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Introduction

Introduction

VIDEO SUBSYSTEM CHIP COUNT

Using the 82C450, a complete VGA-compatible 8-
bit video subsystem for motherboard applications
can be built with just 7 ICs, including display
melmory, as shown in the following bill of materials
table:

Chip type

82C450 VGA Chip

BT475 or BT477 RAMDAC
741L.S245 Transceiver
741L.S541 Buffer

74F04 Inverter

256Kx4 D
Total

Additional components required are 50.350
28.322 MHz oscillators, 15-pin video cor}pe .
and various resistors and capacitors. Sup s aiso \\
provided for frequency synthesis ch1ps S \\

g
For add-in EISA/ISA-bus boards diti ﬁ‘%%
27256 (32Kx8) BIOS ROM is nequl

Support for 800x600x16-color grapfuc
column text modes would require one a
MHz oscillator (and four 256Kx4 DRAM i

two). é %
lﬂ 2 e -

If Inmos RAMDACSs or Brooktree 47

DAC:s are used, then an additional LM339. campara-
tor, LM334 current reference, and 1N4148diode are
required (the BT475 and BT477 RAMDACSs shown
in the bill of materials table in the column to the left
incorporate the comparator and reference functions
on-chip). The RAMDAC speed requirements should
be ((:iompatible with the highest dotclock frequency
used.

\“

COMPATIBILITY

The 82C450 is a member of the CHIPS 45x VGA™
Controller product family. It is compatible with the
IBM™ VGA standard at the hardware, register, and
BIOS level. It offers enhanced backward compati-
bility to EGA™, CGA™, Hercules™, and MDA™
standards on analog monitors without using NMIs.

The 82C450 provides on-chip support for EISA/ISA
(PC/AT) and MCA (Microchannel) bus interfaces.
Control signals for both types of interfaces are
integrated on the chip, and support is also provided
for 8-bit CPU interface for both memory and 1/O
cycles.

-

89C

R 2
&5@@

The 82C450 offers a lower cost system implemen-
tation by supporting operation with two or four
256Kx4 DRAMs.

DISPLAY MEMORY INTERFACE

The 82C450 supports two display memory configu-
rations:

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

_~Implementing an 82C450 Video Subsystem with two
%@Kx4 DRAM s results in a cost-efficient system by

mmatmg the need for eight 64Kx4 DRAMs. In
~tonfiguratign the 82C450 supports all standard
\L &dlspliymodes

Eerf \a:gc 1§" significantly improved when the

350 4§ tonfigured with four 256Kx4 DRAMS.

'Stailcﬁgd VGA display modes are achieved along

with, € 860x600 in 16 colors (non-interlaced planar
pHics), 1024x768 in 16 colors (interlaced planar
phics) and 132-column text mode.

The entire display memory (256Kbytes or
512Kbytes) is always available to the CPU in regular
four-plane mode, chained two-plane mode, and
super-chained one-plane mode.

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

CPUINTERFACE

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

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

BIOS ROM INTERFACE

In EISA/ISA (PC/AT) Bus systems, the 82C450
supports an 8-bit BIOS with one external BIOS
ROM chip. The ROM address is internally decoded
and the transceivers are enabled directly by the
82C450. The 82C450 implements a ROM chip
select ROMCS)/) pin to enable the ROM.

A 16-bit BIOS ROM could be implemented with the
82C450 using two BIOS ROM chips, an external
PAL, and a 741.5244 buffer. However, a higher-
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performance and lower-cost video system will result
from implementation of an §-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.

EXTENSION REGISTERS

All functionality of the extended registers in the
82C450 are disabled on reset. Before writing into
the extended registers can be written into, they must
be enabled by two sets of control bits (disabled on
reset). None of the unused bits in the regular VGA
registers are used for extensions.

EXTERNAL COLOR PALETTE
The 82C450 supports the programming of a

external color palette DAC (RAMDACM).t }'\

decoding the CPU addresses and gener: ng ‘the

READ and WRITE signals for the extemat St .4
Either Inmos™ or Brooktree™.-st 1 MMD SQ &
*3

may be used. The 82C450 normally Bodesy
3C9 port addresses for the RAMDAR, u§
configured to additionally decode 83C6383C9 o
addresses for the Brooktree RAMDAC é\\xten jort
registers.

Normally, each RAMDAC analog output pge
bit resolution (64 shades of color on ch,of the
analog R, G, and B outputs). If 8- bitSpér-color
mode is desired for the DAC (e.g., if using Inmos
IMSG178 or Brooktree BT478 RAMDACs which
provide 256 shades of color on each RGB output),
the DAC's 6/8-bit mode pin must be controlled via
logic external to the 82C450.

CONFIGURATION SWITCHES

The 82C450 can read up to eight configuration bits.
These signals are sampled on data bus bits ADO-AD7
on the falling edge of RESET. The state of ADO on
RESET determines EISA/ISA bus (default) or MCA
bus interface and AD1 determines whether ROM
decode is enabled in ISA bus systems. AD2 deter-
mines the pixel clock source and AD3 determines
whether memory timing comes from 50.350 MHz.
AD4-7 are currently reserved for future use. All
eight bits are latched into an extension register on
RESET so software may determine the hardware
configuration. Also, the reserved bits may
optionally be used to read external switches or status

Lo 'g;:-. <5

bits (such as the monitor sense bits MS0-2 from the
Analog Video connector).

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

VIRTUAL SWITCH REGISTER

The 82C450 implements a 'virtual switch register'.
In 'EGA' mode, the sense bit of the Feature control

~~register (3C2 bit 4) may be set up to read a selected
% it from the 'virtual switch register' (an extension
\?ﬁ'glster set up by BIOS at initialization time) instead

é{\ggadmg the state of the SENSE pin. This reduces
erall vide @ §li’bsystem chip count by eliminating

%@t}ée extcrg\‘al leUplexers otherwise required on the

82C450 provides separate inputs for dot clock

:;.;..s"'lecuons 0, 1, 2, and 3 (called CLKO, CLKI1,

CLK2 and CLK3) which are normally selected by
Misc Output Register bits 2 and 3. By default,
CLKO and CLK1 are inputs which must be
connected to 50.350 MHz and 28.322 MHz for
implementation of standard VGA capabilities. The
CLKO input provides the memory clock (the CLKO
input is internally divided by two in the 82C450 for
the required 25.175 MHz dotclock). Alternately a
56.644 MHz memory clock can be provided on the
CLK1 pin, with 50.35 MHz on CLKO (both are
internally divided by two). 50.35 MHz memory
clock is used with 120ns DRAMs. 56.644 MHz
memory clock is used with 100ns DRAMs. If
desired, extended capabilities may be implemented,
such as 800x600 sixteen-color graphics mode and
132-column text mode, by connecting a 40.000 MHz
oscillator to CLK2. Interlaced 1024x768 sixteen-
color mode can be implemented by connecting 44.9
MHz to the CLK3 input. The 82C450 internally se-
lects between these inputs so no additional circuitry
is required.

Alternately, the CLK2 and CLK3 pins may be
selected as outputs to provide Misc Output Register
bits 2 and 3 externally to the chip. This allows clock
selection to be implemented externally with the dot
clock input always on CLK1 and fixed 50.350 or
56.644 MHz memory clock on CLKO. This allows
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an external clock synthesizer chip to be used and
provides one additional user-defined frequency to be
selected.

PACKAGE

The 82C450 is available in a 100-pin plastic flat pack
(PFP). Complete descriptions of all 82C450 pins
are included in this document. The pins are
separated into the following logical groups for
discussion: Bus Interface, Display Memory, Video,
Clock, Power, and Ground.

APPLICATION SCHEMATIC EXAMPLES

Included in this document are application schematic
examples of the following:

1. 8-bit EISA/ISA Bus Interface
8-bit MCA Bus Interface

2. Memory Interfacing (2 or 4 256Kx4 DRAMS) ;

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

Revision 0.76 7 Advance Product Information 82C450
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82C450 PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description

30 Al9 In High  System Upper Address Bus

29  Al8 In High

28 Al7 In High

27 Al6 In High

26 AlS In High

25 Al4 In High

24 Al3 In High

23 Al2 In High

22 All In High

21 Al10 In High

20 A9 In High

19 A8 In High

32 AD7 (CFGT7) I/O High \é“%tem Address/Data Bus and Configuration Inputs.

33 ADG6 (CFG6) 1/0 igh &, ADO-7+are sampléd on the falling edge of RESET and

34 ADS (CFGS) 1/0 ' R ISA determines whether the bus

35 AD4 (CFG4) crface‘i_s E’TSA/ISA (1) or MCA (0). ROM high

36 AD3 MCS) hlés de ,,e of the BIOS ROM address space

37 AD2 (PCS) % COOQQ"'C?FFF) PCS (Pixel Clock Source) deter-

33 ADI (ROM) mines whgther CLK2-3 are inputs (1) or outputs for a

39 ADO (ISA) ¥ clocK'generator chip (0). MCS (Memory Clock Source)
(i&&rmmes whether memory timing comes from CLKO
4) of CLK1 (0). AD4-7 have no hardware function.

42 ADREN/ Addrcss buffer enable (forced low during RESET)

43 WRITE/ Data transceiver direction (forced high during RESET)

ADREN/ MSIIH Function
0 Normal (address input) state
0 1 Reset (AD bus undriven)
1 0 Data write to VGA chip
1 1 Data read from VGA chip

44 ROMCS/ [CSFB/] Out Low ROM Chip Select (EISA/ISA bus) or Card Select
Feedback (MCA bus).

45 RDY Out High Ready. Driven low to indicate that current cycle should
be extended with wait states. Driven high at end of
cycle to indicate 'ready’ then 3-stated.

46 IRQ [IRQ/] Out Both  Frame Interrupt Output. Interrupt polarity is program-
mable. Set when interrupt on VSYNC is enabled.
Cleared by reprogramming register 11h in the CRT
Controller. (EISA/ISA-Bus interrupts are active high,
MCA bus interrupts are active low). See also XR14
bit-7.

52 RESET In High  Reset. Connect directly to the bus reset signal.

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

82C450 PIN DESCRIPTIONS

System Bus Interface (continued)

Pin #

Pin Name

Type Active

Description

17

AEN

{MI0O/] In Both

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

18

RFSH/

[DISA/] In Low

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

11

IORDY/

[CMDY/] In Low

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

12

IOWR/

[SETUP/] In Low

I::'SA/ISA interface, indicates I/O Write Cycle. In
MC ihterface, md_;_cates that the configuration register

13

[81/]

EIS, terface, indicates Memory Read cycle.
M Almerface indicates Status 1.

14

MEMW/

(SO/]

A/ISA interface, indicates Memory Write cycle.
MUCA interface, indicates Status 0.

_[ SO/ Operation
Undefined

Read
Write
Undefined

[N}
»—AO»—AO

1
1

48

PALRD/

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

47

PALWR/

Connected to the Write input of the Palette DAC (G176,
BT471, or compatible). Asserted when the 82C450 is
enabled and an I/O Write occurs to addresses 3C6-
3C9%h.

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

82C450 PIN DESCRIPTIONS Display Memory Interface
Pin# Pin Name Type Active Description
2 AA8 Out High DRAM address bus for planes 0-1
1 AA7 Out  High
100 AAG6 Out High
99 AAS Out High
98 AA4 Out High
97 AA3 Out High
96 AA2 Out High
95 AAl Out High
94 AAQ Out High
79 BAS Out High DRAM address bus for planes 2-3
80 BA7 i
81 BA6
82 BAS
83 BA4
84 BA3
85 BA2
86 BA1
87 BAO
10 MAD7 ata bus for planes 0-1 (MAD4-7 are not
9 MADG6 icted in 2-DRAM configurations)
8 MADS
7 MAD4
6 MAD3
5 MAD2
4 MAD1
3 MADO
71 MBD7 DRAM data bus for planes 2-3 (MBD4-7 are not
72 MBD6 connected in 2-DRAM configurations)
73 MBD5
74 MBD4
75 MBD3
76 MBD2
77 MBD1
78 MBDO
70 WE/ Write enable for all memory banks/planes
92 RASA/ Out Low  Row address strobe for memory planes 0-1
89 RASB/ Out Low  Row address strobe for memory planes 2-3
93 CASA/ Out Low  Column address strobe for memory planes 0-1
88 CASB/ Out Low  Column address strobe for memory planes 2-3
Revision 0.76 11 Advance Product Information 82C450
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82C450 PIN DESCRIPTIONS Video Interface
Pin# Pin Name Type Active Description
69 P7 Out High  8-bit video output
68 P6 Out High
67 P5 Out High
64 P4 Out High
63 P3 Out High
62 P2 Out High
61 P1 Out High
60 PO Out High
59 PCLK Out High Video Pixel Clock. Video data is synchronized to this
clock.
50 HSYNC Out Both Eianzontal sync for CRT (polarity is programmable)
49 VSYNC Out sync for ERT (polarity is programmable)
53 BLANK/ (DE) r ;:xtemal palette DAC (polarity is
¢. see XR28 bit-0). May also be
Pisplay Enable (see XR28 bit-1).
58 SENSE : Igpfr §p§n3}hormally used for reading monitor sense.
v aJJy connected to the outputs of an LM339 com-
“parator on the analog RGB outputs. The state of this
yn may read as bit-4 of Input Status Register O (port
C2h). See also extension register XR1F (Virtual
Switch Register).
Revision 0.76 12 Advance Product Information 82C450
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82C450 PIN DESCRIPTIONS Clock, Power, and Ground
Pin# Pin Name Type Active Description
54 CLKO (MCLK) In High If intenal clock selection is enabled (default), CLLKO,
CLK1, CLK2, and CLK3 are inputs. One of the four is
55 CLK1 (MCLK/CLKIN) In High selected as the input dotclock per Misc Output Register
(3C2h) bits 2 and 3. Memory clock may be selected
56 CLK2 (CLKSELOQ) /O High from either CLKO or CLK1 (see pin AD3 and configu-
ration register XRO1); if CLKO is selected as MCLK,
57 CLK3 (CLKSEL1) 110 High 50.35 MHz is used (CLK1 is 28.322); if CLKI is
selected as MCLK, 56.644 MHz is used (CLKO is
25.175).
If external clock selection is enabled (see pin AD2 and
cgnﬁgurauon register XR0O1), CLKIN becomes the
dotclock for all pixel clock frequencies and CLK2-
me clock select outputs driven by Misc Output
x\gégl ¢r (3C2h) Bigs 2 and 3. In this mode, the CLKO
@* ways usk memory timing (MCLK).
16  VCC '
41 VvCC
65 vCC
91 VCC
15 GND
31 GND
40 GND
51 GND
66 GND
90 GND
Revision 0.76 13 Advance Product Information 82C450
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Register Summary

I 82C450 REGISTER SUMMARY - CGA, MDA, AND HERCULES MODEs |

Register Register Name Bits Access VOPort-MDA/Herc L/OPort- CGA Comment
STAT Display Status 7 R 3BA 3DA
CLPEN Clear Light Pen Flip Flop 0 Wa/a) 3BB (ignored) 3DB (ignored)  ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W@a) 3B9 (ignored) 3DC (ignored)  ref only: no light pen
MODE CGA/MDA/Hercules Mode Control 7 RW 3B8 3D8
COLOR CGA Color Select 6 RW n/a 3D9
CONFIG Hercules Configuration 2 w 3BF n/a
R 3B6-3B7 index 14 n/a XR14
RX, RO-11 '6845' Registers 0-8 RW 3B4-3B5 3D4-3D5
XRX, XRO-7F Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 if port 103 bit-7=1
[ 82C450 REGISTER SUMMARY - EGA MODE ]
Register Register Name Bits Access /O Port- Mono L/O Port - Color Comment
MISC Miscellaneous Output 3C2
FC Feature Control 3DA
FEAT Feature Read (Input Status 0) 3C2
STAT Display Status (Input Status 1) 3DA
CLPEN Clear Light Pen Flip Flop 3DB (ignored)  ref only: no light pen
SLPEN Set Light Pen Flip Flop 3DC (ignored)  ref only: no light pen
SRX, SR04 Sequencer 3C4-3C5
CRX, CR0-18 CRT Controller 3D4-3D5
GRX, GR0-8  Graphics Controller 3CE-3CF
ARX, AR0-13  Attributes Controller 3C0-3C1
XRX, XR0-7F Extension Registers 3D6-3D7 if port 103 bit-7=1
N S
| 82C450 REGISTER SUMMARY - VGA MODE

POSIDL POS ID LSB R 100 (Setup Only) 100 (Setwp Only) Motherboard ref only
POSIDH POS ID MSB R 101 (Setup Only) 101 (Setup Only) Motherboard ref only
SLEEP Video Subsystem Sleep Conugl i RW 102 (Setup Only) 102 (Setup Only) VGA full decode
XENA Extended Enable \*\@\\ .7 RW 103 (Setup Only) 103 (Setup Only) VGA full decode
GLOBID Global ID (0ASh) ; R 104 (SempOnly) 104 (SetupOnly) VGA  full decode
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(/a) 3BB (ignored) 3DB (ignored) n/a no lpen
SLPEN Set Light Pen Flip Flop 0 W(m/a) 3BC (ignored) 3DC (ignored) n/a no lpen
VSE Video Subsystem Enable 1 RW 3C3 if MCA 3C3 if MCA  Motherboard
46E8 Setup / Disable Control 2 w 46ES8 if ISA 46E8 if ISA VGA
DACMASK Color Palette Pixel Mask 8 RW 3C6, 83C6 3C6, 83C6 DAC
DACSTATE Color Palette State 2 R 3C7, 83C7 3C7, 83C7 VGA
DACRX Color Palette Read-Mode Index 8 w 3C7, 83C7 3C7, 83C7 DAC
DACWX Color Palette Write-Mode Index 8 RwW 3C8, 83C8 3C8, 83C8 DAC
DACDATA Color Palette Registers 0-FF 3x6 or 3x8 RW 3C9, 83C9 3C9, 83C9 DAC
SRX, SR0-7 Sequencer 0-8 RW 3C4-3C5 3C4-3CS VGA
CRX, CR0O-3F CRT Controller 0-8 RW 3B4-3BS 3D4-3DS VGA
GRX, GR0-8  Graphics Controller 0-8 RwW 3CE-3CF 3CE-3CF VGA
ARX, AR0-14 Auributes Controller 0-8 RW 3C0-3C1 3C0-3C1 VGA
XRX, XR0O-7F Extension Registers 0-8 RW 3B6-3B7 3D6-3D7 VGA 103 bit7=1
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82C450 REGISTER SUMMARY - INDEXED REGISTERS (EGA / VGA)

Register Summary

Register  Register Name Bi!s Register Type Am.(y_G.A) Am.(EQA) LOPort

SRX Sequencer Index VGA/EGA 3C4

SRO Reset 2 VGA/EGA RW RW 3C5

SR1 Clocking Mode 6 VGA/EGA RW RW 3Cs5

SR2 Plane Mask 4 VGA/EGA RW RW 3Cs

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

SR4 Memory Mode 3 VGA/EGA RW RW 3C5

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

CRX CRTC Index 6 VGA/EGA RW RW 3B4 Mono, 3D4 Color
CRO Horizontal Total 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR1 Horizontal Display End 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR2 Horizontal Blanking Start 8 VGA/EGA RW RW 3B5 Mono, 3DS Color
CR3 Horizontal Blanking End 5+2+1 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR4 Horizontal Retrace Start 8 RW RwW 3B5 Mono, 3D5 Color
CR5 Horizontal Retrace End RW 3BS5 Mono, 3DS5 Color
CR6 Vertical Total RW 3BS5 Mono, 3DS5 Color
CR7 Overflow RW 3B5 Mono, 3D5 Color
CRS8 Preset Row Scan RwW 3BS5 Mono, 3D5 Color
CR9 Character Cell Height RW 3B5 Mono, 3D5 Color
CRA Cursor Start RW 3BS Mono, 3D5 Color
CRB Cursor End RW 3B5 Mono, 3D5 Color
CRC Start Address High RW 3B5 Mono, 3D5 Color
CRD Start Address Low RW 3BS Mono, 3D5 Color
CRE Cursor Location High RwW 3B5 Mono, 3D5 Color
CRF Cursor Location Low RW 3BS Mono, 3D5 Color
LPENH Light Pen High R 3B5 Mono, 3D5 Color
LPENL Light Pen Low R 3BS Mono, 3D5 Color
CR10 Vertical Retrace Start w 3BS Mono, 3D5 Color
CR11 Vertical Retrace End w 3BS Mono, 3DS5 Color
CR12 Vertical Display End RwW 3BS Mono, 3DS5 Color
CR13 Offset RW 3B5 Mono, 3D5 Color
CR14 Underline Row Scan RwW 3B5 Mono, 3D5 Color
CR15 Vertical Blanking Start RWwW 3B5 Mono, 3D5 Color
CR16 Vertical Blanking End RW 3BS Mono, 3D35 Color
CR17 CRT Mode Control 7 RW 3B5 Mono, 3D5 Color
CR18 Line Compare 8 RW 3B5 Mono, 3DS Color
CR22 Graphics Controller Data Latches 8 n/a 3B5 Mono, 3D5 Color
CR24 Attribute Controlier Index/Data Latch 1 n/a 3BS Mono, 3D5 Color
CR3x Clear Vertical Display Enable FF 0 n/a 3B5 Mono, 3D5 Color
GRX Graphics Controller Index 4 RW 3CE

GRO Set/Reset 4 RW 3CF

GR1 Enable Set/Reset 4 VGA/EGA RW RwW 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

GRS Mode 6 VGA/EGA RW RW 3CF

GR6 Miscellaneous 4 VGA/EGA RW RW 3CF

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

GRS Bit Mask 8 VGA/EGA RW RW 3CF

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

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

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

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

AR12 Color Plane Enable 6 VGA/EGA RW RwW 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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82C450 EXTENSION REGISTER SUMMARY: 00-2F Chips' 45x Product Family

Rez RegisterName Bits Access  Port Reset 450 451 452 453 455 456

XRX  Extension Index Register 7 R/W  3B6/3D6 Oxxxxxxx ¢«  / x J 7/

XR00 Chip Version 8 R/O 3B7BD7 0100rrrr « / / Xx 7 7/

XR01 DIP Switch 8 R/O 3B73D7 dddddddd ¢« ¥ ¥ x < 7/

XR02 CPU Interface 8 R/W 3B7/3D7 RRRRRRRR ¢¥ ¥ ¥ «x v 7/

XR03 (ROM Interface) - - 3B7/3D7 . v v x . .

XR04 Memory Mapping 2 R/W  3B73D7 OOROOOOR «  / . 7 7/

XRO5 (Sequencer Control) - - 3B7/3D7 /7  x

XR06 (DRAM Interface) - - 3B7/3D7 v/

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

XRO8 (General Purpose Output Select B) - - 3B7/3D7 7 7/ < 7/

XR09 (General Purpose Output Select A) - - 3B7/3D7 v 7/ S S

XROA (Cursor Address Top) - - 3B7/3D7 . < . . .

XROB CPU Paging 3 R/W  3B7/3D7 00000RRR ¢ v/  x < 7/

XROC Start Address Top 1 0000000R ¢ . v/ X . .

XROD Auxiliary Offset 2 000000RR ¢ ¢ X 7 7/

XROE Text Mode 2 0000RROO v/

XROF  -reserved- -

XR10 Single/Low Map Register 4 v/  x

XR11 High Map Register v x

XR12  -reserved-

XR13 -reserved- . . . . .

XR14 Emulation Mode v v v/ x 7

XR15 Write Protect < v J/  x < 7/

XR16 (Trap Enable) v / x < 7

XR17 (Trap Status) ./ /L x < 7/

XR18 Alternate H Display End xxxxxxxx « o o x 7 7/

XR19 Alt H Retr Start/Half-line Comp = xxxxxxxx o 4 x < 7/

XR1A Alternate H Retrace End " 3B7/3D7 xxxxxxxx « « x < 7/

XR1B Alternate H Total 3B73D7 xxxxxxxx ¥/ x 7 /7

XR1C Alternate H Blank Start 3B73D7 xxxxxxxx «  / x < 7/

XR1D Alternate H Blank End 3B7/3D7 Rxxxxxxx ¢ ¢ ¥ x 7

XR1E Alternate Offset 3B73D7 xxxxxxxx « o/ 4 x < /7

XR1F Virtual EGA Switch Register 3B7/3D7 0000xxxx X

XR20 (Sliding Unit Delay)/(453 Interface) - - 3B7/3D7 v/ x

XR21 (Sliding Hold A) - - 3B7/3D7 4

XR22 (Sliding Hold B) - - 3B7/3D7 4 .

XR23 (Sliding Hold C)/(Wr Bit Mask Ctrl) - - 3B7/3D7 /7  x

XR24 (Sliding Hold D)/(Wr Bit Mask Pattern) - - 3B7/3D7 v  x

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

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

XR27 -reserved- - - 3B7/3D7 . . . .

XR28 Video Interface 4 R/W 3B7/3D7 OOROORRR v ¢ x < /7

XR29 (Function Control) - - 3B7/3D7 4

XR2A (Frame Interrupt Count) - - 3B7/3D7 . . v . .

XR2B Default Video 8 R/W 3B7/3D7 RRRRRRRR ¢¥ ¥ J 7/

XR2C (Force Horizontal High) - - 3B7/3D7 4

XR2D (Force Horizontal Low) - - 3B7/3D7 v/

XR2E (Force Vertical High) - - 3B7/3D7 v/

XR2F (Force Vertical Low) - - 3B7/3D7 v/

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

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column
Note: 451 = Integrated VGA, 452 = Super VGA, 455 & 456 VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

82C450 EXTENSION REGISTER SUMMARY: 30-SF

Chips' 45X Product Family
Reg RegisterName = Bits Access Port Reset 450 451 452 455 456
XR30 (Graphics Cursor Start Address High) - - 3B7/3D7 . 4 . .
XR31 (Graphics Cursor Start Address Low) - - 3B7/3D7 v/
XR32 (Graphics Cursor End Address) - - 3B7/3D7 v
XR33 (Graphics Cursor X Position High) - - 3B7/3D7 7/
XR34 (Graphics Cursor X Position Low) - - 3B7/3D7 v
XR35 (Graphics Cursor Y Position High) - - 3B7/3D7 7/
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 v
XR3B -reserved- - - 3B7/3D7
XR3C -reserved- - - 3B7/3D7
XR3D -reserved- - - 3B7/3D7
XR3E -reserved-
XR3F -reserved-
XR40 (l/O Flag)
XR41 -reserved-
XR42 -reserved-
XR43  -reserved-
XR44  (Scratch Register 0)
XR45 (Scratch Register 1 /| FG Color)
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 . .
XRSO0 (Panel Format) - - 3B7/3D7 < 7/
XR51 (Display Type) - - 3B7/3D7 7 /7
XRS52 (Panel Size) - - 3B7/3D7 < /
XR53 (Override) - -~ 3B7/3D7 S 7/
XR54 (Alternate Misc Output) - - 3B7/3D7 < 7/
XRS5 (Text Mode 350_A Compensation) - - 3B7/3D7 < 7/
XR56 (Text Mode 350_B Compensation) - - 3B7/3D7 < /
XR57 (Text Mode 400 Compensation) - - 3B7/3D7 7 7/
XR58 (Graphics Mode 350 Compensation) - - 3B7/3D7 < /7
XR59 (Graphics Mode 400 Compensation) - - 3B7/3D7 < 7/
XRSA (Flat Panel Vertical Display Start 400) - - 3B7/3D7 7 /
XRSB (Flat Panel Vertical Display End 400) - - 3B7/3D7 v 7
XRS5C (Weight Control Clock A) - - 3B7/3D7 7 7/
XR5D (Weight Control Clock B) - - 3B7/3D7 7 /7
XRSE (ACDCLK Control) - - 3B7/3D7 v 7/
XRSF (Power Down Mode Refresh) - - 3B7/3D7 < /7
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CHirkED Register Summary

82C450 EXTENSION REGISTER SUMMARY: 60-7F

Chips' 45X Product Family
Reg RegisterName = Bits Access Port Reset 450 451 452 455 456
XR60 (Blink Rate Control) - - 3B7/3D7 . < /
XR61 (Text Color Mapping Control) - - 3B7/3D7 S 7/
XR62 (Text Color Shift Parameter) - - 3B7/3D7 7 /
XR63 (Graphics Color Mapping Control) - - 3B7/3D7 J /7
XR64 (Alternate Vertical Total) - - 3B7/3D7 < 7/
XR65 (Aliternate Overflow) - - 3B7/3D7 7 /
XR66 (Alternate Vertical Sync Start) - - 3B7/3D7 < 7/
XR67 (Alternate Vertical Sync End) - - 3B7/3D7 7 7/
XR68 (Alternate Vertical Display Enable End) — - 3B7/3D7 < /7
XR69 (Flat Panel Vertical Display Start 350) - - 3B7/3D7 7 7/
XR6A (Flat Panel Vertical Display End 350) - - 3B7/3D7 7 /
XR6B (Flat Panel Vertical Overflow 2) - - 3B7/3D7 7 7/
XR6C (Weight Control Clock C) - - 3B7/3D7 < /7
XR6D (External Palette Control) - - 3B7/3D7 4
XR6E  -reserved- - - 3B18D7
XR6F  -reserved- - - 3BHADT:
XR70 -reserved-
XR71 -reserved-
XR72 -reserved-
XR73 -reserved-
XR74 -reserved-
XR75 -reserved-
XR76 -reserved-
XR77 -reserved- k)
XR78 -reserved- X
XR79 -reserved- i
XR7A -reserved-
XR7B  -reserved- 3B7/3D7
XR7C -reserved- 3B7/3D7
XR7D -reserved- - 3B7/3D7 . . . . .
XR7E CGA/Hercules Color Select "R/O 3B7/3D7 00xxxxxx ¢ « 7 7/
XR7F Diagnostic R/W  3B7/3D7 RRxxxxRR ¢ ¥ / 7 7/
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Registers

82C450 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
82C450 as a Chips & Technologies product.

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

occupies the entire I/O space. Only the lower 3 bits.:

are used to decode and select this register. To avoid
bus conflicts with other peripherals, reads shguld

only be performed at the 10xh port addresses while”
in setup mode. To eliminate potential comfalibility
problems in widely varying PC systems,thg 82C454;
B, ¥

decodes the Global Setup register at port
only. ’1\%&\

GENERAL CONTROL REGISTERS * %

3 E
Two Input Status Registers read the SENSE
pending CRT interrupt, display enable
output, and vertical retrace/video output,
Feature Control Register selects the®™W8$YNC
function while the Miscellaneous Outpiy, 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

.. data¥to display memory.

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

CRT CONTROLLER REGISTERS

The CRT Controller Index Register contains a 6-bit
index to the CRT Controller Registers. Twenty eight

_registers perform all display functions for modes:

horizontal and vertical blanking and sync, panning
and scrolling, cursor size and location, light pen,

3

GRAPHIESCONTROLLER REGISTERS

s Controller Index Register contains a 4-
gex#o the Graphics Controller Registers. The
&s6t Register controls the format of the CPU
It also works with the
Enable Set/Reset Register. Reducing 32 bits of
display data to 8 bits of CPU data is accomplished
by the Color Compare Register. Data Rotate
Registers specify the CPU data bits to be rotated and
subjected to logical operations. The Read Map Select
Register reduces memory data for the CPU in the
four plane (16 color) graphics mode. The Graphics
Mode Register controls the write, read, and shift
register modes. The Miscellaneous Register handles
graphics/text, chaining of odd/even planes, and
display memory mapping. Additional registers
include Color Don't Care and Bit Mask.

ATTRIBUTE CONTROLLER AND
EXTERNAL COLOR PALETTE REGISTERS

The Attribute Controller Index Register contains a 5-
bit index to the Attribute Controller Registers. A 6th
bit is used to enable the video. The Attribute
Controller Registers handle internal color lookup
table mapping, text/graphics mode, overscan color,
and color plane enable. The horizontal Pixel
Panning and Pixel Padding Registers control pixel
attributes on screen. External color palette registers
handle CPU reads and writes to I/O address range
3C6h-3CSh. Some of the registers are located
external to the 82C450 in the external color palette.
Inmos IMSG176 (Brooktree BT471/476) compatible
registers are documented in this manual.
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Registers

EXTENSION REGISTERS

The 82C450 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 82C450 Ver-
sion number, Dip Switch, CPU interface, paging
control, memory mode control, and diagnostic
functions.

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

3. Backwards Compatibility Registers control Her-
cules, MDA, and CGA emulation modes. Wrifg:

Protect functions are provided to mcg‘ se;
flexibility in prov1dmg backwards compaub

sync, blank and offset.
backwards compatibility.

Note: The state of most of the Standard VGA Registers is undefined at reset. All registers specific to the 82C450

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

Register 10 Protect

Mnemonic Register Name Index Access Address Group Page

- Setup Control - w 46E8h (PC-Bus only) - 23

- Global Enable - RW 102h & Setup mode - 23

- Extension Enable - RW 103h & Setup mode - 24

- Global ID - R 104h & Setup mode - 24
SETUP CONTROL REGISTER GLOBAL ENABLE REGISTER

Write only at 1/0 Address 46E8h ad/Write at I/O Address 102h

[D7]D6lDs|D4|D3|D2[D1 DO

] VGA Sleep
——— |- Reserved
— VGA Ena¥l
VGA S& - Reserved
I Reserved

This register is used with the PC-Bus Integfal

erfacs anly. This register is only accessible in Setup Mode. Itis
It is cleared by RESET. In the MCA igferface, the cleared by RESET.
Setup mode and VGA Disable are controllég through
the SETUP/ and DISA/ pins, respectively. 0 VGASleep
2.0 Reserved (0) 0: VGA is disabled

1: VGA s enabled

3 VGA Enable 7-1 Reserved (0)

0: VGA is disabled
1: VGA is enabled

4  Setup Mode

0: VGA is in Nomal Mode
1: VGA s in Setup Mode

7-5 Reserved (0)
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Global Control Registers

EXTENSION ENABLE REGISTER
Read/Write at I/O Address 103h

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

- Reserved

Extension Registers
Address Select
Extension Registers
Access Enable

This register is only accessible in Setup Mode. Itis
cleared by RESET.

3-0 Reserved (0)

4 Reserved (0) This bit must be set
proper operation of the 82C450, %

5 Reserved (0) %

6  Address for Extension Regis?%v &g'\

0: Extension registers at

/O Address 3D6/3D7h %
1: Extension registers at & T
I/O Address 3B6/3B7h. 3
7  Extension Registers Access Enably,

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

0: Disable Access
1: Enable Access

GLOBAL ID REGISTER
Read only at 1/O Address 104h

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

- Chip ID Number

\ 0., blts contain the ID number (0ASh).
| THIE: z1dentifies the chip as a Chips and
;,'I“@\ghnologles product.

Revision 0.76

This Materi al

24

Advance Product Information 82C450

Copyrighted By Its Respective Manufacturer



General Control Registers

Fa
82C450 General Control & Status Registers

Register 0 Protect

Mnemonic Register Name Index Access Address Group Page

ST0O Input Status 0 - R 3C2h - 25

STO1 Input Status 1 - R 3BAh/3DARh - 25

FCR Feature Control - w 3BAh/3DAh 5 26
R 3CAh

MSR Miscellaneous Output - W 3C2h 5 26
R 3CCh

INPUT STATUS REGISTER 0 (ST00)

Read only at I/0 Address at 3C2h

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

— CRT Interrupt

~INPUT STATUS REGISTER 1 (ST01)
Rggd only at I/0 Address 3BAh/3DAh

DE/Hsync Output

Reserved
Vertical Retrace/Video

]~ Video Feedback
Reserved

Vsync Output

3-0 Reserved (0) 0 Display Enable/HSYNC Output. The
: o hi i functionality of this bit is controlled by the
4  Switch Sense. This bit returns - .
the SENSE pin. et Emulation Mode register (XR14[4]).
6-5 Reserved. These bits read back 00 in an AT 0: Indicates DE or HSYNC inactive
bus implementation and 11 in MCA imple- 1: Indicates DE or HSYNC active
mentation. 2-1 Reserved (0)
: 7  CRT Interrupt Pending 3 Vertical Retrace/Video. The functionality of
‘ 0: Indicates no CRT interrupt this bit is controlled by the Emulation Mode
is mnding register (XR14[5]).
‘ 1: Indicates a CRT interrupt 0: Indicates VSYNC or video inactive
| is waiting to be serviced 1: Indicates VSYNC or video active
' 5-4 Video Feedback 1, 0. These are diagnostic
video bits which are selected via the Color
Plane Enable Register.
6 Reserved (0)
7  Vsync Output. The functionality of this bit
is controlled by the Emulation Mode register
(XR14[6]). It reflects the active status of the
VSYNC output: O=inactive, 1=active.
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General Control Registers

FEATURE CONTROL REGISTER (FCR)
Write at 1/0 Address 3BAh/3DAh

Read at 1/O Address 3CAh

Group 5 Protection

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

- Feature Control

Reserved
Vsync Control

- Reserved

1-0 Feature Control. These bits are used intenal
to the 82C450 in conjunction with t
Configuration Register (XR01). W
enabled by XRO1 bits 2-3 and Misc Oistpy
Register bits 3-2 = 10, these bits defgrmine
the pixel clock frequency typi€ally
follows:

FCR1:0 = 00 = 40.000 MHg,
FCR1:0 =01 =50.350 MHz*
FCR1:0 = 10 = User defined
FCR1:0=11=44900 MHz °*

This preserves compatibility witl{

developed for the 82C451 and 82C452

controllers.
2 Reserved (0)

3 Vsync Control
RESET.

0: VSync output on the VSYNC pin
1: Logical 'OR' of VSync and
Display Enable output
on the VSYNC pin
This capability is not typically very useful,
but is provided for IBM compatibility.

7-4 Reserved (0)

This bit is cleared by

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

Read at 1/0 Address 3CCh

Group 5 Protection

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

I/O Address Select
RAM Enable

Clock Select
Reserved

Page Select
Hsync Polarity
Vsync Polarity

Thig register is cleared by RESET.

I/O-#ddress Select. This bit selects 3Bxh

Qr"3Dxh as the I/O address for the CRT
4£Centroller registers, the Feature Control
ter (FCR), and Input Status Register
:. 1 (STO1).

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

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

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

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

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

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, XR28)
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i i S5tk CGA / Hercules Registers

Hira
82C450 CGA / Hercules Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
MODE CGA/Hercules Mode - RW 3D8h - 27
COLOR CGA Color Select - RW 3D%h - 28
HCFG Hercules Configuration - RW 3BFh - 29

CGA /HERCULES MODE CONTROL
REGISTER (MODE)
Read/Write at I/O Address 3B8h/3D8h

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

Hi-Res Text

This register is effective only in CGA
modes. It is accessible if CGA or“

emulation mode is selected or the extension registers
are enabled. If the extension registers are enabled,
the address is determined by the address select in the
Miscellaneous Outputs register. Otherwise the
address is determined by the emulation mode. Itis

2  CGA Mono/Color Mode

0: Select CGA color mode

1. Select CGA monochrome mode
#Hércules Video Enable

i Blank the screen

_*Enable video output

GG A High Resolution Mode

" 0: Select 320x200 graphics mode
1: 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)

7  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 0.76
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CGA / Hercules Registers

CGA COLOR SELECT REGISTER
Read/Write at I/O Address 3D9h

[D7]p6[Ds|p4[D3[D2{D1 | Do

Color bit-0 (Blue)
Color bit-1 (Green) 4
Color bit-2 (Red)

Color bit-3 (Intensity)

Intensity Enable

Color Set Select

This register is effective only in CGA modes. It is
accessible if CGA emulation mode is selected or the
extension registers are enabled. This register may
also be read or written as an Extension Register:
(XR7E). It is cleared by RESET.

3-0 Color .
320x200 4-color: Background

The foreground colors (cﬁ“é“fs hen “the
pixel value is 1-3) are determiried b} f
this register. ; y

]» Reserved

(color whe
value is’

640x200 2-color: Foreground Color
(color when the pixel
value is 1)

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

Intensity Enable
Text Mode: Enables intensified
background colors
320x200 4-color: Enables intensified
colors 0-3

640x200 2-color: Don't care

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

Color Set Color Set
0 1

0 Color per bits 0-3 Color per bits 0-3
1 Green Cyan
10 Red Magenta
11 Brown White
Reserved (0)
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CGA / Hercules Registers

HERCULES CONFIGURATION
REGISTER (HCFG)
Write only at 1/0 Address 3BFh

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

L—— 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 bits 2 & 3. It is cleared by RESETK

0  Enable Graphics Mode

A
0: Lock the 82C450 in Her
mode. In this mode, m@%
access only to memory 4gd
B000Oh-B7FFFh (intext’

same area of dlsplay 0 {k\
around 8 times within thi suc BN
that BOOOO accesses the s g, displa; 3& ‘““
memory location as B1000,’
etc.). % ;

1. Permit entry to Hercules&%&p cs
mode.

'Sf
o

1  Enable Memory Page 1

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

1: The Page Select bit can be set and the
upper part of display memory
(addresses B800Oh - BFFFFh) is
available.

7-2 Reserved (0)
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82C450 Sequencer Registers

Register O Protect
Mnemonic Register Name Index  Access Address Group Page
SRX Sequencer Index - RW 3C4h 1 31
SR0OO Reset 00h RW 3C5h 1 31
SRO1 Clocking Mode 01h RW 3C5h 1 32
SRO2 Plane/Map Mask 02h RW 3C5h 1 32
SRO3 Character Font 03h RW 3C5h 1 33
SR04 Memory Mode 04h RW 3C5h 1 34
SRO7 Horizontal Character Counter Reset 07h w 3C5h - 34

“SEQUENCER RESET REGISTER (SR00)
ead/Write at 11O Address 3C5h

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

[D7]ps]D5]Da]D3]D2]D1[D0] 4. [D7[D8 9§Tp4|D31D2|D1[D0]

) 3 Async Reset
; Sync Reset
- Reserved
This register is cleared by RESET. 0  Asynchronous Reset
2-0 These bits contain a 3-bit Sequencer Index 0: Force asynchronous reset
value used to access sequencer data registers 1: Normal operation
at indices O through 7. Display memory data will be corrupted if

7-3 Reserved (0) this bit is set to zero.

1  Synchronous Reset

0: Force synchronous reset

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

7-2 Reserved (0)

Revision 0.76 31 Advance Product Information 82C450

This Material Copyrighted By Its Respective Manufacturer



HE O HHIShann®

Sequencer Registers

SEQUENCER CLOCKING MODE SEQUENCER PLANE/MAP MASK
REGISTER (SR01) REGISTER (SR02)

Read/Write at I/O Address 3C5h Read/Write at I/O Address 3C5h
Index O1h Index 02h

Group 1 Protection

Group 1 Protection

[07]D6]D5[D4]D3 D2 ]D1]D0]

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

8/9 Dot Clocks
Reserved

Shift Load

Input Clock Divide
Shift 4

|_.

- Color Plane Enable

Screen Off

- Reserved

]~ Reserved

0 8/9 Dot Clocks. This bit determines:,
whether a character clock is 8 or 9 dot cloc.l%?

long. ™
0: Select 9 dots/character clock \‘ i
1: Select 8 dots/character cloc %

8 \\

1 Reserved (0) a’%\ﬁ" ;o
Shift Load &‘i‘; g
0: Load video data Shlf[ re “é"\;s\ v
character clock e
1: Load video data shift reglsters e_m@‘% ,
911_11 character clock P E\ e

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)

0 Color Plane Enable
\.\:-'\
Q%Vnte protect corresponding color
§\M *‘*pane
" Allow write to corresponding

color plane.

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

7-4 Reserved (0)
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CHARACTER FONT SELECT The following table shows the display memory plane
REGISTER (SR03) selected by the Character Generator Select A and B
Read/Write at I/0 Address 3C5h bits.
Index 03h .
; Code racter Generator Tabl n
Group 1 Protection 0 First 8K of Plane 2
1 Sec;ond 8K of Plane 2
[D7]Ds]D5[D4]D3[D2]D1 [Do] 2 Third 8K of Plane 2
3 Fourth 8K of Plane 2
Font Select B bit-1 4 Fifth 8K of Plane 2
Font Select B bit-2 5 Sixth 8K of Plane 2
Font Select A bit-1 6 Se_:venth 8K of Plane 2
Font Select A bit-2 7 Eighth 8K of Plane 2
Font Select B bit-0 where 'code’ is:
Font Select A bit-0 Character Generator Select A (bits 3, 2, 5) when
1 bit-3 of the the attribute byte is one.
Reserved haracter Generator Select B (bits 1, 0, 4) when

bit-3 of the attribute byte is zero.
In text modes, bit-3 of the video data's attribute byt - :
normally controls the foreground intensity. This bi
may be redefined to control switching between ¢ha
acter sets. This latter function is enabled wheng,
there is a difference in the values of the .€haracter
Font Select A and the Character Font Selets;B bits. I
the two values are the same, the chat
function is disabled and attribute bi¥
foreground intensity.

SR04 bit-1 must be 1 for the character
fonts 0 and 4 are available.

1-0 High order bits of Characte
Select B

3-2 High order bits of Character Generator
Select A

4 Low order bit of Character Generator Select
B

5 Low order bit of Character Generator Select
A

7-6 Reserved (0)
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Sequencer Registers

SEQUENCER MEMORY MODE
REGISTER (SR(04)

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

Group 1 Protection

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

Reserved
Extended Memory

Odd/Even Mode
Quad Four Mode

Reserved

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

This bit should normally be
2 Odd/Even Mode

planes

1 All planes are accessed 81mu1
(IRGB color)

Bit-3 of this register must be 0 for this bit to
be effective. This bit affects only CPU write
accesses to display memory.

3  Quad Four Mode

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

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

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

7-4 Reserved (0)

SEQUENCER HORIZONTAL CHARACTER
COUNTER RESET (SR07)

Read/Write at I!O Address 3C5h

Index O7h

[D7{D6[Ds[D4]D3[D2]D1]Do0]

- Don't Care

Writing to SRO7 with any data will cause the

§ ¢hatacter counter to be held reset
nter output = 0) until a write to any
neer register with any data value. The
“index in the range 0-6 clears the latch
oldmg the reset condition on the character

‘he 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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82C450 CRT Controller Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
CRX CRTC Index - RW 3B4h/3D4h - 36
CROO Horizontal Total 00h RW 3B5h/3D5h 0 36
CRO1 Horizontal Display Enable End O1h RW 3B5h/3D5h 0 36
CRO2 Horizontal Blank Start 02h RW 3B5h/3D5h 0 37
CRO3 Horizontal Blank End 03h RW 3B5h/3D5h 0 37
CRO4 Horizontal Sync Start 04h RW 3B5h/3D5h 0 38
CROS Horizontal Sync End 05h RW 3B5h/3D5h 0 38
CRO6 Vertical Total 06h RW 3B5h/3D5h 0 39
CRO7 Overflow 07h RW 3B5h/3D5h 0/3 39
CROS8 Preset Row Scan 3B5h/3D5h 3 40
CRO9 Maximum Scan Line 3B5h/3D5h 2/4 40
CROA Cursor Start Scan Line 3B5h/3D5h 2 41
CROB Cursor End Scan Line g, OB 3B5Sh/3D5h 2 41
CROC Start Address High 3B5h/3D5h - 42
CROD Start Address Low 3B5h/3DSh - 42
CROE Cursor Location High 3B5h/3D5h - 42
CROF Cursor Location Low., 3B5h/3D5h - 42
CR10 Vertical Sync Start €8 WorRW  3BSh/3D5h 4 43
CR11 Vertical Sync End (Si W orRW 3B5h/3D5h 3/4 43
CR10 Lightpen High (See No - R 3B5h/3D5h - 43
CR11 Lightpen Low (See Note* 11h R 3B5h/3D5h - 43
CR12 Vertical Display Enable End 12h RW 3B5h/3D5h 4 44
CR13 Offset 13h RW 3B5h/3D5h 3 44
CR14 Underline Row 14h RW 3B5h/3D5h 3 44
CR15 Vertical Blank Start 15h RW 3B5h/3D5h 4 45
CR16 Vertical Blank End 16h RW 3B5h/3D5h 4 45
CR17 CRT Mode Control 17h RW 3B5h/3D5h 3/4 46
CR18 Line Compare 18h RWwW 3B5h/3D5h 3 47
CR22 Memory Data Latches 22h R 3B5h/3D5h - 48
CR24 Attribute Controller Toggle 24h R 3B5h/3D5h - 48
CR3x Clear Vertical Display Enable 3xh w 3B5h/3D5h - 48
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 I/O address should be set to 3DOh-3D7h by setting Misc Output
Register bit-0 to 1.

Note 2: In the EGA, all CRTC registers except the cursor (CROC-CROF) and light pen (CR10 and CR11)
registers are write-only (i.e., no read back). In both the EGA and VGA, the light pen registers are at
index locations conflicting with the vertical sync registers. This would normally prevent reads and
writes from occurring at the same index. Since the light pen registers are not normally useful, the VGA
provides software control (CR03 D7) of whether the vertical sync or light pen registers are readable at
indices 10-11.
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WCHIra

CRTC INDEX REGISTER (CRX) HORIZONTAL DISPLAY ENABLE END
Read/Write at I/O Address 3B4h/3D4h REGISTER (CR01)
Read/Write at I/O Address 3B5h/3D5h
Index O1h
{D7]D6]|Ds[p4[D3|D2[D1 [Do) Group 0 protection

— [D7]|D6|D5[{D4|D3|D2]|D1|DoO]
- CRTC Index L_.

~ Horizontal Display

T Reserved

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

Thi§ register is‘used for all VGA and EGA modes on
EREg, It ig'81§8"used for 640 column CGA modes
and MDA '_rculcs text mode. In all 320 column
modes and Hercules graphics mode, the
register is used.

Read/Write at 1/0 Address 3BSh/3D5h
Index O0h
Group 0 protection

"Number of Characters displayed per scan
line - 1.

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

-

- 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.
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CRT Controller Registers

HORIZONTAL BLANK START
REGISTER (CR02)

Read/Write at I/0 Address 3BSh/3D5h
Index 02h

Group 0 protection

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

- H Blank Start

o
This register is used for all VGA and EGA modes, &,

‘%‘&“‘

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

7-0 These bits specify the begmmn%on
tal blank in terms of chara

the beginning of the d1splh
period between Horizontal Dlsp
End and Horizontal Blank Start
side border on screen.

HORIZONTAL BLANK END
REGISTER (CR03)

Read/Write at 1/O Address 3B5h/3D5h
Index 03h

Group 0 protection

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

'I'has reglster i&ysed for all VGA and EGA modes.
Jt 1§ ?&or 640 column CGA modes and

L1

- H Blank End

- DE Skew Control

Light Pen Reg. Enable

$text mode. In all 320 column CGA
ercules graphics mode, the alternate
‘used

*’4»% These are the lower 5 bits of the character
¥ 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. If the horizontal blank width
desired is W clocks, the 5-bit value pro-
grammed in this register = [contents of
CRO2 + W] and 1Fh. The most significant
bit is programmed in CRO5 D7. This bit =
[( CRO2 + W) and 20h]/20h.

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.

6-5

Revision 0.76

This Materi al

37

Advance Product Information 82C450

Copyrighted By Its Respective Manufacturer



oIRSE fF 3% SESS, gNN CRT Controller Registers

HORIZONTAL SYNC START HORIZONTAL SYNC END
REGISTER (CR04) REGISTER (CR05)

Read/Write at 1/O Address 3B5Sh/3D5h Read/Write at 1/0 Address 3B5h/3D5h
Index 04h Index O5h

Group 0 protection Group 0 protection

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

 Horizontal Sync End

- Horizontal Sync Start

- 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 a
MDA/Hercules text mode. In all 320 column €GA
modes and Hercules graphics mode, the a}te
register is used.

7-0 These bits specify the beginning
terms of Character clocks f m |
ning of the display scan. The§e b!
determine display centering orf the W.

\\Q\\\ 3

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

6-5 Horizontal Sync Delay. These bits specify
the number of character clocks that the
Horizontal Sync is delayed to compensate
for intemal pipeline delays.

7  Horizontal Blank End Bit 5. Sixth bit of the
Horizontal Blank End Register (CR03).
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CRT Controller Registers

VERTICAL TOTAL REGISTER (CR06)
Read/Write at /O Address 3B5h/3D5h
Index 06h

Group 0 protection

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

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

This register is used in all modes.

7-0 These are the 8 low order bits of a 1{)

register. The 9th and 10th bits are locate}&.in
te{ The .
Vertical Total value specifies the ot *num;"“

the CRT Controller Overflow Regj

OVERFLOW REGISTER (CR07)
Read/Write at /O Address 3BShi3D5h
Index 07h

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

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

V Total Bit 8

V D. E. End Bit 8
V Sync Start Bit 8
V Blank Start Bit 8
Line Compare Bit 8
V Total Bit 9

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

" t all mod
Tt.ns Tegister 1mgsfd in all modes.

Vemgal Total Bit 8

ertical Display Enable End Bit 8
cal Sync Start Bit 8

ertical Blank Start Bit 8

Line Compare Bit 8

Vertical Total Bit 9

Vertical Display Enable End Bit 9
Vertical Sync Start Bit 9

b
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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 /O Address 3B5h/3D5h

Index 08h Index 09h

Group 3 Protection Group 2 protection on bits 04

Group 4 Protection on bit 5-7

[D7]Ds]D5[D4]D3|D2|D1{Do0] [D7[D6]D5]D4]D3]D2| D1]DO|
- Start Row Scan Count L———— | Scan Lines Per Row
y V Blank Start Bit 9
T Byte Panning Control Line Compare Bit 9
Reserved <N Double Scan
A

4-0 These bits specify the starting row scant, \%\
count after each vertical retrace. Every hof@m%
zontal retrace increments the charactergows
scan line counter. The horizontal rew G
counter is cleared at maximum Fag s an,a )
count during active d1sp1ay
used for soft scrolling in text m&

6-5 Byte Panning Control. The ,
the lower order bits for the”
address. They are used for hori
ning in Odd/Even and Quad modes. *

7 Reserved (0)

40 These “bits specify the number of scan lines
b, 7. Number of scan lines per row =

itY of the Vertical Blank Start register
_#Bit9 of the Line Compare register
Double Scan

0: Normal Operation
1: Enable scan line doubling

The vertical parameters in the CRT Control-
ler (even for a split screen) are not affected,

only the CRTC row scan counter (bits 0-4 of
this register) and display memory addressing
screen refresh are affected.
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CURSOR START SCAN LINE CURSOR END SCAN LINE

REGISTER (CR0A)
Read/Write at I/O Address 3B5h/3D5h

REGISTER (CR0B)
Read/Write at I/O Address 3B5h/3D5h

Index OAh Index OBh
Group 2 Protection Group 2 protection
[D7]D6[D5|D4|D3|D2[D1|DoO] [D7|D6{D5|D4|D3[D2]|D1{DO|
 Cursor Start Scan Line - Cursor End Scan Line
~ Cursor off y
N | Cursor Delay
T Reserved Reserved

These bits specify the scan line of a character

4-0 These bits specify the scan line of the char i
acter row where the cursor display begins vlicre the cursor display ends: Last
5 Cursor Off . $ine for the block cursor = Value + 1.
. *Se bits define the number of character
(1)2 $§:,: gggg; 8?1: .clocks that the cursor is delayed to compen-
’ ate for intemal pipeline delay.
7-6 Reserved (0) Reserved (0)
Note: If the Cursor Start Line is greater than the
Cursor End Line, then no cursor is generated.
Revision 0.76 41 Advance Product Information 82C450

This Material Copyrighted By Its Respective Manufacturer



CRT Controller Registers

START INDEX HIGH REGISTER (CR0OC)
Read/Write at I/O Address 3B5h/3D5h
Index OCh

[D7]D6[D5]D4]D3[D2D1 DO

- Display Start Index High
(Upper 8 bits)

7-0 Upper 8 bits of display start address. In®
CGA/MDA/Hercules modes, this registé
wraps around at the 16, 32, and 64 K:hyte

boundaries respectively.

START INDEX LOW REGISTER (CROD)::;
Read/Write at 110 Address 3B5h/3D5h
Index ODh

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

-

- Display Start Index Low
(Lower 8 bits)

-

CURSOR LOCATION HIGH
REGISTER (CROE)

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

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

- Text Cursor Mem. Index
(Upper 8 bits)

bits of the memory address where
¢arsor is active. In CGA/MDA/Her-
] 'odes, this register wraps around at

.32, and 64 K byte boundaries respec-
vely.

CURSOR LOCATION LOW
REGISTER (CROF)

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

[D7]ps]D5[D4[D3[D2[D1]|DoO]
L

- Text Cursor Mem. Index
(Lower 8 bits)

7-0 Lower 8 bits of the display start address. 7-0 Lower 8 bits of the memory address where
The display start address points to the mem- the text cursor is active. In CGA/MDA/Her-
ory address corresponding to the top left cules modes, this register wraps around at
comer of the screen. 16, 32, and 64 K byte boundaries respec-
tively.
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CRT Controller Registers

WHirs

LIGHTPEN HIGH REGISTER (CR10)
Read only at 1/0 Address 3B5h/3D5h
Index 10h

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

LIGHTPEN LOW REGISTER (CR11)
Read only at 1/0 Address 3B5h/3D5h
Index 11h

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

VERTICAL SYNC START REGISTE
Read/Write at 1/O Address 3B5h/3D5h
Index 10h kS
Group 4 Protection

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

 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 110 Address 3B5Sh/3D5h

Index 11h

Group 3 Protection for bits 4 and 5

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

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

V Sync End

V Interrupt Clear

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

ine count that defines the end of vertical
“sync. If the vertical sync width desired is N
lines, then bits 3-0 of this register = (CR10
+ N) AND OFh.

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

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 XR15D6 to determine the protection for
group O registers. This bit is cleared by
RESET.

0: Enable writes to CR0OO-CRO7
1: Disable writes to CR0O0-CRO7

CR0O7D4 (Line Compare bit-9) is not
affected by this bit.
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CRT Controller Registers

VERTICAL DISPLAY ENABLE END
REGISTER (CR12)

Read/Write at I/O Address 3BSh/3D5h
Index 12h

Group 4 protection

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

- V Display Enable End
(Lower 8 bits)

These are the eight low order bits of a 10-bit
register. The 9th and 10th bits are located j

7-0

the CRT Controller Overflow register. The, .

actual count = Contents of this reglster +

OFFSET REGISTER (CR13)
Read/Write at /0 Address 3BSh/3D5h*,, *
Index 13h ‘
Group 3 protection

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

- Display Buffer Width

Display Buffer Width. The byte starting
address of the next display row = Byte Start
Address for current row + K* (CR13 +
Z/2), where Z = bit defined in XROD and K
= 2 in byte mode, K = 4 in word mode.
Byte, word and double word mode is
selected by bit-6 of CR17 and bit-6 of
CR14. A less significant bit than bit-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.

UNDERLINE LOCATION REGISTER (CR14)
Read/Write at I/O Address 3BSh/3D5h

Index 14h

Group 3 protection

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

Underline Position

Count by 4
Doubleword Mode
Reserved

4 0. These bits specify the underline's scan line
within a character row. Value =

can line number - 1.

unt by 4 for Doubleword Mode. O:
Frame Buffer Address is incremented by 1
r 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
the display memory addressing mode.

Reserved (0)
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. 88 38 38 33Uessestete CRT Controller Rg'ga.s
CHIra
VERTICAL BLANK START VERTICAL BLANK END
REGISTER (CR15) REGISTER (CR16)
Read/Write at 1/0 Address 3BSh/3D5h Read/Write at I/0 Address 3B5h/i3D5h
Index 15h Index 16h
Group 4 protection Group 4 protection
[D7|D6]|D5|D4[D3|D2|D1]Do| |D7[D6|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.

./ ThiS register ed in all modes.

A N o
7-0 These are the 8 low order bits of a 1Q:bit>- 7;:;& gh Yertical Blank. These are the 8 low

register. The 9th and 10th bits are lo¢ [ < «&orderits of the scan line count which speci-
the CRT Controller Overflow and i <%, 1ibs the end of Vertical Blank. If the vertical
Scan Line Registers respecu'vg% e@ %&\_‘ sblank width desired is Z lines these bits =
these 10 bits define the scan ligg oS & U™ (Vertical Blank Start + Z) and OFFh.
where vertical blank begins® interval” . 3%
between the end of the vertiéal displas: g
the beginning of vertical blank is:th& bes s
border on the screen. A
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CRT Controller Registers

CRT MODE CONTROL REGISTER (CR17)
Read/Write at 1/0 Address 3B5h/3D5h

Index 17h

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

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

Compatibility Mode
Select Row Scan Ctr
Vsync Select

Count by 2

Reserved

Address Wrap
Word/Byte Mode
CRTC Reset

0  Compatibility Mode Support. This bit allow
compatibility with the IBM CGA two-barik

graphics mode. O: The character row anrl\o |

line counter bit 0 is substituted for memﬂfy
address bit 13 during active displagtige;” 1
normal operation, no subst;\mﬁqn ‘take§\

place. i
i,
1  Select Row Scan Counter. m@ bi:

compatibility with Hercules* graplf;mé*,
with any other 4-bank graphics Syste
Substitute character row scan line cotin
1 for memory address bit 14 durin
display time; 1: normal operation
tution takes place.

2 Vertical Sync Select. This blt;%&\ﬂi ols the
vertical resolution of the CRT Controller by
permitting selection of the clock rate mput to
the vertical counters. When set to 1, the
vertical counters are clocked by the hori-
zontal retrace clock divided by 2.

3 CountBy Two

0: Memory address counter is incre-
mented every character clock

1:  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
CR14DS5. The net effect is as follows:

o3,

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: Nomnal 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 byte mode.

his bit is used in conjunction with
R‘f& D6 to select byte, word, or double

Word Mode

0
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.

Increment
Addressing
CR14 D5 CR17D3

0 0 1 CCLK

0 1 2 CCLK

1 0 4 CCLK

1 1 2 CCLK
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2 HEHTT G CRT Controller Regi
wHirFEs kit ek

Display memory addresses are affected by CR17 D6 LINE COMPARE
as shown in the table below: REGISTER (CR18)
Read/Write at I/O Address 3B5h/3D5h
Logical Physical Memory Address Index 18h
Memory Byte Word Double Word Group 3 protection
Address Mode Mode Mode
MAOO A00 Note 1 Note 2 [D7ID6ID5|D4|D3ID2IDIIDOI
MAO1 A01 A00 Note 3 _
MAO2 A02 A0l A00
MAO3 AO03 AQ2 A01 I
MAO4 A04 AQ03 AQ02
MAOS AO05 A04 A03
MAO6 A06 AO05 A4 .
MAOQ7 AQ7 A06 A0S - Line Compare Target
MAOS8 A08 A07 A06 (Lower 8 bits)
MAQO9 A09 AO08 A07
MA10 Al0 AQ9 A08
MA1ll All Al0 AQ09 -
MA12 Al2 All Al0
MA13 Al3 Al2 All These “are the low order 8 bits of a 10-bit
MA14 Ald Al3 Al2 rengtﬁ“The 9th and 10th bits are located in

e Controller Overflow and Maximum
‘Line Registers, respectively. This reg-
ter is used to implement a split screen func-
tion. When the scan line counter value is
equal to the contents of this register, the
memory address counter is cleared to 0. The
display memory address counter then
sequentially addresses the display memory
starting at address 0. Each subsequent row
address is generated by the addition of the
Offset Register contents. This register is not
affected by the double scanning bit (CR09
D7).

MA15 AlS5 Al4 Al3

Note 1 = A13 * NOT CR17 D5 + A15 *
Note 2 = A12 xor (A14 * XR04 D2)
Note 3 = A13 xor (A15 * XR04 D2
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MEMORY DATA LATCH CLEAR VERTICAL
REGISTER (CR22) DISPLAY ENABLE FFh (CR3X)
Read only at 1/0 Address 3B5Sh/3D5h Write only at 1/0 Address 3B5h/3D5h
Index 22h Index 3xh
[D7]D6|D5|D4|D3]D2{D1 {DO] [D7]D6[D5]|D4|D3[D2|D1|DO]
Data Latch n Bit 7 L— Clear Vert Disp Ena FF
Data Latch n Bit 6 T
Data Latch n Bit 5
Data Latch n Bit 4
Data Latch n Bit 3 - Ignored
Data Latch n Bit 2
Data Latch n Bit 1
Data Latch n Bit 0 |

This register may be used to read the state of:
Graphics Controller Memory Data Latch ‘'n’, whe:
'n' is controlled by the Graphics Controller Rea .
Map Select Register (GRO4 DO&1) and i, in ﬁ‘m &,
range 0-3. ,g»w SO

Wntmg odd data values to CRTC index 30-3Fh

Gaukes the vémcal display enable flip-flop to be
: clearéd. /“Phe. flip-flop is automatically set by
reachis tical total. The effect of this is to force a
longer vgfical retrace period. There are two side
=" effecty, of terminating vertical display enable early:

Wnte:dto this register are not decodeg:Hiy] will bﬁ fizst, thé screen blanks early for one frame causing a
1ghor % NGt visual disturbance and second, the sequencer
This is a standard VGA regtster%?ﬁr ‘gives more display memory cycles to the CPU
documented by IBM. Y ,‘%} because vertical display is not enabled.

%A " Reads from this register are not decoded and will

return indeterminate data.

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

ATTRIBUTE CONTROLLER TOGGLE
REGISTER (CR24) e
Read only at 1/0 Address 3B5h/3D5h %
Index 24h e

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

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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Graphics Controller Registers

82C450 Graphics Controller Registers

Register 1ne Protect
Mnemonic Register Name Index Access Address Group Page
GRX Graphics Index - RW 3CEh 1 49
GROO Set/Reset 00h RW 3CFh 1 49
GRO1 Enable Set/Reset O1h RW 3CFh 1 50
GRO2 Color Compare 02h RW 3CFh 1 50
GRO3 Data Rotate 03h RW 3CFh 1 51
GR0O4 Read Map Select 04h RW 3CFh 1 51
GRO5 Graphics mode 05h RW 3CFh 1 52
GRO6 Miscellaneous 06h RW 3CFh 1 54
GRO7 Color Don't Care 07h RW 3CFh 1 54
GRO8 Bit Mask 1 55

GRAPHICS CONTROLLER

INDEX REGISTER (GRX)

Write only at I/O Address 3CEh

Group 1 Protection

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

1

Index to Graphiéy
- Controller Data
Registers

 Reserved

3-0 4-bitindex to Graphics Controller registers
7-4 Reserved (0)

157 [p6]D5[D4[D3]D2]D1]DO]

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

Reserved

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

3-0

When the Graphics Mode register selects
Write Mode O, 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 (GR0O1) 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.

Reserved (0)
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Graphics Controller Registers

ENABLE SET/RESET REGISTER (GR01)
Read/Write at /O Address 3CFh

Index 01h

Group 1 Protection

[D7]D6[Ds[p4]D3[D2{D1[Do]

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

Reserved

3-0 This register works in conjunction with thes
Set/Reset register (GR00). The Graphit}

Mode register must be programmed to

Mode 0 in order for this register to have'aty

effect.

1: The corresponding plare is s¢ s
1 as specified in the Set/Resgt Registe

7-4 Reserved (0)

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

Index 02h

Group 1 Protection

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

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

Reserved

&gister is used to ‘'reduce’ 32 bits of
fiory“data to 8 bits for the CPU in 4-
ané; graphics mode. These bits provide a
‘ference color value to compare to data read
om display memory planes 0-3. The Color
on't Care register (GRO7) 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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e I T H Graphics Controller Registers
CHird = =

DATA ROTATE REGISTER (GR03) READ MAP SELECT REGISTER (GR(4)
Read/Write at 1/0 Address 3CFh Read/Write at I/O Address 3CFh
Index 03h Index 04h
Group 1 Protection Group 1 Protection
[D7]D6|Ds|D4[D3]|D2]|D1|DO] [D7]p6[D5|D4|D3[D2|D1]DO]
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: ister is also used to ‘reduce’ 32 bits
rotate to the right the data being written - ory data to 8 bits for the CPU in the
the CPU. The CPU data bits are: fust pe-graphics mode. These bits select the
rotated, then subjected to the, 1og femory plane from which the CPU reads
operation as specified in the Fun ﬁms ata in Read Mode 0. In Odd/Even mode,

i _ bit-0 is ignored. In Quad mode, bits 0 and 1
are both ignored.
The four memory maps are selected as fol-

4.3 lows:

Bit 1 I;Q Map Selected
0 Plane O
0 l Plane 1
1 0 Plane 2
follows: 1 1 Plane 3
Bit4 B_:_3 Result
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.

7-5 Reserved (0)
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Graphics Controller Registers

GRAPHICS MODE REGISTER (GR05)
Read/Write at I/0 Address 3CFh

Index O5h

Group 1 Protection

[D7]D6]Ds[p4[D3[D2[D1[Do0j

——] Write Mode
Reserved

Read Mode
Odd/Even Mode

] Shift Register Mode
Reserved

1-0 These bits specify the Write Mode as fol
lows: (For 16-bit writes, the operation+
repeated on the lower and upper bytes, 0l
CPU data).

D1 DO i
Write mode 0. Eac

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

The Enable Set/Reset register is

0 O . 2
; 1. ignored. The Data Rotate is used.
svlf&l%emgf,n[? rgaala This write mode can be used to fill
number of counts in an area with a single color and
Register, except V pattern.
Set/Reset Register is enableg
any of the four planes. Wh 2 Reserved (0)
Set/Reset Register is ena 3 This bit specifies the Read Mode as follows:
corresponding plan titten
with the data storéd.din the 0: The CPU reads data from one of the
Set/Reset Register. planes as selected in the Read Map
Select register.
0 1 Write mode 1. Each of the four .
display memory planes is written : The CPU reads the 8-bit result of the
with the data previously loaded in logical comparison between all eight
the processor latches. These pixels in the four display planes and
latches are loaded during all read the contents of the Color Compare and
operations. Color Don't Care registers. The CPU
. reads a logical 1 if a match occurs for
1 0 Wn(e mode 2. The CPU data bus each pixel and logical O if a mis-match
data is treated as the color value for occurs. In 16-bit read cycles, this
the addressed byte in planes 0-3. operation is repeated on the lower and
All eight pixels in the addressed upper bytes.
byte are modified unless protected
by the Bit Mask register setting. A (Continued on following page)
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 0in the Bit
Mask register sets the correspond-
ing pixel in the addressed byte to
the corresponding pixel in the
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CHIPES® 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, M1D0-M1D7, M2D0-M2D7, and M3D0-M3D7 respectively, then the data
in the serial shift registers is shifted out as follows:

Last Bit 1st Bit Out-
Shifted Shift . Shifted put
65 Out Direction Qut to:
00: MODO MOD1 MOD2 MOD3 MOD4 MOD5S MOD6 MOD7 Bit0
MIDO MID1 MID2 MID3 MID4 MIDS MID6 MID7 Bitl
M2D0 M2D1 M2D6 M2D7 Bit2
M3D0 M3D1 Bit3
01: MIDO MID2 Bit0
MID1 MID3 Bitl
M3D0 M3D2 Bit2
M3D1 M3D3 Bit3
1x: M3D0 M3D4 Bit0
M3D1 M3D5 Bitl
M3D2 M2D2 Bit2
- M3D3 M3D7 Bit3
Note: If the Shift Register is n6é cter clock (see SRO1 D2&4) then the four 8-bit shift
registers are effectively the output of shift register 1 becoming the input to shift
register 0 and so on. Ttus allOWSy Qi 10 have a large monochrome (or 4 color) bit map and dis-
play one portion thereof.
| 7 Reserved (0)
}
|
i
\
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Graphics Controller Registers

MISCELLANEOUS REGISTER (GR06)
Read/Write at 10 Address 3CFh

Index 06h

Group 1 Protection

Index O7h

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

Group 1 Protection

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

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

Graphics/Text Mode Ignore Color Plane 0
—— Chain Odd/Even Planes Ignore Color Plane 1
Ignore Color Plane 2
- Memory Map Mode Ignore Color Plane 3
- Reserved Reserved

0  Graphics/Text Mode:

0: Text Mode
1: Graphics mode

1  Chain Odd/Even Planes. This m
used to double the address spacg
memory.

1. CPU address bit AQ is:te
higher order address bit. h
AOQ determines which memor:
to be selected:

AQ=0: select planes 0 and*
AQ = 1: select planes 1 at

0: AO not replaced

3-2 Memory Map mode. These bits control the
mapping of the display memory into the
CPU address space as follows (also used in

plane i,

extended modes):
Bit3 Bit2 CPU Address
0 0 A0000h-BFFFFh
0 1 A0000Oh-AFFFFh
1 0 B0OO0OOh-B7FFFh
1 1 B8000Oh-BFFFFh

7-4 Reserved (0)

"I}us causes the correspondmg bit of

the Color Compare register to be a
don't care during a comparison.

"1: The corresponding bit of the Color

Compare register is enabled for color
comparison. This register is active in
Read Mode 1 only.

7-4 Reserved (0)
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CHIFS

Graphics Controller Registers

BIT MASK REGISTER (GR0S)
Read/Write at I/O Address 3CFh
Index 08h

Group 1 Protection

[D7]D6{D5|D4|D3|D2[D1DO]

L_-

O=Immune to change
- 1=Change permitted

7-0

This bit mask is applicable to any data writ
ten by the CPU, including that subject t
rotate, logical function (AND, OR, X@g), ;
Set/Reset, and No Change. In order{o exé®
cute a proper read-modify-write éygle ifito
displayed memory, each byte, '?m first
read (and latched by the VGA), Blt '
register set, and the new dat y
The bit mask applies to all four. plan steul-
taneously.

0: The corresponding bit in each ofithe™; ©
four memory planes is writte
the corresponding bit in the ],

1:  Unrestricted manipulation’ uf the corre-
sponding data bit in each ofthe four
memory planes is permitted.
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\ “"‘ " L : Attribute Controller and Color Palette Registers

82C450 Attribute Controller

and Color Palette Registers
Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) - RW 3COh 1 57
ARQO-AROF Internal Color Palette Data 00-O0Fh RW 3COh/3Clh 1 58
AR10 Mode Control 10h RwW 3CO0h/3Cih 1 58
ARI11 Overscan Color 11h RW 3COh/3Cl1h 1 59
ARI12 Color Plane Enable 12h RW 3C0h/3Cih 1 59
ARI13 Horizontal Pixel Panning 13h RW 3C0h3Clh 1 60
AR14 Pixel Pad 14h RW 3C0h/3Clh 1 60
DACMASK External Color Palette Pixel Mask - RW 3C6h 6 61
DACSTATE DAC State R 3C7h - 61
DACRX External Color Palette Read-Mode Indg W 3C7h 6 62
DACX External Color Palette Index (for:3€9h) RW 3C8h 6 62
DACDATA Extemal Color Palette Data » RW 3C%h 6 62
In regular VGA mode, all Attribut&, Contro
registers are located at the same byte\aQ 1pss (3€
in the CPU I/O space. An internal flip-Rop  gontrels’ &ad/Write at 1/0 Address 3COh
the selection of either the Attribute lndgx::_ N8 1
is executed to address 3BAh/3DAhto clear Hiis, ﬂg\
flop. After the Index Reglster has been loadeg by‘an

. 4

Write to address 3COh toggles this ﬂlp'* op. The | I:t:i);::e Controller
flip-flop does not have any effect on the réading of )
the Attribute Controller registers. The Attribute Con- Data Registers
troller index register is always read back at address |
3COh, the data register is always read back at Video Enable
address 3C1h. ]
In one of the extended modes (See "CPU Interface - Reserved

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

4-0

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
(ARO00-AROF) to be inaccessible by
the CPU.

Reserved (0)
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I HEH Attribute Controller and Color Palette Registers
WHirFES =

ATTRIBUTE CONTROLLER COLOR 2 Enable Line Graphics Character Codes.
PALETTE DATA REGISTERS (ARO0-AROF) This bit is dependent on bit O of the Override
Read at 1/0 Address 3C1h register.

}Kgg gi)l_/()%;?ddress 3CO/Th 0: Make the ninth pixel appear the same
Group 1 Protection or XR63D6 as the background

1: For special line graphics character
codes (OCOh-ODFh), make the ninth
pixel identical to the eighth pixel of the

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

Blue character. For other characters, the

G ninth pixel is the same as the

Red background.

Secondary Blue 3 Enable Blink/Select Background Intensity.

Secondary Green The blinking counter is clocked by the

Secondary Red VSYNC signal. The Blink frequency is
defined in the Blink Rate Control Register

l (XR60).
Reserved

5-0 These bits are the color value in the respé
tive palette register as pointed to by the i
register.

7-6 Reserved (0)

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

ATTRIBUTE CONTROLLER 1. Scroll horizontally only the top screen
MODE CONTROL REGISTER (AR10) as specified in the Pixel panning
Read at I/O Address 3C1h register

Write at 110 Address 3CO0/1h

Index 10k 6 256 Color Output Assembler

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

Group 1 Protection

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

1. Two 4-bit sets of video data are
Text/Graphics Mode assembled to generate 8-bit video data
Mono/Color Display at half the frequency of the internal dot
Enable Line Graphics clock (256 color mode).
Select Background 7  Video Output 54 Select:
Reserved . .
Horizontal Split Screen 0: Video bits 4 and 5 are generated by the
256 Color internal Attribute Controller color

palette registers

Video Output 4-5 Select . X .
1: Video bits 4 and 5 are the same as bits

0  Text/Graphics Mode: 0 and 1 in the Pixel Pad register

0: Select text mode (AR14)
1: Select graphics mode

1  Monochrome/Color Display

0 Select color display attributes
1 Select mono display attributes
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Attribute Controller and Color Palette Registers

OVERSCAN COLOR REGISTER (AR11)

COLOR PLANE ENABLE REGISTER (AR12)

Read at I/0O Address 3C1h Read at I'O Address 3C1h
Write at 1/0 Address 3CO/1h Write at 1/0 Address 3C0/1h
Index 11H Index 12h

Group 1 Protection

Group 1 Protection

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

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

 Overscan Color

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

Display Status Select

Reserved

7-0 Overscan Color. These 8 bits define the: Plane (0-3) Enable
overscan (border) color value. For mon¥ orce the corresponding color plane
chrome displays, these bits should bize ‘pixel bit to O before it addresses the
The border color is displayed in the i color palette
after Display Enable End and be ) 7. ; -
Start (end of display area; i.e. ﬁght ide and I Isiglsx?cllfntghz(ﬁgn&g;gggaﬁme corre
bottom of screen) and betwsgen ‘Blank:En .
and Display Enable Start (begﬁ’imng -4 Display Status Select. These bits select two
play area; i.e. left side and top of st of the eight color outputs to be read back in
the Input Status Register 1 (port 3BAh or
3DAh). The output color combinations
available on the status bits are as follows:
Status Register 1
BitS Bit4 BitS Bit4
0 0 P2 PO
0 1 P5 P4
1 0 P3 P1
1 1 pP7 P6
7-6 Reserved (0)
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Attribute Controller and Color Palette Registers

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

3-0 Horizontal Pixel Panning. These bits sel
the number of pixels to shift the (display hah-r

R

zontally to the left. Pixel panning js avail -
ble in both text and graphics mo 2

plxels/character text mode, the.
shifted a maximum of 9 pix
els/character text mode a W‘hﬂ
modes a maximum shift of 8

ble. In 256-color mode (output“

' fn 8 Pixs
gmpmcs’”‘“

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

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

Group 1 Protection

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

Video bit-4 if AR10 D7=1
Video bit-S if AR10 D7=1
Video bit-6 if not 256-color
Video bit-7 if not 256-color

Reserved

s are output as video bits 5 and 4
\R10 bit-7 = 1. They are disabled in
6 color mode.

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

Reserved (0)

AR10 D6 = 1), bit O of this mglstgsmusg
0 which results in only 4 panning positions.*
per display byte. In Shift Load 2 afd:Shift
Load 4 modes, register CR08 prawd‘csfsm-
gle pixel resolution for panmng’\% anning is

controlled as follows: K
m . .
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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.\Hi"l'a ® Attribute Controller and Color Palette Registers

EXTERNAL COLOR PALETTE EXTERNAL COLOR PALETTE
PIXEL MASK REGISTER (DACMASK) STATE REGISTER (DACSTATE)
Read/Write at 1/0 Address 3C6h Read only at 1/O Address 3C7h
Group 6 Protection
{D7]D6|D5|D4|D3|D2|D1|Do)| {D7{D6|D5[D4|D3]|D2[D1|DO|
Pixel Mask Bit-0 Palette State 0
Pixel Mask Bit-1 Palette State 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 o~ |
e

The contents of this register are logically ANDed%% ; P 0 Status blts indicate the I/O address of the last

with the 8 bits of video data coming into the exte
color palette. Zero bits in this reglster ther

cause the corresponding address input to th é}(&%
color palette to be zero. For example, if tl tcr

\‘gfob The last write was to 3C8h

is programmed with 7, only external £ORy (write mode)
registers 0-7 would be accessible; v 'E‘=.z~:9_ ' 11 The last write was to 3C7h
3-7 would be ignored and all colo ] (read mode)

map into the lower 8 locations in the

color palette chlp (used for dxsplaymg analog
the CRT). Reads from this 1/O location caxfs
PALRD/ pin to be asserted. Writes tQ thi
location cause the PALWRY/ pin to be asgeried:

* 7.2 Reserved ©

To allow saving and restoring the state of the video
subsystem, this register is required since the extemal
color palette chip automatically increments its index
register differently depending on whether the index

functionality of this port is determi is written at 3C7h or 3C8h.

external palette chip. This register is physically located in the 82C450 chip
(PALRD/ is not asserted for reads from this I/O
address).
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Attribute Controller and Color Palette Registers

EXTERNAL COLOR PALETTE
READ-MODE INDEX REGISTER (DACRX)
Write only at I/0 Address 3C7h

Group 6 Protection

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

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

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

EXTERNAL COLOR PALETTE .
DATA REGISTERS (DACDATA 00-
Read/Write at 1/0 Address 3C9h
Index O0h-FFh

Group 6 Protection

[D7]ps]Ds[p4[D3[D2[D1]D0]

st

Red 0  Grign

Red1 Green¥ Blue 1

Red2 Green2 Blue2
Red3 Green3 Blue3

Red4 Green4 Blue 4

RedS Green5S BlueS

(Red 6) (Green 6) (Blue 6)

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

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

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

The index may be written at 3C7h and may be read
or written at 3C8h. When the index value is written
to either port, it is written to both the index register
and a 'save' register internal to the color palette chip.
The save register (not the index register) is used
internally by the palette chip to point at the current
data register. When the index value is written to
3C7h (read mode), it is written to both the index
register and the save register, then the index register
is mati incremented. 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. This allows the entire palette (or any

4 ‘supset) to be read (written) by writing the index of

thiefirst coléftinisthe set, then sequentially reading
(writing) fh8yalues for each color, without having to
3 index every three bytes.
ate Bf the RGB sequence is not saved; the user
tess each three bytes in an uninterruptable
&nce (or be assured that interrupt service
Tautines will not access the palette index or data
registers). When the index register is written (at
either port), the RGB sequence is restarted. Data
value reads and writes may be intermixed; either
reads or writes increment the palette chip internal
RGB sequence counter.

The palette chip internal save register always con-
tains a value one less than the readable index value if
the last index write was to the 'read mode' port. The
82C450 therefore saves the state of which port
(3C7h or 3C8h) was last written and returns that
information on reads from 3C7h (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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Extension Registers

82C450 Extension Registers

Register Register o State After
Mnemonic  Group Register Name Index  Access Address Reset Page
XRX - Extension Index - RW 3B6h/3D6h -xx xXXXX 63
XRO0O0O Misc Chip Version 00h R 3B7h/3D7h 0100rrrr 63
XRO1 Misc Configuration Oih R 3B7h/3D7h dddddddd 65
XR02 Misc CPU Interface 02h RW 3B7h/3D7h RRRRRRRR 66
XROD Misc Auxiliary Offset 0Dh RW 3B7h/3D7h 000000ORR 68
XROE Misc Text Mode Control OEh RW 3B7h/3D7h 000 ORROO 68
XR28 Misc Video Interface 28h RW 3B7h/3D7h OOROORRR 76
XR2B Misc Default Video RW 3B7h/3D7h RRRRRRRR 76
XR7F Misc Diagnostic RW 3B7h/3D7h RRx xxxRR 77
XR04 Mapping Memory Mapping 3B7h/3D7h OOROO0OOR 66
XROB Mapping CPU Paging 3B7h/3D7h 000 00RRR 67
XROC Mapping Start Address Top 3B7h/3D7h 0000000R 67
XR10 Mapping Single/Low Map 3B7h/3D7h xxxxXxXXX 69
XR11 Mapping High Map 3B7h/3D7h xxXx XxXXXXX 69
XR14 Compatibility 3B7h/3D7h RRRRhhRR 70
XR15 Compatibility 3B7h/3D7h RRRRRRRR 71
XRI1F Compatibility 3B7h/3D7h ROOOxxxXx 75
XR7E Compatibility 3B7h/3D7h 00x xxxXxX 7
XR18 Alternate il D'Bp Y 3B7h/3D7h xxx xxXxXxX 72
XR19 Alternate Alt H Sync Start N\galf Lipes rgpare 3B7h/3D7h xxxxxxxx 72
XR1A Altemnate Alternate Horizontal SyncEnd* - 1A RW  3B7h/3D7h xxxxxxxx 73
XR1B Alternate Alternate Horizonta], ¥ 1Bh RW 3B7h/3D7h xxx XxXXXX 73
XR1C Alternate Alternate Horizopgal, Start 1Ch RW 3B7h/3D7h xxxxxxxXx 74
XR1D Alternate Alternate Horizéqtal Blank End 1Dh RW 3B7h/3D7h Rxx xxXxXX 74
XR1E Altemate Alternate Offset \\2\ 1Eh RwW 3B7h/3D7h xXxX XXXXX 75
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
h = Read-only Hercules Configuration Register Readback bits

Note: These registers can be accessed only if enabled through the Extension Enable register (port 103h during setup).

r = Chip revision # (starting from 0000)
R = Reset to 0 by falling edge of RESET
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Extension Registers

WHIr
EXTENSION INDEX REGISTER (XRX) CHIPS VERSION REGISTER (XR00)
Read/Write at I/O Address 3B6h/3D6h Read only at 1/0 Address 3B7h/3D7h
Index 00h
[D7]D6|D5]|D4[D3|D2[D1]DO] [D7]D6]D5D4]D3]D2]D1]DO]
L

Index to
- Extension Registers

- Version number

Reserved d

7-0 This register contains the version number for
the 82C450. Values start at 40h and are
incremtented for every silicon step.

6-0 Index value used to access the extension
registers
7 Reserved (0)
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\ n ' r : ® Extension Registers

CONFIGURATION REGISTER (XR01) 2 PCS - Pixel Clock (PCLK) Source

Read only at 1/0 Address 3B7h/3D7h 0: CLKO pin is Memory clock input

Index Ol1h CLXK1 pin is Pixel clock input
CLK2 pin is CLKSELQ output

CLK3 pin is CLKSEL1 output

1. CLKO-CLK3 are Pixel clock inputs
ISA: Bus Type CLKO or CLK1 pin is MCLK input

ROM: ROM Decode Enable

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

Note: Actual pixel clock frequencies generated

PCS: Pixel Clock Source (and how the CLKSELO-1 outputs are driven) is
MCS: Memory Clk Source determined by Misc Output register (MSR) bits 2-
CFG4: Configuration Bit-4 3 and/or FCout register (FSR) bits 0-1 (see MCS
CFG5: Configuration Bit-5 bit below for clock pin connections and table at

bottom of page for actual pixel clock frequencies).

CFG6: Configuration Bit-6
CFG7: Configuration Bit-7 3  MCS - Memory Clock (MCLK) Source

These bits latch the state of the CPU data bus (AD Clock pin connections should be as follows:
bus) on the falling edge of RESET. The state of bits External Clock Mux (PCS = 0)

0-3 after RESET effect the 82C450 internal lQgic as 3 0: MCLK (CLKO) = 56.644 MHz
indicated below; bits 4-7 are latched from AD4-7 ﬂ?i : ‘ ggt geieci (1) = 4518%)(5)8 ﬁgz

the falling edge of RESET and may be read in this ck select 1= 50. z
register, but otherwise have no hardware effect:gn gocﬁ ge%ect % = ﬁ‘gége&nﬁzd

the 82C450 chip. The AD bus has internal, dn-chilp FLI0CK SEIECL 3 = 44.

high-valued pullups and will float high if ridt:drive MCLK (CLKO) = 50.350 MHz

RESET 1. sta Clock Select 0 = 40.000 MHz
gltlhgglf: gﬁgng SET so that the defgufstate ; Clock Select 1 = 28.322 MHz
Clock Select 2 = User-defined
Clock Select 3 = 44.900 MHz

n 1 X =

0. CLKO0=50.350 MHz
CLK1=56.644 MHz (MCLK source)
CLK2=40.000 MHz
CLK3=44.900 MHz

This register is not related to the Virtug{
Switch register (XRIF). ’

7-4 CFG - Configuration bits: Latched from.AD
7-4 at RESET and readable in this f

but have no other hardware functi
ISA -Bustype: 0=MCA, 1= 1: CLKO0=50.350 MHz (MCLK source)
CLK1=28.322 MHz

1 ROM - ROM Decode Enable: 0 = Disable, CLK?2=40.000 MHz
1 = Enable. Setting this bit causes the CLK3=44.900 MHz
82C450 to decode the ROM space (CO000h-

C7FFFh) and activate ROMCS/. This bit is Actual internal pixel clock frequencies

generated are given in the table below.

valid for ISA Bus only.
Pixel Clock Frequency Generation
PCS=1(IntClk Mux) PCS=1(IntClk Mux)  PCS =0 (Ext Clk Mux)+ PCS = 0 (Ext Clk Mux)t
XR02 MSR FCR MCS =1 (Mclk=50.350) MCS =0 (Mclk=56.644)  MCS = 1 (Mclk=50.350) MCS = 0 (Mdk=56.644)

0 00 xx CLKO+2(25.175 MHz) CLKO0+2(25.175 MHz) xx (MCLK+2 = 25.175 MHz) 01 (CLKIN+2 = 25.175 MHz)
1 00 xx CLK1+2(14.161 MHz) CLKI+4 (14.161 MHz) 01 (CLKIN+2 = 14.161 MHz) xx (MCLK+4 = 14.161 MHz)
0 01 xx CLKI(28322MHz) CLK1+2(28.322MHz) 01 (CLKIN+1 =28.322 MHz) xx (MCLK+2 = 28.322 MHz)
1 0l xx CLKO+3 (16783 MHz) CLKO0+3 (16.783 MHz) xx (MCLK+3 = 16.783 MHz) 01 (CLKIN+3 = 16.783 MHz)
x 1x 00 CLK2(40.000MHz)  CLK2 (40.000 MHz) 00 (40.000 MHz) 00 (40.000 MHz)

x 1x 01 CLK1(28322MHz)  CLKI (50.350 MHz) 01 (28.322 MHz) 01 (50.350 MHz)

Xx 1x 10 CLKO (50.350 MHz)tt CLKO (56.644 MHz)t+ 10 (User-defined)tt+ 10 (User-defined)++

x 1x 11 CLK3(44900MHz)  CLK3 (44.900 MHz) 11 (44.900 MHz) 11 (44.900 MHz)

t Extemnal clock multiplexing allows the use of an external clock synthesizer chip.
t1 Pixel clock frequencies 2 MCLK are not useful (no memory bandwidth is available for CPU accesses to display memory).
11 An additional user-defined frequency is available by using the external pixel clock multiplexer option.
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Extension Registers

CPU INTERFACE REGISTER (XR02)
Read/Write at I/O Address 3B7h/3D7h
Index 02h

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

i

Reserved

Digital Monitor
Reserved

Attribute Controller
Mapping

1/O Address Decoding
Palette Addr Decoding
Attribute FF Status (R/O)

Reserved (0)
1  Digital Monitor clock mode

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

14 MHz = 50 MHz + 3
16 MHz =28 MHz +2o0r 5

2 fleserved ©)
4-3  Attribute Controller Mappin

4 3 Atribute Controller
0 0 Write Index and Data a

(Default on Reset; VGA typé m
ping).
Write Index at 3COh and.
3C1h (the attribute f¥
always reset in this mode)
Write Index and Data at 3COh or
3C1h (EGA type mapping)
1 1 Reserved/Illegal
S 1/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.

6  Palette Address Decoding

0: Decode 3C6h-3C%h (default)

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

7  Attribute Flip-flop Status (read only)
0: Index; 1: Data

01

10

MEMORY MODE REGISTER (XR04)
Read/Write at 1/O Address 3B7h/3D7h

Index 04h
[D7[D6[D5{D4]|D3]D2[D1]D0]
- Memory Size
- Reserved
— Write Buffer Enable
- Reserved

0 Memory Size

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

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

Reserved (0)
Memory Write Buffer

0: Disabled
1: Enabled

Reserved (0)

7-6
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--- u ll -- -: ---------- Exterlﬂ'on Reg‘sters

CHIFS.

CPU PAGING REGISTER (XR0B) START ADDRESS TOP REGISTER (XR0C)
Read/Write at 1/O Address 3B7h/3D7h Read/Write at I/O Address 3B7h/3D7h
Index OBh Index OCh
[D7]D6|D5|D4[D3| D2 D1 [Do)] [D7]D6[D5]D4]D3[D2]D1]D0]
Memory Mapping Mode = Start Address Top

Single/Dual Map —
CPU Address divide by 4 S

- Reserved

Reserved

Start Address Top. This bit defines the high
order bit for the Display Start Address when
512KB:. of memory is used.

0  Memory Mapping Mode

0: Normal Mode (VGA compatible)
1: Extended Mode (mapping for 5
KByte memory configuration

1  Single/Dual Map
0: CPU usesonly a single m

defined in the Singl "':.\,Map

(XR10). :
1: CPU uses two maps to

extended video memory s

Registers (XR10 and XR1F
2 CPU address divide by 4

0: Disable divide by 4 (normal mode)

1: Enable divide by 4 for CPU
addresses. This allows video memory
to be accessed sequentially in mode

. 13. In addition, all video memory is
available in mode 13 by setting this
bit.

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

Index ODh
{p7]D6[Ds[D4|D3[D2[D1 Do
Lsb of Offset (CR13)
— Lsb of Alt Offset (XR1E)
- 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, 3

regular Offset register (CR13).

1  This bit provides finer granularity to th
set when the Chain (Odd/Even) and Chain
modes are used. This bit is used“&ith t
Alternate Offset register (XR1E},

7-2 Reserved (0)

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

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

} Reserved

Cursor Blink Disable
Cursor Style

- Reserved

Style

"0: Replace
1: Exclusive-Or

E -4 Reserved
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Extension Registers

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

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

- Single or Lower Map
Base address bits 12-17

7-0 These eight bits define the Single or Lower
Map (in Dual Map Mode) base address bits

17-12. The map stars on a 1K boundary in, &

planar modes and on a 4K boundary
packed pixel modes.
mapping this register controls the Ci"‘i}

window into the display memory@ased 0N

the contents of GRO6 bits 2- 3 as ovvs

0  OAOOOO-OAFFFFhY’ 3

1 0A0000-0A7FFFh *
2 0B0000-0B7FFFh
3 0B8000-0BFFFFh

In case of du'}lm"“’

HIGH MAP REGISTER (XR11)
Read/Write at 1/0O Address 3B7h/3D7h
Index 11h

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

- Higher Map
Base address bits 12-17

These eight bits define the Higher Map (in
Dual Map Mode) base address bits 17-12.
The map starts on a 1K boundary in planar
d on a 4K boundary in packed
wodcs This register maps the CPU

*‘%@5 nts of GRO6 bits 2-3 as follows:

GR0O6 Low Map
0 0B0000-0BFFFFh
1 0A8000-0AFFFFh
2 Don't care
3 Don't care

Dual mapping is not allowed in th
cases. In the last two cases tt@ - uses
single mapping. ***% e
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EMULATION MODE REGISTER (XR14)
Read/Write at I/O Address 3B7h/3D7h
Index 14h

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

Emulation Mode

Herc Config (read only)

DE Status Mode

V Retrace Status Mode
Vsync Status Mode
Interrupt Polarity

1-0 Emulation Mode
10 Mode
00

VGA
01 CGA
10 MDA / Hercules
11 EGA
3-2 Hercules Configuration Regist
readback (read only).

4 Dlsplay Enable Status Mode *

at bit 0 of Input Status reglstq(x 1 (/&
Address 3xAh) Normally usedfo

1: Select Hsyng status to apge
of Input Status register 1 (I}

3xAh). Normally used for MDA /
Hercules mode.

5 Vertical Retrace Status Mode

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

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

Vsync Status Mode

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

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

Interrupt Output Function
This bit controls the function of the IRQ/
output in both MCA-bus and PC-bus.

XR14[7]=0 XR14{7]=0

Interrupt State PC Bus  MCA Bus XR14[7]=1

3-state 3-state 3-state

‘:Eha}pled, Inaq' e 3-state 3-state Low

3-state Low High
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Extension Registers

WRITE PROTECT REGISTER (XR15)
Read/Write at 110 Address 3B7h/3D7h

Index 15h

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

Wr Protect Group 1 regs
Wr Protect Group 2 regs
Wr Protect Group 3 regs

Wr Protect Group 4 regs

Wr Protect Group 5 regs

Wr Protect Group 6 regs

Wr Protect Group 0 regs

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

protected.

0  Write Protect Group 1 Registers

Sequencer (SRO0-SR04) ‘
Graphics Controller (GR0OO- GRQ%
Attribute Controller (AROO- 14)=

1  Write Protect Group 2 Regls{grs b

Cursor Size register (CR09)».:b1 :
Character Height regs (CROA,

2  Write Protect Group 3 Registers

CRT Controller CRO7 bit-4
CRT Controller CRO8 ;
CRT Controller CR11 bits 4 aﬁd
CRT Controller CR13 and CR14%

Reserved

CRT Controller CR17 bits 0,1 & 3-7
CRT Controller CR18

(Split screen, smooth scroll, & CRTC mode

control registers)

3  Write Protect Group 4 Registers

CRT Controller CRO9 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)

5  Write Protect Group 6. (I/O Addresses 3C6-
3C9h). The PALRD/ and PALWR/ output
signals are disabled and the 82C450 DAC

state register is write protected.

Write Protect Group 0. Auxiliary Write
Protect for CRT Controller registers CR0O-
CRO7 except CR07[4]. This bit is logically
ORed with CR11{7].

Reserved
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Extension Registers

ALTERNATE HORIZONTAL ALTERNATE HORIZONTAL SYNC START
DISPLAY ENABLE END (XR18) {HALF LINE COMPARE (XR19)
Read/Write at 1/O Address 3B7h/3D7h Read/Write at 1/O Address 3B7h/3D7h
Index 18h Index 19h
[D7]D6[Ds5]D4[D3|D2| D1 [Do] [D7]D6|D5{D4|D3[D2]|D1|Do|
- Alternate H Display End —— I Alternate Hsync Start

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

7-0 Alternate Horizontal Display Enable End’
The value in this register defines ;héxiumber

line. The programmed value
of characters displayed per scan:}

Ttus" register -.used in low resolution (320-pixel)

Memate Horizontal Sync Start or Half Line
ompare.

XR28 bit-3 = n-interlaced Vi

When the alternate register set is in effect,
the value in this register defines the
beginning of Horizontal Sync in terms of
character clocks from the beginning of the
display scan. This controls the centering of
the display on the screen.

XR28 bit-3 = 1 (Interl Vi

The value in this register is used to generate
the 'half-line compare' signal that controls
the positioning of the Vsync for odd frames.
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Extension Registers

ALTERNATE HORIZONTAL SYNC END (XR1A)
Read/Write at 1/O Address 3B7h/3D7h
Index 1Ah

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

- Alternate H Sync End

-

- Alternate H Sync Delay

-

This register is used in low resolution (320-pixel)

CGA modes and Hercules graphics modes.

ALTERNATE HORIZONTAL TOTAL (XR1B)
Read/Write at 110 Address 3B7h/3D7h
Index 1Bh

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

- Alternate H Total

-

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

Altema _Horizontal Total. This reglster
defifés the total number of character times in
line including both displayed
sharacters and retrace. The programmed
alue is the number of character clocks per
scan line minus 5 for VGA mode and minus
2 for EGA mode.

4-0 Alternate Horizontal Sync End. Lower,$S
bits of the character count that defines
end of Horizontal Sync.

The value programmed into bits
register is the lower 5 bits of thy

6-5
bit of the Horizontal Blank Ewng register
(CRO3).

Revision 0.76

This Materi al

73

Advance Product Information 82C450

Copyrighted By Its Respective Manufacturer



saees ®

Extension Registers

ALTERNATE HORIZONTAL BLANK START ALTERNATE HORIZONTAL BLANK END
(XR1C) (XR1D)

Read/Write at 110 Address 3B7h/3D7h Read/Write at I/0O Address 3B7h/3D7h

Index 1Ch Index 1Dh

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

- H Blank Start

This register is used in low resolution (320-pixel

CGA modes and Hercules graphics modes.

7-0  Alternate Horizontal Blank Start, 1%
register defines the beginning of I;iortz

Blanking in terms of character c:lgc
period between horizontal displdy, efia

- H Blank End

T DE Skew Control

Split Screen Enhance

' gs register i.used in low resolution (320-pixel)

ercules graphics modes.

erfiate Horizontal Blank End. These bits
programmed with the lower 5 bits of the
aracter count that defines the end of
horizontal blanking. The interval between

the end of horizontal blanking and the
beginning of the display (count 0) is the left
side border on the screen. The programmed
value is calculated by adding the value in the
horizontal blanking start register to the
desired horizontal blanking width. The
lower 5 bits of the result is programmed into
this register and the sixth bit is programmed
into CROS.

6-5 Display Enable Skew Control. These bits
define the number of character clocks (0-3)
that the Display Enable signal is delayed to
compensate for internal pipeline delays.

and horizontal blanking startii
border on the screen. k

7  Split Screen Enhancement

0: IBM VGA compatible operation
1: Enhances split-screen functionality.
Also, this bit should be set to 'l' for
Hercules graphics mode (720x348
| resolution).
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Extension Registers

ALTERNATE OFFSET (XRIE)

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

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

Alternate
- Display Buffer
Width

-

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

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

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

———— I~ Virtual EGA Switches

- Reserved

Sense Select

Virtual switch register bits 3-0. If bit-7 of
this register is 'l’, then one of these four
bits is<tead back in Input Status Register 0

3-0

7-0  Alternate Offset. The byte starting address. bit. e bit selected is determined by Misc
of the next display row is 'Byte start addre ttpyt.Register (3C2h) bits 2-3.
of the current row plus (K times the contéﬁts
of the Offset Register)’ where K =2 in byte eserved (0)
mode and 4 in word mode. ¥ & ense Select
el
To provide finer granularity ingoffsety an; 0: Select the SENSE pin for readback in
additional bit is defined in: g Au)qlmry Input Status Register O bit-4.
Offset Register in the extended L/(3:space i . .
This additional bit essentially a as 1: Select one of bits 0-3 of this register
significant bit to the Offset. for readback in Input Status Register O
bit-4.

The byte or word mode for the 1
address is selected by the CRT mqge
Register bit-6. The 400-line regi
allows byte/word resolution to thg-display
buffer width.
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Extension Registers

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

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

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

Reserved
Interlace Mode

Reserved

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

1  Blank/ Display Enable Select

0: BLANK/ pin outputs BL.
1: BLANK/ pin outputs DE

The signal polarity selected b
cable for either selection.

2 Shut off Video

0: Video forced to 00 (Defaﬁh _
Register) during blank time. -

1: Video forced to default vid
screen is blanked

4-3 Reserved (0)
5 Interlace Mode

0: Non-interlaced video
1: Interlaced video

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

Note: Interlace may be used in graphics
modes only.

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

[D7[Ds[D5s[D4[D3]D2]D1]D0]

- Color displayed when
screen is blanked

-

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

. 70

7-6 Reserved (0)
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o 1] g Extension Registers

CGA COLOR SELECT (XR7E) DIAGNOSTIC (XR7F)
Read/Write at 1/O Address 3B7h/3D7h Read/Write at I/O Address 3B7h/3D7h
Index 7Eh Index 7Fh
[D7]D6|D5|D4[D3|D2 D1 |Do] [D7]D6]Ds[D4[D3[D2[ D1 [Do]
Color bit-0 (Blue) ]
Color bit-1 (Green) ~—~——— [ 3-state Control
Color bit-2 (Red) ,
Color bit-3 (Intensity)
Intensity Enable  Test Function
Color Set Select g
Test Function Enable
Reserved (0) Special Test Function

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

visible.

3-state control bit-0

0: Normal outputs (default)
: tate the following pins:

>ALRD/, PALWR/,
RDY, IRQ,
HSYNC, VSYNC

#3_state control bit-1

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

WE/,

RASA/, RASB/,
CASA/, CASB/,
AABJ[8:0], BA8[8:0]

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

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

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

All bits in this register should be set to '0' for normal
operation. On power up (RESET) all bits default to
* 0 ] .
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Application Schematic Examples

82C450 Application Schematic Examples

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

1) System Bus Interface

2) Display Memory Interface
3) Video Interface

4) Clock Interface
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Application Schematic Examples

=5 RESET S RESET
Bi6 —9—RESH/ 8qRrFSH/ [DIsa
S oww iows, [SETV
BI7 IOWR; dI1o [SETUP/}
B14 ) [ORDL 2JIORD/  [CMD/]
19 *d MEMW/ [S0/]
B12—9—MEMR/ L3IMEMR/ [s1/]
CA10 >—RDY 4-RDY
Chos - IRQY o--0 6IRQ [IRQ/
C AT )—ALY 30
C 2 39—AlLR 22 zig
CAIZ Y—AlZ 281217
5iA16 27 Al6
A6_< AlS 260 A15
AT 9—Ald 251214
g y—AlL3 241213
ATO 9—AL2 23 A12
A20 S—All 22'A 11
rorms SV 2L A0
A23 AR 19 A8
A ROMCS/ [CSFB/)
 ADREN/
82C450
T4F04 VGA
‘3‘30 WRITE/
$51AD7 (CFGT)
55]AD6 (CFG6)
55ADS (CFGS)
52-|AD4 (CFG4)
2-1AD3 (MCS)
$5{AD2 (PCS)
35]AD1 (ROM)
ADO [ISA]
Optional
Configuration 2
Logic 1 1918 ;All 23 :3 8—%?.%)_
A10 21
Swy —4E ET‘E&\ aa 241200 =
SwW2 4 BDN VAR~ 25 A8
SW1 g 2 BDAN VAT 387 D72 BT
Note 1 IDLB& A6 4l)¢ D8 BDN
Note 1 —3] 7B AS _ Slas psl? B@
+5y —12 5_BDN ?4_6,\4 psHe B
+5v —17] 244 [3 BDN /AJ_ZA:; p3H3—BDN
TN /52—8 A2 D2li3 BDN
Al 917 D1HZ_BDIN
+5V = B3, B29 V/AD 10 A0 DoH1l—B
GND = B1, B10, B31 / Optional
0 nc EPROM
BZE% nc . . BD7:0 Data To Color Palette

B30

RS0-2 Address to Color Palette

82C450 EISA/ISA Bus Circuit Example
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Application Schematic Examples

N

g RESET
SqRESH/  [DISA/]
JJAEN ~ [MIO/]
2dIOWR/  [SETUP/]
ZqIORD/  [CMDJ]
3dMEMW/ [S07]
F3AMEMR/ [S1/]
RDY
0--0 6 RQ  [RQ/
nc
BiT_)-Al2 30 A19
B2 )-Al8 %g Al8
Bi4 ) Al7
< Alé6 27 Al6
Bi6 9 AL 28 A1s
B8 13 3] Al4
D 241213
B0 -Al2 231 A12
S All 22
Ad 10 21| 411
LCED v 20| A10
A6 D) A9
A A8 T A8
By% J-CSEL +39 ROMCS/ [CSFB/]
Yo ] ADREN/
A7
—— Y
C A1z )43
A3 )-ad 82C450
2«; o VGA
Ae—Al
b
43
Q WRITE/
(A2 ) DOEO g g gm 321 AD7 (CFG7)
T v 7___BD 32 ]ADS (CFGS)
¢Aa0_y-Do3 —4& 3+{ADS (CFGS)
B40 L 6 3 IAD4 (CFG4)
< D03 5 BD 36
: i 35 {aD3 (MCs)
B Al B 3AD2 (PCS)
25 [2 39| 2Dl (ROM)
] 245 ADO [ISA]
Optional
Configuration 74F04
Logic 19
8 BD7
gvvgg 5 BDON
SW1 4 BDON
Note 1 — 2
Note 1 == 3
GND —] >
GND —

= BD7:0 Data To Color Palette

RS0-2 Address to Color Palette

82C450 MCA Bus Circuit Example
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Application Schematic Examples

MBD7 3
MBD671
MBDS5 74
MBD4
MBD3 {22 153 1953
MBD2 =5 ={D2 5 D2
MBDI [ 71D1 D1
MBDO
879 < 356Kx4 5 ifancm
BAS8 |2 =~ A A
BAT7 50 41'A7PRAM a7 PRAM
BA6 = A6 A6 oprT
BAS 52 11]AS 15]AS
BA4 r 9 Ad 9 A4
BA3 |52 : A3
BA2 §6 = 71A2
BA1l 37 r3 r3 Al
BAO A0
RASB/ 44
CASB/ » 3 ]
82C450 By
VGA
MAD7
MAD6
MADS
MAD4
MAD3
MAD2
MAD1
MADO
AAS8
AA7 14
AA6 13 13
12 12
AAS 11 11
AA4 9 5
AA3 g 8
AA2
7 7
AA194 6 6
AAO0 A0 AQ
33
Rasa/bZ—w—|3dFAs | iqRas
CAVE P 33S8° [0 39sa 10 oy
WE/ WE VCChg +5SV—=QWE VCC[55+
L4 GE GND—?L 140E  GND 1Y
= DIP-20 = = DIP-20 =
82C450 Display Memory Circuit
Note: For minimum configurations, two DRAMs may be implemented instead of four. In this case,
the two optional DRAMs on the right side of the above circuit marked 'OPT may be removed.
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Application Schematic Examples
CHiIrFES e -

Gl (optional
‘ optiona
4 SR A L
11 = Analog Video {(2) o MW
J2 = Digital Video (optional) 6 7 AAA
J3 = Feature Connector (ribbon 4 .:‘:‘
connector: numbers in parentheses 2{ 365 |3 M ¢
indicate component and solder-side #'s (optional) L1 1 1 _]_
if card-edge connector implemented) TTTTT I 100pF
(card edge pin 1 is closest the bracket) = = = = == =

+5V
1 Digital Ground 47uH | 22uF |+ 0.1| 0.047|
e 3

$ Analog Ground

PALRD/ ojg
PALWR/ D

P7
P6 |
P5 |
82C450 P4
VGA P3|
P2 |
P1
PO |

BLANK/
PCLK|

SENSE
HSYNC|
VSYNC }

o] .

4
>340, 1%

T4F04 li
P o
4

Dc :D
MS2
MS1 -
Re,= (21.3) ®R)) M50 -

T4F04

Vo] +75) NC
BDO-7 _(Buffered Data Bus) =22.0Q for V,,=0.64V, R} =150 NC
=15.4Q for V=070V, R} = 75
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Application Schematic Examples

R, (chms) = K * 1000 * V__ (V)

This Materi al

lout (mA)
5
R; =75Q, V_=0.70V (I__=18.67mA): Sbi
L out out :
6-bit: K=3.000, R ,,=193Q 4| Ry 33 r r(°p“°;a'))
. J &=
8-bit: K=3.175, R =204Q 2 (L A E 16 )
Ry =150Q, V,,,=0.64V (I,,,=12.8mA): M S :; %
6-bit: K=3.000, R, =281Q 4 3 A (B
8-bit: K=3.175, R, =298Q 4365 |3 M _T_ B 77
(optional) =========I 100pF
+5V M _ STEEE
11 = Analog Video 4.7uH 22uF T o1 1 oo
12 = Digital Video (optional) 4[SENSE AVCCl35 $ 1;
J3 = Feature Connector (ribbon 73|OL3  AVCCl57
connector: numbers in parentheses 42 811:% ﬁzgg ﬁ_‘ 0.1 |0.1
indicate component and solder-side #'s 41 OL0 . “OPA 30 T 470 _|__ Digital Ground
if card-edge connector implemented) 29 '1 N
(card edge pin 1 is closest the bracket) Y R $ Analog Ground
.48 o Wy
lf:ﬁ.RD/ D75 R I 1.2V LM385
RIp Sed ¥ N Ves Note: LM339 not
P7 22‘ (T3-T1(CBY {07, AT required for BT475,
Pé [62 (13- 13(CT)—T1 1T Chiy RAGND BT477, & BT479
Ps 12= {13-15(C6))—otFi: 65 N o5
82C450 p4 60 ———613-17(C3))—= 4%1\ BT4zx K35 ¢ _Ji-1 )
VGA  p3(50 T3-19(CA)) 3 DTAX \G120 oy
P2 Ee—(J321(C3)) - —EHC2 . "B CJi3 )
P1 [ZE——(T323(C2)— 5 -
PO 13-25(C1 y 150, 2%
. R
BLANK/p$Z T3-I(CI0 2 . L
PCLK = 13-9(C9) & ~
NC—(J3-14 (ST o
NC—134 (317 D210 | LM339
5o NC—CB2(S DI f= N ] 475 %
SENSE DO -
K
HSYNC J3-5(C PLCC-44 j1-8 )
VSYNC| >
74F04

AlS

A
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82C450 VGA
i”‘l;
nn 20 CLK3 (CLKSEL1)
(44.900 MHz) , 34 CLK2 (CLKSELD)
(40.000 MHz) | S I 3 CLK1 (MCLK/CLKIN)

28.322 MHz |-JWL | CLKO (MCLK)
50.350 MHz [JUL

82C450 Clock Circuit Example 1 - Minimum

Configuration1 )

(44.900 MHz)
(40.000 MHz) | Tt
56.644 MHz &0

L Altemate Standard

(44900MHz) 44900MHz |JUL L3
(User Defined) 28.322MHz |JUL|™ L 1> vy
(50350 MHz)  (User Defined) | JLL 1 Gp—
——0 =
(40.000 MHz)  (40.000 MHz) | JUL B A 82C450 VGA

é'cuc (CLKSEL1)

5-ICLK2 (CLKSELO)

ZCLK1 (MCLK/CLKIN)
CLKO (MCLK)

(& (7 7 ¥

’ (56644 MHz) 50350 MHz [uL]
|
|

82C450 Clock Circuit Example 3 - Alternate Configuration
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, HHH Electrical Specifications
CHIFS P

82C450 Electrical Specifications

82C450 ABSOLUTE MAXIMUM CONDITIONS

Symbol Parameter
P, :Power Dissipation

Vee "Supply ‘Voltage

Vi Input Voltage

Vo  iOutput Voltage

Top iOperating Temperature (Ambient)

Tgrg iStorage Temperature

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

ﬁpgs are exceeded. Functional operation should be restricted to

82C450 NORMAL OPERATING CONDITIO

Symbol {Parameter
Vee Supply Voltage

- Ty Amblent Temperature

82C450 DC CHARACTERISTICS (Under Normal Operation Conditions Unless Noted Otherwise)

Symbol ({Parameter ‘Notes i Min__ Typ | Max : Units
| Ieey _Power Supply Current @25 MHzCLK, 0°C — _______ 65 ) 100 mA
| I Input Leakage Current -100 : -  +100 uA
i uA
A"
........ o
\%
,,,,,,,, G
\%
Vv
f \%
| v
| Iy = —4 mA (all others) 2.4 - i - v
Electrical specifications contained herein are preliminary and subject to change without notice.
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Mechanical Specifications

% Lead Length
"""""""""""""""" T 12106
- : (0.047 10.024)
Lead Pitch E e ma : 6'80‘ <
0.65 (0.0256) * = =3 Wg
= = s 98
= 2C4 o S0 29 )
Lead Width y, C= 82450 =28 E g DIMENSIONS:
031010 = 100-Pin = g‘q £ mm (in)
(0.012 10.004) == - = f¢ g
= Plastic Flat Pack o | O &
Lead Length &2 o | < Clearance
1.2 0.6 P, 0.1+0.1
(0047 i0024) ----------- Spegegugugeguuanpepngn e ; ; < ; : — (0(x)4 10'004)
Pin 1 % 5, > Max Height
ealing Plane~ 319 (0.126)
Footprint 2\43:‘%&4\4‘
(0.96%10,05%)
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