions, the CQBIC asserts the SYSERR signal to terminate the
_ transaction, sets the NXM flag bit 07 in the DSER, and latches the address in the MEAR.

» During a request read or- interrupt acknowledge transactlon the CQBIC asserts the TSER
51gnal to terrmnate the tnmsactxon and no etror mformanon is’ logged :

« During a write transactlon the CQBIC sets the NXM flag bit. 07 in the DSER and asserts the
MEMERR signal to post a write timeout interrupt request. MEMERR is asserted with the next
assertlon of the AS signal and deasserted w1th the next assertion of the DS 51gnal o

‘Mulhple Jongword transfer to Q22:-bus—If the CVAX CPU attempts to perform ‘a muluple
longword transfer to the Q22-bus, the. CQBIC asserts SYSERR to terminate the transaction.
Because the Q22-bus address space is located in the I/O space of the CPU, only longword transfers
with byte masks to this space are legal.

‘No-grant timeout—If the CVAX CPU attempts to obtain Q22- bus mastershxp and does nat succeed
w1th1n 10 mxlhseconds) the CQBIC terminates the transaction hy asserting SYSERR If the
transactmn isa demand read ‘the No Grant Tlmeout bit 02 is setin the DSER.

Master parity error-—-The CQBIC processes master parity errots as fo]lows.

« During a demand read transaction from the Q22-bus, the CQBIC asserts SYSERR to terminate
the transaction; sets the Master Parity Error bit 05 in the DSER, and latches the address in the
MEAR o

» During a request read transaction, the CQBI(, asserts YSEE R to tefmmate the transactlon and
no error information is logged. / - :

Slave section rrors—A slave tead or write transaction that results in a nonexistent memory error
causes the CQBIC to set the SLAVE DMA NXM flag bit 00 in the DSER, latch the error addlress in
the SEAR, and assert MEMERR to post an interrupt to the CVAX CPU.

A slave read or wnte transaction that ):esu]ts in an error with the the SYSERR signal asserted is as
follows:
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» A slave read transaction that results in a parity error causes the CQBIC to set the DMA QME bit
15 in the doorbell register, set-Slave Memory Error bit 04 in the DSER, and latch the translated
error address into the SEAR, The CQBIC then reports the etror to the Q22-bus by asserting
BDAL<17:16> during the data transfer of the transaction,

« A slave write transaction that results iri 4n error causes the CQBIC to set the DMA QME bit 15 in
the doorbell register and the Slave ve Memory Estor bit 04in the DSER, latch the translated érrér
address in the SEAR and assert MEMERR to post-an interrupt to the CVAX CPU The CQB]}C
does not inform the Q22-bis/of the error.

= A slave read or write transactxgm to.the scatter andgathex map. that results i in an error causes the
COBIC to set the Slave Memory Error bit 04 in the DSER, latch thie translated error address i mto
the SEAR, and assert MEMERR to post ; an interrupt, ito the CVAX CPU.

Local-miss and global-hit ermrs—-Dumfg !acahmss amd giﬁbal l-m ma& transactmn, the CQBIC
issues a retry request to the CPU by asserting SYSEfﬁﬁ and- SYSRDY and latches the mapped
address. The CQBIC performs a read transaction from loc:ga} mory and stores the data. When the
CPU tries again, the CQBIC returns the data. If an error was detected during the read transfer from
local memory, the CQBIC asserts SYSERK to notify the CPU of the error, latches the address in the

SEAR, and if the transactionis a demand read 1t sets the Slave Memory Ermr bit 04 or Slave DMA
NXM b1t 00 in the DSER. e e -

During local-miss and global-hit write transactions, the CQBIC latches the address and write data
and asserts SYSRDY. The CQBIC performs a write transaction to'write to local memory. If an error
occurs during the transfer to local metmory, the CQBIC latches the address i into the SEAR, sets the
slave memory error bit 04, or Slave DMA NXM bxt (}0 in the DSER, and asserts the MEMERR
signal to post an interrupt to the CPU.

Arbiter errors—When the CQBIC arbiter grants the Q22 bus by asserting the BDMGO signal and
does not receive the assertion of BSACK within 10 microseconds, it remaves the grant and no errors
are reported. The arbiter waits 500 nanoseconds for the BDMGO daisychain to clear before
beginning arbitration again.
Initialization Y ;
When the TORESET input is asserted, the CQBIC asserts the DMR and BDMR ou p to galn
“ownietship of both buses before'the assertion of an‘y ‘teset signals: Once the CQBIC his been
granted ownership of both buses (DMG 4nd BDMGT asserted); it asserts the RINIT sutputfor'10
microseconds. The assertion of RINIT can be used to clear lacal devices ot reg”f‘sters Tocal interfupt
enable bits, and pending local interrupts. The doorbell r mgsster and DMA system errot register are

19

reset. If the CQBIC isQ22-bus arbiter, it asserts BINIT for a trnnunum of 10 microseconds to clear
the Q22-bus. If the CQBIC is in auxx.hary mode, BINIT is not asserted. After 10 mictoseconds,

RINTT and BINIT are deasserted and are followed by the deassertion of DMR and BDMR. The
system is now initialized and normal system operation can follow. .

The response of the CQBIC to the assertion of BINIT on the QZZ—bus is dete:mzmd by its mode“of
operation. In arbiter mode, the assertion of BINIT is ignored and in auxiliary mode the : assertiopyof
BINIT causes the CQBIC to assert RINIT and SYSRESET to reset the local processor The RINIT
DMR, and BDMR signals are asserted when TORESET is asserted. s il oot

Durmg powerup, the C QBIC sets: the CVAX bus and Q22 bus Imes toa hxgh 1mpe({ance e

Interfacmg Reqpmements

Figure 12 shows a CVAX CPU system using the CQBIC as : an mterface to the Q22 bus '

Confidential and Proprietary 2479




& ; 52 teaom
3 el BOX (7 QUAKX TR
e} EYSRERET  ORC
. AN
MicroVax © - TAKEO TAKI ihie
CVAX 78034 78332 - I(.J_E-E-S_El 1ORESET
'} epu - Lssc . . HALTIN - HAOW
AND . ~ DMR - - S —— PMR
Vevax 78131 MG — - ———— DVG
i fea : G235 - ; e 1RG<305
PWRFL - PWRFL
WEMERR  MEMERR
el - ceTe ) ‘
DAL<31:00> < > CDAL<31:00> .22 BUS
AS ~=-#{ A5
S oS
WR - WR
CSDP<3:0> - o - — — - »CSDP<2:O?
BM<3:0> - BM<3:.0>
~CVAX 78135 CLOCK ‘
ROY o RDY SYSRDY f— SYSRDY . i: [
ERR ERR SVSERR Je— SYSERR
| IR - - NLMA
+ @] NCGBICR
¢
> | = A |AAE R 0 |E
kg £ ggl;’ﬂ'<|§
= |v.iv
CVAX 78588 kv Z 15
MEMORY CONTROLLER g
R
{TO LOCAL MEMORY)
Figure 12 = CVAX 78711 System Interconnect Diagram
; : )
Specxflcatlons

The mechamcal electncal and environmental characteristics and spec1£1cat10ns for the CQBIC are

~ described in the following paragraphs. The test conditions for the electrical values are as follows

unless specified otherwise.

- Am’biem temperature (T): 0°C to 70°C

. Power supply.voltage (Vm,): 4.75Vt05.25V

Mechanical Confxgumtxon
The physical dxmensxons of the CVAX 78711 132- pln cerquad package are contamed in the
Appendlx : ’ : .

Absolute Maxlmum Ratmgs , G :
Stresses greater than the absolute maximum ratings may cause permanent damage to the devxoe
Exposure to the absolute maximum ratings for extended periods may adversely affect the
reliability of the device. heen : ,

R ELR

+ Storage temperature (Ty): -55°C t0 125°C |
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» Active temperature (T,): 0°C to 70°C

» Power supply voltage (V;,5): ~0.5 V10 7.0V

« Input or output voltage applied: ~0.5 V to V;,,+0.5 V

dc Electrical Characteristics |

The dc electrical characteristics for the CQBIC are grouped into Q22-bus mgnals and CVAX bus and
CQBIC specific signals. Table 18 lists the electrical specifications for the Q22-bus signals and Table
19 lists the electrical specifications for the CVAX bus and CQBIC: specxflc sngnals The specifica-
tions for the dc tests are ;

« Power dissipation: < 1.5 watts

* Minimum airflow: 100 linear ft/min

= Temperature (T,): 70°C

 Power supply ‘voltage (Vop): 4.75 V (except where noted)
« Ground (Vi): 0V

Table 18 - CVAX 78711 Q22-bus dc Parameters

Symbol  Parameter Requiremenis Units ~ Test _
: Min. Max. ‘Conditions
Vin High-level input voltage 1.9 — V. V=525V
t 12— V' V,=475V
Vi Low-level input voltage' — 1.66 \Y% V=525V
| : - 15V V=475V
Voo Low-level output voltage 0.9 - v : Ima 100 mA
(open drain)
I ~ Input leakage current -10 10 WA 0<V.<525V
To Output leakage current =50 50 uA - 0< Vi,f< 525V
C. Input capacitance o — 10 pF ‘
Cou Output capacitance — 10 pF

‘ Table 19 - CVAX 78711 CQBIC and CVAX Bus dc Parameters
Symbol ~ Parameter Requirements -+ Units - Test

Min. ‘Max. i _ Conditiqns,
v\]IH High—level input VoItage ‘ 2’0  : — 7 | V
Vu_ Low-level input voltage S . O 8 v
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Symbol Parameter , ~_ Requitements Units  Test
Min. Max. 0 . . . Conditions
Vou High—level output voltage 24 i v Tow=-400 pA
VoL Low-level output voltage —_— 0.4 \Y IoL =2, 0 mA
Vo . Low-level output voltage , — . 0.2 \Y Tor=20 mA
. (opendrain) o _
Vo © -High-level output voltage - =~ 3.0 — Vo Lu= -100 pA
(MOS signal) .
Voim Low-level output voltage _— 0.2 A" Tor=1.0 mA
' (MOS signal) o ; ;
I,  Inputleakage current -10 10 pA 0<V, <525V
Tus Input leakage current - 0.2 15 mA = V,=04V
. .. {sustainer)
I Output leakage current -10 10 pA 0<V,<525V
Iop Active supply current — 220 mA I.=0,T,=0°C
C. Input capacitance : — 7.0 pF
Con Output capacitance S 0 pF
C. o Bid:’iii;e‘ctioniﬂyc):épacitance i o 20 pF
ac Elecmca] Characterlsucs

The Q22-bus ac charateristics are measured under the following test condmons except where
noted. .

= Ambient temperature. (T,): 70°C

» Power supply voltage (Vpp): 4.75 V

+ Capacitive load (Cy): 15 pF/330 pF
+ Pullup resistor (R1): 910

: Pulldown resistor (R2): 2000

« V.. 160V |

= Vi 150V

= Ve 1.72V

« Input rise and fﬂ;giggz 10ns(1,2t02.2V),(0.8t102.6V)

‘The fo]lowing notes aiﬁply 0 Figuies 13 through 53 and their associated timing Tables 20 thmugh 27.

« All times afe in nanoseconds except where noted.

= The TB40M clock input is TTL-compatlble and intended to operate at 40 MHz, +0.01%. All
Q22 bus t1m1ng parameters are demved fmrn this cIock : IR
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« With TB40M =40 MHz, the CVAX bus per phase timing can vary from 20 to 33 nanoseconds
assuming that the CVAX 78588 Memory Controller retry delay is 4.0 microcycles {CMCTL 5/3
mode memory cycle bit set). For CVAX bus per phase timing greater than 33 nanoseconds, the
TB40M clock is reduced by 0.13 x CVAX clock input. Example CVAX ck)ck in=25 MHz,
TB40M =40 MHz-(0.13 x 25 MHz)=36.7 MHz.

» P=CQBIC internal clock period. With TB40M = 40 MHz, this period is 50 nanoseconds.

= Nx=number of internal clock- perlods (P) required for Q22-bus mastership or to wait until the
master and slave logic of the CQBIC becomes idle.

+» Ny=number of internal clock permds (P} required to-wait untxl the CQBIC does not require Q22-
bus mastership. ~

Table 20 » CVAX 78711 Powerup/Powerdown and Initialization Timing Parameters

Symbol  Definition ' Requirements (ns)
tocua BDCOK deassertion to HAITIN assertion 1w — 1 o 46.3
T BDCOK reassertion to HALIIN deassertion — 62
[ BDCOK deassertion to BINIT assertion 15 85
tppown  BDCOK deassertion to SYSRESET, RINIT, 15 ~« 75

~ and DMR assertion ) L i ’
tpria BPOK deassertion to P "—".KF“ T assertion. .. .. . 1P-10  1P+105
topLn " BPOK assertion to PWRFL deassertiqn B U 1P-10 - 1P+105
tw®  VEXTCAP gets VSTMR to PWRFL negation 98304300 98304500
T VEXTCAP gets VSTMR to § m negatlon 98304300 98304500
— BPOK assertion to PWRFL, deassertlon o © 2P-10  2P+105
tpuzsr BPOK assertion to SYSRESET deassertion . . .. 2P~10 . - 2P+105

*VSTMR (VT +) is the EXTGAP positive-going threshold voltage that activates the internal timer:
2.5V (min.), 3.0V {typ.), and 3.7 V (max.)

Negative-going threshold voltage (VT) of EXTCAP Schmltt trigger: 1.9V (typ.), 1.5 V(min.), and
2.4V (max.)
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" Figure 13 » CVAX 78711 DEC Standard Powerup (ac Power Normal) Tining
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Figure 14« CVAX 78711 DEC Standard Powerup (ac Power Failure) Timing
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Figure 16+ CVAX 78711 Unsequenced Powé*ap (ac Power Failure) Timing
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“ Figure 17 « CVAX 78711 Powerdown Timing
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Figure 18 « CVAX 78711 Restart Timing

Table 21 - CVAX 78711 Reset and Initialization Timing Parameters

Symbol = Definition o L .. Requirements (ns)
Min. ~ Max.

tasser  SYSRESET assertion width o 59396 —
tuw_ . BINIT assertion to SYSRESET, FWRFL, 2P-10  2P-105

RINIT, and DMR DMR assertion - e S
too ~ 1Pclockdelay - 1P —
tosar .. 12P clocks delay 127 —
toisp 13P clocks dda) k - - p3p —
t@MM mﬁ assertionto BDMR assertion -~ 2P=10  2P+80
town  TORESET assertion to BINTT assertion  3P-5 (3+Nx)P + 110
tiomra TORESET assertion to DMR assertion cA0 30
tosrrw BINIT and RINIT assertionwidth . 206P  —
tiorsTw TORESET assertiot; width 7P —
trnmia TORESET assertion to RINLT assertion 3P-10 (3+Nx)P+ 105+

*Nx is the number of CQBIC internal clock periods required to obtain bus mastership or to wait for
the master or slave logic to become idle,
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Figure 20+ CVAX 78711 Q22-bus Initialize (Auxiliary Mode) Tinzing

Table 22'« CVAX 78711 Arbiter Timing Pagrameters.

Symbol Definition T SVU TR ‘Requxrements (ns)

toMGoA: BDMR assertion to BDMGO assertion 2P-5 2P+110
{arbiter mode)

toMGoN BSACK assertion to BDMGO deassertion 2P-5 2P+ 110
(arbiter mode) e

tomcoaz BDMGI asser-tionytc; BDMGO assertion 2P-5 2P+ 110
(auxiliary mode)

tomconz BDMGI deassertion to BDMGO deassertxon 20 70
(auxiliary mode) o )

toaspmr® BSACK deassertion to BDMR deassertlon - 2P-35 2P+ 110
(arbiter mode). ; : ; .

texBDMR SACK: BDMGI assertion to BDMR d‘eassertmn and 3P-5 3P+ 110
BSACK assertion (auxiliary mode)

toxrey ™ BRPIY deassertion to BDMR deassertion 2P-5 2P+ 110

and BSACK assertion (auxiliary mode)
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Symbol Definition Requitrements (ns)
. Min. Max.
toxsyne” BSYNC deassertion to BDMR deassertion 4P-5 4P+ 110

and BSACK assertion (auxiliary mode)

*In auxiliary mode, BDMR deassertion and BSACK assertion occur simultaneously. BDMR
deassertion timing can be derived from BDMGI assertion (tgxgpmr scaxi), BRPLY deassertion
(toxrery), and BSYNC deassertion (toxsync). The latest timing of these three is correct time.

EOMR ' j{"“—'—"""

{GABDMR1

BSACK

BRFLY AND s
BSYNC

Figure 21 = CVAX 78711 Q22-bus Mastership (Arbiter Mode) Tirming

GXBOMR__SACK1

Figure 22 « CVAX 78711 Q22-bus Mastership (Auxiliary Mode with No Reply
‘ and No Bus Synch and a DMA Grant In) Timing

S SO
BDMR A
PLY:
BSACK
e [GXSYNC 9]

BOMGH \

BRPLY

BEVNC 7

Figure 23 » CVAX 78711 Q22-bus Mastership (Auxiliary Mode with Bus Reply
and Bus Synch and a DMA Grant In) Timing

2-88 Confidential and Proprietary




Preliminary -

CVAX 78711

BOMGO

BOMR

p

W‘WGOAI———J;

- Figure 24 » CVAX 78711 DMA Grant Out Asserted (Arbiter Mode) szmg :
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Figure 25 « CVAX 78711 DMA Grant Out Deasserted (Arbiter Mode) Timing
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Figure 26 = CVAX 78711 DMA Grant InfOut Daisychain (Auxiliary Mode) Tz’mz’ng

Table 23 - CVAX 78711 CVAX Bus to CQBIC Timing Parameters

Symbol  Definition Requirements (ns)
Min. Max,
topariz DAL high-impedance delay - 0 .20
toERRA m assertion delay 0 35
[— SYSERR deassertion delay 0 10
touz DAL high-impedance delay S0 40 :
tomes MEMERR assertion delay 0 45 -
tomEn MEMERR deassertion delay 0 115
tonasa NCOBICR assertion delay 0 t 40
tonosN NCQBICR deassertion delay . . 0 60
[ — Read data valid deléy'time 0 40
toroYA SYSRDY assertion delay 0 35
tproyN SYSRDY deassertion delay 0 10
towDAT Write data valid delay time 0 20
tuank Address hold time 11 —
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Symbol  Definition Requirements (ns)
Min. Max.
teimn BM hold time 5.0 —
tacs CS hold time 1 —
triaxt TAXI hold time 0 —
[ Read data hold time 5.0 —
trwpar Write data hold time 11 —
f— WR hold time 5.0 —
tias AS deassertion to assertion 45 —
tins DS deassertion to assertion 100 —
tsapr Address setup time 22 —
tsas AS setup time 26 —
tsam BM setup time 2.0 —
tscs CS setup time 22 —
tsns DS setup time 20 —
torax TAKI setup time 17 —
tswr WR setup time 22 —
CDAL<31.00> ‘ ~L  ADDRESS | (ADDRESS ;’ :rLATCHED BY CQBIC) ) :’ f READ.DATA
1y LR 1T -
B e R T AT
s N t (( {;—-j\__—
1R LR} . Has
E i {4 \
b GG TS Y ' ns - -‘!\
CSDP<2:0> cs it 4
1SBM
L {1 BH {1
BM<3:0> BM I i
Pt e 13 | Y
_— kit r i ‘ I :
mF N i i
‘ o -01 }'— DRDYRY
RO i T N (- J
5AS — [ KSDS’-’J" S H—— )
cLkouT N\ S N\ S
Figure 27 » CVAX 78711 CPU to CQBIC Read Cycle (System Ready) Timing '
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Figure 28 « CVAX 78711 CPU to CQBIC Read Cycle (Systems Ervor) Timing
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Figure 29« CVAX 78711 CPU to CQOBIC Read Cycle (Retry) Timing
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Figure 30« CVAX 78711 CPU to CQBIC Write Cycle Timing
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“Figure 35 = CVAX 78711 Memory Error and Not CQBIC Reference Timing

Table 24 - CVAX 78711 System Ready, System Error, and DMA Grant Synchronizer

. , _ Timing Patameters ' ;
Symbol  Definition ) o Retiﬁii'ements (ns).
» B o " Min. " Max.
tvns _ Synchronizer setup time : 20 —
tsynm Synchronizer hold time - 0 o
tsvne " Synchronizer delay time- o 0.5teye+tsyns  L.5teve + tovns

AT Tk ! ¢ K . b &
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Figure 36~ CVAX 78711 CQBIC Clock to Internal Timitg Synchronization

Table 21 - CVAX 78711 CVAX Bus Timing Parameters ,
Symbol Definition - sain sk 00 Requirements (ns)
| I o M Mam,

tasaw AS assertion width oo 2000

tasosk AS assertion to DS assertion (read) =~ = L 25 70"

2y

taspsw AS assertion to DS assertion (write) T 40 (70

tasnLmR AS assertion to NLMR assertion ; w0 - —

Easnw AS deassertion width ‘ 1000

tasoy ’E—S_‘gssertion to massértlon ; o o ( 10 - 40
tywmwz ~ BM<305 high-impedance delay — 30

tASN,;rM,;"'V‘ AS deassertion to NLMR deassertion =~ o —
“tason Address hold time 20 70
tasgs - Address setuﬁ'tiiné L e T 30 o
teericve . CCILcycletime s —

teerw CCTL assertion width o 40 -

tomcas . DMG assertion to AS assertion 60 250

tomes DMR assertion to DMG assertion ' 0 —_

towwww  DMRdeassertionwidch Bo o —

EomRNGN DMR déassg:;ion to DMG deassertion i 0 300

[F—— DMR deassertion to output ‘high-kimpedanrce — 100°
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Symbol  Definition Requirements (ns)
Min. Max.

tosaw DS assertion width 200 —
tospw Data setup time (write) 5.0 —
tpsnw DS deassertion width (read and write) 40 —_—
tpssera DS assertion to SYSERR assertion 200 (0 —
tpssroy DS assertion to SYSRDY assertion 200 (0 —
tosNasN DS deassertion to AS deassertion 30 130
P Data hold time (read) 0 —_
tosomrn DS deassertion to DMR deassertion 0 -
tosNON Data hold time (write) 0 —
tosnserey DS deassertion to SYSERR deassertion 0* —
tosnsrovny DS deassertion to SYSRDY deassertion 0 —
tamosy NLMR assertion to DS deassertion - #130 170
texeo  SYSERR assertion to data delay — 5.0
tsRROSN SYSERR assertion to DS deassertion 100 —
tserrsny  SYSERR assertion to SYSRDY assertion 10 45
tsrovD SYSRDY assertion to data delay — 5.0
tsapvosy . SYSRDY assertion to DS deassertion 0 —_

WValid for all CVAX bus signals driven by CQBIC during DMA.
500+ 4 (DS to SYSERR): octaword write to LM : S

3200 nanoseconds is required to satisfy the minimum CCTL cycle time (teemeyc). The CQBIC
operates propetly with 0 nanoseconds minimum cycle time except that the CCTL cycle time is not

satisfied.

‘SYSERR and SYSERR must be deasserted a minimum of 100 nanoseconds for synchronization.

camcerk L2 P‘ljclr"”'i"?l"‘)pf]flull"‘l’”?l"’"l"zjF"]”lfltr]”lp_‘“'ﬂf)(,!”JP‘IF’zlp‘l"zlm l‘
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S v v Y q I8
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(c i ¢ DSN DMRN:
BE )T T 1 "_\_——“
Figure 37 « CVAX 78711 Bus Arbitration Tining
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Figure 38+ CVAX 78711 COBIC to Local Memory Read Timing
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Figure 39 « CVAX 78711 CQBIC to Local Memory Write Timing
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* Table 26 - CVAX 78711 CQBIC to Q22-bus Timing Parameters

Symbol  Definition Requircmenté (ns)
) ' Min,  Max.
tosssa BBS7 assertion delay -0 37
tossn BBS7 deassertion delay 0 35
topwa . BDIN assertion delay 0 42
topmn BDIN deassertion delay 0 45 ’
topous m}deassertion delay 0 40 .
tonouta BDOUT assertion delay 0 42
toraxa - BIAKO assertion delay - 0 43
Eoiakn BIAKO deassertion delay 0 43
toopaLa BDAL data assertion delay 0 60
toonin BDAL data deassertion delay 0 535
tpsynca BSYNC assertion delay . b ki L0 .37
tosyy EEY‘N‘C deassertion delay, 0 35
[o— BWTBT deassertion delay o 55  V
towmsra WTET assertion delay 0 52
tropar BDAL data hold time 0 —
tuoroar . BDAL read data hold time 10 —_
tuxer  BREF hold time 10 - -
tugery ~ BRPLY hold-time - 10 —
torer BREF setup time 82 —
tspry BRPLY setup time 57 —
tsoroar BDAT. read data setup time 82 —
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Figure 45 » CVAX 78711 CQBIC to Q22-bus Single Transfer Write Tining
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Table 27 + CVAX 78711 Q22-bus to CQBIC Timing Parameters

“topour - |-+ - Datasetup time - -

tommgenyn  BDIN deassertion to BRPLY deassertion ' 130
—— BDIN assertion to BRPLY assertion 130
tomrerys  BDIN assertion to BRPLY assertion' A B
tommery  BDIN assertion to BRPLY assertion® - 30 160
tonpy: —BDIN assertion to BRPLY assertion’ |~ €~ D
toounon  Data hold time | ST cacar >

toourey  BDOUT assertion to BRPLY assertion

tpovrmrive . BDOUT assertion to BRPLIY assertion . > . E .. . F

tpourreiys.. . BDOUT assertion to BRPLY assertion’ e 305 - 160
tpourseryy BDOUT deassertion to m deassertion - i"“" B o 30 130
twyp  BRPLY assertion to valid data- o — 0 60
tepvnony  BRPLY deassertion to BDIN deassertion™  “» © ~~ 7 150 1 —
treyoy  BRPLY assertion to BDIN deassertion 200 —
tRELYNDN Data hold time 0 30
treynpour  BRPLY deassertion to BDOUT assertion 150 —
trerensyne  BRPLY deassertion to BSYNG assertion 300 —
treynoury  BRPLY assertion to BDOUT deassertion 150 —
— BSYNC assertion to BDIN assertion 25 —
tsynen Address hold time 25 —
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Symbol  Definition ‘ : Requirements (ns)
) ) : Min. Max.

tovncs Address setup time 75 —

toynenw BSYNC deassertion width 100 —

'BRPLY for the first BDIN
A=internal propagation delay (20 ns+synch of BSYNGC (30 ns)+CAM check (200 ns)+LM
access + 50 ns from first DS deassertion - tgyncpmy (Max.)
B=internal propagation delay (40 ns)+synch of BSYNC (80 ns) + CAM check (200ns)+ EMAP
access + LM access + 80 ns from first DS deassertion - teynenmy (25 ns min.)
*BRPLY after the second BDIN and before crossing quadword boundary
"BRPLY for the first BDIN after crossing quadword boundary
C =synch of BDIN (30 ns) + LM access + 150 ns from AS deassertion - two BDIN
D=synch or BDIN (80 ns) + LM access + 180 ns from AS deassertion - two BDIN CQBIC starts to
read LM when third BDIN is asserted, therefore - two BDIN
*BRPLY for the first BDOUT
= mternal propagatlon delay (20 ns)+synch of BSYNC (30 ns)+CAM check (200 ns)+LM
access + 150 ns from AS deassertion - teynepour (Max.)
F=internal propagation delay (40 ns) +synch of BSYNC (80 ns) + CAM check (200 ns) + EMAP
access + LM access + 180 ns from AS deassertion - tsyncpour (23 ns min.)
*BRPLY after the second BDOUT
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Figure 49 » CVAX 78711 Q22-bus DATI to CQBIC Doorbell Register Timing
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. Supports VAXBI bus features of !ow mtcrface cost, !ess than 800- nanosecond data access’ time,
and high' data integrity ' o

= High-level integration reduces module area required

» Extensive error detection

» Complete VAXBI bus arb;tratmn, addness dccodmg, and matclung lmgm 10: xeduce hardware and
software protocol

= Single 5 volt 'SDPPIY‘

3

Description

i

The DC514 CMOS VAXBI Bus Intetface Chip (CBIC) is a 133-pin integrated circuit that combines
the functionality of the VAXBI 78743 BCAI and VAXBI 78732 BIC without the BCI bus lines. The
CBIC is the interface between Digital’s VAXBI bus and a user-developed interface ‘of a node. It
functions as a buffer file, performs bus transactions, and decodes and matches addresses Figure 1
isa funcmonal block dmgram of the CBIC ' ~ ~
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Figure 1 » DC514 VAXBI Bus Interface Chip Block Diagram
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© . VAXBIDCSM

The CBIC operates with the VAXBI bus, which is a 32-bit, general purpose synchronous bus that
can be used with single a processor or multi processor systems based on the VAX processors or other
32-bit processors or compatible devices. The VAXBI bus has a maximum length of 1.5 meters and
connects up to 16 intelligent nodes. The combined throughput rate of the nodes is 13.3 Mbytes/
second. This document assumes the reader has an understanding -of the VAXBI bus. and its
operation. Refer to the VAXBI System Reference Manual (document number EX-VBISY-RM-001) for
information relating to its operation.

« Pin and Signal Description

This section describes the input and output signals and power and ground connections used by the
CBIC. The signal and pin assignments are shown in Figure 2 and summarized in Table 1. The
signals that communicate with the user interface through the integrated circuit interconnect bus
are prefixed with II. Signals that communicate with the VAXBI bus are prefixed with BI.

1w 13 "2 " 10 9 8 7 6 5 4 3 2 1
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Figure 2 » DC514 Pin Assignments
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Table 1 - DC514 Pin and Signal Summary

Pin Signal  ©  Input/Output Definition/Function ;
J2,L1K2,12, ID<31:00> Input/Output’ II Data Bus—Transfers data to or from the proc-
M1,N1J3,M2, - il essor bus interface. :
P4,N5,D5,M6, f |
N6,P6,P7,N7,
M3,N2,N3,M4,
P2,P3,N4,M5,
~N8,P8,P9,N9,
M9,P10,P11,
NIO - e o o ,,
P12, Nll P13 P<3:0> . - Input/,Ou,tput‘ I Parxtymlndzcatcs pamy the four bytes on the
N12 - [ID<3L00>lines
K1,H3J1,H2, IIAH<6:0> Input' . I Address—Controls the selectmn of the CBIC
HiMioMI2 - databuffer file (DBF) registers.
K13 L14,J 12 , IIBM<3;O> 'Inpui;'~ . T Byte Mask~—-$pcc1£1es which IID<31 00>
K14 e . ~ and IP<3:0> lmes eentam vahd éata durmg a
R KRt - transfer ‘
L13 = OCLKA  Input' . IIClockA—0to 10MH;_;;;;emai dock.
M4  OCLKB  Imput' = IIClock B0 to 40 MHz external clock.
M13 - - TICS ’ Inp’ut“, © 7 II Chip Select—Initiates data transfers to or
o o ' fromtheDBE o
M1l HDEN Input* .+ 11 Data Enable—Enables the transfer of data on

lines” 11D < 31:00> smd ‘parity on lines
S IIP<3:0> “during 11 bus read operations of the

, o . DBE
N14 TIRWEN Input' - - IIRead/Write Enable—Initiates an 1T bus read or
R write access operation'to the DBE.
E12  UDMAEN . Input' . . IIDMA/Map Enable—If assertedwhenaVAXBI

bus request is pending, the CBIC executes an

octaword transaction accessing the master-port

DMA register. If deasserted when the VAXBI bus

request is pending, the CBIC executes a, Iengword

transaction accessmg the mastempart map mgls—
i ‘~ters

G4  TINCENA  Inputt I Tncrement Enable~When asserted durmg a
' o - VAXBI bus DMA increment enable transaction, it
* allows a pipelined increment of the address in the

- master-port DMA or map address register.
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Preliminaty VAXBI
Pin Signal . Input/Qutput. ‘Definition/Funiction
F14,E14 IMRQ< 10>  Inputh™ 0 IT Request< I‘O > ——-Reques%s a VAXBI bus tr&ns
- ’ actions .0 oo oo
Hi12 IIRAK “OQutputt 11 Request Anknowledge-—-lndlcates that a
requested VAXBI bus master-port transactlon has
been initiated. o

G13 TESTAT Output! I1 Event Status—Asserted when the ESR
receives the first unmasked event code ito be
generated since the register was previously read.

G TIBSTAT ~ Output? 11 Bus Status-—Asserted whc.n abiti in the VAXBI

& L = - busérror register is set.”

J13 IISEL . Ou’tp‘ut‘ II Select—Informs the slave port that it has been
s ‘ . selected by a VAXBI bus transaction. RO
“H14 - TISTOP ’ Outgut‘ 1T Stop—Informs the slave port that it has been

R T selected by a VAXBI bus Stop transaction.

F13,D14,F12, TMEV<40S Output’ - II Event—Indicate that a significant event in the

E13,C 14 . ~ CBICoron the VAXBT bus has occurred.
“N13 - ITACLO - Output' IT ac Low—Asserted when the line voltage is
o . below a specified minimum level.
_I14 - IDCLO Output! o  ( 1 de Low—Indicates an lmpendmg loss of de
, .power. Also used for 1mt1al17atxon durmg
powerup. £
B13 » k ) ‘ [IBROKE \ , inputz " II Broke—Used during self-test to indicate a
~ node has failed and when to light the LED status
‘ ‘ . indicators of the node.

Gfi,'Fl,“G;Z,FZZ JBID‘-c:}l:fTQ}V ir,ippt/Output’, BI Data< 31:00 > —Transfers data and address

E1E2,DLE3, . - information to and from- the VAXBI bus and

C1,D2,BL,C2, - performs arbitration.

'D3,B2,A2,C5,

B3,A3;B4,A4,

'BS,A5,C6,B6,

"A6,A7,B7,BS,

ABA9.BOAL0

C9,B10,A12, BII< 3325 Iruput/()utbut’ BI Information—Transfers commands, master

Bt oo e identification, read status, and ‘write masks.

,‘_Alll-,.‘ . l Tﬂ? Inpht/Output’ BiI Parity—Indicates parity for the

: AT ... BID<31:00> and BII< 3:0> lipes.

C13 BINOARB Input/Output’ BI No Arbitration—Inhibits arbitration on lines
BID < 31:00>. Used during self-test to prevent a
node from starting until all nodes are ready.

2:110 For Internal Use Only




Pm ‘Signal "¢ «In{:ut/“()ixtpuf‘Deﬁhitinnﬂ?unéﬁon"'_ B

Al4 BIBUSY Input/Qutput’ BI Busy-—Indlcates a transactionis in progress

A13,B12,C11 BICNF<2:0> Input/Output’ BI Conflrmatlon—~1nd1cates a response to com-

mand and daa:a cycles.

P14 BIACLO Input®

BI ac Low—Indicates that the ac line voltage of a

L cntxcal bus cqmpgment xs below a safe hnut

H13 Sepm vy BI’DCLQ I Input’ .

-Blde Low--Indicates that tha de voltages arenot

thh:n their spemfled lzfmts

separatef

_f“{’Used wn:h t?he '

D13 BIPHASE - Inpur'

: ;‘"tovtc

: e%itage» Referenceﬂﬂeference generamf res:hter

C3 GREF  Imput

Ground Refemnce—ﬁefemncegenemtor resistor

DI2L3 -V ~‘Iﬁ§ut “

Voltage—-—s Vdc gF‘D’WQ{ZSuPpIy -

P1,C12 Vs Input

Ground—Common ground.:

K3 ~ DRVPWR  Input -

- Driver Pawex—-n5VdiAXBibus driver power.

C4,C7,C8,C10,GND Input
F3,G3,K12,
L12,M7,M8

' Driver Ground—VAXBI bus driver ground.

*TTL compatible .- .
*Opendrain
’Standard TTL levels

I Bus Interface Slgnals ,

HDaﬂm<3l°0>)nmta__mesmte_<f, e T o
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Table 2+ DC514 I1 Data Patity Bit Assignments | - ey

Data byte Parity bit
IID<31:24> e
ID<23:16> 1IP2
ID< 15:08> 11P1
ID<07:00> . IIPO

II Address (ITAH < 6:0 >)~During II bus read or write accesses to the DBE, the II bus master
“transfets a 7-bit address o theses lines to select the register to be accessed. When accessing the
dual-octaword data buffer, ‘this-address selects the first byte of a longword access. The dual-
octaword data buffer registers can be accessed on any even or noneven longword boundary. A
noneven ahgned access to the eighth register wraps to the first register in the dual-octaword space,
providing a circular address space. When accessing any other DBF register, only the upper five
“address bits are significant. The lower two bits are assumed to be zeros.

It Byte Mask (IIBM < 3:0>>)-During II bus read and write accesses to the CBIC DBF, these
inputs specify which bytes of the data lines (IID < 31:00 >) and which bits of the IIP< 3:0> lines
* contain valid information as listed in Table 3. In write accesses, any bytes that are not specified as
being valid will not be written. During read accesses, bytes not specified as being valid appear as
_zeros on, lines IID < 31:00>, with correct parity generated on lines IIP<3:0>. By using the
information on the ITBM < 3:0> and IIAH <6:0> lines, every byte in the DBF can be accessed
Therefore, 8~ 16-, or 32-bit processors can be easily interfaced to the CBIC.

Table 3 - DC514 II Byte Mask Assignments

IIBM Line* " Valid data Valid parity
3 2 1 0 o ¥ ' f
L-~L L L IID<3L00> P <3:0>
H H H L. 1Ib<07:.00> 1IPO

H H L H ID<I1508> 1Pl

H L H H ID<2316> p2

L H H H ID<31:24> IIpP3

*L=low level, H=high level. All other binary input combinations that specify the vaﬁdi,ty of two
or three bytes on IID < 31:00 > are allowed.

II Clock A (ITCLKA)—Input clock frequency that must be provided by the user. The CBIC is fu]ly

static, therefore the clock frequency requirement is from 0 to 10 MHz maximum, The IICLKA
input generates the internal four-phase clock of the CBIC, which controls the II bus 1nterface ’I'hxs
signal is synchronous with the IICLKB input and with all IT bus accesses to the CBIC.

II Clock B (IICLKB)—An input clock frequency of four times the frequency of IICLKA that must

f'be prov1ded by the user, This frequency is from 0 to 40 MHz maximum. The IICLKB input
generates the internal four- phase clock of the CBIC ‘that controls the IT bus interface. This 31grLaI is
,synchronous w1th the IICLKA i input and with all 11 bus accesses to the CBIC.

II Chip Select (TICS)—The II bus master asserts this input to initiate the I1 bus read and write
accesses to the DBF. In addition, the IICLKA input cycle of from t, to t,, 1mmed1ately preceding the
assertion of this input defines the address subcycle of an II bus access. The t,, of the address
subcycle defines the deasserting edge of an address strobe signal and latches the address and byte
mask information on lines ITIAH < 6:0> and IIBM < 3:0> by the II bus master.
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II Data Enable (TIDEN)—The II bus master asserts this input during II.bus read accesses to the
DBF to enable the:CBIC to transfer data and parity to lines IID < 31:00>> and IIP< 3:0>. During
11 bus write accesses to the DBE, the input IICLK A cycle of from t; to t,q, immediately preceding the
assertion of the TIDEN input, defines the data subcycle of an IT bus access. The ty, of that data
subcycle defines the deasserting edge of a data strobe, latching data and parity values placed on
lines IID < 31: 0() > and IP< 3:0> by the I bus mastet.

I Read/Wnte Enable (IIRWEN)—-—Dunng t,00 of an address subcycle, the I bus master asserts thxs
input to initiate an II'bus read access to the DBF and deasscrts it for an I bus wrlte access.

11 DMA/Map Port Enable (IDMAEN)—If asserted durmg a VAXBI bus trsansacnon mquest to the
11 bus master, the CBIC executes an octaword VAXBI bus trafisactiorito access the master-port DMA
registers for the data, address, and command information, If this signal is deasserted during a
VAXRBI bus transaction request to the II bus master, the C BIC executes a longword :VAXBI bus
transaction accessing the master-port map registers data, address, and commax;d information.

I Incxement Enable (IHNCENA)—-When asserted dum;g thc req ) :sr’smd exccutmn of a DMA
VAXBI bus transaction, this input enables a ptpehned mcrement of the address in the master—port
DMA address register to occur. The next octaword transaction m be wquestéd and executed by the
CBIC accesses the next sequential octaword in' VAXBI bus memory. This operation eliminates the
need for the II bus master to update the master-port DMA- address register for each octaword
transaction of a block move operation. When asserted during a map VAXBI bus transaction, this
signal performs a similar function with the master-port map address register. The address of the
next master-port map transaction is mcrementcd by a longword instead of resultmg in an octaword
increment. { | ' AR

II Request (TIR (W)wThese inputs are asserted by the II bus mastér to request z a VAXBI bus
transaction that executes a CBIC transaction. When the IIRQI iput is asserted, a loopback
transaction is requested. This is used only when accessing a GBIC node or user CSR space through
the longword master-port map read or write VAXBI bus tmnsactmns.{ Assemng the m and
TIRQO inputs selects the CBIC diagnostic mode.

II Request Acknowledge (fTRAR)—The CBIC asserts this butput to mchcate that a requested
VAXBI bus master-port transaction has beeri initiated. This output is deasserted when the
transaction has been completed. Transaction requests for the next VAXBI bus transaction can be
initiated before the deassertion of the acknowledgment of thé rent VAXBI bus transacuon This
output is synchronous with the VAXBI bus elocks. i

11 Event Status (TTESTAT)— This output is asserted wheh thé ‘event status regmter has captured the
first unmasked event code since the previous reading of the register and deasserted when the event

status register is tead. The CBIC synchromzes the: asscrtlon and deassertion of thts output mth the
IICLKA and IICLKB clock signals. : : BE e

1I Bus Status (T TﬁSTAf‘)——Thls input is asserted when an error is de.tect:ed durmg a Ioopback or
VAXBI bus transactmn causmg a bn: to be set m the VAXBI Bus Ermr Reglster (BER) It is

node on the VAXBI bus. The I bus master ciears the BER by perfoxmmg a master~port ‘map
loopback longword transaction. The assertion and deassertlon of this input is synchronized with
the IICLKA and IICLKB clock inputs. The BER is described in the VAXBI System Rcy‘erence
Manual.

1T Select (IISEL)—The CBIC asserts this output when a VAXBI bus 1 transaction selects the slave-
port interface on'the IT bus. The BCI Control and Status Register (BCICSR) in the CBIC allows the
usér interface to cteate a customized subset of VAXBI bus transactions that select the slave port in
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this:node: As an example, nodes that are not to respond to multicast space read- or write-type

commands can clear the MSEN'bit 15 in BCICSR. Refer to the VAXBI Systens Reference Manual for a
description of the BCICSR. Therefore, the IISEL is asserted upor the receipt of a CBIC transaction
‘that addresses multicast space. It is asserted for the following conditions: o

» When a read- or write-type command has been received whose address is in the range of the
starting and ending address registers as defined in the VAXBI System Reference Manual.

» Aread- or write-type command has been received whose address is in the range of multlcast space
and the M‘SEN bit 15 in the BCICSR is set.

+ An IDENT command has been recelved and the IDE NTFN blt 1lin the BCIC‘SR is set.

+ A BDCST command dxrected to thls node has been recetved and the BDCSTEN bit 17 in the
BCICSR is‘set.

= A Stop command directed at this node has been received, and the STOPEN bit 13 in the BCICSR
isset. In’ thls case, the TISTOP output is also asserted simultaneously with the TISEL output.

« A Reserved command is recexved and the RE, SEN bit 12 in the BCICSR is set.

» Ao IPINTR command directed at this node and matching the IPINTR Mask register has been
- received and the IPINTREN bit 05 ifi the BCICSR is set.

» An INTR command dmected at th1s node has been received and the INTREN bit 06 in the
BCI(,SR 1s set

= AnINVAL command or a write-type command not directed to the range of addresses defined by
. the starting and ending address registers has been received and the INVALEN bit 10 or
- WINVALEN bit 09 in the BCICSR iis set. ST R

A read ‘ot write-type command matches the user mterface CSR space of this node and the
UCSREN bit 08 in the BCICSR is set.

1f the SCSYNC bit 26 of the CBIC CSR is not set, the TISEL IISEL output is synchronously asserted by the
CBIC with respect to the IICLKA and IICLKB clock inputs and remains asserted for one or more
succeedmg TICLKA cycles. ,

If the S(,SYNC bit 26 i is set, the TISEL output is synchronously asserted w1th tespect to the VAXBI
bus and remains asserted for one VAXBI bus cycle. The user must synchronize to the node’s clock.
This mode can be used when the system clock is significantly slower than the VAXBI bus BIPHASE
clock.

I Stop (IISTOI’)-—-Thls Gutput is asserted when a Stop command has been received and the
STOPEN bit 13 is set in the BCICSR. The TISTOP output is assérted for one or more succeeding
IICLKA cycles or one VAXBI bus cycle depending on the state of the SCSYNC bit 26 in the CBIC
CSR Ttis c01nc:1dent with the TISEL output.

I Event (HEV <4:0>)—These outputs mdzcate significant events have occurred in the CBIC or
onthe VAXBI bus. The event codes are: described in the VAXBI System: Referensce Manual. The octal
code on the T EV<Z 0> lines cotrespond to the bit position in the event status register (ESR).
(Example Octal code 30 represents the event defined by bit 30 of the ESR described in this
document.)

If the EVSYNC bit 27 of the CBIC CSR is not set, the information on lines TEV<4: Zi is
synchromzed with the IICLKA and IICLKB inputs by the CBIC. The information remains for one
or more succeeding IICLKA cycles, If the EVSYNC bit is set, the event information is generated
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synchronously with the VAXBI bus information and remains for'one VAXBI bus cycle.: The user
must provide synchronization of the node clock. This mode can beused for mdes when the sysnem
clock is slower. than the VAXBI bus BIPHASE clock input. ,

II ac Low (TTACLO)— This output is asserted when the line voltage is below the minimum level

specified. It performs the same function.as the BCTACLO signal of the BIIC which is defined in the
VAXBI System Reference Manual.

II de Low (IIDCLO)—This output is asserted to indicate that a dc powet loss will occur. It is used
for initialization during the powerup sequence. It performs the same function as-the BEIDCLO
signal of the BIIC which is defined in the VAXBI System Reference A ;

VAXBI Bus Interface Signals .

The following signals connect to ‘the VAXBI bus. Most slgnals can be connected &Jmctly and the
VAXBI bus provides a pullup resistor for each signal. The signals that require an o m cmut
between the signal and VAXBI bus:are mdicated fRefer td the AKH Syftm ferent

mote compiete descnpmon ef these mgnais

BI Infommﬁon (BII<3:05 )—--These bldmectwnal Im;:s ‘
1dent1f1catlon read status codes and wrlte masks Comm

“Table 4 « DC514'Command Codé Assignments -

BII Line Type* Command/Description

3 2 1 0 R "
H H H H -— Reserved

H H H L SR Read

H H L H SR RCIReadwith cacheint

H H L L SR IRCI/Interlock tead with cache intent

H L H H SR - White . : P

H L H L SR ' WCHWrite wrthcae eintent vt
H L L H SR .. UWMCHUnlock write mask with cache intent
H L L L- SR- WMCI/Write mask withcacheintent - -

L H H H MR INTR/Interrupt

L H H L SR IDENT/Identify

L H L H —  Reserved

L H L L —  Reserved

L L H H MR = Stop

L L H L MR  INVAL/Invalidate ’

L L L H MR  BDCST/Broadcast (reserved)

L L L L MR IPINTR/Interprocessor interrupt

*SR is a single responder and MR is more than one responder.

BI Parity (BIP)—A bidirectional signal that indicates the parity of the BID< 31 00> and
BII< 3:0> information. Itis asserted to generate odd parity if the sum of asserted blts in these two
fields is'an even number. SR j
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BI No Arbitration (BINOARB)—A bidirectional signal that is asserted to inhibit using the
BID < 31:00 > line information when nodes are arbitrating for control of the VAXBI bus. It is also
used during the CBIC self-test program to prevent other nodes from starting transactxons until all
nodes are ready to participate. .

BI Busy (BIBUSY)—A btdn‘ectlonal signal that is asserted to mdlcate that a transactlon 1s in
progress. = : ;
BI Confirmation (BICNF<2 0>)——-These b1d1rect1ona1 lines contain the response to command
and data cycles.

BI ac Low (BIACLO)— This input indicates that the ac line voltage of a critical bus component is
below a specified minimum level.

BI dc Low (BIDCLO)—-—-Thls input indicates that the dc voltages are  not thhm their speclﬁed
hmlts

BI Broke (m)——'fhls input drives the BIBAD line of the VAXBI bus to inform the systems
on the VAXBI bus that a self-test failure of a node has occurred. It is also used to determine when
the status LED indicators of a node will be lighted. An open-drain buffer circuit is required when
connectmg this 51gnal to the VAXBI bus.

BI Timing (BITIME) — Thls input is a 20-MHz square-wave signal that is generated by an external
differential ECL receiver at each node. This input and the BIPHASE i input are used by the CBIC to
generate all the requxred VAXBI bus synchronous timing signals. An open-drain buffer circuit is
required when connecting this signal to the VAXBI bus.

BI Phase (BIPHASE)—A 5-MHz square-wave input that is generated by an external differential
ECL receiver device at each node. It is used with the BITIME input to generate all required VAXBI
bus synchronous timing signals. An open-drain buffer circuit is required to connect this signal to
the VAXBI bus.

Standard VAXBI Node Registers ,

The CBIC contains standard node registers that are defined in the VAXBI System Reference Manual
and listed in Table 5. The CBIC register functions that are different from those defined in the
VAXBI System Reference Manual are described. S

Table 5 - DC514 Standard VAXBI Node Registers

Register ‘ : Mnemonic ~ Address*
Device ' DTYPE bb+0
VAXBI Control and Status VAXBICSR -~ bb+4
Bus Error , BER - bb+8
Error Interrupt Control o EINTRCSR bb+C
Interrupt Destination ‘ INTRDES . bb+10
Interprocessor Interrupt Mask ; ... IPINTRMSK - ~ bb+14
Force-bit IPINTR/STOP Destination -  FIPSDES ‘ bb+18
Interprocessor Interrupt Scurce ) . ~ IPINTRSIC bb+1C -
Starting Address [ SADR bb+20
Ending Address - ' *  EADR B bb+24
BCI Control and Status ; : ; -~ BCICSR - " bb+28:
Write Status ;- R R S WSTAT . o o ~bb+2C
Force-bit IPINTR/STOP command FIPSDES -~ - .= bb+30
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Register Mnemonic ~ Address*
User Interface Interrupt Control ; - UINTRCSR ~ bb+40
Bus Etror Mask ‘ O BEMR - bb+48
General Purpose 0 , ~ GPRO - bb+FO
General Purpose 1 - Sl “GPRL - - . bb+F4
General Purpose 2 o GPR2 . .. bb+F8
General Purpose 3 e GPR3 . bb+FC

*bb is the base address of the first location of the nodespace. The Bus Error Mask Reglster (BEMR)
is 1mplemeﬂted in the CBIC but not defined in'the VAXBI Syster Reference Manual. -

Bus Etrror Regxster——-The User Panty Enable {UPEN} blt'f 3 of the CBIC register is not wrltable
and read as a zero. i

Bus Error chnst:et-——Thc User Panty Enable {UPEN) bxt 03 ef thc CBIC reglster is :mt wntable
and read as a zéro.

Bus Error Mask Regnster—-(30ntams a b1t~fm-b1t cortespﬂndence with the Bus Errorr Register
(BER). Setting a bit in this register inhibits the assertion of the TIBSTAT output when the
cotresponding bit i the BER is set thereby disahlmg thei interrupt request.

VAXBI Control and Status Register—The Broke bit 12 determmes the state of the BIBROKE
output of the CBIC. It is a read/write (RfW)bit.

User Interface Interrupt Control Regxster——-The External VEctor fE‘XVECIOR) bit 15 of the CBIC
register is not writable and is read as zero. Intemal Wcmrs aa'e pmvxded in response to IDENT
transactions only.

BCI Control and Status Regnstet-—Thc BIIC. CSR Space Enaﬁle (BICSREN) blt 07. of the CBIC

register is not wtitable and is read as a zero. Accesses to the BIIC CSR space are processed internally
to the CBIC. o :

» Data Buffer File Registers

The Data Buffer File (DBF) contains addmbnal registers to the standaxd VAXBI Regxsters These
are the master-port registers, slave-port registers, control and status registers, and valid- bit-clear-
on-read register. The hexadedimal address assignments and rﬁad/wm.g capabilities of each’ register

are shown. Refer to the VAXBI System ‘Reﬂ’renegﬁfanml for regzsters refermd tu but not &escmbed in
this document :

Masver-port Reg:swrs ‘ ‘

Master-port registers are used for'i bus-xmtmted traﬁsfers to the VAXBI bus The'CBIC contains
high:speed DMA master ports optimized for block data transfers and a map master port. Both the
DMA master ports and the map master port have a cormnand/addresg register withautoinérement
capability and page-cross detection. A local processor can perform longword accesses to the VAXBI
busin the middle of a block DMA transaction without storing the state of- the previous transaction.

DMA Mester -pott :eg:sters-—-'[’he DMA master port consists of a Port A ncmmrdbuffer and a Port
B octaword buffer. It also ‘contains an address register, command register, ‘a next-page-frame
register, and eight valid-bit registers as shown in Figure 3.
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iiAH<6:0> o ip<atoos
T s o . N 00
00 . | .MASTER PORT A, DMA DATA 0 R 17
04 MASTER PORT A, DMA DATA 1 RW
 §<'18 " MASTER PORT A, DMA DATA 2 Clrw : )
o - "MASTER PORT A, DMA DATA 2 RW O
10 i 'MASTER PORT B, DMA DATA 0 ©Jraw - AROUND
L T MASTER PORT B, DMA DATA 1 ST frew
18 . h o . MASTER PORT B, DMA DATA 2 R RAW .
e *. MASTER PORT B, DMA DATA 3 . G i e
20 MASTER PORT DMA ADDRESS REGISTER Srew
24 .. e .. MASTER PORT.DMA COMMAND REGISTER - | Jrw
38 MASTER PORT NEXT PAGE FRAME REGISTER RV
o1 MASTER PORT-VALID BIT REGISTER . ‘I
5C R MASTER PORTVAL(DB!T‘REG'FST'E:R R
60 " MASTER PORT VALID BIT REGISTER b
o ea " MASTERPORTVALIDBITREGISTER |&~
&8 MASTER PORT VALID BIT REGISTER R
e MAsTgR PORT VALID BIT REGISTER |G
70 MASTER PORT VALID BIT REGISTER R
W74 . MASTER PORT VALID BIT REGISTER - L

) Fz'gu're 3=DC514 Master—porz‘ DMA Regt;stem” '

The Master-port DMA data registers store eight contiguous longwords in readfwrite' memory. The
registers are designated Master-port A registers (Data 0—Data 3) and Master-port B registers (Data
0—Data 3). The longwords are organized into the octaword data buffers. The CBIC supports all
possxble address ahgnments to these buffers by using any four sequential bytes of the two octawords
referred to as a transaction buffer. One transaction buffer may be accessed by an ILbus transaction
while the other is accessed by the CBIC master control device to generate a VAXBI bus transaction.
If an overflow occurs when reading or writing from either octaword, it is automatically directed to
the first bytes of the other octaword. For example, the fourth longword of an unnaturally ahgned
octaword transaction will extend into the first three bytes of the remaining octaword

~The Master-port DMA Address register contains the address. for the command/address cycle of a
- VAXBL bus master-port transaction during a DMA operation. If the TIINCENA input is asserted
' during the transaction request, the lower 9-bits of the address are incremented by:16. For the next
‘master-port DMA transaction, this register contains the address of the next sequéntial octaword in
. VAXBI bus memory. When executing block DMA transfers, the increment feature eliminates the
: n;:ed of thc IT bus master to reload the DMA address before requesting the next VAXBI bus

trans aCthﬂ

The Master-port DMA Command reélster contains the VAXBI bus command for the command/
address cycle of a VAXBI bus mastet-port transaction during a DMA operation. The 4-bit command
is written into bits 19:16 of this register as shown Figure 4.
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3 : - 19 16 : 00
BN 3 [ S8 O P00 A T B A G B B 0
- 244 ZEROS i - ZEROS : RAW
1 G0 8 L0 VA A T O | J.lrl,llilli!I[}ifliJ

S g

- DMA COMMAND

woptegy

Fzgure 4= DC514 Master port DMA Command Regzster Format Lh

During IT bus write operations to this register, only the bits asserted on data lines IID < 19:16 > are
written. The CBIC checks for corréét parity only on these lines so that the value o' IIP2 is a
calculation for the four command bxtﬁ The parity on the remzumng I1P3 and IIP< 1: ﬁ> hnes are
not significant.’

During II bus read operations of this register, bits 31:20 and 1‘5 00 are read as zeros. The CBIC
generates correct parity on lines IIP<3:0> for:the entire longword. j

The Master-port Next Page-frame Register (NPFR) holds the mapfor the next page. It is ptelcsaded
by the IT bus master with the highest address of the next physical page to be accessed difing a DMA
block move operationafter the DMA ‘address register has been incremented beyond a page
boundary. When the DMA address tegister reaches a page boundary, bits 31:09 of the NPFR are.
transferred to the Master- -port DMA, address register bits 31:09. This feature can increase the data
throughput during block DMA transactions. Instead of halting while waiting for a new map, VAXBI
bus transactions can continue for up to a page while the IT bus master fetches and k)aé.s the next
map, via transactions through the master-port map. Bits 08:00 of this register are not transferred.

During IT bus write opérations to this register, the information on ddta linés ID<08: 00> is fiot
written: The CBIC checks for correct parity on lines TIDY & 31 09 > and the pamy is' mdlcated on
lines TIP < 34> ' The T¥PO ling value is not’ sigmﬁcant ¥

Durmg It bus read operations bits 08: 100 of this regxste ¥ are :read as':
cortect parity for the entire longword on lines IP<3:0> "

'rcsfs. The CBIC gé‘nemtés .

One master-port valid-bit register is assigned to each of the exght mastexj-port data registers in the'_‘
DBE. Figure 5 shows the master-port valid-bit ¢ regxsmr férmat ;. Blts 19 throu :
bit information related to each byte of data.” e o

31 19 16 o0
l TP TP T T v T LR B [0 (G D (A D R A D I T L A O R
1 ZEROS ZEROS 4R
l S (S5 Gl whuad VAR JAA0 WS g | t G R W o i Al U W i Nt Yt A Wy Wk M W o W v W 3
4 Y
AL ¢ LT 0 A ¢ 8
“NALID BITS ~ B

Figure-5 = DC5J4 Mczsfer»paﬁ Valzdsbzt RegzsterFormm ;

Valid bits aré set when data is writtén‘ into. byt’e 'locatiﬂﬁé in thé*da»ta register if the byte mask input
IIBM < 3:0> thiit corresponds to the data location indicates that the data is valid. Table 6 lists the
byte locations and their corresponding valid bits.
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“Table 6+ DC514 Master-port Valid-bit Reglster Assignments
Master-port A Valid- bit Master-port B Valid- bxt
Register Register Register Register
AddressByte AddressBit AddressByte AddressBit
00 07:00 58 16 10 07:00 68 16
15:08 17 15:08 17
23:16 18 23:16 18
31:24 19 31:24 | 19
04 107:00- 5C 16 14 07:00 6C 16
15:08 17 15:08 - 17
23:16 18 23:16 18
2316 18 31:24 19
08 07:00 60 16 18 07:00 70 16
5:08 17 ‘ 15:08 17
. 23:16 18 23:16 18
31:24 19 31:24 19
0C 07:00 64 16 1C 07:00 74 16
: 1 15:08 ' 17 15:08 17
23:16 18 23:16 18
31:24 19 31:24 19

The valid bit is used as the data mask on the BII<3:0> lines during the data cycle of a VAXBI bus
UWMCI or WMCI write transaction. The valid bits are accessible to the II bus as read-only
locations in bits 19:16 of addresses 58 to 74 (hexadecimal). A valid bit is cleared when its
corresponding byte is accessed by the CBIC master control device in supplying data for a VAXBI bus
octaword write transaction. All valid bits are cleared by a II bus read transaction from location 7C
and following the self-test of the CBIC.

Map Master-port Registers— The map master port contains a longword data reglster a mask/status

register, an address register, and a command register as shown in Figure 6.

HAH<6:0>

28
2C
30

34

2-120

1D<31:00>
a1 00
MASTER - PORT MAP DATA REGISTER R/W
MASTER- PORT MAP MASK/STATUS REGISTER W
MASTER=PORT MAP ADDRESS REGISTER RAW
. MASTER= PORT MAP COMMAND REGISTER RAW
Figure 6 » DC514 Master-port Map Registers
For Internal Use Only




Preliminary

The Master-port Map Data register stores a longword of data during read or write mascer—pmt map
transactions. : ;

The Master-port Map Masletatus register contains mask mformanon durmg map write transac-
tions and status information during map read transactions. Figure 7 shows the register format.
During VAXBI bus UWMCI and WMCI transactions to the master port, bits 19:16 of thistegister
are preloaded by the II bus master with the 4-bit mask associated with the data in the master-port
DMA data register. During II bus write operations to:this register, only the information on data
lines IID < 19:16 > is written. The CBIC checks for correct parity on data HD<19:16> and the
mask bit parlty 13 1nd1cated on lme HPZ The panty o hnes HP < 3 1 0 > is not mgmﬁcant

at [ 1 T - i s e DO

T T T T T TITTITY T TITTT T T T 17T 0

2c ZEROS ZEROS RW

lllultntl 0 