












































































































































































































DC 0 02 

Initial 
Value 0 8 8 

Une :;x 216YI-I4X1 216vl-214X1 

Circle rN2' r-1 2(r-1) 

Arc r/\ "2' r-1 2(r-1) 

Rectangle 3 A" B" 

Character 7 - -
Area Fill B"" A"" -
DMA L I -
RIWDAT W - -

Graphics Figure Drawing Parameters 

WHERE: 

6X /I 01 pixel positions In the line horlzonl.lly. 
6V /I of pixel posilions In Ihe line vertically. 

R.dlus 01 lhe curve, In pixels. 
Rounded up 10 Ihe nexl higher Inleger. 

01 

-1 

216VI 

-1 

-1 

-1 

-
-
-
-

a = The angle sublended lrom Ihe ocl.nl exls 10 Ihe arc. 
A" The lenglh - 1, In pixels, In lhe direction Inltl.lly specllled. 
B" The lenglh - 1, In pixels, In lhe direction .1 rlghl engles 10 

Ihe Inltlel direction. 
A"" /I of pixels In Ihe Inltl.1 direction. 
B"" /I of pixels In Ihe rtghl .ngle direction -1. 

L /I of word .ddre.s In lhe perpendlcul.r direction lor DMA. 
I /I of DMA Ir.nsfers In Ihe Inltl.lly specified direction. 

"" /I of word .ddre •••• 10 be wrtllen Inlo. 
DC Dr.wlng Count. , 
OM Dois M •• ked Count. 

Graphics Character Drawing 

OM 

-1 

-
0 

rsine, 

A" 

-
-
-
-

Graphics characters can be drawn into display memory 
pixel-by-pixel. The 8-by-8 character is loaded into the 
GOC's parameter RAM by the system microprocessor. 
Consequently, there are no limitations on the character set 
used. By varying the drawing parameters and drawing 
direction, numerous drawing options are available. In area 
fill applications, a character can be written into display 
memory as many times as desired without reloading the 
parameter RAM. 

Once the parameter RAM has been loaded with the eight 
graphics character bytes by the appropriate PRAM com­
mand, the GCHRO command can be used to draw the 
eight bytes into display memory starting at the cursor. The 
zoom magnification factor for writing, set by the zoom com­
mand, controls the size of the character written into the dis­
play memory in integer multiples of 1 through 16. The bit 
values in the PRAM are repeated horizontally and vertically 
the number of times specified by the zoom factor. As seen 
in display memory, the writing is started in the lower left cor­
ner of the eventual 8-by-8 block and proceeds right to left 
and bottom to top. The LSBs of the stored character bytes 
are written first, and parameter RAM location 15 is the first 
byte to go out. 

61 62 63 - GCHR-8 

GCHA·7 

- GCHA-6 

- GCHA·5 

- GCHR'" 

- GCHR·3 

- GCHR-2 .... 
PI.oI- 0 1 - �~�1� 

- �L�.�.�.�.�.�.�~�'�-�-�.�.�.�.�L�.�.�_�'�-�-�-�-�L�_�.�.�.�.�L�.�.�_�'�-�-�-�-�L�_�.�.�.�J� 

LS8 IIS8 

Display Memory 
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Parameter Ram Contents 
Character Mode: RAM Address RA 0 to 16 

RA-O (I ' SA01, 

1 I 0 0 0 i SAD •• 
) Dllplay Plrtltlon Ar •• 1 
�~� ... rt'ng .dd .... with 'ow. 

high Ilonlllclncl flelde 
(word Idd" .. ). 

2 (Ii i' LEi,l, II 0 :' 0: 0 : 0 �I�~� Longlh 01 Dlopto, Portilion • 

3 WD. 0 LENI. (lino count) wllh high ond 
. _. .... low olGnlllconco IloId •. 

RM 

R .... 

10 

11 

R .... 12 

13 

.4 

15 

t A Wido DI.pt., cycle wldlh 
L ___________ �:�~�.�:�:�;�:�=�,�c�y�c�l�o� 

0 0 0 1 
LEN2, 

woz\ 0 \ 

0 0 o I 
LEN3, 

w031 01 

0 0 o \ 

LEN4, 

WD41 01 

SADZ, 

SADZH 

1 0 0 

LENZH 

SA03, 

SAD3H 

\ 0 0 

LEN3 H 

SAD4, 

SAD4H 

I 0 
0 

LEN4H 

0 0 

0 0 

0 0 

.... II Ihl. bll'l. tot 10 • 1. 
The dlapllV add,. .. count., I, thin 
Inc .. monled by 2 IOf o.ch dl.pt., ... n cyclo. 
OIher ..-ry cycIo IypH ... noIlnlluoncod. 

I-
DlIPIIY Porttllon Z 
IIartIng odd .... Ind 
IengIh 

r--
DllPloy Portlllon 3 
... rtlng odd .... Ind 
IengIh 

--Dloploy _on 4 
,larting oddn!ss oM 
IengIh 

Graphics and Mixed Graphics and Characters Mode 
Dleploy Portlllon_l 

RA-O 11 ________ ....... _"'_SA ... O_l_"'_-'----'----'1- .larllng odd .... wtth low, , - middle, Ind high ,Ignltlclnco 
lletdo (wOfd odd .... ). 

1 �1�~� ______ ....... _"' __ SA ... 0_1M_"' ____ �-�-�-�'�-�~� 

2 I LEN1, I 0 0 I SA01H 

I I �~� I--Lenglh 01 Dloploy P.rtltion 

3 WDI 1M \ _____ LE_N_1H _____ Ateo 1 wtth low Ind high . _ _ IIIgnlflconcolletdo(lInec:ounl). 

In mixed mode, .llne11 ..... In I"""" or 
gnophloo_, Ind • 0 Indlcoln I chonocler ..... 

RM 

6 LEN2, 

7 WDZIIM I 

SADZ, 

SADZM 

I 0 o I SADZH 

LEN2H 

r-
Dloploy Partition _ Z 

.larting odd .... and 
IengIh wIIh 1l11li98 idenlHy 
bi1 .. in .... 1. 



RA-8 or GCHR8 

9 PTN H or GCHR7 

RA-l0 GCHR6 

11 GCHR5 

12 GCHR4 

13 GCHR3 

14 GCHR2 

15 GCHRI 

Command Bytes Summary 

RESET: o I 0 

VSYNC: o I ' 
CCHAR: 

START: 

ZOOM: 

CURS: 

PRAM: SA 

PITCH: o I 0 

WDAT: , I TYPE o I 
MASK: I 0 o I, 
FIGS: I 0 o I t 
FIGD: I 0 o l t 

GCHRD: I 0 o I, 
RDAT: I t t I TYPE I 0 

CURD: I 1 0 

LPRD: I 1 

DMAR: I I 1 I TYPE I' 
DMAW: I 0 0 , I TYPE l' I 
Video Control Commands 
Reset 

y 
\ 

I---

1/ 

o I 
tE 

, I 
t I 

,y] 

t I 
J 

t I 

MOO I 
o I 
o I 
o I 

0 o I 
o I 

o I 
o I 
o I 

MOD I 

~~I-o--,-o--,-o--,-o--,-o--,-o--,-o--,--o~I 

Pallern of 16 bits used lor 
figure drawing 10 pallern 
dolled, dashed, elc. lines. 

Graphics characler bytes 
to be moved inlo display 
memory wilh graphics 
characler drawing 

Blink the dlop'-Y, Inter 
Idle modo, Ind initialize 
within the GDC: 
-FIFO 

-Command """'"_ 
-Internal Countllra 

This command can be executed at any time and does not 
modify any of the parameters already loaded into the GOC. 
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If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. 
Idle mode is exited with the START command. 

p, 

P3 

P4 

P5 

P6 

P7 

P8 

0 

0 

HS 

Mode of Operation select bits. 
See below 

Active Ollpley Word. Plr tin •. MUlt 
be .ven number with bit 0 = 0, 

\ \~~ __ Honzontal Sync Width 

o i 
0 I , 

'--~~ ___ --~- _____ .- -- - Vertical Sync Width, low bits 

HFP, , V~H ~ - Vertical Sync Width. high bits 

\:_- ---- --- ----- Horizontal Front Porch Width 

HBP I--

VFP r-~ 

ALL r-

HOrizontal Back Porch Width 

Vertical Front Porch Width 

Active Display Lmes per Video Field. 
low bits 

ALH I ~ . Active DISplay Lines per V,dec F'.'d. 
_-'----'-_-'<-~_-'---l. __ _'____'r high bits 

\ 
VBP 

Vertical Back Porch Width 

In graphics mode. a word is a group of 16 pixels. In charac~ 
ter mode, a word is one character code and its attributes. if 
any. 
The number of active words per line must be an even num~ 
ber from 2 to 256. 
An all~zero parameter value selects a count equal to 2" 
where n == number of bits in the parameter field. 
All horizontal widths are counted in display words. 
All vertical widths are counted in lines. 

Modes of Operation Bits 

C G Display Mode 

0 0 Mixed Graphics & Character 

0 1 Graphics Mode 

1 0 Character Mode 

1 1 Invalid 

I S Video Framing 

0 0 Non·lnterlaced 

0 1 Invalid 

1 0 Interlaced Repeat Field for Character Displays 

1 1 Interlaced 

Repeat Field Framing: 2 Field Sequence with '/2 line off­
set between otherwise identical 
fields. 

Interlaced Framing: 2 Field Sequence with '/2 line off­
set. Each field displays alternate 
lines. 

Non-interlaced Framing: 1 field brings all of the information 
to the screen. 



D Dynamic RAM Refresh Cycles Enable 

0 No Refresh - STATIC RAM 

1 Refresh - Dynamic RAM 

Dynamic RAM refresh is important when high display zoom 
factors or DMA are used in such a way that not all of the 
rows in the RAMs are regularly accessed during display 
raster generation and for otherwise inactive display 
memory. 

F Drawing Time Window 

0 Drawing during active display time and retrace blanking 

1 Drawing only during retrace blanking 

Access to display memory can be limited to retrace blank­
ing intervals only, so that no disruptions of the Image are 
seen on the screen. 

Vertical Sync Mode 

VSYNC: LI_o ~-,---"--~~q._ 
G-Accept Extemal Venice I 

Sync - Slave Mode 
1.(1enerate & Output Vertical 

Sync - Master Mode 

When using two or more GDCs to contribute to one image, 
one GDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all GDCs 
are connected together. 

Cursor & Character Characteristics 

CCHAR:I L_o~~ __ ~~ __ ~_~ ___ '~1 
P1 loclo 01 LR I- -LInes per character row 

L ______ _ - --- .- --- Display Cursor .11 

P2 BRl 1 SC 1 

, L 
CTOP I -- Cursor Top line numberon the r (OW 

P3 

_____ a - Blinking Cursor 
1 - Steady Cursor 

--- Blink Rate. lower bits L 

.------C-BO-T------~--B-Ru--~f__· Blink Rate. upper bits 

L'- ___ _ _ _ __ Cursor Bonom line number In 
the row 

In graphics mode, LR should be set to 1. 
The blink rate parameter controls both the cursor and 
attribute blink rates. The cursor blink-on time = blink-off 
time = 2 x BR (video frames) The attribute blink rate is 
always '12 the cursor rate but with a 3/4 on-% off duty cycle. 

Display Control Commands 

Start Display & End Idle Mode 

START: I 0 I 1 I 1 I 0 I 1 I 0 

Zoom Factors Specify 

ZQQM: 

PI L-~_~~p __ ~-L __ ~~~R~__J~~~~ 
.------aop.y--

Zoom magnification factors of 1 through 16 are available 
using codes 0 through 15, respectively. 
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Cursor Position Specify 

CURS: I 0 1 0 1 I I 

PI I. EAD ~- Execute WOrd Address. _ by1e 

P2. I EAD ~ Execute WOrd Address • .-by1e 

P3 I dAD I 0 0 
1 

EAD ~----IGr.lphicsModeonty) 

[ L --- __ WOrd Address. top bits 

------- Dot Address wrthin the word 

In character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis­
play scan address (DAD) equals the cursor address. 
In graphics mode, the cursor word address specifies the 
word containing the starting pixel of the drawing; the dot 
address value specifies the pixel within that word. 

Parameter RAM Load 

PRAM:IL-~~ __ ~_-L __ ~~SA __ ~-JI 
L ____ Starting Address in 

parameter RAM 

f--- t to 16 byt .. to be loaded 
L-~~_-"--~ __ ~-,--~__J Into the parameter RAM 

starting at the RAM address 
specified by SA 

From the starting address, SA, any number of bytes may 
be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
bytes is terminated by the next command byte entered into 
the FIFO. The parameter RAM stores 16 bytes of informa­
tion in predefined locations which differ for graphics and 
character modes. See the parameter RAM discussion for 
bit assignments. 

Pitch Specification 

PITCH:IL-°~~~ __ ~-,--~ __ =:J~1~ 

This value is used during drawing by the drawing processor 
to find the word directly above or below the current word, 
and during display to find the start of the next line. 

Drawing Control Commands 

Write Data Into Display Memory 

~--- RMW Memory cycle Loglcol 
Operation: 

o _ REPLACE with PoHom 
1 _ COMPLEMENT 
o ~ RESET to zero 
1 ~SETto1 

'--------------- Deta Thmsf", Type: 

o _ .. 0---_______ Word. Low then High bytl 

o -:---------- Low Iyte of the Word 
1 .. High 8yto of thl Word 
1 .. I"vilid 



PI 

P2 
ole. 

WORD, or BYTE \---- Word Low 0818 Byte or 
L---"-~_'-' ---"_-'-' _'----"---' Songle Byte 0818 value 

WDRDH L - ___ Wordl,ansle"only, 
L---"-~_'----"-~_'----'---'! High 0818 Byte 

Upon receiving a set of parameters (two bytes for a Word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor 
EAD. The EAD pointer is advanced to the next word, 
according to the previously specified direction. More 
parameters can then be accepted. 
For byte writes, the unspecified byte is treated as all zeros 
during the RMW memory cycle. 

Mask Register Load 

MASK: I 0 .-:J 
PI I M, 1-----. - Low signilicance byte 

P2 I MH f--... _.-- Hogh signilicance byte 

This command sets the value of the 16-bit Mask register of 
the figure drawing processor. The Mask register controls 
which bits can be modified in the display memory during a 
read-modify-write cycle. 

Figure Drawing Parameters Specify 

FIGS: I 0 , I 0 1 

PI 1---- D,"wlng DIrection BI .. 

Figure Typo 111100' 1110: 
'------- Lin. (Voo'or! 

Or.phici Chlrlct.r 
Arc/Clrel. 
R .... ngl. 
811nted Or.phici Chlr.ct.r 

It--; - DC Drawing ""ra",., .. 

I 1I,.pIIl .. Drlwlng II .. lor _ In 
Mlxtd 1I,"pIIl ••• nd Chl, •• '.' Modo 

DDrawingPlra",.,.. 

'PI c11 1--)--- D1 Drawing ""ra""'" 

PI "lL-.L...-
0 .1......-1 .L...-.L...-'----'--L--II 

~- ~-~-
. The pora_18ke on 

-.m Intetprelalions lor 
_ figurelyplS. 
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Valid Figure Type Select Combinations 

SL R A GC L Operation 

o 0 0 0 0 Character Display Mode Drawing and 
Individual Dot Drawing 

o 0 0 0 Straight Line Drawing 

o 0 0 0 Graphics Character Drawing and 
Area filling with graphics 
character pattern 

o 0 0 0 Arc and Circle Drawing 

o o 0 0 Rectangle Drawing 

o 0 0 Slanted graphics character 
drawing and slanted 
area filling 

Only these bit combinations assure correct drawing 
operation. 

Figure Draw Start 

FIG D: I 0 0 1 0 1 , 0 , 1 0 I 
On execution of this instruction, the GDC loads the param­
eters from the parameter RAM into the drawing processor 
and starts the drawing process at the pixel pointed to by the 
cursor, EAD, and the dot address, dAD. 

Graphic~ Character Draw Start 

GCHRD: 1 0 , I 0 1 0 0 0 I 0 0 , 0 0 0 1 

Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character or 
area filling pattern stored in Parameter RAM. Drawing 
begins at the address in display memory pointed to by the 
EAD and dAD values. 

Data Read Commands 

Read Data from Display Memory 

RDAT:I~_I-"-~_'-LI_n~,_PE-kI_O--,----,_o~1 

Word. low .hln high by1. 

Low Byt. ol.hI Word only 

I ---- High Byt. ol.hI Word only 

00----

0----

1__.._------ --- Invalid 

Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words or 
bytes + 1). 
As this instruction begins to execute, the FIFO buffer direc­
tion is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param­
eters in the FIFO at this time will be lost. A command byte 
sent to the GDC will immediately reverse the buffer direc­
tion back to write mode, and all ROAT information not yet 
read from the FIFO will be lost. 



Cursor Address Read 

CURD: 

The following bytes are returned by the GDC: 

PI ~ , ,EA~l, , ,AO !--ExecuteAddress(EAD),LOWByte 

P2 d A1S, --- --:-::- ~- !SYExecuteAddreSSIEAD),MlddleByte 

P3 IL-0--'-I _O--'-_--'-_'----'-_O-'-'_.E_A..J.;]2-_H-.J Execute Address (EAD), High Bits 

P4 cL: dADl , I--~Dot Address (dAD), Low Byte 

P5 
'-1_-'---'-_--'-_d_A'-,D_H --'-_.l.-=:y.---'_.J --Dot Address !dAD). High Byte 

The Execute Address, EAD, points to the display memory 
word containing the pixel to be addressed. 
The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 

Light Pen Address Read 

Light Pen Address. Low Byte 

I A1S LADM AS L. Light Pen Address. Middle Byte 
L-. _~~_~ __ ~--,-_~---,_~I 

'-I_o __ -'------'_~_~O~! _LA--,-D_H .J~ . Light Pen Address. High Bits 

The light pen address, LAD, corresponds to the display 
word address, DAD, at which the light pen input signal is 
detected and deglitched. 
The light pen may be used In graphics, character, or mixed 
modes but only indicates the word address of light pen 
position. 

DMA Read Request 

DMAR: I,-_'~ __ ~~~ __ ~ ____ ~~ 1 
I 

TYPE : 1 ° I 
_l=- Data Transfer Type: 

O~ Word, Low then high byte 

0- Low Byte 0' the Word 

1 .. High Byte of the Word 

1~ Invalid 

DMA Write Request 

DMAW:IL-°--'-_-'---'--'I_TI~,_PE_~I_'--'-i_M~O_D-.J 
I ~RMW Memory logical Operation: 

i 0 0 ~ REPLACE with Pattern 

I ° 1 __ COMPLEMENT G o __ RESET t. Zor. 

1 1 ~SET to One 

Data bnot.. Type: 

o O. Word, Low then hlllh byto 

o .. 
t • 

Low Byto of the Word 

HllIh Byto of the Word 

1 - .. _-----In •• Ud 

Absolute Maximum Ratings* (Tentative) 

Ambient Temperature under Bias ooe to 700 e 
Storage Temperature-65°e to 1500 e 
Voltage on any Pin 

with respect to Ground 
Power Dissipation 

-O.5V to + 7V 
1.5 Watt 

'COMMENT: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The deVice is 
not meant to be operated under conditions outside the limits deSCribed In 
the operational sections of this speCification. Exposure to absolute maxi­
mum rating conditions for extended periods may affect deVice reliability. 

DC Characteristics 
TA =O°C to 70°C; Vcc=5V ::+:: 10% 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Input Low Voltage V,l -0,5 0.8 V 
Input High Voltage V,H 2.0 Vee + 0.5 V 

, OUlput Low Voltage VOL 0.45 V 10' = 2.2 mA 
OUlput High Voltage VOM 2.4 V IOH = -400 uA 

I Input Low Leak Current I'l - 10 uA V, =OV 

I 
Input High Leak Current I'H +10 uA VI = Vee 
Output Low Leak Current 10l -10 uA Vo = ov 

I 

Output High Leak Current 10M +10 uA Vo = Vee 
Clock Input Low Voltage VCl -0.5 0.6 V 
Clock Input High Voltage VCH 3.9 Vee + 1.0 V 
Vee Supply Current Icc 270 mA 

Capacitance 
TA=25°C; Vcc=GND=OV 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Input CapaCitance C'N 10 pF Ie = 1 MHz 
1/0 CapaCitance Cuo 20 pF V, (unmeasured) = OV 

AC Characteristics 
TA -- O°C to 70GC; VCcc 5V + 10% 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Clock Cycle Period lelK 167 2000 nS C,=I00pF 
Clock High Time tCH 70 nS 
Clock Low Time tCl 70 nS 
Clock Rise Time tCR 10 nS 
Clock Fall Time tCF 10 nS 
DMA Cycle Time IE 4xtCLK nS 
Data In Set Up TIme lOIS 40 nS 
Data Set Up Time lor INA low 150 nS 
Data Hold Time lor INA two 0 nS 
OACK High Level Width tOK teLK nS 

Timing Requirements 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Address OUlput Delay tAD 20 80 nS C, = l00pF 
Data Bus In Delay tOBI 80 nS 
Address Active to FIllS Low tADRA 60 nS 
Video Signal Delay tvo 120 nS 
AD Low to DB Delay t RO 120 nS 
:g~h to DB Floating tOF 120 nS 

Low to ORO Delay tOR 120 nS 
lIAS Oulput Delay t RAS 80 nS 
AD Floatl"'ij Delay tOFF 80 nS 

Timing Responses 
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Display Memory Bus Timing 

OUTPUT DATA 

ODIN, I J I I t AORA 

t A08=J 
A16'17'~ i~,,~i-------------L-,X== 

RAS'~ \~--------------------------~I 
HSYNC-REF 

BLNK, 
V/EXT SYNC 

~tVO=:j 
I X~--------------'--------------~-----

I 

Read Modify-Write Cycle 

Microprocessor Bus Timing 

RO 

~L---~tL 
f-- ,"0 l to. I 

OBO-7, AD -------<\ VALID yl------
Read Timing 

WR 

WrIte Timing 

10 



Zoomed Display Timing 

DOT CLOCK 

2xWCLK 

ADDRESS 

RAS 

LOAD MASK 

LOAD CLOCK 

SHIFT CLOCK 

BLNK 

VIDEO 

ADDRESS 

RAS 

LOAD MASK 

LOAD CLOCK 

SHIFT CLOCK 

BLNK 

VIDEO 

DOT CLOCK 

2xWCLK 

ADDRESS 

RAg 

LOAD MASK 

LOAD CLOCK 

SHIFT CLOCK 

BLNK 

VIDEO 

I I I 
I I I I 

~ DISPLAY : R / M / W : REFRESH: 

~:::. ~------:. :.:: -:.: :: ::::-:. ~: -=---!------: -: = : :-----------:. ------:. --:: 
I I 

o I "'IU.III •• -- - - --- ---- ---- -:-- ---- ---:- ---. " -------------~-------r---

I 

~ 

DISPLAY (x 2) 

I I 

R/M/W 

I I 
I I 

: REFRESH: 
I I 

I 

o 
I 
I 

\~----------~f\~--~r 
\ ,----..,----.L- : n 
~-~ ----------~I~ ~--~ 

~-----, 

o I 

UI-..... .A.lI~IIjA-IUl..JUI..A.JU'_!LA.JL---~ ~ ~~.:: ~ ---------~1-- --.:=-- =----~: 
I 

; I 

I I 

DISPLAY (x 3) R / M / W : REFRESH: 

ZR = 0 
(NORMAL) 

ZR = 1 
(x 2 ZOOM) 

,..=-== -=::.:::::.::.:.:.:.:. -_=-::-_-; ____ =_ -= ::.::::::. :::.:.---1 -__ .:::.:.:::::.t. ::: 

ZR = 2 
(x 3 ZOOM) 

I : ---- ----~- ------, ~ ---
I 0 ----- -:-- - ----1----

11 



Video Sync Signals Timing 

2xWCLK 

H BLANK 

HSYNC 

ADO-15 

LCO-4 

ADO-15 

LCO-4 

ROW 

ROW 

V BLANK 

V SYNC 

H BLANK 

V BLANK 

V SYNC 
(INTERLACE) 

V SYNC 

I.. 1 H "I 
JL..JLS1...l'LJ _______ .fUlJl.JLJL ____ ..JLJl..I- ____ Jl...Jl ___ n.. 
.J ----1 ___ r 
_______ ~r· 
-::J.'-------'I~ _ _"C ~ ~ ~ ~:~ L=-:J.,--_C~ ~ ~J,-----,'(: ~ ---~:-r=~ ------t::-
-, ~X t---1 H;1rr-_________ -_. -----------------------------J 

:px~~----- I :::~XYrr.:::::~ :--~ ~ -.:: --- --=: :-~~: ---~:_~ __ -_-:JJJJ::~:~_xr:.. 
±="---~---=x=- -- -- ------- ------ --- --~---:J:... 

I --- --~ _ .• ---------------------- --

~ C 
I ' 

, 

~ 

____ . _____________________ . _______ ..J 

~_..A.f_-_--~C~~ ~ ~ -:-L-:J-..r------- -_ -_-___ ::_~I 
L ___________ .--------------- -------

L 
, 

I" 1-----------·----1 V (FRAME) -----------I .. ~I 

JL ___ .JLJL ___ JLJL ___ .1L1L ___ ~L ____ JL ___ .JL1L ___ .lL1L __ _ 
• I' I • I • I 

-; ,------ . : --- -; r---- -:-; -----: -: ----
l...- ••. ....J I L- _____ J. I I I 

I , I I I I 

rl --~~ ____ ~:-----~:~i ~ 
~-------~, I 

I I. I 

I.. ODD' FIELD : ---"+1 ...... ----EVEN FIELO-.------, , 
-.~----------~ 

(NO INTERLACE) 

Interlaced Video Timing 

2xWCLK ~ 

V SYNC (MASTER) -------------ij 1 
I , 

IN SLAVE MODE: HFP::>3 
EXTERNAL __________ ~~ 

SYNCHRONIZATION 

External Synchronization 
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HSYNC 

V BLANK 

I .. 1 H ---------t0l 

I 
~ ______________________________ ~r__ 

__ ~ __ ~r-1~ ______ ~ ______________________________ ~_ 
I 

I I I I I -t HFP .- t-- HBP _0-t--0 ------ C/R --------.-1 
I I 

-tHSI-

10 1 V-------o~1 

I 
I 

V SYNC -II I n 
~--------------------------------~I----~I ~I------~--

I I I 

~ VFP ~I I 

------...... 1 I ~ VBP-t .... 1·------L/F 

---ivsl--
Video Sync Generator Parameters 

Read-Modlfy-Wrlte Cycle Timing 
DOT CLOCK 

I 

L..-__ ....Ir 2xWCLK I 

J 
RAS ~ 
ADO·15 j 

I t=====~---C==~==r-~======~====~~ 
DBIN : 

I 

RAS* 
I 

1 
CAS* L..J 

I 
COL AD ClR* ~ 
LOAD MASK* ~ L 

I 

LOAD CLOCK* w u 
• 

MW* 
: 
I 

: E1 E2 E3 E4 I 
I I 
..... 1.0------- R / M / W CYCLE --------< .. ..,.1 

* externally generated signals 
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Video Field Timing 

~L ________________ ~H~SY~N~C~O~U~T~P~U~T ________ ~ 

~ : BLANK OUTPUT ~~ 

r-~-----r----~~~--------------------------k--'----­
VERnCAL SYNC LINES 

~:- --

HORIZONTAL 
SYNC ------< 

PULSE 

HORIZONTAL 
BACK PORCHI+-+~­
BLANKING 

Drawing Intervals 

VERnCAL BACK PORCH BLANKED LINES 

ACTIVE 
DISPLAY 
LINES 

HORIZONTAL 
FRONT P()RCH_~ 
BLANKING 

'----------------- -- -----

DMA Request Intervals 

14 
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~ ADDITIONAL DRAWING INTERVAL WHEN IN FLASH MOOE 

m DYNAMIC RAM REFRESH IF ENABLED. OTHERWISE 

ADDITIONAL DRAWING INTERVAL 

~ DMA REQUEST INTERVAL 

~ ADDmONAL DMA REQUEST II'ITERVALS WHEN IN FLASH MODE 



DMA Write (Word) Timing 

DREQ 

(HRFQ) 

(HLDA) 

DACR 

RD (MEM RD) 

WR(I/OWR) 

HBLNK 

Is 115 1[ so. [sols 1Is**~s ~S2~*~S 1.. 

..-r--.. 
~ ... 

I 
' ... , f-·· 

r-.... ,'------, 
___ m~ L ... ___ .... J 

.... ~ .... --- ... . 

... ~ ... --- .. 

.... ~ .... ---.-

····L __ .... _______ _ 
DMA CLOCK = GDC CLOCK 

ADDRESS, DATA---... --------... -€~.·~ 

RAS .u -~ __ r '------.J 

DBIN 

(MW) 

.-'\..1" 
--------". --V-'. 

DMA Write (Low Byte, High Byte) Timing 

DREQ 

(HREQ) 

(HLDA) 

~ 

RD(MEM RD) 

WR(iIOW'R) 
HBLNK 

-_ .... _--" 

J-".' 
J--' 

, 
' ..... _---

~_- .... .J L--
... ~-

-----~ 
~ .......... ~-- ... ~ __ ~ \\~ __ u. \ 

DMA [e***4[ DMA 
___ .VV.A.IT r-;:"- \'_D:vv:~AI.T. _ .. 

ADDRESS, DATA ~ 

RAS 

DBIN 

(MW) 

- .. ~- .. _"L----I ... ~ 

U -'.-V-.'~ 

V--.... --V ... -----v--v-
DMA CLOCK = GDC CLOCK 
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DMA Read (Word) Timing 

DREQ 

(HREQ) 

(HLDA) 

DACK 

RD(IIORD) 

WR(MEMWR) 

HBLNK 

DATA 
ADDRESS, 

RAS 

DBIN 

Is lis 'ls0 ... ISOfSl1S21SJjS41S11S21S3jS4jS 1 ... ISllS '1 SO... IsOfslls2Is3js4Is1Is2IS3IS4Is1 ... 

~ \~----- ,r-.... \~ ______ _ 
~ ..... -1.... \'----
. ___ .... J L ____ ---J1 L-

.-.. ~ ........ ~ 

---.. ~ ........ ~ 
.-.. ~ ........ ~ 

'-,1....-_ 
IE!lE2lEJjE4J IE 'IE21E31E41 

~ .. -.--------.... ~ .. ----------
L-J--' -"''-J'-

~..... . .... '"\..J-~MA CLOCK = GDC CLOCK 

DMA Read (Low Byte, High Byte) Timing 

DREQ 

(MREQ) 

(HLDA) 

DACK 

1m'(IIO RD) 

WR(MEMWR) 

HBLNK 

ADDRESS, 
DATA 

RAS 

DBIN 

IS1Is1Iso ... Isolslls2Is3jS4ls1ls2jS3jS4ls1... IS1IS1IS0 .. .. Isois 'ls21s31s41s '1 s2lsJjs4js 1 ... 

,--.... '" .. ~ __ ..... S--... . 
...J \.... "T" L __ ,~----
~ .. _. ____ -4-. ..... .---r- -------.\L. __ _ 

__ ...... 1 L.-
..... ~ 
..... ~ 

..... ---v--v--
..... "L--...... _______ _ 

IE11E21 31ul ~~~T IE11E21E31E41 IE11E21nlE41 IE11E21E31E41 

~D .. -~ ... -0---®-""'~ 
.. - L-J ..... ~.-. '--..1 
..... U ..... \.J-_. U,....---

DMA CLOCK = GDC CLOCK 
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PIN PIN 
# NAME DIRECTION 

7 ORO OUT 

8 DACK IN 
12 
to DB-Oto7 IN/OUT 
19 

11 AO IN 

9 RD IN 

10 WR IN 

3 HSYNC OUT 

4 VlEXTSYNC IN/OUT 

5 BLANK OUT 

1 2xWCLK IN 

6 RAS(ALE) OUT 

2 !>BiN OUT 

39 A-17 OUT 

38 A-16 OUT 

35 
to AD-13 to 15 IN/OUT 
37 
22 
to AD-O to 12 IN/OUT 
34 
21 LPEN IN 

40 Vee IN 

20 GND IN 

GDC Pin Names 

MODES OF OPERATION 

GRAPHICS CHARACTER MIXED 

DMA Request Output 

DMA Acknowledge Input 

Data Bus to Microprocessor 

Address Select Input for Microprocessor Interface 

Read Strobe Input for Microprocessor Interface 

Write Strobe Input for Microprocessor Interface 

Horizontal Video Sync Output 

Vertical Video Sync Output or External Sync Input 

CRT Beam Blanking Output 

Clock Input 

Row Address Strobe and Address Latch Enable 

Display Memory Data Bus "Input" Read Cycle Output 

Address Bit 17 Output Cursor Output Cursor & Image Mode Flag 

Address Bit 16 Output Line Counter Attribute Blink & Clear 
Bit 3 Line Counter 

Address Bits 13 to 15 Line Counter Address Bits 13 to 15 
Bits Oto 2 

Address and Data Lines to Video Display Memory 

Light Pen Detect Input 

+5V 

Ground 

CLOCK 

080-7 

~P07220 
GOC 

BLOCK DIAGRAM 
OFA 

GRAPHICS 
TE_AL 

2xWCLK 
DBIN 

HSYNC 
VlEXTSYNC 

BLANK 
RAS 
ORO 

DACK 
AD 

WR 
AO 

DB-O 
DB-1 
DB-2 
DB-3 
DB-4 
DB-5 
ON 
DB-7 
GND 

,",PO 

7220 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Block Diagram of a Graphics Terminal Pin Conflgura"o, 
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CRT 9006-135 
CRT 9006-83 

IlPc FAMILY 

Single Row Buffer 
SRB 

FEATURES: 
::: LOW Cost Solution to CRT Memory Contention Problem 
::: Provides Enhanced Processor Throughput for CRT 

Display Systems 
J Provides 8 Bit Wide Variable Length Serial Memory 
::: Permits Active Video on All Scan Lines of Data Row 
::: Dynamically Variable Number of Characters per Data Row-­

... 64,80,132 .... up to a Maximum of 135 
:: Cascadable for Data Rows Greater than 135 Characters 
::: Stackable for Invisible Attributes or Character 

Widths of Greater than 8 Bits 
::: Three-State Outputs 
:= 3. 3MHz Typical Read Write Data Rate 
J Static Operation 
J Compatible with SMC CRT 5037. CRT 9007, and other 

CRT Controllers 
:~ 24 Pin Dual In Line Package 
J +5 \.t>lt Only Power Supply 
:::! TTL Compatible Inputs and Outputs 
J Available in 135 Byte Maximum Length (CRT 9006-135) 

or 83 Byte Maximum Length (CRT 9006-83) 

PIN CONFIGURATION 

DOUT3 GND 

DOUT2 DOUT4 

DOUT1 DOUT5 

DOUHl DOU T 6 

ClK DOUT7 

WREN OE 

CLRCNT OF 

CKEN DIN7 

DIN" DIN6 

DIN1 DIN5 

DIN2 DIN4 

DIN3 .,.5V 

Package 24-pln DIP 

APPLICATIONS: 
o CRT Data Row Buffer 
o Block-Oriented Buffer 
o Printer Buffer 
o Synchronous Communications Buffer 
o Floppy Disk Sector Buffer 

GENERAL DESCRIPTION 

The SMC Single Row Buffer (SRB) provides a low cost solu­
tion to memory contention between the system processor and 
CRT controller in video display systems. 
The SRB is a RAM-based buffer which is loaded with character 
data from system memory dUring the first scan line of each 
data row. While data is being written into the RAM it IS also 
being output through the multiplexer onto the Data Ouput 

. I 

: ! 
it-
I L~ ___ ~~ 
l.....-........ _____________ _ 

(DOUT) lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through­
put and permits a fliCker-free display of data . 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1-4 DATA OUTPUTS DOUT3-DOUT0 Data Outputs from the internal output latch. 

5 CLOCK ClK Character clock. The negative-going edge of ClK clocks the 
latches. When CKEN (pin 8) is high, ClK will increment the 
address counter. 

6 WRITE ENABLE WRrn When ~ is low, data from the input latch is transferred directly 
t() the output latch and simultaneously written into sequential 
I()cations in the RAM. 

7 CLEAR COUNTER ClRCNT A n~atiTe transition on ClRCNT clears the RAM address counter. 
ClR N is normally asserted low near the beginning of each 
scan line. 

8 CLOCK ENABLE CKEN When CKEN is high. ClK will clock the address counter. The 
(;1)mbination of CKEN high and WREN low will allow the writing 
at data into the RAM. 

9-12 DATA INPUTS DIN0-DIN3 Data Inputs from system memory. 

13 POWER SUPPLY Vr:x; +5 Volt supply. 

14-17 DATA INPUTS DIN4-DIN7 Data Inputs from system memory. 
I 
I 

OVERFLOW FLAG OF TI'lis output goes high when the RAM address counter reaches its 18 

I maximum count. If cascaded operation of multiple CRT 9006's is 
desired for more than 135 bytes, OF may be used to drive the 

I CKEN input of the second row buffer Chip. 

19 OUTPUT ENABLE DE When O'E is low, the data outputs DOUT0-DOUT7 are enabled. 
When O'E IS high, DOUT0-DOUT7 present a high impedance 
state. 

20-23 DATA OUTPUTS DOUT7-DOUT4 Data Outputs from the Internal output latch. 

24 GROUND GND Ground. I 
I 

OPERATION 

For CRT operation, the Write Enable (WREN) signal is 
made active for the duration of the top scan line of each 
data row. C'ear Counter (ClRCNT) typically occurs at 
the beginning of each scan line (HSYNC may be used as 
input to CLRCNT). Data is continually clocked into the 
input latch by ClK. When Clock Enable (CKEN) occurs. 
the dataif'i the input latch IWrite Data) is written Into the 
first location of RAM At the negative-going edge of the 
next clock. the address counter is mcremented. the next 
input data IS latched Into the mput latch. and the new data 
is then written into the RAM. Loading the RAM continues 
until one clock after CKEN goes inactive or until the 

RAM has been fully loaded (135 bytes). While data is 
being written into the RAM. it is also being output through 
the multiplexer onto the Data Output (DOUT) lines. Each 
byte is loaded into the output latch one clock time later 
than it is written into the RAM. Output of the data dUring 
the first scan line permits the Video Display Controller 
(such as the CRT 8002) to display Video on the first scan 
line. DUring subsequent scan lines In the data row. thesys­
tem will disable Write Enable (W11ffi) and cause data to be 
read out from the internal RAM, thereby freeing the sys­
tem memory for processor access for the remain Ing N-1 
scan lines where N is the number of scan lines per data row. 



MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range .................................................................... 0° C to" 70< C 
Storage Temperature Range .................................................................... -55 0 C to .. 1500 C 
Lead Temperature (soldering. 10 sec.) .................................................................... "325°C 
Positive Voltage on any Pm, with respect to ground ........................................................... a.ov 
Negative Voltage on any Pin. with respect to ground .......................................................... -o.3V 
• Stresses above those listed may cause permanent damage to the device This is a stress rating only and 
functional operation of the oevlce at these or at any other condition above those indicated in the operational 
sections of this specification IS not implied. 

ELECTRICAL CHARACTERISTICS (TA = 0° C to 70° C, Vcc = +5 ±5%, unless otherwise r,oted) 

PARAMETER MIN TYP MAX UNITS COMMENTS 

DC CHARACTERISTICS I 

Input Voltage Levels 
Low Level VIL 
High Level VIH 

Output \k)ltage Levels 
Low Level VOL 
High Level VOH 

Input Current 
Leakage, III 

Output '1' Leakage 
Output '0' Leakage 

(Off State) 
Input Capacitance 

CLK 
All other inputs 

Power Supply Current 
Icc (SRB-135) 
Icc (SRB-83) 

AC CHARACTERISTICS 

ley 
(SRB135) 
(SRB83) 

tCKl 
(SRB135) 
(SRB83) 

tCKH 
(SRB135) 
(SRB83) 

bR 
(SRB135) 
(SRB83) 

lcKF 
(SRB135) 
(SRB83) 

losEr 
lOHOLD 

teNCKP 

teNCKN 
(SRB135) 
(SRB83) 

teNHOLD 

tWACKN 

(SRB135) 
(SRB83) 

tWENHLD 

tooUT 
hSON 
hSOFF 
foFON 
ta.RS 

(SRB135) 
(SRB83) 

tclRH 

0.8 
2.0 

0.4 
2.4 

10 

10 
10 

30 45 
10 15 

115 
100 

300 250 
400 330 

240 190 DC 
320 250 DC 

28 5000 
34 5000 

10 
10 

10 
10 

65 
0 
0 

100 
125 
0 

100 
125 
0 

175 
175 
175 
175 

100 
125 ! 
0 i 

V 
V 

V 
V 

pA 

pA 
pA 

pF 
pF 

rnA 
rnA 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

os 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

I 
I 

10l= 2rnA 
IOH = -100pA 
0:5 VIN :5 Vee 

IcKH = 28ns 
IcKH = 34ns 

IcKl =24Ons 
teLK = 320ns 



FIGURE 1: AC CHARACTERISTICS 
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FIGURE 2: SINGLE ROW BUFFER READ TIMING 
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FIGURE 3: SINGLE ROW BUFFER WRITE TIMING 
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PROCESSOR 
,RIP(; HL~ f---

HOLD~ 
·IIDOR OATA ADWR 

~ ~ 

::B-
! 

'--- -CS ~ JIST INT 

~~ A '" 
~ 

CRT CONTROLLER 
ADDRESS BUS VlIl3-. 

(CRT 5037. CRT 9007. ) 

'" ... CBlANK r----
MEMORY 

A t.. A .... VS t--

r-... VOl-' .. ... 
~OOB 

VLT SL3 SL2 SLI SL.CURS CCLK 
D 
II 
T 

fl A Z 

B 
« w'" 
Ow Z~ 

U "'Z ::;1-
S 1--

",.J 9« a: 
u: .J...J «Q. 

>'" is 

11m"' ClACNT CKEN elle R3 .. ., •• CLOOSOA VSYNC RETel 

",..!Ii1 .... .DC 

CRT 9008 DOUT7-' ATTRIBUTES 

L 
CRT8002 SINGLE 
VOIIC" ROW BUFFER 

-'" or ~GND 
DlN7-' A7-1 

V 
OF I-- V VIDEO 

FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER 
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FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 

CLK~fLJ1-Il-

OF. '" CKEN. -----------11 ~---~ 
OOUT74. ---------ill-) --------~~ ... ;:, X]~"'!:I G~~~~~-4 ~----

Notes: N ,. 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
EXAMPLE IS FOR N"'3 CHARACTERS TOTAL 
A. B REFER TO DEVICES A4B IN FIGURE 5 

FIGURE 5: 
TYPICAL CASCADE OF SINGLE ROW BUFFERS-270 BYTES TOTAL 

DATA OUT TO CHARACTER GENERAT~ 

ClRCNT ~ L...- ClRCNT -
~ WArn 

DOUT7-0 
DOUT7-0 '--

ClK '--- ClK 

CKEN ROW BUFFER OF CKEN ROW BUFFER OF -A 

D 
B 

OE p-ov 
DATA INPUT FROM MEMORY> DIN7-0 

OE :r-ov 
DIN7-0 

CRT 9006-135 CRT 9006-135 



CRT 9007 
j.J.PC FAMilY 

CRT Video Processor and Controller 
VPAC™ 

FEATURES 
J Fully Programmable Display Format 

Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 

:=: Programmable Monitor Sync Format 
Raster Scans/Frame (4-2048) 
Front PCich- Horizontal (Negative or Positive) 

-Vertical 
Sync Width - Horizontal (1-128 Character Times) 

- Vertical (2-256 Scan lines) 
Back Porch - HOrizontal 

- Vertical 
CJ Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 

[J Bmary Addressing of Video Memory = Row-Table Driven or Sequential Video Addressing Modes 
C Programmable Status Row Position and Address Registers 
[j Bidirectional Partial or Full Page Smooth Scroll 
[1 Attribute Assemble Mode 
G Double Height Data Row Mode 
C Double Width Data Row Mode 
LJ Programmable DMA Burst Mode 
o Conflgurable with a Variety of Memory Contention 

Arrangements 
C Light Pen Register 
o Cursor Horizontal and Vertical Position Registers 
o Maskable Processor Interrupt Line 
C)lnternal Status Register 
o Three-state Video Memory Address Bus 
o Partial or Full Page Blank Capability 
o Two Interlace Modes. Enhanced Video and Alternate 

Scan line 

PIN CONFIGURATION 

VA2 1 40GND 
VA102 39VA9 
VA33 38 VAl 

VAl14 37VA8 
VA125 36VAO 
VA46 35 CBLANK 

VA137 34 CURS 
VA58 33 ACK'iSC 
VA69 32 CS'?'fJC LPSTB 
VA710 31 SLDSLO 
VLT II 30~1j Sl' 
\IS 12 29 WBEN SL.2 ~ 
AS 13 28 DM!l.P,Sl3·Vfl~,6NK 

t:crR 14 271NT 
om! 15 26~ 
V0716 25 C;S 
VD617 24 VDO 
V0518 23 vOl 
VD419 22 V02 
V0320 21 ·~v 

o Ability to Delay Cursor and Blanking With respect to 
Active Video 

o Programmable for Horizontal Split Screen Applications 
o Graphics Compatible 
o Ability to Externally Sync each Raster Line, each Field 
o Single +5 Volt Power Supply o TTL Compatible on All Inputs and Outputs 
o VT-100 Compatible o RS-170 Interlaced Composite Sync Available 

GENERAL DESCRIPTION 

The CRT 9007 VPAC '. is a next generation video processor/ 
controller-an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above. the VPAC'" provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. ThiS is 
equivalent to eight pages of an 80 character by 24 line CRT dis­
play. Smooth or jump scroll operations may be performed any­
where within the addressable memory. In addition. status rows 
can be defined anywhere on the screen. 
In the sequEmUal video addressing mode. a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrOlling effect 
on the screen. By using this register in conjunction with two aux­
iliary address registers and two sequential break registers, a screen 
rot: can be produced with a stable status row held at either the first 
or last data row position. 

In the row-table driven video addressing mode, each row in the 
video display is designa!9d by its own address. ThiS provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion. and replication are -easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or In a contiguous format. 
The VPAC ,. works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006. 
a Double Row Buffer such as the CRT 9212. or no buffer at all, in 
which case character addresses are outpu1 during each display­
able scan line. 
User accessable internal registers provide such features as light 
pen, interrupt enabling. cursor addressing. and VPAC·· status. 
Ten of these registers are used for screen formatting With the abi­
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the "vital screen 
parameters". 



'107-' 

VAl3-1 

TSC ACK 

C!: ______ -.-J 

PROCESSOR INTERFACE: 

I 
PINNa. NAME 

7,5,4,2,39, Video Address 
37,10,9, a, 6, 13-0 

3,1,38,36 

16,17, la, 19, Video Data 7-0 
20,22,23,24 

i 
25 Chip strobe 

I 
26 Reset 

I 27 ! Interrupt 
I , 

cu 

~, 
lPST1I 

'. BIT AOORESS BUS H 

TIMING 
AND 

CON-mol 

CBlANI< 
INT 

SL2 WSEN CSvNC 

SL'Sl.ll 

A!T VLT 
OIl!! CC"LK--I. __________ J='-------

FIGURE 1: CRT 9007 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL FUNCTION 

VA13·VAO These 14 signals are the binary address presented to the video memory by the CRT 9007. 
The functIOn depends on the particular CRT 9007 mode of operation VA 13-6 are outputs 
only. VA5-0 are bidlreclional. 
-Double Row Buf1er Conflguralion. 

VA 13-0 are active outputs for the DMA operations and are In their high impedance state at 
all other times. 

-Single Row BuffEtr Configuration. 
VA 13-0 are active outputs cUring the first scan line of each data row and are In their high 
impedance state at all other times. 

-Repetitive Memory Addressln~ Configuration 
VA13-0 are actlvl~ outputs at a I times except during honzontal and vertical retrace at which 
time they are In their high Impedance state. 

If row table addressdng IS used for 8Ither single row buffer or repetitive memory addressing 
modes, VA I 3-0 are aClive outputs dunng the hOrizontal retrace at each data row boundary to 
allow the CRT 9OOi' to retrieve the row table address. For processor readwnte operations 
VA5-0 are Inputs that select the appropnate Internal register I 

VD7-VDO Bidireclional Video (jata bus. dUring processor Read'wrlte operatIOns data IS transferred via I 
VD7-VDO when chip strobe ICS) IS active These lines are In their high Impedance state 
when CS IS Inactive Dunng CRT 9007 DMA operations, data from vlCeo memory IS Input via I 
VD7-VDO when a new row table address IS beln~retrleved or when the at1nbute latch IS being 
updated In the anntlute assemble mode. VD7-V 0 are outputs when the external row buffer 
IS updated With a nEIW attribute In I"e attribute assemble mode ' 

CS Input. thiS signal wr'en active low, allows the processor to read or wnte Inlernal CRT 9007 I registers When reading from an Internal CRT 9007 register the chip strobe (CS) enables the 

I output dnvers When wrltln~ to an Inte",al CRT 9007 register. the Irailing edge of thiS Signal 
latches the Incomlnq data. Igure 2 shows all processor read write liming 

RST Input thiS active low slgn~uts the CRT 9007 into a known. inactive state and insures 
that the honzontal sync (H I output IS inactive. ActIVating thiS Input has the same effect as a 
RESET command ,o.,lter Inttlallzatlon, a START command causes normal CRT 9007 opera-
tion. See processor addressable registers section, Register 16 tor I"e reset state definition 

INT 
-'. -----------1 

Output. an Interrupt to the processor tram me CRT 9007 occurs when thiS Signal '5 active I 
high The Interrupt returns to ItS Inactive tow state when the status r.flg~t"r IS read I 



DESCRIPTION OF PIN FUNCTIONS CONT'D 
CfIT INTERFACE: 

- PIN NO NAME SYMBOL FUNCTION - 11 VisIble Line Time VLT Output; this signal is actIve hIgh dunng all visible scan lines and during the hOBtontal trace 
times at vertical retrace. This srgnal can be used to gate the character clock ( LK) when 
supplying data to a character generator from a sin21e or double row buffer 

- 12 Vertrcal Sync I7S Open drain output, this signal determInes the vertIcal position of dIsplayed text by I."Itlatlng a 
vertIcal retrace. Its position and pulse width are user programmable The open drarn allows 
the vertical frame rate' to be s~-rrciZed to the line frequency when using monitors with DC 
coupled verticalampl"fters. If the V output is pulled active low extemally before the CRT 
9007 Itself initiates a vertIcal syn~e CRT 9007 will start its own vertrcal sync at the next 
leading edge of horrz()ntal sync (H ). 

13 Horizontal Sync H~ ~n drain output; thiS SIgnal determines the honzontal position of dlSPlabed text by initiating 
a rizontal retrace. lis positron and pulse width are user programmable. uring hardware 

, and software reset, this Signal is inactive high The open drain allows the horizontal scan rate 
to be synchronized to an extemal source. If the"HS output IS pulled low extemally before the 
CRT 9007 itself Initiates a horrzontal sync, the CRT 9007 will start Its own horizontal sync on 
the next character clock (~). 

14 Character Clock CCLK Input; this Signal defines the character rate of the screen and is used by the CRT 9007 for 
all intemal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 

15 Data Row [5Jm Output: thIS srgnalls actIve low for one full scan line (from VLT trailing edge to VLT trailing 

i Boundary edge) at the top scan line of each new data row ThiS signal cen be used to swap buffers in 
the double row buffer mode. It Indicates the particular honzontal retrace time that the CRT 

I 
90070utputsmresses (VA13-VAO) for single row buffer operation. There will always 
be one extra signal which will become active during the first scan line of the vertical 
retrace rnterval. 

34 Cursor CURS Output; this signal marlts the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The SIgnal IS acbve for one character time at the partICUlar character 
position for all scan linas within the data row. For double height or width characters, this sig-
nal is active for 2 consecutive ~[Rs in every scan line within the data row. For double 
height characters, this signal can be programmed to be active et the proper position for 2 

! consecutive data rows. 
CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK actIve) prior to a double height or double width 
scan line. The time of activabon and deactivation IS a function of the addressing mode, buffer 
con~uration and the scan line number. See section of Double heightlwidth for details. 

35 Composite Blank CBLANK ~ul. This si~ when active high, indicates that a retrace (either horizontal or vertical) will 
be performed signal remains active for the entire retrace interval as programmed. It IS 
used to blank the video to a CRT. 

USER SELECTABLE PINS: ( ... Tables 4 and 5) 

PIN NO. NAME SYMBOL FUNCTION 

28,29,30,31 Scan LIne 3- SL3-SLO Output: these 4 srgnals are the direct scan line counter outputs, in binary form, that indicate 
Scan Line 0 to the character gene"ator the current scan line. These signals continue to be updated 

during the vertical retrace interval. SL3 and SL0 are the most and least Significant 
bits respectively. 

28 Direct Memory OMAR Output; this ::tnal is the DMA request issued byltte CRT 9007. It will only become active if 
Access Request the acknowl e (ACK) input is inactive. It remains active high throughout the entire 

DMA operation. 

28 Vertical Blank VBLANK Output; this signal IS active ~~h only during the vertical retrace period. 

i 29 Write Buffer WBEN Output; this active hi9h signal IS used to gate the clock feeding the write buffer in a double 
Enable row buffer configuration. 

29 or 32 Composite Sync ~ Output; this signal provides a true RS·170 composite sync waveform with eQualization pulses 
~ical serrations In both interlace and nonlnterlace formats. Figure 3 illustrates the 

output in both Interlaced and nonlnterlaced formats. 

30 Scan Line Gate srn Output; this active low s~nalls used as a clock gate. It captures the correct 5 or 6 CC"LK"s 
and, in con/unction with LD (pin 31), allows scan line information to be loaded serially into 
an externa shift register. 

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan Ii~ 
count. The~nt is presented least significant to most significant bit during the 5 or 6 LK's 
framed by . WIth this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 
The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should on~se the S last bits shifted to define the scan line count. The extra shift occurs 
in interlace or bIe height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and S ~Iustrate the serial scan line timing. 

32 Light Pen Strobe LPSTB Input; this signal strobes the current row/column position into the light pen register at its posi-
live transition. 

33 Acknowledge ACK Input; this active high signal acknowledges a DMA r~uest.lt indicates that the processor 
bus has entered its high impedance state and the CR 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable amount 01 time. 

33 Three State 
Control 

m Input; this signal, when active low, places VA13-VM iI"I their high impedance state. 



OPERATION MODES 

Single Row Buffer Operation 
The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How­
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N-
1 scan lines of the data row, thereby permitting full proces-

sor access to memory during these scan lines. The per­
centage of total memory cycles available to the processor 
is approximately [(N-1 )/N) x 100 where N is the total num­
ber of scan lines per data row. For a typiCi'1 system with 12 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Singfe Row Buffer. 
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Double Row Buffer Operation 
Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
dUring each scan line In the data row. While the read buffer 
IS being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
as it may be filled In the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycles from the processor to fill the write buffer 
(Direct memory access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl­
edge) signal and then anves out on VA13-VAO the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (w'Ite buffer enable) signal 10 write Ihe 
data Into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 

the delay between each OMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro­
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro­
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 

Since the CRT 9212 Double Row ~has separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ­
ing of the buffer can be clocked from a different and con­
stant character clock. Figure 10 illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller Chip to provide proportional character 
display. 
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Repetitive Memory Addressing Operation 
In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
Impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured In a row driven addressing mode). 
ThiS arrangement allows for such low end contention 
schemes as retrace intervention (the processor IS only 
allowed access to video memory dunng retrace intervals) 

and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre­
determined time slots. Figure 11 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 
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Attribute Assemble Operation 
This configuration allows the user to retain an 8 bit wide video 
memory In which attributes occupy memory locations but 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attri­
bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character loca­
tion is addressed. The attribute data is driven out along with 
a WeEN signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Figure 13 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 

Memory AddrMa (typ) Mwnory Data (8 tN) 

0000 

0001 

0002 

0003 

o 
o 
o 

2N 

2N+1 

Anrtbu.O 

CtwIIcterO 

Allribule 1 

Character 1 

0 
0 
0 

AttnbuIeN 

Character N 

Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8. 16Kx1 dynamic RAMS. This mode. since it 
retains an 8 bit wide memory while providing all the advan­
tages of a 16 bit wide memory. lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row. " Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 

Figure 13: Attribute A ... mble Memory Organlutlon 

"Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more "dummy" data rows While extending the vertical blank signal. This allows 
the CRT 9(X)7to start addreSSing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamiC RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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smooth Scroll Operation 
Smooth scroll requires that all or a portion of the screen move 
LIP or down an integral number of scan lines at a time. 2 user 
programmable registers allow one to define the "start data 
roW" and the "end data row" for the smooth scroll opera­
tion. A SMOOTH SCROLL OFFSET REGISTER (Rl7), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 

VLT IL.. ____ --.J 

the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg­
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma­
ble DMA CONTROL REGISTER (RA). 
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ADDRESSING MODES 

Row Table Addressing 
In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
nexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table. which is a list of starting addresses for each data 
row. can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli­
cation and the programmer's preference since each format 
allows full utilization of the CRT 9007 features. 

Contiguous Row Table Format 
In this format. the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con­
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec­
ond byte define double heighUwidth characteristics to the 
current data row. The contents of the third and fourth loca­
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 

linked list Row Table Format 
In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row's start address. The 2 most significant 
bits of the second byte define double heighUwidth charac­
teristics for the data row about to be read. The third, fourth. 
fifth. etc .. bytes read are the first. second. third. etc., char­
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 
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Sequential Addressing 1 

In this addressing mode. characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) pOints to the address of 
the first character of the first data row on Ihe screen. In thiS 
mode the TABLE START REGISTER does not point to the 
start of a table but the starl of the screen. As each character 

is read by the CRT 9007 for display refresh. the intemal VIdeO 

address register is incremented by one to access the next 
character. 

For more versatile systems operation In the sequential 
addressing mode. SEQUENTIAL BREAK REGISTER 1 
(Rl0) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at wliich two additional 

'SEQUENTIAL BREAK 2 IS not functional In the repetitive memory addreSSing mode It IS fully functional In all other operalton modes. 



sequential display areas begin Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only, 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14) When the raster begins painting a data row equal to 
the number programmed In one of t,he sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor­
responding auxiliary address register Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6 
Using the sequential addressing mode with 2 breaks. it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequenlially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by uSing the 
2 most significant bits of AUXILIARY ADDRESS REGIS­
TERS 1 and 2, See the descrrption of these 2 registers for 
their bit definition, 

Double HelghtlWidth Operation 
When double height width characters (2XH.2XW) are dis­
played, the following will occur: 

1. the CRT 9007 will address half as many characters for 
each data row by Incrementing its address every other 
character clock, 

2, the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency, 

3. For dou~eight, the scan line counter outputs (SL3-
SLO or SLG, SLD) are incremented every other scan 
line. 

The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX­
ILIARY ADDRESS registers depending on the selected 
addressing mode, In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur­
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency IS required, The exact 
time of activation and deactivation of the CURS signal dur­
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address­
ing mode for the top scan line of a new data row, Tables 1 
and 2 assume a cursor skew of zero, A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent scan lines. the CURS signal is activated 3 
CCLK's after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
~ctive for 2 CCLK's to allow the cursor to be displayed as 
double width. If the cursor poSition is programmed to reside 

OPERATION 
ADDRESSING MODE 

MODE Row Driven (linked list 
or contiguous) SeQuential 

Repetitive Memory 1 CCLK after high byte 1 CCLK after TSC 
Addressing of row table read leading edge 

1 CCLK after high byte 1 CCLK after TSC 
Single row buffer of row table read leading edge 

1 CCLK after high byte 1 CCLK after ACK 
Double row buffer of row table read leading edge 

Tlble 1: Double HelghtIWldth CURS actlntlon for top ~n 
line of new dltI row. 

TABLE START REGISTER ~ 1000 
AUXILIARY ADDRESS ;-iEGISTER 1 = 2000 
AUXILIARY ADDRESS -';EGISTER 2 = 0800 
SEQUENTIAL BREAK c'::GISTER 1 = 3 
SEQUENTIAL BREAK f'EGISTER 2 = 6 

Data Row 
o 
1 
2 
3 
4 
5 
6 
7 
8 

Addre •• range 
1000 to 104 F 
1050 to 109F 
10A~tol0EF 
2000 to 204F (Break 1) 
2050 to 209F 
20M) to 20EF 
0800 to 084F (Break 2) 
0850 to 089F 
08A0 to 08EF 

o 
o 
o 

Figure 18: Seauentlal Addressing Example 
With Two Breaks 

in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 

For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 

-Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the partIcular data 
row as single height, single width. 

-Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row, 
The CURS signal becomes active during horizontal 
retrace in the manner described previously, 

-Double height, double width top half (Row table address 
bits 15, 14 = 10). In addition to providing the special tim­
ing associated with single height double width data rows, 
the scan line counter is started from zero and Incre­
mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row). 
In this way, new dot infonmation appears ell..ery other scan 
line and the top half of the data row appears in N scan 
lines. 

-Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11)-Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1 )/2 if N is odd), and incremented every 
other scan line until N scan lines are painted, In single 
row buffer operation, a double height bottom data row 
can only stand alone during a smooth scroll operation; 
otherwise it is assumed to follow a double height top 
data row. 

OPERATION 
ADDRESSING MODE 

MODE Row driven (linked list 
or contiguOUS) SeQuential 

Repetitive Memory at the leading edge 01 at the teading edge 01 
Addressing VLT VLT 

Single row buffer 
at the leading edge 01 
VlT 

at the leading edge 01 
VlT 

Double row buffer 
I~LK afler leading 

01 CURS 
I ~LK after leading 

eofCURS 

Tlble 2: Double Height/Width CURS dNcttvatlon for top ICIn 
line of new dltI row. 



PROCESSOR ADDRESSABLE REGISTERS 

All CRT 9007 registers are se~ted by specifying the 
address on VA5-o and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper­
ations. The register address assigned to each register rep­
resents the actual address in hexadecimal form that must 
appear on VAS-O. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 

HORIZONTAL TIMING REGISTERS 
The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 
This 8 bit write only register, programmed in units of char­
acter times, represents the total number of charActers in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed tor less than 12 characters. 

CHARACTERS PER DATA ROW (R1) 
This 8 bit write only register, programmed in units of char-

acter times, represents the number of displayable charac­
ters during the horizontal trace interval. The difference RO 
minus R1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1 ) where N is the displayable characters 
per data row. 

HORIZONTAL DELAY (R2) 
This 8 bit write only register, programmed in units of char­
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VL T. This register is 
programmed With N where N represents the time of hori­
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the honzontal blank interval). 

HORIZONTAL SYNC WIDTH (R3) 
This 8 bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon­
tal sync width. However this register must be programmed 
less than or equal to [(At2)-1] where A is the programmed 
contents of REGISTER 0 rounded to the smallest even 
integer. 

VERTICAL TIMING REGISTERS 

The following S registers define the vertical timing param­
eters. Figure 20 relates the vertical timing to these regis­
ters. 

VERTICAL SYNC WIDTH (R4) 
This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (RS) and the end is independent of 
the start of the active display time. This register is pro­
grammed with N where N is the vertical SYNC width. 

VERTICAL DELAY (RS) 
ThiS 8 bit write only register. programmed in units of hori­
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VL T after 
the vertical retrace interval. This register is programmed with 
(N+1) where N represents the time of the vertical delay. 

VISIBLE DATA ROWS PER FRAME (R7) 
This 8 bit write only register defines the number of data rows 

... 

-

displayed on the screen. This register is programmed with 
(N-1) where N is the number of data rows displayed. 

SCAN LINES PER DATA ROW (RS) 
The S LSBs of this write only register define the number of 
scan lines per data row. These S bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data ro~eater than 16, 
only the serial scan line pin option (SLD, SLG) can be used. 

SCAN LINES PER VERTICAL PERIOD (RS; R9) 
Registers R9 and the 3 most Significant bits of R8 define 
the number of scan lines for the entire frame R8 contains 
the 3 most significant bits of the 11 bit programmed value 
and R9 contains the 8 least Significant bits of the 11 bit pro­
grammed value. The' 1 bits are programmed With N where 
N is the number of scan lines per frame. In the 2 interlace 
modes. the programmed value represents the number of 
scan lines per field. 

ONE SCAN LINE 

R1 ~ I" (RO-R1)~ 
RO 

I ~R2. 

VLT I ACTIVE DISPLAY TIME 1 I 
HOR. SYNC I I-+-R3~ 

FIGURE 19: CRT 9007 HORIZONTAL TIMING 
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FIGURE 20: CRT 9007 VERTICAL TIMING 

PIN CONFIGURATION/SKEW BITS REGISTER (RS) 
This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 

Bit 7, 6 (Pin Configuration) 

These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
in the CONTROL REGISTER bits 3,2, and 1.) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 

Bits 5, 4, 3 (Cursor skew) 

These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 

-
REGISTER R6 BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 1 DMAR W8EN SIG SLD ~ ACK 
1 1 DMAR WBEN SIG SLD LPSTB ACK 

0 0 NOT PERMITIED 
1 0 NOT PERMITTED 

Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 

DMA CONTROL REGISTER (RA) 
This 8 bit write only register allows the user to set up a DMA 
burst count and delay as well as disable the DMA mecha­
nism of the CRT 9007. The register bits have the following 
definition: 

Bit 7 (DMA Disable) 

A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13-
VAO) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 

Bits 6, 5, 4 (DMA Burst Delay) 

These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CAr 9007 will delay for 
4 (N + 1) clock cydes before initiating another DMA request. 
If 111 is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 

Bits 3, 2, 1, 0 (DMA Burst Count) 

VL T signal is active for all characters within a data row and 
a non skewed cursor will always become active within the 
active VLT time at the deSignated position. The cursor can 
be skewed from 0 to 5 character clocks (Bits 5, 4 and 3 pro­
grammed from 000 to 101. bit 5 IS the most significant bit; 
bit 3 is the least significant bit). For double height'Wldth data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 

Bits 2, 1,0 (Blank skew) 

These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLT signal. The edges of VLTwililine up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from 0 to 5 character clocks (Bits 2. 1 and 0 
programmed from 000 to 101, bit 2 is the most significant 
bit: bit 0 is the least significant bit). 

REGISTER 6 BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 0 SL3 SL2 SL1 SLO ~ m 
1 0 SL3 SL2 SL' SLO LPSTB m , 1 VBLANK CSYNC SCG SLD LPSTB m 
0 , NOT PERMITTED 

Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes, 

These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the most and bit 0 is the least 
significant bit respectively. When programmed with a num­
ber N, the CRT 9007 will produce 4 (N + 1) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4 x 1 = 4) and when pro­
grammed with 1111 the maximum DMA Burst will occur 
(4 x 16 = 64). When bits 6,5, and 4 are programmed with 
111, no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 16 and a DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 

CONTROL REGISTER (RB) 
This 7 bit write only r~ister controls certain frame opera­
tions as well as specifYing the operation mode used. Inter­
nal to the CRT 9007, this register is double buffered. Changes 
in the r~ister are reflected into the CAT 9007 at a particular 
time dUring vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 



The bits take on the following definition: 

Bit 6 (PB,'SS) 
= 0; The smooth scroll mechanism is enabled per­

mitting the SMOOTH SCROLL OFFSET REGIS­
TER (RI7) to be loaded in the scan line counter (Sl3-
a or SLG, SLD signals) allowing lor a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scr')l1 operation is defined by the DATA ROW START 
REGISTER (Rll) and DATA ROW END REGIS­
TER (R12) respectively. 

1; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu­
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(Rll) and DATA ROW END REGISTER (R12) 
respectively. 

Bits 5,4 (Interlacej-these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 

= 00; Non interlaced display 

= 10; Enhanced video interlace. This display mode Will 
produce an interlaced frame with the same dot 
information painted In adjacent odd even scan lines. 

= 11; Normal video interlace. This display mode will 
produce an Interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed In even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the hel~ht Since it effectively doubles the 
character denSity on the screen. 

= 01; This combination is not permitted. 

Bits 3, 2, 1 (Operation modes): These 3 bits define the var­
ious buffer configuration modes as follows: 

= 000; (Repetitive memory addressing)-In this mode 
the address information (VA13-VAO) appears dur­
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval pnor to the top scan line 
of a new data row. ThiS period can be distlng~ished 
from other retrace intervals because the ORB (data 
row boundary) signal is active. 

= 001; (Double row buffer)--In this mode. the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT During vertical retrace. the 
first data row is retrieved and loaded II1tO the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace). the first data row 
feeds the character generator while the second data 

row is retrieved from video memory. The address 
bus will enter its high impedance state in accord­
ance with the OMA mechanism for address bus 
arbitration. 

= 100; (Single row buffer)-In this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
ctlaracter generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, It Will dnve the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto­
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
~RT 9007 is used in a sequential addressing mode, 
It Will dnve the address bus only during the visible 
line time of the first scan line of each data row. 

= 111; (Attribute assemble)-In the attribute assem­
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory: When th~ CRT 9007 reads an attribute byte, 
It loads It Into ItS Internal attribute latch. During the 
next memory access. a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. ThiS mode assumes that 
there eXists twice as many byte locations as there 
are displayable character poSitions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 

All other combinations of the CONTROL REGIS­
TER bits 3, 2, 1 are not permitted. 

Bit a (m 1 XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 

= 1; (Single height cursor)-The CURS Signal will 
appear during every scan line for Single height data 
rows and Will appear only during the top half or bot­
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 

= 0; (Double height cursor)-If the VERTICAL CUR­
SOR REGISTER (R18 R38) places the cursor In 
the top half of a double height data row. the CURS 
signal Will appear aur!l"g every scan line of the top 
hall (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the DOttom half of a double height 
data row or If It IS plaCe<lln a sll1gle height data row, 
the CURS signal W!II only appear during the one 
particular data row 

CHARACTER CHARACTER CHARACTER 
SCAN LiNE SCAN liNE SCAN LINE 
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FIGURE 21: CRT 9007' INTERLACE MODES 



TABLE START REGISTER (RC AND RD) 
This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen: the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
tne upper 6 bits of the 14 bit aadress. The 2 most significant 
bits of register D define four addressing modes as follows: 

Register D bits 7, 6: 

= 00; (Sequential addressing mode)-The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG­
ISTER D bits 5-0 and REGISTER C bits 7-0. 2 
sequential breaks are allowed as defined by 
SEQUENTIAL BREAK 1 (R10) using AUXILIARY 
ADDRESS REGISTER 1 (RE and RF) and 
SEQUENTIAL BREAK 2 (R12) using AUXILIARY 
ADDRESS REGISTER 2 (R13 and R14) 

= 01: (Sequential roll addressing mode)-The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL­
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described In the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting upt03 sep­
arate sequentially addressed screens to be painted 

= 10; (Contiguous row table mode)-The CRT 9007 
will address video memory according to the contig­
uous row table format. The 14 address bits con­
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin­
ning of the contiguous row table. 

= 11; (Linked list row table mode)-The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 

SEQUENTIAL BREAK REGISTER 1 (R10) 
This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display­
able data rows on the screen. 

DATA ROW START REGISTER (R11) 
This 8 bit write only register defines the first data row num­
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scr~1I operation will occur. 

DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 
This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most si~nifi­
cant bits of the TABLE START REGISTER) this register 

AUXILIARY ADDRESS REGISTER 1 (RE and RF) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 14 bit address and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur­
rent data row equals the value programmed in SEQUEN­
TIALBREAK REGISTER 1 (R10) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen­
tial break. 

The 2 most significant bits of REGISTER F allow one to 
attach double height and or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 

For Double row buffer or attribute assemble mode REG­
ISTER F Bits 7, 6 

= 00; single height single width 

= 01; single height double width 

= 10; even data rows are double height double width 
top half odd data rows are double height double 
width bottom half 

= 11; odd data rows are double height double width 
top half even data rows are double height dou­
ble width bottom half 

For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 

= 00; single height single width 

= 01; single height double width 

= 10; odd data rows are double height double width 
top,half even data rows are double height dou­
ble Width bottom half 

= 11; even data rows are double height double width 
top half 
odd data rows are double height double width 
bottom half 

defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg­
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address­
ing sequence begins at the address contained in AUXIL­
IARY ADDRESS REGISTER 2. 

AUXILIARY ADDRESS REGISTER 2 (R13 and R14) 
This 16 bit write only register contains a 14 bit address. The 
6 least si~nificant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con­
tains the Blower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 



doubfe width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meanirv of these 2 bits. In the sequential addressing mode, 
thiS register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the 'J8Iue programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi­
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 

START COMMAND (R1S) 
After an vital screen parameters are loaded, a START com­
mand can be initiated by addressing this dummy register 
location within the CRT 9007. A START command must be 
issued after the DMA mechanism is enabled (DMA CON­
TROL REGISTER bit 7). 

RESET COMMAND (R16) 
The CRT 9007 can be reset via software by addressing this 
dummy location. Activation of the RST input pin or initiating 
this software command will effect the CRT 9007 in an iden­
tical manner. The reset state of the CRT 9007 is defined as 
follows: . 

CRT 9007 outputs 

VA13-0 
VD7-0 
HS 
VS 
CBLANK 
CURS 
VlT 
ORB 
INT 
Pin 28 
Pin 29 
Pin 30 
Pin 31 
Pin 32 

Reset state 

High impedance 
High impedance 
High 
High 
High 
Low 
Low 
High 
Low 
Low 
Low 
Low 
Low 
Low 

SMOOTH SCROLL OFFSET REGISTER (R17) 
This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is speCified 
in the DATA ROW START REGISTER (R11). Typically. this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line 0 to scan line 11) an offset 
of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 11 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 

The next scan line will be zero. starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro­
grammed range of the register is from zero to twice the pro­
grammed scan lines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over­
flow). It must be set to a iogic zero at all other times. The 6 
bit offset value occupies bits 6 through 1. Bit 0 must always 
be pro~rammed with a logiC zero. By setting the offset over· 
flow (bit 7) to a logic 1, It is possible to have the bottom half 

of a double height data row stand aJone in Single Row Buffar 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 

VERTICAL CURSOR REGISTER (R18 or R38) 
This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R18 and to read from this register it is addressed as R38. 

HORIZONTAL CURSOR REGISTER (R19 or R39) 
This 8 bit read/write register specifies the character posi­
tion in which the cursor appears. To write Into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 

It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all scroll 
operations. 

INTERRUPT ENABLE REGISTER (R1A) 
This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis­
abled according to the following definition: 

Bit 6 (Vertical retrace interrupt)-This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
a vertical retrace (Le., the start of the vertical blanking interval) 
begins. 

Bit 5 (Light pen interrupt)-This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor­
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on ,the 
frame or field just painted. This interrupt need not be ena­
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur­
ance of a light pen update and servicing can be done off of 
other interrupts. 

Bit 0 (Frame timer)-This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroil 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 

STATUS REGISTER (R3A) 
This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces­
sor via the STATUS REGISTER. If some of the conditions 
are enabled for interrupt, the processor. in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition ofthe 
STATUS REGISTER is as follows: 

Bit 7 (Interrupt Pending)-This bit will set when any other 
status bit, having its corresponding interrupt enabled, 
experiences a 0 to 1 transition. In thiS manner, when the 
processor services a potenllal CRT 9007 interrupt. it only 
has to lest the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If It did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre­
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 



the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic 0 at the 
end of the vertical retrace Interval. The light pen update bit 
is reset to a logic 0 when the HORIZONTAL LIGHT PEN 
REGISTER is read. 

Bit 6 (Vertical Retrace)-A logic 1 indicates that a vertical 
retrace interval has begun. 

Bit 5 (Light Pen Update)-A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS­
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER IS read. The light pen coordinates may have 
to be modified via software depending on light pen char­
acteristics. 

Bit 2 (cx:ld/even)-For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. 

PROG 
HSYNC 1 
WIDiH 

FIELD I HS 
ONE cSYNC -U-

INTERLACED 

vs---------------------------J 

Bit 0 (Frame timer occurred)-This bit becomes a logic 1 
either one or two data rows before the start of vertICal retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 

VERTICAL LIGHT PEN REGISTER (R3B) 
This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 

HORIZONTAL LIGHT PEN REGISTER (R3C) 
This 8 bit read only register contains the horizontal coordi­
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro­
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg­
ister will reset the light pen status bit in the STATUS REG­
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 
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FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ....................................................................... 0" to + 7O"C 
Storage Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - SsoC to + 1SOoC 
Lead Temperature (soldering, 10 sec.) .........................................•.......................... + 32SoC 
Positive Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 8V 
Negative Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3V 

·Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system po,wer supplies, it is Important that the Absolute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the 
AC power is switched on and off. In addition, voltage tranSients Or! the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS T. = O°C to + 70°C, Vee = 5.0V == 5% 
PARAMETER MIN TVP MAX UNITS 

V, 
Input voltage 

Low 0.8 V 
V .. , High 2.0 V 
V.., High 4.3 V 

Output voltage 
V~ Low 0.4 V 
VOH High 2.4 V 

Input leakage current 
III 10 ,...A 
lu SO ,...A 
III -200 ,...A 

Input capacitance 
15 C1N1 10 pF 

C ... 25 SO pF 

Power supply current 
Icc 100 170 mA 

AC ELECTRICAL CHARACTERISTICS' T. = QOC to + 7QoC, Vee = S.OV = 5% 

PARAMETER MIN TVP MAX UNITS 

Clock 
lev clock period 330 1200 ns 

300 1200 ns 
b. clock low 90 ns 
Ie •• clock high ISO ns 
Ie •• clock rise time IS ns 

Ie,,, clock fall time 10 ns 

Output delay' 
150 to, ns 

to. 150 ns 
t03 

I 
150 ns 

to. 150 ns 
I,. 

I 
25 115 ns 

t05l. 500 ns 
to. 185 ns 
too 185 ns 
los, 185 ns 

t"05 50 ns 

t"'OH 10 I ns 
1.00 185 ns 
IS<., I 

185 ns 
tSlO 185 ns 
107 I 240 ns 
t07 185 ns 

to. 300 ns 

Processor Read write' 
lAS 110 
t .... 0 
I .... ISS 

IeS" 650 
tp')s 100 
tpOH 0 
tpo• 140 
tF'!)Q 10 85 I 

tl~~ 

Miscellaneous liming 

400 I 
--~--~~~~-------r---~----~-=-~ 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

t"'''5 25 

tow 4t" 

t. ... t<w 50 
t ... ,,'lo 50 

NOTE. 

115 

I 
I 

ns 

rs 

ns 
~s 

, 
, , 

! 
I , 

! 

i 

: 

i 
: 
I 

COMMENTS 

~~L~uts except ~ 
Input; see note 4 

101. ~ I.SmA 
I"" ~ l00f,l.A 

0 .. V .. '" 3 5V: excluding ~ 
V .. ; 5V:for~ 
V .. ; OV:for~ 

all Inputs except ~ at 1 MHZ 
~ ,"put at 1 MHZ 

COMMENTS 

for double row buffer or 
attribute assemble 
for all other operation modes 

measured from 
o 8V to 3.5V 18IIei 
measured from 90% to 10"1. 
points 

measured to the 2 3V or 0.5V 
level on VAI3·VAO 

valid for loading aUXiliary 
address register 2 or Ihe 
attnbute lalch 

c., = 50pF 

cursor skew of zero 
cursor skew of one 
through five 

measured from the 0 4V level 
of ACK or fSC failing edge 
rneas~red from the 04\/ level 
fa,:"'g eoge to 0 4V level 
"~I~'", ·~dge 
:::.ee t l-4 ... He 24 
see flgu~e 24 

1. Timmg measured fronc the 1 5V level of Ihe rising edge of CCLK to the 2 4V 
(high) or 0 4V (low) voltage level of tna ouput unless otherwise noted. 

3 Loading on all oulputs IS 30 pF except .... here noted. __ 
4. ThiS level musl be reached before the next failing edge of CCLK. 

2. Reference points are 2 .tV "'gh and 0 4V low. 



VLT, WBEN 

VA13-0 

SL3·" 

CSYNC DMAR 
CBLANK 

VD7-0 

~~ ':1~ t--Ic • ...--
to 

t •• 

tc.. 

1 

} 

to, 
1 

){ 

too 

\ 
lo.. 

I \c. J 
I 

,I t, 

i ----{ 

-1 to. ..1 

~ 
- 'os. 
----{ 

\. 
to. 'I 

t.oc 

X .TTRIBVTE OR r l 
"'T' OUT 

~ .TTRIBUTE 
ROw TABLf "'T' IN l 

~I:-=lvo::t t~~ 
-t"'G 

SLD ){ 
-Iko 

CURS )( 
10, 

to. 

OK" 

9 +5V 

~390n .,. 
.-

74S04 or equivalent 

To 
1 
CCLK 
nput 

FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS FIGURE 25: RECOMMENDED CCLK 
DRIVER CIRCUIT 

FIGURE 2: CRT 8007 PROCESSOR READ AND WRITE 
TIMING PARAMETERS 

VA' 3-0 -~~~ 
l~-.... ~( 

-,. .. 10 con_ dir.c:IIy ""'" ACK Of ~ or ""'" "'" po_ ~ 1ha1.ndo_!lIM 
buI'IIC'f""-

FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS 



AOOAESS DECQOE BIT DEFINITION 

VA5 VM VAl V/42 VAl VM 07 De 00 D3 D2 0, De 

WRITf 0 0 0 0 0 0 M58 CHAAACT"EAS PE~ >iOAIZ6NTAL PERIOO 
lS8 

0 0 0 0 0 1 MSI CHAAACT"EAS PEA OAT .. ROW 
L58 

WAITE 0 0 0 0 , 0 MSS HOAIZONTAI. DELAV 
LSB 

WRITE 0 0 0 0 , , MSS 
HORIZONtAL SYNC WIDTH 

lSS 

WAIT"E 0 0 0 , 0 0 MSS 
VERTICAL SYNC WIDTH 

LSS 

WAIT"E 0 0 0 , 0 , MS8 VERTICAl. DELAV 
I.S8 

W~ITE 0 0 0 , , 0 PIN cONFIG-J CURSOR SKEW I BLANK SKEW 
URAnON MS8 LSS MS8 L58 

WAIT"E 0 0 0 , , , MS8 
VISIBLE OATA ROWS PER FRAME 

lS8 

WRITE 0 0 , 0 0 0 
SCAN LoNESF~_ I 
IB'OII ,881 MS8 

SCAN LINES PER DATA "OW LS8 

WAIT"E 0 0 , 0 0 , r811 I 
SCAN LINES PER FRAME 

LS8180) 

Table 38: CRT 9007 Screen Format Reglste,. 

AOORESSDECOOE BIT OEFINITIOtI 

Rev ..... Typo VA! VA. VAl V/42 VA, VNI 07 De 03 D2 Q' De 

WRITE 

WRITE 

WAIT"E 

WAIT"E 

WAIT"E 

WAIT"E 

WRITE 

WAIT"E 

WAITE 

W~ITE 

WAITE 

RegtSter T,," 

READ OR 
WRITE 

READ OR 
WRITE 

WAITE 

WRITE 

READ 

WFlITE 

READ 

WRITE 

READ 

READ 

READ 

I 
DMA I 

0 0 , a , a OIS- OMA BvRST OELAV DMA BURST COUNT 
ABlE MSSA LSS MSS LSS 

0 0 a , , ~I INTERLACE 
OPERATION MODES I , x MODES Mi1XC 

0 0 , , a 0 MS8 
'-ABLE START REGIST~R ILS BVT"E' 

LS8 

0 0 , , 0 , ADDRESS I TABlE STAT REGISTER IMS 8YTE) 
MODE '.58 l58 

0 0 , , , 0 I M58 AUXIliARV AOORESS REGISTER' ILS BVTEI lS8 
I I 

0 0 , , , , I ROW • AUXlliARV AOORESS REGISTER' 'MS BYTEI 
AnRIBUTES: 1.tS8 lSS 

a , 0 0 0 0 I MS8 I 
,EOUENnAL BREAK REGISTER, 

l58 

I 
I 

0 , 0 0 a , M58 
DATA ROW START REGISTER 

lS8 
I I I I 

a , a 0 , 0 MSS DATA ACW ENOISEOUENTIAL BREAK REGISTER 2 LS8 
I , , 

0 , 0 a , M58 
AUXILIARY ADORESS REGISTER 2 (LS eYTEI i..SB 

I I I 
a , 0 , a c ROW II AUXlliARV AOORESS REGISTER 2 IMS eVT"E) 

AnRIBUTES 
MSB 1 I I I L58 

Table 3b: Control and Memory Address Registers 

ADDRESS DECODE 

VAS VA. VA3 v,..;. VAl V,. 

o 1 O!, 0 1 

o 1 0 1 1 0 

o , 

, 0 

, 0 

I a 
, I a 

, 0 

BIT DEFINITION 

07 03 02 

START COMMANO 

RESET COMMAND 

IOFFs!1 I OVEA-
I FLOW M58 I LSB I 

vERTICAL CURSOR REGISTER (ROW C()()~O I 
lSB 

I I I I -t--r---=..:c'-----l 
HORIZON"'Al CURSOR REGISTER ,COL COORD I 

I I I I 

1 ~~~i.1 INTERRUPT ENABLE AEGISTER 

Re. I .... IGHT I 
X TRACE I PEN! X X X )( 

lSB 

I 
! j::~AME 
I riMER 

Table 3c: Cursor. Light Pen, Offset, and Status Registers 

REGISTER 
NUMBEA 

lHEX) 

Rl 

"7 

REGISTEA 
NUMBER 

(HE)() 

AS 

AC 

AF 

A,O 

All 

"'2 
A13 

A,. 

REGISTER 
NUMBER 

(HEX) 

RI1 

A1S Of R38 

R190rR39 

RIA 

RlA 



CRT9021A 
CRT 90218 

J.LPC FAMILY 

CRT Video Attributes Controller 
VAC 

FEATURES 
o On chip video shift register 

Maximum shift register frequency 
CRT 9021 A 30 MHz 
CRT 90218 28.5 MHz 

o On chip attributes logic 
Reverse video 
Character blank 
Character blink 
Underline 
Full/half intensity 

o Four modes of operation 
Wide graphics 
Thin graphics 
Character mode without underline 
Character mode with underline 

o On Chip logic for double height/double 
width characters 

o Accepts scan line information in paraUel 
or serial format 

o Four cursor modes dynamically selectable via 2 
input pins 

Underline 
Blinking underline 
Reverse video 
Blinking reverse video 

o Programmable character blink Tate 

PIN CONFIGURATION 

00 1 28 01 

MS0 2 2702 

MS1 3 2603 

REVIO 4 25 04 

CHABL 5 2405 

BLINK 6 23 D6 

INTIN 7 22 07 

+5V 8 21 VSYNC 

ATTEN 9 20 GNO 

INTOUT 10 19 SL0/SLO 

CURSOR 11 18 SL1!~ 

RETBL 12 17 SL2!BLC 

WISH 13 16 SL3/BKC 

VIDEO 14 15 VDC 

PACKAGE 28-pin O.I.P. 

[J Programmable cursor blink rate 

[J On chip data and attribute latches 

[J + 5 volt operation 

[J TTL compatible 

[J MOS n-Channel silicon gate COPLAMOS~ process 
"" [J Compatible with CRT 5037 vrAC~: CRT 9007 VPAC 

GENERAL DESCRIPTION 

The SMC CRT 9021 Video Attributes Contro"er 
(VAC) is an n-channel COPLAMOS MOS!LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control, and a high speed 
video shift register. The CRT 9021, a character gen­
erator ROM and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con­
nected directly to a CRT monitor's video input. The 
maximum video shift register frequency of 28.5 MHz 
or 30 MHz allows for CRT displays of up to 132 char­
acters per data row. 

The CRT 9021 attributes include: reverse video, 
underline, character blank. character blink, and full! 
half intensity selection. In addition, when used in con­
junction with the CRT9007 VPAC:'" the CRT 9021 will 
provide double height or double width characters. 

Four programmable cursor modes are provided on 
the CRT 9021. They are: underline, blinking under-

line, reverse video character block, and blinking 
reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program optIon 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 
graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 
lines. 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. !NAME SYMBOL FUNCTION I 

1.28.27.26. Data 07-00 In the character mode. the data on these Inputs is passed through the Attributes 
25.24.23. l~iC Into the B bit high speed video shift register. The binary information on 07 

22 wi I be the first bit output after the LD. SH Input goes low 
In the thin or wide graphics mode these B inputs will Individually control the on'off 
condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate tile wide and thin graphics modes respectively and their 
relationships to 07-00 

2 Mode Select 0 MSO These 2 inputs define the four modes of operation of the CRT 9021 as follows: 
I 3 Mode Select 1 MS1 MS 1, MSO = 00: Wide graphics mode 

I = 10: Thin graphics mode 
= 01. Character mode without underline 

i = 11 Character mode With underline 

See section entll~ed Dlspla~ Modes for details. I 
I 

4 Reverse Video 

I 
REVID When thiS Input and Retrace Blank (RETBL) are both low data from the ! 

Attributes and Graphics logiC is presented directly to the video shift register. i 
When this input IS high an RETBL IS low. the Attribute and Graphics logiC will I 
invert the data b'3fore presenting it to the video shift register 

5 Character blank I CHABL When this Input IS high. the parallel Inputs to the video shift register are all set low 
I 

(or high depending on the state of REVID) thus providing a constant Video level I 

I for the entire lenl~th of the character block. 
I 

6 Blink I BLINK When thiS Input IS high and both the RETBL and CHABL Inputs are low. the char- I 

I 
acter will blink at the programmed character blink rate Blinking IS accompllsned i 
by cauSing the Video to go to the background level dUfing the off" portion of the I 

I 
Character Blink cycle. ThiS Video level may be either the white or black level I 
depending on state of REVID. The duty cycle for the character blink is 75 25 (on. ! off). This Input IS ignored If It coinCides With the CURSOR Input and the cursor IS 
formatted to bilnl<. I 

i 
7 IntenSity In I INTIN The INTIN Input along With the INTOUT output provides a user controlled general ; 

purpose attributE! Data Input to INTIN will appear at INTOUT With the same delay I 

I 
as that from any other attribute input to the serial Video output (VIDEO) By uSing 

I an external mixing CirCUit. it IS possible to raise or lower the voltage level of the 
Video output to produce such attributes as half intensity" or 'Intensity". I 



OESCRIPTION OF PIN FUNCTIONS CONT'O 

PIN NO. I NAME SYMBOL FUNCTION 

8 Supply Volta~e +5V + 5 volt power supply 

9 Attribute ATTEN When this Illm/t is high. the internal attribute latch is updated at the positive going 
Enable ed~e of the LDISHinput with data appearing on the REVID. CHABL. MS1. MSO. 

I BL NK and INTIN inputs. By selectively bringing this input high. the user will 
update the attribute only at specific character times. all subsequent characters I 

I 

will carry with them the attributes last updated thus allowing "held" or "embed-
ded" attributes. When using a wide video memory where attribute bits are 
attached to every character. the internal attribute latch may be updated at each 
character by tieing this input high (thus allOWing for "invisible" attributes). 

I 10 Intensity Out INTOUT This output is used in conjunclion with the INTIN input to provide a three charac-
I ter pipeline delay to allow for general purpose attributes (such as intensity) to be 
i implemented. SeelNTIN (pin 7). 

i 
11 Cursor CURSOR When this input is high and RETBl is low, the programmed cursor format will be 

displayed. When lhis Input is high. and RETBL is high. the CRT 9021 enters the 
double width mOde. See section entitled cursor formats for details. 

12 Retrace Blank RETBL When this input is high. the parallel Inputs to the video shift register are uncondi-
honal~ cleared to all zeros and loaded on the next LD'SH pulse. This forces the 
VIDE output to alow voltage level. independent of all attributes. for blanking the 
CRT during horizontal and vertical retrace time. 

13 Load/Shift LD/SH The 8 bit video shift register parallel-in load or serial-out shift operation is estab-
lished by the statE! of this input. When high. this input enables the shift register for 
serial shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clocl< pulse and all data and 
attributes are moved to the next poSition in the internal pipeline. In addition, input 
data and attributes are latched on the positive transition of LD;SH. 

14 Video VIDEO The Video output provides the serial dot stream to the CRT Video is shifted out 
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will 
determine the number of backfill dots. See figure 5. 

15 VideoOot VDC This input clock controls the rate at which video is shifted out on the 
Clock VIDEO output. 

16 Scan line SL3!BKC This input has two separate functions depending on the way scan line informa-
3/Block Cursor lion is presented to the CRT 9021. 

Parallel scan line mode-This input is the most significant bit of the binary scan 
line row address. 
Serial scan line mode-This input controls the cursor's physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 

17 Scan line Sl2lBLC This Input has tWI) separate functions depending on the way scan line informa-
2IBlink Cursor tion IS presented '10 the CRT 9021. 

Parallel scan line mode-This input is the second most significant bit of the 
binary scan line row address. 
Serial scan line mode-This input if low, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50 'SO (on/off). If this input is high, the cursor will be 
non-blinking. 

18 Scan Line Sl1/SLG This Input has tWI) separate functions depending on the way scan line informa-
1/Scan Line tion is presented to the CRT 9021. 
Gate Parallel scan line mode-This input is the next to the least significant bit of the 

binary scan line row address. _ 
Serial scan line mode-This input will be low for 5 or 6 LD!SH pulses to allow the 
scan line information to be ser@!!y shifted into the serial scan line shift re~ster. If 
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume t e par-
allel input scan line row address mode. 

19 Scan line SlO/SLD This input has two separate functions depending on the way scan line informa-
O/Scan Une tion is presented to the CRT 9021. Refer to figure 6. 
data Parallel scan line mode-This input is the least Significant bit of the binary scan 

line row address. 
Senal scan line mode-This input will present the scan line information in serial 
form (least significant bit first) to the CRT 9021 and permits the Q!'gper scan line 
informatiOfJ..!Q..§nter the serial scan line shift register during the LD/SH pulses 
framed by SLG (pin 18). 

20 Ground GND Ground 
21 Vertical Sync VSYNC This input is typically connected to the vertical sync output of the CRT controller 

and is used as the clock input for the two on-Chip mask programmable blink rate 
dividers. The cur:sor blink rate (SO/SO duty cycle) will always be twice the charac-
ter blank rate (75/25 ~le).ln addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan line mode 
(parallel or serial) used. See the section "Scan Line Input Modes". 



Retrace Blank 

ATTRIBUTES FUNCTION 

--The RETBL input causes the VIDEO grammed to blink (not controlled by 
the BLINK Input), the video alter­
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 
always overrides the character blink 
rate when they both appear at the 

to go to the zero (black) level regard.-
less of the state of all other inputs. 

Reverse Video -The REVID input causes inverted data 
to be loaded into the video shift 
register. 

Character Blank -The CHABL input forces the video to 
go to the current background level as 
defined by Reverse Video. 

same character position. 
Intensity 
(Half Intensity) 

Underline --MS 1, MS0 :r 1, 1 forces the video to 
go to the inverse of the background 

-The INTIN input and the INTOUT 
output allow an intensity (or half 
intensity) attribute to be carried 
through the pipeline at the CRT 9021. 
An external mixer can be used to 
combine VIDEO and INTQUT to cre­
ate the desired video level. See fig­
ure B. 

Blink 

level for the scan line(s) pro-
grammed for underline. 

-The BLINK input will cause charac-
ters to blink by forcing the video to the 
background level 25% of the time and 
allowing the normal video for 75% of 
the time. When the cursor is pro-

Table 1 illustrates the effect of the REVID, CHABL, UNDLN 
attributes as a function of the cursor format and the CUR­
SOR and RETBL inputs. 

TABLE 1: CRT 9021 ATIRIBUTE COMBINATIONS 

CURSOR 
FORMAT 

x 

UNDERUNE' 

BLINKING' 
UNDERLINE' 

REVID BLOCK 

BLINKING' 
REVID BLOCK 

o o o 

~_O~_~_cO~~_~O __ -+ __ I __ -+ __ X~_~A~II=z~e~ro~s_ _ __ __ 
o 0 ~_l_o I 0 ' dati --- l 

I--O=----j-----=o~-+-- 1 I 0 ! Zero's lor selected scan !lne(SI, data lor ali 
I other scan lines , 

I--O--~-O--+----+--I---+I-~x--+-~~e~'~~I=-or_a~~_n_lln_es __ 

o 0 X, One's lor selected scan Iinels) lor curser; 
I +-- i [ 0 1 I 0 I i ~ 

0 1 1 
I 

0 i 1 1 
, 

I 
i 0 1 0 I 

! 

0 1 a ! 

f 0 I 1 I 1 I 

I ! I 

i 0 1 I 1 I 

o 
o o 

! 1 X I I 

0 
I 

X· 

1 X, 
i 

a 
t 

x' 

1 I X, 

0 I 
x 

1 I X, 

o 

data lor al! ot her scan lines 

ec'ed scan Ilne(s) tor cursor; ! 
otner scan lines I 

--e-cled scani;"nels) lor cursor: t 

~'::;a'~n!~:elSltOr;;~1 
o;:ds~~:~,~~:(S) blinking ~', 

lOne's lor sel 
zeros !or ali 

I ~slorsel 
! Data lor all ° 
I Zero s lor sel 

one's for all 

ther scan lines --------------
ectad scan 'Ine(s) blinKing. 
other scan 'lnes 1 

-- ------.- .-- -- -- ------j 
lacted scan Irne(s) bfrrKtng; i 
ther scan irr'e'3 I 

~ne's lor sel 
Da~!!.'or ali ° 

I One's lor sel 
I zero'S lor all 
I Ziillt's lor se 
I Data lor alia 
I Zero's lor se 

1 . If tt'te oroqram~ed sc.an .ll"Ie(s) for cursor ard underlIne cOlnc:oe the ':Ur<;l)r lakes pre..:edenca otherwise :JOft" d,'e :'sp,ayEtd 
2· al p(oqram(T'~ 3.Cal1 hnejs) for 'Jnder!lne 
3· at cursor D:I~k; • ate 
!\Iote-cursor bllrk:. rate ovemces character 'Jl1nk rate 



DISPLAY MODES 

Inputs MS1 and MS0 select one of four display modes. All the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi­
ble in thiS display mode. 

attributes except underline operate independent of the 
display mode used. Figures 8a and 8b illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parallel and senal scan line modes respectivelY 
MS1, MSO = 00 -Wide Graphics Mode. 

In this display mode, inputs 07-00 
define a graphics entity as illustrated 

MS1, MSO = 01 -Character Mode Without Underline. 

in figure 2. Note that individual bits in 
07-00 will illuminate particular 
portions of the character block. Table 
2 shows all programming ranges 
possible when defining the Wide 
graphic boundaries. No underline is 
possible in this display mode. 

MS 1, MSO = 10 -Thin Graphics Mode 

In this display mode, inputs 07-00 go 
directly from the input latch to the 
video shift register via the Attributes 
and Graphics logic. This mode 
requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixalon 
the CRT) or an external character 
generator as shown in figures 8a and 
8b. 

In thiS display mode, inputs 07-00 
define a graphic entity as illustrated 
in figure 3. Note that individual bits in 
07-00 will illuminate particular hori-
zontal or vertical line segments within 

MS1, MSO = 11 -Character Mode With Underline. 
Same operation as MS 1, MS0 = 01 
with the underline attribute appear­
ing on the scan line(s) mask pro­
grammed. 

SL3-SLO ROW # C7 C6 CS C4 C3 C2 C1 CO BF BF 0 0 0 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 R5 
0110 R6 
0111 R7 
1000 RS 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R1S 

I 

07 03 

D6 02 

OS 01 

04 DO 

W1 I WO 

- --j T 
I H3 
I I -- .J 

-

I I 
I H2 

I I -., 
I 

I H1 
I I -. 

I I 
I HO 

j I 
-I 

107106los1041031021011001 OATA INPUT ON 07-00 

H3, H2, H1, HO, W1, WO are mask programmable 

FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021 

SLS-SLO ROW # C7 C6 CS C4 C3 C2 C1 CO BF BF 0 :) 0 VERTICAL HEIGHT HORIZONTAL POSITION 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 RS 
0110 R6 
0111 R7 
1000 RS 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R15 

04 

07 00 

02 03 

01 

OS 

'-- '--

--

06 

I __ .J 

I 
I 
1 
I 
I --., 

__ J 

-

I 
I 
I 
I 
I 
I ----I 

- __ .J 
1 

I 
I 
I 

'---- _._J 

00 
01 
D6 
07 

02 
03 
D4 
OS 

RO-RS 
R6-R1S 
RO-R1S* 
RO-R1S * 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

HORIZONTAL LENGTH VERTICAL POSITION 

C7-C3 
C3-BF 
C7-BF* 
C7-BF* 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

DATA INPUT ON 07-00 

* These values are fixed 

FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 



BACKFILL 
Backfill is a mechanism that allows a character width of 
greater than 8 dots and provides dot information (usually 
blanks) for all dot positions b~ond 8. The character width 
is defined by the period of the [DISH input. For the character 
modes, backfill is added to the tail end of the character by 
two methods which are mask programmable. 
Method A - The backfill (BF) dots will be the samEI 

as the dot displayed in position C7. 

Method B - The backfill (BF) dots will b.e the same 
as the dot displayed in position CO. 

For the wide graphics mode, the backfill dots will always be 
the same as the dot displayed in position CO (method B) 
with no programmable option. 

CURSOR FORMATS 

Four cursor formats are possible with the CRT 9021. If the 
parallel scan line input mode is used, one of four cursor for­
mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3IBKC, SL2IBLC). See 
Table 5. The four cursor modes are as follows: 

Underline - The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

Blinking Underline - The cursor will appear as an 
underline. The underline will alter­
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

Reverse Video - The cursor will appear as a reverse 
Block video block (The entire character 

cell will be displayed in reverse 
video). 

Blinking Reverse - The cursor will appear as a reverse 
Video Block video block and the entire block 

(character plus background) will 
alternate between normal and 
reverse video at the masked pro­
grammed cursor blink rate. 

Scan Line I Input Mode Pin 17 Pin 16 Cursor Function 
1 0 Underline 
1 1 Reverse Video Block 

I Serial 0 

! 

0 Blinking Underline 
0 1 Blinking Reverse I 

Video Block i 
-Parallel X 

I 
X Mask programmable j 

Only 

TABLE 5: CURSOR FORMATS 

DOUBLE WIDTH MODE 

In order to display double width characters, video must be troller knows when a particular scan line should be double 
shifted out at half frequency and the video shift register must width and it should activate the CURSOR in the manner just 
receive new information (parallel load) every other LD/SH described. Double height double width characters can also 
inPlili?ulse. In order to divide the video dot clock (VDC) and be displayed if the scan line count is incremented by the 
the LDiSH pulse internally at the proper time, the CUisor input CRT controller every other scan line. With respect to the 
should be pulsed during RETBL prior to the scan line to be CRT 9021, no distinction between double width and double 
displayed as double width. The CURSOR input must remain height display is necessary. Figure 4 illustrated timing for 
low for a minimum of 1 LD/SH period from the leading edge both single and double width modes. The CRT 9007, which 
of RETBL. The CURSOR input can stay high for the entire supports double height double width characters. will pro­
RETBL time but should not extend into active video. If it does. duce the CURSOR signal as required by the CRT 9021 with 
a cursor will be displayed. It is assumed that the CRT con- no additional hardware. 

SCAN LINE INPUT MODES 
Scan line information can be introduced into the CRT 9021 
in parallel format or serial format. Table 6 illustratos the pin 
definition as a function of the scan line input mode. The CRT 
9021 will automatically recognize the proper scan line mode 
by observing the activity on pin 18. In parallel mode, this 
input will be stable for at least 1 scan line and in serial mode 
this input will remain low for about 5 or 6 LDSH periods If 
pin 18 goes active low for less than seven but more than 
two continuous LD/SH periods during the last scan line that 
has an active low on the VSYNC input, the serial mode will 
be locked in for the next field. The parallel scan line input 

mode Will be selected for the next field if the following two 
conditions occur during VSYNC low time. First, at least one 
positive transition must occur o~in 18 and second, pin 18 
must be low for seven or more LD'SH periods. Refer to fig­
ure 7 for timing details. 

Scan Line CRT 9021 Pin Number 
Input Mode 19 1 8 17 

Senal SlD SlG BlC 
------P-a-ra-I-le-I----~-S~l-O----Sl1 Sl2 

16 

BK~ 
Sl3 

"ABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 

PROGRAM OPTIONS 

The CRT 9021 has a variety of mask programmed options. trates the range of the miscellaneous mask programmed 
Tables 2 and 3 illustrate the range of these options for the options. In addition, Tables 2.3 and 4 show the mask pro­
wide and thin graphiCS modes respectively. Table 4 illus- wammed options for the standard CRT 9021. 



LD/SH lJ U U U U U U U U U U lJ 
I I I I , I I 

~ ~ 
, I 

RETBL I I , I 
I 

D7-oo 
(NORMAL) CHARN X X 

WIDTH 

D7-oo 
(DOUBLE) CHAR N/2 X X 

WIDTH 

D17-D10 
(NORMAL) X X X 

WIDTH 

D17-D10 
(DOUBLE) CHAR N/2 CHAR 1 

WIDTH 
I 

VIDEO 
I , 

(NORMAL) VIDEO (t-J-2) BLANKING 
WIDTH 

I 
I 

VIDEO I I 

(DOUBLE) VIDEO (N/2-1 ) VIDEON/2 BLANKING VIDEO 0 VIDEO 1 
WIDTH I I I , , , I I 

ATIRIBUTE iN' 

:X 'X ATIO X ATIl X ATT2 X ATT3 X ATT4 X ATT5 X ATT6 ( (NORMAL) X X 
WIDTH I I I , I I 

I I I 

ATTRIBUTE OUT' I , I , 
(NORMAL) INT(N-2) X X 

WIDTH 
I I I I I , 

ATIRIBUTE IN' 
, 

X ATT 1 X X ATT2 X 
, 

(DOUBLE) X ATTO X XX XX XX X ATT3 '( 
WIDTH I I I 

ATTRIBUTE OUT' 

X X 
I 

'I: (DOUBLE) X X X ATT0 ATT 1 
WIDTH 

l-Attributes include MSO, MSI, BUNK, CHABL, INTENSITY, REVID 

FIGURE 4: CRT 9021 FUNCTIONAL 1/0 TIMING 



MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ O°C to + 70°C 
Storage Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. + 325°C 
Positive Voltage on any Pin, with respect to ground .................. , . . . . . . . . . . . . . . . . . . . .. ...................... .15V 
Negative Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... ................ - 0,3V 

·Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated I'n the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system pewer supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA == ooe to 70oe, Vee == + 5V::t 5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 
INPUT VOL T AGE LEVELS 

Low Level V .. 0.8 V 
High Level V'H' 2.0 V All inputs except VDC, LD/SH 
High Level V'H2 4.3 V For VDC, LDiSH input 

OUTPUT VOLTAGE LEVELS 
Low Level V 0\. 0.4 V lOt =0.4 mA 
High Level VOH 2.4 V IOH = l00f,lA 

INPUT LEAKAGE CURRENT 

I 
Leakagel co 10 ~A O""'V,~<Vcc, excludin9,YDC. LD/SH 
Leakage I" 50 ~A O""'V,~""'Vcc: forVDC LD/SH 

INPUT CAPACITANCE I 
C'N' I 

10 pf Excluding VDC, LD/SH 
C'N2 20 pf For LDSH 

C'N' 25 pf For VDC 

POWER SUPPLY CURRENT 
Icc 50 mA 

AC CHARACTERISTICS 

PARAMETER I MIN TYP MAX UNIT COMMENTS 
VDC' 

1 ilcv. VDC frequency 1.0 30.0 MHZ CRT 9021A; see note 1 
1.0 28.5 MHZ CRT 9021 B 

lcKL VDC low 10 
IeKH VDC high 10 ns 
IeK. VDC rise time 10 10 ns Measured from 10% to 90% points 
IeKF VDC fall lime 10 ns Measured from 90% to 10% points 

LDiSH 
IeY2 290 ns CRT 9021 A: see note 1 

315 ns CRT 9021 B 
Is. 7 ns 
tH, 0 ns 1 

INPUT SETUP AND HOLD 
tS2 35 ns 
tH2 0 ns 

MISCELLANEOUS TIMING 
tPD 35 ns CL = 15 pf 
tow IcY2 

1-These parameters are Preliminary. 
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FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING 

NOT USED BY CRT 9021 

FIGURE 6: SERIAL SCAN LINE MODE TIMING 
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TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 

OPTION CHOICES STANOARO CRT 9021 
Height 01 graphic block" 

07 and 03 any scan line(s) RO, R1, R2 
06 and 02 an~' scan line(s) R3,R4,RS 
OS and 01 an~' scan line(s) R6, R7. R8 
04 and DO any' scan line(s) R9,R10,R11.R12,R13,R14.R15 

Widlh of 07, 06, 05, 04" any number of dots 0 to 8 C7, ce, CS, C4 
Width of 03, 02, 01, 00" any number 01 dots 0 10 8 C3, C2, C1, CO, BF 

• Any graphic block pair can be removed by programming for zero scan lines . 
•• Tolal number 01 dots for both must be equal to the total dots pflr character with no overlap. 

TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 

OPTION 

I 
CHOICES 

Backfill C1 or CO 

Horizontal position for 

02 and 03 any scan line(s) RO-R15 
04 any scan line(s) RO-R15 
OS anyscan line(s) RO-R15 

Horizontal length for 

022 any continuous dots C7-CO, BF 
032 all dots not covered b~ 02 

Blanked dots for serrated horizontal lines 

02 any dol(s) C7-CO, SF 
03 any dOI(s) C7-CO, BF 
04 and 05 any dol(S) C7-CO, BF 

Vertical position for 

00 and 01 any dot(s) C7-CO, BF 
06' any dol(s) C6-CO, BF 
07' any dol(s) C7-CO 

Vertical length for 

DO any scan line(s) 
01 all scan lines not used by 00 
06 no choice; always AO-A15 
07 no choice always AO-A1S 

1-07 must always come before 06 with no overlap; otherwise 06 is lost. 
~-02 and 03 must always overlap by one and only one dot. 

TABLE 4 

STANOARO CRT 9021 

CO 

RS 
RO 
All 

I 
C7-C3 
C3-BF 

none 
none 
none 

C3 
BF 
C7 

RO to RS 
R6 to R1S 
RO to R15 
AO to A1S 

MISCELLANEOUS MASK PROGRAMMING OPTIONS 
OPT ON CHOICES 

I 
STANDARD CRT 9021 

Backfill In character mode C7 or CO C7 

Character blink rate 8 to 60; divisible by 4 32 
(division of VSYNC frequency) (7.S Hz to 1 Hz)' (1.875 Hz)' 

Cursor blink rate" 
TWice the character 16 

i blink rate (375 Hz)' 

character underline position I any scan liners) RO-R15 R11 

cursor underlme' 
I 

any scan line(s) RO-R15 not applicable 

underline 

cursor format' 
Blinking underline Blinking reverse Video block 

Reverse Video block 
I - I 

Blinking reverse Video block 
---

1 - Assumes VSYNC Input frequency of 60 Hz. 
2 - Valid only If the cursor is. formatted to blink. 
3 - Valid only if the cursor is formatted for underline. 
4 - Valid for the parallel scan line mode only. 

I 
: 

: 
I 

I 
I 
! 

I 

! I 
I 

I 
i 
i 
! 
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