























The outputs of the X buffer stages X, . and X are taken

‘ i 9 s e
from tha ground side of the flip-flop (i.e. ground eguals logic
1). The most significant stage (X ) uses -3 Volts to represent

a légic 1. This is required by the internal logic of the dlsplay

aitself and reference should be made to the Tyoe 30 manual,

CONTROL REGISTER

The Control Register logic is shown on drawing D-348-0-3,

This pox;;on of the logic supplies ‘most of the communlcatlon be-

tween the PDP-6 Computer and the dlsplay znterface. cowo (con-

dition Out) commands from the PDP-6 can set most of the £lip~-

£20ps in the Control Regi*tcr 1n order to establish’ the operat-
‘ing conditions of the diesplay xnterface. IOB Status (CONI or

Candltzons In) commands from the PDP-6 can sense the state of

all fllp—flops in the Control Register in order to determine

- the current status of the display intexfﬁge,

There are fourteen flmp~f10ps in the Control Register. all
flin~&lops are Type 4217 in modules in lﬂcations A3 A4, .and AS,,
plus two flip-flops on module A2, These are shown in area Bl .
through B8 of the Control Register print, All of the Control

" Rﬁglster flip-flops are cleared by the DPI CONO clear signal

,generated in the control logic,

- For convenience, the flip-flops in the Control Registe;

;Qi11~be‘déécrihed,in left to right ordex.
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The DIS Busy (Display Busy)rflop indidaies the current status
of the disélay itself, The'flop is set by»the 1Dp (Loéd Display
Pulse) sicnél'and is cleared by the PDP (Display Done Pulse) sigé
nal, In o»her words, this flip-flop is set to the one condition
whanever thc display is in the process of locating and inten*ify-‘;

ing a part;cular spot on the face of the CRT. DNote that IDP is a

signal, gcncrat»d by the alspla} 1n texface, - that initiates action

in the display itself, DDP is a signai, generated by the display,

| that‘signals the end of the display action.

Lr status (Light Pen status) is a flip-flop that is set to
the one condition by the LPF (Light Pen Flag) signal from the

'display._‘Reference to the Type 30 Display Manual will show that

L&F-is'genératéd only when the Light Pen has seen a spot of light
during the time the display is intensifying a particular point on
the CRT, IP Status is cleared by the CLPS (Clear Light Pen Status)

‘gignal, The CLPS signal is generated by ap IOS Status. signel from

the PDP-6 io Bus, Once LP Status has be@n set, it will rwmain*in
this condition untll it has b;en examlned by the program, Such

yexamlnation can ccme as the result of a priority 1nterrupt'(the

~ LP priority interrupt_circuif is eﬁabled by the one state of LP

Status), or by prdgrammed examination of the status of the display

intexface. If the program does not examine the status of the dis-

~play interface. ‘the LP status flop will remain set untll the next
- IOB CONO clear of IOB Reset,

Note that the DIS Busy and LP Status flip~flop cannot be

'set by a COhO command from the computer. The other twelve flip»

4
flops in the Control Register can be set by means of built in

‘capacitor diode gates. The quallfying levels ~for the gates come»
from the indlcated bits 6n the IO Bus. o



The rext stage in the'éontrolﬂﬁegistgrwis the DPI Status
(Display Interface Status) flipeflop.‘ When this f£lip-flop is
in the one state, it.inéicateg that the display’interface is
free'to aCcep+ ancother data word from the coxputer.’ This con-
dition can be determined by either a CONIXI command from the
computer or through the p.lorlty interrupt system, DPI Status ’
is the~dne'¢cndition enables the DPI pribrity interrxupt decodex,‘
DPI status is set to a one by the IDP signal, IDP is the sig- ;j
nal that places: the contents of the Data Buffers into the Dis~ =
play Buffer, Since the contents of the Data Bﬁffers have been
 ,pasaed'on to the display, the Data Buffers are néw free to be
~cleared and reioaded with new déta. DPI Status on a one indi—
cates this conditiqn. DrI Status is set to a zero by DPI DATAO
~ ¢lear, This aignai ié generated by a DATAO (Data Out) signal
- from the PDP-6 Computer. DATAO clear'occuisfjust before data
~ from the computexr is loaded into the Data Buffers. ‘From this
;time until the next 1DP signal, the display interface cannot
accept another data word without destroying the informatlonv
that has been placed in'the;DataHBufférs. This condition is
 ipdiéated by DPI Status in the zero state. |

The Y Only and X Only flip~flops control the application
- of clear and set pulées‘tc the Data~Bu£fers. If one of these
”flipnflops'is set to the one state, it will inhibit changes

in,thé,pther_nata.Buffer. For example, if Y mey is set, the
XfBuffe}’éannot‘be‘changed.

The three INT (Inten81g¥) flip-flops control the intensity3 :
of tne spot. dleplayed on the CRT if the Type 30 Display includes[
a varaable intensity mod. £ication. There are eight intensity lev~-
 els avallahle, corresponding to the eight possible states of the '



three INT flip-flops. The tﬁxee flipﬂflcpa are treateauasga>two“

»bit signed binary number, Hégative numbefs are in two's cam91e~

ment;form;_ The most negative number (100) will produce the least
intensity. “The largest positive numbex (011) results in greatest
intensxty. The outputs of the three INT flip-flops are used in
the Control Logic to gate pulse amplifiers that produce pulsﬂa

to set the intensity regi&tex in the display.

The three IP PIA (L ght Pen Priority Interrupt Assignm@nﬁ)
ﬁlip»flops are use& to &ssign a prlority interngt channel to the
Iight pen sxgnal. Any one of seven channels, corresponding to
the octal numbers 1 through 7, may be aasxgned since'there is
no channel zero available, octal zero remOVes the light rpen frem
the priority interrupt syatem. The outputs of the Ip P;A‘flip; ,
flops are decoded by a Type‘élsl module. In addition to the‘LQ PIA
inputs, the LP status flip-flop must be in the one state to'gaher—
ate an output £from the 4151. The output will appear as a ground
level on ohe of seven lines corresponding to the;écéal nunber con-
tained in the three‘LP PIA flip-flops. The 4151 output is placed
on the IO Bus and, under the proper conditions, will cause an in-
terrupt in the PDP—G computer. Refer to tﬁe‘PDD-6 Maintenance

»Manual for detailed information on operation of the Priority In~-

terrupt System.

L

The three DPI PIA flip—flops are used in the same manner &s
the Lp P!A fllp—flopa. Note, however, that the output from the
4151 decoder in this case depends upon the DPI Status flip~£lop

vbeing in the one state.
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. Note that IC3 bits 24 through_Bs are used aé,conﬁitioniﬁg‘ﬁ‘
levels foﬁ»the input gates to the contrel register £lip-flops,
- This aliows the computer, under progxamﬁed contfol, to establish
fhe-dé*ired conditions in the display interface. In addition,
_the ceaditmon of the Control Register flip-flops can be placed
on the 10 bus using ICB bits 22 through 35, In this way, the
‘computer can determine the status of tne display interface,
This is accompli&hed through the Type 4657 gat»g shewn in area
Cl through ¢3 of the Control Ragister Er&nt. Bach gate is: assow
ciated with,the contxol register,flipwfqu dxrgctly above it on
the print} When & §ate receives the proper qualifying signal
- from its flip~flop, and an IOB Status comrand is recelved fro;
the Pﬁ?*é, the statu& of the flip—flon is transmitted to the
'PDP*G through the IO Bus,

. CONTROL LOSIC

_ The display interface Control Loéic is sho&h oﬁ drawing
D93é8~0~2.i This portion of the ihterfaceAutilizes pulses and
levels from the PDP~6 Computer, levels from the control register,
aﬂd.gulsés“from the display to generate gigﬁalsfthat control;ﬁhe,
transfer of data and status information to énd from the coﬁpﬁter

- and the display.

,Sihce’;he PDP-6 IO Bus is commonkte all inpuﬁ-output de~ ’
~vices, each device must continually sémple'the,bus and dete:mine}
when itrhas beenladdresse§ by an Iofcemmand,' This function is

- pexrformed by the iype 4118 mddule located in area C2 of the Con-
trol Logic print., Bits 3 through 9 of the PDP-6 10 commands are
* ﬁséd to sélect the desir§d IO device. Dépend;ng on the.deviceA_>
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nunber assigned_(in this case 134), the zero or one outputs from’
the selected bits are fed into the 4118, When all‘of the 4118

inputs are at ground potential, a necatlve level 1s generated

which qualifies various input gates and allows X0 &ignals to

pass from the~PDP~6 computer into the display intexface.‘

Eoées;‘nefer to the PDP-6 Maintenance Manual for detailed

informétion abbut the PD?—s IO commands and their>éctions.

Thexe are two signals from the IO Bus whlch do not requ;re”’
dev1ce uelectlon gating. One of these is the ~15 Volt signal »ﬁ
which indicates that power has been turned on in the Type 166

-Arithmetié Processor. This signal is fed directly to the dis-

‘play to prov1de for remote operation of the dlsplay power con~-

trol. The second signal is the IOB Reset which is fed into the

4606 pulsg‘amplifier_(B5) shown in area B2 of the print.

The normal operatlna sequence fcr the dlsplay interface

starts with a CONO command from the PDP=6.  This’ is followed b& ‘

‘one or more DATAO commands, IOB Status commands may follow

(or be'intersyersed with) the'DATAO commands, The interface :
Control Logic associated with each of these computer commanas_A

will be described in the same order,

w%The’CONO'command is used to establish operating conditions

'iwithiﬁ”thelﬂisplay interface. The instruction in the PDP-6

generétes“twp pulses: IOB CONO clear, followed (after one micro-—

~seéond) hy IOB CONO set. These signals are shown coming from the
]fIO Bus in area B1 of the COngrol Logic print ’
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I0B CONO cledr, gated hg the device decederi is applied Lo
a Type 4605 Pulaﬂ amplifier: and produces the DPI CONO Clear eigvk
nal, HNote that ICB Reset is applied to the same pulse amplifiex
without gating and produces the same output signal, DPI CONO
Clear clears all of the f£lip-£flop: in the Contr;l Register to
the zero state. 1In aﬁﬁition; it clears the MOVE flip—flop is
qhown in area D4 of the Ccnurol Loglc rrint, and 1ts action will

be described later.

~ICB CONO . Set, after gating, is applied to another 4606 _
(part of module B5) and gzcduces_DPI Cono Sét; This signal i$  
used in the Control Register to deposit the cutrént status of
the X0 Bus into the Cantral,Register'flip~flops. In this wégv
the computer can estaplish operating qbnditions for the display
intexface.ﬂ

The DATAO comwand from the computer also generates two

 pulses- IOB DATAO clear and I0B DATAO set. Both of these pulw

ses are gated by the output from the device selector.

IC3 DATAO clear produces DPI DATAO clear which is applied
thxough capacitor. dlcde gates to two type 4606 pulse ampliflers
The qualifying levels for the CD gates are supplied by the ¥ Only

“&nd X OnlyvflipwfloPS'in the Control Register. The resulting

Clear X and Clear Y signalsrclear out the cérresPOnding data buf-
fexrs. Kate that eithexr ona or ‘both of these clear signala. may
be generated, depending ugcn the states of the Y Only and X Only

~ £lip-flops in the Control Register.
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At this ‘point, the CONO command has cleaxed the entlre s's~’
tem and set the desired control register flipwilops to estab)igh
'operating conditions., The DATAO Clear command has cleared tha
data registers and the system iskxeady to start tranSferring in-

formation to the display interface,

I0B DATA Set, gated by the deyicé'selector, is épplied to
a 4606 pulse amplifier (86) shown in area C2 of the Control

Logicrprint.

Tne pulse amplemer outpuﬁ (391 DA TAO éet) isiapplied thnouéh
capacitor diode gates to two 4606 pulse amplifiers. The quaiify—
ing ievels for the'CD gates are supplied by-the Y Onlyvand X Only
fllp-flops in the Control chister.r The résﬁlting Set X and Set Y.
signals are used to transfer information from the I0 Bus into the
Data Buffers. The outputs of the butfer flip~flops are applied
to chaCLtor diode gates at the input to the buffer reglsterw in
thb display. Approximately three microscconds are requized be-

tween setting of the data buffer flip-£flops and reading into the

display'buffers. ‘This allows for sufficient change in‘chaige‘pn

the CD gate capacxtors to ensure proper transfer of information

into the display buffers.

Ths three miCrosecond delay required by the display buffer

input>gates is generated by a Type 4301 delay module shown in

area C5 of the'cahtrol logic print (module No, B4). The delay
‘Iis,éxiggered by DPI DATAO Set. The outputs of the delay module

 are a neéative»level'(Pin qg for the duration of:the delay timeA
~and a negative'pulse (Pin E) that occurs at the end of the de-

”lay time.  The use of thesefsignals will bgfdeséribed”below.

C-14-
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The DPI DATRAO Set signal i Uatﬁd by invertpva shown *n
areas BG and C6 of the control logic print. These invertera

are part of a Type 4105 module located in B10. The lowsr in-

verter ampliflas and inverts the zero output from the Dis Busy

flip=Fflop in the contxol register., When DIS Busy is a zero
(in other words the display is not in the process of display-

- ing a poinﬁ); the upper inverter is qualificd and the DPI DATAO

set signal can pass through it into a 4604 pulse amplifier mod-
ule., %he 4604 (module Bll shown in -arvea B7 of the print) is
conﬁeéted to provide a one micrcsecond negative pulse output,
This lo the CDP pulse which is fed through the display XO cable
to the display where it genezates signals to cleax the dloplay

bufferu.

- The 460A'outpht is also applied ‘to the pasé input of one

of the invextera on ncdule BlO The emitter of this inverter”

) is connected to the level cutput of the 4301 c@lay module

ks;nce the delay is in proyress at this t;me,,the inverter is

cut off and the signal path is;ciosed.

’ DPI DAT&O Set al»o sets the HOVE flxpwflop to the one state,
Thia is dccamplished through a 4102 inverter module (Al) shown
1n area C4 of the print, The use of the MOVE flip-flop signal

will be desribed later,

3Wheq:ﬁheéthxeé ricrosecond deluy produced by the Typesésbl
delay mouule is completed, thélnagative~éutput pulse is applied
to &n inverter on moduleABlO. With LIS Busy in the zero state,
this~invertet can conéuct.ﬁgnd the pulse is amplified and in-
verted and applied to a Type 4606 pulse amplifiéf,(module B9%)

shown in area C7. Thgfgutput of3th¢ FA is the négative~LDP-

*signal op is~appliedrtc the éisplay through the disPlay IO
'cable and to several points in the dlsplay interface control

'legic and control register.‘

~;715%fv
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In the disnlay, Ibp is used to gener ;*é signals that load

the dl%pldj buffers and initiate all furthex dx gldy actions,

At the end of the display actioas, the dasplay sends the DDP

s;gnal back to the display interface. Refer to the Type 30

Displey Manual for details,

IDP is applied to thefgated inputS of three Type 4606 pulse

'amplifieré (module B8) $hown in areas A5 and A6 of the control

logic print, The PA's are gated by the’three'int&nsity £flip-
flops in the control register. The PA outputs are fed through

the GLSplay I0 cable to the display's inteﬁsity register.

IDP also clears the MOVE flip~flop in the'contgol logic '
and setsfﬁéth the DIS Busy and DPI Status flip~flops in the

cohtrol registerktd the one state. DIS Busy indicates that

- the dlsplay is in the proceas of displaying a point, and DPI

Status 1nd1cates that the display intcvface 1¢ free to aCﬂep

,déta £pr>the next-p01nt to be dlsplayed-

The action described so iar is typical of that produced by

the first DATAO command from the ¢omputer. Further action will

be deternined by one of two possible_situétions: the.diSPlay
will completé its action before the display interface is-loaded

wztn addttlonal data or the display interface w1ll be loaded

before the display complete¢ its. actlon.

First cons;aer the case when the dluplay is completed be~

fore the 1nterface is reloaded. In this case the conditions

at the,end of the dxsplay.wﬁll be as indicated at the end of

the initial action described above, -
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The DDP signal generated at the end of the disglay;acticnﬂ«
ia apylied»té~§h@ pulsé amglifiér,in,the control logic which
generaﬁes Cﬁ? (T'pe 4604 module B1ll in area B7). ‘The CDP éig~1
nal is generated and the dis play buffers are cleared In ad-
dlt&@ﬂ,'ﬁb? (treated as a one microsecond nega ative level rather
than & ﬁegétive’pulse) pasﬁeé through an inverter and beacomes
‘& onz microsecond wide ground level, Note"that'the signal can
now pass tﬁfouﬂh this inverter since the Type 4301 delay mbduie:
iz in its gquiescent stats and Pin J will be at ground, placxng
the emmtter input of the inverter at grouﬂd /Qhe one iCIOScCOﬁﬁ 

wade groupd level output of the xnverter is aymlled to the pulse

ilbut of the capacmtor dicde gate oa the pulae amplifier which
generates IDP. (Tyye 4606 module B9 in area C?) The level in~
put of the CD gate is supplied by the one output of the MOVE
fllp-flop, At this time, however, MOVE is in the zexo atate,
the CD gate is not qpallfled, and no furthex action results. |
Since ne data has beeﬁ loaded into the display interface, no
actlon 19 desired Any furthex<ilsplay a;gnals fxom the PB?»o

will projuce the iﬂitial action described above.

> Now consider the case when the display intexrface buffers

; » vare loaded by a DATAO COﬁmand while the display is still in the
"process._of displaying a spot., Again conditions are as described
at ﬁhe end of the initial action.  In'particﬁiar, note that the

The DATAO Clear and Set commands result in the clearing and
setting of the X and Y buf@;rs, the setting of the MOVE £1lip-
flop, and the initiation oi the three microsecond delay, all asv“

described above.
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The DIS Busy (Display Busy) flop india ates the current °‘atLa
40£ the d*splay itself, The flop is set by the LD? ({Load Display
Fulse) signal and is cleaked by the DDP (Display Done Pulse) sig-
nal, In other words, this £lip-flop is set to the one conditidn
whenever the display is in the process of locatina ard intensi fywﬁ[
gin§fa'§articular spot cn the face of & hc Chi. Kote that IDP is
particular'épot‘dn the face?ef the CRT. &gte that iBP,isia'

jpal generated by the display interiace, that initiéte& action

 9~ v &

’dmsulay xt*gli ,n@ﬁ is a %’gﬁﬁl< generated by the diuglay,

th&t s;gnals the end of the Qxbplay action.

| LP Status (L*ght Fen status) is a flip-flep that is set to
1_the one condition by the LPE (nght Pen hiag) aignal from the
display. Reference to the Type 30 Displav Manual will s&ow that
LPF is generated énly when th» Light' ‘Pen has. seen a sput of }xvat
during the time the dssplay is 1n$en“’fylng a partlcular point on
'the CRT. LP Status is cleared by the CI»S (Clear Light Pen tatug)
;signal. The cLps signal is geners ated by an IcB »tatus signal flcm-
the FLP-6 10 Bus. .Once IP Status has b@en cet, 1t willi. fewaln 1n
this cund;txon until it has been cxamineﬂ by ‘the program, buch
examination can come as the result of a priority interrupt {the

ip pViority interrupt circult is enabled by the cne state of LD
st utu&), or by programme :mﬁnatian of the s*atus of the display
intcr face. If the program does not examine the status of the dis~
vplay;intaxﬁaca4 théwa£‘s%ﬁ$nauﬁiﬁp,willjxgmaﬁn:set until the néﬁt;
IOB,Ceﬂojclear oleOB;ﬁeset. |

Note that vt}.te D1s Bﬁsy«yﬁm" P Status flip-flops cannot be
set by a CONO command from the computer - The other twelve flip— N
"£laps in the: Control Bec&ster can be set by means of built in ﬁ,
capacitor diode gates. "The quallfylng levels for the gates come
from the indlcatcd bits .on the IO Bus,
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IDP produces the actions described above, and the Gisplay

is again in the process of locating and intensifying a spot,

It is'poasible that DOP could occur less than three micrbu

secendskaféér DPI DATAD Set., In this case DDP will clear the

Dis Buﬁy'fli§~flop and the display buffers, but will not gen-

etate‘b&?. With DIS Busy invthe zexo state, the pulse at the

end of the three microsecond delay will generate IDP and the

“display wxl; again ke placed in operan;on.,

- There is one wmore PDP-6 instruction whlch affects the dis-
play intnrfacg This is the I0B Status or CONI Lnﬁtx§0uxan.

The associated logic is shown in area Al through A4 of the con~

‘trol logie print.,

the ICB Status signal is a negative level approximately

2.5 ricroseconds wide, It is applied, along with the device

selector gating level, to a Type 4113.inverting.An6 gate (mod-
‘ule B1l3). The gated ocutput is amplified and inverted by two
inverters on a Type 41028 module (b1l4) and becomes IC3 D2I(A)

and 108 DPI(B). These vignals'are applied ta the Type 4657 in
the control register and place the status oi the control r#g 8=

ter flip-flops on the IO bus for the duration of the ICB Status

- signal,

In addition, 108 DPI(A) is applied to the positivé pulse

,input of a'4606'pulse a@plifier (Module B9), The pulse ampli-

fier will respond to the pofitive going trailing edge of the
input,signal‘and'produce a2 negative pulse signal (CLPS). that
clears the light pen s%}%us £lip-flop in the control register,
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