




WD90C11IWD90C11A 

TABLE OF CONTENTS 

Section Title Page 

1.0 INTRODUCTION 13-1 
1.1 Document Scope 13-1 
1.2 Features 13-1 
1.3 General Description 13-2 

2.0 WD90C11 (A) ARCHITECTURE 13-3 
2.1 WD90C11 (A) Modules . 13-3 

3.0 WD90C11 (A) INTERFACES 13-4 
3.1 CPU and BIOS ROM Interface 13-4 
3.2 DRAM Interface 13-4 
3.3 Video Interface . . . . 13-4 
3.4 Clock Interface . . . . 13-6 
3.5 Power-up Configuration 13-6 

4.0 SIGNAL DESCRIPTIONS 13-7 

5.0 WD90C11 (A) REGISTERS · 13-17 
5.1 VGA Registers . . · 13-19 

5.1.1 General Registers · 13-19 
5.1.2 Sequencer Registers · 13-22 
5.1.3 CRT Controller Registers · 13-27 
5.1.4 Graphics Controller Registers · 13-37 

5.2 Attribute Controller Registers · 13-43 
5.3 Compatibility Registers · 13-47 
5.4 PR Registers ..... · 13-53 
5.5 EGA Registers . . . . . · 13-71 

5.5.1 General Registers · 13-72 
5.5.2 Sequencer Registers (Port 3C5) · 13-73 
5.5.3 CRT Controller Registers (Port 3?5) · 13-74 
5.5.4 Graphics Controller Registers (Port 3CF) · 13-77 
5.5.5 Attribute Controller Registers (Ports = 3CO/3C1 ) · 13-77 

· 13-79 

• · 13-80 
· 13-81 

5.6 Internal I/O Ports . . 
5.7 Video RAMDAC Ports 
5.8 Configuration Bits . . 

6.0 DC CHARACTERISTICS · 13-83 
6.1 Absolute Maximum Ratings · 13-83 
6.2 Standard Test Conditions . · 13-83 

7.0 AC TIMING CHARACTERISTICS · 13-84 

8.0 PACKAGE DIMENSIONS · 13-93 

i:2:E 11/22/91 13-i 



WD90C111WD90C11A 

APPENDICES 

Section Title Page 

A.O APPLICATIONS .13-95 

B.O SIGNATURE ANALYZER :13-104 

B.1 Description :13-104 

8.2 Operation :13-104 

C.O I/O MAPPING :13-106 

C.1 Introduction :13-106 

C.2 Test Mode :13-106 

C.3 Pin Groupings :13-106 

LIST OF TABLES 

Table Title Page 

4-1 WD90C11 (A) Pin Assignments 13-8 

4-2 Signal Descriptions 13-9 

5-1 VGA Registers Summary · 13-17 
5-2 PR Registers Summary · 13-18 

5-3 Compatibility Registers Summary · 13-18 
5-4 CRT Controller Registers .13-26 

5-5 EGA Registers Summary · 13-70 
6-1 DC Characteristics .13-83 

7-1 AC Timing Characteristics .13-84 

B-1 Control Register PR19 :13-105 

C-1 WD90C11A Pin Scan Map :13-107 

13-ii 11122191 



WD90C111WD90C11 A 

LIST OF ILLUSTRATIONS 

Figure Title Page 

2-1 System Block Diagram 13-3 

3-1 WD90C11 (A) Block Diagram 13-5 

4-1 WD90C 11 (A) Pin Diagram 13-7 

7-1 Reset Timing · 13-89 

7-2 Clock And Video Timing · 13-89 

7-3 AT Mode Bus Timing · 13-90 

7-4 Micro Channel Mode Bus Timing · 13-91 

7-5 DRAM Timing · 13-92 

8-1 132-PIN JEDEC Plastic Flat Package · 13-93 

8-2 132-PIN JEDEC Plastic Flat Package · 13-94 
A-1 WD90C11 (A) Interfaces · 13-95 
A-2 8-Bit PC AT Interface with 8-Bit BIOS · 13-96 

A-3 16-Bit BIOS PC AT Interface with 8-Bit BIOS · 13-97 

A-4 WD90C11 (A) Interface for 286 or 386 Based Systems · 13-98 

A-5 16-Bit PC AT Interface with 16-Bit BIOS · 13-99 
A-6 16-Bit Micro Channel Interface .13-100 

A-7 WD90C11 (A) with RAMDAC Interface .13-101 

A-8 WD90C11 (A) and TTL Monitor Connections .13-102 

A-9 Clock Interface .13-103 

A-1O External Video Clock Multiplexing .13-103 

B-1 Linear Feedback Shift Register .13-104 

C-1 Test Mode Circuit .13-106 

C-2 WD90C11A Pin Scan Map .13-108 

II 

11122191 13-iii 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



INTRODUCTION 

1.0 INTRODUCTION 
1.1 DOCUMENT SCOPE 

This document describes the function and opera­
tion of the WD90C11 and WD90C11A devices. 
WD90C 11 is a 1.25 micron CMOS device, and 
WD90C11A is a 0.9 micron CMOS device. In 
most instances the WD90C11 and WD90C11A 
operate similarly and are referred to in this docu­
ment as WD90C11 (A). Where there are differen­
ces, the devices are identified specifically. 

This document supplies order information, a func­
tional overview, signal pin details, a block 
diagram, internal register descriptions, AC/DC 
characteristics, timing diagrams, VLSI package in­
formation, and associated references. 

Ordering Information: 
WD90C11 Part Numbers: 

WD90C11 LROO 03 or 
WD90C11 LROO 02 
- device tested to 45 MHz, VCLK 

WD90C11A Part Number: 
WD90C11 ALROO 02 

1.2 FEATURES 

• Provides single chip video graphics solution for 
IBM PC, XT, AT, and PS/2 compatible systems. 

• Supports two or four 256 Kbyte by 4 DRAMs, 
providing high performance, high resolution, 
and 256 colors. 

• 100% hardware compatible with IBM's VGA 
and EGA with hidden register support. 

• 100% CGA, MDA, Hercules Graphics, and 
AT&T Model 6300 compatible. 

• With 512 Kbytes of DRAM (four 256 Kb by 4), 
will support 1024 by 768 by 16 colors 
interlaced or non-interlaced, 640 by 400 by 256 
colors, 640 by 480 by 256 colors, 800 by 600 
by 256 colors. With two 256K by 4 DRAMs will 
support 1024 by 768 by 2/4 colors, 800 by 600 

WD90C111WD90C11A 

by 16 colors, 132 column text. 
• Write cache for improved CPU write 

performance. 
• 8- or 16-bit data bus for 110 and memory. True 

16-bit CPU to video memory transfer for all 
modes. 

• Up to 65 MHz maximum video clock rate. 
• Up to 42 MHz maximum memory clock rate. 

(45 MHz for WD90C11A) 
• Up to four simultaneous displayable fonts. 
• 6,7,8, and 9 pixel wide fonts. 
• Up to 16 fonts can be loaded. 
• Provides adapter video BIOS ROM decoding. 
• Total of 18 address bits for cursor location and 

start address. 
• Special double scanning and underline. 
• Special display enable or blanking output 

signal. 
• Special border disable. 
• Lockable palette, RAMDAC, and overscan 

registers. 
• Special register locking for flat panel 

applications. 
• Supports 16-bit liD register transfer to 

index/data register pairs. 
• Adjustable internal FIFO and fast page memory 

interface. 
• 132-pin Plastic Flat Pack (PFP) JEDEC 

package. 
• Integrated Feature connector interface and 

external RAMDAC support. 
• Integrated bus interface for PC / XT / AT, and 

Micro Channel with minimum external 
component support. 

• liD pin mapping and video output signature 
analysis to facilitate system level test. 
(WD90C11Aonly). 
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1.3 GENERAL DESCRIPTION 

The Western Digital Imaging WD90C11 and 
WD90C11A are CMOS VLSI devices that allow 
the design of a VGA graphics subsystem to inter­
face with the PCIXT/AT bus, as well as the IBM 
Micro Channel bus, while maintaining backwards 
compatibility with previous video standards such 
as MDA, EGA, CGA, Hercules and AT&T 6300. 

The enhancements include Western Digital 
registers for EGA register level 'compatibility for 
PS/2 and TIL monitors, 1024 by 768 color 

INTRODUCTION 

graphics support, and integrated Micro Channel 
and AT interface. A major advantage of the 
WD90C11 (A) is that designs implementing this 
graphics controller will be able to run applications 
requiring VGA hardware and BIOS compatibility, 
and also EGA register level compatibility on 
analog, TTL, or multifrequency monitors, in inter­
lace or non-interlace mode. The WD90C 11 (A) 
supports either two or four 256 Kbyte by 4 
DRAMs for operation. 

13-2 11122191 
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3.0 WD90C11 (A) INTERFACES 
3.1 CPU AND BIOS ROM INTERFACE 
The WD90C11 (A) is designed to operate in both 
the PC/XT/AT Bus and the PS/2 Micro Channel 
Bus architecture configurations. The selection of 
the mode depends on the setting of a configura­
tion register bit CNF(2), which is determined upon 
power-up/reset, and is described in the 
WD90C 11 (A) Configuration Bits section of this 
data book. 

Whether configured for either AT or Micro Chan­
nel operation, the WD90C11(A) operates function­
ally in a manner conducive to PC/XT/AT or Micro 
Channel interfacing respectively. The signal pins, 
memory maps and I/O ports all operate to op­
timize this interface with minimal external circuitry. 

The WD90C11 (A) provides all the signals, and 
decodes all the necessary memory and I/O ad­
dresses to interface with the AT bus or the Micro 
Channel bus, in 8 or 16 bit data path modes. 
WD90C11 (A) also provides the necessary decod­
ing of the adapter video BIOS ROM. Using the 
provided signals, the customer can implement 
designs which operate in 8- or 16-bit mode and 
control an 8 or 16 bit BIOS ROM. 

The I/O data path can be programmed to be 
either 16- or 8-bit. The CPU to display buffer data 
path can also be eight or sixteen bits wide for all 
modes. ROM16, IOCS16, and MEMCS16 signals 
are generated by the WD90C11 (A). 

The WD90C11(A) has a display memory write 
cache which holds the CPU write data until it can 
be transferred to the display memory, allowing the 
CPU to continue. This feature greatly reduces 
CPU wait states while writing to the video 
memory. 

The WD90C11 (A) will provide the necessary wait 
states for CPU accesses to the video memory if 
necessary. Wait states for I/O accesses and 
BIOS ROM accesses are not generated. 

Special I/O ports such as 46E8H for the AT for 
setup, and 102H for VGA enable, have been im­
plemented internally in the WD90C11(A). 

WD90C11 (A) INTERFACES 

3.2 DRAM INTERFACE 
The WD90C11 (A) optimizes its interface to the 
video memory display buffer. The video memory 
DRAMs are organized as four planes to support 
all modes from only two or four 256K by 4 DRAMs 
by making use of its Fast Page Access of 
memory. Each plane can be configured as 64 
KBytes (128, 256, or 512 Kbyte total). 

For display refresh cycles, the WD90C11(A) will 
perform page mode read operations on the video 
memory in graphics modes. In alpha modes, a 
choice of page video memory read operation is 
also provided. For video memory write operations 
during graphics or alpha modes, the WD90C11/A 
will generate standard RAS/CAS cycles as 
needed. The WD90C11 (A) will also refresh the 
DRAMs with 3 or 5 (CAS before RAS) refresh 
cycles after every horizontal scan line. 

Two or four 256K by 4, 80 ns DRAMs and a 37.5 
MHz MCLK are required for all modes. 70 ns 
DRAMs can be used with 42 MHz MCLK. 

3.3 VIDEO INTERFACE 
The WD90C11 (A) is optimized to connect to an 
analog CRT monitor through a RAMDAC, but it 
may also be used to drive other types of displays, 
such as TTL monitors. In interfacing to an analog 
monitor through an external RAMDAC, the 
WD90C11 (A) provides all the necessary signals to 
interface to the video RAMDAC. 

The video interface for a CRT is very dependent 
on the CRT requirements and the resolution and 
depth (bits/pixels) of the image desired. New 
monitors, such as multifrequency monitors, are 
less stringent because of the many sync frequen­
cies available. The WD90C11 (A) can be 
programmed to directly generate all the CRT sig­
nals for up to 8 bits/pixel (256 color) displays. 

The Micro Channel Auxiliary Video Connector and 
the AT Feature Connector can be connected 
directly to the WD90C 11 (A). The WD90C 11 (A) 
also provides an input for a monitor type detection 
interface as done on the IBM VGA using com­
parators. 

13-4 11122191 
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3.4 CLOCK INTERFACE 
The WD90C 11 (A) has four clock input signal pins; 
the separate memory clock, MCLK, which drives 
the DRAM and bus interface timing; and the three 
video clocks, VCLKO, VCLK1, and VCLK2, which 
drive the video timing. VCK1 and VCK2 can also 
be programmed as outputs to provide the option 
to externally control a multiplexer that supplies the 
video clock. The MCLK can also be selected as a 
memory clock or video dot clock. 

WD90C11 (A) INTERFACES 

3.5 POWER-UP CONFIGURATION 

The WD90C11(A) uses the memory data pins to 
configure an internal configuration register upon 
power- up/reset. CNF(2) will determine whether 
the WD90C11 (A) will operate in AT or Micro Chan­
nel Architecture (MCA) implementation. Other 
CNF bits configured by the WD90C11 (A) at 
power-up/reset are used as status bits, or for 
clock source control. For more information on 
WD90C11 (A) power-up configuration, refer to the 
Configuration Bits section of this document. 

13-6 11/22/91 



SIGNAL DESCRIPTIONS 

4.0 SIGNAL DESCRIPTIONS 
Figure 4-1 displays the WD90C11 (A) pin layout. 
The following table provides a signal listing for the 
132-pin WD90C11 (A) package. The signals are 
grouped according to their application and 
described in Table 4-2. 
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FIGURE 4-1. WD90C11(A) SIGNAL/PIN ASSIGNMENT 
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PIN NAME PIN NAME PIN NAME PIN NAME 

1 - A14 34 - D8 67 - MD14 100 - VIDa 

2 - A15 35 - D7 68 - MD13 101 - VID1 

3 - A16 36 - D6 69 - MD12 102 - VID2 
4 - A17 37 - D5 70 - MD11 103 - VID3 

5 - A18 38 - D4 71 - MD10 104 - VID4 

6 - A19 39 - D3 72 - MD9 105 - VID5 
7 - A20 40 - D2 73 - MD8 106 - VID6 

8 - A21 41 - D1 74 - MD7 107 - VID7 
9 - A22 42 - DO 75 - MD6 108 - +5VDC 

10 - A23 43 - WE1 76 - MD5 109 - EXVID 
11 - BHE 44 - GND 77 - GND 110 - GND 
12 - EME;M 45 - MRD (MilO) 78 - MD4 111 - NC 
13 - EIO (3C3DO) 46 - MWR (SO) 79 - MD3 112 - MDET 
14 - IOCS16 47 - lOR (S1) 80 - MA8 113 - NC 

(CDSETUP) 

15 - GND 48 - lOW (CMD) 81 - MD1 114 - NC 
16 - IRQ (IRQ) 49 - RSET 82 - MDO 115 - NC 
17 - +5VDC 50 - +5VDC 83 - +5VDC 116 - NC 

18 - EBROM 51 - GND 84 - EXPCLK 117 - AO 

19 - DIR 52 - MAO 85 - GND 118 - A1 
20 - RDY 53 - MA1 86 - USR1 119 - A2 
21 - MEMCS16 54 - MA2 87 - USRO 120 - A3 

(CDDS16) 

22 - EDBUFH 55 - MA3 88 - PCLK 121 - A4 
23 - EDBUFL 56 -MA4 89 - BLNK 122 - A5 

24 - ROM16 57 - MA5 90 - VSYNC 123 - NC 
(CSFB) 

25 - HTL 58 - MA6 91 - HSYNC 124 - A6 
26 - D15 59 - MA7 92 - RPLT 125 - A7 

27 - D14 60 - MA8 93 - WPLT 126 - A8 
28 - GND 61 - GND 94 - VCLK2 127 - A9 

29 - D13 62 - RAS 95 - +5VDC 128 - A10 

30 - D12 63 - CAS 96 - VCLK1 129 - A11 
31 - D11 64 - WEO 97 - VCLKO 130 - A12 
32 - D10 65 - OE 98 - MCLK 131 - GND 

33 - D9 66 - MD15 99 - GND 132 - A13 

TABLE 4-1. WD90C11 (A) PIN ASSIGNMENTS 

13-8 11122191 



SIGNAL DESCRIPTIONS WD90C11/wD90C11 A 

PIN MNEMONIC I/O DESCRIPTION 

POWER ON 

49 RSET I Reset 
This signal input will reset the WD90C11 (A). MCLK 
and VCLKO should be connected to WD90C 11 (A) in 
order for the WD90C 11 (A) to initialize during Reset. 
Western Digital configuration bits are initialized at 
power-up reset based on the logic level on the MD15-0 
bus as determined by pull-up/pull-down resistors. The 
reset pulse width should be at least 10 MCLK clock 
periods. 

CLOCK SELECTION 

98 MCLK I Memory Clock 
This clock signal determines the VGA DRAM timing as 
well as system interface control timing. MCLK should 
be a minimum 37.5 MHz for 80 ns DRAMS. 

97 VCLKO I Video Clock 0 
This input is the video display clock for alphanumeric 
and graphics display modes. Typically, VCLK is 25.175 
MHz to display 640 pixels per horizontal display line. 
The miscellaneous output register bits 2 and 3, both 
set to 0, will select this clock if VCLK1 and VCLK2 are 
used as inputs. 

96 VCLK1 I/O Video Clock 1 
This pin can be a second video display clock input or 
an output to external clock selection module. Pin direc-
tion is determined on Reset by a pull-up/down resistor 
on pin MD3. A VCLK1 input frequency of 28.322 MHz 
is used to display 720 pixels per horizontal line. When 
it is an output, VCLK1 is an active low pulse during I/O 
writes to port 3C2H (or it reflects the contents of 03C2, 
Miscellaneous Register, bit 2). Refer to the Configura-
tion Register and PR15 Rejlister bit 5 descrjpJion. 

94 VCLK2 I/O Video Clock 2 
A third video display clock input or an output to exter-
nal clock selection module. Pin direction is 
programmed simultaneously with that of VCLK1. Acts 
as a user-defined external clock input, or an output 
reflecting the content of bit PR2(1) (or it reflects the 
contents of 03C2, Miscellaneous Register, bit 3) if CNF 
(3) is set to 1. See the Configuration Register and • PR15 Register, bit 5 description. 

TABLE 4-2. SIGNAL DESCRIPTIONS 
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WD90C111WD90C11 A SIGNAL DESCRIPTIONS 

PIN MNEMONIC I/O DESCRIPTION 

HOST INTERFACE 

10 -7 A23 - A20 I Address Bus (A23 - A20) 
These address bits should be connected to address 
bus SA23 - 20 in Micro Channel mode. In AT mode, if 
CNF(11) = 1, then A23-20 should be connected to 
LA23-20 of the AT address bus. If CNF(11) = 0, then 
A22-20 should be connected to LA 19 - 17 of the AT ad-
dress bus, and A23 should be connected to an exter-
nally decoded (LA23 x LA22 x LA21 x LA20 ) = 1 from 
the AT address bus. CNF(11) = 0 when M08 is pulled 
down with a 4.7 Kohm resistor. 

6 - 1 A19-A14 I Address Bus (SA19-SAO) 
132 A13 I These inputs are directly connected to the system ad-
130 -124 A12 -A6 I dress bus (SA19 - SAO). Latched address. 
122 - 117 A5-AO I A19 - A17 can be connected to LA19 - LA17 in 386 sys-

tems when CNF (11) = 1. 
Refer to CNF(11) definition. 

26 -27 015 - 014 I/O Data Bus (S015 - SOO) 
29 -42 013 - 00 I/O These bidirectional signals either may be connected 

directly to a local data bus requiring less than 8 rnA of 
source/sink, or may be connected through two external 
bus buffers controlled by EOBUFH, EOBUFL, and DIR. 

20 ROY 0 Ready 
An active high output which signals to the system 
processor that a memory access is completed, and is 
used to add wait states to the CPU bus cycles during 
video memory accesses. It may be pulled inactive by 
the W090C 11 (A) to allow additional time to complete a 
bus operation. This signal is not generated on I/O 
. cycles and accesses to the BIOS ROM. 

TABLE 4·2. SIGNAL DESCRIPTIONS (Continued) 

NOTE: 
( ) Micro Channel only. 
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SIGNAL DESCRIPTIONS WD90C11IWD90C11 A 

PIN MNEMONIC I/O DESCRIPTION 

16 IRQ/(IRQ) 0 Interrupt Request 
Programmable processor interrupt request. It is 
enabled via bit 5 in the Vertical Retrace End 
register. It is active high in AT mode and active low in 
Micro Channel mode. When the end of Vertical Dis-
play occurs, this signal will transition active, causing 
the interrupt. It will stay latched until CRTC11 bit 4 
clears it. In an AT system IRQ is usually not con-
nected, but may be connected if desired. IRQ is used 
to generate interrupt, usually in the Micro Channel 
mode. 

21 MEMCS16 0 Memory Chip Select 16 Bits 
(CDDS16) In AT mode, this line is used to respond the host to 

enable 16-bit video memory data transfer. In Micro 
Channel mode, this line is used to indicate 16-bit 
video memory or 1/0 access. 

13 EIO (3C3DO) I Enable I/O 
In AT mode, this active low signal is used to enable 
I/O address decoding and is connected directly to the 
system bus signal AEN (address enable). In Micro 
Channel mode, this line is from I/O port 3C3 bit 0 to 
enable video subsystem memory and 1/0 address 
decodinQ. ("1" = enable) 

18 EBROM 0 Enable BIOS ROM 
In AT mode, this is an active low signal to enable 
BIOS ROM (COOOOH - C7FFFH) if enabled by PR1 (0). 
A WRITE to WD90C11 internal 110 port address 
46E8H causes this signal to be used as a write strobe 
for an external register used in BIOS ROM page map-
pinQ. 

25 HTL 0 Enable High-to-Low (for 16-bit BIOS) 
If only an 8-bit CPU interface is used, this output 
enables a data buffer to allow reading the upper byte 
of ROM data on the lower data bus when 2 ROMs (16-
bit) are supported. 

12 EMEM I Enable Memory 
This signal enables memory decoding when high. It is 
normally connected to the signal -Refresh. 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) II 
NOTE: ( ) Micro Channel only. 
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WD90C11IWD90C11 A SIGNAL DESCRIPTIONS 

PIN MNEMONIC 1/0 DESCRIPTION 

11 BHE I Byte High Enable 
If SAO is "0", this signal enables 16-bit data transfer mode 
when BHE is "0". With SAO, this signal is also used to 
select high byte data (SD[15:8J) or low byte data (SD[7:0]). 
An internal pullup is on this input. 

45 MRD/(M/IO) I Memory Read 
In AT mode, this signal is called MRD and is an active low 
memory read strobe. In Micro Channel mode, the signal is 
called MilO. It distinguishes between memory and I/O 
cycles. When (MilO) is high, a memory cycle is in process. 
A low on (MilO) shows that an 110 cycle is in process. 

46 MWR/(SO) I Memory Write 
The Active low memory write strobe in AT mode. In Micro 
Channel mode, it becomes SO and is the channel status 
signal which indicates the start and type of a channel cycle. 
Along with Sf, MilO, and CMD signals, it is decoded to in-
terpret 1/0 and memory commands. 

47 IOR/(S1) I 1/0 Read 
Active low 110 read strobe in AT mode. In Micro Channel 
mode, it becomes S1 and is the channel status signal 
which indicates the start and type of a channel cycle. 

48 10W/(CMD) I 1/0 Write 
Active low strobe. In AT mode, the strobe signals an I/O 
write. In Micro Channel mode it is the bus data strobe 
CMD; address bus validity is signaled by CMD going low 
while the rising edge of CMD indicates the end of a Micro 
Channel bus cycle. 

14 IOCS16 1/0 1/0 Chip Select 16 Bits 
(CDSETUP) In AT mode, used to respond to the host to allow 16-bit 1/0 

access. In Micro Channel mode, is driven by the host to in-
dividually select channel connector slots during system con-
figuration. 

19 DIR 0 Direction Control 
Active high Direction Control for external bus buffers in AT 
and MCA implementation. The default state is low until a 
read cycle occurs. The WD90C11 (A) will then drive DIR 
hiQh to chanQe the direction of the data buffers. 

22 EDBUFH 0 Enable Data Buffer High 
Active low signal allows control of an external data buffer 
for data bits D8 - D15. 

23 EDBUFL 0 Enable Data Buffer Low 
Active low signal allows control of an external data buffer 
for data bits DO - D7. 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) 

NOTE: ( ) Micro Channel only. 
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SIGNAL DESCRIPTIONS WD90C11IWD90C11A 

PIN MNEMONIC I/O DESCRIPTION 

24 ROM16! 0 BIOS ROM Select 16 Bits 
(CSFB) This signal decodes the ROM address space COOOO -

DFFFF. It may be combined with SA 15 and SA 16 to 
control MEMCS16 for the address space COOOO-
C7FFF. This is an active low, totem-pole output. 

CARD SELECT FEEDBACK: (Micro Channel mode) 
This signal is used as Card Selected Feedback to pro-
vide positive acknowledgement of its presence at the 
host's addresses specified. This is an active low out-
put. 

DISPLAY MEMORY INTERFACE 

63 CAS 0 Column Address Strobe 
Active low CAS output signal (for both two and four 
DRAM configurations). 

62 RAS 0 Row Address Strobe 
Active low RAS output signal (for both two and four 
DRAM confiQurations). 

65 OE 0 Output Enable 
Active low DRAM output enable signal (for both two 
and four DRAM confiQurations). 

64 WEO 0 Write Enable 
Active low write enable siQnal for first two DRAMs. 

43 WE1 0 Write Enable 
Active low write enable signal for the second pair of 
DRAMs in a four-DRAM configuration. 

PROGRAMMABLE OUTPUTS 

87 USRO 0 May be used to control special card or system 
features. 

86 USR1 0 May be used to control special card or system 
features. 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) 

NOTE: ( ) Micro Channel only. 
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WD90C111WD90C11 A SIGNAL DESCRIPTIONS 

PIN MNEMONIC I/O DESCRIPTION 

VIDEO MEMORY DATA 

66 -76 MD15 - MD5 I/O Display Memory Data (MD15 - 0) 
7S - S2 MD4 - MDO I/O These lines are the data bus to the video display 

DRAMS. The MD15-MD8 data lines are used with 4-
DRAM configurations of the WD90C11 (A). Data lines 
MDO-15 are pulled up by internal50K ohm resistors or 
may be pulled down by external 4.7K ohm resistors to 
provide setup information on power-up (reset) as fol-
lows: 

MD POWER·UP REGISTER 
FUNCTION (BIT) 

15 EGASW4 PR11(7) + 
14 EGASW3 PR11(6) + 
13 EGASW2 PR11(5) + 
12 EGASW1 PA11(4) + 
11 TIL Display/General 

Purpose Status CNF (S) * 
10 8- or 16-bit ROMs PR1 (1) * 
9 3C3 or 46ES I/O Port 

for Setup CNF(9) + 
S A23 - 20 Connection 

Select CNF(11) + 
7 General Purpose CNF(7) * 
6 General Purpose CNF(6) * 
5 General Purpose CNF(5) * 
4 General Purpose CNF(4) * 
3 VCLK1,2 InpuVOutput CNF(3) + 
2 AT/Micro Channel Mode CNF(2) + 
1 1 or 2 ROMs CNF(1) * 
0 BIOS ROM Mapping PR1 (0) * 

NOTES: 
"*,, Pulldown resistor sets these bits to logic 1 . 
"+" Pulldown resistor sets these bits to logic o. 
For more details refer to PR and Configuration 
Registers. 

VIDEO MEMORY ADDRESS 

60 - 52 MAS - MAO a Memory Address (MAO - MAS) 
Display memory DRAM address. For testing purposes, 
these pins can be tri-stated bysetting PR4(4)=1. 

TABLE 4·2. SIGNAL DESCRIPTIONS (Continued) 
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PIN NO. PIN SYMBOL TYPE DESCRIPTION 

RAMDAC INTERFACE 

107 -100 VID7 - VIDO 0 Video (VDO-VD7) 
Pixel video data output to DAC and to Feature 
Connector. These lines can drive up to a 8 mA 
load. 

92 RPLT 0 Read Palette 
Video DAC register and color palette read signal 
for an external RAMDAC. Active low during an 
1/0 read of addresses 3C6H, 3C8H, and 3C9H. 

93 WPLT 0 Write Palette 
Video DAC register and color palette write sig-
nal for an external RAMDAC. Active low during 
an 1/0 write to addresses 3C6H-3C9H. 

88 PCLK 0 Pixel Clock 
Video pixel clock output used by the DAC to 
latch video signals VIDO-7. Its source is one of 
the video clock inputs: VCLKO, VCLK1 or 
VCLK2 as determined by the Miscellaneous 
Output register. 

CRT CONTROL 

89 BLNK 0 Blank 
Active low display monitor blank pulse to exter-
nal RAMDAC. 

91 HSYNC 0 Horizontal Sync 
Display monitor horizontal synchronization 
pulse. Active high or low depending on the Mis-
cellaneous Output Register programming. 

90 VSYNC 0 Vertical Sync 
Display monitor vertical synchronization pulse. 
Active high or low, depending on the Miscel-
laneous OutQut Reqister proqramminq. 

112 MDET I Monitor Detect 
This pin is used when the RAMDAC is external. 
It is used to determine the monitor type and can 
be read at port 3C2H bit 4. 

FEATURE CONNECTOR SUPPORT 

109 EXVID I Enable External Video Data 
A Feature Connector input. A low tri-states the • video data lines VID7:0. An internal pullup resis-
tor is provided. 

84 EXPCLK I Enable External Pixel Clock 
A Feature Connector input. A low tri-states the 
PCLK output. An internal pullup resistor is 
provided. 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) 
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PIN MNEMONIC 1/0 DESCRIPTION 

NO CONNECT 

123 NC 
116-113 NC 
111 NC 

POWER AND GROUND 

17 VCC ----- +5VDC 

50 VCC ----- +5VDC 
83 VCC ----- +5VDC 
95 VCC ----- +5VDC 

108 VCC ----- +5VDC 
15 GND ----- Ground 

28 GND ----- Ground 
44 GND ----- Ground 

51 GND ----- Ground 

61 GND ----- Ground 
77 GND ----- Ground 
85 GND ----- Ground 
99 GND ----- Ground 
110 GND ----- Ground 
131 GND ----- Ground 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) 
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5.0 WD90C11 (A) REGISTERS 
All the standard IBM registers incorporated inside 
the WD90C11 (A) are functionally equivalent to the 
VGA implementation while additional Western 
Digital registers enhance the video subsystem. 
Compatibility registers provide functional 
equivalence for AT&T, Hercules, MDA, and CGA 

standards defined earlier using the 6845 CRT 
Controller. This section describes the VGA 
registers in greater detail, followed by the VGAI 
EGA difference section and PR registers descrip­
tion. For more information, refer to the reference 
literature. 

REGISTERS RW MONO COLOR EITHER 

GENERAL REGISTERS 

Miscellaneous Output Reg W 3C2 
R 3CC 

Input Status Reg 0 RO 3C2 
Input Status Reg 1 RO 3BA 3DA 
Feature Control Reg W 3BA 3DA 

R 3CA 
·Video Subsystem Enable RW 3C3 
AT Mode Setup and Enable W 46E8 
Setup Video Enable RW 102 
• 1/0 Port 3C3 can be used to replace 
46E8 (if CNF (9) = 0) for setup in AT 
mode. In Micro Channel mode, writes to 
3C3, bit 0 = 1 enables memory and 1/0 ad-
dress decoding. 

SEQUENCER REGISTERS 

Sequencer Index Reg RW 3C4 
Sequencer Data ReQ RW 3C5 

CRT CONTROLLER REGISTERS 

Index Reg RW 3B4 3D4 
CRT Controller Data Reg RW 3B5 3D5 

GRAPHICS CONTROLLER REGISTERS 

Index Reg RW 3CE 
Other Graphics ReQ RW 3CF 

ATTRIBUTE CONTROLLER REGISTERS 

Index Reg RW 3CO 
Attribute Controller Data Reg W 3CO 

R 3C1 

VIDEO DAC PALETTE REGISTERS 

Write Address RW 3CB 
Read Address W 3C7 
DAC State R 3C7 
Data RW 3C9 
Pel Mask RW 3C6 

1. RO = Read-Only, RW = ReadIWrite, W = Write, and R = Read. 
2. All Register addresses are in hex. 

TABLE 5-1. VGA REGISTERS SUMMARY 
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REGISTERS RW MONOCHROME COLOR 

PRO (A) Address Offset A RW 3CF.09 3CF.09 
PRO(B) Alternate Address Offset B RW 3CF.OA 3CF.OA 
PR1 Memory Size RW 3CF.OB 3CF.OB 
PR2 Video Select RW 3CF.OC 3CF.OC 
PR3 CRT Control RW 3CF.OD 3CF.OD 
PR4 Video Control RW 3CF.OE 3CF.OE 
PRS Unlock (PRO-PR4)/Status RW 3CF.OF 3CF.OF 
PR10 Unlock (PR11-PR17) RW 3BS.29 3DS.29 
PR11 EGA Switches RW 3B5.2A 3DS.2A 
PR12 Scratch Pad RW 3BS.2B 3DS.2B 
PR13 Interlace H/2 Start RW 3BS.2C 3DS.2C 
PR14 Interlace H/2 End RW 3BS.2D 3DS.2D 
PR1S Miscellaneous Control 1 RW 3BS.2E 3DS.2E 
PR16 Miscellaneous Control 2 RW 3BS.2F 3DS.2F 
PR17 Miscellaneous Control 3 RW 3BS.30 3DS.30 
Reserved 3XS.31- 3XS.3F RW 3BS.31 - 3BS.3F 3DS.31 - 3DS.3F 
** CNF Configuration ----- _ .. --.. -..... --
PR20 Unlock Sequencer Extended Registers W 3CS.06 3CS.06 
PR21 Display Configuration and Scratch Pad RW 3CS.07 3CS.07 
PR22 Scratch Pad (WD90C11Aonly) RW 3CS.08 3CS.08 
PR23 Scratch Pad (WD90C11 A only) RW 3CS.09 3CS.09 
PR30 Memory Interface and FIFO Control RW 3CS.10 3CS.10 
PR31 System Interface Control RW 3CS.11 3CS.11 
PR32 Miscellaneous Control 4 RW 3CS.12 3CS.12 .. 
NOTE: All of the PR Registers may be read/write protected. Refer to the PR Registers' description 

for more details. 

TABLE S·2. PR REGISTERS SUMMARY 

FUNCTIONS RW MDA CGA AT&T HERCULES 

Mode Control ReQ WO 3B8 3D8 3D8 3B8 
Color Select ReQ WO 3D9 3D9 
Status Reg RO 3BA 3DA 3DA 3BA 
Preset Light Pen Latch WO 3B9 3DC 3DC 
Clear Light Pen Latch WO 3BB 3DB 3DB 
AT&T/M24 Reg WO 3DE 
Hercules Reg WO 3BF 
+CRTC RW 3BO-3B7 3DO-3D7 3DO-3D7 3BO-3B7 

NOTES: 
1. RO = Read-Only, WO = Write-Only, RW = ReadlWrite. 
2. All Register addresses are in hex. 
3. + = 684S Mode Registers. 
4. ** = This register is loaded during power on. 

TABLE 5·3. COMPATIBILITY REGISTERS SUMMARY 
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5.1 VGA REGISTERS 

Throughout this section, all bit graphics and 
definitions apply to VGA mode followed by their 
brief description. 

5.1.1 General Registers 

NAME READ WRITE 
PORT PORT 

Miscellaneous Output 3CC 3C2 
Input Status Reoister 0 3C2 ---
Input Status Reoister 1 3?A ---
Feature Control 3CA 3?A 

NOTES: 

1. Reserved bits should be set to zero. 

2. "?" Value is controlled by Bit 0 of the 
Miscellaneous Output Register and is 
programmed as shown below: 

o = B in Monochrome Modes 
1 = 0 in Color Modes 

WD90C11IWD90C11A 

5.1.1.1 Miscellaneous Output Register, 
Read Port = 3CC, Write Port = 3C2 

BIT FUNCTION 

7 Vertical Sync Polarity Select 

6 Horizontal Sync Polarity Select 
5 Odd/Even Memory Page Select 
4 Reserved 
3 Clock Select 1 
2 Clock Select 0 
1 Enable Video RAM 
0 I/O Address Select 

Bit 7 * 
Vertical Sync Polarity Selection. 
0= Positive vertical sync polarity. 
1 = Negative vertical sync polarity. 

Bit 6 * 
Horizontal Sync Polarity Selection. 
0= Positive horizontal sync polarity. 
1 = Negative horizontal sync polarity. 

NOTE: 
"These bits determined the vertical size of the 
frame by the monitor. Their encoding is shown 
below: 

BIT7 BIT6 VERTICAL FRAME 

0 0 Reserved 
0 1 400 lines/scan 
1 0 350 lines/scan 
1 1 480 lines/scan 

Bit 5 

Odd or Even Memory Page Select. 
When in modes 0-5, one memory page is 
selected from the two 64 Kbyte pages. 
o = Lower page is selected. 
1 = Upper page is selected. 

Bit 4 

Reserved in VGA. 
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Bit(3:2) Clock Select 1,0. 

BIT 3 BIT 2 FUNCTION 

0 0 Selects VCLKO for VGA applica-
tions. Can be connected to 
allow 640 dots/line (25.175 
MHz). 

0 1 Selects VCLK1 for VGA applica-
tions. Can be connected to 
allow 720 dots/line (28.322 
MHz) if Configuration Register 
bit3 = O. 

1 0 Selects VCLK2 (external user 
defined input) if Configuration 
ReQister bit 3 = O. 

1 1 Reserved. Also selects VCLK2 
(external user defined input) if 
Configuration Register bit 3 = O. 

Bit 1 

System Processor Video RAM Access Enable. 
o = CPU access disabled. 
1 = CPU access enabled. 

Bit 0 

WD90C11 (A) REGISTERS 

5.1.1.2 Input Status Register 0, 
Read Only Port = 3C2 

BIT FUNCTION 

7 CRT Interrupt 

6,5 Reserved 
4 Monitor Detect Bit for Color/ 

Monochrome Display 
3:0 Reserved 

Bit 7 

CRT Vertical Retrace Interrupt Pending or 
Cleared. 
o = Vertical retrace interrupt cleared. 
1 = Vertical retrace interrupt pending. 

Bit(6:5) 

Reserved in VGA. 

Bit 4 

Monitor Detection in VGA mode. MDET monitor 
status (pin 112) is sampled and can be read from 
this bit. 

CRT Controller I/O Address Range Selection. Bit(3:0) 
Selection for Monochrome (3B4 and 3B5), or Reserved. 
Color (3D4 and 3D5) mode. Bit 0 also maps Input 
Status Register 1 at MDA (3BA) or CGA (3DA). 

0= CRTC and status addresses for MDA mode 
(3BX). 

1 = CRTC and status addresses for CGA mode 
(3DX). 
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5.1.1.3 Input Status Register 1, 
Read Only Port = 3?A 

BIT 

7,6 

5 
4 
3 
2, 1 

0 

Bit(7:6) 

Reserved. 

Bit(5:4) 

FUNCTION 

Reserved 
Diagnostic 0 
Diagnostic 1 
Vertical Retrace 
Reserved 
Display Enable 

Color Plane Diagnostics. 
These bits allow the processor to set two out of 
eight colors by activating the Attribute Controller's 
Color Plane Enable Register bits 4 and 5. Their 
status is defined in the following table: 

COLOR PLANE INPUT STATUS 
ENABLE REGISTER REGISTER 1 

BIT5 BIT4 BIT5 BIT4 
0 0 VID2 VIDO 
0 1 VID5 VID4 
1 0 VID3 VID1 
1 1 VID7 VID6 

Bit 3 

Vertical Retrace Status. 
0= Vertical frame is displayed. 

WD90C11IWD90C11A 

1 = Vertical retrace is active. 

Bit(2:1 ) 

Reserved. 

Bit 0 

Display Enable Status. 
o = CRT screen display in process. 
1 = CRT screen display disabled for horizontal or 

vertical retrace interval. 

5.1.1.4 Feature Control Register, 
Read Port = 3CA, Write Port = 3? A 

BIT 

7-4 

3 
2-0 

Bits(7:4) 

Reserved 

Bit 3 

FUNCTION 

Reserved 
Vertical Sync Control 
Reserved 

Vertical Sync Control: 
o = Vsync output enabled 
1 = Vsync output is logical "OR" of Vsync and 

Vertical Display Enable. 

Bit(2:0) 

Reserved 
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5.1.2 Sequencer Registers 

PORT INDEX NAME 
3C4 --- Sequencer Index 
3C5 00 Reset 
3C5 01 ClockinQ Mode 
3C5 02 Map Mask 
3C5 03 Character Map Select 
3C5 04 Memory Mode 

NOTE: 
Reserved bits should be set to zero. 

5.1.2.1 Sequencer Index Register, 
Read/Write Port = 3C4 

BIT 
7-5 
4-0 

Bit(7:3) 
Reserved. 

Bit(2:0) 

FUNCTION 
Reserved 
Sequencer Address/Index Bits 

Sequencer Address/Index. 
The Sequencer Address Register is written with 
the index value (00Hc04H) of the Sequencer 
register to be accessed. 

WD90C11 (A) REGISTERS 

5.1.2.2 Reset Register, 
Read/Write Port = 3C5, Index = 00 

BIT 
7-2 

1 
0 

Bit(7:2) 
Reserved. 

Bit 1 

FUNCTION 
Reserved 
Synchronous Reset 
Asynchronous Reset 

Synchronous Reset. 
o = Sequencer is cleared and halted 

synchronously. 
1 = Operational mode (Bit 0 = 1). 

Bit 0 
Asynchronous Reset. 
o = Sequencer is cleared and halted 

asynchronously. 
1 = Operational mode (Bit 1 = 1). 
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5.1.2.3 Clocking Mode Register, 
Read/Write Port = 3C5, Index = 01 

BIT FUNCTION 

7,6 Reserved 
5 Screen Off 
4 Shift 4 
3 Dot Clock 
2 Shift Load if Bit 4 = 0 
1 Reserved 
0 8/9 Dot Clocks 

Bit(7:6) 

Reserved. 

Bit 5 

Screen Off. 
o = Normal screen operation. 
1 = Screen turned off. SYNC signals are active 

and this bit may be used for quick full screen 
updates. 

Bit 4 

Video Serial Shift Register Loading. 
o = Serial shift registers loaded every character 

or every other character clock depending on 
bit 2. 

1 = Serial shift registers loaded every 4th charac­
ter clock (32 bit fetches). 

Bit 3 

Dot Clock Selection 
o = Normal dot clock selected by VCLK input fre­

quency. 
1 = Dot Clock divided by 2 (320/360 pixels). 

WD90C11IWD90C11 A 

Bit 2 

Shift Load. Effective only if bit 4=0. 
0= Video serializers will be loaded every charac­

ter clock. 
1 = Video serializers are loaded every other char­

acter clock. 

Bit 1 

Reserved. 

Bit 0 

8/9 Dot Clock. 
Commands Sequencer to generate 8 or 9 dot 
wide character clock. 
o = 9 dot wide character clock. 
1 = 8 dot wide character clock. 

5.1.2.4 Map Mask Register, 
Read/Write Port = 3C5, Index = 02 

BIT 

7-4 
3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
Map 3 Enable 
Map 2 Enable 
Map 1 Enable 
Map 0 Enable 

Controls Writing To Memory Maps (0-3) respec­
tively. 
o = Writing to maps (0-3) disallowed. 
1 = Maps (0-3) accessible. 
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5.1.2.5 Character Map Select Register 
Read/Write Port = 3C5, Index = 03 

BIT FUNCTION 

7,6 Reserved 
5 Character Map Select A Bit 2 
4 Character Map Select B Bit 2 
3 Character Map Select A Bit 1 
2 Character Map Select A Bit 0 
1 Character Map Select B Bit 1 
0 Character Map Select B Bit 0 

If Sequencer Register 4 bit 1 is 1, then the at­
tribute byte bit·3 in text modes is redefined to 
control switching between character sets. A 0 
selects character map B. A 1 selects character 
map A. Character Map selection from either 
plane 2 or plane 3 is determined by PR2(2), 
PR2(5) and bit 4 of the attribute code. 

Bit(7:6) 

Reserved. 

Bit 5 

Character Map A MSB Select. 
The Most Significant Bit (MSB) of character map A 
along with bits 3 and 2, select the location of char­
acter map A as shown below. 

BITS MAP FONT/PLANE 2 
532 SELECTED OR 3 LOCATION 
000 0 1st 8 Kbyte 
001 1 3rd 8 Kbyte 
010 2 5th 8 Kbyte 
01 1 3 7th 8 Kbyte 
100 4 2nd 8 Kbyte 
1 01 5 4th 8 Kbyte 
1 1 0 6 6th 8 Kbyte 
1 1 1 7 8th 8 Kbyte 

WD90C11 (AJ REGISTERS 

Bit 4 

Character Map B MSB Select. 
The MSB of character map B along with bits 1 
and 0, select the location of character map B as 
shown below. 

BITS MAP 
410 SELECTED 
000 0 
001 1 
010 2 
011 3 
100 4 
1 01 5 
1 1 0 6 
111 7 

Bit(3:2) 

Character Map Select A. 
Refer to bit 5 table. 

Bit(1 :0) 

Character Map Select B. 
Refer to bit 4 table. 

FONT/PLANE 2 
OR 3 LOCATION 
1st 8 KB'Lte 
3rd 8 KByte 
5th 8 KByte 
7th 8 KByte 
2nd 8 KByte 
4th 8 KByte 
6th 8 KByte 
8th 8 KByte 
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5.1.2.6 Memory Mode Register, 
Read/Write Port = 3C5, Index = 04 

BIT 

7-4 

3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Bit 3 

FUNCTION 

Reserved 
Chain 4 
Odd/Even 
Extended Memory 
Reserved 

Chains 4 Maps. 
o = Processor sequentially accesses data using 

map mask register. 
1 = Directs the two lower order video memory ad­

dress pins (MAO,MA1) to select the map to 
be addressed. The map selection table is 
shown below: 

WD90C11IWD90C11A 

MA1 MAO MAP SELECTED 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

Bit 2 

Odd/Even Map Selection. 
o = Even processor addresses to access maps 0 

and 2. Odd processor addresses to access 
maps 1 and 3. 

1 = Sequential processor access as defined by 
map mask register. 

Bit 1 

Extended Video Memory. 
o = 64 Kbyte of video memory. 
1 = Greater than 64 Kbyte of memory for 

VGAlEGA modes. 

Bit 0 

Reserved. 
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5.1.3 CRT Controller Registers 

5.1.3.1 CRT Address Register 
Read/Write Port= 3?4 

BIT 

7-5 
4-0 

Bit(7:5) 

Reserved. 

Bit(4:0) 

FUNCTION 

Reserved 
Index bits 

Index Register Bits. 
CRT Controller index pointer bits to specify the 
register to be addressed. Its value is programmed 
hex. 

5.1.3.2 Horizontal Total Register 
Read/Write Port = 3?5, Index=OOH 

FUNCTION 

Horizontal Total Period 

Bit(7:0) 

Count Plus Retrace Less 5. 

In VGA mode, the total character count is the total 
number of characters including retrace time less 
5, per horizontal scan line. 

5.1.3.3 Horizontal Display Enable End 
Register Read/Write Port = 3?5, 
Index 01H 

FUNCTION 

Bit(7:0) 

The total displayed characters less one are 
programmed in this register. This register is lock-

WD90C11IWD90C11A 

ed if PR3(5) = 1 or the Vertical Retrace End 
Register bit 7= 1 . 

5.1.3.4 Start Horizontal Blanking Register 
Read/Write Port = 3?5, Index = 02H 

FUNCTION 

Start Horizontal Blankin 

Horizontal blanking begins when the horizontal 
character counter reaches this character clock 
value. This register is locked if the PR Register 
PR3 (5) = 1 or the Vertical Retrace End Register 
bit7=1. 

5.1.3.5 End Horizontal Blanking Read/Write 
Port = 3?5, Index = 03H 

BIT FUNCTION 

7 Reserved 
6,5 Display Enable SiQnal Skew Control 
4-0 End Horizontal Blanking (lower 5 bits) 

This register is locked if the PR Register PR3(5) = 
1 OR the Vertical Retrace End Register bit 7 = 1. 

Bit 7 

Reserved 

Bit(S:5) 

Display Enable Signal Skew Control. 
They define the display enable signal skew time 
in relation to horizontal synchronization pulses. 
The skew table is shown below: 

BITS BITS SKEW IN CHARACTER 
CLOCKS 

0 0 0 
0 1 1 
1 0 2 
1 1 3 
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