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Graphics Controller

B Fully Compatible with IBM™ VGA at hardware,

Small, low-cost package: 144-pin flat pack
register, and BIOS level

|
M Supports 8 and 16 bit CPU interface
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|

B Dual Bus Architecture, Integrated Interface to
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. . . colors
B Single Chip Solution
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B Highly integrated design resulting in lower chip board design can use both parts
count. Total of 15 chips required for a VGA
implementation including memory B Full complement of applications software drivers

available from Chips and Technologies
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Introduction

Introduction

The 82C451 is a VGA™ controller of the CHIPS
45x product family. It is fully 100% compatible to
IBM™'s VGA standard at the Gate, hardware,
register, and BIOS level. It also offers enhanced
backward compatibility; to EGAT™, CGAT™,
Hercules™ and MDA™ standards without using
NMIs.

The 82C451 VGA supports up to 800x600 16 colors
resolution and 132 Column Text Mode.

EXTENSION REGISTERS

The capabilities of the 82C451 beyond the standard
VGA are controlled via a set of 'extension’ registers.
All functionality of these extension registers is
disabled on reset. Before the extension registers can
be written to, they must be enabled by two sets of
control bits (disabled on reset). None of the unused
bits in the regular VGA registers are used for exten-
sions.

CPU INTERFACE

The 82C451 provides a strap option to select
operation in either EISA/ISA (PC/AT) bus or MCA
(Micro Channel) bus systems. All control signals

for both interface types are integrated onto the single
VGA chip.

The 82C451 supports both 8-bit and 16-bit CPU

interfaces to I/O, display memory, and/or BIOS
ROM.

BIOS ROM INTERFACE

In EISA/ISA (PC/AT) Bus systems, the 82C451
supports an 8-bit BIOS with one external BIOS
ROM chip. The ROM address is internally decoded
and the transceivers are enabled directly by the
82C451. The 82C451 implements a ROM chip
select (ROMCS/) pin to enable the ROM.

A 16-bit BIOS ROM could be implemented with the
82C451 using two BIOS ROM chips, an external
PAL, and a 74LS244 buffer. However, a higher-
performance and lower-cost video system will result
from implementation of an 8-bit BIOS ROM which
is copied into system RAM by the system BIOS on
startup.

For motherboard EISA/ISA-bus implementations,
the video BIOS may alternately be incorporated
directly into the system BIOS. In Micro Channel-
based systems, the video BIOS is always included in
the system BIOS.

CONFIGURATION SWITCHES

The 82C451 supports up to 7 external DIP switches.
These switches are multiplexed on input pins BHE/,
RFSH/ (EISA/ISA) or DISA/ (MCA), AEN
(EISA/ISA) or MIO/ (MCA), A16, A17, Al8, and
ADDHI. Two buffers (LS244s) are required to
support this feature. The DIP switch state is read into
an internal CPU accessible register when the
command strobe (IORD/ or CMDY) is low.

MULTIPLE VGAs

It is possible to support up to sixteen 82C451s in
one system. Each 82C451 must have a unique
number assigned to it through the above mentioned
DIP switches. All 82C451s occupy the same
memory and I/O address space. However, only one
82C451 responds to CPU accesses at a time. The
currently active 82C451 is selected by writing an ID
number for that 82C451 into the internal Extended
Enable Register for all 82C451s. Only the 82C451
which has the same number on its DIP switches will
respond to further CPU accesses.

DISPLAY MEMORY INTERFACE

The 82C451 supports up to 256 Kbytes of display
memory using 8 64kx4 DRAM chips. DRAMs are
organized as 4 planes. Each plane is 64K bytes and
is implemented using 2 64kx4 chips.

Implementing an 82C451 Video Subsystem with
256K Bytes results in a cost-efficient system which
can support all VGA-standard modes as well as
800x600 mode and 132 Column Text Mode.

CLOCK SELECTION

The 82C451 provides separate inputs for dotclock
selections 0, 1, and 2 (called CLKO, CLKI1, and
CLK2) which are normally selected by Misc Output
Register bits 2 and 3. By default, CLKO and CLK1
are inputs which must be connected to 25.175 MHz
and 28.322 MHz for implementation of standard
VGA capabilities. A 40MHz clock can be connected
to CLK2 to support 800x600 and 132 Column Text
modes. MCLK in 82C451 is used for internal I/O
sequencing. 28.322 MHz clock can be connected to
MCLK. DRAM timings are generated by the display
clock being used. The 82C451 internally selects
between these inputs and no additional circuitry is
required.

Revision 2.1
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Introduction

GENERAL PURPOSE OUTPUTS

The 82C451 supports two general purpose output
pins. In the 82C451, the TRAP/ and ERMENY/, pins
can be defined to serve the respective functions or
can individually be 3-stated, forced low or forced
high through the General Purpose Output registers.
The 82C451 general purpose outputs are defined
further in following sections.

FEATURE CONTROL BITS

As in IBM's VGA, the 82C451 provides 2 inputs
and outputs for the feature connector. The contents
of bits 0 and 1 of the Feature Control Register are
output on the FCOUT(0/ and FCOUT1/ pins. The
state of input pins FCINO and FCIN1 can be read by
the CPU at bits 5 and 6 of the Input Status Register
0.

EXTERNAL COLOR PALETTE

The 82C451 supports the programming of an
external color palette DAC (RAMDACT™) by
decoding the CPU addresses and generating the
READ and WRITE signals for the external palette.

Inmos™,  Brooktree™-style RAMDACs or
compatible RAM DACs may be used. The 82C451
normally decodes 3C6-3C9 port addresses for the
RAMDAC, but may be configured to additionally
decode 83C6-83C9 port addresses for the Brooktree
RAMDAC extension registers.

Normally, each RAMDAC analog output provides 6-
bit resolution (64 shades of color on each of the
analog R, G, and B outputs). If 8-bit-per-color
mode is desired for the DAC (e.g., if using Inmos
IMSG178 or Brooktree BT478 RAMDACSs which
provide 256 shades of color on each RGB output),
the DAC 6/8-bit mode pin may be controlled via
logic external to the 82C451.

PACKAGE

The 82C451 is available in a 144-pin plastic flat pack
(PFP). Complete descriptions of all 82C451 pins
are included in this document. The pins are
separated into the following logical groups for
discussion: Bus Interface, Display memory, Video,
Clock, Power, and Ground.

82C451 Pin Usage Summary

Bus Interface: 40
Display Memory: 54

Video: 19
Clock: 4
Power: 8
Ground: 12
No Connect __ 7
Total: 144

Revision 2.1

Preliminary 82C451
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Introduction

VIDEO SUBSYSTEM CHIP COUNT

Using the 82C451, a complete VGA-compatible 16-
bit video subsystem for motherboard applications
can be built with 15 ICs, including display memory,
as shown in the following bill of materials table:

Chip type

82C451 VGA Chip

BTA475 or BT477 RAMDAC
741.8245 Transceiver
741.S244 Buffer

74L.S125 Buffer

64Kx4

Total

Additional components required are 25.175, 28.322,
and 40.000 MHz oscillators, 15-pin  video
connector, and various resistors and capacitors.

For add-in EISA/ISA-bus boards, two additional
27256 (32Kx8) BIOS ROM:s and two LS244 buffers
are required.

If Inmos RAMDACS or Brooktree 471/476 RAM-
DAC:s are used, then an additional LM339 compara-
tor, LM334 Current reference, and 1N4148 diode
are required (the BT475 and BT477 RAMDACs
shown in the bill of materials table above incorporate
the comparator and reference functions on-chip).
The RAMDAC speed requirements should be com-
patible with the highest dotclock frequency used.

Dol
U,loo»—tow—-—-tg

To implement digital monitor support, the additional
components required would be a 16.257 MHz oscil-
lator, 6-position dipswitch, two TTL multiplexer
ICs, and a 9-pin connector.

Revision 2.1
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Pinouts
82C451 PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description
41 ADDHI (SW5) In High  Multiplexed memory address enable and auxiliary data
bus. High order memory address enable (decoded A19-
A23) when ADREN/ is low. This bit is read into bit 4
of the Internal Switch Register (XR01) when the Switch
Register is accessed by the CPU and ADREN/ is high.
Address latched internally. Defines the current memory
address as a valid address for 82C451. Ignored for I/O
cycles.
42 Al8 (SW3) In High  Multiplexed upper address and auxiliary data bus. High
43 Al17 (SW2) In High  order address when ADRENY/ is low. These bits are read
44 Al6 (SW1) In High into bits 0-2 of the Internal Switch Register (XR01)
when the Switch Register is accessed by the CPU and
ADREN/ is high. In the MCA bus, address and status
are latched internally on the leading edge of CMDY.
46 ADI15 170 High  System upper multiplexed address and data bus.
47 AD14 170 High  Address when ADREN/ is low and data when ADREN/
48 AD13 170 High is high. In the MCA bus, the address is latched inter-
49 ADI2 Vo High  nally on the leading edge of CMD/.
50 ADI11 o High
51 ADI10 IO High
52 AD9 /0 High
53 AD8 I’0 High
56 AD7 /0 High  System lower multiplexed address and data bus.
57 AD6 1[0 High  Address when ADREN/ is low and data when ADREN/
58 ADS /o High is high. In the MCA bus, address is latched internally
59 AD4 1’0 High  on the leading edge of CMDY/.
60 AD3 110) High
61 AD2 I/0 High
62 AD1 I/0 High
63 ADO /O High
67 ADREN/ Out Low  Controls multiplexing of external address/data
multiplexers. O=Enable address, 1=Enable Data.
64 RDHI/ Out Low  Data transceiver direction controls. Control direction of
65 RDLO/ Out Low  external data transceivers for the AD bus. 0: read from
82C451, 1: write to 82C451. Enable for the transceiver
is externally generated by inverting ADRENY.
72 BHE/ (SW4) In Low  Multiplexed Byte High Enable and auxiliary data bit.

BHE/ when ADREN/ is low. BHE/ low indicates that
the high order byte at the current word address is being
accessed. This bit is read into bit 3 of Internal Switch
Register (XR01) when the Switch register is accessed
by the CPU and CMD/ (or I/O or memory strobe) is
low. Status latched internally on falling edge of CMD/
(or I/O or memory strobe).

Note: Pin names in brackets [...] indicate MCA bus functionality if different from EISA/ISA (PC/AT) bus

Revision 2.1
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Pinouts

82C451 PIN DESCRIPTIONS

System Bus Interface

Pin #

Pin Name

Type

Active

Description

114

RESET

In

High

Reset. Connect directly to the bus reset signal.

68

IORD/

[CMD/]

In

Low

In EISA/ISA interface, indicates /O Read Cycle. In
MCA interface, indicates beginning of a command part
of a bus cycle. Driven off CMD/ on MCA, VGACMD/
on CHIPS/250.

79

IOWR/

[SETUP/]

In

Low

In EISA/ISA interface, indicates I/O Write Cycle. In
MCA interface, indicates that the configuration register
at 100-107 should be enabled. All other memory and
I/O functions are disabled.

70

[S1/]

In

Low

In EISA/ISA interface, indicates Memory Read cycle.
In MCA interface, indicates Status 1.

69

MEMW/

(S0

In

Low

In EISA/ISA interface, indicates Memory Write cycle.
In MCA interface, indicates Status 0.

Si/ So/ Operation
Undefined

Read
Write
Undefined

——oo|
—_0O O

71

AEN

[MIO/] (SW6)

In

Both

In EISA/ISA interface, defines valid /O address: 0 =
valid /O address, 1 = Invalid I/O address (latched inter-
nally). In MCA interface, indicates memory or /O
cycle: 1 =memory, 0=1/0. Latched internally. When
ADREN/ is high, this bit is read into bit 5 of the Internal
Switch register (XRO1) when the Switch register is
accessed by the CPU.

80

RFSH/

[ISA/] (SW7)

Low

This low pin is an active low signal which disables
memory and I/O cycles in both PC and MCA systems
(when this pin is low, display memory and I/O registers
are not accessible). In PC bus systems, this pin is
connected to the bus refresh pin (low indicates a
memory refresh cycle to which the 82C451 should not
respond). In MCA systems, this pin is connected to the
VGA DISABLE/ signal). When ADREN/ is high, this
bit is read into bit 6 of Internal Switch Register (XR01)
when the Switch Register is accessed by the CPU.

82

PTMC

[MCA/]

In

Both

Indicates the type of CPU interface: 0 = MCA, 1 =
EISA/ISA (PC).

Note: Pin names in brackets [...] indicate MCA bus functionality if different from EISA/ISA (PC/AT) bus.

Revision 2.1
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kn ' r: ® Pinouts

82C451 PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description
74 RDY Out High  Ready. Driven low to indicate that current cycle should

be extended with wait states. Driven high at end of
cycle to indicate 'ready’ then 3-stated.

113 IRQ [IRQ/] Out Both  Frame Interrupt Output. Interrupt polarity is program-
mable. Set when interrupt on VSYNC is enabled.
Cleared by reprogramming register 11h in the CRT
Controller. (EISA/ISA-Bus interrupts are active high,

MCA bus interrupts are active low). See also XR14 bit-
7.

78 IOCS16/ [VGAREQ/] Out Low In PC-Bus interface systems, this output is an active
low signal indicating a valid 16-bit I/O cycle. In MCA
interface systems, this output is an active low signal
indicating that a FAST cycle can be executed (this can
be disabled through a register).

77 MENI16/ [DS16/] Out Low Indicates 16-bit memory cycle in PC-Bus interface
systems. Indicates 16-bit memory and I/O cycles in
MCA interface systems. In PC Bus interface systems
this signal is a DC level which is low when 16-bit
interface is enabled and high when 16-bit interface is
disabled.

75 WR46E8/ [CSFB/] Out Low  In PC-BUS interface systems, active low for I/O writes

to port 46E8h. In MCA Interface systems, indicates
any valid access to 82C451.

112 TRAP/ (GPOUT1) Out Low Indicates trap condition requiring special CPU assis-
tance. Can be redefined as a general purpose output
pin.

100 PALRD/ Out Low  Connected to the Read input of the Palette DAC (G176,
BT471, or compatible). Asserted when the 82C451 is
enabled and an I/O Read occurs from addresses 3C6h,
3C8h, or 3C%h (or 83C6h-83COh if enabled). (The
82C451 responds directly for accesses to 3C7h).

99 PALWR/ Out Low  Connected to the Write input of the Palette DAC (G176,
BT471, or compatible). Asserted when the 82C451 is
enabled and an I/O Write occurs to addresses 3C6-3C%h
(or 83C6h-83C9% if enabled).

76 ROMCS/ [POSID/] Out Low Indicates access to ROM space in PC-Bus interface

systems. Indicates access to POS ID registers (address
100, 101, and SETUP/ low) in MCA interface systems.

Note: Pin names in brackets [...] indicate MCA bus functionality if different from EISA/ISA (PC/AT) bus.

Revision 2.1 11 Preliminary 82C451
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82C451 PIN DESCRIPTIONS Display Memory Interface
Pin# Pin Name Type Active Description
36 Reserved - - (AAS8 82C452 Super-VGA)
34 AA7 Out High DRAM address bus for planes 0-1.
29 AA6 Out  High
25 AAS Out High
21 AA4 Out  High
13 AA3 Out  High
8 AA2 Out  High
4 AAl Out High
143 AAO Out  High
38 Reserved - - (BAS in 82C452 Super-VGA)
32 BA7 Out High DRAM address bus for planes 2-3.
27 BA6 Out  High
23 BAS Out  High
15 BA4 Out High
i1 BA3 Out  High
6 BA2 Out  High
2 BAl Out High
141 BAO Out  High
139  WE/ Out Low  Write enable for all memory banks/planes
20 RAS/ Out Low  Row address strobe for memory bank 0
17 Reserved - - (RAS2/in 82C452 Super-VGA
134 CASU/ Out Low  Column address strobes for memory planes 0-3.
135 CASV/ Out Low
136  CAS%/ Out Low
137  CAS3/ Out Low
140 ERMEN/ (GPOUTO) Out Low Indicates CRT memory cycle (High) or CPU memory
cycle (low). Can be redefined as a general purpose
output pin.
Revision 2.1 12 Preliminary 82C451
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82C451 PIN DESCRIPTIONS

Pinouts

Display Memory Interface

Pin# Pin Name Type Active Description

33 MOD7 /0 High DRAM address bus for planes 0
28  MOD6 /O High

24 MODS5 IO High

16  MOD4 /0 High

12 MO0OD3 I’0 High

7 MO0D2 /O High

3 MOD1 /0 High
142 MODO o High

35 M1D7 /0 High DRAM data bus for plane 1
31 MiD6 /o High

26  MIDS /O High

22 MID4 /0 High

14  MID3 I/0 High

10 MiID2 I/0 High

5 MID1 /O High
144  MIDO I/0 High
132 M2D7 1/0 High
130 M2D6 1/0 High DRAM data bus for plane 2
128 M2D5 /0 High
124  M2D4 /o High
122 M2D3 /o High
120 M2D2 17/0) High
118 M2D1 /0 High
115 M2DO /O High
133 M3D7 7/0) High DRAM data bus for plane 3
131 M3D6 Vo High
129  M3D5 Vo High
125 M3D4 17/0) High
123 M3D3 11/0) High
121  M3D2 I/O High
119 M3Dl1 I/O High
116 M3DO I/O High

Revision 2.1 13 Preliminary 82C451
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82C451 PIN DESCRIPTIONS

Pinouts

Video Interface

Pin# Pin Name Type Active Description

95 P7 Out High  8-bit video pixel output

94 P6 Out High

93 P5 Out  High

89 P4 Out  High

88 P3 Out  High

87 P2 Out High

86 Pl Out  High

85 PO Out  High

92 PCLK Out High  Video Pixel Clock. Video data is synchronized to this
clock.

96 BLANK/ (DE) Out Both  Blanking signal (active low) for external palette DAC.
May be redefined under software control as active high
DE (Display Enable).

97 HSYNC Out Both  Horizontal and vertical sync signals for the CRT

98 VSYNC Out Both  (polarity is programmable).

110 Reserved - - These pins should be pulled high through 10K

111 Reserved - - resistors.

108  SENSE In High  Input pin normally used for reading monitor sense.
Normally connected to the outputs of an LM339 com-
parator on the analog RGB outputs. The state of this
pin may read as bit-4 of Input Status Register O (port
3C2h).

84 Reserved - - These pins should be left unconnected.

83 Reserved - -

Revision 2.1 14 Preliminary 82C451
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Pinouts

82C451 PIN DESCRIPTIONS

Clock, Power, and Ground

Pin# Pin Name Type Active Description

39 FCINO In High  These two pins may be read as bits 5 (FCINO) and 6

40 FCIN1 In High  (FCINI) of Input Status Register O (port 3C2h).

106  FCOUTY/ Out Low  These two pins indicate the inverse of bits 0 and 1 of the

107  FCOUTI/ Out Low  Feature Control Register (which may be written at port
3BA/3DAh and read at 3CAh).

105 CLKO In High  CLKO, CLKI, and CLK2 are 3 clock inputs. One of

104 CLKI In High  the three is selected as the input dotclock per Miscella-

103 CLK2 In High  neous Output Register (3C2h) bits 2 and 3.

101 MCLK In High  Memory Clock. Used for internal I/O Sequencing. This
clock should not be more than 30 MHz. In 82C452 this
clock is used for generating memory timings.

1 VCC VCC -- Power
18 vCC VCC --

37 vCcC VCC --

54 VCC VCC --

73 VCC VCC --

90 VCC VCC --

109 VCC VCC --

126 VCC VCC --

9 GND GND -- Ground
19 GND GND --

30 GND GND --

45 GND GND --

55 GND GND --

66 GND GND --

81 GND GND --

91 GND GND --

102 GND GND --

117 GND GND --

127 GND GND --

133 GND GND --
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Register Summary

| 82C451 REGISTER SUMMARY - CGA, MDA, AND HERCULES MODES

Register

Register Name Bits Access VO Port - MGA VO Port - CGA Comment
STAT Display Status 7 R 3BA 3DA
CLPEN Clear Light Pen Flip Flop 0 w 3BB (ignored) 3DB (ignored) no light pen
SLPEN Set Light Pen Flip Flop 0 w 3B9 (ignored) 3DC (ignored) no light pen
MODE CGA/MDA/Hercules Mode Control 7 RW 3B8 3D8
COLOR CGA Color Select 6 RW n/a 3D9
CONFIG Hercules Configuration 2 w 3BF n/a

R 3B6-3B7index 14 n/a XR14

RX, RO-11 '6845' Registers 0-8 RW 3B4-3B5 3D4-3D5
XRX, XR0O-7F Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 if port 103 bit-7=1

[ 82C451 REGISTER SUMMARY - EGA MODE

Register Register Name Bits Access I/O Port - Mono /O Port - Color Comment
MISC Miscellaneous Qutput 7 w 3C2 3C2

FC Feature Control 3 W 3BA 3DA

FEAT Feature Read (Input Status 0) 4 R 3C2 3C2

STAT Display Status (Input Status 1) 7 R 3BA 3DA

CLPEN Clear Light Pen Flip Flop 0 w 3BB (ignored) 3DB (ignored) no light pen
SLPEN Set Light Pen Flip Flop 0 w 3BC (ignored) 3DC (ignored) no light pen
SRX, SR0-4 Sequencer 0-8 RW 3C4-3C5 3C4-3C5

CRX, CR0-18 CRT Controller 0-8 RW 3B4-3B5 3D4-3D5

GRX, GR0O-8  Graphics Controller 0-8 RW 3CE-3CF 3CE-3CF

ARX, ARO-13  Attributes Controller 0-8 RW 3C0-3Cl1 3C0-3C1

XRX, XRO-7F Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 if port 103 bit-7=1

L82C451 REGISTER SUMMARY - VGA MODE

Register Register Name Bits  Access 1O Port - Mono 1/O Port - Color Reg Type Comment
POSIDL POSID LSB 8 R 100 (Setup Only) 100 (Setup Only) VGA External
POSIDH POS ID MSB 8 R 101 (Setup Only) 101 (Setup Only) VGA External
SLEEP Video Subsystem Sleep Control 1 RW 102 (Setup Only) 102 (Setup Only) VGA
XENA Extended Enable 7 RW 103 (Setup Only) 103 (Setup Only) VGA
GLOBID Global ID (0A5h) 8 R 104 (Setup Only) 104 (Setup Only) VGA
MISC Miscellaneous Output 7 A 3C2 3C2 VGA
R 3CC 3CcC VGA
FC Feature Control 3 w 3BA 3DA VGA
R 3CA 3CA VGA
FEAT Feature Read (Input Status 0) 4 R 3C2 3C2 VGA
STAT Display Status (Input Status 1) 6 R 3BA 3DA VGA
CLPEN Clear Light Pen Flip Flop 0 W 3BB (ignored) 3DB (ignored) n/a no Ipen
SLPEN Set Light Pen Flip Flop 0 W 3BC (ignored) 3DC (ignored) n/a no lpen
VSE Video Subsystem Enable 1 RW 3C3if MCA 3C3if MCA  Motherboard
46E8 Setup / Disable Control 2 W 46E8if EISA/ISA 46ES if EISA/ISA VGA
DACMASK Color Palette Pixel Mask 8 RW 3C6, 83C6 3C6, 83C6 DAC
DACSTATE Color Palette State 2 R 3C7, 83C7 3C7, 83C7 VGA
DACRX Color Palette Read-Mode Index 8 w 3C7, 83C7 3C7, 83C7 DAC
DACWX Color Palette Write-Mode Index 8 RW 3C8, 83C8 3C8, 83C8 DAC
DACDATA Color Palette Registers 0-FF 3x6or3x8 RW 3C9, 83C9 3C9, 83C9 DAC
SRX, SR0-7 Sequencer 0-8 RW 3C4-3Cs 3C4-3C5 VGA
CRX, CR0O-3F CRT Controller 0-8 RW 3B4-3B5 3D4-3D5 VGA
GRX, GRO-8 Graphics Controller 0-8 RW 3CE-3CF 3CE-3CF VGA
ARX, AR0-14  Attributes Controller 0-8 RW 3C0-3C1 3C0-3C1 VGA
XRX, XRO-7F Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 VGA 103 bit7=1
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82C451 REGISTER SUMMARY - INDEXED REGISTERS (EGA / VGA)

Register Summary

Register Register Name Bits Register Typ« Access (VGA) Access (EGA) I/O Port

SRX Sequencer Index 3 VGA/EGA RW RwW 3C4

SRO Reset 2 VGA/EGA RW RW 3C5

SR1 Clocking Mode 6 VGA/EGA RW RW 3C5

SR2 Plane Mask 4 VGA/EGA RW RW 3Cs

SR3 Character Map Select 6 VGA/EGA RW RW 3C5

SR4 Memory Mode 3 VGA/EGA RW RwW 3C5

SR7 Reset Horizontal Character Counter 0 VGA W n/a 3Cs

CRX CRTC Index 6 VGA/EGA RW RW 3B4 Mono, 3D4 Color
CRO Horizontal Total 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR1 Horizontal Display End 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CR2 Horizontal Blanking Start 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR3 Horizontal Blanking End 5+2+1 VGA/EGA RW RW 3BS5 Mono, 3D5 Color
CR4 Horizontal Retrace Start 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CRS5 Horizontal Retrace End 5+2+1 VGA/EGA RW RW 3BS5 Mono, 3D5 Color
CR6 Vertical Total 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR7 Overflow 5 VGA/EGA RW RW 3B5 Mono, 3DS5 Color
CR8 Preset Row Scan 5+2 VGA/EGA RW RW 3B5 Mono, 3DS Color
CR9 Character Cell Height 543 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRA Cursor Start 541 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRB Cursor End 542 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRC Start Address High 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CRD Start Address Low 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CRE Cursor Location High 8 VGA/EGA RW RwW 3B5 Mono, 3D5 Color
CRF Cursor Location Low 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
LPENH Light Pen High 8 VGA/EGA R R 3BS Mono, 3D5 Color
LPENL  Light Pen Low 8 VGA/EGA R R 3B5 Mono, 3D5 Color
CR10 Vertical Retrace Start 8 VGA/EGA RW W 3B5 Mono, 3D5 Color
CR11 Vertical Retrace End 4+4 VGA/EGA RW W 3BS5 Mono, 3D5 Color
CR12 Vertical Display End 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CR13 Offset 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR14 Underline Row Scan 542 VGA/EGA RW RW 3BS5 Mono, 3DS5 Color
CR15 Vertical Blanking Start 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRI16 Vertical Blanking End 8 VGA/EGA RW RW 3BS5 Mono, 3D5 Color
CR17 CRT Mode Control 7 VGA/EGA RW RW 3BS Mono, 3D5 Color
CR18 Line Compare 8 VGA/EGA RwW RW 3B5 Mono, 3D35 Color
CR22 Graphics Controller Data Latches 8 VGA R n/a 3B5 Mono, 3D5 Color
CR24 Attribute Controller Index/Data Latch 1 VGA R n/a 3B5 Mono, 3D5 Color
CR3x Clear Vertical Display Enable FF 0 VGA w n/a 3B5 Mono, 3D5 Color
GRX Graphics Controller Index 4 VGA/EGA RW RW 3CE

GRO Set/Reset 4 VGA/EGA RW RW 3CF

GR1 Enable Set/Reset 4 VGA/EGA RW RW 3CF

GR2 Color Compare 4 VGA/EGA RW RW 3CF

GR3 Data Rotate 5 VGA/EGA RW RW 3CF

GR4 Read Map Select 2 VGA/EGA RW RwW 3CF

GRS Mode 6 VGA/EGA Rw RW 3CF

GR6 Miscellaneous 4 VGA/EGA RW RW 3CF

GR7 Color Don't Care 4 VGA/EGA RW RW 3CF

GRS Bit Mask 8 VGA/EGA RW RW 3CF

ARX Attribute Controller Index 6 VGA/EGA RW RW 3C0 (3ChH

ARO-F Internal Palette Regs 0-15 6 VGA/EGA RW RW 3C0 (3CD

AR10 Mode Control 7 VGA/EGA RW RW 3C0 (3C1)

AR11 Overscan Color 6 VGA/EGA RW RW 3C0 (3C1)

AR12 Color Plane Enable 6 VGA/EGA RW RW 3C0 (3CD

AR13 Horizontal Pixel Panning 4 VGA/EGA RW RW 3C0 (3CD

AR14 Color Select 4 VGA RW n/a 3C0 (3ChH
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\ " i l": Register Summary

82C451 EXTENSION REGISTER SUMMARY: 00-2F Chips’ 45x Product Family
Reg  Register Name Bits Access Port Reset 450 2 455 45

Y
Ul(l:
o
\
{2,

XRX Extension Index Register 7 R/W  3B6/3D6 Oxxxxxxx / v v /7

XR00 Chip Version 8 R/O  3B73D7 0100rrrr V V v o/

XRO1 DIP Switch 8 R/O 3B73D7 dddddddd v ¢V v /7

XR02 CPU Interface 8 R/W  3B7/3D7 RRRRRRRR vV Vv V/ v 7/

XR03 ROM Interface 1 3B7/3D7 0000000R v /7 .

XR04 Memory Mapping 2 R/'W  3B7/3D7 OOROOOOR / /7 v /

XR05 Sequencer Control 6 R/W  3B7/3D7 RRORRRRO . .S

XR06 DRAM Interface 8 R/'W 3B7/3D7 01001010 . .

XRO7  -reserved- -- - 3B7/3D7 00000RRR . .

XRO8 General Purpose Output SelectB 4 R/W  3B7/3D7 0000RRRR v /7 v 7/

XR09 General Purpose OQutput Select A 4 R/W  3B7/3D7 0000RRRR v 7/ v 7

XROA Cursor Address Top 2 R/W  3B7/3D7 O000ORRRR . v .

XR0OB CPU Paging 3 R/W  3B7/3D7 00000RRR v

XROC Start Address Top 2 R/W  3B7/3D7 000000RR v . / .

XROD Auxiliary Offset 2 R/W  3B73D7 000000RR Vv VvV V/ v /

XROE Text Mode 2 R/W  3B73D7 0000RROOC 4

XROF  -reserved- -- - 3B7/3D7

XR10 Single/Low Map Register 6 R/W  3B73D7 00xxxxxx v

XR11 High Map Register 6 R/W 3B73D7 00xxxxxx v v

XR12 -reserved- -- - 3B7/3D7

XR13  -reserved- -- - 3B7/3D7 . . . )

XR14 Emulation Mode 8 R/W  3B7/3D7 RRRRhhRR VvV V V/ v /7

XR15 Write Protect 7 R/W  3B73D7 RRRRRRRR Vv V / v 7/

XR16 Trap Enable 6 R/W  3B7/3D7 O0ORRRRRR v / v /

XR17 Trap Status 6 R/'W  3B7/3D7 a4 v 7/

XR18 Alternate H Display End 8 R/W  3B713D7 xxxxxxxx v v 7/

XR19 Alt H Retr Start/Half-line Comp 8 R/W  3B7/3D7 xxxxxxxx v V v o/

XR1A Alternate H Retrace End 8 R/W  3B7/3D7 xxxxxxxx ¢  / /

XR1B Alternate H Total 8 R/W  3B73D7 xxxxxxxx v V v 7/

XRI1C Alternate H Blank Start 8 R/W  3B7/3D7 xxxxxxxx v V v 7/

XR1D Alternate H Blank End 8 R/W  3B713D7 Rxxxxxxx v V V/ v 7/

XRIE Alternate Offset 8 R'W 3B73D7 xxxxxxxx v V / v

XR1F (Virtual EGA Switch Register) -- - 3B73D7 0000xxxx

XR20 Sliding Unit Delay / (453 Interface) 2 R/W  3B7/3D7 00000O0RR v

XR21 Sliding Hold A 8 R/W  3B73D7 xxxxxxxx v

XR22 Sliding Hold B 8 R/W  3B7/3D7 xxxXxxxxx v

XR23 Sliding Hold C /(Wr Bit Mask Ctrl) 8 R/W  3B7/3D7 xXxxXXxXxXx v

XR24 Sliding Hold D /(Wr Bit Mask Pattern 8 R/W  3B7/3D7 v

XR25 (453 Pin Definition) - - 3B7/3D7

XR26 (453 Configuration) -- - 3B7/3D7 .

XR27 Force Sync State 6 R/W  3B7/3D7 00xxxxxx . 4 .

XR28 Video Interface 3 R/W  3B7/3D7 00000RRR VvV v V /7

XR29 Function Control 6 R/W 3B7/3D7 00xxxxxx v

XR2A Frame Interrupt Count 4 R/W  3B7/3D7 0000RRRR . ./

XR2B Default Video 8 R/W  3B7/3D7 RRRRRRRR ¢V v / o/

XR2C Delay Horizontal High 4 3B7/3D7 0000xxxx v

XR2D Delay Horizontal Low 8 3B73D7 xxXxXxXxXXxX v

XR2E Delay Vertical High 4 3B7/3D7 000O0RRRR v

XR2F Delay Vertical Low 8 3B73D7 xxxxxxxx v

Reset Codes:  x = Not changed by RESET (indeterminate on power-up) 0 = Not implemented (always reads 0)
d = Set from the corresponding data bus pin on falling edge of RESET r = Chip revision # (starting from 0000)
h = Read-only Hercules Configuration Register Readback bits R =Reset to 0 by falling edge of RESET

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column

Note: 451 = Integrated VGA, 452 = Super VGA, 455 & 456 VGAs drive both 450 = 1 Megabit VGA, 452 = VRAM VGA CRT and Flat Panel
displays (Plasma, EL, and LCD).
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82C451 EXTENSION REGISTER SUMMARY: 30-5F Chins' 45x Product Famil

Reg  Register Name Bits Access Port Reset 450 451 452 455 456
XR30 Graphics Cursor Start Address H 8 RW 3B7/3D7 RRRRRRRR v

XR31 Graphics Cursor Start Address L« 8 RW 3B7/3D7 RRRRRRRR v

XR32 Graphics Cursor End Address 8 RW 3B7/3D7 RRRRRRRR v

XR33 Graphics Cursor X Position High 5 RW 3B7/3D7 x0 ORRRRR v

XR34 Graphics Cursor X Position Low 8 RW 3B7/3D7 RRRRRRRR v

XR35 Graphics Cursor Y Position High 4 RW 3B7/3D7 0000RRRR v

XR36 Graphics Cursor Y Position Low 8 RW 3B7/3D7 RRRRRRRR v

XR37 Graphics Cursor Mode 5 RW 3B7/3D7 000xxxxx v

XR38 Graphics Cursor Mask 8 RW 3B7/3D7 XXXXXXXX v

XR39 Graphics Cursor Color 0 8 RW 3B7/3D7 XXXXXXXX v

XR3A Graphics Cursor Color 1 8 RW 3B7/3D7 XXXXXXXX v

XR3B -reserved- - -- 3B7/3D7

XR3C -reserved- -- - 3B7/3D7

XR3D -reserved- -- - 3B7/3D7

XR3E -reserved- -- - 3B7/3D7

XR3F  -reserved- - - 3B7/3D7

XR40 (l/O Flag) - - 3B7/3D7

XR41 -reserved- - - 3B7/3D7

XR42  -reserved- -- - 3B7/3D7

XR43  -reserved- - - 3B7/3D7

XR44  (Scratch Register 0) - - 3B7/3D7

XR45 (Scratch Register 1 / FG Color) -- - 3B7/3D7

XR46  -reserved- - - 3B7/3D7

XR47  -reserved- -- - 3B7/3D7

XR48  -reserved- -~ - 3B7/3D7

XR49  -reserved- - -- 3B7/3D7

XR4A -reserved- - -- 3B7/3D7

XR4B  -reserved- - -- 3B7/3D7

XRA4C  -reserved- - -- 3B7/3D7

XR4D  -reserved- - -- 3B7/3D7

XR4E -reserved- - - 3B7/3D7

XR4F -reserved- - - 3B7/3D7

XRS50 (Panel Format) - - 3B7/3D7 o/
XR51 (Display Type) -- - 3B7/3D7 o/
XR52 (Panel Size) -- - 3B7/3D7 /7
XRS53 (Override) - -- 3B7/3D7 v /
XR54 (Alternate Misc Qutput) - - 3B7/3D7 v /
XR55 (Text Mode 350_A Compensation) -- -- 3B7/3D7 v /
XR56 (Text Mode 350_B Compensation) - -- 3B7/3D7 v /7
XR57 (Text Mode 400 Compensation) -- - 3B7/3D7 v 7/
XR58 (Graphics Mode 350 Compensation) — -- - 3B7/3D7 v  /
XRS9 (Graphics Mode 400 Compensation)  -- -- 3B7/3D7 v /7
XR5A (Flat Panel Vertical Display Start 40¢  -- - 3B7/3D7 7/
XR5B (Flat Panel Vertical Display End 400) -- -- 3B7/3D7 7/
XRSC (Weight Control Clock A) -- -- 3B7/3D7 v 7/
XR5D (Weight Control Clock B) -- - 3B7/3D7 v /7
XRSE (ACDCLK Control) -- - 3B7/3D7 v /7
XR5F (Power Down Mode Refresh) - -- 3B7/3D7 v /7
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82C451 EXTENSION REGISTER SUMMARY: 60-7F Chips’ 45x Product Famil

Reg  Register Name Bits Access Port Reset 450 451 452

455 456
XR60 (Blink Rate Control) -- -- 3B7/3D7 v /
XR61 (Text Color Mapping Control) -- -- 3B7/3D7 v 7/
XR62 (Text Color Shift Parameter) -- -~ 3B7/3D7 v 7/
XR63 (Graphics Color Mapping Control) -- -- 3B7/3D7 o/
XR64 (Alternate Vertical Total) -- -- 3B7/3D7  /
XR65 (Alternate Overflow) - - 3B7/3D7 v /7
XR66 (Alternate Vertical Sync Start) -- -- 3B7/3D7 v
XR67 (Alternate Vertical Sync End) - -- 3B7/3D7 v /7
XR68 (Alternate Vertical Display Enable Enc -- -- 3B7/3D7 v 7/
XR69 (Flat Panel Vertical Display Start 350) -- -- 3B7/3D7 v  /
XR6A (Flat Panel Vertical Display End 350)  -- -- 3B7/3D7 v  /
XR6B (Flat Panel Vertical Overflow 2) -- -- 3B7/3D7 o/
XR6C (Weight Control Clock C) -- -- 3B7/3D7 o/
XR6D (External Palette Control) -- - 3B7/3D7 v
XR6E -reserved- -- - 3B7/3D7
XR6F  -reserved- -- - 3B7/3D7
XR70 -reserved- - -- 3B7/3D7
XR71 -reserved- -- -- 3B7/3D7
XR72  -reserved- -- -- 3B7/3D7
XR73 -reserved- -- - 3B7/3D7
XR74 -reserved- -- -- 3B7/3D7
XR75  -reserved- - -- 3B7/3D7
XR76 -reserved- -- -- 3B7/3D7
XR77 -reserved- - -- 3B7/3D7
XR78 -reserved- -- -- 3B7/3D7
XR79 -reserved- - - 3B7/3D7
XR7A -reserved- -- -- 3B7/3D7
XR7B  -reserved- -- -- 3B7/3D7
XR7C  -reserved- -- -- 3B7/3D7
XR7D  -reserved- -- -- 3B7/3D7 . . . .
XR7TE CGA/Hercules Color Select 6 R/O 3B7/3D7 00xxxxxx ¢ v  /
XR7F Diagnostic 7 R/W  3B7/3D7 RRxxxxRR VvV  V o/
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Registers

82C451 Registers

GLOBAL CONTROL (SETUP) REGISTERS

The Setup Control Register is used to enable or
disable the VGA. It is also used to place the VGA in
normal or setup mode. This register is used only in
the PC-bus interface. In the MCA Bus interface
these functions are performed by the DISA/ and
SETUP/ pins respectively.

The Global and Extension Enable Registers are ac-
cessible only during Setup mode. The Global ID
Register contains the ID number that identifies the
82C451 as a Chips & Technologies product.

Note: In setup mode in the IBM VGA, the Global
Setup Register (defined as port address 102) actually
occupies the entire I/0 space . Only the lower 3 bits
are used to decode and select this register. To avoid
bus conflicts with other peripherals, reads should
only be performed at the 10xh port addresses while
in setup mode. To eliminate potential compatibility
problems in widely varying PC systems, the 82C451
decodes the Global Setup register at I/O port 102h
only.

GENERAL CONTROL REGISTERS

Two Input Status Registers read the SENSE pin,
pending CRT interrupt, display enable/HSYNC
output, and vertical retrace/video output. The
Feature Control Register selects the VSYNC
function while the Miscellaneous Output Register
controls I/O address select, clock selection, access to
video RAM, memory page, and video SYNC
polarity.

CGA / HERCULES REGISTERS

CGA Mode and Color Select registers are provided
on-chip for emulation of CGA modes. Hercules
Mode and Configuration registers are provided on-
chip for emulation of Hercules mode.

SEQUENCER REGISTERS

The Sequencer Index Register contains a 3-bit index
to the Sequencer Data Registers. The Reset Register
forces an asynchronous or synchronous reset of the
sequencer. The Sequencer Clocking Mode Register
controls  master clocking functions, video
enable/disable and selects either an 8 or 9 dot
character clock. A Plane/Map Mask Register enables
the color plane and write protect. The Character

Font Select Register handles video intensity and cha-
racter generation and controls the display memory
plane through the character generator select. The
Sequencer Memory Mode Register handles all
memory, giving access by the CPU to
4/16/32KBytes, Odd/Even addresses (planes) and
writing of data to display memory.

CRT CONTROLLER REGISTERS

The CRT Controller Index Register contains a 6-bit
index to the CRT Controller Registers. Twenty eight
registers perform all display functions for modes:
horizontal and vertical blanking and sync, panning

and scrolling, cursor size and location, light pen,
and underline.

GRAPHICS CONTROLLER REGISTERS

The Graphics Controller Index Register contains a 4-
bit index to the Graphics Controller Registers. The
Set/Reset Register controls the format of the CPU
data to display memory. It also works with the
Enable Set/Reset Register. Reducing 32 bits of
display data to 8 bits of CPU data is accomplished
by  the Color Compare Register. Data Rotate
Registers specify the CPU data bits to be rotated and
subjected to logical operations. The Read Map Select
Register reduces memory data for the CPU in the
four plane (16 color) graphics mode. The Graphics
Mode Register controls the write, read, and shift
register modes. The Miscellaneous Register handles
graphics/text, chaining of odd/even planes, and
display memory mapping. Additional registers
include Color Don't Care and Bit Mask.

ATTRIBUTE CONTROLLER AND
EXTERNAL COLOR PALETTE REGISTERS

The Attribute Controller Index Register contains a 5-
bit index to the Attribute Controller Registers. A 6th
bit is used to enable the video. The Attribute
Controller Registers handle internal color lookup
table mapping, text/graphics mode, overscan color,
and color plane enable. The horizontal Pixel
Panning and Pixel Padding Registers control pixel
attributes on screen. External color palette registers
handle CPU reads and writes to I/O address range
3C6h-3COh.  Some of the registers are located
external to the 82C451 in the external color palette.
Inmos IMSG176 (Brooktree BT471/476) compatible
registers are documented in this manual.

Revision 2.1

21

Preliminary 82C451

B 209811b 0010811 &L9T L











































































































































































































































































