




















































































































































































































































































































RA8 PTN_ or GCHR8
L . L * s R — Pattern of 16 bits used for
figure drawing to pattern
) dotted, dashed, etc. lines.
9 PTNy, or GCHR?
RA-10 GCHR 6
" GCHR 5
12 GCHR 4 Graphics character bytes
" N R N | tobemoved into display
memory with graphics
13 GCHR 3 character drawing
14 GCHR 2
15 GCHR 1

Command Bytes Summary

RESET:

VSYNC: b 1

o
—
-
—

z

CCHAR: [ 0o 1 o 0 l 10 1

]
]
|
S R
J
|
|
|
]

ZOOM: Lo 10 oJ o 1t 0
r
CURS: Lo 1o oJ 0 0 1

PRAM: I o 1 1

SA

PITCH: [0\00‘0111

WDAT: Lo 0 111’\195 fo—[ MOD

MASK: o 1t o0 o1 0o 1 0

FIGS: [ o 1

FIGD: [_OA 1

GCHRD: I o

RDAT: F 0

CURD: r‘1nooooo

LPRD:

l

[ |

e KON B KN
| J

DMAW: o o 1] TVPE—[ 1] MOD

Video Control Commands
Reset

Blank the display, enter
Idie mode, and Initialize
within the GOC:

~-FIFO

-Command Processor
~internal Counters

This command can be executed at any time and does not
modify any of the parameters already loaded into the GDC.

RESET: l 0 0 0 0 0 0 0 01

If followed by parameter bytes, this command also sets the
sync generator parameters as described below.
Idle mode is exited with the START command.

T 1 T Mode of Operation select bits.
P1 0 o0 |C | F ] 1 ] D | G ' S [™ Seebelow
n 1
P2 A Active Display Words per line. Must
w be even number with bit 0 = 0.
P3 v§_ HS
\ \L*,4~_ Horizontal Sync Width
.. - Vertical Sync Width, low bits
P4 HFP } VS, ]‘ ~ Vertical Sync Width. high bits
A ——————— Horizontal Front Porch Width
T
P5 o o0 HBP e Horizontal Back Porch Width
} N
P6 0 [ VFP |== - Vertical Front Porch Width
i "
P7 AL | o Active Display Lines per Video Field.
. ¢ low bits
T
P8 VBP ! AL _. Active Display Lines per Video Field.
L ] " high bits

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

10 Character Mode

11 Invalid

I S Video Framing

00 Non-interlaced

0 1 Invalid

10 Interlaced Repeat Field for Character Displays
11 Interlaced

Repeat Field Framing: 2 Field Sequence with V2 line off-

set between otherwise identical

fields.

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.

Interfaced Framing:



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

T
VSYNC:| 0 1 o o o o o ™ _J

pt External Vertical

‘ - - Sync — Slave Mode

1-Generate & 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: [ 0 1 1 0 1 0 1 1 l
P1 LDC l 0 0 k LR ]— — Lines per character row
l e —= -~ ——————— Display Cursor if 1
P2 BR_ SsC CTOP J— Cursor Top line number in the
" L — e row
} L, - . ... 0-Blinking Cursor
| 1- Steady Cursor
L i - -~ === Blink Rate, lower bits
T
P3 L CBOT BRy ]‘ Blink Rate, upper bits
s P 1
{,,, S - — .——.. Cursor Bottom line number in

the row
In graphics mode, LR should be setto 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 V2 the cursor rate but with a 3 on-"s off duty cycle.

Display Control Commands
Start Display & End Idle Mode

START:lo 1 10 1 0 11
Zoom Factors Specify

Z_QQM:lo11no1|q

P DISP GCHR Zoom tactor for graphics
4 i " a4 writing
{ Display zoom factor

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

Cursor Position Specify

CURS: fo 1t 1 o 1 o0 o 1J
(4] L EAD lv&mmm.bum
P2 Lr EAD ].&mmm,mm
P3 L dAD l [ EAD I--—n_ (Graphics Mode only)
L L,A__ Word Address, top bits
- T —— Dot Address within 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: Lo 1 1 1 1 SA l
‘7—~7~ Starting Address in
parameter RAM
P, — 110 16 bytes to be loaded
n . n N " " i into the parameter RAM

starting at the RAM address
‘I specified by SA

P"L
R

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:[O 1 o o o 1 1 1 l

- A A 4. A A A A
P1: L P
PN "

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.

I__ Number of word addresses
in display memory in the
horizontal direction

Drawing Control Commands

Write Data into Display Memory

WDAT:LO 0 || TYPE ‘ol MOD ]

RMW Memory cycle Logical
Operation:
—

0 0 <s«—— REPLACE with Pattern
(] 1 ~a——— COMPLEMENT

1 0 —~=—— RESET to zero

1 1 ~a——SETt01

Data Transfer Type:

0 0 ~——————————— Word, Low then High byte
1 0 ~«—————————————— Low Byte of the Word

1 1 < High Byte of the Word

0

1 - Invalid




-

P2 l WORD,,
etc. i n i A A

WORD or BYTE J‘—-~»~ Word Low Data Byte or
" i s o n Single Byte Data value

‘}__,,,v__ — W_o'd transfer only:

n High Data 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: 0 1 0o 0 1 0 1 01

P1 [ M, 4]-f~ -—-—— Low significance byte
L e N
P2 ; M, }<-~ ~~—-——High significance 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:[010°\1OOI

Bt . il

P I SL ‘ R [ A ] GCI L { DIR J———— Drawing Direction Base
" n

t 1 Figure Type Select Bits:
-

Line (Vecton
pe
Arc/Circle
smnod' Cl
P2 d DCL DC Drawing Parameter
n [ e w |
- L n n _— i Ox fiag for use in

Mixed Graphics and Character Mode

D Drawing P

R
Lol )

th 1———— D2 Nrawing Parameter

o1 J——— D1 Drawing Parameter
L

different figure types.

Valid Figure Type Select Combinations

SL R AGCL Operation

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

0 0 O 0 1 Straight Line Drawing

0 0O O 1 0 Graphics Character Drawing and
Area filling with graphics
character pattern

0 0 1 0 0 Arcand Circle Drawing

0 1 0 0 O Rectangle Drawing

1 0 0 1 0 Slanted graphics character

drawing and slanted
area filling

Only these bit combinations assure correct drawing
operation.

Figure Draw Start

FIGD: Lo 1 1 [ 1 0 oj

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.

Graphics Character Draw Start

GCHRD: | o0 1 1 o 1 0 o o©

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 10 I T™YPE |0 0 o0
N — . " n
i Data Transter Type:
0 '0 - ———————  Word, low then high byte
1 0 ~————————————— Low Byte of the Word only
Y 1 ~&————-————————  High Byte of the Word only
0 1w - o - 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 RDAT information not yet
read from the FIFO will be lost.




Cursor Address Read
C_U&3|i1voooo/ow

The following bytes are returned by the GDC:

P1T{A7 EAD,
L

P2 A15 EADy

A0 }4— Execute Address (EAD), Low Byte
i

Aﬂpixecu(e Address (EAD), Middle Byte

P3 l (VI 0 0o o0 o I EADy P»ExecuceAadress(EAomagn Bits
. L

Pe d dAD_

PSI dADy
R

]~ —— Dot Address (dAD), Low Byte

P— — Dot Address (dAD). High Byte
. " L

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
1-0f-16 code for graphics drawing operations.

Light Pen Address Read

LPRD: [ t 1 0 o0 o0 o0 o0 O ]
The following bytes are returned by the GDC:
l A7 LAD, A0 l-_ Light Pen Address. Low Byte
[AIS LAD,, A8 |- Light Pen Address. Middle Byte

T
0 0 0 0 0 0 ' LAD, 1— - Light Pen Address, High Bits
. N R .

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: |' 0o 1 TYPE 1 0 0
_ L

} Data Transter Type:
0- 'E) - Word, Low then high byte
1 0 Low Byte of the Word
1 1 <¢——————————— High Byte of the Word
0 {1 +-————————————— Invalid

DMA Write Request

DMAW:ro 0 1] TYPE (1 . MoD I
|~——— RMW Memory Logical Operation:
—h
0 0 ~=— REPLACE with Pattern

0 1 ~—COMPLEMENT
| 1

i 1 1 —<=—SET to One
‘J:—_ Data Transter Type:

0 O0-———  Word, Low then high byte

0 —=— RESET to Zero

1 0 <«———————————Low Byte of the Word

1 1-e——  HighByte of the Word

0 | ~———————— Invalld

Absolute Maximum Ratings* (Tentative)

Ambient Temperature under Bias 0°Cto 70°C
Storage Temperature —65°C to 150°C
Voltage on any Pin
with respect to Ground -0.5Vto +7V
Power Dissipation 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
T,=0°C to 70°C; Vcc =5V = 10%
PARAMETER SYMBOL | MIN MAX UNITS| TEST CONDITIONS
Input Low Vditage Vi -0.5 0.8 v
Input High Voltage Vin 20 |[Vecc+05 v
Output Low Voltage Vou 0.45 v lo, =22mA
Output High Voltage Vou 24 v lon = =400 UA
Input Low Leak Current [ -10 uA Vv, =0V
Input High Leak Current ™ +10 uA V,=Vce
Output Low Leak Current loL -10 uA Vo =0V
Output High Leak Current lon +10 uA V, = Vee
[ Clock Input Low Voltage Voo -0.5 0.6 v
| Clock Input High Voltage Vew 39 | Vec+1.0 v
1{ Vee Supply Current lee 270 mA
Capacitance
T,=25°C; Vcc=GND=0V
PARAMETER SYMBOL | MIN MAX UNITS| TEST CONDITIONS
Input Capacitance Cin 10 pF fc = 1 MHz
1/0 Capacitance Cuo 20 pF V, (unmeasured) = 0V

AC Characteristics
TA-0°C to 70°C; Vcc - 5V + 10%

PARAMETER SYMBOL | MIN MAX UNITS| TEST CONDITIONS
Clock Cycle Period tok 167 2000 nS C_=100pF
Clock High Time tew 70 nS )
Clock Low Time teL 70 nS
Clock Rise Time ter 10 nS
Clock Fall Time ter 10 nS
DMA Cycle Time te axto nS
Datain SetUp Time tois 40 nS
Data Set Up Time for WR tow 150 nS
Data Hold Time for WR two (1] nS
DACK High Level Width tox tek nS
Timing Requirements
PARAMETER SYMBOL | MIN MAX UNITS| TEST CONDITIONS
Address Output Delay tao 20 80 nS . =100 pF
Data Bus In Delay tosl 80 nS
Address Active to RAS Low taDRA 60 nS
Video Signal Delay tvo 120 nS
RD Low to DB Delay tao 120 nS
RD High to DB Floating tor 120 nS
Low to DRD Delay ton 120 ns
RAS Output Delay taas 80 nS
AD Floating Delay torF 80 nS

Timing Responses



Display Memory Bus Timing

jt—— E | ——fe—— E 2 E3 EA4
tcn’1 l“ ter t tew to
e e Lok —
2XWCLK: j? __/ y 7/ TN
tore tos torr
—— tAD"_ —— tADr‘.—
AD 0-15: ———< | oureuraooness )——(%(:Q« INPUT DH OUTPUT DATA >___
tDﬂl tom
DBIN: ! l
tADRA
— tAD p—
A16,17: — X | X
r[ tﬂAS
— RA#‘—
RAS: |/ \_ /
HSYNC-REF [~ 'w ~
BLNK, X
VIEXT SYNC

Read Modify-Write Cycle

Microprocessor Bus Timing

7

DBO-7, A0

Read Timing

i‘two’i

. s
: T

wRoo———\ f
r‘_ tow J
DBO-7, AO INVALID X VALID x INVALID

Write Timing

10



Zoomed Display Timing

DOT CLOCK
2xWCLK
ADDRESS

RAS

LOAD MASK
LOAD CLOCK
SHIFT CLOCK
BLNK

VIDEO

ADDRESS

RAS

LOAD MASK \ .

h

] |
! |
| REFRESH |
J I

J""E]'

]

-1

-:L- PR

DISPLAY (x 2)

R/M/W

LOAD CLOCK
SHIFT CLOCK

BLNK
VIDEO

DOT CLOCK
2XWCLK
ADDRESS

RAS

|
1
[
[
[l
|
|
—
|

LOAD MASK

LOAD CLOCK
SHIFT CLOCK
BLNK

- ——--

VIDEO

000222OSPAY 5 Yy r s s 007

11

ZR=0
(NORMAL)

>ZR =1
(x 2 ZO0M)

ZR=2
(x 3 ZOOM)




Video Sync Signais Timing

| 1H |
awelk  _LUMUUL. L UL UL UL L
HBLANK [ I S
H SYNC I 1
ADO-15 i G GEEED GERRANINE GENEND GEERED GHND GHENED GURNN GEEEN G
LCO0-4 Y ~

i ’
ADO-15 m D & 0 & GHENIRANEISIERSIRRRTR © © O SIS © G
LCO-4 ]:_I'.'._i__f_'.'_‘x_lﬁ ISR SR
ROW X xX=
ROW B G S G w— L X
V BLANK § | B —
V SYNC : ]

} 1V (FRAME) -{
H BLANK J. .. an..nn._n..Jj.._nn_. JJ
V BLANK 1 R g S e e R R
V SYNC : — E e

(NTERLACE) : : : : 5
f=——————0DD FIELD = EVEN FIELD ———— =
V SYNC f — s B
(NO INTERLACE)

Interlaced Video Timing

2xWCLK _J_LJ"LJ'IJ_L.[_L
V SYNC (MASTER) g S S
EXTERNAL

SYNCHRONIZATION

External Synchronization

12

IN SLAVE MODE: HFP >3



L

1H

-—-T

C/R

|

T
]
!
]

i
—={ HFP ;‘ j=—HBP
—hsj—

H SYNC

| N

1V

V BLANK

s
FoTT

..I

+=—VBP

—

L/F

1

V SYNC

—=jvs

Jnnnruvuvuvvvvvvvuuuvrvvyyuvuvuuug

Read-Modify-Write Cycle Timing
]

Video Sync Generator Parameters

COL AD C/R*
LOAD MASK*
LOAD CLOCK*
Mw*

DOT CLOCK
2XxWCLK

RAS
ADO-15

DBIN

RAS*
CAS*

R/M/WCYCLE
13

*externally generated signals



Video Field Timing

M HSYNC OUTPUT !
T BLANK OUTPUT —
0 . ' ' . ‘:. .
| VERTICAL SYNC LINES . E
N \QA NSNR N N\
: VERTICAL BACK PORCH BLANKED LINES ‘
HORIZONTAL i
SYNC ———u
PULSE
HORIZONTAL 5
FRONT PORCH ——a— g
BLANKING 5
)
o
H
ACTIVE S
DISPLAY 4
LINES
HORIZONTAL
BACK PORCH
BLANKING . .
|
X : VERTICAL FRONT PORCH BLANKED LINES
-1
/ -
- - Y

Drawing Intervais

s

/////// //%/

ZIN
[}

LLMIMIN

\\ \\k\&\\\\\\\\k\i\\\\\

A
A

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

AAAAAAAAAAAAAAAAAAAAAAAAA

DMA Request intervals

A\ \\\\\%];\

B
k\\\x\\\\\\\\\\\\\\\\\\\\“\\\\\\ \ DMA REQUEST INTERVAL
//j ADDITIONAL DMA REQUEST INTERVALS WHEN IN FLASH MODE

14



DMA Write (Word) Timing

[sis1[so.. |solstisZsAsalssasasalst... [stlsso... [solstlsAsaAsastis2|sysa[s1...

DREQ va - T\ | - A\ \
(HRFQ) - | W
(HLDA) S | | S | W
RD (Wem RD) I S A T T
WRiiio wr) LY W) - |V AW
HBLNK J 1

DMA CLOCK = GDC CLOCK

[E1]E2]E3|EA] [e1|e2[es]es
ADDRESS, DATA =) —(®—)-
RAS — - —
(MW, ) v Uan
DMA Write (Low Byte, High Byte) Timing
|s1ls1fso... |sols1|s2|s3[s4|s1|s2|s3|sd]s1... [s1|sijso..  |so|s1|s2|s3|sa|s1|s2s3|s4ls1...

DREQ [
(HREQ) [
(HLDA) -
DACR -
RD mem RD) N S A
Wn(ﬁm)
HBLNK

ADDRESS, DATA

RAS
DBIN AY U \V v
(MW) v v NV

DMA CLOCK = GDC CLOCK

15



DMA Read (Word) Timing

[S1|S1]S0... [S0{S1|S2|S3[S4|S1[S2|S3S4|S1 ... Is1s1so... |sols1s2|s3|s4|s1|s2|s3|s4|S1...

DREQ J | W— | | W
(HREQ) — | R | | U
(HLDA) —d \ s 1\
DACK [ VR W TS\
RDo 7o) T N U
WR MEM WR) - U man Vs s

HBLNK - ' 1

DATA [e1fe2(es|eq| |e1|E2|E3[EM|
ADDRESS, e k() -

RAS — - —— .

D

BIN -\ -

DMA Read (Low Byte, High Byte) Timing

= DMA CLOCK = GDC CLOCK

|s1is1|s0... |S0|s1|s2s3isa|sifs2isAsa|s1... |s1s1iso.... |sols1|s2|s3|sa|s1|s2|s3|s4isT...
DREQ J .- I T
(MREQ) I ~N___ [ (A
(HLDA) —— | E— | S
RD i o) |/ S W o VN py

A S

HBLNK /
ADDRESS, [e1]e2|E3|EA| %’:ﬁ |e1|€2|E3Eq| |E1E2|E3EA| |e1]e2]e3]Ea|
DATA A—) - ———)———~E—)
RAS - =
DBIN W U Y

DMA CLOCK = GDC CLOCK



PIN PIN MODES OF OPERATION
# NAME DIRECTION GRAPHICS | CHARACTER | MIXED
7 |DRQ ouT DMA Request Output
8 | DACK IN DMA Acknowledge Input
12
%3 DB-0to 7 IN/OUT Data Bus to Microprocessor
11 | AO IN Address Select Input for Microprocessor Interface
9 |RD IN Read Strobe Input for Microprocessor Interface
10 | WR IN Write Strobe Input for Microprocessor Interface
3 |HSYNC ouT Horizontal Video Sync Output
4 | V/VEXT SYNC | IN/OUT Vertical Video Sync Output or External Sync Input
5 [ BLANK ouTt CRT Beam Blanking Output
1 | 2xWCLK IN Clock input
6 | RAS (ALE) ouT Row Address Strobe and Address Latch Enable
2 | DBIN ouTt Display Memory Data Bus “Input” Read Cycle Output
39 | A17 ouT Address Bit 17 Output | Cursor Output Cursor & Image Mode Flag
Address Bit 16 Output Line Counter Attribute Blink & Clear
38 | A-16 our Bit 3 Line Counter
35 - - -
to | AD-1310 15 IN/OUT Address Bits 13to 15 Line Counter Address Bits 13to 15
Bits 0to 2
37
22
:;g AD-Oto 12 IN/OUT Address and Data Lines to Video Display Memory
21 | LPEN IN Light Pen Detect Input
40 |Vec IN +5V
20 |GND IN Ground

GDC Pin Names

BLOCK DlAGRAM

TERMINAL

I
| PROCESSOR crook A | GRAPHICS
AN\ T uporzo § TERMINAL
| Goc § |
§: | INTERFACE § |
LAY 087 \
DATA —=| N woe<|7
GRAPHICS I\ N § voeo
meut N INTERFACE N ' 0 N REGISTER
DEVICES \ N— N —=| GENERATOR
N /y; § m |
N
| .
\
| N
\ N DISPLAY
|
HOST
COMPUTER

Block Diagram of a Graphics Terminal

17

aweek 1~ a0
DBIN d 2 39
HSYNC d 3 38
V/EXTSYNC O 4 37
BLANK O 5 HPP 36
RAS ] 6 7220 35
bR 4 7 34
PpACK d s 33
RDQ 9 32
WR [ 10 31

A0 d 11 30
0B-0 12 29
oB1 d 13 28
0B-2 c 14 27
o83 0 15 2
DB-4 16 25
0B-5 ] 17 24
DB-6 (] 18 23
08-7 i} 19 22
GND c 20 21

Pin Configuratio:
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CRT 9006-135
CRT 9006-83

HMPC FAMILY

Single Row Buffer
SRB

FEATURES:

~ Low Cost Solution to CRT Memory Contention Problem

~ Provides Enhanced Processor Throughput for CRT
Display Systems

~ Provides 8 Bit Wide Variable Length Serial Memory

~ Permits Active Video on Al' 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
7 3.3MHz Typical Read Write Data Rate
J Static Operation

7 Compatible with SMC CRT 5037, CRT 9007, and other
CRT Controllers

_124 Pin Dual In Line Package
T +5 Volt Only Power Supply
T TTL Compatible Inputs and Outputs

_ Available in 135 Byte Maximum Length (CRT 9006-135)
or 83 Byte Maximum Length (CRT 9006-83)

PIN CONFIGURATION

pouta T+ ™~ 24D ano
pouT2 ]2 23 [] pouT4
pouTr 13 22 7 pouTs
DOUTe (14 21 [} DOUTs
CLK []5 20 [ pouT?
WREN []6 19 [ OE
CLRCNT 7 18 [ OF
CKEN ga 17 I3 DINT
DING []9 16 [7] DING
DINT (] 10 15 ) DINS
DIN2 1 14 [T] DIN4
DIN3 [ 12 13 [ +5v
Package 24-pnD I P

APPLICATIONS:

(J CRT Data Row Buffer

(O Block-Oriented Buffer

[ Printer Buffer

[0 Synchronous Communications Buffer
{J 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

(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.

COUNTER ! “i5x8

z

g

%
Ly
T A»c

ez 4

CRI™ OF
¢ o a00 r_.—.—‘
CnrE /L__ﬂ_. !

— ADDRESS i LAy J!L




DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL FUNCTION

1-4 DATA OUTPUTS DOUT3-DOUT® | 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 WREN When WREN is low, data from the input latch is transterred directly
to the output latch and simultaneously written into sequential
locations in the RAM.

7 CLEAR COUNTER CLRCNT A negative transition on CLRCNT clears the RAM address counter.
CLRCNT 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
combination of CKEN high and WREN low will allow the writing
of data into the RAM.

9-12 DATA INPUTS DIN®@-DIN3 Data Inputs from system memory.

13 POWER SUPPLY Vee +5 Volt supply.

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

18 OVERFLOW FLAG OF This output goes high when the RAM address counter reaches its
maximum count. If cascaded operation of multiple CRT 9006's is
desired for more than 135 bytes, OF may be used to drive the
CKEN input of the second row buffer chip.

19 OUTPUT ENABLE OE When OE is low, the data outputs DOUT@-DOUTY are enabled.
When OE is high, DOUT@-DOUT7 present a high impedance
state.

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

24 GROUND GND Ground.

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 CEF%N T). Data is continually clocked into the
input latch by CLK. When Clock Enable (CKEN) occurs,
the data in the input latch (Write Data) is written into the
first location of RAM At the negative-going edge of the
next clock, the address counter is incremented, the next
input data is latched into the input 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, 1t is also being outputthrough
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 subsegquent scanlinesinthedatarow, thesys-
tem will disable Write Enable (WREN) and cause datato be
read out from the internal RAM, thereby freeing the sys-
tem memory for processor access for the remaining N-1
scan lines where N is the number of scan lines per datarow.



MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNGe .. ... ..ottt e e e e e e 0°Cto+ 70°C
Storage Temperature RANGE ... ... .. .ottt -55°Cto + 150°C
Lead Temperature (SOIAEriNG. T0 SBC.) . ...ttt ettt ettt ettt e e et e +325°C

Positive Voltage on any Pin, with respectto ground . ... ... i i i
Negative Voltage on any Pin. with respect to ground .. ... .. i e
‘Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the aevice at these or at any other condition above those indicated in the operational
sections of this specification 1s not implied.

ELECTRICAL CHARACTERISTICS (Ta = 0° Cto 70° C, Vec = +5 £5%, unless otherwise rioted)

PARAMETER MIN | TYP | MAX ! UNITS COMMENTS

DC CHARACTERISTICS
Input Voltage Levels

Low Level Vi, 0.8 \"
High Level Vin 2.0 \
Output Wltage Levels
Low Level Vo, 04 \" loo = 2mA
High Level Vo 24 Y lon = —100uA
Input Current 10 LA 0= Vin<Vcc
Leakage, I
Output "1’ Leakage ! 10 uA
Output ‘0’ Leakage 10 HA
(Off State)
Input Capacitance
CLK 30 45 pF
All other inputs 10 15 pF
Power Supply Current
lec (SRB-135) 115 mA
lec (SRB-83) 100 mA
AC CHARACTERISTICS
tey
(SRB135) 300 | 250 ns
(SRB83) 400 | 330 ns
texe
(SRB135) 240 | 190 | DC ns
(SRB83) 320 250 | DC ns
tokm
(SRB135) 28 5000 ns
(SRB83) 34 5000 ns
o SRe13s) 10
ns texkn = 28ns
(SRB83) 10 ns tekn = 34ns
KF
(SRB135) 10 ns . =240ns
(SRB83) 10 ns ﬁj = 320ns
toser 65 | ns
tonoLo 0o | ns
tencxe 0 ns
tenckn '
(SRB135) 100 ns '
(SRB83) 125 ns
tennoLo : 0 | ns
twackn 5 |
(SRB135) i 100 ! ns |
(SRB83) 125 ns j
twennLo 0 ‘ ns ‘
toour ; 175 | ns CL = 50pF
trson ' 178 ns
trsoFr f i 175 . ns
toron i 175 ns C.=30pF
teirs ‘ \
(SRB135) : 100 i ns
(SRB83) I P ; L ons

teuan 0 ! : . ns



FIGURE 1: AC CHARACTERISTICS
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FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER




FIGURE 4:
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION
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CRT 9007

JUPC FAMILY

CRT Video Processor and Controller
VPAC™

FEATURES

~ 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 Pcrch — Horizontal (Negative or Positive)
— Vertical
Sync Width — Horizontal (1-128 Character Times)
— Vertica! (2-256 Scan Lines)
Back Porch— Horizontal
— Vertical
) Direct Outputs to CRT Monitor
Horizontal Sync
Vertical Sync
Composite Sync
Composite Blanking
Cursor Coincidence
O Binary Addressing of Video Memory
_ Row-Table Driven or Sequential Video Addressing Modes
C Programmable Status Row Position and Address Registers
0 Bidirectional Partial or Full Page Smooth Scroll
D Attribute Assemble Mode
T Double Height Data Row Mode
C Double Width Data Row Mode
] Programmable DMA Burst Mode
[ Configurable with a Variety of Memory Contention
Arrangements
[ Light Pen Register
0O Cursor Horizontal and Vertical Position Registers
() Maskable Processor interrupt Line
TJ Internal Status Register
O Three-state Video Memory Address Bus
(O Partial or Full Page Blank Capability
0 Two Interlace Modes: Enhanced Video and Alternate
Scan Line

PIN CONFIGURATION
Va2 1 ~ [) 40GND
vA102 ( 0 39 VA9
VA3 3 (] ] 38 VAt
VA11 4 D) 37 VA8
VA125 0 36 vA0
VA4 6 35 CBLANK
VA137 E 3 34 CURS
VAs 8 (] ] 33ACKTSC
VA69 [ N 32TJYNC LPSTB
vaz 10Q D 31SLD/SLO
VLT 11 D 303G s
Vs 120 [J 29 WBEN St.2 EXVNT

AS 130 g 28 DMAR SL3VELANK
CCIR 14 27 INT

D‘Fiswg [ 26 R5T

vD7 16 D 2scs

vD6 17 [ 0 24vDo

vDs 18 [ 0 22 vD1

VD419 0 22vD2

VD320 0 21 .5v

PACKAGES 40-pin DIP

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 LS 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. lts 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 scroil operations may be performed any-
where within the addressable memory. In addition, status rows
can be defined anywhere on the screen.

In the sequential 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-
tliary address registers and two sequential break registers, a screen
roli 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 designated by its own address. This provides the
user with greater flexibility than sequential addressing sirice 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 b?'
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 van‘etgol memory contention schemes
including operation with a Single Row Buffer such as the CRT 3006,
a Double Row Bufter such as the CRT 9212, or no bufter at ali, in
which case character addresses are output during aach display-
able scan line.

User accessable internal registers provide such features as light
gen, interrupt enabling, cursor addressin?, and VPAC™ status.

en of these regisiers are used for screen formatting with the abi-
lity to define over 200 characters per data row and up tc 256 data
rows per frame. These 10 registers contain the “vital screen
parameters’.
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FIGURE 1: CRT 9007 BLOCK DIAGRAM

PROCESSOR INTERFACE:

DESCRIPTION OF PIN FUNCTIONS

" PINNO.

NAME

SYMBOL FUNCTION

7.5,4,2 39,
37,10.9.8. 6.
3.1,38,36

Video Address
13-0

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 VA13-6 are outputs
only. VAS-0 are bidirectional.
—Double Row Bufier Configuration:
VA13-0 are active outputs for the DMA operations and are in their high impedance state at
all other times.
—Single Row Bufter Configuration:
VA13-0 are active outputs during the first scan line of each data row and are in their high
impedance state at all other times.
—Repetitive Memary Addressing Configuration:
VA13-0 are active outputs at all times except during horizontal and vertical retrace at which
time they are in their high impedance state.
If row table addressing is used for either single row bufter or repetitive memory addressing
modes, VA13-0 are active outputs dunng the horizontal retrace at each data row boundary to
allow the CRT 9007 to retrieve the row table address. For processor read write operations
VAS-0 are inputs that select the appropriate internal register.

16,17,18, 19,
20,22, 23,24

Video Data 7-0

vD7-vDO Bidirectional video ata bus: during processor Read/write operations data is transferred via
VD7-VDO when chip strobe (CS) 1s active. These lines are in their high impedance state
when CS s inactive. During CRT 9007 OMA operations, data from video memory is input via
VD7-VDO when a new row table address is bemgremeved or when the attribute latch is being
updated in the attribute assemble mode. VD7-VDO are outputs when the external row buffer
is updated with a new attribute In the attnbute assemble mode.

25

Chip strobe

Input: this signal wren active low. allows the processor to read or wnite internal CRT 9007
registers. When reading from an internal CRT 3007 regtster. the chip strobe (CS) enables the
output drivers. When wrmng to an internal CRT 9007 register. the traiing edge of this signal
latches the incoming data. Figure 2 shows all processor read write tming

26

Reset

Input: this active low signal puts the CRT 9007 into a known, inactive state and insures

that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a
RESET command. Atter inttialization, a START command causes normal CRT 9007 opera-
tion. See processor addressable registers section, Register 16 for the reset state definition

27

Interrupt

INT Output; an interrupt to the processor from the CRT 9007 occurs when this signal 1s active
| high. The interrupt returns to its inactive low state when the status registar is read.




CATINTERFACE:

DESCRIPTION OF PIN FUNCTIONS CONT'D

PINNO.

NAME

SYMBOL

FUNCTION

1

Visible Line Time

VLT

Output; this signal is active high duning all visible scan lines and during the horizontal trace
times at vertical retrace. This signal can be used to gate the character clock (CCLK) when
supplying data to a character generator from a single or double row buffer

12

Vertical Sync

V3

Open drain output, this signal determines the vertical position of displayed text by initiating a
vertical retrace. its position and pulise width are user programmable. The open drain allows
the vertical frame rate to be synchronized to the line frequency when using monitors with DC
coupled vertical amplifiers. If the VS output is pulled active low externally betore the CRT
9007 itself initiates a vertical synggthe CRT 9007 will start its own vertical sync at the next
leading edge of horizontal sync (HS).

13

Horizontal Sync

drain output; this signal determines the honzontal position of displaéed text by initiating
a horizontal retrace. Its position and pulse width are user programmable. During hardware
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate
to be synchronized to an external source. If the HS output 1s pulled low externally betore the
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal sync on
the next character clock (CCLK).

Character Clock

CCLK

Input; this signal defires the character rate of the screen and is used by the CRT 8007 for
all internal timing. A minimum high voltage of 4.3V must be maintained for proper
chip operation.

Data Row
Boundary

Output: this signal is active low for one full scan line (from VLT trailing edge to VLT trailing
edge) at the top scan line of each new data row. This signal can be used to swap butfers in
the double row buffer mode. it indicates the particular horizontal retrace time that the CRT
9007 outputs addresses (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 interval.

Cursor

CURS

Output; this signal marks the cursor position on the screen as specified by the horizontal and
vertical cursor registers. The signal is active for one character time at the particular character
position for all scan lines within the data row. For double height or width characters, this sig-
nal is active for 2 consecutive CCLK's in every scan line within the data row. For double
height characters, this signal can be programmed to be active at 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 activation and deactivation is a function of the addressing mode, butfer
configuration and the scan line number. See section of Double height/width for details.

35

Composite Blank

CBLANK

Qutput. This sig_r'\:l 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: (see Tables 4 and 5)

PINNO.

NAME

SYMBOL

FUNCTION

28, 29, 30, 31

Scan Line 3-
Scan Line 0

SL3-SL0

Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate
to the character generator the current scan line. These signals continue to be updated
during the vertical retrace interval. SL3 and SLO are the most and least significant

bits respectively.

Direct Memory
Access Request

DMAR

Output; this signal is the DMA request issued by the CRT 9007. it will onty become active if
the acknowledge (ACK) input is inactive. it remains active high throughout the entire
DMA operation.

28

Vertical Blank

VBLANK

Output; this signal is active high only during the vertical retrace period.

Write Buffer
Enable

WBEN

Output; this active high signal is used to gate the clock feeding the write buffer in a double
row butfer configuration.

29 or 32

Composite Sync

Output; this signal provides a true RS-170 composite sync waveform with equalization pulses
gmgv'ﬁétical serrations in both interlace and noninterlace formats. Figure 3 illustrates the
output in both interlaced and noninteriaced formats.

Scan Line Gate

Output; this active low signal is used as a clock gate. 't captures the correct 5 or 6 CCLK's
and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into
an external shift register.

31

Scan Line Data

SLD

Output; this signal allows one to load an external shift register with the current scan |i
count. The count is presented least significant to most significant bit during the 5 or 6 g%u('s
framed by . With this form of scan line representation, it is possibie to define up to 32
acan lines per data row.

The external shift regrster must be at least 5 bits in length. Even though 6 shifts can occur
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs
in interlace or doubie height character mode to aliow the scan line count to be adjusted to its
proper value. Figures 4 and 5 illustrate the serial scan line timing.

Light Pen Strobe

LPSTB

Input; this signal strobes the current row/column position into the light pen register at its posi-
tive transition.

Acknowledge

ACK

Input; this active high signal acknowledges a DMA request. It indicates that the processor
bus has entered its high impedance state and the CRT 8007 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 of time.

Three State
Control

Input; this signal, when active low, places VA13-VA® in their high impedance state.




OPERATION MODES

Single Row Bufter 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 typical 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 Single Row Buffer.
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Double Row Buffer Operation

Figure 8 shows the CRT 9007 used in conjunction with a
CST 9212 Double Row Buffer. The Double Row Bufter has
a read buffer which is read at the pairting rate of the CRT
during each scan hine in the data row. While the read butfer
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 arives out on VA13-VAQ the address
at which the next video data resides. The CRT 9007 then
activates the WBEN (write buffer enable) signal to write the
data into the bufter. 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 DMAR-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 pro&rammed 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 dsvices 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 8007 DMA mechanism.
Figure 9 illustrates typical timing for the CRT 9007 used with
the CRT 9212 Double Row Butter.

Since the CRT 9212 Double Row Buffer 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
ympedance state during all horizontal retrace inte_rvals
(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 during 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 perritted 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 Memory Address (typ)  Memory Data (8 bits)
not positions on the CRT. This mode assumes that eveg

other display position in video memory contains an attri-

bute. During one clock cycle, attribute data is latched into 0000 Attribute 0
the CRT 9007; during the next clock cycle a character loca-

tion is addressed. The attribute data is driven out along with 000! Character 0
a WBEN signal allowing the character plus its associated 0002 oot 1
attribute to be written simultaneously to two 8 bit double row Auribute
buffers. Figure 13 illustrates the memory organization used 0003 Character 1

for the Attnbute Assemble mode. The first entry in each data
row must begin with an attribute.

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 2N Attribute N
retains an 8 bit wide memory while providin? all the advan-
tages of a 16 bit wide memory, lends itselt to some cost 2N+ Character N
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.
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Figure 13: Attribute Assemble Memory Organization

‘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 9007 to start addressin? video memory much earlier within the vertical blankinﬁ 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
upordown anintegral number of scan lines atatime. 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 (R17),
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 oftset register
causes the scan line counter outputs of the CRT 9007 to
start at the programmed offset value rather than zero for

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 oftset any number of scan lines
each frame. Since a smooth scroll can momentarily resuit
in a partial data row consisting of one scan line, the lcading
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
flexibility 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

Inthis 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 height/width 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 height/width 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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FIGURE 17: LINKED LIST ROW TABLE ADDRESS FORMAT

e

Sequential Addressing'

In this addressing mode, characters on the disglay 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 the screen. in this
mode the TABLE START REGISTER does not point to the
startof atable but the start 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, SEOUENTIAL BREAK REGISTER !
(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may
be used to define the data rows at wHich two additional

'SEQUENTIAL BREAK 2 is not functional in the repetitive memory addressing mode. It 1s fully functional in ail other operation modes.



sequential display areas begin. Note that DATAROW END
REGISTER (R12) 1s defined as SEQUENTIAL BREAK
REGISTER 2 (R12) for the sequential addressindg 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 the 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 ot the screen and keep the rest of
the screen stable. Double height'width characteristics can
be attached to the 2 sequentially 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 description of these 2 registers for
their bit definition.

TABLE START REGISTER = 1000
AUXILIARY ADDRESS “EGISTER 1 = 2000
AUXILIARY ADDRESS <EGISTER 2 = 0800
SEQUENTIAL BREAK “ZGISTER1 = 3
SEQUENTIAL BREAK REGISTER2 = 6
Data Row Address range
0 100010 104 F
1 1050 to 109F
2 10AQ to 10EF
3 2000 to 204F (Break 1)
4 2050 to 209F
5 20A0 to 20EF
6 0800 to 084F (Break 2)
7 0850 to 089F
8 08AQ 10 0BEF
O
e}
O
Figure 18: Seauentlal Addressing Example
g ith Two Breaks 9 P

Double Height/Width Operation

When double height - width characters (2XH2XW) 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 double height, 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
2is performed using the CURS output ofthe CRT 9007 dur-
ing CBLANK (horizontal retrace) to signal the external logic
that a change in the dot shift frequencr is required. The exact
time of activation and deactivation ot 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
active for 2 CCLK's to allow the cursor to be displayed as
double width. If the cursor position is programmed to reside

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,
4 = 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 information appears every 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 doubie height top
data row.

INGM |
OPERATION - A,DDRE.SS NG MODE OPERATION - ADORE.SS NG MODE
MODE Row Driven (linked list ‘ MODE Row driven (linked list _

or contiguous) Sequential or contiguous) Sequential
Repetitive Memory |1 CCLK after high byte |1 CCLK after TSC Repetitive Memory |at the leading edge of | at the leading edge of
Addressing of row table read leading edge Addressing VLT VLT

1 CCLK after high byte [1 CCLK after TSC at the leading edge of | at the leading edge of
Single row buffer  |of row table read leading edge Single row buffer VLT VLT

1 CCLK after highbyte |1 CCLK after ACK 1 CCLK after leading |1 CCLK after leading
Doubie row buffer  |of row table read leading edge Double row buffer  [edge of CURS edge of CURS

Table 1: Double Height/Width CURS activation for top scan
line of new data row.

Table 2: Doubile Helght’'Width CURS deactivation for top scan
line of new data row.



PROCESSOR ADDRESSABLE REGISTERS

All CRT 9007 registers are selected by specifying the
address on VA5-0 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 VAS5-0. Figure 2 illustrates all processor to CRT
9007 re%ister timing. Tables 3a, 3b, and 3¢ 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 (R0)

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 for 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 Ieadinﬁ edge of VLT. 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 horizontal 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 [(A/2)-1] where A is the programmed
contents of REGISTER 0 rounded to the smallest even
integer.

VERTICAL TIMING REGISTERS

The following 5 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 (R5) 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 VLT 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 (R8)

The 5 LSBs of this write only register define the number of
scan lines per data row. These 5 bits are programmed with
(N-1) where N is the number of scan lines per data row. When
programming for scan lines per data row greater than 16,
only the serial scan line pin option (SLD, ) can be used.

SCAN LINES PER VERTICAL PERIOD (R8; 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 11 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.
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FIGURE 19: CRT 9007 HORIZONTAL TIMING
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FIGURE 20: CRT 9007 VERTICAL TIMING

PIN CONFIGURATION/SKEW BITS REGISTER (R6)

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
inthe CONTROL REGISTERbits 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

VLT 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'width 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 VLT will line 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 R6 BITS CRT 9007 PIN NUMBER REGISTER6 BITS CRT 9007 PIN NUMBER
7 6 28 29 30 3% 32 33 7 6 28 29 30 31 32 33
0 1 DMAR WB8EN 3LG sLD TSYNC ACK 0 0 SL3 St2 sLt1 sLo CSYNC TSC
1 1 DMAR WBEN 3LG SLD LPSTB ACK 1 0 SL3 SL2  SL1 SLO LPSTB TSC
o o NOT PERMITTED 1 1 VBLANK C8BYNC 5LG SLD LPSTB T5C
1 0 NOT PERMITTED 0 1 NOT PERMITTED

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

Table 5: Pin configuration for Single Row Buffer and Repetitive

Memory Addressing 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 willimmediately force the CRT 9007 DMA request
to the inactive level and the CRT 9007 address bus (VA13-
VAOQ) 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
prc;?rammed with a number N, the CRT 9007 will delay for

(N + 1) clock cycles before initiating arnother DMA request.
f111is rammed, however, this will result in a zero delay
allowing all characters to be retrieved from video RAM in
one DMA burst regardiess of the value programmed for the
DMA burst count.

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

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-

rammed 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 register 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 register are reflected into the CRT 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 scroil mechanism is enabled per-

mitting the SMOOTH SCROLL OFFSET REGIS-
TER (R17) to be loaded in the scan line counter (SL3-
0 or SLG, SLD signals) allowing for a scroll on the
screen of a predetermined number of scan lines per
frame or field. The starting and ending of the smooth
scroll operation is defined by the DATA ROW START
REGISTER (R11) 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
(R11) and DATA ROW END REGISTER (R12)
respectively.

Bits 5, 4 (Interlace)—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 height 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 bufter configuration modes as follows:

= 000; {Repetitive memory addressing)—In this mode
the address information {VA13-VAOQ) 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 prior to the top scan line
of a new data row. This period can be distinguished
from other retrace intervals because the DRB (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
firstdata row is retrieved and loaded into the double
row buffer. At the next data row boundary (in this
case atthe end ot vertical retrace), the first data row
feeds the character generator whiie the second data

row is retrieved from video memory. The address
bus will enter its high impedance state in accord-
ance with the DMA 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 bufter and feed the
character generator at the painting rate of the CRT.
It the CRT 9007 is used in a row driven addressing
mode, it will drive 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
CRT 9007 is usedin a sequential addressing mode,
it will drive 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 the 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 0 (2XC 1XC): 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 singie height data
rows and will appear only during the top half or bot-
tom hait of a double height data row depending upon
where the VERTICAL EURSOR 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 doubie height data row. the CURS
signal will appear during every scan line of the top
half (the current data row) and the bottom half (the
next data row) of the doubie height data row. If the
cursoris placed in the bottom half of a double height
data row or it itis piaced in a single height data row.
the CURS signal wiil only appear during the one
particular data row

CHARACTER CHARACTER CHARACTER
SCAN LiNE SCAN LINE SCAN LINE
o 3 0
[ ———.] - - - 1
| —-0-0-0-0— 1 :3‘8‘83”8’ z%ﬂ_—e—ﬁ ,
- D= P - QP — S
2 & 2 4 & & s
3 —& 3 6 B
4 —o— 4
5 —O— 5 <
6 —& 6 —r 4
- B - T T &
7 e— 7 «é- 6
- B T e e 7
Even Oaa Even Caag
Field F eig Feeld Feg
1 NONINTERLACE D ENHANCED SONCHEMALDED
JDEDINTERLATE NTERUACE
FIGURE 21: CRT 9007 INTERLACE MODES J




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
the upper 6 bits of the 14 bit aadress. The 2 most significant
pits 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 inthe 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 up to 3 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 scroll 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 signifi-
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-
TIAL BREAK 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-
ISTERF 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

I

]

For Singrle 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

li

defines the data row number which ends either a page blank
or smooth scroil 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 biank 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-
in%sequence begins at the address contained in AUXIL-
IARY ADDRESS REGISTER 2.

AUXILIARY ADDRESS REGISTER 2(R13and R14)

This 16 bit write only register contains a 14 bit address. The
6 least significant bits of REGISTER 14 contain the upper
order 6 bits of the 14 bit address and REGISTER 13 con-
tains the 8 lower 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



double width) on a row by row basis. Refer to the section
entitled Double Height/Double Width operation for the
meaning 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 value programmedin 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 (R15)

After all 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-
;ical manner. The reset state of the CRT 9007 is defined as
ollows:

CRT 9007 outputs Reset state
VA13-0 High impedance
vD7-0 High irnpedance
HS High

E] High

CBLANK High

CURS Low

VLT Low

DRB High

INT Low

Pin 28 Low

Pin 29 Low

Pin 30 Low

Pin 31 Low

Pin 32 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 vaiue rather than zero for the data row
that starts the smooth scroll interval. The start is specified
inthe DATA ROW START REGISTER (R11). Typically, this
register is updated every frame and it ranges from zero (no
oftset) 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 O to scan line 11) an offset
of zero will cause an unscrolied 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 alogic 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 programmed with a logic zero. By setting the offset over-
flow (bit 7) to alogic 1, itis possible to have the bottom half

of a double height data row stand alone in Single Row Buffer
Mode pro?rammi the scrolled data row as double height
top haif 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 harizontal cursor is
programmed in an X-Y format with respect to the screen
and not dependant upon a particalar 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 (i.e., 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 signai 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 gainted. 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 scroll
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 of the
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 potential CRT 9007 interrupt, it on!

has to test the interrupt pending bit to determine if the CR

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 Q) will not be
reflected in the interrupt pending bit and must be polied 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. Itis 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 (odd/even)—For a norma! video interlaced display, this
bitis 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.

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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MAXIMUM GUARANTEED RATINGS*

Operating Temperatur@ RBNGE .. ... ... ... it et e e e 0°to +70°C
Storage Temperature Range . . . ...........uu ittt e e -55°Cto + 150°C
Lead Temperature (soldering, 108eC.) . . ... .....v ottt S +325°C
Positive Voltage on any Pin, with respectto ground . .. ... . it +8V
Negative Voltage on any Pin, withrespecttoground .. . ............ ... .. .. it -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 power 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,=0°Cto +70°C, Vc =5.0V 5%

PARAMETER MIN TYP MAX UNITS COMMENTS
Input voltage
Ve Low 08 \
Vi High 2.0 ' all inputs except CCLR
Via High 43 v input; see note 4
Output voltage
Vo Low 04 Vv i o, = 16mMA
Vom High 24 \ oy = 100uA
Input leakage current |
ly 10 nA . 0=V,=35V: excluding CCCR
e 50 WA |V, =5V for CCIR
Iy - 200 p.A Vw = 0V for CC[R
c Input capacitance 10 15 oF all inputs except CCLK at 1 MHZ
C::; 25 50 pF CCIK input at 1 MHZ
Power supply current
lee 100 170 mA
AC ELECTRICAL CHARACTERISTICS* T,=0°Cto +70°C, Vo =5.0V+5%
PARAMETER MIN TYP MAX UNITS COMMENTS
Clock
toy clock period 330 1200 ns for double row buffer or
attribute assemble
300 1200 ns for all other operation modes
[ clock low 90 ns
[, clock high 150 ns
[ clock rise time 15 ns measured from
| 08Vto35Vievel
texr clock fall time 10 ns i measured from 90% to 10%
points
Output delay’
tor Y 150 ns i
toz 150 ns
o3 150 ns 1
toa 150 ns
toa 25 115 ns | measuredtothe 2 3V or 0.5V
| level on VA13-VAQ
! 500 ns i
tg? 185 ns |
tos 185 ns |
tosv 185 ns
tos 50 ns l valid for loading auxihiary
i address register 2 or the
attnbute ‘atch
toon 10 ns i
teoo 185 ns . ¢ = 50pF
tss 185 ns
tsio 185 ns !
tor 240 ns i cursor skew of zero
tor 185 ns I cursor skew of one
through five
tos 300 ns |
Processor Read write? }
tes 110 ns ‘
[ o] ns .
tow 165 ns
tesn 650 ns i
tons 100 ns |
toom 0 ns |
tooa | 140 ns i
teno 10 : 85 ns :
tn L 400 | ns .
Misceilaneous timing T
tas 25 115 ns . measured fromthe 0 4V level
| of ACK or TSC falling eage
L 4., rs . measured‘rom the 0 4V level
; ¢ faiing eage to 0.4V tevel
' ' ~oing 2dge
tacw 50 i | ns see fyure 24
taes 50 | l ns . seehgure 24
NOTE .
1. Timing measured from the 1 5V level of the rising edge of CClK tothe 2 4V 3 Loading on all outputs 1s 30 pF except where noted o
high) or 0.4V (low) voitage level of the ouput uniess otherwise noted 4. This level must be reached before the next failing eage ot CCLK.
2. l&le?erence points are 2 4V nigh and 0 4V low.
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ADDRESS DECQOE 81T DEFINITION
Regrster Type  VAS VA4 VA3 VA2 VA1 VAS 07 D8 DS D4 D3 02 Ot 0o
WRITE ol ololol ol o Ms8 cmmrzns PE; HomzémAL PERIOD | gg
t 1
WRITE ol ololol o ' MSB . cmmcreas PER DATA ROW 8
t T + 1
WRITE 0 0 0 0 1 0 MSB . :comzom_ AL Deluv ) . use
T L] T A ﬁ T
WRITE 0 0 0 0 B ' MS8 HORIZON‘\J;L SYNC WIDTH . . s8
T T |l
WAITE ol olol 1]o] o wse vsancA[ SYNC w»om : " e
T T T
WRITE o oo 1o MSB . VE”‘C‘L DEL" X . use
1 T r T
WRAITE 0 0 0 1 ’ 0 ”'3%‘5"?‘ CURSOR SKEW BLANK SKEW
mMS8 138 | ms8 LS8
A T T 1 1
WRITE 0 o | o ' ' ' wse VISIBLE DATA ROWS PER FRAME 8
scmlmes Fhme TSCAN LINES sz DATA ROW
WRITE 0 [} 1 0 0o | o LI MS8 N N . Ls8
ﬁ T T T T
WRITE o ol i lo]o}n ®n, 3‘:}" UINESPERFRAME | LS8 (B0)
Table 3a: CRT 9007 Screen Format Registers
ADDRESS DECODE BIT DEFINITION
Register Type  VAS VA4 VA3 VA2 VA1 VAQ 07 ©O§ D5 D4 D3I D2 O 08
oA T T T T T
WRITE [ 0 1 0 1 0 DIS- | OMABURST DELAY DMA BURST COUNT
ABLE | msBA , LSB | wMs8 X Ls8
T T +
INTERLACE
WRITE o | o 0 1 1 OPERATION MODES
1 x | pagg|  MOOES X XT1xC
ABLE TER (LS BYTE)
WRITE o | o ' ' o | o S8 | ABLE START REGISTER (LS BY L use
T e 1 T T T
WRITE o | o | 1 v o | AODRESS TABLE STRT REGISTER (MS BYTE)
+— S8 | + + ' LS8
WRITE 0 0 ' ' ) 0 Mss | AUXILARY "ADORESS necus‘ren 1 u.‘s BT | gp
T —+ + T 1t +
WRITE 0 0 1 1 1 1 ROW AUXILIARY Al TER 1 (M
Arrmaures; ussux LIARY ADDRESS REGISTER 1 | sav:’ss;
N i ' 4+
WRITE 0 ' ol ol o o vs8 | >EQUENT\AL ‘BREAK Rlecusrzn s
+
WRITE 0 | o | o 0 . Ms8 ‘ DA:A ROW START nsensres: . s8
t ——
WRITE o 1 o | o ' o MS8 DATA ACW sNozseousmm BREAK HEGcSYER "2 (sp
WRITE o . o | o . . M8 AUXIL(ARL ADDRESS REGISTEF\ 20s8vTEl Ls8
+ + +—t + +
R - -
WRITE 0 ) 0 ' 0 ¢ Anngﬁrss AUXILIARY ADDRESS REGISTER 2 (MS BYTE)
L S8 | 1 1 1 1 LS8
Table 3b: Control and Memory Address Registers
ADDRESS DECODE BIT DEFINITION
Register Type  VAS VA4 VA3 VA2 VA1 VAR 07 [s..] D5 D4 03 D2 o1 [» ]
READ OR 1 T
WAITE 0 1 0 1 0 1 START COMMAND
aERAr?EOR 0 ' o ' ' Y RESET COMMAND
wEl T e
WRITE 0 1 0 1 1 1 VER- OFFSET VALUE
FLOW | mss X , , |, LsB °
T T T T T
WRITE 9 ! : 0o | 0 0 VERTICAL CURSOR REGISTER (ROW COORD )
READ 1 1 1 0 0 0 MSB | . + + LS8
WRITE 0 v 1 0 0 1 . T T T T N
HORIZONTAL CURSOR REGISTER (COL COORD )
READ 1 ] 1 o] o ! mMs8 . N + 4+ S8
Al T T LS A T ]
VER-
,.c“! INTERRUPT ENABLE REGISTER FRAME
WRITE [ 1 1 0 1 0 Aeli GHT | TMER
X |TRACE| "ENJ X X X X
T T T T T T T
| VER
WNT | TIEAL STATUS REGISTER
READ ! ! ! 0 ! 0 PEND- ‘ QE. LIGHT ooo. FRAME
NG |TRACE] FEN EVEN 1 X TIMER
+ 4 +
READ . ' . 0 , . wse | VERTICAL ucmr PEN necnsrsn ROWO0RD! (g8
READ . s B 0 o || mss | MOMIZONTAL ucnr PEN REGISTER -COL coL .,uL,aB Cse |

Table 3c: Cursor, Light Pen, Oftset, and Status Registers

REGISTER
NUMBER
(HEX)

RO

R1

REGISTER
NUMBER
(HEX)

R13

R14

REGISTER
NUMBER
(HEX)

R18 or R38

R19 or R39

R3A

R3C




CRT 9021A
CRT 9021B

ILPC FAMILY

CRT Video Attributes Controller

FEATURES

(J On chip video shift register
Maximum shift register frequency
CRT9021A 30 MHz
CRT 9021B 28.5 MHz

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

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

(3 On Chip logic for double height/double
width characters

3 Accepts scan line information in parallel
or serial format

(J Four cursor modes dynamically selectable via 2
input pins
Underline
Blinking underline
Reverse video
Blinking reverse video

[J Programmable character blink rate
GENERAL

The SMC CRT 9021 Video Attributes ControHer
(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 8021 serial video output may be con-
nected directly to a CRT monitor's video input. The
maximum video shift regisier 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-

VAC

PIN CONFIGURATION
DO 1 hd D 28 D1
MSO 2 ) 27 D2
MS1 3(] N 26 D3
REVID 4] 025 D4
CHABL 50 [)24 DS
BLINK 60 N 23 D6
INTIN 7(C N22 D7
+5V 80 21 VSYNC
ATTEN 9 20 GND
INTOUT 10 19 SLO/SLD
CURSOR 11 N 18 SL1/SLG
RETBL 12 117 SL2/BLC
brsH 130 116 SL3/BKC
VIDEO 140 D15 VDC
PACKAGE 28-pin D.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 VTAC®: CRT 9007 VPAC

DESCRIPTION

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
viatwo 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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FIGURE 1: CRT 9021 BLOCK DIAGRAM

DESCRIPTION OF PIN FUNCTIONS

PINNO. | NAME SYMBOL FUNCTION
1,28, 27,26, | Data D7-DO In the character mode. the data on these inputs is passed through the Attributes
25, 24,23, Io?ic into the 8 bit high speed video shift register. The binary information on D7
22 will be the first bit output after the LD. SH input goes low

In the thin or wide graphics mode these 8 inputs will individually control the on;off
condition of the particular portion of the character block or line drawing. Figures 2
and 3 illustrate the wide and thin graphics modes respectively and their
relationships to D7-D0

2 Mode Select 0 MSO0 These 2 inputs define the four modes of operation of the CRT 9021 as foliows:
3 Mode Select 1 MS1 MS1, MS0 = 00; Wide graphics mode

10: Thin graphics mode

01; Character mode without underline

11: Character mode with underline

See section entitled Display Modes for details.

4 Reverse Video 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.
When this input is high and RETBL is low, the Attribute and Graphics logic will
invert the data before presenting it to the video shift register.

5 Character blank| CHABL When this input s high, the parallel inputs to the video shift register are all set low :
(or high depending on the state of REVID) thus providing a constant video level |
for the entire length of the character block.

6 Blink BLINK When this input is high and both the RETBL and CHABL inputs are low, the char- |
acter will blink at the programmed character blink rate Blinking 1s accomplisned |
by causing the video to go to the background level during the “off" portion of the |
Character Blink cycle. This video level may be either the white or black level \
depending on state of REVID. The duty cycle for the character blink is 75 25 (on. |

|

I

[

off). This input is ignored if it coincides with the CURSOR input and the cursor is
formatted to biink.

7 Intensity In 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 celay
as that from any other attribute input to the serial video output (VIDEQO). By using
an external mixing circuit, it is possible to raise or lower the voitage level of the
video output to produce such attributes as "half intensity” or “intensity"".




DESCRIPTION OF PIN FUNCTIONS CONT'D

PIN NO.

I NAME

. SYMBOL

FUNCTION

8

Supply Voltage

+5V

+ 5 volt power supply

9

Attribute
Enable

ATTEN

When this inpuyt is high. the internal attribute latch is updated at the positive going
ed?e of the LD/SHinput with data appearing on the REVID, CHABL. MS1, MS0.
BLINK and INTIN inputs. By selectively bringing this input high. the user will
update the attribute only at specific character times. all subsequent characters
will carry with them the attributes last updated thus allowing “field” 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).

10

Intensity Out

INTOUT

This output is used in conjunction with the INTIN input to provide a three charac-
ter pipeline delay to allow for general purpose attributes (such as intensity) to be
implemented. See INTIN (pin 7).

11

Cursor

CURSOR

When this input is high and RETBL is low, the programmed cursor format will be
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the
double width mode. See section entitied cursor formats for details.

12

Retrace Blank

RETBL

When this input is high, the parallel inputs to the video shift register are uncondi-
taonalg cleared to all zeros and loaded on the next LD'SH pulse. This forces the
VIDEO output to a low 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 clock 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

Video Dot
Clock

vDC

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

16

Scan line
3/Block Cursor

SL3/BKC

This input has two separate functions depending on the way scan line informa-
tion 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
2/Blink Cursor

SL2/BLC

This input has two separate functions depending on the way scan line informa-
tion is presented to 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
betwesn normal and reverse video at the programmed cursor blink rate. The duty
cycle for the cursor blink is 50/50 (on/off). If this input is high, the cursor will be
non-blinking.

18

Scan Line
1/Scan Line
Gate

SL1/SLG

This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021.

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 serially shifted into the serial scan line shift register. If
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume the par-
allel input scan line row address mode.

19

Scan line
0/Scan Line
data

SLO/SLD

This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021. Refer to figure 6.

Parallel scan line mode—This input is the least significant bit of the binary scan
line row address.

Serial scan line mode—This input will present the scan line information in serial
form (least significant bit first) to the CRT 8021 and permits the proper scan line
information to enter the serial scan line shift register during the LD/SH pulses
framed by SLG (pin 18).

Ground

GND

Ground

21

Vertical Sync

VSYNC

This input is typically connected to the vertical sync output of the CRT controlier
and is used as the clock input for the two on-chip mask programmabile blink rate
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac-
ter blank rate (75/25 duty cycle). in 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".




ATTRIBUTES FUNCTION

Retrace Blank —The RETBL input causes the VIDEO
to go to the zero (black) level regard-
less of the state of alt other inputs.

—The REVID input causes inverted data
to be loaded into the video shift
register.

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

—MS1, MS0 = 1, 1 forces the video to
go to the inverse of the background
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-

Reverse Video

Character Blank

Underline

Blink

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
same character position.

—The INTIN input and the INTOUT
output allow an intensity (or half
intensity) attribute to be carried
through the pipeline of the CRT 9021.
An external mixer can be used to
combine VIDEO and INTOUT to cre-
ate the desired video level. See fig-
ure 8.

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.

Intensity
(Half Intensity)

TABLE 1: CRT 9021 ATTRIBUTE COMBINATIONS

CURSOR CRY 9021 INPUTS VIDEO SHIFT REGISTER
FORMAT RETBL | CURSOR | REVID | CHABL | UNDLN LOADED WITH:
1 X X X X afl zero’s
o | o 0 0 0 data
0 ! 0 0 0 1 One’s for selected scan iine(s). Data for all
X L , Other scan lines
X Q 0 0 i 1 X | Afizero's
0 0 1 0 0 | data
0 0 1 0 1 ! Zero's for selected scan line(s), gata for all
other scan iines
0 0 1 1 X One’s for ali scan lines
0 1 0 6] Xt One's for selected scan line(s) for cursor;
data for al! other scan lines
0 1 0 1 X Onae's for seiected scan ine(s) for cursor:
2 zero's for all other scan lines
UNDERLINE 0] 1 1 0 X Zerg s for selected scan iine(s) for cursor:
Data for all otner scan ines
0 1 1 1 X Zero's for setected scar line(s) for cursor;
one’s for all other scan hines.
0 1 0 0 X One's for selecied scan 1ne(s) blinking:
Data for all other scan iines
0 1 0 1 x One's for selected scan ne(s) biinking.
BLINKING® H zero's for all other scan ‘ines
UNDERLINE® 0 1 { 1 I 0 X Zerg's for seiected scan ineis) blinking;
i Data for all other scan lires
0 1 1 T 1 X Zero's for selected scan re(s) dlirking: i
i one's for ail other scan hnes !
0 1 0 H 0 0 Data for all scan 'ines ﬁ
0 1 o] I 0 1 Zero's for selected scan ‘ire(s) for i
! ungerfine datafor ail other scaniines !
0 | 1 0 1 X One's for all scan 'ines !
REVI !
EVIDBLOCK 0 j 1 1 ! 0 0 Dala for ail scan ines
0 1 1 ) 1 One's for selected scan inais) for
| ! undertine. data for a!l other scan ‘ines.
0 1 ! 1 : 1 ! X Zero s for ali scan ines
0 1 o [ o 1 0 " On_ ott
[ ! | Dataforallscanines  Datafor all scan Ines
[ 0 1 o] { 0 ! 1  Zero's for selected Jne s ‘or selected
j ' | i | scantine(s)tor scan nneus) for |
| ‘ : , underhne Data for .nderine. Data for
| 1 ) ! ail other scan 'nes 11 other scan ines
LTS ! : : 0 1 ; X "Ones for all scan nes | Jero's 'or ai scan ines. |
{ RevioBLOCk 9 ! ; ; scan nes  Jercsloratiscaniines.
| 0 | 1 0 1 ' 0 i 0 ! Dataforallscan tnes _ Jataforallscanines -
! 0 | 1 i 1 ) 0 i 1 * Ones for selectec 73005 107 selected |
! : | | . scanines). Ca'a scan inetsi Da'a
I | | ; | for all other scan hines tor all other scan ines
| : N .
| 0 i 1 1 1 X Zero's tor all scar ines One's for ali scan !lr}gsﬁ?

;i
1 -1f the programmed scan 1ne(s) for cursor and underiine conc:ae the cursor takes precedence. otherwise Dotr ave 'spiayed

2 - at programmec scan linets) for underline
3 - atcursor piirk "ate
Note—cursor bnrx rate overrices character dhink rate



DISPLAY MODES

inputs MS1 and MSQ select one of four display modes. All
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
tor both the parallel and seral scan line modes respectiveiy.

MS1,MS0 = 00

—Wide Graphics Mode.

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.

A , MS1,MS0 = 01 —Character Mode Without Underline.
In this dtsplay. mode, inputs D7-DO In this display mode, inputs D7-DO0 go
define a graphics entity as llustrated directly from the input latch to the
in figure 2. the that mdnwdual.blts n video shift register via the Attributes
D7-DO will illuminate particular and Graphics logic. This mode
gosrtr:%r:::;tl?e fgaﬁ%er;?r:oct;agi requires either a bit mapped system
ssibl whgn gefinin ?he w%de RAM (1 bitin RAM equals 1 pixal on
possible , g the wid the CRT) or an external character
graphic boundaries. No underline is generator as shown in figures 8a and
possible in this display mode. 8b
MS1,MS0 = 10 —Thin Graphics Mode. ‘
In this display mode, inputs D7-D0 MS1,MSO = 11 —Character Mode With Underline.

define a graphic entity as illustrated
infigure 3. Note that individual bits in
D7-D0 will iluminate particular hori-
zontal or vertical line segments within

Same operation asMS1,MS0 = 01
with the underline attribute appear-
ing on the scan line(s) mask pro-
grammed.

SL3-SLO ROW# C7 C6 C5 C4 C3 C2 C1 COBF BF oo o0

0000 RO T

0001  R1 D7 D3 | H3

0010 R2 i

0011 R3 [

0100 R4 D6 D2 | 2

0101 RS b1

0110  R6 17

0111 R? Ds D1 D Hi

1000 R8 P

1001 R9 “""1] T

1010 R10 i

1011 R11 |

1100  R12 D4 Do : HO

1101 Ri13

1110 R4 { |07]o6]os|p4[p302[p1]p0] paTA INPUT OND7-DO
1111 R15 ! H3, H2, H1, HO, W1, WO are mask programmable

R—— —

| ——W{——| —W0
FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021

SL3-SLOROW# C7 C6 C5 C4 C3 C2 C1 COBF BFo o o0 VERTICAL HEIGHT HORIZONTAL POSITION

0000 RO D4 - '] DO RO-R5 PROGRAMMABLE
0001 Rl -—= D1 R6-R15 PROGRAMMABLE
0010  R2 [ D6 RO-R15° PROGRAMMABLE
oo11 Rz |P7 Do b D7 RO-R15* PROGRAMMABLE
0100 R4 —

0101 RS D2 D3 ]

g} 1‘1’ ':g | HORIZONTAL LENGTH VERTICAL POSITION
1000 RS D1 ; D2 Cc7-C3 PROGRAMMABLE
1001  R9 , D3 C3-BF PROGRAMMABLE
1010 R10 ] D4 C7-BF* PROGRAMMABLE
1011 R11 D5 ! D5 C7-BF* PROGRAMMABLE
1100  R12 _l

1101 Ri13

1110 R14 ] ! {07|D6]0s|D4|D3|D2[D100]  paTA INPUT ON D7-DO
1 RIS ] I * 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 beyond 8. The character width
is defined by the period of the LD/SH 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 same:

as the dot displayed in position C7.

Method B — The backfill (BF) dots will be 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 (SL3/BKC, SL2/BLC). 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.

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

— The cursor will appear as areverse
video block (The entire character

Blinking Underline

Reverse Video
Block

cell will be displayed in reverse
video).

Blinking Reverse  — The cursor will appear as areverse

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 1
Input Mode Pin 17 Pin 16 Cursor Function
1 0 Underline
1 1 Reverse Video Block
Serial 0 0 Blinking Underline
0 1 Blinking Reverse
Video Block
_Parallel X X Mask programmable
Only

TABLE 5: CURSOR FORMATS

DOUBLE WIDTH MODE

In order to display double width characters, video must be
shifted out at half frequency and the video shift register must
receive new information (paraliel load) every other LD/SH
input pulse. In order to divide the video dot clock (VDC) and
the LD/SH pulse internally at the proper time, the cursor input
should be pulsed during RETBL prior to the scan line to be
displayed as double width. The CURSOR input must remain
low for a minimum of 1 LD/SH period from the leading edge
of RETBL. The CURSOR input can stay high for the entire
RETBL time but should not extend into active video. If it does.
a cursor will be displayed. It is assumed that the CRT con-

troller knows when a particular scan line should be double
width and it should activate the CURSOR in the manner just
described. Double height double width characters can also
be displayed if the scan line count is incremented by the
CRT controller every other scan line. With respect to the
CRT 9021, no distinction between double width and double
height display is necessary. Figure 4 illustrated timing for
both single and double width modes. The CRT 3007, which
supports double height double width characters. will pro-
duce the CURSOR signal as required by the CRT 9021 with
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 illustrates 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 atleast 1 scanline and in serial mode
this input will remain low for about 5 or 6 LD SH 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 on pin 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 18 17 16
Seral SLD  SLG BLC BKC
Parallel SLO St SL2  SL3

TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES

L S
PROGRAM OPTIONS

The CRT 9021 has a variety of mask programmed options.
Tables 2 and 3 illustrate the range of these options for the
wide and thin graphics modes respectively. Table 4 illus-

trates the range of the miscellaneous mask programmed
options. In addition, Tables 2. 3 and 4 show the mask pro-
grammed options for the standard CRT 9021.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range .. ... ... ...t e 0°Cto +70°C
Storage Temperature RaNGe . ... .. ... ...ttt —55°Cto +150°C
Lead Temperature (Soldering, 10 SEC.) . . . ...\t iv ettt et e e e +325°C
Positive Voltage on any Pin, withrespecttoground . ... ..... ... .. . i 15V
Negative Voltage on any Pin, withrespecttoground .................. ... o i it -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 power 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 (T, =0°C to 70°C, Ve = + 5V = 5%, unless otherwise noted)

PARAMETER MIN TYP MAX UNIT COMMENTS
DC CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level V, 0.8 v _
High Level V,,, 20 v Allinputs except VDC, LD/SH
High Level V,.,, 43 Vv For VDC, LD/SH input
OUTPUT VOLTAGE LEVELS
Low Level Vo, 0.4 \" Il =0.4 MA
High Level Vo, 2.4 Vv low = 100 A
INPUT LEAKAGE CURRENT .
Leakage |, 10 wA 0=V, <<V, excluding VDC. LD/SH
Leakage |, 50 rA 0<V, <V, for VDC LD/SH
INPUT CAPACITANCE .
Ci: 10 pt Excluding VDC, LD/SH
sz 20 pf For LD-SH
Cina 25 pf For VDC
POWER SUPPLY CURRENT
'cc 50 mA
AC CHARACTERISTICS
PARAMETER MIN TYP MAX UNIT COMMENTS
vDC!
1oy, VDC frequency 1.0 300 MHZ CRT 9021A; see note 1
1.0 285 MHZ CRT9021B
1ok VDC low 10
texs VDC high 10 ns
texn VOC rise time j 10 10 ns Measured from 10% to 90% points
ter VDC fall time 10 ns Measured from 90% to 10% points
LD/SH
teve 290 ns CRT 9021A; see note 1
{315 ns CRT 9021B
ts, 7 ns |
tm 0 ns !
INPUT SETUP AND HOLD
tsz 35 ns
te 0 ns
MISCELLANEOUS TIMING
too 35 ns C. = 15pf
tow tC\ri’

1-These parameters are Preliminary.
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TABLE 2

WIDE GRAPHICS MASK PROGRAMMING OPTIONS

OPTION CHOICES STANDARD CRT 9021
Height of graphic block”

D7 and D3 any scan line(s) RO, R, R2

D6 and D2 any scan line(s) R3, R4, R5

D5 and D1 any scan line(s) R6, R7. R8

D4 and DO any scan line(s) R9, R10, R11, R12, R13, R14, R15
Width of D7, D6, D5, D4™* any number of dots 0 to 8 C7,C86,Cs5,C4
Width of D3, D2, D1, DO** any number of dots 0 to 8 C3,C2,C1,C0, BF

* Any graphic block pair can be removed by programming for zero scan lines.
** Jotal number of dots for both must be equal to the total dots per character with no overlap.

TABLE 3

THIN GRAPHICS MASK PROGRAMMING OPTIONS

OPTION CHOICES STANDARD CRT 9021
Backfill C1orCO Cco

Horizontal position for

D2 and D3 any scan line(s) RO-R15 R5

D4 any scari line(s) RO-R15 RO

DS any scan line(s) RO-R15 R11
Horizontal length for

D2z any continuous dots C7-C0, BF C7-C3

D3 all dots not covered by D2 C3-BF
Blanked dots for serrated horizontal lines

D2 any dot(s) C7-C0O, BF none

D3 any dot(s) C7-C0, BF none

D4 and D5 any dot(s) C7-C0, BF none
Vertical position for

D0 and D1 any dot(s) C7-C0, BF C3

D6’ any dot(s) C6-CO, BF BF

D7 any dot(s) C7-C0 Cc7
Vertical length for

Do any scan line(s) RO to R5

D1 all scan lines not used by DO R6 to R15

D6 no choice; always RO-R15 RO to R15

D7 no choice ; always R0-R15 RO to R15 |

1-D7 must always come before D6 with no overlap; otherwise D6 is lost.
-D2 and D3 must always overiap by one and only one dot.

.~ " " ]

TABLE 4
MISCELLANEOUS MASK PROGRAMMING OPTIONS
OPT ON CHOICES STANDARD CRT 9021 j
Backfill in character mode C7orCO C7 L
1
Character blink rate 810 60; divisible by 4 32
(division of VSYNC frequency) (7.5 Hz to 1 Hz)! (1.875 Hz)
. Twice the character 16
Cursor blink rate? blink rate (3.75 Hz)"
character underline position any scan lineis) R0-R15 R11 .
cursor underline? any scan line(s) R0-R15 not applicable

cursor format*

underline
Blinking underline
Reverse video block
Blinking reverse video block

Blinking reverse video block

HWN = |

- Assumes VSYNC input frequency of 60 Hz.

- Valid only if the cursor is. formatted to blink.

- Valid only if the cursor is formatted for underline.
- Valid for the parailel scan line mode only.
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