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D.l Reduced cost of the main store memory circuit by 
removing all unused connectors and wiring when the 

circuit is incorporated in a system using a word size of 
16 bits. This change does not apply to the memory circuit 
for the No. 2B ESS. 

D.2 Further reduced the cost of this circuit by replacing 
the existing memory unit backplane with a cost-reduced 

version. 

D.3 Added Option z, which allows the main store memory circuit 
to be used in a system with a 16-bit word size. 
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1 .O 1 The main store llll!JIOry (MAS!tJ 
circuit is the means of storage for the 
program instractions and data used by tbe 
3A central control (3A CC) • The main store 
controller arid memory (MASCM) eir:uit can 

write information into the MASM, or read 
information frou the MASM, in response ~o 
commands from the 3A cc. The MASCM 
together with u9 to three MASMs comprise a 
main store (MASI of the 3A cc. 

~~RAL DESC~IPTION OF OPERAT!OH 

BASIC ME~ORY ORGANIZATION 

2.01 Program and data words stored in 
the MAS may be of different lengths for 
different applicstions (either 26 bits or 
18 bits) but, f~r illustrative purposes in 
this document, ~ill be considered to be 
26 bits in len;th, as in the 2B Processor 
application. E!.ch bit of information is 
stored as the presence or absence of 
electrical charge on the parasitic 
capacitance ~f an insulated gate 
field-effect transistor (rGPETl memory 
cell. 

2.02 A matrix of these IGFET cells, 
64 colll!llns wide by 611 rows deep, is 
contaiM~ on one silicon integrated circuit 
(SIC) cbip. one chip stores IIK (lf:z1024) 
bits of information. 

2.03 Data is stored in the MASH in a 
bit-slie9d arrsngement, where all of the 
equivalently wei;hted bits of 32~ words are 
stored in one subunit of the MASH, eq, all 
32K bit Os are stored together, all 32K bit 
1s are stored t~qether, and so on for each 
of the 26 bits ~f the 32K words. Since 4K 
bits a~ contained L~ one memory DIP, eight 
DIPs can contain 32K bits of equivalent 
binary weight. Two arrays of eight OIPs 
each are assembl~d onto one printed circuit 
board, along with necessary memory access 
circuitry, to form one memory plane (MP). 
Each MP is then an array of 32K br two 
bits. 

2.011 Thirte~n MPS, storing a total of 
32K by 26 bits, sre groupe~ together in one 
apparatus mounting, along with one fanout 
board (FOB), to form one MAS memor/ ~odule. 
One !a.SM may contain either one or two 
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memoey modules and the necessary po.,er 
supplies, depending on the storage 
~ecuirements of a particular application. 

2.05 One MAS may include up to three 
MASM circuits. These six memory m:>dules 
plus the two memoey modules incorporated as 
part of the MASCH define a maximum-size MAS 
of eight modules, containing a total of 
256K 11ords. 

2.06 The MASM is a dynamic. volatile. 
random-access memory. A dynamic mem::>ry is 
one in which stored information deqenerates 
with time, and must be periodically 
re-generated. A volatile memory is a :aemory 
whose stored information is lost if the 
power supply of the memo-cy is interrupted.. 
A Tandom-access memory is one in wbicb any 
single word-storaqe location may be 
acce~sed in any single operational cycle, 
and consecutive operational cycles need not 
access consecutive word-storage locations. 
Fun~ions performed by the MASH fall into 
one of four categories: 

(a) Data storage 

(b) Data r~rieval 

(c) Data refresh 

(d) Operating checks. 

2.07 Data storage. the act of writing 
information into the IGFET memory, is 
accomplish~ by presenting the address of 
the desired storage location. tbe data to 
be stored. and appropriate control signals 
to the MASM. Circuitry on the FOB buffers 
and regenerates the address and control 
signals to each MP in the module, wbere the 
address bits are decoded and tbe 1ata is 
written into the pmper IGFET cells. 

2.08 similarly, data retriecral, or 
reading from memory, is accomplished by 
presenting the desired ~ddress and 
appropriate control signals to the MASM. 
In this case. however, the control signals 
indicate that a · read operation is in 
progress, and data bits are gated 011t from 
the addressed IGFET cells. The data bits, 
in addition to being transmitted to the 
main store controller (MASC), are rewritten 
into their respective ·storage locations, 
giving the MASK the attribute of 
nondestructive data readout. 

2.09 Since data is stored as a cbarqe 
on the parasitic capacitance of tbe IGFE~ 
cell. the data in each cell must be 
regenerated, or refreshed, at regular 
interval~; otherwise, the charge coul~ leak 
off and the data would be lost. Data 
regeneration occurs as part of every normal 
read operation. In a refresh 09eration, 
64 cells (one row) ·on each chip in the ~AS 
are read simultaneoosly, refreshin; 1/64 of 
the MAS per cycle. Refresh cycles occur 
approximately every 3Q.3 microseconds, 
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refreshing the entire "9.S in approximately 
2.2 milliseconds. The timinq and 
sequencing necessary for refresh is 
performed by the MASC. 

2.10 The MASM contributes to two 
operational cheeks within the MAS. 
Parity-cneck circuitry on the FOB checks 
address parity and issues an error 
indication to the M\.SC if the check fails. 
In addition. certain FOB control-signal 
outputs are fed back to the MASCM as check 
points for FOB iiagnostic-input exercises 
and normal operation monitoring. 

EQUIPMENT ABRANGEMENl' 

2.,1 In the 2B ·Processor, a typical 
application, the 1-9.S is housed in the 
double-bay processor frame. 'nle MAS may 
contain as many as three MASM units. One 
MASM apparatus ~ounting contains one or two 
memory modules plus poW'er supplies for two 
modules. If a No. 28 ESS is to be equipped 
with more storaqe capacity than the 256~ 
words of one MAS, a supplementary MAS frame 
containing up to two additional MAS units 
(an additional 512K ilOrds) is added. 

SECTION II - QE'.UILEQ DESCRIPTION 

1. MEMOP.Y <PS 11 

GENERAL 

1.01 The -memory · portion of the !4P.SM is 
made up of the circuit-cy which actually. 
stores information and circuitry which 
accesses the stored information. There are 
five func~ional considera~ions involved in 
the access and maintenance of the stored 
data. Each of these areas will be 
discussed in detail in this section: 

(a) Addressinq 

(b) control an~ timing 

(c) oata input/output characteristics 

(d) Refregh considerations 

(e) Maintenance and diagnostic access. 

1.02 The MASM is a relatively 
asynchronous circuit. that is, it requires 
no critically synchronized input-timing 
signals. Additionally, the re;uired 
input-signal voltage levels are 
transistor-transistor-loqfc (TI'Ll levels, 
and the 011tputs are open-collector 
transistors. These characteristics allow 
the MASH to 09era~e properly over a wide 
range of input/output (I/0) conditions. 
Fo-r this reason, precise I/0 
cha-racteristics at tbe MASM a-re primarily 
determined by the specific system 
application. rherefore, this dese-ription 
will focus on ths functional operations and 
constraints of the MASM, rather than on 
precise terminal I/0 requirements. 
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ADDP.ESSING 

1 .o 3 The MASM contains either 3211( words 
(if one module is equipped) or 61111( words 
(two modules ~uipped). Fifteen address 
bits are necessary to uniquely define every 
word in a module, and three additional 
address bits specify which one of eight 
possicle modules in an MAS is to be 
select-ed. These 18 address inputs to each 
FOB in an MAS appear as leads A001A tbroagh 
A171A for the A module, and A001B through 
A171B for ~he B module. 

1.011 't'wo parity bits must accompany the 
address. Parity over the parity bit AP7.01 
and address bits A001 through A071 must be 
odd. Parity <Ner the parity bit AP17.81 
and address bits AC81 through A171 ~ust 
alFo be odd. All of these inputs are 
buffered onto the F::>B and fed into a parity 
checker. If a parity error occurs, output 
APERC will go active (low). 

1.05 Address bits A151 through A171 
define which module is to be accessed. 
These three bit:s generate select outputs 
MSELO (C,1) through MSEI.2 (0,1), wtticb are 
wired to select inpats SEL01 through SEL21 
to provide appropriate module address 
identity (see Circuit ~ote 1011). Bits A001 
through A141 generate address signals on 
the FOB which are passed out to tbe MPs to 
specify the actual storage location to be 
accessed. 

CO'tff'FOt. AND TIMING 

1.06 There are two timing/control 
inputs to the MP.S~: chic select (CSO), 
which co11111ands the 3CC!?SS of the addressed 
memory device; and read/W?:ite (RWO), which 
controls the direction of access (ie, read 
from or WTite into). Both signals are 
buffered and gated by the F::>B, then 
distributed to the MPs. 

DATA I/0 CHARACTE"PISTICS 

1.07 Since the MASM is a re3d/write 
memory, there are two data paths to 
consider: data-in, or w-rite data (~RrDOOO 
through WPTD230, loiRTDPBI), loiRTDPLO); and 
data-out or read data (RDDOOO through 
RDD230, RDDPHO, PODPLO) • 

PEFPESH CONSIDERATIONS 

,.oa Each storage location in the ~M 
must be accessed at least once every 2.2 ms 
to ensure data retention. Since the memory 
device employed in the MASM oas an 
•automatic refresh• type of architecture, 
this objective can be met by accessing each 
of the 6Q rows on each memory chip at least 
once every 2.2 ms. There are two basic 
refresh strategies that can be used: burst 
refre9h, in which nad/w,:ite operations are 
suspended while 6Q consecutin refresh 
cycle~ occur every 2.2 ms; and distrib~ted 
refresh, in which th~ 6U refresh cycles are 

evenly distributed over the 2.2-ma 
interval, "stealingn a cycle fro~ 
read/write ooerations approximately every 
3U.3 OSEC. The MASM is operated i-n a 
distributed refresh mode when used with the 
MASCM. 

1.09 Address bits A061 through A111 are 
the six row ad~ress bits. :!::ach of the 
6ll possible states of these leads must be 
accessed during the 64 refresh cycles 
within a given 2.2-ms interval. Address 
parity must be correct, or an address 
parity error will be indicated. 

MAINTENANCE AND DIAGNOSTIC ACCESS 

1.10 There 3re six status outputs from 
the MASM which provide maintenance 
information to th~ MASCM. When lOWr 
MSEL(0,1)0 indi:ates that A151 through A171 
have selected the associated module (0 or 1 
within the MASH) • When low, SELCSO 
indicates that the associated module is 
selected and :so is active. SELRWO 
combines module selection and RWC status. 
Output RSELO is low when REF~OO is 
controlling the module selection and REFO 
is active to the memory planes during a 
refresh cycle. outout APERO indicates a 
parity error When lOI#, chat is, the parity 
over the address calculated at the FOB does 
not match the ?arity transmitted with the 
address. Output UNSLERO is low if GCSO is 
being sent to the MPs, but the module is 
not selected. 

1.11 The MASM has one diagnostic 
access-force in~ut, ?OBMT1. When this line 
goes high, it :auses maintenance output 
UNSLERO to go active for any occurrence of 
cso. This permits diagnosing faults in the 
UNSLERO maintenance check circuit. 

2 • HEMQBX POWER (FS 2) 

DISTlUBOTlON 

2.01 The n~mory power circuitry 
consists of tw~ de-de converters which 
provide power t~ the MT\SM, plus associated 
wiring. The po~er input to tbe converters 
is -48 volts, and the control voltage input 
is +2~ volts. one power converter, the 
+S volt power ~odule, J87421A-1, provides 
regulated +S volts to the 'M'L circuits on 
the FOBS and MPs. The other conv~rter, the 
J87422B-1 power module, provides +12 volts 
and -s v:,l ts to the memory devices and 
drivers on the MPs. In addition, wiring is 
provided to connect an external +5 volt 
supply (SV039A) and return (ST039A) to 
paver the vertical bus ter?llinations used in 
the 2B Processor awlication. 

CONTROL 

2. 02 The two rower modules are turned 
on or off by in~ependen~ start leads. When 
+2Q V is applied to a star"! lead, that 
convertet' is on; when the start lead is 
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open, the converter is off. The J87~21A-1 
start lead, STA011, must go active at least 
O.S second before the J87422B-1 start lead, 
STBO 1, when powering the MASM; and mast go 
inactive more than 0.5 second after srao1 
goes inactive when depowe~ing tbe MA.SM. 

2. 0 3 In the event of power system 
malfunctions, the power converters provide 
alarm outputs. The PAI1 Iead goes bi.gb if 
the output voltage of J87~21A-1 is above or 
belo~ its nortral ooerating region, and the 
PA, lead goes high if either outp11t of the 
J87Q22B-1 is cut of limits. The CVPA1 lead 
will go high if either converter is 
supplying too much current or is providing 
an outp11t voltage level which coul~ damage 
memory circuitry. 

2.04 The power modules incorporate 
diagnostic features to check the integrity 
of the power alarm circuits. If PATO is 
forced high, PA1 and PAI1 should go high, 
simulating a power ala-rm. To provide 
further diagnostic resolution in cases 
where the PA1 and PAI1 leads for each MASM 
are tied into a ccmnon power alarm bus (as 
is the case in the 2B Processor 
awlication), the NP~O lead will be low if 
all power alarm circuits are properly 
functioning but high if one or both 
converters within an MASM are 
malfunctioning. The power alarm test 
circuits are reset by applying ground to 
NPAO. 

2.05 Since the load presented to the 
J87~22B-1 is essentially capacitive, the 
+ 12 volt bus wil 1 remain at a high voltage 
level for several seconds after the 
converter is turned off unless provt.sion is 
ma~e to discharge these outputs. In the 
28 Processor application, a c!ischarge 
circuit on the J87422B-1 converter in the 
MASM takes these outputs to O volts within 
approximately 2 seconds in the event of 
power shutdovn or converter failure. Other 
applications should provide a similar 
featare to avoid possible damage to the 
memory planes during power sh11tdown, 
diagnostic checks, or converter failure. 
Only the + 12 v:>l t output need be 
discharged. 
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SECTION IU-=JEFERENCE QA~ 

1, WORJING LIMITS 

1.01 Voltage_~ 

-•s v (-52 v to -42 V) 
•24 V (20.7 V to 26.2 V) 

1.02 Tem1nrature Range 
ooc to sooc 

1.03 Relatiye Bwnidity Range 
0 percent to 90 percent 

2. fVNCtIQNAL QESIGNATIQNS 
2.01 None. 

3, fID!CTIONS 

3.01 The MASH provides a means of 
storing 32R wor1s or 64R words of program 
or data infortnation for the 3A cc. 

II , CQNNECTlNG C!p.CQITS 

4.01 When this circuit is listed on a 
keysheet, the connecting information 
thereon is to be followed. 

(a) Main Store Cont~ller and Memory 
Circuit - SD-1C902-02. 

(bl Processor Frame 
SD-1C911-01. 

Power Circuit -

S, MANUfACTURit!G TESTING REQUIREMENTS 

Intermediate ~irem@nts 
5.01 None. 

End Reguiremen~s 
5.02 This circuit should be tested to 

verify that it is wired in accordance with 
the schematic and wiring drawings, that the 
requirements of the circuit requirements 
table are met, and that the circuit is 
capable of perf~rming all functions stated 
in this circuit description. 
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