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•Foreword 

\Y/e at Semiconductor Operations (SCO) 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 ;.vithin the appropriate 
time constraints. 

The execution of programs designed to achieve this objective has resulted in the technologies 
and products described in the 1987 Semiconductor Databook Volumes 1and2. While the basic 
charter of SCO is to provide strategic and tactical management of all integrated circuit 
requirements, the VLSI design and manufacturing function of SCO has become the focal point 
for unique and complex circuits that have contributed significantly to the success of many new 
Digital products. A strategic investment has been made in CMOS technology and in the design 
tools necessary to take advantage of this technology. Increased circuit densities and perform
ance have resulted, and capabilities have been extended from full-custom design for maximum 
performance to semi-custom design for fast time-to-market application. CAD tools are 
continually being developed to further enhance design and design methodology. 

SCO is continually expanding its facilities to provide you with better service. While Hudson 
and Andover, Massachusetts are the nucleus of the engineering and manufacturing operations, 
supplemental design faciliti~s 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 yeai; 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 revis.ions and changes. Volume 2 contains information related to the new CMOS products 
that have been recently developed for general use. We encourage you to become familiar with 
these products and to use them in the design of Digital's systems products when possible. \X!e are 
ready to assist you in your design process and in support of your production needs. 

Our ultimate goal is to ensure that Dlgital'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 
l_ 0 = Processors 5 = Controllers 

1 = Coprocessor 
2 =Memories 

6 = Graphic devices 
7 = Bus interfaces 

GA = Gullwing 
f--A = Straight 
PA = Pin grid array 

3 = 1/0 devices 
4 =Reserved 

8 = Communications devices 
9 =Reserved 

DC Series 

DCxyz 
j 0 = Custom bipolar devices 
--1 = Custom bipolar devices 

3 = MOS 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) 
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· 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. 





• High performance • Vectored software and hardware interrupts 
-32-bit internal and external data path 
-1 Kbyte on-chip instruction/data cache 
-Pipelined architecture 
- Instruction pref etch 

Optimized floating-point accelerator interface 

• VAX instruction set 
-304 instructions (59 emulated) 
-21 address modes 
-14 data types 

• Sixteen 32-bit general purpose registers 

• 22 interrupt levels 
-15 software 
-7 hardware 

· Description 

• VAX memory management 
-Full memory protection 
-Four privilege modes 
-Process andsystem space mapped 

• 4 gigabyte virtual address space 

• 1 gigabyte physical addres~ space 
-512 megabyte memory space 
- 512 megabyte I/O space 

• Data parity checking 

• Industry compatible external interface 

• Single 5-volt power supply 

• 84-pin surfacemount package 

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 C\<:-\X 781.34 Floating
point Accelerator (CFPA). Figure 1 is a block diagram of the CVAX 78034 CPU. 

Figure 1 • CVAX 78034 Microprocessor Block Diagram 
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·· CVAX 78034' 

··Pin and Signal Descriptions 
This section provides a description of the input and output signals 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. 

Pin 

84-78, 
74-54, 
50-47 

39-42 

1-2 

DAL.?<l DA~22 DAt20 DAL18 (>AUG ~)AL'4 OAL12 DAllO DALl}8 DALOFi OALt)4 

ML23 OAl.21 0At'18 DAL11 DAt:5 OAL1J. DAL11 DAL09 DAL07 OAL05 

11J n· 72 71 70 ti:f 6S 67 66 65 64 63 62 El 60 58 58 5/ 5tl 55 5 4 

vss 7S voo 

voo 

VDD 

0Al25 '" 50 DAL03: ,. 
49 DALO:! 

DAL27 BO " OAL01 

DALOO 

OAL29 £l2 .. BMO 

'3 SM' 

PAL31 .. " - Wil 

VDD · CVAX 7BOJ4 Cf>ll BM3 

vss 41 CSDPO 

Ci='OATri CSDPl 

Cl"DA1'4 CS0f'2 

CSDP3 

CPDAT2 " 
CF'OAT1 . vss 

CPDA.'1"0 VOD 

CPSTAI ,35 

CPSTAO 'Q " 
CLKB 

12 13 14 15 16 17 HI 19 20 21 2:2 23 24 25 26 '2:1 28 29 JO 31 32 

voo DMG OS 08' 

IHQ3 PW'ii'FL n:sr·'VSS VS$ ERR 

Figure 2 • CVAX 78034 Pin Assignments 

Table t • CVAX 78034 CPU Pin and Signal Summary 

Signal Input/Output Definition/Function 

DAL< 31:00 > Input/Output Data/Address Lines-Time-multiplexed data and 
address lines used to transfer address and data informa
tion between the CVAX CPU and memory, external 
processor registers, CFPA, or I/O devices. 

CSDP< 3:0 > Input/Output Control Status and Data Parity-Time-multiplexed 
lines used to transfer cycle status information and data 
parity. 
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··;·' 
Pin Signal 

38 

30 

Preliminary · 

Input/Output. ·nefinrtion/Function 

Input/Output Data Parity Enable-A signal used to enable parity 
checking and to indicate valid parity information on 
CSDP<3'0>. 

Input/Output Address Strobe-A strobe that indicates the initial 
information on DAL<31:00> and CSDP<3:0> is 
valid. Th.ti leading e~e can he use-1 t0.latch the 
~nJormat.ion on the lines. . 

·~~~~~~~~~~~~~--~~~~ 

29 .DS 

43-46 BM<3:0> 

32 WR 

31 DBE 

27 RDY 

28 

35 

19 

14-11 IRQ<3:0> 

18 

Oµtput 

Output 

Output 

Output 

Input 

Input 

Input 

Inpµt 

Input 

Input 

Pata Stroqe-A stro~ .. that indicates to ~he system 
interface that DAL<31:00> and CSDP<3:0> are 
ready to receive data during ii CPU rc;<<1d, external 
processor register read, 'Or interrupt ackhOwledge cycle. 
lt is 'deasserted to indicate that the data has been 
received. It also contain~ valid outgoing;data during a 
CPU write cycle or e:X:ternal processor register write 
cycle, and is deasserted when the data is ready to be 
removed, 

13,y~e Masks-Spe~ify 'Nhich bytes of DAL data and 
associated parity bits are valid during the second part of 
anI/Ocyde. 

Write-Specifies the direction of data transfer on the 
DAL 

Data Buffer Enable-Used with \'ilR to control exter
nal DAL transceivers. 

Ready-Asserted by external logic to indicate the not· 
mal termination of the current bus cvcle. RDY and ERR 
can be asserted togethet to reqti.~s{ a retiyl of the bus 
cycle. 

Erro,r-Asserted by external logic to indicate the 
abnormal termination of the current bus cycle. ERR 
and RDY can be asserted' together to request a retry of 
the bus cycle. 

Reset-Asserted by external logic to initialize the 
CVAX CPU to a predetermined initial state. 

Halt-A pS'.jhmaskable ~nterrupt used to .transfer con
trol to console macrocode. 

Interrupt Request-Four mask.able interrupt request 
lines for device interrupts. 

:flow¢rfail~A maskaple interrupt. used to indicMe a 
powerfail conqition. · 
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Pin Signal 

16 CRD 

15 INTTIM 

17 MEMERR 

26 DMR 

25 DMG 

24 CCTL 

Preliminary 

Input/Output Definition/Function 

Input 

Input 

Input 

Input 

Output 

Input 

Corrected Read Data-A maskable interrupt used to 
signal an ECC correctable read error in a memory 
subsystem. 

Interval Timer-A maskable interrupt used to provide 
system timing information from the interval timer. 

Memory Error-A maskable interrupt used to indicate 
a memory error. 

DMA Request-Asserted by external logic to request a 
DMA cycle. 

DMA Grant-Asserted by the CVAX CPU to acknowl
edge a DMA request. 

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 Coprocessor Status-Used to transfer status informa-

1,21,36, Von 
53,76,77 

2,22,37, Vss 

51,52,75 

34,33 CLKA,CLKB 

23 

20 TEST/V~s 

Data/ Address 

Input 

Input 

Input 

Output 

Input 

tion between the CVAX CPU and the CFPA. 

Voltage-5-volt power supply. 

Ground-Ground reference. 

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. 

·~~~~~~~--~~~~~-

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. 

Test/Vss-Reserved for chip manufacturing test. TEST 
must be connected to V.,s when not in test mode. 

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 
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-2 
from an I/O space address. DAL< Ol:OO> .are reserved. BM< 3 :0 > determine whkl1byte(s) of tbe 
longword address are to be used. Refer to the Memory A,ccess Protocol section for additional 
information. The DAL information is defined in Table 2; 

DAL 
31 30 

0 0 

0 1 

1 0 

1 1 

Tuble 2 • CVAX 78034 pata ~nd AdiJress;Line Information 

. Operand length DAL 
29 ., 

DMAhexword 

longword 

quadw()r,d .. 

PMA octaword 

T~ 

.Memory 

Ii{> . 

DAL 
<(28:02>. 

DAL<Ol:OO> 

•longword ~ddress reserved 

Dudng the firstpart of ~~ in~rrup~, ~d4~9~1e~ge cycle>' DAL< Q6:02? tr~nsfer the. In~(!rr~pt 
Priority Level (IrL)Jhex~decj111~) of rheiPt:eirup,i.~ing acknpwJed~ed. DMrizig the first.panobn 
fXternal p~oc~ssor ~gister i;ead o~ Wf"~te Rm ~~, Dt!t-.<9~ :{)2 z:;- con.tain tP.,e :Internal Prs>cess.or 
R~gister UPR) num'ber that i~ being a~cessed .. Duxi9~ ~he se~onci ,p,art of.j\ C,P;U reac{ eye~. externi!l 
processor i;egister i;e.ad, or i9te,rruBt acknowk<l$eJ;fcle,.DA,!, <}l:QO;:> i;ec~vein~qnnq.~:i~forll1:a
tion. DurinK the, sec()n<l, ,.part of .<1 ~,PI)· wdre or exterpw ,,P~essor n;gi~ter wtjte cyde, 
DAL<'.:31:00> areusedtotransmitthedatatobewritt~g.. . . . ·., .. . . 

Cycle Statu11. and ~ta Pari~}' (CSP£ ;<J: () :;>)'.""": J~s~ tirt1e~ffi~1;Jple~ed ~P-;e,s tJa~sfef 0,';<:le tiJ;<l~?-'s 
aqd. data parity iqformatiq{;i l?etween th1;1 <;:J?U a11d externlll ~evice)l; purins t~ first. patt li>f .i:i hµs 
cycle, c;stiP < 2 :O .;> and WR providesta~usinform~tfori~trhe i;:urren~ pu1> cycle, as llsted in Tabk: 3 .. 
-·-·-·-, }(,; • • , :•' ·--~"_,,·· ' .'. - !,, : ' >i-,' ," ·,.··-'·',_./,,,/·,,).:',- ! ·,,',.,: ,·.·•',_; .,:,,_,,,,;:~ ,' , , ·I 

C~J:?,P3indicates ~~e set intheintet~,als;;;che qiemory ~hat ~s .I?~~. alf9cateµduri11ga cachablf read 
opera ti99 <}nd)s. u11qefineq quring a.J.l~9th~r bu~, cycks,. CZ)~~? is as~rted to 5eecify se~ J an,d 
negated tp specify set 2: ' · · · ·. · · · ·. · . . · , . . , 

' 'l'abt~ > • cvAx 180 >4 Bus Cyde' Status~· 
Bus cycle type 

H L H L 

H L H 

H L L 

H L H 

H H H L 

H H H H demand D-stream read (no lock or modify inteflt) 

L. L 

L L L 

L L exterfial IP.R write 
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L 

L 
,.,. 

L " 

L 

L 

CSDP 
2 

L 

H 

H 

1 

H 

·t 

L 

H 

H 

*H =high level, L =low level 

Bils'cyde t'.fpe .. 
0 

H reserved for use by DMA devices 

L res~r~ed' •.· 

H vlrite unlock · 

L reserved 

H write no unlock 

During the second part of a bus cycle, CSDP < 3:0 > transfer byte parity informationfor 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 optionalfloatirtg-point accelerator. Even parity is checkyd or gerlerared on even bytes, and odd 
parity is c:;hecked or generated on odd bytes: During a CPtJ read cycle, theCPtJ reads and checks the 
data parity on the bytes spedfied by the BM< 3:0 > inform'ation. During a CPU write or external 
pfocessor register write transaction; the CPUgert~rates data parityfor all bytes regardless of the 
state Of BM< 3:0 > ~· TheDPEsignal specifies wheri the CPU ht.o check or generate parity.It must 
not be asserted during external processor register 'read dperatiOns or during transfers between the 
CPU and the optional floating-point accelerator. • 

Oita Parity Enable (DPE)-Thls hidirectfonaf signal controls the checking or generation of data 
parity. During a CPU read cycle 0r interrupt acknowledge eycle, DPE i'S asserted by exte~nal logic 
}Viththe DAL data t~ enable parity checking by the CPU of the incoming data. During a CPUwrite 
cycle .or external prdessor register write cycle, the CPU ass.ertsDPE to indicate that .valid parity 
irtformaiion is' on CSDP< 3:0 >. DPE must not be asserteCl during external processor register read 
transfers or transfers between the CPU and the optional floating-point accelerator. DPE requires an 
external pullup resistor and must be.asserted by an external interface.that requires the CPU to check 
parity. · · · 

Bus Control 
A~dress Strobe (AS)-This bidirectional signal indicates that valid address information is on the 
DAL lines. The CPU asserts AS to indicate that the acldress 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 CPUuses this address during a DMA cache 
invalidate cycle. 

Data Strobe (DS)-This signal pr<;rvides timingfoformation.for data transfers. During a CPU read, 
externalprocessor register read, ~r interrupt acknowledge bus cycle, the CPU asserts DS to indicate 
that DAL< 31:00> and CSDP< 3:0> are'available to receive incoming data and deasserts DS to 
indicate that the incoming data has. been latch<;:d into the pPU. During· a CPU wr1te or external 
processor register write cycle, the CPU asserts DS to indicate that DAL< 31:00 > and 
CSDP < 3 :0 > ecrntafo valid outgoing data. It-c:leasserts i5S to indicate that the data is about 
to ~e rem,o;ved. 
Byte Ma·sks (_B_M_<~3-:0->-)-These signals indicate which bytes of the DAL lines- contain valid 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. Ow:ing a CPU write cycle, they indicate the' bytes of the 
DAL lines and CSDP lines that contain valid data and parity informatton. The BM<3:0> line 
information is qualified by the assertfon A'S. 

1-6 Confidential and Proprietary 



-', 
Wtit:e JWl}~Tiils signal indic.ates the direction of data transfer on the DAL bus for the current 
bus cycle. When asserted during a CPU bus cycle, the CPU 'Will transfel' data onto the DALlines. 
Wben.d,eas~erted dwing a CPU bus. cycle, the CPU will read df!,ta ff<j)ro dw1I)k\L Jin,e~. W~ ca.n he 
:used to i;ontroUpe. direction ()f the external DAL. transc,:ehr~rs inP1,1ts. WR is qqalified by the 
assertion, ot'AS. 

ll•ta Jlu.ffey £uhle (DBE}-, This signal'4md W.R is used to control external DAL transceivers.• The 
CPU asserts PI?E .to enable the ·DAL tr:ansc:eivets. • . .and .deasserts DBE 'to,·disable .the D)l.L 

transc7iver~. P:BE is qualified ~y the. \li?serti,qt,i .. of AS.,, 

:8.e11dy (RDY)-This si~ is asserted by extetoolfogic .. to indicate.the .norm.al termination oLthe 
current bus cycle. lt tn:ilf i!ls.o be asserted wit~ the eri:or signal :<!tiiRR):totequesfa retry of.the·curreht 
bus cycler· 

Error ('ERR!~ This signal is asserted 'bye~tetriallogfo to indicate.the abriorm.alterminat~t16fthe 
current bus cyde. It m~y also l'.ie asserted with ROY tb request a retry'of the clirrent bus cyi:le :· · 

li{:' ' ' ' • 

System Control 
Reset (RESET)-This signal is asserted by external logic to force the cpu to its initial ~werup 
state. ' .. ''''··"' . . . >·;···1.•:JS.' .i •• :· ,. 

Hadt (HALT)-Thi.s signal is asserted· to ge~e.rate a ncingi~~k~h1$ ~11ter'rup~ th,Ji'i;~ife'r~'control qf 
the CPU to the co·ns~le macroi::ode. At the end of the current ir.st'rucd.o.n>~I1e'CVAX,CPD enters the 
restart process with a restart code equal to2and th'e ftAJ:f ·~igri.al' isa~serted, ftALT is edge-
sensitive, sampledeirerymicrocyde, and•foternally synchronfaed: · · · .. · e. · 

·"1 ·:,,·,: ' ··: :c.i· l ,,.,. ' ' 

Interrupt Cantrol ' . .. .. . .. . 
Interrupt Request (IRQ< 3 !O> )~These signals ai1ow ~X'terhal logicto transfer interrupt tequ~sts 
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 pendingintern.ipt Pri()rity.Level fi~t). The IPL 
associated with .each line is• listed in Tabli:l 4: :The IRQ < 3;0 '>' signals are 'Ibld-seri'Siifi.e arid tire 
saillpled ,~ecy microcycle. 

Thble 4 • CVAX 78034 Interrupt Request Line Assignments 

InterrupiPriofity ·' . · ''. 
Level (~cUrial) 

IPL 17 

1IPL 16; 

IPL 15 

IPL 14 

Powerfai1 (PWRFL)-This signal allows external logic to notify the CVAX CPU of a pqwe.i::.fail.IJXe. 
When asserted, it results in the generation of an interrupt at .. W.L .lE (hexadecimal). ·Jhe,.~Pl) 
responds to the interrupt by accessing System Control Block (SCB)vector OC (hexaded°1a1): The. 
CPU does not execute an interrupt acknowledge bus cycle when resjx>ndingtothis' interrupt. ibis' 
signal is edge-sensitive, sampled every microcyde, and internally synchronized by th<:' C,:PU. 

Corrected ReaA !)a~ ( c:tm~7 This ~ign,a} a~ows. ~ternal log~S to p.otify t~e t:;P1J 9f, ap £¢<;: erroi: in 
me.rn9ry. Asserting, Jhis sigJ1W results in the genera~ion of ::Ln ipterrupt .at WL, lA. ,(hexadecimal). 
The CPU responds to this interrupt by accessing SCB vector 54 (hexadeciwall; The CPU does not 
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Preliminary 

execute an interrupt acknowledge bus cyde when responding, to this interrupt. This signal is edge
sensitiilt\ sampled every mkrocyde, and internally synchrotiized by the CPU. 

Interval Timer (lNTIIM)-'-This sigrtal alidws external logic tb sign~1 an interval timer rollover to 
the CPU. The assertion of this signal results in the generation of ati 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 cycle when responding to this intemrpt. It is 
edge-sensitive, sampled every micro<.)'cle, and internally synchronized by the CPU .. 

Memory Error (MEMERR)-This signal alJows external logic to indicate to the CPfrthat a memory 
error has been detected. The assertion of this signal results in the generation of an interrupt al' IPL 
lD (hexadecimal). The CPU responds to this interrupt by accessing SCB vec:tot 60 (hexadecimal) 
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 writetransfers. 
When the CPU writes to this type of memory subsystem, the addr{!Ss and d;i,ta are latchf-x:l and the 
RDY signal is asserted. If an error occurs it is reported to the CPU when M.EMERR is asserted. It is 
edge-sensitive, sampled every microcyde, and internally synchronized by the CPU, 

Direct Memory Access Control 
DMA Request (DMR)-This signal. allows external logic to request use of the DALand relat.ed 
control signals for a DMA transfers or for other purposes. It is a level-sensitive signal, sampl9d 
every microcycle, and internally synchronized by the CPU. · · 

DMA Grant (DMG)-This signal is asserted by the CPU. to grant control of the DAL lines and 
related control signals to external logic. The CPU sets the DAL<31:00> AS, DS, BM<3:0>, 
DBE., DPE, CSDP< 3:0 >,and WR lines to a high-impedance state. When external k,igic deasserto; 
DMR, the CPU responds by deasserting DMG and by starting the next bus cycle. 

Cache Control 
Cliche Control. (CCTL)-The function of this signal depends on the type of bus cycle. 

During a DMA cycle, the assertion of this signal by external logic initiates a conditional cache 
invalidate cycle. CCTL is edge-sensitive, sampled every microcyde, and internally synchronized by 
the CPU. 

During a CPU read cycle, this signal is asserted to prevent the accessed data from being stored in .the 
internal cache memory of the CPU. CCTL is level-sensitive and must be asserted 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, control information, 
condition codes, and exception status information between the CVAX CPU and the CVAX FPA. -

FPA Status (CPSTA<l:O> )-These bidirectional lines indicate the interpretation of the CPDAT 
< 5 :0 > line information to the CVAX CPU or CVAX FPA. 

Power Supply . . 
Voltage (V0~):--5-volt power suppl)i 

Ground (V55)-Ground reference 

Clock Titning . .· . . . . . . , . . . . .· . . .. ·. .... > ··. . •... · . . .•. . • •. . . .. 
Clock A and Clock B (CLKA and CLKB).....:. These inputs. supply .the bask dock' timirig fo' the cvAX' 
CPU. The inp~ts are homirially 2b MHz and ~re MOS~level sq{1are-wav(' signals. CLT(A 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 internal conditions 
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 

• At the start of an instruction or sequence that can change the processor state. These are CHMx, 
REI, start of an interrupt, exceptiofior abort (including n+.id1me check, BPT, etc:}, ot entry to the 
console (including HALT). 

• As a part of an instruction or sequence that can change context such asend of LDPCTX or e~d of 
SVPCTX. . . .. 

• As a part of an instruction,. orsequen,ce involv,ed in error recpvery such as a write to tpe MAPEN, 
CADR, or MSER registers. 

Test (TEST)-Reserved for manufacturing test. This input provides the' ground for the AS logic 
and must be connected to V~sdurir~g normal operation: 

• Architecture Summary 
The programming model for the CVAX 78034 architecture is shown in Figure 3. I:t is grpupe9into 
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 011etating system. These registers ate used for 
context switching, memory management, ciiche memory control, reporting of memory subsystem 
status, exception and interrupt handling, ana processor control. . ... .. .. . . 

APPL.I CA TIO.\JS PROGRAMMING 

GENERAL REG:STERS 

I AP !:; ';'·' FP'{ 

RO 

-~.111: . ,, _:'.,' ... · I 
R2 

RJ K5P 

.A4 ESP _.:;_ 

R5 SSP [< 
R£ W~P 

R7 ·. 

R8 PC 

R9 ..::... 
~no PROCESSOR STATUS WORD 

L ' t~ 11 I· PSW I 
SYSTEM .PR6tmAMM1Nd 

PROCESS CONTROL REG1STERS !l\lit ARUP'f .HEG!STEAS 

StF.lfi 

PCBB SISR 

POBR I POI.A .ASTL,VL 

PlBR I Pllfl. 

M~MORY SySTEM AEGtSTERS 

I I 
SBR I SLR 

MSER 

PHOCESSOR STATUS LO:.JGWOAO 

MA?EN f 1PLI PSW 

Figure 3 • CVAX 78034 Programming Model 
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General Registers 
The CVAX 78034 has sixteen 32-bit general registers that c~n be used for temporary storage as 
accumµlators, base registers:, and index registers. The registers used for specific functions are. the 
Stack Pointer (SP), Argument Pointer.(AP), Frame Pointer (FP), and Program Counter (PC). 

Stack Pointer (SP)-Five SP registers are included, one for each operating mode of the processor 
and one for use by ~he sys.tern when handling interrupts .. The SP contains the address of the 
p~cessor. defined stack. The stack pointer(s) used is determined by the operating mode of the 
processor. 

Argument Pointer (AP)-The VAX procedure c.all convention uses a data structure called an 
argiiment list. The AP register contains the address of the base of this structure. 

Frame Pointer (FP)-The VAX procedure oill convention builds a data structure on the stack called 
a stack frame'. The FP register contaif1s the address ()f the base of thkstrutture. 

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

Processor St.atus Word (PSW)-The PSW contains the condition eodes and trap enable flags for 
the CVAX 78034 CPU. The PSW is the user accessible portion of the proc,eSS()t sratu;; longword. 
The lower 16 bits of the PSL contain the PSW. The format of the PSW is show~ in Figure 4 and 
described l.rt Tab'le 5. · 

lS 14 13 12 11 10 09 08 07 06 OS 04 03 oi 01 00 

I< : : . M~Z I DV '! FU 
,, 

IV I T I N I z l v I c I 
Figure 4 • CVAX 78034 Processor Status Word Format 

Tuble 5 • CVAX 78034 Processor Status Word Description 

Bit Description 

15:08 MBZ-Must be zero. 

07 :04 Trap enable flags-These bits are used to enable traps to occur in special circumstances. 

DV (Decimal overflow)-Used by macrocode'in the emulation of decimal instructions. 

FU (Floating underflow)-When set, this bh cal!ses 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 correctly represented in the 
space provided. 

T (Trace)-When set, this bit catises a trace trap to occti.r after execution of the next 
instruction. 

03:00 Condition Codes-These bits contain information related to th~ result of the last CPU 
arithmetic or lqgical dpemtion. The bits are set as follows: ...•. 

N = 1 if the result was negative. 
Z = 1 if the result was zero. 
V =I if the operation resulted in an arithmede overflow. 
C = 1 if the operand resµltedin a carry ou7 ofor borrow Info the most significant bit. 
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Process Control Registers 
The process control registers are used by the system to access the system control block 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 useff·fbr servicing interrupts and 
exceptions. 

Process Control Block Base register (PCBB)-The PCBB c6htafas the base address of the Process 
Control Block (PCB). The PCB contains the hard\'l-are eont6d of the current process. 

Memory Management Registers 
These registers are used by the system to enable the internal memory man~ementunit of the 
CVAX CPU and to access the page-table entries in memory used to translflte virtual addresses into 
physical addresses. 'the function of each 0f these registers' is described in the Memory Management 
section. 

Interrupt Registers 
These registers are used to control the interrupt system of the processor. They monitor interrupt 
requests,. current interrupt priority levd, and the interrupt stack poirltt1r. The funaiortof each o.f 
these registers is described in the Exceptions and Jnterrupt seaion. 

Memory Sys.rem Regisws 
These registers are used to controlthe opei:.ttiom of. the internal cache memoty and to repor~ status 
and errors for both the cache memory. and the external memory subsystem, 

Cache Disable Register (CADR)-The CADR controls the intenfal tache memory. This register 
enables and disables.cache memory opetilition;.selects the setJSet l anti Set 2) to be used, and 
selects the type of reference(s) to be stored. Theformai: oh.he CADR register isshbwn in Figure5 
and described in Table 6. 

31 . 0$07()60~0403;029100 

I : : : : : : : : : : : i : : : : : : : : : : ; jsf N [cH 1J11~1~1 : cAoR 

Fig~re 5 • CVAX 7 8031 Cache Disab~ Register Format 

Tuble 6 • CVAX 78034 Cache Disable Register Description 

Bit Description 

31:08 Read as zeros . 

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

Bit Set 2 SetJ 
07 06 

0 0 disabled disabled 
0 1 disabled enabled 
1 • 0 enabled disabled 
1 l enabled enabled 
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Bit Description 

05:04 CEN (Cache enable)-These read/write bits are used to enable cache and to select the 
type of references to be stored in cache. 

Bit Result 
05 04 

0 0 . cache disabled 
0 1 D-stream only (for diagnostic use) 
1 0 I-stream only 
1 1 I-stream and D-stream 

03:02 Read as ones. 

Ol WW (Write wrong parity)-This bit is.set to cause wrong p<)rity to be stored when the 
cache is written. 

00 DIA (Diagnostic}-This bit is set to select diagnostic mode for cache memory. The cache 
cannot be cleared when this bit is set. 

When CADR bits 5:4 select I-stream only (10) to be stored in cache, the CVAXCPU automatically 
dears the cache when an REI instruction is.executed. The REI instruction must be executed prior 
to running code fmrn an updated page of memory as defined by the VAX System Reference Manual 
(VAX SRM). Therefore, systems that adhere to the VAX SRM are not required to monitor DMA 
write operations in order to prevent swJe data from accumulating in the cache. When CADR bits 
5:4 select D-stream only (01) or I-stream and D-stream (lH, 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 diagnostic 
modeprevents clearing of the cache when the CADR is written. 

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

. Jl 08070605 0403 02 0 1 00 

I : : : : : : : : : : : : : : : : ; : : : : : : 1~1~1[!~1+ 1¢1~1 · MSER 

Figure 6 • CVAX 7 8034 .Afemoi:v System Enm Register fonnat 

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 <1nd cleared for a cache hit. 

06 DAL (DAL parity)-Set when a parity error is detected on the DAL cl~1ring a demand or 
request read operation. It is cleared by writing to the MSER. 

------· 
05 .MCD (Machine check on DAL parity error)-Set whf:n 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 d11ta) 
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 pai-jty error was deteqed in the 
data. It is cleared by writing to the MSER. 

00 TAG (Cache parity error in tag)-Set when the cache· f"afify 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 inl;x.>th its t!!g and data. . . 

Proces!iot Status tong\V~ttl (PSL)-The PSL contains processg,f ;~hi,s information. Jhe lower 16 
bits are. the user accessible Processqr Status Word (l:>SW): t&e up~r 16.bits are pttvileged and 
accessed only by the system. The format of the PSL is shown in Figure 7 arid described in Table 8. 
Refer to the Cache Memory section for a des~tiption ofthe P~W. 

TP IS 

Figure 7• CVAX 78034 Processor.Status Longword Fo~at 

'lable 8 • CVAX 78934 Ptoces$ot StattiHf,onp'ord D~iption 

Bit De~ptioi;i 

31 MBZ.:..;__Must be zero. 

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

29:28 MBZ-Must be zero. 

27 FPD (First part done)_:.:Set \\lhel1 ah exception or ll'iterrupt occurs during an instruction 
that can be susperidei.t If lil?D is set when the processor returnsfrom a:tl exception or 
interrupt, it resumes the interrupted operation from where it stopped rather than 
restarting the complete instruc;tiqn. ..· ,i i , : 

26 IS (Interrupt stack)~Set when the pr0<:essor is executing oh the interrupt stack. ,i 
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Bit Description 

25;24,.. CUR MOD (Current n1ode).......,.Indicates the acces.s mode ;Qf the citrtently 'executing 
process. 

Bit Mode 
25 24 
0 0 Kernel 
0 1 Executive 
1 0 Supervisqr 
1 1 .User 

23:22 PRV MOD (Previous mode)-Loaded from CUR MOD bits 25:24 by exceptions and 
Change.mode (CH~x) instructions. Cleared by interrupt$. aflc;l. re,st;oredby Retµrn fl'Qm 
.gxceptionorlntem~pt(REI)instruction.· · . . · . ''· •. ·· · .... ·• ... · 

,. ·-· ,• ' .. , ,-· .. ' ' ' ' ' _.- ·, . ; ' ' ·, ) 

21 : MBz:..,..,_Mustbe zero. 

20:16 IPL (lnterrnpt Priority Levd)-C~ntains the current processor p~iority in the range 0 to 
lF (hexadecimal). The processor will accept interrupts only on k"Vels greater than the its 
current IPL. 

15 :00 Processot Status Word-Contains processor status that is accessibleby 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 registe1~ 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 gen,erflted by clfe assertion of the rf\ITJIM input. .When thi;; bi'tis set, the interval 
timerinterrnpts are enabled and the assertion of INTTIM results in an interrupt request at IPL 16 
(hexadecimal). When this bit is dear, the interval timer interrupts are disabled arid the assertion of 
INTTIM does not generate an interrupt request. Bits 31:07 and 05:00 are read as zeros and are 
ignored during write operations. 

31' 070605 00 

I : : : : : : : : : : : : : : : : : : : : : : : : 1~ l : : : : : ] :recs 

Figure 8• CVAX 78034 Interval Clock, Control, and Status'Regitter Format 

Console Saved Registers (SAVPC and SAVPSL)-The SAVPC and SAVPSL registetsrecDrd the value 
of the PC and PSL when the CVAXCPU restarts:The SAVPCregister cohtains the previous value of 
the PCbefore thetestart 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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31 00 

I : : : : : : : : : : StV:E~ P~O~R:A~ ~O~NIE~ : : : : : : : : : : L iSAVPC 

31 16151413 0807 00 

I:::::+;+:+:: ~;JIJl~:tti,~: :+:::I 
Figure 9 • CVAX 78034 Console $aired Register Formats 

Table 9 • CVAX 78034 Console Saved Processor Status Longword Register Description 

Bit Description 

31:16 PSL (Processor Status Longword)-Contains the previous PSL value. 

15 MAPEN (Map Enable)-Set to enable th~ map .. 

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

13:08 Restarttode-Contains the restart code (hexadecimal) as follows 

Code ' Ddinition. 

2 HALT asserted 
3 .initial power on 
4 interrupt stack not valid,duting exception 
5 machine check normal exception 
6 HM:'f instruction eiecuted in kern~l mode 
7 .... SCB vectqr bhs 01;00 == U 
8 SCB vector bits 01:00 = 10 
A CHMx executed while on interrupt stack 
10 ACV or TNV during machine check exception 
11 ACV or TNV during 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 exception 
lA PSL bits 26:24 = 110 during interrupt or exception 
lB PSL bits 26:24 = 111 during interrupt or exception 
lD PSL bits 26:24"" 101 during REI 
lE PSL bits 26:24 = 110 during REI 
lF PSL bitd 26:24 = 111 during REI 

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

System Identifieation Register (SID)-The SID register is a read-only register that specifies the 
processor type as a CVAX CPU and defines its microcode revision level. Figure 10 shows the register 
format. 

Confidential and Proprietary 1-15 



Preliminary CVAX 780.34 

31 2423 0807 00 

Figure '10 • CVAX 78034 System Identification Register Format 

·Data Types 
The architecture of the CVAX 78034 supports the following data types: byte, word, longword, 
quadword, character string, variable~length bit field, and, rhrough the optional floating-point 
accelerator, F _floating, D_floating, and G_floating. Figures il shows the integer, character string, 
and field data types. Figure 12 shows the floating-point data types. 

1-16 

WORD 

1f 00 

I : : : : : : : : : : : : : : : I :A 

LONGWORD 
31 00 

I:.:::::::::::::::::::::::::::::: I :A 

QUADWORD 
31 ·oo 

I'.'.'.::'.'.::'.'.'.'.'.::::::::'.'.'.'.'.'.'.'.': I 
63 

CHARACTER STRING 

07 00 

a 
I 
I 

07 : 00 

:A 
:A+l 

I::::::: I :A+H 

VARIABLE LENGTH BIT FIELD 

32 

P+S P+S-1 P P-1 00 

:A 
:A+4 

I FFFFFFFFFFFFFFFFFFFFFFFFF'FFFFI I :A 

S-1 00 

Figure 11 • C'V/lX 78034 Integer, Character String, and Field Data Types 
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O_FLQATING 
15 14 07 06 00 

s I T T T T T .T r 

I 
·1 ,. T T T T 

EXPONENT FRACTION :A 

FRACTION :A+2 

FRACTION :A+4 

FRACTION :A+6 

_l _j_ J_ J_ J_ _L .1- i .1 l.. _l .l ..L .J.. .J.. 
63' 48 

F_FLOAT!NG 
15 14 07 06 00 

31 16 

G_FLOATING 

15 14 04 03 00 

s I T T T . r r T T T T ·r 

I T T ' EXPONENT FRACTION 
: 

:A 

.,, 
FRACTION 

FRACTION :A+4 

' 
FRACTION :A+6 

i J_ .J.. i _l _l ..L .J.. _j_ ..!.. ...L i ..l ..L ..L 
63 48 

Figure 12 • Cv/1X 78034 Floating-point Data J:)>pes 

· Instruction Formats 

The VAX instruction set has a variable-length instruction format that may be one byte or more 
depending on the type of instruction. The general format of a VAX instruction is shown in Figure 
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. A}l operand 
specifiers arc similar and consist of an address mode plus additi~iial information used to lo~ate the 
operand.This additional information contain::; up to two register designators and addre.sstis, 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 11 DR 2 BYTES) 

OPERAND SPECIFIER 1 

OPERAND SPECIFIER 2 

OPERAND SPECIFIER 3 

I 
I 
I 
I 

J-. .J,... 

OPERAND SPECIFIER 6 

Figure 13 • CVAX 78034 Instruction Format 

Opcode Format 
Each VAX instruction contains an opcode that specifies the desired operation to be performed. The 
opcode may be one or 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. 

ONE BYTE OPCODE: 

07 00 

: I A 

TWO BYTE OPCODE: 

Figure 14 • CVAX 78034 Opcode Format 
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Operand Type 
The operand type specifies the use of the operand associated with an instruction. Information 
prpvided 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. 

• 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 registe~ R[n] ~~in 
R[n + l)'R(n] (i.e., R[n + l] concatenated with R[n]). Otherwise, the address calculation occurs 
until the actual address of the operand i.s 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 displacement. 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 listed in Table 10. A brief 
description of each mode follows. 

Table 10 • CVAX 78034 Summary of Addressing Modes 

General Register Addressing Mode 
Access 

Hexadecimal Name Assembler t m w a \I PC SP Indexable? 

0-3 literal S'#litmd v 
4 index i (Rx) v v v y y y~_-.-~-

5 register Rn y v y £ y l,J. uq f 
6 register deferred fRn) y y y v y ll. y 
7 mitodecrement -(Rnl y v v y y u y 
8 autoincrement (Rn)+ y y y y y y 
9 nuroincremcnt @(Rnl y y v v v ux 

deferred· 

A bytt· displacc;ment Wd(Rnl y v v y y y :v:: 

B . byte displacement @Wd(Rni y. y y y v p y :·y 
deferred 

c wcu':l displacement \YJ' chRn) v y y v .Y p ,:)' y 
D word displacement @W'dCRn) y y >·r y y p v y 

deferred 
E longword displacement L'd(Rnl v \' \' y y p y y 
f lor\g\vord displacement @L' d(Rn) '.'' v \' v y p v y 

deferred . 
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Program Counter Addressing Mode 

Hexadecimal Name Assembler r 

8 immcdi<ttc r #constant \' 
9 absolute @#address v 

A bvte relative B' address y 
B bvte relative deferred @B' addressy 
c word relmive \X'; address y 
D word relative deferred wr address y 
E longword relarive L' address \' 

F longword relative L' address \' 

deferred 

Addressing Legend 

Access: Syntax: 

r = read 
m =modify 
w ""write. 

= any indexable address mode 
d = displacement 

a = address 
v = field 

Results: 

Rn = general register, n 0 to 15 
Rx = general register, x 0 to 14 

y = yes, always valid address mode 
f = reserved address mode fault 
- = logically impossible 
p "" progrnm counter addressing 
u = unpredictable 

Access 
Ill w a v 

u ll \' v 
\' \' v v 
v \I \' v 
v y v y 
\' y \' y 
y v y v 
y y v y 
y y y y 

uq = unpredictable for quad, D_iG __ Jloating, or field ii pos + site > 32 
ux = unpredictable ii index reg = base reg 

General Register Address Modes 

CVAX78034 

Indexable? 

u 
y 
y 

y 
y 
y 
y 
y 

The general register address modes use one or more 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. 

Register Mode-The operand is contained in one of the general registers (Rn)_ 

Register Deferred Mode-Register Rn contains the address of the operand. 

Autoincrement Mode-Register Rn contains the address of the,operand. 
After the operand address is determined, the size of the operand in bytes (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 Rn 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-Literal mode addressing provides an efficient means of specifyinginteg~:£Pnst~~s 
in the range from 0 to 6 3 (decimal). In addition to short integer literals, this mode can be used. to 
specify floating-point li~'rals. The value is contained in the operand specifier. 

Displacement Mode_;The displacement contained. in the opern~d specifier,. after . Qfrig. sign
extended to 32 bits if it is a byte or word, is added to the contents of register Rn. The'ti::sultis i:he 
operand address. · · · · · 

Displacement Deferred Mode-Tl'ie displacement contained in the operand specifier, aftef b~ing 
sign-extended to ,.32 bits if i,t is a byte or word, is ad.ded to the contents of register Rn. The.reslJ1t \s 
the longword address of the operand address. · · . · 

Index Mode-The operand specifier consists of a minimun:i oftwo bytes, a primary qperand 
specifier, and a base operand specifier. The primary operand specifier contained inhits O:through 7 
includes the index register (Rx) and a mode specifier of 4. The address of the primacy operand is 
determined by multiplying the contents of index register Rx by the size of the primary operarn;i in 
bytes as determined by operand type. This value is then added to the addr~$S spedfiedlw the base 
operand specifier (bits 15:08) a!ld the result is used as the p~in1ary operandaddre~s. 

Program Counter Addressing 
Register 15 is used as the Program Counter (PC). It can also be used as a register 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 V:afoe is determined 
by the opcode, number of operand specifiers, etc. The PC can be used with a\ll VAX addressing 
modes except regi~ter, index, register deferred, or autodecrement. ; 

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

Absolute mode-This mode is autoincrement deferred using the PC as the general register. Thf 
contents of the location following the addressing mode are used as t;he operan~ address. This is 
fr1~erpreted as an absolute address (an address that remains constant regardless of the location 
memory where the assembled instruction is executed).. . · ·. ,1 , 

~lative mode-This mode is displacement mode with the PC used as ~he. ge~tal register. The 
di\,; placement that follows the operand specifier is added to the contents of the PC,, and the result is 
the address of the operand. 

Relative deferred mode-This mode is similar to relative mode except that the displacement that 
follows the addressing mode is added to the contents of the .PC; .and .the resuJt ~s.the longurord 
address of the operand. 

Branch Addressing , , , , . 
During branch displacement addressing, the byte or word displacement is sign-e~~~~?,tp 32 bits 
and added to the updated content of the PC. The updated content of the .PC is. tij: ~~ss of the 
first byte beyond the operand specifier. 
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· Instruction Set . i 

This section provides a sµromary ~the VAX ins.tructions implemented'J:>y thecyAx'}zo.?4, the 
floatinitpoint instructions supported by ~he floati11~-point accelerator, a~,d t?e irniw~~ed inst.t\fc
tions that are assisted by the microcode of the,CVAX 78034. The standatcl notation uSt.:9 for the 
operand specifiers is · · · ' · · · 'L 

<name> <access type> <data type> . 

1. Name~Asuggestive name for the operand in the context of the i1lstruction.'It}s thecapitaliz~& 
., name of a register or block for implied operands. · · · 1 

2 .. Access type--' A letter denoting the operand spe~if1e~ ~ccess type. 
a= address operand 

· branch displacement 
In =modified ~perahd (bothr~ad and written) 
r =read oruy operand . 
v =if not "Rn;' iame as address operand, otherwise R[n + l)'R[n] 
w =write oruy operand 

3. Dat~ type-A lertet denoting the data. type of the operand. 
· b=byte · 

d=D,,...floating 
f"" F _floating 
g = G_floating 
]=longword 
q~quadword 
v =field (used only in implied operands) 
w'"=word 
*=multiple long\Vords (used only in implied operands) 

4. Implied operahds-:Locations tha.t ~re accessed by the instru~tion,. but .• not specified in 
operand, are denoted by braces { } . The abbreviations for condition codes a.re 
,; = conditio1laily set/cleated . ' . 

· - = not affected 
O=cleared 
l=set 

The· abbreviations for ex'Leptions·are 
rsv =reserved operand fault 
iov = integer overflow trap 
idvz =integer divide by zero trap 
fov =floating overflow fault 
fov =floating underflow fault 
fdvz =floating divide by zero fault 
dov = decimal overflow trap 
ddvz = decimal divide by zero trap 
sub= subscript range tmp 
prv =privileged instruction fault 

Opcode values are given in hexadecimal. 
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Preliminary CVAX7S0.34 

• Integer Arithmetic and Logical Instructions 

OP Mnemonic and Arguments Description N z v c Extepdons 

58 ADAW 1 add.rw, sum.mw Add aligned word interlocked ~·~ ~·: * 1( 
lOV. 

80 ADDB2 add.rb, sum.mb Add byte2-operand 
,, ;'r * 

.,, 
iov 

co ADDL2 add.rl, sum.ml Add long 2-operand 
,, ,, ~\t ,, 

IOV 

AO ADDW2 add.rw, sum.row Add word 2-operand 
,, ;'r * -;-: iov 

81 ADDB3 addl.rb, add2.rb, sum.wb Add byte .3-operand •'.:: ~., * ;°> kw 
Cl ADDU addl.rl, add2.rl, sum.wl Add long 3,operand ~·: ,., 

* * lOV 

Al ADbW3 addl.rw, add2.rw, sum.ww Add word}-operand 
,, "): '" * iov 

D8 AD\'QC add.rl, sum.ml with carry * -~ f: ~~ 
!OV 

78 ASHL cnt.rb src.d, dst.wl Arithmetic shift left ;. ~·: * 0 lOV 

79 ASHQ cnt.rb src.rq, dst.wq j\rithmetic .shift quad ~';- ~l: ~~ 0 iov 

SA BICB2 mask.rb, dst.rnb Bit clear byte 2-operand * * 0 
CA BICL2 mask.rl, dst.m1 Bit clearlong 2-operand * ~·- 0 
AA BICW2 mask.rw, dst.mw Bit dear word 2-operand ~r ·k 0 

BB BICB3 maskrb, src.rb, dst.wb Bit clear byte 3-operand * ;'-;: () -
CB BICL3 mask.rl, src.rl, dst.ml Bit dear long 3-operand ~';' " 0 -
AB BICW3 mask.rw, src.rw, dst.mw Bit clear word 3-operand 

,, ,, 
0 -

88 BISB2 mask.rb, dst.mb Bit set byte 2-operand * ~~ 0 
cs BISL2 mask.rt dst.ml Bit set long2-operand -~f ,·~ 0 
AS BIS\Xl2 mask.rw, dst.mw Bit set wor<l 2-operand ~·: * 0 

89 BISB3 mask.rb, src.rb, dst.mb Bit set byte 3-opcrand " * () 

C9 BISL3 mask.rl, src.rl, dst.ml Bit set long3-operand 
,, ·.< 0 -

A9 BISW3 mask.rw, src.rw, dst.mw Bit set word 3-operand * * 0 

9.3 BITB mask.rb, src.rb Bit test byte 'ir ,, 
() 

D3 BITL mask.rl, src.rl Bit test long * * 0 
B3 BITW mask.rw, stc.tw Bit test word ··:;: ,,, 

0 

94 CLRBdst.wb Clear byte 0 1 lJ -
D4 CLRLdst.wl Clear long 0 0 
7C CLRQdst.wq Clear quad 0 0 -
B4 CLRW<lst.ww Clear word 0 0 -
91 CMPB srcl.rb, src2.rb Compare byte * * * 
Dl CMPL src 1. rl, src2 .rl Compare long •'t ··~ 0 

,, 
Bl CMpW srcl.rw, src2.rw Compru:e word ~·: ~·- 0 * 

98 CVTBL src.rb, dst.wl Convert byte to long •': ,, 
() 0 

99 CVTBW src.rb, dst. wl Convert byte to word -J: \': 0 0 
F6 CVTLB src.rl, dst.wb Convert long to byte 

,, ;'r ·k 0 iov 
F7 CVTLW src.rl, dst.ww Convert long to word * ~·~ ~'• 0 iov 

33 CVTWB src.rw, dst.wb Convert word to byte -;~ ~·r ;, () iov 

32 CVTWL src.rw, dst.wl Convert word to long ;': ,, 
0 0 

97 DECBdif.mb Decrement byte '" <fr * 
,, 

iov 

D7 DEC:Ldif.l Decrement long ~·- * ~·( * iov 

97 DECW dif.mw Decrement word ·J· ;': ;/{ ,,. 
iov 

86 DIVB2 divr.rb, quo.mb Divide byte 2-openmd 'i: ,, 
* 0 iov, idvz 

C6 DIVL2 divr.rl, quo.ml Divide long 2-operand ·k "1: 1.- 0 iov, idvz 

A6 DIVW2 divr.rw, quo.mw Divide word 2-operand ,•: " -:, 0 iov, idvz 
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OP Mnemonic and Arguments 

87 DlVB3 divr.rb, divd.rb, quo. wb 
C7 DIVL3 divr.rl, divd.rl, quo.wl 
J\7 DIVW3 divr.rw, divd.rw, quo.ww 

7B EDlV divr.rl, divd.rq, quo.wl, rem.wl 

Prelimmary 

Descriptfon 

Divide byte 3-operan<l 
Divide lo11g 3-operand 
Divide word 3-apcrand 

7 A EMUL mulr.rl, muld.rl, add.d, prod.wq 
Extended divide 
,r:~x:remJeo multiply 

96 INCB sum.mb 
D6 INCL sum.ml 
B6 INCW sum.mw 

92 MCOMB src.rb, dst.wb 
D2 MCOML src.rl, dst. wl 
B2 MCOMW src.rw, dst.ww 

SE MNEGB src.rb, dst.wb 
CE MNEGLsrc.rl, dst.wl 
AE MNEG\'C src.rw, <lst.ww 

90 MOVB src.rb, dst.wb 
DO MOVL src.rL dsuvl 
BO MOV\I! src.rw, dst.ww 

9A r>IOVZBW src.rb, dst.wb 
9B MOVZBL src.rb, dst.wl 
3C MOVZWL srtrw, dst.ww 

84 MULB2 mulr.rb, prod.rnb 
C4 MULL2 mult.rl, prod.ml 
A4 MULW2 mulr.rw, ptod.mw 

85 MULB3 mu.ld.rb,prodmb 
C5 MULL3 mulr.rl,muld.rl, prod.ml 
A5 MUL\113 mult.rw, muld.rw, prod.mw 
---~-·-------

DD PUSHL 

9C ROTL cnt.rb, src.rl, dst. wl 

D9 SBWC sub.rl, dif.ml 

82 SUBB2 sub.rb, dif.mb 
C2 SUBL2 sub.rl, dif.ml 
J\2 SUBW2 sub.rw, dif.mw 

83 SUBB 3 sub. rb, min. rh, dif.mb 
C.3 SUBL3 sub.rl, min.rl, dii.ri:il 
A3 SUBW3 sub.rw, min .. rw, dif.mw 

95 TSTB src.rb 
D5 TSTL src.rI 
B5 TSTW src.rw 

8C XORB2 mask.rb, dst.mb 
CC XORL2 mask.rl, dst.ml 
AC XORW2 mask.rw, dst.mw 

8D XORB3 m,isk.rb, ste.rb, 
CD XO!U3 mask.rl, src.rl, dst.wl 
AD XORW.3 mask.rw, src.rw, dst.ww 

Increment byte 
I ncrcment long 
Jncre1netit word 

Move complemented byte 
Move complemented long 
Move cotnplemenred word 

Mqve negated byte 
.Move negated long 
l\fove negated word 

Move byte 
Move long 
Move word 

Move ~ro:~xte~ded byte to ~ord 
Mov:e zero-extended byte to lo11g 
Move zero-extended word to long 

Multiply 
Multiply long 2-operand 
Multiply word 2-operan<l 

Multiply byte 3-opcrand 
Multiply long 3-operand 
Multiply word 3-operand 

Push long 

Rotate long 

Subtract with carry 

Snbttact byte 2-opcrand 
Subp:oct long 2-operand 

word 2-openrnd 

Subtract byte 3-operand 
Subtract long 3-ope.rand 
Subtract word 3-operand 

Test byte 
Test long 
Test word 

Exclusive or byte 
Exclusive or long 2-opcnmd 
Exclusive or word 2-operand 

t:.X<:m:;1vc or 
Exclusive or long 3-operand 
Exclusive or word 3-operand 
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'' ·" · *, o, iev; idvz · 
.,., * * U iov, idvz 
* » ·* 0 iov, idvz 

0 iov, idvz .. 
,, * 0 

* * 
* * * 

.,, 
iov 

* * * * iov 
~Ir * 0 
~lr ~·· 0 
·.i _')';;: {) 

* * * * lOV 

I< ·.': * * iov 
f; ,, 

* * iov 

* * 0 
·k * O·. 

* * 0 -

0 
,, 

0 -
0 

,, 
0 -

0 fr 0 ·-
" * 0 !OV 

').': -}( ;, () iov 

" * " () lOV 

0 lOV 
,,. * -i.'i' 0 
w r. ~': 



• Address Instructions 

OP Mnemonic and Arguments 

9E MOVAB src.ab, dst.wl 
DE MOVAL{ =F} src.al, dst.wl 
7E MOVAQ { =D=G} src.aq, dst.wl 
3E MOVAW src.aw, dst.wl 

9F PlJSHAB src.ab, {-(SP).wl} 
DF PUSHAL { = F} src.al, {-(SP).wl} 

Preliminary 

Description 

Move address of byte 
.... Move address of long 

Move \'lddress of quad 
M~ve, addry:~ of word 

7F PUSHAQ {.=D=G} src.aq, {-(SP).wl} 
3F PUSHAW src.aw, {-(SP).wl} 

Push address of byte 
Push address of long 
Push address of quad 
Push addi:ess of word 

· Variable-length Bit Field Instructions 

OP Mnemonic and Arguments Description 

EC CMPV pos.rl, size.rb, base.rb, 
{field.rv}, src.rl Compare field 

ED CMPZV rs.rl, size.rb, base.vb, 
{ field.rv , src.rl Cmppare zem-e)(tended field 

EE EXTV pos.rl, size.rb, base.vb, 
{ field.rv}, dst. wl Extract field 

EF EXTZV pos.rl, size.rb, base.vb, 
{ field.rv}, dst. wl Extract ze~~7ei-teodedJield 

FO INSV src.rl, pos.rl, size.rb, 
base,vb, {field.wv} · Insert field 

EB FFC startpos.rl size.rb, base.vb, 
{ field.rv}, findpos. wl Find first.dear bit 

EA FFS starTos.rl, size.rb, base.vb, 
{ field.rv , findpos.wl 

· Control Instructions 

OP Mnemonic and Arguments Description 

9D ACBB limit.rb, add.rb, 
index.mb, displ.bw Add compare and branch byte 

Fl ACBL limit.rl, add.rl, index.ml, 
displ.bw Add compare and brapchlong 

3D ACBW limit.rw, add.rw, 
index.mw, disptbw Add compare and branch word 

F3 AOBLEQ.limit.rl, index.ml, 
displ.bb Add one and branch on less• or equal 

F2 AOBLSS limit.rl, index.ml, 
displ.bb Add one and branch on less 
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CVAX .. 1/SOJ4 

N Z V C Exceptions 

* * 0 -
* * 0 
* * 0 
* ,, 0 

* * 0 -
,, * 0 
* ,, Q -
,, * 0 ~ 

.. N Z V C It~ptions 

* * '() * rsv 

*"O*rsv 

* * 0 - rsv 

* * 0 - rsy 

- rsv 

0 -

* * * i~ 

- iov 

- iov 

iov 

~: * * - iov 
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OP Mnemonic and Arguments 

1E BCC{ =BGEQU} displ.bb 
lF BCS{ = BLSSU} displ. bb 
13 BEQL{ =BEQLU} displ.bb 
18 BGEQ displ.bb 
14 BGTR displ.bb 
lA BGTRlJ displ.bb 
15 BLEQ displ. bb 
1B BLEQU displ.bb 
19 BLSS displ.bb 
12 BNEQ { =BNEQU} displ.bb 
lC BVC displ.bb 
1D BVS displ.bb 

El BBC pos.rl, base.vb, displ.bb, 
{ field.rv} 

EO BBS pos.rl, base.vb, displ.bb, 
{field.rv} . 

E.5 BBC('. pos.rl, base.vb, displ.bb, 
{field.mv} 

E3 BBCS pos.rl,'base.vb, displ.bb, 
{ field.mv} 

E4 BBSC pos.rl,. base.vb, displ.bb, 
{ field.mv} 

E2 BBSS pos.rl, base.vb, displ.bb, 
{field.mv} 

E7 BBCCI pos.rl, base.vb, dislp.bb, 
{field.mv} 

E6 BBSSI pos.rl, base.vb, dislp.bb, 
{field.mv} 

E9 BLBC src.rl, dispLbb 
ES BLBS src.rl, displ.bb 

11 BRB displ.bb 
31 BRW displ.bw 

10 BSBB displ.bb {-(SP).wl} 

30 BSBW displ.bw {-(SP).wl} 

8F CASEB seleetor.rb; base.rb, 
limit.rb, displ.bw-list 

CF CASEL selector.rl, base.rl, 
limit.rl, displ.bw-list 

AF CASEW selectoi:rw, base.rw, 
limit.rw, displ.bw-list 

17 ]MP dst.ab 

16 JSB dst.ab, {-(SP).wl} 

05 RSB {(SP)+.rl} 

F4 SOBGEQ index.ml, displ.bb 

Description 

Branch on carry clear 
Brandi on c1trry set 
Branch on equal 
Branch on greater or equal 
Branch on greater 
Branch on greater unsigned 
Branch on less or equal 
Branch bn less or equal unsigned 
Branch on less 
Branch 011 not equal 
Branch on overflow clear 
Branch on overflow set 

Branch on bit deal' 

Branch on bit set 

Branch 011 bit clear and clear 

Branch on bit clear and set 

Branch on bit set and clear 

Branch 011 bit set and set 

;Branth on bit dear and clear interlocked 

Branch on bit set'and setinterlocked 

Branch on low clear 
Branch on low bit set· 

Branch with byte displacement 
Branch with word 

Branch to subroutine with bvte 
displacement · 
Branch to subroutine with word 
displacement 

Case byte 

Ca~elong 

Case word 

Jump 

, .. 11 

Jump to subroutine 

Return from subroutine 

Subtract one and branch on greater 
or equal· 

---
F5 SOBGTR index.ml, displ.bb Subtract one and branch on greater 
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rsv 

- rs•i 

- rsv· · 

- . rsv 

- - rsv 

- rsv 

- rsv 

- rsv 

* ,, 0 ,, 

"i: ~': * - lOV 

,, -;, - IOV 



·. Var~~l?le-l~ngth flit Field Instructions 

OP Mnemonic and Arguments Description 

EC CM.PV pos.rl, size.rb, base.rb, 
{ field.rv}, src.rl Compare field 

ED CMPZV rs.rl, size.rb, base.vb, 
{field.rv , src.rl Compare zero-extended field 

EE EXTV pos.rl, size.rb, base.vb, 
{field. rv}, dst. wl Extract field 

EF EXTZV pos.rl, size.rb, base.vb, 
{field. rv}, dst. wl Extract .zero-extendeg ifi~d 

FO INSV sre.rl, pos.rl, size.rb, 
base.vb, {field.wv} Insert. Held 

EB FFC startpos.rl size.rb, base. vb, 
{ field.rv}, findpos. wl Find first deal' bit ' 

EA FFS startpos.rl, size.rb, base.vb, 
{field. rv}, findpos. wl 

· Control Instructions 

OP Mnemonic and Arguments 

9D ACBB limit.tb, add.rb, 
index.mb, displ.bw 

Fl ACBL limir.rl, add.rl, index.ml, 
dispLbw 

3D ACB\X' limit.rw, add.rw, 
index.mw, displ.bw 

F3 AOBLEQ limit.rl, index.ml, 
displ.bb 

F2 AOBLSS limit.d, index.ml, 
displ.bb 

lE BCC{ =BGEQU} displ.bb 
lF BCS{ = BLSSU} displ.bb 
13 BEQL{ = BEQLU} displ.bb 
18 BGEQ displ.bb 
14 BGTR displ.bb 
lA BGTRU displ.bb 
15 BLEQ displ.bb 
lB BLEQU displ.bb 
1<) BLSS displ.bb . 
12 BNEQ { = BNEQU} dispLob 
lC BVCdispl.bb 
1D BVS d.ispl.bb 

Find fast set bit 

Add compare and branch byte 

Add compare and branch kmg 

Add compare and b!'anch. word 

Add ope and branch on :less 

Bra.rich on carry dear· 
Branch on carry set 
BratJ.chqn eq1.1al 
Branch on greater or equal 
Branch on greater 
Branch on greater unsigned 
Branch on less or equal 
Branch 011 !es$ or equal unsigJicd 
Branch <:itl lelis · · 

· Braru:h on not eq~al 

Br<1!1c}:i oi'\. overfl~ f !ear 
Bram:;h on overflow set 
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N Z V . C · :Ex~ptions 

* * 0 * rsv 

* " a ·~ rsv 

a. - r,sv 

- : rsv. 

•·,'; * 

* * 0 rsv. 

.. N · Z V. C ~~ptio11s 

.,, . iov 

· -i'• '-*. * ;-iov 

* * * ~· iov · 

1-27 



OP Mnemonic and Arguments Description : t•f Z V C Eiceptibns 

El BBC 9os.rl, base.vb, displ.bb, 
{fie! .rv} . Branch on bit clear 

EO BBS pos.rl, base.vb, displ.bb, 
{field.rv} Branch on bit set - rsv 

E5 BBCC pos.rl, base. vb, displ. bb, 
{field.mv} Branch on bit clear and clear - rsv 

E3 BBCS pos.rl, base.vb, displ.bb, 
{field.mv} Branch on bit clear and set - - rsv 

E4 BBSC pos.rl, base.vb, displ.bb, 
{field.mv} Branch on bit set and clear - rsv 

E2 BESS pos.rl, base.vb, displ.bb, 
{field.mv} Branch on bit set and set - rsv 

E7 BBCCI pos.rl, base.vb, dislp.bb, 
{ field.mv} Branch on bit clear and clear interlocked - rsv 

E6 BESS I pos.rl, base. vb, dislp.bb, 
{field.mv} Branch on bit set and set interlocked - rsv 

E9 BLBC src.rl, displ.bb Branch on low bit clear 
ES BLBS src.rl, displ.bb Branch on low bit set 

11 BRB displ.bb Branch with byte displacement 
31 BRW displ.bw Branch with word displacement 

10 BSBB displ.bb {-(SPJ.wl} Branch to subroutine with byte 
displacement 

30 BSBW displ:bw {-(SP).wl} Branch to subroutine with word 
displacement 

SF CASEB selectoub, base.rb, 
limit.rb, displ.bw-list Case byte '>': ·,': 0 

,, 
CF CASEL selector.rl, base.rl, 

limit.rl, displ.bw-list Case long * " 0 ~·~ 

AF CASEW selector.rw, base.rw, 
limit.rw, displ.bw-list Case word * " 0 * 

17 JMPdst.ab Jump 

16 JSBdst.ab, {-(SP).wl} Jump to subroutine 

05 RSB {(SP)+ .rl} Return from subroutine 

F4 SOBGEQ index.ml, displ.bb Subtract one and branch on greater 
or equal - iov 

F5 SOBGTR index.ml, displ.bb Subtract one and branch on greater - iov 

· Procedure Call Instructions 

OP Mnemonic and Arguments Description N z v c E;t<ceptions 

f-A CALLG arglist.ab, dst.ab, {-(SP).w'} Call with general argument list 0 0 0 0 rsv 
FB CALLS numarg.rl, dst.ab, {-(SP).w } Call with argument list on stack 0 0 0 0 rsv 

04 RET {(SP)+.r} Return from procedure ... , ·h * ·k rsv 
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· Miscellaneous Instructions 

· Bit.dear processor status word 

BS BISPS\'V mask:fw. rsv 
----~ 

· · Bit set processor starus word 

Break ppiut £~ult 
~-....--,~---

0.3 BPT {-(KSP).w'} 
·---

00 HALT {-(KSP).w'} 

OA' INDEX.subscript.r!, low.rl, high.rt, 
size.rl, indcxin.rl, indexout.wl 

DC MOVPSL 

OJ NOP 

BA POPR mask.rw, ; {(SP)+ .r·} 

BB 
FC 

• Queue Instructions 

OP Mnemonic and Arguments 

SC INSQHI entry.ab header.aq Insert at 

Halt (ketnel aiode 0nly) . 

5D INSQTI entry.ab beader.aq '' Insert at i;a:il ofqu~tie', :intb!loeked ·. 

o 0. O.Q 

__,--,_,..~--~,ry-~-..,,...--~.,.,.....-.,-h. . '--~.,.......,,...,... ~~""f.;;,.~ 

OE TNSQOE entry.ab, pred.~b I11~ert int~q~i~L1e" 'f' '' 0 ;, 
--------~ .~~~-·--· c_:_..:Z.c.:.c._._· .. _. ·--'-·-·-· 

5E Remove from head of queue, mterlockel1 0 ·~ 1' " rsv 

OE 

· Character String Instructions 

Mnemonic andArguments . ,.·.. . ... Description .. ·. · .... N Z VC E:l!;~q>tiuns 
29 CMI!C3 len.rw, srcladdr.ab, src2addr.ar--¢o~pa~e ;haiiacter ~'~~--.---~ 

OP 

3·operand " O 1' 

2D CMPC5 srcllen.rw, srcfaddr.ab, fill.rb; 
src2len.rw, src2addr.ab 

3A 

28 

Compare char'.icter-
5-operand " 

Mo.ve character 3-operand 
·~~~.,...,..~--~-.--~ 

2C MOVC5 srden.rw, srcaddr.ab, till.rb, 
dstlen:rw, dstaddr.ab, {R0-5.wl} 

2A SCANC len.rw, addr.ab, 

.3B SKPC char.rb, len.rw, addr.ab 

M6ve character ,5-operand 

Scan characters 
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0 1 0. 

;1't .. 0 

0 () 0 
0 ~ ... 0 

0 1• 0 0 

0 

-1,· 

1-29 

·-· --.. ----·-·~····---- - -··-·-· ·--·-----~-----------··------------------·------··-~·--·· 



SJDllDID Preliminary 

· System Support Instructions 

OP Mnemonic and Arguments Description 

BD CHME param.rw, {-(ySP). w'} Change mode to executive 
BC CHMK param.rw, {-(ySP).w'} Change mode to kernel 
BE CHMS param.rw, {-(ySP).w'} Change mode to supervisor 
BF CHMU param.rw, {-(ySP).w'} Change mode to user 

Where y = MINU(x .PSL < current_mode <) 
06 LDPCTX {PCB.r', -(KSP).w'} Load process context 

DB MFPRprocreg.rl, dst.wl 

DA MTPR src.rl, procreg.rl 

OC PROBER mode.rb, Ien.rw, base.ab 
OD PROBEW mode.rb, len.rw, base.ab 

02 REI {(SP)+ .r'} 

07 SVPC:TX {(SP)+ .r", PCB.w } 

(kernel mode only) 
Move from processor register 
(kernel mode only) 
Move to p.rocessor register 
(kernel mode only) 
Probe read access 
Probe write access 

Return from exception or interrupt 

Save process context 
(kernel mode only) 

• Microcode-assisted Emu1ated Instructions 

NZ vc Exceptions 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

- rsv, prv 

* * 0 rsv, prv 

'' * 0 - rsv, prv 

0 " 0 -
() ,, 0 -

rsv 

- - - - prv 

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

OP Mnemonic and Arguments Description N z v c Exceptions 

20 ADDP4 addlen.nv, addaddr.ab, sumlen.rw, 
sumaddr.ab Add packed 4-operancl -1~ ·k * () rsv,dov 

21 ADDP6 addllen.rw, addladdr.ab, add2len.rw, 
add2addr.ab, sumlen.rw, sumaddr.:ab Add packed 6-operand ';~ * * 0 rsv, dov 

F8 ASHP cnt.rb, srclen.rw, srcaddr.ab, round.rb, Arithmetic shift and round 
dstlen.rw, dstaddr.ab packed ,t; * * 0 rsv, dov 

35 C:MPP3 len.rw, srcladdr.ab, src2:addr.ab Compare packed 3-operand '' * 0 0 
37 CMPP4 srcllen.rw, srcladdr.ab, src2len.rw, 

src2add.ab Compare packed 3-operand ,., * 0 * 
OB C:RC tbl.ab, inicrc.rl, strien.rw, stream.ab Calculate cyclic 

redundancy check * ;\: 0 0 

F9 CVTLP src.rl, dstlen.rw, dstaddr.ab Convert long to packed 
,, -;\: * 0 rsv, dov 

36 CVTPL srclen.rw, srcaddr.ab, dst.wl Convert packed to long * * * 0 rsv, iov 

08 CVTPS, srclen.rw, srcaddr.ab, dstle11.rw, Convert packed to leading 
dstaddr.ab separate ';'\, * .;~ 0 rsv, dov 

09 CVTSP, srden.rw, srcaddr., dstlen.rw, Convert leading separate to 
dstaddr.ab packed 

,, * -/: 0 rsv, dov 
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24 CVTPT srclen.rw, srcaddr.ab, tbladdr.ab, 
dstlen.rw, dstaddr.ab 

26 CVTTP srclen.rw, srcaddr.ab, tb!addr.ab, 
dstlen.rw, dstaddr.ab 

27 DIVP divrien.rw, divraddr.ab, divdien.rw, · 
quolen.rw, quoaddr.ab 

38 EDITPC srden.rw, srcaddr.ab, pattern.ab, 
dstaddr.ab 

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

34 MOVP len.rw, srcaddr.ab, dstaddr.ab 

2E MOVTC srde11.rw, srcaddr.ab, flll.rb, 
tbladdr.ab, dstlen.rw, dstaddr.ab 

2F MOVTUC srclen.rw, srcaddr.ab, esc.rb, 
tbladdr.ab, dstlen.rw, dstaddr.ab 

25 MULP mulrien.rw, mulraddr.ab, muldlen.i;w, 
muldaddl:.ab, prodlen.rw, prodaddr.ab 

Desctipt.ion 

Convert packed to trailing 

Convert packed to trailing 

Divide packed 

Edit packed to character 
string 

. Match characters 

Mo\repacked 

Move translate~ characters 

Move translated until 
character 

Mµltiply packed 

CVAX't8034 

N Z V C E:x:ceptions 

* * * 0 rsv, dov 

* * * 0 rsv, dov 

* * * 0 rsv, dov, ddvz 

* 
,, 

* * rsv,dov 

0 * 0 0 
.,<: * 0 0 

*' * 0 * 

* * * * 

* * * 0 rsv, dov 

22 SUBP4 sublen.rw, subaddr.ab, diflen.rw, 
difaddr.ab Subtract packed 4-operand '' '' * 0 rsv, dov 

23 sublen.rw, subaddr:ab, nrinlen.rw, 
minaddr.ab, diflen.rw, difaddr.ab Subtract pl\cked 6-operand * * * 0 rsv, dov 

• Floating-point Instructions 

These instructions tire implemented in hardware only if the optional CVAX 78134 Floating-point 
accelerator is present in the system. They must be software emulated if the CVAX 781.34 is not 
included. 

OP Mnemonic and Arguments D.esiZription N z v c Excetrtions 

06F ACBD limit.rd, add.rd, index.rod Add compare and branch 
D_floating * * 0 rsv, fov, fov 

04F ACBF limit.rf, add.rf, index.tf Add compare and branch 
F _f!oating * * 0 rsv, fov, fuv 

4FFD ACBG limit.rg, add.rg, index.ru~ Add compare and branch 
G_floating * 0 rsv, fov, fuv 

060 ADDD2 add.rd, sum.rod Add D....Jloating 2-operaud ---'!,~ * 0 0 rsv, fov, fuv 
040 ADDF2 add.rf, sum.mf Add F _floating 2-operand ,, 

* 0 0 rsv, fov, fuv 
40FD ADDG2 add.rg, sum.mg Add G_floating 2-operand * * 0 0 rsv, fov, fuv 

061 ADDD.3 addl.rd, add2.rd, sum:wd Add D_floaring 3-operand * * * 0 rsv, fov, fuv 
041 ADDF3 addl.rf, add2.rf, sum.wf Add F _floating }•operand * * ·k 0 rsv, fov, fov 
41FD ADDG3 addl.rg, add2.rg, sum.wg Add GJloating 3-operand ')'< * * 0 rsv, fov, fuv 
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071 
051 
51FD 

06C 
04C 
4CFD 

CMPD srcl.rd, src2.rd 
CMi'F srcl.rf, src2.rf 
CMPG s~cl.rg, 

CVTBD src.rb, dst. we! 
CVTBF src.rb, dst.wf 
CVTBG src.rb, dst.wg 

PreJimiwuy 

Compare D_floating 
Cbmpitre F _floating 

'·'~"'"''""~ G_floaring 

Convert byte to D __ .:floating 
Convm byte to F_fk;ating 
Convert byte to G_Jl{)ating 

068 CVTDB src.rb, dst.wb Convert to byte 
076 CVTDF src.rd, dst.wf Convert D_floating to F _float 
06A CVTDL src.rd, dst.wl Convert D_floating to long 
069 CVTDW src.rd, dst. \r..•w Convert: D,_floatit1g to word 
048 CVTFB src.rf, dsl. wb Convert F _floating to byte 
056 CVTFD src.rf, dst.wg Convert F _floating to D __ float 
99FD CVTFG src.rf, c!st. wg Convert F _floating to G ... Jloat 
04A CVTFL src.rf, dst.wl Convert F_floating to long 
049 CVTF\V src.rf, dst.ww Convert F_floating to word 
48FD CVTGB src.rg, dst.wb Convert G_Jloating to byte 
33FD CVTGF src.rg, dst.wf Convert G __ Jloating to F __ f!oat 
4AFD CVTGL src.rg, dst.wl Convert G_Jloatingto long 
49FD CVTG\\I src.rg, dst. ww Convert G __ fhning to word 
06E CVTLD src.rl, dst.wb Convert long to D ___ floating 
04E CVTLF src.rl, dst.wf Convert long to F_f!oating 
4EFD CVTLG src.rl, dst.wg Convert long to G_floating 
06D CVTWD src.rw; dst.wd Convert word to D_floating 
04D CVTWF src.rw, dst.wf Convert word to F...c..floating 
4DFD CVTWG src.rw, dst.wg Convert word to G_floming 
----------····---------·-·--·--------·---·· 
06B CVTRDL src.rd, dst.wl Convert rounded D_floating 

to long 
04B CVTHFL src.rf, dst.wl Convert rounded F_floating 

to long 
4BFD CVTRGL src.rg, dst. wl Convert rounded G __ f!oating 

ro long 

066 
046 
46FD 

067 
047 
47FD 

074 

054 

54FD 

072 
052 
52FD 

D!VD2 divr:rd, 
DJVt-'2 divr.rf, quo.mf 

DIVC2 divug, quo.mg 

D!VD3 divr.rd, divud, quo.wd 

DIVD.3 divr.rf, divr.rf. quo.wf 
DIVDJ divr.rg, divr.rg, quo. wg 

EMODD muir.rd, rnultx.rd, 
muld.rd, int.wl, fract.wd 
E1\IODFmuir.rf, mulrx.rb, 
muld.rd int.wl, fract.wf 
EMODG 
muid.tg 

"l'vlNEGD src.rd, dst.wd 
":OvlNEGF src.rf, dst.wf 

src.rg, dst.\\ig 

070 "MO\'!) src.rd, dst.wd 
050 *MOVF src.rf, dst.wf 
.50FD ''MOVG src.rg, dst.wg 

Divide D __ f!oating L-c1pe:rana 
Div[dc F .. Jloating 2-openmd 
Divide G._floating 2-opernnd 

Divide D._float.ing 3-operand 
Divide F_floating .3-operand 
Divide G_floati,ng 3-operand 

Extended modulus D_floaring 

Extended modulus F _fl;;iating 

Move negated D_floating 
Move negated E_J!oating 
Movy G_floating 

Move D_floating 
Move F_floatfog . 
Move G__flciating 
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'~v. *~ 0 0 
·~'< " 0 0 ,, 

0 0 
~·~ ~·< 0 0 

* * 0 0 
;, 0 " ~·: 

~': 

~·· 

··~ 
'"!~ 

•k 

~·, 

~·r 

* 
•,': 

if 

* ,, 
l': 

-1: 

"" 0 ,, (} 

0 0 
0 0 
' 0 
" 0 

rsv 
rsv 

rsv1 io\1 

rsv, fov 
rsv, iov 

1t.S\1, -iov 
rsv, iov 
rsv 
rsv 
rsv1 iov 
rsv, iov .

rs\~, 1QV 
.,,~ 

" 0 
0 (} 

' '"''0 
"' * "' 0 
""' ,., 0 0 

rsv, fov, fuv 
rsv, iov 

;, * 0 0 
" " 0 0 
,., ;, 0 0 

,., '" 0 0 
;, "" 0 0 

* * 0 0 

1': 1: -J: 0 

,•,- ~'r ~~ () 

~': ~·: Ci 0 

rsv, iov 

rsv, iov 

rsv1 iov 

1:- ,, 
0 0 rsv fov' fuv fd\'Z 

;': :I: 0 0 rsv fov fuv fdvi 
-~~·~----------·-------

* 0 0 rsv fov fuv fdvz 
0 0 rsv fov fuv fdvz 

" * 0 0 rsvfov fdvz 

'' 0 rsv fov fov iov 

'" 0 rsv fov fov iov 

'' ,., ·:. 0 rsv fo,., fuv iov 

,.,, "' 0 0 rsv 

' 1' ":' - 0 () <!SV. 
~"( ,, 

0 o. 
1~ •k 0 

..,,, 
0 - rsv 

'' - '" () - rsv 



Prelitniury. 

OP Mnemonic and Arguments Description N Z V C. Eicepti-Ons 

064 MULD2 mub:rd, prod.rod Multiply D_floating 2-operand " * 0 0 rsv, fov, fuv 
044 MULF2 mulr.rf, prod.mf Multiply F _floating 2•operand * " 0 0 rsv, fov, fuv 
44FD MULG.2 m,ulr.rg, prod.mg Multiply G_floating 2-operand * " 0 0 rsv, fov, fuv 

065 MULD3 mulr.rd, muld.rd, prod.wd Multiply D~floating -''operand " * 0 0 rsv,fov, fuv 
045 MULF3 mukrf, muld.rf, prod.wf Multiply F .. Jloating}-operand * * 0 0 tsv, fov, fuv 
45FD MULG3 mulr.rf, muld.rg, ptod.wg, Multiply G_floating 3-operand * * 0 0. rsv, fov, fuv 

075 POLYD arg.rd, degree rw, tbladder.ab£valuate polynomial D"""floating * * 0 0 rsv, fov, fuv 
055 POIXF atg.rf, degtel': rw, tbladder.a~ Evaluate polynomial F _floating * 0 0 rsv, fov, fuv 
55FD POI.YD arg.rg, degree rw, tbladder.ab Evaluate polynomial G_floating * * 0 0. rsv, fov, fuv 

062 SUBD2 sub.rd, dif.md Subtract D_float:ing2:operand * " 0 ·a'. rsv, fov, fuv 
042 SUBF2.sub.rf, dif.mf Subtf'act F _floating 2-operand * * 0 0 rsv, fov, fuv 
42FD SUBG2 sub.rg, dif.mg Subtract G_floating 2-operand * * .0 0 · rsv, fov, fuv 

063 SUBD3 sub.rd, mi~ rd,dif.md Subtract D_floating }.operand * . *' * 0 • rsv fov fuv 
043 SUBF2 sub.rf, minrf, dif.mf Subtract F _floating 3~operand '' '' 0 0 rsv fov fuv 
43FD SUBG2 sub.rg, min rg, dif.mg S.ubtractG_:floating J~operand 1' * 0 0.< rsv fov fuv 

07 3 *TSTD src.rd 
053 *TSTF src.rf 
53FD *TSTG src.rg 

• Memory Management 

Test D_Hoating 
Test F _floating 
Test G_floating 

* '' 0 0 · rsv 
* * .0 0 rsv 

'' * ·O o;rsv 

The memory management unit of the CVAX 78034 provides a flexible and efficient virtual 
memory programming environment. Memory management,. together with the operating system, 
provides both paging (with usercontrq)) and swapping.- Jt, a!sc,. proyides four ~i~rarchi~ftl. ~~~es.; 
kernel, executive, supet\iisot, and usei,;ahd has read and \{ri:ii:e acces$ MnfrCil'fore!di~e." ' 

A yirtual. memory syste!Il ·provides. a.·)~e .. a<)d~es~ ~Pf!pe ;.~hile ~q~ing P~1ltllrns, ,r? xµ~, op 
hardware with small memory configurations. Programs execute in an eqviro~~ent,~e,fined.P:s.a 
process. The virtual memory system for the CVAX 78034 provides each process with a 4 billion 
byte address space. 

Virtual AddressSp~e. 
Virtual address kpace .consists.of.two.address spaces of equal s~-a·syste.m,spade and a process 
space. The process space contains the PO and Pl regions. F,igure 15 shows the virtual address space 

,<:; '· •·'-' ' .: . ·--' '.- ';-·\ 

assignments. 
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3FFFFFFF 
4 0 0 0 0 0 0.0 

PO 
REGION 

Pl 
REGION 

l 
l 

.<; 
LENGTH OF PO REGION IN PAGES· 
lPOLRJ 1 · 

PO REGION GROWTH DIRECTION 

P1 REGION GROWTH DIRECTION 

LENGTH dF Pl REGION IN PAGES 
(2 ... 21-P1 LR) 

7FFFFFFF a a o o o o o o t---..,..--------------c--l 

SYSTEM 

LENGTH OF SYSTEM REGION IN PAGES' 
ISLR) 

BF.FF Ff FF REGJON 1 
co.ob .o 0 0 0 i-------~-----'---'------1 

SYSTEM REGION GROWTHDIRECTIO.N 

FFFFFFFF 

RESERVED 
REGION 

Figure 15 • CVAX 78034 Virtual Address Space Assignments 

. . 

Virtual ~qckess format~ The CVAX. 7s034 generates a 32-bit virtual address for each i11strucd011 
and oper~nd in memory. As

1 
~he process is executed .. the proces$()r translates each virtualaddress 

foto a physical'address. The format of a virtual address is shown in Figure 16. Table 11' defines the 
fields of a vitt1Jaladdress.. · . ·· · 

31 0908 00 

I : •: : : : : : : : : ~+ : : : : : : : : : : J : ivf EH++: l· 
·Figure 16 • CVAX 780)4 Virtuat'Addi-ess FormJt 
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Bit Description 

31:09 VPN (VirtuaCpage number)-This field specifie~ the virtual page tC: ·be refere~ced: 
Virtual address space contains 8,38_8,608 pages()f512 bytes each. 

B~ts 31:30 of the VPN are used to select the region of virtual address:.•space being 
referenced asfollows. 

Bits 31:30 Region 
value 

JL 
1 
2 
3 

PO 
Pl 
systel1} 
reserved 

08:00 Byte Number....,-This field specifies th~byte number within th:e:page. 

Page protection-Independent ofirs Iocation4n virtual a~ess spac~f:;t page (.5Ilbytes) can be 
protected according t:o its use. Altho1o1gh the sy~t~m space i~ s.bared ~nJ;~~rogram fiil~enerate any 
address, the programcan be prevent~dfrom modifying or acc~sing ~ti-Ons of thesy~m space. A 
program can also be prevented from· accessing or modif yiri~ ~ortion&'Qflsrocess sp~e'. 

Virtual address space allocations-Access to the•PO, Pl, and System regiop is controlled by a length 
register. The PO region is controllec!. by the PQ, Length · (PQ~R\.the Pl rt:s\orrby the Pl 
Length Register (Pl LR), al}q .the systerri regi()h by the.$ · I.,~11gtfi'.1.~tigi:>ter (SI.;Ri Wi~hifl tp~ 
limits defined by the length registers, the access is cont~ll~ by a• p~g~ table th.a~ :specifies the 
validity; access requirements, andloaitionofea~ page inth~regicm;; 

/~.'1.· 

Access control 
The accesscontroHunction validates the tYPf::.9f memotycaccess that is allowed to a~ce~s a page. 
Each page has a protection code for each mode t})at determines if read or wri~~ 'ref~ferices are 
all~. . 

Four hierarchical modes are used by"tJ1e ¢YAX 7$034. The processor mode th,~t,.is. qtFn;n~~ 
running is stored in the current mode field of the Processor Status Longword (PSL). The modes in 

order of most to least privileged are .. "'·· .. ;;;·-r .) .. <.<1 •••• , •• ;~J 

• 0 Kernel.;..;. Used by the kernel of.the operating;sysrem·fgcr: pa',ge1man:agen1eht/sdredtillrig, andl/b 
.drivers. ,.. ··•·>» '' 

• 1 Executive-Used for many ofthedpehitrng 'systefu'$~~foe'¢~1ls.: 

• 2 Supervisor-Used for services such as command interpretation. 

The protection code';16cated· in the page"t®fu entry fotth!tt page, ·~peclfih:·wherher the page can 
be accessed for each m.ode. these codes are described in Table 12. 
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Table. t2 •. CVA"X 'ft\034 )?ror.ectioo;t:;odes Assignl)1¢Pts 

Code Mnemonic Current mode' 
decima1 binary K E s u Comment 

0 0000 NA no access 

1 0001 ~·(* ** *'' ·;';·fl reserved 

2 0010 KW RW 

3 0011 KR R 

4 0100 uw RW RW RW RW all access 

5 0101 EW RW RW 

6 0110 ERKW RW R 

7 0111 ER R R 

8 1000 SW RW RW RW 

9 1001 SREW RW RW R 

10 1010 SRKW RW R R 

11 1011 SR R R R 

12. 1100 u~sw 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 

1 -=no access K=Kernel 
'' * = u!lpredictable E =Executive 
R=readonly S =Supervisor 
RW = read/write U=User 

Memory-management Control 
The three registers used .. tQ control the memory management function are de.scribed as follows; 

Map Enable register (MAPEN)-This register is used to enable and disable memory management. 
The format of the register is shown in Figure 17 ans! qescribed.in Table 13. 

31 0100 

I : : : : : : : : : : : : : : ~+: : : : : : : '.: : : : : : 11 , . . . . . . . .. . , . . ... ·. I 
:MAf;EN 

MME 

Figure 17 • CVAX 7 8034 Map Enable Register Fonnat 
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Table 1.3 ~ CVAX 78034 Map Enable ~~ster Uescnption 

Bit D~~tiptit;nt · , 

31:01 MBZ-Must be zero 

00 MME (Memory management enable)-Enable and disable memory management as 
follows:.· 

MME== 1 (enabled) 
MME=O (disabled) 

Translation buffer-This buffer, is used to. saye, the act\]a,l memory ~ferences when pages are 
repeatedly referenced. The CVAX CPU uses this bufMt to· recotd 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. Translation buffer entries are replaced 
using a Not Last Used (J::l~\:!l~?:rith,in,tQ t;f~~;n; ;,~qt,i~111~~p~~eme~t.~i;}~er is not pointi~g to the 
last tran&lation buffer entry to be use& This is accomplished bynitating the repl~c~rnent pcinter~o 
the next sequential translation buffer entry if the pointer is pointingto an enrfythatfia{)ust bel;!n 
accesse.d. Both P:streamand I-stream referer~cep, c~n s~u;se.t~c Npj. tp~de. When the ~nslatio11 
buffer does not contain a virtµal addresS. at:ltl,pe,g~ st~tis o~,Jhe memor:y. reforer')<;eP, the CPU 
up<latesthe tramlat.ion buffer. ibe entry to bcre{Jlacedi; pdl~ted to by the replace~ent pointt:r. 

System control of the translation buffer i~ 'througH t~~)~\lnsl~~iOnB11ffer lnyaliqate $i~gle (TBIS) 
register and tbe Translation Buffer Invalidate AI1 (T131A}reg1st<::r. · · 

the TBIS register l:s used to inv'alidafo single P'I1E 't~:h.triesfo the transfatio,n l:fr:tffer. This is 
accomplished by wridng a virrmu addrhss into: the TBIS •rt$ister that invalidates translation 
buffer entry that maps the virtual address. Figure 18 sho~ ~!)~ regi;;~~r format. 

Figure 18 • CV!'lX CVAX 78034 Translatiqy Btt{fer lnt'<~ii~ite Silt~e RegtstefFminat 

The '!;BI/\ register is used to dear the trans4ttion pu#~r h~)~va)fclating ~ll,p~e W~le en~rie& Jn,the 
trari.Slation bµffei:. TI1is. isyerforrried by wsiilng a o lntq.the ~WA .fj:igister; Jiguq:. l? s)1~iws. ~he 
format of the register. · · · · · · · · · · · · 

31 

•TBIA 

Figure 19 • C1h1X 78034 Translation Buffer Inv4Jidate All Registet· 

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 J\1ME is 
cleared, memory mapping is disabled and thelow·order bits of the vit-tual 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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Preliminary;· 

All virtual addresses are translated to phY;sical add~ss.es by ii page table entry (PTE). The PTE has a 
valid bit that controls only the validity 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 Figure 20 and 
described in Table 14. 

3130 2726252423222120 00 

H H0f 1+1 ; lo'.01::: : : : : : : H: : : : : : : : : I 
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. Vis set for valid and cleared for not valid. 

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

26 M (Modify 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 Vis set. 

25 0-Reserved for used by Digital. 

24:23 OWN (Owner)-Reserved. 

22:21 0-Resenfed for use by Digital. 
·~~~~~~~~~~~~~~~~~~~~~-

20: 00 PFN (Page frame number)-The upper 21 bits of the physical address of the base of the 
page. Used only if Vis set. 

System Space Address Translation 
A virtual address with bits 31:30 equal to 2 is identified as an address in the system 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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Figure 21 • CVAX 78034 System Napping Registers Format 

SVAo 
{SYSTEM VIRTUAL 
ADDRESS) 

SB Ro 

PTEo 

PHYSICAL ADA OF DAT.A,, 

CHE CK LENGTH 

ADD 

FETCH 

Figure 22 • CVAX 78034 System Virtual-to~p"1si"a{ .!lddre~s TranslatioJ1 .•. 

Process Space Address Translation 
A virtual address with bit 31 equal to 0 is identified as an address in the process virtual address 
space. Process space is divided into two equalsized sepurately mapped regions. When hit 30 is 
equal to 0, the address is in region PO. When bit 30 is equal t:O 1, the address is in region Pl. 
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PO Region Address '.I'riin~I~tiop:-;-: The PQ i;egiongf prq£~s~ ad~dre~!> l>Pi!~ej~ map~d '\:iy the PO Page 
Table (POPT) .tgat i~,l(}}:ated in system.vktllalJ1.ddre~~ space: the Pf) region addressi~ d.~fined by the 
PO Base Register (OOBR). The page table entry peintedto by the POBRmaps the<Hrst 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 translating a Pb vittua! address to ~ physical addi-ess is shown 
in Figure 24. · · 

Figure 23 • CVAX 78034 PO R~gion Mappingl{egisters Format 

PVA: 
l?ROCESS VIRTU/l,L 
ADDRESS) 

POBR: 

PTE: 

31 

l: : : : :··: : .: 

PHYSICAL ADR,QF DP,Tf.>.; 

2120 

ADD 

YIELDS 

FETCH BY $YSTEM SPACE 
TRANSLAl"JO~·ALGORtTHM,' 
INCLUDING LENGTH AND 
KERNEL MODE ACCESS CHECKS 

:POBR 

0100 

Figure 24 • CVAX 78034 PO Virtual-to-physical Address 7.ransf.ation 
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Pl Region Address Translation-The Pl region of the address space ismal?ped by'trre Pl·~~e 
Tahle (PlPT}thatis located ih system virtual address space. The ·P~ tegiotifs"definedby·the ·Pl 
Base Register (PlB'R) and the Pl Length Register (Pl LR): Be~ause the Pl space oovlinces toward 
smaller addreSlies and because a consistent hardware interpretation o~ th~base and length registers 
is not desirable, NBRand Pl LR define the portion of Pl ·spate that is.not accessible~ The PlLR 
contains the numbetof nonexistent IPTEs: ;Pl'BR contains·the systetn'iJirix!al addressef >.vhat w6uld 
be the PTE for the first page of Pl which is virtual byte address 40000000 (hexadecimal). The 
address in PlBR may not be a valid system virtual address but all acld~swufP:l'E.s.mus.'tlbe:*'Mid 
svstem virtual addresses. The PlBR and P lLR rn.~ppif)g for~~t is sho\Vnin Figu~ :25. The prqcess 
df viitua.X-address to ph~sical address transladon is show~ in ~igdre[ 26, ' · , ' · ' , · · · · 

' , • - , .- ··, • ·: \.·--. , ,,.,._ -•r :· ... - .. ·, - ,· 

31 

PVA: 
IPA OCE:SS VIRTUAL 
ADDRESS) 

P18R: 

PTE: 

FETCH BYS¥S'\<iM:~/<\.U~' ;>: 
TRANSLAHON ALGORITHM. 
INCLUDING LENGTil.All<D:: 
KERNEL i'ilODE ACCESS CHEC)KS 

PHYSICAL ADA OF DATA: 

Figure 26 • CVAX 78034 Pl Virtualcto·phJ!sical/iddressTronskition 



~emoey ~anagemen.tFat1lts . , ·· 
The two types. qf.faults.a,s~ociated with mltmory mapping and protection arc Translation Not VaHd 
(TNV) and {\ccessCop.qoi Violatiqn (ACY); An ACV,fault cl{.ists when the protection field:of,the: 
page table ieqtry (PTE) indicates that the intendec:l page refetence in the spei:ified acq:~ss,mod~ .is 
i!Jegal. ;'.\TNV fault e;xists wpen a rea.d or write. reference is atter:npted through .an invalid PTE (PTE 
bit Jlis ~et). The ACV ~aulnakes precedence when both an ACV and TNV fault ocrnrs. 

• &s::ceptions and Interrupts 

During the operatibhof~ system, events within the system may occur that require'th~ ~i~cutio~ 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 el{ecuting process. 

Events that are primarily relevant to the currently executing process normally invoke software in 
the context of the cur~nt process: The notificatiOn of these events are defined as exceptions. 

) '~ 

Events that are prin1arily relevant to other processes or to the entire system are serviced in a 
systemwide context. The notification of these events is defined as interrupts. The system wide 
context is also defined as ''executing on the interrupt stack." The priority associated with an 
interrupt is specified by the interrupt priority level (IPL). 

Interrupt Priority Leve1s_.:.Tbe VAX architecture has 31 interrupt pri;)rity l~veis grouped into 15 
software levels (1 to Fhex-adecimal) and16 Hardw.arelevds (10to1Fhexadecima1). Table 15 lists the 
CVAX 78034 IPL, priority, and the conditions causing the interrupt. 

Table 15 • CVAX 78034 Interru~t Priority ~even Assignments 

'rriority·· 

Highest 

LoWest 

~J. 'IPL 1 '. 

(hexadecimal) 

-1F 
1E 
lD 

, 1B through 1 C 
TA 
.18,19 
17 

.16 
16 

.. l.5 
14 
10 through 13 

OJ. through OF 

Interrupt Registers 

unused· 
PWRFI asserted 
MEMERR asserted 
unused 
·l'."R"i) ·asserted 
unused 
1RQ3' ~sserted 
INTTIM asserted 
IRQ2 asserted 
WQJ asserted 
IRQO asserted 
unused 

software interrupt request 

The interrupt syst~m is controlled by thelnterrupt Priority Level register, the Software Interrupt 
~equest Register (SIRR), and the Software Interrupt Summary Register (SISR). The IPL corres
f;qnas to PSL bi~s 20:16: 

,Softwfil1'! Jntei-r1,1t)t Sqmlllary, Register (SISJ{):--The SISR iS a privileged register that records. 
pending software int~r~~pt~. It ccmtains ones in the bit positions that correspond to levels on which 
software interrupts are pending. Figure 27 shows the SISR format. 

1"42 Confidential and Proprietary 



Figure2i•.CVAX 78,014SoftwflreJntf1!11fptSun~t!JfYY..Rl!l?)tterFortnat,d.· 
1 

SQftw~ 1Inte,i:rupt ~q~es~. ;R.e~~t~.,~~~fl):;-1'~ .~IB-R. i~ .. ~ .. }Y[itfcP?lrH~i,t. pi;ivjk&f5l,i;~~tff 
used for initiating .a, softwai;e. requ.est1. Th~ ~9~twa,w ;-e9pe~tf ~p il}teli\lP~i hr1 wr.txin~:thf!. 
appr~priat~ leyfft? t~e~I~~.; OnS~:~ sqt~w~ r~,9~7.tJs IJ~f; ... ~~~~9~s~;t~ qi}i1\\t~e S~S~ is, 
set. 1 he processar will clear the bit 10 die SISR when the mterrupt has been taken. Figure 2,8. ?how.!l 
the SIRR format. .· · ·· · · 

Interrupt Priority Level Register (IP'[,)-\Writin'.j iq)b~)PL register loads the processo~ pdoi1ty 
field in the processor status long\Vord: Fi~~ 29,'~~\Vs)lle IPL register format. 

Interrupts , . . . , . . J , • , • , . ; 

Hardware and software intei;rµpts a.re. iµitiatedpy.the f~Uowing conditions. 
; 0 • • : . \,,, '.J,.' j !_ ,;, ,• I •,i / ' , "··~ -> •• - '- ,,<'f/·-'· "·''· ·.-- ·/ 

Hardware interrupts-Hardware interrupts 1arech,tit:i:il,ted by· HALT (nonmaskable interrupt), 
PWRFL, MEMERR; CRD; INTTIM, andlRQ < 3;0:> s~ma:ls. These signals are sarnpl~doO:ceea~h 
microcycle byJpe .imeri:upt~omroUer .. 9fthe. Cro:. 'f'.KC,'intertu.Pt .controlle.r .. comp~res the.IPL 
fl#ioci~~ed witli ·al!l.y,,s,tg,M:l rMt i.S ass~rtdd 1lo the mirnwt IPL of tbe CPU., If :any··of;trnni.ssert:ed 
signals bav.eati.IPLhl§henhan.the CP:U, an; interrupt will be taken. For interrupts generated by the 
HALT, PWRFL, MEMERR, CRD, ap.dINTl'lM,the CJ?U::internally generates a vector which is an 
offset into the SCB. For interr\lptsgenera.ted.by.lR.Q~3:0>, the CPU executes an interrupt 
acknowledge cycle to fetch the vectodrcm the device requesting the interrupt. 

An interrupt is serviced at its priority level except for interrupts requested bz1""'R""'· Q"""·.•.··' ... <""'•5""':0""">...-. tlfafa~ 
serviced at either theintssodated 1PL or IPL 17{hexadedmai)'.·The lexiel: at whkh a.n interrupt 
reqaested.by aa•IilQ3:0;;>. is serviced isdetermil1~ by·{}ALOOWhe'n thedevice &ends· the vector to 
the CPU. When DALOO rs a •o, the' ihl:errupt is sen!icW' at:' the IPL• associated with the.· ai;serted 
signal. When DALOO is a 1, the interrupt is serviced at IPL 17 (hexadecimal). 
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Software interruplJS:-Soft wareim(:rrup_t~are reqU(!Stf:i:J. by sys.~em 8r U$er m:;ir.;~Qtje by writing a 
value into the Software Interrupd~~quest Register (SIRR). The value 'wtitten to the SIRR is one of 
the IPL levels (hexadecirnal).assign&lto software interrupts. Writing a value to the $IRR results in 
setting the correspqnding 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 ofthe 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 sdftwarein~errupt system is affected by an.R.EI instruction or other event that change~ thtdri£ 
ohhe CPU. If'the IPL'is changed to a value lower than the highest pending software int~rrupt 
request and no hardware interrupts are pending, the interrupt controller grants the softw~e 
int~rrupt. · · · · 

Exceptions 
An exception is an event resulting from the execution of a specific instruction. Exceptions also 
include errors auto!'natically detected by the prqc.essor 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 

arithmetic traps/faults 

memory management ex,ceptions 

operand reference exceptions 

instruction execution exceptions 

fystem failure exceptions · 

Cause 

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

aq:ess control violation ({\CV) fault 
translation not valid (TNV) fault 

reserved ~dqre;ssing m.ode fault . 
reserved operand fault or abort 

reserved/privileged instruction fault 
emulated instruction fault 
custoiner reserved instrtiction fault 
breakpoint fault 

trace fault 

!), 

machine check ~hort including read/write b\ls and parity 
errors, cache parity errors, and FPAI)tdtocoh!rrors 
kernel smckndt valid abort . · ··· 

interrupt stack not valid abort; 

Sx~tern C~ntrol Block . , ; 
TJ:i.e System Ct:mrro1,Bloc1; (SCB) is a page aligned table in physical memo;ry that contains the 
vectors.for servicing interrupi;s. and. exi:;eptjons, '.J;'abk 17 li$ts the. ~yst.;:.rn i:;ontr0lbl~~k vectors. The 
SC\3. is flpinted to. by tqe ~ystf;lI! qmtrol blpck b~se register (SCB~}. The register forma;tjs shownil!l 
Figure 30. 
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-
Vecu:>t 
(n•decimal) ·. · 

00 
04 
08 
oc 
10 
14 
is 
lC 
20 
24 
28 
2C 
30 
34 
3s:..>c 
40 
44 
48 
4C 
50 
54 
_5&-5C 
60 
64-80 
84 
88 
SC 
90-BC 
Cci 
C4 
C8 
cc 
DO"-FC 
100-lFC 
200-FFFC 

Preliminary· 

Tuble 17 • CVAX78034 System Contt<JI Block VectorJ. · · 
'> - ,' ·.··,··'' ''1 ,-"·' ·---. ',' '' ----._. 

Name 

passive release 
machine check 
kernel stack hot ~alid 
po~erfail ' ' 
tesefved/~rivil~.a~d.irtsihtction 
ustcimer reserved' instnictl.on I.'• 
re~.rV~dqperand 
Cre~rved addrcssirig m~Je' 
access eonfrol vi&lati-c:in 
transfation·not •valid 
trace pending (TP) 

breakpoint instruction 
unused 
arithinefo::: · 
unused 
CHMK 
CH.ME 
CHMS 
GHMU 
unused 
corrected read data 
unused 
memory error 
unused' 
softw()re levell . 
so.ft ware level 2 
softwru~;leyel,J· 

~qft1ware)~eh4 .t!i~~h}') 
ihter'val time ' · · 1 • · • ·. · 

unused 
emulation stant. • 
emulatfon ¢ontinue. 
unused , 
adapter 

1
vectors 

dev-ice V:ecrors' 

Figure 30 • CVAX 78034 System Control Block Base Register Format 

Type· 

interrupt ; ' 
· abOrt 

1f}bCJri 
im:etrupt 
fault·. · 
'£Jul~-· 

· '?alltetab<Jr.t 
'fauif · . . ... 

fault'' 
y fafilt 

fault 
· ffililr 

·• :'hitdrii~i··· 
iprecmpt 
:intef.tu:pt• 
interrupt 

.-·int~tr~1pi 

fault 
'fault.·• 

foteffu~r 
···iht~~rupt 

:SCBS 
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Preliminary 

SCB vectors from lOOthr?ugh FFFC{hexadedmal) are µ~~dfo directlyye~tor interrupts from the 
external bus. The SCBB vector index is deteriu'ined bybits 1):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 deart:d, 
the new IPL level is determined by the interrupt request level being serviced. If bit 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 generating 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 IRQ < 3 :0 > but only one interrupt grant is daisychained. Devices on the 
Q-bus are also arranged so that higher-priority devices are electrically closer to the bus master. If an 
IRQ1 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 ~hexaclecimal). 

Machine Check 
A machine check occurs as a result of serious internal 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 foliows: 

• 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, MOVC.5), 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 
processed on the interrupt stack \Xfhen 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. 

1-46 Confidential and Proprietary 



PrelimiMry 

BYTE COUNT (00000010 HEX) 

MACHINE CHECK CODE 

MOST RECENT MEMORY ADDRESS 
,. 

INTERNAL STATE INFORMATION 2 

: .... \ 

INTERNAL STATE INFORNl~TION l 

PC 

PSL 

""":' 

Figure 31 • CVAX 78034 Machine Chelx:'s'tack 

Table 18 • CVAX 780~4 Machine Check Parameters 

Machine check code (~decimal): 
code definition 

1 FPA protocol error .. 
2 FPA res!"'rvecl.instruction 
3 FPA unknown error 
4 FPA unknown error. 
5 process PTE in PO space (TB miss) 
6 process PTE in Pl space (TB miss) 
7 process PTE in PO space (M""' O) 
8 process PTE in Pl space (M=O) 
9 undefined interrupt.ID code 
A' impossible microcode state (MOVCx) · 
80 · read bus error, notmal read 
81 read. bus error, SPTE, PCB, or SCB read 
82 write bus error, normal write 
83 write bus error,SPTE 0t PCB write 

Most recent memory address: 
address value 

31:00 current contents of VAPregister 

Internal state infurmationl: 
bits value 

31:24 
23:20 
19:16. 
15:08 
07:00. 

current contents of opcode 7:0 
1111 ' 
current contents· of HSIR 3:0 
current contents ofCADR 07:00 
current contents of MSBR 07 :00 

Confidential and f?roprietary 

·"· :SP 
!• 

·. 

J. 

··.·. 
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Internal state iJ'lformation2:· 
bits value 
31:24 current contents of SC 7:0 
2.3:22 11. 
21:16 
15 
14:12 
11:08 
07:00 

cutrent contents of State 5:0 
current contents of VAX CAN'T RESTART bit 
111 
cu~rent ALU condition codes 
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 manag(:rnent and 111icrocode .inJ.pP;ssfble 
situations, bus memory errors, and multiple errors. 

Protocol-CVAX 78134 FPA checks for the proper order of requests frorn the CPU. If a protocbl 
violation is detected, a machine check occurs. All FPA protocol error machine checks are 
nonrecoverable. The error should be logged and the currently running prdcess or the operating 
system should be terminated. TI1e hexadecimal codes generated for a FPA pWtocol error are 

Code Error 

FPA protocol 1 
2 
3 and 4 

FPA reserved instruction 
FPA unknown 

Impossible situations (memory management)-The CVAX CPU checks for some impossible 
conditions in the memory management unit. If an impossible situation is detected, a machine 
check occurs. All impossible memory management machine check.s are nonrecoverable. The error 
should be logged and the currently running process or operating system shouldbderminated. The 
current memory management registers (POBR, PlBR, SBR, POLR, PlLR, and SLR) should also be 
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 Pl space (TB m~ss.flows) 

7 The calculated virtual address for a Process PTE is in PO space (M = 0 fl~w?) 
8 The calculated virtual address for a Process PTE is ~n Pl space (Iv.J. = Oflow~) 
Unused IPL request-The CVAX CPU uses 13 of the 16 hardware interrupt p:tiority levels as 
defined in the VAX architecture. If an interrupt at an unused hardware IPk is requested; la 
hexadecimal code and machine check occurs. The unused IPLmachine.·check is;nonrecoverable. 
The error should be logged. A nonvectored interrupt representing a serious error (corrected· ream 
data, memory error, poWerfail, 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 etror 
9 The interrupt controller returned an interrupting IPL of 18, 19, o~ lff(bexadecimalf. 

Ill1possil>le situatrons (microc00e)_,Bec~use o.f ~ize constwnts·, erron~us branches in microcode 
will usually result in the execution ofranqorr injcroinstrliCri()~S. Ho)VeYer, ihhe microcode detect.s 
an impossible .situ~clon .• a ma~hine che~k oc<;urs. The im~ssi!,,ie.~l~~9{ie 'machine check.~s 
nonrecove~Ie. Thl! errorshould be logg,ed,:,a;id the cup:e~tlJ'.ttiA~lli.1,1i;c>c1f~s.or the operatlpg 
system should be terminated. 'the following ~xadecimal cooe ana error is.ge9~i;ated. ' . 

Code Machine check e~r 
A MOVC3 or MOVC5 in impossible state 

&s tne~o,y ~:::--U ~icternwJogi~ a,sse~t;~, U.~E, .. ~· ry~egff~~.t;o .a.~s~.oty~~~·.piherJ~ '<lfl 
instruction pr~fetch or. intei;tl.lpt, acknpWledge, .\\ ... fU~c~:,!;~k •. G<;;~Ul\$ /aqq . the .. tqllQ'Ylns 
he:xagedmal C(lde is g~nerateg.. ' · · · · ' · · · · · · · · · · ·· · · · · · · · · 

Code Machine check error 

80 read bus error, normal read 
81 read.buserror, SPTE,PCB, or SCBread 
82 rite bu~ error; normal write 
8 3 write bus error, SPTE or PCB write 

Bus memory error machine checks may be recoverabl1t .depem:liog on the error code, the VAX Can't 
Restart flag, and FPD flags in the machine checkstack frrune; Bus memory error machine checks 
that are recogn~dhy the CPU as restartable may be nooreeovel;'.ltblefur systemreasons(e.g., a read 
lock may be outstanding). On a nonrecoverablecerror, theerro* should oologged, and the currently 
running proces51or the operating system shouldhe terfuinated. The code andrelationship is 

Code VAX can't FPD~ Action 
restart* 

80,81 0 x restartable 
1 0 nonrecoverable 

' 1 1 restartable 

82,83 x x nonrecoverable 

* X is either 1 otO. 

Multiple Errors....:..Ifthe CVAX CPU encounters set:ioµs,e!'fot's that are nested together (e.g., kernel 
stack not valid inside a machine check) or othercop4ition.srhattannbrbe p~cessed by .the system 
macrocode (e.g., HALT instruction in kernel mode!;,the mix:rooode places the current PCin internal 
processor register SAVPC and the current PSL, MAPSN, 1Hl.E restart cede in interfial processor 
register SAVPSL'. It then executes a. processor restart, · · 

Processor I{esuirt-H the hardware or lrernd-softw* envirornnent becomes severely ;<::orrupted, 
the CPU mayndt be able ·to continue·n~rmal proeess1ng,The-CPU"thef' el\'.~tes ~proeessor restart 
operation and tr.ansfers control to the l'.ecovery code .beginning. ~t physfo;al address 20040000 
(hexadecimal). l'he SAVI'C register c.ontain.s the prb.iious PCv:alue.andthe SA\l.PSLregister contains 
the previous PSL value with M,APE.N. in bit,J5, a.Yqtlig ~~iJ.ckJJl!g ~n \:lit. J4, it.Pd. a~~tliiff~e in bits 
13:08. The restart codes are summarized in Table 9. The stateqf t.he GP,Ufo.r aprq:essqqestart is as 
follows. All other registers are not defined. 
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Register 

SAVPC 

SAVPSL 

SP 
PSL 
PC 
lv1APEN 
SISR 

Condition 

saved PC . . · .. ··.· , ,. , . , ·. . . . · · 
saved PSL bits 31:16. 07:00 in bits ?1:16.and 07:00r saved.f14APE1'JO in bit15, yalid 
~tackflaginbit'l4,andsavedrestartcodein'bfrstfos '·••"' .:• ·· .·: · .· ·• 

interrupt st~ck p~inter ' ASTI"VL ,. ' '4 (powerup 01;ilv) ' ' 
041F.OOOO (hexadecimal) . recs . 'cleared. (powen;p 9ttly) 
20040000(hexadecimal) MSER, · de~4(p~werup.onlx) 
cleared CADR cleared (powerup only) 
cleared (powerup only) 

Process Structure 
A process is a single thtead of execu~ion. The context ~f the curreritprocessi{ccinta'rri~diri 1:he 
ProcessConti:oi Bicek (PCB). The PCB, as defined by theCVAX 78034 CPU, is sh0wn in Figure 31. 
The PCB is located in physical memory and is pointed to by the Process Control Block Ba~e register 
(PCBB) shown in Figure 33. 

31 
' ' 

KSP 

ESP 
,;.. 

SSP 
,, 

: 'USP ' . 

RO .... 
R1 .l 
R2 

R3 
( 

R4 

R5 

R6 

R7 

RS 
-'-

R9 

R10 

: ' All ' " 
: .·' 

"' AP (R12) 

FP IR13) _.._ 
PC 

PSL 

' POBR 

Milz • fE~LL~rnzl 
-"-

POLA 

' _;.!., .. ·' - : P1BR .::.. '-"~ cl. .,;_ 

PM ii -1: ...i...MBZ, ..'.:.. I 1?1Lfj :.::. ' 

' 

Figure 32 • CVAX 78034 Process Control Block Format 
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:rem~ 

·Figure 33 • CVAX 78034 Process ControlBlock Base Register 

Processor Registers 
The VAX architecture defines theinternai Prcx:essor Register~ (lfRsJ. Some of treseregisters ·at'e 
implemented in .the CVAX 780 34 CPU and s6ni~ can be impll:!~eii~~in ~ierria.lfogi~~nd ~ccess~d 
by the CVAX CPU. These registers are explicitly accessed py:'t;he,Move1Ti;nProcess6r Register 
(MTPR) and Move From. ~rotes~or ·R,tj5i~JrJ:(MFPR) ihstrffi:'.tions., ~ql~ ···~·~·· .. .li$~s.·.·tl;te ifltei:t1i,tl 
processor registers and their categories. that are defined asJollows: ' . ' ' ' . ' ' ·' ' 

1 Implemented by file cvAx CPTJ as specifiM in the VAX fu:chitecd.i~ St?-hdailtO:iEc StariWlrd 
032). ' 

2 Implemented only by t4e ~AX(:PU. 
3 Passed to external Iogic•via an qternal p,ajc.essor register cyde. If not externallyim;plementtil, 

they are read as zero and perform no funcdonduring wfiteoperations. · · , 

4 Access not allowed (reserved o~~and fauli). 'J " 

Number Register Name 1 
•• Mri~tr[Jnic/f~' 

·~~~~~~--~~~~ 

0 KSP 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

reserved 

reserved. 

Process Control Block l\1se 

,., Refer to Processor Register description. 

PCBB 

lnidali~ ·· Category'~ 
1 

1 

4 

4 

.. ~-;-~----,-·--.-



Preliminary· ... ··· 

Number Register .. Name . Mncmon,ic, Type ~- ~nitiali~e Category''' 
---··------------·--·--~------------------o-<1-·------

17 Systern·c:()ntrol Block Base· SC:Bll' R\V CPU . --· 
---------··------------

18 IPL . R\\' CPU ves 

19 /\STLVL HW Pl\OC: ves 

20 Software Interrupt Request srnR \VJ CPU 

1 

4· 

25 Next Int<:>rval Count NlC:R \Y,/ CPU 3 
-·--··--·----------·-------·-···--·---------

26 Interval Count 

Tirne Of 'li.,ar 

28 Console Storage Receiver Srntus CSJ\S R\X' CPU 
':..~----· ·'-·-~_-..:......:......_ .. _· -· ~-· --·-

29 Console Storage Receiver Data CSRD l~ CPU 3 

30 Console Storagr. Tr:ansrnittcrSrnttts CSTS 3 

31 C:STD \'(' CPU 

32 Console Receiver Status RXC:S R\V CPC 
-~--------------·-----------·····--·---------·- .. ---------·---------
33 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

Console ReceiverData HXDH CPL: 

Console Transmitter Status TXC:S HW C:l'U 3 

Console TXDB \VJ C:PU 3 

Thms!ation Buffer Disable TBDR !{\\! CPU 

Cache Disable CJ\DR RW CPU 
-----~-----------------------

Machine Check Error Summarv MC ESH H\V C:l'l'. 
----·---·-~--~------·--------------------·--·--------·---------

Cache Error C1\El\ [~\V CPC 

Accelerator Control/Status RW CPU . . 
--------------·--~-------------~---------

Console Savedlnrerrupt Stack Pointer SAVI SP ]\ CPU 2 

Console CPU 2 

Console Saved PSL S1\VPSL R 2 

\X'CS Address \VCSA 

WCS Data WC:SD lZ\'I/ CPU 
------------'·---------------------···--.-·-~-~--------·'---------· 
46 reserved 

··-·--·-·--·------------·--·---· 
reserved 4 

SBI SB IFS 3 

"'Refer to Processor Register description. 
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Nom.1:11.~r R'egistir'Name 
' .·.' ' '.... "•" .~; "· ', ', ' < 

49 .S,BISilo . 

50 SBI Silo Comparator 

51 

55 

56 

57 1 

58 1 

59 .3 

60 3 

61 3 

62 

63 1 

64: 12 7 reserved 4 

to Processor Register description. 

Data'and Hus CyJeCfasSi&llti<>n 
Data cycles and read/write. bus cycles,}~ ~he C\'.AX. (;PU, a~ $:~\lped a~cording to classes. The 
classes are determined by the t'YPe of data to tletrari~reheiHilfid ff the data is required immediately 
by the CPU. Status information, related to the type and class of bus cycle, is tmnsferred onto the 
CSDP<2:0> lines during the add.ress part of a bus cyd~. 

Data Class-The data class ind~en:sfream(il'l~trucEi(ji:fsijeam) and D·stream (data stream). 
I-stream references are generated b¥ the.GPU.when .. ~fei<J~ i~structions in the instruction 
stream. 0-stream references are generated by the CPU when data is required by the executing 

instruction.1 \V4~n tes()lvi~ a fa*d I'.streain ref~nce, o.r w~nfill(ng a.pache m~m~ry l~<lti~n. 
Bits Cycl~ Chiu.:.,. There are ~~;basic Pl~s~s .,£ r~ cy~l~s'. ~~o~~ w;ite~ae: ~~I;~.· are 
requestI-£tream read, request J;:}.,ifiream.·read, ~demand n~~.t~m ~ tmd write. Each dais of 
bus cycle is also grouped according to the type of bus or mem6ry operation performed,.,~se are 
read, read lock, read modify intent, read no lock or modify, write unlock,. and write nodroock: 

Request read cycles are generated :W~n Pata is•.not immediately required by the CPU. For example, 
prefetcbing the I-stream (request I-stream read} and filling the second cache longword during a 
D-stream read (request D-stream read) generate request reads. 

Demand read c.ycles are generated when data is immediately required by the CPU. For ~ple, 
when ::in 1 9p~l"flnq1 J?,.'.f?, SCB ~d ~!3. ~fere,t¢ces.;;¥1 g~firi.rte.Ae,m,an4J::>~stream, reads, 

Write oyde~ are.gemirated when dalia.is to be wx.itteh to cache11mdexter~al me~. 

M3 



Preliminary: 

Re9ue~t ~hd de~qdmad cy9~~ .. resp9r,i~ .. differently to errors reporte#,,pµrin~.tqe refe~1lpe. 
Request read errors usuatly do not affect program flow, and demand read errors cause a machine 
check abort. The effects of errors on the operation of the CPU during these cycles are described in 
the En-or Handling section. 

Cache Memory 
To optimize the performance of the memory subsystem, the CVAX CPU contains a l KByte, two
way associative, 8-byte block cache memory. Cache memory can be configured to store I-stream 
only, I-stream andD-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 parity shown in Figure 35. 

93 

63 

TAG 

12 O· BITS WITH 
PARITY AND 
VALID BITI 

56 55 

SET 1 

DATA 

{B BYTES WITH PARIW) 
26 ROWS 

n 71 00 93 

TAG 

{20·BITS WITH 
PARIT'IAND 
VALID BITI 

72 71 

SET2 

DATA 

IS BYTES WITH PARITY) 

Figure 34 • CVAX 78034 Cache Memory Organizr:ztion 

19 00 

TAG 

45· 47 40 39 32 31 24 23 08 07 

00 

p· BYTE'? . P BYTE 6 P BYTE 5 BYTE 4 BYTE 2 . •syrE 1 p BYTE 0 

P ~ PARITY BIT 
V •VALID BlT 

Control 

figure 35 • CVAX 78034 Cache Jag and Data Format 

00. 

Operation of cache memory :is controlled by the Ca~cbe Disable :Register (CADR) 'arid th~ CCTL 
signal. Status informatiotl'is reported by the Memory Error Register {ME/MER) ahc! CSDP3: 'rht? 
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 durfog CPU read 
cydes 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 allocated. 
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 physicaladdresses ate shown in Figure 36. The function of each field of the physical address 
is described in Table 20. 

2928 0908 0302 00 

11 : : : : : : : : iArE{ : : : : : : : : 1 ++~ +~~ 1 : : 1 I · · I 
i/OSPACE BITT/WORD/LOilJGWORD 

SELECT 

Figure 36 • CVAX 780.34 Physical Address/or Cache Access 

Table20 • CVAX 780.34Pbysical Address Description 

Bit Description 

29 1/0 (input/output)-Thisbfr'indicat~s ~he'iher thephysicil address is i~'r/O space. When 
set, the physical address is in I/O space. I/O space references' are never stored in cache. ' 

28:09 Label....c. These bits are compared to the TAG field(s) of the row selectedby the Cache 
Index bits 08:03. 

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 the data block 
when there is a cache hit. 

Cachable reference-A cachable reference has the following characteristics: 

• The reference matches the type selected by bit,<; 05:04 of the CADR . .These are I-stream only, 
I-stream and D-stream, or D-stream only (diagnostic use). 

• The reference is not .a read lock reference. 

• The reference is not in I/O space, bit 29 of the physical irddre'ss is 0. 

Cache hit-,. A cache hit occtirs when the requested dat:a is present and validin cache memory. A hit 
is recognized when the label field of the physical.addre~sisthe sa11;1e as a tag in tbteselected set(s) 
and the entry is valid. During :a CPU read operation, the data i$ from cache memory and no external 
bus cyde is. performed. During. a CPU write operation, cache memory a1).d external memory are 
updated. This is defined as a write-through. 

Cache miss-A cache miss occurs when the,reque~ted data is hot in cache memory or. is not valid. A 
cache miss during a CPU read operation re:.-tilts in a cache allo~ation if the teference is a cachable. A 
cache location cannot be allocated on a write, miss. 

Cache allocation-The CVAX CPU allocates a rnche memory location when a CPU read Operation 
to a cacheable reference results in a cache miss. \Xlhen the CVAX allocates a cache memory location, 
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it initiates a multiple transfer Cl'U read cycle. This bus cyde will read1wc;ilongw9rds from memory 
to fill the allocated 8-byte row in cache. The first longword read is the one that contaihs the data 
requested by the Cl'U (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 Multipl.e Tmnsfer CPU Read Cycles section. 

Error Handling 
The response of the CVAX 78034 CPU to errors depends on the type of error 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 
(read) 

write 

request D-stream 
(read) 

,-request I-stream 
(read) 

pref etch 
halted 

entry is 
invalidated 

entry is 
invalidated 

entry is 
invalidated 

logged in 
MESRbits 06:05 

logged in 
MESR bit 06 

logged in 
MSER bit 06 

machine check 
abort 

machine check 
abort 

'The entire row in cache memory selected by the faulting address is invalidated whether the 
reference is cachable or not cachable. 1be entries from both sets are invalidated. 

'Only DAL parity errors will log the status. 

DAL parity errors-External logic enables DAL parity checking by asserting the DPE signal. Each 
8-bit byte of DAL data is conditionally checked by a patity 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, reference by reference, by 
deasserting the DPE signal. 

The action following the detection of a DAL parity error depends on the type of referenc:e; 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 bit 06, and no 
abort occurs. Table 21 lists responses of the CPU to DAL parity errors. 
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Cache parity-The CVAX CPU protects the internal cache with parity. Each 8-bit byte of cache 
data andthe 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 
report cache parity errors when a valid tag matches bits 28:09 of the physical address and the stored 
tag generates a parity error. 

The res4ltsof detecting a cachy,parity errordepend on the reference type. l:)uring a.demand 
D-stream reference, the entire cache is cleared and disabled (CAbR is cleared), the cause of the 
error is logged in MSER bits 04:00, and a machine check abort is initiated. D~irig a DMA 
invalidate cycle, the cache remains unchanged, the cause of the ,errqris logged.in MSEl\ hits 3:0, 
and an ~hqrt does not occur. During a reque.s~Icst.ream reference, the e'9tire c:aclre is cleal'ed but it 
i:e,mains enabl~d, the,cau~e of-the error is logged inj\.{S~Rbits '3:0, prefetching is halted, and an 
abort does not occurs. 

The responses of the CPU to cache parity eq.urs is listedfa.1'able22. 

Table. 2. 2 • CVAX.1 .... s. 034. Respbhse tel Cache······ Parity.· . Error 
,., ! .,.,, . ' - -- ' '; 

Cycle type Pref etch Cach~ Results 

demand D-stream cleat each~ · logged in machine check 
(read) and disabled' 

write clear cache' 
cache hit 

DMA invalidate no cache 
cache hit change 

write (not possible) 
cache miss 

request D-stream (not pessible) 
(read) 

request I-stream prefetch clear cache1 
(read) halted 

1The cache is cleared only if CADR bit 00 is cleared. 
2 A parity error is detected only in the tags. 

MSER bits 04:00 abort 

·fogged in 
MSER bits 03:001 

logged in 
MSER bits 03:002 

logged in 
MSER bits 03:00 

Memory Management Error-The CPU tesf)Onseto memory management faults is listed in Table 
23. Refer to Memory-management Faults for a description of memory management faults. 

'Thble 23 • CVAX 78034 Response to Memory-management Faults 

Cycle type 

demand D-stream 
(read) 

Pref etch Results 

memory-management fault (ACV, TNV, etc.) 
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'Cycle type.:' Pref etch 

write 

requestD-stteam (not po~sible) 
(read) 

reqµestI-stream prefetch halted 
(read) 

Results 

mem~ry-manageme~t fault (ACV, TNV, etc.) 

Interfacing Requirements . 
The power wpply, clock timing, and bus connections to theCVAX CPU chip are described in the 
·following paragraphs. 

Power and Ground Connection's 
The CVAX 78034 requires a single5-volt power supply. Six V00 pins and six Vss pins connecito the 

· power supply and ground. The TEST/V% pin connects to the supply ground or can be used for test 
purposes. Figure 3 7 shows the power and ground connection and decoupling. Table 24 lists the 
CVAX CPU pin and associated power and ground requirements; 

Note 
Care must be taken when co.q?ecting the Vwand Vss pins .. 1he V00 pins should be connected 
together and to the 5-voli pow~r plane using short wires. The Vss pins should also connect together 
and to the ground'plane using short leads. The power supply should be decoupled by cotinect'inga 
0:33 f and a 0.047 f ceramic or equivalent capacitor between each V00 pin and its associatedYss pin. 

vss VDD 
75 53 +5V 

+5 v 16 52 
vss I• 

+5V 77 
vss 

111 041' 3J' 
51 

VDO 
+5V CVAX .78034 CPU 

vss 

21 22 

VSS 

+5V 

All VALUE& IN µF. ALL ((APACIT08'> GE.RAM IC OA EOlJIVALf.N\c 

Figure 3 7 • 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> 

75,52 Vss DAL<31:00>, BM<3:0> 

77 Vpo cache and internal IDAL drivers 

51 Vss Ca\:h~ anq..internal IDAL drivers . 

1,36 Voo internal IQgic 

2,37 Vss internal logic 

21 Voo CPDA.1'<5:0>, CPSAT<l:O>, TEST, CWB, CCTL, DMG, DS, AS, 
i5B°&,WR, CSDP<J:O> . . 

22 \1;.s CPDA1'<5:0>,.CPSAT<l:O>,TEST, CWB, CCTL,DMG, DS, WR, 
CSDP<:3:0>. 

20 Vss 

Clocks and Synchronization 
The CVAX CPU uses two precision M6S,clock inputs to generate its internal timing and control 
signals. These clocl~s are provided by the CVAX 7813 5 clock generator. The TTL level oscillator 
input provides the two 180-degree, · pha8e shifted, precision MOS clock signals required by the 
CPU. 

The RESET, RDY, and ERR·signals to the CPU must be asserted synchronously with respect to the 
CLKA and CI.Jd3 inputs.To aid the system designer, the <:VAX 78V5.c~ock (CCL0CK) generator 
provides a common synchronization point for these signals. This allow~ peripheml support chips 
and other devices to operate asynchronously with the CCLOCK and to synchronize these inputs to 
meet the timing requirements of the' CPU. Figure 38Shows the tvAX 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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TEST CONTROL TEST 

TEST CLOCK SOURCE -----.i TCLK_IN 

TTL OSC _f,__ ____ ..... ...,,... CLKIN 
MCLKA,Bi--------,,..... 

RESET 1------..-l-l"t 

POWER UP 1--...,...-----i S-Y-SR-E-SE-T ~ i.----~+--1'"""4 CVAX 78034 
LOG1C ___ ERR CPU 

...--.-SYSRDY 
DMGl+--...-+-+-+--lio-1(: 

,--SYSE"RR -
osi.-~-1--+-+-+-~ 

~ r--- ACLKA, B, C '------

t----i 
CVAX78135 

ASYNCHRONOUS~ CLOCK CHIP 
SYSTEM 
INTERFACE 

NOTE: 
TEST, TCLK_JN, SYSROY, SYSERR. ADY, 
ANDERfl REQUIRE PULL,UP RESISTORS. 

1-""l 
~ 

1-+-f- CVAX 78134 
FPA 

L.e.I 
~ OTHER 

SYNCHRONOUS 
SUPPORT 

- CHIPS 

.... 
[ 

Figure 38 • CVAX78034 CPU System with CVAX 78135 Clock Generator 

Strobe Termination 

h 

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>, andCWB. The resistor value should befrom200 to 470, however, 
the value depends on the layout and loading of each strobe. The resistor value selected should 
dampen the transmission line reflections. A 100 series resistor reduces a glitch by approximately 
LO 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 CVAXCPU. 

. INTE~.RllPT { 
CONTROL 

DMA { 
CONTROL . 

CACHE MEMORY 
AND Wfl!TE BUfFEll { 
CONTROL 

iNTiiM 
IRQ<3:0> 

osi-~---~~~~---~-----os~·._ 
;;;s..,....,....--~,....,..--~--~--~~;.;;:,,.. 

~t-:-...1-----..ir-~~-~, 

C::VAX 78034 
CENTflAL PROCESSOR 
UN If 

Cl KA 

CLl<ll 

RruT 

CPSTA<.1 :0> ..... ..,...,.,,_,-,....,.,.....,. 

CPDAT<.5:Q> M---~-----

'liPY 
RiSY"""'-~~-~ ...... -~.......,----~-"'~;::;..;.· 
ER!l ...... ------...,.,.--.,....,.-----.....,.-,--

Figure 39 • CVAX 78034 CPU Bus Connections 

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

CLKA 

CL.KS 

Figure 40 • CVAX 78034 Microeycle 
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Idle cycle-An idle cycle requires one microcyde. During an idle cycle, DAL<.31:00> are 
undefined and the bus control signals are not asserted. 

Single transfer CPU read cycle-During a singletransfer CPU read cycle, shown in Figure 41, the 
CPU reads a minimum of one longword from ma:ih memory or from an I/O device. A single transfer 
CPU read cycle requires two or more microcycles. Additional microcydes 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. Bi'vi < 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. 

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 dock phases starting at the next possible Pl 
edge. The three Responses are used by external logic to indicate to the CPU that the cycle is 
complete are 

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 error 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 Pl sample points. If the error 
response (ERR asserted and RDY deasserted) is detected at the first Pl sample point, but RDY is 
asserted at the second Pl sample point, the cycle will terminate according to the retry protocol. 

c. External logic can request a retry of the cycle by asserting ROY 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 D.M.R 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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. . I 
lo-----MiCROCYClE--· _......._·-M!CAOC'rt:LE------..1 
I 

·1 P1 PJ Pl I 
Cl KA 

Cll'CB 

DAL<31·00:> 

Figure 41 • CE4X 78034 Siiigle Transfer CPU 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 microc.ycles. Each longword transfer may be increased in 
increments of one microcycle. I/O space read references always occur as single transfer read cycles. 
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 interface can transfer information 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 Pl 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 ROY with EmR 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 ITS. 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 \vithout 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 recogµized only if·RDY is deasserted for 
two consecutive Pl sampk points. If the error response (ERR asserted and RDY deasserted) is 
detected at the first Pl sample point but RDY is asserted at the second Pl sample point, the cycle 
will terminate according to the retry protocol. 

c. 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 (.)'de will not be reissued. 

7. The CPU completes the cycle by deasserting AS, DBE, and DS. 
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---MJCRIXYCLE--+---MIC>IOCYCLE----+---------MICOOC'rt:LE------i 

Pl PJ ! P1 PJ 

DAt<l1.00> AOOR1t;'3S 

\ ___ ;--

VAi.iD B'r7E MASKS 

Figure 42 • CVAX 78034 Multiple Tran;fer'cpu Read Cycle 

Normally, a multiple transfer CPU read cycle reads two longwords of data. However, the cycle 
terminates after the first data transfer i£ ERR is.asserted anq R[)Y isdeassert-aj (mem9ry ~rrod, or 
if CCTL is asserted to prevent data cachipg. The cycle does not ,ter:minate ea;rly if a DAL parity error 
is detected on the first transfer. Table 25 lists the possible multiple transfer cycle respqnses. 

Table 25 • CVAX 78034 Responses to a Multiple T..-.nsfer CPU Read Cycle 

Condition 
ccn· RDY 

x H 

x H 

H L 

DAL parity ~tion 
ERR error FirSt reference Seooml reference 

H. x wait for data wait for data 

L x machine check if demand no machine check. 
invalidate cache entry invalidate cache·entry 
no second reference 

H H no machine chec.k n9 machine c.heck 
update cache update cache 
proceed to second reference 
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Condition 
CCTL RDY 

DAL parity 
ERR error 

Action 
First reference Second reference 

L L H H 

H L H L 

L L H L 

x L L x 

no machine check 
invalidate cache entry 
no second reference 

machine check if demand 
invalidate cache entry 
log error in MSER 
proceed to second reference 

machine check if demand 
invalidate cache entry 
log error in MSER 
no second reference 

no machine check 

no machine check 
update cache 

no machine check 
invalidate cache entry 
log error in MSER 

no machine check 
invalidate cache entry 
log error in MSER 

no machine check 
no cache change invalidate cache entry 
no second reference-retry · no retry 

X is either high or low level 

CPU Write Cycle~During a CPU write cycle, shown in Figure 43, the CPU writes information to 
main mem-0ry or to an I/O device. A CPU write cycle requires a minimum of two microcydes. Each 
transfer can be increased in increments of one microcycle. The sequence of events for a CPU write 
cycle is 

1. The CPU chip transfers the physical longword 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 physical address, BM<3:0>, ~c~s=D~P-<~3~:0_>_, and WR 

are valid and can be latched. 

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

5. The CPU transfers the output data onto DAL <.31:00 > and byte parity information onto 
CSDP < 3:0 >,asserts i5i5E 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 cloc;kpha11es starting at the next possible 
P 1. The response of the extern~l logic is 

a. If no error occurs, extern;illogic reads the data from the DAL< 31:00 > and asserts RDY with 
ERR deassetted. 

b. If an error occurs, external logic asserts ERR with RDY deasserted. Aborting a write cycle 
generates a machine check External logic can report a DAL parity error by asserting ERR and 
deasserting RJ)Y An error will be recognized only if RDY is deasserted for two consecutive Pl 
samplep9ints.If the error response ERR adserted and RDY deasserted) is detected at the first Pl 
sample point but RDY is asserted at the second Pl sample point, the cycle will terminate 
according to the retry protocol. . 

c. To request a retry, eX:tel:nal logic asserts both RDYand ERR. DAL arbitration occurs after the 
write operationis terminated. · 

7. The CPU completes the cycle by deasserting AS, DBE, and DS. 
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External Processor Register Read Cycle-An external processor t:egistt!r read cycile is initiated 
when a category 3 processor register (re!i::r to l?YP<l6$!i~I' Registets}.is. ~ac,l u;~ng a MFl?:R jpSd;ruction. 
Tht: external pr6cessor register.read cyc;le is the same ;lls .. a aingl~. ~ansfet Cl'U. read .cyde •shown. in 
Figure 4 L This cycle requires a minirown oftwo n;li®cycies•3!:.ld c.a_n.~ e:xtended~iniAqi?ments of 
one roii.m;x:ycle. The sequence of events. fpr aQ e:iitetnal pmces!la1J(e'gis~l\ read cycle is 
1. The CPUtransfers the processor register nufliber onto DAIJ<'07:02>, al:ld DAL< 31:30 > are 

set to 01 to indkiilte.fongwotd transfer. · · 

2.·· BM~·9:0> are alt asserted, GSDP<:3:0:iare ~sserted as required arldWR is unasserted. ·· 
3. The CPU asserts AS indicating that the register number, BM'<f:5;::,;', CSDP<'3:0:>, ahd WR 

are valid and can be latched. · • • ' 

4'. Th~ CJ;>U asserts DBE to indicate that,rel'ldWiflJ.can be tµg1efe.rredcqpto .t,be.J.il4I,.,.. : 
/ '. -, O" • ,<, '- ·· ,' ' -'·r ·: ( ' "'; ·•• •· . .,,. • - .; '•'• •' ---··, C ·j··- ·' ·-•· • • '>»' •'·'" :,, "' "".,::,O''"'<'•--" •' 

5. The CPU asserts DS to indicate that DAL life available ta:~ve incoming.data. 

6. The CPU checks for a complete cycle once every ;two dock: phases at the next posllible PL The 
response of externallogic is · · 

a. If the processor register is implemented, external logic; transfers i the required data' on 
DAL< 31:00 >, deasserts DPE, .and assertsRDYwithERR>deasserte,d; .·The CPU reads the d~ta 
fromDAL<31:00>. .. 

b. If the processor register is not implemented, externallogk assertS ER1f with Ri'5Y deasserted. 
· The CPl:l igti:ores the data on DAL< Jl:OO > and internally forces the result to zero. A detected 
.· parity 'error will force the result to zero and isn6t report~d. Therefore, it is recori:im~nded 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 Pl sample points. If this response (ERR 
asserted and RDY deasserted) is detected at the first .Pl sample point but RDY is as;erted at the 
second Pl 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 read cycle is terminated. 

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

External Processor Register Write Cycle-An external processor register write <.yde is initiated 
when a category 3 processor register (refer to Processor Registers) is written using .a MTPR 
instruction. An external processor register write cycle is the same as a CPU write cycle shown in 
Figure 4 3. 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< J:O > are all asserted, CSDP< 3:0> are asserted as required, and 'WR is asserted. 

3. The CPU asserts AS to indicate that tb: register number, BM< 3 :0 >, CSDP < 3 :0 > and WR 
are valid and can be latched. 

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

5. The CPU transfers the data onto DAL<.31:00> 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 
P 1. The response of the external logic is 

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

b. If the processor register is not implemented, external 
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 unimplemented 
response initiates no special action only if RDY isdeasserted for two consecutive Pl.sample 
points. If this response is detected at the first· Pl sample point, but RDY is Asserted at the 
second Pl sample point, the cycle will terminate according to the retrypro~0col. 

c. To request a retry, external logic asserts both RDY and ERR. DAL ai:bitration occursafter the 
initial write cycle is terminated. 

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

Interrupt Acknowledge Cycle-An ihterrupt acknowledge cycle· sequence is similar to a single 
transfer CPU read cycle shown in Figure 41. The sequence of events is 

l .. DAL<06:02> transfers the IPL of the interrupt being acknowledged with IPL ·17, IPL 16, IPL 
15 and IPL 14 as IRQ3, IRQ2, IRQl, and IRQO, respectively. DAL< 31:30> are set to 01, and 
DAL<29:07> andDAL<Ol:OO> are set t.o zeros. 

2. The data read is used to generate the vector and new IPL for the interrupt sequence. Bits 15:02 
of the incoming data are used to create the vector offset within the system <:;ohttol block. The 
new pr<?Cessor .status longword priority level is de~ei;ni,ined either by the externaLin:terrupt 
request level that caused.the interrtJpt DF by bit 00 of the value supplied by external ha~ware: If 
.bit 00 is 0, .the new IPL is determined.by the interrupt reques.t level being serviced. IRQ3 sets the 
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IPLtoP Cheiu\decimal) and IRQO tolPL 14 (hexadecimal}. If bit 00 of the value supplied cy 
ext;em~hardware is 1, the new IPL is forcedtol7 (hexadecimal}. Bits <31;16> and bit 01 of 
the illl:om,ing 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 ~he interrupt request 
never occurred (passive release of th.e interrupt i:eque:>t). A petected DAL parity error also causes 
a passive release and is not reported. Therefore, it is recommend~ that WE remain dea,,sserted 
dw?ns anintemipt acknowledge cycle. · . . . · · 

OMA Grant Cycle-The CPU can relinquish its control of the DAL bus and related conti:pl signafa 
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 di;vicerequests control of the bus cyasserting DMR. 

2. At the conclusion of the current bus cycle, the CPU respo:nds cy causing DAL< 31:00 >,AS, DS, 
. WR, DBE, BM<3:0>,andCSDP<3:0> tobecome ahighimpedanceand asserts DMG. 

3. The external device nfay now use the DAL to transfer data. 

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

The CPU ensuresthat successive DMA requests (DMR asserted) cannot prevent all CPU activity. As 
an example, one CVAX cycle can o<:cur between two.succ.es.sive assertions of DMR. 

''"~~J" 
""~~~ 
°"' ~1--------1 r----:-1 

~~>---~~~~~~~--' 
~~;El-----\\------' ~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 microcycles. The sequence of events for a 
cache ·invalidate cycle is 

1, After DMG is asserted by the CPU, external logic asynchronously trarisfets the physical address 
onto·• DAL< 31:00 > , asynchronously .·asserts ·AS 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 s~lected by the DMA address :if the location is 
stored in the cache. 
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J, External logic deassert5 cc'rt: atl:d 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 tycle ends when external logic deasserts both AS and CCTL 

If a cacheparity error is detected during the conditional invalidate operation, no machine check is 
generated, no invalidate occurs, and the error is logged in the MSf:R, 

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

ClKA 

CLKB 

CCTI. \_) 

AS 

DAL<:.3':00> ________ x l)MA.tl.DDF\ESS x .... ___ --1~: .... _______ __,x ~;~~~~,\ 

Figure 45 • CVl1X78034 Quadword Cachefnvalidate Cycle 

£~~~(<.-~ "1 

.r-f\_ 

Figure 46 • CVAX 78034 Octaword Cache Invalidate Cycle 

Coprocessor Protocols 
Coprocessor protocols are used by the CVAX CPU when communicating with the optional CVAX 
78134 FPA (CFPA), These devices communicate with each other through the CPSTA <1:0 :> and 
CPD/\1':<5:0>Hnes andD/l.1<:31:00>, CPSTA< LO> inform the CPU or (:FPA ori the method 
of interpretation of the CPDAT < 5 :0> information. The CPDAT < 5 ;0 > lines transfer opcode and 
control information to the CFPA an,d, return condition code and exception status to the . CPU, 
DAL <.31:00 > are used to transfer operands and r~sults,, 
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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 CPD AT< 5: 0 > lines by the FPA. 

4 The CFPA transfers any results of the compltt:ation through DAL< 31:0G> during consecutive 
microqdes. 

5. When the operation is complete, the CPU can send another opcode to the GFPA. 

Opcode Transfer..-../fhe CPO transfers opcod~informai:iofi toftbe CFPA'whenthet~ is ready to 
executeaninstructi~n. Thetra~sfer cyde is showtiin Figure47. Th~CPUtra~epl sixlb\v~6rder 
bits ofthe opcode onto the CPDAT< 5:0> lines and the opcode type (F, D, G floating driri'teger), 
onto the CPSTA< 1:0 > lines. 

Pl PJ Pl P3 

CLKA 

CU<B 

CPSTA.:.i_o> ________ _,X~_'·_·o._Go_"_'"_r~(l-ER-· __,x· ·~· -----. - OP't:O:Qi;QNCf>OM • -

CPOA1<5:0> ________ x, ./·.OPCODE .x .... ~·-----

Figme 47 •CVAX780340pcodeTransferCycle 

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 
registers or the internal qache memory ofthe CPU or fror:n e~ternal· meruory. The CFPA monitors 
the AS signal to determine if the source of the operand. \'llhen AS 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 indicate 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> 

3 

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. 

0 for an operand transfe1~ 
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CPDAT Line Description 

2 0 when PSL 06 is Cleared 
1 when PSL6 is., set 

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

0 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 unaligned data. 
When the operand originates from external memory (AS asserted), the, CFPA reads 
DAL< )1:00 > according to the full memory read protocol (RDY and/or ;ERR ass<:rt~q). Wl:ten 
the operand ~riginatesfroill the general registers oi; internal cache memory of the CPU, th!.! data 
is tp.nsferred onto DAL< 3.1:00> .at P3 of the cycle and sam1:>led by the FPA at the next Pl. . 

4. If a parity error is detected by the CPU when the source of the operand is dther the internal 
cache memory or external memory, 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. 

Pl P3 P1 P3 

CLKA 

., 
" P2 

cu::s 

CPSTA<l ;0:> 

CPOAT<5:0> x OPERAND ON CAL x 
DAL<31:00> x OPERAND x 

Figure48• CVAX78034 Single-precision CPU to CFPA Transfer. 
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CPSTA<1 :0> ~ I. x :/ 
,l <- 'l 

CPDAT<5:0> x OPERAND ON DAL x x: OPERAND ON DAL )< 
DAL<31:00> x FIRST OPERAND .. K x SECpNO OfERAND 

~ ! ' x 
':le 

- ~: : 

Figure 4 9 • CVAX 780.34 bouble:predsian CfiU tq CFP/1 'J'nm~f~ 

CFPA Re~lt Tran~fer-After receiving the opsode anq o~ef~~(fa,>h~ :CFPA,. e~ecutes the 
instruction and tr~nsfers condition codes, status informa.tion, and result ()f the computadon to. the 
CPU. Figllre 50 shawsv a single-precision.·t~PA 't°" c·PU transfer; an8 Fi!Wre · 51 shml!s .it. double-
precision CFPA to CPtJ transfer.' The protocol 'for the transfeds · · · • · · · 

1. When the CPU is ready for a result it set the CPSTA < 1:0> lines to zero ~d the CPDAfJline to 
1. Ownership of CPS TA< 1:0 > and CPDAT < 5 :0 > lines is then transferred to the CFPA. The 
DAL<31:00 > are set to a high·impedan(,:el>W:te at the µ~t P2 edge, 

2. The CFPAgains ownetshlp of the CPSTA < 1:0 > and CPDAT <5:0 > lines bytransf~l:ring zeros 
on lines .CPSTA < l:Q,> indicating that the result is not ready ari,d undefinecl-<iata on 
CPDAT<5:0:> during the next P3 e.Jge'. The. <;;.:FPA continues' to transfer zeros on 
CPSTA < 1:0 > at.each P3 edge. TheCPUcol}tinl,l.oµ$1Y monitors the CPSTA < 1:0> lines until a 
llis present iridrcating thatthe result is ready. While waiiirlg for the CFPA to teturn the result 
ready condition, the CPU can grant. use . .of th.e DAL andit$ associ~ted contl\)l signals (DMG 
asserted) to a DMA device .. The CPU a5sert.s. B'MG on.a P4 :edge .and stops sampling 
CPSTA < 1:0 > until.it deas;;erts DMG. 

3. The CFPA sets die CPS'fA<'l:O ::> t~ 11 and transfe;s condition codes and status information on 
lines·· CPDAT< 5·:0 > on ·the next· P:3 edge; If a DMAcyc,le is- in progresS'ur is granted on the 
following P4 edge, the CFPA repeats the response until DMG it!·deasserted. 

4. The CPU reads the CPDAT < 5 :0 > inforrrfation to determine the response of the FPA, and a 
DMA request is not granted until the end of the operation. '!Pe 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 

4 0 if the result clears the Z bit of the PSL 
1 if the result sets the Z bit of the PSL 

3 0 if the result clears the V bit of the PSL 
1 if the result sets the V bit of the PSL (integer overfiow/ACB condition met) 
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<2:0> ... These bits define. the status of the information 
, . ,' ' . r 

COde Status 

000 protocol error . 
001 . reserved opcode 
010 reserved operand trap 

· 011 diyide by zero 
100 floating-point overflow 
101 · floating"pointunderflow 

.· 110 reserved-prdtocol error 
lll no error 

Data transfer 

aborted 
aborted 
aborted 
aborted 
aborted 
aborted 
aborted 
.continue 

The results are transferred on DAL< 31:00 >in consecutive microcydes 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 aligns the data and performs the final 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 is transferred. The CFPA will not return a 
floating~point underflow error if PSL6 is dear. .. . . . . 

5. TheCFPA sets the CpSTA< 1:0> and CPDAT<5:0> lines to a pigh-impedance state on the 
ne.~t P2 edge. The CPU gains control of CPSTA < 1:0 > an~ CPDAT < 5 :0 > on the following P} 
edge to complete the transfer. . , 

)-\· ··~···~ 
CLKB . '---'' -· '. . , '---'' _ .'-4 

CP~l!\<l:O>~.··.· .. __ ,.··.· .. ··.-.';: -.---·.-: 

•: ' . '• ' . 

C•PDAT<50,·= 

DAl.<-31 00'> ~ \-----------{ 
----.,-.,---~-/ ' 
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Figure 50 ~ CVAX 78034 Si,;gle-p~cision OPA to CPU Transfer 
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• ~. " .. • .. ·.·.·~ .p1 . ·r'"' Pl f':l 

;;1.AA _/ . '---1' .. ;; \___/ 

~"~· 
. ·- " . 

Fig1,1re 51 • CVAX: 78034 Pot!ple-pre~i,~ion C:FP(l,fQ, C['U l)r111sfi.en 
' ' ' ' , .. ·, .. ' ,_:J .. ' "-'~- ' -- '"': ·' -~'. ;,. ,, •. ;.·-~~-- _, 

Memory Access Protocol 
The 28-bit address provided by the CVAX CPU on DAL<29:02> is a longword address that 
uriiquelyideritifies one ofop to 268,435,456 32-bit memory l<X;apoqs: !heCf P;t:iwvfdt:~fouiJ?Yte, 
masks on lines BM <3:0 > to facilitate byte accesses within 32-bit memory 1oc~tions: The CPU 
imposes no restrictions on data alignment. Any dataitemregard1ess of size may•starCat'ariy 
memory address except for the iligned operands of ADAWI and tne interlocked queue fristructions. 

Memory is viewed as four parallel 8-bit banks each of which receivq,5,~ J~uig\\!Onhaddress 
DAL <29:02, >, .• in. paralkL Each.bi;u1k,rea,ds {)r Writes one Wt¢ of.the·data f110mJl>A!L.~3MO::::>· 
when its byte mask signal is asserted. Figure 52 shows the memory organization. 

DAL<29:02>-

DAL<31:24> DAL<23:16> DAL<15:08> DAL<07:00> 

Figure 52 • CVAX 78034 Memory Organization 
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Any CPU read or write operation c:;in be a byte access, word access within a longword, i.vord access 
across longwords, aligned longword access, or unaligned lo~gword 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 boµndary and unaligned longword accesses.rt:quire two bus·cycles. 

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

· Specifications 

The mechanical, electrical, and enviro11mentaI specifications of the CVAX 78034 are contained in 
the following paragraphs. The test conditions for the values specified are listed as follows unless 
indicated otherwise. 

• Tempe.rature {TA): 70°C 

~ Po\ver supply voltage (V00): 4.15V 

• Ground (Vss): 0 

Mechanical Configuration 
The physkaYdimensions of the CVAX 78034 CPU 84-pin surfacemount package are contained in 
the Appendix. 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure :to the absolute maximum ratings for extended periods of time may adversely affect the 
reliability of the device. 

• Storage ~emperature range (1~): -55°C to 125°C 

• Active temperature range (TAI: 0°C to 125°C 

• Power supply voltage (V0 n): -0.5V to 7.0V 

• Input or output voltage applied: -1.0 V to 7.0 V 

Recomm~ded Operating Conditions 

• Temperature (T11i)_: 0°C to 70°C 
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de Electrical Characteristics 
The de input and output parameters are listed in 'Iiible 26. 

Symbol· Patamet:er ReqUitemertts i ·· Uruts Test Condition 

High-l~el input 
voltage (TTL). 

• ,. I 

Vtt. Low-levd:injilUt 

ViLM 

c ..... 

voltage. (TTL) 

High-level output 
veltage(MOS} · 

Low-le'7el output 
voltage (Mo's)· .. · 

High~Ievel input 
voltage (MOS) 

Low-level input 
voltage (MOS) 

High-level output 
".'olta.ge 

Low-level output.voltage 
(all pins except DBE) 
DBE pin 

Input leakage current 

Output leakage current 

Active supply current 

Input capacit0:11ce 

Output capadtance 

*To be determined. 

ac Electrical Character;Ujtics 

Min. Max; 

2.0 v 

,.;; .. :··· 

30% V00 V 

2.4 v. loH=-4Q0µ.A 

v 

0 < V., < 5.25V 

-10 10 O<V,.<5.25V· 

* mA 

* pF 

The following notes apl>JY to Figures 5 3 through 67 and their associated tirn~g tables; 
'' : i. ,.;,.,,-,,_·". -.·."·; '.,, ... -.-,.: 

• AH times are in nanoseconds (ns) except wh¢'~.noted. 

• Ci...i ="130 pF (except for CPDAT < 5 :0 > and CPSTA < 1:0 >) 

• ac highsfor MOS inputs a:re measured at Vla!.i and lows are measured at V1LM. · 

• ac highs for MOS outputs are measured at VoaM and lows are measured at VoLM· 

• ac highs for TTL inputs are measured at Via and lows are measured at Vit· 
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• ac highs for TTL outputs are measured at V0 H and lows are measured,at V0 t:. 

• MOS inputs are driven to Vn.M or VoHM ~nd T'tL input~are dri~~n toV'0 L orV~H· 
-RDY and ERR sampling is performed by the CPU to determine if one of the following bus cycles 

is to be completed: CPUriad cycle, iriterrtipfacknowledge cycle, mtlltiple transfer CPU read 
cyde, ai;id a, GPU write cycle. If RDY or ER~ is not asserted during the sampling window; the 
bus cy~le is extended in increments of one microcycle until RDY or ERR are asserted. The 
following restrictions apply to the assertion and deassertion of RDY or ERR with respect to the 
sampling window. 

-Only a 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 rime tsws, 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 toP4 that starts the sampling window and rem,ain 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 <tnd CLKB clock 
inputs. The timing parameters are defined in 1able 27. 

CLKA 

CLK0 

Figure 53 • CVAX 78034 Clock Input Timing 

Thble 27 • CVAX 78034 Oock Timing Paramete)'~ 

Symbol Definition Requirements (ns) 
Min. Max. 

tcr.KDl.Y CLKA to CLKB delay tc Y<J.E/ 2-2 tou.,/2+ 

tcLKE External clock edge rate 0 10 

tcum Externil; d~ck high 5.0 25 

tcLIG. External clock low 5.0 25 

!:cvci.E External clock cycle 50 ;, 

*To be determined. 
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Preliminary·. 

Initialization and Reset Timing 
The'initialization and reset. timing sequence is shown in Fl.gure 54. The timing parameters are 
listed in Table 28. 

•:P\11>,T ~ ~ ·~> 
CPST.;..;• ~ 

Symbol 

Figure 54 • CVAX · 7 8034 Initializatian and Reset Timi11g. 

Tuble 28 • CVAX 78034 Initialization and Reset f~ · 
Definition Requirements (ns) 

~in.·" . .Ma.x. 

First assertion of AS after RESET . - '' . - ' . -- -- - . 

Strobe inactive delay from RESET 

Output drive from Rf)Sl}T .dl;lassertion · 

RESET input setup prior to Pl 20 tcYCLclO 

RESET input width lQ X tcYCLF. 

Bus high•i.mpedance time f~~ RESEr 0 25 

Clear Write Buffer and Test Sig1.1al Timing 
The Clear Write Buffer (CWB) and TI{St signaltimi'llg are shown in Figure 55. The signal 
parameters are listed in Table 29. . 
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TEST 

lM<3:6> --~---~---------------.ii.-.C---""------'--------
Hlli, 
~Fi. 

Cl'STA<l O>. 

r.f'D>'IT<:5:0> -----------------------...J '-------'I'-------
Figure 5 5 • CVAX 7 8034 Clear Write Buffer and Test Signal Timing 

Table 29 • CVAX 78034 Clear Write Buffer and TEST Signal Parameters 

Symbol Defmition" Requirements (ns) 
Min. Max. 

trnsrn CWBdrive 0 32 

tTESTH CWB-hold. 0 

tm Test input hql~ 5.0 

trs Test input setup 10 

External Interrupt Timing ·-
Figure 56 shows external interrupt timing sequence, and Table 30 lists the timing parameters. 

P1 P3 P1 

Figure 56 • CVAX 78034 Ext.emal Interrupt Input Timing 
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Table 30',,; CVAX 78034 'EXterrud InterruPt tn~t Tinurig ~rs 

Symbol Requitleinen~(ns) 
Min. Max. 

!:ccnw 

Asynchronous input fall time 

Asynchronous input hold 

Asynchronous input ris<: time 15 

Asynchronoulinput s~tup 

*IRQ < 3 :0 >are level sensitive and must be asserte~ for a'sehip(t~YJ!18)~~d hdld ti.me (t8.,,N11J nef,ir 
the end of P2 to assU:re recognition. . . . 

Low going pulses that oecuroutside the setiip and holq; v,;r~tjq~,aJ:e optJ'i,:i::ognj.zed: 

MEMERR, CRD, PWRFL, INTTIM, andHAlT are ec\ge s71!s~d~. The transitkin from deasserted 
to asserted IDUSt OCCUt One Setup time (tSYNS} before'the e:ndoflf2'tqassti):'(i rle~Ognitiop; otherwise, 
recognition is delayed one mkrocycle. 

External nMA Timing 
Figure 5 7 • ~ws the· timing sequence.· for t4e e;ic~.ern~. D,M,\\. signqls, : Thhle · .. 3 l lisls the Hffiil'lg 
parameters. 

·Figure57• CVAX 78034ExtefflatfJMAThning · 
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Symbol .De£iajtkm •''~ Requirements(ns) 
Min. Max. 

tDALHLZ DAL hig,h-impedance delay 0 20 

tDALZl!l. DAL active drive delay 0 20 

toMGSD I DMG strobe .a~sertion delay '' 0 20 

tDMGSID 
, 

DMG strobedeassertion delay .,0. 20 

tosDLY DS delay frorµ receiving DMG . 3 X tcYCLE 

tsHJ.Z ;S:trobe,high-impedance delay 0 20 

tsYNF Asynchronous input fall time '15 
,,,, 

tsYNH ' Asynchronousinput hold 15 

tsYNR . As~nchronous i~put rise time 15 

tsYNS ; Asynchronous input setup 15 

tsznL Strobe active drive delay 0 2\) 

mMG is asserted at P4 whehDMRis asserted eight phases earlier and no CPU 1/0 cyde has started. 

2DMG is deasserted at P3 when DMR is deasserted seven phases earlier. 
3tsvNs and tsvNn are the setup and hold times needed at a synchronizer to ensure that a signal is 
recognized by the CPU as expected. 

Cache Invalidate Timing 
Figure 58 shows the timing sequence for a quadword cache invalidate cycle and Figure 59 shows the 
timing sequence for a octaword cache invalidate (.yde. Table .32 lists the timing parameters. 

CLKA 

CLKB 

tASAORS 
i:;ASADRH 

DAl<.31 :00:> OMA ADDRESS x NE:XT OMA 

--------.J 1'-----.11 '------1 \.--------..J. . ADDRESS 

Figure 58 • CVAX 78034 Quadword Cache Invalidate Cycle Timing 
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Figu,re 59• CVAX · 78034 OctawordCaehelnvalidateCycleTiming · 

SynibOI Definidon* 

D~L hold during cache. fo\lalldates 

DAL setup during cache.~rivalidates 

.AS delay.from assert~'Ccrr during invalidates 

tccTLCYC CCTL cycle 'time during octaword invalidates 

tccnw 

Asynchronous input hold 

Asynchronous input setup 

12 x tcvcLE - tcLKH (max.)+ tsYNS - tccTLADRS• 

Requirements {ns) 
Min. Max. 

·2a··· 

20 

20 

6 
·_ ; ._,.- - - ·'.""-· 

.• tsYNS + tsYNH 

15 

15 

2tAsH 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. 

3tccncvc - 2 x tASDLY + tAsWQ + tASDLY (max.). 
44 x tcvCLE+tccn.AnRs+tAsH+tASDLY (max.)- tASDLY· 

'tccTtADRs is measured from the P4 that follows the recognition of CCTL. On octaword invalidate 
cycles, it is measured from the first recognition of CCTi:. 

•6 x tc\'CLE + tsYNS + tsYNH· 

'tsvNs and tsvNH 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. 



Figure 60 • CVAX 78034 Single-trans/er Read and Interrupt Bus Cycle Timing 
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:-
C:L'KA 

CL"' 

DAL<31:00> 

Figure 61 • CVAX 78034 Multiple-transfer Read Bus Cycle Timing 
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Preliminary' CVAX78934 

Cl.KB 

•--CS/'.JP<3.C.:> 

lAS!D~ 
-----------~ 

1os10....I~, ---'----------
OS 

'/ALID B'fH MA.SKS 

Figure 62 • CE4X 78034 CPU Write Bus Cycle Timing 

Tuble 33 • CVAX 78034 Read and Write Bus Cycle Timing Parameters 

Symbol Definition Requirements (ns) 
Min. Max. 

tASD AS strobe assertion delay 0 15 

tASlD AS strobe deassertion delay (} 20 

tnMH BM and WR hold 0 

toAW DAL drive 0 20 

tnAtH DAL hold 5.0 
-·-----·· -------------

tDALHLZ DAL high-impedance delay 0 20 

toH DAL hold 5.0 
-----

tops Parity setup 20 

tos DAL setup 25 

tnsn DS strobe assertion delay 0 20 

tnsm DS strobe deassertion delay 0 18 
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Symbol Definition Requirements (ns) 
Min. Max. 

DAL high impedance tcYCLE 

DP drive 0 35 

DP hold. 

General strobe assertion delay 20 

Strobe· deilssertioti.'delat · 20 

tswns RDYand ERR deasserd.;n set~p . 1:o.KH 

RDY and ERR sa111plt;~\Vindow hole! 5.0 

tSWLMAX RDY and ERR maximum assertion time 40 

tsws RDY and ERR sample~window sefup 

Coprocessor Timing 
These following specifications are in effect when the CVAX 78034 CPU is operating with the CVAX 
78134 floating-point accelerator (CFPA) <;:oprocessot. Figure 63 shows the timi;ng seqvence for the 
operand trahsfer cycle. Figure 64 shows the -CPU to CFPktitning sequence for single-precision 
transfers, and Figure 65 shows the CPU ~o CEPA timingsequ~:nce for siouble-precision transfers. 
Figures 66 and 6 7 sho\V the CFPA toCVAK CPU sing!e- (tbd doub1t:·.ere~1sion transft:rs, respectively. 
Table 34 lists the coprocessor timing parameters. 

CLKFI 

CPSTA< 1 :0> 

CPOAT<5:D.> '--------- ---o-rc--o-OE--....ik~----
I. EXECUTION OF NEW-1 
lo------VAX lNSTRUCf!ON 

BEGINS 

Figure 63 • CVAX 78034 Operand Transfer Cycle Timing 
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Preliminary, . 

CLKA 

CLKB 

CPSTA<1:0> 

CPDAT<S:O> 

OAL<31:00> 

Figure 64 • CVAX 78034 Single-precision CPU to CFPA Transfer Timing 

Pl P3 Pl P3 Pl P3 

CLl(A 

1'.:LKS 

CPSTA<1 ·0> 

CPOAT<5.0> 

DAL<31:00> 

Figure 65 • CVAX 78034 Double-precision CPU to CFPA Transfer Timing 
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(··- P~ary 

CLKA 

CLKB 

CPSTA.<1:0> 

CPDAT<B:O> READY FOfl RESULT; 

OAl.<31 00> ___________ __,)--1 ;-----------< 

l+----CV<\XISDAl.CPOAT ____ J 
MDCPSTAMASTER ~ 

L __________ Cf'l'ICl.!S (:POAT AND ---·+·--CFPA IS DAl. Cf'OAl __ _J 
i-----CPSTAMASTf.R ANOCPSTA'.4ASTER~ 

Figure 66 • CVAX 78034 Single.precision CFPA to CPU Transfer Timing 

VJ ?1 PJ r~J 

w --lf\---t~ 
-..I ~ ~ 

CLt \l_/ '---1! ' ~ 
_,~.., '"""--! ~ 

'cf'OH11-4'! 

Figure 67 • CVAX 78034 Double-precision CFPA to CPU Transfer Timing 

Table 34 • CVAX 78034 Coprocessor Timing Parameters 

Symbol Definition Requirements (ns) 

r-OJMISOAL ~ 
CPOAT.AND 
CPS TA MASTER 

Min. Max. 

Coprocessor line drive 0 20 

Coprocessor line hold 0 

Coprocessor line hold 23 

Coprocessor high-impedance delay 0 20 

Coprocessor line setup 23 
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Symbol Defi.,Jtion Requirements (ns) 
Min. Max:· 

DALdrl~~. 0 20 

DAL hold·. 0 20 

DAL hold 5.0 

DAL setup· 25 
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· Features . , 

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

• VA,'\.. floating-point instruction set (70 instructions) 

• Processes VAX integer data types 
-byte 
-word 
-longword 

• Processes standard VAX floating-point data types 
-single-precision·. W ... floating) 
-double-precision (D_floatin:g) 
-extended range double precision (G.Jloating) 

• Enhanced CP1) interface 

• Single 5-~olt pow~r supply 

· Description 

The CVAX 78134 Floating-point Accelerator (CFPA) is a high-peliformance coprocessor for use with 
the CVAX 78034 Central Processing Unit (CVAXCPU). The primary purpose of the FPA is to 
accelerate the execution of floating-point instructions by eliminating the ne~d ta emulate them in 
software. The CFPA handles single-precision, double-precision, and ext~ded:11Mge, double
precision, floating-point data types. The CFPA supports floating-point add, subtract, multiply, 
divide, convert, and otber.floating·poin(operatiof).$,:Itmo acc:t:terates.the execution of integer 
multiply and divide operations fodon~~ordspqly. Fi&L'\r(:J is a block_ diagram of the CFPA. 

e1u 
CONTROL 

EXPONENT 
DAT.<\ PATH 

EXPONENT 
CCiNtP:OL 

SIGN 
PROCES...¢>0F\ 

STATUSl.OGlC 

E:XECUTlON l(MT 
SE'QUENCER 
t60x44 

; 

BIU SEQUENCER 
aox n 

FRACTION 
coN-TRocs 

32 61 1l0 SUS 

MUl.nPUER MULTIPLIER 
OECOOt REGISTERS 

f RAC1 ION-A\U 

Figure 1 • CVAX 78134 Floating-pointAccelerator Block Diagram 
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! / 

.: Pin .and Signal De~ription$ 
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. 

DAL06 DALOB DAL 1 0 DAL 1 2 VDD VSS DAL 14 DAL16 DAL1 B 

DAL07 DAL09 DAL 1 I vss VDD DAL 1 3 DAL 1!) DAL 11 

60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 
DAL05 61 43 DAL 19 

DAL04 62 42 OAL20 

DAL03 63 41 OAL21 

OAL02 - 64 40 DAL22 

OAL01 65 39 vss 

DA LOO 66 38 VDD 

VDD 67 37 VDD 

VDD 68 CVAX 78134 
FLOATING POINT ACCELERATOR 

36 vss 

vss !CAVITY DOWN) 35 DAL23 

vss 34 OAL24 

CPS TAO 33 - DAL25 

CPSTA1 4 32 - DAL26 

CPOATO 31 OAL27 

CPDAT1 6 30 DAL28 

CPOAT2 '7 29 DAL29 

CPOAT3 8 28 DAL30 

CPDAT4 9 27 DAL31 
10 11 12 13 14 15 16 17 18 1 9 20 21 22 23 24 25 26 

vss NC 

CPDAT5 vss VDD CLKA 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> 
44-49,54-66 

Input/Output Data/Address lines-Time-multiplexed data and 
address lines used to transfer data between the 
CFPA and the CVAX CPU and memoty. 

18 

20 

1·92 

Input 

Input 

Address strobe-Monitored by· the CFPA to 
determine if data is coming from CPU internal 
cache or registers or from memory. 

Ready-Asserted by external logic to indicate 
that valid data is on the DAL. The CFPA uses this 
signal to detect valid memory data. 
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-· 
Pin Signal 

19 

15 

21 

Input/Outptit llefinition/Function 

Input 

Input 

Input 

· Error-Ai;~erted by e4(terna(Iogic to indicate 
!lbnormal termination of the current bus cycle. 
The CFPA ~ses this signal to d~tect fatilty mem
ory cycles. ; 

Reset-Asserted to force the CFPA to its initial 
powerup state. 

DMA gll~rit--11il~ sigooJ, is rn6nitored>by the 
CFPA .to determine ff a DMA cycle is progress .. 

10"5 DPDAT< 5:0 > foput/Output 'Copro~so.r, d$1.ta linei;,.-Used •to trans for 
o~e, .control< infotmati.6n;"rondition ··codes, 
and ~cep,tion sta.tus,bet);\\¢.enthe GFPAand the 
C.:VA!CPJ). 

4,3 CPSTA<l:O> Input/Output Coprocesrot ~stams lines~Used to notify the 
•CFPA orCVAXiCPUofthe·type ofinfbrmation 
present on CPDAT < 5 :0 > . 

16,17 CLKA,CLKB Input Clc1cks_:..Sfipply ba5itd~ timing to the CFPA. 
CLKA and GLKB are nominal 20-MHz, MOS 
level, square-wave signals that are phase shifted 
from each .other by 180 degrees. . 

13,14,37,38, Vnn 
51,52,67,68 

1,2,11,12 Vss 

36,39,50,53 

23,22 TST<il> 

CV.AX Bus and Control 

Input·· 

Input 

Ground~Ground reference. 

Test 2 and Test 1..::..Reserved for CFPA manufac
turing test. 

DataAndAddress Lines (DAL< 31:00 >)-These are bidirectional time-multiplexed lines used by 
the CFPA to exthange data with the CVAX CPU. The CFPA receives operands from the CPU or 
memory over DAL< 3.1:00 > .~d 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.ej(tet"nlif i:uel;Uofy. When the operatj.d 
is from the internal registers or cache memory, the CPU does nor ~~;t' ~ d~dng the operand 
transfer. When the operand is from external memory, thC CPU asserts AS and the CFPA reads the 
operand following the normal protocol for a CPU read bus cycle. • 

Ready (RDY)-This signal is asserted by external logic tcr indicate that valid data is on 
DAL< 3.1:00 >. Tl:ie Cf PA monitors this:signal when an opera;np comes from external memory to 
determine if valid data is on DAL< 3.1:00 >. 
Error (ERR)-This signal is asserted by external logic to indicate abnormal termination of the 
current bus cycle. The CFPA monitors this signal to detect bad memory references when an operand 
comes from external memory. . 



cvAx~i78n4 

Note 

RDY and ERR must be asserted synchronously with respect to the timing sampling point of the 
CPPA and must not change durihg 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 Pl. 

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 Pl 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. 

CPS TA 
<1:0> 

00 

01 

10 

11 

Table 2 • CVAX 78134 CPU to CFPA Status Line Information 

Function 

Operation encoded on 
CPDAT<5:0>"'. 

Integer opcode 
on CPDAT<5:0> 

F _/D_floating-point 
opcode on CPDAT < 5 :0 > 

G_floating-point 
opcode on CPDAT < 5 :0 > 

CPDAT 
<5:0> 

<5:4> 
3 
2 
1 

Description 

Address alignment code 
CPU ready for result 
Floating underflow (PSL6) 
Next floating-point operand is on 
DAL<31:00> 

0 Next floating-point operand is a 
short literal on DAL< 05 :00 >; 
DAL< 31:06 > are zeros. 

<5:0> Integer opcode 

<5:0> Floating-point opcode 

<5:0> Floating-point opcode 

"Operand on bus (CPDATl = 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 
<1:0> 

00 Result not ready 

01 illegal 

10 illegal 

11 Condition codes ready 

Power and Clocks 

CPD AT 
<5:0> 

5 
4 
3 

<2:0> 

Description 

reserved 

N condition code 
z condition eode 
V cMdirion code·or ACBf branch 
Status code as follows: 
odo protocol ert6r. 
001 illegal qpcode 
010 reserved operand trap 
011 divide by zero 
100 floating-point overflow 
101 floating-point underflow 
110 reserved (error) 
11 l no fatal error 

Care must be taken to connect the power and ground pins with the shortest wires or powerplane 
possible. 

Voltage (V»0 )-5-volt power supply. 

Ground (V.5)-Ground referent.>e. 

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

Miscellaneous 
Reset (RESET)-This signal is asserted by external logic to force the CFPA to its initial powerup 
state. Deassertion of RESETisil1ternally synchronized soi:hat the first rising edge of CLKA that 
follows the deassertion of RESET corresponds to PL 

Test 2 and Test 1 (TST <2:1 >)-These signals are reserved for CFPA manufacturing use. 

• Architecture Summary 
. . 

The following is a .brief description of the CFPA architecture: The CFPA has no user-accessible 
registers or mode bits. 'fhe general registers and condition codes are contained in 'the CPU. Round 
or truncate operational modes and F _floating or D_floating data types are determined by 
commands sendrom 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_lloating, and G_lloating. Figures 3 and 4 show the organization of 
these data types. 
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WORD 

LONGWORD 

. r: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :001 A 

0\JADWORD 

Figure 3 • C1111X 78134 Integer Data Types 

O __ FLOATING 
15 14 07 06 00 

s] T T T T T 

l 
T T I T T T 

EXPONENT FRACTION :A 

FRACTION :A+2 

FRACTION :A+4 

FRACTION :A+{),. 

.l .l ..L ..L .l. ..L ..L ..L ..L _L .1 .l. .l. .l. ..L 
63' 48 

F _FLOATING 

G_FLOATING 
15 14 04 03 00 

s I T T r l ·r T T T -T T 

I 
T T T 

EXPONENT FRACTION :A 

' ,· : ·, 

FRACTION :A+2 

FRACTION :A+4 

FRACTION :A+6 

,I .i .:.!. ' .1. ..L .i ..L ..l. ..!. .1. .1. ..l. .i.. ' J. ..L .l ' 
63 ' 48 

Figure 4 • CVAX 78134 Floating-point Data Types 
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Preliminary··· 

Instruction Set 
The CFPA instruction set consists of 70 floating-point instnictions and fiveinteger instructions 
that provide the following operations. 

Addition and Subtraction-For single-precision and double-precision Hoating•point numbers. 

Multiplication and Division-For single-precision and double-precision floating-point numbers 
and for integers (longwords only). 

Conversion-The CFPA performs floating-to-integer and integer-to-floating . conversions and 
double-precision to or from single-precision floating-point conversions. 

Comparison-The Cf PA has.a compare (CMP) and t:t;:st('fST) µistruction assqciat~d w;ith each of 
the three Hoating-point data types~ · . . 

Add Compare and Brand1-The CFPA assists the CPU in executing an Add Compare and Branch 
(ACB) instruction by performing the add and compare portio11s of the instruction. There is an ACB 
instruction associated with ~ach.qfthe.three floa~jpg-poil)t d~ta:.types .. 
Polyn()mialEva1uation-The CFPA assists the CPU in executing the jXJlynomiaLevaluation (P()LY). 
instruction. The CFPA performs the floating-point addition and multiplication operations asooci: 
ated with the polynomial evaluation. There is a POLY instniction for each floating-paint data type. 

Extended Multiply and Integerize-The CFPA has' an ex'tended multiply and irtteg~riie (EM 0 D) 
instruc.ti<m associated with each floating-paint qata type for,.~curate range repuctkins of math 
function arguments. · 

Instructi•;m Set Notation 
The standard notation for operand specifiers is 

<name> . <access type>,,< di;it~ type> 

1. Name is a suggestive name forthe operand in the eo!ltext of the instruction. Itis the capitalized 
name of a register or block for implied operands. 

2. Access type is a letter denoting the op~rand .,5pj::Cifier access type.1 

a= address operand 
b =branch displacement 
m =modified operand (bothread artd 'Written) 
r = read-only operand· .· 
w =write-only operand 

3. Data type is a letter denoting the data type of the o~rand. 
h= byte · · r;; ' 

d T' R,.floating 
f = F _floating 
g = G_floating 
l"=longword 
q=quadword 
w=word 

The abbreviations for condition codes are 

"=conditionally set/cleared 
- = not affected 
O=deared 
l=set. 
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The abbreviations for exceptions are 

rsv =reserved operand fai It 
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 

Preliminary' CVAX.18il4 

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

Table 4 • CVAX 78134 Integer Instructions 

Opcode CPSTA/CPDAT Instruction N z v c Ex~eptions 
codes 

C6 01000110 D1VL2 divr.rl,quo.ml . ·:. .,·~ ... 0 iov,idvz 

C7 01000111 DIVL3 divr.rl,divd.rl,quo. wl ;, ,., 1':: 0 iov,idvz 

7A 01111010 EMUL mulr.rl,muld.rl,add.rl,prod.wq ~·~ ;':; 0 

C4 01000100 MULL2 mulr.rl,prod.ml ;, ,, ;, 0 iov 

C5 01 000101 MULL3 mulr.rl,muld.rl,prod.wl "!< ,, "/: 0 iov 

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 CPSTA <.1:0 > and CPDAT < 5:0 > lines, 
instruction, condition codes affected, and exceptions that can be reported. 

Table 5 • CVAX 78134 Floating-point Instructions 

Opcode CPSTA/CPDAT Instruction N z v C · Exceptions 
codes 

6F 10 101111 ACBD limit.rd,add.rd,index.md,displ.bw 'I: .. ~ 0 - rsv,fov,fuv 
4F 10 001111 ACBF limit.rf,add.rf,index.mf,displ.bw ;': ;'( 0 - rsv,fov,.fuv 
4FFD 11001111 ACBG limit.rg,add.rg,index.mg,displ. bw •/.: ;~ 0 - rsv,fov,fuv 
60 10 100000 ADDD2 add.rd,sum.md !{ ;'( 0 0 rsv,fov,fuv 
40 10 000000 ADDF2 add.rf,sum.mf * "' 0 6 · rsv,fov,fuv 
40FD 11000000 ADDG2 add.rg,sum.mg * 

,, 
0 0 rsv,fov,fuv 

61 10 100001 ADDD3 addl.rd,add2.rd,sum.wd * ..... 0 0 rsv,fov,fuv 
41 10 000001 ADDF3 addl.rf,add2.rf,sum.wf * -/: 0 0 rsv, fov;fuv 
41FD 11000001 ADDG3 addl.rg,add2.rg,sum.wg ;': ;': 0 0 rsv,fov,fuv 
71 10 110001 CMPD srcl.rd,src2.rd •'t " 0 () rsv 
51 10 010001 CMPF srcl.rf ,src2.rf 

.,., ·k 0 0 rsv 
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PreJ.nninary; ·. ·· 

Opcede · OPSTA/CPDAT Instruction 
codes 

51FD 
6C 
4C 
4CFD 
68 
76 
6A 
69 
48 
56 
99FD 
4A 
49 
48FD 
33FD 
4AFD 
49FD 
6E 
4E 
4EFD 
6D 
4D 
4DFD 
6B 
4B 
4BFD 
66 
46 
46FD 
67 
47 
47#D 
74 

''· 

54 

54FD 

72 
52 
52FD 
70 
50 
50FD 
64' 
44 

11010001 
10 101100 
10001100 
11001100 
10101000 
10 110110 
10101010 

· 10101001 
.rnoornoo 
10 010110 
11011001 
10 001010 
10001001 
11001000 
11110011 
11001010 
11001001 
10 101110 
10 001110 
11001110 
lb 1bi'10'1 
iooohof 
1roo11'01 
10 101€Jl1 
1000101'1 
11 001011 
10 100110 
10000110 
n 000110 
10 100111 
10 000111 
11 OOQlll 
10 110100 

.· 
10 010100 

11010100 

10 110010 
10010010 

' 11010010 
10110000 
10 010000 
11010000 

·10 100100 
10000100 

CMPG srcl.rg,src2 .. rg 
CVTBD src.rb,dst.wd 
CVTBF src.rb,dst.wf 
CVTBG src.rb,dst.wg 
CVTDB src.rd,dstwb 
CVTDF src.rd,dst.wfv 
CVTDL srud,dst.wl 
CVTDW src.rd,dst.ww 
CVTFB src.rf,dst.wb 
CVTFD src.rf,dst.wd 
CVTFG src.rf,dst.wg .. 
CVTFL src.rf,dst.wl 
CVTFW src.rf,dst:ww :: 
CVTGB src.rg,dst. wb 
CVTGF src.rg,dst.wf 
CVTGL src.rg,dst.wl 
CVTGW src.rg,dst.Ww 
CVTLD src.rl,dst.wd 
CVTLF src.rl,dst.wf 
CVTLG src.rl,d.st: }'lg 
tvT\'ltrn src.rw,dst.w4 .. 
CVTWF src.rw,ds(wf'' 
CVTWG src.rw,dsL~g 
CVTRDL src.td;dst.wJ 

.. ' CVTRFL stc.rf,dst'.w~i' 
CVTRGL src.rg,dst.wl 
DIVD2 divu:d;quo.md.r 

. DIVF2 divr.rf,quo:lnf t" 

.DIYG2 di\lhrg,quo.rog .·· ·· 
DIVD3 divr.rd,divd.rd,quo. wd 

. DIVF3 dlyr.rf,d.iv9.4,qu\\Wtr: · 
DIVGJ div.r:.rg,divd.rg,qµo1wi · ; 
EMQDD 111~ksd,mvkx.rb,nWl,d.r4, 
iqt.wl,fract.wd ·· ... . '·· 

EMODF ~ulr.rf,mulp>:,.r:b,,rould •. rf, 
int.wl,fract.wf . .. ... . < .. ,· .. · · 
EMODG' !Ill1lr.tg,mii'fri,.rW,' . 
muld.rg,irit.wl,{1-ai:i.wg. : ... 
MNEGb src.rd,dst'.wd 
MNEGF srt.'rf ,dst'.wf • ' ·· 
MNEGG sre.rg,dst:wg 
MOVD src.rd,dst. wd 
MOVF src.rf,dst.wf 
MOVG src,rg,dst:wg 
MULD2 mulr;id,prod,md · 
MULf.2mu1uf,prod.mi· 

* '* 
*' ··~ 

* * 
* * 

'"t(,,- .;* 
.:·*. :* 

* •>* 
·* . * 
,,. '··* 

0 0 rsv 
0 0 
0 0 
0 0 
* 0 rsVJiov 
o o•rsv,fo\r 
* 0 rsv,imi 
* · 0 tsv,iov 
* o •rr;v,iov 
o o H1v· 

' * .~ 0 . Q .fay' l 

. * * .,, 0 rs«iov 
· · *'' * * '0 'rsv,iov 

* * * •o rsv,i6v 
* > * 0 0 rs\i,fov,fuv 
!I(; •\< * ()J rsv,iov 
* * * 0 rsv,iov 
.,, * 0 0 
,, * 0 0 
.,, * 9'· ·o 
*' * (J Q 
* * 'o o 
* * 0 .. 0 

*' O·tsv,idv 
*· -0 rsv;:fov 

* * * 0 rsv,iov 
0· Q. rsvifov,fuv,£dv.:{: 

* 0 0 rsv,fov,fuv,fdvz 

* * 
* ,* ·O Q;;rsv;fuv,fuv,fdvz · 

0 0 rsv,fov,fuv;f dvz 
0 ,9, ):·~v,f<r"'~fuy,fdiz: 
0 : 6 rsv,fo~.fuy,fdv~· 

. 0 . rsv,f~v,fuv,iov 

* 1' * ··a. ~sy,fov1fuv,iov. 

* 0 rsv fov ttiv lov · , ' , 
0 rsv . 
(\'.'rsv 

,, * 0 0 rsv 
•* * 0 ~ rsv 
.,, '* . 0 

··*· * 0 
* * 0 
.,: * -0 

-' tsv 

- rsv ''·· 
0 rsv;fov,fuv. 
0 · rsv,fov,fuv 
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Opcode. CPSl'.MCPOAT • Instruction N z .v ·C :Exceptions 
codes 

44FD 11000100 MULG2 mulr.rg,prod.mg -!: '°' 0 0 rsv, fov,fuv 
65 10 100101 MULD3 mulr.rd,muld.rd,prod. wd ... , ;, 0 0 rsv,fov,fuv 
45 10 000101 MULF3 mulr.rf,muld.rf ,prod.wf ..... ·k o. 0 rsv,fov,fuv 
45FD 11 000101 MULG3 mulr.rg,muld.rg,prod.wg ;':: ""l~ 0 D rsv,fov1fuv 
75 10 110101 POLYD arg.rd,degree.rw,table;ab ~- •,k 0 0 rsv, fov,fuv 
55 10 010101 POLYP arg.rf,degree.rw, table.ab * *' 0 0 rsv, fov,f uv 
55FD 11 010101 POLYG arg.rf,degree.rw, table.ab * ·k 0 0 rsv, fov,fuv 
62 10100010 SUBD2 sub.rd,dif.md * * 0 0 rsv,fov,fuv 
42 10 000010 SUBF2 sub.rf,dif.mf .. ;'r: 0 0 rsv,fov,fuv 
42FD 11000010 SUBG2 sub.rg,dif.mg -!: ;'; 0 0 rsv,fov,fuv 
63 10 100011 SUBD.3 sub.rd,min.rd,dif.wd ... ~ * 0 0 rsv,fov,fuv 
43 10 000011 SUBFJ sub.rf,min.rf,dif.wf '°' ;': 0 0 rsv,fov,fuv 
43FD 11000011 SUBG3 sub.rg,rnin.rg,dif.wg .. k -!: ·O 0 rsv,fov,fuv' 
73 10 110011 TSTD src.rd ''k ·k 0 0 rsv 
53 10 010011 TSTF src.rf ..;, 1: 0 0 rsv 
53FD 11010011 TSTG src.rg '1: * 0 0 rsv 

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 ti:ll:his genera! case are described as follows. 

Integer divide (DIVL2, DIVLJ)-During integer divide in~truction, the CPU detect and reports a 
divide by zero condition. It does not request a result and the CFPA will abort the integer divide 
operation. 

Floating compare (CMPD, CMPF, CMPG)-Duiing 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 discard this longword as its contents 
are unpredictable. 

Floating Add Compare and Branch (ACBF, ACBD, ACBG)-During a floating add compare and 
branch instruction, the CFPA reports, in addition tothe 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, compare, 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 followecfby the floating result. Therefore, EMODF 
returns two longwords and EMODD and EMODG re.turn three longwords. 

Polynomial Evaluation{POLYF, POLYD, POLYG)-The CFPA supports the polynomial evaluation 
instructions by implementing a POIY step function .. Given the argµment and the current pi!ttial 
result, the CFPAreads the new coefficient, computes the. partiaLresult, and return'>. status and the 
new partial result to the CPU. 

The protocol for the startup and poly step loop phase between the CVAX CPDand the CFPA for 
POLYP; POLYD, and POLYG instructions is described. 'After the setup phase, the CPU and CFPA 
enter the POLY STEP loop. The CPU records the loop count using the degree operand. 
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Startup Phase 
1. The CPU sends the opcode for POLYF, 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 theCPUindkatesit is ready 
for the results. 

4. The CPU does not send the table address operand to the CFPA. 

5. The CPU indicates when it is ready for.aresult. The CFg.t\,~sPQndsby transferring status and a 
result equal to. the. argumerii· ~{ientnq.Jf the atgumehtW~s <lShort literal, the. CFPA returns the 
argun;1c;'tnt in expanded for.l);l: one longwindJQr,:pQLYF, two longwords for POLYDol'POLYG; 

6. The CPU sends the seed partial resufotothe CFPA::If the instruction is being started, the seed 
will be Zero; if the instruction is being restarted, the seed will.l?e tf)elast partial result. 

POLY STEP Loop 
1. The CPU sends the new coefficient to. the CFPA. The FPAcb,ecl~s the ~ coefficient for a 

reserved operand. The FPA compute~ n~ partial result whlch is equal to the current partial 
result * argument) plus coefficient, 

2. The CPU indicates when it is ready for the result.· The CFPA respondsby trahsfernrig status and 
the new partial result. The status includes the reserved opei:l\nd check on the coefficient and any 
errors from the polynomial step computation. 

3. The FPA executes the POLY STEP loop until a new opcode is received. 

· Specifications 

The mechanical, electrical and envirpnmental spedficatiohs of t.he CFPA are c?htained ·in the 
following paragraphs. The test conditions for the values specified are listed as Eolfows unless 
indicated otherwise. 

• Temperature (TA): 70°C 

• Power supply voltage (V00): 4. 75 V 

• Ground (Vs5): 0 V 

Mechanical Configuration 
The physical dimerisfons of the CVAX 781)5 44-pin surfacemountcerquad package are contained 
in the Appendix. 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods· of time ·adversely affect the 
reliability of the device. 

• Storage temperatu.re range (T_,): -55°C to 125°C 

• Active temperature range (TA): 0°C to 125°C 

• Power supply voltage (V00):-0.5 V to* V 

• Input or output voltage applied: - l. 0 V to ~ V 

*To be determined. 
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Recommended Operating Conditions 

• Temperature (TA): 0°Cto 70°C 

• Power supply voltage (V00) 4.5 V to 5.5 V 

de Electrical. Characteristics 
The de input and output parameters are listed in Table 6. 

Table 6 • CVAX 78U4 clc Input and Output .Parameters 

Symbol Parameter Requirements Units Test Condition 
Min. Max, 

Vrn High-level input voltage 2.0 v 
(TTL) 

VIL Low-level input voltage 0.8 v 
(TTL) 

VoH High-level output voltage 2.4 v IoH=-400 µA 
(TTL) 

. ' 

VOL Low-level output voltage 0.4 v Im=2.0 mA 
(TTL) 

VIHM High-level input voltage 70% Von v 
(MOS) 

VrLM Low-level input voltage 30% Von v 
(MOS) 

Vo11M High-level output voltage 90% Vno - v IoL=-1.0 mA 
(MOS) 

VOLM Low-level output voltage 0.4 v I 0 1.= 1.0 mA 
(MOS) 

I1L Input leakage current -20 20 µA 0 < V.n < 5 .25 V 

Ioz Output leakage currer:it. -20 20 µA 0 < V.n < 5.25 V 

Ice Active supply current 200 mA I."' =0 
T.11=0°C 

C," Input capadtance * pF 

coui Output capacitance .,~ pF 

1'To be determined. 

ac Electrical Characteristics 
The following notes apply to Figures 5 through 12 and their associated timing tables. 

• All times are in nanoseconds (ns) except where noted. 

• C..,,1=130 pf (excepdor CPDAT < 5 :0 > and CPSTA < 1:0 >) 
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• ac highs for MOS inputs are measured at \'iHM and lows are measured~t VitM· 
• ac highs for MOS outputs are measured at VonM and lows are measured atVotM· 

• ac highs fot:TTL inputs are measured at Vrn and lows are measured at Vn. 

• ac highs for TTL outputs are measured at V01i and lows are measured at Vat· 

• MOS inputs are driven to V01M or VoHM and TT:Linpu'ts'iire:ilriven toV01 orVou· 

Clock Input 

Figure 5 shows the clock input timing and the parameters are.listed in Table}. 

CLKA 

CL.KB 

Figure 5 • CVAX 78134 Clock Input Timing 

Table 7 • CVAX 78134 Clock Input Timing Paratne.~rs 

Symbol Parameter Requirements (ns) 

tcLKDLY 

tcLKH 

tcLKE 

tc'<'.CLE 

CLKA to CLKB delay 
(nominal) 

External clock high 

External docklow 

E;Kternal clock edge rate 

External dock cycle 

*To be determined. 

Initialization 

Min. Max. 

tc;rrn/2-2 tcYCLE/2 +2 
23 27 

5.0 25 

5.0 25 

0 10 

50 * 

Figure 6 shows the initialization timing and the parameters are listed in Table 8. 

Pl 

RESET -
-=iC--IRESE1W ~ _ Cl<A ~:II 'RESHSp·, 

___.___ t: 'AESW 

DAL<:ll:OO> r \----------+---------------

Cf'STA<: l ·O;. 
CPDA'·'.5:0.:> 

~-~~-+-~~~~~~~~~-~~~~J 

Figure 6 • CVAX 78134 Initialization Timing 
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· Table 8 • CVAX 78134 Initialb:atiOn Timing Parameters 

Symbol Parameter Requirements (ns) 
Min. Max~ 

tcrm.z Coprocessor high~impedance delay 0 20 

tRESETDLY Output drive from RESET assertion 0 25 

tRESEl'S RESET input setup prior to Pl 20 tcYCLE-10 
(nominal) 40 

tRESETW RESET input width lQ X tc:YCLE 

(nominal) 500 

tRESETZ Bus high-impedance time. from RESET · 0 25 

External DMATiming 
Figure 7 shows the DMA signaltiming, and the timing parameters are listed in Table 9. 

~ 
I .·• 'C '' '' · . ·--I ''Olll:.i'lLt' 

I) 

Figure 7 • CVAX 78134 External DMATirning 

Table 9 • CVAX 78134 External DMA Timing Parameters 

Symbol Parameter* Requirements (ris) 
Min. Max. 

tDALHLZ DAL high-impedance delay 0 20 

tDALZHl. DAL active drive delay 0 20 

tDMGH DMGhold 5.0 

tDMGS DMG setup 25 

*DMG must remain asserted during all DMA cycles to avoid conflict on the DAL. 
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Coprocessor Timing 
Figures 8 through 12 show the timing of the transfers between the CPU and CFPA, and the timing 
parameters are listed in Table 10. 

NOTE 
C'iAX DR!Vl'S CPSTA< 1 :0> ANDCf'l)JIT<!'i 1J>. 

Figure 8 • CVAX 78134 Opcode Transfer Timing 

01\,L<:l!:OO~, ---------'~-·;DH_. _:;--t_' , __ ,', _____ _ 

lASS- ,,....._ 

~ 
' .......... ....-..--- --------

Figure 9 • CVAX 78134 CPU to CFPA Operand Transfer(Af not asserted)'[iming 
j\' ,';• !:--

~--------J~--+---+----------~~--..--~ ...... --~ ..... - .... __ --~~ 
~--------J~----"----------,...1~-.....,--___ ..,,,.,_,,, ____ . ~ 

Figure 10 • CVAX 78134 CPU to CFPA Operand 1ransfer (AS assertf?a) Timing 
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CPS.TA< t ·(l;, 
ICVAX DRIVING: 

CPOAT<S:O> 
(CVAX DRIVING) 

DAL~J~·OO." 
·:CVM DRIVING) 

Cf'STA< 1.0·· 
CPDAT<5:0> 
(CFPA DRIVlf\/G) 

Preliminary 

---~ 

___ __, 

-------J 

tOALZHl_j 

DAL<3!:00> ----------------<{t. 
iCFPA DRIVING! 

___ _,, 

CLKA 

Ci'STA<: l ,();.. 
CPDAT<.S:C·-

Symbol 

tcro 

tern 

tDAU!LZ 

1-106 

Figure 11 • CVAX 78134 Bus Control Transfer /mm CPU to CFPA Timing 

Figure 12 • CVAX 78134 Data and Status 'Irmzs/er from CFPA to CPU Timing 

Table 10 • CVAX 78134 Coprocessor Timing Parameters 

Parame~r Requirements (ns) 
Min. Max. 

AS hold 5 

AS setup. 25 

Coprocessor line drive delay 0 20* 

Coprocessor line hold 0'' 

Coprocessor line drive hold 23* 

Coprrn;trssor high-impedance delay 0 20 

E:oprocessor line setup 

Coprocessor active driV'e delay 0 20 

PALdrive delay 0 20 

DAL drive hold 5 32 

DAL high-impedance delay .o 20 
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Symbol Parameter Requirements (ns) 
Min. Max. 

toALZHL DAL active drive delay 0 20 

ton DAL hold 5 

tos DAL setup 25 

tswn RDY and ERR sample window hold 5 

tsws RDY and ERR sample window setup 15 

*C, •• d = 150 pF. 
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·Features 

• Standard TTL oscillator input 

• Generates two 180-degree out-of-phase p~isi~p MOS c:lgd~sigpaJ.s for CVAX 78034 CPU, CVAX 
78134 FPA, and CVAX support chips . , . .. 

• Generates two auxiliary 180-degree out-of~phase precision docks for tt~ebysystem interface 

• Generates a single auxiliary MOS dock in phase with the CPD microcyi;:~ 

• Generates proper titnirm and synchronization for RESETsignal 

• Provides common synchronization : point for the RDY ~nd ERR sign~ allmving the system 
interface to operate asynchronously · . 

• Provides board la:'elte~tet support via TEST.and/TCLKIN 

• Requires single 5-voltsupply 

· Description 
The CVAX 78135 Clock (CCLOCK), contained in a 44-pin surfacemountpackage, generates the 
precision MOS clocksigrials required by the CVAX 78034 CPU, CVAX 7813'4 FPA, and up to two 
additional support chips. The,CCLOCKalso,gwerateithrt:ea~ili~ckx:llsignals that can be used 
by the CVAX system interface an4 providies timir1g!)lld sy~hwmz;i,tion for the RESET, RDY, and 
ERR signals. Figure 1 is the Mock diagµm for the C\J'AX)8B~i1ock. 

Figure 1 • CVAX 78135 Clock Generator Logic Diagram 
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Prelimljlary 

~.Pin ~$crlptions 

This section provides a brief description of the input and output signals and power and ground 
connections of the CVAX 7 813 5 clock generator. The pin assignments are identified in Figure 2 and 
the signals are summarized in Table 1. 

vss 

VDD 

VDD 

vss 

CLKIN 

TCLK._IN 

TEST 

VDD 

VDD 

VDD 

NC 

Pin Signal 

44 CLKIN 

1 TCLKIN 

2 

1-110 

NC vss ACLKA VDD NC NC 

ACLKB VSS VDD ACLKC NC 

39 38 37 36 35 34 33 32 31 30 29 

40 28 vss 

41 27 vss 

42 26 vss 

43 25 SYSERR 

44 
CVAX 78135 

24 SYSADY 

CLOCK GENERATOR 23 VSS 

2 22 ERR 

3 21 ROY 

4 20 SYSRESET 

5 19 VDD 

6 18 NC 

7 8 9 10 11 12 13 14 15 16 17 

MCLKB vss VDD vss Os 
NC vss MCLKA VDD RTsET DMG 

Figure 2 • CVAX 78135 Pin Assignments 

Table 1 • CVAX 78135 Pin and Signal Summary 

Input/Output Definition/Function 

Input Clock in-An input that provides the timebase 
for the CCLOCK outputs. This input is driven by 
a standard TTL oscillator output. 

Input Test clock in-An auxiliary test input clock that 
provides the timebase to all CCLOCK outputs 
when the TEST input is asserted. 

Input Test-Selects the clock input to be used as the 
timebase for the CCLOCK. 
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Pin Signal' Input/Output Definition/Funtti(m 

ll,8 MCLKA, MCLKB Output Master 9.ock A and Mai:;ter clock 6""" The:;e 
outputs provide the timebase to CVAX. 78034 
C)JU and support chips. ,The frequency of bo~h 
docks is one-half of the frequency, of CLKIN 
inp~t. M\::f.,:{{A is phase shifted by ~80 degrees 
fromMCtt:e. . . 

' \'; 

35,38 ACLKA, ACLKB Output Auxiliary cl0¢kA .an:d auxiliary dock. &-:-These 
outputs. provide•·· a \geneial . purpose ·timebase. 
ACLI\:kruld ACLKB are Sthe same. frequency as 
MCLKA and are synchronized with MCLKAatid 
MCLIG3i ~spective,ly'. .. 

32 ACLKC . Outpµt AnxillarydQck c~ This 61.ltpl.lt is Oile~fourth of 
the ftequeney of CLKlN and is synchronized to 
MC'LKA antlACLKA. 

20 SYSRESET 

24 SYSRDY 

25 SYS ERR 

15 'RESET 

21 RDY 

22 ERR 

17 DMG 

16 . DS 

3,4;5,12, Von 
13,19,33, 
34,41,42 

9,10,14, V~s 
23,26,27, 
28,36,37, 
40,43 

Input 

Input/Output 

Systew re~t..:.Anas}'n~hronous syst<tm reS€t sig-
nal. · · · · · 

System ready-An asynchronous. system ready 
signa,l, 

Inpm/OUtput . : · Systehi. errdr~An asynchronous system error 
signaL' 

OUtput 

Input/Output 

Input/Output 

Input 

Input 

Inptit 

Input 

Reset--A ~ynchrortlzed~set signalfor the GYAX 
78034 CPU 8Jlditsassociated support <i~ips. 

Ready-A. synchronized ready signal for .. the 
CVAX 78034 CPU and its associated support 
chips, 

Errof-A ··.··synchronized error •. ·.· signal for the 
CVAX 780'4 CPU and its ·associated support 
chips. · 

OMAg~tV"PrO,vi\fe~)ius directi911 contf'?l for 
the SYSilJ)'Y. S'gS~~' RDY, and ERR signals. 

Data stt"obe:-A timing strobe fa control the 
deassertiori~f. ~-SYSRPY, SYSERR, RtiY, and 

·•mt'Rsignals. 

Voltage ...... 5 volt power supply. 

Ground-C6tnmon ground refe~:nce. 
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Prelimii1aty ··. 

Clock Ill (CLKIN)-This it\~?tPf?vi~es the titne [)~~~ tor ~,<:;CLOCK output~, ~t.is driven by a 
standard TTL oscillator output (nominally 40 MHz). · 

Master Clock A 'and 'B (MCLKA, MCtKB)-Precision MOS clock outputs that provide the 
·timebase for the CVAX 'CPU and support chips. The frequency of these docks is one-half of the 
·oscillator input frequem .. i' (nominally 20 MHz). MCLKB is nominally delayed 180 degrees relative 
toMCLKA. 

Artxilia:ry Clocks A, a; 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 degrees and 180 degrees, respectively, 
relative to MCLKA. The frequency. of ACLKC is one-half of MCLKA and is nominally delayed 0 
degrees relative to MCLKA. It can be used by the system interface and defines the starting time of a 
uyde. 

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 (Pl). 

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 a~ynchronously 
asserted. The deassertion of SYSRESET is synchronized on the rising edge of MCLKA to cause 
RESET to deassert. 

Ready (RDY)-This is a bidirectional signal and is an open-drain output during 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 
an output when an asynchronous slave devicemay be responding to a CVAX CPU external reference 
(DMG deasSerted). · 

When DS is deasserted, RDY is deasserted. When DS and SYSRDY are asserted, RDY is 
synchronized with MCLKA and ACLKC and then asserted. RDY is deasserted by the deassertion of 
DS m SYSRDY, whichever comes first. An external pullup resistor is required to provide the 
deasserted state for the system. The RDY synchronizer is cleared on deassertion of SYSRDY. It is a 
highimpedance when SYSRESET is asserted. 

Syst~qi Ready (SYSRDY)-:-This is a bidirectional signal. It is an open-drain output when DMG is 
asserted. It is an input to RDY when DM.Gis deasserted. SYSRDY connects to the RDY input of 
asynchronous CVAX support chips. SYSRDY is an output when ~he memory system is responding 
to aDMA transaction from 1;1tiasynchronous device (DMG asserted). 

When DS ls 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 open-drain output when DMG is deasserted. It 
is an input to SYSERR when DMG is asserted. ERR connects to the ERR inputs of the CVAX CPU 
and CVAX synchronous support chips. 

ERR is 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 SYS ERR 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 t.he 
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deasserted state for the system. The ERR synchronizer is cleared on deassertion of SYSBRR. 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 deasserted. SYSERR connects directly to the ERR 
input on asynchronous CVAX support chips. • 

SYSERR is an output when the memory s~;~ is ~~~~ng fo a ):>MA transaction from an 
asynchronous device (DMG asserted). Whe~ DS is dea$serted,. SYSERR is a high impedance 
(deasserted). ' · · 1 

When DS and ERR are asse~t;aj, ~YSf:,RR asy~ously ~serts. It deasset!s. asYri.c:}uunously with 
the deassertion of DS or EB-~, whichever CQ,lllCS first. ~ ~ternal pullupresfato~ is required to 
provide the deasserted sta~ foi the ~yste~~i SYSRR'R is whigh·imped1!1nce w~t;l' ~YSRESET is 
asserted. ' · · :: ;,,". · ' 

Data Strobe (DS)-This a~y.ri4u'P11pu~ inebt controls ~he s~te qf ilDXiI~R,R, ~YSRDY and 
SYSERR. These signals aredeasserted when~ is deasseri;ed. · ···· 

When DS is asserted, the sigl)als th~t are dehnedoutputi i,; the 'state'. of DMG may be asserted 
depending on their respectiye)nputs. . '. , · :· 

DMA Grant (DMG)-ThiS tiynchronoos input provides a b~s airecti.on corrtrol for driving RDY, 
ERR, SYSRDY; and SYSERil, : . . ' \ · : 

When DMG is deasserted, RDY'andERRare outputs that respond to tk~ SYSRDY, SYSERR, and 
DS inputs. When DMG is a*rted, SY$RDY and SYSERR are outputs"'tna£ respond· to the RDY, 
ERR, and DS inputs. 

Test {TEST).L This input pJt)videsi an input enable control. When TEST is asserted, the CLKIN 
input is disabled and all CCW€K outputs are timed by TCLKIN. This allows the system to be 
functionally tested #. reduced frequencies without requiring the outputs to be set to high 
impedance. When this signalis notmied iri a CVAX system, it must be connected to V00 through an 
external pull~p resistor. ·· ' 

Test Clock Input (TCLKIN}-Tiiis auxiliary test input provides a time base for all CCWCK 
outputs wherithe!l!STinput 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 V1>o supply when not used. 
Because.there are no dynamic nodes in theC:X::LOcK;<tlie ~\frci'jb.~tacyilirnit of TCLl<IN is not 
restricted. 

Voltage (V0 n)-These inputs provide 5 volts, ( ± 5 percent) from the power supply. 

Ground (V •• )-These inputs provide a ground reference. 

~o~ 
All V1>o inputs must be connected together and to the power supply using the shor~es;)eru;ls or 
power plane possible. All ground (VssHnputs must be connected together using the shortest wires 
or ground plane possible. . · ". · 

· Interfacing Requirements 
The CVAX 78135 clock generator interfaces to the CVAX system as shown in Figure 3. The system 
can be sectioned into a synchronous side and an asynchronous side. The.1'.Ynch~nou~ ~id.e consists 
of the CVAX 78034 CPU, CVAX 78134 FPA, and other sync;hi:onoµsdevites. The asynchronous side 
. consists of the . asynchronous system interface ano assodat~d suprart devices ~nil die powiemp 
logic. The SYSRESET, SYSRDY, and SYSERR signals are asynchronous and are controll~d by the 
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MCLKA, arid MCI.KI> signals .. The RESET, iSDY, an<l ERlfsignals are the corresponding synchro
nous signals generated by the CCWCK . 

. VDD 

vss 

TEST CONTROL -------..r::=;---"~-, 
TEST CLOCK SOURCE ___ ...,. TCLK _ _IN 

TTL OSC ------ CLKIN 
MCLKA,Bt-------..~ 
..._ 
.RESET t-------.--+~ 

POWER UP -...-...-----..i S-Y-SR-E-SE-'r ~14-----.r-t--+~. CVAX 78034 
t'.OG1C ERR CPU . 

__ _..,. SYSRDY -
~~ DMGl<l--~~"4-1--1 

.. SYSERR 
DS14-..-+-t-ir--t--t--t 

AGLKA, B, C ....,_ _ _...,. _ __. 

ASYNCHRONOUS---' 
SYSTEM 
INTERFACE 

CVAX 781·35 
CLOCK CHIP 

CVAX 78134 
fPA 

OTHER· 
SYNCHRONOUS 

. SUPPORT . 

CHIPS 

. Figure 3 • CVAX 78135 Typical CVAX CPU System with CVAX 78135 Clock Generator 

· Specifications 

The mechanical, electrical and environmental specifications of the CCLOCK are contained in the 
following paragraphs, The test conditions fo~ the values specified are listed as follows unless 
indicated otherwise. . 

• . "' ' ·., . ' . I . 

• Temperature (TA): 70°C 

• Power supply voltage (V00): 4.75 V 

• Ground (Vssl: 0 V 

~ech~i:J Cohfigua:atlon , . , , . , , , . 
1'l:1e physical,dimensio_~~ 0£ the,t,'(l\X 7813,5 ~4-pipsu~f,acemount cerql,lad package are contained 

· in. the App~i:;idix. · · · · · · 
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Absolute Ma,xUnuni Ratings .. ·• . . . . • .·.. . ·. . '. ... · ... · Stresses greater than the absolute mipcirriun1J.1:1tings may cause permanent damage to the device. 
Exposure to the absolute maximum rating$· for extended. periods of. time adversely: affect the 
reliability of the device. 

• Storage temperature range (T8): -55°C to 125°C 

• Power supply voltage (Vpp): -'0.5 V to 7.0V · 

• Input or output voltage applied: 0.5 V to (V00 +0.5)V 

Recommended Operating Conditions 

• Temperature(TA):0°Cto'70°C · 

• Power supply volta~e (Vpp): 4. 75 V to 5 .25 V 

de Electrical Characteiisdcs 
The de input and outp~t pa;meters are listcxf'.in. Table 2. 

Symbol Parameter 

Vm High-level input voltage 

vn. Low-level input voltage 
I"_' ."., ' ':,,\;•·'' 

VoH High-level output voltage 
(TTL) 

VoL Low-level output voltage 
(TTL) 

VOHM High-level output voltage 
(MOS) 

VOLM Low-level output voltage 
(MOS) 

In. Input leakage curre~t 
,,,,,.,.. - ' 

Requireme11t.s) 
Mill. 'Max. 

2.0 

2.4 v 

0:4 v 

.90% Voo V 

10% Von V 

-10 

IoH=-2.0mA 
Voo=4.75 V 

lot=40mA 
VDD=4.75 v 
oH=-lOOµA 

Io1= 100 µA 

. ,. - .. , - " '· 

IoL Qut;put leakage ~nt -50 50 µA 0 < V,0 < 5.25V 

Ice htive si:tpply.current 200 

Input capacitance 10 

Confi<lential.andBroprietary 

mA L...,=0 

pF 

T"=70°C 
DS deasserted ·· 
tcYCLE!N=25 ns*. 
Voo=5.25V .. 



Symbol Parameter Require1nents Units< , .. Test Ct:iridirlon 

C."" Output capacitance 
MCLKA, MCLKB, ACLKA, 
ACLKB, and ACLKC 

C,., RESET output capacitance 

C.,.,., I/O pin output capacitance 

*Ref er to Table 3. 

ac Electrical Characteristics 

Min. Max. 

25 pF 

20 pF 

15 pF 

The following notes apply to Figures 4 through 9 and their associated timing tables .. 

• All times are in nanoseconds except as noted. 

• ac highs for MOS outputs are measured at VoHM and lows are measured at VoLM· 

• ac highs for TTL inputs are measured at Vrn and lows are measured at V1L. 

• ac highs for TTL outputs are measurediatV0 u and lows are measured at Vm. 

• TTL inputs are driven to V0 L or Vm~· 

Clock Inputs ~d Output Timing 
Figure 4 shows the timing for the dock input and Table 3 liststhe clock input timing parameters. 
Figure 5 shows the clock output timing and Table 4 lists the clock output timing parameters. 

CLKIN 

i I 
--j !'-- ICLKINf. 

Figure 4 • CVAX 78135 Clock Input Timing 

Table 3 •-CVAX 78135 Clock Input Timing Parameters* 

Symbol Parameter Requirements (ns) 
Min. MllX. 

tcLKINF CLKIN fall 0.5 4:5 

tctKINH CLKIN high 9.5 

tcLKINL CLKIN low 9.5 

tcLKINR CLKIN rise 0.5 4.5 

tcYCLEIN CLKIN cycle 25 

*Requirements for TCLKIN are the same as for CLKIN. 
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Figure 5 • CVAX 78135 Clock butf,ui'riming 

Table 4 • CVAX 78135 Clock Output Timing Parametetis' 

Symbol Parameter .Requiteinents(ns) 
Min. Max;;, 

tcLKABP Act'RA, AtLkB and Aet:Kc fall';; · . 5.0 

ACLKA and ACLKB high' 

ACLKA anclACLKBlqw1 

tcum ACLKA, ACLKB and ACtKCfise1 ~2 0.8 5.0 
. . . , .. ' - .. 

tcLKAnLv ·. • MCLKA to ACLKA delay' -0.5. 0..5 

tcLKsoiv MCLKA to ACLKB delay• 

tcr.KcL ACLKC low' 

tcucmv MCLKA or MCLKB to.ACLKCdelay to coiocidentedge• 0.5 

tcLKMoLv MCLKA to MCLKB phase del~y'0 II 12 

tCLKMF MCLKA and MCLKB fall'· 13 0.8 5.0 

MCLKA andMCLKB high' 14 

tcLl!ML · 

tcLKMR 0.8 5.0 

tcvcLm ACLKA and ACLKB cycle 

l:cvc1.Ec . ACLKC cycle 
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Symbol Parameter 

tcvcLEM MCLKA and MCLKB cycle 

'MOS timing measured at 90% (V00) and 10% (V00). 

2C= 150 pF (max.), C=50 pF (min.), and I •• ,=0. 
'(tcYCLEAJ2)- tcLKAB 
•(tcYCLEAJ2)- tcLKABf' 

'MCLKA and ACLKA equally loaded. 
6MCLKA and MCLKB equally loaded. 
'(tcYCLEc}2)-tcLKABR 
8(tcvcLEc}2)- tcLKABF 

'MCLKA, MCLKB and ACLKC equally loaded. 
10MCLKA and ACLKB equally loaded, I."'= 0 
11 (tcvcu:.J2)-0.5 
12(tcvc1E.J2) + 0.5 
"C= 150 pF (max.), C=50 pF (min.). 
14(tcycrn.J2)- tc1KMR (max.) 
"(tcYCLE.J2)- tc!.KMF (max.) . 

Clock Initialization 

·. Requirements (ns) 
Min. Max. 

2 X tcYCl.EIN 

Figure 6 shows the clock initialization timing, and the parameters ;:1te listed in Table 5. 

ACLKC ~ I _/ "--1 i-'i __ _,. 

\ ___ ! \ ___ r 

Figure 6 • CVAX 78135 Initialization Timing 

Table 5 • CVAX781.35 Initialization Timing Parameters 

Symbol Parameter Requirements (ns) 
Min. Max. 

Async assertion time for RESET 

tRESETW SYSRESET width 

tRESETZ High-impedance output from SYSRESET 20 
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Symbol Parameter 

tsYNC 

tsYNCDLV 

tsYNH 

tsYNS 

Ri5Y and ERR assertion from SYSRDY and 
SYSERR assertion with DMG deasserted 

anY and ERR assertion and RESET · 
deassertion from MCLKA (phase J): · 
edge with t5MG deasserted 

Synchronizer 

Synchronizer setup 

115 + (3 x tcYCLEM)- tsYNH 

2 tsYNS + 5 +tcYCLEM 

Ready and Error Timing 

Requiretnertts;(ns) 
Min. Max. 

5.0 15 

5.0 

5.0 

Figure 7 shows the timing for the RDY and ERR signals with DMG deasserted, and Table 6 lists the 
timing parameters. 

MCLKA 

Figure. 7 • CVAX 78135 Ready and Error (DMGDeasserted)SignalTiming 

Tuble 6 • CVAX 78135 Ready and Error (DMG Deasserted) Signal Timing Parameters 

Symbol 

toMGS 

toss 

Parameter 

RDY? SY'SRDY,.'ERR, and SYS ERR 
deassertion frOm DS deassertion 

DMG setup tl.me before DS 

DS setup time before RDY or ERR 

Confidential.and.Proprietary 

Requirements (ns) 
Mm; Mlb:. 

2.0 10 

20 

10 

1.0 10 

1.0 40 
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Symbol 

tSYNCDLY 

RUY, ERR assertion from SYSRDY and 
SYSERR assertion 

RDY, and ERR assertion and RESET 
deassertion from MCLKA (phase .3) edge 

Synchronizer hold 

Synchronizer setup 

1ts11NS + 5 + tcYCLEM 
215 + (.3 x tcYCLEM)- tsYNH 

R.equiremMt$ (ns) 
Min. Max. 

5.0 15 

5.0 

5.0 

)tsvNs and tsvNH are the setup and hold times needed at a synchronizer input to ensure thatthe signal 
is recognized as expected. Signals with a shorter setup or hold time than specified will be 
synchronized but the results are unpredictable. 

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 signals during 
a retry, and Table 8 lists the timing parameters. 

Figure 8 • CVAX 78135 System Ready and System Error (DMG Asserted) Signal Timing 

Table 7 • CVAX 78135 System Ready and System Error (DMG Asserted) Signal Timing Parameters 

Symbol Parameter* Requirements (ns) 

tnMGS 

1-120 

RDY, SYSRDY, ERR, and SYSERR high 
impedance from deassertion of 
asynchronous input prior to DS 
deassertion 

RDY, SYSRDY, ERR, SYSERR deassertion 
from DS deassertion 

DMG setup time before DS 

Confidential and Proprietary 

Min. Max. 

4.0 15 

2.0 10 

20 



Symbol 

Preliminary 

Parameter* 

DS setup time before RDY or ERR 
SYSRDY and SYSERR assertion from RDY 
and ERR assertion 

RDY or ERR fall 

RDY or ERR rise 

CVAX78135 

Requirements (ns) 
Min. Max. 

10 
5.0 

1.0 

1.0 

15 

10 

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. 

Figure 9 • CVAX 78135 System Ready and System Error (Retry) Signal Timing 

Table 8 • CVAX 78135 System Ready and System Error (Retry) Signal Timing Pammeters 

Symbol Parameter* Requirements (ns) 
Min. Max. 

tsYNll Synchronizer hold 5.0 

Synchronizer setup 5.0 

SYSERR to SYSRDY on retry 2 X tcYCLEM 
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·Features 

• Support for external ROM 
-8-, 16-, or 32-bit data width 
-Programmable address decoding 
-Cycle completion (RDY assertion}· 
-Byte or word unpacking 

• l KB of battery backed~up RAM (256 by 
32 bit) . 

• VAX SRM con1p.atible console terminal 
UART similar to DLART with eight baud 
rates, CTRL/P hreak detection, and secure 
console support : . 

• VAX SRM compatible console storage (auxil-
iary) UART similar to DLART . 

· Description 

• 100-Hz interval timer 

• Two programmable timers 

• 4+bit output port 

• Pro!!rarwn.able bustimeoµt 

• Battery backed-up VAX SRM time-of-year 
dock 

• I/O bus reset support 

. • Hakarhltration logic 

• Two programmable address decode strobes 

The MicroVAX 78332 System Support Chip (SSC) is a multifunction interface rhatprovides the 
common functions necessary to support the MicroVAX orCVAX system envirohmeht. It includes 
unpacking logic for up to 1 MB of extetnalROM, a l~KB RAM, two asynchronous serial line ports, a 
4-bit output port, two programmable address decoders, two programmable timers, and.a realtime 
dock. It substantially reduces the number of components necessary to develop a MicroV,/\X system 
on a CPU board and}s contained in a single 84-pin cerquad package. The functionaLb1ock diagram 
of the MicroVAX 18332 SSC is shown in Figure 1. 

"1133.:a 
Sl'SlEM i!ill~POl'ITCH(I> 

~;\M 

1 1(8 

~2 56 " :t2 

f'ROG~AMMABlf. 
AOOfl(SS 
rn:cor;~ns 

CONSOUi 
Tf~MiNAL 

.<i.l)r: 
l.'C>DEVICE 

Figure 1• Micro\'l!X 78332 SSC Functional Block Diagram 
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Pin and Sigtull.Desctiptions 
The input and output piris 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. 

1-124 

vss 
RESET 

ffiR 
Rr5Y 
WR' 
EPS 

CS2 

CS1 

cso 
BS 
A5 

vss 
VODI 

DAL31 

DAL30 

DAL.29 

DAL28 

DAL27 

DAL26 
DAL25 

VDDX 

:;;; lz - 0 ~ 
::i ~ 0 
u I- ir 

74 73 72 71706968 6766 6564 63 62 6160 5958 57 5655 54 
75 53 

76 

77 

78 

79 

80 

81 

82 

83 

84 

2 

3 

4 

5 

6 

7 

8 

9 

MicroVAX 78332 
SYSTEM SUPPORT CHIP 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

10 34 

11 33 
12 13 14 15 16 17 18 19 20 21 22 23 2425 26 27 28 29 30 31 32 

<f) ... "' N ;::; 0 m 00 " "" Ul :: "' N ~ 0 m "' " "' (/) 
<f) N N N "' :::; :::; :; :; :::; :::; ::.; 0 0 0 0 (/) 

> -' -' ..J _, -' ..J -' -' -' -' -' -' > 
<!'. C3 <!'. <( ~ <!'. <I'. <I'. <!'. <!'. <!'. <!'. <!'. <I'. ~ <!'. <I'. <!'. <!'. 
0 0 0 0 0 0 0 0 0 0 Cl Cl Cl Cl a 0 

Figure 2 •MicroVAX 78332 Pin Assignments 
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ROMWID1 

iiLo 
6PT3 
OPi'-2 
OPTl 

OPTO 

CSDI 

CSDO 

CT Dr 

CTDO 

vss 
VDDI 

5ECCON 
DALOO 

DAL01 

DAL02 

DAL03 

DAL04 

DAL05 

VDDX 



··.- MicroVAX.74!l.l32 

Tublel •MicroVAX 76332 Pin and Signal Summary 

Pin Signal 

4-10,13~31, DAL<'31:00> 
34-39 

81-8:3 CS<2:0> 

1 XS 

84 DS 

54-57 BM<3:0> 

79 WR 

78 RDY 

77 ERR 

80 EPS 

76 RESET 

60 CPUHALT 

59 HALTIN 

40 SECCON 

58 RDN 

68 IRQ<n> 

Type . Description/Function 

input/output Data and Address Lines-Time multiplexed 
lines used to transfer address and data informa
tion between the SSC, the CPU, and the SSC 
R0¥1 •... 

input/output Cycle status-Provides status and control infor
mation about the current bus cycle. Connects to 
CS/pP<.2:0:> on the CVA}C 

. input, 

input 

input 

input 

output 

output 

input 

input 

oiatput 

input 

input 

output 

output 

Address ,strobe"""':"Provi~ ·tinting and conti:ol 
information to the SSC. 

Data s.trqbe ...... Provides . ummg and control 
information for data transfers to and from the 
SSC. 

Byte ~-Indicates which bytes of DAL lines 
data contain valid information during the sec
ond part of an I/O cycle. 

Write-Specifies the direction of data transfer 
oritheDAL 

Ready-Asserted by the SSC to indicate the 
end ofbµs cycle. 

Error-Asserted by the SSC to indicate a bus 
timeout condition. . 

External processor strobe-Coordinates the 
Miq()VAX external proc:essor transactions. 

Reset-Asserted during power system transi
tions ,and during battery. baekup mode. The 
deassettion of the RESET signal initializes the 
SSC. 

CPU Halt-A halt request to the CPU. 

Halt in"'"'.'"! halt request from the external logic. 

Secure console-When asserted, the halt 
requests received by the console terminal are 
not transmitted to the CPU, 

Run_:Asserted when the halt signals are 
enabled. 

lnterrµpt request-An interrupt request to a 
CPU. 
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Pin Signal Type Description/Function' 

67 IAKEO output 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 IO RESET output I/0 System 13-eset-Asserted by the SSC when 
. the CPU writes to processor register IPR #55. 
Typically used to reset a Q-bus system. 

72 RO MEN 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. 

53,52 ROMWID< 1:0> inptlt ROM Width-Determines the width of the 
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 
of the console terminal transmitter. 

46 CSDI input Console Storage Data In-A serial input to the 
console storage receiver. 

45 CSDO output Console Storage Data Out-A serial output of 
the console storage transmitter. 

62,61 ADS<l:O> 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-
nally40 MHz. 

73 TB40M input Time Base 40 MHz-Provides a 40-MHz time-
base to the baud rate generator, the bus timeout 
logic,· arid the interval and programmable tim-
ers. Also provides a timebase to the time-of-
year dock if theTB25K input isgrounded. 

69 TB25K input Time Base 25.6 KHz-Provides the timebase 
for the time-of-year clock. 

51 BLO input Battery Low-Indicates that the battery power 
is low. 
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Pin Signal . Type Description/Function 

3,41 Vnm input Voltage~Contipuous 5 V de power to the SSC 
internal circuits. 

11,33,64 Vnnx input VO!tage-'-5 V de power to the SSC pads. 

2,12,32,63 Vss input · Ground-Ground reference. 

Data and Address Lin~ . . .·. . > ·. < . .. .•... • ·. . . 
Data and Address Line$ (DAL< 31:00' >)_:_The data and ai.l~~s lines are time-multiplexed and 
transmit addresses and data between the CPU and other devices. The proi:oools 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 longword 
address of the operand. During the second part of a· CPU read cycle DAL< 31:00 > are used to 
transmit information to the CPU. During the second part of a Micr6VAX CPU write cycle, 
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, DAi<31:30> ""10 .and 
DAL<29:05> are zero~.During the second part ohhecw;Ie, the interrupt vectods tran$mittedto 
the CPU on DAL< 09:02 >.. . . . 
During a MicroVAX external processor (EP) write commandcyde, the CPU t~nsfel:'S the processor 
registe~ number on DAL< 05:00 :;>: and the up~ming .transactipn type on DAL3l (read? 1, 
write=O). 

During a .MicroVAX EP read response cycle; DAL<Jl:-00.>, transmit ·information to the CPU. 
During ariEPwrite data cycle, DAL<3l:OO:>. receives ineoming,foformation froin·the CPU. 

During the first part of a CVAX CPU read or write cycle, DAL<29:02:> conrai.11 the longword 
address of the 0perand. During the . second part of ra. read cycle, DAL< 31:00> transmit 
information to the CPU. 

During the second part of a write cycle, DAL<31:00> receiVe incomibg information from the 
cru. · 
During the first part of a CVAX CPU interrupt acktfowledge 'cycle, DAL< 06:02 >··contain· the 
interrupt priority level of the interrupt being acknowledged · and DAL< 31:07> and 
DAL<Ol:OO> equal zero. During the second part d£ thecyde,DAL<31:00> fransmitiriforma~' 
tionto 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> and zeros on DAL<10:D8>. Dtiringthe second part of an EPread 
cycle, DAL< 31:00 > transmit information to the CPU. During the second ,part of an EP write 
cycle, DAL< 31: 00 > receive inc@minginformation from the CPU. 

ControlLines . . 
Address Strobe (AS)-During a CPU read or wr.i;e cyc;le, aCYAX External Processor register.rea,d 
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 cycle, 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 ithas •• i:tee~ved a11p latched the incogilng data. During a CPU write cycle 
or CVAX external proce~sor register' w~it~ -cycle, it is asserted by the CPU to indicate that 
DAL<31:00 > contain valid datEt'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 SeJecpon 

Byte Mask Valid Lines 
Line 

BM3 DAL<31:24> 

BM2 DAL<23:16> 

BMl DAL<l5:08> 

EMO DAL<07:00> 

Write (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).1... 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 
ROY 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 deassei;ted. 
This is an open-drain output. 

External Processor Strobe (EPS)-This signal is used by the MicroVAX CPU to coordinate external 
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 
lin~s .an: forced to a high-impedance state. All other outputs are deasserted. 

Cycle Status (CS <2:0> )-These lines and the WR line provide status and control information 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 parity and latches the 
CS< 2:0 >lines information at the assertion of the AS input. 

TableJ lists the bus cycle selected during a CPU read or write cycle, an interrupt acknowledge cycle, 
or a CVAX EP read or write cycle. 

1-128 Confidential and Proprietary 



'Lible 3 ·MicroVAX 78332 Bui!Cyde C~ntrolSeleetion (nori-MicroVAXEP.cyde)* 

Write Contl'QfLine Bus Cycle Type 
WR CS2 CS 1 CSO 

H L L L READ 

H L H L CVAX EP ~~gister tead • 

H L H H interrupt acknowledge 

H H L L I -stream read· ,~-·-: \: 

H L H read 

H H H L read 

H H H H read 

L L H L CVAX EP register write 

L H L H write ,, 
L H H H write 

*AS== L and Ei>S"" H. The CS <2 :0 >·combinations not listed are' reser\ted. 

During a MicroVAX EP.transacti~n ih':'olvl~ th~ ,SSC, theCS2 line ii np~ used except dur:ipgan EV, 
Read Response cycle where CS2 is plllled low by the SSC. Table 4 shows the bus cycle selected 
during a MicroVAX EPread or write cycle. . · 

'Lible 4 •MicroVAX 78332 Bus Cycle Control Selection (MicroVAX EP cycle)* 

Write Control Line' pull CYcl«;<'..fype 
WR CS2 CSl CSO 

H X' H H read response 

L x L H write data 

L x H L write command2 

.;,AS=H and EPS=L. The CS<2:0> combinations notliste\iare reserved. 
1 H =high level; L =low level, X =high or low level 
'During an EP write command cyde, PAl)l indicates that the transaction that follows is a read (H) 
or a write (L). . : · 

'Precharged high (H) al}d asst:rte~. low .duri,l.1$ re11dresponse: · 

CPU Halt (CPUHALT)-This signal is asserted for at least eight microcydes (nominally 800 
nanoseconds) when a halt request is detected by the SSC. It connects to the HALT input of the 
CPU. 

Halt Jn, (HALTIN)-This is a level,sensitive inpuqhat receives.ha.It requests from external logic. 
When appropriate, these requests are pas5ed to the CPU through the CPUHALf output. · 

S¢cure Console (SECCON)..,..;When this input i~ conneded ,to ground, breaks received. by the 
Console Terminal UART are prevented from asserting CPUHALT. 
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Run (RUN:),.,.,. Thls ;oµtp,ut j~ ~ssert~d ,~b,,e;n th~ hajt qon.ditions are ewibled and is de~ss~rted when 
the halt conditions are disabled. During the first microsecond after the RESET input is deasserted, 
the RUN signal will oscillate at approximately 10 MHz (for test purposes} atid tBen operate 
oorm~ · 

Interrupt Request (IRQ < n >)-This open-drain output requests an interrupt from the CPU on 
one of the four CPU IRQ lines. Theinterruptpriority level is defined by bits < 25:24 > of the SSC 
Configuration register and must coirres~nd to the IRQ level to which the IRQ < n > output is 
connected. 

Interrupt Acknowledge Enable Out (IAKEO)-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 IAKEO output when the CPU deasserts the DS signal. 

f/O Reset (IORESET)-The SSC asserts this output when a write cycle to Jnternal 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 \Vordwide ROM, the ROMADRl 
output ci;mnects to the. AO input on the ROM. When using an external byte-wide ROM, the 
ROMADRl and ROMADRO outputs connect to Al and AO inputs, respectively, on the ROM. 

ROM Width (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. 

ROMWID 
1 0 

H H 

H L 

L H 

L L 

TubJe 5 • MicroVAX 78332 Boot ROM Width Selection 

Width Lines 

32 DAL< 31:00> 

16 DAL< 15:00> 

8 DAL<07:00> 

high impedance (all SSC I/O and output lines) 

The ROMWID outputs that are to remain a high level connect to V00 through resistors. When both 
pins are connected to ground, all SSC 1/0 and oul:put1ines are high impedance. 

Serial Data 
Console Terminal Data In (CTDI)-'-Titls input provides seriaLcharacter data to the console 
terminal receiver of l:he SSC .. · 

Console Terminal DataOut .(CTDO)-This output provides serial character data from the console 
terminal transmitter of the SSC. 

Console Storage UART Data In (CSDl)-This input provides serial character data to the Console 
Storage UART receiver of the SSC. 
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Console Stotage'lJJART Data OUt·(CSDO)-/fhls<Jtltprit provides serial character data··frotn the 
Console Storage UART transmitter of the SSC: 

Miscellaneous Signals 
Address Decoder Strobes (ADS< 1:0 > )-These outputs provide strobe signals to external logic 
when pred~fined addressesaredetected by the SSC. 

Output Port (OPT<,l:O> )'.,:;; .. /'fHese Mtput~f&iOm'tM Output1\'>rt~3ister canbe used to control 
LED indicators orother devices. · · ··· · · · ··· · · · · · ·· · · · 

Clock Signals 
Clock OUtput (INTCLKO)-This output is produced by thelOO~Hz Interval Timer of the SSC. ft 
normally connects to the INTTIM input on the GPl:Nni>idetto generate Interval Clock int~rropts; 
The first assertion of this signal is approximately 8.2 millise'cottds after the deassertion ()f the 
RESET signal. ,, 

Clock In (CLKI)-This high frequency TTL input (nomtdalW40MHz) provides the bas1<:: dock 
timing to the SSC. In the transition to normal opefatidn;rtfie: RESET inpui: should not be; 
deasserted until CLKI is within specification. . . '·· · 

Timebase 40 MHz (TB40M)-This input is driv~n .. by an exterllal 40-MHz TTL oscillator and 
provides the timebase for the &au<l:.rate;gee~rat0Ps'.in'!lhe·UART!; ·the Programmable Bus Tiihooui 
logic, the 100-Hz Interval Tinier; and t1-le progranimahle trltt~t&.;Jf the TB25K inpcit is connected t& 
ground, this oscillator will also supply the timeBa5€,.<fojf the.'tiffie-of-year clock when the system 
power is supplied. · · 

Timebase 25. 6 KHz (TB2;;K}.o.;+ When ,i:dr.iNtn} >by ,ll;t f!IC~iJ~p:aJ · 25. 6-KHz oscillator, thls input 
supplies the timebase for the T~m9;of::J'egtif (J;Qy),9,q<;,k, ·;fo,~~t~in the IDY dock when system 
power is removed, this os<::illator ~bQUlq,b~Jl1lppli@pQWerftqlOJ~attery backup lll1it. Wl;i,en lhi°$ 
input is connected to ground,. the t~Y.Jl9<;:k;;u~5it;ae.'.J:J#!Qfytsignal as its timeb~se whilNyste,m 
power is supplied. This input requires a: CMeS level a9d mustnor be switched between the 
oscillator and ground while theSSC is rufl!lif!g. ·· ' . ' 

Power and Ground 
Battery Low (BLO)-If this input is asserted while the RE~)[":in~ut is asserted, the BLO bit 31-0f 
the SSC Configuration Register is set. It can ~Plearec!~yl;1f th,(!:user. If the BLO bit is setwhen 
the SSC is reset, the time-of.year clock is cleared. 

Voltage (V001)-These inputs provide continuous de power' w•tHe internal circuits of the SSC: 
When the RESET input is assel'ied, a lower voltagF §~6,n;~e#tJs supplied so that the RAM i.yiJJ 
hold its state and the time-of -year clock will contin.µe to opetflte. The RESET input m14st, ~ 
asserted when the voltage on these inputs is ~tansitiQning: · . . · 

~.; ·, ·,' ' ; ; ·: ,: •··. : " 

Voltage (V00x)-These inputs provide de ~It to·the.pa~driVi¢t'S of the SSC. The RESE!J'.in{)llt 
must be asserted whenthe voltageorrthesefoputsis transit~oned,: 1 
Internal Ground (Vssl-These input pins provide th~ 1gi.pµrid r#erence to the SSC. 

'j ; 

·Registers 

The SSC contains ten VAX Internal Processor Registers (IPR) ll;iat ~ay be addressed either l>y their 
IPR number {through MTPR or MFPR instructions} Ol' by their IfO space address: All SSC 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 
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of 20140000. Storage elemf;tlt locat.ions are defi~d as off S(!ts fr()rn ,tlfe.yal~~ contajpe.d fo tl::ie 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. 

Offset 

000-003 
004-00F 
010-013 
014-0lF 
020-023 
024-02F 
030-033 
034-06B 
06C-06F 

070-073 
074-077 
078-07B 
07C-07F 

080-083 
084<087 
088-08B 
08C-08F 

090-0DB 

ODC-ODF 
OEO-OEF 
OFO-OF3 
OF4-0F7 
OF8-0FB 
OFC-OFF · 

100-103 
104-107 
108-lOB 
lOC-lOF 

110-113 
114-117 
118-llB 
llC-llF 

120-lFF· 

1-1'32 

Tuble 6 • Mi!!roVAX 78332 Internal: Register Offset and Number. 

IPR Register 

27 

28 
29 

.JQ .· 
31 

32 
33 
34 
35 

55 

Base Address (BA) 

Reserved 
SSC Configuration 
Reserved 
Bus Timeout Control 
Reserved 
Output Port 
Reserved 
Time-of-Year (TOY) 

Console Storage Receiver Status (CSRS) 
Console Storage Receiver Data (CSRD) 
Console Storage.Transmitter Status (CSTS) 
Console Storage Transmitter Data (CSDB) 

Console Receiver ControVStatus (RXCS) 
Console Receiver Data Buffer (RXDB) 
Console Transmitter Control/Status (TXCS) 
Console Transmitter Data Buffer (TXDB) 

Reserved 

I/O System Reset (IORESET) 
Reserved 
Rom Data* 
Bus Timeout Counter* 
Interval Timer* 
Reserved 

Timer 0 Control 
Timer 0 Interval 
Timer 0 Next Interval 
Timer 0 Interrupt Vector 

Timer 1 C~ntrol 
Timer 1 lnterval 
Timer 1 Next Interval 
Timer 1 Interrupt Vector 

Reserved 
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Offset 

130-133 
134-137 
138cl3F 
140-143 
144-147 

148-3FF 
400-7FF 

Address Decode Channel 0 Match 
Address Decode Channel 0 Mask 
Reserved 
Address Decode Channel 1 Match 

· .Address Decode Channel lMask 
•, ··,';, ···. -· ,,, 

Reserved 
Internal RAM 

*These registers are used for test purposes and should not be accessed by the user:···· · 
The h~rdWate updates the register,bits ip. teSf?OllSe to ~nts .within t~ S$f The 1,'eg~ter 
information that is accessible by the user is defined as follows. ·• 

RW Read/Write-Can be tead or written by the user. The hardware can change the value of 
the bit qnly wlt<:\fl thie .R,J?;SET input ~s f}sserted.. . . 

RW' Read/WHte'~Can 1,1Cdeared by t:~~Hiu:Qwa~.~t ~Y t~~' Writing tq ihese bit by the 
user is igQored if c:l~aJ'C9 by~ h~l-tjw,rrC: Qq}""*g.tl:i,~~~!! ~le. 

RO Read Only-:-Cari be, read oruy by the user. Only the hardware can change the value of the 
bit. Writing to these bits by the useris ignored. 

WO Write Only_:C~n be written only by the user and is read as a ~ero. 
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 writing a 1 to 
them. · · 

MBZ Must Be Zero-Always read as zero. Writing to these bits is ignored. 

Ba~ M~11s Register 
The J3asc;i Addre~ (BA) register ct:mtail':l$' the'ba!l<l ~ddre&S of~he~ocatable 2-KB blackof l/O space 
in which the SSC int:eraalRAM'a11d 29:~antro]J'status registers ate loeated. The software writes the 
base address of this· block. The SSC RAM· and registets are then addressed by adding t}ie offset 
value to the value in the BA register, When the RESET inputJsf!sserted~ this register is s.et to the 
default value of 40l 4001XL Wi.th this value; the. BA ir¢gisterti5~1eeated within the 2-KB block of 
relocatable J/O space assigned ~the: SSC, !heregistet format i'S'shown in Figure 3 and the function 
of the bits is described in Table 7. 

Figure]• MicroVAX 78332 Base Address R~gister Format 
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1111011 

Bit 

31:30 

29 

28:11 

10:00 

P,relimiriarjt 

Table 7 • MicroVAX 78332 Base Address Register Descriptit>rf 

Function 

MBZ (Must be zero) 

Set to a one 

Base Address-The base address cifthe relocatable .'.2-KB block of I/O space. 

MBZ (Must be zero) 

Configuration Register 
This register contains the setup information that defines the functions of SSC. The register format 
is shown in Figure 4 and Table 8 defines the function of the bits. 

Figure 4 •MicroVAX 78332 Configuration Register Format 

Table 8 • MicroVAX 78332 Configuration Register Description 

Bit Description 

31 BLO (Battery Low)-Set if the BLO input is asserted when the RESET input is asserted 
and when the V0 or inputs are grounded. The BLO bit tan be cleared only by the user. If the 
BLO bit is set when the SSCis reset, the time-of-year clock is cleared. 

30:28 · MBZ (Must be zero) 

27 IVD (Interrupt Vector Disable)-When set, the SSC does not produce interrupt vectors or 
assert the RDY output iri response to an interrupt acknowledge cycle. The RESET input 
dears 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 IRQ < n> line of the MicroVAXotCVAX CPU to which the 
SSC line is connected. For example, if the SSC IRQ <rt> output \s connected to the CPU 
IRQ2 line, bits 25:24 must be set to 10. 'fhe encodings are asfollows 

Bits IPL Level IRQ Line . Priori.ty 
25 
0 
0 
1 
1 

24 

0 
1 
0 
1 

14 IRQO 
15 IRQl 
16 IRQ2 
17 IRQ3 
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Bit Description 

23 RSP (ROM Speed)-This bit selects the ROM access. time. The RESE'f input dears this 
bit. The ROM access tlmes are 

Bit 23 =0: 350 ns (default) 
Bit 23 = l: 250 ns 

22:20 ROM SIZE SEL (ROM Size Select)-These~itss*ecify the extent of the ROM address 
space. The RESET input clears these bits. The' default ROM size is 8 KB. The encodings 
are defined below. 

Bits ROM Address Space .. ROM Size (KB) 
22 21 20 

0 0 0 20040000-20041 FFF 8 (default) 
0 0 1 20040000-2004 3FFE 16 
0 1 0 20040000-2004 7FFF 32 
0 1 1 20040000·2004FFFF 64 
1 0 0 20040000-2005FFFF 128 
1 0 1 200.400oo-1007FFF'f' 25~ 
1 1 0 . 2004,Q0~0-200BFFff 51:2, 
1 1 1 . 2004QQ00-20UFFFF W.24 

19 MBZ (Must be,zero) 

18:16 HALT PROT SPACE (Halt protect space)-'"S~tectsthe halt-protected address space. The 
RESET input clears these bits. The lowest 8 KB o'fROM space is halt-protected by default. 
The halt-protected address space may be larger than the ROM address space. The 
encodings are 

Bits Halt-protected Halt-protected 
18 17 16 ROM Address Space Extent ( 

0 0 0 20040000-20041Ff\F. 8 (default) 
0 0 1 20040000-20043FFF 16 
0 1 0 20040000-20047FFF 32 
0 1 1 20040000-2004FFFF 64 
0 0 . 2 004Qo00•2{)05FFFF 128< 
1 0 1 2,094QOQ0·2~0;7FFFF 256 . 
1 1 0 200400®~200BJWFF 512 
1 1 1 None None 

15 CTp (ControtP Enable)-:-CTRJ:./P is recogn~d,l.!S a break.in the cOh$cile terminal UART 
if this bit is set. When this bit is cleared, 20 consecutive spac,e bits are recognized as a 
break. This bit is cleared by the RESET.input. 

':"-'';. ,_. 
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Bit Description 

14:12 GT BAUD'SEL (Console terminal baud select)-Sdects the baudrate 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 available are 

Bits Baud Rate 
14 U 12 . (default) 

0 0 1 600 
0 1 .0 1200 
0 1 1 2400 
1 0 0 4800 
1 0 1 9600 
1 1 0 19.2 K 
1 1 1 38.4 K 

11 MBZ (Must be zero) 

10:08 AUX BAUD SEL (Auxiliary baud select)-Selects the baud rate of the console storage 
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 clock runs about 1. 7 5 percent faster. The baud rates available are 

Bits Baud Rate 
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 19.2 K 
1 1 1 38.4K 

07 MBZ (Must be zero) 

06 RDE (Ready Enable}-When set, the RDY output of Programmable Address Strobe 
Channel 1 is asserted eight SSC microcycles (nominally 800 nanoseconds) after the 
corresponding address strobe. WhenRDE is cleared, the SSC takes no action after 
asserting the address strobe. This bit is cleared by the RESET input. 

05:04 ENA· (Eriable)...:...These bits enable the read and write chann~ls of Address Strobe 
Channell as follows: 

ENA Read Write 
05 

0 
0 
1 
1 

04 
0 
1 
0 
1 

disabled 
disabled 
enabled 
enabled 

03 MBZ (Must be zero) 

disabled (default) 
enabled 
disabled 
enabled 

1-136 Confidential and Proprietary 



Bit Description 

02 RDE (Re~dy Enable).,-When. set, the RDYoutputof the Prograffi111able.Address Strobe 
Ch~el 0 is as.serted eight mic;rocycles (nominally .800 nanosecondss) after the corres
pondipgad<lress strobe. When RDE is cleared, the SSC takes no action after ai:;serting the 
address strobe. This bit is cleared by the RESET,input. 

01:00 ENA (Enable)-These bits enable the read ~nd .write channels of Add;~ss Strobe 
Channel 0 as follows: 

Bits Read. Wdte 
01 00 

o o · dfaabled disabled (default) 
0 1 disabled enabled 
1 0 enabled disabled 
1 1 enabled enabled 

Bus Timeout C~ntrol;I{~gis~r . . . .... .... . . . . . ... . . 
The SSC monitors the assertion and deassertiof.1 of the AS inp~lt to prevent disabling the system 
operation resulting fromiinanswered CPU readorwrite accesses, CVAXE:Pread 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.saIT1e as _ih~ yalue .\n tge ~Us 'tip.lt';cwir.C9~):6l ~~iste;-,. t}le counter is sfoiJped, 
the ERR outpµt is a8se'rted, and the Bfo bii3firi thi~ regl~ter:IS ~~t.' Thi~ indicates that the bus 
cycle should be aborted. The ERR output is deasserted when the DS iri~t is d~asserted. If the 
timed-out transaction is a CPU Read or CPUWfitetransattfon\ t.heRW!bit30 is also set. This 
register is cleared by the RESET input. The registedorroatis sh6~ni~ F~e 5 and Table 9 defines 
the funetion of the bits. 

Figure 5 •MicroVAX 78332 Bus Timeout Control Register Fonnat 

Bits Description 

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. indicates that a bµs timeout has 
occurred during a CPU read. qr GPU writt<: transa¢bpp. 

29:2'4 MBZ (Must be zero) 
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Bits Description 

23:00 BusTimeoiitinterval-TheserntS sp~eify the tiinec\utpetiod. The available range of 1 to 
FFFFFF (hexadecimal) torresponds to a seleci:able; timeout interval rn the range of 1 
microsecond to 16. 77 seconds in 1 microsecond increments. Writing a zero to this field 
disables the bus timeout function. 

4-Bit Output Port Register 
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 sequence. Figure 6 shows the register format and 1able 
10 lists the bit functions. 

Bits 

31:0.4 

03:00 

31 0403 00 

I : : : : : : : : : : : : H< : : : : : : : : : : : : l HT~ I 
F:~gure 6 •MicroVAX 78332 Output P9rt R.egister Format 

Tuble 10 •MicroVAX 7S332 Output P<;irt lle.gister Description 

Description 

MBZ (Must be zero) 

Data-The register data value that is continually driven on the OPT< 3:0 > 
output. Bit 03 corresponds to the OPT3 output and bit 1 to the OPTl output. 

Time-of-Year Regil!ter 
The Time-of-Year (1DY) clock is controlled by the Time-of-Year register that can be addressed 
either as IPR #27 or by a CPU read and write transaction. Refer,.to the Functional Operation section 
for detailed time-of-year clock information. Figure 7 shows the register format. 

Figure 7 • Time-of Year Register Format 

U>nsole Terminal and Console Storage UAR'fS 
The SSC contains a console storage UART and a console terminal UART thiir operate similarly to 
Digital's DC319 DLART. Each UARt contains four internal processor registers, 'the IPR nun;ibers 
assigned to each register are listed in Tables 11 and 12. . , , . 
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.. Table 11•MicroVAX78332 Console Storage UART Registen 

IPR N'1mber Register 

28 Console Storage ReceiverStatus (CSRS) 
29 Console Storage Receiver Data (CSRD) · . 
30 Console Storage TransmitterStatus (CSTS) 
31 Console Storage Transmitter Data (CSTD) 

IPR Number 

32 
33 
34 
35 

Console Receiver C6ntr~fS,taius (RXCS) 
Console Receiver Data B~f~r(RXDB) . : 
Console Tuan'smitt~r C~nttol{Status'{TXCS) · 
Console Transmitter Data Buffer (TXDB) 

These registers are typically accessed bye~te~aI·proCC$S(')r~egisterpr?tocols,but rn~y also be 
accessed by< CPU read'·ai.lldwrite trrinsact1onst0trl~rg:~itds.ia ~a single st()p hit o~~ratioris'withol1t 
parity are supported. 

The selectable baud rates are 300, 600, 1200; 2400, 4800; 9600, 19 .2 K, ani;l (8A K~ Baud rate 
selection is achieved by writing to the SSC Configurationregi!rter. Framing and overrun errors~ 
indi<;;ated by the setting ,of error bits in the :recciVoo &.ta iegisrefS:>CSRD mid· RX':!»B.. 

The Console Storage'UART ·and Console Term!i'nal trAitT are si!nila:r.i The differei\ces are noted in 
the ~~gister dttscriptions that £i:¥mv,. · ·· 

R.eceiverRegis•~Each.UARThasaRecei'\ler.Bootr01am.i$~sregister(CSRSarul.ROCCS) and 
a Receiver.Data Buffer (CSRD and RXIDB) ~.er:r.Ebese ~liters are cleared by the RESET signal. 
Figure8 shows th~ format oftbe t:SftD afid RXCS registets.aptf'J;ably B.desfribes,the functfon of 
the bits. Figure 9 'ihows the format of theCSRS kndllCS registers and tibleJ41ists the function 
of the bits. 

(': ;,; : : : : : : ;:+: H t·:t H: :>~~17i":+H~, ,. '· 'Ml . . 
• ... . :ii .'f RliV ,., •. 

Figure 8 ·MicroVAX 783:)2; Reaeivet (j}(jtftrol aMStatus (€SRS/RNCS) Regi~tt/rfFdnnat 

Table 13 • Mi~VAX 783 32 Rebeiver €ontrol anc:f:Status {CSRS/RXCS) RegiStet ·~scriptiorf 

31:08 MBZ (Must be zero) 

07 DON (Done)-Set when• a characte~ is receiv~d. Cle~~d ~hen the RXDB is reaq .... 
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Bits Description . . , 

06 IE (Interrupt enable)-Can be set or cleared by writing to the RXCS or CSRS registers. 
An interrupt is generated whenever IE af\d DON transitions to a one state. Interrupt 
requests are cleared when the corresponding interrupt request is acknowledged or by 
clearing the IE or DON bits. · · · ·· · 

05:00 MBZ (Must be zero) 

Figure 9 •MicroVAX 78332 Receiver Data Buffer (CSRD/RXDB) Register Format 

.. 'µlble 14 •MicroVAX 78332 Receiver Data ~uffer (CSRD/RXD.B) Register Description 

Bits Description 

31:16 · MBZ (Must be ze:t'o) 

15 ERR (Error)-,Set if ORE bit 14 or FRE bit 13 are set. These error bits are updated when 
data is_ loaded into the register and cleared ¥-'hen the RXD.B or CSRD registers are read. 

14 ORE (Overrun error)-The receiver is double buffered. If both buffers are full wheh data 
.·is received, the.assembly register is overwritten and thiSbi't is set when the overwriting 
eharacter is loaded into RXDB or CSRD register. When set, the ERR bit 15 as also set. 

13 FRE (Framingerror)-Set if a framing error occurs. When set, the ERR bit 15 is also set. 

12 MBZ (Must be zero) 

11 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 
receive<;! space bits or a CTRI.jP character as ahreak 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 l?Y the Cop.sole Storage UART will not halt.the CPU. 

10:08 MBZ (Must be zero) 

'07 :00 Data-Contains the received data. 

TransmitJ:er. Rf?gi~(ers,,.,..Each Ui\RT has a Transmitter Control and Status register (CSTS·.and 
TXCS) and a Transmitter Data Buffer register (CSTDand TXDB). The data tob~ sent ~utis writteri 
into bits 07:00 of the CSTD or TXDB registers which are cleared by the RESET input. The format' 
of the of th~ CSTS and TXCS registers is shown in Figure 10 and Table 15 defines the fonctiori of 
the bits .. Figure 11 shows the format of the CSTD andTXDB -registers and Table 16 defines the 
function ofthe bits. · ' · · · · ··· 
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31 08070605 ·. 030~!1100 . 

I : .. : : : : : : 
ROI RW RW 

AW 

Bits · Descnptiofi 

31:08 MBZ CMu~ ·~zero> 

07 (RDY) Ready~SetHy t:hehim:IWare when tlie ttaHsmitt:er d!l&btiff~t ('6Stl3 !ind TXlJ$) 
registers·· Jtre availabk to ~er't dati6r;~hen tfie''it:ESl!T ~1gnal'-1s'dea&$erfod: Writing a 
chM'ltcter t6 the CSTl) or '.MIDB 'rie@i!lter· tau~ thfd UART to seriCI the character lilid to 
clear this bit until the charactefis tmhsreried to the serialization buffen This bit is set by 
the RESET input. . 

06 IE (Interrupt enable)-Set by the software. Cleared by the RESET input, when the 
corresponding interrupt request is acknowledged, or 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 (Musfhe zero) 
; .,\ 

. '"'"" 

02 LPB (Lobpback)..:..;;Sftt:ing this bit connects the transmitter serial outptii to the receiver 
serial input. Also sets the externil serial-output pinto MARK. This bit is cleared by the 
RESET iQput. 

01 MBZ (Must be zero) 

00 XBR (Transmit break)-Set when the UART sets serial output line to the space condition 
whenit has finished transmitting the current character. Clearing this bit terminates the 
bre'*.1 This hit is ql~~ p}' i,li~J~~S,~!jnpµt,. . 

Figure 11 •MicroVAX l8J32 Tr<msmtltt!f DataEuff&(CSTD/TXDB) &gisk#s Format 

Bits ·Description 

3i:08 MBZ (Mµ5tbe zero) 

07:00 Data-Data to be transmitted. 
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I/O System Reset Register 
Writing to the IfO Systen-i Reset register (IPR#55)requests a b~s reset: The.SSC responds by 
asserting the IORES.ET. o~tput .. 

Programmable Timer Registers 
The SSC includes general purpose programmable timers 0 and l:that are similarto theVAX Interval 
Clock. Each programmable timer consists of four 1/0 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 in:to the Timer Next Interval Count register. The timer is started by writing a 51 
(hexadecimal) into the Tinier 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 17defines thefonction of tqe bits in the register. Control bit 02 (STP) has been 
ad4ed to the configuration of the standar\i YAX register to stop the timer when an overflow occurs. 
The overfloy.r condition causes an interrupt request on an IRQ < n > line at the user-selected IPL 
le.vel. The interrupt vector is also user programmable. These registers are cleared by the RESET . . . 
input. 

AW 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 rf-ir bit 07 is set. 

30:08 MBZ (Must be zero) 

07 INT (Interrupt)-c-Set when the Timerintefy~l 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. (Single)-:"'Wh~n the RUN bit 00 is cleared, ~riting'a 1 to this bit causes the Timer 
Interval register to be incremented by a value of 1. When the Timer Interval Count (IGR} 
overflows because of the assertion of SGL, STP is ignored and the counter is reloaded. 
When the RUN bit 00 or XFR bit 04 are set, write operations to" the SGL bit are ignored. 
This bit is always read as a zero. 
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04 XFR, (Troosfer)~ Writing a one to this .bit causes the Timer Next'lnterval register to be 
copied to the Timer Interval register. This bit is always read 'as a 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 00i$ set., andthe Timer Interval register overflows, the RUN bit is 
cleared and thecpuntingstops. . . . . . ,.:· · · . ·~ . . . . ... 

00 RUN..;..;When this hiris set, the Timer Jiitd:val:~gistef is 'inc~fuented once per 
microsecond. The INT bit 07 is set when the timer overflows. If the STP bit is set when 
the timer overflows, the RUN.bit i$cleatedbythe'hardware. 

Timer Interval Count Registers (0 and 1)-These registers contain the interval count value. Figure 
13 shows the format of the register information. 

Figure 1J • MicroVAXZ8JJ2 Timer IntewalCount Reglst~li:fa~d 1) Format 

Thnei: Natln~val (:ount J{~gis~~ (O,mdJ>-tpeae ~gi~te,rs coqti:Un fhe vah1e;that ~,loaded 
into the Ti111er !nteryal (;ount .re~i*rs ~t<;t !111 qverfl~ ~s 9ccµrred9r in resfl'),nse t9• wr~ting ;i. 1 
to $~t XFR (bit:O~l of ~e .. Tiwef (:q~~! re,gisterc !kils.~~¥ter ~~de~ by the RE.~ET ~np~t: T11e 
fprmat for the register information is shown in'~i~ 14 ... . . ; '- - - ; ·:'' - - - " - ._·,, ' . - / ', ._,: /: -; - ,,- ' _,:, ,\:' '. 

READ/WRITE 

Figure 14 •MicroVAX 78332 Timer Next Interval Count Registers (0 and 1) Fonnat 

Timer Interrupt Vector .Registers. (0 and. lJdTheseregisters 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 L When the SSC detects an interrupt acknowledge cycle and one of the timers is 
set to the highest internal prkirity requesting an interrupit; the internipt ·vectur for that timer is 
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·e. "'Rmlml' .. y 

transferred to the DAL. The corresponding interrupt request is then cleared .• I~t.~r~upt ~quest~ pan 
also be cleared by clearing the IE or the INT bits. Timer 0 has the higher priority.· The Interrupt 
Vector ;registero$ are ~I eared by the RESET input. '!'he format of the Timer Interrupt Vector register 
is shown in Figure 15 .. Table 18.defines the register bits. 

31 l009 020100 

I: : : : : : : : : H<::: : : : : : : 1+++7Y+~RIMH 
RW 

Figure 15 •MicroVAX 78332 Timer Interrupt Vector Registers (Oand 1) Format 

Table 18 •MicroVAX 78332 Timer Interrupt Vector Registers (O and 1) Description 

Bit Description 

31:10 MBZ (Musfbe zero) 

09:02 Interrupt Vector-'-The interrupt vector address to be transferred to the CPU. 

01:00 MBZ (Must be 

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 
iriput is asserted and the bus cycle is atPU read or write 'transaction, the addif$s bn the DAL is 
compared to all the bits of the Match register for which the corresponding Mask register bit is zero. 
If the comparison is successful, the corresponding output strobe is asserted. The ADSO output to 
the external logic is asserted to select Channel 0 and the ADS 1 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 l Matd;Hegisters 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 Thble 20. 

MWD mmoo 

IMH : : : : : : : : : : ~A;+++s~+:: : : : . ; : •: : : }H 
Ri;ADIWRITE 

figurtf 16 • MicrvVAX 78332 Address Deco® Channel (Q and 1) Match Registers f:orma't 
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Tuble ltJ• Mi~VAX .78332 Address Decode Chann:el(O.and l) MatchRegiftets Description 

Bit ~iption 

31:30 MBZ (Must be z~ro) 

01:00 MBZ (Must be zero) 

~WW Mmoo 

Hszj : : : : : : : : : : :M~K~+++: : : : : : : : : : H9 
READ/WRITE 

Figure 17 •MicroVAX 78332 Address Decode Channel (O and 1) Mask~~tfurmat ··· · 

Tuble 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 bits that is to correspond to ~n address bit of the Match 
register is cleared .• 'The $aining bits,iire set. 

01:00 MBZ (Must be zero) 

Test Registers ... . .. ... ... . . . . 
The ROM Data register (BA+OFO), Bus Timeout Counter (BA+OF4) and the Interval Timer 
(BA+ OF8) registers are used for test purposes during manufacturing and should not be accessed by 
the user. The results of such acceS:s<!s ~ unpteffittable'.'· 

· Functional Description 
The SSC interfaces directly to the J\ilicroVAX bus as .shown in; Figure 18. It contains two 
programmable address decoders that c4n be used to control external device operation and two 
serial line UARTs for a console and au~iary device. It includes a~ internal RAM and provides 
support for an external ROM. The IA}i'.EO output provides interrupt acknowledge support for 
other interfaces on the bus. 

M45 



·lllllll 1,····· 

IAKEO SERIAL OSCILLATORS 
LIN ES AND CLOCK 

Figure .18 •MicroVAX 78332 CPU to SSC Interface System Configuration 

I/O Space Assignments 
The SSC operates with the fixed I/O space and relocatable I/O space shown in Figure 19. The 
address assignments for the external ROM and Base Address register are within the fixed 1/0 space. 
The internal SSC registers and RAM are assigned to the relocatable I/O space. 

FIXED l/OSPACE 
2004000Q 

t 
ROM 1 MB 

I 
BASE ADDRESS REGISTER 20140000 

OFFSET. 
RELOCATABLE 1/0 SPACE FROM (BAI. 

SSC REGISTERS BA+ 004 

BA+ 3FF 
l, -· .t 

.BA+ 40q 

RAM BA+. 7EF. 

NOTE; 

BA= CONTENTS OF THE BASE ADDRESS REGISTER. 

Figure 19 •MicroVAX 78332 I/O Space Allocations 
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.. 0..... .... ·' .. !·-.. :'·· ... -."°". •· ... ·• ~?'&~'Ja.U'1 

. TJ1~ ~OM is con~rolled by an external adqress lateli that stores . the appropriate bits of 
DAL<29:02>. The SSC drives the ROM chip select inputs and the data lines of:theROM connect 
directly to the DAL as .shown. The ROM address space beginsataddress 20040000. The ROM ~ust 
cont.Jin aHeast 8 :K13 (default). A larger ROM size can be selected by wl:iting to SSC Conf~tion 
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 l MB. The SSC responCls 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 fas tor slow ROMs. Whenbit 23 ofthe<Configuradori tegistt:t' is ~t\the ROM access time 
is250 nanosec;ond~. Wh,en it is cl~~ii:d, the a~ess tillle ~ 150 J:laflose(:OndS whkh is the default 
conditfon. f:4cept for write o_peratious tq t~ ~' all a~c~~s~> ~re ;32cb~ts wjde llt1d 1ongw9rd 
aligned. ·· · ·· . · · ·· ·· · . · ·. · · · · · · .· · . · 

The RAM and the SSC ~isters are tocat~ at; fixed of(s~~s from the BA addtes$ ~f 20140000 lpaded 
into the ssc. Base ~ddte~s'~glster. Thi/ril\t<29':02)> co~fylinlfl~ longword lldd~~s.of the 
storage element being accessed. Byte writes .tO the' RAM ~te s~ifl~d .lJY l)A:t <:29,:02 > and the 
bytem\tsk('BM'<J:O>). ..• . ·•·. ·: . . .... '·· . • '· · 

Interrupt Logic 
Because the S~C does not cohtaifi an IAKEI ihpu~, it must. be ~signed tl)e hig!lesf external d~ice 
'priority that ~s~oniH' to •i#t~rrtipt a;kriln~!~~ · <):c1$s . ~Fit~, ~e~?lliJ'teci i~teri-upt }~v~l. . the 
IRQ < n > output from the SSC c:onn~ts to the appropi;;iate CPU .'iRQ < n>. line and the 
Configuration register hits <::15 i24> must b«,-setl:o specifythis lfl'Jel: · 
Interrupt Requests~the SSC requests an interrupt by assertmg i:he "'rn""'Q-·-<~n->- output when any 
of the conditions listed in Table 21 occur if their respective Interrupt Enable bits are set. 

ooooao:Fs 

3• OOOOOOFO 
- _, - . ,., - ' ' .- - " ' ~ -. 

4 Consol~ St9~age UAR,T Trall$~~tet~c:\y .. QOQOOOF4 

5 Timer 0 ICR Overflow 

.·c~nsol~ Te~minaltJA.RT Recei~er Ready--When the iri'bit'o6 and the DON bit 07of tl:3e 
Console Terminal Receiver Control and Status register transition to a 1. · .. · 

• Console Terminal UART Transmitter Ready-When the IE bit 06 and the RDY bit 07 of the 
Transmit Control and Status register transition to a 1. 

• C~ns61e$tqra~UA~TReceiver){e~dy~Whell lEbit o.~ and the DQNhh 07 ofCon~le-Stonrg~ 
Receiver Status register tr~si~ioJl. tp a ~. · · ·. · · · 

; .. ·' - --- .. - __ '' '_, · .. ' " ... ' ; ' '.·:-' ' 
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• Console Storage UART Transmitter Ready...:..:Wlien the IE bit 06 and the RDY bit ()7 of the 
··Console Swrage Transmitter :tegister transition to n 1. · · 

·Tiu{er <0:1 >.·ICR overflow'..'....'. when the fEbit 06 ~d INT.bit 07 oftheTimer Contror'register 
· transition to a l. ' 

Interrupt Acknowledge-1be SSC respond~ to interntpt a«knowledge cycles/as follow&: 

• If the interrupt acknowledge is not at the.IPL level spedfied by the SSC or if no irtternal SSC 
interrupts are pending, the SSC asserts the IAKEO output to i'ndicate that it has no interrupts 
pending at the given IPL level. · , 

• Ifrheiµterrupt acknowledge is at its IPL level .. a11-d if there is at least ope interl1al SSC interrupt 
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 prioriFyinternal 
interrupt pending onto the DAL, clears its corresponding internal interrupt request, and if no 
other internal interrupts are pending, deasserts the IRQ < n > output. 

• HIVD is set,the SSC clears its ii1ternal interrupt tequestfor the highest priority pending internal 
interrupt. If 'there are no other internal interrupts are pending, it deasserts the IRQ < n > eutput. 

• The deassertion of the DS input causes the deassertion oftheIAKEO output. 

Break Detect/Transmit Logic 
The Cons~le Terminal andConsole Storage UART~ include br.eak detection and traqsmidogic. The 
UART registers are described 1n Register sehion. · · 

Break Detect'-The Console Terminal UART recognizes either 20 consecutively received space bits 
(default) or a CTRL/P command received as a break condition, as determined by the CTP bit l5of 
the Configuration register. The break generates a CPU halt operation if the halts are enabled and 
the co~sole is not secured. The Console Sto~ge UA.RT rec~gnizes only 26 ~onsecutively received 
space bits as a break condition. A break received by the Console Storagt 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 consecutively received space bits, the FRE bit U is 
also set. The RBR is cleared by reading the RXDB or CSRD registers and cart be set only by a break 
condition received by the UART. 

Break Transmit-Setting the XBR bit 00 of the TXCS or CSTS registers ca4ses the UART to setthe 
serial output line to the space condition. Clearing the bit termi.nates the break: The UART does not 
react to a change in the state of XBR bit until it has finished transmitting the .current character. 
\XThen the XBR bit is set,the transmitter operates normally but the output line remains low. 
Therefore, the user can send dummy characters in order to time the .break. After cl~aring the XBR 
bit, the user \:an provide an extended MARK ch.aracterby qllowing the.transmitter to idle for the 
desired period: · · , · . . · ·, ' . 

Halt Arbitration Logic 
The console terminal UART.can.request a CPU h~t when. a .• break. condition is·· detected if the 
SECCON input is not asserted. A CPU halt request can also be generated if the HAti"IN iriput'frqm 
the external logic is asserted. Either of these conditions norntal1y results in the as·settion otlbe 
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CPUHAtii output bf the SSC that conhects to the HALT'inplit o{the CPU. The halt 11rbitratlon 
logic of the SSCmayconditional1y prevent:theGPUhalt request asdeseribed. : 

The hWt•proted:ed address ~pace of the ROM is defined by l>its 18:16of the. SSC Config\tration 
register. A CPU halt request is disabled when halt•protected space is accessed by an !•stream read 
ttans·~on; Oneathl~stream readtransaction, theSSCdetermines whetherthe target address is fo 
the halt-protected space. If the address is in this space, then tlieCPtJllAtff1'Utput"is&isableduntil 
the next . i,streiuil read tran.Sactii;m, If the· il(klte$S is ;n9t, in ithe' halt~pt'Gtected s:pai;e, then. the 
CPUHAL~ outp~t is 1:1'8sertei! untilthe next 1-f;~:re~ ~im1:m1ction occurs .. 
Assertion of the HAL'I'IN input will assert the CPUHALT output if the l1aJt condition is enabled. H 
the HALTIN output is asserte,d when the halt functions are disahl~d ·~the haft isfueniefiaaiea, 
the SSC asserts·CPUHALf until hli:lts are !tgain~isabled 61''1.fntil the !¥At11N ~tp'Ut is &i:isserted. 
If a break is received by the Consqle Jerlninat uA'Rt'~ht},ie Halt requd~s are·enabled a~d .the 
cons0le is n6t ~cured (Si!et5N cfeasserteci.); ti'u{ssd~sertis.fhe cMlilfLT.oufpU:r611til the halt 
conditions are disabled, the COflSole is secured'. orthe.break conditionisdekd bysoftware. 

The software canexerute a ~ernel moo~H~):T command to~u~~ CPUha!t ~hen the halts are 
disabled. Asserting the RESET illput\\'ilf aho er.i!ible th(! hali::~quests. The R(j'fi4'o:utputis aisserted 
when the halt c6ri$:tfons a~ enable<!.·' ' · ' · ·· ·· · .·.··.· · ··.. · ' · · · · 
Whe.11 wiedwitb.th~ CV,'\.XCPU '· t~ sscd~s ~tdet;ccti~~a~ references that. ,are clirested to 
theCVAX CPUinte+nal cac})e: Whe~us;lwith the,Mi~rovA£cPU, a copY(~tOVC) i.nstru~tion ~o 
the halt~pr0tected lOcatfons disables the h~t)¢qtiests until the1cop}' transaction is complete. ·· 

I - ' . , ' ' , - \ • -i i . , ,' , ' - ' :· •, I , I :• !', } -, ' - ~ ;" ;- i -· < •' ., ' ! ,, ' : 

Bus Support Logic . . ... •. ··. · ...... · .. . . . . •• • .. . . . .. > < • , . ·. .. . . . . . . . . . . . 
Each til:ne the xs· input is asserted, the SSC dears and starts 'an internal counter. When AS is 
deasserted, the counteris stopped. \'qhen th,e counter reaches a value eq_IJal!o the,Y~l.le loaded futo 
the·BusTimeout Controlregister,·the coontierissfupped;the:wFO'bit 31' in this registerisset, and 
the . ERR·. output· is · as8erted •to' indicate 'thttt the Ms• cycte shotild ht: a'.borted: ·If··· thetfated•out 
transaction was a CPU tead ot. GPU Write; 'the RWT hit 1)0·~ iba' set: The ·~ olll:put tertiafus 
asserted until the AS input is deasserted. · . 

· r:l.lie SSC indude~ logk t6 retognize an externai'prooessof(EP}wtite cycle to the I/OSystem RESET 
register UPR •#55). In ~cbus systems, this fypictttly fodfoaties'a<reqaert for ariIJO·system reset. 
If the wi-ite operation is perfo~med by a ~ctoVAX EP ~1~, the' SSC rJsponds by asserting 
IORESET output for two SSC microcydes (nominally ~{)Qnano~~onds) following the completion 
ofl:he external protessor write~an<:H:ytle; · . . . · " 

If the write operation is performed by a CPU write or CVAX EP write cycle, th<!~SSC rf.spol1ds' by 
asserting IORESEf output for eight SSC microcycles (neminally 800iwtrioseconds) l:tfter which the 
RDY.ou~f!l.l~is ass~rl:ec{.; ,. : 

The falling edge of the:IO.RESET signal ca:n be usedto resetthH/O system. Th'i! IORESETsignal is 
deasserted when the D'S input is deasserted. 

Realt~ Clocfc and Interva1 Tuner . . 
The Time-of-Year (TOY) clock isap unsigned 32-bit binarY cowiter.i'hose 1¢flsf:sigrii£1cant bit 
~presents a reS<l)ll.i.t~on of 10. millise®nds. It .c0risists. of one k:!ngw0rd ~teMhat is typically 
addressed~ extemalpr~e~t register IPR {127 hut m~y,also .hie acooss~.bv CPU read and wdte 
transactions. The register counts only when it contains a.n~n,zerb \imue'. The rov dock is driven 
from the TB25Kinput by an extetnal25.6cKHz oscillator. IfTB25K is connected to ground, the 
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ti1T1ebase foi: the.dock is suppli~d by thellO-MHZ oscillator at the.TB40M input whicli alsoproviqes 
the timebase for the ba\ldrate gen<~rator apd t.he Interval and P)'.ogrammableJimers. 

The counter function is maintained during powerfailconditions by the battery-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 until a 
nonzero value is writteriby software. 

The Interval timer provides a 100-Hz input to the TOY clock and to the INTCLKO output. It can be 
used as the INTTIM input to the CPU which drives the CPU ICGS register (IPR #24). 

Progranuqable Address Decoder 
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 within the 
relocatable I/O address space. 

When the AS input is asserted, the address on DAL < 29:02 > is compared with. all the 
corresponding bits of the Match register that have been selected. The Match register bitsthat are 
to be compared with bus address bits are selected by the Mas,k register. If a Mask register bit is zero, 
then the corresponding Match register bit will be used in the comparison. The remaining 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 output strobe ADS 1 (channel 1) or ADSO (channel 0) is asserted between 
one and two SSC microcycles (nominally 100 t~ 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 Configuration 
r('!gister . 

.{\fter the ADSl or ADS2 output strobe is asserted, the SSC can assert the.RDY output eight 
microcycles (nominally 800 nanoseconds) later to permit the external device time to respond. The 
RDY output is controlled by the RDE bits in the Configurationregister. 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 signal 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 ADSO or ADSl 
strobe is used to gate the value selected by external switches to the DAL. The SSC can then assert 
the RDY output to complete the cycle. 

" 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 can drive the chip select (CS) input of another peripheral drip such as a direct 
memory access (MicroDMA) or vectored interrupt controller(MicroVAX VIC) .. The.· peripheral 
chip must then assert the RDY output. 
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M~s!>f. Qpentti<>ll 
The SSC operate$in .normal ):node apd.battery~backup<mode, ~ ®rmal, mpde the system is 
powered µp a~ rui:ming: The input de power is supplied by the system power supply imdthe 
Rf:SET)ppu~ ~ c:le~sserted, In t,he battery-backup mode~ the .system is powered do~n, l;Jut the SSC 
receives power from an external battery and the RESET input is asserted·. RES.ET is as"s~rted before 
the initial powetup sequence and is deasserted after the system is in n~rmal operatic~. It is al~o 
asserted before the transition to battery-backup mode and is deasser~ when, pop:nal opef'..ition is 
resume!i. . . . .. 

• ·Bus• Transactions 

The SSC sµppqrts CP:U rea~, c;P~ write, l'Jicr,oVJ,\¥ ex~i:nal pi;cx;essqr (EP)write .CP!llrnard, 
Miq;oVAX EI> write data, ·¥icipVAX .E~ re~# reiiP<?~~~ ~}'.A~,~J?.,~ad, <;;V~¥ EP ~ite, \dle, aµd 
intert1Jpt ack+i?\VI~i;l~e,. The .ssc intetf~~es. a,sy9-chro,nqusly ~the .M~crp~ c~µ or:CVAX CPU. 
Re(er to th.~ acSpecificatigns section for the tq.ns.!J.,C!ion t,haj~g:diasr.imis <:J~s~ribed}P the follpwing 
paragraphs. · . . · · · . . . · .. . . 

CPU Read, CVAX EP Read,· 6t lnterrupt Ackn~l~ge . • 
During CPU read transactions or interrupt acknowledge cycles, the CPU addresses the. SSC ot i:he 
external ROM to receive data. A CPU read tra.nsaction iy;q~s a minimutn pf, six ~SC mip-ocy~l!'[s 
(nominally. 600 nanoseconds), Th.e WR irlput fs. u~a~1>erte~l ~d tli1{byte' pask BM <.3:1b· 
inforrnat16n h ig?°~· Thf'.SSClat~h~s theinfo~mailo~ofi ~tL<.31:00> .~,and cs< 2:0> 
when the AS input" is assert&!. The. type 'Of read access is d~t~rmin:edl))r ·i:te cs .C'.2:'0Y input. . 

Dµring the first part of.a read <;}Tele, •the.c.PU t~ansf~~.the adcl~~s.on the DAi. If.the ~ccess 'is a 
lon&Woid read, the CPU tran.<ifers th~ pliys~c~ 10n~r«n.~sson DNL ~'.29:02 > .· If t?e access is 
a CVAX EPRead, rhe CPU minsfecl the process~r registetnurn~er on DAL .:::01 :02:;> arid zeroson 
DAL < 10:08 > . For a CVAX system ii the • aC:ceis is• ail irttertupt ack:nm\tledge ·cycle, 'the . CPU 
transfers the priority of the interrupt beiPg acknowledged (IPL) on .DAL<06:02S. The 
DAL< 31:07 > ahd flAL.<:: 01:00> ,.,,.o,: With a MicroVAX !Jy5tem:, the IPLis•eh DALdl4·:00 >' 
DAL< 31::30>~·10,· at:ldDAL<29:05::::i-•ll.The·CPUlhen>'assertsitheAS tnputto indicate that 
the·addtessisvalid'.•When·rfoctevicempoiidstotheaddtess,lheSkmayasserttheBRRoutputto 
indicate that a bus timeobt. has occut:red. · · · 

During the second part of a read cycle, the CPU accepts the addressed data ftom the DAL. If the 
access is to internal storage, the SSC transfers the required data o°: PAL<)1:00> and. assens the 
RDY. output .• The CPU. reads the. data. an~ d~~sserts. the. AS atid. fj5 fopuh, td end ~lie read 
tran.saction. Hfhe .access.is· dire(:ted ai e#ernaJoytewide k()M, .th~SSC a8serts the RO MEN signal 
when BS is as&erted .and then perform& fo'ur 'R()M rea~ s~~~u::n.c~$. lflatches the ROM data and 
increments. the ROMAJ)lt < l:O.> output ar\~.each;ead opefitt10:tt Tb~. ~SC.the11 cleasserts the 
ROMEN o~tput, transfers .we unpacked l(j~wOrd ontti ~<)l:OO>, .and assert.s the ID'SY 
o~tpltt. The.CPU reads this data and deas~rts the As a~d ·~· irl~uts .t6. ~nq th~ read trans~ction. 
If the .a~c~ss .is di~cfed t~ a11 ~~er~ .~~~i.ykie.J\qM,,$e~S~ ~s~t~th~ RQMEN o~tput when 
the DS input is asserted and then performs two ROM read seqltences. It lati;:h~s t~e ROM data after 
each read operation and inverts the ROMADRl after the first read. The SSC then deasserts the 
RO MEN output, transfers the unpacked longword to DAL< 31:00 >, at,lA as,serts the RDY out;put. 
The CPU reads the data. froIT). the pA.t.;. and deasserts tpe. AS and .I$ inputs to end the read 
transaction. 

If the access is directed at external longwordwide 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 Ri5'¥ootput.'The'CPU 
reads the ROM data and de asserts the ·AS· and DS outputs to eh.d •the read·tnihsacti:orL. · 

Duririg an Interrupt acknowledge cycle, the ·SSC tra'nsters'. the interrupt v~ctor ·.·data o;i 
DAL< 09:02 > and asserts the RDY outpl,lt. The CPU reads thi.s data and then deasserts the AS ahd 
DS outputs to end the read transaction. . ' . 

CPU Wri.te 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 cydeJ.s•sil'\lilar 
to a CPU read transaction except that the WR input is asserted. The CPU transfers the address and 
the opetand length onto DAL< 31:02> and asserts the· AS input. If the access is directed to 
inter~al storage in the SSC, the SSC latches the data from DAL<3i:OO> aft.er the DS input is 
assert~d. The BM< 3:0 > lines specify which bytes of the target longword should be written. The 
SSC stores the data and asserts RDYoutput.The CPU then deasserts AS and DS signals.to end the 
write transaction. Write transactions to the ROM address space are ignored. 

If a device does not responds to the addre~s, a bus timeout may occur and the SSC will assert the 
ERR output. .. ·· · · . 

MicroVAX.External Proc(lsscir Register Transa.ctions . ... . . 
The SS<; responds to two sequences of MicroVAX External Proces.sor Register transactions: .an EP 
Write command followed by an EP Read Response and an EP Write command followed by EP 
Write Data command. 

During iin EP Write command/EP Read Response, the CPU reads data from the SSC. In th~ first 
part ()f the transaction, the CPU perf9rms an EP Write Command transaction. The DAL<; 05:00 > 

. contain. the address of the required 1;egister and DAO i is a 1 to indicate that the read transaction 
will follow. · 

The SSC latches the DAL<)l:OO > information on the rising edge of EPS input. Duringthe next 
two SSC microcyc;les (one MicroVAX microcycle is nominally200 11anoseconds), the SSC accesses 
and stores.the requested data. After this delay, the CPU executes an EP Read Response cyc;le during 
which the SSC uses the EPS signal as a strobe to transfer the data to DAL< 31:00 > a,ndto pulldown 
the.CS2 output level. 

EP Write Command/Write Data 
The CPU writes data fothe SSC during this transaction. In the first pitrt of thetransai:;tion, the CPU 
.~rforms an EP Write Command transaction .. The DAL<:05:00> specify the.location of .the 
1;equired register. When DAL31 bit is a 0, a write transaction will folfow. The .SSC transfers the 
DAL< .31:00 > information on the rising edge of EPS input . .In the next MicroVAX microcyde, the 
SSC latches ~he data from DAL.<31:00> on the ris,ing edge of EPS. The SSC stores the qa,ta 
internally during the following two SSC microcycles. No accesses may therefore be directed at the 
SSC for two SSC microcydes (one MicroVAX microcycle is nominally 200 nanoseconds) after an EP 
Write Data transaction. 

Trimsactidn Time :Estimates 
Table 22 shows the estimated maximum transaction tim~ for· a longword, word; and byte transfer 
when the CPU and the SSC are operating at 40 MHz. 
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-' Preliminary 

Tuble 22 • MicroVAX 78.332 SSC Estilllated Transaction Times 

Access Type MicroV,µc: CVAX 
Lon~Word Byte Longword Word Byte 

EP Read 600 600 

EP Write 800 600 

Internal RAM Read 800 700 

Internal RAM Write 800 600 

250 ns External ROM 1000 1400 2000 1000 1300 1900 

350 ns External ROM 1000 1600 2400 1100 1500 2300 

• lntei;facing Requirements 

Figure 20 shows a typical system intercO)lflettion of the SSC and MicroVAX CPU or CVAX CPU. 
The input and output signals between the. SSC, terminals, and e~ternal devices are also shown. 
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SYSTEM OSCILLATOR 
(NOMINALLY 40 Milz\ CLKI 

TO CONSOLE ·-- CTDI · '~· -~"I 
TERMINAL - cmo --

TD AUXILIARY - CSDI -
1/0 DEVICED -- CSDO --·-

TO EXTERNAL LOGIC .... -- ADS< l :b> -

TO VDD/VSS ON BDARD ···-- ROMV.,:ID< 1 :0> 

TO NEXT PERIPHERAL -- IAKEO ----1 

TO 1/0 SYSTEM CONTROL - IORESET --

OUTPUT 
BUFFER 

FROM EXTERNAL [-· -. 'SICCON -~·-
LOGIC OR -- RESET ---
SWITCHES -·---

-- HALTIN ---

CONTINUOUS VDD ---- VDDI --

R ~ LOG2 (NUMBER OF BYTES IN ROM) 

CPU 

(MicroVAX OR CVAX) 

MicroVAX 78332 

SYSTEM 
SUPPORT 

CHIP 

(SSC) 

~~_:2:0> (MicroVAX)-CS/DP<2.0> (CVA.X) ~ 
EPS-~- (MicroVAX ONLY) ------1 
DAL<31:00> -- I 

- BM<3:0> --- 1 

- ADY 

ERR -------. 

iR0<3:0> --~---j. 

CS<2:0> OR CS/DP<2:0>...,-+-+-l-+-+-4-+--< 

· l:ffi-· · ----·----+-<"-+-+->-+-+--i-< 

DAL<31 :00> -~----t-+-1-+-+-l-H 

BM <3:0> ----·--+-+--1-+-+-1--< 
As ---~---·--+-<-++-+--! 

- Ds -----·--t-++t-
wR ----··---H-/

--- ADY-----------+ H 

iRO<n> ------------J 

LOW-POWER 
SENSOR 

OSCILLATORS 

T840M- 40MHz 
TB25K -I 25.6 KHz 

I 

I 

ROM EN ROMADA<1 0> . I Ii i I I} 
ROM 

12 .. R x ROMw1dth BITS) 

ADDRESS LATCH<(R-1 ):2> 

ADDRESS LATCH 
(R- 2 BITS WIDE\ 

DAL<(R0¥Wid1h-1)o00> ·.+-+-+-+-+-+-+-< 

l · DAL<(R--1 )o02> ---- -+-1-Il-++-<-1 
- 'AS ----·---+-+-+-+1-+-<i 

l I 
11 

11 
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 (TDY) dock and to the RAM 

circuits to maintain memory data during a power interruption or failure. During normal operation, 
the power supply provides both V001 and Voox voltages to the SSC. During battery backup mode, 
the power source is switched by the power control logic to the battery and the Vom input provides 
the power to maintain the TOY dock and RAM. The Vom also provides continuous power to the 
external 25.6-ffa oscillator to maintain the 1DY dock operation. 
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-
POWER 
SUPPLY 

12 V.5V 

CHARGE 
CURRENT 

RESET 
LOGIC 

POWER 
CONTROL 
LOGIC 

BATIERY 
BACKUP 
SU.PPLY 

1------... RESET 

CONTINUOUS 
1--PO_w_E_R __ ... Voo1 

SUPPLY POWER 

LOW POWER 
SENSOR 

78332 
SSC 

Figure 21 •MicroVAX 78332 Power Supply Interconnection · 

The power connections to the SSC ate shown in Figtire 22, lJ.ach V;0; and Vnnx pin should be 
bypassed to Vss with a 0.01-F capacitodocated as close t:o the package pin as possible. All VDnx pins 
should connect to the same supply. Both Vnm pins connect together and are bypassedwith a single 
0.33~F capacitor. 

SSC78332 

VDDX i-=-T'-~-'4,-;----. 
vss 
32 

· Figure 22 • Mic10VAX 78332 Power Supply Connections 
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• Specifications 

The mechanical, electrical, and envitonmental characteristics and specifications for the SSC are 
described in the following paragraphs. The test conditionsfor the electrical values are as follows 
unless specified otherwise. 

• Ambient temperature (TA): -55°C to 125°C 

• Power supply voltage (Vnox): 5.0 V ±5% 

• Continuous supply voltage (V0nr): 5.0 V ± 10% 

Mechanical Configuration 
The physical dimensions of the SSC 84~pin cerquad package are shown in the Appendix. 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. 

• Supply voltage (V00): 0.5V to 7.0 V 

• Input (Vin) and output voltage (V001): 0.5 V to 7.0 V 

• Ambient temperature ('J'. • .): 0°C to 70°C 

• Storage temperature (Ts): 55°C to 125°C 

Recommended Operating Conditions 

• Power supply voltage (V00x): 5. 0 V ± 5 % 

• Power supply voltage (V001): 5.0 V ± 10% 

• Operating temperature (TA): 0°C to 70°C 

• Relative humidity: 10% to 95% (noncondensing) 

• Power Dissipation: 1.0 \YJ 

de Electrical Characteristics 
The de electrical parameters of the SSC for the operating voltage and temperature ranges specified 
are listed in Tables 23 and 24. Refer to 1able 1 for the pin designations of the signals listed in the 
tables. Table 25 lists the characteristics output and 25. Refer to Figure 23 for the output load 
circuits used for the test. 

Symbol 
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Table 23 •MicroVAX 78332 de Input Pal'lbnceters 

Parain~ter 

High-level 
input voltage 
except TB25K input 

TB25K input 

Test Condition Requirements 
Min. Max. 

2.0 

3.2 
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MicroVAX 78l12 

Symbol Parameter Test Condition Requirements 
Min. Max. 

V1L Low-level 0.8 
input voltage 

Input leakage 
current 

0 < V., < 5.25V -10 10 

C,n Input capacitance 
except TB25K input 

TB25Kinput 

12 

15 

Tuble 24 •MicroVAX 78332 de Output PaU-ameters 

Symbol Parameter Test Condition Requirements 
Min. Max. 

Vmi' High-level l 0 i=3.2 mA 0.4 
output voltage 

VoL1 Low-level Lm=-2.0 mA 4.0 
output voltage 

Vo12 Low-level loL=23mA 0.4 
output voltage 

Iou2 Output leakage 0 < Vou <Von 10 
current 

Vou3 High-level lou=-8.0 Von-1.0 
output voltage 

VoL3 Low-level IoL=lO mA 0.4 
output voltage 

Units 

v 

v 

v 

A 

v 

v 

Units 

v 

MA 

pF 

pF 

Load 
Circuit 

Fig23A 

Fig23A 

Fig 23B 

Fig 23B 

Fig 23C 

Fig 23C 

'Outputs DAL< 31:00 >, CTDO, CSDO, CPUHALT, ADS< l:O >, INTCLKO, lORESET~ IA,~O, 
ROMADR < l;O >, and RO MEN. Qµtpµt. signals capable of qriving a fan~out load pf eight LSTTL 
loads · or 
two standard TTL loads. 

'Outputs ERR, RDY, ""'IR~Q,,__<_n_>_, and CS2. Open-drain pulldown output capable of operating with 
a 250- pullup resistor. 
'Outputs OPT<J:O> and RUN. OPT<3:0> capable of driving TTL or low current LED 
indicators. 
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.!111011. Preliminary 

FROM · o-...-...~..--..-----"'VV'V--"------o 
OUTPUT 

FROM Rl 
OUTPUT 0>--1~--'VVl.~----o +5 V 

CL R1: 250 OHMS 
-:;;c:- CL: 100 pF 

LOAD 8 

01 R1 
FROM 
OUTPUT o---,,-----+4-----'l/\,.,,_.---o +5 V 

02 R2 

LOAD C 

R1: 
R2: 
CL: 
01,02: 

400 OHMS 
370 OHMS 
100 pF 
1N4152 

Figure 23 •MicroVAX 78332 de Output Load Circuits 

ac Characteristics 

MicroVAX78j}2 

The clock input waveform and timing symbols are shown in Figure 24. Table 25 lists the clock 
input timing parameters. 

tclR 

tc1F tell 

Figure 24 •MicroVAX 78332 Clock Input Wavef01m 
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... 
Table. 25 • MicroVAX 783 32-Clock Input Timing Parametet.$ 

Symbol Jle6nition Requirements {ns} 
Min. Max. 

l:crn Clock In rise time 4.5 

tcrF Clock In fall time 45 

tern Clock In high ..:._, 

tc11 Clock Inlow 8.0 ~ 

1:c1v Clock In period . 25 25() 

Figure 25 shows the' timi~g and sy~holS Jor the SSC i;lltializ;ltiop and Table 26 lists the 
initialization parameters. The following specifications apply to the signals. 

1. During cold-start powemp, the order in which Vnm and Vnnx are powered up is unimportant, and 
the Bill input is ignored. 

2. For total power down of Vnm and Voox with no battery backup, the sequencing or transition 
times of V0 m and V00x ire not specified aQd the RESET input need notJ:ie 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 deassertion of the RESET iripU.t initializes the SSC to its powemp state. The SSC should not 
be accessed until at least 1.0 microsecond after RESET is deasserted. 

5. In battery backup mode, the high level of input signals TB25K, BW, and RESET must reach the 
value of VDDI. All other input must have a low impedance to ground during battery backup and 
should be powered from Vnnx during .normal operation. · 

RESff 

VDDI 

\!DOX 

am 
WHEN 
ASSElffED 

NOTE: 

;.._~VRS ·--..J 
' I 

:.:: UNKNOWN INTERM£01ATE VOtTAGE 

SAITERY BACKUPO?t.RAfiON 

ll/l!llli!2!iJ/hl 

Figure 25 •MicroVAX 78332 lnitialization Timing 
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Tahle 26 • MicroVAX 78332 Irutialliatiori Timing Parameters 

Symbol Definition Requirements (ns) 
Min. Max. 

V0 m or Vnnx in normal operation range to RESET deasserted 0 

RESET asserted to Vnm or Vnnx out of normal operation range 50 

BLO asserted to RESET deasserted 50 

ts1own 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 tAm and tASL 
parameters. 

•WHEN ASSERTED 

Figure 26 •MicroVAX 78332 CPU Read, CVAX Read, and Interrupt Acknowledge Timing 
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Symbol1 

tASDS 

Preliminary 

'.Iiible 27 •MicroVAX 78332 CPU Read, CVAX EP Read, and 
Interrupt Acknowledge Timing Parameters 

Definition 

AS ass~rt:ed to RDY assetted 
CSR access 
RAM access 
250-ns longwordwide ROM access 
250-ns wordwide ROM access 
250-ns bytewide ROM access 
350-ns longwordwide ROM access 
350-ns wordwide ROM access 
350-nsbytewide ROM access 

Address setup before AS asserted 

Address hold after AS asserted 

AS asserted to ADS <.n > asserted 

AS asserted to DS asserted 

Address strobe high time 

AS asserted to IAKEO asserted 

Address strobe low time 

.. AS .asserted to RO MEN asserted 

Requirements (ns) 
Min. Max. 

150 
250 
550 

.850 
1450 
650 
1050 
1850 

15 

10 

100 

25 

45 

150 

75 

250 
350 
650 
950 
1550 
750 
1150 
1950 

200 

250 

tosoAT • : DS,d~ssertedto DAL line high impedance 

DS deasserted to ROY deasserted 50 

RDY asserted · data valid 75 

RDY asserted to DS deass.erted 75 

tRMRDY ROMEN deasserted to RDY asserted· 75 

'Except for t,u;u and tAs1. values, the above specifications are'~devant only for transactions directed 
at the SSC. 

Figure 27 shows the signal timirig for the CPU Write and CY/l]{ EP Wt;ite tmnsactions. Table 28 
lists the timing parameters. . 
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DAL<31:00>~ ( 'O~rA . ·, ·.,·· ·, · )>---~'-..' -------
·.

:1• II 1'' I I .11 ~fbAT'.1~-j 

~fi2:0> ~,,...·_-.-----,',.-----------------,-----.........,... 

'ADRAS J 1-- f.- 'ADAfjD I I 
~--·----------+ - 'ASL ---+--. ------. --·-+-

,._,ASH -1 I I 
I c= I VALID I ~ 

»ISBM l_ ---=-~------ .tl)•os~Al ______________ J __ ~~ ' . 
~ASDS -+----.. 'WRlfe __ .__, ____ __:cJ . . . I 

-------\ .· · r-----IADVDS-·--~y~-----
1 

-~·1 1 'DSRDY 

ROY 

•WHEN ASS!:IHED 

Figure 2 7 •MicroVAX 78332 CPU Write and CVAX EP Write Transaction Timing 

Table 28 •MicroVAX 78332 CPU Write and CVAX EP Write TransactionTiming Parameters 

Symbol' Definition Requi.Nmellts (ns) 
Min. Max. 

tADRAS Address setup before AS asserted 15 

tADRHD Address hold after AS asserted 10 

tASAOS AS asserted to ADS < n > asserted 100 200 

tASBM AS asserted to byte mask valid 75 

tASos AS asserted to i5S asserted 0 

tASH Address strobe high time 45 

tASIOR AS asserted to IORESET asserted 175 275 

tASL Address strobe low time 75 

tASRDY AS deasserted to RDY high impedance 25 

tBMHD Byte mask hold time after AS 275 

tnATHD Data hold time after RDY asserted 75 

tosOAT DS asserted to data valid 50 

tnSRDY DS deasserted to RDY deasserted 50 
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-
Symbol' Requirements (ns) 

Min. Max. 

IORESET asserted to RDY asserted 775 8002 

RDY asserted to DS deasserted . 7'5 

DS asserted to RDY asserted ,.' f(JQ 2002 

'Except fortAsH and tAsL values, the above specifications~~ rele~a~t only £bi transactions directed 
at the SSC. 

2When "'IO""""'R""E""S""E"'T"' is asserted, troRDY determines wherii{DY.~ ~ssertedan<H~!IJTF.is i)Ot used. · 

Figure 28 shows the the minimum transaction timing for the MicroVAX EP Wtjte.Cornmand and 
Read Response transaction and Table 29 lists the timing Parameter~~ ' 

\'' /, , L· 
'[ 

.. ·.• 'EP.L =-!-. , .·-.'~.NEX. r---1, .· .. , --" '."""J -- -!-'-",tllA'Ht,O ' '. ',,. ,,, I I ' ., ' ' 

DAl<31 00> --------<( ADDRHiS )>-I ---Ill-\ --"'--'-""'---~'--·.,.-' _·: -_! -__,r D~TA ·. ') . , . 

'AOREP 1 J- L 'ADRHD I : I 
- ------<(ivAL 1,c \J ' 1 I 1 

CS<l.00> • _ ,;------i 
f.o...--.. ·---.. 'CO !EPW,,·~rrc·-···-------·1--.... 1 . 

l~fl~~AC • ...; ~~ 

CS<2> L-----,._\ .. ''_"cs_.--_--.:._~"-c~_.=1._j ~·=•·t-. 
~~r's':X~!t.'s~~~ ~~YA~~~~~~e~~~(TH•$ DELA)' ~'----1 -~1 

Figure 28 •MicroVAX 78332 MicroVAX EP WriteandRead Response Transaction Timing 

Tab1e 29 • MicroVAX 783.n l\.UcrpVA:X lW Wri~.and Rf•cl ~~!jpo~ '.Jtap~~if>n1~.~t.e~~ :' '_ . '.' . - :: , -'.. '" , -:); ". '"' >" _ · ·. , ',' , ·.--i ;, •. ; ·.• •-.' i '-.; ,. " > , -:- -. " , , . I , ' ·, • -: c ·_,. ·,., .,. ,. --·~ _,,· ' 

Symbol' Definition 

Address setup time before EPS deassertion 

Address hold time after EPS deassertion 

1:cs2HD CS2 hold time after EPS deassertion 

toATHD Data hold time after EPS deassertion 

Confidential and Proprietary 

Requirements (ns) 
Min. Max. 

15 

10 

25 

25 
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Symbol' Definition Requirements (ns) 
Min. Max. 

toNExT EPS deasserted to next assertion of AS 
EPS deasserted to next assertion of EPS 

75 
225 

EPS deasserted to data valid 225 325 

EPS deasserted to CS2 asserted 150 250 

EPS asserted to data valid 50' 

EPS asserted to CS2 asserted 25' 

EPS assertion time 75 

Last deassertion of EPS to assertion of EPS 225 

1Except for tEPL' tLASEP> and toNExr, these specifications are relevant only for transactions directed at 
the SSC. 

'Although the DAL will be driven tun'>c time after EPS is asserted, the data will be valid after tr.PiAc· 

'CS2 is deasserted after tEPlcs, however, it will not be asserted until twcs 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. 

EPS ~ L.<rn--Ii \ ~-'m-·-1. -----'oNEXT-·------~ 
ILASEP___J I 1 

~------ 1EPEPW----· -1 
DAL<3~:00> ----------<(r-A-0-0R_E;_S-~ ,.--O-AT-A---)-----------

1' lAOREP: L 
I +RHO! 

---:' lOATff\.-

1 ! I 
--.j 'DATHD ~·-

CS<l.0> ----------<( VALID ~ )"-------------------
l----•EPl,O····-~ I 

------------'-1----1 r--110RH~-----i'r------IOREffi 
!WHEN ASSERTED! } 

THE TAANSACTIOlll MAY BE WIDENED HERE 
NO SSC ACCESSES ARE ALLOVVED DURING THIS Dl.:LAY 

Figure 19 •MicroVAX 78J 31 MicroVAX EP Write Command and Write Data Transaction Timtng 
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Table 30 •MicroVAX 78332 MicroVAX EP Write Command and Write Data Transaction Paramet.ers 

Symbol1 

tADRHD 

tDNEXT 

Definition 

Address setup time before EPS deassertion 

Address hold time after EPS de assertion 

Data setup time before EPS deassertion 

Data hold time after EPS deassertion 

EPS deassertion i:o next assertion of AS 
EPS deassertion to next assertion of EPS 

EPS deassertion to IORESET assertion 

Address EPS deassertion to data EPS deassertion 

EPS assertion time 

IORESET assertion time 

Last deassertion of EPS to assertion of EPS 

Requirements (os) 
Min. Max. 

15 

10 

15 

15 

225 
225 

175 

150 

75 

200 

225 

275 

200 

1Except for tEPL• tu.sEP> and toNEXT• 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 Metyory Controller-The CVAX 78588 CMCTL is a high-performance dynamic 
memory 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 Inter/ace 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. 



1 



·Features 

• High-performance CMOS dynamic-memory controller for CVAX systems 

• Two error checking modes; 7-bit ECC or single-bit parity 

• Address multiplexing f9r 256 Kbit by 1 and 1 Mbit by l 

•RAM access of 120 and 150 nanoseconds 

• Synchronous or asynchronous interface to DJ\IIA devices 

• Optimized write-through cache control 

• Support$ memory array diagnostics 

• CPU interface compatible with CVAX Bus 

• Integral refresh logic 

• Single 5-volt 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 
theCMCTL. 

Figure 1 • C\1,1X 78588 Memory Controller Functional Block Diagram 
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Irm an41Signa1De~ 
TheCMCTL operates withthe I/O signals and power and ground connections shown in Figure 2. 
The signals are summarized in Table 1 and the signal functions are described in the following 
paragraphs. ' 

2-2 

V5Slii 

MOZO 

MD19 

MD1l3 

MD17 

MO!fi 

. 1\11015 
f>/1014 

MD13 

MDl2 

IVDJ1 

MDIO 

MD09 

MOOS 

M007 

MDOB 

VSSl 

VOOi 

MOOfi 

M004 

M003 

MD02 

MP01 

MODO 

M0.38 

MOJI 

MDJ.6 

MDJ4 

M,Oj~1 

MU32 

~ 
VSSX 
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125 ,,. 
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HO 
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1Z 
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14 
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17 
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I : 
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I I 
I I 
i DIAX 1858& : 

MEMORY COHTROl lF:~ l i'CAVffY OOWN ! : 
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VOUX AND VSSX ARE POWER ANO GROUND FOR THE QUH't:T DRIVERS. 
VDDI AND V$$i ARI: POWER AND GROUND FOR THE INT€RNAL LOGIC. 

figure 2 • CVAX 78588 Pin Assignments 
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Pitt Signal 

59 

BM<J:O> 

32-35 CAS<3:0> 

56 

Preliminaey CVAK78.588 

Tuble 1 •'CVAX78588 Pirllltld SignalSummary 

Input/Output' Oefinition/Function 

input 

input 

output 

output 

Address strobe~ Indicates that the (:VAX bus contains 
valid coritrol and address information. 

I3yte masks-Specify which bytes on CDAL< 31:00 > 
~ontain vaijd information during memory write opera
tions. 

Column address strobe-:-Asserted ... during memory 
operations to indicate that MA <9:0> lines contain 
valid column address information. In fast diagnostic 
mode; 'the CAS < 3:0 > lines are asserted simultane
ously. lti normal diagnostic mode or signature read, 
only one of CAS < 3:0> is asserted. The CAS < 3:0> 
lines are deasserted during refresh mode. 

Cotre!.'.ted read data-:-During memory read operations, 
this line indicates that the data oh CDAL< 31:00> is 
correct. Dllring masked memory write operation, it 

1 indicates that the CDAL < 31:00 > !.'.ontains correctable 
memory q;;tta in the read part of the operation and no 
parity error. 

69 ,66-64 CS/DP< 3:0 > input/output Contr6fJfatus/data parity-Transfers cycle status and 
data parity information. 

104-85, 

57 

70 

58 

52 

20-29 

CDAL <. ~ 1:00 >input/output CVAX data and address-Transfers 82-71 address and 
data information between the CMCTL, CVAX CPU, 
and external DMA devices. 

MA<9:0> 

input DMA grant-Asserted to indicate that a DMA opera
tion is in· process. When deasserted, it indicates that 

. the opera,tion is initiatedpy the CVAX<;:PU. 

input/output Data paritfenable-Enables parity checking and indi
caies thanhe CS/DP<;J:Q.> contain ~alid parity infor-
mation. 

input pata strobe-Asserted during read operations to indi-
. cate that the CMCTL can transfer information on 
CbAL <31:00 > and during write operations to indi~ 
care that CDAL< 31:00 > contains valid data. 

input/output E~ror..,;__fodicates abnormal termination of the ~ur~nt 
bus <...)'de. The ERR and RDY inputs may be.sj!ntl.lfu, 
neosly asserted to request a retry of the bus cycle. ' · 

output Memory address-Time-multiplexed output speCify
ing a row, column, or memory refresh address. 
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Pin Signal 

61 MCLKA 

60 MCLKB. 

input . 

input 

\:lock A-Proxid~ t~. time base to the,CMCTL and is 
180 degree~ out of phase with the MCLK13 input . 

. ·Clock B-Provides the time base to the Cl\.1.CTL and is 
180 degrees out of phase with the MCLKA input. 

9-15, MD<38:00> input/9,utput Memory data-Provides memory data between the 
105-115, CMCtL and the memory arrays. 
118-132, 

54 MEMERR 

55 NLMll. 

38.41 RAS<3:0> 

53 RDY1· 

62 

45 SE 

16 TRI OUT 

2,1$,30, Von 
361?7,42, 
50,67,84,. 
116,1,17, 

19,.31,43, Vss 
68,83,117 

2-4 

output 

output 

output 

input/output 

input 

output 

input 

input· 

ipput 

input 

Memory error-Asserted as an interrupt to the CPU 
when a parity error is detected on CDAL < 31:00 > 
during a,cVAX CPU single-transfer unmasked memory 
:write operation. 

•Nonlocal rnemory reference-Asserted to indicate that 
the memory, loaded from CDAL < 31:00 >, is not 
\Vithin. the range of the Cl\f CTL. 

••Row address strobe-Indicates which MA< 9:0 > lines 
1¥we a valid row address and which MD lines have a 
valid .coqlmand for a memory read or write operation. 

R.~ady-""Asserted to indicate normal termination of a 
currertt bus cycle. The RDY and ERR inputs may be 
sifriifltaileously assert;;:<! f6 request. a re;ti:y ci~ the bus 
cyde. · · ··· .. ·.· · · · 

Reset-Asserted to initialize the CMCTL. 

Sig,nature enable-Asserted with the RAS< 3 :0 > 
info.rip.afipn to indicate a refresh operation and with 
the CAS < 3 :0 > information to indicate that lines 
1-ID < 4:0> contain signature read information from 

·.tliecMcn,. 

'fh"tee·state'outputs-Asserted to indicate that all out
pufs ~·high impedance. 

Write enable-Asserted with the CAS < 3 :0 > infor
mation to indicate that the MD< 38:00 > information 

. is valid. Ifdeasse.rted with the CAS<.3:0> informa
iio!'l; the MD< 38:00 > ibtormation is CMCTL inputs . 

. Write,-'-'!\:sserted to specify a read operation and deas
serted for a write operation . 

. Voltage:-power supply voltage 

Ground~Common ground reference. 
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OatA:.and Address Lines 
CV.AX ~and. a<ldress {CDAL < 31:00 >.-'-Bidirection~ time-multiplexed lines used to transfer 
addresses and data betweer; the CMCTL, CVAX CPU, .and e<:ternal DMA devices. 
During the first part of a read or write cycle, these lines provide address and control information to 
the CMCTL Tlie information transferred during a memory read or write transaction is listed in 
Table2. 

Table 2. CVAX 7s;ss IWtd ()l' Write COAL Information 
' ~i 

CDAL CDAL COAL 
31 }0 Length 29 Type <28~02> 

L L hexword L m~nmry space 'longword address 
~~--.;.~~~~"--~---~~-'-~~~~~~-'--

L H 1 on gw or d H I/0 space . for transfer 

H L quadword 

H H octaword 

COAL 
<::Oi:Oo> 

ignored by 

·CMCTL 

During the second part of a memory or control status register (CSR) write 0peration, the 
CDAL <31:00 :> provide information to 'the GMCTL. During the second part ofa tnernotyorCS'.R 
read operation, the CDAL < 31:00 > transfer information from the CMCI'L. DU:rllig 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 inputis asser.ted l;>y the ~terrtaJ logic to indicate that the CVAX bus 
contains valid control and addre$s ibformadon. When assirted, . the CDAL < 3 l:OO > and control 
signals BM< 3:0> , CS/DP< 3 :0 >, and WR are evaluated. At the conclusion ofthe bus cycle, the 
external logic deasserts AS. 

Byte masks (BM< J:O >)-During memory wtjte operatjpps, these inputs specify which bytes on 
CDAL < 31:00> contain valid information as· shown in Thbie 3, The byte masks are net used by the 
CMCTL ·during configuration register (CSR) read or write operations or during memory read 
operations. 

Table}• CVAX 78588 Byte Mask Assignments 

BM<3:0>* Valid Bytes 

L 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<2:H6> 

L H H H CDAL<31:24> 

H H H H read but no write 

*All other binary combinations that specify the validity 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 memory 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> informationis 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 (CRD)-This output is asserted during memory read operations and masked 
memory write operations to indicate that the CMCTL data h;s been qmected. 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 I/O 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 CS/DP3 line. 

The CS/DP< 2:0 > inputs and the WR signal provide control informfltion about the current bus 
cycle when the AS input is asserted as defined in Table 4. 

Tuble 4 • CVAX 78588 Bus Cycle Selection 

WR CS/DP line Bus cycle CMCTL Function* 
2 1 0 

H L L L request D-stream read read 

H L L H reserved NOP (no 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 (lock) or 
read CSR (no lock) 

H H H L demand D-sfream read read 
(modify intent) 

H H H H demand D-stream read read 
(no lock or modify intent) 

L L L L reserved NOP (no operation) 

L L L H reserved NOP (no operation) 

L L H L external IPR write NOP (no operation) 

L L H H reserved for DMA device use NOP (no operation) 
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-· Preliminary CVAX 78.588 

WR c.S/DP line· Bus cycle CMCTL Function* 
2 1 0 

L H L L reserved NOP (no operation) 

L L H H write unlock · write memory (unlock) or 
write CSR (no un1ock) 

L H H L re.served· NOP (no operation) 

L H H H write nb unlOck write 

*The read and write operations are executed only if the address .on CDAL < ;31:00:> is within the 
programmec{ range of the CM.c;TL. If ,the a?drei\S is not int.he. range, a nq operation (NOP) occurs. 

During the second part of an I/O cycle', the CSlOP < .3:0> \:>urputs provide byte parity for data on 
CDAL <31:00 > during amemoryor CSR :ti:ad/wtite. Even parity is checked or generated for even 
bytes and odd parity is checked or generated for odd bytes. 

During a write operation, the CS/DP<·$:0> providei;.input information, If the DPE input is 
asserted,.the CMCTLtests theGDAL< 31:-00> .for pa.ffty errors .. TheCS/DP<.3:0> infor~tion 
must have valid parity for all bytes on CDAL<:.31~00:> regardless of the BM<'3::0> inputi. If 
parity errors are detected duti!lg a mein,ory write oP¢1'ntion, the data and incorrect check bits a,re 
written to 111e~ory. A C: SR write operatil;m with ~~rity error&is abqri:ed. . 

Duti!lg a read operation, the CS/DP<;J:O> ciutpuliS contain parity information generated by i;he 
CMCTL for all bytes regarciless of the the. BM.<J:O> iqputs. J.he parity assignµ-ients.are listed in 
Table 5. . 

Table 5 • CVAX 78588 Read Optration'l>arity Assigtunents 

Parity bit Byte 

CS/DP3 CDAL<.3;;:24.> 

CS/DP2 'CDAL<'.23:16> 

CDAL < 15;08 > 

CS/DPO CDAL<07:00'.> 

DMA Grant (DMG)-This input is assert~d by externaliogk to signify a DMA operation. It is 
deasserted to specify an operationtltlit was initiated by the CVAX CPU. · . 

Oata Parity Enable (DPE )-Thls l;iidi~ctiqoal Sif;!;nal is used to contrql the .checldng or generation 
of <la.ta parity when the DS input is <Isserted: During a memqry ;read operation, th'( CMCTJ;.. asserts 
DPE if the CS/DP<3:0> linescontain valid'parity information: During a write cycle, the:OPE 
input enables parity chedcing on the incomi!lg data .. If not <l.Sserted during a writecycle, the 
CMCTL ignores the CS/DP<3:0> information. This is an open-drain output and must be 
connected to V00 through an external resistor to maintain high level when the outputs are a high 
impedance. . 

Data Sp:obe (DS)-This input provides timing information for data transfers. During a memory or 
CSR read operation, it is asserted by the CVAX CPU or external logic to allow the CMC;I'L to 
transfer data to the CVAX bus. When an asynchronous operation is specified by the CS/DP< 3:0 > 
information, the CMCTL stalls a read operation until the DS input is asserted. When external logic 

Confidential and Proprietary 2-7 



Prelimina.-y• · CVAX7SS88 

receives and latches the data, it deasserts DS. When deassetted at the ehd of~ CMCTLoperation, 
it causes the CS/DP< 3:0 >, CDAL < 31:00 >, and DPE lines to become a high impedance and 
deasserts the ERR and RDY signals. 

Error (ERR)-... This signal is used by the external logic and the CMCTL to indicate an error 
condition and is asserted during memory read operations until the CMCTL,transfers data to the 
CVAX bus. ff 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. During a retry on a read lock 
request, the RDY signal is asserted. 

The ill 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 operations, the ERR input is asserted first and the RDY input 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 signal description for additional information. 

When the· DS input is deasserted, the ERR signal is also deasserted. When the AS· input is 
deasserted, ERR is a high impedance. This output requires an external pullup resistor connected 
V00 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 dock input that provides the timebase for the CMCTL. It is phase
shifted by 180 degrees from the MCLKB inpUct. 

Master Clock B (MCLKB)-A dock input that provides the timebase for the CMCTL. It is phase
shifted by 180 degrees from the MCLKA input. 

Memory Data (MD< 38:00 >)-Bidirectional lines that provide 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 enabled 
(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 zeros during memory write operations. 

When the RAS<3:0> outputs are valid, each MD30, MD20, MDlO, and MDOO line contains a 
valid command for the external logic on the memory array. The MD lines indicate the logic value of 
thefast' 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 rriode, all RAS< 3:0 > strobes are 
asserted and deasserted simultaneously, and all CAS < .3 :0 > strobes are simultaneously asserted 
and deasseited. 

During a signature read operation, 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, 
signatur~information is transferred on the MD< 04:oo > lines by each memory array as defined in 
Table 6. 
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Table 6 ~ CVAX 78588 Memory Data Sitpt~tur,e ~ation 

Memory cheek bits 

:z;ero 

one 

se\fell 

reserved· 

Memory banks· 

none 

one 

two 

four 

Memory Error V4E;M~J,~Jl) . .,..;.Jl:µs QutpµJ interl'Upt:s singl,ert~nsfer. unmask~ mem~ mik 
operations initiated by the CVAX CPU in which a parity error has been detected on the incoming 

data . .In ~his op~rating~ode,. ~he .. ~OXinput .i~ a~~rt:eq):iefqt;e. tl;ie, iP,Pilt di;tta.p~rity: 's shec~~' 
This. output proyides a r\leans io report late errors'. It #·an qpe~-ift:,ah~. ()utput and. mtist cQnt!e,cted 
to VnD through an exter:~ resistor.: .. · · , , . . · ., . : 
Nonlocal Memory Reference (NLMR)-This output is asserted by the CMCTL to indi~ to the 
extel'nal logic that the memory or CSR. a~ssftom the ~PAI,< 31:00> is not a CMCTL aci<h,ess. 
It is deasserted when the AS input is deasserted'. · · .· · · ' · · · · · "" 

Row Address Strobe (RAS< 3:0 >>--Th~ CMCTL asserts on~ ()f i:he th~se lines during a memory 
read or write operation if the address on the CDAL < 31:00 > is within the programmed rapg~ of 
the CMCTL and if a refresh request is not pending. At a low-to-high transition, the RAs<:'."3~> 
informat~on irydkates that tile MA<; 9 :0 > lines 'fr9!ll~ain a Y!lliti~w ~~Sil and .tl;te. MP.30? MD20, 
MD 10, arid MDOO lin~s have. a. Nalid ;eommandf§:lr l.<;igj~ QQ t:hfimemocy ~y;, The RA~~ 3~0. > 
lines are asserted simultaneously dqt;ipg a,):11¢fl\Al)y~f~h,o.r ta~ttl~s~~stIDodeop,lltration. 

Ce>lqinn .A<f4ress Stn>~ ,(C~~:~:O?):"'"""'fh,ell.e outpuu '.~.;~s~~d1 by,.th~::!CMC\f:L chwi.Qg 
memory.read or write opei;a,tions:t~ipdicat' t~a,t avalld;c!),~Yffl,l;\addl):$& is~:in d~ .MA< S\:@> li®s 
if the CDAL-;:;J 1:00 > li~s 'lont:aina;valid C.MGfI,.,a4d~ss ·~a r¢t~h r¢qµ~stis nQt..~ding; 
During .a sigpatuJie :t;¢ad .operati.qn\ ·one .o~ the CAS <J;O > lk~es. i$. asserted,, de~.hding c0n-whid1 
signature read reque~ bit: is iwt in the CSRregi£~f thaHs a1'Sl1llfl.~. Dutlf!S.!\.;~~~h of)l;:tation, Jhe 
CAS < 3 :0 > lines are deasserted. 

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, RDY 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 fil5Y signal is asserted when the CMCTL 
has latched the data from CDAL < 31:00 >.For ail 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 d1;1ting the $atnpling \llhido\ll, except for ~J:efry of asynchronous 
transfers when it is: as~erted on J?h~se f(Pl)Qf a clock cycle. It is &a~serted when the DS input is 
deasserted and becomes a high impedance when the AS inputis deasserted. The RDY input must 
be connected to V00 through a resistor. 

Reset(RESET)-When this foput is asserted, the CAS < 3:0 >, CRD, 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 > · nnes, the control and 
status registers, the refresh counte1~ 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 MCLKA input at the start of phase (Pl) 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:M > 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 Outputs (TRI OUT)-When asserted, this input causes all outputs to become high 
impedance. . 

Write (WR)-This inf)utis asserted to specify a write bus cydeandisdeasserted to specify ardd 
bus cycle. ' 

Write Enable (WE)~This output is asserted to enable a memory read or write operations. l£ WE 
arid CAS < 3 :0 > are issetted duririg memory write cycles, the MD <38:00 > information is valid. 
If deasserted when the CAS<3:0> lines are asserted, the MD<3B:OO> contains input 
information. 

Voltage (V00)-This is the 5~volt in6ut from the power supply. 

Ground (Vss)-This is the signal andpoo/~rground reference. 

• Registers , . 

The CMCTL contains 18 control and status registers (CSRO throngh GSR17). CSRO through CSR15 
are configuration registers, CSR16is a system error status register, and CSR17 is a'Mode Control 
and Diagnostic Status Regisner. Each registers must be longword accessed. 

Coofiguration Registers ('CSRO...;CSR15)-'-A ·configuration 'register is assigned to each of the 16 
banks Qf' memory that can be connected to the CMCTL. CSRO through CSR} correspond to the 
four banks on array·O, CSR4 through CSR7 'to the four banks 011 array 1, CSR8 through CSRll 
conespondto the four banks on array 2, and CSR12 througl1CSR15 to the four possible hanks on 
array 3; Figure J shows.the read format and Figure 4 shows the write format of these registers. 
Table 7 describes the function of the register information. 
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ERROR MODE 

RAMSIZE 

·BANK USAGE 

Figure 3 • CVAX 78588 Configuration Registers (CSRO.:.CSR15) &ad Format 

WRITE FORMAT: 

31 30292827262524232221 20Jjl.HlJ7161514 cl3121UOOS080J000504030201 00 

Figure4~ CVAX 78588 to~figuration '&gisters (CSRO~csR.iJ)Write Format 
,.if .. ·•· 

Some of these registers contain information used at th~ ai;~y:lJJVel.l'he fields 10£ the four registers 
related to an array will contain the same information. For example, a signature read request issued 
by the processor can be performed through any one of the four registers related to an array. All of 
the related registers receive the signature information. The CSRO tlM-Qugh CSR15 are cleared when 
the RESET signal is asserted. 

Bit Description 

31 Base address valid-Set when the base address is written to enable the addressing of the 
bank indicating that the base address CSR<~8:20;::,i~. valid. This bit is cleared during 
powerup and may be used by diagnostics to disable a memory bank 

30:29 ·· N0tused"-'-'Read as ~ems andtn.vritehas no effectr·r 

28:20 Memocy Base Address ....... Specifies .. the base address of the related mei:nory b~k. If the 
bank contains 256 KB RAMs, all nine bits are used in the address compare. If the RAM 
size is .1 MB, only bits 28:22 are used. All nine bits are read anci written. Refer to the 
Addressing section for the use of the base address. ·· ··· 

19:07 Not used---' Read as zeros 

06 Lock bit-Inqicates the status of the lock bit for all16 banks of RAM. Thisblt is cleared 
during powerup and unlocks the CMCTL When set, the CMCTL is prevented from 
performing a read-lock request. Memory ~ad operations witlidut the fock qualifier are 
not affected by the status of this bit and the installation of this function is optional. 
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05 Signaturt:· reakJ tiq~~st:-Causes the'J:;Mc:Tf 1:0 'read the. memory array signature 
inforrnatfon. When set, the CMCTL reads the related memory array.anclloads bits 04:00 
with the information. All four registers associated with the array receive the foformation. 
The signature may then be read by the processor to initialize .the base addresses of all 
banks. This bit is de.ared by theCMCTL on completion of the signature read operation. 

04:03 Error mode--' Indicates the etrot' detection/correction mode that is used on a given array. 
The encoding' is 

Bit Mooe 
04 03 

0 0 no detection/correction 
0 1 parity 
1 0 ECC (error correction eode) 
1 1 not used 

02 RAMsize-Indicatesthe size of the RAM used on the array. 
0=256 Kb (1 MB bank) and 1= l Mb (4 MB bank). 

01:00 Bank used-ln,qicates the number of banks used.on an, 11rray as follows 

Bit Banks 
01 00 

0 0 aiTay not present 
0 
1 
1 

1 
0 
1 

one 
·two 

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, !=hange. This register is cleared. when t}re RESET inpµt is asserted. The read format of 
this register is shown in Figure 5, and Figure 6 shows the write format. Table 8 describes the 
function of the register information. 

RDS ERROR LOG REQUEST 
IMOf1E:Tl-lAN 1 BIT ER·RORI 

RDS HIGH ERROR i'rATE 

DMA ER HOR LOG 

BUS ERROR LOG 

E.c;c El3RORSYNOROME 6:0 · 

2-12 
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WRITE FORMAT: 

313o:zna272625242322'21 2019121116 is i413 12111oo~oso1000504o30201 oo 

ROS ER F!oi;.(oG R.EQ\Jj;$T fW.FU1iE J. TO:CkaAR) 

RDS HIGH ERROR RATE (WRITE 1 TO CLEAR I 

CiTIHRROR LOG REQUEST !WRITE 1 TO CLEAR! 

OMA ERROR LOG (WRITE 1 TO CLEAR) 

BUS ERROR LOG IWRfT E 1 TO CLEAR~ 

Bit Description 

31 RDS error log-This bit is set whena~~~~orrectable ECC or parity error occurs during a 
memory read or miW<edwrite operation.It is cleared by.writing a 1 tb this bit. 

30 RDS high error log-This bit is set when an uncorreetabie ECG :Or parity error occurs 
while the RDS error log bit (bit 31) is set. It is clearedby Writing.a 1 to this bit. 

29 CRD errorlog-This bit is set when a correctable {single bit) error occurs during a 

m~n;C>ry re~d8r m~kt:4 .wri~e ~l'f!~~ionJf is ~le~ hY; .writjng a 1 to tlµs 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 higher priority, the address. is not 
overwritten. TJ-ie ei:t()r i;onditiopstha~ may cause the.l~gjng,ofthe error address may 
occur during either ::r :CVAX CPP'il'litlllltt!d rnmsf~r ·C>\' ·a D~ ·operation. The error 
condition priority i.s · · · · · · 

1. A bus patlty ~rror occurs durfu~ a writ~· operation and is logged by the Bus Error Log 
bit 07 of the system error status register. 

2. An uncorrectable error oq:urs dµ:ring a mem<>ry~ad ~m~kedwrite operation and is 
logged by the RDS Error lpg.Requestbit.31 In parity.lhode, :paritjlertors are considered 
uncorrectable. 

3. A correctable error occurs during a memory read or masked write operation and is 
logged by the CRD error log bit 29. 

08 DMA error log-Set when an error has occurred during a D~ i:)peradon and cleared by 
writing a 1 tb this bit. , · .. · ··· 

07 Bus error Iog~Set when a bus parity errorhasbeen&tectedduring a write operation and 
cleared by writing a 1 to this bit. 

06:00 Er'.irir syndrome-If arnemory error is detected 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 controland diagnostic status register (CSR17) controls the selection of operating modes 
and stores diagnostic Stl\t~s<inforniatlon. This ~~st~r ls deared when RESET input is asserted. 
The .read format of this :register is ~hown 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 chei:;k bit field (bits 
06:00). 

2-14 

READ FORMAT: 

31 30292827262524232221 201918 1716 15 1413 121110 09080706050403020100 

PMI CYCLE SELECT 

ENABLE CAO INTERRUPT 

FAST DIAGNOSTIC TEST 

DIAGNOSTIC CHECK MODE 

IF ECC MODE, THEN 
CHECK BITS_6_:0 _________________ __. 

IF PARITY MODE, THEN 
CHECK BITS 06: 1,0 = XXXXXX,O 

Figure7· CVAX ?8588 Mode Control andDiagtJostic Skitus Register Read Format 

313029282f262524232221201918171615141312 11100908070605040302b100 

PMI CYCLE SELECT 

ENABLE CR[} INJERRUPT 

FOHCE R~F.RESH REQUEST 

DISABLE ERROR DETECT 

FAST DIAGNOSTIC TEST 

DIAGNOSTIC CHECK MODE 

IF PARITY MODE, THEN 
CHECK BITS XXXXXX,O 

Figure 8• CVAX 78588 Mode Control and Diagnostic Status Register Write Format 
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Bit 

31:14 

13 

12 

10 

09 

·08'.: 

07 

Table 9 • CVAX 78.588 Mode Control and Diagnostic Status Registel' Descripti'On 

Description 

Not used and read as zeros 

PMI cycle s~lect~Set to select. the private metr)ory inte!XP~Si (PMI) 1~ as an integral 
multiple of CVAX bus cycle~1• lfi~sg~t)Ht! ~irifains a fi05d;rw cycle cf~ni tb,e time that 
the speed of CVAX bQs; cyc;:l9inc,1l.7~~ f~.1()0 to sq .n~p,~F<Jnds. IF ~s the use of 
RAMs with fastei: a<:c~ss tirpe.j\7~en ~µ~,.J;iiti~ deareQ, .1\-lfYQe is addedt() e@+:h memory 
read transfei; and.the RDY 0utp~t i~ slipped ~n'.e cy~ie.'W~en,set,a cycle is rerpoved from 
each memory read transfer. Refe.r to the Op~i:ztian}''~~ctidfi fott ~dffiribHhlJl:iformation. 
The relationship of the'b'lis~it?s'~11d ~fi::J~~¥11ne is •> · ' '' • 

CVAX bus PMI bus RAM,ai::~s time 
cycle ~i · ... 
100 ns 4/2 
100 ns ~/3 
~m $ ~m 

Enable C~]):-:-\Vh~n seh t~e coi:~t11ble; (si~gfo-lcWJS::~D .error~~ ~?.r~2tf!d~ fh'e ~Cc 
logic. ''fhe .cRD fn~rl'\lpf si$#~1,i~.~ as5e~tt#.tq,&por~tn,~· erroi: Thl.si'itct~~ r1pt.~ff~t 

· th,e page add~ssf?ifs 28:0~,-·t~eCRO.~r loi§it.'t~.·o(~S~16,. oi:tll~ 1~9~ ahd 
reporting of. UOC()trectable ~p!ois. 'fhis bit is, 9e,ared when .no error occurs or an 

. uncorredable error occurs. . ' ' . . . . . . ! ' • , 

-/: •· '~ : (1 '. . ., 

Force refresh~This bitcau8es a memofy refresn opetati<:lri to be· perfot'i'ried:imrnediately 
following: the' CSR write •ttal'lSaction•thabsets this hiit~ When -Cl~, the•l1efresh control 

. logic operaresiin.normal mode, Setting thiS:bit>allowS thespeed.of:thc refresfofogicl:IYbe 
· increased·d.uring C:MCTLmanuf~~~·test; This bitis·Wlrite only andisread•as\zt>1'o:i it 
is cleared by the CMCTL affci the.fuoced refresh is Ct:)tnpleted.: ' 

.. ·. Disable memotjr'ertor dete(:t-Wheriset,'tlte erttir detectibh (ECC ~hd piifit~niode} and 
mrrectio1:i' (E'CC mod~ Otlly) is''disi\Bled: Tne mbr k:rggihg in' CSR16: fr disaEl~q ~nd 
memory. error repo.l"ti@is I~b~ied oritful ERR'O'rC~p oot~tiis. When cTeatiti;~he'~tror 
detectibn:ahdcorrectfon areena:bfed.' • . . . .. ' ' . 

i ' . ~ •(' ·~ 

. Fast qiag{lqstjc: test~~n set ~d b,i~ 29;i§ of the, l\Pd~s,<i ~ cle~<k.all ·the 
RAS<~:()>.andc,AS<J:Q.;;;?.,stro~sare.asserte<!ifor.4me~rnr~a~J.qrwrj.teo~ration. 
This;bit, and: the CDAL <; . .?9:2(>> in,fqrrn.atiqn~ wed to~~~ d1e time qi tht;witial 
d~nqsti<: m~rpory tes.t. 

- ' ~ ' -- ' '· .! ,-' ,- •' ' ' ~ 

Not used and read as zero.c 

Diagn~sticch~ck fuod~--Sef to sel~t the, dliign6~ticcheck·m~de. \Wilen set> t~ con~nt 
of the check bits 0():00 i!; transferred to lines~ <.3s:3'.{>' or i$e~k-bft 00 i~'transfe~ 
to MD3~ for a !ll~morywrite operafion in ESC or parity mode'. When' ~eared, check Oits 
06:00 6~ 'do are foaded from di~ Mt)< 38:32 >or MD~2 · Iihes dµril'lg ·a memory read 
o~~fation in ECC or pai:ity .mocle. Only unlhasked jlletnoty write bperations can be used 
in this iliode:' · · ···· · 

. ~:00 Check bit;s,...,.1'his,f~eld c~ins the check bit(s) resufoing,from or ~d with the error 
.. detection aqd .correction oper~tio:ns. !he relationsh,ip of this Worru~tion depends on. the 
modes selected and the type of Pt>el'll.tions as listed. 

Confidential· and, Proprietary 



Bit ' '~scription 

Diagnostic check mode 
ECC Parity 
mode mode 

enabled' disabled 
. disabled enabled 
disabled disabled 
disabled disabled 

Write operation 

bits 06:00 transfer to MD<28:32> 
bit 00 transfers to MD32 
000000 transfers to MD< 38:3 3 > 
0000000 transfers to MD <'.38: 32 > 

Nontfiagnostic check mode 
·. M¢~ory read operation ECC Parity 

mode mode 

enabled . disabled 
disabled enabled 
disabled disabled 
disabled disabled 

Ertot Ch~king 

MD< 28:32 > tran~fer to bits 06:00 
MD32 transfers to bit 00 
000000 transfers to bits 06:01 
0000000 transfers to bits 06:00 

The CMCTL can operate without error checking, in error checking and correction (ECC) mode, or 
in parity mode. In ECC mode, the CMCTL flags and corrects single-bit errors and flags double-bit 
errors'. Single-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 as in 
ECC mode except that memory parity errors are considered uncorrectable. If an uncorrectable 
error is detected during a transfer, the assertion of ERR ·. sigria1 terminates the memory read 
operation, As an example, if an uncorrectable error is detected in the firstlongword 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 correctable error is 
reported as an interrupt by the assertion of the CRD and RDY signals. 

· ECC ·mode data-During me~ory write operations, the MD31:0Q > contains the same.information.as 
CDAL<: 31:00 > together with seven check bits generated f~9m an :ECC gen~rator. During memory 
read operatioos, error chec~ng and correctionis generated from the tvJ:D3~:00 > inputs and compared 
to the MD< 38:32 > check bits. The ECC mode uses a .32-bit modified Hamming code.to encode a 
32-bit data longword with seven check bits. When an error i~ 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 detected and reported. 
Double-bit errors are detected but riot corrected and are reported by asserting the 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 QR(XOR) gatedare 
indicated by.an Xin.ea<;:h row. From this value, parity that is e\ren is genetatedon Cl, C2, arid CT 
and odd parity is generated on C4, C8, C16, and C.32. . . , 

During a memory read operation, the data bits ind;.cated with an.X in eai::h row are XOR gated 
again and cpeck bits are again generated. These check bits are XOR gated wit~ the checkbits stored 
in.mernofY· If the 7-biqe~ult is zero, no errpp were generated.Ifthe result is not zero, one or more 
errors in the data has been detected or an error in a check bit has been detecti;:d. 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 contain an X in MD < 32 :38 > , the errer is ccil'rectabie and the column number 
corresponds to the binhat is coi:rected. For example, if the metnofy checkhits ate 0111100 and an 
error is indicated in MDOO, the check bits generated on a· memory write would be 1100100. 
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~fore,theOllUOO value is XOR gated with 1100100 to equal lO:tl.000. This result corresponds 
t.o~yndrome bits ST, S3.2, S16, S08,,So4, S02, and SOI and can be .read under column MOOO by 
rttadirig th~ pits that contain an X as a .one and the bits without an X as zero. Any syf1drome ~ue 
that ~s·not,match ~hevj\].ueJn Tuble 10 it}dicatesan.uncoi:rectahle eri:or, 'Jabl~ll lists s~mple 
syndromes that can be readfrom bit:s 06:00. . 

Syn. 
Bits 

MD.~.lt:OO> • ,,-MP<;;: J8<3~ >, 7.
. Generaied Chei:f< )Jits 

. 'c'tcliC16c8C4C2Ct 
31 30 29 28 27 26 2.5 24 23 22 212019 18 17 16 1.5 14 B 12 11 1Q ll.!i.(18 07 ~ .. 0,,04 03 02. (I~. qQ 38 37J6.3.p4 !~ ~2 

SJ xxxx xxxx xxxx xxxx" x 
S2 
S4 
SS 

xx xx xx xx xx xx ·xx xx x 
X X X X X X X X X X X x· X. X X X X 

xxxxxxxx xxxxxxxxxxxxxxxx x 
Sl6 X X X X X X X X X X X X X X X X · :lf.X .){· X X X )( X X 
532 x x x x x x x x x x x x x x x x x x x .4 x x 
S34 X X X X X X X X X . X X X 

€SR' bit 
06:00 ertOU 

1011000' MDOO 

1111001 MD31 

0000001 MD32 

1000000 MD38 

0000011 uncorrectable 

During a memory write operation wh~~ ~'.da~ pltrity~~risd!itoct:ed.on,CDAL<31:00>, 
incorrect check bits are generated and transferred to the MD< 38:32 > outputs f'!r df:tect.ion on a 
subsequent memory read operation. The algorithm that generates the inrottect ~~~k Bits 
complements the generated check bits for the MD< 34:32 > outputs and trans(efs the 'generated 
check bits unchanged to MD< 38:35 > outputs. · . 

Patjty mode &.ia • D~r1g a' memotY rt!a~l' oliera'ti6iJ1 ~he CMCTTr ~~~~tes od<f p;ki:tff~m the 
MD<: 51: 00 :> ihputs andtorii~a*s th<r gene~'te,d value to ~>2. If the plU'ity hlt c;ompari5()ri clcies 
not match, an error is detected .. tfurihg a ni~fuoty writ~ olier~fl()tl, Odd' pantt is written to memory 
by tlie MD32:•eh~k bit. When a data'~it}' efti<}r iS" de~ dri ~DAV<.31::00:>, tfie:foree 
inc6rreet check bit logic complements the ~ted'odd:~rittybeforeitti!Hta:Mferred1 tt1 theMD.32 
output. 

Ad<hessin$ ~ch~me' .· . ···. . .. . . . . ·· . ·.· . ; , .. . . ., . . 
'rhe CfyiCTL ca11. coPt~l up to 16h~s. ~f 256 !(p or ·~ M,h. MM· EflcC}i location(;an ~oni;ist of 32 
bii:s~fdata. anCIO, '1, or 7 bits of erf9.r d~tecti9n 9r correcci~nirlfprmation. E~chbank has a·J.2,bit 
base'address th~t resides in t1Je ~MCTL. Sevenor9 bits of thb ~ddn:ss are sig11ifkant. If th¢ RAM 
size is 256 Kb (bit 02 of · CSRO through CSR15 is z~ro), the base ad'1ress ·is map~ 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 

Gonfidentml arid Proprietary 2-17 



P •=.-: ..... __.; ·: · . :1 re..,.._,r •. ".n ·:: 

. ·base address matclles the adaress on CI>ALi<131:00 >)thebank:telatet:kto :that address is attWitted 
for either a read Ot'"Wtite O?eration. The CDAt:29 is akvays zero ind:katirig a memory addttls!§ ~pate. 

·RAM acceS& is pro\iided1 by 'the MA <·9~0. , RAS·<:3:0:>, and 'tAS <l:ti > outputs.' The 
'RA:S<J:0>1 and CAS<J:ti> enableoneoftheBanks.'The MA<'9!Q>outputs (MA9is nornsed 
for 256 Kb RAMs) provide the memory address within ~fbankas deseribed. ·. ' 

MA< 9:0 > addresses-r-:;t'h~ $Qµ).'Ce of d:he MA.,: ?:Q ;> o,utpudrrforrµll/:ion d(tpend on the type of 
memory operati~n. The MA<9:0'> output contains a row address during the low-to-high 
ti;apsition of t~e RAS< 3 :0 > output and a column address during a low-to-high transition of the 
CAS.f::3:0> Qutputs. 

During a single t'ransfotmeni.ory operations 
Row CDAL20 transfers to MA9 

CDAL<19:11 >·transfers MA< 8:0 > 
Column CDAL2Q transfers to MA9 

CDAL< 10:02> transfers to MA<8:0> 

During multiple transfer me~ory operations, the MA<9:0>, RAS<J:O>, and CAS<3:0> 
output information is in page mode format. The CMCTL compares the address on CDAL < 31:00 > 
with the CSR adchss.pµe .of the RAS< 3 :0 > lin~s is t~en: ass¢rte,4 followed by the assertion of 
one of the. CAS < 3 :Q :> lirt~s. After comp1eting the firsi: operation~ the RAS< 3:0 > Jine is held 
asserted while the CAS < 3:0 > line is continually negated and reasserted for the remain~ oftbe 
operation. Because the RAS< 3 :0 > line is not negated and re~,sserted, the time required. to 
perform the operation is minimized. MA9is not used when 256 Kb RAMs are present. The address 
information on MA< 9:0 > is 

Row CDAL21 transfers to MA9 
CDA < 19: 11 > transfers to MA< 8:0 > 

Column(O) CDAL2D transfers to MA9 
CDAL < 10:02 > transfers to MA< 8:0 > 

Column(n)* CDAL20 transfers to MA9 
CDAL < 10:04 :> transfers to MA< 8:2 :> ·· · 
LW CTR 1:0 transfers to MA< 1:0 > 

~ri,,; {( qua~foiord) : 
n = 2(he}{word) ' 
n,.;,3 (6ciaw~rd) 

~)i.e 1(),1.')g\ford <;0unte,1; J~W CTE.) is. initialized ;-yiti:\; th~ ~ddi;e~s, value. 9n. ~DAL.<)(),1.:pp 0 ~W ~e 
fo;;t triinsfer .. For ,a quadword tran~fer,. J.W. CTR. lnt 0 ~.s. then. c9m.plerni::nted.·. lf the tran§fer ls 
h~~ord,pr ()~f\lwor~, t~e. c?unter isipcrei;iented,!:f9 or t11r~e ykes, resRectively. · · 

Hap internal !llemorv.1!fresh reqµ~st is pending whil.et~ GMCTL i:1 in the idkstate, the CMGJL 
pe:i:for:rp~ ooly.aRASJ.nem()rytefreeyli,. If theASinp1,1~isasserted, the addre:Ss9n~DAL< .3l:OO>·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 > outp~ts ~re deas~erted. 
!he s.ource. of the MA~. 9: 0 > refresh, address is a ,9-bit ( 0, 8:0) refresh counter. 'fli ~{ipter' is 

· ~le.ared by theREs~1; 'input ~nd incfeinente'dafterthe ~fn\~}; operation has ~e~ co!llpleted: J'he 
'RESET ihput afso c~:ars th~ refresh hmer that proviele.the.refresh request .. TabI~.12 spedfiesthe 
nhm8~fbf cldck ~cl~s (1\1cu<A or MCLKB) between each refresh request. . . . . . '> • • 

• - ,. ' - : - _,,; • 1 - ; - ~ , ·- - -_,, ' ; i ~ -·' ·, . - _1 '\ - : - ' ) ' 
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Table<l2 • CVAX 78j88 Refresh Request Tuning· 

PMl_cycle Oock tl0ck Overhead Reffesh". '>~;:-~ :." 

select• periods(ns) cycles (percent) .··rate (µs) 2 

1 55 226 2.7 12.43 

1 50 226 2.7 11,3 

0 40 228 3.5 9A2 

0 50 228 3.5 .. 11.4 

'Bit 13 of the mode control and status register (CSR17) 
2Includes 4.0 microseconds for the completion of an asynchronous DMA octaword wdt;tt"'*pe.ratj.on 
. anq for a slo~,~kx;l< cycle, 
RAS< 3:0 > md CAS'< )r-0> ~ddtt!sseS......:. If 'abase address of a mertiorybafiklliatches ffi.eitddress 
on COAL< 28:02 ::); , 'one of ·the RAS< }t(},'~ outputs llnd one' 6£ the GAS~ 3:<11>' 1outputs ·is 

· asserted. 'fable 13 sunitnariZ¢s<the banltratfdressing ort eacli ~'as it• function of thcHiSsened 
RAS <J:O:>and CAS·<J:O>··signafls. . . 

o· 
1 

3 RAS3 ancl ~SO 1 

4 · RASO and CASl 

RASiandCAS1 

6 

7 RAS3andGASl· 

~gister ad~s~3-Ea<:h 1.-egis~r {CSRQ,~'¢1.~~SF} h~. a f,faed add~.ss in,Jhe 119 space of 
the CVAX CPU. If a register's address mat~lles il;le llP~~~.pq t:::~'h ~1~90~ ,. a read o~. w:ri,te 
operation to or from one of the registers occurs. The register addf.esses are listea in Table 14. . 

··~ter .. ; Address Regi~· Address· 
(hexadeci11lal) (hexad~al) 

0 20080100 9 20080124 

1 20080104 10 20080128 

2 20080108 11 2008012C 

3 2\>08010C 12 20080130 
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Register Address Regi~er . 'Addrtn 
(heX&decirruJ) (hex.~~ 

4 2Q080110 13 20080134 

5 20080114 14 20080138 

6 20080118 15 2008013C 

7 2008011C 16 20080140 

8 i 20080120 17 20080144 

Operations • 
The CMCTL performs memory read, memory write, CSR read, and CSRwrite operatiOns under the 
co,t;l.t~ol of tht:: CV.AX. bus. :lkfore an operation can be. initiated, a signatui:tz read operatk>nds 
performed during system boot time to load a bank address into CSRO through CSR15. The 

. signature information for each memory array connected to the PM~busis stored in CSRO through 
CSR15. A signature read operation is initiated for each registerl:iy 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 fo~.ded. into the .C~}l. During this ppera.tfon~ the l\;1.D < 04:00.> outputs. are first 
asserted. One ofthe CAS < 3:0> outputs is then asserted together With the SE output to enable 
the signature read logic on the selected! mertiory itrray. The RAS<3:0> and WE signakate 
deasserted. The memory array transfers t.h~ array signature informationto ,the MD< 04:00 :> 
outputs. Refer to the ac Specifications for the signature read operation. The relationship between 
the CSRs and CAS < 3:0> is provided in the Addressing section. 

The signature information in theCSRs can be read to determine the number ofbanks and the RAM 
size on each memory array. The system boot program determines the address for each banks 9f 
RAM and can selectively write tO a valid bank address in CSRO through CSR15'. ' · 

Memory read-The CMCTL stlpports masked or unmasked, single- and multiple-longword read 
operations· (quadword, hexword, and octaword). Before a memory read ope~tion, the RESET 
signal must be asserted to initialize CSRO through CSR15. , 

The number of cycles necessary to complete a read transfer is a function of the transfe'r type, the 
clock (MCLK) input period, the type of memory error detected, if a parity error was detected in an 
external cache, or if a DMA retry occurred. .. 

The number of cycles required to complete the different types of synchrortot:is meinory re~d 
. operations if no error is detected is shown in Table 15. . . 

Transfer 
type 

longword 

quadword 

hexword 

octaword 

2-20 

Tahle' 1; •· CVAX 18588 Synchmnotis Me:tllory'Rf:ia<I Performance 

PMicyele 
select' 

1 

1 

1 

1 

. ' . ' ' . "~ 

CVAX Total 
eyctei cyclesl 

4/0 4 

4/26 13.3 

4/2 8 

4/2 10 
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Transfer PMicyde CVAX Total Megabytes/second 
type select• cycle2 cycles3 

longword 0 5/0 5 10 

quadword 0 5/3 8 . 12.5 

hexword 0 5/3 11 13.6 

octaword 0 5/3 14 14.3 

1Bit 13 of the mode control and status register (CSR17) 
'The PMI bus cycle period is an integral number of.CVAX.hus cydt'$. E::mmp~: 4/2 specifies that 
the first longword is read in four .cvAX ~us cycle andthe ~m~ning longwoi-ds fot\Y,O CVA~ pus 
cycles. Whentht[' PMl cyde'~elect' iS 1, the PMI bus cycle, ~4/2 and one'tycl~ js 100 ns. When .the 
PMI cycle ~leer bit is 0, the PMI Hus cycle is 5/3 ~~d one cyc;Ie' is 80 ns. . .. . 

30ne CVAX bus cycle cir t\vo MCLKA or MCIXB c;fod{ cydes·. 
The following are exceptions to· the tabl~ i,nf oJ;piaclon: ' 

,· :' '\-- .t ". ' , __ ;-,,._,_ 

• If a.transfer is collides.with a refresh.operation, addf0µr,cycie$if.tbe Pl14lcycles~~tbit isJ·apd 
five cyclesifthe PMI cyde sele<:t bit .is 0, · 

• Add one cycle to the first transfer 6£ a read lock. 

• Add one cycle for each ti-arisf er with a c~f~bJe error if it is the first tnµi'.sfer or if the PMI cycle 
select bitis a 1. · · · · ' · · · · 

• Add two cycles for each tr11nsfer with an uneorrectable et~. The •memory read opehttion is 
terminated dming the transfer thafithe errof'Was detected) .•.. 

• Add one cycle f()r each asynchronous ~I'an;;fifr . . . . . . . . .. ·.·. . ... · • 

• A read lock with t.helockQ.it ~~dy.set•reqµire(the Satll<i numJ;ier.ofcydef! ar;,I\ single transfer. 

• A read dperation that is aborted by external logic requires th~ same nu1hber of cycl~s as a single 
transfer. . 

· Abortmg read-Before the first long\vord is transferred, ,the CMCtL evaluates the E~~ or RDY 
signlll mtletertnine Ha memory read operation.should be allowedtoc6ntiriueor t()b~ abOrted. To 
abort a local memory read access provides .. the ability. to. ac.:cess an exterrtal cache together with a 
local memory access and to support bus int~Iocked read ot)erations. · · · 

If an external cache asserts the RDY. signal, the CMCTL will abort its memory. read o~tion .. If 
external logic lockmechanisiti is imple~ented,asserting th~ 'itDY a~ m signaj sin:i\lltaneously 
during a read lock will result in a tvA:X CPtJ retry .and wUf abort the CMCTL memory read 

\ ',·. ' . 
operation. 
Table 16 lists the m.µnber of cycles between the assertion of the AS signal and the RDY signal or 
ERR inputs to CMCTI.. If RDY or ERR is asserted within the specified numbei: of cycles, the 
CMCTL aborts the read operation. · 
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Table 16 .iic\tAx 78588 Re~dAbort Cycle Tiiffingl'; 

R~ad PMicycle CVAX Input 
type select1 cycle' cycles3 

normal 1 4/2 2 

normal 0 5/33 

lock 1 4/2 3 

lock 0 5/3 4 

1 13i~ 13of the. ~ode corip:ol ~qq status register (CSR17) ... .. .. 
~The PMI bus cycle period is an integral nµmber. of CVA)C bus cycles. Example: 4/2 specifies t~at 
the first longword is read in fo~r CVAX .bus cycle and the rem~ninglon~ords in two CVAX bus 
cycles. When the PMI cycle select is 1, the PMI ~us cycle is 4/2 ,md one cyde is 100 ns, When the 
PMI cycle select bit is 0, the PMI bus cycle i~ 5/3 and one cycle is 80 ns. 

'One C.'VAX bus cycle or two MCLKA or MCLKBclock cycles. · 

Single ttansfers~Duiing a sihgle-transfer•read from rn:err\ory operation, the CMCTI~ loads the 
address from CDAL < 31:00 >,compares the address t6 the values stored in CSRO throughCSR15, 
evaluates CDAL< :H:30 > for transfer length, and evaluates the C? and DMG inputs. 

During a synchronous operation, the CMCTL e.valuates the RDY or ERR inputs to determine. if the 
operation should be aborted. This function is inhibited during assynchronous operation,. If RDY or 
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 notasserted, the CMCTL reads data from the PMI bus and 
checks the data for errors. The CM CTL assei:ts RDY or ERR to indicate the trans.ftr is complete. 

Multiple transfers-During a multiple transfer read operation,. the 04CTL lo~ds an aqdress from 
CDAL < 31:00 > and returns two longwords (quadword), three longwords (hexword), or four 
longwords (hexword). The CMCIT then loads the address from CDAL<31:00>, coinpares·the 
address to the values stored in cSR() through CSR 15, evaluates CDAL < 31:30 > for t~fer length, 
and evaluates the CS and DMG inputs. · · . . . . . ' , · 

During a synchronous operation, the CMCTL evaluates the RDY or ERR inputsto determine if the 
operation should be aborted. The abort function is inhibited during asynchronous operation. If 
RDY,orERR is asserted, .the PMibus read cycle is completed. The CMCTL does not d!:h,re.tl}e CVAX 
bus and the operatl~n is aborted. If RDY or mis notasserted, the CMCTL reads datafrom the 
PMI bus, checks the data for e~ro~s, passeqhe data to CDAL < 31:00 >' aµd asserts the RDY or 
ill to flag' the termination of the transfer. The operation is tei:minated when thelast longword is 
read from the PMI bus. · · · ·· , · · · · . 

· Read lock-The GMCTL performs .the read lock operations sitni\~ to a. memory read operation 
am;I morrit?rs the locl\:'b.it 6 qf qqnfigµration ~gi~ters ( G $1~0;C SR15). If ~ J(ead I{;Fk is. detected, the 

. CMCTL requests a retry and. completes the PMI bus read operation on the first transfer. It. theµ 
terminates theoperation on the C~AX bus by asserting both the.ERR and RDY ~ignals .. '!he 
CMC:TL will noi retry a read lock. If. a read lock is not detected,' the CMCTL completes the 
requested read bperation. ' . . .. 

The CMCTL sets the lock bit if an uncorrectable error does not occu~ on any transfer. An extra cycle 
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 memofy write operations 
(m~sked or, µnrifas~)on each transfer, The RESf:T signal must be asserted, prio.i: to the qperatfon. 
The number of cycles necessary to complete a write operation is a function of the t,.ransf,er ~Y,Pf!, the 
status of PMI cycle.select bit in CSR17, the BM<):O> inputs,.alld whether the trarufer is 
synchronous or asynchronous. 

Table 17 liststhe number of cycles required to complete eachtype9f synchronol.ls write. When the 
PMI cyc).e ~l~ bjt,is l, o® CVAXhus cyde is 100 nanose®nds-;iWhen: the PMlcyCi(iselect bitis-0, 
one CVAX bus cycle is 80 nanoseconds. 

Tuinsfer 
type 

' 1 PM1 cycl~ ' ·. · · citAX ' fow MB/$ecMtcf 
Sel~ct1 • ~r:e mask. ' . jcytle" cycle~& . 

1 Ui'.\1l1asked 2,/4 4 .. '·'.'i"·-
10 ,. longword 

longword l untliasked ''"J/0 ,· 4 10 

l unma&ked 31{ 6 1.3} " 

hexword 1 ·'.unmasked '13/2 15 

octaword 16 

;,, p.p 

quadword 1 

octaword l 

longwoid ,· b unmasked 

longword. uninasked ,4 .12.5, 

llh111asked ~' ;~ 16'.6 i·;.:' 

hexword 

octai.Vord 

longword 

quadword 

hexword 

octaword 

1Bitl3 of the mode c-ontrolartd status1regis~ei'(CSR17)" 
'The PMI bus cycle period fa..arl' integral numbe.t ofCVAX bus cycles.·. Example:A/2· speeifies that 
the first l~ngword is read ih four CVA'X bus cycle and the remainin~fong'Wordsfa two CVAX bus 
cycles. When the PMI cycle select is 1, the PMf bus cycle is 4/2 antlone'cyde is' 100 nS• Whenthe 
PMI cycle sel-ect hit is O,tfte,PMI bui> cycle.is 5/3,~ Pne cytleit80ns. 

10ne CVAX:l:ius cycle1or t,wo MCU<A or: MCI;..Kadock cycles ... 
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The follo~ing are exceptions. to the syncbronoµi; write: operations: 

• When ah operation collides with a refresh operation, add four cydes if the PMtcyde select bit is a. 
land five cycles ifit is a 0. 

• If a data parity error or an uncorrectable memory error occurs during a write operation,. add one 
cycle. 

• When the BM< 3 :0 > information changes between masked and unmasked during a write' 
transfer, 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 durh1g 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 algorithm 
for generating incorrect check bits is specified in the Error Checking section. 

The CMCTL performs masked write transfers by 'doing a memory read and checking the data for 
memory errors. 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 Df the CRD output. The 
MEMERR output is asserted to indicate data parity errors resulting from operations initiated by the 
CVAXCPU. 

Single transfers-During a single 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 CM CTL to keep 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 errors. 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 
operation 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 description of the page mode, 

During the write operation, the CMCTL receives the address from CDAL <31:00 > and compares 
the address to the values stored in C:SRO through CSR15. It evaluates the.CDAL<.31:.JO> for 
transfer length, the CS and DMG inputs, and the BM< 3:0 > inputs to determine if the transfer is 
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miisked or unmasl<ed. The RDY or ERR is asserted (depe:nding on the error conditions.<ietected) to 
en~ble the external logic to start the next data transfer. When the last longword has 00,en;written to 
the PMI bus, the C}viCTL terminates the operation. · · 

Write µnloek-Tue CMCTL performs a write unlockoperationsimilar to memory write operations 
except thatit dears the lock bit. 
CSR read-A CSR read is perfprmed similar :w a singk::~transfer memory read.operad~n except that 
operation cannot be abort~d by the ROY andEB.lbnputS'i A ~y.nchronou&.\.:i'R read operation is 
completetl within a'minim'4m of four cycles:Asy~~ronous CS* read operations require addi~ional 
cycles. · ' 

CSR Write-A CSR write opera#on is performed ~s ll:longwqrd ·(unmasked) tra~~£.;.. A synchro
nous CSR write operation is completed within a tmnimuin of four CVAX buii cycle~. An 
asynchronous transfer ~q~s :.Klditional cycle. B!,ii::ause CSR: operations are unmasked', the 
BM <3:0> outputs at'¢·fiotu~ tovali(;i~ti::d~~·PAL< 1l;QQ;:> i:latadudp.gthe.actuaI qR write 
operations. The CMCTL begins the Write:oper-ation by loa&fng and f:hetkfogtlie cDAL<l3hOO> 
address and by evajuating the Cs and DMG inputs. IfJh' DPE i;nput is asser1*d,,!he 411.ta on 
CDAL < 31:00 > is ch~cked £or parity error~Jf an error i~ detec:~, the wpi:e cpperatiohis abort~d 
and the ERR output isasserted for two CV.AX'.blis cyCles. If an error is :notaiStected,' the selected 
CSR is loade,d1 M.th CPAL < 31:00 > information and t~r.RQY'outp?t i~ a~c~te~ · 

Bus Operating Modes 
When a DMA device is bus master of the CVAX bus~ t~e. CMCTL C'.t!l t~1.J.1>fer .data either 
synchronously or asynchronously. Tue DMAbus operat~ n}CXIe is' controlled'bY the CS/DP3 line. 
When the CVAX CPU is bas ma.sreroftbeCVAX bus,theCMC'.FL res!)ooseis synchronous with the 
CVAXCPU. . 

Asynchronous DMA Mode-If CS/DP3 is not asserted during the first part of an I/O cycle initiated 
by a DMA device, the CMCTL responds asynchronously to the CVAX bus by monitqf~@!'f~·~ 
DS inputs. Before the C~ C TL starts the next operado~,i~ waits for the asse~tion ~£ t~e. AS befo~ 
evaluating the CVAX bus to detef'miile the nett opetlitfon; Tlle!lls· input mustibe ~se~t~d ~fo~. 
the CMCTL initiates ii transfer. When the CMCTL acltnowle~s a transfer; it assert$ the RDYor 
ERR output and waits for the deassertion and subsequent assertiot'.I ofi?JS'bemeohtif1tfillg to the 
next transfer. · · · - - · 

~ " ; 

During read operations, the DS input must be asserted befoii::.the CV~~b.usoutputs '1J'.e·e11af:?.l~. 
During write operations, .DS must be deas~etted to deternMe if CDAL.< Jl:'ffll> has valittnata _ 
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 CS/DP3 signal is as~e,iJ ~~~ tll~Jif~tlP~S 
of an I/() cycle. P~ri,ng sy1;whrqn9us 9p~i;a~j1.ws •. th~,9S si~Pi#~j~!l9~~11d fhe.C¥SxL.,d9~.qo,;· 
stall .. Before start~\l~a ~ynchron8it~ c)P,eratio~d~t; f¥C:r~.~~ck~ ~?i:ifoe:as5cer~io~Of.As, . 

• Int.erfacing.Requirements 
A typical CVAX system interface, using the CVAX 78588 <'..:MC1'L, is.ishown in F.ig'Ure 9. The 
CMCTL can control up to four DRAM arrays on the PMI bus. It: provides a nonlocl"ll memo1.-y . 
reference for a DMA interface to initiate transfer from external bus devices. . · . . · ·· .. · · . 
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:MtLKA' 

~eWrE! 

Prelimmary• 

lvicLKA 
X1fbKB SET 

,pVAX 
CVAX PIN BUS 

~MA<9:0> _ -_- _= _= =_ =-]=- =_ RAS<3:0> 

.CASO 

CMCTL CAS1 _ ,_ ,.. 

MCLKA 
MftKB 

A SET 
i ; ~'. 

SYS RESH 

CLKIN 

CAS2 

CAS3 

WE 

SE 

m:1'm, 

r--"---"--'~__....;.....-T----1---"C..;.;.VAX~P"'-I N'-"B:;.::Lio;cS-w.i ~~~X 
~NCHRONQUS) 

ROY 

i5S 
CCLOCK 14'-D_,M_G_~ 

~~~~~HRONOUS) 
SYSRDY 

Q-Bus: VAXBI BUS, OR OTHER OMA.BUS 

CLK REF 
~ 

BUFFER 

BUFFERED 
f:,\/AX PIN .BUS 

EXTERNAL 
CACHE 

(SYNCHRONOUS) 
ti'!R 
ADY 

Figure 9 • CVAX 78588 CPU System lnterfaceDiagram 

· Specifications ·, 

~mechanical,.electrical, ,al'.ld environmental char:;i,cteristks and spt;cifications for the CVAX 
78588are. descri,bed in the following paragraphs. The test conditions for the electrical values are as 
follows unle~s specified otherwise., 

• Ambient temperature (TA): 70°C 

• S~pply voltage(V0 o,):4.'75 V to5.25V 
,:';' ) ,·' ' ' ·. 

• Ground reference (Vss): 0 V 

Absohii¢ maiimutri mtirrgs 
Stresses' greater than absolUt:e fua:idrntim ratings ··may cause permanent damage ·to a device. 
Exposure to absolute ma~irnum rai:illg conditions for extended periods may affeet device 
reliability. 

• Power supply voltage(\l;o0): -05 V to 7.0 V 

• Storagl:: temperatiire (T5): -55°C to 125°C 

• Ambient temperature (TA): 0°C to 70°C 

• Package dissipation: 1.8 W 

• Input or output voltage applied: (V5s-0.5 V) to (V00 + 1.5 V = 7.0 V) 
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-· 
• Powet supp,fy voltage CVcc): 5 . 0 V ± 5 % 

• Supply current ClccJ:J36 rrJ:A (maximum) • 
.. 

• Relative humidity: 10% to 95% (noncondensing) 

• Air flow: 100 linear feet/minute 

de Electric41 Chmetetistics _ .. . . .. 
Table 18 c9ntaibs the de electrical pammetexs fotthe input!llldoutptit sign.Us ofthe.CMCI.L.' Rider. 
to Table 1 for the pin numbers of the"signals referenced in liable Hf/Table 19 lists tfi\i.i:ttsitls that ate· 
applicable for the inputs and outputs,. 

Symbol Parameter 

Vrn High-level 
input·voltage 
(TTL) 
(MOS) 

V11 Low-level 
input voltage 
(TTL) 
(MOS) 

LO'w-level 
output voltage 
V0 u (TTL) 
V9p (MOS) 

Input leakage 
.. current 

Output fea.kage 
current 

Active supply 
ettrrent 

336 

o <··v;,.,.·<:·5'.z'.5V 
Vnn=.5.25 v:. 
TRi0u¥;..ov ' .. -... ' '' ,. 

lo=O, r::= 70°C 
Vnn = 525 V 



ma•ma· Preli~at)l:•., · 
~1«>. ~::;.. :"-,') ,_:,i" ';; \'{11.~i'~. 

cv.AX\r~s~Si·'· 

Table 19 • CVAX 78588 de Test sulrirOiry '·'"' ·-:c.c~·i' )!:·--~ 

Applicable Test 
Signal Name v.Ht V.i.1 Vot1 1 v: • 

OL IL Io V.a2 V1L2 You' Vo/ 

AS x x x 
CRD x x x 
BM3-BMO x x x 
CAS3-CAS0 x x x 
CSfDP3. x x .x x x 

'• '' 

CS/DP2-CS/DPO x x x x x 
CDAL31-CDALOO x x x x 'x 
DMG x x. x 
DPE x x x x 
DS x x x 
ERRandRDY x x x x x· 
MA9-MAO .x x x 
MCLKA and MCLKB x x x 
MD38-MDOO x x x x x 
MEMERR x x 
NLMR x x x 
RAS3-RASO x x x 
RESET x x x 
SE x x x 
TRI OUT x x x 
WE x x x 
WR x x x 
1TTLlevel 
'MOS level 

ac Electricai· Characteristics 
The ac load circuits used in the measurements of the ac parameters are showrt in Figure 10 and 
summarized inTable 20, The input and output pin capacitance is listed in 'fa.ble·2L The test 
conditions are · . · · 

• VoD""4.75 V {~cept as noted) 
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OUT PIN 

2.0mA 

T CL= 130pF 

vss 

A 
vss 

Preliminary.·; 

DUTPIN 
o----.--..,.__o._s m_A_· ----o voo 

T CL,,,· 130pF 

vss 
B 

VSS 

0----.---....,..,.._---0 VDD 

Test 

Vm1 and V0112 

CSfDP-:::2iO> 

1TTLlevel 
1MOSlevel 

22.0mA 

TCL = 130pF 

vss . 

c 
vss 

CRD 
66-64 
COAL< .31:00 :> 
NLMR 

i5PE 
MEMERR 

CAS<3:0> 
MA<9:0> 
MD<3$;00> 

RAS<3:0> 
SE 
WE 

TCL~l'SSpF 

vss 

56 

104-71 
55 

'69 
52 

.. 53 

7(J 
54 

:32-35 

D 

10-29 
~-11,105-115, 
·i18-132,Jc8 
38-41 
45 
44 
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VSS 

B 

c 

D 
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Symbol 

Preliminary 

Table 21 • CVAX 78588 Pin Capacitance 

cv~x bµs inputs 
BM<3:0>, DMG, DS 
RESE1~ TRI OUT, WR 

AS 

CVAX bus outputs 
CRD, MEMERR, NLMR 

PMI bus outputs 
C:.AS <3:0 >,MA, RA..S.:<:J:O >, 
SE,WE 

CVAX .. Bus.input/output 
CDAL<31:00>, DPE, 
CS/DP<3:0>, MD<38:00> 
ERR,RDY 

Clock input 

Requirements (pF) 
Min. . ·M~ 

10 

15 

10 

15 

10 

15 

20 

Table 22 lists the signals that can be connected to V00 through an external resistor. Refer to Table 1 
for the pin numbers of the signals listed. 

Table22··~ C~A:t{'785S8E~ternalRes1stor Requirements 

Signal R.!'sistance n Remarks 
Min. Max. 

200 620 

4k 

200 

MEMERR 200 

200 

ac Synchronous Characteristics 

Accommodates asynchronous DMA devices that do not clrive 
this pin. . 

Used as a passive pull-up for ~ternal logic that may. be wire 
ORed to this input. Larger value may be used if the passive 
pullup timing can be met. 

Required for external logic. 

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. 

Required for external fogic. 

A subset of the CMCTL operations is used to specify the phase timing for the CMCTL signals. The 
ac test conditions are 

• Supply voltage (V00): 4. 75 V 

• Ambient temperature (TA): 70°C 
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• Vn.(MOS)='l0%V110 
.c ·' ~ ' ; ' - ' '' : ' 

• v;H (MOS)"""'90% Voo 

• v;L (TTL)=0.8 V 

• Vrn (TTL)=2.0V 

Table 23 lists the input signal timing parameters and Tilhle 24 'list the oui~ut signal timing 
parameters. 

Table 2J • CVAX 78588 SynclttOnous IripufTitiiing Parai.neterii1 '····· 

Requirements (ns) 
Symbol Definition Min. Max . 

. BM<3:0> MM 0 

tee External clock cycle 

tco 'MCLKA to MGLKB delay 

tCH External clockhigh 

tcL External dock low 

tcR External clock rise/fall 

tcss cs setup 

tcSH CS hold 

toAs CDAL address setup 

to,rn · CDAL address hold 

CDAL data setup 

CDAL data hold 

· ERR and RDY setup 

ERR and RDY hold 

tPS rnp and DPE setup 

DP and DPE hold 

MD< 38:00 > setup 

PMI bus input hold 

·Reset input prior to Pl setup 

Resetinput width 

Strobe setup 

Confidenti!ll and Proprietary 
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Preliminary: 

Requiremebis'(ns) 
Symbol Defmition Min. Max. 

Strobe hold 0 

tsYNS AS and DS synchronizer setup 10 

AS and ])S synchronizer hold 10 

WR setup 25 

WR hold 0 

*To be continued 

Table 24 • cvAx 78588 Synchronous Output Timing Parameters 

Symbol 

tASERH 

tosDDH 

Parameter 

AS to ERR and RDY hold time 

AS to NLMR delay 

CAS < 3:0 > low 

CRD, MEMERR and NLMR delay 

CDAL<31:00> delay 

DS to ERR and RDY delay 

DS to CDAL < 31:00 > high impedance 

DS to DP and DPE high impedance 

ERR and RDY delay 

MA<9:0> toCAS<3:0> hold 

MA< 9:0 > to strobe setup 

MA<9:0> toRAS<3:0> hold 

MD<38:00> delay 

MD<38:00> hold 

DP and DPE delay 

PMI bus delay 

RAS<3:0> low, 

RESET to CDAL<31:00>, CSDP<3;0>, 
DPE, RDY, ERR, MEMERR, CRD, andNLMR 

*Preliminary values subject to change 
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Requirements (ns) 
Min;, . Max. 

0 25 

'25 

70* 

25 

20 

25 

0 . 25 

0 25 

30 

150*· 

20* 

2.5* 

0 30 

0 25 

25 

'15 

50 



Preliminary 

Clock Input Timing 
Figure U shqws the MCLKA andMCLKB external dock input timing for synchronous operation of 
the CMGTL. The timing parameters are listed in Table· 24. 

90% 

M'CLM 

90% 

MCLKf:l 

10% 

Figure 11 • CVAX 78588 Clock Input Timing 

Initialization 
Figure 12 shows the RESET input timing for initializing of the CMCTL for synchronous operation. 

--fU=t 
- I I I r--t-- lr--+--+--+-+,--+--+--+--+----+-
RESET ' 1 

Figure 1?· cvAx 78588 Initializqtion Timfog(Syn~hronous Ope;ation) 

CVAX Bus Reset Timing· 
Figure 13 shows the relationship of the RESET signal to the>cVAX bus signals. When RESET is 
asserted, CDAL<31:00>, CS/DP<3:0>, DPE, RDY, ERR andMEMERRoutputs are asynchron
ously set to a high impedance and CRD and NLMR are asynchronously deasserted. 

CDAL<31.00> 

RDY.1ERA 
MEMERR ~~~~~~~~~~~~~--,c-' 

Figure 13 • CVAX 78588 CVAX Bus Reset Timing 
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Synchronous DMG and AS Timing 
Figure '14 shows the phase timi1l:gofthe DMG and AS inputs during a synchronous DMAoperation. 
The timing relation of these signals is the samefor a CSR or memory operation. Th~'CS/DP) input 
selects synchronous or asynchronous DMA operation. 

CVAX BUS 
P1 ., P2 P3 p4. P1 F'2 °P3 P4 Pl f2 PJ P4 Pl P2 P3. P4 I P1 P2 P3 P4 P1 Pi P3 P4 

MCLKA 

MCLKB 

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 tead 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 th~ control and status register CSR17. For 
additional information on read fock, 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 errors detected. The phase timing relationshi,pjs not 
shown in the following diagrams unless it is different. 
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mnaa 

Figure 15 • CVAX 78588 .CPU or Synchronous DMA Read Timing (Single-No Memory Error) 
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CVAX78588 

Quadword Transfer Read (no memory error)--Figure 16·shows the pha$e timing for a quadword 
memory read operation after the AS signal is asserted with no memory ert:or detected. 

CVAX BUS 

MCLKA 

MCLKB 

CDAL<31 :00> 

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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- Preliminary CVAX18SS8' 

CVAX SUS I Pl ! P2 ,! PJ [ P4 I Pi ! P2 ! PJ I P4 ' :---2 CYCLES-----\ Pl J P2 P3 P4 ! Pl P2 P3 P4 PJ ' P2 P3 ?4 

MCLKA 

MCLKB 

CDAl<31 :00> ADORE SS 

1ERD 

Figure 17 • CVAX 78588 CPU or Synchronous DMA Read Timing . 
(Single-Uncorrectable Memory Error) 
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mamaamn Preliminary 

Single Transfer Read (correctable memory error)-Figure 18 shows the timing for the CRD and 
RDY outputs during a memory read trans'fer \Vith a correctable memory error detected. 

CVAX BUS P1 P2 I P3 P4 p1 I f>2 P3 P4 Pl P2 P3 P4 Pt P2 P:J P4 P1 P2 P3 P4 P1 P2 · P3 ~ P4 

MCLKA 

MCl..KB 

CD1\L<31:00> ADOBE SS DATA 

STATUS PAR ITV 

PARITYVAL1D 

I 
tcMND --j 

Figure 18 • CVAX 7 8588 CPU or Synchronous DMA Read Timing (.'~ingle-Correctable Memory Error) 
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:IQllDll Preliminary 

QwtdW\)rtl Transfer Read (co~table memory error)-Figure 1.9 shO\~S the p~e timing foi: a 
quactword memory read after the XS input is asserted with~ correctable memory error detected. 

r:.tAX BUS P1 P2 P3 P4 Pl P2 P3 P4 ' 

MCLKA 

MCLKS 

CDAL<31:00> 

STATUS 

STATUS 

1--tcMND 

Figure .19 • CVAX 7$588 CPU or Synchronous DMA Read/Timing 
· (Quadword_;.Cqrrectable Mempry Error) 
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Preliminary CVAX78li88 

Single Transfer Read (address miss NOP)-:-'.Figure 20 shows the i:imirig for the NLMR output 
during a CPU or DMA single transfer to a CSR or a memory read operation when the address on 
CDAL< 31:00> is not within the programmed range of the CMCTL. 

CVAX BUS 
Pl P2 P3 ·P4 P1 P2 P3 P4 P1 I P2 I P3 I P4 I Pl P2 I P3 I P4 I P1 I P2 I P3 I P4 

MCLKA 

MCLKS 

CDAL<31:00> 

ICMNO-

Figuew 20 • CVAX 78588 CPU or Synchronous DMA NOP Timing (Address Miss) 

CPU Single '.&ansfer 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. 

2-40 

L.'VA.X BUS 

MCL.K.A 

MCLKB 

CDAL<31.00> 

INPUT 
ERR .ROY 

f'1 P2 P.3 P4 f>l P2 P3 P4 Pl P2 ?3 P4 P1 P2 P3 P4 P1 P2 P3 P4 

LAST SAMPLE WINDOW TO ABORT CMCTL. 

'--------- HAST SAMPLE WINDOW TO ABORT CMCTL 

Figure 21 • CVAX 78588 CPU Memory Read Abort Timing (External Logic) 
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Preliminary 

CPU orSynchrooous DMA Write Operation Timing 
Figures 22 and 23 s.how the phase tirningfor the CPU or synchronous DMA write operations, 

Single Transfer CPU Write (unmasked)-Figure 22 shows the timing of the MEMERR output. 
This is an opencdfa:in output; and requires an external pullup resistor coonee1;edto V8s• Other 
timing considerations are the. same as shown in Figure 2.3. 

CVAX BUS 

MCL!<A 

MCLKfl . 

COAL<.31;00> 

---------.c------iJ-'CMNO 

NOTE: 
THIS IS A·LOW·CJ..,RRENT PU-ll·UP.-trs TRAN8IT!ON TIME FROM THE ASSEITTUJ.TO.'t1o!E .O£ASSe:mtD 

STATE IS NOT Gl.JAAA.NTEEO. 

1--'CMNO 

l/7SEE NOTE.I 

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. When a 
parity error is detecte~, ~he,EJ.91 ~i,gp~.iS:.a~~~~ inHead ~~~r )U)Y,~~n,al and at the same tiine. 
When ERR is asserted, the i5S input must remain asserted for. an additional cycle before it is 
deasserted to start the next data trttfisfer. ·The timing forth~ ERR signal is the same ast~e 
synchronous read operation. The tintln1,rfur\a masked wrllte ~'ration is similiarf.O:theunma5ked 
write tuning except that one or more slip 1.yc.J,es occur after AS i~ ~~serted and until the RJ?X f?r J::;R,~ 
signahis asserted. There are also more error conditions .. ~ble, 45 lists the number of slip cycles 
addeci. in relation to the type of. write operation and err0r condition. The CRD, ERR, and RDY 
signals are asserted for the same dttiitHon as for a memory read'operation. 
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Preliminaey ·· 

D/AX BLIS 

MCLKA 

, 'MCL.1!<6 

CDAL<31 :00> 

BM<3;0> 

'DSE-RD 

Figure 23 • CVAX 78588 Synchronous DMA \Vrite Timing (Quadword-No Error) 

Table 25 • CVAX 785S8 Write Operation Slip Cycles 

Write operation 

Unmasked' 

First transfer masked' 

Second transfer masked" 3 

J:l,rt0r type 

none 
bus parity 

none 
correctable 
uncorrectable 

none 
correctable 
uncorrectable 
bus parity 

Slip cycles 
, £rom RDY (ns) 

0 
0 

4tcc=200 
4tcc = 200 RDY and CRD 
4tcc=200 ERR 

6tcc= 300 
6tcc = 300 RDY and CRD 
6tcc = 300 ERR 
6tcc = 300 ERR 

'Add 2tcc = 100 ns to all transfers except the first if the previous transfer is masked. 
2 Add 2tcc = 100 ns if the PMI cycle select bit of CSR 17 is set. 
'Add 2tcc = 100 ns to all transfers except the first if the previous transfer is unmasked. 
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Preliminary 

PMI Bµs inning 
Figures 24tbr0Ugh 33 show the tinii.ng of the PMI bus during a reset.condition and during read 
an,d wtite operations. The timing shown is a result of the PM! 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 di:lring a memory read operation or during the read portion of a 
masked write operation ~ndthe 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 for an error condition are not critical and are not specified. 

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 during the operation.·· For the read signature 
operation, the RAS< 3:0 >·outputs are negated. 

During mem,.ory refresh, Figure 34, the CAS<3:0> and WE 09puts are negated and the 
MD< 38:00 > lines provides th~ command. 

The synchronizer tirningfor asynchroi!ous DM,t\ operations, Figute 34, is u:)(!d duri11gmanufactur-
ing test to determine the asyhchronous.cycle tesffi)nse time of CMCTL. · 

RESET-Figure 24 shows the timing of the PMI bus signals with respect to the RESET input. 
When RESET is asserted, aUiPMl tlutput§ are asynthronbusl}r' 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. 

'~ 

RAS<3:0> 

SE 

WE 

MD<38:00> 

Figure 24 • CVAX 78588 PM! Reset Timing 
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Preliminary CVAX785ss 

PMI BUS 

MCLKA 

MCU<J;l 

RAS<N> 

CAS<N> 

MA<9:0> 

MD<38:00> 

Figure25• CVAX 78588 PMI Read Timing (Single Transfer) 

Figure 26 • CVAX 78588 PMI Read Timing (Multiple Transfer) 
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-
PMt-SVS 

MCLKA 

MCUa~ 

CAS<N> 

MA<9:0> 

WE 

M'0<.38~00'>-

PMtBUS 

MCU<A 

MCU<B 

CAS<N> 

tPMIO 

MA<9:0> 

WE 

Ml:l<38:00> 

CVAJt 'iBS.18 

OATA'VAllO COMMAND 

Figure 27 • CVAX 78588 PMI. Write Timing (Sitzgle Unmasked Transfer) 

Figure 28 • CVAX78588PMIWrite Timing (Single Masked Transfer) 
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m1m111. Preliminacy ·· 

Figure 29 • CVAX 78588 PMI Write Timing (Multiple Unmasked Tra~sfer) 

Figure 30 • CVAX 78588 PMI Write Timing (Multiple Unmasked and Masked Transfer) 
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- Preliminary , 

PM-I OU$ 

MCI.KA 

Mcu::a 

RAS<N> 

CJ:i.S<N> 

MA<9:0> 

WE 

OATAVAUO OAJAVAUD 

Figure 31 • CVAX 78588 PM[ Write Timing (Multiple Masked and Unmasked) 

PMI· 

MCLKA 

MCLKB 

CAS<N> 

SE 

MD<04:00> 

M0.:.:38:05> COM MAN~ 

. ... Figitrc. 32 • CVAX 78588Read Signature Ti'tniiig 
,, - <, »". ~ '- ,_ : ' / 
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Preliminary 

CAS<3:0> ~ 0000, WE"" 0, MD<38100> ""COMMAND 

Figure 33 • CVAX 78588Memory &fresh Timing 

Figure 34 • CVAX 78588Synchronizer Timing/or Asynchronous DMA Operations 

ace 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. 

Tuble 26 • CVAX 78588 Asynchronous Input Timing Parameters 

Symbol Parameter Requirements (ns) 1 

Min. Max. 

AS to DMG lead time 0 

tASDSRL AS to DS read lead time 50 4tcc' 

AS to DS write lead time 50 2tcc' 

AS high width 100 

AS low width 3.5tcc 4000 
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Preliminary CVAX78588 

Symbol Parameter Requirements (ns)1 

Min. Max. 

AS to BM< 3:0 > and WR hold 0 

Input to AS setup 20 

CS/DP3 to AS setup 40 

Input to AS hold 20 

tDMASL DMG to AS lead time 100 

DS to AS lead time 0 

tnsno DS to data delay 5.0 

tnsDH DS to data hold 0 

tDSHW! DS high width 175 

DS high width 20 

DSlowwidth 4000 

1t=50 ns. 
'The lead time that results in an AS memory read access relative to DS without synchronization slip 
cycles. 

}The lead time that results in an AS memory write relative to the DS signal without synchronization 
slip cycles. 

4The minimum occurs during an address miss and.results irt assertion of·the NLMR.signal for a 
minimum of 25 ns (0.5tccl- The maximum ensures proper refresh timing for dynamic RAMs 

'When the ERR signal is asserted, the DS signal must remain asserted for lOOns (2tcc) before·it is 
deasserted. 

Symbol 

tASERH 

tASNLD 

tASNHD 

tl>SERD 

t:.)LW 

tRASOD 

Tuble 27 • CVAX 78588 A~ynchronous Output Timing PIU'llmeters 

Parameter Reqµkements.(n,s)' .Error;/ 
Min.· Mii.x. ConditiopZ 

AS to ERR and RDY hold 0 . 25 

AS to NLMR low delay 2.5tcc 24:5tc~ 

AS to NLMRhigh delay 25 

DS to ERRand~DY delay 0 25 

Output low width 100 

Read AS to output delay 6.5tcc 8.5tcc N 
8.5tcc 10.5tcc c 
8.5tcc 10.5tcc u 
8.5tcc 10.5tcc N 
10.5tcc 12.5tcc c 
10.5tcc 12.5tcc u 
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PMI 
cycle 

4/21'4 

4/2 
4/2 
5/3 
5/3 10 

5/3'0 
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Symbol Parameter Requirements (ns)' Error/ PMI 
Min. Max. Condition' cycle 

tRDSOD Read DS to output delay 2.5tcc 4.5tcc N 4/21-4 

4.5tcc 6.5tcc c 4/27 

4.5tcc 6.5tcc u 4/2 
2.5tcc 4.5tcc N 5/3'·'° 
4.5tcc 6.5tcc c 5/3';10 
4.5tcc 6.5tcc u 5/3 10 

tw11soo Write AS to output delay 4.5tcc 6.5tcc unmasked 
8.5tcc 10.5tcc masked 4/29 

10.5tcc 12.5tcc masked 5/3'• 

twnson Write DS to output delay 2.5tcc 4.5tcc unmasked 5,8,H 

2.5tcc 4.5tcc masked 1st 9,11 

transfer 
8.5tcc 10.5tcc masked 2nd 4/2'·11 

transfer 
10.5tcc 12.5tcc masked 2nd 5/3'·11 

second 
transfer 

't=50 ns. 
)N l"' mme, C =correctable, U =uncorrectable 
>During the first transfer of a read (no lock), the output delay is determined by DS when t 11sosru. is 
greater than 4tcc, and the output delay is determined by AS when t 11snsRL is less than or equal to 
4tcc· 

•During the first transfer of a read (lock), the output delay is determined by DS when tAsosRL is 
greater than 6tcc and the output delay is determined by AS when tAsnsaL is less than or equal to 6tcc· 
Add 2tcc ns to tAson for a read (lock). 

5During the second, third, or fourth transfer of a multiple transfer operation, the output delay is 
determined by DS. 

•During multiple transfer reads, the specified tRI>soo values are used if the delay from the previous 
RDY 'assertion to DS assertion is greater than l.5tcc· If the delay is less than or equal to l.5tcc, then 
the delay from the previous RDY to the next RDY is equal to 4tcc· 

'During multiple transfer reads, the specified tRosoo values ari: used if the delay from the previous 
RDY assertion to DS assertion is greater than 3.5tcc· 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 6tcc. 

•During the first transfer of an unmasked write .. the output delay is determined by DS when tAsnswt 
is greater than 2tcc· The output delay is determined by AS when tAsoswL is less than or equal to 2tcc· 

•During the first transfer of a masked write, the output delay is determined by DS when tAsoswL is 
greater than 6tcc· The output delay is determined by AS when tAsnsw1 isless than or equal to 6tcc· 

10 Add 2tcc to the AS to DS delays in notes ;.•.• when PMI cycle select bit is set. 
"Add 2tcc to twosoo on a 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 signalsis the same as for a read and a write 
operation. 

During the memory read operation of the single transfer memory er CSR read transfer, Figure 36, a 
sing!€ transfer and no read leek is specified and the PMI cycle is 4/2. No memory errors occur. 

During the asynchronous quadword unmasked . write opeation, Fig\.tre 3 7, H a parity error is 
detected the ERR signal would be asserted instead of the RDY signal and ~t 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 
operatiof1. 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 ~r write operation where the address 
on CDAL < 31:00 > is not within the programm~d range oft.he CMCTL. 

~. ··· .. 'D~ASL-·1-j t~~ 
'ASCS3SJ 

~'ASIH 

CSOPJ /.,.,(/,'"''//..,.,7i..,.,'/i.""'(/..,.,'//,.,..,(/,"'"''//,""f/,""'l/."'//,'"'(/,.,..,f/,°"'/j,Tr'/i,Tr. rl---'--.I'\ OPTIONAlPAmTY )>-. ------<( CVAXSTAlUS 

\._ __ _ 
)--

Figure 35 • CVAX 78588 DMA Transfer Timing (DMG and AS Signals) 
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lo--------- ,tA$_LW -----------""i 
r--~--t ,....~-~---

lASDSRL 

tos1iw1 

'RASOD----·----

Figure 36 • CVAX 78588 DMA Read Timing (Single Transfer) 

OATA VALID 

PARITY 

PARITY VALID 

-----r---twASOD-------~·_J: 

Figure 3 7 • CVAX 7 85 88 DMA Write Timing 
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CDAL<3l:OO> ADORE SS AOOflESS 

.......... ----lASNLO--------. 

'{~~ 
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. 
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·Features 

• 32-bit CVAX bus tol6~bh Q22-hu$i~terface . 

• Integral Q22-bus transceivers 

• 16-entry cached copy of the external 8 K longword scatter and ga.~h~r ma~ 

•.Performs scatter and gather operations and map control ~nd addi-ess tr~nslation 
. . 

• · Powerup, initializatio11, pow:erfaaj, and pow:erdown contrq1 

• Integral address decoding for internal registers, scatter and gather map locutions, and Q2'2'Jbus 
references 

• MicroVAX II-cofupatible doorbell register 

• 1\vo Q22-busoctaword writ~ buffers apd a quadword read puffer 

• Transparent alignment of 52-bit and 16-bitdata transactions 

• Longword, quadword, hexaword, and octaword CVAX bus DMA transactions 

• Q22-bus nonblock and block-mode transaction support 

• Q22cbus arbiter or auxiliary mode operation 

• Single 5-~lt power supply 

· Description 
The CVAX 78711 Q22-bus Interface Chip (CQBIC) is an asynchronous interface adapter for use 
between the 32-bit CVAX 78034 CPU and its it:)ternal memory and the 16-bit Q22-bus. :Figure 1 is a 
block diagram of the CVAX 78711 CQBIC. 

Lfi>U·•D 

.:::::> A~·vPu:ss .um Oil-TA i'·\rHs 

-- CONTHDL AATfl:S 

Figure 1 • CVAX 78711 Q22-bus Interface Block Diagram 
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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 II-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. 

!ORESE'f 

AUX 
VDD 

CS5P2 
CSDPT 
csoi'o 

TAKT 
1Ao3 
iRQ2 

IR01 

TROO 
PWAFL 

SYSRESET 
RTNIT 

2-56 

NOOBitR 
vss 

8M3 
BM2 

BMT 
BMO 

NLMA 

WR 
A5 
TIS 

VDD 

SYS ERR 

5YSRDY 

OMA 

OMG 
CCTL 

MEMERR 
HALTIN 

vss 

118 

119 

1.20 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

10 

11 

12 

13 

14 

15 

16 

17 

r----------------~ 

I I 
I I 
I I 
I I 
I I 
I I 
l r.:NAX 78711 022-BUS INTERFACE CHIP I 
I (CAVITY DOWN) I 
I I 
I I 
I I 
I I 
I I 
I I 
L--------------~ 

Figure 2 • CVAX 78711 Pin Assignments 
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83 

82 

01 

BO 

79 

78 

77 

76 

75 

14 

73 

72 

71 

70 

69 

68 

67 

66 

65 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

vss 
CDAL03 

CDAL02 

CDAL01 

CDALOO 

CLKOUT 

VDD 

TB40M 

vss 
TEST 

BTRQ4 
BiR05 
BiR06 
BTAQ7 
EXTCAP 

vss 
V[)D 

VBIAS 

BOC OK 

BPOK 

B5MA 
BHALT 

BREF 

BSACK 

BOO UT 

vss 
Jmffi 
WIN 
BSYNC 

BWfBT 
B1ART 
BIAKO 

VDD 



Pin 

18-22 
24-26,28, 
29,32-36, 
38-42,44,45 

63 

62 

61 

65 

64 

60 

59 

57 

56 

55 

.54 

53 

52 

Table l CVAX 78711 Pin and Signal Summary 

Signal · Input/Output Definiti<m/Function 

BDAL<21:00> Input/Output Q22-bus Data/Address Lines-Time multi
plexed, bidirectional' data and address lines. 

BDCOK 

BPOK 

BDOUT 

BWTBT 

Input/Output 

Input 

Input/Oµtput 

Input 

Input 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input 

Output 

Q22-bus DMA Request-Requests bus master
ship for DMAtransfets. 

Q22-bus Halt-A CPU halt request by way of 
the ijALTIN signal. 

Q22-bus reference:.c.....A strobe used to coordi
'na\:e block-tnode trankfers. · 

Q22-bus DC OK-Indicates that the system de 
power is stable. 

Power OK-Indicates that the primary ac 
power to the system power supply is notmaL 

Q22-bµs Slaye Acknowledge-Indicates that a 
DMA device is bus master. 

Q22-bus Data Output Strobe--Indicates a 
data QL\tput transfer with respect to the bus 
mast~r and valid data is on BDAL < 15 :00> . 

-~r•· . . . 

Q22-bus Reply-A strobe to indicate that the 
slave <lcevice has transferred rhe requested data 
to the bu'fot has accepted data from the bus. 

Q22-busData Input-A~trobe to indicate that 
an input transfer with re~pect to the bus master 
is in process or that an interrupt operation is 
taking place. 

Q22-bus Synchronizer-'-:":Indicates the start 
of a bus! transfer and a' valid address is on 
BDAL<21:00>. 

Q22-bus Write and Byte Select-Provides bus. 
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. 

022-bus Interrupt Acknowledge In-Intern1pt 
acknowle;dge daisydiain input. · 

Q22-bus Interrupt Acknowledge Out-Inter
rupt acknowledge daisychain output. 
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Pin 

70-73 

49 

48 

47 

46 

79-82, 
84-90, 
92-98; 
100-107, 
109-115 

120-122 

7 

8 

1-4 

6 

11 

10 

12 

13 

124-127 

2-58 
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Signal Input/Output Definition/Function 

.BIRQ<7:41>'J Iliput Q22.:bus Interrupt Request lines-Interrupt 
request lines for Q22-bus devices. 

BDMGI 

BDMGO 

Input/Output Q22-bus Bank 7 Select-Indicates an 1/0 page 
reference or block-mode transfer. 

Input/Output Q22-bus DMA Grant In-The DMA grant 
daisychain input. 

Input/Output Q22-bus DMA Grant Out-The DMA grant 
daisychain output. 

BINIT Input/Output Q22-bus Initialize-Q22-bus reset signal. 

CDAL < 31:00 > Input/Output 

CSDP<2:0> Input/Output 

Input/Output 

Input/Output 

BM<.3:0> Input/Output 

Input/Output 

SYSRDY Input/Output 

SYS ERR Input/Output 

Output 

Input 

IRQ<3:0> Odtput 

CVAX Data/Address lines-Time multiplexed, 
bidirectional data and address bus. 

Control Status/Data Parity-Provide status 
information about bus cycle. 

CVAX Address Strobe-CVAX system address 
strobe. 

CVAX Data Strobe-CVAX system data strobe. 

CVAX Byte Masks-Identify the bytes of the 
CVAX bus and parity bits that are valid. 

CVAX Write-Provides read and write control 
for the bus .. 

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. 

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. 

CVAX D.MA Request-Requests the bus for 
DMA transfers. 

CVAX DMA Grant-Grants the bus for a DMA 
transfer. 

CVAX Interrupt Request lines-These lines are 
used to ~pass interrupt requests to the CVAX 
CPU. 
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Pin 

15 

128 

14 

129 

16 

118 

117 

131 

123 

5 

130 

76 

78 

9,51,67, 
91,106, 
108,119 

17,23,27, 
31,32,37, 
43,50,58, 
68,75,83, 
99,116,132 

66 

Signal 

MEMERR 

PWRFL 

CCTL 

SYSRESET 

HALTIN 

AUX 

IO RESET 

NCQBICR 

IAKI 

TB40M 

CLKOUT 

Preliminary CVAX787tt 

Input/OUitpUt Definition/Function 

Output CVAX Memory Error-CQBIC requests an 
interrupt for a nonexistent memory error. 

Output CVAX Powerfail-Indicates a powerfail condi
tion on theQ22-bus. 

Output CVAX Cache Control-Provides the means to 
invalidate CVAX cache entries when the CQBIC 
accesses local memory. 

Output 

Output 

Input 

Input 

09tput 

Input 

Input 

Outpµt 

Input 

Output 

Input 

Input. 

Input 

Syste,m Reset-lnitializ~s CVAX CPU during 
.the pow:erup sequence. .• . 

Halt-f!ahs the CVAX CPU. 

· Auxiliary....:-Sdects ·the operating mode of the 
. CQBIC. 

I/O Reser-Ee,sets devic.es on the CVAX bus and 
022-bu~. . ·• . • ... ··•· · . · .. •··· 

Not CQBIC R~f;eren~:..;;,;.~ntjicate~ that the 
adPr:ess onthe CVAX bus is notfor tl:l,e CQBIC. 

Interrupt Acknowledge In-:Ena:bles the 
CQBlC to .respond to.an interrupt acknowleoge 
cycle on the•CVA:X bus. 

Not Local·. Memory Refei:e11ce..:.._ Iriditate!i 'that 
the address on the C,VA'X bas is not i local 
memory address. 

J{eceive Initialize-foiti:Jiiesthe, .CVAX blis 
an4 brirw~ ,sy~tem toa predetermjned ~t:ate. 

40-MHz.Clpck...,.-TheA(}..MHzTTJ,,;doi;:ki~p.ut: 

Clock'Out_:___This output iS used for test durihg 
manufacturing of the CQBIC: · · 

Voltage~Pow~r supply vohage. · ·. 
. "' ·';; ' ' 

Ground.reference, 

Q22-bus Bias~Provides the bias voltage for 
Q22-bus transc~ivers on the CQBIC. •. 
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Pin Signal 

69 EXTCAP 

74 TEST 

Q22-Bus Signals 

Preliminary CVAX787U 

· Input/Output Definition/Function 

Input External Capacitor-Provides a 100 ms delay 
of the BDCOK input when 1.0 µF external 
capacitor is connected to this pin. 

Input Test-Used for test during manufacturing of 
the CQBIC. 

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 < l7 :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 registe1: 

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) tmnsfer. 

DC Power OK (BDCOK)-This is a power supply generated signal that is asserted when sufficient 
de 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 tbe 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 powerup and powerdown protocol. 

Slave Acknowledge (BSACK)-This signal is asserted by a DMA device when it becomes Q22-bus 
master. Tqe 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 (BR.PIX)-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 IDLY 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 device 
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 bns master requires a.response from the addressed sla~e 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 thatit has tnmsferred an address onto the BDAL< 22:00> lines .. The transfer continues 
until this signal ~s deasserted. For blockmodetransfers, the BSYNC signal is asserted until the: last 
transfer cycle is c0mplete, 

Write Byt.e (BWTBT)-This signal is used to control a bus cycle. It is asserted duringthe address 
portion of a bus cycle to indicate that a DATO, DA'.IDB, or DATBO output cycle is to follow instead 
of an input cycle. It is also assertep qµri11g the.q~~,portionQi a DATOB or PATBO cycle to indicate 
that a byte transfer will follow' instead of a wordtranifer. · 

Interrupt Acknowledge In (BIA.KI) and Interrupt Atb()wledge Out (BIAKO)-The processor 
asserts the BIAKO input to acknowledge an interrupt request according to the int~rrupt 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 Hnd (BIRQ < 7:4 >)or if it is assigned 
the highest priority interrupt request on the bus when the .~P.fN,sjgnal was previously asserted. If 
both of these conditions do not exist, the device asserts the BIAKO output to the next device on 
the bus. This process continues in a daisychain configuradon until the device with the highest 
interrupt priority receives the BIA,I<I intetfl)Pt. acknoi,\,rledge signal and continues the interrupt 
protoc~Is~uence. · . · · . · · . · 

Q22~~us.Jnterrupt Request (BIRQ.~ 7:4 >)'"':-These ~ignals art; asserted by devices on the Q22· 
bus to request an interrupt. I£ .the CQBJC i.s in arbiteff!lfJ~e, 'the CQEHC will tra~fer these signals 
to the appropriate CVAX IRQ< 3:0? line as indic~ted in T~bl~ 2: 

Table 2 • CQBtC 78711 BlRQti.l iftQMappin~· 

IRQ.line 

Bank 7 Select (8BS7J-This signal is asserted by the bus masterto reference the I/O p~e including 
the part of the 1/0 page reserved forru::n:texistefit memoey. 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 transfe~s will occur. 

·: ' .. ·.. >.< ·:;''<,,:,;)-;f'',, 

DMA Grant In (BDMGI) and DMA Grant Out (BDMGO)-The bus arbiter asserts these signal to 
grant bus mastership to a device that had requ~sted use ofthe'bus by asserting the BDMR signal. 
The arbiter grants the use of the bus by asserting the BDMGQ signal. This signal is passed in the 
daisychain configuration through the bus to the BDMGl input of the next priority device 
electrically closest to the bus. This device accepts the grant ifithadasserted the Bi5MR signal. If it 
did not, the device passes the DMA grant to the.n.ext de\lii:epp. thehus 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 BRPIY and BSYNC signals are deasserted. 

Initialize (BlNIT)-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 i11cludes clearing registers, disabling bus drivers, 
and setting the internal logic for an operation .. Exceptions to the normal initialization must be 
documented in programming engineering specificationsfor the device. 

Confidential and Proprietary 



Preliminary . 

CVAX:&is and System.Conuol • 
CVAX Data/Address !l..ines (CDAL <31:00 >).....;.'These are bidireetional time-multiplexed lines 
ul>ed to transfer information between the CQBIC and the CVAXCPU or local memory. 

During the first part of a read or write bus cycle, CDAL < 31: 30 > indicates the lehgth of the 
memory operand as listed in Table 3. 

Tuble J ~ CQBIC 78711 Memory Operand Length 

CD.t\L line 
3i 3() 

0 0 hexaword 

0. 1 longword 

1 0 guadword 

1 l octaword 

CDAL<29:02> coritain the longword address o(the memory operand. The BM<3:b> lines 
specify which byte(s) of the longword address are to be used. The CDAL29 specifies a memory 
spat.C address or anI/O space address. When CDAL29 is 0, memory space is specified, and When 
CDAL29 isl, I/Ospace is specified. The CDAL < 01:00 >) are reserved. 

During the first part of an interrupt acknowledge cyde, CDAL < 06:02 > transfer the hexadecimal 
number of interrupt priori~y levei .i;ih~ interrupt being acknowledg~d 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 ackiiowledge cycle, CDAL<'.31:00> 
transfer the vector required by the CPU. During the second part of a write cycle, CDAL< 31:00> 
transfer the outgoing information. 

Control Stanis/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 are not used with the CQBIC which does not support CVAX 
bus parity. 

Table 4 • CQBIC 78711 Cycle Status* 

'WR CSDP Bus CQ~IC 
.·:- ' '( 

Operation 2 1 0 transaction . 
H L L .L reqµ~st D-stream reaQ read 

H L L H' reS'erved none 

H L H L ex~17rnalIPR read . none 

H tf H H interrupt acknowledge IAK 

H H . L ,L ryquest ~ead (I-stre~m) .. ,read 

H H L H demand read-Ibck read-lock 

H H H L demand read (D-strearn, modify intent) read 

H .. H ff, H demand read.(D-stream,no modify intent) · read 
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WR CSDP Bus 
2 1 0 transaction . 

L L L L reserved 

L L L H reserved 

L L. H L ~.xternal IPR .wri~ 
L L H H reserved forDMA device 

L H L L reserved 

L H L H write-unlock 

L H H L reserved 

L H H H write (D-stream) 

*His a high level, Lis a low level 

(-~ : 

CQBIC 
Operation 

none 

none 

none 

none 

none 

",·, 

·none 

The CQBIC ignores modify intent transactions and considers a write transactiori as .a write-unlock. 
When the CQBICoccesses to local memory,' the CSDP<:::Z:0>1ir1& are set high'for all tead and·· 
write operations. 

Address Strobe <As>:-This bidirectiotiaI signal indicatesthat v~lid address inf?rmation is. present 
on i:he CVAX bus. The AS signal is asserted at th~ beginning ofa bus cyde:i:oindkarethat valid 
address and control information is onCDAL<'.31:00>, CSDP<2:fJ>, BM< 3:0> ,and ~lines. 
AS is deasserted at the conclusion of the bus cyde. 

Data Strobe (DS)-This signal provides timing informatiotdor cfata transfers. During a ~ad.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 CP01 CQBIC,etc'.),,,Puring11wri.t;~ cycle,.~t\s.asserted to indicate that 
CDAL < 31: 00> contain valid outgoing data ~nd isdeasserted to indfoate that the sending device 
will remove the data. · · 

Byte Masks (BM <3:0 >)-These signals indicate which bytes of the CVAX'bhs tontain valid qata 
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 tran1'feI' tile data. All other bytes ate ignored. 
During a write cycle, the BM< 3 :0 > lines indicate which bytes of the CVAX btiscontain 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 in accordance with thi;: setup times 
defined in the Specification ?ection. 

,. ', < --: _-- .·'' • 

Byte mask 
asserted 

·Table ; • cvAx is111 Byte Mask f.faw~ 
' i ' ' - ' ' ' ,' - : ' : ' ' ' ' •, - ' ' . ; ~ ' . 

Valid data 

CDAL < 31:24 > 

CDAL<23:16> 

CDAL< 15:08> 

CDAL<07:00> 
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Write (WR)-This signal indicates the direction of the data t111nsfer on the CVAX pus for the 
current bl1scycle. When WR is asserted during a bus cycle, da,t,a is ti:ansferred to the CVAX bus by 
the originator ofthe bus cycle. When WR is deasserted dur!rig a bus cycle, the requested data is 
transferred to the hus 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 c.ycle indicates that external logic will receive the information on the bus according 
to the timing r~quirements 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 signals. 

DMA Grant (DMG)-This signal is asserted by the CPU to grant control 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 i5MG 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 t1ses IRQO to pass a Doorbell register interprocessor interrupt 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. 

'Tuble 6 • CVAX 78711 InteruptRequest Mapping 

Q22-bus CVAX Priority level 
request request (hexadecimal) 

BIRQ7 IRQ3 IPL 17 

BIRQG IRQ2 IPL 16 

BIRQ5 IRQl IPL 15 

BIRQ4 IRQO 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 CVAJ(busc.ycle. It remains asserted until the DS signal is deasserted at 
the end of the bus cycle. 

Powerfai] (PWRFL)-This signal indicates a powerfail condition on the Q22-bus. The CQBIC 
asserts 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 seqµence 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 frqrn 
the Q22-bus. It is controlled by bit 14 of the system configuration 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 Q22-btis is seleeted. The CQBIC is then the arbiter for the 
Q22-bus. Only one CBIC can be bus arbiter when niore than one ;CBIC a.re available. When this 
signal is asserted, auxiliary mode is selected arid the CQB±C does not· perform arbitration for 
Q22-bus. .. 

1/0 Reset (IORESET)-This signal resets the devices on the CVAX bus and the Q22-bus as 
determined by CQBIC operating mode. When itis asserted,theCQBIC gains control ofthe CVAX 
bus and the Q22-bus by first asserting the I5MR output ancf then the BDMR output. When the 
DMG and BDMGI signak are asserted, the CQBIC asserts the RINIT output to initialize the 
devices on the CVAX bus.· If the CBIC is not in auxiliary mode {AUX deasserted), it asserts the 
RINIT output to initialize the Q22-bus. 

Not CQBIC Reference (NCQBICR)-This signal indicates that the address on the CVAX bus is not 
a CQBIC address. When t.he CVAX initiates abµs ttw1sactionthat is not intended for the CQBIC'or 
a bus transaction that is not an interrupt acknciwledge cyde,the CQBIC asserts this signal when the 
DS signal is asserted by the CV.AX. · 

Interrupt Acknowledge Enable (lAKI)-This signal is asserted to allow the CQBIC to respond to 
interrupt acknowledge lycles on the CVAX bus .. It is normally connected in a daisychain 
configuration with the C~)°BIC as the last device in the chain. .. . 

Not Local Memoey Reference (N,..MR)-T)lis signal indicaL-y~ that the address on the CVAX bus is 
not a local memory address. When asserted,. it notifies the CQBIC of an attempt .to .access 
nonexistent local memory from the Q22-b~s. · 

Receive Initialize (RINI'.()-This signal is used to initialize devices on the C\o'.AXbus and initialize 
the system to predetermined state. It is asserted during the powerup sequence or in response to the 
assertion of the IORESET input. 

Clock Timing . 
40-MHt Clock (TB40M)-'-A 40-MHz dock inputforthe CQBIC timing. This input is divided by 
two (20 MHz) for use by the CQBIC. The riming sequence .is started by the first rising edge of this 
input following the deassertion of SYSRESET input. 

Clock Output (CLKOUt)-A 20-MHz clock output from the tQBIC. This signal is generated by 
the CQBIC and is used only during manufacturing test of the CQBIC. · 

Power and Ground 
Voltage (Vu0 )-5-volt power supply input. 

Ground (V55)-Ground i;eference. 

Voltage .Bias (VBIAS)-The bias voltage for the Qn-bus transceivers. This pin should be 
connected to gro1md 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)-This pin connects to an external LO µF capacitor to generate the 
100-millisecond delay for BDCOK output during the povterup 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 memory 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 DMAerror register with master and 
slave address error registers, a MicroVAX II-compatible doorbell register and Q22-bus transceivers. 

The CQBIC contains a master, slave, arbiter, .md 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 moriitors the Q22-bus master transactions and requests assistance with scatter 
and gather. map operations from the slave section. 'TI1e slave section monitors the Q22-bus 
addresses and control signals and performs operations directed to the CQBIC from a Q22-bus 
master. 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 CQB£C also supports local
miss and global-hit transactions from the CVAX CPO 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, DJ\fBO, 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 masterl the CQBIC supports Q22-bus master read parity errors and Q22-
bus nonexistent memory time0tits. . . 
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 thep. 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~ \'Q'heri the CQBIC responds as a slave to a Q22~bus read 
transaction, it stores up toa quadword of data before theQ22-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 Q22-bus block-mode master that is performing a DATBI 
transaction. 
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Address Decoding . 
The CQBIC performs all address decoding for its internal registers, Q22-bus memory and Q22-bus 
I/0 address spaces, and for the external scatter and gather map registers. It also provides a riot
addresl)ed signal (NCQBICR) for system use. The CQBIC latches the address from the CVAX bus 
wfrh th.e assertion of the AS signal. In addition to the address, the cQBIC latches the 
CSDP<2:0>, BM~3:Q>, and W'~ inforn:i.l}.tlonto determine the type of tnu;1sact;ion. The valid 
physical addresses that are decoded by the CQBIC arelisted in Thble 7. All other physical addresses 
cause the CQBIC to assert its NCQBICR signal. 

Table 7 • CVAX 78711~VAX BusP}iy~calr\ddr~sD~~es 

CVAX ~us addresses . Address description. 

2000 0000 to 2000 lFFF 022-bus I/O space 

2008 0000 to 2008 0010 CQBIC ltiterMlregisters 

2008 8000 to 2008 FFFC Q22-bus scatter,a.ndgather m~1:pregisters 

Q22~bus nl~mory spa~e 
; ' ' ' ' ' ' ·~ . : ' ' ' ' i 

3000 0000 to 303F FFFF 

The doorbell register is located in Q22-bus I/O space. Its address is determined by the mode of 
pperation of the CQBJC and bits 03:01 of the system configuration register. 

Clock . '·• . , . 
The CQBIC requires an external 40-MH.z TTL d9c~. in~9t that can be asyhc~ro!lous ()r 
synchronous to the dockohhe CVAX CPU. This fixed raieclo~k produces a two-phase 'int~rnal 2o
MHz dock and the required Q22-bus timing in accdrdarice with DEC Standard 160. The CQBIC 
operates with a CVAXbus cycle time of 100 to 80 nanosetonds aad a Q22-bus with fixed timing. 

Registers 
The CQBIC Contains wapping registers, error registers, an4a configuration register. Ituses .the 
doorbell register, ,located in the I/O page of .tpe Q22,hu~ , address space, for interprocessor 
communications. · 

- ' . . ' 

MappingRegisters (MR.A)-The Q22-bus scatter a,n~ gather rnilp contains 8192 mapping registers. 
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. · 

31 30 . 2019 00 

I { I : : : : t : : : : I : : '. : : , : : t+11~: : : : : : : : I 
Figure 3 • CVAX 78711 Mapping Register Format 
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Tuble 8 • CVAX 78711 Mapping Register Description 

Bit Des.:ripdon 

31 V (Validl-Whdt set; this bit indicates that mapping is enabled to a page in Q22-bus 
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 physical page address in local 
memory to which the Q22-bus address is mapped. 

The mapping registers are located in the local processors 1/0 space at physical addresses 2008 8000 
through 2008 FFFC (hexadecimal). Each MRA is located on a longword boundary ahd 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 relationship of the mapping registers to the Q22-
bus addresses. 

Register address 
(hexadecimal) 

20088000 
20088004 
2008 8008 
2008 800C 

2008 8010 
20088014 
2008 8018 
2008801C 

2008 FFFO 
2008 FFF4 
2008 FFF8 
2008 FFFC 

Table 9 • CVAX 78711 CBIC to Q22-bus Address Mapping 

Q22-bus address 
Mapped (hexadecimal) . 

00 0000 - 00 OlFF 
00 0200 -00 03FF 
00 0400 - 00 05FF 
00 0600 - 00 07FF 

00 0800 - 00 09FF 
00 OAOO - OCfOBFF 
00 OCOO - 00 ODFF 
00 OEOO - 00 OFFF 

• 

3F F800 - 3F F9FF 
3FFAOO- 3F FBFF 
3FFCOO- 3F FDFF 
3F FEOO- 3F FFFF 

Note 

Mapped (octal) 

00 000 000 - 00 000 777 
00 001000-00 001 777 
00 002 000 - 00 002 777 
00 003 000 - 00 003 777 

00 004. 000 - 00 004 717 
00 005 000 - 00 005 777 
00 006 000 - 00 006 777 
00 007 000 - 00 007717 

17 774 000-17 774 777 
17 775 000 - 17 775 777 
17 776 000 "- 17 776 777 
17 776 000-17 777 777 

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 ot the map register used 
to map a Q22-bus address into local memory, the CQBIC obtains the required reghtetinformation 
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 first-in/first-out (FIFO). The format of 
the CMR is shown in Figure 4 and described in Table 10. 

3332 2019 00 

1 I : : ++BHAfR:21H : : I : : . : ; . : : : >1a}Af9 : : : : : : : : l. I . ... . . .. . . . .... · .. .. .. . . .. . ' 
CV 

Figure. 4 ·~ CVAi¥ 7 8 711 Cat.hed Map Regi?ter Format 

Table 10 • CVAX 78711 Cached Map Register Description 

Bit Description 

33 CV (CAM valid)-When set, this bit indicai:es that the CMR contains a valid copy of a 
map register, and mapping is enabl~d for the page in Q22-bus addres~ 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.adc:lress to ben:iapped .. 

32:20 Q22-BUS ADR 21:09 (Q22-bus address 21:09)-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 hits 2S:09)-Thisfield 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 physical address 2008 .0010 
(hexadecimal) and contains the starting a~~s ofthe scat~.r .aQc:l gather map in local memory. This 
address. must be located qn an aligned 8 K loagword block of l~lllmemory. The system boot PROM 
must indicate when this block of memory is una\lailable. Th~ only •acc;er>s to the scatter and gather 
map should be thro~ the CQBIC. A write oper111;ion to dae map base registe.t clears allthe 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 
shown in Figure 5 and is described in Table 11. 

31 2928 1514 00 

I :o; I : : : : ~~p ~f E', : : : : I : : : : : : '.a: : : : : : I I 
Figure 5 • CVAX 7 8 711 Map Base Register Format 
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Ta,bte u · CVAX 78711Map Base Register Description 
:·- _, '' '~ 

Bit Description 

31:29 Not used. Read as zeros. 

28:15 MAP BASE (Map base address)-These bits are used as physicala,ddress bits 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 Read as zeros. 

System Configuration Register ( SCR)....J.. The system configuration is used by the CVAX 7 80 34 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 Pov.let 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 affected by a processor programmed 
reset. 

31 16151413 111009 

BHALT ENB 

0403 0100 

DOORBELL 
OFFSET 

Figure 6 • CVAX 78 711 System· Configuratio~Register Fomtdt 

Table U • CVAX 78711 System Configuration Register Description 

Bit Description 

31:16 . Not used. Read as zeros. 

15 POK (Power OK)-This is a read-only bit that indicates the the state of the BPOK signal 
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 pos-sible. Ifis 
cleared to indicate that the power supply has failed or that the supply voltage is below 
·normal. 

14 BHALT ENB (BHALT Enable)-This read/write bit is used to enable th~ tra~sfer ~f 
BHALT signal from the Q22-bus to the HALTIN output of the CQBIC. When set, the 
state of BHALT is transferred to HALTIN. When cleared, BHALT has no effect on the 
HALTIN output. 

13:11 Not used. Read as zeros. 

10 AUX (Auxiliary mode)-This read-only bit indicates the state pf the AU~ input to the 
CQBIC and the operating mode of the CQBIC. When set, the AUX input is asserted and 
auxiliary mode is selected. When cleared; the A:UX input isnega'ted and arbiter mode is 
selected. 
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Bit Description 

09:04 · · Not used; Read as zeros. 

0 3 :01 Doorbe~-These read/:write bitsselect ~he 1;iuxi!iary doorbell regi,ster -.yhen the AUX 
input of the CQBIC fa asserted and auxili~ry m~de is selected. WhenAUX is not asserted, 
these bits have no effect on the doorbell register used. · 

DMA. SYJtetn Error ~gi~wr (DSJl,R)""":"This register· .is• uS!:!d1 to repott PMA ermrs .to the local 
system. It is located in the VAX I/O space at address 2008 Jl{)Q4, (h~imal)" lt clU1 be accessed 
only by the local processor. Other processors on the Q22~btts cannot a<:cess 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 the register information. The format of 
theDSERis shown in Figure 'ld1nddescribet:fcjn'fable BV · 

Bit 

31:08 

07 

06 

05 

04 

03 

MASTER DMA NXM------------..J 
MASTER PE~-~~-~~--~-------' 
SLAVE ME------------------' 
LOST ERROR------------------' 
NO GRANT----------~-~~~~~~• 
S.LAVE DMA NXM-----------_._ _____ __. 

Figure 7• CVA.X78711 DMA System Error Register Format 

Tuble 13 • CVAX 78711 DMA System Error Register Descriptions 

Description 

MASTER DMA NXM (Master DMA nonexister1tmernoryerror)--:-Tltls read/write bit is 
set for Q22-bus read or write cycles that do not assert the l3Rl'lY,sjgnal in Jess thao: 10 
microseconds. This bit is cleared by writing al to it. 

' ; i ' ' ' . - ' ~ ' , ' , ' ' ' ' 

Not used. Read as 0. 

· MASTER . ~ARITY • EJlR(!R 7 Thi~ read/wri~e bit isset.:Zvh,~~ Jlili-ity ~i:~rs: ~~ detec;ted 
diµir,ig Q22,bµs. i~~ cycJes performed .l?Y ~.he. CQfHC. This bit i~ ~a~. by ~riti~. a 
) tQ it. . . . . . . .. . . . .. 

SLAvE•ME:MOIW ERROR-"-This bit is set when· a local read access 'from the 
Q22~lms; Q22·bus device; or local.:miss or global-hit cycles receives a memory etrof arid 
asserts the SYS ERR signal. This bit is cleared by writinga 1 to it. 

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 Description 

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 references that are nonexistent memory. 
This bit is cleared by writing a 1 to it. 

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 thelocal processor. The MEAR is located in VAX I/O 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. 

31 1312 00 

I : : : : : : : : : 0: : : : : : : : : I : +++~sf A+~+++ : I 
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 I/O 
space at address 2008 OOOC (hexadecimal). The content of this register is valid only when bit 04 or 
bit 00 of the DSE.R 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 signal. The format 
of the SEAR is shown in Figure 9 and described in Table 15. 
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31 2019 00 

I : : : : : : f : '. : . : I : : : : 7+P~O;a~2-:B+ ~+++ : : : : I 
Figure 9 • CVAX 78711 Slave Error Address Register Format 

'Thble 15 • CVAX 78 711 SlaVe"Error Addteu Register Description 

Bit Description 

31:20 Not used. Read as zeros. 

19:00 MAPPED Q22-BUS ADDRESS-This field contains the map transJated,.f!td4ress of cite 
page in local memory that resulted in a memory error or nonexistent' m~mory error from 
the Q22-bus to local memory. ·· 

Doorbell Register (DB.i;i)-The PBR is used byth~ GQBICintetprocessor communication facility 
to allow other processors on the Q.22-bus. to requeJ?t program ~~t:rtupts. fromthe local ptocessor of 
the CQEICwHhout using the Q22-bus interrupt request.ltttes .@IRQ< 7:~>). The. DBR also 
controls external access from the Q22-b~s to. Iota.I memory, a?d a1l~'W's other processors to halt an 
auxiliary CPU. The DBI{ resides in tbe IJO Page of Q22-bus address space and is accessed by any 
device that can become Q22-bus master. The address of the DaRis det:errtiinedby the arbiter or 
auxiliary mode of operation of the CQBIC and. by.bits OJ;J)l of the System q:infjg)lr'fition Register 
(SCR). Table 16 lists the SCR bi.ts 03:01 and th~ ~elected 32-pit address for the DBR. The format of 
the DBR is shown in Figure IO and de~~ribed. in Table 17. · · ·· · 

Table 16 • CVAX 78711 Doorbell Register Addresii.S~i:iQn .. · 

SCR bits 
03 02 

OoorJ>ell A~~s ... 
01 ?qlis.~r Jllt!lllcJ~~) . 

0 0 

0 1 auxiliary no.1 2000·lF42 

0 1 0 au:x;iliary no . .2 
0 1 1 auxl!iary no.3 .20001F46 

1 0 0 auxiliary no.4 

1 0 1 auxiliary no .5 

1 1 0 auxiliary no.6 

1 1 auxiliary no. 7 20001F4E 

When the CQBIC is in arbite:r mode, SCR bits 03;01 ate cleared by default and the arbiter CPU 
doorbell.registe.raddress is selected. When the CQBIC is in auxiliary mode, clearing the SCR bits 
03:01 will disal?le the doorbell register; 
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MCIA DBI IE 

figure 10 • CVAX 78711 Doorbell Register Format 

Tuble 17 • CVAX 78711 Doorbell Register Description 

Bit Description 

15 DMA QME (DMA Q-22 memory error)-This rea~Lonly 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 all)-This write-only bit is used to invalidate the 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 ,_;,,riting a 0 .to this bit has no effect. 

13:09 . Not used. Read as zeros, · 

OS AUX HI~T (Auxiliary halt)-This read/write bit is used when the CQBIC is in auxiliary 
mode. It is typically set by the arbiter CPU and cau~es the HALTIN output of the CQBJC 
to be asserted. This bit is cleared by writing a 0 to it or by the assertion of the RINIT 
output. The BHALI 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 seflo enable 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-bns 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. 

04:01 Not used. Read as zeros. 

00 DBI RQ (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 
CQB1Cto:assertthe IRQO output to post an interrupt request to the local processor. When 
DBI IE 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. 
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Scatter and Gather Map Operation 
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, a map base register to record 
the location of the external map registers, and a 16-entry cache containing the mos.t recently used 
map registers. 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..E-Aj;\ bit 05 in the doorbell register of the CQBIC. All 
mapping is performed from the internalca~he of map registers. Therefore, if th~ re9uired map 
register is not present in the cache, the CQtHC updates t~~ caehe with the ~quired map register 
from local memory ~nd then continues the mapping oper~t~<m. Through the use of a .valid bit h:i 
each register, the software can selectively' enable and disable d:ie mapping of sel~-ted pa~es in Q22~ 
bus address space. · · · · . . · 

The CQBIC monitors each Q22-bus cycle and responds if the LM EAE bit 05 in• ~h~. doorbell 
register is set or if the Valid bit 31 of th~ selected mapping register is se~. !heJ,..AfEAE bit is ignored 
for a local miss or hit transaction. Only map registers .that have th(;':ir valid bit set are stored in the 
CQBIC cache. . . 

Dilring read operations, the mapping n;gister must map th~'Q;I2-hys add~ss into an !-'.~ting local 
memory, or a .bus ti!lleout will occur.During write operations, theCQBIC asserts the BR}?LY signlll 
to the Q22-bus before checking for 10ca1 men,1ory an~ abu~ timeout does not occw. · 

Figure 11 shows the translation from a Q22·bi;i.s addreslJ! to a local memory address. The sequence is 

1. Bits 21:09 of the Q22"btis address are extracted and used t9 select the map register. 

2. The rnap register is selected and its Vbit 31 is checked. It the V bit is not set, the operation 
terminates. 

3. Map register bits 19:00 are used for bits 28:09 of .the ioca1 memory physical address and bits 
· 08:00 of the Q22-bus address are used fotbits 08:00 of the local memory phys1Ca1 address. 

3130 

CHECK VALID BIT 
FOR MAPPING. . 
ENABLED 

EXTRACT TO SELECT 
MAP REGISTER 

2019 00 

28 0908 00 

1 : : : : : :pr++l:A~~++~lt~+~++: : : : : : : 1 

Figure 11 • CVAX 7871l Q22-Bus toLocal Memory Address Mapping 
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Operation Modes 
The CQ'BIC operates in arbiter or auxiliary mode as .selected by the 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 controls the Q22-bu~ 
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. 

Auxiliary 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 
sµpports Q22-bus request and mastership protocols, the DMA and IAK daisychain functions, and 
the nonexistent 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 signals are synchronized by the CVAX clock and become the RDY and ERR inputs to the 
CVAX CPtJ. 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 assertin,g SYSERR, waiting 50 nanoseconds, and then asserting SYSRDY. The 50 
nanosecond delay ensures that the C:VAX clock chip synchronizer does not skew the SYSRDY signal 
so that the retry request is not detected by the CVAX CPU. 

Any CQBIC master transaction that is deadlocked because the CQBIC slave controller needs <;:VAX 
bus ownership results in the CQ13IC: 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 Q22-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 C:VAX 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 SYS ERR signal instead of attemptihg retry transaction. 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 ,md does not complete the write
unlock. 
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lntettupt Handling 
The function of the CQBIC during an interrupt request depends on its mode. In arbiter mode, the 
CQBIC provides the in~rtace between the CVAX interrupt system and theQ22-bus. In auxiliary 
mode the CQBIC responds as an auxiliary de'Vice on the Q22-bus and as a device on the CVAX bus. 
It blocks interrupt acknowledge cycles from the Q22-bus. 

The CQBIC is pladedat'the end of the daisychairi configuration for all four interrupt priority levels 
used by. the· CVAX CPU. This is necessary sb th~t when rtd other ~evke orYthe ~VAX bus has 
requested an interrupt and when the CQBIC/has oo olitstandmg interrupts: it ·ttaruifers the 
assertion ofIAKI signal to the Q2i-bus ot block~ it and ll!>serts the'filtit signal. 

Arbiter mocfe-During arbiter mode, the CQBtC .transters Q1~"pus interrul't requests directly to 
thelocal procesSor by' mapping the. Q22.-bt1s ititerru~t ~qu~t on the' Bi~Q <1:4>. lines. to the 
ffiQ < .3:0 > inputs of the loc~t:l processor. ·The. CVAX resp6nds .to anjnterrupt reqt1est on the~ell~s 
with an interrupt acknowledge' tyde. The CQBIC can.also f.equest ah interrupt by asserting the 
MEMERRsignal and/or the PWRFL signal;; The CVAX 'dc>eS riot respond to MBMERR or PWi'iFL 
intefrupt requests with an interrltpt acknowledge cycle. ·, 
The CQBIC responds to a CVAX CPU interrupt acknowledge cycle when the IAKI input is asserted. 
The response is ·determined by· the·• IPL •acknowledged·a.nd if' the CQBICihasi any outstandittg 
interrupts as follows: . 

• For an interrupt acknowledge at IPL 17,IPL 16,' orIPL 1), theCQBIC initiates a Q22·bus IAK 
transaction. Wh~n the C9BlC receiy~s.the ~t<)rfJ:Qm,.the int;erruP~itl!}Aevice on,theQ~.f-bus, 
it appends bits 9 and 0 to ,the '(ector, and pas~es the v;ectpr ~o .~helocal proi;;essq~ Both bits. 9. imd 0 
of the vector are set to force the vector address into ufiallocated device vector space ( > 200 
hexadecimal) and forte the' processors irtt'~up;t priority l~ W IPL i7, 

• For. an interrupt acknowledge cyd~ at IP;L 14 · \Vhetl, *F CQ~ic. hi\s. ;i. ~~rbtll m~\lpt request 
pending, the CQBIC responds by returning vector 204 (hwdecimal} to the CVAX CPU and by 
asserting the.RDY outp\:\t. When no qQQt!bellinterruptr«!~Jlt is pending, theCQ,Bl.C Wtiate$.a 
Q22-bus interrupt ~wknowle(:lge tran~eti.Qn: •This · tJ;ansaction is processed. the same. as an 
interrupt ack.nowle<;lge cycle at lPl, 17,.IPL l6;1or IPL 15. 

Auxiliary mode-During auxiliary mode, the. CQBIC bloc\s interrupt acknowledge 07cles .jn 
response to IPL17, IPL16, 1and IPL 15, ftbm being tht~e~ to the 1Q22:b'1s: Tn~ "CQ~IC 
processes interrupt requests from its doorbell regist~rancitan ~IS~·reque~t'.an in~rupt byassetting 
the MEMERR and/or ·i.'l'WitFL signal.' 'The· CVAX doeS nbt respontf to a MEMERR or PWRFL 
interrupt request with a11ih:terrupt ackn0wledge cycle. 

The r;esponse of the CQBIC to a CVJ\4 CPU inter:rupt acknowledge cycle when its IAKi input is 
asserted ~s deterrnine<;l by .~he IPL acknowledged .imd if outs~111ding interrµpts are pending as 
follows: . 

• Foi: an interrupt aclwowledge cycle fl,t IPL .17, IPL 16, or IPL J4, the·CQBIC blocks the cycle from 
the Q22-bus and asserts the SYSERR output to end the cyde. 

• For an interrupt acknowledge cycle at IPL 14 when the CQBit: has. a doorbell interrµptre~uest 
pending, the CQBIC responds qy ~turning vector 404 (hexadecimal) to the CVAX CPU and by 
asserting the RDY output. When oo doorbell interrµpt request is. pending, the CQBIC blocks the 
cycle from the QZ2-bus and asserts the SYSERR sig~al to end the cycle. When SYSER.R 
terminates the cycle, the CVAX CPUignores the interrupt ieqoest and does not take an exception 
to the termination. 
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Error Handling 
. The cl.asses of errors detected and. reported bythe CQBIC are• nonexistent Q22-bus me!!K}ry arid 
I/O references, nonexiljte)lt lqc;fi) memory ,rererences; no-grant timeout, no-sl;l,Ck•<ibort, .. slave 
memory error .reporti,p.g, 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 section of the CQBIC, local-miss and global-hit errors, and CQBIC arbiter errors. 

,· ' ' ' ' ' ' ' ' - : ' .' 

The CQBIC reports. errors and error status to the CW:X CPU using the following signals and 
registers: S)'SERR, MEMERR; PWRFL, the DMA System Error Register (DSER). Master Error 
Address Register (MEAR,)1, andSlave Error Address Register(SEAR).The assertion of the SYSERR 
signal causes the CPU to termiqate the current transaction and to take a machine check for, errors 
t}iat occµr on de~and read and wdtetrans.actions. When reporting an error to the CVAX CPU by 

. as.serting 0 SYSERR, the C::QBIC sets CDAL<31:00> to valid logic levels. The assertion of the 
MEMERR and PWRFL sigt~als are recognized as interrupt requests by the CVAX CPU. 

All parity and memory error flags and error addresses are la:tChed and hdd until cleared by the 
CVAX CPU. Additional parity or memory errors that occur will set the Lost Error bit·03 in .the 
J.?SER . 

. ,Mastet section errors-The CQBlC processes nonexistef1t memory errors as follows: 

• During demand read transactions, the CQBIC asserts the SYSERR signal to terminate the 
transaction, sets the N:X:M flag bit 07 in the DSER, and latches the address in the MEAR. 

• During a request read or interrupt acknowledge transaction, the CCjBIC asserts the SYSERR 
. . signal to terminnte the transaction and no error information is logged. · 

• During a write transaction, the CQBIC sets the NXM flag bit 07 in the DSER arid asserts the 
MEMERR signal to post a write timeout interrupt request. MEMERR is asserted with the next 

. assertion of the AS signal and deasse~tecl with the next ~sserdon ofthe DS signal. 

Multiple longword tl'jlnsfer to Q22"bus-If the CVAX CPU attempts to J)erform a multiple 
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, onlylongword transfers 
with byte masks to this space are legal. 

No-grant timeo1't-If the CVAX CPU ~ttempts to obtain Q22-bus rqastership and does .not succeed 
within 10 milliseconds, the CQBIC temiinates the transaction by asserting SYSERR. If ~he 
trans~tion is a demand read, the No Grant Timeout bitOiis set in theDSER. · 

' ' ' ' ' ' ' ' ' ·:,· '' 

Master parity error-The CQBIC processes :master parity errors as follows: 

•• During a demand read transaction from the Q22-bus, the tQBIC asserts SYSERRfo terminate 
the transaction, sets the Master Parity Error bit 05 in the DSER, and latches the address in the 
MEAR. 

• During a request read transaction, the CQBIC asserts SYSERR to terminate the transaction and 
no error information is logged. 

Slave sedion errors-A slave read or write transaci:ion, that results ina honexistent memory error 
causes the CQBIC to set the SLAVE DMA NXM flag bit 00 in the OSER~ latch the error address in 
the SEAR, ap.d assert MEMERR to post an interrupt to the CVAX CPU. '. · · 

Aslave reado~ write traps;!ctiqn tha~ results in an error with the th~ SYSERR signal asserted is as 
foll~w5: . ' . . . . ' . . ... . ,. . . .. 
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• A slave read transaction thati;e.sults in a parity error causes the CQBIC to set the DMA QME bit 
15 in the dporbcll register, set Slave Memory Error bit 04 in the DSER, and latch the translated 
error address into the SEAR: The CQBIC then reports the error to the Q22-bus by asserting 
BOAL< 17~16 > during the data transfer of the transaction. 

• A slave write transaction that results inarretror-causes the CQBIC to set theDMA QME bit 15 in 
the doorbell register and d).e $.lave Me111ofy Ernir \jit 04_in the DSER, latch t1'e translated error 
address in the SEAR and ~ssert MEMERR -to post an interrupt to the CVAX CPU. The CQBIC 
does not inform the Q22-bll.sfof the error. · -- -·· 

---

• A slave rea_d or write transacti9n toJ:he.scatter and gather map. that results ip an error causes the 
CQBIC to set the Slave Memory Error bit 04 in the DSER, hm:h the t:rll.rtslated error address in~o 
the SEAR, and assert MEM.Ei:{Il to ppsf ~4_ihterrl1pt tq_the CYAX CPU. 

LocaJ-miss and global-hit errot5~During loC;lf·rnis~ ~n~ gk>bal-hinead tra11sa:ction, the CQBIC 
issues a retry request to the CPU by asscr~ing SY~ERR ~~--;SYSRDY a~d latch~s the mapped 
address. The CQBIC performs a read transaction from lo~ ~mory an4 store$ the data. When tlie 
CPU tries again, the CQBIC returns die data_. If an ertor \Vaidetcc~ during i:he read transfer from 
local memory, the C:::QBIC 1-1ssetts SYSE~R,to riotify the CPU of the ~rr~r, latchesthe aCldress ihfhe 
SEAR, and if the transaction is a demand re~, it set~;t~e Slave Memory Error bit 04 or Slave DMA 
NXM bit 00 in the DSER. '- 1 ! ' -

During local-miss and global-hit write transactions, the CQBIC l~tches the address and write data 
and asserts SYSRDY. The CQBI<;: performs a wrlte transactfol.1: to wtlte to local memory. If an error 
occurs during the transfer to local memory, theCQ~JC.tatches the address into the SEAR, sets the 
slave memory error bit 04, or Slave DMA NXM bit 00 in the DSER, and asserts the MEMERR 
signal to post an interrupt to the CPU. , 

Arbiter errors-When the CQBIC arbiter grrul.ts the,Q2~-bus by asserting the BDMGO signal and 
docs not receive the assertion of :BS:ACK within ·1'() inierosecbhds', it removes the grant and no errors 
are reported. The arbiter waits 500 nanoseconds for the BDMGO daisychain to clear before 
beginning arbitration again. 

Initialization __ _ _ __ , 
When the IORESET input is asserted, the CQBIC asserts the DMR and BDMR outputs to gain 

· ownership of both buses· befote -the ilsOOl'tfon' bf any re~t' sigtials; Once the CQBid •hns !!ken 
granted ownership of both 'bl!ses (DMG ~nfi 4UDMGI -as:~erred·f,'$t ass.errn the1 RiMJT -dutpUPkii>'lO 
microseconds. The assertion of RINIT can be used to clear local devices orregistet..S/focll.fiirifeffilpt 
enable bits' and pending local interrupts. The doorbellft:gis~ey anj:{ PMA syst~!p ~ri:or, regi~tl!r are 
reset. If the CQBIC is Q22-bus arbiter, it asserts BINIT for a mirtlmum of 10 microseco~dsto dear 
the Q22-bus. If the CQBIC is in auxiliary mode, BINIT is 'riot· asserted. -After-'10 microse'CdAds, 
RI NIT and BINIT are deasserted and are followed by· the oeassertfofl of DMR and BDMR: Th.e 
system is now initialized and normal system operation can follow. 

The response of the CQBIC to tb.e !];ss.ertion of BINI.l'. on:.theeQ2'2.chus isdete;rmin'edby hs i!l(lot.lelof 
operation. In arbiter mode, the assertion of BfNi'f is ignored and in auxiliary mode the a:ssertioµof 
BINIT causes the CQBIC to assert RINIT and SYSRESET to reset the local processor. The RINIT, 
DMR, and BDMR signals are asserted when IORESET is asserted. 

Dudngpowerup,the CQBIC setsthe CVAXbu-s and QQ24%.s lines to a higli'icipedance. 

· Interfacing Requirements 
Figure 12 shows a CVAX CPU system using the CQBIC a~~arHnterf&ce to the Q22-bl1s, 
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Figure 12 • CVAX 78711 System Interconnect Diagram 

• Specifications 

The mechanical, electrical, and environmental characteristics and specifications for the (:QBIC are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. 

• Ambient temperature (TA): 0°C to 70°C 

• Power supply.voltage (V00): 4,75 V to 5.25 V 

Mechanical Configuration 
The physical' dimensions of the CVAX 78711 132-pin cerquad package are contained in the 
Appendix. · 

Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. 

• Storage temperature CTs): -55°C to 125°C 
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• Active temperature (TA): 0°C to 70°C 

• Power supply voltage (Vnn): -0.5 V to 7.0 V 

• Input or output voltage applied: -0.5 V to Vno + 0.5 V 

de Electrical Characteristics 
The de electrical characteristics for the CQBIC are grouped into Q22-bus signals and CVAX btts and 
CQBIC specific signals. Table 18 lists the electrical specifications for the Q22-bus signals and Tuble 
19 lists the electrical specifications for the CVAX bus and CQBIG specific signals. The specifica
tions for the de tests are 

• Power dissipation: < 1.5 watts 

• Minimum airflow: 100 linear ft/min 

• Temperature (TA): 70°C 

• Power supply voltage (V00): 4. 75 V (except where noted) 

• Ground (Vss): 0 V 

Table 18 • CVAX 78711 Q22"bus de Parameters 

Symbol Parameter Requirements Units Test 
Min. Max. Conditions 

Vrn High-level input voltage 1.9 v V,.=5.25V 
1.72 v V,.=4.75V 

VIL Low-level input voltage 1.66 v Vu.=5.25 V 
1.5 v V .. =4.75V. 

Vow Low-level output voltage 0.9 v L.,=100 mA . 
(open drain) 

IIL Input leakage cur~nt -10 10 µA d < v .. <5.25 v 
IOL Output leakage current -50 50 µA . 0 < v .. < 5.25 v 
C., Input capacitance 10 pF 

C"", Output capacitance . 10 pF 

Table 19 • CVAX 78711 CQBIC and CVAX Bus de Parameters 

Symbol Parameter Requirements Units Test 
Min. Max. Conditions 

Vrn High-level inpuf volw.ge 2.0 v 
VIL Low-level input voltage 0.8 v 

Confidential and Proprjeuµy 2-81 



'.BllllD1 Preliminary·· cvAX7&ru 

Symbol Pmmeter Requirements Units Test 
Min. Max. Conditions 

Vou High-level output voltage 2.4 v Iou=-400 µA 

VOL Low-level output voltage 0.4 v l0 L=2.0 mA 

\T9rn Low-level output voltage 0.2 v IOL=20 mA 
(open drain) 

VouM High-level output voltage 3.0 v Iou=-100 µA · 
(MOS signal) 

VoLM Low-level output voltage 02 v I0 L= LO mA 
(MOS signal) 

I1L Input leakage current -10 10 µA 0 < v,. < 5 .25 v 
IILS Input leakage current 0.2 L5 mA v,.=0.4 v 

(sustainer) 

loL Output leakage current -10 10 µA 0 < v .• < 5.25 v 
Ioo Active supply current 220 mA 10 .,=0, TA=0°C 

cin . Input capacitance 7.0 pF 

c .. , Output capacita~ce 10 pF 

C,o J3icllrf'.ctional capacitance 20 pF 

ac Electrical C~cteristics 
. The Q22-bus ac charateristics are measured under the following test conditions except where 
noted. 

• Ambienttemperature (TA): 70 ° C 

• Power supply voltage (V1m): 4. 75 V 

• Capadtive loaci (C,J 15 pF/330 pF 

~ Pullupresistor (Rl): 910 

• Pulldown resistor (R2): 2000 

. v ... : 1.60 v 

• Vrn: 1.72 V 

• Input rise and fall.Jiwf'.: ions \l.2 to.2.2 y}, (0.8 to,2.6 V) 

The following not¢.i$ ,apply to -Figures 13 through 5 3 and their associated timing Tables 2() through 27. 

• All times ii.hi in'rrn:noseconds e.xcept where noted. 

• The TB<lOM dock input is TTL-compatible and intended toopefate at 40 MHz, ± 0.01 %. All 
Q22-bus timing parameters are derived from this clock. 
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.... 
• With TB40M == 40 MHz, the CVAX bus per phase timing can vary from 20 tc }3 nanoseconds 

assuming that the CVAX 78588 Memory Controller retry delay is 4.0 mierocycles (CMCTL 5/3 
mode memory cycle bit se~). for CVAX bus per phase timing greater than 33 nanoseconds, the 
TB40M clock is reduced by 0.13 x CVAX dock input. Example: CVAX clock in=25 MHz, 
TB40M=40 MHz-(0.13 x 25 MHz)=36.7 MHz. 

• P = CQBIC internal dock period. With TB40M = 40MHz, this period is 50 nanoseconds. 

• Nx=numher of internal clockperiods (P)requir~d for Q22-hus mastership or to wait until the 
master and slave logic of the CQBIC becom,es idle. · · 

• Ny= number ofinternal dock periods(P) required towaituntil the.CQBIC.does not require Q22-
bus mastership. 

Tuble 20 • CVAX 78711Powerup/Powerd,own ft!IdJnit~~~t~ T~ ~meters 

Symbol Definition · Requirem~nts (ns) 
Min;- Max . 

tocHA . BDCOK dea.sserti\m to H:ALTlN .as$~rti01\1 ... 46.3 

toCIIN BDCOK reassertion to HALTIN deassertion 62 

tPDBI BDCOK deassertion to BINIT assertion 15 85 

tpoowN BDCOK deassertion toSYSRESET, RfNIT, 15 75 
and DMR assertion 

tPPLA BPOK deassertion to PWRFL ~s~i;tion lP-10 lP+ 105 

tPFLN BPOK assertion to PWRFL d~assertion lP-10 · 1P+l05 

tPUlPF * VEXTCAP gets VSTMR· to PWRFcL negati~~ 98304300 98304500 

tPUISR * VEXTCAP gets VSTMRto SYSRESET·negation 98304300 98304500 

tPU2PF BPOK assertion to PWRFLdeass~tion 2r:..10 2P+105 

tru2sR BPOK assertion to SYSRESET deassertion 2P-10 2P+105 

*VSTMR (VT+) is the EXJCAP positive-going threshold voltage that activates the internal.timer: 
2.5 V (min.), 3.0 V (typ.), and 3.7 V (max.) · 
Negative-going threshold voltage (VT-) of EXTCAP Schmitt trigger: 1. 9 V ( typ.), 1.5 V (min.), and 
2.4 V (max.) · · · · · · 



IJQPOWE~ -J ... · . r.· 3MS.MIN 

BDCOK ___/ • . 

·; 

100 MS TIMER STARTS. 

EXTCAP ~ 

BPOK 

-ta1JP 

SINtT 
{ARB.MODEi -----------------------~! 

to12P 
'l 

Figure 13 • CVAX 78711 DEC StandardPowerup (ac Power Normal) Timing 

OC POWER 

BOC OK 

~ 3MSMIN 

EXTCAP --...,.---~ t~~~; ,.~~'"""" 

1iiNff 
(ARB.MOOE) -----------------------~ 

Figure 14 • CVAX 78711 DEC Standard Powerup (ac Power Failure) Timing 
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-
OCPOWEA ----- !NOTE) 

BDCOK (NOTE! 

EXT.CAP 

BPDK 

NiOTE: 
DC POWER MUST ar STABLE AND BDCOK ASSERTEO 
BEFORE EX1"CAP REACHES VSTMR. 

Preliminary 

V£XTCAP = VSTMR 

tol3f' 

Figure 15 • CVAX 78711 Unsequenced Powerup (ac PowerNormal) Timing 

OC POWER -------~ (NOTE) 

vEXTt..AP ~ VSTMA 

EXTCAP 

BPOK 

-------~--------------+--! 

BtNIT ~13Pj-·.-... --... ---------
(ARa::: ---------~-------------~~----.-. -.-.--:-[,,, 

NOTE: 
DC POWER Must Bt STABt.E ANO SOCOK ASSERTED 
BEFORE EXTCAP REACHES VSTMR. 

Figure 16 • CVAX 78711 Unsequenced Powerup (ac Power Failure) Timing 
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DC POWER 

BOC OK 

· tPFLN 

BiNTf 
(ARB. MODE) 

figure 17 • CVAX. 78711 Powerdown Tim.ing 

SY1J1bol 

tARESET 

tIUDMRA 

tIDIN!A 

t!RlNIA 

Figure 18 • CVAX 78711 Restart Timing 

Table 21 • CVAX 78711 Reset ahilinifializatiori Timittg Parametet:s 

Definition 

SYSRESET assertion 

BJNIT f}Sserdon tO SYSRESET, PWRFL, 
RINIT, and DMR assertion 

1 P clock delay 

l2P dock.s delay 

13 P clocks delay 

IORESET assertionto BDMR assertion 

IORESET assertion to BINITassert.ion . 

IORESET assertion to DMR assertion 

IORESET assertion width 

IORESET assertion to RINIT assertion 

Requirements (ns) 
Min. Max. 

,59396P 

2P-10 2P-105 

lP 

12P 

13P 

2P-10 2P+80 

JP-5 (3-t-Nx)P+ 110* 

10 3fl 

!.406P. 

7P 

3P-10 (3 + Nx)P + 105* 

''Nx is the number of CQBIC internal dock periods required to obtain bus mastership or to wait for 
the master or slave logic to become idle. 
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iOmff~ . . { 

- ~--IJORST W----4 
OMA ,' '<DMRA~l----------------'/ 

,,__ ____ _ 

Figure 19 • CVAX 78711 I/O Reset Signal Timing 

A1NiT ------~ 
"iJMR '------------------' 

Figure 20 • CVAX 18711 Q22-bus Initialize (Au:dliary Mode) Timing 

Table 22 • CVAX 78711 ArbiterTiining Paxameters 
-----------------
Symbol 

toMGOAJ 

toMGONJ 

toMGON2 

tGABDMRI * 

tGXBDMR SACK!* 

tcxRPtY" 

Definition 

BDMR assertion to BDMGO assertion 
(arbiter mode) 

BSACK assertion to BDMGO deassertion 
(arbiter mode) 

BDMGI assertiofrto BDMGO assertion 
(auxiliary mode) 

BDMGI deassertion to. BDMGO deassertion 
(auxiliary mode) 

BSACK deassertion to BDMR deassertion 
(!ltPher mode) 

BDMGI assertion to BDMRdeassertion and 
BSACK assertion (auxiliary mode) 

Requirements (ns) 
Min. Max. 

2P-5 2P+ 110 

2P-5 2P+ 110 

2P-5 2P+ 110 

20 70 

2P-5 2P+ 110 

3P-5 3P+ 110 

-------------· 
BRPLY deassertion to BDMR deassertion 2P-5 2P+ 110 
and BSACK assertion (auxiliary mode) 
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Symbol 

tc;xsYNC* 

Preliminary 

Definition 

BSYNC deassertion to BDMR deassertion 
and BSACK assertion (auxiliary mode) 

CVAX78711. 

Requirements (ns) 
Min. Max. 

4P-5 4P+ 110 

*In auxiliary mode, BDMR deassertion and BSACK assertion occur simultaneously. BDMR 
deassertion timing can be derived from BDMGI assertion (tc;xBDMR scAK1), BRPLY deassertion 
(tc;xRPI:<), and BSYNC deassertion (tc;xsvNc). The latest timing of these three is correct time. 

2-88 

6R'PtYANO 

BSYNC----J 

14-----1GABDMA1---~ 

Figure 21 • CVAX 78711 Q22-bus Mastership (Arbiter Mode) Timing 

BSA CK _ ~
' l---IGXBDMR __ SACK1----~ 

BDMGI 

BRA~ ./r:============================== BSYNC ---J" 

Figure 22 • CVAX 78711 Q22-bus Mastership (Auxiliary Mode with No Reply 
and No Bus Synch and a DMA Grant In) Timing 

Figure 23 • CVAX 78711 Q22-bus Mastership (Auxiliary Mode with Bus Reply 
and Bus Synch and a DMA Grant In) Timing 
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BDMOO \ 

-------C'oMGOA1-..Jl'-----
BDMR -

Figure 24 • CVAX 78711 DMA Grant Out Asserted (Arbiter Mode) 1:iming 

Figure 25 • CVAX 78711 DJ\:IA Grant Out Deasserted (Arbiter Mode) Timhig 

\,._~-'DM-GOA-2 --J-',__~t 'OMGON2 

Figure 26 • CVAX 78711 DMA Grant In/Out Daisycbain (Auxiliary Mode) Timing 

Table 23 • CVAX 78 711 CVAX Bus to CQBIC Timing Parameters 

Symbol Definition Requirements (ns) 
Min. Max. 

toDALHZ DAL high-impedance delay 0 20 

tDERRA SYSERR assertion delay 0 .35 

tDERRN SYSERR deassertion delay 0 10 

toHZ DAL high-impedance delay 0 40 

toMEA MEMERR assertion delay -0 45 

to MEN MEMERR deassertion delay 0 115 

toNQBA NCQBICR assertion delay 0 40 

tDNQ!IN NCQBICR deassertion delay 0 60 

tDRDAT Read data valid delay time 0 40 

toRIJYA SYSRDY assertion delay 0 35 

tpRDYN SYSRDY deassertion delay 0 10 

tDWDAT Write data valid delay time 0 20 

tHAIJR Address hold time 11 
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Symbol Definition Requirements (ns) 
Min. Max. 

tllBM BM hold time 5.0 

tHcs CS hold time 11 

tHIAKl IAKI hold time 0 

tflRDAT Read data hold time 5.0 

tnwDAT Write data hold time 11 

tHWR WR hold time 5.0 

tJAS AS deassertion to assertion 45 

tms DS deassertion to assertion 100 

tSADR Address setup time 22 

ts AS AS setup time 26 

tSBM BM setup time 2.0 

tscs CS setup time 22 

tsos DS setup time 20 

tSIAKI IAKI setup time 17 

tswR WR setup time 22 

(ADDRESS LATCHED BY CQB!C]. 

toADAT 

Figure 27 • CVAX 78711 CPU to CQBIC Read Cycle (System Ready) Timing 
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..... Prelitninary CVAX787ll 

Figure 28 • CVAX 78711 CPU to CQBIC Read Cycle (System Error) Timing 

CDAL<3i·OO"> t,_.f.A::'.DD~R:!'.E~:.:·s:_j!l._~------~t,_---i \ADDRESSLATCHEOGYCUBIC) \ ~ 8.' 
I. 1HADR~ ~ I I )-------------1\ 1------j .'HADAT~------

..... I 'SA'.JR 1 'DDALHZ I t.- 'DROAT 'OHZ 

AS 

i----- 11os------~ 

1 rlDERAN 

\. ,, I 
~to.EMA 

/J 

~ r-- IORD'fN 

CLKOUT 

Figure 29 • CVAX 78711 CPU to CQBIC Read Cycle (Retry) Timing 
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f.ot--1HWDAT 

~ ----t----+----1r-----. 
SYSERA 

CLKOUT 

Figure 30 • CVAX 78711 CPU to CQBIC Wiite Cycle Timing 

COAL <31.00> WRITf DATA '}( 1-------------1 r--_-,..j---i.:t1-1wDAT 

~ i-- 'DERR A \ 'OERRN j ;l.o-
___ _,_ __ _,_ ___ _, f 1DRDYN ,_i-_-_________ _ 

SvSRtiY 'SAs--1 r- r-•sos1 I - L 4_ L•oR_i:_ ','1-, ---~! 
CLKOU"f ,;--~---\__/-----\__/ - --~ 

Figure 31 • CVAX 78711 CPU to CQBIC Write Cyc!.e (Retry) Timing 
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Figure 32 • CVAX 78711 CPU to CQBIC !AK Cycle Timing 

WR 

SYSEAii ~---------...: j f 

CLKOUT 

Figure 33 • CVAX 78711 CPU to Local Memory Read Lock Cycle (No Q22-Bus Mastership Retry) 
Timing 
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Figure 34 • CVAX 78711 CPU to Local Memory Read Lock Cycle (No Grant Timeout Error) Timing 

1--------------ll----~'~'IASJ~----

----Lros----<ol 

-------('DNOBA 
NCOBiI:R -

Figure 35 • CVAX 78711 Memory Error and Not CQJJIC Reference Timing 

Table 24 • CVAX 78711 System Ready, System Error, and DMA Grant Synchronizer 
Timing Parameters 

Symbol Definition Requirements (ns) 
Min. Max. 

ts\'NS Synchronizer setup time 20 

tsYNH Synchronizer hold time 0 

tsYNC Synchronizer delay time 0 .5tcyc + tsrns 1.5tcvc + tsvNs 
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C081CClK 

PHl2 

P>-!11 

l__ __ ROY 
L .. ERR 
LOMG 

Figure 36 • CVAX 7871.l CQBIC Clock to Internal Timitii,Synchronization 

'I!lf>le 21 • CVAX 78711 CVAX Bus l'im.irig Parameters 

Symbol Definition ,Requirements (ns) 
Min.:;. Max. 

AS assertion width 200''2 

AS assertion to DS assertion (read) 25 . 70 

AS assertionto DS assertion(write) 40 70 

AS assertion to NLMR assertion 100 

tASNW AS deassertion width 100 

AS; assertion to CCTL assertion , 40 

tAsNBwz BM< 3:0 > high-impedance delay 30 

tAsNNL~nN AS deassertion to NLMR deassettion' 

Address hold time 20 70 

Address setup time 30 

tccTLCYC CCTL cycle time 445 

CCTL assertion width 40 

toMGAS DMG assertion to AS assertion 60 250 

DMRassertion to DMG assertion 0 

DMR deassertion width 130 

toMRNGN DMR dea~sertion to DMG deassertion 0 300 

toMRNZ DMR deasserticm tooutput high-impedance 100' 
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Symbol Definition 

tosAw DS assertion width 

tosow Data setup time (write) 

tosNw DS deassertion width (read and write) 

tossERR DS assertion to SYSERR assertion 

tossRDY DS assertion to SYSRDY assertion 

tosNASN DS deassertion to AS deassertion 

tosNDH Data hold time (read) 

tosNDMRN DS deassertion to DMR deassertion 

tosNDN Data hold time (write) 

tosNSERRN DS deassertion to SYSERR deassertion 

tosNSRDYN DS deassertion to SYSRDY deassertion 

tNLMRDSN NIMR assertion to DS deassertion 

tsERRD SYSERR assertion to data delay 

tsERRDSN SYSERR assertion to DS deassertion 

tsERRSRDY SYSERR assertion to SYSRDY assertion 

tsRDYD SYSRDY assertion to data delay 

tsRDYDSN SYSRDY assertion to DS deassertion 

1Valid for all CVAX bus signals driven by CQBIC duringDMA. 
'500+4 (BS to SYSERR): octaword write to LM 

CVAX7siu 

Requirements (ns) 
Min. Max. 

200 

5.0 

40 

200 (0)' 

200 (0) 3 

30 130 

0 

0 

0 

Q4 

BO 170 

5.0 

100 

10 45 

5.0 

0 

'200 nanoseconds is required to satisfy the minimum CCTL cycle time (tccncvc). The CQBIC 
operates properly with 0 nanoseconds minimum cycle time except that the CCTL cycle time is riot 
satisfied. 

4SYSERR and SYSERR must be deasserted a minimum of 100 nanoseconds for synchronization. 

COBICCLK ~ I I P1 I P2 I P1 I P2 I I I I Pl I p' I Pl I P2 I 

- r--1~~ 
Pl I P2 I I I I P2 I Pi I I '1 I P2 I Pl I P2 I P1 I P2 I Pl I 

= ~'""""!"- )\-. --------< 
, j ~ . . ( t I ~ 

2-96 

--lDMRG~ ltDMANGN 

~-1DMGAS___, 

~-------,__-~ -tDMRN'Z 

05----11--------11-------'---~~-1~~. 

Figure 3 7 • CVAX 7 8 711 Bus Arbitration Timing 
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CQE!ICCLK l P2 ! p·, I P2 I P_I I P2 ! p; P2 P1 P2 1, I I Pl I P2 I Pl I P2 I Pl I " I Pl P2 Pl P2 I Pl P2 Pl 

I - -tASAW·------------i,', ------------
AS __/ '----------\ !-------------" 
- f.o-- 1ASNW~• 

IAS DSR 1DSN ASN 
---··---IDSAW------.. 

IOSN DH 

CDAL<31:00> 

STATUS 

r lASNB\NZ 

~----~-------..-------it==========:====:===============)---------~ 
Mi 
----~ I tsR.OYt.SERR1 DSN 

I 1sRDYiSEAR! o ~ 
~1DS SRDY(SfRRI----

~SRDY -------------------<,__ ___ ,, 
SYSERR 

NOTE: QUADWORD READ TIMfNG CAN BE DERIVED FROM THE TIMING ABOVE BY USING 
105 NA AS NEGA.TION TIME OF L1S. 

Figure 38 • CVAX 78711 CQBIC to Local Memory Read Timing 

COBIC r;,_K I P2 J ?1 I Pi I p I l 1'2 P1 I r1 l n t r1 I ., I r1 I 

·;cs t=-'ASN'N=it ------1ASAW---------,------o'i 
!1~----- ~ 

- tASOlY-.+i tASN BWZ _.,( ~ 

,_ __ 1c_cr_11_'_1+-=~!;I :::::::,-__ 'c_.c-\n~c--------o~--,o-s~,-w-.--tccn.c~\~ .... · ·~~J t-
DS 1 ·002. OS3 

I 
'DSDW I 

CDAI <31 :00> 

1-~-A_:_:_:_:s_s~~~~~~"--1r~ ...... ~~--~-1cJ-~DA-1A-l~~DA~~-2~~~r~D-A-TAJ~~~~~~~ 
t--~~-~~-•M_o~~-~~~r~~~~~~-'<>--BM~'~~-•M_2~---~~·M_._,~~~~~~t----

WR~.~~~~-~~~-1---11--+~~~-l-~~~--~~~-~~ 
SYSR5'Y ~~~~~~~~~~~~~~~ 

~ 

Figure 39 • CVAX 78711 CQBIC ta Local Memory W'rite Timing 
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'AW 
i 

v I 

1.\50 H 

I 

IOSN SFlDYN(SERRNf_..., !+- I 
- 'ASO 5 

CDAl < 31 :00> ADDRESS 

CS DP<2:0> READ LOCK 

i __,. r--- tASN 8WZ 

I 
WR ----J 

I 'SADY DSN 
l-1DSSRDY----oj 

I I 

lSERR SROY 

Figure 40 • CVAX 78711 CPU Retry Timing 

CQ61C CLK P2 I Pl ·1 f'2 I P1 P2 I Pl I P? I Pl I 1'2 I p· I P2 I Pl I P2 I Pl P2 Pl P2 I Pl 

- 1AS NW -----eoj 

!<------..[II ----------t>\s AW-------- y· 1 _____ _ 

-tDSNASN--

tos AW-·---·-.! 
oso Ji'""-----i--'------

CDAL<:.J1:00> 

STAiUS 

OMO 

1ASN Nl MAN 

Figure 41 • CVAX 78711 Not Local Memory Reference Timing 
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Table 26 • CVAX 78711 CQBIC to Q22-hus Timing Parameters 

Symbol Definition Req1Jirements (ris) 
Min. Max. 

toBS7A BBS 7 assertion delay 0 37 

toBS7N BBS7 deassertion delay 0 35 

tomNA BDIN assertion delay 0 42 

tooINN BDIN deassertion delay 0 4'5 

tonouN BDOUT deassertion delay 0 40 • 

tooOUTA BDOUT assertion delay 0 42 

tDIAKA BIAKO assertion delay 0 43 

tDIAKN BIAKO deassertion delay 0 43 

tDQDALA BDAL data assertion delay 0 60 

toQDLN BDAL data deassertion delay 0 55 

toSYNCA BSYNC assertion delay 37 

tosYNN BSYNC deassertion delay 35 

towrnN BWTBT deassertion delay 55 

tDWTBTA BWTBT assertion delay 0 52 

tHQDAL BDAL data hold time 0 

tHQRDAT BDAL read data hold time 10 

tHREP BREF hold time io 
tHRPT.Y BRPLY hold- time 1-0 

tsREF BREFsetup time 82 

tsRPLY BRPLY setup time 57 

tsQRDAT ID'5.AL read data setup time 82 
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CVAX7811f 

Figure 42 • CVAX 78711 CQBIC to Q22-bus Single Transfer Read Timing 

tQDINHZ REFER 
SINGLE 
rRANSFER 
READ CYCLE 

.r-~_·D-B5_7_A ____ _... _ _,.,__-+------1----1~'~"-' _ _,._n_M_E_c"-'~RT 

BWrB1 ------------11---+------1----11---t-1 __ ,..... __ _,,1----+----
1 L •sRPLY -.j 

~----+-----< i,-1------111-i __ 
tsAPLY lSRPLY 

Figure 43 • CVAX 78711 CQBIC to Q22-bus Block-mode Multiple Transfer Read Timing 
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BDAL <: 21 :00> 

-'-rl-~-'o_e_s_i• __ .,,__-i_.,1 r-toe~7A 
BsS7 'L x I 1---+------+----1 1---+---~ 

AEFER 
SINGLE 

BWfi"f ------------1,,.,.,--+------+----ll---+------------TAANSFER 
r-tsRPLY 

READ CYCLE 
TIME CHART 

Figure 44 • CVAX 78711 (;QBIC to Q22-bus Nonb/,:Jck~mode Multiple 7111,nsferRead Timing 

Figure 45 • CVAX78711 CQBIC to Q22-bus Single Transfer Write Timing 
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Preliminacy•' 

tsAPLV 

6RPLY--\ 1------------1 

Figi/re 46 • CVAX 78711 CQBIC to Q22-bus Block-mode Write Timing 

f;:J .. KQl)T 

'1 I 11 

\,__J'"---..J...,i.J.---'---\ ~ WR1TEJDATA(LOWWO!RP~ BDAL<:21 :00> 

Figure 4i· CVAX 78711 CQBIC to Q22-bus Nonhlock Mode Wi-ite Timing 
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Figure 48 • CVAX (~W: CQBic to Q.22,-bu~IntcrrUPtkkrlowkJge Timing .· 

Tuble 27. CVAX 787:ll Q22·hus to CQBWffmung ~i$1 

Symbol Dt;fmition 
., ) ' 

Data setlilp time 25:: 

torNNRPLYN BDIN deassertion to BRPLY deassertib!l 50 130 

toINRPLY BDIN assertion to BRPLY assertion 30 130 

tmNRPr.Yo BDIN assertion to BRPLY assertion' A B 

tmNRPLYI ]3DIN asf;ertion.~o .BRPLY assertiqn' 30 160 

to1NRPI.Y2 EDIN assertion to BRPLY assertion} c D 

toouTNoN Data hold time 25 
toouTRPJ,Y .. BDOUT assertion to ,filµSIY ass~riion . /130 

toouTRPLYO BDOUT aSS(frtian t6.Bi.'tPIY asSertionJ ..... F 

t00u-raP1n BDOUT assertiontoBRPLY assertion' 505 160 

toourNRPL YN 30 130 
-

BRPLY assertion to valid data 0 60 

BRPLY deassertion to BDIN deassertitin 150 

tRPLYDINN BRPLY assertion to BDIN deassertion 200 

tRPLYNDN Data hold time 0 30 

tRPtYNoouT BRPLY deassertion to BDOUT assertion 150 

tRPLYNSYNc BRPLY deassertion to BSYNC assertion 300 

tRPLYnourn BRPLY assertion to BDOUT deassertion 150 

tsYNcmN BSYNC assertion to BDIN assertion 25 

tsYNCH Address hold time 25 
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Symbol Definition Requirements (ns) 
Min. Max. 

tsYNcs Address setup time 75 

tsvNcNw BSYNC deas.sertion width 100 

'BRPLY for the first BDIN 
A= internal propagation delay (20 ns +synch of ESYNC (30 ns) +CAM check (200 ns) + LM 
access+ 50 ns from first DS deassertion-tsYNcmN (max.) 
B=internal propagation delay (40 ns)+synch of ESYNC (80 ns)+CAM check (200ns)+EMAP 
access+ LM access+ 80 ns from first DS deassertion-tsYNcmN (25 ns min.) 

2ERPLY after the second EDIN 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 EDIN (80 ns) + LM access+ 180 ns from AS deassertion- two BDIN CQBIC starts to 
read LM when third EDIN is asserted, therefore-two EDIN 

•ERPLY for the first BDOUT 
E =internal propagation delay (20 ns) +synch of BSYNC (30 ns) +CAM check (200 ns) + LM 
access+ l50 ns from AS deassertion-tsYNcoouT (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- tsvNcnouT (25 ns min.) 

'BRPLY after the second BDOUT • 

COBIC CLK I P2 I Pl I P2 I Pl I P2 I P\ I P2 I Pl P2 I 

BDAL TDAlA }" ( \ 1 tAPLVN SYNC 

-''~---.----"'---,..-rJ.---11------~-- IRPLVN DN j 

\ RADA 

BBS7 DON-1"CARE \ ~ ....... ~---1---....... --..----1;------,-------111------"------

to1NN RPLYN 

Figure 49 • CVAX 78711 Q22-bus DATI to CQBIC Doorbell Register Timing 
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.... 
COBJC CLK I P2 I Pl I P2 l Pl I P2 I Pl l P2 I Pl I P2 I I I Pl .l P2 Pl I P2 I Pl P2 I Pl I 

1--~~~~~~~~~~~~~-1~ 

-'l'------H--~·.,.~~____,!-t----l·t==x== 

fcioli't'N R.PlYN 

Figure 50 • CVAX 78711 Q22-bus DATO and DATOB 'to CQBIC Doorbell Register Timing 

CQBIC CLK I P2 I P1 I P2 I Pl I P2 j Pl I P2 J Pl P2 j Pl I P2 l Pl j e,; I 11 I P2 J Pl j P2 I Pl I I~ l Pl I P2 I 

Figure 51 • Q22-bus DATIO, DATIOB to CQBIC Doorbell Register or Local Memory Timing 
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Preliminary· 

coaic l:t~ I r2 I •1 •2 I r1 " I r1 I r2 Pl I r2 I I 

BOAL r--'D-AT_A _ _,/ 

- 'RPLYN DN 

NOTE: TIMING l"OR THE TERMINATION OF TRAf';SACTION IS THE SAME AS FOR DBR DATI 

Figure 52 • .CVAX 78711 Q22-bus DAT! and DATBI to CQBIC Local Memory Timing 

COBIC CLK j P2 I Pl I P2 I P1 I P2 I P1 P1 I P1 I •, •, P1 I P2 P1 I 11 I P1 J P2 I I '• I P2 I P1 I '1 I P1 
P2 

-ISYNCS-~--------11--------i 1------1 l------ll---------L- tsvNc H 

--''JL----R-AD_R ___ ~CJL-----11---R-O_AT_A __ ____, ~ P< RDATA \ t-----
1 

11------h---------1-------1 >--------1 ,___ __ _ 

OONTCARf \*. 
1-----,-oo_N_·r_r .. _._, __ _,1-----11-~ -,_,-$-ER_T_IO-N---.YT-,----1~ -- tx OON"TCARE ~ r-----

BQOij'f ------------sDOOUT 1~N ON 

.. tRPLYOOUTN J; :L 
toouT RPLYQ ~ - - .IDOUTN RPl.~N toouT RPI.YI 

IRPLYN OOUl 1ilUllV ______________ ..... >---~1 

1iREF 

NOTE: TIMING FOR THE TERMINATION OF TAANSACTK)N IS rnE SAME AS FOR OBA !DATO 

Figure 5) • CVAX 78711 Q22-bus DATO, DATBO and DATOB to CQBTC Local Memory Timing 
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· Fe3tuies 
• Supports VAXBI bus features of low interface cost, less than 800-nanosecond data access· time, 

and high data integrity 

• High-level integration reduces module area required 

• Extensive error detection 

• Complete VAXBI bus arbitration, address decoding, and matching Migk ·to. reduce hardware and 
foftware protocol 

• Single 5-vohsupply 

• Description 

The DC514 CMOS VAXBI Bus Interface Chip (CBIC} is a 133-pin integrated circuit that combines 
the functionality of the VAXBI 7874 .lBCAI and VAXBI 78132BIIC without the BCI bus lines. The 
CBIC is the interface between. Digital's VAXBI bus and :,l user~developed .interface of a node. It 
functions as a buffedile, performs bus transactiOrls, and decodes a.n& matches addresses. Figure 1 
is a functional block diagram of the c:rnc'. 

VAXSl INTERFACE 

Figure .1 • DC514 VAXBI Bus Interface Chip Block Diagram 
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VAXBlDC5t4 

The C]3IC operates with the VAXBI bus, which is a 32-bit, general purpose synchronous bus that 
can be used with s.ingle a processot or multi processor systems based on the VAXprocessors or other 
32-bit processors or compatible devices. The VAXBI bus has a maximum length of L5 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 ui:1derstanding of . the VAXBI bus and its 
operation. Refer to the VAXBl System Reference Manual (document number EK-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 L The 
signals that communicate with the user interface through the integrated circuit interconnect bus 
are prefixed with IL Signals that communicate with the VAXBI bus are prefixed with BL 

13 12 10 

p BIACTO llP1 ilP3 JID01 !1002 llD05 11006 11D17 11018 11021 llD23 11010 llD11 VSS 

N llRl/llE;N i1ACCO Ii PO 11p;~ liDDO 11004 1100:; 11016 11019 11022 11009 11013 11014 11026 N 

M llCLKB TICS llAHO s·10EN l!IAH'I 11003 GND GND llD.20 llDOl:l llD12 11015 llD24- 11027 M 

'tBM2 llCLKA GND VDO 11028 11030 L 

llBMO 1t8M3 GND DRVPWR llD.?:9 l!AH6 

llOCLO llSEL llBMl liD25 11031 llAH4 J 

iiSTc.5P BIOCLO TIRM llAH5 llAH3 llAH2 

G ~ tlESTAT 118STAT Gl\ll} BID29 51031 G 

iTROf llEV4 li£V2 GND BTuTa 61030 F 

llRQO iiEV1 lfDMAEN B·'.024 81026 81027 E 

llfV3 BiPHASE VDD KEY BiP19 01022 BID25 
PIN 

llEVO 81NOARB vs.s BiCNTo (,NO Bii3 GND GND BID09 BiITTS GND GREF 1:11020 Bi5i'j c 

BmME Bl BROKE BiCNFi BliO- BITT. Bi501 ·sl004 BIDOb B!Dci8 BtDTi 8i6T3 BiDi5 61018 BiOfi 

A Bl8U5Y BICNf-2 Btii ~iP EliDoO 81002 01003 81006 61007 61012 B1Dl4 SID17 VREF 

13 12 " 10 

Figure 2 • DC514 Pin Assignments 
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'.Gtble 1· • DC.514 P-m and Signal Summary 

Pin 

J2,Ll,K2,L2, IID<31:00> 
Ml,NlJJ,M,2,. 
P4,N5,f'5,M6, 
N6,P6,P7,N7,. 
M3,N2,N3,M4, 
P2,P3,N4;M5, 
N8,P8,P9,N9, 
M9,Pl0,PH, 
NlO. 

P12,Nll,P13, IIP<3:0> 
N12 

Kl,H3Jl,H2, 
Hl,M10,M12 

. K13,Ll4Jlf .. 
K14 

L13 

M14 

M13 

Mll 

N14 

E12 

G14 

IIAH<6:0>, 

UBM<3:0> 

IICLKA 

IICLKB 

uts 

II DEN 

IIRWEN 

IIDMAEN 

UINCENA 

Input/Qiitput Definition/Function 

Input/Output1 II Data Bus-Transfers data to or from the proc
essor bus interface. 

Input/Output1 II Parity-Indicates parity the four bytes on the 
IID< 31:00>·· lines. 

Input' 

.Input' 

Input1 

lnput.f · 

Input' 

Input1 • 

lnput1 

Input' 

II Address-Controls the selection of the CBIC 
data buffer fije (DBF) reais~s; 

II Byte Mask-Specifies whlch IID < 31:00 > 
and UP< 3 :-0 > lines contllin valid data during a 
transfet r ... . 

lIClock A-0 to 10 MHz ex:ternaLclock. 

II Clock :SS.b to 40 MHz external clock. 

II Chip Sel~t-1.nitiate~ .dit.tP. ·transfers · 1:0 ·or 
from th~ DBi:'; 

· II Data Enable-Enables the transfer of data on 
lines lil'Y<.~1:00> . an? parity on lines 

. IIP < 3 :0 >. during II bus rea!foperations of the 
DBF. 

II Ikad/'Xf r.ite Enable. ···.·· hlitia.~s an-U bus n;ad pr 
wHte acces5 operaticin to the DBF. · · · · · 
II DMA/Map Enable-If asserted when aVAXBI 
bus request is pending, the CBIC executes ~ 
octaword transaction accessing the master·p<;irt 
DMA register. If deasserted when.the VAXBI bus 
request is pending, the CBIC executes alongword 
transaction accessing the master-par~ rnap·,regis-

·ters. 

II I~~rem~~t Enable._: When asserted during a 
VAXBI bus DMA increment et;table transaction, it 
all0ws a pipelined increment of the address in the 
master-port DMA or. map address. register. 
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Pin 

F14,E14 

H12 

Gl3 

G12 

}13 

Hl4 

F13,D14,F12, 
E13,C14 

N13 

fl4 

BU. 

G l,Fl,G2,F2, 
El,E2,Dl,E3, 
Cl;D2,B1,C2; 

. D3,B2,A2,C5, 
BJ,A3,B4,A4, 

.. B5,A5,C6,B6, 
• A6,A7,B7;B8, 
A8,A9;B9,A10 

C9,Bl0,Al2, 
Ell 

All 

C13 

Signal . . mput/Qutput. . Deftriition/FURCtion 

IIRQ<l:O'> 'Input•·; IlR.etjUest<: I!O > -RequestiS ~ VAXBI bus tritns

IIESTAT 

IIBSTAT 

IISEL 

II STOP 

IIEV<4:0> 

IIACLO 

IIDCLO 

llBROKE 

Ot1tput' 

Output' 

Output1 

Output' 

Output' 

Output' 

Outpµt' 

Output' 

Input' 

action. 

I I Request Acknowledge-Indicates that a 
requested VAXBI bus master-port transaction h\ls 
been initiated. 

II Event Status-Asserted when the ESR 
receives the first unmasked event code to be 
generated since the register was previdusly read. 

II Bus Status.....,,. Asserted when a. bit in the VAXBI 
bus error register is set.· 

I1 Event-Indicate that a significant event in the 
CBIC or on the VAXBI bus has.occurred. 

II ac Low-.Asserted when the line voltage is 
below a specified minimuml~vd. 

II de Low-Indicates an imp~nding loss of' de 
power. Also used for initialization during 
powerup. · 

II Broke-Used during self-test to indicate a 
node has failed and when to light the LED status 
indicators of the node. 

BID<31:00> fopµt/Outj:?ut' BI Data<31:00>-Transfers data and address 
information to and from the VAXBI bus and 

BII<3:0 

BW. 

BINOARB 

performs arbitration. 

Input/Output' BI Information-Transfers commands, master 
. identification, read statu~, and write masks.· 

Input/Output' BI Parity-Indicates parity for the 
BID<31:00> and BII<3:0> lines. 

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. 

Fol: Internal USe Only 



'-
Pin Signal Input/Output Definition/Function : 

A14 BlBUSY Input/Output' BI Busy-Indicates a transactionis inprog~ss.; 

A13,Bl2,Cll BICNF<2:0> Input/Output' BI Confirmation-Indicates a re~pol)Se to ~~m-
mand and da.ta FYdes. · . 

P14 BIA CLO 

HU B!DCLQ. 

B14' 

DU 

C3 GREF 

D12,L3 Von 

P1,Cl2 Vss 

K3 DRVPWR 

C4,C7,C8,C10, GND 
F3,G3,Kl2, 
Ll2,M7,M8 

.'TTL compatible 
20pendrairi 
3Standard TTL levels 

Input' 

lnpµt' 

Input · 

Input .. ·•, 

Input 

·input 

Input 

BI ac Low-Ii'Mlcates that the ac li~'~Itage df a 
critical bi;is component i~ below a safe lirriit .. 

; . . _ 1 ,,. j ( ; .. •o,.,' . _ J, /'' • ,' ·,, .;, '·:· I ~ _:· '· ' ~ :;«·,:-· ·,· _?<, :f., 

·BldcLow...,.,.I~testhat·tliedcvoltagesairenot 
·within their specifie~Uimits:,u. , 

J3ITiillinif ~p MHi'$q~are w~~e~~ifated by a 
sepa:r~te dif£e):ektiaI.Ei;~ rec~ve;r ~t 'each nooe. 
tised with}fie '13ffS{rA~):'. sigha1 'W gfne~te 
vAXJ'3rbus·ti.ming. ·· ··· · . ··. ··· . ·· 

._, ; ' ' - ' ... "' - '· .... _ - c ' ' ' " . -~ ,\.; '- -, ·--\•--~ .. :" ',, --- ,, ·' 

~I Pkis~5 .Mfl~ ,titajng ;squat~ W!'l\Te geoeUlted 
qy as~~te dif~e.~n@Eq,.~~tjyer a,tJ;:ach 
nooe~ 

VOitage Reference~Rf'fefence ge11er11tor resist6r 
· t6V,~. 

· · · · G~und Ref~ren~e'...:.. ~ferencegenerator resistor 
~ gro1,ilP.QJGr-JD}; ..... 

. - '" ~ ,, ' ' <•>'-' 

Ground-Common ground,; 

Driver Grot@d-'--"VAXBI bqs'driver gro<;md. 

Il Uus ~terfac~ Sigrtals 
n Data (fill< Jl:OO >) II Data-Thre~~.~tate Ci.ua lines. u~~ 'ib transfer data b~w~n the .. lf b~s 
master and the CBICdata buffedile(DBFfre'gisters·> · ·· ' ' .... · · ·. .· .. . ·· ' '• · 

II Parity (rnJ<}:O:> >._When' data is tfa~fcirre(l heh.Veen j the Ithµ~ h1aste'r'ahd th~ ofil1, one 
parity bit fpr dch byte ot data on UD<31:00'.>',is tfansfer~~fo~ th,e ~P<io> line's .. Th~' data 
qytes and their assoda~ p11tity.bits a~ show.n .iri Table. 2. rk a~~ tea:d tblnsaction,. the CBIC 
generates and transf~rs parity. D~ring a ;data 'writ~ operation, the II.bus n'l.aster generates and 
·transfers the parity: These are three-sfu.te lines. · · · · · 
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Data byte 

IID<31:24> 
IID<23:16> 
IID<15:08> 
IID<07.:00> 

table 2 • DC5l4 :U.Dat8 ~ity B~t&signmen1:s 

Parity bit 

IIP3 
IIP2 
IIPl 
IIPO 

II Address (IIAH < 6:0 >)-During II bus read or write accesses to the DBF,. the II bus master 
transfers a 7-bit address on 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 buff er registers can be accessed on any even or noneven longword boundary .. A 
noneven aligned access to the eighth register wraps to the first register in the dual-octaword space, 
providing a ~irci.ilar a:ddress space. When accessing any other DBF register, only the upper five 
address bits are significant. The lower two bits are assumed to be zeros. 

II 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 > Jand 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 IIBM < 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. 

Tuble 3 • DC514 Il Byte Mask Assignments 

IlBMLine* Valid data Valid parity 
3 2 1 0 

L L L L IID<31:00> IIP<3:0> 
H H H L IID<07:00> IIPO 
H H L H IID< 15:08> IIP1 
H L H H IID<23:16> IIP2 
L H H H IID<31:24> IIP3 

* L =low level, H =high level. All other binary input combinations that specify the valldity of two 
or three bytes on IID < 31:00 > are allowed. 

II Clock A (IlCLKA)-Input clock frequency that must be provided by the user. The CBIC is fully 
static, therefore the clock frequency requirement is from 0 to 10 MHz maximum. The. IICLi;>:A 
input generates the internalfour-phasedock of the CBIC, which controls theU bus iJ:?terfac~. this 
signiu is synchronous with the IICLKB input and with all II bus accesses to the CBIC, 

II Clock B (IICLKB)-An input clock frequency of four times the frequency of IICLKA that must 
be pr0yided by the user. This frequency is fmrn .0 to 40 MHz maximum. The IICLKB input 
generates the internalfour-phase dock of the CBIC that controls the II bus interface. This signal is 
synchronous with the IICLKA input and with all II bus accesses to the CBid. · 

n Chlp Select (IICS)-The II bus master asserts this. input to initiate the .II. bus read and write 
accesses to the DBF. In addition, the IICLKA input cycle of from t0 to t 100 immediately preceding the 
assertion of this input defines the address subcyde of an II bus access. The t100 of the address 
subcycle defines the deasserting edge of an address strobe signal and latches the address and byte 
mask information on lines IIAH < 6:0 > and !IBM< 3:0 > by the II bus master. 
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-·· Preliminary 

II Dafa Enable (IlDEN}-The Il bus master asserts this input during J1 bus read accesses to the 
DBF to enable theG8IC to transfer data and parity to lines IID < 31:00> and IIP< 3:0 >.During 
II bus write accesses to the DBF, the input IICLKA cycle of from 4 to tu., immediately preceding the 
assertion of the !IDEN input, defines the data subcyde of an II bus access. The t,ou of that data 
subcycle defines the deasserting edge of a data strobe, latching data and ·parity values plai;:ed on 
lines IID< 31:00> and IIP< 3:0> by the II bus master. · 

' . ' . ' . 
II Read/Write Enable (IIRWEN)-During t 100 of an addresssubcyde, the H bus master asserts this 
input to initiate an Ubus read acce$s to the DBF and deasserl:s it for i!,tirI bus wt1te acc;ess. 

IT DMA/Map Port Enable (IIDMAEN)-If asserted during aVAXBI bustransactionreq1.1est to the 
II bus master, the GBIC executes an octaworc1'VAXB1 bus transactinntd aecess the master-port DMA 
registers for the data, address, and command 1nformation>ff thiSo sigµ,'.al.js ,deas~erted dl,lring a 
VAXBI bus transaction request to the II bus master, the CBIC executes a longword VAXBl bus 
transaction accessing the master-port map ~gisters data, address, andcomm,and information. 

IT Increnient Ena.hie (IDNCENA)-When. ::t~serted ~ptin~. ~e reg\l~t ap.q t:X~cution of a DMA 
VAXBI bus transaction, this input enables a pipelined increment of the address in the master-port 
DMA address register to occur. The nextoctaword transaction loberetjuested arid exeeutedby the 
CBIC accesses the qext sequential octaword inVAXBl bus.~el,11ory. Thi~ op¢r:at;ion eliminates the 
need for the II bus master to update the .miistet·port DMA·119~ss i;e.gistet for e.a~h.o~word 
transactionof a block move operation. When• asserted duriqg a map VPt.(C8I bustransaction, this 
signal performs a similar function with' the master-port map addttss register. The address 0£ the 
next master-port map transaction is incremented by a longwo.rd instead of resulting in an octaword 
increment. 

II Request (IlRQ <'1:0 >)-These inputs are asserted by 'the I1 bus 1'.1a~ter t<Jrequest ll VAXBfbus 
transaction that executes a CBIC transaction. When the :tIRQlinfJUt is asserted, a locipback 
tmnsaction is requested, This is used on],y when accessinga GBi<;:n<?<leorµs,er CSRspace through 
the longword master-port map read or write VAXBI bus tr51P.sactions. · Ar;.serting the UR.Qt .and 
IIRQO inputs selects the CBIC diagnostic mode. 

II Request Ackoo\vJedge (IlRAK)-The CBIC as~erts .~his hutPut to indicate .that a requested 
VAXBI bus master-port transaction has been initiated.' Tffis output· i,s deasserted when the 
transaction has been completed. Transaction requests for the next VAX!!lhus tl'ansactio:O ean be 
initiated before the deassertionof the acknowiedgment of theblrrent VAXBI.bustransaction; This 
output is synchronous with the VAXBI bus clocks. 

n Event Status (IlESTAT)-This output is asserted when the event status register has ca~tured tl/.e 
first unmasked event code since the previous reading of the register and deasserted when the event 
status register is read. The CBIC synchronizes the a$sertionanddeassertionof thi~b"titputwith the 
IICLKAand IICLKB dock signals. . 

II Bus Status (IIBSTAT)-This input is asserted when a~. errpr is detet;t~cJ du~ing. aioopback or 
VAXBI bus transaction causing a bit tobe set in th.~ V~XBI Bus Error Re¢ste~JBE}l).It is 
deasserted when the BER is cleared. The BER can be cleated by the II bus master ot by ::iriother 
node on the VAXBI bus. The II bus master dears the .BSR byperforrnl'Il:g ari\.astel:':port map 
loopback longword transaction. The assertion and deassertfon of this input; is synchror'ii~d wi.th 
the IICLKA ·and IICLKB dock inputs. The BER is des~ribed in the · VAXBI System Re/efem:e 
Manual. 

II SeJect (ITSEL)~ The CBIC as setts this output when a VAXBI bus transa-ction selects the slave
port interface on the II bus. The BCI Control and Status Register (BCICSR) in the CB!C allows the 
user interface to create a customized subset of VAXBI bus transactions that select the slave port in 
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Prelimiruity 

thknode. As an example, nodes :that are not to respond to multicast space read· or write"type 
commands can dear the MSEN bit 15 in BCICSR. Refer to the VAXBI System Reference Manual for a 
description of the BCICSR. Therefore, the IISEL is asserted upon the receipt of a CBIC transaction 
that addresses multicastspace. It is asserted for the following conditions: 

• 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 VAX BI System Reference Manual. 

• A read-.or write-type .comrnand has been received whose address is in the range of multicast space 
and the MSEN bit 15 in the BCICSR is set.. . 

• An IDENT command has been received and the IDENTEN bit 11 in the BCICSR is set. 

• A BDCST command directed to this node has been received 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 
is set. Inthis case, the IISTOP output is also asserted simultaneously with theHSEL output. 

• A Reserved command is received and the RE SEN bit 12 in the BCICSR is set. 

• ArHPINTR command directed at this node and matching the IPINTR Mask register has been 
received and the IPINTREN bit 05 in the BCICSR is set. 

• An INTR command directed ai: this .node has been received and the INTREN bit 06 in the 
BCICSR is set. 

• An INVAL 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 BCICSIUs set. 

• A read- or write-type command 'matches the user interface CSR space of this node and the 
UCSREN bit 08 in the BCICSR is set. 

If the SCSYNC bit 26 of the CBIC CSR is not set, the IISELoutput is synchrom;mslyasserted bytl;te 
.CBIC with respect to the IICLKA and IICLKB clock inputs and remains asserted for one or more 
succ~edii;g I.ICLKA cycles .. 

If the SC SYNC bit 26 is set, the IISEL output is synchronously asserted with respect to the VAXBI 
bus and remains asserted for one VAXBI bus cycle. The user must synchronize to the node's dock. 
This mode can be used when .the system dock is significan.tly slower than theVAXBI bus BIPHASE 
dock. 

U Stop (lISTOP),-This output is asserted when a Stop command has been received and the 
STOPEN bit 13 is set in the BCICSR. The IISTOP output is asserted for one or more succeeding 
IICLKA cycles or one VAXBI bus cycle depending on the state of the SCSYNC bit 26 in the C.BIC 
CSR. ffiscoincident with the IISEL output. · 

IIE;;vent (IIEV<4:0>)-These outputs indicate significant events have occurred in the CBIC or 
on the VAXm bus. T!-te event codes are described in the VAXBI System Reference Manual. The octal 
cc;xfe on th~HEV <4:0> lines ~orrespond 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.) ' 

IfJhe EVSYNC bit 2.7 qf the CBIC CSR i9 not set,. the information on lines IIEV.<4:0>. js 
synchronized with the IICLKA and I~CL.KB inputs by the CBIC .. The informatioq rem"ins for one 
or more succ~ding IIC:LKA 9'.'cles. If th,e EVSYNC bit .is set~ the event information is generati;:Q 
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-/ 
synchi;onously with the VAXBI bus information and ri:rinai.ns for cine VAXBI bus cycle; The user 
must provide synchtonization ohhe node clock. This mode can be used for nodes when the system 
cloi;k is slower, than the VAXBI bus BlPHASE clock input. 

TI ac Low (TIACLO)-This output is asserted when the line voltage is below the minimum level 
specified, It performsthe same functionas die BCIACLO signalof the1BIIC whiehisd.enneditl the 
VAXBI System Reference Manual. 

~ de l.iow (IJD<;:LO )-This output is asserted to U:idkate that a de powel! kiss IW'iJJ occur. It is useli 
for initialization during the powerup sequence. It performs the same function as the BClDCLO 
signal of the BIIC which is defined in the VA)(})! System l<J!ft!~rzc"..¥a1:1U4I. 

VAXBI Bus Interface Signals •· . . . . . . . .· .. . . . . .. . . . . . .. .. • . • . . .. ·. , 
The following' signals connect to the VAXBfbus. Most signals can be connected directly and the 
VAXBI bus provides a pullup resistodor each signal. The, sigqals that require an.qper·clrain cfrcuit 
betWeen the signal and VAXBI bus are indiei1ted:'Refer to'tne1VAXB1' System ~n& Mafitil:tlfor a 
more completetlescription of these signals, · · · · 

BI ·nata ·(BID< Ji:Ofi :> )l. These bidrrectibnal ·lines are the>pclnkry informitiori path··~£ the 
VAXBI bus. All address and data transfers and arbitration s~ences oeeur o'n tb~~e Jines: . 
Bl In£9rthatio~ (Blf <3:0 >)-•. .'r~ hidlreetional. Iin!!~ ttan~fef co~mandk,i en~Q<lSd. n:i~ster 
identification, read status cOdes,. an~ \Vritt; masks. Comm~ c~ be ~ctea to': on~ or inore 
nodes dependlng on the type of command. The coromand c:odes arid types ~ 'liStea in Thble 4, 

:·.! . - ' '·. ": ,. : \ ; .- ; ::· ,': '. '· , - ~ 4 ·, '", ~ _, .• -' ,' ' j : '.' -· ; 

1able4 •00514conlmand Gode.t\SSinirrena;· 

Bil Line Type* Command/Description 
3 2 1 0 

H H H H Reserved 
H H H L SR Read 
H H L H SR RCI/Re~d with c~ch'e iht;etit 
H H L L SR IRCI/Interlock tead witb ckche intent 
H L H H SR Write 
H L H L SR WCl/Wi!te~iili'~neintenr 
H L L H SR DWMCI/Unlock\vdte mask with caChc intent 
H L L L SR WMCI/Write mask with cache intent 
L H H H MR INTR/lnterrupt 
L H H L SR ID ENT/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 internipt 

*SR is a single responder and MR is more than one responder. 

BJ Parity (BIP)-A bidirectional signal that indicates the parity of the BID<31:00> and 
Bil< 3:0.> information. It is asserted to generate odd parity if the sum of asserted bits in these two 
fields is an even number. 
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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 transactions until aI1 
n,odes arexeady to participate. 

BI Busy (BIBUSY)-A bidirectional signa!that is asserted to indicate that a transaction is in 
progress. 

BI Confirmation (BI CNF< 2:0 >)-These bidirectional lines contain the response to command 
and data cycles. 

BI ac Low (BIACLO)-This inpudndicates that the ac line voltage df a critical bus component is 
below a specified minimum level. 

BI de Low: (BIDCLO)-Thi~ input indicates that the de voltages are not within their specified 
limits. .. . · ' . . . , · .. 

BI Broke (BIBROKE)-This input drives the B1BAD line of the VAXBI bus to inform the systems 
on the VAXBI bus that a self-test failure of a node has occurred. !tis also used to determine when 
the statl!S LED indicators of a node will be lighted. An open-drain buffer circuit is required when 
connectin~ this signal to the VAXBI bus. . . 

BI Timing (BITIME)-This inpqt is a 20-MHz square-wave signal that is generatedby an ~ternal 
differential ECL receiver at e~ch node. This input and the BIPHASE input are used by the.CBIC to 
g~nerate all the reqwred VAXBI bus synchronous timing signals. An open-drain bµ.ffer circuit is 
required when eonnecting 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 sig;J?,als. An open-drain buffer.drcuit is required to connect this signal to 
the VAXBI bus. 

• Standm-d 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. 

Table 5 • DC514 Sta.Qdaro VAXBI Node Registers 

Register 

Device 
VAXBI Control and Status 
Bus Error 
Error Interrupt Control 
Interrupt Destination 
Interprocessor Interrupt Mask 
Force-bit IPINTR/STOP Destination 
Interprocessor Interrupt Source 
Starting Address , 
Ending Address 
BCI Con,ttol and .Smtus 
Write Status 
Force-bit IPINTR/STOP command 
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Mnemonic 

DTYPE 
VAXBICSR 
BER 
EINTRCSR 
INTRDES 
IPINTRMSK 
FIPSDES 
IPINTRSIC 
SADR 
EADR 
BCICSR 
WSTAT 
FIPSDES 

Address" 

bb+O 
bb+4 
bb+8 
bb+C 
bb+lO 
bb+14 
bb+18 
bb+lC 
bb+20 
bb+24 
bb+.28 
bb+2C · 
bb+30 



.. - VAXBIOC514 

Register Mnemonic Address* 

Usednterfacdnterrupt Control UINTRCSR bb+40 
Bus Error Mask BEMR bb + 48 
General Purpoi;e 0 GPRO bb+FO 
General Purpose 1 GPRl bb+F4 
GeneralPurpose 2 .GPR2 bb+F8 
Geneial Purpose 3 GPR3 bb + FC 

*bb is the base ~ddress of the first location of the nod~spilce. tile Billi Error.Mask Register (BEMR) 
is implemetlte~ ii1 the CBIC: but not definedinthe VAXBISystem Refere.nce Manual. · 

Bus Error Register--The User Parity Enable (UP.f:N} bi~ OYof the CBIC ~gister is not writable 
and read as a zero. 
Bus Error Register-The User Parity'Enable(UPEN) bit OJ of the CBIC register is Mt writable 
and read as a zero. ' . . 
Bus Error Mask Register-Contains a bit-for-bit correspottdeoce with the Bus Error Register 
(BER). Setting a bit in this register inhlhits ~he asseftiol), (;}fthe IIBSTAT output when the 
corresponding hit in the BER is set there\'JY disaQ!ipg i:he irttett'Upt,request. 
VAXBI Cont:tW and Status Register~ The Br?ke bit 12 qet~l'rrilpes the state of the BIBROKE 
output of the (;BIC. It is a read/write (R/W)bit. · . 

User Interface Interrupt ControlRegis~-The External Vector (EXVECTOR)bit 1.5 of the CBIC 
register is noi: writable and is read as zero. Internal vecmrs are provided in respon~ to IDENT 
transactions only. 

BCI Control and Status Register-The. BllCCSR Space Eruiole (BICSREN)..bit 07 of the CBIC 
register is not writable and is read as a zero. Accesses to the BllC CSR space are processed internally 
to theCBIC. 

·Data Buffer File R~~s 
The Data .Buffer File (DBF) ccintains' additiOnal registers'to the statidard VAXBr ~gisters. These 
are the master•port registers, slave'-port registers, control atid ·status· registers, and valid-bit:dear
on-read register.·· The hexadeditnllhtd&ess assignm~ntsand read;t\\fri'te capabilities of each register 
are shown.· Refer to the' VAX.Bl Syi;tem ReferenceManuatfor registersteferred to but no.t described in 
this document. · · 

Master~port Registers 
Master-port 'registers are used for II bus•iriitiated transfers to the VAXBI bus. The'CBIC eontains 
high~speed DMA master ports optimizedfor block data rransfers and a map master pott. Both the 
DMA master ports and: the map rnasterport have a comtmilidfaddli<tsS tegistetWith autoilli:tement 
capaotlity and page-cross detection.Alooal.ptocessor can perform lengwordaecesses to the VAXBI 
bus in. the middle of a block DMA transaction without storing the state {)f the prevfous transaction. 

DMA Master-port registers-The DMA master port consists of a Port A octaword buffer and a Port 
B. octaword ·buffer, It· also contains an address register, command re~ster, ·a next-page-frame 
register, and eight valid-bit registers as shown in Figure 3. 
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llD<3l:OO> 

MASTER PORT A DMA DATA 0 
·' 

MASTER PORT A DMA DATA 1 

MASTER PORT A, OMA DATA 2 

MASTER PORT A, OMA DATA 2 

MASTER PORT B, DMA DATA 0 

MASTER PDRT B, OMA DATA 1 

MASTER ~TB, OMA DATA 2 ('• 

MASTE.RPORT 6. [)MA DATA 3 

MASTER PORT OMA ADDRESS REGISTER 

MASTER PORT OMA COMMAND REGISTER 

MASTER PORT NEXT PAGE FRAME REGISTER 

MASTER PORT VALID BIT REGISTER 

MASTER PORT VALID Bfi REGISTE:R 

MASTER PORT VALID BIT'REGISTER 

MASTER PORT VALID BIT REGISTER 
;, 

MASTER PORT VALID BIT REGISTER 

.· ' . .··· MASTER PORT VALID BIT REGISTER 

MASTER PORT VALID BIT REGISTER 

:_ !VlASUR ~ORT VALID BIT REGISTER 

Figure 3 • DC514 Master-port DAfA RegistC1'S 
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The Master-port DMA data registers store eight contiguous longv.rotdsinreadfwrirememory. The 
registers,are. designated M.as~r:port,A registers (Data 0-Data ))fiend Master•port E registers (Data 

. 0-:-Data 3t Thelongwords are organized into the octaword data buffers'. The CBICsupports all 
possible address alignments to these buffer~ by )Js,i:ngany four seqm:ntial bytes of the two p<:tawords 
refened to. as a transaction buffer. One transaction buffer may.be accessed by an II,qµs 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 unnatwally aligi;ted 
octftword transaction will extend into the first three bytes of the remaining octaV:'ord. 

The Master-port DMA Address register.contains t1'1e address for the command/address cycle of.a 
VAXBl. bus master-port transaction during a DMA operation. If the IIJNCENA input is :asserted 
during.the transaction request,. the lower 9-bits of the' address are incremented by· 16. For. the next 
mastercJX!rtDMAtransruztion, this1 register contains the address of the next sequential octaword in 
~7.A.XBI bus m~t;no,ry. When executing block DMA transfers, the i:ncte.nlent feature elill)inate~the 
P ... ~ed of tpe II bi:is mastert,o reload the DMA address befqr~ requesting the next VAXBI bus . . -
transaction. 

The Master-port DMA Command register contains the VAXBI bus command for the command/ 
address cycle of a VAXBI bus master-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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Figure 4 • DC514 Master-port lilMA Command Register Format 

During II bus write operations to this register, only .the bits asser!Jd on data lines IIP$}~:l6 > are 
written. The CBIC checks for correct parity only on these lines so that the valueron IIP2 is a 
calculation for the four command bits. The parity on the remaining IIP3 and IIP < 1:.6'2> lines are 
not significant; · 

During II bus read operations of this register, bits 31:20 and 15:00 are read as zeros; The CBIC 
generates correct parity.on lines IIP,<3:0> fol'4he entirelongwqrd. . . 

The Master-port Next Page-frame Register (NPFR) holds the map'for the next page. It is'preloaded 
by the II bus master with the highest a<li:ltess of the next physical page to be accessed duting a DMA 
block move operation •after the DMA ;address register has been incremented beyond a page 
boundary. When the O . .M.A address ¥giWr tea¢?es a page boii~dary, bi~s 31:09 of th.e NPFK al! 
transferred to the Master-port DMA.~ddress register bits 31:09. This feature can increa$e the data 
throughput during block DMA trans~qtions. Instead of halting wpjle waiting for a new' i:iiap, VAXBI 
bus transactions can continue for u1~to a page while the II bus n:iaster fetches and lo~as the next 
map, via transactions through the master-port map. Bits 08:.QO.of this register are not transferred. 

During n bus write o~ratioris to tliis register, the· infbrri:iatiorl,on ·data lines IID><t'i-08 :00 !>:. is fiot 
written: The CBIC <iheth for 'Corrett patity o'n lines HD•< 31:09 > and the 'P.-arit}tisindicated on 
lines HP< J:l > The UPO line value is riot significant. . . . . 

Ditrirtg II bus read opetati6ns, bits 0$:00• 0£ this register ;rite .re~d i~ z~rbs: Th~ CBICgerierates 
correct parity forthe entire long\.V6rd on lines' IIP<3:0 >< · · · · · 
One master-port valid-bit register is ~ssigne~ .t~ each of tl1~ eight !ll'fSter-Port <lttaregistersJp the 
DBF. Figure 5 shows the master-pQrt valid~git register form~ts: Bits19 tfir'8tigh16'cont'aitithe valid-
bit information related to each byte of data: . ' . . . . 

31 19 16 00 

t:: :.:.+~0f :: :. : I:: :~L: :.: :.: : ~E~~t:.; :h::.:JR ··· 
~ 
· VALIO BITS · 

Figure 5 •DC514 Master-port Valia·bitRegisterformat 

Valid bits ate set when data is written into byte locations in the data register if the byte mask input 
IIBM < 3 :0 > th~t cortespands to the datatocationfodkates thatthe data is valid.Table 6 lists the 
byte locations and their correspondi,ng valid bits. 
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Table 6 • DC514 Master•port Valid•bit Register Assignments 

Master-port A Valid-bit Master-port B Valld·bit 
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 07:00 5C 16 14 07:00 6C 16 
15:08 17 15:08 17 
23:16 18 23:16 18 
23:16 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 

oc 07:00 64 16 lC 07:00 74 16 
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 qrde of a VAXBI bus 
UWMCI or WMCI write transaction. The valid bits are i;iccessible 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 register, a mask/status 
register, an address register, and a command register as shown in Figure 6. 

llAH<6:0> llD<31:00> 
31 00 

28 MASTER• PORT MAP DATA REGISTER A/W 

2C MASTER- POAT MAP MASK/STATUS REGISTER A/W 

30 MASTER· PORT MAP ADDRESS REGISTER A/W 

34 MASTER· POAT MAP COMMAND REGISTER A/W 

Figure 6 • DC514 Master-port Map Registers 
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The Master-port Map Data register stores a longword of data during read or wr~te ll}~stet7port rnap 
transactions. 

The Master-port Map Mask/Status register contains mask information during map write transac
tions and status information during map read transactions. Figure 7 shows the register format. 
During VAXBI bus UWMCI and WMCI transadions to the master port, bits 19:16 of thlstegister 
are preloaded by the II bus maste:r with the 4cbitmas.kassoci.ated with.the data ih 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 CBIG checks for correct parityondataIID<>19:16> and the 
mask bit parity is indicated on line HP2. T!ae parity onlinesllP< 3,1:0 > is not significant . 

.. 
T 

MASK/SiATOS BITS' 

Figure 7 • DC514 M:aster-portMap Mask/Status Register Fonnat 

Following a VAXBibus. map n;:aq t~usactioq to th.e ma~t~r po.~t, pits -;:;: 19:16~ co,qtain. th~ 4-bit 
re.ad sta~s cofie for. the.data Jn th¢.mas.c;r.-portl)1'14\. d;.ita ~~~r. OuripgJJP.us ~~? ()p~rati9n of 
this regis~er, 9,i~sJ1;2Q an,415:00 a~,re~das zeros: Thep;;1tity1.~f;>r~e eptirelongwordi:;»in4icate<;I 
by tpe Cl:HC on lines IIP.< 3:0 > . . 
The Master-port Map Address register ·ptQVides the caddresd'11' .the oommahdf;address;cycle of a 
VAXBI bus master•port transaction duringa1map port operation.. If the InNCENAiliput is a:s~ted · 
during the transaction ~uest,.bits08:00 of the adcires& are incremented by a count of4. For the 
next .master-port map transaction, 'this1~,giSter ,contain the ~~diies.sof tbe next sequentiaUongword 
in VAXlH bus·. memory.· This feature .eliminates .. the·needoLthe; IL bus .tM~mr to reload the· map 
address before requesting the next transaction. 

The Master-port Map Command registtt provides the VtU{!BI bus command foi the1 (:ommandf 
address cycle: ofa VAXBtbusmllSt¢r"port transaction.during.a map'Oll1Mltion:s1'be;reg~ster format 
is shown in Fi.gure 8. Bits 19:16 of. this register contain the coll).Jnand irifurmation. 

31 19 16 00 

34 1 : : : : f Ef 0f : : : : l : : : I : : : : : : f E~~ : : : : : : I R/W 

'MAP COMMAND 

Figure 8 • DC514 Master•port Map CommandRegisterformat 

During II bus write operations to this register~pnly the infotm;;ttiot1 on,pata lines IID < 19:16 > is 
written. The CBIC checks this information for correct parity and the parity of the four command 
bits is indicated on line IIP2. The parity on the IIP3 and UP< 1: 0 > lines are not significant. 

During II bus read operations of this register, bits 31:20 and 15:00 are read as zeros. The parity for 
the longword is generated by the CBIC and indicated on the IIP < 3 :0 > lines. 
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Prelimiriary 

Slave-port Registers · 
The Slave-port registers, shown in Figure 9, are used to respond to slave-port interface transactions. 

llAH<6:0> 110<31 :00> 

31 00 

40 SLAVE PORT DATA REGISTER R/W 

44 SLAVE PORT MASK.REGISTER R 

4C SLAVE PORT STATUS REGISTER R/W 

50 SLAVE PORT ADDRESS REGISTER R 

54 SLAVE PORT COMMAND REGISTER R 

Figure 9 • DC514 Slave-port Reg~:;ters 

The• Slave-port Data register stores one longword ·of data during read ·or write slave-port 
ttilnsactions. The VAXBI bus transaction in process are normallf extended. When this register is 
accessed frorri the II bus, the VAXBI bus transactions are terminated. Dufirig slave read 
transactions, the extension of the transaction provides time for the II bus master to read the slave
portcmnmand and.address registers, to access lotal memory for ·the required read data, and to write 
the data into the slave"port data registe1: During slave-port write transactions, extending the 
current transaction prevents the execution of subsequent slave transactions that would result in the 
overwriting of data in the slave-port !registers before beirig read· by the II bus master. This register· 
should be accessed by the II bus master as soon as possible to prevent an excessive extension of the 
VAXBI bus transactions. 

The Slavecrort Mask register, shown in Figure 10, contains the mask bits associated with the data 
in the Slave·port Data registet After receiving a UWMCI and WMCI VAXBI bus write transactions 
to the the slave port, bits 19:16 ofthis register .contain a 4-bit write mask code associated with the 
write data in the slave-port data register. During II bus read operations of this register, bits 31:20 
and 15:00 are read as zeros. The CBIC generates correct parity for the entire longword on lines 
IIP<3:0>. 

31 

2-122 

19 16 

'--y---J 

MASK BITS 

Fig~re 10 • DC514 Slave-port Mask Register format · 
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The Slave-port Status register contains the status information in the Slave-port data regi.Sterduring 
VAXBI bus slave port read transactions. The status information is prefoaded by the Hbus master in 
bits 19:16 as shown in Figure 11. During II bus write operations to this register, only the 
information on data lines IID < 19:16 > is written. The CBIC checks for eol'rect parity only on 
these lines and indicates theparityonlirte IIP2. ParitybitsIIP3 andIIP<3:0>' afeoot significant. 
A read response code must be written ro this register by the U:bus master I:£ the 'read tesp0nserode 
changes from the p&:v1ous slave read transaction. · 

STA1lJS BITS 

FigureJl • DQ514 S!.pve-port Status RegisterFortna,~ 

The Slave-port Ad.dress register stores the address from the oomma!l<J/i\d:drest? cycl~ off! VAXBibus 
slave-port transaction. · · · ' · ·· · 

The Slave-port Command registe~;sto~ ~he·~ommand for the comlll:l~~~ddr.es~ cyc;I,e'of a VA~BI 
bus slave-port transaction. The command is stored in bits 19:16 as shown in Figure 12. During II 
bus read operations to this register, bits31;~9 and 15:0tlare re!id ai; .zeros. The CBIC generates 
correct parity for the entire longword on lines IIP < 3 :0 > . 

31 1~ 16 

541::: : 

Event and CBIC Control and Statlls R~$tets . . . . . ·. . ·. • ... ·. . , 
The CBIC contains.an Event S1'"ftus. ,Register, an EventSfatµs ,M+t.sk: ,Registpr and ;i\ <;;ontrpl and 
Status Register shown in Figure 13: 

31 qo 

3C EVENT STATUS REGISTER R 

4B EVENT ~ATl)S NIASK REGlS)'ER 

78 CONTROL ANO STATUS REGISTER R.fVW 

Figure 13 • DC514 Event and CBJC Control and Status Registers 
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The Event Status Register (ESR) stores the first unmasked event code to be generated since the 
register was previous tefl.d. When the event code is received, the IIESThT output is asserted. If the 
first generated event code has a corresponding mask bit set in the Event Status Mask register 
(ESMR), then the bit in the ESR will not be set and IIESTAT will remain deasserted. The next event 
code to be generated that does not have a corresponding bit set in the ESMR will cause the 
appropriate bit in the ESR to be set and will assert the IIESTAT output. One bit in the ESR is 
assigned to each event code that can be generated on the event code lines IIEV <4:0>. Figure 14 
shows the register format. 

3, 302928272625242322 21 201918 'I} 16, s 1413 i 2 11100908 0706050403 02.0100 

I·: : : : : : : : : : : : : : +~+ : : : : : : : : : : : : : H 
LEGEND 

00 MASTER TRANSMIT CHECK ERROR 16 EXTEkNAt VECIOA SELECTED. LEVEL 7 
01 BAO PARtlY RECEIVED IN MASTER TRANSACTION 17 EXTERNAL VtCTOR SELECTED. LEVEL 6 
02 RETRYTIMEOUT I B EXTERNAL VECTOR SELECTED, LEVEL 5 
OJ ILLEGAL CNF RECEIVED BY MASTER PORT !N DATA CYCLE 19 EXTERNAL VECTOR SELECTED, LEVEL 4 
04 BAD PARITY RECEIVED 20 !DENT ARB LOST 
05 NO ACK CNF RECEIVED FOR MASTER POAT COMMAND 21 ACK CNF RECEIVED FOR ERROR VECTOR 
06 ILLEGAL CNF RECEIVED FOR MASTER PORT COMMAND 22 NO ACK OR ILLEGAL CNF RECEIVED FOR FORCE·B!T IP!NTR/STOP COMMAND 
07 READ DATA SUBSTfTUTE OR RESERVED STATUS CODE RECEIVED 23 NO ACK OR ILLEGAL CNF RECEIVED FOR INTA COMMAND 
06 ACK CNF RECEIVED FOR NON·ERAOR VECTOR, LEVEL 4 24 ADVANCED RETRY CNF RECEIVED 
0'9 ACK CNF RECEIVED FOR NON·EftROR VECTOR, LEVEL 5 25 INTERNAi. REGISTER WRIITEN 
10 ACK CNF RECEIVED FOR NDN·ERAOA VECTOR, LEVEL 6 26 RETRY CNF RECEIVED FOR MASTEA PORT COMMAND 
11 ACK CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 7 2 l SELF·TEST PASSED 
1 2 BUS BSY ERROR 28 SUS TIMEOUT 
13 ILLEGAL CNF RECEIVED FPR SLAVE DATA 29 ACK RECEIVED FOR SLAVE READ DATA 
l4 BAD PARHY RECEIVED DURING SLAVE TAANSACTlON 30 MASTER PORT TRANSACTION COMPLETE 
15 STALL TIMEOUT ON SLAVE TRANSACTION! 31 BAD PAR11Y DETECTED STATUS 

Figure 14 • DC514 Event Status Register Format 

Reading the ESR clears the register for the next unmasked event code and deasserts the IIESTAT 
output. Bit 31 of this register is a bad parity detected status bit that is set for the following 
conditions: 

• Parity is generated for every longword written into the DBF by the CBIC control device during a 
VAXBI bus transaction that services the BI Interface. The parity is compared with the parity bit 
generated by the BI interface for the same longword. If the parity is different and bit 31 in the 
ESMR is not set, then bit 31 in the ESR will be set and the IIESTAT output will be asserted. 

• Parity is generated for every byte read from the DBF by the CBIC control device during VAXBI 
bus transactions that service the BI interface. This parity is compared with the parity stored with 
the byte when it was written by the II bus master or slave. If the parity is different and bit 31 in 
the ESMR is not set, bit 31 in the ESR will be set and the IIESTAT output will be asserted. 

During II bus read operations to this register, the CBIC generates the parity for the entire longword 
on lines IIP< 3:0>. 

The Event Status Mask Register (ESMR), shown in Figure 15, determines which event codes are 
stored by the ESR. Each ESMR bit corresponds to one of the event codes that can be generated on 
IIEV < 4:0 >. A bit set in this register prevents the corresponding event code from setting a bit in 
the ESR. Parity is not checked because this register is not accessed by the CBIC control device. 
During II bus read operations from this register, the CBIC generates correct parity for the entire 
longword on lines IIP < 3 :0 > . During II bus write operations to this register, parity on lines 
IIP < 3:0 > is not significant. 
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02 RETRY TIMEOUT 18 5 
03 ILLEGAL CNF RECEIVED BY MASTER POA'r tN DATA C'.VCLE 
04 ~}~A.R1rv nec;ei.~;P. . 

19 EXTERN.!\L J1£()'!Qll <I' 

~°r ~i"6t:i~a~1:~t:'eli foR ~f!AOl(VECTOll 0~ NO ACK CNF RECEIVED FDR MASTER P\)RT COMMAND 
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07 READ DATA SUBS'tlTUTE OR AESEF!VED STATUS CODE RECEIVED 

g~ :g~~~~=~g~:~g:g~~~~~~~g)i:t~tt ' 
23 FOR i1'ITR COMMAND 
24 IVSO, 
25 N 

10 ACKCNf RECE1VEl>fflR NCIHRROR VECTOR, lEVEL 6 
11 ACK•CNF RfCE!\l!';D~NON·EARORVeCTOR.LEVEL i 
12 et)s'BSvEAAOO.· ,,.,, ' ·'' ' ' 

Z6 AETRY<l'f;f RJ;CEIVEO FORM"'5TeR l'Ol'l'l"OOMMANI> 
27 SElfcU~HJ,S:;EP 
2t6 BUS T!Mt(l\)T · 

13 ILLEGAkCNF R,ECEIV·E·Q FD~ SbAVE Dil\TA 
14 · BAD PAMl'IYl!ECEIVEl> OtlRltro SLAVE TRANSACTION ~ ~~=~:~&~1~~rn 
15 SiALL TIMEOUT ON SLAVE TRANSACTION 31 NO EVENT 

figure 15 • DC514 Event Status Mask Regis~Format · 

The CBIC Control aI1d Status Register (CBIC CSR) con~Ts ~d m~bito.rs mis~ellaneous CBIC 
operations .. During· II bus wdte. operatforts to. thls register,. oQly th~ informatio? on data lines 
IID < 31: 26 >is Written. Parityjs not che&edbecausethe C~tS cont~ldeVlce do~s not. access this 
register. Parity on lines IIP < 3: 0 > is not significant. Dl1r~Jl: bw ~acl ope~ations Jrom this 
register, bits25:00 are read as zeros. The CBIC generates Parity'fcir tllelongWord on IIP<3:0>. 
The register format is shownin Figure 16, Table 7 deserihes:t:he hi~ functions .. 

3C 

48 

78 

78 

31 

31 

31 

CBICCsR 

26 

26 

24.23 

SCSYl'.'(t;: 
.·EVSYNC 

PMS 
.._-"'---MAC 

"--"""'--TMC 
..._ ____ CDTSC 

16,15. osw., 
EVEl\lT STATUS REGlSTER 

ZEROS 

16 15 

1615 

ZEROS 

Figure 16 • DC514 Control atJdStatus 'Register Format 
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Table 7 • HC$l4 Gontrol and Status R~gister Descriptio?: 

Bit Function 

31 CDTSC (CBIC driver three-state control)-Not set during normal operation. This 
function is used .during in-circuit and production testing. When this bit is set, the II bus 
drivers and the RIBWKE output become a high-impedance. 

30 TMC (Turbo mod~ c<mtrol)-Enables the VAXBI bu~. drivers to . ope~ate with 100 
nanosecond bus cycles instead of the normal 200 nanpsecprtd b:uscydes, · 

29 MAC (Master abort control)-When set, a master abort condition is recognized by the BI 
interface. After recognition, this bit is cleared. Refer to the VAXBI System Reference 
Manual for detailed information. · 

28 PMS (Parity mode select)-Selects the source of· the parity .passed by the CBIC when 
moving data from the DEF to the VAXBI bus. When dear~d, the user control parity mode 
is selected and parity errors from the II bus or the DBF are passed to the VAXBI bus. 
When set, internal parity mode is selected and the CBIC regenerates valid parity to be 
passed .to the VAXBI bus. This bit does not affect operation of the bad parity de~ectedbit 
i11 the ESR. Althoughvalid parity is pi!sseg to the VAXBI bus in internal parity ~ode; the 
o'iiginal parity errors are detected and .recorded in the ESR when the bad parity detected 
bit fs not .masked by tht~ ESMR. . 

27 EVSYNC (Event synchronizauion)-When cleared, this bit synchronizes the 
IIEV < 4:0 > outputs with the IICLKA and IICLKB dock signals. The IIEV < 4:0 > 
outputs may be asserted for one or more HCLKA cycles depending on the difference of the 
frequency between the II bus docks and the VAXBI bus clocks. When this bit is set, 
external syn\:hronizatiot\' is required by. the user. This mode may be selected to prevent 
missing VAXBI bus event codes when the II bus clock timing is significantly slower than 
the VAXBl bus dock timing. 

26 SC SYNC (Slave controlsynchronization)-When cleared, this bit synchronizes the IISEL 
and IISTOP outputs the IICLKA and HCLKB clock signals. The IISEL and IISIDP signals 
may be asserted for one or more UCLKA cycles depending on the difference of the 
frequency between the II bus clocks and the VAXBI bus clocks. When this bit is set, 
external synchronization is required by the user. This mode may be selected to prevent 
missing slave selection notification when the II bus clock timing is significantly slower 
than the. :VAXBl bus dock timing. 

25:00 Reserved and cleared to zero. 

The Valid Bit Clear-on-read Register, shown in Figure 17, is used to clear the information in the 
Master-port Valid-bit registers in the DBE An II bus master read operation from this register clears 
the eight Master-port Valid-bit registers to invalidate all locations in the Master-port DMA A and B 
octaword buffers. It also resets the internal-state machines of the CBIC that are associated with 
DMA port functionality including the internal octaword buffer pointer to the Hrst octaword data 
buffer. After a block move operation has been terminated as a result of an error condition, this 
register is used to clear the valid bits before initiating another block 'move operation. It can also be 
used to dear the valid-bit registers following the successful completion of a block move transaction. 
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Preliininary 

31 2423 1615 0807 ,'00' 

7C l : : : : : . : : : : .: : : : : +7+ : : : :< : : :: ; : :· : ; rR 

Figure 17 • DC514 Valid Bit Clear-on-read 'Register Format 

During II bus read operationidrofu this register, the CBIC g~l:i~rates :c6~rect partiy for the ~ntire 
longword on thf IIP < 3 :0 > lines. · · ' · · · · ' · · ' 

. . . 
· Functional Op*~fon 

This section provides functional information ,related t:o .the dlfJeration' of tffi CBIC, Refer to the 
VAXBISystems Reference·;M'anual for ·.detailed: informatioo::·C>f·· the· ... \!AXIU· bus and• associated 
interfaces. 

Mast:er,oport Funetions 
If a Retry oon1firmation code is received during a map or DMA ~ o.r•wtite tran~action from a 
VAXBI bus master, the CBIC will retry the transaction until i:t fasttccessfully:eompleted.' If the retry 
coµf}ter in th~ CBIG tifl1es-ou.fbefore the transaction has been completed, the CBI~ will 
discontiriuetl-ie retry ahempta~d wills~ the ret~tin1e~ob~1(kro) bit2o in the· Bus Ert¢r !fgist~r. 
An error interrupt is then. initiated· if ·e·nabled arid a 'RETRY' ririie"(:)fa eve:nt'code is generateti if 
enabled. 

" 

If a master-port transaction is retried, no new II bus master-port transactiotircliii~§ts ~reftbrtoted 
until eith!'\r the· m~ter-~rt; .t~saction ~·been eomplel;edor· a teti:y; timerdut>occw:s" If a DMA 
master-port transaction is retcied, the <l.a~a in the .octawQr4i,h~£fo.f1hei11.g:used as,the . .sourcefor the 
transaction must not be changed. 

A retry transaction will be aborted by a VAXBI bus Stop transaction that·Sl!!lectsMlerettying CBIC 
as 'a receiving slaVe er wh~n the master abort bit 29 in the UBI€ CSRis set. · 

Slave~port Function 
Durin~ a VlfXBl bus slave•port read tmnsaction where the CBIC is the .selette<f.a.s a slave, th~ CBIC 
extends the· transaction until thti JI bus· master cart read the' slave-,P(itt addtess register irl the DBF 
and write the correct information ttFthe 'siave-pott data and' sfatVs nigi8ters. The slave-port data 
register sho\Jhl be i:he last register actessixi. 

The CJUC is limited to a maximum cycle extension of'eighttVA){BI Bus 'Stallcytli!~ .:The 'u bus slave 
must :respond with the «!ad data and ·irilust read rlle:· Sla~•po.M; Data register Jwi'thin 'L2 
mkroseJonds ·a!te:rthe·IISEL sigtud is"asser1ted .. ' . . 

When two write transactions to slave-port register~ ate1 isslifd' lli proxiITiity tb'~il:ci1'6thdr, the"tlata 
\\lritten by· the f°U'St transaction may be overtvriueti' by it.he <fate from die sefond transaction. To 
prevent this conditiOn, the CBI c extends the data cycle or the first transaction by isslting stall cycles· 
until the Ubus slave can access these :registers. The last re~fa.ter to'be il<':cessed by the Ubus slave 
should he :vhe slave•port data register. 
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Preliminary 

VAXBI Bus Transactions 
The following are VAXBI bus liriiitafioris 'arid considetatforis: 

•The CBIC supports only IDENT transactions with internal vectors. 

•When a Stop transaction is received and the CBIC.is a selected slave, the CBIC acknowledges but 
does not extend the t~nsaction and performs the following actions: 

1. Deasserts the BINOARB signal if a pending master state is aborted. 
2. Sets the INlT bit l3 in the VAXBI Bus Control and Status Register (VAXBICSR) 
5. Removes all current transaction requests at the II bus interface. 
4. Ignores all subsequent VAXBI bus transaction requests at the II bus interface caused by 

asserting the IIRQO line by the II bus master and sets the INIT bit l.3jn the VAXBICSR .. 
Subsequent loopback transaction requests presented at the II bus interface caused by the 
assertion of the IIRQl by the II bus master are processed normally .. 

5. Resets the master and slave sequencers of the CHIC. As a result of this action, the master port 
interface that send a Stop transaction to its own slave-port interface will not receive a summary 
event code. 

6. Clears all posted interrupt states. This clears the Sent and Force bits in the user's interface, the 
error interrupt control registers, the Retry state if it exists, the Retry counter, and the HEIE bit 
7 and SEIE bit 6 in the VAXBICSR. 

Clearing the STOPEN bit 13 in the BC I CSR suppresses the generation of the USEL and IISTOP 
outputs. The CBIC does not perform the initialization previously described. 

· Diagnostic Features 

The CBIC contains diagnostic features to ensure reliable operation and to facilitate maintenance 
including self-test programs, parity generation, and a diagnostic mode. 

Seli·test and Initialization 
The CBIC performs a self-test operation during the powerup sequence and as part of a node reset 
sequence. During either sequence the self-test begins after the IIDCLO input is deasserted. During 
the powerup self-test, the BINOARB signal is held asserted to prevent bus activity. Dl!dnga node 
reset self-test, the BINOARB signal remains deasserted. In the cycle following successful coriple
tion of self-test, the CBIC transfers the self-test passed event code and sets the Self-Test Status 
($TS) bit 11 in the VAXBI.CSR. This bit is cleared during powerup. 

The absence of a self-test passed event code indicates that the. self-test has failed and the CBIC 
deasserts all VAXBl bus drivers by using a redundant driver disable signal. The duration of a 
successful .self-test is approximately 4096 cycles (0.82 milliseconds). If the self-test is not 
completed in this time, a timer terminates the self-test .after approximately 2.5 million cycles (500 
milliseconds) and disables the VAXBI. bus drivers. 

The II bus master c<in determine th.e result 0£ the self-test ~petation by waiting for the self-test 
passed event, code t.o be received or by reading the STS bit 11 in the VAXBICSR. A loopback 
transaction is used to read the. VAXBICSR because the STS bit is also used to enable the VAXBI bus 
drivers. If self-test fails, the STS bit is cleared, the VAXBI bus drivers remain disabled, and a VAXBI 
bus transaction from this node cannot be successfully completed. A loop back transaction that does 
not use the VAXBI bus data path can be performed provided that the self-test failure does not 
disable the loopback read transaction by the CBIC. 
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Parity Generation 
The BIIC generates and checks odd parity. A parity bit is generated for each byte of data in the DBF 
induding command, mask, status, or valid-bit field bytes. The parity bit remains associated with a 
data byte when the byte alignment changes for odd VAXBI bus addresses in the DMA master port. 
During II bus read operations, the parity bits ,associated with nonexistent bytes is supplied 
correctly. This includes the upper bytes during shifted read operation to non-wraparound registers 
and bytes of registers that are read as zero. 

Parity is generated for every byte that is read from the DBF by the CBIC control logic as it services 
the BI interface during a VAXBI bus transactiori.This parityis compared with the parity bit stored 
with that byte when it was written bythell'busmasteror slave to the DBF. If the parity is different 
and bit 00 in the ESMR is not set, the bad parity detected bit 31 in the ESR is set and the IIESTAT 
output is asserted. 

The Parity Mode Select (PMS) bit 28 in the CBIC CSR determines which parity bit is passed when 
moving data from the DBF to the VAXBI interface. When set, internal parity Il1ode is select~d and 
the CBIC regenerates good parity. When cleared, usef parity mode is selected, and parity errors 
from the II bus or from the DBF are passed to the VAXBI bus. Any write transactions to n1emory in 
progress when a parity error is detected will be aborted. The PMS bit should be set if parity is not 
implemented in the user's adapter. The CBIC w?i.ild then generate good parity to be passed to the 
VAXBI bus regardless of the parity previously detected, TI1e state of the PMS bit does not affect 
operation of the bad parity detected status bit 31 in the ESR. Previous parity errors are detected 
and recorded in the ESR when the bad parity detected bit is not masked by the ESMR. 

For every longword written tothe DBFby th~ CBICwhenservicing the VAXBiinterface,parity is 
generated and compared with the parity"bit generated by the VAXBI interface for that longword. 
When the parity is different and bitOO in the ESMR is not set, the ba:d parity detected bit (bit 31 in 
the ESR) is set and the IIESTAT signal is asserted. 

Diagnostic Mode 
The CBIC implements a subset of the diagnostic mode used in the BlIC. Refer to the VAXBI System 
Reference Manual for detailed BIIC information. This mode can be used to develop bus testers and 
other diagnostic equipment to facilitate the testing of the CBIC and provide more flexible access to 
the VAXBI bus. 
The CBIC implements one of the two BIIC transparent modes. The II bus signals are reassigned for 
correspondence between the VAXBI bus signals aµd II l?uli signals as shown in Table 8. 

Il Bus Signal 

IID<31:00> 

IIP<3:0> 

IIBMO 

Table 8 • Dd14 VAXBI Bus and rt Bus Signal Correspondence 

State 

inverted 

inverted 

inverted 

not inverted 

not inverted 

not inverted 

not Inverted 

not Inverted 
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VAXBl Bus Signal 

BID<3l:OO> 

BII < '31:00 > 

BICNFO 

BICNFl 

BICNF2 

BINOARB 

BIBUSY 
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In transparent mode, the user's interface transfers data on the HD, IIP, BM, and EV lines 
synchronously with the VAXBI bus dock signals. The CHIC asserts the data on the VAXBI bus. The 
diagnostic mode code must not be transferred on lines IIRQ< 1:0<> until the self-test has been 
completed. The diagnostic mode control signals IIRQ < 1:0 > may be transferred concurrently 
with the code when the transparent mode is selected for the CBIC. 

Three-state Functions 
The II bus drivers are three-state outputs to facilitate in-circuit and production tests. When bit 08 
of the CBIC CSR is set, the II bus drivers, except the IIACLO and IIDCLO outputs, become a high 
impedance. This bit must not be set during normal operation. 

Powerup Operation 
During powerup operations, the CBIC asynchronously asserts the. IID.CLO output after the the 
BIDCLO input is asserted and all VAXBI bus drivers are disabled. During the last cycle in which the 
IIDCLO output is asserted, the CBIC loads the device register with data from the IID < 31:00 > 
fines and loads the node ID field in the VAXBICSR with data from HP< 3:0 >.The IIDCLO output 
is used to transfer this data. Internal pullup circuits will set the IID < 31:00 > lines to a high
impedance state at this time. This feature can minimize the number of signals to be driven by the 
user's interface during powerup operations. The output current characteristics of the pullup 
circuits should be verified to ensure that they are sufficient for the requirements. 

The user's interface must transfer the node ID on lines IIP < 3 :0 > while IIDCLO is asserted. If no 
other data is provided, the CBIC will load all ones into the device register which can then be loaded 
with data during node initialization by a normal write-type transaction. 

The powerup sequence of user-designed nodes are required to conform to VAXBI bus architectural 
standards. 

Transaction. Timing Sequences 
The transaction and control timing sequences of the CBIC are shown in the ac electrical 
characteristics. 

· Specifications 
The mechanical, electrical, and environmental characteristics of the CBIC are described in the 
following paragraphs. The test conditions for the electrical values are as follows unless otherwise 
specified. · 

• Junction temperature (Tr): 0°C to l25°C 

• Power supply voltage Neel: 4. 75 V to 5.25 V 

Mechanical Configuration 
The physical dimensions of the DC514 133-pin Pin Grid Array (PGA) package are shown in 
the Appendix . 

2-130 For Internal Use Only 



Preliminary VAXBF00.514. 

Absolute Maximum Ratings 
Stresses greater than absolute maximum ratings may permanently damage the device. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

• Pin voltages: -1.5 V to 7.0 V 

• Operating junction temperature (T1): 0°C to 125°C 

• Storage temperature (Ts): -55°C to 125°C 

• Ambient temperature operating range (TA): 0°C to 70°C 

• Package dissipation: 2.5 W* 

*Package dissipation is approximately 0.575 watts higher than the product of the maximum supply 
current and supply voltage because of the dissipation of the VAX BI bus drivers used to sink the 
external VAXBI bus pullup current. 

de Electrical Chamcteristics 
Table 9 lists the de electrical parameters for the input and output pins of the CBIC. 

Table 9 • DC514 de Input and Output Parameters 

Symbol Parameter Requirements Unit Test Conditions 
Min. Max. 

II I1 Input current ±20 µA 0 < V, < 5.25V 
o <Vee< 5.25V 

II Im Input current -0.25 mA =2.4 v· 
IIADCLO asserted -1.0 mA V,;=0.5 V' 

II loH Highclevel output ~400 µA VouT=II Von 
current except IIADCLO 
H.ADCLO only -5.4 mA Vour=II VoH 

II IoL Low-level output 4.0 mA V0 UT=UV0 1, 

current except IIADCLO 
IIADCLO only, power off 100 µA V OJJT =>II V ot 

V<:c=OV 

IIVIL Low-level input -1.0 0.8 v 
voltage 

II Vm High-level input 2.0 v. 
voltage except BITIME 
BITIME only 2.4 v 

II Von High-level output 2.7 v IouT=Il Ion 
voltage 

II VoL Low-level output 0.5 v IouT == II loL 
voltage 

II Ios Short-circuit output -150 mA 
current 
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Symbol Parameter Requirements Unit Test Conditions 
Min. Max. 

II Izo High-impedance leakage ±20 µA 
current 

II C10 Pin capacitance 10 pF 0 < Vm <Vee 

BII1 Input current -270 30 µA 0 < Vm <Vee 

BI loz Leakage current 20 µA 0 < Vm <Vee 

BI IoL Low-level output 21 mA 
current 

BIV0 r. Low-level output 0.6 v Iour=BI IOL 
voltage 

BI Von High-level output 2.3 3.5 v 
voltage 

BIVm High-level input 1.9.5 v 
voltage 

BI VHllY High-level hysteresis 1.45 v 
voltage 

BIVn. Low-level input -1.0 L1 v 
voltage 

BIVrnY Low-level hysteresis 1.4 v 
voltage 

BICm Input/output pin 6.0 pF 
capacitance 

Ice Power supply current 300 mA Vee= 5.25 V 

'While IIADCLO is asserted, IID< 31:00 > and IIP < 3:0 > are internally pulled up and can source 
a minimum of 250 µA at 2.4 V. The user's interface logic must sink a minimum of LO mA at 0.5 V 
to drive these lines low while IIADCLO is asserted. 

'Not more than one output should be short circuited at a time and the duration of the short should 
not exceed 1.0 second. 
'For BI V nny, the CBIC does not detect a change in input state of the hysteresis voltage even if the 
input voltage drops to BI V nnY following the application of BI V nnY· 

For BI VLHY• the CBIC does not detect a change in input state even if the input voltage rises to BI 
VLnv following the application of of BI Vmv· 

•The device under test must be poweredup during this test and BIDCLO should be asserted at all 
times, except when measuring C10 for BIDCLO. 
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ac Electrical Cbaracteristi~ 
The input and output signal timing sequences for the DC514 CBIC are shown in Figures 18 through 
27. Table 10 lists the signal timing parameters. 

llCLKB 

llCLKA 

llAH<6:0> 
llBM<3:0> 

110<31:00> 
llP<3:0> 

llDEN 

HRWEN 

llCS 

WRITE ADDRESS I 
SUBCYCLE . 
(REQUEST) . 

ICAS 

WAITEDATA 1 
SUBCYCLE .. 
(.GRANT) 

1AWH 

NEXT ADDRESS 
SUBCYCLE 
{REQUEST) 

Figure 18 • DC514 II Bus Write Tran¥Jction Timing 
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llCLKB 

llCLKA 

llAH<6:0> 
llBM<3:0> 

llRWEN 

llCS 

llD<31:00> 
llP<3:0> 

READ ADDRESS I 
SUBCYCLE 
(REQUEST) . 

lCAS 

READ DATA 
SUBCYCLE 
(GRANT) 

NEXT ADOFIESS .·1 
SU!>CYCi.E 
(REQUEST) 

lCAH 

Figure 19 • DC5141I Bus Read Transaction Timing . 

to 

llRQ<1:0> 

llDMAEN 

Figure 20 • DC514 Master-port Control Signal Timing 
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llAH<6:·0> 
. irl3M<3:0> 

110<31:00> 
HP<3:0'.> 

UOEN 

llAWEN 

tlOMAEN 

lllNCENA 

llA0<1:0> 

to 

""iiESTAT, 
nasTA'f '• -----~---- '-....;. __ ....;. _____ _ 

llSEL,
l!S'i'('.)P 
(SYNCH RONI.ZED) 

llEV<4:0> 
(SYNCFIRONIZEDI 

Figure 21 • DC514 Master- and Slave-portStatus Signal Timing 

WR!Tf.·· 
CBIC 
ADOfliSS 
30 
{ADDRESS) 

WRITE 
CBIC 
AOORESS 
34 
!COMMAND) 

. REQUEST 
TRAN& 
ACTION 

WAIT 
FOO 
TRANSACTION TO 
COMPLETE 

REAP' .-\ 
CBIG .. 
AeilRESS 
28 
!DATA! 

READ 
OB:tc· 
ADDRESS 

', 2C 
{READ 
STATUS) 

REQ 

WAIT 
FOO· 
TRANSACTION TO 
COMPLETE 

llEV<4:0> f"----+----t----+-------{{{ 

Figure 22 • DC514 Master-port Map (CBIC as Master) VAXBI Bus Read Read Transaction Timing 
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.... 
llAH<6:0> 
llBM<3:0> 

110<31:00> 
IJP<3-0> 

llCS 

UDMAEN 

1!R0<1:0> 

WRITE 
CBIC 
AO DRESS 
30 
!ADDRESS~ 

WRITE 
CBJC 
ADDRESS 
34 
(COM MANDI 

WRITE 
CB!C 
ADDRESS 
28 
(DATAI 

Preliminary 

WRITE 
CBIC 
ADDRESS 
2C 
!MASK) 

REQ 

WAIT 
FOR 
TRANSACTION TO 
COMPLETE 

WRITE 
CBIC 
AIDDAESS 
28 
(DATA! 

WRITE 
CBIC 
ADDRESS 
2C 
{MASK) 

REO 

VAXBfDC,14 

WAJT 
FOR 
TRANSACTION TO 
COMPLETE 

Figure 23 • DC514 Master-port Map (CBIC as Master) VAXBI Bus Write Transaction Timing 
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llAH<6:0> 
ut:iiVf<J:O> 

!10<31:00> 
llP<3:0> 

IJRWEN 

!IDMAEN 

/IRQ<1:0> 

WRITE 
WAIT'E CBIC 
CBIC ADDRESS 
ADDRESS 24 
20 (COM-
(ADDRESS) MAND) 

READ 
CSIC 
AO DRESS 
00 

WAil FOR OMA 
(DATA 11 

REQUEST TRANSACTION 1 REQUEST 
1 TO COMPLETE 2 

VAXBIOC514 

READ 
CBIC 
ADDRESS 

READ READ oc READ 
CBIC CSIC IDATA4) CBIC 
ADDRESS ADDRESS WAIT FOR OMA AD DRE.SS 
04 oa T'MNSACTION 2 AEQ\JEST 10 
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Figure 24 • DC514 Master-port DMA (CBICas Master) VAXBI Bus Read Transaction Timing 

FodnternalUse Only 2-137 



'

WRITE 
CBIC 
ADDRESS 

"0 

WAH<6;0> 
tH3M<3:0> 

ll0<-31:00> 
l!P<~:O> 

llCS 

llRWEN 

llDMAEN 

i"ii"'NcENA I 
I 

I ~ADDRESS) 
I 

WRffE 
CB!C 
ADDRESS 
24 
!COM
MAND) 

WRl1E 
CB!C 
A!)DRl;SS 
00 
(OAfA 1) 

WFUTE 
CSIC 
ADDRESS 
04 
~DATA 2) 

WAITE: 
CBIC 
AOt:iRES$ 
08 
(DATA 3~ 

WRITE 
cmc 
ADDRESS 
oc 
!DAiA4) 

REQUEST' 

WRITE 
CBIC 
ADDRESS 
10 
(DATA 11 

WRITE 
CBIC 
ADDRESS 
14 
(DATA2) 

WRIU 
CB\C 
ADDRESS 
18 
(DATA 3) 

WAllFORDMA 
TRANSACTION 1 
TO COMPLETE 

WAITE 
CBIC 
ADDRESS 
1C 
(DATA4J 

REQUEST 
2 

Figure 25 • DC514 Master-port DMA (CBIC as Master) VAXBI Bus Write Transaction Timing 
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CBIC CBIC CBIC CBIC 
ADDRESS AODRE-.SS WAIT FOR ADDRESS ADDRESS 

SLAVE PORT 50 54 TRANSACTION TO 44 40 COMPLETE 
SELECTION iADOAESS) {COMMAND) COMPLETE (MASK) [DATA) TRANSACTION 

Figure 26 • DC514 Slave-port (CBJC as Slave) VAXBI Bus Read Transaction Timing 
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flRWEN 
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Figure 2 7 • DC514 Swve-port (CBIC as Slave) VAXBI Bus Write Transaction Timing 

Tuble 10 • DC.514 ac Timing Parameters 

Symbol Definition Requirements (ns) 
Min Max. 

t1CY IICLKB dock period 24 DC 

trCP Clock pulse width high or low 8.0 

trrs IICLKB setup time to IICLKB (t,,) 5.0 

tIPH IICLKA hold time from IICLKB (t0) 5.0 

tAST II bus address setup time to IICLKB (to) 0 

tAHT II bus address hold time to IICLKB (t0) 10 

tosT II bus data setup time to IICLKB (t0) trey 

tmIT II bus data hold time to IICLKB (t0) 0 

tRws IIRWEN setup time to IICLKB (t0) 15 

tRWH IIRWEN hold time to IICLKB (t0) 10 

tcAS IICS setup time from IICLKB (t0) 15 

tcAH IICS hold time from IICLKB (t0) 10 

toes IIDEN setup time to IICLKB (t0) t1cv 

tom IIDEN hold time to IlCLKB (t0) 0 

tROA Read data access time from IICLKB (t0) t1cP + 55 
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Symbol Definition 

tnvn Data valid delay time from Ii'iSEN assertion 

t000 Data deassertion time from IIDEN deassertion 

tMcs Master,port control setup time to IICLKB (t0) 

tMcH Master-port control hold time to IICLKB (t0) 

tsoT Status output delay time from IICLKB (t0) 
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VAXBI DC!>14 

Requirements (ns) 
Min Max. 

t1n+ 15 

0 

25 

15 

15 



Appendix-Mechanical Specifications 

Figure A.1 shows the CFtquad surfacemount package configuration and dimensions. Figure A.2 
shows the PGA (pin-grid"array) package configuration and dimensions. 

Number of 
Leads 

44 

68 

84 

132 

164 

0 

Dimensions 
A 

0.6 

0.9 

1.1 

0.9 

1.1 

MINIMUM CLEAR , 
LEA[}FRAME ZONE ' 

B c 
0.02 '0.05 

0.02 0.05 

0.02 0.05 

0.012 0.025 

0.012 0.025 

B 

_L 

D 

0.825 

T 

+ T 

1.125 

1.325 

l.125 

1.325 

Figure A.1 • Cerquad Surfacemount Package Configuration and Dimensions 
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PIN A.1 A.NO 
PACKAGE IDENTIFICATION 
(REFER TO TABLE E2i 

1Key pin is nonelectrical and is for ~lignmenr on type'_B chips only. 
'Pin Al is indicated by d protrusion on the standoff collar.·. 
istandoff pins are positioned· at the four eX:teriot cor:n:efs of tbe 132-pin PGA and at the four 
interior corners of the 72-pin PGA. 
'Capacitor pads not available on the Il and BCD PGA versions. 

Type* Pins 
A B c 

72 1.17 1.0 0.1 

B 132 1.4 l.3 0.1 

M,IE,F 132 1.4 1.3 0.12 

BCD 132 1.4 1.3 0.12 

''Package Identification: 

Type ~ = VAXBI bus BCAI and BlIC chips 
M = V-11 M chip 
I/E = V-11 I/E chip 
F = V-11 F chip 
BCI3 = VAXBI bus BCI3 chip 

Dimensions 
D E F 

0.05 0.16 D.1 

N/A N/A N/A 
0.05 0.12 0.12 

N/A N/A N/A 

G H 

0.36 0.145 

N/A N/A 
0.35 0.33 

N/A N/A 

Figure A.2 • PGA Package Configuration and Dimensions 

A-2 Confidential and Proprietary 

J 
0.88 0.17 

N/A 0.18. 

0.74 0.18 

N/A 0.18 


