
; ~r 1 ::;;~.~ 55 

DISPLAY TIMING/CONTROL MODULE 

Manoal Part No, 13255""9'1267 

PRINTED 

FEB-O'1 ""E32 

DATA TERMINAL 
TECHNICAL INFORMATION 

HEWLETT. PACKARD 

Printed in U.S.A. 



1325~j 

Displav TiMino/Control M~dule 
1 :325~i··· 91267 /O~~ 
I~ev FED····O l-··B;.:.~ 

1.0 INTRODUCTION 

The Display TiMing/Control Module is one printed circuit 
asser"'lbl v (peA) of d two peA set. Th e sec ond PCA i s th~' 

D:i.splav MeMOry/DMA Module (02640,-60250). This bOdrd set 
inTerfaces into the terMinal environMent by perforMing the 
functions of display MeMory ManageMent) CRT drive signal 
~eneration. ~nd video aeneration. 

The D :i. ~;) p I a y TiM i n q / Con t r 0 I Mod u 1 ere p ]. ace s two s epa rat e 
boards in the first generation 264X hardware (displav 
tiMing and display control). Resident in this Module are 
a CRT controller, recirculatin~ line buffers. a character ROM, 
and video generation circuitry. This Module takes the 
ASCII character inforMation and enhanceMent data froM the 
Display MeMOry/DMA Module and creates a video bit streaM 
and svnchronlzed drive signals to be sent to the sweep 
peA. 

The Disolay TiMing/Control Module tdkes care of all tasks 
associated with drive signal generation, video qeneration. 
and inforMS the Display MeMory/DMA Module of such screen 
related events such a5 end .... of .. -data row, start of fraMe,. 
and refresh tiMinq. Each data row of ASCII characters and 
associated enhanc~Ments are loaded into the recirculating 
line buffers under the control of the Display MeMOry/DMA 
Module. Once the buffers are loaded with an entire row 
of char'aeters, the dc:tta j.s recirculated fifteen tiMes 
(once for each scan line per data row), and the ASCII data is 
used to "look-up" a bit pattern associated with each character 
in each scan line. The parallel video data cOMing out of the 
character ROM is serialized, dot shifted if necessary, 
SUMMed with 9raphics. and subjected to anv active character 
enhanceMents. Cursor generation is also taken care of by 
the Displav TiMing/Control Module, 

A private interface to the Display MeMory/DMA Module is 
provided over a topplane through which the two boards 
COMMunicate tiMlnq inforMation and MeMory data. 
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1.0 INTRODUCTION 

The Displav TiMing/Control Module is one printed circuit 
asseMblv (PCA) of a two PCA set. The second PCA is the 
D:i.splav MeMOry/DMA Module (02640,-60250). This board set 
interfaces into the terMinal environMent by perforMing the 
functions of display MeMory ManageMent) CRT drive signal 
~eneration, ~nd video oeneration. 

The Display TiMinq/Control Module replaces two separate 
boards in the first generation 264X hardware (displa~ 
tiMing and display control). Resident in this Module are 
a CRT controller. recirculatin~ line buffers. a character ROM~ 

and video generation circuitry. This Module takes the 
AGCII character inforMation and enhanceMent data froM the 
D~splay MeMorv/DMA Module and creates a video bit streaM 
and svnchronized dri~e signals to be sent to the sweep 
PCA. 

The DisDlav TiMing/Control Module takes care of all tasks 
associated with drive signal generation, video qeneration, 
and inforMS the Display MeMorv/DMA Module of such screen 
,'elated ev(:.ants such as end .... of .. -da·ra row, start of fraMe, 
and refresh tiMino. Each data row of ASCII characters and 
associaTed enhanc~Ments are loaded into the recirculating 
line buffers under the control of the Display MeMorv/DMA 
Module, Once the buffers are loaded with an entire row 
of characters. the data is recirculated fifteen tiMes 
(once for each scan line per data row), and the ASCII data is 
used to "look-uo" a bit pattern associated with each character 
in each scan line. The parallel video data cOMing out of the 
character ROM is serialized, dot shifted if necessary, 
SUMMed with oraDhics~ and subjected to anv active character 
enhanceMents: Cursor generation is also ~aken care of bv 
the Displav TiMing/Control Module, 

A private interface to the Displav MeMOry/DMA Module is 
provided over a topplane through which the two boards 
COMMunicate tiMinq inforMation and MeMOry data, 
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2.0 OPERATING PARAMETERS 

A SUMMary of operating paraMeters for the Displav TiMingl 
Conon'ol t1od(Jle :i.s c:ontained :i.n tables 1.0 throu<.:.lh 6.:l. 

Tabl~:-~ 1.0 Phvsical ParaMeters 

1 3 2 ~:j ~:) .... 9 1 ;.:~ 6 '7 ./ (j :3 
I~ev FEB···Ol···O;:.~ 

================================================================================ 
PART I Size (L x W x D) Weight 

I NUMBER 1 NOMENCLATURC I +/·--0.1 ()O Inche~:) I (Pound~:» 1 

/==============1==============================1======================1=========1 
I I I 
I 02640-60267 Disolay TiMing/Control PCA I 12.9 x 4.0 x 0.5 0.48 I 
I I 1 
I I 
1 I I I 1 
1==============================================================================1 
I 1 
1 NUMBER OF BACKPLANE SLOTS REQUIRED: 1 I 

1 

================================================================================ 
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Table 2.0 Reliabilitv and EnvironMental InforMation 

================================================================================ 
I 
I 
1 EnvironMental: X HP Clas~ B ) Other 
I 
I Restrictions: Type tested at product level 
I 
1 
1 I 
1==============================================================================1 
I r 

I Failu7'e Rate: 2.Bll (percent per' 100 hour~;) 1 
I I 
1==============================================================================1 

Table 3.0 Power Supply and Clock RequireMents - Measured 
(At +/-5% Unless Otherwise Specified) 

===~============================================================================ 

+5 Vo 1 t f:) u p p :/. ~, +12 Volt Supply -·12 Volt Supply "-4;.? Volt Supply 
1 

@. 1.7 A @ 50. MA @ 75. MA I 
, N/i~, 

I I j 1 I 
1======================================1================~======================I 
, 1 I 
1 115 volts de 220 volts de 1 
I 1 
I 1 
I N/A N/A 
I 1 1 
1==============================================================================1 
I I 
1 Clock Freotl€-~nc'J: 21 .34 MHz I 
I 1 

================================================================================ 
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Table 4.0 Switch Definitions 

================================================================================ 
1 I Function I 
1 peA I .. - -' _'''M - - .... - _. - ....... - -... "M .... ~- ..... _ •• - ._ •• - ._. _ .... _ .... _oo .- ......... - ........ "~'- ..... _.- •• - •• ~ .... _._ .... _ ..... - - _ ..... - ••• M' - - ........ _ •. ~ ..... - ........ 'M. , 

1 Des:i. qna t i. on I Closed 1 Open I 
1================/==============================1==============================1 
I I , 
, Disp!av I I 

T:i.i.,inq/ I I 
Control I I 
Module I 1 

I 1 
I I 

HZ 1 50 Hz Mode I 60 Hz Mode 
~ I 

IV / Full screen inverse video I NorMal Mode 
I I 

DT J NorMal Mode J Displav tests invoked 
1 

At ,A2)A3., 

lJ'1 .' U2 .' U3: 

, 
These six switches allow any properly prograMMed 

character set to be disolaved according to its correct 
forMat. See the text section on character set selectionl 
for further details. I 

Thesf.~ three switches allow the three "hardwired" 
alternate character sets in the character ROM to be 
acce~1sed bv anv of the "A"., "B", or "e" alternclte 
character set select codes. See the text section 
on character set selection for further details. 

I , 
I 
I 
I 

= =: = :::: = =:::: :::::: ::: ::-:: ::.,: ::: :::: ::;: :::: :::: :::: :: :::: :::: ::::::: :::: :::: :::: :::: :.:~ ::: :::: :::: :::: :::; :;:: ;::: :::: ~.:: :::: :::; :::: :::: :::: ::;: :::: =: :::: :::: :::: :::: ;::: :~:: :::::::: :::: :::: :::: = =: :::: :::::::: :::: :::: :::: ::::::: ::;: :;:: :::: := = :::: :::: ::;; :::: ::: :::: :::: ;::: :::: 
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Table 5.0 Connector InforMation (Display TiMing/Control PCA) 
~=============================================================================== 

Connector Signal Sional 
and Pin No. NaMe' Description 

==============/================/==============================================1 
Pl Pin +~:;v +5 Volt Power Supplv 

.. ··2 GND Gr 0 IJ n c/ COMMon Rf,\tur'n (P ow(~r and !;;ional) 

-.. 3 SYS eL.K 4. ()lS MHz SY'!i;teM Clock 

.... 4 ·· .. 12V .... 12 Volt Power Supplv 

-.. ~j ~IDDR() Negativ(-~ Tr u E~, Address Bit 0 

.. ··6 AI)Drff Negativ!::~ Tr tJ e .' Address Bit 

· .. ·7 ADDR2 Negative True" Address Bit 2 

.. ·n ADDI~3 Neqdtiv(:~ Tr lie., Address Bit 3 

.... 9 ADDR4 Ne<,J ,3 t i v (-~ Tr lJ f.:) , Address Bit -4 

-10 ADDR~:; Nega ti ve Tr (Je" Address Bit c;. 
... 1 

.... 1 t AI)l)I~ b Negi:l ti ve Tr lJ e .~ Address Bit 6 
================================================================================ 
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·r.-:lble 5.1. Connector InforMation (Displav TiMing/Control PCA Cont'd) 
================================================================================ 

Connector Signal Sianal 
1 an <:1 Pin N () . N aM e 1 Des C l' i p ·t ion 
1==============1================1==============================================1 
I I I I 
I P 1, PIN 1;':? I I~D[)R 7 I Neg a til,l e Tr 1I e.~ Ad dress If i t 7 I 

I 
.. 1 3 ADD RBI Neg a til, e T rue, Add res s 13 i t 8 

I 
-··14 AD!)I~9 Nf:~qati",,'e Tr ue, Address Bit 9 

.. _ ........... _ ...... 
.... :1. ~3 {-)DDR 10 Negativf,:\ TrLI€-~" Address Bit 10 

..................... 
····16 ADDr~ 11 Negative Tr ue.\" Address Bit 11 

_ .•• , ..... '. '0'_ ••.• 

_. :t '7 ADDR:l2 Neg ~:l t i v (.:~\ TrlJ(~., Address Bit 12 

--1 B ADDRi"3 Negative True., Address Bit 13 
................. -.. 

-·1 <;' ~lDnR 14 Negative True, Address Bit 14 
.," .............. -

.... ;.:~ 0 I~DDF< 1 ~) Nf.~gatil.)e Tru(~~~ Address E: it 15 

-'2,~ 1 r/6 Nf:~ga t i ve TrtJe~ Inn ut Dutpl.lt/Mef'lor." 

.. ~ ;:~ ;~~ GND Gr'ound COMMon Return (POW(?7' and SiqnaJ. 
================================================================================ 
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Table 5.2 Connector InforMation (Displav TiMing/Control peA Cont/d) 
~=============================================================================== 

Connector Siqnal Si9na1 
and P in No. NaMe 1 Descr' tp t i on I 

==============1================1==============================================/ 
Pt, Pin A I GND I Ground COMMon Return (Power and Signal) I 

I / / 
-B POLL Negative True~ Polled Interrupt I 

Identification Request I 
I 

-c +12V +1;2 ~)olt Power t)tJpplv I 
I 

-D PWR ON SysteM Power On , 

.... E BUBO Nega t i v(·? True .' Da ta Bu~:; Bit 0 

· .. T BUSl N(:~qa t :i. ve True .' Da ta 1-: us B:i. t 

-H tiUS2 NegrJtiV€~ Truf.? .' Da ta I-:us Bit 2 

.... J BUB3 Neoa t i ve-~ TrLI€:\ .' Data Bus Bit 3 

.... 1< BUS4 NF..\qa t :i. 'H~ True " Data Bus B:i. t 4 

-L 9055 Nega t ivt~ Tr u (~) Data Bus Bit C" 
...J 

· .. ·M BUSt> Negative True.' Data Bus Bit 6 
================================================================================ 
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Table 5,,~~ Connector' InforMat:i.on (Displav Til"l:i.ng/Control peA Cant/d) 
================================================================================ 

Connector Signal Signal 
and Pin No. NaMe I DescriPtion I 

==============1================/==============================================1 
P 1 ,_ PIN N BUS? 

""P WRITE 

··"R ATN~2 

·-s WAIT 

PRIOR IN 

PRIOR OUT 

.. ·lJ ADDR'16 

ADDR17 

· .. x ADDR18 

... y REQ 

",,2 ATN 

Negative True, Data Bus Bit 7 

Negative True, Read/Write Type C~cle 

Negative True, CTU and Polled Interrupt 
Req\JE~st 

Negative True, Wait Control Line 

Bus Controller Priority In 

Bus Controller Priority Out 

Positive true, Address Bit 16 

Positive True} Address B:i.t 17 

Positive True, Address Bit 18 

Negative True, Request (Bus Data 
ClJrr'(~ntl." Valid) 

Negative True, Data COMM Interrupt Request 
================================================================================ 
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Table 5.4 Connector InforMation (DisplaY TiMing/Control PCA Cont/d) 

================================================================================ 
Connector Signal Sianal 

I and Pin No. 1 NaMf.~ I DescriPtion 
1==============/================1==============================================1 
I P3, Pin 1 I GND I Ground 
I I I 
I .. 2 I /D STI~ DBE 
I 
I , 
I 
I 
I 
I 
I 

· .. 4 

···6 

.. '7 

····B 

···9 

.... 10 

· .. ·11 

103 

D~3PCI...I( 

I/D SEL.ECT 

AB6 

AB5 

AH4 

AI)3 

AB2 

ABt 

Cursor Control Strobe froM Display MeM/DMA 

GriilPh :i.cs Svnc. signal--Character 103 

Positive True forM of 21.34 Mhz Dot clock 

Negative True--Cursor control select line 

Negative True--ASCII Bit 6 

Negative True--ASCII Eei t 5 

Ne(:lat:i.ve Tr u e--·ASC I I Bit 4 

Nf~\(:Iat :i. ve True-· .. ·ASCII Bit 3 

Ne~;lative True--ASCII Bit 2 

Ne9a t :i. ve Tr ue--·ASCI I Bit 
================================================================================ 
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Table 5.5 Connector InforMation (Display TiMing/Control peA Cont/d) 
================================================================================ 

Connector Signal Signal 
I and Pin No. I NaMe I Description 
1==============1================1==============================================1 
I I I I 
1 P3, PIN 12 I ~~ij 1 Negative True--ASCII Bit 0 I 
I I 
I .... 13 I 
I I 
1 .... 1.4 I 

I I 
I I 

· .. 115 

···16 

"'117 

'''18 

.... 19 

· .. ~!O 

... ~~ 1 

.. ·~~2 

GND 

MEMCYC 

EDROl"] 

SHFTCI...I( 

(aa 

E;I...OAD 

VGCLI< 

.4 •• ·_ ...... a __ •••• 

XBITS2 

GND 
••.• ~. u" .... _ ..... 

XBITSl 

DiclI1al Ground 

Clock with ~840 nsec. 
display MeMory cycles 

End of Data Row Pulse 

Line Buffer Load Clock 

peT':i.o(j c1(:~\f:i.n:in9 

EnhanceMent AlignMent Clock 

Negative True, (Low) Indicates that 
CRT Controller self-load is in progress 

Video Shift Clock--Line Buffer Display 
Clock 

External Video Bit StreaM (Graphics) 

S:iqnal Ground 

External Video Bit StreaM (Unused) 
================================================================================ 
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Table 5.6 Connector InforMation (Displav TiMing/Control PCA Cont'd) 
================================================================================ 

Connector Signal Signal 
and P in No. NaMf.~ 1 J)(~scr :i. p t i on 

==============1================1==============================================1 

P3, Pl.n A 

···B 

'··C 

···D 

···E 

···F 

···H 

".J 

···K 

···L 

···M 

.. ·N 

._p 

J 1 1 
1 1 1 
I 
I 
I 

D~3PCI...K 

GND 

D2 

GND 

ZERO 

CHARCL..I( 
...... u .... __ ....... 

CHARCL.K 

VBLANI< 

EB5 

EB4 

EB~5 

FB2 

EIf1 

Negative True forM of 21.34 Mhz dot clock 

Siqnal Ground 

Graphics Svnc. signal--Dot 2 

Signal Ground 

Start Top-of-FraMe Pulse 

Character Rate Clock 

Character Rate Clock (negative true) 

Vertical Blanking--Graphics Sync. Signal 

Positive True--EnhanceMent Bit 5 

Positive True--EnhanceMent Bit 4 

Positive True--EnhanceMent Bit 3 

Positive True--EnhanceMent Bit 2 

Positive True--EnhanceMent Bit 1 

================================================================================ 
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Table 5.7 Connector InforMation (Display TiMing/Control PCA Cont/d) 
================================================================================ 

Connector Signal Signal 
and Pin No. NaMe I Df?scription , 

1==============1================1==============================================1 
, I J I 
1 I I I 
I I I 
1 P3) PIN R I EBO I Positive True--EnhanceMent Bit 0 
, I I 
1 -8 HOYNC I Horizontal Sync froM CRT Controller 
I I 
I ··T GND J Signal Ground 
, I 

····u I/O BIT 5 1 Status Bit froM Display MeMory/DMA Module 
I 

···v I/O BIT 6 

··W DMARDW=CURROW 

···X SHFTEN 

... y GND 
.. ~ ... -............... 

····Z RFSHEN 

Statue Bit froM Display MeMory/DMA Module 

(high) indicates that the corsor :i.~::. on the 
saMe character row as the DMA Module 

Enable signal for Line Buffer Loading 

~)ignal Ground 

(low) indicates that Display MeMor~ 
refresh is enabled 

================================================================================ 
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Table 5.8 Connector InforMation (Display TiMing/Control PCA Cont/d) 
================================================================================ 

Connector Signal Signal I 
I and Pin No. I NaM(~':l I Description I 
1==============1================1==============================================1 
I I I I 
I P4, PIN '1 1 VIDEO I Serial Vid(~o Bit StrecH"1 I 
I I _, "".... .. _, __ , , " , .. , " .. ,_ 1 I 
1 -2 1 BUF HLF BRT I Negative True--Half Bright EnhanceMent 1 
I I I si gna 1 I 
I I 1 
1 -3 1 GND I Signal Ground 
I I 1 
I ... -4 I VDR I V(~r t ieal Dr i V€,~ 
I I 
I -"~:i I H!)J~ Horizontal Drive 

GND S:i.qnal Gr'ound 

================================================================================ 
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Table 6.0 Module Bus Pin AssignMents-Display TiMIng/Control peA 
=~~======~====~===============================================================~= 

Funct:i.ol'l 
Pe7'forf1,~d : Set Cursor Y Position 

TlJrn Display On/O~f 
Turn DNA On/Off 
Invoke Skipeol and Maveop Modes 

Poll Bit: Not Applicable 

M () d u :I. e Acid r +:~ ~:; s : (ADDI~ 11) 1 0 .,9 .,4) -- (0111) 

Function Specifier: ADDR5 = 1 

Da tel B tJ~'; Hi t I n t e r' p 7' e t ~:} t :i. 0 n : 

B7 e(hirJh) Inc:licat~~s Di~~play Off 

B6 Odgh) Indicates DMA Off 

B~) (high) Inclic:ates Skipeol or Mayeop Mode 
i"tau be :i.nvol<ed 

:B4 Cursor Y Po~;it:i.()n f.<IT4 

B3 Curso7' y Po~:;it:i.on BIT3 

B2 Cursor y Position BIT2 

Bl Cursor Y p()~;j.ti()n :BIT1 

BO Curs.or Y P 0 ~:;.j. t :i. 0 n B:r.:f'O 

Bus 
I Value / Signal I 
1=======1============1 

X I (.~DDR 1 ~5 
X I ADDR 14 
X I ADDR 13 
X / ADDR L.~ 
o I (':)DDR 11 
1 ADDR 10 
1 ADDR <"I 

X ADDr~ 8 
X ADDR 7 
X AI>DR 6 
1 ADDR~:i 

1 ADDR 4 
X ADDR:3 
X ADDR 2 
X ADDR'1 
X 1 ADDR 0 

=======/============ 
B7 BUS 7 
B6 BUS 6 
B5 BUS 5 
B4 BUS 4 
B3 BUS 3 

J B2 BUS 2 
1 Bl BUS :l 
I BO I BUS 0 
1==================== 
11=Loqical l::::BlJS Low 
IO=Logical O=Bus High 
I X::::D on I t Car €~\ 
=====================1 

I 
I 
I 
I 
I 
I 
J 
I 

================================================================================ 
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Table 6.1 Module Bus Pin AssignMents-Display TiMing/Control peA 
==================================================================~============= 

Function 
Perfort'led: Set Cursor X Position 

Turn Display MeMory Refresh OnlOff 

Poll Bit: Not Applicable 

Module Addref:;s: (ADDR 11, 1 0 .> ? ,4) = «() 111 ) 

Function Specifier: ADDR5 = 0 

Data !lu f:; Bit J:nt(~\rpretation : 

D7 (high) Indicates Displav MeMor'v Refre~)h 

,86 Cursor X Po~;ition .81T6 

B5 Cursor X Position BIT5 

I(4 Cursor X Posit:i.on BIT4 

);:(3 Cursor X P osj. t :i. on BIT~3 

B2 Cursor X Position BIT2 

Bl Cursor X Position BITl 

:£(0 Cursor X Position BITO 

C)·f·r 

I V.::llu(~\ 

1 =:-.::::::::::== 
I X 
I X 
I X 
I X 
I () 
I 1 
I 1 
I X 
I X 
I X 
I 0 

1 
X 
X 
X 

I X 
1=:::::::::::==::: 

B7 
B6 
B5 

Bus 
Signal I 

:::====:-.:=:::::::::::== I 
ADDR 1~:; 1 
ADDR 14 I 
ADDR 13 J 

ADDR 1 ;.~ I 
ADI>R 11 I 
ADDR 10 I 
ADDR 9 I 
ADDI~ 8 I 
ADDR .? J 

ADDR 6 1 
ADDR 5 I 
ADDR 4 
ADDR :~ 
ADDR 2 
ADDR 1 
ADDR 0 1 

::::==::::===::-.:=:::::::= I 
BUS 7 
BUS 6 
BUS 5 

I{4 BUS 4 
,83 BUS 3 

! B2 BUS 2 
1 81 BUS 1 
I HO 1 BUS 0 I 
1====================1 
11=Logical l=Bus Low I 
IO=LoQical O=Bus Hiqhl 
I X=Don I t Carf~ .. 1 
=====================1 

I 
I 
I 
I 
I 
1 

I 
I 

================================================================================ 
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3,0 FUNCTIONAL DESCRIPTION 

3.1 

::.~ , :I. • ;.2 

3.1 .:3 

Refer to the block diagraM (Figure 1) ~ scheMatic diagraM 
(Figures 2,3), tiMing diaqraM (Figures 4-10), cOMponent 
location diagraM (Figure 11), and parts list located in the 
app€~~nclix • 

DRIVE SIGNAL GENERATION 

Four signals are generated by the Display TiMing/Control 
Module and sent to the sweep Module, They are the video bit 
streaM (VIDEO), a half bright enhanceMent signal 

(BUF HLF BRT).> horizontal dr'ive (HDR) > and ver·tical 
drive (VDR). 

Horizontal drive occurs once per scan line and 
causes the sweep board to perforM horizontal 
left-tn-right scans, This pulse is repetitive with an 
approxiMate 44, usec period, NDR is norMally low, and 
goes high during characters twenty four through eighty. 

Vertical drive occurs once per fraMe and causes vertical 
7'etrace by "res€-~tting" an integr<1tor in the sweep Module. 
This signal coincides with the pertinent line rate (i.e. 
50 Hz or 60 Hz) to prevent annoying perterbations of the 
CRT display. VDR is norMally high, and qoes low during 
vertical retrace. 

Scan line and fraMe tiMing are deterMined through the 
following constraints: 

60 Hz--one fraMe = 16,67 Msec = 380 scan lines 
380 scan lines = 24 character rows (data 

rows) of 15 scan lines each + 20 scan 
lines for vertical retrace 

~:5 0 Hz - _ .. 0 n e f r a ",\ (~~ = 20. 0 M sec = 456 sea n 1 i n e~. 
456 scan lines = 24 data rows of 15 scan 

lines each + 96 scan lines for vertical 
rf:·~trace . 
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CI~ T CONTI< OLLER 

The CRT controller used in the Display TiMing/Control' 
Module is a SMC 5027 (TMS 9927). It is a prograMMable 
device with nine internal registers that configure the 
chip to produce the proper Modulus counts for scan lines 
per data row (RO to R3--15), characters per data row 
(HO to H6--104») and data rows per fraMe (DRO to DR4--24). 
These 7-egir..;.ters also control the s~'nchron:i.zation of the drive 
signal outputs HSYNC, VSYNC, and BLANK, and also control 
the positioning o~ the cursor within the fraMe (CRV). 
For a COMpleTe description of the registers see an SMe or 
TI dat~·:) sh€-~et. 

The CRT controller registers are loaded with the proper 
data at power on under the control of the power on and 
two Mlliesecond tiMer circuit block (see hardware 
description section), Note that the drive signal outputs 
of this chip are totally unlike those needed by the 
264X sweep Modules and hence are used as general tiMing 
sianals. The actual drive siQnals are aenerated through 
ha~dware external to the CRT ~ontroller~ 

CURSOR CONTROL 

Cursor control is aCCOMplished through the internal registers 
of the aforeMentioned CRT controller. The terMinal 
processor positions the cursor through two liD ports, 
one for colUMn and one for row. These port accesses are 
decoded and synchronized in the Display MeMory/DMA Module 

and a select line and CRT controller strobe (I/O SELECT and 
I/O STROBE) are sent over the topplane. 
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3.4.1 

3.5 

3.5.1 

3.5.2 

3.5.3 

RECIRCULATING LINE BUFFERS 

The recirculating line buffers are used to store one 
character row of inforMation at a tiMe. When an even 
character row is being displayed, U36-U39 are being 
recirculated every scan line, and U26-U29 are beinq loaded 
byte serially by the Display MeMory/DMA Module. 
When the display switches to the next row (an odd one» 
the reverse is true (i.e. U26-U29 are recirculated and 
U36-U39 are loaded). Note that these line buffers 
contain not only ASCII character data, but character by 
character enhanceMents as well. These enhanceMents include 
two bits for character set select, and one bit each for 
half bright} underline, inverse video) and blinking. 

CHARACTER ROM AND CHARACTER SET SELECTION 

The character ROM resident in this Module is an 8Kx8 
device and replaces fiue first generation character ROMs, 
which were each lKx8 or lKx9. The three-eighths of the 
ROM leftover are utilized to iMpleMent lower case blanking 
for 64 character sets and display tests. The character sets 
available in the 1818-1597 character ROM are as follows: 

1) lower case English (and control codes), 
;:.~) upper case English.) 
3) Ma t h 1 

4) line drawing or Micro-vector, and 
5) large character. 

Lower case blanking indicates that any reference to lower 
case ASCII codes (00 to 1F and 60 to 7F) while a 64 
character set is invoked results in blanks being displayed 
on the CRT. 

Two display tests are iMpleMented with the character ROM 
and the character set select PROMs U21 and U22. These two 
are full screen crosshatch, and alternating @'s and del's. 
T h €:' V are i n v () ked w i. t h the 5 JA i t C tH~ S 1. a b l~ 1 f:'~ d " D T II and .. U3 II • 

When "DT" :i.s cl()sE-~d, "U3" h<~s a M(-~aninq which is discussed 
in d€-~pth :i.n the hardw(H'f~ df.:\scr:i.pt:i.on. If "DTII is of.H:m" 
"U3;u d~:-~terM:i.nes which d:i.splay test i~:; in effect. NotE-~ that 
even though the display is totallv changed when display 
tests are invoked, this is strictly a hardware feature) 
and the original displav will return unaltered when the 
disp1.av test conditions are reMoved. 
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3.6. '1 

:L 6.2 

4.0 

4.1 

DOT HAL.F SHIFT AND DOT REPEAT FUNCTIDNS 

The purpose of dot half shift is to effectivelv increase 
the r€-~sollJtion of thE.' alpha d;i.splay thr'ouqh th€-~ c:reat:i.on 
of "interstitial" dots. See any terMinal character 
dOCUMentation for further details. Dot repeat functions 
are necessary to iMpleMent nine bit wide characters (i.e. 
line drawing and large characters) in an eight bit ROM. 
Nine bits of displav are generated frOM eight bi~s of data 
through repeating the first bit of ROM data twice on the 

<:I :i. ':;;p 1 a ~v' • 

Dot shift and dot repeat functions are all perforMed within 
a single parallel to serial shift register (U44). Dot 
~:;hift is enabled by inverting the display clock "on the 
run", and dot repeat is aCCOMplished by inhibiting certain 
clock edges to the shift register. 

HARDWARE DESCRIPTION 

POWER ON AND 2 MSEC TIMER FOR CRT CONTROLLER SELF 
LOAD CIRCUITRY 

The circuit cOMposed of one-half of U69, Q4, CRt, R27 and 
R2B iMpleMents a "power on preset" that is independent 
of five volt rail rise tiMe and changes state once and 

only once upon the first rising edge of Pl-D (RESET). 
When the five volt rail is well below the zener voltaae 
of CI~l (4.Z~i.~v» Q4 is lIoffll and U69-·10 is pulled low -
by R27. As the zener voltage is approached and finally 
achieved, a reverse current flows throuqh CRt and 
Q4 is driven to saturation, reMoving the preseT condition 
fr'OM 1..169 .... 10. Thi~:; preset plJlse is reMoved when the five volt 
ratl is approxiMately 4.0 volts given the bias COMponent 
values shown. Note that this circuit is dependent upon 
the theory that although TTL specs are not guaranteed with 
a /" a :i.:I. be:l. (.l t,.J 4.:? 5 v () 1 t s, the vaT' e, :i. n Cl c l' u a :I. it."., fun c t ]. 0 n :'~ 1 
:i n a " ~:; tat j. c II ~:; e 11 S f? a t v () I tag e s we 11 bel () w t hat . De vic e s 
tested (74lS74's) exhibited functionality at 3.0 volts and 
below at rOOM teMperature, that value rising slightly as the 
teMperature is dropped. 
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The CRT controller perforMs a "self load" during power on. 
This function takes approxiMately one Msec. The SMC guys 
said that the CRT controller requires 256 clocks to U54-12 
for each internal register of the controller. The circuit 
cOMposed of R25, R26, Q3) and C33 provide a delay of 
approxiMately two Msec. to allow this self load to occur 
correctly. When the RC circuit tiMes out after U69-8 , 9 
changes state, the self load address to the CRT controller 
is reMoved (U54-40), the self load data PROM (U62) is 
disabled, the data bus buffer (US6) is enabled, and the 
CRT controller starts counting and producing the SYNC 
outputs. 

CRT CONTROLLER SELF LOAD STROBE GENERATOR 

The self load strobe generating circuitry allows the 
CRT controller to be strobed (U54-9) by two sources. 
110 STROBE (P3-2) strobes the CRT controller during 
norMal cursor control. U712-5 and VSCLK (P3-19) 
are used to generate a single low going pulse to 
U54-9 iMMediately after power on/reset goes high for the 
first tiMe. This strobe beqins the power on self load 
sequence described above. The first rising edge of 
U510-4 after power on/reset causes U712-6 to change 
state and shuts down the self load strobe generator 
perManently. 

Note that VSCLK is a repetitive clock and U54-9 is 
stobed continually until power on/reset, at which point 
one More strobe is generated to guarantee that the 
CRT controller self load sequence is bequn. 

CRT CONTROLLER SELF LOAD DATA PROM 

The CRT controller self load data PROM contains the 
data necessary to configure the CRT controller 
for both 60 Hz and 50 Hz Modes. Switch four of 
switch bank two (HZ) is left open for 60 Hz and 
closed for 50 Hz. During CRT controller self load, 
the raster line counter outputs (RO-R3) count frOM 
zero to fifteen and one half of the PROM is read. 
The first nine values read are latched internally 
within the CRT controller. The latched data confiqures 
the CRT controller and deterMines the Mode in which 
iT operAtes. 
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The following is a description of the contents of the 
self load data PROM part nUMber 1816-1487. See a data 
sheet on the CRT controller for further details. 
Note that the PROM data is positive true except for 
bit seven t which is negative true, 

ADDR, 
(HEX) 

MODE CDNTENTS 
(HEX) 

MEANING 

... '0 'r) . ....... ........ .. .. 5'6 .... ~:i 'z ............................. f.~ ;,7 ............................ To 4 .... f; h' ~i r' ~l c t' (~~ ,: ····f r Me 5 ) R' o· t~ .. . 
o l II CB Non· .. ·interlac£o~d Mode 

04 
() ~) 

06 
0'.7 
on 
09 
O,:'i 
on 
oc 
on 
or:: 
OF 
'10 
'1 1 
L2 
'13 
'14 
'1'5 
16 
1'.7 
1 ::J 
19 
lA 
1 (~ 
Ie 
tD 
IE: 
JF 

II 

II 

" 
" 

.. 

60 Hz 

" 
1\ 

II 

II 

" 

" 

F5 

97 

£4 
8D 

97 
SO 
80 
FF 
FF 
FF 
Fr' 
FF 
Fr" 
FF 
E7 
CEt 
F::j 
9'7 
BE 
on 
97 
80 
no 
FF 
FT 
FF 
FF" 
F'F 
FF 
FF 

9 Character TiMe HSYNC Pulse 
~'.) Chari:\cter' TiMe "Front Porch" 
15 Scan Lines/Row 
80 Displayed Characters/Row 
No skew characters 
24 R ow~;/FriH'Ie 
456 Scan Lines/FraMe 
VSYNC Pulse Occurs 8 Scan 
Lines Before Video Foretrace 
Row 24 is Last Row of FraMe 
Cursor ColuMn Equals 0 
Cursor Row Equals 0 
Unused 

" 
" 
" 
" 
" 
" 

~)aMe ciS 50 Hz 
" " " " .. " .. " 
" " " " 

380 Scan Lines/FraMe 
:::)c':'tMe as 50 Hz 

1\ " II .. 

" " " 1\ 

" " " 

" 
II 

" 
" .. 
II 
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CRT CONTROLLER AND CURSOR ADDRESS AND DATA SELECTORS 

The CRT controller is an SMe 5027 or a TMS 9927. Look 
elsewhere in this text and in a data sheet for More 
:inforMation. 

The addresses for the CRT controller internal registers 
are controlled bv inputs AO-A3 (pins 39,40,1,2). 
Followino are the addresses pertinent to the CRT controller 
perforMance in this Module: 

ADDREBS 
1~3.~ A2.~ A1 .~ AO 

1 '11 '1 
11 01 
1 "100 

FUNCTION 

CRT controller self load 
cursor row select 
cursor colUMn select 

Note that there are pullup resistors on all inputs of 
the CRT controller. This is due to the required 
Vih (MiniMUM high input voltage) of the contoller. 

Note also that data bit seven is active only during 
CRT controller self load and is forced low forever 
a~ter. U25-1,2,3>11,12,13 Mask iMbedded status bits 
in the cursor rot ... liD byte. 

DATAl BU~3 BUFFER 

U5b buffers data frOM the backplane onto this Module. 
During CRT controller self load, US6 is held disabled 
bv SELFLOAD (U411-10). When self load is COMplete, 
USb is enabled and stays enabled forever after. 

REFRESH ENABLE FLIP-FLOP 

The refresh enable flip-flop provides a Means by which 
MeMory refresh on the Display MeMory/DMA Module can 
b€-.· halted. An I/D !.Jr'it(~\ to thf.:\ ClJ7'~~Or colUMn ""ith 
the Most siqnificant bit set will turn refresh off 
and a write with bit seven not set will turn it on. 

This feature is presentlv not used by any old software 
or the 2647F software~ but has been provided in case 
extensive display MeMory testing beCOMes necessary. 
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4.7 

4.7,1 

4.7.2 

4.B 

4.8.1 

4.B.2 

VERTICAL RETRACE SYNC CIRCUIT 

The circuit cOMposed of U69-FFtl and U45-11,12~13 
svnchronizes turning the display on during vetieal 
retrace. A bit iMbedded in the cursor row byte 
(bit seven) causes the display to be turned on and off. 
When the display is off, U69-4 is held low and 
display is turned off by U69-6, U69-5 is high and 
therefore P3-V (liD BIT 6) is high. P3-V being high 
causes the DMA Machine to stop DMA cycles. 

When a write to cursor row with bit seven not set occurs, 
U:7j7····19 qoe~) h:i.qh and the following VBI...ANK (U69·":3) will . 
turn the display on and restart the DMA Machine (i.e. 
P3-V will go low). 

CURSOR ROW AND DMA ROW COMPARISON CIRCUITRY 

Two software Modes described elsewhere l SKIPEOL 
and MAYEOP, need inforMation concerning the relative 
positions of DMA and processor action within the 
display MeMorv linked list. In particular, 
wh~\n the DMA row 1.S thF.' saMe a~) thf~ cur~;()r "OlA" the 
display MeMory structure can be Misinterpretted by the 
DMA state Machine. The circuitry cOMposed of US7, 
U710,U610, and 1/2 of U67 inforMs the DMA state Machine 
in the Display MeMory/DMA Module when the DMA row equals 
c: ursor 7'Ot,J. 

The cursor row inforMation is supplied by the processor 
durina I/O writes to cursor row~ and is stored in U57. 
The DMA row inforMation is generated by U710, and eight 
bit counter that is reset bv ZERO (P3-E) at the beqinning 
o~ each fraMe, and increMents by one at the end of each data 
row. U610 is a four bit COMparator and along with 
U67-1,2,3,4,5,6 all five bits of the row values are 
cOMpared, U610-6 is the final result of the cOMcarison. 
This value is a one when the rows are equal and a zero 
when unlike. U610-b is saMpled by P3-F (CHARCLK) throu0h 
U412<3,;:.~ and sc;:·nt ()v(-:~r' the topplane (P3""l1.I> to the 
Display MeMorv/DMA Module. 
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4.9.1 

RASTER LINE DECODER 

The raster line decoder (U52) Monitors the raster 
line outputs of the CRT controller (RO-R3) and 
creates four output signals. These outputs are 
RLO, RL11, RL11 OR RL12, AND RL14. RLO is used to 

ADD FROM :ft:lCL 

4.9.2 

create the signal EDROW (end of data row) by being SUMMed 
with the character decoder output CHAR3 or CHAR4 (U66-11), 
RLtt is used to create an underline under enhanced 
characters. RLll or RL12 is used to create the 
alphanl.I Mer:i.c curs()r. RI...14 i~; used to end each fr('H'Ie 
and start vertical retrace. RL14 is SUMMed with 
DATA ROW 23 (U72-b) at U612-8~9,10 and creates a siqnal 
that is high only on the last scan line of foretrace. 

The contents of the raster line decoder PROM are as follows: 

HP PART NUMBER: 1816-1488 
USED ON ASSEMBLY 02640-60267 (DISPLAY TIMING/CONTROL) U52 
FUNCTION: RASTER LINE DECODER 
OUTPUT DEFINITION: 

01--RASTER LINE ZERO (POSITIVE TRUE) 
()~~"-'-'R ASTER L. I NE ELEVEN (II II ) 

O~5'--RASTER LINE EL EVEN OR TIJJELVE (1/ 1/ ) 

04~ .. -··R ASTER LINE FDURTEEN (.. 1/ ) 

05 THROUGH 08 ARE UNUSED 

ROM GENERIC PART NUMBER: 7603A (32X8) 
ROM CONTENTS: 

!I;A (] 00 () . 
() :l .:. 00, () 0 ~ 0 0 > 0 () , 0 0 ~ 00 .> () 0 ) 0 () , () 0 , () () , () 6 , () 4 , 00 > () 8 , 00 } 
FF,FF,FF>FF,FF,FF>FF~FF,FF>FF,FF,rF,FF,FF,FF>Fr> 

~:HJM:: '1 0 () 3 

Note that the data is displaved with Data liD's Model 19 
PrOM ProqraMMer ForMat. 
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4,10,2 

4,10,3 

4. to, 4 

-4, "l 0.5 

CHARACTER DECODER 

The character decoder (U66) Monitors the character counter 
outputs of the CRT controller (HO-H6) and creates 
four output signals, These outputs are HORIZONTAL DRIVE, 

CHAR3 or CHAR4 , VIDEO SHIFT ENABLE, AND 103, 

HORIZONTAL DRIVE is synchronized to the character 
boundary by CHARCLK (P3-F) and U311-13,14>15 to create 
the HDR signal used by the sweep Module, 

CHAR3 or CHAR4 goes high during characters three and four 
and is used to create the signal EDROW by being SUMMed with 
RLO at U73-8~9,10, 

VIDEO SHIFT ENABLE is a representation of horzontal 
foretrace and retrace, shifted in tiMe by two character 
periods to account for pipelining in the Display TiMing/ 
Control Module, VIDEO SHIFT ENABLE is high for characters 
11····2" to 7U and low for the duration of the raster line, 
This siqnal goes over the topplane (P3-X~=SHFTEN) to the 
Display MeMory/DMA Module and allows the creation of the 
VIDEO SHIFT CLOCK (VSCLK~~P3-19) which is used by the 
recirculating line buffers in the Display TiMing/Control 
Module, 

103 is a graphics synchronization signal that goes over 
th(,~ topplane (P~}"··3) to the graphic!:; ModlJle where it i~> 

SUMMed with the signal D2 frOM the Display MeMory/DMA 
Module and used to create the signal 103,D2 for graphics 
operat:i.on, 
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The contents of the character decoder are as follows: 

HP PART NUMBER: 1816-1483 
USED ON ASSEMBLY 02640-60267 (DISPLAY TIMING/CONTROL) U66 
FUNCTION: CHARACTER COUNT DECODER 
OUTPUT DEFINITION: 

01--HORIlONTAL DRIVE (POSITIVE TRUE) 
02~"''''CHARACTERS 3 ()/~ 4 (" " ) 
D:'~""-VIDEO SHIFT ENABLE (" " ) 
04--CHARACTER 103 (NEGATIVE TRUE) 

ROM GENERIC PART NUMBER: 7611A (256X4) 
ROM CONTENTS: 

$AOOOO. 
C,C,C,E,E,C,C,C,C,C,C,C,C,C,C,C, 
C,C,C,C,C,C,C,D,D}D,D,D,D,D,D,D, 
D,DJD,D,D,D~D,D)D,D>D,D,D,D,D,D, 
D,D,D)D,D,D,D,D,D,D,D,D,D,D,D)D, 
D,D,D,D,D,D,D,D,D,D,D,D,D,D,9,9, 
8,8,8,8,8,8,8,8,8)8,8,8,8,8,8,8, 
8,8,8,8,8,8,4,C,C,C,C,C,C,C,C,C, 
C,C,C,C,C,C,C,C,C,C,C,C,C,C,C,C, 

-=1;A0080. 
F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F, 
F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F, 
~)~,~,~,~,F,~,~)~)~)F,~)~,F,~,~, 
/.. , F ) I.. ) F , f· ,F .~ ,.. ) F ) r ,F .~ F ) ,.- , F· ,F ,r .~ ,. , 
F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F, 
F,F,F,F,F,F,F,F,F,F , F,F,F,F,F,F, 
F,F,F,F,F,F,F,F)F>F,F,F,F>F)F,F) 
F)F)F,F)F,F,F,F>F)F,F)F,F,F,F,F) 

SUM:::: 0 D5~7; 

CUJ~f:)()I~ EXTEND DNE--SHOT 

The cursor extend one-shot (U112) is used to prevent 
thE' "q<311optnq" cur'sor (::~ffc::\c" ,,,,,hen the cor'sor' is I")oved 
continuously horizontally or vertically. Every positioning 
of the cursor is associated with a pulse on P3-2 
(liD STROBE). This pulse triggers U112 and causes the 
c: l.J r (:i 0 7' b]' :i. n k t 0 b f.~ M a ~; I< e d " () n" of' 0 7' a p pro x :i. Mat e ]. y :3 0 () M ~; €H-: • 
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SYNCHRONIZATION LATCH 

The synchronization latch (U311) saMples the outputs and 
"der'ived" outputs of the CRT controller and al10,"J those 
signals to change state only on character boundaries 
(i.e. as a result of CHARCLK--P3-F). 

VERTICAL DRIVE SIGNAL GENERATION 

The vertical drive generation circuitry has been 
designed to be cOMpatible with both the 264X sweep 
Module and the 2647F sweep Module (basically a revision 
of the 262X sw€·ep Module). Another i'1portant feature 
of this circuit block is that changing between 60 Hz 
drive Mode and 50 Hz drive Mode is aCCOMplished through 
chanq :i.nq the p osi t i on of <;' .... i tch "HZ II wh i Ie the p ()wer 
i m off I 

The requireMents of the two sweep Modules differ 
s() substantially that two distinct Mode of operati()n 
are required. U611 (LS51--dual AND-DR-INVERT) provides 
f()r these two Modes by allowing separate and 
distinct trigger events for 50 Hz and 60 Hz Modes, 

For 60 Hz operation) vertical drive (VDR) is brought low 
as a result of P3-J (VBLANK) going high. It is 
returned to the high state ten raster lines bef()re 
video foretrace as a result of the CRT controller 
outpuT VSYNC (U54-11), These ten raster lines are 
required for the 2647F sweep Module to allow second order 
effects to "sMoothll out, 

For 50 Hz operation, VDR is brought low 32 raster lines 
into vertical retrace and returned high 10 raster lines 
before video foretrace. 

13?55-<;l1 ;.:.~67 /;~D 
R f.~ v FEB _. () 1 _ .. B ;.:-~ 
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4.13.5 

4.14.1 

4.14.2 

4.14.3 

4.14.4 

U711 (FFt2) saMples the output of U612-8 every raster 
line and changes state high when the last raster line 
o~ foretrace is reached. This change of state reMoves 
the "clear,1I condition frot'! U512 and allows this ej.qht bit 
counter to begin counting the raster lines of vertical 
retrace. This counter is decoded to forM three 

pertinent outputs--32, 20, and 96. 32 (U512-10) starts 

96 (U512-10.AND.U512-9) ends 50 Hz VBLANK. 

RECIRCULATING LINE BUFFERS 

The eight recirculating line buffers are used to 
store one character row of inforMation for video display 
outPlJt while allowing another row to be "created", or' 
fetched frOM display MeMory. These eight parts are 
TMS3120's, BOX4 shift registers. They are MOS parts 
and have strange clock requireMents--see a data sheet for 
More details. 

U36-U39 is the even row bank of shift registers and U26-U29 
is the odd bank. DRZERO (U51-7) selects the bank for 
vieo display through U210. 

I.~hl.le an ocld rOhl is being dir:;plaYf.:\d on the CRT} U36 .. ··LJ39 
are being loaded with character inforMation over the 
topplane through the action of SHFTCLK (P3-16) frOM the 
Display MeMory/DMA Module. The recirculate pins of the 
shift registers (2, 5, 9) 14) are held low and the registers 
are clocked exactly eighty tiMes. This action loads these 
shl.ft registers with the data for the next character row 
on the CRT. 

During this loading action, the data contained in U26-U29 
is being shifted exactly eighty tiMes per raster line. 
Since the recirculate pins on the shift registers are held 
high during video display the output is fed back to the 
input, and the character cell inforMation within the shift 
registers reMains stationary through all fifteen rasTer lines 
of each character row. 
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4.14.5 

4.15.1 

4.16 

4.16.1 

4. 1 '? 

4 . 17.1 

4.1'7.2 

-4.1'7.3 

When the end of a character row is reached. DRZERO changes 
states and the bank of shift registers that were displayed 
are now loaded, whereas the bank that was loaded is now 
displayed, 

ODD/EVEN CLOCK SELECTOR 

U210 controls the loadinq/recirculatinq action of the 
recirculating line buffers. U210 is siMply a Multiplexer 
with two clock inputs and two static inputs. These inputs 
are connected in a different order for each input bank. 
As DRZERO changes states, the four inputs are routed to the 
output pin~:j. in different order, th(?reby controlling which 
clock and recirculate level go to which bank of shift 
r' (~~~d s t €-~r s . 

VSCLK (P3-19 video shift clock) is routed to the shift 
register bank that has the recirculate pins held high) and 
SHFTCLK (P3-16 shift clock frOM DMA) is iMpressed upon 
the bank with the recirculate pins low. 

LINE BUFFEI~ OUTPUT SELECTORS 

The line buffer output selectors are Multiplexing latches. 
Depending on the state of U210-7 (EVEN RECIRC.), the 
output of one bank of shift registers will be selected 
and latched every clock cycle of P3-H. 

8K X 8 CHARACTER ROM 

Thp 8K X 8 character ROM resident in this Module (1818-1597) 
contains four COMplete character sets plus two display 
display test patterns. 

The address lines to the ROM consist of four raster line 

counter bits) six ASCII bits, one upper/lower case bit) 
and two character set select bits. The raster line and 
character set select bits are positive true. The ASCII 
bits are neqative true. 

The chip enable is low true and is enabled only during the 
eiqhty foretrace character tiMes, The outputs of the ROM 
are pulled hiqh so that during the disabled retrace period, 
t h f:\ 1\ V :i. d f:~~ 0 0 IJ 1: P IJ t II () f the r.: h a r i:l r.: t E:'-,\ r' r~ n Mis he]. d II 0 ·f f II • 



Displa~ TiMlno/Contr~l Module 

-4.17.4 T h t? f () 11 () ,oJ i n CI t (5 a Vi P (\'1 0 {' V i'1 iii P () f the !:; tall d d r cI c h a rae t (-? r 
ROM (101B'-1!::;?7): 

Alt. Char. Set .3 
(l ... ar'qe Char ,) 

Displav Test #2 
(Cr'oss Hatch) 

Alt. Char. Set .2 
(Line Dr'wq) 

".I.FFF' 

leoo 
tBFF 

1800 
17FF 

........ _ ............ _.... .... .... .... .... ... .... ...... .... ...... . .... ... 1 4 0 0 

(i.f', f.)SCII ;.?OH) 

i~lt Char' I Set 11 
(Math Char' ,) 

DispJav Test :1:1 
«(-i~/~:> and d(~~l/s) 

I 1.JIJper' Cas(~~ Eng:l. ish 
I ( II sp a r.: e" t () II _. II ) 

I .... __ .... _ ......................................................... _ 
I 
I Lower Case English 
I (II nu l1 11 to "del") 
I ...... _ ........................................................... . 

t3FF 

1000 
OFFF' 

oeon 
OHFF 

OBOO 
O'7FF 

0400 
O:3FF' 

0000 

1 ;3255-91 ;:.~6 7 /31 
Rev FEB .... Ol· .. ·0;.:~ 
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4.18 

4.18.1 

4.1H .2 

4 ."in. 3 

CHAI~ACTEr~ SET SEL.ECT LOGIC 

The character set select logic consists of SOMe switches, 
two fast bipolar PROM's, and one nand qate (Ul1). 
TI")ese ~:;witc:hes provide the "hard~d.re(I" character I~OM 
with psuedo-soft capabilities. 

Switches C1 to C3 Map the character set select bits 
(U48-13,12) into any of the alternate character sets 
resident in the ROM. 

Switches Cl, C2, and C3 deterMine character set selection 
according to the following chart: 

S wit c h p 0 s :i. t ion 

(;1 C~~ C3 

(C=closed, O=open) 

C ("' ., C 
0 D C 

or 
a () 0 

r~ r 0 

o c 

() () 

() c 

o c Cl 

logical Character 
Set 

A 
13 
C 

A 
B 
C 

A 
If 
C 

A 
.H 
C 

A 
B 
C 

Set Actually 
SelF.~cted 

Math 
Lin e .'Or a win 9 
Large Character 

Math 
L.arqe Character 
L.ine DI"<:lwin(.:,1 

Line Drawing 
Math 
Larqe Character 

L:i.ne Dral-\d.ng 
Lar(~e Character 
Math 

I...af'qe Chf.lt·act~~r 
M,:l th 
I... i n (~ Dr c':) ~"I i n q 

L.i:lrCIf.·~ Charact(:~\i'" 

L:i.nE·~ Dr(~l,,'inq 

Ma th 
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4.18.4 

4.1 n, 5 

4.1 n. 6 

Switches At to A3 deterMine whether the alternate 
character sets are treated as dot shift or dot 
repeat characters. An open switch indicates that the 
character ROM data will be treated as dot-shift data and 
conversely. a closed switch will cause the ROM data to 
be displayed under dot-repeat forMat. 

Note that the Mode selection output (U2t-10) corresponds To 
the actual set selected and not necessarily to the logical 
A, B, or C inputs to the PROM. This Means that these three 
switches correspond to defining the display Mode of the 
alternate character !:;ets within specific address ranges 
of the character ROM. The Following truth table explains 
!:;witcIH:'~S A'I, A;~, and A3: 

C h a r" act erR () M 
Address Range 

0000 to 07FF 

OCOO To OFFF 

"140 0 to 17FF 

1COO to 1FFF 

Switch Position 
At A~~ A3 

x X X 

0 X X 
1 X X 

X 0 X 
X 1 X 

X X 0 
X X t 

Dot'-shift (DS), or 
Dot-repeat (DR) Mode 

1)5 

DR 
DS 

DR 
DS 

DR 
DS 

~3 "d. t c h (.::! 5 U 1 t 0 U 3 en a h 1 e the c h cl r act e r' ROM t 0 b e pro grell'" M e r.t 
with "128 character alternate character sets as well as 
the 64 character alternate character sets the standard 
ROM contains. NOTe that eY~~ndina alternate character 
set t2 to 128 characters will destroy the ASCII hlank 
riJI in the r.:harac:tf.~r I~()M ,:iddrf:~~:~s 7'anqe of 1000 to l:3FF". 
This will disrupt the proper display of lowercase input 
to 6"~ c:hclracter altf.:'rn,:I1."f.:' character' set<:; and ~:;h()lJld bf.·~ 

avoided if possible. Also note that expanding alternate 
character sets *1 and .3 to 128 character sets will delete 
the display test patterns resident in the ROM. 
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4.1 n. 7 

·4,:l n, n 

The switches Ut, U2, and U3 correspond to the logical 
A, B, or C laternate character set selection and NOT to 
any specific address range within the character ROM. 
r.. clo~:a:~d "UII ~H,·.d.tch will cause display of a 128 character 
alternate character set, and an open switch will restrict 
alternate character set display to 64 characters. 

Th(:'~f:)f:~ "UII !!;~,,:i,tc::hE·r.; pf.H'forM accordinq to the followinq tr'uth 
tab:l. e: 

PI~nM INPUTS 

CSO CS1 AB5 AB6 Ul U2 U3 DT 

() 

() 

() 

() 

'1 
1 
1 
:t 
1 
'1 

o 
() 

() 

o 
o 
() 

'1 
1 
'1 
'1 
1 
1 

x 

() 

o 
() 

o 

() 

o 
o 
() 

() 

o 

1 
1 
1 
1 
1 
1 

'1 
1 
'1 
1 
'1 
1 

x 
X 

() 

1 
() 

1 

() 

o 
1 
() 

'1 
1 

o 
() 

1 
() 

l 
1 

o 
(I 

'1 
o 
1 
:t 

x 
X 

o 
o 
'1 
1 

o 
o 
o 
1 
1 
1 

o 
o 
() 

1 
'1 
1 

o 
o 
() 

'I 
1 
.l 

X 
X 

x 
X 
X 
X 

() 

1 
X 
X 
o 
1 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 

x 
X 
X 
X 

X 
X 
X 
X 
X 
X 

o 
1 
X 
X 
() 

o 

X 
X 
X 
X 
X 
X 

X 
X 

x 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

o 
1 
X 
X 
() 

t 

o 
1 

o 
() 

o 
o 

() 

o 
o 
o 
() 

() 

o 
o 
o 
o 
o 
o 

o 
o 
() 

o 
o 
o 

1 
1 

PROM OUTPUTS 
lJ~~2~-

-9 -10 -11 -12 

() 

1 
1 
o 

o 
1 
1 
1 
o 
o 

o 
1 
1 
1 
o 
o 

o 
1 
1 
1 
() 

o 

o 
o 

o 
o 
o 
o 

o 
() 

o 
o 
o 
1 

o 
o 
o 
o 
o 
1 

o 
o 
o 
o 
o 
1 

1 
'1 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

() 

o 
() 

o 
o 
o 

1 
o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
1 

o 
o 
o 
o 
() 

1 

o 
o 
o 
o 
o 
1 

() 

o 
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-4,18, <» The following are descritions of the contents of the two 
character set select PROM's (U21 and U22): 

HP PAF?T NUMBER: 1B16 .... 1490 
USED ON ASSEMBLY 02640-60267 (DISPLAY TIMING/CONTROL) 
FUNCTION: ALTERNATE CHARACTER SET SELECT PROM 

U21 

OUTPUT DEFINITION: 
01--CHARACTER SET BITO 
O;'.~""""CHARACTER SET BT T 1 
03--DOT SHIFT CHARACTER SET 
04 ...... ·J)()T REPEAT CHARACTER SET (UNUSED) 

ROM GENERIC PART NUMBER: 7611A (256X4) 
Fi' OM CONTENTS: 

,;~A()OOO , 
7,A,9,8,7,8,A,9,7,9,A,8,7,A,9,8, 
7,A,8,9,7,S,9,A,7,9>8,A>7,A,9,8, 
7,6,9,8,7,8,6,9,7,9,6,8,7,6,9,8, 
7,6,B,9,7}8,9,6,7,9,8,6,7,6,9,8, 
7,A,5,8,7,8,A,5,7,5,A,8,7,A,S,8, 
7,A,8,5,7,8,5,A,7,5,8,A,7,A,5,8, 
7,6,5,8,7,8,6,5,7,5,6,8,7,6,5,8, 
7,6,8)5,7)8,5)6,7,5,8)6,7)6,5,8, 

~';AO 0 BO , 
7,A,9,4,7,4,A,9,7,9,A,4,7,A,9,4, 
7,A,4,9,7)4,9,A,7,9,4)A,7,A,9,4, 
7,6,9>4,7,4,6,9,7,9,6,4,7,6,9,4, 
7,6,4,9,7,4)9,6,7,9,4,6,7,6,9,4, 
7,A,S,4,7,4,A,5,7,5,A,4,7)A,S,4) 
7]A,4,5,7,4,5)A,7}5,4,A)7}A,5,4, 
7,6)5,4,7,4,6,5,7,5,6,4,7,6,S,4, 
7,6)4,5,7,4,5,6>7)5,4,6,7,6,5,4, 

SUM:::: O'i'O () 

(POSITIVE TRUE) 
(II II ) 

(.. .. ) 

(" " ) 
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4.19.1 

4."J. 9.2 

HF> PAI~ T NUMBEI~: 1816·-148<7 
USED ON ASSEMBLY 02640-60267 (DISPLAY TIMING/CONTROL) U22 
FUNCTION: DISPLAY TEST CHARACTER RANGE SELECT PROM 
OUTPUT DEFINITION: 

01-~CHARACTER SET BITO 
02--CHARACTER SET BITl 
DJ····-DISPLAY TE~3T "ONII 
04--UPPER CASE (LOWER CASE BAR) 

ROM GENERIC PART NUMBER: 7611A (256X4) 
ROM CONTENTS: 

~I)(~OOO() . 
0 , 0,0,0,8,8,8,8,8,8)8,8,0,0,0,0, 
0,8,0,0,8,8,8,8,8,8 , 8,8,0,5,0,0) 
0,0,8,0,8,8,8,8,8,8,8,8,0,0,5,0, 
0,8,8,0,8>8)8~8)8>8>8)8>0)5)5,O, 
() , 0 ) 0 , n , 8 , 8 , 8 ) B , 8 , 8 ) 8 ) 8 , ° , () .! 0 , 5 , 
0,8,0,8,8)8,8,8,8,8,8)8)0,5,0,5, 
() , 0 , 8 , B .! 8 ) B , 8 , B .1 8 ) 8 .1 B ) 8 ) 0 ) () , 5 , ~; , 
0,8,8,8,8,8,8,8,8)8)8,8,0,5,5,5, 

~I.AO 08 () • 
6,6,6,6,6,6,6,6)6,6,6,6,6,6,6,6, 
6,6,6,6,6,6,6,6,6,6,6)6,6,6,6,6, 
6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6, 
6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6, 
4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 
4,4,4,4,4]4,4,4,4,4,4,4,4)4,4,4, 
4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 
4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 

SUM:::: 051 C 

(POSITIVE TfHJE) 
(" " ) 

(" " ) 

(" " ) 

ENHANCEMENT "PIPELINE AND ALIGNMENT" LATCHES 

The enhanceMent pipeline latch (U412) stores the enhanceMents 
bit s for 0 n f.~ c h a rae t ~~ T' "t :i. Me. T h :i. sst 0 r i:' q €.~ P p rio den 5 II r· e s 
that the enhanceMents are aliqned with the proper character 
cell. 

The enhanceMent alignMent latch (U312) delays the changing of 
enhanceMents by approxiMately 100 nsec. This tiMe 
allows parallel to serial conversion of the video bit streaM 
SUMMation with graphics) and dot stretching to occur and 
!:. t :i. 11 h d V (0":- "t h f!.· C h a r· a c: "t (::,. r c: (~n t (-? r' (-? d f.,J :i. t h :i. nth (-? (-~ n han c: (::~ (VI (7~ n t 
boundar'ies. 
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4.20 

4.20.1 

4.20.2 

4.21 

4.21.1 

CHARACTER ROM OUTPUT LATCH 

The c: h a 7' act erR () M 0 1,1 t D tJ t 1 ate h (1..1 3 4 ) ~; aMp ]. (~.~ 5 the 0 tJ t put 
of the character ROM every character tiMe and ensures that 
the data to the parallel/serial converter is valid at 
the pertinent tiMes. 

Note that the character ROM outputs are pulled high so 
t h r.1 t w hen the ROM i s d i !:i a b led., () n :I. y II h :i q h" v a 1 u e £; ( b :I. <.Hl I< 
on the CRT) are latched into U34. 

PARALLEL TO SER IAl.. CDNt)Fr~TE:r~ ANI> DOT CLOCK LOGIC 

The circuit block consisting of U44, U24, U31 (FFt2), and 
parts of U25, U35, and U67 accoMplish the conversion of 
character ROM data to a valid serial bit streaM. 

Under the control of the dot clocl< logic} U44 loads the 
outputs of U34 in a parallel fashion, and shifts out 
a serial video bit streaM. The Manner in which this feat 
is accoMplished varies depending on two factors; is the 
character inforMation a dot shift or a dot repeat character? 
and if a dot shift character, does this particular bit 
streaM need to be dot shifted? 

With dot repeat characters, U31-6 will go high and allow 
the first dot clock to U44-7 to be inhibited through the 
(:)<:tion of U25····4.>5~6. This (:tction doubles th(·~ width of 
the first dot of the character and allows nine bits of data 
to be extracted frOM an eight bit ROM. This dot repeat 
character Mode is used for line drawing and large character 
!:i·(~~ t s . 

Dot shift characters are indicated by U31-5 going high. 
U34-19 then deterMines whether norMal Mode, or dot shift 
Mode will be invol<ed. A low value at U34-19 indicates that 
dot shift should be perforMed. When a hiqh value is present, 
U31-8 reMains high during the entire character tiMe, and 
dots are shifted ~ut with standard display clock tiMing. 
A low value at U34-19 causes U31-8 to switch states and the 
r.:locl< to U44 is invf.~r'ted lion the "1m". This dc-:~lcly~5 th(~·~ 

dot streaM output of U44 by one half clock tiMe and 
creates an effective dot shift. 
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4,22 

4, 2;.:.~, 2 

4,2!'~~.3 

·4, ~~3 

4,23.1 

DISPLAY TEST GENERATOR 

U31 (FFt1) allows the generation of display test patterns 
thr 0 uqh th€~\ swi tc:Mef:) labeled "DT" and "lJ~~ \I. The norMa]. 
operat:i.ng state of "DT" is closed, and whp.n opened, cau~;es 
display test patterns to be displayed on the CRT according 
to the pos:i.tion of "l.L3", If "U~3" is open, a full screen 
crosshatch pattern will be displayed. If "U3" is closed, 
the screen will display both @'s and del's. 

Note that the @/del pattern is dependent upon the current 
display and varies with odd/even ASCII input. That is) 
even ASCII characters are replaced by @'s and odd ASCII 
characters are replaced by del's. Because of this 
constraint > thf.·~ best display test pattern is achieved 
with a self test pattern resident on the CRT, where 
odd and even ASCII alternates autoMatically. 

Note also that these display test patterns do not destroy 
the original CRT display which is totally recoverable 
bV closing "1)T". Thf:~ display Must be "onll (i.e. 69-6 
",U5t bf.·~ hiqh) :i.n ord(~r for display test to be seen. 

DDT STI~ ETCHER 

The purpose of the dot stretching transistor circuit 
(Ql, C2, R7, and RS) is to introduce a variable delay 
into the alpha and graphics video bit streaM. This 
is a lopsided delay> causing only the "low" tiMe at U212-4 
to be lengthen(~\d acc07'dil1g to the RC tiMe constant. 
The pot in this circuit should set so that single dot wide 
vertical lines appear as wide and as bright as single 
raster horizontal lines. 
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FINAL VIDEO SUMMING CIRCUITRY 

The discrete logic used in th~ final video SUMMing 
circuitry takes all pertinent video inforMation as 
input and creates a single VIDEO (P4-1) output. 
The inputs to this circuit include the character blink 
rate (U72-8» cursor blink rate (U71-14» cursor extend 
p u I s e (U 1 ".l ? .-4).) a :I. p h (":1 and g rap h :i. c: ~; v:i. d e 0 ( U 2 1 ~~ ,h, '1 6) ) 
th€·~ enh(jnCF.~f·lf:~nt enable s:i.qnals (U31(.~····~?')5> 10} :12).~ blanl<in9 
(U61;:'~'-'3» i:)J1d one or tJ..,IO others. ThF.~se !5:ignals are 
logically COMbined to eMulate the video construction 
techniques of the original ?64X display Module. 

A sw:i. tch h,:l<:; bF.:'i:~n prov:i.Lit:.:'d (IIIV") that> whf.::'/'l c:losed) calJ~;(-?s 

a full screen inverse video pattern to be displayed on the 
CRT. 

The discrete delay introduced by Q2) C3, R9 and RIO allows 
th(~·~ hi:llf .... br'iqht (:lnd :i.nvf~'r'Sf.:' v:i.deo fie~lc1s to t)f:~ al:i.9ned r.H'OP(·:~7'ly 

properly. As of Rev. A boards, the alignMent has been correct 
for all possible pot positions and only slightly noticeable 
effects occur when the pot is changed frOM Min to Max. 
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Cl 
C2 
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Number 

02640-60~'.67 

o 'l60··-4~554 
0160-4801 
0160-4801 
0160-4554 
011:10-2879 

0160-·4554 
0160-4~"54 
0160-4554 
0"1 60- 4~j~54 
0160-4554 

o "l60-4~j~54 
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o 160-4~:i~i4 
0160-4554 
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0IBO·-i~B79 
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01 B 0 -·;''.B79 
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! 8:':j4-0 0 1 'T 
HI ~:;4··· 04'77 
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1010···0;:'.79 
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~~1 00···3:5~jl 

0683-1015 
061:13-4705 
0683-4725 
2100--:B51 
06B3-4705 

()6B3-·1015 
068:3-1 0 :35 
HI10-03;~2 

06133-4725 
06133-4725 

1810·-0322 
11'1"10···0322 
1810·-0322 
11'110···0;:'.79 
1810-·0279 

0683-4'725 
06133-4725 
0683-4'725 
0683-4725 
06133-4725 

0683-1015 
0683-·4715 
06133-4715 
06B3-47i?5 

3101-1';>83 
3101-2063 

c 
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7 
7 
7 
7 
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7 
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7 
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7 
7 
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7 
'7 
7 
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Replaceable Parts 

Description 

DISPLA1/TIMING/CONTROL PCA 
DATE CODE: B-2219-42 

CAPACITOR-FXD ,01UF +-20% 50VDC CER 
CAPACITOR-FXD 100PF +-5% 100VDC CER 
CAPACITOR-FXD 100PF +-5% lOOVDC CER 
CAPACIrOR··FXD ,OlUF +··20% :-iOVDC CEI~ 

CAPACI TOR-·FXD 2~'.IIF+50-1 0% 2~iVDC AI.. 

CAPACIrOR-FXD ,OlUF +-20% 50VDC eER 
CAPACITOR-FXD ,OlUF +-20% 5DVDC CER 
CAPACIfOR·-FXD ,OlUF +-20% 50VDC CER 
CAPACITOR-FXD ,OlUF +-20% 50VDC CER 
CAPACITOR-FXD ,OlUF +-20% 50VDC eER 

CAPACITOR-FXD ,OlUF +-20% 50VDC CER 
CAPACTTOR·FXD ,1I1UF +·-;:>o;~ :"dlVDC CEI:~ 

CAPACITOR-FXD ,OlUF i-20% 5DVDC CER 
CAPACITOR··FXD ,nnw +··20% ~iOVDC CEH 
CAPACITOR-FXD ,OlUF +-20% SOVDC CER 

CAPACITOR-FXD ,OlUF +-;:>0% 50VDC CER 
CAPACITOR-FXD ,C1UF +-20% 50VDC CER 
CAPACITOR-FXD ,OlUF +-20% 50VDC CEH 
CAPACITOR-FXD ,01UF +-20% 50VDC CER 
CAPACITOR-FXD ,DlUF +-20% SOVDC eER 

CAPACITOR-FXD ,OlUF +-20% 50VDC CFR 
CAPACITOR-FXD ,GlUF +-20% SOVDC eER 
CAPACITOR-FXD ,OlUF +-20% 50VDC CER 
CAPACTHlR·FXD ,OllW +-20% 5()VT)C eu:~ 

CAPACITOR·-FXD ;~;:'UF+50-·1 0% 25VDC AI.. 

CAPACT.TDRFXD ;.~?llF+:"iO-··l 0% ?~Wl)C AI. 
CAPACITOR-FXD ,OlUF +-20% 50VDC CER 
CAPACIHlR··FXD ??IJF+~.'jO--1 0% ?~jVDC At. 
CAPACITOR-FXD 2?UF+50-10% 25VDC AI.. 
CAPACITOR-FXD ,011.1F i ·;~O% 50VDC eEI~ 

CAPACITOR-FXD ,OlUF +·20% SOVDC CER 
CAPACITflR·FXD ,OlUF +·<>'0% ~dlVI)C C[I:~ 

CAPACITOR·-FXD lUF +BO··20% 50VDC CER 
CAPACITnR··FXD ,0111F +·-;:>0% :"jOVl)C CEI'~ 

DIODE-ZNR 4.22V 5% 1)0-35 PD=,4W 

CONNEcrnR 6-PIN M POST TYPE 

TRANsunOR NPN 51 TO····1B PD'=360MW 
TRANSI~lTOR NPN f:;I TD-18 PD",:360MW 
TRANSIS10R NPN 2N2222A 51 TO-18 PD=SOOMW 
TRANSISTOR PNP SI Pl)=625MW FT=200MHZ 

NETWORK-RES 10-SJP4,7K OHM X 9 
NETWORK-RES lO-SIP4,7K DHM X 9 
RESISTOR 4,7K 5% ,25W FC TC=-400/+700 
NETWORK-RES 10-SIP4,7K OHM X 9 
RESISTOR-TRMR 500 10% C SIDE-ADJ 1-TRN 

r~F!Hf:)T()R 100 ~i% ,?5W FC TC=·400/+~jOO 

RE5I~fOR 47 5% ,25W FC TC=-400/+500 
REf:'T.STOR 4,/'K !':'i% ,25W FC TC=-400/+700 
RE5ISTOR-TRMR 500 10% C SIDE-AI)'T 1 ···TRN 
RESISTOI~ 47 ~.'j% ,2~jW FC TC=·40 0/+50 0 

RESISTOR 100 5% ,25W Fe TC=-400/+S00 
RESISTOR 10K 5% ,25W FC TC=-400/+700 
NETWORK-RES B-SJP20,0 OHM X 4 
RESISTOR 4, 7K 5% ,25W FC TC=···40 0/+700 
RESISTOR 4,7K 5% ,25W Fe TC=-400/+700 

NETWORK-RES 8-SIP20,0 OHM X 4 
NETWORK-RES 8-SIP20,0 OHM X 4 
NETWORK-RES 8-SIP20,0 OHM X 4 
NETWORK-RES 10-SIP4,7K OHM X 9 
NETWORK-RES 10-SIP4,7K OHM X 9 

RESISTOR 4,7K 5% ,25W Fe TC=-400/+700 
RESISTOR 4,7K 5% ,25W Fe TC=-400/+700 
RESISTOR 4,7K 5% ,25W Fe TC=-400/+700 
RESISTOR 4,7K 5% ,25W FC TC=-400/+700 
RESISTOR 4,7K 5% ,25W FC TC=-400/+700 

RESISTOR 100 5% ,25W FC TC=-400/+500 
RESISTOR 470 5% ,2SW FC TC=-400/+600 
RESISTOR 470 5% ,25W Fe TC=-400/+600 
RESISTOR 4,7K 5% ,25W FC TC=-400/+700 

SWITCH-RKR DIP-RKR-ASSY 8-1A ,05A 30VDC 
SWITCH-RKR DIP-RKR-ASSY 4-1A ,05A 30VDC 

Mfr 
Code 

28400 

2B4BO 
;,'.0480 
?!'t4f:10 
;:>'B4ElO 
;:, f-1 48 0 

2B4BO 
;:'.1'1480 
;:'13480 
;"0480 
;:>0480 

?F1480 
:.:'.B480 
?B4BO 
;:'0480 
;:>f)480 

;:.'84BO 
?fl4f:lO 
::>0480 
;"n4BO 
;:.'B4BO 

;:>04flO 
;:'8480 
;;>n400 
?B4BO 
;:>H4BO 

;:'8480 
?fl480 
;:.'f:l4BO 
;;>D4BO 
;:'B480 

?f-1480 
:.:'.84BO 
;;>H4BO 
;:'f:l48 0 

?B480 

;:'.H4BO 
?B480 
04'713 
<'.8480 

011 ?1 
o 11;~"I 
Otl21 
011 ;:.'1 
;,'U4BO 

011 ::'.1 
01121 
011 :.:.'.1 
?Fl480 
o 11 ~>'1 

01121 
0·1 "1:::>1 
01121 
011 t.'1 
01121 

011;,'1 
01121 
01121 
01121 
01121 

01121 
011 ?1 
01121 
OIl ;~1 
01121 

01 1 ;~ 1 
0"1121 
01121 
01121 

;.:'.84BO 
213480 

Mfr Part Number 

o ?64 () -60 ~!.67 

o 160··A~;~j4 
0160-4001 
o 160····4f.l0 1 
()160-4~.j:7j4 

01130 ··-2B7''> 

o 1 (;O-4~554 
016 0 ···A~j::j4 
o ·.1. hO-4~'.'i54 
01 ('0··A554 
o t (-, 0--4~'.j54 

0160·-A~j54 

() 16 0-4~.'.'j54 
o 160··A~'j::j4 
0"1 b 0-4~'.'i~:;4 
01. 60···4:j54 

f) 160-A~."j~H 

01 bO·-4S::i4 
o ·16()-4!'.';!'i4 
01('0···A:;54 
() 1 (-, 0-4:"~::j4 

o 1 ('()··A~j::i4 
() 1 f., O-·4~'.'~:".~4 
o 1 bO···A~i::j4 
o 11:, n-4~:'~!54 
OlflO····2B'79 

Ole 0-·21:1'79 
01 b 0 -·A~;::;4 
() 1 B O-;'1D7'~ 
01.00····2B79 
() 16 0-4~.'.'.~~7j4 

01. f:, 0 ·A~5::;4 
() 1 f., 0 -A :'.'.' ::i 4 
01.60···AB44 
()·I f, 0-4~')~.'4 

1.90?···3070 

12!:~1-3'?66 

"I B~:j4·-0 0 19 
1 0:"i4-0 (11 'f 

IB~:i3-0459 

21. OA4n 
:'.1 0A47:~>' 
CJ'l4'n5 
210A47::.:!. 
2100··3351 

CB101~j 

CB4705 
CB47;.:'.5 
2"100···3351 
CB4705 

CB10t5 
CB1();·~5 

40BB200J 
Cl'l472~5 

CB4725 

408B20 OJ 
408B;:'OOJ 
408B20 OJ 
210A4n 
210A472 

CB4725 
CB4725 
CFl47;~5 

CB47?5 
CFl4725 

CBl 015 
CB4715 
CM715 
CB4725 

3101-1983 
3101-2063 



Reference 
Designation 

TP1 
TP2 

lIl1 
lI21 
lI~?2 
U24 
U;'?5 

U26 
U;'?7 
1.128 
1.1;,)9 
1.131 

IB2 
U34 
lI~35 
U36 
In7 

U38 
U~39 

U41 
U44 
U45 

1.146 
U47 
1.148 
U49 
U~.'i1 

U~i2 

1.I~'i4 

U:;'i6 
lI~:i7 

U5'l 

1.161 
L1b2 
1.166 
1.167 
lI69 

U71 
1.1'72 
1173 
1.1112 
U;?10 

U;'?12 
IB10 
1.1311 
U:312 
1.1410 

U411 
lI412 
U:;'i10 
U~:i11 
U!7i12 

U610 
1.1611 
1.1612 
U710 
U711 

U712 

XU32 
XU54 

HP Part 
Number 

() 360 - 053~:i 

0360-0535 

11:120-,1451 
1816--1490 
H116-1489 
1820-069~5 

1B;;?,0-''1201 

113:?0-1346 
11:120-1;546 
18;:'.0 .... 1:546 
HI;~0-·1:546 

11320-0693 

HllB-"1~:i97 

1820-1730 
1 1'120--0681 
113~~0-1346 

HI20-'1~546 

11320-,1346 
HI20-.. 1 :546 
18?0-1199 
11:120-·1922 
11'1;:>0-'1449 

11'120 .... 1444 
1B?0-·1444 
HI20-.. 1444 
HI?O--1444 
1 0;'!0-.. 20 24 

11316,-141313 
HI20-2';>12 
HI?0--1 ';>1 '7 
HI20-·1730 
113?0--12()3 

10;~0""1432 
1 fl16-'14137 
1016-.. 1483 
113?0--0694 
10;.:'.0-11'12 

113:>'0-143;:'. 
1B;:>'0-·1;''.()~) 

113;:'.0-·11'T7 
HI;:>'0-"14~57 
HI?0 .... 13()1 

1n;.?0--1917 
18;:)0 .. ··0(:,';>1 
HI20·_·1l95 
1 fl;:)O-1 076 
1 n;?O-.. l ;,'.01 

1B;:.~0""1416 

1 020-.. 1730 
18?0-1144 
11'120-·1197 
11320--19139 

In;.?0-·1419 
1 B20--1:?1 () 
HI;:>.0 .... L367 
11320-,19139 
HI20-"1112 

1 ;:? 00-· 0 030 
12()0-"055;~ 

8150-2333 

c 
o 

o 
o 

B 
6 
3 
8 
6 

o 
o 
o 
o 
13 

8 
6 
4 
o 
o 

o 
o 
1 
B 
4 

9 
9 
9 
'7 
3 

2 
8 
1 
6 
13 

5 
1 
'7 
9 
8 

o 
9 
o 
'7 

6 
6 
9 
7 

8 
'7 
5 
'7 
8 

1 
4 

3 

Qty 

2 

2 
" 

n 

1 
3 

4 

2 

2 
1 
1 
1 
3 

2 

Replaceable Parts 

Description 

TERMINAL TEST POINT PCB 
TERMINAL TEST POINT PCB 

IC GATE TTL S NAND QUAD 2-INP 
IC-ROM 256 X 4 HM7611 
IC-ROM 256 X 4 HM7611 
IC FF TTL S D-TVPE POS-EDGE-TRIG 
IC GATE TTL LS AND QUAD 2-INP 

Ie SHF·-RGTR PMOS SERIAL-IN f:,ERIAL·_·OUT 
IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 
IC SHF-RGTR PMOS Sr::RIAL·_·IN SERIAL--OUT 
IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 
IC FF TTL S D-TVPE POS-FDGE-TRIG 

IC-ROM 64K MK36000 
IC FF TTL LS D-TVPE POS-EDGE-TRIG COM 
IC GATE TTL S NAND QUAD 2-INP 
Ie sHF .... r~GTI~ PMO!,) SER IAL-.. T.N BERIAL-·DUT 
IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 

IC SI-IF--RGTR PMOS Sr::RIAL.·-T.N SERIAl.-.. DUT 
IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 
IC INV TTL LS HEX 1-INP 
IC SHF-RGTR TTL LS PRL-IN SERIAL-OUT 
IC GATE TTL. S OR QUAD 2-INP 

IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 
IC MUXR/DATA-SEL TTL L.S 2-TO-1-LINE QUAD 
IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 
IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 
IC DRVR TTL LS LINE DRVR OCTL 

IC-ROM 32 X B HM7603 
I C-9';>27 JL 
IC BFR TTL LS LINE DRVR OCTL. 
IC FF TTL LS D-TVPE POS-EDGE-TRIG COM 
IC GATE TTL LS AND TPL 3-INP 

IC CNTR TTL LS BIN SVNCHRO POS-EDGE-TRIG 
IC-RDM 32 X 8 HM7603 
IC-ROM 256 X 4 HM'7611 
IC GATE TTL S EXCL-OR QUAD 2-INP 
IC FF TTL LS D"TVPE POS-EDGE-TRIG 

IC CNTR TTL LS BIN BVNCHRO POS-EDGE-TRIG 
IC GATE TTL LS AND DUAL 4-INP 
IC GATE TTL. I..S NAND qUAD 2-INP 
IC MV TTL LS MONOSTBL DUAL 
IC MUXR/DA1A-SEL. TTL S 2-TO-l-LINE QUAD 

IC BFR TTL LS LINE DRVR DeTL 
IC GATE TTL S AND-OR-INV 
IC FF TTL LS D-TVPE POS-EDGE-TRIG COM 
IC FF TTL S D-TVPE POS-EDGE-TRIG CLEAR 
IC GATE TTL LS AND QUAD 2-INP 

IC SCHMITT-TRIG TTL LS INV HEX 1-INP 
IC FF TTL LS D-TVPE POS-EDGE-TRIG COM 
IC GATE TTL LS NOR QUAD 2-INP 
IC GATE TTL LS NAND QUAD 2-INP 
IC CNTR TTL. LS BIN DUAL 4-BIT 

IC COMPTR TTL LS MAGTD 4-8IT 
Ie GATE TTL LS AND-OR-1NV DUAL 2-INP 
IC GATE TTL S AND QUAD 2-INP 
IC CNTR TTL LS BIN DUAL 4-BIT 
IC FF TTL LS D-TVPE POS-EDGE-TRIG 

IC FF TTL LS D-TVPE POS-EDGE-TRIG 

SOCKET-IC 24-CONT DIP DIP-SLDR 
SOCKET-IC 40-CONT DIP-SLOR 

MISCELLANEOUS PART 

WIRE-30 WHITE TFE 

Mfr 
Code 

00000 
00000 

01295 
34371 
34~~'71 

01295 
()1295 

o 129~:; 
() 1 ~?'95 
o 129~; 
01295 
01295 

50081:1 
01 ~~95 
01295 
o 129~:i 
01295 

0129~i 

01295 
o 129~.'i 
01;'.95 
01295 

o 1 ;~95 
o 1 29~) 
01295 
01295 
01295 

o 1 29~5 
28480 
01295 
o 1 ;~95 
01 :.:.)95 

01?95 
o 129~.'i 
34:'~'71 

01295 
01295 

01295 
01 ;?f;5 
() 129~'.'i 
o 1 ;~'il5 
o 129~5 

01295 
o 'l29~5 
01;:>95 
012n.'i 
01295 

o 'l29~.'i 
01295 
o 129~:i 
01295 
07263 

01295 
o 129~.'i 
01295 
0'7263 
01295 

01295 

28480 
~?'8480 

;:'.B480 

Mfr Part Number 

ORDER BY DESCRIPTION 
ORDER BV DESCRIPTION 

SN74S38N 
HH3-7611A-5 PROGRAMMED 
HM3-7611A-5 PROGRAMMED 
SN'74S74N 
SN74LS08N 

TMS3120NC 
TMS3120NC 
TMS3120NC 
TM!33120NC 
SN'74S74N 

MK3AOOON-5 MASKED 
SN74LS273N 
SN74S00N 
TMS3120NC 
TMS3120NC 

TMS31?ONC 
TM!3~3120NC 

SN74LS04N 
SN74LS166N 
SN74S32N 

SN741..S298N 
SN74LS298N 
SN74LS298N 
SN'74LS2 f,olBN 
SN74LS244N 

SN74S288N PROGRAMMED 
1820"·2912 
SN74LS240N 
SN74LS273N 
SN74LS11N 

SN74LS16~3AN 

SN74S288N PROGRAMMED 
HM3-7611A-5 PROGRAMMED 
BN74S1'16N 
SN74LS74AN 

SN74l..S163AN 
SN74LS21N 
SN74LSO ON 
SN74LS221N 
SN74S25'7N 

SN74LS240N 
SN74S64N 
SN74LS175N 
SN74S174N 
SN74LS08N 

SN74LS14N 
SN74LS273N 
SN74LSO~?N 
SN74LSOON 
74l..B393PC 

SN74LS85N 
SN74LS51N 
SN74S0BN 
741...S393PC 
SN74LS74AN 

SN74LS74AN 

1200,-0830 
l?O 0-0:;'i52 



M ANUFACT U R E R S COD E LIS T AS OF 06121/82 PAGE 

MFR ZIP 
NO. MANUFACTURER NAME ADDRESS CODE 

50545 HIPPON ELECTRIC CO TOKYO JP 
00000 ANY SATISFACTORY SUPPLIER 
01121 ALLEN-BRADLEY CO MILWAUKEE WI 53204 
01295 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS TX 75222 
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85008 
01263 FAIRCHILD SEMICONDUCTOR DIV MOUNTAIN VIEW CA 94042 
16299 CIJRNING GLASS WKS COMPONENT DIV RALEIGH Ne 27604 
28480 HEWLETT-PACKARD CO CORPORATE HQ PALO ALTO CA 94304 
34335 ADVANCED MICRO DEVICES INC SUNNYVALE CA 94086 
34311 HARRIS SEMICON DIV HARRIS-INTERTYPE MELBOURNE FL 32901 
50088 MOSTEK CORP CARROLLTON TX 75006 


