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1.0 INTRUVUCTIOUN. -

Grapnics M=controller PCA togetner with the Graphics Uisplay PCA
- alslay vectors on the terminal‘’s screen wnen commanded sO by
: the Processor PCA.
‘mecontroller’s major tasks are to read the image wemory 1in normal
or zoom moqge, to refresh the 1mage memory, TO generate and store
vectors Or cursor in tne 1mage memory.
I'he vectors are specifiea by the processor £CA 1n torm of
a startpoint, slope and length,
Tne M=controller interfaces with the rrocessor P¢CA via connector
Pl ana witn the Graphics Display PCA through the connector PZ.

2.0 OPERATING PARAMETERS,

A summary of operating parameters for tne Graphics M=controller
is containea 1n tables 1.V througn 5,4,

Taolie 1.0 Pnysical Parameters
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| pPart I | Size (L X W X D) | welgnt |

| Number | Nomenclature [ +/-0,100 Inches I (Pounds)i

|s======z==z=zc=z|=Z==z=======z=z=s===ScS=S=S=S========>|Z===Z==Z=S===============|=========|
02640-60125 Graphics dM=controller 12.5 X 4.00 x 0,5 0.5
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Table 2.0 Reliability and Environmental Information

e - - — 0" T — > D e S G G U w W e T e v A e = > e e T WD P W S . G D - Y S T = WD e ST G G AR W T e S T T e G R e W Gm - W -
- S - e - - S S e W e G G S . - W W G S o e T P W e S s R e . = . e - e e O em e e -

Environmental: ( X ) HP Class B ( ) Utnher:

i
|
|
|
Restrictions: Type tested at product level |
[
)
|

W - S W G e S - S D D T T S e T S e et W n e W Wy T G G S e S S M e A = e D N TS G S G W S o HR Gm W e v e e = me me =
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Taple 3.v Power Supply and Clock Requirements = Measured
(At +/=5% Unless Utherwise Specified)

4 o - . T o S EP S T T B W T WD W M T > D e > . P W S - T A W - W A T G e A T S = WS G e M WD M W WS e e e e e - -
R T T I T T T T T T T T T T T R T T TN T T T =

N/A N/A N/A
220 volts ac

N/A N/A

i )
| Clock Freqguency: 1U.5 MHz i
) |
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Table 4.0 Connector 1Information Graphics M=controller PCA

- i S W o P W M S S W WY G " P W o S e TR > D T S TS T Em - R = e S NS S M- An e e A WD R T R G S G WY M S WS D e T =
e - e e . e e R - W R s T o i e " G e . e - T e - T - G o e o S G e e Y e e W - e R Y P B W T e e - A o S e

| Connector | Signal ) Signal B |
| ana Pin No. | Name | Description |
‘ sSsS=S========2 I _—-mEEmoSaIZIzZ=I==Z== l 11+ttt ittt it 3 l
| Pl, Pin 1 | +SV | 45 Volt Power Surply [
| : [ | |
| -2 | GND I Ground Common keturn (Power and Signal) |
| | | |
| -3 1 i} not used |
[ [ I} i
| -4 | i) |
i | - | I
[ -5 | ADDRO | negative true, address bit 0 |
| | - i |
| -6 | AUDR1 I negative true, address bit 1 |
i i - | |
i -7 i ADDR2 I Negatlive true, address bit 2 )
) I —_——— | |
{ -8 | ADDR3 | Negative true, aadress vit 3 |
| ] - { |
| -5 | ADDR4 i n~Negative true, address bit 4 {
| I - I )
| =10 1| ADDRS | Megative true, address bit 5 |
| | - | |
| -11 | ADDR® | Negative true, adcdaress bit 6 |
| ) | |
| -12 | I Not used !
| | — | |
| =13 | ADDRS I Negative true, address pit 8 |
| | —— | {
| -14 | ADDRY I Negative true, address pit 9 |
| | —_— | )
| -15 | ADDR10 | Negative true, address bit 10 |
) | — | |
} -16 | ADDR11 | Negative true, address pit 11 |
| | ( |
| -17 1 I} nNOot used {
| | 1} i
| -18 | i} |
| } i} |
| -19 | 1} |
| i i} i
| =20 | I} |
) t ——— | |
| 21 | 1/0 | Negative true, Input/Output memory |
| | | |
| -22 | GND I  Ground Common Return (Power and Signal) |

- T T T e I L T e D T L T T e T
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Table 4.0 Connector Information Graphics M=controller PCA (Cont‘d.)

- B . W T W D T T S S S M G S G D G T R W% WD R S e s SR S WS M G W . G S - e e S M S G S e W . S e G - e > S e
 E En e S e e e - = R o v e o e o T T e e e v D e e e D U W e e e S W e - - e W e W - T e e e TS e e T e e e P e e e . —— -

| Connector | Signal { Signhal (!
I and Pin wWo. | Name | Description I
|::::::::::::::'===::====:=:=:=:l::::::::==::::::'.’::::::::::::f::::::::::::::::|‘
I P, Pin A | GHD | Ground Common Return (Power and Signal) |
| - I | |
| . -5 | i} Not Used 1
| ) | P} |
| -C i i} [
| i () |
| =D | )V} |
| | — i |
| “£ BUSY | Negative true, Data Bus Bit 0 l
| | | |
1 -F i BUS1 | Negative true, Data bus Bit 1 I
I ! ——— | i
| -H i bUSZ | Negative true, Data Bus pit 2 |
| | | |
| -J | BpUS3 i iegative true, Data Bus Bit 3 |
| { i |
I - BUS4 i Negative true, Data Bus BRit 4 |
| { — { |
| L 1 puUSHS | vegative true, pata bus Bit 5 |
\ | | )
| -M ) BUS®H | Negative true, Data Bus Bit 6 I
| ) — | |
d ] -N BUS/ | Wegative true, Data Bus Bit 7 |
| i ——— ) |
| - | WP1TK | negative true, write Strooe |
| | | {
| -K i )} i
| | I} Kot used |
i -S i ‘} )
| } i |
| -T 1 PRIUR I3 i Bus Controller Priority Out |
) i | |
| -Uu | PRIOK ULUT | Bus Controller Priority Out : |
| | | |
| -y } I} #Wot Used |
) { 1} |
| -w | i} |
| | ) |
1 -X i} |
| t | |
i | — | |
| -Y { REQ { Negative true, Bus Data Valid |
| | I |
| { i |

ot Used

T D D e E e M e - - - S B MR G Y e Y e T e G SR G G YR D WS S M S S G W S Y S D MR S W e R G S WS A W e e S G S e G S e s WS A W A N e W e S e e
- e R R e e . e o e e e e o o e o e o e o W T S o e e . S G - N T T e T T e e S T T G S e e 4 o Sh o W e e e S o = e
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Table 4.1 Connector intormation Graphics M=controller PCA

S W G U - - " - W - > S A - - S Gm G . e " WS WD W Y M e G o Gm AR NS R M SR . P S TS G S W S ST G G M TR R S S W S AR M e G o -
S . e = - - - . o h S = = e - o e o e e " S e - S = e s W = e . = . - T W m e e G - e

| Connector | Signal l Signal |
| and Pin no. | Name | Description |
|====z==Szsss==z|=csS=zC@sSSSo=sSS | ZSSSSE SIS C RS CIZEISSESSSSRSEIESSII=z==zas=|
) P2,Pin 1 I AQ | Col or Row Address, Bit O |
1 I | |
| -2 | Al | Col or Kow Address, Bit 1 |
i | | |
| -3 | A2 | Col or kow Address, Bit 2 i
| | I |
| -4 ) A3 | Col or Row Address, Bit 3 |
| | | |
| -5 | A4 l Col or row Address, bit 4 |
I t i |
| -6 | AS | Col or Row Address, Bit 5 |
| | | I
i -7 | A6 | Col or Row Address, Bit © |
| l | |
| -8 | X0 | pit Address, 8it 0 |
| | | |
) -9 | X1 ! Bit Address, 3it 1 )
| i i |
| =10 | X2 | Bit Adaress, Bit 2 I
| | | : i
| -11 l X3 i Bit Address, Bit 3 |
| | t |
| -12 1 RAS i RoWw Address Strobe |
| I } i
i -13 | CAS | Column Address Strone }
| i | I
| | - i )
| -14 | N i Negative True, write Enable |
| | l i
| | - 1 |
| =15 | LOAD | Negative True, Load i

. - o G- = - N e WS S P s T G S WD wn G W e D N e D e e Y WA W G T W e S W S N B D e S W G G G S D - S W R S e WS e W
- - - > D — = — > - S WD W D - . e - - T . e " S - - . - - e e e o -
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Table 4.1 <Connector Information Graphics M=controller PCA (cont’d.)

. - - - D = S D - G T A —— D D e W . D wp G WD D W G W G G T . W W= G e UH S W G i Y D S G W S S D . - W e W W
A D e - A > - e . - D . - - = e e e e P S G W P e T W S e e W o S A e Y S G e WD e e S P ED S - -

| | | |
| Connector | Signal ] Signal I
§{ and Pin No. | Name | Description |
| i | | \
‘ M+t 11 ‘ e EETEESE=ZE=m====a i - B PR PP PR g o '
| P2, Pin =A | CLK { 10.5 mMnZ Clock i
| | i )
| -8 | GND i Ground |
| J i t
| | — | . |
} -C | CLK | vegative lrue, 10.5MHZ Clock |
| i } |
| i —— } (
| =0 | 103.D2 | Negative True, Col 103 and Dot 2 |
| | | |
| -£ DI { Data In |
| ) | |
| -t | Al i Address Bit 7 |
| | { 1
i =H | n I Innibit Graphics Display |
| | i i
} | — | }
| -J | STR3 | Nnegative True, Strope 3 |
| | | |
| 1 e | |
| -K STK4 t Negative True, Strope 4 l
| | | |
| | —— i |
| -L 1 STrd | negative True, Strope 5 |
} | I }
| -4 | VK | Vvertical Retrace |
i i { |
| i — i i
| - STrS | negative True , Strobe o |
i | i |
| - | | xOt usea |
| | { i
) -R SAMPLE | Sample Bit |
| | | |
| -S i GNU | Ground {
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Table $.0 Module Bus Pin Assignments
function Loaa registers, | | Bus |
Pertformed: load b=-bufter, | Value | Signal |
set ana clear flags j===z===k|==sc=z====z===|
as specifiea by A0O,AS5,Ab

Poll Bit: NoOt Applicaple

mMoaule Address: (ADDR 4,11,10,9) = (1100)

Ffunction Specifier:
Bits AO0,A5,Ab determine whicn
register or flag will be stroped.

(¢
(V]

l1=Logical 1=Bus Low |
i0=Logical 0=Bus Highl
1X=pon‘t Care |

e T T T T ]
g PR — R

- - — — - — o - e AP am W WS A GBS e WD E e D S WP G W WS M WS T wn T MR G W W
e s - o e e o - S T o W e W N S S e R e e S W e e

T T - S P D D WP W e G S Gy W W G G m— S A . W G N A T G G G W Gh GE W G WS G GV - ——
- e T > D > e YD D - o G D A T D TE W TN G U S G S SR An WP A WS e

t1 11 11 ICLKR VR{ Clear Vert. Retr, Latch |
11 11 |10 VRESET + Clear Address Counter (
11 10 11 ISTRS | Load Moae Reg )
i1 10 10 1STR4 | Load Pattern Reg |
10 11 11 ISTR3 | Loaa Prescaler Reg |
J0 11 10 ISTR2 1 Clock Flags |
10 10 11 ISTRl ) Load B-puffer bits 8-il |

| Load B=puffer pbits 0=] i

Data Bus Bit Interpretation: See Tables S5S.1 tnrough 5.4
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Table 5.1 Module Bus Pin Assignments

W > S e G S S e e T G D M G T WS TS WD T M e R S S S S A G S G W SR G e W . G W S W G o = -

o o . - - T —— W = T G e M T Ay E T e S G M S = - e e W e - e W e W - e W=
PP PR T T T T T T T T Ty

i Function Load B-buffer with |

| Performed: vecCctor drawing parameters I Value
| |=======
| | 1

| - | 0

| . | 0

| ) } 0

| { 1

| Poll BRit: Not Applicaple | 0

| ' ( 0

| | AB
| | X

| | 0

| | 0

| Module Address: (AUDR 4,11,10,9) = (1100) 1 1

| | | A3
| Function Specifier: ( A2
} Bits Al,A2,A3,AB specify location in { Al
| the B=-pufter tnat is loadea, t A0
| it AO specifies lower or upper half i=======
{ ot the b-buffer. I B7

| I 86

| I B85

| Data bus Interpretation: See Tabple below, | B4

| See also Section 4. I B3

| | 82

| I Bl

| {eemmmencc (S| mrmemmccce) (wmem=A()S(==er==e==| H(

|

|

10 10 t0 10 HIX 1X X X IF 11X tx i1X 11X X 11X IX X IX 11X IX 1Y/
10 10 10 11 11X 11X 11X 1X | write Dot Count |
10 10 11 10 11X X tX 1X t Display Control Byte |
10 10 11 11 t1X IX X X IF 14X 11X 11X ¥IXx 11X X IX 01X ix X X 1Y/
1O 1L 10 40 HIX X 1A X e 12 1X I1X X X tx X 18 §X X tX 1Y/
1O 11 10 11 HIX 1X VX X 1F X dx X X X IX 11X X IX 11X IX {Ys
10 11 11 10 11X IX 1X Ix | Upper 6 pits of vector start aadr.l

| Lowerl2 poits of vector start addr.|

{ Initial Slope Value |

| Initial vector Lengtn |

| Upper o bits ot vector displ. MZ |
11 00 11 11 11X 11X ¥X 11X | LoweriZ bits of vector disol. M2 |

| Upper o olts of vector displ. M1 |

| Loweri2 bits of vector displ. ml I

| Slope increment D2 i

| Slope increment D1 |

- o A N e - — - - . B G G S R e e e W G G AR TR S e S R S S S D W D T WP T G e R ey SR G W A W G
T I T I I I T s N T I I e r T T

13255-91125/09
REV MAY=04-78

- O - —— - - -
P —p—p—R—3—

Bus |

& draw 1st do

M cont.test |
N self=-test |
i new aadress|
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Taple 5.2 module Bus Pin Assignments

13255-91125/10
REV  MAY=04-78

- - T - - WP e WP T S e W WY WY I G S S W e S W WD W N e R e S S e S S G G S - S A S P MR W W P SR G TP G W - wn e M T G Y Ve S S e W D T e W e WS
G W - - - . n D D . S D om e W - ——— G D S G S G e WP W W D Gn e R En e AR D e e e Sn o e

Function Load b=buffer with |
Pertormea: ZOoom parameters |

Poll Bit: Not Applicable

Module Address: (ADDR 4,11,10,9) = (1100)

Function Specifier:
Bits Al,A2,A3,A8 specity location in
the B-buffer that is loaded.

Bit A0 specifies lower or upoer halt |
of the B-butfer.

|
|
|
Data Bus Interpretation: See lable below, |
See also Section 4. |
|
|
|

IX IX IX 10X 1X IX 6X IX IX 41X IX 1X 1X 1X
IX X 1X 01X 11X 11X 1x 1X X 41X IX 11X 1X iX
IX 01X X 1X X 01X §X 1X 1X 1X IX IX §IX IX

10 10 10 10 HIX X 1X IX IX IX IX X IX X IX 0L oX ¥x IX
10 10 10 11 14X 11X IX §X | write Dot Count '
10 10 11 10 14X tX IX IX | Display Control Byte
10 10 11 1 14X IX X IX | word Count per Line
10 11 10 10 1iX IX 1X IX | Magnitication~-1
10 11 10 11 HiX 11X 1X X 1X 1K 12 1X 61X IX 1X ¢X Ix 1X 4X
10 1L 11 10 X X 41X 1X 11X X 01X i&a 11X IX 11X #iX IX 1X tX
10 11 41 11 1IX IX IX IX 01X X 01X 1X 04X 41X 11X 01X 11X 1x 1X
11 10 10 10 11X IX IX IX | Upper 6 bits of Zoom Start Add
11 10 10 11 11X X 1X IX | Lower 12 Bits of Zoom Start Ad

(P4

X

X

X

1Hx

11X

tX
I X
I X
r.
dr.
1 X
X
X

W

e T - T 3 e D D D e L O L L e
=== PP PP PP PP

S e R YR A D D Y SPGB - - G M D - > W T G M S A T - S G S G P G S G W e -
Y —— —— ———  —— . i - = D = S S S N S e T D B W T e SR D WP A W W S Gm e e A o G . e -

T e e T S e - " - S T WP . WY > D G G - TS G e G VS W S S S D W e D W S SR mp e W e s G W - - -

- - — . — o w— - —— —
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Table 5.3 Module Bus Pin_ Assignments

| Function Load B=buffer with | [} Bus |
| Performed: cursor parameters | value | Signal |
| j=====s=z|=======z=z====|
| | 1 | ADDR 15 |
| _ i 0 | ADDR 14 |
| ’ | 0 | ADDR 13 |
| : | 0 | ADDR 12 |
| | 1 | ADDR 11 i
) POoll Bit: nNot Applicaeple I 0 I ADDK 10 |
| { 0 { ADDR 9 |
| | A8 | ADDR 8 |
| | X { ADDR 7 |
| i 0 | ADDR o6 |
| | 0 | ADDR 5 |
| Module Aaaress: (ADDR 4,11,10,9) = (1100) 1 1 | ADDR 4
| | A3 | ADDR 3 |
{ Function Specifier: | A2 | ADDR 2 |
| Bits A1,A2,A3,A8 specity location in | Al | ADDR 1 |
| the b-ouffer that 1s loaded, | AO | ADDR O |
I Bi1t AO specifies lower or upper halt |======s|==ss==5s==s=12|
| or the B-buffer, i 87 | Bus 7 |
I | b6 | BUS © |
i | 8BS | BUS 5 |
| Data Bus Interpretation: See Taple below, | B4 | BUS 4 |
\ See also Section 4. | B3 | BUS 3 |
| | B2 | BUS 2 |
| I B1 | BUS 1 i
| Comonmeceej()S]lerrecsncnncd (revmcpA()S()weeccem==]| B | BUS 0 i
|

i

I1 10 10 11 X 11X 41X i X iX ¥X iX 11X X X X 11X X 11X 11X 11X}
11 10 11 10 §IX IX X 1X | Start address +720 (upper 6 bits )ivVertical

| Start address +720 (lower 12 bits)ivector

| Start address = 1 (upper 6 bits ) iHorizontal
11 41 10 11 1iX ¥X IX IX | Start address = 1 (lower 12 bits) |vector

| vertical vector Length |

{ Horizontal vector Lengtn |

W . - — P > > - T S e T EE WP W e e S e e = SO M G P SR WS T W W A Y e > S e = e S W S T e S G W WS W SR ER W G T S e G e - e A A e -
- — " —— - - - D - S - - e S Gy - - > WS AP e T G S T e G P S e s o e - D WD e - -
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Function

Poll Bit:

Perrormed:

Table 5.4

D - o E —r v > em W B T G G W W W PP W T e TGP e > T E G e S WS e EP S W e WS M W W M G D P S G S W VD WS Y e s W e W I W S O W Ml S W AR W W W S S -
- — O - - - - =D WP T AR WS D T D W - S P R AD D NP D e W G wm TR G S G S S R S > - M G SR R T S P S P G s AR e W e e e - e oo

Set/Clear Flags

NOot Applicapole

Module Adaress:

(ADDKR 4,11,10,9)

Data Bus Bit Interpretation:
IBOYl 170 set/clear flag 1 |
i1y 1/0 set/clear flag 3 |
18621 not used )
i831 1/0 set/clear flag 4 |
164) 1/0 set/clear flag 5 |
I1BS| not used I
IB6 | not used |
1871 not used |

T e e T T T T T Y]

13255=91125/12
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Module bus Pin Assignments

S==s=s=ss===ss=ss=z====z|
il1=Logical 1=Bus Low |
l0=Logical 0=Bus Highl
I X=Don‘t Care {
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FUNCTIONAL DESCHIPTION. Kefer to the block diagram (figure 1),
schnematic diagram (figure 2), component location diagram (figure 3),
instruction format (tigure 4), image memory aadress (figure 5), image
memory bit displacement (figure 6), zoom example (tigure 7), flowcnarts
A,B8,C (figures 8,9,and 10), and parts list (02640-60125) located in the
appendix. Refer also to tne graphics microcode listing in section 6.0.

The Graphics M=Controller PCA consists of an address counter, ROM,
ROM output register, instruction decoder, decoder enable tlip-flop,
condition selector, halt, A=-buffer, hold register A, Be-buffer, noid
register B, address multiplexer, constant multiplexer, adder, carry
flip~-flop, sign flip-flop, S11 flip=-flop, address register, bit
register, RAS and CAS tlip=-tlop, bus gates, bus decoder, flags, and
test logic blockse.

To accomplish the tasks described py the algorithms outlined in
section 4.0, the mMm=controller is designed as a microprogrammable
machine, 1t 1s provided with a set of 8 instructions and 256 woras of
control storage, eacn 20 pits wide,

The hardware has basically two butfers A and B, both 16 words long
and 12 pits wide, Each pbufter can load its own hold register A,B., Both
registers are aadends 0f a 12<bit wide adder. The output of the adder
is routea oback to tne buftfer A,

The buffer b is loaded trom the 2648 bus. Four load instructions can
load the hold registers with a bpuffer location. hold register B can
pe loadea also with a constant. STO instruction stores the result of
the adaition pvack in ouffer A. The computation is done in Z’s
complement,

To prancnh within the microcode, a conditional jump with B=bit target
address 1s provided. [0 lndicate certain states of the hardware,

FLG instruction can set oOor clear seven hardware tlags. In addition FLG
instruction can halt the adaress counter. Three LSE’s of the ROM field
provide tne timing signals for the image memory.

M=controller instruction set. (Kefer to figure 4).

LAB hold reg A:= bufter A(A);
hold reg B8:= buffer B(B);
it Z=1 then hold reg A:=0;
sena bits (w,R,C) to image memory;

LAC nold reg A:= buffer A(A);
nold reg b(bit 0=7)i= CONSTANT 1;
nola reg B(bit &=~11):= 03
sena pits (w,R,C) to image memory;

LDC hold reg A:= 07
nola reg pB:= CUNSTANT 2;
send pits (w,R,C) to image memory;

LDA nold reg A:= pufter A(A);
send pits («,k,C) to image memory;
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ST0 it C=1 then sum S:= holo reg A + nold reg B + carry in
else sum S:= nold reg A + hold reg B;
butfer A(A):= sum S;
carry ff:= carry out;
- if S=1 tnen sign ff:= S5(11);
. if X=1 then pit reg XR:= $0=53;
o if L=1 then if M=1 then address reg AR:= $0=S5,S11 ff;
if M=0 then addr reg AR:= 54-S510;
send bits (w,R,C) to image memory;
JMP if CONDSTRUE then address counter AC:= TARGET;
sena pits (w,R,C) to image memory;

Conditions: 0 unconditional 8 flag o
1 carry £t 9 not used
2 not carry ¢t 10 sign ft¢
3 not flag 1 11 test not OK
4 not flag 2 12 tlag 5
S tlag 3 13 not sign ft
© not tlag 4 14 not vertical retr.
7 vertical retr. 15 not used
FLG it F= 0 then nop:
if F= 1 then set not tlag 1;
it F= 2 tnen clear not flag 2;
if F= 3 then set not flag 2;
it F= 4 then set not flag 4;
it F= 5 then set tlag 5;
if F= 6 then set flag 6;
it F= 7 then clear flag o;
it = 8 then nop;

F
it ¥F= then nop;

it F=10 then enable self-test;

if F=11 then disable self=test;

if F=12 then set vertical retrace latch;
it F=13 tnen nop;

if ¥=14 then send STR6 to image memory;
if F=15 then set H pbit;

it d1=1 then set halt 1;

if H2=1 then set halt 2;

send bits (w,R,C) to image memory;

NOP send bits (w,R,C) to image memory;
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Instruction execution speed.

An instruction cycle takes two clocks, One clock for fetch and one

for execute. To speed up the code execution, the M-controller works in
pipelinead tashion. while one instruction is being executed, the next
instruction is peing fetched, Since the clock period is 95 nsec, the
instruction execution rate is 10.5 MHz. This is true for all instruc~
tions exept the successful jump, where the execution takes two clocks
(test and jam).

Since a new line of microcode is loaded into the RUM output register
(ROR) on every clock, the image memory timing is controlled directly
from ROk bits 0,1,2 (signals RaS,CAS,wWRITE).

ADDRESS COUWNTER (AC).

Address Counter (AC) provides the 8-bit address tor the ROUmM. It is
dariven by 10.5 MHz clock. 1f signal TESTOK is asserted by the JwP
condition selector, the address specified by KROR 5-12 is jammed into
the Address Counter ana branch in the code is accomplished. AC can be
from advancing by Halt circuit. It can be initialized to zero by the

RESET signal from the Bus Decoder.

READ ONLY MEMOURY.

Read Unly Memory provides storage tor the microcode. It 1is 256 woras
long and 20 bits wide,

ROM is composed of 5 PROM’s Harris 7611=5 or equivalent,

RUM OUUTPUT REGISTER (RUR).

ROM Output RrReglster (ROR) is 20 bits wide and nolas tne instruction
peing executea., New instruction 1s clocked in on every clock. The

signal RESET clears opcode pits thus forcing NOP into the instruction
decoder,

INSTRUCTION DECUDEK (1R).

The IR decodes the tnree most sianificant bits of the ROR. There 1is one
instruction decoded per one clocx period (95 nsec) as long as it is
enapled py Decoder Eknable flip-flop.

DECOVER ENABLE FLIP-FLOP.

Decoder Enaple FF clisables tnhe next instruction after JMP from being

executed it the jump condition was found UK. 1t forces one dead clock
when successful pranch occurs.
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CONDITION SELECTOR.

Condition Selector selects one of the 16 possible brancﬁinq conditions.
The condition is determined by ROR 13-16 bits. The selected condition

and the decoded JMP signal determine the outcome of the 1ESTUOK line.

- The possible jump conditions are:

0 unconditional 8 flag 6

1 carry ff Y9 not used

2 not carry ff 10 sign £t

3 not flag 1 11 test not OK

4 not flag 2 12 flag S

5 flag 3 13 not sign ft

6 not flag 4 14 not synch vert. retrace
7 synch vert. retrace 15 not used

HALT.

Halt circuit enables nalting the Address Counter oprogramatically by
issuing the FLG instruction, Tne FLG instruction and bit ROR 11 on,
halts the Address Counter until the Graphics Display asserts the

synch pulse 103.D2 that re=-enable the counter. FLG instruction and KOR
bit 12 on, nalts the Address Counter until the ¢raphics Display

sends the next LUAD pulse. The halts are used to synchronize the
M=controller and the image memory when reading and displaying a word.

A=-BUFFER.

A=buffer is a lb=-word RAM, 12 bits wide. It nholds different varia-

bles as shown on tne flowchart, figure 10. The micrcode can write into
or read any location of the A=-buffer, but it is not accessible to the
8080 Processor. The STO instruction stores the result from the adder
into a location of the A=-butfer specified by bits ROR 13-1le6.

The instructions LAB,LAC or LDA loads a location specifieada by RUR 13-lb
from the A-puffer into the Hold Register A.

Since the bit RUOR 4 high disables the RAM, any LOADL instruction with
ROR 4 high w#will load zero into the Hold Reg A, )

A-buffer consists of three RAM°s 745189, The signal wWE low strobes
the data into the buffer. when the RAM’s are disapled by RUR 4, the
tri-state outputs are pulled high by external resistors, This loads
effectively zero into the Hold Register A, since the register uses
the complementary outputs.
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HOLD REGISTER A.

Hold kegister A holds one addend of the addition, It is loaded by the
instruction LAB, LAC or LDA with the content of a location specified
by ROR 13-16, Zero is loaded into the register by instruction LDC

or LAB it ROUR 4 is set. The other instructions do not affect the
register.

The register consists of tnree 74LS175°s. Complementary outputs are
used to compensate for the inversion in RAM’s. Since the bit ROR19 is

set only 1in LUAD instructions, the trailing edge of signal ROR19.CLK is
used as strobe.

B=BUFFER.,

B=buffer is a 16=-word RAM, 12 bits wide., It holds variaples

as shown in the tlowchart, figure 10. The microcode can only read a
location out ot the B=ouffer into the Hold Register B. The HB=pbutfer
is loaaed py tne Processor via the terminal bus.

Tne Address Multiplexer selects either the signals ROR 9Y=-12 or

ADDR 1,2,3,8 as address for the B=buffer, depending whether the tufter
1s read out or written into. Tne 12 bit wora is loaded 1nto the butffer
by the Processor in two bytes: the bus aecoder signal STRO

strobes pus data BUSO=7 into the bit position 0-7 and STR1 loads

BUSO=3 into the bit position B8=11 of a location specified by

the address ADDR1,2,3,3.

Re=butfer consists ot tnree RAM’s 74S189Y, Since RAM inverts the input
data, the negative true pus data appears as positive at the outputs.

1t should pe noted, that since tne bus address ADDK1,2,3,8 is
negative true tne Processor nas to complement the address when loading
the b-putfer.

HOLD REGISTER 3.

This register nolds one aadend ot the addition. 1f the instruction LAB
loads the Hold RrRegister B, the addena 1s a location ftrom the Be-pufter.
It LAC 1s executed then the register bits 0=-7 are loadea with RORS-12
(constant 1) and pbits &-11 are zero=-ed. Finally, the register 1is loadea
with pits RURS=10 if LUDC is executed,
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Hold register B is composed of three multiplexer registers 74LS298,
Tne 1nputs are switcned to the B-buffer, wnen the LAB signal is true,
otherwise tne signals RUR’s are used as inputs. The trailing edge

of the signal ROR19.DE.LDA.CLK is used as a strobe,
ADDRESS MULTIPLEXER.

This multiplexer selects the address for the B=pbuffer. 1f either the
flag F1 or K4 1s set then RUR 9=12 address 1is used. Otnerwise the bus

adaress ADDR 1,2,3,8 is selected.

CONSTANT MULTiPLEXER.,

The multiplexer is used for loading elither CONSTAN1 1 or CONSTANT 2
into Hold register B. when a Load instruction other than LDC is dgecoded
the multiplexer supplies zero to the Hola register B, If LDC 1s decoded
then the bits RUK 13-16 are used as the upper four pits ot tne
constant.

ADDEK.,

Tne aader adds two numpers in hnold Registers A and B. The output ot the
Carry FF 1s adaed to the suw if enakled by the oit ROR6. The carry out
and MSB of tne adder are made available to the carry and Sign Fr. Tne
adder outputs are valid as long as Hold Registers A,3 are not loadea
with new values or carry in is not disabled by ROR6. The sum is
torwarded to the A-buffer, Adaress Register AR ana bit Reglister xK.

CARRY FL1P=FLUP,

It saves the carry out when tne STU instruction is executed and makes
it available to the adder 1n tne next addition, provided RUKo 1s on.
Both outputs of the FF are used as jump conditions.

SIGN FLIP=FLOP.

It stores the MSB of the addition wnen the instruction STO is executea
and the bit RUORS 1is set.

The sign FF set to one means negative number. Both outputs of the FF
are used as jump conditions. : )
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S11 FLIP~FLOP,
Similarly, as with the Sign FF, the S11 FF saves MSB of the addition
but data is clocked in by the positive transition of the signal ROR1.

ADDRESS REGISTER (AR).

The Address Register has the primary function ot holding the address
wnen M=controller accesses the image memory. Since the image menory is
organized as 16k words times 1 bit RAM, it takes 18 bits to address a
single bit. Four bits are needed to point out tne bit within a word ana
14 upper bits pick the wora within tne chip. 16« RAMs use address
multiplexing., First 7 row address bits are sent followed by

7 column bits. (See figure 5).

Since adder and RAM buffers are only 12 bits wide, it reguires two
locations in A or B puffer to store the complete memory address.

It should be noted that to increment the image memory oit address means
to add one to the LSB, wnhile to increment the word address involves
adding one in bit position 4 (add decimal 16).

Note that the 7 bit row address is contained fully in one location wALU
or RALO (write address low or read address low); 6 bits of the 7 pit
column address are in wAHI or RAHI (write aadr.nigh or read aadr.high)
but one bit is in wALO (or RALO). Therefore, thre LSB 0of the column
address is stored in the S11 Ff wnen WALO (or rPALU) 1s being sent to
the image memory.

Tne process of sending the memory address then lies in two steos:

1. Load WALU (or RALU) into the Hold Registers. Issue STO instruction
with ROR7 high and ROR3 low. This loads the Adder pits S4-1C into tne
Address Register. Send ROR1 (RAS) to the memory, thus strobing the row
aadress ana saving the MSB in S11 FF.

Zé. Load wAHI (or RAH1) into the HOld Registers. lssue ST0 instruction
with ROR3 ana ROR7 high. Tnis loads the Adder bits S0=-5 and Si1 FF
into the Address Register. Then send ROR0O (CAS) to the memory, thus
strobing the column address.
Besides senading the memory aaodress through the Address register,
the M=controller dispatches the Display Control Byte to the Graphics
Display via the Adaress Register. The 8 upper bits are sent througn
the AR and 4 lower bits via the Blt Register (XR). (see description
of Graphics Display PCA in module section 13255=-91126),

Address Register consists of two multiplexer registers 74LS296.
The select input is controlled programatically by ROR3, The data
is strobed in the AR when the STO instruction is decoded and the
pit RUR7 1is on. '
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3.19 BIT REGISTER (XR).
This register holds the lowest four bits of the memory address or four
lowest bits of the Control Display Byte. During self-test, in case of
an error the four lowest bits of the failing address are saved here,
- Data from the aader are loaded in the register when the ST0O instruction
: 1s- decoded and the bit RCURS8 is set.
3.20 RAS & CAS FLIP=FLUP.
The flip-flops send the RAS and CAS signals to the image memory. Since
they are clocked with CLK, the signals RAS and CA$ are shifted halt
a clock (47 nsec) pehind tnhe leaaing clock edge. This allows to
propagate the address through the Address Register and drivers on the
Graphics bisplay PCA before it is clocked in.
3.21 BUS GATES.
vnen enablea py the READ signal, the gates propagate the contents
of the bit register XR, flag FS, signal hF1.NF4, latched image
memory data and the signal VRIN,
3.22 BUS DECODER.

Bus Decoder decodes signals sent by the Processor to the graphics
hardware (module no. is 14B), ana passes them in tne form of strobes
to the other inner blocks as follows:

STRO stropes pus data into B-bufter bit 0=7

STR1 strobes pbus data into b=buffer bit 8~-11

STR2 clocks flags F1,F3,F4 and FS

STR3 loads prescaler on the Graphics Display PCA

STR4 loads pattern reg on the Graphics Display PCA

STRS loads mode reg on the Graphics Display PCA

STR6 is the signal RESET which initializes Address Counter to zero

STR7 clears the Vertical Retrace latch
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3.23 FLAGS.

3.23.1 The block

called Flags is a set of flip-flops that indicates

the internal states of the graphics hardware and firmware.

Flag

Flag

Flag

Flag

Flag

Flag

Flag

Flag

F1 wnen set indicates the input B-buffer was loaded by the
Processor with new data., It is set by the Processor and
cleared py the M=controller’s FLG instruction.

F2 when set indicates the vector drawing is in progress. It
is set and cleared by the FLG instruction.

F3 when set indicates the zoom mode 1S oOn.
It 1s cleared and set by the Processor.

F4 when set indicates the input B-puffer was loaded with new
zoom parameters, It 1Is set by the Processor and cleared
by the FLG instruction,

FS5 has two meanings:

First, if set py the M=controller during selt-test, it
signals to the Processor that the selt-test tailea.

Before self~-test it must be cleared by the Processor.
Second, if during vertical retrace both flags t#1 and Fb are
set py Processor, it makes the M=controller to draw cursor,

F6é is used for reentry from WRITE subroutine in the grapnics
firmware. It is set and cleared by FLG instruction.

T when reset enables self=-test logic. It is set and cleared
by the rFLG instruction,

H wnen set, forces the Graphics Display PCA to send blanks
to tnhe screen. 1t is set by the FLG instruction and reset by

the synch signal 103,.D2.

vertical Retrace Latcn when set by the FLG instruction indicates

STR6

to the Processor that vertical retrace occurred,
It is clearea by tne Processor.

is a strobe that loads the Display Control byte onto the
Graphics Display PCA.It is asserted oy the FLG instruction.
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3.23,2

3.24

3.24.1

3.24.2

The Flag logic contains decoaders, flip=tlops and K=S5 latcnhes. The two
decoders 74LS138 decode the signals ROR 13-16 when enapled by the
signhal rLG. The decoder outputs manipulate tne flags. The Flags §¥1,F3,
F4,FS are flip=tlops that use bus data as inputs and are clocked by
signal STR2 from bus decoder. NOte that STR2 is NANDed with CLK for
synchronization purposes.

when the Processor sets flag 1 or flag 4, it actually maKkes Q=outputs
of tne 74LS74 low since the bus data is negative true, That‘’s why

the signals are called WNFl1,nF4. In case of flag 3 and flag S the
¢=outputs are used, so that when these tlip-flops are set by Processor
tne names F3,F5 corresponds to high level signals.

TEST LOGIC.

This block provides the self-test feature when enaopled by the T=flag.
The image memory data bit Dl is latched and compared with tne expected
value SAMPLE loaded by the Processor into the Graphics Display PCA.
Resulting signal Ok is a condition for the JMP instruction, Latched
memory data bit DATA is made available to the 8080 via Bus Gates.

Memory data bit DI 1is stroped by the leading edge of ROR2 (the WRITE
signal to the memory) when read portion of the R=M=w cycCle is
finished. SAMPLE is a latched data bit sent by the Processor. when
signal NT is low the compare logic is enabled and the signal wOK is
determined by SAMPLE and DATA.

GENERAL.

This section outlines the image memory organization and in terms of
algorithms describes the three tasks the graphics haraware performs:
vector plotting, line displaying and zooming.

IMAGE MEMORY SIZE.

If the screen of 720 by 360 dots is viewed as two dimensional array,
19
it takes 19 bits to adaress a dot and memory size of 2 bits
(0<=x<=719 ; 0<=y<=359), But if tne memory is organized as a linear
array where each screen dot is assigned a number, then the screen fits
18
into the size of 2 bits.
To meet tnis opjective the memory array 1s organized as 16,200 words,
16 pits wide. Each 45 words cover one raster line (45%16=720).
Given screen dot address X,Y the corresponding memory address 1is:

bit addr 45*y*16 + x (18 bits)
word addr 45*y + x/lo (14 oits)
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VECTOR PLOTTING ALGORITHM,

Given a cartesian grid, a vector with a slope delta y/delta x less
than 45 degrees can be plotted as follows:

step 1: Set d=-1/2+(delta y/delta x). Set X and Y to the x,y
coordinates of the startpoint of the 1line.

step 2: Place a dot at coordinates X,Y¥Y.

step 3: If X equals x coordinate of the end of the line, stop.
Utherwise go to step 4.

step 4: If d is negative set d=d+(delta y/delta x) and set X=X+1,
Go step 2.
1t a is positive set d=d+(delta y/delta x)=1 and set X=X+1,
Y=Y+1l. GO to step 2.

Now the different addressing scheme between screen and the linear
memory must be considered., Given a dot on the screen, the adjacent dots
nave eight different displacements in the image memory. (see Figure 6)
Tnerefore for tne first octant, the step 4 of tne algorithm is changed:
screen increment X=X+1 is substituted by memory increment M=M+1
and increment X=X+1,Y=Y+1 is substituted by mM=M=719,
Similarly, for eacn octant there are two memory displacements for two
adjacent points on tne screen, Vector plotting algorithm then can be
modified with regara to the linear memory arrangement:

Given two points on the screen P0O(x0,y0), P1(xl1l,yl). PO 1is the
bpeginning.

step 1: Set delta x=x1-x0, delta y=yl=yo0

Determine which octant the vector will be plotted in.
Assign the memory displacement Ml1,M2 according to the octant.
Calculate the vector start address wA=45%(359=-y0)*16+x0
Set the initial valuye D=2*delta y = delta x
and increments D1=2%delta y, D2=2%*delta y =~ 2%¥delta x.
Set the dot count (vector length) DC=delta X.

step 2: Write a dot at aadadress uA

step 3: Decrement the dot count LDC=DC~-1, If DC=0 then done ;
else go to step 4.

step 4: If D is positive then upaate D=D+D2 and address WASWA+MZ,
Go to step 2.
If D is negative then update D=D+D1 and address WA=WA+M1,
Go to step 2.
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LINE DISPLAYING ALGOKITHM,

Displaying a norizontal line requires reading consecutively 45 words
each 16 bits wiade, converting them to a serial stream and sending the

" bits to monitor., wWhenever 45 words have peen read, the peam is in
* horizontal retrace and new read operation must be synchronized with
the raster. To display tull frame requires to read 360 lines.

Initialize line count LC=0 and read address RA=0,

Initialize word count WwC=0. wait for the raster to begin

the line.

step 3: Read a wora at address RA, convert 16 parallel bits to a serial
stream and direct it to the monitor., Uodate address RA=RA+1 and
word count wC=wC+1.

step 47 1f wC=45 then go to step S else go to step 3.

step 5: Increment line count LC=LC+1,

if LC=360 then frame DONE else go to step 2.

step
step

N -
o se

200M AND PAN ALGORITHM.

Zzoom is a feature that displays & bit from memory, for a given
magnification m in the form of (m~l1)*(m=-1) dots, followed by one blank
row and one plank column, (see figure 7)

To stretch the line horizontally on the screen in the zoom mode,
requires to send each dot (m=1) times to the monitor, followed by a
blank dot, before shifting to the next dot.

This means to reauce the shifting frequency of P=S convertor

to 21MHz/m, Vertical extention is achieved by reading the same line
(m=1) times, Start point is specified by start zoom address ZASTP.

step 1: Initialize current zoom address ZA=ZASTR, line zoom address
ZAO=ZASTR, word count per line K=45/m, line count LC=0.

step 2: Initialize repeat count RC=0,

step 3: Initialize word count wC=0, wait for raster to pegin line,
step 4: Read a word at ZA, update ZA=ZA+1 and wC=WC+l.

step 5: wait till serial conversion of the word is tinished.

step o6: 1f WC<KK then go to step 4,

if WC=K then proceed to step 7.
step 7: Increment LC=LC+1,
if LC=360 then frame DONE else proceed to step 8,
step 8: Update RC=RC+1.
if RC<m=1 then reinitialize ZA=ZA0, go to step 3.
if RC=m=1 then do one bplank line and update ZAU=ZA0+45, ZA=ZA0
go to step 2.
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4.5 TASK PARTITIONING BETWEEN GRAPHICS M=CONTROLLER AND BBDCESSUR PCA.

Tne graphics M-controller serves the following functions:

a)

b)

c)
d)

e)

It reads and refreshes tne image memory either in normal or
zoom mode. By changing zoom start address, panning through
the image memory is accomplished.,

During the norizontal retrace it generates and stores a vector
into the image memory. Vector specification is recievea from
the Processor in the form of an endpoint, vector length

and vector slope.

The vector is generated by turning on the dots in the image
memory that most closely approximate the straight line petween
the endpoints.

During vertical retrace it generates and stores graphics
cursor into the image memory 1f desired by the Processor.

It reads any point on the screen and makes it known to the
Processor, if so desired.

It can aiagnose the whole image memory and identify RAM

chip failure,

The Processor snares some of the tasks:
(Refer to sections 5.0 through 5.5, the flowcharts figures
8,9,and 10 and the graphic microcode listing in section 6.0).

a)

D)

c)

Read ana refresh 1s the sole function of the graphics hardware
Read in tne zoom mode 1s specified by the Processor into the
B=buffer on the M-controller poard in the form of magnifica-~
tion M, word count per line K, zoom start address ZASTRLO,
ZASTRHI and display control byte.

Vector generation during horizontal retrace is done as out-
lined in section 4,2, Processor does the step 1 of the
algoritnm and outputs the vector parameters into the B-puffer
on the M=controller poard. The parameters are: start memory
address WALU,wAHI, dot count DC, initial slope D, slope
increments D1, D2, image memory increments MiLO, M1HdIl, M2LG,
M2HI., 8080 Processor indicates by setting MSB in the location
B(10) wnhether the endpoint of tne last vector is the
peginning of the new one or if the new WA should pe used.

I1f selt=-test is requested, Processor sets MS8 in B(11) or it
test 1s to be continued atter previous failure, MSB in B(12)
is set, The numper of dots generated per scan line is passed
in the location B8(14).

The graphics cursor is generated as one horizontal and one
vertical vector. The Processor has to specify botn

vectors by start points WAILU, wWA1HI, wA2LO,wA2d]l and

oy length vC1,DC2,.
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5.0 PROCESSUR FIRMWARE SPECIFICATION.
The Processor causes the graphlcs M=controller to perform
- the following tasks: vector drawing,self«test,zoom,cursor drawing
. and reading a raster bit,
It does soO by loading the input B=butfer,scanning and setting
tlags on tnhe M-controller as described pelow.
Since the pus aadress 1is negative true, the Processor
has to complement the address before loading the Be-buffer.
For exanple if the Processor specifies aadress 15, it actually loads
ouffer location B3(0) etc. Then to load the buffer see Tlables
S.0 through 5.4.
5.1 VECTOR DRANING.

Processor action Comment:

it Bus (0)=0 tnen it F1,F4 reset then load be=buffer

Begin
b (0):=delta D1 ¥ load slope increment DI
B (1):=delta D2 ¥ slope increment D2
B (2):=delta MILO * lower 12 bits of mem, aisplacement M1
B (3):=delta M1lHI * upper o bits of mem. displacement M1
B (4):=delta M2LO * lower 12 bits ot mem. displacement M2
B (5):=delta M2HI ¥ upper o bits of mem. displacement M2
B (6):=DC *x intial vector length
B (7):= initial slope
B (8):=new WALO lower 12 bits of vector start adar.
B (9):=new WAHI upper o pits of vector start addr.
8(10):=40008B/0 use new start addr/use last addr.
B(i1):=0 do not start self-test
B(12):=0 do not continue self-test
B(13):=Display Byte *x*x Graphics Display Control Bits
B(14):=write Dot Count*x 4 dots in normal reaaq,3 dots in zoom
B(15):=4000B/0 Draw 1st dot/Don’t draw 1ist dot
Load Mode register Mode Reg on Graphics Display PCA
Set F1 set Flag 1

End;

¥ only negative values loaded in 2°’s complement

¥*load always as negative 2's complement

*xxfor meaning of Display Control Bits refer to the
Graphics Display Module (13255=91126).
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SELF=TEST.
Processor action:
A. Start self-test:

if Bus (0)=0 then
Begin

13255
REV

load B=buffer as under vector drawing

put B (11):=40008

load SAMPLE bit into Graphics Display PCA

Fl:=
FS5:=0
End;

B. Evaluate self-test:

if F1=0 and F5=0 then test 0OK; go DONE;
if F1=0 and F5=1 then test failed;

C. Continue self=-test:

Beginp
g8 (12):=40008
Fl:=
F5:=(
90 B
End;

200M.

A, Start Zooining.

Processor action:

if Bus (0)=0 then

<y

ASTRLO
ASTRHI
isplay Byte

[+ 9

o~

o N
N e s N
se o6 o0 0e oo
T NNXx

B(13

F3:=1

Fg:=1
End;

Comment:
if ¥1,F4=0 then load bebutfer

* load zoom magnification=-i

* load no, of words per line
lower 12 bits of zoom start addr.
upper 6 bits of zoom start addr.
Graphics display control bits
set flag F1
set flag F4

¥load as negative 2°s complement

=91125/727
MAY=-04-78
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8. End Zooming,

if Bus(0)=0 tnen ¥3:=0;

5.4 . CURSOR.
Processor action:

if Bus(0)=0 ana Bus(5)=1 then
Begin

(0):=DC1 *
(1):=DC2 *
(2):=WAlLO

(3):=wAldl

(4):=WA2LO

(5):=wA2H1

MMTTTIPT T @

(920

it

1
1

13255=-91125/728
REV MAY=04-78

Comment:

if F1,F4=0 and vertical latch
is set then load B=-buffer
length of horizontal vector
length of vertical vector
start addr. of nhoriz.vector=1

start addr. of vert, vector+720

set flag F1
set flag FS

¥ load as negative 2°s complement

5.5 READ A RASTER BIT.
Processor action:

if Bus (0)=0 then

Begin
B (b):=77778
B (8):=wALO
B (9):=wAHI
8(10):=40008B
B(11):=
B(12):=
B(15):=40008
Mode Reg
Fl:=

Comment:
it F1,F4=0 then load B=buffer

vector length=1 (2’'s complement)
12 lower bits of raster addr.

6 upper bits of raster aadr.

use new addr.

do not start self-=test

do not continue self-~test

draw 1st adot

load Mode regqg.

set flag F1
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6.0 GRAPHICS MICROCODE LISTING.

Tne following microcode is described by flowcharts A, B8 and

C (figures 8, 9, and 1J0). It is stored in M=controller’s ROMs

packs U14,uU15,016,U17,u26. .

ERRERRRRERRE RN R RRE RN RN KRR RF KRR RN RN RN KRR RN RRK R

000 0420000 PON FLG F=01 NF1 <= 0

001 0460000 FLG F=03 NF2 <= 0

002 0500000 FLG F=04 NFg& <= 0

003 0560000 FLG F=07 Fée <= 0

004 0660000 FLG F=11 DISABLE SELF TEST
005 1300340 A JMP C=12 T=CURSR IF FS = 1 DO CURSOR
006 1002300 Jvp C=00 T=AJ ELSE GO TO AO

007 1062300 CURSR JMP C=03 T=A0 IF NF1 GOTU AO

010 2000020 LAB A=00 B=00 Z COPY DC 1

011 1400000 STO A=00

012 2042020 LAB A=02 B=02 Z COPY wWA1lLO

013 1520000 STO A=05

014 2063020 LAB A=03 B=03 Z COPY WA1HI

015 1540000 STO A=06

016 2520040 CURS1 LAC A=05 C=+0001 WA1LO <= WA1LO +1
017 1520600 STO A=05 XL

020 2540002 LAC A=06 C=+000u R wAlHI <= wAlHI + CX
021 1540312 STC A=06 LC M K

022 ¢021033 LAB A=01 B=01 Z M RC copPY DC2

023 1420013 STO A=01 M RrRC

024 2400053 LAC A=00 C=+40001 M RC DC1 <= DC1 + 1

025 1400013 STU A=00 4 RC

026 1040707 JMP C=02 1=CURSI1 wRC IF CURSOR 1 NOT DONE, LOOP
027 2104027 Lag A=04 B=04 Z wRC COPY WA2LO

030 1620000 STU A=09

031 2125020 LAB A=05 B=05 Z COPY WAZ2HI

032 1640000 STO A=10

033 3323020 CURS2 LBC C==072¢

034 3020000 LDA A=09 WA2L0O <= wA2LO = 720
035 1620600 STu A=09 XL

036 2657742 LAC A=10 C=+477778 R WA2HI <= WA2HI + C
037 1040312 STO A=1¢ LC M R

040 0000013 NOP M RC

041 06000013 wOoP 4 RC

042 2420053 LAC A=01 C=+40001 M RC DC2 <= DC2 + 1

043 14206013 S10 A=91 M RC

044 1041547 JMp C=02 T=CURS2 wRC IF CURSGR 2 NOT DONE, LOOP
045 0420007 FLG ¢=01 WRC NF1l <= 0

046 1162740 AQ Jup C=07 T=A2 IF VR THEN GO A2

047 3374020 A3 LDC C==0064 ELSE REFRESH 64 ROWS
050 1760000 STO A=15 wC = =064

051 2721000 REF LAC A=13 C=+0010 SEND KROW ADDRESS

052 1720200 STO A=13 L

053 2760042 LAC A=15 C=+0001 R wWC = wC + 1

054 1760002 ST0 A=15 [
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Graphics M=controller

¥ CONTROLLEK HALTED UNTIL NEXT 103.D2 PULS

055 1042442 JMP
056 1342342 JMP
057 0700000 A2 FLG
060 1132340 JMP
061 1263240 JMP
062 3377760 LOC
063 1760000 STU
064 0740000 FLG
065 3351420 Al LDC
066 1400000 STO
067 3375100 LDC
070 1760000 STO
071 3377020 LDC
072 1520000 STO
073 3003760 LDC
074 1540000 ST0
075 1163640 L1 JMP
076 0000001 NOP
077 2521000 L2 LAC
100 1520200 STO
101 2540002 LAC
102 1540312 STO
103 0404013 FLG
104 0000013 NOP
105 6000013 NOP
106 2760040 LAC
107 1760000 STU
110 0600000 NOP
111 0000000 NOP
112 0000000 NOP
113 060000060 NUP
114 2521000 READ LAC
115 1520200 $TO
116 2540002 LAC
117 1540312 STO
120 2760053 LAC
121 1760013 STO
122 1044613 JMP
123 2400053 LAC
124 1400000 STO
125 1020240 JMP
126 0540000 FLG
127 1005600 JMP
130 0560000 RET1 FLG
131 3375160 LDC
132 1760000 ST
133 1003740 JMP
134 1110100 WRITE JMP
135 LAB

2376020

C=02
C=14
F=12
C=05
C=11

T=REF
T=Aa3
1T'=Z200M
T=A1

C=+777178

A=15
F=14

C==0360

A=00

C==0045

A=15

C==001lo

A=05

C=+00778

A=06
C=07

A=05
A=05
A=06
A=06
F=00

A=15
A=15

A=05
A=05
A=06
A=06
A=15
A=15
C=02
A=00
A=00
C=01
F=06
C=00
F=07

T=L1
C=+0016
C=+0000

HLT1

C=+0001

C=+0016
C=+0000
C=+0001

T=READ
C=+40001

T=A

T=WRITE

C==-0045

A=15
C=00
C=04
A=15

T=L2
T=LF1
B=14

XL

L

LC

L

LC

M
M
M
M
E

T2

C

RC
RC
RC

RC
RC
RC
RC

13255-91125/390
REV MAY=04-78

IF wC LESS THAN O THEN LOOP
IF NOT VR LO 64 MORE ROwS
SET VERT RETRACE FLAG
IF F3 THEN GO ZOOM
DONT SEND DISPL BITS IF NOK
SEND DISPLAY CUNTROL BITS
TO THE MEMORY
LC<==360
WC<=~-45
RALO<==10
RAHI<=+778B
IF VR THEN L1
CLOCK THE CLEAR MEMOJRY LATCH
RALO<=RALO+16
RAHI<=RAHI+ C

HALT1

wC<=wC+1

READ LOOP RALO<=RALO+106

RAHI<=RAHI+C

WC<=WC+1
IF WC<0 THEN GO
LC = LC + 1
IF LC=0 THEN GO A
Fée<=1
GO WRITE
RE=-ENTRY POINT 1 :(F6 <= 0

wC<= =45

GO READ AGAIN
IF F2=0 THEN GO LF1
LOAD WORD COUNT
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Graphics M=controller REV MAY=04-78
136 1760000 STO A=15

137 2420000 LAC A=01 C=+40000

140 1420040 STO A=01 S SET S FROM SIGN OF D
141 1246640 woO JMP C=10 T=w1l IF D<0 THEN GO w1l

142 2064000 LAB A=03 B=04 WALO<= WALO+M2LO

143 1460600 STO A=03 XL

144 2105002 LAB A=04 B=0S R WAHI<= WAHI+M2HI+CARRY
145 1500312 STO A=04 LC M R

146 2021013 LAB A=01 B=01 M RC D<= D+ D2

147 1420053 STO A=01 S M RC

150 2440053 LAC A=02 C=+0001 M RC DC<= DC+1

151 1440013 STO A=02 M RC

152 1027707 JMP C=01 T=DONE wRC IF DC=0 THEW GO DONE
153 1007307 JMP C=00 T=w2 WRC ELSE GO w2

154 0000007 NOP wRC

155 2062000 w1 LAB A=03 B=02 WALO<= WALO+MILO

156 1460600 STO A=03 XL

157 2103002 LAB A=04 B=03 R WAHI<= wAH1+MIHI+CARRY
160 1500312 STO A=04 LC M R

161 2020013 LAB A=01 B=00 M RC D<= D+ D1

162 1420053 STO A=01 S % RC

163 2440053 LAC A=02 C=+v001 M RC DC<=0C+1

164 1440013 STO A=02 M RC

165 1027707 JMP C=01 T=DUNE WRC IF DC=0 THEN GO DONE
166 1267547 w2 JMP C=11 T=BAD WRC IF DATA NOK THEN GO BAD
167 2760040 LAC A=15 C=+40001 wC<= wWC+1

170 1760000 STO A=15

171 1046040 J¥MP C=02z T=W0 IF wC=0 THEN RETURN
172 1010000 JMP C=00 1=KETRN

173 2460000 BAD LAC A=03 C=+40000

174 1460400 STU A=03 X BIT REG <= BAD ADDR 0=3
175 0520000 FLG F=05 FS<= 1

176 0420000 DONE FLG F=01 Fi<= ¢

177 0460000 FLG ¥=03 F2<= 0

200 1205400 RETRN JMP C=0b T=ReTl

201 1015440 JMP C=00 T=RET2

202 1070000 L¥1 JMP C=03 T=RETRW 1F NF1 GO RETURN

203 1310000 JMP C=12 T=RETRN RETURN 1F CURSOR FLAG ON
204 2374020 LAE A=1bY B=12 Z IF B(12)=1 THEN

205 1700040 S>TU A=15 S CONTINUE

206 0440000 FLG ¥=02 SeLk TEST.

207 1250000 JMP C=10 T=RETER

210 2046020 LAB A=02 B=0o Z A(2)<= INIT DC

211 1440000 STU A=02

212 2027020 LAB A=01 B=07 Z A(1)<= IN1T D

213 1420000 STU A=01

214 2372020 LAB A=15 B=10 YA 1F B(10)=1 THEN

215 1760040 ST0 A=15 S FETCH NEW WA

216 1331140 JMP C=13 T=w4 IF NOT SF THEN GO w4

217 2070020 w3 LAB A=03 p=0b Z FETCHING
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220
221
222
223
224
225
226
2217
230
231
232
233
234
235
236
237
240
241
242
243
244
245
246
247
250
251
252
253
254
255
256
257
260
261
262
263
264
265
266
2617
270
271
272
273
274
275
276
277
300
301

1460000
2111020
1500000
2460000 w4
1460600
25Q0002
1500212
2373033
1760053
0640013
1251613
0660013
2377033 WS
1760053
1332113
0000003
0000007
0000007
2440040 w6
1440000
1267540
1050000
1007700
1153200 ZOOM
2166020
1560000
2207020
1600000
2353020
1740000
2274020
1660000
2375020
1760600
0740000
0500000
3351420 Z0
1400000
2560000
1520000
2600000
1540000
2560000
1620000
2600000
1640000
1173700 ZVR
2740001 B
1700000
2660000 21

STO
LAB
STU
LAC
STO
LAC
STO
LAB
STO
FLG
JMP
FLG
LAB
STO
JMP
NOP
NOP
NOP
LAC
STO
JMP
JMP
JMp
JMP
LAB
STO
LAB
STO
LAB
STO
LAB
STO
LAB
STO
FLG
FLG
LDC
STO
LAC
STO
LAC
STO
LAC
STO
LAC
STO
JMP
LAC
STO
LAC

A=03
A=04
A=04
A=03
A=03
A=04
A=04
A=15
A=15
F=10
=10
F=11
A=15
A=15
C=13

A=02
A=02
C=11
C=02
C=00
C=06
A=07
A=07
A=08
A=08
A=14
A=14
A=11
A=11
A=15
A=15
F=14
F=04

B=09
C=+0000
C=+0000

B=11

T=W5

B=15

T=wb

C=+0001
T=BAD
T=RETRN
T=DOURNE
T=Z0
B=06
BE=07
B=11
B=12

B=13

C==0360

A=00
A=07
A=05
A=08
A=06
A=07
A=09
A=08
A=10
C=07
A=14
A=12
A=11

C=+40000
C=+0000
C=+0000
C=+40000

T=ZVR
C=+0000

C=+0000

Z
XL
R

L M R
Z M RC
S “ RC
M RC
M RC
M RC
Z M RC
S 4 RC
M RC
RC
WRC
WRC

Z

YA

Z

Z

Z

XL

C

13255-91125/32
KEV  MAY=04-78

NEW WALO
AND
NAHI

PUT wALO IN AR

PUT wAHI IN AR
IF B(11)=1 THEN
ENABLE SELF TEST

ELSE
DISABLE SELF TEST
IF B(15) = 1
THEN
WRITE
THE FIRST
bOT OF
THE VECTOR
DC<= DC+1

IF DATA NOK GO BAD
IF DC<0 THEN NOT DONE
GO TO DONE
IF OLD ZOUGOM GO 20
ELSE A(7)<=ZASTRTLO
A(8)<=ZASTRTHI
A(14)<= =M
A(11)<= =K
SEND DISPLAY CONTROL
TO THE MEMORY
STROBE 6 SENT TO MEMORY
NF4<= 0
LC<= =360
ZALO<= ZASTRTLO
ZAHI<= ZASTRTHI
ZAOLO<= ZASTRLO
ZAOHI<= ZASTRHI

WAIT FOR END OF VERT RTRACE
RC <= =M (CLOCK CLEAR

WC<= =K
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302
303
304
305
306
307
310
311
312
313

314
315
316
317
320
321
322

323
324
325
326
327
330
331
332
333
334
335
336
337
340
341
342
343
344
345
346
347
350
351
352
353
354
355

1760000
2520000
1520200
2540002
1540312
2760053
1760013
0404013
0000013
0000013

2521000
1520200
2540002
1540312
0410013
2760053
0000013

1760013
1054613
2400040
1400000
1020240
1005600
2700040
1700000
1036040
2620000
1520000
2640000
1540000
1014040
3055020
3620000
1520000
1620000
2630000
1540100
2540000
1640000
3374020
1760000
0404000
0000000
000006V

STO
LAC
STO
LAC
STO
LAC
STO
FLG
NOP
NOP

A=15
A=05
A=05
A=06
A=06
A=15
A=15
F=00

C=40000
C=+40000
C=+0001

HLT1

LC

CONTROLLER HALTED UNTIL
ZLOOP LAC

STO
LAC
STO
FLG
LAC
NOP

A=05
A=05
A=06
A=06
F=00
A=15

C=+0016
C=+40000

RLT2
C=+0001

L

LC

K

M R

M RC

M RC

M RC

M RC

M RC
103.b2

R
M R
M RC
M RC
M RC

13255-91125/33
REV  MAY=-04-78

READ 1ST WORD
ZALO

ZAH1

WC<=nWC+1
HALT 1

PULSE
200 LOOP
ZALO

ZAHI
HALT 2
wWC<=WC+1

CONTROLLER HALTED UNTIL NEXT LOAD PULSE

RET2

2

STO
Jmp
LAC
STO
JMP
JMP
LAC
STO
JMP
LAC
STO
LAC
STO
JMP
LDC
LDA
STO
STO
LAC
STO
LAC
STOUL
LDC
STO
FLG
NOP
NOP

A=15
C=02
A=00
A=00
C=01
C=00
A=12
A=12
C=01
A=09
A=05
A=10
A=06
C=00

T=ZLOOP
C=+0001

T=A
T=WRITE
C=+0001

T=72
C=+0000

C=+0000

T=21

C=+40720

A=09
A=05
A=09
A=10
A=06
A=06
A=10

C=+0000

C=+40000

==00064

A=15
F=00

HLT1

M RC
M RC

IF WC<0 GO ZLOOoP
LC<= LC+1

IF LC = 0 THEN GO A
GO WRITE
RENTRY 2: RC<= RC+l

IF RC = 0 THEN GO Z2
ZALO<= ZAOLO
ZAH1<= ZAOHI

ZA0 <= ZAO + 720

ZA <= ZAO

WC <= =64

HALT 1



13255

Graphics M=controller

356
357
360
361
362
363
364
365
366
367
370
END

0760000
2721000
1720200
2760042
170002
1056742
2400042
1400000
1020240
1013740
0006000

CONTROLLER HALTED UNTIL NEXT

RLOGP

FLG
LAC
S10
LAC
STO
JMP
LAC
STuU
JMP
JMP
NOP

F=15
A=13
A=13
A=15
A=15
C=02
A=00
A=00
C=01
C=00

C=+0010b
C=+0001

T=RLOOP
C=+0001
T=A
T=B

T WX T

103,D2

13255-91125/34
REV MAY=04-78

PULSE
TURN THE D1SPLAY OFF
SEND
ROW ADDRESS
WC<= WC+1

IF WC<O0 THEN LOOP
LC<= LC+1

IF LC=0 GO A
ELSE GO B.
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Pa-7
P2-6
Pa-§

PR-y
ra-3
P2-2
P21

Pa-N
P2-lo

P1-8

Pa-12.

Pa-i3

Grapnics M-controller Schematic Diagram
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GRAPHICS M-CONTROLLER

02640-60125 B- 1725 -42 c22
u11 < U12 g u13 jB u14 u1s < u16 4 u17 q u18 (: u19 < u11ojo U111 4
C10 c1 c12 5
R3 u28 q U29 4 U210 4 U211 <
u21 4 u22 2 u23 2 U24 u2s § U26 é u27 c24 c17
c3 R4 cs c13 u3s q U39 < u3sio < U3 j
ua < u42 g u4a3 § U44 u4s q u46 q u47 <
u4s < u49 d u410 a uan <
€20 c21
c4 ce R5 C R1 ) 25 c18
=]
(8]
us1 4 us2 < us3 4 us4 uss 4 Us6 § b us? < uss us9 d Us10 a usn <
Cc5 g cis C R2 ) c19
© 1+ ue8 q ueo <§ U610 q U611 q
ue1 < ue2
R7 c16
Figure 3

Graphics M=controller Component Location Diagram
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INSTRUCTION FORMAT:

LAB

LAC

LDA

LDC

STO

JMP
FLG

NOP

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1] of of agf ] A a8 ]8, 8 (8, P mlulkr]c
CONSTANT 1

VRO VEAE AL A LA 7 6y 5 4] sletal ol ol nlwlrlc

A a ], ol wlul rlc
CONSTANT 2

11l ofnlol of sl 716y sy al sl2l 1l ol il n]lulrlc

o V] 1] as] A A A xItlclslolnluwlr|c

LUNU TARGLE ]

ol 1| o 1ol 70 68 af 3l20 1) ol ol mlwlrlc

o of V{Fyf F,| F|FH, | H, ol #lwlrlc

ol ol o ol nlwl r|c

SHADOWED BITS ARE DON'T CARE
Figure 4

Instruction Format
MAY=04-78
13255=91125



IMAGE MEMORY ADDRESS BIT ARRANGEMENT

ADDER BITS

ABSOLUTE MEM. ADDR.

S5 S4 33 33 31 S5 317 Syp Sg Sg 37 3 54 S3 S Sy 3,
171 lisa szl | 10 s |76 sl sl 21110
COLUMN ADDR ROW ADDR BIT ADDR
- ~la St -

WORD ADDR
_ ’L
RAHI OR WAHI | RALO OR WALO
- -
Figure S

Image Memory Address
MAY=04-78
13255=91125



COLUMN Y-| Y Y+

l
=721 -720 =719
LINE X-1 SP

2
v
- O~ 5€S€>£3 -+ +|
\\
X+ od & \o

1719 +720 +72|

X

IMAGE MEMORY BIT DISPLACEMENTS.

Figure o
Image Memory bBit Displacement
MAY=04-178 13255=91125



Z00M EXAMPLE
MAGNIFICATION M=&

38258885
X X
MEM. LOC, (f\g ('\g'f' L,000X000X

XX XXX XXX

[N MEMORY

ON THE SCREEN

O=vlsiBLE DOT
X=BLANK DOT

Figure 7
MAY=04=-787

Z00M Example
13255-91125
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VERTICAL RETRACE IN PRoGRES

\F F1 AND FS SET
THEN) Bo CuRSoR

Fs

Do CurSOR

INDI CATE IWPUT BFRER B [/ 4
IS AVAILARLE

WHILE WAITING FoRk

1

VERT|CAL RETRACE ,
REFRESH MEHORY

IN ELSE DO REGULAR READ

Eworsany HEND DSPLAY ConTRoL BITS T8 MEHM, BRD
Conmiol 81T

l_ MITIALIZE
;’j&_ E?:i' Ling CouNT LC
RA « & WoRD CcounT WC

READ AbpRESS RA

= y WAIT ONTILL VERTICAL PETPACE FIASHED

— N

s+
lkEAbAwmo "“l ReEAD THE I5F WoRD oF THE Lme

UPDATE READ A00R,RA
WorRD Couslm WC

WC & We+ |
HALT1

103,02 j N
4

HALT RoM ADDRESS CoUNTER
ONTILL SYNCH . PULSE 103. D2
FRo # Me Hopy BoARD OCCURS

READ kLooP
Ikmnwmﬁraﬂ REas A Wok D
| uPbATE RA
IRA+RA+ 1
WCewe + | WC,
LooP k4 TIMES

UPLATE LINE CouNT

I¥ FraHE pbonE (3éo LwES )
THEN éo To A

ELSE SET FLAG€ 6
AND Go 7O WRITE SUBROUTIAE

REENTRY Por T

FLe d
we =S|  WNITIALI BE WoRD CounT™
| CoNTINUE READING NEXT LINE

Figure 8
MAY=04~78

Flowchart A
13255-91125
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Y
NEW 200M
2 sy € 8(8,9)

M € 8(2)
K €« B(3)

SEND OISPLAY
CONTROL B8I78

!

le €& -3a@0
ZAD € 24 srer
ZA € 24 sizr

INITIALIZE :

LINE COUNT LC

LINE EOOM ADDRESS ZAJ
CURRENT Z2OOM ADDR. 24

WAIT THE END OF

VR VERTICAL RETRACE

H

£LSE PRESET 234 ™0 ZAQP

IF FLAG 4 S&T THEN COPy PARAMETERS
FOR NGW ZOOM FROM BLFFER B

START 200M ADDRESS 2A srar
MAGNIFICATION FACTOR M
WORD COUNT K

SEND OISPLAY CONTROL B8/TS THAT
ARE IN LOCAT/ON 8 (/3)

Q RE-ENTRY POINT

UPDATE LINE REPEAT COUNT

RC & Rc+!

AND LOoOP
/F LINE REPEATED M-T/MES
THEN

UPDATE LINE ZJoM ADDR 2AJ

INITIALIZE 13"14‘” & i‘jﬁ *720 | spe THWE NEXT LINE AND
[Rc « -M |ume epsar cownr RS g GO 7O REFRESH MEMORY K
B & INITIALIZE ;
INITIALIZE : WC & -o4 WORD COUNT
WC € =K |woRD COUNT WC ~ALT 1 AND HALT
1
READ THE FIRST i ;
READ 4 WORD AT ZA |WORD OF THE LINE,
24 & Z4 %/ UPDATE CURRGNT 100M ADOR 34, ‘
WC & wc ! UPDATE WORD COUNT. 103. 02 ggiggofos,sgg‘:’uv
HALT 1 HALT ADORESS COUNTER. MEMORY BOARD
Y
1 )
WAIT FOR SYNCH. ' !
03. D2 PULSE 103.02 FRoM DiSABLE D/3PLay
MEORY  BoARD i SEND ROW ADOR.
| ROW €~ ROW #/
v i We <« Wc s/
200M LOORP: LOOP @4 TIMES
READ A WORD 4T 24 | READ A WORD,
24 €« 244/ YPLATE 24 ~N
WVC €« wE+/ UPDATE WCE
wALT 2 HALT ADDRESS COUNTER . “
1
1
ICc € Lc+/ UPDATE LINE COUNT |

WAIT FOR LOAD
N puLse From
MEMORY BOARD

IF K WORD NOT READ
THEN LOOP

ELSE

UPLATE LING COUNT

IF FRAME (360 LINGS) DONE
THEN &0 TO 4"

ELSE GO0 TO
WRITE SUBROUTINE

ENABLE D/SPLAY |ANO ENABLE DISPLAY

IF ERAME OONE THEN
GO TO A" ELSE START
200M ON NEXT LINE.

Y
W REFRESH :
OURING REFRESH (1 LINE
THE OISPLAY /S OISABLED
ANO @4 ROWS OF MEMoORY
CHIPS ARE REFRESHED

@

Flowchart B
13255-91125

Figure 9
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IFE FLAG 2 SET THEN VECTOR

F2

N DRAWING 1S IN PROGRESS

ELSE

INTERROGAT &
FLAe S

Y

LOAD WRITE DOT

COUNT INTO WE

W <« 8(i4) (/

T IS MO, OF DOTs WR/TTEN

PER HOR/IZONTAL RETRACE

REALD -MOD. ~WRITE Loor

CHECK SlanN OF D

D€ D+aDl
WA & WA+ aMI

UPDATE SLoPkE D ANO
WRITE ADORESS WA
FOR NEGAT/VE SIGN

O€0+aD2

WA € WA+ aM2

|

|

1

R=-M-W
4007 AT WA

oc €« Dc+l

CHECK DATA
oK ad

READ -MODIFY - WRITE
TMHE BI/T A7 WRITE
AODLRESS WA

UPOATE DOT COWUNT

DURING SELF-TEST

UPDATE SLOPE D AND
WRITE ADDRESS WA
FoR POSITIVE SIGN

y BUFFER 5

IF FLAG 1 SET THEN

IS FULL
ELSE

EXIT WRITE SUBROUTING

FLAG 5 SET INDICATE THAr

INPUT BUFFER CONTAINS

O4ATA FOR CURSOR.,
EX/T WRI/T&

IF MS8 IN Loc. B(/2) SET
THEN CONTINUE SELF-TEST

ELSE

COPY INITIAL Dor
COUNT (= VECTOR LENGTH )
AND INITIAL VALUE oF
SLOPE D

IF MS8 IN LOCATION
8 (10) /s SET

THEN

COPY NEW WRITE
ADDRESS WA.

IT IS STARI ADORESS
OF 4 NEW VECTOR

1E MSE IN LOCATION
B (/1) /s SET

THEN
ENABLE DATA cHEck

(Useo oLy IN sELF-TEST)

READ - MODIFY - WRITE
THE | DoT
OF THE VECTOR

UPDATE OOT COUNT

DURING SELF-TEST
CHECK pDarA

VECTOR ponNg ?
IR YES
THEN
INDICATE BUFFER
B AVAILABLS
&LSE
INDICATE THAT

“ STORE 4L583|
AR € WAO-3 | "0 s
VECTOR DONE 7
v INDICATS
SELF-TEST
FAILED
N
NO. UPDATE
WRITE DOT COUNT
LAST OoT oF
THE HORIZONTAL R-M-W
RETRACE ? THE /S DOT
BurFee B
FIle? | dvariois
VECTOR
F2€ 2| o rMore
IN PROGRESS
EXIT To
Y. Fée PROPER POINT

Figure 10
AY=04=78

VECTOR DRAWING
IS IN PROGRESS

Flowchart C
13255-91125



Replaceable Parts

Replaceable Parts

Replaceable Parts
Reference HP Part Qty Description Mfr Mfr Part Number
Designation Number Code
02640~-60125 1 ASSEMBLY GRAPHICS M-CONTROLLER
DATE CODE: B-1725-42
cl 0180-0393 1 CAPACITOR~-39UF 10V
€2 thru Cl9 0160-2055 18 CAPACITOR-.0lUF
C20 thru C27 0150-0121 8 CAPACITOR-0,1UF
El thru E3 0360-0124 STUD SOLDER TERM
Rl thru R2 1810-0076 2 NETWORK-RES SIP
R3 thru R8 0683-1025 6 RESISTOR 1000 5% .25
ul4 1816-1121 1 IC MEMORY
uls 1816-1123 1 IC MEMORY
uleé 1816-1122 1 IC MEMORY
ul7 1816-1124 1 IC MEMORY
uls 1816-0724 1 IC SN74S189N
Ul9 1820-1444 1 IC SN74LS298N
u21 1820-1112 1 IC SN74LS74N
u22 1820-1112 1 IC SN74LS74N
u23 1820-1440 1 IC SN74LS279N
u24 1820-1195 1 IC SN74LS175N
uz2s 1820-1730 1 IC SN74LS273N
u26 1816-1125 1 IC MEMORY
u27 1820-1730 1 IC SN74LS273N
u28 1816-0724 1 IC SN74S189N
u29 1820-1444 1 IC SN74LS298N
u3o
u3s 1816-0724 IC SN74S5189N
U39 1820-1444 IC SN74LS298N
U4l 1820-1302 1 IC SN74S251N
u42 1820-1302 1 IC SN74S251N
U43 1820~-1240 1 IC SN74S8138
u44 1820-0693 1 IC SN74S74N
uas 1820-1453 1 IC SN74S163N
U46 1820-1453 1 IC SN74S163N
U47 1820-1470 1 IC SN74LS157N
u48 1820-1470 1 IC SN74LS157N
u49g 1820-1195 1 IC SN74LS175N
usl1 1820-1112 1 IC SN74LS74N
uUs2 1820-~-0693 1 IC SN74S74N
us3 1820-0683 1 IC SN74S04N
us4 1820-1209 1 IC SN74LS38N
Uss 1820~-1216 1 IC SN74LS138N
use 1820-1215 1 IC SN74LS136N
us? 1820-1200 1 IC SN74LSOSN
us8 1820-1112 1 IC SN74LS74N
uUs9 1820-1195 1 IC SN74LS175N
U6l 1820-1201 1 IC SN74LSO8N
U62 1820-1197 1 IC SN74LSOON
ues 1820-0681 1 IC SN74S00N
u69 1820-1195 1 IC SN74LS175N
uUllo 1820-1871 1 Ic 745283
Ulll 1820-1444 1 IC SN74LS298N
U210 1820-1871 1 Ic 745283
U211l 1820-1444 1 IC SN74LS298N
u3lo 1820-1871 1 IC 745283
u3ll 1820-1196 1 IC SN74LS174N
U410 1816-0724 1 IC SN74S189N
U4ll 1820-1112 1 IC SN74LS74N
Us10 1816-0724 1 IC SN74S189N :
Us11 1820-1209 1 IC SN74LS38N )
u6lo 1816-0724 1 IC SN74S189N
uU6ll 1820-1367 1 IC SN74S08N )
uUll 1820-0681 1 IC SN74SOON
ul2 1820~1216 1 IC SN74LS138N
Ul3 1820-1216 1 IC SN74LS138N
XUl4 thru Xul? 1200-0607 4 SOCKET 16-DIP SLDR
XU26 1200-0607 1 SOCKET 16-DIP SLDR




