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1.0 INTRODUCTION.
1.1 GENEKAL DESCRIPTION.,

The Display Controller Module is a high speed, special purpose 1/0
device. 1Its function is to provide drive signals to the CRT monitor,
initiate data transfers from the terminal memory, and convert ASCII
characters into a video signal.

The full screen capapbility of the display is 24 rows of 80 characters
each. The minimum system can display 64 characters with one display
feature-=-inverse video fields. An additional 64~character R(QM may be
added to the basic system for 128=-character operation,

The Display #Memory jAccess PCA (DMA) is that portion of the Display
Controller Module which reads characters from the memory, pbuffers them
in 80=-character shift registers, and sends them to the Display Timing
and Display Control PCA’s. The operation of the DMA is controlled by
the Display Timing and Display Control PCA’s wnich initiate the transe-
fer of rows of characters. 1t should be noted that there are two
possible Display Control PCAs. Unless otherwise noted, reference to
the Display Control PCA will apply to both assemplies.

1.2 PACKAGING.

The Display Controller Module consists of three PCA’s, tne Display
Ccontrol, Display Timing, and the Display Memory Access PCA’s. The DMA
is adjacent to the Display Timing and Display Control PCA‘s and all
three boards are connected together with the Top Plane Connector Assem=
bly. The connection to the CRT monitor is made with the Sweep Cable
Assembly from the CRT monitor to the Display Timing PCA.

1.3 CHARACTER FONT.

The pasic character cell is a 9=dot by 15-scan line rectangle. within
this cell is the 7 x 9 character surrounded by one dot on either side
for norizontal spacing, four scan lines pelow for lower case character
descenaers, and one scan line above and pelow for row=to=-row spacing.
The appearance o0t the characters is ennanced by means 0f a half=-shift
capability which generates smoother angles and curves by utilizing
extra bits in the character ROMs. FEacnh character scan line seghent is
stored in RO“ as an 8=-pit word. Seven of the pits (vIT1=-BIT7) corres-
pond to the dot positions D1=D7 within the cnaracter cell. The eighth
bit (BITO0) controls whether the dots wili occur during the normal dot
times or will pe delayed by one-half dot time, corresponaing to a shift
to the right by nalf a dot position on the screen. This increases the
effective character resolution to 13 % 9; seven unshifted dot positions
and six interstitial positions.
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1.4 DISPLAY TIMING AnNL CUNTROL-DMA INTERFACE,

The two communication paths between the DMA and the Display Timing and
Control PCA’s consist of the control sianals between the PCA’s and the
returned data to be displayed.

In practice, a pair of odd/even character shift registers store one row
each of characters and their enhancement fields. While a row is being
scanned and aisplayead from one odd/even character shift register, the
next row is being loaded into the other odd/even character shift regis=-
ter by the DMA, The oad/even character shift registers are toggled at
the end of each row of characters.

1.5 DISPLAY CONTROLLER=-PKOCESSUR INTERFACE,

The Display Controller Module is the recipient of the cursor X and Y
position on the screen. When the cursor is to pe positioned to a new
location, the processor outputs either a new cursor X or Y position,
These positions are stroped into registers and are used to generate
the visiple cursor. No data or control paths exist from the display
back to the processor.

In Aaddition, the Display Controller Module receives two commands, one
which turns the DMA on or off, and the other wnich turns the display
on and off,

2.0 OPERATING PARAMETERS,

A summary of operatina parameters for the Display Controller Module
is contained in taoles 1.0 through 6,2,

Tabple 1.0 Physical rarameters

e e e T VI S S e A P TS W G AR S S R e S e A e A v N e i T e D Y R G T e T mm e e S e e e e g S - e e e A S WD Y D e W v W e
e LR TR p s i Qe et et et e e P e

| Part | [ Size (L x W x D) I Welght 1|
i Numper | Nomenclature i +/=-0.100 Inches I} (Pounds)i
| —_——ETEssE=ZIZ=== l —_—emE e E ST S CS oSS === ==z===z== ' Pt e l _—==Z===== I
| 02640-60112 | Display Control PCA | 12.9 x 4.0 x 0.5 [ 0.44 |
| 02640-60152 | Display Control PCA | 12.9 X 4.0 X 0.5 | V.44 i
| 02640-60009 | Display Memory Access PCA | 12.5 X 4.0 x 0,5 i 0.38 (
[} [ { | |
I 02640-60088 | Display Timing PCA I 12.5 x 4.0 x 0,6 | 0.31 i
t | ( [ |
I 02640-60012 | Top Plane Connector Assemply | N/A | N/7R |

- D T A e D = D - = D = A P E D T T R D TR M TR D D R TE D T e wm T N e e v D -
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Table 2,0 Keliability ana Enviromental Information

——— T D > - S S S T ot W e S e M VR R e e D e e e D e S A W = ey T S T P M T T R W W T YR e W e W T S W G S S e - - -
e e . = T s T . T T e T e R TR TR e T T e e e T e e e T e R = e G T e e e o R T T e ah am e T om e = - m A - — -

gnvironmental: ( X ) HP Class b ( ) Other:

Restrictions: Type tested at product level

| {
| Fajilure Rate: 2.527 (percent per 1000 hours) {
{ {

- — - - — T - o T P T WD W D e D W D et MR D S S e W v M e S D D D T e WS D WP e S S e D WP T R A S e e e WP =
e T T I T I T T I Y T

Table 3.0 Power Supply and Clock Requirements = Measured
(At +/+-5% Unless Utherwise Specified)

- ——  — — —— — — — ——— T D D e S T S T NS A S e D e T D S T T e D S R R R e e W R S WP T e e — W = e W =
PP R I T T I T I I I I T I T

+5 Volt Supply +12 Volt Supply =12 Volt Supply =42 Volt Supply

@ 27 mA Q mA
(02640=60152 only)

( i

| I

| |

( @ 1600 mA | e 68 mA

| i

| | WOT APPLICABLE

(MODULE TOTAL) NOT APPLICABLE

115 volts ac 220 volts ac

{

|

i

3 A € A t
|

i

NOT APPLICABLE NOT APPLICARLE

| i
i Clock Freguency: 21.060 MHz (DISPLAY TIMING AND CONTROL PCA’S) |
| 4.915 MHz (DMA PCA) i
i i
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Combuier

“Museum

Taple 4.0 Jumper Detinitions

| | Function }
| PCA '-- ---------- ---’-----—-----’-----------——--———-----—---------l
! Designation | In | Out |

Display Control

PCA
128=-character base set: b4=-character base set:
Assumes the 128=character Upper case characters
w1 option is installed, All (ASCII 40=-137B) are

128 cnaracters of the base
set are displayed,

displayed. Control
characters are displavyed
as blanks and ASCIl
140-1778B are upshitted
to 100-1378.

e - — - . = - S T e - - Y e s S e T G e M T D e e - e M e - S e W T S e e . e e R e o o e R e e S T e e e Dy o ——
R e T T T T T e T Tt I r e T r r -
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Table 5.0 Connector Information < Display Control PCA

o —— T A S0 S Y P - D D D S o T S T D S D A R D S W L D P WD e D e D D S D e G WD S e o S e e D W D e s W W =,
e o o = e e T = . e = S e e R S e e e = T . e e o A R e A e N A A TR e A R E e e e e e e e E e e e e - -

I Connector Signal | Signal [
I ana Pin No. | Name [ Description |
| ======s=======-=|========S==S=SSZCS|=S===SES==SE==C=======S===I==>=S=S==s=sSs=s==s====x|
) P1, Pin 1 ) +5V I +5 Volt Power Supply |
i | l |
\ -2 | GihD { Ground Common Return (Power and Signal) i
| | | |
l -3 1 1} i
| | i t
| -4 | 1} l
| | 1} i
| -5 | 1} |
| i |} dNot Used |
| -6 | i} t
| ] 1} |
| -7 1 i} i
| ! i} i
{ -8 | 1} |
| \ — | i
{ -9 | ADDR4 | wNegative True, Aagdress Bit 4 |
| | —— | |
| -10 | ADDRS { Negative True, Address Bit 5 |
| i | |
i -11 | 1} |
| i I} i
| -12 | I} Not Used )
| } i} i
| -13 | I |
| { — | J
[ -14 | ADDR9 | N~egative True, Address Bit 9 i
1 { ——— | |
i -15 i ADDR10 I iegative True, Address Bit 10 I
| | —— I |
| -16 | ADDR11 | Negative True, Address BRit 11 i
| ) ) ]
| -17 | 1} [
| \ i} i
| -18 | 1} )
| i I} Not used 1
| -19 | 1} |
| | '} i
| -20 | 1} t
§ | — | )
) -21 | 1/0 | WwNegative True, Input Output/Memory |
| | | I
| -22 | GND i Ground Common Return (Power and 3ignal) H

—— e . —— A - S T S = S T P W A mp G M e e D e e D T D e S SA WD s WS ST WS e W e Om M WP SR S S D e v S T e S en e e
P oo e T T T e e R L T R
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Table 5.0 Connector Intormation = Display Control FCA (Cont‘d.)

- e T S S e - - Ve S e WP M e M T G e e M = SR e S S M M e e e e S e e e W o Y A . e W M A A e e WE M e W 6 e R e e tm P W TR e e e A
g rcnimi g min i oot et e e o e i = s et e e S

I Connector | Signal | Signal |
| and Pin wnNO. | Name | Description |
l —sEs=s=ZEZ==ZZZ= | TS EZSTZZ=ZS=Z====z ' EE T oS oI - S-S T oo oIS ISz DEES=S==E=== |
| P1, Pin A GND | Ground Common Return (Power and Signal) i
i | l |
| -B ) |} ]
| ( 1} Not used |
| -C i} {
} i ] i
[ =D i PWR ON | System Power 0On i
} 1 i |
| =-E 1 BUSG 1 Megative True, Data RBus Bit 0 |
| | ——— 1 ]
} -F | BUS1 | Negative True, pata Bus Bit 1 )
| { — I |
| -H 1 BUS2 i Negative True, Data Bus Bit 2 i
| 1 t [
| -] | BUS3 { tegative True, Data Bus Bit 3 I
l t —— { |
{ -K I BUS4 ) Negative True, Data Bus Bit 4 §
| i i \
l -L I ') '
| } 1+ Not Used i
| -M | I} |
| [ —— { |
{ =N BUS7 | Negative True, bData Bus Bit 7 i
| | —— { (
{ -P WRITE ) Negative True, writes/kead Type Cycle i
| | | |
| -R it i
| | 1} Not used i
| =S |} {
| | l |
} -T | PRICR IN J Bus Controller Priority In |
| | ( |
| -U i PRIOR OQUT | Bus Controller Priority Out |
i i | |
i -V | I} |
) 1 1} |
| -0 | I} Not used \
| | |} |
| -X i} |
| | e i {
| =Y j REQ i Negative True, Kkequest (Bus Data |
\ l { Currently valia) {
i 1 | i
| -Z | | Not used {
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Table 5,1 Connector Information = Display Timing PCA

- v Y- ———— T G - . A WP T M S W W M W W I e i G e me S e R S i e e W T S vt W S e N e o e T R o e S A T e S T . = Y W - W W — — - -
TP P A T T T I T N T N T T T

1 Connector | bignal | Signal i
I and Pin NoO. | Name | Description i
' === a==I====Cc= | — e EEmEEe=S=S===Z==C ' e e e T IS I oI S oSS T -SR-S == o= ==zZ=E=ZD===zZ=== I
I Pi, Pin 1 | +5V I +5 Volt Power Supply i
1 | i {
| -2 | GWND { Ground Common Return (Power and Signal) i
| | | i
|1 P1, Pin 3 I} {
{ through \ I} Not Used |
I Fin 21 ) {
| | | [
1 -22 | GND | Ground Common Return (Power and Signal) {
[ il R L D T crme|eme—- L L LT L T Pl e PP s L LT L e i
| P1, Pin A | GND i Grouna Common Return (Power and Supply) !
| i | |
l -B | } |
l l i} 1
| -C i I} Not Used 1
| i b} |
| -D i i) 1
i | — | |
} -E | BUSO | Negative True, Data Bus Bit 0 |
| | I |
| -F RUS1 i Negative True, Data Bus Bit 1 |
| | —— | 1
| -H BUS?2 | Negative True, Data Bus Bit 2 i
| | — ] |
| -J i BUS3 { Negative True, Data Rus Bit 3 }
| | ——— | }
{ -K 1 BUS4 i Negative True, Data Bus Bit 4 \
{ | — | )
| -L | BUSS i Negative True, Data BRus Bit 5 |
i i | i
] -~ | BUS6 | Negative True, Data Bus Bit 6 i
| | | i
| -N | )} |
| -P | I+ Not [
| -R | 1} Usea i
| -5 | 1} \
| ) } |
| -T | PRIOR IN { Bus Controller Priority In !
\ i | i
} U | PRIGR 0OUT I Bus Controller Priority Out )
| | [ }
[ -V | 1} b
[ -W | I} )
I -X | I} Not Used i
} -Y | 1} |
t -Z | i} |

——— —— —  —— —— T — . — W — T P P WP W P P P T G D = — e e S - - o S S S S S S S S - W e s em W e e
=GP — PPt — PP P PP PP PP PP PP PP ) . 2 T T T T R )
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Table 5.2 Connector Information = DMA PCA

t Connector | Signal | Signal (
I and Pin No. | Name I pescription {
| =======z=s===-=-|==sc=Z==z=-=S=S=S===Z=CCZ | S=CES==Z==Z=S=SSZ=S=Z=SSSZSCTSS=SSCSSSSSSSSSS=SSSSSTSEET
t P1, Pin 1 | +5V | +5 Volt Power Supply [
| | | i
i -2 | GND { Ground Common Return (Power and Signal) |
| | I |
| -3 | SYS CLK | 4,915 MHz System Clock i
| } } i
{ -4 | -12V I =12 Volt Power Supply i
| f e e | \
I -5 | ADDRO I Negative True, Address BRit 0 |
[ | —— | |
| -6 | ADDR1 | n~egative True, Address Bit 1 i
{ | e e { i
| -7 ADDR?2 | Negative True, Address Bit 2 [
| i e e { t
| -8 | ADDR3 I Negative True, Address Bit 3 |
| | - | i
| -9 | ADDR4 | Negative True, Address Bit 4 i
| ) i i
\ -10 | ADDRS I Negative True, Address Bit 5 }
| ( [ |
| =11 1 ADDRG6 | Negative True, Address Bit 6 |
| I ——— { )
( -12 | ADDR7 | Negative True, Address Bit 7 ]
| [ ———n e | }
| -13 | ADDRS | MNegative True, Address Bit 8 [
| i ———— | i
| -14 ) ADDRY I nNegative True, Address Bit 9 {
| l —_— | |
| -15 | ADDR10 I ~egative True, Address kit 10 |
| \ N | i
| -16 | ADDR11 !\ Negative True, Address Bit 11 t
1 | ———— i (
| =17 1 ADDR12 I Negative True, Address Bit 12 |
| | — I |
[ -1 | ADDR13 I Negative True, Address B8it 13 !
| | [ (
| -19 | 1} [
| ! i} I
i =20 1 I+ Not Used i
| | i} i
{ =21 1| L) [
| | i 1
| -22 1 GnD I Ground Common keturn (Fower and Signal) \
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Table 5.2 Connector

{ connector | Signal
! and Pin No. | Name
. —_— s aaT======= ] e Eem=S=S=Z===Z==Z
| P1l, Pin A | GND

| |

| =B |

[ |

| -C |

} |

| =D | PWR ON
t | ————
§ -E | BUSO
{ [ ——
| -F BUS1
t | ——
( -H | BUS2
| i —
| -J | BUS3
| } —
| -K i BUS4
| | ————
i -L { BUSS
i | —
| -M | BUS6
| i ——
{ =-N | BUS7
| [

| -p |

| |

| =R |

[ ! ——
} -5 ] WAIT
I |

| «T | PRIOR InN
| |

} -U | PRIOR OUT
| i

i -y |

{ | ——
| -W | BUSY
| {

| i

| -X |

| ) ——

| -Y I REQ

| i

| {

| i

13255-91112/10
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Information - DMA PCA (Cont‘d.)

Signal

Ground Common Return (Power

Not used

System Power 0n
Negative True,
Negative True,
Negative True,
Negative True,
Negative True,
Negative True,
Negative Tfrue,

Negative True,

liot Used

Negative True,
Bus Controller
Bus Controller
Not Used

Negative Tfrue,
(Not Availab

Not Used

Negative True,
Currently va

Not used

pata

pata

pata

Data

Data

Data

pata

pata

Bus

Bus

Bus

Bus

Bus

Bus

Bus

Bus

Bit.

Bit
Bit
Bit
Rit
Bit
Bit

Bit

wait Control

Prioricty 1In

priority Out

and Sianal)

Line

Bus Currently Busy

le)

Regquest (Bus Data

11iq)

- — - —— - - —— T - " D = o S v S e S e = D v Y S S e S . T e - . g T e e e e s D e e e - D e e e W S ——
pmap o cpfm el e g e g peg e T I T T T T
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Table 5.3 Connector Information - Display Control PCA

- o S - A - T P S T AR e S G A A s G M M S e e TN > W e e P S R S e e e A e S e T e S A 4 A e T G W W S M W m e W e M e =

| Connector i Signal | Signal |
| and Pin nNo. | Name { Description {
‘ =SS =ZZsoS==Z=ZZ== | == S=ZD=ZZ=DZ=SZx=Z===s | T I S Lo I o LT IS .S oSN S-S oS nEST=SCoZI=—=ZzZ=zZ=ZZ=zZ=z=z== |
} ! i l
| P2, Pin 1 | GiD | Ground |
| | | I
| =2 i I.CO | Scan Line Counter Bit 0 t
| | | }
) -3 | LC2 | Scan Line Counter Bit 2 (
1 | ! I
| -4 | BITO | ASCII Bit O i
{ { | i
{ -5 | RIT2 | ASCITI Bit 2 {
| | ] l
| -6 | BIT4 i ASCII Bit 4 '
| | | |
| -7 ] RITo | ASCI1I BRit 6 i
{ | { f
| | —————— [ 1
| -8 B5S1 | Negatlve True, Buffered Set Select Bit 1 I
i { | I
| -9 | LCSEL { Lower Case Character ROm Select |
| | | |
| -10 | UCSEL i Upper Case Character ROM Select i
| i | [
| | o e I !
| -11 | DBIT1 i Negative True, Dot 1 Qutput |
} | } |
| | —————— | i
| -12 | DBIT3 [ Negative True, Dot 3 Output i
| i | |
| [ ——— { ]
I -13 | DbITS | Negative True, pot 5 (utput |
l { | |
| I ——— | |
{ =14 | pPBILY | Negative ilrue, Dot 7 dutput |
| i | [
| =15 | GND | Ground (
| { | |
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Table 5.3 (onnector Information =~ Display Control PCa (Cont‘d.)

o R R  E e ——
e T T T T T T T T N N T N T N T T T T I R T N T T N Y T T T

| Connector Signal | Signal ]
| and Pin wno. | Name | Description {
| =SS ==sS=z=====zZ2= | s =SS s =Cs=sZ === l - e T Ee R LTS oSS oo S-S ST CoCTCTETCSETECS=TooTSEZI=Z===z=Zz=Z=== |'
) } | [
| P2, Pin A | GND | Ground f
| | | l
| -B 1 LC1 f Scan Line Counter Bit 1 f
i | I i
i -C | LC3 | Scan Line Counter Bit 3 i
{ | i |
[ =D | RIT1 | ASCII Bit 1 |
) 1 | i
t -E | BIT3 [ ASCII Rit 3 0
t | | i
| =F BITS | ASC1I Bit 5 i
| ! | |
{ l l {
| -H I BSSO | Negative True, Buffered Set Select Bit 0 |
i | | |
| ! ——— | i
| =-J | SETO { Negative True, Base Set Select [
| | | [
| ] - | |
i -K | El l Megative True, Base Set Enable |
[ { l |
| i — { |
| =L i DBITO | Negative True, Dot 0 Qutput i
l i | )
| [ ——— | \
| -M | DBIT?Z | Negative True, Dot 2 Output [
| i | I
| | — | t
| =N l DBL1T4 | Negative True, Dot 4 QOutput |
| | | I
| { —— | i
| -P | DBIT6 | Negative True, Dot o Output |
! i [ |
| -R | | Not Used i
1 (] | i
) =-S5 | GND { Ground |
| | l |
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Table 5.4 Connector Information - Display Control PCA

et L L O N R L T L
- D . e - - T e L S i e - T e e s e e e e - -

t Connector | Signal | Signal |
| and Pin No. | Name { Description [
| ============cS=|=s==s==-c-ST=z=T==sz|====cSSEZT==ZTSS=ZSTSES===TSSESS=SS=sZsS==s=z=s==s=====||
| | —— t |
I P3, PiIn 1 i DO | Negative True, Character Dot Position 0O {
| | — | |
| -2 | Dé | Negative True, Character Dot Position 6 i
| | —— | |
| -3 | 103 | Negative True, Column Count 103 |
| 1 t t
| -4 | | Not Used i
| | P | |
{ =5 | D1 I Negative True, Character Dot Position 1 I
| | | |
| -6 | CLEN [ Cursor Line Enable [
| { | |
| -7 | VDR } Vertical bDrive |
| i | (
| -8 | EVEN | Fven Row |
| i | |
| -9 [ Not Used {
| I ! |
| -10 GVS | Vertical Sync i
| | { |
| -11 | CYEnN | Cursor Y Position True |
| | | |
| =12 | I} |
| | 1} }
| -13 1| I} {
} i I} ©Not Used |
| -14 | 1} '
| 1 () t
| -15 | ) i
t i — [ [
| -16 | BSSO | Negative True, pBuffered Set Select Bit 0 i
| ] —— | |
) -17 | BSS1 ) Negative True, Buffered Set Select Bit 1 1
| i | |
| -18 | | Not Used i
| i —— | |
| -19 | BLNK [ Negative True, Blanking |
| | [ |
| =20 | I} |
| | 1} |
| -21 1 I} Not Used |
| | |} |
| -22 i I} I

et e e e i e ———
- - o = = = i = Tm W e e e~ — T m . e - — - -
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Table 5.4 Connector lnformation = Display Control (Cont‘’d.,)

| Connector | Signal i Signal i
I and Pin No. 1| Name i Description i
l FH 4+ 1t -t Tt 1 | 434t 33 2 3 T | ::::::::::::::::::::::::::::::::::::::::::::::|
| i | I
{ P3, Pin A | DSPY CLK { 21,060 MHz Display Clock )
) J i t
{ -B | GND [ Ground i
| | - | t
| -C | D2 | Negative True, Character Dot Position 2 |
| i S l }
| -D | p8 | Negative True, Character Dot Position 8 |
i | — | |
| -E | 14 | Negative True, Scan Line Counter Reset i
| | I |
| -F | L1l } Scan Line Count 11 t
{ i | !
| -H | VRTCLK | Scan Line Counter Clock |
| | | }
{ =J | VBLNK | Vertical Blanking |
| [ | {
| =K 1 ) |
| | I} Not Used |
| =L | 1} '
| | | |
| -M | INTSET | Display Controller Interrupt |
\ } — i )
| =N | CXxs | Negative True, Cursor X Position Strobe I
| | —— | |
{ -p | BITO | Megative True, ASCII Bit O |
I i —— { |
{ -R | BIT1 \ degative True, ASCII Bit 1 l
| i — | [
| -5 | BIT2 | Negative True, ASCII Bit 2 |
| i — | t
| -T | BIT3 | Negative True, ASCII EBit 3 |
| | — | |
| -U 1 BIT4 | mnegative True, ASCII Bit 4 i
| | — | [
| -V | BITS l Neqgative True, ASCII Bit 5 |
| | ———————— | i
| - | BITé6 | Negative True, ASCII Bit o |
| | — | i
| -X CYs | Negative True, Cursor Y Position Strope i
| \ | |
} -Y | GND | Ground \
| l — | |
| -7 BITS i Negative True, Serial Bit Stream i

- ————— A - N T e D P e S W T D S D - S > — D e W e T e " D — o —
Pt e et =PRI T T T T T
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Table 5.5 Connector Information Display Timing PCA

e W v A TR S Mt T W S e T S R T G W T S S e S e T 4R P S T S G e M S M SR R M B G W e W W WA e S M MR S S T e W MM AR M G M W G SE A W M T e e o e e e
- - T S e o - - e - T A - ey T W e W i M e . G . e T e e o e e T N R = T = e o v v > = . e o e - .

i Connector | Signal | Signal {
| and Pin nNO. | Name | bescription |
| —ames=m======z=== | T s s =SS ====== | —EE EE e S S S S ST S o TSI o AT S oo ooESCS =SS o= =zZz=z=z=z=Cc |
} [ —_— | i
| P3, Pin 1 | Do | Negative True, Character Dot Position 0O t
| | —_— | |
| -2 i D6 | Negative True, Character Dot Position 6 i
| | —— | i
| -3 | 103 i Negative True, Column Count 103 i
| | | |
{ - 4 | BUFCLK | Enhancement Buffer Clock i
| [ — | |
| -5 | D1 ! Negative True, Character Dot pPosition 1 }
l | [ [
| -6 | CLEN { Cursor Line Enable i
| ) i {
| -7 VDR ) Vvertical Drive |
| | I t
i -8 | i} {
( J I} Not Used |
{ -9 | 1} t
i | I |
| -10 GVS } Vertical sync {
| { I i
| -11 | CYEwN | Cursor Y Position True i
t i —_— l {
| =12 BBL | Negative True, Buffered Blink i
| i - | [
| -13 | Iv i Negative True, Inverse Video |
| ) — | ]
| -14 | BUL | Negative True, Buffered iinderliine i
| [ i {
| -15 | pUF HLF BRT | Negative True, puffered Half-Brignt |
| | t |
i =16 | i} |
{ i I+ Not Useg i
| -17 | I} i
| | — { {
| -18 | 81 { Negative True, Column Count 81 |
[ | { i
| -19 | BLNK { Negative True, BRlanking |
| | —————— t {
} -20 | XBITS?2 ) Negative True, External Bit Stream 2 [
| 1 i i
| =21 | | Not Usegq 1
| } R | |
| -22 | XBITS1 | Negative True, £xternal Rit Stream 1 |

O o o o T o = = =0 = =E T T T R S D e D D D L D D S D e D e T e D S S — D D D D T e > W D e WD D A ——
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Table 5.% Connector Information =~ Display Timing PCA (Cont’d,)

D U S —
o . e e e e e T e e e e e e o e e e e e e e M e e e e e e e e e o e e N e A e A T e T A e e e e e = = e - -

i Connector | Signal ] Signal |
| and Pin No. | Name { Description j
| gt | —_—s =SS ZEISz==Z==o=z | e E s E e e S eSS TS S S-S =CsT=S=TzzE=z=Z=zZ======= |
I P3, Pin A | DSPY CLK { 21.060 MHz Display Clock t
i { i i
| -8 GND | Ground {
| i -— | |
! -C | D2 | Megative True, Character Dot Position 2 {
i | — | |
| -D D8 | Negative True, Character Dot Position 8 l
1 1 | i
[ -E 1 | Not Used i
| I | i
| -F L11 i Scan Line Count 11 {
| | l {
| -H | VRTCLK l Scan Line Counter Clock b
{ | | I
| -J 1 VBLNK { Vertical Blanking i
{ | | i
| -K i 0CIRC l Line Butfer Circulation !
| { | |
l -L 1 OCIRCEN [ Line Buffer Circulation Enable |
| i 1 |
| -M | { Not Used !
| I —— | i
{ -N CXSs | Negative Tfrue, Cursor X Position Strobe )
| [ | i
| -P | 1} |
| [ 1} i
i -R | i t
| [ I} i
1 -5 | 1} [
I i 1 |
1 -T | I} Not Used i
| | i} |
i -U | 1} |
| i i} |
) -V )} i
| | 1} [
) -W 1 1} |
| | — i |
| -X | CYS | Negative True, Cursor Y Position Strobpe |
| | J [
| -Y | GND | Ground i
| -Z i BITS | Negative True, Serial Bit Stream |
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Table $.6 Connector Information = DMA PCA

| Connector | Signal | Signal |
I and Pin No. | Name | Description |
. b I 44313 | EEE RS =S C-C-ECC S-S E=C === C-==S=T=Z==ZS=Szz==S=z==== |
i P3, Pin 1 | |} |
| | }} |
| -2 1 1} |
| | I} Not Used |
| -3 I} 0
} i 1} )
| -4 | i} |
| i - | i
| -5 D1 | Negative True, Character Dot Position 1 |
| { | i
t -6 | () |
| [ I} Not Usea i
| -7 ) i
[ { | i
| -8 } EVEN ) Even Row )
| | | t
| -9 | LBLOAD | Bus Buffer Load |
| ) f t
| -10 | GVS | Vertical Ssync |
| | ( }
| -11 1} i
| ) 1} Not lised |
i -12 | I} |
) ) — } i
| =13 | iv | Negative True, Inverse \Video |
| | ( i
| -14 | i} {
| ( |} |
( -15 | i} f
} I I} [
| -16 | ) |
| | |} |
| -17 | I} Not lised |
| | ) '
{ -18 ) I} i
| { ) I
| -19 | i} )
| l i} t
I -20 | 1} |
| | | |
{ -21 | LOAD | l.ine Buffer Load i
| | | |
| =22 1 J Not Useaqa i

T T o o e o o T e T T R e T S T T P T e e e W D e P e T e S e D P P T R P P W YT G W = TR A D A S e M e s W M - W - S A = W W
B R e . - T
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Table 5.6 Connector

Information - DMA PCA (Cont’d.)
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Signal

| Connector | Signal |
I and Pin No. | Name |
| =======s=====z|s====s===========z|
| P3, Pin A | i
| | l
! “B | GND |
| 1 i
| -C 1 1y
{ i '}
| =D | 1}
| | '}
| “E 1}
1 | Lt
( “F | I
| | i}
| -H | 1}
] | 1}
| -J | I}
! | |
| -K | 0CIRC |
| | i
| -L | OCIRCEN !
| | |
1 -M INTSET {
| | |
| =N | |
l | —_— i
| P | BITO |
| i P— |
| =R 1 BITI1 |
| i e |
( -5 i BITZ |
! | —ae |
l -T | BIT3 |
1 { — |
| -U i BIT4 |
! 1 —_— i
| -V BITS !
i | — |
| -W | BITé |
| | —_— l
| -X | CYs {
I | |
| =Y i GND |
1 | |
| -Z | |

Not Used

Ground

Not Used

Line pButfer Circulation

Line Buffer Circulation Enable

Display Controller Interrupt

Not Used
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Ground

Not Used

True,
True,
True,
True,
True,
True,
True,

True,

ASCIl
ASCI1
ASCI]
ASCYI
ASCII
ASCII

ASCII

Cursor Y Position Strope

Bit
Bit
Bit
Bit
Bit
git

Bit

4

)

6

- — - — — i o o D - A = —— D o o - S e D T WS T W e e D D e . o D e S5 en G S e S W T D S T = e e ———
- —— e e e e = e e e e Y e e o e e e e o e e e e e e e e e
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Table 5,7 Connector Information = Display Timing PCA

- - D — o Ay - - e D T e T A W S N v = G T S T W A o B e T e M R A e o - T S e G e S e M S e W N A S S M . W b W S e A
R T T T T I T T T T I T T T I T I T T T e R R e e e

i i | i
| Connector | Signal | Signal |
| and Pin No. | Name | Description (
| i { i
| == =D =Z=D====== | RS CESs=D===z====x= ' ::::::::::::::::’.:‘—'::::::::::::::::::::::::::::|
I [ | '
1 ( | {
I } | l
t P4, Pin 1 | VIDEQ | Video i
| { | [
i I e e { i
| =2 | BUF HLF BRT { Negative Truye, putfered Half=-vBriaoht i
| | | i
| -3 | GND [ Ground I
| | | i
| -4 | VDR | Vertical Drive |
} | | l
| -5 HDR I Horizontal Drive i
| | | i
{ -6 | GHND { Ground 0
| [ | |
| | | {
| i | |

- —— - — —— o " = me g Y g i A g P S T S A R R T M e R T S T e e v S i e e e . W W S Y WP M A S G e Y TR AR R~ e e G e e e -
e o T T T - e - . a P - T W W S M e i e e T e o T Y Y e Y e Y e Am - - - —
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Table 0.0 Module Bus Pin Assignment - Display Control PCA

- S - - — - 2 . - — T S S e D e T S S S G S P e S TS e W T e et T e i mp WD G i e R 4 W W e i e R R = e v T S M A e A S
o o o= i o e e = T i o e e o P L e T e e T S e P S SR o e e R e oy e Pm e e A = S e T e S e = e e R m e e o e e am e . - = - —

BO Cursor Y Position BITO

| Function I | BuUs i
| Performed: Output Cursor Y Position and ] value !} Signai |
I Set Display On/0ft |=======z)=z======z===z|
| | X | ADDK 15
i Poll Bit: Not Applicable | X i ALDR 14 )
| | X | ADDR 13 |
| Module Address: (ADDR 11,10,9,4) = (0111) i X { AUDK 12 )
| | 0 I ADDR 11 |
| | 1 { ADDK 10 |
| | 1 i ADDR 9 |
| Function Specifier: ADDRS = 1 ] X | ADDK B ]
1 | X I ADDR 7 |
| { X l ADDR 6
{ i 1 | ADDK 5 i
| i ] { AUODE 4
| | X | ADDR 3 }
| { X | ADDR 2 |
| Data Bus Bit Interpretation: ] X { ADDR 1 i
i | X t ADDR O
| B7 Display Off {=======z{==z=======z=z|
| I B7 | BuUS 7 |
| I 86 | Bus 6 |
1 |  BS | BUS 5 i
[ Be Not Used Y I BUS 4 |
| I B3 i BUS 3 I
| | B2 ! BUS 2 |
| I B1 i BUS 1 1
i BS Not Used | 80 i BUS 0 i
| | =======z====z==z========z=|
] l1=Logical 1=Bus Low |
| l0=Logical 0=Bus Highl
| R4 Cursor Y Position vIT4 | x=bon’t Care )
' =======:=::===::=::==|
{ {
| ——— t
| B3 Cursor Y Position BIT3 )
| ‘ |
| |
| — }
| B2 Cursor Y Position BIT2 [
| |
| |
| a— |
1 Bl Cursor Y Position BIT1 1
| |
| |
| |
| |
| |

e e o L e L L T Y e P L L T T Y T
PP PP — Ry — PR L T L T T P P
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Module Bus Pin Assignments
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- Display Timing PCA

- —— . — - - S . — S G S LS e S R T e e A e e e e e e M G M S M A S S S T S WL S e G G WD ST WA T A G T WY e G T TR T W m MR W e Wn - W W e

B7

Bé

BS

B4

B3

B2

B1

Poll Bit:

Function
Performed:

Module Address:

Functlon Specifier:

Not Used

Cursor

Cursor

Cursor

Cursor

cursor

Cursor

cursor

Not Applicable

(ADDR 11,10,9,4)

Position

Position

Position

Position

Position

Position

Position

Output Cursor X Position

ADDRS =

Data Bus Bit Interpretation:

BIT6

BITS

| I Bus |

=
|
o
X
-

o
FS

li=Logical 1=Bus Low |
10=Logical 0=Bus Highi
| X=Dbon't Care |

P P T o P S P - e W P Sn R D e S - T M S Y A - A v S e e e T T W M v W e M S g N n S e e W St W A G e Mo G - e e e o —— -
=R TR R — e — eyt et el ittt e e et e e )
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Table 6.2 Module Bus Pin Assignments - DMA PCA

| Function t | Bus i
| Performed: DMA PCA On/0ff | Value | Signal i
| j=======|===z=====s===:}
| | X [ ADDR 15
| Poll Bit: Not Applicable | X ) ADDK 14 |
{ | X { ADDR 13 )
| Module Address: (ADDR 11,10,9,4) = (0111) | X | ADDKR 12
] | 0 ) ADDR 11 i
{ | 1 | ADDR 10 i
l — | 1 { ADDR 9 |
| Function Specifier: When asserted via CY$S 1 X | ADDK 8 |
| through the P3 connector, | X { ADDR 7 |
{ B6 turns off the DMA PCA | X I ADDK 6 |
) | 1 | ADDR S5
| { 1 | ADDR 4 ¢
{ | X | ADDR 3 |
| | X ! ADDR 2 |
| Data Bus Bit Interpretation: | X | ADDR 1 {
i t X | ADDR 0 1
1 BR7 Not Used j=======|====z====z===|
| I 87 | RUS 7 i
| | B6 { BUS 6 i
) | B5 | BUS 5 t
| B6 DMA Cff I k4 | BUS 4 i
| I 83 | BUS 3 i
| I B2 | BUS 2 |
| | Bt l BUS 1 |
| BS Not Used I BO | BuS 0 i
| | ====================|
| l1=pogical 1=Bus Low |
[ l0=Logical 0=8us Highl
i B4 Not Used | X=Don’t Care {
| :::::::::::::::::::::l
| |
| |
| B3 Not Used {
| ]
| |
| |
| B2 not Used i
| |
| }
| i
| B1 Not Used {
| i
| |
) |
| |
| |

- - . D A - T D e T D = D D T ma = D e - S D e A D e Y T G S SR e Tm A S e G g WD G e e D A o W e e T e D - S WD - o e -
- I T T T TR PP R P PRy
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FUNCTIUNAL DESCRIPTION = Display Timing and Display Control PCAs.
Refer to the Display Timing and Display Control PCAs block diagram
(figure 1), scnematic diagrams (figures 2 and 17), timing diagrams
(figures 4 tnrough 7), component location adliagrams (figures & anag 18),
and parts lists (02640-60012, 02640-60088, 02640-60112, ana 02640~
60152) located in the appendix.

The function ot the bisplay Timina and Display Control PCAs is to gen-
erate the drive signals ftor the CRT monitor, to initiate data transfers
from the display memory via tne Display Memory Access PCA (DmA PCA),
and to convert the ASCII characters into a serial video aot stream,

The Display Timing and Display Control PCAs constitute the display
controller and will pve referred to as such in the functional descrip-
tion. Tne D#A PCA functional description is detailed in section 4.0.

DISPLAY CONTROLLER CLOCK - Display Timing PCA. The aisplay controller
clock is a 21.060 MHz crystal oscillator which proviaes a source of all
display related timing., The display controller clock 1s a TiL square
wave which resuylts in a 60 Hz frame rate, JIn export systems, for use
in 50 Hz power line environrents, the crystal is c¢cnanged to 17.550 MHz.
Wnen groynded, the TrST pin disables the oscillator for test purposes.

DOT GENERATOR = Display Control PCAs. Tne dot generator is a module 9
ring counter. Each output of the dot generator is a negative true sig-
nal of 47 nanoseconds duration. Each state of the ring counter corre-
sponds to a dot position within each row of the character cell. The
ring counter is clocked at tne display clock rate ana runs whenever
power is applied to the Display Controller Module,

MODULO 104 COLUMN COUNTER = pisplay Timing PCA. The column counter 1is

clocked by the positive edge of DO. It is a binary counter which re-

sets when it reaches count 103. The reset signal, 103, is used by
other circuits., Counts 1 through 80 of the counter correspond to the
80 visible columns on the screen and count 0 and counts &1 tnrough 103
correspond to the norizontal retrace time.
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3.6.2.1

SCAN LINE COUNTER = Display Control PCAsS. The scan line counter (U27)
is a modulo 15 binary counter which counts the 15 scan lines (from 0 to
14) required for each row of characters. It is clocked by VKTCLK whicn
is generated by the horizontal logic block on the Display Timing PCA.

The Scan Line Counter Reset signal (14) is used by other circuits with-
in the display controller.

MODULO 25 ROw COUNTER ~ Display Control PCAs. The row counter is a
oinary counter clocked by 14, It counts from 0 to 23 which correspond
to visible rows 0 through 23 respectively. Count 24 constitutes the
vertical retrace time. Un Display Control PCA 02640-60112, u42

counts the 4 least significant bits and u24, Pin 10 is the MSB ot the
counter. During the 24th row, the counter reset signal at U23, Pin

6 is inverted by U22, Pin 10 and is used as VBLNK to bklank tne dis-
play during vertical retrace.

Un Display Control PCA 02640-60152, U42 counts tne 4 least sianifi-
cant pits anag U33, Pin 10 1is the MSB of the counter. oDurina the 24th
row, the counter reset signal at U331, Pin 6 is invertea by U2!', Pin 4
and is used as VBLNK to blank the display during vertical retrace,

HORIZONTAL LOGIC =~ Display Timing PCA.

The horizontal logic along with the video logic on the Display Control
PCA, generates tnose signals which are needed to control both the DMA
PCA and the CRT monitor,.

The Horizontal Drive signal (HDR) is a square wave which drives the

horizontal deflection circuitry of the sweep. It is set high by 24
(the twenty-fourth column count) acting on U44, Pin 13. HDR Qoes low

when 81 (the eignty=-first column count) sets U44 at Pin 10. The high=
to=-low transition initiates horizontal retrace.

Negative Horizontal Blanking (HBLNK) at U44, Pin 6 occurs at the end of
the visible portion of scan line. HBLNK goes low as a resultof DI
at U29, Pin 8 and flip=flop U44 is set on the talling edge of

D1 during column 21. The HBLNK signal goes nigh at the startof a
scan line, thus unblanking the screen by means of the trailing edge

of D8 during column 0O,
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3.6.2.2

3.6.2.3

3-6-204

The Line Buffer Circulation signal (0CIRC) occurs once per visible
column, It clocks the data in the odd/even character shift register,
circulating its character sychronously with the column counts on the
raster. OCIRC is generated by a simple R=S flip=-flop comprised of U37,
Pin & ana U37, Pin 8. OCIRC runs continuously and is gated by OCIRCEN
on the DMA PCA. OCIRCEN gates exactly 80 OCIRC pulses to the oda/even
character shift register currently available to the display controller,
Each OCIRC pulse rotates the ASCII character codes in the odd/even

character shift register one position. Signal D2, during column 103
toggles OCIRCEN at U45, Pin 7 causing it to go low. OCIRCEN goes low
at the end of the visible portion of the scan line by the action of
U47, Pin 8 via the trailing edge of OCIRC during column 78. Consider~-
ing that one character time is reqgquired to access the ASCI1 from tne
odd/even cnaracter shift register, OCIRC at columns 103 and 78 results
in characters in columns 0 and 79 respectively.

Display enhancements must be buffered for one character column while
the character’s dots are accessed from the character R0OMs, This buff=-
ering is clocked by BUFCLK, a strobe signal which occurs at aot posi=-
tion 8 time during the visible portion of the horizontal sweep.

The scan line counter is clocked by the leading edge of VRTCLK, a sig=-

nal which is set by 81 and reset by the leading edge of D1 during
column 103, S8Since the leadina edge of VRTCLK occurs during norizontal
blanking, the display is not disturbed by the changing statesof the
scan line counter, and subseguently, the modulo 25 row counter.’

VIDEU LOGIC =~ Display Control PCA (02640-60112)
Refer to Section 3.23 for functional description of
02640-60152 PCA.

The video logic, along witn the horizontal logic on the
Display Timing PCA generates tnose signals which are needed
to control both the DMA and the CRT monitor.

The Vertical Drive signal (VDR) is generated by L33, Pin 7. VDR is
normally high, going low for 14 scan lines witnin which time the CRT
monitor must accomplisn vertical retrace. VDR goes low at tne end ot
row 23 (the last visible row on the screen) by the action of U43, pin 6
on the clock (Pin 13) of U33. U433, Pin o is hign durina rows 22 and 23
only. U223, Pin 11 goes low and resets VDR high at the start of the
15th scan line of row 24. This insures that tne integrator in the
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3.7.2.1

3.7.2,2

3.7.2.3

vertical section of the CRT monitor nas one scan line’s time to begin
it’s ramp pefore unblanking the screen at the end of row 24, vertical
blanking occurs during the horizontal blanking interval. It occurs at
the bottom of the screen after the last scan line of row 23 and resets
after the 15th scan line ot row 24, VBLNK 1Is the inverse of the row
counter reset signal at 122, Pin 10,

Two odd/even character shift registers are used; one accumulates a line
of ASCII and the other displays the previously accumulated line. Line
toggling occurs on the DMA PCA under control of EVEN, a signal which is
true when the line being displayed is even in row count. 023, Pin 8
inverts the LSB of the row count to generate EVEN. Thus, when row 8 is
peing displayed, the DMA PCA is loading row 9 and EVEN is true.

After EVEN toggles the odd/even character shift registers, INTSET ini-
tiates the next burst 0of data transfers on the DMA PCA. INTSET is a
short pulse occurring shortly after EVEN changes states. It occurs
during scan line 0, column 103 of all rows, 0 througn 23.

Unce per frame, a Vertical Sync pulse (GVS) is sent to the DMA PCA to
insure synchronization between the display top ot screen and the D“MA’s
memory pointer, GVS is generated at U43, Pin 8 oy gating one INTSET
pulse during row 23,

CHARACTER SELECT LUGIC = Display Control PCA (02640-60112)
Reter to Section 3,24 for functional description of 02064u=00152 PCA,

The character select logic maps the lower case ASCII codes onto the
upper case ASClI codes wnen only the base b4=-character ROM™ is in=-
stalled. when the 128=character option 1s added, it allows all 12§
characters to be mapped into the two R{Ms,

Wwhen 41 is not installed, the upper case character ROM (U310) is en-
abled for ASCII codes 40B to 1378. wWhen lower case codes (140-1778)
are received they are mapped to ASCII 1008B=137B., when control codes
(00-378) are received, they are routed to the nonexistent lower case
ROM and appear as blanks. Wwhen the 128=-character option is instalied,
w1 is also inserted allowing ASCII codes 00=-378 ana 140-177R to be
routed to the lower case ROM, and thus displavying all 128 characters,
The Chip Fnable signal ¥1 is assertea whenever the base character set
is selected by U023, Pin 3, Whenever an alternate character set is

selected, K1 is false ana the hase set is not selected.
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Computer

Museum

CHARACTER ROMS = Display Control PCA (02640-60112). Refer to Section
3.25 for functional description of 02640-60152 PCA. PRipolar ROMs are
used for tne storage of the dot images 0of the character set. Each RUM
is 1K words in length by 8-bits wide, The minimum system has only the
upper case ROM (uU310) installed. when tne 128-character option is
added, the lower case KOM (U28) must also pbe installed.

DOT SHIFT GEMNERATOR = Display Control PC2 (02640-60112). Kefer to
i.e., DBLITO is false, then seven clock pulses are sent, when DBITO is
true, six clock pulses are transmitted atter an initial delay of one=-
half clock perioa, thus resulting in a shift to the right of one=half
aot. The clock pulse occurring during dot position 8 time is always
inserted in the SHFT line by 137, pPin 6. 1Its function is to paraliel
load the data from tne character ROMs into tne paralleji-to-serial con-

verter when the load line at U510, Pin 1% is nela low by DS,

PARALLEL=TU~SERTIAL CONVERTER = Display Control PCA (02040=-60112).
Reter to Section 3.27 for functional description of 02640-60152 PCaA.
buring dot position 8 time, the parallel~to-serial converter is par-
allel loaded with the dot information for the next character by oOne
clock pulse on tne SHFT signal.

Depending on the state of DR1TU, either 7 clock pulses
occurring during dot time 1 through 7, or 6 clock pulses occurring dur=-
ing dot times 1 1/2 tnrough 6 1/2 will be sent to U510 to serially

shift the information out at Pin 13 as BI?TS.

INVERSE VIDEU FLIP=-FLOP = Display Timing PCA. The Inverse Video flip=-
flop buffers the inverse video enhancement for one character time while
the character to which it will be applied has its dots fetched from the
character ROMs. It is clocked at dot position 0 time by BUFCLK from
u28, Pin 8.

VIDEQO GEHNERATOR LOGIC = Display Timing PCA.

The video generator logic combines the internal and external serial bit
streams, blinking signals, cursor information, and display enhancement
information to generate video and half=bright signals.
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3.13.2

3.15.2

Three serial bit streams, 3171S, XBITS1, and XBITS2 are merged at U1LS,
Pin 6 to form a composite serial stream. This is merged with the cur-
sor at U19, Pin 5 and plinking at (29, Pin 4. Finalliy, it is stretched
py video stretcher 92 and inverted if necessary at U310, Pin 6. Tne
bit stream is planked at U28, Pin 6 ana pecomes the VvIDEG signal.
Half=-pright tields are stretched by 904 and are applied to the CRT
monitor by U38, Pin o.

MODULG 12 COUNTER = Display Timing PCA., The modulo 12 counter divides
the frame rate by 12, beginning the BLINK signal generation. The coun-
ter is a synchronous, l2=state counter clocked by the GVS signal, 1Its
output is at 4 times the blink rate of 1,25 Hz for the 60 HzZ frame
rate,

BLINK GENERATOR = Display Timing PCA,

The blink generator produces the necessary signals for the blink func-
tion, cursor blink rate, and cursor plink inhibit,

The basic plink rate is acnieved by dividing the output of tnhe modulo
12 counter by 4. U433, Pin 9 outputs tne BLINK signal to the video gen-
erator logic. The basic cursor pblink rate is set at twice tne blink
enhancement rate or at half the output rate of the modulo 12 counter,
J43, Pin S drives U29 along with the blink inhibit one=-shot (U42) to
produce the final Cursor Blink signal at U29, Pin 3. whenever the cur-
sor is updated, the one=-shot fires, thus inhibiting blinking until it
times out, This results in cessation of cursor blinking while it is
moving and prevents "cursor gallopping", whenever one-shot U42 fires,
flip=flop U36 is enabled and divides the VDR signal by 2 and tnus chops

the CURSOR REFRESH line at U36, Pin 6., 1This prevents the perception ot
overlapping cursors when it is moved on the screen.

BUS DECODER NETWORK = Display Control PCA. The bus decoder network

gecodes the module address and produces CXS and CYS in order to strobe

the cursor X and Y positions respectively into latches when KREQ {is
pulsed,

CURSOR X HOLDING REGISTER = Display Timing PCA. The cursor X holding
register is a 7-bit latch which holds the cursor X position., The cur-
sor X register is dividea into two portions. The four LSB are held in

U59 while the three MSB are in U510, The CXS signal strobes the new
cursor X position into the latches,
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3.22

3.22.1

CURSUR Y HOLDING REGISTER = Display Control PCA. The cursor Y holding
register is a 6=-bit latch which holds the cursor Y position and the
display on/off control line. 7The 5 LSB of the holding register hold
the S5-bit cursor Y prosition while the MSB holds the display on/off con-
trol line, BLNK. The CYS signal strobes the new cursor Y position into
the latch.

CURSOR X COMPARATNR = Display Timing PCA. The cursor X comparator is
divided into two parts and compares the cursor X position against the
column being scanned. The six LSB of the cursor position are compared
against the six LSB of the column counter bv U410. The MSB of poth the
cursor X position anad the column counter are compared by U310, Pin 11,

CURSOR Y COMPARATOR = visplay Control PCA. The cursor Y comparator
compares the cursor Y position against the row being scanned. It 1s a
S-bit comparator whose output is true when the instantaneous row count
is equal to the cursor Y position held in the latch (U51).

CURSOR LINE ENABLE LOGIC = Display Control PCA. The cursor line enable
logic generates the Cursor Line Enable signal (CLEn) wnich 1is true
whenever tne scan line counter is at either scan lines 11 or 12. fhis
signal is used to gate the cursor so that it appears only during tnose
scan lines.

CURSOR GENERATOR = Display Timing PCA.

The cursor aenerator combines CLEN witn the outputs of both the cursor
X and cursor Y comparators. when all three are true, 1t outputs a
cursor signal during the next column count.

The outputs of the cursor X and Y comparators are merged at u5#, Pin 8.
when all three signals are true, flip=tlop U45 is allowed to output a
signal during the next column appearing on the screen. This signal is

in turn gated by CLEN and CURSUR REFRESH to form the final cursor sig-
nal at U18, Pin 8. '
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3.23

3.23.1

3.23.2

3.23.2.1

3.23.2,2

3.23,2.3

3.24

3.24.,1

Video Logic = Display Control PCA (02640=60152)

The video logic, along with the nhorizontal logic on the Display Timing
PCA generates those signals which are needed to control poth the DMA
and the CRT monitor.

The Vvertical Drive signal (VDR) is generated by U21, Pin 6, VDR {is
normally high, going low for 14 scan lines within which time the CRT
monitor must accomplish vertical retrace, VDR goes low at the end of
row 23 (the last visible row on the screen) by the action of U46, Pin 6
which 1is clocked into U233, Pin 3, at the end of scan line 14, U47, Pin
6 is high during rows 22 and 23 only. U331, Pin 8 goes low and resets
VDR high at the start of the 15th scan line of row 24. This insures
that the integrator in the vertical section of the CRT monitor nas one
scan line's time to begin it's ramp before unblanking the screen at the
end of row 24, Vertical blanking occurs during the horizontal blanking
interval, It occurs at the pbottom of the screen after the last scan
line of row 24, VBLNK is the inverse of the row counter reset signal
at uU21, pPin 4.

Two odd/even character shift registers are used; one accumulates a line
of ASCII and the other displays the previously accumulated line. Line
toggling occurs on the DMA PCA under control of EVEN, a signal wnich is
true when the line being displayed 1s even in row count, U331, Pin 3
inverts the LSB of the row count to generate EVEn. Thus, when row 8 is
peing displayed, the DMA PCA is loading row 9 and EVEN iIs true,

After EVEN toggles the odd/even character shift registers, IAKTSET ini=-
tiates the next pburst ot data transfers on the DMA PCA. 1INTSET 1is a
short pulse occurring shortly after EVEN changes states, It occurs
during scan line 0, column 103 of all rows, 0 through 23,

Gnce per frame, a Vertical Sync pulse (GVS) 1is sent to tne DMA PCA to
insure synchronization petween trie display top of screen and tne DMA's
memory pointer, GVS is generated at U47, Pin 12 by gating one IKTSE"YT
pulse during row 23,

CHARACTER SELECT LGGIC - Display Control PCA (02640-60152)

Tne character select logic maps the lower case ASCII codes onto the
upper case ASCII codes when only the base 64-character ROM is in=-
stalled, when the 128-character option is added, it allows all 128
characters to be mapped into the two R{Ms,



3.24,.2 When W1 is not installed, the upper case character RUM (U59) is en-
abled for ASCII codes 408 to 1375. when lower case codes (140-1778)
are received they are mapped to ASCII 100R~137B. #when control codes
(00=-37B) are received, they are routed to the nonexistent lower case
ROM and appear as blanks. Wnhen the 128-character option is installed,
Wl is also inserted allowing ASCII codes 00-375 and 140-~177B to bpe
routed to the lower case ROM, and thus displayving all 128 characters.

The Chip Enable signal El iIs asserted whenever the bhase character set
is selected by U46, Pin 3, and the ASCII character to the RO is valid,
Wwhile the next character is peing shifted from tnhe line butfer during
DO0=D4, E1 1s held false by the wired AND at U331, Pin 12. Disabling the
ROMs avoids tri=-state conflict of the character KOM outputs as LCSEL

and UCSEL change, whenever an alternate character set is selected, Fl
is false and the base set is not selected,

3.25 CHARACTER ROMS = Display Control PCA (02640-60152). SGS/MGS ROMs are
used for the storage of the dot images of the character set. Fach ROM
is 1K words in length by 8~bits wide., The minimum system has only
the uper case ROM (US9) installed. Wwhen the 128-character option 1is
added, the lower case ROM (U58) must also pe installed.

3.26 DOT SHIFT GENERATOR =~ Display Control PCA (02640-60152). The dot
shift generator gates either 6 or 7 clock pulses to the clock input
line (Pin 7) of the parallel-to=-serial converter (US57) in the form
of the SHFT signal. When the scan line segment of a character is
not to be half-shifted, i.e., DBITUO is false, then seven clock pulses
are sent, When DBITO is true six clock pulses are transmitted after
an initial delay of one=half clock period, thus resulting in a shift
to the right of one-half dot. The clock pulse occurring during dot
position 8 time is always inserted in the SHFT line by U27, Pin 3.
Its function is to parallel load the data from tne character ROMS
into the parallel-to-serial converter when the load line at uU%7, Pin
15 is held low by D8.

3.27 PARALLEL-TO~SERIAL CONVERTER- Display Control PCA (02640-60152).
buring dot position 8 time, the parallel-to-serial converter is par-
allel loaded with the dot information for the next character by one

clock pulse on the SHFT signal. Depending on the state of DBITO,
either 7 clock pulses occurrinag during dot time 1 through 7, or 6
clock pulses occurring during dot times 1 1/2 through 6 1/2 will be

sent to US7 to serially shift the information out at Pin 13 as BITS.

4.0 FUNCTIONAL DESCRIPTIUON - DMA PCA. Refer to the DMA PCA block diagram
(figure 10),scnematic diagram (figure 11),timing diagrams (figures 12
through 14), DMA data encoding (figure 15), component location diagram
(¢igure 16), and parts list (02640-60009) located in the appendix.

The function of the Display Memory Access PCA (DMA) is to read charac-



ters from the display memory and to load them into odd/even character
shift registers., 1Two shift registers are used concurrently; wnile one
is being loaded by the DMA the other 1is circulated 15 times by the dis-
play controller., At the end of a row, shift registers are toagled and
the start of data transfer is again initiated py the display control-
ler.

In the process of obtaining characters from the memory, the DMA edits
the characters it receives and performs the following functions:

Link An additional byte is fetched
from memory and becomes the
next location address from
which data is to be read,

End Of Line The remalnder of the line is
written with blanks,

End Of Page The remainder of the page is
written with blanks.

Flags No operation.

Display Enhancements The DMA uses BUS1 as the

inverse video bit and passes
it to the display controller.,

Character The 7=-bit code represents 1 of
128 charadters in the character
generator.

Figure 15 tabulates the coding of the control, link, and flag informa=
tion in the data bytes.

80=-CHARACTER COUNTER = DMA PCA.

The counter (U19 and U110) is used to Kkeep track of the number of ais-
playable cnharacters fetched from memory. Wwhen 80 characters have been
loaded into the odd/even character shitt register, it turns off the bus
control logic.
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4.2.1.1

4.2.1.2

4.3.2.1

The modulo 80 counter is reset to "0" by the INTSET signal at the start
of a new row by the display controller. This causes U38, Pin 11 to go
high, thereby allowing the bus control logic to begin sequencing. As
displayable characters are loaded into tne appropriate shift registers
(determined by EVEN) the counter is incremented by the LOAD signal.
when the terminal count of 80 is reached U38, Pin 11 goes low and shuts
off the bus control logic.

UPPER AND LOWER BYTE ADDPRESS COUNTER = DMA PCA.

The upper and lower byte address counter is a 14-bit down counter. 1Its
output appears on the terminal address bus and it points to the current
bpyte of memory belng accessed. The counter counts down under control
of the bus control logic. Wnhen a link byte is fetched, it is loaded
into the upper byte counter (U36 and U37) while the next byte in memory
is loaded into the lower byte counter (UU34 and U35). These, together,
constitute the 14=-bit address of the first character of the next block
of memory.

The receipt of a GVS pulse from the display controller clears out the
counter, which due to the negative true address bus, forces the next

fetch from address 37777B, which is the pointer to the first display=-
able character on the screen.

Receipt of an end of line (EUL) or end of page (EQP) byte inhibits
further counting until a new row or page is initiated respectively.
The counter output is 3-state under command of the bus control logic.

HOLDING REGISTER = DMA PCA.

The holding register is an R=-pit latch which stores the most recently
read byte from memory.

The holding register receives its input from tne terminal data bus
under command of the data control logic (U48, Pin &). Wnhen an EuUL or
EOP is detected, a pseudo read operation is performed. The adaata bus
is then read as "0" and, with the output of U26, Pin 11 peing low, an
ASCII "blank" character is loaded into tne holding register.

The output of the holding register is decoded into eitner control or
displayable characters. If the outputs are control signals then the
selected flip=-flops are set in the data control logic. 0Otnerwise, the
character is loaded from tne holainag reaister into the appropriate
shift register.
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4.3.2.2

when a link is detected in the holding, register another fetch is ini-
tiated. The contents of the holding register and the gata bus outputs
are then simultaneously loaded into the upper and lower byte registers
respectively. The holding register is cleared at power on (PWR ON).

DISPLAY FUNCTION ENCODER AND DECODER = DMA PCA,.

Encoded ASCIi, control, link, EOP, EQOL, and flag data in the holding
register are decoded by the display function encoder and decoder logic.

The data in the holding register represents ASCII characters, display
control information, links, £0P, EUOL, or flags as shown in figure 15.
The output of the display function encoder (U33) is a pinary encoder
of the highest order input. This is subsequently decoded by U28 (a

3=to~-8 line decoder) into five sianals: CONTRQL (U28, Pin 15),

CHARACTFR (U28, Pin 7), EOP (U28, Pin 9), EOL (uU28, Pin 10), and LINKI
(U388, Pin 3). For any byte in the holding register, one of the five
outputs Wwill be true depending on the type of information in the
register,

DATA CONTRGL LOGIC = D#MA PCh,

The data control logic receives bus timing related sianals from the bus
control logic, and, as a function of tnhe display function decoder, it
controls the upper and lower hyte address counters, the holding regis-
ter, the Inverse Video flip=flop, and the odd/even character shift
register.

The Byte Register Clock signal (U488, Pin 8) enters the data bus con-
tents into the bolding register at tne leading edge of tne Walt state
(011), If the byte is an ASCII character (28, Pin 7 low) tnen 029,
Pin 6 is enabled. At the Release state (001) of the bus control logic
i29, Pin 4 goes high and on its trailing edge loads the character into
the odd/even character shift register enabied by EVEN, LOAD also in-
crements the B8u=character counter provided it nas not yet reachea 850,
I1f it does reach 80, then u3s, Pin 11 innibits the bus control logic at
its Idle state (000).
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4.5.2.1

4.5.2.2

4.5.2.3

4.5.2.4

Any display ennancements (inverse video half=bright, underliine, and
plinkina) stored in the ennancement flip-flops are loaded in parallel
with the ASCII characters into the shift registers. 0Only the Inverse
Video flip=-flop is resident on the DMA (U27, Pin 5). The otner three
are on the Display Enhancement PCA (see Display Expansion Module, sec=
tion 13255=91024 of this manual).

If the byte in the holding register is a display control byte, then
U26, Pin 1t is low, thus forcing U2e, Pin 3 low and LBLOAD at Uz9, Pin
10 clocks the data into the display enhancement tlip®flops. Tne DMA’s

Inverse Video flip=-flop is set by LBLOAD if BUS!1 is true. LBLOAD does
not increment the 80=-character counter and another byte is fetched from
memory.

If the byte in the holding register is an kEQOL, EUP, or Link, then at
the end of the Release state (001) CLK LUGIC sets respective flip=-flops
U210, Pin 67 U210, Pin 8; and U310, Pin 5. The setting of U210, Pin 6
(FOL) or Y210, Pin 8 (eg0P) forces U229, Pin 13, and thus disables tne
upper and lower byte address counter. U229, Pin 13 simulates a control
command at 26, Pin 2 and prevents REQ from peing asserted at U47, Pin
11, This in turn causes the bus data to always pe hiah tor all subse-
quent reads., By virtue of U26, Pin 11, the nuvll is converted to an
ASCII blank (040B) which is loaded into the odd/even chAaracter snift
register. This is continued until eitner the end of the line or pagqge
is reached. The simulated control command at U26, Pin 2 also loads "O"
into the display enhancement flip-flops, thus clearinag them, The zOL
flip=flop (U210, Pin 6) is cleared at the end of the line by 80, the
terminal count signal, The EOP flip-flop (U210, Pin 8) is cleared by
GVsS.

If a 1link is received, then U310, Pin 5 goes low and inhibits the
clocking of the holding register by disapling BYTE REG CLK at U48, Pin
8. This prevents the loss of the most siagnificant byte of the link

address from the holdinag register. LINK at U310, Pin 5 also enables
the parallel loading of the address counters (U34 through U37) at Pin
9. The leading edge ot the BUS INPUT CLK (U410, Pin 5) signal at the
start of the bus Release state (001) loads the most significant byte
of the link from the holding register and the least significant byte
from the data bus after the next read from'memory.

BUS CONTROL LOGIC - DMA PCA.
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4-b.2.1

4.6.2.2

The bus control logic is a 6=-state sequential machine which periodi-
cally arabs control of the terminAal bus ana transfers &0 displavable
characters into the odd/even character shift registers. (Refer to tne
Backplane Module, section 13255-91001, for detailed discussion of pus
protocol.)

The six states of the bus control logic are held by u410, Pin 8, U410
Pin 67 and U310, Pin 8, which form a Johnson counter. 1In the idle
state (00@®) all three flip-flop cutputs are low, Upon receipt of an
INTSET signal from the display controller, the terminal count signal

(80) goes high at 438, Pin 11 enabling U39, Pin 12 if the DMA PCA 1is
also on (U27, Pin 9 high). This clocks the bus control logic to the
Bus Bid state, (100). Terminal obus signal PRIOR NUT is pulled low hy
u48, Pin 11 and if PKIOUR IN 1s high, then L339, Pin 8 qgoes high and the

bus is obtained (state 110). BUSY is pulled low by U47, Pin 8 and the
upper and lower byte address counter is put out onto the address bus by
U338, Pin 8 enapling the 3=-state address drivers.

The Regquest state (111) is tne same as (110) with the addition of REQ
going low by means of U47, Pin 11, given that neither EOL or EUP is
set. The bus control logic then waits until WAIT goes hilgh., when tnis
occurs U49, Pin & resets 0410, Pin 8 on the next clock pulse, and the
bus control logic goes to the official Wait state (011) where PRIDR OUT
1s released,

The pus control logic finally goes to the Kelease state (0U1) which

releases BUSY and the address bus. Then it returns to the Idle state
{000). 1f the character counter has not reached the terminal count and
the DMA is still on (U29, Pin 9 is still set), then the DMA grabs the
bus acgain.

ODD/EVEN CHARACTER SHIFT REGISTERS = DMA PCA,

The odd/even character shift register is comprised of a pair of ping-
ponged shift reqisters, each 80 characters in length py 8 bits in
width. Each shift register stores a row of ASCII characters and the
inverse video enhancement for each character.
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4,7.2.1

4.7.2.2

The selection of the shift register to be loaded by the DMA PCA is con=-
trolled by the EVEN signal. The other shift register (the one not be-
ing loaded, pbut rather being rotated) is controlled by the display
controller.

U332 and U%2 comprise the most and least significant four bits of the
even shift register. Similarly, 721 and U41 form the odd shift reglis-
ter. The EVEN signal and its complement, when true, control wnhich
shift register is to be recirculated by the display controller. Con=-
versely, the other shift register is loaded by the DiA.

Circulation is accomplished by OCIRC and OCIKCEN which rotate the con-
tents of the displayed shift register throuah all 80 characters, 15
times, once per scan line ot a row. The loaded shift register has data
clocked in via the DMA‘s LOAD signal. Tne output of tne displayed
shift register Joes to the selector latcn,

SHIFT REGISTER CUNTRUL = DMA PCA. The shift register control block 1is
a combinatorial logic circuit which routes the circulation signals and
LOAD to the appropriate shift register under control of EVEN., OCIRCEN
gates 80 OCIRC pulses at U26, Pin 6. These are applied to data selec=
tor (U22) and appear at U012, Pin 10 or U12, Pin 12 if EVEN {is low or
high, respectively. Conversely, the LOAD signal appears at the other
output.

SELECTOR LATCH - DMA PCA. The selector is a latching data selector
controlled by the EVEN signal, which outputs eitner the even or the oda
row shift register to the display bus. The output of the displayed
shift register 1s selected by U31 and U51 and is latched by clock pulse

D1 (U12, Pin 2). The stable output of the latch is then applied to the
display bus top plane connector, P3,
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02¢40-6003848 1 D1SPLAY TIMING ASSEMBLY 28480 02640-60088
DATE CODE:s A-1651-22
REVISICN DATE: 07-15-77
cl 01¢0~-2199 1 CAPACITUR-FXC 30PF +-52 300WVUL MICA 28480 0160-2199
ce 01£€0-2055 12 CAPACITOR~-FXD LOLUF +80-20%f 100WVDC CER 28480 0160-2055
3 01&0-2055 CAPACITOR-FXD .0}UF #80-20% lUO0OWVDCL CER 28480 CGl60—2055
() V1€0-0593 2 CAPACITOR-FXD 39UF+-10% 10vuC TA 56289 150D396X901082
[95-] 0O1€E0—-17406 1 CAPACITOR-FXD 15UF+-103% 20vDL Ta 56289 1500156 X902082
Lo QlEQ0—0393 CAPACITOR-FXD 39UF+-10% LOVDL TA 56289 150D396X901082
7 01&0-2055 CAPACITOR-FXL .0lUF #80-20% 100wVDC CER 28480 0160-2055
LB U1€0-2055 CAPACITOR-FXD .0lUF +#80-20% 1UCWVDC CER 28480 0160—-2055
c9 01&0-2055 CAPACITOR-FXL .O0lUF #80-204 10GWVDC CER 28480 0160—-2055
Clu J1€0-2055 CAPACITOR-FXL .0LUF +30-2U% 10CwWVDC CER 28480 0160-2055
cll 01€0-2055 CAPACITOR-FXD LOlUF +80-20% 1U0AVDC CER 28480 0160-2055
[V P4 Qle0—-2055 CAPACITOR-FXL .CLUF +80-20% 10CwWVDL CER 28480 0160-2055
Cl3 01€0-2055 CAPACITOR-FXL .OLUF +80-20%Z 100wVDC CER 28480 0160-2055
Cl4a 0lé0-2055 CAPACITOR-FXEL JOLlUF +80-203% 100wVDC CER 28480 0160-2055
e15 01€0—2055 CAPACITOR-FXL L.OLUF +80-20% 100wWVDC CER 28480 0160—-2055
tlo U 1€0—2055 CAPACITOR-FXD .O01UF +80-20% 100wVDC CER 28480 0160-2055
17 0140-0198 1 CAPACITOR-FXD 200PF +-52% 300WVCC MICA 72136 DM15F201J0300WVICR
Cio Qléu—-2208 2 CAPACITOR-FXD 330PF +-5%5 300WVLC MICA 28480 0160-2208
(¥ 8] 01¢0-2208 CAPACLTOR-FXL 330PF +-52 300WVLC MICA 28480 0160—-2208
el 03¢€0-0144 3 TERMINAL-STUD SGL-PIN PRESS—-MTG 28480 0360-0124
E2 03¢60-0U124 TERMINAL-STUD SGL-PIN PRESS-MIG 28480 0360~-0124
e3 03¢0-Gi24 TERMINAL-STUD SGL-PIN PRESS-MTG 28480 0360-0124
Ji 12%1-1123 1 CONNECTDR-SGL CONT SKT .0B-IN-8SC—-SZ RND 74970 105-0752-001
P4 1281-3760 1 CUNNECTOR 6—-PIN M POST TYPE 27264 09-88~-20061
dl 18£3-0015 1 TRANSISTCR PNP SI PD=200MW FT=500MHZ 28480 1853~0015
we 1654-00G19 3 TRANSISTGR NFN SI T0-18 PL=360MW 28480 1854-0019
Q3 18%54-0C19 TRANSISTCR NPN SI T0—-18 PU=3060Mw 28480 1854-0019
W4 1854-0019 TRANSISTGR NFN SI T0—-18 PU=360MHK 28480 1854-0019
R1 06€3—41705 2 RESISTOR 47 5% .25W FC TC=-430/+500 01121 CB4705
[ ¥4 Q6 E3—-10U25 1 RESISTOR 1K 5% .25W FC TC=-4Q0/+600 01121 CB1025
R3 VO E3-2215 2 RESISTOR 220 5% .25W FC TL=—40G/+600 01121 CB2215
R4 06&E3-2215 RESISTOR 220 5% .25KW FC 1C=-40C/+600 0l121 CB2215
R5 06E3-2235 1 RESISTOR 22K S5 .25W FC TC=~400/+800 01121 CB2235
K6 06£3-4125 3 RESISTOR 4.7K 5% .25W FC TC=-400/+700 01121 CB4725
R7 06£3-4725 RESISTOR 4.7K 5% .25W FC 1C=-400/+1700 01121 CB4725
RrR8 1810-0125 1 NETWORK—RES 8-PIN-S1P .125-PIN-SPCG 11236 750
L ¥] 06E3—-4125 RESISTOR 4.7K 5% .25W FC TC=—-4C0/+700 ol121 €B4725
Rl 21C0-3351 1 RESISTOR-TRMR 500 10% C SiDE-ACJ 1-TRN 73138 T2-142-0
R14i 06E3-4705 RES1ISTOR 47 5% .25W FC TC=—4Q0/+500 01121 CB4705
R1Z2 Q6E€3-1015 3 RESISTCR 100 5% .25W FC TC=-40C/+500 01121 CBl0O1S
K13 V6 E3-33515 2 RESISIOR 330 5% .25W FCL TC=-400/+600 0l121 €83315
Rl4 06E€3-1015 RESISTOR 100 5% .25W FC TC=—400/+5080 01121 cB1015
R15 Q06E3-3315 RESISTOR 330 5% .25m FC T(C=—-40G/+600 01121 £83315
R1l6 06€3-1015 RESISTDR 100 5% .25% FC T(=-400/+500 1121 CBlOl1S
ula 1820-00838 1 JIC-OIGITAL SN74S20N TTL S DUAL 4 NAND 01295 SN74S20N
UlYy 18200681 1 IC-DIGITAL SA74SCON TTL $ QUAD 2 NAND 01295 SN74S00N
ule 18200578 1 IC-DIGITAL MCl024P ECL BUAL 2 CR-NOR 04713 MC1024P
Uzs 1820-06949 1 IC-DIGITAL SK74540N TTL S DUAL 4 NAND 01295 SN74540N
uas 1820-0686 1 IC-DIGITAL SN74S1IN TTL S TPL 3 AND 01295 SNT4S11N
uzly 162012048 1 IC-DIGITAL SN74LS32N TTL LS QUAD 2 OR 01295 SNT4LS32N
J3s 13z0-C713 3 IC~DIGITAL SNT4l163N TTL 81N SYNCHRO 01295 SNT4163N
NEXTS 1820-1206 1 IC-DIGITAL SA74LS27N TTL LS TPL 3 NOR 01295 SNT4LS2TN
J3s 1820—-1199 1 IC-DIGITAL SA74LS04N TTL LS HEX 1 01295 SNT4L S04N
Ule 1820—-1112 2 IC-DIGITAL SN74LST74N TTL LS DUAL 01295 SN74LST4N
u37 1820-1197 1 IC-DIGITAL SN74LSOON TTL LS QUAD 2 NAND 01295 SN74LSOON
U3a 1820—0683 1 IC-DIGITAL SN74S04N TTL S HEX I Q1295 SNT4504N
[VEY] 18<0-0713 IC-DIGITAL SA74163N TTL B1N SYNCHRO 01295 SN7T4163N
Jaz 1820-0207 1 IC-DIGITAL 9601PC TTL MONOSTBL 07263 9601PC
u43 1820-1z12 3 IC-DIGITAL SN74LS112N TTL LS DUAL Q1295 SNT4LS1 12N
Jas 1l820—-i212 IC-ODIGITAL SN74LS112N TTL LS DUAL 01295 SNT4LS112N
u4s 1820~-1212 IC-DIGITAL SAT74LS112N TTL LS DUAL 01295 SN74LS112N
U4o 18z0-1112 IC-DIGITAL SN74LS74N TTL LS DUAL 01295 SNT4LST4N
U4l 1820-1207 Z JIC~DIGITAL SN74LS30N TTL LS 8 NAND 01295 SN74LS30N
U4d 18.0-1207 IC-DIGITAL SA74LS3ON TTL L> 8 NAND 01295 SNT4LS30N
U4y 18:0—-G713 IC-DIGITAL SN741€3N TTL BIN SYNCHRO 01295 SN74163N
usa 1820- 1402 1 JIC-DIGITAL SN74LS1ON TTL LS TPL 3 NAND 01295 SNT4LS10N
Ui 1320-1i95 2 IC-DIGITAL SNT4LS175N TTL LS QuaD 01295 SNT4LS1 75N
UZiu 18¢0—-1056 1 IC-DIGITAL SN74132N TTL QUAD 2 NAND 01295 SNT4132N
U310 1820-1211 1 JC-DIGITAL SN74LS86N TTL LS QUAD 2 01295 SN74LS86N




Table 6-3. Replaceable Parts

Reference HP Part . L. Mfr
- A Qty Description Mfr Part Number

Designation Number Code

DISPLAY TIMING ASSEMBLY CONT®D.
U4 1840-1131 1 IC-OIGITAL DMBLl6ON TTL 27014 DMBLGON
[VEYEI] LE20—-1195 IC-DIGITAL SN74LS175N TTL LS QUAD 01295 SNT4LS175N
AYL 1L2C0-0546 1 SOCKET~-XTAL 2-CONT HC~25/U DIP-SLDR 28480 1200~-0546

MISCELLANEGUS
WIRE 2ZAWG 1X22 28480 8151-0014%

3151-0013




Replaceable Parts

HP Part .. Mfr
Refgrenc_e Qty Description Mfr Part Number
Designation Number Code

02¢40—-0011c¢ 1 DISPLAY CONTRUL ASSEMBLY 28480 02640-60112

DATE CODE: E-1645-42
REVISION DATE: 07-15-77

vl JlE—-009> 3 CAPACLTOR-FXL 39UF+-10% 1GVOC TA 56289 150D0396X901082
ue Ul E0-0593 CAPACITOR~FXC 39UF+-10% 10vDC 1a 56289 150D396X901082
(Y J1Lo-v:e3 CAPACITYOR-FXL 39UF+10% lovDC TA 56289 1500396X901082
L4 UlLeu-205> 13 CAPACITAOR-FXL LOLUF 4#80-20% 1U0mVDL CER 28480 0160-2055
(-1 J1{0-2u55 CAPACLTOR-FXD ~OluF +#B8U-20% 10CWVDC CER 28480 0160-2055
Lo 0L€0-2U55 CAPACLTOR~FXD LOlUF +30-20% 10UWVDL CER 284380 0160-2055
ei V1€Ep=-20535 CAPACITOR-FXU .01UF +80-20%2 10CWVDC CER 28480 0160-2055
(W1 yieg-2uss CAPACITAOR~FXLC -01UF +80-20% 10ChVDC CER 28480 0160-2055
() Ul€0-20ub5 CAPACLITUR-FXD .0lUF #80-20% 10CmVDL CER 28480 0160-2055
iy JLl€u=-2055 CAPACITOR~FXLC +OlUF +80-2u% 10QwWvDC CER 28480 0160-2055
[ Y Q1€EQ0-2us5 CAPACLITOR~FXD .OLUF #80~-29% 100wVDC CER 28480 0160-2055
Ll Vleu-2055 CAPACITOR~FXC +OlUF #480-20% 100wvDC CER 28480 0160-2055
£l Q1£0-2U55 CAPACITOR~FXL +OlUF #80-20% 100w¥YDC CER 28480 0160-2055
Cie U1Eu—-2055 CAPACITOR-FXC ~OlUF #50-20% 100WVDC CER 28480 0160-2055
(W) uleu=-2055 CAPACITOR~FXL «0lUF #80-20% lOCWVDC CER 28480 0160-2055
Llo Ol €0~-2L55 CAPACITOR~FXD O0lUF 4#&60-20% 10CWVDL CER 28480 0160-2055
wLd 0120-0ul121 1 CAPACITOR~FXLC «lUF #80-20% 50Wv¥yDC CER 28480 0150-012)
cl J3eu-0les 4 TERMINAL=STUD SGL-PIN PRESS—MTG 28480 0360-0124
kel U5¢u-0124 TERMINAL=STUL SGL-PIN PRESS—MTG 28480 03600124
E3 U3¢0~-0124 TERMINAL-STLE SGL-PIN PRESS-MTC 28480 0360-0124
b4 03é0-0ila TERMINAL—-STUC SGL—-PIN PRESS-MTC 28480 0360-0124
Kl 1810-0125 2 NETWORK—RES 8-PIN-SIP .125-PIN~SPCG 11236 750
Re 1810-0125 NETWORK—RES 8-PIN-SIP .125-PIN~SPCG 11236 750
K3 0683-1025 1 RESISTOR 1K 5% «25W FC TC=—400/+4600 ol1121 CB1025
L) 06 €E3~-4715 1 RESLSTOR 470 5% .25W FC TC=-400/+600 01121 CB4T15
Y JoE3-4725 1 RESISTOR 4.7K 5% .25W FC TC=-400/+700 01121 CB4725
wll 1820-1191 2 IC-DIGITAL SNT43175N TTL > WQUAC 01295 SNT4S175N
ule 1820-1191 IC-DIGITAL SK74S175N TTL S QUAL 01295 SN745175N
Jiv 1820—-1199 3 IC-DIGITAL SK74LSO04N TTL LS HEX 1 01295 SNT4L S04N
uli 1820-0375 1 IC-DIGITAL SN74H30N TTL H B8 NAND 01295 SN74H30N
Ule 1820-0683 1 IC-DIGITAL SAK74504N TTL S HEX 1 01295 SN74S504N
Ues 1820~1197 1 1C-DIGITAL SAT4LSOON TTL LS QUAD 2 NAND 01295 SNT4LSOON
Uc+ 1820-1282 1 1C-UI GETAL SN74LSL112N TTL LS DUAL 01295 SN53656
Jed 1820-0713 Z IC-D1GITAL SN74163N TTL BL1N S3YNCHRQ 01295 SN24744
[VEYY 1620—-0093 1 IC~-DIGITAL SN74ST4N TTL S DUAL 01295 SNT4574N
Ude 1820-1:08 2 IC-DIGITAL SN74LS32N TTL LS QUAD 2 OR 01295 SN74LS32N
[VEXS 1820-0629 1 IC-DIGITAL SAh745112N TTL > DUAL J-K Q1295 SN745112N
VET 1820-1206 2 IC-DIGITAL SNT7T4LS2IN TTL LS TPL 3 NOR 01295 SN74LS2TN
[VERY lE20-1201 1 IC-DIGITAL SN74LSO08N TTL LS QUAD 2 AND 01295 SN74L SO8N
FEYS lbe0~0u81 1 IC-DIGITAL SN74SOON TTL S QUAD 2 NAND 01295 SN74S00N
uasi 18¢0-1is1 1 IC-DIGITAL CMB8L160N TTL 27014 DMB160N
Ube 1820-0713 IC~DIGITAL SK74163N TTL BIN SYKCHRO 01295 SN24744
(VS 1820-1203 1 IC-DIGITAL SKN74LSI1LIN TTL LS TPL 3 AND 01295 SN74L S11N
[V, l6zu-1¢08 IC-DIGITAL SAT4LS32N TTL LS QUAD 2 OR 01295 SNT4LS32N
U477 1£.0-0045 1 IC-DIGITAL SN74S10ON TTL S TPL 3 NAND 01295 SNT4S10N
Uus lo<0-1i99 IC-DIGITAL SN74LSO4N TTL LS HEX 1 01295 SNT74L SO4N
sy 1820—-1.04 2 IC-DIGITAL SN74LS20N TTL LS DUAL 4 NAND 01295 SN74LS20N
usl 18z0-1196 1 1C-DIGITAL SN74LSI74N TTL LS HEX 01295 SNT4LSL 74N
Ude 120-1199 IC-DIGITAL SNT4LS04N TTL LS HEX } 01295 SN74L 504N
us3 1820-1¢vo 1C-DIGITAL SN74LS27N TTL LS TPL 3 NOR 01295 SNT4LS2TN
Usy 1820-1504 IC-DIGITAL SN74LS20N TTL LS DUAL 4 NAND 01295 SN74LS20N
Jolu 1820-1107 1 IC-DIGITAL SKN7416€EN TTL R-3 PRL-IN 01295 SN74166N
XUcl 12C0-0541 2 SUCKET—IC 24-CCNT DIP DIP-SLDR 28480 1200-0541
XUslu 12C0-0541 SUCKET=IC 24-CONT DIP DIP-SLOR 28480 1200-0541
J1 1251-0697 2 SOCKET-PC SINGLE
J2 1251-0697 SOCKET-PC SINGLE

1258-0124 1 JMPR PLUG .3" C-C




Table 6-3. Replaceable Parts

HP Part . Mfr
Reference Qty Description Mfr Part Number

Designation Number Code

02 €40-6000Y 1 DMA ASSEMBLY 28480 0264060009

DATE CCDE: A-1433-22
REVLISION DATE: 07-15-77

Ll 01£0-0393 1 CAPACITOR-FXC 39UF+-10% l0vDCL TA 56289 150D0396X901082
Le 01€vu-1740 1 CAPACITUR-FXC 15UF+-10% 20v0C TA 56289 150D156X902082
Lo 01&EU=2Ub5 14 CAPACTITOR-FXD OlUF +#80-2U% 100WVDC CER 28480 0160-2055
Lae 01&0-2055 CAPACLTUR-FXD «O0LlUF +80~-20% 1CCwVOC CER 28480 0160-2055
L5 0l €0-2055 CAPACITOR-FXC «OlUF +80-2U% 100WVDC CER 28480 0160-2055
Lo O1é0-2055 CAPACLTUR-FXD -OLUF +80~-20% 10CWVDC CER 28480 0160-2055
("} Qléeo—-2055 CAPACITUOR-FXC .OlUF +80-20¢ 10CwWVDC CER 28480 0160-2055
L8 Qal¢e0—-23555 CAPACITOR-FXD .OlUF +80-20% 10CWVDC CER 28480 0160-2055
() O1EQ0—2055 CAPACITOR-FXD +OlUF +80-20% 10CAVDC CER 28480 0160-2055
Cio 0leQ-2055 CAPACITOR~-FXC -O0lUF #80-20+ 10CWVDC CER 28480 0160~2055
(WY 01€0-2055 CAPACITOR-FXC «OlUF +80-20<& 100AVDC CER 28480 0160-2055
Li2 Q1 E0-2055 CAPACITUR-FXD -QLUF 480-20% 100WVDC CER 28480 0160-2055
Cl3 QL E0-2055 CAPACITOR-FXD +OLUF #80-20<& 10CWVDC CER 28480 0160~-2055
Cla 01¢€0~-2055 CAPACITOR-FXD -OlUF #80-20% 10CwVDC CER 28480 0160~-2055
Ci5 Q1¢€0-2055 CAPACITOR-FXD «OLUF +#80-20% 100WVDC CER 28430 0160~-2055
Cloe O1€0-2055 CAPACLTOR-FXL +OlUF +80-20Z 10QwVDC CER 28480 0160-2055
El 03€0-0124 2 TERMLINAL=-STUD SGL-PIN PRESS-MTG 28480 0360-0124
E2 03€0-0124 TERMINAL-STUD SGL-PIN PRESS-MTG 28480 0360-0124
Rl 06E3~-41725 3 RESISTOR 4.7K 5% .25WN FC ol121 CB4725
R2 Q6E3-4T25 RESISTOR 4.7K ST .25k FC 01121 CB4725
R3 06E3-4725 RESISTOR 4.7K 5% .25W FC TC=-4007+700 ol121 C84725
ule 1320-1199 2 JC-DIGITAL SN74LSO4N TTL LS HeEX 1 Q01295 SNT74LS04N
Uls 18&0-1199 JC-DIGITAL SN74LSO04N TTL LS HEX 1 01295 SN74LSO4N
ul9 16820-1193 2 IC-DIGITAL SM74LS197N TTL LS BIN 01295 SNT4LS19IN
uzi 1820-13406 4 IC-DIGITAL TFS3120NC PMUS QUAD 01295 TMS3120NC
U2e 1820-1210 1 IC-DIGITAL SNT4LS5IN TTL LS DUAL 2 01295 SNT74LSSIN
U223 1820-1195 2 IC-DIGITAL SN74LS175N TTL LS QuAD 01295 SNT4LS1 75N
e 1L820-1<014 3 IC-DIGITAL SN74LSOBN TTL LS QUAD 2 AND 01295 SN74LS08N
U2t 1820-1112 1 IC-DIGITAL SNT74LS74N TTL LS DuAL Q1295 SN74L ST4N
[VPXY 1820-1216 1 IC-DIGITAL SNT4LS138N TTL LS 3 Q1295 SN74LS138N
uz29 1820-1144 1 IC-DIGITAL SNT74LSO2N TTL LS QUAD 2 NOR Q1295 SNT4LSO2N
U3a 18z0-1100 2 IC-DIGITAL SNT74298N TTL QuUAD 2 01295 SNT4298N
[VE Y4 1820-1346 IC-DIGITAL TMS3120NC PMOS QUAD 01295 TMS3120NC
[VEE] 1820-1082 1 IC-DIGITAL SN74147N TTL 10 01295 SNT74147N
U34 18¢0-0778 4 IC-DIGITAL 93L16DC TTL L BIN SYNCHROU 07263 93L16DC
u3s 1820-0778 1L-DIGITAL 93L160DC TTL L BIN SYNCHRO 07263 93L16DC
U3e 1820-0778 IC-DIGITAL 93L16DC TTL L BIN SYNCHRO 07263 93L160C
VEY$ 1820-0778 IC-DIGITAL 93L16DC TTL L BIN SYNCHRO Q7263 93L16DC
U3 16820-1197 1 IC-DIGITAL SNT4LSOQON TTL LS QUAD 2 NAND 01295 SN74L SO0ON
U3y 1820-1203 1 JC-DIGITAL SN74LS11IN TTL LS TPL 3 AND 01295 SN74LS1IN
Usl 1820-1346 IC-DIGITAL TMS3120UNC PMUS QUAD 01295 TMS3120NC
Uasd 1820-1195 IC-DIGITAL SNT74LS175N TTIL LS QUAD Q1295 SN74LS175N
Ues 18¢0~0uv406 4 IC-DIGITAL DMBO94N TTL QUAD 1 NON-INV 27014 DM80Q94N
U4s 1820-0846 IC-DIGITAL DM8094N TTL QUAD 1 NON-INV 27014 DM8094N
U46 1820-0846 IC-DIGITAL DMBO94N TTL QUAD 1 NON-INV 27014 DMB8O94N
uat 1820-08406 IC-DIGITAL DM8OS4N TTL QUAD 1 NON-INV 27014 DMBO9 4N
U4s 1820-1:01 IC-DIGITAL SN74LSO08N TTL LS QUAD 2 AND 01295 SN74L 508N
U49 1820-1201 LC-DIGITAL SNT4LSOBN TTL LS QUAD 2 AND Q1295 SN74L SO8N
usl 180-1100 IC-DIGITAL SNT4298N TTL QUAD 2 Q1295 SNT74298N
uUse 1820-1346 IC-DIGITAL TMS3120NC PMDS QUAD 01295 TNS3120NC
Ullu 1820-1193 IC~-DIGITAL SN7TALS1S7N TTL LS BIN 01295 SNT4LS19TN
U210 1840-1213 3 IC-DIGITAL SNT4LSLL3N TTL LS DUAL 01295 SN74LS113N
U3lio0 1820-1213 IC-DIGITAL SN74LS113N TTL LS OQUAL Q1295 SN74LS113N
U410 1820-1213 IC-DIGITAL SN74LSL113N TTL LS DuAL Q1295 SN74LS113N




Replaceable Parts

Reference HP Part . Mfr
: . Qt Description Mfr Part Number
Designation Number Y P Code
02 €40-c0Ulc 1 CUNNELTGR ASSEMBLY (3) 28480 02640~60012
REVISION DATE: 12-01-76
04C3-0347 3 BUMPER FCCTy 0.25" W 13862 9668
12F1-1.37 3 CUNNECTOR-PC EDGE 22-CONT/ROW 2-ROWS 71785 252-22-30~340









