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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

. PHYSECAL I‘GCATION

L- Pouer ‘Suppiv & Momtor module"
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‘3 ROM UAR”S & Txmmw module

»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

E .th the VTSO connected to a host and on- lmc

do characters transmmed by the host appear on -
the scréen? Do -escape qequences and. control
codes produce the correct effect? If so. the- re-
ceiver. portion of the VTS50 is not malfunction-

:TERMINAL SELF IDENTIFICATION

- When lhe termmal recelves ESC Z it is xup- .v ) »
“posed to transmit ESC// A. Even if the VT50:is *

Alfumtlomno such that mcomm0 chamctem

" are not dlspldved on' the screen. the portion of .

the V TS0 shown at right’ can- be proven ‘to be -
- woero correctl) by testmg thts feature

e :Portmn of VTSO ‘which must wark in order"-
Cto produce termmal selfeldentlf catlon.

© RANDOM: -

.. SCREEN.

MoNITOR -}

: Flgure 5 R
Recewer portmn of VTSO :

Flgure 6




‘LOCALIZING AN ERROR IN THE s
UISPLAY C[RCUITRY “-__:’ ‘ - L RIS
( fgure at nght shows: Whl(‘h portmm of theg = e T
xsplav cmmtrv are workmg xf RN | R A l :

- any llght is visible on the 9creen w:th any
' _intensity settmo ‘

- the 'raSter. is visible_’ if the intensity ‘is
“turned up all the way. -

! A G2 ) N l, . -‘. —-~ ‘ -t
U R S ) B i
MONITGR . L - ; ! T . .
B ST i 5.
: Ny : T . con Y3

z - the cursor is flashing.

#By b - R
! - '_<Powsa SUPPLY . v

i Flgnre '7 _
The prlav Cll’Cl"ﬂ'V

% THE VTS0 DOES NOT PERFORM ANY or rrs VFUNCTION
CORRECTLY: .

. Check to. see» if'lh_e_ power supply is hroducingi_‘th.e c':orrect;_ﬁv'b_lt'u'ges. .

2. If the power qupply is funcuomng correctly the prohlem may- be that hccause of bemg in
~the wrong mode or: because of failure of a condition flag to register with the" mlcropmweeor; "'
it may be stuck in an infinite loop. If so. the outputs of PC can be read with- ‘an oscﬂlmmpe :
to determine at which point in the mxcroprogram the proc.e%mr is stuck Thls ‘may. prowde a
»'Llue as to- the source of the malfunctlon : % I .




hnedr trdniformer has a ﬂux shleld optimally pmmoncd to prwcnt mterc\ctmn between the
ux genemted hv the tr'mcformer and the electron beam of the CRT. which would. produce, ir
h% line frequencv varied from the nominal. a phennmcnon known as “swimming™, Curren ooes"
nto a full-wave rectifier with center-tap. The pmm\e and negauve (wtputq of ihm regnﬁ_r are
egul.x!cd to +15v. md -12v. respecm’elv

nother wmdmg of the tmnsf'ormer is pdcqed throuoh a ful] -wave. center-t ap. rechﬁcr dnd capa-

~p(7wer <upplv a voltage divider Utlll/ln"’ Zener diode. Thm there are no adumtmenm which
Vhave tn be made to take into acnount line ripple and ﬂuctuatmn : G S

'Each regulator has’ wrrem hmxtmo and foldback to. protect agamsl nmdvcr(ent Qhoﬂ cmum dur—_
' ng maintenance or for any other rcason nL S ’

.2-2‘

stor-mput filter to be regulated down to +5v. There is a single voltage reference for the entire - :




 CHAPTER 2
POWER SUPPLY

-Four voltaees are:produced hv thc power supplv

; +15v (“ !5 amp dnves the horvonml and verllcal deﬂectron urcurts and the I’)FH
modemoptlon e R L e T

-l2v (‘ O 52 amp dlso powere the vertlca‘ deﬂecuon cmuxt «md DFH opuon wz well as,
: supplvmg MOS logic. ALY 5 . DRI

-5v @: lSmA drnves MOS |021(.

+5v ( 4 5A is produced tor TTL lomc

§

The block dmgmm for the VTS50 power supplv can be dl‘dWﬂ as follow%

PASS -
- STAGE

I ocomment |0 T T é é—
LIMITER 8. |i—g ™ F T ST 2

. FOLDBACK

RECTIFIER .
] & FILTER

=] . Lo ORIVER s

© DRIVER

UINE ’ e ol
"VOLTAGE | - 'LINEAR .77 . »
B o f TRANSFORMER |- - o o i [ aypeent | R A . S R
SRR z W] UMITER 8 g B T
o : ~| |- Fopsack [ - EESRONIR TN Bty S

Vv 7| - sTacE

e RECTIFIER S} pass
T | eFiTER [T |, STAGE

. CURRENT
CfumTER's |
1 FoLbBacK |-

DRIVER . ‘

2.1




'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




BEAM MODULAT!ON

é pomlons LOVC(‘Cd bv thc 240 homonml scam durmU the: vertical scan mmpnsc the “mczm-
ngful" Iocatmni of the screen: mform.xtnon is never dmpld\ ed during horizontal flyback or verti-
cal retrace. As -a result of %wnals initiated by the mic TOProcessor. ‘at times dunm these scans

intensity. .

:consecunve posmons on-one or more of seven consecutwe lines. . N e

BEAM SWITCHED ON =
SCREEN LIGHTS UP T

PATH OF BEAM CROSSES
SCREEN, FLIES BACK TO
BEGINNING "OF .NEXT -LINE

.‘?

YOKE DRIVERS

DR

this reason. the two dnver cn'cuits are de‘;lgned dnfferently

'VERTICAL'»YOKE

At the center of the driving circuit for the verncal voke is-an operatioml dmphf'nr (ES coordl—

tnonal c:rcmt is ahown helow GomA e e L T T e

TTL)—

> T yvoke (BASICALLY
_ : _ RESISTOR)
S
3

" CURRENT- SAMPLle“ '
(RESISTOR ~ -

32

A'_'character is pamted on. the screen bv turnmo on the electron beam f‘or om or mnrc 01 F\e

nates B3) in a current-samp!mo mteordtor conﬁouranon (wnth capacntor C28) Thc basnc fum- :

lectrons are allowed to strike the screen at full speed. causing it to light up. At mher times. they
are prevented from reachmg the screen Unhke a tekvnsmn there are onlv thcxe wo Ic\d» of -

Due to.a Iaroe lenoe in voltave wnh re%peu to llmt And a greater ancle of deﬁecnon rcqumd S
most of the voltt% drop across. the horizontal voke is throucvh mduct'mce. whered‘*.. in the verti- -
- cal 'voke. Tesistance is more. mgmﬁcant ‘than mductance ‘in cauqmo “the- voltage dlfferentml For -




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 .




' CHAPTER4 e
MICROPROCESSOR BLOCK DIAGRAM

- This section. covers the d‘lta structures in the VTSO It covers the mternﬂ reolster: of the VTSO S
- what thev contam -and how thev are mampulated bv the mlcmprogram It covers thg oraamza- i
‘ non of - the Random Auew Mcmorv and the avatlahl«. mternal dala pathq

: '-'The Random Accese Memory (RAM)

_,'lhere ..lre 1024 7 blt wmds nt rcnd/wmc memmv 960 are. used to hold thL (,urrent contenls of -

the display. (12 lmes of 80 Lhdmuers edch) and. 1he other 64 are used as u scmtch pad by the.
g mxcmpmoram o '

-3 PRI

The need for address-mappmg

1024 is to the tenth power and heme lhe numbex of 9mr'we ]ocatlom m a memory device -
“which haq 10" address: lines. The VTS50 uses 7 such devices ‘in parallel so-that there are 7 bits of .
“information - at each lOCdthﬂ (in each woxd) This _is sut"f“uem to store an ASCII-code or ar s
counting number from 0 to 127. It is convenient. ecpecmlly since the 'RAM represents the infor-
- mation on the screen. to think of a certain number of address lines. as selectmo a row, and the
“restus selecting a column But if we say that 4 address lines select ‘the row and 6 select’a . ;
~column. the memorv mll have 16 rows and 64 ‘columns. That is not enouﬂh columns to hold our__f_‘
12x80 screen. But if we take another address’ Eme from weleclmo the - ‘row- and use it with the

other -6 to se]ect the column our memorv has a conﬁgumtlon of‘ 8x128. and 8 is -not cnouoh £
TOWS. , e 3 , L

‘lf we had a memorv wuh ll address lmes we could use ‘4 for the row dnd 7 for the co!umn

vielding & memory conf'eumuon of l6x128 But Lhns Qolutnon requnres twnce as- much RAM as is
really: needed. . - oo v S : L

What happens in the VTS() is that a I6x64 conf"gumtmn is u‘;ed but a hardware scheme-—an

~address mapping=-makes it seem (o the microprogram that there are another” 64 ‘columns. When,
by manipulating the address registers. vou trv.'to access one of the 64 Lolumm that don’t really :
“exist but. that you. need to retain the extreme rwht pornon of the screen, the address mappmo‘.“l

‘diverts youi mstedd 1o somewhcre in the lower 4 rows whuh do exmt and whmh aren 't neceesary
ST huld’ the mformatmn on’ 1he screen. : ’

o In short, when xhe muropruwmm tries 1o access LCNJI" memory Ioc:dtmm..lt gets mhem lmtead _
-+ in this wav, the mappmu can cut our 16x64 memorv into a 12x80 piece and .a 16x4 piece. This is
8 shown er.\phuall\' in the duomm helm\ The aloorlthm is u\plamed on the f'ollnwma pd“e




- UNMAPPED ADDR’ESSES (all numben are declmul)

: PHYSICAL ADORESSES (after mapping]
. 2 SC”EEN |H-IGE

Lot ) : B b Ll U S
o o . 20 20 .40, 80 e 0 ¢ oae e LR b Y
: - : B s ¥:00 E e o E
R o ; &
a . SR c 16 ROWS
‘ ; 0 -
° n 8 ] 4 I l SCRATCA
1L SCRATCH PAD :
x=00* - ¥

"é : REATE i . Figure 8a

®(FOUR LOW-ORDER BITS)

Figui-e. 8 ‘

: b Figure 8 and 8a Sl s
The lavout of Randnm Access Memory. (8) as it appears to -
- the pmgramq and (8a) after tramfnrmatmn bv the mappmg. T

'deressing .fhe RA‘MA

Two hardware regxqters herem referred to- as the X "md Y-remqtersm «zupplv the dddreqq to the :
RAM. When this manual describes some action’ performed on “thé. RAM™. it is understood to
mean “the RAM word " addressed by the present contents of the X- and Y- reomcr\" The X- .
register has a capacity of 7 bits ‘of mformatnon the “Y-register has 4 bits. However. "10-bits arc

' alone sufficient: to provnde a ‘unique address. The' following is a descnptmp of ‘an. dddrev;. '
;.7 " mapping which occurs: Let y3. y2. vl. and v0 be the bits of the Y- -register. and let X6. x5..... X0 -
";( be the bits of the X-register. from: most-significant bit' to least-significant bit. The VTS50 Videa
% sereen has rows 0-11- and columm 0-79. When the Y-register; contains 11 or.less and the X~
register contains 63 or less (i.e.. x6=0). the address mappmor is- stzawhtforward and lhe fallowm"
are the hm of the nddrcse sent to the RAM

v3 v2 yl vO x5 x4 .x3 ,,x2._'_rx.li' x()

“Thus ﬁr. the- powble addresqes in wh|<.h the two most momﬁcmt bm are - } have not' been :
fexplonted howevcr columns 64-79 ‘on' the screen have not been given an address, In the mu,n-_ -
tion where’ the x- revmer contcum a number 64 or greater (i.e. x(v- I) Lhc followma mappn‘nI is -
effectwe : : : : : 2

LEyl v v3 v x3 a2 xi | xAO‘.-"

'Notlce the x5 and \4 “thh would both be 0 for x-values fmm 64-79. are ‘not elgmﬁcant m thc.
address provnded to the RAM. We have not covered the case in which the Y»remster contains a
" value 12. 13. 14, or 15, The‘ae cases. regardless of the value of the X-register. are covcred bv thc.'
R seccmd mappme Since in theee cases v3 v2=1. that- mappmg degenemhzrcq to :

1 lvl vl 1 X3 fx2 xI - x0

Theqe “leftover” addre“es——addresses whme correqpondmu locationg dor nm mrrespond to a Lhﬂl‘- '
~acter position on the video screen—are used to gain access to the “scratch pad” portion of RAM.
Only the four least-significant bits-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 above). except for specifying that
.- the alternate mapping shall be used). At the end of Sutmn 9 is'a Chdl’l descnbmc what. cauh cell
o of the ccmtch p‘nd is used for. if anvlhmg ' '




: Mlcroprogram Addre s C ontrol
¢ -"'vln,‘th'e'repefibiie ofgthe nﬁlicrloprocessm'»ufe vseparutc,instru,étion's which can: .

*Clear (set to 7em) the Y reonur
*Increment the Y- register
" *Decrement the Y register
*Clear the X-register
! *Imrement the X- rcontcr
, *Decrement the X- reo:ster
*Complement bit X3 of the X- register :
-(Thxs instruction is meful when in the. qc:atch .
-pdd where it allows vou to access a cell half- .
Way - across . the’ scratch _pad. ‘taking the place
of exoht mc.remen[ or decrement X- rews!er m?
. structions).
“*Load-the X-register fmm RAM :
~*Load the’ Y register from the Y- remster—butfer
*Load the.v- hufter from . RAM
*Qg.lect:.d combmanom of the ‘zbove

“The Y-buﬁ;er:., ‘7

A 4-bit v-buffer is proi'/ide .' allowmzz the m:croprogram to perform 'iﬁ_’djr‘ecl “addressing” “by
kL\LLUUﬂ" the tollowmu sequence of mstruc.tmm e el

;xmpul‘m. the X-. and Y-registers o pomt o the RAM word Wh]Ch (‘onmms the new v'
load the RAM word ‘into the v- buffer ' :

R "Mampulate the X-.and Y-registers to pomt to the RAM' word Wh]Ch t.,onlqu the ne\w
4. Load the RAM word into the X- -register.
S

Load the v-hmfer mto the Y-reomter

i
2. :
3

- Hawno a y- huffer is Lrucml to thw opualmn since.. once one of‘ the x- and v- revmrers is changed

o' the new value. that: register is not dVd!ldblC to hold a pre spemf'ed addre:c, 50 that the other
.».xddrcqs can be l(mded fmm RAM ' S

The Read Onlv Memorv (ROM)

VTS()\ come. wnh 4 dnps of 756 v.ord X 4 h:t ROM. ‘}mce each thp supphes elther fow- orf,
hwh- order parts of ROM words. the (mﬁoumtmn is 512x8. However this supply mayv be ex-
pdndcd 1o 1024x8. A third and fourth; h‘mk (or. set of two banks) of ROM will be: enabled lf"
_.|umpc.r W1 on the ROM. UART & hmmc board is cut.- The ROM contamq the’ mxcmpmgram
- See Qeumn tor a cnmplelc dump(mn of' the mrcmprocessm ngudge




,Audresses to the ROM are supphed bv.a 10- h|t reonlcr L.l“(.‘d the mic rnpmnmm umntcr {P( )
The ROM word addressed bv PC is decoded and executed: an action is performed. depending
on the contents of the ROM at that location. PC is normallv incremented dftcr cach instruction,
. as the microprocessor pmceedq to the next instruction. Some mstmctmm require two 8- bit ROM
words. In- this case. PC would be incremented twice during the execcution of one instruction.
“Under certain conditions. the 8 least significant hits of PC can be loaded from the ROM: specifi-
C'lll) from the second word of one of these two:word - instructions. The two' most c:gmf“cum hits
of PC can be incremented by a microprocessor mstrucuon Note that. in lts c.t.xrdard configura-
tmn. the most momﬁcant hat of PC is unused : )

- Other RAM tramfer‘;

Under mlcropmﬂrdm mntrol a’ constant tmm ROM can. enthu wndltmn‘xllv or uncondttmn \H\' ‘
be loaded into RAM.. The comldm 40 (octai) the ASCILE: mde for a Qp‘u.c can a!so be kmdcd'
’m 0 RAM ' : ~ :

The,"Acmmula'tor Sl SRS S S - f e

The VTSO conunns a-7-bit agcumulator (AC) ‘Miero- mstructmm exist to mcrement de,remcm !

~and c‘lf’nr the AC. Tn addition. AC can be loaded from or Rtored in- RAM When AC contains

“number. from 00!8 0674, the. mlcroproceqﬂor can test the kevbmrd kev of thc (,orrexpondmn num-
her to see if it is depreqsed

UART o

The Universal Asvnchronous Recewer/Tr‘msmltter (UART) is a 'x‘mOIe mtwrated urcun whmh,k

performx shifting and control operations to interface the VT50. with a host. Two mtcropmcuwr’l

‘instructions - nperate on the UART: One transfers the contents of RAM to the transmitting sec-

" tion. of the UART. which uses a shift reumer to transmit the character to the hmt on¢ signal at

a time. The other instruction stores .the ]ast ch‘lmuer received bv the UART i in RAM. In addi-

- tion. ‘two ﬁaos e*mt 50, that the microprocessor can. test whcther the UART ha@ received-a new
: chardcter since. thc last one wac qtored.’ ‘mdﬁ wheth;r it is still in the act ot'_t.m,ns_rrgl,ttmg a charac:

i Tésﬁn,g' '

Mumprmcsmr mstructmns exm to allow mndxtlondl hr‘\mhm0 on thc. foilowmv condmom (.tﬁ
c \xell as the previous: tesm mentloned ahove .md others): - ' ’

e *whelh\,r AC is qus than RAM
( ¥ "~ *whether AC=RAM o

*whether AC is different from X-register

At the end of this section is a block diagram of the VT50 which summarizes this discussion.




S Laceurs at the. ldst loc ntmn inan ROM bank - when there is a“carry from the eight leas( ﬂgmf"-.

’, HOW IT "'.WORKS !

: On. lh(. ROM UART and Tlmm" spu.mu\lmm pre 3 .' '(mrdmdte% ‘AT. then. are two ﬂ}p ﬂops g
. (E2).. They form-a 2 hll hmarv counter. A jump loads new values into the eight least significant,
"f.hnx of *PC." that_is. “E9 “and E16. An"IROM instruction increments the count m the t\’.o mos
',-- »lonmwnt bits. But an IROM xs not to [dkt dtu.t unul the nul |ump

'Thc 2- bll counter FZ normallv Lom.uns ‘the same numhu as is. (,ontamcd m the Iow-order ('
and B) bits' of .E12. Both are ‘cleared at initialization. At Coordmates A() an IROM lmtruclm
sends a_low signal into pin 10 of E5 which increments the counter E2. But this new number does.
not take effect as the ROM" address until the signal LD PC 1 “goes” lmv dnd the Contenu of‘ EZ
are lmded mto Fl" lhdl n untll the next hmnch e :

Thg two most sngmf'cam bm of PC are also mcrc,mmted in. dﬂOlhEl case: When an - :mtmcnon

~cant bits dunnc a count. Not only. mmt E12 be muemenled to. mke thé next ROM word from’
~ the next bank. but E2 must be incremented. so. that at the next jump. when E2 is loaded mto
CE12.if there has not ‘been an IROM since the last jump. the. page 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 xlmuld cause the number in E2 to be onc greater than the nimber in EI12: if ‘the mi-

“croproceéssor comes to the, end ‘of a bank and chm%» bcmk« Jtll()mallCd“V b(.cxxuxe of it. both E2
and E12 must be mamnented

- There ‘is one: mher possxhllnv - 1hat the mlcmpmceqsor is cxecutma the hxl mstrumon in an’.
ROM bank. and this. instruction is-an IROM. The count in Fl’ ‘must be incremented once: the
'umnl in E2 must be incremented twice, NAND gate E5 ensures. that incrementing E2- because of

bank- overflow oc.gurs at time TH: but an . IROM instruction sends ‘a signal into pin 10 of E5 at-
time TF. Thus. both cin oceur in a single instruction. wck lumper W] at mordnnales B& causm
ES. pins 1.2, and 3 1o turn whatever output QB. of E12 was: into a T. Thus. with the ]umper m
place. the most significant bit of PC is held to a 1. dﬂd ‘banks. (pageq) 3 and. 4 of ROM are
. disabled. If. the nmropros’mm is to be expandcd to* four ‘banks of ROM: " this wire must be
~removed. if ‘the’ microprogram, wnll occupy three. ROM banks. ‘the wire must- be removed. dnd
“two [ROMs must be used to jump-from bank 3 to bank ‘I. Af. it is’ shown an. [IROM wx]] be
'\umuent to cause the next |ump to he a |ump fmm pdoe 2 to pdge l or. from paoc } to paae 2

Pd"t. 1 of thz. D‘na Paths SpECerdthnS shows at goordmales C7 the muluple\er Wthh perform% ;

the .tddrec‘; mapping described edrher in this section.. That is, depcndmg on the Select mpwt (pm
b or E21). either the' B inputs or the A inputs. hecome tlrc Y outputs. This mulnplcxer Choo‘:es
‘between the two formy of ‘the ‘address. shown on page The Select input goes low. and.the A -
inputs hemme the Y. omputx if ("dlt. E17) Y2= Y3= I or. X6“I That -is. \xhenevm ‘the Y

(PCgister s 12 or uncutcr or the X reo:stcr is 64 or crmtcr Com'mre l]m ln lhe aluomhm gwen
i .thmc PRI v _ : :
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CHAPTER 5
TIMING

gvnchrom/_auon :9 needed in manv

: areas ot thc VTSOs opemuon Many thmgﬂ have to be _don
"~ by the mlcroproceﬂsor to execute

a single instruction — these things must be done in a.certa
hese events must be sufficient. The - brightening of the picture
“tube must be carefully txmed to take the form of characters. And. the VTS50 must have an.inter- -

nal timing system so that it.can tranemxt its mformmmn at exactly the mte at whuh thc host
computer xs expectmg it. . , i

i
¥

*We assume vou have Integrdted Circuit expcrzence

[ WHAT rr DOES

"The: followmg puhes are aenerated by the nmmg czrcuxt

*chmprocessor wnchromzatxon pulses

TE. TF, TW. TG. TH. and’ TJ. 72 1anoqec0ndq Ionry The ume betwem two TF pulse&
- {one mstructmn -time) is 1.3 usec. :

*Flaht UART synchromzatlon pulses, at exght dlfferent frequcnc:es one of whrch is se!ected-

bv rot.xry sthch SZ on the undemde of - the VTSO and used bv the UART as a ume
Standard. '

'*§1anak H: FLY H (homontdi ﬂv
‘ p.i!h of the Raster Scan.

~ " _*Control. loglc for the Video Shm Regmer one pulse (AUTO INC X H) to
.. increment the X register and thus. make available e
line: one swnal (VSR LD H) o iond the s

out to: Rhe screen. :

'v_,*Loszlc to reset the wetem at- power—up and whenever the CONTROL and_BREAK keyét.
- are. ﬂmultaneouslv depressed SR o

back) and VERT H. (verncal ﬂyhack) whnch reaulate the»

dutomaticqﬂyfz;
ach RAM location” on ‘aparticular
hnﬁ regtsler one. (B OSC A) to shtf‘t swnals.,

HOW IT DOES IT

F46 rs an oacdla!or whxch emnts a

13. 824 MHZ squaxe wave, buffered to TTL icveIs‘ The output»
from this clocks E14 and E22. whic

h act'as a 9-bit shifl register. Of outputs QC and QD of Ei4.

oulptm QA. QB. QC‘. and QD of E22. Q
8. exactly one will b
nsec. One complete r

~input NAND- gate El
order hsu,d everv 72
QB of E 14 Lauscs E23 o
“TF. and TW are, endbled
thme signals are asserted (by
‘the eh:ﬂ reomer aoes low.

o

H

et b S e et e

count. up. complementme QA of F23 When QA is
When QA is_high. the signals TG.

going. m a huzh xtate) everv other ume Lhe appmprmte output from

A and -QB of Fl4 and the output (pin 8), of the 8-
e low at’ cmvume on a rotating. baem~rotatm in. thc
otdtmn occurs twice in the tlne of one. mstrucnon

Iow the srgnafs TE
TH. and T} are cndhled Thercfnre. 3




e shift regmer was: comtructed as it was so that “newnhormn pulses would be caused by

sngnals from. the same chip. to eliminate individual variances which might occur bétween the
reactmn times of two dlff‘eren_t 7495 s SR i —

EdCh time the count in E23 reaches 9. the LOAD goe«: low. Howe\,er the IOAD is awnchm?

- QC and QD from E23 have the same frequencv 1710 the frequency of the shift register outpuls:

txme etandard for the UART

The E38 and Eﬂ counters dmde this f‘requencv bv 2 repeattdl\ to rbmduw the 75 Ihrou h 4800
~ Baud time standards. E29 divides the 1200 Baud signal (Whmc frequcmv is l6x1200 H/) by
. 'eleven to prodmc an acceptable 110 Baud tlme %tand'ird ' .

. The frequency of QD on E‘Z3 is 600 H7 If R36 is preqent ‘as it ‘will he in «.ounmee with SO H7 -
- line ﬂequencv a low signal to LOAD will on the next CL OCK ‘cause the 4 tn hc loaded into
E39: if R36 is absent. a 6 will be loaded in. E39 thus become‘z a dw:de—hv 10,01 a dmde»bv-l 7
E counter. with outputs QD and CARRY of the same frequency as the présumed” hne _current. Thn_'a'

processor that the electron beam is - at the top-of-screen pommn.

L. At coordmates A5 is-a. monostable multnvubrator wnth a permd of‘ 125 msec. The dmcrete cnrcmlrv'
-, to the left of E43 causes it to fire at power—up time. The logic at coordinates A6 causes it ‘to ﬁre e
il also when CONTROL and BREAK are down elmultaneou‘:lv All the wgmhcant counters and
_ flip-flops are cleared when F43 f'rew and the micro- pmomm counter (PC) is su m €10 10, resfart
o the mlcmprogram

w

}A‘-TROUBLESHOOTING TIPS

.. (coordinates A7) which wﬂl take ‘the place of the mgnal from- the. osc:llamr. Thus the termmdl--’

- and mlcroproce%qor may be operated at ‘a elowed rate to facilitate” swnal ~tracing. The onlv two
areas. of . operauon whlch will. not work correctlv in thm mode are the video screen . and the -
UART if the VTS50 is attached to a- hmt device Wthh is expectmo trammmnon to occur d( the" -
-usual rate of speed. T - ‘

I
;

nous. and not effected untit the next ‘CLOCK. Thus. the F23 is a. divide-bv-ten co.mler ()mpm«. ﬁ,:'. '

790 the frequency of the oecﬂlatpr This frequency is 16x9600 Hz: it hccomcs thc 9600 Baud i -

'srgnal goee up to coordinates Cl to initiate vertncal flyback and to COOIdll‘ld[("i A4 m mf‘orm the SE

...-When the test pmnt DIS 0sC L is - tlec' low an external pu]se mav be xupphed at EXT H e




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. : . . :

~




TWO-WORD IN‘STRUCTIONS | S e e

-An mstrucnon in whlch A= O and H=1 is a test instruction. Reg.ardlcﬁv. of whelher the test
_condmon is satisfied or not.,the next. sequential ROM Jocation - is considered to mnlam not
‘another instruction. but- the Jump address for the test. If the test condition is ‘satisfied. the num-
ber in this location is loaded into the R least significant bits of PC: The next instruction 'MH be
_taken from that address. The two most qlgmﬁuant bits of PC ure not affected: the jump is 10a
spot on the same page as the next. instruction would nornm]lv have. been taken from, un‘cqa an
IROM has been executed smce the last hramh : :

e

‘ ;lf the test condition is umansﬁed the ROM locntmn wntammg the unnp .lddle‘i‘» is skxpped nnd
'ithe next instruction is taken: from the ROM iocauon tollowmg thdl ]ocatmn .

. ‘he following is a summarv of the nwtructmns pomble v»hen hxt A 0: L

' _ABCI'\)“ EFGH ‘_Actlon taken and (dbbrevmtmn)

: foooo 0000 Set Cursor Flip- flop (SCFF) |
e Ixxx .- Clear both the X .and Y registers. (ZXZY)

" xIxx . Decrement both the X and Y registers (DXDY) T
- .xxix ' Load AC with the contents of the RAM (MZA) ' R R
. xxxl' . (in-mode 0) Reserved for printer option

: (m mode I) Jump lf UART h'n recexved ab chardcter (URJ) E

0001, 0000 Set VIdCO th ﬂop (SV!D)

O Ixxx Complement eights-bit of X' reglster (XB)
xI1xx Increment AC (IA) = ey
xxIx . Store'AC into RAM (A2M) o . o
xxx1 (mode 0) Jump if at a tab.stop (TABJ) L
R (mode l) Jump lt AC RAM (AEMJ) 4

- 0010 " 0000 - Load Y Buffer mto Y register (BZY)
o Ixxx ~ * Increment X: {decrement Y (IXDY)
xIxx same as IA (IAl): :
CoxxIxs Load RAM into UART for. tmmmwsmn (MZU)
Cxxxl (mode 0) Jump if kev-click (KCLJy g
e -(mode l) Jump lf AC<RAM (ALMJ)

- 0011 0000 - ,:-Complement Bell th ﬂop (CBFF)
o Ixxx - Increment X register (IX) - )
xIxx  Increment Y register (1Y) = . = e
“xx1x . Load octal 40 into RAM (140M)
xxx1 ' (mode 0) Jump. if-60 Hz line treq (FRQJ) SR
: o (mode 1 Jump nf AC nol equal to X. recrnter (/\DXJ) AR

© 0100 0000 - Clear Cursor and Vldeo Fllp ﬂops (7CAV)
L IXxx Clear AC(ZA)
o CoxIxx ‘Decrement Y regmer (DY) '
( T xxIx - 'Load X register from RAM (M2X) -
“eo . xxxl - (mode 0) Reserved for printer option .
cmmermeoo fo - (mode 1):same as AEMJ (AEM2I)

62




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 IT DOES iT

Assume the 6 least snamﬁcant bm of AC contdm the octal number pq (hm H is a 744,2
Decoder. Depending on the number input to this chip. cmcth one of its outputs will go to a, fow

_logm level: the rest will remam hlgh The number q from AC is the mput to. thn Lh,p dePend-'
me onit, a sxgnal will be sent to one row of kevs

¥

Ch:p ES is a 74]‘§I Sele(.tor Dependmv on the numher at the '\eleu mputs (pms 9 fO and ]”..f
._’the output wnll assume the smte of lhe mrrespondma mput Fo thmuch F7.00 : : '

Conneated 1o these selector n’nputs are the outputs of NAND gatu whu.h wxll 2010

. a hmh hwu, '
evel lf ng of atq mpute are at a lnw Ievel Two thmm hdve to lmppcn f"or '

an’ mput to 2o Iuw
Akw mustbedepre%%ed : T T e T e

2 The decoder must be %endmg a low sxgnal throucrh thc rmx/*gmiwhigh fl‘hé..depr’esscd-kbv R R
lslo lth DR , Fadb ST s S B e

‘.What the ‘;elector selects then is one of the ‘“Lolumm of kevc And the c.hah’n'él:séllt:étir'fg'fin‘uhu'.fﬁ" :
L to the 9elecmr is- the P Portton of the number in:AC. ST S

:E)ample Suppose a KEYJ 19 executcd w1th the number 22 in AC The mput m the dewder s
th«vrefore 3. which means only output F3 will go'low. The chdnnel selecting. mput to the Qelecmr‘_' el
“is. 2 .which means that the output of the selector will vary with- input F2, Thex is onlv one kev Pt
whu.h at any time' ha% ‘a low-logic-level qmnal sent to one side “of it ‘bv the du.oder and for =
( 3 whnh tlmt signal crossing to; the other side of the ‘switch ‘is deu_cmble b\ the selu_tor--lheu i
ot only one ‘kev at the mter%ectlon “of any logical “row”.and * ‘column”. In tlm case;- that kcv isthe
iv'E kev The output, from pin 6 of the. 9eleuor will be low" if the E kev is dcples‘ed hngh other- 1
' wx*.e'f"The E kev was selected bv the number 23 in'AC. The 3 caused a signdl to he sent throu"h
1'mv«‘ 3: the 2 C'mced thdt sugnal to he eoutrht coming dnwn column 2 E




FHAPTER 8
CHARACTER AND CURSOR GENFRA TION

- W‘HAT IT DOES
| The Lharacter genemtor converts _the contents of RAM. the A‘SCH codeq for. lhe char.ncter&: to

appear on the screen. to the ewnals whuh mmted as dms on lhe screen. l.lkl, lhe fonm ot the
appmpnatc chdmcterq : e :

At ng moment. as it is wired into the VTSO ‘the character gcnerator«; outpuls consist 01 one row
of the dots which ‘comprise. one character. The character is selected by the RAM outpms ]f at
the address Qeleclcd bv the X- and Y- reawtem RAM contains the ASCII code For S, lhe outputx
-of the Lhdracter zenemtor wnll hcvont, ot the rows of dou wlmh when all ewht rows are pamtcd»
: ahove Lach other. wxll form an @ : TR : RO

e

Whu,h row is output is se!ected by the tnree least s 1gmﬁcant bm of AC A OOO in the lhr('c leasl
significant bits causes the top row of, the c.h.lmctcr to he output: a 111 causes. lhe hottom lme to "-_;
“ be nutput. : 4 : :

The V|de0 shlft revlsler on slonal is pdrallel Ioaded wuh lhe character—genemtor nulput& “Then.
on each-oscillator pulse. one 'bit is shifted ‘out. and. becomes (through an inverter) the signal VID .~
- 7. H. which goes. to the monitor board to. be amphﬂed and output to the screen. This allows each ™
-output from the character genemtor to be: present-at the outpm VID'Z H. one at'a time. for 72
“nanoseconds each. Since the electron beam . is trdvelmo from left to right across-the screen. ‘this-
causes the- five chdranter-zenemtor outputs to . appedl -on the screen next 1o. each Oth-’r in_.a
“horizontal Tine.. Since the Video- Shltl Register is loaded on every ninth oscillator pulse at-four.
~oscillator-times - of “the nine. the output at .VID 'Z H will not have come from the cham(,ler
i ucnemtor This accounts for the space hetween charauu% R Wk ;
When the VSR is not cnabled to be loaded from the chamcter genemlor Inoxcal l s -are shxf‘ted :

rinto and throuah it. This causes \/ID Z: H to, remam low. and no dole to. he pdmted on lhe
. \Lru.n SEERRIRE S L e : : RER T : .

tlluv.cvcr when a-cursor (horlzontdl lme) is to be pamted l(wnca] Os urc «hlﬂed thmuc'h the
: VSR R - : = :

THE vao iiR'OCEss

Ihc vndco process: is cnmhled h\ a QV!D muroproce«or mslrumon and dmhled bv a ZCAV-A-'

instruction. During. the video prmus c“cpt during the time that- the eleclmn beam is lmvelmo

back to the left sxde of the screen (**horizontal ﬂvb‘u,k“ ). the X- reglster is incremented. and the .
“ VSR i pdrdllel loaded from the character generator every ninth oscillator pulse (twige each in- -
struction-time).- This pmms automaticallv. references RAM cells which represent the contents-of
1 line on the screen. The: contents of ‘each RAM word is passed to the character generator.,

Snen‘nls tnr the dots mmprmnﬂ each - lemcler mc in turn. loaded mxo and ‘;hlﬂed out of lhe_:'*
VQR ‘ : : e




'Durmo hnn:rontal ﬂvbad\ the VSR is not allowed to he loaded. Thercfore. in shift- mode I's ;N‘C.
~shifted through and no light apnearx on the screen. Loading of the VSR is also disabled when -
th Cumor th-ﬂop is set. e e

Durmg one scan.; thm one row: of‘ dots for c‘u.h of 80 chamcterx is pm'xtfwd on a homomal lmc
across. the ecreen Betwecn scam (durmc homonml ﬂvhagk) the m:cmprme%or

a.. Sets thc automahcally-mcrerm.nted X- rugn- :

~ter back to zero. - '

b. Increments the AC. to cause the next row o e Ll

. be painted on the next scan. . - FR Pl

S ¢ Tests 'AC to see  if "all emht rows of dot\_. : g LRI
R hdve becn p‘unte_d fm_' Ihat lme _nr text.

Durmg scans. the mlcmprocesqor ooes mto a wamno loop wlmh tests [hL Viden ‘mm FIW This i
ﬂag chOmes false when hon7ontd! flvback beglm dnd the muroprocessor kavex the loc)p Ten -
o mstruct:on times ldter the next Sc‘m will begm : - :

he THE CURSOR PROCESS

_-,.’The cursor pmnesq is enabled hv a S(‘FF mlcroprocecsor 1mtmctmn and dmabled b) a 7(‘/\\/

( | instruction.” The Video Flip-flop must be set for the .cursor process 1o work properly. smcc it

] -'J causes the X-register-to be incremented automaticallv. SCFF disables thé. pamllcl load feature of

L the Video-Shift Register. 50 that I's are shifted through the VSR. The X- -register is automatlcallv

1 ‘incremented. When the conternits of the X- rcomter dnd AC are’ equa 0%s ‘are shnted throuoh rhc
| VSR These 0. swndlq when thev reach the screen. appedr as the horxmnlal lme.




» C HAPTER 9 :
THF M ICROPROGRAM

WHAT IT IDOES‘

The m:croprogmm coordm‘ues all’ the dam Kmmfer and prou’%nnor whlch Ldkm place in -'the
VT50. This can be summdrmd as follows S e : v v

~1. ‘Retreehmo lhe vndeo screen wnth the contents of RAM 60 tlmes cach &ccond

e

' Checkmo lhe UART for re(.epnon ot a Lhamcter from the hmt at leasc 960 nme‘z each ;
- second ‘ : o B ,

3. ‘Mo_'ving:_i,nc.olﬁing,'dzim 0 the RAM
_4. Takmg spccml autmn upon retexpt of Fscape Sequencec dnd contro) (odeq
_S. "Checkmg for the exnstmce of deprewed kevboard kf:Vs

6. Moving the correepondmg A‘SCH codes to. the UART for transm won to lhe ho‘;t in.
" the correct order. : ; :

In dddltl(m the muropmgmm dlrects the ddVdnLEd fedtme@ of the VTSO &uch as savmg mf'or- S
mation in a silo when in Hold Screen Mode: and automatically transmitting XOFF -iind XON
requests to the host. Section 1. which explains. the data structures available’ wxlhm the VT30, and"
‘Section 7.-which details the repertoire and thus.is a deecnpnon of the mdchme lanauage and thc
svmbolism uﬁed herem are prerequmtes of' thls sec‘llon.v : : -

e Thle section contams a listing of. the most. recent version of thc mvcrocodem Pleaqe note thdt smca
it was assembled throuoh the PDP-H assembler, all the ROM addresscs are even. The addresses -
_specified in this section- corrupond to the addressses in that listing; but both addresses " are twice’
what the PC will contain at execution time. Addresses 0000 0776 corre‘ipond to locations ‘in the’

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

addrus is hstf.d as 0452 1s umtamed m the word m 1he f'rct ROM bank dddresﬁed when
PC 0275 TN .

MICROPROGRAM FLOWCHART -

Figure  is a chart showmﬂ the taekx that the mncropmceswr ﬁ:uperwses Note thal some fune-"
~ tions are pexmrmed after every fmmc s, p‘unted on the screen, and some are. performed dfter
. everv lme Is pamled . . v L

ik it ¢




© POWER-UpP ..
RESET FLAGS -
DO AN EOS

UART-
“olnTo
SILO

EMPTY v
{siLo- mooe

TOP_OF SCREEN - Rty '
CHECK BELL COUNT &
TERMINAL 1D STATUS
SCAN KEYBOARD- 00 |
BOOKKEEPING FOR ROLL-

OVER. TRANSMIT CHAR=
'ACTER.CHECK SCROLLKEY

NEW LINE

PAINT 4 -,
~v.|()t-:_0*_u'1,r‘u-:

“"DOES IT NEED -

P

SERVICE
) A~

|t cursomy

ERASEALINE
CLEAR FLAG “IF
FINISHE D o

|

. GET CHARACTER.
_FROM SILO - _

'PROCESS A
'CHARACTER

o Mic'l_'-oprog'ram Flowchziﬁ

’ Flgure 9

9:2




~ represents a’

LAYOUT OF THE ‘SCRATCH PAD

_The "sc.mtch pad portion of RAM is accessed whenever the Y~regmer containg a num‘ner";
greater than’ 13, The description of the RAM addréss mapping which is contained in Section 4
shows whv (mh'8 the 4 least significant bits are used in the dddf’ﬁbs computdtmn in this case, We )
can draw a picture of scratch-pad memory. with four rows, one. of which is selected by whetheri
- the. Y-reglsler 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. octd) “0-17. Each of the cells. -which .
7-bit RAM word contains a description., oftits use. These. descnptmm are elaborated :
“-on. while and after several underlying concepts are explamed The instruction ZXZY!DXDY is
" sufficient to access the word labeled “scan count/KB counter’ in the’ figure, since it sets both' the -
. Y-regxqter and the 4 least mgmﬁuanl bits of the X-register to 17. Then the IX. 1Y, DX. DY. ‘and .
X8 instructions can be used to move around in the scra‘ich pad. If these instructions are used f
- such_that you gooff 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 printed on a' urcular ringthan a
- flat page However Aif the Y- lemxter is modnf‘ed to send vou off' the: mp or bottom of‘ the
: ‘dmuram you enter thc poruon of RAM used as thc screen lmage ' - : -

T T T - T - T T T T
Cvaal : e ' : S‘ LO
s scROLL | . €08 FRAME | oo e s ]
‘ COUNT U COUNT ; o S| e s | outRuT | meuT
: "B ; A I [ R RS A Lt .
" S s‘ég’;';" TGP . . ; STI)T e o | scReEN | - E0S snw S
- R A FF. LINE: - e - RN B LNE fOFF coumm L
STORE. . L B - i : - N - o RS . B | N
. ADDRESSES g&‘ﬁx: . o . : <l LT[ incomns L.
w B asu. S “ip VIDEO LINE - | b oo | oESe L CHAR L pF- o}
it PR I B A UNE | count | ] 5 PR eorerr | BUFFER
. COUNTER L : : _ = - e
xa1a 18 6, 7. | TR PES N R N DT 7 e

. -LINEAIRELOCA”I"ION o

- When the VT50 receives a LF char‘xcter whxle the cursor is alreadv atv the bottom of the chcen;
a Scroll is performed: all the lines on the screen move - up one position. with the mformahon on
the tup lme hcmo Iost dnd a “new” blank Ime appeare at the bottom of the scrgen e

o :Thc process look\ hke thns

nformanon on that lme

g “screen’ poemon o hefore scroil ST after scroll
: 0. A B
2 S oc D -
5 CFe G
S 6. G- ‘H
10 T S B
-1 J K
2 X R SE
: 3 L .. new ling of blanks

©
()




‘However. if the contents of each RAM line (all RAM words ‘mcwhlc with a certain numhcr in .
‘the Y- r'egizter) ‘were physically moved to a new RAM location. the process would be oo ume«.
consuming to-be feasible. In realitv. the information “R™ through “L” in the above dmgmm stavs -
.where it was in RAM,: ‘and' the RAM line which contained the mfornmtmn “AT s eleared 1w
»"form the same line of blanks which is then displaved at the bottom of the ‘screen, Vu:wcd m

terms Of RAM line rather than screen line. the prou:ss of scrolling appear« thm :

B T S . mformdrwn Cnntamed
(contents of Y-register) ~before scroll <o after acroli
O A oo blanks
S ~.B LR "B';
3 D R Y
4 B B
S5 CF R
10 S FEN I
o oy B R
12 K LS

13- Lo -

Y

, *“thisl:;liné"is‘ to_ be dii'splayéd_' ai_t“,tihé top of the %creen

The mforma(mn tmnefer i much more efhc:ent hut a new. counter is. necded = one whuh dnu. N
what the asterisk in the above: examp!c does: The scmlch -pad cell which serves-this- purpose is
the word TOS LINE. It contains a number from 011 ‘which is. the RAM line: which contains the

ach scroll At svstem lmtuhzauon it contains 0. mdxcatmg lhat the’ line of RAM acccwed whcn R
a 0 isin’ the Y- reomer contams the mformauon to be dnp!a\ed at the top of the» xcrcen e

.+ tion, so for many’ purposes. two counters must be mamtdmed an -absolute -and. a’ relocat.lhlc :
: . counter — that is. .one to identify a row of RAM words that have a certam pmpenv and one o
rdenufv a lme on the screen that has that propertv ‘ : : R

CUR X and CUR Y contam the addresx coordmatee f‘or the current curcor pocmon CUR Y -
pomtq 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 hottom line on the screen: SCREEN LINE will always cont‘un, .

mformanon to he dnpldved at the top position on the screen. It is nuremented (modulo 12y after . .

Alth0u0h thm counter H presem the mlcropmceqsor doe% not have the capdbnhtv of dtrect addfm RS Bt

“the value 13 (octal): CUR Y wxll contam the Y coordlmtea of the RAM worde whrch contam{ A

v

. the’ bottom hneﬁ text. o _; : I

Durm0 a vldeo scan. VIDEO LINF w1ll Lontam the Y register’ Lontents for thc hne curremlv

being pamtcd while LINE COUNT will contdin the screen- hne'numher LINF COUNT will .

. alwav‘; %tdrt at O and go'to. 13.

L ' Durmz procusmo of an ESC ] commdnd (“Fm%e text to end of screen”) FO’§ LINE wxll con-
v& tam the number of thc RAM Ime hem«7 cmsed wh:le EOS FF will. mntam the numbcr of ths_«
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- goes 1o 31. the screen is disabled for 11 scans with a ZCAV 1mtrucnon When lhe coum redchev.i

hne on the screen being erased. This vmrd although it is a munter is called a “ﬂlp ﬂnp qmgef _
the onlyv time it is Used s to determine whether thc enure écreen has been emsed Thus EO";_
FF has nnlv two relev ant states. . ; :

F:O_S FF :<»' 1"4 meuns anoth’er line must be erased:
L EOS FF‘“_>___-'lj4 means the bottom line has been erased.”

. ‘iCAN COUNT/KB COUN I‘ER o ‘

ThL word addressed hv having 17 in both the Y- remsler and thc I()w part of‘thc X- regnstcr. ‘sinc
" it is one ‘of the' easiest scmtch -pad . locatmns to gain access 1o, serves a dual purpmc Durmg the:
~painting of the screen. it'is used as a scan cournter. This counter is initialized to. 17; andincre
mented each time the SYNC ﬂag is received. The counter goes from 20-27 in the time lhat A
. line is being pamtm.d A-copy of this count is kept in: AC. where the three least significant_bits,-
- which are 0 7. go to the character generator. ' When the counter reaches 30, the electron beam'is
on’ the scan_on which a cursor ‘may have to be- pamted H‘ the posxtlon of the cursor is on- the
line that was just pamtpd the registers are set up.and an SCFF is executed. ‘When the count .

42.‘n is. r&.set to’ 17 lf unolher Ime is to- ‘be pdmled

' Dunng_-'\'ertical retr_a_ce. the.same' !ocationiis‘used to interrogate the keyboard.

FLIP-FLOPS o e

FSC FF is a word wh»ch mdlcates that the termma[ is in Tscape Mode. Anv mcommg ('haracter'
~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 is set'to | when :
the terminal i is in Hold. Screen ‘Mode. lncommg text will 'be stored in the ‘silo rather.than sent to
the screen image poruon of RAM to be displayed. unless the silo would overﬂow When HOLD_;
S(‘RFFN FF contains- anvthmo else the’ termmal is not in Hold creen Mode P :

BELL FF heglm at’ zero. Fve:v tlme a CTRL (5 is xc(‘ewed or lhe cursor is rnovod mto colum
73. BELL FF. is set to octal 25: After each frame is painted. BELL FF is tested. If positive. the.
srelav.is dlcked once and BELL FF is decremented by 1. If zerc. the terminal is silent: The. nct
,;chcl is" that the' relav ‘clicks 21 times at 60 Hz. This is the texmmal dudlble warning swnal
- The same noise’ would he achieved if a tvpist: could type at 60 kevs per second. The counter is *
" ealled BELL FF because once again.- it assumes onl\ two stales whxcl‘ ~are relevant: to the mi- .
CIOPrOCessor: Pmmve and zero, b

_ SERVICING THE KEYBOARD
The kcvbo.trd is mtermgated nnce each frame’ (ie.. thh the same frequenc as the line currem)

o discover. if kevs are down. Section 7 outlines the ‘mecharics - of kevboard interrogation: we
ysummarue ht,re bv saying that each key except CONTROL and BREAK has an ldentxfcatxon




number. and there is a “peeudo—kev with the number 0 which appears to be- llwavs depresse.d
, When an operator presses. a key it will generally remain pressed for more than one scan, But .
this ‘action must not therefore generate more than onc character. A character is mmsmmed onh i

. on the wcan on which that kev haq just been presqed ' et

The mrcroprocessor uses the Gcratch pad words KEYBOARD A dl‘ld KEYBOARD B to ensure
this. These two locations contain zero in their idle state. When a kev is pressed. the keyboard
'-*code (not the ASCII code) is stored in one of these two. locauonq If a key whose code is stored

_i'further transmreslon to take place

-,'lf the number N is in AC the followmc mncror‘ode wxll cause AC o contam the hwhest numhor‘
<N for which the correspondmg ke) is down. SRR

TEST DAIKEYJ)
AD TEST '

b 'AC wr]l contain 0 if no key wrth ID number < N is down

_l"»"The m:croprogram uses the - followmo loglc The numbers in parenthequ are ROM addre‘;qec
= v'whlch contain that part of the lognc o ' : SRR

I Are the keys whose codes are- contamed in KEYBOARD A and KEYBOARD B qnll
‘ down" If not. clear the correspondmd word. (I646 1672) ' o

| w200 I the UART lsnt ready to. transmlt another ehamcter dont even bo(hel checkmp the ,
“ .ke\board (1676) ; .

3. Otherwme startmg at 67 'go through the keyboard to f“nd a ke\' whose lD number is
" not zero. and is not contained in KEYBOARD A or. KEYBOARD B (a new. key). :
- If at-least one of those two' locatnons contains zero, store the. key’s ID themn convert it

kevbmrd is agam mterrogated the character would be transmrtted agam (l IOO~H6()

' THE SILO/HOLD SCREENMODE

e / .. in Hold’ Screen Mode. (it ‘attempts. to avoid scrolling' the dlsplay LF (Lme Feed) (haractcrs are .
o f ~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 ‘the’
i - subsequent characters go into the silo. XOFF is sent to the host. to request .that it stop sending.
17 If the silo is about to overflow or if since the host has not stopped sending. the SCROLL key is
e pres%ed one line (the LF and all characters following it. up to' but not mcludmrr the next LF) is
",;( ' processed. If. in processing this line. the silo is depleted XON s transmnted and the remainder _
..\ of the line will be mken directly from the hmt ‘ : :

9-6

n KEYBOARD A or KEYBOARD B is found to be down on suhsequent scans. ‘it causes no .-

to ASCII and transmit it. If both KEYBOARD A and KEYBOARD B are non-zero.. .
then ‘at least two other keys are ‘already down. The key. ;ust identified as: ‘being de- i
‘pressed cannot be processed and transmitted. ‘since. no RAM space is -aliocatéd to re- g
member that it was transmitted. and. if the key is down 1/60 second . later when the.'A

The silo portion of RAM is acceqsed whenever the. Y regmter contains 14. When the termmdl wf e




' The operator presses SCROLL with the shift key down to get a new screenful of data. In thb.f .
situation. the terminal will process all the text in the silo and then from the host up to the 13th '
LF before sendmg XOFF dnd diverting incoming characters to the srlo ' o

- The count of how many ‘more scrolls are allowed before cllsplay must be suppressed is contamed ‘
'm the scratch pdd locatxo SCROLL COUNT. T

'Space in the srlo rs allocated dvnamlcallv The srlo uullzes the “ring’ characterrslms of‘ the buffer. =
_ in that. it takes. only one DX instruction to get from the “‘lcftmost location to the “rightmost”.
. SILO. OUTPUT ‘contains the X-coordinate of the silo Tocation contammg the character that wrll_—.;

hc processed next. SILO INPUT contains the X-coordinate of the first free silo’ locatron The 3
_ high-order bits of SILO INPUT and SILO OUTPUT are irrelevant -and need not. be 0. SILO
S COUNTER contains the difference between these two X-coordinates. It represents the number of

’j‘hcharacters currently being. held in. the - silo. When the silo is" empt}, SILO INPUT .= SILO-
- OUTPUT and’ SILO. COUNTER = 0. LF BUFFER is used as a flip-fiop. Tt has only two

S swmf'cant states: 012. the code - for LF. when one is penclmg 0. otherwme As an- example

~ assume SILO INPUT 'SILO OUTPUT = 5 and SILO COUNTER ='.0. This indicates 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 prosessed must go into LF BUFFER If the host then transmrtted the character W, it
f:"_,would go into the silo rather- than the screen-image . portionof RAM. Tt is stored “al RAM
- -’.v,wordumte‘s Y—l4X 5. As the first. character to- enter  the silo, it causes the VTS50, 0 transmit -

Jthe XOFF code ‘Assume the host transmits three more chdracters “a question mark, a’ carriage

©return. and; ‘another line feed before processing . the XOFF and crasmg transmrsslon Those char

. acters are stored it 'the srlo m the followmg pl‘ices o L

- lowsorder

4#“;0':;
X 5 6 T
- pegister. e
o g W ? ~CR

The 4 least significant bits-of SILO INPUT contain 11 now; STLO COUNTER contains 4.-Now
assume the oper'\tor depresses the SCROLL key. “This increments SCROLL COUNT -which lells_
2o the pr(x.essor that another scrollmg is allowed SCROLL COUNT wrll comam I The LF in' LF
“BUFFER will_ now be processed ‘causing a . scroll to oceur. SCROLL COUNT‘ will-_be decre- * -
‘mented: LF buffer ‘will ‘be set to zero. The W-and 7 ‘will .be drsplayed on the screen. The

- carriage relum wlll then mo\e 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 su.ond sc.rollmﬂr 10 occur--sirice. SCROLL COUNT contains zero. So it will- be placed back in LF £
.. "BUFFER. As the last character to leave the. silo. it ‘causes lhe ‘terminal “to send XOFF to the
e host, The characters in the silo can then be processed: from left to: right.: SILO OUTPUT wxl' be’
s mcremented to Lontam ll SlLO COUNTER will be decremented to comaln 0 : S




SCROLL COUNT comams the number of LF's whxch may be pl‘oce\ng Wht'n the 5¢C ROI L
kev'is precsed SCROLL COUNT is incremented: When 9( ROI L is. preased with' the ‘shift key
:down SCROLI. COUNT is set to twelve. LUE e L e

’I:hc micro_code to control t o begms at 0330.!

TIER’VIINAL IDENTIFICATION

‘When the termmal recelves' ESC Z. xt transm:tq ES(‘ / A to ndcnufv itself as a VT’*O wnhou[

-copier. The problems inherént in this. kind of an. operation stem. from the fact-that those threc
‘characters cannot be trammltted slmultaneously dl’ld ‘they must not be mterxperch wnh chamcw s
; erc typed in from the ke)board : S : .

.The VTSO 1dentme< nself bv trammntmo one of the three chamctem after cach of three eonqecu; %

not ready to transmit the next character at the end of a frame. the microprogram goes on.
checking the UART again after the next frame). The kevhoard is ignored until all three charac-

B The scratch- pad Iocatnon entntle ,-ID is used to ndenufy the qtage in the ldcntxfcahon cequcme[
pre:.ently bemg carried out ID takes five charactenstlc values:" ~ S SRR

S .

S0 - An ESC Z command is not pending.. ' Fas
135 - AnESC Z has been recelved but no action has been mken O
"33 - <ESC has been: sent ' : s e

.57 -/ has been sent.
1010 - A, has been-sent. i

1D is set to 135 as’Soon as.an. ESC Z is received- and ldentlﬁed typlmllv in lhe mlddle of a.
“frame. between the pamtmg of two. lines. Tt assimes its_other three nonzero. values when. at the

- three ‘characters in the identification sequence. The" -value of 1D tell§ the ‘microprogram. which -
 character of the’ three is curremly due to' go out. In fact, the ASCII code transmitted remains in
ID as the marker of completion of that stage. When ID contains 101 and. at the end of a frame. =
; Ithe UARTs transmitting section is ready. ID is set back to zero to. indicate’ that the identification
. sequence has been completed dnd the ° keyboard can now be: mterrogated Qee Iocatlons 1710-;
1734 for the portlon of the mlcroprogram Wthh performx the 1dent1fcat|on . S

W ',TFLASHING THE CURSOR i
'FRAME COUNT is a v,ratch pad locatm'\ whrch is mcr(.mented each time the lme the cursor is -
i eooonis pamtcd When' overflow ‘occurs. the cursor is paxmed and FRAME COUNT is reﬁet t- 160
' .-Thus the cursor is pamted w1th every 2lst frame. = . . :

tive frames are pamted (If. due 0.2 low transmission Qpecd = under 600 baud ~ the UART is .

‘ters are sent a penod nomma’llv 1/15 of a second and at most (dt IIO baud) 1/5 ofa Second ey

~‘end of a frame. the UART is dmcovered to be ready- {o 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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 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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