














word and �p�a�s�~�e�s� it on to the horizontal (X coordinate) buffer 

of the Type 30 display. The Y buffer accepts information from 

the �1�~�J�'�l� order 10 Bits of the left half of aPDP-6word and pas­

ses 'it on to the vertical (Y,coordinate) buffer of the Type 30 

display. 

Note that since the displa.y intcl:facecontains flip";flop 

buffers for the X and Y information, this information is �e�s�s�e�n�~� 

�t�i�a�l�l�~�1� dpuhle buffered, and the displa;t interface· Data Duf:fe.l';s> 

may �c�o�n�~�a�i�n�'�c�o�o�r�d�i�n�a�t�e� information. for the next �p�o�~�n�t� to be dis­

played \-lhile. the display itself is in the 'process .of displaY"ing 

information contained in its own horizontal and vertical �b�l�~�"�f�'�f�e�r�s�.� 

The X'Data Buffer is made up of two 4220 modules. since 

oniy 10 stages are required, all eight. flip-flops of one module 

(B 18) ar€:.used, and only two flip-flops on the other module 

(B 17) are used. All flip-flops on both modules are �~�a�r�e�d� to 

thei.r zero state by a clear X signal generated in the c'orttroI 

logic to be described below. 

The desired display information is inserted into the Xbuf­

fer by means of the built in capacitor diode gates. The con-. 

ditioning level at the capacitor diode gates'is supplied by 'COrl\ 
. '\. 

nection ,to. the ,PDP-6 10 Bus. The set X pulse supplied by the:' \ 

Control Logic strobes the capacitor diode gates and sets the da­
�g�;�r�~�e�d�;� X buf£er flip-flop to ,the .one �s�~�t�e�.� Th'e output c:if �t�'�l�}�E�f�~�.� 

Data Buffer is supplied through buffering resistors to the dis­

play •. In' the display, th'e X,pataBuffer levels are applied to 
�~� , 

capacitor diode level inputs for the horizontal buffer. Note 

that these level inputs mqst be applied to the CD gates for 
, .' " /. 

appr·oximately three microseconds before theresa-in pulse to 

ell$ure proper transfer" into the display buffer. ' 
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The outputs of the X buffer' stages X1: .. and Xg aret:aken 

from ,the ground side of the flip-flop (i.e. ground equals logic. 

1). The moat significant stage (XO) uses -3 Volts to represent 

a logic 1. This ~s required by the internal l09ic of the display 

itself and z:eference should be made to the Type 30 manual. 

co~rROL fffiGISTER 

The Control Re9ister logic is shown on dra\'ling D-348-0-3. 

This portion of the logic, supplies "most ,of ~he communication be-
, " 

tween the ,'PDP-6 C01Jlputer and the display interface. CONO .(Con-

dit'ion Oui;) commands from the PDP-6 can set most of the flip­

flOps in 'the Control Register in 'order to establish" the operat­

ingcondit,ions of the display interface. lOB status (CONI or 

Conditions In) commands from the PDl?-6 cansenae the state of 

all flip-flops in the Control Register in order to determine 

~he current status of the display inte~f-a:ce.' 

·There are fourteen flip-flops in the Control Register. All 

flip-flops are 'llype 4217 in modules in locations A3, A4,',and AS, 

pl\.\s two flip-flops on module J.2. 'These are shown in area Bl 

through BS of the Control Register print. All of the Control 

Rg9ister, flip-flops' are cleared by the DrI CONO clear signal 

generated'in the control logic. 

Por co:{),venience, the flip-flops in the Control Register 

.will be d~acribed in left to right ord~r. 
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, The DIS Busy (Display Busy) ,flop indica,tea t.he current status 

of the display itself. The flop is set by the LOP (Load Display 

Pulse) signal and is cleared by the PDP (Display Done Pulse) sig­

nal., 'In other 'VJords, this flip-flop is set to the one condition 

whenever, the display is in the process 'of locating and intent;ify-' 
" 

inga particular spot on the face of the CRT. Note that LDP is a 

signal, generated by the display interface,· that initiates action 

in the display itself. DDP is a signa1t generated by the display, 

that sig~a:ls the end of the display action. 

LP· Status (Light Pen status) is a flip-flop that is set to 

the one condition by the LPF (Light Pen Flag) signal fromth-e 

display. ~Re,ference to the Type 3'0 Display ~mnualwill_,show that 

-Ll?Fis generated only when the Light Pen has seen a spot of light 

during. the time the display is intensifying a particular point on 

the CRT •. T.aP status is cleared by the CLPS (Clear Light Pen Status) 

s.i:gnal. 'l'he CLPS signal is generated h:i. an J:OB StatllA., s'±:Qu-e;~ ~orn 

the PDP-6 10 Bus. Once LP Status has been set lit "lill rema-:i:1l'" ±n. 
this condition ,until it has been examined by the progrnm. Such 

examination can cc:.me as the result of a priority interrupt (the 

LP priority interrupt circuit is enabled by the one state of Lp· 

Status), or by programmed examination of the status of the. display 

interface. If the program does not exa~line tpe status of the dis­

play interface, the LP status flop will remain set until the~next 

lOB CO:tlO clear of, IOB Re-set. 

. Note that the bIS Busy and LP status flip-flop cannot be 

set· by a CONO command from the computer. The other twelve flip-, . t 
flops in the Control Register can be set by 'means of built in 

~< capacitor, diode gates.' T~e qualifying levels . ',for the gates come . r, ' 
from the indicated bits on the 10 Bus. 

, J 
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The, re xt stage in the 'Control Registe:r is the DF! S:tatus 

(Display Interface status) flip-flop. \'lhen this flip-flop is 

in the one state, it indicates that the display interface is 

free to accept another data, word from the computer. This con­

dition can be determined by either a CONI command from the . 
computer or through the priority interrupt system. DPI status 

i~·:; the one condition enable~the DPI priority interrupt decoder .. 
.... 

DPI status is set to a one by the LOP signal. LDPis the 5ig-

naLtha.t.p~lacesi·the con:uen~s of tl;le Data Buffers into the nis­

p~ay l7ll;1ffer. Since the contents of the Data Bpffers have b.cen 

passed on to the display, the Data Buffers are now free to be 

cleared and reloaded with new data. Dl?I status on a one indi­

cates thj .. s condition. Dl~I status is set to a zero by DPI DA~IAO 

clear. This signal is generated by a DATAO (Data out) signal 

from the PDP-6 Computer. DATAO Clear occurs: just before data 

from the com1?uter is loadeg into the Data Buffers. E1rom thl$ . 

. time until the next LOP signal, the display interface cannot 

accept another data word without destroying the information 

that bas been placed in the Data Buffers. This condition is 

i~dicated by DPI Status in the zero state~ 

The Y Only and X Only flip-flops control the application 

of clear and set pulses to the Data Buffers. If one·of these 

fl'ip-flops is set to the one state, it will inhibit changes u 

in, the .,o'therData Buffel.~. For example, ~f y 9:'a1y is set, the' 

XBuffe~~cannot be changed. 

The three Ilrr (:tntensi~) flip-flops control the intensity 

of the' spot displayed on .the CRT if the Type jo Display include~ 

a variable'intensitYmod)£ication •. There are eight intensity lev­

els:available, corresponding to the eight po'ssible states of the 
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three INT flip-flops. The tlu:ee flip-flop~ are treated asa two 

bit ~igned binary llt.:4'1tber. Negative numbers are in two' s comple­

ment form. The most negative nUn'loer (100) will produce the . least 

intensity. 'l'he largest positive nUJ.wer(Oll) results in greatest 

intensity. The outputs of the three ItiT flip-flops are used in 

the Control Logic to gt\te pulse amplifiers that produce pulses 

to set the intensity register in the display. 

The;! three LP PIA (Li,gll.t, Pen Priority Interrupt Assignme};lt). 

f;l±l?-fl~ps are used' td assign apri~rity interr/..lpt channel to the _ 

light pen signal. Anyone of seven channels, corresponding to 

the octal numbers 1 through 7, may be assigned. Since there is 

no channel'zero available, octal zero re~ovesthe. ~.;l9h€ pen fro~ 

the priority interrupt 'system. The outputs 'of the. LP P~_fliP;7 

flops .are decoded by a Type 4151 module. In addition to the I..tP PIA 

inputs, the LP status flip-flop must be in the one state to gener­

ate an output from the 4151.- The Otltput; \'/i11 appear as a ground 

level on one of seven lines corresponding to the octal number con­

tained in the three LP P~. flip-flops. The 4151 output is placed 

on the 10 Bus and, under the proper conditions, will cause an in­

terrupt in the PDP~6 .computer. Refer to the' PDP-6 1-1aintenallce 

Manual for "detailed information on operation of the Priority In­

terrupt System. 

The three DPZ PIA ~lip-flops are usedirl. the same manner as 
\ 

the- ~ P.~A flip-flops. Note<, however, that the output from the 

41,51 decoder in:th!s case depends upon theDPI Status flip-flop 

being in the one ~tate. 
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Note thZlt lOB bits 24 through 35 are USE..>d as ,conditioning 

levels for the input gates to the control register flip-flops .. 

This al1o\>IS b~e computer, under programmed control, ·to estab~i$h 

the· desired conditions in the display interface.
o 

In addition, 

. the condition of the Control Register flip-flops can be placed 

on the 10 hus using lOB bits 22 through 35. In this ",ay, the 

computer can determine the status of the display interface. 

This is· accomplished through the Type 4657 gates shown in area 

G1 th:roug'h. ca 'ofthe Control R(;gister Print. Each gate' 1;8' U'SS·O-" 

cia ted ~ith the control register flip-flop directly above it on 

the print .l1.hen a gate receives the proper qualifying signal 

from its flip-flop, and an lOB s~atus cow·~nd ~~ re~eivedfro~ 
..... 

the PDP-6" the stat~sof the flip-flop is tranSlllitted to the 

PDP-6 through" the 10 BUG • 

. The display interface Control Logic is shown on drawing 

n-348-0-2. This portion of the interface utilizes pulses and 

levels front the PDP-6 Computer, levels from the control· register, 

and pulses from the display to generate signals 'that control the 

transfer of data ar.d status inforrnation to and from the computer 

and tlle display .. 

Since the PDP-6 IO Bus is common to all ~put-output de- ' 

vices, eacll devi.ce· must continually sample the bus and deteruline 

when it ha~ been aadresse9 by an 10 command. This function is 

performed by the Type 4118 mdUule located in area C2·of the Con­

tl:01 Logic print. Bits 3.through 9 of the PDP-6 10 commands are 

usea to select the desirjd IO device. Depend~n9 on the. device 
/" 
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nurnher assigned (in this case 134)" the. zero -or oi'1e outputs from' 

the selected bits are fed into the 4118. ~fuen all of the 4118 

inputs are at ground potential,' a negative level is generated 

which qualifies various input· gates and allows 10. signals to 

pass from the PDP-6 computer into the display interface. 

liote: Refer to the PDP-6 l..faintenance ~lanual for detailed 

information about the PDP-6 10 commands and their actions. 

~here' are two signals from the 10 Bua wh:+ch do not r'equir'c 

device selection gating. One of these is the -15 volt signal 

~lhich indicates that power has been turned on in the Type 166 

. Arithmetic Processor. This signa.l is fed directly ~o the dis­

play. to provide for., remote operation ?f the display po;er con-
, 

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

4606 pula~ amplifier. (BS) sho\vn in area 52 of the print. 

-The normal operating sequence for- the display' inter,-Saoe 

starts wit~ a' CONO COlrunand from the. PD~-6.· This' is follo?.*lcd by 

one or 1U01;e DATAO commands. lOB Status cOIfu~ndamay f~llow 

(or be' interspersed with) the DATAO comn~nds. The interface 

Control Logic associated with each of these computer command$ 

\\'ill be ')described in the same order. 

The CONO command is used to establish operating conditions 

within the display interface. The instruction in the PDP-6 

generates" two pulses: lOB CONO clear, followed (after onem.icro­

secondlby. lOB COHO set. These signals are shown corning from the 

. IO Bus in area Bl of the Contt"ol Logic print •. 
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lOB CONO Clear I gated 'by the device decoder" is applied to 

a TYl:-ia 4606 pulse amplifier .and produces the DFI CONOClear sig­

nal. Note that lOB Reset is applied to the same pulse amplifier 

wi thout gating and produces the sar~e output signal. DPI COx10 
, . 

Clear clears all of the ·flip-flop.:: in the control Register to 

the zero state. In addition, it clears the l<10VE flip-flop is 

sllo'r/n in 'area_;D4 of the control Logic print, and its action \&lill 

be described later • 

. IOBCO~lO·.Set, after gating, 1s applied to, another 4606 

(.p.art of rnod\1~.e 85) ana produces DPI Cono S~t J This signal.. is' 

used in the Control Register to depos>!t the current status of 

tJle 1Q Bus illt.o the Contro~ Regi'ster flip-flops. In t;llis way' 

the computer call establish operat~ng qonditions for the display 

interface. 

The DP..TAq comr~~n4 from the computer also generates twq 

pulses: 1013 DATAOclear and lOB DJ.\TAO set. . Both of
c 

these pul­

ses are gated by the output from the device selector. 

IOB DATAO olear produces DPI DATAO Clear which is applied 

through capacitor.diode gates to two type 4606 pulse amplifiers. 

The qualifying levels for the CD gates are supplied by the Y Only 

and x Only fli~flops1n thf:i Control Register. The resulting 

Clear X and Clear Y signals clear out the corresponding data buf­

fe;cs·. liQ.te tba.,tei:tlu~xc one" or both of these clear signals" mtiy 
. .' \. . 

be generated, depend.ing upon the .states of theY Only and X Only 

flip-:.flops.inthe contro~ Re.gister. 
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At this -point, theCONO comrnano has cleared the entire S~lS­

tern and set the desired control register flip-flops to establish 

-operating conditions. The DATAO Clear corrmand has cleared tm 
data registers and the system is ready to start tr_ans£erring in,:", 

forn~tion to the display interface. 

'IOB DATA ,Set, gated by the device selector, is applied to 

a 4606 pulse alnplifier (36) shown in area C2 of the- Control 

Logic pJ:il1t. 

~he pulse amplifier output (DPI D14'1~Q Set) is applied thx:ough 

capacitor diode gates to 0.\10 4606, pulse an1plifiers. The qualify­

ing levels for the CD gates are' suppliec" )by--the Y only and X Only 

flip-flops in the control Register. ~he resulting Set X and Set Y 

signals are u~edl,to transfer infor~tion from the 10 Bus into the 

Data Buffers. The outputs'of the buffer flip-flops are applied 

to capacitor diode gates at the input to the buffer reg-ist/er.s in 

the display. Approximately three microseconds are requir'ed be­

tween setting of the data buffer flip-flops and reading linto the 

display buffers. This allows for sufficient change. in cha.rge ..('In 

the CD 9ate.capa~itors to ensure proper tr~nsfer of information 

in-to the display buffers • 

The three microsecond delay required by the display buffer 

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

area C5 ,of the control logic print (module No. B4). The delay. 

is triggered by DPI DATAO Set. The outputs of the delay module 

are a negative level (Pin J) for the duratio'n of the delay time 
~ 

and a negative:'pulse (Pin E) that occurs at the end of the de-

lay time.> The use of these signals will be.' described "below. 
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The DPID~/r1:;O Set signal is gat(~d by inverte}~:d' shot-tn in 

areas D6 and C6· of the contl.·ol logic print .'1'hese inverters 

are part of a Type 4105 module loca ted in B 10. The lo~wer' in­

verter arop~ifies and invexts the zero output from the ,Dis Busy 

flip-f.lop in the control regi.ster. t>'lhel'l DIS Busy is a zero 

(in other \1ords the display is not in the process of display-

ing a point), the uppel." in.verter is qualified and the DPI DAI'.r.,1\O 

set signal can pass through: ,it into a 4604 F}ulse amplifier mod­

ule.. 'rhe 4604 (module Ell sh~A'11 in -area B7 of the print) . is, 

connected to provide a one microsecond negative pulse output. 

This ,is the CDI' pulse which is fed tr..rough the display IO cable 

to the display \vhcre it generates' sigl1.als, to clear the display 
, , 

buffers. 

, The 4604' output is also applied \to the ~ase input of one 

of the in\rerters· on module' alO. The emitter of this inverter 

is connected to the leve 1 outIJtl t 0'£ t:he 4301 d(~ la.y lTtodulE.!. 

Si.nce the delay is in progress at this time, the inve~ter is 

cut off and the s~gnal path is closed. 

DPI DATAO Set also sets the l"lOVE flip-flop to the one state. 

This is accolnpliahed through a 4102 inverter ,Ir~odule (AI) shown 

in area C4 of the print. The use of the )10VE flip-flop sigIlal 

will be desribed later. 

When' the: three. m±c:r-cs~aoJ;l<i;; d~l'aY produced by the Type' 4:301 . ' 
delay IrtOuul,e is completed, the negative output pulse is applied 

to ~n inver,ter on nlodule B10. With DIS 'Busy in the zero state, , 
this inverter can conduct. and the pulse is amplified and in-

verted and applied to a Type 46-06 pulse amplifier, (modu.le B9) 

shown in area C7. The.~utPutof ,the PA is the negative LOP 
,; 

signal. IDP isapp~iedto thedispl.ay through the display 10 

cab).e and to ~everalpOints in the diS!pl~y int~rface control' 

logic and control register. 
-;15-



In the ~isplay, L.l)P is used to generate siglials that load 

the displ~y buffers and initiate all ~urther display actions. 

At the end of the display actions, the display sends the DDP 

signal back to the display interface. Reier to the Type 30 

Displ'lY Manual for details. 

LDP is applied to the gated inputs of th.t"€e Type 4606 pulse 

-amplifiers (module B8) shown in areas AS and P.\6 of the control 

logic prlnt. The PA' s are g'ated by the three intensity flip­

flops in 'the control ,register. The PPi outputs are fed through 

the display 10 cable to the display's intensity register. 

LOP also clears the MOVE flip-flop in the control logic 
''', 

and sets', ~oth the DIS Busy and DPI Status flip-flops in the 

control register to the one state. DIS Busy indicates that 

tlle display is in the proc~ss of displaying a point, Z\,nd DPI 

statu,s indicates that the display interface is free to ac;c~pt 

data .for·the next· point to be displayed. 

The action described so far is typical of that pro~uced by 

the first DATAO command from the <.?omputer. Further action v.:i11 

be determined by ~ne of two possible situations: the display 

will complete its action before the display interface is "loaded 

with additional data or the display interface will' be loaded 

before the display completes its action. 

First "consider the case wllen the display is completed bfe-­

fore the interface is reloaded. In this case the conditions 

at the end of the displa'l" w~11 be as indicated at the end of 
- . ~ 

the initial "action described above. 
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The DDJ?' signal generated at the e11d of the display a.ction 

i~:; applied to the pulse amplifier in the cont:r.~ol logic which 

ge~1erates CDP (f£'ype 4604 module BII in area B7). The CDI' sig­

nal is generated and the display buffers are cleared. In ad­

dition,CDP (treated as a one micro~econd negative level rathe~r 

thana negative pulse) l)asses through an inverter and become'S 

li one l'nicrosecond wide ground leve 1. j;~ote that 'the signal cal?­

no'l.v pass through this inverter' since the 'J.'ype 4301 delay module~: 

is in its quiescent 'state and Pin J will be at 'ground, placing: 

the emitter input of the lnvert(~r at ground. jr-rhe one ;,~'icrosecond 

wide ground level output of the inve~ter is applied to the pulse 

input of-the capacitor diode gate on the pulse amplifier which 

genera te6 L.T)I' e (Type 4606 module, B 9 in area C7). 'rhe leve 1 i.n­

put of the CD gate is s'upplied, by the lone output of the IDVB 

flip-flop. At this tirn1e, however, MOVE lain the zero state~ 
i 

the CD gate is not qu.alified, and no further action results. 

Since no data has been loaded into the display interface, no 

action is desired. Any further display signals from the I?Dp"·6 

will ~~6d'ude the in! tial a.ction described above. 

Now consider the case when the display interface buffers 

are loaded by a DATAO cOTf'mand while the display is still in,the 

, procese,;~of ,9isplayinga spot _, Again c,?nditions areas described 

at the end of the initial action. In particular, note that the 

DXS n:u~y f,lj.~-flop is< s.E)t. to the one state. 

TheDATAO Clear and Set co~~nds result in the clearing and 

setting of the X and Ybuff2rs, the setting of the ,..lOVE f~ip-
~ 

flop, 'and the initiation of the three microsecond delay, all as 

described -above e" 
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The DJ~S Busy (Dj~splay Buay) . flop inc1icat(~s the' curren~ status 

of the display itself. The flop is set by the IJ)~ (Load pisplay 

Pulse)' signal and is cleared by the DDP (Display Done Puls~) sig­

nal.. In other words, this flip-flop is set to the· one' condition 

whenever th~ display is in the process of locating and inteneify·-~, 

i41sra particular spot on the fa.ce of the CRT. Note that La.l)Pis 

a particular spot on the face' of the CRT. Note that IiOP is a 

e.i..gnal, generated l)y the display int·er face ,that initiates action 

in th(~ ;(j;.~play itself. DDE is. a, sigr~tL, g.encr~Lted b:! the dii1play, 

t.hat sigp.als th~ end of the display actj.on~-

LP Status (l.Jight Pen status) ····is a fllp-flop that is set to 
).", .... '-.. ,., 

the one condition ,by the LPE' (Light Pen l;'iag)""" s~gnal lrbm the 
(: 

display. Reference to the Type 30 D~st)lay Manual will show that 
i 

LP~ is generated only when th L · .... :.,.. "I t e . 19nc·pen ~as, seen a spo of li.ght 

during the time the d:i.splay .is ;n,t:eflsifl'iug ~ E~rticular point on 

the CRT. LP Status is cleared by the CL!)S (Clear J,.Iight Pen Status) 

signal. The CLPS signal is generated, by an lOB status sig-nal from 

the I?'DP-6 10 Bus., Once lJ? status has been sG't, 'it will .. ternain in 
,A, 

this cc'ndition until it has been cxamlned by the program. Such 

examinz,ti.on can come as the result of a priority interrupt (the 

LP priorit'y interrupt circuit is enabled by the on~ state of LP 

Status), or by progr;arrencd examination of the status of the display 

interface. If the program does not examine the status of· the dis­

platy' int.erfaca" 1.tlle 1...l"· S:-ta~tu,a· :fi.l'ap will )'ZE-mamset until the ne;.'Ct 
~ . 

lOB CO NO clear of iOB Reset. 

Note that the DIS Busy~nd LP Status flip-flops cannot be 

set by G). CQNO command from. the' computer •. The other twelve fJip­

'fl~p~ in the 'Co'ntrol Re14-'s·ter can be set by means of built in 

.capacit·or diode gates. } 'The qualifying levels for t'he gates' come . .. 
from the indicated bits on the lOBus • .. 
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,WP produces the actions described a.bove, and the dis'pl~ly 

is ageJin in the process of locating and inteusifyiu'g a Sl)ot. 

I i ' ., 1 t1n t \,. n ld 1 h .. i t S POSSl.l). e ua .L)D~ cou occur css t antnree mere-

seconds after DP! DZl.'1'iiO B,et. In this case DDP will c lear the 

DIS Busy flip-flop and the display buffers, but will not gen­

eratel ... DP. ~lith DIS Busy in the zero state, the pulse at the 

end of, tl,le thr€.:e microsecond delay will 'generilte 1..ol? and the 

display will again be placed in operation •. 

There i.s one n:ore PDP-6 instruction which affects the dif'l-

pla~y j.nter face. This is the lOB Status or CO!~I instl':.!:lction. 

The asso~iat€d logic is sh~,fV'n in area Al through A4 of the con­

trollogic print. 

'1'he lOB status slgnal is a neg-a.tive level approxirn~'3.tely 

2.5 microseconds wide. It is applied; along with the dt~'Vice 

'sel~!ctor gating level, to a Type 4113 . inverting And gate (rfiOd­

ule BI3). The 9at~d output is amplified and inverted by hiO 

inverters on a 'l~pa 4102R module {b14} an.d becomes lOB DPI(A) 

and lOB DPI(B). These sIgnals are applied to the Type 4657 in 

the control register and place the status of the control 

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

. ~igrial. 

·In addition, ·IOB DPI (A) is applied to the positive pulse 

input of a 4606 pulse an:plifier (l·iodule B9). The pulse, ampli­

fier ~/ill respond to the poiitive going trailing edge of 'the 

input. signal and produce a negative pulse sign~l (CLPS)'M that . 
clears the light pen atftuB flip-flop in the control register. 

2 
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