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the VT40

of

ROM the’ read-or\lv memory wh;c*‘“wm -

* tains the microprogram B :
keyboa*d - the’ ‘keyboard and dt,coder c1rcu1ts
XTAtr. - transmntter (parc of UART)
p(:wer 9upplv i -

- the circles at the right of the dlagrm stand"
for the mterfdce electrom('s : opm«mw&amww
et : :

- An arrow ix’idlcates the d:recnon of‘ in vr*'ncmon kaw A A dotted lme is drawn fmm
- cireuit or tho. mzcr pmw«or where the‘e < m mts coerI the ﬂow of mﬁrmatmn PR
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»4 Ke)boar module
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VTS0 work correctly.

"Does the termmal work corrcctlv in off‘lme
~m0dl‘ B : _
Da- characters tvped on the keyboard appear on
‘the screen?

Cduse the correct effect?
:’and then does the terminal fan] when xw:tched

:mmah of the: VTSO are. wxred together as- fol-
.Iows : : :

: TERMJNAL s‘rm"ﬁ SRR

grammed ‘to: echo .each. character. the VTS50
should react’ exactly as it would in oﬂ“-lme_
’ mode If. not. the error-is in the mterfdce cir-
“cuitry.

»AS;A" TRANSMITTER 2

By

“line. Do_characters typed on the kevboard reach-
the host? If so. the- transmxtter portxon of the-'
VTSO is not malfunctlonmg ' :

12

‘Do _escape. qequencee tvped from the kevboard

‘on-line and connected to a host? When the ter- -

/ or when the VT:>O is on- Ime to a- computer pro- o

Connect the VTSO to ‘a host and swnch it on- »

Thc f'rst step in def‘nmg the extent of a pmhlem is to evtihmte whici

a

h of the functions of the

t.

_ F!gure 3 : -
- Subsvstems wluch are gooﬂ ir termmal'
o worke correcﬂv in Off«lme mode. .

) l - -
EREH - . RANOOM -
. | SCREEN BCCESS fum.—.
i . MEMORY -
: "
ol e
i i MONITOR . = pos.
S N
b
.. :
' : R KEYBDARD
| : = :
- [
- )
. +8y SV ;
RN = FOWER SUPPLY.

Wlinanod uson:

KEYBOARD

et e pmd

Lxure |-

+i8v

-2

POWER Squ'l.\'

e .;‘.'_. _.ﬁ...--,g_/

Flpure 4 »
- ‘Transmitter port:on of VTSO o




. AS A RECEIVER

.W;th lhe VTS50 connected to a host and on- line.

do characters tra mmltted by the host appear on -
the scréen? Do -escape sequences and. control
codes m'oduce the correct’ effect? If so. the re-
ceiver. portion of the VTS50 is not malfunction-
ing. SR S

:TERMINAL SELF IDENTIFICATION

When the- termmal reccives - ESC Z i< aup

o Pﬂsed to transmit’ ESC 7/ A. Even if the VT50.s

alfum.nonmo such that mcommo chamcters

" are not dlspred on' the screen. the -portion of

the VTS50 shown at right’ can- be proven to be
o workmo correctly by testmg thm feature

B R Cowisy L
T L SO POWER. SUPPLY
R - e e

Mmoo
. POWER SUPPLY’

Flgure 5
Recewer portmn of VTSO

: Flgure 6

Y v?ortmn of VTS{} ‘which must wérk in or&er
Tt produce termmal selfeldentlf' catwne




LOCALIZING AN ERROR IN THE . : e
DISPLAY CIRCUITRY R e e

The i'gure at nght shows Wthh pornom of the —|/f——y—="|" =TT
lsp!av cmmtrv are workmg xf o ! ’ mawgow ). el T b
: ] SCREEN ' g - o4 . ACCESS | Lo . T b
- any llght is visible on the %creen w:th dr'v-_ i R
o mlenmv %ettmo S Sl b e
. ! MONIT?R [ B '.:" il . ! g
. ! i i i .‘ - L} .
- the raster is vnsl‘nle xf the mtensrtv o : R L
turned up all the way. IR R e
- the cursor is flashing. b
[ R 4ase Cosee U T
\ . . -powen sy W k S

Flgure .7 Brniow
The D'Glﬂav Clrcum-v PR

,TE" THE VTSO DOES NOT PERFORM ANY OF iTS FUNCTION‘:‘:
'CORRECTLY '

. Check to-see if 1he power supplv is producmg the correct. voltaees S

2. If the power qupply is functxonmg correctly the problem may be that hec«luse of bcmg in
~the wrong mode or:because of failure of a condmon flag to register ‘with the- mlcroprouwor..‘:
it may be stuck in an infinite loop. If so. the outputs of PC-can be read’ ‘with an oscilloscope

to determine at which point. in the" mxcroprooram the pmce%sor is stuck Thxs ‘may. prm'xde a
;'Llue as to- the source of the malfunctlon ~ : : cil '




Tha linear tramfnrmer has a ﬂux %hxeld optimallx posmom.d to prevent interaction between the
flux generated hv the ‘transformer and the eleuron beam of the CRT. which would produce, if
h¢ hm: frequencv varied from the nommai a phennmcnnn known as “swimming™. Curren} goes
nto a full-wave rectifier with center-tap. The positive and negatlve (u.tput*z of thn rec.nt'u are
eguldted to +15v and -12v. rcspecnvelv ’

nother wmdmg of the transf’ormer is pawed through a full -wave. center-( tap rc(.hﬁcr and capa-
uor-mput filter to be regulated down to +5v. There is a single voltage reference for the entire -

power supply: a voltage divider utilizing a Zéner diode. Thus there are no dd;mtmenm whmh'
_havelo be made to take into _acfcb’tmt line ripple and’ ﬂllClUdtmn - S RO

Each regulatnr has current- hmmno and f‘oldback to pmtect agalmt madvcrtent Rhort cmunq dur- »

ﬁg maintenance or for any other reason,




' CHAPTER 2
POWER SUPPLY

Four voltages':ér:éf'.'p’r()duced by the power supply:

‘ +15v (“  L5 dmp dnves the honmnml and vertlcal deﬂectron urcum. and
modemopuon RS : R A S

-12v (‘ 0 52 amp dho powem the veruca deﬂecu(m cxrcunt ajndv DFH ‘opt'_i_c_m, d‘?Wt“ﬂb
‘ suPPlvmg MOS loolc S S

-5v (‘ lSmA dnves MOS lomc

+5v ( 4 ﬁA is pmduud tor TTL loglc

The block dnazmm for the VTS50 power supplv can be dmwn as follows;‘ |

- . PASS ©
Ao y Y

9 'vAIS\eV -

| cirrent
LIMITER &
- FOLDBACK

RECTIFIER .

= oRiveR -

o

"

DRIVER -

UNEAR T - :
TRANSFORMER |- -~ " . © T b curenT
1 ] S “| 4 umiTER &
e SR “ | ] FoLpsack

CUINE } e
VOLTAGE | - g —J

o e S R
Wy QTAGE F IS TR GRS ka2

a sy

LRECTIFIER | - PASS m R IR N R
| eFILTER [T | STAGE [ VA I T B Bt DT

. : CURRENT
o UIMITER & .
| Fowpsack |-

DRIVER




'CHAPTER 3
MONITOR

| THE»PIC";?I&&E}T%E

The pu,ture tube conmh of a mgnmelv bmsec_ cathode: a heater whxch warms the calhode 50
that electrons wxll be emitted: acontrol grid to modulate the emission of" electmm scvera! other
erids which contro! the shape of the beam and accelerating. electrodee ‘and’ anodes which.: by
ﬁ‘v(:arrvmo a hngh posmve voltage. draw the electrons toward th<, screen. When the electrons hit the
- screen. thev are traveling at such a high velocity that the phmphor on the screen gives off hght,:
~ The- pmmon on: the scteen. where the electron ‘beam hits it is* controlled by deﬂectmg the beam -
f’;_thh maoneuc ﬁeld‘: oenemtul by a coil on the ptcture tube called the voke. There is. one wmd-

Jing in° lhe vertical . dll‘ECIlOl’l and one in the horizontal duectlon The; rwle of dgﬂectmn iS 'pro-»
o portmnal to the s :renglh of the m.tgnenc Fdd ' 5 '

BFAM DEFLECTI()\I

ffThc ulrrent through bolh the’ honzonml dnd venmaf wmdmm i$7in slowlv pmmve gomu 'and'
rapidly: negauve«goma sawtooth cycle. The frequencv of the cvde fo':_the honzontal vokc is 256_
“ t!mes lhat of- the vemcal \/Okt. if the lme frequem.v is 60Hz el

The ctfecl 1ql'thdt

L ‘\Nllh a con%tant bu( slow downward movemem the eleuron bcam qc‘ms from the Iefl of._
- the. screen to ‘the right. then quicklv returns (f'h s back) to” ‘the “left. If we ignore” this
- fivback. the, path that the. electron ‘beam takes is one of nearlv homonlal Imes each one

under the?precedmg one. There are 240 of theec [mes

2 :Slxteen ‘more: honmntdl lmes are pamted durmg whrch “nmne the ¢ rren( mr
g _' ,_'-‘\oke is shxftmg negdtwe. ‘.ausmo the ‘beam to rise to the; op: ot the screen '

RETRACE (VERTICAL)

31




EEAM MODULATION

The'pommns LO\'E‘I‘Cd bv lhc 240 honmnnl QCcan durmU the vertical scan compnsc thé “:'nc,m-
mgﬁﬂ locations of the screen: information is never dmpl wed during horizontal flyback of verti-

al retrace. As a result of swnais initiated by the mic TOProcessor. ‘at times durma these scans
lectrons are aflowed to strike the screen at full speed. causing it to-light up. At mhcr times. they
f’e prevented from reachmo the ecreen Unlike a telc.vmon lherc are onlv !hete two !c\dw of -
ntenmy

v
,'f'

' haractef is pamted on. the screen by mrnmo on the electmn bcam f'or one or morc 01 F\e
coneecunve posmom on one or more of seven conseuunve lmcs P S e

; BEAM SWITCHED ON - -
SCREEN LIGHTS up

PATH OF BEAM CROSSES

& £ SCREEN, FLIES BACK TO
g ~ - BEGINNING'OF,NEXT"LINE
C , e
o
N N
"YOKE DRIVERS
( _Due to a Iarve dmnoe in voltaoe thh re%peu to llm(. and a greateér dnvle nf deﬂecnon rcqumd o

~.most of the volmoe drop across. the horizontal voke is throuoh mductance whereas. in the vcru-"_ ;
cal 'voke. resistance is.more. sxgmﬁcant than inductance ‘in causing “the voltaae dlffercntwl Forn i
' .thm reason the two driver circuits are deslgned dlfferently -

| iVERTICAL"YOKE

..Al the Lenter of the dnvmo cxrcuxt for the verncal Voke is- zm operdtional dmphi"Qr (ES coc)rd:— :
“nates B3) in a current-mmp!mo mtecrator conﬁouratmn (w:th capacntor CZS) Thc b(mc func- -
' tlonal c:rcmt is ‘:hown he!ow S - *

7T

OKE (BASICALLY o
A RESISTOR) -~

' GURRENT- SAMPLW"
(RESISTOR = =




CA power-dnver staae is added bv an emitter-follower (tr.mmtors 013 and Ql?) QIS servew, as. a
- voltage-level converter dtis a common-emitter amplifier. To. pnevem DC Jeakage’ current from
flowing throuvh the vertical voke. a capacitor is put in series with it. In addition." feedbdck 18
: hrought from the yoke back.. to the op amp: the Capacitor C40 varies E5’s gain: The gam sl
- under:DC condmom when the resistance between the inverting input of’ ES and ground is IOO ;
~ohms: the AC: gam is 10. This ensures saturation or“ the oulput of the op amp whrch make& the
_ﬂvback chle more effecnve R : L

‘Divde. D23 chdrges Cdpacrtor C3l durmo vertrca[ xeerce ’Fhls reduces: the currem requrrements:
of the vertual crrcmt durmo the downward scan. since it uses the enerzy stored in the capacrlor

‘Ho'rirzoNTAi)Yor{E'

: The honzontdl voke is- basrcdllv an mductor Bv supplymg a conqtant voitage a conelanﬂv rrsmaf :
- current will re%ult which becomes the horizontal scan. The momentum - of this current across the -
~coil is used to charge-a capacitor whrch supplies the ‘reverse’ voltage needed in- flyback. This
fmpacrtor and- the ‘voke form a resonance circuit.” A-diodz is added: to- keep ‘the capacrtor from
ringing after ﬂvbank has been achieved. As a re%ult of ﬁyback the high Lurrent in"“the reverse i
"drrectron is also sent 16 Tl the ﬂybdd\ trdmformer where it performs se\reral functrons:

. : ‘ BN : i o
Lodtis etepped up to 11 000 volts and sent.’ throuvh a drode. to the anode of the cathode rav_"

tube. whrch ha% a eroe capautanve effect Tlm rec.trf"e@ the H ’)OO \rom mto a, DC cur:
.'rent o D i S

)

> lt -provides "ar,source of severu\l’ hio'h voltuges,

=30 ]t is used to oenerate the Lhrrd harmome of the waveform of the capacrtor as it c‘narges

..~ This signal: has about 15% of the amphmde of the orromal waveform and is added on the

s Secondarv side of the tramformer and subtracted on. the prlmarv side lo produce a hrgher.-'
voltaue wrth the same power Lonxumptron » : o :

Ar_mm there isa capacrtor in series wnh the yoke As wel[ as ehmmatmg DC across. the yoke i
: supphes the S-correction’to the: voke. It was mentioned before that the arwle through ‘which th
- voke deﬂeus the electron beam varies directly with the current through the voke. But this doe
“not result in’a constam rate  of speed of the bedm s travel across the screen: Since all the pomtsl
~on the screen are ‘not an equal- distance_from the source of the electron beam. a"deflection of
_deoree when the beam is at the center would: produce less distance charnge. than the same deflec
tion” when the be.rm is at an edge of the screen. The capacitor performs S-wrreetron by qlowmg
“down the- movement of‘ the electron bcrm when it is near the. edges ‘ :

| CURRENT ACROSS HORIZONTAL YOKE -

\\/ time _ \/ R \\/  fime” i

'WITHOUT  S-CORRECTION RIREE ’ WITH S-CORRECTION

3.3




N

A vanahle inductor .(T3) m senes wnth the voke is used to provide _adjustmch.{ of the width of
the scan. ' ' R
“*_Tti the other coil in series with (he voke. is the linearitv coil.

for some of the second- order effects the resistance of the vokc
:the cnrcmt :

Its non-linear mduu,tmc mrrcux'
and some of the volmge drops in

.‘A problem enmuntercd was that of storage time of thc power transistor QE9 whu.h muld deId\? :
the signal HORIZ L from the microprocessor. The muropmcessnr emits another signal. SYNC
H which goes hlEh 5.2 mlcrosecondq after the HORI? L sxonal heszzm el

The curcun dif mordlmtee D3 uses thc, SYNC smndl »as mhc Hmz: rhaee to mtwmte \'olmac
sqmpled from pins 8 and 9 of the flyback transformer T] A fast power nanw.mr ‘which has
" started flvback too early with respect to the SYNC smml will allow ‘more current to be inte--
- grated. This circuit will compensate for the power transistor’s fast storage by increasi
_ current. which will slow it down.” A power transistor which is too sfow will hkewse be mmpen«}
- sated for by reducing its. base current. Another benefit of this circuit is to guauamee thdt the

. power transmmr will dlwaw be satumted when the honmntal scan beﬂms Whl(.h mll enmre |i~.", .
. hneantv .

'VIDEO CIRCUIT
The contml gnd 1S used to reoulate the . oenerdl mtcnsltv of the screen. thlher thc dectmn -
- -beam produce light or not at any time. is Lontrolled bv switching Q21 on and off; whxch lakc~.

"~ "the cathode from +40v (dark) to 2v- (hzht) D37 prevents QZI fmm %dtumtmo cmurmo hwh‘
_‘epeed of operauon ' '

mo its base .




RS hold‘ the mf'ormatlon on’ lhe screen.

oo In shnn when the micro

CHAPTER 4
MICROPROCESSOR BLOCK mAGRAM

- This section. covers the data structures in the VTSO It covers the mterml reunterc uf‘ the VTSO
- what thev contain..and how they are ‘manipulated bv the microprogram. It covers thg orcamm- o
' non of‘ the Random Auesq Mgmorv and the d\fatlahle mtem.}l data palhe

5 “The Random Access Memory (RAM)

T here are l024 7 blt wmds ot read/wnte memmv 960 are. used to hold thc Lurrent conlem"

the display (12 hneq of 80 Lhamuers edLh) and the othex 64 are. used as d scmtch pad hy the
mmmprocram : : SRR

‘ Theneed for adﬂ'ress-ainéppingg :

1024 is 2 to the tenth pawer. dnd heme 1he number of. emmue locatlom m a memory device

“which has 10 dddre%s lines. The VT50 uses 7 such devices in pdrallel so-that there are 7 bits- of

“information -at each !ocatuon (in each word). This is sufficient- to store an ASCII- code ora -
counting number fmm 0 to 127. It is convenient. ecpe(mlly since the RAM repreqents lhe infor-
mation on.the screen. to -think of a certain number of address lines 4s selectmo a row, and the

Corestoas %electmg a’ column But if" we say thdt 4 addre%s lines select ‘the row and 6 select’a "~

-~ column., the memorv \\xll have 16 rows and 64 columns. That is’ not enouOh -columns to hold our_ '
12x80 scrcen But if we take. another addrew Eme from qeleclmv the row and use it with the

~other: 6 to select the column our memorv has a conﬁoumuon of 8xl28. and 8 is- nol enouoh - 
CTows. T . . : ‘ o : :

'lf‘ we had a memnrv thh ll address hnes we. could use 4 for lhc row dﬂd 7 for the co?umn

~ vielding a’ memory conf'eumtmn of ]6x128 But lhls qolutmn requnres twnce as- much RAM as. IS
really needed - R : . g :

Tl At

-Whal hdppens in the VTSO is’ that a l6x64 conf”gumtmn is med but a hardware scheme—'m
- address mapping--makes it seem to the microprogram  that there. are another 64 columns. When, y
Chy manipulating the address registers. vou' trvto access one of the 64 Lolumm that don’t really :
“exist but. that you need to retain the extreme rwhl portion of the screen, the address ‘mapping
'dnnrts you instead. 0. sumcwhere in the lower 4 rows. wh:ch do exm and whmh aren t: neceesary"

pm"mm tries to d(.cess Lertam memory Iocatlom..lt gets olher‘; 1n<tead
- in this wav., the mdppmo can cut our 16x64 memorv into a 12x80 piece and.a 16x4 piece. This is
- shown Er.tphlcalh’ in lhc dus.mm he}mx The alvomhm is e\plamed on the f'ollowmg pd“e.




- UNMAPPED ADDRESSES (all mmben are declmol)

: PHYSICAL ADORESSFS (aiter mapping)
L scheEN 1MacE -

SN e b GO -
R N I 2o a0 s i ehey n e e T A D
- - Y:00 ;
A 8 : i
AT e P o i 16 Rows {
‘ e -
‘ ] o . i [ I ] c l o ;{ SCRATEN
1L SCRATCH PAD : ) Lo e i o S
00t .. ® 5 [ - ' ¥ ’ S oo
f vaiz . : . ‘ . TPRSE L
Ry [ LA R - SR ‘F‘i;gme» 8a

'(Foua LOW-ORDER BrTS) :

Figure 8

: ~ Figure 8 and 8a O A
The lavout of Random Access Memory (8) as it appears to -
~ the pmgramo and (83) after tramformatmn hv the mappmg. T

‘Addressmg the RAM

Two hardware regmem herem referred to as the X and ‘zf regtqters qupplv the dddreq‘: o the
‘RAM. When this manual describes some action’ perf'ormed on “the. RAM™. it is. underetood to
mean- “the RAM word addressed by the present contents of the X- and Y- rcglstnrx The X- .
register has a capacity of 7 bxts of- mformatlon the ‘Y-register has 4 bits. However. 10 -bits are
8 alone sufficient- to prov:de a umque -address. The' foliowmg is a deecnptmp of an. address
_ © . mapping which occurs: Let y3 v2. yl. and v0 be the bits of the Y-register: and let x6. x5.,...x0 - .
A be the bits of the X-register. from: most-significant bif to-least- @wmf’cam bit. The VTS0 vxdeo

~ screen has rows 0-11- and columnq 0-79. When the Y-register. contains 11 orless and the. X-
register ‘contains 63 or less (i.e.. x6=0). the address mappmd I8 str awhtforward and lhe f‘ollnwmﬂ
are the hm of‘ the nddrese sent to the RAM

V3 V2 yI VO ‘(5 x4 X'# XZ Xl XO

‘iThue fqr the powhle addresees in Whl(.h the two moqt qwmﬁcant bm are l have not bcen'
‘exploited: however. columns 64-79. on"the screen. ‘have not been given an address,. In the situa- -

tion where’ the x-register contcuns a numher 64 or greater (e x(r- I) thc f‘o!lowma mappmu is '
’effectwe e : : : : :

vO v3 v2 x3 x2 xi ()

Notlce the x5 dnd (4 \xhlch would both be 0 for x-valueq from 64-79. are ot sngsz'cam in thc.
address provnded to the RAM. We have not covered the case in which the Y»rem\ter contains a
~value 12. 13. 14, or 15, The‘;e cases. reoardleqs of the value of . the X- register. are- Lovered hv thr.'
seccmd mappme Since in- these caceq v3 v2-—1 that m'\ppms degenemh?m to* -

1 lvl vO X3 . x2 xI x0 : R  _,> o :

: Theqe “leftover” addresqes-—addresees whme correqpondmo lomuong do nol mrrespond to’ a char-
* “acter position on the video screen—are used to gain access to the “scratch pad”. portion of‘ RAM.
~ Only the four least- significant bifs-of the X-register are significant at all in selecting an address.
' ‘when the Y- register is 12 or above (or the x- -register is 64 or ahove). except for xpecufunw that
.+ the alternate mdppmo shall be used). At the end ot Su‘tmn 9.isa Chdl’l descnbm(y what. chh cell
- of the <cmtch pdd is used for. if anvthing.




Mlcroprogram Addre 5S Control
~In‘the repertmre of thc m:cmproces\m ire separate. mstruumns whuh can: o o

*Clear (set to 7em) the Y reansle
*lncremem the Y- register
*Decrenient the Y register
- *Clear the X-register
o *Im.rement the X- rcoxstcr
. *Decrement ‘the X- remstcr
*Complement bit x3 of lhe X-register :
’(Thl% instruction is ueeful when in the. qczat«.h L
‘ 'pdd where it allows vou to access a cell half- .
‘way across the’ scratch _pad. tdkmv the place
of eight i increment or decrement X rcomef m»' .
.. structions).
"*l vad the X- reomu from RAM :
“*l.oad the’ Y«»remster from the Y- remster—butter
*Load the. Ve hutter from RAM = '
*gclectcd combmatlom of the ‘xbove

AThe Y-buffer f

A 4-bit v- huffu is pmvnde ' 1llowmg the mlcroprogram to pPrform “‘hdlrect .iddre‘;imu h'_v
g\uuunu the !ollowmw.sequeme of mstructmm . S i

'l..‘ _ ampuldte the X-. zmd Y- reomters © pomt fo- the RAM word whlch (:ontdms the new v
2. Load the RAM word into the v-buffer = : S : i
N '_Mampulate the X-.and Y-registers to point to thc RAM word Wthh Lonldlnq the new X
4. Load the RAM word into“the X- reglstgr :

s :

Lnad lhe v-buﬁ'er mm the Y reamter

’ Hawnu ay- huffcr is Lruual to tlm opuralmn since; once one of the x- and V- revnsters is changed‘_

o' the new value: that register is not dvmldb!e m hold a pre spf:c:lf“cd dddfﬁ% $0. zhal lhe other
naddrcss can he l(mdt,d tmm RAM -

The Read-Onlv Memorv (ROM)

'VTSO come wuh 4 chlps of 256 \mrd X 4 h:t ROM. ‘3mce eac.h chlp supphcs elther low or
: hwh- order parts of ROM words. the configuration is 512x8. However. this supply mayv be ex- _
pdndcd 10 10"4x8 A third and fourth: bank (or. set of two banks) of ROM will ber enabled :f'j
..|,umpur Wi on the ROM. UUART & Imunv board is cut.- The ROM contmm the’ mxcropr_ngram. ’
- See ‘§u.uon 5 tor a wmplelc dumptmn of the mtcropmcessor Lmouage " R




Audresses to the ROM are supphed bv .- 10- hrt register calle
.The ROM word addressed bv PC is dwodcd and executed: an action is performed. ‘depending
nn the Contentc of the ROM at that location. PC is normallv incremented after cach instruction,
as the microprocessor proceed% to the next instruction. Somc mstmumm nquuc two 8- hit ROM
words. In- this case. PC would be incremented  twice during ‘the exe
 Under certain conditions. the § least significant bits of PC can be Jo
‘ '-m]l) from the second word of one:of these two:w
of PC can be mcremented by a mlcroprocewor mstrucnon Note that. in nte st
tmn. the most ‘nomﬁcant bit of PC is unused

d the mumpmomm muntcr (P()

aded from the ROM specifi-

()ther RAM tramferq

Under microprogram mntrol a’constant fmm ROM can. enthcr <.ond1tmnallv
»be loaded into RAM.. ~The comt;mt 40 (ocml) thc ASCILE: wde for:
inio RAM "

The ’Accumula'tor : o

L ,ber to. sce if it h depre%sed

UART 5

The Umverml Asvnchronous Recewer/Tmnsmltter (UART) is a ‘Zmele mtwrated uru.nt whsch_" i
performs.shifting and control npemtmm to interface the VTS50 with a host. Two 1111cro;)rnf.c.ss¢»r"
‘instructions - opemte on'the UART: One trdmf‘erq the contents of RAM o the transmitting sec-

“tion of the UART. which uses ‘a shift reumter to transmit the character to-the hmt oné menal at
a nme "The" olhu mstrucnon stores . the ldst ch‘lmuer recewed bv the UART- in RAM. In addi-

ter. -

5 Mu.mpmnuﬁor mxnuctmn« exist to allow condmondl hmmhmo on’ thc tollowmg condmom (d‘%
- \xe]l as the previous tesm mentloned ahov‘. .md othc:s) :

S *whelher A( is Iecq than RAM
(' *whether AC=RAM |

*whether AC is different from X-register

s .At the end of this section is a block dingram of the VTS0 which summarizes this discussion.

cution. of one instruction.

ord - mstrumom The two' maost e;amf‘cum hits
an.dard configura-

or ‘unconditionally.
“, space. can-also be loaded

‘ The VTSO conmxns a-7-bit auumulator (AC\ MICI‘O mstructwm exist to mcrement decremcm .
- and C]Pﬂl‘ the AC. In addition. AC can be lnaded from or stored in- RAM. When AC cbnmm( b L
:numher from OOIR 0674, the. mumprocesqor can test the kevbmre kev of the conupondmn num-

. tion. ‘two ﬂaos e*mt S0 that the MiCroprocessor can. test whcther the- UART ha‘: Téceived:-a new <o
: chardcter sme.e thc Tast nng wac stored. a_nd,} wheth;r it is still in the a_ct.of‘_t,mnsrr;l.ttmg a characs -

e e




' - two IROMs must be used to jump-from’ bank 3 to bank ‘I. Asit is shown an IROM w:]l ‘be

| HOW IT"'WORKS

v ""()n lht ROM UART and Tmnm7 spunmmons pa're 3. wnrdmates ‘AT, then are two ﬂxp-ﬂops :
. (E2).- They form-a 2: hl{ bmarv counter. A jump loads new values into the ‘eight least sxomﬁ(..mz
" bits of PC‘that 15 °F9 and E16. An IROM instruction increments. the (.mmt m the two. most

s:gnmunt bm But an IROM xs not to mkc L“LL[ unnl the m\( yump

' ’ThL 2- blt counter FZ normdllv ummms 1he same numher as is. (,ontamed m the Iow«order (
and B) bits of E12. Both are cleared at initialization. At coordmales A6, an IROM instruction.
sends u low signat into pin 10 of ES which increments the counter: EZ But \‘hm new number does
- not take effect ‘as the ROM’ address until the «.wndl {D PC 1 mee ‘low dnd the conten& of‘ EZ’
are loaded mto Fl’ thdl h untll the next branch

, ’Tlu two most sngmﬁcam bns of’ PC are .ﬂsn mcrt.mt.nted in. dnothel case: when amn - mstrucuon
o Loceurs at the' ldSt location in an' ROM bank - when there is a “carry from thc eight least’ 91gmf"-:
~cant bits’ durmc a count. Not only must EI2 be mcremented to- mke the next ROM word (rom

- the next bank: but E2 must be incremented: so. that dt the next jump. when E2 is Ioaded into «
_E12. if there has not been an IROM since the last jump. the. pave remains the same.’ IROM
~ means “the next jump will be the next page”. relative to. the one the jump is- from. Is‘;umg an ”
IROM \hould cause the number in- E2 to be one greater than the number in E12: if lhe mi-

eroprocessor comes tothe, end ‘of a bank and chanoc» bdl’lk‘» mnmnatxccxllv bccauxe of it. borh E2
and E12 must be mcrunented -

~There is one other possxhxhtv - 1hat the nucroproces@or is executmo the LN lmtrumon m an»."

ROM bank. and this. instruction is-an IROM. The cournt in Fl’ ‘must be incremented once: “the
“count.in E2 must be incremented twice. NAND gate ES ensures. {hdt incrementing E2- because of
bank merﬂow ouurs at time TH: “but an IROM instruction’ sends’ a. signal into pm 10 of FS ~at-
“time TF. Thus. both can oceur in a single instruction. LVCIL Tumper Wl at Loordmales B& causes
ES. pins 1.2, and 3 10 turn whatever oulput QB of EI2 was: into a 1. Thus. with' the ]umper in -
place. the most significant bit of PC is held fo a 1. and banks, (pages) 3 and. 4 of- ROM are;{:
. disubled. If the ‘microprogram is to be e‘(p‘mded to-four banks of ROM: this wire must bé.
. removed. If the microprogram_ will ‘occupy three. ROM -banks. lhe wire” ‘must- be removed. dndi

xufhuent to cause the nut |ump to he a wmp fmm pave 2 to pdae l or from page 1 to paoe 2.0
Pa"u 1 of tha de Paths spectf‘catlons shows at, mordm’xles C7 the muluple\er whxch perform%
thc address” mapping described earlier in this section.. That is. dependmg on the Select input (pi

or E21). either the B inputs or ‘the A-inputs. bewme the Y outputs. This mumplexer chooses
.,huw:.en the two formy of ‘the address, shown on page Th'*.)elect input goes low. and. the A -
inputs hemme the Y. mnputs Af (eate E17) Y2= Y3-—I or X6=1. That is. whenever ‘the Y.

Lregister is 12 or ereater ‘or the X reomcr is 64 or greater. Com')dre llns 0 lhe dlvonthm given
';_.thc. : . o .
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: "Aorder hslc,d everv 72 ‘nsec. One completc l'OtdtiOl’l cccum twice in the une of one- mstructlon

CHAPTER 5 LT
TIMING |

g\'nchromzatlon is: needed in manv areas m“ the VTSOs opemuon Many thmgq have to be done
by the mlcroproceﬂsor to execute a QmOIe mstrucnon . these thmgs mu‘;t ‘be. done m a

SO Lompmer is expectmg lt

*We'assum{: _v'o'u_'havc Integrated-Circuit ekperic'r/icé.-'

WHAT rr DOES

The: followmg pulses arc oenemted bv the nmmg CEFCUHZ

*Mtcmprocessor svnchromzat;on pulses o e e
TE.TF, TW. TG. TH. and Tl. 72 nanmecondq Ioncv The ume betwem two TF pu!ses:
- (one mstructxon -time) is 1.3 usec. I .-
e V*tht UART synchromzatnon pulses. at elght dxfferent frequenczes. one of Wthh is selectev
by rotary”sthch S2 on the underslde of - the VTSO and used bv the UART as. a. um
S Standard
SRS '*ﬁlanale H FLY H (hon?ontai ﬂvback) and VFRT H (verncal ﬂyhack) Wthh reaulate thc:
" path of the Raster Scan. ‘ :
: I\;j.,*( ontrol. loglcf for the Video thtt Reemer one pulse (AUTO INC X H) to Automattcally
“increment’ the X' register and thus. make available each’ RAM location on ‘a-particular
~line: one onal (VSR LD H) o Ioad the shxft regzs!er‘ one (B OSC A) to. shtft suznals
out to zhe screen, '

| ‘*Loenc 10 reset the Wﬂtem at- power-up and whenever the CONTROL and BREAK ke
o are ‘nmultaneouslv depressed ‘

‘ HO‘W n‘ DOES IT

1'546 "’isl "zm- bsbiﬂﬁto whmh emnt\ a 13, 824 M Hz qquare=wave buffered 10 TT v evels' The output
- from this clocks E14 and E22. which act as a 9-bit shift register. of outputs QC and QD of Ei4.
. “outputs QA OB.. QC‘. and QD of E22. QA and - QB of El4.. and the output (pin 8). of the 8

- input NAND- gate EI8. exilc-t]y one will be low at- anytime. on a rotating. basis—rotating. in. thc~

<

QB of E 14 causes- Ez% 0 count up complementmr»: QA of F23 When QA is Iow the srgnals TE
CTF. and TW are_enabled. When QA is high. the signals TG TH. and TJ are enabled. ‘Therefore,

: -lh{.se signals are asserted (by going. m a hlEh xtdte) everv othet nme "he approprmle output f'rom ‘
‘the thﬂ reomu aoes low. o - .

¥
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he “shift regmer was comtructed as it was so that “newnbormw pulses would be caused hv
SIgnals from. the same chip. to eliminate individual variances uimh might occuf belwten the
reactxon times of two dlf‘ferent 7495 : : :

Edch time the count in E23 reaches 9. the LOAD goes low Howe\'cr tho. FOAD is awnchrm
nous. and not effected untif the next CLOCK. Thus. the 23 is a divide- by-ten coumer Ompuls
QC and QD from E23 have the same frequency: 1/10 the frequency of the shift register outputs:
790 the frequency of the oscxllator This frequency is l6x9600 Hz: it hccomes thc 9600 Baud
ttme %tandard for lhe UART

The E38 and E’H counters dlvxde thls frequenc'v bv 2 repeatedl\ to producc‘ the 73 thrmwh 4&00
~ Baud time standards. E29 divides the 1200 Baud signal {whmc freqmmv is: l6xl200 H/) be
je]even to prodmc an acceptable 110 Baud tlme standqrd : ‘ B

. The f‘requencv of QD on E33 is 600 H7 I R36 is preqent “as it ‘will he in countnm wnh SO H7 e
~ line frequency. a low signal to LOAD will on the next CL OCK ‘cause the 4 to hc loaded into
“E39: if R36 is absent. a 6 will be loaded in. E39 thus bemmee a dzvxde-bv-lo ora dmde—bv 12
';fcounter with outputs QD and CARRY of the same frequency as the- prmumed Ime current Thlw
: '51gnal goes up to coordinates’ Cl to mztmte vertlcal flyback and to coordmdtes A4 to mforn the . -
o proceasor that the electron’ beam is - at the top- of-screen poemon. :

vl AL coordmates AS isa monostable multmbrator w1th a penod of 125 msec. Thc dmcretc crrcmtrv
", to the left of E43 causes it to fire at power-up time. The logic at coordinates A6 causes it ‘to ﬁrc
il also when CONTROL and BREAK are down elmultaneomlv All the. s:emhcant counters and
flip-flops are cleared, when F43 f'rew and the mu.ro-proomm countcr (PC) is sct m 7ero 10, re&fdrt
. the mlcmpmoram : :

__=TROUBLESHOOTING TIPS

.vahen the test pmnt DIS 0sC L is - tle(' low. an extemal pu]se mav be supphed at EXT H
e (coordinates A7) which will take the place of the signal from- the oscxllator. Thus the ‘terminal.
-~ and mncroproce%qor may be operated ata’slowed rate to facilitate” swnai tracmg The cnI\: two
areas -of . ‘operation’ which will not -work correctlv in this. mode. are the video screen . and the
’UART if the VTS50 is attached - 1o’ a- host device whxch is expectmo tranqmm:on 10 occur dt the
“sual. -Tate of speed. ' i : % : :

T




Lo e CHAPTER 6 '
Soohnd MICROPROCLSQOR I’\beRUCT IONS

Each cell of - the ROM contains a number and each number hac a meanmo 1lmt z‘; “in ifs iurn.
the number: inside each cell will. becouse of what ‘number it happens to he cause a. p‘uucu]ar'.
action—such as a transfer of infermation. a test ot conditions within the machine. or. an activa
“tion of the dnsplav The instruction set is the pairing between numbers and actions. The instruc
tion decoder is the ‘circuit whose inputs come from-the ROM: and the synchronization swnah

~and which sends” sxgndls to. appropriate pam of the VTSO at ccrtam times dependmz on: the
number which camc f‘rom the ROM. . » i : S

"‘,\Ne assume:vou' huve,Ihteorated-Circuit experience.

#Section 9 descnbes the mncmproaram L : SRR
*'Secnon 4 gwes an overvnew of the dam Qtruclure‘; wrlhm the VT‘?O whlch mmumons
- .,aff‘ect : S : :

4+
L

'LOCATION

Instruction decoding takes place on the Data Paths module. - ..

-

'THE1NSTRUCTKﬁvSET*

An’ lmtructlon-word from the ' ROM has 8 bm we will designate them bits A l':hrdu'gv'h H. An
mslruu‘tloneword is. shown thus = S e S R e e T

ABCDEFGH

#

e where A throuah H can lmvg the valueﬂ 0 or l The acuon taken by tne VTS(} wﬂl depmd on
m«: m\ues of‘ A through H. B IREVE »

g L

. TF BIT A=0 o '“:uaﬁ“
“If bit A n zero bm B C dnd D seleu one of . emht rmtructnon qubsets In each of lhesc subsets. N
il bit I' is 1. a-certain -action will take place at time TE: if bit F is I. a certain (different) action .
- will ogeur at' time TF: if bit G is I. another r specified action will occur: if bit H is 1. a certain
~Mflag (¢ondition within the VT50) will-be tested. and a jump may occur. One word of ROM ‘may
cause‘one or more of these actions to take place by having one or more of bits:E through Hal. .
If & word is to cause more than ‘one action to take pldce these actlom ‘must’ bc in the same -
~subse|~—lhev must requlre th same: numhcr in blt% B. C. and Do : REREEE

l

r bity E throuoh H are all O then ‘mother actmn takc» piace matead of‘ anv of the four men~ :
tioned above. : . . :

~




I'WO-WORD lNSTRUCTIONS : SR e R e

! .n mstrucuon in WhICh A= 0 and H=1 is a test instruction. Reg.ardless of whelhet (he test
condmon is satisfied .or not. the next sequential ROM .location is considered to contain not
another instruction. but- the JUmp address for the test. If the test condition is: satmt”ed the num-
ber in this location is loaded into the 8 least significant bits- of PC: The next instruction mn be
taken from that address. The two most qlgmﬁu\nt bits of PC are not affected: the jump is 10°a
spot on the same page as the next instruction would normally have been taken from, unless an
: ’lROM has heen executed since the last bramh : L e :
1f the test condmon is umansﬁed the ROM locatlon mntammg the | mmp address i is erpped nnd
jthe next instruction is taken' from the ROM Iocatmn tollowmu thdt lmanon o '

ﬁThe following“is a summ'aryvo'f' thej: instructions possihl‘e“ When ‘hi,t A #O:, S o RS
' ABC,"\)N EFGH ‘.Actmn taken and (abhrevmtmn)

0000 0000 Set Cursor th-ﬂop (SCFF) '
0 Ixxx - Clear both the X and Y registers. (ZXZY)
" xIxx - Decrement both the X and Y registers (DXDY)
~xxix " Load AC with the contents: of the RAM (M2A)
Cxxxb - (i mode 0) Reserved for prmter option’ - . - i
e (m mode 1) Jump 1f UART has rece:ved a chardcter (URJ\

s
~0001. 0000~ Set Vndeo th ﬂop (SVID) .‘;5_;_
CoIxxx Complement eights-bit of X reglster (XB) e

x 1xx lncrement AC (1A) - ’
~xxlx  Store'AC into RAM (A2M) ~ -
xxx1' .~ (mode 0) Jump lf at a tab:stop (TABJ) :
' . (mode ) Jump lt AC RAM (AEMJ) :47'

-0010 0000 vLmd Y Buffer mto Y register (BZY)
o Ixxx Increment:X: decrement Y (IXDY)
xIxx same as IA (1Al) '
© o xxlx Load RAM into UART for trammwsmn (M2U)
xxx1  (mode 0) Jump if kev-click (KCLJ)
B ’;(mode l) Jump lf AC<RAM (ALMJ)

- 0011 0000 _'»~Complement Bell th ﬂop (CBFF)
mo Ixxx - Increment X register (IX) - .
7 xIxx Increment Y register (1Y) . o e
CoxxIx Load octal 40 infto RAM (t4OM) v
xxx1 * (mode 0) Jump if 60 Hz line freq. (FRQJ) SRR L AR
: o (mnde 1 Jump lf' AC not equal to X register. MDXJ) T

caE _OIOO" 0000  Clear Cursor and Vldeo Fllp ﬂops (7CAV)
* o+ Ixxx Clear AC(ZA) '

L ©oxIxx ‘Decrement Y regmer (DY) :

| % xxIx  Load X register from RAM (M2X)

e xxxd (mode 0) Re:erved for prmter nptmn -
TR e ,:(mode 1y:same as AFMI (AFM?J)




ABCD EFGH  Action taken and (abbreviation)

0101 0000- . Reserved for printer option-
© . Ixxx- - Set mode Flip-flop =1 (M1)
“xIxx - Increment ROM bank (IROM)
oxxxoro gtore character just received in RAM (UZM)
Sxxxl Jump (TRUJ) T

B Ol;lO‘v'.OOOO _ _',}‘Reserved for prmter optmn Ll

Txxx = Clear X register (ZX) oo
xIxx - Decrement X register (DX) - '

-~ xxIx. . Load Y Buffer from RAM (MZB) g
Cooxxxl ‘(mode 0) Jump if UART 18 trammnttmg (UTJ);
o '.:L(mode l) Jump 1f Vldco Scan Flag (VSCJ)

0111 0000 Reservud for. prmtcr option

. Ixxx - Set Mode flip-flop = - 0.(M0)

xIxx. ~ Decrement AC (DAY ’

Xxx1x * : noop

xxx1 f(mod‘. 0) Jump 1f not mp of screen (TO@J} o
- f(_mode l) Jum_p lf_kev is not depressed. {KEYJ-_) e

X" ‘means that the %pcuf’ed action w1ll oeeur regdrdlesq of whether that blt is 0 or-l.; If' all blts;,
marked “x™ are 0. the mrrespondm action is the only one taken, instructions mayv be combined.
as Iol[ows . Sl R . B S P

IA (OO()I xlxx) and A7M (OOOl xxlx) mav be. mmbmed The bmarv LOdC for the combmed';'~

“inxlructlon TAIA2M is 0001 0110. In this example. bits A through D are 0001 to select the -

_fmslruatmn subset comammg IA and A2M. Bit Fisa 1 to cause an JA to be performed at tlme:,-,':f'
" pulse TF. Bit.Gis a | to_cause an A2M to be! :performed. at time. ])UI\C TG Since :-TG' occurs:
" ufter TF, this- compcmtc 1mtructnon meansh “Add one to- AC dnd store the mcremented vahle in

f;thc RAM”- e . . . : SR .

: 'Bue E dnd H need not he 0 however if hlt E were a- I an X8 lmtrucnon wou!d be performed‘i‘”'
. at time pulse TE: If- bit H- were a ,Iﬂg one of the 1wo tests (TABJ and AEMJ) would occur..,
’,followmg all other amvnv tnr this mstrucuon

' Snmc mstrucuom requxre thal bm F through H be 0 For thlS reason thev cannot he combmed*
'.'\wnh ng other mﬂruc.lmn as descnbcd dhme o : : ‘ : : : '

!nstrumons from dlﬂ"erent instruction suhsets t,hat is. mstrumom i’ whuh hn». A through D o
, ,»\ould have to take dxfferent values d[ the same ume~-hkew1<;e cannot be comhmed

c u;r.mTJA:l‘ :
1f bit A of the mstructmn word isa- l lhe Mode th flop determmes the action- taken If the g

“Mode Flip-flop is 0. the seven Ieast wwnm cant bm of the 1mtmmon (lhe constant BCDFFGH)
s lnadcd into lhe RAM




If the Mode thwﬂop equal% l., "the Followm0 dlmmlhm is mmed out:

: The AC is 1mremented and then cumpdred to the contents of RAM. ll‘ AC/RAM, no.

further actionis taken If AC>RAM and the Done l-hp~ﬁop i5 0. the BCDEFGH portion

; 'gets reset to 0 hy each mstruwon in which bit A=0.

'"hlq is to say that. f'or a ﬂtnnc of nmtrucuom in a row in‘w hich A'-'l (dlld dssumlna the -
‘Mode Fl|p~ﬂop~l) the ﬁrsl instruction which causes the AC to- equal {or. excecd) lhc-' :
VRAM w:ll cause a constant to be loaded into the same RAM loc(mon ' A

~:'(NOTF lﬂ tlm fnrm of‘ the lmd RAM mstructmn—-\vrth Lhe ‘Mode: Fl:p l‘lo]:——l--;f Ihg,
CONTROL kev is depressed at time the instruction is, LXGLUlCd and if conditions are cor- .
‘rect- for a consmnt to-be: load‘.d into the RAM lhdl mnsmnt will l‘)L OODFFGH mthel
~than BCDEFGH) - ; , :

Example Asqume AC '72 RAM—’)S zmd Mode—l

~I'Executing the ROM word' “lxxxxxxx (where the values nf the l‘ntﬁ marked X
j.}vant) causes AC to assume the value 23 : : -

b-'-fAfter executmg dnother “lxxxxxxx AC wxll equal 24
' lf the nexl mstructmn to be executed is lBCDFFGH ns execuuon wzll cauw

_v—the AC to reach the valuc 25

g - —a constant to be loaded into the RAM replacm g the nurrber 25 I the CONTROLi
EIRE key is now depreseed the mnstant Wlll be OODEFGH otherwne it wnll be
BCDEFGH : S .

[

;-the Done th ﬂop to be set to l

lf lhe next :mtrucuon is lxxxxxxx the AC w1ll contdin the value ?6 bL.t no (,onqhmt mll‘ g
be loaded mtn the RAM bec.mse lhe Done Fllp ﬂop is l ' T

‘ln tlm wav a conversion tahle can oceur in the mlddle of a pmgram aeumem ..auch a mhle s
o ueed to convert kevhoard 1dent1f’ catmn wdec; to ASCll codes :

‘-'INSTRUCTION DECODING
~.The c:rcum rmrkel “F” | “F” ‘and ‘Q™ are decoders When thev are enablecl (bv a lnw lnunc

level to the D mput pin 12), exactly one of the outputs will go low dependmv on the stdte of

mpms A. B. and C When d:sabled ‘1ll outputs are hxgh Co :

Chlp “E” (E'¥3) is endbled by three thmgs lmppemno s1multanemmlv (gate Fl?. pxm l ._.' ;m:d
13) ’ T

A 1. BitE from the ROM is a I
(. 2 BitAisao0.
‘ 3. Time pulsc TF is active (hwh)

: ~of the instruction is stored in RAM and the Done’ Flip- ﬂnp is set fo I. The Done ﬂ'P'ﬂup o

are‘»-lrrelca Con




o ﬂ.xs. selector. Dependmo on the status of the select inputs (pins 11. 13, 14. and 15) one of th

: ﬂ ags to he cho‘*cn

The mputs marked A. B and C on E33 mme from bits B . and D of the ROM outputs Thrc’
. agrees with what was. said previously: in instructions in whmh bit A=1. hit E. being: I will’ Lr.tll‘%ﬁ-
~a certain action to e pcxfnrmed at time'state TE. The Lutmn 1\ qelected by bl'e B C and Dof
: the ROM m%tructmn word Dol TR

‘ (‘hlp "‘F" (F39) does thc same thmg if bit A= 0 dnd bit F—- loat lmle state TF Chlp “Q" (E47

also does mrm!dr decodmg for instructions in WhiCh bm A E. F ‘.: and H are all 0
o Chnp “G” (E43) is a dual decoder The mstructmne MzA M’X MZU and M2B are. rdenuﬁcd -
by the top hali of this_chip. The appropndte outputs will go low’ at time' TH. The m%tmcnons‘f
AZM U2M. and L40M. which cause the RAM to be loaded with somethmo are decoded by the
lower half of E43. When the appropriate output goes low. one or both of the: signals. MUX A
and MUX B go high. This half of E43 remains enabled for: the entire time of the instructio
- unlike- the others.  which are enabled only at a certain’ tlmc-xtal(, ‘These" M“ndlﬁ are the mnt‘,
*inputs to a multiplexer which selects the correct. source for mput to the RAM A low slgnaf fromf B

“the bottom half of E43" also causes E2 (Loordmates B3) to go to the 'l state when it is clocked at .

- time TW. This sends the signal to the “write” inputs of the RAM. This- signal is removed when
- the flip- ﬂop is-reset at time TG. Whatever was coming in through- the multlplexer at’ that Ume——;
- signals from either AC. the UART. or the constant 40-is writtem into the RAM. Chip E34.is the-

_input_signals shown ‘on the left side. of the (,hlp will determine the output signal at- pin_10. Tlns-
~ chip will select one of. the sixteen flags.  depending on ' bits B.’ C.'and D of the instruction. and
“the status of the Mode ﬂlp ﬂop To Lhdnoe modu is to Lauxe one of the dnfﬁ,renl ﬁet of exght

: Hlp ﬂop Fl6 (!omtc.d to lhc, rwht ‘of the. ﬂdo decoder on: th dm ram) s normdlh held hloh by
a signal to pm 4. Thn preﬂet \lgndl is removed whcn d ﬂd“ 1estme mstru«.tmn is. cxeculcd

'll the ﬂd° that E34 selects is Iow thm low e:gnai is c.lockcd mto lhe FhS ﬁtp-ﬁop* wh:ch Cause‘e-
- P( to be loaded wnh new ‘value : R R ‘

M umrdmates C2 on the dmoram s the Mode th-ﬂc)p Notx(‘e thdt when thlS ﬂxp-ﬂop as f_
‘dm\m is-in the “1m %td(é (pm 6 hwh pm 3 low) the pmcesqor is in_ Mode 0 '

»Xlso at mordmatee ﬁg is the bell’ urcmt When a CBIT fmtrucnon is decodcd bv chlp “Q” the :
output from that chip Iabelci “KEY. (“L!CK” goes Tow. This signal clocks a logical | into ﬂrp-»,_._
flop El6. The relay closes. making a noise. But.its closing: clearathg ﬁlp»ﬂop which releases :t g
: "lhc Done ﬂlp ﬂop used m umdmondl lnad RAM mquuctmns .:_located at wordm'lteﬂ: CS

; IVTROUBLEQHOO’HNG TIPS

.mumtmns of some. of the more sdt-e\phut mxcropmcescor mstruct:ons can be casnlv traced to’
-~ this circuit: For i mstdnu.. unilateral failure of the “bell” relav to click at’ any. time would (‘learly‘ o
be caused by a failure in the logic that decodes the CBFF instruction. La;k oi any vmble vxdeol;‘
.’mwht be L«lU\Cd by multv dundmu of‘ the SVID mstructmn and SO on. -

But for most of the- hrm\mre oriented instructions. the pmblem mwht not he as evndem For *

“instance. if an IA (increment AC) instruction fails to produce the correct signal at the outputs of -
: thu d«.uxdcr\ Lomplctc dnswnrdmatmn of’ lhu terminal mav result smce the mlcmpmaram docx»f’:"
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not use. A once for a mmplv-pmpomtahle ctfut but many times to da mdm [hmm; Fautt'v
‘decodmg of . 1A -instructions mxght not be: dmtmgmshahle from faulty. decndmn of manv
mstrucnom both muattons wou!d re:ult in a totallv useless tgrmmdl

mhcr, g

Howaver since the mlcroprocessor governs vxrtuallv all sV mhmnwed .md “mtelhgenz“ 'fcamres of ;
the VT50. the firmware m be an_indirect source of anv general ﬂnture of any feature ‘to <
perform correct]y As well : as’ _the_ possibility of instructions not being decoded pmperi\ other
sources of firmware failure are' failure of the ROM’s to contain what thev're supposcd to con- v
tain. and fallure of the mlcroprocessor svmhrommtmn pulqes (TF 'EF etc) o’ ﬁre when thev
shou]d ' ‘ : : '

T

R T
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CHAPTER 7
'KEYBOARD

“The ke»board ls the mput devnce of thP VT50 h 1S 4 pane] of cwnches. armnecd to represenv
lvpewmer keyboard The opudtor pushcs certain kevs'in a certain’ seqm,nce to trangm“ informa
- tion.” Which Keys. as well as the order in which they are depressed must he recorded - by the
-VT50: The operdtor may -push more than ong kcv at the same’ nme Thu. isa sxtuatmn Wh;gh the'
'VT50 must be prepared for. :

BN

*We assume you have. lmeomtcd Cmun expeneme

*%ctaon 9 contains more dctaxh about huw ihe mlcroprocessor aqks for mf‘ormatmn on ihe‘
status ot‘ the kevboard ; o .

L OLATION

ThL location of the kevhoard is u:dc.nt Accees o the module contalmnp the kevboard is gamed :
by unscrewing the ROM. UART & Tlmmg ‘module from the shell. ‘unplugging ‘the keyboard -
cable from. the terminal-side of the ROM module, and unplugging ‘the. ROM: module from Lhe
Dau Paths hoard The kevboard module mav then he umcrewed and rcmoved

1 WHAT rr DOES

",.When the Mode fhp ﬂop is set to 1. the microproceseor mstrucnon OIH xxxi (for ANy XXX-
vabbrevmted KEYJ) is a keybourd test instruction. 'If the key correspondmg to the number in AC
- is not depre&sed LOD!I‘OI is passed to the ROM address - comamed in-‘the ne\(t sequentlal ROM:
location:. tha& number is loaded into the § least significant bits OFPC If the kevboard key whose’

"_numher is-in AC'is not- depressed. .the next. mstrucnon m c\ecuted (The ROM ]ocatton contam
“ing the j mmp dddress is sklpped ) ' : ‘

_ Fach ‘key on the kevboard has. an. |denuﬁcats<m number. e\ccpt for CONTROL and BRFAK
~which make their differences mdepcndentlv of. dnd ‘cannot be tested by. the microprocessor, The -
- highest ldenuﬁcatlon number is- octal 67: the iowest is ‘01, If the 6 Ieast swmﬁcant bits of AC
. contain a number from 70 to 77. - KEYJ will never cause a jump: if thev contdm 00. KEYI w:)l'
{'.q‘h avs ;ump The most smmmant bnt of AC is n‘relevant to KEYJ i

' 'lhus lhe m:cmprocessor can test the status. ‘of the kevhourd h» loadmg 67 into AC and emermo
'00P whose Onlv outlc is KFYJ de&.rememmg the AC each’ txme through th.tl loop

}Ancr KFYJ sends the muroprmcssor out of thl% loap A(‘ wxll contam the code for thc dee
prused kcv ~0r’ 00 xf no kev \ms deprcssed o :

g fE




“HOW rr,DOEs T

Assume the 6 Ieaql slgmﬁcam _bm of AC contain the ' mmi
Decoder. Depending on the: numher input to this chip. C’(dull\ 0
loglc level: the rest will remam hlgh The number g from AC S
mg on it a signal wull be qent to one row of kevs

numher pq Chm H is 47442
ne of its outputs will go to a Jow

s the mput to. Uns thp depend—

'Chlp E5 ls a 741*] SeleLtor Depfendmt7 on the number at thc r~elu.t mputq (pmx 9 fO and [ni_'
the output w:ll assume the state of‘ 1he correspondmﬂ mput FO Ehrou«h Fr.00 : : ‘

;Conneuted to these eelector mputs are the omputs of NAND gatea W h;gh \vm B0 m

a hmh ln«m_ '
evel lf any of m mpum are at a low level Two thmm- hdve to mppe '

n for dﬁ mput to 2o low::

A kev must he deprec‘;ed o
2 The decoder must. be %endmg a low sxgnal tl1rou0h the

mw“m i\th(:hfﬂxg_,dep,iegsédfk'(.‘, G
lsloned L AR

‘What the selector selects then is one of the ‘“(.olumm of' kcvs And the chann'élzsé‘leét'irfé’tiz‘x'pn_t’j B
:to the selecmr is- the P portmn of the number in:AC. P R

?E) ample Suppme a KEYJ 19 executcd wnh the number 2’% in AC The mput 10 the dcmder 1«.';:’
thurefore 3. which means o‘n y: output F3 will go'low. The channcl selecting. mput to the qeleclm_‘ il
“is 2. which- means that the output of the selector will vary with- input F2. There is only one kev: . .
whu.h at anv - time’ ha¢. a Iow logic-level ewnal sent to one side of it by the decoder. and for =
whnh that signal. crossing: to; the: other side of the ‘switch ‘is detc.cmble h\ ‘the selm_tor--lhcn, s
.. onlv one ‘kev at the: mterqecnon of any logical “row” .and “column™. In thza case; - that kcv isthe
’,E kev_ The output, from pin 6 of the selector -will be low-if the E Pev s depne‘;xef hngh mhcr-v‘_ui :
'vwxse The E kev was selected bv the number 23 inAC. The 3 caused: a slondl to he 9ent thrmwh.-»:"

m‘w 3: the 2 C‘mqed Ihdt sngnal to hc mtxtrht mmmfy down column Z: L




o .xbove Lach other w1ll form an 9
o hc nutput

- 7. H. which goes to the manitor board to be amphfxed and outpal to'the. screen. This d”OWS each ™~

U reen.

. (‘HAPTER 8 N
CHARACTER AND CURSOR GENERATION

; VW’HAT T DOES’ P A SR .

-The Lhdracter generdtor converts. the: contents of RAM the A‘SCH code?. for. lhe chamctem to
appear on the screen. to the swn.nls WhKh mmted as dm\ on the screen. ldkL the fonm ot the
appmpnate Lhdmctem : o A
At anv momem as, n is wxred into the VTSO ‘the (.hdr‘dClLl’ gcneramrs nutpuu consist 01 one row
of the dots which comprise one character. The character is' selected by the RAM outputs: lf at
the address qelected by the X- and Y- registers: RAM contains the ASCII code for S. the outputs

‘of the character generator will bc one ot the rows of dou whxch whcn all ewht rows are. painted

2

VWhlch row is output is seleued by the tnree iea‘;t @mﬁcant bm of AC A OOO in- the lhrec leastv
significant bits causes the mp row of. the c.hardctcr to he outpuh a 111 causes. lhe hottom lme to

The v:deo shxft reomer on sxonal is parallel loaded wuh the character-gencmtor outputs Then..:’_
on each-oscillator pulse. one 'bit is shifted out. and becomes (through an inverter) the signal VID -

‘output from the chamcter genemtor to be: present at the output VID'Z H. one at'a time. for 72
“nanoseconds each. Since the electron ‘heam . is- travelmo from left to nght across-the screen. ‘this
“causes the five chdrauer-genemtor outputs to ‘appear on the ‘screen nex{ 10. each ‘other-in .a
*horizontal line. Since the Video Shift Register is loaded on every ninth; oscillator pulse. at. Four',f :
- oscillator-imes - of “the nme.,lhe output at .'VID 'Z H will not have come from the . Clmm(,ter
i uenemtor This chLOUﬂl‘i for the space hetween charauux T e f Tl g

- When- the VSR is not enabled to be Ioaded fmm the chamcter zenerdtor looxcal l s -are 5h1fted -
sinto and: thrmwh It Thm -causes. ‘VID Z H 10 remam [ow dnd no dotc. to bﬂ pdmted on !he-

'.l-inwcvct‘;' _\\}heri_ acursor (horizontal line) ‘is to be painted. ljngivcja'l 05 ar}:v shifted through the "

: l HF VIDEO PROCE?S

: l“hc wdco pmu.sx is enubled hv a QVID mmroprocewor mstructlon and dxmh!ed bv a ZCAV-’.
mstruction. During the video prmus except during the time that- lhe electron beam is lmvc)mo
back to the left sxde of the screen (“*horizontal ﬂvb‘uk“) the X- reglster 1S mcr&.mented and lhe o

“ VSR i pdrdllel loaded: f‘rom the character generator everv ninth oscillator pulse (twige. each in-is

- struction-time).- - This proc.us dutOmdllCJ“V r«,ferencu RAM  cells which represent the contents of *
- line on the screen. The: contents of ‘each RAM word is passed to the: character generator,

“Signals for the dots u)mprmn" each dmmcter arc in turn. Imded mm dnd shlﬂcd out of lhe :
-V‘%R : : L :

81




Durmv homonta! ﬂvbad\ lhe VSR is not allowed to be loaded. Therefore. in shift-mode. 1's are

shlﬂed through and no light apnearx on thc screen. Loading of the VSR is also di“t'lblﬁd'wh'cn i
the Cumor th—ﬂop is set. el e T

Durmg one scan.: thm one row: of dots for c‘u.h of 80 chamcten is pamtcd of a honmmal lme
aCI'OSs the screen. Between scans (durmc homonml ﬂvback) the mumprmesmr. .

a., Sets the automancally-mcremcnted X- !'Lgl\- -
. ter back to zero. '

b. Increments the AC. 10 cause the next Tow o : ol
- bé painted on the next sean.. .o L SRR
e Tests AC to see if “all Cl"h[ Tows of dot\ ‘ et

~ 7 have been p‘unted fOl_‘ that line _nr text.

3 Durmg scans. the mumprocesqor ﬂoe% mto a wamno Ioop whmh tests th V:den ‘mm Ftau This
ﬂag hecomes false when horﬂonta! flvback begins. dnd the muroprocewor I(,aves the Ioc)p Ten :
;lmtructmn -times later the next scan wnll bezm

> THE CURSOR PROCESS ‘_ o L
’The cursor pmnes% is enahled hv a S(‘FF mlcroproceasor 1mtmctmn and dmabled by a 7(‘/\\/
( / instruction.” The Video Flip-flop must be set for the .cursor process to work pmpcr!v since’ it

Ly

causes the X-register-to be incremented automaticallv. SCFF disables thé. pamﬂcl load feature of . -
the Video-Shift Register. so that Is are shifted throuah the VSR. The X-i -register is ‘automatically
incremented. When the contents of the X-register and 'AC are.equal.:0’s are shif ted thxouoh (he
VSEK. These 0 w*ndlq when thev reach the screen. appedr as the honmnml lme

i




;
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.WHAT IT DOES

- VT50. This can be summarized as follows S e

CHAPTER 9
THF MICROPROGRAM

The mlcroprogram coordmates all thc dm tmmfer and pm(,eqsmu whnch tdk(i‘; p!ace m’the

L ,vRetrthmo lhe ’vndeo screen wnh the contents of RAM (>0 nmes CdCh wcond

Sre .

Checkmo the UART for recepuon oi a chamcter from the ho 5t at Ieast 960 umm cach
_;second ; - : RNy L : ,

' % Mo_iiing :_i_hcom‘ing_'dzvlvl'a 10 the RAM

o 4. Takmg spccml admn upon reaenpt of Fscape Sequencec and control codeq

Ss "Checl\mg tor lhe e\lstm(.e of depremed kevhmrd kevx

6. Movmo the. correapondmg A‘%CH codes to the UART for transm won to the hmt in
" the correcl order ' S : ‘ : :

In Jddltlon the muroproamm dlrects the ddVdnLEd featmee of the VTSO ‘sUCh as savmg mf'or--'
mation in a silo when in Hold Screen Mode. and automatically” transmitting XOFF -ind. XON
requests to the host. Section 1. which® expLum the data structures available’ wuhm the VT50. and’

- Section 7.-which details the repertoire and thus-is a deecnptmn of the mdchme Ianszuagc and thc

s\mbohsm uﬁed herem are prerequmtes of lhl‘3 secuon. o

’ .,'Thx‘; section contdm‘; a-listing of. the most. recem versxon of the m’crocode, Piease nole that smce
it was assembled throuoh the PDP—ll aseembler. all the ROM addresses are even. The addresses -

L “specified in this section- corrupond to the addressses-in, that flisting: but both addresses " are tw:ce

‘what the PC will contain at execution time.  Addresses 0000-0776 - Lorreqpond ta locations ‘in the

~ first ROM bank: addresses 1000-1776 are from  the second ‘bank. For. cxample the word whose

0 everv hne is pamted

’ .PC 0275

_M]CROPROGRAM Fl O‘WCHART

addrus is hstf.d dS 0452 xs mntamed m the word. m the f’rct ROM bank addressed whcn, »

h"llfe o isa chart sh()wm" the task: that the mncmproceswr eupervxses. “Note thal some func-
tions are pexmrmed after every frdmc 18, p‘unted on . the screen. and some. are. performed dfter B
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JOP_OF SCREEN -
CHECK BELL COUNT &
TERMINAL 1D STATUS

-
t

SCAN KEYBOARD - DO

- POWER:-UP -

| BOOKKEEPING FOR ROUL-|
OVER. TRANSHIT GHAR=
ACTER.CHECK SCROLLKEY

]

RESET FLAGS'
DO AN EOS

EMPTY '
UART

el "DOES IT NEED >
“INTO SERVICE ~

SILo

pamT A
: -v,rfaﬁd_u‘me

" ERASE A LINE.

CLEAR FLAG iF

FINISHED:

. GET CHARACTER.

FROM SILO -

-PROCESS &
‘CHARACTER

1

. Figure9 -
e "_Mic'mprog'ram Flowchart - »
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LAYOUT OF THE QCRATCH PAD

~The "st.mtch pad portion of RAM is accessed whenever the Y-regmer contains a number"
greater than’ 13 . The descnptxon of the RAM addréss mapping which is contained in Section 4
shows whv on!v8 the 4 least significant bits are used in the dddt(’bs computauon in this case/ We .
can draw a pxcture of scratch-pad- memorm with four rows, one. of which is selected by whetheri
“the Y-register contains 14. 15, 16. or 17: and with 16 columns. one of which is. selected by the
 contents of ‘the 4. least significant bits of the X- -register; in. octal ‘0-17. Each of the cells. ‘which .
~ represents a7-bit RAM word, contains a description oftits use. These descriptions are elaborated
~-on. while and after several underlying concepts are expldmed The instruction ZXZY!DXDY:is
~ sufficient to ‘access the word labeled “scan count/KB counter’”in the figure, since it sets both’ the |
»'Y-regxster and the 4 least significant bits of the X-register {0 17. Then the IX. 1Y, DX. DY. ‘and .
X8 'instructions can be used 10 move around in the scra‘tch pad.. If these mmucnons are used
~ such_that you go off the right ‘or left side of  the chart. you .will ‘be. addressmg the word clear
back ‘on the other side of the row. The diagram might better be prmted on a circular, ring than a
~flat page. However Aif the Y-register is modxf“ed to send vou off‘ the: top or bottom of‘ the
v deduram you enter the portxon of‘ RAM used as Lhe screen rmage : S

v o - r .su|;.‘|__o T :

B IR R scncen | SF e | A crp e |oscreen fmos ) s |0
o S FF . WY LINE-. - e b L MINET BT FF | COUNTER | -

“|cOUNT R - ' L BT -, | incomne

. . ADORESSES [
wl s - LR S i VIDEO. LINE [ R Bt CUESC [ CHAR L b oppe o
‘I dooa oo : LINE S| COUNT | )T o E PR U lierr | BUFFER - :

T ]

By :Thc process look\ hke thls

. screen pmmon = hefore scroll
o A

a c oo B

S3 D
5 B
6 -G

ST H
10 b

1 o5 A

: 3 L .. new, ling of blanks

w2




_—Ho’we»er xt the contents nf each RAM line (all RAM words ducwhlc with
“the Y-remstcr) ‘were physically moved to a new RAM location. the process would be 100 time-

__fﬁrm the same line of blanks “thh is then dnspla\cd at the bottom of the" sereen, Vzewcd m
rms of RAM Ime ruther than screen. line. the prm.css of sm)llmsz appearq thm :

i jRA‘M‘lin‘e o
T e mfbrmdm)n mntmned

(contents of Y-register) - before- ecroll - after s rolf-

o ' L YA blanke

S o i (‘ ;

D i

CF F

. H H

T S

SRS B B

Ko Ko

B

~*“this line is to_be dfi‘splav__véd.ét »l5he top of thé _‘sc'rv"@:én’fff 5

B a 0 is'in’ the Y- reomer ccmtamq the miormdtlon to be dlsp!a\ed at the top of the \crcen

~tion. so for many: purposes. two’ counters’ must be mamtdmed an -absolute -and a’ relocat.lhlc

: - xdentlfv a lme on the screen that hde that propertv

M

. -the’ bottom line’s text. el

: ,alwav‘; start at 0 and go'to. 13

94

a certain number jn -

consuming to- ‘be feasible. In re.ahtv the mlormanon R thmmzh “L™ in the above dmgmm slavs -
‘where it was’in RAM, and the RAM line which contained the mf‘orm(moﬁ “AT is-eleared 1w

“ each scroll. At svstem mltuhzatmn it contains 0. mdxcatmg th‘\t the’ lme ‘Of-RAM chCC%Cd whenf‘.

_ counter — that is. one - to identify a row of RAM words that havc‘ a certam pmperxv and ()ne o

- 'CUR X dnd CUR Y contam the address <.oordmates for the current cursor pommn CUR Y_f

-~ points to a RAM address: however. SCREEN LINE points to the line relative to the top line on
““the screen. . If . the cursor is at: the bottom line on the screen: "SCREEN LINE w:ll always contain_ -~ . .
“the value 13 (octal): CUR Y~ wxll contam the Y coordmates of the RAM words whu.h contam?_ s

Dunm7 a vldeo scan. VIDEO LINF will Lonmm ‘the Y remster (.ontemx for thc lme curremlv A
‘being pamted while LINE (‘OUNT will Contdm the screen- lme mxmher‘ LINF COUNT thl-_

Durihg 'Pmcecﬁino of an ESC J commdnd (“Fmse text to end of screen") FOS LINE w:ll Lon?
tam the numher of thc RAM line hemc7 erased whrle -EOS fF will, wntam lhe number of tht.;

"The mtormatmn trdmfer is much more ef‘f'c:ent but a new counter'm negded = one whmh dnu. N
what the asterisk in the above: examp!c does.: The scratch-pad cell which- serves- this- purpme is
the word TOS LINE. It contains a number from 0-11 whmh s the RAM line which contains the Lo

+ -information to be displayed at the top position on the screen. It is incremented (modulo:12) after .~

Althou0h thm cmmter m present the mlcroproceﬂsor doee not have the capablhtv of drrect addf»




s one ‘of the easiest scmuh -pad. locatmn\ to gain access to, serves a dual purpme Durmg the

B SCRFFN FF contains- anvthmo else the termmal is not in Hold ‘;creen Mode

lme on the screen being erased.” Th:\ v\ord althoueh it is,a mtlnler is cll]ed ﬂxp ﬂop qmw
the only time ‘it is used is to determine whether th«, enttre écreen hd\ been emsed Thus FOC'
FF hdS onlv two relev‘mt states. - . g

FO§ FF < 14 medns another lme mu'st be emxcd

FO§ FF >,‘--'14 means the bottom Ime has been emsed

: SCAN COUNT/KB COUN FER
- Thc word addressed by having 17 in’ bmh the Y- tep'mer and thc low p.xrt of the X: regnstcr sinc

o pamtmg of the screen. it is used as a scan counter. “This counter is initialized to. 17; and -incre-
- mented each- time the ‘iYNC flag is recenved The counter goes from 20-27 in the time lhat a
- line is being pamtud A copy of this count is kept in-AC. where the three least sxgmﬂ,dm bits.

* which are 0-7 go to the character generator. When the cmmter redchcs 30. the electron beam'is
on the scan on’ which a cursor may have 10, be pamted Ef the posxtxon of the cursor is on: thc,"
~line that was just’ pamted the ‘registers are set up.and an SCFF is executed. ‘When the count
. goes to 31. the screen is disabled fm" 11" scans with a ZCAV lmtructmn. When the coum redches'

4" u is. reiet to l7 1f another lme is to be pamted '

Durmu vemcal retrdce. the same locatlon i’ used to mtexmgate the kevboard

FLIP-FLOPS

ESC FF is'a w0rd Wthh mduates thal the termmal isin Escape Mode Anv mcommg chiracter'ﬂ
~is then treated as part of an Escape sequence, which means. that ‘special actions are taken. “When
* the terminal is not in Escape Mode. ESC FF is. set'to 0. HOLD SCREEN FF js set to- | when
the terminal is in Hold Screen Mode. Incoming text will be. stored in the silo rather than sent to
the screen image portmn of RAM to be displayed. unless the silo would overﬂow. When HOLD,‘

‘ BH L FF hegms at zero. FVCIV nme a CTRL (5 is rccexved or the cursor is rnoved mto column
- 73. BELL. FF is set to octal 25 After each frame is. painted. BELL FF is tested, IT positive. the
- relav.is clicked. once and BELL FF is decremented by 1. If zero. the terminal is silent: The net
- effect s that the' relav clicks 21, times at 60 Hz. Thn is the te;mmal audlhle wammo ﬁmnal
- The same noise’ would be achieved if a tvpist: could type at .60° keys per second. The _counter is

culled BEL I. FF because once again. it ‘mumes onl\ two stalea whxcl* are relevant lo Ihe ml-’;;
'crnprm.usor pmmve dnd 7ero. : , LT , P

SERVICING THE KEYBOARD

The kcyhndrd is mtermgated once cdch frame (ie.. wnh the same frequencv as the line currem)!,,
to-discover. if kevs are down. Section 7 ‘outlines the ‘mechanics - of kevboard interrogation: we
‘summdrue hu‘e bv saying t!mt each key ﬂxcept CONTROL and BREAK has an ldennf'canom




',’ number ‘and there is a “p%eudo—kev with the numher O Whth appears to be- xlwavs depress;d

- When an operator presses.a key it will generally remain pressed for more than one scan, But
this Aaction must not therefore. generate ‘more than onc character. A chdmuer is transmitted only

on the scan on which that kev hawjust been presqed : e L

'n'le.mlcroproceseor uses the scratch pad words KFYBOARD A dnd KEYBOARD B to ensure
is. These two ‘locations contam zero in their idle state. When a kev is pressed ‘the kevl'oard
code (not the ASCIHI code) is stored in one of these two. locanonc If a key whose code i is stored

,j‘further transmmron to take place

f"< N for which the correspondmg ke) is down.

TEST DAVKEYJ
e AD TE?T

P AC wrll contam 0 if no key with ID number < N is down

- The mlcroprogram uses the - followmo loglc The numbers in paremhecex arc ROM ad?rireséee
: whlch contain that part of the logxc ‘ ‘ T ROIE

l Are the keys whose codee are: contamed m KEYBOARD_ A and KEYBOARD B strll
‘ down" If not. cledr the correspondmv word. (1646 1672) ' S

e 1_-,2.' If the UART |snt ready to transmlt another eharacter dont even bothel checkmp the e |
ke\board ( 16‘76) : L EE

3 Otherw:se startmg at 67 go throu0h the keyboard o f“md a kev whose fD number is
' not zero. and is not contained in KEYBOARD A or KEYBOARD B (2 new key). :
- If at-least one of those twao locations contains zero, store the. key’s ID therein. convert it

‘pressed cannot be’ processed and transmitted. ‘since. no RAM space .is -allocatéd o~ ren,..'i‘

kevboard is agam mterrogated the character would be tra nsmnted agam ( I IOO~H66)

THE SILO/HOLD SCREEN MODE

/
> .’l -in Hold Screen Mode. it attempts to avoid scrolling the display. LF (Line Feed) characters are
/ “not processed. Instead. the first LF received and all characters following it are routed to the
{ . scratch-pad portion of RAM. The LF is stored in the: RAM cell labeled LF BUFFFR. thc" ’
1 subsequent characters go into the silo. XOFF is sent to the host, to request.that it stop sending.
{2 If the silo is about to overflow or if since the host has not stopped sendmo the SCROLL key is’
pressed one line (the LF and all characters’ following it. up to but not mc!udmnr the next LF) is
- processed. If..in"processing this line. the silo is depleted XON is transmrtted and the remmnder
! of' the line will be taken directly from the host ’ o

9-6

in KEYBOARD A or KEYBOARD B is found to be dovin.on subsequent scans. it causes no .

i the number N is in AC the followmc mrcrocode wrll e.u;nse AC o cht:a_,ivr{ th61113he§tnumher SN e

to ASCII and transmit it. If both KEYBOARD A and KEYBOARD B are nonzero.. .
then ‘at least two other keys are already’ down. The key. just identified as being de- .~ . -

'memher ‘that it was transmitted. and. if the key is down' 1/60 second later when the 'A S

: 'The silo portion of RAM is acce«ed whenever the. Y reglcter contdins 14 When the termmdl iS00




'_"m the scratch- pad location SCROLL COUNT.

] : 'Spdee in the sxlo

5 SILO. OUTPUT contains the X- coordinate of the silo location containing the ehdracter that will
“be processed next. SILO INPUT contains the X-coordmate of the first. free’ silo’ locatlon The 3

~OUTPUT and' SILO COUNTER = 0. LF BUFFER is used as a flip-flop. It has only two’
. significant states 012. the code for LF. when one is penclmg 0. otherwme As an- example..

o acters dre stored

. sassume the operator. depresses the SCROLL key. This incremients SCROLL COUNT ‘which tells_

v'."'The opemtor presses SCROLL with the ‘shlfl. key down to Ou a new scn.enl’ul of data. ln thzs__b',
- situation. the terminal will process all the text in the silo and then from the host up to the 13th
LF before sendmg XOFF and diverting incoming characters to the snlo : b

The count. of how many ‘more scrolls are al!owed bef‘ore drsplay must be suppressed is con!amed

1s allocated dvndmlcallv The sllo uuhzes the “ring’ chamcternsms of the buffe v
in that. it takes only orie DX instruction to get from the “leftmost” location to the “rightmost”.

high-order “bits of SILO INPUT and SILO OUTPUT are- urclevant and need not. be 0. SlLO‘
e COUNTER cofitains the difference between these two X«coordmates It represents ‘the number of
- characters currently being held in. the silo. 'When the silo s~ empty, SILO INPUT .= SILO_

assume -SILO lNPUT = SILO OUTPUT = § and SILO COUNTER = 0. This mdlcat s that -

“the silo is empty. Assume also that the terminal has just been put-in Hold Screen Mode. Incom-
" ing characters are processed normally until a LF is received: That. LF. which would cause a -
. seroll if pronessed must go into LF BUFFER Af the host then transmltted the character W ite
© would go into_the silo rather than the screen-image. ‘portion .of RAM It is stored ‘al RAM ;
- coordinates Y = l4X 5. As the first. character to- enter the silo, it causes the VTS50 to transmlt;
.~ the XOFF code ‘Assume the host transmifs three more chdracter ““a question mark, a carriage -
©_retuin. and! anothe‘r line feed before processing the XOFF and ceasmg transmxssnon Those ch’

‘ the snlo in. the followmg pldces o o : L

 lowsorder’
. 4 bits ol

Pl
Saamdas .
A

Jo swany’

lhe 4 ledst swmhcant b:ts of SlLO INPUT contam ll now* SlLO COUNTFR contams 4, Now_

‘the: processor that another scrolling is allowed. SCROLL COUNT - will contain 1. The LF in' LF
~ BUFFER will now be processed. ‘causing a. scroll to occur. ‘SCROLL COUNT will be- decre- -
“ mented: LF buffer will he sel to zero. The W.and 7 will be dlsplayed on the screen. The -
- carriage return- will then move the cursor. to the left side of 'its_present line. The line feed,

~although removed - from the silo. cannot be processed since the operator has not- authorized -a -

i sc.umd scmllmv 10 occur--since. SCROLL COUNT contains, zero. 8o it will- bc placed back in LF‘ 5
. 'BUFFER. As the last character to leave the silo. it ‘causes the terminal to send XOFF to the
- host. The characters in: the silo can then be processed from left to: ‘right.: SILO OUTPUT w;!‘ be.

mcrementcd to. eontdm ll SlLO C’OUNTER will be decremcnted to contam 0 T

9.7




ROLL COUNT contams the number of LFs whmh may. b
ev'is: pre«ed SCROLL COUNT is incremented:
down SCROLL C OUNT is set.to twelve

e pmce\sui When the SCROL L"

The mlcrocode to control th 11' ; begms at 0330.‘!

TFERMINAL IDENTIFICATION

When the termmal recelves ESC Z. it transmltq E‘S(‘ / Ao xdenufv itself as a VT“O wnhnm n
copier. The problems inherént in this. kind of an opemhon stem from the fact. that those three -

~characters cannot be trammltted sxmultaneously dnd thev mmt L not be mterxpex‘scd wzth chamc
ers typed in from the keyboard : : :

'The VTS50 )dentmes 1tselt by transmlttmo one of the three chdmcterq after each of three wnqecu{ o
.not ready to. transmit the next chdracter at the end of a frame. the mxcmpmgram ‘goes-.on,
checmng the UART again af'ter the next frame). The kevboard. is ignored until all three (,hal”an '

“ters are sent a pmod nommaﬂv 1/15 of‘ a second and at moet (at I!() baud) 2/

‘

5: ofa second Bt

pre»ently bemg camed out ID takes five characterlstnc values

_ 0 - An ESC Z command is not. pendm T BN
135 - An ESC Z has been recelved but nn actlon ha% been taken
33 ESC has ‘been: se.nt ' :

. 57 : -/ has been sent. -
: .,'101. A_ has been v.sent.

ID is set to 135 as’ soon as-an, ESC Z is recelved and ldentlﬁed typthllv in the mndd[e of

o three ‘characters in the ldentlfcatlon sequence. The ‘value ‘of .ID' tells the mxcropmoram which .
 character of the three is currenlly due to go out. In fact, the ASCH code tlansmntted remains in

_ AID as the marker of -completion of that stage. When D contmm 101 and. at the end of a frame. = -
‘the UART’s transmitting section is ready. ID is set: back to zero to indicate’ that the 1denuf'catmn‘_ ._:

. Sequence has been completed dnd the : keyboard can now be’ mterrogated ‘§ce Iocanons 1710-’_,

."1734 for the poruon of the mlcroprogram whxch performg the 1dent1f' catlon '

.FLASHING THE CURSOR o
“FRAME COUNT is a %ratch pad locanon wh]ch is mercmented each ‘ume the hne the cursor is

-onis painted. When overflow - occurs, the cursor is pamted and FRAMF COUNT is reqet to- 160
: .;Thus the cursor is painted thh every 2]\( frame. *..

When 'SC ROI L s preased wuh the sh:ft m" .v .

“tive frdmes are painted. (If due to. a low transmmxon qpecd — under, 600 baud ~ the UART rs“_’ o

The scratch- pad locanon entltled ID is used to |dennfy the qtage in: the ldcntxf'cahon ‘zequcme' s e

- frame. bétween the’ painting of two. lines. Tt assimes its. other three nonzero values when. at the
end of a frame. the UART is dncovered to be ready to transmit. and loaded with one of the' .~




POWF;R-UP? o

At system mxtthat:on rows 17 and 16 of the scratch-pad are set to 0. and row 15 is set to 40
(the ASCII code for a space) except for the loumon CURSOR X whuh m set tu 0 Tlm has the

tollowma 1mphcanons

A 40 in FRAME COUNT causes a delay of neatlv two secondv to occur bcfme thc f'rst (:ur o
: lme is pamted whxch wxl] happen when the coum over ﬂows e S .

' A 0 in EOS F/F Lauses the screen to be erasf:d

L

‘ The termmal is not in Esc‘xpe or Hold Screen Mode

: The followmg are 1mportant consnderanonq when planmng to modlfv the mlcrocodé

l.‘ Deadlmes must bc met. If the - UART is not ched’ed every }/%Oth of‘a sccond mcom»n .
ing charadem _may be. lost. If the position of the "cannmg beam is not kept track of.
either by prior: calculatxon or by wamng for-the SYNC Flag. or if a routine takes’ up 80

- much time that the, SYNC Flag is missed. lhe spacing between lines may not- be ade-’
quate or.constant: If a routine. likewise causes-a-TOS Fiag to be mxssed one frame will

. be skipped (not painted) while the microprocessor waits for the next TOS ﬂag Pamtmg"“

' the screen at 30 Hz mstead of 50 or. 60 wxl[ result m a vxsxble ﬂmkermu RS S

2. The Mode ﬂxp ﬂop must be correc.t Bemc in the wrong mode chanaee the meamng of -
all the conditional brdnches This can have disastrous effects, as a snmple Ioop a8 thts’?-ﬂ
~one. whu.h waxt‘; for the scan to return m the top-of—screun posmon . ’

LOOP TOSJ
' AD LOOP

; become% in the other mode a loop Whl(‘h wxl! effeguveiy slmt down the termmal untﬂ
a Lertdm key is presqed : o S

LOOP KFYJ :
AD LOOP

Load RAM mstructlons ( lmtructmns in wmch blt A 1) afso havc dwtmclly dnffcrem
A»meanmgs when the microprnccssor is. in thc wroxw mode SRt Sl
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1oh uart“moduié“(54 10902),,;_

_module must now be.connedted in such a way that thef

stand

Ei
t

of Stralght'plns located_on ﬁhe‘rlghtg







 ADDENDUM .

T0

VTSO'INSTALLATION:AND MAINTENANCE GUIDE"

INTENDED FOR USE IN DEPOT REPAIR

Voltage Check Points

k3

NOte;) Connectors and pins are referenced with VT50 unit upside down

and viewed from the rear. Numbering Séquence from left to rfght.
‘Power Supply/Monitor board connection with Datapath board.
LEFT CONNECTOR

Check Pin for Volts

2 -12

3 | -5

L + 5 SENSE

5 -+ 5

6 + 5

7 GROUND SENSE

RIGHT CONNECTOR

Check Pin for Volts

-

1 + 5
2 GROUND
10 . +15

The two bottom boards, the Datapath and ROM/UART board, interconnect
using a tofa] of 77 pins arranged in two sections - 55 pins on left haif
" and 22 pins on right half of boards. |

Pins are numbered consecutive]y from left to right (again'viewed from

the rear with unit upside down) from No. 1 through No. 77.

1/30/75 i -A-1-




Check Pin for Volts

31
36

39
L2

43
I
45

1/30/75

-12

(POWER 0K L)

415

+ 5
+ 5
GROUND

GROUND
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Tt o v i ekl A e e

REV!SIONS

‘CHGNDf

fFIﬁSHING CURSOR CHECK s R _
~ Set -terminal,’ ‘using a screwdriver or small c01n, to "Loca ‘Mod
@and“"9600ﬁ. :

baud as
Iterminall Plug terminal 1nto llne,'move'the ON/OFF sllde sthch
1ocated ow the rlght s1de of termlnal:tofthe_ON pOSltlon

,Aftel'a one mlnute warm—up perlod a flashlng cursor:should

appear-on the iscreen. If nothing . is seen or.dlsplay is
brlght ,reach over and. adjust the lnten51ty controljon
of- the term;nal at the fOp right hand*corner

Set termlnal for full~dup1ex operatlon, 10cate termlnallstr;p
w1th screws: numbered 1 through 6 on under81de, Jumpel i

tocether thenf3‘and 4. and flnally 5 and 6

,sms cooq

< 8 e

ot on G s




( ENGINESRING SPECIFICATION

STITLE V,T‘SO AC‘_CE_PTANCE TE_’ST

Move cursor'
Move cursor

‘ Check Hold Screen Mode Operatlon As Follows
' Place cursor on bottom line
’"ESC[I" Hold Screen Mode
'.: _uLFn_ " o

i"v'rso"

Move cursorgl

| SIZE;

‘CODE]

T e g s o - e

PR S 4




