2. Frame memory PCR  YU3UMv 002

The {mme memory wnit YUIUMV 002 includes the main

Gkl <6 bit {rame memory | the write and read  scan 9gene-
ralors and the D/A converler to reobtain the standard
analog  video si%nu\. A memory of GukxE bit enables a pic
ture resolution of 256 pixels x 256 lines with 64 grey le.
vels. In the present circuit . one line of the [rame me
mory (s used as @ buffer wemory during the write o-
Pemt(gn; and the remaining 255 lines compose the use,ful
picture on the TV monitor. PCB 002 9ener0\,tes a 320 lines,
non - interlaced TV {rame,—”\e remaining 6C lines are shared
among the vertical \Clnjchk and an upper and a lower

black edge on the screen. Roth polavities of the video sig-
nal are provided as oubputs, so the circwit s COW\PqJﬂble
witlh alimost any CCIR TV monitor available on the war-
kek.

The serial dala genemteo\ by YU3UMV 004 or another
source are first converled to arallel {ormof(.—ro avoid
o\is’(uv‘o'\ng the read oPeerions ](rom the gmme memory
dato. is wrilten info the Fm\me memory during the TV
horizonlal refvace PQYiOO\‘The {rqme mewiory s scanned
in both write and read wodes loy 9ener0iivx3 the addre
sses by o series ot binar counters. 1 should immedia-
te\q Po'\\(\k oul that it s onkﬂ importavxt to vead the
dofu oul of the memor equﬂ\T in the sawme sequence
hos been written into  the memory; the physisal
location ol the dala inside the wewory is not  im-
porkm\i %v‘ow\ fhe usger's Pomt of view. IT s thus im
portant fo immed\iqte\\’ dx(sl(‘\v\gmd/\ befween exfternal wme
mov Y vawxmg (c,owes‘)ov\ci'mg to the '\vvxo\%e sccwmmg)
and inter nal naemor orgo\mzcﬂi'\On . which i also @
bi-d'\mev\s'\OV\a\ w\ul{rix.T\r\ese Lwo or%o\mzof\'\ovxs \f\Q\le no
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elation ship  (af least in theory) and thus all the ad
dress lines are eCLu.\'vale\/lJ( from the wsers  point of

view except {-or some technical constraints 7[0r O(tfnaw\ic
RAMs we shall discuss  later.

The same circuits that 9enem’(e the scanning qd\
dresses in the read mode supply also  the TV blan
kinj and S\(nc\nromzqtion pulses. hege are Cow\bimeol
with  the o\\gitat video in%ormaﬂon m the D/A con-
verfer to oblain a standard anoiog TV video signal.

9.A. Description o} the civeuit

To simp\ih the o\escriptiov\ of the circuit the v
cuib  diogram of the gmwxq nnennory wnit YU3UMV0O2
was  divided info U parts \accord'm3 to the block dia

gram on  Fg. 42

. 4. A Wrile Logic

The write logic, c)\;sp\qweo\ on {'\5‘43,, includes the
seria\ ‘o qu&\\d conversion c(rou(fl the write cycle
S\1V\o\'\vovx\zoiiovx circatt  and the wrile p'\xeL counter.

The serial  data origivxaﬁing From  YUZ UMy 004 (or
another source ) are clocked in the shilt register 10204,
The (€202 counts the number of bits clocked into
the 1C20A. When all the 6 data bits of a pixel have
been qccepted\ lox{ the [C204, the [C202 3ener0\tes o
sLrobe \oudse to transter the dato in the latch of the
IC204. A delayed strobe pudse also resets the SR
[lip-flop  made of two NOR gokes (% 1C203) whidh
n turn Vesests t\ne IC 202 c,oumt?x ow\o\ issues oo re-
qvuest for o write cycle to the write cycle  synchroni-

aation  flip- flops (1C 204),
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The write  command s synchronized with the raj-
sing edge of the RAS clock ab the end of a TV line
to Per{orm the write cycle during the horizontal {l
back . The write commond also  advances (or d\d;eo@ts) the
write  pixel counter | generaling the write horizontal
adresses  WHAO + WHA 1.

The next pixel dock pulse sefs the SR flip -flop
ena\o\iv\g IC202 to count fthe bits again and. repeau‘t
the wrile C\’c\e. Alter 256 pixels have been written
info the memorv,the ixel counter reaches ifs ,(i—
nal state | pin 1 (Co) of IC 206 goes low mki[yitiv\j
](w{tkev write  cycles and generating a scroll  clock
palse | thus introducing the new Lline in the image.

The [ollowing Lline can only be written when the
write Pf)(e( counter has  been reset EL{ the [ine
cdock  pulse( refer also to the timing diagram on
{ig.g published with the ][irsf par’c of the article )

The Pixel counfer can count wp or down , accor
ding to the scanning of the image to be displayed.
A [ront panel switch is provided to select either right
(W=E ) or {e\[t (E—-w) scanning.

2.A4.2. TV cdlocks and. horizontal scan  oscillator

This umﬁ,&;sptm’eo\ on ﬁig./ub, includes a divider and
a series of monostables to generale the various synchro
nizalion P‘*\Ses | all  derived from the 4AMHz clock Sup-
plied by YU3UMV 004 the horizontal pixel oscillator and
the read pixel counter

The AMHz clock is fed to 10207 which  divides it bxj
64 to obtain A562S kN2 | the TV Lline {req\wenCY.TWS {v\e-
quency v {urt\/\er divided b7 32 b\, IC 207 and lokj A0
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bt, IC 20% \’ieLoUng a total division {actOr 320 to ob-
tain  the W&, 8 He ][rcxme 3;retclvue\r\cw‘l-wo simple monosto-
bles | built by CMOS gates (% 1C 209) supply the comps
site TV S\inc‘nromzcﬁcioﬂ Pu(ses named TVSYNCHorizontal
blanking pulses are obtained by one half of [C240
while vertical blanking pulses are oblained by deloy-
ing  the Pukses present own PinQ (Qu) of 1C208 b\7°‘
“ip— “"P (% 1C 245). The comPos(te TV Homkma Pulses
are lt\«en nam@o\ TVBLK.

The docks and other slgmcﬂs \reqvuireok to drive H’?@
d\jvxamc mewmories are best e,xPLo\\'V\eot b Lg 20. At the
begimnmg og a TV line « pu[se generoﬁ(el b\, Ay 1C240
(Pm [1) Starts JC\'\e horizon’(o\( Pixd OSCiuator bU\iHI 10‘1
the JC\NO V\nonos‘m\otes O{ lCZ't?_.T\ne Perioo\ 0][ HM’, lf\oNzog
tal pixel oscillator can be adjusted around 200ns 1t de
termines Che uselul P(ctuwe width . Consio\gring thal there
are 156 pixels per line the uselul Line \,Q\(\%'lwt is around
S'\,QNS oul o} the 6(4/«43 ol a covv\P\z’te TV Lling | indu
ding KrL\!bac\A.The main  design  challenge was Lo retrive
the dolo ol a suuHic'\en’KH high rafe from the re\c&iuq(\,
&Low Q\IOC\LO\b\Q Qka\t dynomic memor'\es.T\r\e pqrameter
of interest is the read cyde time and this is specigieok
230 ns even foc the laslest 450 ns access time devices.
Page mode read operation was the only possible chaice,

The RAS clock is generated by the second retrigge-
rable monostable of 1C 240 (p'm A1), Since the associofed,
RC constant is %p&e large | the monostable is continuous\\f
in the aclive state while triggered by the fast pixel
osc(\\q\ic_)_r. In this woy o \ovxg RAS read pulse s genem&c&.
The CAS cdlock s in turn Cjeneroc(ed b\1 &eLO\\,iv\a ( and amp
(ihmcﬁ the pixel oscillator pulses. A SR [lip-}lop (4 Icam)




generates the ASEL signm\ thal controls the address
maultipleter.

Foch pulse of the Pn‘xe( oscillator advances the pix-
el counter generating the read horizontal addresses
RMAO + RHAY As soon as 256 pixe(s have been coun‘ceo[/
a flip- flop is {Triggered (% 1C245) that cuts the leed-
back path of the oscillator An eventual write Yeﬂuqsﬂ( is
synchronized  with the raising edge of the RAS clock.
Since the feedback of the pixel oscillator is interrupted,
the wrile command produces a single CAS Pu(se.The
coun‘(ers,ﬂip-ﬂoP and monostable are then reset by the ned
line start pulse genevoted by the first half of 1C240 (pin),

Durmg the vertical {lyback eriod the page mod.e
cycles are  shorfened to o few CAS cycles to (ower the
mewmory  power dissipabion | since their only function s
to enable wr'\l\ie cxjdes.

24.3 Vertical scan  and address multiplexer
The vertical scan genevafor includes fthe scroll  counter
and the line counter. These circuwits are dispka\fed together
wilh the address mui’ciplexer on Figig.

Scam\'\ng the memory  in exactL\T the same way dwing
write and read operafions is probably the mal obvious

solufion. Ungortu‘na&b\\’ it s (Lu'\te uhPrO\CtiCQ\ when receiv{nj
radiomeler scanned jmages {rom polar orbikma spo\cecrq{ts,
since  the disp\a\{ed image s usua\h{ divided into  two
seotorsl one contq\ning old image O&QJCQ and the other
new mgormoﬁuoﬂ being wrilten into the memowj./\mu&,
mMore elesavx’t method (s gxo\\mg: new dafa lines are

introduced, at the toP or al the bottom of the imoage ;&H
Qwo\ the Pre,v'\ous ME‘O(W\Q&'&OV\ (s S\f\'\‘(te& JLO\NV\ QY u.\o



respectlvdﬂ.ln this way the o\isP(our acts  like a window
mov‘mg odomﬁ o radiomeler scanned '\mage,Fortumﬁew
scrolling (s easy to imple ment  in Prqc‘ﬁce.

The scroll  counter |C 243 supplies the vertical ad-
dresses during wrile operodions. When o comP\e’Ce line
s written into the {:mme memor%t\rw, scroll  counfer is
incremented. The scroll counter also supplies the start
address for the line counter that generates the vertical
addresses  during read oPemtions_In this way data is al
ways  written in the first scanned line of the TV fvs-
me wiemory - 1his live acts  Like abqﬁer memOW.Smce
the contenl of this line is continuously changing, it is
made ol visible B\1 the TVRLK siojku\.

Whether the previous image information  will be shi-
fted up o down depends on  whether the line counter
is counting respec*(ive\\f Wwp Or down. A {ron‘c Pcme\ switch
s Prov'\é\e& to select the scroll wp for N=5 scanned
lmoges and scroll down for S—N scanned {(mages.

6Lik~bit meymories rectmre /16 adolress bits to select
the desired location in the memory. Most 64 k -bit ciy-
napnic RAMs have 8 address Lines. The 46-bit address
is then guPPUed seiuent(qu\{ as Lfwo consecutive &bit
words. Since the cleLQ\( between SU,PP[\{{V\S) the [irst Paft
of the address and the second part is quite short down
to Q,Ons' a fast electronic cwitch (TTL LS), called add ress
multiplexer, hos to be used. The address mu(’cfp[exer shown
on {—29,43. has the aolokiffoy\a( {uv\ott‘on to Switc‘/\ belween
read and write addresses during write cycles. The addres
multiplexer includes eight U-to-1 switdhes conlrolled b‘f
the two select Llines : ASEL for the selection between
the Lirst and the second part of the address and R/W for
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the selection between read and write addresses. he
eia\r\\i Ouf({)uts MAOD + MAZ db\'red,w dyrive the memory (ld-
dress  Lines.

944 Frame wewory ond  D/A conversion

The [rame memor'j and the D/A converter withas
socioted  logic are shown on fig.A6. The six 6lk-bit
dynamic memories are operated in parallel: each
memory stores one bit of the six bit date word re
presenting each pixel of the image . The dalo word afthe
autput of the menory is valid only for a very short time
(see also 1[(‘9. 20N A data latch ,1C 234, is triggered by the
roising edge of the CAS clockty extend the dafa thro
Uua\'\ J(L’\e, \N\’\GLQ C.\’de,_ﬂf\e TVBLK 5(8no\l resets the Laj(c\,\
om& thus ](OFCQS Ut\e OU.’(?ULJES to zevo - black level.

The DAC 0300 is a current mdtip\\f{v\g D/A converter.
The outpul current s @ fraction of the turrent {:[owivxg
inlo  the TREF pin A'«,t\ne ‘Crouctiom being determined
by the o\fg{‘ml word Presen’c at the B4+ B8 fnpudcs.
B4 is the most %igvxﬂicqvﬁ bit and it is driven bu' the
TVSYNC  signal . The s\,vxc\nrov\(zo\&iov\ pulses are in thisway
Lqrger tlhan Prescr'\\oed\ b\,) the TV StanYd,kOWever no
disadvanfage was wnolted in Prqc\?ice.The data ward con-
blvx'\vxg pictwe W\%o(vv\cx)ticm is app\ied\ to the {:olﬂow'\wgg
iv\Pu&s,TL\e last mpu‘(‘ rePreaen‘&‘mg the least sigﬂi¥imn\7
bit | is nol used.

T\/\Q DAQ OXOO V\UVS a verlT l;o‘sk response,ﬂqe S?}ttLiV\S
Lime ol the Ou‘(P\A.k current i ogf the order of 400wns.
In this uyp\ica‘('mn il s much wmore iw\Portan that it
does ot gevxerofte \Qrge Switd/\'\vxg transienks as it was
fhe cose with older integ,mte& D/A converbers (MCALOR)
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and & fast Cand critical) sample and hold stage at the
video ou’tput can be eliminated.

The outpul level o{. 229 is low.A video ampti-
)L(er /&A’r?ﬁ - 1C23% s used to raise the S[SV\Q". level
to about 4,5 Vpp ((oadeoo, switable for wost TV monitors.

945, Inlerfoce with YU3IUMVOQ/

The {ravv(e memory module YUIUMV0O02 requires exactly
the same steering signals as the previously planned
A6k x6-bit sterage modale | so no  modificalions are
necessary to the circuits on the YUZUMV 004 module.
However, there are some slight differences in the con
hettion of t\/\e keso[ution -zcow\ing &e[eotor (@ig.[«) as
shown on table 2. Ont\f a three positfon selector s useol}
since the 2,4 kHz signc\l iS Nno wmore e wired and the
corresponding connedtion to Pt A0} s deleted. Since the
new blk-bit memories do no more require a t4A2V
%u?PL\“ abso Pt 426 is not connected .

It s worth noting that alfhough the memory  size has
been changed | the connedtions to the picture formal selec
tor uig-g.) re ain u\nc\r\qngeé\. Fina\w, i¥ YU3IUMV 004
and 002 are to be wsed for APT reception ovﬂ& , without
connections to other digital cimux‘os, the ENABLE ihput
Pt 146 must be grou\nded!

2.2, Congtruction ol the wodule

The [rame memory module YUIUMVOOL is construc-
ted ona double sio\el printed circuit board | see {ig.
A%. anad A@.)' ‘f\ow(vxg the same dimensions as YU3IUMVOOAL
Most of the tramsitions from owe side to andther are
realized bx{ CoW\PoV\EV\j(S‘ (eaoks,the renidining are marked
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with o small cross  on the components location PLM\ on
Lig.43. The layouX of the [C leads dictates a ctmte small
geometrvy off the PCB, so extreme care s recLu:\red to avoid
wwanted shorts when  soldering the compowents. In par
ticular T is {mpor)(avxj( to ver'\&\, fhe connections below
each integrofed circuit on the com ponents side ot the
PCB before soldering, since there will be no way to con
trol thew later!

Al the MOS [Cs empLoxjeo\ are proteoted/ s0 bthere are
no valid reasons to use sockets.If you however prefer
to use sockets, use only the best ua[i’t\f available . Low
cost  sockels usually cause ][odse con tacts | which are very
difficult to locate in such a complex circadtl

As on YUIUMV 004 all the connections to switches con
nectors and the first PCB are made throwgk soldering
pins.The OM‘? connection that requires sowme care is
the video output./\{tl«ough the ux’q&eo signal level is ng/\
(A.SVPP), this is o wide band , wide dynamic range
line and thas very sensilive Lo disturbs 3enerq’ced by

gxferience has shown thal such olis~
lected by ground loops, 50 praper

9 roundmg 'S necessorkf.

the Log(c circuits.
turbs are umall\f co

9 3 Selection ol the cowpovxents

The main components of YUSUMVO0Z are Listed on
{59_2/\, It is recomended to use CMOS [Cs of the new
R series. The TTL circuits are all of the LS series, sinee
only these are fost enocugh and can be driven by
CMoS logic ot the same time.

Time dete\rmm{ng componevﬁs Cl,lwou,s comse probtemg
becanse of their wide tolerances. A 2:4spread was po-
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ticed for T4 LS423% daal monostables made by diffe
rent manu]facfurersl Hence the two T4L3423 most be
o{— the same mMmake and pOSSiH\{ wit(r\ the same o{aie
prmjceo\ onthe case.

There are a number of different obk-bit dynamic
memories available on the market The major differences
between 46 pin  6hk RAMs are inthe [unction of pind,
This pin enables a self-refresh mechanism in some me-
mories  while others have this pin unconnected . Roth
tYFeg Moy be marked 446U ! The circuit YUIUMVO0O02
was desiqned for memories withouk the self - refresh
{eod(\ue.é k wemorier can hove iiﬂerevxt internal orga
Y\izo@CiOV\S' gor examole the TMS 416k (Texas lhs{rumentg (s
organized as 256 rows lo\7 256 columns while the MMu86Y4
(Hitac\/\'\\ has 428 rows b\1 GA2 columng. This s (w\Porth\J( in
practice | since the MM GL36L requires only \r\al,{ as much oycles
asthe TMShAGU for the vefresh. Finally, each wianufacturer
sorbs his  Linal products in various speed groups. Memori
es with o row access Time ol 450ns or better are re
q\uireO\ in this circuil. -

The maximum time between refresh s usumu\’ 5pe
citied 2ms for 4128 row memories and hms for 256 row
memories. On the other \f\omo\, exPerimeV\%s have shown
that d\fV\aW\'\C memovies dre able to keep the data without
Ye%res\n {or many seconds af room tevv\peroiure‘, Probala(y
the above limit aPpLieS ontj {or the oPeroJCicm at the
highest allowed ombient temperature and maximum de-
vice dissi pation. Further, in contrast with compufer upplc-
cakions | 400% reliability is not required here and soa comple
te re]tresln (s Per{—ormed onL\/ Oonce ever\, TV froume(QOw\s‘
twice for 428 row memories)./\bo the page mode read
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cycle  can be wmode Lovxger than the moxinmoum adtowei/
ousuuxbw /(gas._ﬂﬂe power O\fSSl'pqtmn and thus the opemlﬁr\s
temperature o} the memories are very low in this Cir-
cuil | since Unexf o\epeno\ mminL\I on the number of RAS
cycles  per second | which is very low due 1o the page
mode addressing.

Modern o\\{mw\'\c menmories are usuaM speci%eo\ 1[\*“‘1
TTL compakible. Uv\{ortunqtehf this does not necessarily me
an That TTL LS circuils can o\irect\q drive \m‘g\'\\\f ca
Paci)c(ve memory  clock and address lines. In quticu\,qr,
the active Pl&u-u,[) O{ the LS ICs may not  be sudfi-
cient and an external Pu\(-up resistor (680 L+ A5kQ)
Moy be re wired . I have never had such prob[ems
with the TRSUAGY  however T had had wany problems
with previous circuits. Rotlh LS TLL cirowits and oh{v\ow\'\c
memories exhibit large variations of these parameters
][rovvx nanufacturer  to monu{c\dwev,

All the e(ectro[\,tic mpqcitors ore tantalum o\rops.
The A0OnF bypass capac'\tors are ceromic aiscs Or mul-
ti\u\ier ceramic. ALl the other canc(tors are plastic |[of(
't\{FQSu since o\f\eaP ceramic covpocifors u,swxlu‘ have a

too hig\r\ ’tempemture coeﬂ\cienj&

2. 4. Atignmen’t

Since the YU3UMV 002 module receives the supply,
clocks and steering signals fromn the YU3ZUMVOOA module,
it is obvious that the 004 module should oLLreoucL\’ have
been tested | at least the power supply and the AMMz os
cillator. There are onby two Lrimmers on the second PCB.
It is recomended to start the m\i%nmev\t with R2041

(horizonal Posiﬁion) b the minimum  resistive valuea
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with €204 (hor‘\zm’(ou\ wio\im in mi&d(e posi&(cn.A{ter
%\Nitc\/\ing on the nodules | a Patterm of the ravidom

initial  menory content should appear on the TVimo
nilor ) proloabhj shifted to the left on the TV screen.Now
the two trimamers can be a[igneot ]Eor the correct posi
tion and width 0{ the image.

Note thok the adjustment 01[ the Image wiou[/t hos
Precise Livvu'ts. I]( C 204 (S Comptetet\( misa[iameok)kfou
moy  not obtain awn mage at all! f\ﬁ,er wkjuskivxg
R20A ond C204, LAOA own the first PCB moy then need
Lo be rﬁoukirjvxed\,to eliminale eventual inferferences

and/or  ditficulbies in the %\1V1CR/\TOV\'\ZQJMDY\ of the TV

moniter



4 Pue2s  2yjgo weabop  poyg - gy by
AN S W By
7 404 wo4f A5- aaxo)diyymd | PP PMONOY | h,5u8b wods ¥ 90d wiosf
hyddns  samod Sppe PG RE oY pue ]
—_—— ASH WS ;ddoay.»ws/ Mw M%OQO >|h «:O vwd& .NIEV
<5
mum\&%& DWW
ﬁﬁ*ﬁw&&?i | oop ‘ 3 wu.—““sm
LR_S”W\DE Tvd  4mojod asyof - @v.mdo_m &y “biy ,
pun  a0nuowW < ! i . 2UM08
7 NL 9} a3 A.sto V/q puv g wﬂ?gsm. 43430 40 494 Wou}
owew W0l uwms AN SHY3 Y oiop yoiaas




p:;u [+Y4 !AOW aq_uu\

<s BJW‘D

(Aaxa‘)d,i;}ww Ssa4ppo o;)

6oy o - ) by
uos .H_M.S

o1\ wbu T
T@ ‘ mow,zﬁ %13 Xid
w1 nes €NX3 hoz3d apym d 3
T voy | wor |\ kT
- 9 £0371
L gl Wy o
tYHM 14D i I“V
- S8
9VHM prkY 5707 mqﬂ%. a le A S
SYHM W 90201 Ut s ¥ WP tv04
hYHM 5]'® Qire Tk S5 .H 571 A 6001 »E
w0 %N 34y 1) .éﬂl 90
s |5 [e_Jov v . # uoryowuos
J3unod e S}4 UOWD ZuoayIU Ay rod
yoxid 2)oh> 271um ¢ VENTAde|orias
a}m L 8 ¥ ¢ﬁ| (213
OIU ¢w> m_\: M‘.’M nm> t v l—l
EVHM ~—h i ﬁ _M%N Py
g 1S —_— Y —
IYHM =——Fp 705 ] Hee m d %3% W w60k PE g’ m e
WHM =—0 oo 51| | ot . St 3| .,vom um esev U joa? v
4
OVHM =10 b v wemev - 9 ‘m. 3
m RN M ﬁ
sv (S [b [oF"
| pomducs | szzsss
. M AS+ Nl
502349 11 N7 ﬁrLoEwE 0})

)P 2] oded



N1EAL
Hopouaueb  wms  Jomozioy pud  syo0p AL -y By e
g
) nzenﬁm 4;«&1.&3 Lopﬂsgwgmm SN AL [50T
hoST94 M - PRI
" : tv2o1 "y
4D 3 2 4 hy n\@.n
G122 sv v | : Vi oh
. © 7|’ Wz 9231
L Hﬂ./ TR sve AT WAbny
W |
ov s/ 8 6 sy ”_ H m——
ﬁ.._lm [ o 13 nz,m.w Tr
0) aND b, 1 4070py1pso 1ox1d 3 VSTIE
y:L 3 —  SVZOI d T
LYHY=—ppnD s t o) dm 7 2ppHY \hx ._.u
NHY<—35{ LD €I ut Ul = 4053 =t
o vw—\m.:; S A /Le e ¥l 14 In_l 7]
VHY=—110 ) U5 N2 D 13
Vit w00 | 1]° w
hoH = 0 A k&w& Al 959 RL eGH.m oy By
W N0 3y L— ¥ TSt H d
TR0 L o I Y i
12]unoo _ A9V
Toxid e l
R \(T
03 aN9 Sy o ] e
EVHY ~—p"0 ety ‘ Sl \L.J R
p— wile___T ove oy 0z0h Y
TYHY =510 s T =9 90z 3d
oy =g TSTE b nol & 3 wotg | -
~T R N 12
1o wel Lty Jao o_wwww e oo xHo
OV HY ~—p51/0 et T hy s 3&2 Rl
y ) PAho Hfp : Hl l > .
xdw _3 wlt ~
ssa1ppo 0} Up!1313ed

AS+

95 %0r ejucziJoy



.mewi,fsg_ S324PPY

puv  UVIS*IDIIYIBY - G .m.m

EN

. T A2JUN0D W) %719
dn funop L2  Ta— PR M
! P T %%  =A Jogam = .
:Euwﬂom#_ el b70h B3 W N S0 D5
02231  nufg AL BYeIl iy
NS éo._H D SOTH VB W S 2r ) 3d hoRmid hrsrair
I_.l AT RN I sk Emr v 3d
: s " 423un0
aup
saxadmw ssaappo ;
xm#SSOU
To]v Is v v T2 vl Te 5 Iy T8 wihlzfelslofefs T4
eyl G oyl LA FERELTTR RWEOR VBB |
pluaRE T M-S YHM % LARRISY,9Y G VHN et 04 0¥ i
PWH=g® e YW=l b YW@ gy e g wo SYEII S
o 1YHY £ TS VHY Saf T T W T T
Mmem;%« vam#w& oy mmvﬂ:w& W TKSTHhE
PTG Ea EN ISR "
tVH =y 207 WiE—=nHn Whypree! M«w 9YHM 45&8?% oM o ve!éL izt o]
0 LB e Wiy v
Vs 0S offT hvHY Vs 05 Y T—=9YHY ys 05 2N m||£c<xx vs 05 PAYE=TVHY “—H W ¥177)0498
. F o]y Ew T “oar
A2
1 ~ g+



_‘..l_..u TUOISABAUOY  Y/Q PUD hjowdw awivld - gy .mm
4
"y &=
Fn_mjﬁ - j. T . \_1
80734 L mu_% u,_v 43}00au0D AL Y2707
401uow p; 03 s ;?%l«ss 5_ A Y/a « n~| bywp *..&VH.._HI
Yunosb -—g— =i 0% | o 571 440 25 ST ==}
L D2l e o~ oty L PPEY
oapi smywbau Il.nvlmu.luﬁgﬁ 7 100t oy o7|'° Yahy 40 $}IML>
¥t % N 4001 D030V 81 77 10 PR sy 42430 o
31.) u>_v_wa& "‘lllﬂ*lm:ab MMNUH V ) T -— NMNUH N 3 1) ﬁvw.w¢ﬁ ﬂmav e
§o73d bt 43y~ 9 vy VBT haf ASH
i ] 4T+ M: N - 7130 sq A
by “INASAL DA 1M
f&ﬁl Kl exe >z ? >$ 3
e Hils
,H_IL
- VD
~e SYY
—~ 7y
e v T sl |y zm@m:: 8 Jw Tav leiv]sr g s |b|s 8 Iw T s lv]sv 8 oy Jor g inlsv
0 BA By 5 T ) oo SN HWW P00 Bh MW Pho0q S MW A0 A tywsn
h9rhSHL W9V SHL EIZEN y9rhsSuL hoyhSuL hkhSUL
oI 637 I R%201 1721 917971 §T2 I
LV oSy M ev v iv oy IC ?: SV SV IV Ly ov 10 Y avsv iy sy oy W OV 1id Y IV SV by ¢y ¥ by OV 3¢ £V 9V sy WY SV 2V vy oY Jd LV 9y sV W Ty v Vvov id
MRV I TE 15 |2 7 P 7 O Tl R S e RS 2 oo P E S| B [oVInfer ]9 [€ S 2 @S ElS [
£V
- =
_—
Yu
WH
oy

SNS fém
viop wu:s\.sm RL2

ALOWRW 319 91 }9



. .mm
uonwo0] ~ tj ol
wod a3 fo uon
. uo S pC 2 KOA\
T 924
:cov._- @
Y
“oov -1 1
@ w03 sgay Ty owss  S0EY 4 " B dossd T ﬂ“ﬂa
vousd T ! T swl [osTuE o o 4 0 -
o |20 N~ = g » Nvo.m..._ Q tredl x ¥03D gyg "y wb~.&
3% 2 Q S| 3 % WP«. T ] « _sﬁqu,__i _%?w = m a0
:-Q a A A h¥38 hhe TSIt ¢
%% w
2kt4d ms\__ ﬁ«\.g ?\: TSV Lcmr_‘.__l s s mNNo\.N_
= - z Muwﬂ:ﬁ sy2o 4L —— a5 30
- e = 2 o2 w2 £X3221 :oom- TRLT :N:t
2 Ay o U..\ *- o
mw pa mw m.:\a.- z,.h\.,. am = ..nlvlwmrm ‘\/THMV;OV ovadl day ||.=|:m1¢
QEITIRE “ET IRE i~ = SSYSIME J x B20h 4 Uy UL ang
) | La L] a 179 03221 ] —& ——
“ * a s g
007 4 wy,  OAE X ¥¥0h
34,7y g £5VSTht S B b 1 P60z
41 \_mﬂ.m.mm 00802v¢ b i%ﬂu,.\w o Y, 622l gy L
T ZAXY B ‘@ g 28221 1 it .rm“\T ¢ —o— ugoy @
mOmt 95 imu.. z?vo.a ° :8\_.. uoor T £0734 nge
D o0 807 3d




>>>>>>

JeaE

R 5

-]
©



side .

cou/teti . coPPer

Fig. 419 — Second  PCB | double



K iowaw wed} Y} vpm suoywiado M pwo  poay - g7 by

jun hiana bump mmo Tou how

|

Eomu 2)uM

LY

Jf

/ AT9AL

L

1
|
obpa vy jfa] 1 &m:&a ss3 jond
|
|

b! mndmo
b jexid ﬁxi 2 Joxid x y ppxd v]u% o mwwuﬂwﬁsm

§
MA abpa  49342AU02 Y/q 0}
f

M M2 1] ! vyop {10
¢

yU 7l vm A haowiaw

|
]
|
|
4
|
]
|
i
|
i
i
I
)
T
]

(-
2-1y rn: uNEW J

]

|

[ U _|mw Lo U U
METELE) $y) 240 s3]0h> sV) 87

_ “ ;
||J” B ,_ o [ sy
| T

j
]
w w _ c.g_\_m.,w\\




F;’g. M. - List 0{ spec(al compOnemfs

IC 204 40 CMOS 8 bit  shift pegister with latch
IC202 Lo#3

€203 4001

IC 204 4043

IC 205,206, 208,243 210 4029

IC 20% 4020

IC 203, 246 4044
[C240,242  F4LSA23  see text!

[C 244 LS 00

[C 243,244 3}41S464

IC 245 T LSA443

IC 243 Y LS04

Ic 248 k040

(224,222,223, 124 LS 453

lCZZS,QlGl?,Z?‘2281229,230 6 bk dyr\am{(_ memaries
THS 4464 -15 or HHM 486UL-2  ASOns access Lime,

other memories could also be wsed , for {ur\\/\er
(V\QOYW\O&'\OV\ consult  the text!
IC 224 LS ATY

IC 232 DAC 0800 D//—\ covwerter
IC 22% /uA 133 video amPU{ier, TO-99 metal can!

R 204 A0k tin  trimmer 5/40 mm pin spacing
C 204 6+25p trimmer p(astic {of( or ceramic



hoowaw aghg yng  vpmo pahoydsip syowaof ebww] g 3o
%m%.slrus wonvziuosyduhs  2yooyy  )PUURIXT
uor}1sod  wwoy Wi VPyMS  DOgy/0sye) ¥

M00¢ HAN'T

) x A+ SIA 009 2HYgh

7x  x ) x 2% 24 007V MM 9b

Zx 7 x 7x Z§Q0M3 AT BV
N2 19
wwifnay | opsamon o | e | s |
4033 40312 * TN psaaieu i -24 - burwooz




