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82C457

Enhanced Color Flat Panel/CRT
VGA Controller

= Fully IBM VGA-compatible

m  Supports TFT and STN Color LCD panels of
varying resolutions and anaog/digital CRT
monitors

m Upto 227K colorson Color Flat Panels

m Integrates full support of STN, TFT and Plasma
color panels

Programmable vertical compensation techniques
increase usable display area

Advanced SLEEP mode minimizes power
consumption

Full backwards compatibility with IBM EGA,
CGA, MDA and Hercules graphics standards

Proven DOS and OS/2™ compatibility
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I ntroduction

The 82C457 Enhanced Color Flat Panel/CRT VGA
Controller, combined with the 82C411 Flat Panel
Color Paette / DAC, provides a complete solution
for a VGA, EGA, CGA, MDA, or Hercules com-
patible display system. The 82C457 supports awide
variety of color flat panel displays and CRT
monitors.

By providing ahigh level of integration, the 82C457
minimizes the total chip count for a VGA display
subsystem. The 82C457 power-down features
reduce power consumption of the display subsystem
and extend battery life in portable applications. The
82C457 provides a variety of programmable
features, such as Verticah Compensation and
Alternate Registers to enhancetheflat panel display;
aswell as Frame Rate Control to increase the number
of displayable colors.

FLAT PANEL DISPLAYS

Thereis currently no standard interface for flat panel
displays. Interface signals and timing requirements
vary between panel technologies and manufacturers.
The 82C457 provides register programmable
features to alow interfacing to the widest possible
range of flat panel display units. The 82C457 is
optimized to interface directly to color panels. For
most panel applications, no additional interface
circuitry isrequired.

The 82C411 Flat Panel Color Palette / DAC and a
proprietary Frame Rate Control (FRC) algorithm in
the 82C457's hardware generate up to 64 shades for
each color (RGB) output. The FRC algorithm
simulates intensity levels on panels by turning the
pixels on and off over several frames. This
technique allows up to 226,981 color to be displayed
on color STN LCD panels. For flat panels that
support multiple levels per color (more than one bit
per color per pixel), the 82C457 supports up to 4096
colors directly. By combining internally generated
colors with  FRC up to 4096 colors may be
supported on TFT panels. For an analog CRT
display, the 82C411 provides al the functions of a
standard RAMDAC and LM 339 comparator.

The 82C457 supports all color liquid crystal display
(LCD) technologies, including thin film transistor
(TFT). Interfaces are provided for single panel-
single drive (SS) and dua panel-single drive (DS)
configurations. A single panel sequences data
similar to a CRT. In contrast, a dual panel requires

video data from separate locations in memory. The
82C457 handles the display data sequencing
transparent to the application software, providing full
compatibility on both CRT and flat panel displays.

The 82C457 can support the popular panel
resolutions of 640x200, 640x350, 640x400 and
640x480. For non-standard applications additional
resolutions are supported. The 82C457 provides a
direct interface to panels from vendors such as
Sharp, Sanyo, Hitachi and Epson.

CRT MONITOR

The 82C457 supports both fixed and variable
frequency analog monitors, including IBM PS/2™
and Multisync™ or Multi-Scan monitors. The
82C457 supports digital TTL monitors for the EGA,
CGA, and MDA standardswith no extracircuitry if a
clock synthesizer (such asthe 82C401/A) isused. If
aclock synthesizer is not used, asingle CMOS PAL
and the required oscillators must be added for digital
monitor support.  High resolution support is
provided on both fixed and variable frequency
monitors. When booting a system, the BIOS
determines the monitor type and whether to boot on
the CRT or flat pandl.

COMPATIBILITY

The 82C457 is fully compatible with the IBM VGA
standard. The 82C457 aso provides compatibility
with IBM's EGA, CGA and MDA standards and the
Hercules graphics adapter. The 82C457 includes a
variety of features to provide compatibility on flat
panel displays. Internal compensation techniques
ensure that industry-standard software designed for
different displays can be executed on the single flat
panel usedinanimplementation. Modeinitialization
Is supported at the BIOS and register levels,
ensuring compatibility with all application software.

EXTENSION REGISTERS

The 82C457 employs an "Extension” Register set to
control its enhanced features. These Extension
Registers provide control of the flat panel interface,
flat panel timing, vertica compensation and
Backwards Compatibility.

Flat Panel I nterface Registers

TheFlat Panel Interface characteristics are controlled
by a subset of the Extension Registers. These
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Registers select the panel type, dataformatting, panel
configuration, panel size, clock selection and video
polarity. Since the 82C457 is designed to support a
wide range of panel types and sizes, control of these
featuresisfully programmable.

Flat Panel Timing Registers

Flat panel displaysusually require sync signal timing
that is different from a CRT. To provide full
compatibility with the IBM VGA standard, alternate
timing registers are used to allow independent timing
of the sync signals for flat panel displays. Unlike
the values programmed into the standard CRT timing
registers, the value programmed into the alternate
timing registers is dependent on the panel type used
and is independent of the display mode.

VERTICAL COMPENSATION

Vertical Compensation is a programmable feature
that increases the usable display area when running
lower resolution software on a higher resolution
panel. Unlike CRT monitors, flat panels have a
fixed number of scan lines (e.g., 200, 350, 400 or
480 lines). Lower resolution software run on a
higher resolution panel only partialy fills the usable
display area. For instance, 350-line EGA software
displayed on a 480-line panel would leave 130 blank
lines at the bottom of the display. The 82C457
offers the following three Vertical Compensation
techniques to increase the usable screen area:

First, border insertion (referred to as "centering™)
adjusts the Display Start and Display End addresses
to center the display, leaving a border of unused area
at the top and bottom of the panel. Border insertion
can be used in text and graphics modes.

Second, line replication (referred to as "stretching")
duplicates every Nth display line (where N is
programmable), thus stretching text characters and
graphic images an adjustable amount. The display
can be stretched to compl etely fill theflat panel area.

Double scanning, a form of line replication where
every lineisreplicated, isuseful for running 200 line
software on a400 line panel. Linereplication can be
used in text and graphics modes

Third, blank line insertion, inserts N blank lines
(where N is programmable) between each line of text
characters. Thustext can be evenly spaced to fill the
entire panel display area without altering the height
and shape of thetext characters. Blank lineinsertion
can be used in text mode only.

Each of these Vertical Compensation techniques can
be controlled by programming the 82C457's
Extension Registers. A combination of centering
and stretching or blank line insertion may also be
used.

VIDEO BIOS

In typical applications, the 82C457 is placed on the
CPU board and the video BIOS isintegrated with the
system BIOS. A signal (ROMCY) is provided for
implementing a separate 8-bit ROM Video BIOS.
CHIPS supplies a video BIOS that is optimized for
the 82C457 hardware. The BIOS supports the
extended functions of the 82C457, such as switching
between the flat panel and the CRT, and setting the
Vertical Compensation values. The BIOS
M odification Program (BM P) enablesOEMsto tailor
their feature set by programming the extended
functions. CHIPS aso provides several BMS files
as part of the 82C457 utility package. Those files
contain all configuration information for avariety of
color panels. Working in conjunction with the BMP,
theBM Sfileswill load automatically the BIOSinfor-
mation. CHIPS offers the BIOS as a standard
production version, a customized version or as
source code.

POWER REDUCTION

The 82C457 Power-Saving feature reduces power
consumption and extends battery-based operation.
When the PWRDN pin goes high, the 82C457 enters
'retire’ power-down mode.

While in retire mode the 82C457 is invisible to the
system. The display is blanked, the display timing
signals are halted and the flat panel should be turned
off. The CPU cannot access any internal registers or
display memory. During retire mode, the 82C457
continues to refresh the DRAMs at a programmable
rate, to conserve power in display memory while
preventing data loss. This mode is useful when
system operation is suspended.

BUSINTERFACE

The 82C457 directly interfaces to 8-bit PC and
PC/XT and 16-bit PC/AT buses. All operations
necessary to ensure proper operation in these various
environments are handled in a fashion transparent to
the CPU. These include internal decoding of all
memory and 1/O addresses, bus width translations,
and generation of the necessary control signals.

DISPLAY MEMORY

The 82C457 supports a total of 256 Kbytes of
display memory. The 82C457 serves as a DRAM
controller for the system's display memory. It
handles DRAM refresh, fetchesdata from display
memory as required to refresh the screen,
interfaces the CPU to display memory and supplies
all necessary DRAM control signals. The display
memory is arranged as four planes of 64 Kbytes
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each. Each planeis eight bits wide for a total of 32
bits. Planes 0 and 1 share a common address bus,
as do Planes 2 and 3. Each pair of planes has a
common RAS signal. CAS and write enable are
either shared or separate, depending on the memory
device chosen. Supported DRAMSs include two
64K x16 (with either separate CAS or write enable
signals), four 64Kx8 or eight 64Kx4. 120ns
DRAMs are required for clock inputs up to 30 MHz.
Pseudo-Static and SRAMs can be supported with
external address latches.

82C457 ARCHITECTURE
The 82C457 integrates four major internal modules:
Graphics Controller

The Graphics Controller interfaces the 8 or 16-bit
CPU data busto the 32-bit data bus used by the four
planes (Maps) of display memory. It also latches
and supplies display memory data to the Attribute
Controller for use in refreshing the screen image.
For text modes this datais supplied in parallel form
(character generator data and attribute code); for
graphics modesit is converted to serial form (one bit
from each of four bytes form a single pixel). The
Graphics Controller also performs any one of several
types of logical operations on data while reading it
from or writing it to display memory or the CPU
data bus.

Sequencer

The Sequencer generates all CPU and display
memory timing signals. It controls CPU access of
display memory by inserting cycles dedicated to
CPU access. It also contains mask registers which
can prevent writes to individual display memory
planes.

Attribute Controller

The Attribute Controller generates the 4-bit-wide
video data stream used to refresh the display. Thisis
created in text modes from a font pattern and an
attribute code which pass through a parallel to serial
conversion. In graphics modes, the display memory
contains the 4-bit pixel data. In text and 16 color
graphic modes the 4-bit pixel data acts as an index
into a set of internal color look-up registers which
generate a 6-bit stream. Two additional bits of color
data are added to provide an 8-bit address to the
external color palette. In 256 color modes, two 4-bit
values are passed through the color |ook-up registers
and assembled into an 8-bit value. Text and cursor
blink, underline and horizontal scrolling are also the
responsibility of the Attribute Controller.

CRT Controller

The CRT Controller generatesall the sync and timing
signals for the display and also generates the
multiplexed row and column addresses used for both
display refresh and CPU access of display memory.

82C411

The 82C411 is used to provide the required color
information to the 82C457 aswell asthe functions of
an industry standard RAMDAC in asingle package.
It stores all 18-bits of color video data (i.e., 6-bit
Red, 6-bit Green and 6-bit Blue data) in internal
RAM. During display, the datais provided to triple
6-bit DACs for display on the CRT or to digital
outputs for conversion to flat panel output.
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MODES OF OPERATION

The 82C457 addresses the specific requirements of
laptop design by providing different modes of
operation to optimize power usage. Thetable at the
bottom of the page summarizes these modes and dis-
play memory access in each.

Reset mode

When this mode is activated by pulling the RESET
pin high, the 82C457 is forced to VGA-compatible
mode and the CRT is selected as the active display.
In addition, the 82C457 is disabled; it must be ena-
bled after deactivating the RESET pin by writing to
the Global Enable Register (102h in Setup Mode).
Access to al Extension Registers is aso disabled.
They must be explicitly enabled via the Extension
Enable Register (103h in Setup Mode) following a
reset. The RESET pin must be active for at |east 64
clock cycles.

Setup Mode

In this mode, only the configuration registers are
accessible (these include the Global Enable,
Extension Enable and Global ID).

Setup mode is entered by writing a 1 to bit-4 of port
46E8h. This port is incorporated in the 82C457.
While in Setup mode, the video output is active if it
was active prior to entering Setup mode and inactive
if it was inactive prior to entering Setup mode.

Normal Operating Mode

In this mode all functions of the 82C457 are enabled
except that the configuration registers (102h and
103h) are not accessible.

Retire Mode

The 82C457 supports a power-down mode to reduce
power consumption and extend battery-based
operation. While the 82C457 is in retire mode, the
display is blanked, the display timing signals are
halted and the flat panel should be turned off. The
CPU cannot access any internal registers or display
memory. During Retire, the 82C457 continues to
refresh the DRAMs at a programmable rate to
conserve power in the display memory while
preventing data loss. Extension register 5Fh
(XR5F) definesthe frequency of the memory refresh
cycles during the retire mode. The lower the refresh
frequency is, the greater the power savings. The
82C457 provides for very low refresh frequencies,
thereby extending battery life.

M ode of RESET PWRDN  Display Memory Video
Operation Pin Pin Access Output
Reset High XXX e e
Setup 0000 - - No Yes
Normal Low Low Yes Yes
Retire Low High No No

Note: Combinations of pin levels not shown in the table above areillegal and should not be used.
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GENERAL PURPOSE OUTPUTS

The 82C457 provides two genera purpose output
pins. Thisfeaturerelies on redefinition of the TRAP/
and ERMEN/ pins with the General Purpose Output
Registers (XR08 and XR09). These pins can be
defined to serve their normal function or can be
individually 3-stated, forced low, or forced high. In
most applications, the TRAP/ pinisused asa CRT /
LCD control signal.

SCREEN BLANKING

The 82C457 permits blanking of the display by
writing to bit 5 of the Sequencer Clocking Mode
Register (SR01). With the screen blanked, all
memory cycles are availableto the CPU except those
used for display memory refresh. In addition, the
video output can be forced to a predefined color (the
default video) whenever the BLANK/ pin is
asserted. This color is written to the Default Video
Register (XR2B).

INTERNAL AND EXTERNAL PALETTES

The 82C457 contains 16 color look-up registers (in
the Attribute Controller), each of which is 6 bits
wide. These are used in 16 color modes to select 16
active colors from a paette of 64.

The 82C457 also supports an external flat panel
color palette / DAC (such as the Chips 82C411).
CPU access to this device is controlled by the
82C457, which decodes CPU accesses and
generates the PALRD/ and PALWR/ signals for the
external palette. 1/0 addresses 3C6-3C9h are valid
external palette addresses.

LIGHT PEN REGISTERS

In the CGA and Hercules modes, the contents of the
Display Address counter are saved at the end of the
frame before being reset. The saved value can be
read in the CRT Controller Register space at indices
10h and 11h. This alows simulation of a light pen
hit in CGA and Hercules modes.

SYSTEM TRAPS

The 82C457 supports generation of traps (NMIs) on
one or more conditions. The Trap Enable and Trap
Status Registers (XR16 and XR17) are utilized to
implement this feature. Note that the use of traps
with OS/2™ and other operating environments may
not be useful.

FRAME INTERRUPTS

The 82C457 supports frame interrupts.  For
compatibility with the IBM VGA adapter in the PC
bus, frame interrupts may also be disabled through
the Emulation Mode register (XR14).

DIP SWITCH INPUTS

The 82C457 supports up to 7 DIP switch inputs.
These can be read through the Dip Switch Register
(XRO1). To implement this feature, the A16, Al7,
A18, BHE/, ADDHI, MI10O/ (AEN) and VGAENAB
(RFSHY/) pins are connected to the 7 DIP switches
through a multiplexer. These inputs can be used to
define initialization conditions. Note: the standard
CHIPS BIOS does not require that any DIP switches
be connected to these inputs.

CONTEXT SWITCHING

For support of multi-tasking, windowing and
context switching, the entire state of the 82C457 (all
internal registers) is readable and writeable. This
feature is fully compatible with IBM's VGA.
Additional registers are provided to allow read back
of internal latches not readable in the IBM VGA.

WRITE PROTECTION

A Feature of the 82C457 isthe ability to write protect
most of the standard VGA registers. Thisfeatureis
used to provide backwards compatibility with
software written for older generation display types.
The write protection is grouped into register setsand
controlled by the Write Protect Register (XR15).
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82C457 Pin List

Pin Name Pin # Pin Name Pin # Pin Name Pin #
Al6 44 ERMEN/ (GPOUT) 78 MEMW/ 67
Al7 43 GO 116 MEN216/ 74
A18 42 Gl 117 PO 131
AAO 14 G2 118 P1 132
AAl 15 G3 119 P2 133
AA2 16 G4 120 P3 134
AA3 17 G5 121 P4 135
AA4 18 GND 5 P5 136
AA5 19 GND 35 P6 137
AAG 21 GND 50 P7 138
AA7 22 GND 70 PALRD/ 108
ACDCLK (M) 104 GND 83 PALWR/ 107
ADO 62 GND 115 PCLK 128
AD1 61 GND 130 PNLO 84
AD?2 59 GND 150 PNL1 85
AD3 58 HSYNC (LP) 102 PNL2 86
AD4 57 |IOCS16/ 75 PNL3 87
AD5 56 IORD/ 66 PNL4 88
ADG6 55 IOWR/ 76 PNL5 89
AD7 54 IRQ 80 PNL6 0
ADS8 53 MODO 24 PNL7 91
AD9 52 MOD1 26 PNLS8 92
AD10 51 MOD2 28 PNL9 93
o - MOD3 30 PNL10 94
AD12 48 MOD4 32 PNL11 95
AD13 47 MOD5 34 PNL12 96
AD14 46 MODG6 37 PNL13 97
AD15 45 MOD7 39 PNL14 (DATEN/) 98
ADDHI 41 M1DO 25 PNL15 (SHFCLKL) 99
ADREN/ 65 M1D1 27 PWRDN 105
AEN 69 M1D2 29 RO 109
BO 122 M1D3 31 R1 110
Bl 123 M1D4 33 R2 111
B2 124 M1D5 36 R3 112
B3 125 M1D6 38 R4 113
B4 126 M1D7 40 R5 114
B5 127 M2DO0 143 RAS 23
BAO 6 M2D1 145 RDHI/ 63
BA1l 7 M2D2 147 RDLO/ 64
BA2 8 M2D3 149 RDY 72
BA3 9 M2D4 152 RESET 82
BA4 10 M2D5 154 RFSH/ 77
BAS 11 M2D6 156 ROMCY 73
BAG 12 M2D7 158 SENSE 81
BA7 13 M3DO0 144 SHFCLK (SHFCLKU) 101
BHE/ 71 M3D1 146 TRAP/ (CRT/LCD) 79
BLANK/ (DE 106 M3D2 148 VCC 20
CASO/ (WEO/ 160 M3D3 151 VCC 60
CASl/ (WEL/ 1 M3D4 153 VCC 100
CAS2/ (WE2/ 2 M3D5 155 VCC 140
CAS3/ (WE3/ 3 M3D6 157 VSYNC (FLM) 103
CLKO (CLKIN) 139 M3D7 159 WE/ (CAS) 4
CLK1 (CLKSELO 141 MCLK 129

CLK2 (CLKSEL1 142 MEMR/ 68
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82C457 PIN DESCRIPTIONS

Pin Descriptions

System Bus Interface

Pin# Pin Name

Type

Active

Description

———69—AEN———————tn—High

ADDRESS ENABLE and AUXILIARY DATA BIT-
5. When low, it indicatesavalid 1/0O address. The AEN
signal is latched internally. This pin also serves as an
auxiliary data bit input. It is read into bit-5 of the DIP
Switch register whenever the DIP Switch register is
accessed by the CPU.

67 MEMW/ In Low
68 MEMR/ In Low
76 IOWR/ In Low
66 IORD/ In Low
77 RFSH/ In Low
75 |OCS16/ Out Low
72 RDY Out High
74 MEN216/ Out Low
73 ROMCY Out Low
71 BHE/ In Low

MEMORY WRITE. This input must be low for CPU
writes to display memory.

MEMORY READ. This input must be low to permit
the CPU to read display memory.

[/O WRITE. This input must be low to permit the
CPU to write to an 82C457 1/O register.

[/0O READ. Thisinput must be low to permit the CPU
toread an 1/O register.

REFRESH and AUXILIARY DATA BIT-6. RFSH/
high indicates a valid memory cycle. This pin also
serves as an auxiliary data bit input which is read into
bit 6 of the DIP Switch register whenever the DIP
Switch register is accessed by the CPU.

I/O SELECT 16. Thisactivelow signal indicates avalid
16 bit 1/0 cycle. 10CS16/ is driven when the VGA is
accessed and 3-stated when the VGA isinactive.

VGA READY. When low, this output indicates that
the current CPU read/write cycle must be extended with
walit states. RDY is driven when the VGA is accessed,
it is 3-stated when the VGA isinactive.

MEMORY ENABLE 16. This active low signal
indicates 16-bit memory cycle transfers are enabled.
This signal should be used by external logic to enable
decode of high order addresses and generation of
MEMCS16/ for the PC-AT bus.

ROM CHIP Select. This active low signal indicates a
valid memory read in the range COO00h-C7FFFh. It is
used to generate the enable for 8-bit BIOS ROMs.

BYTE HIGH ENABLE and AUXILIARY DATA
BIT 3. BHE/ low indicates that the high order byte at
the current word address is being accessed. If active,
BHE/ must be valid when ADREN/ islow. Thispinis
also an auxiliary data input which is read into bit 3 of
the DIP Switch register when the DIP Switch register is
accessed by the CPU. Thisdatabit islatched internally
on the falling edge of IORD/.

Revision 1.0
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Pin Descriptions

82C457 PIN DESCRIPTIONS

System Bus Interface (continued)

Pin #

Pin Name

Type

Active

Description

-~ 8 RQ ——Oout—High

VGA INTERRUPT. An interrupt can be generated
whenever the vertical sync signal goes active. This pin
may be logically disconnected (3-stated) through the
Emulation Mode register (XR14 Bit-7) independent of
whether interrupts are enabled or disabled. Clearing
XR14 Bit-7 emulates the function of the IBM PC-Bus
V GA board interrupt output.

Interrupt State XR14 Bit-7=0 XR14Bit-7=1
Disabled 3-state 3-state
Enabled & Inactive 3-state Low
Enabled & Active 3-date High

RESET. An active high input which resets the 82C457.

POWER DOWN. The Power Down input pin selects
the Retire mode of operation when high

CLKO, CLK1, and CLK2 are 3 clock inputs. One of
the three is selected as the dot-clock. Alternately,
CLKY/CLKSELO and CLK2/CLKSEL1 can be made
outputs and CLKO becomes the clock input. CLKSELO
and CLKSEL1 can be used to select one of four clocks
viaan external mux for input to the chip on CLKIN.

Memory Clock. Used to generate internal and /O cycle
timing. Contrary to its name, it is not used to generate
any memory timing.

PALETTE READ. This output is active low during
I/0O reads from addresses in the range 3C6h or 3C8-
3C9h (1/0 reads from 3C7h are handled directly by the
82C457). This output is normally connected to the
Read input of the 82C411 Palette/ DAC.

PALETTE WRITE. This output is active low during
I/O writes to addresses in the range 3C6-3C9% and is
normally connected to the Write input of the 82C411
Palette/ DAC).

ADDRESS ENABLE. The ADREN/ output controls
external multiplexing of the system address/data bus.
ADREN/ low selects address and ADREN/ high
selects data. ADREN/ is low when MEMR/, MEMW/,
IORD/, and IOWR/ are all high. ADREN/ is high
when any one of MEMR/, MEMW/, IORD/ or
IOWRY/ islow. Theinverse of this pin, DATEN/ may
be made available on PNL14.

82 RESET In High

105 PWRDN In High
oth

141 CLK1 (CLKSELOQ) In Both
142 CLK2 (CLKSEL1) In Both
129 MCLK In Both
108 PALRD/ Out Low
107 PALWR/ Out Low
65 ADREN/ Out Low

Revision 1.0
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82C457 PIN DESCRIPTIONS

Pin Descriptions

System Bus Interface (continued)

Pin# Pin Name

Type

Active

Description

— 64— RBLO/———Out——Low

63 RDHI/ Out Low
62 ADO /O Both
61 AD1 I/0 Both
59 AD?2 /O Both
58 AD3 /O Both
57 AD4 I/0 Both
56 AD5 14®) Both
55 ADG6 /O Both
54 AD7 /O Both
53 AD8 /O Both
52 AD9 /O Both
51 AD10 /O Both
49 AD11 I1/0 Both
48 AD12 I1/0 Both
47 AD13 /O Both
46 AD14 I1/0 Both
45 AD15 /O Both
44 Al6 In Both
43 Al7 In Both
42 Al8 In Both
41 ADDHI In High

READ LOW. This output controls the direction of the
external datatransceivers on the low order byte (Bits O-
7) of the address/ data bus. It islow when dataisread
from the 82C457 and high when data is written to the
82C457. Thispinis 3-stated during RESET.

READ HIGH. This output operates identically to the
RDLO/ output except that it controls the direction for
the high order byte (Bits 8-15) of the address/data bus.
RDHI/ is low when data is read from the 82C457 and
high when data is written to the 82C457. Thispinis3-
stated during RESET.

SYSTEM ADDRESS and DATA BITS 0-15. These
bits are used to address display memory and the 1/O
mapped 82C457 internal registers. They also transfer
data between the CPU bus and the 82C457 registers and
display memory. Addresses must be valid when output
signal ADREN/ is low and data must be held while
ADREN/ ishigh. Addresses are latched internally.

SYSTEM ADDRESS BITS 16-18 and AUXILIARY
DATA BITS 0-2. These bits transfer a high-order
address when ADREN/ is low. The auxiliary data bits
on pins A16, A17, and A18 are read into bits 0-2,
respectively, of the DIP Switch register when that
register is accessed by the CPU. The address bits are
latched internally and are ignored for 1/O cycles.

ADDRESS HI and AUXILIARY DATA BIT 4. This
high order memory address enable input is generated
external to the 82C457 by decoding system addresses
A19-A23. As an address, it must be valid when
ADREN/ islow. It islatched internally and specifies
that the current memory address is valid for the
82C457. This pin is an auxiliary data bit read into bit 4
of the DIP Switch register when the DIP Switch
register is accessed by the CPU. This input pin is
ignored during I/O cycles.

Revision 1.0
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82C457 PIN DESCRIPTIONS

Pin Descriptions

Display Memory Interface

— Pm# PmName———— Type Active

Description

24 MODO /0 Both
26 MOD1 /0 Both
28 MOD2 /0 Both
30 MOD3 /0 Both
32 MOD4 110 Both
34 MOD5 110 Both
37 MODG6 110 Both
39— MOD7————————1/O—Both
25 M1DO0 110 Both
27 M1D1 1/0 Both
29 M1D2 /0 Both
31 M1D3 /0 Both
33 M1D4 /0 Both
36 M1D5 1/0 Both
38 M1D6 1/0 Both
40 M1D7 /0 Both
143 M2DO 1/0 Both
T T T ~oth
147 M2D2 1/0 Both
149 M2D3 110 Both
152 M2D4 110 Both
154 M2D5 110 Both
156 M2D6 110 Both
158 M2D7 /0 Both
144 M3DO 110 Both
146 M3D1 110 Both
148 M3D2 110 Both
151 M3D3 110 Both
153 M3D4 110 Both
155 M3D5 1/0 Both
157 M3D6 /0 Both
159 M3D7 /0 Both

MEMORY 0 DATA. Display memory data bus for
Plane 0 (Map 0).

MEMORY 1 DATA. Display memory data bus for
Plane 1 (Map 1).

MEMORY 2 DATA. Display memory data bus for
Plane 2 (Map 2).

MEMORY 3 DATA. Display memory data bus for
Plane 3 (Map 3).

Revision 1.0
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82C457 PIN DESCRIPTIONS Display Memory Interface (continued)

— Pm# PmName————— Type Active Description

14 AAO Out Both ADDRESS PLANES 1,0. Display memory address
15 AAl Out Both  busfor DRAM planes 0 and 1.

16 AA2 Out Both
17 AA3 Out Both

—18—AA4———————————O6ut—Both

19 AA5 Out Both
21 AAG6 Out Both
22 AA7 Out Both
6 BAO Out Both ADDRESS PLANES 3,2. Display memory address
7 BA1l Out Both  busfor DRAM Planes 2 and 3.

8 BA2 Out Both
9 BA3 Out Both

10 BA4 Out Both
11 BAS Out Both
12 BAG6 Out Both
13 BA7 Out Both
23 RAS Out Low ROW ADDRESS STROBE. Row address strobe for

all DRAM memory banks.

160 CAS0O/ (WEO/) Out Low  Column address strobes for memory planes 0-3 in the
1 CASY (WEL)) Out Low 64Kx4 (64Kx8) memory configuration. Write enables
2 CAS2/ (WE2) Out Low for planes 0-3in the 64Kx16 memory configuration.

3 CAS3/ (WES3/) Out Low
4 WE/ (CAY) Out Low  Writeenablefor all memory banks/planesin the 64K x4

(64Kx8) memory configuration. Column address
strobe for all memory banks/planes in the 64Kx16
memory configuration.
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Pin Descriptions

82C457 PIN DESCRIPTIONS

Video/ Pand I nterface

Pin# Pin Name

Type

Active

Description

102 HSYNC (LP)

Out

Either

103 VSYNC (FLM)

Out

Either

106 BLANK/ (DE)  Out Either

132 P1

133 P2
134 P3
135 P4
136 PS5
137 P6
138 P7
128 PCLK

101 SHFCLK (SHFCLKU)

104 ACDCLK (M)

Out
Out
Out
Out
Out
Out
Out

Out

Out

Out

~.oth
Both
Both
Both
Both
Both
Both
Both

Both

Both

Both

HORIZONTAL SYNC OUTPUT. HSYNC is active
high if the horizontal polarity bit (in the MSR @ 3C2,
D6) islow. Itisactivelow if the horizontal polarity bit
ishigh. In flat panel mode this polarity is controlled by
the Alt. Misc. Reg (XR54).

VERTICAL SYNC OUTPUT. VSYNC is active high
if the vertical polarity bit (in the MSR @ 3C2, D7) is
low. Itisactivelow if the vertica polarity bitishigh. In
flat panel mode this polarity is controlled by the Alt.
Misc. Reg (XR54).

BLANK or DISPLAY ENABLE. BLANK/ is a
programmable output for blanking the display whichis
normally connected to the RAMDAC. For CRTSs, it can
be redefined as a Display Enable signal in systems
where aRAMDAC isnot required. For Flat Panels, the
Display Enable signal is output on this pin.

VIDEO PIXEL DATA 0-7. Eight outputs to drive
color or monochrome CRTs. These pins are connected
to the inputs to the 82C411 color palette. Color values
for digital CRT interface are assigned as follows:

PO B Blue
P1 G Green
P2 R Red

P3 BS/V  Secondary Blue/ Monochrome
P4 GYI Secondary Green / Intensity

P5 RS Secondary Red

P6 User Defined

pP7 User Defined

PIXEL CLOCK. Output pixel clock to which CRT
Video output data and Flat Panel Video input data is
synchronized. Thispin is 3-stated during RESET.

SHIFT CLOCK. Output pixel clock to which panel
output data is synchronized. When a double clock is
used (Extended 4-bit Packed Data), this pin outputs the
upper shift clock.

LCD CLOCK. A 50% duty cycle square-wave with
programmable period. Used to time the back bias
switching in LCD panels.

Revision 1.0
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Pin Descriptions

82C457 PIN DESCRIPTIONS

Panel Data Input and Outputs

Pin# Pin Name Type Active Description
109 RO In Both  FLAT PANEL RED VIDEO DATA 0-5. These six
110 R1 In Both  pinsare used to input the Red video data from the exter-
111 R2 In Both  nal digital color palette. The input data is synchronized
112 R3 In Both  tothe PCLK. They are usually connected to R[5:0] on
113 R4 n Both  the82C411.
114 R5 In Both
116 GO In Both  FLAT PANEL GREEN VIDEO DATA 0-5. These
117 G1 In Both  six pins are used to input the green video data from the
118 G2 In Both  externa digital color palette. Theinput datais synchron-
119 G3 In Both  ized to the PCLK. They are usually connected to G[5:0]
120 G4 In Both  onthe 82C411.
121 G5 In Both
122 BO In Both  FLAT PANEL BLUE VIDEO DATA 0-5. These six
123 Bl In Both  pinsare used to input the blue video data from the exter-
124 B2 In Both  nal digital color palette. The input data is synchronized
125 B3 In Both  tothe PCLK. They are usually connected to B[5:0] on
126 B4 In Both  the 82C411.
- T ’ ~oth
84 PNLO Out Both FLAT PANEL DATA 0-15. Sixteen outputs to drive
85 PNL1 Out Both  the flat panel data signals. The data output order
86 PNL2 Out Both  depends on the panel type being driven. Typical outputs
87 PNL3 Out Both  for clock divide of one are asfollows:
88 PNL4 Out Both
89 PNL5 Out Both Output PWM 3-bit FRC 4-bit Pack
90 PNLG6 Out Both PNLO BO B Rn
91 PNL7 Out Both PNL1 Bl G Gn
92 PNL8 Out Both PNL2 B2 R Bn
93 PNL9 Out Both PNL3 B3 - Rn+1
%! PNL10 Out Both PNL4 GO - -
95 PNL11 Out Both PNLS5 G1 — —
96 PNL12 Out Both PNL6 G2 — —
97 PNL13 Out Both PNL7 G3 - -
98 PNL14 (DATEN/) Out Both PNL8 RO — —
99 PNL15 (SHFCLKL) Out Both PNL9 R1 — —
PNL10 R2 — —
PNL11 R3 — —
PNL12 - — —
PNL13 - — —
PNL14 - — —
PNL15 - — —

For Clock divide of 2 or 4, additional pixels are output
on the unused output pins in the same order shown in
the examples. For Extended 4-bit Packed data, PNL15
is the second shift clock, SHFCLKL. For additional
output sequencing detail, see the panel interface section.

Revision 1.0
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Pin Descriptions

General Purpose Outputs, Power, and Ground

— Pm# —PmName——— Type Active

Description

81 SENSE —In Both  SENSE. The state of thisinput pin can be read at Input
Status Register 0, Bit 4.

78 ERMEN/ (GPOUT) Out Low EARLY MEMORY INDICATOR. This output
indicates whether display memory is being accessed by
the CPU or by the 82C457 to refresh the display. High
indicates display access and low indicates CPU access.
This pin can be redefined as ageneral purpose output.

79 TRAP/ (CRT/LCD) Out Low TRAP. This active low output indicates a TRAP
condition requiring special CPU assistance. Thispinis
open collector when used as a trap pin. It can be
redefined as a general purpose output pin. The Chips
BIOS redefines thisasa CRT / LCD output. If this pin
is high, the BIOS has programmed the part for CRT
displays; if low, the BIOS has programmed the part for
LCD displays.

20 VCC In N/A POWER

100 VvCC

140 VCC

5 GND In N/A GROUND

35 GND

50 GND

70 GND

83 GND

115 GND

130 GND

150 GND
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82C457 CRT Controller Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
CRX CRTC Index - RW 3B4h/3D4h - 42
CROO Horizontal Total 00h RW 3B5h/3D5h 0 42
CRO1 Horizontal Display Enable End 01h RW 3B5h/3D5h 0 42
CR02 Horizontal Blank Start 02h RW 3B5h/3D5h 0 43
CRO3 Horizontal Blank End 03h RW 3B5h/3D5h 0 43
CROlel Sl it ol iai oS ot A% = = =T mi= . e
CRO5 Horizontal Sync End 05h RW 3B5h/3D5h 0 44
CRO6 Vertica Tota 06h RW 3B5h/3D5h 0 45
CRO7 Overflow 07h RW 3B5h/3D5h  0/3 45
CRO8 Preset Row Scan 08h RW 3B5h/3D5h 3 46
CRO09 Maximum Scan Line 0%h RW 3B5h/3D5h  2/4 46
CROA Cursor Start Scan Line OAh RW 3B5h/3D5h 2 47
CROB Cursor End Scan Line 0Bh RW 3B5h/3D5h 2 47
CROC Start Address High 0Ch RwW 3B5h/3D5h - 48
CROD Start Address Low 0Dh RW 3B5h/3D5h - 48
CROE Cursor Location High OEh RwW 3B5h/3D5h - 48
CROF Cursor Location Low OFh RW 3B5h/3D5h - 48
CR10 Vertical Sync Start (See Note 2) 10h W or RW  3B5h/3D5h 4 49
CR11 Vertica Sync End (See Note 2) 11h W or RW 3B5h3D5h  3/4 49
CR10 Lightpen High (See Note 2) 10h R 3B5h/3D5h - 49
CR11 Lightpen Low (See Note 2) 11h R 3B5h/3D5h - 49
CR12 Vertica Display Enable End 12h RW 3B5h/3D5h 4 50
CR13 Offset 13h RW 3B5h/3D5h 3 50
CR14 Underline Row 14h RW 3B5h/3D5h 3 50
CR15 Vertical Blank Start 15h RW 3B5h/3D5h 4 51
CR16 Vertical Blank End 16h RW 3B5h/3D5h 4 51
CR17 CRT Mode Control 17h RW 3B5h/3D5h  3/4 52
CR18 Line Compare 18h RW 3B5h/3D5h 3 53
CR22 Memory Data L atches 22h R 3B5h/3D5h - 54
CR24 Attribute Controller Toggle 24h R 3B5h/3D5h - 54
CR3x Clear Vertical Display Enable 3xh w 3B5h/3D5h - 54

Notel: The emulation mode affects the 1/0 address of the CRTC. When MDA or Hercules emulation is
enabled, the CRTC 1/0 is 3D0Oh-3D7h. This overrides the 1/0O address select bit in the Miscellaneous
Output register (3C2h/3CCh). In this case, the index appears at the even addresses and the data at the
odd addresses.

Note2: Inthe 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. Thiswould normally prevent reads and
writes from occurring at the same index. Since the light pen registers are not normally useful, the VGA
provides software control (CRO3bit7) of whether the vertical sync or light pen registers are readable at
indices 10-11.
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it g el © CRT Controller Registers

a2
CRTC INDEX REGISTER (CRX) HORIZONTAL DISPLAY ENABLE END
Read/Write at 1/0 Address 3B4h/3D4h REGISTER (CRO01)
Read/Write at 1/0O Address 3B5h/3D5h
Index 01h
|D7]D6|D5|D4|D3|D2|D1]DO] Group 0 Protection
— |D7|D6|D5[D4|D3[D2|D1{DO]
- CRTC Index I_—
| Reserved ~ Horizontal Display
5-0 CRTC dataregister index

7-6 Reserved (0) i

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

HORIZONTAL TOTAL REGISTER (CRO00) the alternaie register is used.

F%ad/ \é\gri]te at /0 Address 3B5h/3D5h 7-0  Number of Characters displayed per scan
ndex _ line- 1.
Group O Protection

|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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HORIZONTAL BLANK START
REGISTER (CR02)

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

Group O Protection

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

- H Blank Start

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

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

HORIZONTAL BLANK END
REGISTER (CRO03)

Read/Write at 1/0O Address 3B5h/3D5h
Index 03h

Group O Protection

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

I H Blank End

- DE Skew Control
Light Pen Reg. Enable

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

4-0 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 Q) is the left side border
on the screen. If the horizontal blank width
desired is W clocks, the 5-bit value
programmed in this register = [contents of
CRO2 + W] AND 1Fh. The most signifi-
cant bit is programmed in CRO5 bit-7. This
bit = [( CR02 + W) AND 20h]/20h.

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

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

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

Group O Protection

HORIZONTAL SYNC END
REGISTER (CRO05)

Read/Write at 1/0 Address 3B5h/3D5h
Index 05h

Group O Protection

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

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

- Horizontal Sync End

- Horizontal Sync Start

- Horizontal Sync Delay
H Blank End Bit 5

This register is used for 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.

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

4-0 Hsync End. Lower 5 bits of the character
clock count which specifies the end of

7-0 These bits specify the beginning of Hsync in
terms of Character clocks from the
beginning of the display scan. These hits Horizontal Sync. If the horizontal sync
also determine display centering on the width desired is N clocks, then these bits =
screen. (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 internal pipeline ddlays.

7  Horizontal Blank End Bit 5. Sixth bit of the
Horizontal Blank End Register (CR03).
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VERTICAL TOTAL REGISTER (CRO06)
Read/Write at 1/0 Address 3B5h/3D5h

Index 06h

Group O Protection

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

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

Thisregister isused in all modes.

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

Programmed Count = Actual Count —2

OVERFLOW REGISTER (CRO07)
Read/Write at 1/0O Address 3B5h/3D5h
Index 07h

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

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

V Tota Bit 8

V D. E. End Bit 8

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

V D.E. EndBit9
V Sync Start Bit 9

Thisregister isused in all modes.

Verticad Total Bit 8

Vertical Display Enable End Bit 8
Vertical Sync Start Bit 8

Vertical Blank Start Bit 8

Line Compare Bit 8

Verticad Total Bit9

Vertical Display Enable End Bit 9
Vertical Sync Start Bit 9

~NOoOORAWNEFO
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PRESET ROW SCAN REGISTER (CRO08)
Read/Write at 1/0 Address 3B5h/3D5h

Index 08h

Group 3 Protection

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

I Start Row Scan Count

- Byte Panning Control
Reserved

4-0

6-5

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

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

Reserved (0)

MAXIMUM SCAN LINE REGISTER (CRQ9)
Read/Write at 1/0O Address 3B5h/3D5h

Index 09h

Group 2 Protection on bits 0-4

Group 4 Protection on bit 5-7

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

Scan Lines Per Row

V Blank Start Bit 9
Line Compare Bit 9
Double Scan

4-0 These bits specify the number of scan lines
in arow: Number of scan lines per row =
value+ 1.

5 Bit9of the Vertica Blank Start register
Bit 9 of the Line Compare register
Double Scan

0 Normal Operation
1 Enable scan line doubling

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

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

Group 2 Protection

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

+ Cursor Start Scan Line

— Cursor off

I Reserved

4-0 These bits specify the scan line of the
character row where the cursor display
begins.

5  Cursor Off

0 Text Cursor On
1 Text Cursor Off

7-6 Reserved (0)

CURSOR END SCAN LINE
REGISTER (CROB)

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

Group 2 Protection

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

+ Cursor End Scan Line

- Cursor Delay
Reserved

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

6-5 These bits define the number of character
clocks that the cursor is delayed to
compensate for interna pipeline delay.

7  Reserved (0)
Note: If the Cursor Start Line is greater than the

Cursor End Line, then no cursor is
generated.
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START INDEX HIGH REGISTER (CROC)
Read/Write at 1/0O Address 3B5h/3D5h
Index OCh

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

- Display Start Index High
(Upper 8 bits)

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

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

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

- Display Start Index Low
(Lower 8 hits)

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

CURSOR LOCATION HIGH
REGISTER (CROE)

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

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

- Text Cursor Mem. Index
(Upper 8 hits)

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

CURSOR LOCATION LOW
REGISTER (CROF)

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

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

- Text Cursor Mem. Index
(Lower 8 bits)

7-0 Lower 8 bits of the memory address where
the text cursor is active. In
CGA/MDA/Hercules modes, this register
wraps around at 16, 32, and 64 Kbyte boun-
daries respectively.
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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 I/0O Address 3B5h/3D5h
Index 11h

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

VERTICAL SYNC START REGISTER (CR10)
Read/Write at 1/0 Address 3B5h/3D5h

Index 10h

Group 4 Protection

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

- V Sync Start
(Lower 8 bits)

This register isused in al modes. This register is
not readable in (Line Compare bit-9)
MDA/Hercules emulation or when CR03 bit-7=1.

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

VERTICAL SYNC END REGISTER (CR11)
Read/Write at 1/0O Address 3B5h/3D5h

Index 11h

Group 3 Protection for bits4 and 5

Group 4 Protection for bits0-3, 6 and 7

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

V Sync End

V Interrupt Clear

V Interrupt Enable
Refresh Type

Protect CRTC (Group 0)

This register isused in al modes. This register is
not readable in MDA/Hercules emulation or when
CRO3 hit-7=1.

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

4  Vertical Interrupt Clear

0 Clear vertica interrupt generated on
the IRQ output

1 Normal operation. Thishit is cleared
by RESET.

5 Vaertical Interrupt Enable

0 Enablevertica interrupt
1 Disablevertical interrupt. Thishit is
cleared by RESET.

6  Sedlect Refresh Type

0 3refresh cyclesper scan line
1 5refresh cyclesper scanline

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

0 Enablewritesto CRO0-CRO7

1 Disablewritesto CR00-CR0O7
CRO7 bit-4 (Line Compare bit-9) is not
affected by this bit.
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VERTICAL DISPLAY ENABLE END
REGISTER (CR12)

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

Group 4 Protection

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

7-0 These arethe eight low order bits of a 10-bit

- V Display Enable End
(Lower 8 hits)

register. The 9th and 10th bits are located in
the CRT Controller Overflow register. The
Actua count = Contents of thisregister + 1.

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

Group 3 Protection

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

- Display Buffer Width

7-0 Display Buffer Width. The byte starting

address of the next display row = Byte Start
Address for current row + K* (CR13 +
Z12), where Z = bit defined in XROD and
K=2 in byte mode, K=4 in word mode.
Byte, word and double word mode is
selected by bit-6 of CR17 and bit-6 of
CR14. A less significant bit than bit-0 of
this register is defined in the Auxiliary Off-
set register (XROD). This alows finer reso-
Iution 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 1/0O Address 3B5h/3D5h

Index 14h

Group 3 Protection

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

Underline Position

Count by 4
Doubleword Mode

Reserved

These bits specify the underline's scan line
position within a character row. Vaue =
Actual scan line number - 1.

Count by 4 for Doubleword Mode
0 Frame Buffer Addressisincremented
by 1or2
1 Frame Buffer Addressisincremented
by 4 or 2. See CR17 bit-3 for further
details.

Doubleword Mode

0 Frame Buffer Addressis byte or word
address;

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

Reserved (0)
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VERTICAL BLANK START
REGISTER (CR15)

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

Group 4 Protection

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

-V Blank Start
(Lower 8 bits)

Thisregister isused in all modes.

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

VERTICAL BLANK END
REGISTER (CR16)

Read/Write at 1/0O Address 3B5h/3D5h
Index 16h

Group 4 Protection

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

- V Blank End
(Lower 8 bits)

Thisregister isused in all modes.

7-0 End Vertical Blank. These are the 8 low
order bits of the scan line count which
specifies the end of Vertical Blank. If the
vertical blank width desired is Z lines these
bits= (Vertical Blank Start + Z) and OFFh.
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CRT MODE CONTROL REGISTER (CR17)
Read/Write at I/0O Address 3B5h/3D5h

Index 17h

Group 3 Protection for bits 0,1 and 3-5,7

Group 4 Protection for bit 2

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

Compatibility Mode
——— Select Row Scan Ctr
Vsync Select
Count by 2
Reserved
Address Wrap
Word/Byte Mode
CRTC Reset

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

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

1 Normal operation, no substitution
takes place.

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

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

1 Normal operation, no substitution
takes place.

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

3  Count By Two

0 Memory address counter is incre-
mented every character clock

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

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

I ncrement
Addressing
CR14 bit-5 CR17-bit-3 Every
0 0 1 CCLK
0 1 2 CCLK
1 0 4 CCLK
1 1 2 CCLK

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

Reserved (0)

Address Wrap (effective only in word
mode.)

0 Wrap display memory address at 16
Kbytes. Thisis used in IBM CGA
mode.

1 Normal operation (extended mode).

Word Mode or Byte Mode.

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

1 Select byte mode.

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

follows:
CR14 bit-6 CR17 bit-6 Addressing Mode
0 0 Word Mode
0 1 Byte Mode
1 0 Double Word Mode
1 1 Double Word Mode

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

Hardware Reset (This bit is cleared by
RESET)

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

1 Normal Operation
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Display memory addresses are affected by CR17 LINE COMPARE
bit-6 as shown in the table below: REGISTER (CR18)
Read/Write at 1/0 Address 3B5h/3D5h
Logical Physical Memory Address Index 18h
Memory Byte Word Double Word Group 3 Protection
Address Mode Mode Mode
MAOO AO00 Note 1 Note 2 |D7|D6|D5|D4|D3|D2|D1|DO|
MAO1 A0l AQ0 Note 3 _
MAO02 A02 A0l A00
MAO3 AO3 A02 A01 I
MAO04 A04 AO3 A02
MAO05 A05 AO4 AO3
MAO06 A06 A05 A04 ‘ ,
MAOQ7 A07 A06 A05 - Line Compare Target
MAO08 AO8 AOQ7 A06 (Lower 8 bits)
MAO09 A09 AO8 AQ7
MA10 A10 AQ9 AO08
MA11 All A10 AQ9 -
MA12 Al12 All A10 _ _
MA13 A13 A12 All 7-0 These are the low order 8 bits of a 10-bit
MA14 Ald A13 A12 register. The 9th and 10th bits are located in
MA15 A15 Ald A13 the CRT Controller Overflow and Maxi-
mum Scan Line Registers, respectively.
Note 1 = A13* NOT CR17D5 + A15 * CR17D5 This register is used to implement a split
Note 2 = A12 xor (A14 * XR04D2) screen function. When the scan line counter
Note 3 = A13 xor (A15 * XR04D2) valueisegual to the contents of thisregister,

the memory address counter is cleared to O.
The display memory address counter then
sequentially addresses the display memory
starting at address 0. Each subsequent row
address is generated by the addition of the
Offset Register contents. This register is not
affected by the double scanning bit (CR09
bit-7).
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MEMORY DATA LATCH
REGISTER (CR22)

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

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

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

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

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

This is a standard VGA register which was not
documented by I1BM.

ATTRIBUTE CONTROLLER TOGGLE
REGISTER (CR24)

Read only at 1/0O Address 3B5h/3D5h

Index 24h

|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 | atch.

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

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

CLEAR VERTICAL

DISPLAY ENABLE FFh (CR3x)
Write only at I/0 Address 3B5h/3D5h
Index 3xh

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

Clear Vert Disp Ena FF

- Ignored

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

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

This is a standard VGA register which was not
documented by IBM.
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82C457 Graphics Controller Registers
Register /0 Protect
Mnemonic Register Name Index Access Address Group  Page
GRX Graphics Index - w 3CEh 1 55
GROO0 Set/Reset 00h RW 3CFh 1 55
GRO1 Enable Set/Reset 01h RW 3CFh 1 56
GRO02 Color Compare 02h RW 3CFh 1 56
GRO3 Data Rotate 03h RW 3CFh 1 57
GR0O4 RaacMan. Saloct o4k RI\AL 2CEL il oZ
GRO05 Graphics mode 05h RW 3CFh 1 58
GRO06 Miscellaneous 06h RW 3CFh 1 60
GRO7 Color Don't Care 07h RW 3CFh 1 60
GRO08 Bit Mask 08h RW 3CFh 1 61
GRAPHICS CONTROLLER SET/RESET REGISTER (GRO0O0)
INDEX REGISTER (GRX) Read/Write at 1/0O Address 3CFh
Write only at I/O Address 3CEh Index 00h
Group 1 Protection Group 1 Protection
[D7|D6|D5[D4|D3[D2[D1] DO [D7|D6|D5[D4|D3[D2[D1]DO|
| Set/Reset Bit 0
L—— [ Index to Graphics L Set/Reset Bit 1
~ Controller Data Set/Reset Bit 2
| Registers Set/Reset Bit 3
- Reserved Reserved

3-0 4-hit index to Graphics Controller registers

7-4 Reserved (0)

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

3-0 When the Graphics Mode register selects
Write Mode 0, all 8 bits of each display
memory plane are set as specified in the
corresponding bit in this register. The
Enable Set/Rest register (GR01) allows
selection of some of the source of datato be
written to individual planes. In Write Mode
3 (see GRO05), these bits determine the color

value.

7-4 Reserved (0)
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ENABLE SET/RESET REGISTER (GRO01)
Read/Write at 1/0 Address 3CFh

Index 01h

Group 1 Protection

COLOR COMPARE REGISTER (GR02)
Read/Write at 1/0O Address 3CFh

Index 02h

Group 1 Protection

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

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

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

Reserved Reserved

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

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

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

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

memory data to 8 bits for the CPU in 4-
plane graphics mode. These bits provide a
reference color value to compare to data read
from display memory planes 0-3. The
Color Don't Care register (GRO7) is used to
affect the result. Thisregister is active only
if the Graphics Mode register (GRO5) is set
to Read Mode 1. A match between the
memory data and the Color Compare regis-

7-4  Reserved (0) ter (GRO2) (for the bits specified in the
Color Don't Care register) causes alogical 1
to be placed on the CPU data bus for the
corresponding data bit, a mis-match returns

alogical 0.
7-4 Reserved (0)
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DATA ROTATE REGISTER (GRO03)
Read/Write at 1/0 Address 3CFh

Index 03h

Group 1 Protection

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

READ MAP SELECT REGISTER (GR04)
Read/Write at 1/0O Address 3CFh

Index 04h

Group 1 Protection

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

Rotate Count O
Rotate Count 1
Rotate Count 2

Function Select

Reserved

Map Select 0
— Map Select 1

- Reserved

2-0 These bits specify the number of bits to 1-0 Thisregister is also used to 'reduce’ 32 hits
rotate to the right the data being written by of memory datato 8 bits for the CPU in the
the CPU. The CPU data bits are first 4-plane graphics mode. These bits select the
rotated, then subjected to the logical memory plane from which the CPU reads
operation as specified in the Function Select data in Read Mode 0. In Odd/Even mode,
bit field. Therotate functionisactiveonly if bit-Oisignored. In Quad mode, bits0 and 1
the Graphics Mode register is programmed are both ignored.
for Write Mode 0.

The four memory maps are selected as

4-3 These Function Select hits specify the logical follows:
function performed on the contents of the . .
processor latches (loaded on a previous Bitl BitO Map Selected
CPU read cycle) before the datais written to 0 0 Plane 0
display memory. These bits operate as 0 1 Plane 1
follows: 1 0 Plane 2
Bit4 Bit3 Result t1 Plane3

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

7-5 Reserved (0)
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GRAPHICS MODE REGISTER (GRO05)
Read/Write at 1/0 Address 3CFh

Index 05h

Group 1 Protection

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

—:]~ Write Mode
Reserved
Read Mode

Odd/Even Mode

:I~ Shift Register Mode

Reserved

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

1 0 WriteMode

0 O Writemode 0. Each of the four

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

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

Writemode 2. The CPU data bus
dataistreated asthe color value for
the addressed byte in planes 0-3.
All eight pixels in the addressed
byte are modified unless protected
by the Bit Mask register setting. A
logical 1 in the Bit Mask register
sets the corresponding pixel in the
addressed byte to the color
specified on the data bus. A Oin
the Bit Mask register sets the
corresponding pixel in the
addressed byte to the

corresponding pixel in the
processor latches. The Set/Reset
and Enable Set/Reset registers are
ignored. The Function Select bits
in the Data Rotate register are
used.

1 Write mode 3. The CPU datais

rotated then logically ANDed with
the contents of the Bit Mask regis-
ter (GR08) and then treated as the
addressed data's bit mask, while
the contents of the Set/Reset
register is treated as the color
vaue.

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

A '1' on the data bus (mask)
causes the corresponding pixel in
the addressed byte to be set to the
color value specified in the
Set/Reset register.

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

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

planes as selected in the Read Map
Select register.

The CPU reads the 8-bit result of the
logical comparison between all eight
pixels in the four display planes and
the contents of the Color Compare and
Color Don't Care registers. The CPU
reads alogical 1 if a match occurs for
each pixel and logical 0 if amis-match
occurs. In 16-bit read cycles, this
operation is repeated on the lower and
upper bytes.

(Continued on following page)
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4  Odd/Even Mode:
0 All CPU addresses sequentially access al 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
datain the serial shift registersis shifted out asfollows:

Last Bit 1st Bit Out-
Shifted Shift Shifted put
65 Out Direction Out to:

00: MOoDO MOD1 MOD2 MOD3 MOD4 MODS MOD6 MOD7 BitO
Mi1D0O M1D1 M1D2 M1D3 M1D4 M1D5 M1D6 M1D7 Bitl
M2D0 M2D1 M2D2 M2D3 M2D4 M2D5S M2D6 M2D7 Bit2
M3D0O M3D1 M3D2 M3D3 M3D4 M3D5 M3D6 M3D7 Bit3

01: M1DO M1D2 M1D4 M1D6 MODO MOD2 MOD4 MODG6 BitO
MiD1 M1D3 M1D5 Mi1D7 MOD1 MOD3 MODS MOD7 Bitl
M3DO M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6 Bit2
M3D1 M3D3 M3D5 M3D7 M2D1 M2D3 M2D5 M2D7 Bit3

Ix: M3D0O M3D4 M2DO0 M2D4 M1DO M1D4 MODO MOD4 BitO
M3D1 M3D5 M2D1 M2D5 M1D1 M1D5 MOD1 MOD5 Bitl
M3D2 M2D6 M3D2 M2D6 M1D2 M1D6 MOD2 MODG6 Bit2
S /7 M1D3 M1D7 MOD3 MOD7 Bit3

Note: If the Shift Register is not loaded every character clock (see SR01bits2& 4) then the four 8-bit
shift registers are effectively ‘chained’ with the output of shift register 1 becoming the input to
shift register 0 and so on. This allows one to have alarge monochrome (or 4 color) bit map and
display one portion thereof.

7 Reserved (0)
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MISCELLANEOUS REGISTER (GRO06)
Read/Write at 1/0 Address 3CFh

Index 06h

Group 1 Protection

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

Graphics/Text Mode
— Chain Odd/Even Planes

- Memory Map Mode

- Reserved

0  GraphicdText Mode:

0
1

Text Mode
Graphics mode

1 Chain Odd/Even Planes. This mode can be
used to double the address space into display
memory.

1

0

CPU address bit AO is replaced by a
higher order address bit. The state of
A0 determines which memory plane
isto be selected:
A0 =0 select planes0 and 2
AO0=1 selectplanesland 3
A0 not replaced

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

Bit3 Bit2 CPU Address
0 0 A0000h-BFFFFh
0 1 A0000h-AFFFFh
1 0 BO00Oh-B7FFFh
1 1 B8000h-BFFFFh

7-4 Reserved (0)

COLOR DON'T CARE REGISTER (GRO07)
Read/Write at 1/O Address 3CFh

Index 07h

Group 1 Protection

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

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

Reserved

3-0 Ignore Color Plane (0-3)

0 This causes the corresponding bit of

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

The corresponding bit of the Color
Compare register is enabled for color
comparison. Thisregister is activein
Read Mode 1 only.

7-4 Reserved (0)
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BIT MASK REGISTER (GR08)
Read/Write at 1/0 Address 3CFh
Index 08h

Group 1 Protection

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

O=Immune to change
- 1=Change permitted

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

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

1 Unrestricted manipulation of the
corresponding data bit in each of the
four memory planesis permitted.
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Attribute Controller and Color Palette Registers

wMira

82C457 Attribute Controller

and Color Palette Registers

Register 110 Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) - RW 3CO0h 1 63
ARO0O-AROF Internal Color Palette Data 00-OFh RW 3COh3Cih 1 64
AR10 Mode Control 10h RW 3COh3Cih 1 64
AR11 Overscan Color 11h RW 3C0Oh/3Cilh 1 65
AR12 Color Plane Enable 12h RW 3COh3Cih 1 65
AR13 Horizontal Pixel Panning 13h RW 3COhn3Clh 1 66
AR1Z PIxg reg T2 Ry Seonoe T (o]9)
DACMASK External Color Palette Pixel Mask - RW 3C6h 6 67
DACSTATE External Color Palette State Register - R 3C7h - 67
DACRX External Color Palette Read-Mode Index - W 3C7h 6 68
DACX Externa Color Palette Index (for 3C9h) - RW 3C8h 6 68
DACDATA External Color Paette Data 00-FFh RW 3C%h 6 68

In regular VGA mode, all Attribute Controller
registers are located at the same byte address (3COh)
in the CPU 1/0O space. Aninterna flip-flop controls
the selection of either the Attribute Index or Data
Registers. To select the Index Register, an 1/0O Read
is executed to address 3BAh/3DAh to clear thisflip-
flop. After the Index Register has been loaded by an
[/O Write to address 3COh, this flip-flop toggles, and
the Data Register is ready to be accessed. Every I/O
Write to address 3COh toggles this flip-flop. The
flip-flop does not have any effect on the reading of
the Attribute Controller registers. The Attribute
Controller index register is aways read back at
address 3COh, the data register is always read back at
address 3C1h.

In one of the extended modes (See "CPU Interface
Register"), the Attribute Controller Index register is
located at address 3COh and the Attribute Controller
Data register is located at address 3C1h (to allow
word 1/0O accesses). In another extended mode, the
Attribute Controller can be both read and written at
either 3COh or 3C1h (EGA compatible mode).

ATTRIBUTE INDEX
REGISTER (ARX)
Read/Write at 1/O Address 3COh

Group 1 Protection
|D7|D6|D5[D4|D3|D2|D1{DO|
——— [ Index to
- Attribute Controller
Data Registers
: Video Enable
- |- Reserved

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

5 EnableVideo

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

Reserved (0)
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Attribute Controller and Color Palette Registers

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

Write at I/O Address 3C0/1h

Index 00-OFh

Group 1 Protection or XR63 bit-6

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

Blue

Green

Red

Secondary Blue
Secondary Green
Secondary Red

:I~ Reserved

5-0 These bits are the color value in the
respective palette register as pointed to by the
index register.

7-6 Reserved (0)

The Color Palette may be by-passed in flat panel
mode by setting the Color Palette Enable Bit (XR63
bit-5).

ATTRIBUTE CONTROLLER

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

Write at I/O Address 3C0/1h

Index 10h

Group 1 Protection

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

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

Horizontal Split Screen
256 Color

Video Output 4-5 Select

0  Text/Graphics Mode

0 Select text mode
1 Select graphics mode

1  Monochrome/Color Display

0 Sdlect color display attributes
1 Select mono display attributes

2 Enable Line Graphics Character Codes.
This bit is dependent on bit 0 of the Override
register.

0 Make the ninth pixel appear the same
as the background

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

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

0 DisableBlinking and enable text mode
background intensity

1 Enable the blink attribute in text and
graphics modes.

4  Reserved (0)
5  Split Screen Horizontal Panning Mode

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

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

6 256 Color Output Assembler

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

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

7  Video Output 5-4 Select

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

1 Video hits4 and 5 are the same as hits
0 and 1 in the Pixel Pad register
(AR14)
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OVERSCAN COLOR REGISTER (AR11)
Read at |/0 Address 3C1h

Write at 1/O Address 3C0/1h

Index 11h

Group 1 Protection

COLOR PLANE ENABLE REGISTER (AR12)
Read at 1/0O Address 3C1h

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

Index 12h

Group 1 Protection

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

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

- Overscan Color

7-0

Overscan Color. These 8 hits define the
overscan (border) color value. For
monochrome displays, these bits should be
zexro.

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

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

Display Status Select

Reserved

3-0

Color Plane (0-3) Enable

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

1 Enable the plane data bit of the
corresponding color plane to pass

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

Status Register 1

Bit5 Bit4 Bit5 Bit4
0 0 P2 PO
0 1 P5 P4
1 0 P3 P1
1 1 P7 P6
7-6 Reserved (0)
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ATTRIBUTE CONTROLLER HORIZONTAL
PIXEL PANNING REGISTER (AR13)

Read at I/O Address 3C1h

Write At 1/O Address 3C0/1h

Index 13h

Group 1 Protection

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

Horizontal
- Pixel Panning

- Reserved

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

Number of Pixels Shifted

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

7-4 Reserved (0)

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

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

Index 14h

Group 1 Protection

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

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

- Reserved

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

These bits are output as video bits6 and 7 in
all modes except 256-color made.

7-4 Reserved (0)
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EXTERNAL COLOR PALETTE

PIXEL MASK REGISTER (DACMASK)
Read/Write at 1/0 Address 3C6h

Group 6 Protection

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

Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel

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

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

This register is physically located in the external
color palette chip. Reads from this /O location
cause the PALRD/ pin to be asserted. Writesto this
I/0 location cause the PALWR/ pin to be asserted.
The functionality of this port is determined by the
external paette chip.

EXTERNAL COLOR PALETTE
STATE REGISTER (DACSTATE)
Read only at 1/0 Address 3C7h

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

Palette State 0
— Palette State 1

- Reserved

1-0 Status bitsindicate the I/O address of the last
CPU writeto the external Color Palette:

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

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

7-2 Reserved (0)

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

This register is physically located in the 82C457
chip, not in the color palette chip (PALRD/ is not
asserted for reads from this /0O address).
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EXTERNAL COLOR PALETTE
READ-MODE INDEX REGISTER (DACRX)
Write only at 1/0O Address 3C7h

Group 6 Protection

EXTERNAL COLOR PALETTE
INDEX REGISTER (DACX)
Read/Write at 1/0O Address 3C8h
Group 6 Protection

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

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

EXTERNAL COLOR PALETTE

DATA REGISTERS (DACDATA 00-FF)
Read/Write at 1/0 Address 3C%h

Index 00h-FFh

Group 6 Protection

[D7]p6[D5]D4[D3[D2]D1] Do) Aocess
1st 2nd 3rd
Red0 Green0 BlueO
Red1l Greenl Bluel
Red2 Green2 Blue2
Red3 Green3 Blue3
Red4 Green4 Blue4d
Red5 Green5 Blue5
(Red 6) (Green 6) (Blue 6)

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

The color palette index and data registers are
physically located in the external color palette chip
(82C411). Theindex register is used to point to one
of 256 dataregisters. Each dataregister 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

repeated for the next location if desired (theindex is
incremented automatically by the palette chip).

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

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

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

The palette chip internal data register always contains
avalue one less than the readable index value if the
last index write was to the 'read mode' port. The
82C457 therefore saves the state of which port
(3C7h or 3C8h) was last written and returns that
information on reads from 3C7h (PALRD/ is only
asserted on reads from 3C8h and not on reads from
3C7h). Writesto 3C7h or 3C8h cause the PALWR/
pin to be asserted.

The functionality of the index and data ports is
determined by the external palette chip.

Revision 1.0

68

82C457



i = Extension Registers

“Mira eg
82C457 Extension Registers

Register = Register , 110 State After
Mnemonic Group Register Name Index Access Address Reset Page
XRX - Extension Register Index - RW 3B6h/3D6h - X XXXXXX 70
XR00 Misc Chip Version 00h R 3B7h/3D7h 0110rrrr 70
XR01 Misc DIP Switch 01h R 3B7h/3D7h -ddddddd 70
XR02 Misc CPU Interface 02h RW 3B7h/3D7h xx 000000 71
XR03 Misc ROM Decode 03h RW 3B7h/3D7Th  ------- 0 71
XR04 Misc Memory Mode 04h RW 3B7h/3D7h ----0000 72
XR05 Misc Sequencer Control 05h RW 3B7h/3D7h - - --- 0- - 72
XROB Misc CPU Paging 0Bh RW 3B7h/3D7h - - ---- 00 74
XR5F Misc Power Down Mode Refresh 5Fh RW 3B7h/3D7h XX XXXXX X 89
XR60 Misc Blink Rate Control 60h RW 3B7h/3D7h 10000011 89
XR7F Misc Diagnostic 7Fh RW 3B7h/3D7h xx000000 93
XR08 General General Purpose Output Select B 08h RW 3B7h/3D7h - - --- 000 73
XR09 Generadl General Purpose Output Select A 09h RW 3B7h/3D7h ------ 00 73
XROD General Auxiliary Offset 0Dh RW 3B7h/3D7h - ----- 00 75
XR28 General Video Interface 28h RW 3B7h/3D7h ----0010 81
XR2B General Default Video 2Bh RW 3B7h/3D7h 00000000 81
XR14 Compatibility ~ Emulation Mode 14h RW 3B7h/3D7h 0000xx00 75
XR15 Compatibility ~ Write Protect 15h RW 3B7h/3D7h -0000000 76
XR16 Compatibility =~ Trap Enable 16h RW 3B7h/3D7h --000000 77
XR17 Compatibility ~ Trap Status 17h RW 3B7h/3D7h --000000 77
XR7E Compatibility CGA Color Select 7Eh RW 3B7h/3D7h - - XXXXX X 92
XR18 Alternate Alternate H Display End 18h RW 3B7h/3D7h XX XXXXX X 78
XR19 Alternate Alternate H Sync Start 19h RW 3B7h/3D7h XX XXXXXX 78
XR1A Alternate Alternate H Svne Fnd 1Ah RW 3B7h/3D7h - - -XXXXX 79
e oo e e 1 1Bh RW 3B7h/3D7h XX XXXXX X 79
XR1C Alternate Alternate H Blank Start or End 1Ch RW 3B7h/3D7h XX XXXXX X 80
XR1D Alternate Alternate H Blank End or Start 1Dh RW 3B7h/3D7h XX XXXXX X 80
XR1E Alternate Alternate Offset 1Eh RW 3B7h/3D7h XX XXXXXX 82
XR54 Alternate Alternate Miscellaneous Output 54h RW 3B7h/3D7h xx--10-0 84
XR64 Alternate Alternate Vertical Tota 64h RW 3B7h/3D7h XX XXXXX X 90
XR65 Alternate Alternate Overflow 65h RW 3B7h/3D7h XX X--XXX 90
XR66 Alternate Alternate Vertical Sync Start 66h RW 3B7h/3D7h XX XXXXX X 90
XR67 Alternate Alternate Vertical Sync End 67h RW 3B7h/3D7h - - --XXXX 90
XR68 Alternate Alternate Vertical Display Enable End  68h RW 3B7h/3D7h XX XXXXX X 91
XR50 Panel Control Panel Format 50h RW 3B7h/3D7h X0 XXXXX X 82
XR51 Panel Control Display Type 51h RW 3B7h/3D7h 00xx010 - 83
XR52 Panel Control Panel Size 52h RW 3B7h/3D7h -XXXX-XX 83
XR53 Panel Control Line Graphics Override 53h RW 3B7h/3D7h  -- ---- X X 84
XR5E Panel Control ACDCLK Control 5Eh RW 3B7h/3D7h 1xxxxx00 88
XR6D Panel Control FRC and Palette Control 6Dh RW 3B7h/3D7h 01000011 92
XR6E Panel Control Polynomial FRC Control 6Eh RW 3B7h/3D7h 10111101 92
XR55 Compensation  Text Mode 350_A Compensation 55h RW 3B7h/3D7h - - -1xXXXX 85
XR56 Compensation  Text Mode 350_B Compensation 56h RW 3B7h/3D7h - - -1xXXX 85
XR57 Compensation  Text Mode 400 Compensation 57h RW 3B7h/3D7h - - -1xxxX 86
XR58 Compensation  Graphics Mode 350 Compensation 58h RW 3B7h/3D7h -xXO0XXXX 86
XR59 Compensation  Graphics Mode 400 Compensation 59h RW 3B7h/3D7h -XxX0XXXX 87
XR5A Compensation  Flat Panel Vertical Display Start 400  5Ah RW 3B7h/3D7h XX XXXXX X 87
XR5B Compensation  Flat Panel Vertical Display End 400 5Bh RW 3B7h/3D7h XX XXXXX X 88
XR69 Compensation  Flat Panel Vertical Display Start 350 69h RW 3B7h/3D7h XX XXXXX X 91
XR6A Compensation  Flat Panel Vertical Display End 350 6Ah RW 3B7h/3D7h XX XXXXX X 91
XR6B Compensation  Flat Panel Vertical Overflow 2 6Bh RW 3B7h/3D7h XX XXXXX X 91

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

Reset Codes:

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

d = Set from the corresponding data bus pin on falling edge of RESET
h = Read-only Hercules Configuration Register Readback bits

- = Not implemented (always reads 0)

r = Chip revision # (starting from 0000)

0/1 = Reset to 0/1 by falling edge of RESET
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EXTENSION REGISTER INDEX (XRX) DIP SWITCH REGISTER (XR01)
Read/Write at 1/0 Address 3B6h/3D6h Read only at 1/0 Address 3B7h/3D7h
Index 01h
|D7|D6|D5[D4|D3[D2|D1|DO| |D7|D6| D5|D4|D3[D2|D1{DO]
Index to L———| DIP Switches Status
- Extension Registers _0"r (read only)
— Reserved — Reserved
6-0 Index value used to access the extension o _
registers 6-0 These bits give the state of the DIP switches
which aremultiplexed with address/data/con-
7 Reserved (0) trol signals on pins RFSH/, AEN, ADDHI,
BHE/ and A18-A16.
7 Reserved (0)
This register is not related to the EGA Dip
Switches.

CHIPS VERSION REGISTER (XRO00)
Read only at I/0O Address 3B7h/3D7h
Index 00h

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

- Version number

7-0 This register contains the version number
for the 82C457. Values start at 60h and are
incremented for every silicon step.
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CPU INTERFACE REGISTER (XR02)
Read/Write at 1/0O Address 3B7h/3D7h
Index 02h

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

ROM DECODE REGISTER (XR03)
Read/Write at 1/0 Address 3B7h/3D7h
Index 03h

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

16-bit Memory
Access Enable

Reserved

Attribute Controller
Mapping

1/0 Address Decoding
Reserved

Attribute FF Status (R/O)

0  16-bit Memory Access Enable

0 Disabled
1 Enabled

2-1 Reserved (0)
4-3  Attribute Controller Mapping

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

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

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

11 Reserved

5 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 hits of I/O address
1 Decode only the lower 10 bits

Reserved (0)
Attribute FHlip-flop Status (read only)

0 Index
1 Data

Revision 1.0

— ROM Enable

- Reserved

0 ROM Decode Enable

1 ROM space decode disabled.
ROMCS aways high.

0 ROM space decode enabled.
ROMCSY/ active (low) for CPU reads
to CO000h-C7FFFh.

7-1 Reserved (0)
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MEMORY MODE REGISTER (XR04)
Read/Write at 1/0 Address 3B7h/3D7h

Index 04h
[D7|D6|D5[D4|D3[D2|D1[DO]
| Reserved
- Memory Mode
— Memory Type
- Reserved

1-0 Reserved (0)
2 Memory mode

0 Select VGA compatible memory
mode (default on reset).

1 Sdect extended "Quad Mode'. Inthis
mode, display memory is mapped to
the CPU address space as 4 pages of
64 Kbytes each (or 2 pages of 128
Kbytes each). The paging is

o . g
register (XROB).
3  Memory Type

0 Generate DRAM timing for 64Kx4
DRAMs (4 CAS, 1 WE)

1 Generate DRAM timing for 64Kx16
DRAMSs (4 WE, 1 CAYS)

7-4 Reserved (0)
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SEQUENCER CONTROL REGISTER (XRO05)
Read/Write at 1/0O Address 3B7h/3D7h

Index 05h
|D7|D6|D5[D4|D3[D2|D1{DO]
—— | Reserved
— Clock Polarity
- Reserved

1-0 Reserved (0)

2  Clock Pin Polarity

0 Select one of CLKO, CLK1, or CLK2
as defined by the Miscellaneous
Output or Alternate Miscellaneous
Output Registers to be the display
clock.

1 Redefine CLKO as a common clock
input and make CLK1/S0, CLK2/S1
as select outputs. CLK1/SO and
CLK2/S1 are driven by bits 2 and 3 of
the Misc. Output or Alternate Misc.
Output Registers.

7-3 Reserved (0)
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General Purpose Output Select Registers

The General Purpose Output Select A and Select B registers contain 2 bits each. Together they alow the CPU to
individually switch two 82C457 outputs (ERMEN and TRAP) from their normal function to a software con-
trolled output level (3-state, low, or high).

Each pin's function is selected by 2 bits, one each in the same position in the General Purpose Output Select A
Register and the General Purpose Output Select B Register.

Select Bits
B A Pin Function
0 0 Normal
0 1 3-State
1 0 Force low
1 1 Force high
GENERAL PURPOSE OUTPUT GENERAL PURPOSE OUTPUT
SELECT B REGISTER (XR08) SELECT A REGISTER (XR09)
I/O Address 3B7h/3D7h I/0O Address 3B7h/3D7h
Index 08h Index 09h
|D7|D6|D5[D4|D3[D2|D1|DO| |D7|D6|D5[D4|D3|D2|D1{DO]
Select Bit B for ERMEN/ Select Bit A for ERMEN/
L———— Sdlect Bit B for TRAP/ ——— Select Bit A for TRAP/
PNL 14 Function
Reserved - Reserved
Select bit B determinesiif the pin should be agenera If configured as a general purpose output per XR08,
purpose output or perform its normal function: select bit A determines if the corresponding pin is
high or low:

0  Select bit B for ERMEN/ pin
1 Sdect bit B for TRAP/ pin
2  PNL14 Pin Function

0 PNL14 pin outputs DATEN/ (the
inverse of ADRENY/).
1 PNL14 pin outputs panel data bit 14.

7-3 Reserved (0)

0  Select bit A for ERMEN/ pin
1  Seect bit A for TRAP/ pin
7-2 Reserved (0)
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CPU PAGING REGISTER (XRO0B)
Read/Write at 1/0O Address 3B7h/3D7h
Index OBh

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

— I CPU Page Number

- Reserved

1-0 CPU Page Number. Display memory page
number for CPU accesses in Quad mode
with extended memory enabl ed.

7-2 Reserved (0)
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AUXILIARY OFFSET REGISTER (XRO0D)
Read/Write at 1/0O Address 3B7h/3D7h
Index ODh

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

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

- Reserved

0 This bit provides finer granularity to the
Offset when the word and double word
modes are used. This bit is used with the
regular Offset register (CR13).

1 This bit provides finer granularity to the
Offset when the word and double word
modes are used. This bit is used with the
aternate Offset register (XR1E).

7-2  Reserved (0)
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EMULATION MODE REGISTER (XR14)
Read/Write at 1/0O Address 3B7h/3D7h
Index 14h

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

L———F Emulation Mode

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

Vsync Status Mode

Interrupt Polarity

Emulation Mode

00 VGA / EGA
01 CGA

10 MDA

11 Hercules

Hercules Configuration Register Readback
at 3BFh, bits 0& 1(read only).

e et

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

1 Select Hsync status to appear at bit O
of Input Statusregister 1 (1/O Address
3xAh in MDA and Hercules modes).

Vertical Retrace Status Mode

0 Sdect Vertical Retrace status to appear
at bit 3 of Input Status register 1 (1/0
Address 3xAh in CGA and VGA
modes).

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

Vsync Status Mode

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

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

This bit controls the function of the IRQ/
output.

Interrupt State XR14 bit-7=0 XR14 bit-’

Disabled 3-state 3-state

Enabled, Inactive 3-state Low

Enabled, Active 3-state High
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WRITE PROTECT REGISTER (XR15)
Read/Write at 1/0O Address 3B7h/3D7h
Index 15h

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

Wr Protect Group 1 regs
Wr Protect Group 2 regs
Wr Protect Group 3 regs
Wr Protect Group 4 regs
Wr Protect Group 5 regs
Wr Protect Group 6 regs
Wr Protect Group O regs
Reserved

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

0  Write Protect Group 1 Registers

Sequencer (SR00-04)
Graphics Controller (GR00-08)
Attribute Controller (AR0O-14)

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

2  Write Protect Group 3 Registers

CRT Controller CRO7 bit-4

CRT Controller CR08

CRT Controller CR11 bits4 and 5
CRT Controller CR13 and CR14

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

(Split screen, smooth scroll, & CRTC
Mode)

3 Write Protect Group 4 Registers

CRT Controller CR09 bits 5-7

CRT Controller CR10

CRT Controller CR11 bits0-3 & 6-7
CRT Controller CR12, CR15, CR16
CRT Controller CR17 hit-2

4 Write Protect Group 5 Registers

Miscellaneous Output (3C2h)
Feature Control (3BA/3DAh)
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Write Protect Group 6 Registers. The
PALRD/ and PALWR/ output signals are
disabled and the 82C457 DAC state register
is write protected. (I/O Addresses 3C6-
3C9h).

Write Protect Group O Registers. Auxiliary
Write Protect for CRT Controller registers
CRO00-07 except CRO7 bit-4. This bit is
logically ORed with CR11 bit-7.

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

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

Trap on access to:
3B4/3B5h

3B8/3BFh
3Cxh

3D4/3D5h
3D8/3D%h

CRO0-0B and CR10-18

:I~ Reserved

Trap Enable bits:

0

Generate Trap on Access to 1/0 Addresses
3B4h or 3B5h.

Generate Trap on Access to 1/0 Addresses
3B8h or 3BFh.

Generate Trap on Access to 1/0 Addresses
3Cxh.

v oS

(TR RV SO |

ro v
3D4h or 3D5h.

Generate Trap on Access to 1/0 Addresses
3D8h or 3D%Sh.

Generate Trap on Access to registers CR00
through CROB and CR10 through CR18.

Reserved (0)

117 VUV LU I N g

For al bits:

0 Disabletrap
1 Enabletrap
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TRAP STATUS REGISTER (XR17)
Read/Clear at I/0O Address 3B7h/3D7h
Index 17h

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

Trap occurred at:
3B4/3B5h

3B8/3BFh
3Cxh

3D4/3D5h
3D8/3D%Sh

CRO00-0B or CR10-18

} Reserved

Trap Status bits:

0 Trap occurred on access to 1/O Address
3B4h or 3B5h.

1 Trap occurred on access to 1/0O Address
3B8h or 3BFh.

2  Trap occurred on access to 1/0O Address
3Cxh.

3  Trap occurred on access to 1/O Address
3D4h or 3D5h.

4  Trap occurred on access to I/O Address
3D8h or 3D%Sh.

5  Trap occurred on access to CRT Controller
registers CR0O through CROB and CR10
through CR18.

7-6 Reserved (0)
For al bits:
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0 No access occurred
1 Accessoccurred

Any or al bitsin this register may be cleared

by writing a one (1) to the desired bit
location.
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ALTERNATE HORIZONTAL
DISPLAY ENABLE END (XR18)
Read/Write at 1/0O Address 3B7h/3D7h
Index 18h

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

- Alternate H Display End

This register is used in CRT low resolution CGA
text and graphics modes, Hercules graphics and all
flat panel modes.

7-0 Alternate Horizontal Display Enable End.

See CROL1 for description.
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ALTERNATE HORIZONTAL
SYNC START (XR19)

Read/Write at 1/0O Address 3B7h/3D7h
Index 19h

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

- Alternate Hsync Start

This register is used in CRT low resolution CGA
text and graphics modes, Hercules graphics and all
flat panel modes.

7-0 Alternate Horizontal Sync Start. See CR04
for description.
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ALTERNATE HORIZONTAL
SYNC END (XR1A)

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

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

- Alternate H Sync End

'} Reserved (Flat Panel) or
Alternate H Sync Delay
-| (CRT)

This register is used in CRT low resolution CGA
text and graphics modes, Hercules graphics and all
flat panel modes.

4-0 Alternate Horizontal Sync End. See CR05
for description.

For CRT: Alternate Horizontal Sync Delay.
See CRO5 for description.

7-5

FUI Fldl Fdiigl. IXeEseiveu (V).
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ALTERNATE HORIZONTAL TOTAL
(XR1B)

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

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

—— |- Alternate H Total

This register is used in CRT low resolution CGA
text and graphics modes, Hercules graphics and all
flat panel modes.

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

82C457



Extension Registers

ALTERNATE HORIZONTAL
BLANK START (XR1C) [CRT]
Read/Write at 1/0O Address 3B7h/3D7h
Index 1Ch

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

- H Blank Start

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

7-0 Alternate Horizontal Blank Start. See CR02
for description.

BLANK END (XR1C) [Flat Panel]
Read/Write at 1/0 Address 3B7h/3D7h
Index 1Ch

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

- H Blank End

Thisregister isused in al flat panel modes.

7-0 These hits specify the end of horizontal
blank in terms of character clocks. The
period between Vertical Blank End and the
Horizontal Total is the |left side border on
screen.

ALTERNATE HORIZONTAL
BLANK END (XR1D) [CRT]
Read/Write at 1/0O Address 3B7h/3D7h
Index 1Dh

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

- H Blank End

- DE Skew Control
Reserved

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

4-0 Alternate Horizontal Blank End. See CR03
for description.

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

7  Reserved (0)

ALTERNATE HORIZONTAL
BLANK START (XR1D) [Flat Panel]
Read/Write at 1/O Address 3B7h/3D7h
Index 1Dh

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

 H Blank Start

Thisregister isused in al flat panel modes.

7-0 Alternate Horizontal Blank Start. See CR02
for description.

Note:  Thefunction of XR1C and XR1D change from CRT to Flat Panel modes. A separate descriptionis

provided for each mode.
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ALTERNATE OFFSET (XR1E)
Read/Write at 1/0O Address 3B7h/3D7h
Index 1Eh

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

Alternate
- Display Buffer
Width

Thisregister isused in low resolution CGA text and
graphics modes and Hercules graphics modes on
both CRTs and Flat Panels.

7-0 Alternate Offset. See CR13 for description.

VIDEO INTERFACE REGISTER
(XR28)

Read/Write at 1/0 Address 3B7h/3D7h
Index 28h

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

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

Shut Off Blank

Reserved

0 BLANK/Display Enable Polarity
0 Negative
1 Positive
1 Blank/ Display Enable Sdlect (CRT)

0 BLANK/ pin outputs DE
1 BLANKY/ pin outputs BLANK/

The signal polarity selected by bit O is appli-
cable for all functions of this pin. On Flat
Panels the BLANK/ pin always outputs
Display Enable.
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2  Shut off Video

0 Video not forced to Default Video
(XR2B) during blanking interval.

1 Video forced to default video during
blanking interval.

3 Shut Off Blank

0 The BLANK/ output is not forced to
be active during the blanking interval.

1 The BLANK/ output is forced active
during the blanking interval.

7-4 Reserved (0)

DEFAULT VIDEO REGISTER
(XR2B)

Read/Write at 1/0O Address 3B7h/3D7h
Index 2Bh

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

- Color displayed when
screen is blanked

7-0 This register is effective only on CRT
displays. These hits specify the palette value
to be displayed during blank time.
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PANEL FORMAT REGISTER (XR50)
Read/Write at 1/0 Address 3B7h/3D7h
Index 50h

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

| Frame Rate Control

L Pulse Width Modulation

L Clock Divider

— Reserved

Shift Clock Mask

This register is effective only in flat panel mode as
defined in bits 2-3 of XR51.

1-0

Frame Rate Control (FRC). These bits
specify the number of shades per color
simulated by the 82C457 on a frame by
frame basis. This technique is used on flat
panels that do not support multiple shades
internally, such as LCD panels.

32

S re

displayed.)

01 4 levels simulated for each color
output. (64 colors are simulated.)

10 16 levels simulated for each color
output. (4096 colors are simulated.)

11 3 levels simulated for each color
output. (27 colors are simulated.)

Pulse Width Modulation (PWM). This
technique is used on flat panels that support
multiple colorsinternaly.

00 Nointernal levels

01 4 levels are supported by the panel for
each color. (64 colors are supported.)

10 16 levels are supported by the panel
for each color. (4096 colors are
supported.)

11 8 levels are supported by the panel
for each color. (512 colors are
supported.)
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5-4 Clock Divide (CD). These bits specify the
frequency ratio between the dot clock
(CLKO, CLK1, CLK2 or CLKIN) and the
SHFCLK signal.

00 shift clock frequency = dot clock
frequency. This setting is used to
output one pixel per clock with flat
panel displays.

01 Shift clock frequency = dot clock
frequency/2. This setting is used to
output two pixels per clock with flat
panel displays.

10 shift clock frequency = dot clock
frequency/4. This setting is used to
output four pixels per clock with flat
panel displays.

11 Reserved

6  Reserved (0).
7 Shift Clock Mask (SM).

0 Enablethe SHIFT CLOCK to toggle
outside the Display Enable interval.

1 Cause the Shift Clock to stop (low)
outside the Display Enable interval.
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SRR I, B Extension Reqisters
“fira ™
DISPLAY TYPE REGISTER (XR51) PANEL SIZE REGISTER (XR52)
Read/Write at 1/0 Address 3B7h/3D7h Read/Write at 1/0O Address 3B7h/3D7h
Index 51h Index 52h
[D7|D6|D5|D4|D3|D2|D1|DO| [D7|D6|D5[D4|D3[D2|D1] DO
Reserved |
Panel Organization — I H Size
— Reserved
Display Type
Data Organization -V Size
Compatibility Enable |
Video Polarity Reserved
0 Reserved (0) Thisregister is effectivein Flat Panel Mode only.
1  Pane Organization 1-0 Horizontal SizeSelect
. 00 Reserved
0 Single Panel 01  640pixels
1 Dual Panel 10 720 pixels

3-2 Display Type 11 Reserved

00 LCD 2  Reserved (0)
— M CRT{AefarltAnrecey—
6-3 Vertical Size Sdlect

1V Fiddlid, EL

11 Reserved 0000 Reserved
: - 0001 200lines
5-4 DataOrganization 0010 350 lines
00 3-hit data 0011 Reserved
01 4-bit datapack 0100 400lines
10 Reserved 0101 Reserved
11 Extended 4-bit pack 0110 Reserved
6  Compatibility Mode Enable (CMEN). oLl Reserved
When compatibility mode is enabled, the 1001 Reserved
display is adjusted depending on the panel 1010 Reserved
size, the current display mode and the con- 1011 Reserved
tents of the compensation registers. When 1100 Reserved
compatibility mode is disabled, the display 1101 Reserved
is not adjusted. 1110 Reserved
0 Compatibility mode disabled 1111 Reserved

1 Compatibility mode enabled 7 Reserved (0)

7 Video Output Polarity. This bit sets the
polarity of the video data.
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OVERRIDE REGISTER (XR53)
Read/Write at 1/0O Address 3B7h/3D7h
Index 53h

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

Disable AR102 bit-2
Alt. Line Graphics Char.

- Reserved

This register is used on both CRTs and flat panels
only.

0 Disable AR10 bit-2. This bit determines if
the Line Graphics Character Code Enableis
defined in the Attribute Controller by bit 1 of
thisregister. Thisbitisalso used to force 8
or 9 pixel fonts.

A AL S R I R L i AL

control
1 Usebit 1 of thisregister for Line
Graphics control

1 Alternate Line Graphics Character Code
Control. If bit O of this register is 1, then
this bit determines if the Line Graphics
Character Codes are enabled.

0 Ninth pixd of Line Graphics
Character Codesiis set to the back
ground color

1 Ninth pixel of Line Graphics
Character Codesisidentical to the
eighth pixel.

7-2  Reserved (0)
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ALTERNATE MISCELLANEOUS
OUTPUT REGISTER (XR54)
Read/Write at 1/0O Address 3B7h/3D7h
Index 54h

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

Video Skew
Reserved
Clock Select 1, 0

Reserved

Hsync Polarity
Vsync Polarity

Thisregister isused in Flat Panel modes.
0 Panel Video Skew

0 No Panel Video datadelay
1 Video datadelayed 1 clock cycle

1 Reserved (0)

3-2 Clock Select Bits. These bits select the flat
panel dot clock source as follows:

00 Select CLKO
01 Sdect CLK1
10 Sdlect CLK2
11 Reserved

5-4 Reserved (0)

6  Hsync Polarity (0= pos, 1= neg)
7  Vsync Polarity (0= pos, 1= neg)

(The polarity of the Blank pin is controlled
through the Video Interface Register.)
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TEXT MODE 350 A
COMPENSATION REGISTER (XR55)
Read/Write at 1/0 Address 3B7h/3D7h
Index 55h

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

——— I Blank Lines Inserted

— Comp. Type

- Reserved

Thisregister isused in Flat Panel Text Modes when
the vertical registers are configured for a 350 line
display and the scan lines/row register (CRQ9) is
programmed to be greater than 8 (CR09 bit-3 = 1).

0-3 Inserted Blank Lines (TCOMP). These bits
specify the number of blank lines + 1 to
insert after each row. Thelineinserted is set

Uvlily wiicii vit 4 Ul unsicyiac 1o v.

4 Compensation Type (TXTC)

0 Insert blank lines after each row.
Graphics compensation, if enabled, is
turned off

1 Do notinsert blank lines. Graphics
compensation, if enabled, isused.

7-5 Reserved (0)
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TEXT MODE 350 B
COMPENSATION REGISTER (XR56)
Read/Write at 1/0O Address 3B7h/3D7h
Index 56h

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

——— |- Blank Lines Inserted

— Comp. Type

- Reserved

Thisregister isused in Flat Panel Text Modes when
the vertical registers are configured for a 350 line
display and the scan lines/row register (CR09) is
programmed to be less than or equal to 8 (CR09 hit-
3=0).

0-3 Inserted Blank Lines (TCOMP). These bits
specify the number of blank lines + 1 to
insert after each row. Thelineinserted is set
to the border color. This field is effective
only when bit 4 of thisregister is 0.

4  Compensation Type (TXTC)

0 Insert blank lines after each row.
Graphics compensation, if enabled, is
turned off

1 Do notinsert blank lines. Graphics
compensation, if enabled, is used.

7-5 Reserved (0)
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TEXT MODE 400

COMPENSATION REGISTER (XR57)
Read/Write at 1/0O Address 3B7h/3D7h
Index 57h

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

——— I Blank Lines Inserted

— Comp. Type

- Reserved

This register is used in Flat Panel Text Mode when
the vertical registers are configured for 200 or 400

line displays.

3-0

Inserted Blank Lines (TCOMP). These hits
specify the number of blank lines + 1 to
insert after each row. Thelineinserted is set
to the border color. This field is effective

7-5

Compensation Type (TXTC).

0 Insert blank lines after each row.
Graphics compensation, if enabled, is
turned off

1 Do notinsert blank lines. Graphics
compensation, if enabled, isused.

Reserved (0)
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GRAPHICS MODE 350
COMPENSATION REGISTER (XR58)
Read/Write at 1/0O Address 3B7h/3D7h
Index 58h

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

——— I Comp. Line

V Stretch Enable
V Delete Enable
Comp. Increment
Reserved

This register is used in Flat Panel 350 line modes.
This feature is used for text modes when text
compensation is disabled and in graphics modes.

3-0 Compensation Line (COMPL). These bits
specify the number of displayed scan lines
after which a scan line is replicated or
skipped. When double scanning is enabled,
one absolute scan lineis actually two display
scan lines.

4  Vertica Stretch Enable (STR)

0 Noscanlineisreplicated
1 Ascanlineisperiodicaly replicated
as specified by bits 0-3.

5 Vertica Delete Enable (DEL)

0 Noscanlineisdeleted

1 A scanlineisperiodicaly deleted
(skipped) as specified by bits 0-3
These bits are effective only when
double scanning isenabled. This
ensures that there is no loss of
information because only the second
scan line is deleted.

6  Compensation Increment (COM+)

0 The COMPL field (bits 0-3) isused as
programmed

1 Increment the COMPL field every
other period

7  Reserved (0)
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GRAPHICS MODE 400
COMPENSATION REGISTER (XR59)
Read/Write at 1/0 Address 3B7h/3D7h
Index 59h

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

——- Comp. Line

V Stretch Enable
V Delete Enable
Comp. Increment
Reserved

This register is used in Flat Panel 400 line modes.
This register is also used for 200 line modes. This
feature is used for text modes when text
compensation is disabled and graphics modes.

3-0 Compensation Line (COMPL). These bits
specify the number of displayed (not
absolute) scan lines after which ascan lineis
replicated or skipped. When double scanning

. Iy
two display scan lines.

4 Vetica Stretch Enable (STR)

0 Noscanlineisreplicated.
1 A scanlineisperiodicaly replicated as
specified by bits 0-3.

5 Vaertica Delete Enable (DEL)

0 Noscanlineisdeleted

1 A scan line is periodically deleted
(skipped) as specified by bits 0-3.
These hits are effective only when
double scanning is enabled. This
ensures that there is no loss of infor-
mation because only the second scan
lineisdeleted.

6 Compensation Increment (COM+)

0 The COMPL field (bits 0-3) isused as
programmed

1 Increment the COMPL field every
other period

7 Reserved (0)
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FLAT PANEL VERTICAL
DISPLAY START_400 (XR5A)
Read/Write at 1/0O Address 3B7h/3D7h
Index 5Ah

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

Flat Panel Vertica
- Display Start
(Lower 8 Bits)

7-0 These bits are used in 400-line flat panel

modes. They specify the lower 8-bits of the
vertical start address for Display Enable (in
scan lines). The higher 2 bits arein the Flat
Panel Vertical Overflow 2 register. To set
the display start at the first scan line program
this register with avalue equal to the vertical
total (XR64) + 1.
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FLAT PANEL VERTICAL
DISPLAY END_400 (XR5B)
Read/Write at 1/0 Address 3B7h/3D7h
Index 5Bh

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

Flat Panel Vertical
- Display End
(Lower 8 Bits)

7-0

These hits are used in 400-line flat panel
modes. They specify the lower 8-bits of the
vertical end address for Display Enable (in
scan lines). The high order 2 bits are in the
Flat Panel Vertical Overflow 2 register. The
correct value for this register is the start
value + number of displayed lines (including

T T T T T T to
correctly program this register will result in
missing or extra lines at the bottom of the

display.
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ACDCLK CONTROL REGISTER (XR5E)
Read/Write at 1/O Address 3B7h/3D7h
Index 5Eh

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

I ACDCLK Count

_ ACDCLK Control

6-0 ACDCLK Count. These bits define the
number of Hsync or Vsyncs between adja-
cent phase changes (Toggles) of the
ACDCLK output. The function of this field
varies depending on the value of bit-7 of this
register.

If bit-7=0, ACDCLK is synchronized with
Hsync. The number of Hsyncs between
phase changes is equal to the value
programmed in these bits plus two.

If bit-7=1, ACDCLK is synchronized with
Hsync, bits 2-6 are "don't care" and bits 0-1
are defined as follows:

00 ACDCLK toggles every Vsync.
01 ACDCLK toggles every other Vsync.

1x ACDCLK toggles every Vsync and
inverts every 16 Vsyncs.

7 ACDCLK Control. This bit determines
whether the ACDCLK is synchronized with
Hsync or Vsync.

0 ACDCLK changes phase based on
Hsync

1 ACDCLK changes phase based on
Vsync
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POWER DOWN MODE
REFRESH REGISTER (XR5F)
Read/Write at 1/0O Address 3B7h/3D7h
Index 5Fh

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

- Sleep Mode
Refresh Frequency

7-0

These bits define the frequency of RAS-only
memory refresh cycles when the PWRDN2
pin is high. The interval between two
refresh cycles = Clock Period * [ (4 *
contents of thisregister) + 8]. A valueof 0
causes no refresh to be done. The clock
selected is specified by the Clock Select bits
in the Miscellaneous Output register (3C2h).
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BLINK RATE CONTROL (XR60)
Read/Write at 1/0 Address 3B7h/3D7h
Index 60h

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

- Blink Rate

| Attribute Blink Duty Cycl

Thisregister isused in all text modes. The graphics
blink rate isfixed at 32 Vsyncs.

5-0 Blink Rate. These bits specify the number
of VSYNC periods during which the cursor
will be on and off (50% duty cycle). A
character and pixel blink period will always
be double the cursor blink period. The blink
rate is selected as follows: Cursor Blink
Frequency = VSYNC Frequency [2 *
(contents of thisregister+1)].

7-6 Attribute Blink Duty Cycle. The cursor
blink duty cycle is fixed at 50%. The
character and pixel blink duty cycleis depen-
dent on these bits as follows (default is 50%

on reset):
Attribute Blink
Bit-7 Bit-6 Duty Cycle
0 0 Reserved
0 1 25%
1 0 50%
1 1 75%
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“ira =
ALTERNATE ALTERNATE
VERTICAL TOTAL (XR64) VERTICAL SYNC START (XR66)
Read/Write at 1/0O Address 3B7h/3D7h Read/Write at 1/0 Address 3B7h/3D7h
Index 64h Index 66h
[D7]D6[D5[D4]D3[D2[D1[DO] |D7|D6|D5|D4|D3|D2|D1|DO|
-V Tota ——I V Sync Start
(Scan Lines) (Lower 8 bits)
(Lower 8 bits)

Thisregister isused in flat panel modes. Thisregister isused in flat panel modes.
7-0 Alternate Vertical Total. See CRO6 for 7-0 Alternate Vsync Start. See CR10 for
description. description.
Read/Wite at 1/O Address 3B7h/3D7h ALTERNATE
Index 65h VERTICAL SYNC END (XR67)
Read/Write at I/0 Address 3B7h/3D7h
[D7]D6[D5[D4]D3[D2]D1[DO] Index 67h
Alt V Total Bit 8
Alt V Display End Bit 8 [D7|D6[D5]D4]D3[D2[D1[DO|
Alt V Sync Start Bit 8 | -
| Reserved L—— 1V End Sync
Alternate V Total Bit 9 |
Alt V Display End Bit 9 1
Alt V Sync Start Bit 9 | Reserved
Thisregister isused in flat panel modes

0  Alternate Vertical Tota Bit 8 -
Thisregister is used in flat panel modes.

Alternate Vertical Display End Bit 8
Alternate Vertical Sync Start Bit 8 30 Qelégrrir;%toen.Vsync End. See CRI1 for
Reserved (0) 7-4 Reserved (0)

Reserved (0)

Alternate Verticd Total Bit 9
Alternate Vertical Display End Bit 9
Alternate Vertical Sync Start Bit 9

N o o~ N P
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ALTERNATE

VERTICAL DISPLAY ENABLE (XR68)
Read/Write at 1/0O Address 3B7h/3D7h

Index 68h

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

- V display Enable End
(Lower 8 bits)

This register is used in flat panel modes. It is used
to determine the size of the flat panel.

7-0 Alternate Vertical Display Enable End. See
CR12 for description.

FLAT PANEL

VERTICAL DISPLAY START_350 (XR69)
Read/Write at 1/0 Address 3B7h/3D7h

Index 69h

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

- V Flat Panel Display
Start (Lower 8 bits)

7-0 These bits are used only in 350-line flat
panel modes. They specify the lower 8-bits
of the vertical start address for Display
Enable (in scan lines). The high order 2 bits
are in the Flat Panel Vertical Overflow 2
register. To set the display start at the first
scan line program this register with a value
equal to the vertical total (XR64) + 1.

Revision 1.0

FLAT PANEL

VERTICAL DISPLAY END_350 (XR6A)
Read/Write at 1/0O Address 3B7h/3D7h

Index 6Ah

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

-V Flat Panel Display End
(Lower 8 bits)

7-0 These bits are used only in 350-line flat
panel modes. They specify the lower 8-bits
of the vertical end address for Display
Enable (in scan lines). The high order 2 bits
are in the Flat Panel Vertical Overflow 2
register. The correct value for thisregister is
the start value + number of displayed lines
(including inserted or replicated lines).
Failure to correctly program this register will
result in missing or extralines at the bottom
of the display.

FLAT PANEL

VERTICAL OVERFLOW 2 (XR6B)
Read/Write at 1/0O Address 3B7h/3D7h
Index 6Bh

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

'} v Display Start_350 MSB:

'} Vv Display Start_400 MSB:

'} v Display End 350 M SB:

'} Vv Display End_400 MSBs

1-0 Bits9 & 8of Vertical Display Start_350
3-2 Bits9& 8of Vertical Display Start_400
5-4 Bits9 & 8 of Vertical Display End_350
7-6 Bits9 & 8 of Vertical Display End_400

Bits 0-1 and 4-5 are used in 350-line Flat Panel
modes only. Bits 2-3 and 6-7 are used in 400-line
Flat Panel modes only.
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Extension Registers

FRC AND PALETTE CONTROL
REGISTER (XR6D)

Read/Write at 1/0O Address 3B7h/3D7h
Index 51h

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

L | Palette Skew

- FRC Control

I Dither Control

2-0 External Palette Skew. These bits select the
delay, in clocks, through the external flat
panel palette. A value of 000 selects 1 clock

delay. The 82C411 requires avalue of 101.

3 FRC Control 0. This bit determines the
FRC matrix size.

0 31x15 Matrix

S JLNLU VI N

4  FRC Control 1. This bit determinesthe FRC
pattern used.

0 Sdect Pattern A
1 SedectPatternB

5  FRC Control 2. This bit determines how the
FRC counter runs.

0 FRC counter isreset to new offset for
each row
1 FRC Counter isalowed to freerun

Dither Control

00 No dither enabled

01 Dither enabled only in 256 Color
modes

1x Dither dways enabled

Revision 1.0
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POLYNOMIAL FRC CONTROL REGISTER
(XR6E)

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

Index 6Eh

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

——— I Polynomial 'N'

- Polynomial 'M'

This register is used to control the FRC polynomial
counters. The values in the counters determine the
offset in rows and columns of the FRC count.
These values are usually determined by trial and
error.

3-0 Polynomial 'N' value
7-4  Polynomia 'M' value

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

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

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

:I~ Reserved

This register is a copy of the CGA color select
register 3D9h. Writesto this register will change the
copy at 3D9h. It is effective in CGA emulation
mode. The copy at 3D%h is visible only in CGA
emulation mode or when the extension registers are
enabled. Thecopy at XR7E isawaysvisible.
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DIAGNOSTIC (XR7F)
Read/Write at 1/0O Address 3B7h/3D7h
Index 7Fh

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

L——— - 3-state Control

- Test Function

- Reserved

0 3-State Control bit 0

0 Normal Outputs

1 3-state output pins PALRD/,
PALWR/, HSYNC, VSYNC,
ACDCLK, BLANK/, P[7:0], RDY,
ADREN/ and IRQ/.

1 3-state Control bit 1

0 Normal Outputs

1 3-state output pins WE/, RAY/, CAY,
CAS1/, CAS2/, CAS3/, AAO-7 and
BAO-7.

5-2 Test Function Pins. These bits are used for
internal testing of the chip. They should be
0 for normal operation.

7-6 Reserved (0)
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w2

Design Considerations

This section covers a variety of topics pertinent to
designing a system which contains the 82C457 and
82C411.

CLOCK INPUTS

The 82C457 provides two configurations for
selecting the clock input. In both configurations, the
desired clock is selected via the Miscellaneous
Output Register. The configuration is determined by
the Sequencer Control Register, X RO5.

The first configuration provides 3 dot clock inputs,
CLKO, CLK1 and CLK2. The first two of these
inputs are typically driven by 25.175 MHz and
28.322 MHz signals, respectively, ensuring VGA
compatibility on a CRT monitor. The third input is
usually used for a flat panel clock, however any of
the three clocks may be used.

In the second configuration, two clock select signals
are provided and a single clock input is used. The
clock select signals are controlled by the Miscella-
neous Output Register. The clock muxing is done
external to the 82C457 and the desired clock is
applied to the CLKIN pin. This configuration has
the advantage of providing four possible clock
sources and interfacing directly to most clock synthe-
sizer chips.

The MCLK input is aways required. It is used for
internal sequencing of 1/0 cycles and isusually con-
nected to a28.322 MHz or greater source.

ROM DECODE

A ROM Decode signal (ROMCS/) is provided.
This signal may be used to decode memory reads to
the address space CO0O00h-C7FFFh. The output is
not valid until MEMRY/ is active (low). Sincethe ad-
dress/data transceivers are directed inward, towards
the 82C457 AD-bus, a separate data buffer must be
used for the ROM. The ROM decode may be
disabled through the ROM Decode Control Register
(XR03). In most laptop applications, the Video
BIOS is merged with the system BIOS and this
signal is not used.

DATA BUFFER ENABLE

In most systems, both non-inverted and inverted
copies of ADREN/ are required. In systems that do
not require all 16 Panel Datasignals, PNL14 may be

configured as an inverted copy of ADREN/. This
feature will save an inverter in most designs. This
feature is controlled by the GP 1/O register (XR08).

ENABLING THE 82C457

After being reset the 82C457 is disabled. It must be
explicitly enabled by writing to 1/O address 102h in
Setup Mode.

Bit-3 of port 46E8h must be set to zero to disable the
82C457 and to one to enable it. When disabled, it is
not visible in the CPU memory and 1/0 space. This
port is internal to the 82C457. Under normal
circumstances, enable the 82C457 using the
following sequence:

1) Place the 82C457 in Setup mode by setting
bit-3 at 1/0 address 46E8h to 1.
2) Set bit-1 of port 102h to 1.
3) Place the 82C457 in its normal operating
mode by setting bit-4 at 1/0O address 46E8h to
0 and bit-3to 1.
Disconnecting the Video Subsystem

The 82C457 and the Video Subsystem can be
disconnected from the CPU as follows:

Disabling the 82C457:

This mode is entered after Reset or can be forced by
the following technique.

» Write 0 to bit-3 of port 46E8h.
» Enter Retire mode (PWRDN pin high).

Enabling the 82C457:
» Forcethe PWRDN2 pin low.

» Set bits 4& 3 of port 46E8h to O1.

Revision 1.0
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Panel Pixel Order

Panel Pixel Order

The 82C457 is the most flexible color flat panel
graphics controller available. It is designed to
interface directly to the widest possible range of
color flat panels. This section describes pixel output
order and provides diagrams for various clock
divides and different levels of color support.

Extension register 50 (XR50) bits 1-0 define the
FRC level supported (FRC):

00 NoFRClevels

01 4level FRC supported
10 16 level FRC supported
11 3level FRC supported

XRS50 hits 3-2 define the number of shades per color
the panel supportsinternally (PWM):

00 Nointerna shades, panel has RGB only
01 4 shades per color supported by the panel
10 16 shades per color supported by the panel
11 8 shades per color supported by the panel

XR50 bits 5-4 define the clock divide (CD):

00  Shift clock = dot clock (1 pixel / clock)
01 Shiftclock =dotclock/2 (2 pixel / clock)
10 Shift clock = dot clock /4 (4 pixel / clock)
11 Reserved

XRS50 bit 7 defines the shift mask (SM):

0  Shift clock toggles during the blank interval
1 Shift clock is halted during the blank interval

XR51 bit 1 defines ehether the display isasingle or
dual panel:

0 Single panel display (SS)
1  Dua panel display (DS)

Since dual panel datais output sequentially, thereis
no difference between single and dual panel output
order and data organization. The upper panel dataiis
output then the lower panel data.

XR51 bits 5-4 define the data organi zation:

00 3-bit data

01 4-bit packed data

10 Reserved

11  Extended 4-bit packed data

Color TypeColors w/Dither CD  Data Org.
None 8 125 00 3-bit
PWM-4 64 2,197 00 3-bit
PWM-8 512 24,389 00 3-hit
PWM-16 4,096 226,981 00 3-bit
PWM-4 64 2,197 01 3-bit
FRC-3 27 729 00 3-hit
FRC-4 64 2,197 00 3-bit
FRC-16 4,096 226,981 00 3-bit
FRC-3 27 729 01 3-hit
FRC-4 64 2,197 01 3-bit
FRC-16 4,096 226,981 01 3-bit
FRC-3 27 729 10 3-hit
FRC-4 64 2,197 10 3-bit
FRC-16 4,096 226,981 10 3-bit
FRC-3 27 729 00 4-bit pack
FRC-4 64 2,197 00 4-hit pack
FRC-16 4,096 226,981 00 4-bit pack
FRC-3 27 729 01 4-bit pack
FRC-4 64 2,197 01 4-hit pack
FRC-16 4,096 226,981 01 4-bit pack
FRC-3 27 729 10 4-bit pack
FRC-4 64 2,197 10 4-hit pack
FRC-16 4,096 226,981 10 4-bit pack
FRC-3 27 729 10 Ext. 4-bit pack
FRC-4 64 2,197 10 Ext. 4-bit pack

FRC-16 4,096 226,981 10 Ext. 4-bit pack

For PWM, only the 3-hit data format is supported.
If both PWM and FRC are disabled, output is
assumed to be "FRC" and the output order is deter-
mined by the clock divide and data format.

The following diagrams showing pixel order are
included:

1) PWM

2) FRC, 3-hit

3) FRC, 4-bit Packed Data

4) FRC, Extended 4-bit Packed Data
5) Onevs. Four pixel / clock

6) Singlevs. Dual panel

7) Sync timing restrictions

PWM, FRC, all data formats and clock divides are
supported for both Plasma/EL and LCD display
types and for both single and dual panel displays.
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Panel Pixel Order

“Mir2
PCLK . S T S R A R
SHFCLK I | |
PNL15S ¥ % 7 2)
PNL14 7 % % %
PNL13 ¥ % % 2
PNL12 % % 2)
PNL11 X Rn@B)_X Rn+1(3) X X Rn(D) X Rn+2(1) X
PNL10 X _Rn(2) X Rn+1(2) X X Rn(0) X Rn+2(0) X
PNL9 Y Rn@) X Rn+1(1) X X Rn+1(1) X Rn+3(1) X
PNL8 Y\_Rn(0) Y Rn+1(0) X X Rn+1(0) X Rn+3(0) X
PNL7 X Gn(3) X Gn+i(3) X X Gn(D) X Gn+2(1) X
PNL6 X Gn(2) X Gn+i(2) X X Gn(0) X Gn+2(0) X
PNL5 X Gn(@) X Gn+i(T) X X Gn+1(1) X Gn+3(0) X
PNL4 \_Gn(0) Y Gn+1(0) X X Gn+1(0) X Gn+3(0) X
PNL3 X\ Bn@)_X Bn+i(3) X X Bn(1) X Bn+2(1) X
PNL2 A_Bn@2) X Bn+1(2) X X Bn(0) X Bn+2(0) X
PNL1 X Bn(1) X Bn+1(1) X X Bn+1(1) X Bn+3(1) X
PNLO \_Bn(0) Y Bn+1(0) X X Bn+1(0) X Bn+3(0) X
CD: 00 ( 1 pixel /clock) 01 ( 2 pixels/clock)

4 Leve 4 Level
PWM: 8Leve

16 Leve

( 82C457 Panel Pixel Order - PWM with Clock Divide 00 (/1) & 01 (1/2) '

This diagram shows the pixel output order for PWM

(internal color shades) with clock divides of 1 and 2.

In this configuration, the panel is assumed to support
up to 16 shades per color (4 shades for a clock divide
of 2.) If the panel does not support the expected
number of shades, the panel data inputs should be
connected to the highest order bits for each color.

For example, if the panel only supports 2 shades per

color, connect the pandl datainputs as follows:
PNL10 <—
PNL11 <—>
PNL6 <—
PNL7 <—>
PNL2 <—
PNL3 <—>
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P ) Panel Pixel Order

pok LT LT Lo P e e
swrolk L | | N

s 7 7 7% 2
e 7 2 Z8 7
PNL13 . 7 Z0R7 2
PNL12 % 7 707 7
PNL11 Z 2 Z j Rn+3 \ Rn+7 E
PNL10 % 7 7 Z :X Gn+3 \ Gn+7 X:
oNLS % 7 7 X . X —— X
v 7. 7 X X X

N 7 7 72 Y T
Ty 7/ 70 ey A
mLe 72 X G SR SR
PNL5 Y, j—w—w :X—Rﬁ’ﬂix—%ﬁin
PNL4 w00 :X—GMXW :X Gn+1 X Gn+5 X:
PNL3 :X:X:X: :X—Bn?rng‘n??E :X B+l X Bn+5 E
PNL2 j—_RTXEXI X RnY RnFy— ) RN X RnF4— Y
PNL1 X Gy Gn¥1 X Gn X Gnt X Gn X Gnt4 Y
PNLO Bn Bn+l Bn Bn+2 Bn Bn+4
CD: 00 (1 pixel /clock) 01 (2 pixel /clock) 10 (4 pixel /clock )

None None None
FRC: 3lLeve 3leve 3leve

4 Leve 4 Leve 4Leve

16 Leve 16 Leve 16 Leve

(82C457 Panel Pixel Order - 3-bit FRC with Clock Divide 00 (/1), 01 (1/2) & 10 (1/4))

This diagram shows the pixel output order for 3-bit FRC with clock divides of 1, 2 and 4. Thisis one of three data
formats available for panels with no internal color support. Although one or more pixels may be required per shift
clock, these panels use only one bit of color data per pixel.
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Pk LML
Hnlipiiniiie

SHFCLK I I s I |
PNL15 & 2R 2
PNL14 77 7 %
PNL1I3 % 7 2
PNL12 ZIR Z
PNL1L ¥ 7 7 2
PNLIO % Z B %
PNL9 7 7 7 2
PNL8 7 7 Z
PNL7 % 7) __ X_Gnt2_ X Rn+5 Bn+7 )l
PNL6 % 7 X_Rnt2_{_ Bnt4 Gn+7 )l
PNL5 v 7, X_Bntl_ X _Gn+4 Rn+7 )l
PNL4 % 7 X_Gntl_ X Rntd Bn+6 )l
PNL3 ~ XRn+Gn+2( Bnt3 X X Rntl X Bn+3 Gn+6 )l
PNL2 X BnYrRnt2( Gn+t3 X X Bn X Gn+3 Rn+6 )l
PNL1 “Xen)Bn+t Rn+t3 X X Gn X Rnt3 Bn+5 )l
PNLO X Rn)Gn+td Bnt2 X X Rn__ X Bnt2 Gn+5 )l
CD: 00(1& 1/3pixels/ clock) 01(2& 2/3 pixels/ clock)
None None
Lo e
16 Leve 16 Leve

( 82C457 Panel Pixel Order - 4-bit Packed Data with Clock Divide 00 (1/1) & 01 (1/2) '

This diagram and the one following show the pixel output order for 4-bit packed data with clock divides of 1, 2
and 4. Inthisdataformat, the data order changes with each clock. After three clock cycles, one clock is"dropped"
and the data order repeats.
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PCLK

SHFCLK

PNL15
PNL14
PNL13
PNL12
PNL11
PNL10
PNL9
PNL8
PNL7
PNL6
PNL5
PNL4
PNL3
PNL2
PNL1
PNLO

CD:

FRC:

( 82C457 Panel Pixel Order - 4-bit Packed Data with Clock Divide 10 (1/4) )

Panel Pixel Order

e e e e e e e e

] ] ] |
X RM+5 X Gn+10 X Bn+15 X:
B BN+4 X RA+10 X Gn+15 X:
3( Gn+4 )X( Bn+9 )X( Rn+15 §
—~ Rn+4 Y Gn+9 y Bn+14 X:
— Bn+3 Y Rn+9 Y Gn+14 X:
— Gn+3 Y Bn+8 Y Rn+14 X:
Rn+3 Gn+8 Bn+13 o
X X X X
Bn+2 Rn+8 Gnp+13 _
X - X B X - X
Rn+12 —
:X;GH#LFX—B‘H#X ™I T O Xi
:X;Rﬁﬁ—x Gn+7 X Bn+12 X:
::X B+t X RN+7 X Gn+i2 X‘*
X Gn+l X Bn+6 X RNF12 |
X RN+1 X GN+6 X Bn+1T —
j( Bn X Rn+6 X Gn+11 X:
X Gn X Bn+5 X Rn+11 X

Rn Gn+5 Bn+10

10 (5 & /3 pixels/ clock )

None
3Levd
4 Leve

16 Levd
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2o o v e O o I B I
SHFCLKU [ | [ | [

(SHFCLK)

SHFCLKL ‘

(PNL15)
PNL14

PNL13

PNL12

PNL11

PNL10

PNL9

NIIINTNRR

PNL8

PNL7 - Bady RmSy Rmelg Onedp  Gneds Bnels
PNL6  ——y—Rmdy——Gnvdy——Gnig——Bnrg—— B4 R+i5—y—
PNLS  —y——Gm3y— Bm3y B Rm§—— Rnvid——— Gmid—y—
PNL4  — y B2y Rm3y  Rne8y — Gm§ — Gmye  Bnel3 y

PNL3 4X4RH¢ZX—GH¢2X—GW-7X48T‘ITR—BTFXA R+13 X:
PNL2 X GnFLY BnFLY BNF6Y MG Rn+12 Gn+lz y
PNL1 X Bn X Rn+1) Rn+6Y Gn+§( Gn+)1 Bn+tll ¥
PNLO Rn Gn Gn+5 Bn+5 Bn+10 Rn+11
CD: 10 (5 & 1/3 pixels/ clock )
None

o

16 Leve

( 82C457 Panel Pixel Order - Extended 4-bit Packed Data with Clock Divide 10 (1/4) )

This diagram shows the pixel order for the Extended 4-bit packed data format. In this configuration, the PNL15
data pin is redefined as an additional shift clock. The two shift clocks operate out-of-phase, clocking data on the
falling edge of each shift clock. The data order changes with every clock cycle. After each shift clock has latched
three data packets, one shift clock is dropped and the cycle repeats.

Thisformat is only supported for a clock divide of 4.

Revision 1.0 102 82C457



it J

nsyne —/ \ /\ /T /N iy
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VSYNC —\ . / 7
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(F(’)'f‘zL) L1)....(6401) | 12)....(6002) | . (1,480)....(640,480) |
I’ 480 datatransfer cycles/V \I
Single Panel, 3-bit Data, SM =0, CD=00
(1 pixel / clock)
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I< 480 datatransfer cycles/V >I
Single Panel , 3-bit Data, SM=0, CD=10
(4 pixel / clock)

82C457 Panel Pixel Order for CD=00 vs CD=10
(1 vs. 4 pixel / clock)

This diagram shows the pixel data output order for asingle panel with 3-bit FRC data. The upper figure shows a
clock divide of one (CD=00). There are 640 clock pulses per line, one for each pixel. The lower figure shows a
clock divide of 4 (CD=10). There are 160 clock pulses per line, 4 pixels per clock.

In both figures, the clock masking is off (SM=0). Therefore the clock toggles continuously and the BLANK/ pin
is used to qualify the valid video data. In the following figures, clock masking is enabled (SM=1). In that case,
the shift clock stops during the blank interval, thereby qualifying the valid data. The BLANK/ pinisnot used.
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Single Panel , 3-bit Data, SM=1, CD=10
(4 pixel / clock)
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240 datatransfer cycles/V

Daul Pandl, 3-bit Data, SM=1, CD=10
(4 pixel / clock)

( 82C457 Panel Pixel Order for Single Panel (SS) vs Dual Panel (DS) '

This diagram shows the pixel data output order for 3-bit packed FRC datawith 4 pixels/ clock (CD=10).

The upper figure shows asingle panel display. Sincefour pixelsaretransferred per clock, there are 160 clocks per
line. There are 480 active display lines and one line is transferred during each horizontal interval. There are 480
horizontal syncsin each vertical interval.

The lower figure shows a dual panel display. In this case, two lines are transferred per horizontal interval and
there are 320 clock per horizontal interval. Even though there are still 480 active display lines, there are only 240
horizontal syncs per vertical. The datafor the upper panel is shifted out first, followed by the data for the lower
panel.

In both figures, the clock masking is enabled (SM=1). Therefore the shift clock stops during the blank interval,
thereby qualifying the valid data. The BLANK/ pin is not used. In the figures on the preceding pages, clock
masking is disabled (SM=0). In that case, the clock toggles continuously and the BLANK/ pinis used to qualify
the valid video data.




it J

Start
0) DEE BS BEd 'O
; : | SSt.  SEnd. 5
Video : ; Next
Data Border Active Video Border ' Border Line
Display | i L Lo
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Sync
10> 3 >
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Heyne — | L. Vsync A )
Horizontal — ' Vertica ! .
Display Enable I Display Enable I
Min HSY NC parameters Min VSYNC parameters
(characters) (lines)

( 82C457 Panel Sync Relationship '

This diagram shows the relationship of active data, border area, blank and sync signals. It also shows the limits
for the horizontal and vertical parameters.

Theorigin for al timing information is the start of the active display area. All horizontal values are measured in
character clocks and vertical valuesin lines. The relationship of active video to the blank and sync signalsisthe
same both horizontally and verticaly.

The start of the active display areaisthe point from which all other edges are measured. The end of activevideois
determined by the "Display Enable End" (DEE). The total time of aline or frame is determined by the "Total"
value. Horizontally, the total must be 5 greater than the display enable end; vertically it must be one greater then
the display end. On flat panels, the vertical display end is the size of the panel. The end of the border is deter-
mined the Blank Start (BSt.) For flat panel horizontal timing, thereis no border and DEE=BSt. The Sync start is
determined by SSt. and the end by SEnd. There are two restrictions on sync. 1) It must start and end during the
blank interval. 2) The minimum sync is 3 characters wide horizontally and 1 line verticaly.

For flat panels, the minimum timing relationships may be summarized as follows:
Hsync End - Hsync Start > 2 (Single panel/Single Drive, SS), 3 (Dua panel/Single Drive, DS)
Hsync End = Horizontal Total = Horizontal Blank End = Horizontal Display End + 10 (SS) or 14 (DS)
Vsync End - Vsync Start > 1
Vsync End = Vertical Total = Vertical Display End + 3
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Panel I nterface Examples

This section contains hook-up schemes and register parameters for each of the following panels.

1) HITACHI TM26DO05V C 640x480 8-color TFT

2) HITACHI TM26D50V C 640x480 512-color TFT

3) OPTREX DMF6121 640x480 8-color STN

4) SANYO LCM5313/5314 640x480 8-color STN

5) SEIKO INSTRUMENT X642G 640x480 8-color STN
6) SHARP LM64C02P 640x400 8-color STN

7) SHARP LM64CO03P 640x480 8-color STN

8) SHARP LQ10D015 640x480 512-color TFT

9) Simultaneous Display |mplementation
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HITACHI TM26D05VC Hook-up Example

For an interface to the Hitachi TM26D05V C 8-color TFT panel, the signals should be hooked up as follows:

457 DK board
Connector P3 Hitachi TM26D05VC
Pin# Signa Pin# Signa
3 VSYNC —» 12 VSYNC
5 HSYNC —» 14 HSYNC
7 BLANK —» 16 DTMG
15 PNL1 —> 18 GD
17 PNL2 —> 20 RD
13  PNLO —» 22 BD
9 SHFCLK —» 26 DCLK
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M-

HITACHI TM26D05VC Display File (Centering; No Stretching)

; Display switches

XR08 =02 ; General Purpose Output B

XR09 =00 ; General Purpose Output A

; Alternate/Flat Pandl Horizonta Display Registers

XR18 = 4F ; Alternate Horizontal Display Enable End
XR19 =56 ; Alternate Horizontal Sync Start
XR1A =18 ; Alternate Horizontal Sync End
XR1B =54 ; Alternate Horizontal Total

XR1C =54 ; Alternate Horizontal Blanking Start
XR1D = 4F ; Alternate Horizontal Blanking End
XRI1E = 28 : Alternate Offset

; Flat Panel Interface Registers

XR50 =03 ; Panel Format

XR51 =48 ; Display Type

XR52 =41 : Panel Size

XR53 =00 : Override

XR54 =08 ; Alternate Miscellaneous Output
vUTTtT - " 350A Compensation
XR56 =10 ; Text Mode 350B Compensation
XR57 =10 ; Text Mode 400 Compensation
XR58 =00 ; Graphics Mode 350 Compensation
XR59 =00 ; Graphics Mode 400 Compensation
XRbBA =27 ; Flat Pandl Vertical Display Start 400
XR5B = B7 ; Flat Panel Vertical Display End 400
XR5E = 81 ; ACDCLK Control

XR5F = 4E ; Power down Mode Refresh

XR60 = 88 ; Blink Rate Control

; Alternate/Flat Panel Vertical Display Registers

XR64 = EO : Alternate Vertica Totd

XR65 =07 ; Alternate Overflow

XR66 = EO ; Alternate Vertical Sync Start

XR67 =01 ; Alternate Vertical Sync End

XR68 = DF ; Alternate Vertical Display Enable End
XR69 =40 ; Flat Panel Vertical Display Start 350
XR6A = 9E ; Flat Panel Vertical Display End 350
XR6B =50 ; Flat Panel Vertical Overflow 2
XR6D = 7B : FRC and Palette Control

XR6E = BD ; Polynomia FRC Counter
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HITACHI TM26D50VC Hook-up Example

For an interface to the HITACHI TM26D50V C 512 color TFT color panel, the signals should be hooked up as
follows:

457 DK board
Connector P3 Hitachi TM 26D50VC
Pin# Sgnd Pin# Signa
40 PNL11 —> 2 R3
38 PNLI10 —> 3 R2
36 PNL9 —> 4 R1
32 PNL7Y —» 6 G3
30 PNL6 —> 7 G2
28 PNL5 —» 8 G1
19 PNL3 — 10 B3
17 PNL2 —> 11 B2
15 PNL1 —> 12 B1
7 BLANK —p» 15 DTMG
3 VSYNC —» 17 VSYNC
5 HSYNC —p» 19 HSYNC
9 SHFCLK —» 21 DCLK
ND —» 29 DOTE
vueu — 28 BLC
GND —» 14 HREV
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HITACHI TM26A02VC Display File (Centering; No Stretching)

; Display switches

XR08 =02 ; General Purpose Output B

XR09 =00 ; General Purpose Output A

; Alternate/Flat Pandl Horizonta Display Registers

XR18 = 4F ; Alternate Horizontal Display Enable End
XR19 =56 ; Alternate Horizontal Sync Start
XR1A =1D ; Alternate Horizontal Sync End
XR1B = 5F : Alternate Horizontal Total

XR1C =5F ; Alternate Horizontal Blanking End
XR1D = 4F ; Alternate Horizontal Blanking Start
XR1E = 28 : Alternate Offset

XR50 =08 ; Panel Format

XR51 =48 ; Display Type

XR52 =41 : Panel Size

XR53 =00 : Override

XR54=C4 ; Alternate Miscellaneous Output
XR55 =10 ; Text Mode 350_A Compensation
e e )+ e seewe 3D0_B Compensation
XR57 =10 ; Text Mode 400 Compensation
XR58 =00 ; Graphics Mode 350 Compensation
XR59 =00 ; Graphics Mode 400 Compensation
XRbBA =27 ; Flat Pandl Vertical Display Start_ 400
XR5B = B7 ; Flat Panel Vertical Display End_400
XR5E = 80 ; ACDCLK Control

XR5F = 4E ; Power Down Mode Refresh

XR60 = 88 ; Blink Rate Control

XR64 =04 ; Alternate Vertica Total

XR65 = 26 : Alternate Overflow

XR66 = E2 ; Alternate Vertical Sync Start

XR67 =05 ; Alternate Vertical Sync End

XR68 = DF ; Alternate Vertical Display Enable End
XR69 =40 ; Flat Panel Vertical Display Start_350
XR6A = 9E ; Flat Panel Vertical Display End 350
XR6B =50 : Flat Panel Vertical Overflow 2
XR6D = 7B : FRC and Palette Control

XR6E = BD ; Polynomial FRC Control
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OPTREX DMF6121 Hook-up Example

For an interface to the Optrex DMF6121 STN color panel, the signals should be hooked up as follows:

457 DK board
Connector P3

Optrex DMF6121

Pin# Signd Pin# Signd
3 VSYNC —p 2 FLM
5 HSYNC —» 3 LP
9 SHFCLK —» 4 CP
1 ACDCLK —» 5 M
46 PNL14 —» 10 UDO
42  PNL12 —> 11 ubD1
38 PNLIO —» 12 ubD2
34 PNLS8 —» 13 UD3
30 PNL6 — 14 UD4
26 PNL4 — 15 UD5
17 PNL2 — 16 UDG6
13 PNLO —» 17 ubD7
48 PNL1S _ 18 LDO
44 PNL13 _—» 19 LD1
40 PNL11 _ 20 LD2
36 PNL9 — 21 LD3
e —» 22 LD4
28 PNL5 — 23 LD5
19 PNL3 —> 24 LD6
15 PNL1 —> 25 LD7
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OPTREX DMF6121 Display File (Centering; No Stretching)

; Display switches

XR08 = 06 ; General Purpose Output B

XR09 =00 ; General Purpose Output A

; Alternate/Flat Pandl Horizontal Display Registers

XR18 = 4F ; Alternate Horizontal Display Enable End
XR19 =56 ; Alternate Horizontal Sync Start
XR1A =18 ; Alternate Horizontal Sync End
XR1B =54 ; Alternate Horizontd Total

XR1C =54 ; Alternate Horizontal Blanking Start
XR1D = 4F ; Alternate Horizontal Blanking End
XR1E =28 ; Alternate Offset

; Flat Panel Interface Registers

XR50 = A2 ; Panel Format

XR51 =50 ; Display Type

XR52 =41 : Panel Size

XR53 =00 : Override

XR54 =08 ; Alternate Miscellaneous Output
oo — au , e iuue SD0A Compensation
XR56 = 10 ; Text Mode 350B Compensation
XR57 =10 ; Text Mode 400 Compensation
XR58 =00 ; Graphics Mode 350 Compensation
XR59 =00 ; Graphics Mode 400 Compensation
XR5A =27 ; Flat Panel Vertical Display Start 400
XR5B = B7 ; Flat Panel Vertical Display End 400
XR5E =80 ; ACDCLK Control

XR5F = 4E ; Power down Mode Refresh

XR60 = 88 : Blink Rate Control

; Alternate/Flat Panel Vertical Display Registers

XR64 = EO : Alternate Vertical Total

XR65 =07 ; Alternate Overflow

XR66 = EO ; Alternate Vertical Sync Start

XR67 =01 ; Alternate Vertical Sync End

XR68 = DF ; Alternate Vertical Display Enable End
XR69 = 40 ; Flat Panel Vertica Display Start 350
XR6A = 9E ; Flat Panel Vertical Display End 350
XR6B =50 ; Flat Panel Vertical Overflow 2
XR6D =7B ; FRC and Palette Control

XR6E = BD ; Polynomia FRC Control
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SANYO LCM5413/5314 Hook-up Example

For an interface to the Sanyo LCM5313/5314-NAK22 STN color panel, the signals should be hooked up as fol-
lows:

457 DK board
Connector P3 Sanyo LCM5313/5314-NAK 22
Pin# Signa Pin#  Signd
3 VSYNC —> 1 FLM
1 ACDCLK —» 2 M
5 HSYNC —> 4 CL1
9 SHFCLK —p 6 CL2
46  PNL14 —> 9 uDO
42  PNL12 —> 10 uD1
38 PNL10 —> 11 ubD2
34  PNLS8 —> 12 ubD3
30 PNLG6 —> 13 ubD4
26 PNL4 —> 14 uD5
17  PNL2 —> 15 uD6
13 PNLO —> 16 ubD7
48  PNL15 —> 17 LDO
44  PNL13 —» 18 LD1
40  PNL 11 > 19 LD2
e e eme > 20 LD3
32  PNL7 —> 21 LD4
28  PNL5 —> 22 LD5
19  PNL3 —> 23 LD6
15 PNL1 —» 24 LD7
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SANYO LCM5413/5314 Display File (Centering; No Stretching)

; Display switches

XR08 = 06 ; General Purpose Output B

XR09 =00 ; General Purpose Output A

; Alternate/Flat Pandl Horizontal Display Registers

XR18 = 4F ; Alternate Horizontal Display Enable End
XR19 =56 ; Alternate Horizontal Sync Start
XR1A =18 ; Alternate Horizontal Sync End
XR1B =54 ; Alternate Horizontd Total

XR1C =54 ; Alternate Horizontal Blanking Start
XR1D = 4F ; Alternate Horizontal Blanking End
XR1E =28 ; Alternate Offset

; Flat Panel Interface Registers

XR50 = A2 ; Panel Format

XR51 =50 ; Display Type

XR52 =41 : Panel Size

XR53 =00 : Override

XR54 =08 ; Alternate Miscellaneous Output
oo — au , e iuue SD0A Compensation
XR56 = 10 ; Text Mode 350B Compensation
XR57 =10 ; Text Mode 400 Compensation
XR58 =00 ; Graphics Mode 350 Compensation
XR59 =00 ; Graphics Mode 400 Compensation
XR5A =27 ; Flat Panel Vertical Display Start 400
XR5B = B7 ; Flat Panel Vertical Display End 400
XR5E =80 ; ACDCLK Control

XR5F = 4E ; Power down Mode Refresh

XR60 = 88 : Blink Rate Control

; Alternate/Flat Panel Vertical Display Registers

XR64 = EO : Alternate Vertical Total

XR65 =07 ; Alternate Overflow

XR66 = EO ; Alternate Vertical Sync Start

XR67 =01 ; Alternate Vertical Sync End

XR68 = DF ; Alternate Vertical Display Enable End
XR69 = 40 ; Flat Panel Vertica Display Start 350
XR6A = 9E ; Flat Panel Vertical Display End 350
XR6B =50 ; Flat Panel Vertical Overflow 2
XR6D =7B ; FRC and Palette Control

XR6E = BD ; Polynomia FRC Control
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SEIKO INSTRUMENT X642G Hook-up Example

For an interface to the SEIKO INSTRUMENT X642G STN color panel, the signals should be hooked up as fol-

lows:

457 DK board
Connector P3

Seiko Instrument X642G

Revision 1.0

Pin#  Signa Pin#  Signa
19  PNL3 —> 3 D4
17  PNL2 — 5 D5
15  PNL1 — 7 D6
13  PNLO — 9 D7
32  PNL7Y — 13 DO
30 PNL6 —> 15 D1
28  PNL5 —> 17 D2
26 PNL4 — 19 D3
1 ACDCLK —> 23 M
3 VSYNC —> 25 YD
9 SHFCLK —> 27 XSCLU
5 HSYNC —> 31 LP
48  PNL15 —» 37 XSCLL
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SEIKO INSTRUMENT X642G Display File (Centering; No Stretching)

; Display switches

XR08 =02 ; General Purpose Output B

XR09 =00 ; General Purpose Output A

; Alternate/Flat Pandl Horizontal Display Registers

XR18 = 4F ; Alternate Horizontal Display Enable End
XR19 =56 ; Alternate Horizontal Sync Start
XR1A =18 ; Alternate Horizontal Sync End
XR1B =54 ; Alternate Horizontal Total

XR1C =54 ; Alternate Horizontal Blanking Start
XR1D = 4F ; Alternate Horizontal Blanking End
XR1E =28 ; Alternate Offset

; Flat Panel Interface Registers

XR50=A2 ; Panel Format

XR51 =70 ; Display Type

XR52 =41 : Panel Size

XR53 =00 : Override

XR54 =08 ; Alternate Miscellaneous Output
oo — au , e iuue SD0A Compensation
XR56 = 10 ; Text Mode 350B Compensation
XR57 =10 ; Text Mode 400 Compensation
XR58 =00 ; Graphics Mode 350 Compensation
XR59 =00 ; Graphics Mode 400 Compensation
XR5A =27 ; Flat Panel Vertical Display Start 400
XR5B = B7 ; Flat Panel Vertical Display End 400
XR5E =80 ; ACDCLK Control

XR5F = 4E ; Power down Mode Refresh

XR60 = 88 : Blink Rate Control

; Alternate/Flat Panel Vertical Display Registers

XR64 = EO : Alternate Vertical Total

XR65 =07 ; Alternate Overflow

XR66 = EO ; Alternate Vertical Sync Start

XR67 =01 ; Alternate Vertical Sync End

XR68 = DF ; Alternate Vertical Display Enable End
XR69 = 40 ; Flat Panel Vertica Display Start 350
XR6A = 9E ; Flat Panel Vertical Display End 350
XR6B =50 ; Flat Panel Vertical Overflow 2
XR6D =7B ; FRC and Palette Control

XR6E = BD ; Polynomia FRC Control
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SHARP LM 64C02P Hook-up Example

For an interface to the Sharp LM64C02P STN color panel, the signals should be hooked up as follows:

457 DK board
Connector P3

Sharp LM 64C02P

Pin#  Signd

3 VSYNC
5 HSYNC
9 SHFCLK
48 PNL15
13 PNLO
15 PNL1
17 PNL2
19 PNL3
26 PNL4
28 PNL5
30 PNL6
32 PNL7

i dbbvbeledld

Pin# Signa
1 YD
2 LP
3  XCKL
4  XCKU
10 DO
11 D1
12 D2
13 D3
14 D4
15 D5
16 D6
17 D7
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SHARP LM64C02P Display File (Centering; No Stretching)

; Display switches

XR08 =02 ; General Purpose Output B

XR09 =00 ; General Purpose Output A

; Alternate/Flat Pandl Horizontal Display Registers

XR18 = 4F ; Alternate Horizontal Display Enable End
XR19 =56 ; Alternate Horizontal Sync Start
XR1A =18 ; Alternate Horizontal Sync End
XR1B =54 ; Alternate Horizontal Total

XR1C =54 ; Alternate Horizontal Blanking Start
XR1D = 4F ; Alternate Horizontal Blanking End
XR1E =28 ; Alternate Offset

; Flat Panel Interface Registers

XR50=A2 ; Panel Format

XR51 =70 ; Display Type

XR52 =21 : Panel Size

XR53 =00 : Override

XR54 =08 ; Alternate Miscellaneous Output
oo — au , e iuue SD0A Compensation
XR56 = 10 ; Text Mode 350B Compensation
XR57 =10 ; Text Mode 400 Compensation
XR58 =00 ; Graphics Mode 350 Compensation
XR59 =00 ; Graphics Mode 400 Compensation
XR5A =00 ; Flat Panel Vertical Display Start 400
XR5B = B7 ; Flat Panel Vertical Display End 400
XR5E =80 ; ACDCLK Control

XR5F = 4E ; Power down Mode Refresh

XR60 = 88 : Blink Rate Control

; Alternate/Flat Panel Vertical Display Registers

XR64 =90 : Alternate Vertical Totd

XR65 =07 ; Alternate Overflow

XR66 =90 ; Alternate Vertical Sync Start

XR67 =01 ; Alternate Vertical Sync End

XR68 = 8F ; Alternate Vertical Display Enable End
XR69 =19 ; Flat Panel Vertica Display Start 350
XR6A =77 ; Flat Panel Vertica Display End 350
XR6B =50 ; Flat Panel Vertical Overflow 2
XR6D =7B ; FRC and Palette Control

XR6E = BD ; Polynomia FRC Control
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SHARP LM64C03PHook-up Example

For an interface to the Sharp LM64CO03P STN color panel, the signals should be hooked up as follows:

457 DK board
Connector P3

Sharp LM 64C03P

Revision 1.0

Pin# Signdl Pin# Signal
3 VSYNC —» 1 YD
5 HSYNC —» 2 LP
9 SHFCLK —» 3 XCKL
48 PNL15 — 4 XCKU
13 PNLO — 11 DO
15 PNL1 — 12 D1
17 PNL2 — 13 D2
19 PNL3 — 14 D3
26 PNL4 — 15 D4
28 PNL5 — 16 D5
30 PNL6 s 17 D6
32 PNL7 > 18 D7
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SHARP LM 64CO03P Display File (Centering; No Stretching)

; Display switches

XR08 =02 ; General Purpose Output B

XR09 =00 ; General Purpose Output A

; Alternate/Flat Pandl Horizontal Display Registers

XR18 = 4F ; Alternate Horizontal Display Enable End
XR19 =56 ; Alternate Horizontal Sync Start
XR1A =18 ; Alternate Horizontal Sync End
XR1B =54 ; Alternate Horizontal Total

XR1C =54 ; Alternate Horizontal Blanking Start
XR1D = 4F ; Alternate Horizontal Blanking End
XR1E =28 ; Alternate Offset

; Flat Panel Interface Registers

XR50=A2 ; Panel Format

XR51 =70 ; Display Type

XR52 =41 : Panel Size

XR53 =00 : Override

XR54 =08 ; Alternate Miscellaneous Output
oo — au , e iuue SD0A Compensation
XR56 = 10 ; Text Mode 350B Compensation
XR57 =10 ; Text Mode 400 Compensation
XR58 =00 ; Graphics Mode 350 Compensation
XR59 =00 ; Graphics Mode 400 Compensation
XR5A =27 ; Flat Panel Vertical Display Start 400
XR5B = B7 ; Flat Panel Vertical Display End 400
XR5E =80 ; ACDCLK Control

XR5F = 4E ; Power down Mode Refresh

XR60 = 88 : Blink Rate Control

; Alternate/Flat Panel Vertical Display Registers

XR64 = EO : Alternate Vertical Total

XR65 =07 ; Alternate Overflow

XR66 = EO ; Alternate Vertical Sync Start

XR67 =01 ; Alternate Vertical Sync End

XR68 = DF ; Alternate Vertical Display Enable End
XR69 = 40 ; Flat Panel Vertica Display Start 350
XR6A = 9E ; Flat Panel Vertical Display End 350
XR6B =50 ; Flat Panel Vertical Overflow 2
XR6D =7B ; FRC and Palette Control

XR6E = BD ; Polynomia FRC Control
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SHARP LQ10D01 TFT Hook-up Example

The 512 color TFT LCD panel that Sharp is currently sampling (part #LQ10D01) has a CRT-like interface. A

special interface chip on the panel converts the CRT-like data input to the panel for the panel's column drivers.

This interface chip counts the number of shift clocks from the edge of HSY NC, counts the number of HSYNCs
from the edge of VSY NC, measures shift clock frequency, detects the polarity of HSYNC and VSY NC, and then
determines the active display timing for the various graphics modes in order to achieve display centering. This
technique shifts the panel display noticeably between text, graphics, and 40/80 column modes. The 82C457

provides direct interface to this panel in the 8 level PWM mode and generates 24,389 colors. Chips

provides Video BIOS to compensate for the screen shift from text to graphics modes. However, this technique

has limitations to the extent that the 82C457 vertical compensation techniques for low resolution modes cannot be
utilized and the display quality is severely inhibited by the fixed refresh rates.

Sharp isintroducing a new model of their 512 color TFT LCD,LQ10DO015, which contains one additional input
pin - Display Enable - to interface directly to the 82C457 and thus overcome the above mentioned limitations.
Customers should contact Sharp and request the new model of the 512 color TFT LCD panel which
contains the display enable signal. The 82C457 has several vertical compensation techniques to center and
stretch low resolution graphics modes (CGA, EGA, VGA mode 13) to symmetrically fill the panel display.

To interface the Sharp LQ10DO01 pand with the display enable input to the 82C457 full color controller, the signals
should be hooked-up as follows:

Sharp LQ10D015 DK 82457 Connector P3
Pin#  Signal Pin# Signal
o «— 9 SHFCLK
2 GND <« 2 GND
3 RO <« 36 PNL9
4 R1 <« 38 PNL10
5 R2 «— 40 PNL11
6 GND <« — 4 GND
7 GO -« 28 PNL5
8 Gl -« 30 PNL6
9 G2 «— 32 PNL7
10 GND <« — 6 GND
11 BO «—— 15 PNL1
12 Bl -« 17 PNL2
13 B2 « 19 PNL3
14 GND <« — 8 GND
15 HSYNC <«— 5 HSYNC
16 GND « 10 GND
17 VSYNC «— 3 VSYNC
18 VCC -« 20 +5V
19 GND -« 12 GND
20 vDD «—— +12V
21 Enable «—— 7 BLANK/
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The 82C457 Rev. 0 behaves incorrectly in 8-level PWM mode with dither enabled. In order to interface to the
Sharp LQ10DO01 panel, the following signals should be rerouted between the 82C411 and the 82C457 (Rev. 0) to
simulate 8-level PWM mode with dither using 16-level PWM with dither:

82C411 Output 82C457 Input

Signa Pin# Pin#t Signa

R5 5 ——» 114 R5

R4 5 —» 113 R4

R3 5 —» 112 R3

R2 52 111 R2 - Gnd

R1 51 Ly 110 R1
—‘—> 109 RO

RO 50 ——» Not Connected

B5 1 — 127 B5

B4 64 —» 126 B4

B3 63 —» 125 B3

B2 61 124 B2 - Gnd

B1 60 |, 123 B1
L, 122 BO

BO 50 5 Not Connected

G5 9 ——» 121 G5

G4 8 —» 120 G4

G3 7 —» 119 G3

G2 5 118 G2-Gnd

Gl 4 —|—> 117 Gl
L, 118 G0

GO 3 —————» Not Connected

Chips and Technologies, Inc. provides an 82C411 Plastic Flat Pack (PFP) carrier (called the 82C411 PFP-01)

which incorporates the above illustrated changes. The 82C411 PFP-01 is designed to replace the existing 82C411
PFP module on the DK457-RC-01. No other changes need to be made to the DK457-RC-01 to support a 512

color TFT panel like the SHARP LQ10D01. Please contact your local CHIPS sales office for the 82C411 PFP-01
module to overcome the 8 level PWM anomaly.

To aid in interfacing the 82C457 to the Sharp LQ10DO01 panel, the display files containing all the register param-
eters needed for panel only operation and simultaneous panel and CRT operation is attached.
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SHARP LQ10D01 TFT Display File

; "SRPT48.DIS" for SHARP Color TFT "LQ10D01" 640x480
; -3 bit-pack. -12 bit data. -16PWM. -SS. {=28.322MHz

X initialize 82C457 DK -Board

XR08 = 02 ; General Purpose Output Select B
XR09 = 00 ; General Purpose Output Select A
; pand related parameters
XR18 = 4F ; Alternate Horizontal Display Enable End
XR19 = 56 ; Alternate Horizontal Sync Start
XR1A = 1D ; Alternate Horizontal Sync End
XR1B = 5F ; Alternate Horizontal Total
XR1C = 5F ; Alternate Horizontal Blanking End
XR1D = 4F ; Alternate Horizontal Blanking Start
XR1E = 28 : Alternate Offset
XR50 = 08 : Panel Format
XR51 = 48 ; Display Type
XR52 = 41 ; Pandl Size
XR53 = 00 ; Override

o jlaneous Output
XR55 = 10 ; Text Mode 350_A Compensation
XR56 = 10 ; Text Mode 350 B Compensation
XR57 = 10 ; Text Mode 400 Compensation
XR58 = 00 ; Graphics Mode 350 Compensation
XR59 = 00 ; Graphics Mode 400 Compensation
XR5A = 27 ; Flat Pand Vertical Display Start 400
XR5B = B7 ; Flat Panel Vertical Display End 400
XR5E = 80 : ACDCLK Control
XR5F = 4E : Power Down Mode Refresh
XR60 = 88 : Blink Rate Control
XR64 = 04 ; Alternate Vertical Total
XR65 = 26 ; Alternate Overflow
XR66 = E2 ; Alternate Vertical Sync Start
XR67 = 05 ; Alternate Vertical Sync End
XR68 = DF ; Alternate Vertical Display Enable End
XR69 = 40 ; Flat Pandl Vertical Display Start_350
XR6A = 9E ; Flat Panel Vertical Display End_350
XR6B = 50 ; Flat Panel Vertical Overflow 2
XR6D = 7B : FRC and Palette Control
XR6E = BD ; Polynomial FRC Control
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Simultaneous Display

The 82C457 is capable of providing simultaneous CRT and flat panel display. Using the current revision (Rev. 0)
of the 82C457, limited external hardwareis required.

Hardwar e | mplementation

The 82C457 Rev. 0 device outputs a CRT blank signal in CRT mode and a panel display enable signal in the flat
panel mode on the BLANK/ pin. However, to support simultaneous CRT/LCD display, separate CRT blank and
flat panel display enable signals need to be provided. The external circuitry generates adisplay enable signal from

the CRT blank signal with the appropriate delays as shown below:

Graphics Mode Delay
640/720 dot mode 10 PCLKs
320x200 dot mode, 256 colors 8 PCLKs

In order to generate the CRT BLANK/ signal and the panel video Display Enable signal with the proper timing on
82C457 Rev.0 silicon, external delay logicis required.

Normd
BLANK/ : P@d
82C457 Pin 106 13 o O Disply
164 OH > Eneble
,Q.(El_l Simultaneous
3B e
1 A QD%
11> 8%1
+5v —LdcLr QAP i:]S i:]g
| S0 +5V +5V
LS00 |
LS00 DQ — bQ —
GPOUT
82C457 Pin 78 ° <0 | LS4 | LS74
+5V +5V
PCLK .

82C457 Pin 128

ERMEN/ (also called GPOUT) on pin 78 of the 82C457 is used to switch between the above mentioned two
Cases.
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BIOS Madification for Simultaneous Display

In order to switch modes correctly in simultaneous display, the BIOS needs to work in conjunction with the

external logic. Every time a mode change is preformed, the 82C457 Rev. 0 extension registers should be
programmed as follows:

Extension Reqgister 640 dot mode 320 dot mode 256 color mode
XR09 0 1 1
XR19 54 58 53
XR1A 1F 0 1F
XR54 Co C1 Co
XR6D 79 7C 78

For simultaneous display, XR1C and XR1D also need to be programmed to generate the active CRT signal
before the active panel signal.

Extension Reqgister Simultaneous Display Nor mal Display
XR1C 60 5F
XR1D 50 4F

Chips and Technologies, Inc. provides a modified version of the 82C457 BIOS which incorporates these
parameters and allows the end user to switch between panel only, CRT only, and simultaneous panel and CRT
display. Please contact your local CHIPS Sales Office for details on this BIOS.
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Application Schematic Examples

This section includes schematic examples showing how to connect the 82C457 chip. The schematics are broken
down into four main groups for discussion:

1) System BusInterface

2) Display Memory Interface
3) Video Interface

4) Clock Interface
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NC —739

659

63
NC —9

Ald

46

Al3

47

Al2

48

All

49

A10

51

A9

52

A8

53

ENA

19

O
[E

11 BDY/

64
540

55

56

57

58

59

61

62

BD7..0 to RAMDAC

RESET

RFSH/
BHE/
AEN
IOWR/
IORD/
MEMW/
MEMR/
RDY

IRQ

10CS16/
MEN16/

ADDHI
Al8
Al7
Al6

ROMCS/

ADREN/
RDHI/
AD15
AD14
AD13
AD12
AD11
AD10
AD9
AD8

RDLO/
AD7
AD6
ADS5
AD4
AD3
AD2
AD1

ADO
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10K Pullup -
et e
BOE) 718 RFSH/
AEN 69 225/
[OWR/ 76 IOWR/
IORD/ 663 |ORDY
MEMW]/ 679 v
MEMR/ 68 MEMRY
RDY 21 pDY
[RQ9 0o 80170
NMI/ NC
|OCST6/
MEMCS16/
ALE
14.31818 MHzZ mg
LA3 741504 741530
LA22 ‘ 75,
CosT o 2q10csie/
CA20 — MEN16/
CATO F
t’&\ig 7415125
A19 i
A18 22 ﬁ?g“'
Al7 43 /A5
A16 a4/ 17
GND = BL, B10 19
GND = B31, D18 ngé“ 1 Y45V
A5 )A 9 11_[BDI5
Al4 g 12 [ BDIN
1 13 | BDIN
6 14 | BDIN
5 <>[15 | BDL 7
4, gl16_TBDI1 NC —L3d RoMCS/
3" 17 BD
4 24518 [ BD
+5V = B3, B29, D16 E[l)\féoii‘ 5y
9 11
ﬁé g 12 BD& 82C457
o o
<[5 —hoN
] :%B%m 82C457 Circuit
Al 34 Bz BD Example
A0 1o 224518 BON | so
T 19 65
AL.0to RAMDAC [ENAP7T 230 ADREN/
pis 9 PRI TRDis 459 RDHI/
Ci8 AD15
D4 4 2 [ BD1L 261 '\D1a
DI3 7 ,,5/23 [BD1 47]’\D13
D12 6 14 [ BD 48'\01>
D11 §<>[15 [BD1 29 | D11
DI04, g[16 [BD1 511 AD10
D09 37 "l17 BD 52
Cl2 ) pos d245[18 | BD 53 |AD9
11 45 19 AD8
gjo RDLOY
22 AD7
22 AD6
25 AD5
211 AD4
25+ AD3
211 AD2
2 AD1
ADO

BD7..0 to RAMDAC
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\nl':-.
M3D 71222
157
M3D6
155
M3D5
153
M3D4
151
M3D3
148
M3D2
146
M3D1
144
M3D0
158
M2D7
156
M2D6
154
M2D5
152
M2D4
149
M2D3
147
M2D2
145
M2D11552
M2D0
119312 93l [agsle lafigsle
DDDD| [DDDD| [DDDD| [DDDD
BA7£ 1gA7 s Agm s %A? s igm s
BAG A6 < |- 8as < 8n <[ 8n6 <
o1 7 ¢ [ 7 ¢ [ ¢ [ 7 e
BA4TS TS 1 I A X
BA3 A3 <« HFHA3 < A3 « A3 <«
oL 8 12 x | 12 < | 19 < | 19 <
BA1 AL BigAal BiAL B 1IH9AL B
BAQIC a0~ H4a0 T H4A0 T PdA0
82C457 RCWO |RCWO |RCWQO |RCWO
VGA 00 oXo) 00 0)
5G4]L  [5[G4L [5G4l [BfAL
, 33 ¢ — o~ =
(WE2/) CAS2/0E—AAA
(WE3/) CAS30S—AAA
M1D7 gg
M1D6I-35
M1D5(53
M1D4[3
M1D355
M1D2152
M1D15E
M1D0£3
MOD7152
NMNODA
MOD5/| 34
MOD4 gg
MOD3[5g
MOD2[-5¢
MOD152
MODO
17119312 |ai193l2  [afag3le |aqigsfe
DDDD| [DDDD| [DDDD| [DDDD
AATE2 a7 s H9a7 s a7 s H0a7 =
AAB A6 < |- 8a6 < 8a6 <[ 8a6 <
919 7 @ [ @ [ 7 x [ x
AA‘J18 8A5 a) 8A5 a) 8A5 a 8A5 a
AALES A4 A4 3 A4 A4
AA3 Ins o A3 ¢ a3 ¢ HlAs o
16 12 x | 12 x [ 12 x | 12 <
AALTE AL BirgAL & il Birgal B
AA A0 1 —=—A0 —A0 —=—A0
RCwo [Rcwg [Rewg |RCWO
3 33 TSl&il T51?»41 @ BRI
RAS/ DE3AAA ol 1= ¢I'T= U= =
160,33
(WEO/) CASOIOTHANA
(WEL/) CASLDZ—AAA
(CAS)  WEPA—A

82C457
Display
Memory
Circuit
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M3D7 igg
M3D6
155
M3D5
153
M3D4 23
M3D3[-2s
M3D2
146
M3D1r%s
M3DOr 55 2 2
M2D7 D7 L =9D7
156 22 22
M2D6 D6 D6
154 21 21
M2D5-725 54 D5 59 D5
M2D4r s D4 D4
M2D355 = D3 2 D3
M2D2[7& 5 D2 5 D2
M2D1r72 3D1 3D1
M2D0 DO DO
64K X8 64K X8
13 14 DRAM 14 DRAM
BA7 A7 A7
T2 19 19
BABT 15 A6 15 A6
BA5 A5 A5
BA4H-O 16 A2 18 A2
o9 11\% 864 17y~ 864
BA3 A3 A3
28 19 19
BA2S T1A2 TiA2
BAll qAL gAL
BA A0 _ A0 _ _
RC WO RC WO
82C457 811972 811917 2
VGA = =
5 33
(WE2/) CAS205—AA
(WE3/) CAS3[02—WW
M1D7 gg
M1D6F5&
M1D552
M1D4Fs>
M1D355
M1D2f5=
M1D15E
M1DOr=9 2 2
MOD7[5> 53D7 55 D7
MOD6 D6 D6
34 21 21
MOD5 55 54 D5 59 D5
MOD4[5S a D4 a D4
MOD3 e = D3 5 D3
MOD2f5& 5 D2 5 D2
MOD1M52 301 401
MODO DO DO
64K x8 64K x8
- 14 DRAM 14 DRAM
AA7 A7 A7
21 19 19
AAG AG AB
AABHLD 13 A5 135
AA4ILE 16 A2 16 A2
17 17’ = 864 171\ 864
AA3 A3 A3
16 10 10
AA2I2 17 A2 171A2
AALLS JAL gAL
AA A0 _ A0 _ _
RC WO RC WO
O O
23 811972 Ts 191712
rAS BB Ao LE | |= 82C457
160,33 Display
(WEO/) CASO Ol A% Memory
(WEL/) CASL 04 A% ! Circuit
(CAS)  WEOZE—A
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159
M3D7} 22 D15
M3D6 8
L D14
M3D5 /
1 D13
M3D4 6
151 D12
M3D3 =
148 D11
M3D2 4
146 D10
M3D1 3
1 D9
M3Do 24 2
158 D8
M2D7 19
156 D7
M2D6 18
154 D6
M2D5 1/
152 D5
M2D4 16
149 D4
M2D3 15
147 D3
M2D2 14
145 b2
M2D1H4> 1251
M2D0 1%po
BA7|13 36 21P
1 AT
BAGITZ ES N
BAS 34 1664
10 AD
BA4LS 29'n2
BA3LS 2829 64Kx16
B3 27 DRAM
g A2
BALLL 2671
BAO 29 A0
82C457 RSY 59
Q
VGA f24T39 0203 [38
(WE2/) CAS2/0Z |
(WE3/) CAS3/D
40
M1D7 |30 b5
M1D6 8
8 D14
M1D5 7
30 D13
M1D4 g
33 D12
M1D3 2
3 D11
M1D2 4
2 D10
M1D1 3
2 DO
M1D0 2
2 D8
MOD7 19
37 D7
MOD6 15
34 D6
MOD5 1/
- D5
MOD4 16
3 D4
MOD3 i
28 D3
MOD2 14
26 D2
MOD122 1251
MODO b0
zIp
2
AATIZ2 36 A7
AAGIEL ES N
ARG e 1664
1 A5
AAaf18 29'A2
AA3[LL 283 64Kx16
Y 27 DRAM
1 A2
AALH 2671
AAO 29 A\D
RCUTLO
T24%9(?22 23
RAS p23 £
82C457
(WEO/) CAS0o1®0 Displa
(WEL/) CASLD emS|o Y
(CAS)  WE/D Memory
Circuit
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-
M3D 722
157
M3D6
155 |
M3D5 |
153
M3D4
151
M3D3
148
M3D2
146
M3D1
144
M3DOrzEg
M2D7 56 I13{14151‘1 192021 1314191418192021
M2D6 22 ADDDDDDDD| JDDDDDDDD
M2D5M=5 I3 A16 35 A16
M2D4 78 3A15 JA15
M2D3r%% 9 Al4 S Al4
M2D27= Al3 4AL3
M2D1r%3 oe A2 e AL2
M2D0 AL zg All
A10 Al0
26A9 26 A9
BA7‘]1':§—| T o 2; A8  128Kx8 2; A8  128Kx8
BA6[T | 17 374ti6 §~! PSRAM dA7  PSRAM
BASTo | 14 5 7R6 746
Eﬁg ) | 4D Q9 9 ﬁg HM658128LP[ 9 ﬁg HM658128LP
a7 | 7 6 10 10
BA1 A2 A2
6 I 4 5 11 11
BAQ I 3 2 1AL I
E AO AO
82CA57 11j>E CEV(\/)EOE CS Ez)F CEWEOE CSRF
VGA L 22 29%4 |3o 1 22 29i24 |3o 1
(WE2)) CASZ/O% PU PU
(WE3/) CAS3/O
M1D7 g'g
M1D6 ¢ ' |
M1D5122 |
M1D4r32
M1D35
M1D25%
M1D155
M1DOF3
MOD7 5> I13{14151‘1s1c9r91 13141591714192021
MOD6 37 4DDDDDDDD| 4DDDDDDDD
MOD5F5> ﬂﬁ Al6 35 A16
MOD4 5 3A15 JAL5
MOD35g S Al4 5 AL4
MOD252 o AL3 4AL3
MOD1 52 5 AL2 S AL2
MODO S3AL SALL
A10 A10
26 A9 26 ng
AA7§%4| T S zg A8  128Kx8 2; A8  128Kx8
A4S | 2 BBLA5  nitachi A5 Hitachi
ﬁﬁg 16 | 4D Qo 9 ﬁg HM658128LP[ g ﬁg HM658128L P
AALLD | 7 6 10'A> 10’25
AAOHA | 4 5 11a7 11'A7 82C457
| . 2 1@  [@ag | |128Kx8
11§ CEV(\/)EOE CS I(?)F CEWEOECSREF| | Pseudo
RAY 23 GD L 22 29}4 |3o 1 22 29124 |3o 1 Static
= oy = o RAM
(WEO/) CASO 0%60 Display
(WEL) CASLO% M emor
(CAS) WE/ y
STANDBY/ -
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-
11 OPNL15
g 245[12 OPNL14
| Digitd Ground 7 s [13 OPNL13
= g 14 OPNL12
J7Andog Ground 5 >[5 OPNL11
4, pli6 OPNL10
99 E s OPNL9
N % 3 P OPNLS
O
Emﬂg 9% 11 *5VIL Qo OPNL7
PNL 111258 g 245[12 OPNL6
94 7 13 OPNL5
PNL 1053 qd "1 OPNLA
PNL9
sl ok i
2C457
8VGA mtg 90 44 B7 OPNLT
PNLE gg 2p gli8 OPNLO
mtg 57 +svIT T | P3 = DK457 50-Pin Connector
PNL2 gg 2 18 SHFCLK
PNLLe> 4 24116 ACDCLK
PNLO 6 % 14 HS
g 2 VS
(FRIMENDI 78 NG 1—Ho HSYNC
e oL 13 7 VSYNC
(M)ACDCLK 192 ﬁ? S—NC NG BLANK/
(LP) HSYNC|p% o NC
(FLM) VSYNC L
(TRAP/) LCD/p-L2 o FPEN
(DE) BLANK/OT90 2JBrANK 6 +5V
PCLK > DACEN 77 4.7 uH J1 = CRT Andog
p7|138 20,  AVCC o Video 15-Pin
P6 137 ks P6 Connector
P5 136 18 P5 uF | 0.1| 0.047
pa [ 135 17l oy 4501, NC
Pa 134 16|h;  VREF It NG —C J1-15
P2 433 P2 IREF &RWTO/" (MS2) NC
P13 3PL acnp [47_Rse 1% (MS1) NC —_JL12
PO PO (Ms0) NC —C_J1-11
108 22 = 40 v -
PALRD/ D05 Z9RD R {7 1
PALWR/PD JWR G155 -2
SENsE (8L 9 lsense B sy, TR J1-3
114 56 12 O GEED
Ro[ii3 55Re  SEHI™Oo $33 150, 2% $CILb O
R3 ﬁ% 2‘2‘ R3 seLoto3 76 )
Ro[1LL 2ro 1 v S G EAD
R1M09 50| R goca11
RO 120 5 RO D7 33 BD7 (Buffaed PC DaaBus) V¥
G550 2G5 FLAT 57132 BD6 (Bufferad PC DaaBus)
G4 118 7 G4 PANEL D5 31 BD5 (Buffeed PC DaaBus)
G3HT 4G3 Lam Dal30_BD4 (Buffeed PC Databus)
G2 116 2 G2 DAC D3 29 BD3 (Buffaed PC Daa Bus)
Gl 115 3 Gl D2 28 BD2 (Buffeed PC Daa Bus)
GO 126 1 GO D1 25 BD1 (Buffaed PC Daa Bus)
B5 125 &4 B5 DO 24 BDO (Buffaed PC Daa Bus)
B4 B4
Ba[l24 63 o3 Rs1|38 Al (PC Bus)
123 61 37_A0 (PC Bus)
B2H55 2lB2 RSO
B1M51 59| B1 44
BO BO PWRDN _
PWRDN 105 VGASLEEP _l (From Systan Powe Control Logic)

82C457 Video Circuit Example
For Color LCD Panels
(Chips 82C411 Color Palette)

Note: Rggt = 220Q (assuming

Note: Flat panel signals PNL8-15 are
not needed for most color panels, so the
buff(_er marked ‘(opt)' is not usually
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25.175 MHz

28.322 MHz

82C457 Clock Pins

14,
147

CLK2 (CLKSEL1)

CLK1 (CLKSELO)
CLKO (CLKIN)
|OCLK

139
129

Panel Freq

( 82C457 Clock Circuit Example_- Minimum Oscillator Configu- '

82C457 Clock Pins

25175 MHz 2Lk (CLKSELY)

| T3 CLK1 (CLKSELO)
28.322 MHz T 129 CLKO (CLKIN)

IOCLK
LCD/
SEL,,

40.000 MHz B

I

Panel Freq

( 82C457 Clock Circuit Example - Oscillator Configuration For High Res CRT Mode '

Shown configured

82C457 Clock Pins

for panel 1 9 s
frequency of 32 15 FP3  gocao1 CLK2[g (123 CLK2 (CLKSELY) A
13 FP2 CLOCK CLK1r7 1‘ 139 CLK1 (CLKSELO). _
FP1 CLKO CLKQ (CLKIN)
OFpg  CHIP I 129|<%_Dﬂj ]
LCD/ 16 L1 ] @
155 Eglmggg %'g_'llg [ 1Recommenddd BPC46L P ower AGround
= [
VGASLEEP T|PWRDN  ReservedZ— NE @ r
NC—=Q OUTDIS VCC ' 0.01uF
6 L (Lo
NC—2 XTAL OUT .0fj|1ouF| [
14.318 MHz 5 | STAL IN GNDL4 I:I: j
220 - A
+5V A 5
L 6
* o 10uF
8
+5V
Indicates direct connection to
power/ground distribution planes
( 82C457 Clock Circuit Example - 82C401 Clock Chip Configu- '
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Electrical Specifications

Electrical Specifications

ABSOLUTE MAXIMUM CONDITIONS

Symbol | Parameter Min Max @ Units
P, | Power Dissipation - 1 w
Ve  Supply Voltage -05 7 \%
V, |Input Voltage -05 V05 V
Vo Output Voltage -05 V05 V
Top Operating Temperature (Ambient) -25 85 °C
Tsrg Storage Temperature —40 125 °C

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation should be

restricted to the conditions described under Normal Operating Conditions.

NORMAL OPERATING CONDITIONS

Symbol Parameter Min M ax Units
Ve Supply Voltage 4.75 5.25 \
T, Ambient Temperature 0 70 °C
To  Case Temperature 0 85 °C

Note:  Electrical specifications contained herein are preliminary and subject to change without notice.

DC CHARACTERISTICS

(Under Normal Operation Conditions Unless Noted Otherwise)

Symbol  Parameter Notes Min Max | Units
lccy  Power Supply Current  Norma @ 25 MHz CLK, 0°C - 150 mA
lcc, | Power Supply Current  (Retire Mode @ 25 MHz CLK, 0°C) - 6 mA

l,.  Input Leakage Current -10  +10 UA
loz  Output Leakage Current High Impedance -10 +10 UA
V. Input Low Voltage -05 0.8 Vv
V,y Input High Voltage (Al pins except clocks) 20 Vect05 VvV
(CLKO, CLK1, CLK2, MCLK) 28 V105 V
Voo Output Low Voltage 15 =8 mA (Note 1) - 04 V
lo. =4 mA (Note 2) - 0.4 \Y
lo. =2 mA (Note 3) - 04 V
Voy Output High Voltage 15, =-8 mA (Note 1) 24 - Vv
l oy =—4 MA (Note 2) 2.4 - Vv
loy =—2 MA (Note 3) 24 - Vv

Note1l: RDY, IRQ, TRAP/, ERMEN/, IOCS16/

Note2: MEM16/, ERMEN/, M[3:0]D[7:0], WE/, CLK[2:0], PCLK, PALRD, PALWR, SHFCLK
Note3: ROMCS/, ADREN, RDLO, RDHI, AD[15:0], AA[7:0], BA[7:0], CAS[3:0]/, P[7:0], PNL[15:0],

HSYNC, VSYNC, ACDCLK, BLANK/
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i - Electrical Specifications
“fira =
AC TIMING CHARACTERISTICS - CLOCK TIMING
Symbol Parameter Notes Min Typ M ax Units
Tc  CLKIN Period Panel Mode 31 - - ns
CRT Mode 25 - - ns
Tey  CLKIN High Time 0.45T - - 0.55T~ ns
T CLKIN Low Time 0.45T - 0.55T ns
Ty MCLK Period 30 35 40 ns
Tyy MCLK High Time 0.45T,, - 0.55T), ns
Ty, MCLK Low Time 0.45T,, - 0.55T), ns
Tre CLKIN Rise/Fall - - 5 ns
AC TIMING CHARACTERISTICS - RESET TIMING
Symbol Parameter Notes Min Typ M ax Units
Tre |RESET High Time 64T - - ns
<4+ P
4<—r<4+—r
<« —»>
CH cL
CLKIN «
(CLKO, CLK1, CLK2) |
7L—){5 TRE
>l  TM »
TvH - TML
P
MCLK 7
TrRF TRF
TrRE
RESET
2.4V
Voltage for DC Tw Voltage for AC Test
0.4v -
C Clock Timing )
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AC TIMING CHARACTERISTICS - ISA (PC/AT) Bus Timing

Symbol | Parameter Notes Min | Typ Max Units
T, IORD/, IOWR/ Pulse Width Notes4 & 5 175 - — ns
T, MEMR/, MEMW/ Pulse Width Note 5 175 - - ns
T;  Address setup to Read/Write 5 - - ns
T;, Address hold from Read/Write Signal 10 - - ns
Tg  10CS16/ Delay from valid address - - 30 ns
T, MEMR/, MEMW/ hold from RDY (Memory) 0 — - ns
Ts Datadelay from IORD/ — - 30 ns
T, Datahold from IORD/ 5 - 30 ns
Tg Datasetupto IOWR/ 5 - - ns
Ty  Datahold from IOWR/ 10 - - ns
T,, Datahold from MEMR/ 5 - 30 ns
T11 |Data hold from MEMW/ 0 - - ns
T,, MEMR/, MEMW/ to RDY Low delay — - 25 ns
T13 Datasetupto RDY 25 — - ns
Ti4 Datasetup to RDY 40 - - ns
Ti5 RDY width TTe - 128T. ns
T20 10RD/,|IOWR/,MEMR/,MEMW/ cycle Ty - ns
T21 ADREN/, DATEN/, RDHI/, RDLO/ /O delay — 16 ns
Ty PALRD/, PALWR/ delay from IORD/, IOWR/ — — 25 ns

Note 4: 2 Il?ni g Ir?nu)r(nRI OWR pulse width of 3 MCLKsisrequired for access to an indexed register (ie. SR, CR,

Note5: A rr’linirr;um o)f 6 MCLKsisrequired from the falling edge of IOWR to the falling edge of MEMR/ or

MEMW/.
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SEEE L ERRE . —
wfir2 Electrical Specifications

-
A16-18, ADBHABHE 4.5 ) Yurino ) W/
T == | ) <
ADI¥0 vatidAck & Read Data
“— e > >
. T3a 7 »
T5 Te
locstel < - l
T3 T T2o
> - - — ﬁ*
LonnD.L
TOOT\DT x
T39 T39
PALRD/ \ _ — /
T21 ——

DATEN/, RDHI/, RDLO/

| ./ \
ADREN/ ‘
ROMQS/,RDY
v High
h Read Cycle Timing
Z )% 7,
L PR PR
Tsa )¢ Ts D
ADO-15
FetidAddress Write Data
10CS16/ ¥
= \ T1 /
IOWR/
*39 /T390
PALWR/
DATEN/, RDHI/, RDLO/
High
Low
ADREN/
ROMCSY, RDY
High

( Bus1/O Write Cycle Timing '
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X X Z
A16-18, ADDHI, « >
oLl / 4 r
RFSHZZZ i G X Z
ADO0-15 - VHidlAddress -+ ReadDaa
< #‘ > 1 4 /
«<—>
MEMR/ « . 12
'/ T T10
RDY T13
g B — < Ta
PALRDT \ 7
Hgh
T21 T21
DATEN/, RDHI/, / \
RDLO/, ROMCY
ADREN/
22¢ X
| PN High
X (

O

A16-18, ADDHI, g
BHE/, A
RFSH/, AN Tadt—» /
ADO-15 valid A\\ddras Write Data
T2
MEMWT
T2 T1s T11
RDY Ta
Ta
PALWR/ _
High
DATEN/, RDHI/, )
RDLO/, ROMCY High
ADREN/ Low
10CS16/
High

( BusMemory Write Cycle Timing '
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\'-'"-2 Electrical Specifications
AC TIMING CHARACTERISTICS - DRAM TIMING
8-dot Mode 9-dot Mode
Symbol Parameter Min M ax Min M ax Units
T,c Read/Write Cycle Time e - 8T¢ - ns
Tras RAS Pulse Width 4T, - 4T, - ns
T Column Address Hold from RAS 5T; - 5T¢ - ns
Trp  RAS Precharge 3T¢ - 4T, - ns
Top CAS to RAS precharge 1T, - 2T - ns
Teen CAS Hold from RAS 6T - 6T - ns
Trog RAS/toCAS delay 2T - 2T¢ - ns
Trsn RAS Hold from CAS/ 2T, -2 - 2T.-2 - ns
Teon CAS Precharge 3T; - 4T, - ns
Tcas CAS Pulse Width 4T, - 4T, - ns
Tas Row Address Setup to RAS/ 2T - 3T¢ - ns
Tae Column Address Setup to CAS/ 1T, - 1T, - ns
Tran Row Address Hold from RAS 1T, - 1T, - ns
Teah Column Address Hold from CAS/ 3T¢ - 3T¢ - ns
L L VU R P IITURTIVITRZ N - 3Tc - 3T¢ ns
Trac DataAccess Timefrom RAY - 5Tc - STe ns
Twp WE/ Pulse Width 7T.-5 - 8T.-5 - ns
Tgs Write Data Setup to CAS/ 2T¢ - 2T - ns
Tgn Write DataHold from CAS/ 5T¢ - 6T¢ - ns
Tghr Write DataHold from RAS/ Te - 8T¢ - ns
Tweh WE/ Hold from CAY/ 5T.-5 - 6T.-5 - ns
Twes WE/ Setup to CAY 2T - 2T - ns
Towl WE/ Leadto RAS 4T - 4T - ns
Towl WE/ Leadto CAY 6T - 6T - ns
Twer WE/ Hold from RAS Te - 8T¢ - ns
AC TIMING CHARACTERISTICS - DRAM REFRESH TIMING
Symbol Parameter M ax Units
— DRAM Refreshinterval 85000/(VR*VL) ns
Note: VR = Vertical refresh rate (in Hz.)
VL = Total number of lines per frame (including retrace)
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SRR R, R Electrical Specifications
CHIFS i
Tre N
B Tras Trp g
4~ PP
RAS <« \ />
Tesh
Tcrp‘ Tred _ Trsh N
N T TCDL :‘ g IC&S g
cAS / > / —
> E— OV < Tar >
:) Tasr Trah Tasc Tcah ( X
Address ( Row Address X Column Address ) Row Address Column Address
WE/ ' 4’L
High < —_— \
Fean\ /
Data —\t_y Trac <_;;
ataln
l'esr
Trhe
ERMEN/
(Note

Note 6: ERMEN/ isactive (low) only during CPU memory cycles

( DRAM Read Cycle Timing '
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Trc g
D Tras Trp -
¢+—— Pp¢+————Pp
RAS -\ y
Tesh
Tcrp‘ Tred R Trsh |
T Tepn :‘ - Tecas |
cas [+ > / \__
«— >e—p < Far >
:) Tasr ; rah  Tasc Tean X
Address ( Row Ahddrss Y Column Address ) Row Address Column Address
) P Trwl -
: a Tewl
AY Twes Twch
WE/ < Twp
< P Twer—— P
Tdhr
Tds Tdh
Data st Data Out
Tesr Trhe
ERMEN/
(Note

Note 6: ERMEN/ is active (low) only during CPU memory cycles

( DRAM Write Cycle Timing '
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Tre

>
< »

Tras Trp
RAS/ \ J
CAS/ B Tasr" Toan High ( \

Address { Refresh Address X ) RowAddress
WE/ High
Data High Impedance

ERMEN/ High

( DRAM Refresh Cycle Timing '

AC TIMING CHARACTERISTICS - POWERDOWN

Symbol Parameter | Min M ax Units
Tywn PWRDN setup into Retire mode 3T, 10T, ns
T,y PWRDN setup into Normal mode 2T, 1 refresh cycle ns
L
\. y,
Operation Mode :X Normal Mode X Retire Mode Normal Mode )
Tdwn Trel
PWRDN/ : : '
C Retire Mode Timing )
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Electrical Specifications

“ira
AC TIMING CHARACTERISTICS - VIDEO TIMING
|Symbol Parameter _ Notes Min M ax Units
Typ Video delay from PCLK - 25 ns
Tsyn HSYNC, VSYNC, BLANK/ delay from PCLK CRT mode - 20 ns
Tspy RS0, G5:0, B5:0 setup to PCLK rising edge FP mode 2 - ns
Typy R5:0, G5:0, B5:0 hold to PCLK rising edge FP mode 10 - ns
Tepny  PNL[15:0] setup to SHFCLK FP mode 5 - ns
Typny  PNL[15:0] hold to SHFCLK FP mode 10 - ns
Tsyp HSYNC, VSYNC, ACDCLK setup to SHFCLK ~ FP mode 5 - ns
Tyyp HSYNC, VSYNC, ACDCLK hold to SHFCLK FP mode 10 - ns
/ 3( /
Tvio g
P[7:0], BLANK/ *<
Tsyw
HSYNC, VSYNC
CRT Djsplay Mode Timing _ )
— 7 7/
PV
Tupy
XN\
R5:0, G5:0, B5:0 L | —
ISP TI"II'I‘IX
PANEL DATA
THyp
Tsyp
VSYNC, HSYNC, ACDCLK
( Flat Panel Display M ode Timing '
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M echanical Dimensions

Lead Length
See Note 2
LR e e e e
Lead Pitch ([r== ST R, LR
0.65 (0.0256) == “fFiira
= . g
€ &= 160-Pin R DIMENSIONS:
T = Plastic Flat Pack o mm (in)
Lead Width ==] b=
030010 | = o
(0.012+0.004) S5 =
= & = S
‘ - 1
-HE b Clearance
Lead gh == 0.300 (0.012
SeeNote 2 —N\ 0.600 E0'024;
B3RS ERAREBRER AR | 80 (0
Pin 1 SeeNotel — . | Max Height
. 30.8(L213) Seating Plane 4.2 (0.165)
Footprint 316 (1.244)

Note1: Package Body Size = 28 +0.2 (1.102 +0.008)
Note2:  Lead Length = 0.8 £0.2 (0.031 +0.008)

Suggested PCB Pad L ayout

ABABAABABAABABAABABAABABAABABAABABAABAB

160-Pin Plastic Flat Pack
Suggested PCB Pad L ayout

Pad Size = 2.54 mm x 0.30 mm (0.100 in o.mjiU-UHH””HHHHH

‘A" Spacing = 0.65 mm (0.0256 or 0.026 in) (see note)
'B' Spacing = 0.65 mm (0.0256 or 0.025 in) (see note)

AR

print 33.0 mEEEE300 in)

Note: If the PCB layout system to be used cahandle
fractional mils, use 0.0256 center-t@enter

= I

closely as possible.

—JF oot

MR

NBABAABABAABABAABABAABABAABABAABABAABAB

\ BARAARA BAABABAABABAA BEEBABABAABABAABAB

ABABAABABAABABAABABAABABAABABAABABAABAB
Footprint 33.0 mm (1.300 in)
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