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INTRODUCTION 

1.0 INTRODUCTION 
The WD90C31 VGA Controller is a 0.9 micron 
CMOS VLSI device that allows the design of a 
VGA graphics subsystem to interface with either 
the PC/XT/AT bus or the IBM Micro Channel bus, 
while maintaining backward compatibility with pre
vious video standards such as MDA, EGA, CGA, 
Hercules and AT&T 6300. A major advantage of 
the WD90C31 is that designs implementing this 
graphics controller are able to run applications re
quiring VGA hardware and 810S compatibility and 
also EGA register level compatibility on analog, 
TTL, or multifrequency monitors, in interlace or 
non-interlace mode. The WD90C31 supports high 
resolution graphics with 1024 by 768 dot resolu
tion and 256 colors. The WD90C31 also supports 
132-column text mode and 6-16 pixel fonts. 

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

1.1 FEATURES 

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

• Supports two, four or eight 64 Kbyte by 16 
DRAMs; four or eight 256 Kbyte by 4 DRAMs; 
and one or two 256 Kbyte by 16 DRAMs. 

• Pin compatible with the WD90C30. 
• 100% hardware compatible with 18M's VGA and 

EGA with hidden register support. 

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

• Supports all IBM VGA modes with two 64K by 16 
DRAMs or only one 256K by 16 DRAM. 

• With more DRAMS installed it can support 256 
colors at the following resolutions: 640 by 400, 
640 by 480, 800 by 600 and 1 024 by 768. 

• Supports 132-column text. 
• Write buffer for zero wait state CPU write 

performance. 
• 8-bit or 16-bit data bus for I/O and memory. True 

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

• Provides 16-bit or 32-bit memory interface with 
fast page operations. 

• Up to 80 MHz maximum video clock rate. 
• Up to 50 MHz maximum memory clock rate. 

WD90C31 

• Up to four simultaneous displayable fonts. • 
• 6-16 pixel-wide fonts. : 
• A maximum of 16 fonts can be loaded. 
• Provides adapter video 810S ROM decoding. 
• Eleven-bit vertical counter to support scan 

resolution of up to 2048 scan lines. 

• Special double scanning and underline. 
• Special display enable or blanking output signal. 
• Special border disable. 
• Lockable palette, RAMDAC and overscan 

registers. 

• Special CRTC shadow registers for support of 
non-standard monitors. 

• Special register locking for flat panel applications. 
• Supports 16-bit I/O register transfer to index/data 

register pairs. 
• Adjustable internal FIFO and fast page memory 

interface. 
• Low power 0.9 micron CMOS technology. 
• 132-pin JEDEC (Joint Electronic Device 

Engineering Council) PQFP (Plastic Quad Flat 
Package). 

• 144-pin EIAJ (Electrical Industry Association of 
Japan) MQFP (Metric Quad Flat Package). 

• Integrated Feature connector interface and 
external RAMDACsupport. 

• Integrated bus interface for PC/XT/AT and Micro 
Channel with minimum external component 
support. 

• Programmable memory mapping register to map 
WD90C31 into any CPU memory address space. 

• Eight-bit CPU address offset register to support 1 
Mbyte memory segmentation. 

• A full-function VGA controller optimized for 
windows. 

• Hardware Cursor. 
• Up to 64 by 64 pixels. 
• Inversion and transparency. 
• Two color and three color modes. 
• Hardware 81T8LT. 
• Raster operations. 
• Transparency. 
• Color expansion for text support. 
• Rectangular and linear addressing. 

• Filled rectangles. 
• Transfers to and from the Host. 
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1.2 GENERAL DESCRIPTION 
This document describes the WD90C31 VGA 
controller specifically designed for the Microsoft 
Windows marketplace. The WD90C31 incor
porates numerous advanced features that Win
dows drivers may take advantage of for increased 
performance. 

The WD90C31 is fully compatible with the 
WD90C30 making it possible to utilize the addi
tional features of the WD90C31 by only upgrading 
the BIOS and software drivers. 

1.2.1 Hardware Cursor 

The WD90C31 "SUpports a hardware cursor with a 
user-defined pattern of up to 64 by 64 pixels at 
two bits per pixel. The cursor pattern is stored in 
off-screen display memory. A programmable 
origin is provided, and cursors may be displayed 
with any two or three desired colors. 

INTRODUCTION 

1.2.2 Hardware BITBl T 

The WD90C31 provides hardware accelerated Bit 
Block Transfers (BITBLT) of data between regions 
of display memory, or between display memory 
and a fixed I/O port. Display memory regions may 
be rectangular or linear. 

The BITBLT hardware supports text modes as 
well as monochrome, 4-bit (16-color) and 8-bit 
(256 color) modes. 

A full complement of raster operations and 
transparency are available, as well as 8 by 8 color 
patterns. Color expansion, useful for accelerating 
text modes is supported. Plane masking is also 
supported. 
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3.0 WD90C31 INTERFACES 
3.1 CPU AND BIOS ROM INTERFACE 

The WD90C31 is designed to operate in both the 
AT Bus and the PS/2 Micro Channel Bus architec
ture configurations. The selection of the mode 
depends on the setting of the Configuration 
Register bit CNF(2}, which is determined upon 
power-up/reset and is described in Section 7.10, 
WD90C31 Configuration Register Bits CNF(18:0}. 

Whether configured for AT or Micro Channel 
operation, the WD90C31 operates functionally in 
a manner conducive to AT or Micro Channel inter
facing. The signal pins, memory maps and I/O 
ports all operate to optimize this interface with 
minimal external circuitry. 

The WD90C31 provides all the signals and 
decodes all the necessary memory and 110 ad
dresses to interface with the AT bus or the Micro 
Channel bus in 8-bit or 16-bit data path modes. 
WD90C31 also provides the necessary decoding 
of the adapter video BIOS ROM. Using the 
provided signals, it is possible to implement 
designs which operate in 8-bit or 16-bit mode and 
control an 8-bit or 16-bit BIOS ROM. 

The 110 data path can be programmed to be 
either 16-bit 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 WD90C31 to indi
cate a 16-bit operation. 

The WD90C31 has a display memory write buffer 
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 WD90C31 provides the necessary wait states 
for CPU accesses to the video memory if neces
sary. Wait states for I/O accesses and BIOS ROM 
accesses are not generated. 

Special 110 ports such as 46E8H for the AT (or 
03C3H for Micro Channel) for setup and 102H for 
VGA enable, have been implemented internally in 
the WD90C31. 

WD90C31 INTERFACES 

3.2 DRAM INTERFACE 

The WD90C31 has a very flexible DRAM inter
face. It can work with two, four, or eight 64K by 16 
DRAMs with a 32-bit memory interface. It can also 
work with four 256 Kbyte by 4 DRAMs and one 
256 Kbyte by 16 DRAM with a 16-bit memory 
interface. Other possible configurations are eight 
256 Kbyte by 4 DRAMS or two 256Kbyte by 16 
DRAMS with a 32-bit memory interface. In all 
cases the WD90C31 uses the DRAM fast page 
mode to optimize performance. 

The WD90C31 can support all standard IBM VGA 
modes with only two 64K by 16 DRAMs. Because 
it uses a 32-bit memory interface and has internal 
write buffer, the WD90C31 can update the video 
memory without inserting wait states to the AT bus 
for most standard IBM VGA modes. 

When additional DRAMs are installed the 
WD90C31 is capable of supporting high resolu
tion color video modes (1024 by 768 wiih 256 
colors, non-interlaced at 72 Hz vertical refresh 
rate). 

The WD90C31 is designed to support 60 ns, 70 
ns, 80 ns and 100 ns DRAMs with the dedicated 
MCLOCK which can operate from 32 MHz to 50 
MHz maximum. 

The WD90C31 generates fast page DRAM timing 
for all BITBLT, cursor and CPU accesses, 
graphics display and text display. A choice of 
page mode and non-page mode operation is 
provided to access fonts in text modes. 

The WD90C31 also generates CAS before RAS 
DRAM refresh for the display memory. 

3.3 VIDEO INTERFACE 

The WD90C31 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 
WD90C31 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 
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stringent because of the many sync frequencies 
available. The WD90C31 can be programmed to 
directly generate all the CRT signals for up to 
eight bits/pixel (256 color) displays. 

The Micro Channel Auxiliary Video Connector and 
the AT Feature Connector can be connected 
directly to the WD90C31. The WD90C31 also 
provides an input for a monitor type detection in
terface as done on the IBM VGA using com
parators. 

3.4 CLOCK INTERFACE 

The WD90C31 has four clock input signals, 
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. VCLK1 and VCLK2 can also be 
programmed as outputs to provide the option to 
externally control a multiplexer that supplies the 
video clock. MCLK can also be selected as a 
memory clock or video clock. 

WD90C31 

3.5 WD90C31 POWER-UP CONFIGURATION 

The WD90C31 uses the memory data pins to 
configure an internal configuration register upon .. 
power-up-reset. CNF(2) determines whether the : 
WD90C31 will operate in AT or Micro Channel 
Architecture (MCA) implementation. Other CNF 
bits configured by the WD90C31 at power-up
reset are used as status bits or for clock source 
control. For more information on WD90C31 
power-up configuration, refer to Section 7.10, 
Configuration Bits. 
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4.0 SIGNAL DESCRIPTION 
Table 4-1 provides a list of pin assignments for the 
132-pin JEDEC package. Table 4-2 provides a 
list of pin assignments for the 144-pin EIAJ pack
age. Table 4-3 provides a description of the sig-

JEDEC and EIAJ pins are identified. The : 
nals controlled by the WD90C31, and both the. 

WD90C31 mnemonics are used. 

17 125 117 

116 

lOB 

100 

92 

B4 

51 59 67 75 B3 

FIGURE 4-1. 132-PIN JEDEC PACKAGE 

144 140 134 12B 122 116 110 

0" 109 

PIN #1 ID 

6 103 

12 97 

lB 91 

24 85 

30 79 

36 73 

37 42 48 54 60 66 72 

FIGURE 4-2. 144-PIN EIAJ PACKAGE 
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PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL 

1 MDET 34 MD12 67 VSS 100 DIR 

2 USR1 35 MD11 68 A22 101 DA7 

3 USRO 36 MD10 69 A23 102 DA6 

4 MCLK 37 MD9 70 IOCS16 103 DA5 
(CDSETUP) 

5 VSS 38 MD8 71 MEMCS16 104 DA4 
(CDDS16) 

6 OE 39 RAS 72 BHE 105 DA3 

7 WE3 40 VSS 73 ALE 106 DA2 

8 MD31 41 CAS 74 IRQ(IRQ) 107 DA1 

9 MD30 42 MD7 75 EMEM 108 DAO 

10 MD29 43 MD6 76 IOR(S1) 109 EDBUFL 

11 MD28 44 MD5 77 IOW(CMD) 110 VSYNC 

12 MD27 45 MD4 78 MRD(MIIO) 111 HSYNC 

13 MD26 46 MD3 79 MWR(SO) 112 BLANK 

14 MD25 47 MD2 80 RESET 113 HTL 

15 MD24 48 MD1 81 OWS 114 WPLT 

16 WE2 49 MDO 82 IOCHRDY 115 RPLT 

17 VSS 50 VCC 83 VSS 116 VCC 

18 VCC 51 VSS 84 VCC 117 VSS 

19 MD23 52 WEO 85 EIO(3C3BO) 118 PCLK 

20 MD22 53 MAO 86 ROM16(CSFB) 119 VIDO 

21 MD21 54 MA1 87 EBROM 120 VID1 

22 MD20 55 MA2 88 EDBUFH 121 VID2 

23 MD19 56 MA3 89 A16 122 VID3 

24 MD18 57 MA4 90 DA15 123 VID4 

25 MD17 58 MA5 91 DA14 124 VID5 

26 MD16 59 MA6 92 DA13 125 VID6 

27 RAS4 60 MA7 93 DA12 126 VID7 

28 RAS3 61 MA8/RAS2 94 DA11 127 VSS 

29 VSS 62 A17 95 DA10 128 VCLKO 

30 WE1 63 A18 96 DA9 129 VCLK1 

31 MD15 64 A19 97 DAB 130 VCLK2 

32 MD14 65 A20 98 EABUF 131 EXPCLK 

33 MD13 66 A21 99 VSS 132 EXVID 

TABLE 4-1. WD90C31132-PIN JEDEC ASSIGNMENTS 
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SIGNAL DESCRIPTION WD90C31 

PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL 

1 N.C. 37 N.C. 73 N.C. 109 N.C. 
2 VCC 38 VSS 74 VCC 110 VSS 
3 MD23 39 WEO 75 EIO(3C3BO) 111 PCLK • 4 MD22 40 MAO 76 ROM16(CSFB) 112 VIDO 

5 MD21 41 MA1 77 EBROM 113 VID1 
6 MD20 42 MA2 78 EDBUFH 114 VID2 
7 MD19 43 MA3 79 A16 115 VID3 
8 MD18 44 MA4 80 DA15 116 VID4 
9 MD17 45 MA5 81 DA14 117 VID5 

10 MD16 46 MA6 82 DA13 118 VID6 
11 RAS4 47 MA7 83 DA12 119 VID7 
12 RAS3 48 MA8/RAS2 84 DA11 120 VSS 
13 VSS 49 A17 85 DA10 121 VCLKO 

14 WEi 50 A18 86 DA9 122 VCLK1 
15 MD15 51 A19 87 DA8 123 VCLK2 
16 MD14 52 A20 88 EABUF 124 EXPCLK 
17 MD13 53 A21 89 VSS 125 EXVID 
18 N.C. 54 N.C. 90 N.C. 126 N.C. 
19 MD12 55 VSS 91 DIR 127 MDET 
20 MD11 56 A22 92 DA7 128 USR1 
21 MD10 57 A23 93 DA6 129 USRO 

22 MD9 58 IOCS16 94 DA5 130 MCLK 
(CDSETUP) 

23 MD8 59 MEMCS16 95 DA4 131 VSS 
(CDDS16) 

24 RAS 60 BHE 96 DA3 132 OE 
25 VSS 61 ALE 97 DA2 133 WE3 
26 CAS 62 IRQ 98 DA1 134 MD31 
27 MD7 63 EMEM 99 DAD 135 MD30 
28 MD6 64 IOR(S1) 100 EDBUFL 136 MD29 

29 MD5 65 IOW(CMD) 101 VSYNC 137 MD28 
30 MD4 66 MRD(M/IO) 102 HSYNC 138 MD27 

31 MD3 67 MWR(SO) 103 BLANK 139 MD26 

32 MD2 68 RESET 104 HTL 140 MD25 

33 MD1 69 OWS 105 WPLT 141 MD24 

34 MOO 70 IOCHRDY 106 RPLT 142 WE2 

35 VCC 71 VSS 107 VCC 143 VSS 

36 N.C. 72 N.C. 108 N.C. 144 N.C. 

TABLE 4-2. WD90C31144-PIN EIAJ ASSIGNMENTS 
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