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1. Introduction 

This board provides a 40Q6 word . 8 bit , Ra ndom Access Memory for 
use ... ith the 7768 or any similar Cr>Ll . rhe board size , electri c a l 
characteristics and pin connecti ons are compati ble with too 7768 
CPU blls stnlcture. 

For toose ... ith shallov pockets , the board can be initially equi pped 
for only 1024 vords, and subsequcntal ly expanded in 1024 (IK) vord 
increment s . 

Mul tiple 4K R~~ boards may be filted tQ a system up to a maximum 
or 16 boa rds (641\ lIordo of memory) . Address lIelection straps on 
t:hP t-.n;"rd can be set to ensure that the part"icular hoard respondll 
only to address .. " ... ithin a particular 4K add rC613 blOCK . 

2 . Boord Character istics 

Capacity 

Bo, 

SpeP.d 

Conl:lt nlc t ion 

1024 (lk) 8 bit vor ds miniltlUm 
4096 (4K) 8 bit vords maxi",um 

Fully burrered on all lines . Com~tible vith 
7768 CPU . 

Depends upon type of mcl!lory Ie fitted 

Requires + "iv stabilised DC Ell 1.IA typical . 
I . SA worst case using st~ndard 2102 Or 2102-1 
memory IC · " . 1 . IA ... orst case i f lev power 
versions (2102 I.) fitted. 

B.0"x8 . 0" single 9i ded PCd v i th gold p l .. ted 0 . :' 
s pacing edge c onnector 



1 . COITUl" U{'~cription 

Tho"> hI"'ilrL 0" the Ward is the array 01 I:lemory IC' 8 X8-J9 . Llch ('Of 
th<>se IC ' s rOn ~<l. in5 1024 bi~Labl,...a , each capable of 5Loring DIll' bit 
or information, Lhus the lotal ioformation vhich can be ~tor~~ 00 
the board i~ )2 x 1024 bits , ol~aniseu dS 4096 x 8 bit vords . 

The I f'ilS t signjfiCunl t~o lines of the address bus (.\0-1\9) are 
buf(erpd by X6 . X7 and thpn fed to all memory IC'~ t o select Lile 
required bit fr ...... t.he 1024 (102'1 • tot;ll nUMber of possibh.' 
combinat.ions of the 10 bina r y address line states) stored in .... ach 
Ie. ThP inv~r~ion of 1\0-9 caused by X6, 7 is irrelevant I it jus t 
medll~ that an individual bit of infol' ...... tinn i~ stored in a 
differpnt. place inside the mc~ry Ie, but as t.he inve r tion happens 
during a . read ' operation as veIl as during a 'vrite' , the corr(>ct 
information i~ rptrievQd. 

The next t wo most significant ilddress lines, AIO and All . are fPd 
tu une out ot four decoder XS and cause OOC of its outputs LO go t.o 
logic 0 (lov, the other three outputs being at logic 1 . These four 
OULpuLS dre connect.ed to the ' chip enablp ' inputs of the four ~nk5 
of ~mary TC ' ~ to select one bank at a time a~~~[ding to the state 
of AIO, All: 

ill All 1'Iem Ie ' s 1'Irlected 

0 0 X8-11 , 2'1-27 
0 1 X16-19 . 32-35 
1 0 X12-1S, '8-31 
1 1 XlO-lJ . 36-39 

Each ~e~ry IC has one pin for data input. , which is fed '~om the 
appropriate line Of the data bus 00_07 via t.he permancnLly ena bled 
dilt(l in~t buffers (part of Xl , 2). A ddt" uot pin is also provided 
on each me~or y IC , and this is a tri-state ~ltPUt , active only vhen 
the chip' s CE input is lOY. The outputs of the rorrpsp::>ndi ng memory 
IC ' s 1n each bank may therefore be connected together and to the 
inputs or the data output buffers (part of Xl , 2). 

ThP four ~st significant address lines A12-AIS are passed via 
Exclusive or gates (x41 to the Nand g~~P X). The other inputs of 
the X4 gates may be strapped to either logic 0 (<)~Wld ) or to logic 1 
(+Sv via protective r~~istor Rll . According to the setting Of the 
strap the Exclusive o r gale viII either inver t the signal on the 
address line (other input strapped to 1) or pass it una l tered (othe r 
ga t e input strapped to 0). Thus by su itable strapping the mem(>ry 
ca rd Cdn be made to respond t o any on .. nf the 16 4K ~ory address 
blocks wi thin t he 7768 CPU ' s addressing capability. 



When AI 2-IS a ,~ in the correct state (address present on the 
address bus lines within the 4K blOCk selected for the board) , 
Xl goes low. pnablinq the second hal! of Lhe dual one out of 
tUllr decoder XS , The other twO inputs o f t_M .. half of X5 are 
eonn<->cted to the syst.em cuntrol b..Is lin('s R/W ( . l' tor a read, 
' 0 ' f or writel lind E (cn .... ble) &\10:1'1 that; 

. .­, 

during a READ op!:!ration , the card output butters ( PArt of Xl . 2) 
~re e nabled when E .. 1. to teed the .. lected data onto the sysLeM 
da t a bu5 lines 00-8 . 
du..-inq a WRITE op>ration ,_he 1IIeII'IOry' IC R/W inputs are s et to '0' 
(., ,,,ci te) wncn E.1 , tb..is storing the infonnat.ion present on the 
data 1)\,'" ,u· that time into the cor r ect l OCal-ion In lI'.emory. 

~eter to f iga 2. 3 . 4 . 

Secause ot tho co~plexity ot the unit. and the n.ed !or ca refUl 
layout to minimise the e=tecta of transient current. spikes , i t i. 
r ecocrmendliid. theat the print.Ad .. Irn.llt. boaE"d avai l able from BMS i. 
Ulled. 

The c lose spacing of the t.E"acks on this boa rd means that great care 
ha ll to bP t akan to avoid accident a l ",harts betveen t rackS due to . 
for example . ,older splcl.shes, The constructoE" s hould UI@E"@!"oE"e talu:! 
care to make good sol der ed joint8 ualnq the minimum ~ounl of sOL deE" 
whilst ensuring that a joint ia _da .11 round thlJ C'OMponent pin or 
wiE"a and. Usc of a s~ll soldering iron wit.h a s mal l , c lean bil i s 
ellsen t i dl. Al sO . before fitting .~y component . t e el all over the 
track sidp o· t.he board for any loose copper awa rf left fr~ the 
board dr i ll ing process, dl".l CXdIr\nc it carefully tor unetched copper 
' bridges ' between t racks. 

The USB (or not) of Ie sncK(>tlll \'" largely a mat t er for personal 
preferomce . )'00[' quality SOCKet.!! !!'IIlst be dvuiaed dB LOOy Ciln C;)US8 
nIillly har d La t raCE" faults. Provi.ded that t.he:! constructor ia Aure of 
t oo q uali t-y of the Ie', he i" udn; . is cant14ent Of tUs ability t o 
so lder them in the right ~ay rou~d first tiro(! . mnd is using a lov 
leaKage soldering iron , then t.here is no reason whv . allo t the Ie's 
shOUld not be ftoldered directly ~nto the bnard. Tn ~aRP of t. rouble 
tho author ' s ravour~te ~~hod of reDOVlnq a suspect Ie is to f lrst 
cut tbe body or the Ie (ree from all lead s . then to unsolder ~d 
extract the l eads one (lOt it ti~ . This procedure ruins the susPl;!Ct 
I e . but dOC3 le~3L d~ge to thP hoard. 

The best o rdl'lr (:If ("On6t.ructiQn ill I 

Pirst t it dl1 the straps (not thp ribbnn cablp~ At thi~ stage) us ing 
SleeVL-d v ir~ w~rp approprl~le . One way Of obtaining thin sl~ved 
v ire i s to l.skc , 1.(!I'Ir;th 0" t.hin si.ngle ,.olid rared insulated vi re o 
""tri p ot I lhl> i.norulaLlon for aoout "" at each end . then , grasping t ho:! 
inner v irp fil'lllly at pach end with tvo .,.irs Qf plien (or OIloC pair 
and a vice), pull until you can reel the copper wi re s tretch and f low. 
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This operation reduces tho dial'lt'ter of the wire sli~htly so that 
it will Mli.d~ fr~~ly wi thin the insulation , and it alga rl::!!DOVes 
the 'spring ' from ~hQ vire so that it may be !ormod more e asily . 
Note that SOll'.e straps on this board require the use of a thin vire 
so that tvo ends may be inserted into a single hole. 

Next , form and fit thP 6bbon cab les as shown in Figs 26. 3 , 
fOllO .... ed by the IC ' s and finally Rl and Cl-21 . 

I f the board is to be only partially equipped, fil the lIIen10ry I C' s 
in the following order; 

First X8-11 . 24 ·27 ( addrcss rangc XOOO _X3F'F) 
Next X12-I'}, 28-31 ( .. .. X400-X7Yf') 
Then X16 -19, 32-35 ( .. X800-XBFF) 
Finally X20- 23, 3fi _39 ( .. .. XCOO-XFFP) 

W here X is deterlDined by the strapping of X4 inputli. 

Afler assembly clean the trdck side of the board thoroughl y wi th ~ 
emaI l stiff brush ( a vcry hard toothbrush iM ideal) and e xamine 
iL carefully for short circuits caused by bent leads, excess s o l de r 
on joints , solder splashes etc . 

S . Testing 

a} Check carefully with an otln-meter for short circuits between 
tracks connecting X8-39, also between OV and . Sv line~. (note that 
some rcading is to be expected due to the internal resistances of 
the IC ' II) . This stage is ",ost important as it can reve;!!l fau lts 
which would oLhc~isc be e x t remely difficult to loca te. 

b) Strap pins 1, 13, 1:1, 10 
the des! red address r"nq~. 
should be set to the lowest 

Or XI:I so that the boa rd wi ll respond to 
(Th~ first memory board in a system 
address block ; 0000 to OFFF) . 

c) Md~~ sur~ that all used pins on the RAM board aTe cor rect l y 
wired to the corrcsponding pins on the CPU boa r d socket. 

d. If thp ~y~tpm only consists of the CPU plus this lD~ry, then 
connect pin 5 of the CPU board (2~6SEL) to pin 36 (AlS). This will 
"'"surc that tt-.c 256 word IOOIIIOry on the CPU card rcsponds only to 
addresses abOVc 8000, and viII therefore not interfere with the 
memory board. If a monitor card is included with t.h(" sylJt~m then 
proceed LO step E . 

Check Lhat th€ CPU board still works by lOdding and running the 
follovinq program; 



Add r ess 

ffOO 
HOI 
fFO) 
H04 
FF07 

FFFE 

~ 
O. 
26 FD 
4C 
B7 fF FF 
20 f7 

FF 

START , INX 
BNE Start 
INC A 
STA A Oisplay 
DRA Start 

start addrtl!ll!ll 

This is ill. Ver~on 1 Flasher (from t he CPU manual) modified l O o perate 
in high memory . It i ncr(flr.ent::; lhe di s play Ilbout once a second . Not.e 
th~~ the high 8 bits or the address (FF in each c ase) are s hown for 
compl eteness , but are not. set up by t.he U5er when loading the progrUl 
via the control panels switche~ , the load lOqi c On the CPU card 
automatically corces the high order add ress lines to FF during a 
~anual l oad operation. Note ~lso the need to load the high order 
uyttl of lhe Rcse ~ vector (into address FFFE) to ensur e that. lhe 
pr ogr am is start~ ~ t the correct locat ion (FFOO) , and the need to 
use the rull (extended) addreills (FffE) of the display in t he STA 
instnlction . Running this proqra:n will check that the CPU c a rd , and 
the 256 wo rd memory on it , !lIt i l l works . 

e) Now switch o ff , plug in the memory card and . c arefully 
monitoring the +5V supply , Rwltch baCk on. 

Leave tho:> Pqu ipl'll'!nt On for a few minutes while checking for signs 
of overheating at any component . Th8n Ch8Ck that the rest at the 
Ryata. atill works corr ectly; by testing the operating system ir a 
IIIOni Olr card is t itted, o r by the program given above if only the 
'bare bono~' CPU i::; availabl e. 

f) Fi na lly , TUn onP. at the memory test routines given in the 
appendices and, it all is veIl , leave the routine running tor several 
hours to pick up any oarly life f ailures. It is also work tapping 
al l over the board (with the end of a pencil) while t.he test routine 
is runni ng to reveal dry j oint$, 

6 , Dh,gno!lt.ics 

To be performed with the board rct!lQVcd trom the .ystem a.nd suppliC'(l 
with 5V DC . 

Test signals to be applied to connector; 

' 0 ' • d i r ect connection to OV 
' \' • connertion to +5V via. lK r es i s t or. 

Measurenents made with 2OK/V or bet.t er meter ; 

' 0 ' OtoO . 4Y 
'1 ' • + J. . 4 to +5v anything in between is v rong 

al Add res!I Buffers x6 , 7 

, 



Output of inverter 5hould be oppos~te to input I 

Check ",," X, pin 6 i. • I • ,he" • O· applied t. pin " (AO) X, pin (j i, • O· ,",," • I' appl1e4 t. pin " ( AO) X, pin 4 i. • I • ,he" • O' applied t. pin 22 ( All .tt 

b) EJlClusivo or gates " 
With A. e. c . 0 '" conneeted t.O Rl = 

Check that X, pin 3 i. • I • ,ren · o· " applied '0 pin 22 (A12) 
X4 pin 3 i . • O· 'hen • 1 • i . applie<1 to pin " ( 11.12) Ott 

tl Nand gate X3 

With X4 outP<lt8 (pins 3 . 11 . 6 . 8) at' l' (by stnpping A.a.C. D, to 
Rl an<1 applying '0 ' to AI2-AI 5) Xl pin 8 shou l<1 be O. 

d) "Decoders X5 

Ch~ck the OUtputs on 
appli r<.l to A10, All ; 

r nputs 
All AI0 

o 0 
o I 
I 0 
I I 

p i n .. 4 , 5 . 6 , 7 of X5 for different condi Lions 

X5 output pins 
4 5 6 7 

o I I 
1 0 1 1 
1 1 0 1 
1 1 1 a 

With Xl pi n 8 set to 0 ( as (c) above check X5 pins I) &. 10 for 
d ifferent ~in.alionli Of input s R/W and Ic: ; 

Inputs 
E R/W 
o 0 
o I 
I 0 
I I 

X5 outputs 
10 9 

I I 
I I 
0 I 
I 0 

e) InpuL data buffers (parl of Xl , 2) 

pins 

Apply ' 0' to E: input to card , t hen check that , 

. XI pin 17 is ' 0 ' when ' 0 ' ;o pplicd at 00 
Xl pin 17 i s ' I ' .... hen ' 1 ' applied at DO etc 

r) Output. da t.a buffers ( part of Xl , 2) 

C~Ck tha t the butfer outputs can be Ii~ t. tu the hiqh impedance alate 
by applying ' 0 ' to card E i nput then checking each data bus line 
00-07 a~ tOlloW8 1 
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Lempo~arily connect data line to ov via lK resistor, vo l ta~e 
across resistor should be less than O.lV. 

Lemporarily connecL data line t o ... SV vi a I tt resistor , vol Ldye 
<'ero" .. r .. ",i"t_or should be less than O. 1V , 

Then set A12-A1 5 , E & R/W inputs to c ause X5 pin 9 to go to 0 ( as 
(0) above to enable output buffers , and check that the OUtput of 
each buffer (Xl & 2 pins 3 , 5 , 7 , 9) is the same as t hat present 
on their inputs (Xl , 2 pins 2 , 4 , 6 , 8) , Note that the signal 
pr esent on the input of each data out put buffer is ~ing f r om 
memory , IIhidl '01111 be holding a random pattern , and by trying 
different logi c inputs to AO-Al l card inputs it shOUld be possibl e 
to f ind a memory cell containing a '1 ' , and another which IIill give 
a ' 0 ' output thus testing both States of the output buffer, 

g} Memory tc ' s X8-39 

Faults on these are best detected by use of one of t he test 
programs given in the appendices . 
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Notes; 

• 

7758 4 K RAM BOA RD 
c.omponent side v iew 

SH''C,p on component side of boord, IinlMg 2 'PC ' s 

.. .. .. 

9· Cti-13 5ee I£>x l for connect ions to A:'~ .•. 
9 C14- 21 

Fig. 2 
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7768 4K RAM BOARD 

Arrangement of ribbon cables - not to scale . 

Use solid cored type , e.g. Ocram's miniature 
cobte No. 357-491 . 

Fig 3 
IC' 
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Logic 

Xl . 2 
n 
X< ., 
X6 . 7 
X8 -JII 

Rf"sill lOr 

" 
C!U !!IdtO[ !I 

C1 . 5 
C2 , 3 , 4 
C6-lJ 
C14-21 

0, 

32 Off 

Ri bbon cable 

17MI 11 K R A/'t BOARD 

Components 

811S97 
7420 
74LS8£ 
74t.S 139 
741504 
Zl02 
2102-1 

IK ., v lI t t. 

Octal Trl -sta te Bu ffer 
Dual 41/P Nand v a te 
Quad ElI.Clus i ve Or gate 
Dl,lal If Decoder 
Hex Inverter 
I 024xl static r am !or 1 . 6uB CPO Boa rd 

for 1.2us CPU Soard 

33ur lOY or simi l a r 8-.11 electrolytic 
O.luf 
C..8u f lOY or .im.il~u· t.antalUJII bead 
O.047ut 12v .mal l diae ceramic 

16 pin OIL aoek etlll 

Hiniatu re solid cor ed type 
Printed circuit. board 
Edge c<)n neetor 77 vay + polarhing ltey . 0. 1" aiogle s i ded 

FiV 4 

" 



A IIf,1t!tld i,. 1 

Memory 'res t P r- OQr-am f or- use vith ' Sar e Mones ' system ( e l'\) & HEM 
boa rds on l y , 1/0 via c ontrol panel d a ta ay i tches (, l amps) , 

Thi s progrllll' f i r st loads all specified IrM!mOry loc:;a Lions vi th 
{d i ffe rent} patterns , then reads the content s of e ac h memory 
loca tion , checking it against the stor-eo patte rn , 1 1' all is 
ve I L, the cont roL ~nel data display is incremented ( t o assure 
the u ser that sOI:lething j.8 happening) then the p r oce33 is 
r Hppa ted 'W i th a slightly dil'ferent set Of patterns , 

I t a t any stage the pattern read trom ~ ~mory location differs 
from tha t v r itt e n i n , the praqra lD viII s t ore;' 

t he addre ss of the faulty memory l oca tion i n FFSO (hig h byte ) 
and FF~ l (lov by t e) . 

the patte rn expec t ed , in memory loca t i on FF52 . 
t he patte rn actual ly read , in memory l oca t i on FF 53. 

T he p rogr am vi I I then stop , thus turning Off the ' R~ ' laJllp t o 
al e r t t he u ser. 'Who can then use the contro l pa ne l to r e ad t he 
in rOl1l1aLi on about t l .. fdUlt frOm locations FF50- F'F 53 . 

As shown . the progrlll:l yill test menv::ory ( COllI 0000 to OfFf ( Levest 
4k bytes of memory a dd ress space. Change l ocations FFS4 - FFS7 
t o examine a d if f e r e n t area. 

To t est tha t the progr am is Working . one c an s hort (with the blade 
of a smal l screwdri ver ) bQt~.n pi ns 15 & 16 on one o f the memory 
I C ' s to s imul a l e a n addres1:l.i,ng fai l ure . 

The tes t patterns a re gener3ted by add ing the cont en ts of the 6800 
accu~lato t" B t.o t.he pattern writtcn into t he pr . vious a.dd t"oss. Wl ltm 
a l l speci fi ed memory locations have been wri tten into Md c hecked , 
&CCUmUlator B is i nc r emented 80 that nex t time r ound a d il' f e r ent s et 
of pdtter ns wil l be generated. 
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BEAH MICROCUIVIPU I I:::H S y t::i I c lVIt::i 
24 Co l lege Road. Mai denhead. Berks . Sl6 6 BN 

HEXADEC IMAL COOING FORII 

PROGRAM Mf.M1fS"1'rpl VE RSION l- AUTHOR M/I.L OA TE ~} II}", PAGE/OF) 

ADDRESS IIP.CHINE COOE lAIH OPERATOR & OPERAND COMNENT S 

f .F.() dJ E.ll F,~.1t SiRRi /..DX LOME,., Pr>JliJ ~ HII"" of I'Il"o"", VI'Ofll, TEsr 

f f,~ 3 +1' , , I CL.R 1'1 
f¥ ,6.«. I 8, LOOP.1 IUA r.et'EII.A"E 1'£+"" fi /I. IV 

1'1,J_'i A -1l~ .01 STA A dJ.x "",Uft!" 1'£+"(Te.tl.lol --
f f,~ .., II). 8 I IINX PoI.n () Ne._T "''''''-'"1 LOC. ,"'0/"1 

F r ,d 8 9 C. ,F f ,S " CP)( HIMEt1 'if NO OF Mflfl TES.,. AR.e;~ ~ 

IFF,d/ e 2. t. IF ,1 BNE LOOPl. . 

IF F ,11, 0 F £,F.F , S,~ Lox lOMEM 'AfP~/tE "R> !-HElI( I'I(.MD .. " lOIl~"'!' 

IF.Fi I ,~ ~ FI , CL-R A 
IFF ,I , I /), I /..001'2. ABA 6ENe.IVI7"f fATTE"'" fl611}<,1 

1'1' J 2. Il I ,d ¢, 01' A (j,X S1"AED ,Wfoll.MIIT'ON Of( ~ 

If F I II. 12 e. ,i; c , IRNE FDLT -
':FIIJ, iIJ 81 lIN J(' Po,,.,., @ Ne~r 

. 
I /.0(.11 T 10 tV 

1,: .1'" , SeFF,S", CPx HIYIEM IILL Co" Bel( CO ~ • 

.10'" II 2..I.,F S, IRNa;; LOOP 2 I 
FEll c. S" c: , , lIN' 8 sn "f FoIl IIlW PAr/CAN SEfl/V$N!-i" I 
FF,II> I' .., ,I' F F F S"lR R DJsl'Llft . A£.IIY.>II-.E oP6AltTot{ 'Il..L. J:\ p", IT 
IF F ,2..~ .,l. ID E BRA START <t. UI£(.o( m£lJlO,..., 1114.11 

, 
AMIIV 

P,F ,1;J. IF,F'F.F',~,~ ':'o/..'- STX' A DOli. SToM JI.o~r;s of FIlIIL .,. I 

fF ,2. S 81 I' F ,S l. STA RIGH T ' .. F'/1E Wj1.j 11"£/11 \ 
IF F ,2.B A, ,fI ,;, LOft (j,X 
f F ,2..11 iB:'IF .F,S? STA WP.ONG- f- Stu ActiO 

F F '-.0 ~EFf,ltF L.OS -IF7HI'STI«, Pf. .(>(tll. f FoP. 'w/il ' 
, 

FP,3G 3 £ , I MiA I lilA'" OFF 'RUN' l-flIfIP 
, 

, , , , 
F F- ,,. F Id.~, , TMPSTK 'UICf 10 PUT S7/,'" 

. , 
FoR. ~",~I ) -- "()~f\'''''' 0" .FA."''''' ...,u ..... 8.- ."04e"i- -· FE- ,sj I~ .III,d.d, - RooP. ' ri":; 'Tttr..e TI1ItIO 4YT~~ 4 ~ 

f F ,S l dJ.~, , RIGHT 'it S~"o~UI W'~~~A;~ '"'''''''' WI£.4. , 

'd .IJ, IN,:! ''''A~ .. will'S. A~fJD "' ..... iiI! --
~ F ,S" ~ Wtl.oll G- '5 1"oAe:o E~ £ , 
f F ,<;." Ii .• ,,u, LOMEM 1t#U I~'::~s '!!n::1N -r~; Dr 146nt41'-'f . 
IFFS/; 1.$.. ,thJ , HIMEM #" ,~U /UJPAnSU:~' "'6frfNO ~~,~.MeM<1"·' ,. ... cA It 'T S .1. .. -. , , , , 

F F F.£ (J..v€C.i 
- . I 

FP, , W,6/i 8'11£ of /l.~SET VFC7~ 1'.. , 
- . , . .. -. , 

~-.-... 
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