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1.1 Dl&QUJm 

'Ibis manual is inl:S'lded to be used l::!r' servi~ 
~ED'lIEl who must peifcrm d.iagrostic tests on 
arrl repri.r cf the 000 termiml. It is asst.med 
that the tedmician is familiar with basic data 
communication techniques and normal SW10 
terminal operation. The following manuals 
EtlaJl.d be corwlted is conjtnction with this 
narual: 

970004~1 
0501H01 

Only the d:>mestic model of the SW10 is 
disa.issed in this maruaJ... Diff erern:s between 
the d:>mestic arrl international p:Mer awlys 
are shown on schercatic 72.0019 sheet 2. 

1.1 CDBRAit JBQ1Ptl11J 

The SW10 is a microprocessor (ZS) based 
terminal with a detached ANSI keyboard. '!be 
operating parameters may be modified by the 
q;ierator dlrillJ smtJP roode. 

'Ihe terminal allCMs the o~ator to serially 
transmit data to or receive data fran a ranote 
host CPU. The infornation is pissed OV'er a 
full d.Iplex chanrel at selectable baud rates up 
to a nax.inun of 9600t{E. 

'!he 12 ird1 (diagaal.) screen is arranged in an 
80 oolumn arrl 24 row fornat plus a 25th status 
line. Each character is displaya:I as a 5x7 d:>t 
ma tr ix on a 7x10 field. A non-interlaced 
(overlap) scan method is used to refresh eadl 
frame at a 60Hz (or 50Hz) rate. 

InterfacillJ is thru a main :EX>rt arrl a printer 
port. Both are rear ~ RS-232C cx:ruECtors. 
'!be printer IX>rt is a gated IX>rt which, if 
desired, allows data received from the main 
:EX>rt to be piSsed thru the printer :EX>rt withrut 
being displayed on the screen. 

'!he temiral cperatirg piraneters are changed 
from the keyboard. There are no i;hysical 
switches. Figure 1-1 lists the changeable 
parameters. The underline condition is the 
state selected at tine of narufacture. 

I ffiYS1P'L gww :1p1sr11 H 
I DISPIAX KEYlpNE 
IHElGfl' 11.5" (29an) 2.5" (6.4an) 
lwmm 13" (33an) 17" (41.an) 
IIEPIH 12" (30an) 811 (20an) 
IWEIGHI' 22 ll:s (10kg) 4 lbs (l.8kg) 
1va..'Jl'GE'/FREO 105-135 Vac 50/60Hz 61 Watts 
l'I'EMPmMURE (C) 5 to 40 C)fer/-30 to 65 Stor 
llllMIDl'IY 5% to 80% mn-<x>rrlensing 
I WlflAY QJHCIWISl'll H 
I &:REEN SlZE 
I vmmG ARFA 
I &:REEN CAPPCr!Y 
I DISPIAY MMRIX 
I OCREFN 1?llEPlm 
I CH1\RPCl'ER fFr 
I CliARlCIER MMRIX 
I <IRDR 
111\IN um lNIBE'Q 

12" Diagoral 
8.25" x 6.25" 
1920 Olaracters 
EE x 24 + Status 
P31 (Gm) or P4 (lilt) 
128 A«:;CI I 
5x7 00. 7x10 field 
Rellerse Video Blcx::k 

I RS-232C ~hroID.IS 
I Selectable ~FF 
I 50 - 9600 Baud Full nt>lex 
I Splce/Mark/EVerv'OcH Parity 
I JJRDDP Rm' DDmi'!!QS 
I RS-232CAsyrdlrax:>~ 
I Screen Print 
I Printer COntroller ~ 
I Haldi.es HUN1'ER BIBY 
I fBllP KIE BWNBIBfi 

#01> M)IE 

#02> BNJD 
#03> mRI'lY 
N4> KIE 
#05> AUIO ttil LlNE 
#06> J1J'10 WRAP 
#07> LlNE END 
NB> cumR !LINK 
#09> O\PS LOCK 
#10> MAOOIN BELL 
#11> SIIFT 3 
#12> lU\IER FREOJmc::Y 
113> PRmr'ER BUSY 
#14> KEYBOARD 
#15> mssmRJ 
116> lUlO REPEAT 
117> ~ PRlNl' 
118> lUlO XCN 
#19> u:xx. EXlD 
#20> REY a.Ia< 
#21> fliJil saa.r. 
#22> RBTm>E VIDID 
123> BR1GEIINE5S 

CNLINE/ra:AL 
50 'IHlU ~ 
~MN/a:Dl 
YJ!IU/\ll52fPID;RAM I 
.w'OFF I 
.w'OFF I 
SID~ I 
.w'OFF I 
CN/m: I 
.w'OFF I 
J/Eta.ISH RlJN) J_ 
50/.61. mmz I 
.I.W'HD I 
1 I 2. I 
CNLY/DISPIAY I 
.w'OFF I 
CN/.W: I 
~I 
CN/m I 
,W'OFF I 
CN/.W'. I 
etV.W: I 
1 'lHlU 16 (.8) I 

---------------~' Figure 1-1 SiLI &n;jficatj005 
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FRONT BEZEL MCNITOR FRAME 
PART .NO 620038 PART NO 03584-001 

:l?aiER PANEL 
ASSEMBLY NO 660021-00X 
SCHEMATIC NO 720019 
PARTS LIST NO 660021-UOX 

K~rBOARD COV.t.R/BRZEL 
PART NO COVER 0358'5-001 
PART NO BRZEL 03599-uO 1 

REAR HOUSOO 
PART NO 03579-001 

MONITOR 
ASSEMBLY NO 890001-00X 
SCHEMATIC APPENDIX A 
PARTS LIST APPENDIX A 

FLYBACK TRANSFORMER 
PART OF ASSY 890001-00X 

TERMINAL CONTROL BOARD 
ASSEMBLY NO 75001 9-00X 
SCHEMATIC NO 750019 
PARTS LIST NO 750019 

M:>NITOR CONTROL BOARD 
PART OF ASSY 890001-00X 

~YBOARD CABLE KEYBOARD, P. C. BOARD 
PART NO 900006 ASSEMBLY NO 750002-00X 

SCHEMATIC NO 750002 
PARTS LIST NO 750002 

Figure 1-2, Illustrated Parts Breakdown 



'lhi.s sectiai. describes test procedlres that may 
be used to check the cperati.rxJ con:lition of the 
terminal. They may also be used to isolate 
failures to the tecninal, the modem, or the 
transnission lines. 

2 .1 P<lq-<IJ AD'JQIATIC '1'1§1'5 

When power is ai;plied the terminal will ~Iform 
a series of five internal diagn<Etic test to 
determine the cxxrlition of its OOM, RAM, am 
NVM circuits. If an error is detected, the 
testing will stop and an error message will 
ag;:ear on the status line i.rrlicati.rxJ the rature 
of the problan. 

a. l01 Wl'S 

'llE IOM cortents are read out am a checksum is 
calculated. 'Ibis number is canpared to a 
previously stored checksum. If the numbers 
natch, the test is success:ful.. 

b. Z8 '.tmI' 

A blcx:k of IOM is written into the 1281¥tes of 
za PAM. A bit ty bit cani;mioon of the roM am 
RAM is made. 

c. RAM 1 'lml' 

This test checks the condition of the 2K of 
display RAM ~ writing a block of roM into the 
RAM am makirJJ a bit l:y bit oo~ioon at each 
memory lcx:atiai.. 

d. mi 2 'lffil' 

'lhis test creeks the 1K of scratch i;ad mM. A 
block of 101 is written into the RAM and a bit 
~ bit comparison is made at each memory 
lcx:atim. 

'llE NIM (mn-volatile memory) is essentially an 
electrically alterable roM am is subjEct.ed to 
the same tests as the program IDM. The 
contents of the NIM is read and a checksum is 
calculated. This number is compared to a 
checksum stored in the NVM. If the numbers 
match, the NllM is axx::essful.. 

Fail time a i;araneter is changed am saved, a 
r&1 dlecksum is calculated an::1 sta:ed. 

If an NlM error is detected, a set Of default 
i;mameters will be entered into the NIM. '!his 
allows the q>erator to trouble-shoot the 
terminal with a kmwn set of corrlitions. 'lhese 
default corxlitions are listed in SEction 1. 

I 
I MESSZGE 
!~~~~~~~~~~~~~~~~~ 
I 
I Error: 
I Error: 
I 
I Error: 
I Error: 
I Error: 
I 
I Error: 
I 

RJt1 
za 

RAM 1 
RAM 2 
WM 

~un error 
Error in 128 cytes of za 
RAM 
Error in display RAM 
Error in scratch i;ad RAM 
Error in mn-volatile 
IlBIDry 
Error in c:mnmications 
interface 

!~~~~~~~~~~~~~~~~~ 
Figure 2-1, stah16 Line Error !!eeMgP6 

2 ,2 OFF LINE CD1FT])fR;R TmTS 

Place the terminal in the SE'll.JP mode by 
pressing the <SETUP> key. Next, press the 
<SHIFT> + <D> keys. This !reds the terminal 
with a known set of cperatirJJ paraneters under 
which the unit can be tested. 'lhese i;arameters 
will be displayed on the screen. Exit the 
SE'IUP node l:y pressing the <SEllJP> key again. 

Mer the comnarXI sequen:e ES:: #8. 'llE s::rem 
will be filled with "E"'s. Verify that each 
display lcx:ation contains a character. The 
screen may te cleared l:y pressirr3 <SUFI'> am 
<Ema'D>. 

Exercise the tenninal fran the keyboard usi.rg 
all the up~r and lower case keys, all the 
numbers, and all the special symbols and 
punctuation marks. Verify that the cursor 
control keys and the numeric pad keys are 
operating correctly. Perform carr:iage return, 
line feed. tab, etc., q>erations. Enter data 
into positiai. 00 of line 24 to test for proper 
scrollirJJ cperation. 

The power up test can be started from the 
k~d three ways: 

1. Fran the SEm.JP node, press <SHIFT><D. 



2. Enter the SSlll~ EEC [ 2;ly. 'lltis will 
C"ause the tests to be perfccned oooe. 

3. Enter the sequence ESC [2;9y. The test 
will run cxmtiruously. H.'.Me7er, m beep 
will sound after the success:fUl canpletioo 
of edl test. 

NJl'E: b conl:iruous test will temirate 
only when an error is detected or when 
p:>wer is renoved. 

2.3 <Ii IjINB IN.Dff'ACB '1'1§'1'5 

a. Main Interface '!e?ts 

'lhe Main interface may be tested by 
. inst:all.ing a tum-around plug (shown in 
Figure 2-2) and invoking the Data Loop­
back confidence test. Entering the 
oomnen:l ~ EEC [2; l.0y initiates the 
tests. Data is routed out pin 2 and 
receivErl tack in pin 3. b status line 
will display the message "WAIT", 
inlicati~ the test is in progress. b 
test will continue until a failure ocairs 
or p:JWer is renewed. As describEd above, 
a failure will cause an error message to 
be displ.ayErl on the status arii the tests 
will be terminated. 

With the COI'lectcr in pl~, test all the 
function and control kE¥S- Test all the 
commands listed in the Users Manual in 
Section 3.3. If the data shown on the 
screen is the same as that bei.~ key-Erl in, 
the test is cmsidered successful. 

I~ ~ lc:"JY I I ti n U 11 
• • • • 0 0 0 0 0 0 
TD . llD •11 C11 .... CD 

D1'R 
0 0 0 0 • • • 0 . 0 • 0 
M • a 

Pi,gure 2-2. Turn Around Plug 

b. Printer !nterfsx:e Tests 

If a printer is attached. the printer 
interface may be tested 1:¥ typing several 
lines of characters on the s::reen in sane 
reax]Ilizable :EBttern. Peif ccm the Print 
Page operation ESC [SF. Check the 

printout to verify that the data was 
printed exactly as it appeared on the 
&:real. 

b Print Ccntroller IOOde may be tested 1:¥ 
entering ESC [ SF. 'Ibis enables the 
Printer and disables data from being 
displayed on the screen. Next, ask the 
host to send back some known data. '!he 
data Ehruld not be displayed on the screen 
but should be sent directly to the 
printer. 'Ihe s::reen is erabl.ed (and the 
Print Ccntroller disabl.Erl) qr enteri~ an 
ESC X. 

2,4 Nll'fB'IM'R 1'i0-Ji\Y Tf§T 

By using a c~~ed cable, a two-way test 
can be conducted using a secom terminal to 
simulate the host. Place both termirals on­
line and comect the cable between the main 
ports. Data entered on one keyboard should 
~ on the s::reen of the other temiral. 

) t TD RO :s ( 

) :s RD TD 2 ( 

CTS s 

) ' 86 

DTR20 ( 

66., < 

P:Lgure 2-3- Cross Coupler Cable 

2,5 f'NJ[.T IQA'flm 

This section is provided to assist the 
technician in isolating a termiral problen to 
me Of the ma.jcr SJbassernbl.ies, i.e., keyboard, 
termiral control balrd, or monitor circuits. 
Refer to Figure 2-8 for location of the test 
points. 

2.5.l &Mnard 
The keyboard sends KRG1 signals to the 
microprocessor circuits in response to KMUX 
signals. If only a few keys are inoperative 
the problem could be a bad KMUX, a bad 
multiplexer, bad k~, er a broken oo~cti.on. 
Each I<MtJX wavefccm will ~ different but all 



.... •irrt-mme f!mu!ftl 

RRli signals will ai:pear the same. '!be I<MUX 
signals are always present rut t:he KOCW signals 
aPPear .only when a key is pressed. Consult 
SCfiaratic ?B02. 

Figure 2-8 500ws the lcx:ation Of the six power 
supply test points. 'lhese test points check 
the voltages at t:he rut:pit Of their regilators. 
If the desired voltage levels are oot present, 
refer to the :E;XMer awly Edlematic. Tra~ the 
val tages mck towarcs the transfocmer until the 
prcill.an is lcx:ated. 

2.5.2 Tennina.l Ccntrol B<>ard 

Whan power is first awJj.ed, the 000 p:rla:ms 
a series Of internal diagrostic tests. 'lbese 

s11:rU1J 2 

tests check the RAM, RCM, WM, most Of the 
microprocessor, and a large portion of the 
VTJIC. If a problem is encountered an error 
message will appear on the status line 
inlicatinJ the nature Of the probl.an. 

'!he video data out:plt Of the terminal oontrol 
txard can be viewed at W-12 (or J3-5). '!his 
is a canplex signal w:tx>se wCNe Ehape will be 
dcp:!ndent on the key be.i.03 pressed. Figure 2-8 
sh:Jws a typical wCNe form. If the video data 
signal at 03-12 is present rut the data is rot 
be:in;J displayed on the screen, the nonitor is 
probably at fault. Refer to the TV Mmitor 
Ma1'IJal (G'!C# 0501&-001) for a detailed theay 
Of cperation am other information regardin;J 
operation Of the rccni.tor cira.ti.ts. 
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Transmitted Data (ID) •••••• <-- ••••••••••••••••••••••••••••••••••• 
Received Data (RD) ••••••••• ~> ••••••••••••••••••••••••••.••••• 
Request To Send (R'IS) •••••• <- •••.••••••••..••••....•••.••. 
Clear To Send (CTS) •••••••• -> ......................... . 
Data Set Ready (DSR) ••••••• -> ....................... : 
GRaJND. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Carrier Detect (CD) •••••••• -> ................ . 

• • • • • 

MAIN IDRr 
rur 232C (l)NNECI'OR 

0130 0 0 0 09 07 06 05 04 03 02 01 

0250240230 0 0200 0170 0 0 014 

-: 

-Receive Current Loop •••••• -> .. : 

-· . 

-Transmit Current Loop ••••• <- ..... : 

+: 

+Receive Current LOOp •••••• -> ........ : 

+: 

. . 
Data Terminal Ready (D'IR) •• <- .•..••......••... : 
+Transmit Current LOOp ••••• <- .•••.....•.......•.•... : 

Receive Data (RD) •••••••••• --> ••••••••••••••••••••••••••••••••••• 
Tr arisrni t Data. (ID) ••••••••• <-................................ . 
Request To Send (R'IS) •••••• --> ••••••••••••••••••••••••••••• 
Clear To Send (CTS) •••••••• <- ......•.......•........... 
Data Set Ready (DSR) ••••••• <- .•...••••.•............ 
GROOND •••••••••••••••••••••••• •••••••••••••••••••• 
Carrier Detect (CD) •••••••• <-•.•.•......••..•. . . 

. . 

. . 

PRINI'ER IDRr 
rur 23 2C <X>NNECI'OR 

0130 0 0 0 09 07 06 05 04 03 02 01 

0250 0 0 0 0200190 0 0 0 014 

Data Tenninal Ready (D'IR) ••••••••• -> .......... : 
Secondary Request to Send (SRl'S) •• -> ............. : 

Figure 2-4. ooe Jnterfare Qmrectnrs 
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3 ,I 1flft IN (I" QflBl(L'Jilli 

'lhe ~ of Cl>erati.oos is divided into two 
sections. Tne first section is a general 
diso'3Sim of the major furd:iora.l. elements of 
the &WHJ. Tne seoom section is detailed 
circuit description of terminal operations. 
Proc:bct Sp!Cif ications infa:mation fa: the ze 
micrcprocessor is provided in ~ A. 

3,1 GIRR\t. 

Flmctionally, the &Wl0 is oomposed of four 
major elements. They are the keyboard 
assemoly, the terminal oontrol board, the 
noni.tor assembly, am the :pc7Ner transfa:ners. 
Figure 3-1 shows the basic flow of terminal 
signals am voltages between these canJ:X)nents. 

3.1.1 Jee:rimrit 

h keybcmd is a ~writer style irpJt del7i~ 
used ~ the operator to cxmnunicate with the 
temintl, the a:u, a: any oorrected perii;tieral 
<Evice. '!he 000 uses a scanning type keyb<md 
which, utilizing commands from the 
micrc.processor, sequentially interrogates each 
key J:X>Sition to determine if a key has been 
pressed. If a key has been pressed, the 
keyboard sends out the a signal to the 
terminal. ex>ntrol board. 

h ~ technique allows two keys to be 
pressed at a time and still be sensed by the 
exmer. 'llli.s is called "2-key roll011er:". 

'lhe keyb<md al.ED ex>ntains the s:p3Bker for the 
keyclick am bell tme. 

3J.2 Terminal. Cq¢ral Board 

h temintl ex>ntrol tmrd is a sin31.e i:c beard 
assembly that controls all display and 
CXlllnmicati.ons fl.nctions of the tennintl. It 
oaltains a Z8 micrqmc:essor for maraging all 
temintl cperatiais, video ~i.rg cirali.ts 
for cxnverting data into screen pcesentati.ors, 
J'Dl-VOl.atile meoocy (WM) fa: storin:J the user 
settable operating pu:ameters, and interface 
circuits for controllin:J temintl a:munnica­
ti.as. 

h temintl oontrol tmrd fiimWare oorsists of 

12K cytes of EPR.01 for progran qJerations, 2K 
cytes of RAM for display manory, am 1024 cytes 
of scratch pid RAM. 

3J3 Malitor AssettllY 

h nooita: assembly is ma<E up of three pu:ts; 
the monitor control board, the f lyback 
transformer, and the CRT (cathode ray tube). 
'!he noni.tor ex>ntrol board receives vertical am 
horizontal sync signals and video output 
signals fran the termira.l. control board. 'lhe 
starmrd iooni.tor is a oonventiorel 12 i.n::h P-31 
green phosphor CR!' using a raster scan non­
interlaced (overlap) refresh technique. (P-4 
white is optionally available.) A detailed 
descrip;.ion of the non:i.t<r assembly qJerations 
can be found in the 'IV Documentation Manual 
(G'l'C# 05018-llH). 

3J.4 Power Transformers 

Two ,EXJWer transfa:mers are nnmted on the i;:ower 
i;anel at the rear of the terminal. The 
transfa:mers deliver st~wn N:. voltages 
to the terminal control board where the 
voltages are rectified and rE:9Jlated. Irpit 
voltages r~ from 100 volts to 240 volts 
can be aoo:mJOOd:tted ~ I'lf:Hls aE jl.lI11parin:J on 
the primaries of the transf~ners. 

3,2 qmm.m 'l'flftJRY Cl" CH1RATJIRi 

'lhe following secti.oo is a detailed di.SCl.lSSim 
of the cperation of the sbassemblies mentiored 
in secti.m 3J.. 'lhese slb-assanblies are, in 
order of dis::ussion, the k~d. the temintl 
control board, the rroni.tor control board, am 
the i;x>wer transfa:mers. Termintl ex>ntrol lx>ard 
schenati.c set 720019 and keyboard schema tic 
72.e002 slnll.d be referred to while readi.rg this 
secti.m. 

'Im keybcmd is oonp:lSed of 96 keys arranged in 
a matrix which is wner micrcprocessor control 
and is scanned to detect key depressions. 

Figure 3-2 is a signal flow diagram for the 
keybalrd cirali.ts. Schematic 720£102 slx>ws the 
keyboard matrix and scanning multiplexer. 
Keyboard scanning is initiated by the 
micrcprocessor. ~ta bits DJ through rn fran 
the microprocessor are applied to Flmction 
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Decoder #1 (U33 sneet 4) which generates 
keyboara mul tiplexin:J terms KMUXB through 
KMUX3. 'lbese terms, applied to the column 
scanniRJ multiplexer U48, are the lexidecinal 
EqUivalent of the keybalrd column nmt>er to be 
8Cal'lmd. 048, a 4 to 16 deooder, selects om 
of the ootp.rt:s KaUJ throogh KCXLl.3, drivinJ it 
lCM. This supplies a lCM to one side of all 
the key ocxrt:acts in the selected column. When 
a key in that column is pressed. the 
appropriate row is driven low. The 
microprocesB>r is prep:ired to receive irp1ts 
f ran the I<lOl lines. SinJe the micrcprocesscx 
knows which colmm is beil'JJ seamed it will be 
able to determine which key was iressed when it 
senses one of the RRCM lines going low. The 
KCOL outputs are selected in a sequential 
roamer ard only aie Of these lines is low at 
ary given time. 

As an example, ass.me that RMUXl am I<MtlX2 are 
high and the other two irplts are low. 'Ibis is 
a hex six and output KCOL5 at U48-6 will be 
driven low. 'Ibis low is presented to keys B, 
v, c, X, z. \, RIN, and '· If the z key were 
pressed, KROW3 will go low. 'Ibis low-true 
sigral will be sent to the mia:q>rocessor. 'lhe 
micrqxocessor will ~arm a look-up in a IOI 
table am detemtim that a RMUXl am I<MtlX2 plus 
a KROW3 is equivalent to an ASCII character 
lower case z. 

3 .2.2 'Dgminal Qntrol flMrd 

Figure 3-3 shows the terminal control board 
divided into 15 fulctioral blocks. '1hase blocks 
are: 

[l] Adkess Initialization Ci.rant 
[2] Micrq>roeeSSOr cirants 
[3] Progran HD1 
[ 4] Scrat:ch pid RN'1 
[5] Displ.C:W IM 
[ 6] Video timer arii controller (V'OC) 
[7] &ystan Clock 
[ 8] RQl tuffer 
[9] Video generator 
[le] F\nction 18x>der i2 
[11] F\n::tim ~ il 
[12] Nm-Voilatile ~ (WM) 
[13] Interface Ci.rants 
[ 14] Bell alp 
[15] ~er sui::ply 

'lhe ~d and the nooitor are mt pirt of 
the termiral <Dltrol txmd, l:::ut are EhJwn on 
the drawiR;J for data flow information only. 
'llle sigrel.s slam m Fig.ire 3-3 are the major 
signals. Additional information may be 
el!ChcnJed between blocks. 

[l] AmFBS mr.I'IALlZATIDN CIRClJlT (Sh 3) 

'llle Z8681 used in the 009 rspires a starting 
aQka;s of ooe instead of ee. 'lherefa:e, the 
reset pulse must be applied to Ul2 for six 
clock pulses to allow the microprocessor to 
step to the :Er<tl& ac:Hress. 'lhe del.cw cirant 
consists of Qle, U40, U48 and associated 
am~. 

When i;:ower is first applied 040-6 will be held 
low for a peri<Xi of time determined qr C55 and 
ree. 'Ibis low will cause a hi at U48-2 am a 
carrespn:liRJ low at 048-6 am 048-4. '1he low 
at U48-6 is applied to l.D.2-6. 'lhe low at U48-4 
allows Cli3 to charge, keEping Q1RJ turrEd off. 
When C55/R50 times cut, 040-6 will cp hi, U48-2 
will go low, am 048-6 will go hi, removing the 
ground from 012-6. U48-4 will also go low 
allowing Cli3 to dis::harge am turning Q1RJ m. 
012-6 will go hi. Zener diode ~ provides 
voltage protection for l.D.2. 

[2] ~ (Sh3) 

'1he heart of the 009 is the Z8 micrcproca;sor. 
It controls all of the inpit and output 
operations of the terminal. Under program 
oontrol, the microprocessor will fetch data, 
execute instructions, and resp:n:I to the naed3 
of varicus temiral cirants. 'Ire Z8 fulfills 
the need for higtrspeed data haOOling ~ having 
32 p:>rts dedicated to i.rplt/a.rt:p.It q?erations. 
'1he 32 J/0 pins are arriDJeC] into foor ports of 
8 lines each. Umer program control, these 
ports provide address, timing, and status 
signals. '1he &Wle uses Port e as the high 
order memory address output. Port 1 is a 
combination data I/O and low order memory 
address output port. Port 2 is used ~ two 
differmt cirants. It serves as a data inp.It: 
port for the keybcmd am is the J/0 port used 
~ the NVM. Port 3 has four inpit and four 
outplt lines. 'llle irpJt ports ro-e thru P3-3 
are used for communication input and for 
signalil'JJ the start of a video data transfer. 
'lhe Clltplt: p:>rts, P3-4 thru P3-7, are used for 
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controlling memory I/O operations, 
<D'llllll1icatia'JS a.rt:pJt qieratialS, c:ni oomrol-
ling the bell. 

'Ile micrq>rOCESEDr uses a 16 bit acXJress bJs. 
The high order aciiress bi ts determine if an 
a.rt:pJt qieration will take place, if the V'OC 
will be selected, if a d1in:Je in video ouq:ut 
Einlld CXXllI', er if a sp!Cific J'DEIOOIY JI: will 
be selected. The lower order aciiress bits 
select the exact meoory la::ation. 

The low order aciiress bits, Nd through A7, 
appear at Port 1 of Ul2 and the high order 
aciiress bits, A8 through AlS, are on Port e. 
The za (Ul.2) also outputs two strobe pllses. 
'Ibey are the .Mkess St:Id>e Not (PS-) at pin 9 
am the tata StrciJe NOC (I&) at pin B. When 
PS- at Ull-11 goes high, the aciiress bits on 
Port 1 are latched into Ull and onto the 
aciiress bus. Since the high order bits are 
always present ther:e is no need to latch them 
onto the actiress bJs. 

'Ile microprocesmr Cira.ti.ts oonsist of the Z8, 
Ul.2, tri-state blffer U21, latch Ull, plus 
deooder tn.3 arXl its associated gates. 

Ul3 is a dual 2-t~4 decoder. The top half 
selects scratai i;ad ~ or display ~ 'Ile 
lower sectim selects a sp:!Cific mema:y element 
fer the miCJ:q>rocesa>r to werk with. ProgrClll 
seJ.ectim Not (PMS-) determines which sectim 
will be active. 

If the microprocessor wishes to access the 
scrat:dl i;ad or di.splay RAM, term PMS- will be 
low. This term, along with Data Strobe Not 
(00-), p:ovides an ereble at pin 1 of tn.3. If 
All arXl Al2 are low the scratcn IB:l ~ will be 
selected arXl Sf«>-- at pin 4 will go low. If All 
is high arxl Al.2 is low, the display FAM will be 
selected and Display Memory Select Not term 
IMr will be low. If Al.2 is high, neither 
aitplt will be selected. 

When the miaq>rocesa>r wiehes to acx:ess the 
i;mgram mema:y, term PMS- will be high, am 
along with the Data Strobe Not (D&-) will 
enable the lower portion of Ul3. Table 3-1 
shows the procedure used in selecting a 
specific memory element. The selected PROM 
will be rut:pit Ellablea at pin 28. 

sp:r1111 3 

I INPUT PIN I OUTPUT PIN 
I 14 13 I 12 11 19 9 
I I 
I L L I L H H H 
I L H I H L H H 
I H L I H H L H 
I H H I H H H L 
I I 

IPAhJ.c 3::1 PIDI IRmt.I 

Port 2 is an J/O port used cy the kE¢oard am 
cy the no~volatile memory {NV'M) circuitry. 
Tri-state buffer U21 is utilized for 
discrimimtinJ betwee'l info:mation oomin;J fran 
the k~d am infa:na.tim going to the NIM. 
The selection is determined cy signal NV'M 
ai:plied to the anode af 007. When this sigrel 
is high, microprocessor information will be 
sent to the NJM cira.ti.ts. When sigrel NIM is 
low, the tri-st:ate OOffer is Ellabl.Erl, allowiRJ 
keybalrd inf a:na.tim to be J;BSsed thru U2l am 
on to the microprocessor. 

[3] PJroRAM I«M {Sh 3) 

The program memory consists Of 12K of EPRCJII 
CXl1t:ared in 4 K's, US, te, UIRJ, am U41. '!he 
ac:Xlress la::ation of each mcM is sbJwn on the 
schetl:atic. When the micrc.processor wishes to 
access the program memory, all frur EPRCJII's 
will be Cllip Embled (CE) cy the write term WR­
which is low dlriRJ a read qieration. lbwever, 
only one PROM will be Output Enabled {OE) as 
previ.CllSl.y diS"ussed. 

tn. 7 is a bi-directioral tri-st:ate is:>latcr that 
determines if the program memory data bJs or 
the display meroocy data bis is OOl'llacted to the 
mi.ere.processor data bus. 

[4] SCB\roI mD RAM {fb 4) 

'llle scratdl i;ad RAM is a sectim of memory in 
which the microprocessor tenp>rarily stores the 
information it needs to execute the control 
progrmn. It cxn;ists of two 512 x 8 X::S, tn.9 
and U28, for a total of 1824 cytes. The 
scratdl pid mM is selected when Scratdl Manocy 
Not {SK>-), ai:plied at pin 8, is low. A secxn:l 
term, Menoi:y Write NOC {~), m pin 19 will 
determine if the operatim is a read or write 
operation. MWR- is a combination of Data 
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str00e Not (m-) and the write canmam sigral 
WR-. If MWR- is low, data will be written into 
RAM. 

If MWR- is high, data will be read fran scratdl 
pid memory. Scratch RAM addresses come 
directly fran the microprocesa>r am data rut 
goes directly to the microprocessor. 'lbese 
memory e.J.ements are t.na.vailable fee use 1:¥ any 
other circuit. 

[5] DISRAY RAM (S'l 4) 

iim displcw H\M (J1Zl, ma, U29 am We) is the 
portioo of mancxy which stores the data to be 
displayed on the screen. The display PAM is 
a~e 1:¥ the micrq>rocessor and the V'oc. 
~ microprocessor can read from and write into 
the display PAM, rut the V'OC can onfy perform 
a read operation. When the microprocessor 
wishes to aocess the display PAM, the Display 
Memory Se.J.td: Nd:. term rM&- fran tn.3-5 (S'l 3) 
goes low. This signal, applied to 017-9, 
connects the microprocessor data bus to the 
display RAM data bJs. If the micrq>rocessor 
wishes to write data into cb.splay PAM, the 
write signal WR- at t:D.7-11 will be low. If WR­
is high, a read q>eration will OCQ.lr. ZBACX:­
will be low, CDl'lreeting the micrq>rocessor and 
display PAM aadress ruses. Display Memory 
sel.ect Not IM&- is also ag;>lied to t&-4 and U>-
4 where it is used as an E!'lable for selectirg 
the low order RAM 027 and U30, or the high 
order RAM 028 am U29. 

Na:mally the displcw mM is under the oont:rol 
af the micrq;>rOCESSOr. However, wery tmth 
scan l.im, the voc mt.Bt acx::ess the displcw H\M 
to fill its row blffers with the ASCII 
dlaracter infcxmation fee the rext line. At 
this time, signal IBWR- goes low, .irxlicating 
that data will ce Entered into the row blffer. 
VTAC outputs A0 through All are the data 
address bits. The output of either t:D.5-6 or 
U>-3 will be low, selecting the high ceder or 
low order mM dtl:ta. ~ the VOC can ally 
read data fran PAM, pin llJ of the RAM :ix::s will 
be high, irilibitirr:i any write qJeratioos. ~ 
display data out is entered into row b.lffer tn.6 
(sheet 5). Dlri.rr:i this voc qJeration za.rcc­
is high, causing the micrq>rocesscc J/0 hlffer 
to be in a fl.cat state, therecy sepirat.ilr:J the 
micrq>rocessor and the V'DIC adkess b.Jses and 
allowirr:i the Z8 to p!rform other tasks, Sich as 
kE¥b<md seaming. 

s@ttp 3 

[ 6] VIIH> TOON; AND a:NlKL (VOC) (Eh 4) 

'!he V'DIC generates all necessary video ti.ming 
signals for the monitor circuits. It also 
provides timing signals for the memory, 
blffers, am the d:>t gelera.tion circuits plus 
cursor and blanking sigraJ.s. '!he V'OC cira.ti.t 
is oonp:>Sed of 047 and ccyst:al Yl. 

'!he V'OC cxnt:a:i.ns three m:Jeproent: registers 
which store screen presentation attribltes. 
'!he three registers determine where the tcp of 
pige will begin, where the character row will 
begin, and where the cursor will be displayed. 
'1he registers are leaded in resp:>nse to sigrels 
RA and m which cane fran nirx:tiai Deooder #2 
(Cil.8 sheet 5). '1hese sigml.s are geierated ~ 
data outplts fran the micrq>rocessor. Whm Al5 
(microprocesSDr rutp.It) 1 Al.4 (V'OC seltd:) 1 am 
DS (Iata Strobe) are true and RA and RB are 
trtE, the data on VOC !ires IWiJ through 001 
will be loaded into the VTPC registers. The 
microprocesa>r feed:; new information into the 
V'DIC regarding tcp of lire, row start, etc. 

The timing outputs from the VTPC are the 
horizaital and vertical syn= sigrals, vertical 
blanking sigml.s, am scan line Cl.ltp1ts. '1he 
horiza.t.al. syrx: and vertical syn= are used to 
directly drive the monitor at the proper 
frequency. The vertical sync output, which 
detemi.ms the refresh rate of the information 
being displayed on the screen, is set by the 
50/60 Hertz inp.it on pin 3. 'Ibis pin is 
jumpered to either +5 volts or ground. The 
vertical blanking sigral al1:p.lt from the VOC 
is used to signal the microprocessor when a 
vertical scan has been completed. 'Ibis 
essentially is an interrupt to the 
microprocessx whidl gives it the information 
it needs to determine at which point to cb a 
screen scroll or meroory dlange q;:eration. If 
the operation were perf ccmed in the mid:Il.e of a 
screen refresh sequence it would cause the 
screen to blink noticeably. 

'Im Ice, IC.l, I£2, am I.C3 rutp.rt:s of the voc 
are the scan line outputs. The screen is 
piinted in a raster scan fashion Each line of 
characters on the screen is actually ma.de up of 
a series of d:>ts (see Figure 3-4). '!his scan 
line infccnation fran the V'J2IC is sent to the 
character geierator. It allows the character 



generator to keep track of which li~ is being 
scanned to insure the cnaracter generator 
outplts the ~cper cbt i;attern. 

The VOC output signal Cl.JR on pin 19 is true 
dtring the period of time the cursor is to be 
displayEO. 'Ire VOC keEps track of the airrent 
a.u:sor locatioo at all times. '1he locatioo of 
the cursor is determi~d by the contents of 
registers RA am m. 

'lll:! VOC :ErOVides tixnin3 sigrals to the display 
PAM, tre display RAM b.rffer, am trra display 
data blffered latch. 'llese very rapid sigrals 
must occur in an exact ~ to erabl.e the 
~ of infa:mation fran the display mM to 
the rCM b.rffer Ul.6. Fran t.n.6 it is gated on a 
character cy- character basis into the character 
generator for dot processing. Signal IBWR­
~ Mfer Write Net:) allows the display mM 
to be aoc:essed am piSS its infa:natioo into 
the l~ blffer. 'Ira IBC sigral (UB.d Buffer 
Clock) is used to IOOl7e the infa:nation fran the 
display RAM into the 8 bit wide, 80 bit long 
shift register. The LQ;A signal (Latch 
Olaracter Generator Adlress) latches this 
information into an 8 bit latch, U46, and on 
into the aiaracter gEnerator. 

'!be VTN:. circuit also contains the crystal 
oscillator. 'Ibis is used to generate the 
12.2472 Mff2: cbt clock sigrel used for strobing 
the individual dots out of the display 
cirruitry. '1he Cit clock outplt is also used 
in the clock gEnerator cirruitry. 

[7] 5YSIEM CTOCK (Sh 4) 

The system clock is derived from a crystal­
cmtrolled os::illatar operating at 12.2472MHz. 
'lll:! clock is an inp.it into the V'OC foc use m 
systan syrrhrooi.zatim. 'Ire cbtclock outplt 
(pm Z3) is b.rffered cy- U4 am fed into 026, a 
divide cy- two flip-flq>. 'llle res.ll ting outpit, 
Z8CLK, is a 6.1236MHz clock with a 50% duty 
cycle. 'lhis is the clock fra;iueB¥ used cy- the 
z8. 

[8] R.:W BUFFER (Sl 5) 

The row oof fer is composed of 80 bit shift 
register U16. Under the direction of the 
voc, it acn:pts a grrup of 81.1 characters fran 
the display RAM and i;asses that data to the 
character generator. 

'lll:! V'OC (U47) acXlresses the display PAM fJJZJ 
throogh U30), retrieves the infa:natiCJ'l, am 
places it on the display data ~s (IU-ID7) 
to the row b.rffer. At the aEPr<:priate time the 
VTAC will output signals IBWR- (Line Buffer 
Write Not) am IOC (Li~ Buffer Clock), which 
will gate the display data into the 81.1 bit line 
b.rff er t.n.6. Orce 80 oolumns Of data has been 
entered into t.n.6, the V'OC arxl microprocessor 
disassociate themselves from the display 
circuits and attend to other terminal 
furctions. 

wren the V'OC detenni~s that all 8" columns Of 
data has been transferred to the video 
gelerator cirruits it will fetch a l'el group Of 
80 characters fran the display RAM and route it 
to the display tuffer arx1 the above pr~s is 
repeated. 

[ 9] VIm> GFNEFA'IOR (Si 5) 

'llle video g~ata: cirruitry accepts parallel 
irpJts fran the row Wffer into the dlaracter 
generator. The output of the character 
gmerator goes to a parallel to serial shift 
register which outplts a stra:im of serial data. 
This data stream is acted upon by various 
attrib.rt:e determining gates am flip-loE& 'llle 
video generator circuit is shown on the top 
half of schene.tic ~ 5. 

U46, an eight bit register, accepts parallel 
data irpJts fran the row tuffer. Signal L<GA 
(Iat:dl Olaracter GE!lerator hikess) gates one 
character at a time into the register. '1he 8 
bit MCI! word is then presented to the 
character g~ator U45. 

The character generator is a 4096 byte PROM. 
The data on address lines A4 through Al.0 
selects a i;articular character in the character 
generator. The character is for med by a 5x7 
dot matrix on a 7 dot by 10 scan line field. 
Scan line counter signals LCJJ, LC!, LC2, and 
LC3 determine which line is currently being 
scanIEd. 'llle character g~ator will outplt 
the aEPr<:pr.iate <ht i;attern f cr that :EBrticular 
scan line of the character. When Load Video 
Shift Register (~ fran the V'OC goes high, 
the <ht i:attern will be loaded into U44, a 
parallel to serial shift register. 'lll:! rutp.It: 
on pin 9 will be a serial data stream. 
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'lhe clock at pin 2 of U44 canes fran tBfHi am 
is mrmally in step with the WlO.K- ag>lied at 
pin 4. oxasionally the character generator 
will output a cnaracter which requires dot 
slide. When this oc:a.u:s, the least significant 
bit at pin 9 of the character gEmrator will be 
high. 'DU.s signal is ai;plied to the D irprt: of 
U39-5, the dot slide flip-flcp. Wl'Sl tenn DlSR 
goes low the oot:p.rt: of 04-2 goes high and sets 
flip-flop U39. The resulting high ootput at 
pin s will inhibit EXO.l5IVE rn ma am pin 6 
will go 10t1. Oita can no looger be clcdted oot 
of 044. IRC (Line Rate Cl.odt) will reset mg 
again enabling u3a. This action has 
effectively delayed the Cbt clock irprt: to U44 
1:¥ J/2 clcx::k tine arrl consequently has delayerl 
the outplt cy- l/2 clock time. 'Ibis resil.ts in 
the dots on that particular scan line being 
shifted J/2 position to the right. 'Ibis 
tedlnique, kn0t1n as dot slide, ram.ds off the 
corners making a more natural looking 
dlaracter. Refer to Figure 3-4. 

m9-9 is an attrilllte flip-fl.op which can be 
set and reset on a character by character 
l:asis. When U39 is set, the attrilllte will be 
selected. What the attrib.tte will be is 
determired cy- the jumpering between El>, 'E:l, EB, 
arXi E9, El.0, arrl t!l.1. If jl.IIDp!rs are insl:allerl 
fran El> to 'E:l am E9 to El.0 reverse video will 
be the selected attr ib.tte. If the jumper is 
from a> to El3 and El0 to Ell, half intensity 

IX7l' 
SC.AN fl.IDE CllARAcmt 
LJNE 7 6 5 4 3 2 1 BIT PRCM VAUE 
1 + + + + + + + 1 PF 

l! + + ••• + + 1 a 
3 + 4+ + +9+ + 8 [I\ 

4 +e + + + • + 1 BB 

5 + ••••• + 1 B3 

6 +e + + + • + 1 BB 

7 + • + + + • + 1 BB 

8 + • + + + e+ 1 BB 

9 + + + + + + + 1 FF 

18 + + + + + + + 1 FF 

7 6 5 4 3 2 1 D8 
DIAJW'TRR wmmr m;r SLDW 

figure 3-4 

will be the attr ib.tte. If the attr ib.tte has 
been selected, the output of U46-12 will be 
high. When LVSR (Load Video Shift Register} 
fran the V'DlC goes high, the attriblte flip­
flop will set. If the a> to F.8 jumper is 
installed, mg being set will cause 03-2 to go 
low, placing R21 in parallel with the 
brightness determing resistor network Rl7 
through R23, thus reducing the selected 
brightness 1:¥ half. If mg is set arXi E9 is 
j1..11Dfered to El.0, the rutpJt of the attrib.tte 
flip-flop will be entered into EXCLUSIVE OR 
gate ma pin 9. 'lhe serial video data strean 
is entered into ma-10. As long as pin 9 is 
high the ma will act as an inverter, therecy 
reversing the video output at pin a. When 
flip-flop U39 is reset, pin 9 of ma will go 
10t1 and the video data stream at pin 10 will 
FSSs thIOUgb ma unaffectErl. 

Function Decoder #2 (Ula} outputs a reverse 
video sigml (RVID-) whidl is used to reverse 
the video presentation of the entire screen. 
When RVID-, applied at U38-l, goes low, 
EXC:.IEIVE OR me-3 will operate as an :inverter, 
resultirr:1 in the video data bei.rg presented as 
dark cbts on a light btckgrourd. 

'lhe airsor is displayErl as a blcx::k a scan lines 
high and one character wide. LC0 and LC3 at 
Ul.4-2 c.ld lil4-l are line countini3 sigre].s whidl 
inlicate the line being scanrm When the CRr 

IX7l' 
SC.AN fl.IDE CiARAC1'ER 
LINE 7 6 5 4 3 2 1 BIT PRQol VALlE 
1 + + + + + .+ + 1 ft' 

2 + + + •• + + 1 'f:1 

3 + + + + + + + 1 GG 

4 + + + •• + + 1 'f:1 

5 + + + + • + + 1 rn 
6 + + + +. + + 1 rn 
7 + + + +e + + 1 rn 
8 + + + + • + + 1 rJ 

9 + + + +e + + 1 rn 
18 + ••• + + + 1 BF 

7 6 s 4 3 2 1 D8 
QIMlQZR Wl'DI mr S',pg 

Qvtrgtw Fol:Mt 
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beam is positioned correctly to display the 
a.u:sor, the VOC will outpJt signal ClJR. 'lllis 
sigral is entered into UC-5. Signal OLJNK­
f rom tn8-15 will be a constant high if the 
cursor is to be non-blinking. CBLINK- will 
~ at a 1 Hz rate if blinkin; is desired. 
It is gated with the line oounting signal ard 
ANDed with signal am. The output at U25-6 
will be a a.u:scr signal blinking at a 1 Hertz 
rate. 

The video blanking p:>rtion Of the video 
gere:ator circ::uit is can:EX>sed of flip-flcp ~ 
6, b.lffer U5-ll, and inverter tn4-8. The 
pur:EX>se of the video blanking is to prevent 
flic:kerin:J or ~t dianges of infccmation 
on the screen whm data is being clocked into 
the video shift register 044. 'Ire IlTSR signal 
that l<Bd erebles the video shift register al.so 
sets video blankirg flip-flcp 026. 'Ile false 
input at pin 6 is t:uffered, inverted and fed 
into ill.4-.12 \'bere it intern~s the video data 
out. 

Functicn deaxier #2 is can:EX>sed of Ul.8 and its 
associated gates arrl inverters. 'llli.s deooder 
determines the brightness level of the screen, 
selects normal or reverse video, p.Its the 
cursor in its solid or blinking mode, and 
gmerates two signals to be lSed ~ the VOC 
for video presentaticn 

wren :EX>Wer is first aR:fil.ed, the reset signal 
R9l2- at pin 1 will set all of Ul.8 OUt:pJ'CS to a 
lCM state. 'Ile level of irp.It bits 00 thrrugh 
rJ1 will be determired ~the micrcprocessor. 

If output command bit Al.5 and the attrit:ute 
selection bit Al.3 are true, then UlS-ll is 
enabled. When strobe term W- goes true, a 
clock pllse will ~ at Ul.&-ll gating the 
inp.It data into the decoder. The decoder 
out:plts oo. pins 2, 19, 5, ard 16 drive foor hex 
inverters which fccm a variable voltage divider 
network with 16 ,EXJSSible out:pUts. If all fair 
deooder rut:plts are lCM, cnly R22 arrl R23 are 
in the divider retwcrk. Video amplitude signal 
VAMPL will be at its highest larel. ~ ~ 
or more of the decoder outputs goes high it 
places adlitioral resist:arre in p:u:allel. with 
R23 redx:ing the larel of VAMP!- '!be re.verse 
video output RVID- is sent to the video 
gere:ator logic. Whm RVID- is true the video 

presentation will be dark characters on a light 
l:ackgrourrl. 

<BLlNK- is the cursor blink command. This 
output fran pin 15 al.so goes to the video 
gmerator circuits. '!be signal larel is mder 
micrcprocessor control and causes the cursor to 
bl.ink. 

The last two outputs, RA and m, are sent to 
the VTN:. where they are used to change the 
screen presentation or ~the cursor. 

[11) EUC'IC.N IHIDER 11 (Sh 4) 

Ftnction Deooder 11 consists of U33 am NANO 
gate U7-6. 

'1be fmction deooder aa::epts data inpJ.ts fran 
the micrcprocessor ard de.velcp:; sigrals which 
determine the keyboard scanning sequence, 
decides if the NV'M should be enabled, 
determires the direction of data flCM through 
the communications ports, and generates a 
R.Eq\lest-to-Sa'ii Signal. 

wren p:>wer is first cg;llied to the terminal., 
reset term R&'T2-, applied at pin 1, will set 
all Of the deooder rutp.Its lCM. '!be micropro­
cessor will establish the lellel of inp.It data 
bits D0 through 07. NAND gate U7-6 supplies 
the clock pllse for the deooder. Al.5 at U7-3 
will be high when the microprocessor wimes to 
out:.p.lt data. Al2 at U7-5 will be high whm U33 
is to be the Clltplt device. wren data str~ 
signal IS goes l<M, the clock signal at pin ll 
will go high , arrl the data on the inp.lt lines 
will be gated into the <Ecx:rler. 

The first four outputs, keyboard mux terms 
mlX0 throogh I<MUX3, are used ~ the keyboard 
to s::an the foorteen collmns of the keyba:trd 
natrix. 

The output at pin 6 is NV'M-. This signal 
enables the non-volatile memory circuitry. 
Refer to :tara9tath [12). 

Outputs OOMl and OOM2 are used by the 
cxmnunication ports to determine tne routing of 
transmitted and received data. Refer to 
~grapi [13). 

'!be fital. ootp.It: is the Rf:quest-to-Sa'ii signal 
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RTSl. 'Ibis term is sent out the main port 
announcing the desire of the terminal to 
transmit data. 

[12] NN-"ilCIATILE MEM>RY (WM) (Sh 3) 

The NIM (non-volatile memory) stores the 
~atill:J i;araneters fer the teoniral. wren 
the terminal is t:urred on the contents of the 
WM is ferl into the microprocesoor tn2 wich 
uses this data to set the initial operating 
cxrili.tion. 

'lre use ot WM otfers two ad\Tantages. First, 
sir:ce it is an electricalfy al terahle device, 
changes can be entered from the keyboard, 
elimirating the need for mochanical switches. 
Seoorrl, sin:e the memory is ~volatile, the 
contents of the EPKM are not lost wen J:XMer 
is ranoverl. 

The non-volatile memory (NV'M) circuitry is 
can posed of Q6, Q7, (;:/), 6 line tuff ers (035) , 
and NV'M IC U22. U22 is a 336 bit (21 x 16) 
electrically alterable ROM (EAROM). This 
device stores all the cperatill:J i;araneters of 
the terminal. 

(;:/) is ramally on, ~yill:J a grrund to U22-3 
and p:-ell'enting the clock p.Use fran entering 
U22. O"> is ramally off, so term NJM is low. 
'!his low signal, applied to U21, allows the 
keyboard data to be passed thru to the 
microprocessor. CJ) is also off so the -'}JN is 
rot awlied to U22-l. 

When an NV'M operation is desired, term NV'M­
f ran Function Decoder U (033, sh 4) will be 
low. 'llri.s sigral is ai;plied to the junction of 
R44 and R46. At this time, three things 
happen. First, (;:/) turns off and removes the 
grocn:l fran pin 3 allowing the clock p.ilse to 
enter U22. Sa:x>OOly, Q> turns on makinJ term 
NIM true. 'llri.s signal is ai:plied to the tri­
state buffers where it blocks the keyboard 
irplts and allows the microprocessor to write 
data out to the NVM. Third, Q6 turning on 
causes CJ) to turn en, ai:plying -'2JN to '072-1. 
00.7 and R38 in the tri-state cira.ti.ts protect 
U2l. fran aif{ large J'a3Citive spikes which may 
p;lSS thru the base-enitter junction of CJ). 

Since the IWM uses U11JSUal voltages (-a!W and 
+ 10v) its inplt and ooqut lims are oorrecterl 
to CMOS line tuff ers. These tuffers are 

~e of withst:.andinJ the regative spikes of 
the NV'M. Diodes CR19 and CR20 provide 
protection for the sending and recei vill:J 
devices. When writing information into the 
NV'M, the D/A line is driven rEgative and 000 
i;asses this signal into the I/O port, pin 8. 
wren reac:1in3 information fran the NJM, a low­
goirg pllse i;asses throogh <lU9 and ms to the 
RD line of the microprocessor. 'Ire clock and 
cira.llatioo CX>l'ltrol signals Cl., C2, and C3 are 
also buffered by U35. The levels on Cl, C2, 
arrl C3 determine the tyP= of lWM operation that 
will occur, i.e., ERASE, RFAD, WRITE, etc. 
Refer to ~ A for NJM sp;cifications. 

[ 13] nmrux:.E CIRCUI'IS (Sh 5) 

Interfacing with external equipment is 
accomplished through RS-232C communication 
ports. Serial data is received arrl transmitted 
through conventional receiver and driver lCs 
for EIA signals and thrrugh optically coupled 
isolatcrs for current loop sigrals. 

Two dual 4 to 1 multiplexers are used to 
determine which p:>rt will be oorrecterl to the 
microprocessoc I/0. '!Wo camm.mication sigrals, 
CDM 1 and CDM 2 fran Ft.nction Iax>der #1 (U33 
Eh 4) determine which i.rpJ.t in the multiplexer 
will be oorrnct:.erl to me of the rut:p.rts. 'Ire 
chart c..1 sheet 5 fh:Ms the oorrli tioo of the two 
cnmm.nication sigrals in varirus modes. 

When the host is serrling data to the terminal 
it is receiverl at J1 pin 3 \fbere it is routerl 
throogh U23-ll, an R.9-232C receiver chip Wi.ch 
ex>nverts the +12V arii -12V sigrals into 0 volts 
and +sv respectively. The 0 to +5 varying 
signals will be fed into OR gate UlS-3. The 
outp.lt will be sent to 4 i.rpJ.ts m U43. If the 
data is to be used cy the tenniral only, CDM 1 
will be high arrl ClJv1 2 will be low. 'llri.s will 
cause the receiverl data to be routed oot pin 7 
of U43 arrl on to the micrcprocessor. 

If the terminal is in PASSI'HRU DISPLAY mode 
where data will be di.splayed on the screen arii 
also be routed rut the µ:-inter p:>rt, CDM 1 an:1 
ClJv1 2 will both be high. N'.Jw, in acilitioo to 
the data bei:rg routerl rut pin 7, it will also 
be routed out U43 pin 9. It enters level 
shifter U36 and goes on rut µ:-inter corn:ctor 
J2. 

'Ire transrnittill:J of data fran the termiral is 



handled in a similar fashion. The data is 
entered into WS-12 an:1 ag;Uied to 042 am U43. 
If the PASS'IHRU mode is turned on or if the 
b.tffered printer is selected, the data will 9:> 
out 043 to J2. If the terminal is in WRMAL 
trarurnit nme the data will be rooted through 
042-9, thru level shifter 036-11, and out J1 
pin 2. 

The current loop receivers and drivers are 
opt:icalJ¥ cwpled isolatccs. 'Ihese iallators 
are operated ~ a current E&SSinJ through a 
light emittirJ] diode which is internal to the 
MCT 21'1J isolator causing it to light and 
activate an internal }:iloto transistor. When 
currE!lt i:asses th.rrugh the diode aXl the light 
activated transistor is stimulated, current 
flows through the collector to emitter 
jurcticn tm-4 will 9:> high whenarer currait 
is being passed through the current loop 
received section. Diode CR22 is provided to 
allow a Cl.csed currE!lt loop to oca.ir when the 
current source is applied in a reverse 
IX>larity. 

The current loop output stage q>erates very 
similiary to the receive stage. In the 
transmit circuitry, when data is present at 
042-9, level shifter 036-8 drives the light 
enitti.IY:J diode in U24. MBl pin 4 of U24 goes 
high, OS is turned off and current does not 
flow through the transmit ix>rtion Of the 
airrait l~ 

Wl'en a jUJlp!r is inserted between E31 an:1 E32, 
the SWl.9 will act as the current source. If 
E31 is juqered to E32, the tenniml. will sirK 
current. 

As dlr:enssed in p!I'a9I'ai;h (11] the sigmls RIS 
(Request-to-Send) is raised by the 
microprocessor when the termiml. desires to 
transmit data. It is entered into 036 where 
its e and +5 volt levels will be Changed to 
plus an:1 mirus l2 val.ts, r~vely. 

[14] BELL AMP (Sh 4) 

Q8 is the Bell amp. It is used to drive the 
audio transducer on the keyboard. The 
mictq>Iocesm:' ait:pJts a BELL sigml at pin 49. 
~E!l this signal is low, 03 is fotward biaEed 
an:1 +5V is agllied to the + side of transbcer 
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I.SI, causing it to beep. The speaker is 
mounted on the keyboard IC board. R'.39 is a 
current limitiIY:J resistor an:1 008 protects CJJ 
against negative spikes. 

[15] RliER aJPILY (Sh 2) 

+5 Volt Re<}il.ator 

'!re +SV reg.llator section is oomp:>sed Of a full 
wCNe bridJe rectifier, limar voltage recplatar 
m, drive transistor Q2, and past transistor 
01. 

'!re K:. fran the seoonllly of TL is rectified l:?f 
ClU through CR4. The rectified output is 
filtered l:?f Cl an:1 fed to the mreg..Uated ir:p.tt 
of m and to the emitter and ex>llector of 02 
an:1 01 r~vel.y. 10 an:1 Fa fccm a voltage 
divider network between the +5 volt recplated 
output and ground. :R6 and RS2 are trimming 
resistors selected at time of marufact:ure. If 
the rec}Jlated rutplt Slool.d drop below +sv, the 
decrease in voltage would be sensed by the 
divider network and coupled to Ol-6, the 
feed:ack teaninal Of the limar recplator. As 
a result, the booster rutput voltage at Ul-2 
wruld <Ecrease, causing drive transistor Q2 to 
conduct harder. '!his in tum causes pass 
trannistor 01 to cx:ni1ct harder bringing the 
+sv artpit b:lck up to the desired level. 'Ile 
inversed cxn:litialS wruld exist if the +5V were 
to rise above :rn:mal. 

R3 an:1 M form another voltage divider retwork. 
'lllis ore is used for current sensing. If the 
current level is exceeded, m will enter a 
voltage feedback condition. R1 is a current 
limitill3 resistor. 

CS is a filter capacitor. Adiitional .91 uf 
cai:acitors are scattered thrrughout the logic 
board for decoupling of the +5 volt supply. 

+ 15 Volt Re<}llator 

'!re + lSV reg.llator fmctions identically to the 
+5V re<}il.ator circuit. 00 an:1 00 form a full 
wave rectifier far this section. sane of the 
cira.rl.t cxmponents are different, nost notmbly 
the current sensing resistors Rl.0 and Rll. 
'lhls allows a slbstantially smaller amount of 
currmt to :EBSS thmugh the reg..Uator before 
val tage folchlck begin:;. 



.±l2 Volt Reg.Jlator 

Regulation of the +12V is accomplished by a 
78Ml.2 3-terminal voltage rE!911ator. Its inp.1t 
is the same rectified voltage U6ed by the +lSV 
secti.cn (aIPCC>xinately l8V) and the outplt is a 
oonst:ant +uv. Cl6 provides filterirg and ems 
provides mgative spike protectiC11. 

The -12V regulator, VRl, uses the -18V 
CaIPI'Oxinately) which has been rectified by ~ 
am ~. It rutp.rt:s a constant -12V widl is 
filtered by Cl.4 and protected against positive 
spikes by CR14. 

-~Volt Regulator 

'Ihe -~ volts is re<}llated by Zener diode 003. 
OU0 1,rovides half-way rectificatiC11. Cl2 is a 
filterirg capicitcr. Rl.5 is a voltage dtq.'pirg 
resistor. 

+le VOlt Regllat:or 

The output of VR2, the +12V regulator, is 
a:EP].ied across drcpping resist or Rl6. z ener 
diode 002 provides a constant +10V output. 
Cl3 is a filter captcitor. 

'Ihe -~v rutpJt and the + iev rutpJt are used by 
the NIM cira.rl. ts cnly. Ille to the very light 
power r~uirements of these circuits, Zener 
regulaticn is adaJ,1ate. 

3.2.3 ZDrltor AsseubJ..y 

'!he roorrl.tcr assembly cxmsists of three seJ;Srate 
sulrassanblies. 'll1E¥ are the CRI', the nonitor 
control board, and the flyback transformer. 
Since GTC uses a variety of monitors, the 
followirg infa:mation is of a general nature. 
A detailed theory of operations for a 
particular monitor is contained in the TIJ 
Monitor JlJCUinentaticn Mal1lal (G'IC Part NJmber 
0se1&-m1>. 

'lllree sigrals are sent to the nDnitcr control 
bcmd fran the terminal. cmtrol bcmd. 'lllese 
are the video data sigral., the vertical syn::, 
and the horizootal syn;: sigral. 'llle termiral 
control tmrd also provides the +15 volts for 
operation of all monitor control board 
Cira.ti.try. 

'Ihe video data sigml fran the video generator 

sa;:ep 3 

oont:rols the brilliaooe (int:msity) Of the 00' 
beam. When the video data p.il.se goes high, the 
asa:>ciated inveitirg transistor on the nDnitor 
oontrol board drives the CRT cathode more 
negative. 'Ibis causes the beam to become 
brighter. Half intensity and reverse video 
control the anplitu& Of the video data sigrals 
and hen::e the brightness Of the beam. 

'Ihe rorizcntal syrx: pilse is an rut:p.It of the 
VTN:. (schema.tic sheet 4) and performs two 
ftnctioos. It gE!lerates the basic horizcntal 
scan frequency of 15, 750 Hertz. This 
horizontal oscilator fr~uency drives the 
flyb:lck transfcrmer whidl generates the 1~00 
volt serom ancxE voltage. 'Ire horizcntal syn:: 
pulse also drives the horizontal deflection 
cira.ti.ts which JIDVe the beCln left and right on 
the screen. 

'Ihe vertical syn:: pilse, al.so an rutp.rt: Of the 
V'OC, ex>ntrols the tq:> to bottan Il10\1'ement Of 
the bean. 'llE low level sigral is amplified on 
the m:>nitor cxntrol bcmd and sent directly to 
the deflection yoke. 

3.2.4 Power Panel AsseubJ..y 

The power J;Snel contains the CE/OFF power 
switch, a line fuse, and two power 
transfcaners. 'llle p:>wer pme1 is located in 
the inside lower re:n- Of the termiral and is 
aocessable by removirg the nonitor and logic 
bcmd frcme. 

'Ire two p:>wer transformers can accept an inp.rt: 
voltage ranging from 100 volts to 24"' volts. 
'!he {X)Wer s.wly schenatic (720019 Eh 2) smws 
the jumpering rEqUired far the i:artiail.ar ir.plt 
voltage encountered. Tl is a 25 watt 
transformer used to supply stepped-down AC 
voltages to the +5 volt rectification cira.ti.ts. 
T2 is a 4"' watt transformer which supplies 
p:>wer for the ranaininJ cira.ti.ts. 'llle lC irpit 
is a conventional 3-wire power plug. '!he 
groum pin is ~ctErl to chassis groorxl. 'Ire 
power swit.ch arxJ a 1 Amp fuse are in the hot 
lire. 

'Ihe p:>wer transformers are located as far fran 
the monitor as possible to minimize flux­
density arxJ elimirBte swimmirg on the s::reen. 
'llle transfcrmer muSt be installed in the p:-oper 
orientation or magnetic interference will 
res.Jl.t. 
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'llrl.s ~on contains information ~rtainirg to 
the removal and replacement of the 
subassemblies. Th: SW10 can be broken down 
into se.ven major stbassanblies. 'Ibey are the 
103ic beard, the roorri.tor, the roorri.ta: control 
board, the flyback transformer, the power 
panel, the keyboard, and . the case. The 
following tools are required: 

#1 & #2 Phillips s:reiiriver 
reedl.e-JD3E! pliers 
3/8 & 5/16" socket or wrerch 
Test lead with clips. 

Perform the followirg steps when disassembl.irg 
the SWl.0. Disassemble only to the extent 
needed to test or replace a part. Whm 
reassemblying the terminal; reverse the 
proced.Jres rutlined in this ~on. 

The SW10 does not require any routine 
maintenance. However, cx:casiorel ranoval. of 
dust from inside the terminal, particularly 
arourd the 00', will relp ins.ire trabl.e-free 
operatim. Peri<Xlic cleaning of the s:reen ard 
case is recxxnrrmded. Snell s:r~s in the 
case can be removed with a fine rubbing 
CCllp)Ul'rl. 

'l\lm off the µMer. U'plug the kejbcard, the 
data cable, the printer cable, and the power 
cable. 

Data/Printer Cables 
Power Cable 
Keyboard Cable 

Bezel Screws 

Ranove two bezel JOOUntin:J s:rews fran the tq> 
am two s:rews f ran the bottan. 

Bezel Screws 

---------------- Page 4-1 



000 Majnt:eoance Manual 

J3/J4 

To remove the frame from the rear housing, 
rarove the fair bottan nnm.tillJ ecr&lS. 

Mounting Screws (4) 

Pull the frame out as far as possible. Reach 
in arrl mpltg the transformer correctors J3 arrl 
J4 a::orected to the right rear arrl left rear of 
the logic oontrol board. 

After unpluging the cables, :µill the frame 
forward arrl free of the rear hrusing. 

-----------------Page 4-2 ----------------



4,3 1BQllHi 'Dli ram; <IJllKL IQll> 

Slide the logic baird back far eI'10U3h to e>qX>Se 
the rroni.tor co~ctor JS. U'plug JS. 

JS 

Slide the logic baird out tGrard the rear. 

'Ile logic board after rEmOITal.. 



************************************W*W*7r*7r*7r*7f'kw*1f'k*********** 
* * 
* WNtiJN1 * 
* 
* 
* 
* 
* 
* 
* 
* 

'IHE CRT AOODE MAY CONTAIN A sroRED HIGH 
VCL'DGE. DISER;OO 'lHE <m' SHCUD OR.Y BE 
PERFORMED BY QUALIFIED PERSCNNEL IBIN; 
Im.Llfim TalS. AIL GRClWS MUsr BE ~ 
'ID INaJRE PRCPER .AW <DMREl'E Dra:BAR:;OO. 

* 
* 
* 
* 
* 
* 
* 
* 

*************************************************************** 

4,4 IBQllR? 'mR cm: 

Clip ~ ml of the test lecrl to the shaft of 
an insulated harrll.e screwdriver arXi the other 
end to one of the CRT mounting brackets. 
carefuly slip the tip of the screwdriver lll"rler 
the nii>er anod: ccp. Truch the oont:act clips 
and rold in place for a few seccnds to allow 
CCJ11?lete dischargirg of the <m'. 

Peel back the rubber cap. Using a pair of 
needle-node pliers~ squeeze the oont:act clip 
together and lift the anode lead free of the 
<m'. 

__ --------------- Page 4-4 -----------------



•.• IBQ7JW v; cm <Ori:) 

CRT Cathode Connector 

Ground Wire 

Yoke Connector 

'U'pltg the yoke cable Cl'x1 the 00' grou00 wire 
fran the rconitor antrol ba:lrd. 

Mounting Screws (4) 

P.ano\1e the frur corner rrwntin:J screiS ooldinJ 
the CRT in the frame. Be sure the CRT is 
firmly sug:orted when removing the screws. 
Avoid bcn:Jing the neck of the 00' against the 
frane. 

----------------Page 4-5 ---------------



•.s mmoo a cm 

Fer tanµ>rary stor~e dlrirg teoninal repair, 
place tre CR[' face down inside the froot bezel • 

. To st9re the CRT on a more permanent basis, 
place the CRT face down on a smooth, soft, 
surface to avcrl s::ratchirg the tube face. 

*********************************************** 
* CAUl'ION * 
* * * Never rest the 00' oo its reek. 'lhis may * 
* berrl the cath:rle pins or possibly crack * 
* the rnr neck. * 
* * 



001 Mfti"teDa"'re Kmnal S'Cl'T<1i 4 

Usir¥1 a 5/16" socket with exterder, rE!llO/e the 
six hex ruts :OOl<linJ the J;XJWer i:aneJ. in pl~. 
Lift the pcMer pmel. off the InO\llt.irg p:>Sts arx3 
free of the rear lnlsir¥1. 

Mounting Screws 

Mounting Screws 

'!he {XMer pmel. after ratrJYal. 



************************************************* 
* 
* 
* 

* 
* 
* * '!he 00' must be dis::harged before 

* the monitor control bo:lrd assembly. 
* Sectim 4A. 

ranoving * 
Refer to* 

* 
* * 

************************************************* 

The rronitor control brerd is rnolllted to a metal 
plate which is' attacred to the fr ane by fa.tr 
s::rews. '!he flyback transformer is molllted to 
the Lmderside of the metal plate. Both 
assanblies are ranwed at the same time. '!he 

· flybaCk transformer may then be Ee~rated fran 
the ironitor control brerd assarbly. 

Mounting Screws 

To Ee~rate the fl.yback transformer fran the 
rronitor control brerd, urplug a:nnectors 00 
arXi mi. :Eanove the tq> s::ra-1 arXi loosen the 
bottom screw. Slip the transformer off the 
bottan s::rew. 

Flyback Transformer 

-



~ ncnitor control board after moo\1al. ~ fl~k transforner after raooval. 

-



SM3'11.1' 4 

4.8 

Bezel Screws 

The keyboard bezel is held in place by four 
screws accessable from the bottom. The 
keyboard :EC board is nOlJlte:1 with sevE!l s=rews. 

'Ire keyboard with the bezel reoovea. 

'Ire disassart>led keyboard. 
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'!his section is divided into fcm i;:arts: Mal1Ja1 
Orderirg, Parts Orc:Erirg, Items REtumed fa: 
Re{:air, am Parts Li.st. 

7,1 llNgL <FIRQJj 

The following manuals on the SW10 are 
available: 

MN.QI.~ 
s-ne users Marual 
&ll.0 Maint:e'larX:le Manlal. 

& 'N M>ni.tor Man.Jal (set) 

~1 
978004-091 
9700054a2 
0se1&-0m. 

Product & pricing information is available 
fran: 

General ia:lliml <D:pcratim 
141Bl Fradtlin AvaUe 
~m 926•7282 

(714) 730-9123 
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(Ell0) 432-7006 (Inside 0\) 

AT.Ill: Bal.Es Adadnistratim 

1,2 PARIS <JDWQli 

Replacement i:arts may be ordered from G'IC. 
Please provide the follow.iDJ inf cxnation: 

a. Identify our pa.rt number and 
des=riptim. 

b. Identify put lcx:ation on :Em. 
c. PCB board Assembly No. and Rev. 

level. 
a. Terminal type 
e. &'N of ter:minal. 

For exanpl.e: 

f. When ordering PROMS indicate 
revision level whidl is tyP!d on the 
Pl01 label. 

Fa: exanple: 920B61-211 

PR>1 Part No •••••••••••••• : 

. . 
~ Lecation & Rev ••••••••••••• : 

SB:tJill 7 

g. Parts may be a:dered fran: 

General 'D!Imirlll Cmpcrat:i.<n 
14RU Prnl in JWaDe 

'l\JStin, m 92168J-7282 

(714) 730-fil23 
(Ell0) 85H925 (Qltside 0\) 
c me> 432-7806 c :rrside CA) 

M1m: Bales Mninistraticn 

General Terminal Corporation will repair 
printed cira.I.it barr<E, snbassemblies, a: whole 
terminals umer the follow.iD] g.ti.delin=s: 

G'IC has two Field Service Depots. One is 
lcx::ated in 'Illsti.n, California and the other is 
in airlington, Massad.'llEletts. 

Itans fran a.tstacers west of the Mississi:g>i 
River Sxxll.d be sent to the 'l\.Btin, 0\ aa3ress 
and items from customers east of the 
Mississippi River should be sent to the 
Masmdlusetts aa3ress. 

Both depots are staffed for comporent level 
repair of major suJ:rassemblies or modules. 
Entire terminals may also be returned for 
system level repair l'lit.b _rm tw;nargul .time 
m_ ~ ~.Qt. mx)11e ~ .IQ .a MAXIMUM a: 
.Sf.Y.W JmS .in .hwse.. 

G'IC testing includes repair, adjustment and 
testing at both board and system levels. All 
modules are put through a 24-hour burn-in 
cycle. '!his allows GlC to have a high degree 
of confidence in all repair work so that a 
full 90-day warranty is provided on all 
reprlrs. Cllarges far reprlrs irci.1.Xie IJErlating 
of all equipment returred to our depot 
facilities. 

"In warranty" repair work is done on a no 
charge basis; however, customers must pay 
charges fee shit:Ping the ll'lits to G'IC; return 
transpccation is not charged. ()It of warranty 
repair work is billed at current rates. 
Customers must pay freight charges in both 
directions. Teens of the warranty are detailed 
in FiC}lre 7-1 • 

Limited On-Site Maintenance in specific 
geograpu.c areas is also available. Terminals 
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may be serviced umer a maintenan::e agreement 
or on a time and material b:lsis. 

Prior .tQ returning ~ EQU.i,gment .tQ ~ lli 
re.ooir. QJStomers .am rEglired m 0011-act .Glt 
m .a return authorization JBA}_ nwnber, At 
..tbat time, ~ lW.l ~ .tQ Jmmi w model 
nmber .Q.f .the .W1i..ti. .the serial nmber .Q.f ..tb.e 
em:em (whether .a .bQa..cg .QI. .an entire a,wtem .la 
.biWll returnedl n .a prrchase .2tdm: IJlil'ber m 
™ .the rewi r. 

Train:!d t:edlllical adlrisors are on hand to help 
yoo determine which element of yrur termiml. is 
failing and will guide you toward the most 
~ent repair possible. 

If yru have con::erns aba.rt: ~ic maint:Slame 
rEquiranents, please oontact o~ of rur Field 
Service Managers and we will rustan tailer rur 
service to meet yrur requirements. 

WES!' <.X::lASI': 

General 'leJljm). Qxpratim 
14831 Franklin Aveme 

'l\Jst::in. ~ 926111-7282 

1lrlN: Field service Mamger 

FAST <.X::lASl': 

General 'lBll:im1. Cbrpratim 
U &qtl.re R:ad 

Rxth Bil Jerica, M 81862 

AT.IN: Field service Mamger 

Fjeld Smyice Jelgdgw ampem 

Inside m •••• Field service ••••••• (714) 730-1659 

ll'Elide 0\.. ••• Main SWitchbcBrd •••• (714) 730-m..23 

OJ.tside 0\. and west of 
the Mi.ssissig>i River ••••••••••• ( 000) ffi4-6925 

ll'Elide .M:iss •• Main SWitchbcB.rd •••• (617) Z72-Ei660 

OJ.tside Mass. and east 
Of the Mississippi River •••••••• (000) 225-0976 

(000) 225-0977 

S$ttJill 7 

*********************************************** 
* 
* 
* 
* 

* 
* 
* 
* * Gere:al Termiral Cccporati.on warrants that * 

* all the equipnent in the Scbad.Jle of * 
* B;iuiprent, when delivered, will be in good * 
* warkin:J crder P!r Gmeral Termiral * 
* Ccrparatiai prodJct sp:cificatiai. General * 
* Termiral Ccrp:>ration further warrants the * 
* equipnent to have been ade:quately tested * 
* and i~ed prior to shipnent and to be * 
* free of all defects in material and * 
* workmanship. All oompo~nt parts of the * 
* equipnent are warranted for six (6) months * 
* fran shipnent against defects as a result * 
* Of defective material or workmanship. * 
*General Termiral Qrp:>ration reserves the * 
* right to supply, at its expense, a * 
* replacement put to the Cl.Btaner or return * 
* the defective part to General Terminal * 
* Corporation's plant for repair. In the * 
* event the equipment is to be returned to * 
*General Terminal Corporation or a * 
* designated Service Center, it must be * 
* identified with a Returned Goods * 
* Authori7.atim (roA) number which will be * 
* awlied l:?i General Termiral Coqx>ration * 
* upon request. Transportation costs for * 
* retu.cned equipment and/or parts will be * 
* J;repaid ~ the CUstaner. Gere:al Termiral * 
* Ccrp:>ration will i:ay transix:>rtation oosts * 
* for the return shi.pnent to the CUstaner of * 
* equipment and/or i;:arts repaired. The * 
* foregoing warranties are in lieu of all * 
* other warranties expressed arxVor inpl.ied, * 
* oral or written, in fact, ~ operation of * 
* law or otherwise, except as herein * 
* expressly stated. In no arent Etlall GerEal * 
* Terminal Corporation be liable for any * 
* irmrect, sp:cial or consequential danages * 
* such as loss of anticipated prof its or * 
* other ecx:nornic loss in COJU'ECtion with er * 
* arising out of the use or performance of * 
* the equipnent or services provided for in * 
* this Agreement. The Customer and/or * 
* Distributor does not have the right to * 
* modify the equipnent. If the Distrib.ttor * 
* arXV or CUstaner IOOdifies the equiprent, the * 
*Warranty and 90-Iay Mcney-Back Guarantee * 
*are void * 
* * 
*********************************************** 

Figure 7.1 warrancy 
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7.4 Parts !,i el-

'llle majcx SJbassembl.ies of the 000 are stown in Figure 7-2. 'llle p:irts for 
each sli:assarbly are list.ea in the associated table. 

I 
I ___ , __ _ 

I FF.AME PND MNl'lrn I 
I PSSEMn.Y I 
I I 
I 660040 I 
I 'Im.E 7.3 I 
I I 

I 
I 

---'---CABLE~Y 
VIDEO BQt\RD 

'ID MUN BCl\RD 
64000H01 
'OOLE 7 .4 

I 
I 

F1Nl\L M>EM3LY I 
00.0 I 

USA I 
960lll I 

ima.E 7.1 I 

-----' I 
I 

---'---UNITM:>~Y I 
3'll.0 I 
lEA I 

660042 I 
'lN3LE 7 .2 I 

-----' 
I 
I 

---'--- ---'---
' 'lmllNM.. cmm:L I 
I BCl\RD NJSE?tELY I 
I I 
I 750019-001 I 
I 'Im.E 7.5 I 
I I 

RWER PANEL 
M:>~Y 

660039 
'12\BLE 7 .6 

pjg1re 7,2 $J1l8 fnpdly 'l£ee 

I 
I 

---'---RE.'YBQ.Z\RD 
~y 

660033-003 
TAILE 7.7 

I 
I 

---'---P.C. lll\RD 
ASSEMi3 

75e002-003 
'1MLE 7 .8 



· stlLI Mnj nt-eymr;e ltmnal 

rrEM 
:oo. 

1 
2 
3 
3 
3 
3 

5 
6 

8 
9 

10 
11 
11 
12 
13 

'lmLE 7 .1 Sil.0 Fm\L A$Efi.Y 960lll-00X* 

* PSSY ID 960lll-001 IXHm'IC, GREEN :mEPim 
* N3S'i :00 960lll-3J2 JXME5T!C, NUTE HIEIDR 
* PSSY ID 960lll-004 lNllRW'ICN\L, GREEN Pfm'KR 
* N3S'i ID 960lll-3JS ~, mrm HmBDR 

I IMT 
TI'JLE I DEOCRIPl'ICN I IDM3ER 

REF 
DEEIG 

001 004 
002 00s ___________ ! __________ _ 

Fm\L PSSY, Sil.0 tJNl'1ED smTES I 960lll- I REF REF 
'IDP LE.VEL J:EAW]N;, &ll.0 I 950006-001 I REF REF 
UNIT NBY, lleV Gm. HIEPIDR I 661iJ042-001 1 
UNIT~. uev mr. HmBDR I 661iJ042-3J2 1 
UNIT NBY, 2ZN Gm. PKEPKR I 661iJ042-004 
UNIT A<>SY, 2'lJlJV w:tr. HmHDR I 661iJ042-005 

I.e. ~ 'JRAN.CI..A1(R, CEA 
I.e. CHARACim G~, USl\ 

~ R.ME, sn0 
LIBEL, KEmD O\BLE a:NNEaOR 
IIXAI.. SERIAL IDM3ER 
LINE OE), I01ECl'Ie 
LINEaRD, ~ 
u:;m•s Ml\WAL, 000 
REFEm?CE CARD, Sil.0 

I 
I 9'20099-e01 
I 92e0~01 
I 
I 620032-001 
I 7~0ll-3Jl 
I 00878-001 
I 010is-m6 
I 170024-001 
I 970004-001 
I 970008-001 

1 
1 

1 1 
1 1 

1 1 
1 1 
1 1 
1 

1 
1 1 
1 1 
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'lB.E 7.2 UNIT A$EMU 66004C-00X* 

* A$Elti,Y ID 660042 -0"1 GREEN PlmPl:m. JlltEl'lC 
* ~y NJ 660042 -fillJ2 Wl:rl'E HmBDR J:XHm'IC 
* A$Elti,Y ID 66'1.142 -004 GREEN PICSPim nmmm':rcmL 
* ~y NJ 660042 -fillJ5 WllTE HmBDR ~ 

I'l'D1 I IM'!' I REF I (Ji\NlTlY 
NJ. Tl'lLE I DE:OUPI'ICN I NOOER IDESlG -001 -004 

I '-- -002 :::fJBS 
1 UNIT A$Eltll..Y' Sil.0 I 660042 
2 KEmO\RD ASSY. ftl\X a:NFlG. I 660033-31.13 1 1 
3 RFAR llllSOO, Sil.0 I 0357H91 1 1 
4 REM mNEI. AS~. IXl'1ESTIC I 660039-001 1 
4 RFAR PANEL NB'f., JNmH!ll'JINl\L I 66003H92 1 
5 sa&l, #6-32 x 3/8, INl' TIH SM> I "1943-014 6 6 
6 WN£ & KNl'lm NB'/., GREEN ml31 66004'-001 1 1 
6 WN£ & ~rIOR 1'SS'i, Nl:rl'E Bil) 660040-fillJ2 1 1 
7 Slm'l, #~32 X 3/4, SEMS 239051-001 4 4 
8 FllM'JllRE KIT, Si'.1.0 930089-"11 1 1 
9 K: ~ NB'f., MAIN BCRID 73'01H01 1 1 

10 BEZEL ASf:DBLY, Si'.1.0 FKNT 660041-ilJ 1 1 1 
11 Slm'l, t6-32 X l/2 EXT 'l'IH 239011-001 2 2 
12 sa&l, SIEE1' f>EmL, ·~32 x 1 230047-ilJl 2 2 
13 :itmER FEE!', ~' .30 HJGI lSIJriJl-001 6 6 
14 wr, TnHRt'l1\N, #6-32 99999-3'3 2 2 
15 .NllSS PANEL 93581.-002 1 1 
16 sam-1, 16-32 X 3/8, SElt5 FLAT 230039-ilJl 2 2 
17 IMEL, USER SERVICE1BLE OUI'ICN 79001>-901 1 1 
18 IJBEL, N:N-CtMB:.IlHl: '10 ECC RLEI 790002-001 1 1 
19 IMEL, EIA~ I 79009H91 1 1 
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'mBLE 7.3 FlWE & KNl'lOR ASSElfi:N 6604'-0BX* 

* A$EltELY 00 66'J04'J -001 GREENFKmm 
* ASSEJBLY 00 660040 -6'2 'NUTE HmlIDR 

1 MfDBLY, ooe E'lWE & Dl'lOR 66e04'.J-6'X REF REF 
2 'N M:.Nrn:R KIT, GREEN J?B:EPlm 890001-eOl 1 
2 'N Ol'lOR KIT, 'NUTE HOSIK>R 890001.-{1)2 1 
3 FRAME 91 (KNl'RR) 62rllfiJ38-001 1 1 
4 F!WtE Si (VIDEO BOW>) 62003~2 1 1 
5 R.IBER H.JMEm 01025-005 2 2 
6 SrnEW #6-32 x 3/8, SFl-E 'l'lH 01043-rlll.4 6 6 
7 CMD <IJIDE, 4. 5rll UN;, NYLCN 15rll004-001 2 2 
8 OOLE ~, Ol'lOR BD 'IO Ml\lN 64'.1004-ilJl 1 1 
9 GlOW WlRE A$EmLY 640014-001 1 1 

le WISHER, #6 .oo1 'lIXJlH 23005rll-6'1 1 1 
11 smNJ::oFF 3/16" I.00 1300l&rll01 4 4 
12 scmw, #&-32 x l/2, rm:; SEM3 230028-ilJl 4 4 
13 WASIER, FIAT 230025-001 4 4 
14 scmw, #&-32 x 3/8, SE)'E IN!' 'l'lH I 01043-ilJ3 2 2 
15 OCREW, M-40 X l/4 S:EJ.5 EXT I 230036-fJOl 2 2 
16 OOLE a.H1P I 0lfiJ36-ilJ6 3 3 
17 CME TIE '.IWISI' I 01042-007 1 1 
18 HJBBER BCHER l/8 X l/2 I 150000-flJl 1 1 

'OOLE 7.4 OrIOR 'IO W\IN BC1\RD 0\131..E ~y 640004 

l'.1D1 I H\RT REF I 
ID. Tl'lLE I Dm:mPI'ICN I lOBER DES~ I -eel 

I 
CMLE NBY, KNr:it:E 'IO MAJN BD 640004- I REF 

1 WlRE, 20 J.H;, RED rlll.010-07 8 I 1.34' 
2 WJRE, 2rll J.H;, YEU!)l 010lrll-081 I 1.34' 
3 WJRE, 20 J.H;, 'NIITE 01.elrll-074 I 1.34' 
4 WJRE, 2rll J.H;, BU.a< 0101.rll-075 I 1.34' 
5 WlRE, 20 J.H;, GREEN 0101H82 I 1.34' 
6 WJRE, 2rll J.H;, GRAY 0101.rll-079 I 1.34' 
7 WlRE, 20 J.H;, VIDLET 0lrlll.HW I 1.34' 
8 CXlNECICR, 7 K5, MASS '!mt1INM'. 110013-e01 I 1 
9 <DIER, ClNNEX!lm., 1 ros llrll077-0rlll I 1 

10 ~ P.C. EmE Ml', 10 K5 ill045-rll01 I 1 
I 
I 

13 <DIER, CXNH!l(R, :oc EroE 10 K5 I llerll46-0rlll I 1 
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MU: 7 .5 Sill9 'J!Kt1lN\I, cnma. :a:lr!RD A$FltH.Y 73'el9 

l'mt PARr REF 
ID. TlTLE I DEScmP.l'lON JOB ER J:ISICN\DS 01.Y 

1 PC BO\RD MEDBLY, sne 750919 REF 

3 PC BO\RD M1\IN BC1\RD 748919-6'1 1 
4 lWt1, MAIN BOPRD 73991.Hlal REF 
5 SClDWI'JC, Ml\IN~ 720019-6' 1 REF 

8 IC, IM376 e1em-2e6 tn.,U2 2 
9 lC, 7 lltJ6 m.eee-158 U3 1 

le IC, 74IS'4 e1em-119 U4 1 
ll lC, 74ISiJ8 e:J.e00-146 us,m5 2 
12 IC, 74IS'e eiem-u8 tli,tn4 2 
13 lC, 74IB19 m.eee-12e U7 1 
14 IC, 74I.B273 eiem-149 tn.l,tn8,U33,U46 4 
15 lC, Z8/ lltJ ' IOl..ESS ele994-3Jl tn2 1 

18 IC, 74I.Sl.39 eiee93-ee1 tn3 1 
19 lC, 74IS32 e:J.e00-175 ms,m4 2 
2e IC, ~4 93516-091 tn6 1 
21 lC, IP8394 e.J.900-183 tn7 1 
22 IC, l-fml.4L e1em-182 tn9, U2rlJ, U27, 6 

U28,lTl9 ,me 
Z3 IC, 74IS367 e1"'m-111 U21,U31,U32 3 
24 lC, ?C7W3 m.eee-178 U22 1 
25 IC, K:l.489 e1em-e67 U23 1 
2l> lC, DL21.B m.e3~2 U24,lB7 2 
Z1 IC, 74m4 e1em-eS6 U2l>,lB9 2 
28 lC, 7~6 m.eee-181. U35 1 
29 IC, K:l.488 e1em-eJ6 U36 1 
30 lC, 74Eai e.J.eee-ll3 U38 1 
31 IC, 74Im.4 e1eee-167 U40 1 
32 lC, 74IB153 m.eee-134 U42,U43 2 
33 IC, 74165 e1em-e18 U44 1 
34 lC, IP8369 V'l1C "3518-ft1Jl U47 1 
35 IC, 74IS'5 eiewa-188 U48 1 

38 REIIJilflrR, -12V (7912) 0lee6-01.4 VRl. 1 
39 REID:.A'lm, + l2V (7812) 91911&-912 VR2 1 
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TABLE 7.5 000 rnRmW:. CXN.IroL BOARD ASSEM3LY 750019 (CXN111NJED) 

I mMI PAR!' I REF I 
ID. I TITLE I DESauPl'lDN rn-BER I I:ESlGWIDRS <JIY I 

I I I 
I I I 

42 I DXDE, 1N4140 I 01007-039 I 00-4,oo,oo 6 I 
43 DJOIE, 1N>237B ZENER I 'li0057-001 I ms 1 I 
44 DXDE, 1N4'!104 I 01007-037 I CR5,8,10,14,15 5 I 
45 DJOIE, 1N714A ZENER I 01007-045 I cro.2 1 I 
46 DmE, 1N4747A ZENER 01007-040 I CRl3 1 I 
47 DIOIE, 1N4002 01007-003 I cro.6,17 ,18, 6 I 

I rn21,22,23 I 
48 DJOIE, 1N4148 (lr614) 01001-000 I cro.9,a;a0 2 I 

I 
I 

51 CAP, 4700uf 35V +50%-10% 030044-001 Cl,C6 2 I 
52 CAP, 0.01Uf 250\T 10% 01008-225 C2,C9 2 I 
53 CAP, 0.00luf 1000\T 20% 01008-226 C3,Cl.0 2 I 
54 CAP, 0.lUf 250\T 10% 01008-224 C4,03 2 I 
55 CAP, 100uf 25V +50%-10% 01008-2Z7 CS,Cll,Cl4,Cl6 4 I 
56 CAP, 470Uf 35V +5J%-10% 01008-098 C7 1 I 
57 CAP, 100uf 50V +50%-10% 01008-229 Cl2 1 I 
58 CAP, 25Uf 25V +75%-10% 01008-083 Cl3,CS4,CS5 3 I 
59 CAP, .33uf 100\T 20% 01008-230 Cl.5,Cl7 2 I 
60 I 
61 CAP, .0luf 50V +80%-20% 01008-078 Cl.8-C24,C26,CZ7 33 I 

C28-33 ,C38-C44 I 
C48-C51,C56-C62I I 

I I 
63 I CAP, 6.8uf 16V 20% TANI' 01008-128 C25 I 1 I 
64 I CAP, 22pf 1000\T 10% 01008-072 C34-C37 I 4 I 
65 I CAP, 330pf 1000\T HJ% 01008-090 C45,C46,C47 I 3 I 
66 I CAP, 30pf 1000\T 10% 01008-092 CS2,CS3 I 2 I 
67 I CAP, 4700pf 100V 10% 030077-001 C63 I 1 I 

I I I 
69 I RES PAO<, 4.7K 0100H44 RPl I 1 I 

I I I 
71 I RES, 470 ohn J/2W 5% 01009-200 RZl I 1 I 
72 I RES, 0.68 chm 3W 10% 01009-262 Rl,RB I 2 I 
73 I RES, 100 ohn J/4W 5% 0100H57 R'2,R9 I 2 I 
74 I RES, 220 chm l/4W 5% 0100~2 R3 I 1 I 
75 I RES, 750 ohn J/4W 5% 01009-261 PA,R23 I 2 I 
76 I RES, 6.34K chm l/8W 1% 020005-004 R5 I 1 I 
77 I RES, 62K ohn J/4W 5% 01009-138 ~,R52,R53 I 3 I 
78 I RES, 3.16K chm l/8W 1% I 020005-003 I(/ I 1 I 
79 I RES, 100 ohn J/4W 5% I 01009-060 Rl.0 I 1 I 
00 I RES, l.8K chm l/4W 5% I 01009-073 Rll I 1 I 

I 



'lM..E 7 .5 000 'lmllNAI. CXNlRL OOPRD A$B43C.Y 73'fU9 (CXNI'IN.JID) 

l'l!M 
w. T1'RE I DESClUPI'lDN 

m RES, 18. 7K dun l/BW 1% 
82 RES, 360K chn l/4W 5% 
113 RES, 2.'37K dun l/BW 1% 
84 RES, lK chn l/2W 5% 
85 RES, 75 dun l/4W 5% 
86 RES, 200 chn l/4W 1% 
ffl RES, liJ0 cilrn l/4W 1% 
88 RES, 392 chn l/4W 1% 
89 RES, 330 cilrn l/4W 5% 
90 RES, 13' chn l/4W 5% 
91 RES, 2.2K dun l/4W 5% 
92 RES, 47K chn l/4W 5% 
93 RES, lK dun l/4W 5% 

95 RES, 4.7K chn l/4W 5% 
96 RES, 75K cilrn l/4W 5% 
rn RES, 10K ahn l/4W 5% 

99 RES, 470K chn l/4W 5% 
100 RES, 12eK dun l/4W 5% 
101 RES, 510 chn l/4W 5% 
102 RES, ~dun l/4W 5% 
103 RES, 6.BK chn l/4W 5% 
104 RES, 7ffl dun l/4W 1% 
105 RES, lSK chn l/4W 5% 

108 'ImNSJS'ItR, NEN TIP 33A 
109 'IRAN3:rs.tm, INP 2N3645 (2N4836) 
110 'IRANS:rmt'.E, mP 2N3644 
111 '!RANSJSim. Nm 2N3643 

115 CRYsmL, 12.2472 Km 

117 cxmEC.Lm, 3 PIN RI' AN:; HIE 
118 ~, MINI-JCJtD? 
119 CXHE:mR, 3 PIN HEADER 
l2e WlRE, 22lH; BARE 

PARI' REF 
l'DBER [ES~ 

02'BJ5-001 Rl.2 
020000-364 Rl3 
020ee5-002 Rl.4 
029002-102 Rl5 
01009-056 Rl.6 
0liJ09-153 Rl.7 
0liJ09-152 Rl9 
0liJ09-Z73 R2e 
01009-«>4 R21,R51 
0liJ09-059 R'l2 
0100HJ75 R24 ,PMJ ,RAl ,R42 
0liJrlJ9-095 R25,Ra>,R43,R46 
0100HJ70 R28,R29, R48, 

R49,R56 

0liJ09-0 8i1 R30-I83,00 
01009-097 I84 
01009-087 R35, R55 ,I67 

0liJ09-066 I86 
01009-099 I87 
0liJ09-110 188 
01009-«>2 R39 
01009-084 R44,R45 
01009-ai5 R50,Rl.8 
0liJrlJ9-089 R54 

0liJ06,,55 Ql,Q3 
010~56 Q'2,Q4 
0liJ06~3 a; ,ry, ,QB ,010 
010~22 <II ,Q9 

010~12 Yl 

lliJ052-001 
110£153-ftU 
lliJ06&-001 

'1lY 

1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
4 
4 
5 

5 
1 
3 

1 
1 
1 
1 
2 
2 
1 

2 
2 
4 
2 

1 

1/12 
8 

8/12 
lVR 

sw:rxm 1 
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TN3LE 7 .5 000 ~ a:NJia., BOARD A$EM3LY 759019 (CXNl'INJED) 

I mM I P.Aro' REF I 
I ID. I T1TIE I DESClUPI'lDN NUM3ER rm~ QIY I 
I I I 
I 121 I IC~, 24 PIN 01029~4 U8,9,10,41.,45 5 I 
I 122 IIC~, 40 PIN 01029-010 tn2,U47 2 I 
I I I 
I 124 I <:n:NECTm, 25 PIN 110075-001 Jl,J2,J6 3 I 
I 125 I Cll\INECltR, 5 IDS 110009-001 J3,J4 2 I 
I 12.6 I <XmECTOR, 7 KS 110011-001 JS 1 I 
I I 
I 128 I OCREW, #4-40 x 3/8, cms 0104H'J07 Jl,J2,J6 6 
I 129 I NJT, #4-4' REPS 00' 230041~1 Jl,J2,.li 6 
I I 

I 
132 I OCREW, #4-40 x l/4 ems 01043-008 Ql,03 2 
133 I WASHER, :mrm SOJIDER 230044~1 Ql,Q3 2 
134 I INSLAIDR, 'IRAN3ISl(R 200021.-001 Ql,03 2 

I 
136 I HEA'JSINK 99999-281 Ql,03 2 
137 I scmw, #4-~ X 3/8 fEF TAP 01043-067 Ql,Q3 4 
138 I WASIER, NYLCN #6 230016-001 Ql,03 4 

I 
I 
I 

142 I 'lm1, MALE ()<-DJS 130002:-001 I J7 1 
143 I scmw, r.w:II. #6-32 x l/ 4 230027~1 I ;n 1 
144 I NJT, #6-32 REPS EXT 01043-005 I J7 1 

NJ.IE: Fimware is J;Brt of unit assenbly 66042 
Cllar Gen is J;Brt of firal assart>ly 960lll 
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Siii.i l!njnt"""Ge .... , s•:elllf 7 

'DIBLE 7 .6 IOiER PANEL A5S&H.Y 660021.-iJex* 

* NBY 00 66002l.-iJ01 110\7 ID1ESI'IC 
* 1'BSi 00 660021-3)2 Z}J/JV~ 

1'l'EM mRT REF (].lY <;Jr1 
oo. Tl'lLE/~ NJM3ER IESIG -001 -002 

1 NBY, RFJ\R PANEL 660039 REF REF 
2 ~IMEL 620010-3J2 1 1 
3 WIRE, ml'IE 18 1ioG 010J.0-059 64" 64" 
4 WlRE, ILK 18 ~ 01010-{50 16" 16" 
5 WIRE, Gm 18 1ioG 010J.0-055 28" 28" 
6 <INN ROCPr, ZlJlN lNIN' L 010l3-ID5 Pl 1 1 
7 am REx:.:ET, 22f4V WI.JNE FIL'Im 99999-]33 Pl 1 1 
8 SVl'lQI IPSI' IU:KER 01017-473 Sl 1 1 
9 rm,~ 16, 16-14 r«; 01022-317 2 2 

10 cnmicr,18 PW; TIN-H.ME ~lN 01021..J/S7 7 7 
11 WASIER, t6 I£Xl< EXT 'l'lH 230050-001 1 1 
12 REE H:WER 99999-139 Fl 1 1 
13 :tUI', HEX t&-32 HEX KEFS 01043-005 9 9 
14 scmw, t4-4il x 3/8 01043-W7 2 2 
15 :tUI', i4 KEFS 230041-iJ01 2 2 
16 ~ 25W 050016-«!Jl TL 1 1 
17 

'lRANlEtlHR -
050015-001 'l2 1 1 

18 S!RlNK 'lt.BOO 3/16 D 170lfil-9'H 2.5" 2.5" 
19 am llllSOO 5 R1i 110030-e01 J3,J4 2 2 
2' RLZIRIZOO KEY 01021-{)98 2 2 
21 EtJSE, 0.5A ~ 12'0"""""01 Fl 1 
22 REE l .0A IXH5TIC 12RJ002-e01 Fl 1 
23 'lmllNl\t, 22-lSFK; (ltlIK DISCXN'T 01022-326 6 6 
24 'lmM1H\I.. 16-14M; C)l1K DISCI:N'T 01022-327 10 10 
25 SOCER FlBER l/2 CD X 5/32 ID 01035-005 4 4 
al S!RlNK 'lt.BOO l/2 D 1709'7-001 1.751 1.75 
27 'mPE l/4" rnu.E SIIED FilM 9999-085 1VR I 1VR 
28 JN.ClJilfiOR WPAP, (RLY) 'mANS 62036-001 1 I 1 

---------------Page 7-ll --------------



S" :nm 1 

'I1lBLE 7 .7 I<EYBOmD A$EMLY 660033-003 

l'l!M I PAR!' REF I 
NJ. Tr1'IE I DESQUPl'JON I Nm-BER ll:SJG QI.YI 

I _I 
1 UNIV HlJSJN;, OOl'D1 I 03585-002 1 
2 UNIV HCX.500, '101? I 035E&-001 1 
3 BEZEL, KEmCMD I 03599-001 1 
4 RB A$EMLY, KEYBCRID I 750002-003 1 
5 ASEDBLY, CABLE I ~0006-001 1 
6 FCXJI', ~ I 15000rH'J01 7 

I 
8 OCREW, #6-32 X 3/8, SEM> I fU043-014 4 
9 WASHER, i4 Et.AT I 01043-e68 7 

10 OCREW, #4-20 X 5/8n I 01043-062 7 
11 WASHER, RD U:X::KOO I 01043-e65 6 

'mBLE 7.8 000 DEDCBED KEmCMD ~y 750002-003 

rID1 11\RT REF <;JrI 
NJ. Tl'JLE I DESCRIETICN NJI-BER DES:JIN.mm 003 

1 NBY., PC BD DED!QED ~ 750002-003 REF 
2 l\RJl\CR{ ~, DEDOIED RBD 730002-001 REF 
3 $.lIEMM'1C 720002-001 REF 
4 PC 130\RD, DED!CBED ~ 740002-001 1 

7 I.C., 74159 010f30-179 U48 1 
8 CM>, .0luf 50V 01008-ID8 C63 1 
9 CM>, 6.Buf 15V, TANI' 0100&-128 C62 1 

1RJ 'lRANSlJCER 01048-00 2 LSI 1 
11 OCREW,#4-20 X 3/8,PN HD RA9l'IC 01043-067 10 
12 S<Jmi, 16-32 X l/4, :EN HD 230027-001 1 
13 ASSEMLY, HFAOER, 18 PIN llR.1007-001 J1 1 
14 ~, MU..E, CUlK - DIOC 130002-001 1 
15 NJT, 416-32, 00' KEPS 01043-005 1 
16 ALHih-NHmC KEmID ~0026-001 1 
17 NJMmIC KEY.mD 900024-001 1 
18 Cl.RDR KEnl\D ~0025-001 1 
19 EUCl'ICN I<EmID, (Fl-F4) ~00:o-002 Fl-F4 1 
20 ma1lON KE:mID, (F5-F8) ~0025-003 FS-F8 1 
21 R1NC1'ICN I<EmID, (F9-Fl.2) ~00:o-004 F9-Fl2 1 
22 REE mcK SIP 10 PIN 470 dlm 020017-001 RPI 1 

---------------Page 7-12 --------------



S@ttfilt 7 

'11&:£ 7 .9 s-ll.S OPl':rtNN:. PAR'IS 

I rmt I P.ARI' I 
I liD. I TITIE I D!SClUPl'lDN WftBER I 
I '~~~~~~~~~~~~~~~~~-' I 
I 1 I IWD\ OOLE (6 Fr.) I 641/JllJll-fE6 I 
I 2 I i:wm CME (9 Fr.) I 6411JllJll-fJllJ9 I 
I 3 I AmPrER a&.E, FE>WE '10 lfUE, S'l/V'l'-1.llJllJ I 6411JllJ13-fEl I 
I 4 I BA9E, snvEl/TlLT I 64llJllJ1HllJ1 I 
I I 



'lllis pige intentiorally left blank 



'SW-10 FINAL •%£~LIE'S 
"t.0111 '""a LMTLIJ f>TAT5 
qw,ll)ql ~W-10 ,.. . ...,. 
qc.~z. faW--10 DANl~N' 

qt.,tX)Ct'\ sw-1a ~wm~ / FINNIS,H 

qc.ooq• ...,_,a O:.AANl'SH 

~oq5 'W-10 llilAWi61AN 

QlotOOQi., ~W-10 Uf'trTEJ) l(IN6'DOM 

qc.oo"' ~w .... a F'RLNC...._ A2£1lTV 

""'""""' '::,Yv-10 IHTfRNA.1'10-'4AI. 4ZE.RTY •• ,,,o ... c,~-IO 11flE!NtTIONAL <lVtrf'llZ 

-W.0!00 sw-10 1rnmM71DN~ an-£.A'TY 
q1.a10~ SW-ID FRENCH T'fPEWlifTE.R 

NafE ~ 1. UMLI~~ anuw1~ ~1'1[J) 

FOR APPROJIQ1AT[ RtiRTfl ll!.T, ~ TAeii.t J 

5 u• 
' U4S' 

... '"'°'9 ... 9'CIOll ... 

'""' •nr• ,.,.,," ... lllMGn ,_.., • ,..._, lODtl 

f'&UlMCI -...u """'. ,.,_., .... ~ .Id 
lLI •. 11• ..... 

..,, 111ur; .. "''"" 

01 £ftCalfllfA•'f6 •lllA'.E ·i:t.A~ 
RCVlc.f:D ffR ELO z· .. ~<a, rn.tN rn.:1 

TCP l Evi:L ont.11 -,,;;, 
svv-10 
V/1 TH t.+:NITOR FRAME 



LOC.UE IN J6 
CCNTfll 

7 2R.A<£S 

'AQl1 '* ITEM Z. 

'"' 

R~v RLViSID{l~,\~~~~-~WbANOa%14<-f..~'::''i'. 'i:~:co'r'i;;"Cf-;;-;;;;-==.r:--;:r.,..:T"i>~=""=---~.~ ... +,:;:,:.i 
' l ~ ~A 

PARTIAL VIEW 

NOTES: LJNUSS 01"£,,Wl'>E Sl'ELIFIUJ 

&. ll)ENTIFY WITH N.'RT NO. AND ~ 'REV t.ETTE'R. 

z. ~E£ ~J:M'RATE ~ UST 1.WlD-40, 

& l'Mf Vf'RTICAL (MQKE ~ Fl'1&.ACK IRAN'!t.FORMER A'Rf AN INT£C:.RAI.. "PART lJF TUE 
VIDEO 'PC MA'Rll ON ':IOME Ni)~litF.. UNllS, TMEREF'ORE MOl.1'tTl1'4b c:.£:R£WS -NILL 
N01 be. NH£1:;i~A~Y. 

rF VltlEO '&GAAt> I'::. £Gui~ WITM ~'P~tlE LUl:l'!t. ON &'R~D WIRE"-, l~E.N 

TfRMlr.AlE Al "T\.U~ mun. 

01111~~~ ~~1~ANO 
•lltOVf IURl5 ~ SHAJIP lOGlS 

TOlHAHCl Ul'fU:U W't:ClrlCD 

OlCIM.1.lS ~ :~O 
M~Gln O lO 

/.':-::.:\ibLY ~.!Iii .:·.J ,•lCN1L.:< 
::_,,.,..-

r ... __ < ____ _ 

:-:::.::::.::-.:::;;;:-.::::::: D 
1--.. - .. -,-"-.-.. -~-.-•• -,.--t ~c"" "_ ... _. _ ..... ,.._t_ t-'"--'------,------~--j 



A 

,---- - - - . ., 
I ' 
'------- - •• J 

A 

BOTTOM Y1£W SCl\lE 1/1 

I 1.H += 
l.zi5 

.---- ----, 
L- .. ------~ 

;---------; 
'-- ---- -- ----' 

- (JtJ/ v£RSION 
KEYB/U> 4' /:4'NCTION PAtx;. 
AV?" S#OWN '77.lr.5 VA£>V 

NOT[S: 

Ill! 

/, .SCE S€P£fUffE PAR.TS l/5T "6t:Ja33. 

~IDENTIFY WITH PART Ill. ANCI PART l!U LETTER 
ON UNDEf\">lllE ~ iw:M!llV. 

B H£Vl!KD ftft UO 1~50, llftN Ol!B 

SECTION A-A 

oml1'SIOllS. IMCMll .... ....,.,..,u ..... u .. 
..... ...... • lllMP IDGll 

fOUllMICI UM.ISi INCIND 

!!1 :!o ,,.. 
;:.iSS 'I- OCTAC/.iE.D K£.Y8Rl 

llODn "° "'." vt/- IC 

1-=~--------lllllll' ...... ·1i000'"11 
1-:-.--.::--!..._"_:"_.:::_=:-___ :_';_,i-.,.o,,,_.,,,..=-=-.. ~6-6-u-·-0-3-3----r-:B::::--1 

1--.,-,.-,-""-,-,._-----l ::,·----- 1-~~F.-t:/_t'._{.. __ r,.-,-l--•-l~---1 



REF 11 

YIEW A-A 

&ALE: 1/t 

[~:lf..'.oT~T!~] 

- 001 THRU -00;? VERSIONS 

NOTES: 
A. S£E ~lt AUITS LIST 7SOOOl. 

2. IDENTIFY WITH RlRT NO AHO P<RT REV I.ETTER. 

PFI PF2 PF3 

7 8 9 

4 5 6 

2 3 

PF4 

E 

" T 
E 
A 

Fll:.~b·~,D=='L7'k=-... ~oR"'z~"'~~=:~-~~-~1">="~0~S"'lL=----P-'4""-I 

:~=~~~ ;:: ~~ ~~::. ~~i'-"-iCo°;'ii'~i'-~------1~:+-'!_I 

FUNC.,.I ON RU).$' wor 
SHOWN 77-11$ VIEW 

DlltlfltSIOfllSIM IMCHHMD 
M'Pl.Y oUTU P\ATING 

HMOVI IUIHll • Sli4llfl [DGH 

TOLUANCf UllUSS lnC.Hl:O 
.ll. :!: .t:I 
.Dl : .• ,. = ..... "'' _..,.....,.,1-m"""'"'".------------i 

'"'=-;.-~--ir----1 A.S5Y- PC BOARD, SW-10 

DETACHED K€Y8CAR.D 

n..•----- Sill ClllA-IMI llJ:! 
!"'---------" -,:::.,:=~.::=.: 1-D=-.L....--'-7.::5;..:C:;-·-=C-'Q-'2~-.--,.,~-1.,--i 

SCAll Ft/t..~ 



.,. Dl~RIPTION DAT£ ..... 
DI ENGINEERING H£:LEP.SF-_ r:-t.R D~ I '/-ti Lb 
oe Fi'EVl>ED PER ECO l~-~I [''lf< 044' 1-!:I /..C, 
03 REVISED PER E:::>Z311,DRNOSl3 ~-e• ;...13 
04 REVL .. EO ANO Rt-Cf...:'>\.'vh 1'fH t~ ) . .'4~'j, OHN oi.:;·n I~ '" 05 RE'V'l.5.E 0 Pt:R E.CD ZSOZ. DAN Ui.33 1/_jl •6 
A PRDDUCTION RELEA~E l'EI\ ECO llollo, l)llN 01" IWi' ~ 

11EF CAP GTC KEYCAP sPK l'l•snc 
ND COLOR PART NUMBER LElifND ND. 

I ·~ 1oooo12-011 13-1Di.7C NOTES: LNLESS OTHERWISE SPECIFIED 
•T¥ ...--z WOOIZ-DIZ 13-IDl>de I 2 3 • I. NUMBERS IN UPPER Rl.;HT CORNER OF l\EYS D 

3 FTB3 l.tOOOtl-DI! r3-1°'94C = PFI PF2 PF3 PF4 ARE REFERENCE NUMoERS ONL'I. THE'I ARE 

4 FTB;O \ i.0001l-OI§' 13-1070:::: 
NOT LEGENDS AND DO NOT APPE.llR ON PART. 

5 &B;~ ...OOOB-O'YJ Ol -l033N 
5 ~ i 8 Z. AU KE'IS ARE MOMENTAIH llCTION AND TILTED. 

BEE; 'J: = 7 8 9 - &cAP COLOR TO BE FIESTA TAN.(C'ICOU.C NO. .. ""ODOl~-CR8 DI -I034M 

7 &B4' <.a:OL!l-CR<i Ol-lce5N q 10 II It 
BZ02'T) WITH BLACK (4500) LEGEND. 

8 Fi=&& t.OOOIZ -DID Ol -<O!IB ~ 4 s G ' 
&,. CAP COLOR TO BE BEIGE (CYCOLAC NO. 

"' BE~ t.00013 -i1l4 Ol ·I030N 
BZ'3S-'l)WITH BL1'rn (4500) LEGEND· 

10 &~ t.omf3-cR5 01 -I045N 
13 14 15 It. &_ SEE TABLE I FOR INDIVIDUAL KEY CAP 

II &8E ~00013-0'ilo Ol -IOOlN 
~ I 2 3 

~ 
SPECIFICl\TION NUMBER!>. 

IL F~ l.OOOlt ·OO't ot-ID:.7 17 iB 
13 eee;:;:. c.ooot3-a! I Ol • IC>l7N ~ ¢ . ~ 
14 ee5;74 ~000!3-"'t Ole IOZBN L--1 

15 BEB".A J.00013-0'!3 Ot-IOt'IN 

11. FT~ .00015 ·DOI 1'1-100£. -001 VERSION 
17 ~ l.0001~-00f 17 • IOOIN 

16 BEiilf\ i.DC013-IOO DI - I03lo 

TABLE X: 

DtMENSIONS IN INCHES AND ...... DAT£ 
APPU' AnER PLATING .JAl s LlNCH '+-·llf--131 fGit:l Jt(MOVE IURRS & SHARP EDGES 

CHECKED 
IOLUANCE UNLESS SPECIFIED L. B'\GGS 't·l't·BI ~1ilnninlll~ 
D[CIMAlS 

.xx ... ..... 
lf-·27-81 .lXX • .OJO R. Wol$0N Till(; 

ANGUS .... ....... SPEC. CONTROL DRAWING, 
MATfRiAl: L. BAGb.S '1-27-BI 

ABS 
MODEL NO. SW ID DETACHED KEYBOARD 

PLA5TIC 
NUT ASSY NUMERIC PAD 

=----------
Tiu• Hcu111enl c••111 ,...,.,,...,,. mt.· c' JDllAWING NO. 900024 

..,, 
1Nl1Dfl DI GTC ""4 111<h 111..,_1_ .., A Ml ti.41.clfted loofh91'1. r~odll(N. , .. 
teCI • uMll ••''-' -tt1 ... ,.,_,_tr.. 

DO NOT SCALE DRAWING GJC. SCALE TSHT I Clf I 



TABLE I. 

FIEF. CAP GTC KEYCAP 
NO, COLOR PlllH NUMBER 

I FT!l/~ ~CXDll-001 

4 FT~ ..a:Dll-il04 

5 FrEib' ..00011-00!i 

10 FT~ f,00011-0IO 

IZ FT!lj3\ ~DOOIHllZ 

14 FTB~ l..oootl-014 

15 FT~ •OOClil-015 

SPEC R.>STIC 
LEG;ENOND. 

TllO (TYP) 

I 

I 
I . 
I 
I 

+ II • ~1- ~ 

-001 

Fl ~ FZ 'I F3 ~1 

FS 'I F' ·~ F7 111 

f, 1~1 flO 141 fll 151 

1'1 161 I'll 

-1==gQD 
VERSION (CURSOR PAD) 

F4 ~ -002 VERSION 

F8 "i -003 VERSION 

FIZ 1~ -004 VERSION 

WI - 005 VERSION 
BLANK CAPS 

DIMENSIONS IN INCHES AND 
APPLY AFTER PLATING 

ll(MOVE BURRS & SHARP EDGES 

TOLERANCE UNLESS SP£CJfl[D 

DECIMALS -" ~ .0] 
.lXX ~ .010 

ANGLES - 0 30' 

MATE.RIAL: 

ABS PLASTIC 

DOAWN 

REV DESr"'RIPTIOH DATE APPR 

01 ENGINEER IN~ REL.t ~·,E P;-l'R~D:;:flc;:Nc--::0;-~,--~::-9-----+IET'-"-l7-(Lf'T-'J1.,;:..f 
02. REVl'.:..E.O ANO \ffl>hF\\";f, ITf<ECOZ.421.i.OHN O';:)Tl 1""¥j1 '-'l!, 
A PRODUCTION RELEA~E PE/I !£0 ti.If., llRN O~I In. L..6_ 

NOTES: UNLESS OT~ERW15E SPECIFIED 
L NUMBERS IN UPPER RlbHI CORNER DF KEYS C=::'.i 

ARE REFERENCE NUMBER~ ONLY. THEY ARE 
NOT LEGENDS 1>.ND DD NOT 1>.PPEAR DN PART. 

2. ALL KEYS ARE MDMENTl\RY 1>.CTION 

AcAP COLOR ·To BE FIESTA TAN (CYCOLAC 
NO. BlDZI) WITH BLACK(4500)LEGENO. 

A SEE Tl>.BLE I FOR INDIVIDUAL KEYCl\P 
SPEC.IFICl>.TION NUMBER5. 

R ~MfORD ~Tti'ti31 fGit:l 
CHEt"~~IW BAbb'> 4-- llf-!31 Genenll 1ilnnlnlll COtpOllllion ...... 

4 ·21-BI R WIL~DN TO&.£: 
APPR 

LARRY Bl\JobS 4-l't-!JI SPEC. CONTROL DRAWING 
MODEL NO. SW 100 DETl\Cl-\ED KEYBOARD 
NEXT ASSY FUNCTION KEY CONFlbURATIDN 



Tiii!'>!&; I 

~ ~ ~= ::.,~,::;~" 
... .. 

llft."4 &.DODB-OOI Q~-IOl?IN .. 
z ~ fol¥Dl3-00l O'!•IOObil "' • Blll/4 

__ ..,. 
o~-100-:sN 

,,. . ..-;::, Wdll!i-a'>I ~-IOCMN .. 
5 rt:~-" .• can-~ o~-IOO'iN ~· • lllt/4\ loOIXH?)•CID'. .,. ........ ., 
1 ~ &.Q:'.IU3-a7l n•IQO"lN "" B t».~14\ , WUJ13·UB ~-IOCIHfrl .. 
• ... -.:; WJOOl:!. llO'I ..._ .. 
.. '"'"' 4\ UXXll?i-IZ.+ Ol- OtfN .. 
II et:e 4\ if,()(p3-0I\ 0~· 1011 " 
" ... ~ loDOOl>·OtZ C,,~·101l ., 
" "'" l.tJ'.)OC-OOI O&o-m>~ •• 

' 
•• LFTll'• loOOOil-<IJt Clli-IC05t 

IS tltV~ MOOOll.-Dbla ,)S·IDO<C. .. ei.1''"' t.OOOl~-01) Dl- IOZOH 

11 .. ~ i-ti0013'"'°4 ........ 
•• .. 
41 .,, 

~ 
.. 1iii7i· uc:me-a'S ex.-·~ 

" l:lUl1:.i.. ,.OOOl?i-Dti. Of- OZIN ,. Off\~ ~-on or-1~ 

., 
"' 51 ,, !f.~:. &.CXl>l3•DB m-1ozdl ., 

" ~ """"'""" Of- IOZ4M " .. ... ~ 1.00Dll• IRO Dl'.·IDU:.M •• ,. ~· illca>i!i•Ol:I Dt·IOIHJI 55 .. OCll'<\ t.OCD3-DU ot•IOl'tN ... ,. .. ,.. llODOl~-l'.E3 '8-10£5 51 

Cl .. ~ •DOOl3-0t4 O"S·IUla. ,. 
"' ··~ 

a.a:xn:t.-QE!.. ~-1oz1 

z• n::'ii'.· ..vooit-DD?. 05.•ICi'lC 

"' f~. uDCQL-01 .. 05-IDOIC 

51 .. .. "',_.,." MXlQl"j-oa. ......... w 

1;:.",.. liJTC l(['ft.M" 

PNn" N&.NeER 

lou:,<r\ c.llD3-0C1 

.,. 4\1 """"'-""' .,. .. l.OODIJ-~ 

~fb.4\ ltOCDI~-~ 

6[~4· WEOl3-0!il 

otit·· t.ODOl.:::O•D3L 

ofB} r.oao1?i-0!3 

~ '"®0&3-~ 
PLe :. . ........... 
BUI 4, c.coJ~-m.. 

rre.·~ i#OOOl4 •COt 

~ "°°°'3·'61 

ne;.~ YDOOl4-B. 

8~\ 4tOOOl:5-a~ 

flf.6·"°' uax>1~-0j1 

et:ei ~ i.an•-<>40 
BEb'4 i,ao:.-ow 

&.;• ............ 
ti".l:l/4' YDCJ.:M?a-043 

et~•\ l.DOl.Jl.)•QM 

efB.4 &.OOOtJ-Dt5 

Jllll>j4\ ~-l*. 
Ofl!'• ""°"!..Cltl 

mi[i W10014-ClDl. 

•ii!Ji L1£U>l4·U& 

f~';\ ioDOOIZ.-004 

i:-~~ W00014·oct'I 

"''!:'." 1.llVIO-OOl 

fl.y, WlOCH4-llQI. 

·~· t.al014-mi5 

~ woo12-ocn 

SPEC fU'\TK. 
Lf...:ifNON>-
0£- IOZfN 

;.;_- IOO'llM 

Ol.·KDtN 

W.-IDION 

DC.- IDllN 

U-IDBtt 

:u- I014N 

O!I- 1018 

Ul- rOO!IN 

O.!o• 101' 

lfl· IOOll 

OZ. •IOt'IN 

OL-10t!tN 

OC.-1~ 

Ol• IOnN 

01--

ti1•JOOll 

ts-lllDO 

-001 VERSION 

llOTES: LJ.4.E SS OTHERW SE SPECIFIED 
1 MJN&R~ "' Ui'l'Ell R•••T CORNER OF •EY> D 

ARt REFE"REN(E NIHBFH. l»ILV. TIEY ARE 
NOT HbENClS MIO DO HDr "Pl'EAR ON fl\IH. 

Z AU. Kfl~ AM. MDMENT"Hl ACTION ANO TILTEO. 

~Cl\P LOWA TD flf FIE~ Tl\ TIN (CYCOLAC 
ND 6Z0~1) WITM SLACK (~) LU£ND. 

&l.CftP COLOR TD bE l;>ElbC ft Yll1J£. NO 1!1:951) 
WITH BIAC• (4500)LE""MO. 

& Sff TA!'>LE 1 FOR INOIVIOUllL KEUP 
sPEtlftCllTION NUMl!ER~. 

......... IJICM( .... 
....,,Anlal'lATM 

111'.MDW .... & ... AllPIDlll 

tOl.HMCI ..US VICfile 
II• .a 
.DI •. 111 

. ·-

(·• i_ ·, .. 'ii l 11H~-, H 111, , .• ~ •• ·1-.· 

•.• r1 ~;: ,_,,_~,.,:,.-:...,•,tt Y1r1~:"~;..Dkt.CJ:.: 

Cl l\ fl·.1 l• l'IJ\ C .. D ?.;·~h~~',,-=~='----1='4-'""I 
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~ 
Zilog 

Featutea 

General 
Desc:rlptlon 

2038-00 I 2038-002 

• Complete microcomputer, 4K bytes of ROM, 
128 bytes of RAM, 32 I/O lines, and up to 
60K bytes addressable external space each 
for program and data memory. 

• 144-byte register file, including 124 
general-purpose registers, four I/O port 
registers, and 16 status and control 
registers. 

• Average instruction execution time of 
2.2 µs, maximum of 4.25 µ.s. 

• Vectored, priority interrupts for I/O, 
counter/timers, and UART. 

The Z861 l microcomputer introduces a new 
level of sophistication to single-chip architec­
ture. Compared to earlier single-chip micro­
computers, the Z861 l offers faster execution; 
more efficient use of memory; more sophisti­
cated. interrupt, inpuVoutput and bit-manipula­
tion capabilities; and easier system expansion. 

Under program control, the Z861 l can be 
taili;>red to the needs of its user. It can be con-

POAT 0 
(NIBBLE 

PROGRAMMABLE) 
110 OR A,.-A·· 

PORT 1 
(BYTE 

PROGRAMMABLE) 
1,Q VR AD AO 

PORT I 
(BIT PAO· 
GRAM MABLE) 
"o 

l'ORT a 
(FOUR INPUT; 
FOUR OUTPUT) 
SERIAL AND 
PARALLEL 110 
ANO CONTROL 

Figure l. Zllll MCU Pin Functlom 

18™Famlly of 
lllcrocompaten 
18611 • 18612 . 18613 

Product 
Specification 
December 1980 

Z861 l Single-Chip Microcomputer with 4K ROM 
Z8612 Development Device with Memory Interface 
Z8613 Prototyping Device with EPROM Interface 

• Full-duplex UART and two programmable 
8-bit counter/timers, each with a 6-bit 
programmable prescaler. 

• Register Pointer so that short, fast instruc­
tions can access any of nine working­
register groups in 1.5 µ.s. 

• On-chip oscillator which accepts crystal or 
external clock drive. 

• Low-power standby option which retains 
contents of general-purpose registers. 

• Single + 5 V power supply-all pins TTL 
comj,dtible. 

figured as a stand-alone microcomputer with· 
4K bytes of internal ROM, a traditional micro­
processor that manages up to 120K bytes of 
external memory, or a parallel-processing ele­
ment in a system with other processors and , 
peripheral controllers linked by the Z-BUS. In 
all configurations, a large number of pins 
remain available for VO. 

+SY P>, 

XTAL2 P3, 

XTAL1 .. , 
P3, P2, 

P3, P2, 

llEm P2, 

R/1!1 P2, 
DI P2, 
Ill P2, 

P3, ... 
GND P3, 

P>, P3, 

PO, P1, 
PO, P1, 

Po, P1, ... P1, 

, P04 P13 

PO, P1, 

PD, P1, 

PD, P1, 

FlfiUN 2. Z881 l MCU Pin Aulgnmenlll 
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Arc:hitec:ture 28611 architecture is characterized by a microprocessor that can address 120K bytes of 
external memory (Figure 3). 

Pin 
D .. c:rlptlon 

flexible I/O scheme, an efficient register and 
address space structure and a number of 
ancillary features that are helpful in many 
applications. 

Microcomputer applications demand power­
ful I/O capabilities. The 28611 fulfills this with 
32 pins dedicated to input and output. These 
lines are grouped into four ports of eight lines 
each and are configurable under software con­
trol to provide timing, status signals, serial or 
parallel I/O with or without handshake, and an 
address/data bus for interfacing external 
memory. 

Because the multiplexed address/data bus is 
merged with the I/0-oriented ports, the 28611 
can assume many different memory and I/O 
configurations. These configurations range 
from a self-contained microcomputer to a 

OUTPUT INPUT Vee OND 

l l 

Three basic address spaces are available to 
support this wide range of configurations: pro­
gram memory (internal and external). data 
memory (external) and the register file (inter­
nal). The 144-byte random-access register file 
is composed of 124 general-purpose registers, 
four I/O port registers, and 16 control and 
status registers. 

To unburden the program from coping with 
real-time problems such as serial data com­
munication and counting/timing, an asynchro­
nous receiver/transmitter (UART) and two 
counter/timers with a large number of user­
selectable modes are offered on-chip. Hard­
ware support for the UART is minimized 
because one of the on-chip timers supplies the 
bit rate. 

XTAL ii Di RiW RESET 

uo 
(llT PROQFIAllMABLE) 

ADDRESS OR llO 
(NIBBLE PROGRAMMABLE) 

ADDRESSIDATA OR 1/0 
llYTE PROGRAMMABLE) 

Figure 3. Functional Block Diagram 

AS. Address Strobe (output, active Low). 
Address Strobe is pulsed once at the begin­
ning of each machine cycle. Addresses output 
via Port l for all external program or data 
memory transfers are valid at the trailing edge 
of 113. Under program control, AS can be 
placed in the high-impedance state along with 
Ports 0 and 1, Data Strobe and Read/Write. 

DS. Data Strobe (output, ~ctive Low). Data 
Strobe is activated once for each external 
memory transfer. 

Pllo-PO,. Plo-Pl7, P2o-P27. P3o-P3,. //0 Port 
Lines (inpuVoutputs, TTL-compatible). These 
32 lines are divided into four 8-bit VO ports 

2 

Page .l.-3 

that can be configured under program control 
for I/O or external memory interface. 

RESET. Reset (input, active Low). RESET ini­
tializes the 28611. When RESET is deactivated, 
program execution begins from internal pro­
gram location OOOCtt. 

R/W. Read/Write (output). R!W is Low when 
the 28611 is writing to external program or 
data memory. 

XTALI. XTAL2. Crystal 1, Crystal 2 (time-base 
input and output). These pins connect a series­
resonant crystal (8 MHz maximum) or an exter­
nal single-phase clock (8 MHz maximum) to 
the on-chip clock oscillator and buffer. 

2038-003 
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Addre11 
Spaces 

Program Memory. The 16-bit program 
counter addresses 64K bytes of program 
memory space. Program memory can be 
located in two areas: one internal and the 
other external (Figure 4). The first 4096 bytes 
consist of on-chip mask-programmed ROM. At 
addresses 4096 and greater, the 28611 
executes external program memory fetches. 

The first 12 bytes of program memory are 
reserved for the interrupt vectors. These loca­
tions contain six 16-bit vectors that correspond 
to the six available interrupts. 

Data Memory. The 28611 can address 60K 
bytes of external data memory beginning at 

Loc=•tlonol 
Hr1tbyteol 
ln1tn1ctlen 

•••utlld 
111erre11tt 

tnWrrupt 
Vector 

(lo-rlyteJ 

lnt1rrupl 
Vector 

!UpperlJ'll) 

.... 
EXTERNAL 

ROM OR RAM .... .... 
ON·CHIP 

ROii 

~ ~-------------! 
11 IRQI 

10 IRQI 

I IRCl4 

I IRCl4 

7 IRQ3 

~ IRQ3 

·~ IR02 

·~ IRQ2 

/a IRQ1 

• IRQ1 

1 IRQO 

0 IRQO 

Flgure 4. Program Memory Map 

LOCATION 
Ill 
114 
Ill 
Ill 
111 

llO 
141 
141 ... 
141 ... ... .. , ... 
141 

140 

127 

llTACK POINTIR llTI 7•JL 
ITACK POINTll!J!llTI :i!:!i: 

RllllTIR POINTIR 
PROGRAM CONTROL PLAGI 
INTIRRU" MAIK RllllTIR 

INTIRRU" RIOUllT RIOllTIR 
INTIRRU" PRIORITY RllllTIR 

PORTI 0-1 MODI 
PORT I MODI 
PORT I MODI 

TOPRUCALIR 
TIMIRICOUNTIR 0 

T1 PRllCALIR 
TIMIRICOUNTIR 1 

TIMIRMODI 
llRIALUO 

NOT 
IMftLIMINTIO 

GENERAL·PURPOaE 
REGISTERS 

PORTI 

PORTI 
PORT! 
PORTO 

FllJUU 8. The Register Flle 

IDINT,,llRI 
l'L 

••• 
R• 

IMR 
IRQ 
.. R 

"°1M 
PIM 
P2M 
PRIO 

TO 
PRl1 
T1 
TllR 
110 

.. 
P2 

P1 .. 

2038-004 2038-005 2037 .()()6 2037-0<Yl 3 
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locations 4096 (Figure 5). External data 
memory may be included with or separated 
from the external program memory space. 
DM, an optional I/O function that can be 
programmed to appear on pin P34, is used 
to distinguish between data and program 
memory space. 

ApPpQII A 

Register File. The 144-byte register file 
includes four I/O port registers (RO-R3), 124 
general-purpose registers (R4-Rl27) and 16 
control and status registers (R240-R255). These 
registers are assigned the address locations 
shown in Figure 6. 

28611 instructions can access registers 

EXTlllNAL 
DATA 

MEMORY 

:::1----------1 
NOT ADDREllAILE 

FllJUU 5. Data Memory Map 

r---__ -;-;;I ~--··· ••••••••••••• 
------------·~ Theu11P9rnHlbleollM,.gl1t1rH111ddr1111 

pro¥1dedbyttler90l1ttrpolnt1f1pee:lllH 
IM1cll,,.wortiing·r91l1tergroup. --1..-------..... 121 

--

Tllelo..r 
nlbDl1ol 
thlr91l1ter 
11i..-. .. 
PfO'ldHllJ 
11'91"'ttvction 
polnlllO ... 
lfledllH ........... 

i----------115 
----uO"..o.r.----

FllJUU 7. The Regllter Pointer 



3110 M@1pt&p•pge M@puel 

Address 
Spaces 
(Continued) 

Serial 
Input/ 
Output 

directly or indirectly with an 8-bit address 
field. The 28611 also allows short 4-bit register 
addressing using the Register Pointer (one of 
the control registers). In the 4-bit mode, the 
register file is divided into nine working­
register groups, each occupying 16 contiguous 
locations (Figure 7). The Register Pointer 
addresses the starting location of the active 
working-register group. 

Port 3 lines P3o and P37 can be programmed 
as serial 1/0 lines for full-duplex serial asyn­
chronous receiver/transmitter operation. The 
bit rate is controlled by Counter/Timer 0, with 
a maximum rate of 62.5K bits/second. 

The 28611 automatically adds a start bit and 
two stop bits to transmitted data (Figure 8). 
Odd parity is also available as an option. Eight 
data bits are always transmitted, regardless of 

Transmitted Data 
(No Parity) 

LSTART llT 
'------EIGHT Di'TA llTS 

TWO STOP llTS 

Transmitted Data 
(With Parity) 

""'T· ~r·""r~.::::: ... ". 
OOD PARITY 

~--------rwo STOP llTS 

fPPPPJI A 

Stacks. Either the internal register file or the 
external data memory can be used for the 
stack. A 16-bit Stack Pointer (R254 and R255) 
is used for the external stack, which can reside 
anywhere in data memory between locations 
4096 and 65535. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within 
the 124 general-purpose registers (R4-Rl27). 

parity selection. If parity is enabled, the eighth 
bit is the odd parity bit. An interrupt request 
(IRQ4) is generated on all transmitted 
characters. · 

Received data must have a start bit, eight 
data bits and at least one stop bit. If parity is 
on, bit 7 of the received data is replaced by a 
parity error flag. Received characters generate 
the IRQ3 interrupt request. 

Received Data 
(No Parity) 

Received Data 
(With Parity) 

l.•fl<f#do.JtJ.le.f-.lo,le.llff 

11 
LSTART BIT 

. '-----SEVEN DA.TA BITS 

~-------PARITY ERROR FLAG 

~--------ONE STOP llT 

Figure 8. Serial Data Format• 

Counter/ 
Tlmen 

The 28611 contains two 8-bit programmable 
counter/timers (To and T1), each driven by its 
own 6-bit programmable prescaler. The T1 
prescaler can be driven by internal or external 
clock sources; however, the To prescaler is 
driven by the internal clock only. 

The 6-bit prescalers can divide the input fre­
quency of the clock source by any number 
from l to 64. Each prescaler drives its counter, 
which decrements the value ( l to 256) that has 
been loaded into the counter. When the 
counter reaches the end of count, a timer 
interrupt request-IRQ4 (To) or IRQ5 (T1)-
is generated. · 

The counters can be started, stopped, 
restarted to continue, or restarted from the 
initial value. The counters can also be pro­
grammed to stop upon reaching zero (single-

4 

Page .&-5 

pass mode) or to automatically reload the 
initial value and continue counting (modulo-n 
continuous mode). The counters, but not the 
prescalers, can be read any time without 
disturbing their value or count mode. 

The clock source for T1 is user-definable and 
can be the internal microprocessor clock 
( 4 MHz maximum) divided by lour, or an 
external signal input via Port 3. The Timer 
Mode register configures the external timer 
input as an external clock (1 MHz maximum), 
a trigger input that can be retriggerable or 
non-retriggerable, or as a gate input for the 
internal clock. The counter/timers can be pro­
grammably cascaded by connecting the To out­
put to the input of T1. Port 3 line P3s also 
serves as a timer output (Tour) through which 
To, T1 or the internal clock can be output. 

2047-009 
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I/O Port1 

2037-008 

The Z861 l has 32 lines dedicated to input 
and output. These lines are grouped into four 
ports of eight lines each and are configurable 
as input, output or address/data. Under soft­
ware control, the ports can be programmed to 

Port l can be programmed as a byte I/O 
port or as an address/data port for interfacing 
external memory. When used as an I/O port, 
Port 1 may be placed under handshake con­
trol. In this configuration, Port 3 lines P33 and 
P34 are used as the handshake controls RDY1 
and DAV1 (Ready and Data Available). 

Memory locations greater than 4096 are 
referenced through Port 1. To interface exter­
nal memory, Port 1 must be programmed 
for the multiplexed Address/Data mode. If 
more than 256 external locations are required, 
Port 0 must output the additional lines. 

Port I can be placed in the high-impedance 
state along with Port 0, AS, DS and R/W, 

Port 0 can be programmed as a nibble I/O 
port, or as an address port for interfacing 
external memory. When used as an I/O port, 
Port 0 may be placed under handshake con­
trol. In this configura lion, Port 3 lines P32 and 
P3s are used as the handshake controls DA Vo 
and RDYo. Handshake signal assignment is 
dictated by the I/O direction of the upper 
nibble P04-P07. 

For external memory references, Port 0 can 
provide address bits As-A11 (lower nibble) or 
As-A1s (lower and upper nibble) depending 
on the required address space. If the address 
range requires 12 bits or less, the upper nibble 
of Port 0 can be programmed independently as 

Port 2 bits can be programmed inde­
pendently as input or output. This port is 
always available for I/O operations. In addi­
tion, Port 2 can be configured to provide 
open-drain outputs. 

Like Ports 0 and 1, Port 2 may also be 
placed under handshake control. In this con­
figuration, Port 3 lines P31 and P3s are used as 
the handshake controls lines DAV2 and RDY2. 
The handshake signal assignment for Port 3 
lines P31 and P3s is dictated by the direction 
(input or output) assigned to bit 7 of Port 2. 

Port 3 lines can be configured as I/O or con­
trol lines. In either case, the direction of the 
eight lines is fixed as four input (P3o-P33) and 
four output (P34-P37). For serial I/O, lines P3o 
and P37 are programmed as serial in and serial 
out respectively. 

Port 3 can also provide the following control 
functions: handshake for Ports 0, 1 and 2 
(DAV and RDY); four external interrupt 
request signals (IRQ0-IRQ3); timer input and 
output signals (Tm and Tour) and Data 
Memory Select (DM). 

5 
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provide address outputs, timing, status signals, 
serial 1/0, and parallel I/O with or without 
handshake. All ports have active pull-ups and 
pull-downs compatible with TTL loads. 

allowing the Z861 l to share common resources 
in multiprocessor and DMA applications. Data 
transfers can be controlled by assigning P33 as 
a Bus Acknowledge input, and P34 as a Bus 
Request output. 

PORT 1 
(IJO OR AD0 -AD7) 

} 
HANDSHAKE CONTROLS 
DAV1 AND RDY1 
(P33 AND P3J 

Figure 9a. Port I 

1/0 while the lower nibble is used for address­
ing. When Port 0 nibbles are defined as 
address bits, they can be set to the high­
impedance state along with Port 1 and the con­
trol signals AS, DS and R/W. 

l PORT 0 
(110 OR Aa-·A1s) 

Figure 9b. Port 0 

PORT 2(1/0) 

} 
HANDSHAKE CONTROLS 
5AV2 AND RDY2 
!P31 AND P31) 

Figure 9c. Port 2 

PORT 3 
(110 OR CONTROL) 

Figure 9d. Port 3 
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Interrupts 

Clock 

Power Down 
Standby 
Option 

Z8612 
Development 
Device 

The 28611 allows six different interrupts from 
eight sources: the four Port 3 lines P3o-P33, 
Serial In, Serial Out, and the two counter/ 
timers. These interrupts are both maskable and 
prioritized. The Interrupt Mask register glob­
ally or individually enables or disables the six 
interrupt requests. When more than one inter­
rupt is pending, priorities are resolved by a 
programmable priority encoder that is con­
trolled by the Interrupt Priority register. 

All Z861 l interrupts are vectored. When an 
interrupt request is granted, an interrupt 
machine cycle is entered. This disables all 

The on-chip oscillator has a high-gain, 
series-resonant amplifier for connection to a 
crystal or to any suitable external clock source 
(XTALI = Input, XTAL2 = Output). 

The crystal source is connected across 
XTALI and XTAL2_. using the recommended 
capacitors (C1 = 15 pF) from each pin to 

The low-power standby mode allows power 
to be removed without losing the contents of 
the 124 general-purpose registers. This mode 
is available to the user as a bonding option 
whereby pin 2 (normally XTAL2) is replaced 
by the VMM (standby) power supply input. This 
necessitates the use of an external clock 
generator (input = XTALI) rather than a 
crystal source. 

The removal of power, whether intended or 
due to power failure, must be preceded by a 
software routine that stores the appropriate 
status into the register file Figure 10 shows 

This 64-pin development version of the 
40-pin mask-programmed Z861 l (Figure 11) 
allows the user to prototype the system in hard­
ware with an actual device and to develop the 
code that is eventually mask-programmed into 
the on-chip ROM of the Z861 l. 

The Z8612 is identical to the Z861 l with the 
following exceptions: 

• The internal ROM has been removed. 

• The ROM address lines and data lines are 
buffered and brought out to external pins. 

• Control lines for the new memory have 
been added. 

Pin Description. The functions of the 28612 
IIO lines, AS, DS, R/W, XTALI. XTAL2 and 
RESET are identical to those of their 28611 
counterparts. The functions of the remaining 
24 pins are as follows: 

Ao-Au. Program Memory Address (outputs). 
Ao-A11 access the first 4K bytes of program 
memory. 

6 
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subsequent interrupts, saves the Program 
Counter and status flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the 16-bit address of the 
interrupt service routine for that particular 
interrupt request. 

Polled interrupt systems are also supported. 
To accommodate a polled structure, any or all 
of the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 

ground. The specifications for the crystal are 
as follows: 

• AT cut, series resonant 
• Fundamental type, 8 MHz maximum 
• Series resistance, Rs :s; 100 0 

the recommended circuit for a battery back-up 
supply system. 

+5V --------
TRICKLE 

CHARGE(r--wv----t1• 

J 
Figure 10. Recommended Driver Circuit 

for Power Down Operation 
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XTAL2 

XTAL1 .,, ... 
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GND 
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IACK 
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Figure II. Z8612 Pin Aulgnmenta 
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DP8350 Series CRT Controllers 

General Description 
The DPB350 Series of CRT Controllers are single-chip 
bipolar (12L technology) circuits in a 40-pln package. They 
are designed to be dedicated CRT display refresh cir· 
cults. Three standard products are available, designated 
DPB350, DPB352, DPB353. Custom devices, however, are 
available in a broad range of mask programmable options. 

The CRT Controller (CRTC) provides an internal dot rate 
crystal controlled oscillator for ease of system design. 
For systems where a dot rate clock is already provided, 
an external clock may be inputted to the CRTC. In either 
case system synchronization is made possible with the 
use of the buffered Dot Rate Clock Out put. 

The DPB350 Series has 11 character generation related 
timing outputs. These outputs are compatible for sys­
tems with or without line buffers, using character ROMs, 
or DMB6S64-type latch/ROM/shift register circuits. 

12 bits (4k) of bidirectional TRI-STATE"' character mem· 
ory addresses are provided by the CRTC for direct inter· 
face to character memory. 

Three on-chip registers provide for external loading of the 
row starting address, cursor address, and top-of-page 
address. 

A complete set of video outputs Is available including 
cursor enable, vertical blanking, horizontal sync, and 
vertical sync. 

The DPB350 Series CRTC provides for a wide range of 
programmablility using internal mask programmable 
RO Ms: 

TAI-STATE is a registered trademark of National semiconductor Corp. 

Connection Diagram 
REGISTER SELECT B 

VERTICAL BLANKING 

REFRESH CONTROL 

VERTICAL SYNC 

FULL/HALF 

COUNlf:~ { ~~: 
OUTPUTS LC1 

LCD 

CLEAR LINE COUNTER 

ADDRESS MODE 
LINE BUFFER 

RECIRCULATE ENABLE 
LINE RATE CLOCK 

HORIZONTAL SYNC 

llffiT 
LINE BUFFER CLOCK 

EXTERNAL CHAR/ 
LINE CLOCK 

lliAil VIDEO SHIFT REGISTER 

• Character Field (both number of dots/character and 
number of scan lines/character) 

• Characters per Row 
• Character Rows per Video Frame 
• Format of Video Outputs 

The CRTC also provides system sync and program inputs 
Including Refresh Control, Reset, and Address Mode. 

Features 
Internal crystal controlled dot rate oscillator 
External dot rate clock input 
Buffered dot rate clock output 
Timing pulses for character generation 
Character memory address outputs (12 bits) 
Internal cursor address register 
Internal row starting address register 
Internal top-of-page address register (for scrolling) 
Programmable horizontal and vertical sync outputs 
Programmable cursor enable output 
Programmable vertical blanking output 
2 programmable refresh rates, pin selectable 
Programmable characters/row (128 max.) 
Progammable character field size (up to 16 dots x 16 
scan line field size) 

• Programmable scan lines/frame (512 max.) 
• Programmable character rows/frame 
• Single +5V power supply 
• lnpc'.s and outputs TIL compatible 
• Direct interface with DMB6S64 character generator 
• Ease of system design/application 

VCC (+5 VI 

REGISTER SELECT A 

REGISTER LI!AO 
RAM ADDRESS ENABLE 

Ao 
A1 

A2 

A3 

A4 

A5 

•6 ., 
Ae 
Ag 

A10 

A11 

RAM ADDRESS 
COUNTER 
OUTPUTS/ 
REGISTER 
INPUTS 

LATCH CHARACTER 
GENERATOR ADDRESS 
DOT RATE CLOCK 

CURSOR ENABLE 

GNO 
X1 l CRYSTAL 

OSCILLATOR 
=-----=~- X2 INPUTS 

~l1981 National Semiconductor Corp. B-F-2206 

Ordering Information: 

DP8350N 
DP8352N 
DP8353N 
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Block Diagram 
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SHIFT REGISTER 

DOT RATE 
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HO·l LINE MUX 
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TIMING AND CONTROL LOGIC 

LINE COUNTER OUTPUTS 
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The Video Display 

Discussion of the CRT Controller necessitates an under­
standing of the video display as presented by a raster 
scan monitor. The resolution of the data displayed on the 
monitor screen is a function of the dot size. As shown in 
Figure 1, the dot size is determined by the frequency of 
the system dot clock. The visible size of the dot can be 
modified to less than 100% by external gating of the 
serial video data. The CRT Controller organizes the dots 

into cell groupings that define video rows. These cells 
are accessed by a specific horizontal address output 
(4096 maximum) and are resolved by a row scan·line· 
counter output (16 maximum) as shown in Figure 2. The 
relation of the video portion of a frame to the horizontal 
blanking and vertical blanking intervals is shown in 
Figure 3 in a two-dimensional format. 

-I I- DOT INTERVAL 

SYSTEM 
DDT CLOCK 

SERIAL VIDEO DATA 
INPUTED TO MONITOR 

Figure 1. Dot Definition 

SCAN LINE (ELECTRON BEAM TRACE) 

ROW 
n 

\ ADOR~HHH 

\ 
DDT INTERVAL 

Figure 2. Character Cell Definition 
(Example Shown Is a 7 x 10 Character Cell) 

BEGINNING 
OF FRAME 

TYPICAL POSITION 
OF HORIZONTAL 

RETRACE 

TOP-OF-PAGE 
TYPICAL POSITION 
OF VERTICAL 
RETRACE 

END OF 
ROWS 

END OF 
FRAME 

Figure 3. Frame Format Definition 
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Character Generation/Timing Outputs 

The CRT controller provides 11 Interface timing outputs 
for llne buffers, character generator ROMs, DM88S84-
type latch/ROM/shift register combination character 
generators, and system status timing. All outputs are 
buffered to provide TIL compatible direct Interface to 
popular system circuits such as: 

• DM86S64 Serles Character Generators 

• MM52116 Serles Character ROMs 

• DM74166 Dot Shift Register 

• MM5034, MM5035 Octal 80-Blt Shift Registers (Line 
Buffers) 

Dot Rate Clock: This output Is provided for use in 
system synchronization and interface to the dot shift 
register used In character generation. This output is 
non-Inverting with respect to an external clock applied 
to the X1 oscillator input (see Figure 6). The dot rate 
clock output exhibits a 50% duty cycle. All CRTC output 
logic transitions are synchronous with the rising edge of 
the Dot Rate Clock output. 

Latch Character Generator Addra11 (Character Rate 
Clock): This output provides an active clock pulse at 
character rate frequency which Is active at all times. 
The rising edge of this pulse Is synchronous with the 
beginning of each character cell. This output Is In­
tended for direct Interface to character/video genera­
tion data latch registers. 

Lina Rate Clock: This output provides an active clock 
pulse at scan-line rate frequency (horizontal frequency), 
which Is active at all times. The falling edge of this pulse 
is synchronous with the beginning of horizontal blanking. 
This output Is intended for direct Interface to character 
generation scan line counters. 

Load Video Shift Register: This output provides a char­
acter rate signal Intended for direct interface to the video 
dot shift register used in character generation. Active low 
pulses are outputted only during video time. As a result 
of the Inactive time, horizontal and vertical video blank­
ing can be derived from this output signal. 

Clear Lina Counter: This output signal Is active only 
during the first scan line of all rows. It exhibits an active 
low pulse Identical and synchronous to the Line Rate 
Clock and is provided for direct Interface to character 
generation scan line counters. 

Lina Counter Outputs (LC0 to LCa): These outputs clock 
at line. rate frequency, synchronous with the faillng edge 
of the line rate clock, and provide a consecutive binary 
count for each scan line within a row. These outputs are 
provided for system designs that require decoded Infor­
mation Indicating the present scan line position within a 
row. These outputs are always active, however, the next 
to the last row during vertical blanking will exhibit an In­
valid line count as a function of internal frame synchro­
nization. 

Line Buffer Clock: This output directly Interfaces to data 
shift registers when they are Incorporated as line buffers 
In a system design (see Figure 16). This signal Is active at 
character rate frequency and Is Intended for shift regis­
ters that shift on a falling edge clock. This output Is inac­
tive during all horizontal blanking intervals yielding the 
number of active clocks per scan line equal to the number 
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of video characters per row. For custom requirements, 
the duty cycle of this output is mask programmable. 

Lina Buffer Recirculate Enable: This output Is provided 
to control the Input load Ing mode of the data shift regis­
ter (line buffer) when used in a system design. The format 
of this output is Intended for shift registers that load ex­
ternal data Into the Input with the mode control In the 
low state, and load output data into the Input (recircu­
late) with the mode control In the high state. This output 
will transition to the low state, synchronous with the line 
rate clock faillng edge, for one complete scan line of each 
row. The position of this scan line wlll either be the first 
scan line of the addressed row, or the last scan line of 
the previous row depending upon the logic level of the 
address mode input (pin 11), tabulated in Table 3. 

Memory Address Outputs/Inputs and Registers 

Addra11 Outputs <Ao-A11): These 12 address bits (4k) 
are bi-directional TRI-STATE® outputs that directly Inter­
face to the system RAM memory address bus. 

In the output mode (enabled), these outputs will exhibit 
a specific 12-blt address for each video character cell to 
be displayed on the CRT screen. This 12-blt address 
Increments sequentially at character rate frequency 
and is valid at the address bus 2 character times prior to 
the addressed character appearing as video on the CRT 
screen. This pipelining by 2 characters is provided to 
allow sufficient time for first, accessing the RAM mem­
ory, and second, accessing the character generation 
memory with the RAM memory data. Since a character 
cell is comprised of several scan lines of the CRT beam, 
the sequential address output string for a given video 
row is identically repeated for each scan line within the 
row. The starting address for each video scan line Is 
stored within an Internal 12-blt register called the Row 
Start Register. At the beginning of each video scan line, 
the internal address counter logic is preset with the 
contents of the Row Start Register (see Figure 4). To 
accomplish row by row sequential addressing, Internal 
logic updates the Row Start Register at the beginning of 
the first scan line of a video row with the last address+ 1 
of the last scan line of the previous video row. Since the 
number of address locations on the video screen display 
Is typically much less than the 4k dimension of the 12-bit 
address bus, an Internal 12-blt register called the Top Of 
Page Register, contains the starting address of the first 
video row. Internal logic loads the contents of this top 
of page register Into the Row Start Register at the begin· 
nlng of the first scan line of the first video row. The Top 
Of Page Register is loaded with address zero whenever 
the Reset input is pulsed to the logic "O" state. 

In the Input mode (disabled), external addresses can be 
loaded into the Internal 12-blt registers by external con­
trol of the register select A, register select B, and register 
load Inputs (see Table 1). As a result of specific external 
loading of the contents of the Row Start Register, Top 
Of Page Register, and the Cursor Register, row by row 
page scrolling, non-sequential row control, and cursor 
location control, can easily be accomplished. 
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During the non-video intervals, the address output oper· 
atlon Is modified. During all horizontal blanking intervals, 
the incrementing of the address counter is Inhibited and 
the address count is held constant at the last video ad· 
dress + 1. For example, if a video row has an BO character 
cell format and addressing for the video portion of a 
given scan line starts at address 1, the address counter 
will increment up through address 81. Address 81 is 
held constant during the horizontal blanking interval 
until 3 character times before the next video scan line. 
At this point, the address counter is internally loaded 
with the contents of the Row Start Register which may 
contain address 1 or 81 as a function of internal control, 
or a new address that was loaded from the external bus. 
During vertical blanking, however, this loading of the 
Internal address counter with the contents of the Row 
Start Register is inhibited providing scan line by scan 
line sequential address incrementing. This allows mini· 
mum access time to the CRTC when the address counter 
outputs are being used for dynamic RAM refresh. 

RAM Addre11 Enable Input: At all times the status of 
the bi-directional address outputs is controlled exter· 
nally by the logic level of the enable input. A 'low' logic 
level at this input places the address outputs in the TRI· 
STATE'" (disabled) input mode. A 'high' logic level at 
this input places the address outputs in the active (en­
abled) output mode. 

Register l:Oaif/Select Inputs: When the Register Load 
input is pulsed to the logic 'low' state, the Top Of Page, 
Row Start, or Cursor Register will be loaded with a 12·bit 
address which originates from either the internal address 
counter or the external address bus (refer to ·discussion 
on register loading constraints). The destination register 
is selected prior to the load pulse by setting the register 
select inputs to the appropriate state as defined in 
Table 1. 

Table 1. Register Load Truth Table 

Register Register Register Register Loading 
Select A Select B Load Input Destination 
(Pin 39) (Pin 1) (Pin 38) 

0 0 0 No Select 

0 1 0 Top-of-Page 

1 0 0 Row-Start' 
1 1 0 Cursor 

x x 1 No Load 

·curing the vertical blanking interval, a load to this regls· 
ter is internally routed to the Top-Of-Page register. 

Internal Registers and Loading Constraints: There are 3 
internal 12-bit registers that facilitate video screen 
management with respect to row-by-row page scrolling, 
non-sequential row control and cursor location. These 
registers can be loaded with addresses from the exter· 
nal address bus while the address outputs are disabled 
(RAM address enable inut in the low state), by control· 
ling the register select and load inputs within the con­
straints of each register. 
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The Row-Start Register (RSA) holds the starting address 
for each scan line of the video portion of a frame. The 
video addressing format is completely determined by the 
contents of this register. With no external loading, the 
RSA is automatically loaded by internal control such 
that row-by-row sequential addressing is achieved. Re· 
!erring to Figure 4, the RSA is loaded automatically once 
for each video row during the first addressed scan line. 
The source of the loaded address is internally controlled 
such that the RSA load for the first video row comes from 
the Top-Of-Page Register. The RSA load for all subse­
quent video rows comes from the address counter which 
holds the last displayed address+ 1. If non-sequential 
row formatting is desired, the RSA can be loaded exter­
nally with a 12·bit address. However, this external load 
must be made prior to the internal automatic load. Gen· 
erally speaking, the external load to the RSA should be 
made during the video domain of the last addressed scan 
line of the previous row. Figure 4 indicates the internal 
automatic loading intervals which must be avoided, if the 
load must be made during the horizontal blanking inter· 
val. Once an external address has been loaded to the 
RSA, the next occurring internal automatic RSA load will 
be inhibited by internal detection logic. If an external 
load is made to the RSA during the vertical blanking 
interval, the 12-bit address is loaded into the Top-Of· 
Page Register instead of the RSA as a result of internal 
control. This internal function is performed due to the 
fact that the address loaded into the RSA for the first 
video row can only come from the Top-Of-Page Register. 

The Top-Of-Page register (TOPR) holds the address of the 
first character of the first video row. As a function of 
internal control the contents of this register are loaded 
into the RSA at the beginning of the first addressed 
scan li11'3 of the first video row (see Figure 4). This 
loading operation is strictly a function of internal 
control and cannot be overridden by an external load to 
the RSA. For this reason, any external load to the RSA 
during the vertical blanking interval is interpreted 
internally as a TOPR load. When the Reset input is 
pulsed to the logic "O" state, the TOPR register is 
loaded with address zero by internal control. This yields 
a video page display with the first row of sequential 
addressing beginning at zero. Page scrolling can be 
accomplished by externally loading a new address into 
the TOPR. This loading operation can be performed at 
any time during the frame prior to the interval where the 
TOPR is loaded automatically into the RSA (see Figure 
4). Once the TOPR has been loaded, it does not have to 
be accessed again until the contents are to be modified. 

The Cursor Register (CR) holds the present address of 
the cursor location. A true comparison of the address 
counter outputs and the contents of the CR results in a 
Cursor Enable output signal delayed by two character 
times. When the Reset input is pulsed to the logic "O" 
state, the contents of the CR are set to address zero by 
internal control. Modifying the contents of the CR is 
accomplished by external loading at any time during 
this frame. Typically, loading is performed only during 
intervals when the address outputs are not actively 
controlling the video display. Once the CR has been 
loaded, It does not have to be accessed again until the 
contents are to be modified. 

APPPPIJ B 
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First AdclreaHCI Scan Line of a Video Row 

J~tR~~1---,p-----------------------------1 

,-HDlllZONTAL Bl.AllKING--- ~-----VIDEO-----"' 

sg:~=~- IRsRIAI -
r-~ 1 i:-3--i 

2nd Through Laat Adclreaaed Scan Linea of a Video Row 

UNEBUFffll ---...----------------------r----
RECIRCULATE 

ENABLE OUTPUT \ I 

~----------------------------' 
,-HORIZONTAL BLANKING--- VIDEO----,--~ 

Note 1: Dimensions are In character time Intervals. 

Note 2: "A" denotes the Interval that the address counter Is 
preset with the contents of the Row Start Register. 

Note 3: "RSR" denotes the Interval that the Row Start Register 
Is Internally loaded with either the contents of the Top-Of-Page 
Register (1st video row) or the last video address+ 1 from the 
address counter. 

Figure 4. Automatic Internal Loading lntenala 

Vldeo·Related Outputs 

Horizontal Sync: This output provides the necessary 
scan line rate sync signal for direct Interface to either 
three-terminal or composite sync monitors. The pulse 
width, position, and logic polarity are mask program­
mable, In character time Increments, for custom require­
ments. This output may also be mask programmed to 
have RS-170 compatible serration pulses during thevertl· 
cal sync Interval (refer to DP8352format and Figure 15). 

Vertlclll Sync: This output provides the necessary frame 
rate sync sign al for direct Interface to either three-terminal 
or composite sync monitors. The pulse width, position, 
and logic polarity are mask programmable, In scan line 
Increments, for custom requirements. 

Cursor Enable: This output provides a signal that Is In· 
tended to be combined with the video signal to display a 
cursor attribute which serves as a visual pointer for video 
RAM location. Internally, the 12-blt address count Is 
continuously being compared with the 12-blt address 
stored In the Cursor Register. When a true compare Is 
detected, an active high level signal will be present at 
the Cursor Enable output, delayed by 2 character times 
after the corresponding address bus output. The signal 
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Is delayed by 2 character times so that It will be coinci­
dent with the video Information resulting from the cor­
responding address. Mask programmability allows the 
cursor enable output signal to be formatted such that a 
signal will be outputted for all addressed scan lines of a 
video character cell or any single scan line of that cell. 
The cursor enable output signal Is inhibited during the 
horizontal and vertical blanking intervals so that video 
blanking is maintained. When the addressing Is ad­
vanced by setting the address mode Input (pin 11) In the 
logic "O" state, the cursor enable signal will also be 
shifted with respect to the scan line count. Speclflcally, 
for a character cell with the cursor output active on all 
addressed scan lines of the cell, the first scan llne of 
the cursor signal will occur at the last scan llne count of 
the previous video row, and the last scan llne count of 
the addressed character cell wlll have no cursor output 
signal. This mode of operation gives rise to a unique 
situation for the first video row where the first addressed 
scan llne of a character cell has no cursor output signal 
since Its advanced scan line position Is Inhibited by the 
vertical blanking Interval. 

---------------------------------· Pages-;6 
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CRT System Control Functions 

Refresh Control Input: This input provides a logic level 
selectable CRT system refresh rate. Typically, this input 
will select either a 60Hz or 50Hz refresh rate to provide 
geographical marketing flexibility. However, mask pro­
grammability provides the capability of a wide range of 
frequencies for custom requirements. For definition of 
the Input logic truth table and the refresh rate format, 
refer to Table 2 and the standard device type format 
tables. 

Table 2. Refresh Rate Select Truth Table 

Refresh Control Frame Refresh Rate 
(Pin 3) 

Logic Level Symbol DP8350 DP8352 DP8353 

1 f1 60Hz 60Hz 60Hz 
0 fO 50Hz 50Hz 50Hz 

Vertical Blanking Output: This output provides a signal 
that transitions at the end of the last video scan line of 
the last video row and indicates the beginning of the 
vertical blanking interval. This signal transitions back to 
the Inactive state during the row of scan lines just prior 
to the first video row. The transition position within this 
last row of vertical blanking, as well as the active logic 
polarity, is a function of the particular device format 
(item 21 of the format tables) or is mask programmable 
for custom requirements. 

Address Mode: When a system utilizes a line buffer shift 
register, the first scan line of addressing for a row is used 
to load the shift register. As a result of this loading 
operation, addressing for a particular row will not begin 
accessing the video RAM until the second scan line of 
addressing for the row. It also follows that the first scan 
line of a row can only exhibit addressed data for the pre­
vious video row that is in the shift register. This offset in 
addressing becomes a problem for character generation 
designs that output video on the first scan line of a row 
(with respect to the line counter outputs). The result is 
invalid data being displayed for the first scan line. One 
solution would be to utilize a character generation de­
sign that began outputting video on the second scan line 
of a row. However, since most single chip character 
generators begin video on the first scan line, the DP8350 
series CRT controller provides a pin selectable advanced 
addressing mode which will compensate for addressing 
shifts resulting from shift register loading. Referring to 
Table 3, a high logic level at this input will cause address­
ing to be coincident with the scan line counter positions 
of a row, and a low logic level at this input will cause 
addressing to start on the last scan line counter position 
of the previous row. This shifted alignment of the ad­
dressing, with respect to the designated scan lines of a 
row, Is diagrammed in Figure 5. Characteristically, it fol­
lows that, when addressing Is advanced by one scan line, 
the Line Buffer Recirculate Enable output and the Cursor 
Enable output are also advanced by one scan line. This 
advanced position of the Cursor Enable output may 
deserve special consideration depending upon the sys­
tem design. 
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Table 3. Address Mode Truth Table 

Address Mode New Row Addressing At Address 
Input (Pin 11) Outputs and Line Buffer Recirculate 

Enable Logic Low Level 
(Logic Level) (Scan Line Position) 

0 Last scan line of previous row r-- ·--
1 First scan line of row 

Full/Half Row Control: This control input is provided 
for applications that require the option of half-page ad­
dressing. As an example, if the normal video page format 
is 80 characters/row by 24 rows, setting this input to the 
logic "O" state will cause the video format to become 
evenly spaced at 80 characters/row by 12 rows. Specifi­
cally, when this input is in the logic "O" state, row ad­
dressing is repeated for every other row. This yields suc­
cessive groups of two rows of identical addressing. The 
second row of addressing, however, has the Load Video 
Shift Register output and the Cursor Enable output inter­
nally inhibited to provide the necessary video blanking. 
Setting this input to the logic "1" state yields normal 
frame addressing. 

External Character/Line Rate Clock: This input is in­
tended to aid testing of the CRTC and is not meant to be 
used as an active input in a CRT system. When this 
input is left open, it is guaranteed not to interfere with 
normal operation. 

Reset Input: This input is provided for power-up syn­
chronization. When brought to the logic "O" state, device 
operation is halted. Internal logic is set at the beginning 
of vertical blanking, and the Top-Of-Page Register and 
the Cursor Register are loaded with address zero. When 
this input returns to the logic "1" state, device operation 
resume<. at the vertical blanking interval followed by 
video addressing which begins at zero. This input has 
hysteresis and may be connected through a resistor to 
Vee and through a capacitor to ground to accomplish a 
power-up Reset. The logic "O" state should be main­
tained for a minimum of 250ns. 

ADDRESS MODE INPUT= "1" 

El El • El El El El 
El • • El El El El 

ADDRESSED El El • El El El El 
SCAN LINES El El • El El El El VIDEO FDR VIDEO ROW El El • El El El El ROW ARE COINCIDENT El El • El El El El x WITH LINE 

COUNTER El • • • El El El 
POSITION El El El El El El El 

El El El El El El El 
El El El El El El El 

ADDRESS MODE INPUT= "O" 
LINE COUNTER 

---------- ,- OUTPUT COUNT 

El • • • El El El 

ADDRESSED • El El El • El El 
SCAN LINES • El El El • El El 

FOR VIDEO ROW • El El El • El El VIDEO 
ARE ADVANCED • El El El. El El ROW 

BY 1 SCAN • El El El • El El x 
LINE WITH 

RESPECT TO El • • • El El El 
LINE COUNTER El El El El El El El 

POSITION El El El El El El El 
D D D DD D D 

Figure 5. Address Mode Functionality 
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Crystal Inputs X1 and X2: The "Plerce"-type oscillator 
Is controlled by an external crystal providing parallel 
resonant operation. Connection of external bias compo· 
nents Is made to pin 22 (X1) and pin 21 (X2) as shown In 
Figure 6. It Is Important that the crystal be mounted In 
close proximity to the X1 and X2 pins to ensure that 
printed circuit trace lengths are kept to an absolute mini· 
mum. Typical specifications for the crystal are shown In 
Table 4 for each of the standard products, DP8350, 
DP8352, and DP8353. When customer mask options re· 
quire higher frequencies, it may be necessary to change 
the crystal specifications and biasing components. If 
the CRTC Is to be clocked by an external system dot 
clock, pin 22 (X1) should be driven directly by Schottky 
family logic while pin 21 (X2) is left open. The typical 
threshold for pin 22 (X1) is Vcc/2. 

vee 

c1l 
30pF 

Table 4. Typical Crystal Specifications 

Parameter 
Specification 

DP8350 l DP8352 J DP8353 

Type At-Cut 
Frequency 10.92MHz j 7.02MHz j 17.6256MHz 
Tolerance 0.005% at 25°C 
Stability 0.01 % from o•c to +1o·c 

Resonance Fundamental, Parallel 
Maximum Series 

Resistance 50Q 

Load 
Capacitance 20pF 

Figure 6. Dot Clock Oscillator Configuration with 
Typical External Blas Circuitry Shown 

Custom Order Mask Programmablllty: The DP8350 
Serles CRT controller is available in three standard op­
tions designated DPB350, DPB352, and DPB353. The 
functional format of these devices was selected to meet 
the typical needs of CRT terminal designs. In order to 
accommodate specific customer formats, the DPB350 
series CRT controller Is mask programmable with a 
diverse range of opti~>ns available. The Items listed In 
the program table worksheet Indicate the available 
options, while Table 5 tabulates the programming con­
straints. 

Table 5. Mask Programming Limitations 

Das lg· Parameter Min. Max. 
nation Value Value 

foor Dot Rate Frequency DC 30MHz 
fcHAR Character Rate Frequency DC 2.5MHz 

- Line Buffer Clock Logic "0" 
Width (Item 20 x Item 24) 200ns 

ltem3 Dots per Character Field 
Width 4 16 

Item 4 Scan Lines per Character 
Field 2 16 

Item 12 Scan Lines per Frame 512 
Item 14 Character Times Video 5 122 

per Row _Ellanking .! l:.!J 

Item 11 Scan Lines per Vertical (Item 4) 
Blanking +2 

If the cursor enable output, Item 22, is active on only one 
line of a character row, then Item 21 value must be either 
"1"" or "O" or equivalent to the line selected for the 
cursor enable output. 

8 
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DP8350 Series Custom Order Format Table 
This table is provided as a worksheet to aid in determining the programmed configuration for custom mask options. Refer 
to Table 5 for a list of programming limitations. 

Item 
Parameter Value No. 

1 
Character Font Size 

Dots per Character (Width) 
7 

2 (Reference Only) Scan Lines per Character (Height) 10 

3 Dots per Character (Width) 7 
Character Field Block Size 

4 Scan Line per Character (Height) 10 

5 Number of Video Characters per Row 80 

6 Number of Video Character Rows per Frame 25 

7 Number of Video Scan Lines (Item 4 x Item 6) 250 

8 Frame Refresh Rate (Hz) (two pin selectable frequencies allowed) (Item 13-;- Item 12) f1= 60 to=50 

9 Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 
4 30 

10 Vertical Sync Width (Number of Scan Lines) 10 10 

11 Interval between Vertical Blank start and start of Video 
20 74 (Number of Scan Lines of Video Blanking) 

12 Total Scan Lines per Frame (Item 7 +Item 11) 
270 324 

13 Horizontal Scan Frequency (Line Rate) (kHz) (Item 8 x Item 12) 
16.2 

14 Number of Character Times per Scan Line 
108 

15 Character Clock Rate (MHz) (Item 13 x Item 14) 1. 7496 

16 Character Time (ns) (1 -;- Item 15) 
571.6 

17 Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 
0 

18 Horizontal Sync Width (Character Times) 48 

19 Dot Frequency (MHz) (Item 3 x Item 15) 12.2472 

20 Dot Time (ns) (1 -;- Item 19) 
81. 65 

21 Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 
0 (Range= Item 4 - 1 line to O lines) 

22 Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line? YES 
23 Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) NO 
24 Width of Line Buffer Clock logic "O" state within a Character Time 

3 (Number of Dot Time increments) (Typically 1/2 Item 3 rounded up} 

25 Serration Pulse Width, if used (Character Times) (See Figure 13) -
26 Horizontal Sync Pulse Active state logic level (1 or 0) l 
27 Vertical Sync Pulse Active state logic level (1 or 0) 1 
28 Vertical Blanking Pulse Active state logic level (1 or 0) 

0 

Video Monitor: Manufacturer and Model No. (For Engineering Reference) 

9 
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~National 
~Semiconductor 

M1rch 1980 

MM5034, MM5035 Octal 80-Bit Static Shift Register 

General Description 
The MM5034 octal 80-bit shift register is a monolithic 
MOS integrated circuit utilizing N-channel low threshold 
enhancement mode and ion-implanted depletion mode 
devices. 

The MM5034 is designed for use in computer display 
peripherals. All inputs and outputs are TTL compatible. 
The clocks and recirculate logic are internal to reduce 
system component count, and TRI-STATE® output 
buffers provide bus interface. Because of its N-channel 
characteristics, single SV power supply operation is 
required. 

Simple interface to the NSC CRT DPB350 controller 
and character generator to incorporate an entire CRT 
terminal is feasible with the MM5034. 

The MM5034 is available in a 22-lead dual-in-line pack­
age. 

Connection Diagrams 

Dual-in-Line-Package 

RECIRCULATE zz Yoo 

DI ZI Al 

DJ ZD AJ 

DI II Al 

DI 11 Al - 11 M DI 

DI 11 Al 

DZ IS A2 

DI 1' A1 

DU1'11T SELECT 10 1l IC 

Vss 11 1Z CLOCK IN 

TOP VIEW 

©1980 National Semiconductor Corp. 

The MM5035 is a 20-pin version of the MM5034 with 
the TRI-STATE output select feature omitted, for a 
simple data in/data out operation. 

Features 
• Single SV power supply 

• Internal clocks 

• High speed and static operation 
• TRI-STATE output buffer 

• Recirculate and output select independent 

• TTL compatible 

Applications 
• CRT displays 
• Computer peripherals 

Dual-in-Line-Pmckage 

ZD 
RECIRCULATE Yoo 

DI II Al 

DJ II AJ 

DI 11 Al 

DI •Mll 1I AS 

DI 11 M 

DI 
14 

Al 

DZ 11 A2 

DI 
1Z 

Al 

Ya 
II 11 CLOCK IN 

TOP VIEW 

IM-SFA25M30/Printed In U.S.A. 
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MM5034, MM5035 Recirculate and TRI-STATE Operation 

Recirculate is used to maintain data in the shift register 
after it has been loaded. While the shift register is being 
loaded, Recirculate must be at a logical "O". When the 
loading is completed, Recirculate should be brought to a 
logical "1 ". This disables the data input and feeds the 

Typlcal Appllcatlon 

l'ERll"MERAl 
IMTE fACE 

output of the last shift cell back to the input of the first 
shift cell for each of the 8 registers. 

For the output to be in the TRI-STATE mode Output· 
Select should be at the logical '1' level. 

DnJIG CRT 
COITAOLU:A 

DIU'LAV 
CONTROL 
IUS 

WIDEO 
llllTUFACE 

TO 
ATTfUIUTf 
DECODE 

VIDEO 
OUTPUT 

HORIZONTAL } 
SYNC THIUE-TIRMINAL 

YEflTIC.ll MOliUTOR 

I----=.''"'"""' .i 
~~=~~: I 

FIGURE 2. CRT System Diagram Using the MM5034, MM5035 as a Line Buffer with OMA 
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GENERAL DESCRIPTION 

The NC7033 is a low-<:OSI 21 word by 16-bil aleclricaHy alterable 
nonvolatile memory designed aspacially for use in 1hosa syshlml 
which require secure, yet alterable, data storage. Data integrity is 
maintained for a minimum of one year balwaen rewrttas and Is 
immuna to sudden power outages. 

FEATURES 
• 21 x 16 OrganiZation 
• Low-<:OSI Packaging 
• Serial lnput'Output 
• Fully Decoded Addressing 
a Single-word Alterable 
• Simple Interface Requirements 
• Simple Refresh Capabillty 
• Typical 10-year Unpowared Retention 

BLOCK DIAGRAM 

IBl 110 

llO 
Buffer 

21"' 16 
MNOS 
An•v 

131 

!JJPPl>lX D 

NC7033 
MNOSEAROM 

21 x 16 (336 BIT) 

APPLICATIONS 
a Microprocessor Peripheral Memory 
• Backup Memories 
• Preset Frequency Tuning for TVs 
• Numerical Machine Controls 
• Process Controllers 
• Remote or Portable Data Acquisition System& 
• Storage of Calibration or Test Constants 
• Programmable Locks.ISacurlty Systems 

• Non-Volatile Counters, Odornalers 
• Programmable Games 
• Appliance Timer/Controllers 
• Event Monitors 
• Automatic Telephone Dialers 
• Traffic Lights 
• UllUty Meters 

PIN CONNECTION 

-v• 111 
-vool2l 
-VssC7l 

Nltron. Inc., 10420 Bubb Road, Cupertino, CA 85014 (408) 255-7550 lWX: ll1G-338-0222 1of8 
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NC7033 
ABSOLUTE MAXIMUM RATINGS 
Operating Temperature O"C to +70"C 

Storage Temperature (Power Off) (NC7033L) -ss·c to +150°C 

Storage Temperature (Power Off) (NC7033P) -ss·c to +12s0 c 

Non-Powered Data Storage -20"C to + 1 OO"C 

Voltage, any Pin except Vp Vss +0.3V to Vss -20V 

Voltage at Vp, all others to Vss Vss +0.3V to Vss -38V 

DC OPERATING CHARACTERISTICS 
TA• O"Cto +70"C, Vss = 10V :!:1.0V, V0o- OV, Vp - -20V :!:1.0V 

SYMBOL PARAMETER PIN UNITS MIN TYP MAX TEST CONDITIONS 

lss Vss Supply Current Vss mA 
' 20 All Modes 

Ip Vp Supply Current Vp mA 8 AH Modes 

VoH Output High Voltage VO v Vss-0.8 loH - 0.4mA, 
Vp- Vp, Yoo 

Vol Output Low Voltage VO v v 00+o.8 lol - 0.25mA, Vp - Vp 
Voo+3.5 Vp -Yoo 

loHS Output Sharl Circuit VO mA 
8.0 12 V1H •Yoo 

lolS Drive Capability -8.0 -20 Vil - Vss 

PulHJpe to Yss C1. C2. C3 •• ,.A 
15 v,H - Yss - o.8V 

300 Vil -Yoo 

Y1H Input High Voltage 
VO, Ct, C2, C3, • v V5g-0.8 Vss+0.3 

Y1l Input Low Voltage Yoo Vss -4.6 

Pin Capacitance VO, C1. Cz, Cz, • pF 10 Pin to Vss 

NH 
Data Retention - 1.0yr. 3.0yr. '"'105 EIW cycles 

(Power Oii or Standby Modes) 2.Syr. 10yr. '"' toZ E1W cycles 

AC OPERATING CHARACTERISTICS 
TA= O"C to +70°C, Vss = 10V :!:1.0V, Voo = ov, Vp = -20V :!:1.0V 

SYMBOL PAAAllETEA PIN UNITS MIN TYP MAX CONDITIONS 

FCL Clock Frequency FCL • 1/TCL • kHz 100 

lclH Clock High Level Hold Time • ,.. 5 10<1> 

lcll Clock Low Level Hold Time 

"' 
,.. 5 See Figure IA 

tel Clock Fall Time and Rl18 Time 

"' 
,.. 1 

IE RASE Er818Time - ma 11SO 300 450 

lwRITE Write Time - ms 2.0 4.0 8.0 See Figure 1E 

IE/tw Er818 to Write Time Ratio - ISO 75 100 

IREAD Raad Accesa Time (First Bit) VO 
1 clock 
cycle 

,,121 Data Out Delay VO 50na 5.0 µS See Figure 1A 

12 Data In Setup VO ,.. 2 See Figures 1 A, 1 B 

13 lnstNClion Setup Lead ,.. 2 

" Input Setup Leg 
c,, C2. Cz 

ISO 
See Figures 1 B, 1 C, 1 D, 1 E 

118 

Vp Slew Rate Vp V/µMJC 1 Power On, Off 

NR Number of Read Cycles - 109 1010 

NE number of Er818 Cycles - 105 101 

Nw Number of Write Cycles - 105 10• 

NOTES: 1. Independent of clock frequency tcLH maximum 1110,..eec. 
2. t1 applies only during data tranettlon. 
3. Output external loading capacitance wlll be 10pF. 
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FUNCTIONAL DESCRIPTION 
The NC7033 336-blt Metal-Ni~lde Semiconductor (MNOS) 
array Is organiZed Into 21 rows of 16 bits. Each bit of storage Is 
actually a dual-transistor pair, dlfferentially Hlllled, one of which Is 
charged to rapresent a logic "1" or "O". Each antlra 16-bit row, or 
word, is Individually addrassable and alterable by maans of lhraa 
control linas (C1, Ca and C3) and a serial Input/output port. In addi­
tion, Ille NC7033 utlliZas advanced MNOS technology by eliminating 
the need for programming voltage (V p) for all but ERASE and 
WRITE operations. 

Each operation Is Initiated by Iha proper sequencing of control lines 
followed by Ille llj)pfOpriate 5-blt binary addrass code presented to 
Iha 110 port. The corresponding operation is then completed by Iha 
external clock. When not In use Ille NC7033 should be left OFF or in 
either a SETUP or STANDBY condition for maximum data retention. 
Pull up resistors and protection diodes ara on c,. Cz, C3 and ctock 
inputs. 110 pull up is active only during SERIAL ADDRESS IN and 
SERIAL DATA IN. During SERIAL DATA OUT, 110 operates In a 
push-pull mode. All other modes 110 Is high impedance. The follow­
ing mode control functions are piovided: 

TABLE 1 

c,m c2111 c3111 lnstrucllon Vp Pln121 

0 0 0 SETUP Vp 

0 0 1 ERASE Vp 

0 1 0 WRITE Vp 

0 1 1 SERIAL DATA OUT Vp, Yoo'31 

1 0 0 SERIAL ADDRESS IN Vp, Yoo. 
HIZ 

1 0 1 SERIAL DATA IN Vp, Yoo. 
HIZ 

1 1 0 READ Vp, Yoo 

1 1 1 STANDBY Vp, Yoo. 
HIZ 

-1: 1. YH • 1, YL • 0. 
2. Vpcan.-natllo.-nalvollage,orbeawl_IO_olllle ---· 3. Speed Ind oulpul .... , wtl be degr- - Vp - at Yoo· 

Rud Mode 
1. The (3-bit parallel) SERIAL ADDRESS IN Instruction code Is 

l)rBSC!l'lted on C,. Ca and C3 while Iha 5-bil serial address Is 
Bhlfled in on Iha l/O bus by five clocks. The 5-blt serial address 
utilizes a binary decoding scheme to addrass all 21 words. The 
most significsnt bit enters Iha chip first. 

2. The READ instruction is preMnted for one clock time. This 
catches Iha word from Iha new addrass In Iha NVM array and 
paraHel-loads It Into a shift register. During READ the 110 port has 
an active tri-state output. 

3. The SERIAL DATA OUT instruction is presented for 16 clock 
pulses, causing the data ID be shifted out on Ille 110 bus. Data is 
handled on a first-in, first-out basis. If, after 16 bits of data has 
been raad out Iha control lines are left in a SERIAL DATA OUT 
Instruction code, Iha data will be circulated Internally to allow 
further readout of the same data without access ID Ille NVM array. 

er.a/Write Mode 

An ERASE must preceed a WRITE for any location for data to be 
valid. However, a location can be pre-erased and left in an erased 
state anytime prior to Ille next write. 

1. The address is changed, if necessary, in the same manner as in 
Iha read mode. 

AJJPPlllX D 

NC7033 

2. Data Is serially loaded onto Iha chip by presenting Iha SERIAL 
DAT A IN instruction for 16 clock pulses. 

3. The SETUP Instruction is presented for one clock pulse. 

4. The ERASE Instruction Is presented for a nominal 300msac: this 
erases only Iha addressed word. 

5. The SETUP Instruction Is presented again for one clock pulse. 

8. The WRITE Instruction Is presented for nominal 4 milliseconds. 
This transfers Ille data to Ille selected address in Iha NVM. 

If a location Is written without an Intervening erase cycle and with 
differant data Iha result will be a random readout because both 
transistors in Iha bit-pair will be In a high state. 

~Mode 

In addtion ID Iha ERASE/WRITE sequence described above for an 
Individual word address, all or part of the NC7033 can be pre-erased 
and left ready to initiate a WRITE sequence. Such would be Ille case 
If Iha NC7033 were ID be used as a backup memory and data 
transferred in Iha event of a power failure. 

1. The address is changed in Iha same manner as in Iha readout. 

2. SETUP instruction Is presented for one clock pulse. 

3. ERASE instruction Is presented tor a nominal 300msac. 

4. SETUP instruction preMnted again for one clock pulse. 

5. Address Is changed again as In # 1 above and process repealed 
as often as desirad. 

It should be noted that because Iha ERASE mode brings both 
transistors in Iha bit-pair to a low stata, It does not return Iha data to 
an all-logic "O" state but rather acts as a preconditioning to Iha array 
for Ille next WRITE pulse. If a READ is performed after a location has 
been erased but not rewritten Iha result will be !I random pattern 
readout. 

Standby 

The STANDBY Instruction puts Iha memory in a quiescent state 
whera Iha output Is high impedance and Iha clock is ignored. 

Clock 
The clock performs two functions; It enables mode changes and 
moves address and data Information on Iha 110 line. A clock pulse is 
necessary only to enter or exit a mode and can be turned olf during 
Erase, Write, Setup and Standby. Clock can stop during any of Iha 
ramalnlng modes (SERIAL ADDRESS IN, SERIAL DATA IN, SE­
RIAL DATA OUT) but data movemant will be halted. 

Setup 
The SETUP Instruction is necessary for the ERASE and WRITE 
modes. It isolates the particular addressed row and prevents ad­
joining rows or words from being inadvertently disturbed. The 
NC7033 can be left in SETUP without any loss of performance. 

RMentlon 
Data retention is a measurement of data validity between refresh 
(rewrite) cycles. The ability ID alter data yet retain It during power 
interruptions Is unique to MNOS-LSI. Both features of allerabillty and 
ratenlion are interrelated and require clarification. The time in which 
data ramains valid is inversely related to Iha number of rewrite/re­
fresh cycles (see Figure 2). Excessive overstress of the nitride layer 
by too many erase and write cycles diminishes its ability to retain a 
charge. 

Typically, long retention is not required for most applications. Data is 
normally altered or rewrltten IOng before there is any danger of loss. 
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Figure 2. Retention Cher11ctertetlcs of MNOS. 

INSTRUCTION SEQUENCES 
With the exception of the ERASE mode, Instructions may be pre­
sented in eny random sequence without disturbance of data stored 
In the MNOS array. For the Erase mode the instruction sequence 
SETUP-ERASE must be followed. 

Normal sequence of operation Is as follows: 

1. Power On (and Off) should be made In the absence of SETUP, 
ERASE or WRITE instruction codes. The power supplies then 
can be tu med on or off in any sequence without disturbance of the 
data. Note that when Vp is open circuit or at V00 the data in the 
array Is always protected indpendent of the instruction being 
clocked In. 

2. Select SERIAL ADDRESS IN command. 

3. Chip is addressed for five clocks to enter five bits of address. The 
5-blt binary address code (00000 to 10100) shifts the MSB Into 
the chip first (see Figure 1 B). 

4. Other functions on the selected address can be performed as 
shown In Figures 1 C, 1 D end 1 E. 

RlitlOn 
SERIAL ADDRESS IN DECODING 

llSB 

WORD u 
1 0 
2 0 
3 0 
4 0 
5 0 
8 0 
7 0 
8 0 
II 0 

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
18 0 
17 1 
18 1 
111 1 
20 1 
21 1 

85 ENTERS THE CHIP FIRST 
81 ENTERS THE CHIP LAST 

... 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 

LSB 

113 B2 81 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 

TYPICAL INTERFACE SCHEMATICS 

+IV +IV +IV +IV 

Yoo Yu 

llO • -
c, 
c, y. 1------1-llY 

c, 
llO Yoo t-----1¥ 
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