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Introduction

Introduction

The 82C453 is a third generation 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 higher resolution and
higher performance. The 82C453 architecture is
optimized to use dual port videco RAMS(VRAMES).
VRAM serial 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. Due to this dual ported architec-

ture, 82C453 supports resolutions up to 1024x768.

256 colors.

EXTENSION REGISTERS

The capabilities of the 82C453 beyond the Stapdard
VGA are controlled via a set of 'exten
All functionality of these extensi
d1sabled on reset. Before the extensia

control bits (disabled on reset). None o :
bits in the regular VGA registers are uscd {6 extg
sions.

CPUINTERFACE

The 82C453 supports both EISA/ISA and MCA
bus. The chip automatically configures itself for
cither EISA/ISA or MCA bus based on the status of
configuration bit 0 on pin AEN/SWO0. 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 I/0O, display memory, and/or BIOS
ROM.

BIOS ROM INTERFACE

In EISA/ISA (PC/AT) bus systems, the 82C453
supports an 8-bit BIOS with one external BIOS
ROM chip. The ROM Chip select (ROMCS) is
generated externally for the ROM space (generally
0CO0000-C7£fffh).

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

swi ch state j

487045

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 Microchannel-
based systems, the video BIOS is always included in
the system BIOS.

CONFIGURATION SWITCHES

+The 82C453 supports up to 3 external DIP switches.

These switches are multiplexed on input pins
A16/SWO, BHE/SWI and A16/SW2. The DIP
d into an internal CPU accessible

ssible to support up to eight (4 in MCA bus)
(C453s in one system. Each 82C453 must have a
fiique number assigned to it through the above

- mentioned DIP switches. All 82C453s occupy the

same memory and IO address space. However,
only one 82C453 responds to CPU accesses at a
time. 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 four display memory configu-
rations:

1) Eight 64Kx4 VRAM devices (256KBytes)
2) Sixteen 64Kx4 VR AMdevices (512KBytes)
3) Eight 256Kx4 VRAM devices (1MByte)

4) Four 256Kx4 VRAM devices (512KBytes)

Implementing an 82C453 Video Subsystem with
256K Bytes results in a cost-efficient system which
can support all VGA-standard modes. Implementing
512 KBytes or 1Mbyte supports higher-resolution
modes such as 640x480x256-color and
1024x768x256-color modes. With 512 KBytes of
memory up to 1024x768 16 colors resolution can be
supported. The four VRAM configuration is ideal
for mother board designs where real estate is scarce.
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Introduction

CLOCK SELECTION

The 82C453 provides separate inputs for dot clock
selections 0, 1, and 2 (called CLKO,
CLK1/CLKSEL 0 and CLK?2/CLKSEL 1) which are
normally selected by Misc Output Register bits 2 and
3. Also, the 82C453 can be programmed to make
CLK1 and CLK?2 outputs and CLKO the input clock.
CLK1/CLKSELQO and CLK2/CLKSEL]1 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 general purpose output
pin in the EISA/ISA bus. No general purpose
outputs are supported in MCA bus. GPOUT pin
can individually be 3-stated, forced low or forced
high through the Define Pins Register(XR25).

EXTERNAL COLORPALETTE

The 82C453 supports the programming of
external color palette DAC (RAMDACM): by
decoding the CPU addresses and genem\gﬁg th
READ and WRITE signals for the extema-l alétte.

Either Inmos™ or Brooktreem-styl.
may be used. The 82C453 decodes. 3€
addresses for the RAMDAC (and 83C6
address if required). %

Nommally, each RAMDAC analog output provides:
bit resolution (64 shades of color on each “fthé
analog R, G, and B outputs). If 8- bltggegwceior
mode is desired for the DAC (e.g., if Mging
IMSG178 or Brooktree BT478 RAMDAGS' whlch
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

The 82C453 is available in a 160-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
Bus Interface: 32
Display Memory: 92

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

VIDEO SUBSYSTEM CHIP COUNT

Using the 82C453, a complete VGA-compatible 16-
bit video subsystem for motherboard applications
can be built with 12 ICs, including display memory,
as shown in the following bill of materials table:

Chip type

82C453 VGA Chip

BT475 or BT477 RAMDAC
741L.S245 Transceiver
7415244 Buffer

741L.S125 Buffer

PAL16L8

256Kx4 VRAMs

Total

Additional components required are 25.175, 28.322,
nd 40.000 MHz oscillators, 15-pin video
ector, and Narious resistors and capacitors.

SA/ISA bus boards, one 27256
is ROM and one LS244 buffer are

for 1024x768 interlaced 16-color graphics

rﬁ% e would require one additional 44.9 MHz oscil-

ator. For 1024x768 256 Color mode support 4
Yiore 256kx4 VRAMs would be required.

“ If Inmos RAMDACS or Brooktree 471/476 RAM-

DAC:s are used, then an additional LM339 compara-
tor, LM334 Current reference, and 1N4148 diode
are required (the BT475 and BT477 RAMDACs
shown in the bill of materials table in the column to
the left incorporate the comparator and reference
functions on-chip). The RAMDAC speed require-
ments should be compatible with the highest dot-
clock frequency used.
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82C453 Pinouts
QLT O ANNTFTNOO AN FNOO = NNV OOl
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2/ =41 132 69 {7 P7
DTOE23/ 3] 133 68 |F= P6
BAS—1}| 134 (SOEBl1) 67 = P5
BA7 3] 135 66 ||/= P4
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BA2 | 142 59— PCLK
BAl =} | 143 : 58 |jF= HSYNC
BAQ—=}| 144 Note: S g 57 |j= VSYNC
SRC};é(/ e & {32 Pin names shown j m gf 2JSA (PC/AT) bus connections gg - gﬁt&’%
=] " mama
CASBO/ =4l 147 Pm names m bra&m}as *] indicate MCA bus connections 32 |E= RESET
SOER0; —x—}{ 148 ] %eses (...) indicate altenate function [IR! 53] IR
DTOEQ1/ =x3] 149 [CSF%;]l 52 |§== GPOUT
ND —1| 150 1{jF/= RDY
AA8 =]} 151 (CASBI1) 50 ||Fm= GND
AA7 =) 152 [DS16/] 49 [ I0CS16/
AAGC—}] 153 48 [ ADREN/
AAS =] 154 MIO/] 47 |F—== IOWR/
AA4 x| 155 [CMD/] 46 |j/= IORD/
AA3=| 156 ~ [S0/] 45 = MEMW/
AA2 x| 157 o 113% 44 | o MEMR/
AA] 3| 158 E [SETUP/] 43 jj7x= AEN (SW0
AAQ x| 159 5 42 || BHE/ (SW1
WE1/ 131 160 ~ 41 [ A16 (SW2
(=)
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.\ n ' r : Pin Descriptions

82C453 PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description

40 ADO 1/0 High  Multiplexed system address/data bus. Address when

39 AD1 7/e) High ADREN/is low and data when ADRENY/ is high. In the

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

37 AD3 1/O High CMD/.

36 AD4 1/0 High

35 AD5 /0 High

34 AD6 I/0 High

33 AD7 e High

30 ADS /O High

29 AD9 /O High

28 ADI10 1/0 High

27 AD11 I/O i

26 ADI12 1/0

25 ADI13 I/O

24 AD14 /O

23 ADI15 /0

19  VGADEC (SENSE) pltipk Memory address enable and SENSE input.

¢n ABREN/ is low, this pin is the high order
y-address enable (decoded A17-A23 qualified
the Refresh signal).

] "MCA interface systems, VGADEC should also be
*tjualified with MADE?24 (1 indicates only 24 bits of
address are being decoded) so that the 82C453 will not
respond to any cycle unless MADE?24 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 counters in a known state
for chip test.

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

22 RDHI/ Out Low  AD bus: O = read from 82C453; 1 = write to 82C453.
Enable for the AD Bus trancecivers 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 1.S245 or equivalent).

0 = Enable bus address onto AD15:0
1 = Enable bus data to/from AD15:0

Note: Pin names in brackets [...] indicate MCA bus functionality if different from ISA (PC/AT) bus
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82C453 PIN DESCRIPTIONS System Bus Interface (continued)
Pin# Pin Name Type Active Description
41 Al6 (SW2/CFG2) In High  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 Conﬁguratmn
Register (extension index 26h) bit-2. This pin may also
be read into bit-2 of the Extended DIP-switch Register
(ext. index 1) when ADRENY/is high.

42 BHE/ SW1/CFG1) In Low Byte High Enable for 16-bit interface. Low indicates
that the high order byte at the current word address is
being accessed. Along with AO, indicates which bytes
are transferred over the bus (all byte steering is done in-
ternally):

BHE/ A0  Effect

. 0 Both bytes on D150
igh byte on D15:8

w byte on D7:0
High byte on D7:0 (8-bit slot)
Note: MEMCS16/ must be driven X ] . . .
by logic external to the 82C453. If e 82¢.45%:configures itself to 8-bit or 16-bit bus

the 82C453 sees BHE/ active, it
assumes MEMCS 16/ is being driv

Wver-on auto-configuration bit-1 sampled on the
by external logic.

0 PO’
mg edge of RESET and saved in Configuration Reg-
Ster (extension index 26h) bit-1:

Note: BHE/ is located on the 16-bit CFG2 CFG1 R fi i

bus extension in ISA systems, so 0 0 16 256K VRAMSs (512KB)
should be connected to a 10K pullup 0 1 4 IM VRAMSs (512KB)
to hold it inactive in case the card is 1 0 8 IM VRAMs (1IMB)
installed in an 8-bit slot. 1 1 8 256K VRAMs (256KB)

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

43 AEN [SETUP/] (SWO/CFGO0) In Hi/Lo ISA bus: defines valid I/O address: 0 = valid I/O
address, 1 = Invalid I/O address (DMA cycle). If sin-
gle-cycle DMA is used, memory addresses will be on
the bus at the same time that IORD/ or IOWRY/ is active.
The 82C453 will not respond to IORD/ or IOWR/ while
AEN=1.

MCA Bus: 0=Setup mode. The MCA interface drives
this 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 regis-
ters 100-107h are not accessable and all others are if the
enable bit in register 102h was set).

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

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

Note: Pin names in brackets [...] indicate MCA bus functionality if different from ISA (PC/AT) bus
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82C453 PIN DESCRIPTIONS System Bus Interface (continued)

Pin# Pin Name

Active

Description

44 MEMR/ (S1/]

Low

In ISA (PC/AT) bus interface indicates a memory or
ROM read cycle. In MCA bus interface, indicates
Status 1 (see table below).

45 MEMW/ [S0/1

Low

In ISA (PC/AT) bus, indicates a memory write cycle.
In MCA bus interface, indicates Status O (see table
below).

46 IORD/ [CMD/]

Low

In ISA (PC/AT) bus interface, indicates an I/O Read
cycle. In MCA bus interface, indicates a command
cycle (valid data on the bus). Driven by CMD/ from
MCA VGACMD/ from CHIPS/250.

47 IOWR/ [MIOY/]

"“Im{SA (PC/AT) bus interface, indicates an I/O Write
ycle% ~fn MCA bis interface, indicates memory or I/O
% ﬁQ‘%ycle, 0=1/O cycle.

-reserved-

I/O Read

I/O Write
-reserved-
-reserved-
Memory Read
Memory Write
-reserved-

== O=O~O

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

82C453 PIN DESCRIPTIONS

System Bus Interface (continued)

Pin# Pin Name Type Active Description

51 RDY Tri-Out High 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 signal is
normally high and is only driven low if the 82C453 can-
not respond immediately to memory requests to insert
the neccessary wait states.

49 1I0CS16/ [DS16/] Tri-Out Low In ISA bus interface, indicates 16-bit I/O cycle. In
MCA, indicates 16-bit Memory or 1/O cycle. Asserted
by the 82C453 to indicate that the chip is capable of

transferring

16 bits over the bus at the requested

address. In MCA, DS16/ is active for all accesses
4xecpt those to the RAMDAC.

53 IRQ

(IRQ/] Tri-Out  Both
ar*f: engb*i’éd

rtigd} blank intérrupt. In ISA bus, this pin is tristated
wheh Iiterrupt$#ignot enabled, low when interrupts
puto-interrupt is pending, and high when
“aregnabled and an interrupt is pending. In
(G4 bul-this pin functions as an active-low open-
gutput. This pin is normally connected to
R QI9/ may be shared by multiple controllers on

*ime’may have IRQ9 enabled.

This pin has high drive capability JOL=12mA). While
this is still not enough to meet the MCA bus specifica-
tion of 24mA, the board designer may still want to con-
nect IRQY/ directly to the bus, eliminating the need for a
7418125 driver.

52 GPOUT [CSFB/]

Low

In the ISA bus, this pin is a general purpose output pin.

The state of this pin can be controlled by bits DO, D1 of
the Define Pins Register (XR25).

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

Note: Pin names in brackets [...] indicate MCA bus functionality if different from ISA (PC/AT) bus
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CHIFS Pin Deripions
82C453 PIN DESCRIPTIONS Display Memory Interface
Pin# Pin Name Type Active Description
112 M3D7 /O High VRAM Data Bus.
Hi ﬁg’gg 38 I:ﬁgg The first digit in the signal name indicates the plane.
g & . - ol
115 M3D4 /0 High The second indicates the bit position within the plane.
116 ~ M3D3 /O High  In the 4-VRAM configuration, planes 1 and 3 (M1Dx
117 M3D2 /O High  and M3Dx) are left unconnected (see configuration bits
118 M3D1 1/0 High 0.2).
119 M3D0O /O High
123 M2D7
124 M2D6
125  M2D5
126 M2D4
127 M2D3
128 M2D2
129 M2D1
131 M2DO
1 MI1D7
2 M1D6
3 MI1D5
4 MIip4
5 M1D3
6 M1D2
7 MID1
8 M1D0O
11 MOD7 ‘
12 MOD6 g
13 MOD5
14 MOD4 /O High
15 MOD3 I/O High
16 MOD2 I/O High
17  MOD1 /O  High
18  MODO /O  High
Revision 0.7 12 Advance Product Information 82C453
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\n'r=® Pin Descriptions

82C453 PIN DESCRIPTIONS Display Memory Interface (continued)
Pin# Pin Name Type Active Description
76 M3S7 In High VRAM Serial Data Bus.
;g ﬁggg E }thgg The first digit in the signal name indicates the plane.
- The second indicates the bit position within the plane.
79 M354 In High po p
80  M3S3 In High  In the 4-VRAM configuration, planes 1 and 3 (M1Sx
82  M3S2 In High  and M3Sx) are left unconnected (see configuration bits
83  MB3S1 In High (-2). Note that four IMb VRAMES provide 512KB of
84  M3S0 In High  display memory and that 1024x768, 256-color mode
. requires 1IMB total so that mode won't work in the 4-
85  M2S7 In High  VRAM configuration.
86 M2S6 In High
87 M2S5 In High
88 M254 In i
89 M2S3 In
90 M2S2 In
91 M2S1 In
92 M2S0 In
93 M1S7
94 M1S6
95 M1S5
96 M1S84
97 M1S3
98 M1S2
99 M1S1
102 M1S0O
103  MOS7
104 MO0S6
105  MO0S5 High
106 MO0S4 In High
107 MO0S3 In High
108  MO0S2 In High
109 MOS1 In High
110 MOSO In High
Revision 0.7 13 Advance Product Information 82C453
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Pin Descriptions

82C453 PIN DESCRIPTIONS Display Memory Interface (continued)
Pin# Pin Name Type Active Description
151 AAS (CASB1)) Tr-Out High VRAM Address bus A for connection to planes 0 and 1.
152 AA7 Tr-Out High  With 64Kx4 VRAMs, AAS is not required, so the pin
153 AAG6 Tri-Out High  functions as CAS/ for bank 1 VRAMs.
154 AAS Tri-Out High
155 AA4 Trn-Out High
156 AA3 Tri-Out High
157 AA2 Tri-Out High
158 AAl Tr-Out High
159 AA0 Tr-Out High
134 BAS (SOEB1)) Tri-Out High  VRAM Address bus B for connection to planes 2 and 3.
135  BA7 Tri-Out High  With 64Kx4 VRAMs, BAS is not required, so the pin
136 BAG6 Tri-Out  High tions as SOE/ for bank 1 VRAMs.
137 BAS i
138 BA4
139 BA3
142 BA2
143  BAl
144  BAO
146  RAS/ :Row Address Strobe for all planes and banks.
#)K-internal pull-up keeps the VRAMs in a quiescent
t¢ during reset, or while exchanging control with
nother chip.
147  CASB(/ ‘ VRAM Column Address Strobe for bank 0. AAS
becomes CAS/ for bank 1 with 64Kx4 VRAMs,
122 WE3/ (TEXT/) ;\ it VRAM Write Enables for planes 3:0. WE1/and WE3/
132 WEY Tn-Gut Low  are not connected in the 4-VRAM configuration (see
160 WEV/ Tri-Out Low  configuration bits 1-2). IN 4-DRAM configuration
9 WE(/ Tri-Out Low  WE3/ outputs the state of the text/graphics mode bit
(O=text mode).
149  DTOEO1l/ Tri-Out Low  Data Transfer / Output Enables for VRAMSs in planes O-
133  DTOE23/ Tri-Out Low 1 and 2-3, respectively.
145 SCLK Tri-Out High  VRAM Serial Clock for all VRAMs.
148 SOEB(/ (DSF) Tri-Out Low  VRAM Shift Output Enable for bank 0. BAS becomes
SOE/ for bank 1 with 64Kx4 VRAMs.
With 1IMb VRAMS (256Kx4), this pin also functions as
the VRAM DSF control. (DSF function is reserved for
future use). Typically, in single-bank configurations,
the VRAM SOE/ pin is grounded and SOEBOY is left
unconnected (or connected to DSF for 1M VRAMS).
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CHIFS! o
82C453 PIN DESCRIPTIONS Video Interface
Pin# Pin Name Type Active Description

62 PO Out High  Video Pixel Data Out

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 Pixel Clock Out

56 PALRD/ Out Low Connected to the Read input of the Palette DAC
£IMSG176, BT471, or compatible). Asserted when the

g “82‘64”53 is enabled and an I/O Read occurs from
£, \Q{m ddresSes 3C6h, 3C8h, 3C9h or (if enabled) 83C6h-
g, \‘83Q9h~\\(’lhe gﬁ@# responds directly for accesses to
> SETH), T (T

55 PALWR/ Eovm By cﬁ;ﬁd\o ‘the Write input of the Palette DAC
: «\.}\\\\\ (”IMSGI‘T&V ‘BT471, or compatible). Asserted when the
{"M‘%w\ 8%C4$3 :is enabled and an 1/O Write occurs to addresses

%w 3 -3C%h or (if enabled) 83C6h-83Coh.

58 HSYNC ; Bm&; nzontal and Vertical Sync signals for the monitor and

57 VSYNC ' qu \?‘Blankmg signal for the external palette DAC. Sync

71 BLANK/ (DE) \ polarities are programmable. The BLANK/ pin may be

; “\\“ configured to output Display Enable (DE).

72 IOCLK High I/O Clock. This clock is used for intemal sequencing of
I/O Registers. This clock can also be selected as display
clock. IOCLK should be between 30-40 Mhz.

73 CLKO (CLKIN) In High  Three clock inputs to the chip.

;g g:ﬁ:lz E%ﬁggk(g 58 giglﬁ Alternately, CLK1 and CLLK2 may be programmed (bit

0 of XR05) as outputs to externally select one of four or
more frequencies, typically:

CLKSEL Frequency
10 Selected Resolution
090 25.175 MHz 640x400 (8-dot text)& 640x480
01 28.322 MHz 720x400 (9-dot text)
10 40.000 MHz 132-col text & 800x600
11 44.9 MHz 1024x768 (interlaced or non-int)
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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 VvCC 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 Bit Access IO Port-MGA
STAT Display Status 7 R 3BA
CLPEN Clear Light Pen Flip Flop 0 w 3BB (ignored)
SLPEN Set Light Pen Flip Flop 0 w 3B9 (ignored)
MODE CGA/MDA/Hercules Mode Control 7 RwW 3B8
COLOR CGA Color Select 6 RwW n/a
CONFIG Hercules Configuration 2 w 3BF

R 3B6-3B7 index 14
RX, RO-11 '6845' Registers 0-8 RW 3B4-3B5
XRX, XR0-7F Extension Registers 0-8 RwW 3B6-3B7

[ 82C453 REGISTER SUMMARY - EGA MODE |

O Port- CGA omime
3DA
3DB (ignored) no light pen
3DC (ignored) no light pen
3D8
3D9
n/a
n/a XR14
3D4-3D5
3D6-3D7 if port 103 bit-7=1

This Material Copyrighted By Its Respective Manufacturer

Register Register Name Bits L/O Port - Color Comment
MISC Miscellaneous Output 3C2
FC Feature Control 3DA
FEAT Feature Read (Input Status 0) 3C2
STAT Display Status (Input Stats 1) 3DA
CLPEN Clear Light Pen Flip Flop . 3DB (ignored) no light pen
SLPEN Set Light Pen Flip Flop 3DC (ignored) no light pen
SRX, SR0-4 Sequencer 3C4-3C5
CRX, CR0-18 CRT Controller 3D4-3D5
GRX, GRO-8 Graphics Controlier 3CE-3CF
ARX, AR0-13  Autributes Controller 3C0-3C1
XRX, XRO-7F Extension Registers 3D6-3D7 if port 103 bit-7=1
[ 82C453 REGISTER SUMMARY - VGA MODE
POSIDL POS ID LSB - R 100 (Setup Only) 100 (Setup Only) VGA
POSIDH POS ID MSB R 101 (Setup Only) 101 (Setup Only) VGA
SLEEP Video Subsystem Sleep Contrg! . RW 102 (Setup Only) 102 (Setup Only) VGA
XENA Extended Enable - 7 RW 103 (Setup Only) 103 (Setup Only) VGA
GLOBID Global ID (0ASh) 8 R 104 (Setup Only) 104 (Setup Only) VGA
MISC Miscellaneous Output 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 lpen
SLPEN Set Light Pen Flip Flop 0 w 3BC (ignored) 3DC (ignored) n/a no Ipen
VSE Video Subsystem Enable 1 RW 3C3 if MCA 3C3 if MCA  Motherboard
46E8 Setup / Disable Control 2 w 46E8 if ISA 46ES8 if ISA VGA
DACMASK Color Palette Pixel Mask 8 RW 3Ce6, 83C6 3Ce, 83C6 DAC
DACSTATE Color Palette State 2 R 3C7, 83C7 3C7, 83C7 VGA
DACRX Color Palette Read-Mode Index 8 w 3C7, 83C7 3C7, 83C7 DAC
DACWX Color Palette Write-Mode Index 8 RW 3C8, 83C8 3C8, 83C8 DAC
DACDATA Color Palette Registers 0-FF 3x6 or 3x8 RW 3C9, 83C9 3C9, 83C9 DAC
SRX, SRO0-7 Sequencer 0-8 RW 3C4-3CS 3C4-3C5 VGA
CRX, CR0O-3F CRT Controlier 0-8 RW 3B4-3B5 3D4-3D5 VGA
GRX, GRO-8 Graphics Controller 0-8 RW 3CE-3CF 3CE-3CF VGA
ARX, AR0-14  Attributes Controller 0-8 RwW 3C0-3C1 3C0-3C1 VGA
XRX, XR0O-7F  Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 VGA 103 bit7=1
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Register Summary

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

Register  Register Name Bits Register Type Access(VGA) Access(EGA) L/OPort

SRX Sequencer Index 3 VGA/EGA RW RW 3C4

SRO Reset 2 VGA/EGA RW RW 3Cs5

SR1 Clocking Mode 6 VGA/EGA RW RW 3Cs

SR2 Plane Mask 4 VGA/EGA RW RW 3C5

SR3 Character Map Select 6 VGA/EGA RW RwW 3CS

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 RW RW 3B4 Mono, 3D4 Color
CRO Horizontal Total 8 VGA/EGA RwW RW 3B5 Mono, 3D5 Color
CR1 Horizontal Display End 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CR2 Horizontal Blanking Start 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR3 Horizontal Blanking End 5+2+1 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR4 Horizontal Retrace Start 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CRS Horizontal Retrace End 5+2+1 VGAJ/EGA RW RW 3BS5 Mono, 3D5 Color
CR6 Vertical Total RW RW 3BS Mono, 3D5 Color
CR7 Overflow RW RW 3B5 Mono, 3DS5 Color
CRS8 Preset Row Scan RwW 3B5 Mono, 3DS5 Color
CR9 Character Cell Height RW 3BS Mono, 3DS Color
CRA Cursor Start RW 3B5 Mono, 3D5 Color
CRB Cursor End RW 3B5 Mono, 3DS Color
CRC Start Address High RwW 3B5 Mono, 3D5 Color
CRD Start Address Low RW 3B5 Mono, 3D5 Color
CRE Cursor Location High RW 3B5 Mono, 3D5 Color
CRF Cursor Location Low RW 3BS Mono, 3D5 Color
LPENH Light Pen High R 3BS Mono, 3D5 Color
LPENL  Light Pen Low R 3BS Mono, 3DS5 Color
CR10 Vertical Retrace Start w 3B5 Mono, 3D5 Color
CR11 Vertical Retrace End w 3BS Mono, 3DS Color
CR12 Vertical Display End RW 3B5 Mono, 3D5 Color
CR13 Offset RW 3B5 Mono, 3DS5 Color
CR14 Underline Row Scan RW 3B5 Mono, 3D5 Color
CR15 Vertical Blanking Start RW 3B5 Mono, 3D5 Color
CR16 Vertical Blanking End RW 3B5 Mono, 3D5 Color
CR17 CRT Mode Control T 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 3BS Mono, 3DS5 Color
CR3x Clear Vertical Display Enable FF 0 VGA w n/a 3BS5 Mono, 3D5 Color
GRX Graphics Controller Index 4 VGA/EGA RW RW 3CE

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

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

GR2 Color Compare 4 VGA/EGA RW RW 3CF

GR3 Data Rotate 5 VGA/EGA RW RW 3CF

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

GR5 Mode 6 VGA/EGA RW RW 3CF

GRé6 Miscellaneous 4 VGA/EGA RW RW 3CF

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

GRS Bit Mask 8 VGA/EGA RW RW 3CF

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

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

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

AR11 Overscan Color 6 VGA/EGA RW RW 3C0 (3C1H)

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

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

AR14 Color Select 4 VGA RW n/a 3C0 (3C1)
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82C453 EXTENSION REGISTER SUMMARY: 00-2F

Chips' 45X Product Family

Rsz Register Name Bits Access Port Reset 450 451 452 453 455 456

Extension Index Register 7 R/W 3B6/3aD6 Oxxxxxxx « o o/ v J/
XR0O0 Chip Version 8 R/O 3B7/3D7 0100rrrr o & o/ < /L
XR01 DIP Switch 8 R/O 3B7/3D7 dddddddd ¢ « ¥ S 7
XR02 CPU Interface 8 R/W 3B7/3D7 RRRRRRRR ¢¥ ¥ ¢V < 7/
XR03 82C453 Interface I 5 R/W  3B7/3D7 RROORROR . 7 7 v . .
XR04 Memory Mapping - —  3BI3D7 VARV R A
XR05 Sequencer Control 5 R/W  3B7/3D7 RRRROOOR J 7/
XR06 DRAM Interface - - 3B7/3D7 v/
XR0O7 -reserved- - - 3B7/3D7 . . .
XR08 General Purpose Output Select B - - 3B7/3D7 < 7 < 7
XR09 General Purpose Output Select A - - 3B7/3D7 J< /7 J< 7
XROA Cursor Address Top - - 3B7/3D7 . 4 .
XR0OB CPU Paging 3 R/W 3B7/3D7 00000RRR ¢ < /7 7 7/
XROC Start Address Top 2 R/W 3B7 000000RR ¢ s 7/ .
XROD Auxiliary Offset 2 R/W 3%5\/3@7 000000RR ¢« ¢ V / 7 7/
XROE Text Mode - - 7/ v/
XROF -reserved- .
XR10 Single/Low Map Register 4 < 7
XR11 High Map Register v/ J /S
XR12 -reserved-
XR13  -reserved- . . . . .
XR14 Emulation Mode v v v 7 v 7
XR15 Write Protect < 4 7 7 <
XR16 Trap Enable 7 7 7/ 7 /
XR17 Trap Status Q‘\%\\% OORRRRRR . ¢ « « o/
XR18 Alternate H Display End '*:“"'&} .-”v «"‘@ 13D7 xxxxxxxx o o S 7 7/
XR19 Al H Retr Start/Half-line Comp \% ¥3B7/3D7 xxxxxxxx o S < /
XR1A Alternate H Retrace End 3B7/3D7 xxxxxxxx « o < /7
XR1B Alternate H Total 3B73D7 xxxxxxxx  / 7 7/
XR1C Alternate H Blank Start 3B7/3D7 xxxxxxxx « o < 7/
XR1D Alternate H Blank End 3B7/3D7 Rxxxxxxx «« o o/ v 7
XR1E Alternate Offset 3B7/3D7 xxxxxxxx o/ f 7 7/
XRI1F Virtual EGA Switch Register - - 3B7/3D7 0000xxxx

L -

XR20 Sliding Unit Delay / (453 Interface 1I) 2 R/W 3B7/3D7 O0O0OORORO 7

XR21 Sliding Hold A - - 3B7/3D7 7/

XR22 Sliding Hold B - - 3B7/3D7 v/ .

XR23 Sliding Hold C / (Wr Bit Mask Ctrl) 4 R/W  3B7/3D7 O000O0ORRRR < 7/

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

XR25 453 Pin Definition 2 R/W 3B7/3D7 O00O0O0OORR 4

XR26 453 Configuration 3 R/W  3B7/3D7 00000RRR . 7

XR27 Force Sync State - - 3B7/3D7 . oL . .

XR28 Video Interface 3 R/W 3B7/3D7 O00000RRR ¢ ¢ ¢ /7 7/

XR29 Function Control/453 half line compare 8 R/W  3B7/3D7 XXXXXXXX ;7 /7

XR2A Frame Interrupt Count - - 3B7/3D7 . .

XR2B Default Video - - 3B7/3D7 / 7/ < 7/

XR2C Delay Horizontal High - - 3B7/3D7 7/

XR2D Delay Horizontal Low - - 3B7/3D7 e

XR2E Delay Vertical High - - 3B7/3D7 4

XR2F Delay Vertical Low - - 3B7/3D7 4

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

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column
Note: 452 = Integrated VGA, 452 = Super VGA, 455 & 456 VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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82C453 EXTENSION REGISTER SUMMARY: 30-5F

Chips' 45x Product Family

Reg RegisterName Bits Access Port Reset 450 451 452 453 455 456
XR30 Graphics Cursor Start Address High - - 3B7/3D7 v/

XR31 Graphics Cursor Start Address Low - - 3B7/3D7 4

XR32 Graphics Cursor End Address - - 3B7/3D7 7

XR33 Graphics Cursor X Position High - - 3B7/3D7 4

XR34 Graphics Cursor X Position Low - - 3B7/3D7 v

XR35 Graphics Cursor Y Position High - - 3B7/3D7 v/

XR36 Graphics Cursor Y Position Low - - 3B7/3D7 7

XR37 Graphics Cursor Mode - - 3B7/3D7 v/

XR38 Graphics Cursor Mask - - 3B7/3D7 v/

XR39 Graphics Cursor Color 0 - - 3B7/3D7 4

XR3A Graphics Cursor Color 1 - - 3B7/3D7 7

XR3B  -reserved- - - 3B7/3D7

XR3C -reserved- - - 3B7/3D7

XR3D -reserved- - - 3B7/3D7

XR3E -reserved-
XR3F -reserved-

XR40 1O Flag

XR41 EGA Switch Register

XR42 -reserved-

XR43 -reserved- .

XR44 Video Flag Register v

XR45 Scratch Register 1/ FG Color v/

XR46 -reserved-

XR47 -reserved-

XR48 -reserved-

XR49  -reserved-

XR4A -reserved-

XR4B  -reserved-

XR4C -reserved- 3B7/3D7

XR4D -reserved- 3B7/3D7

XR4E  -reserved- 3B7/3D7

XR4F -reserved- 3B7/3D7

XR50 (Panel Format)j - - 3B7/3D7 v 7
XR51 (Display Type) - - 3B7/3D7 7 7/
XR52 (Panel Size) - - 3B7/3D7 <
XRS53 (Override) - - 3B7/3D7 <
XR54 (Alternate Misc Output) - - 3B7/3D7 7 7/
XR55 (Text Mode 350_A Compensation) - - 3B7/3D7 7 7/
XR56 (Text Mode 350_B Compensation) - - 3B7/3D7 S 7/
XR57 (Text Mode 400 Compensation) - - 3B7/3D7 < 7/
XR58 (Graphics Mode 350 Compensation) - - 3B7/3D7 < 7/
XR59 (Graphics Mode 400 Compensation) — — - 3B7/3D7 v 7/
XRSA (Flat Panel Vertical Display Start 400) - - 3B7/3D7 7/
XRS5B (Flat Panel Vertical Display End 400) - - 3B7/3D7 ;< /
XR5C (Weight Control Clock A) - - 3B7/3D7 v 7
XR5D (Weight Control Clock B) - - 3B7/3D7 < 7/
XRSE (ACDCLK Control) - - 3B7/3D7 <
XRSF (Power Down Mode Refresh) - - 3B7/3D7 ;< /
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82C453 EXTENSION REGISTER SUMMARY: 60-7F

Chips' 45x Product Family

Reg RegisterName B.ns Am Port Reset 450 451 452 453 455 456
XR60 (Blink Rate Control) 3B7/3D7 . < 7
XR61 (Text Color Mapping Control) - - 3B7/3D7 7/
XR62 (Text Color Shift Parameter) - - 3B7/3D7 v 7
XR63 (Graphics Color Mapping Control) - - 3B7/3D7 < 7/
XR64 (Alternate Vertical Total) - - 3B7/3D7 < /7
XR65 (Alternate Overflow) - - 3B7/3D7 v 7
XR66 (Alternate Vertical Sync Start) - - 3R7/3D7 < 7/
XR67 (Alternate Vertical Sync End) - - 3B7/3D7 <
XR68 (Alternate Vertical Display Enable End) - - 3B7/3D7 7 7/
XR69 (Flat Panel Vertical Display Start 350) - - 3B7/3D7 < 7
XR6A (Flat Panel Vertical Display End 350) - - 3B7/3D7 <
XR6B (Flat Panel Vertical Overflow 2) - - 3B7/3D7 S
XR6C (Weight Control Clock C) - - 3B7/3D7 /7 7/
XR6D (External Palette Control) - - 3B7/3D7 7/
XR6E -reserved-

XR6F  -reserved-

XR70 -reserved-

XR71 -reserved-
XR72 -reserved-
XR73 -reserved-
XR74 -reserved-
XR75 -reserved-
XR76 -reserved-
XR77 -reserved-
XR78 -reserved-
XR79 -reserved-
XR7A -reserved-
XR7B -reserved-
XR7C -reserved-

3B7/3D7

XR7D -reserved- 3B7/3D7 . . . . . .
XR7E CGA/Hercules Color Select 3B7/3D7 00xxxxxx + « / < /7
XR7F Diagnostic 3B7/3D7 < 7 7/ < 7/
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82C453 Registers

GLOBAL CONTROL (SETUP) REGISTERS

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

The Global and Extension Enable Registers are ac-

cessible only during Setup mode. The Global ID
Register contains the ID number that identifies the

82C453 as a Chips & Technologies product.

Note: In setup mode in the IBM VGA, the Global
Setup Register (defined as port address 102) actually

occupies the entire 1/0 space. Only the lower 3 bits.
are used to decode and select this register. To avoigh:.
bus conflicts with other peripherals, reads should.
only be performed at the 10xh port addresses while”

in setup mode. To eliminate potential comg; ﬁbﬂity
problems in widely varying PC systems, thg 82C45:
decodes the Global Setup register at |
only. %

GENERAL CONTROL REGISTERS ™ "% %
Two Input Status Registers read the SE%SE gfﬁ

%

e

pending CRT interrupt, display enable/}g\s‘iﬁﬁ@-v

output, and vertical retrace/video output. %:The
Feature Control Register selects the3¥8YNC
function while the Miscellaneous Oufpig Register
controls I/O address select, clock selection,*access to
video RAM, memory page, and video SYNC
polarity.

CGA /HERCULES REGISTERS

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

SEQUENCER REGISTERS

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

Set/ReselR
-

o S
v n
Q. port 1024
3

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

d scrolling, cursor size and location, light pen,

\gnd underline.
GﬁPmCS. ¥

o

. §Thg Gra
\he Gy

ROLLER REGISTERS

%ntroller Index Register contains a 4-
%.f0:the Graphics Controller Registers. The
*Register controls the format of the CPU
1a to”display memory. It also works with the
nable Set/Reset Register. Reducing 32 bits of
display data to 8 bits of CPU data is accomplished
)y the Color Compare Register. Data Rotate
Registers specify the CPU data bits to be rotated and
subjected to logical operations. The Read Map
Select Register reduces memory data for the CPU in
the four plane (16 color) graphics mode. The
Graphics Mode Register controls the write, read, and
shift register modes. The Miscellaneous Register
handles graphics/text, chaining of odd/even planes,
and display memory mapping. Additional registers
include Color Don't Care and Bit Mask.

ATTRIBUTE CONTROLLER AND
EXTERNAL COLOR PALETTE REGISTERS

The Attribute Controller Index Register contains a 5-
bit index to the Attribute Controller Registers. A 6th
bit is used to enable the video. The Attribute
Controller Registers handle internal color lookup
table mapping, text/graphics mode, overscan color,
and color plane enable. The horizontal Pixel
Panning and Pixel Padding Registers control pixel
attributes on screen. External color palette registers
handle CPU reads and writes to I/O address range
3C6h-3C9h. Some of the registers are located
external to the 82C453 in the external color palette.
Inmos IMSG176 (Brooktree BT471/476) compatible
registers are documented in this manual.
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CHAIrFS Registers

EXTENSION REGISTERS

The 82C453 defines a set of extension registers
which are addressed with the 7-bit Extension
Register Index. The I/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. General Purpose Registers handle video
blanking and the video default color.

3. Backwards Compatibility Registers control He
cules, MDA, and CGA emulation modes. Wri

Protect functions are provided to increas
flexibility in providing backwards compatilg'
4. Alternate Horizontal and Vertical Regi$térs han--
dle all horizontal and vertical timis i
sync, blank and offset. Thesg
backwards compatibility. ;

Note: The state of most of the Standard VGA Registers is undefined at reset. All registers specific to the 82C453
(Extension Registers) are summarized in the Extension Register Table.
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\ -n ' r : Global Control (Setup) Registers

82C453 Global Control (Setup) Registers

Register YO Protect
Mnemonic Register Name Index Access Address Group Page
- Setup Control - w 46E8h (PC-Bus only) - 25
- Global Enable - RW 102h & Setup mode - 25
- Extension Enable - RW 103h & Setup mode - 26
- Global ID - R 104h & Setup mode - 27
SETUP CONTROL REGISTER GLOBAL ENABLE REGISTER
Write only at 1/0 Address 46E8h Read/Write at I/O Address 102h

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

7|D6|D5|D4|D3|D2[D1{DoO|

VGA Awake

- Reserved

This register is used with the PC-Bus Interface«
It is cleared by RESET. In the MCA interfat
Setup mode and VGA Disable are controlled:
the SETUP/ and DISA/ pins, respecﬁvelj%%\;
By

This register is only accessible in Setup Mode. Itis
€ clearcd by RESET.
0 VGA Awake

0: VGA is in sleep mode
1: VGA is awake

7-1 Reserved (0)

2-0 Reserved (0)
3 VGA Enable

0: VGA is disabled
1: VGA is enabled

4  Setup Mode

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

7-5 Reserved (0)
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Global Control Registers

EXTENSION ENABLE REGISTER

Read/Write

at I/0 Address 103h

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

[D7]D6|D5|D4[D3[D2]D1DO] CGA/Hercules
] Bit Emulation CRTC
Registers
. 7 Mode Address 3B8,3BF, 3DS8, 3D9
- Multipie VGA ID
0 VGA 3x4/5 only not accessible
0 CGA 3D0/1,3D2/3 3D8,3D9 accessible
3D4/5,3D6/70
] Reserved 0 Hercules 3B0/1,3B2/3 3B8,3BF accessible
Extension Registers 3B4/5,3B6/7
Address Select 1 any 3x4/5 only all accessible
Extension Registers
Access Enable -
..«:‘4\ %;:: K
This register is only accessible in Setup Mode. It is, '
cleared by RESET.

3-0 Multiple VGA ID. The ID number o{é&k < B
currently active VGA when muluplt;
feature is enabled.

D3 D2 DI DO Comment ff%%

0

0
0
0

[u—y

54

0 0 0 182C453 WDI s
tobecompareda
0 0 1 182C453,no DiB

0 1 x 2 82C453, 1DIP\
to be compared 3

1 x x 4 82C453, 2.
tobe compared

X X Xx 8 82C453,3 DIP switch
to be compared against

Reserved (0)
Address for Extension Registers

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

1: Extension registers at I/O Address
3B6/3B7

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

0: Disable Access
1: Enable Access
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Global Control Registers

GLOBAL ID REGISTER VIDEO SUBSYSTEM ENABLE REGISTER
Read only at 1/0 Address 104h Read/Write at /O Address 3C3h

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

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

VGA Enable

- Reserved

- Chip ID Number

-

This register is only accessible in MCA Interface. It
Ascleared by RESET.

This register is only accessible in Setup Mode.

7-0 These bits contain the ID number (OASh).
This identifics the chip as a Chips and‘

Technologies product. A VGA is disabled
F

\EVGA is enabled
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o e General Control Registers
CHira
82C453 General Control & Status Registers
Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
STOO Input Status 0 - R 3C2h - 29
ST01 Input Status 1 - R 3BAh/3DAh - 29
FCR Feature Control - w 3BAh/3DAh 5 30
R 3CAh
MSR Miscellaneous Output - w 3C2h 5 30
R 3CCh
INPUT STATUS REGISTER 0 (ST00) INPUT STATUS REGISTER 1 (ST01)
Read only at I!O Address at 3C2h Regd only at 1/0 Address 3BAh/3DAh
{D7]D6|D5[D4|D3|D2]|D1]DO| ' ' D2[D1[Do]
DE/Hsync Output
Reserved L I Reserved
Vertical Retrace/Video
Switch §
FCINO Video Feedback
FCIN1 Reserved
CRT Interrupt Péridin Vsync Output

3-0 Reserved (0)

4  Switch Sense. This bit returns-the Status of
the SENSE pin. i

6-5 These bits indicate the status of FCINO and
FCIN1 input pins.
7  CRT Interrupt Pending
0: Indicates no CRT interrupt
is pending
1: Indicates a CRT interrupt
is waiting to be serviced

5-4

Display Enable/HSYNC Output. The
functionality of this bit is controlled by the
Emulation Mode register (XR14 D4).

0: Indicates DE or HSYNC inactive

1: Indicates DE or HSYNC active

Reserved (0)

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

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
is controlled by the Emulation Mode register
(XR14 D6). It reflects the active status of
the VSYNC output: O=inactive, 1=active.
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General Control Registers

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

Read at I/0O Address 3CAh

Group 5 Protection

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

- Reserved

__Reserved
Vsync Control

- Reserved

1-0 Reserved(0)
2 Reserved (0)

3  Vsync Control This bit is cleare

RESET.

0: VSync output on the VSYN€ in
1: Logical 'OR' of VSyn¢ and;
Display Enable output "

on the VSYNC pin
7-4 Reserved (0)

MISCELLANEOUS OUTPUT REGISTER (MSR)
Write at 1/0 Address 3C2h

Read at 1/0 Address 3CCh

Group 5 Protection

{D7]|D6{D5|D4|D3[D2|D1] Do}

1/0 Address Select
RAM Enable

]~ Clock Select
Reserved

Page Select
Hsync Polarity
Vsync Polarity

*I‘hls register is cleared by RESET.

I/O-Addiess Select. This bit selects 3Bxh
" or"8Pxh as the I/O address for the CRT
troller  registers, the Feature Control
'Rzaglster (FCR), and Input Status Register
1°(STO1).

0: Select 3Bxh I/O address

1: Select 3Dxh I/O address

Enable RAM. 0: Prevent CPU access to
display memory; 1: Allow CPU access to
display memory.

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

32 Clock Source Selected
00 CLKO

01 CLK1

10 CLK2

11 CLK3 or IOCLK

4 Reserved (0)

5 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.

6 CRT Hsync Polarity. O=pos, 1=neg

7  CRT Vsync Polarity. O=pos, 1=neg

(Blank pin polarity can be controlled via the
Video Interface Register)

Revision (.7

30

Advance Product Information 82C453

This Material Copyrighted By Its Respective Manufacturer



N T CGA / Hercules Registers

WHIrFS e
82C453 CGA / Hercules Registers

Register 0o Protect

Mnemonic Register Name Index Access Address Group Page

MODE CGA/Hercules Mode - RW 3D8h - 31

COLOR CGA Color Select - RW 3D%Sh - 32

HCFG Hercules Configuration - RW 3BFh - 33

CGA /HERCULES MODE CONTROL
REGISTER (MODE)
Read/Write at 1/OQ Address 3B8h/3D8h

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

Hi-Res Text (CGA ox%l
Graphics Mode  (0=Tgxt)
Monochrome QGA
Video Enable

Hi-Res HRH(CG)
Text Bli E}‘?@ﬁ
Reserved *

Page Seleot 1

modes. It is accessible if CGA or H¢
emulation mode is selected or the extensiqy,
are enabled. If the extension registers: gg, enabled,
the address is determined by the address s&lect in the
Miscellaneous Outputs register. Otherwise the
address is determined by the emulation mode. It is

This register is effective only in CGA an%ﬁmﬁiﬁ cs

2 CGA Mono/Color Mode
0: Select CGA color mode
1: Select CGA monochrome mode
CGA/Hercules Video Enable
0: Blank the screen
1: able video output
AR
‘ 1, %\ Resolution Mode
E % elect 320x200 graphics mode

“Select 640x200 graphics mode

\\CGA/Hercules Text Blink Enable

& 0: Disable character blink attribute
(blink attribute bit-7 used to control
background intensity)

1: Enable character blink attribute

Reserved (0)

Hercules Page Select
0: Select the lower part of memory (start-
ing address B0OOOOh) in Hercules
Graphics Mode
1: Select the upper part of the memory
(starting address B800Oh) in Hercules

cleared by RESET. Graphics Mode
0 CGA 80/40 Column Text Mode
0: Select 40 column CGA text mode
1: Select 80 column CGA text mode
1  CGA/Hercules Graphics/Text Mode
0: Select text mode
1: Select graphics mode
Revision 0.7
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CGA /Hercules Registers

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

[D7}{D6]|D5|D4|D3[D2]|D1]{Do0|

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

]» Reserved

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 Registers

(XR7E). It is cleared by RESET. In Hercu
Graphics mode, this register should be access%
TEh. A value of OFh in 7Eh will work .for;
Hercules Graphics mode.
3-0 Color
320x200 4-color:

value is 0)%\35 _ @ .
The foreground colors (colors when, ai;hQ%“m ?

155 'oF

pixel value is 1-3) are determined by.

this register. \\ .
Ak, ¥
640x200 2-color: Fore groﬁgd .Color
(color whertithe pixel
value is 1)
The background color (color when the pixel
value is 0) is black.

(color when @i‘}m{e{ ;

4  Intensity Enable

Text Mode: Enables intensified
background colors

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

640x200 2-color: Don't care

S  Color Set Select. This bit selects one of two
available CGA color palettes to be used in
320x200 graphics mode (it is ignored in all
other modes) according to the following

table:
Pixel Color Set Color Set
Value 0 1
PN 00 Color per bits 0-3 Color per bits 0-3
»&\i k2 0 1 Green Cyan
Magenta
White

¢ % *x::«,)
Ve
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Lﬁnu':rg‘@ CGA / Hercules Registers

HERCULES CONFIGURATION
REGISTER (HCFG)
Write only at I/O Address 3BFh

[D7]Ds]D5]D4]D3[D2]D1]Do}

Enable Graphics Mode
Enable Memory Page 1

- Reserved

This register is effective only in Hercules mode. It is /‘;

accessible in Hercules emulation mode or if the . %, .*

extension registers are enabled. It may be read back, % [,
through XR14 D3&2. Itis cleared by RESET. .5 % . p %

0  Enable Graphics Mode

mode. In this mode,
access only to memory 4

B000Oh-B7FFFh.

1: Permit entry to Herchles
mode. )

1  Enable Memory Page 1

0: Prevent setting of the Page Séftl)
(bit 7 of the Hercules M desCor

B7FFFh.

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

7-2  Reserved (0)
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82C453 Sequencer Registers

Register 10 Protect
Mhnemonic Register Name Index  Access Address Group Page
SRX Sequencer Index - RW 3C4h 1 35
SR0OO Reset 00h RW 3C5h 1 35
SRO1 Clocking Mode 01h RW 3C5h 1 36
SR02 Plane/Map Mask 02h RW 3CSh 1 36
SRO3 Character Font 03h RW 3CSh 1 37
SR04 Memory Mode 04h RW 3Csh 1 38
SRO7 Horizontal Character Counter Reset 07h W 3CSh - 38

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

[D7]D6|D5|D4|D3|D2|D1]Do0}]

L]

b
-

This register is cleared by RESET.

2-0 These bits contain a 3-bit Sequencer Index
value used to access sequencer data registers
at indices O through 7.

7-3 Reserved (0)

“SEQUENCER RESET REGISTER (SR00)
* “Reud/Write at I/ Address 3C5h

- .{'\

iy

D5[B4|D3]{D2{D1|Do]

Async Reset
Sync Reset

- Reserved

0  Asynchronous Reset

0: Force asynchronous reset
1: Normal operation

Display memory data will be corrupted if
this bit is set to zero.

1  Synchronous Reset

0: Force synchronous reset

1: Normal operation
Display memory data is not corrupted if this
bit is set to zero for a short period of time (a
few tens of microseconds).

7-2 Reserved (0)

Revision 0.7

This Materi al

35

Advance Product Information 8§2C453

Copyrighted By Its Respective Manufacturer




l==.= =I == !: E'.-.I l===== ®

Sequencer Registers

WHiro

SEQUENCER CLOCKING MODE
REGISTER (SR01)

Read/Write at I/O Address 3C5h
Index 01h

Group 1 Protection

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

8/9 Dot Clocks
Reserved

Shift Load

Input Clock Divide
Shift 4

Screen Off

]' Reserved

0 8/9 Dot Clocks. This bit determiness
whether a character clock is 8 or 9 dot cl
long.
0: Select 9 dots/character clock \‘
I: Select 8 dots/character clock
1 Reserved (0) B "“@% B
2 Shift Load %‘Q\‘* Py %&w .
0: Load video data shift r:’é i b‘ CIY:
character clock /“%
1: Load video data shift reglsters 3
other character clock p "
Bit-4 of this register must be 0 1
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 registers every 1 or 2
character clocks (depending on bit-2
of this register)
1: Load shift registers every 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)

o

E
%&e Color P
R
J “e; ‘
N

SEQUENCER PLANE/MAP MASK
REGISTER (SR02)

Read/Write at I/O Address 3C5h
Index 02h

Group 1 Protection

|D7|D6|Ds|D4|D3]|D2|D1|DoOJ

-

- Color Plane Enable

B

rite protect corresponding color
Plane

¥ Allow write to corresponding
color plane.

In Odd/Even and Quad modes, these bits
still control access to the corresponding
color plane.

Reserved (0)

P

¥
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Sequencer Registers

CHARACTER FONT SELECT
REGISTER (SR03)

Read/Write at I/O Address 3C5h
Index O3h

Group 1 Protection

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

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

]» Reserved

In text modes, bit-3 of the video data's attribute byte

nommally controls the foreground intensity. This %
g &,

may be redefined to control switching between
acter sets. This latter function is enabled wheneé{
there is a difference in the values of the er
Font Select A and the Character Font e%

the two values are the same, the ch rs
function is disabled and attribute b
foreground intensity.

SR04 bit-1 must be 1 for the charactc ,'
function to be active. Otherwise, only ¢

fonts 0 and 4 are available. e
1-0 High order bits of Character @tor

Select B. ’%v
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)

%,x

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

Code  Character Generator Table Location

First 8K of Plane 2
Second 8K of Plane 2
Third 8K of Plane 2
Fourth 8K of Plane 2
Fifth 8K of Plane 2
Sixth 8K of Plane 2
Seventh 8K of Plane 2
Eighth 8K of Plane 2

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

NANPWNO~=O

% haracter Generator Select B (bits 1, 0, 4) when

b1t-3 of the attribute byte is zero.

A N
%\f\

;.'-.“‘;

\:::x\g%

Revision 0.7

This Materi al

37

Advance Product Information 82C453

Copyrighted By Its Respective Manufacturer



SR i B g ®

Sequencer Registers

SEQUENCER MEMORY MODE
REGISTER (SR04)

Read/Write at 1/0 Address 3C5h
Index 04h

Group 1 Protection

[D7]Dé]D5][D4]D3]D2]D1]D0]

Reserved
+—u— Extended Memory

Odd/Even Mode

Quad Four Mode

Reserved

Reserved (0)
1  Extended Memory
0: Restrict CPU access to 4(1%??2 “ *
Kbytes &&% o
1: Allow complete access togf 31“!10
This bit should normally be ¥,

2 Odd/Even Mode
0: CPU accesses to Odd/Even%dresses

are directed to corresponding Oddleigﬁ !

planes
1: All planes are accessed sunuliqulsly
(IRGB color) e

Bit-3 of this register must be O for thls bit 1o
be effective. This bit affects only CPU write
accesses to display memory.

3  Quad Four Mode

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

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

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

7-4 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

............

. ther gcér register w1th any data value. The
wnt@\to\&;;y index in the range 0-6 clears the latch
tbat 1§"3;01dmg the reset condition on the character

CG!B!@I‘
&, X

thé vertical line counter is clocked by a signal
“derived from horizontal display enable (which does
not occur if the horizontal counter is held reset).
Therefore, if the write to SRO7 occurs during vertical
retrace, the horizontal and vertical counters will both
be set to zero. A write to any other sequencer
register may then be used to start both counters with
reasonable synchronization to an external event via
software control.

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

82C453 CRT Controller Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
CRX CRTC Index - RW 3B4h/3D4h - 40
CROO Horizontal Total 00h RW 3B5h/3D5h 0 40
CRO1 Horizontal Display Enable End Olh RW 3BSh/3D5h 0 40
CRO2 Horizontal Blank Start 02h RW 3B5h/3D5h 0 41
CRO3 Horizontal Blank End 03h RW 3B5h/3D5h 0 41
CRO4 Horizontal Sync Start 04h RW 3B5h/3D5h 0 42
CRO5 Horizontal Sync End 0sh RW 3B5h/3D5h 0 42
CRO6 Vertical Total 06h RW 3B5h/3D5h 0 43
CRO7 Overflow 07h RW 3B5h/3D5h 0/3 43
CRO8 Preset Row Scan RW 3B5h/3D5h 3 44
CRO9 Maximum Scan Line RW 3B5h/3D5h 2/4 44
CROA Cursor Start Scan Line f0AR™ R 3BSh/3D5h 2 45
CROB Cursor End Scan Line 4 OB JRWs. 3BSh/3DSh 2 45
CROC Start Address High : o h W 3B5h/3D5h - 46
CROD Start Address Low 3B5h/3D5h - 46
CROE Cursor Location High 3B5Sh/3D5h - 46
CROF Cursor Location Low., % 3B5h/3D5h - 46
CR10 Vertical Sync Start {Sge M ote, 2} , 3B5h/3D5h 4 47
CR11 Vertical Sync End (S¢e Notg 3. ™ h 3B5h/3D5h  3/4 47
CR10 Lightpen High (See Notg'®) %~ . Oh R 3BSh/3D5h - 47
CR11 Lightpen Low (See Notéi}.v ’ 11h R 3B5h/3D5h - 47
CR12 Vertical Display Enable End 12h RW 3B5h/3D5h 4 48
CR13 Offset . 13h RW 3B5h/3D5h 3 48
CR14 Underline Row 14h RW 3B5h/3D5h 3 48
CR15 Vertical Blank Start 15h RW 3B5h/3DSh 4 49
CR16 Vertical Blank End 16h RW 3B5h/3D5h 4 49
CR17 CRT Mode Control 17h RW 3B5h/3D5h 3/4 50
CR18 Line Compare 18h RW 3B5h/3D5h 3 51
CR22 Memory Data Latches 22h R 3B5h/3D5h - 52
CR24 Attribute Controller Toggle 24h R 3B5h/3D5Sh - 52
CR3x Clear Vertical Display Enable 3xh A\ 3B5h/3D5h - 52
Note 1:  When MDA or Hercules emulation is enabled, the CRTC 1/O address should be set to 3BOh-3B7h by
setting the I/O address select bit in the Miscellaneous Output register (3C2h/3CCh bit-0) to zero. When
CGA emulation is enabled, the CRTC 1I/O address should be set to 3DOh-3D7h by setting Misc Output
Register bit-O to 1.

Note 2: In both the EGA and VGA, the light pen registers are at index locations conflicting with the vertical
sync registers. This would normally prevent reads and writes from occurring at the same index. Since
the light pen registers are not normally useful, the VGA provides software control (CR03 D7) of
whether the vertical sync or light pen registers are readable at indices 10-11.
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CRT Controller Registers

CRTC INDEX REGISTER (CRX)
Read/Write at I/O Address 3B4hi3D4h

iD7]|D6|D5|D41D3|D2]D1|DO]

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

HORIZONTAL TOTAL REGISTER (
Read/Write at 1/O Address 3B5h/3D5h -

Index 00h ,
Group 0 protection

{D7{Ds|D5{D4|D3{D2]|D1]DO}J

- Horizontal Total

-

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

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

HORIZONTAL DISPLAY ENABLE END
REGISTER (CR01)

Read/Write at I/0 Address 3B5h/3D5h
Index 01h

Group 0 protection

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

-

- Horizontal Display

. ¥Fhis register isaised for all VGA and EGA modes on
£ 's.@gsed for 640 column CGA modes
es text mode. In all 320 column

%%&% and Hercules graphics mode, the

Ster is used.

&
R&E’é}fki\iumber of Characters displayed per scan
Y line - 1.
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5‘” CRT Controller Registers

HORIZONTAL BLANK START HORIZONTAL BLANK END
REGISTER (CR02) REGISTER (CR03)
Read/Write at 110 Address 3B5h/3D5h Read/Write at I/O Address 3B5h/3D5h
Index 02h Index O3h
Group 0 protection Group 0 protection
[D7[D6]D5|D4|D3]D2|D1]DO] |D7|D6|DS|D4|D3|D2|DI|D0|

L L

- H Blank End
- H Blank Start |
-} DE Skew Control

Light Pen Reg. Enable

Y
This register is used for all VGA and EGA modes: &W} Thi “used for all VGA and EGA modes.
It is also used for 640 column CGA modes afiFss. K18y ~for 640 column CGA modes and

MDA/Hercules text mode. In all 320 column
modes and Hercules graphics mode, the ali\e
register is used. -

7-0 These bits specify the begi
tal blank in terms of chara
the beginning of the display~sc
period between Horizontal Dis
End and Horizontal Blank Start
side border on screen.

Res*text mode. In all 320 column CGA
xHercules graphics mode, the alternate

clock count used to define the end of hori-
zontal 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 horizontal blanking
width , W is: Value in Start Blanking
Register + W = 6 bit Value. Lower 5 bits are
programmed in this register. 6th bit is
programmed in bit D7 of CROS.

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 Reg. Enable: Must be 1 for nor-
mal operation; when this bit is 0, CRTC reg-
isters CR10 and CR11 function as lightpen
readback registers.
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CHIFS

CRT Controller Registers

HORIZONTAL SYNC START HORIZONTAL SYNC END
REGISTER (CR0) REGISTER (CR05)

Read/Write at 1/0 Address 3B5h/3D5h Read/Write at I)O Address 3B5h/3D5h
Index 04h Index O5h

Group 0 protection Group 0 protection

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

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

- Horizontal Sync Start

- Horizontal Sync End

- Horizontal Sync Delay
H Blank End Bit 5

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

register is used. %&

7-0 These bits specify the begi :ﬁ‘ s
terms of Character clocks ﬁx@m !
ning of the display scan. These bif?‘;% _
determine display centering orf ﬂlggfj'egn

6-5

*for 640 column CGA modes and
ufe stext mode. In all 320 column CGA
1 1:Hercules graphics mode, the alternate
;§?¢1sed

Hsync End. Lower S bits of the character
clock count which specifies the end of Hori-
zontal Sync. The horizontal sync width W,
is: Value in Start Sync Register + W =5 bit
value to be programmed in this register.

’I:bg.g register i § used for all VGA and EGA modes.
H §-§:.@.1$0 5

. MDA/H

\‘“**mod

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

Horizontal Blank End Bit 5. Sixth bit of the
Horizontal Blank End Register (CR03).
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CHIFS

VERTICAL TOTAL REGISTER (CR06) OVERFLOW REGISTER (CR07)
Read/Write at 1/0 Address 3BSh/3D5h Read/Write at I/O Address 3BSh/i3D5h
Index O6h Index O7h
Group 0 protection Group 0 protection on bits 0-3 and bits 5-7
Group 3 protection on bit 4
ID7|D6|D5|D4|D3|D2|D1]Do}] {D7]D6|D5|D4|D3|D2|D1{DoO]
y L V Total Bit 8
Em— V D. E. End Bit 8
- V Sync Start Bit 8
V Blank Start Bit 8
- V Total (Scan Lines) Line Compare Bit 8
(Lower 8 Bits) V Total Bit 9
VD.E.EndBit9
| V Sync Start Bit 9

This register is used in all modes. , %%, 'Tb%::glster ed in all modes.
7-0 ‘These are the 8 low order bits of a 1 -brt\ ~~ 0% Vettigal Total Bit 8
register. The 9th and 10th bits are logaté ‘%«1 < bwical Di lay Enable End Bit 8

the CRT Controller Overflow Re - fhe »
Vertical Total value specifies Y A\XM f&mm Sync Start Bit 8

2; m:n fines (horizontal, e : Vertical Blank Start Bit 8
Programmed Count = Actual o ¥4  Line Compare Bit 8
§  Vertical Total Bit9
6  Vertical Display Enable End Bit9
7  Vertical Sync Start Bit 9
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PRESET ROW SCAN REGISTER (CR08) MAXIMUM SCAN LINE REGISTER (CR09)
Read/Write at I/0 Address 3BSh/3D5h Read/Write at 1/0 Address 3B5h/3D5h

Index O8h Index 09h

Group 3 Protection Group 2 protection on bits 04

Group 4 Protection on bit 5-7

[D7|D6|D5[D4]D3]D2]D1]DO] [D7|D6|D5]D4|D3[D2]D1]| Do}
- Start Row Scan Count ‘e Scan Lines Per Row
y V Blank Start Bit 9
| Byte Panning Control Line Compare Bit 9
Reserved Double Scan

4-0 These bits specify the starting row
count after each vertical retrace. Every
zontal retrace increments the characte

scan line counter. The horizontal
counter is cleared at maximum

its specify the number of scan lines
W= Number of scan lines per row =

SC
scan

Ef

“$Bit 9 of the Line Compare register
Double Scan

6-5 Byte Panning Control. Thesé *bi )
the lower order bits for the”digp 0: Normmal Operation

address. They are used for horizty 1: Enable scan line doubling
ning in Odd/Even and Quad modes. N W The vertical parameters in the CRT Control-
7 R ed (0 % ' ler (even for a split screen) are not affected,
eserved (0) &s@ only the CRTC row scan counter (bits 0-4 of
By this register) and display memory addressing

screen refresh are affected.
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\ S ||

CURSOR START SCAN LINE CURSOR END SCAN LINE

REGISTER (CR0A) REGISTER (CR0B)

Read/Write at I/O Address 3B5h/3D5h Read/Write at I/O Address 3B5Sh/3D5h

Index 0Ah Index OBh

Group 2 Protection Group 2 protection

{D7|D6|D5|D4 [D3[D2|D1 [Do}] ID7]D6{D5|D4|D3|D2|D1 DO}
Cursor Start Scan Line L} Cursor End Scan Line
Cursor off N

iy Cursor Delay

Reserved P, Reserved

é.."‘ )
4-0 These bits specify the scan line of the char-¢ %, / 4:0 Thesg
acter row where the cursor display begins-&mat, & ro

specify the scan line of a character
, N, Whete the cursor display ends: Last
, s%i for the block cursor = Value + 1.

§  Cursor Off PR SN A ¢
. Curs A Y e se bits define the number of character
(1) }‘:ﬁ Cuxsg: gfnf gy R %‘“ 5%cl’ocks that the cursor is delayed to compen-

7-6 Reserved (0)

%y, sate for internal pipeline delay.
X s
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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CRT Controller Registers

START INDEX HIGH REGISTER (CROC)
Read/Write at I/O Address 3BSh/3D5h
Index OCh

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

-

- Display Start Index High
(Upper 8 bits)

.,

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)

& *4‘%-:9
7-0  Upper 8 bits of display start address. In. %\ ; -D Up) Kbim of the memory address where
CGA/MDA/Hercules modes, this regi “i\ - r is active. In CGA/MDA/Her-

wraps around at the 16, 32, and 64 Kﬁ
boundaries respectively.

‘t.?.
LY

LY
START INDEX LOW REGISTER (CROD@

Read/Write at I/O Address 3B5h/3D5h % .
Index ODh P

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

- Display Start Index Low
(Lower 8 bits)

Lower 8 bits of the display start address.
The display start address points to the mem-
ory address corresponding to the top left
comer of the screen.

t'h.'
“‘“‘%C%@ﬁz

odes, this register wraps around at
and 64 K byte boundaries respec-

\_{&m

CURSOR LOCATION LOW
REGISTER (CROF)

Read/Write at 110 Address 3BSh/3D5h
Index OFh

{D7]D6]|Ds|D4|D3[D2{D1|Do}

- Text Cursor Mem. Index
(Lower 8 bits)

7-0 Lower 8 bits of the memory address where
the text cursor is active. In CGA/MDA/Her-
cules modes, this register wraps around at
16, 32, and 64 K byte boundaries respec-
tively.
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CRT Controller Registers

LIGHTPEN HIGH REGISTER (CR10)
Read only at /O 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 /0 Address 3B5hi3D5h
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.

e
VERTICAL SYNC START REGIS’I'Q%ES%N) g
Read/Write at 11O Address 3B5h/3DSH:. .
Index 10h P \f\\
Group 4 Protection Ay F

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

- V Sync Start
(Lower 8 bits)

-

This register is used in all modes. This register is
not readable in (Line Compare bit-9) MDA/Hercules
emulation or when CR0O3 D7=1.

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

VERTICAL SYNC END REGISTER (CR11)
Read/Write at 1/O Address 3BSh/3D5h

Index 11h

Group 3 Protection for bits 4 and 5

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

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

V Sync End

V Interrupt Clear

V Interrupt Enable
Seclect Refresh Type
Protect CRTC (Group 0)

:u\sed in all modes. This register is
“MDA/Hercules emulation or when

| '{Y ﬁlcal Sync End. Lower 4 bits of the scan
\%\lme count that defines the end of vertical
sync. The Vertical sync width, W is: Value
in Vertical Sync Start Register + W = 4 bit
value to be programmed in this register.

Vertical Interrupt Clear. 0=Clear vertical
interrupt generated on the IRQ output;
1=Normal operation. This bit is cleared by
RESET.

5  Vertical Interrupt Enable. O: Enable vertical
interrupt; 1: Disable vertical interrupt. This
bit is cleared by RESET.

6  Select Refresh Type:
0: 3 refresh cycles per scan line
1. 5 refresh cycles per scan line

7  Group Protect 0. This bit is logically ORed
with XR15 D6 to determine the protection
for group O registers. This bit is cleared by
RESET.

0: Enable writes to CR0QO-CRO7
1; Disable writes to CRO0-CRO7

CRO7 D4 (Line Compare bit-8) is not
affected by this bit.
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SUEE RO CRT Controller Registers

VERTICAL DISPLAY ENABLE END UNDERLINE LOCATION REGISTER (CR14)

REGISTER (CR12) _ Read/Write at I/O Address 3BSh/3D5h

Read/Write at 1/0 Address 3B5Sh/3D5h Index 14h

Index 12h Group 3 protection

Group 4 protection

[D7]D6|D5[|D4|D3|D2|D1]Do}| {D7{D6|D5[D4|D3]|D2{D1{DO|
Underline Position

- V Display Enable End
(Lower 8 bits) Count by 4
Doubleword Mode
| Reserved

4-0 These hits specify the underline's scan line
’ posi \sylthm a character row. Value =
" Actughscan line number - 1.

.\Quunt by 4 for Doubleword Mode. O:
_Ffame Buffer Address is incremented by 1

“Sor 2; 1: Frame Buffer Address is incre-
*» mented by 4 or 2. See CR17 D3 for further
details.

Doubleword Mode. 0: Frame Buffer
Address is byte or word address; 1: Frame
Buffer Address is doubleword address.
Used in conjunction with CR17 D6 to select

7-0  These are the eight low order bits of a 10-bit,
register. The 9th and 10th bits are located j
the CRT Controller Overflow register. The\
actual count = Contents of this reglster

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

Group 3 protection

[D7]Ds]Ds[D4]D3[D2]D1]D0] B . :
. m\m&m ’ the display memory addressing mode.
I %\\m\ 7  Reserved (0)
- 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-O of
this register is defined in the Auxiliary Offset
register (XROD). This allows finer resolu-
tion 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.
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CRT Controller Registers

WCHira

VERTICAL BLANK START
REGISTER (CR1S)

Read/Write at 1/O Address 3B5Sh/i3D5h
Index 15h

Group 4 protection

VERTICAL BLANK END
REGISTER (CR16)

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

Group 4 protection

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

- V Blank Start - V Blank End
(Lower 8 bits) (Lower 8 bits)
This register is used in all modes. S register | A5 b hsed in all modes.

e
7,0 Em?‘%mcal Blank. These are the 8 low
.%gner bits of the scan line count which speci-
“%\ fiés the end of Vertical Blank. The vertical
“&Blank Width W, is : Value in Vertical Blank
- Start Register - 1 + W = 8 bit value to be
programmed in this register.

7-0 These are the 8 low order bits of a 1@@1&
register. The 9th and 10th bits are loeated Tn”
the CRT Controller Overflow and
Scan Line Registers respective;
these 10 bits define the sc
where vertical blank begin
between the end of the verucal d1
the beginning of vertical blank is#h# B
border on the screen. %

%
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CRT Controller Registers

CRT MODE CONTROL REGISTER (CR17)
Read/Write at 1/0 Address 3B5Sh/3D5h

Index 17h

Group 3 Protection for bits 0,1 and 3-7
Group 4 Protection for bit 2.

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

Compatibility Mode
Select Row Scan Cur
Vsync Select

Count by 2

Reserved

Address Wrap
Word/Byte Mode
CRTC Reset

Compatibility Mode Support. This bit allows~
compatibility with the IBM CGA two-bat;
graphics mode. 0: The character row
line counter bit 0 is substituted for
address bit 13 during active msplayi%
normal operation, no substu;u
place.

Select Row Scan Counter.
compatibility with Hercules gra !
with any other 4-bank graphms‘%tln n. Q
Substitute character row scan line 3

1 for memory address bit 14 during; A
display time; 1: normal operalmn ¢
tution takes place. S

Vertical Sync Select. This blt%momrols the
vertical resolution of the CRT Controller by
pemitting selection of the clock rate input to
the vertical counters. When set to 1, the
vertical counters are clocked by the hori-
zontal retrace clock divided by 2.

Count By Two
0:

1:

Memory address counter is incre-
mented every character clock

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

Note: This bit is used in conjunction with
CR14 DS. The net effect is as follows:
Increment
Addressing
Every

1 CCLK

2 CCLK

4 CCLK

2 CCLK

14 D
0
0
1
1

—O Ol
=]

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: Nomal operation (extended mode).

Word Mode or Byte Mode. 0: Word Mode
is selected. In this mode the display mem-
ory 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 b ¢ mode.

Ws bit is used in conjunction with

to select byte, word, or double
memory addressing as follows:

CR17 D6 Addressing Mode

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

Display memory addresses are affected by CR17 D6
as shown in the table below:

Logical Physical Memory Address
Memory Byte Word Double Word
Address  Mode  Mode Mode
MAQ0O A00 Note 1 Note 2
MAO1 A01 AQ0 Note 3
MAQ2 AQ2 A01 AQ0
MAO3 A03 A02 A01
MAO4 A4 A03 A2
MAOS A05 A4 A03
MAO06 A06 A05 A04
MAOQ7 A07 A06 A05
MAO8 A08 A07 A06
MA09 A09 A08 A7
MA10 Al10 A09 A08
MAL11 All Al0 A09
MAI12 Al2 All Al0
MA13 Al3 Al2 All
MAI14 Al4 Al3 Al2
MAIS AlS Al4 A13 .
Note 1 = A13 * NOT CR17 D5 + A15 * CRL D5
Note 2 = A12 -
Note 3 = A13 :

LINE COMPARE

REGISTER (CR18)

Read/Write at 1/0 Address 3B5h/3D5h
Index 18h

Group 3 protection

[D7]D6]Ds5[D4]D3[D2[D1]|D0]

=y

I

- Line Compare Target
(Lower 8 bits)

0 Thesg ate the low order 8 bits of a 10-bit

. regiSier “*Fhe 9th and 10th bits are located in
_the CRT Controller Overflow and Maximum
:ﬁg%mline Registers, respectively. This reg-

$er is used to implement a split screen func-
\%ﬁon. When the scan line counter value is
equal to the contents of this register, the
memory address counter is cleared t0 0. The
display memory address counter then
sequentially addresses the display memory
starting at address 0. Each subsequent row
address is generated by the addition of the
Offset Register contents. This register is not
affected by the double scanning bit (CR09
D7).
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CRT Controller Registers

MEMORY DATALATCH CLEAR VERTICAL
REGISTER (CR22) DISPLAY ENABLE FFh (CR3X)
Read only at 1/0O Address 3BSh/3D5h Write only at 1/0 Address 3B5Sh/3D5h
Index 22h Index 3xh
[D7]D6|D5{D4|D3|D2|D1]D0] D7{D6|D5|D4|D3|D2|D1|D0}

Data Latch n Bit 7 Clear Vert Disp Ena FF

Data Latch n Bit 6 ]

- Data Latch n Bit §

Data Latch n Bit 4

Data Latch n Bit 3 - Ignored

Data Latch n Bit 2

Data Latchn Bit 1

Data Latch n Bit 0 |

This register may be used to read the state of:
Graphics Controller Memory Data Latch 'n’', whes
'n' is controlled by the Graphics Controller %gd
Map Select Register (GR04 DO&D1) and i 1a in

ciea d

range 0-3. PR
Writes to this register are not decodeg’ h’f% \ '
1gnored N’% i

Wiiting odd data values to CRTC index 30-3Fh
GAW the ¥

€itigal display enable flip-flop to be
flip-flop is automatically set by

mEal total. The effect of this is to force a
g ical retrace period. There are two side
f*’effec 3 f terminating vertical display enable early:

figsg, the screen blanks early for one € causing a
& mor visual disturbance and second, the sequencer

This is a standard VGA register W, %%\kh %ﬁoﬁ \\} ives more display memory cycles to the CPU

documented by IBM. % % cause vertical display is not enabled.
%\ ; (,%\}\\m Reads from this register are not decoded and will
¥ %%;\ \\ i return indeterminate data.
ATTRIBUTE CONTROLLER TOGGLE “"‘\\ aat This is a standard VGA register which was not
REGISTER (CR24) }m . documented by IBM.
Read only at 1/0 Address 3B5h/3D5h \‘y
Index 24h B
[D7]D6|D5|D4|D3|D2{D1|D0]
Index (0) / Data (1)
Reserved
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.
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CRT Controller Registers

Register
Number

Write Protect Register Grouping

Group 0 Group 2 Group 3

CROO
CRO1
CRO02
CRO3
CR0O4
CRO5
CRO6
CRO7
CRO8
CR09
CROA
CROB
CROC
CROD
CROE
CROF
CR10
CR11
CR12
CR13
CR14
CR15
CR16
CR17
CR18

NOTE:

Yes - -

Yes - -
Yes i
Yes
Yes
Yes
Bits 0-3, 5-7

- ) ’%&% .

- - 0,1,3-7
- - Yes

All the registers at address 3Cx fall under group 1.
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82C453 Graphics Controller Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
GRX Graphics Index - RW 3CEh 1 55
GROO Set/Reset 00h RW 3CFh 1 55
GRO1 Enable Set/Reset O1lh RW 3CFh 1 56
GRO2 Color Compare 02h RW 3CFh 1 56
GRO3 Data Rotate 03h RW 3CFh 1 57
GR0O4 Read Map Select 04h RW 3CFh 1 57
GRO5 Graphics mode 05h RW 3CFh 1 58
GRO6 Miscellaneous 06h RW 3CFh 1 60
GRO7 Color Don't Care 07h RW 3CFh 1 60
GRO8 Bit Mask ’ RW 3CFh 1 61
. ..:... 3 K \... .\Q\ _o’:
R WPy "
GRAPHICS CONTROLLER R isﬁ%ﬁﬁs ,-‘B%E,GISTER (GROO)
INDEX REGISTER (GRX) St \§§£gdlw 1 at | O Address 3CFh
Write only at 110 Address 3CEh “Inde; ﬁ& e
Group 1 Protection 3 -°Gr0§%§§§fr"otection
\ PR
[D7]D6]D5[D4|D3{D2{D1 DO} o ‘*Emggm]m[m[nﬂmlm[ooj
LT Set/Reset Bit 0
+——— | Index to Gra Set/Reset Bit 1
- Controller Data  _* Set/Reset Bit 2
Registers A Hg Set/Reset Bit 3
- Reserved ’ Reserved
3-0 4-bit index to Graphics Controller registers The SET/RESET and ENABLE SET/RESET
7.4 R ed (O registers are used to ‘expand' 8 bits of CPU data to
eserved (0) 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 cor-
responding bit in this register. The Enable
Set/Rest register (GRO1) allows selection of
some of the source of data to be written to
individual planes. In Write Mode 3 (see
GRO5), these bits determine the color value.
7-4 Reserved (0)
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Graphics Controller Registers
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ENABLE SET/RESET REGISTER (GR01) COLOR COMPARE REGISTER (GR02)
Read/Write at 1/0 Address 3CFh Read/Write at I/O Address 3CFh

Index O1h Index 02h

Group 1 Protection

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

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

Reserved

SN
.‘&»\ 33
3-0 This register works in conjunction with the %}‘%’
Set/Reset register (GR00). The Graphics®
Mode register must be programmed to Wil
Mode 0 in order for this register to hav&gg,

effect.

0: The corresponding plane™
with the data from the CPH

1: The corresponding et,
1 as specified in the Set}R

7-4 Reserved (0)

RW

Group 1 Protection

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

Color Compare (Plane 0)
Color Compare (Plane 1)
Color Compare (Plane 2)
Color Compare (Plane 3)

Reserved

.

3-0 ThlS register is used to ‘reduce’ 32 bits of
meWata to 8 bits for the CPU in 4-
\% p} %I:phlcs mode. These bits provide a
: color value to compare to data read
) dlsplay memory planes 0-3. The Color
n't Care register (GR07) is used to affect
*the result. This register is active only if the
Graphics Mode register (GROS) is set to
Read Mode 1. A match between the mem-
ory data and the Color Compare register
(GRO02) (for the bits specified in the Color
Don't Care register) causes a logical 1 to be
placed on the CPU data bus for the corre-
sponding data bit, a mis-match returns a log-
ical 0.

7-4 Reserved (0)
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Graphics Controller Registers

DATA ROTATE REGISTER (GR(3) READ MAP SELECT REGISTER (GR(4)
Read/Write at 110 Address 3CFh Read/Write at /O Address 3CFh
Index O3h Index 04h
Group 1 Protection Group 1 Protection
{D7]Ds6[D5|D4[|D3|D2|D1|DO] [D7]D6]D5[D4|D3]D2|D1]|DOJ
Rotate Count 0 Map Select 0
Rotate Count 1 - Map Select 1
Rotate Count 2
Function Select - Reserved

Reserved

2-0 These bits specify the number of bits to,
rotate to the right the data being written by
the CPU. The CPU data bits are fi
rotated, then subjected to the log¥eal
operation as specified in the Functipn:Select
bit field. The rotate function is acfivé%anly if”
the Graphics Mode register is-programme
for Write Mode 0. %y

This

register is also used to 'reduce’ 32 bits
of memgry data to 8 bits for the CPU in the
4-pianre_graphics mode. These bits select the
mory plane from which the CPU reads
atiin Read Mode 0. In Odd/Even mode,
1t-0 is ignored. In Quad mode, bits 0 and 1
..~ are both ignored.

The four memory maps are selected as fol-

4-3 These Function Select bits spegify thélogical | lows:
function performed on the conténts Gf th . .
processor latches (loaded on a ‘previgii B.l(.)t_l. B%—Q Ma%%lggm
CPU read cycle) before the data is writtefo | 0 1 Plane :
display memory. These bits opeﬁgﬁ as ane
follows: e \\. 1 0 Plane 2
’ 1 1 Plane 3

Bit4 Bit3 1 S

0 0 No change to the Data, 7-2  Reserved (0)
Latches are updated;

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

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

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

7-§ Reserved (0)
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Graphics Controller Registers

GRAPHICS MODE REGISTER (GR05)
Read/Write at I/O Address 3CFh

Index O5h

Group 1 Protection

|D7|D6|D5|D4|D3|D2{D1 |DOJ

——]> Write Mode
Reserved

Read Mode
Odd/Even Mode

]— Shift Register Mode
Reserved s

1-0 These bits specify the Write Mode as fol
lows: (For 16-bit writes, the operation.gs: s
repcated on the lower and upper bytgs of.
CPU data). ¢ o

S

A .

Dl DO Write Mode 1‘. T

0 0 Write mode 0. Eacl ofithe fgf*'}_
display memory S W ne‘%
with the CPU data: yosated-ty g
number of counts in thg Rotate .
Register, except %h&n¥ the"

Set/Reset Register is enibled for%
any of the four planes. 12\1}1

Set/Reset Register is ena the 3
corresponding plane # tten

with the data stofég “in the
Set/Reset Register. ¥

0 1 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.

1 0 Write mode2. The CPU data bus
data is treated as the color value for
the addressed byte in planes 0-3.
All eight pixels in the addressed
byte are modified unless protected
by the Bit Mask register setting. A
logical 1 in the Bit Mask register
sets the corresponding pixel in the
addressed byte to the color speci-
fied on the data bus. A Oin the Bit
Mask register sets the correspond-
ing 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 Write mode 3. The CPU data is
rotated then logically added with
the contents of the Bit Mask regis-
ter (GRO8) and then treated as the
addressed data's bit mask, while
the contents of the Set/Reset regis-
ter 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 proces-
sor latches.

A '1' on the data bus (mask)

<gwmficauses the corresponding pixel in
N
"

. 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.

Reserved (0)
This bit specifies the Read Mode as follows:
0: The CPU reads data from one of the

planes as selected in the Read Map
Select register.

: The CPU reads the 8-bit result of the

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

upper bytes.

(Continued on following page)
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Graphics Controller Registers

4 Odd/Even Mode:

0: All CPU addresses sequentially access all planes

1: Even CPU addresses access planes 0 and 2, while odd CPU addresses access planes 1 and 3. This

option is useful for IBM CGA-compatible memory organization.

6-5  Shift Register Mode. These two bits select the data shift pattern used when passing data from the four
memory planes through the four video shift registers. If the data bits in the memory planes (0-3) are
represented as MODO-MOD7, M1D0O-M1D7, M2D0-M2D7, and M3D0-M3D7 respectively, then the data

in the serial shift registers is shifted out as follows:

65
00:

01:

1x:

Note:

Last Bit 1st Bit Out-

Shifted Shift Shifted put
Qut Direction —» Out to:

MODO MOD1 MOD2 MOD3 MOD4 MOD5S MOD6 MOD7 Bit0
MIDO MiIDI MID2 MID3 MID4 MIDS MID6 MID7 Bitl
M2D0 M2Di1 Bit2
M3D0O M3D1 Bit3
MIDO MID2 Bit0
MiD1 MID3 Bitl
M3D0 M3D2 Bit2
M3D1 M3D3 Bit3
M3D0 M3D4 Bit0
M3D1 M3D5 Bitl
M3D2 M2D2 Bit2
M3D3 M3D7 Bit3

If the Shift Reglster is n cter clock (see SROl D2&4) then the four 8-bit smft

registers are effectively

register 0 and so on. This allow ne to have a large monochrome (or 4 color) bit map and dis-
play one portion thereof. %\-\

7  Reserved (0)

\m\\mm
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Graphics Controller Registers

MISCELLANEOUS REGISTER (GR06)
Read/Write at 110 Address 3CFh

Index 06h

Group 1 Protection

[D7{D6[D5[p4{D3[D2[D1]D0]

Graphics/Text Mode
————— Chain Odd/Even Planes

I Memory Map Mode

F Reserved

0  Graphics/Text Mode
0: Text Mode
1: Graphics mode

1  Chain Odd/Even Planes. This
uscd to double the address space
memaory. -

1: i

higher order address b1t
to be selected

cEby
8 state of:
AOQ determines which memor} plane i8;

COLOR DON'T CARE REGISTER (GR07)
Read/Write at 1/0 Address 3CFh

Index 07h

Group 1 Protection

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

Ignore Color Plane 0
Ignore Color Plane 1
Ignore Color Plane 2
Ignore Color Plane 3

Reserved

30

Ignorg ‘Eplor Plane (0-3)

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

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

7-4 Reserved (0)

3-2

L
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 CPUAddress

0 0 A0000h-BFFFFh
0 1 A0000h- AFFFFh
1 0 B000Oh-B7FFFh
1 1 B8000Oh-BFFFFh
7-4 Reserved (0)
Revision 0.7 60 Advance Product Information 82C453

This Material Copyrighted By Its Respective Manufacturer



= . Graphics Controller Regi
WHirED raphics Controller Regisers

BIT MASK REGISTER (GR(8)
Read/Write at I'O Address 3CFh
Index O8h

Group 1 Protection .

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

O=Immune to change
- 1=Change permitted

7-0 This bit mask is applicable to any data writ-+, %*% %%s %‘m\

ten by the CPU, including that subject te%\ﬁ’m Lk e
rotate, logical function (AND, OR, XQR) . & 7 (R
Set/Reset, and No Change. In orderto &x&*” g 4\‘&\%%
cute a proper read-modify-write e%smto,« \ \\%{V
displayed memory, each byte L bag“\%éé e, F
read (and latched by the VGA), B PO
register set, and the new dat é tm?é . %ﬁf
The bit mask applies to all four pl qul- . <58
taneously. i S
0: The corresponding bit in ead g{ %»
four memory planes is writt -
the corresponding bit in the 1
1: Unrestricted manipulati SiTe-
sponding data bit in each fhe four
memory planes is permitted.
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Attribute Controller and Color Palette Registers

82C453 Attribute Controller
and Color Palette Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) - RW 3C0Oh 1 63
AROO-AROF Internal Color Palette Data 00-0Fh RW 3COh/3Cih 1 64
AR10 Mode Control 10h RW 3COh/3Clh 1 64
ARI11 Overscan Color 11h RW 3COh/3Clh 1 65
AR12 Color Plane Enable 12h RW 3C0h/3Cih 1 65
AR13 Horizontal Pixel Panning 13h 3COh/3Cih 1 66
AR14 Pixel Pad 3C0h/3Cth 1 66
DACMASK External Color Palette Pixel Mask 3C6h 6 67
DACSTATE DAC State 3C7h - 67
DACRX External Color Palette Read-Mode ndex . 3C7h 6 68
DACX External Color Palette Index (forh) 3Cs8h 6 68
DACDATA External Color Palette Data 3C%h 6 68
In regular VGA mode, all Attributd Qntroll

registers are located at the same byte:ad T & X)

in the CPU J/O space. An internal ﬂ}p“ﬂop ad/Write at /O Address 3COh

the selection of either the Attribute Inde .Group 1 Protection

Registers. To select the Index Register, ﬂ?il;/}(l: -\Rﬂelad ’

is executed to address 3BAh/3DAh to clear this, flip-

flop. After the Index Register has been loaded, b ! [D7]Ds|Ds[p4{p3[p2]p1 [po]

I/O Write to address 3COh, this flip-flop to% Plesie

the Data Register is ready to be accessed;” v‘“éi'y I/O |} Indexto

Write to address 3COh toggles this ﬂ1p~£l op. The | Attribute Controller
flip-flop does not have any effect on the madmg of .

the Attribute Controller registers. The Attribute Con- Data Registers

troller index register is always read back at address i

3COh, the data register is always read back at Video Enable

address 3C1h., y

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

7-6

These bits point to one of the internal
registers of the Attribute Controller

Enable Video:

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

1: Enables the video and causes the
Attribute Controller Color registers
(AR00-AROF) to be inaccessible by
the CPU

Reserved (0)
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Attribute Controller and Color Palette Registers

ATTRIBUTE CONTROLLER COLOR
PALETTE DATA REGISTERS (AR00-AROF)
Read at /O Address 3Cl1h

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

]> Reserved

5-0 These bits are the color value in the respeg:

tive palette register as pointed to by the inds
register.

7-6 Reserved (0)

ATTRIBUTE CONTROLLER

MODE CONTROL REGISTER (AR10) By,
Read at I/0 Address 3C1h %
Write at 1)O Address 3C0/1h S

Index 10h
Group 1 Protection

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

Text/Graphics Mode
Mono/Color Display
Enable Line Graphics
Select Background
Reserved

Horizontal Split Screen
256 Color

Video Output 4-5 Select

0  Text/Graphics Mode

0: Select text mode
1: Select graphics mode

1 Monochrome/Color Display

0: Select color display attributes
1. Select mono display attributes

.,
o
\m}.\- e
O Wl

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

0: Make the ninth pixel appear the same
as the background

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

3 Enable Blink/Select Background Intensity.
The blinking counter is clocked by the
VSYNC signal. The Blink frequency is
defined in the Blink Rate Control Register
(XR60).

0: Disable Blinking and enable text mode

-, : ckground intensity

1:4 le the blink attribute in text and
\“ Iaphlcs modes.

rved ©)
pht Screen Horizontal Panning Mode

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

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

6 256 Color Output Assembler

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

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

7 Video Output 5-4 Select

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

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

Write at 110 Address 3CO0/1h

Index 11H

Group 1 Protection

[D7]D6[D5]D4[D3[D2|D1[DO]
L1

- Overscan Color

7-0 Overscan Color. These 8 bits define the

overscan (border) color value. For mong

chrome displays, these bits should be zeg, °
The border color is displayed in the ihte

after Display Enable End and & Blank

nd

Start (end of display area; i.c.'# gﬁfslde
bottom of screen) and betwsgn Blank
and Display Enable Start (bég_ﬁ’trﬁngfbﬁ{
play area; i.e. left side and top

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

Write at I/0 Address 3CO/1h

Index 12h

Group 1 Protection

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

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

Display Status Select

Reserved

0 Color Plane (0-3) Enable

B 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 10 pass

5.4 Display Status Select. Selcct 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 arc as follows:
Status Register 1
Bit5 Bit4 Bit 5 Bit 4
0 0 P2 PO
0 1 P5 P4
1 0 P3 P1
1 1 P7 P6
7-6 Reserved (0)
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CHIFS

ATTRIBUTE CONTROLLER HORIZONTAL
PIXEL PANNING REGISTER (AR13)

Read at I/O Address 3C1h

Write At 1/0 Address 3C0/1h

Index 13h

Group 1 Protection

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

-

‘| Horizontal
- Pixel Panning

- Reserved

the number of plxels 10 shift the d1sp1ay‘
izontally to the left. Pixel panning is avag
ble in both text and graphics mode‘&;\ In 9
pixels/character text mode, the.Qutpyt can |

ATTRIBUTE CONTROLLER
PIXEL PAD REGISTER (AR14)
Read at 1/0 Address 3C1h

Write At 1/O Address 3C0/1h
Index 14h

Group 1 Protection

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

Video bit4 if AR10D7=1
Video bit-5 if AR10D7=1
Video bit-6 if not 256-color
Video bit-7 if not 256-color

Reserved

s

‘ ”bx'&s are output as video bits 5 and 4
et AR10 D7 = 1. They are disabled in

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

7-4 Reserved (0)

ble. In 256-color mode (outpu \
AR10 D6 = 1), bit O of this reglste must | K
0 which results in only 4 panning posn‘tnm,s,.ﬁ3
per display byte. In Shift Load 2 and‘

Load 4 modes, register CRO8 provmes %’m-
gle pixel resolution for panning™s; R\anmng 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)
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EXTERNAL COLOR PALETTE EXTERNAL COLOR PALETTE
PIXEL MASK REGISTER (DACMASK) STATE REGISTER (DACSTATE)
Read/Write at I)/O Address 3C6h Read only at /O Address 3C7h
Group 6 Protection
[D7]Ds]|D5[D4[D3[D2]|D1 {DOJ [D7]ps]Ds[D4{D3|D2| D1{DO]
Pixel Mask Bit-0 Palette State 0
Palette State 1

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

The contents of this register are loglcally ANDed
with the 8 bits of video data coming into the exterri§¥
color palette. Zero bits in this register merefa(é\u
cause the corresponding address input to the éxtem s
color palette to be zero. For example, if iSTeT gy,
is programmed with 7, only extemalﬁcoigr pale
registers 0-7 would be accessible; vided:igutput; bl% .
3-7 would be ignored and all colo Jalucs-w ald’ .
map into the lower 8 locations in the cBlor paﬁm ¥

This register is physically located in thes

. (write mode)

11 The last write was to 3C7h
. (read mode)
7-2 Reserved (0)

To allow saving and restoring the state of the video
subsystem, this register is required since the external
S1/0 color palette chip automatically increments its index

%

color palette chip (used for displaying analo dat;
the CRT). Reads from this I/O location caas&

PALRD/ pin to be asserted. Writes tq\\ﬁu

differently depending on whether the index

location cause the PALWRY/ pin to be 4™ The register

functionality of this port is determm\ “by the is written at 3C7h or 3C8h.

external palette chip. This register is physically located in the 82C453 chip
(PALRDY 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 110 Address 3C7h

Group 6 Protection

EXTERNAL COLOR PALETTE
INDEX REGISTER (DACX)
Read/Write at I)/O 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 "z;:

EXTERNAL COLOR PALETTE £

DATA REGISTERS (DACDATA ()()-FF) \\
Read/Write at 1/O Address 3C9h
Index OOh-FFh

Group 6 Protection

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

1st
Red 0
Red 1
Red 2
Red3 Green3 Blue 3
Red4 Greend4 Blued
Red5 Green5 Blue$
(Red 6) (Green 6) (Blue 6)
(Red 7) (Green 7) (Blue 7)

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

"_(wnung) fhe

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

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

After the third of the three sequential data reads from

~(or writes to) 3C%h is completed, the save and index

egisters are both automatically incremented by the
palette chip. ThlS allows the entire palette (or any

~ sul Set) to be?{ead (written) by writing the index of

aie” Irr“the set, then sequentially reading
ues for each color, without having to

oad:] %nd%x every three bytes.

e Thé sﬁ(c of the RGB sequence is not saved; the user

ni s\gaCCess each three bytes in an un-interruptable
~§eAu'ence (or be assured that interrupt service
sutines will not access the palette index or data
registers). When the index register is written (at
either port), the RGB sequence is restarted. Data
value reads and writes may be intermixed; either
reads or writes increment the palette chip internal
RGB sequence counter.

The palette chip internal save register always con-
tains a value one less than the readable index value if
the last index write was to the 'read mode’ port. The
82C453 therefore saves the state of which port
(3C7h or 3C8h) was last written and returns that
information on reads from 3C7h (PALRDY/ is only
asserted on reads from 3C8h and not on reads from
3C7h). Writes to 3C7h or 3C8h cause the PALWR/
pin to be asserted.

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

Register Register ) 70 State After
Mnemonic  Group Register Name Index  Access Address Reset Page
XRX - Extension Index - RW 3B6h/3D6h -xXxXXXXXX 70
XROO Misc Chip Version 00h R 3B7h/3D7h 0100rrrr 70
XRO1 Misc DIP Switch Olh R 3B7h/3D7h -ddddddd 70
XR02 Misc CPU Interface 02h RW 3B7h/3D7h xx000000 71
XRO03 Misc 453 Interface Register I 03h RW 3B7h/3D7h - - - ---- R 72
XRO05 Misc Sequencer Control 05h RW 3B7h/3D7h RRORRRRO 73
XR20 Misc 453 Interface Register II 20h RW 3B7h/3D7h 0000RORO 81
XR23 Misc Write Bit Mask Control Register 23h RW 387h/3D7h RRRRRRRR 82
XR24 Misc Write Bit Pattern Register 24h RW 3B7h/3D7h RRRRRRRR 82
XR25 Misc Define Pins Register 25h RW 3B7h/3D7h 000000RR 83
XR26 Misc 82C453 Configuration Register 26h RW 3B7h/3D7h 00000RRR 83
XROB Mapping CPU Paging 3B7h/3D7h 00000RRR 74
XROC Mapping Start Address Top " 3B7h/3D7h 000000RR 74
XR10 Mapping Single/Low Map 3B7h/3D7h xXXxXXXXX 75
XR11 Mapping High Map ¥ 3B7h/3D7h xxxxxxxx 75
XR14 Compatibility Emulation Mode .+ 3B7h/3D7h 0000xx00 76
XR15 Compatibility Write Protect <%, 3B7h/3D7h -0000000 77
XR16 Compatibility Trap Enable 3B7h/3D7h --000000 78
XR17 Compatibility Trap Status; 3B7h/3D7h --000000 78
XROD Alternate Auxiliary OffSet =g, 3B7h/3D7h -- - - - - 00 74
XR18 Alternate Alternate H DISM d 3B7h/3D7h xxxxxxxx 79
XR19 Alternate Alternate H Sync Start 3B7h/3D7h xxxxxxxx 79
XRI1B Alternate Alternate H Total A RW 3B7h/3D7h xXxXXXXXX 80
XR1C Alternate Alternate H Blank S RW 3B7h/3D7h xxXXXXXX 80
XR1D Alternate Alternate H Blanlg d RW 3B7h/3D7h XX XXXXXX 80
XRI1E Alternate Alternate Off: RW 3B7h/3D7h XX XXXXXX 80
XR28 General Video Interface 28h RW 3B7h/3D7h ----0010 84
XR29 General Haif Line Compare Register 2%h RwW 3B7h/3D7h 00 xxxxXxX 84
XR41 General EGA Switch Register 41h RW 3B7h/3D7h ROOORRRR 85
XR44 General Video Flag Register 44h RW 3B7h/3D7h RRRRRRRR 85
XR45 General Scraich Register 1 / ForeGround Color 45h RW 3B7h /3D7h RRRRRRRR 85
Revision 0.7 Advance Product Information 82C453

This Materi al

69

Copyrighted By Its Respective Manufacturer



Extension Registers

EXTENSION INDEX REGISTER (XRX)
Read/Write at I)/O Address 3B6h/3D6h
Index Xh

[D7 {D6 |D5 |D4 |3 [D2 |D1 [Do0 ]

Index 0
- Extension Registers

Reserved

6-0 Index value used to access the extension
registers

7  Reserved (0)

CHIPS VERSION REGISTER (XR00) %
Read only at I/O Address 3B7h/3D7h ;

Index 00h

[D7 D6 [Ds |4 [D3 [p2 D1 o]

- Version number

-

7-0 This register contains the version number for
the 82C453. Value starts at 31h and is
incremented for every silicon step.

K o
2
=7

,.p.,\::. 5"i"}?“::;,
; \'\’%%\A
- £

DIP SWITCH REGISTER (XR01)
Read only at /O Address 3B7h/3D7h

Index O1h

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

——— - DIP Switches Status
(read only)

- Reserved

Reserved

These bits give the state of the DIP switches
which are multiplexed on pins AD16/SW2,
BHE/SW! and AEN/SWO.

3
R

e, %‘\%}Thﬁmg\%r is not related to the EGA Dip Switches.
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Extension Registers

CPU INTERFACE REGISTER (XR02)
Read/Write at 1/O Address 3B7h/13D7h

Index 02h

[07]p6 |D5|p4 D3 [D2 D1 Do |

Diagnostic Bit

Fast Font Paint

Alternate Sequencer
]- Attribute Controller

Mapping

1/0 Address Decoding

PEL Panning

Attribute FF Status (R/O)

0 Diagnostic Bit. This bit is defined for test

purposes only. This bit should be set to '0'
for normal operation.

1  Fast Font Paint
0: Select CPU rotated byte into Gra és

1:

2 Altemate Sequencer Timing.

: Use altemate RAS/CAS

Controller(default on Reset). w.fj}

Select Scratch/Foregroung "'Co.lof

Register (XR45) inft
Controller for Fast ¥
packed pixel mode.

Clock Cycles is one memory Cyt

Alternate timings should bé:used only
when sequencer clock is 25 MHz or
below. This bit should be set when
running 1024x768 interlaced mode for
higher performance.

4-3  Attribute Controller Mapping

00:

01:

10:

11:

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

Write Index at 3COh and Data at
3C1h (8 or 16-bit access), the attrib-
ute flip-flop is always reset in this
mode (16-bit mapping)

Write Index and Data at 3COh/3C1h
(8-bit access only EGA type map-
ping).

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 I/O address
(Default on Reset)
1: Decode only the lower 10 bits.

PEL Panning

0: Use D1-DO bits of the H. Pel Panning
Regisetr (AR13) to control the PEL
Panning logic in the 8 bit video path.

1: Use D2-D1 bits of the H. PEL
Panning Register (AR13) to control
the PEL Panning logic in the 8 bit
video path.

Attribute Flip-flop Status (read only)
0: Index
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\ n i l- g Extension Registers

82C453 INTERFACE REGISTER I (XR03) 7  3BFh Register Control
f:;ip(‘)/_;;fe atliO Address 3B7h3D7h 0: Disable reads to register 3BFH,

default on reset.
1: Enable reads to register 3BFh.

[D7]D6]|Ds|D4|{D3|D2]|D1|Do]

03C3h Register Control
Reserved

Diagnostic Bit

Quick Write

Reserved

Reserved

Quick Read

3BFh Register control

0  3C3H Register Control. This bit is valid in
MCA interface only.

0: Write only access to 3C3H register
chip. Default on reset.

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

Reserved

purposes only This bit sho \
for normal operation. f

3 Quick Write.

default on reset.
1: Enable quick write featy e
write cycles. 82C453 ctgpletes a
CPU Write Cycle quickef than a
normal cycle by releasing Ready
carlier. This featurc should not be
enabled when dot clock is below 20

MHz.
4  Reserved
5 Reserved

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
earlier. This feature should not be
enabled when dot clock is below 20
MHz.
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Extension Registers

SEQUENCER CONTROL REGISTER (XR05)
Read/Write at 11O Address 3B7h/3D7h
Index O5h

[D7]D6|Ds]D4|D3|D2|D1]{DOJ

Auxiliary Clock Select

Reserved

Auxiliary Divide
CLKO Division

CLK1 Division
Sequencer Clk Division

0  Auxiliary Clock Select

0: Select one of CLKO, CLK1/S0,
CLK2/S1 as defined by the Misc
output register to be the display cloelt
Default on bus reset.

1: Redefine CLKO as a commor cle '

input and make CLK}S§(, dnd,.
CLK2/S1 outputs togtf’éﬂtrol a

external clock select M1
bit (0) is set to '1' ¥

CLK?2/S1 pins are drivén by%&ﬁsc '
-

Output Register bits 2 and &,
31 Reserved

4 Auxiliary Divide. Divides the D] 1ay
Clock selected by the Miscedk
Output Register/bit 0 of this fegister by 2
or 3 before being used interiiilly.The
additional divide by two in the sequencer
is still effective (SR1 bit 3).

0 = Divide by 2
1 = Divide by 3

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

0: No division on CLK0O
1: Divide CLKO as specified by bit 4 of
this register
6 CLKI1 division. This bit controls the
division operation on CLK1 as specified by
bit 4 of this register.

0. No division on CLK1

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

5

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

7  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
# tnmmg of the chip and memory timing.
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CPU PAGING REGISTER (XROB) START ADDRESS TOP (XR0C)

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

Index OBh Index OCh

(D7]D6]|D5|D4[D3]D2]D1]DO] [D7]D6]|D5]|D4|D3[D2]D1]DO]
Memory Mapping Mode Start Address Upper

— Single/Dual Map _ two bits

CPU Address Divide by 4
Reserved - Reserved

0  Memory Mapping Mode

0: Nommal Mode (VGA Compauble)
1: Extended Mode, mapping for 512

KBytes or 1 MByte memory configii&s
ration. \N\

< \..

1  Single/Dual Map - ,'\
0: CPU uses only Low M
translate the CPU addggss
the extended video memoi'y space
1: CPU uses both the Lt)w, MRy “Ht
High Map registers to tréng
CPU addresses 1o access the &} ten
video memory space.

2 CPU Address Divide by 4 I *

0: Disable CPU address dlme by 4,
normal mode.

1: Enable divide by 4 for CPU
Addresses. This allows the video
memory to be accessed sequentially 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)

%g%%li&&%%

d \\§\UXEIARY OFFSET REGISTER (XR0D)

laté tl’xﬁ%ﬁ“
b. B

%ﬁ\w

T

<~ 1-0  Start Address Upper two bits. Defines the 1

or 2 high order bits for the Display Start
Address when 512 KB or 1 MB of memory

~»") *\\N“i% is u% {Also see XR20 bit 1)

Read/Write at /O Address 3B7h/3D7h
Index ODh

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

Lsb of Offset (CR13)
Lsb of Alt Offset (XRI1E)

-

F Reserved

0  This bit provides finer granularity to the Off-
set when the chain (odd/even) and chain 4
modes are used. This bit is used with the
regular offset register (CR13).

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

7-2 Reserved (0)
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S Extension Registers
WCHIra
SINGLE/LOW MAP REGISTER (XR10) HIGH MAP REGISTER (XR11)
Read/Write at /O Address 3B7h/3D7h Read/Write at I/O Address 3B7h/3D7h
Index 10h Index 11h
[D7]D6|Ds|D4 D3 [D2]D1 [DoJ {D7]D6[D5[D4[D3[D2| D1 DO]

L L

- Single/Low Map -——————— I~ 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
modgg, ~The Map starts on 1K boundary for
planar. mddes and 4K boundary for packed
.pixelimiodes. This register maps the CPU
“i\\gg?dow into display memory as follows:

7-0 These eight bits define the Single or Lower
Map ( In dual map mode) base address bits
17-10 in planar modes and bits 19-12 i
packed pixel modes. The map starts on 1]
boundary for planar modes and 4
boundary for packed pixel modes. In‘case

folsithe

of Dual mapping this register cont
CPU window into the display™

based on the contents of GR6 ag - GR6 High Map
0 0BO0000-0Bf{fffh
GRé  LowMap 1 0A8000-0Afffth
0 0AQ000-0Afffth 2 Don't care
1 0AO0000-0A7fffh 3 Don't care
2 OBO0000-0Bfffth
3 0B0000-0OBffffth
Note: Dual mapping is not allowed in thé last two
cases. In the last two instances the CPU
uses single mapping.
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Extension Registers

EM(JLA’!'ION MODE REGISTER (XR14) 6 VSYNC Status Mode
;{niiagvy;;zte atll0 Address 3B7hI3D7h 0: Enable Vsync status to appear at bit 7
of Input Status register 1 (I/O Address
3xAh in MDA and Hercules modes)
{D7]|D6[D5|D4[D3|D2|D1 [DO) 1: Prevent Vsync status from appearing
. at bit 7 of Input Status register 1 (1/O
L:| Emulation Mode Address 3xAh in CGA and VGA
- . modes).
Herc Config (read only) .
Herc Config (read only) 7  Interrupt Output Function
DE Status Mode This bit controls the function of the IRQ/
V Retrace Status Mode output in both MCA-bus and PC-bus.
Vsyne Status Mode XR14 XR14 XR14
Interrupt Polarity D7=0 D7=0 D7=1

1-0 Emulation Mode.

00: VGA/EGA

01: CGA

10: MDA

11: MDA / Hercules

3-2 Hercules Configuration Regis
(read only).

4 Display Enable Status M

Note:

Address 3xAh in CGA and VGA
modes).

1: Select HSYNC status to appear at by
0 of Input Status register 1(I

Address 3xAh in MDA and Hercules

modes).
L) Vertical Retrace Status Mode.

0: Select Vertical Retrace status tG:
appear at bit 3 of Input Status register
1(I/O0 Address 3xAh in CGA and
VGA modes).

1: Select Video to appear at bit 3 of Input
Status register 1(I/O Address 3xAh in
MDA and Hercules modes).

6 VSYNC Status Mode

0: VSYNC status not enabled on bit D7
of input status register I (3xA) -
CGA/VGA mode

1: VSYNC status enabled on bit D7 of
input status register I (3xA) -
MDA/Hercules modes.

Interrupt State PC Bus MCA Bus PC Bus
Disabled 3-state 3-state 3-state
Enabled, Inactive  3-state 3-state Low
Enabled, Active 3-state Low High

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) §  Write Protect Group 6. (I/O Addresses 3C6-
Read/Write at 1/0 Address 3B7h/3D7h 3C%n). The PALRD/ and PALWR/ output
Index 15h signals are disabled and the 82C453 DAC
state register is write protected.
[D7]Ds[D5|D4]D3[D2]D1 DO} 6 Write Protect Group 0. Auxiliary Write
Protect for CRT Controlier registers CR0O-
Wr Protect Group 1 regs . CRO7 except CRO7 D4. This bit is logically
Wr Protect Group 2 regs ORed with CR11 D7.
Wr Protect Group 3 regs " Reserved (0)

Wr Protect Group 4 regs
Wr Protect Group 5 regs
Wr Protect Group 6 regs
Wr Protect Group 0 regs

Reserved
This register controls write protection for various s
groups of registers as shown. O = unprotected, 1= h&j\.&\
protected. U P
. . o, . \;‘% o K b
0  Write Protect Group 1 Registers: @Q .
Sequencer (SRO0-SR04) Py mﬁ%

~ Graphics Controller (GROO-GRO8)', \?\% .
Attribute Controller (AROO-ARIAS, ~ -~

1 Write Protect Group 2 Registers

Cursor Size register (CRO%S Qe S’ it
Character Height regs (CROA, (ROB]™ % ~

2 Write Protect Group 3 Registers:
CRT Controller CRO7 bit-4 s ™

CRT Controller CRO8 “‘\;&\Q
CRT Controller CR11 bits 4 agd5

CRT Controller CR13 and CRI&;,”
CRT Controller CR17 bits 0,1 & 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 bits 0-3 & 6
CRT Controller CR12, CR15, CR16
CRT Controller CR17 bit-2

4  Write Protect Group 5 Registers:

Miscellaneous Output (3C2h)
Feature Control (3BA/3DAh)
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TRAP ENABLE REGISTER (XR16)
Read/Write at 1/O Address 3B7h/3D7h
Index 16h

ro

Extension Registers

TRAP STATUS REGISTER (XR17)
Read/Clear at 1/0 Address 3B7h/3D7h

Index 17h
[p7]ps]ps[p4p3p2[prfpo] [p7]os]ps[pa[p3[p2[DrDOf

3B4/3BSh 3B4/3B5h

3B8/3BFh 3B8/3BFh

3Cxh 3Cxh

3D4/3DSh 3D4/3D5h

3D8/3D%h 3D8/3D%

CRO0-0B and CR10-18 CR00-0B or CR10-18

Trap Enable bits:

0

]> Reserved

Generate Trap on Access to I/O Addresses
3B4h or 3B5Sh.

]- Reserved

1  Generate Trap on Access to I/O Add urred on access to I/O Address
3B8h or 3BFh. 8h
2 Generate Trap on Access to /O AddresSes 'Piﬂp occurred on access to I/O Address
3Cxh. x3Cxh.
3  Generate Trap on Access t Trap occurred on access to I/O Address
3D4h or 3DSh. 3D4h or 3D5h.
4  Generate Trap on Access to I/ 4 Trap occurred on access to 1/O Address
3D8h or 3DSh. 3D8h or 3D5Sh.
5  Generate Trap on Access to reglsters 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 all bits: For all bits:
0: Disable trap 0: No access occurred
1: Enable trap 1: Access occurred

This register is cleared (0) on reset.

Note: Trap is no longer an output pin. However, Trap Status can be read in register XR17.
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Extension Registers

\ l"'l irsa

ALTERNATE HORIZONTAL ALTERNATE HORIZONTAL
DISPLAY ENABLE END (XR18) SYNC END (XR1A)

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

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

~ Alternate H Display End

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

7-0 Altemate Horizontal Display Enable Er\
See CRO1 for description.

ALTERNATE HORIZONTAL
SYNC START (XR19) N
Read/Write at 1/0 Address 3B7h/3D7h ¥
Index 19h

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

L

- Alternate Hsync Start

This register is used in CRT low resolution CGA
modes, Hercules graphics modes.

7-0 Altemate Horizontal Sync Start. See CR04
for description,

Withee
Y

?

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

- Alternate H Sync End

'} Altemate H Sync Delay

-} End H Blank bit 6

e
,«\;;\\%\ ¥his register is used in CRT low resolution CGA

odes, Hercules graphics modes.

4%9 Al Horizontal Sync End. See CRO5
L formuon

&'“ Ms *‘%}immme Horizontal Sync Delay. See CRO5

xfer description.
_ %, End Horizontal Blank bit 6. Sixth bit of the
\y ¥ Altemate 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 Total

This register is used in CRT low resolution CGA
modes, Hercules graphics modes.

7-0 Alternate Horizontal Total. See CROO for
description.
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Extension Registers

ALTERNATE HORIZONTAL BLANK START
(XR1C)

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

Index 1Ch

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

- H Blank Start

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

7-0 Alternate Horizontal Blank Start. See CRQ2%: %

for description.

ALTERNATE HORIZONTAL
BLANK END (XR1D) e
Read/Write at I/O 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 CRT low resolution CGA
modes and Hercules graphics modes.

4-0 Altemnate Horizontal Blank End. See CRO3
for description.

6-5 Display Enable Skew Control. See CR03
for description.

7  Herc Graphics bit.

0: For IBM VGA compatible operation.

1: Enhances split screen functionality.
Also this bit should be '1' for
Hercules Graphics mode (720x348
line mode).

ALTERNATE OFFSET (XRI1E)
Read/Write at I!O Address 3B7h/3D7h
Index 1Eh

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

Alternate
- Display Buffer
Width

This register is used in low resolution CGA modes

'd Hercules graphics modes.
T “‘_\Offsct. See CR13 for description.
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Extension Registers

82C453 INTERFACE REGISTER II (XR20)
Read/Write at I/O Address 3B7h/3D7h

Index 20h

[D7]Ds|Ds|D4|D3|D2|D1 |Do|
Reserved
CRT Wrap Around
Reserved
Extended Sequencer
Reserved

0 Reserved
1  CRT Wrap Around

0: 82C453 will wrap around CR
addresses at 64k boundary for VGR™
compatibilty regardless of“\“t,h '
memory on the board.

1: 82C453 generates addresﬁs?\iqr the )
entire memory on the b *xﬂus.,\lgjﬁ%\ﬁh?
should be set for exterid mca'de\-"““‘:?"
which use more than 756 kb sxof ;

display memory. . ’%ﬁ%% il
Reserved e T

3  Extended Sequencer. This bit contra‘ls\%-
Sequencer timings for extended mod W

0: This bit is set to '0' for naq{nal VGA
modes. Default on Reset.

1: This bit should be set for extended
modes.

7-4 Reserved (0)
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. “ l r : Extension Registers
WRITE BIT MASK CONTROL REGISTER (XR23) WRITE BIT MASK PATTERN REGISTER (XR24)
Read/Write at I) O Address 3B7h/3D7h Read/Write at I/O Address 3B7h/3D7h
Index 23h Index 24h
[D7]Ds[D5]D4]D3[D2]D1 |Do| [D7]D6]Ds|D4[D3|D2|D1]DoJ
VRAM Write Mask ]
Write Mask Source
Read-Modify Write Cycle - Write Bit Mask Pattern
Reserved
0  VRAM Write Mask ~~ 7-0 'When this register is selected as a source for

\\

0: Disable VRAM write mask function, | RS W
default on reset . %

1: Enable VRAM write mask function. @\&f& “\@%\

2-1 Write Mask Source;These two bits sele&m% %&
source of Write Mask pattern w W{lt e

Mask feature is enabled. 5
Write Bit Ma P\@gf‘g&;
Register(XR24)X, Y f"&

0 1  Graphics Controll Bt ask %
Register(Gr08). ’“’*\“%\
1 0 Rotated CPUByte. ° w}k b
& \\
3  Read-Modify Write Cycle N
0: No Read-Modify-Wri ycles,
default on reset. &%‘;

1: Enable CPU Read- Modlfy -Write
cycle. When this bit is set, all CPU
byte write cycles to 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 is an illegal operation.
VRAM Write Mask (bit 0 of this
register) function is allowed along
with read-modify write cycle.

7-4 Reserved

write bit mask pattern, the 8 bits of this
register are used as a VRAM data write bit
mask,.. Fhese eight bits are duplicated four

1 applied to all four memory maps
%\% bit mask.
%\ X :
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Extension Registers

DEFINE PINS REGISTER (XR25)
Read/Write at I/O Address 3B7h/13D7h

Index 25h
{D7]D6[D5|D4{D3|D2{D1}DoO]
— General Purpose
Output Select
- Reserved

0-1 These bits control the signal ouput on pin
'GPOUT" when in the ISA Bus. This pin
can be used as a general purpose output pin
in the ISA Bus.
MCA Bus configurations.

This pin is 'CSFB/ m‘*'
A

82C453 CONFIGURATION REGISTER (XR26)
Read/Write at 1/0 Address 3B7h/3D7h

Index 26h
[D7]D6|Ds[D4[D3]D2]|D1|Do|
l—_ Bus Type
[ Memory Configuration
- Reserved

~~At the end of the reset cycle, the 82C453 latches the
state of pins A16/SW2, BHE/SW1, and AEN/SWO0
N bits 2-0 respectively. The 82C453 uses these
§ B Mextself for various memory configu-

rauons and 0. select either ISA bus or MCA bus

DI DO  Signal Output
0 o0 Bit 0 of Features :
;iggﬁirof%‘},)&}%. 0: MCA bus interface
1: ISA bus interface
0 1 Diagnostic Funétign,
0 X Diagnostic Funct(on Memory Configuration
1 X Diagnostic Function,g
- D2 D1 Configuration
2-7  Reserved 0 0 1664K x4 VRAM
0 1 4 256K x4 VRAM
1 0 8 256K x 4 VRAM
1 1 864 K x4 VRAM
d 3-7 Reserved
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Extension Registers

VIDEQO INTERFACE REGISTER (XR28)
Read/Write at 1/O Address 3B7h/3D7h
Index 28h

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

Blank/DE Polarity

Reserved

PCLK Control
8 Bit Video Path
Interlace Video

]» Reserved

0 BLANK/Display Enable Polarity
0: Negative
1: Positive

1 BLANK/DE MUX

0: BLANK/ pin outputs BLANK@
1: BLANK/ pin has the
(polarity bit is still effectiy ‘.\

2 Reserved
3 PCLK Control

0: PCLK output is 451/452 cmn\paubles-&

e
G,
ag% ol

default on reset.

1: PCLK is inverted before outpqtit

This inversion of PCLK INIE
setup/hold time of pixe); dat:

Blank/DE Output Select

4

HALF LINE COMPARE REGISTER (XR29)
Read/Write at I/O Address 3B7h/13D7h
Index 29h

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

-

\————————— I Half Line Compare Reg.

These 8 bits are use to generate the 'half line
compare' signal that controls the positioning
of the Vertical Sync for odd frames when the
¢ video output option is enabled, see
0 Interface Register.

respect to PCLK from 45 ag Seen by

DAC at high clock speeds (65MHz).

4 8 Bit Video Path

0: Sclect 4-bit VGA video path, default

on reset
1: Select 8 bit VGA video path

5 Interlace Video

0: Non-interlaced video, default on reset.
1: Interlaced video. This bit is set for

1024x768 interlaced modes.

7-6 Reserved
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Extension Registers

EGA SWITCH REGISTERS (XR41)
Read/Write at I/O Address 3B7h/3D7h
Index 41h

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

- Virmal EGA Switches

- Reserved

SENSE Bit Select

3-0 These four bits are set/reset by software to
reflect the status of EGA switches. When
the bit 7 of this register is set, virtual switch

selected by bits D2-D3 of the Misc. Ouput®: %
Register at 03Ch/03CCh are read in SEN Wi

bit 4 of the Input Status Register 0 at 0
P! gi 3@'31;\r L
6-4 Reserved ’
7  Sense Bit Select; This bit selectd.bety
Sense Pin from the VGA log tot
or Virtual EGA Switch M%ﬁm
bit 4 of Input Status Register(3T0OQ:

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

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

-

~ Scratch Register 0

~~ T7-0 These eight bits are for software to store data

o
x\\ﬁ »

that is not affected by RESET. This register
is reserved for BIOS and driver use.

‘“\&:“*?2\“-2%%
T
T

Z fﬁ'«
Y

0: Select VGA SENSE pin o 1t 4 »%%

Inout Status Register O (STOO) S
1: Select output of Virtual EGA;’

Mux on bit 4 of Input Statug.Rs

0 (ST00). @%g\ )

SCRATCH REGISTER 1/ FOREGROUND
COLOR REGISTER (XR45)

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

Index 45h

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

-

- Scraich Register 1

7-0 These eight bits are for software to store data
that is not affected by reset. This register is
also used to hold the fore ground color for
text when using the 82C453's FAST FONT
PAINT feature.
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Functional Description

Functional Description

The 82C453 is a third generation VGA controller of
the CHIPS 450 product family. This product is
100% compatible to IBM's VGA standard at the
gate, register and BIOS level. It also offers
enhanced backward compatibility to EGA, CGA,
Hercules and MDA standards without using NML
The 82C453 has a dual bus interface to support both
the PC (also called EISA/ISA or 'Industry Standard
Architecture') Bus and the Micro Channel (MCA)
bus. All the control signals for both types of
interfaces are integrated on the chip. The 82C453
automatically configures itself for either PC or MCA
bus interfaces based on the status of configuration
input bit, on pin AEN (SWO0). This configuration bit
is sampled at the end of the bus RESET RESET
signal and can be read in the extended Hardware
Configuration Register.

82C453 architecture is optimized to use dual
Video RAMs (VRAM) only. The 82C453) ses ;he
VRAM serial port for CRT refresh and-

random read/write port for CPU readfrité cycl
Due to this dual port architecture, the 82C4
support resolutions up to 1024x768 256
graphics modes the 82C453's highly
architecture uses less than 10% of VRAM
for CRT updates while allocating more thart
VGA memory bandwidth to the CPU. In §
1024x768, 256 color resolution, the 82(:
sustain a write data transfcr bandwidgh
memory from system memory that is thher:.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 cycles and it utilizes
the VRAM's write bit mask capabilities to improve
the performance of graphics applications. Feature
like Dual Paging make it easier to virtualize the VGA
for improved multi-tasking under DOS, OS/2 and
UNIX environments. The 82C453 supports 16 bit
memory and I/O accesses.

BUS INTERFACE

The 82C453 supports both PC (EISA/ISA) and
Micro Channel (MCA) bus interfaces. The 82C453
samples configuration bits on pins A16 (SW2),
BHE/ (SW1), and AEN (SWO0) at the end of a bus
RESET cycle. The status of these pins are used by
the 82C453 to configure itself for an appropriate bus

and VRAM interface. These three configuration bits,
with pull-ups internal to the 82C453, are readable in
the 82C453 extensions Hardware Configuration
Register. They are defined as follows:

Al6 BHE
(SW2) (SW1)  Definition
0 0 16, 64Kx4 VRAM(512KB)
0 1 4, 256Kx4 VRAM(512KB)
1 0 8, 256kx4 VRAM(1024KB)
1 1 8, 64Kx4 VRAM(256KB)

Definiti
EISA/ISA Bus Interface
MCA Bus Interface

82C45 gsupports 16 bit accesses to both memory

and /O ‘pierts depending on the state of BHE/ and
AQ*Fok.16 bit interface 82C453 will always assert
D816/ (MEMCS16/ or IOCS16/ for EISA/ISA Bus)
after a valid memory or 1/0 address is recognized.
[3épending on the state of AO and BHE/, either an 8
bit or 16 bit cycle will actually be executed. This
ensures that even for software - directed 8-bit
accesses, faster non-converted cycles will be
executed by the system logic. If 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/ data
transfer cycle will be executed as follows:

0 Byte-1 Byte-0

0 1 Byte-1 Tristate

1 0 Tristate 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 are not installed in the
EISA/ISA bus.
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Functional Description

EISA/ISA Bus Interface

The configuration bit AEN/SWO should be '1’ for
EISA/ISA Bus interface. The 82C453 supports both
8- andl16-bit interfaces. The 82C453 uses
multiplexed address and data buses to interface to the
EISA/ISA bus.

Bit 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 ROMCS/ signal for
addresses COO0O0OH-C7FFFH.

8-Bit EISA/ISA Bus Interface
To use an 8-bit EISA/ISA Bus interface, an external

BIOS ROM

4" Al6/SW2
IB 5y BHE/SW1
2A 4y AEN/SWO
2 ey ;IVGADEC/SENSE
3B
aa
SENSE 4B
G s | ADREN/
RESET
RFSH/ — RFSH/
SMEMR/ MEMR/
SMEMW/ MEMW/
JOR/ I0R/
0w/ 0w/
RESET RESET
RDY RDY

8-bit multiplexer is required. This can be
implemented using one buffer (1.S244 or equivalent)
for the lower 8 bits of the address bus (A0-A7) and
one transceiver (LS245 or equivalent) for the data
bus. Upper address bits A8 to A15 can be connected
to the 82C453 via another buffer. The 82C453
provides direction and control signals for the external
multiplexer. The ADREN/ signal from the 82C453
enables the address buffer onto the multiplexed
82C453 bus. The ADRENY/ signal is inverted and
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

PAL EQUATIONS:

ROMCS/=SA19 & SA18 & !SA17 & !SA16 & !SA15 & !RFSH & SMEMR

VGADEC = SA19 & !SA18 & SA17 & 'RFSH

Block Diagram - 8-Bit EISA/ISA Interface )
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Functional Description

with the data bus plus Al6). The upper three
address bits, A17 to A19, should be decoded
extemnally and qualified with Refresh. The decoded
address output should be connected to the VGADEC
pin of the 82C453. The decode should occur when
Al19 A18 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 (ROMCS/) is generated by the same
external PAL that generates VGADEC.

16 Bit EISA/ISA Bus Interface

The 16-bit interface supports 16-bit accesses to
display memory and index/data pairs of I/O registers.
16-bit accesses to display memory assume that th

82C453 controls the entire AOOOO - BFFFFh addregi: }
space. This requires that the 82C453 be the:gnly-

active video card in the system (i.c., no co-residént

Hercules or CGA cards may be present whigh dlso..

have display buffers in the AOOOO-B]
range).

Wng, T d
The external 16-bit multiplexer can be ifhp
using two address buffers (LS244 or equiyileri
two data transceivers (LS245 or equiVﬁiggt)'L The.

 addre
¥ e

control and direction signals are provided by ithe™

82C453. ADREN(/ provides the enable (Qg\ fre
multiplexer. RDLO/ controls the directigi-ofidata
transceiver sitting on the low data by$™{DU-D7),
while RDHI/ controls the upper data transcgiver.

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
qualified with Refresh. The decoded address output
should be connected to the 82C453 VGADEC pin.
The address decoding is done for address range
AO0000-BFFFFh.

For 16-bit memory interface in the EISA/ISA bus,
MEMCS16/ is generated externally by decoding
unlatched addresses LA17:23. The 82C453 generates
10CS16/ from latched addresses 'SA15:0'. IOCS16/
is generated only for index/data pairs of registers.
This includes the Sequencer (3C4h), the Graphics
Controller (3CEh), CRT Controller (3D4h/3B4h)
and Attribute Controller (3COh). All other VGA I/O
ports (Color palette, Misc. Output Register and
Status Registers) are always treated as 8-bit ports;
IOCS16/ is not asserted during CPU access of these
registers. The I0OCS16/ pin can directly drive the
EISA/ISA bus.

bit and 16-bit interfaces.

gnaxs
‘proyigdes

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. 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
available in unlatched form. Care should be taken to
guarantee MEMCS 16/ timing meets system specifica-
tions. Two additional buffers are needed o buffer
the ROM data onto the EISA/ISA Bus.

MicroChannel (MCA) Bus Interface

The configuration bit SETUP/SWO should be '0" for
MCA Bus interface. The 82C453 supports both 8-
The 82C453 uses

buffers (LS244s) and two data
1:S245s). The control and direction
Ye..provided by the 82C453. ADREN/
‘#he enable for the multiplexer. RDLO/
controfs the direction of the data transceiver
ofifiected to the low data bus (D0:7), while RDHI/
ntrols the upper data transceiver (D8:15).

-

8§C453 has 17 address inputs (16 multiplexed with

the data bus plus A16). For MCA 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
VGADEC pin on 82C453. The address decoding is
done for address range AOOOO-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 I/O address. These pins directly
correspond to DS16/, RDY and CD SFDBK/ pins of
the MCA bus. It is recommended that these signals
be buffered.

The RESET, S0/, S1/, M/IO signals on the MCA can
directly drive the corresponding pins on 82C453.
The CMD/ signal on the MCA bus must be qualified
with Refresh/ and then connected to the CMD/ pin on
82C453. The CHIPS 250 and 280 chipsets provide
a qualified command signal called VGACMD/.

The 82C453 implements register 3C3h bit-0 (VGA
Enable) intemnal to the chip. Since this signal also
comes from the CHIPS 250/280 chip sets, when the
MCA bus interface is selected, this register is made
write-only. This will eliminate the data bus conflict
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BIOS ROM

15244 A8-14
DO-7 p0.7}—e

A OE/ CS/

PAL16LSB
RESH/ —»
MEMCS16/ <——
SAI5-19 =P
LA17-23
SMEMR/ —P —l

VGADEC

—M A16/SW2

BHE/SW1
AEN/SW0

—» VGADEC/SENSE

4A " ADREN/

~
m
%]
m
-
gl
ng i

RFSH/ —P] RFSH/
SMEMR/ —» MEMR/
SMEMW/ —% MEMW/

IOR/ —¥| IOR/
oW/ —» 10w/

RESET —¥ RESET

RDY ¢—— RDY
I0CS16/ 4— 10CS16/

PAL EQUATIONS:
ROMCS/ = SA19 & SA18 & !SA17 & !SA16 & !SA1S5 & 'RFSH & SMEMR
VGADEC =SA19 & !SA18 & SA17 & 'RFSH

MEMCS16.0E = 'LA23 & 'LA22 & 'LA21 & 'LA20 & LA19 & !LA18 & LA17 & !RFSH
MEMCS16/= GND
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WCmra P

SA0-15

ADDR/
_ DO-DIS__ ! DATA »{ ADO-15

1 ADREN

82C453

L5244 32Kx 8
HIGH ROM

D8-D15

AD1-AD14

DO-D7

LA17-23 >t

SAIS-19 ol
MEMCS16/ «——  paL

SMEMR/ —
RFSH/ ——p

ROMCS/

PAL EQUATIONS:
ROMCS/=SA19 & SA18 & !SA17 & !SA16 & !SA1S & !RFSH & SMEMR
MEMCS16.0E = |LA23 & 'LA22 & 'LA21 & 'LA20 & LA19 & 'LA18 & LA17 & 'RFSH
+/LA23 & 1LA22 & 'LA21 & 'LA20 & LA19 & LA18 & 1LA17 & !SA16 & !SA15 & 'RFSH
MEMCS16/= GND

Block Diagram - 16-Bit EISA/ISA/16-Bit BIOS Inte:

rface (32Kx8 ROMs)
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Functional Description

on reads of the 3C3h register. The 82C453 will not
generate MCA bus signals CSFB/ and RDY when

the CPU accesses this register. The 3C3h register
can be read if bit-0 of the 82C453 extension Miscel-
laneous Interface Register is set to '1'; under this
condition the 82C453 will generate MCA bus signals
CSFB/ and RDY for CPU Read and Write cycles to
I/O address 3C3h.

The 82C453 can also be put in the setup mode by
pulling the SETUP/ pin low. This signal is either
bit-5 of port 94h or a Micro Channel VGASETUP/
signal dedicated to a specific slot. Again, the CHIPS

250/280 chip sets implement register 94h internally
and provide this bit on a pin called VGA SETUP/.
Refer to MCA interface diagram for circuit imple-
mentation.

POS ID Registers

The standard IBM PS/2 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 extemal PAL can be added for

$24%
DO-7 481 ¢ DR
D8-1
~AO-7
PAL
MADE24 —»
RFSH/ —
SA17-23 =P
VGADEC ——I 82C453
LS257
SETUP —{1A 1Y » A16/SW2
SWO—>1B 5y L. BHE/SW1
BHE/ —»{2A oy L — SETUP/SWO
SW1 —»{2B | >
L6 A Y VGADEC/SENSE
SW2 —»13B ADREN/
4A
SENSE —»{4B
G §
RESET MI0/ —¥| MIO/
VGAENAB —{ DISA/
VGACMD/ — v,
so; —¥] so/
s1y —¥ S1/
RESET RESET
VGAINT 94— VGAINT
DS16/ +— DS16/
RDY *+—| RDY
CSFB/<4—| CSFB/
PAL EQUATION:

VGADEC =MADE24 & 'A23 & 'A22 & 'A2]1 & 'A20 & A19 & 'A18 & A17 & 'RFSH

Block Diagram - 16-Bit MCA Interface
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Functional Description

decoding those addresses. The 82C453 will
continue to generate MCA bus interface signals.

Setup and Enable/Disable Modes

IBM's VGA add-in card for the EISA/ISA Bus uses
a register at I/O address 46ESH 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 MicroChannel implementations the 82C453 is put
into setup mode by asserting the SETUP/ pin low.
Usually this pin is controlled by bit-5 of I/O port 94h
and is implemented in the PS/2 system logic. If the
82C453 is on the MicroChannel bus (as opposed to
the system board), the bus provides a SETUP/ input
for each slot

The 82C453 should be enabled for normal operati
In the MCA interface, the 82C453 disappears Emm

the memory and I/O space if bit-0 of /O po:t 3C3h 1s. RN

reset to zero (low). For normal operau

interface, setting bit-3 of port 46ESh to
disables the 82C453 and setting it t
enables the 82C453.

For normal operation the VGA st;ould be
programmed as follows:

MCA Interface

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

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

¢) With the 82C453 in setup mode, write '1' to

bit-0 (Video Enable bit) of 1/O register 102h,

I/O register 102h is accessible when the
82C453 is in setup mode.

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

EISA/ISA Bus Interface

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

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

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

d) Take the 82C453 out of Setup Mode by
writing "0’ to bit-4 of I/O register 46E8h.

Multiple 82C453s

;s possible to support up to eight 82C453s in one
ystem. Each 82C453 must have a unique number
ssigned to it ﬂkrough DIP switches. All 82C453s
Qt:éapy the $4#¥e-1/0 and memory address space.
owéver, “Snly one 82C453 responds to CPU

-2 ime. Refer to EISA/ISA and MCA bus

nﬁmber for that 82C453 into the internal

. i’ﬁxﬁended Enable register for all 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 MCA bus, multiple VGAs may be imple-
mented through the use of SETUP inputs that are
unique for each slot and using the global
enable/disable bit-0 of register 102h.

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

VRAM INTERFACE
The 82C453 supports 4 VRAM configurations:

1) Eight 64Kx4, 256 Kbit VRAMs (256 KByte)
2) Sixteen 64Kx4, 256 Kbit VRAMs (512 KByte)
3) Eight 256Kx4, 1 Mbit VRAMs (1024 KByte)
4) Four 256Kx4, 1 Mbit VRAMs (512 KByte)

The 82C453 supports VRAMs only. The 82C453
uses a 32-bit data bus (MxDO:7, x=0-3) to read/write
CPU data. A separate sct of 32 pins are used to read
video data from the VRAM serial port for CRT
refresh. For VRAM configurations 1, 2 and 4; the
82C453 VRAM serial data bus M3:057:0 connects to
serial data outputs of memory planes 3:0. For
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configurations of four one megabit VRAMs, only
serial data bus M0SQ:7 and M2S0:7 are used
(M1S0:7 and M3S0:7 are not used).

There are two 8(9) bit multiplexed address buses
AAQ:7 and BAO:7 that connect to planes 0:1 and 2:3
respectively. There is a common RAS signal for all
VRAMs in all configurations. The two CAS signals
CASBO0/ and CASB1/ drive all VRAMs in BANK-0
and BANK-1 respectively. With 1Mbit VRAMs, the
CASB1/ signal is redefined as address bit AA8. The
WE3:0/ signals are write enables for each of the four
memory planes (WE1/ and WE3/ are not used in 4-
VRAM configurations).

The DTOEBO01:23/ pins are asserted for reading
RAM data for CPU cycles and to execute RAM to
SAM transfer cycles of VRAMs. DTOEBO1/
connects to memory planes 0 and 1 while DTOEB23/
connects to planes 2 and 3.

The 82C453 provides two serial port output enable
signals SOEB0/ and SOEB1/. SOEBO drives the se-
rial output enable pins of VRAMSs in the first bank
while SOEB1/ drives the serial output enable pins of
VRAMs in the second bank. For VRAM
configurations 3 and 4 (IMb VRAMS), output pin
SOEBJ/ is redefined as address bit BA8 and SOEB(/
is redefined as a Special Function Select (DSF)
output for controlling data transfer cycles in split
buffer VRAMs. The SOE pins of 1Mbit VRAMs
should be tied to ground for configurations 3 and 4.
The SCLK pin is a common serial clock output to all
VRAMs in all four VRAM configurations. VRAM
interface diagrams are shown in following pages.

Read-Modify-Write Cydes

£

o

N

+;The 82C453 supports CPU Read-Modify-Write

¥

“ycles. When bit-3 of the 82C453 extended Write

2N

E Plane 3

|

M2S e S IM
M2D b =D Plane 2
VRAM
BA "lA
— >: I :

MID D yram : Planel

{

MOS S
MOD | —*D VIIIIXM Planc 0
AA "lA
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Bit Mask Control Register (XR23) is set to 1, all
subsequent CPU write cycles to VGA memory are
converted into Read-Modify-Write cycles. The CPU
write cycle address is used for executing a read
cycle. This feature of the 82C453 cuts in half the
number of bus cycles needed to perform the Read-
Modify-Write cycle by software. 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
conjunction with a Read-Modify-Write cycle then the
82C453's Read-Modify-Write cycles are more

M3D =

efficient. It is possible to execute a Read-Modify-
Write cycle with the VRAM write bit mask feature
enabled.

VIDEO INTERFACE

The 82C453 supports both digital and analog
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 PALWR/ signals to the
external palette. The 82C453 decodes 1/O addresses
3C6-3C%h as valid external palette addresses. The

Plane 3

M2D =
BA

Plane 2

MIS [«

MID [ >~ p 220K

I‘
:E Plane 1

..........

MOS 1=

MOD = =D 236K

. Plane 0

2-Bank VRAM Address/Data Connections
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CHir 4

Bank 0 Bank 1
. x_‘.‘.‘_‘.‘.‘:.‘_:. S T, h
—= DTOE/ ~— DTOE/ Y
WE3/ > WE/ VRAM -—»-'WE/ VRAM ', Plane3
] ] f [}
|CAS/ SOE/\ | CAS/__SOE/
DTOE23/ »/ DTOE/ ;mo OF ¢ :
WE2/ \  Plane 2
\
[}

WEIL/

—» WE/ VRAM Plane 1
CAS/ SOE/

L}
\
________ L

DTOEO1/

WEQ/ WE/ VRAM Plane O
]
CAS/ SOE/ LCEASZ _ _Sp}i/. L
CAsBo/ ! T
SOEB(/
(256K VRAMs Only) CASB1/
(256K VRAMs Only) SOEB1/
RAS/ —» To All VRAMs
SCLK |——» To All VRAMS
Block Diagram - VRAM Control Connections
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82C453 also supports DAC diagnostic and VGA
monitor type detection by making the SENSE input
available to programmer.

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.
Altenately, 82C453 pins CLK1/CLKSELDO,
CLK2/CLKSEL1 can be defined as outputs, through
the 82C453 extension Sequencer Control
register(XROS) to control an external one of four
multiplexer or clock synthesizer chip. The
CLK1/CLKSELQ and CLK2/CLKSELT1 are driven
by bits 2 and 3 of the VGA Misc. Output register.

82C453

82C453 also supports a General Purpose Output pin
called 'GPOUT'. CLKSELO, CLKSEL1 and
GPOUT can be used to control an 8 to 1 Multi-
plexer. Upto eight display clocks can be supported in
this fashion.

82C453 also has another clock input called IOCLK.
This input clock is used for intemal sequencing of 10
registers. [OCLK should be between 35-40 Mhz.
IOCLK can also be used as a display clock(When
MSR bits D3 & D2=11).

82C453 can also be interfaced to an external clock
chip. CHIPS has desigfned a proprietery clock
chip(82C403) to support the 82C453 display clocks.
Up to six different frequencies can be selected with
the clock chip. CLK1/S0, CLK2/S1 and GPOUT are

bl Analog
’ Video

H o
- -
LS125
v }S_‘j
4——4—1;.1(
EB EC ES |
b-IE

o

/"

[~

/'

L QK ! LS4
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Functional Description

used as the select inputs into the clock
chip(82C403). Three different clock schemes are
shown in following pages.

Display Modes/Resolutions

82C453 supports a superset of all VGA modes. It
supports a screen resolution of up to 1024x768 256
Colors graphics modes. 640x480 and 800x600 256
colors modes are also supported. 82C453 also
supports 132 Column Text Mode.

Screen Blanking

The 82C453 supports screen blanking by writing to
a control register (as in IBM's VGA). During this
time, all memory cycles are available to the CPU.
During screen blanking, the video outputs are
blanked to black level. This makes it easier to
support TTL monitors. IBM's VGA TTL video

Interlaced Video

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

DIP switch/Virtual EGA Switch Support

The 82C453 supports up t0 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 D2:0 in the 82C453
extended DIP Switch Register(XRO01).

.\

AXTﬁe 82C453 also supports virtual EGA switches.
Y ‘I’m& feature allows software to write the status of

outputs (V7 0) are un-defined, makmg it difficult to<, %{&_ / SWItChQ&ﬁ t,he 82C453 extended EGA Switch

support TTL monitors. This is not a problem wit.

analog monitors as the BLANK signal to0 the exte

RAMDAC is asserted which blanks the- anﬂéé‘" . “Jhe $
“‘Q\\%i%'ﬁswiich mux.

video. g
S

Regl

r(XRg1) bits D3:0. Bit-7 of this register
oytro]s

"Qhether the status of the SENSE bit is from
pin or from the output of the EGA
The EGA switch select mux is

82C453
40.0 P IOCLK
25.175 P CLKO
28.322 P CLK1
44.9 P CLK2

‘ Block Dla ;

- 82C453 Minimum ClOCk C°“ﬁ urati
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WHirs
82C453
400 P IOCLK
25.175 P lo > CLKO
28322 (pun SOf® CLK1/50
44.9 CLK2/S1
Spare
82C453
—%§
- IOCLK
Clock Chip »{ CLKO
82C403
soj< CLK1/S0
S CLK2/S1
S2ia GPOUT
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Functional Description

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 pin is read in bit-
4 of the VGA/EGA Input Status Register 0.

DIP Switch support and the virtual EGA switch
feature are available in both PC bus and Micro-
Channel bus configurations. However only two DIP
switches are supported in MCA bus. AEN/SWO pin
becomes SETUP only pin in MCA interface.

EXTENDED REGISTERS

The 82C453 uses several additional registers to
support new features that are not available in an
ordinary VGA. These extended 82C453 registers
and the functions that they control are disabled on
reset. The extended registers can be accessed by two
sets of control bits (disabled on reset). No new bits

Access to 82C453 extended registers is obtained by
putting the 82C453 in VGA sctup mode and sctting
bit-7 of the register at I/O address 103h. Once
access is enabled, extended registers can be
addressed using the index/data pair of registers at 1/O
address 3B6h / 3B7h or 3D6h / 3D7h. The extended
registers description describes the Extensions
Control register at 103h and other 82C453 extended
registers.

are defined and no reservedfunused bits are used in - %,

the regular VGA registers.
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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 a resolution 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). This ensures that writes
to internal registers initiated by applications

software do not corrupt register values, enabling {

user to run software written for previou
graphics standards.

» Two sets of display parameter registers
supplied. The 82C453 automatically selgtts the
set to be used based on the current display't moda
and the type of display in use. ‘

and backward compaublhty

+ No NMI or any other interrupts have)to ‘he used S

It is possible to generate NMI traps if required:
support auto emulation. A%

* On power up the chip is always in Vgi

+ There is no separate EGA mode. EGArmode is
considered to be a special 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).

« When in 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. Initalize the 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

alternate registers as if a particular display was in
use. The 82C453 will operate as if a standard 1/O
write took place but will not permit protected
glsters b altered.

"'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 automatically and either the text or
graphics set of CRTC or alternate registers is
selected accordingly to generate the correct display.
Since the display memory format in text and
graphics is identical, switching between these modes
does not require CPU or application software
intervention.

Display Parameter Registers used in CGA and
Hercules modes:

Emulation Mode HReg Set V Reg Set

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 MODE PROGRAMMING

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

VGA Mode

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

B. Select VGA mode (default).

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. Thi
controlled with bit-7 of Emulatum ‘Mode
Register.

CGA Mode

must be consistent with the mothT
Program the Alternate Horizontal Reg1
320 p1xels honzontal mode. §

The vertical sync rate must be consistet: with the
monitor used.

C. Load the font in the memory .

D. Pre-program all registers in Sequencer, Attribute
Controller and Graphics Controller as in 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 (3D%h) as

required. These registers arc 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 vertical resolution must be 350 lines. The
vertical sync rate must be consistent with the
monitor used.

C. Load the font in memory .

D. Pre-program all registers in Sequencer, Attribute
Controller and Graphics Controller as in Mode 7.

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

& Write Protect Group 1, Group 3, and Group 4
xcglsters

rogram the regular CRT registers for 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 the font 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 is used 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
3BOh - 3B7h (3D0h - 3D7h).

AUTO EMULATION TRAPS

The 82C453 also supports trap generation for auto
emulation purposes. The traps can be enabled on
various conditions as defined in the Trap Enable

Display Address counter is saved at thig etid
frame before being reset. The save;g%éﬁﬁ’e c
read in the CRT Controller Register'space 40t
11h. This allows simulating the Lig
technique to detect text/graphics modes,
CGA/Hercules cards.
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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

Equations for the ISA bus interface PAL are:

MEMCS16 = GND
MEMCS16.0E = 1LA23 & LA22 & 'LA21 & 'LA20 & LA19 & 'LA18 & LA17 & !WE3
VGADEC = IADREN & 'RFSH & A19 & !A18 & A}7
+ ADREN & SENSE Ay
ROMCS = MEMR & A19 & Al18 & |A17 & 'AT6'&¥A15

Equations for the MCA bus interface PAL are:

DS16 = GND L

DS16.0E = MADE24 & 'A23 & A tA18 & A17 & 'WE3

VGADEC = 1ADREN & !RFSH & 1A21 & 'A20 & A19 & !A18 & Al7
+ ADREN & SENSE %,

ROMCS = CMD & MIO & St A Al16 & A15
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J1 = Analog Video

J3 = Feature Connector (ribbon +5V
connector: numbers in parentheses
indicate component and solder-side #'s
if card-edge connector implemented) o 18rsYNC vee
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SENSE
178
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“\ " l l— : Application Schematic Examples

+5V T
4.7uH 2o = L o1 L o047
J1 = Analog Video Z[SENSE AVCCh3s 3
J3 = Feature Connector (ribbon 73|OL3  AVCC : T
connector: numbers in parentheses 731012  AVCChs5 01 |0.1
indicate component and solder-side #'s 41] 8{-'11) A\(;gﬁ 30 470 | Digital Ground
if card-edge connector implemented) -I}I-: dsYNG compi22d I =
(card edge pin 1 is closest the bracket) GPOUT " 2d4/6 a1 R, 1% 4, Analog Ground
S 6l  VREFL—st
PALRD/Pz 764 RD IREF |5 A 1.2V LM385
PALWR/pP dWR  SETUP}=—N
Vet Note: LM339 not
P7 |82—(CT3TTCE) 32 required for BT475,
P6 [ T3-13(CT 3 BT477, & BT479
P5 36—(.3- 5(C6)) 36 C
82C453 P4 '6—5_(.3- T(C5)) =€ % pm C 11 )
VGa P3ler——SIICH—3aCa 2 )
P2 (2—(1321(C3)) =< (v A S (13 )
P1 3:23(C2) 45V 45V
PO E&B-zs Cl << 150,2%
7 4.7K R
BLANK/ 01?3-7 C10 < 47K L
PCLK = 3-9(C9)7 ~
NC—CI3°14 (ST o -
NC—I13:4 (512 < ES :(( { -?5 3
NC—LI32(S13 —P
HSYNC 28— (T \ G T OO A4 S H-g %
VSYNC P—J3-3(C12)) IS & > T
i ) LM339
O-L[_‘:I’Mo, 1% E% 109
I N
1114
P 14>
J1-13
Ry (ohms) = K * 1000 * V_- (V) Ms2 —_Ji4 )
T mA) Ms1 —C_J112 )
MS0 —C__Ji-11 )
Ry =75Q, V_,=0.70V (I_,=18.67TmA):

6-bit: K=3.000, R_,,=193Q
8-bit: K=3.175, R, =204Q

Ry =150Q, V, =0.64V (I,
BDO-7__(Buffered Data Bus) 6-bit: K=3.000, R, =281Q

8-bit: K=3.175, Rsct=2989

=12.8mA):

82C453 Video Circuit Example - External Color Palette (Brooktree BT471 /475 /477 / 478 / 479)
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L " ' r : Application Schematic Examples

82C453 VGA
72
TOCLK
40000 MHz [JUC & Zlci crkseLy
' 1 73]CLK1 (CLKSELO)
28322 MHz [N 3SR e
25175 MHz || —

82C

82C453 VGA

74F253 o ;‘ %K(CLKS&I)

44900 MHz | L3 b ;;‘J CLK1 (CLKSELD)
40,000 MHz L2 CLKO (CLKIN)

28.322 MHz
25.175 MHz

: 3 N

40.000 MHz
*5‘[ l_ 82C453 VGA
-
< TOCLK
10K 22 SELO 22{CLK2 (CLKSELY)
SEL1 221CIK1 (CLKSELO)
SEL2  OUT CLKO (CLKIN)
) ~O SEL3
= 1431818 MHz |

82C453 Clock Circuit
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\n l r= ® Electrical Specifications
82C453 Electrical Specifications
82C453 ABSOLUTE MAXIMUM CONDITIONS
Symbol | Parameter Min Max Units
P Power Dissipation - 1 w
Ve iSupply Voltage 0.5 7 v
V; Input Voltage 0.5 Vct05 \'
Vy iOutputVoltage 0.5 Veet05i Vv
Top {Operating Temperature (Ambient) -25 85 °C
Ters  Storage Temperatwre 40 | 125 °C

Note: Permanent device damage may occur if Absolute Maximum R_
the conditions described under Normal Operating Conditions. -

are exceeded. Functional operation should be restricted to

Symbol Min Max Units
Vo Supply Voltage 775 555 v
T, Ambient Temperature Ao ¥ w0 5 o se

82C453 DC CHARACTERISTICS

(Under Nomal Operation Conditions Unless Noted Otherwise)

Symbol | Parameter Notes Units
Ioc; iPower Supply Current (@28.332 MHz CLK, 0°C, 5.25V mA
Iy iInput Leakage Current uA
I, iOutput Leakage Current ngh Impedance uA B
Vp. iInput Low Voltage A"/
Vg, Input High Voltage A
Vq. iOutput Low Voltage Iop=8 mA(RDY IRQ, GPOUT, RAS/, WE/) v
(@4.75V) I =4 mA (all others) v
Vo [Output High Voltage Iy = -8 mA (RDY, IRQ, GPOUT, RAS/WE/) - v
(@4.75V) I oy = —4 mA (all others) - A%

Electrical specifications contained herein are preliminary and subject to change without notice.
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GIIE HEnNLgNEE

S Electrical Spedifications
WHra =

82C453 AC TIMING CHARACTERISTICS - CLOCK TIMING

Symbol ;| Parameter Notes Min Typ Max Units
Tc CLK Period " 144.9 MHz 22.27 - - nS
Tey (CLK High Time 0.45T. - 0.55T. nS
Ty CLK Low Time 045Tc - 055T.  nS
T; 1OCLK Period 30-40 MHz 25 | - 33 nS
Ty IOCLK High Time o 04Ty 0 - 0.55T; nS
""" Ty IOCLK Low Time 045T, | - 0.55Ty nS
Tgg Clock Rise / Fall - L - 005T. | nS

- CLKIN
(CLKO, CLK1, CLK2)

I0CLK ]

82C453 AC TIMING CHARACTERISTICS - RESET TIMING

Symbol | Parameter Notes Min Typ Max Units
— RESET Pulse Width 64 T, - - nS
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82C453 AC TIMING CHARACTERISTICS - AD BUS MULTIPLEXER TIMING

Symbol | Parameter ' Notes Min Typ Max : Units
Ty, Strobe falling to ADREN/ rising - - 15 nS
T4y Strobe rising to ADREN/ falling ~ - 15 nS

T,y ADREN/ rising to RDLO/ and/or RDHY/ falling - - 20 | nS
T, ADREN/ falling to RDLO/ and/or RDHY rising - - 20 | nS
T4 ADREN/ rising to write data valid - - 20 nS

Strobe (CMD/ for MCA; IORDY/,
IOWR/, MEMR/, or MEMW/ for ISA)

ADREN/

RDLO/, RDHY

) 3 '_\j"\
s 5 '%. T

Data(Wnbi’gz\«?‘, W
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\l'lll': Electrical Specifications

82C453 AC TIMING CHARACTERISTICS - EISA/ISA BUS TIMING

Symbol | Parameter Notes Min Typ Max Units
T1 IORD/, IOWR/ Pulse Width 175 - nS
T2 MEMR/, MEMW/Pulsc Width 175 - nS
T3 Address setup to Read/Write 80 - nS
T3a |Address hold from Read/Write Signal 20 - nS
T4 MEMR/, MEMW/ hold from RDY (Memory) 0 - nS
T5 IOCS16/ Delay from valid address - 40 nS
T6 /O Read Data delay from IORD/ - 50 nS
T7 IJORead Datahold from IORD/ | 5 40 nS
T8 I/O Write Data setup to IOWR/ - nS
T9 I/O Write Data hold from IOWR/ S - nS
10 Memory Read Data hiold from MEMR/ < &, 37 40 ns
Ti1  Memory Write Data hold from MEMW;) &8 | 3t - nS
T12 MEMR/, MEMW/ to RDY Low delay, %‘% S 25 ns .
T13 iMemory Read Data setup to RDY. Nﬂ VS N g - nS
Ti4 o, A I Z ns
T1S5 128Tc nS
T39 20 nS

Revision 0.7
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S L NN O Electrical Specifications
(N | | g

AC16VGADSS K Y
RFSH/, AEN —» Ts —P‘ T3a
10CS16/ ’t )4
«—— T3 —pt——— T1 ———»

IORD/, IOWR/ X Y

ﬁ—T9—?

PALRD/, PALWR/

Data (Read)

Data (Write)

AG-I6VGADRG % 7
T3

RFSH/, AEN T3a
T2
MEMR/, MEMW/ X 7
T2 |, Ti5 Ta
{ 7£ T10 (max)
RDY >

Tio

T13 (min
Data (Read) IEE—
T4 T

EISA/ISA Bus Memory Cycle T' i
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\l"lll": Electrical Specifications

82C453 AC TIMING CHARACTERISTICS - MCA BUS TIMING

Symbol ;| Parameter Notes Min Typ Max Units
T16 Status hold from CMD/ 20 - - nsS
T17 ;Status active from address valid 0 - - nS
T18 BHE/ Setup to CMD/ 30 - - nS
T19 :BHE/ hold from CMD/ 20 - - nS
T19A :Address hold from CMD/ 25 - - nSs
T20 CMD/ active from Status 30 - - nS
T21 CMDY/ from address valid 80 - — nS
T22 :CMD/ Pulse Width - - nS
T23 {CMDY/ inactive to next CMD/ - - nS
T24 Write data setup to CMD/ - - i nS |
T25 Write data hold from CMD/ - - nS
T26 :Read data valid from CMD/ - 50 nS
T27 :Read data hold from CMD/ - 40 nS
T28 Status to Read data valid - 125 nS
T29 DS16/ active from address v, - 25 nS
T30 DS16/inactive from Status - 25 nS
T31 [CSFB/ active from address vahd“%\\ - 25 nS
T32 (CSFB/inactive from Status - 25 nS
T35 RDY active from CMD/ high . - - nS
T36 :Read data from RDY active (high), ., - 50 nS
T37 'RDY inactive (low) from Status - - 25 nS
T39 PALRD/, PALWR/ delay from CMD/ - - 20 nS
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Electrical Specifications

S0/, S1/ X 7 \___
Ti7 Tie
AO-16,VGADEC, N, —
MIO/
BHE/ ‘
T23 >l
CMD/ f *_
LT
PALRDY/ s,
PALWR/ .
T27(max)
T27(min
Data (Read)
Tas
D e S
RDY
DS16/ *
T31
CSFB/ 1 ; <
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Electrical Specifications

S0/, S1/ X Y 4 \
Ti17 Tié
A0-16,VGADEC, %
MIO/
TioA
Tis Ti9
BHE/ 42 ;ﬁ *
T20
T2 . T22 T23 >l
CMD/ f *_
T27(max)
Data (Read) . . ‘
Data (Write) D0 oy A ] B ‘—W
— P - \i\\\.‘__ k 3 ’
RDY <
DS16/ ‘
CSFB/ ‘
MCA Bus Memory Cycle Timing
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JHNE HnEnLnE® Electrical Specifications

82C453 AC TIMING CHARACTERISTICS - VIDEO TIMING

Symbol ;Parameter Min Typ Max Units
Thin (HSYNC delay from PCLK rising edge 22 - 39 nS
Tvin {VSYNC delay from PCLK rising edge 25 - 48 nS
Tolk BLANK/ delay from PCLK rising edge 17 - 21 nS
Tvin Video delay from PCLK rising edge 17 - 21 nS

PCLK

82C453 Video Timing
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'\ |'| ' l": Electrical Specifications

82C453 AC CHARACTERISTICS

VYRAM TIMING - CLOCK USED FOR MEMORY TIMING

Symbol ;Parameter Typ Max Units
Tge  iSequencer Clock (Note 1) Tc - nS

Note 1:  Internal Sequencer Clock is used for memory timings. Sequencer Clock is equal to dot clock in all the modes except

1024x768 interlaced mode. In 1024x768 mode Tge~ = T/2.

VRAM TIMING - SWITCHING CHARACTERISTICS

Symbol {Parameter Typ Max Units
Trac iData Access Time from RAS/ - 4Tgc nS
Teac Data Access Time from CAS/ o Tsc nS
Toga | Access time from OF/ AN o Tsc nS

Symbol :Parameter A ‘Q i;%%“ M Typ Max Units

Tre Random read or write cycle umg“’% g - - nS
Trwce Read-modify-write cycle ime™, - - ns
Tpc  Fast-page cycle time 7"»5 % - - nS
Tprwc iFast-page read-modify- -write cydetide § we” | 12T | = - nS
Tgp (RAS/precharge = ¥ & 9% | 3Tge | - - nS
Tras RAS/pulse width - i - nS

Trasp Fast-page RAS/ pulse width . - - nS
Trsg iRAS/hold from CAS/ - - nS
Tepn | CAS/ precharge - - nS

" Tep iFast-page CAS/ precharge time - - nS
Tcas iCAS/ pulse width - - nS
Teas1 {CAS/ pulse width (Fast Page Cycle) - - nS

Tcasz | CAS/ pulse width (Fast Page Cycle) - - nS
Tesyg i CAS/hold from RAS/ - - nS
Trep RAS/to CAS/delay - - nS
Tcrp CAS/highto RAS/low precharge - - nS
Tasg ROW Address setup time - - nS
Trag Row Address hold time - - nS
Tasc Column Address setup to CAS/ - - nS
Teay Column Address hold time - - nS

Note2: These timings are valid for 8 x IM VRAM configuration only.
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\.l"lll': Electrical Specifications
82C453 AC CHARACTERISTICS

VRAM TIMING - TIMING REQUIREMENTS (continued)

Symbol Parameter Min Typ Max Units
Trap (RAS/to Column Address delay time ‘Tge - 45 nS
Trar | Column Address to RAS/lead time TBD - - nS

” Trcs :Read command setup time Tse - - nS
Trry | Read command hold time after RAS/ high Tse - - nS
""" Tgey  Read command hold time after CAS/ high Tsc - - nS
Twp; | Write command pulse width(Fast Page Cycle) 3Tgc - - nS
TW1>2 ''''' Write command pulse width(Fast Page Cycle) 2Tgc - - nS
...... TWP Write command pulse width - nS
Trwr | Write command to RAS/ lead time - nS
Tewy | Write command to CAS/ lead time - nS
------ Tpg iData-in setup time - nS
" Tpy  Data-inhold time - nS
T awp | Column Address to WE/ -&élayt - nS
Tewp: | CAS/to WE/ delay (Fast Pagn,Cycle - nS
Tewns | CAS/to WE/ delay (Fast Page'cyege - nS
""" Tewp RAS/to WE/ delay | - nS
TOEI; OE/ high to data-in setup delay - nS
Topy | OF/high hold time after WE/ 1 ~ nS
""" Trpc RAS/high to CAS/low precha - nS
''''' TDLS DT/ low setup time - nS
Trpg DT/ low hold time after RAS/ low - nS
""" Tepy DT/ low hold time after CAS/ low - ns
Tpgs DT/ high setup time - nS
Tpg DT/ highholdtime - ns
Tyrr | DT/highto RAS/highdelay - nS
""" Tpre DT/ high to CAS/ high delay - nS
Twas :Wnte per-bltsetup ime - nS
Twpn " Wme-per-blt hold time - nS
Tws | Write bit selection setup time - nS
"""" TWH Write bit selection hold ime - nS
Tpry DT/highbold time after RAS/high - nS
Note 3:

These timings are valid for 8 x 1M VRAM configuration only.
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Electrical Specifications

Tre
Tras Trwp
RAS/ X y i
Tesh
Terp Tred Trsh "
| Tepn | | Teas
CAS/ v 4 X S/ \
Tar >
i, Tasr Trah | Tasc o Tecah
el el - el
Address * Row Addrgss £ Coﬁl\ddxess x Row Address X' Column Address
' W[’
WE/ (Read)
DTOE/ /
Data (Read) Data
VRAM Random
Advance Product Information 82C453

Revision 0.7 124

This Material Copyrighted By Its Respective Manufacturer



Electrical Specifications

Tre
Tras Trp
RAS/ A - EF
Tcsh
Terp Tred Trsh g
. Tepn > ) Teas >
CAS/ Y & X Y \____
Tar

|, Tasr Trah | Tasc . Tcah

Row Address XColumn Address

Twbs

v il L . [
Address j Row Address i ':..N\ “%
X ) ‘. i el 4

Z.

Data (Write)
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wesaids as a2 saasssssesas (B . . .
- IR e 1 Electncal S ﬁwtl
WHirD pr =

e TRASP >

CAS/ A

<

HIGH Z

Data

VRAM Fast-page Read Cyde Timing
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S Electrical Specifications
WHira

¢ TRAL ——>e&—— TRP —»

4—— TPC
4—TCASI—W

TwH 1DS Tos | ToH

TWS - .« TDH Tws
Data %rwme P;Mﬂ‘e Da‘:l (Write Datal 277777\ e pet bit
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Electrical Specifications

TPRWC

< TRASP »

4—— TrRP —»
e

RAS/ N £ \

T ->4_TRCD—>‘———TPRWC—>‘——— TRSH ——»

——TCAS — > 4 TCAs — »
| TCcPN »

TRWL

72227772277
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Electrical Specifications

< TRC »
g TRAS »
«—— TR ——>]
l«———TRCD >l TRSH >
T >l TCSH >
CcRP Tcas >
CAS/ N £
L TCPN————#
‘«—TRAD —»
EASR e TRAH LGl Tean
Address m{ Row { Column
k3 y
DIOE/ 77\
Data
VIH
SOE/
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ST ® Electrical Specifications

TRC »
TRAS »
4«—— TRP——P
RAS/ X 7 .
TRPC
‘1'TCRP—>
cass A4 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\/ %

Address

WE/
DTOE/
%\Q}\‘% ¥
VRAM Refresh Cyde Timmg
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LemeSilE BT EI RISt Mechanical Specifications
WHIFD -

82C453 Mechanical Specifications

s Lead Length

i . 7 See Note 2
Lead Pitch # =
0.65 (0.0256) =
. ) %
3] | B
2, ol | E DIMENSIONS:
Plastic Flat Pack = 2 9w = mm (in)
Lead Width s 5 =l =
0.30 £0.10 v g =
(0.012 +0.004) 82C453 B =
- 8 =
i =
Lead ' g Clearance
See N‘;:lgzm . L 0.000 (0.000)
____________________ 0.600 (0.024)

Pin 1 Max Height
4.2 (0.165)
\ ..: .‘. ~-‘.'AB :. !
8= s, —F
3 _ "

—_— = E
Q= —==9
2= 160-Pin Plastic Flat Pack =4 =

— = .
== Suggested PCB Pad Layout =% o
3 ] —_— g @
= =3 <

== Pad Size = 2.54 mm x 0.30 mm (0.100 in x 0.012 in) —_— g

= = 5
== a Spacing = 0.65 mm (0.0256 or 0.026 in) (sce note) == E o
2 == 'B' Spacing = 0.65 mm (0.0256 or 0.025 in) (see note) =5 2
- 9 -z
2 == Note: If the PCB layout system to be used can handle = &

—_— fractional mils, use 0.0256 center-to-center — E 8
2 —_ spacing. If not, use a combination of 0.025 — 2 e
o and 0.026 inch spacings as indicated CABABA' 2 3
a — repeated) to approximate the exact spacing as =9

—3 [—]

- closely as possible. =3

—3 _

o

ABABAABABAABABAABABAABABAABABAABABAABAB
Footprint 33.0 mm (1.300 in)
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