82C431/82C432A/82C433/82C434A
CS$8240: EH!'IAI&CED GRAPHICS CHIPSet™

" m 100% hardware and software compatible fo
IBM™ Enhanced Graphics Adapter card

® Supporis IBM Color Graphics and Mono-
chrome adapters, and Hercules™ Graphics
modes

® Bit mapped graphics in four planes

B 640 x 350 resolution for IBM Enhanced
Color Display

m Light pen interface

The Enhanced Graphics CHIPSet offers a
complete solution for implementing an [BM
Enhanced Graphics Adapter compatible con-
troller. The chip set provides a highly integrated
solution, allowing a complete Enhanced
Graphics confrol implementation using 32
chips, including 256K byte of display memory.

The chip set consists of the 82C431 Graphics
Controller, B2C432A Sequencer, 82C433 Attri-
butes Controllerand 82C434A CRT Controiler.
The chip set supports color and monochrome
direct drive dlsplays in various modes. Other
features include bit mapped graphics, light pen
interface, and RAM loadable character gener-
ator. The chip set supports alphanumeric (AN)
and ail-points-addressable (APA) graphics
modes, including all modes supported by the
IBM Monochrome Display and Color/Graphics

SYETEM
% [.oDnjt Acences
BUF

tors.

m  Full 16 color support in 640 x 200 and 320 x
200 pixels for IBM Color Display

m  Supports 720 x 350 pixels for IBM Mono-
chrome Displays

m Supporie 640 x 400 puxels far 400-line
displays

m  Soft scrolls, Pans and Windows through a
1M-pixels memory

®  Supporis 256K bytes of memory using 64K x
4 DRAMs

" Adapters. Additionally, other modes provide

720 x 350 pixele support for the IBM Mono-
chrome Display. 1t also provides full 16 color
support for 320 x 200 pixel and 640 * 200 pixel
resolutions for the IBM_(_:gtor display. The IBM

Enhanced Color Display is supported with AN
and APA graphics with a resclution of 640 = 400

(200- hnedoublescan) modefor400-llnemom- o

- G i T

The 82C432A and 82C434A are upgf'aded ver-
slons of 82C432 and 82C454 respéctively. The
82C432A and 82C434A are fully compatible to
the 820432 and 820434 respactively.

The 82C431 is packaged in 68-pin Plastic
Leaded Chlp Carrier (PLCC), 82C432A and
820433 in 40-pin DIPs and 44-pin F’FPS. and
82C434Ain 84-pin PLLCC.

ADDR DECODE i

SELEGT

FEATURES
[--1 13

j Figure 1. Enhanced Graphics Controller
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CHIPS

82C431 Pin Description

Symbol

Description

. Pin No. Type

60-53 [/0

Do-D7

CPU data bus pins are bidirectional tri-state signals.
They are used to foad data into the 82C431. The data
bus is also used to send/receive data to/from the
display memory.

1611 } 1O
8-8

38,38, 32 }

30-26

60-46 }

44-42

32 }

67-62

MODO-MOD7

M1D0-M1D7
M200-M2D7

M3D0-M3D7

Memory data buses MADO-MOD7, M1D0-M1D7, M2D0-
M2D7 and M3D0-M3D7 are memory data buses used

- to'sénd and receive data to/from the display memory.

These buses are bidirectional tri-stafe pins.

22

CPUL

CPU Latch is active low input. It Is generatéd by the
82C432A Sequencer. When active the display memory
data will be read into the graphlcs controller. The low-
to-high going edge of this signal along with MRD
active will output the data onto the data bus DO-D7 for
a CPU memory read operation. _

21 |

CRTL

CRT Latch is an active low input. It is generated by
the 82C432A Sequencer. When active the display
memory graphics data will be loaded into the

.graphics controller on the low-to-high going edgél

The data on the display memory should meet the set
up and hold requirements. The data loaded is
transferred into the Shifter register when S/L is low.

19 |

DOTCLK

Dot Clock is used by the graphics controlier to shift
the data in the Shifter register. .

20 . B

s/l

Shift or Load Input serves dual functions. It is
generated by the 82C432A Sequericer. When low,

the display memory data will be loaded into the'
Shifter. When high, it will shift the data in the Shifter
by one bit. =

25 |

Write Enable is an active low input. When it is active ,
the display memory data is output on the MODO-D7,
M1D1-D7, M2DC-D7 and M3D0-D7 data buses. When
WE is high, these data buses are tri-stated.

0
2

170 Write is an active low input. It is used to !oad
internal registers of the graphics controller by the
CPU. The address and data setup and hold times
must be met in order to write data into the internal

~ registers. I e .

61 |

=
bl
Q

Memory Read is an active low input. it is used by the'
CPU to read display memory data’in conjunction with’
the high going edge of the CPUL input.

-_—o - ]

8 - 82Cc431




CHIFS

82C431 Pin Description
{Continued)

Description

Address signals AO, Al and A2 ara used by GPU to
select the internal registers of the graphic controller.

Graphigs, Chain, CDSELD and CDSEL1 are outputs of
the Miscellaneous ragister. They can be tri-stated by
setting the Mode register bit 2 {o logical 1. Graphics &
Chain outputs are used to multiplex the address buses
in the 82C434A CRT Controller. CDSELO and CDSEL1
outputs contrel the mapping of the display memory.

Attributes 0-3 are used to transfer the output of the
Shifter register to the 82C433 Attributes Controller in
the graphi¢s mode. In the alphanumeric mode, ATRO-
ATR3 transfer the data on the M1D0-M1D3 to the Attri-
butes Cantroller.

Ground.

5 Volt Power Supply.

Pin
Pin No. Type Symhbol
4-6 1 AQ-A2
40 0 GRAPHICS
41 0 CHAIN
24-23 o] CDSELS-
39, 37 S
33, 31 (o) ATRO-ATRZ
1, 10,18 - _ v
35, 45, 52 88
68, 17,
24, 51 — Ve
82C431
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82C432A Pin Description

Pin I
Pin No. Type Symbol Description
. _ Clock In is the Input clock. it is the primary clock
o 2 | CLKIN source for the chip. The output Dot Glock is of the
. same frequency as the CLKIN fréglency. )
Address 0 is the address 0 of the GPU address bus. [t
38 I “ AD - is used to select between the index register and the
control registers on the device. It is also used to wrlte
- into gven/odd memory planes. = .
g . D0-D3 are low order data bus bits. They are used to
32-35 ! Do-D3 load the Sequencer registers.
CRA14 and CRA15 are the high order address bits for
43 i CRA14,15 . the CRT display read. These bits are generated by the
82C434A CRT Coniroller.
CPA14 and CPA15 are the h:gh order address bits for
the GPU read/write operations. CPA14 | is bit 14 of the
CPU address bus. CPA15 is the decoded signal from
8,5 - CPA14,15 the CPU address bus signals A13-A19. During
memaory read and write cycles, AAV14 = BAV14 =
CPA14, and AAV15 = BAV15 = CPA1S.
CG is the Character Generator bit from the display
a7 1 CcG © 7 memoaory. It is the attribute bit 3. It is used to select
between the character maps A and B. . -
MEME Memory Read and Memory Write are active low
39,38 . I MEMW inputs. These inputs are used by the processor to
read from and write into the display memory.
15 i ] I/0 Write is the control signal from the system bus. It
Y is used to load the various registers on the Sequencer.
Memory Option is the control signal used to select
64K or 256K byte memory configurations as follows:
31 I MEMOPT MEMOPT “Memary Conflguratlon
0 256K Bytes
1 64K Bytes
) Sync is generated by the B2C434A CRT Ccmtrol[er It
17 i SYNGC is used to disable the AS/L (Address’ Strobe/Load)
signal during non-active display periods.
124" o - RASD- - _ RASO0-RASS are the Row Access Strobe signals for
RAS3 - the four memory planes.
E 710 o ACAS . . .-ACAS and BCAS are the Column rAccess Strobe
' ! BCAS signals for the memory p[anes.
9, AAV14, AAV14, AAVIS, BAV14 and BAV1S are high order )
8, o AAVIS, active high sugnals for the two memory maps. During
12, BAV14, memory read and write cycies, AAVI4 = BAV14 =
11 _ BAV1S CPA14, and AAV1S = BAV1S = CPA1S,

7 82C432A
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82C432A Pin Description
{Continued)

- Pin
Pin No. Type Symbol

Description .

o

CRT LATCH is an active low signal. It is used to latch
the memory data into the 82C431 Graphics Controller,
and the B2(C433 Attributes Controller, for CRT display
read cycles.

CPU LATGH is an active low signal.' It is used to load
memory data into the Graphics Gontroller 82C431, for
CPU memory read cycles.

WE

Write Enable is an active low signal used to enable the
CPU to write info the display memory.

TR

18 Q MUIX

TR eV T
I‘JIUI_I II'I_I:J\.CI'I ou I.p\.ll lb useu W il

and CAS sighials.

19 Q DOTCLK

Dot Clock output is used by the 82C431 Graphics
Controller and by the 82C433 Attributes Controller.

26 o) CCLK

- Character Clock is an active high signal. it Is used by

the 82C434A CRT Controller.

28 o s/l

" Shift/Load output is used to  load display _memory

27 o “AS/L

‘graphics data into the B2C431 Graphics Controller. .

Attributes Shift/Load signal is used to load alpha-
numeric display memory data into the 820433
Attributes Gontroller.

25 o} ‘CRT/GPU

_ CRT/CPU control signal is used by the 82C434A CRT

Controller to enable either the CRT read address or
the CPU read/write address.

30 Q RDY

Ready is an active low output. It is used by the CPU to
indicate that a data transfer will be completed. It
becomes inactive as soon as the memory read or
write operation is completed. RDY acts as an enable
input for a tri-state driver which drives the CPU Ready
input,

29 Q -CRDY

CReady Is similar to the RDY output. The difference

between the two signals is the way they go inactive
(high). The RDY when inactive goes high and stays
high. The CRDY when inactive goes high for one dot
clock period, and then goes tri-state. CRDY can
directly drive the CPU Ready input.

1,20 — Vg

Ground

5 Volt Power Supply. ‘

82C432A
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82C433 Pin Description

Pin
1
Type Symbo

Description

. Pin No.

32-39

| CCo-CCT

CCO0-CC7 are the 8 Condition Code inputs coming ~
directly from the display memory (plane 2). These 8
inputs are loaded into a parallel-to-serial shift

- register. The output of this shift register enables

aither ATRO-3 (CC=1), or ATR4-7 (CCtO)"t"o addrass
the color palette.

11-14

| ATR7-ATR4

ATRT-ATR4 are the 4 hlgh order attributes bits for

alphanumeric data coming directly from the display
mermory (plane 1). The proper Condition Code bit
chooses between ATR7-4 dand ATR3-0.

15-18

1 ATR3-ATRO

ATR3-ATRO are the 4 low order attributes bits. They
could either be graphics data, in which case they
come from the 82C431 Graphics Controller or

alphanumeric data, in which case they come fromthe

display memory multiplexed through the Graphics

Controlleralong with the graphics data. The Graphics '

Controller decides whether the i mcommg data Is
graphic or alphanumeric.

/O Do.
[

Vo D3
o D4
1/Q D5

D0-D5 are the 6 data bus signals. Four of these D5,
D4, D3 and DO are bidirectional while thie other two,
D2'dnd D1 are inputs only. The 4 bidirectional pins
when read, output the following 4 status bits: . -

D5: Color palette bit 1,

.D4: Color palette bit 0,

D3: VRTC (Vertical retrace),
DO: DE (Display Enable).

Bits D5 and D4 are controlled by the Color F‘Iarie' '
Enable register bits 5, 4. Bits 03 and D0 are generated
by the 82C434A CRT Coniroller.

/O Read is an active low signal. This si_ghal has the
dual purpose of reading the status, as well as clearing
the address/data flip-flep.

10

170 Write is an active low 5|gnal it loads either the
address register, one of the 16 color _palette registers,
or one of the 4 control registers.

19

| DOTCLK

" Dot Clock is the active high clock generated by the

82C432A Sequencer.

| CGRTL

CRT Latch is an active low 51gnal It is used to load
display memory data into the 82C433. 1t is generated
by the 82C432A Sequencer. . _

S/L is the Shift/Load signal to lpad display memory

_ data into the 82C433. It is generated. by the 82C432A

Sequencer as AS/L signal.

9 T . 82G433
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82C433 Pin Pescription

(Continued)

Pin No. Pin Symbol Description
Type

BLANK is the Blank output from the 82C434A CRT
27 1 BLANK Controller. It is low during the time the monitor is
displaying data.

VHTC is the Vertical Retrace output from the 82C434A
CRT Controller. 1t is used by an internal 5 bit
counter {divide by 32) to generate the blink clock
required by blinking displays. The blink clock is ON
for 16 VATC periods and OFF for 16 VRTC periods. It
is output on the data bus bit D3 as a status bit.
DE is the active high Display Enable output from the
82C434A CRT Controller. It is used for enabling the
29 I DE display area on the screen. When the DE and Blank
: signals are inactive at the sarme tire, the border is
dispiayed on the monitor. It is output on data bus bit
DO as a status bit.
CURSOR is an active high signal. 1t provides two
functions:
1. During DE active time it indicates a valid cursor
position.
0 ! CURSOR 2. If Cursor s active during the high-to-low edge of
Blank, it indicates that the contents of the CRT
Controller Underline Location register (R14) are equal
to the line count (contents of the Raster Counter).

Line Graphics is an active low input from the CRT
3 [ LG Controller. 1t is a logical NAND of MODS, MOD6 and
MOD7 (bits 5, B and 7 of plane 0 in display memory).

R, G, B, HS, GS/1, BS/V are the 6 outputs that drive

28 | VRTC

R.G B the monochromse or color menitor. R, G, B are the
21-26 Q RS, GS/1, Red, Green, and Blue signals.The RS, GS/1, and BS/V
BS/V are the Secondary Red, Secondary Green/Intensity,
Secondary Blue/Monochrome Video (display) signals.
40 - Vop 3 Volt Power Supply.
20 — Ve ~_ Ground.

82€433 10
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82C434 A Pin Description
Pin No. Pin Symbol Description _
Type
70 1 AD
5 | Al
iA I A2 =
18 i A3
24 I Ad
29 | A5 -
34 1 A8 . . o R
40 | AT CPU Address bits 0-14 and 16. They are used to
35 | A8 generate addresses for the display memory.
7 i A9 '
12 1 A1Q
17 | A1
25 | Al2
30 I A13
74 ! Al
73 I AlB
y N CPU Data Bus bits 0-7. They are used to transfer data _
76-82 Vo . Do-D7 to and from the GPU data bus. S
83 o AAD ' ' - '
§ c AA1 -
10 0 AA2 o
15 O AA3 -
o3 0 AAd Address bus AAD-7 for memuory planes O and 1.
28 O AAS
33 o AAB =
39 o AAT - -
4 0 BAD S
3 (@] BA1
13 e} BA2 . o
18 O BA3 A
25 o- BA4 Address Bus BAD-7 for memary plar@sﬁ2 and 3.
31 O BAS5S - ’
36 0O BAB =
44 -0 BA7
241 7l AAV14, High address bits 14 and_15 for the A address bus.
? AAV1S They are generated by the 82C432A Sequencer.
346 | BAV14, High address bits 14 and 15 for the B addressbus.
' BAV15 They are generated by the 82C432A Sequencer.
Address bits 14, 15 is used by the 82C432A Sequencer
48.47 o MA14, to generate the high order address bits AAV14, AAV1S5,
! MA15 BAV14 and BAV15. These bits can be tri-stated .
through Mode Control register R17. o
20 o ic Line Graphics is an active low output. It is used by the -

82C433 Attributes Controller. -

11 82C434A
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82C434A Pin Description

(Continued)

Pin No.

Pin
Type Symbol

Description

50 T

| CHAIN

CHAIN is a select input. It Is generated by the
82C431 Graphics Controller. It Is used with the SAM
and MEMOPT inputs to select the LSB of the CPU
address,

49

| GRAPHICS

GRAPHICS is an actwe low input. 1t is generated by
the 82C431 Graphics Controller. It is used to change
RAM BA addresses from graphics to text mode.

51

! MUX

MULTIPLEXER input is used to multiplex the RAS
and CAS address control. MUX is generated by the
82C432A Sequencer.

52

| RESET

RESET initializes the CRT Controller as follows:

a. It initializes the horizontal and vertical polarity
control to logical O.

b. Mode register bits 4,7 are resat.

¢. All counters in the CRT Controller are reset.

d. Address register bits 3,4 are reset.

e. PGSEL is reset to logicai 0.

All other control registers remain unchanged.

RESET must be active for at least 5 dot clocks.

54

CRT Latch is an active low Input. [t latches MODO-

MOD? data. It is generated by the 82G432A Sequencer.

55

Display Enable Is an active high output. It enables the
display areas on the screen. When DE and Blank
signals are inactive at the same time, the border is
displayed on the monitor.

56

0 CURSOR

CURSOR serves dual functions. It indicates a valid
cursor position when DE Is active. In the other case if
CURSOR is active during the trailing edge of Blank
slgnal, it signifies that the contents of the Underline
Location register R14 are equal 1o the line count
{contents of Raster Count register).

57

0. BLANK

BLANK is an active high output for blanking the
screen during retrace perlods.

58

i CRT/CPU

CRT/CPU is used by the CRT Controller to enable the
CRT read address when CRT/CPU = 1. When
CRT/CPU = 0, the CPU read or write address is
enabled.

53

8] HIN

HIN is horizontal sync output. 1t is active high if hori-
zontal polarity bit HPOL is low. 1t is active low if
HPOL is high. HPOL is programmed through

MODEIOW register. This signal isidentical to the HPOL

bit of the MISCELLANEQUS output register located
in the Graphics Controlter.

B2C434A




82C434 A Pin Description
{Continued)

Pin

Pin No. Type Symbol Description
VIN is vertical sync output. Like the HIN signal, VIN
pelarity is also controfled by VPOL, VPOL is
58 ol ViIN programmed through the MODEIOW register. This
signal is identical to the VPOL bit of the
. MISCELLANEOUS output register .
R SYNC is an active high output used by the Sequencer, L
g0 ©  SYNC 82C432A to control the AS/L output, L
VERTICAL SYNC is active high vertical retrace slgnal
61 o VRTC itis used by the 82C433 Attributes Controller, to gene-
. rate fhn r‘fnrk requ tlired hy the hlinkina disnlave
_ _ o . b et A R B e Aol
CLOCK is used to synchrcmlze all the functions for
62 I CLOGK " the device except the bus interface. The active
transition is high to low. It is the CCLK {Character
Clock) output from the 82C432A Sequencer T
CRT INTERRUPT is an active high output. It is the
frame interrupt generated by the 82C434A. 1t is
65 O 77 CGRTINT - enabled by bit 5 of the Vertical Retrace End reglster. It
can be cieared by programming bit 4 of Vertical
Retrace End register to 0. When not active, the i
CRTINT output is in atri-state condntmn B -
MODEIOW is used to program tha MODEIOW reglster_l LT
66 o MODEIQW ‘bits DS (PGSELJ, D& (HPOL) and D7 (VPOL). The
MODEIOW register is cleared by a chip reset. . .
e /O WRITE is an active low input. It is used to wrlte to
67 ! ow the 82(_‘4'241\ rnm5+e_rg_ .
68 [ R 170 READ is an active low mput [1 is used to read the
) 82C434A registers.
LIGHT PEN STROBE [s used 1o [atch the cu rrent )
69 I LPS refresh address in the light pen register. The address .. L
_Is latched on a low-to-high transition on this input.
S5AM is used with MEMOPT and GHAIN to select LSB
7 ! SAM of the CPU address. e T R
MEMORY OPTION is used wnth SAM and CHAIN to
select the LSE of CPU address. When MEMOPT is
72 [ MEMOPT low, there are 256K Bytes of display memory- )
configured. When MEMOPT is high, 64K Bytes of
display memory is configurad.
32,38 - .. MDO1 N L -
45,37 " MD2,3 . e =
914 [ MD4.5 Memory Data Bus 0-7 are the character data bits.
19.27 MD&,7 e P
1,22,43,64 — - Vag Ground ’ s — oo e
214286384 —- 7 Vo 5 Volt Power Su pply

13 82C434A
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Flat Pack Package Options

The 82C432 Sequencer and 82C433 Attributes
contreller are also available in Plastic Flat-
Pack (PFP) packages. The pin diagrams on
pages 3-4 describe the pin assignments. Mast
of the pins on tha PFP packages are the same
as for 40-pin DIF packages. The differences
between the DIP and PFP packages are des-
cribbed here.

FB2C432A:

The F82C432A features an option to select
input clock souree from three sources: CLKIN,
CLKIN-T and EXT-0SC. The CLKIN and
CLKIN-1 can be clock inputs of 14.318 MHz
and 16.257 MHz respectively. Alternatively, a
user defined EXT-OSC input clock source
can also be selected. CLKSELO and CLKSEL1
inpuis are used to select the clock input
sOurce.

CLKSELC CLKSEL1 Clock Source
0 0 CLKIN
0 1 CLKIN-1
i o] TEXT-0SC T T
1 1 ILLEGAL

The CLKSELQ and CLKSEL1 inputs must be
pulled high or low (as desired) for proper
operation of the device.

Tha FB2C432A also has only one Ready signal
output, RDY. Note that CRDY output is not
bonded out on the F32C432A.

F82C432B:

The F82C432B is similar to F82C432A in all
respects except for the ready output. In this
package, CRDY is bonded out as an output.
Note that RDY is not bonded out on_this
package. The differences between the RDY
and CRDY signals are described under pin
description for 82C432A. The CLKSELOD,
CLKSEL1, CLKIN, CLKIN-1 and EXTOSC
inputs operate exactly the same way as for

F8ac432a.

Note that CLKSELQ, CLKSEL1T and CLKIN-1
and EXTOSGC inputs are not available on the
40-pin DIP packages. The inputs on CLKIN,
CLKIN-1 and EXTOSC must meet the electrical

“specifications as described under D.C, and

A.C. characteristics for 82C4324.

. F82C433:

The F82C433 is the Plastic Flat Pack (PFP)
package available for the Atiributes controller.

" The input-output signals for the F82C433 are

exactly the same as for the 40-pin DIP pack-
age. The pin diagram on page 4 describes the
pin assignment for this package.

82C431

14
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82C431 Functional Description

The 82C431 Graphics Controller is responsible
for directing <ata from the display memory to
the 82C433 Attributes Controller and the CPU.
The 82C431 operates in two basic modes:
Alphanumeric and Graphics. [n the Alpha-
numeric Mode, thedatals sentin parallel mode
through the Graphics Controller dirgctly to the
82C433 Attributes Controfler. In ithe Graphics
Mode, memory data is sent in serial mode to
the 82C433 Attributes Controller. Figures 2and
3 illustrate a typical write and read process for
Graphics Gontroller.

The 82C431 formats the data for use in various
compaiikxle modes, The controlleralso provides
color comparators which can be used in color
painting modes. Data can be written to the
display memory planes in 32 bit words to
expedite fast color presetting of the display
areas on the monitor. Legical functions on the
chip allows for manipulation of the data before
being written to the display memory.

The Graphics Controller has basically two
major sections, Graphics A and Graphics B.
The Graphics A writes to the display memory
planes0and 1, and the Graphics B writestothe
memory planes 2 and 3. The following descrip-
tion will refer to these two sections as Graphics
A and Graphics B.

82C431 Graphics Controller Register Summary

Register Registar Pointer
Number Name Value in Hex
— Graphice A Position . —

— Graphics B Position -

- Address Reygister -

RO Set/Reset 00

A1 Enable Sel/Reset o]

R2 Color Compare 02

A3 ° Data Rotate 03

R4 Read Map Select 04

R5 Mode Register 05

R6 Misecellaneous - 08 .
R7 Color Don't Care o7

R& Bit Mask 08

82C431 Internal Registers

82C431 internal registers are selected through
_address. Inputs AG-A2. The following table
descrlbes the addressing scheme:

~ A2 A1 AD Reg[sier selected
1 0 0 Graphilcs A Position
0 1 0 Graphlcs B Position
1 1 0. .. Graphics Address register
1 1 1  Registers pointed to by

Graphics Address register

Graphics A Position Register:

The Graphics A Position registeris a write-only
register. This register must be programmed to
0 to select Graphics A for the data bus input
and output operations. Graphics Aoperateson
the display memory planes 0 and 1, while the
Graphics B operates on the display memory
planes 2 and 3. GPU data bus signals D0 and
D1 should be directed to Graphics A. D2 and -
D3 should be directed o Graphics B. '

{708 |osfoa|os |pafo1]oo |

POSITION D

POSITION1

+ NOT USED

Graphics B Positicn Register:

The Graphics B Position register is awrite-only
register, This register must be programmed to
1 to Select Graphics B for the data bus input’
and outputoperatlons. Graphics B operates an

" the display memory planes 2 and 3, while the
" GrapHics A operates on the display memory

planes 0 ang 1. CPU data bus signals DO and
D1 should be directed to Graphics A, D2 and
D3 should be directed to Graphics B.

15
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FROM CPL DATA BUS

DATA
DATA ROTATOR [ ROTATE
REGISTER

ENABLE DATA SET/RESET
Do-D3 - SELECT - De-D3

WRITE MODE

FUNCTION
AND DATA > BIT MASK
MODE SELECTOR

Y

PROCESSOR
LATGH

Y
TO PLANES 0, 1,2, 3

Figure 2. 82C431 Wrile Process

FROM PLANES 0,1, 2,3

PROCESSCR
LATCH

COLOR COMPARE
BITS 0-3

READ MAP
REGISTER & COMPARATOR

READ MODE o SELECTOR L

COLOR DON'T CARE
BIT30-3

. PLANE
SELECT

: |

TO CPL DATA BUS

Figure 3. 82C431 Read Process
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[o7]pe[ps]os]os [ozlo1]e0]

POSITION 0

POSITION 1

+ NOT USED

Graphics Address Register:

The Graphics Address register is used to point
to other internal registers of the 82C431. The
four feast significant bits deterrine the register
which will be pointed to in the next register
write operation. In orderto write to the registers
selected by the pointer in this register, the
position registers A and B should be pro-
grammed with 0 and 1, respectively. The data
bus signals DO-D3 are used to write to the

control registers of the 82C431. DQ,D1 cor- _.

respond to the planes 0 and 1, while D2, D3
correspond to the planes 2 and 3 of the display
memory.

[er]oelos|oa]oa]b2|o1io0]|

GRAPHICS
ADDRESS
(POINTER)

NOT USED

The following is a description of the registers
pointed to by the Address register. _

Set/Reset Register

The Set/Reset register is a writ¢-only register.
The pointér in the Graphics Address register
must be 00H before this register can be written
into.

[o7]vs]os]pa]oz]o2] p1]po]

|
L— sevReseTaiT o

SET/RESET BIT 1

SET/RESET BT 2

SET/RESET BIT 3

NOT USED

When the Mode register (to be described later)
selects the 'write' mode 0, and the Set/Reset |
mode is enabled through the Enable Set/Reget
register (to be described later), bits D0-D3 are
the value written to the display memory planes
0-3 respectively. The planes can be written to
individually by separate writes to the Set/Reset
register.

Enable Set/Reset Register

The Enabie Set/Reset register is a write-only
register. The register can be written fo by
setting the pointer in the Graphics Address .
register to O1H.

[o7]os[os]pa]oa |2 p1|oo]

ENABLE SET/

ACSET BiTY

L———— ENABLE SET/
RESET BIT1

ENABLE SET/
RESET BIT2

-~ ENABLE SET/
RESET BIT3

NOT USED

82C431
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This register works in conjunction with the
Set/Reset register. If the mode register is pro-
grammed to write mode 0, then the contents of
the Set/Reset register are written lo the respec-
tive display memory planes. If the write modeis
0 and Set/Reset is not enabled on a plane, the
plane Is written with the data from the CPU
data bus.

Color Compare Reglster

The Color Compare register is a write-cnly
register. It can be written into by setting the
pointer in the Graphics Address register to
02H.

I EREAEEE EIE

COLOR COMPARE 0

COLOR COMPARE 1

COLOR CQMPARE 2

COLOR COMPARE 3

NOT USED

[fthe Mode register has the read’ mode set, the
data read from the display memory planes 0-3,
is compared to the bits DO through D3 pro-
grammed in the Golor Compare register. A
match batween the two bit fields will resultina
logical 1 being output on the corresponding
databus bit. Foliowing isan example to illustrate
the mechanism:

If the contents of the Color Compare register
are 0011 {D3-DO), and:

D7DED5D4D3 D20

100
PlaneQdata= 3 1 1 1 1 1 1 1
Planeidata= 0 0 0 0 0 0 0O 1
Plane2data= 1+ 1 1 1 1 1 1 0
Plane3data= 0 0 0 0 0 0 0 O
thengata -0 0 0 0 0 0 @ 1
bus result

Data Rotale Register

The Data Rotate registeris awrite-only register.

It is written to by setting the pointer in the
Graphics Address register to 03H. .

[o7] o8 [p5]D4] D3 [D2] D1] 0]

ROTATE COUNT O

ROTATE COUNT 1

ROTATE COUNT 2

} FUNCTION SELECT

2N

NOT USED

This register is used to performarotate function
on the data written by the CPU. If the Mode
register is programmed for the write mode 0,
then the value in the Rotate Count field repre-
sents the number of bits the CPU data will be
rotated during CPU write cycles.

The Function sefect bits (D3, D4) allow data in
‘the CPU latches to be logically operated upon
by the data written into the memory. The bits
operate as follows:

D4 D3
0 0 Nochangetothe Data
0 1 Logical AND' between Data and
' latched data.
1 0 Logical ‘OR’ between Data and
latched data.
i 1 Logicai ‘'KOR' between Data and
_latehed data.

‘Data’ may be any of the various options
available with the Write Mode register, Data 4
cannot be the CPU latched data.

Read Map Select Register

Read Map Select register is a write-only register.
It is written to by setting the peointer in the
Graphics Address register to 04H.

82C431
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[o7]os [os|oa]oe [2]o3]o0]

MAP SELECT O

! - MAP GELECT 4
MAP SELECT 2

NOT USED

The conients of the register represent the
memory plane from which the CPU reads the
data. This register does not effect the read
operation performed through the Color com-
pare register. The jour memory plane or maps
are selected as follows:

D2 D1 DO

0 0 0 Mapo

0o o 1 Map 1

0O 1 0 Map2

o 1 1 Map 3
Mode Register

This is a write-only register. [t can be written to
by setting the pointer in the Graphics Address
register to O5SH.

[p7]ps{os]pa]oa]oz]o1]o0]

} WRITE MODE

TEST CONDITION

READ MODE

ODD/EVEN

= SHIFT REGISTER
MQDE

} NOT USEDR

The functions of the bits are as follows:

Write Mode (D0, D1)
D1 DO -

U0 0 MWode 0: Each of the four display
memory piane is written with the
CPU data rotated by the number of
counts in the Rotate register. This is
always true, except when the Set/
Reset register is enabled for any of
the four planes. In this case, the
corresporiding plane is written with
the data siored in the Sel/Reset
register.

0 1 Mode i: Each of the four display
memory planes is written with the
data inthe CPU latches. These latches
are loaded during a previous CPU
read operation. ’ ’

i 0 Mode 2: Memory planes 0-3 is filled
© up with the value of data bits 0-3,
respectively. For example, memory
plane 0 Is filled up with the value of
data bit DO, memory plane 1 is filled
up with value of data bus bit D1, and
S0 oNn. i T ’ T

1 1 lllegal

The operations specified above will also work
Incenjunction with the Function Select options
available through Data Rotate register.

Test Condition (D2)
D2 = 1 will tri-state the Graphics Controller
outputs, including the GRAPHICS, CHAIN,

- GDSELD and CDSEL1 outputs. This feature is
* used for testing the chip. The ATR0-3 outputs

are not tri-stated.

Read Mode (D3)
D3 ' :

G When D3 =0, the CPU reads the data
from the display memory planes.
The plane is selected through the
Read Map Select register.

1 When D3 = 1, the CPU reads the
result of the logical comparison be-
tween the four display memory planes
data and the contents of the Color
Coimipare ragister. o

19
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Odd/Even (D4)

D4 = 1 will put the Graphics Controller in the
Odd/Even addressing mode. This option is
useful for emulating the IBM Color Graphics
Adapter mode. The value of this bit should be
the same as the value programmed in D3 ofthe
B2C432 Sequencer Memory Mode register.

Shift Register (D5).

The data bits in the memory planes 0-3 are
represented as MODO-MOD7, M1 DO-M1D7, M2D0-
M2D7, and M3D0-M3D7, respectively. When DG =
1, the data in the 4 serial shift registers will be
formatted as follows:

MsB LSB Outputto

M1D0 M1D2 M104 M1D6 MODO MOD2 MOD4 MODE  ATRO
M1D1 M1D3 M1D5 M1D7 MOD1 MOD3 MODS MODT ATR1
M3D0 M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6  ATRZ
M3D1 M3D3 M3D5 M3DT M2D1 M2D3 M205 M2D7  ATR3

The Least Significant Bit {L.SB) is shifted out
first. .

When D5 = 0, then MOD7-MODOQ, M1D7-M1D0,
M2D7-M2D0 and M2AD7-M3D0 are shifted out
with the bit D7 going out first in all cases. The
output ping being ATRO-ATR3 respectively, for
MO-M3 planes.

Theafivokhams
FAIT TLT9R 4

ics A shift registers, while the following two
correspond to the Graphics B shift registers.

Wworagisterscorrespond to the Graph-

Miscellaneous Register
Miscellaneous register is a write-only register.

It can be written into by setting the pointer in
the Graphics Addrass register to 06H,

[o7]osjos]oslos {p2fp1]oo]

GRAPHICS MODE

CHAIN ODD MAPS
TO EVEMN

MEMORY MAP 0

MEMORY MAP 1

NOT USED

Graphics Mode
When D0 = 1, the graphics mode is selected.

. The character generator latches (which are

located outside the chip) are disabled. The bit

D0 Is output on the GRAPHICS pin of the

controlier.

Chain Odd Maps to Even

When D1 =1, the CPU address bit AD is
replaced by & higher order address bit. (The
contents of AQ determine which memory map
is to baselected. A'Q' will select planes0and 2,
and a“1’ will select planes 1 and 3. This function
Is also provided outside the chip.) The 820431
will output the D1 onto the output pin CHAIN
of the controller.

Memory Maps

These bits control the mapping of the address
rnemoty buffers into the CPU address space.
The D3 and D2 are output as GDSEL1 and
CDSELO signals from the Graphics Controller,
The mapping function Is not performed on the
chip.

Color Don't Care Register

The Color Don't Care register is a write only
register. it can be written Into by setting the
pointer in the Graphics Address register to
O7H.

82C431
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for]oe]os[pa]oz |n2| D1 [p0]

COLOR PLANE O =
DON'T CARE

——— COLOR PLANE 1=
DONT CARE

- CQLOR PLANE 2 =
DON'T CARE

-COLOR PLANE 3 =

DONT CARE

NOT USED

DO = 0 will mean that color plane (¢ is a don't
care when the Color Compare register is per-
formed. .

D1 = 0 will mean that color plane 1 is a don't
care when the Color compare register is per-
formed.

D2 = ¢ will mean that color plane 2 is a don't
care when the Color compare register is per-
formed.

D3 = ¢ will mean that color plane 3 is a don't
care when the Color Compare reg:ster Is per-
formed,

Bit Mask Register

Bit Mask Register is a write only register. ltcan
be written into by setting the pointer in the
Graphics Address register to 08H.

* [07]oe]ps]oalos o2 o1]o0}

0 = [MMUNE TO
CHANGE

1= UMIMPEDED
WRITES

Any bit pregrammed to 0 in this register will
cause the corresponding bitin each of the four

. memory ptanes to be immune to change. The

data written intomemory in this case will be the
data which was read in the previous cycle, and
wae stared in an internal latch'on the chip.

Any bit programmed to 1 will allow unrestricted
manipulation of the data in the corresponding
hit in each of the four memory planes.

The bit mask is applicable to any data written
by the CPU, including rotate, logical functions
{AND, OR, XOR), Set/Reset and No Change.
The data to be preserved using the bit mask
must be latched internally by reading the
locatlon. The bit mask applies. to all the four

planes simultaneocusly.
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82C431 Absolute Maximum Ratings

Parameter Symbol Min. Max. Unils

Supply Voltage Voo —_ 7.0 \'4

Input Voitage ’ V| =05 Vpgp+ 5 V

Output Voltage : Vo 05 Vpopt & V -
Operating Temperature Top' -25 85 C i B
Storage Temperature . L Tag T -40 125 C i

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded, Functiaonal operation
should be rastricted to the conditions described under Operating Conditions.

82C431 Operating Conditions

Parameter Symbol Min. Max. Units
Supply Vaoltage B Voo 475 525 v
Ambient Temperature Ta ¢ 70 c

82C431 DC Characterisites

Parameter Symbol Min. Max. Units
Input High Voltage ViL 0.8 \4
Inmut High Unltans (Nots 1) Vo 20 v
Input High Voltage {Note 1) Mo 20 V

Output Low Voltage

lor = 4miA (Note 2) N Vo 045 ¥

Qutput High Voltage

lgy = —4mA (Note 2) Von 24 v

Input Low Current

0<Viy< Voo - - e M R

Qutput Short Circuit Current

Vg=0v los — 20 mA _
Power Supply Current @ 20 MHz Clock lcc 20 . “mA '
Output HI-Z Leak Current 045 <Vour <Vee  lozs ' +100  pA

NOTES:

1. following inputs require VIH = 3.0V {min.}: DOTGLK, GRFUL, CRTL, S/L, WE.
All other inputs require VIH = 2.0V {min.)
2. All outputs and bidirectional pins.

82C431 22
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82C431 AC Characteristics
(Ta=0°Cto 70°C, Voe = 5V £ 5%) o

Sym Description Min. Max. Units Notes

t1 Data set-up time to IOW R . 55 - ns

t2 Data hold time fromIOW 16 7 ns i .

t3 Address set-up time to JOW , 10 ns

t4 Address hold time fram IOW 8 oons__

15 Miscellaneous register output delay 21 83 ns ~ _S&eNote
6 TOW pulse width ° 45 ns .
7 WE inactive to memaory data bus float delay =~ 9 33  ns -

8 CPUL pulse width 40 s

19 Input data set-up time to CPUL - 9 T ons i

110 Input data hold time from CPUL : 14 s

1 Output data detay time .. 1 8B ns

t1z  MRAD set-up time toCPUL ] 10 _.ns

13 MRD puise width e 6 ~ ns -~

t14 MRD inactive to DO DT float delay 1 42 hs B

115 Display mermory data M0-M3 bus set-up time 5 _hs

t16 . D_I:;play memory data MO-M3 bus hold time 13 _:7_ ns -
t17  CRTL pulse width W0 ns -

Ha \;ii:géve to élsplay memory data outputs 11 45 ns

119 S/Lto CRIL delay 10 ns -
20 S/Lto DOTCLKsetuptime -~ ~ - 25 T ns

t21 $/L to DOTCLK hoid time 8 — ns _ _
122 Attributes output data delay from DOTCLK 9 37 ns G =35pF
23 Data bus D0-D7 hold time from WE . .- B  ___ns o

t24 Data bus DQ-D7 hold time from WE o .. ns N -

126 D0-D7 in to display memory data detay 26 103 ns_ .
26  WEpulsewidth 7 90 ] )
27 M1D0.M1D1, M1D2, M1D3 to ATTRO-3delay 8 31... ns G =30pF
28 Dot Ciock period . 42 —  ns

1284 Dot Clock low time 18 — - ng

t28B Dot Clock high time : 19 — .. 78

NOTE: A.C. TEST CONDITIONS: All A.C. fimings are measured with a load capacitance of C,_ = B5pF, excep:
where noted otherwise.
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REGISTERWRITE TIMING

SR VALID DATA
T2

oW *

TE——r]

4

T3 |t

pu——
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—| T3
il kol WM/ME— VALID

CPLU AEAD TIMING

WE

MODG-MOD7 /‘!:{ - '—1"0—%
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M3DO-M3ID7 TR{ STATE
TRI-STATE

Do-DT

—
TR!-ST
DATA QUT ATE
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T13——— ] T4 |

RD

CRT READ TIMING

L

[t T T {——]
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TI5

TRI-STATE

e o = /7
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82CA432A Functional Description

The B2C432A Sequencer generates memory
timings for the display RAMs and the character
clack for controlling the regenerative memory
fetches. Figure 4 shows a functional diagram of
the Sequencer. As shown in the figure, the
Sequencer also provides contrel signals for
other gomponents in the Enhanced Graphics

CHIPSet. The 82C432A allows the CPU 16~

access memory during active display intervals
by inserting dedicated CPU memory cycles.
Figures 5-8 illustrate varfous memory cycles
for different configurations. As is shown in the
figures, the memory cycle selection allows
different screen resolutions. The 82C432A also
protects the entire memory from being altered,
by selectively masking out pianes through the
configurable Mask register.

82C432A7Internal registers are selected through
address input AQ. The following table describes
the addressing scheme:

A0 POINTERREGISTER SELECTED

Address Register
The Address Register is a 3:hit write-only
pointer register. When loaded with a binary

" value (pointer) it points to the data register

where data is to be written.

[o7]os 05 [ 02 [p3 [p2] ot [00]

SEQUENCER
ADDRESS BIT 0

SEQUENCER
ADDRESSBIT1

SEQUENCER
ADDRESSBIT 2

NOT USED

Reset Register
The Reset Register is a write-only register

0 —  Address - - pointed to when the contents of the Address

1 o Reset Register are 00H. -

1 1 Clocking Mode

1 2 Plarne Mask (Map Mask) B

1 3 Character Map Select

1 4 Memory Mode R -
Doa > aooress REGisTER — > MAPMASK REG )
Ag [t & DECODING v RAS $
oW : RESET REG & LOGIC —r GENERATION LOGIC 4 > RASpg

CLOCKING MODE REG
2 ta ROV CHD
CLKIN ~———— SEQUENCER 2w CRIL, CPUL
SYNC —— STATE P !" CRT/CP!
ﬁ%ﬂw- '_n] 2, MACHINE ,: sn:. A
+ > DOTCLK, CCLK

CHAR MAP SEL REG
MEMORY MODE REG
CRA, 15 5A > cAS :“>{
g oo |IFR
MEMOPT » o AAV14, 15
- — - LOGIC :> BAV14, 15

Figure 4: 82C432 Sequencer Function Diagram
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e 32 CLKS/CYCLE
o A AAVNAVVUVY VUV VU VHUN

ST -
\/ \va S N/
el ey AL I A S L I Ara N Y A L R A
acCRS,BCAS  __/ Nt N/ NN / \n___ /T
[T Y f \ S/ \ J \ / \ N\
e N/ \ / \ / N/ o/ ——
CRTL \ / \_/_\_/_\._/——
CRUL T - —_
et ONLY MEMR
CRTICPU  § vi
- ———— o MEMR/MEMW
WwE ——
M e 4 ONLY MEMW
NOTE — -
1. Dotted waveforms indicate CPL MEMB/MEMW
RAS/CAS ogcur for both GPL MEMB/MEMW
CONDITIONS:

Mwde Reg = 01H CRT read 4 out of 5 memory cycies
8 Dots/Char, load every char clock, normal DOTCLK

Figure 5. A Typical 640 x 350 Mode Operation
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CLKIN
cok /T N___ /T Nn_ /  n_ /T \__/
S \ V4 A4 \va N/
OV S N w7 \ VA A N A
ACAS, BCAS R RN A N S N/
mx \__/ N/ N/ N\ \__
[ N NS N ONLY MEWR
CRTCPLU AN ; e M iy UEMR/MENW
WE e A e —_— =,,‘§—'..~f__'-s-'. ‘-.‘;-l; ONLY MEMW
CONDITIONS: )
Maode Reg = 03H CRT reads 2 out of 5 memory cycles L I

8 Dots/Char, load every char clock, normal DOTCLK

Figure 6. A Typical 320 x 200 Mode of Qperation
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—
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-
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chuL R o ) ~ o OMLY MEMR

P < 7 — ———
CRT/CPU | — ’ mEMR/MEMY

- L r 4 ——

WE S —— . : - ONLY MEMW

CONDITIONS:
WMaode Reg = (0H CRT reads 4 aut of 5 memory cycles
% Dots/Char, load every char clock, narmal DOTGLK -

Figure 7. A Typical 720 x 350 Monochrome Operation
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| 1CYCLE {36 CLKS) |

ARV NN AN

st

CCLK / \ / \ / \ / X

RASes K s \ / ™ .-.-."' | S— N o i e

ACAS,

i A e A D S — 7 NI 2
we /T 0/ N/ N/ [

CPUL _/ M I B M ] 4
CAT/CRU  so_._ _ __ _ ___ s ™ A . e )
WE ___ S __ . / N 7 ] M
CONDITIONS:

Mode Reg = 02H CRT reads 2 out of 5 memory cycles ) e : =
8 Dots/Char, load every char clock, normal DOTCLK N ’

Figure 8. A Typical 9 Dots/Character with
2 out of 5§ Memory Cycle Operation
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|p7|p6jos|p4]o3|o2] D1|D0 |

NOT USED

Asynchronous Reset

DO=0causes the Sequencer to clear asynchro-
nously and halt. it also places all the outputsin
a high impedance state.

D0=1 causes the Sequencerto run unless D1=0
{Synchronous Reset).

Asynchronous Resetcan cause datalossinthe
dynamic display RAMs.

Synchronous Reset ,

D=0 causes the Sequencer to clear synchre-
nously and halt. D1=1 causes the Sequencer to
run unless DO (Asynchronous Reset) is cleared
to zero. Before changing the Clocking Mode
Register, the Sequencer should be reset with
this bit. This will preserve the memory contents.
Both the Reset Register bits must be alogical 1
to allow the Saequencer {o operale.

Clocking Mode Register
This register is a 4-bit write-only register pointed

{0 when the contents of the Address Register
are 01H.

ASYNCHRONOQUS RESET

SYNCHRONOUS RESET

Io7]os{oslna]oz]p2]m1]na]

8/9 DOT CLOCKS

BANDWIDTH

SHIFT LOAD

- DOT CLOCK

NOT USED

8/9 Dot Clocks (DO)

D=0 causes the Sequencer to generate char-
acter clocks which are 9 dots wide. DO=1
causes the Sequencer to generate character

‘clocks which are B dots wide.

The only I1BM maode that uses 9 dots wide
character clocks is the monochrome alpha-~
numeric mode. The resolution for this mode is
720 x 350. All other modes use 8 dots wide
character clocks.

Bandwidth {D1)

D1=0 makes CRT memory cycles oceur on 4
out of 5 available display memory cycles.

D1=1 makes CRT memory cycles occur on 2
out of 5 available display memory cycles.

“Medium resolution modes (horizontal resolu-

tion of 320 pixels) require less data to be
fetched from the display memory driving the
harizontal scan time . This allows the CPU
greater access time to the display memory. All
high resolution modes (horizontal resolution
of 640 or 720 pixels) must provide the CRT
Controfler with 4 ogut of 5 available display
memory cycles in arder to refresh the display
image.

82C432A




Shift Load (D2) ,
D2=0 causes the display serializers in the

Graphics Controllerto be reloaded every char-

acter clock.

D2=1 causes the display serlalizers to be re-

loaded every other character clock. This mode
is useful when 18 bits are fetched every memory
¢ycle and chained together in the shift registers.

This bit is only set for APA {all-points-address-
able) graphics modes. .

Dot Ciock (D3)

D3=0selects the Sequencer master clock input
1o be output on the Dot Clock output pin.

D3=1 causas tha master clock to be divided by
2 to generate the dot clock. Asthe Dot Clock is
the primary clock used by the Enhanced Graph-
ice CHIPSet, all other timings will be stretched
as they are derived from the Dot Clock. Dot
Clock divided by 2 is used for 320 X 200 modes.

_Plane Mask Register (also referred as Map

_ Mask Register}

This registeris a4-bit write-only register pointed
to when the contents of the Address Register
are02H. . _ .

Tb7 06| D5 04|03 | D2} 01|00 )
L—~ ENABLES MAPD

ENABLES MAP T

ENABLES MAP 2

ENABLES MAP 3

NOT USED

The Plane Mask ragister is also referred to in
some cases as Map Mask register. However, it
is actually 2 plane mask register as iliustrated
in figure 8. The maps only correspand to the

PLANE 0 PLANE 1 PLANE 2 FLANE 3 L
I — ” ]
: [ : BANK 0
——+——-F—+ e e B et e p——
' ! M | BANK 1
| | I
—F—+——-F—4 -+ - —— —
' L M " AN,
I | [ BANK 2
I e e e e
| ] M ]
I N N D AR A
1 ' l LM W
| | !
64Kxd | 64Kx4  64Kxd | B4Kxa 64Kxd | 64Kx$ 63Kxd | 6aKxd

device | device |

M = Memory Maps in Plane 2. Each map corresponds to 8 Kbytes of memory.

Banks 0, 1, 2, 3 carrespond to 18 Kbytes of memory segments in each of the four planes.
Pfane O has Address data )

in the alphanumeric mode:

Piane 1 has Attribute data —
Plane 2 has Pixel (character) data .

Plane 3 not used

Figure 9. Enhanced Graphics Controller Memory Organization

[
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upper 8 K bytes of svery 16 K byte biock of
display memory in plane 2. Alogical 1 in any of
the bits 0 through 3 enables the CPL to write to
the corresponding memory planes 0 through 3.

These bits disable the corresponding RASO
through RASS signals durmg CPU memory
writes. When this register is loaded with OFH,

the CPU can perform a 32-bit write operation in

e Tt
one memory oycle. This substantially reduces

the overhead onthe CPU during display update
cycles in graphics modes,

When odd/even modes are selected (by clearing
hit 2 of tha Mamory Mode Benister nlanes 01

WILE U LOg Vit il y Vit NMivgiolon § phaiied W,

and planes 2,3 should have the same plane
mask value,

Character Map Select Register

This register is a 4-bit write-only register pointed
to when the contents of the Address Register
are 03H, This register only affects the B-

addressbus (slgnals BCAS, BAV14 and BAVi5).

|o7|os|ps|osjpa]oz| o1 {pa|

~)

CHARACTER MAP
SELECTB

CHARACTER MAP
SELECTA

S
\ NOT USED
!

Character Map Select B

D1-D0 select the map used 10 generate alpha
characters when attribute bit 3 is O (display
memory bit M1D3) according to the follawing
table:

D1 Do Map Selecied Table Location

0D a0 0 tst 8K of Plane 2 Bank 0
o 1 i ist 8K of Plane 2 Bank 1
1 0 2 1st 8K of Plane 2 Bank 2
11 3 1st 8K of Plana 2 Bank 3

Character Map Select A

D3-D2 select the map used to generate alpha-
numeric characters when aftribute bit3ts a1,
acecording to the following table:

D1 D2 Map Seletlion Tahle Locatlon
00 0 1st BK of Plane 2 Bank 0
D1 1 15t 8K of Plane 2 Bank 1
1 0 2 1st 8K of Plane 2 Bank 2
1 1 3 1st 8K of Plane 2 Bank 3

In alphanumeric modes, bit 3 of the attribute
byte (M1D3) normaily turns the foreground
intensity on or off. This bit may be redefinedto
be a switch between character sets. This func-
tion is enabled when there is a difference
between the values of Character Map Select A
and Character Map Select B bits. Whenever the
two values are ithe same, the character select
function is disabled. Memory Mode Register

bit 1=0 (indicating the presence of a full 256K

byte memory configuration) enablesthis func-
tion; otherwise bank 0 (indicating the presence
of aminimum 64K byte memary configuration)
is always selected. 256K bytes of memeory
support 4 character sets,

82C432A 34




L Rﬁ BfMfE. (B80T

Asynchronous Reset (Reset Register bit 0)
clears the Character Map Select Registerto 0.
This should only be done during a system
resat. .

Memory Mode Register

This register is a 3-bit write-only register pointed
o when the contents of the Address Register
are 04H.

Alphanumeric (DO)

DO0=0 indicates that a non-alphanumeric mode

is active. This forces BAV14 = AAV14 and
BAV15 = AAVI5.
|07 |06 {Ds{pa|ps |p2]o1]B0] )
ALPHA
EXTENDED MEMORY
ODLYEVEN
NOT USED

DO=1 indicates that the alpha mode Is active

~and enables the Character Map Select register

description.

Extended Memory (D1)

D1=0 indicates that 1 bank of 16Kx4 dynamic
RAMSs Is present (64K bytes of display memory).

AAV14, AAV15E, BAV14, BAV1S address bits are ~

" disabled. .

D1=1 indicates that 1 bank of 64Kx4 dynamic
RAMSs are present {256K bytes of display mem-
ory), and the high order address bils AAV14,
AAV15, BAV14 and BAV15 are enabled to the
CRT Controller.,

" Odd/Even (D2)

D2=0 directs even CPU addresses to access
maps ¢ and 2 (RAS0 and RASZ2 are enabied),
while odd CFU addresses access maps 1and 3
(RAST and RASS are enabled).

D2=1 causes CPU-addRasses to sequentially
dccess data within a bit map (aii 4 RAS 's:gnals
are enabled). -

The maps are actessed according to the value
in the Map Mask Register.

[>]
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82C432A Absolute Maximum Ratings

Parameter Symbol Min. Max. Units
Supply Voltage - Voo —_ - 70 v )
Input Voltage - Y 05 VpgtS V
Qutput Voltage Vg 05 = Vppts V
Cperating Temperature ] Top 28 85 G
Storage Temperature Tstg - -40 125 c

NOTE: Fermanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation
should he resiricted to the conditions described under Operating Conditions. .

820432 A Operating Conditions

Parameter Symbol Min. Max. Units
Supply Voltage Ve . 475 5.25 v
Ambient Temperature . Ta 0 70 _C

82C432A DC Characterisitcs

Parameter Symbol Min. Max. Units
Input Low Voltage Vi 0.8 v
Input High Voltage Vg 20 S v
Output Low Voltage ) ' )
IOL1 =2ma (Note 1)

los = 4mA (Note 2) - Vo 0.45 v

IOLS =8mA (N_ote 3)

Output High Voltage ’

]OH = {Note &) VDH 3.5 v
Input Low Current ' h_'_qn ) 210 .
0<Vin<Veg o ol 0 H0 HA
Qutput Short Circuit Current ’ -

VO=0V |os 20 mA
Power Supply Gurrent @ 8 MHz Clock e ) _ 20 ° mA
Qutput HI-Z Leak Current foz1 +10 Y

0.45 < Vgt < Voo (Note 5)
NOTES:

1. For AAV14, AAV1S, BAV14, BAVIS, MUX. RDY, CCLK, and CRT/GPU pins only.
2. For CRTL, GPUL, S/L, DOTCLK, and RAS0-RAS3 only, ACAS, BCAS, WE

3. For and CRDY only. ’ - o -

4. 1oy is equal to the corresponding 1y for the pin.

5, For CATL, loz; is £100uA.
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82C432A AC Characteristics
{Ta=0°C to 70°C, Vg = 5V & 5%)

n

8 Dots/Char 9 Dots/Char

Sym Description Min. Max. | Min. Max. | Units
1 CLKIN period 2 42 ns
A CLKIN Low time 19 19 ns
t1B GLKIN high time o 19 19 ns
t2 CLKIN to DOTCLK delay 6 40 6 40 | ns
13 S/L puise width t1-10  t1+10 | #1-10 t1+10 | ns
t4 DOTCLK edge to S/L hold time 6 8 _ ns
t5 CLKIN to CCLK delay 56 56 ns
6  CCLK hightime at1 at1+30 | 503 511430 | ns
t7__ GOLKlowtime 41-30  at1 41-30_ 4t1 ns
18 CLKIN to RASD-3 active deiay 76 76 ns
9 RASO-3width 41-10 411410 | 51110  5t1+10 | ns
t0  RAS0-3 to ACAS and BCAS delay C1511+6 151146 | ns
t11  ACAS and BCAS width 3.5t1-18 3.5t1-18 ns
112 RAS0-3 to MUX délay St1-10 L5t1+10| 511-10  .511+10 | ns
M3 MUX width 811-10  3t1+10 | 4t1-10  4t1+10 | ns
114 RAS0-3to CRTL delay 11420 11420 | ns
15 CRTL width 3t1-20 a1-20 77 | ng
116 RAS0-3 to CPUL delay 11+20 " 11420 | ns
117 CPUL width I o at1-10 4t1-10 " ns
115 GRI/GPU set-up time to RASG-3. 2t1-30 211-30 _ ns

118 CRT/CFU hold time to RAS0-3 4t1-14 ] 5t1-15 ns
120 .WE set-up time to RAS0-3. 0 | o } ns
t21 WE ‘hold time to RASD-3 611 - M ns
122 MEMR or MEMW delay fo GRDY 51 51 | ns
123 MEMR or MEMW delay to F{DIW . 58 58 ns
t24  ACAS and BCAS to CRDY delay 11 o ns
125 'ACAS and BCAS to RDY delay 14 14 ns
t26  IOW pulse width . | s0 50 ' ns
. t27 Drata set-up time to TOW 15 15 | ns
Data hold time from IOW 15 : ns
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8 Dots/Char.

cukin /—\__,r_
oareek N\___ /|

s
AsiL

CCLK

RA5G-2

ACAS.BCAE

X

T13- ]

# OMNLY FOR CAT READS

TS

|

9
g

L oNLY FOR MEMR

7 L

T16

~¥¢an ALL CPU OPERATIONS —MENR, FAEMW

CATERD :t
— T12

™

=- T2l g

82C432A
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9 Dots/Char.

SLKIN N\
voree N/ |

CCLK
RASE:Z B
ACAS, BTAS .
MUux X :
12 T3 !
TRTC } S OHLY FOR CRT READS
e T4} TS
THUL * F ONUY FOR TREMR
~——T15 l. 7 !
CAT/CPU _ A~ FOR ALL CPU OPERATIONS
e .1 MEMR, FEMW
I
WE p # oulx FoR
— {720 T2 ! MEMW
S -
30 82C4324
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mj'ijli -

f: -
55— A
T2 { L l——-— TRI-STATE
=y

RDY & CRDY TIMINGS
MERMA/MERMW )
CROY  TRI-STATE
—=\T22 |
ROV -
etz
ACAS, BCAS
T26
oW 3 =

i peer
Doz ‘17 _*

h DATA VALID - r
|

82CA4A32A
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82C433 Functional Description

The 82C433 Attributes Cantroller provides. a
paletie of 16 colors selectable from a possible
64, each one of which may be specified sepa-
rately. Six color outputs, Red (R), Green (G),
Blue (B), Secondary Red (RS), Secondary
Green/Intensity (GS/1} and Secondary Blue/
Monochrome {BS//} are avallable as outputs.
The 82C433 also controls blinking and under-
line operations. The Attributes controller takes
data from the display memory and formats it
for display on the screen. It also provides the
horizontal pixel parining capability in both
alphanumeric and all-poinis-addressable
modes. Figure 10 illustrates a functional dia-
gram of the chip. In the alphanumeric mode,
the ATRO-3 or the ATR4-7 inputs are selected
by the Condition Code inputs, GC0-CC7. (Mote
that in the Alphanumeric mode the ATRO-7
data is obtained directly from the display
memory.) The 4 attribute signals are then
decoded to select one of the 16 color palette
registers. The color palette, which consists of

Do.5
(BIDIRECIDNAL PINS-}
0, 34,5

3
ADDRESS REG
DoroLk o & PECODING
iOR, IOW
ST TIMING
= LOGIC

)
<-I<STATUS

16 registers, each 6-bit wide, can be loaded

“with any color combination. Thus it is possible

to dispiay the characters in any one of the 16

. colors out of a possible of 64 (B-bit wide
- registers). In the graphics mode the condition

code inputs have no affect on the ATRO-7
Inputs. Also, in the graphics mode, the ATR4-7
are don’t ¢care inputs. The ATR(-3 inputs are
obtained from the Graphics Controller and are
used to select one ofthe 16 colarregisters, This
determines the display color for each individual
pixel. Figures 11, 12 and 13 illustrate examples
of Cursor control, Alphanumeric data timings
and Graphics data timings.

An internal fiip-flop controls the selection of
the address and data registers. To select the
Address register, an lOR signal is used to clear
this flip-flop. After the Address Register has
been loaded by an [QW, this flip-flop toggles,
and the chip is ready to have a data register
(pointed to by the Address Register) loaded.
Every 10W input toggles this flip-flop.

MODE CONTROL REG -
corgorrlomE%aDE :
HIFT R
CCoz & LOGIC
(X
CLURSOR GURSOR BLINK
VRTC COUMTER
- ] e N
‘ 3
HoRIz PIXEL || LA] coLor PLANE | I ovERscan
A ATTRIBUTES PANNING REG —-E ENABLE REG REG
i LATCHES COLOR
ATRz4 z [—>] HORIZ PIXEL PALETTE PALETTE [ Surlt B>
(] PANMING REGS [
LOGIC iy ADDRESS F_— . N
ATRzo & LOGIC o] &DECODING = ] LOGIC E’SG'E
he G51
_ BS/V
DE -
BLANK =

Figure 10. 82C433 Functional Diagram
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BLANK k =
1 RASTER LINE
DE / AN
HIN N 7 \
{CRTC S1IGNAL) ¥
CURSOR / \ f \ / \ _
UNDERLINE CURSOR—| .
INDICATOR -
NORMAL CURSOR , UNDERLINE CURSOR -z
SIGNAL =
NGTES :

1. Te enable undertine cursor ATRy 5 = X009 X001 B
2. Color of cursor is setby ATRg
3. Polarity of HIN is set by HPOL in CRT Controller

Figure 11. Cursor Operation

DOTCLK

gt

CE®

@ ® S
N, 77, S 7/

VALID DATA

je——— T

ATRn
Cirg

s ) \/, T\,
.

(TO MONITORY} (FOR HPEL REG = D)

! 18-BIT CHAR |
1

{TO MONITOR) {FOR HRFEL REG = 3) W :

18-BIT CHAR

Figure 12, Alphanumetic Data Timings

®© 000000 TE O @i\/\/

aRes XA XEXC)

VALID
DATA

Eg?{;gn, BS/V } TO MONITOR

FIS.

-

(FOR HPEL REG = 0)

—| 4

{FOR HPEL REG = 3)

Figure 13. Graphics Data Timings
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The Gondition Code CCO-7 inputs select bet-
ween ATR0-3 and ATR4-7 inputs. ATRO-3 and
ATR4-7 control the foreground and background
on the display screen, respectively. When the
corresponding condition code is 1, ATRO-3 is
selected, while a logical 0 on the condition
code input will select ATR4A-7 as the attributes
inputs. Following is an example to illustrate
this selection:

CC7 cCé CCS CC4 CC3 CC2 ¢C1 CCco

Input 1 i 1 1 [ o 1 1
Attributes
selecled & b a L1 b b 2 -4

where a = ATRO-3 and b = ATR4-7,

Note that the Aftributes inputs are clocked in
on the dot clock and the Condition Code is
loaded into the chip by Select/Load input. .

Status Port

The 4-bit Status Port is accessed when the
Afiributes Controiler receives an IOR input
signal. Status data is output on the Data Bus as
shown below:

[o7]cs [osfnalos oz o1]oo)

DE {DISPLAY ENABLE)

} NOT USED

" WRTC (VERTICAL
RETRACE)

COLOR PALETTE
REGISTERS

] NOT USED

DE (D0)

D0 output is an active low Display Enable
signal, which is an inversion of the active high
Display Enabie cutput from the CRT Controller.

Register Redgister Pointer

MNumber Name Value in Hex

— Address Register — - -
_RO-RF Pailetie Registers G0-0F

A0 Mode Control Q0

RT1 Overscéan Golor 11

Ri2 Color Plane Enable 12

A1z ncﬁiﬁﬁiai Fixel _Panning 13

- DO-D4bits are used to point to the internal data

. o . —

VHTC (D3)’ o B
D3 output is an aclive hlgh vertical retrace
signal, which is functlonally the same as the
active high Vertical Retrace output from the
CHT Controller. [

Color Palette Registers (D4, D5)

* T
D4 and DS outputs are two of the six
t

outputs of the Palette registers to the
screen. There are 3 pairs of the two color
outputs, which are controlied by bits D4 and I

€5
Oc:’

D5 of the COLOR PLANE ENABLE register
which is described later.

82C433 Attributes Controller Register Summary

Attribute Address Regisier
| D?]}Jslusluqiuadrlﬁz—hi hﬁi o

|-

5-BIT ATTRIBUTE
ADDRESS

PALETTE ADDRESS

sndlere
Rt el

NOT USED

Thig is a 6-Bit write-only reglster.

registers in the Attribute Controller.

‘820433
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D5=0 allows the lpading of the Color Palette
registers.

D&=1 allows ngrmal operation by enabling
access 1o the Color Palette registers for CRT
read operatlons.

Palette Registers

These are 16 8-bit write-only registers pointed
to when the contents of the Address register
are OOH through OFH.

1570605 ps|p3fo2) o1} 20}

BLUE VIDEO

GREEN VIDEQ

RED VIDEO

— SECONDARY BLLUE/
MONG VIDEQ
SECONDARY GREEN/
INTENSITY

~ SECONDARY RED
VIDEQ

NOT USED

These 6-hit registers allow a dynamic mapping
between the text atiribute or graphic color
input and the display color an the CRT screén.
Thesix bits, D0-05 are gutputas B, G, R, BS/V,
GS/1, and RS, respectively. A logical 1 in a bit
selects the corresponding color for that bit
while a 0 de-selects it. The maximum number
of possible displayable colors is 64 for monitors
with & color Inputs. Monitors with 3 color
inputs aflow a maximum of 6 displayable colors,
while monitors which also have an intensity
inputallow a maximum of 16 displayable colors.

The Color Palette Register should be loaded
only during vertical retrace titne to avoid glitches
on the CAT monitor screen. ( An interrupt is
generated by the CRT Ceontroller to indicate
the end of the vertical Display Enable signal.)

Mode Control Register

This is a 4-bit write-only register pointed to
wben the contents of the Address Register are
10H.

DY|D6I05|D4|03 |D2101]00

RAPHICS/
L ALpHANDMERIC
MODE

b———— DISPLAY TYPE
ENABLE LINE

CHAHAC‘I'ER CODES

SELECT DACKGROUND
INTENSITY OR
ENABLE BLINK

NOT USED

Graphics/Alphanumeric Made (D)
D0=0 selects alphanurneric mode.
D0=1 selects graphics mode.

Monochrome/Color Display (D1)

D1=0 selects color display attributes.

D=1 selects IBM Monochrome display attri-
butes.

Enable Drive Graphics Character Codes (D2}
D2=0 makes the ninth dot the same as the
background. This will enable compatibility
with the IBM Manochrome display adapier,
which uses 9 dots per character.

D2=1 enables the special line graphics char-
acter codes for the IBM Monochrome Display
Adapter. When this bit is set, it forces the ninth
dot of a line graphics character to be identical
to the eighth dot of the character. The line
graphics character codes for the Monochrome
Display Adapter are COH through DFH. The
Line Graphics input LG from the CHT Controller
determines when a special line graphics char-
acter is to be displayed. The LG Is activated by
the CRT Controlier at this time. The Attributes
Controfler will monitor the LG input (if D2=1)
and when LG Is active, it will force the ninth dot
bit of a line graphics 1o he identical to the
eighth dot of the character.

Enable Blink/Select Background Intensity (D3)

D3=0 selects the background intensity for the
attribute input. This isrequired for Manochrome
and Color Graphics Adapter compatibility.

82C433
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CHIPS

D3=1 enables the blink attribute in alphanu-
meric and graphics modes. The blinking counter
oparates off the VRTC input. It divides the
VRTC input by 32. For Alphanumeric and
Giraphics modes,the blink is ON for 18 VRTC
ciocks and OFF for 16 VRTC clocks. fn the
Alphanumeric mode, blink is usually used in
Monochrome display modesonly. In thiscase, .
the blink affect displays the character for 16
frames and blanks the screen for 16 frames. In
the graphics mode, when the blink is activated,
the attributes bit ATR3 is inveried alternately,
thus allowing two different colors to be dis-
played for 16 CRT Controller clocks each.
When the CURSOR is displayed in the Alpha-
numeric mcde, the ‘characters’ are blinked at
the rate of 16 frames ON and 16 frames OFF.
The CURSOR, however, is blinked at a rate of
ON for 8 frames and OFF for 8 frames.

Cverscan Color Register

This is a 6-bit write-only register pointed to
when the content of the Address Register is
11H.

lb-rlnsIos[mlﬁslnglnﬂ-nﬂ- '
SELECTS BLUE
BORDER COLOR

SELECTS GREEN
BORDER COLOR

SELECTS RED

BORDER COLOR

SELECTS SECONDARY
- BLUE BORDER COLOR

SELEGTS INTENSIFIED

BORDER COLOR

REE BORDER C?_LOH

. NOT USED

This 6-bit register defines the overscan or
border color dispiayed on the CAT screen. For
monochrome displays, this register should be
cleared to logical 0. A logical 1 seiects the
corresponding color. The border color is dis-
played when both BLANK and DE (Display
Enable) input signals are inactive.

OR SECONDARY GREEN

SELECTS SECONDARY |

Color Ptane Enable Reglsier
This Is a 6-bit write only register pomted to
when the content of the Address Register is
12H. L - __

[n?]DsLos]oalnspzlmlnoj L .
EEAABLECDLOR

- ENABLE COLOR
PLANE 1

NABLE COLOR
L ELANE 2
_ ENABLE COLOR
PLANE 3

VIDED STATUS
Mux

_]NOT USED

Enable Color Plane (DO-DJy
Alogical 1in any of the bits DO-D3 enables the
respective display memory color plane 0-3,

... Display Status MUX (D4-D5)
- Bits D4 and D3 select wo of the six color

outputs to the CRT screen, which are 2 outputs
of the 4 status bits. The output color combina-
tions available on the status bits arelisted in the
following table:

Color Plane Attributes Controlter
Enable Register Slatus Register Qulputs
D5 D4 Bit5 Bit2
b Red . Blue

Secondary Blue Green
Secondary Red Secondary Green
Not Used Not Used

T i =
~ O = O

This capability can be uséd to run diagnostics
on the color subsystem card. e e e

Dd =1 w:ll alsa: .

— “Tri-state the color momtoroutputs R,G,B,
RS, GS/ and BS/V and,

—  Clear the cursor blink counter. D4 has to
be cleared to logical 0 for the cursor blink
counter o function. -

82C433
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Horizontal Pixel Panning Register

This is a 4-bit write-only register pointed to
when the content of the Address Register is
13H.

[or][oe]os|os]naln2]o1]oo)

HORIZONTAL PIXEL
FANNING BIT ¢
HORIZONTAL PIXEL
PANMING BIT 1
HORIZONTAL PIXEL
PANNING BIT 2
HORIZONTAL PIXEL
PANNING BIT 3

N

NOT USED

Bits DO-D3 select the number of picture ale-
ments (pels) 1o shift the display data hori-
zontally to the left. Pixel (Pel} panning is
available in both A/N (aiphanumeric) and APA
(all-points-addressable) modes. In fMono-
chrome A/N mode the output can be shifted a
maximum of 8 pels, whereas in all other modes
a maximum shift of 8 pels is possible. The start
address register specifies the byte of the upper
teft corner of the screen display, and the pixel
panning makes it possible to move itin portions
of a byte, pixel by pixel.

82C433
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820433 Abzolute Maximum Ratings

Parameter Symbol Min. Max. Units

Supply Voitage Veo — - 7.0 1

Input Voltage v, -05" V;;;p +5 V.

Output Voltage Vo 05 VpatS5 ¥ *
Operating Temperature Tuﬁh_ s T 8§ Ko

Storage Temperature T;tg 40 125 C T

NOTE: Permanént device daﬁage may occt-Jr-ifAbsolu:e-Mak'in":um ha_t_i_ngs are exceeded. Fu;k:‘t-i_onal opel;atton
should be restricted to the conditions described under Operating Conditions.

82C433 Operating Conditions

Parameter Symbol Min. Max. Units

Supply Voltage Vee 4.75 5.25 v

Amblent Temperature Ta 0 70 cC

82C433 DC Characteristics

Parameter Symbol Min. Max. Unils

Input Low Voitage Vi L 'S N

Input High Voltage Vig 2.0 v

Output Low Voltage )

loL=4mA (Note 1) Vou a5V

Output High Voltage o -
(Note 2) VoH 3.5 v |

Input Low Gurrent T . i oaa

0< Vg < Vee oo - T AR -
Output Shert Gircuit Gurrent N T =
V=0V los 20 mA

Power Supply Current @ 20 MHz Clock . lgg ST 20 T mA

Output HI-Z Leak Current 0.45 <Vour <Vee _ ozt T 10 pA

NOTES: ' S - T : ’
1. All outputs and bidirectionai pins. o

2. lgy is equal to the I for the pin.
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82C433 AC Characteristics

(Ta = 0°C to 70°C, Vg = BV =& 5%)

Sym  Description Min. Max. Units
11 Dot Clock period ‘ 42 — . ns
2 ATRO-3 set-up time to Dot Glock (for graphlcs data} 10 — ns.
t3 ATRO-3 hold time from Dot Clogk (for graphics data) — _ .ns
“@ ATRO-3 and CCO-7 set-up time 10 CRTL {alphanumeric data) — _ ns
5 ATR0-3 and GLCD-7 hald time from ‘CRTL {alphanumerlc data) 15 — ns
16 Dot Clock to R, G, B, RS, GS/I, ES/V délay . — 48 ns
17 iow pulse width - i B~ ns
18 1OW to data set-up time 15 =  ns
19 TOW 1o data hold time 15 _— ns
10 TOR puise width 100 — s
111 10R 1o data delay ) ... = 70 ns
112 TOR hoid time to data vaiia . 20, — _ ns
f22C433 48

! R LR ™

By

ey,




CHIFS

FOR GRAPHICS DATA (FROM B2C431)

DOTCLK L:;_J( \ / \_/ . S

DATA VALID
ATRO-3 |
Lo - ) -
T2 e : I - i
DOTCLK f

FOR ALPHANUMERIC DATA (FROM DISPLAY RAMS)
DATA VALID

ATRO-F -
CCoT -

L —"'IT‘4I-E L_ 7
CRTL

QUTPUT DATA (TO MONITOR)
DOTCLK F N\ / AY / _
T6 !

RS, 6512’365’15 X A

CPU WRITE
7
10 . ol A
-
DBy5 X VALIG DATA )
T10
oR X N a— o . - -

-—1’11———1 — T12 [— I

Do, 55 AvaLip patal
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CHIPS

82C434A Functional Description

The 82C434A CRT Controtler provides the syn-
chronization signals for the_display monitor.
The device contains various CPU accessible
I/ registers, that allow flexible configuration
options. These options include user configur-
able horizontal and vertical timings and polarity,
curser type and position, horizontal scan lines,
and several other display related character-
istics. The chip also provides split screen
capability, soft scrolling and a light pen inter-
face.

The highly programmable chip consists of 26
configurable registers. Out of the 26, 25 are
addrassed by activating the appropriate address
lings, while one is written to by activating the
MODEIOW input. Following is a detailed de-
scription of each one of these registers. Figure
13 illustrates a block diagram of the CRT
Controller.

82C434 CAT Controller Register Summary

Register Register Pointer
Number Name Value in Hex
-_— Address Register —
RO Horizontal Total 029]
R1 Horizontal Display End 01
A2 T Start Horizortal Blank 02
R3 End Horizontal Btank 03
R4 Sfart Hor. Retrace . a4
R5 End Hor. Retrace 0s
R& Vertical Total 08
R7 Qverflow _ 07
R38 Preset Row Scan 08
R9 Max Scan Line _ 09
RA Cursor Start - DA
RB Cursor End 0B
RC Start Address High i[e4
RD Start Address Low oo
RE Cursor Location High 0E
RF Gursor Lacation |_ow OF
R10 "Vertical Retrace Start 10
R10 Light Pen High 10
R11 Vertical Retrace End n
R11 Light Pen Low i
R12 Vertical Display End 12
R13 Offset 13
Ri4 Underline Locatlon 14
R15 Siart Vertical Blank 15
Ri6 End Vertical Blank 16
R17 Maode Control 17
R18 Line Compare 18
R{F%) 400 Line Register F9

Address Register

The Address register contains the pointer to
the 1/0 registers which can be written to in
subsequent writes by the CPU. The Address
register itself is selected by AO = 0. Data bus
bits D0-D4 contain the pornter to the /O
registers.

[o7[oefos]pelos]oz[o1]o0]

CRT CONTHOLI.ER
ADDRESS

NOT USED

Horizontal Total Register (R0}

The Horizontal Total register is a write-only
register. [t can be written into by setting the
pointer in the Address register to 00H, and
writing to the chip with A0 = 1. All the registers

- described in the following pages will be ad-
" dressed similarly. Any difference will be pointed
“out specifically. '

[p7|os]Ds |va|os|p2]o1fpo]

HORIZONTAL TOTAL

B2C434A
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The Horizontal Total register defines the total
number of charactersin a horizontal scan ling,
including the retrace time. Togsther with the
value in the Retrace timing registers R4 and RS,
the period of the retrace output signal is
determined by the value in this register. The
character clock input to the device is counted
by a character counter. The value of the char-
acter counteris compared with the value inthis
register to provide the herizontal timing. All
horizontal and vertical timings are based upon
the contents of this register.

The value in the register is equal to Total
number of characters less 2. .

Hortizontal Display Enable End Register (R1)

Write-only register.
Address register peinter: 0TH
AOD=1.

[or]oe]os]pajo2]p2]n1]00]

HORIZONTAL DISPLAY
ENABLE END

The Horizontal Display Enable End register
defines the number of characters to be dls-
played per horizontal line. The actual charac-
tare digplaved ner horizontal line is one less

than the contents of this register.

Start Horizontal Blanking Register (R2}
Write-only register.

Address register pointer: 02H

AQ=1.

|or]os[os[pa]oa |pzjo1]o0 |

STAH.'I’ HOHIZONTAL
BLANK

The contents of this register define the time
when the horizontal blanking will start. The
register is defined in terms of the number of
horizontal character clocks. The horizontal
blanking signal becomes active when the hort-
zontal character count is equal to the contents
ofthis register. The underline scan line decode
output is multiplexed on the cursor output
during the blanking period. The undertine
slgnal Is valid for one character count beyond
the end of blanking signal.

End Horizontal Blanking Register (R3)

Write-only register.
Address register pointer: 03H
A0=1,

Jo7]oé]os]|pajo3 {p2] D-l]Do!

END BLANKING

e —

I

} DISPLAY ENABLE

SKEW CONTHOL

NOT USED

82C434A
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The contents of this register define the time
when the horizontal blanking will terminate.
The reglster is defined in terms of the number
of horizontal character clocks. The underline
scan line decode output is multiplexed or the
cursoroutput during the blanking period. The
underline signal is valid for one character

..... amam ol dln o el e F Il bl ab el

LUU[II. I.H.‘-yUIlU l[IB e L2 el Ii\llll_._’ Siynial.
D0-D4 End Horizontal Blanking: The hori-
zomtal blanking signal width W is
determined by the followmg algo-
rithm:

Value in Start Blanking register +
Wwidth of Blanking signal W =
5-bit value to be programmed in
End Horizontal Blanking register.

The five [east significant bits af the
horizontal scan line register are com-
pared with the contents of thisregls-
ter. When a match occurs, the hori-
zontal blanking pulse becomes in-

~ia Airda i o Fiven i i
active. Note that the five bits of this

register limit the length of the blank-

ing pulse to be 31 character clocks.
P5-D&  Display Enable Skew Gontrol. Prior
to displaying data on the screen, the
CRT Controller has to access the
display buffer to obtain a character

to be displayed, access the attribute

code, access the character generator
font, and finally read the Pixel Pan-
ning register in the 82CA433 Atiributes
Gontroller. Each one of these ac-
cesses require the display enable
signal to be skewed by one character

clock to allow for synchronization
with tha harizeantal and vertical ra-

WL WD SONI0NS. @A Sy AL

trace pulses. The display enable skew
bits In thls register allow for this
skew. The skew can be programmed
from 0-3 character clocks as follows:

D6 D5 Skew in character clocks

0 o0 o0
0 1 1
1 0 2
1 1 3

[o7[os[os]pajos [o2]p1]pe]| '

Start Harizontal Retrace Pulse Register (R4)

Write-only register.
Address register pointer: 04H

A0 =1, ,

io7]os|os[ps Joa joz{p1]oo}
i

START HORIZONTAL
RETRACE PULSE

This register defines the character position at

“which the Herizontal Retrace Pulse becomes

active. It is used to center the monitor screen
horizontally. The value in the register is the
character count at which the Horizontal Retrace
Pulse becomes active.

End Horizontal Retrace Pulse Register (R5)
Write-only register.

Address reglster pointer: 05H

AD=1. -

END HOREZONTAL
RETRACE

HORIZONTAL
RETRACE DELAY

START ODD MEMORT
ADDRESS




Jreiaads e NINL GBI

The contents of the register define the charac-
ter count at which the Horizontal Retrace Pulse
bacomes inactive.

DO-D4  End Horizontal Retrace: The hori-
zontal retrace signal becomes inac-
tive after the character count be-

comes equal to the count in these

bits. The width W of the retrace
signal is determined by the following
algorithm:

Value in Start Retrace register +
Width of Retrace signal W in
character clocks =
5-bit result to be programmaed in
End Harizontai Retrace register.
The five least significant bits of the
horizontal scan line counter are com-
pared to the contents of this register.
When a match occurs, the horizontal
retrace pulse becomes inactive. Note
that the 5 bit register limits the length
of the retrace signal to 31 character
ciocks maximum.
D5-D6  Horizontal Retrace Delay: The skew
of the horizontal retrace signal is
controlled by these bits. In some
modes, it is necessary to provide a
horizontal retrace signal that takes
up the entire blanking period. The
horizontal retrace signal aiso triggers
some internal timings on the falling
edge ofthe signal. To ensure that the
signals ara latched properly, the re-
trace signal is started before the end
ofthe display enable signal. It Is then
skewed several character clock times
to provide the proper screen center-
ing. -

D7 Start Odd/Even Memory Address:
This bitdetermines the CRT memory
address after a horizontal retrace. B7
=0selects an even address, and D7 =
1 selects an odd address. In most
casesthis bitshould be set to 0. The
bit is useful in applications where
herizontal pixel panning is required,

AD=1. .

Vertical Total Register (R6)

Write-only register.
Address register pointer: 08H

|D7|Ds|D5|D4|i:>3102|u1|no|

VERTICAL TOTAL

The Vertical Total register contains the low
order 8 bits of a @ bit register. The ninth bit is
located inthe CRT Controller Querflow register.
The Vertical Total register defines the horizontal
raster scans on the CRT screen, including the

vertical retrace.

CRT Coniroller Overflow Register {(R7)

Write-only register.
Address register pointer: 07H

Ay = &

AU = L.

[o7[os{es|osajo3|p2]D1 ][00 ]

VERTICAL TOTAL
BiT 8

VERTICAL DISPLAY
ENABLE END BIT 8

VERTICAL RETRACE
STARTBIT 8

START VERTICAL
BLANK BT 8

LINE COMPARE BIT 8

NOT USED
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The CRT Controller Overflow register contains
the ninth bit (D8} of several other control
registers. This register is used in conjunction
with registers for which it stores the ninth bit.

Preset Row Scan Register (R8)

Write-only register.
Address register pointer: 08H

AD=1.

[o7]os] os|0a]palpz{o1]o0]
STARTING ROW
SCAN COUNT AFTER
AVERTICAL RETRACE
NOT USED

D0-D4 of the Preset Row Scan register spacify
the starting row scan count after a vertical
retrace. Each horizontal retrace increments
the horizontal row scan counter, The horizontal
row scan counter Is cleared at maximum row
scan count, which is programmed through
ragister RY. in the Hercules Graphics or CGA
compatible modes, this register can be used
for soft scralling by setting the register value
between 0 and 3. For example, by setting the
start scan row address to 1 instead of 0, the
next frame will start at address 1, which will
give the effect of shifting vertically by 1 row, or
vertical scrolling.

Maximum Scan Line Register (R9)

Writa-only register.
Address register polnter 0oH
AQ=1.

[o7]psfos]pa]p3]p2]p1]o0]

L

MAXIMUM SCAN LINE

NOT USED

The contents of the Maximum ScanLine regis-
ter specifies the number of scan lines per
character row minus one..

Cursor Start Register (RA) .
Wnt&on[y reglster C
Address regnster pointer: GAH
AQ =1,

[07]pe[o5]pa] o3 [p2f 1] 00|

ROW SCAM
CURSOR BEGINS

NOT USED

The Cursor Start register defines the row scan
of a character line where a cursor is to begin.
The value in the register Is one less than the _
starting cursor row scan. |

Cursor End Address (RB)
Write-only register.
Address reglster pointer: 0BH
A0 =1,

57
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[p7|pe|osfns]pafo2]o1]00]

AOW SCAN
CURSCR ENDS

CURSOR SKEW
CONTROL

NOT USED

The Cursor End register defines the row scan
of a character line where the cursor has fo end.
It also controls the cursor skew as described
below:

DO-D4  DO-D5 define the row scan where the
curser is to end.

D5-D6  The cursor skew is controlled by
these two bits. The bits control the
skew as follows:

D6 D5 Skew

0  One character skew

1 One character skew
o Two character skew

i Three character skew

The Cursor Start and End registers allow a
cursor to be up to 32 scan lines in height ba
placed on any scan line of the character block,
The values in the Start and End registors define
the height of the cursor,

Start Address High Register (RC)
Read/Write register.

Address reglster pointer: 0CH
AD=1.

[p7]oe]ps oe]os|o2]p1]pa]

| HIGH ORDER
START ADDRESS

The Start Address is a 16-bit value which
specifies first address after a vertical retrace at
which the display onthe screen begins on sach
screen refresh. This register containg 8 high
order bits of the address, while the Start
Address Low register specifies the other 8low
order bits.

Start Address Low Register (RD) .
Read/Write register.

Address register pointer: 0DH

AQ=1.,

|o7[os]osipefoz[oz] o1]o0]

LOW ORDER
STAHT ADDRESS

As explained above, the Start Address Low
register contains the 8 low order bits of the .
Start Address.

Cursor Location High Register (RE)

Read/Write register.

Address register pointer: 0EH

AD=1.

82C434A 58




[p7]p6{ns]| o402 |p2| D1]00]

HIGH ORDER

CURSOR LOCATION

The Cursor Location High register is a read/
write register. The address is a 16-bit value. The
8 high order bits are programmed in this
register. The other 8 low order bits are pro-
grammed in the Cursor Address Low register.
The 16 bit address defines the start address for
the cursor in the 64K bytes of display RAM
memory. Note that the 64K bytes correspond to
one plane in the display memory. This allows
hardware paging and scrolling through the
memory without loss of the original cursor
position.

Cursor Location Low Register (RF)

Read/Write register. .
Address register pointer: 0FH
AG="1.

Jor]os]psjos]oz[oz]o1]o0]

LOW ORDER
CURSOR LOCATION

In conjunction with the Cursor Location High
reglster, the Cursor Location Low register
defines_the low order 8 bits of the Cursor
location.

Vertical Retrace Start Register (R10)
Write-only register.

Address register pointer: 10H

AQ =1, .

[o7]os[os] 4 ]oa]ee[1]oe] -

" | LOW ORDER
VERTICAL RETRACE
PULSE

The Vertical Retrace Start register is 2 8-bit
address which defines the position of the
vertical retrace start signal in terms of the
number of horizontal scan linegs. The low order
8 bits are programmed through this register,
while the high order ninth bit is programrned
through ihe Overfiow register A7,

- Light Pen High Register {R10)

Read-only register.
Address reglster pointer; 10H
Ad=1. .

82C434A
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counter. When the four counter bits
are equal to the contenls in this
register, the vertical retrace is termi-
nated. The Width W of the vertical
retrace pulse can be determined from
the following algorithm:

' Value of Start Vertical Retrace

E?!‘?_‘?%?g‘?““ﬁss register + W=

SHMREER 4 bit value to be programmed into the _
End Vertical Retrace register. Nota
that the four least significant bits of
the algorithm resuit are to be pro-
grammed into this register. Thus the
maximum retrace pulse width can

only be 15 character clocks. .
The Light Pen High register contains the 8 high -

order bits of the memory address at which time D4 Clear Vertical Interrupt. This bit is
the light pen strobe signal was triggered. The used to clear the vertical interrupt
|
- |
[

[o7]oe]ps] s ]oa [ p2]o1]o0 ]

low order 8 bits are stored in the Light Pen Low generated on the CRTINT output of _
register (R11 read-only register). the CRT Controller. A lagical 0 will
clear the interrupt. The CRTINT out-
Vertical Retrace End Register (R11)  putTs tricstated when not active.
Write-only register.
Address register pointer: 11H . D5 A logical 0 will enable the vertical

Ald=1. interrupt of the GRT Gontroller.

3 Test: For normal operation this bit

(o7 {os]os[04]0302{01]00] must be set to logical 0.

| Light Pen Low Register (R11)
Eﬁ%‘l‘lm AETRACE

Read-only register.
Address register pointer: 11H
Ald=1.

0=CLEARY
INTERRUPT [o7[os[es]os[os [ozfot|pa

0=ENABLEVERTICAL
INTERRUPT

0 =NORMAL, 1 = TEST .

NOT USED

i j i W ORDER M
Vertlc:-ai Retrace End register performs multiple Lo OROERMEMORY .
functions, as described belaw:

P3-D0  Vertical Retrace End: The 4 bits speci-
fy the horizontal scan line count at
which the verticai retrace output pulse
becomes inactive. The four biis are
compared with the four least signifi-
cant bits of the horizontal scan line

82C434A 80 -
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The Light Pen Low register contains the low
order 8 bits of the'address at which the light
pen strobe was triggered.

Vertical Display Enable End Register (R12)

Wiite-only register.
Address register pointer: 12H
AD =1,

fo7 [os s[04 [D3 [p2 {01 [00]

" | LOW QRDER
VERTICAL DISPLAY
ENABLE END

The Vertical Display Enable End register defines

8 bit of the 9-bit address which specifies the
scan line position where the display on the

screen ends. The ninth bit is located in the

overflow register R7.

Ofiiset Register {R13)

Write-only register.
Address register pomter 13H
AQ =1,

lo7]pe[os|ealoa{o2{ot]oal

LOGICAL LINE WIDTH
OF THE SCREEN

The Offset register contents defing the loglcal
line width of the screen. The starting address of
the next character row is determined by the
value in the the QOffset register. -

Figure 15 jljustrates a functional diagram of
how the Offset register is used. The register

start address is sent to the memory address .. _
counter. When the memory address counter . .

chunts bytes, the next line address is the
current line start address + 2-Offset register
contents. This is illustrated in the figure by the

fact that the adder has one of the input port's __

least significant forced toalogical 0. When the

-memory address counter is counting words, .

the next line address Is the current line start
address + 4»Offset register contents. The byte
orword mode for the memaory address counter
is selected by the Mode Control register R17,
bit 8. The Start address High arid Low bytes in
the figure correspond to the first address after
a vertical retrace at which the display on the
screen begins. The multiplexer switches the

‘cantrol aver to the address sum nort after the

flrst_ line has been scanned.

START ADDRESS

START ADDRESS
HIGH BYTE YTE

MULTIPLEXER
STAAT ADDRESS
REGISTER
Do=Lsa=0 A
MEMORY
ADDRESS
COUNTER
rd

ADDER

Figure 15. Offset Register Operation

&1
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Underline Location Register (R14)

Write-only register.
Address register painter: 14H
AQ=1.

|o7]ps|os|pafos|pz]o1]ooj

HORIZONTAL ROW
SCAN WHERE
UNDERLINE WILL
OCCUR

— e m——"

NOT USED

The Underline Location register specifies the

horizontal row scan count at which the under- -

Tine will oceur. The value in the register is one
[ess than the desired scan |Ine number.

Start Vertical Blanking Register {R15)

Write-only register.
Address register pointer: 15H

START YERTICAL
BLANKING

The Start Vertical blanking register contain the
iow order 8 biis of the horizoniai scan iine
court at which the vertical blanking pulse
becomes active. The ninth bit is located in the
QOverflow register R7.

End Vertical Blanking Register (R16)

Write-only register.
Address register pointer: 16H

Alb=1,

[orlos]os[oa]os foz| o100
END VERTICAL
BLANKING
NOT USED

The Erid Vertical Blanking register specifies
the horizontal scan line count at which the
.vert:c'a[ blanking pulse becomes inactive. The

AT im
vertical blanking width W is determined from

the following algorithm: Value of Start Vertical
register + W = 5-bit value to be programmed
into the End Vertical Blanking register. The five
least significant bits of the algorithm result are
programmed into this register. When the five
least significant bits of the horizontal scan line
counter are equal to the value in this register,

Vertical Elank:ns ig terminated, Mote that the

maximum width of the vertical blankmg is
limited to 31 character clocks.

Made Control Reglster (R17)
Write-only register.

Address register pomter 17H
AO=1.

82C434A
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[o7]os[osloaloa]o=]p1]00]

CMS

SELECT ROW 5CAN
COUNTER

HORIZONTAL
RETRACE SELECT

COUNTBY TWO

OUTPUT CONTROL

ADDRESS WRAP

WORD/BYTE MODE

= - - HARDWARE RESET

Mode Control register is a multi-function regis-
ter, with each bit defining a different option.
Fallowing is a description of these bits:

Do

D1

D2

Compatibility Mode Support: This
bitallows compatibitity with the IBM
Color Graphics Adapter. When D0=0,
the row scan address bit 0 is substi-
tuted for memory address bit 13
during dctive display time. When
D0=1, no such substitution takes
place.

Select Row Scan Counter: This bit
alfows compatibility with the Hercules
graphics card and with any other 400
line graphics system.. D1=0 sefects
the row scan counter bit 1 on MA 14
output pin. DO=1 selects row scan
counter bit 14 on MAT4 output pin.

Horizontal Retrace Select: This bit
controlsthe vertical resolution capa-
bility of the CRT Controller. The
vertical counter has amaximum reso-
lution of 512 scan lines as defined by
the vertical Total register. If the verti-
cal retrace counter is clocked with
the horizontal retrace clock divided
by 2, then the vertical resclution is
doubled to 1024 horizontal scanlines.
D2=0 selects the horizontal retrace
clock, and D2=1 selects the horizon-
tal retrace clock divided by 2.

D4

pDs

De

" Colnt By Two: This bit selects the
" ¢character ¢clock as the clock input or

character clock divided by 2 as the
character clock. This bit defines
whether the contents of the Offset
register are a word or a double word
value. When D3=0, the memory ad-
dress counteris clocked by the char-

- acter clock input. When D3=1, the

merory address is clocked by the
character clock input divided by 2.
Thisbit is also used to create eithera
byte or word refresh address for the
display memory.

Qutput Control: D4 = 0 enables the
output drivers of the CRT Controller,
D4=1 will tri-state the following out-
puts of the ORT Controller: VRTC,
SYNC, BLANK, CURSOR, DE; MA14
and MA15, T

Address Wrap: This bit selects mem-
ory address counter bit MA13 or

-MA15. When a byte mode is selected

through D6 of this register, MAO
counter output appears on ihe MAD
output pin, When word modeis selec-
ted through D8 of this register, gither
MA13 or MA15 appears on the MAQ
output pin. MA13 or MA15 selection

- depends on the size of memory selec-

ted through the MEMOPT pin. When
the 64K byte option is configured,
MA13 is selected through D5=0. When
greater than 64K bytes is configured,
and D5 is set to logical 1then MA15
is selected to be an output on the
MAQ output pin. This bit is useful in
implementing the |BM Color Graphics
Adapter mode. o

. Word Mede or Byte Mode: When

06=0, Word Mode is selected. This
mode causeés the memory address
counter bits to shift down one bit,
and the most significant bit of the
counter anpears on the least signifi-

‘cantbitofthe memory address output,

D6=1 selects the Byte mode.

82C434A
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D7 Hardwars Reset: A logical zero
clears vertical and horizontal
retraces, A logical “1" enables the
vertical and horizontal retraces.

Internal Memory Address Counter
Wiring to the Qutput Multiplexer

Byte Address  Word Addréss

CRTC Qut Pin Mode Made

MAOQ MaA 0 | MA t5.0r MA 13
MA 1 MA 1 MAQ

MA 2 MA 2 MA 1

MA 3 Ma 3 MA 2

MA 14 MA 14 MA 13

MA 15

MA 15 MA 14
Line Compare Register (R18)
Write-only register. :
Address register pointer; 18H

A0=1.

|p7]o8]ps |Da o3 [p2 D1 jo0]

LINE COMPARE
TARGET

The Line Compare register is used to imple-
ment a split screen function. When the hori-
zontal scan counter value is equal to the
contents of this register, the memory address

generator is cleared to O, The linear address

generator then sequentiatly addresses the dis-
play buffer starting at address 0. Each subse-
quent row address is determined by the 16-hit

addition of the Start of Line Latch and the

Offset register contents. This feature aflows a
given area on the screen to be jmmune to
scrolling. The scrolling operation utilizes the
Start Address High and Low registers, and the

split screen screen capability wili allow seroli-
ing through some areas of the screen whila the
remaining screen remains immune to it.

460-L.ine Register (R F9)
Write-only register.
Address register pointer: OF9 H
Al =1

A EIED

1=DIVIDE
COUNTER BY 2

0=ROW COUNTER
AT NORMAL
FREQUENCY

1 = DIVIDE VERTICAL
COUNTER
CLOCK BY 2
—

0= VERTICAL
COUNTER CLOCK
AT NORMAL
FREQUENCY

MUST BE Q'

The 400-Line Register is added to the 82C34A
to allow the CRT Controller to be used with
400-Line monitors. The 400-Line Mode (200-
line double scan) can be selected by setting
D0 = 1 and D1 = 1. Note that the D1 = 1 will
divide the Vertical Counter Clock by 2, This is
in addition to the divide by 2 option selected
by Reglster R17, bit D2, Power-on reset will
clear the bits D0 and D1 to '0° in the R(FS)
register.

Mode Register

The Mode register is written to by activating
the MODEIOW input to the CRT Controtler.
The address inputs AD-A2 are don't care inputs
in this case.

|prioe |os{oafoz [p2]D1]D0 |

- . . [ NOTuseb

PG SELECT

HPOL

Vv POL

82C434A
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The Made register uses three most significant
bits D7-DS. These three blts perform the follow-
ing functions:

D5 " D5 is the least significant bit of the
display RAM address whentheinputs

SAM = MEMOPT = 0, and GHAIN"

input = 1. Sée Table 1 for more details

on this.

D& 06 selacts the polarity for the Hori-
zontal Sync pulse.

0 Positive horizonial sync pulse

—

Negative herizontal sync pulse

D7 D7 selects the polarity for the Verticaf
Syne pulse.

0 Positive vertical sync pulse

1 Negative vertical sync pulse .

As described in the preceeding text, the CRT
Controller pravides all the timing and control
signals for the display monitor. Figure 16 shows
a graphic illustration. of how the contents of
these registers control the display screen. The
herizontal blanking signal is controlled by the
contents of R2 and R3 registers. Similarly, the
contents of R15 and R16 determine the location
and length of the vertical blanking signal. The
screen blanking signal BLANK s alogical ‘OR
of H_.BLANK and V_BLANK signals The hori-

raree ey | e i o T P A mn

LUnial by'l T SLdlL VGGl Al WIUI.II are <on-

trailed by the contents of R4 and R5 registers,

while the vertical sync start location and width
are controlled by the R10 and R11 registers. RO

“controls the total number of characters in the .

horizontal scan interval, including the retrace
time. The total number of scan lines ow ane
raster are determined by ihe vertical total
register R6. R1 and R12 define the effective
display area on the screen by specifying the
horizontal and vertical display enable positions,
respectively.

Split Screen _

The CRT Controlleris also capable of displaying
split screens. Figure 76 also shows a split
screen display. The two screens, Screen 1and
Screen 2, are created by properly setting the

_ Memory Address registers (RC and RD) and

the Line Coripare régister (R18). The RC and
RD register contents specify the memory ad-
dress for the first pixel to be displayed on the
active screen. Thus Screen 1 in figure 16 start -
address is determined by the contents of the
registers RG and RD. Split saréens are created
with the use of Line Compara régister R18. The
internal start ofthe scan line counteris cleared
when the vertical counter reaches the value
equal to the contents of R18. Thus Screen 2in
figure 16 starts at address location 0000H. The
linear address gerierator addresses the display
buffer sequentially starting at Q000H. Each
subsequent row address is determined by the
Offset register contents as described earlier
under register description.

SAM CHAIN MEMOPT LSB Comment

0 0 0 A

0 0 1 AQ R T

0 1 0 PGSEL  PGSEL’is D5 of data loaded by MODEIOW
0 1 1 Al4 ] e

0 0 0 AD ]

1 0 1 A0 o — ~

1 1 0 A6 B . e :_
1 1 1 AD ;

Table 1. LSB Address Select $cheme

2]
4]

Nl
an

434A




S N

HirS

START LOCATION REGISTER EEZIREZ g £
(RC+ RD) E g
ol T ES o
SCREEN 1 ]
0
(R18) ADDRESS pa sk - §§.
AREA EH
LINE COMPARE E3
FOR SPLIT SCREEN SCREEN 2 o
l R12
R15
R10
—— i -
R1G
RE
H-BLANK I I Ri: HORIZONTAL TOTAL
R: HORIZONTAL DISPLAY END
AZ START HORIZONTAL BLANK
| A% END HORIZONTAL BLANK
H-SYNC R& START HORIZONTAL RETRACE
RS: END HORIZONTAL RETRACE
Do SrT ADDRESS HIGH
8T
e — | I R

:  STAAT ADDRESS LOW

R10: VERTICAL RETRACE START
R1:: VERTICAL RETRACE END
R1Z2 VERTICAL DISPLAY END
R15: START VERVICAL B!

Ri&: END VERTICAL BLANK

R18: LINE COMPARE

Figure 16. 82C434A Display Timing Sequence

START ADDRESS LOCATION (RC + RD}

RA = R8 «— PRESET SCAN ROW
-— (RA = RB)
pr—
— . MA:IMUM SCAN LINE
— - ROW =
0 mn NEXT SCAN LINE

—

————

MA, = MAp.q + 2% R13

RA
R8

SCAN LINE ADDRESS

PRESET ROW SCAN
R9 MAXIMUM SCAN LINE
R13=

MAr= MEMOR"! ADI%FIC.;ESS FOR nth

CHARACTE!

Figure 17. Soft Scroll Using the CRT Controller

RA = R{@A)

RA = R(0B]

1UNDERLIHE

R{0A) = CURSOR START REGISTER
R(9B) = CURSOR END REGISTER
RA = SCANLINE REGISTER

Figure 18. CRT Controlier Cursor Control

82C434A 66
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Soft Scroll

The CRT Controller offers soft scroiling capa-
bility by presetting a value in the Preset Scan
Register, R8. Figure 17 shows a typical example
of how this can be achieved. As described
earlier in the graphics display mode, the start
address registers RC and RD define the address
of thefirst pixel that is displayed on the screen.
[n the alphanumeric mode, the start address is
the address of the first character which will be
displayed in the first row. The Preset Scan Row
register defines the starting row scan at which
the display is actually started. The start address
is latched by the CRT Controller during the
vertical retrace period. The Preset Scan register
is also Joaded into the row scan counter during

the same period. By updaiing the Start Address

registers and the Preset Scan register, a smooth
vertical scrolitng effect can be created at a
desired scroll rate, Note that the Preset Scan
register should be set to zero for graphics
modes. inthis case the vertical serolling canbe
controlled by updating the Start Address regis-
ters only. Figure 17 also illustrates how subse-

quent addresses are computed for a given_'

raster scan.

Cursor Control

The height of the CURSOR is programmable
through registers RA and RB. The _mémary
address of the CURSOR is programmable

through registers RE and RF. Figure 18 shows ™

how the CUASOR height is controlled by
setting the horizontal scan line equal to the

- contents of RA and then RB registers. In the

same way, the underline ss also controlled by

- ~setting the se¢a line counter one less than the

cohtents of the Ufiderline register Ri4.

L LTI,

Vertical Interrupt’ ’ -
The 82C434A CRT Controller generates an
interrupt at the end of a vertical display. The
- Vertical Display End controls the time when
the interrupt becomes active. The interrupt
can be used by the CPU to update the En-
hanced Graphics CHIPSet during the vertical
blanking interval. The intérrupt output CRTINT
is tri-stated when interrupt is in-active.
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82C434A Absolute Maximum Ratings

Parameter Symbol Min.  Max.  Units '
Supply Voltage _ Voo — 70 X . N
input Voltage _ v -05 Vpp+.5 V o
Output Voltage o ) B Vg . .. =0.5 Vpp+s5 v )
Operating Temperature S Top -5 85, c . ;
Storage Temperature . _ Tsig T -4D 125 Cc - -,
NOTE: Permanent device damage may oceur if Absolute Maximum Batings are exceaded. Functional operation

should be restricted to the conditions described under Qperating Conditions.

82C434A Operating Conditions

Parameter Symbol Min. Max. Units

Supply Voltage L Nee . - 475 525 v -

Ambient Temperature ; - Ta 2 70 _ _C .. -
82C434A DC Characterisiics

Parameter Symbol Min. Max. Units i .
Input Low Voltage Ve .. 08 v
Input High Voltage (Note 1) _ Wiy 20 v - s
Quiput Low Voltage :
lo1=2mA (Note 2)

log a=4mA (Nofe 3) VoL 0.45 v

loLs=8MA (Note 4) = ) s e T : R

Output High Voltage s T4

low= (Note 5) N ' i Von 38 -V -
Input Low Current

0<Vpy<Vge e ¥ Wl_g_.: ‘ 0 A ]

Qutput Short Circuit Current :
V=0V o los 2o mA 5
Power Supply Current @ 4 MHz Clock lee - _ 20 mA

Output HI-Z Leak Cutl'rent 0.45 <VDUT <Vee lozd 5 i'[p- e 7;).rA )

NOTES:

1. The following inputs require Vi1 = 3.0V (min.} DO-D7. BAV14-15, AAVI4-15, MUX, CHAIN, GRAPHICS,
CRT/CPU, CLOCK, CRTL. All other inputs require Vi = 2.0 V {min.). . - -
Faor VRTC, SYNC CURSOR and DE only.
For CRTINT, BLANK, and VIN only, . -
All other outputs and bidiractional pins, | —_
Iy for the pin equal to |y for that pin.

ENAEY
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82C434A AC Characteristics
(Ta = 0°C to 70°C, Ve = BV £ 5%)

Sym Description

Min. Max. Units ~

ti MODO-DOD7 set-up to CRT Latch (CRTL) goinghigh ~ 7757 — "~ ns

t2 “MADO-DODT hold time after CRT Latch (CRTL) goeshigh™ "25 — s T
3 ODO-DOD7 setup to Line Graphics (LG delay . — 8 ns T
t4 CRT Latch {CRTL) low period o T R

t5 CPU addresses to RAM addresses delay B Y ns

16 MUX to RAM address delay R

17 Address A to transistion to TOW low delay e e A ns

18 iOW going high to address AO transition i T L

o Data set- -up time to TOW or MODEIOW high ™~~~ 40 e

t10 Data hold after IOW or MODEIOW go mgn T T25 — ns

1 TOW low pericd 77 7 i Co14b = ns

ti2 MODEIOW low period ' : TEST T A0 TS T fig

t13  1ORactivetodatavalid T * 4 40 ns

4 TOR in-active to data bus tri-state 2 30 s '

115 Clock low period ‘140 — s

t16 Clock high pericd , - h , 110 — ' ns

17 ﬁgcgugugrt}'od"ggﬁNK,'Hi'N, DE, SYNC and CURSOR - —2 o ‘6‘0' 'n:s— -

t18 Clock low to CURSOR for underline delay e

t19 Clock low to VIN and VRTC delay ) ns

120 . - ‘ns

Clock high to RAM address delay

&9 82C434A
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MaDG,
MoD? 4 X -
T4
CRTL X 4 r—
TZ
= L %
I " —

CPU ADDRESS
AD-A14, A16 *__

RAM ADDRESS - ‘
AADT *
BAGT
—;[Ts - - - -

i
18

T

I

=)
H
Aoy

DDy 'y __*

) T2 ———
MODE 10W - r

Do-57 -
~T16
CLOGK 7
F20
AAG-T
BAD-T

BLANK [T — I
HIN ]

e =
—— T12
CURSCR I
-—-*ns——-l
VIN Y
VRTC
82C434A 70




s L

CHiFo

40-Pin Plastic Dual-In-Line Package

UNIT (mm)

15.24 i 0.25

S.OMAX

05015

I
Lo~

1.4 015

32 MiN

. 68-Pin Plastic Leaded Chip Carrier

~O
~@

5.0 MAX o . UNIT (rm)

nnnﬂnnnninnnnnnnn

uuuuuuuuTuuuuuuuu

i

! 24.2 1+ 0.2 . l

251 + 0.2
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Ordering Information

. Order Number :g::z:ge Type g:te;azting Range
psac4st =~ ' PLCC6E . TG S
P82C432A ' " PDIP-40 . c -
F82C432A - PFP-44 . C o
FB2G4325 PFP-44 ¢ - ]
P82C433 . " PDIP~40 c - '
F82C433 "~ PFP-44 c - )
| P82C434A . _  PLCC-84 c -

NOTE 1: PLGC-84 Plastic Lead Ghip Carrier in 84 pins . o oL
PDIP-40 Plastic Dual-in-Line In 40 pins . LT
PFP-44 Plastic Flat Pack in 44 pins

NOTE 2: Commercial range, 0-70° C, +5% Supply Voltage

NOTE 2: CHIPSet ordering should be done as follows:
€88240 = P82C431 + P82C432A + P82CA33 + P82C434A
CS8240A = P82C431 + FB2C432A + F82C433 + PE2CA34A
C58240B = P82C431 + F82G432B + F82C433 + P82C434A
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CANADA
DISTRIBUTORS

Electro Source, Inc.
Gateway Business Park
300 March Road

Suite 205

Kanata, Ontario
Canada K2K 2E2
Phone: 613-552-3214

Electro Source, Inc.
230 Galaxy Blvd.
Suite 303

Rexdale, Ontario
Canada MawW 5R8
Phone: 416-675-4490

Electro Source, Inc.
6600 TransCanada Hwy.
Suits 420

Pointe Ctaire, Quebec
Canada H9R 452
Phone: 514-630-7846

{TT Rae Electronics

300 North Riverfmede Road
Concord [Toronto) Ontario
Canada L4K 274

Phone: 416-736-1144

Valtrie Marketing Inc.
910 Rowndtree Dairy Road
Unit 12

Waodbridge, Ontario
Canada L4148

Phone: 416-851-0355

U.S. DISTRIBUTORS

ALABAMA

Hammond Electronics, Inc.
4411 B, Evangsl Circle NW
Huntsville, AL 35816

Phone: 205-830-4764

Quality Components
4900 University Square
Suite 20

Huntsville, AL 35816
Phone: 205-830-1881

ARIZONA
Anthem/Lionex

1727 East Wabber Drive
Tempe, AZ 85281
Phone: 602-966-6600

CALIFORNIA
Anthem/Lionex
20640 Bahama Street
Chatsworth, CA 91311
Phone; 818-700-1000 .

CALIFORNIA {con’t)
Anthem/Lionex

One Qldfield Drive
Jrvine, CA 92718-2808
Phone: 714-768-4444

Anthem/Lionex

4700 Northgate Boulevard
Sacramento, CA 95834
Phone: 916-922-6800
Anthem/Lionex

9369 Carroll Park Drive
San Diego, CA 92121
Photte: 619-453-9005
Anthem/Lionex

1040 East Brokaw

San .osa, CA 95131
Phone: 408-295-4200
BELL MiCROPRODUCTS INC.
550 Sycamore Drive
Milpitas, CA 95035
Phone: 408-434-1150
BEL.L MICROPRODUCTS INC.
18350 Mt Langley
Fountain Valley, CA 92078
Phone; 714-963-0667
Fry's

541 Lakeside Dr.
Sunnyvale, CA 94086
Phone; 408-733-1770
COLORADO
Anthem/Lionex

373 invemness Dr. South
Englewond, CO 80112
Phone: 303-790-4500
CONNECTICUT
Anthem/Lionex

170 Research Parkway
Meriden, CT 06450

"~ Phone: 203-237-2282

FLORIDA

Hammond Electronics, Inc.
6600 N.W. 21stAvenue-BayD
Ft Lauderdale, FL 33309
Phone: 305-973-7103
Hammond Electronics, Inc.
1230 West Cenfral Blvd.
Orlando, FL 32805

Phone: {407) 849-68060

Quality Components
Florida
Phone: 800-241-0037

GEORGIA

Hammond Electronics, Inc.
5680 Oakbrook Parkway
Morcross, GA 30093

Phone: 404-449-1996

Quatity Components
6145-B Northbett Parkway
Norcross, GA 20071
Phone: 404-449-9508

ILLINOIS

Anthem/Lionex

180 Crossen

Elk Grove Village, IL 66007
Phone: 312-640-6066

MASSACHUSETTS
Anthem/Lionex '
36 Jonspin Road
Wilmington, MA 01887
Phone: 617-657-5170

MARYLAND
Anthem/Lionex

9020A Mendenhall Court
Columbia, MD 21045
Phone: 301-964-6640

MINNESOTA
Anthem/Lionex

10025 Vailey View Rd. #160
Eden Praltle, MN 55344
Phone: 612-944-5454

NORTH CAROLINA
Hammond Electrenics, Inc.
2923 Paclfic Avenue
Greensboro, NG 27420
Phone: 919-275-6351

Quality Components
3029-105 Stoneybrook Dr.
Raleigh, NC 27604
Phone: 919-B76-7767

NEW JERSEY
Anthem/Lionex

311 Route 46 West
Fairfield, NJ 07006
Phane: 201-227-7960
NEW YORK
Anthem/Lionex

400 Oser Avenue
Hauppauge, NY 11788
Phone: 516-273-1660
OKEAHOMA

Quality Components
3158 S. 108th East Ave.
Suite 274

Tulsa, OK 741486
Phone: 918-664-8812
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OREGON

Anthem/Lionex

9705 SW Sunshine Ct. #300
Beaverton, OR 97005
Phone: 503-643-1114
PENNSYLVANIA
Anthem/Lionex

101 Rock Road

Horsham, PA 19044

Prpp s e

Phone: 215-443-5150
SOUTH CAROLINA

Hammond Electronics, Inc.

1035 Lowndes Mill Road
Greenville, 5C 29602
Phone; 803-232-0872

TEXAS

Quality Components
4257 Kellway Circle
Addison, TX 75001
Phone: 214-733-4300

Quality Components
2120-M West Braker Lane
Austin, TX 78758

Phone; 512-835-0220

Durality Oammamanbe
ALY WPV D

1005 industrial Boulevard
Sugar Land, TX 77478
Phaone: 713-240-2255

UTAH
Anthem/Lionex
1279 West 2200 South

Suite A
Qalt | aka I""lhr UT 84119

AT TR ALY [a L g N

Phone: 801 -973-85 55

WASHINGTON
Anthem/Lionex

5020 148th Avenue N.E.
Redmond, WA 98052
Phone: 206-881-0850

S. AMERICA
DISTRIBUTORS

MEXICO
Sonika Ermita
1039-10

Col. Chapalita
Guadalajara, Jal.
Mexico 45000

Phana- 011 59 28 A7 42 B0
T IR, W Wik WY T T WL

Fax: 011 5236 47 34 33

FAR EAST
DISTRIBUTORS

American MITAC
Corporation

3385 Viso Court -
Santa Clara, CA 95054
USA.

Phone: 408-988-0258 "
Telex: 9103382201 MECTEL
Fax: 408-980-9742 '

AUSTRALIA

R&D Electronics

4 Florence Street
Burwood, Victoria
Australia 3125

Phone: 61-3-288 Bg11
Fax: 61 3-28891 68

HONG KONG

Wong’s Kong King Lid.
8/F, Sime Darby Ind. Centre
420 Kwun Tang Road

Kwun Tong, Kowloon Hong Keng -

Phone: B52 3-450121
Telex: 36810 WKKL HX
Fax: 852 3-7551128

Technology Research Co.
4/F, Block C, Watson's Estate
North Point, Hong Kong
Phone: 011852 5-8073323
Telex: 80554 TRC HX

Fax: 862 58073031~

INDIA

Qilinan Flantranine
SCUN SIRCIDhHICS

3350 Scott Blvd. #1201
Santa Clara, CA 95054
US.A.

Phona: 408-688-4408

" ISRAEL

Hitek Lid.
5 Haarad St.

TEL-AVIV ISRAFEL

LSV LY ,y O UL,

Phone: 972 03/472005
Telex: 922371984HTKI
Fax: 972 3-483074

JAPAN
ASCII COl‘pO ration
SAT-l Bldg., 3F

2-20-4, Minami Aoyamo
Minato-les

L= th g 8 ]

Tokyo 107 Japan
Phone; 03-473-0486
Telex: J28764ASCIH
Fasx: 03-740-0522

FAR EAST DIST. (cont'd)
KOREA

Chips and Technoiogies, Inc.
27th Fl., Korea World Trade Cir..

158, Samisung-Dong,
Kangnam-Ku

Seoul, Korea 135-728

Phone: 0118225512723

Fax: 0118225512723

Kortronies Enterprises

Room 202 Seojung Bidg.

830-24 Yoksam-Dong,
Kangnam-Ku

Seoul, Korea

" Phone: {02} 562-9055-7

Fax: 82 2 675-0514

SINGAPORE
Chartered Telmos
Design PTE Lid.
249 Jalan Boonlay
Singapore 261
Phone: 656607359
Fax: 652614913

TAIWAN, R.O.C.

Chips & Technologies, Inc.
Room A, 8th Floor :
887 Ming Sheng East Road
Taipei, Taiwan, R.O.C.

Phone: 011 886 2 717-5595 .
Fax: 011 886 2 717-5646

Union Technology Corp.
3rd Floor

585 Ming Sheng East Rd.
Taipei, Talwan, RO.C, .
Phane: BBE-2-5018170
Fax: 886-2-5056609

EUROPEAN

_ DISTRIBUTORS

BELGIUM
Auriema Belgium S.A./N.V.
Rue Brogniezstraat 172-A

~ B-1070 Bruxe!les
- Belgium

Phone: (02) 523-62-95

. Telex: 21648

Fax: (02) 520-14-57.

FINLAND
QY Fintronic AB
Melkonkatu 24A

SE-00210

Haleinlyd Einlond
¥V BBy | HIAINd

Phone: 358 06926022

Telex: 857124224 FTRON SF
Fax: 358 0 674886 - -
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EUROPEAN DIST. (cont’d)

FRANCE

A2M

6. Av. du General De Gaulle
78150 Le Chesnay

France

Phone: 33 30.54.91.13
Telex 842698376 F

Laz O
Fax: 331 35.54.30.61

GERMANY

Rein Elektronik GmbH
Loetscher Weg 66
Postfach 5160

D-4054 Nettetal 1

West Germany

Phone: 49 (02153) 733-

Tal .
Telew: 841854203B REN O

{or 8542518 REIN D)
Fax: 43 02153-733110

ITALY

Maxel S.r.l.

Via C. Frova 34

20092 Clnisello Balsamo (M)

ltaly
Phana: 20 021 §1 29052

IS, OF v VDo

Telex: 352045 MQXMI |
Fax: 39 (02) 61.72.582

NETHERLANDS

Aurlema Nedetland B.V.
Doornakkersweg 26

5642 MP Eindhoven
Netherlands o
Phone: 31 (0) 40-8165652
Telex: 84451592 L -
Fax: 31 (0) 40-811815

SPAIN

Compania Electronica de
Tacnicas Aplicadas, S.A.
(Comeilta) (Main Branch}

Emilio Munoz, num. 41
Mave 1-1 -2

a1

28037 Madrid, Spain
Phone: 34-1-754-3001
Tolex: 83142007 CETA E
Fax: 34-1-754-2151

Compania Electronica de
Tecnicas Aplicadas, S.A.
(Comelta)

Pedro IV, num. 84-5

planta

0B00S Barcelona, Spain
Phone: 34-3-300-7712
Telex: 83151934 CETA E

SWEDEN (Nordic Countries)

Nordisk Elekironik A.B.
(Main Branch}
Torshamnsgatan 39, 7th Floor
Box 36 $-164 63 Kista
Sweden

Phone: 46 08 703 46 47

Fax: 46 08 703 98 45

Telex: 85410547 NORTRON S

ISISA, OIS WI5T

Nordisk Eletronik A/S
PO.Box 123
Smedsvingen 4

1364 Hvalsiad

Norway

Phone: 47 02 84 62 10

Fa: 47 02 84 65 45
Taloy: BRA77546 NENASN

Nordisk Elektronik A/S
Transformerve] 17
DK-2730 Herlev
Denmark

Telex: 85535200 NORDEL DK

Phone: 45-284-20-00
Fax45-2-92-15-52

SWITZERLAND
DataComp
Sibernstrasse 10
CH-9853 Dietikon
Switzetland
Phone: 41 01 740 51 40
Telex: 827750 DACO

- Fae 41 1-7413423

UNITED KINGDOM
Katakana Limited ~
Manhattan House
Bridge Road
Maidenhead, Berkshire
SL68DB

United Kingdom
Phone: Maldenhead 44
{0628) 75641

Telex: 846775 KATKAN G

Fax: 44 (0628) 782812
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CANADA SALES
REPRESENTATIVES

Electro Source, Inc.
Gateway Business Park
300 March Road

Suite 205 '
Kanata, Ontario
Canada K2K 2E2
Phone: 613-592-3214

Electro Source, Inc.
230 Galaxy Blvd,
Suite 303

Rexdale, Ontarfo
Canada MOW 5R8
Phone: 416-675-4490

Electro Source, Inc.

6600 TransCanada Hwy.
Suite 420

Pointe Claire, Quebec
Canada H9R 482
Phone: 514-630-7846

ITT Rae Electronics
300 North Rivermede Road

Concord { (Tarontd) Ontarin

LU TR A el

Canada L=1-K 274

Phone: 416-851-0355
Valtrie Marketing Inc.
910 Rowndtree Dairy Road
Unit 12

Woodbridge, Ontario

Canada L4L48
Phnnp 416-851-0355

U.S. SALES
REPRESENTATIVES
ALABAMA

‘The Novus Group, Inc.
2805 Westcorp Blvd.
Suite 120

Huntswiiie, AL 35805
Phone: 205-534-0044

ARIZONA

Aztech Component Sales, Inc.

15230 N. 75th Street
Suite 1031

Scottsdale, AZ 85260
Phone: {602) 991-8300 ~

CALIFORNIA

Chips & Technologies, Inc.
18201 Von Karman Ave.
Suite 310 ’
Irvine, CA 92715

.Phone: 714-852-8721

Chips & Technologies, Inc.
2055 Gateway Place

Suite 220

San Jose, CA 95110

Phone: 408-437-8877

_Magna Sales

3333 Bowers Avenue
Suite 251

Santa Clara, CA 95054
Phone: 408-727-8753

§.C. Cubed

468 Pennsfield Place

Suite 101A

Thousand Oaks, CA 91360

- 7Phone: 805-496-7307
S.C. Cubed

17862 17th St East Building
Sulite 207

Tustin, CA 92680

Phone: 714-731-9208

COLORADO

Wescom Marketing, Inc.
4851 Independence Street
Sute 15 7

Wheat Ridge, CO 80033

-Phone: 303-422-8957

FLORIDA
Dyne-A-Mark Corporation

500 E. Semoran Blvd. Ste. 15A

Casselberry, FL 32707
Phone: 407-831-2822

Dyne-A-Mark Corporation

573 South Duncan Avenue
Clearwater, FL 33518

e 010

Phone: 813-441-4702

Dyne-A-Mark Corporation
1001 Northwest 62nd Sirest
Suite 708

~ Ft. Lauderdale, FL 33309

Phone: 305-771-6501

GEORGIA

Chips & Technologies, Inc.
3103 Medlock Bridge Rd.
Suite B -

Norcross, GA 30071

Phone: 404-662-5287

The Novus Group, Inc. .
6115A Oakbrook Parkway
Norcross, GA 30003

. Phone: 404-263-0320
ILLINOIS

Chips & Technologies, Inc.
450 E. Devon' Ave,

“Suite 280

Rasca, IL 50143

Phone: 312-250-0075

Migro-Tex, Inc.,

2400 West Central Road
Hoffman Estates, [L 60196
Phone: 312-382- 3001

INDIANA

Giesting & Associates
101 East Carmel Drive
Suite 210

Carmel, IN 46032

" Phone: 317-844-5222

Giesting & Associates
1246 Sowles Bay Road
RR#2 Box 505 .
Angola, IN 46703

Phone: 219-833-1960

- MACQAMUlICETTS

MAJDAWw VIR 1O

Chips & Technologies, Inc.

One Wall Street

Burlington Office Park
Burlington, MA 01803
Phone: 617-273-3500

Miil-Bern Associates, Inc.
2 Mack Road

Webkarm RMA N4 a0

GIOOUI, ViR JToUT

Fhone; 617-932-3311 )

Y



HE T ]

MICHIGAN

Giesting & Associates
5654 Wendzal Drive
Coloma, M| 49038
Phone: 616-468-4200

Glesting & Assoclates
34441 Eight Mile Road
Suite 113

Livonia, MIE 48152
Phone: 313-478-8106

MINNESOTA

High Technology Sales
Assoc.

11415 Valley View Road
Eden Prairie, MN 55344

Phone: 612-844-7274

NEW JERSEY

T.A.L

12 South Blackhorse Fike

Bellmawr, NJ 08031

Phone: NJ: 609-933-2600
PA: 215-627-6615

NEW YORK

ERA, Incorporated

351 Veterans Memorial Hwy.

Commack, NY 11725
Phone: 516-543-0510

NORTH CAROLINA
The Novus Group, Inc.
5337 Trestlewood Lane
Raleigh, NC 27610
Phone: 913-833-7771

QHIO

Giesting & Associates
2854 Blue Rock Road
P.O. Box 39398
Cincinnati, OH 45239
Phone; 513-385-1105

Giesting & Associates
26250 Euclid Avenue
Suite 521

Cleveland, OH 44132
Phone: 216-261-9705

OREGON

L-Squared Limited

15234 NW Greenbrier Plwy.
Beaverton, OR 97006 )
Phone: 503-629-8555
PENNSYLVANIA

Chips & Technologies, Inc.
18 Sertry Park Wast
Bluebell, PA 19422

Phone: 215-540-2214
Giesting & Associates

471 Walnut Street
Pittsburgh, PA 15228
Phone: 412-9683-5832

TEXAS

OM Sales

13915 Burnet Road
Suite 301

Austin, TX 78728
Phone: 512-388-1151

Chips & Technologies, Inc¢.
14114 Dallas Parkway

Suite 530

Daltas, TX 75240

_ Phone: 214-702-9855 -

OM Sales

10800 Richmond Avenug
Suite 115

Houston, TX 77042
Phone: 713-789-4426
OM Sales

2323 N. Central Expwy.
Suite 150

Richardson, TX 75080

- Phone: 214-690-6746

UTAH

Wescom Marketing, fnc.
3499 8. Main, Suite 5
Salt Lake Clty, UT 84115
Phone: 801-269-0419

WASHINGTON
L-Squared Limited
105 Central Way
Suite 203

Kirkland, WA 98033
Phone: 206-827-8555

WISCONSIN
Micro-Tex, Inc.
22660 Broadway’
Suite 3B

Waukesha, Wi 53186
Phone: 414-542-5352

FOR ADDITIONAL TECHNICAL LITERATURE WRITE TO:
CHIPS AND TECHNOLOGIES, INC.

ATTN: LITERATURE DISTRIBEUTION

318 FIRST STREET
LIVERPOOL, NY 13088

or call:
1-800-323-4477







CHIPS

Chips and Technologies, Incorporated
3050 Zanker Road, San Jose, CA 95134 408-434-0600 Telex 272929 CHIP UR

IBM, AT, XT, PS/2 Micro Channel, Personal Systern/2, Enhanced Graphics Adaptar, Color Graphics Adapter,
I1BM Color Display, IBM Monochrome Display are trademarks of International Business Machines.

Intel, FAPX 386 are frademarks of Intel Corporation.

Motorola is & trademark of Motarola,

Hercules Graphics Is a trademark of Hercules Computar Technalogy.

Lotus is a trademark of Lotus Corporation.

Microsoft is a frademark of Microsoft

CHIPSet™, CHIPSpak, CHIPSport, CHIPSLINK, NEAT, LeAP are frademarks of Chips and Technokgies, Ine.

Copyright 1988 Chips and Technolagies, Inc.

NOTICE

These data sheets are provided for the geaeral information of the customer. Chips and Technologies, Inc.
raserves the right to modify these parameters as necessary and customer should ensure that it has the most
recent revision of the data sheet The customer should be on notice that the fleld of persanal computers is the
subject of many patents heid by different parties. Custorners should ansure that they take appropriate action so
that their use of the product does not infringe any patents. [t Is the policy of Chips and Technologles, Inc. to
respect the valid patent rights of third parties and not to infringe or assist others to infringe such rights.




