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82C450

One Megabit DRAM VGA
Graphics Controller

® Highly integrated design resulting in lower chip ® In-Circuit Testability (ICT) feature
count. Total of 7 chips required for a VGA
implementation includinlg) mer(rllory B VGA and enhanced backward compatibility with
EGA, CGA, Hercules[], and MDA without using
m Supports two-chip and four-chip memory config- NMIs
urations using 256Kx4 DRAMs. Two DRAMs )
(256 KB) provide standgrd VGA modes. Four m Dual Bus Architecture, Iptegrated Interface to
DR AMs (512 KB) provide extended modes and EISA/ISA (PC/AT) and Micro Channel bus
increased performance m Small low-cost package: 100-pin flat pack
" High performance resulting from Zero Wait-State ® Interfaces with 82C402 and 82C404A Video
(ZWS) writes (write buffer) and minimum wait- Clock Synthesizers from Chips & Technologies
state reads (internal asynchronous FIFO design)
. . ® Closely coupled with CHIPS SCATSsx (extra high
m Supports 16 color interlaced CRT displays to S .
1024x768 and non-interlaced to 800 x 600 performance through elimination of Wait-States)
. m Full complement of applications software drivers
m  Supports 256 color 640x480-CRT displays availablepfrom Chips grll)d Technologies
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Introduction

Introduction

The 82C450 is a member of the CHIPS 45x VGAQ
product family. It is an entry level VGA solution
which offers high performance and advanced
features. An overview of the device is provided in
this section.

VIDEO SUBSYSTEM CHIP COUNT

Using the 82C450, a complete VGA-compatible
video subsystem for motherboard applications can
be built with 7 ICs, including display memory, as
shown in the following table:

Qty Chip type

82C450 VGA Chip

BT475 or BT477 RAMDAC
7415245 Transceiver
741.S541 Buffer

74F04 Inverter

256Kx4 DRAMs

Total

\]‘[\)»—A»—A»—A»—A»—A

Additional components required are 50.350 and
28.322 MHz oscillators (or 50.350 and 56.644 MHz
depending on the configuration), 15-pin video
connector, and various resistors and capacitors.
Support is also provided for clock synthesis chips.

For add-in EISA / ISA-bus boards, an additional
27256 (32Kx8) BIOS ROM is required.

Additional oscillators may also be required to
support extended modes (See the Clock Interface
section of the Functional Description).

If Inmos RAMDACSs or Brooktree 471/476 RAM-
DAC:s are used, then an additional LM339 compar-
ator, LM334 current reference, and 1N4148 diode
are required (the BT475 and BT477 RAMDACs
shown in the table above incorporate the compara-
tor and reference functions on-chip). The RAM-
DAC speed requirements should be compatible with
the highest dot clock frequency used.

The 82C450 offers a low cost yet flexible system
implementation by supporting operation with two or
four 256Kx4 DRAMs.

COMPATIBILITY

The 82C450 is fully compatible with the IBMU
VGA standard at the hardware, register, and BIOS
level. It offers enhanced backward compatibility to
EGALO, CGAO, Herculestl, and MDA
standards on analog monitors without using NMlIs.

The 82C450 provides on-chip support for
EISA/ISA (PC/AT) and Micro Channel bus inter-
faces. Control signals for both types of interfaces
are integrated on the chip, and support is also
provided for 8-bit CPU interface for both memory
and I/O cycles.

IN CIRCUIT TEST FEATURE

In "In-Circuit Test" mode, all digital signal pins
become inputs which are part of a long path starting
at PALRD# (pin 48) clockwise around the chip
ending at VSYNC (pin 49). If all pins in the path
are high, the VSYNC output will be high. If any
pin is low, the VSYNC output will be low. Thus
the chip can be tested in circuit to determine if all
pins are connected properly by toggling all pins one
at a time and observing the effect on VSYNC. This
mode also effectively tristates all pins except
VSYNC.

ZERO WAIT-STATE FEATURE

The 82C450's advanced architecture allows for zero
Wait-State accesses. During a CPU write access,
the ZWS signal on the ISA bus is asserted and the
cycle is terminated immediately. The on chip write
buffer and display FIFO also contribute to the
82C450's high performance. The write buffer must
be enabled to take advantage of the zero Wait-State
feature.

DISPLAY MEMORY INTERFACE

The 82C450 supports two display memory configu-
rations:

Two 256Kx4 DRAM (256Kbytes)
and
Four 256Kx4 DRAM (512Kbytes)

Implementing an 82C450 Video Subsystem with
two 256Kx4 DRAMs results in a cost-efficient
system. In this configuration the 82C450 supports
all standard VGA display modes, 800x600x16
colors and 132-column text mode.

Performance is significantly improved when the
82C450 is configured with four 256Kx4 DRAMs.
Standard VGA display modes are achieved along
with 800x600 16 colors (non-interlaced planar
graphics), 1024x768 16 colors (interlaced planar
graphics), 640x480x256 colors and 132-column text
mode.
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The entire display memory (256Kbytes or
512Kbytes) is always available to the CPU in
regular four-plane mode, chained two-plane mode,
and super-chained one-plane mode.

Display memory control signals are derived from
the memory clock (MCLK) input.

CPU INTERFACE

The 82C450 has a strap option to select an
EISA/ISA (PC/AT) Bus Interface or Micro Channel
Bus Interface. All control signals for both interface
types are integrated onto the single VGA chip.

Like the IBM VGA, the 82C450 supports 8-bit CPU
interfaces only.

BIOS ROM INTERFACE

In EISA/ISA (PC/AT) Bus systems, the 82C450
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
82C450. The 82C450 implements a ROM chip
select (ROMCS#) pin to enable the ROM.

A 16-bit BIOS ROM could be implemented with
the 82C450 wusing two BIOS ROM chips, an
external PAL, and a 74L.S244 buffer. However, a
higher-performance and lower-cost video system
will result from implementation of an 8-bit BIOS
ROM which is shadowed 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.

EXTENSION REGISTERS

The 82C450 uses several additional registers to
support new features that are not available in the
standard VGA. All functionality of the extended
registers in the 82C450 are disabled on reset.
Before the extended registers can be written into,
they must be enabled by two sets of control bits
(disabled on reset). None of the unused bits in the
VGA registers are used for extensions.

EXTERNAL COLOR PALETTE

The 82C450 supports the programming of an
external color palette DAC (RAMDAC) by
decoding the CPU addresses and generating the
READ and WRITE signals for the external palette.

Either Inmos] or Brooktreel] -style RAMDACS
may be used. The 82C450 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 RAMDACs which
provide 256 shades of color on each RGB output),
the DAC's 6/8-bit mode pin must be controlled via
logic external to the 82C450.

CONFIGURATION SWITCHES

The 82C450 can read up to eight configuration bits.
These signals are sampled on data bus bits ADO-
AD7 on the falling edge of RESET. The state of
ADO on RESET determines EISA/ISA bus (default)
or Micro Channel bus interface and AD1 determines
whether ROM decode is enabled in ISA bus
systems. AD?2 determines the pixel clock source
and AD3 determines whether memory timing comes
from 50.350 MHz or 56 MHz. AD4 defines Zero
Wait-State  functionality.  ADS5-7 are currently
reserved for future use. All eight bits are latched
into an extension register on RESET so software
may determine the hardware configuration. Also,
the reserved bits may optionally be used to read
external switches or status bits (such as the monitor
sense bits MSO0-2 from the Analog Video
connector).

Selected AD lines should be externally connected to
47K pulldown resistors (or driven low while
RESET is high) in order to be sampled on the
falling edge of RESET as low inputs. The 82C450
implements internal high-value pullup resistors on
all AD pins, so that other AD pins could be left
disconnected. However, it is recommended to con-
nect the other AD lines to 10K pullup resistors or
drive them high with a 3-state buffer during
RESET.

VIRTUAL SWITCH REGISTER

The 82C450 implements a 'virtual switch register'.
In 'EGA' mode, the sense bit of the Feature control
register (3C2 bit 4) may be set to read a selected bit
from the 'virtual switch register' (an extension
register set up by BIOS at initialization time)
instead of reading the state of the SENSE pin. This
reduces overall video subsystem chip count by
eliminating the external multiplexers otherwise
required on the sense pin.
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CLOCK SELECTION

The 82C450 provides separate inputs for dot clock
selections 0, 1, 2, and 3 (called CLKO, CLKI,
CLK2, and CLK3) which are normally selected by
Misc Output Register bits 2 and 3.

Alternately, the CLK2 and CLK3 pins may be
selected as outputs which allows clock selection to
be implemented externally with the dot clock input
always on CLK1 and fixed 50.350 or 56.644 MHz
memory clock on CLKO. This allows an external
clock synthesizer chip (82C402 or 82C404A) to be
used and provides one additional user-defined
frequency to be selected.

The asynchronous architecture of the 82C450
requires separate frequencies for the memory clock
(MCLK) and dot clocks. The 82C450 requires
50.35 or 56.644 MHz for the MCLK. The standard
VGA resolutions can be implemented with a 25.175
MHz crystal and 28.322 MHz crystal. In some
cases, these frequencies can be derived from the
MCLK (See Clock Interface section of the
Functional Description). If desired, extended
capabilities may be implemented in the 4 DRAM
configuration, such as 800x600 16 color graphics
mode and 132-column text mode, with a 40.000
MHz oscillator. Interlaced 1024x768 16 color
mode can be implemented with a 44.9 MHz. In
addition, in the 56.644 MHz MCLK configuration,
640x480x256 color resolution can be supported
using a 50.35 MHz crystal. The 800x600x16 color
and 132-column text modes are supported in the 2
DRAM configuration, using a 36 MHz crystal.

PACKAGE

The 82C450 is available in a 100-pin plastic flat
pack (PFP). Complete descriptions of all 82C450
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.

APPLICATION SCHEMATIC EXAMPLES
Included in this document are application schematic

examples of the following:

1. EISA/ISA Bus Interface with 8-bit ROM
EISA/ISA Bus High Performance Circuit
EISA/ISA Bus Interface with 16-bit ROM
Micro Channel Bus Interface

2. Memory Interfacing (2 or 4 256Kx4 DRAMs)

3. Video Interface (Inmos RAMDAC)
Video Interface (Brooktree RAMDAC)

4. Clock Interface - Oscillator Configurations
Clock Interface - Clock Chip Configuration
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Pin Name Pin #
A8 (A8 - SENSE) 19
A9 20
Al10 21
All 22
Al2 23
Al3 24
Al4 25
AlS 26
Al6 27
Al7 28
Al8 29
Al19 30
AAQ 94
AAl 95
AA2 96
AA3 97
AA4 98
AAS 99
AA6 100
AA7T 1
AA8 2
ADI1 (ROM) 38
AD2 (OSC) 37
AD3 (56M#) 36
AD4 (ZWS#) 35
ADS5 (SW1) 34
AD6 (SW2) 33
AD7 (SW3) 32
ADREN# 31
AEN [MIO#] 17
BAO 87
BAI1 86
BA2 85
BA3 84
BA4 83
BA5S 82
BA¢ 8
BA7 80
BAS 79
BLANK# (DE) 53
CASA# 93
CASB# 88
CLKO (MCLK) 54
CLK1 (MCLK/CLKIN) 55

Pin List

Pin List
Pin Name Pin # Pin Name Pin #
CLK2 (CLKSELO) 56 RDY 45
CLK3 (CLKSEL1) 57 RESET 52
GND 15 RFSH# [DISA#] 18
GND 31 ROMCS# [CSFB#] 44
GND 40 ROMCS# (ROMCS#-ZWS# 44
GND 51 SENSE (SYSCLK) 58
GND 66 VCC 16
GND 90 VCC 41
HSYNC 50 VCC 65
IORD# [CMD#] 11 VCC 91
IOWR# [SETUP#] 12 VSYNC 49
IRQ [TIRQ#] 45 WE# 70
MADO 3 WRITE# 43
MAD1 4
MAD2 5 (56M#) See AD3
MAD3 6 (A8 - SENSE) See ADO
MAD4 7 (CLKSELO) See CLK2
MADS 8 (CLKSEL1) See CLK3
MADG6 (ICTENAO#) 9 (DE) See BLANK#
MAD7 (TSENAO#) 10 (ICTENAO#) See MADG6
MBDO 78 (ICTENAI1#) See MBD6
MBD1 77 (MC#) See ADO
MBD2 76 (MCLK) See CLKO
MBD3 75 (MCLK/CLKIN) See CLK1
MBD4 74 (OSC) See AD2
MBD5 73 (ROM) See ADI
MBD6 (ICTENAI1#) 72 (ROMCS#-ZWS#) See ROMCS#
MBD7 (TSENA1#) 71 (SW1) See AD5S
MEMR# [S1#] 13 (SW2) See AD6
MEMW# [SO#] 14 (SW3) See AD7
PO 60 (SYSCLK) See SENSE
P1 61 (TSENAO#) See MAD7
P2 62 (TSENA1#) See MBD7
P3 63 (ZWS#) See AD4
P4 64
P5 67 [MIO#] See AEN
P6 68 [CMD#] See IORD#
P7 69 [SETUP#] See IOWR#
PALRD# 48 [S1#] See MEMR#
PALWR# 47 [SO#] See MEMW#
PCLK 59 [DISA#] See RESH#
RASA# 92 [CSFB#] See ROMCS#
RASB# 89 [TRQ#] See IRQ
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Pin Descriptions

PIN DESCRIPTIONS

System Bus Interface

Pin # Pin Name Type Active Description
30 Al19 In High  System Upper Address Bus
29 Al8 In High
28 Al7 In High
27 Al6 In High
26 Al5 In High
25 Al4 In High
24 Al3 In High
23 Al2 In High
22 All In High
21 A10 In High
20 A9 In High
19 A8 (A8 - SENSE) In High A8 or A8 multiplexed with SENSE
The definition of this pin changes for ZWS configu-
ration. When CFG4 (pin 35) is high, the pin is AS.
When CFG4 is low (ZWS configuration), the pin is A8
multiplexed with SENSE: when ADREN is low, the
pin is A8; when ADREN is high, the pin is the
SENSE input from the DAC output comparators (bit 4
of Input Status Register 0). See also extension register
XRIF (Virtual Switch Register).
32 AD7 (CFGT7) 1/0 High  System Address/Data Bus and Configuration Inputs.
33 ADG6 (CFG6) 1/0 High  ADO-7 are sampled on the falling edge of RESET and
34 ADS (CFG5) 1/0 High latched into XRO1. MC# determines whether the bus
35 AD4 (ZWS#) 1I/0 High interface is EISA/ISA (1) or Micro Channel (0). ROM
36 AD3 (MCS) 1/0 High  high enables decode of the BIOS ROM address space
37 AD2 (0SO) 1/0 High  (C0000-C7FFF). OSC determines whether CLK2-3
38 ADI1 (ROM) 1/0 High are direct oscillator inputs (1) or outputs for a clock
39 ADO (MC#) /0 High  generator chip (0). 56M# determines whether memory
timing comes from 50.350 MHz on CLKO (1) or
56.644 MHz on CLK1 (0). ZWS# determines whether
the pin definition will support the ZWS feature (0) or
not (1). ADS5-7 have no hardware configuration
function.
42 ADREN# Out Low  Address buffer enable (forced low during RESET)
43 WRITE# Out Low  Data transceiver direction (forced high during RESET)

ADREN# WRITE# Function

0 Normal (address input) state
1 Reset (AD bus undriven)

0 Data write to VGA chip

1 Data read from VGA chip

—_——O O

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

Revision 2.0
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Pin Descriptions

PIN DESCRIPTIONS

System Bus Interface (continued)

Pin #

Pin Name Type

Active

Description

44

ROMCS# [CSFB#] Out

(ROMCS# - ZWSH#)

Low

ROM Chip Select or ROM Chip Select multiplexed
with ZWS# (EISA/ISA bus) or Card Select Feedback
(Micro Channel bus).

The definition of this pin changes for ZWS configura-
tions. When CFG4 is high, the pin is ROMCS#. When
CFG4 is low (ZWS configuration), the pin is ROM
Chip Select multiplexed with ZWS#.

The BIOS ROM is qualified with both ROMCS# and
MEMR# and will therefore only be enabled for
memory reads. The bus ZWS# signal should be
qualified with the 82C450 ZWS# and MEMW# so that
it is only asserted for memory writes.

58

SENSE  (SYSCLK) In

Both

System Clock or Sense. The definition of this pin
changes for ZWS configuration. When CFG4 is high,
the pin is the SENSE input from the DAC output
comparators (bit 4 of Input Status Register 0). When
CFG4 is low (ZWS configuration), the pin is
SYSCLK. SYSCLK is used to synchronize the output
of the ZWS# signal.

45

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.

46

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,
Micro Channel bus interrupts are active low). See also
XR14 bit-7.

52

RESET In

High

Reset. Connect directly to the bus reset signal.

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

PIN DESCRIPTIONS

System Bus Interface (continued)

Pin #

Pin Name

Type

Active

Description

— 17— AEN—{MIO#}——In—Both

18

RFSH#  [DISA#]

In

Low

In EISA/ISA interface, defines valid I/O address: 0 =
valid I/O address, 1 = Invalid I/O address (latched inter-
nally). In Micro Channel interface, indicates memory or
I/O cycle: 1 =memory, 0=1/0.

This pin is an active low signal indicating Refresh cycle.
When this pin is low, the memory is not accessible.

11

IORD# [CMD#]

In

Low

12

IOWR# [SETUP#]

In

Low

13

14

MEMR# [S1#]

MEMW# [SO#]

In

In

Low

Low

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

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

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

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

S1#  SO# Operation
Undefined
Read
Write
Undefined

»—a»—aoo‘
— O —=O

48

47

PALRD#

PALWR#

Out

Out

Low

Low

Connected to the Read input of the Palette DAC (G176,
BT471, or compatible). Asserted when the 82C450 is
enabled and an I/O Read occurs from addresses 3C6h,
3C8h, or 3C%h. (The 82C450 responds directly for
accesses to 3C7h).

Connected to the Write input of the Palette DAC (G176,
BT471, or compatible). Asserted when the 82C450 is
enabled and an I/O Write occurs to addresses 3C6-
3Co.

Note: Pin names in brackets [...] indicate Micro Channel bus functionality if different from EISA/ISA (PC/AT)
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\n l r: Pin Descriptions
PIN DESCRIPTIONS Display Memory Interface
Pin # Pin Name Type Active Description

2 AAS Out High DRAM address bus for planes 0-1

1 AA7 Out High

100  AAG6 Out High

99 AAS Out High

98 AA4 Out High

97 AA3 Out High

96 AA2 Out High

95 AAl Out High

94— AA0———————————Out—High
79 BAS Out High DRAM address bus for planes 2-3

80 BA7 Out High

81 BA6 Out High

82 BA5S Out High

83 BA4 Out High

— 84— BA3———————————————Out—High

85 BA2 Out High

86 BAI Out High

o7 D AN N TTigh

v IMIAD / (1DEINAUF) VU nigh DRAM data bus for planes 0-1 (MAD4-7 are not

9 MAD6 (ICTENAO#) 1/0 High  connected in 2-DRAM configurations). See note below
8 MADS 1/0 High  for TSENAO# and ICTENAO#.

7 MAD4 1/0 High

6 MAD3 1/0 High

5 MAD?2 1/0 High

4 MADI 1/0 High

3 MADO 1/0 High

71 MBD7 (TSENAT1#) 1/0 High DRAM data bus for planes 2-3 (MBD4-7 are not
72 MBD6 (ICTENAT1#) 1/0 High  connected in 2-DRAM configurations). See note below

73 MBDS5 I/0 High for TSENA1# and ICTENA1#.

74 MBD4 I/0 High

75 MBD3 I/0 High

76 MBD?2 I/0 High

77 MBDI1 /0 High

78 MBDO I/0 High

70 WE# Out Low  Write enable for all memory banks/planes

92 RASA# Out Low  Row address strobe for memory planes 0-1

89 RASB# Out Low  Row address strobe for memory planes 2-3
93 CASA# Out Low  Column address strobe for memory planes 0-1
88 CASB# Out Low  Column address strobe for memory planes 2-3

If ICTENAO# and ICTENA1# are low with RESET high,a rising edge on CLKO will put the chip into 'In Circuit
Test' mode. See Functional Description. If TSENAO# and TSENA1# are low with RESET high, arising edge on
CLKO will 3-state all pins. A CLKO rising edge without the enabling conditions exits 3-state.
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Pin Descriptions

Video Interface

Pin # Pin Name Type Active Description

69 P7 Out High  8-bit video output

68 P6 Out High

67 P5 Out High

64 P4 Out High

63 P3 Out High

62 P2 Out High

61 P1 Out High

60 PO Out High

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

50 HSYNC Out Both  Horizontal sync for CRT (polarity is programmable)

49 VSYNC Out Both  Vertical sync for CRT (polarity is programmable)

53 BLANK# (DE) Out Both  Blanking signal for external palette DAC (polarity is
programmable: see XR28 bit-0). May also be
redefined as Display Enable (see XR28 bit-1).
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Pin Descriptions

PIN DESCRIPTIONS

Clock, Power, and Ground

Pin # Pin Name Type Active Description

54 CLKO (MCLK) In High If internal clock selection is enabled (default), CLKO,
CLK1, CLK2, and CLK3 are inputs. One of the four is

55 CLK1 (MCLK/CLKIN) In High selected as the input dotclock per Misc Output Register
(3C2h) bits 2 and 3. Memory clock may be selected

56 CLK2 (CLKSELO) 1/0 High  from either CLKO or CLK1 (see pin AD3 and configu-
ration register XR01); if CLKO is selected as MCLK,

57 CLK3 (CLKSEL1) /0 High  50.35 MHz is used (CLKI1 is 28.322); if CLKI is
selected as MCLK, 56.644 MHz is used (CLKO is
25.175).
If external clock selection is enabled (see pin AD2 and
configuration register XR01), CLKIN becomes the
input dotclock for all pixel clock frequencies and CLK?2-
3 become clock select outputs driven by Misc Output
Register (3C2h) bits 2 and 3. In this mode, the CLKO
pin is always used for memory timing (MCLK).

16 VCC VCC -- Power

41 VCC VCC --

65 VCC VCC --

91 VCC VCC --

15 GND GND -- Ground

31 GND GND --

40 GND GND --

51 GND GND --

66 GND GND --

90 GND GND --

Revision 2.0
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Register Summary

Register Register Name Bits Accessl/O Port - MDA/Herc 1/0 Port - CGA Comment
STAT Display Status 7 R 3BA 3DA
CLPEN Clear Light Pen Flip Flop 0 W(n/a) 3BB (ignored) 3DB (ignored) ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W(n/a) 3B9 (ignored) 3DC (ignored) ref only: no light pen
MODE CGA/MDA/Hercules Mode Contro 7 RW 3B8 3D8
COLOR CGA Color Select 6 RW n/a 3D9
CONFIG Hercules Configuration 2 w 3BF n/a
R 3B6-3B7 index 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
| REGISTER SUMMARY - EGA |
Register Register Name Bits Access 1/O Port - Mono  I/O Port - Color Comment
MISC Miscellaneous Output 7 \ 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(n/a) 3BB (ignored) 3DB (ignored) ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W(n/a) 3BC (ignored) 3DC (ignored) ref only: 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, GRO-8 Graphics Controller 0-8 RW 3CE-3CF 3CE-3CF
ARX, ARO-13  Attributes Controller 0-8 RW 3C0-3C1 3C0-3C1
XRX, XR0O-7F Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 if port 103 bit-7=1
[REGISTER SUMMARY - VGA |

Register Register Name Bits Access 1/0 Port - Mono I/O Port - Color Reg Type Comment
POSIDL POS ID LSB 8 R 100 (Setup Only) 100 (Setup Only) Motherboard ref only
POSIDH POS ID MSB 8 R 101 (Setup Only) 101 (Setup Only) Motherboard ref only
SLEEP Video Subsystem Sleep Control 1 RW 102 (Setup Only) 102 (Setup Only) VGA  full decode
XENA Extended Enable 7 RW 103 (Setup Only) 103 (Setup Only) VGA  full decode
GLOBID Global ID (0A5h) 8 R 104 (Setup Only) 104 (Setup Only) VGA  full decodc
MISC Miscellaneous Output 7 W 3C2 3C2 VGA

R 3CC 3CC 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(n/a) 3BB (ignored)  3DB (ignored) n/a no Ipen
SLPEN Set Light Pen Flip Flop 0 W(n/a) 3BC (ignored) 3DC (ignored) n/a no lpen
VSE Video Subsystem Enable 1 RW 3C3 if MCA 3C3 if MCA  Motherboard
46E8 Setup / Disable Control 2 w 46E8 if ISA 46E8 if 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  3x6 or 3x8 RW 3C9, 83C9 3C9, 83C9 DAC
SRX, SRO0-7 Sequencer 0-8 RW 3C4-3C5 3C4-3C5 VGA
CRX, CRO-3F CRT Controller 0-8 RW 3B4-3B5 3D4-3D5 VGA
GRX, GR0-8  Graphics Controller 0-8 RW 3CE-3CF 3CE-3CF VGA
ARX, ARO-14 Attributes Controller 0-8 RW 3C0-3C1 3C0-3C1 VGA
XRX, XR0O-7F Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 VGA 103 bit7=1
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Register Summary

| REGISTER SUMMARY - INDEXED REGISTERS (EGA / |

Register Register Name Bits Register Typ« Access (VGA) Access (EGA) I/0O Port

SRX Sequencer Index 3 VGA/EGA RW RW 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 3C5

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

SR4 Memory Mode 3 VGA/EGA RW RW 3C5

SR7 Reset Horizontal Character Counter 0 VGA \\% n/a 3C5

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 3B5 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 3B5 Mono, 3D5 Color
CR4 Horizontal Retrace Start 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR5 Horizontal Retrace End 5+2+1 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR6 Vertical Total 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR7 Overflow 5 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR8 Preset Row Scan 5+2 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR9 Character Cell Height 5+3 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRA Cursor Start 5+1 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRB Cursor End 5+2 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRC Start Address High 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRD Start Address Low 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRE Cursor Location High 8 VGA/EGA RW RW 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 3B5 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 3B5 Mono, 3D5 Color
CR12 Vertical Display End 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR13 Offset 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR14 Underline Row Scan 5+2 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR15 Vertical Blanking Start 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR16 Vertical Blanking End 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR17 CRT Mode Control 7 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR18 Line Compare 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR22 Graphics Controller Data Latches 8 VGA R n/a 3B5 Mono, 3D5 Color
CR24 Attribute Controller Index/Data Latc] 1 VGA R 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 RW 3CF

GR5 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 (3C1)

ARO-F Internal Palette Regs 0-15 6 VGA/EGA RW RW 3C0 (3C1)

ARI10 Mode Control 7 VGA/EGA RW RW 3C0 (3C1)

ARI11 Overscan Color 6 VGA/EGA RW RW 3C0 (3C1)

AR12 Color Plane Enable 6 VGA/EGA RW RW 3C0 (3C1)

AR13 Horizontal Pixel Panning 4 VGA/EGA RW RW 3C0 (3C1)

AR14 Color Select 4 VGA RW n/a 3C0O (3C1)
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Register Summary

EXTENSION REGISTER SUMMARY:

A Chips' VGA Product Family
Reg Register Name Bits Access Port Reset 450 451 452 453 455 456 457
XRX  Extension Index Register 7 R/W 3B6/3D6 -xxxxxxx O 0O 0O O g o 0o
XR0O0 Chip Version 8 R/O 3B7/3D7 o100rrrr O O O O g o 0O
XR0O1 DIP Switch 8 R/O 3B7/3D7 dddddddd 0O O O 0O g o 0O
XR02 CPU Interface 8 R/W 3B7/3D7 00000000 O O O O g o 0O
XR03 (ROM Interface) - - 3B7/3D7 . o 0O O . g
XR04 Memory Mapping 5 R/W 3B7/3D7 000--0-0 O 0O 0O . o o O
XRO5 (Sequencer Control) - - 3B7/3D7 o o 0
XR06 (DRAM Interface) - - 3B7/3D7 d
XRO7  -reserved- - - 3B7/3D7 . . . .
XRO08 (General Purpose Output Select B) - - 3B7/3D7 . o 0O g o 0O
XR09 (General Purpose Output Select A) - - 3B7/3D7 . o 0O g o 0O
XROA (Cursor Address Top) - - 3B7/3D7 . O . .
XROB CPU Paging 3 R/W  3B73D7 -- --- ooo O o 0O g o 0O
XROC Start Address Top 1 R/W  3B7/3D7 ------- 0 O . o o . 0
XROD Auxiliary Offset 2 R/W 3B73D7 ------ oo O 0O 0O O g o 0O
XROE Text Mode 2 R/W 3B73D7 ----00-- [ d
XROF  -reserved- - - 3B7/3D7
XR10 Single/Low Map Register 8 R/W  3B7/3D7 xxxxxxxx U o o
XR11 High Map Register 8 R/W  3B7/3D7 xxxxxxxx [ o 0O
XR12 -reserved- - - 3B7/3D7
XR13 -reserved- - - 3B7/3D7 . . . . .
XR14 Emulation Mode 8 R/W 3B7/3D7 0000hhoOO O O O O g o 0O
XR15 Write Protect 7 R/W 3B7/3D7 -0000000 O O O O g o 0O
XR16  (Trap Enable) - - 3B7/3D7 o o O o o 0O
XR17  (Trap Status) - - 3B7/3D7 . o o O o o 0O
XR18 Alternate H Display End 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O 0O o o O
XR19 Alt H Retr Start/Half-line Comp 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O O g o 0O
XR1A Alternate H Retrace End 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O O g o 0O
XR1B Alternate H Total 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O 0O o o O
XR1C Alternate H Blank Start 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O O g o 0O
XR1D Alternate H Blank End 8 R/W 3B7/3D7 Oxxxxxxx O 0O 0O O g o 0O
XRI1E Alternate Offset 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O 0O o 0o O
XR1F Virtual EGA Switch Register 5 R/W 3B73D7 0---xxxx [
XR20 (Sliding Unit Delay)/(453 Interface) - - 3B7/3D7 o 0O
XR21 (Sliding Hold A) - - 3B7/3D7 a
XR22 (Sliding Hold B) - - 3B7/3D7 a .
XR23  (Sliding Hold C)/(Wr Bit Mask Ctrl) - - 3B7/3D7 o 0O
XR24  (Sliding Hold D)/(Wr Bit Mask Pattern) - - 3B7/3D7 o 0O
XR25 (453 Pin Definition) - - 3B7/3D7 g
XR26 (453 Configuration) - - 3B7/3D7 g
XR27 -reserved- - - 3B7/3D7 . . . .
XR28 Video Interface 4 R/W 3B7/3D7 --0--000 O 0O O O g o 0O
XR29  (Function Control) - - 3B7/3D7 a
XR2A (Frame Interrupt Count) - - 3B7/3D7 . . a .
XR2B Default Video 8 R/W 3B7/3D7 00000000 O 0O O g o 0O
XR2C (Force Horizontal High) - - 3B7/3D7 a
XR2D (Force Horizontal Low) - - 3B7/3D7 a
XR2E (Force Vertical High) - - 3B7/3D7 a
XR2F (Force Vertical Low) - - 3B7/3D7 O
Reset Codes: x = Not changed by RESET (indeterminate on power-up) — = 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 0/1 = Reset to 0/1 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 CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

| EXTENSION REGISTER SUMMARY: Chips' VGA Product Family

Reg Register Name Bits Access Port Reset 450 451 452 453 455 456 457
XR30 (Graphics Cursor Start Address High) - - 3B7/3D7 d
XR31 (Graphics Cursor Start Address Low) - - 3B7/3D7 O
XR32  (Graphics Cursor End Address) - - 3B7/3D7 O
XR33  (Graphics Cursor X Position High) - - 3B7/3D7 d
XR34  (Graphics Cursor X Position Low) - - 3B7/3D7 O
XR35 (Graphics Cursor Y Position High) - - 3B7/3D7 d
XR36 (Graphics Cursor Y Position Low) - - 3B7/3D7 O
XR37 (Graphics Cursor Mode) - - 3B7/3D7 O
XR38  (Graphics Cursor Mask) - - 3B7/3D7 O
XR39  (Graphics Cursor Color 0) - - 3B7/3D7 O
XR3A (Graphics Cursor Color 1) - - 3B7/3D7 O
XR3B -reserved- - - 3B7/3D7
XR3C -reserved- - - 3B7/3D7
XR3D -reserved- - - 3B7/3D7
XR3E -reserved- - - 3B7/3D7
XR3F -reserved- - - 3B7/3D7
XR40 (I/O Flag) - - 3B7/3D7 . . .
XR41 -reserved- - - 3B7/3D7 . . O
XR42 -reserved- - - 3B7/3D7
XR43  -reserved- - - 3B7/3D7 . . . .
XR44  (Scratch Register 0) - - 3B7/3D7 . .o 0
XR45  (Scratch Register 1/ FG Color) - - 3B7/3D7 . . O
XR46 -reserved- - - 3B7/3D7
XR47 -reserved- - - 3B7/3D7
XR48 -reserved- - - 3B7/3D7
XR49  -reserved- - - 3B7/3D7
XR4A -reserved- - - 3B7/3D7
XR4B -reserved- - - 3B7/3D7
XR4C -reserved- - - 3B7/3D7
XR4D -reserved- - - 3B7/3D7
XR4E -reserved- - - 3B7/3D7
XR4F -reserved- - - 3B7/3D7
XR50 (Panel Format) - - 3B7/3D7 o o O
XRS51 (Display Type) - - 3B7/3D7 g o 0O
XR52 (Panel Size) - - 3B7/3D7 o o O
XR53  (Override) - - 3B7/3D7 o o O
XR54  (Alternate Misc Output) - - 3B7/3D7 o o o
XR55 (Text Mode 350_A Compensation) - - 3B7/3D7 o o o
XR56 (Text Mode 350_B Compensation) - - 3B7/3D7 o o o
XRS57  (Text Mode 400 Compensation) - - 3B7/3D7 o o O
XR58  (Graphics Mode 350 Compensation) — — - 3B7/3D7 g o 0O
XR59  (Graphics Mode 400 Compensation) — — - 3B7/3D7 g o 0O
XRS5A  (Flat Panel Vertical Display Start 400 - - 3B7/3D7 o o o
XR5B (Flat Panel Vertical Display End 400) - - 3B7/3D7 g o 0O
XR5C (Weight Control Clock A) - - 3B7/3D7 o 0O
XR5D (Weight Control Clock B) - - 3B7/3D7 o 0O
XRSE (ACDCLK Control) - - 3B7/3D7 o o O
XRSF  (Power Down Mode Refresh) - - 3B7/3D7 o o O
Reset Codes: x = Not changed by RESET (indeterminate on power-up) — = 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 0/1 = Reset to 0/1 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 CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

82C450 EXTENSION REGISTER SUMMARY: 60-7F

Chips' VGA Product Family

Reg Register Name Bits Access Port Reset 450 451 452 453 455 456 457
XR60 (Blink Rate Control) - - 3B7/3D7 o o o
XR61  (Text Color Mapping Control) - - 3B7/3D7 o o
XR62 (Text Color Shift Parameter) - - 3B7/3D7 o o
XR63  (Graphics Color Mapping Control) - - 3B7/3D7 o o
XR64 (Alternate Vertical Total) - - 3B7/3D7 o o o
XR65 (Alternate Overflow) - - 3B7/3D7 . . . . o o o
XR66 (Alternate Vertical Sync Start) - - 3B7/3D7 . . . . o o o
XR67 (Alternate Vertical Sync End) - - 3B7/3D7 o o o
XR68  (Alternate Vertical Display Enable Enc - - 3B7/3D7 o o 0
XR69 (Flat Panel Vertical Display Start 350) - - 3B7/3D7 o o 0
XR6A (Flat Panel Vertical Display End 350) - - 3B7/3D7 o o 0
XR6B (Flat Panel Vertical Overflow 2) - - 3B7/3D7 o o o
XR6C (Weight Control Clock C) - - 3B7/3D7 o o
XR6D (External Palette Control) - - 3B7/3D7 o o
XR6E -reserved- - - 3B7/3D7 O
XR6F  -reserved- - - 3B7/3D7
XR70 46ES8 Register Override 1 R/W  3B7/3D7 0 --------- a
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 . . . . . .
XR7E CGA/Hercules Color Select 6 R/O 3B7/3D7 - -XXXXXX o o O 0O o o 0O
XR7F Diagnostic 8 R/W 3B7/3D7 00xxxx00 O 0O 0O . o 0O O
Reset Codes: x = Not changed by RESET (indeterminate on power-up) — = 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 0/1 = Reset to 0/1 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 CRT and Flat Panel displays (Plasma, EL, and LCD)
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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 Micro Channel 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 1D
Register contains the ID number that identifies the
82C450 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
82C450 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 1/0
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-
3C9h. Some of the registers are located external to
the 82C450 in the external color palette. Inmos
IMSG176 (Brooktree BT471/476) compatible
registers are documented in this manual.
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EXTENSION REGISTERS

The 82C450 uses several additional registers to
support new features that are not available in an
ordinary VGA. No new bits are defined and no
reserved/unused bits are used in the regular VGA
registers.

These extended 82C450 registers and the functions
they control are disabled on reset. The extended
registers can be accessed by two sets of control bits
(disabled on reset). Access to 82C450 extended
registers is accomplished by putting the 82C450 in
VGA setup mode and setting bit-7 of the registe at
I/0 address 103h. Once access is enabled, extended
registers can be addressed using the index/data pair
of registers at I/O address 3B6h / 3B7h or 3D6h /
3D7h.

Extension register 70h, '46E8 Register Override',
allows Setup Register 103h (Extension Enable
Register) to be write protected. Setting bit-7 of
XR70 forces the extended registers to stay enabled
no matter what is written to port 46E8h or the setup
registers.

The extension registers handle a variety of inter-
facing, compatibility, and display functions as
discussed below. They are grouped into the
following logical groups for discussion purposes:

1. Miscellaneous Registers include the 82C450
Version number, Dip Switch, CPU interface,
paging control, memory mode control, and
diagnostic functions.

2. General Purpose Registers handle video
blanking and the video default color.

3. Backwards Compatibility Registers control Her-
cules, MDA, and CGA emulation modes. Write
Protect functions are provided to increase
flexibility in providing backwards compatibility.

4. Alternate Horizontal and Vertical Registers han-
dle all horizontal and vertical timing, including
sync, blank and offset. These are used for
backwards compatibility.

Note: The state of most of the Standard VGA Registers is undefined at reset. All registers specific to the

82C450 (Extension Registers) are summarized in the Extension Register Table.
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82C450 Global Control (Setup) Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
- Setup Control - W 46E8h (PC-Bus only) - 25
- Global Enable - RW 102h & Setup mode — 25
- Extension Enable - RW 103h & Setup mode - 26
- Global ID - R 104h & Setup mode - 26
SETUP CONTROL REGISTER GLOBAL ENABLE REGISTER
Write only at I/O Address 46E8h Read/Write at I/0 Address 102h
ID7|D6|D5|D4[D3|D2[D1]DO) [D7]D6[D5[D4]D3[D2]D1]DO]
- VGA Sleep
— - Reserved -
VGA Enable
VGA Setup - Reserved
Reserved
This register is used with the PC-Bus Interface only. This register is only accessible in Setup Mode. It is
It is cleared by RESET. In the Micro Channel cleared by RESET.
interface, the Setup mode and VGA Disable are con-
trolled through the SETUP# and DISA# pins, 0  VGA Sleep
respectively. 0 VGA is disabled

1 VGA is enabled
7-1 Reserved (0)

2-0 Reserved (0)
3 VGA Enable

0 VGA is disabled
1 VGA is enabled

4  Setup Mode

0 VGA is in Normal Mode
1 VGA is in Setup Mode

7-5 Reserved (0)
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Global Control Registers

EXTENSION ENABLE REGISTER GLOBAL ID REGISTER
Read/Write at 1/0 Address 103h Read only at I/0 Address 104h
ID7|D6|D5|D4[D3|D2[D1]DO) |D7|D6[D5|D4|D3|D2[D1]DO|
- Reserved
- Chip ID Number

Extension Registers
Address Select
Extension Registers
Access Enable

This register is only accessible in Setup Mode. It is This register is only accessible in Setup Mode.

cleared by RESET.
7-0 These bits contain the ID number (0OA5h).

3-0 Reserved (0) This identifies the chip as a Chips and
Technologies product.

4  Reserved (0) This bit must be set to zero
for proper operation of the 82C450.

Reserved (0)
Address for Extension Registers

0 Extension registers at
I/0 Address 3D6/3D7h

1 Extension registers at
I/0 Address 3B6/3B7h

7  Extension Registers Access Enable

This bit controls access to the extension
registers at 3D6/7 or 3B6/7. It also allows
access to all CGA, MDA and Hercules
registers in non-emulation mode.

0 Disable Access
1 Enable Access
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82C450 General Control & Status Registers

Register I/0 Protect

Mnemonic Register Name Index Access Address Group Page

STOO Input Status 0 - R 3C2h - 27

STO1 Input Status 1 - R 3BAh/3DAh - 27

FCR Feature Control - w 3BAh/3DAhQ 5 28
R 3CAh

MSR Miscellaneous Output - w 3C2h 5 28
R 3CCh

INPUT STATUS REGISTER 0 (ST00)
Read only at I/O Address at 3C2h

ID7|D6 [D5 [D4 D3 [D2 D1 DO |

I Reserved

Switch Sense

I Reserved

3-0 Reserved (0)

CRT Interrupt Pending

4 Switch Sense. This bit returns the Status of

the SENSE pin.

6-5 Reserved. These bits read back 00 in an AT

bus implementation and 11
Channel implementation.

7  CRT Interrupt Pending
0 Indicates no CRT interrupt
is pending
1 Indicates a CRT interrupt
is waiting to be serviced

in Micro

INPUT STATUS REGISTER 1 (ST01)
Read only at I/O Address 3BAh/3DAR

|D7|D6|D5|D4|D3|D2|Dl|DO|

DE/Hsync Output

—:|~ Reserved

Vertical Retrace/Video

:|~ Video Feedback
Reserved

Vsync Output

0 Display Enable/HSYNC Output. The
functionality of this bit is controlled by the
Emulation Mode register (XR14[4]).

0 Indicates DE or HSYNC inactive
1 Indicates DE or HSYNC active

2-1 Reserved (0)

3 Vertical Retrace/Video. The functionality of
this bit is controlled by the Emulation Mode
register (XR14[5]).

0 Indicates VSYNC or video inactive
1 Indicates VSYNC or video active

5-4 Video Feedback 1, 0. These are diagnostic
video bits which are selected via the Color
Plane Enable Register.

6 Reserved (0)

7  Vsync Output. The functionality of this bit
is controlled by the Emulation Mode register
(XR14[6]). It reflects the active status of the
VSYNC output: O=inactive, 1=active.
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General Control Registers

FEATURE CONTROL REGISTER (FCR)
Write at I/O Address 3BAh/3DAR

Read at I/O Address 3CAh

Group 5 Protection

ID7|D6 D5 D4 |D3[D2 D1 DO

} Feature Control

Reserved

Vsync Control

Reserved

1-0 Feature Control. These bits are used internal
to the 82C450 in conjunction with the
Configuration Register (XR01). When
enabled by XRO1 bits 2-3 and Misc Output
Register bits 3-2 = 10, these bits determine
the pixel clock frequency typically as
follows:

FCR1:0 =00 = 40.000 MHz
FCR1:0 =01 =50.350 MHz
FCR1:0 = 10 = User defined
FCR1:0 =11 =44.900 MHz

This preserves compatibility with drivers
developed for the 82C451 and 82C452
VGA controllers.

2 Reserved (0)

3  Vsync Control
RESET.

0 VSync output on the VSYNC pin
1 Logical 'OR' of VSync and
Display Enable output
on the VSYNC pin

This capability is not typically very useful,
but is provided for IBM compatibility.

7-4 Reserved (0)

This bit is cleared by

MISCELLANEOUS OUTPUT REGISTER

(MSR)

Write at I/O Address 3C2h

Read at I/O Address 3CCh

(vniin § Dvatortinn

|D7|D6|D5]|D4|D3|D2[D1]DO)
I/0O Address Select
RAM Enable

—:I~ Clock Select

Reserved

Page Select

Hsync Polarity

Vsync Polarity

This register is cleared by RESET.

0

3-2

I/O Address Select. This bit selects 3Bxh
or 3Dxh as the I/O address for the CRT
Controller registers, the Feature Control
Register (FCR), and Input Status Register
1 (STO1).

0 Select 3Bxh I/0 address
1 Select 3Dxh I/O address

Enable RAM.

0 Prevent CPU access to display
memory

1 Allow CPU access to display
memory.

Clock Select. These bits usually select the
dot clock source for the CRT interface:

MSR3:2 =00 = Select CLKO
MSR3:2 =01 = Select CLK1
MSR3:2 =10 = Select CLK2
MSR3:2 =11 = Select CLK3

See extension register XRO1 bits 2-3
(Configuration) and FCR bits 0-1 for varia-
tions of the above clock selection mapping.
See also XR1F (Virtual Switch Register) for
additional functionality potentially controlled
by these bits.

Reserved (0)

Page Select. In Odd/Even Memory Map
Mode 1 (GRO6), this bit selects the upper or
lower 64K byte page in display memory for
CPU access: 1=select lower page; O=select
upper page.

CRT Hsync Polarity. O=pos, 1=neg

CRT Vsync Polarity. O=pos, 1=neg

(Blank pin polarity can be controlled via the
Video Interface Register, XR28)
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CGA / Hercules Registers

82C450 CGA / Hercules Registers

Register I/0 Protect
Mnemonic Register Name Index Access Address Group Page
MODE CGA/Hercules Mode - RW 3D8h - 29
COLOR CGA Color Select - RW 3D%h - 30
HCFG Hercules Configuration - RW 3BFh - 31
CGA / HERCULES MODE CONTROL CGA Mono/Color Mode
REGISTER (MODE) 0 Select CGA color mode
Read/Write at I/O Address 3B8h/3D8h 1 Select CGA monochrome mode
CGA/Hercules Video Enable
[D7|D6|D5[D4|D3[D2|D1{DO] 0 Blank the screen
) 1 Enable video output
Hi-Res Text (CGA only) . .
Graphics Mode  (0=Text) CC(})A Iéh]gh R;;(())ll];(l)(())n MO}(:ile d
elect 320x graphics mode
MOHOChmme (CGA only) 1 Select 640x200 graphics mode
Video Enable

Hi-Res Graphics (CGA only)

Text Blink Enable

Reserved

Page Select (Herc only)

This register is effective only in CGA and Hercules

modes.

It is accessible if CGA or Hercules

emulation mode is selected or the extension registers
are enabled. If the extension registers are enabled,
the address is determined by the address select in the

Miscellaneous Outputs register.

Otherwise the

address is determined by the emulation mode. It is
cleared by RESET.

0 CGA 80/40 Column Text Mode

0
1

Select 40 column CGA text mode
Select 80 column CGA text mode

1  CGA/Hercules Graphics/Text Mode

0
1

Select text mode
Select graphics mode

CGA/Hercules Text Blink Enable
0 Disable character blink attribute
(blink attribute bit-7 used to control
background intensity)
1 Enable character blink attribute

Reserved (0)

Hercules Page Select
0 Select the lower part of memory
(starting address BOOOOh) in Hercules
Graphics Mode
1 Select the upper part of the memory
(starting address B800Oh) in Hercules
Graphics Mode
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CGA / Hercules Registers

CGA COLOR SELECT REGISTER
Read/Write at 1/0 Address 3D%h

|D7|D6|D5|D4|D3|D2[D1]DO|

Color bit-0 (Blue)

640x200 2-color: Foreground Color
(color when the pixel

value is 1)

The background color (color when the pixel
value is 0) is black.

Color bit-1 (Green) 4  Intensity Enable
Color bit-2 (Red) - Text Mode: Enables intensified
Color bit-3 (IntenSIty) background Colors
Intensity Enable 320x200 4-color:  Enables intensified
Color Set Select colors 0-3
l 640x200 2-color:  Don't care
Reserved
5 Color Set Select. This bit selects one of two
This register is effective only in CGA modes. It is available CGA color palettes to be used in
accessible if CGA emulation mode is selected or the 320x200 graphics mode (it is ignored in all
extension registers are enabled. This register may other modes) according to the following
also be read or written as an Extension Register table:
(XR7E). Itis cleared by RESET. Pixel Color Set Color Set
3-0 Color Value 0 1
(color when the pixel 01 Green Cyan
value is 0) 10 Red Magenta
11 B Whi
The foreground colors (colors when the own e
pixel value is 1-3) are determined by bit-5 of 7-6  Reserved (0)
this register.
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CGA / Hercules Registers

CONFIGURATION

REGISTER (HCFG)
Write only at I/0 Address 3BFh

|D7|D6|D5|D4|D3|D2|D1|DO|

Enable Graphics Mode
Enable Memory Page 1

I Reserved

This register is effective only in Hercules mode. It is
accessible in Hercules emulation mode or if the
extension registers are enabled. It may be read back
through XR14 bits 2 & 3. Itis cleared by RESET.

0  Enable Graphics Mode

0

Lock the 82C450 in Hercules text
mode. In this mode, the CPU has
access only to memory address range
B0000h-B7FFFh (in text mode the
same area of display memory wraps
around 8 times within this range such
that BOOOO accesses the same display
memory location as B1000, B2000,
etc.).

Permit entry to Hercules Graphics
mode.

1  Enable Memory Page 1

0

Prevent setting of the Page Select bit
(bit 7 of the Hercules Mode Control
Register). This function also restricts
memory usage to addresses BOOOOh-
B7FFFh.

The Page Select bit can be set and the
upper part of display memory
(addresses B8000h - BFFFFh) is
available.

7-2 Reserved (0)
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Sequencer Registers

Sequencer Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
SRX Sequencer Index - RW 3C4h 1 33
SRO0 Reset 00h RW 3C5h 1 33
SRO1 Clocking Mode 01h RW 3C5h 1 34
SRO2 Plane/Map Mask 02h RW 3C5h 1 34
SRO3 Character Font 03h RW 3C5h 1 35
SR04 Memory Mode 04h RW 3C5h 1 36
SRO7 Horizontal Character Counter Reset 07h W 3C5h - 36

SEQUENCER INDEX REGISTER (SRX)
Read/Write at I/O Address 3C4h

[D7|D6|Ds[D4|D3[D2|D1|DO]

————r Sequencer Index

I Reserved

This register is cleared by RESET.

SEQUENCER RESET REGISTER (SR00)
Read/Write at I/0 Address 3C5h

Index 00h

Group 1 Protection

|D7[D6|D5[D4|D3|D2|D1{DO]

Async Reset

Sync Reset

I Reserved

0  Asynchronous Reset

2-0 These bits contain a 3-bit Sequencer Index 0 Force asynchronous reset
value used to access sequencer data registers 1 Normal operation
atindices 0 through 7. Display memory data will be corrupted if
7-3 Reserved (0) this bit is set to zero.
1  Synchronous Reset
0 Force synchronous reset
1 Normal operation
Display memory data is not corrupted if this
bit is set to zero for a short period of time (a
few tens of microseconds).
7-2 Reserved (0)
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SEQUENCER CLOCKING MODE
REGISTER (SR01)

Read/Write at I/O Address 3C5h

Index O1h

Group 1 Protection

ID7 [D6 |D5 [D4 D3 [D2 D1 [DO]

8/9 Dot Clocks
Reserved

Shift Load

Input Clock Divide
Shift 4

Screen Off

7-6

:I~ Reserved

8/9 Dot Clocks. This bit determines
whether a character clock is 8 or 9 dot clocks
long.

0 Select 9 dots/character clock

1 Select 8 dots/character clock

Reserved (0)
Shift Load
0 Load video data shift registers every
character clock

1 Load video data shift registers every
other character clock

Bit-4 of this register must be O for this bit to
be effective.

Input Clock Divide

0 Sequencer master clock output on the
PCLK pin (used for 640 (720) pixel
modes)

1 Master clock divided by 2 output on
the PCLK pin (used for 320 (360)
pixel modes)

Shift 4

0 Load video shift registers every 1 or 2
character clocks (depending on bit-2
of this register)

1 Load shift registers every 4th character
clock.

Screen Off

0 Normal Operation

1 Disable video output and assign all
display memory bandwidth for CPU
accesses

Reserved (0)

SEQUENCER PLANE/MAP MASK
REGISTER (SR02)

Read/Write at I/O Address 3C5h

Index 02h

Group 1 Protection

[D7|D6|D5[D4|D3[D2[D1|DO]

I Color Plane Enable

- Reserved
3-0 Color Plane Enable
0 Write protect corresponding color
plane
1 Allow write to corresponding
color plane.
In Odd/Even and Quad modes, these bits
still control access to the corresponding
color plane.
7-4 Reserved (0)
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Sequencer Registers

CHARACTER FONT SELECT
REGISTER (SR03)

Read/Write at I/0 Address 3C5h
Index 03h

Group 1 Protection

[D7|D6[D5[D4|D3[D2[D1]DO]

Font Select B bit-1
Font Select B bit-2
Font Select A bit-1
Font Select A bit-2
Font Select B bit-0
Font Select A bit-0

:I~ Reserved

In text modes, bit-3 of the video data's attribute byte
normally controls the foreground intensity. This bit
may be redefined to control switching between
character sets. This latter function is enabled
whenever there is a difference in the values of the
Character Font Select A and the Character Font
Select B bits. If the two values are the same, the
character select function is disabled and attribute bit-
3 controls the foreground intensity.

SR04 bit-1 must be 1 for the character font select
function to be active. Otherwise, only character
fonts 0 and 4 are available.

1-0  High order bits of Character Generator
Select B

3-2  High order bits of Character Generator
Select A

4 Low order bit of Character Generator
Select B

5 Low order bit of Character Generator
Select A

7-6  Reserved (0)

The following table shows the display memory plane
selected by the Character Generator Select A and B

bits.
Code  Character Generator Table Location

0 First 8K of Plane 2
1 Second 8K of Plane 2
2 Third 8K of Plane 2
3 Fourth 8K of Plane 2
4 Fifth 8K of Plane 2
5 Sixth 8K of Plane 2
6 Seventh 8K of Plane 2
7 Eighth 8K of Plane 2

where 'code' is:

Character Generator Select A (bits 3, 2, 5) when
bit-3 of the the attribute byte is one.

Character Generator Select B (bits 1, 0, 4) when bit-
3 of the attribute byte is zero.
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SEQUENCER MEMORY MODE
REGISTER (SR04)

Read/Write at I/O Address 3C5h
Index 04h

Group 1 Protection

[D7[D6]|D5[D4|D3|D2|D1{DO]

Reserved

Extended Memory
Odd/Even Mode
Quad Four Mode

Reserved

0 Reserved (0)
Extended Memory

0 Restrict CPU access to 4/16/32 Kbytes
1 Allow complete access to memory

This bit should normally be 1.
2 Odd/Even Mode

0 CPU accesses to Odd/Even addresses
are directed to corresponding odd/even
planes

1 All planes are accessed simultaneously
(IRGB color)

Bit-3 of this register must be O for this bit to
be effective. This bit affects only CPU write
accesses to display memory.

3 Quad Four Mode

0 CPU addresses are mapped to display
memory as defined by bit-2 of this
register

1 CPU addresses are mapped to display
memory modulo 4. The two low
order CPU address bits select the dis-
play memory plane.

This bit affects both CPU reads and writes
to display memory.

7-4 Reserved (0)

SEQUENCER HORIZONTAL CHARACTER
COUNTER RESET (SR07)

Read/Write at I/O Address 3C5h

Index 07h

|D7[D6|D5[D4|D3|D2|D1{DO]

- Don't Care

Writing to SRO7 with any data will cause the
horizontal character counter to be held reset
(character counter output = 0) until a write to any
other sequencer register with any data value. The
write to any index in the range 0-6 clears the latch
that is holding the reset condition on the character
counter.

The vertical line counter is clocked by a signal
derived from horizontal display enable (which does
not occur if the horizontal counter is held reset).
Therefore, if the write to SR0O7 occurs during vertical
retrace, the horizontal and vertical counters will both
be set to zero. A write to any other sequencer
register may then be used to start both counters with
reasonable synchronization to an external event via
software control.

This is a standard VGA register which was not
documented by IBM.
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CRT Controller Registers

Register I/0 Protect
Mnemonic Register Name Index Access Address Group Page
CRX CRTC Index - RW 3B4h/3D4h - 38
CROO Horizontal Total 00h RW 3B5h/3D5h 0 38
CRO1 Horizontal Display Enable End 01h RW 3B5h/3D5h 0 38
CRO2 Horizontal Blank Start 02h RW 3B5h/3D5h 0 39
CRO3 Horizontal Blank End 03h RW 3B5h/3D5h 0 39
CRO4 Horizontal Sync Start 04h RW 3B5h/3D5h 0 40
CRO5 Horizontal Sync End 05h RW 3B5h/3D5h 0 40
CRO6 Vertical Total 06h RW 3B5h/3D5h 0 41
CRO7 Overflow 07h RW 3B5h/3D5h 0/3 41
CRO8 Preset Row Scan 08h RW 3B5h/3D5h 3 42
CR09 Maximum Scan Line 0%h RW 3B5h/3D5h 2/4 42
CROA Cursor Start Scan Line 0Ah RW 3B5h/3D5h 2 43
CROB Cursor End Scan Line 0Bh RW 3B5h/3D5h 2 43
CROC Start Address High 0Ch RW 3B5h/3D5h - 44
CROD Start Address Low 0Dh RW 3B5h/3D5h - 44
CROE Cursor Location High OEh RW 3B5h/3D5h - 44
CROF Cursor Location Low OFh RW 3B5h/3D5h - 44
CR10 Vertical Sync Start (See Note 2) 10h W or RW  3B5h/3D5h 4 45
CR11 Vertical Sync End (See Note 2) 11h W or RW  3B5h/3D5h 3/4 45
CR10 Lightpen High (See Note 2) 10h R 3B5h/3D5h - 45
CR11 Lightpen Low (See Note 2) 11h R 3B5h/3D5h - 45
CR12 Vertical Display Enable End 12h RW 3B5h/3D5h 4 46
CR13 Offset 13h RW 3B5h/3D5h 3 46
CR14 Underline Row 14h RW 3B5h/3D5h 3 46
CR15 Vertical Blank Start 15h RW 3B5h/3D5h 4 47
CR16 Vertical Blank End 16h RW 3B5h/3D5h 4 47
CR17 CRT Mode Control 17h RW 3B5h/3D5h 3/4 48
CR18 Line Compare 18h RW 3B5h/3D5h 3 49
CR22 Memory Data Latches 22h R 3B5h/3D5h - 50
CR24 Attribute Controller Toggle 24h R 3B5h/3D5h - 50

Note 1: ' When MDA or Hercules emulation is enabled, the CRTC I/O address should be set to 3B4h-3B5h by
setting the I/O address select bit in the Miscellaneous Output register (3C2h/3CCh bit-0) to zero. When
CGA emulation is enabled, the CRTC I/O address should be set to 3D4h-3D5h by setting Misc Output
Register bit-0 to 1.

Note 2: In the EGA, all CRTC registers except the cursor (CROC-CROF) and light pen (CR10 and CR11)
registers are write-only (i.e., no read back). In both the EGA and VGA, the light pen registers are at
index locations conflicting with the vertical sync registers. This would normally prevent reads and
writes from occurring at the same index. Since the light pen registers are not normally useful, the VGA
provides software control (CR0O3 bit-7) of whether the vertical sync or light pen registers are readable at
indices 10-11.
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CRTC INDEX REGISTER (CRX)
Read/Write at 1/0 Address 3B4h/3D4h

[D7|D6|D5[D4|D3[D2|D1{DO]

- CRTC Index

I Reserved

5-0 CRTC data register index
7-6 Reserved (0)

HORIZONTAL TOTAL REGISTER (CR00)
Read/Write at I/0 Address 3B5Sh/3D5h

Index 00h

Group 0 protection

[D7|D6[Ds[D4|D3[D2|D1|D0]

- Horizontal Total

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

7-0 Horizontal Total. Total number of character
clocks per line = contents of this register +
5. This register determines the horizontal
sweep rate.

HORIZONTAL DISPLAY ENABLE END
REGISTER (CRO01)

Read/Write at I/0 Address 3B5Sh/3D5h

Index 01h

Group 0 protection

[D7|D6|D5[D4|D3[D2[D1|DO]

- Horizontal Display

This register is used for all VGA and EGA modes
on CRTs. It is also used for 640 column CGA
modes and MDA/Hercules text mode. In all 320
column CGA modes and Hercules graphics mode,
the alternate register is used.

7-0 Number of Characters displayed per scan
line - 1.
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HORIZONTAL BLANK START
REGISTER (CR02)

Read/Write at 1/0 Address 3B5h/3D5h
Index 02h

Group 0 protection

[D7|D6[D5[D4|D3[D2|D1|DO|

- H Blank Start

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

7-0 These bits specify the beginning of
horizontal blank in terms of character clocks
from the beginning of the display scan. The
period between Horizontal Display Enable
End and Horizontal Blank Start is the right
side border on screen.

HORIZONTAL BLANK END
REGISTER (CR03)

Read/Write at I/0 Address 3B5Sh/3D5h
Index 03h

Group 0 protection

[D7|D6[D5[D4|D3[D2|D1|DO|

- H Blank End

I DE Skew Control
Light Pen Reg. Enable

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

4-0 These are the lower 5 bits of the character
clock count used to define the end of
horizontal blank. The interval between the
end of horizontal blank and the beginning of
the display (a count of 0) is the left side
border on the screen. If the horizontal blank
width desired is W clocks, the 5-bit value
programmed in this register = [contents of
CRO2 + W] and 1Fh. The most significant
bit is programmed in CROS bit-7. This bit =
[( CRO2 + W) and 20h]/20h.

6-5 Display Enable Skew Control: Defines the
number of character clocks that the Display
Enable signal is delayed to compensate for
internal pipeline delays.

7  Light Pen Register Enable: Must be 1 for
normal operation; when this bit is 0, CRTC
registers CR10 and CR11 function as light-
pen readback registers.
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HORIZONTAL SYNC START
REGISTER (CR04)

Read/Write at 1/0 Address 3B5h/3D5h
Index 04h

Group 0 protection

[D7[D6]|D5[D4|D3|D2|D1{DO]

- Horizontal Sync Start

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

7-0 These bits specify the beginning of Hsync in
terms of Character clocks from the
beginning of the display scan. These bits
also determine display centering on the

screen.

HORIZONTAL SYNC END
REGISTER (CRO05)

Read/Write at I/0 Address 3B5Sh/3D5h
Index 05h

Group 0 protection

[D7|D6[D5[D4|D3[D2[D1]DO

- Horizontal Sync End

- Horizontal Sync Delay
H Blank End Bit 5

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

4-0 Hsync End. Lower 5 bits of the character
clock count which specifies the end of
Horizontal Sync. If the horizontal sync
width desired is N clocks, then these bits =
(N + contents of CR04) and 1Fh.

Horizontal Sync Delay. These bits specify
the number of character clocks that the
Horizontal Sync is delayed to compensate
for internal pipeline delays.

7  Horizontal Blank End Bit 5. Sixth bit of the
Horizontal Blank End Register (CRO3).

6-5
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VERTICAL TOTAL REGISTER (CR06)
Read/Write at 1/0 Address 3B5h/3D5h

Index 06h

Group 0 protection

[D7[D6]|D5[D4|D3|D2|D1{DO]

- V Total (Scan Lines)
(Lower 8 Bits)

This register is used in all modes.

7-0 These are the 8 low order bits of a 10-bit
register. The 9th and 10th bits are located in
the CRT Controller Overflow Register. The
Vertical Total value specifies the total
number of scan lines (horizontal retrace
periods) per frame.

Programmed Count = Actual Count — 2

OVERFLOW REGISTER (CR07)
Read/Write at I/O Address 3B5h/3D5h
Index 07h

Group 0 protection on bits 0-3 and bits 5-7
Group 3 protection on bit 4

|D7[D6|D5[D4|D3|D2|D1{DO]

V Total Bit 8

V D. E. End Bit 8

V Sync Start Bit 8
V Blank Start Bit 8
Line Compare Bit 8
V Total Bit 9

V D.E. End Bit9
V Sync Start Bit 9

This register is used in all modes.

Vertical Total Bit 8

Vertical Display Enable End Bit 8
Vertical Sync Start Bit 8

Vertical Blank Start Bit 8

Line Compare Bit 8

Vertical Total Bit 9

Vertical Display Enable End Bit 9
Vertical Sync Start Bit 9

NAUNRAWN=O
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PRESET ROW SCAN REGISTER (CR08)
Read/Write at 1/0 Address 3B5h/3D5h

Index 0O8h

Group 3 Protection

[D7[D6|D5[D4|D3|D2|D1{DO]

I Start Row Scan Count

- Byte Panning Control
Reserved

4-0

These bits specify the starting row scan
count after each vertical retrace. Every
horizontal retrace increments the character
row scan line counter. The horizontal row
scan counter is cleared at maximum row
scan count during active display. This
register is used for soft scrolling in text
modes.

Byte Panning Control. These bits specify
the lower order bits for the display start
address. They are used for horizontal
panning in Odd/Even and Quad modes.

Reserved (0)

MAXIMUM SCAN LINE REGISTER (CR09)
Read/Write at I/O Address 3B5h/3D5h

Index 09h

Group 2 protection on bits 0-4

Group 4 Protection on bits 5-7

|D7[D6|D5[D4|D3|D2|D1{DO]

Scan Lines Per Row

V Blank Start Bit 9

Line Compare Bit 9
Double Scan

4-0

These bits specify the number of scan lines
in a row: Programmed Value = Number of
scan lines per row — 1.

Bit 9 of the Vertical Blank Start register
Bit 9 of the Line Compare register
Double Scan

0 Normal Operation
1 Enable scan line doubling

The vertical parameters in the CRT
Controller (even for a split screen) are not
affected, only the CRTC row scan counter
(bits 0-4 of this register) and display
memory addressing screen refresh are
affected.
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CURSOR START SCAN LINE
REGISTER (CROA)

Read/Write at 1/0 Address 3B5h/3D5h
Index OAh

Group 2 Protection

[D7[D6]|D5[D4|D3|D2|D1{DO]

I Cursor Start Scan Line

— Cursor off

I Reserved

These bits specify the scan line of the
character row where the cursor display
begins.

5  Cursor Off

0 Text Cursor On
1 Text Cursor Off

Reserved (0)

CURSOR END SCAN LINE
REGISTER (CROB)

Read/Write at I/0 Address 3B5h/3D5h
Index OBh

Group 2 protection

|D7[D6|D5[D4|D3|D2|D1{DO]

I Cursor End Scan Line

- Cursor Delay

Reserved

4-0 These bits specify the scan line of a character
row where the cursor display ends: Last
scan line for the block cursor = Value + 1.

6-5 These bits define the number of character

clocks that the cursor is delayed to
compensate for internal pipeline delay.

7  Reserved (0)

Note: If the Cursor Start Line is greater than the
Cursor End Line, then no cursor is generated.
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START INDEX HIGH REGISTER (CRO0OC)
Read/Write at I/0 Address 3B5h/3D5h
Index OCh

[D7[D6]|D5[D4|D3|D2|D1{DO]

+ Display Start Index High
(Upper 8 bits)

7-0 Upper 8 bits of display start address. In
CGA/MDA/Hercules modes, this register
wraps around at the 16, 32, and 64 KByte
boundaries respectively.

START INDEX LOW REGISTER (CRO0D)
Read/Write at 1/0 Address 3B5h/3D5h
Index ODh

[D7|D6|Ds[D4|D3[D2[|D1|DO]

- Display Start Index Low
(Lower 8 bits)

7-0 Lower 8 bits of the display start address.
The display start address points to the
memory address corresponding to the top
left corner of the screen.

CURSOR LOCATION HIGH
REGISTER (CROE)

Read/Write at I/0 Address 3B5h/3D5h
Index OEh

|D7[D6|D5[D4|D3|D2|D1{DO]

 Text Cursor Mem. Index
(Upper 8 bits)

7-0  Upper 8 bits of the memory address where
the text cursor 1is active. In
CGA/MDA/Hercules modes, this register
wraps around at 16, 32, and 64 KByte
boundaries respectively.

CURSOR LOCATION LOW
REGISTER (CROF)

Read/Write at I/0 Address 3B5h/3D5h
Index OFh

[D7[D6|Ds[D4|D3|D2|D1|DO]

- Text Cursor Mem. Index
(Lower 8 bits)

7-0 Lower 8 bits of the memory address where
the text cursor 1is active. In
CGA/MDA/Hercules modes, this register
wraps around at 16, 32, and 64 KByte
boundaries respectively.
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LIGHTPEN HIGH REGISTER (CR10)
Read only at I/0 Address 3B5h/3D5h
Index 10h

Read-only Register loaded at line compare (the light
pen flip-flop is not implemented). Effective only in
MDA and Hercules modes or when CRO03 bit-7 = 0.

LIGHTPEN LOW REGISTER (CR11)
Read only at I/O Address 3B5Sh/3D5h
Index 11h

Read-only Register loaded at line compare (the light
pen flip-flop is not implemented). Effective only in
MDA and Hercules modes or when CRO3 bit-7 = 0.

VERTICAL SYNC START REGISTER (CR10)
Read/Write at I/0 Address 3B5h/3D5h

Index 10h

Group 4 Protection

[D7|D6|D5[D4|D3|D2|D1|DO]

- V Sync Start
(Lower 8 bits)

This register is used in all modes. This register is
not readable in (Line Compare bit-9)
MDA/Hercules emulation or when CRO3 bit-7=1.

7-0  The eight low order bits of a 10-bit register.
The 9th and 10th bits are located in the
CRTC Overflow Register. They define the
scan line position at which Vertical Sync
becomes active.

VERTICAL SYNC END REGISTER (CR11)
Read/Write at I/O Address 3B5h/3D5h

Index 11h

Group 3 Protection for bits 4 and 5

Group 4 Protection for bits 0-3, 6 and 7

|D7[D6|D5[D4|D3|D2|D1{DO]

V Sync End

V Interrupt Clear

V Interrupt Enable

Select Refresh Type
Protect CRTC (Group 0)

This register is used in all modes. This register is
not readable in MDA/Hercules emulation or when
CRO3 bit-7=1.

3-0 Vertical Sync End. Lower 4 bits of the scan
line count that defines the end of vertical
sync. If the vertical sync width desired is N
lines, then bits 3-0 of this register = (CR10
+ N) AND OFh.

4  Vertical Interrupt Clear

0 Clear vertical interrupt generated on
the IRQ output (default on reset)
1 Normal operation

5  Vertical Interrupt Enable

0 Enable vertical interrupt (default)
1 Disable vertical interrupt

6  Select Refresh Type

0 3 refresh cycles per scan line
1 5 refresh cycles per scan line

7  Group Protect 0. This bit is logically ORed
with XR15 bit-6 to determine the protection
for group O registers. This bit is cleared by
RESET.

0 Enable writes to CR0O0-CRO7
1 Disable writes to CR0O0-CRO7

CRO7 bit-4 (Line Compare bit-9) is not
affected by this bit.
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VERTICAL DISPLAY ENABLE END
REGISTER (CR12)

Read/Write at 1/0 Address 3B5h/3D5h
Index 12h

Group 4 protection

|D7[D6]|D5[D4|D3|D2|D1{DO]

- V Display Enable End

(Lower 8 bits)

These are the eight low order bits of a 10-bit
register. The 9th and 10th bits are located in
the CRT Controller Overflow register. The
actual count = Contents of this register + 1.

OFFSET REGISTER (CR13)
Read/Write at 1/0 Address 3B5h/3D5h
Index 13h

Group 3 protection

[D7|D6|D5[D4[D3[D2[D1{DO]

 Display Buffer Width

Display Buffer Width. The byte starting
address of the next display row = Byte Start
Address for current row + K* (CR13 +
Z/2), where Z = bit defined in XROD and K
= 2 in byte mode, K = 4 in word mode.
Byte, word and double word mode is
selected by bit-6 of CR17 and bit-6 of
CR14. A less significant bit than bit-0 of
this register is defined in the Auxiliary Off-
set register (XROD). This allows finer
resolution of the bit map width. Byte, word
and doubleword mode affects the translation
of the 'logical' display memory address to
the 'physical’ display memory address.

UNDERLINE LOCATION REGISTER (CR14)
Read/Write at I/0 Address 3B5Sh/3D5h

Index 14h

Group 3 protection

|D7[D6|D5[D4|D3|D2|D1{DO]

Underline Position

Count by 4
Doubleword Mode

Reserved

4-0 These bits specify the underline's scan line

position within a character row. Value =
Actual scan line number - 1.

Count by 4 for Doubleword Mode

0 Display Memory Address is
incremented by 1 or 2

1 Display Memory Address is
incremented by 4 or 2

See CR17 bit-3 for further details.
Doubleword Mode

0 Display Memory Address is a byte or
word address

1 Display Memory Address is a
doubleword address

This bit is used in conjunction with CR17
bit-6 to select the display memory
addressing mode.

Reserved (0)
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VERTICAL BLANK START
REGISTER (CR15)

Read/Write at 1/0 Address 3B5h/3D5h
Index 15h

Group 4 protection

|D7[D6]|D5[D4|D3|D2|D1{DO]

 V Blank Start
(Lower 8 bits)

This register is used in all modes.

7-0 These are the 8 low order bits of a 10-bit
register. The 9th and 10th bits are located in
the CRT Controller Overflow and Maxi-
mum Scan Line Registers respectively.
Together these 10 bits define the scan line
position where vertical blank begins. The
interval between the end of the vertical dis-
play and the beginning of vertical blank is
the bottom border on the screen.

VERTICAL BLANK END
REGISTER (CR16)

Read/Write at I/0 Address 3B5Sh/3D5h
Index 16h

Group 4 protection

|D7[D6|D5[D4|D3|D2|D1{DO]

 V Blank End
(Lower 8 bits)

This register is used in all modes.

7-0 End Vertical Blank. These are the 8 low
order bits of the scan line count which speci-
fies the end of Vertical Blank. If the vertical
blank width desired is Z lines these bits =
(Vertical Blank Start + Z) and OFFh.

Revision 2.0

47

82C450



CRT Controller Registers

CRT MODE CONTROL REGISTER (CR17)
Read/Write at I/0 Address 3B5Sh/3D5h

Index 17h

Group 3 Protection for bits 0,1 and 3-7

Group 4 Protection for bit 2.

[D7|D6|D5[D4[D3[D2|D1|DO]

Compatibility Mode
Select Row Scan Ctr
Vsync Select

Count by 2

Reserved

Address Wrap
Word/Byte Mode
CRTC Reset

0 Compatibility Mode Support. This bit
allows compatibility with the IBM CGA
two-bank graphics mode.

0 The character row scan line counter bit
0 is substituted for memory address
bit 13 during active display time.

1 Normal operation, no substitution
takes place.

1  Select Row Scan Counter. This bit allows
compatibility with Hercules graphics and
with any other 4-bank graphics system.

0 Substitute character row scan line
counter bit 1 for memory address bit
14 during active display time.

1 Normal operation, no substitution
takes place.

2 Vertical Sync Select. This bit controls the
vertical resolution of the CRT Controller by
permitting selection of the clock rate input to
the vertical counters. When set to 1, the
vertical counters are clocked by the
horizontal retrace clock divided by 2.

3  Count By Two

0 Memory address counter is
incremented every character clock

1 Memory address counter is
incremented every two character
clocks, used in conjunction with bit-5
of OFh.

Note: This bit is used in conjunction with
CR14 bit-5. The net effect is as follows:

Increment
Addressing
CR14 bit-5 CRI17 bit-3 Every
0 0 1 CCLK
0 1 2 CCLK
1 0 4 CCLK
1 1 2 CCLK

Note: In Hercules graphics and Hi-res CGA
modes, the address inrements every two
clocks.

Reserved (0)

Address Wrap (effective only in word
mode.)

0 Wrap display memory address at 16
KBytes. This is used in IBM CGA
mode.

1 Normal operation (extended mode)

Word Mode or Byte Mode.

0 Select Word Mode. In this mode the
display memory address counter bits
are shifted down by one, causing the
most-significant bit of the counter to
appear on the least-significant bit of
the display memory address output.

1 Select Byte Mode

Note: This bit is used in conjunction with
CR14 bit-6 to select byte, word, or double
word memory addressing as follows:

CR14 Bit-6 CR17 Bit-6 Addressing Mode

0 0 Word Mode

0 1 Byte Mode

1 0 Double Word
Mode

1 1 Double Word
Mode

Display memory addresses are affected as
shown in the table on the following page.

Hardware Reset (This bit is cleared by
RESET)

0 Force HSYNC and VSYNC to be
inactive. No other registers or outputs
are affected.

1 Normal Operation
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Display memory addresses are affected by CR17
bit-6 as shown in the table below:

CRT Controller Registers

Logical Physical Memory Address
Memory Byte Word Double Word
Address Mode Mode Mode

MAOO A00 Note 1 Note 2

MAO1 A0l A00 Note 3

MAO2 A02 A01 A00

MAO3 A03 A02 AO01

MAO4 A04 A03 A02

MAO5 A05 A04 AO03

MAO6 A06 A05 A04

MAOQ7 AQ7 A06 A05

MAOS A08 AQ7 A06

MAO9 AQ09 A08 AQ7

MAI10 Al10 A09 A08

MAI11 All A10 AQ9

MAI12 Al2 All A10

MA13 Al3 Al2 All

MA14 Al4 Al3 Al2

MA15 Al5 Al4 Al3

Note 1 = A13 * NOT CR17 bit-5 + A15 * CR17 bit-

5

Note 2 = A12 xor (A14 * XR04 bit-2)
Note 3 = A13 xor (A15 * XR04 bit-2)

LINE COMPARE

REGISTER (CR18)

Read/Write at I/0 Address 3B5Sh/3D5h
Index 18h

Group 3 protection

|D7[D6|D5[D4|D3|D2|D1{DO]

- Line Compare Target

(Lower 8 bits)

These are the low order 8 bits of a 10-bit
register. The 9th and 10th bits are located in
the CRT Controller Overflow and Maxi-
mum Scan Line Registers, respectively.
This register is used to implement a split
screen function. When the scan line counter
value is equal to the contents of this register,
the memory address counter is cleared to 0.
The display memory address counter then
sequentially addresses the display memory
starting at address 0. Each subsequent row
address is generated by the addition of the
Offset Register contents. This register is not
affected by the double scanning bit (CR09
bit-7).
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MEMORY DATA LATCH
REGISTER (CR22)

Read only at I/0 Address 3B5Sh/3D5h
Index 22h

|D7[D6|D5[D4|D3|D2|D1{DO]

Data Latch n Bit 7
Data Latch n Bit 6
Data Latch n Bit 5
Data Latch n Bit 4
Data Latch n Bit 3
Data Latch n Bit 2
Data Latch n Bit 1
Data Latch n Bit 0

This register may be used to read the state of
Graphics Controller Memory Data Latch 'n', where
'n' is controlled by the Graphics Controller Read
Map Select Register (GR04 Bits 0 & 1) and is in the
range 0-3.

Writes to this register are not decoded and will be
ignored.

This is a standard VGA register which was not
documented by IBM.

ATTRIBUTE CONTROLLER TOGGLE
REGISTER (CR24)

Read only at I/0 Address 3B5h/3D5h

Index 24h

[D7|D6|D5[D4|D3[D2|D1|DO]

- Reserved (0)

Index (0) / Data (1)

Reserved (0)
7  Index/Data

This bit may be used to read back the state
of the attribute controller index/data latch.
This latch indicates whether the next write to
the attribute controller at 3COh will be to the
register index pointer or to an indexed
register.

0 Next write is to the index
1 Next write is to an indexed register

Writes to this register are not decoded and will be
ignored.

This is a standard VGA register which was not
documented by IBM.
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\ n l r : Graphics Controller Registers
Graphics Controller Registers
Register 1I/0 Protect
Mnemonic Register Name Index Access Address Group Page
GRX Graphics Index - RW 3CEh 1 51
GROO Set/Reset 00h RW 3CFh 1 51
GRO1 Enable Set/Reset 01h RW 3CFh 1 52
GRO2 Color Compare 02h RW 3CFh 1 52
GRO3 Data Rotate 03h RW 3CFh 1 53
GR04 Read Map Select 04h RW 3CFh 1 53
GRO5 Graphics mode 05h RW 3CFh 1 54
GRO6 Miscellaneous 06h RW 3CFh 1 56
GRO7 Color Don't Care 07h RW 3CFh 1 56
GROS8 Bit Mask 08h RW 3CFh 1 57

GRAPHICS CONTROLLER
INDEX REGISTER (GRX)
Write only at I/0 Address 3CEh
Group 1 Protection

[D7[D6]|D5[D4|D3|D2|D1{DO]

L——— | Index to Graphics

I Controller Data

Registers

I Reserved

3-0 4-bit index to Graphics Controller registers

7-4 Reserved (0)

SET/RESET REGISTER (GRO00)
Read/Write at I/0 Address 3CFh
Index O0h

Group 1 Protection

|D7[D6|D5[D4|D3|D2|D1{DO]

Set/Reset Bit 0
Set/Reset Bit 1
Set/Reset Bit 2
Set/Reset Bit 3

Reserved

The SET/RESET and ENABLE SET/RESET
registers are used to 'expand’ 8 bits of CPU data to
32 bits of display memory.

3-0

7-4

When the Graphics Mode register selects
Write Mode 0, all 8 bits of each display
memory plane are set as specified in the
corresponding bit in this register. The
Enable Set/Rest register (GRO1) allows
selection of some of the source of data to be
written to individual planes. In Write Mode
3 (see GROS), these bits determine the color
value.

Reserved (0)
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ENABLE SET/RESET REGISTER (GRO01)
Read/Write at I/0 Address 3CFh

Index O1h

Group 1 Protection

COLOR COMPARE REGISTER (GR02)
Read/Write at I/O Address 3CFh

Index 02h

Group 1 Protection

ID7|D6|D5|D4[D3|D2[D1]DO) ID7|D6|D5|D4|D3|D2[D1]DO)

Enable Set/Reset Bit 0
Enable Set/Reset Bit 1
Enable Set/Reset Bit 2
Enable Set/Reset Bit 3

Color Compare (Plane 0)

Color Compare (Plane 1)

Color Compare (Plane 2)

Color Compare (Plane 3)

Reserved

Reserved

3-0 This register works in conjunction with the 3-0 This register is used to 'reduce' 32 bits of

Set/Reset register (GR00). The Graphics
Mode register must be programmed to
Write Mode 0 in order for this register to

memory data to 8 bits for the CPU in 4-
plane graphics mode. These bits provide a
reference color value to compare to data read

have any effect. from display memory planes 0-3. The
0 The corresponding plane is written Color Don't Care register .(GR(')7) is_used to
- p g p affect the result. This register is active only
with the data from the CPU data bus if the Graphics Mode register (GROY) is set
1 The corresponding plane is set to 0 or to Read Mode 1. A match between the
1 as specified in the Set/Reset Register memory data and the Color Compare regis-
ter (GRO2) (for the bits specified in the
7-4  Reserved (0) Color Don't Care register) causes a logical 1
to be placed on the CPU data bus for the
corresponding data bit, a mis-match returns

a logical 0.

7-4 Reserved (0)
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DATA ROTATE REGISTER (GR03)
Read/Write at I/0O Address 3CFh

Index 03h

Group 1 Protection

ID7|D6|D5|D4[D3|D2[D1]DO)

READ MAP SELECT REGISTER (GR04)
Read/Write at I/O Address 3CFh

Index 04h

Group 1 Protection

ID7|D6|D5|D4|D3|D2[D1]DO)

Rotate Count 0
Rotate Count 1
Rotate Count 2

Function Select

Reserved

2-0

4-3

7-5

These bits specify the number of bits to
rotate to the right the data being written by
the CPU. The CPU data bits are first
rotated, then subjected to the logical
operation as specified in the Function Select
bit field. The rotate function is active only if
the Graphics Mode register is programmed
for Write Mode 0.

These Function Select bits specify the logical
function performed on the contents of the
processor latches (loaded on a previous
CPU read cycle) before the data is written to
display memory. These bits operate as
follows:

Bit4 Bit3 Result

0 0 No change to the Data

0 1 Logical '"AND' between Data
and latched data;

1 0 Logical 'OR' between Data
and latched data;

1 1 Logical 'XOR' between Data
and latched data.

Reserved (0)

Map Select 0
— Map Select 1

I Reserved

1-0  This register is also used to 'reduce' 32 bits

of memory data to 8 bits for the CPU in the
4-plane graphics mode. These bits select the
memory plane from which the CPU reads
data in Read Mode 0. In Odd/Even mode,
bit-0 is ignored. In Quad mode, bits 0 and 1
are both ignored.

The four memory maps are selected as fol-
lows:

Bit1 Bit0 Map Selected

0 0 Plane O
0 1 Plane 1
1 0 Plane 2
1 1 Plane 3

7-2 Reserved (0)
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GRAPHICS MODE REGISTER (GRO05)
Read/Write at I/0O Address 3CFh

Index 05h

Group 1 Protection

[D7|D6|D5[D4[D3[D2[D1|DO]

—:I Write Mode

Reserved
Read Mode

Odd/Even Mode

:I Shift Register Mode

Reserved

1-0 These bits specify the Write Mode as
follows: (For 16-bit writes, the operation is
repeated on the lower and upper bytes of

Bit1 BitQ0 Write Mode

CPU data).
0 0
0 1
1 0

Write mode 0. Each of the
four display memory planes
is written with the CPU data
rotated by the number of
counts in the Rotate Register,
except when the Set/Reset
Register is enabled for any of
the four planes. When the
Set/Reset Register is enabled,
the corresponding plane is
written with the data stored in
the Set/Reset Register.

Write mode 1. Each of the
four display memory planes
is written with the data
previously loaded in the
processor latches. These
latches are loaded during all
read operations.

Write mode 2. The CPU
data bus data is treated as the
color value for the addressed
byte in planes 0-3. All eight
pixels in the addressed byte
are modified unless protected
by the Bit Mask register set-
ting. A logical 1 in the Bit
Mask register sets the corre-
sponding pixel in the
addressed byte to the color
specified on the data bus. A 0

in the Bit Mask register sets
the corresponding pixel in the
addressed byte to the
corresponding pixel in the
processor latches. The
Set/Reset and Enable
Set/Reset registers are
ignored. The Function Select
bits in the Data Rotate register
are used.

1 1 Write mode 3. The CPU
data is rotated then logically
ANDed with the contents of
the Bit Mask register (GROS)
and then treated as the
addressed data's bit mask,
while the contents of the
Set/Reset register is treated as
the color value.

A '0' on the data bus (mask)
causes the corresponding
pixel in the addressed byte to
be set to the corresponding
pixel in the processor latches.

A 'l' on the data bus (mask)
causes the corresponding
pixel in the addressed byte to
be set to the color value speci-
fied in the Set/Reset register.

The Enable Set/Reset register
is ignored. The Data Rotate is
used. This write mode can be
used to fill an area with a
single color and pattern.

2  Reserved (0)
3 This bit specifies the Read Mode as follows:

0 The CPU reads data from one of the
planes as selected in the Read Map
Select register.

1 The CPU reads the 8-bit result of the
logical comparison between all eight
pixels in the four display planes and
the contents of the Color Compare and
Color Don't Care registers. The CPU
reads a logical 1 if a match occurs for
each pixel and logical O if a mis-match
occurs. In 16-bit read cycles, this
operation is repeated on the lower and
upper bytes.

(Continued on following page)
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4 Odd/Even Mode:

0 All CPU addresses sequentially access all planes

1 Even CPU addresses access planes 0 and 2, while odd CPU addresses access planes 1 and 3. This
option is useful for IBM CGA-compatible memory organization.

6-5  Shift Register Mode. These two bits select the data shift pattern used when passing data from the four
memory planes through the four video shift registers. If the data bits in the memory planes (0-3) are
represented as MODO-MOD7, M1D0-M1D7, M2D0-M2D7, and M3D0-M3D7 respectively, then the
data in the serial shift registers is shifted out as follows:

Last Bit
Shifted
Bit 65 Out

00 MODO
MIDO
M2D0
M3D0

01 MI1DO
MI1D1
M3DO0
M3D1

1x M3D0
M3Dl1
M3D2
M3D3

MOD1
MID1
M2D1
M3D1

MID2
MI1D3
M3D2
M3D3

M3D4
M3D5
M2D6
M3D7

MOD2
M1D2
M2D2
M3D2

MI1D4
MI1D5
M3D4
M3D5

M2DO0
M2D1
M3D2
M2D3

Shift
Direction

MOD3
MID3
M2D3
M3D3

MI1D6
MI1D7
M3D6
M3D7

M2D4
M2D5
M2D6
M2D7

MOD4
M1D4
M2D4
M3D4

MODO
MOD1
M2D0
M2D1

M1DO
MI1DI1
M1D2
MI1D3

MOD5
MI1D5
M2D5
M3D5

MOD2
MOD3
M2D2
M2D3

MI1D4
MID5
MI1D6
MI1D7

MOD6
MID6
M2D6
M3D6

MO0OD4
MODS5
M2D4
M2D5

MODO
MOD1
MOD2
MOD3

1st Bit
Shifted
Out

MOD7
M1D7
M2D7
M3D7

MOD6
MOD7
M2D6
M2D7

MOD4
MODS5
MOD6
MOD7

Output

to:

Bit0
Bitl
Bit2
Bit3

Bit0
Bitl
Bit2
Bit3

Bit0
Bitl
Bit2
Bit3

Note: If the Shift Register is not loaded every character clock (see SRO1 D2 & 4) then the four 8-bit
shift registers are effectively 'chained' with the output of shift register 1 becoming the input to
shift register O and so on. This allows one to have a large monochrome (or 4 color) bit map and
display one portion thereof.

7  Reserved (0)
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MISCELLANEOUS REGISTER (GR06)
Read/Write at I/0O Address 3CFh

Index 06h

Group 1 Protection

ID7|D6|D5|D4[D3|D2[D1]DO)

Graphics/Text Mode
— Chain Odd/Even Planes

' Memory Map Mode

- Reserved

0  Graphics/Text Mode:
0 Text Mode
1 Graphics mode
1  Chain Odd/Even Planes. This mode can be
used to double the address space into display
memory.
1 CPU address bit AQ is replaced by a
higher order address bit. The state of
AOQ determines which memory plane
is to be selected:
A0 =0 select planes 0 and 2
A0 =1 select planes 1 and 3
0 AO not replaced
3-2  Memory Map mode. These bits control the

mapping of the display memory into the
CPU address space as follows (also used in
extended modes):

Bit3 Bit2 CPU Address
0 0 A0000h-BFFFFh
0 1 A0000h-AFFFFh
1 0 B0000h-B7FFFh
1 1 B8000h-BFFFFh

7-4 Reserved (0)

COLOR DON'T CARE REGISTER (GR07)
Read/Write at I/0 Address 3CFh

Index 07h

Group 1 Protection

ID7|D6|D5|D4|D3|D2[D1]DO)

Ignore Color Plane 0

Ignore Color Plane 1

Ignore Color Plane 2

Ignore Color Plane 3

Reserved

Ignore Color Plane (0-3):

0 This causes the corresponding bit of
the Color Compare register to be a
don't care during a comparison.

1 The corresponding bit of the Color
Compare register is enabled for color
comparison. This register is active in
Read Mode 1 only.

7-4 Reserved (0)
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BIT MASK REGISTER (GRO08)
Read/Write at I/O Address 3CFh
Index O8h

Group 1 Protection

ID7|D6|D5|D4[D3|D2[D1]DO)

O=Immune to change

- 1=Change permitted

7-0  This bit mask is applicable to any data writ-
ten by the CPU, including that subject to a
rotate, logical function (AND, OR, XOR),
Set/Reset, and No Change. In order to exe-
cute a proper read-modify-write cycle into
displayed memory, each byte must first be
read (and latched by the VGA), the Bit
Mask register set, and the new data then
written. The bit mask applies to all four
planes simultaneously.

0 The corresponding bit in each of the
four memory planes is written from
the corresponding bit in the latches.

1 Unrestricted manipulation of the cor-
responding data bit in each of the four
memory planes is permitted.
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Attribute Controller

and Color Palette Registers
Register I/0 Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) - RW 3COh 1 59
ARO0-AROF Internal Color Palette Data 00-0OFh RW 3COh/3Clh 1 60
ARI10 Mode Control 10h RW 3COh/3C1lh 1 60
ARI11 Overscan Color 11h RW 3COh/3C1h 1 61
ARI12 Color Plane Enable 12h RW 3COh/3C1h 1 61
ARI13 Horizontal Pixel Panning 13h RW  3C0h/3C1h 1 62
AR14 Pixel Pad 14h RW 3COh/3C1h 1 62
DACMASK External Color Palette Pixel Mask - RW 3C6h 6 63
DACSTATE DAC State - R 3C7h - 63
DACRX External Color Palette Read-Mode Index - \'Y 3C7h 6 64
DACX External Color Palette Index (for 3C9h) - RW 3C8h 6 64
DACDATA External Color Palette Data 00-FFh RW 3C%h 6 64
In regular VGA mode, all Attribute Controller ATTRIBUTE INDEX
registers are located at the same byte address (3COh) REGISTER (ARX)
in the CPU I/O space. An internal flip-flop controls Read/Write at I/0 Address 3COh
the selection of either the Attribute Index or Data Group 1 Protection
Registers. To select the Index Register, an I/O Read
is executed to address 3BAh/3DAh to clear this flip-
flop. After the Index Register has been loaded by an [o7]pe[Ds]p4[D3|p2|1 oo}
I/O Write to address 3COh, this flip-flop toggles, and ]
the Data Register is ready to be accessed. Every I/O Index to
Write to address 3COh toggles this flip-flop. The

flip-flop does not have any effect on the reading of
the Attribute Controller registers. The Attribute
Controller index register is always read back at
address 3COh, the data register is always read back at
address 3C1h.

In one of the extended modes (See "CPU Interface
Register"), the Attribute Controller Index register is
located at address 3COh and the Attribute Controller
Data register is located at address 3C1h (to allow
word I/0O accesses). In another extended mode, the
Attribute Controller can be both read and written at
either 3COh or 3C1h (EGA compatible mode).

- Attribute Controller
Data Registers

Video Enable

- Reserved

4-0 These bits point to one of the internal

registers of the Attribute Controller.
5  Enable Video:

0 Disables the video, allowing the
Attribute Controller color registers to
be accessed by the CPU

1 Enables the video and causes the
Attribute Controller Color registers
(ARO0O-AROF) to be inaccessible by
the CPU.

Reserved (0)
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ATTRIBUTE CONTROLLER COLOR
PALETTE DATA REGISTERS (AR00-AROF)
Read at I/0 Address 3C1h

Write at 1/0 Address 3C0/1h

Index 00-OFh

Group 1 Protection or XR63D6

ID7|D6|D5|D4|D3|D2[D1]DO)

Blue

Green

Red

Secondary Blue

Secondary Green

Secondary Red

5-0

:I~ Reserved

These bits are the color value in the respec-
tive palette register as pointed to by the index
register.

Reserved (0)

ATTRIBUTE CONTROLLER

MODE CONTROL REGISTER (AR10)
Read at I/0 Address 3C1h

Write at I/0 Address 3CO0/1h

Index 10h

Group 1 Protection

[D7|D6|D5[D4|D3[D2|D1|DO]

Text/Graphics Mode
Mono/Color Display

Enable Line Graphics
Select Background

Reserved

Horizontal Split Screen

256 Color

Video Output 4-5 Select

Text/Graphics Mode:

0 Select text mode
1 Select graphics mode

Monochrome/Color Display

0 Select color display attributes
1 Select mono display attributes

Enable Line Graphics Character Codes.
This bit is dependent on bit O of the Override
register.

0 Make the ninth pixel appear the same
as the background

1 For special line graphics character
codes (0OCOh-ODFh), make the ninth
pixel identical to the eighth pixel of the
character. For other characters, the
ninth pixel is the same as the
background.

Enable Blink/Select Background Intensity.
The blinking counter is clocked by the
VSYNC signal.

0 Disable Blinking and enable text mode
background intensity

1 Enable the blink attribute in text and
graphics modes.

Reserved (0)
Split Screen Horizontal Panning Mode

0 Scroll both screens horizontally as
specified in the Pixel Panning register

1 Scroll horizontally only the top screen
as specified in the Pixel panning
register

256 Color Output Assembler

0 6-bits of video (translated from 4-bits
by the internal color palette) are output
every dot clock

1 Two 4-bit sets of video data are
assembled to generate 8-bit video data
at half the frequency of the internal dot
clock (256 color mode).

Video Output 5-4 Select:

0 Video bits 4 and 5 are generated by
the internal Attribute Controller color
palette registers

1 Video bits 4 and 5 are the same as bits
0 and 1 in the Pixel Pad register
(AR14)
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OVERSCAN COLOR REGISTER (AR11)
Read at I/O Address 3C1h

Write at I/O Address 3CO/1h

Index 11H

Group 1 Protection

[D7[D6]|D5[D4|D3|D2|D1{DO]

I Overscan Color

7-0 Overscan Color. These 8 bits define the
overscan (border) color value. For mono-
chrome displays, these bits should be zero.

The border color is displayed in the interval
after Display Enable End and before Blank
Start (end of display area; i.e. right side and
bottom of screen) and between Blank End
and Display Enable Start (beginning of dis-
play area; i.e. left side and top of screen).

COLOR PLANE ENABLE REGISTER (AR12)
Read at I/O Address 3C1h

Write at I/0O Address 3CO/1h

Index 12h

Group 1 Protection

|D7[D6|D5[D4|D3|D2|D1{DO]

Color Plane 0 Enable
Color Plane 1 Enable
Color Plane 2 Enable
Color Plane 3 Enable

Display Status Select

Reserved

3-0 Color Plane (0-3) Enable

0 Force the corresponding color plane
pixel bit to O before it addresses the
color palette

1 Enable the plane data bit of the corre-
sponding color plane to pass

5-4 Display Status Select. These bits select two
of the eight color outputs to be read back in
the Input Status Register 1 (port 3BAh or
3DAh). The output color combinations
available on the status bits are as follows:

Status Register 1
Bit5 Bit4 Bit5 Bit4

0 0 P2 PO
0 1 P5 P4
1 0 P3 P1
1 1 pP7 P6

7-6 Reserved (0)
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ATTRIBUTE CONTROLLER HORIZONTAL
PIXEL PANNING REGISTER (AR13)

Read at I/0O Address 3C1h

Write At I/O Address 3CO/1h

Index 13h

Group 1 Protection

[D7[D6]|D5[D4|D3|D2|D1{DO]

Horizontal

- Pixel Panning

I Reserved

3-0 Horizontal Pixel Panning. These bits select
the number of pixels to shift the display hor-
izontally to the left. Pixel panning is availa-
ble in both text and graphics modes. In 9
pixels/character text mode, the output can be
shifted a maximum of 9 pixels. In 8 pix-
els/character text mode and all graphics
modes a maximum shift of 8 pixels is possi-
ble. In 256-color mode (output assembler
AR10 bit 6 = 1), bit O of this register must
be 0 which results in only 4 panning posi-
tions per display byte. In Shift Load 2 and
Shift Load 4 modes, register CRO8 provides
single pixel resolution for panning. Panning
is controlled as follows:

Number of Pixels Shifted

9-dot 8-dot 256-color
AR13 mode mode mode
0 1 0 0
1 2 1 -
2 3 2 1
3 4 3 -
4 5 4 2
5 6 5 -
6 7 6 3
7 8 7 -
8 0 -- -

7-4 Reserved (0)

ATTRIBUTE CONTROLLER
PIXEL PAD REGISTER (AR14)
Read at I/O Address 3C1h

Write At I/O Address 3CO/1h

Index 14h

Group 1 Protection

|D7[D6|D5[D4|D3|D2|D1{DO]

Video bit-4 if AR10 bit 7=1
Video bit-5 if AR10 bit 7=1
Video bit-6 if not 256-color
Video bit-7 if not 256-color

Reserved

1-0 These bits are output as video bits 5 and 4
when AR10 bit-7 = 1. They are disabled in
the 256 color mode.

3-2 These bits are output as video bits 7 and 6 in
all modes except 256-color mode.

7-4 Reserved (0)
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EXTERNAL COLOR PALETTE

PIXEL MASK REGISTER (DACMASK)
Read/Write at I/0 Address 3C6h

Group 6 Protection

ID7|D6|D5|D4|D3|D2[D1]DO)

Pixel Mask Bit-0
Pixel Mask Bit-1
Pixel Mask Bit-2
Pixel Mask Bit-3
Pixel Mask Bit-4
Pixel Mask Bit-5
Pixel Mask Bit-6
Pixel Mask Bit-7

The contents of this register are logically ANDed
with the 8 bits of video data coming into the external
color palette. Zero bits in this register therefore
cause the corresponding address input to the external
color palette to be zero. For example, if this register
is programmed with 7, only external color palette
registers 0-7 would be accessible; video output bits
3-7 would be ignored and all color values would
map into the lower 8 locations in the color palette.

This register is physically located in the external
color palette chip (used for displaying analog data to
the CRT). Reads from this I/O location cause the
PALRD# pin to be asserted. Writes to this 1/O
location cause the PALWR# pin to be asserted. The
functionality of this port is determined by the
external palette chip.

EXTERNAL COLOR PALETTE
STATE REGISTER (DACSTATE)
Read only at I/0 Address 3C7h

ID7|D6|D5|D4|D3|D2[D1]DO)

Palette State 0
- Palette State 1

- Reserved

1-0 Status bits indicate the I/O address of the last
CPU write to the external DAC/Color
Palette:

00 The last write was to 3C8h
(write mode)

11 The last write was to 3C7h
(read mode)

7-2 Reserved (0)

To allow saving and restoring the state of the video
subsystem, this register is required since the external
color palette chip automatically increments its index
register differently depending on whether the index
is written at 3C7h or 3C8h.

This register is physically located in the 82C450 chip
(PALRD# is not asserted for reads from this I/O
address).
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EXTERNAL COLOR PALETTE
READ-MODE INDEX REGISTER (DACRX)
Write only at I/O Address 3C7h

Group 6 Protection

EXTERNAL COLOR PALETTE
INDEX REGISTER (DACX)
Read/Write at I/0 Address 3C8h
Group 6 Protection

[D7|D6|D5[D4|D3[D2[D1]|DO]

Color Palette Index 0
Color Palette Index 1
Color Palette Index 2
Color Palette Index 3
Color Palette Index 4
Color Palette Index 5
Color Palette Index 6
Color Palette Index 7

EXTERNAL COLOR PALETTE

DATA REGISTERS (DACDATA 00-FF)
Read/Write at I/O Address 3C9h

Index O0h-FFh

Group 6 Protection

[D7]D6]Ds[D4]D3]D2]D1]DO] Access
1st 2nd 3rd
Red0 Green0O Blue 0
Redl Greenl Bluel
Red2 Green2 Blue 2
Red3 Green3  Blue 3
Red4 Green4  Blue 4
Red5 Green5 Blue5
(Red 6) (Green 6) (Blue 6)

(Red 7) (Green 7) (Blue 7)

The color palette index and data registers are physi-
cally located in the external color palette chip. The
index register is used to point to one of 256 data
registers. Each data register is either 18 or 24 bits in
length depending on the type of palette chip used (6
or 8 bits each for red, green, and blue), so the data
values must be read as a sequence of 3 bytes. After
writing the index register (3C7h or 3C8h), data
values may be read from or written to the color
palette data register port (3C9h) in sequence: first
red, then green, then blue, then repeat for the next

location if desired (the index is incremented automat-
ically by the palette chip).

The index may be written at 3C7h and may be read
or written at 3C8h. When the index value is written
to either port, it is written to both the index register
and a 'save' register internal to the color palette chip.
The save register (not the index register) is used
internally by the palette chip to point at the current
data register. When the index value is written to
3C7h (read mode), it is written to both the index
register and the save register, then the index register
is automatically incremented. When the index value
is written to 3C8h (write mode), the automatic
incrementing of the index register does not occur.

After the third of the three sequential data reads from
(or writes to) 3C9h is completed, the save and index
registers are both automatically incremented by the
palette chip. This allows the entire palette (or any
subset) to be read (written) by writing the index of
the first color in the set, then sequentially reading
(writing) the values for each color, without having to
reload the index every three bytes.

The state of the RGB sequence is not saved; the user
must access each three bytes in an uninterruptable
sequence (or be assured that interrupt service
routines will not access the palette index or data
registers). When the index register is written (at
either port), the RGB sequence is restarted. Data
value reads and writes may be intermixed; either
reads or writes increment the palette chip internal
RGB sequence counter.

The palette chip internal save register always con-
tains a value one less than the readable index value if
the last index write was to the 'read mode' port. The
82C450 therefore saves the state of which port
(3C7h or 3C8h) was last written and returns that
information on reads from 3C7h (PALRD# is only
asserted on reads from 3C8h and not on reads from
3C7h). Writes to 3C7h or 3C8h cause the
PALWR# pin to be asserted.

The functionality of the index and data ports is deter-
mined by the external palette chip.
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Extension Registers

Register Register /0 State After
Mnemonic Group Register Name Index Access Address Reset Page
XRX - Extension Index - RW 3B6h /3D6h - xxxxX XX 66
XR00 Misc Chip Version 00h R 3B7h/3D7h 0100rrrr 66
XRO1 Misc Configuration 01h R 3B7h/3D7h dddddddd 67
XR02 Misc CPU Interface 02h RW 3B7h/3D7h 00000000 68
XROD Misc Auxiliary Offset 0Dh RW 3B7h/3D7h - - - - - - 00 70
XROE Misc Text Mode Control OEh RW 3B7h/3D7h ----0000 70
XR28 Misc Video Interface 28h RW 3B7h/3D7h --0--000 78
XR2B Misc Default Video 2Bh RW 3B7h/3D7h 00000000 78
XR70 Misc 46E8 Register Override 70h RW 3B7h/3D7h 0------ - 79
XR7F Misc Diagnostic 7Fh RW 3B7h/3D7h 00xxxx00 79
XR04 Mapping Memory Mapping 04h RW 3B7h/3D7h 000--0-0 68
XROB Mapping CPU Paging 0Bh RW 3B7h/3D7h - - - - - 000 69
XROC Mapping Start Address Top 0Ch RW 3B7h/3D7h - - ----- 0 69
XR10 Mapping Single/Low Map 10h RW 3B7h /3D7h X x XX XX XX 70
XR11 Mapping High Map 11h RW 3B7h/3D7h x X XXX X XX 70
XR14 Compatibility Emulation Mode 14h RW 3B7h/3D7h 0000hh 00 71
XR15 Compatibility =~ Write Protect 15h RW 3B7h/3D7h 00000000 73
XRIF Compatibility Virtual EGA Switch 1Fh RW 3B7h/3D7h 0- - -xxxx 77
XR7E Compatibility CGA Color Select 7Eh RW 3B7h/3D7h - - xxXxX XX 79
XR18 Alternate Alternate Horizontal Display End 18h RW 3B7h/3D7h x xXxXXX XX 74
XR19 Alternate Alt H Sync Start / Half Line Compare  15h RW 3B7h/3D7h x xx XXX XX 74
XRI1A Alternate Alternate Horizontal Sync End 1Ah RW 3B7h/3D7h x xX XXX XX 75
XRI1B Alternate Alternate Horizontal Total 1Bh RW 3B7h/3D7h x xx XXX XX 76
XR1C Alternate Alternate Horizontal Blank Start 1Ch RW 3B7h/3D7h x xx XXX XX 75
XRID Alternate Alternate Horizontal Blank End 1Dh RW 3B7h/3D7h 0 xxxxx XX 76
XR1E Alternate Alternate Offset 1Eh RW 3B7h/3D7h x x x XXX XX 74

Reset Codes:

x = Not changed by RESET (indeterminate on power-up)

d = Set from the corresponding data bus pin on falling edge of RESET

h = Read-only Hercules Configuration Register Readback bits

- = Not implemented (always reads 0)
r = Chip revision # (starting from 0000)
0 = Reset to 0 by falling edge of RESET

Note: These registers can be accessed only if enabled through the Extension Enable register (port 103h during setup).
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EXTENSION INDEX REGISTER (XRX)
Read/Write at I/O Address 3B6h/3D6h

ID7|D6|D5|D4|D3|D2[D1]DO)

Index to
- Extension Registers

Reserved

6-0 Index value used to access the extension
registers

7  Reserved (0)

CHIPS VERSION REGISTER (XR00)
Read only at I/0 Address 3B7h/3D7h
Index 00h

|D7|D6|Ds5|D4[D3|D2[D1[DO|

I Version number

7-0 This register contains the version number
for the 82C450. Values start at 40h and are
incremented for every silicon step.
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CONFIGURATION REGISTER (XR01)
Read only at I/0 Address 3B7h/3D7h
Index 01h

[D7|D6|D5[D4[D3[D2[D1|DO]

MC#: Bus Type

ROM: ROM Decode Enab]
OSC: Pixel Clock Source
56M#: Memory Clk Select
ZWS#: Zero Wait State
CFGS: Configuration Bit-5
CFG6: Configuration Bit-6
CFG7: Configuration Bit-7

These bits latch the state of the CPU data bus (AD
bus) on the falling edge of RESET. The state of bits
0-4 after RESET effect the 82C450 internal logic as
indicated below; bits 5-7 are latched from AD5-7 on
the falling edge of RESET and may be read in this
register, but otherwise have no hardware effect on
the 82C450 chip. The AD bus has internal on-chip
high-valued pullups and will float high if not driven
otherwise during RESET so that the default state of
all bits is 'one’.

This register is not related to the Virtual EGA
Switch register (XRIF).

0 MCH#- Bus type
0 = Micro Channel
1 =1ISA

1 ROM - ROM Decode Enable: 0=
Disable, 1 = Enable. Setting this bit causes
the 82C450 to decode the ROM space
(CO000h-C7FFFh) for activating ROMCS#.
This bit is valid for ISA Bus only.

2  OSC - Pixel Clock (PCLK) Source

0 Clock Chip Configuration:
CLKO pin is Memory clock input
CLKI1 pin is Pixel clock input
CLK2 pin is CLKSELO output
CLK3 pin is CLKSELI1 output

1 Discrete Oscillator Configuration:
CLKO0-CLK3 are Pixel clock inputs
CLKO or CLK1 pin is MCLK input

Note: Actual pixel clock frequencies
generated (and how the CLKSELO-1 outputs
are driven) is determined by Misc Output
register (MSR) bits 2-3 and/or FCout register
(FSR) bits 0-1 (see also MCS bit and table in
the Clock Interface section of the Functional
Description for actual pixel clock frequencies).

56M# - Memory Clock (MCLK) Select
Clock pin connections should be as follows:

Clock Chip Configuration (OSC =0

0 MCLK (CLKO) = 56.644 MHz
Clock Select 0 = 40.000 MHz
Clock Select 1 =50.350 MHz
Clock Select 2 = User-defined
Clock Select 3 = 44.900 MHz

1 MCLK (CLKO0) = 50.350 MHz
Clock Select 0 = 40.000 MHz
Clock Select 1 =28.322 MHz
Clock Select 2 = User-defined
Clock Select 3 = 44.900 MHz

Discrete Oscillator Configuration (OSC
=1
0 CLKO0=50.350 MHz
CLK1=56.644 MHz (MCLK source)
CLK2=40.000 MHz
CLK3=44.900 MHz

1 CLKO0=50.350 MHz (MCLK source)
CLK1=28.322 MHz
CLK2=40.000 MHz
CLK3=44.900 MHz

Actual internal pixel clock frequencies
generated can be referenced in the Clock
Interface section of the Functional
Description. See also XR02, MSR, and
FCR.

ZWSH# - Zero Wait State Enable

0 Enable Zero Wait State. Pin defini-

tions are:
19 AS8-SENSE
44 ROMCS#-ZWS#
58 SYSCLK
1 Disable Zero Wait State. Pin defini-
tions are:
19 A8
44 ROMCSH#
58 SENSE

CFG - Configuration bits: Latched from
AD 7-5 at RESET and readable in this
register but have no other hardware function.
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CPU INTERFACE REGISTER (XR02)
Read/Write at 1/0 Address 3B7h/3D7h
Index 02h

|D7|D6|D5|D4|D3|D2|D1|D0|

MEMORY MODE REGISTER (XR04)
Read/Write at I/0 Address 3B7h/3D7h
Index 04h

|D7|D6|D5|D4|D3|D2|D1|DO|

Reserved

Digital Monitor

Reserved
Attribute Controller
Mapping

I/O Address Decoding

Palette Addr Decoding

4-3

Attribute FF Status (R/O)

Reserved (0)
Digital Monitor clock mode

0 Normal (clock 0-1 =25 & 28 MHz)
1 Digital Monitor (clk0-1=14 &
16MHz)

14MHz = 56MHz + 4 or 28MHz + 2
16MHz = 50MHz + 3

Reserved (0)
Attribute Controller Mapping

4 3 Attribute

Mapping

Write Index and Data at 3COh.

(Default on Reset; VGA type

mapping).

0 1 Write Index at 3COh and Data at
3C1h (the attribute flip-flop is
always reset in this mode)

1 0 Write Index and Data at 3COh or
3C1h (EGA type mapping)

1 1 Reserved/Illegal

I/O Address Decoding. This bit affects
3B4/5h, 3D4/5h, 3C0-2h, 3C4/5h, 3CE/Fh,
3BAh, 3BFh and 3D8h. 0: Decode all 16
bits of I/O address (Default on Reset); 1:
Decode only the lower 10 bits.

Palette Address Decoding

0 Decode 3C6h-3C9%h (default)

1 Decode 3C6h-3C9h and 83C6h-
83C9%h (use for Brooktree-type
palette chips)

Attribute Flip-flop Status (read only)

0 Index
1 Data

Controller 1/0

00

Memory Size

Reserved
CRT Wrap Around
Reserved

Write Buffer Enable
Turbol

Turbo2

0 Memory Size

0 256 KBytes of display memory (4
planes of 64K each using two 256Kx4
devices). Default on reset.

1 512 KBytes of display memory (4
planes of 128K each using four
256Kx4 devices).

1  Reserved (0)
2 CRT Wrap Around

0 82C450 will wraparound CRT
addresses at 64K boundaries for VGA
compatibility regardless of the amount
of memory on the board. (Default on
Reset).

1 82C450 generates addresses for the
entire memory on the board. This bit
should be set for extended modes
which use more than 256 KBytes of
display memory.

4-3 Reserved (0)
5  Memory Write Buffer Enable
6  Turbol

0 Disable Turbo feature for ZWS.
ZWS
cycle is 4 bus clocks.

1 Enable Turbo feature. All ZWS
cycles
are 3 bus clocks for both odd and even
bytes.
7 Turbo?2

0 Disable Turbo feature for odd byte.
ZWS cycle is 4 bus clocks for both
odd and even bytes.

1 Enable Turbo feature for odd bytes.
ZWS cycle is 3 bus clocks for odd
bytes and 4 bus clocks for even bytes.
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CPU PAGING REGISTER (XR0B) START ADDRESS TOP REGISTER (XR0C)
Read/Write at I/O Address 3B7h/3D7h Read/Write at I/O Address 3B7h/3D7h

Index OBh Index OCh

[D7|D6]D5]D4[D3[D2[D1]DO] [D7[D6]D5[D4[D3[D2[D1]DO]

Start Address Top

Memory Mapping Mode
Single/Dual Map —
CPU Address divide by 4 —

- Reserved
- Reserved
0  Memory Mapping Mode 0  Start Address Top. This bit defines the high
. order bit for the Display Start Address when
0 Normal Mode (VGA compatible) 512KB of memory is used.
1 Extended Mode (mapping for 512
KByte memory configuration 7-1 Reserved (0)

1  Single/Dual Map

0 CPU uses only a single map to access
the extended video memory space.
The base address for this map is
defined in the Single Map Register
(XR10).

1 CPU uses two maps to access the
extended video memory space. The
base addresses for the two maps are
defined in the Low and High Map
Registers (XR10 and XR11)

2 CPU address divide by 4

0 Disable divide by 4 (normal mode)

1 Enable divide by 4 for CPU
addresses. This allows video memory
to be accessed sequentially in mode
13. In addition, all video memory is
available in mode 13 by setting this
bit.

7-3 Reserved (0)
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AUXILIARY OFFSET REGISTER (XR0D)
Read/Write at I/O Address 3B7h/3D7h
Index ODh

ID7|D6|D5|D4[D3|D2[D1]DO)

Lsb of Offset (CR13)
— Lsb of Alt Offset (XR1E)

I Reserved

This bit provides finer granularity to the Off-
set when the Chain (Odd/Even) and Chain 4
modes are used. This bit is used with the
regular Offset register (CR13).

This bit provides finer granularity to the Oft-
set when the Chain (Odd/Even) and Chain 4
modes are used. This bit is used with the
Alternate Offset register (XR1E).

Reserved (0)

TEXT MODE CONTROL REGISTER (XROE)
Read/Write at I/0 Address 3B7h/3D7h
Index OCh

|D7|D6|D5[D4|D3|D2|D1|DO]

- Reserved

Cursor Blink Disable
— Cursor Style

- Reserved

1-0

Reserved
Cursor Blink Disable

0 Blinking
1 Non-blinking

Cursor Style

0 Replace
1 Exclusive-Or

Reserved
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SINGLE/LOW MAP REGISTER (XR10)
Read/Write at 1/0 Address 3B7h/3D7h
Index 10h

ID7|D6|D5|D4[D3|D2[D1]DO)

- Single or Lower Map
Base address bits 12-17

7-0

These eight bits define the Single or Lower
Map (in Dual Map Mode) base address bits
17-12. The map starts on a 1K boundary in
planar modes and on a 4K boundary in
packed pixel modes. In case of dual
mapping this register controls the CPU
window into the display memory based on
the contents of GRO6 bits 2-3 as follows:

GR0O6 Low Map
0 0A0000-0AFFFFh
1 0A0000-0A7FFFh
2 0B0000-0B7FFFh
3 0B8000-0BFFFFh

Dual mapping is not allowed in the last two
cases. In the last two cases the CPU uses
single mapping.

HIGH MAP REGISTER (XR11)
Read/Write at I/0 Address 3B7h/3D7h
Index 11h

[D7|D6|D5|D4|D3|D2[D1]DO)

- Higher Map
Base address bits 12-17

7-0

These eight bits define the Higher Map (in
Dual Map Mode) base address bits 17-12.
The map starts on a 1K boundary in planar
modes and on a 4K boundary in packed
pixel modes. This register maps the CPU
window into display memory based on the
contents of GR0O6 bits 2-3 as follows:

GR06 Low Map
0 0B0000-OBFFFFh
1 0A8000-0AFFFFh
2 Don't care
3 Don't care
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EMULATION MODE REGISTER (XR14)
Read/Write at I/O Address 3B7h/3D7h
Index 14h

ID7|D6|D5|D4|D3|D2[D1]DO)

Emulation Mode

Herc Config (read only)

DE Status Mode

V Retrace Status Mode

Vsync Status Mode

1-0

3-2

Interrupt Polarity

Emulation Mode

Mode
VGA
CGA
MDA / Hercules
EGA

Hercules Configuration Register (3BFh)
readback (read only).

Display Enable Status Mode

—_—— O O |
—_ O = ol

0 Select Display Enable status to appear
at bit O of Input Status register 1 (I/O
Address 3xAh). Normally used for
CGA, EGA, and VGA modes.

1 Select Hsync status to appear at bit 0
of Input Status register 1 (I/O Address
3xAh). Normally used for MDA /
Hercules mode.

Vertical Retrace Status Mode

0 Select Vertical Retrace status to appear
at bit 3 of Input Status register 1 (I/O
Address 3xAh). Normally used for
CGA, EGA, and VGA modes.

1 Select Video to appear at bit 3 of Input
Status register 1 (I/O Address 3xAh).
Normally used for MDA / Hercules
mode.

Vsync Status Mode

0 Prevent Vsync status from appearing
at bit 7 of Input Status register 1 (I/O
Address 3xAh). Normally used for
CGA, EGA, and VGA modes.

1 Enable Vsync status to appear at bit 7
of Input Status register 1 (I/O Address
3xAh). Normally used for MDA /
Hercules mode.

Interrupt Output Function

This bit controls the function of the IRQ#
output in both Micro Channel-bus and PC-
bus.

XR14[7]=0 XR14[7]=1

Interrupt State

ISA

MC

ISA

MC

Disabled
Enabled, Inactive
Enabled, Active

3-state
3-state
3-state

3-state
3-state
Low

3-state
Low
High

3-state
Low
High
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WRITE PROTECT REGISTER (XR15)
Read/Write at I/O Address 3B7h/3D7h
Index 15h

ID7|D6|D5|D4[D3|D2[D1]DO)

Wr Protect Group 1 regs

Wr Protect Group 2 regs

Wr Protect Group 3 regs

Wr Protect Group 4 regs

Wr Protect Group 5 regs

Wr Protect Group 6 regs

Wr Protect Group 0 regs

Reserved

This register controls write protection for various
groups of registers as shown. 0 = unprotected, 1=
protected.

0  Write Protect Group 1 Registers

Sequencer (SR00-SR04)
Graphics Controller (GR0O0-GROS)
Attribute Controller (AR00-14)

1  Write Protect Group 2 Registers

Cursor Size register (CR09) bits 0-4
Character Height regs (CROA, CROB)

2 Write Protect Group 3 Registers

CRT Controller CR0O7 bit-4

CRT Controller CR0O8

CRT Controller CR11 bits 4 and 5
CRT Controller CR13 and CR14
CRT Controller CR17 bits 0,1 & 3-7
CRT Controller CR18

(Split screen, smooth scroll, & CRTC mode
control registers)

3 Write Protect Group 4 Registers

CRT Controller CR09 bits 5-7

CRT Controller CR10

CRT Controller CR11 bits 0-3 & 6
CRT Controller CR12, CR15, CR16
CRT Controller CR17 bit-2

4  Write Protect Group 5 Registers

Miscellaneous Output (3C2h)
Feature Control (3BA/3DAh)

S Write Protect Group 6. (I/O Addresses 3C6-
3C%h). The PALRD# and PALWR# output
signals are disabled and the 82C450 DAC
state register is write protected.

Write Protect Group 0. Auxiliary Write
Protect for CRT Controller registers CR0O-
CRO7 except CRO7[4]. This bit is logically
ORed with CR11[7].

Reserved
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ALTERNATE HORIZONTAL
DISPLAY ENABLE END (XR18)
Read/Write at 1/0 Address 3B7h/3D7h
Index 18h

ID7|D6|D5|D4|D3|D2[D1]DO)

- Alternate H Display End

This register is used in low resolution (320-pixel)
CGA modes and Hercules graphics modes.

7-0

Alternate Horizontal Display Enable End.
The value in this register defines the number
of characters to be displayed per horizontal
line. The programmed value is the number
of characters displayed per scan line — 1.

ALTERNATE HORIZONTAL SYNC START
/ HALF LINE COMPARE (XR19)

Read/Write at I/0 Address 3B7h/3D7h

Index 19h

ID7|D6|D5|D4|D3|D2[D1]DO)

- Alternate Hsync Start

This register is used in low resolution (320-pixel)
CGA modes and Hercules graphics modes.

7-0  Alternate Horizontal Sync Start or Half Line
Compare.

XR28 bit-3 = 0 (Non-interlaced Video)
When the alternate register set is in effect,
the value in this register defines the
beginning of Horizontal Sync in terms of
character clocks from the beginning of the
display scan. This controls the centering of
the display on the screen.

XR28 bit-3 = 1 (Interlaced Video)

The value in this register is used to generate
the 'half-line compare' signal that controls
the positioning of the Vsync for odd frames.
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ALTERNATE HORIZONTAL
(XR1A)

Extension Registers

SYNC END

Read/Write at I/0 Address 3B7h/3D7h

ID7|D6|D5|D4[D3|D2[D1]DO)

- Alternate H Sync End

- Alternate H Sync Delay

This register is used in low resolution (320-pixel)
CGA modes and Hercules graphics modes.

4-0

6-5

Alternate Horizontal Sync End. Lower 5
bits of the character count that defines the
end of Horizontal Sync.

The value programmed into bits 0-4 of this
register is the lower 5 bits of the sum of the
value in Horizontal Sync Start register plus
the desired Horizontal Sync Width.

Alternate Horizontal Sync Delay. The value
in these bits defines the number of character
clocks that the Horizontal Sync is delayed to
compensate for internal pipeline delays.

Alternate Horizontal Blank End bit-5. Sixth
bit of the Horizontal Blank End register
(CRO3).

ALTERNATE HORIZONTAL TOTAL (XR1B)
Read/Write at I/0 Address 3B7h/3D7h
Index 1Bh

ID7|D6|D5|D4|D3|D2[D1]DO)

- Alternate H Total

This register is used in low resolution (320-pixel)
CGA modes and Hercules graphics modes.

7-0

Alternate Horizontal Total. This register
defines the total number of character times
in a scan line including both displayed
characters and retrace. The programmed
value is the number of character clocks per
scan line minus 5 for VGA mode and
minus 2 for EGA mode.
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ALTERNATE HORIZONTAL BLANK
START

(XR10)

Read/Write at 1/0 Address 3B7h/3D7h

T _1__. 111

ID7|D6|D5|D4[D3|D2[D1]DO)

- H Blank Start

This register is used in low resolution (320-pixel)
CGA modes and Hercules graphics modes.

7-0 Alternate Horizontal Blank Start. This
register defines the beginning of Horizontal
Blanking in terms of character clocks. The
period between horizontal display enable end
and horizontal blanking start is the right side
border on the screen.

ALTERNATE HORIZONTAL BLANK END

(XR1D)

Read/Write at I/0 Address 3B7h/3D7h
Index 1Dh

ID7|D6|D5|D4|D3|D2[D1]DO)

- H Blank End

- DE Skew Control

Split Screen Enhance

This register is used in low resolution (320-pixel)
CGA modes and Hercules graphics modes.

4-0

Alternate Horizontal Blank End. These bits
are programmed with the lower 5 bits of the
character count that defines the end of
horizontal blanking. The interval between
the end of horizontal blanking and the
beginning of the display (count 0) is the left
side border on the screen. The programmed
value is calculated by adding the value in the
horizontal blanking start register to the
desired horizontal blanking width. The
lower 5 bits of the result is programmed into
this register and the sixth bit is programmed
into CROS.

Display Enable Skew Control. These bits
define the number of character clocks (0-3)
that the Display Enable signal is delayed to
compensate for internal pipeline delays.

Split Screen Enhancement

0 IBM VGA compatible operation

1 Enhances split-screen functionality.
Also, this bit should be set to 'l1' for
Hercules graphics mode (720x348
resolution).
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ALTERNATE OFFSET (XRI1E)
Read/Write at 1/0 Address 3B7h/3D7h
Index IEh

VIRTUAL SWITCH REGISTER (XRI1F)
Read/Write at I/0 Address 3B7h/3D7h
Index 1Fh

ID7|D6|D5|D4|D3|D2[D1]DO) ID7|D6|D5|D4|D3|D2[D1]DO)

——— | Virtual EGA Switches

Alternate

- Display Buffer
Width

- Reserved

Sense Select

This register is used in low resolution (320-pixel)
CGA modes and Hercules graphics modes.

3-0 Virtual switch register bits 3-0. If bit-7 of
this register is '1', then one of these four bits
is read back in Input Status Register O bit-4.

7-0  Alternate Offset. The byte starting address
of the next display row is 'Byte start address
of the current row plus (K times the contents
of the Offset Register)' where K = 2 in byte
mode and 4 in word mode.

The bit selected is determined by Misc
Output Register (3C2h) bits 2-3.

6-4 Reserved (0)

7 Sense Select

To provide finer granularity in offset, an
additional bit is defined in the Auxiliary
Offset Register in the extended 1/O space.
This additional bit essentially adds a least
significant bit to the Offset.

0 Select the SENSE pin for readback in
Input Status Register O bit-4.

1 Select one of bits 0-3 of this register
for readback in Input Status Register O
bit-4. The selected bit is read back as

The byte or word mode for the memory follows:
address is selected by the CRT mode control
Register bit-6. The 400-line register bit-2 Misc 3-2 XRI1F Bit Selected
allows byte/word resolution to the display 00 bit-3
buffer width. 01 bit-2
10 bit-1
11 bit-0
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VIDEO INTERFACE REGISTER (XR28)
Read/Write at 1/0 Address 3B7h/3D7h
Index 28h

ID7|D6|D5|D4[D3|D2[D1]DO)

Blank/DE Polarity
Blank/DE Output Select
Shut Off Video

:I~ Reserved

Interlace Mode

:I~ Reserved

0  Blank/ Display Enable Polarity

0 Negative
1 Positive

1  Blank/ Display Enable Select

0 BLANK# pin outputs BLANK#
1  BLANK# pin outputs DE

The signal polarity selected by bit O is appli-
cable for either selection.

2 Shut off Video

0 Video forced to 00 (Default Video
Register) during blank time.

1 Video forced to default video when
the screen is blanked

4-3 Reserved (0)
5 Interlace Mode

0 Non-interlaced video
1 Interlaced video

In interlace mode, XR19 holds the half-line
compare value which controls the
positioning of Vsync for odd frames.

Note: Interlace may be used in graphics
modes only.

7-6 Reserved (0)

DEFAULT VIDEO REGISTER (XR2B)
Read/Write at I/0 Address 3B7h/3D7h
Index 2Bh

ID7|D6|D5|D4|D3|D2[D1]DO)

- Color displayed when

screen is blanked

7-0 These bits specify the color to be displayed
when the screen is forced to the blank state
using SR1 bit-5.

Revision 2.0

78

82C450



Extension Registers

46E8 REGISTER OVERRIDE (XR70)
Read/Write at I/O Address 3B7h/3D7h
Index 70h

|D7[D6 |D5|D4 [D3[D2|D1 [DO|

- Reserved (0)

46E8 Override

6-0 Reserved (0)
7  46ES8 Register Override

0 Port 46E8h works as defined to allow
VGA disable and setup mode control.

1  Writes to port 46E8h have no effect
(VGA remains enabled and will not
go into setup mode). This effectively
forces extension registers to always be
accessable independent of the contents
of port 46E8.

Reads from port 46E8h have no effect inde-
pendent of the programming of this register
(46ES is a write-only register).

CGA COLOR SELECT (XR7E)
Read/Write at 1/0 Address 3B7h/3D7h
Index 7Eh

[D7|D6|D5[D4|D3[D2|D1|DO]

Color bit-0 (Blue)
Color bit-1 (Green)
Color bit-2 (Red)
Color bit-3 (Intensity)
Intensity Enable
Color Set Select

:I~ Reserved (0)

This register is a copy of the CGA color select
register 3D9h. Writes to this register will change the
copy at 3D9h. It is effective in CGA emulation
mode. The copy at 3D%h is visible only in CGA
emulation mode. The copy at XR7E is always
visible.

DIAGNOSTIC (XR7F)
Read/Write at I/0 Address 3B7h/3D7h
Index 7Fh

ID7|D6|D5|D4|D3|D2[D1]DO)

T 3-state Control

1 Test Function

Test Function Enable

Special Test Function

0 3-state control bit-0

0 Normal outputs (default)
1 3-state the following pins:

PALRD¥#, PALWR#,
RDY, IRQ,
HSYNC, VSYNC

1 3-state control bit-1

0 Normal outputs (default)
1 3-state the following pins:

WEH#,

RASA#, RASB#,
CASA#, CASB#,
AARZ[8:0], BA8[8:0]

Test Function bits. These bits select one of
sixteen functions used for internal testing of
the 82C450 chip.

6  Test Function Enable. Used to enable one
of sixteen functions selected by bits 5-2.
This bit should be set to 0 for normal
operation (default on reset).

5-2

7  Special Test Function. Prevents CPU data
bus collision problems with certain manu-
facturing vendors. This bit should be set to
0 for normal operation (default on reset).

All bits in this register should be set to '0' for normal
operation. On power up (RESET) bits 5-2 are
disabled by bit 6.
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Functional Description

Functional Description

The 82C450 is part of the CHIPS 45x product
family. This product is fully compatible to IBM's
VGA standard at the gate, register, and BIOS level.
It offers enhanced backward compatibility to EGA,
CGA, Hercules, and MDA standards without using
NMIs.

The 82C450 architecture offers non-interleaved
access of plane-0 and plane-1 data in VGA text
modes. Features like Dual Paging make it easier to
virtualize the VGA for improved multi-tasking
under DOS, OS/2, and UNIX environments. The
82C450 supports 8-bit memory and I/O accesses.

BUS INTERFACE

The 82C450 supports both PC (EISA/ISA) and
Micro Channel bus interfaces. All control signals
for both types of interfaces are integrated on chip.
The 82C450 samples configuration bits on pins
AD4 (ZWS#), AD3 (56M#), AD2 (OSC), ADI1
(ROM), and ADO (MC#) at the end of a bus

g y
the 82C450 to configure itself for an appropriate bus
and clock interface (See Extension Register
(XRO01)). These three configuration bits, with pull-
ups internal to the 82C450, are readable in the
82C450 extensions Hardware Configuration
Register (XR01). ADO (MC#) is defined as

follows:
ADO (MC#) Definition
1 EISA/ISA Bus Interface
0 Micro Channel Bus Interface

EISA/ISA Bus Interface

The configuration bit ADO (MC#) should be '1" for
the EISA/ISA Bus interface. The 82C450 only
supports 8-bit CPU interfaces. The 82C450 uses
multiplexed address and data buses to interface to the
EISA/ISA bus.

For an 8-bit EISA/ISA Bus interface, an external 8-
bit multiplexer is required. This can be implemented
using one buffer (LS541 or equivalent) for the lower
8 bits of the address bus (AO-A7) and one trans-
ceiver (LS245 or equivalent) for the data bus. Upper
address bits A8 to A19 can be connected directly to
the 82C450. The 82C450 provides direction and
control signals for the external multiplexer. The
ADREN# signal from the 82C450 enables the
address buffer onto the multiplexed 82C450 bus.
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The ADREN# signal is inverted and used to enable
the data transceiver during data transfer cycles. The
WRITE# signal controls the direction of the data
transceiver during read and write operations. During
RESET, ADREN# is forced low and WRITE# is
forced high. This assures that the AD bus is un-
driven at RESET.

The RDY line on the EISA/ISA Bus can be driven
directly by the 82C450. Depending upon the load on
the bus, it may be desirable to buffer this signal
using a 3-state buffer.

RDY is generated after a valid address and status
(SO#, S1# or MEMR#, MEMW#) are seen. In the
EISA/ISA bus interface, RDY will always be low
until after the data is available to the CPU. In the
Micro Channel case, RDY can go high before data is
available.

8 /16 Bit ROM BIOS Interface

The 82C450 requires a BIOS ROM for an add-in
card design. 8-bit and 16-bit BIOS interfaces are
possible. The 82C450 supports a 32 KByte ROM
BIOS. The 82C450 generates a ROMCS# signal for
addresses COOOOH-C7FFFH.

The ROM address pins are connected directly to the
BIOS ROM. The ROM data is buffered onto the
EISA/ISA bus by the LS245 transceiver. The
82C450 provides ROMCS# which enables the
BIOS ROM.

Like the IBM VGA add in card for the EISA/ISA
bus, the 82C450 supports both a setup mode and an
enable/disable mode. This is controlled by bits 3 and
4 of 1/0O port 46E8h. All hardware to implement
this is integrated into the 82C450.

For 16-bit BIOS interfaces, MEMCS16# should be
generated externally by decoding SA15, SA16, and
LA17-LA23. Note that extreme care should be
taken to decode A15-A23. In the PC/AT bus,
addresses Al15 and A16 are not available in the
unlatched form. Care should be taken to guarantee
that MEMCS16# timing meets system specifica-
tions. This requires fast decoding of the addresses to
generate the MEMCS 16# back to the system logic.

The 16-bit BIOS interface can be supported with two
32Kx8 ROMs. Both ROMs contain identical data.
This is shown in the Block Diagram - EISA/ISA
Interface (16-bit BIOS).

82C450
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A16-19

A8-15
A0-7

RESH# —p| RESH#
SMEMR# —»| MEMR#
SMEMW#—» MEMW#
IORD# —P| IORD#
IOWR# —P| IOWR#
RESET —P| RESET
RDY «—| RDY
' A16-19
BIOS ROM
| A% 14
DO-7 p—
| A0-7 82C450
OF# CS#
ROMCS#
B AS-15
G fo—
G O1
LS541
ENA oo ADREN#
DIR WRITE#
AD7 (CFG7)
ADG6 (CFG6)
- | e
DO-7 AD5 (CFG5)
AD4 (ZWSH#)
AD3 (56M#)
AD1 (ROM)
L5245 ADO (MC#)
47KQ
o o SW3
ANA—o0 03 SW2
MA—o0  o-¢ SWI

Note 1: Install 4.7K pulldown on AD1 if ROM not
used (motherboard VGA) (leave open if ROM

used)

Note 2: Install 4.7K pulldown on AD2 if 82C402
Clock Chip is used (leave open if oscillators

used)

Nnata 2+ Tnectall 4 TK rnnlldawn an AN f MOT K ic

Note 3 ] i
Note 2 Conflgu.ratlon
Note 1 Logic

( Block Diagram - EISA/ISA Bus Interface '
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“fMira
A8-A19 P A8-A19
G# : ADREN#
G
A0-AT  ————P \vg
541
82C450
ENv#<¢
DIR[€—® WRITE#
D0-D7  <@——P 4—@—Pp rn7AD0
245
OE#Hd—e ROMCS#
CE#d—
AO-Al4 _> AO-Al4
D0-D7
27256
SMEMR# ®
+5V A0 ggzq (G
Al-AlL ———pi pp a1y | V—PG
DO-D P>
J - OPEN FOR 16 BIT BIOS
J -1-2 FOR 8 BIT BIOS 541
LAZ3— 27256
LA22—(
LA21—( D8-D15
LA20—q— TO THE 4—‘
1M LA19—] )o— %Us
LAIS—|_
LA17—(
SA16—3
) SA15—0
10} (o} 1 J

-l
«

To MEMCS16#

( Block Diagram - EISA/ISA Bus Interface (16-bit '
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Micro Channel Bus Interface

The configuration bit ADO (MC#) should be '0' for
Micro Channel Bus interface. The 82C450 only
supports 8-bit interfaces. The 82C450 uses
multiplexed address and data buses to interface to the
Micro Channel bus.

To use an 8-bit Micro Channel Bus interface, an
external 8-bit multiplexer is required. This can be
implemented using one buffer (LS541 or equivalent)
for the lower 8 bits of the address bus (A0-A7) and
one transceiver (LS245 or equivalent) for the data
bus. Upper address bits A8 to A19 can be connected
directly to the 82C450. The 82C450 provides
direction and control signals for the external
multiplexer. The ADREN# signal from the 82C450
enables the address buffer onto the multiplexed
82C450 bus. The ADREN# signal is inverted and
used to enable the data transceiver during data
transfer cycles. The WRITE# signal controls the
direction of the data transceiver during read and write
operations. During RESET, ADREN# is forced
low and WRITE# is forced high. This assures that
the AD bus is undriven at RESET.
Since the 82C450 resides only in the first megabyte
is
connected to decoded address A19-23 (A31 on
80386 based systems). All the address pins on the
82C450 are connected (A7:0 through the multipexer)
to the unlatched address lines in the system (Micro
Channel address bus). The 82C450 latches all
addresses internally.

For a mother-board implementation, the 82C450
generates RDY and CSFB# (Card Select Feedback)
by decoding A19:0 and MIO as a valid memory or
I/O address. These pins directly correspond to RDY
and CDSFDBK# pins of the Micro Channel bus. It
is recommended that these signals be buffered.

The RESET, SO0#, S1#, and MIO# signals on the
Micro Channel can directly drive the corresponding
pins on 82C450. The CMD# signal on the Micro
Channel bus must be qualified with Refresh# and
then connected to the CMD# pin on 82C450.

In the Micro Channel implementation, the 82C450
can be disabled by pulling the DISA# pin low. This
pin is typically controlled by bit O of port 3C3. The
82C450 can also be put in the setup mode by pulling
the SETUP# pin low. This signal is either bit-5 of
port 94h or a Micro Channel VGASETUP# signal
dedicated to a specific slot. Refer to the Micro
Channel interface diagram for circuit implementa-
tion.

POS ID Registers

The standard IBM PS/2 system board
implementation of the VGA does not have POS ID
registers 100h and 101h. The 82C450 implements
POS ID registers 102h, 103h, and 104h internally.
If POS ID registers are needed at 100h, 101h, 105h,
106h, and 107h, an external PAL can be added for
decoding those addresses. The 82C450 will
continue to generate Micro Channel bus interface
signals.

Setup and Enable / Disable Modes

IBM's VGA add-in card for the EISA/ISA Bus uses
a register at I/O address 46E8H for ROM paging,
VGA Setup, and VGA Enable functions. The
82C450 implements the VGA Setup and Enable bits
of this register (46E8h) internally. 46E8h register
bit-3 is used as display sub-system enable/disable
and bit-4 is used to put the VGA in setup mode.
The 82C450 does not support ROM paging.

In Micro Channel implementations the 82C450 is
put into setup mode by asserting the SETUP# pin
low. Usually this pin is controlled by bit-5 of I/O
port 94h and is implemented in the PS/2 system
logic. If the 82C450 is on the Micro Channel bus
(as opposed to the system board), the bus provides a
SETUP# input for each slot.

The 82C450 should be enabled for normal operation.
In the Micro Channel interface, the 82C450
disappears from the memory and I/O space if bit-0
of I/O port 3C3h is reset to zero (low). For normal
operation this bit should be set to one (high). In the
PC Bus interface, setting bit-3 of port 46E8h to zero
(low) disables the 82C450 and setting it to one
(high) enables the 82C450.

For normal operation the VGA should be
programmed as follows:

Micro Channel Interface

a) Set bit-0 of port 3C3h to '1'. This enables the
VGA after the CPU sets to one (high) bit-0
of I/O register 102h while driving the SETUP
pin low.

b) Put the 82C450 into SETUP mode by witing
'1" to bit-5 of I/O register 94h. This causes the
SETUP# pin to go low.

¢) With the 82C450 in setup mode , write '1' to
bit-0 (Video Enable bit) of I/O register 102h.
I/O register 102h is accessible when the
82C450 is in setup mode.

d) Take the 82C450 out of setup mode by
writing '0' to bit-5 of I/O register 94h. This
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causes the SETUP# pin to go high.

EISA/ISA Bus Interface

a) Set bit-3 of port 46E8h to '1'. This enables
the VGA after the CPU sets to one (high)

bit-0 of I/O register 102h.

b) Put the 82C450 into Setup Mode by writing

'1" to bit-4 of I/O register 46E8h.

A8-19

¢) With the 82C450 in setup mode, write '1' to
bit-0 (Video Enable bit) of I/O register 102h.
I/0 register 102h is accessible when the
82C450 is in setup mode.
d) Take the 82C450 out of Setup Mode by
writing '0" to bit-4 of I/O register 46E8h.
RFSH# — DISA#
MIO# —| MIO#
SETUP# —» SETUP#
CMD# —P CMD#
So# —P| SO#
S1# —» S1#
RESET —P RESET
RDY ¢— RDY
B A8-19
G [o—
G [oy
AQ-7 ——— 82C450
LS541
ENA o ADREN#
DIR WRITE#
AD7 (CFGT7)
AD6 (CFG6)
D0-7 ~— AD5 (CFGS)
AD4 (ZWS#)
AD3 (56M#)
AD2 (OSC)
AD1 (ROM)
15245 ADO (MC#)
4.7KQ
A o 07 SW3
N\V-——-0 Oi SW2
A% o o SWI

Note 1: Install 4.7K pulldown on AD1 if ROM not
used (motherboard VGA) (leave open if ROM

used)

Note 2: Install 4.7K pulldown on AD2 if 82C402
Clock Chip is used (leave open if oscillators

used)

Nata 2+ Tnctall 4 7K nnlldavm an AN if MOT K ic

Note 3 ; i
Note 2 Configuration

Note 1 Logic

( Block Diagram - Micro Channel Interface '
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MEMORY INTERFACE

The 82C450 supports two display memory
configurations:

1) Two 256Kx4 DRAM devices (256 KBytes)
2) Four 256Kx4 DRAM devices (512 KBytes)

The DRAMs are organized as 4 planes. There are
two 9-bit multiplexed address buses AAS8:0 and
BAS:0 and two bidirectional data lines MAD7:0 and
MBD7:0 that connect to planes 0:1 and 2:3
respectively. There are two RAS# signals and two
CAS# signals for planes 0:1 and planes 2:3 in all
configurations. There is a common WE# line for all
4 planes. The DRAM data bus direction is indepen-
dently controlled by RAS#, CAS#, and WE# (the

OE# pins on the DRAMs are grounded). Proper
damping resistors are required between the control
pins of the 82C450 and the DRAM inputs.

The entire display memory (256KBytes or 512
KBytes) is always available to the CPU in regular 4-
plane mode, chained 2-plane mode and in super-
chained 1-plane mode. There are two registers to
map the entire memory in the CPU space. The
82C450 allows either single or dual memory maps
in the CPU space. In the case of single mapping,
only one window is available to the CPU to access
display memory. This window is defined by
Graphics Controller Register GR6. In the case of
Dual Mapping, the CPU has two windows to access
display memory.

MBD7-4
MBD3-0 D3-0 D3-0
BAS-0 A8-0 A8-0
256Kx4 256Kx4
DRAM DRAM
OPT
33
RASB#p——MWA—oOTRAS o RAS
CASB#p——MWA——0CAS o[ CAS
—o WE VCC—+5V——o WE vCC[— +5V
[°OE GND] | oOF GND[]
82C45(0 = DpIP20 =  DIP20
MAD7-4
MAD3-0 D3-0 D3-0
AAS-0 A8-0 A8-0
256Kx4 256Kx4
DRAM DRAM
33 OPT
RASA# p——AA+——o0 RAS o RAS
CASA# p——A—-—0| CAS o CAS
WE#P MW o WE VCC|— +5V —9 WE vcCi— +5V
-0l OE GND [9 OB _GNDj—
DIP-20 = = pip2o | T

( Block Diagram - DRAM Interface '
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The 82C450 has an on-chip write buffer and display
FIFO for enhanced performance. CPU writes to
display memory are written directly to the write
buffer eliminating the need to insert wait states until
the 82C450 is ready for the CPU access. The FIFO
is used by the 82C450 to store display memory data
until it is used to refresh the screen. When there is
sufficient display data in the FIFO, a CPU access is
allowed. The FIFO improves performance by
allowing for page-mode cycles for screen refresh.

Display memory control signals are derived from an
independent clock (MCLK). The MCLK can be
either 50 MHz or 56 MHz. In the case of the 50
MHz MCLK , the 25 Mhz dot clock is derived from
the MCLK. For the 56 MHz MCLK, the 28 MHz
dot clock is derived from the MCLK. The higher the
MCLK, the higher the performance. Refer to the
timing section to find the relation between MCLK
and DRAM parameters.

ZERO-WAIT-STATE

The advanced architecture of the 82C450 allows for
zero-wait-state accesses. During a CPU write
access, the ZWS# signal on the ISA bus is asserted
and the cycle is terminated immediately. The write
buffer on the 82C450 should be enabled.

Three 82C450 pins are redefined and one external
component is needed to take advantage of this
performance enhancement. ZWS Enhancement
Circuits A and B (see below and next page) show
the external circuit required. Either circuit can be
used depending on the designer's preference. The
performance boost will be 5-40% depending on the
benchmark and resolution.

ISA Bus Pin B-20 SYSCLK

82C450 Pin 42

47KQ
J_—W—AD“ 82C450 Pin 35
SYSCLK 85450 Pin 58
ALS02
ADREN#
ALS02

ISA Bus Pin A-23 A8

ADREN¥# inverted ADREN

From LM339 SENSE

82C450 Pin 44 ROMCS# (ZWS#

ISA Bus Pin B-11 SMEMW#

ISA Bus Pin B-12 SMEMR#

A8 (SENSE) g>¢450 Pin 19

ZWS# 1A Bus Pin B-8

PN2222

1000pF =

BIOS ROM CE# Pin
BIOS ROM OE# Pin

( Block Diagram - ZWS Enhancement Circuit A '
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The default cycle time of an 8-bit VGA when RDY
is not asserted is 6 bus clocks.  The Zero Wait-
State feature shortens this cycle time. IBM compat-
ible machines allow ZWS cycles of 3 bus clocks for
odd bytes and 4 bus clocks for even bytes. Some
machines allow all ZWS cycles to be shortened to 3
bus clocks. The 82C450 permits both types of
ZWS cycles. See Memory Mode register (XR04).
Three-bus-clock ZWS cycles result in very high
performance, but should only be used in mother-
board designs which allow these fast memory
cycles.

Pin 35 (CFG4 or AD4) determines if the pin defini-
tion will support the Zero-Wait-State feature. When
CFG4 (AD4) is high, the Zero-Wait-State feature is
not enabled. The 82C450 has an internal pull up
resistor which automatically configures the 82C450
into this configuration. When CFG4 is low, the
ZWS feature is enabled. An external 4.7K ohm

pull-down resistor is need on CFG4 for this
configuration. The following pin definitions exist in
the ISA bus interface.

CFG4 (ZWS#) Pin Definition

High 19 A8
58  SENSE
44 ROMCSH#
Low 19  A8-SENSE
58  SYSCLK

44 ROMCS#-ZWS#

Three new bits need to be changed to support the
Zero-Wait-State feature. See the descriptions of the
Configuration Register (XR01) and the Memory
Mode Register (XR04) for details.

The ISA bus interface is shown in the application
schematics. The ZWS feature is not supported in
the Micro Channel bus interface.

4.7KQ

J_—W—AD“ 82C450 Pin 35
ISA Bus Pin B-20 SYSCLK SYSCLK  ¢5c450 Pin 58
HCT125
ISA Bus Pin A-23 A8
2C450 Pin 42 ADREN#
82C450 Pin A8 (SENSE) ¢50450 pin 19
HCT125
From LM339 SENSE
ADREN# inverted ADREN
HCT125

ISA Bus Pin B-11 SMEMW#

ZWS# 1A Bus Pin B-8

82C450 Pin 44 ROMCS# (ZWS#)
ISA Bus Pin B-12 SMEMR#

BIOS ROM CE# Pin

BIOS ROM OE# Pin

( Block Diagram - ZWS Enhancement Circuit B '
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VIDEO INTERFACE

The 82C450 supports both digital and analog
monitors. It generates all sync, blanking, video, and
pixel clock signals to support both type of monitors.

The 82C450 supports programming of an external
palette DAC by decoding the CPU addresses and
generating the PALRD# and PALWR# signals to
the external palette. The 82C450 decodes 1/0
addresses 3C6-3C9h as valid external palette
addresses. The 82C450 also supports DAC
diagnostic and VGA monitor type detection by
making the SENSE input available to the
programmer.

Display Modes/Resolutions

The 82C450 supports a superset of all VGA modes.
It supports a screen resolution of up to 1024x768 in
16 colors. 640x480x256 and 800x600x16 color
modes are also supported. The 82C450 also
supports 132-Column Text Mode.

Screen Blanking

The 82C450 supports screen blanking by writing to
a control register (as in IBM's VGA). During this
time all memory cycles are available to the CPU.
During screen blanking, the video outputs are
blanked to black level. This makes it easier to
support TTL monitors. IBM's VGA TTL video
outputs (V7:0) are undefined, making it difficult to
support TTL monitors. This is not a problem with
analog monitors as the BLANK signal is asserted to
the RAMDAC which blanks the analog video.

Interlaced Video

The 82C450 can generate interlaced video for
extended graphics modes (such as 1024x768) to take
advantage of inexpensive 8514-type display
monitors. The 82C450 provides total freedom in
positioning Vertical Sync for odd frames within a
horizontal scan line. This feature allows the 82C450
to drive a variety of 8514-type monitors. Interlaced
video can be enabled by setting bit-5 of XR28.

—
0 o
D
R
82C45 357 Do+
AQ-1 = RSO-1
PALRD} —— | RD# R Analog
PALWRH ) WR# g Video
H BILANK# CLK
| -
BLAN&H FJ =
e+
[
HSYNC [t To CRT
& .
VSYNC [~ (el Display
So{
sis| |[4]
HS VS
CLK2 ek ||
_/DLJ\/ .AS
LS04
+5V

( Block Diagram - External Palette / DAC Interface '
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DIP SWITCHES & VIRTUAL EGA
SWITCHES

The 82C450 supports up to 3 external DIP switches.
These switches are multiplexed on the AD7 (SW2),
ADG6 (SW1), and AD5 (SWO) inputs. The state of
the switches can be read at bits 7:5 in the 82C450
Extended Configuration Register (XRO1).

The 82C450 also supports virtual EGA switches.
This feature allows software to write the status of
EGA switches to the 82C450 extended EGA Switch
Register (XR1F) bits 3:0. Bit-7 of this register
controls whether the status of the SENSE bit is from
the SENSE pin or from the output of the EGA
switch mux. The EGA switch select mux is
controlled by bits 2 and 3 of the VGA/EGA Misc
Output Register (3C2h). The output of the mux or
the input from the 82C450 SENSE pin is read in bit-
4 of the VGA/EGA Input Status Register 0.

DIP Switch support and the virtual EGA switch
feature are available in both PC bus and Micro
Channel bus configurations.

CLOCK INTERFACE
The 82C450 has four dedicated clock pins. All four

44.900 -
40.000 >
28.322 >
50.350 P
+5V
+5V

i S—

CLK3

CLK2

CLK1

CLKO (MCLK)

| AD2 (0SC)
| AD3 (56M#)

82C450

( Block Diagram - Oscillator Clock Configuration 1 '
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can be used as clock inputs or two clock pins can be
defined as outputs to select one of four clocks via a
multiplexer or clock synthesizer chip. The clock
configuration is determined by the Configuration
Register (XR01). See the description of the Config-
uration register (XR01) and Pixel Clock Frequency
Generation table at the end of this section.

For a minimum system configuration, the 82C450
can support up to four display clocks. The 82C450
supports two such minimum clock configurations.
In both configurations, CLK3-CLKO are display

clock inputs to the 82C450. CLK3 and CLK2 must
be 44.9 MHz and 40.0 MHz respectively in both
configurations.

In the 50 MHz MCLK configuration, CLK1 is
28.322 MHz and CLKO (MCLK) is 50.350 MHz.
The 25.175 dot clock is derived from the 50.350
MHz MCLK. The 50.350 MHz MCLK configura-
tion requires 100 nsec DRAMs or faster. See Block
Diagram - Oscillator Clock Configuration 1.

In the 56.644 MHz MCLK configuration, CLK1

(MCLK) is 56.644 MHz and CLKO is 50.350 MHz.
The 7R 77 MH7 dienlav clack ie derived from the

44.900 >
40.000 >
56.644 >
50.350 P
+§V

| AD3 (56M#)

82C450
CLK3

CLK2

CLK1 (MCLK)

CLKO

AD2 (OSC)

( Block Diagram - Oscillator Clock Configuration 2 '
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—— FCOUTI .
L ECOUTO CLKSEL nﬂi CLKSELO ( TL.K2)
+5V © CLKSEL] €———— CLKSELI (CLK3)
|: OUTDIS#
450MODE
82C402 82C430
L5V VCLKOUT —— ¥ CLKIN (CLK1)
L MCLKSEL
MCLKOUT MCLK (CLKO)
OSC = 0 (Clock Chip|Configuration) AD2 (OSB

[
56M# =0 (MCLK = 56.644 MHz) i % AD3 (56M#

Functional Description

( Block Diagram - Clock Chip Configuration .

Pixel Clock Frequency Generation

0OSC=0 (Clock Chip)t 0SC=0 (Clock Chip)t OSC=1 (Oscillators) 0OSC=1 (Oscillators)
XR02 MSR FCR536M#=0 (Mclk=CLK0=56.64456M#=1 (Mclk=CLK0=50.350 56M#=0 (Mclk=56.644) 56M#=1 (Mclk=50.350)
Bit-1 3:2 1:0 Pclk Freq (Clkin=CLK1 Pclk Freq (Clkin=CLK1 Pclk Freq (Clk Selected’clk Freq (Clk Selected
0 0 xx 25.175 MHz (Clkin+2,Sel=01) 25.175 MHz (MCLK=2) 25.175 MHz (CLK0<+2) 25.175 MHz (CLK0+2)
0 1 xx 28.322 MHz (MCLK=+2) 28.322 MHz (Clkin,Sel=01) 28.322 MHz (CLK1+2) 28.322 MHz (CLK1)
X Ix 00 40.000 MHz (Clkin,Sel=00)  40.000 MHz (Clkin,Sel=00)  40.000 MHz (CLK2) 40.000 MHz (CLK2)
X Ix 01 50.350 MHz (Clkin,Sel=01)  28.322 MHz (Clkin,Sel=01)  50.350 MHz (CLK1) 28.322 MHz (CLK1)
X Ix 10 User-defined (Clkin,Sel=10)}1 User-defined (Clkin,Sel=10)1t 56.644 MHz (CLKO){+11 50.350 MHz (CLKO)t 7
X Ix 11 44.900 MHz (Clkin,Sel=11) 44.900 MHz (Clkin,Sel=11) 44.900 MHz (CLK3) 44.900 MHz (CLK3)
1 0 xx 14.161 MHz (MCLK+4) 14.161 MHz (Clkin+2,Sel=01) 14.161 MHz (CLK1+4) 14.161 MHz (CLK1+2)
1 1 xx 16.783 MHz (Clkin+3,Sel=01) 16.783 MHz (MCLK=+3) 16.783 MHz (CLKO0+3) 16.783 MHz (CLKO0+3)

T Alternatively, an external clock multiplexer may be used to select between multiple discrete oscillators of the frequencies listed
1 One additional user-defined frequency is available by using the clock chip option (more using the 82C404 programmable clock).
+11 Pixel clock frequencies 2 MCLK are generally not useful (no memory bandwidth is available for CPU accesses to display memory).
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IN-CIRCUIT-TESTABILITY

When ICTENAO# (MADG, pin 9) and ICTENA1#
(MBD6, pin 72) are low with RESET high, a rising
edge on CLKO will put the chip into "In-Circuit-
Test" mode. In ICT mode, all digital signal pins
become inputs which are part of a long path starting
at PALRD# (pin 48) and proceeding to lower pin
numbers around the chip to pin 1 then to pin 100 and
ending at VSYNC (pin 49). If all pins in the path
are high, the VSYNC output will be high. If any pin
is low, the VSYNC output will be low. Thus the
chip can be tested in-circuit to determine if all pins
are connected properly by toggling all pins one at a
time (CLKO last) and observing the effect on
VSYNC. CLKO must be toggled last because rising
edges on CLKO with ICTENAO# OR 1# high or
RESET low will exit ICT mode. As a side effect,
ICT mode effectively tri-states all pins except
VSYNC.

If TSENAO# (MAD7, pin 7) and TSENAI1#
(MBD7, pin 71) are low with RESET high, a rising
edge on CLKO will tri-state all pins. A CLKO rising
edge without the enabling conditions exits tri-state
mode.
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Application Schematic Examples

Application Schematic Examples

This section includes schematic examples showing
how to connect the 82C450 chip. The schematics
are broken down into four main groups for
discussion:

1) System Bus Interface

2) Display Memory Interface
3) Video Interface

4) Clock Interface
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v -y Application Schematic Examples
-
RESET S RESET
EEEH# }’;o RESH# [DISA#]
VRS 5 AEN ' [M/IO#]
ORDA SQIOWR# [SETUP#]
MENSTE 179 IORD#  [CMD#]
MEMRE 130 MEMW# [SO#]
By 1 MEMR# [S1#]
RDY
IRQ9 46
0---O IRQ [IRQ#]
?SCLK NC From LM339 or RAMDAC %Egg SENSE (SYSCLK)
AlS 20] M9
Al7 23| 18
AlG 27 A17
INE S Al
Ald 25| AL
N S AL4
N 531 Al3
i S A12
N SHAlLL
A10
Al 20'A9
K |
19|
SoT)-ZWSH# N A8  (AS-SENSE)
44| (ROMCS#-ZWS#)
1o 5 ROMCS# [CSFB#]
GPy 0| ADREN#
A7 J SR apg
A 8 12 AD%:
A 7 13 |_AD
A 9 14 | ADN V 8%%‘20
A 5 15 ADN 74F04
A 4 16 ADN
A 3 17 | AD
A\ 2| 541 |18 ADON
19
%\}ﬁul = 43 WRITE#
D07 11 9 AD7 30
AD7 (CFGT)
DO6 12 8 33 1'AD6 (CFG6
D05 13 7 34 ( )
L AD5 (CFGS5)
D04 14 6 AD 35 |3
(ZWSH)
D03 15 <> 5 36
AD3 (56M#)
D02 165 Al4 371405
(0SC)
DOL 17 3 38 1ADI
(ROM)
D00 18] 245 [2 39
7RG 1AD0_[MCH]
+5V = B3, B29 57 27256 AMA—O-- SW3
GND =B, B0, B31 /ﬁig‘ SJA1E VPE— 45V AA—O-- SW2
CAT—S5A13 | o AA—O-- SW1
A12 OEP =
/ALl 23 20
All CE Note 3 o
VAL0] 21 INT: L Note 2 Configuration
Note: SW1-3 are op- ;ﬁg %‘51 A9 Note 1 Logic
tional for digital monitor A8 = . .
ope selecion it reuied T—31A7 DIHERRN e e e A iy
D . Z (leave Open 1 1S . Z
/A5 5 17 _AD
/A1 6 QZ Bi 16 Note 2: Install 4.7K pulldown on AD2 if 82C40x
" NME# §A3 g A3 D3 lg Clock Chip is used (leave open if oscillators used)
C__A0L ) t N A2 13_AD
ALE N /A1 9 2% B% 12 Note 1: Install 4.7K pulldown on AD1 if ROM not
§A0 10 A0 DO 11 used (motherboard VGA) (leave open if ROM used)
Optional EPROM AD7:0 To Color Palette
RS2:0 To Color Palette
(B30 )-14318 MHz To Clock Chip (if used)

( 82C450 EISA/ISA Bus Minimum System Circuit Ex- '
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Application Schematic Examples

22U RESET
BaRESH#  [DISA#)
S{AEN  [M/IO#]
S IOWR# [SETUP#]
9 IORD# [CMD#]
139 MEMW# [SO#]
T MEMR# [S1#]
RDY
46
TJIRQ  [IRQ#]
20| SENSE (SYSCLK)
Al19
29
AlS
28
S A7
Al6
26
S2ALS
5
Al4
24
A3
1AL
All
ZLA10
ALS02 20| Ao
ALS02
ALSO2 SENSE 19/A8  (A8-SENSE)
From
LM339 (ROMCS#-ZWS#)
| 9CE_ ALS02 TG ROMCS# [CSFB#]
Gpy d ADREN#
9 SHIT apy ) |
8 12 ADON
7 13 ADN 74F04 82C450
4 N H4 | ADN VGA
3 15 ADN
4 16 ADN
3 17 |_AD
2 541 [18 ADON
ENAD{ 1 43 1
DO7 11l DIR[g o 250 WRITE#
AD7 (CFG7)
D06 12 8 33 1'AD6
(CFG6)
D05 T N 34 1AD5
(CFGS5)
D04 14 6 AD 35 | 4pa
(ZWS#)
D03 15 <[5 36 1'AD3
(56M#)
D2 16 1 37
D01 118 AR AD 38 |AD2 (OSC)
ADI (ROM)
D00 18 245 [2 39 FADO [MC#
47KQ [MC#
+5V = B3, B29 57 27256 AA—O-- SW3
GND = BI, BI0, B31 Ald IrA14 VPH— +5v AM—0-- SW2
/AL3 26
AL SA3 | o, ANA—O- - SWI
/ALl 23|12 OEO%, \ N
% SHALL CEP Note 3 o
/ﬁéo S1A10 Note 2 Conflguljatlon
Note: SW1-3 are op VA8 2342 Note 1 Logic
: - - A8 =
tional for digital monitor  |/AZ a7 p7H2 Note 3: Install 4.7K pulldown on AD3 if MCLK is
type selection if required ;ﬁg Has Do AD 56.644MHz (leave open if MCLK is 50.350MHz)
/A1 6 2451 Bi 16 Note 2: Install 4.7K pulldown on AD2 if 82C40x
5 NME# ;AB ; A3 D3 12 Clock Chip is used (leave open if oscillators used)
C__A0L D £ N A2 13_AD
ALE Nc /Al 9 2% B% 12 Note 1: Install 4.7K pulldown on AD1 if ROM not
§A0 10 A0 DO 11 used (motherboard VGA) (leave open if ROM used)
Optional EPROM AD7:0 To Color Palette
RS2:0 To Color Palette
(B30 ) 14318 MHz To Clock Chip (f used)

( 82C450 EISA/ISA Bus High Performance Circuit Ex- '
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- T Application Schematic Examples
“lra2
RESET 52
. MEMRS B02 RESET
S0y MCs16# 47K —‘ B19 EJFEIS\]H# go RESH# [DISA#]
BV INTRD S LAEN  [M/IO#]
LAy oy F260 B13 1OV O IOWR# [SETUP#]
L B14 L IORD#  [CMD#]
LA MEMW# [S0#]
LA20 1000 MEMR# [S1#]
rhe AANA— 45V RDY
LAI8 F38 F260 IRQ [IRQ#]
| SENSE (SYSCLK)
LAL7 ] b
AlS
Al6 Al7
. Al6
AlS Al5
Al4 Al Al4
Al3 Al3
X Al3
AL2 Al
Al2
All Al All
AlO Al AI0
A9 A ALS02 20149
A8 AY ALS02
C BiT - MEMW# ST 3 SENSE 199A8  (A8-SENSE)
-O—— From
B03 )—ZWS#yR3g 'o— | M3 [ A= 14| (ROMCS#-ZWSH)
" . 30 ROMCS# [CSFBH]
Gb * d ADREN#
Lssat | SR I
A7 A7 o GHT 1 ap7
A6 A 8 12 ADON
A5 AS 7 13 ADN ——MA—O-- SW3
Ad A. 6 14 ADN —W—o0-- SwW2 82C450
A3 Al 5 15 ADN —AMA—O-- SW1 VGA
A2 A 4 16 ADN
Al A 3 17 | ADN Note 1
A0 Al 2| 541 18 ADN Note 2
N Ls2s ENAOP N "
D07 11| DIRFg o 3 WRITE#
AD7 (CFG7)
D06 1) 8 33
AD6 (CFG6)
D05 13 7 34
L AD5 (CEGS5)
D04 14 6 AD 35
AD4 (ZWS#)
D03 15 <> 5 36
AD3 (56M#)
D02 16 4 37
B A AD2 (OSC)
DOI 17 3 38
D00 18] 245 [2 39 14Dl (ROM)
ADO [MCH#]
1, 21256_
+5V =B3, B29, D16 14 ZIra14 vPH— +sv 27256
GND =BI, BI0, B31,DI§ PAR—=A13 | Ald 2T Rll sy
123|412 OED5G ALZ 2603
/A‘—zlAll CEp 12 2/'a 1> OEb22
A10 [/ 73|14 12 OEP55
[/ 24 All CEQ
A9 21 ® 15541
A8 25)g [/ 24|A10 19
7 Aa7 D7HI-AD] [/ 25|49 G
PA ‘S‘Ag D6HS AD //A7 £l A ET: B! - i DIg
AS  SIAs D 'AG 4 188 12_DI
/54—§A4 D4} ig /A5 Sﬁg Bg 177 13___DIN
/Aﬁm D332 /A4 61 palle_6 14
/A‘—9A2 D245 /A3 7'a3 p3Ho_9 15 D@
Note 1. Install if 82C40 oAl DIFT A2 8A2 D2H3—4 _mgm :
otel. Instal if X /M)—Ao DO| /AL 9] prHZ_3 17 D
clock chip used L/AQ 10 A0 DO 11 2 541 (18 DN
Note2. Instal if MCLK / N
is 56.644 MHz

Note: SW1-3 are op-
tional for digital monitor 82C450 EISA/ISA Bus 16-Bit BIOS ROM Circuit Ex-

type selection if required
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Application Schematic Examples

52

RESET
+5V or motherboard logic register 102h bit-0 —}gC RFSH# [DISA#]
B AEN [M/IO#]
110 IOWR# [SETUP#]
1 40 IORD# [CMD#]
]30 MEMW# [SO#]
QMEMR# [S1#]
4 RDY
46
33 IRQ [TRQ#]
SENSE (SYSCLK)
30
29 A19
>3 AlS8
Al17
27
6 Al6
55 AlS
Al4
24
3 Al3
Al2
22
o1 All
20 Al10
A9

IﬁAs

44 (ROMCS#-ZWS#)
420 ROMCS# [CSFB#]
Q ADREN#

From LM339 or RAMDAC ~ENSE

(A8-SENSE)

O
°

[\S) (98] EFN (91 (@)} BN ] [oe] No) —= === ==
»—-EOO\IO\UI-PL»)I\N—H—‘

QQ

82C450
VGA

SZ 74F04

\S] [FV] ESN (9] [@,] AN ] [oe] Ne)

ENA
11| DIR

12
13
14

15 <>

19
7B A

18] 245

434
327
33
34
35
36
37
38
39

WRITE#
AD7 (CFG7)
AD6 (CFG6)
AD5 (CFG5)
AD4 (ZWSH#)
AD3 (56M#)
AD2 (0SC)
AD1 (ROM)
YRT ADO [MCH#]

AM—oO0-- SW3
AM—-o0-- SW2
AM—o0-- SW1

Note 3
A Note 2

Configuration Logic

Note 3: Install 4.7K pulldown on AD3 if MCLK is
56.644MHz (leave open if MCLK is 50.350MHz)

Note 2: Install 4.7K pulldown on AD2 if 82C40x
Clock Chip is used (leave open if oscillators used)
AD7:0 To Color Palette

RS2:0 To Color Palette
To Clock Chip @f used)

( 82C450 Micro Channel Bus Circuit Example '

929

@ 1431818 MHz

Note: SW1-3 are op-
tional for digital monitor
type selection if required
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I TS HH Application Schematic Examples
“fira
MBD7}L
MBD6[%5
MBDS|%2
MBD3[£2 183 18] D3
MBD2[%3 5| D2 7| P2
MBDI g T/ D1 1 P!
MBDO DO DO
S s A8256Kx4 15 A8256Kx4
30 14| *° DRAM 14|’ 'S DRAM
BA7 A7 A7
BAGSL 31 A6 D]46 opr
BAS|eS 171AS 11] 40
BA4tcy o Ad o| A4
BA3[z 5| A3 g| A3
BA2LS2 7 A2 7142
BAl1c3 6| Al 6| Al
BAO A0 A0
33
RASBH#DSI—A\A SqRAS  —i9RAS
CASB#D A 2qcas o 39 CAS 0,5y
——=dWE VCCh¢ +5V—=29WE Vcch +
82C450 6ok _anop] | [“ooE oo
VGA = DIP-20 = = DIP-20 =
MAD7 2
MAD6 ¢
MADS =
MAD4
MAD3 2 D3 5] D3
MAD2 3 5| D2 7| D2
MADI [ 11D1 1 P!
MADO DO DO
256Kx4 256Kx4
Aas|2 L3 A8 3] A8
1 14| *° DRAM 14|° S DRAM
AA6 55 5] A6 5] A6 OPT
AAS 08 11 A5 11 AS
AA4r5= o Ad g| A4
AA3I5E 5| A3 g| A3
AA2 55 = A2 7 A2
N o| AF o
AAO A0 A0
33
RASA#DIE—MA 7qRAS  ——79RAS
CASA#D=5—MA 39 CAS Mo . 39CAS 0
WE#D AN PQWE  VCChg +SV T WE  VCChHi +5V
_I__C OE GND—_I_ OE GND__L
— DIP-20 = = DIP-20 =

( 82C450 Display Memory .

Note: For minimum configurations, two DRAMs may be implemented instead of four. In this case,
the two optional DRAMs on the right side of the above circuit marked 'OPT' may be removed.
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SRR L Application Schematic Examples
“Mira PP P

J1 =VGA CRT
J3 = Feature Connector (ribbon connector: numbers in parentheses indicate component and
solder-side #'s if card-edge connector implemented) (card edge pin 1 is dosest the bracket)

+5V A
0.047
| Digital Ground 4.7uH 22uF |+ 0.1
47 Analog Ground % SYNC vCe
-2 8/6 GND
PALRD# U9rRD  Avce
47 20 >=
PALWR#P gWR  AVCC
S C7 IREF
131C6
0 cs5 IMSG R
82C450 dcs 118 G
VGA 53 RAM B
Aci PAC
Co D6
D5
BLANK#022 209 BLANK D4
PCLK > D3|
D2|
RS1 DI |
RSO DO
HSYNC PLCC-32
VSYNC
—(I3-26(S1
—CI3-24(S2
J3-22(S3
—(I3-12(S8 74F04 74F04
—C13-10(S9 OD
—CJ3-8 (S10 '
J3-6 (S11 DC CD
NC —INTVID = a—=5mer
NC — Loty J3-18(S5
NC —RLLLE J3-16(S6
Al
AQ Rset_ 213) (RL)
- \Y
LAD0.7 (Vo) (Rp +75) Key
SENSE =22.0Q for Vout:0‘64V’ RL:150

=154Qfor vV  .=0.70V,Ry =75

( 82C450 Video Circuit Example - External Color Palette (Inmos IMSG176 / .
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Application Schematic Examples

+5V L _ .
47uH ovr lt Lo1r L oot
J1 = Analog Video 4i SENSE AVCC ‘2‘0 $ $
J3 = Feature Connector (ribbon connector: 13 OL3 AVCC 51
numbers in parentheses indicate component and 42 8%% ﬁxgg 22 0.1 |0.1 |
solder-side #'s if card-edge connector implemented) 4160 OpA 22 T T $47O | Digital Ground
(card edge pin 1 is closest to the bracket) 5 SYNC COMP 29 _1 =
2A e/ o $ Analog Ground
8/6 31 Reg 1%
PALRD# 8 O R FEE
PALWR#D4 16dwR  SETUP[2—W—9 1.2V LM385
1K Ve  Note: LM339 not
p7 (&2 27 AGND[3; ' required for BT475,
P6 37 C6 AGND 'é' BT477, & BT479
P5
82C450 P;L
VGA P
P2
P1
PO
BLANK#
PCLK

J3-1 (C13

J3—26 S1
J3-24 S2
J3-22(S3

@UEEED
(138 (S10)

NC INIVID 7375654
NC N N J3-18(S5
NCc N 5 J3-16(S6
Al5

Al

A0

SENSE

LD07

Rge( (ohms) = K #1000 * V ¢ (V)
T (A
Ry =75Q. V=070V (I =18.67mA): Key
6=bitK=3:000; R o =193€
8-bit: K=3.175, R, =204Q
Ry =150Q, V=064V (I_ =12.8mA):

6-bit: K=3.000, R_,=281Q
8-bit: K=3.175, R_,=298Q

N\ - PPN '
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"\ n l r -y Application Schematic Examples
-
82C450 VGA
4

o CLKO (MCLK)
50350 MHz w 2 CLK1 (MCLK/CLKIN)
28.322 MHz |[JLIL 51 CLK2 (CLKSELO)
(40.000 MHz) | s CLK3 (CLKSELI)
(44.900 MHz) | TLI'L

82C450 Clock Circuit Example - 50 MHz Oscillator Configuration (120ns

82C450 VGA
4
o CLKO (MCLK)
50.350 MHz B 3 CLK1 (MCLK/CLKIN)
56.644 MHz |[JUL 57 CLK2 (CLKSEL0)
(40.000 MHz) | TLL CLK3 (CLKSEL1)
(44.900 MHz) | T L

82C450 Clock Circuit Example - 56 MHz Oscillator Configuration (100ns

100ns DRAMs 120ns DRAMs
56.644 MHz 50.350 MHz | UL

CLK! (MCLK/CLKIN)
CLK2 (CLKSELO)
CLK3 (CLKSELI)

( 82C450 Clock Circuit Example - External Clock Multiplexer '

Note: any of the clock configurations shown on this or the following page are suitable for supporting digital
monitors as well as analog monitors. The 82C450 has the capability to generate the required 14 and 16 MHz
frequencies internally from the 50 and 28 / 56 MHz frequencies supplied by any of these circuits (see XR02 bit-1).

(44.900 MH7)  (44.900 MHz) [ TLHL ™ =

(User Defined) ~ 28.322 MHz | TLIL |1 >y

50.350 MHz  (User Defined)| L1 o PL Sy B2C450 VGA
(40.000 MHz) ~ (40.000 MHz) [ LI~ B = 55 CLKO (MCLK)

56
57
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82C450 VGA
14.318 MHz g XTAL IN MCLK g 2‘5‘ CLKO (MCLK)
NC—XTAL OUT CLK [ 22| CLK1 (MCLK/CLKIN)
NC—16l Reserved  CLKSELOFS 2{CLK2 (CLKSELO)
Shown configured for 2] e wsEL CLKSELI CLK3 (CLKSELI)
56.644 MHz MCLK J___ ECOUTO b
= 14 T 00
450MODE  FCOUTI g%
82C402A 3=
3 CLOCK VCC
NC—qOUTDIS CHIP $O-16| == =%
11 |INTCLK DIP-16 0.1 |47uF
FEATCLK GND
220
+5V W

2C450 Clock Circuit Exam

(8 )

ple -

82C402 Clock Chip Configuration

220 Note that for clean

design, additional +5V
decoupling (bulk and
high frequency) should
be present at the +5V

+5V

t , power/ground distribution planes

source (i.e., at the input

O( Recommended 82C402 Clock C@’iﬂPCB Power/Ground Layout )

+5V or33V Q , , ‘
Indicates direct connection to
82C404A power/ground distribution plane
T T :'----l ..... '|
22Q [T ]:!CSELO PWRDN '
( 0.1uF tCSEL1  INTCLK LIS| |5y o 33v
I I AVCC INITIUEIE]
a7uF | == { ODIS/ vee ([13] [TJ
' Gnd INITO ; [E3=< | 0.1uF
[6]'XIN FEATCLK :[11] L
; XOUT FP/ [ 10]

Note: The 82C404A SOIC
th is greater than the
standard 16-pin SOIC. The 82C404A
16-pin SOIC package is the same widtl
as the standar@0-pin SOIC package.

( Recommended 82C404A Clock Chip PCB Power/Ground Layout )
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Electrical Specifications

Electrical Specifications

ABSOLUTE MAXIMUM CONDITIONS

Symbol Parameter Min Typ Max Units
P,  Power Dissipation - - 1 W
Ve Supply Voltage -0.5 - 7 \"
V,;  Input Voltage -0.5 - Veet0.5 v
Vo Output Voltage -0.5 - Veet0.5 v
Top  Operating Temperature (Ambient) =25 - 85 °C
Tgrg  Storage Temperature —40 - 125 °C

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation should be
restricted to the conditions described under Normal Operating Conditions.

NORMAL OPERATING CONDITIONS

Symbol Parameter Min Typ Max Units
Ve Supply Voltage 4.5 5 55 v
T,  Ambient Temperature 0 - 70 °C

DC CHARACTERISTICS

(Under Normal Operation Conditions Unless Noted Otherwise)

Symbol Parameter Notes Min Typ Max Units
Icc; Power Supply Current @28.322 MHZ CLK, 0°C, V-=5.5V - 65 150 mA
I Input Leakage Current -100 - | +100 | uA
I,  Output Leakage Current High Impedance -100 | — | +100 | uA
V.  Input Low Voltage -0.5 - 0.8 \Y
Vi Input High Voltage All pins except clocks 2.0 - Vect05 VvV
CLKO, CLK1, CLK2, CLK3 2.8 - Veet05 vV
Vo Output Low Voltage Iy, =8 mA (RDY, IRQ) - - 0.45 Vv
I, =2 mA (AA8-2,BA8-2,MAD7-0,MBD7-0) - - 0.45 A%
I, =4 mA (all others) - - 0.45 A%
Vou  Output High Voltage Iy = -8 mA (RDY, IRQ) Ve 05 - - A"
I, =2 mA (AA8-2,BA3-2,MAD7-0,MBD7-0V 0.5 - - v
[y = —4 mA (all others) Ve 05 - - \"
Note: AC timing specifications are measured using V;=2.4V (TTL High) but outputs are CMOS and drive rail-to-rail
Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical Specifications

AC TIMING CHARACTERISTICS - CLOCK TIMING

Symbol Parameter Notes Min Typ Max Units
T. CLK Period 45 MHz 22 - - nS
Tey CLK High Time 0.45T, - 0.55T, nS
Te CLK Low Time 0.45T, - 0.55T, nS
T,y MCLK Period 50/56 MHz 18 - 20 nS
Ty 'MCLK High Time 0.45Tp - 0.55Tp nS
Ty MCLK Low Time 0.45Tp - 0.55Tp nS
Trp Clock Rise / Fall - - 5 nS
—  MCLK Frequency for 80 ns DRAMs - 56.644 - MHz
—  MCLK Frequency for 100 ns DRAMs - 50.350 - MHz
«— e »
Tc [
CH TcL
CLKIN
(CLKO, CLK1, CLK2, CLK3) « |
«— e »
TMH T™ML
MCLK L
( 82C450 Clock Timing '
AC TIMING CHARACTERISTICS - RESET TIMING
Symbol Parameter Notes Min Typ Max Units
—  |RESET Pulse Width 64 T - - nS
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'\ n l i:n Electrical Specifications

AC TIMING CHARACTERISTICS - VIDEO TIMING

Symbol Parameter Notes Min Typ Max Units
Tgyny PCLK Delay to Sync/Blank PCLK=50MHz & RAMDAC Ts/TH=3ns 3 - 17 | nS
Typp PCLK Delay to Video Data PCLK=50MHz & RAMDAC Ts/Tu=3ns 3 - 17 | nS
Tgx  Skew Between Sync/Blank & Video PCLK=50MHz & RAMDAC Ts/TH=3ns - - 6 nS

PCLK
TviD

P7:0 «_
}TSYN

HSYNC, VSYNC, BLANK# ﬁ(

( 82C450 Video Timing '
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- n l F’: Electrical Specifications

AC TIMING CHARACTERISTICS - BUS TIMING

Symbol Parameter Notes Min Typ Max | Units
Tepw Command Strobe Pulse Width PC Bus 175 - - nS
Tepyw Command Strobe Pulse Width MC Bus 90 - - nS
Teyr Command Strobe Hold from Ready Mem Accesses Only 0 - - nS
Tpng Command Strobe Falling to ADREN# Rising - - 15 nS
Tpn;, Command Strobe Rising to ADREN# Falling - - 15 nS
Ty, Command Strobe Delay to Palette R/W Strobe I/O Accesses Only - - 25 nS
Tyxr Command Strobe Inactive to Next Strobe 80 - - nS
Tpgc Address Setup to Command Strobe 30 - - nS
Tgge Status Setup to Command Strobe 30 - - nS
Toya Address Hold from Address Enable 0 - - nS
Tgya Status Hold from Address Enable 20 - - nS
Trps Read Data Setup to Read Strobe 30 - - nS
Trgr Read Data Setup to Ready Mem Accesses Only 25 — - nS
Trpy Read Data Hold from Read Strobe 10 - - nS
Trpz Read Data Tristated from Read Strobe - - 40 nS
Tywpp Write Data Delay from Address Enable - - 20 nS
Tywpy Write Data Hold from Write Strobe 10 - - nS
Tric Ready Low Delay from Command Strobe PC Bus Mem Only - - 25 nS
Tg s Ready Low Delay from Status MC Bus Mem Only - - 25 nS
Trpw Ready Pulse Width Mem Accesses Only 0 - 128Tm = nS
Teps CSEB# Active from Address/Status Valid MC Bus Only - - 25 nS
Ter  CSEFB# Inactive from End of Strobe MC Bus Only 5 - 25 nS

AC TIMING CHARACTERISTICS - ISA ZERO WAIT STATE TIMING

Symbol Parameter Notes Min Typ Max  Units
T,, ZWS# Delay Relative to SYSCLK Falling edge for 4-SYSCLK Timing - - 50 nS

Relative to SYSCLK Rising edge for 3-SYSCLK Timing

T,y ZWS# Hold - - 50 nS
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AO0-19, Sta
(PC: RFSH#, AE \ K Z
(MC: M/IO#, SO#, S1#) < > >
TAsC
-« > «T
Command Strobe Tssc™ \ | TAHA o
(PC I/O: IORD#, IOWR#) TSHA
(PC Mem: MEMR#, MEMW#) > ) « /
(MC: CMD#) / TDNH TDNL
TpAL TrAL
PALRD¥#, PALWR# (I/0O) TRLG \ /
(PC Bus)
TRLS (MC Bus) TRP? TcHR
RDY (Mem) \ X /"
T ) TRDZ
> TRDS <4 » TRDH
Data (Re7? A a7
TwbDD > TwpH
Data (Write) JK ( v )
TCFA TCFL
CSFB# (MC) —
| | C450 Bus Cycle Timing '
1 1
TS \ TC TC TC / \ TC
SYSCLK |
\ [
MEMW#
TzH
ZWS#
Compaq 25 MHz ! | ]
(Bus Speed = 8 MHz) l 50 4-5¥SALK ZAws l
Note: TZD is a very critical parameter
\ / |\
| TS TC TC TC TC
SYSCLK ‘ 7l
MEMW# —
Tzbp
ZWSH#

Compaq 25 MHz
(Bus Speed = 8§ MHz)

(82€450 3-SYSCLK ZWS Timing)
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- n l '—_—g: Electrical Specifications
AC TIMING CHARACTERISTICS - DRAM TIMING
2 DRAM 2 DRAM | 4 DRAM 4 DRAM
Symbol Parameter Min Max Min Max Units
Trc Read/Write Cycle Time 18Tm -5 - 12Tm -5 - nS
Tras RAS# Pulse Width 14Tm -5 - 8Tm -5 - nS
Trp RAS# Precharge 4Tm -5 - 4Tm -5 - nS
Terp CAS# to RASH# Precharge 4Tm -5 - 4Tm -5 - nS
Tegy CAS# Hold from RAS# 5STm -5 - 5Tm -5 - nS
Trep RAS# to CAS# Delay 3Tm -5 - 3Tm -5 - nS
Trsy RAS# Hold from CAS# 2Tm -5 - 2Tm -5 - nS
Tep CAS# Precharge Tm-5 - Tm-5 - nS
Teops CAS# Pulse Width 2Tm -5 - 2Tm -5 - nS
T,gg Row Address Setup to RAS# Tm -5 - Tm -5 - nS
Tpgc Column Address Setup to CAS# Tm-5 - Tm-35 - nS
Tray Row Address Hold from RAS# Tm-35 - Tm -5 - nS
Teag Column Address Hold from CAS# Tm-5 - Tm-5 - nS
Toac Data Access Time from CAS# - 2Tm -5 - 2Tm —5 nS
Trac Data Access Time from RAS# — 5STm -5 - - nS
Tpg  Write Data Setup to CAS# Tm -5 - Tm-35 - nS
Tpy  Write Data Hold from CAS# 2Tm -5 - 2Tm -5 - nS
Tyws (WE# Setup to RASH# 5 - 2Tm - nS
Tywp WE# Hold from RAS# 0 - - - nS
Tp.  CAS# Cycle Time 3Tm-5 - 3Tm -5 - nS
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A A
v

TrC

v

TrAS

<+— Trp —>

/ \
<« B — —»
TrSH
Tcas

F
TaAsc Tasc Tean Tasr
e, SR R YR oo YN Coto YRR o

Twp

Tos| TopH
<«

pATA  TERRRTIILN

(Write DR RRRTR

C DRAM Page Mode Write Cycle Timing )

Note: The above diagram represents a typical page mode write cycle.
The number of actual CAS cycles may vary between 0 and 4.
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a2
< TRC >
TRAS

<«—— TRP —»

_ \

RAS# o >y . / \

> —>
« | —» « |
Tpc TRSH
Tcrp TRCD

TASR
Address @( Row @( Column Molumn Row
Tasc
< —»
WE#
( )
.l TCAC Tcac
DATA HIGH|Z Read HIGH Z Read HIGH Z
TrAC

—

( DRAM Page Mode Read Cycle Timing )

Note: The above diagram represents a typical page mode read cycle. The number of actual CAS cycles
may vary. The maximum number of CAS cycles allowed is 32 (when the FIFO is being filled).
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AC TIMING CHARACTERISTICS - REFRESH TIMING

Symbol Parameter Notes Min Typ Max  Units
Teyr RAS to CAS delay 'Tm=17.7 @ 56 MHz 5STm -5 - STm+5 nS
Tegg CAS to RAS delay  5Tm = 88.3 ns (56 MHz) or 100 ns (SOMHz) Tm -5 - Tm+5 nS
Tras RAS pulse width 5STm -5 - 5STm+5 nS

\_ o, TeAs

»

RAS#

I

o Tcsr |TcHR

( 82C450 CAS-Before-RAS (CBR) Refresh Cycle '

Revision 2.0 113 82C450




Revision 2.0

114

82C450



Mechanical Specifications

Mechanical Specifications
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Lead Pitch |
0.65 (0.0256) ™ =3
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Lead Width =1
03020.10 =
(0.012 £0.004) =8
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Lead Length
0.80+0.25 —
(0.031 £0.010)
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100-Pin
Plastic Flat Pack

F82C450 R
XXXXXXX

YYWW CCCCCC
(o) /LLLLLLL '\
\ AN

Body Width————
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14.0 £0.1 (0.551 £0.004)

Pin 1

i HHHEEHHEHHHEEE B FH A
/H BodyLeil:z;';\ﬁ\ﬁ\kﬁ\Ek

20.0 0.1 (0.787 +0.004)

CHIPS Part No.
Vendor Mask
Identifier

2 Lead Length
T 0.800.25
(0.031 0.010)

Footprint
23.9 0.4 (0.941 +0.016)
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% S DIMENSIONS:
i < mm (in)
=
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@.
= Clearance
0.10 (0.004)
Minimum
K Height
Seating Plan 3.40 (0.134)
Maximum

R=CHIPS Revision
C=Country of Assembly
L=Lot Code (Optional)
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