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A PROBLEM WITH THE VT50 .. ", ,',...... . ". . ' ... 
:' .~; .. ,,:.<.!.; :.'.'. •. 

"fitit step in defining the~extent of aprohlem is to evaluate which of the,fultClionsbf the' ' 
"',,"r"TT,,"n work correctlv. . . . '.' . ~, .. ' 

.,', .... 

',m6de''! 
work correctly in off~line 

DQcharacters typed on t~e k~yh(iard arrear()n 
.. - •.•.. ? . '" 

screen. ',' 
,escape, sequences' typedfrC;~ 'the' keyboard ' .. 

catisethe corred effeCt'? 
. .' .- ". .. . .' , ': 

",'':andthendoes the termirial fail when switched 
,:'ort:'linearid co~m~cted to a host? 'When 'the ter~' ' 

oftheVT50are .·Wlred:, tog~~her as, [01-

", ' 

'or when the VTSO, ison-line'toacomputcr pto-" 
gran-lined to ~cho ,each, chara~ter.the '. VT50 .' 
snould 'react exactly as I.t wotild,inoff-line 
mode." ILnot. the error.,is intlle interface cir-

:: ."',' cuitry .. 

' .. ",,' 
',' .. 

-As:A TRANSMITTER. 

Connect theV+SO toa host'a~dswitch it,bn
tine. D{), characters. fypedon"the:k~yboard : re 11 ch 
the hOst? ,If so . .thetransmitter.portiori 9f the' 

,.,VT50is rtot tl1alfunctiotlil1g~,· . . . 

' .. :., .... 
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Subsyst~ms whi¢lra,re gOOdJftennin:d 
works~orrectJy in Off-line mode. ,"," 

. '"'' '. ,.' . "-. :; 
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. With the VTSOcoimeded to a host andon~linc. 
do l.:haract~rs·ttar1smittedhy the host appear 6n 
the scr¢eIi?Do : escape 'sequences and control 
codesproduce.,th'ecorrect 'effect? Ifso. the re~ 
ceiver'p~rtio'il 'of the VT50 is not millfunction-

, mg. .. 

..... :. 

TERMINAL SELF -IDENTIFICATION 

When l~e" terminf,ll' re~eiv~s:ESC' Z. it i~ sur~ 
posed to transtnitESe,.:/A:'E:veri iftheVT50~is " 

. malfuncticming ,such," that ,.incoming 'characters 
:.Ire not displayed on thescieen. the, portion of 
the VTS.D show.n, at right can beproyen to be 
w()i"king correct,lY,bY,'testing . this feature; 
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ReceiveFporti~n ~fyr50 

'-s. 

. , ' .: ~ .' 

.",. 

..~;;.~;~; 
<: )i'~':!> 

. : ~ .' 

'L..'-'--'-',-;-~".'. ±-l~C"~, ~ 
.... -.,:'.' 

'. I '. '. :l"':d HSI t:: 
I :: ... >, . 

.. ! " 
'I, , 
'i- ..' 
,-' . 

,t~_~:,.::~,~·.~_-c~~;~_~Y~,~.~,::~~~,~~~_j'··' 
".:' 

.. 

h.",. ,. ", ,:.lfig~e.6:.· ,:",' : .' ,'_.: 
'. Portion ofVT5()wbieb must work in order.' ! .• 

to; produce ~ermjii~1 self.identifieation~ 
'-t·-· 
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:~,'r "~T 'LOCALIZING AN ERROR· . 
.' ':IDlSPl,A Y CIRCUITRY , " 

IN THE 

"'. (i figtireafright showS which:,p:ortions Of the 
)splay circuitry are working.~f:' 

:;~~:gr .. ; '. . ". .' . .. - ", : 
;;:/~:,'x ... any light is visihle on the scr-een. with any 
:~"'.~~'~.:~:., . , . . . . intensity s~t~ing~'" " -, 
':j:y~':". 

,);'§,Y the raster is visihle if the intensitv is ' . 

!~f::,:·. ,.turned up all the~ay. 

ir,~,:'z -the. cursor- is flashing. 
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Fi~ure 7:' 
TheOisplay,Cirtuitl"y;; 
.' '-. 

~~fl'. 
"';~',i'};";':~ THE V'T50 ~.~.; f\~~~' }.:~ ::. :'~:' . 'l 'I' .' .' DOES ·NOT· PERFORM 'AN'y' OR.ITS'Fl1NC1"rONS 
;Y~?':~, ~<:~,,~ORRECTLY: 

.. ;:,'. 

:'::. :'.' 

I.' C'heck to, see if the power stipply isproducingthe correct,voltages . 

; 
", 

'. '7 •... 

. :~ . 

, If -the power supply is functio~i~gco;;ectly, .theprohlem.~laYheihat.,he~aus~';6fh~i~!!in; 
the wrong mode or: hecause offailure ofa condition flag toregistei" \\lith the'microprocessor.: 
it mayhe'stuck in an infinite loop. Ifso. the outputs of:PCc.unheread:w.ithanosdUosc6pe 
to determine at which, poiritin the microprogram the prpcessor 'is stuck;' This may.prO\rid~, 1.1 

,due as .to the source 'of:the niatfunction. ' .... .... ..... , ... , ..... '" .,. ,; , . 
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,!,~llIJ~~f~\" ." .......... . ", ' . ' 
~;r:~tq1{~~ fineartninsformer has ',~"nux~h ield optimallv positi()nedl(l pr7vcnt in~eractil!n hetween the: 
&?U';i;~~Y{flY'~- genera~ed hy the tran!'for~erand ~he elestron oeaplof the C Rr.whlchwould produce. if 
:~Y4t,~i:t~~~~~t~iile freq,;,ency v.a~ried~r?l'I1t~e nominal.arhe~~mlenon kn()V/~ as "swimming':: Curr:ntgoes 
·~~'1f.oi't}r.;,I."tp : .• ff Jull-~ave rectIfier wlthceilter-tap. Theposltivc and negative outputs of this Tecttfierare 
~~::!Ji~~:}al;,r~u'ated to +lSv and-12v. respectively., ' 

,""J:':i :14tW:·.~:; ~:./.,. 'i:"~~'" . ~ _ ',. . .' ".' 

I-""'rl$~~other:windingl)f the' tratisf4rfu~;is 'passed through a full~\vave. center-taprectifierUljdcapa~' 
'B.t,.",}.,>citor~inp\ltfilter to he regulttted,down to + 5v. There is a single voltage reference for the 'entire 
\~:~lV~\';(,Pl¥er)upply: a voltage divider utilizing a Zener diodc.lhusthere ~Ire no adjust.ments which' 
iJ(~:~g,:5,:;Nave tcibemade to take into aCfount line ripplean,d f1uctuatif1n. " , ~, 
~tK /0;",: :' ': ,', ", ", '," " 
::et:~:~:!~';,;:Each regulator has current-limiting and fold hack to pT(1tect against inadvertent~hort-circuit~ duro: 
"F"'~'~'" ,'" -, , , " - , ' " ' , '" ,," _,', 
~;i}qM,\;~:~ ing'nlaintenllOce' or for a,ny 6ther,reason~" 
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,CHAPTER 2 
PO\VER SUPPLY 

, F<u.it \'ol~ages 'ai,e"produced hy the power supply: 
. ." . . .' 

, ".' 

+ 15v@,:,JSampdrives the horizont,il and 
modem ,c>ptioll. 

. ~:: ," " 

~ 12v(fj:Q.52,amp, also powers thevt:rtica! deflection' circuit and DFII Opti()ll? 
supply'Jng'Mb~no~ic:" ,',,',' 

. . ..' " 

-5v (ti15mAdrives MOS I~~ic. ,. ,.... .' ," .' . ..... 
",' .. 

+5v:@'A:5A is produced for TTL logic; 
~. .. . '. "',' 

The hlockdiagramfor ,the VT50 power,supply can he dra~n,as follows: 

LINE 
VOLTAGE 

,RECTIFIER 
a FILTER 

RECrlFIER 
'SFILTER 

+. 

PASS 
STAGE 

CURRENT 
LIMITER a. p---'. ";',"-,"""'.0; 

FOLD8ACK 

',CURRENT 
",liMITER a 

FciLDBACK ' ' 
L-,.~....,;........;,-J 

PASS 
STAGE 

DRIVER, 
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THEPlcru~tTOBE '. . '. . .• '" ,,\ .'. . .zji~;~~ 
Tlleplcturc'\u'1?cconsists Of a negatively-biased c1lthnde: a heater w~ich: warms the., cathodesQ .. ·:.:s··,:;~; 
Ihut ele.cfrQns wiH'hc emitted: (\eontroi g.rid to modul,tte the 'emission ofc!edrons:several (lthei~:,~,:>'.::~;:f:::: 

. gr'idswhi~h contrjjl the shape of the'heam: anq ri~cderaring.dec·tr:Oqes· anrl' ,inodeswhICh.; hY:::{t.:.)?'~Yr 
... ' ... ,carryinga. ,high:,positiveyoltage. draw the. electrons toward. thescree,ri.: .When .the electrons. hit .thtf::};(/{g .. ' 

.' .. :sl.'reen:theyare.'iravelingaLsuch a high velocity that the phosphorQn the screen gives off light;~: .. ::::"/i~:i', 
. The· p()siti9non th,e screcn. where tbe electronheam hits it is 'controlled by deflecting: the . beliiU/';'<:-1,;;~:':, 

.• ···.·~t~;;~t:;~~~J~:~~~i;;:(i,\~<cudn:Yo~eC;%'~:~;,;:~~a7~~;~t;; ... ~~~7.~;~~J~:~~~i::e .. 1~~('~~1 
.• porttona.!to tl)e~tfength oftne magnetlcfield. <:. •••. " .,' :~~/,}[:gV' 

'. "~~:!!~:=::~~~the h~;,orilalan~.verticul· Windin~"~.·;n:~:10WIY· PO'itiv~g6ing.rl;d~>u'1~' 
. mpiuly negil:ti~e~go.ingsawtooth cycle. The freqtienc:y0f, the CYcIefot.the hori7.ontalyo.kc. is f 56,':"':;\lc;:j:.::· 

........ times thatofthe.'verticnl yoke. ifthe line ,frequency, is 6(jHz.":J~;;: 
.' .~..' .. .... ,' . .'.,' .'. - : ;. : ' . .. . '...",., . . , ~_':., J:: - . 

.. \ .~".'.'·~··.~:l\i~\;·:' 
:fhe ttTett is:.thi~t ... 

~, . ,' . '-; ". 

.:',' .. 

J. 'Withtl'~~rist~nihlltslow downward ~ovemeriL th~: ~le~trOn bea~sbins fro~ the ·left"·:o(.;; \.: 
.. ' '.' :thescr~en:to;the' right then quicklv :reti.uns(flies bac)<)tc:(·thclel1,.rr we ignejre" this . .f·.' 

. . , ," •. " . ",:,." , :.'. :"', .' "' ..... , _ • to,... '. 'y;. :,'. t,,,,! ~ • 

. ...• . flybiH:k.:: the ,path that the. electron 'beam·· takes is' on.e' of neatly horiz('lntilililles, each on~";:/.:.:.::;.;;:: 
"nd';rt~~"t"""di ngone. Ther~ are 241) of th ese lines < > .. ' .. ' .. ' • · .....•... '." .,;~~{ 

2. SixteeWmori!.horizontal lines are painted during which ,ti~e. the c~urent '" 
. ,yoke ~S.sh~~ing: Qegative. causing' the beam to rise to the .top' of the. screen. '. ··.:i\.,.-E~~'1',: 

." .. '::."" 
" .. :1. 

. .' . 

.', 
": 

......... ~'.~ 

.....• ' 

:::,. 

-- ' 

--- . 
. -' 

HETRACE (y'ERTiCAL) ." 
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!~i~f~i;r. .' ' .. 
::"«~bBEAM MODULATION ..... 

.." 

t%i;C / ,~:L:~;;;Wi.. '. , .' •. '. • .. ,... "'.,~>, . . . . .' . . ~ , 
."'·\#';"·~1:{\({r:heTl()sitions c(weredbyihe240~()rizontal scans during the vertical scaricomprisc the "mean

.~~l:~if!gfllP' locations of the. screen: i~formation .is never displa\'('d durin,!! horiulntaf:!1yhuckof verti
'ileal, retrace. AS li result of sjgnais initiatedhy the T)1icroproccssor. 'attimcs durin£! these- scans 
'~;~i~I.ectrons 'are ,allowed tostriketbe$creen at f\llIspced. cau<;in!! it to light. up. At nth~rtimes., thev:;' 
'. }~l;\ef'revented from reachIng ,the', screen. Unlike a television, there arc ()nIY,ihese ly.fp IC\'ds ~f _ 

t~!*l~~,:t}:~tensity< ,~, ." '. ". . .... .... .:i~· _ 

;'i~:~:~;)',;1A"chliractf'r is painted on ,the screen hy turning on the elec.tron heam' f()~ one,OfrnOl'<: of five 
~;K;H~':::con.seclltive positions on one or more of seven consecutive lines,. 
~~.~t!,~:... " .. . 

'. ',. . ....... : .... .. 

, '. 'nBt-AM SWITCHED 'ON-

6t::=' =====:' '=':=': ."=" = .... =: •• £'CRtENyGHTS;:'~~,~ A',~~ . ~~~ 
~t::=' =====:. C=====C; . '. BEGINNIt-lG' OFNEXTJ.:.INE . 

~~=::.::=::::=:;8 . 
~~====~~C8V~=====.= 
~ . 8~:::::.::::::=== 
.~ . O===C====== , " . 

• ;r" . ~ . ' .. 

' .. . ~ . 888~··======== ::. ...: J ' ;.:. :. ;;~.:. 
; .•..• ;.,. . ". . 

: .. " 

"I ';. 

.. : ; . .; .... '1:~ 
". ,'; . "'-':'. ,.: ,:' 

'. ".' .'~:. '.: 
. \ .. 

to. a large c11,ange in voltage w.ith respe~tto time and. a greater arigle :(l.f deflect'ion re8uirclf . 
. mas-tot the v(l!tage drop across. the horizontal yoke is through indtictance. whereas:iri. thevertl~. 

'calyoke.resistilnceis.more signifkanttharrinductance:in' callsing' tl;e voltage -diff~rentiai. E()r 
.this·reason. the tWt) driver circ'-lit~are designeddiffer~ntly.. . . ..... . 

...... : 

At thl! center of the driv.ing Circuit for the. vertical yoke j·s· an opera tionala~plifieriE5: cq6rdi~ 
.... nates'Bl) in . acurrent-sampling·irttegrator'configtiratiqn (with·;<::apaCito~~.28):.:rhe, hasicft~.n(:~ 

ti6nal'citcuit is shown .helow:. ••.. . ". ' .. ", .. ' •• 
" .' : 

.',"" 

"., " 

. . ; .. ~ ':- ':: . ',' 

-', .-
-~ , ~:".'- '.' 

.' ~ YOKE {BASiCAI;.L Y 
t A RESISTOR}","" 
I· . ",. , 

... ~.J. - . . ' .. '. " -". ";" '!"! •. '. 

.~ " 

."""< 

......: . ": .. ' 
CURRENr~SAMPl..ING .' 

.. RESISTOR . 
.. 

. ' 

.... 

. -
. ",:. ' 

., :;.. .. 

.- ..... 

. - - .. - -------.-- --, _ ....... _--.-._-- --_ .. __ . -,-_. ---.. ~.--' - ~: ...... ----"'--'---.; .. --.--:~-.--;.-- .... 

.... .. :; . 



'i .~.o;' ..• . '.;' ; 

i, ;;;/'~l.; . 
iii;;J~;~,,, .. 

"" " ... ~ :':'" J'".' 

., .. , . 
';, ' 

· .. ~ . 

... .. : .. :'! .. ,: 

. .... ':>:'::'i!:<0;;Y(:;~' 
· A power-dtjverstage is added by an emitter-follower (transistorsQ 1'3 and'Q17). 'q 18 ser'\'eSisi:'~?':t?i}::~ 
· \'('ltar-e~level c~~ve.iter . .It isa common-emitter. am plifier. To· pr~vent DCleakuge currentfrol11.:'·:~"X:::~i,7; 
.' flowing throu~h::the. vertical' yoRe. il capacitor is pllt in. series with ,it. ,In addi.tion.- fe.ed~llT~·, .. i~;: ;:i~;ilit.;:' 
hrought fromt~e yoke hack to (heop amp: the CapacItor C40' vanes E~'s gam: Thegall1;t~ 1":In\:~:~;:, 

.• under DC conditions. when the resist.ance he tween the inverting input ~f E5and ground isfOOK;::i:;:::',{\~l!\ 
ohms: th~AC:gahl is 10: This ensures saturation of the output of theopainp·.·wh}ch:m.ak~i~e;~_;:i?C"~"\;1 
flyhack cydetTi?re:eff~ctive. . .. . . " , ".': \}'.';";J~LI~i,:~ 

· Di\lde .. D2J·chargescapacitor C31· during vertical retrace ... Thi~.redlices· tpe,current'requlremellts;/'?~l~J"" 
.oCthe vertical'drcuitduring thedownwardscan~since it uses the energYstQted in the,capacit9r.};,,~;;};1~5!y, 

HORIZONTAL YOKE . ...... . .....•.•••••....... , ' .... ·/irJI 
The. horizontal yokeishasicaHy an inductor. Bysupplyingn. c.ol1stantvoltag~. ~i .constantJy rising> ::";: .. t,t' 
current· \VH(resLiit.whiC·h becomes. the· horizontal.sca'I1;,·The mom'entum 'of th.iscurr,ent.acr()s~ the:,·<,:<·'{ 

.' . coil. is used .to chargeac1ipacitor whic~ supplies ,the . ~ever:se' voltage needed in fly-hack: This:.' ;:.,,~: 
'capticitorand th~:yoke form a resonance circ,uit.'Adiode.is adCledtq.keep·thecapacitor from.' // .. 
. ringing after flyhack has been a~hieved. As a result of flyback~ the 'hi!ip current in the reverse . '\~:'; 

, dire(.:tion ~s also sent' to T1. the f1y~,\ck transformer, where it performs severaI' furictioris~,., ': 
\: '. '." 

1.1.t I!, stepped up to 11.000. volts and sent.tI1r()ughl\ diode; Jo .,tlieill"\ode of the catho'd.e,tar> 
ture.· which h~s: ~ilargetaracitative ·effe.c). This rectifies; the'.I'I"QOoYoi,ts in~ri,a', bS'cur::-> 

. ·rent. .,..., . '.' ...... ", .':'.' . : 
~,: ~ . "... ." '",:' 

2.' Itprovldes~~.sQurce··of seve.ml highvQItages. 
" ~ .... " 

. , ~ . 
.:.,", .' . 
',., .' 

;".'. ". . }- ': 

3 .. His use(it~:gerlerateti1e third Jiannonk 'of thewavefo~m'()fti,ecapacitoi'as~tt charges¥,:, 
.. This signal- has ~ihout 15% ()f ihe amplitude oCthe originalwa~yeform.i:uldis,addedonthe.:·,> 

.. ' . secondary. S:ide of the transfornier4ind subtracted on thep~imarysid~ioproduce·:ahigher·',.,,,, 
.•..•.• vol til ge with the same powercoosumption.. . . ........ ' •... ' . '··'·:':,;":·i":.,\;.jt~ 

Agtlin thereisa capaCiiorinseries with the yoke.' As w,eU ~s elimiitatin{DCacrossihe. yoke~i('~:~i'::>fJ,: 
• . supplies the S~cCirrection.to th.e ·Y\lke. It W,lS mentioned before, !hatthe angle ttir:olighwtiiCh"tht::::;::'~r;{)'~ 

':., ..... yoke. denectstheele~tron beam .varies directly with the curtenrthrough t~e yok.!-'!. Blit. t'h~s .doeS>:·,':1~;i~;) 
'n,)lresiJlt ina cc)Ostant ~ateof. speed of the beal!l's ttavelacross thestfeen: ::Since all th,epointS:::;:·}4\;';~!1i. 

tmlhe screen are, ·nt)\,in equ~ll. distahce.from the solirce of the eJectrcin heam. a·defleCtion ·:of.C;1;'~<;~\( 
.', Qe~ree When the h~amis.althe center w()uld'.produce less distance chaiige:than the same den~c~/:::.;'@f~;W 
liqnwhentheb!!amisatanedgeof the screen. The capacitorperfonnsS.;correction, bysl~jw!ng::~;~~;:~., 

: . . . ..' . 

'.', 
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"1:. ;';;<"vririable'inductor(T3) in 'sed~~'~viththe vokl' is used to provide adjllstrryl"nt oflhewidth oC' 
;':" .. ';;f:.;,.~. the ,$Can.' . ;r ..... :~- ~.; 

'~, ." - . -,' -

: ',.' .T4, the other coil in series with .the yoke. is the linearitv coil. Its non-linear indl1Chrn~e ('(>rrcct~ 
:~;:;{'for some pC the second-order, effects: the resistance ,of th~ yoke. and somc()fthe volt~~ge dmps in 
j~:<O:;~ tne Circuit. . ' < .. ' .. ,,' " . . '. '., • , '. :.'.... . ' , 

A'prohlem encountered was thatof stor~ge timeofth~ power transistor 019. which coutd delav 
the signal HORIZ L from the micr()processor. The microprocessor emits another signaL SYNC 

\ll!;1'~ :~. which goeshj~h 5.2 m icrilseconds a ner the HO R IZ L si~nal hegan.. .. .. . .... . 

:if" '~. The:circllit lit coordinates D3 uses the SYNC signal' ~ls the tiriwh,iseto Intc~r'ate 'voltaee 

,
., •.•. ;.,.r .... ! .... ,~., •• 6..;.·::.·.:.:; .~: 'Sanlpldedfl.frhomk' pins. 8 alnd .~'hofthe flyhackl · trsanysNt~:m~t;rIL~llfasltl ro~cr transii>t~;r •. whith .. h:ls 
, starte . v ae t()o ear v WIt . respect to t le'. ..... SH!IHI. WI, ' a oW n"lorccllrrentt() he inte .... 
" :".' .. ' grated: T'hi~ Circuit will' compensate for· the power tran\i~toi's' t~lststi).rage by incre,tsill~jtshitse:, 

\~)~:;5. current ... which will slow it down.-A ' power. transis[()r whichis.toos\()W will. likewise he- ct1mpeir-: 
;\;' j'-:, . sated for hy reducing its. base current. Another henefitQf thiscircuithto gll<}fantee that the: . 
~~~r'· .... r.;:~ti"n'iS!or will always he saturated w.hen the horiwnial 'tanhegi"s, which 'wiU;el)8:'ii,j1' 
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'VIDEO CIRCUIT 

The conti'olgrid is lIsed. to regulate. thegem!rai intensity; of the screen: ,-Whether the ~fectron . 
.: ·heam rrodticcs light or not. 'at any time: is.conirolled hyswitchiTlg 02l on ,and6tt: whicntakes 
. : 'the cathode (rom· + 40v,'(dark) to 2v· (Iight)',D37'prevent,s 021 frornsaiiJriiting. cn~urlrigh.i!ih· 

: speed. of 0r~~a lion .. 
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. CHAPTER 4 L ". . ... '. 

"MICROPROCESSOR BLOCK DIAGRAM' 

>. " -.;: ~.:. : 
. . _ ~,L.'. . 

. This sectiori ,coVe~sthe data structures in the VT50. It covers the .internal registers of the VT50~'; .. • 
Wh~lt they cO~lain~:and how [hey are manipulated fly the micrciprogram. Jt covers the orgahiza-' , ". 
lion of:tl~e RanclomA!:cess Memorv. and the ~1:¢Uil.ahle intern.it'data paths.' '.. ' .. : .• ' .',' >. .' 

" . ",. .... ~ .' .' . .. .' . '.' '. '. '.' !' . 

, "'~.. . 

TheRandol11.Acces~ Memory (RAM) '. 
' ... :. 

There 'are.1024·7-hit w(~rds.~;r read/writemem(}l~y.96Q.are, usedt~~~ldth~' turrent contents ;.t)f :. 
'thedisplay (Ii ,lines .nf80 ctiaracterseach) ailu the 'other64 'are used ·us a 
micmprog:ram ....•...... 

' ..... ; .' 

',." 

1024 is. 2.to the:·tenthpower: mid hence thenumher of st(;r,tg~locatjons iri amein(}ry de\{j(;e 
.,' which hasiO ~d(lress.'lines.The VTSOlises 7 such clevicesjnpar:a.lleL·so·thtlt"i'tiere are 7 hits'of 

inl(lrnlation :at e~lchlocati(jn(in eac:hword): THis. is suffid~ni. to.store a'n'ASClf code (.)ra
. cQunting number ,from 0 t()127. It is. convenkm. espeCitlllysinc:e the RAM represents theiri:for~ 

'. mationon.thesc:rcen. to·thinkofacertai.nnllmberofaddress lines<\s selecting a fO\v;andthe. 
fl!!oit lIs:selecting: ac6lumn. But if we say that 4. address !inesselecfthefowand 6 select' a: 
d}l.umn: the mellloty\\'ill have 16 rows and 64colunins. ThatisnotenOU!!l;cblumns to hold.<:,ur.· 
i2;x~O screen. But' if we • fake another addfesslln.e (roi'nselecting the ·Hlw.and USe it . With, the ." 
i.lther 610 select. the column; our memory .has a c~nfiguratiori ,of8xl4.8.~nd8 is·,flOI. eOOligh 

..... . ,. ". - .. '. TOWS. 
." 

If we'had 'a' memor~'wiihll' addresslines.we.·couid use 4 . forihe~ow'ari~f .. 
. vielding a memory config\l;rationofl6x 128 .. But this .solution r~quires twice 'as much RAM ·~s is 
·reaJlvneed.ed.· ' .. i . 

. What happens!" tilt:' VT50 is thaLI16x64configtirationisus~~ .. b~Jt a hard~ares_cheme-:-1~· 
.' ... ~~ddre~smappirig::':'lTIakes it seem to the microprogram that the're.are·aiiothei~6~;colurn.ns; Wh¢.n!. 
·hvmun}rul~lirig .. the . address' registers .. you. try.toaq;ess one o(the 64 columns that don 'treally '. 

.... eX.ist hu~t thaiyoli .. necdh)fet,iin the .. extreme right porllonof thescreen,the"idqr~ssmapplng 
..diverts you. insie:ld.:lo,S'{llTjt!wh~re i:n the. .lower4·;mws . which (ioexis·tand. :whi~h aren'trl~ce~ary 

,Iuhl1h.f the information on the screen:. _ .' :',. ......... ...... ..... ......>;...< _ : 
'",' 

rn short. wheri t~~ 'mll"roprngram tries to a.ccess certain memo~iOcati()ns .. itl!ets others inste,t<l: 
. inlhis WilV. the niapping.c.ancl't ourl6x64 ·memory into a 12xRO piecettod.al6x4 piece. This is 
.~hown graphic'1Uvinthc dia,2ram helow. Theillgorithm i!~explainedon th~foll()win~ page. 

. . " . . :.' ". . ...... . 

" ... ,: ..... 
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PHYSICAL AOOIlESSF:S Iaffe, _i..,) 

. I>.:. ~, ; ... . 
,:;-~;. . ... . 

17~;i<,',r,;': a:::_:~ 6
1 
;~:~ 

'l" ,'1- '- '. - ~ 
-(10Jt Uwi-OFID£Jt' BIT5) : .•.. 

.'.; 

. . . .' .' .. 
'< Figure 8 
.•.. 

. . '. Fi~tire 8 and·:·8a . . . : 
Thelayou'~ of ' Random Access MemorY (8) ,as it appears 'to , 

,-. tbe program. and (8a) after transformation hyth,emapping~, 

, '.~. ". '. ' 

,-

~. . . 

.. ~;.. 

jr/~:f}':' ,',Twohard\Vueregisters. herein refe~red tQ as the X~ andc:Y~registers" suprlythe addres~to the-<~ -. 
';:'\:'(:;!k-' RAM. 'When this_manual descrihes some action performed on~'the RA~f'.iti~,illtderstood 'Il) 
, --, '" mean" "the, RAM word addressed 'by the present contents of the .x~ -and Yof(!iJst~ts:·.TJie x>

~egister, has a capacity, of 7bits:-of inforrmition: the' Y -register has' 4 bits.' I-J()wev.er~' -to-hi~'i -are 
"alone . s~ffid~nt to provide ~ a:'~nique address~ The ,f?IlQwing: ,is. a?~scripti()~of.an< ,addres~ 

--, ,;, '(" 
__ rnappmg whIch occurs: Let y3. y2:. yJ. and yO be the ,hIts of the Y~reglster'~, and letX,6. x5,: _o,.xO-, 

he the hits ofthe X-register;. from most-significanthii tQ,)eJlst-significaI1\hit.,Thc VT50~ideo . 
screen has rows 0-11 and columns 0-79. When the Y-rel!ister. contains Jlor''1ess~ild the- X

:'_register' co~tains 63~ or less (I.e: .. x6'~ 0).' the . addres~ma ppi~gis, strai'ghtf()rwa~d' utid' the thll()~in!! 
are the hits of the address sent to the RAM: . " ' . . . '. 

" 

';, ,.,. " .' y3y2yl vOx5 x4_,x3 )(2xlxO.," - .,'.;' 

&:.\~:,:'.;',~ThUS far. the possihle addresses in ,which the t~Q most. sig~ificant bii~,t~re-f'hrtve. nHt,be'en 
;i;~SS:""~',"-exploited: l:!owever .colu m ns M-79.Qn t he screen ha ve, noibeen ,given. an. 'lddress~, r n the $iHl a~:
'~:'('}.:~, '; '::,tioh where', ih'e x"register cQntainsa n-llmber 64' or, great¢r(i.e.;;;:6 =I'l. ~he followIng mapping • is ' 
'iN, .offi' . . . . . " ::' , " . . . . . --, -, . 
',;; ".' '; e ectJve: 
'~'~:;;"~,,,,,: "~.' ".' .... \ .. : .... : .. 

'\ ,_1' 1 ;yl , vOv'3 ',' y2-x3 x2, xfxO " "'-,_ 
.~. .:.' :;. 

;,; -N~tice 'the x~'~ll1d ~4~ which WQuld'hoth he O. fcirx-v~IiI~s' frtim 64-79; ar¢'no{Signjfi~anf l~ the 
adclress proyided it) the RAM: We have not covered the case: in,whkh,the,y;,;~egister:containsa. 

_-value 12~" i 3.14: or f 5. These c~ses. ,reg:~rdlesS of the va)ueortheX-regi,~ier. ,. ar~covered,' hy the' 
second£?aPl'ing. Since in these cases y3=y2= L that-mapping degenenrfizcsto:< _ , .. 

"'I,_:lyJ vO:.j x3 ' x2 ,xl xO 

These"l~ftover" addresses-addresses' whose corresponding location~' do'n~t c(;rres'pond to ,a', char- ' 
,\,acter position on 'the video scre,en;:"'are lIscd to ~~lin accesst() the. "s,cratchpad'7, portion of RAM. . 

.,.' . Only 'the four least-sigt1ificantbits.,ofthe X-register are sig.nificarlt at all in selecting un addres<;~ , 
:! "when theY-register is 12 or ah(we (or the x~rcgister is 64 or ahove). except for speci(ying that 
~, 'the aJtern~ite marringshitll be useO).At the end of Scction9.isa chartdescribing\vhat eath :cel!" 

-of thescratch-ptld is lIsed JQr.)f ~lIlythil1g. ' , ', '. 

'.;. . : ~~ '. 4-2 
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Microprogram Addre:.;s Control 

'In the repertoire of the lllicrnpnx-e.ssor'are.separate instructions which can: 

*C1ear(setto :tern} the Vcregisla 
*1 ncrement the Y -register 
*Decrement the V-register 
"Clear. the .X-register c. 

*Increment the X~register 
*nec~ement the X-r;e:isler: 
*Complement bitx3 :)f the X-register 

(This instruction. is useful when in the scratch . 
pad. where it allowsY0l! to<Jcces~. a cell' ha Jf
wayacrossthe s~ratchpacl.takingtherlace 
of eight increment or decrement X-register itt-
structions ) . 

. *Loadthe X-register JromRAM 

. * Llladthe Y -re~ister from the' V-register-huffer . 
*Loadtheycouffer from' RAM' -. 
*Selected combinations of the above 

The Y -buffer 

.'\ 4-oity-huffer' is provided. allowing the microprogram to .perform"indirect 
excclllingthe. fcilli)wi ngseq uenceof instructions: 

L Manipul:Hc the X~and V-registers to point to the R.AMw()rdwhichcontains lh:enewy. 
2. Load' the RAM word into the v-huffer. . .' '. . . 

J. Manirmlate the X-and V-registers to point to the RAM woidwhichcontain~ the ne\\; x; .' 
4. '. Load the RAM word into the X-register, .... " .. . 
5. Unld the~'-huffer into the Y-regist.er. 

The Read~Only Memory (ROM) 
. . 

VT;;O's L"ome wilh 4 chips of 256 word x4 hit ROM. since each chip supplies either low~or', 
high- ordto:r parts of ROM worUs,the configuration is512x8.However~ this supply may he ex-. 
pilndcd to 1024,8. A third and fourth hank (or. set of two hanks) .ofROM will he; enabled if . 

. jumper W I on the ROM,UART & Timil)g otx.lrdis cut. The. ROM contai.ns the microprogram. 
See S<.!l.:lton 5 for .. c\implelc de~cripti(in of the microprocesscrrhtnguage.: . 

4-3 



.;: 

( 

~ddresscs to the ROM are supplied hva IO-hit register called the rni<:rorro!!ram cojlnter (PC). 
,1'he ROM word addressedhv .PC is decoded and executed: an action. is pcrformed.l!ependin!! 

;.,on the contents of the ROM at. that location. PC is normallvincrementt'd after each instruction. 
" as the microprocessor prc)ceeds to the nextilistruction. Some instnlClion<; reqllire twaR- hi! ROM 
;'words.ln this case. PC would he incremented twice durin!! the execlItionnf one in ... truction. 

· Under certain conditions. the 8 least significant hits of PC can he l(laded from the ROM: specifi
· . cany., from the second word of one of thesetwo-wordinstrm:tions,. The two most significant hits 

ofPe can he incremented hya microprocessor instruction. NOll' that.· in its standard configura-
tion. the most ~,ignificant hit of PC is llnllSed, . , 

Other RAM transfers 

. ,Under microprogram control. a constant from' ROM can. either conditionally oruncoMditi(in:illv. 
he loaded into RAM. The const;ln! 40 (octal). the ASCHcode for a space: can also he loaded "fnt()'·RArvt. . .. .--. ,."-. 

The Accumulator 

The VT50 contains a 7-bit accumulator (AC). Micro:.ihstructions exist toincre~enLdectel~lCnl. 
and dear the AC. In addition., AC can be loaded from or st()redin .R,"\M.When ACC0hlain~';1 
numher from OOLg-007g, the. microprocessor can testthe kevhoard key of the con'esponding IlUI11-

her to see if it is depressed, . . 

UART 

The Universal Asvnchronous Receiver/Transmitter (UART) is a single integrated circuit which 
performsshiftin,g 'andcontrol operations W interface the VT50\vith 'a host. 'Two m-icroprocessor 
instructions operate on the HART: One transfers the contents. of RAM tothetransmittingsec-
lion of the UART. which usesashiftregister t() transmit the character to the hOSL one signal af 

- a time. The other instruction stores the lastchara.cter received bv theUARTin RAM. Jriaddic 
lion. two fla?s exist so that the microprocessor can test whether' theUART h~sreceiveddnew 
character since thel<lst one w,lsstored.and whether it is still in the actoftransn!ittingachar"c~ 
ter ... 

· Testing' 

· Microprocessor instruction~ exist to allowcf)ndition;iI hranching. on the folk)wing conditions (as 
\,,'CIt as the previoti.s tests mentionedahove. and others): 

"'whether AC is less than RAM 
*whether AC=RAM 
"'whether AC is different from X-rc.zister 

. At the end of this section IS a hlOl"kdiat!ramof theVT50 which sllmmari7cs this discnssioll. 
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HOW IT.WORKS 

Ori:the ROM:~VARTami Timin1!' src.:ilications,. page 3. <.;()ordinates'A 7 .. there ·are tW6mr-:fl(;p~'" ";i:r~'1:tt::!' 
"~' .. ' .:.) ff.2);· They (orin. a ~7~it hin~ir\' counter, A jumr loa~knew .vafuesintnthc'cight ieastsignifii.-an(:, .,;'.';. 

:hits o(PC:ihiit is.::E9·':lrid EI6, An'IROM instrw.:tiQn incre\uents .the cO'lInt 'in the.tv..'o.mosL::\.>~(i; 
'.: ......... signiticanthils.But'an IROMis not to take effed i.Ultil th~ nexlj~mp.. ..' ".'i'):;{r.~;'''i;;';\¥::. 

. - , '..:. .' . . . , . '. .' :. ,.... :' .... . ': ':, '.. . .;: .,' :'::'~·~·~·:;,J:~;;1ljf:;:\:,; 
'Thc:,2-hit ·c(ninter'. E2.:norm~11ly contains .the· same. Ilumh,'er :·as:is .. <.,'On'tainedin, thelow~order;(A.';"~\:~'i:f~!;.". 
and' B)· hitsofE12 .. Both ,ire' deared atinitializilti(1n. Atco()r.dinaresA6~' ari IROMlnst'rudti:in':;~:};~~k';" 
sends' Ii .I()w:sigri~l.into pin io ()f £5 which in~remenls.t'he ~(}uriter' E2., Butthi~: 'new 'rnJniher d6~¥:"~i:' ;;'~A~;:; • 

. . not take: effect' as the RO!\'iai.ldress lIhtilthe sign~ll LD PC<·-l.goes·lowund the contents, :o(Eii":;/-'!: are loaded into El2: thht is. until the n~xt hrandL '. ,. .' . ...:. .. .:;.J:[':: I 

'. ~ : ,;'. . .. ' .. ' .' <;' ',;.,' , .' '.:' ~.>:~~r~i:~ 
" . ". :, :', :-. ,'. . ", ;',:.' .,'. '". ,',',,',," ,",:'. ...... . .: "': .... ,' -.' .... ' .. ' ..... , ... ~ ~~,:·;·.:·.(t}·. 

•. Jhl:. two. most significant hits of PC ;Ire also in.creOlcntcd in anot~er case: when. an :instrudion ,;'.,.:~~:.: 
·,'.(itl~ursat thb.last-loca(ion in a,n' R.Ot'vthu ok ~ :when,thereisa'ca rryfmri1'the eightleast'silZniti~j·'i::. :';i~{;: 

. "ca m hits during . a . COli ~t.~ot{)rily;n list, E 12 he.increrne.nt~d t() .• ('akel.h;e next ROM ~wol:d~ftom>·\:r~:·~:~tf'·:: 
;_ tht' ncxthank>but E2 must be increlncntcd,.so thalat thenextjunlp. ,wh.en E2 is loaded into t .:t.:};;;;-:: 
Ell, if there has notheenan JROM. since thelastjllmp.Jhe ptlgerem~insthe sai-l1e,'rROM·,:'r:'~~{:; 

.means·'theilext jump will het,henext p'lge:'. relative, t~ the: one: the' juinPis fn)m.lssuingfln·: :JI:;,](.; 
"IROM slwuld(:illlsc the llllmberin E2,t6he om; greater 1lianthe ni1mher~iri E12; if't~e mi~:':';:(}\ 

.:rl1process<ir com~s to the, end'of a hank and chnnge~~ ,hank~,::tlIt(irila'tkaOyhecallse ofit..'J)othEi;,'.);yt~~.:~ 

.lIld El2must,he in(,·rcmented.· ......: :,: 

Then: isone other possihility":" that th.e 'microp~ocessciris executingtheiast instruction inl;ln>:'<:" 
ROMhank.an<.i'thisinstruction is anIROM. The eouritinE12musthe j.ncrementedonce;the:f/J,;;' 

. ~OllnL inE2nlust h~iiic'remented t\\lice. NAND g<lteE5'ensurc:s that ,il1cremenring.E2: bec~~useofL·· ,;,,'0'/:' 
hank overflow o.:curs at time TH:- hut an IROM instruction sends'a sig:nal into pin to of E5 at"· .-.,. , 
time TF. Thus: h()th~an occur ,in a single instruction. cycle. Jumper.W C at 'c;oordinates B8 ~auses '.'.. . '. 
H .. pins!. 2.andJtolUrIl whatev~r outpu(QB. of Ell \v:lsJnt()a'L Th'tls:with'the jiimperin,: 
plal..'e. the nlost!$ignificallt.hitQf PC ishddioa I .. 1U1d hanks (pages) 3 :and4of· R()Mart:~.; 
disahled.;lf Ih~micro;pro~ram.is. tohe .expanded to'four 'oank~ . of; ROM; this wire mu~t,,'be . 
rerilO\'ed~rfthe' micrripn1gquT(:'Nill OCCllpV. thre~ .. RqM ban~s~ the .wire'O?-lfst be' .remov.ed •. and 
tW(l (ROMs .Illu'\t be used to jllmpfr()m hankJ io,bank,L~s:'itiss~own:an I~OM 'wiH'0t: 
'illnkienttocali~e the I)cxl jUtnP.to he a i~lmpfrompn!!e 2 iopag,e,l .. o.r'from -pl~te lto,pag~ <2:'~: 

. ", ""., ~'.- .. 

. .... J)a!!c I qf the Data Patlls spedfications~hows: aCc(;()~dinatesC7:.the lJ:lljhjplexertvhichperfotm~ • 
. Ihl~.address 'marping"descrihed .earlier ·in. this section .. That'i~~ :dependiil'g.on, the S!!lec:t i.nput.(pin;
I or E2 I). either the B inputs or the.. A inj"ll\ts. he(x)me theY' outputs. T,~i~it1Uftir)e:xer chooses '. 
hetween thet\vo formsoLthe'addressshown()ri 'pa~e '. ,.,ThfSelett ,inpu.tgo.es low; and, t.he A 
inrutshecomi! theYl)[itpuIS. :if·(gate.r:17>Y2=Y3 ';"1.·ofx6=,-L That is. ~;htmever <theY.: 

Jc.ei"ter i~12()r ~rcateror' the ;X . registd IS 64 ore:rcllier.Compare' ·this llithe algori'thin given:-
ahovc.·· . . . . , . . '. . 

.. 

. .... 
i-. ~ 
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CHAPTER 5 
TIMING 

-":. 

Svnchronizationisneeded in many areas of the VTSO's oreration. Many things have.to he 
bv the microprocessor to execute a single instruction - these thingsmustbedone hia 
o~der. and the time in between these events must he sufficienLThe hrighleningofthe 'lJJc:tUl'e i , 

tube must beca(efully timed to take the form of characters. And the VT50 must have an inter.'- . 
nal liming system SO that it can transmit its inforl1l,a.ti~ri at exactly the rate al whichr,he . 
computerisexpectillg: it. '" ., .. ' 

*Weas5UIl1e.·'you have Integrated-Circuit experience. 

The followingpuJsesarc genenited by the timing cir~uit: 

*Microprocessorsynchronization rulses, , '. '. . 
TE. TF,TYV,TG. TH. and TJ. 72 nanoseconds long. Th<::time between 
(one instruction-time) is 1.3 usee: '. . .' ,...... ..... ....... ..... .' .'. . ..... . 

*EightUARTsynchron~zationpulses. ,it. eightdifferentfreqoendes;oneofv,lhich . is ~elect~d< . 
. by rotarvswitch S2 on the underside of the VT50 al1d usedhvthe UART as a time: -' •. ,. . .1_' ," : _ . , ..' '. _ . " __ . _ _, . • • _ ". ' .. : _ • . • 

standard.' / 

*SignalsHFLYH(horizontal tlvhaek) and VERT I-f(verticalflyhack) which regl~Jate the . rath of the RasterSc:1n: ...... ..... '. ..... ....•... .' .~. . .. ' .. 
*Control1t'lgic'for the Video Shift Register: one pulse (AUTO INC X H) t.o autoqJaticulIY 

increment'. the X register and thus; make available eachRAM location on aparticutar 
line: one signal (VSR tD H) to load th.e shift register: one(BOSC A) to shift . 
out tothestreen. .' . . . . ... ' .. 

>I< Logic to rei;~tthesystem at power-up 
aresimu!taheously. depressed. 

HOW IT DOESlT 

E46is .m osciHatotwhichemits 11 13'.824 MHzsquare-wave,buff~red'toTfClevels.'The'out~ui 
fmmlhis dbcksEI4and E22. whichatt as a 9-hitshiftregister.OfoutputsQCandQD ofEi4. 
outputs QA. ORQc'and QD ofE22. QAa~d 'OB ()fEI4.aIidtheoutput (pin 8}, of the8~ 

'inpUJ NAND' gate E18; . exactiy one will he low . at anytime. on. a. rotating basts~rotating:inth~,., 
order Irsted,everv72nsec. One complete rotation.occt;rs twice in tbetime of one instruction .. 
; .' ....;' .... ......;. .... ..... . ....• . ............ ,..... .. ' .... ·:1 
OBof El4 catlsesE23 to count up, complementifH!QAof E2J. WhenQA islow. the signiiis TE,,,' 

. TF .. undTW are.erial1led.When OA is hi!!h.the~ignals TG:TH,aneJ TJ are enahled.Thth:efore .. 
these signals are asserted (bvgoing to a high state) every other time the apprw)fi~lte output from~ 
the shift register 20es low. '. . .... . .' 

... ''''' ' i . , 

"- .- .. ,' 
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,.':"~ ; '.' ... '1. : 

,~'~:'~;',r~Y:i';~:~'~ig~als from, ,the same chip. to"eliminate 
;4(,,'(,~::,:, ~'reactiontjrries of two different 7495's. ' 
~~i? ~:: 1:::. ';, ::? i--r' :~. :' . ..:' . .:;" ~l.l. ',:. '. :. 

"'neighhorin/1" . pulse ... wO~ll<t hecaust"d hv 
individual variances which miltht o'Ciut between the 

.,' .. 

l¥Ui,1"!~~~h 'time the ,count" in'E23reriches 9. the LOAD goes low: However: th~LO!\D ka~ync,hro;.' ,;: 
~,~:,,;'!,:}(.::ncius~ 'and not effecteduntH tht;neXlC'LOCK.Thus.theE23is adivide-by-te.n c())J?ter. Outpttts ,,' 
1:f.;:~.5·~r·,QC ,and QD from E23 have the ~ame frequency: t / 10 the frequency of lhcshlff regIster outputs:' 
~t~y.<;. ,;:) (90 the frequen<;y of the osdllator. This frequency is 16x9600Hz: it hccomes.:the96008aud 
1:;;,',<'- {iritri'e standard for the UART. ",,' . ," 

~~!:j(,;;,i';: ':>"." , ,,', '. ,', ":",',', " .. " ' ,,', ", ", , ' ' '", ,,""":"'~ <,' 
~;f:.:Z~:;::.'{~~11le E38.and E33 counters dividethisfrequencyhy2 rereated.ly to, rr9ducc th'e:15:1hrbuph48QO 
l':ir}:~."~ Baud time standards. E29divides the., 1200 Baud signal (wh(}sefreq'(l~ri('Y t .. : 16,,1200 H7.) hV 
:,. "'eleven to produce an acceptable 1 10 Baud time standard. ' '. . r ~'. '. . . . . .:' ...., :. . " .. ,': " " 
;:",' ,J'he freqtlency'of QD on E33"is 6()O'I-I7..'TfR36is,p~eserit,'as·it:willhein,eoun~;'es:with50 HZ" 
:.i};: , , .line frequency. a iqw signal to LOAD will on the m~xt('L()CK:cause t~e 4}o:hy' loaded, :it:lto ". 
r',,~,'<;;' . E39; if R36 is ahsenta6 wIlI,be'loarled in. E39thus becomes"adivide-hv.:IO:orrt divide-bv'-12' , 
;..;; .. counter, with' outputs QD and (,ARRY of the sameJreqlle~cy as thepre~h,·fued:li~e.currenLThi~ 
~~~:signal goes op to.coordinatesCl to initiate vertical tlyback .and~ to'cool'dihates .A4t~:jriform the . 

,.', 
i,'"":'" 
)',J. '. 

( 
'\ 

processor that the electron beam is, at the top-of':$creeQ position. ',' ' : ' , 
. . . . . '. . . . . .' 

'At coordinates A5 is:amonost~91e in~hhribrritoj- with a period Qfl25 msec~The discrete Circuilrv 
to ihe left 'ofE43 causesit to fire at power-tIp time. Theldgic at coordinates A6causes-ido ~fir~ , 
al~o when (,ONTROL and BREAK are down sirilUltaneollslV. AU the.sieoificant (.~Ourlters and 
flip-flops are c1eared,wh~n E43 Qn!s' and themicro~prognu:n tou~ter,(pC) 'is s~ti6zeroto (esf~rt 
'th~ mic~oprogriHri.<" , .,... , . " .. . .. . ":" " 

.". . ~'.-

,TROUBI..ESHOOTING TIPS ' 
. . '..' . ,. . 

.. '. .: '." '.-.', ..... . 

, :.:Whet) ,the tes\ pqintDIS OSC Lis tied' low. an extern~r'pulse m~lybe:stlppIiedat EXT.'1," 
':(coordinates A 7) ~'hich wili take 'thcplace of thesignalfrt)mtheosciHator. TI1US' the:terinioal .', 

' •. ", arid microproc~ssor: maybeOpenltccr.at 'tt slOwe.d •• rat~tofacilitaie . stgnat~tradng"Th: ,only ,t\lfo .• ' 
.... :. areaspfoperation which will, nQt work correctly in this mode are thevide();screeri" arJdt.he ' 

. "VART irthe VT50is attached to a, host d¢vicewhichis·ex.J1ectingt~ansmissi()ti~o 8c~ur:a~the 

.::-: . 

u$uahate~f speed. . ,.' _'. ',' 

" " 

"r 
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" CHAPTER 6 " . 
]\1ICROPROCESSOR'INSTRUCnONS 

T·' 

Each ~lIof'the ROM containsanumher.and each number h'as a ineanil!g. Th:lt if-in its i~rri7 ' 
the nuptber'i,.inslde. eachceH will. beC:1use. of what numher it happens to be. cause a, pm1icuJar . 
action-such: asa:'tninsfer of information. a test· of conditionswithinthemachine~or. an P",',,·',.,', ... , 

'tion nfthedisplay;The in~tructionsct is the paiTingbetween'ml,rnbers and actipns.Tl1e 'TleT ... ",,,,",,. 

, liond~cridei'is thecirc.uil wh()se inputs come from·tl1~ROM:and thesynchr<JOfza.tipn· 
',and' which sends: signals tt) appropriatep~rts of ,th,e' VTSO aL1:ertaintlmes, depending 9n 'Jhe" 

riumber whichcainefronithe ROM. ' '. · . " 

*y.,;e ~ssu~eyou have· Integrated-Circ.uii ex'periente, 
':':' . " ".... ". 

. - '. .- ~ .: ~ . 

*~ection 9describesthemkroprogiam .. 
: *~ection 4 gives an.m'erview of 'th~ data structllre~ 'within the,: VT50\Vhich 

,affect. ',' 

· " 

-, .' 
LOCATION 

Instruttion:de.~odlng~akesplace on.,the ~ata Paths n:109ul~, ,., - :" ;,_ 
- ...". :. : '.' ...... . .'-.' 

..... 

THE' fNSTRUCTIONSET ,. 
.. . . { ". . . 

... .; 

... , .... 

. -.". 

An' :inStructiori~~o"d from the' ROM h,as 8bits:'~e windesi*.n~ te . the~ 'bll~ A through H. An 
inSlrlltltioi1-wordissh~wn th~s: _' 

. ;.~ 

ABCDEFGH 
.•... 

-.~:: :- .. 
',:.". ': 

'-, 

....•.. ,4 ".", _' _ ',' ',' 

'''',where AthrOll!!h'H'cah have the v~llIes Ooi I. Theaction·t~ke:!J.by_theVT50 will depend. on 
the'';;';I·i.les,ofA.·thro~ghH., ,,' .' ", '- ., "',' " '. 

~ ... , .. 

" 
" , 

.. ~>. 
"','" 

, ' 
, ..... . 

. ' .~', 

• ," • ~ • ....:, .••• <,' , '. ",: • • '. '.' :. ,""".' .'. " • ..,' "," _."... .:.. ~.' •• " -. .",. ",. :' 

If h,itA is zero, hits B. c,. ~ind Dselect one: oreight instruction. subsets; lrieach of tl'tesesubsets.> 
if,bil'J-: is l.a.'certain,acti~n . will fak~ place' at ti;;'eTE: if bit-F'isl~a certaln{differenl) action'. 
will l~cur at'timeTF: if bi(,G is L llnotherspecified lletion will occLlr:if bit H i.<; L ai~ertai:n 
na~ (Condition wjthinth~ VT50) will be tested. and. a jump ,may'occur~ One\von! of ROM :may 
c~tlI~e))\1e or more()f thescaction~'totakeplace hyhavingoneormore ofbitd~ through.H a l. 
Ifa \f,'Ordi~ t(lCaLlSe mMe, than 'one uctionto takeplace~ these actions mu!:'lbe In the same 

.sttbse ..... lhey mUst relJuirethc samenumher inhiis- B. c'ttnd D~ 
'~.. ... '. .. .' ..". . . 

If hil~ E through H ure;llIO, then another action takes plate instead pfany of the -fOtlrrTl~n~" , 
tionc<{:lhove .. 

. ~ 
~.' . 

. . -. ", . ~ 

.'6--1 

.•..... 
.'.... ~: .,-



, ... ~ . .- .~. 

" ... ; ;;-~~ .. ~ ;"....; ,"'!::.", ' •. ~. 

,'. ' 

. ".,' 

;i'ii<i.;:\··,;l,k!,::'{WO-WORD INSTRUCTIONS .. 
L~:;~'~%f!~~t~~:<;-:? ,', . .' .• ..... ',. . .'. .' 
r;;;~~:I·~r;;<;:.f·\An instruction in which ~ =0: and H= 1 is a test instnlcticlJ1. Re~ardle~sof. ';'vhether·th.e test 

·'~~'/".:.c<:i)1ditionis satisfied .or not~. the· next sequential ROM .location is ,:onsidered ttl (4)ritai~not 
,~~.:;~·',atfother instruction. but the jump address for the test. If the. IClilwnc.litiort is satisfied. the nUfll" 

t-<;!;·<~~>'<tierinthis location.is loaded 1nto the S least sh'miticant bits of PC: The nex(instruction \\:'iIlhe 
t;~*~~:~L::-;;,:.ttlken from that address. The two most signific~ntbits of P('are not affected:' the jump is iO'a 
~~4;·'·/:· . .'!spot on' the same page as the next instructionwouldnormu]ly have. been taken Trom.un!r;s!; an )1: .,,' ... !".'J. .,'. . '.' • . . • 

~';j1-::.':j<:: fROM has .been ex~cuted since the last hranch. . ' .. ' 
~l~',:";~·.~7':;::~·- ", , ' ' ''''. . ".;: : ."" .,,~. '.' .. 
~~~~:~);&t;-:;,If~h'~ tes~condi~ion;!s unsatished:the. ROM ,Ioca~iori cdnta!ning Jhej~l~.paddressisskippe.'4 a~d 
~i:Cf/;:::>\the, next mstructlOn IS .taken'from the ROM Iqcatlt)Tl f()lImv'.ng th~lt lo~atlon. < ..i: -: , 

l:i;t:,:::Oi::::giS~:::::no:::e (~:::~i~:~~n:OR~ihl' whenh,tA -0, . . . ........ ;. 

~.:.; "",. '. : '0000. 0000" . Set Cursor Flip-flop (SCFF) '. ... .. " . 

·';"'~"':';""'.·.~ .• t· .•. ·., .• :.,.·.:~~t,[::;.:":'.:.:,,::.,: ... t .. . ..1 xxx ' ... ' Clear both the X and Y registers (?XZY) .' , /x lxx . Decrement both the X; and ~registers(DXDY) , 
n;"~t: .... ' xxIx" . Load AC withlhe contents of the RAM·(M2A) . 
. . :;,.;.~ . . . .. ' xxx I: (in· mode O)R,eserved for .:printer. option' ;' .. ' . 

::'~ii;-';: .' . (in mode H Jump if UART h'as received~character(UR)}, : '." ' .. ' ...... : . 

'."{ .. 0001:0000 Set Vid~oF1ip-f1op(SVJD) . .' .' .. .: " 

.:'" 

.,.-

, . 'i( 
, . 

.... -~-~. ,.- ":.~', ,. 

. lxxx Compieme'!t eights~bit of Xtegist'er (XU) . ':..,+ 
xlxx Increment AC(lA,.·. . ':.' 
xxIx Store AC.into RAM (A2M) ... ' ;. ; 
xxxI (mode 0) Jump'ifat a tah:st(jp(TABj) .' 

I.xxx 
',dxx 

···xxlx 
" xxxI' 

0000 
lxxx 
xlxx 

. xxix 
.xxxl 

(mode 1) Jump if AC=RAM (AEMJ) .'. ,':,' 

Load YBufferittto Y rt!!!ister-(B2Y). 
. ' Incr.e~ent 'X:decreni~nt'y'(lXDY)' ..... 

same as IAJIAJ)' '. . ... '.. . .' 
. . load RAMintoUARTfo.f: transmissiorl(MiU) 

(mode 0) Jump ,if ke;.:~c1ick (KCI,J>·., . '. . 
(mode I) JumpifAC<RAM.·(ALMJ) 

. ..... . 

"('omplementBeli Flip-flop (GBfF) 
Increment X .register (IX)' . ,'., 

.. Increment y'tegist~i"(IYY .•. ..... ." 
Load octal '40 Into RAM (L40ML .... , 

. (J:node O)· Jumpir'60 HzJjhe:J~eq. (FRQJ) . .. . 

. (mode 'J) JumpifAC not equal to X register (A DXJ) 
'. ,:"0· _ . . ..._ '.. 

.. ' . 

..... ' •.. ';0' 

,.' .. : .. ' .. ' 

".'.: .... 
",: ....... :. 

.' , 

' .. ", . 
',' , .. : . 

" "'.' .. ". 

'.: .. ;--., 

~<.' •. 
";~ .:' 

.- .. 

. " 

01000000 
,Ixxx' 

Clear Cursor and Video Flip-flops (ZC A V), 
Clear AC(ZA) . . 

i,-"' 

xlxx 
xxIx 
xxxI 

Decrement Y register (DY) 
Load X register froin RAM (M2X)·· . ~." , 

(mode 0) Reserved for .printer option 
(mode I)·same ilSAEM.I (A,Erv12J) 
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.~~ ... 
'."i-. 
~. i' ~ .-..... 

l;J: ... 

'. ;. 

! ~ .: : )' : .... 
" .... , Y::.'.': §~?i~i{;{!$f~!~~.r· .' 

.. !;. 

" 

~: , " 

,.\BCD EFGH 

0101 0000 
.\ xxx. . 
xlxx' 

. xxIx .• ' 
xxxI. 

','., 

'.' Reserved for printer optiori ". 
Set mode Flip-flop = I. (MI) 

"Increment ROM hank (lROM) 
.•. Store character just· rel"eived C in RAM (U2M)., 

jump (TRUJ) 

0110 0000 ,Reserved for printer option 
IXxx" >:Clear X register (ZX) . 4' .' 

it lxx . Decrement X register (OX} •. ' ". '. 
xxix, .', Load Y ~uffer from RAM (M2a) , 
xxxi ":(modeO)Jump ifUARl' is transmitting (UTJ) 

., ,.(model) Jump if Video Scan Flag (VSCJ) .' 
:: , ....,., . " , .... .' ,. -' .',~ J ' '. ". . ~ .. ,. . .: ' .. ' . 

. " 0111 .•. 0000 , . Reserved' for prillter opt;on . '. 
Ixxx '. ". Set Modenip-f1op = O(MO) 
xfxx' .", Decrement AC' (OA')·· . .. 

'xxix' no~()r ". . .... . .... . .' '.' '. 
xxxi (moJe 0) Junipif not for of screen «TOSJ) . 

. , ~.;. . ,(:mode l) Jump if key is not depressed (KE"(JJ.. 
, ... ,. '. '. -" ~ ,-,'.. 

":(' m~ans that:th~spccifi~d action will bccur> regirdlesSC;r whe'iher that"hi{ i$O {~rl, If a:n.hit~·:-: 
mark~d' "x" are· O.the ,c~rn!spondingactionis' the on~y,one taken;, instrticti~nsthay becomhined. . 
a~ follows: ..... .... . . '. ." . " .' .: . . . ". 

1/\ (000 1x.1 xx) and' A2M, (000 I . xx I x )rituy h.e <:dmbin~d.·:the hiri~rrcode 'forthecombi'ned:: 
in~tructio,n IAiA2M i~ ()OOI 0110. In this example. 'bitsA. thf:o~gh Q·:'are .. OQOI to:sele~tthe., 

;inslrUl'tion s~bset~on.taining fA and A2M.Bit: Fisa I tOc'at,Js¢anIA to, he performed oat tiIne;,:: ' . 
. ' 'puis\!' TF: Bi't Gi~ a,lto'-cause an A2Mto be:perforritedat,tiine.ptilse Td. SinceTG 9t(;u~s; .. . 

. ". after TF. 'thiscoinpositc instructionrrieans. "Add one toACand store'the incremented': va~ue in ... . 
. ',the ~AM~·'. " .,' , ::, ' .' ..... ':. ....' -

.: , 
BitsE arid H need'~ot he 0: .. h6wever.if hitE,we;e a L ari X8 in~ifuction\V~uld be fieiformed . .,' . '.: .. ' ' .. ,: '.' ,. ". . " . '. .... ' ...... '., .. - :'.:. ' . '. 

~t time pulse' TE. If-bit Hwerea 1\ one .of the two.testsO:ABJ. and AEMJ) 
following aU , other activity for this'instr~etion, "'/.' . " ...; 

'" ~ ~ '. ',' 

, .. S\lmei~st~ctionsrequire that 'btts.E'throug·hH ·be 0:' F()f;thi~~d~son~tl1ey'~annot:~co;nbin~d:' 
'\\'ithiinyotherinstniction as descrihedaho\'e,' .... '.,<~:'.. .... '" .,... .' " . ,'" ...... > 

'J 

.1~structi9IJS rromdiff~r~nt lostructj'()fi· subsets-"tJ1~tjs.ihstn~tti~nsin· whichhit~ ". A through D.·'~ ':'. 
would have to tak'edifferent values;it tlle'sa.me· time:-~!ikewise canhotbecomhined:' . 

~ .... 
" ," 

.. 

IFBITA-l' . '. . . . 
.. , 

,. 

IfhilA of the instruction w{)rd isal. .lne Mode Flip-flop, d:~ierminesthe action taken. . . 
·,Mode Flip-flopisO~the se\'cn leaslsi!!nifldmi bits of the instruction (the con~t:lnl BC'DEFGH) 

i!.< loadcdiritothe RAM. ., .,. '.. . . . . . .... ,,' .... , 

'6':'3 



?:t~r::t~:~~1f1fj':f;'~: ,~ __ _ 

',,', "'~!~il; 
'jt,;'fJ::};,' Jr-t~e Mode Flip~f1(lJl equals)~ th~ following algorithm is carried nut: . ; ." 

The AC isjol'remented'~nd then compared to theC(1nlCnts of RAM.lfAC<RAM. ~o 
further action is taken: l(AC> RAM and the Done Flip-nop i,~ O. the BCDEFGH portion " 
of the instruction is stored in RAM and the Done Flip-fl()p is set to L The Done Flip-flop 
gets reset to 0 hy each instruction in wh ich hit A = O. . _ 

'".:-

This is to say that. for, a.strin~ of instructions in a row,'in \:iJhkh A = J (arid assuming the-, 
'Mode Flip-flop == 1). the. first instruction which causes 'the' AC to equal (or exceed), ihe, ,-
, RAM wil'-cause Ii constanho he loaded into the same RAM location. ", " ,- , 

" .. ~ ~ ... ~ r 

, : (NOTE: : In -this form' of the:. ioad' ,RA M', instructi(~n-~with~he .', Mod~,Fnp~f1()p;::,I~-k .th~ ,')1'" 
.CONTROL key is depressed at time, the instruction' is, exc(.'ltted and if conditions :ire Cor- , 
'reet fora constan't'to be, loaded into the RAM. that 'constant willhc,OODEFGI-i. rather 
than BCDEFGH.) ,', ," ,',' , ' 

... ' ' .... 

\::-;:' '.', ,Example: Assume AC~22, RAM =25. ,and Mode=(' ,; 
. :'. . - . .' 

\:~:~ . .!; . 

..... 

~ ".' 
.-~. -

'. , . . .' - . 

-:Exec~lting the ,'ROM word "Ixxxxxxx" (where the v~\I'uesof!hehits marked"x:"an~'irtelc~ 
:-vant)(~auses ACto assumethe,value'23., ' " ", 

o • !. . . . . ' . . . • 

, -

'After executi~g another "1 xxxxxxx".ACwill equal 24., , 
. ,.". . , .. 

":,; .. ' .. 
...... 

If th·e. nextinstructi'on to be executed is IBCDEFGH: its execution wilt CaUS{! >,: ' 

-the-AC to reach the va'iue'25; 

.... '. 

, .... a consfant to he 'loaded 'into the RAM.repbcinr- the,numberi5. rfthe (O:NJR,OL' 
key'is tiowdepressed'. the constant will 'be" OODEFGH;othe'rwi~e i't' wilJbc 
BCDEFGH. ,; .. ' c •• : •••••••• :.-,:. 

" ' •• ' •• < 

:"'theboneFlip~tlop to beset to 1. 
o • • " ' ... ," 

'" If the next in~t~uction' is h~xxxxx., the ACwlll cont,iin ,th~~alue 26: 'blit ndconstant will . 
, he l~aded into the RAM becausethe Done Flip~.flop)s).';, ' " 

c:. Iri this, ~av. 'n "conversion table can ~)CCllr i'n- the mid'dleO'fa program segme..nLSlich atahleis 
';: used to conve~t kevhoa.rd-tdentiftcation c~)des, tq ASCII C'~des.' ... , ",' ... 

,".' ".-.: , .. 
. ..... 

. i-, . .~ 

. ~ ". INSTRUCTION· DECODING· 
. .' ,"' . 
'. ."-

'-The cir~uits inarked"E;', "F<~~~ "Q"are:d~coder~.Whenihe\l are en~'bled(hvait~w'rogi~ 
level to theD input. pin 12), ,exactlyone~fthe outputs w!llgoi6w. dependlng~n: the st~teof 
inputs A. IJ. and C.When disabled'. :l~I'outputsarehigh:· .. ,. ..',.. ' 

: .. : . 

:,.. .", 

Chip "E" (E33) is enahledbY·thr~e,thing~happenjng simultaneollsJy:(gateEI2>pin~ t.2.ilOd •. 
13k'··, 

I. BitE' from the ROM is aL 
2. Bit A is,\ O. 
3, : TimepulseTE is active (highl. , ••. 

Ii 

" 

;. 

.';'" 

..' . 

", 

0 •• : •• 

.... ': ...• 

". ,.-. 



~" , ", , " ' 

, '" '. ~ 

'". ,"". 

The inputs marked A. R, and C' on' 1:33 cpme from hits R,' C'. 'and D of the ROM'OU~Put<;"Thi;;;:~~t:<);;1'~::: 
~il!rees with what was said. previ6uslv: in instructions in wtiich .hit A =1. hit Ehc!l1g J wiUc~lI.i.se .. :i ";~>.:" 
a -certain action to he pe'rformed .it· time state TE. The action is selected hy hits R. C. and ,D. ~f , ': " >:~. 
the ROM instruction word. . . '. :." ",': ,: .... ~:., 

. . .""' "."". _ ... ". ," "'. , . - ;":."" '".,: J~~:~~.~"J!+~~;:~:.?~~)T::~~: 
, Chip "F"(E3~)d~)esthe same thing if bit A=O and bit F'7' Lat'tirile stateTE .chip, .. (t,·(~~T~:;;:,t{' \, 
alsodoes~imi.la(de¢oding forinSlrLJctiMs in which bits A.; f:.F.p, and,H'l!reallOi: .' ...• '~~ y:~. j')~ '. 
. ,.,",."'" ' ~',':, '. " .. :.. >::,<.>, .,:':~;;\::'':'};;!~;~;~~~;-; 

,.Chip"C," '(E43),isadual decoder. The ins;tiui.:tions M2A; M2K 1vf2U.arid M2RH'reide~tifl~d··;.:::"~;:'I~' . 
. :hythe t{)P haffo(this chip. The appropriate outputs wiII go IOW}lrtime~TH. Tf).ei":strudio~~ '. ::c<,;t: 
A2M. U2M::and L40M. which cause the RAM to be' loaded withsomething.~ire d~coded by the. ,':,'t}F;; 
lower hal(of'l~43.When theapproprit\teoutpu.t goes kiw. one;.o~l)othof the signals'~ U?(,/\. ~t:c :;"( 

. and', MUX El go i)igh. This ~alf()f E43remains, enahled.f()rth,e:entirelime,of,th.~; instru~ii~n<)(t)i " '.~ 
. unlike the others.' which are enahled only at acertain:time~stat.t~,These'signa!!> are.. the cdritror~1£';"~!~ 
iriPllts to,3 rlniltiplexerwhich selects th(!c()rrectsol.ltce for inp,uftothe RAM': A Imv signal fro'tn··:i:":.~t:: 
the bottom half of E43a\so cilUses E2(coon.firiates B3)to gotQlhe 1 state when itisckickedat ..... ,,+'f' 

", time TW:This sen.ds: the signal to the~'write"inplils oflheRAM:.·l'his:~ignnt"is remnved \vhert,:V~,."c{::;:;:' 
the .. flip-flop is reset,at timeTG.· WhlHever' was coming. in. thwlighthe· multip1t:xer 'at'~hat tiil1e:-:-:}"t,~:;.~~i;' 
,;i!!:nals fromeithei AC the UAR,T. ortl'ieconstant 40~is writtei{intotheRAM, Chip E34. isthe·:;·:·.::~~;':\ 
n~I.? ~cIcctor. Depending' on the status of the s~lectinputs. (piniIiU. i4.an<;t 15}orie ~Cthe,~·:"'<B.;t' 
ill put . signais. sho\vnon the . left side, of the chip .wilrdeterminetbe.'6utrll~:s.igiull a~,r~n lO~l'his.. ": ::':~;,F"; 

"chip w.iII 'Select one. of. ihe"ixteen fla1!s. dep~ndingonhits R'C.andDof thein~tfticti()n. :and',>;.::,"~~<'i· 
, tht' st'illlS.of thef\ilpde flip-Ildp. To change modes is tocau~e oneof.tlle;.diffcrent sci of:eig.ht 

. '. flags In he ,chosen. " . ", ". . , ... ' ... : ' .. ,.. '.: .' , _ ._.:~}·;,;k!{ 

Flip~n()p E Hi (Io.ca(~dto the right of the tbg<decoder'ol'i thc'dit;gram)js,~TormciIl!'heJdhig'hb; . : .. ::.;: . 
a signal to pin 4.Thi~ preset signal :isre!11oVed whe~la flag-testj~ginstruCiion is'. exe~ut'ect> '·-:';:;;~l):<;. 

rr'the flag that E~4 selects is low, this I~wsignal is C;QCkCd i,l~to th~ ~16mp-t1~p,<~bi~h ~auies . '<,> ~} -
.PCto'beloadedwith:newvalue: . ,'- .' ";"';';: . ",;',:i:; 

.A t' c()();d';~a'tes ,C2: on .·'~he .' d i~!!ra m . .is ·th~M~de .. ~Fii p-fl~p .. "~dtk~··.· th~·t·whe~',·. th.is~·h'p~flOP~· 'a~Tt~'~'\:~~'i~~, 
drilWl1. Isinthe"I'~, stu te.( plii 6' high: pin3 iow). the processor'iSjn,Mode.O,' " , . 'c, ...•. :,::{~;.?,~ 

. ~.', "..... ", " '" "" ... ~"<': '.- .. ; " " . " ',' ~)\~;~·:::X:~;~~~[:~ 
.. \Iso at co()rdin~tes ~is' the helldtctiit.;WhenaC'BfF ii1strudiml.is. decoge.~by ~h,ip"Q".the:\;;~~;~:.'t 
iHltpm from thaI <;hip labelc(i",kEY CLICK '1g()eslo~v. ThissignaJ, ;docksalogica1r into·mp~,:.:,:: .. {~, 
flop EI6:Therelay"doses.·· m;lking a noise.: . But.: its dosing:clea:r~':theflip~flop:which relea~~ .it - ',.';.,;, . ..0;' 

ihe. Don< l1ip'flOP;~o;ed in c~nditi,;"al I.,lad RAM in"iudion'.<isIOc.i~d~t <onrdin.,es.C8. ;i.i.4~Jl 

TRO~BLESHOOTING TIPS'·' ... . ...... . . .. ..';~~~( 
Malfunciions.(lfsomeof th~ m~re <;~lf-expliCit micr()proc~ssorins:truct.ions '~linbe easily traced to:<.:",\.:;;;~",;<: 

. lhi~ cir(;uil: for i~stanc~. unilate~ul t~lilure of the "hell" rel~vtoc~i(:ka't any,time w?l~ld cJ~arly:,::;:·:;\t.::?i 
,he t:aused by afatlure 10 the J(){!lcthal decodes the CBFF instruction. Lack of.any VISIble vrdeo. ' ... >:.:;t:' 
. might he caused bv illllilV decodin~ of theSVID instruction. and so' 011. .,'. . , •• '::\t.;' 

, " ," • •• "": '" " "" " "" ,'.. "" "-."""." ~- .• "!: •. :,"~"~'. '"~~~r~;i} 

Rut f(lr most of the firmware-or'iented instructions. the prohr~~ might 110t he as evident. For'>.~ ~:t';:fii:ii' 
instant'\!. if an fA (increment AC') instnll.:tinn fails to produce the'correct,si~nal at the outputs 'of ;:';~~j;:;. 
the dl.!coders. complete di-;to(lrdinatinn or the.terminal ma~·resl,lt.since themicmprogram doe~ , ':'::Lt:l 

. , , " . ",' " .. :'; '" :' .:: ~~::.~/{; . : 
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~~, ,.·'~ot useJA <mce for a simply-pinpointahle effect. hut many timcs~ to do manythrnp;s. FauFty . 
:f~~~t_: :,r" decOding oLIA ,instructions rfiight, not he ~Iistinguishahle from Hltllty. decOding .()fman~· other. 
'~N!":,~;'\,;" instructions: both situationswoutdresult in a totallv uselelis terminal. .. x .. · '~:, : .. > " . . ,", ..... :} .. - ;. . . -' '. 'oJ 

)~;;i'{i·;;);·:~;':,,':ftP;eveI:. since the microprofessi),r govern~vi rt uil lIy' n 11 s~'nch ronized imd"illteliigent~;Jeanlres of 
~, .f·4"!'!he VT50. the firmware ro~W·.:he an indlrcl.:t source of a'nv eeneral fliilureof anv'featilre tn 
'.~"C', ,~tJ~;' ::~rform 'correctly. Aswenis~ the:. possihility of inSlruction< n;). being decoded rr~perl);.·· ",ther 
·::~.~t :~i:i:"sOurces t}f firOlware failtlre :are: failure· of the R()M~s to contain what they're siippoSedtncoll- , 
~~~p~'d>.;:';:( ,tain. andfailllre of themicf~pr(lcessor synchroni7Htion pulses (TE. TE. etc:) t(} fire when thev' 
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CHAPTER 7 
KEYBOARD 

. .';: .... ', 'J, 

;, ",: 
J," 

'. ' '~, ,:,." ",' 

, . Tne keYbo~~di~the inp~tdeviCe of theVT50;. It is a pantir,oi~witches. arranged to repr·~sehi[~J.::~.)\:;,::;::', 
typewr(ter keyboard. The operator pushes certain keys)n a cert~dn:seq'uencet() tranSll1it'infbrm~+.J'l,f'-'\~ 

'lion; Which keys. as well as ,the order in which they are depressed; musLhe rer;:orded'bytbe"};:;'~~)"::~" 
, VT50; The operator 'maypushmore than, one key ~~t .thes4Hne,ti~e.:This .is~a:situation whic~l'the'''!,:.:;,\~;~?r 

VT50 .;:ta:::;::~dh'~::· Integi~ ted-(;,c@ experience. •.•.... . ..• ~ ...;; ·.:j,':;~lt 
",' "*Sectjon9contains,~ore details about how the microprocessot,i!sksfor informatio~on tl}e:-,:.;;':B;t;, 
;, ,status'.ofthekevhoultl.' , .', ....<:" .. :-:<'/'.. .. >:,:,;,;-." ";;::';::;~:£i;~', 

, " ':F'.~<Yt,· 

LOCATION' . ..' . .', > ~;/'~!~f' 
.. '. , " " '. . . :' .... >. :.~: .,,"'.~~': ' 

Th~ location ofthe keyhoard is evident. Acc:e~sto the lTic)diileconfain}iig 'the keyhQardis giiITed";::'W: 
,by unscrewing the ROM. UART & Timing,modulefroin the~heIl. .lJnplugging"thek~yh()ard,::/; ... !i;; 
cahlc from the termii:H1I-side of the ROM' module. and unplugging "the ROM. modu~e from. tht: ' <?'f:~:; 
Data 'Paths hoard. The kevhoard module may then be unscrewed and removed'. : : ' ' ;',.2. !V 

'.. . - ,.,,' .. "r; ....• ;,: '~;f~~~,' 
:.,' ,', .. ,,,,.,:.,,;.; 

.. :.:,. 
WHAT IT DOES ;. . __ ::.~/,: 

., ,.' .' '., .,' :, .: '., , • , . _ > '. . , " • : ::>; '~;f;~~~ _ 
.When the Mode flip~flop:'i.s, set to L the mlcroproces~or instr~d!?ii mIl xxxF(fota.nyxxx.: :::\l:i.;:fI 
;:tbbreviated KEY J) is a keyhoard test instruction.' ~f the key correspc>nding to the number'in AC " .'};t,( 
>is notdepre~~d~ coritrol ',is passed' to' the ROM address contairiedin'the'n~xts~queritialR.OM .':<;{',:, 

"',Iocation: l~at ,~urnperj'sloaded int~ the 81easr signifkant- bits' ~f'PC.·'.rf thi.! ke,yboard key \vh~~e'.::··;:F,;;'~,.£ 
'?u!llber; is in ACis, il~lt:d~rressed.:the nexJinstniction isexectlted~{rhe ROMlcication c(jnJ~in-!"<::,:':'{;':;'i;~ 

m~ the, umpadd,ess· " ,k'pped. l. . . .. .,. • ... , ..• ,; .. : .. ,.~., ... i .... ~,.' .. : ... '.:,,~, .. ':,~.'.~,.~'~:,:,:.',\.~f,~ .. ';.:r 
Each' key on" :the', keyhojrd has an,identificati6ri . h;\lInber:exSeptfor :.CONTROL'~nd BREAK><:-_,:' 

'. which make.theit'djfferencesinqependentlyof;.and'cannot, he. tested ,by~ t?emicrop(oc~ssor~'The ," ,;'ht~~ 
'. ," high~st identification '. nu m her, is, octal 67:. (he I?west is '0 I~}f .the ~ . Jeast . si~nificant hits. of Ap> ::;'!;A{t{&'~: 
.. co·l1tain II number fmm 70tli 77, KEY Jwill never cause a jump:,'if they contain 00. KEYJ wIII.:"'",::;:"'t,, 
• alwtlvsjump. them(lstsi~niticant hili.lf ACis' :irrelevant toK.EYJ .. ". ,,: ' . . ".;:.;,:::,;;:~ .. ' 

':h\. u~.theh·· micmproce"o; ~an(e't the ita t~s or .he kevb.oard by load;n~ ~7rnto A C aod en teri~g , .. ::.:.,· ..• , .. ·' .•.. ',·.::,.,,'.,··.:, .. '.·.::.r,.,<, .• ::.:,'~, .• ,:.~~ .. ,: .. : .... ':~.:~,':,'.".i., .. ",',_::""·:.:':":.:.t~., .. :::~;:,.:·:."",,.,.';:::,",:,: .•• " ... a nop w .0,< .op'ly ·out let .;s. K F.V). de.c<~ment;ng the A C eacntime through Ih"t loop. .. . : .;;:. 

:After,KEY Jsenqsthe mitropro~essorout of this lo{)P"~AC will c~1Qtain the code'for the de:. ,. ... 

pre,~dk~-orOO ;rno key"", depressed ... . .. ..•. ~,/;r~tf~' 
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:,.;,;,:~:':i},HOW: ITDOESIT. ,'. ,', ~ . 

~~~:~'~~::~:?~~~~': . , .. ..:" .-' '.:' :... . .... . 
':df'i:;F;':~; i\ss'ume.the 6 least significant'b,its Q( A(' cqnlain the octal number rq, Chip E I i~ a 7442 
;:~,[/,:,.' 'Decoder. Depending on thenumher inputt6 th~s l'hir. exactly one of itsoutptitswiH go. t() 'a. low 
::;i~{;':> ~!ogk level,: t~,e rest.wi1lr~ina;i~·. h!!!h: The number q ft()mACi,~ theinplltto lhis.~hip: der(md~ 
t~l,r;.·lrig onit.a sIgnal \vlllbe sent to'one row·of keys; . . 

~:"'.t:'~':> ~ .' :., . ,,' .... . '. . . '. . : ... ',:' 

'·;'-}X'·'~:,<;hj'pE5 is a 74 I 5lSC!lector. Depending on the illimhet at the ~ele(:tinruts (rln~ Q~ fOallt'" fl. 
~;:::',:~ihe.outpt.lt will assume 't~e slatedi' the corresponding input. .·POthrough F7. '. . 

, '"~,, .; ,'.' . . , ,. '" ,), .....,' 

": l!i,:/';:'; .. iCbllneded tothesesdector i~puts are the Qutjiuts of NAND gates .. w.hkhwiUgo m ahigldu!,!ic: 

~:I:.. r:·:" : .:. . '. ". . '. '." , .. ': :" .... ':', . , ......'... • .'. . " . '" ". . .. ," 

~:'~~;:#~{7;;:,:v.Je~erif ari{ofitsinputs are~t~rlow'evel.:Tw{):things h'ave toh.lrrcnforan ;input t() go ro\\r:~< 
E!~::i{~~;::"::' . . . 'A key m list he dep;~ssed~ ..... . .. .. " '.... . '. . 

,;M-~~S -, -" ,:~~!i~~~er m~st~e se~din~. Inwsigna Ith rou ghth' mw "" whi,hU,e depie..,cd ko," '., '. " 

'.":":"'" ,. ': ;~What the seleCtor selects. then. is ~ne of the "columns" of keys. And the chartn~l~scle~tin~(iI1p,ir" 
.': :'; : ,> to the selector is the. p portion of .the number in AC. -, '" 
""', !.,-, • I • ", " . ..:. :':' ~ •. :" . '" ... 

~.·'y.:,·~·;·:,.·~ft'; ".~::"": .... ," '. : . .... ."-.' .... :. ", ," ..... .:' ,". '. '. ", ", _." .. . '. ' _. 
;,:rX'<:.;-";Example: Suppose aK,BY)" is executed'\lVith' the, number 23in AC,'Theinpur to.fhe decf~(fe'ris 
}:! '.'~:~;;"< .. therefore 3. ,which me,<!ns o~iy"ou'ttlllt FI will go' low. The ~hannel-sek,ctiilg.iiipiHtotheseleci6r '. 
'.:'::', .'ji .. 2~:.which.means thadheoutputof the selector will varywithinp~it' F2.Thereis ontvone'kc\~' 

: '.' 'w.hich· at anytime hasafow.~logic-levClsignal" scnttoone sidcn(ithythe.decode~_· andfi~'r . 

.. ( 
-. ..... ~~ .' .'. 

". whiCh.tlltlt signaicf()ssing to,' :the:othCr side. of t~eswitchis .deieWl~lehy. the seltctor":~thereis, 
Qniv, oi1e'key at the· .intersecti{)r1'.()( ariylogictil ~~r~)"w"and ··cqlurnn".,fl'l this Cil~~~ tha'tkey ,is: [he ". 

"I:keY>The olltptil/rom pln.6(if'thcseledorWiI! hel6w' if theE key,:i~ 'depres~ed:'hi,gh:'pthcr~'":' . 
·wise;TheE.kevwas, selectelhv:thenumher 23 in'AC.ihe} callseda si!~:ilaI tol1esent throi:t1!h." .:" 

~~\\;:3: ~the2c,;i,sed that signal::td.hcsnughtc(')l11ing down c(~llimn2~ . - . -.; " • 

. '," 
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CHApTER 8 
CHARACTER AND CURSOR .GENERATION . 

.' .. ' - ,""" 
~. -

'., .... 'WHATITnOES 
' . .;-

........ : ':', 

':. " 

":::'-.:: "n~e video shifr register: 'o~signal; is raraliel~loaded \~ith the cha'ratter-gerierator()u'tP!Jt~;othen~> : :;';;: ' 
on eachosc~nator pulse. one hit is shifted out. and be~omes (through, an iIiverter)"the sig~aDlID,>,'~':;;::, 

'. ZH, whichgoe<;. to, theini'lnitor bo.~td to be amplified and "lutput tathe.screen, This,a'llows: eilcb'>::: 
'output from the character generiltor to be present'at the (mtput YID'Z.H .. one ar~time. forn: . 
nan()seconds each. Since 'theelectronheam :istravelingfioinJeft toi:ightri(:ross,the screen: 'lhis",;-:( , ' 

l'auses the'.fivecharacier~generator O)ltputs toappearc)O' thc'screeri ne"l'to', each'other in ,a ' 
. horizoJital iine .. Since the: Video Shift Register .is l(~aded on every ninth osciJ!ator pufse.:aL foilf.: 

," \)sdllat(i,:-times ·urthe nine. the ::o1.lipUl atVIDZ H\vill not,havc:; corpefrom ,thechunicier,: ' 
.!!en·(!r.~lt~r.Thisaccounts, for the space he tween: cha;'ratters., ,', ' . ' . '., 

When, the VSR 'is':f1Clteri'abled tobeio~;ded 
. , :int()~indthr()ligh .it, This causes. VID Z:Hto' remain 

'L'recn .. ' ':, ...... 
. . ',"', 

, .. ~ "" .; , - , " 

,THE VID~O PROCESS'·' "--, . 

;rh~ video process is ~llahledhylisVID.inicroprocess6~ instruction.'~lil(i. di~ahled'~v a' i.'CAV. 
ilislrur.:tilln. During. the video j;ror.:.es~~ cxceptdur!ng the time lhatthe electron heam i'stnive,i'ng< 
o;lck to, the left side .ofthescrecn f'h()ril'ontal flyhack"). the X-register is Incremented, and the 
VSR is parallel-Ioaued froln thecJi~nrctcrgenerator'everyninth oscillatorptjlse,(twi~.eeach ,in- 0 

. " I;trtlclion-tirne)>' This processaUloinatically n!ferel1ces RAMt:eHswhich represent the contents of'.~ 
.~I line oil. ,the screen. The conteills'ofeach RAM \vord is passed.lothe' character gener~tor,. 

. . Sigmtls tor the d(llS i.~omprising eiu:h ~haracter' are. in tu rn. Iqaded :int(). ilrid shifted out ,of the:' 
··VSR.' '. 
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"f 

~~ C \"!: •• ~. 

J:: b.:;~\-2·;;: . ...., ; . .., ". • 
tt+;;;·;~:tr:-:'Dllrinri horizontal flvhill:k.ihe.VSR' is not allowed h) he loaded. Tht.'refoi"c;in shifl-mode. Fs arc 
:lif~~ttW::{(,s~i~eJ thr(lu~h and' .no )ig~t ~PfJears on the screen. L(ladin~ <'f thcVSR i~ also disaOiedwh~n . 
'~i~ >'the.;CursorFhp·flop IS set. 
·ij~·i . .;".!' :,}," ~ : . . , '. ' .... 

"-'i~f ·~·r.:·:';· , . , .'.' . . '.'." . ,. ',' _.. , 
·t~\)~?;Diinng one·scan .• thus.one rownf dots for each ilf ROcharacters is paintedolf'n hori'70ntailinc . 

~(;;;across the screen. Between scans; (during horizont,tlflyhack);themicroprocess<lr:' . 

:·:'<~L;a .. Sets:the. autom~ticallY~i~cremented X~regis. ". '. .' 

11.}.!.i.I.~:::.·~~~~~~~:~~~?:rB:~~~~:;:;;;:i~O:ot: •..... . .... 
":1:: : 
",,': 

\ Duringscans. the microprocessor .g~esinto awaiting loop which Icst~,the'VideoSl',m Fla'!{;T'his 
~i'::': ,. . "nag hecomes false when horizontalflyback begins~ andthem.il.:roprocessorleaves the 
'I " ~, ,., in<itrilction~times later .. the next sc~m will hegln; .. . . _. . ... 

" \:--. .' ," .., . . to. '. 

,','.,":.:" '. 

" .. ' 

;:1 ". 

~ . ,. 

·;trHE CURSOR PROCESS' 
.. ,.'j ...... '.:",. ,' .... , .. ". 

'. JThecursorprocess.i~enahled hy aSCFF microprocessor instruction. and·dl~ahied·hya. ZCAV 
-( finstruction.· The. Video Flip·flop must he set t'or the cursor process to work properly. ~ince' it 

. causes the X-re!!ister.to he increm,emcd iIUIOI)1atically. SCFF. disahles·the..pamlkHoad featurerif> 
the Video-Shift Register. so that I'sare shifted through the VSR. 'The' X-tegisteris'autoinatkiiUv 
'incremerite(L Whe; the contents. of the X-register and AC are equal. :O'sar~shifte{tthrollihJh~ 
VSF., These o signals; when they.reach I~escreen: arrear as the~orizontaI line.' '. . ... 
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CHAPTER 9 , . 

:', ,.:. THE 'MICROPROGRAM 
". '. ,; ~. , 

.. ' :.-: . 

WHATITpOES 
. :;' , . '.. 

The microprogra'm coordinates' all the. data transfer 'and proc~sing which··takes· place 
VT50. This cari be sunlOiarilcod as follows: . i'/~'"'' 

'.1. Ret~eshing the 'videoscreen Withth:e content~ ofRAM60timeseach~ec~i1d . 
. ' 

... .':. 

2. Chec~}ng the'UART. for rt!c~pti9n. ora' 
.; second. . .... ' .•. 

. . '< ' ~.,..- ',<;,' .. ' . .,:". ~ -' .. 
. -~ 

3. Moving incoming d.\ta to the RAM. 
:",.-

4. Takingspecia!'actiorl uPQilrecceiptofEscape Sequense~~r,:~co,ajtroi .• codes . 

.. 5. Checking for~h'e existence dr (h:press\:;d keybollrdkeys. 
. .. -.' '.' . . 

"... .' .~' 

.". '"."" 

,.:., 

6. Moving the.corrt=spon~ing ASqU codes to theUART for: ttan:StUission .•...•. t.? .. ,.·the .host 'in 
.' the cOrrect order .. ' . ..' . .' . .' 

In uddition. t~e;micropr()gram direCts the adv.ancedfeatures of Hie VT50. 'f\lJchitS .s~Yiniinf()r:~ 
matic>n in a silovihen. in Hold ScreenMode~ and .automaticallv . transmitting XOFF·~tnd. XON . 
r~qucsts to the hqSL Section·r. Whichexrlainsthe data ~tructures avaihibJe within 'the.VTSO. 4nd 

..... Section? :whichdetail~ tlierepertoire and thllS' i~ a: descriptionofth~ mii~hinelar:lgt.iage·andthe.:' 
svr.nh,o\ism used herein, are prerequisites of this section.'" .' . ." .. . 

. : '" ': '. . '.', :.,", ",... "",' . . .." ;"",".::-," 

..This sc(:tiori coritainsa listing ·of·tl'iemos.trecent versi6n;~f t'h~ micriJCOde~'Please not~·that:'since· . 
it' wa~ assenlbl~d throughth~ PDP'; II assembler, aU' the ROM ~ddiesses are even. <rhe.addr~sse(· 

.. ' . specified . ,in this' section : c()n"espl)n~f to theaddt'essses· iri, tl1 a t listinp::. bu·t·· botb>addresse~ . are twice" ,", ..... . 
. . what,the PC will 'contain at executiontirne.AddressesOOO~-0176·corresporid toJ~cations 'in: the:.. . 

lirst ROM bank: 'itddresses JOOO~1776 are from the second bank~F.or 'e~Ample~the:' word w:hose. . . 

.~:;e~2~~Us~ed "04si. i.e"n .aincd. ;n tlie.,or~. inthe lirsL~ o~,b.,nk' '4o/'7"<d~~~;,1'~t'~. 
" . ,~. ."-

.. ::-.' 
.' ~':~ ... '; 

" ,~ . MICROPROGRAM Fl:OWCHART 
..... ' 

'. ., -. ':~ 

• \ ". ,'i.." 

Figure. is a cllartsho\\ling the· tasks that the micror~ocessor su pe~ises. Note thatsorrie fu~cJ 
lionSc,are pc rforrn ed after CV~TV frame js rain.h~d on ,the screen. apd some: are performed afi~r 

. evcrv line is painted. . . . .' 

. , .' i ':'<,<:::}~~. 
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GET CHARACTER, 

,FROM SILO' 

"I, " 

:'.' 

PQWER:UP, 

RESET FLAGS 
DO AN EOS' 

.:"":' . 

EMPTY , 

-"""---,.,,~-t uAin ' 
'INTO 
SILO' 

011/:'" 

,) 

TO~ OF SCREEN 

CtlEC~ BELL COUNT a 

TERMINAL io STATUS 

SCAN KEYBOARD'· DO 

,BOOKKEEPING FOR ROLL. ' 

OVER, TRANSMIT CHAR~ 
ACTER.CHECK SCROLuq::y 

'0 .. 

Figure 9 , 
Micmprogram Flmvchart ., 
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LAYOUT OF THE SCRATCH PAD 

The "scratch pad" pOr!ion of RAM is accessed whenever the V-register contains anumher 
greatetthan 13 . The description of the RAM addrt:ss mapping whichiscOlltainedin Section ,4 ~" 
shows w.hyonl!the 4 least significant hits are used in the address computation in this case; Wf? " 
can draw a picture of scratch-pitd memory. with four rows. one ()fwhich is selected by\vhether· . 
theY-register contains 14. 15; 16" or 17: and with!6 columns: one of which is.selected by the ' 
t:ontents of.,he4least significant bits of the X~register:. inoctal.O~17: Each.ofthe cells,;\vlikh .', 
representsa!7-bit RAM word. contains. a . descri ptiop .Of;ifsuse. Thes~ descdptionsare eta borated; 
on. while and after several underlying concepts are explained, The Instruction ZXZY!DXDYis .. 
sufficient to'access the word laheled "sc~md'6untlKB counter'~jn ,the figure. since it sets botll the' 
Y-registerandthe4 least significant hits of the X~register to 17.Then'the IX. IY. Ox, pY.arid " 
X8instructi6ns can he used to move around in the scratch pad. If these instructions ani used 
such that you go off the righter left side of the chart. youwill.be;ad.rlr(!ssing thewoid dear ~.'. 
hack on ·the.otherside. of the row.Jhediagramm ight better be printed on, a cireularringthan 
flat page. However,. if the . Y~register i.s modified to send. YOllofLthe tOF' or bottom of 
diagram. you enter the portion of RAM used asthesere.en image~ ." . 

SCRcu. EOS 
COUNT .LI~E 

15 

'8 
1.6. 

51O"" 
Itt'tSOA."'CS" 
a.OORUsts 

17 . BELL 

A. FF 

)(.:.14 '" '6 

LINE RELOCATION 

.·Thc process loo~slikethis: 

. ''';''~'' 

screen position . o . 
I 
2 
3 
4 
5 
6 
7 

10 
11 
12 

. 13 . 

"" .:' 

in fonnat'ionon thlltHhe. . .' 
hefore scroll after seroI! 
. A:B 

B . C' 
C D 
'OE 

E .. F 
,F ··G·· 
G ···.H 

H l 
I'j 

.J .. K 
K ·~L 

L 
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·'.,,1 •. 

·r ... ~ , ,'" \ ,', .' • 

. '.' ~'. 

,., . 

: . .- '., ~.' ; 

,. H6wever. it' the contents '6f each RAM \linc(aIlRAM \\Wd,.icl'cssibk \":'Itha certain rru~l~crin 
.,,':- '~' the V-register) were physically moved to a new RAM I(K'ulinn. the process would PC too time-

. : ... ,:{ ',\consllmin~ to he feasible. In rcalit\,. the inform'arion ';'W· th(nugh HL" in the ahove diagram .<;tavt; . 
:~t~<:~: '~herc it was' in RAM.' an~' thcRAM line. which I.'ontained the information "A" is. deared to 
:·':.~r··:fQrm thesamt! .line of bla,nkswhich is then displayed ,it the hottom ofthe;scr~ert. Viewc(tin 
n;;j:f:;;Je~s Qf ,RAM . line rather th~l1 screen Jine, the process of smlllingarrearsth~is:; ...• . . 

. . ~ 
":, ..... 

'. '.' 

RAT'vfline., " 
, 

. (contents of Y-f.~gi.ster) 
, .' '. ,0 ." .' .. 

" .. ' inf~)~m~itionc~~iained 
······before 'scroll .' . ,:after ~lTofl' 

*A ''hlank~ . 
.' ·1., .: .,,' 

. . .J ... 

, "2 
3 

.' ,B::*.il 
' .. ~ -. 

c:(:' 
' .• :; <.' 

Dn" 
., .4 . 
.' "5·' 'f . :~ . 
, , 6. · -<'.( .. \ 

. f., '7 
"j~.;' .' . ) .... (. " :. '.' .,' ,.' ,- '. 

;;t~L~jj:, . 10 

,E. '~ 
. " 

. F ..~F, .c 

a:. . .. ,.···G·, 
.H .',B·· 
·"i.I.· .'-

" ~: .. '. ... ..~ . 

"0,' . 11 
'~{;;;, 12 

'J' 'J: .. ' . :, ~' ..... 

!;;~.:!' J • 13, .. 
." .r .. ~ , 

·.K K", 
L ··.c"L ;. ' . 

..•. . .-' 

......... ' 

-r ~ :; '. 
~\f;~~·:~;~ : 

, . 
>- ' .... 

',' :' .>. 
.' '.' .. : 

.. ~ . . .. 

':" . 

· The 'information tr~tnsferismilchmor:eemcier\t hut a new'ccHlrtfer is needed "~. c;ne whh:h"dn'~~ 
wh~t.the~;sterisk in th~,above:exa~p!cdoes.~the scrat~h~p'!dc~Jl.~hichser:vestni1.\ p.~l~p(~sel;·· 
the word TOS LINE, hcontaihsanuinJ)erfroin O"'-llwhiihjs,iheRAM line-which contains the 
irifor~atiori . to he displayed at ,the. toprositio~. o~ the screen> J t "sin0re~ented (mpdu lo:!!) after 
· e~ch SCf(lIL At' systentinitializ3tion.it,contains O.ifldkating,thattheline..,()f.R~M a¢ces~ed:wheT).' . 
. aObi :inthe Y~regi5t~r:con.tain5)heinfqrrilat.ion to·b.edisplayed:attl}e .t?P ofthe,.screen;·' 

....•.... ~: .. . ... :; - .' .. ' .. .'. 
.. 

. ,Although this c6u~~eri5 'presel)t.'ihe micr6prqce,ssor, doe's not have the c~rahilii~ of4irect,addl~ .'. ': '.' '. < ..... 
: lion.50·for inany;'purposes.two c6llOtc,r'smlls,t ~e maintaj'ne(1~an'ib501.U:tl!al1d;i'reJ()'~tal~1C: '., 

counter, ~ that is .. oneto idel1ti(v .irowofR.AM:words that have: 'Ii cert~iin property::a114,<me 1'0 ',' ~, •. , ~ .. ' 

....... 
; .. 

... ":! 

4.\" 

." ,,' 

.'" ; 

'" identify aiineon the screen that has th~t{lf()per,ty.. '. .'" " .. '. ...., . , . '., ", 

:tUR~ X and CUR Y contain~~ the' a(fdr~SSC9brdinates for the ~urr.ent cu~sot po,siiidn .. ('tJ~ .y ,.' 
,poitlts to a RAM address: however~SCREENlJNE'rointstri'thc' Hne relative,? the top li'nt:on " 
the screen. If.the curSor isar th(~ottomline on' th~ .. screen·~SCREENUNE\vm~!ways contain 
'thevahie 13. (octal): 'CUR ,,"wilIcontain theY cobrdinates'ofthe R,AM worq~ which 
,thebottfjmline's text. . '., , .... : ',.; . ..' ', .... 

.. ',' 

During It "i'deo scan. VIDEO UNE will cOlltain the ' V-register 'conterits fo; the line' cur~entl'v .', 
heing painted .. whileLlNEC9UNT willconniiri the.scre~n-linenumhe~: LiNE ,('OU~TV;'iil 
always start ut Oarid go to 13 .. 

.. . . 

During processing of .:.1O ESC J.~()mmandC·Erase . text to end of screen"). EOS LINE willenn- . 
tainthe rillmher of the RAM line heirig enised. while .EOS FFwillcont,ti,n ihenu~bernf'!he· 

. 9-4· 
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...... 'q:;' 

.... ;.,. 

.' '. ,'. ... 
','.' 

., .. '" . ,.1'~>;,::.')'t~:~!/~;~¥~~~\}*4:g~\ .' 

.' .,. ' '," ... ~.~~; ~/?i):,{.··; .. ~'.·."~.f.:.~.;:.j·~~ 
.' .,.." ;: . . .;' -, 

lin'e on the screen being erased. This wmd.although it' is, ;i'(;ounte/ is called ~" .. t1ip-ri~fp~: siric;~\,;;l:/:;/r 
the only timei(is u!'ed is to determine whether the entire~creefj has been ertised. Thus,. EOS;"~"{~S 
FF h~is(lnl~ :tworelevant sta tes.-. " ""i':":;' ,( 

EOS FF'>'i4 meHris th¢hottol1l .Ii~e has he~nerased . 
" ~'. .. . 

.' SCAN CQUNT II{B. COUNTER'·· .... ':'.: . 

. .' .' .. '. . .' . '. . . .'. .' ..., , . . :::·::<;i~:;.'.;~i.ti~, 
. The word . addr:essed\ly raviN!' 17 in hoth the Y -register and. 'the low: part of the X~register.·siric(f.7/Y' 
. it is 'one 'of the {;!asiest,scratch-rad.lgcations toguin' access to,' sefves a dualptirpose.Duririg.tfie<~:: 
"'raiiliing, .ofthescreerL itb,used'as a scaP.couriieLThis c'?ll.Qier:iS initiali7.ed.tQ;17;.ai1d:inb:e~;:3·~~:~ .' ,,,,, 

.' mcnted "each· lime the SYNC flag . is' rec~ived .. rhe countc'[ go~~fI:Onl 20:-27 inthetirnethar'a:\i,,t~>r 
.. fine is being puinted.A\:opy of this count is kept in AO.where- tbe three least significal~tbits"~i&~;if<: 
"~hiCh ~m= 0-7, go tothe.chui·a~ter gerieratot:\\lh~nthe~{)ullte~r~aches. 30,the e1~dronbeari1is:;~"':'i~;~lt;t:~ 

on the scan 011 "whiChacursQrmay .h~lVeto be painted; If the posltiono~the cUfsoris·0rt. t~C:I';S~f,'S' 
. "'Iille th,it Was jli.;"t raint~d: .. the" registersare.set . tip. and an' sq;;"~ is executed.·,When.th~cou.nt:/~:~~~~;,(C" .. 

~(?es to 31.ihe· screen is disabledf<?r:I I scans 'with a ZC AV ~ri~tru(;tion.When 'the .. tou~tr~aches):,ii;~~·;;{'·i' 
42.jt is reset to 17 if a~Pther line .is to, be painted. ..•... . '.' ". ':, .' , .' ;,':<. '.:': :":iyf ';':;(:; 
'ouiing.vertkalretrace. ihesame'location'i~ used to interr(ig~i~ the:,key~oard~ 

.. ',~ .~.: . 
.... .': .. ,:'. ' 

..• - ... '--" 
':'-.. ' 

. FLIP'FLOps .' . ..•.... . ., . •..... ..........•• .•.•..••..•.. . .••..•... '. ..::;·:~t*li;; 
'.' 'ESCFFis' a Word which indiCates that.the temiina[is 'iQEscape' .Mode. Any incotning.chara~et,;:'~s:::>t(? 

· is then treated as part of 110 EscaPt!.,sequeryce;.whkh meansth~tspecial actIons aieta~eri':'When?J:?T:l~:~ 
the! terminal is. not in Escape Mode. ESCFF is set to ~(), rrOLDSCREEN FE .j!lsef t(>1 wft~n;.><:'~j;::>l? 
the terminal is ~nH()ldScreenMocle. ;Iric,oming tex.twilLbe·Sforcd iI,1 the:silo raitier:.tharisel1q~:):':~:;.:';~ 

... ' the~creenimageportion{)f RAM to be . d isplayed. un'l~ss the ~ilowouldovei'no\y. Wben:HOLD; i:::~:::;1};~t . 
. . ' SCREEN . FF~,;n 'a,6, '~"'hin:,tIselbete~fui~.ns notjn~ol't~creeO.~Od" ..... '. .:;. " ..••...••.• ~.:~.j¥l 

.. , '" .' . R E l. L . FF begins a 1'. iero~E very tim e·a CTRCa is received orthecursor rsmoved.intocdlurnn.':.\; ';,:;:,~;;~~? 
.... 73.··RELL. FFiss~ftt'; octai25;'Aftereach frainei~ painted.BELLFF is te~ted.lfpQshive. the,'f<~t;::~f>} 
. rel:l~. isclkked. OtlfC and BBLLFFis dectemeritedhy). Ifzerc,.,thetertiiinal issil¢tit;'Thenet'::r;'H~f~;: 
· elTccljsthur the' rdav :dicks 21. tinles~it 60 Hz.:This is the termin~rs audihie warningsigrtat:.:.:,~c:):;~~i:~~ 

. The s.ime Iloisew()u)d 'h~ achieved if <l typiSLcouldtypeat 6Q keys per sec()nd:The'countel\.is/;:?if~~~~ 
., .' t:ulled BELl.. FF becal1se~' once .igaiil. it a~suines onlvtwostate:.wh,ich, are relevilnt· to"the;:·uli-;:.,~';~fr.& 

~:::~~~:Ea:~:OARO · ....• . ...... .•........ ..." '. . .. ••• : .• r~;"11 
The keybOardisinterrogated()nc!!eachframe(i.e .. ~ith the same frequency as tt\e Tine curreri6;;; -:::{i"iI 
to . discoverif~eysared()wn .. · ~ection 7o.u~lines the' inechanks: of keyboard interrogation: we" :){;~f; 

· ~umma.rize ,hcre~ysayirig that eac,h keyexcepfCONTROL and BREAK has an identificatio~,~:.~;?}:'f~ 
. '.. . .' :.' ':'. ~ , ....... >::~>,:" 
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'ifiii;(1"711F~~~r . 
.. . " .. ' ....., ! ..~';~~? 

JrtQ~~n a~~~~~i:~~r~:::"th~e~'~~;'~:~:r:,r;;':a~n W~;~~,::~~~,:re~h:~::e d,±~;~; .. ",~~~ 
.' 'actionmusr.not therefQre,gerieratemore than oncchanlcter. A character is traristnitted onh :', 
··tbtu.Canon which that key'f:tas-just been pressed. . . . ,. ' 

~.' ~', .' " .. ,~, . "~. . 

..•. r,;?ttt¢,~~i~roproCessot us~s lhe:~~atch-pad words KEYBOARD Ahnd KEYBOARD B'to~n~ur~ 
. ··(t:;')~i~:'~Tb~e; two locations, c~ntain zero in their idle state. 'When a key is pressed. ' lhe'keVhoard 
':'~,:'cQde (not the ASC'I1code)is.ston!d in one of these two. locations: Ifa kevwhosecode i. .. ' stored 
,:'>"~,ln KEYBOARD A or KEYBOARD B is found to bedow.nonsuhseql~~ntScans.itcau.~esno 

:'; ,~: . (tirther transmission' to take. pla¢e; 
. ~ ,-.:'~; ":. ;" ",' . . .; ,\; ',", '.:;' :"-. -. 

. ' '.' ,',:'i::lhhe,htlmbe~<N is in AC.the rolIo~ingmi~rocod~\Vilr C~lllse ACtocontaln'thebjgh~t:~~rn:t:I~r . . . ' ,.<'«:-N forwhich the correspol1di:ngkey 'is down. . .... '.. ."'. ":' ": ',' : ....• ':: -, , 

" TEST:DA!KEYJ 
" .AD TEST ..... ,. -

'."" " 

,'.' AC~I1 cont~in Oif no kev'~hh)D number < N is do~n:" . .' . .. . . . '. ". 

, . . . . '. '. . . 

','::'The;'microprDgnim uses th'e .'following ·Iogic. The numbers' inpatenthese;".~re,ROM:addres~es 
;""cWhich cOnta'inthatpart'ofthel~gk . .. .... ... .. ' ...... . . .. ' ... ' . ' . 

. ,:.,,".: • ··0 ..... 

"1. Are the keys whose codes are . contaioedinKEYBOARDAand K~YBOARD' BstiU . 
down? If not. clear the corresponding word. (1646-1672) ":' 

... ' ". . ", ~ 

. !, 

2. If the UART.isn:tTeadY tc.)·transmit another ~haraCter,don'teven bother ch~cki~g:the . 
. keyhoard; (l676)" .. .. " .' . . '. . .... •.••. 

'3, OtherWis~.staitingat 67. 'go through the keybb.ard tofirtd a keywhQie rp" n)Jmbet is:- c,: ;:: <.: __ ' 
.not zero: and is not conta.inedin I<EYBOARDAorKEYBOARDB (a new, key}.;: 

.". . .~ -~. 

· If at least one of those two.locations·contairiszero.store thekey'sJD therein: :convert'it. . _ 
.. ' to ASCn and'tninsmit itTC both KEYBOARD A and KE~BOARDB"are'l1on:;zen).. " 
· then :at "'leasttwooth~rJ<eysare . already dow~~ Thekey.ju~tiqentifi~d~s':beingge

pressed cannot be' processed arid transmitted. "since, .no ,RAM spa-cei~ :aHocatedto:·re-:. 
· member that it was tr~nsmitted. aod; if the key is dO\Vr1 1/6Q second,!aterwhen th'e', . " 
keyb~ardis again .interrogated. the chllracterwouldqe trariSrnitted agajri'<II(){);"1366).~_, 

• ' !" 
. . .',' . 

f:':: .. :... . " .,- , .... :'-' .. :. ",' ; . '. - '~:' <-. " .. ~_ 

ij,~.:':l:'THESILOiHOLD SCREENMODEi',,- " .. 

.. .. l ... ~~~\~§~r~:n~L~~~~~t::;~! ;~:e::~~t~gY;:.g~;:dl:tn~~~~!~1~:)t::a~::!:: .. ···· . 
'not processed. Instead. the first LF received and allchataCtersfoUowiog it are- rQuted to tJ1C. 

, ',scratch-pad portion of RAM. TheLF is stored in the, RAM cell Iabc1ed LP,aUF,'FER: the 
subsequent characters go into the silo. XOFF 'is sent to the host. to request .that k'stDP sending., 

- If the silo is about to overflow or if since the host has nDt stopped sending. the SCROLL key' is' 
\ . pressed. one line {the. LF anduli tharacters following it. up to but not includio~ the next· LF).is .' 

;:( 'processed. If .. inprocessing this line. the silo isdepl.eted.XONis transmitted, and the remairider 
, ,\Df the line wilt be taken direciIy from the host. . .' . . '< . -

. . -.... 

'. :. 

': . 

". ;:. 



. The operator presses SCROLL with the shift key down to get a new screenfuJ of data. In 
situation .. the terminal will process all the text in the silo and then from the host up to the 13th 
LF before sending XOFF and diverting incoming characters to thesiloo ., . 

,'. '. : ,. 

The. cOl1~tof how many more scrolls are allowed before display . must be suppressed is contained 
'in the scratch-pad locatioa SCROLL COUNT. 

Space in the siloisaHocated dynamically, The silo utilizes the "ring"chara.cteristlcs of the buffer:. 
in .that.it takes only one DX instruction to get frotn the "leftmosC' location lothe "rightmost", 

·SILO,OUTPUTcoritainsthe X-coordinate of thesiIo 10catiOll.containing the chanicter that will· 
be processed next. SILO JNPUTcontains the X-coordinate of the first free silo location. The 3 
high-order hits, of SILO INPUT and SILO OUTPUT are irrelevant and need not be O. SILO. 
COUNTER cOlrt;insthe differencebet~eel1 these two X~coordinates. It represents thenumbetof,.: 
characterscurr'~~tly .. being helci in the silo. ·When .the siloisempty,SJLO .INPUT <= SilO" 

. OUTPUT and SILO COUNTER = O. LFBUFFER is used as amp-flop. It has only two 
significant states: 012. the . code forLF. when one ispending:Ootberwise. As an·exampl~. 
assume SILO INPUT =.SILO OUTPUT"", 5 and SILO COUNTER =..0. This .indicates~hai 
the silo is empty. Assume also that the teiminal has just beenputinH.ald Screen Mode. lucom'
ing characters are processed normally until a LF is received: ThaL LF.\i;hich would cause a 
scroll.if processed. must go into LF BUFFER.lf the host thenlran~mitted the characterw..)( 
would go into.the .silo rather· than the screen-image portion of R,AM:Itisstored a! RAM 

.coNdinates y= 14.X = 5. As the first character to enter thesiio. itcauses th~ VT50to transmit 
t~le XOFF .code.A.ssum~ the host transmits three more chai'acters :":'a q\J~stion mark,a'carriag6 . 

. return. :md:anothetline feed before processing the XOFF and ceasing transmissi(jn.Those 
actcrsare storediry the silo in. the following places: . 

. Th~. 41ea.sr .•. sign ... ·.if.k.· a. nt bitsof:.SfL. OiN.PU.Tc(mta.·. in .1.1 nOw~ ... S.I .. L.·.·.·.O.·.· ... CO.U.N.·TER.co.nt.ains4. 
assume theopemtoT.depresses.the SCROLL key. This increnit~nts SCROLLc:OUNT~which lells .. 
the pmcessorthatanother.scroHingis allowed. SCROLL COUNT will contain 1. The LF in LF .. · 
BUFFER will ,nOw be pn1cessed.causing ascroH to occur. SCROLL COUNT will be decre- : . 
mented: LF buffer will be set to zero. The Wand? wiIlbe <iisplayed on the screen .. The 
carriage returnwiH then move .the cursor iothe left sidepfits,presenl line. The Jine f~ed". 
although rerno:veli from thcsih cannot be processed, since the operator has not authorized a ' 
second scroHingtooccur':-since. SCROLL COUNT. contains. zero. So ifwmbeplaced back in LF 
BUFFER. A~ the last character to Icavethe silo. it causes th~,termlnal·tosend XOFF to the 
host. The cha racters in the silo can then be processed from left to right. SILO OUTPUT wW be 

. incremented to contain II: SILO COUNTER\l,"iI! be decremented to containO. ." 
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COUNT contairis'the number of,LF's\vhich mayhe processed., Wh,=n the SCROLL' 
pre~sed.SCROLL Co'iJNT is incremented: 'WhenSC'ROLL is>, presse~wi(h 
SCROLL COUNTis$~t'to twelve . 

. ,'. ,'i· ... ·-.,_, 

. .' . ~. .' . -:-:.\'~.~~:/:'--::;-;' 
microcode to control th€f,silobegins at 0330. 

:-" 
";." ' 

:0: ;. 

IDENTIFICATION 

receives: ES'(:' Z. it transmits ESC I A to identify itsclfas ilVT50without 
The prohlems inherent in this kind of an operation stem from the 'fact- thaLlhose three 

'.>r<>rt".'r~ cannot he transmitted simultaneollsly. and they must not be interspersed with charite
typed in from' the~eyboardo 

Th~ VT50 identifies itself by transmitting one of the three characters after each of three consecu- ' 
live frames are painted. Of. due. to a low transmission speed;, under 600 baud- the UARTis 
;not ready to transmit the,next character at the end of a frame. themicrocrogram goes 011. ' 

"checking the UART againafterthe next frame}. Thekeyhoard is ignoredul1tilallthreecharac~ 
'fer!; aresent a period nomimillyll15 of a second. ,andat most (at I 10 ba ud) 2IS'ofasecol1<:L ' 

"'The scratch-pad loca tion entitled;ID is used to, identify the stage, in 
presently being carried out. IDtakes five characteristic values:, 

- An ESC Z command is hot. pending., , ' 
- An ESC Zhas been received. hut 00 action has heeritaken. . . - ."- ...... _... .'.-." -' . 

-ESC has heensent ' 
- I has been sent. ' 
- Ahas been sent. 

10 is set to 135 as SOOI1 as an ESC Z is received and identified; typicaHyin the midd[~ora. 
; ,frame. between the painting of two, lines. It assiJmes its either thteenonzero, values when; at the 

em!. of a frame. the UART is discovered to be [eady to transmit and loaded with one of the 
'" tlnee'characters in the identification sequence. The value of ID tells themictoprogramv.rhich , 
,'chara.cter of the' three is currently due togo oULIn fact. th,eASCU code transmitted remainsin 

'. ID as the marker of completion of ,that stage. When ID contains WI and. at 'the end o(aframe, " 
,the UART's transmitting section is ready. IDisset back to zero to indicate thai the identification 

,-sequence has heen completed and the 'keyboard can no.wbe interroga'ted .. See locations 17l0~ , 
'1734 forthe portion of the mi,croprogram whi,chperformstheidentification. " ' 

FLASHING THE CURSOR, 

PRAM E COUNT is a scratch-pad location which is incremented each time the lin~the cursor is ' 
'on is painted. When overflow occurs, the cursotis. painted and FRAME COlJNTisreset t,)160: 
. Thus the cursor is painted with every 21st frame. '. ' " 
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, 
. I . 

~Er 
~~.k",' :., 

.!.: 

.:, " 

, :, .. '. 
. ,.' 'f, 

"~I 

. . . ..:. 
. , .' . .,: 

"POWER-UP, " .. ' 
.' 

At systemin~lia.h:atiOn.rOws 17 and 16 l~f the scratch-pad, ~r~setto O.811d toW IS is 'set t~:4(/f 
(the ASCJI code fota~space) except for the location CURSOR~.:0, whichtsset tC).o'" This has the .. 
followin~,in;tpii<:ations: . , .. ,. '" . " :: " , 

' .. -. . ... ".~ . 

. ,: A 40 in FRAME COUNT causes 'a delay'ofneadvtwo sec6nd~,toottur'befo~e th~' 
line is:pai~tei:l:}vllich wil1happenwhen thecbunt overflows. >" .. ,.... •. . .' 

.. ~ .. !'. 

, AO iriEbS'~;Fcaus~sthe screen to be eralied. 
, ,I .••. •.. • '. " # 

, The terminaLis~otihEscal'e or Hold ScreenMode'~ , 
'. ".' 

The follc"wing are, impo'rta~t consideration!; . wheflpla~n lngto nl()'dity themi'cr~cod~:;,';, ' 
. . '. . . .... ' : '. . . : . .' , , :~. . .......... :., ...... - "':.~:>": 

J. oeadli~es must pe metIf th'eUART is-not' che~ked: every. ,Jl9(jOth of .: 
ing i:ha'ra~tersrqay beJosL If the~ position oft~e :;cannirigbeamis not ,kepi track ~Q-f~::, 
either bypri()r~aku}atioi1 ()ftly wai,ting tor the SYN<:"Flag.~:or ifaroutin:e tak~s ':up So :, 

2 .. 

, Ilnichtime (hat the. SYNC' Flag iiimisse~Lth~,spaCing,between,li1}es maY,not'oe ade~: 
quate or ,constant If ai()utine: likewisecausesaTOSFiag toll,e' misSed:,onefr,ame ,Vin', 
beskipp~d(notpainted) whik themicroproctssor waitS' for the next TOSflag.:Patntirig,' . 
the ,screen at 39 Hzinsiead of 50or6Q~jnresultin,avisib.1emckering:;,:" ,,' 

The Mode"flip~rioprri~st'hec(1rrect~13dng il) the \¥rong.mo,dechari·g~s tnemeafting, 6r~, , 
all,the, conditional branches. This(:~n have qisasirouseffeds .• ,asa simple. Joopa$lhis',', , 
one. which waits for the scan to ieturnlo the top~of~screenposltion:.: ".,' ..• ' 

:'. LOOP: 'TOSJ' . ". ,- ' 

' .. '.,' . ~AP: .LO'()P ... : .' ; ~'. .',' 

", ," 
.' .. ' 

. • , be~onles;in the other :~ode .. a I()()pwhi~h wil\eff~cti~elyshtit d~wn th~,tetmihaf,untH' 
a,cer!ain keyispres~ed:',,',' '" . ',. ' ".::, ,', .' '., 

LOOP: KEY] 
.ADLOOP . , ". ' . 

, . 
... ' 

:: " 

.. • .. l:~ad: RAM' iristrudions{iristrllcti6ns .i!l:whichbirA~l)"aIs,o,:~ave' distinctry'difr~rertt 
,meaning$ when the mjcroprocc~(){'is,iri;tb9""rOilt(niod~<,;:~' .... ...... :':', ;. : . 

..... ' ...... , !' ~ , 

...... '.:" 
.', .' .': ',' 

" \ .. ; 

", ,.' 

, ' ',,' 

.... ,. 

:; .' 

'·f 
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PAOOtJCTLlhE. vr $'"0 
DATE RELEASED 1- 10-7<;, 

~ELE"$riO BY"" po.oPC..e.N ma<N 

ECo. No.loRIGINAfORIOATE WRITTEN INEW C5~EW,'£TC1i IS IT MANDATOR'( TO REWORK ALL eARlIE"A ARE ~ REvISIONS 'Of 'THIS MbOUlE 

, . REV." f B~AR'D' ~g:S~;!,(~fT~ ~~~~L~i~i~lgNR·~~~~E;'ED ~r~XEDE~~gl~~!~~~E~~if{CAN 
RI:::.V. YES NO' CONDITIONAL. (£l:CPLA1N) 

SIHPL,FIEO 
CMANGE. 

DEScRIPTION; 

NO. PAQ.T~ 
AOOED 

-~. 

. iI. 







.' ",) ,1 
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(' 

ADDENDUM 

TO 

VT50lNSTAlLATIGN AND KA1NTENANCf GUIDE' 

INTENDED FOR USE IN DEPOT REPAIR 

Voltage Check Pdints 

Ndte: Connectors and pins are referenced with VT50 unit upside down 

and viewed from the re~r. Numbering s~quence from left to right. 

Power Supply/Monitor board connection with Datapath board. 

LEFT CONNECTOR 

Check Pin for Volts 

2 -12 

3 -·5 

4 + 5 S ENS E 

5 + 5 

6 + 5 

7 GROUND SENSE 

RIGHT CONNECTOR 

Check Pin for Volts 

+ 5 

2 GROUND 

10 ' + 15 

The two bottom boards, the Datapath and ROM/UART board, interconnect 

using a total of 77 pins arranged in two sections - 55 pins on left half 

and 22 pins on right half of boards. 

Pins are numbered consecutively from left to right (again viewed from 

thle rear with unit upside down) from No. I through No. 77. 

1/30/75 ,-A-l- ' 

1 

I 



~ . ., . 
. " 

.( 
Check Pin for Vo 1 ts 

31 -12 

36 (POWER OK L) . \ 

l,,-" 39, +15 

42 + 5 

43 + 5 

44 G RO U N D 

45 GROUND 
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", .,.. . . 'APPENDIX •. ~'<, ..•. , .. : ". 
MICROPROGRAM LISTING' . 

'\;. 

'" -

".', 

'.':'; 

",.' . . ~ . 

1 000000 > START:; ·:.'·AD·· "'UART : i~i~I~r.:I~Af:~;OWE~~iJF', II ME 

~. 

.', .... 
" 

, .. 

'2000002' 0061:32· ·· .. r·1i! U2M . 
. ". 3000(}04 000010> .. '. ZXIY' 

. . ' 4' ClO:0006 ,000160; PUI-F' :'~ iv.'· 
i CLEAR:UAR ANDOET IN 1'10DE 1. . .' . . ,-··s:: .';..' .. 

5 000010000114 . ZA'![iY" .' 
'/.:.00001-2 0600:22 .' '. A2~1 ":/ 
·;',7 . (>(:)00 14 (li)O 114 ,,: . . ZA!, [lY ." 

8 O(IOQ11.:. O(~)0022 .•..... , .... , AZM' ..... 
9060020 000114 .. , "., ZA!DY, 
1 (I' ·()Cl·O':: .. ..;; C···)O·)''-)·~·_;·' . ':. ·r·· 'X' .. L' '4' O'M'" I.A··D·X " . .. • . ...... '".:.. .. .; l l I.':, . . .,..... .. . '_ 

11 00024 .. ' . '.' ·,·Ar:i" . PULP ' .. 
12 0002:6 .OOOOi.4CRTN:>· .' .. '. zxiv'! [IXDY •. , 

. 1:3 00030 o(>oli4' ....... "DY!iA' ... . 
14· 00032000114' CRTN2::'DY !U?!.·,'·.···: .' ", GET6jR~X.·LCu:::·AtlljN 
15 OO(n:4 '.00.0022: CRTN:;::' A2t'f! AEMJ'~ 'i CLEAR IT ...... . 

'16 00036 . . . .', .... ," ··:~AD"·:' <liJMF;: .,.. . .. ' ... ' 
17 00040C1006i4TAIk:: ,: . ·:ZX'ZY!DXDY.,::. 

. ".. . . ...• ~~: .' .' .'.:.: -. ,"' " ':' ','.::... ," .," 

1E: OU04200o.0,~,o.;' ",', I XDY " .. , ','.. . ... 
1~1 00044 000006 :: '.c'> ,," :riXDvO!t1;?A' ':. . .,' 'j'GET C:UR":X', ". 

, ".. , .'. ~~. ggg;~~~;Q41'>/ "·.~t~J'(l~i ';;'~E~J~E'~~$fT ~'-STeF<;.2, .;.< .•. ' •.. 

2-2 00052 ,'; , "'.AD .' TAB2· ; ~'E!::t-DCl AN HONEbT TIJ.I,.;.,I.:.1DTAJ:I ., . 
f"tt ...... ~ '~".' , .• " .. "... ····6 ", ' .' ",' '.,' :.:-:.~ "-, ~":' ... ~.," H-':"'-", ,'';'':1'"'-''' "'."',,: 'J""" "A ',: :,." .2..:. OI./()._,4 001.' 1 s1 , '. 1"11 ! TRU ... ), .;, ',. • Nl.;l-tIiJA .L:.LIR.:;:.uR n: I L,HT,IN..:. TEHE)" .. 

.' "4 OOO~6'·' ":';' .. ' .....•....• AD· ' .... :C'I'IR..,.;:~':::·,'· n~HERl,JJ'::-E" ';"IO'Ci~Rj::·tIR''R:'''~H-' ". " .. " :25 ooo~o 0.00030 WART: .',,:XS·:'·' :",:'" ~~:.:,:~~:",~,' . <_t.!... ,,:_':~.::,.::i) .. '., I,. ' .. 

26 OOOe·Z .0000.07,· 'riXDY !M2A·'UR.X'''·,fI:S Ul':):RT-Fl.A,j'SET'7<, ." .;> ....... . 
.' ':if7' [)C'O;4 J'<[! ··,-·.t..,ip;:c:·I"l .... ·..:':vc:-;-: )-'1:·'," ~·I""l-I··-·.,.,.'···-, TH'" 'N'E" ';I~" ,'" ":"'" .-: ...... ,.;;. .... . 

.... • .~.O ... . :I"!". .....~.~ "._1., .• I~~.:;.· .. ~I"'I.::I'J.~\ ... I ... ~ .. ;:..::,.: ,1:;:..1 "W .. '·-·nt::tnH';'·I c,r.., 

2sggg~~oo~~4~f:~A~!>;I~gr~LM.iJt: < '{~M~~jjc;ullir!>R \, ·.~«;l'i>j·:" 

tt; 
t 

.' 'j 1:;:ET'LAST'RiJ~~ :IN ' .. RAM '. 
; CLEAR THE ·L,CiCATlpN'.· . . .. .. , 
fGET. NEXT.ROW ". .... '. ',i "~'.: . 

'.: . 
. - .::~" . " 

... ~. GE:T:NEXTCb'LI.JMKi. . ... " ... 
;';DO'ANOTHE:R CCiLut1N, IF NCiT. FINT~~HE:D" 
. j CARFfIAt-iE . RETURN RoutrN'. . . .. . 

,. .. , .. :.~. .., 

. ~ ,. 

' .. ;'. 

'.; '~'." 

':- .' 
:,. 

' .. 

..' 

; ~:'. 
',',.' . ..... 

>:. 

i" ' 

.'>, 

.' ~. 

..•... ; 

.' '.~.' 



.-". ~;r;.". t. ~ ... 
;. 

,-''-':: .: .. 

30 60072 . ..... ..... .AD < ESS )N~-d~ ERASE ANOTH:j;~~~~~~;i~~~~~~~r:]ti ' .. 

I 
i 
i 
r-

" , 
.~ . 

.:., .. -. 
1' •... 

" 

-;.-.:. 

31'· 00074000074 ~:nL::;;ER:;:IX! IV' ........ ' "rGET L'F~BUFFER '.. . .... '. ',: .. 0:' ::;"'''.?', 
32 00076 0001 i 1·· ': ,': ZA!AE"12,J' j l:~;' IT CLEAR ?"" .... ,. 
?? oc" 1 DC) ". 'At! .'. '" ,. '~T"l .... , . ;"E~:'-C:-O r'HEr'V~'I'O '. ." •. c, 
::: ...... l "'-t .. ' '::.' ." ' .. ".'- ~L .. ' ,,( ..... '. -' -' ", .:;. .'-, '. "' .... ,. 
. .:;4 0010..:.., . '. LD '.' 1(:;. .'. . ' 

· <3500104000002' .' . ":',M2A' ..... " . c"', 

-=:6 00106: .> . . ." 'Ln ,;'6, '. cLEARi:'IIF~ER 
... .. . .. ::. ,." ,. . ".~.. •. . .... I . _ • . ~.. . .1 _. . ., •• 

37 00110000104 ,:DY , '. i GET ::;;1 LCl. COUNT .. ' .... :. '. 
,38 00112 00004'1 .. ,' , .. ' 'ALM,J' . .isrLCI C!VERFLCiw J?> 

· '39 00114·. ,.' . '. .'<,.: 'AD ..... '.' .' SCRL2 > 'iYES~DOASCROL.L 
. 4QOOl1.~,· 0009:14·" 'ZXZY!'Dxr:iy ''':',l:dHERi~IS;E TRY; ,A 

. '·,41 OOl:!O P09030.'"X~,,;... .':.. .' '.':' ......... ". 
, . 4200·122·000006 LINEF::: DXDY: M2A ... ' ..:; GET SCREEN LINE. 
:43 00124: ...., '~:LD'lS:", . '.' '. :. 

44 00126 OOtl.o41 ····,·.··ALM..J .' iON L.A~:H. LINE,'? . 
4~ '0' 0'1?0 . "., .... A'~ .... , ·'-'·'''j-'J·t·, . N·-·t'!'-'··V··E··· ',,;' .. 1'..,.··-..... · .... • "-'-""N' . ;,,;t '. .';;1. '.' .. ; '. !,of, . t .. ..; iJ . .J~' " ·.i ,-,-,'.,. .... .1_ 1'\ .. :.'_lr,. iJl-'~'J ... 
46 Oi~J32 0001 io ..ZA· .' . . . .... . 

.' 47 .' C' '1' '-'4" ' .. O· O'0"'~;5' .' . ·X·~ tl' 'A"AE':M' "1"': • ,,' .... '1'-' H-Lr ··c·· - ......... ~ t' C:f .: . 0) ..:. . O. I. ''::';'- ,; .8. ,.:... I.;. ". . i., .=, .. 1.,1' I. ::;. ~t';I::.I::.I\ 
• 4~'001~~Ar" LINEF~ N.: .0....:,0:,. ......... .1· ... ,' ... , ..... 

. 49 .00'140 0(16014 :,SCRL2:', ZXZY!DXOY 
50 00142 i)00104' .DY 
51 ·00144' 000152' :3CROLL.:.ZX!N2E!. 
'':''2 ('1('')1'4' ~ 00·0' '0" O·? .... . . .'. M:7;A· .. ··· 
~ .. ~ . - -..... 

·5:::: -Q01Scl000154,ZX!Di ' 
54· 00152 '.-0000:22 . ";A21'1 
55 06154000 150 ',ix . ", . 
C;6 (In-t51· <:.' 'LD .... : 14' 
.~_. .0.... ~.' . . .. ::~._ ..! •. __ • ,. 

· . 57. 00' 160· 000045" , ',lA2!ALf1 . ..I:. 

• ... ·c· 

'.- " . 

,'. 

'. 

.. - .,.' 

~.' ,. \ 

.; iLOADTOF; LINE:':~N 11AE:~':" 
. . .. . . .. .'.:.' ', .. 

-: (~~~+ ' ~:iRW{ ~~ TOre! i··.IE '" 
TOF-LINE::--' ". 

.. 

il3ET 
. . ..: 

5::::-' 00'115;.2" ..: . . .AD: <,'5$ •. ' 
59 'OQ164 '.000110 , , .' .ZA~ . 
66CH)16c;.OO~()23,5$;"'·";.·':>;A2t'1! AEt~.J ' .. ' ". .' '. . ..... . . 

',(:,1 ,c)O i;o ' . •. " ;: .,;.,>~; ,:,.<Ab.<.,ERASL·~ ; . .JUMp:rOERASE: L I'NE ROLIT INE: 
~.2,00112 000006'Ll~JEF'2;"tIXqy !M2A,·'. "J GET:S~ROLL,C:OU~T' ",' 

. 6:3 09174 Q001~.4 '. ,,: ,;',:.:';EIA: ': " ::>O:;":,'i'DECRE/'1~NTIT. ', .. , 
'64 0017'';' .000041 :,. '>, ALMd ... :> '; (ALREADY ZERO ?" 

. ~.. .. ... .... . ..... '. ..• , .. ,'.: ":. ., .,. ., ,..... ',. ....: - I ... • -. .~ .. :-,. '. e..... VO;2QO '.": . "..-, ii. AD .: ··;.CRL L ; i NIJ-.:;.I ... ROLL· ';, 
...... _.1 :;. ,',:.. - •• , • ., _' • 

',." 

.. ," 

/.:" 
, .. ,:, .. 

: ....... ,'. 
'.; .. 

" 
,o' ' ;> '." 

~. ;., .' '. 

' .... : ' 

. '.~ ... :~-::\,."':' .,''.. 
" 

l4~j~~~(~li~~$i~f 
·,1. 

~~,~~;;~~ 



"Ir.". 'J :'-.""~~,:,, J .. ":,";(1')' ;T.·-·~!:"~~~il~.c"JO:'~ut~>-~,!~~d'!;---"'*n""-'''''' 'C·'~"'~·~'~""~.i...,.~t'ji;~iIl"J.~"'«.:t·-i-~~ '1It,> ..... ~/J;;#<.~· ~':n.':f~ ~. ", ~ ~ '.,. .,.::.,:~., ~:~ .. ,.~~ ;~;";~~~~:if,;;7..~~~;~~J __ ; l~""'t,r~~:tf~ . .r:,,":~.~}~~l~,~~~~~!~._.r~~.~~~'!§.':·· "'. '1:.:- ,_" ,-: " ~ • .r.i~ ~.i~',,. ., ;;.<f!"·,!i; .... ~~_~?~".£tt.. .... :r=V-,:I-~.~ . ..-~~~:~~" .. :~ ... {l!~ :"4,4I'~, " q ~~}~'-t: 

1··-~_~~·~;L.'~fi~i~L.1"£(;¥~~:1"~iPl~Y:';' . .. ". .. . . 
'"".t":". 

". 

;p 
I..J 

',' .,:; 

',:: .. ' .' 
. •... " 

'.;. 

',; ":-' 

":',; .. 

. "66 o02oi 000014BUFF.:·.:ixr(! (txtIY': . 
.' 6 70020400007i"'·f[IENT; 'j X !ADX;;" .. '.' .......•. 
6800206." . :.: ( .. ', ' . '. ., AD... . HOLtI4. 

iSET LF~BUFFER:.· 
. ' j ::;:ET ·tDENTIFIER. TCiTRANSMlf ;"ESCI'\, An' 

69 0021 OOOO'C);;f3 SI::RLf: A2t1'! AEN __ '·. ., . 
70 00212" "' .... ' . ····.;.AJJ 'SCRl,2 
7100214 000006 EO::;;. . ··PXDY! M2A c' '.' 

72 00216 Ooob10:· .... < ':,IX' .... '.' '. . 

..' 

.' . 

.:' r GET SCREENL INE 
"i.GE·T ECiS~CIJUNTER .> . 

73 00220' 000026': -":IA! A2t;1 '. : 
..... 7' 4 oo.,?? '0' 00'· 1F-/ .. · . .•. ' ...... : 'Z';'I To/X'" r"l::?'E':', '.' 

.iSETr T: WITH I Ni::REI'1Et'rre:.D" 
. . " ,', 

..... ..., "--- ,., .. ".", }. •.. ~ L.I .• 1-. _ • 

'7500224 00"0002 .' . t·t2A·.· 
7600226 "00'Q004 
77 0023·0~OO(j022 . 

. [IXDY .. ' 
. . . A2-~:I· 

780023200t)i)14 '. ,ZXZy! DXDY 
79.0()234 "00(li(;4 E.)L;':DY :.>: .': 
80 002::::/.:. 600156': ';,ZX (riX: t'ilE( 

'. :::1· Q0240 O(U)1,04 '.··DY·.:', 
82 OQ242 OOO(H)2 . ·":":,'''I2A 
8300244000071S$:>" .. ' '·'1X'!Arix;..r 

' .... 

.. . .' .~ ... ". : ;', . : : -' . 

• ; GET:. EI:i:=:",'L 1 t\lE: 
; SET'ITt"I THCUR':";y .' 

i GET: Lt~JE 'rcrE:E 
.• i';E'r .. CLIR":;'Y • ; 

9400246' . '. '.' .", ", . ;,A'r'>S$ 
85 00250 oooi;il. ERASL: '. 't-H.!TRU.J· . 

iDELAY' 'LI)Cti=< 
: ~" ~ .. ' / . .' . . '. "':"",: ':-,; 

°6 ·C:)(J?I::·j .. '. . " ' Ar;: ",'. ERA~'L":'t . w _~_ ..• . . __ '. 

".:::700254 000070 CHF'R'~IC:I X ".. . 
'.88 0025600011'1 .. ' ". 'ZA!AEI·12';.1 .·rIS SILO 
·89 ,9()260·. ....•.. •.••. '; ,...., •..•. :' .. ·AD;.·~ ' .. ' .C:HPR2' "'i,':. 
90 00262000002 L!JADER;::~12A, .' .';" 

,~~ gg~::ggg1!;LOl\tlff'~~ill:t~,>, .... . ....., ...•........•.• ' .' .. '. .... ". . 
. ·93 '00270 000006., ·.··'>DXDYLM2A·. )i3ET . INPUT'POINTER 

.... ~74 '0027io00026 ..: ·IA!A2M . ;.1 t~CREMEt~r. IT .' . 

. .. .:' 

'":',' 

95· 00274~600iC)2-:: '·r-12X .. " .: .. ' .; .. ;'.' .... 
. 96.00276000004 .... ::.·'::".'·J:ixrl,;f.· , .. ,"'~'13-E'T' S;ILO LOC:AfI6~j . ".,:' 
97 00300'000137" .... ' .. M!.! IRO~1!ltiM!TRU~J".; LiJAD CHARACTER' iN' SILO 
98 0030~ .. .•.. : .. ':' ·::':/"-.;AD'" . ;·:VI.D·· ..' .... :< .. :; .. ' " . ~,.,.\ 

·99 00:304 0000e;4 CHPR2;;. loY.',· ' •. ·,:·.··lGET' LF"';;E:lJFFER 

···;jJ1~~~~~~~i,:~,'?~J~~Mi~i. '. .... ." . 

,";. 
"I"' 

-,', 

.. 

. ... , 

·,:r..; 

, . 



0:1 , 

""" 

102 
103 
104 
105 

. 
0312 
0314 000042 
0316 000115-
0320 

,',': :1: 

"'.J 

'LEI, '~'":I . :' -~-' 

t'12U 
,DY! ZA ! AEM2.J ' 
.AD . L.OAD1 

106 (~~~~ J~~~ 0001:;:2 CHF'R:3: .. t'l1.~02i·'! 
107 0324 OQ0075 IX! IY! ADX.J 
10:;: 
109 
110 
111 
112 
113 
114 

(j:32 I';. 
0330 000115 SILl: 
():3::::2 
O::::~4 000045 
.Cf:32:~o·· ' 
(1340 
0::;:42 00004:;:' 

. AD '.. CHPR4 
ZA! (IY! AEl·'12.J 
.AD :;; I L:::: 

. I A:2! AU·1.J ' 
. Ali X I;~' ,.-.t,.' " .. ..I., .• JI\i·:.p .. 

'"LD • ,"21' 
.·~12U!.AU·kl ' 

115 
116 
117 

0344 . At) 
0:':::46 000002 XONSK: N:2A 
(>::::50 000164!:HL2:" . DA 

"!:;·lL2. 

1'18 
119 
120 
121 

0352 000022 
0354 000006 ' 
0:;:56 00002(':. 
0360'000162 

A 21'1 

122 0362, 000006 CHPR4: 

. I)XDY !'''12A 
IA~A21'1 
t'12X ' , 
[IXDY ! r'12A . 

1'71':' oh...-_' 

124 
.12~:1. 
126 

" 

127 
12::: 

0::::1.:.4 . 
~I~" rl~)Q~)14 ~~oo ~~~~ , 
0370 000034 
0372 
0374000041 
037(:. ' 

. 129 ,0400 000022 
130 '0402 000144 
1:':::1 0404 00Q111 . 
1 :::~'2 
1:::::3 

0406 
0410000022 .. ' 

.1 ::::i10412000070 
.'. 1~- i~414 ~0~~j~~' . :' ",:,.;1 •. 1 ." \.' ........ \ ... J..~4 : . 

1;;:(':'. (i4Ie. 
'1'-'7 ->4" .-, j"':Y"j' '")"1' ' . .::, .t .. \.." ... J\.. .. l .. \ ... ~ . 

'. L;DO' 
ZXZY!DXE)Y", 

. "X A! X ... E~ 
, LD 41 

.~ALMJ 
.AD. 'CONTR 
A2M 
DX' 

,'AD 
'. ;,:.-"",,' ,,' 
bl~l'~ 

IX·' 
" 1'12~1 ... ' . 
. .•. ttl: .' 11)2 
, AEt;ki 

>'''~' 

• I 

jTRANSMIT XOFF 
;UNCONDITlONAL ·JUMP 

iIS SILO :;:;ET-::' 
· '; Ni.:I--G,U IT 
iISTHISLAST ItEM? 
i. NO:'":;:;~(IP XON" ROUTINE 

.iCiET, XON. CODE 
· ; TRANSMIT 

; DECREMENT SILO COUNT 

;GEY OUTPUT POINTER ' 
; INCREMENT IT 

j LOAD CHARACTER 
; CLEAr:;: LOCATION 

. " 

fDETSCRATCH"LOCATION 
iUPPE~LIMIT FOR CONTROL CODES 
i IS IT A CONTROL. CODE ? 

. ,i STORE CODE 
; GET E~=;CAF'E FF" 

· j·SET ? " 
j NCI-[lISF'LA'Y' i'i--I I::; 

" .i" CLEAR ESCAPE FF 

"I-·';";'T' , ~ ,-.,-. ." r"'- ":,,,,-.r\·E'· ' ".,t:. I-l:,:,,_·,l:,. _"_'.1.. . 

iIS· IT, A ? 
~. ;,; 

r ~ "".' '.~'" 

, . 

" .. ,,. . 

~; , 

':; 

~'-' 



It~.~~~'::;f~~.~~~~~4[9;1tJj~1.,. 
~- . 

: ~".'. 

:x: . 
..." 

138 0422 
139 0424 
140 0426 
141 

147 0444 
14::: Ci44t.:. 
14'1 ('45() 
150,)452 
151. 0454 
152. "O45/~. 
153 04/';'0 
15404/':2 
155 0464 
15/S ()4c. IS 
157 0470 

: 15-::: \)47-2 
0474- . 

'1 '':~7· 
1/~,8 

16~ 0520 
1700522 
1710524 
lti 

,. ....... 
Hl) 

.LD 
AEFki 

HOLDEh!" 

I [iEl\lT 
l1i.:, 

; I::;; IT ,.'0::' 

.' I .=- I" ·T· "[ .-: • . -J ,';'1 .. :.: 

. . ! 'I. -~ 

,~, 



~. 
I 

.. 0\ .. 

'J; 

' .. 

" " 
>,r--., ~ 

" ··,······r· . 
- '. 

174 ()532 od·::;i~i5.. ".;,. ..:~~t1.!i: Rdi1 ! TRIJ.J 
.175 . 0534 .' ........ '.,' .. ·>.At? .. ,·.VID ':> j' CAN BE RE Ft.AC ED. BY 'A. 
176 05'36 OOCd44'ESC:'APE: [IX· '.,' ': . i GET E'sCAF'E FF 

·'1.7" 7' ()C"4C nOO"··l· 11···· ·..:..·..;·I"':·A .. .,· ·····ZA· . 'A' E· ... 1'.,· '." . '. " ··r .:::.' . I' .'T··· e'ET'" . . .;.;.I ... J ... _ " .1:..":'._-, ...... :. . '.. ,- ...... _,. '. ", J'J . . ...... • 

17'=: (tC)4? '.. . ..:. If..·D···· ..... '. Ci tRT"::' ...• ·.t'Jrl-':::·ET IT . 
• . 1....: ,::,. '- ~ ': " .'!7I. . . "'" ~ '._ . :...,1 . _,; .' I ~, "!" , "_, .' . 

. 17'9· ;")!=I44 on(l(r7/3 .' .': ·A·?,H I AEI'·1. f' . 
1 ~:::·nO;';4/'· ..,. ": .. ··<AO·· : :. illr';p '. . 1"'., 'EARIT 

i_I •• __ I "' ;,':,' " ....... ,p. ,.,_._. ", I.~.~ ......... '; '. :.,. 
'-:';' .. ",,:" .1:31 0550 000070 DT!~F': . "lX':'" 

1.::· ... ,· • C"C"'-, • o· '. );. .-. ...... .' r'l;"'" ': . . v, U~~, U.UI0, . ~H :< '''::ET L'-.HA';"'" c· 'TI:'R TI"',·.· E'E' . ·r'·I .=·ol:~";::-'" I'.,.' , .... '. o' • r.;H._o _. _." l.!. ...IJ'- H 't _1. .. 

:. Cl1MF'EN':'ATE: FciR . PR":\i r' .''1' t·:;; .... i'.;r .,., ..... · .. "-1:;...:. ··18:;: "0554 000164 ·DA···· 
• ~ ~ ~~ - . '. .. • -~ ,I' .', ': ." .~ •• 

. 1.34 ().."L.J6 OUO 104 . . [, y' . ..' . 
1"';"C" . O~I 0" . ,.)()' .(-) 1~.r.. . .,' .... ·::z· X i~'X', M·"E'··· ' ...... " 0._1 ;::It,:.. 1_.,... . .... u;. .' ....... , . ....' .. 

19~0~6'" OOOjDb '.,~ ~. DV~M~X . 
:" 1~:;(;5,;:4 (1I)t;.04(:):""·· . ,;:B2~'.t. '" , 

1 E:::::: OS6e. 000Q22 . ' .. ,'.. 'A21'l..· .... ", 
1:::'~.0570 000014 CI)RRT:' > .. tiZY·!·IJXDY 
t90()S72 000056' ....:. ixb";t ..... , .... 

''1'=ll05740od606' ...... :,DXD't-'! 112.A '. 

.'. '.- .' . .,,'. . _. t:.. _L· •• JI."''''l''l::..l ,r.: ... 1· 

'(,jET CtlF~';"Y .. 
; GET' CUR-X' . ". '. 
. j.;;;e: .... ·r-II":":·OR Li'~"-~ "fif'-It i ... ··•·.·· :~: .. -' .. .I:" ':",: .K.-:-. .' .. ' _ ._" ' .. .,. 1.,..\., 

. jLOAD· CHARACTEr.: 
.. "J C:URSORRIGHT R'OUtJi'lE' 

i GET. CUR~X .' . " ; .' 
. .' . . 
'. " ... 

l'?~ ... ~~5?:.._ .' .. _.'·'C;iJRT2: ·.;{L~(:··,.) 17'~'~., ... ~. ,.': ....... , ~ ._.,.~', ~ .~.~ .... <, .. ~.,:: .. ". '. , 
1 '~l.:.:tll::.()ot.JOOO~.l .HE!1,J,.)., . 'J,IN R ,11_'M" :' "1HR,_, rt-J.! ...,..., . . ........ . 
io:;;q0602. . . ..' '., ··:'.·Atr,· ··.·.;.,iI)NF; EX! P..;\.;T~5bDOf~::; !:.!i:'T~,:.:r\:!;:::·Tf:i:::· ;:;:.;::=;i::::T 
19t:; nf..,(}4 (IonO?'7"'::'j iRT:-i:IAIA''iFIJAEt·1. i "'j Tt<f!'''J~EH~t\'T':tt: . . 
:19;~.C)/~,()t; ~'. '-~'.' 7'" :,~ •. .• 'Arl1'" . :',~II_'t1fL' ..' _. .... ,. .. ' 
1·~70~.1 o(:;b6()Q4.1·~dHE: ".})XDY::,:; ...... . 

, ·c ,::,. : .... ',-: . ~ -.I .:. ' . .' . . . .:: ":. :' - '~"".'.' ""~. 
1. 'h,.. 1..1( ... L:.; . . . :'. LD .' ,0 

: " ,-~. .~, •• ", ~:. "" • ..,.. <. " ": ,"' v':' : ...... ' .... ,:: '. ::: '. : 
.·1 o/'~I \;.~/:" 14 .9001.:.0 . . Z" ... ·:.·· . >._" .. ' 

' .. 2f)(j 0(: . .101:. o~)ixd4.·tD<IY..> 
''''-)1 (~'6'-:;T~oon006 '::1L'-' ···i:'t'·ro·~'l ';1:"41 

..... '-::E"··T·'·'I-·!'::"E··E· " 
. j' ;'" -. ,=. ~.r.: J~ 

.!J't:LE8R "± Ti.. . 
'; Gf=:T:rOF'LINE 

':;:,:;-." 
f,' 

. ,;;. 

. ' 2~)2: '1~621"~H)~:d44,'7' .;.i,~·ri~.·:':' !'. ~.,,~ .. '. 
'ler::: . Of...2401)00·?:::I' .... ·.>····'A:iI;j.i,AEi·u·, . ' .. '." i LiJAti 

.2()4 Ob2<:;" '."',-:-' ";., ":,:,A·r.:j~:'\'·C:~TN2'·,. ..,' " .. ' 
(")L-''':;'"' O('\''')(t)4 (Xi)""'" ",' 
_ .',.;;11.. . " .. '_: J •. , '. . .. l, '. "'~ , ,''' .. ''';'. • .... 

000111 ZA' AE+1·':" ... I 
';207 o <:;:;r4 , :.... '. ".' . ._i::·," ~.,. 

2(i5 
20l~.n/-.·,:·,? ." ........... ~. 

:? .)b '. Q" '!;''':':~ .. ' (:.) '"\ ~\ '"1(:' 71 . .... 1.0. '. f.,._,i_ • ... :_1.1...\,.,. _' ..... 

. -:;. ·-l·'::;' . nl- '4n . non 1: 4' . ...t_ (I "." _, ," !O. ,".,: .• c~ " . ~ , " \', , 

.' " 

"'< 

, .. ' 
,;, .. ;;, .. ' ,;.:" 

.... 

~ ... 

"<.': 

'-~ 

",,:" ,. 
-:,._.:: ,'. 

: ....... 

, 



'. 

i 
;", 

. a:; ., . 

-..l 

2 i. 0 O~.420i)Oi):23 A11'1! AEj'U 
211 0644 , AD . DEeR 
'7'1'71 O~4' (\1)"0114' r::::;P-,-.E [,":'7." .... _ "c. I;:.. .• ' •. L::._.H_ ..• r .... H 
':;'1 ,,:. 'J ~ ~(~l '"1'-; .OJ '1' '4 . "" '.' ;'-'A ..... '.' .. (: ..... '. ..~. '.'.1 .. l . . . 1..' t , I .. 
214 0652 000031 X8!AEMJ 

: 21 S· (;1~.5~ 
.; l' .. '""'6 ")i"'~")'1""4' -.""'f-·R '..:.. r;. f),;, '_' •• '"I.. ... "" .:., . L t:. ..... ...: 

. 21 7 06~.Q 000002 
21 !:! 06/';.2 0(11) 1 C:.4 . . . 

21'=1 061'=.4 000041' 
220 Ot:./.:·6 
221 (1670 

.AD 
ZX ! LiX 

.1··i2A 
LiA . 
AU~r.J 

. An 

. LD" 

,..JUI'1F' . 

CF\TN3 
1:::: 

222 0672 0001 :::;5 .. JUNF': 1;11! IRQI"! ! THU,j . 

i [,E(REI'1Ei.,lT ' I;-

... ,,"~ -IIF X· ;, '-;t:. I i_:...: ~ 
; IN LEFT MARG1N ? 

.J \lE!:;;"':G!U IT 

.,! - " ~ .. "-111:: ',' • 
,i _Ljt·41J .1"":: _ ("":;'- ,1~, 

; :OECF:E:l·ylEI-H·· IT 

22:;:. (>/.:.74"' AD VID '; ,HIt-It:· Tn 1'>jl::YT p.; •• ,:::' 
~ . • __ .,11, . _ ._.~, ~ 1 __ ., 

22'4 0/':'76 
,0700 
i)7{)2 

00000-+ HOI...DEh.!: DXDY' 
225 00011b ZA , 
22~, OQOO:::/.:. 

'.2270704 0000:30 
~2:3.' 
2-2-':) 
2:3<)' 

0706 000114 HOLD!:::;. 
0716 000144' BEl,,,L:·· 
0712 000033 HOLD4: 

. 2:31 0714 
232 0716 000174TAB2:' 

,:.-:'t''';,.":! . , .. ; ... ·';..1 '('\""("O"~ .c-..... . ..:.., . .:I·.l 11~1'1.,,;,.' ...... ~.l· .• ~ .... k_~ '_':;"." 

234 C1722 
·7,.,::;C" fl7' '''4' (';OCiiY:-;7 .",....;;1._, ... ~ .. f"., .. ~ . 

2:3':j 

-242 071.12 
" ,,24:3 0744 000131-

. 244.0746 . ...... . ....... '. 
'245 075000Q022. ESS 

"7""""'-~'''''-''":''-''''' 

X;::!I~1 ! f!121't 
X~:;' 

ZA'! r'\{" 
[IX .' 
x::::! A2t'1 ! AE'-l.J . 
: AI);)UMF'·· . 
1'10 i DA . 

. lA.! TAB,) 

r'i2A 
.', LD ······14 

';.::::ET HOLr.! ·::;C"F:E·EI!~~ .:F:,F 
'j. Ai\~~[l :t:Ll~:8r~~. ··::;·C:~:C!LL_ .-.. -' ~~. ,.-

.t .... ~_H_q~:. :, 

·;INCREMENT St~EENlINE" 
'": "':_"",,""' ,-' ~ . . j 

.; ',..-i t:.l I.,)) I:i -\It 

;lA2! ALN,J '~ir'NCREI·1ENT. J T . 
,,, ...... ', t"RT"r::" .. 

.:; HA.1 " .. '. ',_, 1' .. _' 

1'11': TRU'.J 
,AD ; ESfA:2 
A2M'. 

\. 

" .' 

::,":' ' 

" 

":,, 

~';' . 



, ~ 
r~ I~ 

~/"""""'" . 

-' . .' . .' 
" 

,'" '.'" •. cc >'-'4 .' 
L 1.:- l"17' C"'j (". '.j(") l' 1:'4'" .~, .'.,-:'~; ,-_.'--' . 'Z" X 1-," - '_'..:.., .. J'....";,,, ' ¥ • 1.. ~.~ j 'C3Ef'~ET~I~;~T:'rN~ ,- _.. . 

.' co 
I 

00' 

0754 000006 'DXbV!M2A .-... n·"" 
.::."tl 

248 0756.LD 14 
249 07 t.:.O . (i(1l)04;i .... IA2!ALi'ki 
25i) i)7t.:12 , (.'!jD 5$ 

251 0764 0001io 
252 0766 000022 5$:' 
253.0770 000142 

ZA 
A2t-1 

~C"4n77? ,0,r40 -RACL?- P?Y ~._f i _" t , ..... t .... l_ .J" "t:..,. _,,_I ~. ,"~"'" 

·255 0774 
256 0776 000002 

. ···.LD· 
. t'12A 

11.7 

. iI hil::REr'1ENT . IT 

,LnADtt'~ETn£E ERA~En 10 M~~V :. " .... _ '_.. ._. ._'. - - "'- .•••• " •• I 

.i CiET LINE TO BEERA'::ED 

iGET RIGHTMAR~IN 
'j<="'" 1 ,., '.'(" (.'()-(")'14'4 .'[' ," ." .' .:... '_' I ' .... It .. ' "l. J _ . ..... -' . f ,\ r' . ."_ . 

'7'1"';:=: "';'l("':'" nu" nC.j':".·-:;'· ~$', :I"'~,I' .4'"1"-11 A' [,V, I' (nn.p I Ii 'r' L' E --'AC.'I t·r''".;'·T : .• :;::-"" • ., 1 1 ... 1..., ". • .• 1.,'_' .•.• 1 • '/'. '. L. I_I, I.,. J ___ •. ' y.:r1 t:.r" ...... '.'... L._. ".' . 

. 259 1004 .AD5$···:.. 
.260' 1. 00/':.(100016 . ,.,.' ZXZ'v'! DXDY.! H2A . j GET'::::CAhICI:iUrH 

21':.1 . 1 (; 1. (I 00(1026- I (; :A2f'l ' 
'-:<too .-::,' 1 i) I" '-j ,-. (lC' ":qV I [I' ; ,"~ 'A'?~'Jl'" -t,,! f ... _.~ , . ... I. '-' •..• 1 .... " ' .. ' .~'" ,1H .. ,~' .. HI::.. '. ilNCREMENTt~TWICE 
263 1 (:'.14 ' , " " . AD '. V I D , 
2(':,41016 000170 :::HIFTL:,j"lO j GET:I Nt"IODE 0 
21i.5 1 i)2i) CH~H)2-52. " t~t~R:'~' ", ".2/:;2',1 -.:3(H)" 2"42,,1 ':::':37,J ·j,r:3S;. 24':~lJ l'LlS 1 2:~,'t~~, 272.; -2i.lt ./' 2':':;(~.~ _.:::; .. ~:. "'::.:''':'

'. 1022 O(H)300', 
.1024 000242 

. 1(J2/S. ()()()~:::::::7 
1 Q):3Cr 'i)'(n)::::~j;5' 
10:::~2 000243 
10:::::4 . 000245. . . 

. : 1 ():3t~· (H)(i;:7t.:. 
'. 1040 

1042 
1044-
1.(;·4r,~, 
10500002:::;;1 

266·1052'000244 

( 

" " 

1'.)54 000:336'" 
'1 (~.51~~· :(~)C)()i7'4 

':." 



.. ~ '.E~i;f~~~~~z±~;;:&~IF,\f'J~!~2_'ir%rf~, .. 

ttl .' 
I 

...0 

lCi~.O OQ(i24{';. 
10,S2 000277· 

26"1 lO~.40C)i)111 
2e.E: .1 Oc.t, .. 
2691.i)7i)()00104 TOF'2: 
270 1072 Q00002 
271 1074 000074 
?7~' 1'~7~ ()o()n~? 
..... L·· ~" ... :" ",. e, .......... 

273 1100 0000I6KEYBO; 
'''74 'l 'j' 0'" 'c)nn 1 f. .~. J::,...o:. •. ' ~ '.' - ~"" ~~ ~*. 
275 '1104 

.271:.. 
277 

j, 106 (i00022 
1110 000111 

27:3 1i12, .... .' 
'2791114' OOi~H)i~j2 

z-:;:(). 1111':' ' 000144' 
2:::: 11120,i)000c14·· 

. . -;. '::"-. '. .. '1 .":-' .-;. 'i" .... '. -', ;~.,' .::;,.,' . 
....... 1,,;.,.. !_ ~L. ~":".~~"""'" 10 ... '-.~,L_· .' 

2E:31124 OOOOf~,4 
2~:!4 1'1.26 4)(P.~:H)22··, 
2~=:5 '11 :::;() , <H)()~)·.~: 1 . 
'2:::f~t 1,1';;:-2' - .. 
. - .• -..... • 'j' .-, ~ . -" .") .-, ...... C' 

1_-,,' I" 
'. "~.'_I" 

.AD··· xln 
" f' 

.. I)'{ 

H2A' 
"lX!IY' 

A2t'1 ' 
ZXZY!DXDY)N2A' 

· DA.!KEV.J 
. AD· 5$ 

. A:2~l 
ZA! AEt'12.J 
.ADFHUSH 
rt~A 

'[li( ' .. 

· DXDY'" 
'X::::!A2N 
···IV 

All''! 
. -.>:.::i'! :At;t~1~~~.~ ',. 

;. AD .' 'KE"'r'DO 
t({! I:::'Et12;J ...... . 

'. '.: '..;."' . 

. . ,.A.l.1 

~.j l " .1 .-, •. ':'.!'t t~Jlt_ i,..,~", t.i~,...t ' 

-.2f:::=~ 1 ,1 :3c:~ 
· .-,,-.~' • 1 4( ..::,.:::.;;; . .l.J ..... J ZA·:AEt·12.J . 
290 1142. 
2911144 00006;4' 

· 2'7'2· 114/;. '000041: 
~d~ '1' '1~~ .... .. ' 4'.~ .~~. ..' . '.' .' 

," ··'("'J4 i·ie' . . -,.-.j",' '-'1"\'-""' vr:O".:;".:T· .'. '\""" . 
. ' ... '~-r _ ._'....:.. t..;,h .. \~" ... .;J~":1-\_~ r .. ~~' '';f_:. :'" I~,I:"· _ 

·-,,:,t::- '1' 1 !!:" Il ,", '-\(".) .-, '-'.'" :.,.' , .. K'I·'·A ... ~ , •• J . .....t~ V.t.ol '" \ .... \ .. .1..,:.... t -'_ 

t~:EY~:;T 

,-,'.-

.iGETTCiP LINE 

iGET VIDEO LINE" 
;SET THEM EQUAL 

..' GET KE'{BOAPtl COUt'JT· 
i I~:; THE KEY UP ? 

,;SAVE' ,ADDPE~::;~~; . 
. j I :::; I TZERO? 

'. ':::'Tnr:;'E" 1M ·::::I,;·l;'l'.T'-· • ..;: i';-"':'~T7ril'-! .. 
.1 ,0_I,r .-r"\'- _ A',~' :·-··~·".,rI-·~" ... ·;-~,:-J ..... -·~-·.--~,1 .i ... (~,_1.,;'. 

• i>STORE IN .. E:OT!-'I:::;C::RATC:H· LC)CA T Tr.)!\!'~: 
_- .. ' - "-I' ........ , '.-. . -; . ""T"":""'''':'''~_ .... _' ' 

.'. i . ALr:EAD 'i .h·...,t,l·-.M T ,., .. " .. ' 
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'ENGH\sEER!NG ,SPECifiCATION 
'i I , 

remova i ' from 
the;Eollowing 

. , ~.,' ! 

", ,'; 

.~~~~C~U~R~SO=R-CHECK 
,terminal,' using a 

. 'I',. 

screwdriver 
label 

t·,' ' 

or 
',baud as shown 
Plug terminal 

on, the right side 

and "9600'" 
terminal. 

';,', ,loca ted 

on 
in-to 
of 

line, move 
terminal.to:the 

,AfJcer a one minute warm-up period, a' 
appear 'on the,>screen. Xf nothing ,is seen or 

,pright, reach over and adjust the intensity 
':-of theterrninal at, the 'topright'l1and " 
the :right for ',:"increased brightness; .:, 

=-==:..::..=...=.:::::_,MODE CHECK FULL DUPLEX , ,'" ' 
terminal 'for full-duplex operation,' locate 

screws' numbered 1 through 6,' on 
then, ,,3 ~nd 4 and finally 5 and 6 e, 

, ' , , 

display characters as keys ,are, 
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