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SECTION l 
GENERAL DESCRIPTI.ON 

This SPERRY UNIVAC V70 Series 660 Nanosecond Semiconductor 
Memory Manual describes the 660 nanosecond random access memory 
and. its interface wi1:h a V70 series computer processor. 

The manual is di videcl in to six sec:tions: 

o Introduction to the memc>ry and its relation to the 
system 

o Installaticm and interface information 

o Operation 

o Theory of Operation 

o Main tenanc t~ 

o Mnemonics :List 

Documents such as· logic diagrams, schematics, and parts lists 
are supplied in a system documentation package. This package 
is assembled when the equipment is shipped, and reflects the 
configuration of a specific system. 

'The following list contains the part numbers of other manuals 
pertinent to the V70 series computers (the x at the end of each 
document number is the revision number and can be any digit 
0 through 9: 

Title --
Vi 0 Ar ch it e ct'...: :- e Man ·ua l 
Prc~ces sor Manual 
Memory Map Manual 
V72 /V76 Power Supply Manual 
V76 System Reference Manual 
Megamap Manual 
V77-600 System Reference Manual· 
MAINTAIN III Manual 

Document ;..furn be r 

98A 9906 OO:x: 
98A 9906 OZx 
98A 9906 lO:x: 
98A 9906 l3:x: 
98A 9906 Z3x 
98A 9906 Z7x 
98A 9906 40x 
98A 9952 07:x: 

The semiconductor memory is a dual 0 port, expandable, random­
access, metal~oxide-semiconductor (MOS) memory that provides 
data storage for V70 series computers. 
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The basic memory module has a storage capacity of 16,384 (l6K), 
32, 768 (3ZK) 01· 65 ,536 (64K) computer words of 16 bits each. All 
18-bit version includes t·wo parity b:i.t:s per word (one parity bi·~ 
1>er 8-bit byte). In some systems, eac:h of the two 8-bit bytes 1Jf 
the standard 16-bit word can be manipi.ilated indepen-dently. Since 
parity is an optic>nal feature, subsequent references to the mem­
ory module in this manual will denote the basic version with the 
standard 16-bit w<>rd length unless otherwise indicated. When 
addressed with thE~ memory map option, a .semiconductor memor-.r 
:system using 5,4K 111odules is expandablE! to 26Z, 144 (ZS6K) words; 
with a megamap option, expansion to l, 048, S 76 (1000 K) words is 
possible .. 

'The dual-port access of the 660 n:mos~!cond semiconductor memory 
module contains two independent sets 1Jf memory bus terminals for 
data. entry and re·crieval from two different sources, e.g.; main 
and peripheral processors. In this wa.y, two different processors 
or one processor and a priority memory access (P!t.\) option, opera.­
ting independently, can request access to the memory at virtually 
the same time 8 However, when this occurs ciuring a read or write 
cycle, the processor connected to port B h;u priori~y over the 
port A processor. The proces.sor accessing the memory through 
port A has no priority during normal read or write operations 
but can under special circumstances lock out the port B processor. 
It should be noted, that the ·previous discussion pertains only to 
port access pt·iorities and not to mem.ory cycle priorities. 

Since the semicon.ductor memory is volatile and will loose data 
-tmless it is periodically refreshed (recharged), the memory refresh 
cycle has priority over both read and. write cycles on either 
memory por't. Tha.t is, data already stored in the. memory must be 
refreshed on a ~recise time sched~le before data can be entered 
or retrieved by any processor. !his feature prevents data, 
already stored ir.L memory, from being lost at any time during 
memory operation. 

Being volatile, 1:he semiconductor memory also loses data if input 
power is removed~ To prevent data from being lost during an in­
put power failuret ,· a battery-powered data-save option can be 
installed. This data-save option prc>vides the appropriate vol·r:ages 
to the memory refresh logic of up to four 6..1.K memory modules ii:i 
the system. Each additional four mentory modules requires an 
additional da~a-save option. 

With systems using standard software to address the memory 
locations of more~ than 3ZK words of 1:he semiconductor memory, 
a memory map option is required for storing data. However, a 
memory map is no·r: required for addre:;sing memory locations 
of up to 64K-word.s with a writable ccmtrol. store option and 
non-standard sof'r:ware or for addressing memory locations of 3ZK 
1.words or less. When a 660 nanosecond semiconductor memory module 
contains a capacity below 64K words of addressable memory, the 
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memory module is saici to be depopulated.. When a single module 
is used with memory niap, memory requests from the processor are 
received through the backplane wiring. When memory above 64K 
is used, memory requests are received through t~isted pairs via 
the map board. 

The memory is also designed to operate with an external error 
correction circuit (ECC) that eliminates data errors resulting 
from several possible sources. This ECC synchroni:es the 
re fresh cycle with the other memo1·y cycles from the backplane 
or memory map .board. When an ECC is used in the system, back­
plane request lines are bypassed and all memory requests are sent 
from the error correction board through twisted pairs to the 
memory. Acknowledgment from the memory is supplied by the 
error correction circuit and sent directly to the processor. 

Table 1·1 lists the specifications of the 660 nanosecond 
semiconductor memory. 

Table l·L 660 ns Semiconductor Memory Specificat;ons 

P.arameter Specification 

Speed (without map) 

Logic levels 
(CPU bus) 

Address and control l~nes 

Data lines 

Word length 

Capacity 

Dimensions 

Interconnection 

Cycle time: 
Access time: 

660 nanoseconds maximum 
560 nanoseconds maximum 

True: 
False: 

-0.4V to ~a.av de 
•2o4V to •SoOV de 

Unidirectional 

Bidirectional 

16-bit words containing two 8-bit 
bytes (without parity). Optional 
18-bit version with one parity 
bit per byte. 

Up to 65,563 (64K) words per 
module. 

Each memory module on a PC board 
is 15.6 by 19 by 0.587 inches 
'.39.6 by 48.3 by 1.49 cm) 

Over signal paths (bus lines) to 
the processor via one 132-pin 
connector and three 4-pin connectors 
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Table l·le 

Parameter 

66 O ns Semiconductor Memory Spe ci fica tions (con til'l.ue d) 

Spec:~Jicati.£!!. 

Priority 

Input Power (maximum) 

Environment 

Forced-air cooling 
(externally supp lied) 

Memory refresh has first priori·t:y 
over both por't: A and port B of the 
dual-port memory. Por't: B has 
priority over por't: A. Port A has 
no prj~ori ty but can, under special 
condi1;ions, lock out por-c B whe:n 
required. 

DC Vo:hll, AmtJeres 

Run Standbv Data Save -
+12+.6/ l. • :s 0.7 0.5 
+zo;oz -
+S+. 2$ o.s o.s o.o -
+S.Z+.ZS l. 6 l. 6 0.13 
(memo·ry) 

0 to SO degrees C; 0 to 90 percent 
relative humidity wi1;hout condensa­
tion 

A minimum of twenty cubic feet per 
minute of evenly distrubuted air 
applied crosswise.above each memory 
module 
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SECTION 2 
INSTALLATION 

2 .. 1 INSPECTION 

The semiconductor memory has been packed and inspected to ensure 
its arrival in good working order. To prevent damage, take care 
during unpacking and handling. Check the shipping list to ensure 
that all equipment has been received. Immediately after unpacking, 
i.nspec't the equipment for shipping damage. Ascertain that wires 
and cables are neither loose nor broken, and that hardware is 
sec:u:re. If damage exists: 

a. Notify the transportation company. 

b. Notify SperTy Univac. 

c:. Save all pa.c:king ma'terial. 

2. 2 PHYS I CAL DESCRIP'I'ION 

The standard 660 nan·osec:ond seinic:on.ductor memory module (figure 
i.·l) is a lS.6 by 19 by O.S87 inch (3906 by 48.3 by 1.49 c:m) 
printed circuit (PC) board with a mounted arTay of up to 256 
random access memory (RAM) integrated .. c:irc:uit (IC) c..li.i~s and 
other memory system components. An. 18 .. bit version· (wi~i. parity) 
contains Z88 IC RAM chips. Each RAM IC is contained in a l6e 
pin ceramic or plastic dualsin·line packageo Figure 2°Z is the 
block diagram of a single 64K memot-y module.. An expanded memory 
sys'tem block .diagTam i.S illUS'tTated in figure z ... 3., 

:Z t> 3 MEMORY CONFIGUR.A'I.ION SWITCH SELECTION 

The adaptation of a single 64K 660 nanosecond semiconduc-::: ::r 
memory module with different computer system configurations is 
determined by selecting the on/off positions of seven memory 
configuTation swi tchesi a.s shown bel.ow: 

SWl ON • Memory acknowledge (YDNMx-) fTom memory (Wlless 
ECC boaTd is used) 

SWl OFF • Memory acknowledge (YDNMx-) fTOm an erTor 
corTec1:ion board 

SW2 ON - SW3 OFF • Memory request (MRQYA-) fTom backplane 
SW2 OFF ... SW3 ON • Memory request (MRQYA-) from J 3 (map) 
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SW4 ON • SWS OFF • Internal refresh 
SW4 OFF • SWS ON • Refresh request (HRQYR·) from error 

correction PCB 

SW6 ON • SW7 OFF • Refresh request (MRQYB-) from backplane 
SW6 OFF - SW7 ON • Refresh request (MRQYB-) from Jl (map) 

For systems utili:ing both A and B ports of the semiconductor 
memory', with out an error correctio.n circuit (ECC) , SWl, SW2, SW 4, 
and SW6 are ON; SW3, SWS, and SW7 are Orr. If an ECC is used, 
SWS is ON; SWl and SW4 are OFF. If a memory map is required, SWl, 
SW3, SW 4 and SW7 are ON; all other switches are OFF. 

For systems utilizing only one port (A or B) with or without 
error correction, the corresponding switch settings provide 
the indicated connect.ion to port A or B as shown below: 

64K Port WITHOUT WITH 
Inc1·ement Utilized Error Correction Error Correction -
1st A 1, 2,4,1 ON; 3 ,S, 7 ON; 1,2,4,6 OFF 

3,S,6 OFF 
B 1,3,4,6 ON; 3,S,7 ON; 1,2,4,6 OFF 

2,S,7 OFF 

2nd and on A l,3,4,7 ON; 3,S,7 ON; l,Z,4,6 OFF 
2~S,6 OFF 

B 1,3,4,7 ON; 3,S,7 ON; 1,2,4,6 OFF 
2,S,6 OFF 

Zc4 INTERCONNECTION 

The data, address, and control signals pass between memory and 
the processor over a tllultilayer PC backplane through PC edge 
conn.ector (Pl) and rear connectors Jl through J3. Power is 
.supplied to the boards via the Pl c:onnector. Up to sixteen 660 
nanosecond semic.onduct.or memory modules can interface the memory 
bus within a single system configuration. 

The memory interface is trans is tor·· trans is tor logic (TTL) 
compatible (figure Z·4). Address and control lines are uni· 
directional, and data lines are bidirectional. Each memory 
decodes 16 address lines, 4 of whic:h select the MOS RAM 
elements (64K capacity) and 12 of which contain 1:.he address 
of the word within those elements. Only one module is active 
on a given port at one~ time. However, since the ports are 
:independent, two modules can be act:i ve simultaneously, one 
on each port. No spurious signals are generated by nonactive 
memory modules. 
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The pin assignments for the connector on the semiconductor 
memory board a.re provided in logic diagram 9 lCO SS 8 (system 
documentation package). 
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Figure 2· 4. ~1emory Interface Schematic 
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SECTION 3 
OPERATION 

There are no operating controls 01·. indicators on the 660 
nanosecond semiconduc:tor memory PC' board. 
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SECTION 4 
THEORY OF OPERATION 

This section describes the circuit .operation of a 660 nanosecond 
semiconductor memory-module. A fu:nctional block diagram, 
figure 4· l, and 'timing diagTan'lS are included with the text; 
howc!ver, £or a moTe in-depth analysis, the reader may wish to 
trac:e circuit paths of the logic diagram (91COSSS) which is 
contained in the system documentation package. Memory mnemonics 
are descTibed in section 6. For ease of reading, some mnemonics 
are written with the variable n replacing the actual numbers. 
For example, memory data mnemonics M'fDBOO- through ~~DB17· are 
written HYDBnn.,. 

4.1 POWER ON 

The operation of the 660 nanosecond semiconductor memory is 
initiated by +S-volt (+SL) and +lZ/•ZO•voltedc power supplied by the 
computer power supply. When the computer power swi tc.ii. is turned 
on, •SL is applied to a filterini network located on the memory 
board. This deccupli:ng capacitor circuit removes electrical 
noise induced by processor circuit.s coupled to the..Jnemory 
thrcrngh backplane wiring. At the same time, the •20 volts de 
is iipplied to a voltage regulator ci rc:ui t on the l:Demoey board. 
This regulator, a sub-circuit of the voltage control circuit 
(section 4e4), develO'PS +12 volts which in turn develops .. 5 volts 
de:. Bot.h of these voltages are used to power t.he IC RAM array •. 

Initially, the only filtered input voltages used to power other 
memcny circ:ui'ts are +SM (TP·l) and +SL (TP""9),. The +SM voltage 
powE~rs only those memory circuits that are continuously on 
during memory operation. The +SL voltage, supplied by the 
computer power supply, is used• pri:marily to power the IC RAM 
outpu't buffer an.d memory interface logic. Filtered voltages +SS 
and +SAD used to power other memory logic circuits are initiated 
and cont.Tolled by power control and voltage control circuits 
powered by the +SM voltage. The voltage ar. d signal outputs 
frorn these two circuits initiate memory op · :-ations that are 
con~rolled by the processor. 

4.2 POWER CONTROL LOGIC 

When the +SM voltage is initially applied to the power control 
logic of the memory, both the system reset (SRST-) and system 
power failure alarm (SPFA-) input lines are at low levels 
(near zero voltage). The SRST- low applied to the input of a 
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transistor switching c:ircuit of the1 power control logic holds 
the gated output DS+SCe at a high level and prevents the 
voltage control circuit from supplying +SS and +SAD voltages 
to other memo:cy logic circuits until SRST- goes high. During 
this initial period, t.he trans isto1· switching c:ircui t places 
the memory logic circuits in a read~ state for on-line operation 
with the processor before the processor is completely operational. 
It should be noted, however, that this transistor switching 
circuit is primarily designed to operate in the same manner 
when a power failure occurs (section 4.ll). When power is 
lost, the transistor switch places the memory logic circuits 
in a ready state for operation with a battery-powered data 
save option. The data-save option supplies ~\e +SM voltage and 
the •12/•ZO volts de that are normally supplied by the computer 
power supply (sec~ion 4.12). 

4 f) 3 INTERNAL RESET 

When the SRST· signal from the processor reaches a high level 
(figure 4$2), the gated clear input to a voltage control one-shot 
is driven low clearing the output ~md causing STS• to go high0 
With a high level on the STS• outpttt, the DS•SC· gated output 
drops to a low level and causes a sub-circuit of the voltage 
control circuit to produce the +SS and +SAD voltages required 
to operate memory tind.ng circuits and RAM drivers (sec'tion 4.,4)., 
At the same time, the DS•SC· low clocks a one-shot driving the 
inverted +SSUP output to a low level which presets the burst 
·refresh flip .. flop, clears memory logic circuits an·d causes an 
:internal ·reset (I RST·) signal to bet held high by a low RA6L·., 

4.,4 VOLTAGE CONTROL CIRCUIT 

The voltage control circuit consists of ~10 separate sub­
circuits that control voltages required for both processor 
and datacsave operatie>n. Input voltages to both sub-circuits 
are supplied by either the computer power supply or the battery 
of the data-save option (section 4@12). 

The first sub-circuit is an IC voltage pass regulator and IC 
pump converter. The pass regulator operates on a +ZO-vol ~ 
de input and supplies a filtered +:L2-vol t de output that i 

connected to the inputs of two pump convertersG From t.he •12-
vol t: de input, each pump converter develops a negative voltage 
output that is regulated at -5 volts de by a :ener diodeo One 
of these eS-volt circuits is a redundant circuit designed as a 
backup in the event that the other circuit fails .. Each of the 
-S·volts clamped by each of the tm:> zener diodes is applied to 
the base of one tTans:istor of a twc:> transistor exclusive OR 
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circ:uit.. This circuit arrangement monitors both ·S·volt de 
inputs and if one fai:Ls, the exclusive OR collectors go low 
ther·eby ending MS timing~ Since both the +12 and - S·vol t 
de outputs are applieci to the IC RAM array, this backup circuit 
prevents damage to IC RAff elements if a failure occurs. 

The second sub-circuit is a transistor switch-amplifier circuit 
that operates on a fi:Ltered +SM voltage input and supplies +SS 
and +SAD voltages to ·ehe timing, address, and memory control 
logic. A low-level DS•SC· signal applied to the base of the 
first +SS transistor switch turns c)n the second +SS transistor 
switch placing the +SS output voltage at the collector. When 
this switching transistor reaches saturation, the •SAD transistor 
swi t.ching circuit is turned on placing the •SAD output voltage at 
the collector of the third •SAD tr;msistor switch.. Except when 
initial power is applied to the memory (section 4.3), the +SS 
and +SAD voltages are only continuously on when 'the memory is 
on·line with the processore When the data-save option is 
util.i:ed, +SS and •SAD are normally off but are turned on every 
two milliseconds for :a burst refresh operation, (figure 4·Z). 

4. S SYSTEM READY BURST REFRESH 

After the system rese·c signal (SRs·r-) has reached a high level 
but before the system power failure alarm (SPFA·) goes high, a 
burst refresh of 64 normal refresh cycles (section 407) is 
initiated to refresh stored data in the memory array following a 
da'ta•save operation.. After the da·ca-save option has been turned 
off by the high a. going SRS·T- signal from the controlling computer 
processor but before ·the internal ·refresh seqeunce is initiated 
(section 4$701), the low +SSUP (sec~ion 4o3) initiates a burst 
refresh sequence which prevents da·ca from being lost during the 
transition period from battery power to supply power. The de· 
tailed discussion is contained in subsequent paragraphs of 
this sect ion. 

When the +SSUP signal is clocked low by the low DS+SC- (section 
4.3), the burst refresh flip-flop is preset and forces the RA6L., 
signal t a low level. At the same time CYHO- is held at a high 
level by ... 55up :_·.?Plied to one of four inputs to the CYHO- cycle 
timing gate. The low RA6L· sets the refresh request signal (RB+) 
high causing coincide·nce with the hig.h ·CYHO- signal at dual inputs 
of a NA.ND gate which drives a two NA.ND gate refresh request 
flip-flop. When this coincidence occurs, the output of the 
first flip-flop gate is driven high and applied to one input 
of the second flip-flop gate. When +SSUP returns to a high 
level at the end of the +SSUP one-shot timing~ it becomes 
coincident with the high STS+ and high IRST· signals (section 
4.3) and causes the end of cycle signal (ENDC·) to go high. 
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The high E.~DC· signal marks the begin.ning of the burst refresh 
sequence. 

4.S.l Burst Refresh Seguence 

Now when the high ENDC· signal is ap~1lied to the second input 1of the 
second refresh request flip-flop gate it becomes coincident with 
the high ou'tput ctf the first fl~p-flc1p gate and drives the 
refresh cycle in progress signal (R-) low, the R+ (inverted R-) 
signal high, and the refresh address clocking signals (R.Al· and 
RAZ·) low. When the R· signal goes J~ow, it locks out memory 
reques'ts from the' por't A and B proce~;sors, enables the timing 
oscillator, and places cycle timing ~signals C'f'CL-, CYHO+, and 
CYHO- at thei·r ac:1!ive (true) levels. It should be noted, how-
ever, tha 1! al though CYHO- goes low when R., is low., the active 
change in the CYHO- level has no aff1:.ct on the state of 'the 
refresh reque.s 1! flip- flop. When RAl·· goes low, the refresh 
disable one-shot is clocked high and remains high throughout 
the burst refresh sequence. The sig11ificance of this ac'tion 
will become obviiJUS later in the disi:ussion. Now when the R· 
low enables the timing oscillator, 'the osc:illator ou'tput clocks 
the four quad flip- flops of the delayed timing clock (section 
4. 7. Z) which generates the timing pulses for each cycle. ~ear·' 
the end of the first of the 64 refresh cycles, a high TZ timin.g 
signal coincident with an al·ready high Tl6 timing signal forces 
Erne- low which changes the :state of the ·t"ef.resh request flip· 
flop and causes RAl· to go high. On the high-going transition 
of RAl·, the 6·bit refresh address counte·r is clocked and produces 
a refresh address ou'tpu"C with a binary count of one. !-1eanwhi le, 
the R• high perm.its the address multiplexor (section 4. 8. 2) tc:1 
select the refresh address.generated by the refresh address 
counter and the· first: refresh cycle address is applied to the 
64K MOS RAM arra.y. At the low going; tran:s i tion of the TS 
timing signal, the first cycle ends. The low TS forces CYHO· 
high which in turn clears the timing clock flip-flops and 
·turns off the ti.ming oscillator.· Wi.th the timing clock clearE!d, 
ENDC· returns tc1 a high level and the second refresh cycle 
begins. Thi~; cycle sequence is repeia'ted through 64 cycles of 
the refresh add1·ess counter until al.l address bits are high 
(binary coun~r: o~: 64). At the end o~: cycle 64, the high· 
going 'transition of RA.1· clocks th·e refresh address counter one 
more time produc:ing a high RA6C+ signal. This high level AA6C+ 
signal clocks the burs't refresh flip· flop forcing RJ\6L- high 
which becomes cc>incident with the high fTom the refresh dis ab le 
one-shot (previc>usly discussed) for(:ing RB• low and ending· the 
burs't refresh 54,qeunce. It should be noted that neither the 
RA6C+ high not" 'the RA6L· hig,h has au effe~ct on the output levels 
of the STS• or :c RST- signals at this time because of the low 
clear input to the voltage c:ontro l flip· f:lop produced by the high 
SRST· signal. 
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4. 6 ON·LINE OPERATION 

Within a period of not less than 110 microseconds after the 
high SRS~- signal is generated by 1:he processor, the system 
power failure alarm sj,gnal (SPFA·) from the main processor 
reaches a high level. When SPFA· b~comes high, the memory is 
on-line with the main processor and ready to perform normal 
<>perating cycles. · It should be noted that a low level SRST­
generated by the front panel RESET switch will not effect 
normal memory operation once SPFA· reaches a high level (see 
figure 4-3). 

4.7 OPERATI~G CYCLES 

The 660 nanosecond semiconductor memory has two operating cycles, 
memory and refresh. The refresh cycle is initiated internally 
by a refresh request flip-flop (section 4cS) unless ~~e memory 
is ttsed with an error correction circuit (sections 1 and 2.3). 
Each memory cycle is initiated by the combination of a memory 
request signal (MYQRA- or HYQRB-) and a priority signal (~IGY-
or ~·1IiMY·). from one of two possible processors (sec'tion l) 
through ~ssociated terminals of port A or port B. However, 
befo·re any of the operating eyc:les can begin, priority must be 
resolvedo 

4c7.l Prioritv Resolve Circuits 

Since the refresh cycle has priority over memory cycles, it is 
only reasonable that cycle prjority is controlled by the refresh 
request signal (RB ... ). Prior to: the beginning of each opera.ting 
cycle, a gated high CYHOm signal from the cycle timing circuit 
samples the RB+ refresh request sig:nal .. The resulting signal 
produced by coincident gating of these two signals sets the 
refresh request flip-flop that establishes the priority for 
that cycle$ If RB+ is high at the beginning of a cycle, the 
output of refresh request flip-flop which is also the refresh 
cycle in progress signal (R-) is seu. low and a refresh cycle is 
initiated. If, however, RB ... is low at the beginning of a cycle, 
R· is set high which permits memory cycle priority to be 
controlled by memory request and priority signals from the A or 
B prc>cessors. Cycle priority for either the A or B port is 
:.;stab lished ·during a memory cycle by the high and low level 
condition of both memory request signals (MRQYA- and MRQYB-) 
and memory priority signals (MHHY- and MHGY·) as shown in table 
4-1. 
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It should be noted, hcrwever, ·that c:ycle timing established by 
the refresh disa0le one•shot and the TS timing signal (section 
4. 7. 2) permits R· to initiate a refresh cycle approximately 
every 30 microseconds af-eer the pre~ceeding cycle is complete 
regardless of establi~•hed port pric)rity, (figure 4-2). 

The timing for initiating a refresh cycle is established by 
the trailing edge of t.he high pulse1 output of the refresh 
disable one-sho't. ~ear the end of each refresh cycle, a low­
going refresh address clock (R.Al·) triggers the refresh disable 
one-shot causing the c>utput to go high for 30 microseconds. This 
high becomes coincident with the hi.gh level RA6L- signal (section 
4.S) and forces the RB+ signal low. While RB+ is low, refresh 
is disabled and memory cycles can be initiated. At the end 
(trailing edge) of ~~e 30 microsecond pulse, RB+ returns to a 
high level.. When the preceeding cycle is complete, the TS 
timing signal low (figure 4·4) forces cycle timing signal CYHO­
high. As noted at the beginning of this section, each time this 
combination of a high RB+ and high CYHO· occursp the refresh 
request flip-flop is set and the refresh cycle is repeated. 

4.,7eZ Timin~ Control Circuits 

Cycle timing is initiated by one of ~~e low level signals R~, 
BG, or A~ applied to the inputs of a cycle•selec't NOR gateo 
The resulting output low triggers a SO nanosecond (approximate 
c>utpu1:) oscillator tha't ·clocks a 20 MHz (approximate output) 
delayed timing circuit consisting of four D·type quad flip"'flops., 
It should be noted however, that before the first clocking · 
signal high is applied to these quad flip .. flops that each flip· 
flop is cleared by a low level CYHO+ signal generated by ~~e 
absence of a cycle~in..,progress signal (R .. , A ... , or B"'). As a 
result of this clear input, the Tl6~ timing clock output goes 
high before the clock becomes activeo This high is applied to 
the D·input of the first quad flip-flop through a feed back loop 
and places the first flip-flop of the clock in a ready state to 
rece:i.ve the initial inverted clock pulse from the oscillator. 
When the initial inverted clock pluse goes hir,h, the delayed timing 
sequence begins and stepped-timing pulses are generated at the 
flip-flop outputs (figure 4-4). A timing pulse is generated 
approximately every ZS nanoseconds as a result of 'the method of 
applying non-inver'ted and inverted oscillator output pulses to 
alternate quad flip-flop clock inputs. 
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Table 4-1. ~1emory Cycle Priorities 

~tllMY- ~llll}Y A- HIGY- MliQYB- CY CLF. IN P ROGIU!SS SIGNAL POllT 
Lf. Vf:L LEVEL LEVEi. u:vi:1 .. ANU MIU«lRY STATUS PRIOIUTY 

II H ii II Memory cycle not requested; None .. 
both A- and B - high 

II H II L B-port cycle re,auestedi A- n 
p 

high and B- low 

II II L II B-11ort hogs 1Remory without D 
request:; A- high and B- low (Cl)* 

II II L L D-port hogs memory; A- high B 

.fli-. 
and b- low (CA)* 

I 
~ ti L II II A-port cycle requested; A- A 0 

low and II- high 

II L II L Doth memory cycles requested; ii 
A- high and H- low 

H L I .. II ll-port hogs memory 1 locks out D p 

A-port Te(1ues t 1 and forces A- (CI)* 
hich and II- low 

II L L L D-port hogs men1ory with both D 
cycles rc,aues ted 1 locks out (CA)* 
A-port re,iucs t, and forces A-
high and n- low 

L II II II A-port hogs me1nory without A 
re<t ues ti A- low and 8- high (CI)* 



Table 4-1. Me: ·ry Cycle Priori tics {contimaed) 

f·llMY- ~IRQYA- ~HIGY- MRQYB- CYCLE IN PltOGRESS SIGNAL PORT 
LEVEL LEVEL LFVEL I.EVE L ANU MHMOltY STA'fUS PRIORITY 

I. II II L A-port hogs memory, locks out A 
D-port request, and foreces D- (CI)* 
high and A- low 

i. ii L II Hoth hog lines cancel without None 
memory request; both A- and D-
high 

L II L L Doth hog 1i nes cancel \ti th B 
D-port cycle requested; A-
high and D- low 

~ L L II II A-port hogs memory; A- low and A I 

~ 9.., high 
t-...i 

t L II L A-port hogs mewnory with both A 
cycles re<1uos ted ~ locks out (CA)* 
II-port request, and forces 8-
high and A- low 

L L L II Roth hog lines cancel with A 
A-port cycle rec1ucs ted; D-
high and A- low· 

L L L L Hoth hog lines cancel with B 
both memory cycles requested; 
A- high and D- low 

* (CI) a Cycle Inactive; (fA) = Cycle Active 
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These timing pulses are genera.ted th?"ioughout one complete half 
cycle of the delayed clock and up thr1ough removal of the high 
level TS timing pulse during the sec:o:nd half cycle. At that 
time, the low lev1el TS output completes the cycle time of the 
refresh or memory cycle in progress (560 nanoseconds) and permi. ts 
the delayed timing clock to be cleare·ri for the next operating 
cycle. The cycle timing sequence is repeated when the next cy c:l e 
in progress signal (R·, B·, or A·) is applied to the cycle-select 
NOR gate. 

4. 7. 3 Write Control Logic· 

Since a memory ctcle is either a write or a read cycle, a data 
word is entered into memory or retrieved f'.t"Om memory during one 
cycle period (figure 4-S). In this memory, data words are 
written into memory or read from memory in half-word (byte) 
increments. The byte signal lines from the A and B processors 
(section l) control the byte selections and the type of memory 
cycle. Byte control signals, MWRYA+ and ~twLYA+, control the 
righ 1: and lef'C bytes of each data word from the A process or 
while MWRYB• and MWLY'B• con'Crol the tight and left data bytes 
from the B processor. 

When either of the righ1: byte control signals (M'r'IRYA+ or MWRYB-1•) 
is high, the complement memory cycle in progress signal (A+ or 
B•) permits that byte to be written i.nto the addressed memory byte 
location. The sa.me is true for the l.ef'C b·yte control signals 
(MWLYA+ or MWLYB+·). However, when arJ,y of the right or left by·i:e 
control signals are low, the memory c:ycle in progress signal 
permits that by'te to be read from thet addressed memory byte 
location. The read/write functions are controlled by dual inverters 
tha1: provide the appropriate byte signal outputs to the data 
input and output logic. 

On a write memory cycle, the high lev·el write data byte enable 
signals (WR+ and WL+) are produced by the inversion of the gated 
low outputs from two NAND gates. ThEt high level read data byte 
enable signals (RR+ and RL+) are produced by the inversion of 
the inver'ted low WR+ and WL+ signals when the gated outputs ar1e 
high during a read memory cycle. ThE~se signals enable the data 
input and output logic controlling da'Ca entry or retrieval 
( s ec-t ion 4. 9. :L aJ'ld 4. 9 • Z) • 

In order for the right and left data bytes to be wri t'ten into ~OS 
RAM elements (se<:tion 4.10), WTite enable signals (WRBx- and 
WLBx-) are genera.ted by coincident ga.ting of WR+ or WL+ and 
timing signals T6 and Tl4. When WR+ is at: a high level the 
resulting low level WRBA- and WRBB- write enable signals 
permit the right data by'te to be wri ·i:'ten i.n to right byte MOS RAM 
elements.. When WL+ is high, WTi te e11ab le signals WLBA· and WLBB • 
are forced low which permit the left data byte to be written into 
le ft by't e MOS RAMs • 
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4 ~ 8 ADDRESS ING 

Before the memory re~1Jest signal (~fRQYA• or MRQYB·) on either 
the A or B port can initiate a memory cycle, the corresponding 
memory address bits f'.rom the contrc:>lling processor or other device 
must be on-line and s·cable (figure 4·5). If the A processor is 
in control of the memory cycle, address bits MYAAOO+ through 
MYAAlS+ will be on· line and used to address the MOS RA1·1 elements. 
If 1:he B processor controls tl\e memory cycle, address bits MYABOO• 
through HYABlS• will be on..,line and used to address the MOS RAH 
elements. These address lines will remain stable until ~~e 
positive going transition of the corresponding memory acknowledgment 
signal (YnmiA· or YDNMB•). If the operating cycle is a refresh 
cycle, refresh addres.s bits (RAOO through RAOS), generated by 
the refresh counter, are used to address the MOS RAM elements. 

The logic circuits of this memory module have no provision for 
off!;et addressing or interleaving of groups of memory elements. 

In those models with a storage capacity of less than 64K words, 
the computer program controls the addressing of available 
storage locationso Addressing beyond 32K words is controlled 
by the memory map logic (section l). 

4. 8.1 Hemo?'V Cvc:le Address Logic 

At ·che s tar't of each operating cycle, 16 address bi ts from each 
of ·che A and B processors are present on each cor~esponding 
memory address bus (figure 4-5). Twelve of these address bits 
(MYAxOO through MYAxll) are applied to AND/:lOR ga'te 2-to .. l 
address multiplexors of the memory address logic and four 
(i.rf.\xlZ th rough MY AxlS) are applied to circuits of the row 
address strobe logic (sec~ion 4e8e3)~ When the high level of 
the inverted T3 timing signal from the timing control (section 
4e7GZ) enables the 2°to·l multiplexors, the first six address 
bits from both processors are selected for row addressing of the 
'tOS RA~1 elements (section 4.10) and applied as inputs to three 
4-to-l multiplexors. 

If a memory cycle has priority (section 4.7.1) the level of tbe 
B• priority signal applied to each 4-to·l multiplexor will deter­
mine whether the A 01· B memory address bits are selected for 
driving the MOS RAM elements. If B• is high, the six row 
address bits are selected fTom the controlling B processor bus; 
if B• i3 low, they are selected from the controlling A processor 
bus .. In either casev the resulting multiplexed inputs are 
enabled out of each 4~to-l multiplexor by CYCL· si~nal pulses 
from the timing control (section 4.7.Z). 
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Pare way through the c:yc:le, T3 goes low and the second six address 
bits are selected by the 2-'to-l and 4-to-l mul'tiplexors for 
column addressing of 'the MOS RAM eleme·n'ts. Here again the same 
level of B+ controls the address s elec:tion from either the A or 
B processor bus. The resulting multit:iilexed outputs are inverted 
and applied to thei column address inputs of all MOS RAM element:; 
in the memory an 2Ly • 

4.,8.Z Refresh Cyc:le Address Logic 

If a refresh cyc:lE~ has priority, refrush address· bi ts genera'ted 
by the refresh counter (section 4. S) are applied to the inputs 
of :::i.e 4-to·l multiplexors. 1·he high level. R+ priority signal 
generated by prio·rity logic circuits : ;ection 4. 7. l) then enables 
the selection of ·the refresh address •i?Plied to both row and 
column address la·tches of all ~105 iU.'t elements. The CTCL· 
signal enables th1e 4-to·l multiplexor which permits the refresh 
address input to be multiplexed out, inverted, and applied to 
the input of both latches in each MOS RAM •!lement. 

4.8.3 Memorv ~ress Strobe :C.ogic 

Before either the memory cycl·e address or the refresh cycle 
address can be la.tched in'to the row and column latches of a 
HOS 'RAM element, each nos RA\t latch must be clocked b)' a 
respective address strobe. The row· address latch of each ~DS 
RAM element i! clocked by a correspon.ding ro" addre~s strobe 
(RASnn-). Eac:h MOS RAH column address latch is clocked by a 
corresponding column address strobe (CASx) (section ~.10). 

Sixteen row addr,:ss strobes (one fo·r ea.ch 4K segment of memory) 
are generated by the last four memory address bits from the 
controlling processor address bus. 

During a memo·ry c:ycle, memory addres~; bits ~·tYAAlZ• through 
HYAAlS• and r.ft'i\B:LZ+ through MY.:\BlS+ :Erom each respective A and 
B processor addrt~ss bus are apr>lied 1:0 the input lines of two 
corTesponding 4·bit la·cches of the rtJW address and timing circuits. 
Both of these latches are enabled by the low-level of the Tl 
timing signal (section 4. 7. Z) which· :stores the address. There­
after, on the high-going transition 1of thE~ Tl low the complement 
outpu't of the address from both latches are multiplexed by fou.r 
. .\!SD/NOR gate Z·to-1 multiplexors. These multiplexors selec.t the 
complementary address bits from the controlling processor and 
reject those from the non-controlling processor. This is 
accomplished by the coincident gating of each complement addre·ss 
bit with -che high level of either the A• or B+ priority signal 
generated by priority resolve circuits (section 4.7.l). The 
multiplexed outputs corresponding to address bits ~·tY.~"ClZ•, ~.rf.-\..."Cl3~, 
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and HY Axl4+ are gated by a high lev·el RA.2· and then decoded to· 
provide two groups of eight row address strobes, RASOO- through 
RAS07· and RA.SOS- through RA.515-. At the same time, the multiplexed 
ou-cput corresponding to the tl".ue o·.r false term of MYAxlS+ is 
applied in coincidence with requir1~d delayed timing to inputs of 
two RAS timing gates. The resultan~ RAS timing outputs, in turn, 
select one of the two groups of ro111 address strobes thereby 
permitting only one o·f the sixteen address strobes to be applied 
to the RAH array during the memory cycle. This single row 
add1·ess strobe is then used to enable the row address latches of 
the sixteen (bi ts of one word) MOS RAM elements in the memory 
array. During a refresh cycle all sixteen row address strobes 
are applied to the RA\I array. 

Dur1.ng both memor;r and refresh cycles, four column address 
strobes (CASA· through CASD·) are .initiated by the coincident 
gating of the T6 and ·the invened ·ns timing pulses (section 
4. 7 fl 2).. With inver-ced TlS at a high level after the initial 
clear applied to each of the timi~g clock quad flip-flops, the 
high-going transition of the T6 pulse forces the outputs of four 
NAND gates low and in.itiates the column address strobes. These 
low level column addr1e~s strobes a:re then applied to all MOS RAH 
eler.~ents (one for each group of 64) in the memory array (sec'tion 
4"10)" 

When a memory cycle h.as priority (section 4., 7. l) two identical 
chip select (CSA· and CSB·) low level signals are initiated which 
enable the column add·ress latch for all MOS RAH elements in the 
memory array. During a refresh cycle the chip se~ect signals 
are at high levels and the column address latching function 
becomes inac~ive. 

4., 9 DATA CONTROL LOGIC 

When the cycle in progress is a memor/ cycle, data entry (write) 
or data retrieval (read) is controlled by data input multiplexing 
or data output demultiplexing circuits of ~~e data control logic 
(figure 4· l). Al :iough these input multiplexors and output 
demultiplexers are co:nnec'ted directly to the bidirectional bus 
for each processo- or device (port A and port: B), only one 
proc:essor OT device is aC'tive at a time. This means that during 
the cycle, each 16-bit data word (18-bits with parity) is written 
into memory or read from memory through the active port. 

If the cycle is a write cycle, the controlling processor or device 
places data on the memoljf data bus. When this data is stable on 
the bus from th - leading edge of the memory request (MYQR.."C) 
signal (time 0 . ~us 160 nanoseconds) to the trailing edge of the 
memory acknowledgement (YDNMx) signal, the data is writ'ten into 
the me mo ry ( fi gure 4 .. 5) • 
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If the cycle i:s a read cycle, the memc1 ry places data on the 
memory data bu.cs. When this data is val.id and stable from 30 
nanoseconds beforE! the trailing edge <)f the memory acknowledgment 
(YDNMx) signal until 45 (minimum) to :LOO (maximum) nanoseconds 
af'ter, the data i~; read (accepted) by the processor (figure 4-S). 

'!he memory (YDNMA·· or YDmm-) is init:Lated by the high-going 
transition of the TS timing signal (siec'tiorL 4.7.Z) which clocks 
a retriggerable one-shot. Enabled by a low-level R+ signal 
(sec'tion 4.7.1), the one-shot then generates a high level DU~+ 
pulse that is gated by a coincident high level A+ or B+ port 
priority signal. The resulting output is ~the memory acknowledgment 
signal. 

4.9.l Read D~Logiq 

I :f the memory cyc::le in progress is a read cycle, sixteen high 
and low level data bits stored in sb::teen adjacent ~.os RAM 
elements (section 4. lO) are made ava.i.lable on the output lines 
of the memory ar1·ay. As a. single dat~a word, these buffered da1:a 
output. signals (DOOO· through OOlS·) are inverted and applied 
to inputs of sixteen corresponding l·· to Z demultiplexers. :io1~e, 
if optional pari1:y bits are also available, parity signals 
(0016- and 0017·) are inver'ted and ap!'lied. to two corresponding 
demultiplexers. The buf~ered .data., with or without parity, is 
demultiplexed wi1:h one of two pair oj: high-going byte output 
enable signals (lJOENAR+ and DOE:-.IAL+ <Jr OOENBR+ and OOENBL+). 
Generated by the coincident gating o:E read byte enable (RR+ or 
RL•), por't prior:Lty (A+ or B+), and the Tl3 tir.ting signal, the 
byte output enable signals cause the demultiplexors to place the 
16-bit da'ta word and parity bits (if present) on the data. bus 
terminals of the controlling processor. Thus read data. bits, 
~1YDAOO· through ~·\'YDA17- or MYDBOO· th.rough ~·rfDBl 1·, a.re 
available for processing by the controlling A or B processor. 

4.9 .2 WTite ~a Logic 

If a write memory cycle is in progress, sixteen data. bi ts and two 
parity bits (if used) from both A and B processoTs can be on-line 
a1! the s a.me time~. That is , write da.ta bi ts , MYDAOO - th rough 
MYDA17- or nY'DBOO- through MYDB17· c.an be present on both the 
A and B terminals of the data bus an.d a.vailab le to the memory 
for storage. As; a single data woTd,, these data bits are 
multiplexed with one of two pair o:f high·going byte input enable 
signals (DIE~AR .. · and OIEN.AL+ or DIENBR+ and DIENBL•). Genera.~t:ed 
by the coincident ga-cing of W·Ti te by•te enable (WR+ or WL•) , p<:>r't 
priority (A+ or B+) , and the comp leTI1en t of the TlS timing s i g1i.al, 
the byte input enable signals cause the 2.- to • l multiplexors to 
initiate a single output which is inverted and applie<l to the 
MOS R.Af.1 elements for storage. Thus, each of data bi ts, DIOO· 
through OI17·, .a.re written into one of sixteen corTesponding 
~DS RAM elemen t.'S. 

4-18 



4.10 MOS R.A..\f ELEMENT LOGIC 

The,basic IC element of the semiconductor memory array is a 
dynarnic 409 6 ( 4K) by l bit RAM with a high density N•channel 
metai·-oxide semiconductor (MOS) substrate. The operation of 
this 4K MOS RAM is straight forward.' in that decoded serial data 
i.s entered into or retrieved from an. internal 4096-b it ( 4K) 
storage matrix (figure 4·6). 

When used in the 660 nanosecond semiconductor memory- module, the 
internal storage array of each MOS RAM represents one bit of 
the 16-bit format (lS·bits with parity) for 4096 computer words. 

During one MOS RAM write or read cycle, twelve input address bi ts 
are used to access a s:ingle bit loc,ation of the MOS RAM array. 
The first six parallel address bits are applied to a six bit 
latch which is enabled by an in tern al timing pulse and permits 
row decoding (figure 4·7). The internal row timing generator is 
triggered by the row address strobe (RAS). The second six 
parallel address bits are applied to a 7-bit latch which is 
clocked by a column address st4obe (CAS) signal and permits 
column decoding when chip select (CS) is low during a memory 
cyclec The latched row and column addresses are then clocked 
into their respective :l to 64 decoders by the corresponding 
timing generators triggered by the low going row address strobe 
(rtAS) and a low going column addres!S strobe (CAS). 

During one MOS RAM ref'.resh cycle, CS is a't a high .level and both 
the row a.nd column add'.resses are identical through the cycle 
but only six different address bits are used instead of the 
twelve required for read and write cycles"' The second six (column 
address bits are ignored since the column address strobe is only 
used to disable the da~a output. With a high level at the chi~ 
select (CS) input both the data input and output latches are 
disabled and the address current refreshes the stored data 
locations. 

4 .11 POWER DOWN 

When the computer power switch is turned off or a shor't•tenn 
system power failure occurs, the system power failure alarm 
signal (SPFA-) immediately drops to a low level (figures 4-Z and 
4-3). Approximately one millisecond later SRST· goes low. It 
should be noted, howevf~r, that the +SM voltage is sustained by the 
powe?' supply for Z milliseconds aftE~T the SRST- low occurs .. 
In the meantime, the lc'w SRST- drivE~s IRST- low clocking 
the +SSUP one-shot high and forcing +SSUP low. The low +SSUP 
presets the burst refrE~sh flip-flop and clears the 6-bit refresh 
c:oun ter. When the bur~; t refresh flip- flop is pres et, RA6L .. is 
set low and IRST- returns to a high level. Afterward +SSUP 
retuT'ns to a high level and becomes coincident with the high 
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IRST- and STS+ signals to set ENDC· a·c: a h:Lgh level· and initiate 
a burst refresh sequence (section 4. S.l). At the end of this 
64-cycle burst refresh, the R.A6C+ sig:nal high generated by the 
refresh counter c.locks the voltage co:ntrol one-shot which drives 
the inverted STS+ low and DS+SC high. Thi~s action turns off the 
+SS and +SAD voltages and power down is complete. If the computer 
power supply i.s not equipped with the data .. save option, the + 5~1 
voltage then drops to tero volts and power is off. 

4 .. lZ DATA•SAVE FUNCTIONS 

If the computer power supply is equipped with a battery-powered 
data-save option, data already stored. in the 4K MOS RAM array 
is sustained for up to 4 hours in a 660 nanosecond semiconductor 
memory with a ca·paci ty of 64K word.s. This is made possible by 
the -data· save opt~ion which provides the +SM and •lZ/ •= 11 volt de 
operating vol tage~s for the memory. In a data· save mode, two 
milliseconds ilfteir the power down bu1·s t refresh and every two 
milliseconds the1·eaf'Cer, the voltage control one-sho't output 
high clocked by dte RA6C+ inverted lc1w, also goes low producing 
a STS+ high and E~nabling the burst retfresh sequence (section 
4. S .l) to be repE~a'Ced. 
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SECTION 5 
MAINTENANCE 

Maintenance personnel should be familiar with the contents of 
thi~ manual be fore at·tempting memoiy troubleshooting. The 
MAINTAIN II I test program system (MAINTAIN II I Manual) contains 
a memory test program used to isolate a malfunction to a 
part:icular 660 nanosecond memory module. Determine which memory 
b oa?'d is at fault and move it to the top slot for trouble shooting. 
Further diagnosis can then be made by referTing to this manual. 

S. 1 TEST EQUIPMENT 

The following is a list of recommended test equipment for memory 
maint:enance: 

a. Oscilloscop~~, Tektronix t:ype 547 with dual•trace plug-in 
unit, or equivalent. 

b. Multimeter, Hewlett-Packard 3469B or equivalent. 

S ~ Z CIRCUIT BOARD REF1AIR 

The memory module is contained on a standard Z ... layer PC board. 
If it has been determined that circuit~board repair is required 
except for plug..,in MOS RAM ICs, it is recommended that the 
Spen·y Univac customer service department be contacted so that 
a new circuit board ca.n be installed in the user's system and 
the faulty one returned to the factory for repairs. However, 
if ti1e user decides to perform his own repairs, extreme caution 
should be used so that the circuit board is not permanently 
damaged. Approved repair procedures should· be followed such as 
t.he ones described in document IPC·R·700A prepared by the 
Institute of Printed Circuits. However, if it has been determined 
that one of the MOS RA~·f I Cs is faulty simply remove it from its 
associated socket and replace it with a new one. 

5. 3 MEHORY FAILURE SYMPTOMS 

'!'he repeated occurrence of the halt instruction or the completelr 
?'andom sequencing of instructions are in di ca ti ve of a possible 
memory failure. If either of these symptoms or any o'ther symptom 
which is indicative of a memory failure occurs during normal 
computer operation, perform the checks, adjustments, tests, and 
troubleshooting procedures listed in sub~equent p~ragraphs, as 
required .. 
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As an aid to troubleshooting, re fer tc> the theory of operation 
(section 4.) and the logic diagram in 1:he system docurnenta'tion 
package. 

S. 4 DC VOLTAGE CHECKS 

The DC voltage checks provided herein are divided into 'two sec­
tions. The first section deals with inandato ry procedures required 
for each memory module in the system when a memory failure occu.rs. 
The second section provides a convenient check of the de vol tag;es 
required for nonnal memory operation. 

CAUTION: Failure to per·fom the mandatory procedures 
as presented i:n the subsequent pa-:-·:.sTaph could 
result in extensive damage to the nos RAM ele­
ments of the memory a.r·ray. 

5 .4 .l Mandatorr Procedures 

If a malfunction of the com"Cuter occtLrs which is indicative of a. 
memory failure, turn off the computer power switch and perform 
these mandatory procedures in the fol.lowin.g e:cplici t manner: 

l. Remove all memory boards e':cept one (top s lo't) from 
the mainframe chassis. 

2. Pla·ce the multimeter probe~; acToss tener diode CR8 of 
the in:serted board with the negative (-) probe on the 
anode and the positive (•) probe on th.e cathode. 

3. Turn on the computer power swi tc:h, observe the voltage 
reading on 'the mul'timeter, and turn the computer power 
switch off. 

4. If the multimeter registered ·S volts plus or minus a.ZS 
volt as observed in step 3, proceed to step 6. 

s. If the· multimeter did not register ·S volts plus or minus 
a.ZS v·olt as observed in step :S, correct the malfun<::tion 
before· proceeding with step 6. Note that there are 
two -S-volt de circuits with an exclusive OR output 
to pre!vent memory operatio·n when one circuit mal­
func'tions. 

6. Place the positive (•) prclbe of the multimeter in T~?l 
of thE~ ins er'ted board and the negative ( ·) probe in 
TPS. 
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1e Turn on the computer power switch, observe the voltage 
reading on the multimeter, and turn the computer power 
switch off. 

8. If the multimeter registered •S.2 volts plus or minus 
0.26 volt as observed in $tep 7, proceed to step lOo 

9. If the multimeter did not register •5.2 volts plus or 
minus 0.26 volt as observed in step 7, correct the 
malfunction before proceeding with step 10. 

10. Remove the inserted memory board, insert another of ti1e 
memory boards removed in step 1, as applicable, and 
repeat steps 2 through 9 until all system memory modules 
have been checked for the indicated voltages; then 
proceed to step 11. 

11. Replace all memory boards in the mainframe chassis and 
perform the checks, adj u:s tments, tests, and trouble· 
shooting procedures given in subsequent paragraphs, 
as required~ 

5. 4 Cl 2 :-formal Procedu·::!!. 

Except as indicated, ensure that the de voltages applied to the 
memory board are wi th:in S percen't 1of their nominal values by 
measuring them at the following pins of connector Pl: 

•20 volts (!10 percent) at pin Bl with respect to gTound 

•S .. 2 volts (memo'.ry) at pin BS with respect to gTound 

Ensure that the de voltages generated internally by circuits of 
the memory are within S percent of their nominal values by 
measuring between the indicated test points: 

•lZ volts bet:Weer1 TP4 and TPS (gnd) 

+S • .:.. volts (+SM) between TPl and TP6 (gnd) 

+5 volts (+SAD) betwP· n TP2 and TP7 (gnd) 

+ 5 vol ts ( + 5 5) between TP 3 and TP 8 ( gn d) 

+ S vol ts (+SL) bE~tween TP9 and TPS 

-5 volts between TPlO and TPS 
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S ce S CYCLE TI:·t:e ADJUSTI·IE~TS 

To determine the precise cycle time o:f 660 nanoseconds required. 
for proper memory· operation, use the oscilloscope to monitor the 
CYCL- signal at pin 8 of IC67 and perform the following procedures: 

1. Connec't the oscilloscope ~rigger to a common jumper 
be'tWeen. TP1:3 and TPl4. 

Z. Connect. the oscilloscope gT·ound to TP S. 

3. With the memory test progTm in a dynamic loop for 
reading and writing data, t.he CYCL- signals should 
display timing between 640 and 660 nanoseconds from 
the negative going edge of one signal to the negative 
going ~~dge of the nex't. 

4. If CYCL· timing is ou't of ·~olerance, return the memory 
board to the factory for acijus tntent under warranty. 
Note that this adjustment :Ls sealed and the warranty 
will be void if the seal i:s broken. If the memory 
board is out of warranty, adjust R:Z 7 until the 
timing is within the required limits. 

S. If CYCL- timing is out of tolerance after attempting~ 
to adjust RZ7, turn RZ7 fully c.'lockwise and adjust RZ6 
':Ult.il the negative going edges of the two CYCL· sigrLals 
are approximately 800 nano1seconds apart th.en repeat 
step 4. 

. 
6. If there are no signals p1·esent refer to section 5. ·7. 

S. 6 ME~10RY AClCNOWLEDG!·rENT ADJUSTMENT 

To determine the proper width of l7l3 nanc1seconds fo-r each of the 
memory ackno:wledgment signals, use ·:he oscilloscope to monitor 
YDNMA· at TPll and YONMB· at TP12 and perform the following 
pro cedu-res : 

l. Connect the oscilloscope trigger to terminal ES. 

Z. Connec~ the oscilloscope gTOlUld to TPS. 

3. With the memory test prog:ram i.n a dynamic loop for 
readi.ng and writing data, t:he pulse width of YDNi.fA .. 
and YDNME· displayed on the os ci llos cope should. be 
178 plus or minus_.S nanoseconds at the 1.S volt leYel. 

4. If the pulse width of YDN?·tA- and Ymn.m- is out of 
tolet'ance, adjust Rl6 until t.he pulse width is within 
the required limits. 

S-4 



S.7 GENERAL !XERCISE TEST 

With the memory test program in a cLynamic loop for reading and 
writing data, check the following signals with the os c:illos cope 
at the indicated test points: ' 

~!!. Test PoJ:.n! Scot>~· Tris;ser Sco:ee Ground 

A· TP13 Al-12 TPS 

B· TP14 Al-9 TP8 

R- TPlS Al•4 TPS 

CSA IC74·6 TP13 and TP14 TPS 
and (jumper) 
cs:s 

COLS EL+ IC60·12 IC60· 4 TPS 

ROWS EL+ IC60·10 IC60· 3 TP8 

DIENAR+ ICS3· 8 IC74·8 TPS 

DIENBR+' ICS4-8 IC74•1 8 TP8 

DIEN AL+ ICS3°6 IC74· 8 TPS 

DIENBL+ ICS4·6 IC74·8 .TP8 

OOENAR+ IC61·8 IC74·8 TPS 

OOENBR+ IC6 :z ... 8 IC74·8 TPS 

OOENAL+ IC61..,6 IC74·8 TPS 

OOENBL IC62·6 IC74•1 8 TPS 

RASlSA IC7S· 8 IC74·12 TPS 

RASlSB IC7S· l2 IC74·12 TPS 

CASA IClOO- l.S IC60·3 !?8 

CASB ICSOO- lS IC60·3 TPS 

CASC IC900•l.S IC60~ 3 TPS 

CASD IC13QQ ... 1S IC60·:S TP8 

RA6C+ IC44-12 ICS0·6 TPS 

DS+SC- IC91-6 IC44· 1Z TP8 
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S .. 8 REFRESHER TEST. (POWER LOSS) 

·ro c:h.eck the refresher logic, turn the powt'r switch, on the 
contTol panel, to the hold position. Place the oscilloscope 
probe on IC44· lZ (RA6C+) and observe that ·the signal goes high 
every Z milliseconds. If the system has the data· save option, 
simulate a poweT failure (trip circuit breaker on computer power 
supply) and obseTve that the RA6C+ signal goes high every Z 
milliseconds. If' RA6C+ does not go high approximately eveey Z 
milliseconds· (max:imum), check the •SSUP output at IC9Z·Z and 
.the R- output at TPlS. Also check to1 see if the •SM voltage is 
on continuous ly • 

S. 9 REFRESHER T!!ST (POWER ON) 

To check the refresher logic with cotrrputer power on, place the 
oscilloscope probe on IC60·Z CR•) and observe that the signal 
goes high approx:Lmately every 30 mic:r:oseconds (maximum). This 
occurs with or w:i.thout memory reques ·cs on por'C A and port B. If 
the R+ signal oci:urs within a time p1eriod above the maximum 30 
microseconds, ch·eck the timing of on·e-sho-i: IC8l. 

S.10 TROUBLESHOOTI~G DATA ERRORS 

The MOS RAM IC's of the memory array are arranged on the memory 
PC board in such a way that data errors c.an be isolated to the 
faulty MOS RAM with lit'Cle effor-c. Figure S·l shows t!i.e ~·!OS H.AM 
layout of a l.6-b it 64IC memory arTay ( l6K and 3ZK not shown). 
Each row of ~tOS RAM' s provides the storage locat.ions for 4096 
(4K) 16-bi'C words of memory data. :r:rom top to bo'C'Com, the 
~S RAM rows CO!Jrprise memory capacit:ies of 4K through 64K in 
multiples of 4K··word increments. _E~Lch MOS RAM in a row contains 
40 96 l·bi t memory cells e From col·umn 1 to column 8 and from 
row 10 to row i:r of the arTay, the MOS RAM IC's comprise bit 1J 
through lS, respectively. Column 9 and 1·ow 18 represent associated 
parity bits. The IC designations ccmfornt to the number of 
rows of RAM IC's (from top to bottotn) ancl the bit designation 
for each column. Thus the 16 bits 'for the first 4K-word increment 
are loca'Ced in rc100 through ICllS c:>f TOW l, for the second 
4K incre~ent (SK) in ICZOO through ICZlS of row Z, etc. The 
two parity bi ts for each 41C increme·nt are located in ICnl6 and 
ICnl7 where n represents the row number. 

S. l l CI RCUI1'· COMPONE!'IT IDE:'ffI FICA1"Iml 

Each discret:e c:omponent of the memory board is identified by a 
reference de!signator. This referen.ce designator appears on both 
the PC board ad.j acent to the associated component and the logic 
diagTams withir.L or adjacent to the component symbol. For inte­
gTa1:ed circuit (IC) components, thei !C reference designator appears 
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on the PC boarcl next to the IC packagei and within each ass ociat1!d 
logic symbol on the logic diagrams. The individual logic: circu:its 
of a multi•circui1: IC can be identifietd on the logic diagrams and 
located on the PC board by the IC pin numbers. The numeral l 
appean on the PC board ad.j ac:ent to pj~n l of each IC package. 
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SECTION 6 
MNE?.iQNICS 

Mnemonic -
A+ 

A• 

AOOS 
A016 
A024 
A03Z 
A040 
A048 
AOS6 
A064 
Al08 
All6 
Al24 
Al.32 
Al40 
Al48 
Al56 
Al64 
A208 
A216 
A2Z4 
A23Z 
A240 
AZ48 
A2S6 
A264 
A308 
A3l.6 
A3Z4 
A.332 
A340 
A.348 
A.356 
A364 
A408 
A416 
A424 
A432 
A440 
A44S 
A4S6 
A464 
ASO 8 

Des er]. 'Ct ion 

Compl~tment memory c:yele in progress from port A 

Memory cycle in progress from port A 

Row a:rtd column address drivers for routing address 
inforniation from pc>rts A or B or from re fresh 
counter to MOS RAM elements 



Mnemonic: 

AS16 
AS24 
A5:52 
AS40 
AS48 
ASS6 
A.564 

B+ 

B· 

CASA· 
CASB· 
CASC· 
CASO-

COLS EL+ 

CSA· 
CSB· 

CfCL-

CYHO+ 

C.'YiiO-

DIOO 
through 
DI07 

DI08 
th rough 
DI 15 

DI 16 

DI17 

.·· 

Des eription 

Complement meaory cycle in p?ogress from port B 

~emory cycle in progress frotn port B 

Strobe signals for enabling column address 
information to be accepted by MOS RAM elements 

Timing signal for selec:ting ~'!OS r .... ~.t column 
address 

Chip-selection signal :Eor selecting row and 
co:Lumn addressing of ~.fCJS RA.:f elements during 
·refresh cycles and row addressinp: only during 
memory cycles 

Enables addres:s driver selection for all 
operating cycles 

Enables delayed timing for row address strobe 
s•dection 

Samples refresh burst reques't (RB•) for active 
or inactive state of refresh cycle priority 
letgic 

Input data bi ts of right input byte of 16· bit 
i11put data word selec1:ed f1·om either A or B 
pcJrt • 

I·nput data bits of le'f t input byte of 16-bit 
i:nput data word selected from either A or B 
por't 

Parity bit for right input byte selected from 
A or B por't 

Parity bit for le ft input byte selected from 
A or B por-c 
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~tnemonic 

DIEN AL+ 

DIENAR+ 

DIENBL+ 

DIE~fBrt+ 

DOOO 
th rough 
0007 

DOO~ 
through 
0015 

0016 

D017 

DOENAL+ 

DO EN AR+ 

OOENBL+ 

OOENBR+ 

DUN-+· 

E~mc:-

ENDT­

I RST· 

Des criotion 

Enables left data input byte selection from 
port A 

Enables right data ;nput byte selection from 
port A 

Enables left data i.nput byte selection from 
port B 

Enables right data input byte selection from 
port B 

Output data bits of right output byte of 16-bit 
output data word selected from either A or B 
port 

Output data bits of left output byte of l6ebit 
output data word se.lected from either A or B 
port 

Parity bit for right output byte selected from 
A or B por't 

Parity bit for left output byte selected from 
A or B por't 

Enable:s left data output byte selec'tion from 
pO?"C A 

Enab le:s right da'ta 1:>utput byte selection from 
port A 

Enables left data output byte selection from 
por't B 

Enables right data output byte selection from 
port B 

Enabli11g and disabling signal for +SS and +SAD 
vol'tage control 

Trigge'.r for generating port A or B memory 
acknowledgmen't signal 

End of cycle 

End of cycle timing 

Internal reset 
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r-memonic 

MAOO 
through 
MAOS 

MAlZ+ 

MAlZ· 

MA13+ 

MA13· 

M.A.14+ 

MA14· 

~AlS+ 

~s-

MHGY· 

~flMY· 

~RQYA· 

~!RQYB-

~·iRQYR· 

MtlLYA+ 

' 

.P.!.!.Sriotion 

Multiplexed address bits selected from pores 
A ot· B or fTom re fTesh c:oun ter 

Memcl'ry address bit selec:ted from port A or B 
for row addressing of MClS RAM elements 

Complement memory addre!JS bit selected from 
por·c A or B for row add·res sing of MOS RAH 
elements 

Memory address bit selected from port A or B 
foT' row addressing of MOS RAM elements 

Complement memory address bit selected from 
port A or B for row adclre.3 sing of MOS R.~·1 
elemenu 

Memory address bit selE!Cted from pore A or 
B :for row addre~ssing o:E ~iOS RA1·1 elements 

Complement memory address bit selected from 
port A or B for row address :ing of MOS ~l 
elements 

Memory address bit selected from port A or B 
for enabling row addressing of MOS RAi·1 
el.ements 

Complement memory address bit selected from 
pc> rt A or B for enab Ung row address in'g of MOS 
RAM elements 

Port B priority modif:i.er (inhibits port 

Pon A priority modifier (inhibits por't 

M.emory start request for s tar'ting por't A 
m.eBtOry cycle 

Memory start request for starting po rt B 
n1emo ry cycle 

A) 

B) 

Auxillary memory start request from er-ror 
c:orrection circuit fc>r starting re fresh cycle 

Read/write ce>ntrol f1~r left data byte of 
-port A 



~onic 

MWLYB+ 

MWRYA+ 

~·tlRYB+ 

MY' MOO+ 
through 
MYAAlS+ 

MY' ABOO+ 
·through 
MYABlS+ 

MYDAOO· 
through 
MYDAlS.., 

MYDA16 ... 

MYDA17.., 

MYDBOO.., 
through 
MYDB.lS-

MYDB16· 

MYDB 17· 

R .. 

RAl ... 
RA2 .. 

RAOO 
through 
RAOS 

Description 

Read/write control for left data byte of 
port B 

Read/w·ri te control for right data byte of 
port A 

Read/w'.ri te control :for right· data byte of 
port B 

Memory address bi ts for po rt A 

Memory address bits for port B 

Memory input/output data bits for port A 

Parity bit for first i~put/output data byte 
of port A 

Parity_ bit for second input/output data byte 
of port A 

Memory input/output data bi ts for po:r't B 

Parity bit for first input/output data. byte 
of por't B 

Parity bit for second input/output data byte 
of por't B 

Complem 1ent refresh cycle in progress 

Refresh cycle in progress 

Refresh timing for enabling refresh cycle logic 

Refresh address bits from refresh counter 
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Mnemonic 

RA6C+ 

RA6L· 

RA.500-
through 
RASlS-

RASlSA 
RASlSB 

RB+ 

RL+ 

ROWS EL+ 

RR+ 

SPFA-

SRST· 

STS+ 

Tl+ 
th rough 
Tl6+ 

Tl· 
through 
Tl6-

WL+ 

WLBA· 
WLBB· 

Description 

Trigger for generating two millisecond time 
for power down 

Enabling signal for refre·sh burst request and 
refresh cycle priority 

Strobe signals for emab ling row address 
information to be ac:cepted by nos RAM 
elements 

Enabling signals for row address strobes 

Refresh burs·t reques; t 

Read output enab lin~: signal for left data byte 

Timing signal for seilecting MOS R.A.\1 row 
address drivers 

Read output enab lin&~ signal for Tight data 
byte 

System power failure· alarm signal for 
initiating normal me!mory operation 

System reset signal for initiating normal 
memory power 

Enables power for initiating both memory and 
refresh cycles 

Internal timing sign.als for sequential memory 
cycle operation 

Complementry interna.l timing signals for 
sequential memory cycle operation 

Write input enabling· signal for le ft data 
byte selection 

Write enabling s igna.l for lef't data byte inpu1: 
to MOS RAM elements 
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.~~ 

WR+ 

WRBA· 
WRBB· 

Des cri 1'tion 

Write jlnput enabling signal for right data 
byte s ~!lection 

Write ~tnab ling signals for right data byte input 
to MOS RAM elements · · 
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