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82C453
Ultra VGA
Graphics Controller

High Performance VRAM VGA optimized for
800x600 and 1024x768, 16 and 256 color,
display resolutions (interlaced/non-interl aced)

4 VRAMs (256K x4) support al Super VGA
modes up to 1024x768 with 16 colors including
800x600 with 256 colors at 72 Hz

8 VRAMSs (256K x4) support 1024x768, 256
colorsout of 16 Millioninterlaced and non-inter-
laced mode

Dedicated 32 bit serial port for CRT refresh and
32 bit parallel read/write port for display memory
updates; eliminates memory bottleneck inherent
with DRAM and multiplexed VRAM based
VGASs

Non-interlaced and interlaced (IBM 8514/8515)
monitor support

Single CPU bus cycle for Read-Modify-Write
operation in VGA memory (patent pending)

| -
AEN,BHE/,A16 10KW
+5V—8O_JWLJ
p| £
BUSCONTROL [ —®» A >
& UPPER L
ADDRESS | <
BUS ADDRESS T>[>
A15:0
AL:0TO
RAMDAC 27256 R
<| | 728 ULTRA
o VGA
//
[> 16
BUSDATA €YY l¢——r—T—>
D7:0 or D15:0 <| 16 ¢
AD7:0TO
RAMDAC
14.31818 MHz 82C403 |4
Clock Chip |

m  Packed Pixel Expansion Mode (patent pending)
for rapid 256 color screen updates

m Enhanced support for virtualization (OS2,
UNIX, etc.)

m  Full compatibility with IBM VGA a BIOS,
register, and gate levels

m  Full MDA, Hercules, CGA, and EGA compati-
bility without NMI

m Dual bus architecture. Integrated interface to
EISA/ISA (PC/AT) and Micro Channel bus.

m 38514/A Adapter Interface (Al) compatible;
allows use of large installed 8514/A Al applica-
tions base without specia drivers

m  Single 160-pin package saves PCB space

m  Pinouts optimized for ease of PCB layout
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Revision Date By Comment
0.6 8/90 ST Initial Release
0.7 9/90 ST Advance Product Information Initial Release
0.8 5/91 VSAP Added ISA Bus Interface (+5V changed to gnd symbol); MC Bus Inter-

0.9* 6/91 ST
1.0 7/91 DH

* Internal Release Only

face (+5V changed to gnd symbol); AC Timing - ADREN/ changed

to Strobe (2 plcs); Updated pinouts to reflect Rev 3 Silicon; Added

16-Bit EISA/ISA (8 & 16 Bit BIOS) to Functional Description;

Deleted 2-Bank VRAM Address/Data Connection diagram; Added 4-

VRAM Memory Timing diagrams, Updated Application Schematics.
Fixed Pin List; Updated Timing Specifications, Updated clock selection
Final Data Sheet Release for Production 82C453
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I ntroduction

I ntroduction

The 82C453 is the high-end VGA Controller of the
CHIPS 45x product family. It is 100% compatible
to IBM™'s VGA standard at the gate, hardware,
register, and BIOS level. It also offers enhanced
backward compatibility; to EGA™, CGA™,
Hercules™ and MDA™ standards without using
NMls.

The 82C453 Ultra VGA offers high resolution and
high performance. The 82C453 architecture is
optimized to use dual port video RAMS (VRAMS).
VRAM seria port is used for CRT refresh and
VRAM Random read/write port is used for CPU
access. The 82C453 supports up to 1 MByte of
display memory and supports resolutions up to
1024x768 256 colors.

EXTENSION REGISTERS

The capabilities of the 82C453 beyond standard
VGA are controlled viaa set of ‘extension’ registers.
All functionality of these extension registers is
disabled on reset. Before the extension registers can
be written to, they must be enabled by two sets of
control bits (disabled on reset). None of the unused
bits in the standard VGA registers are used for
extensions.

CPU INTERFACE

The 82C453 supports both EISA/ISA and Micro
Channel™ (MC) buses. The chip automatically
configuresitself for either the EISA/ISA or MC bus
based on the status of configuration bit O on pin
AEN/SWO. This bit is sampled at the end of the
RESET cycle. All control signals for both interface
types are integrated onto the single VGA chip.

The 82C453 supports both 8-bit and 16-bit CPU
interfaces to 1/0, display memory, and/or BIOS
ROM.

BIOSROM INTERFACE

In EISA/ISA (PC/AT) Bus systems, the 82C453 can
support an 8-bit BIOS with one external BIOS ROM
chip. The ROM Chip select (ROMCYS) is generated
externally for the ROM space (generally 0C0000-
Crffffh).

A 16-bit BIOS ROM can be implemented with the
82C453 using two BIOS ROM chips and external
logic for generating ROMCSY and MEMCS16/.

However, a higher-performance and lower-cost
video system will result from implementation of an
8-bit BIOS ROM which is copied into system RAM
by the system BIOS on startup.

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

CONFIGURATION SWITCHES

The 82C453 supports up to 3 external DIP switches.
These switches are multiplexed on input pins
A16/SWO0, BHE/SW1 and A16/SW2. The DIP
switch state is read into an internal CPU accessible
register when the command strobe (IORD/ or CMD/)
islow.

MULTIPLE VGASs

It is possible to support up to eight (4 in the Micro
Channel bus) 82C453sin one system. Each 82C453
must have a unigue number assigned to it through
the above mentioned DIP switches. All 82C453s
occupy the same memory and 1/0O address space.
However, only one 82C453 responds to CPU
accesses at atime. The currently active 82C453 is
selected by writing an ID number for that 82C453
into the internal Extended Enable Register for all
82C453s.  Only the 82C453 which has the same
number on its DIP switches will respond to further
CPU accesses.

DISPLAY MEMORY INTERFACE

The 82C453 supports three display memory configu-
rations:

1) Eight 64Kx4 VRAM devices (256K Bytes)
2) Eight 256Kx4 VRAM devices (1M Byte)
3) Four 256K x4 VRAM devices (512K Bytes)

Implementing an 82C453 Video Subsystem with
256K Bytes results in a cost-efficient system which
can support al VGA-standard modes. Implementing
512KBytes or 1Mbyte allows support of higher-
resolution modes such as 800x600x256-color and
1024x768x256-color modes. With 512K Bytes of
memory up to 1024x768 16 colors resolution can be
supported. The four VRAM configuration is ideal
for mother board designs where minimum PCB
Spaceisapriority.
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I ntroduction

CLOCK SELECTION

The 82C453 provides separate inputs for dotclock
selections 0, 1, and 2 (called CLKO, CLK1 /
CLKSELO, and CLK2 / CLKSEL1) which are
normally selected by Misc Output Register bits2 and
3. Also, the 82C453 can be programmed to make
CLK1 and CLK2 outputs and CLKO the input clock.
CLKLV/CLKSELO and CLK2/CLKSEL1 can be used
as select outputs for an external clock mux to select
one of four clocks onto CLKO.

GENERAL PURPOSE OUTPUTS

The 82C453 supports one genera purpose output
pin in the EISA/ISA bus. No genera purpose
outputs are supported in the Micro Channel bus.
The GPOUT pin can be 3-stated, forced low, or
forced high through the Define Pins Register
(XR25).

EXTERNAL COLOR PALETTE

The 82C453 supports the programming of an
external color palette DAC (RAMDAC™) by
decoding the CPU addresses and generating the
READ and WRITE signalsfor the external palette.

Either Inmos™ or Brooktree™-style RAMDACs
may be used. The 82C453 decodes 3C6-3C9 port
addresses for the RAMDAC (and 83C6-83C9 port
addressif required).

Normally, each RAMDA C anal og output provides 6-
bit resolution (64 shades of color on each of the
analog R, G, and B outputs). If 8-bit-per-color
mode is desired for the DAC (e.g., if using Inmos
IMSG178 or Brooktree BT478 RAMDACSs which
provide 256 shades of color on each RGB output),
the DAC 6/8-bit mode pin may be controlled via
logic external to the 82C453.

PACKAGE

The82C453isavailablein a160-pin plastic flat pack
(PFP). Complete descriptions of all 82C453 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.

82C453 Pin Usage Summary

BusInterface: 32
Display Memory: 92

Video: 14
Clock: 4
Power: 5
Ground: 13
Totd: 160

VIDEO SUBSYSTEM CHIP COUNT

Using the 82C453, a complete VGA-compatible 16-
bit video subsystem for motherboard applications
can be built with 13 ICs, including display memory,
as shown in the following bill of materiastable:

Qty Chiptype

82C453 VGA Chip

82C403 Clock Chip

BT475 or BT477 RAMDAC
7415245 Transceiver
7415244 Buffer

74L.S125 Buffer

PAL16L8

256K x4 VRAMs

13 Totd

Additional components required are a 14.31818
MHz crystal, 15-pin video connector, and various
resistors and capacitors.

For add-in EISA/ISA-bus boards, one 27256
(32Kx8) BIOS ROM and one additional 74LS244
buffer are required.

ARPRNNRRERR

The above configuration supports all standard VGA
text and graphics modes, plus 640x480 and 800x600
256-color and 1024x768 interlaced and non-
interlaced 16-color graphics. For 1024x768 256-
color support four additional 256Kx4 VRAMSs are
required.

Chips and Technologies supplies a video clock
synthesizer, the 82C403, which is optimized to
interface to the 82C453 for support of al of the
resolutions and modes listed above.

If Inmos RAMDACSs or Brooktree 471/476 RAM-
DACs are used, then an additional LM 339 compara-
tor, LM334 Current reference, and 1N4148 diode
are required (the BT475 and BT477 RAMDACs
shown inthe bill of materialstable aboveincorporate
the comparator and reference functions on-chip).
The RAMDAC speed requirements should be com-
patible with the highest dotclock frequency used.
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82C453 Pinouts

vcc—]| 121 T/ M3S3
WE3/—1§ | 122 T/ M3$4
M2D7 ——j | 123 o M3S5
M2D6 —§ | 124 T/ M3S6
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82C453 Pin List

Pin Name Pin # Pin Name Pin # Pin Name Pin #
A16 (SW2) 41 GND 111 M2S1 91
AAO 159 GND 120 M2S2 90
AA1l 158 GND 130 M2S3 89
AA2 157 GND 141 M234 88
AA3 156 GND 150 M2S5 87
AA4 155 GPOUT (CLKSEL?2) 52 M2S6 86
AA5 154 GPOUT [CSFB/] 52 M2S7 85
AA6 153 HSYNC 58 M3D1 118
AA7 152 IOCLK 72 M3D2 117
AAS8 151 |OCS16/ [DS16/] 49 M3D3 116
ADO 40 IORD/ [CMD/] 46 M3D4 115
AD1 39 IOWR/ [MIO 47 M3D5 114
AD2 38 IRQ IRQ 53 M3D6 113
AD3 37 MODO 18 M3D7 112
AD4 36 MOD1 17 M3DO0 119
AD5 35 MOD2 16 M3S0 84
AD6 34 MOD3 15 M3S1 83
AD7 33 MOD4 14 M3S2 82
ADS8 30 MOD5 13 M3S3 80
AD9 29 MOD6 12 M34 79
AD10 28 MOD7 11 M3S5 78
AD11 27 MOS0 110 M3S6 77
AD12 26 MO0S1 109 M3S7 76
AD13 25 MO0S2 108 MEMR/ [S 44
AD14 24 MO0S3 107 MEMW/ [SO 45
AD15 23 MO 106 PO 62
ADREN/ 48 MOS5 105 P1 63
AEN (SWO0) [SETUP/] 43 MOS6 104 P2 64
BAO 144 MOS7 103 P3 65
BA1 143 M1D0 8 P4 66
BA2 142 M1D1 7 P5 67
BA3 139 M1D2 6 P6 68
BA4 138 M1D3 5 P7 69
BAS5 137 M1D4 4 PALRD/ 56
BAG 136 M1D5 3 PALWR/ 55
BA7 135 M1D6 2 PCLK 59
BAS8 134 M1D7 1 RAY 146
BHE/ (SW1) 42 M1S0 102 RDHI/ 22
BLANK/ 71 M1S1 99 RDLO/ 32
CAY 147 M1S2 98 RDY 51
CLKO (CLKIN) 73 M1S3 97 RESET 54
CLK1 (CLKSELO 74 M14 96 SCLK 145
CLK2 (CLKSEL1 75 M1S5 95 VCC 20
DISA16 148 M1S6 94 VCC 60
DTOEQY 149 M1S7 93 VCC 100
DTOE23/ 133 M2D0 131 VCC 121
GND 10 M2D1 129 VCC 140
GND 21 M2D2 128 VGADEC (SENSE) 19
GND 31 M2D3 127 VSYNC 57
GND 50 M2D4 126 WEOQ/ 9
GND 61 M2D5 125 WEY/ 160
GND 70 M2D6 124 WE2/ 132
GND 81 M2D7 123 WE3/ 122
GND 101 M2S0 92
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Pin Descriptions

82C453 PIN DESCRIPTIONS

System Bus Interface

Pin# Pin Name Type Active Description

40 ADO /O High  Multiplexed system address/data bus. Address when

39 AD1 /O High ADREN/ islow and datawhen ADREN/ ishigh. Inthe

38 AD2 /O High  MC bus, the address is latched on the leading edge of

37 AD3 /0 High CMD/.

36 AD4 /0 High

35 AD5 /0 High

34  AD6 /O High

33 AD7 /0 High

30 AD8 /0 High

29  AD9 /10 High

28  AD10 /0 High

27 AD11 /O High

26  AD12 /0 High

25  ADI13 /O High

24  ADi14 /0 High

23 AD15 /O High

19 VGADEC (SENSE) In High  Multiplexed Memory address enable and SENSE input.
When ADREN/ is low, this pin is the high order
memory address enable (decoded A17-A23 qualified
with the Refresh signal).

In MC interface systems, VGADEC should also be
qualified with MADE24 (1 indicates only 24 bits of
address are being decoded) so that the 82C453 will not
respond to any cycle unless MADE24 is high.

When ADREN/ is high this pin is the SENSE input
from the DAC output comparators (bit 4 of Input Status
Register 0).

54 RESET In High Bus Reset input. RESET = 1 resets the 82C453.
RESET also puts all internal countersin a known state
for chip test.

32 RDLO/ Out Low Direction controls for external data tranceivers for the

22 RDHI/ Out Low AD bus: 0 = read from 82C453; 1 = write to 82C453.
Enable for the AD Bus tranceivers is externally
generated by inverting ADREN/.

48 ADREN/ Out Low  Address Enable. Used to enable address input buffers

(typically LS244 or equivalent). Inverse used to enable
data transceivers (typically LS245 or equivaent).

0 = Enable bus address onto AD15:0
1 = Enable bus datato/from AD15:0

Note: Pin namesin brackets[...] indicate MC bus functionality if different from ISA (PC/AT) bus

Revision 1.0
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Pin Descriptions

82C453 PIN DESCRIPTIONS

System Bus I nterface (continued)

Pin# Pin Name

Type Active

Description

41

A16 (SW2/CFG2)

Bus address 16. Also power-on auto-configuration bit-
2 sampled on the falling edge of RESET (see VRAM
configuration table below) and saved in Configuration
Register (extension index 26h) bit-2. Thispin may also
be read into bit-2 of the Extended DIP-switch Register
(ext. index 1) when ADREN/ is high.

42

BHE/ (SW1/CFG1)

(Note: MEMCS16/ must be driven )

by logic external to the 82C453. If
the 82C453 sees BHE/ active, it
assumes MEMCSI6/ is being driven
\by externa logic. )

(Note: BHE/ islocated on the 16-hit )

Byte High Enable for 16-bit interface. Low indicates
that the high order byte at the current word address is
being accessed. Along with AOQ, indicates which bytes
are transferred over the bus (all byte steering is done
internally):

BHE/ AQ  Effect

Both byteson D15:0

High byte on D15:8

Low byteon D7:0

High byte on D7:0 (8-bit dlot)

The 82C453 configures itself to 8-bit or 16-bit bus
dots.

Also power-on auto-configuration bit-1 sampled on the
falling edge of RESET and saved in Configuration Reg-
ister (extension index 26h) bit-1:

CFG2 CFG1 VRAM Configuration

PR, OO
RORFrO

bus extension in |SA systems, so 0 1 4 1M VRAMs (512KB)
should be connected to a 10K pullup 1 0 8 1M VRAMSs(1IMB)
to hold it inactive in case the card is 1 1 8 256K VRAMSs (256KB)
\installed in an 8-bit slot. ) o ) )
This pin may also be read into bit-1 of the Extended
DIP-switch Register (extension index 1).
43 AEN [SETUP/] (SWO/CFGO0) In ISA bus. defines valid 1/0 address: 0 = valid 1/0

address, 1 = Invalid I/O address (DMA cycle). If sin-
gle-cycle DMA is used, memory addresses will be on
the bus at the sametime that IORD/ or IOWR/ isactive.

The 82C453 will not respond to IORD/ or IOWR/ while
AEN=1.

MC Bus: 0=Setup mode. The MC interface drivesthis
pin to select the 82C453 during 'SETUP mode (if low,
the POS registers at 100-107h are accessable and all
other 82C453 registers are not; if high, POS registers
100-107h are not accessable and all othersareif the ena-
ble bit in register 102h was set).

Also power-on configuration bit-0O sampled on the
falling edge of RESET: 0=MC, 1=ISA.

This pin may also be read into bit-0 of the Extended
DIP-switch Register (extension index 1).

Note: Pin namesin brackets[...] indicate MC bus functionality if different from ISA (PC/AT) bus

Revision 1.0
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Pin Descriptions

82C453 PIN DESCRIPTIONS

System Bus I nterface (continued)

Pin# Pin Name

Type Active Description

44 MEMR/ [S1] In Low In ISA (PC/AT) bus interface indicates a memory or
ROM read cycle. In MC bus interface, indicates Status
1 (seetable below).

45 MEMW/  [S0O/] In Low InISA (PC/AT) bus, indicates a memory write cycle.
In MC bus interface, indicates Status 0 (see table
below).

46 IORD/ [CMD/] In Low In ISA (PC/AT) bus interface, indicates an 1/0 Read
cycle. In MC businterface, indicates acommand cycle
(valid data on the bus). Driven by CMD/ from MC,
VGACMD/ from CHIPS/250.

47 IOWR/ [MIO/ In Low InISA (PC/AT) bus interface, indicates an 1/0 Write
cycle. In MC bus interface, indicates memory or 1/0
cycle: 1 =memory cycle, 0=1/0O cycle.

MIO/ SU/ SO/ Cycle Type

0 0 0 -reserved-

0 0 1 1/O Read

0 1 0 1/O Write

0 1 1 -reserved-

1 0 0 -reserved-

1 0 1 Memory Read
1 1 0 Memory Write
1 1 1 -reserved-

148 DISAl6 Out High DISA16: The state of the pin is active high ('1") during

text modein 4-VRAM mode and when fonts are |oaded

in memory during 8-VRAM text mode. At other times,

this pin is active low ('0"). This signal should be used

externally to qualify MEMCS16/ to the ISA(PC/AT)

Eus.hl\(/IE;\/I CS16/ should be disabled when DISA16 is
igh ('1).

Note: Pin namesin brackets[...] indicate MC bus functionality if different from ISA (PC/AT) bus

Revision 1.0
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Pin Descriptions

82C453 PIN DESCRIPTIONS

System Bus I nterface (continued)

Pin# Pin Name

Type Active Description

51 RDY

Ready. Driven low to indicate the current cycle should
be extended with wait states. Driven high at end of
cycle to indicate 'ready' then tristated. This signa is
normally high and isonly driven low if the 82C453 can-
not respond immediately to memory requests to insert
the neccessary wait states.

49 10CS16/ [DS16/]

In ISA businterface, indicates 16-bit 1/0 cycle. InMC,
indicates 16-bit Memory or 1/O cycle. Asserted by the
82C453 to indicate that the chip is capable of transfer-
ring 16 bits over the bus at the requested address. In
MC, DS16/ is active for all accesses except those to the
RAMDAC.

53 IRQ [IRQ/]

Vertical blank interrupt. In 1SA bus, this pin is tristated
when interrupts are not enabled, low when interrupts
are enabled but no interrupt is pending, and high when
interrupts are enabled and an interrupt is pending. In
the MC bus, this pin functions as an active-low open-
collector output. This pin is normally connected to
IRQ9. IRQY/ may be shared by multiple controllers on
the MC bus; in the ISA bus, only one controller at a
time may have IRQ9 enabled.

This pin has high drive capability (I0L=12mA). While
thisis still not enough to meet the MC bus specification
of 24mA, the board designer may still want to connect
IRQ/ directly to the bus, eliminating the need for a
74LS125 driver.

52  GPOUT [CSFB/]
(CLKSEL2)

Tri-Out  High
Tri-Out Low
Tri-Out  Both
Tri-Out  Low

In the ISA bus, thispin is ageneral purpose output pin.
The state of this pin can be controlled by bits 0 and 1 of
the Define Pins Register (XR25). It is used as an
additional clock select signal by the Chips BIOS.

In the MC bus, this pin is called 'Card Select Feed-
back'; it indicates any valid access to the 82C453. Itis
an unlatched decode of A0:16, VGADEC, and MIO/.
This pin hasinsufficient drive to connect to the MC bus
directly (24 mA required) so is used as an enable for an
external bus driver (74LS125 or equivalent).

Note: Pin namesin brackets[...] indicate MC bus functionality if different from ISA (PC/AT) bus
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82C453 PIN DESCRIPTIONS

Pin Descriptions

Display Memory Interface

Pin# Pin Name Type Active Description
112 M3D7 /10 High VRAM DataBus.
ﬁﬁ Mggg :;8 E:gﬂ The first digit in the signal name indicates the plane.
'd The second indicates the bit position within the plane
115  M3D4 /0O High P piane.
116  M3D3 I/O0  High |n the 4-VRAM configuration, planes 1 and 3 (M1Dx
117 M3D2 I/0  High  and M3Dx) are left unconnected (see configuration bits
118 M3D1 1/10 High  0-2).
119 M3DO0 1/O High
123  M2D7 /O High
124  M2D6 /O High
125 M2D5 /O High
126  M2D4 /O High
127 M2D3 /O High
128 M2D2 /O High
129 M2D1 1/O High
131  M2DO /O High
1 M1D7 /0 High
2 M1D6 /O High
3  MID5 /O High
4 M1D4 /O High
5  MI1D3 /O High
6 M1D2 /O High
7 M1D1 /10 High
8 M1DO /O High
11 MOD7 /O High
12 MOD6 /O High
13 MOD5 /O High
14 MOD4 /10 High
15 MOD3 /O High
16 MOD2 /O High
17 MOD1 /O High
18 MODO /O High
Revision 1.0 13 82C453



Pin Descriptions

82C453 PIN DESCRIPTIONS

Display Memory Interface (continued)

Pin# Pin Name Type Active Description
76 M3S7 In High VRAM Seia DataBus.
;g Mgg :2 E:gﬂ The first digit in the signal name indicates the plane.

19 The second indicates the bit position within the plane
79 M3 In  High P piane.
80  M3S3 In High  In the 4-VRAM configuration, planes 1 and 3 (M1Sx
82  M332 In High  and M3Sx) are left unconnected (see configuration bits
83 M3s1 In High  0-2). Note that four IMb VRAMs provide 512KB of
84  M330 In High  display memory and that 1024x768, 256-color mode
_ requires 1IMB total so that mode won't work in the 4-

8  M2sr In High  VRAM configuration.
86 M2S6 In High
87 M2S5 In High
88 M2+4 In High
89 M2S3 In High
90 M2S2 In High
91 M2S1 In High
92 M2S0 In High
93 M1S7 In High
94  M1S6 In High
95 M1S5 In High
96 M1 In High
97 M1S3 In High
98 M1S2 In High
99 M1S1 In High
102  M1S0 In High
103 MO0S7 In High
104 MOS6 In High
105 MO0S5 In High
106 M0 In High
107  MO0S3 In High
108 MO0S2 In High
109 MO0Ss1 In High
110 MOS0 In High
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82C453 PIN DESCRIPTIONS

Pin Descriptions

Display Memory Interface (continued)

Pin# Pin Name Type Active Description

151 AAS8 Tri-Out High VRAM Address bus A for connection to planes 0 and 1.

152  AA7 Tri-Out High  With 64Kx4 VRAMs, AA8isnot required, sothepinis

153 AAG6 Tri-Out  High  left unconnected.

154 AA5 Tri-Out  High

155 AA4 Tri-Out  High

156 AA3 Tri-Out  High

157  AA2 Tri-Out  High

158 AAl Tri-Out  High

159 AAO Tri-Out  High

134 BAS8 Tri-Out High VRAM Address bus B for connection to planes 2 and 3.

135 BA7 Tri-Out High  With 64Kx4 VRAMSs, BA8 isnot required, sothepinis

136 BAG6 Tri-Out  High  left unconnected.

137 BAS5 Tri-Out  High

138  BA4 Tri-Out  High

139 BA3 Tri-Out  High

142  BA2 Tri-Out  High

143 BA1l Tri-Out  High

144  BAO Tri-Out  High

146 RAY Tri-Out Low VRAM Row Address Strobe for al planes and banks.
A 50K internal pull-up keepsthe VRAMsin a quiescent
state during reset, or while exchanging control with
another chip.

147  CAY Tri-Out Low  VRAM Column Address Strobe for all planes.

122 WE3/ Tri-Out  Low  VRAM Write Enables for planes 3:0. WEL/ and WE3/

132 WE2 Tri-Out Low  are not connected in the 4-VRAM configuration (see

160 WEY Tri-Out Low  configuration bits 1-2).

9 WEO/ Tri-Out  Low

149 DTOEQY Tri-Out Low  DataTransfer / Output Enablesfor VRAMSsin planes O-

133 DTOE23/ Tri-Out Low  1and 2-3, respectively.

145  SCLK Tri-Out  High VRAM Seria Clock for all VRAMS.

Note: The VRAM SOE/ input is normally grounded. The VRAM DSF pin, if present, is also grounded.

Revision 1.0
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Pin Descriptions

82C453 PIN DESCRIPTIONS

Video Interface

Pin# Pin Name Type Active Description

62 PO Out High  Video Pixd DataOut

63 P1 Out High

64 P2 Out High

65 P3 Out High

66 P4 Out High

67 P5 Out High

68 P6 Out High

69 P7 Out High

59 PCLK Out High  Video Pixd Clock Out

56 PALRD/ Out Low Connected to the Read input of the Palette DAC
(IMSG176, BT471, or compatible). Asserted when the
82C453 is enabled and an 1/O Read occurs from
addresses 3C6h, 3C8h, 3C9h or (if enabled) 83C6h-
83C9h. (The 82C453 responds directly for accesses to
3C7h).

55 PALWR/ Out Low Connected to the Write input of the Palette DAC
(IMSG176, BT471, or compatible). Asserted when the
82C453 isenabled and an I/O Write occurs to addresses
3C6-3C9h or (if enabled) 83C6h-83Coh.

58 HSYNC Out Both  Horizontal and Vertical Sync signalsfor the monitor and

57 VSYNC Out Both  Blanking signal for the external palette DAC. Sync

71 BLANK/ (DE) Out Low polarities are programmable. The BLANK/ pin may be
configured to output Display Enable (DE).

72 IOCLK In High  1/0O Clock. Thisclock isused for internal sequencing of
I/0 Registers. Thisclock can also be selected asdisplay
clock. IOCLK should be between 30-40 Mhz.

73 CLKO (CLKIN) In High  CLKO-2 arethree clock inputsto the chip.

;g gt&% ggtﬁggt% :;8 E:gﬂ Alternately, CLK1 and CLK2 may be programmed (via
bit 0 of XR05) as clock select outputs to externally se-

52 GPOUT  (CLKSEL2) out High lect one of eight frequencies (CLKSEL?2 is the inverse

[CSFBI]

of FCOUT register bit 0):

82C403A

CLKSEL Frequency
210 Selected Resolution
000 25175 MHz ~ 640x400 (8-dot text) & 640x480
001 28.322MHz  720x400 (9-dot text)
010 36.000 MHz ~ 800x600 (60Hz NI)
011 44,900 MHz  1024x768 (60Hz NI)
100 50.350 MHz ~ 800x600 (72Hz NI)
101 75.000 MHz ~ 1024x768 (72Hz NI)
110 40.000 MHz  132-column text
111 65.000 MHz  1024x768 (non-interlaced)

Note: The VRAM SOE/ input is normally grounded. The VRAM DSF pin, if present, is also grounded.
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\-"'F: Pin Descriptions
82C453 PIN DESCRIPTIONS Power and Ground
Pin# Pin Name Type Active Description

20 VCC P - Power Pins
60 VCC P -

100 VCC P -

121 VCC P -

140 VCC P -

10 GND P - Ground Pins
21 GND P -

31 GND P -

50 GND P -

61 GND P -

70 GND P -

81 GND P -

101 GND P -

111 GND P -

120 GND P -

130 GND P -

141 GND P -

150 GND P -
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Register Summary

| 82C453 REGISTER SUMMARY - CGA, MDA, AND HERCULES MODES

Register Register Name Bits Access |/O Port - MGA 1/O Port - CGA Comment

STAT Display Status 7 R 3BA 3DA

CLPEN Clear Light Pen Flip Flop 0 W 3BB (ignored) 3DB (ignored) no light pen

SLPEN Set Light Pen Flip Flop 0 w 3B9 (ignored) 3DC (ignored) no light pen

MODE CGA/MDA/Hercules Mode Control 7 RW 3B8 3D8

COLOR CGA Color Select 6 RW n/a 3D9

CONFIG Hercules Configuration 2 W 3BF n‘a

R 3B6-3B7index 14 n‘a XR14

RX, R0-11 '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
| 82C453 REGISTER SUMMARY - EGA MODE

Register Register Name Bits Access 1/0 Port - Mono 1/0O Port - Color Comment

MISC Miscellaneous Output 7 W 3C2 3C2

FC Feature Control 3 W 3BA 3DA

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

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

CLPEN Clear Light Pen Flip Flop 0 W 3BB (ignored) 3DB (ignored) no light pen

SLPEN Set Light Pen Flip Flop 0 w 3BC (ignored) 3DC (ignored) no light pen

SRX, SR0-4 Sequencer 0-8 RW 3C4-3C5 3C4-3C5

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

GRX, GR0-8 Graphics Controller 0-8 RwW 3CE-3CF 3CE-3CF

ARX, AR0-13  Attributes Controller 0-8 RW 3C0-3C1 3C0-3C1

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

| 82C453 REGISTER SUMMARY -VGA MODE |

Register Register Name Bits  Access I/O Port - Mono 1/0O Port - Color Reg Type Comment
POSIDL POSID LSB 8 R 100 (Setup Only) 100 (Setup Only) VGA
POSIDH POSID MSB 8 R 101 (SetupOnly) 101 (SetupOnly)  VGA
SLEEP Video Subsystem Sleep Control 1 RW 102 (Setup Only) 102 (Setup Only) VGA
XENA Extended Enable 7 RW 103 (Setup Only) 103 (Setup Only) VGA
GLOBID Global ID (0A5h) 8 R 104 (Setup Only) 104 (Setup Only) VGA
MISC Miscellaneous Output 7 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 3BB (ignored) 3DB (ignored) n/a no Ipen
SLPEN Set Light Pen Flip Flop 0 W 3BC (ignored) 3DC (ignored) n/a no Ipen
VSE Video Subsystem Enable 1 RW 3C3if MC 3C3if MC Motherboard
46E8 Setup / Disable Control 2 W 46E8if ISA 46E8if 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 O-FF 3x6or3x8 RW 3C9, 83C9 3C9, 83C9 DAC
SRX, SRO-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, AR0-14  Attributes Controller 0-8 RW 3C0-3C1 3C0-3C1 VGA
XRX, XRO-7F  Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 VGA 103 hit7=1
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Register Summary

| 82C453 REGISTER SUMMARY - INDEXED REGISTERS (EGA / VGA)

Register Register Name Bits Reqgister Typt Access (VGA) Access (EGA) 1/0 Port

SRX Sequencer Index 3 VGA/EGA RwW RwW 3C4

SRO Reset 2 VGA/EGA RW RW 3C5

SR1 Clocking Mode 6 VGA/EGA RwW RwW 3C5

SR2 Plane Mask 4 VGA/EGA RW RW 3C5

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

SR4 Memory Mode 3 VGA/EGA RW RW 3C5

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

CRX CRTC Index 6 VGA/EGA RwW RwW 3B4 Mono, 3D4 Color
CRO Horizontal Total 8 VGA/EGA RwW RwW 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 RwW RwW 3B5 Mono, 3D5 Color
CR5 Horizontal Retrace End 5+2+1 VGA/EGA RwW RwW 3B5 Mono, 3D5 Color
CR6 Vertical Tota 8 VGA/EGA RwW RW 3B5 Mono, 3D5 Color
CR7 Overflow 5 VGA/EGA RwW RwW 3B5 Mono, 3D5 Color
CR8 Preset Row Scan 5+2 VGA/EGA RwW RwW 3B5 Mono, 3D5 Color
CR9 Character Cell Height 5+3 VGA/EGA RwW RwW 3B5 Mono, 3D5 Color
CRA Cursor Start 5+1 VGA/EGA RwW RwW 3B5 Mono, 3D5 Color
CRB Cursor End 5+2 VGA/EGA RwW RwW 3B5 Mono, 3D5 Color
CRC Start Address High 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRD Start Address Low 8 VGA/EGA RwW RwW 3B5 Mono, 3D5 Color
CRE Cursor Location High 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRF Cursor Location Low 8 VGA/EGA RwW RwW 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 RwW W 3B5 Mono, 3D5 Color
CR11 Vertical Retrace End 4+4 VGA/EGA RwW W 3B5 Mono, 3D5 Color
CR12 Vertical Display End 8 VGA/EGA RwW RwW 3B5 Mono, 3D5 Color
CR13 Offset 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR14 Underline Row Scan 5+2 VGA/EGA RwW RwW 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 Latch 1 VGA R n/a 3B5 Mono, 3D5 Color
CR3x Clear Vertical Display Enable FF 0 VGA w n/a 3B5 Mono, 3D5 Color
GRX Graphics Controller Index 4 VGA/EGA RW RW 3CE

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

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

GR2 Color Compare 4 VGA/EGA RW RW 3CF

GR3 Data Rotate 5 VGA/EGA RwW RwW 3CF

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

GR5 Mode 6 VGA/EGA RwW RwW 3CF

GR6 Miscellaneous 4 VGA/EGA RwW RwW 3CF

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

GR8 Bit Mask 8 VGA/EGA RwW RwW 3CF

ARX Attribute Controller Index 6 VGA/EGA RW RW 3C0 (3C1)

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

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

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

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

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

AR14 Color Select 4 VGA RW n/a 3C0 (3C1)
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\-"'F: Register Summary

| 82C453 EXTENSION REGISTER SUMMARY: 00-2F Chips VGA Product Family
Reg Register Name BitsAccess Port Reset 450 451 452 453 455 456 457
XRX Extension Index Register 7 RW 3B6/3D6 -xxxxxxx 0O 0O 0O O o 0O Od
XRO0 Chip Version 8 R/O 3B7/3D7 ooOlirrrr O 0O 0O O o 0O O
XRO1 DIP Switch 3 RO 3B7/3D7 ----- ddd 0O O 0O 0O o 0 O
XR02 CPU Interface 8 R/W 3B7/3D7 00000000 O 0O 0O O o 0O O
XRO3 Interface | 5 R/W 3B73D7 o00--00-0 . 0O 0O O O
XR04 (Memory Control) -- --  3B7/3D7 o o o . o 0O o
XR05 Sequencer Control 5 R/W 3B7/3D7 0000---0 o 0O O
XR06 (DRAM Interface) -- --  3B7/3D7 a
XRO7 -reserved- -- - 3B7/3D7 . .
XR08 (General Purpose Output Select B) -- --  3B7/3D7 o 0O o 0O o
XR09 (General Purpose Output Select A) -- --  3B7/3D7 o 0O o 0O 0O
XROA (Cursor Address Top) -- --  3B7/3D7 . o . .
XROB CPU Paging 3 RW 3B7/3D7 ----- 000 O o 0O o 0 O
XROC Start Address Top 2 RW 3B7/3D7 ------ oo O . 0O O .
XROD Auxiliary Offset 2 RW 3B7/3D7 ------ oo 0O O O O o 0 O
XROE (Text Mode) -- - 3B7/3D7 ad a
XROF  -reserved- -- - 3B7/3D7
XR10 Single/Low Map Register 8 R/W 3B7/3D7 xxxxxxxx O o 0O
XR11 High Map Register 8 R/W 3B7/3D7 xxxxxxxx 0O o 0O
XR12 -reserved- -- - 3B7/3D7
XR13 -resarved- -- --  3B7/3D7 e .
XR14 Emulation Mode 8 R/W 3B7/3D7 o0000hhoOo O 0O 0O O o 0O O
XR15 Write Protect 7 RW 3B7/3D7 -0000000 0O 0O 0O O o 0O O
XR16 Trap Enable 6 RW 3B7/3D7 --000000 o 0O O o 0O O
XR17 Trap Status 6 RW 3B7/3D7 --000000 . 0O 0O O o 0O O
XR18 Alternate H Display End 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O O o 0O Od
XR19 Alt H Retrace Start / HalflineComp. 8 R/W 3B7/3D7 xxxxxxxx O O O 0O o 0 0O
XR1A Alternate H Retrace End 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O O o 0O Od
XR1B Alternate H Total 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O 0O g o d
XRI1C Alternate H Blank Start 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O O o 0O Od
XR1D Alternate H Blank End 8 R/W 3B7/3D7 Oxxxxxxx O O 0O @O o 0O O
XRI1E Alternate Offset 8 R/W 3B7/3D7 xxxxxxxx O 0O 0O O o 0O Od
XR1F (Virtual EGA Switch Register) -- --  3B7/3D7 ad
XR20 (Siding Unit Delay) / Interface | 2 RW 3B7/3D7 ----0-0- o 0O
XR21 (Siding Hold A) -- - 3B7/3D7 ad
XR22 (Siding Hold B) -- - 3B7/3D7 o .
XR23 (Siding Hold C) / Wr Bit Mask Ctrl 4 R/W 3B7/3D7 ----0xx0 o O
XR24 (Siding Hold D) / Wr Bit Mask Pattern 8 R/W 3B7/3D7 XXX XXX XX o 0O
XR25 Pin Definition 3 RW 3B7/3D7 ----- 0x0 ad
XR26 Configuration 3 RW 3B7/3D7 ----- 000 . O
XR27 (Force Sync State) -- - 3B7/3D7 .. O .
XR28 Video Interface 5 R/W 3B7/3D7 ----- ooo O 0O O O o 0 0O
XR29 (Function Ctrl) / 453 Halfline Compar 8 R/W 3B7/3D7 XXXXXXXX o O .
XR2A (Frame Interrupt Count) -- --  3B7/3D7 .. O
XR2B (Default Video) -- - 3B7/3D7 g 0O O o 0O O
XR2C (Delay Horizontal High) -- --  3B7/3D7 ad
XR2D (Delay Horizontal Low) -- - 3B7/3D7 ad
XR2E (Delay Vertical High) -- - 3B7/3D7 d
XR2F (Delay Vertical Low) -- - 3B7/3D7 ad
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 marksin the table above indicate the register listed to the left isimplemented in the chip named at the top of the column
Note: 450-453 VGAsdrive CRTs only, 455-458 VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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\."'F: Register Summary

| 82C453 EXTENSION REGISTER SUMMARY: 30-5F Chips VGA Product Family

Reg Register Name BitsAccess Port Reset 450 451 452 453 455 456 457

XR30 (Graphics Cursor Start Address High) -- --  3B7/3D7 B . .

XR31 (Graphics Cursor Start AddressLow) -- --  3B7/3D7 ad

XR32 (Graphics Cursor End Address) -- --  3B7/3D7 ad

XR33 (GraphicsCursor X PositionHigh) -- - 3B7/3D7 O

XR34 (Graphics Cursor X Position Low) -- --  3B7/3D7 ad

XR35 (GraphicsCursor Y PositionHigh) -- - 3B7/3D7 O

XR36 (Graphics Cursor Y Position Low) -- --  3B7/3D7 ad

XR37 (Graphics Cursor Mode) - - 3B7/3D7 O

XR38 (Graphics Cursor Mask) -- --  3B7/3D7 ad

XR39 (Graphics Cursor Color 0) -- --  3B7/3D7 ad

XR3A (Graphics Cursor Color 1) -- --  3B7/3D7 ad

XR3B -resrved- -- --  3B7/3D7

XR3C -reserved- - - 3B7/3D7

XR3D -resrved- -- --  3B7/3D7

XR3E -reserved- - - 3B7/3D7

XR3F -resrved- -- --  3B7/3D7

XR40 (I/OFlag) - - 3B7/3D7 e

XR41 EGA Switch Register 5 RW 3B7/37 0---0000 . . . O

XR42 -resarved- - - 3B7/3D7 .

XR43 -reserved- - - 3B7/3D7 e

XR44 Video Flag Register 8 RW 3B7/3b7 00000000 . . . O

XR45 Scratch Register 1/ FG Color 8 RW 3B7/3D7 00000000 . . .

XR46 -reserved- - - 3B7/3D7 .

XRA7 -reserved- - - 3B7/3D7

XR48 -resarved- - - 3B7/3D7

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

XR4A -resarved- - - 3B7/3D7

XR4B -reserved- - - 3B7/3D7

XRAC -resarved- - - 3B7/3D7

XR4D -reserved- - - 3B7/3D7

XR4E -resarved- - - 3B7/3D7

XRAF -reserved- - - 3B7/3D7

XR50 (Panel Format) -- --  3B7/3D7 o o 0O

XR51 (Display Type) -- --  3B7/3D7 o o o

XR52 (Panel Sze) - - 3B7/3D7 o o o

XR53 (Override) -- --  3B7/3D7 o o o

XR54 (Alternate Misc Output) -- --  3B7/3D7 o o 0O

XR55 (Text Mode 350_A Compensation) -- --  3B7/3D7 o o o

XR56 (Text Mode 350_B Compensation) -- --  3B7/3D7 o o 0O

XR57 (Text Mode 400 Compensation) -- --  3B7/3D7 o o o

XR58 (Graphics Mode 350 Compensation)  -- --  3B7/3D7 o o 0O

XR59 (Graphics Mode 400 Compensation) - --  3B7/3D7 o o o

XR5A (Flat Panel Vertical Display Start 40C -- - 3B7/3D7 o o o

XR5B (Flat Panel Vertical Display End 400) -- --  3B7/3D7 o o o

XR5C (Weight Control Clock A) -- --  3B7/3D7 o 0O

XR5D (Weight Control Clock B) -- --  3B7/3D7 o o .

XR5E (ACDCLK Control) - - 3B7/3D7 o o o

XR5F (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 marksin the table above indicate the register listed to the left isimplemented in the chip named at the top of the column
Note: 450-453 VGAsdrive CRTs only, 455-458 VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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82C453 EXTENSION REGISTER SUMMARY: 60-7F Chips VGA Product Family
Reg Register Name BitsAccess Port Reset 450 451 452 453 455 456 457
XR60 (Blink Rate Control) -- --  3B7/3D7 . o 0O d
XR61 (Text Color Mapping Control) -- - 3B7/3D7 o 0O
XR62 (Text Color Shift Parameter) -- --  3B7/3D7 o 0O
XR63 (Graphics Color Mapping Control) -- --  3B7/3D7 o o .
XR64 (Alternate Vertical Total) -- --  3B7/3D7 o 0O d
XR65 (Alternate Overflow) -- --  3B7/3D7 o 0O O
XR66 (Alternate Vertical Sync Sart) -- --  3B7/3D7 o 0O d
XR67 (Alternate Vertical Sync End) -- --  3B7/3D7 o 0O O
XR68 (Alternate Vertical Display Enable Ent -- --  3B7/3D7 o 0O d
XR69 (Flat Panel Vertical Display Start 350) -- --  3B7/3D7 o 0O O
XR6A (Flat Panel Vertical Display End 350) -- --  3B7/3D7 g o o
XR6B (Flat Panel Vertical Overflow 2) -- --  3B7/3D7 g o o
XR6C (Weight Control Clock C) -- --  3B7/3D7 a o .
XR6D (External Palette Control) -- --  3B7/3D7 o 0O
XR6E -reserved- -- --  3B7/3D7 0
XR6F -resarved- -- --  3B7/3D7
XR70 (46E8/3C3 Disable) -- --  3B7/3D7
XR71 -resarved- -- - 3B7/3D7
XR72 -resrved- -- --  3B7/3D7
XR73 -resarved- -- - 3B7/3D7
XR74 -rexrved- -- --  3B7/3D7
XR75 -resarved- -- --  3B7/3D7
XR76 -resrved- -- --  3B7/3D7
XR77 -resarved- -- - 3B7/3D7
XR78 -resrved- -- --  3B7/3D7
XR79 -resrved- -- --  3B7/3D7
XR7A -resrved- -- --  3B7/3D7
XR7B -resarved- -- - 3B7/3D7
XR7C -resrved- -- --  3B7/3D7
XR7D -resarved- -- - 3B7/3D7 e .
XR7E CGA/Hercules Color Select 6 R/O 3B7/3D7 --xxxxxx 0O 0O 0O O g o o
XR7F Diagnostic 2 RW 3B7/3D7 ------ 00 O O O O 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 marksin the table above indicate the register listed to the left isimplemented in the chip named at the top of the column
Note: 450-453 VGAsdrive CRTs only, 455-458 VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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82C453 Registers

GLOBAL CONTROL (SETUP) REGISTERS

The Setup Control Register is used to enable or
disablethe VGA. Itisaso usedto placethe VGA in
normal or setup mode. This register isused only in
the PC-businterface. Inthe MC Businterface 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
82C453 as a Chips & Technologies product.

Note: In setup mode in the IBM VGA, the Global
Setup Register (defined as port address 102) actually
occupiestheentire I/0O space. Only the lower 3 bits
are used to decode and select thisregister. 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
problemsin widely varying PC systems, the 82C453
decodes the Global Setup register at 1/0O 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 1/0O address select, clock selection, accessto
video RAM, memory page, and video SYNC
polarity.

CGA / HERCULESREGISTERS

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 handlesvideo 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.

GRAPHICSCONTROLLER REGISTERS

The Graphics Controller Index Register contains a4-
bit index to the Graphics Controller Registers. The
Set/Reset Register controls the format of the CPU
data to display memory. It aso 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 controlsthe 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 containsa -
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 1/0O address range
3C6h-3C9h. Some of the registers are located
external to the 82C453 in the external color palette.
Inmos IMSG176 (Brooktree BT471/476) compatible
registers are documented in this manual.
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EXTENSION REGISTERS

The 82C453 defines a set of extension registers
which are addressed with the 7-bit Extension
Register Index. The 1/O port address (3Bx/3Dxh)
and Read/Write access to the extension registers are
controlled by the Extension Enable Register (103h).

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 82C453
Version number, Dip Switch, CPU interface,
paging control, memory mode control, and
diagnostic functions.

2. Genera 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-
die 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 Registersisundefined at reset. All registers specific to the 82C453

(Extension Registers) are summarized in the Extension Register Table.
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82C453 Global Control (Setup) Registers

Register 1/O Protect
Mnemonic Register Name Index Access Address Group Page
- Setup Control - w 46E8h (PC-Bus only) — 27
- Global Enable - RW 102h & Setup mode - 27
- Extension Enable - RW 103h & Setup mode — 28
- Globa ID - R 104h & Setup mode - 29
- Video Subsystem Enable  — RW 3C3h (MC Busonly) - 29
SETUP CONTROL REGISTER GLOBAL ENABLE REGISTER
Write only at 1/0 Address 46E8h Read/Write at 1/0 Address 102h
[D7|D6|D5|D4|D3|D2[D1{DO| [D7|D6|D5|D4|D3|D2[D1[DO|
] — VGA Awake
——— 1 Resarved
— VGA Enable
— VGA Setup - Reserved
- Reserved
This register is used with the PC-Bus Interface only. This register is only accessible in Setup Mode. Itis
It is cleared by RESET. In the MC interface, the cleared by RESET.
Setup mode and VGA Disable are controlled through
the SETUP/ and DISA/ pins, respectively. 0 VGA Awake
0 VGA isindeep mode
20 Reserved (0) 1 VOAisanske

0 VGA isdisabled
1 VGA isenabled

4  Setup Mode

0 VGA isin Normal Mode
1 VGA isin Setup Mode

7-5 Reserved (0)
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EXTENSION ENABLE REGISTER
Read/Write at 1/O Address 103h

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

Multiple VGA ID

Resarved

Reserved

Extension Registers
Address Select
Extension Registers
Access Enable

Thisregister is only accessible in Setup Mode. Itis
cleared by RESET.

3-0 Multiple VGA ID. The ID number of the
currently active VGA when multiple VGA
feature is enabled.

2 1 0 Comment

0 1 82C453, no DIP switch
1

lw

to be compared against
1 82C453, no DIP switch
to be compared against
X 2 82C453s, 1 DIP switch
to be compared against
X X 4 82C453s, 2 DIP
switches to be compared
X X X 8 82C453s, 3 DIP
switches to be compared

00
00
01
1

O O O O

5-4 Reserved (0)
6  Addressfor Extension Registers

0 Extensionregistersat I/0O Address
3D6/3D7h

1 Extensionregistersat /O Address
3B6/3B7

7  Extension Registers Access Enable. Thisbit
controls access to the extension registers at
3D6/7 or 3B6/7. It also alows access to al
CGA, MDA and Hercules registers in non-
emulation mode.

0 Disable Access
1 Enable Access

The CRT Controller and CGA/Hercules Registers
are dependent on this bit and the emulation mode as
follows:

CGA/Hercules
Bit Emulation CRTC
Registers
7 Mode Address 3B8,3BF, 3D8, 3D9

0 VGA 3x4/5 only not accessible
0 CGA 3D0/1,3D2/3  3D8,3D9 accessible

3D4/5,3D6/70

0 Hercules 3B0/1,3B2/3 3B8,3BF accessible
3B4/5,3B6/7

1 any 3x4/5 only all accessible
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GLOBAL ID REGISTER VIDEO SUBSYSTEM ENABLE REGISTER
Read only at 1/0 Address 104h Read/Write at I/0 Address 3C3h
[D7|D6[D5[D4|D3|D2|D1|DO| [D7[D6[D5[D4|D3|D2|D1|DO|
! — VGA Enable
- Chip ID Number - Reserved
Thisregister isonly accessible in Setup Mode. Thisregister isonly accessiblein MC Interface. Itis
cleared by RESET.
7-0 These bits contain the ID number (OA5h).
This identifies the chip as a Chips and 0 VGA Enable
Technologies product. 0 VGA isdisabled

1 VGA isenabled
7-1 Reserved (0)
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General Control Registers

82C453 General Control & Status Registers

Register /0 Protect

Mnemonic Register Name Index Access Address Group Page

ST00 Input Status O — R 3C2h - 31

STO01 Input Status 1 - R 3BAN3DAh — 31

FCR Feature Control — w 3BANh/3DAhN 5 32
R 3CAh

MSR Miscellaneous Output — w 3C2h 5 32
R 3CCh

INPUT STATUS REGISTER 0 (ST00)
Read only at 1/0 Address at 3C2h

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

Reserved

Switch Sense

FCINO

FCIN1

CRT Interrupt Pending

3-0 Reserved (0)
4  Switch Sense. This bit returns the Status of
the SENSE pin.
6-5 These bits indicate the status of FCINO and
FCIN1 input pins.
7  CRT Interrupt Pending
0 Indicatesno CRT interrupt
is pending
1 IndicatesaCRT interrupt
iswaiting to be serviced

INPUT STATUSREGISTER 1(STO01)
Read only at I/0 Address 3BAh/3DAh

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

DE/Hsync Output

Resarved
Vertical Retrace/Video

Video Feedback

Reserved

Vsync Output

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

0 Indicates DE or HSYNC inactive

1 Indicates DE or HSYNC active

Reserved (0)

Vertical Retrace/Video. Thefunctionality of
this bit is controlled by the Emulation Mode
register (XR14 bit-5).

0 Indicates VSYNC or video inactive

1 Indicates VSYNC or video active

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

Reserved (0)

Vsync Output. The functionality of this bit
iscontrolled by the Emulation Mode register
(XR14 bit-6). It reflects the active status of
the VSYNC output: O=inactive, 1=active.
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FEATURE CONTROL REGISTER (FCR)
Write at 1/0 Address 3BAh/3DAh

Read at 1/0 Address 3CAh

Group 5 Protection

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

- Reserved

— Reserved
Vsync Control

- Reserved

2-1

7-4

This bit is inverted and output on the

GPOUT pin.
Reserved (0)

Vsync Control
RESET.

0 VSync output onthe VSYNC pin
1 Logica 'OR' of VSync and
Display Enable output
onthe VSYNC pin

Reserved (0)

This bit is cleared by

MISCELLANEOUS OUTPUT REGISTER (MSR)

Wkite at 1/0 Address 3C2h
Read at 1/0 Address 3CCh
Group 5 Protection

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

1/O Address Select
RAM Enable

Clock Select
Reserved

Page Select

Hsync Polarity

Vsync Polarity

Thisregister is cleared by RESET.

0

I/O Address Select. This bit selects 3Bxh
or 3Dxh as thel/O address for the CRT
Controller  registers, the Feature Control
Register (FCR), and Input Status Register
1(ST01).

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

Enable RAM.
0 Prevent CPU access to display
memory
1 Allow CPU access to display
memory
Clock Select. These hits select the dot
clock source for the CRT interface:
32 Clock Source Selected
00 CLKO
01 CLK1
10 CLK2
11 CLK3
Reserved (0)
Page Select. In Odd/Even Memory Map

Mode 1 (GR6), 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. 0=pos, 1=neg
CRT Vsync Polarity. 0=pos, 1=neg

(Blank pin polarity can be controlled viathe
Video Interface Register)
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CGA / Hercules Registers

82C453 CGA / Hercules Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
MODE CGA/HerculesMode — RW 3D8h — 33
COLOR CGA Color Select - RW 3D%h - 34
HCFG Hercules Configuration — RW 3BFh — 35
CGA /HERCULES MODE CONTROL CGA Mono/Color Mode
REGISTER (MODE) 0 Select CGA color mode
Read/Write at 1/0 Address 3B8h/3D8h 1 Sdect CGA monochrome mode
CGA/Hercules Video Enable
[D7|D6|D5|D4|D3|D2[D1{DO| 0 Blank the screen
_ 1 Enablevideo output
Hi-Res Text (CGA only) ) .
GraphicsMode  (0=Text) C%A glelggctR??;OOIXuZtIO%n M O?]e q
Monochrome  (CGA only) grapnics moae
Video Encble 1 Select 640x200 graphics mode
Hi-Res Graphics (CGA only) CGA/Hercules Text Blink Enable
Text Blink Enable 0 Disable character blink attribute
Reserved (blink attribute bit-7 used to control
background intensity)
Page Select  (Herc only) 1 Enable character blink attribute
This register is effective only in CGA and Hercules Reserved (0)
modes. It is accessible if CGA or Hercules Hercules Page Select
emulation mode is selected or the extension registers 0 Select thelower part of memory (start-
are enabled. If the extension registers are enabled, ing address BOOOOh) in Hercules
the address is determined by the address select in the Graphics Mode
Miscellaneous Outputs register.  Otherwise the 1 Select the upper part of the memory
address is determined by the emulation mode. It is (starting address B8000h) in Hercules
cleared by RESET. Graphics Mode
0 CGA 80/40 Column Text Mode
0 Sdect 40 column CGA text mode
1 Seect 80 column CGA text mode
1 CGA/Hercules Graphics/Text Mode
0 Select text mode
1 Select graphics mode
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CGA / Hercules Registers

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

[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

]» Resarved

This register is effective only in CGA modes. It is
accessible if CGA emulation mode is selected or the
extension registers are enabled. This register may
also be read or written as an Extension Register
(XR7E). It is cleared by RESET. In Hercules
Graphics mode, this register should be accessed at
7Eh. A vaue of OFh in 7Eh will work for the
Hercules Graphics mode.

3-0 Color

320x200 4-color: Background  Color
(color when the pixel
valueis0)

The foreground colors (colors when the
pixel valueis 1-3) are determined by bit-5 of
thisregister.

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

The background color (color when the pixel
valueis0) is black.

Intensity Enable

Text Mode: Enables intensified
background colors

320x200 4-color: Enables intensified
colors 0-3

640x200 2-color:  Don't care

Color Set Select. This bit selects one of two
available CGA color palettes to be used in
320x200 graphics mode (it isignored in all
oatgler modes) according to the following
tapble:

Pixel Color Set Color Set
Value 0 1
00 Color per bits 0-3 Color per bits0-3
01 Green Cyan
10 Red Magenta
11 Brown White

7-6 Reserved (0)
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HERCULES CONFIGURATION
REGISTER (HCFG)
Write only at 1/0 Address 3BFh

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

Enable Graphics Mode
Enable Memory Page 1

- Reserved

Thisregister iseffectiveonly in Herculesmode. Itis

accessible in

Hercules emulation mode or if the

extension registers are enabled. It may be read back
through XR14D3& 2. Itiscleared by RESET.

0  Enable Graphics Mode

0

Lock the 82C453 in Hercules text
mode. In this mode, the CPU has
access only to memory address range
B0O0OOOh-B7FFFh.

Permit entry to Hercules Graphics
mode.

1 EnableMemory 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 pat of display memory
(addresses B8000Oh - BFFFFh) is
available.

7-2 Reserved (0)
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82C453 Sequencer Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
SRX Sequencer Index — RW 3C4h 1 37
SR00 Reset 00h RW 3C5h 1 37
SRO1 Clocking Mode 01h RW 3C5h 1 38
SR02 Plane/Map Mask 02h RW 3C5h 1 38
SRO3 Character Font 03h RW 3C5h 1 39
SR04 Memory Mode 04h RW 3C5h 1 40
SR0O7 Horizontal Character Counter Reset 07h w 3C5h - 40

SEQUENCER INDEX REGISTER (SRX)
Read/Write at 1/0O Address 3C4h

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

—— | Sequencer Index

- Reserved

Thisregister is cleared by RESET.

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

Index 00h

Group 1 Protection

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

Async Reset
Sync Reset

- Resarved

0  Asynchronous Reset

2-0 These bits contain a 3-bit Sequencer Index 0 Force asynchronous reset
value used to access sequencer dataregisters 1 Normal operation
at indices 0 through 7. Display memory data will be corrupted if
7-3 Reserved (0) thisbit is set to zero.
1  Synchronous Reset
0 Force synchronous reset
1 Normal operation
Display memory datais 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 PLANE/MAP MASK
REGISTER (SR02)

Read/Write at I/O Address 3C5h

Index 02h

Group 1 Protection

SEQUENCER CLOCKING MODE
REGISTER (SR01)

Read/Write at 1/0O Address 3C5h

Index 01h

Group 1 Protection

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

8/9 Dot Clocks
Reserved

Shift Load

Input Clock Divide
Shift 4

Screen Off

- Color Plane Enable

- Reserved

1 Reserved

0 8/9 Dot Clocks. This bit determines
whether acharacter clock is8 or 9 dot clocks

3-0 Color Plane Enable

long.

0 Sdect 9 dots/character clock
1 Select 8 dots/character clock

0 Write protect corresponding color
plane

1 Allow write to corresponding
color plane

Reserved (0) In Odd/Even and Quad modes, these bits
Shift Load still control access to the corresponding
_ _ . color plane.
0 Load video data shift registers every
character clock 7-4  Reserved (0)
1 Load video data shift registers every
other character clock
Bit-4 of this register must be O for this bit to
be effective.

3 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)

4  Shift4

0 Load video shift registersevery 1 or 2
character clocks (depending on bit-2
of thisregister)

1 Lloacizl< shift registersevery 4th character
clock.

5  Screen Off

0 Normal Operation

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

7-6 Reserved (0)
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CHARACTER FONT SELECT The following table shows the display memory plane
REGISTER (SR03) selected by the Character Generator Select A and B
Read/Write at I/0O Address 3C5h bits.
Index O3n ; Code Character Generator Table Location
Group 1 Protection 0 First 8K of Plane 2
1 Second 8K of Plane 2
[D7|D6|D5|D4|D3|D2[D1[DO| 2 Third 8K of Plane 2
3 Fourth 8K of Plane 2
Font Select B bit-1 4 Fifth 8K of Plane 2
Font Select B bit-2 5 Sixth 8K of Plane 2
Font Select A bit-1 6 Seventh 8K of Plane 2
Font Select A bit-2 7 Eighth 8K of Plane 2
Font Select B bit-0 where ‘code' is:
Font Sefect A bit-0 Character Generator Select A (bits 3, 2, 5) when
1 bit-3 of the the attribute byte is one.
Reserved Character Generator Select B (bits 1, 0, 4) when

) ) ) bit-3 of the attribute byteis zero.

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 char-
acter 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)
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SEQUENCER MEMORY MODE
REGISTER (SR04)

Read/Write at 1/0O 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

Reserved (0)
1  Extended Memory
0 Restrict CPU access to  4/16/32
Kbytes

1 Allow complete accessto 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 planesare accessed simultaneously
(IRGB color)

Bit-3 of this register must be O for this bit to
be effective. Thisbit affectsonly 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. Thetwo low order
CPU address bits select the display
memory plane.

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

Reserved (0)

SEQUENCER HORIZONTAL CHARACTER
COUNTER RESET REGISTER (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 thewriteto SRO7 occursduring vertical
retrace, the horizontal and vertical counterswill 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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82C453 CRT Controller Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
CRX CRTC Index - RwW 3B4h/3D4h - 42
CROO Horizontal Total 00h RW 3B5h/3D5h 0 42
CRO1 Horizontal Display Enable End 01h RW 3B5h/3D5h 0 42
CR02 Horizontal Blank Start 02h RW 3B5h/3D5h 0 43
CRO3 Horizontal Blank End 03h RW 3B5h/3D5h 0 43
CRO4 Horizontal Sync Start 04h RW 3B5h/3D5h 0 44
CRO5 Horizontal Sync End 05h RW 3B5h/3D5h 0 44
CRO06 Vertical Tota 06h RW 3B5h/3D5h 0 45
CRO7 Overflow 07h RW 3B5h/3D5h  0/3 45
CRO08 Preset Row Scan 08h RW 3B5h/3D5h 3 46
CRO09 Maximum Scan Line 0%h RW 3B5h/3D5h  2/4 46
CROA Cursor Start Scan Line OAh RW 3B5h/3D5h 2 47
CROB Cursor End Scan Line 0Bh RW 3B5h/3D5h 2 47
CROC Start Address High 0Ch RW 3B5h/3D5h - 48
CROD Start Address Low ODh RW 3B5h/3D5h - 48
CROE Cursor Location High OEh RW 3B5h/3D5h - 48
CROF Cursor Location Low OFh RW 3B5h/3D5h - 48
CR10 Vertical Sync Start (See Note 2) 10h Wor RW  3B5h/3D5h 4 49
CR11 Vertical Sync End (See Note 2) 11h Wor RW 3B5h/3D5h  3/4 49
CR10 Lightpen High (See Note 2) 10h R 3B5h/3D5h - 49
CR11 Lightpen Low (See Note 2) 11h R 3B5h/3D5h - 49
CR12 Vertica Display Enable End 12h RW 3B5h/3D5h 4 50
CR13 Offset 13h RW 3B5h/3D5h 3 50
CR14 Underline Row 14h RW 3B5h/3D5h 3 50
CR15 Vertica Blank Start 15h RW 3B5h/3D5h 4 51
CR16 Vertica Blank End 16h RW 3B5h/3D5h 4 51
CR17 CRT Mode Control 17h RW 3B5h/3D5h  3/4 52
CR18 Line Compare 18h RW 3B5h/3D5h 3 53
CR22 Memory Data L atches 22h R 3B5h/3D5h - 54
CR24 Attribute Controller Toggle 24h R 3B5h/3D5h - 54
CR3x Clear Vertica Display Enable 3xh w 3B5h/3D5h - 54
Notel: When MDA or Hercules emulation is enabled, the CRTC I/O address should be set to 3BOh-3B7h by

Note 2:

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 3D0h-3D7h by setting Misc Output
Register bit-0to 1.

In boththe EGA and VGA, thelight pen registersare at index |ocations conflicting with the vertical sync
registers. Thiswould 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 (CRO3 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/O Address 3B4h/3D4h

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

- CRTC Index

I Reserved
5-0 CRTC dataregister index
7-6 Reserved (0)

HORIZONTAL TOTAL REGISTER (CRO00)
Read/Write at 1/0O Address 3B5h/3D5h

Index O0h

Group O Protection

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

- Horizonta Tota

This register is used for all VGA and EGA modes.
It is aso 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/O Address 3B5h/3D5h

Index 01h

Group 0 Protection

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

- Horizontal Display

Thisregister isused for all VGA and EGA modes on
CRTs. Itisaso 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 1/0O Address 3B5h/3D5h
Index 02h

Group 0 Protection

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

- H Blank Start

This register is used for al VGA and EGA modes.
It is aso used for 640 column CGA modes and
MDA/Hercules text mode. In al 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 (CRO03)

Read/Write at I/O Address 3B5h/3D5h
Index 03h

Group 0 Protection

[D7][D6]D5][D4]D3[D2]D1]DO0]

- H Blank End

| DE Skew Control
Light Pen Reg. Enable

This register is used for al VGA and EGA modes.
It is adso used for 640 column CGA modes and
MDA/Hercules text mode. In al 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. The horizontd
blanking width, W is. Vaue in Start
Blanking Register + W = 6 bit Vaue. Lower
5 bits are programmed in this register. 6th
bit is programmed in bit-7 of CROS5.

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 1/0O Address 3B5h/3D5h
Index 04h

Group 0 Protection

HORIZONTAL SYNC END
REGISTER (CRO05)

Read/Write at I/O Address 3B5h/3D5h
Index 05h

Group 0 Protection

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

- Horizontal Sync End

- Horizontal Sync Start

- Horizontal Sync Delay
H Blank End Bit 5

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

This register is used for al VGA and EGA modes.
It is adso used for 640 column CGA modes and
MDA/Hercules text mode. In al 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

7-0 These bits specify the beginning of Hsyncin
terms of Character clocks from the

beginning of the display scan. These bits
aso determine display centering on the
screen.

Horizontal Sync. The horizontal sync width
W, is: Valuein Start Sync Register + W =5
bit value to be programmed in this register.

6-5 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).
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VERTICAL TOTAL REGISTER (CRO06)
Read/Write at I/0O Address 3B5h/3D5h

Index 06h

Group 0 Protection

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

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

Thisregister isused 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 vaue specifies the total
number of scan lines (horizontal retrace
periods) per frame.

Programmed Count = Actual Count - 2

OVERFLOW REGISTER (CR07)
Read/Write at 1/0 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.EndBit9
V Sync Start Bit 9

Thisregister isused in all modes.
Verticd Total Bit 8

Vertical Display Enable End Bit 8
Vertica Sync Start Bit 8

Vertical Blank Start Bit 8

Line Compare Bit 8

Vertica Total Bit9

Vertical Display Enable End Bit 9
Vertica Sync Start Bit 9

N o o~ W N P O
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PRESET ROW SCAN REGISTER (CRO08)
Read/Write at I/0O Address 3B5h/3D5h

Index 08h

Group 3 Protection

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

- Start Row Scan Count

- Byte Panning Control
Reserved

4-0

6-5

These bits specify the starting row scan
count after each vertica 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 1/0 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
inarow: Number of scan lines per row =
value + 1.

Bit 9 of the Verticd Blank Start register
Bit 9 of the Line Compare register
7  Double Scan

0 Normal Operation
1 Enable scan line doubling

The vertica 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 1/0O Address 3B5h/3D5h
Index OAh

Group 2 Protection

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

- Cursor Start Scan Line

— Cursor off

- Reserved

4-0 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

7-6 Reserved (0)

CURSOR END SCAN LINE
REGISTER (CROB)

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

Group 2 Protection

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

- Cursor End Scan Line

- Cursor Delay
Reserved

4-0 Thesebits specify the scan line of acharacter
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 (CROC)
Read/Write at 1/O 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 (CROD)
Read/Write at 1/O Address 3B5h/3D5h
Index ODh

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

- Display Start Index Low
(Lower 8 hits)

7-0 Lower 8 hits 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/O 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 is active. In CGA / MDA /
Hercules modes, this register wraps around
a 16, 32, and 64 KByte boundaries
respectively.

CURSOR LOCATION LOW
REGISTER (CROF)

Read/Write at 1/O Address 3B5h/3D5h
Index OFh

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

- Text Cursor Mem. Index
(Lower 8 hits)

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

Revision 1.0 48

82C453



CRT Controller Registers

LIGHTPEN HIGH REGISTER (CR10)
Read only at 1/0 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 CRO3 bit-7 = 0.

LIGHTPEN LOW REGISTER (CR11)
Read only at 1/0 Address 3B5h/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 1/0 Address 3B5h/3D5h

Index 10h

Group 4 Protection

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

-V Sync Start
(Lower 8 hits)

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

7-0 Theeight 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 1/0 Address 3B5h/3D5h

Index 11h

Group 3 Protection for bits4 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 Vertica SyncEnd

Lower 4 bits of the scan line count that
defines the end of vertical sync. The
Vertical sync width, W is: Valuein Vertical
Sync Start Register + W = 4 bit value to be
programmed in this register.

4  Vertica Interrupt Clear

0 Clear vertical interrupt generated on
the IRQ output

1 Normal operation. This bit is cleared
by RESET.

5 Veticd Interrupt Enable

0 Enablevertica interrupt
1 Disable vertica interrupt. This bit is
cleared by RESET.

6  Select Refresh Type

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

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

0 Enablewritesto CR0O0-CRO7
1 Disablewritesto CR0O0-CRO7

CRO7 bit-4 (Line Compare bit-8) is not
affected by this bit.
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VERTICAL DISPLAY ENABLE END
REGISTER (CR12)

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

Group 4 Protection

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

-V Display Enable End
(Lower 8 hits)

7-0 These arethe eight low order bits of a 10-bit
register. The 9th and 10th bitsare located in
the CRT Controller Overflow register. The
actual count = Contents of thisregister + 1.

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

Group 3 Protection

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

~ Display Buffer Width

7-0 Display Buffer Width. The byte starting
address of the next display row = Byte Start
Address for current row + K* (CR13 where
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
thisregister isdefined inthe Auxiliary Offset
register (XROD). This dlows 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 3B5h/3D5h

Index 14h

Group 3 Protection

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

Underline Position

Count by 4
Doubleword Mode

Reserved

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 Frame Buffer Address is incremented
by 1or2

1 Frame Buffer Address is incremented
by 4 or 2. See CR17 bit-3 for further
details.

Doubleword Mode.

0 Frame Buffer Addressis byte or word
address

1 Frame Buffer Address is doubleword
address. Used in conjunction with
CR17 bhit-6 to select the display
memory addressing mode.

Reserved (0)
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VERTICAL BLANK START
REGISTER (CR15)

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

Group 4 Protection

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

- V Blank Start
(Lower 8 bits)

Thisregister isused in all modes.

7-0 These are the 8 low order bits of a 10-bit
register. The 9th and 10th bitsare located in
the CRT Controller Overflow and Maximum
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 display and
the beginning of vertical blank isthe bottom
border on the screen.

VERTICAL BLANK END
REGISTER (CR16)

Read/Write at I/O Address 3B5h/3D5h
Index 16h

Group 4 Protection

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

-V Blank End
(Lower 8 bits)

Thisregister isused in all modes.

7-0 End Vertica Blank. These are the 8 low
order bits of the scan line count which
specifies the end of Vertica Blank. The
vertical Blank Width, W, is; Vaue in
Vertical Blank Start Register —1 + W = 8-bit
value to be programmed in this register.
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CRT MODE CONTROL REGISTER (CR17)
Read/Write at |/O Address 3B5h/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
AddressWrap
Word/Byte Mode
CRTC Reset

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

0 Thecharacter 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 Norma operation, no substitution
takes place

2 Vertica 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 s
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 CR17Bit-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 Word Mode is selected. 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
affected.

1 Normal Operation.
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CRT Controller Registers

6 as shown in the table bel ow:

Logicd Physica Memory Address

Memory Byte Word Double Word

Address Mode Mode Mode
MAOQOO AQ0 Note 1 Note 2
MAO1 AO01 AO00 Note 3
MAOQO2 AO02 A0l AO00
MAO3 AO03 AQ2 AO01
MAO4 A04 AO03 AO02
MAO5 AQ5 A04 AO03
MAO6 A06 A05 AO4
MAOQO7 AQ7 A06 AO05
MAO8 A08 AOQ7 A06
MAO9 AQ09 A08 AQ7
MA10 Al10 A09 AO08
MA11 All A10 A09
MA12 Al2 All A10
MA13 Al3 Al12 All
MA14 Al4 Al3 Al2
MA15 Al5 Al4 Al3

Note1l=A13* NOT CR17 D5+ A15* CR17 D5

Note2 = A12
Note3=A13

LINE COMPARE

REGISTER (CR18)

Read/Write at I/O Address 3B5h/3D5h
Index 18h

Group 3 Protection

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

- Line Compare Target
(Lower 8 hits)

7-0 These are the low order 8 bits of a 10-bit
register. The 9th and 10th bitsare located in
the CRT Controller Overflow and Maximum
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 isclearedto 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. Thisregister isnot
affected by the double scanning bit (CR09
bit-7).
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MEMORY DATA LATCH
REGISTER (CR22)

Read only at 1/0 Address 3B5h/3D5h
Index 22h

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

DatalLatchnBit 7
DataLatch n Bit 6
DataLatchnBit5
DatalLatchnBit4
DatalLatchnBit 3
Data Latch n Bit 2
DatalLatchnBit 1
DatalLatchnBit 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 1/0 Address 3B5h/3D5h

Index 24h

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

Index (0) / Data (1)
Resarved
Palette Address Source

Attribute
Controller
Index

This register may be used to read back the state of
the attribute controller index/data latch.

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

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

CLEAR VERTICAL

DISPLAY ENABLE FFh (CR3X)
Write only at 1/0 Address 3B5h/3D5h
Index 3xh

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

Clear Vert Disp EnaFF

- Ignored

Writing odd data values to CRTC index 30-3Fh
causes the vertical display enable flip-flop to be
cleared. The flip-flop Is automatically set by
reaching vertical total. The effect of thisistoforcea
longer vertical retrace period. There are two side
effects of terminating vertical display enable early:
first, the screen blanks early for one frame causing a
minor visual disturbance and second, the sequencer
glV& more display memory cycles to the CPU
ecause vertical display is not enabled.

Reads from this register are not decoded and will
return indeterminate data.

This is a standard VGA register which was not
documented by IBM.
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Write Protect Register Grouping

Register
Number Group O Group 2 Group 3 Group 4 Unprotected

CROO Yes - - -

CRO1 Yes - - -
CRO2 Yes - - -

CRO3 Yes - - -

CRO4 Yes - - - -
CRO5 Yes - - - -
CRO6 Yes - -
CRO7 Bits0-3, 5-7 Bit 4 - -
CRO8 - - -

CRO09 - Bits0-4 - Bits5-7 -
CROA - Yes - -

CROB - Yes - - -
CROC - - - - Yes
CROD - - - - Yes
CROE - - - - Yes
CROF - - - - Yes
CR10 - - -
CR11 - - Bits4-5 0-3,6 -
CR12 - - Yes - -
CR13 - - Yes - -
CR14 - - Yes - -
CR15 - - - Yes -
CR16 - - -
CR17 - - 0,1,3-7 Bit 2 -
CR18 - - Yes - -

NOTE: All theregisters at address 3Cx fall under group 1.
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82C453 Graphics Controller Registers
Register /O Protect
Mnemonic Register Name Index Access Address Group Page
GRX Graphics Index - RW 3CEh 1 57
GROO Set/Reset 00h RW 3CFh 1 57
GRO1 Enable Set/Reset 01h RW 3CFh 1 58
GRO2 Color Compare 02h RW 3CFh 1 58
GRO3 Data Rotate 03h RW 3CFh 1 59
GR0O4 Read Map Select 04h RW 3CFh 1 59
GRO5 Graphics mode 05h RW 3CFh 1 60
GRO06 Miscellaneous 06h RW 3CFh 1 62
GRO7 Color Don't Care 07h RW 3CFh 1 62
GRO08 Bit Mask 08h RW 3CFh 1 63
GRAPHICS CONTROLLER SET/RESET REGISTER (GRO00)
INDEX REGISTER (GRX) Read/Write at 1/0 Address 3CFh
Write only at 1/0 Address 3CEh Index O0h
Group 1 Protection Group 1 Protection
[D7|D6[D5[|D4|D3|D2|D1|DO| [D7|D6[D5[D4|D3|D2|D1|DO|
] Set/Reset Bit 0
—— | Index to Graphics Set/Reset Bit 1
- Controller Data Set/Reset Bit 2
| Registers Set/Reset Bit 3
- Reserved Reserved

3-0 4-bit index to Graphics Controller registers

7-4 Reserved (0)

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 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 datato be
written to individual planes. In Write Mode
3 (see GR05), these bits determine the color

vaue.

7-4 Reserved (0)
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ENABLE SET/RESET REGISTER (GRO01)
Read/Write at I/0O Address 3CFh

Index 01h

Group 1 Protection

COLOR COMPARE REGISTER (GR02)
Read/Write at I/0 Address 3CFh

Index 02h

Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO| [D7|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
Set/Reset register (GR00). The Graphics

3-0 This register is used to 'reduce’ 32 bits of
memory data to 8 bits for the CPU in 4-

M ode register must be programmed to Write
Mode O in order for this register to have any
effect.

0 The corresponding plane is written
with the data from the CPU data bus

plane graphics mode. These bits provide a
reference color valueto compareto dataread
from display memory planes 0-3. The Color
Don't Care register (GRO7) is used to affect
the result. Thisregister is active only if the
Graphics Mode register (GR05) is set to

1 The corresponding planeis set to O or
1 as specified in the Set/Reset Register

7-4 Reserved (0)

Read Mode 1. A match between the
memory dataand the Color Compare register
(GRO2) (for the bits specified in the Color
Don't Care register) causes alogica 1 to be
placed on the CPU data bus for the
corresponding data bit, a mis-match returns
alogical 0.

7-4 Reserved (0)
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DATA ROTATE REGISTER (GRO03)
Read/Write at I/0O Address 3CFh

Index 03h

Group 1 Protection

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

Rotate Count 0
Rotate Count 1
Rotate Count 2

Function Select

Reserved

READ MAP SELECT REGISTER (GRO04)
Read/Write at I/0 Address 3CFh

Index 04h

Group 1 Protection

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

Map Select 0
— Map Select 1

- Reserved

2-0 These bhits specify the number of bits to 1-0 Thisregister is aso used to 'reduce’ 32 bits
rotate to the right the data being written by of memory data to 8 bits for the CPU in the
the CPU. The CPU data bits are first 4-plane graphicsmode. These bits select the
rotated, then subjected to the logica memory plane from which the CPU reads
operation as specified in the Function Select data in Read Mode 0. In Odd/Even mode,
bitfield. Therotatefunctionisactiveonly if bit-O isignored. In Quad mode, bitsO and 1
the Graphics Mode register is programmed are both ignored.
for Write Mode O.

The four memory maps are selected as

4-3 TheseFunction Seledect bitsh specify thelogi cr?l follows:
function performed on the contents of the : :
processor latches (loaded on a previous Bg 1 Bg 0 MaSISeIeSted
CPU read cycle) before the datais written to 0 1 Plane 1
display memory. These bits operate as 1 0 Planez
follows: ane

1 1 Plane 3
Bit4 Bit3 Result
0 0 No change to the Data, 7-2 Reserved (0)
Latches are updated;
0 1  Logica 'AND' between Data
and latched data;
1 0 Logica 'OR' between Data
and latched data;
1 1  Logical 'XOR' between Data
and latched data.

7-5 Reserved (0)
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GRAPHICS MODE REGISTER (GRO05)
Read/Write at I/O Address 3CFh

Index 05h

Group 1 Protection

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

—] Write Mode
Reserved
Read Mode

Odd/Even Mode

] 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
CPU data).

1 0

0 O

Write Mode

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.

Writemode 2 The CPU data bus
dataistreated asthe color valuefor
the addressed byte in planes 0-3.
All eight pixels in the addressed
byte are modified unless protected
by the Bit Mask register setting. A
logical 1 in the Bit Mask register
sets the corresponding pixel in the
addressed byte to the color
specified on the databus. A Oin
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 Writemode3. The CPU datais
rotated then logically added with
the contents of the Bit Mask
register (GR08) and then treated as
the addressed data's hit 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 specified 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 Thishit 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-hit 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 alogical 1 if amatch occurs for
each pixel and logical 0 if amis-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 asMODO-MOD7, M1D0-M1D7, M2D0-M2D7, and M3D0-M 3D7 respectively, then the data
in the serial shift registersis shifted out as follows:

Lagt Bit 1st Bit Out-
Shifted Shift Shifted put
65 Out Direction —» Out to:

00 MODO MOD1 MOD2 MOD3 MOD4 MOD5 MOD6 MOD7 BitO
M1DO M™Mi1D1 M1D2 M1D3 M1D4 MI1D5 M1D6 M1D7 Bitl
M2D0O M2D1 M2D2 M2D3 M2D4 M2D5 M2D6 M2D7 Bit2
M3DO M3D1 M3D2 M3D3 M3D4 M3D5 M3D6 M3D7 Bit3

01 MiDO M1D2 M1D4 M™M1D6 MODO MOD2 MOD4 MOD6 BitO

Mib1 Mi1D3 M1D5 M1D7 MOD1 MOD3 MODS5 MOD7 Bitl
M3D0O M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6 Bit2
M3D1 M3D3 M3D5 M3D7 M2D1 M2D3 M2D5 M2D7 Bit3

1x M3DO M3D4 M2D0 M2D4 MI1DO M1D4 MODO MOD4 BitO
M3D1 M3D5 M2D1 M2D5 M1D1 MI1D5S MOD1 MODS Bitl
M3D2 M2D6 M3D2 M2D6 MI1D2 M1D6 MOD2 MOD6 Bit2
M3D3 M3D7 M2D3 M2D7 M1D3 M1D7 MOD3 MOD7 Bit3

Note: If the Shift Register is not loaded every character clock (see SRO1 bits 2& 4) then the four 8-bit
shift registers are effectively ‘chained’ with the output of shift register 1 becoming the input to
shift register 0 and so on. This allows one to have alarge monochrome (or 4 color) bit map and
display one portion thereof.

7 Reserved (0)
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MISCELLANEOUS REGISTER (GRO06) COLOR DON'T CARE REGISTER (GROQ7)
Read/Write at 1/0 Address 3CFh Read/Write at 1/0 Address 3CFh
Index 06h Index 07h
Group 1 Protection Group 1 Protection
[D7|D6|D5|D4|D3|D2|D1|DO| [D7|D6|D5|D4|D3|D2|D1|DO)
Graphics/Text Mode Ignore Color Plane 0
— Chain Odd/Even Planes Ignore Color Plane 1
Ignore Color Plane 2
I Memory Map Mode ——  Ignore Color Plane 3
- Reserved Reserved
0  GraphicgdText Mode 3-0 Ignore Color Plane (0-3)
0 Text Mode 0 This causes the corresponding bit of
1 Graphics mode the Color Compare register to be a

don't care during a comparison.

1 Chan Odd/Even Planes. This mode can be . :

) . 1 The corresponding bit of the Color
used to double the address space into display Compareerse%i oter ?s enabled for color
memory. comparison. This register is active in

1 CPU address bit AO is replaced by a Read Mode 1 only.
higher order address bit. The state of .
A0 determineswhich memory planeis /-4 Resarved (0)
to be selected:

A0 =0 select planes0 and 2
AO=1 select planes1and 3
0 AOnot 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 BO0OOOh-B7FFFh
1 1 B8000h-BFFFFh

7-4 Reserved (0)
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BIT MASK REGISTER (GRO08)
Read/Write at 1/0 Address 3CFh
Index 08h

Group 1 Protection

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

O=Immune to change
- 1=Change permitted

7-0 This bit mask is applicable to any data
written by the CPU, including that subject to
arotate, logical function (AND, OR, XOR),
Set/Reset, and No Change. In order to
execute 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
corresponding data bit in each of the
four memory planes is permitted.
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82C453 Attribute Controller
and Color Palette Registers
Register I/O Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) - RW 3C0h 1 65
ARO00-AROF Internal Color Palette Data 00-OFh  RW 3COh/3Cih 1 66
AR10 Mode Control 10h RW 3COh3Cih 1 66
AR11 Overscan Color 11h RW 3COh/3Clh 1 67
AR12 Color Plane Enable 12h RW 3COh/3Cih 1 67
AR13 Horizontal Pixel Panning 13h RW 3COh/3Clh 1 68
AR14 Pixel Pad 14h RW 3COh3Cilh 1 68
DACMASK External Color Palette Pixel Mask - RW 3C6h 6 69
DACSTATE DAC State - R 3C7h - 69
DACRX External Color P ette Read-Mode Index - w 3C7h 6 70
DACX External Color Palette Index (for 3C9h) - RW 3C8h 6 70
DACDATA Externa Color Palette Data 00-FFh  RW 3Coh 6 70
In regular VGA mode, all Attribute Controller ATTRIBUTE INDEX
registers are located at the same byte address (3COh) REGISTER (ARX)
in the CPU 1/O space. Aninternal flip-flop controls Read/Write at 1/0 Address 3COh
the selection of either the Attribute Index or Data Group 1 Protection
Registers. To select the Index Register, an 1/0 Read
is executed to address 3BAh/3DAN to clear thisflip-
flop. After the Index Register has been loaded by an [o7[pé[ps|p4jps|p2|D1iDo]
I/0O Write to address 3COh, thisflip-flop toggles, and ]
the Data Register is ready to be accessed. Every 1/0 Index to
Write to address 3COh toggles this flip-flop. The | Attribute Controller
flip-flop does not have any effect on the reading of _
the Attribute Controller registers. The Attribute Data Registers
Controller index register is always read back at i
address 3COh, the data register is always read back Video Enable
at address 3C1h. ]
In one of the extended modes (See "CPU Interface | Reserved

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 1/0 accesses). In another extended mode, the
Attribute Controller can be both read and written at
either 3COh or 3C1h (EGA compatible mode).

4-0 These bits point to one of the internd

registers of the Attribute Controller
5 EnableVideo:

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

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

7-6 Reserved (0)
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ATTRIBUTE CONTROLLER COLOR
PALETTE DATA REGISTERS (AR00O-AROF)
Read at 1/0 Address 3C1h

Write at 1/0 Address 3C0/1h

Index 00-OFh

Group 1 Protection or XR63 D6

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

Blue

Green

Red

Secondary Blue
Secondary Green
Secondary Red

]» Resarved

These bits are the color value in the
respective palette register as pointed to by
the index register.

Reserved (0)

7-6

ATTRIBUTE CONTROLLER

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

Write at 1/0O Address 3C0/1h

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

Horizonta Split Screen
256 Color

Video Output 4-5 Select

0 Text/GraphicsMode

0 Select text mode
1 Select graphics mode

1 Monochrome/Color Display

0 Select color display attributes
1 Select mono display attributes

2 Enable Line Graphics Character Codes.
Thishit isdependent on bit 0 of the Override
register.

0 Make the ninth pixel appear the same
as the background

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

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

0 DisableBlinking and enabletext mode
background intensity

1 Enable the blink attribute in text and
graphics modes.

4  Reserved (0)
5  Split Screen Horizontal Panning Mode

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

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

6 256 Color Output Assembler

0 6-bits of video (trandlated from 4-bits
by theinternal 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 theinternal dot
clock (256 color mode).

7  Video Output 5-4 Select

0 Videobits4 and 5 are generated by the
internal  Attribute Controller color
palette registers

1 Video bits4 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 1/0 Address 3C1h

Write at 1/0O Address 3C0/1h

Index 11H

Group 1 Protection

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

- Overscan Color

7-0 Overscan Color. These 8 bits define the

overscan (border) color vaue. For
monochrome 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 areg; i.e. right side and
bottom of screen) and between Blank End
and Display Enable Start (beginning of
display area; i.e. left side and top of screen).

COLOR PLANE ENABLE REGISTER (AR12)
Read at I/0O Address 3C1h

Write at I/O Address 3C0/1h

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. 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 PA
1 0 P3 P1
1 1 P7 P6

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

Read at 1/0O Address 3C1h

Write At 1/0O Address 3C0/1h

Index 13h

Group 1 Protection

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

Horizontal
- Pixel Panning

- Reserved

3-0 Horizontal Pixel Panning. These bits select
the number of pixels to shift the display
horizontally to the left. Pixel panning is
available in both text and graphics modes.
In 9 pixels/character text mode, the output
can be shifted a maximum of 9 pixels. In 8
pixels/character text mode and all graphics
modes a maximum shift of 8 pixels is
possible. In 256-color mode (output
assembler AR10 bit 6 = 1), bit O of this
register must be O which results in only 4
panning positions per display byte. In Shift
Load 2 and Shift Load 4 modes, register
CRO08 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 1/0O Address 3C1h

Write At I/O Address 3C0/1h

Index 14h

Group 1 Protection

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

Video bit-4 if AR10D7=1
Video bit-5 if AR10D7=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

256 color mode.

3-2 Thesebitsare output asvideo bits7and 6in

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/0O Address 3C6h

Group 6 Protection

[D7|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 paette. Zero hits in this register therefore
cause the corresponding address input to the external
color palette to be zero. For example, if thisregister
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 locationsin the color palette.

This register is physically located in the externa
color palette chip (used for displaying analog data to
the CRT). Reads from this 1/O location cause the
PALRD/ pin to be asserted. Writes to this I/O
location cause the PALWRY/ 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/O Address 3C7h

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

Palette State 0
Palette State 1

- Reserved

1-0 Statusbhitsindicatethel/O address of thelast
CPU write to the externa 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 alow saving and restoring the state of the video
subsystem, thisregister is required since the external
color palette chip automatically increments its index
register differently depending on whether the index
iswritten at 3C7h or 3C8h.

Thisregister isphysically located in the 82C453 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/0O Address 3C7h

Group 6 Protection

EXTERNAL COLOR PALETTE
INDEX REGISTER (DACX)
Read/Write at 1/0 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 1/0O Address 3C9h

Index 00Oh-FFh

Group 6 Protection

[b7[oe[os[oapsoz[piloo] A;ﬁ? »
Red0 Green0 BlueO
Redl Greenl Bluel
Red2 Green2 Blue2
Red3 Green3 Blue3
Red4 Green4 Blue4d
Red5 Green5 Blue5
(Red 6) (Green6) (Blue6)
(Red7) (Green7) (Blue7)

The color palette index and data registers are
physically located in the external color palette chip.
Theindex register is used to point to one of 256 data
registers. Each dataregister iseither 18 or 24 bitsin
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
automatically 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 automaticallyincremented. When the index value
is written to 3C8h (write mode), the automatic
incrementing of the index register does not occur.

After thethird of the three sequential datareadsfrom
(or writesto) 3C9h is completed, the save and index
registers are both automatically incremented by the
palette chip. This alows 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 sequenceis not saved; the user
must access each three bytes in an un-interruptable
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 paette chip internal save register aways
contains a value one less than the readable index
value if the last index write was to the 'read mode'
port. The 82C453 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). Writesto 3C7h or 3C8h cause the PALWR/
pin to be asserted.

The functionality of the index and data ports is
determined by the external palette chip.
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82C453 Extension Registers

Register Register 1/0 State After
Mnemonic Group Register Name Index Access Address Reset Page
XRX - Extension Index - RW 3B6h/3D6h - XXX XXXX 72
XR00 Misc Chip Version 00h R 3B7h/3D7h 0011rrrr 72
XRO1 Misc DIP Switch 01h R 3B7h/3D7h -----ddd 72
XR02 Misc CPU Interface 02h RW 3B7h/3D7h 00000000 73
XR03 Misc Interface Register | 03h RW 3B7h/3D7h 00--00-0 74
XR05 Misc Sequencer Control 05h RW 3B7h/3D7h 0000---0 75
XR20 Misc Interface Register 11 20h RW 3B7h/3D7h ----0-0- 83
XR23 Misc Write Bit Mask Control 23h RW 3B7h/3D7h ----0xx0 84
XR24 Misc Write Bit Mask Pattern 24h RW 3B7h/3D7h XXXXXXXX 84
XR25 Misc Define Pins 25h RW 3B7h/3D7h -----0x0 85
XR26 Misc Configuration 26h RW 3B7h/3D7h -----000 85
XR7F Misc Diagnostic 7Fh RW 3B7h/3D7h ------ 00 88
XR0B Mapping CPU Paging 0Bh RW 3B7h/3D7h -----000 76
XR0OC Mapping Start Address Top 0Ch RW 3B7h/3D7h - --- -- 00 76
XR10 Mapping Single/Low Map 10h RW 3B7h/3D7h XXXX XXXX 77
XR11 Mapping High Map 11h RW 3B7h/3D7h XXXXXXXX 77
XR14 Compatibility ~ Emulation Mode 14h RW 3B7h/3D7h 0000hh00 78
XR15 Compatibility ~ Write Protect 15h RW 3B7h/3D7h -0000000 79
XR16 Compatibility ~ Trap Enable 16h RwW 3B7h/3D7h --000000 80
XR17 Compatibility ~ Trap Status 17h RW 3B7h/3D7h --000000 80
XR7E Compatibility = CGA Color Select 7Eh RW 3B7h/3D7h - - XX XXXX 87
XROD Alternate Auxiliary Offset 0Dh RW 3B7h/3D7h ------ 00 76
XR18 Alternate Alternate H Display End 18h RW 3B7h/3D7h XXXXXXXX 81
XR19 Alternate Alternate H Sync Start 19h RW 3B7h/3D7h XXXXXXXX 81
XR1A Alternate Alternate H Sync End 1Ah RW 3B7h/3D7h XXXXXXXX 81
XR1B Alternate Alternate H Total 1Bh RW 3B7h/3D7h XXXXXXXX 81
XR1C Alternate Alternate H Blank Start 1Ch RW 3B7h/3D7h XXXXXXXX 82
XR1D Alternate Alternate H Blank End 1Dh RW 3B7h/3D7h OXXXXXXX 82
XR1E Alternate Alternate Offset 1Eh RwW 3B7h/3D7h XXXX XXXX 82
XR28 General Video Interface 28h RW 3B7h/3D7h --000-10 86
XR29 General Half Line Compare 29h RW 3B7h/3D7h XXXXXXXX 86
XR41 General EGA Switch 41h RW 3B7h/3D7h 0---0000 87
XR44 General Video Flags 44h RW 3B7h/3D7h 00000000 87
XR45 General Scratch Register 1 / ForeGround Color  45h RW 3B7h/3D7h 00000000 87
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

h = Read-only Hercules Configuration Register Readback bits

r= Chip revision # (starting from 0000)
0/1 = Reset to 0/1 by falling edge of RESET
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EXTENSION INDEX REGISTER (XRX)
Read/Write at 1/0O Address 3B6h/3D6h
Index Xh

o7 [D6 |05 [D4 |03 D2 |1 D0 |

Index to
- Extension Registers

- Reserved
6-0 Index value used to access the extension
registers
7 Reserved (0)

CHIP VERSION REGISTER (XRO00)
Read only at 1/0 Address 3B7h/3D7h
Index 00h

o7 [D6 |5 [D4 |3 D2 |D1 [0 |

- Chip Revision

- Chip Type

7-0 This register contains the version number
for the 82C453. Values start at 30h and are
incremented for every silicon step.

DIP SWITCH REGISTER (XR01)
Read only at 1/0 Address 3B7h/3D7h
Index 01h

|07 |6 |05 [D4 | D8 |2 |01 [0 |

——  DIP Switches Status
(read only)

- Reserved

2-0 These bits give the state of the DIP switches
which are multiplexed on pins A16-SW2,

BHE/-SW1 and AEN-SWO.
7-3 Reserved (0)

This register is not related to the EGA Dip
Switches.
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CPU INTERFACE REGISTER (XR02)
Read/Write at 1/0O Address 3B7h/3D7h
Index 02h

[D7 |6 D5 [D4 [D3 D2 [D1 [0 |

Diagnostic Bit
Color Expansion
Alternate Sequencer
l Attribute Controller

Mapping

1/0 Address Decoding

Pixel Panning

Attribute FF Status (R/O)

Diagnostic Bit. This bit is defined for test
purposes only. This bit should be set to '0'
for normal operation.

Packed Pixel Color Expansion

0 Select CPU rotated byte into Graphics
Controller(default on Reset)

1 Select Scratch / Foreground Color
Register (XR45) into Graphics
Controller for Packed Pixel Color
Expansion in packed pixel mode.

Alternate Sequencer Timing

0 Use normal RAS/CAS timing (7
clock cycles to one memory cycle).

1 Use aternate RAS/CAS timing (6
clock cycles to one memory cycle).
Alternate timing should be used only
when the sequencer clock is 25 MHz
or below. Thisbit should be set when
running 1024x768 interlaced mode for
higher performance.

4-3  Attribute Controller Mapping

00 Write Index at 3COh and Data at
3CO0h (8-bit access only). (Default
on Reset; VGA type mapping).

01 Write Index at 3COh and Data at
3C1lh (8 or 16-bit access), the
attribute flip-flop is always reset in
this mode (16-bit mapping)

10 Write Index and Data at 3C0Oh/3C1h
(8-bit access only EGA type
mapping).

11 Reserved (0)

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 1/0O address
(Default on Reset)
1 Decode only the lower 10 bits

Pixel Panning

0 Use hits 1-0 of the Horizontal Pixel
Panning Register (AR13) to control
the Pixel Panning logic in the 8-bit
video path.

1 Use bits 2-1 bits of the Horizontal
Pixel Panning Register (AR13) to
control the Pixel Panning logic in the
8-bit video path.

Attribute Flip-flop Status (read only)

0 Index
1 Daa
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WHra i
INTERF_ACE REGISTER | (XRO03) 7 3BFh Register Control
Read/Write at 1/0O Address 3B7h/3D7h 0 Disable reads to register 3BFH,
Index 03h

default on reset

1 Enablereadsto register 3BFh

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

03C3h Register Control
Reserved

Diagnostic Bit

Quick Write

Reserved

Reserved

Quick Read

3BFh Register control

0 3C3H Register Control. Thisbitisvalidin
MC interface only.

0 Writeonly accessto 3C3H register on
chip. Default on reset.

1 Allow both Read/Write access to
3C3h register on the chip.

1 Reserved

Diagnostic Bit. This bit is defined for test
purposes only. This bit should be set to '0f
for normal operation.

3 Quick Write
0 Norma CPU write cycle timing,
default on reset.

1 Enable quick write feature on CPU
write cycles. 82C453 completes a
CPU Write Cycle quicker than a
normal cycle by releasing Ready
earlier. This feature should not be
enabled when the dot clock is below

20 MHz.
4  Reserved (0)
5 Reserved (0)
6  Quick Read
0 Normal CPU Read Cycle timing.
Default on Reset.

1 Enable quick read feature on CPU
write cycles. 82C453 completes a
CPU Read Cycle quicker than a
normal cycle by releasing ready
(RDY) earlier. This feature should
not be enabled when the dot clock is
below 20 MHz.
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SEQUENCER CONTROL REGISTER (XR05)
Read/Write at 1/0O Address 3B7h/3D7h
Index 05h

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

Auxiliary Clock Select

Reserved

Auxiliary Divide

CLKO Division

CLK1 Division

0

31

Sequencer CLK Division

Auxiliary Clock Select

0O Select one of CLKO, CLK1/S0,
CLK?2/S1 as defined by the Misc.
output register to be the display clock.
Default on reset.

1 Redefine CLKO as a common clock
input and make CLK1/SO and
CLK2/S1 outputs to control an
external clock select MUX. When
this bit (0) isset to '1' CLK1/S0O and
CLK2/S1 pins are driven by the Misc.
Output Register bits 2 and 3.

Reserved

Auxiliary Divide. Divides the Display
Clock selected by the Miscellaneous Output
Register and bit O of this register by 2 or 3
before being used internally. The additional
divide by two in the sequencer is still
effective (SR1 hit 3).

0 Divideby 2
1 Divideby 3

CLKO Division. This bit controls the
division operation on CLKO as specified bit
4 of this register.

0 Nodivisionon CLKO
1 Divide CLKO as specified by bit 4 of
this register

CLK1 division. This bit controls the
division operation on CLK1 as specified by
bit 4 of thisregister.

0 Nodivisionon CLK1

1 Divide CLK1 as specified by bit 4 of
thisregister. When CLKO is selected
as common input, CLK1/S0 becomes

Revision 1.0

75

an output. During this condition, bit 6
has no effect and when bit 5is'1" dl
incoming clocks will be divided by 2
or 3 depending on the value of bit 4 of
thisregister.

Sequencer Clock Division

0 Sequencer Clock same as video
Clock, default on reset.

1 Sequencer Clock is video clock
divided by two. This bit should be set
for all video modes that use clock
higher than 32 MHz for 120nS
VRAM and higher than 36 MHz for
100 nS VRAM.

Note: Sequencer clock is used to derive the internal

timing of the chip and memory timing.
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CPU PAGING REGISTER (XROB)

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

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

Memory Mapping Mode
Single/Dua Map
CPU Address Divide by 4

Reserved

Memory Mapping Mode

0 Normal Mode (VGA Compatible).

1 Extended Mode, mapping for 512
KBytes or 1 MByte memory
configuration.

Single/Dua Map

0 CPU uses only Low Map Register to
tranglate the CPU addresses to access
the extended video memory space.

1 CPU uses both the Low Map and
High Map registers to translate the
CPU addresses to access the extended
video memory space.

CPU Address Divide by 4

0 Disable CPU address divide by 4,
normal mode.

1 Enable divide by 4 for CPU
Addresses. This alows the video
memory to be accessed sequentialy in
mode 13. Also all of the memory is
available in mode 13 by setting this
bit. Bit O of this register should be '1'
for this bit to be effective.

7-3 Reserved (0)

START ADDRESS TOP (XROC)
Read/Write at 1/0O Address 3B7h/3D7h
Index OCh

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

Start Address Upper
Two Bits

- Reserved

1-0

7-2

Start Address Upper two bits. Definesthe 1
or 2 high order bits for the Display Start
Address when 512 KB or 1 MB of memory
isused. (Also see XR20 bit 1)

Reserved (0)

AUXILIARY OFFSET REGISTER (XROD)
Read/Write at 1/0 Address 3B7h/3D7h
Index ODh

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

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

- Reserved

7-2

This bit provides finer granularity to the
Offset 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
Offset when the chain Odd/Even and chain
4 modes are used. This bit is used with the
alternate offset register (1/0 address 3D7h
pointer 1Eh).

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

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

- Single/Low Map

7-0

Note:

These eight bits define the Single or Lower
Map ( In dua map mode) base address bits
17-10 in planar modes and bits 19-12 in
packed pixel modes. The map starts on 1K
boundary for planar modes and 4K
boundary for packed pixel modes. In case
of Dua mapping this register controls the
CPU window into the display memory
based on the contents of GR6 as follows:

GR6 Low Map

OAO0000-0Affffh
OA0000-0A 7fffh
0B0000-0Bffffh
0B0000-0Bffffh

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

wWNEF—,O

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

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

- High Map

7-0 These eight bits define the Higher Map (In

Dual Map Mode) base address bits 17-10 in
planar modes and bits 19-12 in packed pixel
modes. The Map starts on 1K boundary for
planar modes and 4K boundary for packed
pixel modes. This register maps the CPU
window into display memory as follows:

GR6 High Map

0B0000-0Bffffh
0OA8000-0Affffh
Don't care
Don't care

wWNEFLO

Revision 1.0

7

82C453



Extension Registers

EMULATION MODE REGISTER (XR14)
Read/Write at 1/O Address 3B7h/3D7h
Index 14h

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

] Emulation Mode

Herc Config (read only)
Herc Config (read only)
DE Status Mode

V Retrace Status Mode
Vsync Status Mode
Interrupt Polarity

1-0 Emulation Mode

00 VGA /| EGA

01 CGA

10 MDA

11 MDA / Hercules

3-2 Hercules Configuration Register readback
(read only).

4  Display Enable Status Mode

0 Select Display Enable status to appear
at bit O of Input Status register 1 (1/0
Address 3xAh in CGA and VGA
modes).

1 Select HSYNC statusto appear at bit O
of Input Status register 1 (1/0 Address
3xAh in MDA and Hercules modes).

5 Vertica Retrace Status Mode

0 Select Vertical Retrace statusto appear
a bit 3 of Input Status register 1(1/0
Address 3xAh in CGA and VGA
modes).

1 Select Video to appear at bit 3 of Input
Status register 1(1/0 Address 3xAhin
MDA and Hercules modes).

6 VSYNC Status Mode

0 VSYNC status not enabled on bit-7 of
input status register | (port 3xA)
(CGA and VGA modes)

1 VSYNC status enabled on hit-7 of
input status register 1 (port 3xA)
(MDA and Hercules modes)

6 VSYNC Status Mode

0 Enable Vsync status to appear at bit 7
of Input Status register 1 (1/0O Address
3xAhin MDA and Hercules modes)

1 Prevent Vsync status from appearing
at bit 7 of Input Status register 1 (1/0
Address 3xAh in CGA and VGA
modes).

7 Interrupt Output Function

This bit controls the function of the IRQ/
output in both MC-bus and PC-bus.

XR14 XR14 XR14
bit-7=0 bit-7=0 hit-7=1
Interrupt State PCBus MCBus PCBus

Disabled 3-state  3-state  3-state
Enabled, Inactive  3-state  3-state Low
Enabled, Active 3-state Low High

Note: Bit 7 should be set to '1' to enable the CRT

interrupt function in the PC bus.
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WRITE PROTECT REGISTER (XR15)
Read/Write at 1/O Address 3B7h/3D7h
Index 15h

[D7|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 O 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 (GRO0O-GRO08)
Attribute Controller (AROO-AR14)

1  WriteProtect Group 2 Registers:

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

2  Write Protect Group 3 Registers:

CRT Controller CRO7 hit-4

CRT Controller CR0O8

CRT Controller CR11 bits4 and 5
CRT Controller CR13 and CR14
CRT Controller CR17 hits0,1 & 3-7
CRT Controller CR18

(Split screen, smooth scroll, & CRTC Mode)
3 Write Protect Group 4 Registers:

CRT Controller CR09 bits 5-7

CRT Controller CR10

CRT Controller CR11 bits0-3& 6
CRT Controller CR12, CR15, CR16
CRT Controller CR17 hit-2

4  Write Protect Group 5 Registers:

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

Write Protect Group 6. (I/O Addresses
3C6-3C9h). The PALRD/ and PALWR/
output signals are disabled and the 82C453
DAC state register iswrite protected.

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

Reserved (0)
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TRAP ENABLE REGISTER (XR16) TRAP STATUSREGISTER (XR17)
Read/Write at 1/O Address 3B7h/3D7h Read/Clear at I/0 Address 3B7h/3D7h
Index 16h Index 17h

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

Trap on accessto: Trap occurred at:
3B4/3B5h 3B4/3B5h
3B8/3BFh 3B8/3BFh
3Cxh —————— 3Cxh
3D4/3D5h 3D4/3D5h
3D8/3D%h 3D8/3D%h
CR00-0B and CR10-18 CR00-0B or CR10-18
]» Reserved 1 Reserved
Trap Enable bits: Trap Status hits:
0 Generate Trap on Access to I/0O Addresses O Trap occurred on access to 1/0O Address
3B4h or 3B5h. 3B4h or 3B5h.
1 Generate Trap on Access to 1/0 Addresses 1 Trap occurred on access to I/O Address
3B8h or 3BFh. 3B8h or 3BFh.
2  Generate Trap on Access to 1/0O Addresses 2 Trap occurred on access to 1/0O Address
3Cxh. 3Cxh.
3  Generate Trap on Access to I/0O Addresses 3  Trap occurred on access to 1/0O Address
3D4h or 3D5h. 3D4h or 3D5h.
4  Generate Trap on Access to I/O Addresses 4  Trap occurred on access to 1/0O Address
3D8h or 3D%h. 3D8h or 3D9h.
5  Generate Trap on Access to registers CROB 5  Trap occurred on access to CRT Controller
and CR10 through CR18. registers CROO through CROB and CR10
7-6  Reserved (0) through CR18.
7-6 Reserved (0)
For al bits. For al bits:
0 Disabletrap 0 No access occurred
1 Enabletrap 1 Accessoccurred

Thisregister is cleared (0) on reset.

Note: Trap isno longer an output pin. However, Trap Status can be read in register XR17.
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ALTERNATE HORIZONTAL
DISPLAY END (XR18)

Read/Write at 1/O Address 3B7h/3D7h
Index 18h

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

- Alternate H Display End

This register is used in low resolution CGA modes
and Hercules graphics mode.

7-0 Alternate Horizontal Display End. See
CROL1 for description.

ALTERNATE HORIZONTAL
SYNC START (XR19)

Read/Write at 1/O Address 3B7h/3D7h
Index 19h

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

- Alternate Hsync Start

This register is used in low resolution CGA modes
and Hercules graphics mode.

7-0 Alternate Horizontal Sync Start. See CR04
for description.

ALTERNATE HORIZONTAL
SYNC END (XR1A)

Read/Write at I/O Address 3B7h/3D7h
Index 1Ah

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

~ Alternate H Sync End

- Alternate H Sync Delay

- End H Blank bit 6

This register is used in low resolution CGA modes
and Hercules graphics mode.

4-0 Alternate Horizontal Sync End. See CRO05
for description.

6-5 Alternate Horizontal Sync Delay. See CR05
for description.

7  End Horizontal Blank bit 6. Sixth bit of the
Alternate Horizontal Blanking Register.

ALTERNATE HORIZONTAL TOTAL
(XR1B)

Read/Write at I/O Address 3B7h/3D7h
Index 1Bh

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

- Alternate H Tota

This register is used in low resolution CGA modes
and Hercules graphics mode.

7-0 Alternate Horizontal Total. See CRO0O for
description.
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ALTERNATE HORIZONTAL BLANK START ALTERNATE OFFSET (XR1E)
(XR1C) Read/Write at I/0 Address 3B7h/3D7h
Read/Write at 1/O Address 3B7h/3D7h Index 1Eh
Index 1Ch
[D7|D6|D5[D4|D3|D2[D1|DO| [D7|D6|D5[D4|D3|D2[D1|DO|
Alternate
- H Blank Start —— | Display Buffer
Width
This register is used in low resolution CGA modes This register is used in low resolution CGA modes
and Hercules graphics mode. and Hercules graphics mode.
7-0 Alternate Horizontal Blank Start. See CR02 7-0 Alternate Offset. See CR13 for de&:rlptl on.

for description.

ALTERNATE HORIZONTAL
BLANK END (XR1D)

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

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

- H Blank End

- DE Skew Control
Herc Graphics bit

This register is used in low resolution CGA modes
and Hercules graphics mode.

4-0 Alternate Horizonta Blank End. See CRO3
for description.

6-5 Display Enable Skew Control. See CRO3
for description.

7  Hercules Graphics

0 For IBM VGA compatible operation

1 Enhances split screen functionality.
Also this bit should be '1' for
Hercules Graphics mode (720x348
line mode).
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INTERFACE REGISTER Il (XR20)
Read/Write at 1/O Address 3B7h/3D7h

Index 20h

[D7|D6|D5|D4|D3|D2|D1|DO|
Reserved
CRT Wrap Around
Reserved
Extended Sequencer
Reserved

Reserved (0)
1 CRT Wrap Around

0 82C453 will wrap around CRT
addresses at 64K boundary for VGA
compatibilty regardless of the memory
on the board.

1 82C453 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.

2 Reserved (0)

3  Extended Sequencer. This bit controls the
Sequencer timing for extended modes.

O Thishit is set to '0' for norma VGA
modes. Default on Reset.

1 This bit should be set for extended
modes.

7-4 Reserved (0)
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WRITE BIT MASK CONTROL REGISTER (XR23)

Extension Registers

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

Index 23h

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

- Write Bit Mask Enable

T Write Bit Mask Source
— Read-Modify Write Cycle

- Reserved

Write Bit Mask (WBM) Enable
0 Disable Write Bit Mask function

(default on reset)

1 Enable Write Bit Mask function

Write Bit Mask Source; These two bits
salect the source of the Write Bit Mask
pattern when the Write Bit Mask feature is
enabled.

R, O OolN

Sour ce

Write Bit Mask Pattern Register
(XR24)

Graphics Controller Bit Mask
Register (GR08)

Rotated CPU Byte

Reserved

RO F Ol

Read-Modify Write Cycle
0 No Read-Modify-Write Cycles

1

(default on reset)

Enable CPU Read-Modify-Write
cycles. When this bit is set, all CPU
byte-write cyclesto VGA memory are
converted into Read-Modify-Write
cycles. The CPU write operation
address is used for executing a read
cycle. Executing a CPU Read Cycle
with this bit set isan illegal operation.
The Write Bit Mask function is
allowed (bit O of this register may be
set) with read-modify write cycles.

7-4 Reserved (0)

WRITE BIT MASK PATTERN REGISTER (XR24)
Read/Write at I/O Address 3B7h/3D7h
Index 24h

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

- Write Bit Mask Pattern

7-0  When thisregister is selected as a source for
the Write Bit Mask pattern, the 8 bits of this
register are used as a VRAM data write bit
mask. These eight bits are duplicated four
times and applied to all four memory maps
as awrite bit mask.
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DEFINE PINSREGISTER (XR25)
Read/Write at 1/O Address 3B7h/3D7h

Index 25h

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

General Purpose
— | Output Select

- Palette Interface

- Reserved

0-1 These bits control the signal ouput on
'GPOUT" (pin 52) when in the ISA Bus.
Pin 52 functions as 'CSFB/' in MC Bus
configurations independent of the setting of
these register bits.

10
00

01
1

Ol
Xlo X

1x

Signal Output (RESET Inactive)
Inverted bit O of the Feature Control
register (FCR)

Signal indicating that a VRAM data
transfer cycleisin progress

Reserved (undefined)

Signal Output (RESET Active)
Diagnostic Function: Scan test signal
Diagnostic Function: Delayed IOCLK

Note: Bit 1isnot atered by RESET and is
undefined on power up. Bit O is cleared by
RESET.

2  PaetteInterface

0
1

Decode only address 3C6-3CSh
(Selected on Reset)

Activate Palette at 3C6-3C9h and
83C6-83C9h

3-7 Reserved (0)

CONFIGURATION REGISTER (XR26)
Read/Write at I/O Address 3B7h/3D7h

Index 26h

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

— BusType

- Memory Configuration

- Reserved

At the end of the reset cycle, the 82C453 latches the
state of pins A16-SW2, BHE/-SW1, and AEN-SWO0
on bits 2-0 respectively. The 82C453 uses these bits
to configureitself for various memory configurations
and to select either ISA bus or MC bus interfaces.
The bits are defined as follows:

0 BusType

0 MC businterface
1 ISA businterface

2-1 Memory Configuration

Bit2 Bitl Configuration
0 0 Reserved
0 1 Four 256K x 4 VRAMS
1 0 Eight 256K x 4 VRAMSs
1 1 Eight 64K x 4 VRAMSs

3-7 Reserved (0)
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VIDEO INTERFACE REGISTER (XR28)
Read/Write at 1/O Address 3B7h/3D7h
Index 28h

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

Blank/DE Pin Polarity
Blank/DE Output Select
Reserved

PCLK Control

8 Bit Video Path
Interlace Video

]» Reserved

BLANK / Display Enable Pin Polarity

0 Negative
1 Positive

BLANK / Display Enable Output Select

0 BLANK/ pinoutputs BLANK/
1 BLANK/ pin outputsthe DE signa
(the polarity bit is till effective)

Reserved
PCLK Control

0 PCLK output is 451/452 compatible,
default on reset.

1 PCLK is inverted before the output
stage. This inversion of PCLK
improves the setup/hold time of pixel
data with respect to PCLK from the
82C453 as seen by the external color
palette at high clock speeds (65MHz).

8 Bit Video Path

0 Sdect 4-hit VGA video path
(default on reset)
1 Select 8-bit VGA video path

Interlace Video

0 Non-interlaced video (default on reset)

1 Interlaced video. This bit is set for
800x600 and 1024x768 interlaced
modes.

Reserved (0)

HALF LINE COMPARE REGISTER (XR29)
Read/Write at I/O Address 3B7h/3D7h
Index 29h

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

- Half Line Compare Reg.

7-0 These 8 hits are use to generate the 'haf line
compare' signal that controls the positioning
of the Vertical Sync for odd frameswhen the
interlaced video output option isenabled, see
the Video Interface Register.
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EGA SWITCH REGISTER (XR41)
Read/Write at 1/O Address 3B7h/3D7h
Index 41h

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

- Virtual EGA Switches

- Reserved

3-0

6-4

SENSE Bit Select

EGA Switches. These four bits are set/reset
by software to reflect the status of the 'EGA
switches. When bit-7 of this register is set,
one of these four 'virtual switch' bits are
selected by bits 2-3 of the Miscellaneous
Ouput Register port 3C3h (00 selects bit-3,
01 selects bit-2, etc). The selected bit may
be read as SENSE bit 4 of Input Status
Register 0 (STOO0) at port 3C2h.

Reserved (0)

Sense Select. This bit selects between the
82C453 Sense input (from the VGA Analog
comparator) or the Virtual EGA Switches
(bits 0-3 of thisregister) for input to bit 4 of
Input Status Register 0 (STOO) at port 3C2h.

0 Select the SENSE pin as bit 4 of STO0
1 Select one of bits 0-3 of this register
asbit 4 of STOO

VIDEO FLAGS REGISTER (XR44)
Read/Write at 1/O Address 3B7h/3D7h
Index 44h

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

— Scratch Register 0

7-0

These eight bits are for software to store data
that is not affected by RESET. Thisregister
isreserved for BIOS and driver use.

SCRATCH REGISTER 1/ FOREGROUND
COLOR REGISTER (XR45)

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

Index 45h

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

- Scratch Register 1

7-0 Theseeight bitsarefor softwareto store data
that is not affected by reset. Thisregister is
also used to hold the fore ground color for
text when using the 82C453's Packed Pixel
Color Expansion feature.

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

]» Reserved (0)

This register is a copy of the CGA color select
register 3D9h. Writesto thisregister will change the
copy at 3D9h. It is effective in CGA emulation
mode. The copy at 3D%h is visible only in CGA
em.utljlation mode. The copy a XR7E is aways
visible.
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DIAGNOSTIC REGISTER (XR7F)
Read/Write at 1/O Address 3B7h/3D7h

Index 7Fh

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

— T 3-State Control

- Reserved

0 3-State Control bit-0

0
1

Normal outputs (default)
3-State the following pins:

HSYNC, VSYNC, BLANK/, PCLK,
P7:0, GPOUT, PALRD/, PALWR/

1 3-Statecontrol bit-1

0
1

Normal outputs (default)
3-State the following pins:

SCLK, SOEBO/, DISA16, AA8:.O0,
BA80, RAS, CAS/, WE30,
DTOEQY, DTOE23/

2-7 Reserved (0)
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82C453 Functional Description

The 82C453 isthe high performance VGA controller
of the CHIPS 450 product family. This product is
fully compatible with IBM's VGA standard at the
gate, register and BIOS level. It dso offers
enhanced backward compatibility to EGA, CGA,
Hercules and MDA standards without using NMI.
The 82C453 has adual bus interface to support both
the PC (also called EISA/ISA or 'Industry Standard
Architecture’) Bus and the Micro Channel (MC) bus.
All the control signalsfor both types of interfacesare
integrated on the chip. The 82C453 automatically
configuresitself for either ISA or MC businterfaces
based on the status of configuration input bit, on pin
AEN (SWO0). This configuration bit is sampled at
the end of the bus RESET signal and can be read in
the extended Hardware Configuration Register.

The 82C453 architecture is optimized to use dua
port Video RAMs (VRAM) only. The 82C453 uses
the VRAM serial port for CRT refresh and the
VRAM random read/write port for CPU read/write
cycles. Due to this dua port architecture, the
82C453 can support resolutions up to 1024x768 256
colors with very high performance. In graphics
modes the 82C453's highly optimized architecture
uses less than 10% of VRAM bandwidth for CRT
updates while allocating more than 90% of VGA
memory bandwidth to the CPU. In fact, at
1024x768, 256 color resolution, the 82C453 can
sustain a write data transfer bandwidth to VGA
memory from system memory that is higher than that
of an 8 MHz AT bus, allowing for very fast screen
generation.

The 82C453 architecture offers non-interleaved
access of plane-0 and plane-1 data in VGA text
modes. The 82C453 has additional features like
support for Read-Modify-Write cyclesand it utilizes
the VRAM's write bit mask capabilities to improve
the performance of graphics applications. Features
like Dual Paging makeit easier to virtualizethe VGA
for improved multi-tasking under DOS, OS2 and
UNIX environments. The 82C453 aso supports
16-bit memory and /O accesses.

BUSINTERFACE

The 82C453 supports both PC (EISA/ISA) and
Micro Channel (MC) bus interfaces. The 82C453
samples configuration bits on pins A16-SW2, BHE/-
SW1, and AEN-SWO at the end of a bus RESET
cycle. The status of these pins are used by the

82C453 to configureitself for an appropriate bus and
VRAM interface. These three configuration bits,
with pull-upsinternal to the 82C453, are readable in
the 82C453 extensions Hardware Configuration
Register. They are defined as follows:

Al6 BHE/
(SW2) (SW1) Definition
0 0 (Reserved)
0 1  Four 256Kx4 VRAMs (512KB)
1 0 Eight 256Kx4 VRAMSs (1024K B)
1 1 Eight 64Kx4 VRAMs (256KB)
AEN
(SWO0) Definition
1 EISA/ISA Bus Interface
0 MC Bus Interface

16-Bit CPU BUS Interface

The 82C453 supports 16-bit accesses to both
memory and 1/O ports depending on the state of
BHE/ and AO. For 16-bit interface, the 82C453 will
always assert DS16/ (MEMCS16/ or 10CS16/ for
the EISA/ISA Bus) after a valid memory or 1/0
addressisrecognized. Depending on the state of AO
and BHE/, either an 8-bit or 16-bit cyclewill actually
be executed. This ensures that even for software-
directed 8-bit accesses, faster non-converted cycles
will be executed by the system logic. 1f both AO and
BHE/ are high then a byte transfer will be executed
from the lower data bus to the odd byte (default 8 bit
transfer mode). Depending on AO and BHE/, the
data transfer cycle will be executed asfollows:

BHE/ AO D8-D15 D7-DO

0 0 Byte-1 Byte-0

0 1 Byte-1 3-State

1 0 3-State Byte-0

1 1 Invalid Invalid
Caution:

It is important to note that the EISA/ISA bus
supports 16-bit devices on 128 KByte boundaries
only. This is because the 36-pin EISA/ISA
connector outputs unlatched address bits Al7
through A23 only. The absence of A16 forces the
decode to take place on 128 KByte boundaries. 16-
bit access of VGA memory requires that MDA,
Hercules and CGA cards not be installed in the
EISA/ISA bus.
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EISA/I SA BusInterface

The configuration bit AEN (SWO0) should be '1' for
the EISA/ISA Bus interface. The 82C453 supports
both 8-bit and 16-bit interfaces. The 82C453 uses
multiplexed address and data busesto interface to the
EISA/ISA bus.

Both 8-bit and 16-bit EISA/ISA Bus
implementations of the 82C453 require a BIOS
ROM. The 82C453 supports a 32 KByte ROM
BIOS. An external PAL is required to generate a
ROMCY signal for addresses COO00H-C7FFFH.

8-Bit EISA/ISA BusInterface

To use an 8-bit EISA/ISA Businterface, an externa
8-bit multiplexer is required.  This can be
implemented using one buffer (L S244 or equivalent)
for the lower 8 bits of the address bus (AO-A7) and
one transceiver (LS245 or equivalent) for the data
bus. Upper address bits A8 to A15 can be connected
to the 82C453 via another buffer. The 82C453
providesdirection and control signalsfor the external
multiplexer. The ADREN/ signal from the 82C453
enables the address buffer onto the multiplexed

82C453 bus. The ADREN/ signdl is inverted and

BIOS ROM
A8- 14—
L2 e D07
E AO-714—
P S
D07y sous<et»| Ap07
E DR« RDLO/
AO-7 =P "E5244——
T o
A8-15 "ESZM &-»{ AD8-15
PAL16L8B
RFSH/ —» ROMCS/
- ADREN/
SA15-19 —p]
SMEMR/ —
+5V +5V
VGADEC 82C453
F257
AEN —>1A $s
swo—»{1B = >
BHE/ ——»{ 24 1Y » AEN (SWO)
swi—>2B 2Y » BHE/ (SW1)
Al6—{3A 3Y » A16 (SW2)
sw2—>»{3B 4y » VGADEC (SENSE)
> 4A
SENSE —»4B
G S
RESET A 4 ADREN/
SMEMR/ —» MEMR/
SMEMW/ —» MEMW/
IORD/ —» I0RD/
IOWR/ —»{ IOWR/
RESET —»| RESET
RDY <— RDY

Note: Seethe Application Schematic Section for PAL EQUATIONS.

( Block Diagram - 8-Bit EISA/ISA Bus Interface h
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used to enable the data transceiver during data
transfer cycles. The 82C453 also provides the
RDLO/ control signal to control the direction of the
data transceiver during read and write operations.

The 82C453 has 17 address inputs (16 multiplexed
with the data bus plus A16). The upper three
address bits, A17 to A19, should be decoded
externally and qualified with Refresh. The decoded
address output should be connected to the VGADEC
pin of the 82C453. The decode should occur when
A19A18 A17 ="101"

When the BIOS ROM is being accessed, the 82C453
always keeps the external multiplexer in the address
state. The ROM address pins can therefore be
connected to the 82C453 multiplexed address/data
bus. An additional buffer is needed to buffer the
ROM data onto the EISA/ISA bus. The enable for
this buffer (ROMCSY/) is generated by the same
externa PAL that generates VGADEC.

16 Bit EISA/I SA BusInterface

The 16-bit interface supports 16-bit accesses to
display memory and index/datapairs of I/O registers.
16-bit accesses to display memory assume that the
82C453 controls the entire AOOOO - BFFFFh address
space. This requires that the 82C453 be the only
active video card in the system (i.e., no co-resident
Hercules or CGA cards may be present which also
have )display buffers in the AOOOO-BFFFF address
range).

The external 16-bit multiplexer can be implemented
using two address buffers (L S244 or equivalent) and
two data transceivers (LS245 or equivalent). The
control and direction signals are provided by the
82C453. ADREN/ provides the enable for the
multiplexer. RDL O/ controlsthedirection of thedata
transceiver sitting on the low data bus (DO-D7),
while RDHI/ controls the upper data transceiver.

The 82C453 has 17 address inputs (16 multiplexed
with the data bus plus A16). For EISA/ISA bus
interfacing, upper address bits LA20:23 and
SA17:SA19 should be decoded externally and
gualified with Refresh. The decoded address output
should be connected to the 82C453 VGADEC pin.
The address decoding is done for address range
A0000-BFFFFh.

For 16-bit memory interface in the EISA/ISA bus,
MEMCSL16/ is generated externally by decoding
unlatched addresses LA17:23. The DISA16 signal
from the 82C453 should be used to qualify
MEMCS16/. DISA16 isactive high during 4VRAM
text mode and when fonts are loaded in 8VRAM text

mode. MEMCSI16/ should be suppressed when
DISA16 is high. The 82C453 generates |I0CS16/
from latched addresses 'SA15:0'. 10CS16/ is
generated only for index/data pairs of registers. This
includes the Sequencer (3C4h), the Graphics
Controller (3CEh), CRT Controller (3D4h/3B4h)
Attribute Controller (3COh) and Extension Register
(3D6h/3D7h). All other VGA /O ports (Color
palette, Misc. Output Register and Status Registers)
are always treated as 8-bit ports; 10CS16/ is not
asserted during CPU access of these registers. The
IOCS16/ pin can directly drive the EISA/ISA bus.
When the BIOS ROM is being accessed, the 82C453
always keeps the external multiplexer in the address
state. The ROM address pins can therefore be
connected to the 82C453 multiplexed address/data
bus. ROMCY is generated by external logic. A 16-
bit BIOS interface is also supported. Note that
extreme care should be taken to decode A15:23. In
the EISA/ISA bus A15 and A16 are not availablein
unlatched form. Care should be taken to guarantee
MEMCS16/ timing meets system specifications.
Two additional buffersare needed to buffer the ROM
data onto the EISA/ISA Bus.

Micro Channel (MC) Bus Interface

The configuration bit SETUP/ (SWO0) should be '0’
for MC Businterface. The 82C453 supports both 8-
bit and 16-bit interfaces. The 82C453 uses
multibpl exed address and data busesto interface to the
MC bus.

The external 16-bit multiplexer can be implemented
using two address buffers (LS244s) and two data
transceivers (LS245s). The control and direction
signals are provided by the 82C453. ADREN/
provides the enable for the multiplexer. RDLO/
controls the direction of the data transceiver
connected to the low data bus (D0:7), while RDHI/
controls the upper data transceiver (D8:15).

82C453 has 17 address inputs (16 multiplexed with
the data bus plus A16). For the MC bus interface,
the upper address bits A17:23 should be decoded
externally and qualified with Refresh and MADE24.
The decoded address output should be connected to
the VGADEC pin on 82C453. The address
decoding is done for address range A0000-BFFFFh.

For a mother-board implementation of the 82C453
with the CHIPset 250/280, the 82C453 generates
DS16/, RDY, and CSFB/ (Card Select Feedback) by
decoding VGADEC, A16:0 and M/IO as a valid
memory or 1/O address. These pins directly
correspond to the DS16/, RDY, and CDSFDBK/
pins of the MC bus.
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BIOS ROM
o A8-14
DO-7 e <€ D0-7
% OE/ CY
AvAl 4
P! | 5245 <¢—9—1—»1 ADO-7
E DIR= RDLO/
ps.15 |E DR RDHI/
+——p| L5245« o AD8-15
— AV yTom
E
rats 1 82C453
—_—p L 244
E
Lﬂ
ROMCS/ ¢——— ADREN/
PAL16L8B
RFSH/ —|
MEMCS16/ <€— < DISA16
SA15-19 —P>
LA17-23 —p
SMEMR/ —»| ey ey
VGADEC —
F257
AEN—{1A = ss
SWo—»{1B -5
BHE/—»|2A 1Y > AEN (SWO0)
SW1—»{2B 2Y ® > BHE/ (SW1)
Al6—{3A 3Y ® > A16 (SW2)
SW2—»{3B 4Y » \VGADEC (SENSE)
> 4A
SENSE —»|4B
G S
RESET A A ADREN/
SMEMR/ —» MEMR/
SMEMW/ —» MEMW/
IORD/ — IORD/
IOWR/ —» |OWR/
RESET — RESET
RDY <— RDY
10CS16/ <4— |0CS16/

Note: Seethe Application Schematic Section for PAL EQUATIONS.

( Block Diagram - 16-Bit EISA/ISA Bus Interface (8-Bit BIOS) '
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SA0-15 | ADDRESS
DO0-D15 DATA |- »| ADO-15
44— MUX
S 82C453
A
ADREN/
L S244 32K x 8
HIGH ROM
D8-D15 0007  ALA14|<eARL1-ADI4
AO}— +5V
E
? OF/ Ccs/
L S244 32K x 8
LOW ROM
DO-D7 | D0D7  AGAL4 ADO-AD14 |
E
OFE/ cYy
LA17-23 ——p|
ROMCS/
SA15-19 —
MEMCS16/ €—— PAL
SMEMR/ ———»|
RFSH/ ———» <——— DISA16
Note: Seethe Application Schematic Section for PAL EQUATIONS.
( Block Diagram - 16-Bit EI SA/I SA Bus Interface (16-Bit BIOS) '
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The RESET, S0/, S1/, M/IO signas on the MC can
directly drive the corresponding pins on 82C453.
The CMD/ signal on the MC bus must be qualified
with Refresh/ and then connected to the CM D/ pinon
82C453. The CHIPS 250 and 280 chipsets provide
aqualified command signal caled VGACMD!/.

The 82C453 implements register 3C3h bit-0 (VGA
Enable) internal to the chip. Since this signal also
comes from the CHIPS 250/280 chip sets, when the
MC bus interface is selected, this register is made
write-only. Thiswill eliminate the data bus conflict
on reads of the 3C3h register. The 82C453 will not

DO-7 <P} L S245|<€—9¢—P ADO-7
E DIR RDLO/
E DIR RDHI/
D8-15 @——P>| L 5245« ADS8-15
AQ-7 ——p | 244
E
— 82C453
A8-15 ———ppf| S244
E
MADE24 —», T o
RFSH/ —»| PAL ADREN/
SA17-23 —P
VGADEC _I Vv
LS257 E =
SETUP —»{1A
SW0 —>»{1B - >
BHE/ —»|2A 1Y » SETUP/ (SWO0)
SW1—>»{2B 2Y l » BHE/  (SW1)
Al6 —>|3A 3Y ® P A16 (Sw2)
SW2 —»{3B 4Y » VGADEC (SENSE)
> 4A
SENSE —»{4B
G_S
RESET 1 ADREN/
MIO/ —» MIO/
VGAENAB —»{ DISA/
VGACMD/ —» CMD/
S0/ —¥{ SO/
s1 —»| s1/
RESET — RESET
IRQ/ «— IRQ/
DS16/ «— DS16/
RDY <+—{ RDY
CSFB/ «—} CSFB/

Note: Seethe Application Schematic Section for PAL EQUATIONS.

( Block Diagram - 16-Bit MC Interfaceh
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generate MC bus signals CSFB/ and RDY when the
CPU accesses this register. The 3C3h register can
be read if bit-O0 of the 82C453 extension
Miscellaneous Interface Register is set to '1'; under
this condition the 82C453 will generate MC bus
signals CSFB/ and RDY for CPU Read and Write
cyclesto 1/0O address 3C3h.

The 82C453 can also be put in 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. Again, the CHIPS
250/280 chip sets implement register 94h internally
and provide this bit on a pin called VGASETUF!.
Refer to the MC interface diagram for the circuit
implementation.

POSID Registers

The sandard IBM PS2 system  board
implementation of the VGA does not have POS ID
registers 100h and 101h. The 82C453 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 82C453 will
continue to generate MC businterface signals.

Setup and Enable/Disable M odes

IBM's VGA add-in card for the EISA/ISA Bus uses
a register at 1/0 address 46E8H for ROM paging,
VGA Setup, and VGA Enable functions. The
82C453 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
82C453 does not support ROM paging.

In Micro Channel implementationsthe 82C453 isput
into setup mode by asserting the SETUP/ pin low.
Usually thispiniscontrolled by bit-5 of 1/0 port 94h
and is implemented in the PS/2 system logic. If the
82C453 is on the Micro Channel bus (as opposed to
the system board), the bus provides a SETUP/ input
for each dot

The 82C453 should be enabled for normal operation.
Inthe MC interface, the 82C453 disappears from the
memory and 1/0O 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). It is important to note
that the 82C453 implements this register internally.
The Chips 250/280 family chip set also implements
thisregister. To avoid the bus conflict, the 82C453
can be programmed to respond to 3C3h writescycles
only and during 3C3h read operations, Chips
250/280 logic drives the data bus. In the PC Bus
interface, setting bit-3 of port 46E8h to zero (low)

disables the 82C453 and setting it to one (high)
enables the 82C453.

For normal operation the VGA should be
programmed as follows:

MC Interface

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

b) Put the 82C453 into Setup Mode by writing
'1' to bit-5 of 1/O register 94h. This causes
the SETUP/ pin to go low.

c) With the 82C453 in setup mode, write '1' to
bit-0 (Video Enable hit) of 1/0 register 102h.
I/0 register 102h is accessible when the
82C453 isin setup mode.

d) Take the 82C453 out of Setup Mode by
writing '0' to bit-5 of 1/O register 94h. This
causes the SETUP/ pin to go high.

EISA/I SA Bus Interface

a) Set bit-3 of port 46E8h to '1'. This enables
the VGA after the CPU setsto one (high) bit-
0 of 1/O register 102h.

b) Put the 82C453 into Setup Mode by writing
'1" to bit-4 of 1/0 register 46E8h.

c) With the 82C453 in setup mode, write '1' to
bit-0 (Video Enable bit) of 1/0 register 102h.
I/O register 102h is accessible when the
82C453 isin setup mode.

d) Take the 82C453 out of Setup Mode by
writing '0' to bit-4 of 1/0 register 46E8h.

Multiple 82C453s

It is possible to support up to eight 82C453s in one
system. Each 82C453 must have a unique number
assigned to it through DIP switches. All 82C453s
occupy the same I/0O and memory address space.
However, only one 82C453 responds to CPU
accesses at atime. Refer to EISA/ISA and MC bus
interface diagrams for DIP Switch support.

The currently active 82C453 is selected by writing an
ID number for that 82C453 into the interna
Extended Enable register for al 82C453s. Only the
82C453 that matches the ID number with that on its
DIP switches connected to 82C453 pins A16, BHE/,
and AEN will respond to further CPU accesses.
This feature is available in the EISA/ISA bus only.
For the MC bus, multiple VGAs may be
implemented through the use of SETUP inputs that
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are unique for each dot and using the global
enable/disable bit-0 of register 102h.

This feature may also be used to alow motherboard
VGA logic to co-exist with a plug-in VGA
subsystem.

VRAM INTERFACE
The 82C453 supports 3 VRAM configurations:

1) Eight 64Kx4, 256 Kbit VRAMSs (256 KByte)
2) Eight 256K x4, 1 Mbit VRAMs (1024 KByte)
3) Four 256K x4, 1 Mbit VRAMSs (512 KByte)

The 82C453 supports VRAMSs only. The 82C453
uses a 32-bit data bus (MxDO:7, x=0-3) to read/write
CPU data. A separate set of 32 pins are used to read
video data from the VRAM seria port for CRT
refresh. For VRAM configurations 1 and 2; the
82C453 VRAM seria databusM 3:0S7:0 connectsto
serial data outputs of memory planes 3:0. For
configurations of four one megabit VRAMSs, only
serial data bus MO0S0:7 and M2S0:7 are used

(M1S0:7 and M3S0:7 are not used).

There are two 8(9) bit multiplexed address buses
AAT:0 and BA7:0 that connect to planes 0:1 and 2:3
respectively. There are common RAS and CAY
signals for al VRAMs in all configurations. The
WES3:0/ signals are write enables for each of the four
memory planes (WEL/ and WE3/ are not used in 4-
VRAM configurations).

The DTOEOQ1:23/ pins are asserted for reading RAM
data for CPU cycles and to execute RAM to SAM
transfer cycles of VRAMs. DTOEQ1/ connects to
memory planes 0 and 1 while DTOE23/ connects to
planes 2 and 3.

The SOE/ pins of IMbit VRAMSs should be tied to
ground. The SCLK pin is a common seria clock
output to all VRAMs in all VRAM configurations.
VRAM interface diagrams are shown in following
pages. The AA8 and BAS8 pins are | eft unconnected
in memory configuration 1 (64Kx4 VRAMS).

M3S| - S
M3D |~ D V%Q'\AM Plane 3

— A

[

M2S| = S
M2D |- D V%Q'\AM Plane 2

BA | A

82C453

M1S| = S
M1D |- = D Vg\gM Plane 1

— A

[

MOS| = S
MOD [ D V%{“AM Plane 0

AA =l A

( Block Diagram - VRAM Address/Data Connections h
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Har dwar e Read-M odify-Write Cycles

The 82C453 supports CPU Read-Modify-Write
cycles. When bit-3 of the 82C453 extended Write
Bit Mask Control Register (XR23) is set to 1, al
subsequent CPU byte write cyclesto VGA memory
are converted into Read-Modify-Write cycles. The
CPU write cycle addressis used for executing aread
cycle. This feature of the 82C453 cuts in half the
number of bus cycles needed to perform a read
followed by a write cycle by software. The read-
modify-write function is very effective for logical
operations and inversions of rectangular sections of
the screen.

Hardwar e Bit Masking

In planar modes, a pixel of data is represented by
one bit from each color plane. The data associated
with 8 different pixels is stored in a single byte of
display memory within a plane. Bit masking is
required when writing to one or more pixels without
affecting the other pixels in a given byte. The
hardware bit mask feature of the 82C453 provides a
very fast technique for bit masking.

Two registers in the 82C453 facilitate fast bit

masking. The Write Bit Mask Control register,
XR23, controls the bit masking operation. Bit 0
enables the write bit mask feature. Bits 1 and 2
control the source of the bit mask pattern as shown
in the table below. The standard VGA uses the
Graphics Controller Bit Mask register for bit
masking and so this configuration is very useful
when older code is converted since it provides a
simple porting task.

XR23 Bits

Source

Write Bit Mask Pattern register (XR24)
Graphics Controller Bit Mask register
Rotated CPU byte

Reserved

R R OOoIN
R O Ol

If software is executing a Read-Modify-Write cycle
for write protecting one or more bits of old data, then
it is more efficient to use the VRAM write bit mask
feature supported by the 82C453. However, if
software intends to execute a logical operation in
conjunctionwith aRead-Modify-Writecyclethenthe
82C453's Read-Modify-Write cycles are more
efficient. It is possible to execute a Read-Modify-
Write cycle with the VRAM write bit mask feature
enabled.

M3S|—= S
M3D [ = D V%Q'\AM Plane 3

— A

[

M2S|—-= S
M2D |~ =D VlRl\ﬁ‘M Plane 2

BA | A

82C453

M1S| = S
M1D |- = D Vg\,ﬂ\M Plane 1

— A

[

MOS |- S
MOD | = = D VI%Q'\AM Pane 0

AA | A

( Block Diagram - VRAM Control Connections h
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Hardwar e Packed Pixel Color Expansion

The raster font for each character is a monochrome
bitmap stored in the premium system memory. In
graphics modes, the monochrome bitmap must be
expanded into color pixelsin video memory. In the
256 color modes, this process is very time
consuming and islimited by the CPU bandwidth and
computation  speed. The 82C453, however,
provides a high speed path for processing
alphanumerics in packed pixel graphics modes.

The Packed Pixel Color Expansion mode is enabled
through bit-1 of the CPU Interface register, XR02.
If bit-1 of XRO2 is one, the Packed Pixel Color
Expansion mode is enabled. |If it is set to O, the
mode is disabled.

Normally in the packed pixel modes, each byte
represents a pixel on the screen (8-bits are required
to determine the color). If the Packed Pixel Color
Expansion mode is enabled, each byteis expanded to
represent 8 pixels. The foreground color is written
to al pixels which correspond to a 1 and the
background color is written to all pixels which
correspond to a 0.

82C453

PALRD/
PALWR/

PO-7

BLANK/

CLK2

PCLK i
HSYNC i
VSYNCi

The foreground color is stored in the Scratch
Register 1 /Foreground Color register (XR45). The
4 CPU latches hold the background color for the 4
bits of the lower or upper nibble of the CPU byte.
The 82C453 requires two write operations per byte
of character font. The result is that data is written
into display memory 4 timesfaster than in the packed
pixel modes. If the Packed Pixel Color Expansion
mode is not enabled, XR45 can be used as scratch
storage.

VIDEO INTERFACE

The 82C453 supports both digital and anaog
monitors. It generates all sync, blanking, video, and
pixel clock signals to support both type of monitors.

The 82C453 supports programming of an external
palette DAC by decoding the CPU addresses and
generating the PALRD/ and PALWRY/ signals to the
externa palette. The 82C453 decodes I/0 addresses
3C6-3C9h as valid external palette addresses. The
82C453 also supports DAC diagnostic and VGA
monitor type detection by making the SENSE input
available to the programmer.

PALETTH
DAC
DO-7 —=1 D0O-7
AO0-1 —»t RS0-1
I RI™ Anaog
— | WK/ S| Video
——
LS244 VO0-7
BLANK/ CLK
- TQ CRT
l ¢ » Display
LS125
V B HS V{
<—‘|CLK
EVEB CLI'_"ES
o

Y

+5V

( Block Diagram - External Palette/DAC Interface h
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Video Clock Support

The 82C453 has three direct display clock inputs:
CLKO, CLK1 (CLKSELO), and CLK2
(CLKSEL1). For a minimum system configuration
these clock inputs can be connected directly to the
clock sources. Alternately, 82C453 pins CLK1
(CLKSELO), CLK2 (CLKSEL1) can be defined as
outputs, through the 82C453 extension Sequencer
Control register (XR05) to control an external one of
four multiplexer or clock synthesizer chip. The
CLK1 (CLKSELO) and CLK2 (CLKSEL1) are
driven by bits 2 and 3 of the VGA Miscellaneous
Output register.

The 82C453 supports a General Purpose Output pin
cadled 'GPOUT. CLKSELO, CLKSEL1, and
GPOUT can be used to control an 8 to 1 Multiplexer.
léghto eight display clocks can be supported in this
fashion.

The 82C453 has another clock input called IOCLK.
This input clock is used for internal sequencing of
I/O registers. 10CLK should be between 35-40
MHz. 10CLK can also be used as a display clock
(when MSR bits 3 & 2 =11 and XRO05 bit-0=0).

The 82C453 can aso be interfaced to an external

clock chip. CHIPS has designed a proprietary clock
chip (82C403) to support the 82C453. Up to six
different frequencies can be selected with the clock
chip. CLK1, CLK2 and GPOUT are used as the
select inputs into the clock chip (82C403). Three
different clock schemes are shown in following

pages.

Display Modes and Resolutions

The 82C453 supports a superset of all VGA modes.
It supports a screen resolution of up to 1024x768 in
16-color and 256-color graphics modes. 640x480
and 800x600 16-color and 256-color modes are also
supported. The 82C453 aso supports 132 Column
Text Mode.

Screen Blanking

The 82C453 supports screen blanking by writing to
a control register (asin IBM's VGA). During this
time, al 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. The|BM VGA'sTTL video
outputs (P7:0) are un-defined, making it difficult to

82C453
4,3-320 »| 10CLK
2575 »| CLKO
2&3,4222 | CLK1
4,f‘,|'9HOZ° | CLK2
(or 65MHz)

( Block Diagram - Minimum Clock Configuration h
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82C453
40,000
o > 10CLK
25.175
MHz [ >0
Y »| CLKO (CLKIN)
28322 |,
MHz 11
44.900
w0 L el 12
SEL O} CLK1 (CLKSELO)
SO0 L pl13  SEL1le CLK2 (CLKSEL1)
41to 1 Mux

(' Block Diagram - External Clock Multiplexer Interface h

82C453
MCLKOUT » |OCLK
VCLKOUT » CLKO (CLKIN)
82C403
Clock Chip

CLKSELO[= CLK1 (CLKSELO)

CLKSEL [ CLK2 (CLKSEL1)

CLKSEL2/« GPOUT

( Block Diagram - 82C403 Clock Chip Interfaceh
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support TTL monitors. This is not a problem with
analog monitors as the BLANK/ signa to the
externa RAMDAC is asserted which blanks the
analog video.

Interlaced Video

The 82C453 can generate interlaced video for
extended graphics modes like 1024x768 to use with
inexpensive 8514-type display monitors.  The
82C453 provides total freedom in positioning of
Vertical Syncfor odd frameswithin ahorizontal scan
line. This feature allows the 82C453 to drive a
variety of 8514-type monitors. Interlaced video can
be enabled by setting bit-5 of XR28.

DIP switch/Virtual EGA Switch Support

The 82C453 supports up to 3 external DIP switches.
These switches are multiplexed on the A16 (SW2),
BHE/ (SW1), and AEN (SWO) inputs. The state of

the switches can be read at bits 2:0 in the 82C453
extended DIP Switch Register (XR01).

The 82C453 also supports virtual EGA switches.
This feature allows software to write the status of
EGA switches to the 82C453 extended EGA Switch
Register (XR41) bits 3:0. Bit-7 of this register
controls whether the status of the SENSE bit isfrom
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
82C453 SENSE pinisread 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 However only two DIP
switches are supported in MC bus. The AEN (SWO0)
pin becomes a SETUP/ pin only in MC interface.
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82C453 Compatibility

The 82C453 is compatible with the VGA, EGA,
Hercules, CGA and MDA display standards. In
general, application software written for one of these
standards can be run on a 82C453-based system if a
monitor with aresolution equal to or greater than that
display standard is used

The 82C453 provides several features which aid in
the implementation of a display system compatible
with these standards. These features are as follows:

* Write protection of internal registers using a
Write Protect Register (one of the Backward
Compatibility registers). Thisensuresthat writes
to internal registers initiated by applications
software do not corrupt register values, enabling
user to run software written for previous
graphics standards.

* Two sets of display parameter registers are
supplied. The 82C453 automatically selects the
set to be used based on the current display mode
and the type of display in use.

Certain assumptions are made regarding the VGA
and backward compatibility:

* No NMI or any other interrupts have to be used.
Itis possible to generate NMI trapsif required to
support auto emulation.

* On power up the chip isawaysin VGA mode.

* Thereisno separate EGA mode. EGA modeis
considered to be a specia case of VGA mode.
Special bits are provided to Write Protect some
EGA specific registers. Software that uses the
EGA in standard modes will work with the
82C453.

* In an implementation the display (CRT) is
known and fixed.

» A software program can be executed to switch
the chip into and out of CGA or Hercules modes.
The software utility is consistent with the exact
display being used. The BIOS for the 82C453
available from Chips & Technologies includes
software to program the 82C453 in the VGA,
EGA, CGA, MDA and Hercules modes.

» CGA/MDA/Hercules software can run on any
monitor (EGA, Multisync™ or PS/2).

*  Whenin CGA or Hercules mode, all VGA/EGA
registers are unavailable.

« EGA, CGA, MDA and Hercules modes will
definitely function in the standard defined modes.

VGA REGISTER WRITE PROTECTION
To use the write protect features:

A. Initializethe CRT controller or alternate registers
to generate sync signals for the display in use.

B. Write protect the CRT controller or alternate
registers using the Write Protect Register.

C. Permit the applications software to write CRT or
aternateregistersasif aparticular display wasin
use. The 82C453 will operate asif astandard 1/0
write took place but will not permit protected
registersto be altered.

ALTERNATE REGISTER SETS

The 82C453 supplies two sets of Display Parameter
Registers. These are summarized in the table below.
To make use of these two sets:

1. Program one set for text mode and the other set
for graphics mode.

2. Write protect both sets of registers using the
Write Protect Register to prevent the application
software from corrupting them.

The contents of the internal mode registers are
interpreted automaticaly and either the text or
graphics set of CRTC or aternate registers is
selected accordingly to generate the correct display.
Since the display memory format in text and
graphicsisidentical, switching between these modes
does not require CPU or application software
intervention.

Display Parameter Registers used in CGA and
Hercules modes:

Emulation Mode HRegSet V RegSet
CGA 320x200  Alternate Regular
CGA 640x200 Regular Regular

Hercules Text Regular Regular
Hercules Graphics Alternate Regular

The BIOS supplied by Chips & Technologies can be
used to initialize both sets of registers.
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COMPATIBILITY
PROGRAMMING

To enable backward compatibility, the chip is
programmed as follows:

VGA Mode

A. Program the 82C453 exactly analogousto IBM's
VGA. Disable the additional bits in the new
registers.

B. Select VGA mode (default).

MODE

EGA Mode

A. Program the 82C451/452 exactly analogous to
IBM's VGA. Disable the additional bits in the
new registers.

B. Write protect Group 4 registers. Also protect the
external palette, clock select register, internal
palette (if desired) and all CRT sync registers.

C. Force all 10th bits of vertical counters (including
line compare) to O.

D. Select the EGA type frame interrupt. This is
controlled with bit-7 of Emulation Mode
Register.

CGA Mode

A. Program the regular CRT registers for the 640
pixels horizontal mode. The horizontal sync rate
must be consistent with the monitor used.
Program the Alternate Horizontal Register for
320 pixels horizontal mode.

B. The vertical resolution can be 200 or 400 lines.
Thevertical sync rate must be consistent with the
monitor used.

Load the font in the memory .

D. Pre-program all registersin Sequencer, Attribute
Controller and Graphics Controller asin Mode 2.

E. Set the sync polarity as required for 200 or 400
lines.

F. Enable Double Scanning (if required by the
monitor).

G. Program the CGA Mode Control Register
(3D8h) and Color Palette Register (3D9h) as
required. These registers are implemented in
hardware.

H. Write Protect Group 1, Group 3, and Group 4
registers.

I. Select CGA mode.
The 82C453 will automatically respond to 320/640

@)

pixels/line and text/graphics mode as defined in the
CGA Mode Control Register (3D8h). In 40 column
CGA modes, the alternate CRTC registers are used.

MDA Mode

A. Program the regular CRT registers in the 720
pixels horizontal mode with 9 pixels/character.
The horizontal sync rate must be consistent with
the monitor used.

B. The vertica resolution must be 350 lines. The
vertical sync rate must be consistent with the
monitor used.

Load the font in memory .

D. Pre-program all registersin Sequencer, Attribute
Controller and Graphics Controller asin Mode 7.

E. Set the sync polarity as required for 350 lines.

Write Protect Group 1, Group 3, and Group 4
registers.
. Select MDA mode.

. Hercules Control Registers do not work in this
mode.

@)

n

I o

HERCULES Mode

A. Program the regular CRT registersfor 720 pixels
horizontal mode with 9 dots/character. Program
the alternate registers for 720 pixels with 8
dots/character. The clock divide parameter must
be set to divide by 8 (not 9).

B. The vertical resolution must be 350 lines. The
vertical sync rate must be consistent with the
monitor used. The vertical display end must be
programmed to 350 Lines (Text Mode). In
Graphics mode, 2 lines will automatically be
subtracted. The Vertical Sync and Blank
parameters must be programmed greater than 350
lines.

C. Load thefont in the memory.

D. Pre-program all registers in the Sequencer,
Attribute Controller, and Graphics Controller as
in Mode 7. The 8/9 divide bit in the sequencer
must be set to divide by 8.

E. Set the sync polarity as required for 350 lines.

F. Program the Display Mode Control Register
(3B8h) and Hercules Configuration Register
(3BFh) as required. These registers are
implemented in hardware.

G. Write Protect Group 1, Group 2, and Group 3
registers.

H. Select Hercules mode.
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The 82C453 will automatically respond to text, half
graphics and full graphics modes as defined in the
Mode Control Registers (3B8h and 3BFh). The
regular CRT Offset Register isused in Hercules text
mode. In Hercules graphics mode, the offset is
defined in the Alternate Offset and Auxiliary Offset
Registers. The Alternate Horizontal Registers are
used in the Hercules Graphics mode.

When Emulation is enabled and the extended
registers are disabled, bits 1 and 2 of the CRTC
Register addresses are ignored (Similar to CGA and
Hercules). The CRTC Registers occupy addresses
3B0Oh - 3B7h (3D0h - 3D7h).

LIGHT PEN REGISTERS

In the CGA and Hercules modes, the contents of the
Display Address counter is saved at the end of the
frame before being reset. The saved value can be
read in the CRT Controller Register space 10h and
11h. This alows simulating the Light Pen Hit
technique to detect text/graphics modes on the
CGA/Hercules cards.

Revision 1.0

105

82C453



Revision 1.0

106

82C453



Application Schematic Examples

82C453 Application Schematic Examples

This section includes schematic examples showing how to connect the 82C453 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

These equations arefor a 16-bit EI SA/I SA interface with 8-bit BIOS (schematic included in this section):

[** Inputs **/

Pin1=LA23
Pin2=LA22
Pin3=LA21
Pin4=LA20
Pin5=LA19
Pin6=LA18
Pin7=LA17
Pin 8 = SA19
Pin9= SA18
Pin11 =SA17

Pin 14 = ISMEM
Pin15=SA16 ;
Pin 16 = SA15 ;

Pin 17 = 'RFSH
Pin18 = DISA16 ;

[** Outputs **/

Pin 13=!MMCSI16 ;
Pin12=VGADEC ;
Pin 19 ='ROMCS
[** Declarations and Intermediate Variable Definitions **/

RAMADD =1LA23 & ILA22 & ILA21 & 'LA20& LA19& 'LA18& LALY;
[** Logic Equations**/

MMCS16.0E = RAMADD & 'RFSH ; (for 16-bit only)

MMCSL16 = IDISA16 ; (for 16-bit only)

VGADEC = SA19 & ISA18 & SA17 & 'RFSH;

ROMCS=SA19 & SA18 & ISA17 & |SA16 & !SA15 & 'RFSH & SMEMR,;
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These equations arefor a 16-bit EI SA/I SA interface with 16-bit BIOS:

[** Inputs **/

Pin1=LA23 ;
Pin2=LA22 ;
Pin3=LA21 ;
Pin4=LA20 ;
Pin5=LA19 ;
Pin6=LA18 ;
Pin7=LA17 ;
Pin8=SA19 ;
Pin9= SA18 ;
Pin 11 =SA17 ;
Pin 14 = ISMEMR
Pin 15=SA16 ;

Pin 16 = SA15 ;

Pin17=!RFSH ;
Pin 18 = DISA16 ;

[** Outputs **/

Pin 13=IMMCSI16 ;

Pin12=VGADEC ;

Pin19=IROMCS ;

[** Declarations and Intermediate Variable Definitions **/

RAMADD =1LA23& 'LA22 & ILA21 & 'LA20& LA19& 'LA18& LALY;
ROMADD =1LA23 & ILA22 & 'LA21 & 'LA20& LA19& LA18& ILAL7 & 1SA16 & 1SALS;
[** Logic Equations**/

MMCS16.0E = RAMADD & 'RFSH + ROMADD & 'RFSH ;

MMCSI16 = IDISA16;

VGADEC = SA19 & I1SA18 & SA17 & 'RFSH;

ROMCS=SA19 & SA18 & ISA17 & |SA16 & !SA15 & 'RFSH & SMEMR,;

Revision 1.0 108

82C453



Application Schematic Examples
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These equations arefor a 16-bit Micro Channel Bus | nterface (schematic included in this section):

[** Inputs **/

Pin 2 = RFSH/ X
Pin3=MADE24 ;
Pin4=A23 :
Pin5=A22 :
Pin6=A21 :
Pin7=A20 :
Pin8=A19 X
Pin9= A18 :
Pin11=A17 :

[** Output **/

Pin15=VGADEC ;

[** Logic Equations **/

VGADEC = MADE24 & 1A23 & 'A22 &!A21 &'A20& A19 &'Al18 & Al7 & 'RFSH;
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Circuit Example
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ADO

AD7..0to RAMDAC
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Application Schematic Examples

M3D7 %
M3D6HES
M3D5/L
M3D4 g
M3D3H10
M3D2H1]
M3D1H8
M3DOLL2 82C453
M2D7HE3 VGA
M2D6{ 152
M2D5{{2
M2D4{$25
M2D3{15]
Mi2D1[ 129
M2DO}L
BAGLA NC [D30] .[D30] ,,[D30] . [D30
97135 19 19 19 19
BATTS2 A7 A7 _BIA7 _-HIA7 -
BAGT5, TRIA6Z—TRIA6 Z—TR{A6Z—TR[A6S 77 M3s7
BAG-L 1617 5 516/ A5 5118 A5 s L6 A5 5 M3S6
138 17| S| 17, S| 17 S| 17, > 78
B 139 20/ ha< 20 as[20/a3< 20 A %s 7q M3
x > X >
BAZ3S 2Un2e2ln2ct-2noc-Linoy 8C M3s3
BALS72 SSIALSS5ALSSSALSS5ALS —5 M3s2
BAQHL 20 Zn0 8a0 =8A0 &3 m3s1
23 TOEHIS ToEHY ToEHI ToE s VESY
DTOE23/o138 | T PN sC sC sC 3 M2S7
132 142 [14 R Sy 86
wE2/0132 I RASISI0 RASHA) RASHIG RAS 24 M2ss
WE3/|O 3C%9 3 CAS 3 CAS 3 CAS ae M2S5
Uit (E e
M1D7H5 3.0 3.0 30| [s30 3 M2s2
M1D6H = | 21 M2s1
et =
M1D3
6|
MlD27—|
M1D1HE
M1D
MOD7H3 82C453
MOD6{55 Display
MODS-77 Memory
mggf 15 Circuit
MOD1 18 VRAMSs|
MODOL »
AA8 g% NC 19[D30] 1g[D30] ;[D30] ;([D30
AATHZ a7 FLAA7 A7 1AAT ]
AABHTRS e e S e e A e 23 m1s7
AABHE 161 A 5 216 A5 528 A5 L6 A5 & 4 M1S6
AAAH2D Lipa> 10> 10a5 >l Laas> 99 V1S5
AAa156 20/n3<[20n3<[20A3<[20A5% 94 M1on
157 21|A3 X21]AS X[ 27| AS X[ H57]AS x 97
AAZLEE noetZnoctLiaoc-Liaog 24 1S3
AALZS 23A1§§ 5 A1 5 A1 55 A1 oq M1s2
AAG-L 20 (a0 8a0 =EA0 X M1SL
49 | 9 ToEHYq ToEH ToEHdq ToE 104 150
Tk P12 L o asl i pas i rasl d mas| | 224 Moss
146 [ L 249 RASI S RASHIG RASI 5 RAS 105
RAY O 47 I—'_CC% r_v% :v% :\-‘CAS 0d MOS5
CAS loL 39 SOE =2 SOE -2d SOE =2d SOE 108 \10s4
L |1—CWE 133 we | 22dwe HEdwe "85 MOS3
3.0 330 30| [s30 108 1052
WEO/osl’60 (1’2 MOS1
WEL/[O 110 V1050
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76

VST
4 M3se
24 M35
24 M3s4
2 M3s3
24 M3s2
Ve
2 M3
4 m2s7
34 M2se
8% M2ss
4 M2s4
% M2s3
34 M2s2
<3 M2s1
M2D 1] M250
Y ;7[D30SI0]_1,[D30 S30) D30 SI0|_1,[D30 30
135 > > > >
BA7Y 36 8A7 = 8A7 s 8A7 s 8A7 s
BAGHS0 Blae < Blae < Bae < Bae <
BA435 >3 Ag < >3 Ag < > Ag < > Ag <
BAZ=S A < Of A < Of A < Of A <
BAZ2 2hn2 5 2ha2 5 2ia2 5 2lla 8
BAIHAS DAL & RIAL R L RIAL g AL g
BAQHA4 —£01A0 26170 1A 25 NG)
] DSk Llpsr LIpsr Llpsr
DTOE23/j0333 Udtoe  Higmoe  Higtoe  HdToE
WER[O122 Tedras  [Lodras  [Edras  [2dras
28 RAS 28 RAS 28 RAS 28 RAS
4 CAS —4C CAS —4C CAS —4C CAS
1 179 SOE 12 SOE 12 SOE 12 SOE 3
M1D7H5 dWE -4 WE FEWE FAWE | —gimisy
M1D6 L M1S6
3 (Opt) (Opt) [— o
|v|1054—|| 5t M1S5
M1D4F, 8 M1sa
M1D3 g ge M1S3
MIDIL o M1Sr
M1DOFS: 104 M1s0
MODGIL2 104 1035
913 0
MOD5H3 153 M0s5
MOoD4H 104 mos4
MOD3{2 134 mos3
MOD2}HL 108 \10s2
moD1HL i'(l)g MOS1
MODOL 1] 14 Voso
D3:0 S3:0 D3:0 S3:0 D3:0 S3:0 D3:0 S3.0
AA8 g% g A8 g A8 %Z A8 %Z A8
AATHS LA7 = An7 = An7 = NG
AABHTRS Blae < Blae < Brs = Bre =
A5G 200hs > [20h2 > [20a: > [0 >
AAIFISE 7% 7% 7% 7%
AA3H 2IA3 2IA3 ZIa3 X ZIa3 X
AAGH Bao ~ 2ao T Zag T Zao
=+ DsF 1 Ipse 1 Ipse 1 Ipse
149 2= 11— 11— 11—
DTOEO0L/|0773 gToE HEgToE HidToE  HdToE
gl I el [M8dras  [2&dmas  [2edRmas
CAS [o24L 28dcas  F2dcas  Fdcas  F8dcas 82C453
2 CAS 2 CAS 4G CAS 2 CAS .
'“TC SOE 129 SOE 129 SOE 149 SOE Display Memory
oo JwWE L 149 WE |—CWE = Circuit
WEQ O—I Opt Opt
WE/Io160 (Opt) (Opt) 256K x4 VRAM s
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s Application Schematic Examples

J1 = Andog Video

J3 = Feature Connector (ribbon +5V
connector: numbers in parentheses

ind cate component and sol der-side #'s

if ca”d-e(ge_oonn_edor implemented) g SYNC _ VCC
(card edge pin 1 is dosest the bracket) i =9 9/5 GND
PALRD/D22 —39RD  Avce
PALWR/D qQWR AVCC
p7 162 T1(CR) 37 IREF
P6 13(C7 "1 C6 IMSG
P5 15( CGQ( = C5 R
82C453  pg[0 17(C5) Pca 18 G
VGA P3 F=—J3-19(C4)) c3 RAM B
64 - = 8
P2 22 B2ACYP—1C2 pac
P1 &> J3-23(C2 6 C1 D7
PO J3-25(C1 CO D6
71 20 D5
BLANK/ 59 J3-7(C10 4 BLANK D4
PCLK J3-9(C9 D> D3
NC J3-14 (S7) 31 D2
NC J3-4 (S12 30 RS1 D1
NC J3-2 (S13 RSO DO
HsYNCE2 CID) PLCC-32
VSYNC Cl
| Digita Ground
47 Andog Ground
£ 4R oo e
NG SERTea MSL—J1-12 )
A1l = MSO—(__ J1-11 )
A0 NC—(__J1-9 )
ADO-7 NC —_J1-15 )
SENSE

( 82C453 Video Circuit Example - External Color Palette (InmosIMSG176/ 178) h
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s Application Schematic Examples

+5V an N a -
4.7uH 2o L. 1L o1 _L 0047
J1 = Andog Video . 4% SENSE AVCC $
J3 = Feature Connector (ribbon 23 OL3 AVCC
connector: numbers in parentheses ) OoL2 AvCC
ind cate component and sol der-side #'s a1 gt(l) A\(/)gg 470 | Digita Ground
if card-edge connector implemented) 5 SYNC COMP =
(card edge pin 1 is closest the bracket) 2 8/6 47 Andog Ground
— 55 6l VREF
PALRD/ 055 1éc RD IREF 1.2V LM385
PALWR/|O gJWR  SETUP
Vi Note LM339 not
p7 Bcr AGND requiired for BT475,
P6 37 C6 AGND BT477, & BT479
P5 36 C5
s 35| S BTanx R ? 4
82C453 P gﬁl C» RAM g 13
VEA b1 3]Gl PAC 5 AD7
PO COo D7 Z N 150, 2%
D653 AD R
BLANK/I04+—(B-7(C10 IBLANK  D5H3—ADN L
PCLK 22— 13:9(Co 403, Dafi2 ﬁgg\\
18 Rs1 D1f3 J1-15
=HRS0 DO G
HSYNC ¥ =
VSYNG PLCC-44 325
— =l ! 1
LM339
O'i 340, 1% EEB%O
l,> (114 )
NC R (ONMS) = K* 10007 V 1 (V) N
NG lout (MA) MSO —___J1-11 )
iEESE R =75W, V ,;=0.70V (I ;=18.67mA):
AL 6-bit: K=3.000, Rgy=193W
AQ 8-bit: K=3.175, Ry =204W
ADOQO-7
R =150W, V;=0.64V (I, ;=12.8mA):
6-bit: K=3.000, Ry =281W
8-bit: K=3.175, Ry =298W

( 82C453 Video Circuit Example - External Color Palette (Brooktree BT471/ 475/ 4771 478/ 479) b
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82C453 VGA
26CLK
73
BB CLKO (CLKIN)
25175 MHz K FRCLKL (CLKSELOQ)
8322MHz [T 4 T9CIK2 (CLKSELY)
40.000MHz |JILL NC —4 GPOUT (CLKSEL2)

( 82C453 Clock Circuit Example - Minimum Oscillator Configu- '

82C453 VGA
260K
74ACT251 ZACLKO  (CLKIN)
65.000 MHz [ L | 7 CLK1 (CLKSELO)
4 6 A CLK2 (CLKSELY)
; 52 GPOUT (CLKSEL?)
Y —¢
44900 MHz [} g
GP—
40.000 MHz | UL —T I %)
28.322 MHz | UL CBA
25175MHz | o |

74F125

( 82C453 Clock Circuit Example - Full Oscillator Configuration '

_ 82C453VGA
14.318 MHz IXTALIN MCLK %5 12TOCLK
NC—3 XTAL OUT CLK—|—;Z CLKO (CLKIN)
8 7 ] CLK1 (CLKSELO)
MCLKSELO CLKSELO 75
NCH—g MCLKSEL1 CLKSEL1HI—T - CLK2 (CLKSELI)
T MCLKSEL2 CLKSEL2f= GPOUT (CLKSEL?2)
}_ =4 480MODE
= 82C403A veels
CLOCK e ™\
NC—Q OUTDIS CHIP 5%%8_}___&
NS TI6 | R oNDLS lo-ll‘WF 0.1uF
- - = O
oy 20 ~
A% @ Gnd Vee [13 ||
__ 5] s 2] w
82C453 Clock Circuit Example S I:I =
82C403A Clock Chip Configuration =]
Recommended PCB LayOUt @ Indicates direct connection to
? power/ground distribution planes y
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\."'F: Electrical Specifications

82C453 Electrical Specifications

82C453 ABSOLUTE MAXIMUM CONDITIONS

Symbol Parameter Min Typ M ax Units
P,  Power Dissipation — — 1 w
Vee  Supply Voltage -05 - 7 \Y
Vv, Input Voltage -05 - V0.5 \Y
Vo Output Voltage -0.5 - Vget05 VvV
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.

82C453 NORMAL OPERATING CONDITIONS

Symbol Parameter Min Typ M ax Units
Vee  Supply Voltage 45 - 55 Vv
T,  Ambient Temperature 0 - 70 °C
82C453 DC CHARACTERISTICS (Under Normal Operation Conditions Unless Noted Otherwise)
Symbol| Par ameter Notes Min| Max Unitg
lccy  Power Supply Current  @28.332 MHz CLK, 0°C, 5.5V - 150 mA
[,  Input Leskage Current -10 +10 UA
loz  Output Leakage Current High Impedance -10 +10 UA
V, Input Low Voltage -05 038 \
V|y Input High Voltage 20 V+05 V
Vo, Output Low Voltage  10L =8 mA (IRQ, RDY, DS16/, RAS/, CAY) - 0.45 Y
(@4.5V) IOL =4 mA (al others) - 0.45 Vv
Vo Output HighVoltage  10L =-8 mA (IRQ, RDY, DS16/, RAS/, CAS)) 2.4 - \Y;
(@4.5V) IOH =—4 mA (al others) 24 — \Y

Electrical specifications contained herein are preliminary and subject to change without notice.
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\.'-"'-3 Electrical Specifications
82C453 AC TIMING CHARACTERISTICS- CLOCK TIMING
Symbol Parameter Notes Min Typ M ax Units
Tco CLK Period 65 MHz 154 - - nsS
Tey CLK High Time 0.45T - — 0.55T nS
T, CLK Low Time 0.45T - - 0.55T nS
T, 1OCLK Period 30-40 MHz 25 - 33 nsS
T,y IOCLK HighTime 0.45T, - 0.55T, nS
T, 10CLK Low Time 0.45T, - 0.55T, nS
Tge Clock Rise/ Fall - - 0.05T - ns
Tc
CLKIN TcH TcL >
‘ ’ —
(CLKO, CLK1, CLK2) e/ a /
Ti |
ToH < TiL >
|OCLK / L [
( 82C453 Clock Timing '
82C453 AC TIMING CHARACTERISTICS- RESET TIMING
Symbol| Par ameter Notes Min Typ M ax Units
—  RESET Pulse Width 64 T¢ - - nS
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\.l'lll": Electrical Specifications
82C453 AC TIMING CHARACTERISTICS- AD BUSMULTIPLEXER TIMING
Symbol Parameter Notes Min Typ  Max__ Units
Tony  Strobefalling to ADREN/ rising - - 15 nS
Ton.  Stroberising to ADREN/ falling - - 15 nS
TrpL  Strobefaling to RDLO/ and/or RDHI/ falling - - 20 nS
Trpy  Stroberising to RDLO/ and/or RDHI/ rising - - 20 nS
Top ADREN/rising to write datadriven - - 20 nS
Strobe (CMD/ for MC;
IORD/, IOWR/, MEMR/ or _3( /
MEMWI/ for 1SA)
—»  <«— TDNH TDNL —P
ADREN/ £
<« ¥ TROL TRDH *—»
RDLO/, RDHI/ %
—» TDD
Data (Write) X
(' 82C453 AD Bus Muultiplexer Timing '
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\.""-3 Electrical Specifications

82C453 AC TIMING CHARACTERISTICS- EISA/ISA BUSTIMING

Symbol Parameter Notes Min Typ  Max _ Units
T1 IORD/, IOWR/ Pulse Width 175 — — nS
T2 MEMR/, MEMW/ Pulse Width 175 - - nS
T3  Address setup to Read/Write 80 - - nS
T3a Addresshold from Read/Write Signal 20 - - nS
T4 MEMR/, MEMW/ hold from RDY (Memory) 0 - - nS
T5 10CS16/ Delay from valid address - - 40 nS
T6 1/0O Read Datadelay from IORD/ — — 50 nS
T7 1/0O Read Datahold from IORD/ 5 - 40 nS
T8 1/O Write Data setup to IOWR/ 40 - - nS
T9 | 1/O Write Data hold from IOWR/ 10 - - ns
T10 Memory Read Data hold from MEMR/ 10 - 40 nS
T11 Memory Write Data hold from MEMW/ 0 — — nS
T12 MEMR/,MEMW/toRDY Low delay - - 25 nS
T13 Memory Read Data setup to RDY 25 — — nS
T14 Memory Write Datadelay from MEMW/ 40 - - nS
T15 RDY width 1T, - 128T. nS
T39 PALRD/, PALWR/ delay from Read/Write - - 20 nS
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Electrical Specifications

A0-16,VGADEC,
BHE/,
RFSH/, AEN

10CS16/

IORD/, IOWR/

PALRD/, PALWR/

Data (Write)

Data (Read)

A0-16, RFSH/, AEN,
VGADEC, BHE/

MEMR/, MEMW/

RDY

Data (Read)

Data (Write)

( EISA/ISA BusMemory Cycle Timing b

—» T5 —» T3a
)
<« 3 —Ppte————T1L ——p
)( 7!
—» T39 —» T39
{ ) ———
Ts —>»<—To
( EISA/ISA Bus|/O Cycle Timing '
T T
“ 3 >le SaV T
T12 L T1s
)L T10 (Max)
T13 Ta (mlr%
) )
T4 * T11
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\.'."'-3 Electrical Specifications

82C453 AC TIMING CHARACTERISTICS- MC BUSTIMING

Symbol Parameter Notes Min Typ  Max _ Units
T16 Statushold from CMD/ 20 — — nS
T17 Statusactive from addressvalid 0 — — nS
T18 BHE/ Setupto CMD/ 30 — - nS
T19 BHE/ hold from CMD/ 20 - - nsS
T19A Addresshold from CMD/ 25 - - ns
T20 CMD/ active from Status 30 — — nS
T21 CMD/ from addressvalid 80 — — nS
T22 CMD/ Pulse Width 90 - - nS
T23 CMD/ inactiveto next CMD/ 80 — — nS
T24  Write data setup to CMD/ 0 - - nS
T25 Write datahold from CMD/ 10 — — nS
T26 Readdatavalid from CMD/ — — 50 nS
T27 Read datahold from CMD/ 5 - 40 nS
T28 Statusto Read datavalid - - 125 nS
T29 DS16/ active from addressvalid - - 25 nS
T30 DS16/ inactive from Status 5 — 25 nS
T31 CSFB/ active from address valid - - 25 nS
T32 CSFB/ inactive from Status 5 — 25 nS
T35 RDY rising edgeto CMD/ rising edge 0 - - nS
T36 ReaddatafromRDY high - - 50 ns
T37 RDY low delay from CMD/ — — 25 nS
T39 PALRD/, PALWR/ delay from CMD/ — — 20 nS
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\."'F: Electrical Specifications

S0/, SU/ \ £ \
T17 Ti6 >
A0-16VGADEC, X X
MIO/ T19A
Ti8 T19 ol
BHE/ J% ;L *
< T20 >
T21 T22 T23 N
CMD/ \ 4 *_
T30 T30
PALRD/ ;
PALWR/
To « T27(max) .
T28 e T27(min
Data (Read) )
Toa T2s
Data (Write) >F )k X
RDY HIGH
4& —»{ T30
DS16/ ‘
T31
—»{ T32
CSFB/ ;L J; Y

( MCBusl/O CycleTiming '
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Electrical Specifications

S0/, S1/ \ / \
T17 | Tie
A0-16,V GADEC, X X
MIO/
Tion |
Tis T19
BHE/ J% Jﬁ ‘{
T20
T21 T22 T23 |
CMD/ X £/
T27(max)
T35 ,‘T27(mi n g
Data (Read) )
T2s
Data (Write) X %L X
RDY t <
T29 —» T30
DS16/ (_
T31
« > —» T32
CSFB/ # )t *
(MC BusMemory Cycle Timing '
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82C453 AC TIMING CHARACTERISTICS- DISPLAY MEMORY (VRAM)

VRAM TIMING - CLOCK USED FOR MEMORY TIMING

Symbol Parameter Min Typ Max Units
T Sequencer Clock (Note 1) - T - nS
Notel: Internal Sequencer Clock isused for memory timings. Sequencer Clock is equal to dot clock in all the modes except

VRAM TIMING - MEMORY ACCESSTIME REQUIREMENTS

1024x768 interlaced mode. In 1024x768 mode TSC = TC/2.

Symbol Parameter Min Typ Max Units
Trac DaaAccess TimefromRAS - - AT ns
Teac DaaAccess Timefrom CAS — - T ns
Toea  DataAccess Time from OF/ - - T nS
Tpa  DataAccess Timefrom Column Address - - 3Tge nS

VRAM TIMING - TIMING SPECIFICATIONS

Symbol Parameter Min Typ Max Units
Tre  Cycle Time (Randome Read or Write) 7 Tge - - nS
Trwe Cycle Time (Read-Modify-Write Cycle) 12Ty - - nS
Tpe  Cycle Time (Fast Page Cycle) 3Ts - - nS

Terwe | Cycle Time (Fast Page Read-Modify-Write Cycle) 12 Ty - _ ns
Tep RAS Precharge 3T - - nS
Tras RAS Pulse Width 4T - - ns
Trasp  RAS Pulse Width (Fast Page Cycle) 8T - — nS
Trsy RAS Holdfrom CAY 2T - - nS
Tepny  CAS Precharge 3T - — nS
Tep CAS Precharge (Fast Page Cycle) Toc - — nS
Teas CAS Pulse Width 4T - - nS
Teag  CAS Pulse Width (Fast Page Cycle) 3T - - ns
Teas CAS Pulse Width (Fast Page Cycle) 2T - - nS
Teass CAS Pulse Width (Read Modify Write) 6Tse - — nS
Teasy CAS Pulse Width (Read Modify Write) 7Ty - — nS
Tesy CAS Hold fromRAS 5T - - nS
Trep | CAS Délay fromRAS 2T - - nS
Tcrp CAS Highto RAS Low Tec - — nS
Tosr Row Address Setup Tec - _ nS
Tgay Row AddressHold Tec - - nS
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82C453 AC TIMING CHARACTERISTICS- DISPLAY MEMORY (VRAM)
VRAM TIMING - TIMING SPECIFICATIONS (continued)

Symbol Parameter Min Typ Max Units
Trap  Column Address Delay from RAS Tse - 45 nS
Tra,  Column Addressto RAS Lead Time 3Tse - — nS
Tage Column Address Setup to CAS/ T - — ns
Teay Column Address Hold Tec - - nsS
Tres | Read Command Setup 3T — — nS
Trry Read Command Hold after RAS High Tee - - nS
Trey  Read Command Hold after CAS/ High Toc - - ns
Twe  Write Command Pulse Width 3T — — nS
Twpr  Write Command Pulse Width (Fast Page Cycle) 3T - — nS
Twe,  Write Command Pulse Width (Fast Page Cycle) 2T - - nS
Tewe WriteCommand to RAS/ Lead Time 2T - — nS
Towe Write Commandto CAS/ Lead Time 2T - — nS
Tps  Datarin Setup 0.5 T — _ ns
Tpy DatainHold T - - nS
Tawo WE Delay from Column Address Tec - — nS

Town: | WE Délay from CAS/ (Fast Page Cycle) 4T — - nS

Tewnz WE/ Delay from CAS/ (Fast Page Cycle) 3T _ _ nS
Tewo WE Delay fromRAY 6 Too - - nS
Toep  OE/ Highto Datarin Setup Delay 05T - — nS
Tosy  OF/ High Hold after WE/ Low T - — ns
TpLs DT/ Low Setup 05Tg — _ ns
Troy DT/ Low Hold after RAS Low 3T - — ns
Tepy DT/ Low Hold after CAS/ Low 15T - - nS
Tpus DT/ High Setup T - — ns
Toyy DT/ HighHold Tec — - nS
Totr DT/ Highto RAS High Delay 05Tg - — ns
Torc DT/ Highto CAS High Delay 2T - — nS
Tory DT/ High Hold after RAS/ High 2T - - nS
Twes Write-Per-Bit Setup 05T4 - - nS
Twey Write-Per-Bit Hold Tec - — ns
Tws  Write Bit Selection Setup 05Tg - - nS
Twy  Wirite Bit Selection Hold Tec - - ns
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TrC
) TrAS TrRP g
TcsH R
Tcrp| TReD TRSH 7
- | Tcen g "I Tcas
TAR R
P TASR TRAI—L JASC TcaH

Address * Row Address * Column Address X Row Address X Column Address

High
WE/ (Read)
TbHs < TorH Toea
DTOE/ /
Tcac
TrRAC -
Data (Read) b ~ Data )

(VRAM Random Read CycIeTiming'
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< TrC >
< TrAS TrP >
RAY \ / \
TcsH >
‘TCRP" TRCD TRSH
< Tcpn > Tcas >
TAR >
« TASR "TRAF;JASC" TcAH .
Address j Row Address * Column Address X Row Address X Column Address
TwBs TwBH TRCS
Twp
WE/ >| ) \ [
Write-Per-Bit TRWL
Enabje Towl
DTOE _ /_ Tows
Tws | TWH Tps ToH
Data (Write) > &b{ Data >
Write-Per-
Bit Select

( VRAM Random Write Cycle Timing '
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TrRC
< TrRASP >
<4«—— TRAL ——P»<¢— TRP —P
RAS \ Ve X
4+——  TpC »>< TRSH—>
4~ TCRP»<— TRCD—»|
<4—TCASL—» <4—TCAS2—P
CASY _ / N 7 N\ 7
< TcPN—» <«— Tcp———>»
< TcsH—»
TASR| TRAH TcaH TASC < V‘TCAHQ
Address Row Column Column # X Row
- <4» TASC
[« IRAD> TRCHM » TRCS «» TRRH
WE/ / J
< > TRCS 4— TRCH
TOEAT» ‘\t, ToEA
DTOE [ TDHSL TDHH‘ ‘ ‘
T <« Tcac—> Jeag
4— TAA —P
T paad D
Data HIGH Z @M Read HIGH Z

( 8-VRAM Fast-Page Read Cycle Timing '
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TrC >
< TrRASP >< TRP
<4 TRAL»|
RAS N( /
P TcpN »le Trc »le TPC »le TPC e » TRSH
TcrP TRCD Tcast | Tep | Tcas2  Tep | TcAas2 |, Tcp, TcasL
CAY F F )
<4— TCsH >
TAsR TRAH TcaH TcaH TcaH TcaH
<« «> <
Address Row >(£:> Column > Column > Column> Column k >/ Row
TrAD [TASC TASG TASG TASG
< » TRRH
WE/
*—TRCS ¥ hilg
Tous| ToHH ToEA ToEA ToEA Toea TRCH
«—> < «—> ‘\r—> \\r—» ﬁ—»
DTOE/ A ‘ ‘ /
Tcac T(:Ac> TCAC> Tcac
P TAA >
Data —=~ Read

( 4-VRAM Fast-Page Read Cycle Timing '
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TrC >
< TRASP >
4«—— TRAL — P<¢—— TRP —»
RAS/ \ £/ \
<+« TpPC >« TRSH—»
4~ TCRP»<— TRCD—»
«—TCAST—> <+«—TcAas2—>
cas _J \ /7 1\ /
< TCcPN—» «— Tcp——»
< TCcsSH—>»
. frTRAM TcaH
AR A Tasc TASC [« pa 1 CAR —»| TASR |«—
Address Row Column X Column Row
Twas ¢ TwpL | TwpP2 Twas
WE/ WPB EN# / WPB EN
!
<> TweH TowL >
TDHS | TDHH TRWL— > TDHS
DTOE/ | \ 7
Twe "TWH' Tos| ToH Tos | ToH Tws
Data erite per bit X 4 Write Dat% 4 Write Dat% Write per bit
(8-VRAM Fast-Page Write CycleTiming'
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< TrC >
< TrRASP > < TrRP —»
< TRAL™
RAY \ 7l \
TRSH
< TcPN—— pl¢— TPc—— »¢— Tpc—— >« TPC <

<4 TCRPP» <«—TRCD— P TcASHHe—TCcPP»<TCA Tcrr<Tca TcpreTcas™
CAY _/ ;] B

*— TcsH

» < < <>
TASRTRAL TCAH TCAH TCAH | TeA
Address ! Row > Colurrn> Column ) Column Cohw X Row
Tasc TAsC TAsc Tasc
Twes « » Twpi
WE Y >‘m7—\fm’b— Twe yﬁwaEN
4 TWBH TRWLe—» Twss
TDHS /¢ »«—» TDHH TowL
DTOE
Tws| TwH Tos| ToH Tos | ToH Tos | ToH TDs | ToH va
— < <—> — D le <> —>
Vgg;‘g WPB‘>J( * DATA >‘ “ DATA > )k DATA >( DATA>k ; WP

(4-VRAM Fast-Page Write Cycle Timing'
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\.l'lll": Electrical Specifications

< TPRWC >
< TrASP ————————————P>4¢— TRP —P>
RAS \ - N
4~ TCRP»<— TRCD—»|
<4—TCAS1I—»>
CAY |/ \ /
TcPN—»
< TcsH——»€«———— TCPN >

TASR | TRAH TcaH
Address Row Col umn>

<4 TRAD»><» TASC

< TRWD —Pe» TCWL
TAWD-—»q — TRWL— >

Twes| TwBH, ([ T
> RCS
WE/ 4 WPB ENABLEW X TWPl;JL
<« TCwD1—| |

A

—» Tcac
ToHs| ToHH TAA ToeD
DTOE/ \

<4— TRAC—»

Tws | TwH
e TOEA_> TDH_

- >
Daa —— WPB @j{wme*

Read

<4—TDS

(  8-VRAM Fast-Page Read-Modify-Write Cycle Timing '
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RAY 5(

Electrical Specifications

<4~ TCRP»>

TrRASP

TPRWC

A 4

«— TRP —»

<4— TRCD—»|

4—TCASLI—>

~

CAS _J

47

l

TcsH—»

4——TPRWC— P

\ £

TCPN—p

TASC 4>

TcP—p

<4—— TRSH——P
4—TCAS2—>

N §

TrRAL

TcaH

N
>

A 4

D LIS < E—

TAsSR| TRAH
<>
Address +‘ Row )b

TcaH
Column

X_Col

umn>{

<4 TRAD»

» TASC

l

TRWD —><>
TAwWD —»|

» TRCS <

TewL

Trcs

b >a TCWD2 >e

TAWD —»
TcwLe»

TRwWL

v

WE/

Twas| TwBH
r—m—»
WPB ENABLE#\_/

ToHS| TDHH

)l L

>

TAA

<« TCcwD1»
< TcAC

K

Toeb

»

. Twr1

<4—TcAC

«

_ TwpP2

%TOEH

DTOE/

Data

\ /

Tws | TwH

\ 4
4

<4— TRAC

» TOEA—»

TDH

4»
Toea »{

il

WPB

Read

ToeDd

Write

Read” |

<«—TDs

TDH

Write)

<«—TDs

( 4-VRAM Fast-Page Read-M odify-Write Cycle Timing '
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Electrical Specifications

TrC >
< TrAS >
<«— TRP —»
RAS \ : X
+——TRCD——pl¢————— TRSH—— P
< TcsH >
<4~ TCRP»|
Tcas >
< TecPN——»
- <4«— TRAD Tase
AR € TRAHD |« -pe TCAH
Address Row >< Column
WE/
TCOH
ToLs > ToTc —
< >« TROH———»<4—— TDTR »>< » TDTH
DTOE/ \ 7/
Data HIGH zZ
VIH
SOFE/
(VRAM Data Transfer Cycle Timing '
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\."'F: Electrical Specifications

< TrC >
TrRAS »
<« TRP— >
RAY 5( 7‘ \
%TCRP*
cas _f \ V4
TASR| TRAH
P
Address *‘ Row *
WE/
TpbHs | TDHH
/ \
DTOE/ / \
Daa HIGH-Z
(  VRAM Refresh Cycle Timing h
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JSEEE mnRnLnEE Electrical Specifications

82C453 AC TIMING CHARACTERISTICS-VIDEO TIMING

Symbol Parameter Min Typ Max = Units
Tyips  Video Dataand BLANK/ Setup 3 - - nS
Tyipy Video Dataand BLANK/ Hold 3 - - nS

Tyn  HSYNC Deay from PCLK Rising Edge 22 - 39 nS
Tyn | VSYNC Delay from PCLK Rising Edge 25 - 48 nS

PCLK / \ e

BLANK/, P7:0
< >
TviDs TvIDH
( 82C453 Video Data Timing h

PCLK / \ /

THIN
HSYNC X

TVIN
VSYNC X

( 82C453 Video Sync Timing h
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M echanical Specifications

82C453 M echanical Specifications

A&

Lead Pitch
0.65 (0.0256) =5

= Je

== I~

== NI

== did

_ == o

Lead Width == S
0.30 £0.10 T =H

Chips P/N & Country of Origin
Vendor Mask Identifier
Date Code & Fab Control Code | |ead Length

(0.012 +0.004) E5

l

| ii:iiiiiiiii::
%SeeNotel
Footprint

~ HHHE

See Note 2

o

3L Lead Length
T SeeNote?2

DIMENSIONS:
mm (in)

Clearance
0.000 (0.000)
0.600 (0.024)

Pin1 SeeNote 1 > Max Height
. 31.6 (1.244) Seating Plane 4.2 (0.165)
Footprint 32.4 (1.276)
Note 1: Package Body Size = 28 +£0.2 (1.102 +£0.008)
Note2:  Lead Length =0.8 £0.2 (0.031 £0.008)
82C453 Suggested PCB Pad L ayout
ABABAABABAABABAABABAABABAABABAABABAABAB
2 — — g
foa) — — foa)
< — — <
< — — <
m — — m
— 1 1 —T
o= 160-Pin Plastic Flat Pack =z _
e 1 =
2= Suggested PCB Pad Layout=z 3
o — — o Q
< == _ . : =g
2 == Pad Size=2.29 mm x 0.36 mm (0.090 in x 0.014 in) =2 S
= =z E
o — . . 0 o
< === 'A" Spacing = 0.65 mm (0.0256 or 0.026 in) (see note) —l )
$ == 'B' Spacing = 0.65 mm (0.0256 or 0.025 in) (see note) =3 ?3
) — — ) c
r —T =
2 == Note: If the PCB layout system to be used can handle — =3
Y — fractional mils, use 0.0256 center-to-center —l 3
S = spacing. If not, use a combination of 0.025 —T -
S == and 0.026 inch spacings asindicated (ABABA' =3
o repeated) to approximate the exact spacing as =2
o closely as possible. =2
— —
ABABAABABAABABAABABAABABAABABAABABAABAB
Footprint 33.0 mm (1.300in) ———®=
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