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INTRODUCTION

WwD90C33

1.0 INTRODUCTION
11 GENERAL DESCRIPTION

This document introduces and describes the
Western DlgitalGD WD90C33 High Performance
VGA Controller (hereinafter referred to as the
WDS0C33). 1

The WD90C33 is a 0.9 micron CMOS VLS| device
that provides a Graphic User Interface (GUI) for
Windows. The WD90C33 supports hardware Bit
Block Transfers (BITBLT), line draw, cursor, while
maintaining backward compatibility with previous
standards such as MDA, EGA, CGA, Hercules,
and AT&T 6300. Designs that use the WD90C33
controller are able to run applications requiring
VGA hardware and BIOS compatibility and also
EGA register level compatibility on analog, TTL, or
multifrequency monitors, in interlace or non-
Interlace mode. The WDS0C33 supports high
resolution graphics with a dot resolution of up to
1280 by 1024 with 256 colors. The WD90C33 also
supports 132-column text mode and 6 by 16 pixel
fonts. Features of the WD90C33 are summarized
in the following section.

The WD90C33 Is supplied in a 208-pin MQFP
package under the following order number:

90C332200

12 FEATURES
The WDS0C33 provides the following features:

e Afull-function VGA controller optimized for
windows

e Built-in interface with 32-Bit 386/486 local bus

e Built-in interface with VESA VL-Bus

¢ Integrated bus interface for AT with minimum
external component support

¢ True 32-Bit host-to-display memory data trans-
fers in graphics modes

e Hardware BITBLT for 4-Bit, 8-Bit, and 16-Bit
color modes

Pattern Fill

- Raster Operations

- Transparency

= Color Expansion for Text Support

- Filled Rectangles

- 32-Bit Memory or I/0 Port imaging transfer
to or from host

= X/Y Addressing

Hardware-assisted Line Draw for 4-Bit, 8-Bit,
and 16-Bit color modes

- Bresenham Line Algorithm

- Strip Line Algorithm

- X/Y Addressing with Clipping
Hardware-assisted trapezoidal fill
Hardware-assisted rectangular clipping
Command Buffer eight levels deep
BITBLT pipeline 4 levels deep

True 24-Bit color with limited BITBLT hardware
support

Host Bit Block Transfers (HBLT) supports
memory-mapped 32-Bit transfers through the
write buffer

Allows the CPU to access the display memory
while the drawing engine is active

Supports up to:

- 1024 by 768 with 256 color

- 800 by 600 with 64 colors

- 640 by 480 by 64K color

- 640 by 480 with 16 million color

- 1280 by 1024 with 256 color interlaced
Hardware Cursor

- 64 by 64 pixels or 32 by 32 pixels

- Inversion andvtransparency

= Two color and three color modes

Provides a single chip video graphics solution
for IBM AT compatible systems

Supports two or four 64K by 16 DRAMs
Supports up to 2 Mbytes of display memory
with four, eight, or sixteen 256K by 4 DRAMs;
or one, two, or four 256K by 16 DRAMs

Fully compatible with IBM's VGA and EGA
with hidden register support

Fully compatible with CGA, MDA, Hercules
Graphics and AT&T Model 6300 standards
Supports 132-column text

ADVANCED INFORMATION 5/27/93 1
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Wirite butfer for zero walit state CPU write per-
formance

Provides 16-Bit or 32-Bit memory interface
with fast page operations

Up to 80 MHz maximum video clock rate

Up to 60 MHz maximum memory clock rate |
Up to four simultaneous displayable fonts
From 6 to 16 pixel-wide fonts

A maximum of 16 fonts can be loaded
Provides adapter video BIOS ROM decoding
Eleven-Bit vertical counter to support scan
resolution of up to 2048 scan lines

Supports 16-Bit VO register transfer to index/
data register pairs

Adjustable internal display FIFO and fast page
memory interface

208-pin Metric Quad Flat Package (MQFP)
Integrated feature connector interface and ex-
ternal RAMDAC support

Programmable memory mapping register to
map WDS0C33 into any CPU memory ad-
dress space

¢ Separate host address and data to save exter-
nal glue logic (For AT and CPU local bus)

e Supports 256Kx16 DRAM with four CAS
strobes and one write strobe

1.3 DOCUMENT SCOPE

In addition to this introduction to the WD90C33,
the following sections of this document provide a
description of the WD90C33 architecture and
related interfaces, signal descriptions, internal
register descriptions, application information for
the hardware cursor and drawing engine, specifi-
cations, timing information, and package dimen-
sions. Special features of the WD90C33 including
the signature analyzer and 1/O mapping for test
purposes are also described.

Appendix A contains a list of reference docu-
ments that may be useful to users of this docu-
ment.
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20 WD90C33 ARCHITECTURE

The WDS0C33 contains the System Interface and
the following six major internal modules (see
Figure 2-1):

= CRT Controller

= Clock Controller

- Video Control

= Cursor Control

- DRAM Control

= Drawing Engine

An internal write buffer Is used to achieve fast
memory write. A zero wait state may be achieved
with a 32-Bit video memory interface for most
memory write operations.

An internal FIFO is used to achieve the video
display bandwidth necessary to interleave CPU
accesses and display refresh cycles.

The CRT Controller maintains screen refresh
functions for the various display modes defined by
the BIOS ROM resident firmware. The CRT
Controller also generates a horizontal sync
(HSYNC), vertical sync (VSYNC) and blanking
signal for the display monitor.

The Clock Controller functions as a timing
generator for the display memory cycies. It
provides the character clock in the alphanumeric
mode and the dot clock in the graphics mode. The
Clock Controller arBitrates between video display
refresh, Drawing Engine memory cycle, memory

refresh, and CPU access of the video memory.
This controller also provides write buffer control.

The Video Control serializes the video memory
data into video data stream according to different
dispiay formats. It controls blinking, underlining,
cursor, pixel panning, reverse video and back-
ground or foreground color in all display modes.

The Cursor Control reads in each line of the
cursor pattern during the horizontal retrace
immediately preceding the scan line on which that
line of the cursor pattern is to be displayed. It then
merges the cursor pattern into the video stream
for the scan line.

The DRAM control provides the video memory
interface for memory configurations from 256
Kbytes to 2 Mbytes. The WD90C33 supports
45ns, 60 ns, 70 ns, and 80 ns DRAMSs with a]
dedicated clock, and provides a choice of page
mode or non-page mode operation to access
fonts in text modes.

The Drawing Engine generates memory
addresses, data masks, and control signals for
BITBLT, Line Draw, pattern fill, and other graphics
operations.The Drawing Engine also manipulates
the data flow between the CPU and the video
memory for both CPU write and CPU read cycles.
The engine also manipulates display data by
doing color compare, color expansion, and data
rotation. It contains a 32-Bit Arithmetic Logic Unit
(ALU) tor raster operations.

WD90C33
g DRAWNG DRAM
| _ENGINE VIDEO MEMORY
HORMCA " 256 KBYTES
INTERFACE
Ao || curson 2 MBYTES
<3|} coNTROL
BIOS ROM B
8/16-BIT ot ANALOG/DIGITAL
DATA ,,,E’ VIDEO COLOR/MONOCHROME
el ) RAMDAC MONITOR
BhTiebr FIXED OR
MULTIPLEXER { CLOCK CRT VASRCIQ%LE
CONTROL || CONTROL
FIGURE 2-1. SYSTEM BLOCK DIAGRAM
ADVANCED INFORMATION 5/27/93 3
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3.0 WD90C33 INTERFACES
3.1 INTRODUCTION

This section describes the various interfaces
between the WDS0C33 Controlier and external
devices. These include system interfaces such as
the CPU (Host) and BIOS ROM, DRAM, video,
and clock as indicated in Figure 3-1. In addition
this section contains the following figures to show
connections between the WD90C33 Controller
and the various external devices.

* Figure 3-2. WD90C33 Block Diagram
* Figure 3-3. Local Bus Subsystem Interface

Figure 3-4. AT Compatible | Bus Subsystem '
Figure 3-5. AT Compatible 16-Bit Interface
with 8-Bit BIOS

¢ Figure 3-6. AT Compatible 16-Bit Interface
with 16-Bit BIOS

* Figure 3-7. Two or Four 64K by 16 DRAM In-
terface

* Figure 3-8. Four or Eight 256K by 4 DRAM In-
terface

¢ Figure 3-9. External RAMDAC Interface
Figure 3-10. Clock Interface

WD90C33
ALE/ADS/ALE
EMEM/CPURESET
ElQ/CLK
MRDM/IQ
MWR/D/C
R
|0w/ﬂB£) MA[B :0]
BHE/BET__ MD(31.0]
1. CPU LOCAL BUS, 32-BIT AO/BEQ/BLE —WFROMWE 1. 256K DRAM INTERFACE
2. AT BUS (16-BIT) WITH AUBE2 WEVCAST 2. 512K DRAM INTERFACE
. ?\'?gu%?ﬁs BTy WITH BE3 w%ga 3. 1M DRAM INTERFACE
. - WEY 4.2MDRA F
16-BIT BIOS e CAS/CASO 2M DRAM INTERFACE
4. VGA ROM BVIOS WITH IRQ BAS
PAGE MAPPING IOCHRDY/VGARDY F‘Agé
SYSRESET/RSET
EBROM
1OCS16/RDYIN
BOM16 __ ___
MEMCS16/LDEV
OWS BA[1:0]
BD[7:0]
VIDIZ.0]
BLNK
PCLK 1. RAMDAC INTERFACE
1. CLOCK INTERFACE MCLK RPT 2. CRT CONTROL
WITH INTERNAL MUX VCLKO WPT 3. USER PROGRAM
2. EXTERNAL MUX 8:1 VCLK1 _EXVID 4. FEATURE CONNECTOR
3. EXTERNAL MUX 4:1 VCLK2 EXPCLK
HSYNC
VSYNC
MDET
USR[1:0]

FIGURE 3-1. WD90C33 SYSTEM INTERFACE
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32 CPU(HOST) AND BIOS ROM
INTERFACE

The WD90C33 is designed to Interface directly
with the 386/486 CPU 32-Bit local bus (see
Figures 3-2 and 3-3). It also complies with the
VESA VL-Bus standard and provides the signals
necassary to interface with the VESA connector.
The WD90C33 also provides the interface for
local bus RAMDAC, BIOS, and clock generator
without using glue logic. While connected to the
CPU iocal bus, the WD90C33 allows the user to
choose whether to connect the RAMDAC to the
local bus or to the system (AT) bus. The
WD90C33 also supports RAMDAC write
shadowing, and interface with the video BIOS.
Selection of the 32-Bit local bus Interface is
determined by the state of Configuration register
Bit CNF(11) during power-on or system reset as
described in Section 9.

The WDS0C33 also operates In the AT Bus
architecture configuration (see Figure 3-4). The
selection of the bus architecture dstermines the
operating mode, and is selected by the state of
Configuration Register Bit CNF(2) during power-

on or system reset as described in Section 9.

Whether configured for Local Bus or AT Bus
operation, the WD90C33 operates to optimize the
selected interface with a minimum of external
circuits.

The WD90C33 provides all the signals and
decodes all the necessary memory and VO
addresses to interface with the Local bus and AT
bus in 8-Bit, 16-Bit, or 32-Bit data paths. It also
provides the necessary decoding of the adapter
video BIOS ROM.

The WDS0C33 has a display memory write bufter
that 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 WD90C33 provides wait states for CPU
accesses to the video memory if necessary.

Special /0 ports such as 46E8h for the AT for
setup and 102h for VGA enable, have been
implemented internally in the WDS0C33.
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cPU —_—
HIGH-ORDER MEMCS16,
ADDRESS MEMORY DECODE | LDEV
cPU LOCAL BUS
COMMANDS A19:us cANRBUTE, |—s{ PXEL DATA
COMMAND DECODE o
EBROM. ;R% HARDWARE
TOMIE REFHESH CURSOR [—=TO
> ROM DECODE | _ROM16 ; i | RamOAC
— VO DECODE  10cs16
DRAWING ENGINE
DRAWING
_ >  ENGINE
cru I CONTROLLER
ﬁg%ﬁi DRAWING MD[31:0]
CPUDATA |  DATA o pENGINE >
TRANSFER | guFFER
Dls.l;’oLAY
CRTC MEMORY
SCREEN
REFRESH |—»
AESS VIDEO COUNTER
ADD! MEMORY | ADDRESS MEMORY MA(8:0]
LATCH ADDRESS WRITE »| ADDRESS >
TRANSLATION, | BUFFER MULTIPLEXER
OFFSET FONT
I ADDRESS| |
SYNC,
BLANK
ROW CRT 10
SCAN TIMING CRT
WRITE BUFFER
CONTROL
DOT CLOCK
GENERATOR
FIFO
SHIFT/LOAD
CONTROL
MEMORY TIMING RAS, CAS,OE, WE
GENERATION >
MEMORY BUS ARDYOWS,
MEMORY BUS IOCHRDY/VGARDY. .
FIGURE 3-2. WD90C33 BLOCK DIAGRAM
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33 LOCAL BUS VIDEO SUBSYSTEM INTERFACE
Figure 3-3 shows the 32-Bit Local Bus Subsystem Interface (Refer to notes on page 9).

WD90C33
(208 Pins)
CiK486/
CPUCLK ———————]
CiK2386 MO[31:0] |- > DRAM
MA[8:0] >
RESET SYSRESET  E(3.0) 58 -
CPURESET CPURESET  FAS.TAS >
ADS ADS
WR WR IRQ *> TO CORE
wio M0 = » LOGIC
+5VDC —_— . TOSYSTEM BUS
486 _ 10K EBROM VIDEO BIOS SELECT
or D/C oic
386 or ypq | HRQ
VESA BD[7:0} |- —
VL-BUS F a4 BArt) | RAMDAC
(LOCAL BUS) : :
VID[7:0] > RGB
WPLT, RPLT >
A[31:2] 1 A[31:2) mPCLK -
'B—E'Ig;ol ————— ﬁ[mo]
BD[3:2]
D[31:0] |es —»! D[31:0] >
USR(1:0] »| CLK GEN
- MCLK,VCLK(2:0]
CPURDY
HSYNG
VSYNC
- CRT -
VGARDY
RDYIN
'y
*>|  RDY
OTHER LOCAL
DEVICE RDY > Loaic _-|

FIGURE 3-3. LOCAL BUS SUBSYSTEM INTERFACE, 32-BIT
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34 AT COMPATIBLE BUS SUBSYSTEM
Figure 3-4 shows the AT Compatible Bus Subsystem.

WD90C33
(208 Pins)
wo M0l e > DRAM
ALE MA[8:0] ~
AT BUS EMEM TAS(3:0], OF -
RESET RAS, WE >
E0
fvo — BIOS
MWR EBROM >
o8 A[14:0] -
oW
- IOCHRDY D[31:16] |
1OCsS16
—| A23:0] BD[7:0] (e ® >
BHE BA[1:0) .| RBAMDAC
e D[15:0} VID[7:0] > R,G,B
— WPLT, RPLT -
W ows
——  BINK, PCLK .
- MEMCS 16
IRQ BD[3:2)
e—— |
USR(1:0} | CLKGEN
MCLK, VCLK[2:0)
HSYNC
EXPCLK EXVID VSYNC
Y J CRT |,
FEATURE
CONNECTOR

FIGURE 3-4. AT COMPATIBLE BUS SUBSYSTEM
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NOTES FOR FIGURE 3-3 3. Typically, VGARDY Is connected to the
Use of HRQ is optional. If the HRQ input is RDY input of the core logic, which in tum
not used, it should be tied low (inactive). generates the final CPURDY. Refer to the
Typically, the video BIOS should be inte- signal desgriptlons in Section 4 for addition-
grated with the system BIOS (External al information.
BIOS mode). For the Local bus mode
35 AT COMPATIBLE INTERFACE (16-

BIOS, an 8-Bit EPROM can be connected
to BD[7:0]. In this mode, EBROM is decod-
ed inside the WD90C33 and LDEV is gen-
erated to block the BIOS cycle seen by the
core logic. Refer to the Local bus Interface,
Section 10, for additional information.

BITS) AND 8-BIT BIOS

Figure 3-5 shows the interface between a 16-Bit
AT compatible bus, an 8-Bit BIOS, and the
WDS0C33 Controller. The typical use for this
configuration is with 386/486 based systems.

WD90C33
2725615 o EBROM
A[140]
OE D[7:0] D[23:16]
SA[162) A[16:0]
LA[23:17] A[23:17]
SD[150) D[15:0)
RESET RSET
AEN Ei0
REFRESH EMEM
SMEMW MWR
SMEMR MRD
SIOR TOR
SIOW ow
IRQ IRQ
SBHE BHE
MEMCS16 MEMCS16
OCS16 locs16
ALE ALE

FIGURE 3-5. AT COMPATIBLE 16-BIT INTERFACE WITH 8-BIT BIOS

ADVANCED INFORMATION 5/27/93



WD90C33

WD90C33 INTERFACES

3.6 AT COMPATIBLE INTERFACE (16-
BITS) AND 16-BIT BIOS

Figure 3-6 shows the interface between a 16-Bit
AT compatible bus, a 16-Bit BIOS, and the

implementation is limited to slower bus speeds
because address lines A16 and A15 are used for
the 16-Bit BIOS. The typical use for this
configuration is with 386/486 based systems.

WD90C33 Controller. This MEMCS16
27256-15
Al140]
D[70
OF 170} WD90C33
2725615 o EBROM
A[14.0]
D[7:0] .
OF [7:0] D[31:16]
SA[16:0] A[1620]
LA[23:17] A[23:17]
SD[15:0] D[15:0]
RESET RSET
AEN Elo
REFRESH EMEM
SMEMW MWR
SMEMR MRD
SIOR 10R
SIOW oW
IRQ IRQ
SBHE BHE
1OC516 10CS16
MEMCS16 ROM16 [
SA15
SA16
FIGURE 3-6. AT COMPATIBLE 16-BIT INTERFACE WITH 16-BIT BIOS
10 ADVANCED INFORMATION 5/27/93 ﬁ
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3.7 DRAM INTERFACE

The WD90C33 has a flexible DRAM interface. It
works with two or four 64K by 16 DRAMSs with a
32-Bit memory interface. It can also work with four
256 Kbyte by 4 DRAMSs or one 256 Kbyte by 16
DRAM with a 16-Bit memory interface (see
Figures 3-7 and 3-8). Other possible
configurations are eight or sixteen 256 Kbyte by 4
DRAMs, and two or four 256 Kbyte by 16 DRAMs
with a 32-Bit memory interface. In all cases the
WD90C33 uses the DRAM fast page mode to
optimize performance.

The WD90C33 supports all standard |BM VGA
modes with only one 256K by 16 DRAM. Because
it uses a 32-Bit memory Interface and has an
internal write buffer, the WD90C33 can update the
video memory without inserting walit states to the
AT bus for most standard IBM VGA modes.

When additional DRAMs are installed the
WD90C33 Is capable of supporting high

resolution color video modes (1024 by 768 with
256 colors, non-interlaced at 72 Hz vertical
refresh rate).

The WD90C33 is designed to support 50 ns, 60
ns, 70 ns, and 80 ns DRAMs with the dedicated
MCLK, which can operate from 37.5 MHz to 50
MHz maximum.

The WD90C33 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 WD90C33 also generates CAS before RAS
DRAM refresh for the display memory.

3.8 TWO OR FOUR 64K BY 16 DRAM

INTERFACE

Figure 3-7 shows the interface between two or
four 64k by 16 DRAMs and the WD90C33
Controller.

WDS0C33

WEO, WE1

CE
CAS

MD{15:0)

64K by 16 64K by 16

MD{31:16}

&

64K by 16 64K by 16

ik

E2,

FIGURE 3-7. TWO OR FOUR 64K BY 16 DRAM INTERFACE

ADVANCED INFORMATION 5/27/93 11



WwD90C33 WD90C33 INTERFACES

3.9

FOUR OR EIGHT 256K BY 4 DRAM INTERFACE

Figure 3-8 shows the interface between four or eight 256K by 4 DRAMs and the WD90C33 Controller. |

WDS0C33

MD[7:0]
CTASO

256K by 4 256K by 4

OF

RAS

RAS2

ST 256K by 4 256K by 4
MD{[15:8]

N 256K by 4
5353 256K by 4 by

MD[23:16]

WE

MA[8:0]

256K by 4 256K by 4

CAS3
MD[31:24]

NOTES:
1. If only four 256k by 4 DRAMS are installed, Use MD[15:0).
2. For 256K by 16 DRAMS, the interface is similar.
3. For DRAM addressing, the WD90C33 can support either of two methods:
a. Four CAS strobes with one write enable (WE).
b. Four write enables with one CAS strobe.
The four CAS strobe method (a) is recommended o reduce loading.
Selection is controlled by Configuration Register Bit 17 (CNF17). Refer to Section 9.

FIGURE 3-8. FOUR OR EIGHT 256K BY 4 DRAM INTERFACE

12
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3.10 VIDEO INTERFACE

The WD90C33 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
WD90C33 provides all the nacessary 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
frequencies available.

The AT Feature Connector can be connected
directly to the WD90C33. The WD90C33 also
provides an input for a monitor type detection
interface as done on the IBM VGA using
comparators.

3.11 EXTERNAL RAMDAC INTERFACE

Figure 3-9 shows the interface between an
external RAMDAC and the WD90C33 Controller.

+5VDC
WwWDS0C33 RAMDAC T
vce %
BD[720] »{ D70 VREF
BAO »{Rso  FSADJ
RSET R
BAI Rst GND <
WPLT ~| WR MDET =
RPLT RD
’ >R
% CRT
PCLK »! PCLK L
VID[7:0] —{ P[70] > G
BLANK »! BIANK %
4 B
R
G
B
HSYNC —»| HSYNC
VSYNC VSYNC
FIGURE 3-9. EXTERNAL RAMDAC INTERFACE
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3.12 CLOCKINTERFACE

The WD90C33 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.

Figure 3-10 shows the clock Interface with
external osdillators configured as inputs. Clock
selection is determined by register 3C2h, Bits 3:2
as listed in the following table.

NOTE

Configuration Bit 3 (CNF3) Is pulled
down to convert VCLK1 and VCLK2 to
inputs. Refer to Section 9 for additional
information.

3.13 SELECTING THE WDS0C33
OPERATING INTERFACE

CONFIGURATION

The WDS0C33 uses memory data connector pins
to configure an internal configuration .register
during power-on or system reset as described in
Section 9. Configuration Bit CNF(2) determines
whether or not the WD90C33 will operate in AT
Mode as shown In Figure 3-4. Configuration Bit

CNF(11) determines whether the WD90C33 will
nEgég:ER operate in the Local Bus or AT bus mode.
BIT3 | BIT2 CLOCK SELECTION Other configuration (CNF) Bits configured by the
WD90C33 during power-on or system reset are
0 0 VCLKO used as status Bits or for clock source control. For
0 1 VCLK1 more Information the WD9Y0C33 configuration
register, refer to Section 9.
1 X VCLK2
WD90C33 WD90C64A
VCLK1 1 SELE
VCLK2 VSEL2
USRO VSEL3
BD2 > VSELO
BD3 > VSEL1
VCLKO VCLK
|__. MCLK MCLK ——I

FIGURE 3-10. CLOCK INTERFACE

14
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4.0 SIGNAL DESCRIPTIONS

4.1 INTRODUCTION ¢ Pin Assignments Table
This section contains detalled information con- * Pin Assignments Diagram
cerning signals and pin-outs for the WDgoc33  * Detailed Signal Descriptions
controller 208-pin package. The following infor-  ® Host Interface Pin Multiplexing
mation Is contained In this section: contains:
42  PIN ASSIGNMENTS
PIN - NAME PIN - NAME PIN - NAME PIN - NAME
1- RAsz! 24- vcc® 47- ROM16 70- A112
2- WE1CAST' | 25- Mas' 48- GND° 71- A122
3- MDi5 26- MA7! 49- MEMCS16 72- A132
TDEV!
4- MDi4 27- Mas! 50- TORS/W/R2 73- A142
5- MD13 28- MAs! 51- MRD2M/O? 74- A15°
6- MDi2 29- MA4! 52- MWRZ/D/C? 75- GND3
7- GND® 30- GND® 53- vecd 76- A16°
8- MD11 31- MA3' 54- SYSRESETZ/ 77- A172
RSET?
9- MD10 32- Ma2! 55- BE3? 78- A182
10- MD9 33- MAt' 56- A12/BE2? 79- A192
11- MD8 34- MA0' 57 - BHEZ/BE12 go- vccd
12- WEO'WE' 35- OE! 58- AOYBEOZBLE? | 81- A20°
13- vee? 36- GND3 59- GND® 82- A212
14- MD7 37- OWS! 60- A22 83- A222
15- MD6 38- EMEM?%/ 61- A32 84 - A232
CPURESET?
16- MDS5 39- IOWZ/HRQ 62- A4? 85- GND®
17- MD4 40- EBROM' 63- As2 86- A242
18- GNDS 41 - TOCS16/RDYIN/ 64- A62 87 - A25°
CDSETUP
19- MD3 42- vccl 65- A72 88- A262
20- MD2 43- EIO’ACLK? 66- GND® 89- A272
21- MD1 44- IRQ' 67- A82 90- A282
22- MDO 45- ALE2/ADS? 68- A9? 91- A29?
23- CAS/CASO 46- I0CHRDYY/ 69- A10° 92- A30?
VGARDY'

NOTE: Refer to notes at the end of this table.
TABLE 4-1. PIN ASSIGNMENTS
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PIN - NAME PIN - NAME PIN - NAME PIN - NAME
93- A312 122- D9 151 - MDET? 180 - VCLK2
94 - GND® 123- D8 152 - EXVID? 181 - vecd
95- D31 124 - GND3 153 - No Connection 182 - EXPCLK?
96 - D30 125- D7 154 - No Connection 183 - USR12
97- D29 126 - D6 155 - No Connection 184 - USR0?
98- D28 127 - D5 156 - No Connection 185 - vec®
99- GND® 128- D4 157 - No Connection 186 - WE3!/CAS3!
100 - D27 129 - vec? 158 - No Connection 187 - MD31
101 - D26 130- D3 159 - No Connection 188 - MD30
102 - D25 131-D2 160 - GND® 189 - MD29
103 - D24 132- D1 161 - PCLK’! 190 - MD28
104 - vec? 133- DO 162 - BLNK' 191 - GND3
105 - D23 134 - GND® 163 - VIDO! 192 - MD27
106 - D22 135 - VSYNC! 164 - viD1! 193 - MD26
107 - D21 136 - HSYNC! 165 - VID2! 194 - MD25
108 - D20 137 - BDO 166 - VID3! 195 - MD24
109 - vec® 138 - BD1 167 - vcc® 196 - WE2'/CAS2!
110- D19 139 - BD2 168 - VID4! 197 - vee?
111- D18 140 - BD3 169 - VID5! 198 - MD23
112- D17 141 - vec® 170 - VID&! 199 - MD22
113- D16 142 - BD4 171 - viD7! 200 - MD21
114-GND® 143 - BD5 172- GND® 201 - MD20
115- D15 144 - BD6 173 - No Connection 202 - GND3
116- D14 145 - BD7 174 - No Connection 203 - MD19
117- D13 146 - GND3 175 - No Connection 204 - MD18
118 - D12 147 - BA1! 176 - MCLK? 205 - MD17
119- vec® 148 - BAO! 177 - GND® 206 - MD16
120 - D11 149 - WPLT! 178 - VCLKO? 207 - RAS'
121 - D10 150 - RPLT! 179 - VCLK1 208 - vcc3
NOTES:

1 |ndicates output only signal names.

2 |ndicates input only signal names.
Indicates power distribution pins.

Signal names not otherwise indicated are input/output.

The direction of signal flow is relative to the WDS0C33 controller.

TABLE 4-1. PIN ASSIGNMENTS
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SIGNAL DESCRIPTIONS

4.3 DETAILED SIGNAL DESCRIPTIONS

The following tables provide detailed signal
descriptions for the WD90C33 controller 208-pin
package. The signal descriptions are listed by the
pin number and mnemonic given in Table 4-1. The
definitions are listed in functional groups. The
functional groups are listed below:

Where more than one signal name is indicated on
the same pin, the signal names are separated by
a virgule (/) in Table 4-1. The pin usage, as
described in Table 4-2, changes for each signal
name depending upon which bus interface is
used.

1. When the AT bus is indicated, the signal
description applies to an Industry Standard

* Display Memory Imerface Architecture (ISA) bus compatible signal.

e RAMDAC lm.arface The terms AT bus and ISA bus are used in-

* Clock Selection terchangeably unless otherwise indicated.

* User Program 2. When the local bus is indicated, the signal

* Feature Connector description apples to a VESA VL-bus Inter-

e CRT Control face (local bus) compatible signal.

* Host CP‘:’ Bus Interface 3. Where no specific bus is indicated, the sig-

* Power Distribution nals are used in both bus modes.

® Unused Connections Table 4-2 lists and provides descriptions for the
WD90C33 connector pins.

18 ADVANCED INFORMATION 5/27/93



SIGNAL DESCRIPTIONS wD90C33

PIN | MNEMONIC | BUS | VO | DESCRIPTION
Display Memory Interface (49 Pins)
207 | RAS - Active | Row Address Strobe
Low Strobe for the first 1 Mbyte of DRAM
Output
1 | RAS2 - Active | Row Address Strobe 2
Low Strobe for the second 1 Mbyte of DRAM, only if 2M of
Output | DRAM memory are used.
186 | WE3 or - Active | Write Enable 3or Column Address Strobe 3
CAS3 Low if CNF17 = 1, WE3 is the write enable signal for MD[31:24]
Output | If CNF17 = 0, .CAS3 is the column address strobe for
MDI[31:24)
196 | WE2 or -— Active | Write Enable 2 or Column Address Strobe 2
CAS2 Low If CNF17 = 1, WE2 is the write enable signal for MD[23:16)
Output | If CNF17 = 0, CAS2 is the column address strobe for
MDI[23:16]
2 |WEtor - Active | Write Enable 1 or Column Address Strobe 1
CAS1 Low If CNF17 = 1, WE1 is the write enable signal for MD[15:8]
Output | If CNF17 = 0, CAS1 is the column address strobe for
MD[15:8]
12 | WEOor - Active | Write Enable O or Write Enable
WE Low | If CNF17 = 1, WEO is the write enable signal for MD[7:0]
Output | If CNF17 = 0, WE is the write enable signal for MD[31:0]
23 |CASoor - Active | Column Address Strobe or
CAS 0 Low Column Address Strobe 0
Input/ | If CNF17 = 1, CAS is the column address strobe for
Output | MD{31:0].
If CNF17 = 0, CASO is the column address strobe for
MD[7:0]
35 |OE - Active | Output Enable
Low | Output enable signal
Output
25 | MAs* - Active | Memory Address
26 | MA7 High | Display memory DRAM address. For testing, these pins can
27 | MA6 Output | be tristated by setting PR4 register Bit 4 to 1.
28 | MA5S
g? m:; *lf four 64K by 16 DRAMSs are used, and CNF16 = 0 at
22 |MA2 powaer-on or raset, MAB is used as the RAS strobe for the
23 | MA1 sacond bank of DRAMs (see Figure 3-7).
34 | MAO

TABLE 4-2. SIGNAL DESCRIPTIONS
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wD90C33 SIGNAL DESCRIPTIONS
PIN | MNEMONIC | BUS vo DESCRIPTION
187 | MD31 - Active | Display Memory Data
188 | MD30 High Thesae lines are the data bus for the video display DRAMs.
189 | MD29 Inpu¥ | These data lines are pulled up by internal 50 Kohm resis-
190 | MD28 Output | tors, but may be pulled down by external 4.7 Kohm resistors
192 | MD27 1o provide configuration Information during power-on and
193 | MD26 system reset as follows:
194 | MD25 MD FUNCTION CONFIGURATION[BIT]
bod v [31:30) VIORVIOW HighvLow Duration  CNF[31:30)!
199 | MD22 [29:28] VMWRNMRD High Duration CNF[29.28]
200 | MD21 [27:26) VMWR/VMRD Low Duration CNF[27.26]
201 | MD20 25 Set BIOS In Local Bus Mode CNF[25]
203 | MD19 24  Connect RAMDAC In Local Bus Mode CNF[24]
204 | MD18 23 Enable Local Bus Interface CNF[23]
205 | MD17 22  Select Pulse Width High/Low Duration CNF[22]
for IOR/IOW to RAMDAC; also Duration
206 | MD16 ——
3 |MD15 of EBROM MRD .
4 |MD1a4 21  Select 386/486 Local Bus Interface CNF[21]
5 |MD13 20 Reserved CNF[20]
6 |MD12 19 Reserved CNF[19]
8 | MD11 18  Enable ROM16 as EXBLANK CNF[18]
9 |MD10 17  Memory Write Control (CAS or WE) CNF[17]
10 | MDs 16 64K by 16 or 256K by 4 DRAM Select CNF[16]
11 | MDs 15  General Purpose, PR11(7] CNF[t 5]
14 | MD7 14  General Purpose, PR11[6] CNF[14]
15 | MD6 13  General Purpose, PR11[5] CNF[1 3]
16 | MD5 12  General Purpose, PR11[4] CNF[12]
17 | MDa 11 Select AT/Local Bus Mode CNF[1 1]
19 | MD3 10  Set 16-Bit ROM, PR1[1] CNF[10]
20 | MD2 9  Wake--up 1/0 Port 3C3h or 46E8h CNF[9]
21 | MD1 8 General Purpose, PR5[3] CNF[8]
22 | MDO 7 General Purpose, PR5[7] CNFl‘?]2
6 General Purpose, PR5[6] CNF[S]
5 General Purpose, PR5(5) CNF[S]
4 General Purpose, PR5[4] CNF[4]
3 VCLK{, VCLK2 110 CNF[S]
2 Select AT Bus Mode CNF[2]
1 Select ROM Configuration CNF[1]
0 BIOS ROM Mapping, PR1[0] CNF[O]
NOTES:
1. Pulldown resistor sets these Bit to 0.
2. Pulldown resistor sets these Bitsto 1.
3. CNF[31:20] have no effect unless Local bus mode is
selected. (CNF 11=0)
4. For addition information, refer to the Configuration
Register descriptions in Section 9.
TABLE 4-2. SIGNAL DESCRIPTIONS
20 ADVANCED INFORMATION 5/27/93



SIGNAL DESCRIPTIONS wD90C33

PIN | MNEMONIC [BUS| VO | DESCRIPTION
RAMDAC Interface (22 Pins)
148 | BAO - Active | RAMDAC Address Bus
147 | BA1 High | A 2-Bit wide address bus to read/write the RAMDAC.
Output
145 | BD7 - Active | RAMDAC Data Bus
144 | BD6 High An 8-Bit wide data bus to read/ write the RAMDAC.
143 | BDS Inpu¥ | NOTE: In Local Bus mode configuration, the BIOS EPROM
142 | BD4 Output | gata lines can be connacted to this bus.
140 ( BD3
139 | BD2
138 | BD1
137 | BDO
171 | VID?7 - Active | Video
170 | VID6 High | Pixel video data output to DAC and to Feature Connactor.
169 | VIDS Output | These lines can drive an up to 10 mA load.
168 | VID4
166 | VID3
165 | VID2
164 | VID1
163 | VIDO
150 | RPLT - Active | Read Palette

Low Video DAC register and color palette read signal for an
Output | external RAMDAC. Active low during 1/O read of addresses
3C6h, 3C8h, and 3C%h.

149 | WPLT - Active | Write Palette

Low Video DAC register and color palette write signal for an
Output | extarnal RAMDAC. Active low during /O write of addresses
3C6h through 3CSh.

161 | PCLK .- Active | Pixel Clock

High | Video pixel clock used by the DAC to latch video signals
Output | VID7 through VIDO. lts source is one of the video clock
inputs (VCLKO, VCLK1, or VCLK?2) as selected by the Mis-
cellaneous Output Register.

162 | BLNK - Active | Blank
Low Active low display monitor blanking pulse to external
Output | RAMDAC.

TABLE 4-2. SIGNAL DESCRIPTIONS
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wD90C33 SIGNAL DESCRIPTIONS
PIN | MNEMONIC BUS| VO | DESCRIPTION
Clock Selection (4 Pins)
176 | MCLK - Active | Memory Clock
High | Provides VGA DRAM and system interface control timing.
Input
178 | VCLKO - Active | Video Clock 0
High Provides video display clock for alphanumeric and graphics
Input | display modes. Typically, VCLKO is 25.175 MHz to display
640 pixels per horizontal display line. VCLKO is selected as
the clock when VCLK1 and VCLK2 are used as inputs and
Miscellaneous Output register Bits 2 and 3 are both set to 0.
179 | VCLK1 - Active | Video Clock 1
High | Provides a second video clock input or an output to an
Input/ | external clock selection module. The diraction is determined
Output | at Reset by a pull-up or pull-down resistor on MD3. Typi-
cally, VCLK1 is 28.322 MHz to display 720 pixels per hori-
zontal display line. As an output, VCLK1 is an active low
pulse during /0 writes to port 3C2h, or reflects the contents
of 3C2h (Miscellaneous Output Register, Bit 2). For addition
information, refer to the Configuration Register and PR15
register Bit 5 descriptions.
180 | VCLK2 - Active | Video Clock 2
High | Provides a third video clock input or an output to an external
Input/ | clock selection module. The direction is programmed simul-
Output | taneously with VCLK1. VCLK2 performs as a user-defined
external clock input, an output reflecting the state of PR2
register Bit 1, or reflects the contents of port 3C2h (Miscslla-
neous Output Register, Bit 2). For addition information, refer
to the Configuration Register and PR15 register Bit 5
descriptions.
User Program (2 Pins)
183 | USR1 - Active | User Programmable Outputs
184 | USRO High | Either or both outputs may be used to control a system fea-
Output | ture of special device.
Feature Connector (2 Pins)
152 | EXVID - Active | Enable External Video Data
Low A feature connector input. A low tristates video data lines
Input | VID7:0. An internal pullup resistor is provided.
182 | EXPCLK - Active | Enable External Pixel Clock
Low A feature connector input. A low tristates the PCLK output.
Input | An internal pullup resistor is provided.
TABLE 4-2. SIGNAL DESCRIPTIONS
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SIGNAL DESCRIPTIONS wD90C33
PIN | MNEMONIC [BUS | VO | DESCRIPTION
CRT Control (3 Pins)
136 | HSYNC -— Active | Horizontal Sync
High | Display monitor horizontal synchronization pulse. Active
Input/ | high or low depending upon the Miscellaneous Output Reg-
Output | ister programming.
135 | VSYNC -— Active | Vertical Sync
High | Display monitor vertical synchronization pulse. Active high
Input/ | or low depending upon the Miscellaneous Output Register
Output | programming.
151 | MDET - Active | Monitor Detect
High | when the RAMDAC is external, MDET is used to determine
Input | the monitor type. MDET can be read at port 3C2h, Bit 4.
Host CPU Bus Interface (81 Pins)
93 | A31 LOC | Active | System Address Bus Bit 31 through 24

92 [A30 High | Address Bus Bits 31 through 24 for the 32-Bit Local bus
91 | A29 Input | interface. These pins are not connected for AT bus compat-
90 | A28 ible systems.

89 | A27

88 [ A26

87 | A25

86 | A24

84 | A23 LOC | Active |System Address Bus Bits 23 through 17

83 | A22 High | Address Bus Bits 23 through 17 for the 32-Bit Local bus
82 | A21 Input interface.

81 | A20

79 | A19 AT System Address Bus Bits 23 through 17

78 | A18 For the AT bus, A17 through A23 are connected to LA23
77 | A17 through LA17 to provide a 24-Bit AT address bus.

TABLE 4-2. SIGNAL DESCRIPTIONS
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WDS0C33 SIGNAL DESCRIPTIONS
PIN | MNEMONIC | BUS yo DESCRIPTION
76 | A16 - Active | System Address Bus Bits 16 through 2
74 | A15 High | Address Bus Bits 16 through 2 for all bus operating modes.
73 | A14 Input
72 | A13
71 | A12
70 | A1
69 | A10
68 | A9
67 | A8
65 | A7
64 | A6
63 (A5
62 | A4
61 { A3
60 | A2
56 | A1 AT Active | System Address Bus Bit 1
High | For AT bus mode operation, A1 provides Address Bus Bit 1.
Input
BE2 LOC | Active |Byte Enable 2
Low In Local bus mode, BE2 provides Byte Enable for data Bits
Input | D23 through D16.
58 | AO AT Active | System Address Bus Bit0
High For AT bus mode operation, AO provides Address Bus Bit 0.
Input
BLE LOC { Active |Byte Low Enable
Low In Local bus mode for 386SX only, this line is connected to
Input | the BLE line from the CPU to enable the low byte for data
transfers.
BEO LOC | Active | Byte Enable0
Low | in normal Local bus mode, BEO provides Byte Enable for
Input | data Bits D7 through DO.
§7 | BE1 LOC | Active | Byte Enable 1
Low In Local bus mode, BE1 provides Byte Enable for data Bits
Input | D15 through 8.
BHE AT Byte High Enable
For AT bus mode operation, this line is connected to the
BHE line from the CPU to enable the high byte for data
transfers.
TABLE 4-2. SIGNAL DESCRIPTIONS
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PIN | MNEMONIC | BUS Vo DESCRIPTION

55 | BE3 LOC | Active |Byte Enable 3

Low In Local bus mode, BE3 provides Byte Enable for data Bits
input | D31 through D24.

It 386 mode is selected (CNF21 = O at power-on or reset):
A pullup resistor on pin 55 will set the interface for a 16-Bit
CPU (386sx).

A pulldown resistor on pin 55 will set the interface for a 32-
Bit CPU (386dx)

When 486 mode is selected (CNF21 = 1 at power-on or
reset), the 32-Bit CPU interface is selected and the state of
BES3 has no effect.

BE3 is not used in AT modes.

45 | ADS LOC | Active | Address Data Strobe
Low Local bus address data strobe connected to the ADS pin on
input | the CPU.
ALE AT Active | Address Latch Enable

High In AT mode, A23 through A17 [LA23:LA17] are latched
Input | internally at the falling edge of ALE.

51 |WIO LOC | Active |Memory or VO Cycle
High | Indicator for memory or /O cycle. Low indicates 1/O cycle;
Input | high indicates memory cycle.

MRD AT Active | Memory Read
Low In AT mode, MRD is the memory read strobe.
Input
52 |{D/C LOC | Active | Data or Command Cycle

High or | Data or command cycle indicator. Low indicates command
Low cycle; high indicates a data cycle.

input
MWR AT |Active Memory Write
:;:::'n In AT mode, MWR is the memory write strobe.
50 (W/R LOC | Active |Wrlite or Read Cycle

High or | Write or read cycle indicator. Low indicates a read cycle;
Low | high indicates a write cycle.

Input

1OR AT | Active |VORead _
Low in AT mode, IOR provides an I/O read strobe.
Input

TABLE 4-2. SIGNAL DESCRIPTIONS
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WD90C33 SIGNAL DESCRIPTIONS
PIN | MNEMONIC | BUS vo DESCRIPTION
39 |HRQ LOC | Active | Hold Request ' :
High | Indicates that a system bus request was received via a
Input | REFRESH, DMA, or MASTER signal. The processor
responds by asserting a HOLD ACKNOWLEDGE after
relinquishing the bus.
IOW AT Active | I/O Write
Low In AT mode, IOW provides an 1/O write strobe.
Input
43 | LCLK LOC Active | Processor Clock
High Normal clock input from 80486; for 80386, this is CPU-
- Input | CLK2, which the WD9S0C33 divides internally to drive other
| logic.
EIO AT | Active (Enablel/0
Low In AT mode, EIO enables address decoding and is con-
Input | nected to AEN (address Enable).
54 | SYSRESET | LOC | Active |System Reset
High | For local bus, MCLK and VCLKO must be connected to ini-
Input | tialize the WD90C33 during power-on and reset. Western
Digital configuration Bits are initialized at power-on and
reset, based on the logic levels of display memory data Bits
MD31 through MDO bus, as determined by puliup and pull-
down resistors. The reset pulse width should be at least 10
MCLK clock periods.
RSET AT Active | System Reset
High [ For AT bus operation, MCLK and VCLKO must be con-
Input nected to initialize the WD90C33 during power-on and
reset. Western Digital configuration Bits are Initialized at
power-on and reset, based on the logic levels of display
memory data Bits MD31 through MDO bus, as determined
by pullup and pulldown resistors. The reset pulse width
should be at least 10 MCLK clock periods.
TABLE 4-2. SIGNAL DESCRIPTIONS
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PIN | MNEMONIC | BUS Vo DESCRIPTION

95 | D3t LOC, | Active |Data Bus Blts 31 through 16

96 | D30 AT High System data lines connect to host CPU data bus D[31:16)].
97 | D29 input | In AT mode, the BIOS EPROM can be connected to this

98 | D28 Output | bus. Then, the BIOS data will be sent to the host via D[15:0]
100 | D27
101 | D26
102 | D25
103 | D24
105 | D23
106 | D22
107 | D21
108 | D20
110 | D19
111 | D18
112 { D17
113 | D16

115 | D15 - Active | Data Bus Bits 15 through 0

116 | D14 High | System data lines connect to the host CPU or system data
117 | D13 Input/ | bus D[15:0].

118 [ D12 Output
120 [ D11
121 | D10
122 | D9
123 | D8
125 { D7
126 | D6
127 | D5
128 | D4
130 | D3
131 | D2
132 | D1
133 | DO

49 | LDEV LOC | Active |Local Bus VGA Cycle
Low Indicates a local bus VGA cycle. System controllers should
Output | not respond to this cycle.

MEMCS16 AT Active | Memory Chip Select, 16 Bits

Low In AT mode, MEMCS16 indicates to the host that the
Output | WDS0C33 is ready to perform a requested 16-Bit video
memory data transfer.

TABLE 4-2. SIGNAL DESCRIPTIONS
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wD90C33 SIGNAL DESCRIPTIONS
PIN | MNEMONIC | BUS vo DESCRIPTION
47 | ROM16 AT Active | BIOS ROM Select, 16 Bits _
or Low In AT mode when CNF18=1, ROM16 decodes ROM
EXBLANK Input/ | address (LA23-LA17) for space 0C0000h through
Output | ODFFFFh. Also, it can be combined externally with A16 and
A15 to control MEMCS 16 for address space C0000h
through C7FFFh. When CNF18=0, this pin becomes input
EXBLANK. EXBLANK = 0 will tristate the BLNK, HSYNC,
and VSYNC outputs.
38 | CPURESET | LOC | Active | CPU Reset
High | Provides a synchronous reset to the CPU, and is used to
Input | generate an internal CLK to maintain phase of CLK2 in sync
with 80386DX and 80386SX CPUs.
This pin is not used for the 80486 interface.
EMEM AT Enable Memory
In AT mode, EMEM enables memory decoding. Normalily it
is connected to REFRESH.
37 |ows AT Active | Zero Walt State
Low In AT mode, OWS is asserted to generate a zero wait state.
Output | it is controlled by PR33 register Bits 7 and 6. Refer to the
PR33 description for additional information.
46 | VGARDY LOC | Active |VGA Ready
Low Ready signal to host CPU. This signal can be connected
Output | directly to the ready input of the CPU or connected in com-
bination with other local bus slaves. When not active, this
signal is tristated.
IOCHRDY AT Active | VO Channe! Ready
High [ In AT mode, IOCHRDY indicates to the host processor that
Output | the requested memory or VO access is complete. When
IOCHRDY is low, the video controlier is not able to immedi-
ately complete a requested memory or /O access and that
causes the host processor to wait.
41 | RDYIN LOC | Active | Ready Input
High | For Local bus mode, RDYIN provides the final CPURDY
Output | feedback 1o the WD90C33 to terminate its local bus cycle.
1OCS16 AT | Active |VO Chip Select, 16 Bits
Low In AT mode, IOCS16 indicates to the host that the
Output | WD90C33 is ready to perform a requested 16-Bit 1/0
accesses.
TABLE 4-2. SIGNAL DESCRIPTIONS
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SIGNAL DESCRIPTIONS wD90C33

PIN | MNEMONIC | BUS vo DESCRIPTION

40 | EBROM -— Active | Enable BIOS ROM

Low Active low to enable BIOS ROM (C0000h through C7FFFh)
Output | if enabled by PR1 register, Bit 0. A write to WD90C33 inter-
nal /O port 46E8h causes EBROM to be used as a write
strobe for an external register used in BIOS ROM page
mapping.
44 |IRQ LOC, | Active | Interrupt Request
AT High | For Local and AT bus modas, IRQ provides a programma-
Output | ble interrupt request to the host CPU. The interrupt request
is enable by Vertical Retrace End Register, Bit 5. When the
end of vertical display occurs, this signal is active, request-
ing an interrupt, and it stays active until cleared by CRTC11
register Bit 4.

Power Distribution (35 Pins)

13 | vVCC - - +5VDC

24 Power supply pins.
42

80
104
109
119
129
141
167
181
185
197
208

TABLE 4-2. SIGNAL DESCRIPTIONS
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SIGNAL DESCRIPTIONS

PIN

MNEMONIC

BUS

Vo

DESCRIPTION

7
18
30
36
48
59
66
75
85
94
99
114
124
134
146
160
172
177
191

202

GND

Ground
Power return pins.

Unused Connections (10 Pins)

153
154
155
156
157
158
159
173
174
175

No
Connection

These pins are not connected to internal circuits of the
WDS0C33 controller. They are reserved for future use.

TABLE 4-2. SIGNAL DESCRIPTIONS
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44

HOST INTERFACE PIN MULTIPLEXING

Table 4-3 lists the WD90C33 connactor pins that have more than one signal mnemonic depending on the

host system bus structure where the video controller is used.

SIGNAL MNEMONICS
LOCAL BUS
PIN NO. INTERFACE AT BUS
a7 - owWs
38 CPURESET EMEM
39 HRQ oW
40 EBROM, EBROM
41 RDYIN 10CS16
43 LCLK EIO
44 IRQ IRQ
45 ADS ALE
46 VGARDY IOCHRDY
47 - ROM16
49 LDEV MEMCS16
50 WR 1OR
51 |V 1TTe) MRD
52 p/c MWR
54 SYSRESET RSET
55 BE3 Not Used
56 BE2 Al1]
57 BET BHE
58 BEO or BLE* A[0]

93-86 A[31:24] Not Used
84-81, 79-76, | A[23:2] A[23:2)
74-67, 65-60

95-98, 100- | D[31:16) D[31:16]
103, 105-108, (For BIOS EPROM data
110-113 input)
115-118, 120- | D[15:0) D[15:0]
123, 125-128,
130-133

* The signal on pin 58 is BLE for 386SX and BEO for all others.

TABLE 4-3. HOST INTERFACE PIN MULTIPLEXING
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VGA/EGA REGISTERS

5.0 VGA/EGA REGISTERS

All the standard IBM registers incorporated inside
the WD90C33 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, which were previously detined for the
6845 CRT Controller. This section describes the
VGA/EGA registers.

5.1 EGA MODE ENTRY

A brief description of the procedure for entering
EGA mode of operation is provided here. The
actual software implementation details are not
covered in this procedure.

¢ Load Configuration Register Bit 8. Select iogic
0 for a VGA-compatible PS/2 display or logic 1
for an EGA-compatible TTL monitor by using
the appropriate pull-up or pull-down resistor
on MD11. A pull-up resistor on MD11 causes
CNF(8) to be latched with logic 0 for analog
PS/2 compatible displays. This status infor-
mation signifies the type of monitor attached
to the system and is available to the BIOS or
application.

Unlock all the PR registers

Program PR2(6) to 0 for EGA mode

Set PR4 Bit 1 to logic 1 for EGA compatibility

Load PR11[7:4] with EGA Configuration

2 analog display, follow the suggested steps
listed below:

Initialize all the registers
Lock CRT controller registers

Force clock control rate of the CRT con-
troller

Set EGA emulation mode by programming:

= PR11(3) = 1; Set EGA emulation on PS/2
type display

- PR14(6) = 1; Vertical double scan

- PR11(2) = 1; Lock clock select

- PR11(0) = 1; Lock 8/9 dot timing

= PR14(7) = 1; Enable IRQ (optional)

- Lock the PR registers PRO through PR5
and PR10 through PR17

- Read protect PR registers

When EGA is required on a TTL monitor, the
suggested steps are:

- |Initialize all the registers

- Set EGA TTL mode by programming:
e PR11(3) = 0; EGATTL

PR14(7) = 1; Enable IRQ

PR15(6) = 1; Set Low Clock

PR14(7) = 1; Enable IRQ

Lock PR registers PRO through PR5
and PR10 through PR17

* Read protect PR registers

Tables 5-1 and 5-2 summarize the VGA and EGA
mode registers, respectively. For information
about the PR registers, refer to Section 7.

switches by using pull-up or pull-down resis-
tors on Pins MD[15:12] (A pull-up resistor
causes logic 1 to be latched after power-on-
reset.)

* The EGA switch setting may then be read 5.2
from PR11[7:4] at 1/0 Port 3C2h Bit 4

¢ |f EGA mode is to be emulated on an IBM PS/

VGA REGISTER SUMMARY
Table 5-1 lists the VGA registers.
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VGA/EGA REGISTERS WD90C33
REGISTERS' | RW< | MONO | COLOR ] INDEX
General Registers
Miscsllaneous Output Register w 3C2 3C2
R 3CC 3CC
Input Status Register 0 RO 3C2 3C2
Input Status Register 1 RO 3BA 3DA
Feature Control Register w 3BA 3DA
R 3CA 3CA
Video Subsystem Enable Register” RW 3C3 acs3
Sequencer Registers
Sequencer index Register RW 3C4 3C4
Sequencer Data Register RW 3C5 3Ccs 00h:04h
CRT Controller Registers
Index Register RW 3B4 3D4
CRT Controlier Data Register RW 385 3D5 00h:18h
Graphics Controller Registers
Index Ragister RW 3CE 3CE
Other Graphics Registers RW 3CF 3CF 00h:08h
Attribute Controller Registers
Index Register RW 3C0 3C0
Attribute Controller Data Register w 3Co 3Co 00h:14h
R 3C1 3Ct
Video DAC Palette Registers®
Write Address RW 3Cc8 3cs8
Read Address w 3C7 3C7
DAC State R 3C7 3C7
Data RW 3C9 3C9
Pel Mask RW 3C6 3C6
Drawing Engine Registers
Index Control RW 23C0/23C1 23C0723C1
Register Access Port RW 23C2/23C3 | 23C2/23C3 Refer 1o
Host Bit Block Transfer (HBLT) Blocks 1 and 2 RW 23C4/23C7 | 23C4/23C7 | Sections
Line Draw Constant Register RW | 23C8/23CC | 23cs/eacc | 12and 13.
Command Buffer and Interrupt Control RW 23CE/23CF | 23CE/23CF
NOTES:
1. All Register addresses are in hexadecimal.
2. RO = Read-Only, RW = Read/Write, W = Write, and R = Read.
3. VO Port 3C3h can be used to replace 46E8h [if CNF(9) = 0] for setup in AT mode.
4. PR16(0) = 1 locks these registers.
TABLE 5-1. VGA REGISTERS SUMMARY
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EGA REGISTER SUMMARY

Table 5-2 lists the EGA registers.

REGISTERS' |  Rwe [ MONO | COLOR | INDEX
General Registers
Miscellaneous Output Register wo 3C2 3C2
Input Status Register O RO 3C2 3C2
Input Status Register 1 RO 3BA 3DA
Feature Control Register wo 3BA 3DA
Sequencer Registers
Sequencer Index Register WO 3C4 3C4
Sequencer Data Register RW 3C5 3C5 01h, 03h,
04h
CRT Controller Registers
Index Register RW 3B4 3D4
CRT Controller Data Register RW aBs® 3ps°® 00h, 03h,
05h:07h,
09h:0Bh,
10h, 11h,
14h, 16h,
17h
Graphics Controller Registers
Index Register RW 3CE 3CE
Other Graphics Registers RW 3CF 3CF 04h:05h
Attribute Controller Registers
Index Register -RW 3Co 3C0
Attribute Controller Data Register w 3C0o 3C0 00h:13h
R 3C1 3C1
NOTES:
1. All Register addresses are in hexadecimal.
2. RO = Read-Only, WO = Write Only, RW = Read/Write, W = Write, and R = Read.
3. Miscellaneous Output Register Bit 0 = 0, “B" in Monochrome modes
Miscellaneous Output Register Bit 0 = 1, “D” in Color modes
4. This table lists the registers that differ from VGA mode. The registers not listed are the
same in VGA and EGA modes.

TABLE 5-2. EGA REGISTERS SUMMARY
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54 GENERAL REGISTERS

The vertical and horizontal sync polarity Bits (Bits
7:6) should be set to conform with the vertical size
of the frame used by the monitor.

READ | WRITE
REGISTER NAME PORT PORT
Miscellaneous Output 3CC 3C2
Input Status Register 0 3C2 -
Input Status Register 1 3?7A -
Feature Control 3CA 3?7A
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 follows:
0 = B in Monochrome Modes
1 = D in Color Modes

3. Unless specifically identified, the
descriptions apply to both VGA and
EGA.

5.4.1 Miscellaneous Output Register

VGA - Read Port = 3CCh
VGA/EGA - Write Port = 3C2h

BITS
7 6 VERTICAL FRAME SIZE
0 0 Reserved
0 1 400 lines/scan
1 0 350 lines/scan
1 1 480 lines/scan

BIT FUNCTION

Vertical Sync Polarity Select

Horizontal Sync Polarity Select

Odd/Even Memory Page Select

Reserved

2 Video Clock Select

NG

Enable Video RAM

(] VO Address Select

Bit 7 - Vertical Sync Polarity Selection
This Bit is locked if PR3(7) = 1

0 = Positive vertical sync polarity
1 = Negative vertical sync polarity
Blt 6 - Horlzontal Sync Polarity Selection

This Bit Is locked If PR3(6) = 1

0 = Positive horizontal sync polarity
1 = Negative horizontal sync polarity

Bit 5 - Odd or Even Memory Page Select

When in modes 0 through 5, one memory page is
selected from the two 64 Kbyte pages.

0 = Lower page is selected
1 = Upper page is selected
Bit4

Reserved.
Bits [3:2] - Video Clock Select

These Bits are locked if PR11(2) = 1 or it PR2(1)
= 1 and CNF(3) =0

00 = Selects VCLKO for VGA/EGA applications.
For VGA, can be connected to allow 640
dots/line (25.175 MHz). For EGA, 14.318
MHz is selected.

01 = Selects VCLK1 for VGA/EGA applications
if Configuration Register Bit 3 = 0. For
VGA, can be connected to allow 720 dots/
line (28.322 MHz). For EGA, 16.257 MHz
clock is selected.

10 = Selects VCLK2 (external user defined
input) if Configuration Register Bit 3 = 0.

11 = Reserved. Also selects VCLK2 (external
user defined input) if Configuration
Register Bit 3 = 0.

Blt 1 - VGA - System Processor Video RAM
Access Enable

0 = CPU access disabled
1 = CPU access enabled
- EGA - Reserved
Bit 0 - CRT Controller /0 Address Range
Selection

Selection for Monochrome (3B4 and 3B5), or
Color (3D4 and 3D5) mode. Bit 0 also maps Input
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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)

5.4.2 Input Status Register 0
Read Only Port = 3C2h
BIT FUNCTION

7 CRT Interrupt
6:5 Reserved

4 Monitor Detect Bit for Color/ Mono-
chrome Display

3.0 Reserved

Bit 7 - CRT Vertical Retrace Interrupt
Pending or Cleared
0 = Vertical retrace interrupt cleared
1 = Vertical retrace interrupt pending
Bits [6:5]
Reserved.
Bit 4 - VGA Mode - Monitor Detection

MDET monitor status is sampled and can be read
from this Bit.

0 = Monochrome
1 = Color

- EGA Mode - Configuration Switches
SW4-SW1

The information stored in the four configuration
switches in PR11 can be read at this Bit if the
EGA compatibility Bit PR4(1) has been set to 1.
Selection of the Bit to be read is determined by
Bits 3 and 2 of the Miscellaneous Output Register
3C2h as follows.

=
Bit3 | B2 Bit4
0 0 | PR11(7) = EGASW4
0 1 | PR11(6) = EGA SW3
1 0 | PR11(5) = EGA SW2
1 1 | PR11(4) = EGA SW1

These Bits may be used as general purpose
scratch Bits.

Bits [3:0]
Reserved. In EGA mode they must be set to 1.

5.4.3 Input Status Register 1
Read Only Port = 37Ah

BIT FUNCTION

7:6 Reserved

5:4 Diagnostic

3 Vertical Retrace

2:1 Reserved

0 Display Enable
Bits [7:6]
Reserved. in EGA mode, Bit 6 must be setto 1.
Bits [5:4] - Color Plane Diagnostics '

These Bits return two of the eight video outputs
VID7 through VIDO, as selected by Color Plane
Enable Register Bits 5 and 4 (refer to Section
5.8.6.)

Bit 3 - Vertical Retrace Status

0 = Vertical frame is displayed
1 = Vertical retrace is active
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Bits [2:1]
Reserved. In EGA mode Bit 2 must be set to 1.

BRt 0 - Display Enable Status

0 = CRT screen display in procass
1 = CRT screen display disabled for horizontal
or vertical retrace interval

5.4.4 Feature Control Register

VGA - Read Port = 3CAh
VGA/EGA - Write Port = 37Ah

5.5.1 Sequencer Index Register
VGA/EGA - Read/Write Port = 3C4h

BIT FUNCTION

75 Reserved

4:0 Sequencer Address/Index Bits

BIT FUNCTION

7:4 Reserved

3 Vertical Sync Control

2:0 Reserved

Bits [7:4]
Reserved

Bit 3 - VGA - Vertical Sync Control

0 = VSYNC output enabled
1 = VSYNC output is logical “OR" of VSYNC
and Vertical Display Enable

- EGA - Reserved
Bits [2:0]
Reserved

5.5 SEQUENCER REGISTERS

PORT | INDEX NAME
3C4h - Sequencer Index
3C5h 00 Reset
3C5h | 01 Clocking Mode
3Cs5h | 02 Map Mask
3C5h | 03 Character Map Select
3C5h | 04 Memory Mode

NOTE

Reserved Bhs should be set to zero.

Bits [7:5]
Reserved.
Bits [4:0] - Sequencer Address/Index

The Sequencer Address Register is written with
the index value (00h-04h) of the Sequencer
Register to be accessed. Sequencer extension
registers are also indexed by this register.

5.52 Reset Register

VGA/EGA - Read/Write Port = 3C5h,
Index = 00h

BIT FUNCTION

7:2 Reserved
Synchronous Reset

0 Asynchronous Reset
Bits [7:2]
Reserved.

Bit 1 - Synchronous Reset
0 = Sequencer is cleared and halted
synchronously
1 = Operational mode (Bit 0 = 1)
Bit 0 - Asynchronous Reset
0 = Sequencer is cleared and halted
asynchronously
1 = Operational mode (Bit 1 = 1)

NOTE

Both Bits 1 and 0 must be set to 1 for
Operational mode.
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5.53 Clocking Mode Register
Read/Write Port = 3C5h, Index =01h

Bits 5:2 are locked if PR11(1) = 1. They appear
uniocked during reads.

Bit 0 - 8/9 Dot Clock

Commands Sequencer to generate an eight or
nine dot wide character clock.

This Bit is locked if PR11(0) = 1

BIT FUNCTION 0 = Nine dot wide character clock
7:6 Reserved 1 = Eight dot wide character clock
5 | Screen Off 5.54 Map Mask Reglster
4 | Shift4 VGA/EGA - Read/Write Port = 3C5h,
3 Dot Clock Index = 02h
2 Shift Load If Bit 4 = 0 BIT FUNCTION
1 Reserved 7:4 Reserved
0 8/9 Dot Clocks 3.0 Map 3:0 Enable
Bits [7:6] Bits [7:4]
Reserved. Reserved.

Bit 5 - VGA - Screen Off

0 = Normal screen operation

1 = Screen is turned off but SYNC signals
remain active. {This Bit may be used to
provide maximum display memory
bandwidth for quick full screen updates.)

- EGA - Reserved
Bit 4 - VGA - Video Serial Shift Register
Loading
0 = Serial shift registers loaded every character
or every other character clock depending on
Bit2
1 = Serial shift registers loaded every 4th
character clock (32-Bit fetches)
- EGA - Reserved
Bit 3 - Dot Clock Selection
0 = Normal dot clock selected by VCLK input
frequency
1 = Dot Clock divided by 2 (320/360 pixels)
Bit 2 - Shift Load (Effective Only If Bit 4 = 0)
0 = Video serializers are loaded every character
clock
1 = Video serializers are loaded every other
character clock

Bit1
Reserved. In EGA mode Bit 1 must be set t0 0.

Bits [3:0] - Enables Writing to Memory
Maps 3 Through 0, Respectively

0 = Writing to respective Memory Map disabled
1 = Writing to respective Memory Map enabled

5.5.5 Character Map Select Register
Read/Write Port = 3C5h, Index = 03h

Bits 5:0 are locked it PR11(1) = 1. They appear
unlocked during reads.

BIT FUNCTION

7:6 Reserved
5, 3, 2 | Character Map Select A Bits 2:0
4,1, 0 | Character Map Select B Bits 2:0

it Sequencer Register 4, Bit 1 = 1, then the
attribute 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.

Bits [7:6]
Reserved. VGA
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Blts [7:4)
Reserved. EGA
Blits 5, 3, 2 - VGA - Character Map A Select

Bits 4, 1, 0 - VGA - Character Map B Select

These Bits select the location of Character Map B
as shown below.

These Bits select the location of Character Map A BITS FONT/PLANE 2 OR 3
as follows: 4| 1] 0 |MAP LOCATION
BITS FONT/PLANE 2 ojo0fO0 0 | 1st 8 KByte Block
5§13 |2 |MAP OR 3 LOCATION o|Of( 1 1 3rd 8 KByte Block
o[o{o0]| o0 | 1st8KByteBlock 0] 1] 0] 2 | 5thsKByte Block
o{o|1| 1 [ 3rd8KByteBlock 0f 1] 1| 3 | 7th8KByte Block
0|1]0]| 2 | 5thsKByteBlock 1/ 0f 0| 4 | 2nds8KByteBlock
0|1]|1]| 3 | 7th 8 KByte Block 1{0| 1| 5 [ 4th8KByteBiock
1|0|0| 4 | 2nd8KByteBlock 1| 1| o] & [ 6thsKByteBlock
1101 1 5 4th 8 KByte Block 1111 7 8th 8 KByte Block
1]1]0 6 | 6th 8 KByte Block Bits [1:0] - EGA - Character Map B Select
1

-t
-

7 | 8th 8 KByte Block

Bits [3:2] - EGA - Character Map A Select

These Bits select the location of Character Map A
as shown below.

BITS FONT/PLANE 2
32| maAP LOCATION

o| o| o | 1st8KByteBiock

o| 1| 1 | 2nd8KByteBlock

1| 0] 2 | 3rdaKByteBiock
1)1 3 4th 8 KByte Block

These Bits select the location of Character Map B
as shown below.

BITS FONT/PLANE 2

1 MAP LOCATION

0| 0| 0 | 1st8KByteBlock

o1 1 2nd 8 KByte Block

1| 0| 2 | 3rd8KeyteBlock

1| 1| 3 | 4th8KByte Block
NOTE

Character Map selection from Plane 2 is
determined by Bit 3 of the attribute code.
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5.5.6 Memory Mode Register
Read/Wrlite Port = 3C5h, Index = 04h

BIT FUNCTION
7:4 Reserved
3 Chain 4
2 Odd/Even
1 Extended Memory
0 Reserved
Bits [7:4]
Reserved.

Bit 3 - VGA - Chains Four Maps
0 = Processor sequentially accesses data using
Map Mask Register
1 = Directs the two lower order video Memory
Address pins (MA1, MAO) to select the map
to be addressed. The map selection is given
In the following list:

5.6 CRT CONTROLLER REGISTERS

MA1 MAO MAP
0 0 0
0 1 1
1 0 2
1 1 3
- EGA - Reserved

Bit 2 - VGA/EGA - Odd/Even Map Selection

0 = 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 - VGA/EGA - Extended Video Memory

0 = 64 KB of video memory

1 = Greater than 64 KB of memory for VGA/
EGA modes

BIt 0 - VGA - Reserved
- EGA - Alpha Mode

0 = Disables Alpha modes and enables non-

Alpha modes

1 = Alpha mode is active and character map
selection is enabled

Table 5-3 lists the CRT Controller registers and their equivalent 6845 registers, if applicable.

PORT' INDEX VGA/EGA REGISTER NAME 6845° REGISTER NAME
374 - CRT Controller Address Register CRTC Address Register
3?75 003 Horizontal Total Horizontal Total
375 01 Horizontal Display Enable End Horizantal Display
375 02 Start Horizontal Blanking See note 4
375 03® End Horizontal Blanking See note 4
375 04 Start Horizontal Retrace See note 4
375 05° End Horizontal Retrace See note 4
375 063 Vertical Total + Vertical Display
375 o073 Overflow See note 4
375 08 Preset Row Scan See note 4
375 093 Maximum Scan Line Maximum Scan Line Address
375 oA Block Cursor Start Cursor Start

TABLE 5-3. CRT CONTROLLER REGISTERS
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PORT' INDEX VGA/EGA REGISTER NAME 6845° REGISTER NAME
375 og? Block Cursor End Cursor End
375 oC Start Address High Start Address High
375 oD Start Address Low Start Address Low
375 OE Block Cursor Location High Cursor Location High
375 OF Block Cursor Location Low Cursor Location Low
375 103 Vertical Retrace Start Light Pen High Read
375 113 Vertical Retrace End Light Pen Low Read
375 12 Vertical Display Enable End See note 4
375 13 Offset See note 4
375 14° Underline Location See note 4
375 15 Start Vertical Blank See note 4
375 163 End Vertical Blank See note 4
375 173 CRTC Mode Control See note 4
375 18 Line Compare See note 4
NOTES:
1. The value of ? Is controlled by Miscellaneous Output Register, Bit 0. Bit 0 is
programmed as follows:
When Bit O is setto 0, ? = B and is used in Monochrome modes.
When Bit Ois setto 1, ? = C and is used in Color modes.
2. For detailed descriptions of the 6845 Mode Registers refer to the literature listed
following the table of contents.
3. Parameters for these registers vary depending on whether they are used in VGA or
EGA mode.
4. This register can be programmed in VGA/EGA mode only. It is not applicable in 6845
mode.
5. Reserved Bits should be set to zero.

TABLE 5-3. CRT CONTROLLER REGISTERS

5.6.1 CRT Reglster Index
Read/Write Port = 374h

BIT FUNCTION

7:5 Reserved

4.0 Index Bits

5.6.2 Horizontal Total Register
Read/Write Port = 3?5h, Index = 00h

This register is locked if register PR3(5) = 1 or the
Vertical Retrace End Register Bit 7 = 1. The Bit 8
of horizontal total is located at PR18 Bit 5.

Blts [7:5])
Reserved.
Bits [4:0] - CRT Register Index Bits

These Bits specify the CRT Controller register to
be addressed. lts value is programmed in
hexadecimal.

BIT FUNCTION

7:0 Horizontal Total Period

Bits [7:0] - VGA - Count Plus Retrace Less
Five

- EGA - Count Plus Retrace Less Two

The total character count is the total number of
characters including retrace time per horizontal
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scan line, less 5 in VGA mode, less 2 in EGA
mode.

5.6.3 Horizontal Display Enable
End Register

Read/Write Port = 375h, Index 01h

This register is locked if register PR3(5) = 1 or the
Vertical Retrace End Register Bit 7 = 1.

BIT FUNCTION
7:0 | Displayed Characters per Scan Line

Bits [7:0] - Number of Displayed Characters
S Less One

This register contains the total number of
displayed characters less one.

5.6.4 Start Horizontal Blanking Register
Read/Write Port = 3?5h, Index = 02h

This register is locked if register PR3(5) = 1 or the
Vertical Retrace End Register Bit 7 = 1.

Bits [6:5] - Display Enable Signal Skew
Control

These Bits define the display enable signal skew
time in relation to horizontal synchronization
pulses.

BIT FUNCTION

7:0 Start Horizontal Blanking

Horizontal blanking begins when the horizontal
character counter reaches the value written in this
register.

5.6.5 End Horlzontal Blanking
Read/Write Port = 375h, Index = 03h

This register is locked if register PR3(5) = 1 or the
Vertical Retrace End Register Bit 7 = 1.

BIT FUNCTION

7 Reserved

BITS CHARACTER
6 5 CLOCK SKEW
0 0 0
0 1 1
1 0 2
1 1 3

Bits [4:0] - End Horlzontal Blanking
- VGA Mode

These five Bits, along with Bit 7 of the End
Horizontal Retrace Register (Index 05h),
determine when horizontal blanking is to end. Bits
4:0 are the least significant Bits, Bit 7 Is the most
significant Bit.

When the least significant six Bits of the
Horizontal Character Counter matches these six
Bits, the horizontal blanking ends.

- EGA Mode

These five Bits, determine when horizontal
blanking is to end. When the least significant five
Bits of the Horizontal Character Counter matches
these five Bits, the horizontal blanking ends.

5.6.6 Start Horizontal Retrace
Pulse Register

Read/Write Port = 3?5h, Index = 04h

This register is locked if register PR3(5) = 1 or the
Vertical Retrace End Register Bit 7 = 1.

6:5 Display Enable Signal Skew Control

4:0 End Horizontal Blanking (lower 5 Bits)

Bit7

BIT FUNCTION

7:0 | Start Horizontal Retrace Character
Count

Bits [7:0] - Start Horlzontal Retrace Character

Reserved Count
The character count a which the horizontal
retrace output is to become active is programmed
in this register as a hexadacimal value.
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56.7 End Horizontal Retrace Register
Read/Write Port = 375h, Index = 05h

This register Is locked if register PR3(5) = 1 or the
Vertical Retrace End Register Bit 7 = 1.

BIT FUNCTION
7 End Horizontal Blank Bit 6
6:5 Horizontal Retrace Delay
4:0 | End Horizontal Retrace
Bit 7 - VGA - End Horlzontal Blank Bit 6

This is the sixth Bit (Bit 5) of the End Horizontal
Blanking Value programmed in Bits 4:0 of the End
Horizontal Blanking Register at Port 3?5h, Index
03h.

- EGA - CRT Counter Memory Address

This Bit defines whether the CRT counter memory
address starts at an even or odd address
following the horizontal retrace.

0 = Even Address
1 = Odd Address
Bits [6:5] - Horlzontal Retrace Delay

These Bits define the horizontal retrace signal
delay.

BIT FUNCTION
7:0 Raster Scan Line Total Less 2
Bits [7:0] - VGA - Raster Scan Line Total Less 2

This register contains the least significant eight
Bits of an eleven Bit count of raster scan lines for
a display frame. The programmed value includes
the total number of vertical scan lines, minus two.
Time for vertical retrace and vertical sync are also
included. Bit 10 of this count is in register PR18 at
Port 3?5h, Index 3Eh, Bit 0. Bits 9 and 8 of this
count are loaded into the Vertical Overflow
Register at Port 3?5h, Index 07h, Bit 5 and Bit 0,
respectively.

in 6845 mode, total vertical display time in rows is
programmed into Bit 6 through Bit 0, while Bit 7 is
reserved. Scan count reduction is not necessary.
The number of scan lines in a row is determined
by the maximum Scan Line Register (Index 09h
Bits 4 through 0).

- EGA - CRT Vertical Frame Time

This register contains the least significant eight
Bits of the CRT vertical frame time In scan lines
including the vertical retrace.

Bits [4:0] - End Horlzontal Retrace

The least significant five Bits are programmed in
this register. When the least significant Bits of the
Horizontal Character Counter match these five
Bits, the Horizontal Retrace signal is tumed off.

5.6.8 Vertical Total Register
Read/Write Port = 3?5h, Index = 06h

This register is locked if register PR3(0) = 1, or the
Vertical Retrace End Register Bit 7 = 1

BITS CHARACTER 5.6.9 Overflow Vertical Register
6 7 CLOCK DELAY Read/Write Port = 3?5h, Index = 07h
0 0 0 BIT FUNCTION
0 1 1 7,2 | Start Vertical Retrace Bits 9:8
1 0 2 6,1 | End Ventical Display Enable Bits 9.8
1 9 3 50 Vertical Total Bits 9:8

4 Line Compare Bit 8

3 Start Vertical Blank Bit 8
Bits [7:5] - EGA

Reserved

Bits 7,2- VGA

Start Vertical Retrace - Bits 9:8. (Bits 7:0 are at
Index 10h.)

This register Iis locked if Register PR3(0) = 1 or
the End Vertical Retrace Register Bit 7 = 1.
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Bits 6,1- VGA

End Vertical Display Enable - Bits 9:8. (Bits 7:0
are at Index 12h.

This register is locked if Register PR3(1) = 0 and
the End Vertical Retrace Register Bit 7 = 1.

Bits 5,0 - VGA
Vertical Total - Bits 9:8. (Bits 7:0 are at Index 06h.)

This register is locked if Register PR3(0) = 1 or
the End Vertical Retrace Register Bit 7 = 1.

Bit4 - VGA/EGA

Line Compare - Bit 8. (Bit 9 is at Bit 6 of index
09h, Bits 7:0 are at Index = 18h.)

Bit 3- VGA/EGA

Start Vertical Blank - Bit 8. (Bit 9 is at Bit 5 of index
09h, Bits 7:0 are at Index =15h.)

This register is locked If Register PR3(0) = 1 or
the End Vertical Retrace Register Bit 7 = 1.

Bits 2- EGA

Start Vertical Retracs - Bit 8. (Bits 7:0 are at Index
10h.)

This register is locked if Register PR3(0) = 1 or
the End Vertical Retrace Register Bit 7 = 1.

Bits 1 - EGA

End Vertical Display Enable - Bit 8. (Bits 7:0 are at
Index 12h.)

This register is locked if Register PR3(1) = 0 and
the End Vertical Retrace Register Bit 7 = 1.

Bits 0- EGA
Vertical Total - Bit 8. (Bits 7:0 are at Index 06h.)

This register is locked if Register PR3(0) = 1 or
the End Vertical Retrace Register Bit 7 = 1.

5.6.10 Preset Row Scan Register
Read/Write Port = 3?5h, Index = 08h

BIT FUNCTION

7 Reserved

6:5 | Byte Panning Control

4:0 Preset Row Scan Count

Bit7
Reserved.
Bits [6:5] - Byte Panning Control

These Bits allow up to three bytes to be panned in
modes programmed as multiple shift modes.

OPERATION

0 0 = Normal
0 1 = 1 Byte Left Shift
1 0 = 2 Bytes Left Shift
1 1 = 3 Bytes Left Shift
Bits [4:0] - Preset Row Scan Count

These Bits preset the vertical row scan counter
once after each vertical retrace. This counter is
advanced by one increment after each horizontal
retrace period until the maximum row scan count
is reached. When the maximum row scan count is
reached, the counter is cleared. This register can
be used for smooth vertical scrolling of text.

5.6.11 Maximum Scan Line Register
Read/Write Port = 375h, Index = 08h

BIT FUNCTION
7 200 to 400 Line Conversion
Line Compare Bit 9

Start Vertical Blank Bit 9
4.0 Maximum Scan Line

In 6845 mode, Bits 7 through 5 are reserved,
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Blts [7:5] - EGA Blts [4:0] - VGA/EGA - Block Cursor Start
Reserved Scan Line

Bit 7 - VGA - 200 to 400 Line Conversion

0 = Normal operation

1 = Activate line doubling (The row scan counter
is clocked at half the horizontal scan rate to
allow 200 line modes to display 400 scan
lines. Each line is double scanned.)

Bit 6 - VGA - Line Compare

This is Bit 9 of the Line Compare Register at Port
375h, Index 18h.

Bit 5 - VGA - Start Vertical Blank

This is Bit 9 of the Start Vertical Blank Reglster at
Port 375h, Index 15h. The Vertical Blank Register
is locked if register PR3(0) = 1. or the Vertical
Retrace End Register Bit 7 = 1.

Bits [4:0] - VGA/EGA - Maximum Scan Line

These Bits are the maximum number of scanned
lines for each row of characters. The value
programmed is one less than the maximum
number of scanned rows per character.

in 6845 mode, the value programmed is one less
than the maximum scan line count for non-
interlace mode. Interlaced mode Is not supported.

5.6.12 Block Cursor Start Register
Read/Write Port = 3?5h, Index = 0Ah
BIT FUNCTION

7:6 Reserved
5 Block Cursor Control
4:0 Block Cursor Start Scan Line
Bits [7:6)
Reserved.

Bit 5- VGA - Block Cursor Control
0 = Block Cursor on
1 = Block Cursor off

- EGA - Reserved

These Bits specify the value of the row scan
counter within the cursor’s starting character box.
These Bits are programmed with one less than
the value of the character row. if these Bits are
programmed with a value greater than the Block
Cursor End Register at Port 3?75h, Index 0Bh, no
cursor is generated.

For 6845 modes, Bits 7 and 6 are reserved. Bit 5
controls the cursor operation and Bits 4 through 0
contain the cursor start value.

5.6.13 Block Cursor End Register
Read/Write Port = 375h, Index = 0Bh
BIT FUNCTION
7 Reserved
6:5 Block Cursor Skew
4:0 Block Cursor End Scan Line
In 6845 mode, Bits 7 through 5 are reserved.
Bit7
Reserved.
Blts [6:5] - Block Cursor Skew Bits

Moves the displayed cursor to the right by the
skew value in character clocks, e.g., one
character clock skew moves the cursor right by
one position on the screen.

SKEW
0 0 = 0 Character Clocks
0 1 = 1 Character Clocks
1 0 = 2 Character Clocks
1 1 = 3 Character Clocks
Bits [4:0] - VGA - Block Cursor End Scan Line

These Bits specify the value of the last row scan
counter within the character box in which the
cursor is active. If this value is less than the cursor
start value, no cursor is displayed.

In 6845 mode, Bits 4 through O contain the row
value of the cursor end.
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NOTE
There are three types of cursors
generated, depending upon the mode,
i.e, VGA, EGA or 6845 (non-VGA). The
above description refers to the VGA
cursor only.

- EGA - Block Cursor End Scan Line

These Bits specify the Cursor End value of the
last row scan address counter. The programmed
value Is equal to N+1 where N is the last row of
the cursor to be displayed.

5.6.14 Start Address High Register
Read/Write Port = 3?5h, Index = 0Ch

BIT FUNCTION

7:0 Start Address High Byte

Bits [7:0] - Display Screen Start Address
Upper Byte Bits

These are the high order eight Bits of the 16-Bit
video memory address, used for screen refresh.
The low order 8-Bit register is at Port 3?5h Index
0Dh. Register PR3 Bits 4 and 3, and PR18 Bit 6
extend this video memory start register to 18 Bits.

In 6845 mode, Bits 7 and 6 are forced to O
regardless of this register's contents. The lower
order eight Bits are at Port 3?5h Index ODh.

5.6.15 Start Address Low Register
Read/Write Port = 3?5h, Index = ODh

BIT FUNCTION

7:0 | Start Address Low Byte

Bits [7:0] - Start Address Low Byte

These are the low order eight Bits of the 16-Bit
video memory address in VGA/EGA or 6845
modes.

5.6.16 Block Cursor Location High Register
Read/Write Port = 3?5h, iIndex = OEh

BIT FUNCTION

7:0 | Block Cursor Location High Byte

Bits [7:0] - Block Cursor Address Upper
Byte Bits

in VGA mode, these are the eight high order Bits
of the 16-Bit cursor location. For the low order
eight Bits, see the Block Cursor Location Low
Register at Port 375h, Index OFh. Register PR3
Bits 4 and 3 extend the cursor location High
Register to 18 Bits.

In 6845 mode, Bits 7 and 6 are reserved, while
Bits 5 through O are the high order Bits of the
cursor.

5.6.17 Block Cursor Location Low Register
Read/Write Port = 375h, Index = OFh

BIT FUNCTION

7:0 Block Cursor Location Low Byte

Bits [7:0] - Block Cursor Address Low
Byte Bits

These are the low order eight Bits of the 16-Bit
video memory address in VGA/EGA or 6845
mode.

5.6.18 Vertical Retrace Start Register
Read/Wrlte Port = 375h, Index = 10h
This register is locked if register PR3(0) = 1.

BIT FUNCTION
7:0 | Vertical Retrace Start
(Lower eight Bits)

Bits [7:0] - Vertical Retrace Start Pulse
Lower Eight Bits

In VGA mode, these are the lower eight Bits of
the 11-Bit Vertical Retrace Start Register. Bit 10 is
located in 3?5h, Index 3Eh, Bit 2. Bits 9 and 8 are
located in the Overflow Register at Port 3?5h,
Index 07h.

In 6845 mode, Bits 7 and 6 are reserved. Bits 5
through 0 are read back as the high order six Bits
of the Light Pen Value. The lower order eight Bits
of the Light Pen Value are read back at Index 11h.

In EGA mode, this register is read back as the
low order eight Bits of the Light Pen Value.
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5.6.19 Vertical Retrace End Register
Read/Write Port = 3?5h, Index = 11h
BIT FUNCTION

CRTC 0-7 Write Protect
Salect 3/5 DRAM Refresh
Enable Vertical Interrupt
Clear Vertical Interrupt
3:0 | Vertical Retrace End

slololN

in 6845 mode, this register reads back the value
of the lower eight Bits of Light Pen Register.

Bit 7 - VGA - CRTC Registers Write Protect
0 = Enables writing to CRT index registers 00h-
07h
1 = Write protects CRT Controller index
registers in the range of index 00h-07h (Line
Compare Bit 4 in the Overflow Register
(07h) is not protected.)

- EGA - Reserved

Bit 6 - VGA - DRAM Refresh/Horizontal
Scan Line

This Bit selects DRAM refresh cycles per
horizontal scan line as follows:

0 = Generates three refresh cycles for each
horizontal scan line for normal VGA
operation

1 = Generates five DRAM refresh cycles per
horizontal scan line

- EGA - Reserved
Bit 5- VGA - Enable Vertical Retrace Interrupt

0 = Enable vertical retrace Interrupt
1 = Disable vertical retrace interrupt
- EGA - IRQ Output Butfer

0 = The IRQ output bufter control is enabled
(The IRQ latch within the CRT controller
determines the logic state of the IRQ output
signal.)

1 =The IRQ output buffer is switched to a high
impedance state

Bit 4 - VGA - Clear Vertical Retrace Interrupt
0 = Clears the vertical retrace interrupt by
writing a O to (resetting) an internal flip flop

1 = Vertical retrace interrupt (This allows an
interrupt to be generated after the last
displayed scan of the frame has occurred,
l.e., the start of the bottom border.)

- EGA - IRQ Latch
0 =The IRQlatchis resetif Bit 5 =0
1 = The IRQ latch is set at the end of the vertical
display
Bits [3:0] - VGA/EGA - Vertical Retrace End

These Bits specify the scan count at which vertical
sync becomes inactive. When these four Bits
match the four low-order Bits of the vertical
counter, vertical sync becomes inactive.

Bits [3:0] are locked if register PR3(0) = 1.

5.6.20 Vertical Display Enable End Register
Read/Write Port = 3?5h, Index = 12h
BIT FUNCTION

7:0 | Vertical Display Enable End (Lower
eight Bits)

Bits [7:0] - Vertical Display Enable End
Lower Eight Bits

These Bits define where the active display frame
ends and are the lower eight Bits of an 11-Bit
register. The programmed count is in scan lines
minus one. Bit 10 Is in Port 3?5h, Index 3Eh, Bit
10. Bits 9 and 8 are in the Overflow Register at
Port 3?75h, Index 07h, Bits 6 and 1, respectively.

5.6.21 Oftfset Register

Read/Wrlite Port = 3?5h, Index = 13h
BIT FUNCTION
7:0 Logical Line Screen Width
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Bits [7:0] - Loglcal Line Screen Width

This register specilies the width of display
memory in terms of an offset from the current row
start address to the next character row. The offset
value Is a word address adjusted for word or
double word display memory access. It is
calculated as follows:

1. The Next CPU Row Scan Start Address
equals the Current Row Scan Start Ad-
dress, plus the product of the Offset Regis-
ter multiplied by two in byte mode, four in
word mode, or eight in double word mode.

2. The Next CRT Row Scan Address equals
the current CRT Row Scan Address plus
the product of the offset register multiplied
by two.

5.622 Underline Location Register
Read/Write Port = 375h, Index = 14h
BIT FUNCTION

7 Reserved

6 Doubleword Mode

5 Count by 4
4:0 Underline Location
Bit 7- VGA/IEGA
Reserved.

Bit 6 - VGA - Doubleword Mode
0 = Display memory addressed for byte or word
access
1 = Display memory addressed for doubleword
access (This overrides the state of Port
37?5h, Index 17h, Bit 6 (refer to Section

- EGA - Reserved
Bits [4:0] - VGA/EGA - Underline Locatlon

These Bits specify the row scan counter value
within a character matrix where underline is to be
displayed. The value programmed should be one
less than the desired scan line number.

5.6.23 Start Vertical Blank Register
Read/Write Port = 3?5h, Index =15h

This register is locked if register PR3(0) = 1.
BIT FUNCTION

7:0 Start Vertical Blank (Lower eight Bits)

Bits [7:0] - Start Vertical Blank Lower
Eight Bits

These are the lower eight Bits of the 11-Bit Start
Vertical Blank Register. Bit 10 is in register PR18
at Port 375h, Index 3Eh, Bit 3. Bit 9 is in the
Maximum Scan Line Register at Port 3?5h, Index
08h. Bit 8 is in the Overflow Register at Port 3?75h,
index 07h.

The eleventh Bit value is reduced by one from the
desired scan line count where the vertical
blanking signal starts. ’

5.6.24 End Vertical Blank Reglster
Read/Write Port = 3?5h, Index = 16h

" This register is locked if register PR3(0) = 1.

BIT FUNCTION
7:0 | End Vertical Blank
Bits [7:0] - VGA - Vertical Blank Inactive Count

5.6.25) End Vertical Blank is an eight-Bit value calculated
- EGA - Reserved as follows:
Bit 5 - VGA - Count by Four for Doubleword Eight-Bit End Vertical Blank value = (value of Start
Access Vertical Blank minus one) + (value of Vertical
0 = Memory address counter clocked for byte or  Blank signal width in scan lines).
word access
Bits [7:5] - EGA
1 = Memory address counter is clocked at the [7:51
character clock rate divided by four Reserved
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Bits [4:0] - EGA

End Vertical Blank is a five-Bit value calculated as
follows:

Five-Bit End Vertical Blank value = (value of Start
Vertical Blank minus one) + (value of Vertical
Blank signal width in scan lines).

5.6.25 CRT Mode Control Register
Read/Wrlte Port = 3?5h, Index = 17h

BIT FUNCTION

Hardware Reset

Word or Byte Mode

Address Wrap

Reserved

Count by 2

Horizontal Retrace Select

= INjW|jn]|O|N

Select Row Scan Counter

o] CGA Compatibility

Bit 7 - VGA/EGA - Hardware Reset
0 = Horizontal and vertical retrace outputs
inactive
1 = Horizontal and vertical retrace outputs
enabled
Bit 6 - VGA/EGA - Word or Byte Mode

The state of this Bit is ignored and Doubleword
mode selected when Port 375h, Index 14h, Bit 6
is setto 1 (refer to Section 5.6.22, Bit 6).

0 = Word address mode (All memory address
counter Bits shift down by one Bit and the
MSB of the address counter appears on the

LSB.)
1 = Byte address mode
CRT14h CRT17h ADDRESS
BIT6 BIT6 MODE
0 0 Word
0 1 Byte
1 ' X Doubleword

Bit 5 - VGA/EGA - Address Wrap

0 = In word address mode, this Bit enables Bit
13 to appear at MAO, otherwise Bit 0
appears on MAO

1 = Salect MA15 for odd/even mode when 256
Kbytes of video memory are used on the
system board

Bit 4 - VGA/EGA
Reserved.

Bit 3 - VGA/EGA - Count by 2
0 = Character clock increments memory
address counter
1 = Character clock divided by two increments
the address counter
Bit 2 - VGA/EGA - Horizontal Retrace Clock
Rate Select for Vertical Timing Counter

This Bit is locked if register PR3(5) = 1.

0 = Selects horizontal retrace clock rate
1 = Selects horizontal retrace clock rate divided
by two
Bit 1 - VGA/EGA - Select Row Scan Counter
0 = Row Scan Counter Bit 1 replaces CRTC
when MA14 is selected to drive an address
pin
1 = CRTC drives MA14 when MA14 is selected
to drive an address pin
Bit 0 - 6845 CRT Controller Compatibliity
Mode Support for CGA Operation
0 = Row Scan Counter Bit 1 replaces CRTC
when MA13 is selected to drive an address
pin
1 = CRTC drives MA13 when MA13 is selected
to drive an address pin

5.6.26 Line Compare Register
Read/Write Port = 375h, Index = 18h

BIT FUNCTION
7:0 Line Compare (lower eight Bits)
Bits [7:0] - Line Compare Lower Eight Bits

These are the lower eight Bits of the ten-Bit Scan
Line Compare Register. Bit 9 is in the Maximum
Scan Line Register at Port 375h, Index 0gh. Bit 8
is in the Overflow Register at Port 3?5h, Index
07h. When the vertical counter reaches the value
programmed in the Scan Line Compare Register,
the internal start of the line counter is cleared.
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5.7 GRAPHICS CONTROLLER
REGISTERS

PORT | INDEX
(HEX) | (HEX) NAME

3CE - Graphics Index Register

3CF 00 Set/Reset

3CF o1 Enable Set/Reset

3CF 02 Color Compare

3CF 03 Data Rotate

3CF 04 Read Map Select

3CF 05 Graphics Mode

3CF 06 Miscellaneous

3CF 07 Color Don't Care

3CF 08 Bit Mask

TABLE 5-4. GRAPHICS CONTROLLER
REGISTERS

NOTE
Reserved Bits should be set to zero.

5.7.1 Graphics Index Register
Read/Write Port = 3CEh

BIT FUNCTION

7:4 Reserved

3.0 Graphics Address Bits

Bits [7:4]

Reserved.

Bits [3:0] - Graphics Controller Register
Index Pointer Bits

NOTE

Some of the PR registers reside with the
index pointer extension beyond the
standard VGA Graphics Controller
registers.

5.7.2 Set/Reset Register
Read/Write Port = CFh, Index = 00h

BIT FUNCTION
7:4 Reserved
3 Set/Reset Map 3
2 Set/Reset Map 2
1 Set/Reset Map 1
0 Set/Reset Map 0
Bits [7:4]
Reserved.

Bits [3:0] - Set/Reset Map

When the CPU executes display memory write
with Write Mode 0* selected, and the Enable Set/
Reset Register at Port 3CFh Index 01h activated,
the eight Bits of the Bit value in this register, which
have been operated on by the Bit Mask Register,
are then written to the corresponding display
memory map. It is an eight-Bit fill operation.

0 = Reset
1 = Set
BIT SET/RESET
3 Map 3
2 Map 2
1 Map 1
0 Map 0
NOTE

*The selection of Write Mode 0 is
determined by the Graphics Mode
Register (Index = 05h) Bit 1 and Bit 0.
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5.7.3 Enable Set/Reset Register
Read/Write Port = 3CFh, Index = 01h

BIT FUNCTION

7:4 Reserved

Enable Set/Reset Map 3

3
2 Enable Set/Reset Map 2
1 Enable Set/Reset Map 1

0 Enable Set/Reset Map 0

Bits [7:4]
Reserved.

Bits [3:0] - Enable Set/Reset Register
Maps 3 through 0, respectively
(index 00h)

0 = In Write Mode 0, each Bit [3:0] when set to 0,
disables its corresponding Set/Reset
Register (Index = 00h) Bit and the
corresponding memory map is written with
the rotated 8-Bit data from the system
microprocessor, as defined by the Data
Rotate Register.

1 = In Write Mode 0, each Bit [3:0] when set to 1,
enables memory map access defined by the
corresponding Set/Reset Register (Index =
00h) Bit and the respective memory map is
written with the Set/Reset Register value.

5.74 Color Compare Register
Read/Write Port = 3CFh, Index = 02h

BIT FUNCTION
7:4 | Reserved '
3 Color Compare Map 3
2 Color Compare Map 2
1 Color Compare Map 1
0 Color Compare Map 0
Bits [7:4])
Reserved.

Bits [3:0] - Color Compare

map are compared. This comparison also occurs
across all four maps and a 1 is returned for the
map positions when the Bits of all four maps equal
the Color Compare Register. If a system read is
done with Bit 3 = O for the Graphics Mode
Register at Port 3CFh, Index 05h, datais returned
without comparison. Color compare map coding is
shown in the following table.

BIT COLOR COMPARE
3 Map 3
2 Map 2
1 Map 1
0 Map O
5.7.5 Data Rotate Register
Read/Write Port = 3CFh, Index = 03h
BIT FUNCTION
7:5 Reserved
4 Function Select 1
3 Function Select 0
2 Rotate Count Bit 2
1 Rotate Count Bit 1
0 Rotate Count Bit 0
Bits [7:5]
Reserved.

Bits [4:3] - Function Select

This is the Function Select for any of the write
mode operations defined in the Graphics Mode
Register at Port 3CFh, Index 0Sh as defined
below.

00 = Video memory data unmodified

01 = Video memory data ANDed with system
data in the latches

10 = Video memory data ORed with system data
in the latches

11 = Video memory data XORed with system
data in the latches

The Color Compare Bits contain the value to
which all eight Bits of the corresponding memory
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NOTE
“Data” refers to CPU data that has gone
through data rotation. The latches
contain the data from the last memory
read operation.
Bits [2:0] - Rotate Count

These Bits specify the number of Bit positions of
rotation to the right. Data written by the CPU is
rotated in write mode 0, defined by the Graphics
Mode Register at Port 3CFh, Index O5h.

5.7.6 Read Map Select Register
Read/Write Port = 3CFh, index = 04h

BIT FUNCTION
7:2 Reserved
Map Select 1
(4] Map Select 0

Bits [7:3] - VGA/EGA
Reserved.

Bit2-VGA

Reserved.

Bits [2:0] - EGA - Map Select

These Bits select the memory map in memory
read operations. It has no effect on color compare
read mode. In odd/even modes, the value is
defined below.

BITS
2111]0 FUNCTION
0| 0| O | MapO selected
0|0 1| Map 1 selected
01| 0| Map2 selected
01} 1] 1| Map3selected

Bits [1:0] - VGA - Map Select

These Bits select the memory map in memory
read operations. It has no effect on color compare
read mode. In odd/even modes, the value is
defined in the following list.

BITS

110 FUNCTION
0 | 0 | Map 0 selected

0 | 1 | Map 1 selected

1 | 0 | Map 2 selected

1 | 1 | Map 3 selected

5.7.7 Graphics Mode Register
Read/Write Port = 3CFh, Index = 05h

BIT FUNCTION
7 Reserved
6 256 Color Mode
5 Shift Register
4 CGA Odd/Even
3 Read Type
2 Reserved
1 Write Mode Bit 1
0 Write Mode Bit 0
Bit 7- VGA/EGA -
Reserved.
Bit 6 - EGA
Reserved

Bit 6 - VGA - 256 Color Mode

This Bit is locked if PR11(1) = 1. It appears
unlocked during reads.

0 = Enables Bit 5 of this register to control
loading of the shift registers. Four-Bit pixel is
expanded to six Bits through internal palette
and is sent out on the lower six Bits (VID5 -
V{DO) pins every dot clock. The remaining
two video outputs (VID7, VID§) are
determined by Bits 3 and 2 of the Color
Select Register located at Port 3C1h/3COh,
Index 14h within the Attribute Controller.

1 = Load Video Shift Registers to support 256-
color mode
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Bit 5 - VGA/EGA - Shift Register

Shift Register Load controls the way in which
memory data is formatted in the four Video Shift
Registers. MSB Is shifted out in all cases.

This Bit is locked it PR11(1) = 1. It appears
unlocked during reads.

0 = Map 3 through Map 0 data is placed into
shift registers for normal operations.

1 = For CGA graphics mode compatibility, even
numbered Bits from all the maps are shifted
out of even numbered shift registers, and
odd numbered Bits from all the maps are
shifted out of odd numbered shift registers.

Bit 4 - VGA/EGA - Odd/Even Mode
0 = Normal

1 = CGA compatible odd/even system access
mode. Sequential addressing as defined by

Bit 2 of the Sequencer Memory Mode
Register at Port 3CFh, Index 04h. Even
system addresses access Maps 2 or 0 and
odd system addresses access Maps 3 or 1.
Bit 3- VGA/EGA - Read Mode

0 = System reads data from memory maps
selected by Read Map Select Register at
Port 3CFh, Index 04h. This setting has no
effect if Bit 3 of the Sequencer Memory
Mode Register = 1.

1 = System reads the comparison of the
memory maps and the Color Compare
Register.

Bit 2- VGA/EGA

Reserved.

Bits [1:0] - VGA/EGA - Write Mode
Table 5-5 defines the four write modes.

DESCRIPTION

if the Se/Reset Register function is enabled for any of the maps, the eight Bits
of the Bit value in the Set/Reset Register, which have been operated on by the
Bit Mask Register, are then written to the corresponding display memory map.
If the Set/Reset Register function is disabled, the map is written with the CPU
data, which is rotated right by the number of Bits defined in the Data Rotate
Register. This results in the previous LSB becoming the current MSB.

This mode can be used to write the same value to many memory locations.
The 32 Bits of data in the system latches are written into each of the four mem-
ory maps. The system read operation loads the latches.

Memory maps 3:0 are filled with the eight-Bit value of the corresponding CPU
data Bits 3:0. The 32-Bit output from the four memory maps is then operated
on by the Bit Mask register and the resulting data are written to the four mem-

BIT | BIT | WRITE
1 0 | MODE
0 0 0
0 1 1
1 0 2
ory maps.
1 1 3
Mode 1.

Eight Bits of the value contained in the Set/Reset Register (index = 00h) are
written into the corresponding map, regardless of the Enable Set/Reset Regis-
ter (index 01h) value. The right rotated CPU data (refer to Write Mode 0) are
ANDed with Bit Map Register data to form an 8-Bit mask value that performs
the same function as the Bit Mask Register in write modes 0 and 2.

In EGA mode, Write Mode 3 is not valid and if selected will default to Write

TABLE 5-5. WRITE MODES
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5.7.8 Miscellaneous Register
Read/Wrlte Port = 3CFh, Index = 06h

5.7.9 Color Don't Care Reglster
Read/Write Port = 3CFh, Index = 07h

BIT FUNCTION BIT FUNCTION
7:4 Reserved 7:4 Reserved
3 Memory Map 1 3 Memory Map 3
2 Memory Map 0 2 Memory Map 2
1 Odd/Even 1 Memory Map 1
0 Graphics Mode 0 Memory Map 0
Bits [7:4] Bits [7:4]
Reserved. Reserved.
Bits [3:2] - Memory Map 1,0 Bits [3:0] - Memory Map Color Compare
Operation

Display memory map control into the CPU
address space is shown below:

BITS

3 | 2 | CPU ADDRESS RANGE | LENGTH
0 | 0 | A00O:Oh-BFFF:Fh 128KB

0 | 1 | A000:0h-AFFF:Fh 64KB

1 | 0 | BOOO:Oh-B7FF:.Fh 32KB

1 | 1 | BB00:Oh-BFFF:Fh 32KB

Bit 1 - Odd/Even Mode
0 = CPU address Bit A0 is the memory address
Bit MAO
1 = CPU address Bit A0 is replaced by higher
order address Bit. A0 is then used to select
odd or even maps. A0 = 0 selects Map 2 or
0, while A0 = 1 selects Map 3 or 1.
Bit 0 - Graphics/Alphanumeric Mode

This Bit is programmed the same way as Bit 0 of
the Attribute Mode Control Register at Port 3C1h/
3COh, Index 10h.

0 = Alphanumeric mode selects
1 = Graphics mode selected

0 = Disable color compare operation
1 = Enable color compare operation

5.7.10 Bit Mask Register
Read/Write Port = CFh, Index = 08h

BIT FUNCTION
7:0 Bit Mask
Bits [7:0] - Bit Mask

Bit Mask operation applies simultaneously to all
four maps. In Write Modes 2 and 0, this register
provides selective changes to any Bit stored in the
system latches during processor writes. Data
must be first latched by reading the addressed
byte. After setting the Bit Mask Register, new data
Is written to the same byte In a subsequent
operation. Bit mask operation is applicable to any
data written by the processor.

0 = Bit position value is masked or is not
changeable

1 = Bit position value is unmasked and can be
changed in the corresponding map
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5.8 ATTRIBUTE CONTROLLER 5.8.1 Attribute Index Reglster
REGISTERS Read/Write Port = 3COh
BIT FUNCTION
PORT | INDEX
(HEX) | (HEX) NAME 7:6 Reserved

3C0 — Index Register 5 Palette Address Source
3C0 | 00-OF |VGA - Palette Pixel Colors 4:0 | Attribute Address Bits

EGA - Dynamic Color Bits [7:6]

Selection

Reserved.

3Co 10 Attribute Mode Control

Register Bit 5 - Palette Address Source

0 = Disable internal color palette outputs and

3Co 1 Overscan Control Register video outputs to allow CPU access to Color
3C0 12 Color Plane Enable Regis- Palette Registers Port 3COh, Index 00 - OFh

ter 1 = Enable internal color palette and normal

c H | PEL Panni video translation
3co 13 R°”lz°"‘a L Panning Bits [4:0] - Attribute Controller Index
egister Register Address Bits

3Co 14 Color Select Register

TABLE 5-6. ATTRIBUTE CONTROLLER

5§.82 VGA - Palette Registers

REGISTERS Read Port = 3C1h,
1. The Attribut |N: TE: ister h Write Port = 3COR,
. The e Index Reg as an

internal flip-flop rather than an input Index 00-0Fh
Bit to control the selection of the These registers are locked if PR4(2) = 1.
Address and Data Registers.
Reading the Input Status Register 1 BIT FUNCTION
(Port 3?Ah) clears the flip-tiop and 7:6 Reserved
selects the Address Register, which 5 VID5
Is read at address 3C1h and written
at address 3COh. Once the Address 4 ViD4
Register has been loaded with an 3 VID3
Index, the next write operation to
3COh loads the Data Register. The 2 ViD2
fiip-flop toggles between the Address 1 VID1
and the Data Registers after every
write to address 3C0h but does not 0 | Vvibo
toggle for reads from address 3C1h. Bits [7:6)

2. Attribute Register data is written at Reserved '
3COh and register data is read from '
address 3C1h.

3. Reserved Bits should be set to zero.
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Bits [5:0] - Palette Pixel Colors

Bits § through O control VIDS through VIiDO
respectiully.

They are defined as follows:

0 = Current pixel color deselected
1 = Enables the corresponding pixel color

5.8.3 EGA - Dynamic Color Registers

Read Port =3Cth,
Write Port = 3COh,
Index 00-OFh

These registers are locked if PR4(2) = 1.
Bits [7:6]

Reserved.

Bits [5:0] - Dynamic Color Selection
Bits 5 through 0 are defined as follows:

0 = Color deselected
1 = Color selected

5.8.4 Attribute Mode Control Register

Read Port =3C1h,
Write Port = 3C0Oh,

Index = 10h
BIT FUNCTION
7 VID5 and VID4 Select
6 PEL Width
5 PEL Panning Compatibility
4 Character Map Enable
3 Enable Blink/Select Background

Intensity

Enable Line Graphics Character Code

Mono-Emulation

0 Graphics/Alphanumeric Mode

Bits [7:4] - EGA -
Reserved.
Bit 7 - VGA - VID5, VID4 Select

Bit Color Pixel 0 = VIDS5 and VID4 palette register outputs are
selacted

5 | Secondary Red VIDS 1 = Color Select Register Port 3C1h/3CO0h,

Ant 4 Index 14h, Bits 1 and 0 are selected for

4 Secondary Green/intensity VID outputs at VIDS and VID4 pins

3 Secondary Blue/Mono VID3 Bit 6 - VGA - Pixel Width

2 Red viD2 0 = Disable 256 color mode pixel width (The
PCLK output is the same as the internal dot

1 Green VID1 clock rme.)

0 Blue VIDO 1 = Enable pixel width for 256 color mode (The
PCLK output is the internal dot clock divided
by two.)*
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Bit § - VGA - PEL Panning Compatibllity
Line Compare in the CRT Controller.

0 = A Line compare will have no effect on the
PEL Panning Register

1 = Allows a succaessful line compare to disable
the PEL Panning Register and Bits 6 and 5
of the CRT Controller Register 08 until
VSYNC occurs (Allows pixel panning of a
selected portion of the screen.)

Bit 4 - VGA - Character Map Enable

Bit 4 of this register is used with Bits 5 and 2 of
Video Select Register PR2 to select the Character
Map from plane 2 or 3. Refer to Section 7.

Bit 3 - VGA/EGA - Background Intensity/Blink
Selection
0 = Selects background intensity from the MSB
of the attribute byte
1 = Selects blink attribute
Bit 2 - VGA/EGA - Enable Line Graphics
Character Code

This Bit should be set to zero for character fonts
that do not utilize line graphics character codes.

0 = Forces the ninth dot to be the same color as
the background in line graphics character
codes

1 = Used in MDA line graphics modes (The
ninth dot character is forced to be identical
to the eighth character dot.)

Bit 1 - VGA/EGA - Mono/Color Emulation

0 = Color display attributes

1 = MDA attributes

Bit 0 - VGA/EGA - Graphics/Alphanumeric
Mode Enable
0 = Alphanumeric mode
1 = Graphics mode

5.8.5 Overscan Color Register

Read Port = C1h,
Write Port = 3COh,

index = 11h
This register is locked if PR4(2) = 1.
BIT FUNCTION
7 VvID7
6 VID6
5 VIDS
4 VID4
3 VID3
2 VviD2
1 VID1
0 VIDO

Bits [7:0] - VGA - Overscan/Border Color

These Bits determine the overscan or border
color. For monochrome display, this register is set
to 0. Border colors are set as shown above.

Bits [7:6] - EGA

Reserved.

Bits [5:0] - EGA - Overscan/Border Color
For a monochrome display, Bits 5:0 = 0.

For the border color, refer to Bits [5:0] in the
Dynamic Color Selection in Section 5.8.3.

5.8.6 Color Plane Enable Register

Read Port = 3C1h,
Write Port = 3COh,

Index = 12h
BIT FUNCTION
7:6 Reserved

54 Video Status Multiplexer

3:0 Color Plane Enable

Bits [7:6] - VGA/EGA -
Reserved.
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Blts [5:4] - VGA - Video Status Multiplexer

These Bits select two out of eight color outputs
which can be read by the Input Status Register 1

5.8.7 Horizontal Pel Panning Register

Read Port = 3C1h,
Write Port = 3COh,

at Port 37Ah, Bits 5 and 4. Refer tc Section 5.4.3. Index = 13h
COLOR PLANE INPUT STATUS BIT FUNCTION
REGISTER REGISTER 1
7:4 Reserved
BITS BIT 4 BITS BIT4 " o ————
: t
0 p ViD2 VIDo orizonta anning
0 p VDS ViDa Bits [7:4] - VGA/EGA -
1 0 VD3 | VID1 Reserved.
1 ] VID7 VIDE Blts [3:0] - Horlzontal Pel Panning
-VGA

Bits [5:4] - EGA - Video Status Multiplexer

These Bits select two out of six color outputs
which can be read by the Input Status Register 1
at Port 3?Ah, Bits 5 and 4. Refer to Section 5.4.3.

Horizontal Pel Panning is available in text or
graphics modes. These Bits select pixel shift to
the left. For nine dots/character modes, up to
eight pixels can be shifted. Likewise, for eight

COLOR PLANE INPUT STATUS dots/character modes, up to seven pixels can be
REGISTER REGISTER 1 shifted. For 256 color, up to three position pixel
shifts can occur. The following table defines the
BITS BIT4 BITS BIT 4 shift for different modes.
0 (1] viD2 vibo
Red Blue -EGA-
These four Bits determine the horizontal left shift
0 ! svézg szs/lrg: n of the video data in number of pixels. In
monochrome alphanumeric modes, (nine dots/
1 0 vID3 ViD1 character) image can be shifted by nine pixels.
SBlue Green For all other graphics or alphanumeric modes, a
1 3 ViD5 ViD4 maximum left shift of eight pixels is permitted.
SRed SGreen
Bits [3:0] - VGA/EGA - Color Plane Enable Register 9 Dots/ 8 Dots/ ci?:r
0 = Disables respective color planes (Forces Value Character | Character Mod
pixel Bit to 0 before it addresses palette.) ode
1 = Enables the respective display memory 0 1 0 0
color plane 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 -- -
TABLE 5-7. LEFT SHIFT PIXEL VALUE
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5.8.8 Color Select Reglster

Read Port = 3C1h, BITS
Write Port = 3Ch, 3|2 FUNCTION
Index = 14h X | 1 { Setcolor Bit VID6
BIT FUNCTION 1 | X | Set color Bit VID7
74 Reserved Bits [1:0] - Substituted Color Value Bits
3 S Color 7 These Bits can be substituted for VID5S an ViD4
2 S Color 6 output by the Attribute Controller palette registers,
1 S Color 5 to create elght-Bit color value. They are selected
by the Attribute Controller Mode Control Register
0 | SColord at Port 3COh, Index 10h.
Bits [7:4]
Reserved. 5.9 VIDEO RAMDAC PORTS

Bits [3:2] - Color Value MSB

These are the two most significant Bits of the
eight-digit color value for the video DAC. They are
normally used in all modes except 526 color
graphics.

The Video RAMDAC is implemented externally to
the WD90C33. However, the WPLT and RPLT
signals required by the RAMDAC are provided by
the WDS0C33. Setting PR16 Bit 0 to 1 de-asserts
WPLT disabling /O writes_to the RAMDAC.
Normally, the WPLT and RPLT signals to the
RAMDAC are generated when selected 1/O ports
are written to or read from as listed in Table 5-8.

DAC
ADDRESS OPERATION FUNCTION
3C8 PEL Address Port (Write) Read/Write Port
3C7 PEL Address Port (Read) Read Only Port
ac7! DAC State (Read Only) If Bits 1:0 are set to 1, DAC is in a read operation
If Bits 1:0 are set to 0, DAC Is in a write operation
Bits 7:2 are reserved
3C6 PEL Mask (Read/Write) Refer to CAUTION
3C9 PEL Data Register (Read/Write) | Three successive read/write bytes
NOTE:
1. This port is internal to the WDS0C33.
CAUTION
Do not write to this address with any application code. To do so
changes the color look-up table.

TABLE 5-8. VIDEO RAMDAC PORTS
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6.0 COMPATIBILITY REGISTERS

6.1 INTRODUCTION NOTES
1. The Compatibility Registers are

PORT available only in 6845 mode (non-
VGA), which is enabled by setting
NAME (HEX) register PR2(6) = 1.
Mode Control Register 378 2. The AT&T/M24 Register also requires
that M24 mode be enabled. This Is
Color Selact Register 309 done by setting register PR2(7) = 1.
Status Register 37A 3. The value indicated by “?" Is controlled
AT&T/M24 Register 3aDE by Bit 0 of the Miscellaneous Output
Register at Port 3CCh/3C2h and is
Hercules Register 3BF programmed as shown below:
Preset Light Pen Latch 3B9 (Mono) 0 = B in Monochrome Modes
3DC (CGA) 1 = D in Color Modes
Clear Light Pen Latch 378
ADDRESS
REGISTERS RW MDA CGA AT&T HERCULES
Mode Control WO 3B8 3D8 308 3B8
Color Select WO - 3D9 3D9 -
Status RO 3BA 3DA 3DA 3BA
Presst Light Pen Latch WO 3B9 3DC 3DC --
Clear Light Pen Latch WO 3BB 3DB 3DB -
AT&T/M24 wo - - 3DE -
Hercules wo - - - 3BF
CRTC (6845 Mode) RW 3B0-3B7 3D0-3D7 3D0-3D7 3B0-3B7
NOTES:
1. Addresses are given in hexadecimal notation.
2. WO indicates Write Only, RO indicates Read Only, and RW indicates Read and Write.

TABLE 6-1. COMPATIBILITY REGISTER SUMMARY
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6.2 HERCULES/MDA MODE CONTROL
REGISTER, MDA OPERATION

Write Only Port = 3B8h

BIT FUNCTION

7 Reserved/Display Memory
Page Select

Reserved

Enable Blink

Reserved

Video Enable
Reserved

= IVl

Reserved/ Port 3BFh Enable

0 High Resolution Mode

Bit 7 - Select Display Memory Page Address In
Hercules Mode

Reserved in MDA mode
In Hercules Graphics mode, this Bit selects the
Display Memory Page if Bit 1 of this register is1
and Bit 0 in Port 3BFh is 0.
0 = Display memory page address starts at
B000:0h

1 = Display memory page address starts at
B800:0h

Bit6
Reserved.

Bit 5 - Enable Blink
0 = Disable Blinking
1 = Enable Blinking
Bit4

Reserved

Bit 3 - Video Enable
0 = Video Disabled
1 = Video Activated
Bit 2

Reserved.

Bit 1 - Port 3BFh Enabled
0 = Prevents setting of Port 3BFh Bits 1:0,
thereby forcing the alpha mode operation

1 = Allows the Port 3BFh Bits 1:0 to switch for
the alpha or graphics mode selection

Bit 0 - High Resolution Mode
Should be set to 1.

0 = High resolution disabled
1 = High resolution is enabled

6.3 HERCULES REGISTERS

The Hercules Mode Register is a 2-Bit write only
register located at /O port address 3BFh. it
affects the device operation only in the 6845
mode. The Enable Mode Register located at
address 3B8h overrides the write port 3BFh func-
tions defined by its Bits 1 and 0.

6.3.1

Enable Mode Register
Port 3B8h
BIT FUNCTION
7 Display Memory Page Address Graph-
ics Mode
6 Reserved
5 Enable Blink
4 Reserved
3 Video Enable
2 Reserved
1 Port 3BF Bit 0 Override
0 High Resolution Mode = 1

Blt 7 - Select Display Memory Page Address In
Graphics Mode
0 = Display memory page address starts at
B0O00:0h
1 = Display memory page address starts at
B800:0h
Bits (6:2, 0)

Not applicable in Hercules Mode.

Bit 1 - Port 3BFh, Bit 0 Override
0 = Prevents setting of Port 3BFh, Bit 0, thereby
forcing the Alpha Mode operation

1 = Allows the Port 3BFh, Bit 0 to switch for the
Alpha or Graphics Mode selection
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6.3.2 Hercules Compatibility Register
Write Only Port = 3BFh

This register is locked if PR17(1) = 1

BIT FUNCTION

7:2 | Reserved

Upper Memory Page Address

0 Enable Graphics

Bits [7:2]

Reserved.

Bit 1 - Upper Memory Page Address

In graphics mode, Bit 7 of the Enable Mode Con-
trol Register at Port 3B8h selects the displayed
memory page address. When that Bit is reset, Bit
1 of this register prevents access to the second
memory page, located at B800:0h for the 32
Kbyte memory space.

0 = Upper memory page is mapped out
1 = Upper memory page is accessible
BIt 0 - Enable Graphics

Bit 1 of Enable Mode Register at Port 3B8h may
prevent setting this Bit, thereby selecting Alpha
Mode display.

0 = Alpha mode display

Bits [7:6]
Reserved.

Bit 5 - Enable Blink Function

0 = Disables blinking function
1 = For normal operation, set this Bit to allow
blinking
Bt 4 - B/W Graphics Mode Enable
0 = Deselect 640 by 200 B/W graphics mode
1 = Enable 640 by 200 B/W graphics mode
Bit 3 - Enable Video Signal

0 = Deactivates video signal (This is done
during mode changes)

1 = B/W mode enabled
Bit 2 - B/W or Color Display Mode
0 = Color mode selected
1 = B/W mode selected
Bit 1 - Graphics or Alpha Mode Selection
0 = Aipha mode selected
1 = Graphics mode (320 by 200) selected
Bit 0 - Alpha Mode Selection, (40 by 25) or (80
by 25)
0 = 40 by 25 alpha mode selected
1 = 80 by 25 alpha mode selected

6.4.2 CGA Color Select Register
Write Only Port = 3D8h

1 = Graphics modes may be displayed BIT FUNCTION
6.4 CGAREGISTERS 7:6 | Reserved
5 Graphics Mode Color Set
6.4.1 Color CGA Operation Register 4 Alternate Color Set
Write Only Port = 3D8h 3 High Intensity Component
BIT FUNCTION 2 Red Component
7:6 | Reserved 1 Green Component
5 Enable Blink 0 Blue Component
4 B/W Graphics Mode Bits [7:6]
3 Enable Video Reserved.
2 | B/W/Color Mode Select BIt 5 - 320 by 200 Color Set Select for the CGA
1 | Graphics/Alpha Mode Select (2-Bits per pixel)
o[ 1405529 or (0t 25 Apravid_| 7 Bacrou, geen o rowrclrs
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Bit 4 - Alternate Color Set Enable

0 = Background color in alpha mode

1 = Enable alternate color set in graphics mode
Bit 3 - High Intensity Component

Border color select in text modes and screen
background color in 320 by 200 and 640 by 200
graphics mode.

Alphanumeric mode
0 = No selection
1 = Selects intensified border color
320 by 200 Graphics Mode
0 = No selection

1 = Selects intensified background and border
color

640 by 200 Graphics Mode
0 = No selection
1 = Selects red foreground color
Bit 2 - Red Component

Border color select in text modes and screen
background color in 320 by 200 and 640 by 200
graphics mode.

Alphanumeric Mode

0 = No component added

1 = Red component added to border color
320 by 200 Graphics Mode

0 = No component added

1 = Red component added to background and
border color

640 by 200 Graphics Mode
0 = No component added
1 = Red component added to foreground color
Bit 1 - Green Component

Border color select in text modes, and screen
background color in 320 by 200 and 640 by 200
graphics modae.

Alphanumeric Mode

0 = No component added

1 = Green component added to border color
320 by 200 Graphics Mode

0 = No component added

1 = Green component added to background and
border color

640 by 200 Graphics Mode

0 = No component added
1 = Green component added to foreground
color
Bit O - Blue Component
Border color select in text modes and screen
background color in 320 by 200 and 640 by 200
graphics mode.
Alphanumerlc Mode
0 = No component added
1 = Blue component added to border color
320 by 200 Graphics Mode
0 = No component added

1 = Blue component added to background and
border color

640 by 200 Graphics Mode

0 = No component added
1 = Blue component added to foreground color

6.4.3 CRT Status Register, MDA Operation
Read Only Port = 3BAh

BIT FUNCTION
7 VSYNC Inactive

6:4 | Reserved
3 B/W Video Enabled

2:1 Reserved
0 Display Enable Inactive

Bit 7 - Vertical Retrace

0 = Indicates that the raster is in vertical retrace
mode

1 = Indicates vertical retrace is inactive (inverted
VSYNC if I/O is mapped into 3BXh)

Bits [6:4]
Reserved.

Bit 3 - B/W Video Status

0 = B/W Video disabled
1 = B/W Video enabled
Bits [2:1]

Reserved.
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Bit 0 - Display Enable
0 = Display Enable is active

1 = Indicates that the screen border or blanking
Is active, Display Enable is inactive

BIT FUNCTION
7 Reserved

6 White/Blue Underline

6.4.4 CRT Status Register, CGA Operation 5:4 | Reserved
Read Only Port = 3DAh 3 Memory Map Display
BIT FUNCTION 2 | Character Set Select
7:4 | Reserved 1 Reserved
3 | VSYNC Active 0 | AT&T Mode Enable
2 Light Pen Switch Status Bits (7, 5, 4, 1)
1 Light Pen Latch Set Reserved.
0 | Display Enable Inactive Bit 6 - White/Blue Underline
Bits [7:4] Defines underline attribute according to the MDA
Reserved. display requirements.

Bit 3 - Vertical Retrace
0 = Indicates that vertical retrace is inactive

1 = Indicates that the raster is in vertical retrace
mode

Bit 2 - Light Pen Switch Status
0 = Light pen switch closed
1 = Light pen switch open
Bit 1 - Light Pen Latch
0 = Light pen latch cleared
1 = Light pen latch set
Bit 0 - Display Enable
0 = Display Enable is active

1 = Indicates that the screen border or blanking
is active, Display Enable is inactive

6.4.5 AT&T/M24 Register
Write Only Port = 3DEh

This is a write only, 8-Bit register located at
address 3DENh. It is used to control the 640 by 400
AT&T graphics mode. All Bits are set to zero by
reset. This register is enabled by setting Bit 7 in
register PR2.

0 = Underline attribute selects blue foreground
in color text modes

1 = Underline attribute selects white underlined
foreground

Bit 3 - Page Select

Selects between one or two-16 Kbyte RAM page
for display in 200 line graphics mode.

0 = Display memory address starts at B800:0h
(16 Kbyte langth)
1 = Display memory address starts at BC00:0h
(16 Kbyte length) .
Bit 2 - Character Set Select

Selects between two character font planes.

0 = Standard character font from plane 2

1 = Alternate character font from plane 3

Bit 0 - M24 or Non-IBM Graphics Mode,
400-line mode

A 400-line monitor is required for this mode.

0 = 200-line graphics mode active, using paired
lines
1 = AT&T mode enabled for 400-line graphics
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7.0 PARADISE REGISTERS

741 INTRODUCTION

The WD90C33 has additional features that
enhance the performance and functions of the
basic VGA subsystem. To accomplish this, the
WDS0C33 architecture is optimized with addi-
tional VO registers called Paradise registers.

The Paradise (PR) registers are located at VO
addresses that are not used in IBM compatible
computers. All PR registers are read/write, and
are set to 0 during power-on and reset unless oth-
erwise noted.

NOTES

1. The designation 3?5h means that the
register is mapped into either 3B5h in
monochrome mode or 3D5h in color
modes.

2. PR Register notation - XXX:YY where
XXX is the data port address and YY
is the register index. For example,
address 3CF:0Fh indicates that the
register base address is 3CFh, and
OFh is the base register index.

3. Registers PRO through PR4 and PR11
through PR1A are normally locked.

They are write protected at power-up
by the hardware reset. In order to load
those registers, the appropriate
unlock register PR5 or PR10 must be
loaded first with binary XXXXX101. A
register remains unlocked until
another value is writtan to the
unlocked register. Registers PRO
through PR5 are readable only if PR4
Bit 1 = 0. Registers PR10 through
PR17 are read protected at power up
by hardware reset. In order to read
registers PR10 through PR17, load
PR10 with 1XXX0XXX. The register
remains readable until any other value
is written to PR10. When registers
PR10 through PR17 are read
protected, reading them would show
data to be FFh. Setting PR4 Bit 1 to 1
does not read protect registers PR10
through PR17. PR21-PR23 and
PR30-PR35 are R/W protected by
PR20. PR20 must be loaded with 48h
to make it possible to read or write to
PR21-PR23 and PR30-PR35.
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PARADISE REGISTERS READ/ ADDRESS (HEX)
NoO. NAME WRITE MONO COLOR
PRO(A) |Address Offset A RW 3CF.09 3CF.09
PRO(B) |Address Offset B (Alternate) RW 3CF.0A 3CF.0A
PR1 |Memory Size RW 3CF.0B 3CF0B
PR2 |Video Select RW 3CF.0C 3CFoC
PR3 |CRT Control RW 3CF.0D 3CF.0D
PR4 |Video Control RW 3CF.0E 3CFOE
PR5 |Unlock (PRO through PR4) Status RW 3CF.OF 3CF.OF
PR10 |Unlock (PR11 through PR17) RW 3B5.29 3D5.29
PR11 |[Configuration Switches RwW 3B5.2A 3D5.2A
PR12 [Scratch Pad RW 3B5.2B 3D5.28B
PR13 {interlace H/2 Star RW 3B5.2C 3D5.2C
PR14 |Interlace H/2 End RW 3B5.2D 3D5.2D
PR15 |Miscellaneous Contral 1 RW 3B5.2E 3D5.2E
PR16 |Miscellaneous Control 2 R/W 3B5.2F 3D5.2F
PR17 [Miscellaneous Control 3 R/W 3B5.30 3D5.30
PR18 |CRTC Vertical Timing Overflow RW 3B5.3E 3D5.3E
PR19 [Signature Analyzer Control RW 3B5.3F 3D5.3F
- Reserved 3X5.31h through 3X5.3Ch - 3B5.31-3B5.3C | 3D5.31-3D5.3C
PR20 |Unlock Sequencer Extended Registers w 3C5.06 3C5.06
PR21 [Display Configuration and Scratch Pad RW 3C5.07 3C5.07
PR22 iScratch Pad RW 3C5.08 3C5.08
PR23 |Scratch Pad RW 3C5.09 3C5.09
PR30 |Memory Interface Write Buffer and RW 3C5.10 3C5.10
FIFO Contro!
PR31 |System Interface Control RwW 3C5.11 3C5.11
PR32 |Miscellaneous Control 4 RW 3Cs5.12 3C5.12
PR33 |DRAM Timing and Zero Wait State RwW 3C5.13 3C5.13
Control
PR34 |Video Memory Mapping RwW 3C5.14 3C5.14
PR35 |Reserved RW 3C5.15 3C5.15
NOTES:
1. All PR register can be read/write protected. Refer to the particular PR register description
for additional information.
2. Aregister description from locations such as 3CF.08h is the value read from, or written to,
;hg Elcr;‘ation 3CFh, after a value of 09h has been written to the corresponding Index register

TABLE 7-1. PARADISE (PR) REGISTER SUMMARY
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72  ADDRESS OFFSET REGISTERS
PRO(A) AND PRO(B)

7.2.1 PRO(A) - Address Offset Register A
Read/Write Port = 3CFh, Index = 09h

This register is unlocked if PR5[2:0] = 5.

BIT FUNCTION

7:0 | Primary Address Offset Bits

Bit 8 of this register is located at 3C5h, Index 14,
Bit 6.

722 PRO(B)- CPU Address Offset
Register B

Read/Wrlte Port = 3CFh, index = 0Ah
This register is unlocked if PR5[2:0] = 5.

BIT FUNCTION

7:0 Alternate Address Offset Bits

Bit 8 of this register is located at 3CSh, Index 14,
Bit 7.

The WD90C33 can control up to 2 Mbytes of dis-
play memory. However, DOS only assigns 128
Kbytes total memory space for display memory,
which starts at AOO0Oh and ends at BFFFFh. To
help VGA reach the memory beyond this range,
the WD90C33 has two CPU address offset regis-
ters, PRO(A) and PRO(B) which can be used to
support more than 128 Kbytes of linear display
memory address space.

s 4 Kbyte Address Offset

The CPU addresses are offset by the PRO regis-
ter setting as follows:

BR34,BiT6orBIT7 N

CARRY MODIFIED
cPu " | cPUA|20:12)
A[19:12

* Sequencer Extension Register 3C5h,
Index =11h,Bit7 =0

When PR1 Bit 3 = 0, PRO(A) is always selected
as the CPU address offset register.

Example 1. PR1 Bit 3 = 1 and the display mem-
ory is mapped into AO00O - BFFFF (128 Kbytes).
PRO(A) offset CPU address range is B000O -
BFFFF, the PRO(B) offset CPU address range is
A0000 - AFFFF. (f CPU address Bit A16 = 1,
select PRO(A). Otherwise PRO(B) is selected.)

Example 2. PR1 Bit 3 = 1 and the display mem-
ory is mapped into AC00O - AFFFF (64 Kbytes) or
B0000 - B7FFF or B800O - BFFFF (32 Kbytes).
PRO(B) offset CPU address range is AO000 -
A7FFF or BO000 - B7FFF. PRO(A) offset CPU
address range is A8000 - AFFFF or B800O -
BFFFF. (f CPU address Bit A15 = 1, select
PRO(A). Otherwise PRO(B) is selected.)

* Sequencer Extenslon Register 3C5h,
Index =11h, Bit7 =1

Both PRO(A) and PRO(B) are enabled. A CPU
memory write selects PRO(B) as the offset regis-
ter. During a CPU memory read cycle, PRO(A) is
selected as the offset register.

73 PARADISE (PR) REGISTER
DESCRIPTIONS

7.3.1 PR1-Memory Size
Read/write Port = 3CFh, Index = 0Bh
This register is unlocked if PR5[2:0] = 5.
BIT FUNCTION

7:6 | Memory Size Select

5:4 | Memory Mapping

3 Enable Alternate Address Offset Reg-
ister PRO(B)

2 16-Bit System Interface
16-Bit BIOS ROM
0 BIOS ROM Map Out

This register is 8-Bits wide. Bits PR1[1:0] are
latched internally at power on reset from the cor-
responding memory data bus pins MD10, MDO,
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using either pull-up or pull-down external resis-
tors. Pull-up resistors on MD10, MDO cause
PR1[1:0] Bits to be latched low.

Bits[7:6] - Memory Size

These two Bits control memory size and memory
organization. They both must be set to reflect the
amount of memory Installed. IF PR16(1) is set to
1, the memory mapping will be set identical to the

Refer to notes following Table 7-6.

IBM VGA mode, regardiess of PR1(7), PR1(6).
PR18(7) is used in conjunction with these two Bits
to control memory address mapping.

Tables 7-2 through 7-6 list the applicable settings
of PR1 Bits 7 and 6 for different memory organiza-
tions.

PR1(7) = 0, PR1(6) = 0, PR18(7)=0, IBM VGA MODE, 256 KBYTES
ADDRESS FROM CPU OR CRTC
BYTE WIDE WORD WIDE DOUBLEWORD WIDE | AnDRESS TO
CRT/ CRT/ CRT/ VIDEO
CPU BITBLT cPU BITBLT CPU BITBLT MEMORY
PAS PA PA PA PA PA MA(17)
0 0 0 0 0 0 MA(16)
A(15) CA(15) A(15) CA(14) A(15) CA(13) MA(15)
A(18) CA(14) A(14) CA(13) A(14) CA(12) MA(14)
A2) CA(2) A(2) CA(1) A(2) CA(0) MA(2)
A(1) CA(1) A(1) CA(0) A(15) CA(13) MA(1)
A(0) CA(0) A(14) o | CA(15) or* | A(14) CA(12) MA(0)
XRN(5) CA(13)

TABLE 7-2. IBM COMPATIBLE VGA MEMORY ORGANIZATION, 256K BYTES TOTAL
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Refer to notes following Table 7-6.
PR1(7) = 0, PR1(6) = 1, PR18(7)=0, WD VGA MODE, 256 KBYTES
ADDRESS FROM CPU OR CRTC
BYTE WIDE WORD WIDE DOUBLEWORD WIDE | AppRESS TO
CRT/ CRT/ CRT/ VIDEO
CPU BITBLT CPU BITBLT CPU BITBLT MEMORY

PAS PA PA PA PA PA MA(17)
0 0 0 0 0 0 MA(16)
A(15) CA(15) A(15) CA(14) A(17) CA(15) MA(15)
A(14) CA(14) A(14) CA(13) A(16) CA(14) MA(14)
A(2) CA(2) A(2) CA(1) A(4) CA(2) MA(2)
A(1) CA(1) A(1) CA(0) A(3) CA(1) MA(1)
A(0) CA(0) A(16) or® | CA(15) A2) CA(0) MA(0)
XRN(5)

TABLE 7-3. WDS0C33 MEMORY ORGANIZATION, 256K BYTES

Refer to notes following Table 7-6.

PR1(7) = 1, PR1(6) = 0, PR18(7)=0, WD VGA MODE, 512 KBYTES
ADDRESS FROM CPU OR CRTC

BYTE WIDE WORD WIDE DOUBLEWORD WIDE | »nnpres 1o

CRT/ CRT/ CRT/ VIDEO
CPU BITBLT CPU BITBLT CPU BITBLT MEMORY
pAS PA PA PA PA PA MA(17)
A(16) CA(16) A(17) CA(16) A(18) CA(16) MA(16)
A(15) CA(15) A(15) CA(14) A(17) CA(15) MA(15)
A(14) CA(14) A(14) CA(13) A(16) CA(14) MA(14)
A(2) CA(2) A2) CA(1) A(4) CA(2) MA(2)
A(1) CA(1) A(1) CA(0) A(3) CA(1) MA(1)
A(0) CA(0) A(16) or® | CA(15) A@2) CA(0) MA(0)
XRN(5)

TABLE 7-4. WD90C33 MEMORY ORGANIZATION, 512K BYTES, 128K BYTES PER PLANE
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Refer to notes following Table 7-6.

PR1(7) = 1, PR1(6) = 1, PR18(7)=0, WD VGA MODE, 1 MBYTE

ADDRESS FROM CPU OR CRTC
BYTE WIDE WORD WIDE DOUBLEWORD WIDE | ApDRESS TO
CRT/ CRT/ CRT/ VIDEO
CPU BITBLT CPU BITBLT CPU BITBLT MEMORY
A(17) CA(17) A(17) CA(16) A(19) CA(17) MA(17)
A(16) CA(16) A(16) CA(15) A(18) CA(16) MA(16)
A(15) CA(15) A(15) CA(14) A(17) CA(15) MA(15)
A(14) CA(14) A(14) CA(13) A(16) CA(14) MA(14)
A(13) CA(13) A(13) CA(12) A(15) CA(13) MA(13)
A(2) CA(2) A(2) CA(1) A(4) CA(2) MA(2)
A(1) CA(1) A(1) CA(0) A(3) CA(1) MA(1)
A(0) CA(0) A(16) or® CA(15) A(2) CA(0) MA(0)
XRN(5)
TABLE 7-5. WDS0C33 MEMORY ORGANIZATION, 1M BYTES, 256K BYTES PER PLANE
Referto notes following Table 7-6.
PR1(7) = 1, PR1(6) = 1, PR18(7)=1, WD VGA MODE, 2 MBYTE
ADDRESS FROM CPU OR CRTC
BYTE WIDE WORD WIDE DOUBLEWORD WIDE | AppRESS TO
CRT/ CRT/ CRT/ VIDEO
CPU BITBLT CPU BITBLT CPU BITBLT MEMORY
- -- - - A(20) = O A(18) =0 First 1 MB
Selected (RAS)
- - - -- A(20) = 1 A(18) = 1 Second 1 MB
Selected (RAS2)
A(17) CA(17) A(17) CA(16) A(19) CA(17) MA(17)
A(16) CA(16) A(16) CA(15) A(18) CA(16) MA(16)
A(15) CA(15) A(15) CA(14) A(17) CA(15) MA(15)
A(14) CA(14) A(14) CA(13) A(16) CA(14) MA(14)
A(13) CA(13) A(13) CA(12) A(15) CA(13) MA(13)
A(2) CA(2) A(2) CA(1) A(4) CA(2) MA(2)
A(1) CA(1) A(1) CA(0) A(3) CA(1) MA(1)
A(0) CA(0) A(16) or3 CA(15) A(2) CA(0) MA(0)
XRN(5)

TABLE 7-6. WD90C33 MEMORY ORGANIZATION, 2M BYTES, 256K BYTES PER PLANE
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NOTES FOR TABLES 7-2 THROUGH 7-6

1. A[20:0] are WDS0C33 internally RAS OR
modified CPU addresses (CPU MEMORY CAS
address plus offset address). MEMORY ADDRESS | ADDRESS

2. CA[18:0] are either CRT Character CONFIGURATION BITS BITS
Address Counter bits or BITBLT 256K X 4 DRAM  |MA(16)- |RAS(8)-
generated address bits. MA(8) RAS(0)

3. XRN(5) represents the inverted Bit 5
or the Miscellaneous Output Register —
(3C2h). XRN(5) can be used to MA(17),  |CAS(8)-
replace CPU address Bits in order to MA(7)- CAS(0)
select memory pages in word mode. MA(0)

For IBM compatible memory

mapping, 3C5.4 (1) = 1 selects pr——

XRN(5) to replace CPU address Bits. 256K X 16 DRAM  IMA(16)-  |RAS(8)-

In other memory mapping schemes, If MA(8) RAS(0)

PR1[7:6) are not set to 00, 3C5.4 (1) =

1 and PR16 (2) = 1 will select XRN(5) —_—

to replace address Bits. m:g;’_)’ g‘ﬁ_g%'
4. CA(15) Is selected as MA(0) if CRTC MA(0)

Mode Register 17, Bit 5 = 1 in word

addressing modes.

5. PAis the memory plane select Bit 64K X 16 DRAM  [MA(15)- RAS(7)-
when the DRAM interface is set for 16 MA(8) RAS(0)
Bits.

PA = 0 selects Plane 1, 0 [—
PA=1selects Plane3,2___ mgg ‘—Qgg;'

6. MA[17:0] are divided into RAS and
CAS addresses as follows:

MA(17,16)=00 Select first 64K bank
MA(17,16)=01 Select second 64K bank
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Bits [5:4] - PR1[5:4] Memory Map Select

These two Bits select the way the display memory
is mapped into CPU address space.

BITS

FUNCTION

IBM VGA mapping

CPU addresses are decoded
from OA0000h - OBFFFFh from
the lowest 1 Mbyte CPU
address space (depending on
3CF.06 Bits 2 and 3).

First 256 Kbyte in any 1 Mbyte
CPU addressing space
{X00000h - X3FFFFh)

First 512 Kbyte in any 1 Mbyte
CPU addressing space
(X00000h - X7FFFFh)

In any 1Mbyte CPU address
space (X00000h - XFFFFFh)

NOTE:

PR34(3C5.14) Bits [3:0] control which 1 Mbyte
of CPU address space the WD90C33 maps
(refer to Section 7.3.26).

Bit 3 - Enable Alternate Address Offset
Register PR0O(B)
0 = PRO(A) is selected as address offset
1 = PRO(B) is selected as address offset
Bit 2 -Enable 16 Bit system Interface bus
0 = System interface is 8 Bits
1 = System interfacs is 16 Bits
Bit 1 - 16-Bit BIOS ROM
0 = BIOS ROM access is 8 Bits
1 = BIOS ROM access is 16 Bits
A pull-down resistor on MD10 sets this Bit to 1
after power-on reset.

Bit 0 - BIOS ROM Map Out

0 = The BIOS ROM is available
1 = The BIOS ROM is mapped out

A pull-down resistor on MDO sets this Bit to 1 at
power-on or reset.

7.3.2 PR2 - Video Select Register
Read/wrlte Port = 3CFh, Index = 0Ch
This register is unlocked if PR5[2:0] = 5.
BIT FUNCTION
AT&T/M24 Mode Enable

6845 Compatibility

Character Map Select

4:3 Character Clock Period Control
2 Underline/Character Map
1 Third Clock Select Line VCLK2

0 Force VCLK (overrides SEQ1 Bit 3)

Bit 7 - Enable AT&T/M24 Register and Mode

0 = Disable

1 = Enable
Bit 6 - 6845 Compatibllity

0 = VGA or EGA mode

1 = Non-VGA (6845) mode
Bit 5 - Character Map Select

Bits 5 and 2 of this register, and Bit 4 of the
Attribute byte, enables character maps from
Planes 2 or 3 to be selected as shown in the fol-

lowing list:

PR15| 3DE | PR2 | PR2 | ATT | PLANE
(2| (2 | (5) | (2 | (4) |SELECT
0 0 o | x| x 2
0 0 1 o | x 3
0 0 1 1 0 2
0 0 1 1 1 3

The above functions are overridden by setting
PR15(2) or 3DE(2) to 1 (refer to Section 7.3.12).
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Bits [4:3] - Character Clock Perlod Control

7.3.3 PR3- CRT Lock Control Register
Read/write Port = 3CFh, Index= 0Dh

Blt 2 - Underline and Character Map Select

Setting this Bit to 1 enables underline for all odd
values of attribute codes, e.g., programming 1
gives blue underline. It overrides the background
color function of the Attribute Code Bit 3, which is
forced to 0. Therefore, only eight choices of back-
ground colors are selectable. This function allows
trading background colors for more character
maps. In conjunction with PR2(5), this Bit is also
decoded to enable character maps from planes 2
or 3. Refer to the PR2, Bit 5 description for addi-
tional information.

Bit 1 - Third Clock Select Line

This Bit is the third clock select line VCLK2 which
is sent to the external clock chip if CNF(3) = 1.
When CNF(3) = 0, It locks the internal video clock
select multiplexer.

Bit 0 - Force VCLK

This Bit forces horizontal sync timing clock of the
CRT Control Register to VCLK.

Uses VCLK when Sequencer Register 1, Bit 3, is
set for VCLK/2. This is for compatibility modes
that require locking the CRT Control Register tim-
ing parameters.

BITS This register is unlocked if PRS[2:0] = 5.
4 3 FUNCTION
0 | 0 |IBMVGA character clock Ll FUNCTION
(8 or 9 dots) 7 Lock VSYNC Polarity
0 1 | 7 dots (used for 132-character 6 Lock HSYNC Polarity
text mode only) 5 | Lock Horizontal Timing
1 0 |9dots 4 | Bit 9 Control
1 1 6 dots if PR17(5) = 0 3 Bit 8 Control
10 dots it PR17(5) = 1
2 CRT Control
NOTE: -
The character clock period control functions 1__ | Lock Prevention
have no effect in graphics modes (Graphics 0 Lock Vertical Timing
Mode always uses eight dots) Bit 7 - Lock VSYNC Polarity

This Bit locks VSYNC polarity as programmed at
Port 3C2h, Bit 7.

Bit 6 - Lock HSYNC Polarity

This Bit locks HSYNC polarity as programmed at
Port 3C2h, Bit 6.

Bit 5 - Lock Horizontal Timing

This Bit locks CRT Control Registers of Groups 4
and 0. It prevents applications software from
unlocking Group 0 registers by setting 3?5.11 Bit
7 =0.

Bit 4 - Bit 9 Control

Bit 9 of CRT Controller Start Memory Address
High Register 3?5.0C and Bit 9 of Cursor Location
High 375.0E. This Bit corresponds to Character
Address CA(17).

Bit 3 - Bit 8 Control

Bit 8 of CRT Controller Stat Memory Address
High Register 3?5.0C and Bit 8 of Cursor Location
High 3?5.0E. This Bit corresponds to Character
Address CA(16).

Bit 2 - Cursor Control

Cursor Stant, Stop, Presst Row Scan and Maxi-
mum Scan Line Address registers value multiplied
by two.

ﬁ ADVANCED INFORMATION 5/27/93 73



WDS0C33

PARADISE REGISTERS

Bit 1 - Lock Prevention

When set to 1, this Bit prevents attempts by appli-
cations software to lock registers of Group 1 by
setting 375.11, Bit 7 = 1,

Bit 0 - Lock vertical timing

When set to 1, this Bit locks CRTC registers of
Groups 2 and 3 and overrides attempts by appli-
cations software to unlock Group 2 registers by
setting 375.11, Bit 7 = 0.

7.3.4 CRT Controller Register Locking

Register locking is controlled by four Bits. They
are PR3(5,1,0) and 375.11(7) (l.e. IBM Vertical
Retrace End Register Bit 7 controlled by Index
register 11). When 375.11 Bit 7 = 1, CRT control-
ler registers [R0:7] are write-protected per VGA

e Group 1

These registers are locked if PR3(1) = 0 AND
375.11(7) = 1.

ADDRESS 375h
INDEX | BIT(S) NAME
07 6 Vertical Display Enable
End Bit 9
7 1 Vertical Display Enable
End Bit 8
3E 1 Vertical Display Enable
End Bit 10
e Group2

These registers are locked if PR3(0) = 1 OR
375.11(7) = 1.

definition. For more information on the five groups ADDRESS 375h
and their locking schemes, refer to the following INDEX | BIT(S) NAME
ections.
s :"s . 06 7:0 | Vertical Total
e Grou
P 07 7 | Vertical Retrace Start Bit 9
These registers are locked if PR3(5) = 1 OR
375.11(7) = 1. 07 5 Vertical Total Bit 9
ADDRESS 375h 07 3 Start Vertical Blank Bit 8
INDEX | BIT(S) NAME 07 2 Vertical Retrace Start Bit 8
00 7:0 | Horizontal Total Characters 07 0 Vertical Total Bit 8
per Scan 09 5 | Stan Vertical Blank Bit 9
01 7:0 | Horizontal Display Enable 3E 0 Vertical Total Bit 10
End
————— - 3E 2 Vertical Retrace Start Bit 10
02 7:0 art nt Ki
el 3E 3 | Start Vertical Blank Bit 10
03 7:0 End Horizontal Blanking « Group3
04 7:0 | Start Horizontal Retrace These registers are locked if PR3(0) = 1.
05 7:0 | End Horizontal Retra
ontal Retrace ADDRESS 375h
INDEX | BIT(S) NAME
10 7:0 Vertical Retrace Start
1 3:0 | Vertical Retrace End
15 7:0 | Start Vertical Blanking
16 7:0 End Vertical Blanking
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¢ Group4
This register is locked if PR3(5) = 1.

CRTC Mode Control Register 17 (Bit 2) - Selects
divide-by-two vertical timing.

7.3.5 PR4- Video Control Register
Read/write Port = 3CFh, Index = OEh

The video monitor output control register (PR4)
can be programmed to tristate the CRT display
control outputs, as well as video data for the
RAMDAC and memory control outputs.

This register Is uniocked if PR5{2:0] = 5.
BIT FUNCTION

BLANK/Display Enable
PCLK = VCLK

Tristate Video Outputs
Tristate Memory Control Qutputs

Override CGA Enable Video Bit

Njwlidlonjo |

Lock Internal Palette and Overscan
Registers

EGA Compatibility

-

0 Extended 256-color Shift Register

Control
Blit 7 - BLANK/Display Enable

This Bit controls the output signal BLANK. Nor-
mally in the VGA mode, BLANK is used by the
external video DAC to generate blanking.

With this Bit set to 1, the BLANK output supplies a
display enable signal. A choice of two types of
display enable timing can be selected and is
determined by PR15(1).

Bit 6 - Select PCLK equal to VCLK
0 = PCLK is either the inverted internal video
dot clock or half the dot clock frequency,
depending upon the video mode
1 = PCLK is always the non-inverted VCLK
input clock
Bit 5 - Tristate Video Outputs

With this Bit set to 1, the video outputs VID[7:0],
HSYNC, VSYNC, and BLANK are tristated.

Bit 4 - Tristate Memory Control! Outputs

With this Bit set to 1, the memory address bus,
MA[8:0], and all ten DRAM control signals are
tristated.

Bit 3 - Override CGA Enable Video Bit

Overrides the CGA Enable Video Bit 3 of mode
register 3D8h, only in 80 by 25 alpha CGA (Non-
VGA) mode. Override effectively forces this Bit to
1. Power-on-reset causes no override.

Bit 2 - Lock Internal Palette and Overscan
Registers

With this Bit set to 1, the internal palette and over-
scan registers are locked.
Bit 1 - EGA compatibllity

Setting the Bit to 1 selects the EGA Compatible
Mode. Reads are disabled to all registers that are
write-only registers in the IBM EGA mode. Also,
registers at 3COh3C1h change to write-only
mode. Reading of PR5 through PRO is disabled.
In VGA mode [PR(4) Bit 1 = 0], 3COh register is
read/write while 3C1h register is read only, per the
Attribute Controller Register definitions.

Bit 0 - Extended Shift Register Control

With this Bit set to 1, the extended 256-color
mode is selected (IBM Mode 13 is not included).

7.3.6 PRS- General Purpose Status Bits
Read/write Port = 3CFh, Index = OFh
BIT FUNCTION
Read CNF(7) Status

Read CNF(6) Status

Read CNF(5) Status

Read CNF(4) Status

Read CNF(8) Status
PR4-PRO Unlock

PR4-PRO Unlock

0 PR4-PRO Unlock

Bits [7:3] - CNF Status

Bits [7:3] provide a means of reading the read
only Configuration Register (CNF), Status Bits
8:4). CNF[8:4] are described in Section 9.

= IN|jWw|[d|O]jnIN
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Bits 7, 3 - PR1A, PR[17:11] Read Enable

Bits [2:0] - PR4-PRO

These are read/write Bits and are cleared by
reset. They provide lock and unlock capability for
PR registers PR4 through PRO. The PR4 through
PRO registers are unlocked when “X5h" is written
to PR5. They remain unlocked until any other
value is written to PR5.

Setting PR4 Bit 1 to 1, read protects registers
PRS through PRO.

BIT FUNCTION Bits (7, 3) enable read operations for PR1A and
7 | CNF(7) General Purpose Status PR17 through PR11.
6 CNF(6) General Purpose Status BIT7 | BIT3 PR1A and PR17 - PR11
5 CNF(5) General Purpose Status 0 X | Read protected (Read back
4 CNF(4) General Purpose Status X L data FFh)
3 CNF(8) General Purpose Status 1 0_ ] Read Enabled

Bits 6:4 - Reserved
Bits [6:4] are reserved, and must be setto 0.
Bits 2:0 - PR1A, PR[17:11] Write Enable

Bits [2:0] enable write operations for PR1A and
PR17 through PR11.

PR5 PR4-PRO
2110 STATUS
0 [ X | X | Write protected
X | 1| X | Write protected
X | X | 0| Write protected
1| 0] 1| Wrte enabled

7.3.7 PR10- Unlock PR1A, PR[17:11]
Read/write Port = 3?5h, Index = 29h

PR10 is a read/write register and is cleared by
reset. PR10 controls access to registers PR1A
and PR17 through PR11.

BIT FUNCTION

7 PR1A and PR17 through PR11 Read
Enable Bit 1 .

6:4 | Reserved (Must be set to 0)

3 PR1A and PR17 through PR11 Read
Enable Bit 0

2:0 | PR1A and PR17 through PR11 Write
Enable

PR10

2{1]0 PR1A and PR17 - PR11
0| X | X | Write protected

Xj1]X

X[X]o0

1 {0} 1| Write enabled

7.3.8 PR11 - Configuration Switches
Read/wrlte Port = 375h, Index = 2Ah
The configuration switch details are stored in reg-

ister PR11.

This register is locked if PR10[2:0] is not setto 5.

BIT FUNCTION

General Purpose

General Purpose

General Purpose

General Purpose

EGA Emulation on Analog Display

Lock Clock Select

<IN x|V [O |N

Lock Graphics and Sequencer Screen
Control

0 Lock 8/9 Character Clock
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Blts [7:4] - Configuration Switches
SW4 through SW1

These read/write Bits from corresponding mem-
ory data bus pins MD[15:12] are latched internally
at power-on-reset with either pull-up or pull-down
external resistors. Pulling-up MD[15:12] causes
PR11[7:4] to be latched high. These Bits can be
read from Bit 4 of the Input Status Register at Port
3C2h it the EGA compatibility Bit PR4(1) = 1.
Selection of the Bit to be read is determined by
Bits 3 and 2 of the Miscellaneous Output Register
at Port 3C2h, as follows.

WRITE 3C2h READ 3C2h
Bit3 | Bit2 Bit4
0 0 |PR11(7) = EGASW4

PR11(6) = EGA SW3

This Is a read/wrlite Bit and is set to zero at power-
on-reset.

Bit 0 - Lock 8/9 Dots

Setting this Bit to 1 prevents modification of the
Clocking Mode Sequencer Register 3C5.01, Bit 0.

With this Bit set to 1, elght and nine dot wide char-
acter timing is locked. Register 3C5h.01 Bit 0 still
appears unlocked to the system processor during
read operations.

This is a read/write Bit and is set to zero at power-
on-reset.

739 PR12- Scratch Pad
Read/write Port = 375h, Index = 2Bh
This register is locked if PR10{2:0] Is not set to 5.

BIT FUNCTION

0 1
1 0 |PR11(5) = EGA SW2
1 1 | PR11(4) = EGA SW1

7:0 | Scratch Pad Bits [7:0]

These Bits may be used as general purpose
scratch Bits.

Bit 3 - Select EGA Emulation on a PS/2 (VGA-
compatible, analog) display

This is a read/write Bit and is set to zero at power-
on-reset.

Bit 2 - Lock Clock Select

This Bit locks the internal video clock select multi-
plexer and disables loading of an external clock
chip through VCLK1.

This is a read/write Bit and is set to zero at power-
on-reset.

Bit 1 - Lock Graphics Controller/Sequencer
Screen Control

Setting this Bit to 1 prevents modification of the
following Bits in the Graphics Controller as well as
the Sequencer:

Graphics Controller3CF.05 Bits [6:5] Sequencer
3C5.01 Bits [5:2] Sequencer3C5.03 Bits [5:0]

Although the internal functions selected by the
graphics controller and sequencer Bits are locked
by setting PR11 Bit 1 to 1, they appear unlocked
to the system processor during read operation.

The data in this register is unaffected by hardware
reset and undefined at power-up.

7.3.10 PR13 - Interlace H/2 Start
Read/write Port = 375h, Index = 2Ch
This register is locked if PR10{2:0] is not set to 5.

BIT FUNCTION

7:0 | Interlaced H/2 Start

The data in this register is unaffected by hardware
reset and undefined at power-up.

In interlaced operations, this register defines the
starting horizontal character count at which verti-
cal timing is clocked on alternate fields. Interlaced
operation is enabled by setting PR14(5) to 1.

All other standard non-interlaced modes are unaf-
fected by the contents of this register. This regis-
ter must be programmed with a value derived
from the values chosen to be programmed into
the Horizontal Retrace Start Register (375.04)
and Horizontal Total Register (375.00):

PR13[7:0] = [HORIZONTAL RETRACE START] -
[(HORIZONTAL TOTAL + 5)/2] + HRD
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NOTE
In the preceding expression, HRD = Hor-
izontal Retrace Delay, determined by
Bits 6 and 5 of the Horizontal Retrace
End Register (375.05).
7.3.11 PR14 - Interlace H2 End

Read/write Port = 3?5h, Index = 2Dh
This ragister is locked if PR10[2:0] is not setto 5.
BIT FUNCTION

7 Enable IRQ

6 Vertical Double Scan for EGA on PS/2
Display

5 Enable Interlaced Mode
4:0 Interlaced H/2 End

Bits 7 through 5 are set to 0 by reset.

Bits 4 through 0 are unaffected by hardware reset
and undefined at power-up.

Bit 7 - Enable IRQ

This Bit may be set to enable CRT interrupts to be
generated when configured for AT BUS operation,
allowing EGA compatibility support for interrupt-
driven EGA applications. For VGA operation with
an AT BUS, interrupts are not used and this Bit
should be set to 0. This Bit should not be set to 1
in MicroChannel operation.

0 = IRQ disabled (Used in VGA operations with
an AT bus and MicroChannel operations)
1 = |IRQ enabled
Bit 6 - Vertical Double Scan

This Bit should be set to 1 when emulating EGA
on PS/2 display. Setting this Bit to 1 causes the
CRTCs Vertical Displayed Line Counter and Row
Scan Counter to be clocked by divide-by-two hori-
zontal timing, if vertical sync polarity (3C2h Bit 7 =
0) is programmed to be positive. Therefore, the
relationship between the actual number of lines
displayed [N] and the data [n] programmed into
the Vertical Display Enable End register is: N=
2(n+1).

Likewise, the relationship between the actual
number of scan lines per character row [N] and
the data [n] programmed in the maximum Scan
Line register holds true.

BIt 5 - Interlaced Mode

The interlaced mode can be used in those video
modes in which the data programmed into the
Maximum Scan Line Address register [3?5.09] =
0XX00000. Line compare and double scan are
not supported.

0 = Interlaced Mode not enabled

1 = Interlaced Mode is enabled
Bits [4:0] - interlaced H/2 End Bits [4:0]

Add the contents of the Interlaced H/2 Start Reg-
ister PR13 to the horizontal sync width (same as
defined by 3X5.04,05). Program the five LSBs of
the sum into these Bit locations.

7.3.12 PR15 - Miscellaneous Control 1
Read/write Port = 3?5h, Index = 2Eh

This register Is locked if PR10{2:0] Is not set to 5.

BIT FUNCTION
7 Read 46E8h Enable
6 High VCLK
5 VCLK1 and VCLK2 Latched Outputs
4 VCLK = MCLK
3 8514/A Interlaced Compatibility
2 Enable Page Mode
1 Select Display Enable
0 Disable Border

Bit 7- Enable Reading Port 46E8h

This Bit Is functional only if AT BUS architecture
[CNF(2)=1] is selected.

With this Bit set to 1, 1/O Port 46E8h may be read,
regardless of the state of its own Bits 4 and 3 and
of Port 102h, Bit 0 (sleep Bit). Only Bits{4:0] of
Port 46E8h are readable, Bits [7:5] are 0.

Bit 6 - High VCLK

This Bit should be set to 1 when (MCLK in MHz /
VCLK in MH2) equals 1.5, or in an extended 256-
color mode.

With this Bit set to 1, memory timing is adjusted to
allow use of a video clock (VCLK) frequency
which is much higher than the memory clock
(MCLK) frequency.
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Bit 5 - Latched VCLK1 and VCLK2

This Bit is used only if CNF(3) = 1, which config-
ures the VCLK1 and VCLK2 pins as outputs.

With this Bit set to 1, outputs VCLK2 and VCLK1
are equal to Bits 3 and 2 of VO write register (Mis-
cellaneous Output Register) at Port 3C2h, respec-
tively.

Bit 4 - Select MCLK as Video Clock

With this Bit set to 1, MCLK input is selected for
the source of all video timing. The other three
VCLK inputs can not be selected when this Bit is
set.

Bit 3 - Interlaced Compatibllity

This Bit should be set to 1 only if interlaced mode
is selected (see PR14) and exact timing emula-
tion of the IBM 8514/A’s interlaced video timing is
required.

With this Bit set to 1, vertical sync is generated
from the trailing edge of non-skewed horizontal
sync instead of the leading edge, as generated for
VGA timing. Also, two VCLK delays are removed
from the default VGA video dot path delay chain.

Bit 2 - Select Page Mode Addressing

Graphics Modes automatically use Page Mode
addressing.

Alpha modes require this Bit to be set to 1 for
screen refresh memory read cycles to use Page
Mode addressing.§ Setting this Bit to 1 in any
Alpha Mode overrides the character map select
functions of PR2(2) and PR2(5).

Page Mode addressing requires less time than
RAS-CAS addressing, therefore, selecting Page
Mode addressing increases the bandwidth for the
CPU to access video memory by 30-40%.

PR15(2) should be set to 1 if 132 Character Mode
timing Is selected (see description of PR2).

When PR15(2) is set to 1, it redefines the Charac-
ter Map Select Register (3C5.03). One of eight 8K
memory segments containing a pair of maps in
Plane 3 or Plane 2 is addressed by Bits[2:0] of
this register while the map selection is determined
by Bits[4:3]. A pair of adjacent 8K character maps
in Planes 3 and 2, (adjacent in the sense that they

have the same addressing) may be selected by
Bit 3 of the Attribute Code.

The Character Attribute Bit 3 (refer to Section
5.8.4), in conjunction with Bits 4 and 3 of the
Character Map Select Register (3C5.03), deter-
mine a character map from either Plane 3 or
Plane 2 as shown by the following table.

The following Character Map Select functions
override the functions of PR2(5) and PR2(2).

PR15 | 3C5.03 | 3C5.03 | ATT PLANE
(2) (4) 3) (3) SELECT

1 0 0 X 2

1 0 1 0 3

1 0 1 1 2

1 1 0 0 2

1 1 0 1 3

1 1 1 X 3

PR15, Bit 2 must be set to 1 before loading the
character maps into the video DRAM, because
the addressing of the page mode character maps
differs from the addressing of the default, non-
page mode. However, setting this Bit to 1, inter-
nally redirects all necessary addressing to make
loading the character maps the same, whether in
page mode or non-page mode.

Bit 1 - Display Enable Timing Select

This Bit Is used to select between two types of
display enable timings available at output pin
BLANK if PR4(7) = 1. If PR4(7) = 0, this Bit has no
effect.

0 = BLANK supplies Pre-Display Enable (Pre-
Display Enable timing precedes active video
by one dot clock)

1 = BLANK supplies Display Enable (The
display enable timing coincides with active
video timing)

Bit 0 - Disable Border

Setting this Bit to 1 forces the video outputs to 0
during the interval when border (overscan) color
would be active.
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7.3.13 PR16 - Miscellaneous Control 2
Read/write Port = 3?5h, Index = 2Fh
This register is locked if PR10{2:0] is not set to 5.
BIT FUNCTION

7 External Register 46E8h Lock

6 CRT Control Address Count Width Bit
1

5 CRT Control Address Count Width Bit

0

4 CRT Control Address Counter Offset
Bit 1

3 CRT Contro! Address Counter Offset
Bit0

2 Enable Odd/Even Page Bit
1 VGA Mapping Enable
o Lock RAMDAC Write Strobe

Bit 7 - Lock External 46E8h Register

Setting this Bit to 1 causes EBROM output to be
forced high (Inactive) during VO writes to Port
46E8h.

Bits [6:5] - CRT Control Address Counter
Width

Power-on-reset clears these Bits to 0. These two
Bits determine the modulus of the CRT Control-
ler's address counter, allowing its count width to
be limited to 64K or 128K locations (Byte, Word,
Double word). These Bits may be used in virtual
VGA applications containing 512KB or 1024KB of
video memory, in which CRT Controller is limited
to only 64K or 128K locations. Bit PR16(6) should

Bits [4:3] - CAT Control Address Counter
Offset

Bits 4 and 3 are summed with the CRT Control-
ler's Address Counter Bits CA(17) and CA(16),
respactively, and the two-Bit result defines the
starting location of the displayed video buffer at
one of the four 64K boundaries.

Bit 2 - Enable Page Bit for Odd/Even

This Bit affects addressing of memory by the sys-
tem processor, if chain 2 (Odd/Even) has been
selected by setting 3CF.06(1) to 1, setting
3C5.04(1) to 1, selecting extended memory and
setting 3C5.04(3) to 0 to deselect chain 4
addressing. It enables the Page Bit for Odd/Even
[3C2(5)] to select between two pages of memory,
by controiling video RAM address 0, regardless of
the Memory Size Bits PR1[7:6].

Bit 1 - VGA Memory Mapping

Setting this Bit to 1 selects 256 Kbyte IBM VGA

Mapping, regardless of the Memory Size Bits

PR1[7:6).

BIt 0 - Lock RAMDAC Write Strobe (3C6h -
3C9h)

0 = Normal operation

1 = Output WPLT to be forced to 1, disabling /O
writes to the video DAC registers (The DAC
state register, located inside the WD90C33,
is also protected from the modification but
may still be read at the Port 3C7h)

7.3.14 PR17 - Miscellaneous Control 3
Read/write Port = 375h, Index = 30h
This register is locked if PR10[2:0] is not setto 5.

ot 1 o A 10 EcA oo 57 Focron
locations. 7:6 | Reserved
5 Character Clock Period Select
BITS 4 |PCLK=VCLK2

6 [ S COUNTER WIDTH 3 | Map Out 4K Of BIOS ROM

O | 0 |256KBytes 2 | Enable 64K BIOS ROM

0 1 128K Bytes 1 Hercules Compatibility

L X | 64K Bytes 0 | Map Out 2K Of BIOS ROM
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Bits [7:6]
Reserved.
BRt 5: - Character Clock Period Select

To enable PR17 Bit 5, PR2 (3CF.0C) Bits 4:3 must
equal 11. When Bit 5 is not enabled, it has no
effect.

0 = Six-dot font Is selected
1 = Ten-dot font is selected
Bit 4 - PCLK = VCLK/,

With this Bit set to 1 it forces PCLK = VCLK/,.
This control is useful for interface with high color
RAMDAC as follows:

Color Information
(16-Bits per plxel)l

VID[7ATX X X X A
Pk | | | l

—

Bit (3) - Map Out 4K of BIOS ROM

With this Bit set to 1, it disables access of the
BIOS ROM in the system address range C600:0h
through C6FF:Fh. Power-on-reset sets this Bit to
0.

Bit 2 - Enable 64K BIOS ROM

With this Bit set to 1, it enables access of the
BIOS ROM In the system address range C000:0h
through CFFF:Fh. Power-on-reset sets this Bit to
0.

Blt 1 - Hercules Compatibllity

With this Bit set to 1, it locks Hercules compatibil-
ity register (I/O Port 3BFh). Power-on-reset sets
this Bit to 0.

Bit 0 - Map Out 2K of BIOS ROM

With this Bit set to 1, it disables access of the
BIOS ROM in the system address range C600:0h
through C67F:Fh. Power-on-reset sets this Bit to
0.

7.3.15 PR18 - CRTC Vertical Timing Overflow
Read/write Port = 375h, Index = 3Eh

Register Bit 7 is used with PR1 Bits 7 and 6 to
control memory map addressing (refer to Tables
7-2 through 7-6).

Register Bits 6 through 0 are combined with other
timing overtlow Bits in CRT Control to support an
11-Bit timing control. These Bits are set to zero at
power-on-reset.

BIT FUNCTION

7 Enable 2 Mbyte Memory for
1280x1024 mode, 256 colors

6 CRTC Start Memory Address High,
Bit 10 (375.0Ch)

5 Horizontal Total Bit 8 (Supports 24-Bit
color mode)

4 Line Compare Bit10

3! | Start Vertical Blank Bit 10

21 | Stan Vertical Retrace Bit 10
12 | Vertical Display Enable End Bit 10
0 Vertical Total Bit 10

NOTES:
1. This Bit is locked if PR3(0) = 1 OR
the 3?5 Index 11 Bit 7 = 1.
2. This Bit is locked if PR3(1) = 0 AND
the 3?5 Index 11 Bit 7 = 1.

Bits 7 - Enable 2 Mbyte Memory

This Bit must be set to 1 for support of
1280x1024x256 color interlaced moda. It must be
used In conjunction with PR1[7:6].

0 = Disable 2 Mbyte DRAM interface
1 = Enable 2 Mbyte DRAM interface
Bit 6 - CRTC Start Memory Address Upper
Byte, Bit 10

This Bit corresponds to character address CA18.
This is the CRTC Start Memory Address upper
byte Bit 10. CRTC Start Memory Address High
Bits 9:8 are contained in PR3 (3CF.0Dh) register,
Bits 3 and 4, respectively. Bits 7:0 are located at
address 3?5.0Ch
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Bit 5 - Horlzontal Total Bit 8

This Bit provides Bit 8 of the Horizontal Total Reg-
ister located at 3?75.00h.

Bit 4 - Line Compare Bit 10

This is Bit 10 of the line compare count.

Bit 3 - Start Vertical Blank Bit 10

This Is Bit 10 of the Start Vertical Blank count.
Bit 2 - Start Vertical Retrace Bit 10

This is Bit 10 of the Start Vertical Retrace count.
Bit 1 - Vertical Enable Display End Bit 10

This is Bit 10 of the Vertical Enable Display End
count.

Bit 0 - Vertical Total Bit 10
This is Bit 10 of the Vertical Total count.

7.3.16 PR19 - Video Signature Analyzer

Control
Read/wrlte Port = 3?5h, Index = 3Fh
BIT FUNCTION
7:4 | Reserved
3 Signature Read Enable
2 Enable Video Input
1 Preload Control
0 Enable/Status Bits
Bits 7:4
Resserved

Bit 3 - Signature Read Enable

When this Bit is set to 1, signature analyzer
results can be read from 3?5h, Index 20 and 21.

Bit 2 - Enable Video Input
This Bit is used for self-test.

0 = Enable video input for signature analyzer

1 = Self-testing (The video input to the signature
analyzer Is disabled)

Bit 1 - Preload Control

0 = The Signature Analyzer Result Register
(375, Index 20 and 21) is preloaded with

0001h
1 = Normal operation
Bit 0 - Enable/Status Bits

Writing to this Bit:
Setting this Bit to 1 enables the signature analyzer
to collect signature on video input.

Reading this Bit:

Indicates the status of the signature analyzer col-
lecting the signature on video input.

0 = Finished (or not enabled)
1 = Busy

7.3.17 PR1A - Shadow Register Control
Read/write Port = 375h, Index = 3Dh

This register Is locked if PR10[2:0] is not setto 5.
Bits [7:4]

Reserved.

Bits 3 - VO Read Select

0 = Select actual CRT Control registers for read
1 = Select shadow CRT Control registers for
read

Bits [2:0] - Shadow Lock

When Bits 2:0 are set to 101, all the shadowed
register Bits are locked. This lock overrides any
other locks. Refer to the Shadow Register
description for details.

7.3.18 PR20 - Unlock Sequencer Extended
Registers

Read/write Port 3C5h, Index = 6h
This register is locked at power-on or reset.

A value of X1X01XXX must be written to this reg-
ister to allow Read or Write operations of the
Sequencer Extended Registers. When the
extended registers are locked, the Sequencer
Index is read as three Bits. When unlocked, the
Sequencer Index reads as six Bits.
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7.3.19 PR21 - Display Configuration Status
And Scratch Pad Bits Register

Read Only Port 3C5h, Index = 07h
This register is locked at power-on or reset.

This register is locked if PR20 Bits 6, 4, 3 are not
setto 101b.

This register provides a convenient location for
determining the current state of the VGA configu-
ration. This information is required for many BIOS
calls,

BIT FUNCTION

7:4 | Scratch Pad Bits

Status of 3C2 Bit 0, Read/Write Bit
Status of PR2 Bit 6, Read/Write Bit
Status of PR4 Bit 1, Read/Write Bit

o= IN]|W

Status of PR5 Bit 3, Read/Write Bit

Bits [7:4] - Scratch Pad Bits

These read/write Bits serve as a scratch pad for
any BIOS status data that may need to be saved.
These Bits are presetto 1111 at reset.

Bit 3 - Status of 3C2h Bit 0

This read only Bit represents the setting of the I/O
address select Bit in the Miscellaneous Output
Register.

0 = MDA (3Bx) addresses have been selected
1 = CGA (3Dx) addresses have been selected
Bit 2 - Status of PR2 Bit 6

This read only Bit represents the setting of the
VGA/E845 select Bitin PR2 (3CFh Index Ch).

0 = VGA or EGA compatibility has been
selected
1 = 6845 compatibility has been selected

Bit 1 - Status of PR4 Bit 1

This read only Bit represents the setting of the
VGA/EGA select Bit in PR4 (3CFh Index Eh).

0 = VGA was selected
1 = EGA compatibility has been selected

Bit 0 - Status of PR5 BIt 3

This read only Bit represents the setting of the
Analog/TTL status Bit in PR5 (3CFh Index Fh).

0 = An analog monitor was selected
1 = A TTL-type monitor was selected

7.3.20 PR22 - Scratch Pad Reglster

Read/write Port = 3C5h, Index = 8h
Bits [7:0]
Scratch pad Bits.

7.3.21 PR23 - Scratch Pad Register
Read/write Port = 3C5h, Index = 9h
Bits [7:0]

Scratch pad Bits.

7.322 PR30 - Memory Interface, Write Buffer
And FIFO Control Register

Read/wrlite Port = 3C5h, Index 10h

This register is locked if PR20 Bits 6, 4, 3 are not
setto 101b.

This register controls display memory data width
and its bandwidth. All Bits are reset to zero at
power-on-reset.

BIT FUNCTION

7:6 | Write Buffer Control

32-Bit or 16-Bit Memory Data Path

Disable 16-Bit CPU Interface for
Unchain Mode

Twelve-level FIFO

Four or Eight-level FIFO

1:0 | Display FIFO control

Bits [7:6] - Write Buffer Control

Bits 7 and 6 determine the depth of the write
bufter.

PR31 Bit 2 must be set to 1 for these two Bits to
have any effect.
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BITS BITS THE DISPLAY FIFO IS
REQUEST MEMORY BUS

7 6 WRITE BUFFER LEVEL 1 0 WHEN

0 0 | One leve! deep 0 0 | Two levels empty

0 1 | Two levels deep 0 1 | Four levels empty

1 0 | Three levels deep 1 0 | Six levels empty

1 1 Four levels desp 1 1 | Eight levels empty

Bit 5 - Memory Data Path
0 = The display memory data path is 32-Bits
wide
1 = The display memory data path is 16-Bits
wide
Bit 4 - Disable Unchained Mode

0 = Normal conditions
1 = 16-Bit interface, unchained mode is disabled
(This is used for debug only)
Bit 3 - Twelve-Level FIFO
0 = The FIFO is four or eight levels deep,
depending on Bit 2 of this register
1= ’gha FIFO Is 12 levels deep, regardless of
it2
Bit 2 - Four or Eight-Level FIFO
0 = FIFO set to eight levels deep
1 = FIFO set to four levels deep
Bits [1:0] - Display FIFO Control

These two Bits determine when the display FIFO
will make a memory bus request. The Bits can be
used to reduce DRAM page breaks and to opti-
mize memory bus arBitration. When the display
FIFO makes a memory bus request, the memory
controller stops its current operation and starts to
serve the display FIFOs request. These Bits have
no effect in any text mode. They are locked into
00 internally when a text mode is set.

Depending on whether the FIFO level is four,
eight, or 12 levels deep (refer to Bits 3:2), the dis-
play FIFO requests a memory cycle according to
how Bits 1:0 are set.

7.3.23 PR31 - System Interface Control
Read/write Port = 3C5h, Index = 11h

This register Is locked if PR20 Bits 6, 4, 3 are not
set to 101b.

At power-on or reset this register is set to 00.

This register provides the control Bits for the sys-
tem interface. This register should be set during
the post initialization routines of the VGA BIOS.
The reset state is 100% IBM VGA compatible. Bit
7 is used during some of the enhanced display
modes.

2
-

FUNCTION

Read/Wirite Offset Enable

Turbo Mode for Blanked Lines

Reserved

CPU Read RDY Release Contro! 1

CPU Read RDY Release Control 0

Enable Write Buffer

Enable 16-Bit 1/O Attribute Controller

O INjWw|d || |N

Enable 16-Bit VO Operation on CRTC,
Sequencar and Graphics Controller

Bit 7 - Read/Write Offset Enable
0 = Normal (Refer to PROA and PROB
definitions)
1 = During read cycles, the offset register PRO-
A, is added to the CPU address (During

write cycles PRO-B is added to the CPU
address)
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Bit 6 - Turbo Mode for Blanked Lines

0 = Normal

1 = System performance is improved by 10% by
removing extra screen refresh memory
cycles on vertical blank

Blt 5 - Reserved

Reserved
Bits [4:3] - CPU Read IOCHRDY Release
Controls 1,0

These two Bits select the IOCHRDY timing for
CPU reads. To improve performance of systems
with a slower bus clock, IOCHRDY may be
asserted earlier. Data will be ready following
IOCHRDY no sooner than the time selected by
Bits [4:3].

BITS

3 FUNCTION

0 0 | 40 ns (Default after Power-on-
reset)
¢] 1 40 ns plus 1 MCLK
1 0 | 40 ns plus 2 MCLKs
1 1 40 ns minus 1 MCLK
NOTE:

For 10 MHz or slower systems, the 01
setting is recommended.

For 12 MHz or faster systems, the 11

37?5h), Sequencer (3C4h/3C5h) and
Graphics Controller (3CEh/3CFh) (The
output IOCS16 will be active for any VO
read or write to these addresses)

7.3.24 PR32 - Miscellaneous Control 4
Read/wrhe Port = 3C5h, Index = 12h

This register is locked if PR20 Bits 6, 4, 3 are not
setto 101b.

At power-on or reset this register is set to 00h.

This register provides control for several different
features. Some of these features help to support
Genlock of the WD90C33 to ancther display con-
troller for overlay.

BIT FUNCTION

Enable External Sync Mode

Disable Cursor Blink

setting is recommended.

Bit 2 - Enable Write Buffer

0 = Write buffer disabled

1 =Write butfer is enabled (This greatly reduces
the number of wait states for CPU writes to
display memory)

Bit 1 - Enable 16-Bit VO Attribute Controller

If Bit 1 and Bit 0 are both set to 1, the Attribute
Controller (3C0Oh/3C1h) is configured for 16-Bit
access. The index is at 3COh while the data is at
3C1h and the address toggle is disabled for 16-Bit
reads or writes. The address toggle functions in
the standard way for eight-Bit cycles. I0CS16 is
asserted for all cycles to 3COh or 3C1h.

Bit 0 - Enable 16-Bit VO Operations

0 = The VGA /O Is eight-Bits
1 = Enables 16-Bit access to the CRTC (3?74h/

USR1 Function Select
USR1 Control
USRO Function Select
USRO Control

Allow Read Back in Backward compat-
ible Modes

(o] Force Standard CPU Addressing in
132-column Mode

Bit 7 - Enable External Sync Mode

0 = Normal operation mode

1 = EXVID is configured to input external
Horizontal Sync and EXPCLK inputs
external Vertical Sync (The external HSYNC
signal also synchronizes the character clock
timing. In this configuration, EXVID and
EXPCLK do not control the VID7:0 and
PCLK output buffers, but they are used to
Genlock the WDS0C33 to another display
controller.)

Bit 6 - Disable Cursor Blink

0 = Blink enabled

1 = The text cursor blink is disabled and the
cursor remains on (This option can be used
when cursor blink Is not desired)

= IV Il |
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Bit 5 - USR1 Function Select

0 = The USR1 output represents the state of Bit
4 (This can be used to control new features
added by the system board designer)

1 = Reserved
Bit 4 - USR1 Control

Controls the USR1 output when selected by Bit 5.

Bit 3 - USRO Function Select

0 = The USRO output represents the state of Bit
2 (This can be used to contro! new features
added by the system board designer)

1 = Reserved
Bit 2 - USRO Control

Controls the USRO0 output when selected by Bit 3.

Bit 1 - Read in Backward Compatible Modes

0 = Registers that are not normally readable in
backward compatibility modes may not be
read

1 = Registers that are not normally readable in
backward compatibility modes may be read

This option may be used either as a test feature or
by the BIOS during mode changes.
Bit 0 - 132-Column Mode

When this Bit is set to 1, the special CPU address
mapping for page mode font access in 132-col-
umn text is set for standard mapping without dis-
turbing the display. This is used only for special
virtual VGA applications.

7.3.25 PR33 - DRAM Timing And Zero Wait
. State Control

Read/write Port = 3C5h, Index = 13h
This register Is locked if PR20 Bits 6, 4, 3 are not

Bits [7:6] - OWS Control

These two Bits control the operation of the OWS
output pin. In non-Local bus mode, OWS s dis-
abled if PR31 Bit 2 = 0 (Write Buffer is off).

BITS

716 FUNCTION

0 | 0| OWS = 0if the internal write buffer is
ready

0 | 1| OWS = 0if the internal write buffer is
ready and the memory address is
decoded

1 | O] OWS = 01if the internal write buffer is

ready and the memory address is
decoded and MWR = 0

OWS = 0if write butfer Is ready, mem-
ory address is decoded, and MWR is
setto 0; OR MRD is set to 0, the HBLT
destination Is the host, and the BITBLT
data path FIFO is not empty

Bit 5 - Memory Refresh Cycle
0 = Normal Memory Refresh

1 = Suppress RAS strobe during memory
refresh

Bits 4 - Memory Read/Write Cycle Control
This Bit controls CAS cycle duration for read/write
cycle.

0 = Normal Memory Read/Write Cycle
AAS

T e N

CAS Rll lw1 R w2 R3 w3

set to 101b. w I I |
BITS FUNCTION l I l I l ]—
- — 2MCLK ->|<- 2MCLK
7:6 | OWS Control 4AMCLK
5 Memory Refresh Cycle
4 Memory Read/Write Cycle
3 CAS Timing
2 CAS after RAS Timing
1:0 | RAS Precharge
86 ADVANCED INFORMATION 5/27/93 3



PARADISE REGISTERS

wD90C33

1 = Extended Memory Read/Write Cycle

-R—T'il -ﬂ 2MCLK ﬂ— l-—
CAS R1 wi R2 w2

B —P l‘-z MCLK

-3 MCLKP

¢— 5MCLK—P

Bit 3 - CAS Timing

0 = CAS cycle is 2 MCLKs
CAS low is 1 MCLK + (1.5 ~ 3.0 ns)
CAS high is 1 MCLK - (1.5 ~ 3.0 ns)

1 = CAS cycle is 2 MCLKs
CAS low is 1 MCLK + (8 ~ 14 ns)
CAS high is 1 MCLK - (8 ~ 4 ns)

Bit 2 - CAS After RAS Timing
If Bit 1,0 of this register = 00 or 11, then:
0 = CAS cycle starts 2.5 MCLKSs after RAS low
1 = CAS cycle starts 1.5 MCLKs after RAS low

If Bit 1,0 of this register = 01 or 10, then:
0 = CAS cycle starts 3 MCLKs after RAS low
1 = CAS cycle starts 2 MCLKSs after RAS low

Bits [1:0] - RAS Precharge

These two Bits control RAS precharge. Refer to
DRAM timing adjustments in Section19.

BITS
110 FUNCTION
0 | O | RAS highis 2-1/2 MCLKSs plus a 4:7 ns

delay

0 | 1 | RAS highis 3 MCLKs wide

RAS high is 2 MCLKs wide
RAS high is 2-1/2 MCLKs

7.3.26 PR34 - Video Memory Mapping
Read/write Port = 3C5h, Index = 14h

This register is locked if PR20 Bits 6, 4, 3 are not
setto 101b.

BITS FUNCTION
7 CPU Offset Register Bit 8 for PRO(B)
6 CPU Oftset Register Bit 8 for PRO(A)
5:4 | Reserved
3:0 | Video Memory Mapping

Bit 7 - CPU Offset Register Bit 8 for PRO(B)

Provides Bit 8 of the CPU Offset Register. Bits
[7:0] of the Offset Register are located at PRO(B).

Bit 6 - CPU Offset Register Bit 8 for PRO(A)

Provides Bit 8 of the CPU Offset Register. Bits
[7:0} of the Offset Register are located at PRO(A).

Bits [5:4] - Reserved
Bits [3:0] - Video Memory Mapping

These four Bits are compared with the CPU
address A[23:20] as part of the video memory
address decoding. This allows the VGA to be
mapped linearly into any 1 Mbyte CPU memory
space. PR1, Bit 5 and 4 enable

This_register does_not_affect the EBROM and
ROM16 decoding. EBROM and ROM16 are still
decoded at A[23:20] = Oh. Used with the correct
setting of PR1 (3CFh, Index 0Bh), Bits 5 and 4,
this register supports virtual VGA applications.
Refer to Section 7.3.1.

These four Bits are set to 0 at power-on-reset.

7.3.27 PR35 - Reserved
Read/wrlite Port = 3C5h, Index = 15h

This register is locked if PR20 Bits 6, 4, 3 are not
setto 101b.

Bits [7:0]
Reserved.
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8.0 INTERNAL VO PORTS

8.1 INTRODUCTION

The foliowing registers function as internal /O
ports.

8.1.1 AT Mode Setup and Enable

Write Only Port 46E8h
(Also At Ports 56E8h, 66E8h, 76E8h)

consist of eight, 4K pages. External circuitry is
required to implement the BIOS ROM page selec-
tion using these Bits [D2:D0]. The WD90C33 also
provides Port 3C3h as an alternative to Pont
46E8h. if a pull-down resistor is connected to
MD9 during power-on-reset [CNF(9) = 0], Port
3C3h is decoded instead of Port 46E8h to suppor
the same functions as described above. Other-
wise, Port 46E8h is selected and decoded.

2:0 | External BIOS ROM Page Select
Bits [7:5]

Unused.

Bit 4 - Setup

This Bit puts the WD90C33 into Setup mode
where only VO Port 102h is accessible.

Bit 3 - Enable VO and Memory Accesses
This Bit enables 1/0 and memory accesses.
Bits [2:0] - BIOS ROM Page Select

On VO accesses to Port 46E8h, EBROM
becomes /O write strobe for external implementa-
tion of BIOS ROM page mapping. Bits [2:0] are
latched data Bits and define 4K pages on BIOS
ROM. The external mapping logic affects the
three most significant Bits of address applied to
the BIOS ROM. The ROM therefore, appears to

BIT FUNCTION 8.1.2 Setup Mode Video Enable
7:5 | Reserved Read/write Port = 102h
4 Setup (XXXX XXXX XXXX X010B)
3 Enable I/0 and Memory
BIT FUNCTION

7:1 Reserved
0 Wakeup VGA
Bits [7:1]
Unused.
Bit 0 - Wakeup VGA

Wakeup VGA for I/O and Memory Accesses. Only
the lower three address Bits are decoded for this
port and the WD90C33 must be in Setup mode.
VGA Enable Sleep Bit or Programmable Option
Select (POS) Register 102h Bit 0 is used to
awaken the WDS0C33 after power on in the MCA
and AT mode. To enter the Setup mode in AT bus
applications, Bit 4 of the partially decoded internal
1/0 Port 46E8h is set to 1 before accessing the /O
Port 102h.
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9.0

9.1 INTRODUCTION

Memory Data Lines MD[31:0] are used to set
Configuration Registers CNF[31:0] during power-
on and Reset (RST) operations. The Configura-
tion Registers are set by means of pull-up or pull-
down resistors, which then establish the operating
configuration during power-on and Reset. Mem-
ory Data Lines MD[31:0] are all internally pulled
up by 50 Kohm resistors so that these lines will be
pulled up unless a pull-down resistor is connected
between their connector pin and ground.

Other contiguration bits are contained in non-writ-
able registers while still others can be modified
after start up.

CNF[31:22], CNF[15:12}, CNF [10], and CNF [0]

are readable and writable, while other configura-
tion bits are not readable nor writable.

Configuration Register Bits [31:19] are used for
Local bus mode operation only and have no effect
on AT or MicroChannel mode.

Table 9-1 lists the Configuration Register (CNF)
Bits and their functions.

VALUE

CNF FUNCTION

CONFIGURATION REGISTER BITS CNF[31:0]

[31:30)

-
-

Setup Local Bus Interface Con-
trol Register 2DF1h[5:4] for
Power-on and Reset

Setup Local Bus Interface Con-
trol Register 2DF1h[3:2] for
Power-on and Reset

Setup Local Bus Interface Con-
trol Register 2DF1h[1:0] for
Power-on and Reset

Setup Local Bus Interface Con-
trol Register 2DFOh[7:4] for
Power-on and Reset

[29:28] | 11

[27:26]| 11

[25:22] | 1111

w
=)
=
CNF > FUNCTION
20 1 Reserved
19 1 Reserved
18 1 Enable ROM16 as EXBLANK
Input
17 1 | select 4 CAS, 1 WE for Mem-
ory Interface
16 1 64K by 16 or 256K by 4 DRAM
Select
15:12 | 1111 | General Purpose Status Bits
11 1 Select Local Bus Interface
Mode
10 0 | Disable ROM16 Address
Decode
1 | 46E8h/3C3h Select
8 0 | General Purpose
7:4 | 0000 | General Purpose Status
3 1 Video Clock Source Control
2 1 AT Bus Select
1 1 ROM Configuration
0 0 | BIOS ROM Mapping

NOTE: The numbers in VALUE column indi-
cates the following:

A 0 indicates that an external pull-down
resister sets the bit to 1 during power-on and

reset.

A 1 indicates that an external pull-down
resister sets the bit to 0 during power-on and

reset.

21 1 Select 386/486 CPU Bus Inter-

face

TABLE 9-1. CONFIGURATION
REGISTER BITS

TABLE 9-1. CONFIGURATION

REGISTER BITS

NOTE

Configuration Register Bits [31:20] have
no effect unless Local bus mode is se-

lected.
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CNF{31:19] - Local Bus Interface Registers

Refer to Section 10 for additional information on
the Local Bus configuration.

CNF18 - ROM16 As EXBLANK input

0 = A 4.7K pull-down resistor_ on Pin MD18
ROM16 is configured as EXBLANK input
(When EXBLANK is low, HSYNC, VSYNC,
and BLNK are tristated)

1 = No pull-down resistor, the internal puli-up
sots CNF18to 1 (Normal ROM16 operation,
ROM16 is an output)

CNF17 - Select CAS and WE for Memory
interface

0 = CAS becomes CASO
WE1 becomes CAS1
WE2 becomes CAS2
WES3 becomes CAS3
WEO becomes WE

1 = Use CAS and WE[3:0]

CNF16 - 64K By 16 Or 256K By 4 DRAM Select

0 = A 4.7K pull-down resistor on pin MD16 sets
the WD90C33 to interface with a 64K by 16
DRAM (The MAB8 signal becomes RAS for
the second DRAM bank)

1 = No pull-down resistor (The internal pull-up
sets WD90C33 to interface with a 256K by 4
or 256K by 16 DRAM)

CNF][15:12] - General Purpose Status Bits

With no external pull-down resistors connected on
MD[15:12], PR11[7:4] are latched high. Connect-
ing an external pull-down resistor on MD[15:12]
causes PR11[7:4] to be latched low.

PR11[7:4) are writable bits. These bits can be
read as Bit 4 of Port 3C2h (as on a standard EGA)
if the EGA compatibility Bit [PR4(1)] has been set
to 1. Selection of which Bit to read is determined
by Bits 3 and 2 of the Miscellaneous Output Reg-
ister 3C2h, as follows.

CNF11 - Select Local Bus Interface Mode
0 = When CNF2 is setto 1, setting CNF11to 0
selects Local Bus Host Interface Mode

1 = Setting CNF11 to 1 selects the AT Bus
Interface Mode

In the default state, CNF11 is set to 1. To set
CNF11 to 0, MD11 must have a pulidown resister.

CNF10 - Disable ROM16 Address Decode

0 = The internal pull-up sets CNF(10) = PR1(1)
= 0 (To enable the 16-Bit BIOS, PR1(1)
must be set to 1 by writing to Port 3CFh,
Index 0Bh Bit 1)

1 = A 4.7K pull-down on Pin MD10 sets CNF10
= PR1(1) = 1 (Upon power-up, the pin
ROM16 is enabled for 16-Bit BIOS ROM
decoding)

This Bit is read/write at PR1(1).
CNF9 - 46E8h/3C3h Select

This Bit has no effect in MicroChannel applica-
tions.

0 = A4.7K pull-down on Pin MD9 (Port 03C3h is
selected as the VGA setup and enable
register instead of Port 46E8h in the AT
interface)

1 = No pull-down resistor (The internal pull-up
sets CNF9 = 1, Port 46E8h Is selected as
VGA setup and enable register)

CNFB8 - General Purpose

Whether provided with either a pull-up or pull-
down external resistor, CNF8 is latched internally
at power-on-reset from memory data bus Pin
MDs.

Pulling up MD8 causes CNF8 to be latched Low.
This Bit controls no internal functions and is read
only as Bit 3 of PRS (3CF.OF). Also, CNF(8) is
unaffected by writing to PR5 (3CF.0F).

WRITE 3C2h READ 3C2h
Bit 3 Bit2 Bit 4
0 0 |[PRI1(7) I
0 1 PR11(6) I
1 0 |[PR11(5) I
1 1 PR11(4) I
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CNF[7:4] - General Purpose Status Bits

Bits CNF[7:4] are latched internally at power-on or
reset from corresponding memory data bus pins
MD[7:4}, provided with either pull-up or pull-down
external resistors.

Pulling down MD[7:4] causes CNF[7:4] to be
latched high.

These are read only Bits at PR5 (3CF.0F) that are
unaffected by writing to PR5(3CF.OF). Refer to
Table 4-2.

CNF3 - Video Clock Source Control
This Bit cannot be written or read as an VO port.

Pulling up MD3 causes CNF3 to be latched high.
it configures WD90C33 pins VCLK1 and VCLK2
as inputs or outputs.

0 = Inputs
1 = Outputs

When used as inputs, these pins supply alternate
video dot clocks. Selection of dot clock is by an
internal muttiplexer.

When used as outputs, VCLK1 supplies an active
low load pulse for an external clock chip during I/
O writes to Port 3C2h. This load pulse may be
inhiBited by setting PR11(2) = 1. VCLK2 becomes
a third clock select input to the external clock chip,
which supplies multiple dot clock frequencies to
the VCLKO input. Also, VCLK2 and VCLK1 out-
puts are equal to Bits 3 and 2 of the Miscella-
neous Output Register at 3C2h when PR15 Bit 5
=1,

CNF 2 - AT Bus Architecture Select

This Bit cannot be written or read as 1/O. Pulling
down MD2 causes CNF2 to be latched low.

0 = AT BUS architecture is NOT selected
1 = AT BUS architecture is selected

CNF1 - ROM Configuration for AT Mode

0 = Selects Internal BIOS Data Path (The BIOS
EPROM data can go through D[31:16] to
D[15:0], which saves two external data
buffers)

1 = Selects External BIOS Data Path (The BIOS
EPROM data does not go through the
WD90C33. An external buffer is required to
connect the BIOS EPROM to the system

bus.
Ha%ssT BIOS] 74LS244 o o0 TO
A4 D‘—P—-—Jx—'lHOST BUS
L LL2Y) I Y =5Row DATA LINES
—1
CED

EXTERNAL BIOS DATA PATH CNFt1=1
HOST BUS

. WDS0C33
2};:;811 D[159)
' A[230]
BIOS
All40}}, p »| D[31:16]
CE_l EBROM |
INTERNAL BIOS DATA PATH  CNF1=0
CNF 0 - BIOS ROM Mapping

This Bit may read or written at PR1(0).

0 = No pull-down resistor on MDO (The internal
pullup resistor sets this Bit to 0 at power-on-
reset)

1 = The BIOS ROM is mapped out (An external
4.7 Kohm pull-down resistor sets CNF(0) =
1 on power-on-reset)
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10.0 LOCAL BUS INTERFACE REGISTERS AND CONFIGURATION BITS

The local bus interface registers (2DF2h through 10.1 LOCAL BUS REGISTER SUMMARY

20'.:%) are summarizec.! tn Tat?Ie 101 anfi t.he fol- Table 10-1 provides a summary of the Local Bus
lowing paragraphs provide register descriptions. Interface configurations registers

vo POWER-ON
PORT | BITS LOGIC SETUP BY: DESCRIPTION
2DF3 7:0 - BD[7:0] Status Register, Read Only
2DF2 7:0 00 BIOS Video Memory Mapping Register
2DF1 7 - BIOS Reserved
6 -~ BIOS Select Zero or One Wait State
0 Zero Wait States
1 One Walit State (Default)
5:4 - CNF[31:30] | VIOR and VIOW High/Low Duration
00 2 Clocks
01 3 Clocks
10 4 Clocks
11 5 Clocks (Default)
3:2 - CNF[29:28] | VMWR or VMRD High Duration .
00 2 Clocks
01 3 Clocks
10 4 Clocks
11 5 Clocks (Default)
1:0 CNF[27:26] | VMWR or VMRD Low Duration
00 2 Clocks
01 3 Clocks
10 4 Clocks
11 5 Clocks (Default)
2DFO0 7 - CNF25 Select BIOS
0 External BIOS
Local Bus BIOS (Default)
6 - CNF24 Select RAMDAC
0 External RAMDAC
1 Local Bus RAMDAC (Default)

TABLE 10-1. SUMMARY OF WD90C33 LOCAL BUS INTERFACE REGISTERS
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vo POWER-ON
PORT | BITS LOGIC SETUP BY: DESCRIPTION
2DFo Continued
5 -- CNF23 Local Bus Interface Enable
0 Disable Local Bus Interface
1 Enable Local Bus Interface (Default)
4 - CNF22 Select Pulse Width (High and Low) for RAMDAC
cycle and EBROM Access
0 9 Clocks
1 18 Clocks (Default)
3 -- DRIVER Select VGA Data Path Width
0 16-Bit Data Path (Default)
1 32-Bit Data Path
2 BIOS Reserved
1:0 BIOS Dual Display
00 CGA Disabled/MDA Disabled (Default)
01 CGA Disabled/MDA Disabled
10 CGA Disabled/MDA Enabled
11 CGA Enabled/MDA Disabled
None CNF21 Select 386/486 Local Bus Interface
0 Local Bus Mode for 386 is selected
Local Bus Mode for 486 is selected
None CNF[20:19] Reserved
Must be set to 1 (no pull down on MD[20:19)).
NOTE:
CNF[31:21] are controlled by MD[31:21], which have internal pull up resistors. At power-on or
reset, the pull up resistors set CNF[31:21] to 1. Connecting an external 4.7K Ohm pull down
resistor to any of the MD[31:21] pins will cause the corresponding CNF[31:21] signal to be set to 0.

TABLE 10-1. SUMMARY OF WD80C33 LOCAL BUS INTERFACE REGISTERS
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2DF3h[7:0] - Status Register, Read Only

Port 2DF3h[7:0] allows the status of the DB[7:0]
lines to be read during power-on or reset. The
state of each bit indicates whether the corre-
sponding line is pulled up or pulled down.

2DF2h[7:0] - Video Memory Mapping Register

During Local Bus Mode operation CPU address
Bits A[31:24] are compared with local bus inter-
face register Bits 2DF2[7:0], respectively. The
resultant address is combined with PR[3:0] to
allow the WD90C33 to be mapped into any con-
tiguous 1 Mbyte of CPU linear address space.

2DF1h[7] - Reserved
Register 2DF1h, Bit 7 is reserved for future use.
2DF1h[6] - Select Zero or One Walit State

For local bus mode operation, register 2DF1h, Bit
6 is used to select CPU wait states. If the cycle is
a write operation and the internal write buffer is
empty, the WD90C33 will return VGARDY as fol-
lows:

0 = at Zero wait states
1 = at one wait state

10.2 LOCAL BUS INTERNAL COMMANDS

The Local Bus Interface Logic generates four
internal commands to the VGA Logic. The four
commands are: VIOR, VIOW, VMWR, AND
VMRD. For these commands, the high or low
pulse width should be at least two MCLK periods
(see Figure 10-1). This pulse width can be
adjusted by using 2DF1h{5:0] as follows:

2DF1h[5:4] - VIOR/VIOD High/Low Duration

These bits select the Local Bus 1/0 read and write
pulse width in relation to the CPUCLK.

ey VIOR b Lguonv
LOCAL .
BUS LOCAL Viow BUS
L BUS ] WRITE
INTERFACE|VMRD | CACHE
VMW

ceuckk [ ML LI Lot
VMWR tLow t HIGH

With 2DF1[1:0] set to 01, t LOW = 3 CPUCLK.

With 2DF1[3:2] set to 01, t HIGH = 3 CPUCLK.

FIGURE 10-1 LOCAL BUS INTERNAL
COMMAND WIDTH ADJUSTMENT
2DF1h[3:2] - VMWR/VMRD High Duration

These bits select the Local Bus memory read and
write high pulse width in relation to the CPUCLK.

BITS

FUNCTION

Two Clocks High

Three Clocks High

Four Clocks High

- |l=JlO|JO|®W
- JlO|=JO|N

Five Clocks High (Default)

2DF1h[1:0] - VMWR/VMRD Low Duration
These bits select the Local Bus memory read and

BITS write low pulse width in relation to the CPUCLK.
5|4 FUNCTION BITS
0 | 0 | Two Clocks High/Low 110 FUNCTION
0 | 1 | Three Clocks High/Low 0 | 0 | Two Clocks Low
1 | 0 | Four Clocks High/Low 0 | 1 | Three Clocks Low
1 | 1 | Five Clocks High/Low (Default) 1 | 0 | Four Clocks Low
1 | 1 | Five Clocks Low (Default)
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2DFOh[7] - Select BIOS in Local Bus Mode

For local bus mode operation, register 2DF0h, Bit
7 is used to select BIOS operation as follows:

0 = BIOS is on the system bus
1 = BIOS s set in Local Bus Mode (Default)

NOTE

Putting the BIOS on the local bus will not
work if the system logic shadows the
BIOS in system memory.
2DFOh[6] - Connect RAMDAC In Local Bus
Mode

Refer to Section 10.3.3.

0 = RAMDAC is on the system bus
1 = RAMDAC is connectad in Local Bus Mode
(Default)

NOTE

If the RAMDAC is on the system bus, the
signal LDEV will not be generated when
the CPU reads or writes the RAMDAC.
2DFOh[5] - Enable Local Bus Interface
0 = Local Bus Interface is not enabled (the
LDEV signal is not generated)
1 = Local Bus Interface is enabled (Default)

2DFOh[4] - Select Pulse Width (High and Low)
for RAMDAC cycle and EBROM
Access

For local bus mode operation, register 2DF0h, Bit
4 is used to select the pulse width for RAMDAC
cycles and EBROM access as follows:

2DFOh[2] - Reserved
Register 2DFOh, Bit 2 is reserved for future use.
2DFOh[1:0] - Select Dual Display

When the WD90C33 is connected on the local
bus, these Bits must be set to reflect the type of
display adapter installed on the system bus as fol-
lows:

BITS

FUNCTION

No CGA or MDA on the system bus

No CGA or MDA on the system bus

- OO | =
oO|=|JO}|O©

MDA is connected on the system bus

1 | 1 | CGAis connected on the system bus

RAMDAC
CYCLE, RPLT, | EPROM ACCESS
2DF0, | WPLT PULSE | (EBROM PULSE
BIT4 | LOWORHIGH | LOW OR HIGH)
0 9 CPU Clocks 4 CPU Clocks
1 18 CPU Clocks 8 CPU Clocks

2DFOh[3] - Select VGA Data Path Width

Bit 3 is used to select the data path width between
the Local Bus Interface Logic and the VGA core.
However, the data path cannot be set to 32-bits
wide except for packed pixel graphics modes.

0 = 16 Bits (Default)
1 = 32 Bits

CNF21 - Select 386/486 Local Bus Interface

0 = Local Bus Mode for 386 is selected. The
CPU clock is internally divided by 2 and
synchronized by the CPURESET signal.

1 = Local Bus Mode for 486 is selected. The
CPU clock is not divided or affected by
CPURESET.

WD90C33

CPUCLOCK:
CNF21

CNF[20:19] - Reserved

Configuration register Bits 20 and 19 are reserved
and should be set to 1.

10.3 LOCAL BUS INTERFACE OPERATION

The WDS0C33 controller provides a local bus
interface to connect directly to a 32-Bit VESA VL-
Bus, 32-Bit 486/386 CPU, or 16-Bit 386sx CPU.
The controller has a 32-Bit data interface and can
decode 34-Bit CPU addresses (A[30:2] and
BE[3:0]. Also, the controller supports 8-, 16-, and
32-Bit data transfers, provides byte alignment and
byte swapping internally.
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10.3.1 Local Bus Cycle Command Pulse
Width

The local bus interface internally generates 11O
and memory commands for the VGA logic. The
pulse width of these commands is programmable
by changing the number of CPU clocks used to
complete an operation. In general, a shorter com-
mand puise width will provide the best perfor-
mance. The actual command pulse width is
determined by the CPU clock speed and the
MCLK speed. The command pulse width (whether
active low or inactive high) should cover at least
two MCLK periods. Local bus interface register
2DF1h[5:0] can be used to adjust the command
pulse width (refer to Table 10-1).

10.3.2 Local Bus BIOS or External BIOS

When the Local Bus BIOS is selected (2DFOh[7] =
1), BIOS data goes through BD[7:0] to the local
data bus. If the video BIOS address range is
detected, EBROM goes_active for 4 to 8 CPU
clocks. The duration of EBROM is determined by
2DF0[4]. While in local bus mode, the WD90C33
will generate LDEV to the prevent system logic
from responding to a video BIOS cycle.

If the system RAM shadows the BIOS, the BIOS
should be connected on the system bus.

When an external BIOS is selected (2DFOh[7] =
0), the BIOS data goes through the system bus,
and the WD90C33 does not generate LDEV for
video BIOS cycles. It the video BIOS address
range is detected, EBROM goes active until the
valid address goes away.

10.3.3 Local Bus RAMDAC or External RAM-
DAC

When the local bus RAMDAC is selected
(2DFOh[6] =1), the VGA RAMDAC Is connected to
the BD[7:0] bus, and the WDS0C33 will generate
LDEV to the prevent system logic from respond-
ing to the RAMDAC cycle.

When the external RAMDAC Is selected
(2DF0h{6] =0), the RAMDAC Is connected on the
system bus with its own decoding logic, and a
second RAMDAC can still be connected on the
BD[7:0] bus. Writing to the RAMDAC will update
both RAMDACS, but only the system bus RAM-
DAC will respond to a read command.

With external RAMDAC selected, the WD90C33
does not generate LDEV for each RAMDAC
cycle, and the following conditions also occur:

® The system logic is expected to terminate cy-
cles; therefore, the WD90C33 will not gener-
ate READY for RAMDAC cycles.

* The WDS0C33 will generate RAMDAC cycles
on its BD[7:0] bus without returning a READY
to the CPU. The duration of a cycle is either 9
or 18 CPU clocks as selected by 2DFOh[4].

* The WD90C33 will not respond to RAMDAC
read cycles.

10.3.4 Dual Display

It a second display Is installed on the system bus,
the setting of register 2DF0h[1:0] indicates to the
WD90C33 whether the display adapter is a Mono-
chrome Display Adapter (MDA) or a Color Graph-
ics Adapter (CGA). This allows the WD90C33 to
let MDA or CGA cycles to pass through to the sys-
tem bus.

¢ |f an MDA is installed (2DFOh[1:0] = 10), the
LDEV signal is not generated for 1/O cycles to
ports 03B0h through 03BFh, except 03BCh
through 03BEh.

s [f an CGA s installed (2DFOh[1:0] = 11), the
LDEV signal is not generated for 1/0 cycles to
ports 03DOh through 03DFh.

When either type of video adapter card is
installed, it will be detected by the BIOS and set
register 2DFOh[1:0] to the proper value.
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11.0 HARDWARE CURSOR

11.1  INDEXED REGISTERS

The Hardware Cursor supports a user-defined]
pattern of up to 64 by 64 pixels, defined at 2 Bits
per pixel. The cursor pattern should be stored in a
non-visible part of display memory. The cursor
operates in all packed and planar VGA graphics
modas, as well as VGA text modes.

The Hardware Cursor is accessed at Port 23C2h/

23C3h when the register block pointer at Port

23C0h has been set to 02h. For additional infor-

mation on accessing indexed registers, refer to
Section 13.

11.1.1 Cursor Control Register,
index 0

The Cursor Control register controls operation of
the hardware cursor.

BIT FUNCTION
15:12 | 0000 (Index)

11 Cursor Enable

10:9 | Cursor Pattern Type

8 Cursor Plane Protection
7:5 Cursor Color Mode

INDEX | BITS NAME 4 Enhanced Hardware Cursor (24 Bits
o* 11:0 | Cursor Control per pixel)
1 11:0 | Cursor Pattern Address Low 3:0 | Reserved
2 11:0 | Cursor Pattern Address High NOTE
3 11:0 | Cursor Primary Color, Byte O A write to either the Cursor Enable or the
) - Cursor Pattern Type fields does not take
4 11:0 g:t;rrs?rsf’eriltmcagogolor. Byte 1 effect until the beginning of a video
frame following the next write to the Cur-
5 11:0 | Cursor Primary Color, Byte 2 sor Control Register. (In interlaced
(For 24-Bit Color) mode, it's the next video field.)
6 11:0 | Cursor Secondary Color, Bits [15:12] - Index O.
Byte 0 Bit 11 - Cursor enable.
7 11:0 | Cursor Secondary Color, 0 = Cursor is not displayed.
Byte 1 (For 16-Bit Color) 1 = Cursor is displayed.
8 | 11:0 | Cursor Secondary Color, Bits [10:9] - Cursor Pattern Type
Byte 2 (For 24-Bit Color) 00 = Cursor is 2 Bits per pixel, 32x32 pixels.
9 11:0 | Cursor Auxiliary Color 01 = Cursor is 2 Bits per pixel, 64x64 pixels.
Byte 0 ’ 10 = Reserved.
11 = Reserved.
A 11:0 | Cursor Auxiliary Co lor, Bit 8 - Cursor Plane Protection
Byte 1 (For 16-Bit Color) )
- - 0 = Cursor plane protection disabled.
B 11:0 [ Cursor Auxiliary Color, Byte 2 1 = Cursor plane protection enabled.
(For 24-Bit Color) ‘
C 11:0 | Cursor Origin
D 11:0 | Cursor Display Position X
E 11:0 | Cursor Display Position Y
F 11:0 | Register Block/Index
TABLE 11-1. HARDWARE CURSOR INDEXED
REGISTERS
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Bits [7:5] - Cursor Color Mode

NOTE
A write to either of the Cursor Pattern

BITS Address Registers or the Cursor Origin
Register does not take effect until the be-
71615 FUNCTION ginning of a video frame following the
0 | 0 | 0 | Software Compatible Cursor. next write to the Cursor Control Register.
0 [ 0 | 1 | Two-color Cursor with Inversion. f(::';r;terlaced mode, it's the next video
0 | 1 | O | Two-color Cursor with Special .
Inversion. 11.2.1 Cursor Pattern Address Low, Index 1
0 {1 ]| 1 | Three-color Cursor.
1| 0| 0| Reserved. BIT FUNCTION
110 | 1| Reserved. 15:12 { 0001 (Index)
111 [0 | Reserved. 11:0 | Cursor Pattern Address Bits 11:0.
1|1 | 1| Reserved. Bits 1 and 0 must be set to 0.
Bit 4 - Enhanced Hardware Cursor
(24 Bits per pixel) 11.2.2 Cursor Pattern Address High, Index 2

0 = Disable enhanced hardware cursor
1 = Enable enhanced hardware cursor (24 Bits
per pixel).
NOTE

The standard hardware cursor (16 Bits
per pixel) is enabled by Control Register
2 (Register Block 1, Index 1, Bits 11:10 =
10). Refer to Section 12 for additional in-
formation.

Bits [3:0]
Reserved.

112 CURSOR PATTERN ADDRESS

The two Cursor Pattern Address registers form a
21-Bit address, specifying the location in the dis-
play memory where the first byte of the cursor
pattern is stored. This value is independent of the
cursor origin. The cursor pattern may be stored
anywhere in the display memory but is generally
stored in a non-visible location.

Generally, this address represents the CPU
address at which the pattern begins, minus the
CPU address of the top-left corner of the screen,
in whichever current VGA mode is in use. Not all
addresses are valid in all modes. Refer to the
Section 11.6.1 on Cursor Address Mapping.

BIT FUNCTION
15:12 | 0010 (Index)
11:9 | Reserved
8:0 | Cursor Pattern Address Bits 20:12

113 CURSOR COLOR REGISTERS

The cursor color registers control the display of 2-
Bit per pixel cursor patterns.

The Cursor Primary Color, Cursor Secondary
Color and Cursor Auxiliary Color registers specify
eight-Bit, 16-Bit, or 24-Bit colors to be displayed
for different parts of the cursor pattern.

NOTE

Even in planar mode, in which pixels are
four Bits each, these colors are eight Bits
per pixel.

11.3.1 Cursor Primary Color, Byte 0, Index 3

BIT FUNCTION
15:12 | 0011 (Index)

11:8 | Reserved

7:0 | Cursor Primary Color, Byte 0
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11.3.2 Cursor Primary Color, Byte 1, Index 4

BIT FUNCTION

11.3.7 Cursor Auxiliary Color, Byte 0,
Index 9

15:12 | 0100 (Index)

BIT FUNCTION

11:8 | Reserved

15:12 | 1001 (Index)

7:0 | Cursor Primary Color, Byte 1
(For 16-Bit color.)

11:8 | Reserved

7.0 Cursor Auxiliary Color, Byte 0

11.3.3 Cursor Primary Color, Byte 2, Index 5

BIT FUNCTION

11.3.8 Cursor Auxiliary Color, Byte 1,
index A

15:12 | 0101 (Index)

BIT FUNCTION

11:8 | Reserved

15:12 | 1010 (Index)

7:0 | Cursor Primary Color, Byte 2
(For 24-Bit color.)

11:8 Reserved

11.3.4 Cursor Secondary Color, Byte 0,
Index 6

7:0 Cursor Auxiliary Color, Byte 1

(For 16-Bit color.)

BIT FUNCTION

11.3.9 Cursor Auxiliary Color, Byte 2,
Index B

15:12 | 0110 (index)

BIT FUNCTION

11:8 | Reserved

15:12 | 1011 (Index)

7:0 | Cursor Secondary Color, Byte 0

11:8 Reserved

11.3.5 Cursor Secondary Color, Byte 1,
index 7

7:0 Cursor Auxiliary Color, Byte 2

(For 24-Bit color.)

BIT FUNCTION

15:12 | 0111 (Index)

11:8 | Reserved

7:0 | Cursor Secondary Color, Byte 1
(For 16-Bit color.)

11.3.6 Cursor Secondary Color, Byte 2,
Index 8

BIT FUNCTION

114 CURSOR ORIGIN, INDEX C

The Cursor Origin register specifies the offset in
pixels from the top-left corner of the pattern which
will be displayed at the cursor display position.
This value Is often referred to as the cursor's “hot
spot”.
NOTE
For 32 by 32 cursor patterns each field is
restricted to the values 31:0.

15:12 | 1000 (Index)

BIT FUNCTION

11:8 | Reserved

15:12 | 1100 (Index)

7:0 | Cursor Secondary Color, Byte 2
(For 24-Bit color.)

11:6 | Cursor Origin Y (63-0)

5:0 | Cursor Origin X (63-0)

ﬁ ADVANCED INFORMATION 5/27/93 99



WD90C33

HARDWARE CURSOR

115 CURSOR DISPLAY POSITION

The Cursor Display Position X and Y registers
specify the location on the screen at which the
cursor origin is displayed. These values represent
a position in pixels, referenced to the top-left cor-
ner of the screen, regardiess of the display mode.

In text modes, the cursor position still represents
pixels not characters. The cursor can be dis-
played at any position on the screen, including
between characters.

NOTE

A write to either Cursor Display Position
X or Y register does not take effect until
the beginning of the next video frame. (in
interlaced mode, it's the next video field.)

11.5.1 Cursor Display Position X, Index D

BIT FUNCTION
15:12 | 1101 (Index)

11 Reserved

10:0 | Cursor Display Position X

11.5.2 Cursor Display Position Y, index E

BIT FUNCTION
15:12 | 1110 (index)
11:10 | Reserved

9:0 Cursor Display Position Y

11.6 REGISTER BLOCK INDEX, INDEX F

All register blocks have an Index Fh that can be
used to switch the block or index. Normally, to
change a register block or index requires the user
to write to /0 Port 23C0h with the values of the
register block or index desired. To speed up block
switching or to change the register index, index F
can be used instead.

BIT FUNCTION
15:12 | 1111 (Index)

11:8 | Register Index

7:0 | Register Block Pointer

11.7 CURSOR REGISTER UPDATES

When a new cursor pattern is selected, up to four
different registers must be updated. If a new video
frame were to begin before all registers were
updated, a single frame could be displayed with
incorrect cursor data. While the display would
recover within one video frame, the results would
be visually annoying. Therefore, the WDS0C33
holds off use of updated register data until all of
the associated registers have been updated.

Writing to either the Cursor Pattern Address regis-
ter or the Cursor Origin register does not take
effect until the beginning of a video frame follow-
ing the next write to the Cursor Control register.
Therefore, the Cursor Control register must be
written to after updating either of these registers,
aven if the data in the Cursor Control register is to
remain unchanged. However, reading any of
these registers always returns the data last writ-
ten to the register, whether or not such data has
already taken effect.

A write to either Cursor Display Position X or Y
register does not take effect until the beginning of
the next video frame. In interlaced mode, updates
occur at the beginning of the next video field.

11.7.1 Cursor Address Mapping

Cursor patterns are always stored in contiguous
locations in display memory, usually in a non-visi-
ble portion, and always across all four maps. The
definition of contiguous locations differs slightly by
mode, as defined in Tables 11-2, 3 and 4.

Each mode has restrictions on where a cursor
pattern may begin and how such a pattern must
be stored. The location where the currently
required cursor pattern is stored in display mem-
ory is loaded by the host into the Cursor Pattern
Address registers, as defined in Tables 11-2, 3,
and 4.

The Cursor Pattern Address registers point to the
doubleword starting region of the cursor pattern.
They are not byte addresses and consecutive
register values generally do not point to consecu-
tive memory bytes. However, the cursor pattern
must use all of the consecutive memory bytes (1K
or 256 bytes) assigned to it starting from the byte
pointed to.
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CPU CPU
ADDRESS | CURSOR PATTERN ADDRESS ADDRESS | CURSOR PATTERN ADDRESS
Bank O Bank 0
A0000' A0000! If pattern starts here. . .
Map 0 If pattern starts here... A00012 then next byte is here. . .
Map 12 then the next byte is here... A00022 then here. . .
Map 22 then here... A00032 then here. . .
Map 32 then here... A0004! and the fifth byte is here
A0001 4
Map 0’ and the fifth byte is here AFFEC 3FFF
Jl Bank 1
AFFFF A0000 4000
Map 0 FFFF I|!
Bank 1 Bank OF
A0000 U
MapO 110000 AFFFC® | 3FFFF (Theoretical maximum for
l 1K X 1K display memory.)
AFFFFS Refer to the previous notes.
J TABLE 11-3. PACKED MODES
Map 3 1FFFF (Theoretical maximum for CPU
1K X 1K display memory.) ADDRESS | CURSOR PATTERN ADDRESS
Refer to the following notes. Maps 0:1
TABLE 11-2. PLANAR MODES B88000' If pattern starts here. . .
B80012 then next byte is here. . .
NOTES FOR TABLES 11-2 THROUGH 11-4 Maps 23 n
1. These locations are usually visible. aps 2'
In practice, cursor pattern is usually 88000 then here. . .
stored in non-visible memory. B80012 then here. . .
2. Cursor pattern must start in map 0 Maps 0:1
but pattern Is stored on all maps. B8002! and the fifth byte is here
3. Some modes and/or boards may B8003
not support CPU addresses up to
this level. Since up to 1K U
consecutive locations are required BFFFE 3FFF
for the pattern, the pattern cannot BFFFF
actually start at the highest
locations. Refer to the previous notes.
4. Inmode 7, CPU addresses are TABLE 11-4. TEXT MODES

B0000-B7FFE.
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11.7.2 Two-Blit Cursor Pattern Format

The cursor pattern pointed to by the Cursor Pat-
tern Address registers for two-Bit cursor patterns
is stored in either 1K or 256 consecutive memory
byte locations. The cursor pattern data is stored

for 64 by 64 and 32 by 32 cursors as follows:

11.7.2.1 Cursor Pattern - 2-Bit,
64 x 64 Cursors

OFFSET!

MAP?

CURSOR PATTERN>*

0

0

AND plane, row 0, col 0-7

XOR plane, row 0, col 0-7

NOTES

1. Offset is relative to the value in the
Cursor Pattern Address register.

2. Inpacked mode, Map is selected by
the two low-order CPU address Bits.

3. Cursor pattern must start in map 0
but pattern is stored on all maps.

4. Within each byte, the high-order Bit
represents the left most column.

11.7.2.2 Cursor Pattern - 2-Bit,
32 x 32 Cursors

AND plane, row 0, col 8-15

OFFSET!

MAP2

CURSOR PATTERN3:¢

XOR plane, row 0, col 8-15

AND plane, row 0, col 16-23

XOR plane, row 0, col 16-23

AND plane, row 0, col 24-31

o]

0

AND plane, row 0, col 0-7

XOR plane, row 0, col 0-7

AND plane, row 0, col 8-15

XOR plans, row 0, col 8-15

XOR plane, row 0, col 24-31

AND plane, row 0, col 32-39

XOR plane, row 0, col 32-39

AND plane, row 0, col 40-47

AND plane, row 0, col 16-23

XOR plane, row 0, col 16-23

AND plane, row 0, col 24-31

XOR plane, row 0, col 24-31

XOR plane, row 0, col 40-47

AND plane, row 0, col 48-55

XOR plane, row 0, col 48-55

AND plane, row 0, col 56-63

AND plane, row 1, col 0-7

XOR plane, row 1, col 0-7

AND plane, row 1, col 8-15

XOR plane, row 1, col 8-15

XOR plane, row 0, col 56-63

AND plane, row 1, col 0-7

XOR plane, row 1, col 0-7

AND plane, row 1, col 8-15

AND plane, row 1, col 16-23

XOR plane, row 1, col 16-23

AND plane, row 1, col 24-31

wiv|wjlolold|alojw|md|wlofw v |-

XOR plane, row 1, col 24-31

WiN = oWV ]|= oW IMd|»JlOojWNd]|~rjo|w|N]|=

XOR plane, row 1, col 8-15

y

y

255

AND plane, row 63, col 48-55

XOR plane, row €3, col 48-55

N ]lo

AND plane, row 63, col 56-63

AND plane, row 31, col 16-23

XOR plane, row 31, col 16-23

N = lo

AND plane, row 31, col 24-31

3

XOR plane, row 31, col 24-31

3

XOR plane, row 63, col 56-63

Refer to the previous notes.

Refer to the following notes.
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11.7.3 Loading The Cursor Pattern

Loading a cursor pattern requires writing the pat-
tern to a non-visible portion of display memory,
then pointing to the pattern with the Cursor Pat-
tern Address registers (Index 1, 2). A cursor pat-
tern already in display memory can be selected
simply by loading these registers.

In some VGA modes, certain maps are not
defined but the physical RAM connected to those
maps appears at higher memory locations in the
maps that are defined. For instanca, the first byte
of map 2 may appear as the 64th Kbyte in map 0.
Therefore a cursor pattern that occupies contigu-
ous locations in one mode may appear frag-
mented in other modes. It Is the responsibility of
the software to track these fragments and assure
that no parnt of the pattern will be accidentally
overwritten.

11.7.4 Cursor Color Modes

A cursor may be displayed using any of four color
modes selected by the Cursor Color Mode field of

the Cursor Control Register (Index 0). Depending
on the color mode selected, each 2-Bit pixel of the
cursor pattern will be displayed against the back-
ground as described in Table 11-5.

The “special” color generates the exclusive-NOR
(XNOR,) of the background and the Auxiliary Color
Register (Index 9, A, or B). This retains the “differ-
ent from background” color property of inversion
while adding the ability to specify one preferred
“spacial inversion” from a background color to any
desired color.

To use this feature, the Cursor Color Mode fisld
must be set to “special”, and the Cursor Auxiliary
Color should be loaded with the exclusive NOR
(XNOR) of the background color to be translated
and the desired color to be displayed. When set in
this manner, any screen pixel of the former color
covered by an inverting cursor pattern pixel will be
‘inverted” into the auxiliary color.

CURSOR COLOR COLOR COLOR COLOR
PATTERN' MODE 0 MODE 1 MODE 2 MODE 3
00 All 0s Secondary Secondary Secondary
01 All 1s Primary Primary Primary
10 Transparent Transparent Transparent Transparent
11 Inverted Inverted Special2 Auxiliary
NOTES:
1. The high-order Bit of each 2-Bit pattern is the AND mask, and the low-order Bit is the
XOR mask.
2. The result Is Background XNORed with the auxiliary color.

TABLE 11-5. CURSOR COLOR MODES
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11.7.5 Compatibility Differences Between
Hardware And Software Cursor

Some cursor colors may display differently using
the hardware cursor than when using a software
cursor. This can happen in Planar Modes,
because a software cursor modifies memory data
that is then passed through the Attribute Control-
ler's Palette registers, while the hardware cursor
operates on data at the output of the Attribute
Controller's Palette registers. The following sec-
tion on Cursor Plane Protection explains how to
minimize these incompatibilities.

11.7.6 Cursor Plane Protection

In 256-color modes, a background pixel covered
by the cursor is either replaced by a specified 8-
Bit color or is inverted. For other modes, cursor
plane protection is available.

When the Cursor Plane Protection Bit of the Cur-
sor Control register is set, some Bits of the back-
ground are handled differently. In these cases the
two or four high-order Bits of the background are
replaced with the corresponding Bits of the Cursor
Auxiliary Color register (Index 9, A, or B).

When Bit 7 of the VGA Attribute Mode Control
register (Port 3COh/3C1h, Index 10h) is reset, cur-
sor plane protection applies to the two high-order
Bits of the background. When this Bit is set, pro-
tection applies to the four high-order Bits.

This feature is designed to provide as much flexi-
bility and compatibility with a software cursor as
possible, due to the processing done by the VGA
attribute controller.
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12.0 DRAWING ENGINE

The Drawing Engine (DE) supports accelerated INDEX | BITS NAME REF
data transfers between regions of display mem- 0 8:0 | Map Base Address 12.5
ory. A full complement of raster operations are (Linear Address Offset)
available. Color expansion and transparency, use- ] 11:0 | Row Pitch 12.3
ful '°f accelerating text modes as well as plane 7:0 | Foreground Color 12.6
masking, are supported. Byte 0
This same hardware can be used to accelerate 8 3 7:0 | Foreground Color 12.6
by 8 pattern filled rectangles, solid rectangles, line Byte 1 (For 16-Bit
drawing, and trapezoid fill using trapezoid fill strip. Color)
The Drawing Engine hardware supports text 4 7:0 | Background Color 12.6
modes and monochrome, 4-Bit and 8-Bit color Byte O
modes, as well as the 16-Bit color mode. 5 7:0 | Background Color 12.6
The Drawing Engine hardware uses two sets of Byte 1 (For 16-Bit
indexed registers, which are listed in Tables 12-1 Color)
and 12-2. The registers are accessed at 1/0 Port 6 7:0 | Transparency Color 1212
23C2h. For additional information on accessing Byte O
indexed registers, refer to Section 13, 7 7:0 | Transparency Color 12.12
. Byte 1
In the following tables, the REF column refers to -
the Section containing additional information. 8 7:0 g’atgsg)arency Mask 1212
INDEX | BITS NAME REF 9 7.0 | Transparency Mask 12.12
0 11:0 | Control Register 1 12.1 Byte 1 (For 16-Bit
1 11:0 | Control Register 2 12.1 Color)
2 11:0 | Source X 12.2 A 7:0 j Mask Byte O 12.7
3 11:0 | Source Y 12.2 B 7:0 ?:/I;Z}:)Bytﬂ (For 16-Bit | 12.7
4 11:0 | Destination X 12.2 c 11:0 | Reserved =
5 11:0 | Destination Y 12.2 D 11:0 | Reserved -
6 1 1:0 Dimension X 12.3 E 11:0 Reserved -
7 11:0 | Dimension Y 12.3 F 11:0 | Register Block Index 12.16
8 11:8 | Raster Operation 12.8 TABLE 12-2. DRAWING ENGINE REGISTERS,
9 | 11:0 [ Left Clip (X Position for | 12.4 I/O PORT 23C2h, (BLOCK 2 OF 2)
Clipping)
A 11:0 | Right Clip (X Position | 12.4 121 DRAWING ENGINE CONTROL
for Clipping) The Drawing Engine control uses two 16-Bit reg-
B 11:0 | Top Clip (Y Posttion for | 12.4 Isters. Control Register 1 is located at Index O,
Clipping) and Control Register 2 Is located at Index 1. Refer
C | 11:0 | Bottom Clip (Y Position | 12.4 | '© 12ble12-1.
for Clipping) 12.1.1 Drawing Engine Control Register 1,
D 11:0 | Reserved -- Index 0 ) i .
E 11:0 | Reserved — The functions of Control Register 1 are listed in
- - Table 12-3. Writing to Control Register 1 with any
F__| 11:0 | Register Block Index | 12.16 drawing mode other than a “No Operation” will

TABLE 12-1 DRAWING ENGINE REGISTERS,
VO PORT 23C2h, (BLOCK 1 OF 2)

start the Drawing Engine with the specified draw-
ing mode active.
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For the functions of Control Register 2, Refer to
Table 12-4.

BITS | LOGIC FUNCTION
15:12 | 0000 | Index O
119 - Drawing Modes
(Section 12.17)
000 No Operation
001 BITBLT
010 Line Strip
011 Trapezoidal Fill Strip
100 Bresenham Line
101 Reserved
110 Reserved
111 Reserved
8 - X Direction
Positive
1 Negative
7 - Y Direction
Positive
1 Negative
6 - Major
0 X Major
1 Y Major
5 -— Source Select
0 Screen Memory
1 Host 1/0 or Memory
4:3 -— Source Format
00 Color
01 Monochrome from Color
Comparators
10 Fixed Color (Rectangle
Fill, Line, Line Strip, and
Trapezoidal Fill)
1 Monochrome from Host
2 -— Pattern Enable
0 Pattern Not Used
1 Pattern Used As Source
1 -— Destination Select
0 Screen Memory
1 Host /0 or Memory
0 -— Last Pixel Off*
0 Last Pixel ON
1 Last Pixel OFF

* For Bresenham Line

TABLE 12-3 DRAWING ENGINE CONTROL
REGISTER 1

Bits 15:12 - Index 0.
Bits11:9 - Drawing Mode

These Bits control the Drawing Engine drawing
mode as listed in Table 12-3. For descriptions of
the drawing modes refer to Section 12.16.

Bits 8:6 - Direction

Bits 8 and 7 control the direction of movement in
the X and Y direction, respectively. Bit 6 controls
whether the major movement is in the X or Y
direction. Bit 6 is not used for BITBLT operations.
Refer to Table 12-3.

Bit 5 - Source Select

This Bit selects the source as either the screen
memory or the host CPU memory, which can be
either the host VO or system memory. Refer to
Table 12-3. This Bit is used only for BITBLT oper-
ations.

Bits 4:3 - Source Format

Bits 4 and 3 specify the format of the BITBLT
source. The four choices are listed in Table 12-3.

Bit 2 - Pattern Enable

Bit 2 controls pattern enable." With this Bit setto 1,
pattern is used as the BITBLT source. Refer to
Table 12-3. This Bit is used only for BITBLT oper-
ations.

Bit 1 - Destination Select

This Bit selects the destination as either the
screen memory or the host CPU memory, which
can be either the host I/O or system memory.
Refer to Table 12-3. This Bit is used only for BIT-
BLT operations.

Bit 0 - Last Pixel Off

This Bit is used to control the last pixel for Bresen-
ham lines.

12.1.2 Drawing Engine Control Register 2, In-
dex 1

The functions of Control Register 2 are listed in
Table 12-4.

For the functions of Control Register 1, Refer to
Table 12-3.
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BITS | LOGIC FUNCTION
15:12 | 0001 | Index 1
11:10 - Pixel Depth
00 4-Bits/Pixel (Planar)
01 8-Bits/Pixel (Packed)
10 16-Bits/Pixel (Packed)
11 Reserved
9 - Transparency Enable
0 Not Enabled
1 Enabled
8 - Transparency Polarity
0 Negative
1 Positive
7 -~ Monochrome Transparency
0 OFF
1 ON
6:5 - Reserved
11 Reserved Bits should be
setto 1
4 —~- Data Path FIFO Depth
0 4-Levels Deep
1 2-Levels Deep
3 —- HBLT thru Memory Port
0 Data thru I/0O Port
1 Data thru Memory/not I/1O
2:0 - HBLT Color Expand Data
Bits/Host Write*
000 Not Defined
001 Reserved
010 2 Bits/CPU Write
(16 Bits/Pixel only)
011 4 Bits/CPU Wirite
(8 or 16 Bits/Pixel only)
100 8 Bits/CPU Wirite
(4, 8, or 16 Bits/Pixel)
101 8 or 16 Bits/CPU Write
(4, 8, or 16 Bits/Pixel)
110 Reserved
111 Not Defined
* High density not available for some
MCLK Frequencies
TABLE 12-4. DRAWING ENGINE CONTROL
REGISTER 2

Bits 15:12 - Index 1.
Bits 11:10 - Pixel Depth

These Bits select the pixel depth. The available
addressing modes are 4-Bits per pixel in Planar
mode, and 8-Bits or 16-Bits per pixel in Packed
mode. Refer to Table 12-4.

Bits 9:7 - Transparency

These Bits are used to control the transparency
teatures. Bit 9 is used to enable transparency, Bit
8 controls the transparency polarity, and Bit 7 con-
trols transparency for monochrome mode opera-
tion. Refer to Table 12-4

Bit 6:5 - Reserved
Reserved Bits should be setto 1.
Bit 4 - Data Path FIFO Depth

This Bit selects the Data Path FIFO depth as
either four-levels deep or two-levels deep. Refer
to Table 12-4.

Bit 3 - Host BITBLT (HBLT) through Memory
Port

This Bit controls which memory port is used by
the host BITBLT. The data can be transferred
through memory (not 1/0) or through the l/O.
Refer to Table 12-4.

Bits 2:0 - HBLT Color Expanded Data
Bits/CPU Write

These Bits control the number of Bits used to
expand HBLT color for CPU writes. Refer to Table
124,

NOTE

High density is not available for some
MCLK frequencies.

122 SOURCE AND DESTINATION

The Source X and Source Y registers specify the
source address for BITBLT operations. The Desti-
nation X and Destination Y registers specify the
destination address. The X and Y fields of each
register pair are pointing to a screen memory
location. Refer to Table 12-1.

For BITBLT operations, the starting corner for
source and destination can be any of the four cor-
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ners as specified with the X Direction and Y Direc-
tion Bits of the Drawing Engine Control Register 1
as follows:

123 DIMENSIONS AND ROW PITCH

12.3.1 Dimension X, Index 6

BIT FUNCTION

15:12 | 0110 (Index)

11:0 | Dimension X *

*legal range is Oto 4K - 1

X Y STARTING
DIRECTION | DIRECTION CORNER

0 0 Top Left

0 1 Bottom Left

1 0 Top Right

1 1 Bottom Right

When the source and destination areas do not
overlap, a BITBLT operation can be started in any
corner. When these areas overlap, the corner and
direction must be selected to prevent parts of the
source area from being overwritten by the desti-
nation array before they are copied.

For pattern fill (BITBLT operation with pattern
enable Bit set), Source X and Source Y are used
to point to the starting focation of the pattern. Des-
tination X and Destination Y are always updated
after the operation is complete.

Source X, index 2

BIT FUNCTION

15:12 | 0010 (Index)

11:0 | Source X Position Bits 11:0

Source Y, Index 3

The Dimension X register is programmed with the
desired value minus one as follows:

¢ For BITBLT operations, this register specifies
the width of the rectangular reglon to be cop-
ied.

* For line strip and trapezoidal fill strip opera-
tions, this register specifies the length of the
strip.

* For Bresenham lines, this register specifies
the number of pixels to be drawn

* In Graphic Modes, this register value is ex-
pressed in pixals.

¢ In Text Modes, this register value Is expressed
in the number of characters multiplied by eight
(even though each character is stored using
only two bytes).

12.3.2 Dimension Y, index 7

BIT FUNCTION

BIT FUNCTION

15:12 | 0111 (Index)

15:12 | 0011 (Index)

11:0 | DimensionY *

11:0 | Source Y Position Bits 11:0

* legal range is 0 to 4K - 1

Destination X, Index 4

BIT FUNCTION

15:12 | 0100 (Index)

11:0 | Destination X Position Bits 11:0

Destination Y, Index 5

BIT FUNCTION

15:12 { 0101 (Index)

11:0 | Destination Y Position Bits 11:0

The Dimension Y register is programmed with the
desired value minus one as follows:

* For BITBLT operations, this register specifies
the height of the rectangular region to be cop-
ied.

* For line strip operations, this register is pro-
grammed with the number of line strips with
the same length.

* In Graphic Modes, this register value is the
height of the region in pixels.

* In Text Modes, this register value is the height
of the region in character rows.
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¢ The Dimension Y register is not used for
Bresenham line Trapezoid Fill Strip opera-
tions.

12.3.3 Row Pitch, Index 1

BIT FUNCTION
15:12 | 1000 (Index)

11:0 | Row Pitch *

* In Packed Mode the two low order Bits of this
field must be zero. In Planar Mode the three low
order Bits must be zero.

The Row Pitch register specifies the number of
pixels offset from any location in a given row to
the same location in the next row. This offset is in
the same units as the source and destination
fields to which it applies.

124  CLIPPING

A rectangle clipping function is supported (refer to
Table 12-1). The four clipping registers (left, right.
top, and bottom) define a rectangular area. Any
pixel inside and on the boundary of the rectangu-
lar area can be updated during a drawing opera-

125 ADDRESS MAPPING

The Source X and Y and the Destination X and Y
(refer to Table 12-1) are converted internally to lin-
ear addresses that point to pixel locations. The
linear address (LA) is defined as:

LA = (Y - ROWPITCH + X) « S + MAP BASE
ADDRESS « 4K

Where: S = 1/2 for 4 Bits per pixel
1 for 8 Bits per pixel
2 for 16 Bits per pixel

12.5.1

The Map base Address provides a linear address
offset from the start of display memory Each
increment of offset corresponds to a 4 Kbyte
increment in display memory. Refer to Table 12-2.

Map Base Address, Index 0

BIT FUNCTION

15:12 | 0000 (Index)

8:0 | Map Base Address

12.5.2 Monochrome and Planar Mode

tion. DISPLAY
Left Clip, Index 9 CPU LINEAR L%ECI:\%%YN
BIT FUNCTION ADDRESS | ADDRESS |  (ALL MAPS)
15:12 | 1001 (Index) A0000 0 Location 0, Bit 7
11:0 | Left Clip (X position for clipping) 1 Eg'c‘a’t'i‘::‘op'g‘i‘t')e
Right Clip, Index A U -
BIY FUNCTION A0001 7 Location 0, Bit 0
15:12 | 1010 (Index) (right most pixel)
11:0 | Right Clip (X position for clipping) 8 Location 1, Bit 7
Top Clip, Index B J
BIT FUNCTION AFFFF¢ 2M-1 lé‘_ocg%ion 512K-1,
t
15:12 | 1011 (Index) NOTES.

11:0 | Top Clip (Y position for clipping)

Bottom Clip, index C

BIT FUNCTION

15:12 | 1100 (Index)

1. Last location in a 2 MB system. Smaller
memory configurations have fewer dis-
play memory locations.

2. Not in the same memory page as A0001
above.

11:0 | Bottom Clip (Y position for clipping)
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12.5.3 Packed Modes 126 FOREGROUND AND BACKGROUND
LINEAR DISPLAY COLORS | |
(8-BIT/ MEMORY The Foreground and Background Color registers
CPU PIXEL) LOCATION specify 4-Bit, 8-Bit, or 16-Bit digital colors to be
ADDRESS | ADDRESS (ALL MAPS) used when expanding monochrome source
A0000 0 Map O, Location 0 areas. The foreground color can also be specified
(left most pixel) as the source of a BITBLT to produce a filled rect-
A0001 1 Map 1, Location 0 angle. Refer to Table 12-2.
A0002 2 Map 2, Location 0
A0003 3 Map 3, Location 0 Foreground Color, Byte 0, Index 2
(right most pixel) BIT FUNCTION
A0004 4 Map 0, Location1 15:12 | 0010 (Index)
‘(Ieft most pixal) 11:8 | Reserved
4 i 7.0 | Foreground Color*
A0007 7 N!ap 3 Locat'lon 1 *In Planar modes only Bits 3:0 are used to
(right most pixel) spedify a color.
y
AFFFFZ 2M-1 Map 3. Location Foreground Color, Byte 1, Index 3
512K-1" BIT FUNCTION
NOTES: 15:12 | 0011 (Index)
1. Last location }n a 2 MB system. Smal!er 11:8 | Reserved
memory configurations have fewer dis-
play memory locations. 7.0 | Foreground Color*
2. Not in the same memory page as A0007 *For 16-Bit color.
above.

The locations referred to in Sections 12.5.2 and
12.5.3 are the CPU address offset in bytes from
the top of the display memory for any given mode.
For example, where display memory starts at
CPU address A0000h, location 123h would corre-
spond to CPU address A0123h. Where display
memory is divided into pages, the location is cal-
culated as if all pages were consecutive. For
example, with display memory pages of 64
Kbytes, location 10123h would correspond to
CPU address A0123h in the second page of the
display memory.

When the source or destination.of a BITBLT oper-
ation is not a display memory location, the corre-
sponding pair of position registers are unused and
may contain any value, except that up to three of
the low-order Bits are still used to specify source
alignment of the data.

Background Color, Byte 0, index 4

BIT FUNCTION

15:12 | 0100 (Index)

11:8 | Reserved

7:0 | Background Color *

*In Planar modes only Bits 3:0 are used to
specify a color.

Background Color, Byte 1, Index 5
BIT FUNCTION
15:12 | 1001 (Index)
11:8 | Reserved
7:0 | Background Color *

*For 16-Bit color.
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12.7 MAP AND PLANE MASK
The Mask registers control both Map and Plane

Plane Mask, Packed Modes for 8-Bit
and 16-Bit Color

Masks used in drawing operations. Refer to Table BYTEO
12-2. BITS 7:0 PLANE MASK
The Mask Byte 0 specifies a 4-Bit mask that pre- XXXX XXX0 Plane 0 Disabled
vents data in the specified registers from being XXXX XXX1 Plane 0 Enabled
updated. This mask Is needed for BITBLT opera-
tions in all text modes to prevent font data from Y ¢
being overwritten in a character-attribute move OXXX XXXX Plane 7 Disabled
and vice versa, and VGA mode F. It can also be
used in VGA modes 4, 5 and 6 for partial hard- XXX XXXX Plane 7 Enabled
ware support. Additionally, it can be used in VGA
modes D, E, 10, 11 and 12 and extended Planar BYTE 1
modes as a Plane Mask if desired. BITS 7:0 PLANE MASK
The Mask Byte 0 and Byte 1 together specify an XXXX XXX0 Plane 8 Disabled
8-Bit or 16-Bit mask that prevents data in the XXXX XXX1 Plane 8 Enabled
specified planes from being updated. This is use- 1 M
ful in VGA Mode 13 and extended Packed modes
when Plane Masking is desired. OXXX XXXX Plane 15 Disabled
Mask Byte o’ Index A 1XXX XXXX Plane 15 Enabled
BIT FUNCTION Map Mask, Planar Mode
15:12 | 1010 (Index) BITS 3:0 MAP MASK
11:8 | Reserved XXX0 Map 0 Disabled .
7:0 | Map/Plane Mask* XXX1 Map 0 Enabled
* In Planar Modes only Bits 3:0 are used. I} U
BIT FUNCTION 1XXX .Map 3 Enabled

15:12 | 1011 (Index)

11:8 | Reserved

7:0 Plane Mask®

* For 16-Bit color.

128 RASTER OPERATIONS

The Raster Operations register specifies a bOit-]
wise logical operation to be performed on the
source and destination fields. This field is always
active and must be loaded with the appropriate
value even when a simple source copy is to be
performed. Refer to Table 12-1.

Raster Operations, index 8
BIT FUNCTION

15:12 | 1000 (Index)

11:8 | Raster Operation CODE
(abcd in Table 12-6)

7:0 Reserved
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All operations apply a source color, pattern or
area to a destination area. The result written to
the destination is a logical function of the source
and destination pixels for each location.

The Raster Operation code is defined as follows:

The Source (S) and Destination (D) form a 2-Bit
value. The Truth Table (Table 12-5) defines the
results of the two operands, Source and Destina-
tion, for the desired function.

The four 1-Bit results of the Truth Table for the
desired operation (expressed as a, b, ¢, and d)
form the Raster Operation code (abcd) used in
Table 12-6. The “a" is defined as the high-order Bit
of the code.

While the Raster Operation code represents a 2-
input operation, both inputs are not always rele-
vant in the operation. For example, codes 0011
(source copy) and 1100 (inverted source copy)
are Independent of the destination field.

Arithmetic operations are not supported.

s D RESULT

0 0 a

0 1 b

1 0 c

1 1 d

TABLE 12-5. RASTER OPERATION
TRUTH TABLE

abcd | FUNCTION | abcd | FUNCTION
0000 Zero 1000 NOR
0001 AND 1001 XNOR
0010 s°D 1010 Inv Dest
0011 Src 1011 S+D
0100 S*D 1100 Inv Src
0101 Dest 1101 S+D
0110 XOR 1110 NAND
0111 OR 1111 One

TABLE 12-6. RASTER OPERATION CODE

129 PATTERNS

The WDS0C33 has a special mode to accelerate
the copying of 8 by 8 source patterns. In this
mode, an 8 by 8 full-color or monochrome pattern
can be repetitively applied to a large destination
area in an efficient manner.

To perform a pattern copy, the host first writes the
8 by 8 pattern to display memory in a linear fash-
ion, usually to a non-visible location, depending
on the current addressing mode, as described in
Sections 12.5.2 and 12.5.3. The host then loads
the Source registers, with the location of the pixel
within the pattern corresponding to the top-left
corner of the destination region. The Pattern
Enable Bit (Control Register 1, Bit 2) must be set
to 1 to enables Patterns to be used as a sourcs.

To specify a monochrome pattern, the host must
write a color pattern in the current mode, planar or
packed, and then use the control registers to
specify a single plane of the source to be used.

12.9.1 Pattern Storage - Monochrome And
Planar Modes :

In planar mode, the 8 by 8 source pattern must be
stored in display memory in a 32-byte aligned
area. It is stored as 64 consecutive pixels, not as
a rectangular region. When performing the pattern
copy, however, the source address may point to
any pixel within the 64-pixel region. This pixel is
anchored to the top-left corner of the destination
region, and the pattern wraps to the right and
down from that point. This anchored point is
selected by Control Register 1, Bits 8 and 7, as
follows:

Bit8=X,Blt7=Y

DIRECTION ANCHOR
Xly WRAP POINT
0 | O | Right and Down Top Left
0 | 1 |Rightand Up Bottom Left
1 | 0 |Left and Down Top Right
1 1 | Left and up Bottom Right
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1210 MONOCHROME TO COLOR
ADDRESS | DISPLAY MEMORY CONTENTS EXPANSION

U When the source of a BITBLT operation is mono-
3 Anv dat chrome, each 0 in the source region is replaced
n' ny data with the specified background color, while each 1
n*ton+3 |Allmaps, top row of 8x8 pattern is replaced with the foreground color. All other
n+4 to n+7 | All maps, second row of 8x8 pat- processing options, including masks and raster
tern operations, remain active and operate on the

It expanded colors.
n+28 to} All maps, bottom row of 8x8 pat- When the source is specified as a fixed color, the
n+31 tern entire destination will be filled with the foreground
n+32to... [Anydata color, subject to masks, raster operations and

*n must be a multiple of 32

12.9.2 Pattern Storage - Packed Modes

In packed mode, the 8x8 source pattern must be
stored in display memory in a 64-byte aligned
area. ltis stored as 64 consecutive bytes, not as a
rectangular region. When performing the pattern
copy, the source address may point to any pixel
with the 64-pixel region. This pixel is anchored to
the top-left corner of the destination region, and
the pattern wraps to the right and down from that
point. The anchored point Is selected by Control

Register 1, Bits 8:7.

ADDRESS | DISPLAY MEMORY CONTENTS
]
n-1 Any data
n* Top row of 8x8 pattern (left most
pixel)
n+1 Top row of 8x8 pattern (second
pixel)
)
n+7 Top row of 8x8 pattern (right most
pixel)
n+8
U
n+63 Bottom row of 8x8 pattern (right
most pixel)
n+64 Any data

*n must be a multiple of 64

NOTE

For 16-Bits per pixel, the 8 by 8 source
pattern must be stored in display memo-
ry in a 128 byte aligned area.

destination transparency. Filled rectangles are
generated in this manner.

When a monochrome source is generated by the
color comparators, color destination transpar-
ency is generally not available since the transpar-
ency color registers are in use.

12.11 EXTRACTING MONOCHROME DATA

Monochrome data can be extracted from color
data read from display memory by the color com-
parators. Data extracted in this manner Is repli-
cated to each plane or map as if it had been read
from the memory.

Monochrome data can also be extracted from
host data when the BITBLT source is the /O port.
In this case, each 32-Bit word written to the VO
port is treated in the same manner as if it had
been read from display memory. Alternately, the
host may send monochrome data through the VO
port that does not require extraction (Refer to
Section 12.14).

To extract a single plane from a color source field,
the Transparency Color register should be loaded
with FFh (all ones), while the Transparency Mask
register should be loaded with a 0 in the map or
plane position to be extracted, and a 1 in all other
positions.

Monochrome data is usually extracted as a spe-
cific Bit of each 4-Bit, 8-Bit, or 16-Bit pixel. How-
ever, the color comparators can be used to extract
any color, or any maskable group of colors, into
the monochrome color 1, with all other colors
returning a monochrome 0.

When the Monochrome Transparency Bit is set to
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1(Control Register 2, Bit 7) the monochrome
source pixels of 0 do not modify the destination,
regardless of any selected raster operation. Refer
to Table 12-2.

The Transparency Enable and Polarity Bits (Con-
trol Register 2, Bits 9 and 8) have no effect on
monochrome data extraction.

12.12 COLOR TRANSPARENCY

Color transparency is the concept that a certain
color or range of colors in the source or destina-
tion field of a BITBLT operation are actually trans-
parent, with the rest being opaque. Transparent
source colors do not overwrite the background.
Opaque destination colors cannot be overwritten.
A common simplified form of source transparency
is the logical OR of source and destination, in
which a sourcs field of zero is effectively a trans-
parent color, since when ORed with the destina-
tion, it does not change.

Color destination transparency is supported by
the WDS0C33, in addition to the more limited
monochrome transparency describad elsewhere.

The Transparency Color registers specify a 4-Bit,
8-Bit, or 16-Bit color to be used as the transpar-
ency color. Refer to Table 12-2.

Transparency Color, Byte 0, Index 6

BIT FUNCTION
15:12 | 0110 (Index)

11:8 | Reserved

7:0 | Transparency Color *

* In Planar Modes only the four low-order Bits
are used.

Transparency Color, Byte 1, Index 7

BIT FUNCTION
15:12 | 0111 (Index)

11:8 | Reserved

7:0 | Transparency Color *

* For 16-Bit color.

The Transparency Mask registers specify a 4-Bit,
8-Bit, or 16-Bit mask to compare with the trans-
parency color. Refer to Table 12-2.

BITBLT Transparency Mask, Byte 0, Index 8

BIT FUNCTION
15:12 | 1000 (Index)

11:8 | Reserved

7:0 | Transparency Mask *

* In Pianar Modes only the four low-order Bits
are used.

Transparency Mask, Byte 0, Index 9

BIT FUNCTION
15:12 | 1001 (Index)

11:8 | Reserved

7:0 | Transparency Mask *

* For 16-Bit color.

The pixels of the destination are compared
against the Transparency Color under control of
the Transparency Mask. Each Bit of the Transpar-
ency Mask that is a 1 makes the corresponding
Bit of the Transparency Color a “don't care”.

The Transparency Enable Bit of the Control Reg-
ister 2 (Table 12-4) specifies whether Color Trans-
parency is enabled or disabled. The Transparency
Polarity Bit specifies whether pixels matching the
Transparency Color are considered transparent.
In this case, only destination pixels matching the
transparent color can be overwritten, or transpar-
ent, and only non-matching pixels can be over-
written.

12.13 FILLED RECTANGLES

Filled rectangles can be drawn very efficiently by
the hardware. A filled rectangle Is simply a BIT-
BLT operation with a source of a fixed color. To
draw a filled rectangle, the host sets the Source
Format field in Control Register 1 to “Fixed Color”
and the Foreground Color Registers, Index 2 and
3, (refer to Table 12-2) to the desired fill color. A
source X and Y are not required. All other options
are avalilable in a normal manner.
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12.14 HOST BIT BLOCK TRANSFER (HBLT)
HBLT has two major functions:

¢ Image Transfer
e Color Expand

Image Transfer:

HBLT Image Transfer is used to transter a Bitmap
from the host to the screen. The Bitmap can con-
tain all colors in a mode. HBLT transfers support
8-Bit, 16-Bit, or 32-Bit memory or VO access.

Color Expand:

When a Bitmap, such as a font, that needs only
one or two colors is transferred, the HBLT Color
Expand function provides faster transfers since
only one-Bit-per-pixel transfers are performed.
That one Bit is then expanded into two colors
(foreground and background) or one color (fore-
ground) and transparent. However, HBLT color
expand is limited to a maximum of 16-Bit transfers
because memory bandwidth would hold
IOCHRDY low too long for 32-Bit transfers. Fewer
Bits may be required for some situations.

For HBLT to transfer a Bitmap from the host to the
screen, set the Control Register 1"Source Select”
Bit to 1. Refer to Table 12-3.

12.14.1 HBLT Data Access

After starting a Bit-Block-Transfer (BITBLT) opera-
tion, the host writes lines of the Bitmap to the
Read-Back-Latch. This access can be done
through memory write or 1/0 write.

Memory access is normally faster due to shorter
AT bus cycles and freedom from the operating
system protection of 1/0 Port.

The selection of memory or /O access for HBLT
data is controlled through the Control Register 2
“HBLT Through Memory” Bit as follows:

0 = Screen memory normal (use I/O Port 23C4h
for data transfer).

1 = All screen memory is decoded for HBLT
image data

During HBLT through memory transfers, the desti-
nation address is set with the Destination X and
Destination Y registers. The transfer address is
used only to align byte and word transfers.

For memory writes (8-Bit, 16-Bit, or 32°-Bit), the
memory address depends upon register 3CFh
Index 6, Bits 3:2, the same as standard VGA. Bits
3:2 select address ranges as follows:

BIT
3 2 HOST ADDRESS RANGE
0 0 A000:0h - BFFF:Fh
0 1 A000:0h - AFFF:Fh
1 0 B000:0h - B7FF:Fh
1 1 B800:0h - BFFF:Fh
NOTE

Transfers of 32-Bits must be image
transfers only. Color expand accommo-
dates 16-Bit transfers maximum.

For IO transfers, HBLT data access occurs
through writes at address:

e 8-Bit1/0 accesses at addresses 23C4h,
23C5h, 23C6h*, and 23C7h" in sequence

® 16-Bit I/O access at addresses 23C4h and
23Céh* in sequence

e 32-Bit /O access at address 23C4h*

NOTE

The asterisk (*) indicates these must be
image transfers only.

12. 14.1.1 HBLT Writes

When data from the host is not available, the
Drawing Engine suspends the HBLT operation
until the data becomes available (DE_Busy
remains 1). If data comas from the host and the
Drawing Engine is not ready, the data is placed in
the Write buffer, If the Host Write buffer is full,
IOCHRDY is used to hold off the host.

12.14.2 Programming Sequence for HBLT

The sequence of programming for HBLT Bitmap
data transfers is given in the following steps:

1. Wait for the Command Buffer locations to
be available for parameters (For Command
Buffer description, refer to Section 13.)
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2. Enter set-up parameters including destina-
tion, width, height, FGC, BGC, etc.

3. Use CLI to disable host interrupts that could
cause conventional VGA access during an
HBLT data transfer.

Wirite Control Register 1.

5. Wait for Command Buffer Locations Avail-
able = 0000 (for all eight locations). This al-
lows the Control Register 1 write to reach
the Drawing Engine. A previous operation
may have the Drawing Engine busy, and
hold Control Register 1 in the command
buffer until the previous operation is com-
plete.

6. Transfer the image or Bit map to the
WDS0C33. This transfer can be done
through the 23C4h Register or memory.

Wait for Drawing Engine busy to equal 0.
8. Use STi to enable interrupts.

NOTES

1. Steps 3, 6, and 7 are required when
host interrupts that access VGA are
present in the system. These
interrupts could be from a network,
communications program, TSR
programs, keyboard, etc. Any
conventional VGA host access during
a HBLT operation will confuse HBLT.

2. This sequence can be used with the
command buffer enabled or disabled.

12.14.3 image Transfer

For Image Transfer every transfer of a line of host
data must end on a 32-Bit boundary. Pad Bits can
be added before and after the image to complete
32-Bit blocks. Any block contains data for one line
only. The least significant Bit (LSB) is displayed
on the left for X Direction = 0.

The 32-Bits of image data are accumulated in the
Read-Back-Latch. When the host transfers less
than 32-Bits in a write, address Bits 0 and 1 deter-
mine which bytes to write.

READ-BACK-LATCH
BYTE3 | BYTE2 |BYTE1 |BYTEO

Data Available triggers the Drawing Engme to
write data when either:

* X Direction is positive and Byte 31s loaded
(preferred)

¢ X Direction is negative and Byte 0 is loaded

For an example of an image transfer, consider the
following parameters:

1. Selectec Destination ; per pixel.

? X Direction is Positive.

3. Y Direction is Positive.

4. Source X is set to 1. This selects byte 1 of
the Read-Back-Latch for the left most pixel
of the destination.

5. Destination X is setto 1.

6. Destination Y is setto 2.

7. Dimension X is set to 4 (for 5 pixels).

8. X Direction is Negative and Byte O is
loaded

Then:
TRANSFER
ADDRESS | DATA FUNCTION
B800:0 84 | Before Pad (Optional)
B800:1 85 | First Pixel, First Line
B800:2 86 [Second Pixel, First Line
B8800:3 87 | Third Pixel, First Line
32-Bit Boundary
B800:4 88 | Fourth Pixel, First Line
B800:5 89 | Fifth Pixel, First Line
B800:6 8A | After Pad, (Required)
B800:7 88 | After Pad, (Required)
32-Bit Boundary
B800:8 8C |Before Pad, (Optional)
B800:9 8D | First Pixel, Second Line
B800:A 8E |Second Pixel, Second
Line
B800:B 8F | Third Pixel, Second Line
32-Bit Boundary
B8800.C 90 |Fourth Pixel, Second Line
B800O:D 91 | Fifth Pixel, Second Line
B800:E 92 | After Pad, (Required)
B80O:F 93 | After Pad, (Required)
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Screen
o [1 [2 |3 |4 |5 |6 |7 First Byte of Color Expand Data

HAIWIN|=|O

NOTES

1. Inthe figure above, pad bytes are
outside the destination area (white),
and do not appear on the screen.

2. Byte access is shown to clarify
pads. In practice, 32-Bit transfers
would be faster.

12.14.4 Color Expand Function

For the color expand function, lines of the bitmap
are transferred directly. Pad Bits are required only
to the next 8-Bit boundary. Any write contains
data for one line only. The most significant Bit
(MSB) is displayed on the left when X Direction =
0.

For 8-Bits per CPU write, set Control Register 2,
Bits 2:0 to 101b. Then, use a byte move instruc-
tion such as MOVSB. This works around a prob-
lem with odd addresses.

Planar mode HOSTBLIT color expand works for
all Source X from O trough 7.

Packed mode HOSTBLIT color expand works for
all Source X from 0 trough 3. When Source X is
greater than 3, it wraps around the 8-bit register
{23C4h or memory) as follows:

716|514 (3]12]|]1(0

l—Source X=3,7 11, ..
——Source X = 2, 6, 10, ...
——Source X=1,5,9, ...
L—Source X =0, 4,8, ...

Destination
In. 16-bits per pixel mode, HOSTBLIT color

t~pand works for Source X = 0 and 1 only. When
Source X is greater than 1, it wraps around the 8-
bit register (23C4h or memory) as follows:

First Byte of Color Expand Data
7|16|5(4]1312]|1]| 0

I———Source X=1,35,709,..
L—SourceX=0,24,6,8, ...

For an example of the color expand function, con-
sider the following parameters:

1. X Direction is Positive.

Y Direction is Positive.

Monochrome Transparency is set to 0.
Source X is setto 0.

Destination X is set to 1.

o o s

Destination Y is set to 2.
7. Dimension X is set to 4 (for 5 pixels).
Then:

TRANSFER

ADDRESS DATA
B800:0 1000 1000*
B800:1 11100111°

*Bits 2:0 are ignored
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Screen NOTE
olil2l3lalslel7 In the figure above, pad Bits are outside
the destination area (white), and do not

appear on the screen.
When a slow MCLK is used, there is less time

available for memory access. This limits the num-

ber of color expand Bits that can be written to
memory while using CHRDY to hold off subse-

dlOIM|=]O

quent writes. Generally, the modes listed in Table

12-7 should use less than 16-Bits per host write
operation.

tg = foreground

bg = background
MAXIMUM
VERTICAL MAXIMUM | BITS PER
McLK! | veLk? BITS/ | XRES REF | VCLK/| CHRD HOST
(MHz) | (MHz) | ROP® | PIXEL | (PIXELS) (Hz) PIXEL | (nsec) WRITE®
44.9 51 ds 16 640 60 2 1.44 8
44.9 65 s 16 640 70 2 1.61 8
44.9 65 ds 16 640 70 2 1.61 4
44.9 65 ds 8 1024 60 1 1.61 8
44.9 75 s 8 1024 70 1 2.16 8
44.9 75 ds 8 1024 70 1 2.16 4
50 65 ds 16 640 70 2 1.83 8
50 75 ds 8 1024 70 1 1.60 8

NOTES:

The MCLK rate is related to the speed of the DRAMs used and is usually set by the board
manufacturer.

The VCLK rate is determined by the current display mode. For an external clock generator,
the VCLK rate is set with PR32 (3CSh, Index 12, Bit 2) write only, and Miscellaneous Output
Register (Write 3C2h, Read 3CCh, Bits 3:2).

ROP = s includes single operation ROPs 0, 3, 5, A, C, and F.
ROP = ds includes destination and source ROPs 1, 2,4, 6,7, 8,9, B, D, and E.

More Bits per write can be used if software guarantees enough time between writes to aliow
the VGA to write memory. The time necessary can be computed from:
walit = Bits_written * Max CHRDY*/ Max_Bits/Host Write®

Where: “wait” is the time in microseconds between host writes.
“Bits_written is the desired number of Bits per host write.

TABLE 12-7. COLOR EXPAND LIMITED MODES
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12.15 DRAWING MODES

The WD90C33 supports four drawing modes. The
drawing modes are selected by Control Register
1, Bits 11:9 (refer to Table 12-3).

The drawing modes are:

e BITBLT

e Line Strip

¢ Trapezoidal Fill Strip
¢ Bresenham Line

12.15.1 Line Strip

The Line Strip drawing mode Is supported to sat-
" isfy the need for a line draw algorithm other than
Bresenham lines. The Bresenham Line drawing
mode is described in Section 12.15.3.

Line strip provides flexibility in selecting the pixel
to be drawn. Depending on the setting of the
Major Bit (Control Register 1, Bit 6), Line Strip will
draw a horizontal or vertical strip.

When Control Register 1, Bits 11:9 are set to 010,
Line Strip is selected and the hardware will draw
one strip with the length specified in Dimension X.
At the end of the strip, if the X Direction Bit (Bit 8)
is set to 0, the hardware increments Destination X
by 1. If the X Direction Bit is set to 1, the hardware
decrements Destination X by 1.

The same operation is done to Destination Y
depending on Y Direction Bit (Bit 7), and the
above operations are then repeated as specified
in Dimension Y

The user may write to Dimension X with a new
value, and the hardware will again draw strips
with the new length. Dimension Y may be
changed also, but it has to be changed before
writing to Dimension X. When the drawing mode
is set to line strips, writing to Dimension X will
start the hardware to draw.

The Line Strip operation may be repeated as
many times as required. However, following the
last operation, Control Register 1, Bits 11:9 must
be set to 000 (No Operation). This ensures that

subsequent writes to Dimension X will not start a
Drawing Mode operation.

The following example draws a line from (5, 3) to
(20, 8) and the pixels to be drawn are:

11111111112
X= 5678901234567890

Y=3000
4 00O

@ N O 0!
[]
[o]
[o]

For this example, the registers are programmed in
the following sequence.

VO Port 23C2h Setup
Destination X = 5
Destination Y = 3
Dimension Y = 1 (2 minus 1)
Dimension X = 2 {3 minus 1)

Control Register 1, Index 0, Line Strip Setup

BIT | runction | Y99 | NoTES
S C
11: | Drawing 010 Line Strip
Mode )
X Direction 0 Positive (To
the Right)
7 Y Direction 0 Positive
(Downward)
6 | Major 0 X Major
(Horizontal
Strip)
4:3 | Source For- 10 Fixed Color
mat
- Other Bits 0
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/O Port 23C2h Writes
Dimension Y = 0 (1 minus 1)
Dimension X = 1 (2 minus 1)
Dimension Y = 1 (2 minus 1)
Dimension X = 2 (3 minus 1)
Dimension Y = 0 (1 minus 1)
Dimension X = 1 (2 minus 1)

During Line Strip writes, if the Command Buffer is
disabled, the writes to Dimension X and Dimen-
sion Y must wait until the Drawing Engine is not
busy. If the Command Buffer is enabled, the buffer
should be checked to ensure that enough loca-
tions are available. For Command Butfer opera-
tion refer to Section 13.

Control Register 1, index 0, No Operation

BIT | runcnon | L% | NoTES
S (o]
11: | Drawing 000 No Opera-
9 Mode tion
8 | X Direction o] Positive (To
the Right)
7 Y Direction 0 Positive
(Downward)
6 Major 0 X Major
(Horizontal
Strip)
4:3 | Source For- 10 Fixed Color
mat
- Other Bits 0

This operation prevents subsequent writes to
Dimension X from starting a drawing operation.

12.15.2 Trapezoid Fill Strip

The Trapezoid Fill Strip drawing mode is sup-
ported to quickly fill arBitrary shaped objects.
Operation is similar to Line Strip except that Trap-
ezoid Fill Strip does not use Dimension Y as a
count number and it does horizontal strips only.

Following the last Trapezoid Fill Strip operation,
Control Register 1, Bits 11:9 must be set to 000

(No Operation). This ensures that subsequent
writes to Dimension X will not start a Drawing
Mode operation.

The following example can be used to fill a sym-
bol.

11111
X= 234567

-
-

122222222
901234567

[« -]

Y=20000
3 oo

6 o]
7 o000 000000O0O0CO
B8000C000OD0OD0D000O

O 0 0 0O O

For this example, the registers are programmed in
the following sequence.

I/0 Port 23C2h Setup
Destination X = 12
Destination Y = 2
Dimension X = 4 (5 minus 1)

Contrdl Register 1, Index 0,
Trapezold Fill Strip Setup

% | Funcrion | Y98 | NotEs
11: | Drawing 011 Trapezoid
Mode Fill Strip
X Direction 0 Positive (To
the Right)
7 | Y Direction 0 Positive
(Downward)
6 Maijor 0 X Major
(Horizontal
Strip)
4:3 | Source For- 10 Fixed Color
mat
- Other Bits 0 --
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VO Port 23C2h Writes

Destination X = 14

Dimension X = 4 (5 minus 1)
Destination X = 16

Dimension X = 3 (4 minus 1)
Destination X = 16

Dimension X = 3 (4 minus 1)
Destination X = 15

Dimension X = 3 (4 minus 1)
Destination X = 13

Dimension X= 14 (15 minus 1)
Destination X = 12

Dimension X = 11 (12 minus 1)

During Trapezoid Fill Strip writes, if the Command
Buffer is disabled, the writes to Destination X and
Dimension X must wait until the Drawing Engine
is not busy. If the Command Buffer is enabled, the
butfer should be checked to ensure that enough
locations are available. For Command Buffer
operation refer to Section 13.

VO Port 23C2h, Index 0, Control Register 1,
No Operation

12.15.3 Bresenham Line

The WDS0C33 supports line drawing using the
Bresenham algorithm. In addition to the Drawing
Engine registers, three other Direct VO Port regis-

ters need to be programmed.

vo REGISTER

PORT NAME FUNCTION

23Cs8h | K1 Bresenham Con-
stant 1

23CAh | K2 Bresanham Con-
stant 2

23CCh | ET Bresenham Error
Term

BIT | runcion | Y99 | NoTES
S C
11: | Drawing 000 No Opera-
9 Mode tion
8 X Direction 0 Positive (To
the Right)
7 Y Direction 0 Positive
(Downward)
6 | Major 0 | XMajor
{Horizontal
Strip)
4:3 | Source For- 10 Fixed Color
mat
- Other Bits 0

This operation prevents subsequent writes to
Dimension X from starting a Drawing Mode oper-
ation. .

For an example, the registers are programmed as

follows:

VO Port 23C2h, Index 4 through 7 Setup
Destination X = xs
Destination Y = ys
Dimension X = max

Bresenham Values
K1 =2 * min
K2 = 2 * (min - max)
ET = (2 * min) - max -1 if xs > xe
ET = (2 * min) - max if xs < xe

Legend for Bresenham Line Register Values
xs = X coordinate of the starting point
ys = Y coordinate of the starting point
xe = X coordinate of the ending point
ye = Y coordinate of the ending point
delta x = abs (xs - xe)
deltay = abs (ys - ye)
min = min (delta x, delta y)
max = max (delta x, delta y)
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/0 Port 23C2h, Index 0, Control Register 1,
Bresenham Line

12.16 REGISTER BLOCK INDEX, INDEX Fh
All register blocks have an Index Fh that can be

BITS NAME LOGIC NOTES used to switch the block or index. Normally, to
- change a register block or index requires the user
119 a;ad‘”‘“g 100 |BresenhamLine | '\t 1o 1O Port 23C0h with the values of the
e register block or index desired. To speed up block
8 | X Direction 0 If xs is < xe switching or to change the register index, Index F
X Direction is can be used instead.
Positive
1 |Fxs>xe BIT FUNCTION
X Direction is
Nggaﬁve 15:12 | 1111 (lndGX)
7 |Y Direction 0 |Kysis<ye 11:8 | Register Index
Y Direction is 7:0 | Register Block Pointer
Positive
1 fys>ye
Y Direction is
Negative
6 | Major 0 if
delta x 2 deltay
(X Major)
1 if
deltax <deltay
(Y Major)
5 |Source 0 Screen Memory
Select
4:3 | Source For- 10 Fixed Color
mat
2 |Pattern 0 Not Used
Enable
1 | Destination 0 Screen Memory
Select
0 |Last Pixel 0 Pixel ON
Ot 1 |Pixel OFF
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13.0 EXTENDED REGISTER ACCESS

All of the WD90C33 enhanced functions are con-
trolied by one or more extended registers, most of
which are above and beyond standard VGA regis-
ters.

Enhanced functions are controlled by indexed
register blocks. Each indexed register block can
contain up to sixteen 12-Bit indexed registers.
The 4-Bit register index is written, along with the
12-Bit data field, to form a 16-Bit word.

Access 1o VGA-type registers is described in Sec-
tion 5. This section only describes the access to
indexed register blocks.

13.1  ACCESSING INDEXED REGISTERS

To write to one or more indexed registers within
any register block, that register block must first be
selectad by loading its address into the Register
Block Pointer field of the Index Control register.
This causes the selected register block to appear
at the Register Access pont.

A 16-Bit word is then written to the Register
Access port. The four high-order Bits specify the
Index of the individual register being written, while
the 12 low-order Bits are the data to be written.
Additional registers within the same register block
may then be written without re-selecting that reg-
ister biock.

To read one or more indexed registers within a
register block, the address of that register block is
written to the Register Block Pointer Field, Bits 7:0
of the Index Control Register at Port 23C0h and
the desired starting register to be read within the
block is written to the Register Index Field, Bits
11:8 of this register. Both fields are set with the
same 16-Bit write. This causes the selected regis-
ter to appear at the Register Access Port located
at 23C2h.

A 16-Bit word Is then read from the Register
Access Port. When reading an indexed register,
the value returned contains the index of the regis-
ter in the four high-order Bits.

if the Auto-Increment Disable Bit in the index
Control register is reset, consecutive reads to the
Register Access Port will return consecutively
indexed registers within the same register block.
Registers are read in ascending order through
register F (the 16th register in the block), followed
by register 0 and cycling indefinitely as long as
reads continue. Addressing a non-existent regis-
ter results in zeros being returned in the 12-Bit
data field.

If the Auto-Increment Disable Bit is set, consecu-
tive reads return the same indexed register.

vo
PORT | BITS NAME
23Co —- | Index Control
15:14 Reserved

13 Invalid Register Block (RO)

12 Auto-increment Disable [

11:8 Register Index

7:0 Register Block Pointer
23C2 | 15:0 | Register Access Port
23C4 | 15:0 | Host Bit Block Transfer (HBLT)

Port 0
23C6 | 15:0 | Host Bit Block Transfer (HBLT)
Port 1
23C8 | 13:0 | K1 (Line Draw Constant 1)
23CA | 13:0 | K2 (Line Draw Constant 2)
23CC | 13:0 | ET (Line Draw Error Term)
23CE | 10:0 | Command Buffer and Interrupt
TABLE 13-1. DIRECT I/O PORT ADDRESS-
ING
13.2 INDEX CONTROL REGISTER
PORT 23C0h

Except for Bit 13 which is a read only, the Index
Control register is a read/write register which con-
trols reads and writes to indexed registers blocks.
Refer to Table 13-1.

Bits [15:14]
Reserved
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Bit 13 - Invalid Register Block (Read Only).
0 = Currently addressed register block exists on
this device.
1 = Currently addressed register block does not
exist on this device.
Bit 12 - Auto-increment Disable.
0 = Consecutive reads return consecutive
indexed registers.
1 = Consecutive reads return the same indexed
register.
Bits [11:8] - Register Index

The index of the desired starting register 1o be
read within a block is written to these Bits. When
read, these Bits return the index of the next regis-
ter to be read.

Bits [7:0] - Register Block Pointer

To read one or more indexed registers within a
register block, the address of that register block is
written to this field.

REGISTER ACCESS
POINTER PORT ACCESSES
00 System Control Registers
01 Drawing Engine Register
02 Hardware Cursor Registers
03 Drawing Engine Register

BITS FUNCTION

15:12 | 0000 (Index)

11 Interrupt 10 Active

? ?

8 interrupt 7 Active

7 High when at least one of interrupts 10
through 7 is active.

6 Interrupt 6 Active

? ?

1 Interrupt 1 Active

0 Any Interrupt is Active

13.3.1 Global Interrupt Map

TABLE 13-2. REGISTER BLOCK MAP

13.3 INTERRUPT STATUS REGISTER,
SYSTEM CONTROL REGISTERS

BLOCK - INDEX 0

Interrupt status Information is provided by the
Interrupt Status register in the System Control
Register block. This register returns information
as to which part of the WD90C33 caused an inter-
rupt.

Reading this register does not reset any inter-
rupts. Resetting of each interrupt is handled inde-
pendently.

Unassigned interrupts are returned as zeroes.

INTERRUPT MEANING
1 VGA interrupt
2 BITBLT interrupt
134 COMMAND BUFFER AND INTERRUPT
CONTROL REGISTER
Address 23CE/23CFh
BITS | LOGIC FUNCTION
15:11 - Reserved
10 - Vertical Retrace Interrupt
Status (Read Only: Same as
3C2h, Bit7
0 Interrupt Cleared
1 Interrupt Pending
9 - DE* Not Busy Interrupt Sta-
tus (Read Only)
(] Interrupt Cleared
1 Interrupt Pending
8 - DE* Not Busy Interrupt Clear
(Read/Write)
0 Clear DE Not Busy
Interrupt
1 Arm for Next DE Not Busy
Interrupt

TABLE 13-3. COMMAND BUFFER AND
INTERRUPT CONTROL REGISTER
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BITS | LOGIC FUNCTION
7 ~-- DE’* Busy (w/dynamic Read)
0 Operation from DE
(Read) Finished
1 Operation from DE in
(Read) Progress
0 (Write) No Effect
1 (Write) Abort DE and Dump
Command Buftfer
6 —-- | Command Buffer Overflow
(Diagnostic Read Only)
0 Normal Operation
1 Command Buffer
Overflow Occurred Since
Last Enable
5 -- Command Buffer Enable
{Read/Write)
0 Command Butter
Disabled
1 Command Buffer Enabled
4 - Reserved
3:0 —-- | Command Buffer Locations
Available (Read Only)
0000 Empty 8 Locations
Available
0001 7 Locations Available
0010 6 Locations Available
0011 5 Locations Available
0100 4 Locations Available
0101 3 Locations Available
0110 2 Locations Available
0111 1 Locations Available
1000 Full: No Locations
Avallable

* DE refers to Drawing Engine.

TABLE 13-3. COMMAND BUFFER AND
INTERRUPT CONTROL REGISTER

13.4.1 Command Butfer Description

The Command Buffer (I/O Port Register 23CEh)
Is a First-In First-Out (FIFO) butfer that can hold
up to eight Drawing Engine register writes. When
the Drawing Engine is busy, the Command Buffer
aliows the Host to continue sending commands
instead of waiting until the Drawing Engine s fin-
ished. When the Drawing Engine completes a
current operation, the contents of the Command
Buffer are loaded into the Drawing Engine on a
first-In first-out basis until the Command Buffer is
empty or another command begins.

The Command Buffer stores only Drawing Engine
writes. The Hardware Cursor and standard VGA
writes do not go through the Command Buffer.

Buffered registers include:

e 23C2h Biock 1 Index 0 through E

23C2h Block 3 Index 0 through E

23C8h

23CAh

e 23CCh

Registers 23C0h or 23C2h Index F set the block
and index. These registers are buffered as part of

the address for each write. Therefore, these regis-
ters do not use Command Butfer locations.

13.4.2 Command Buffer Operation

The Command Buffer is enabled by setting VO
Port Register 23CEh, Bit S to 1. It should be left in
the enabled state at all times.

Some operations can take the Drawing Engine a
long time to execute, so the software should
check the Command Buffer Locations Available
Bits before writing commands (refer to Table 13-
3). The software should poll the Locations Avail-
able Bits until there are enough locations to hold
the Drawing. Engine writes.

If the Command Buffer is written to when it is full,
the information usually is not stored and the over-
flow Bit (23CEh, Bit 6) is set to 1. This Bit can be
read to determine the Command Buffer status,
and is cleared by disabling the Command Buffer
(23CEh, Bit 5 is set to 0).
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When the Command Buffer is disabled, the Loca-
tions Available Bits follow the Drawing Engine
Busy, and can be polied to determine if a write
operation can be performed. Then, if the Buffered
registers are written to, the Locations Available
status indicates empty (0000) until the Drawing
Engine operation starts. The status then snaps to
full (1000). When the Drawing Engine finishes its
operation, the Command Buffer Locations Avail-
able status returns to empty and another write
operation can be performed.

The following program provides an example of
Command Bufter initialization and use.

Initialization

OUT 23CEh,0020h ; enable command
; bufter

Poll For Command Using Three Writes

loop: IN ax,23CEh

AND ax,000Fh ; locations

; available mask

CMP ax,5 ; locations needed
15=(8-3

JG loop ; buffer full keep
; polling

OUT 23C2h,6003h ; new Dimension X
OUT 23C2h,7002h ; new Dimension Y

OUT 23C2h,0200h ; new BITBLT
; command

RET ; on to next task
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14.0 APPLICATION AND PROGRAMMING NOTES

14.1  BITBLT IN VGA MODES 4, 5, AND 6

VGA modes 4, 5 and 6 are partially supported by
the WD90C33. Since these modes are not com-
monly used in Windows, the additional hardware
required to support the even/odd scan line offset
technique employed in these modes is not sup-
ported.

However, a BITBLT operation in these VGA
modaes can often be broken up into two or three
BLT operations, each of which operates on a con-
tiguous area of memory.

When the vertical offset between source and des-
tination is an even number of rows, the desired
operation can be broken into two BITBLTs, one for
the even rows and one for the odd rows. This
requires careful consideration of the register
parameters, especially the BITBLT Dimension Y
register.

Where the offset is an odd number of rows, it may
still be possible to break up the operation into only
two BITBLTs, provided there is no overlap
between the source and destination regions. This
is because information is being swapped between
the even and odd scan line regions.

Where source and destination do overlap, it may
be possible to use a scratch space in off-screen
memory and break up the operation into three
BITBLTs.

Another possibility is to break up a BITBLT into a
series of one-line high operations that can be
referred to as Line-BITBLTS. In this manner, a
BITBLT may be simulated by the driver as a
series of Line-BITBLTs.

142  BITBLT OPERATIONS IN TEXT MODE

BITBLT acceleration is available in VGA Text
Modes. Text Mode BITBLTs generally consist of
moving only character and attribute data (in maps
0 and 1), while leaving the font data (in maps 2
and 3) alone. The BITBLT mask Is set to prevent
update to those maps. For this reason, Planar

(not Packed) Mode must be used. Similarly, the
BITBLT mask can be set to move only character
data, or only font data.

Each display memory location consists of four
bytes: one character, one attribute and two font
plane bytes that are not part of the character but
happen to fall in the same location as the charac-
ter, but on maps 2 and 3. In planar mode, this is a
space of eight pixels. Therefore, the source and
destination of a character BLT must be multiples
of eight. The X dimension is the number of char-
acter columns to be copied times eight but the Y
dimension is simply the X number of character
rows (not multiplied). The row pitch is set to the
number of characters per row times eight.

143 USE OF BITBLT FOR ARBITRARY
SIZED PATTERNS

While the BITBLT hardware spaecifically acceler-
ates 8 by 8 patterns, patterns of arBitrary size can
be accelerated by use of the BITBLT, although to
a lesser degree.

To copy an arBitrary size pattern to a destination
region, the pattern should be stored in non-visible
memory as a rectangular region, not a linear strip.
With destination update enabled, one copy of the
pattern should be BITBLTed to the top-left corner
of the destination. The BITBLT source is then set
to point to the pattern now in the destination
region.

A series of BITBLTs are then performed, each
doubling the width of the patterned area, simply
by adjusting the X Dimensions register. (The last
of this series of BITBLTs just fill out the destination
region.)

A new series of BITBLTs is than performed, taking
the horizontally complete pattern and doubling it
in height each time. The destination update
should be turned off, and the destination must be
set for each new BITBLT. The final BITBLT will
probably not be a double of the previous one
since it just fills out the region.
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144 USE OF PATTERNS IN TEXT MODE

Patterns may be in text mode to quickly set char-
acter and/or attribute bytes in a rectangular area
to a common value. A pattern space must be cre-
ated containing eight consecutive copies of the
four-byte area consisting of the character, the
attribute and two Font Map bytes, all aligned to a
64-pixel boundary. The BITBLT map mask is then
used to protect the font maps. This pattern should
be created in off-screen memory.

It an off-screen pattern space is not available, one
may be created on screen by loading an aligned
group of eight character/attribute pairs within the
destination area, then pointing to that as the pat-
tern source.

If the first character of the destination space hap-
pens to be on an 8-byte boundary (such as the
conventional top of screen) then, as long as the
destination is at least eight characters wide, only
the first character/attribute pair must be loaded,
and the BITBLT operation creates its own pattern
as it goes along. This also works if the destination
is less than eight characters wide, but is still wider
than it is high.

If this is not possible, then the operation can be
performed one character row at a time, loading

the first character of each row to be used as a
on-screen pattern. .

Filled rectangles have a very limited application in
text mode, but could be used to clear out a sec-
tion of a font map or to set a section of a character
or attribute map to all zeroes or all ones. Different
values are not easily set in this manner because,
in order to protect the font maps, planar mode,
rather than packed mode, must be used.

145 LIMITED 24-BIT COLOR SUPPORT

Acceleration for 24-bit color is possible for BIT-
BLT: howevaer, it is not supported by hardware. In
24-Bit color mode, the hardware is programmed
like 8-bit color. The Source X, Destination X,
Dimension X, Left Clip, Right Clip, and Row Pitch
are multiplied by 3. Transparency and Bit Plane
Masking are not supported.

Other drawing functions such as Bresenham line,
Line Strip, Trapezoid Fill Strip, Pattern Fill, and
Rectangle fill are not supported.
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15.0 SIGNATURE ANALYZER

A signature analyzer is designed for use in the
WD90C33. The primary purpose of the signature
analyzer is to ald in IC test and board level test.
The signature analyzer allows the video output
path to be included in diagnostics. Signature anal-
ysis is a method of compressing large amounts of
data to be compared. Each video frame (video
data and mode dependent) has a unique signa-
ture capable of detecting single Bit errors.

15.1 DESCRIPTION

The basis of the signature analyzer Is a Linear
Feedback Shift Register (LFSR). The inputs to the
LFSR tap onto the VID[7:0] output of the IC. The
signal path of the video outputs is not modified by
adding the signature analyzer. The primary vari-
ables for a signature analyzer are the length of
the shift register and the feedback terms to be
used. The length affects the probability of mask-
ing an error. The chance of masking an error is
approximately 1/2n, where n is the length of the
shift register. A 16-Bit signature register is used
on the WD90C33. Selection of an optimal feed-
back polynomial will depend on the type of errors
expected. The CRC-CCITT polynomial (x'6 + x2
+x° +1) has been implemented on the WD3S0C33.

152 OPERATION

The signature analyzer is designed to collect sig-
natures of the VID[7:0] outputs over one vertical
frame. The signal path of the VID[7:0] has not
been altered. The signature analyzer register
(LFSR) is enabled at the falling edge of the inter-
nal VSYNC (before polarity selection) if the start
Bit is high. The following rising edge of the
VSYNC signal will disable the LFSR. For inter-
laced operation, the signature Is collected from
the beginning of the even field to the end of the
odd field. The signature analyzer contains a 4-Bit
control register PR19 (address 375.3F). Power-
up-reset clears this register to 00H. The register
has both read and write locks. The read lock origi-
nates from PR10 Bits 7 and 3. The write lock orig-
inates from PR10 Bits 2 through 0. PR10 also
serves as the lock for other registers.

v

oflo]olooollollof;

V1
na1

F

vé
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V3

FIGURE 15-1.

LINEAR FEEDBACK SHIFT
REGISTER
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BIT

READ/
FUNCTION | WRITE

DESCRIPTION

Start/Status RW

Writing a 1 to this Bit position enables the signature analyzer
to collect a signature at the falling edge of the next vertical
sync pulse. This Bit may be read to check status if the read
lock is disabled. For status: 1 = Busy, 0 = Finished or not
enabled.

Clear R/W

Writing a O to this Bit position preloads the Signal Analyzer
Register (LFSR) with 0001h. This Bit must be set to operate
the signature analyzer. For operation: 1 = Normal operation,
0 = Preload LSFR.

Disable RW
Video Input

This Bit is used in a self test mode. A fixed signature will be
generated for any given mode (independent of video memory
data). To enable self-test: 1= Disable video inputs, 0 = Enable
video inputs.

Lock Read RW
Port

This Bit must be set to read the video signature and status. To
read: 1 = Enable read of LSFR (address 375h, Index 20h and
21h), 0 = Disable reads of LFSR.

TABLE 15-1. CONTROL REGISTER PR19

The following programming procedure summarizes the sequence that will setup, check, and read a video
signal signature.

1. Load 85h->37?5.29h; Releases the Control Register (PR10) read and write lock
2. Load 0Oh->37?5.3Fh; Clears the signature analyzer
3. Load 03h->37?5.3Fh; Enables the signature analyzer to collect data
4. Read 375.3Fh; Checks status for busy:
if LSB = 1, repeat step 4
if LSB = 0, signature is collected, proceed to step 5.
5. lLoad OAh->375.3Fh; Enables signature analyzer to read port
6. Read 375.20h; Reads low byte of signature
7. Read 375.21h; Reads high byte of signature
8. Load 00h->375.3Fh; Clears signature analyzer and locks read port
130
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16.0 VO MAPPING

The section provides the following information:

* A description of WD90C33 I/O Mapping
¢ Alist of 11O Mapping Groups

16.1  DESCRIPTION

The VO Mapping allows the WDS0C33 to enter a
test mode where all of its pins are divided into
groups with inputs and outputs. The path for each
group goes from the input pin(s), through the
WD90C33, and to the output pin. Each group can
be treated as a separate resistive path to check
for open and shorted circuits within the group and
betwean groups. Table 16-1 lists each group
(path) with its corresponding input and output
pins.

The WD90C33 must meet the following four
requirements in order to enter the 1/O Mapping
test mode.

e IOWis low
e 1ORIs low
CNF(2) is high (MD2 is pulled high)
RESET is active high then goes low

f both IOW and 1OR are low at the same time, it
becomes an illegal condition in AT compatible
computers and a reserved condition in the PS/2
compatible computers. CNF2 high ensures that
WD90C33 is in AT mode.

RESET controls a transparent latch as shown in
Figure 16-1. Reset can be dropped low to latch
the test mode. All the bidirectional pins are forced
to input mode when in the test mode.

—_— TRANSPARENT LATCH

A
]

RESET]
MD14 MULTIPLEXER
MD21 1 RAS2
RAs2I |
RESET = 0 = LATCH

RESET = 1 = TRANSPARENT
THE FIRST ROW OF TABLE 16-1 IS SHOWN.
OTHER ROWS ARE CONNECTED SIMILARLY.

FIGURE 16-1 TYPICAL I/O MAPPING
TEST CIRCUIT

16.2 PIN GROUPING

The pin grouping listed in Table 16-1 was selacted
to minimize routing overhead of I/O pin mapping.
Muttiple input pins in a row are ORed together to
the output shown in the following table. The input
column lists the input pin number(s) along with the
signal name(s). The output column lists the output
pin number along with the signal names.

NOTE

Power and ground pins and pins with no
connaection (a total of 45 pins) are not in-
cluded in 11O Mapping.
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OUTPUT INPUT

ouTPuT INPUT PIN | NAME | PIN | NAME
PN | NAME PIN NAME v T 5E vy oW
1 RAS2 4, MD14, 50 TOR
200, MD21, a7 oWs 43, %'

205 | MD17 &4, A6,

2 | WET 1, MDS, 67, AB,
201, | MD20, 72 A13

_ 206 | MD1e 40 | EBROM 65, | A7,

12 | WEO 5, MD13, 68, A9,
8 MD11 70, | AN,

25 | MA8 45, ALE, 73 Al4
47, ROM16, 44 | IRQ 39, | TOW,

82 A21 41, | 1OCSts,

26 | MA7 63, AS, 54, SYSRESET,

76, A16, 55 BE3

81 A20 46 | locHRDY | 38, EMEM,

27 | MAs 62, A4, 51 MRD
78, | A18, 49 | MEMCS16 | 52, | MWR,

83 | A2 69, | A0,

28 MAS 57, BHE, 71, A12,
79, A19, 74 A5

84 A23 135 | VSYNC 86, A24,

29 MA4 21, MD1, 88, A26,
61, A3, 90, A28,

77 A17 92 A30

31 | MA3 17, MD4, 136 | HSYNC 87, A25,
22, MDo, 89, A27,

60 A2 o1, A29,

32 | MA2 16, MDS5, 93 A31
20, MD2, 147 BA1 137, BDO,

56 Al 139, | BD2,

a3 | MA1 10, MDS, 142, | BD4,
14, MD7, 144 | BD6

19 MD3 148 BAO 138, BD1,

34 | MAO 9, MD10, 140, | BD3,
(See Figure | 23, CAS 143, B8DS,
16-2.) 58 A0 145 BD7

TABLE 16-1. VO MAPPING GROUPS

TABLE 16-1. VO MAPPING GROUPS
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OUTPUT INPUT OUTPUT INPUT
PIN | NAME PIN NAME PIN | NAME PIN NAME
149 | WPLT g5, D31, 170 | viDs 123, | Ds,
100, | D27, 127, | Ds,
105, | D23, 131, | D2,
110 D19 187 MD31
150 | RPLT 97, D29, 171 vID7 125, | D7,
102, | D25, 128, | D4,
107, | D21, 132, | Di,
112 D17 188 MD30
161 PCLK 178 VCLKO 183 USR1 189, | MD2g,
162 BLNK 96, D30. 193, MD2s,
101, D26, 198 MD23
106, | D22, 184 USRO 190, | MD2s,
111 D18 194, | MD2s,
163 VIDO 98, D28, 204 MD18
103, | D24, 186 WE3 3, MD15,
108, | D20, 192, | MD27,
179 VCLK1 195 MD24
164 VID1 113, | D16, 196 WE2 199 MD22
118, D12, 207 RAS 6, MD12,
133, | Do, 15, MDS,
180 VCLK2 203 MD19
165 viD2 115, | D15, TABLE 16-1. 1/0 MAPPING GROUPS
120, | D11,
130, | D3,
182 | EXPCLK
166 viD3 116, | D14,
121, | D10,
126, | D&, FIGURE 16-2. MULTIPLEXER INPUT WITH
152 | EXVID 'CAS INVERTED
168 ViD4 117, | D13,
122, | DS,
151 MDET MULTIPLEXER
OMAP
169 ViD5 176 MCLK Mok —{>a D VoS
(See Figure
16-3.)

TABLE 16-1. 1/0 MAPPING GROUPS

FIGURE 16-3. MULTIPLEXER INPUT WITH
MCLK INVERTED
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17.0 OPERATING ENVIRONMENT

The following table lists the absolute maximum
ratings for the WD90C33 controller.

Ambient Operating | 0°C to 70°C,
Temperature Range | 32°F to 158°F
under Bias

Storage -40°C to0 125°C,
Temperature Range | -40°F to 257°F

Voltage on any input | -0.3 to 7 Volts
or Output Pin with
respect to Vgg

Dynamic 1.25 Watts

Power Dissipation

Static Power 0.66 Watts
Dissipation (with

CRTC refresh

turned off)

Electrostatic 2000 Volts
Discharge Human Body Model.

TABLE 17-1 ABSOLUTE MAXIMUM RATINGS

CAUTION

Stresses above those listed in the table
may cause permanent damage to the
device. This is a stress rating only and
functional operation of the device at
these or any other conditions above
those indicated in the operation section
of this data sheet is not implied.
Exposure to absolute maximum rating
conditions for extended periods may
affect product reliability.
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18.0 DC ELECTRICAL SPECIFICATIONS

18.1 STANDARD OPERATING CONDITIONS

The characteristics listed in the following tables
apply to standard operating conditions, unless
otherwise noted. All voltages are referenced to
VSS (0V Ground). Positive current flows into the
referanced pin. The standard operating voltage
range is:

182 DC CHARACTERISTICS

The DC voltage characteristics for all active pins
of the WD90C33 are listed in Table 18-1. The min-
imum and maximum voltage, current, and capadi-
tance for each pin are listed in Table 18-2.

4.751t0 5.25 VDC
SOURCE/
SIGNAL NAMES SIGNAL TYPE' SINK (mA)
ALE, EMEM, IOW, IOR, MRD, MWR, SYSRESET | TTL, Hys —
A[31:0}, BE3, BHE, EXPCLK, EXVID, MDET, TTL, Hys, pu —
ElO, MCLK, VCLKO CMOS -
MEMCS16, IOCHRDY, IRQ TTL, Tri 24
BA[1:0], BLNK, PCLK, RPLT, WPLT, VID[7:0} TTL, Tri 10
HSYNC, VSYNC TTL, Tri 6
ows TTL, oc 242
EBROM, USR[1:0] TTL 6
MA[8:0] CMOS, Tri 12
OE, RAS, RAS2, WE[3:0] CMOS, Tri 16
BD[7:0], MD[31:0] CMOS, pu 4
D(31:16] TTL, Hys, pu 10
D[15:0) TTL, Hys, pu 24
VCLK1 TTL, Hys 6
VCLK2 TTL, Hys' pu 6
CAS CMOS 16
IOCS16 TTL, Hys, oc 242
ROM16 TTL 16
NOTES:
1. Signal type lists abbreviations for characteristics that are operational to the particular
signal as follows:
Abbreviation Description
TTL Transistor-to-Transistor Logic
CMOS Complementary Metal Oxide Semiconductor
Hys 300 mV Hysteresis
Tri Tristate
oc Open Collector
pu 50K to 150K pull up resistor

TABLE 18-1 DC SIGNAL CHARACTERISTICS
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3 5|3
@ = = n
g z  |E APPLIES TO
(7] PARAMETER = = = CONDITIONS SIGNAL NAMES
Vi, | TTL Input Low .03 | 0.8 | V |VCC=5V+-5% | A[31:0), ALE, BE3, BHE,
D[31:0], EMEM, EXPCLK,
Vii | TTL Input High 20 | VCC | V [VCC =5V +/-5% | EXVID, IOCS16, IOR, IOW,
Voltage +0.3 MDET, MRD, MWR, ROM16,
he | TTL Input Low -- | +-10 | pA | VIN=0.0V ALE, CAS, EIO, EMEM,
10CS16, IOR, IOW, MCLK,
| TTL Input High — | #-10 | pA ] VIN=VCC MRD, MRW, ROM16, RSET,
Voo | TTL Output Low - 04 | V |IOL=+2.0mA |BA[1:0], BLNK, D[31:0],
EBROM, HSYNC,
Vou | TTL Output High 2.4 -- | V|IOH=-20mA |IOCHRDY, IRQ, MEMCS16,
Voltage PCLK, ROM16, RPLT,
USR[1:0}, VCLK{2:1],
Vei | CMOS Input Low 03 | 10 |V BD[7:0}, CAS, EIO, MCLK,
MD[31:0}, VCLKO
Vcy | CMOS input High VCC- | VCC | V VgL only for:
Voltage 1.0 +0.3
Veou | CMOS Output Low - 0.5 v BD[7:0}, CAS, MA[8:0],
MDJ31:0], OE, RAS, RAS2,
Veow | CMOS Output High | VCC - |V WE[3:0]
Ip Pull-up Input Low -10 -110 | A | 50K TO 300K A[31:0], BD[7:0], BES, BHE,
Internal Pull-up D[31:0), EXPCLK, EXVID,
lpy | Pull-up Input High - +-10 | pA | Resistor MD[31:0], MDET, VCLK2
loz | High Impedance -10.0 | 10.0 | HA | OV<VOUT<VCC
Leakage
| Cin | Input Capacitance -- 10 | pF |FC =1 MH2z
Cnur | Output Capacitance | —- 10 pF | FC = 1 MHz
C 1/0 Pin Capacitance | —- 12_| pF | FC =1 MHz
TABLE 18-2. DC POWER CHARACTERISTICS
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AC TIMING CHARACTERISTICS WwDS90C33

19.0 AC TIMING CHARACTERISTICS

19.1 INTRODUCTION ® The numbers in the first column of each table
The following information applies to all of the ::: d“jg;::m: cate parameters on the associ-
i his section: )
paramatars listed in this * Throughout this section, the minimum (MIN)
* CL = 30 pF unless otherwise noted. and maximum (MAX) values are given in
* ntimplies n Xt, (ntimes the period 1). e.g. 1t, nanoseconds (ns) unless otherwise specified.
2t etc.
e jn refers to the number in column 1 of the
same table.
NO. ON MIN MAX
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS
1 RESET Pulse Width 10t - t= 1/MCLK (For
2 MD setup to RESET Low 50 - configuration at
Power-On and
3 MD Hold from RESET Low 30 - Reset)
4 RESET Low to First IOW 10t -
TABLE 19-1. RESET TIMING
—y 1 .
/ N
RESET / N
2 3

le
MD(15:0) ,F -+ \
T

iow N\—

FIGURE 19-1. RESET TIMING
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NO.IN MIN MAX 4
DIAGRAM PARAMETER VALUE | VALUE |TEST CONDITIONS
1! VCLK Clock Period 12,5 -
2 VCLK High 5 - At 1/2VDD
3 VCLK Low 5 - At 1/2VDD
41 Clock Rise Time - 2 1V - (VDD - 1V)
51 Clock Fall Time - 2 1V - (VDD - 1V)
6 VCLK to PCLK Delay 8 20
7a VCLK to HSYNC Delay 8 25
7b VCLK to VSYNC Delay 8 25
7c VCLK to BLNK Delay 8 20
7d VCLK to VID[7:0] Delay 8 20
g2 MCLK Clock Period 16.6 -
9 MCLK High 8 At 1/2 VDD
10 MCLK Low 8 At 1/2 VDD
11 VID[7:0] Setup to PCLK 3
12 VID[7:0] Hold from PCLK 3
NOTES:
1. Applies to VCLK and MCLK.
2. VCLKO and MCLK use CMOS level input buffers. V(IL) max = 1.5V, V(IH) min = VDD - 1.5V

TABLE 18-2. CLOCK TIMING

. 1
VCLK __/_1/

*PCLK _/__ w
PCLK
(VCLK2) 4 \\ /
O Ve
HSYNC, <L

o X D/
) ;,a 10 ] 3
MCLK — 4 \P__/—W
*PCLK is derived from the inverted VCLK.
FIGURE 19-2. CLOCK AND VIDEO TIMING

1y
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WwDS0C33

NO. ON MIN MAX
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS
1 EMEM Setup to MRD, MWR Low 20 -
2 EMEM Hold from MRD, MWR High 10 - At 1/2 VDD
3a A[23:17] Setup to ALE Low 20 - At 1/2 VDD
3b BHE, A[16:0] Setup to IOR, IOW, 18 .
MRD, MWR Low
4a A[23:17] Hold from ALE Low 10 - 1V - (VDD - 1V)
4b A[16:0] Hold from IOR, IOW, MRD, 10 -
MWR Low
5 EIO Setup to IOR, IOW Low 20 - 1V - (VDD - 1V)
6 EIO Hold from IOR, IOW High 10 -
11 D[15:0] Write Data Setup to IOW, 20 -
MWR High
12a D[15:0] Read Data Hold from 1OR 10 -
High or MRD High
12b D[15:0] Write Data Hold from IOW, 10 -
MWR High
13a D[15:0) Read Data Valid after IOR, - t+50 |t=1/MCLK
Low
13b MWR Low to D[15:0] Write Data Valid - 3t+10 |t=1MCLK
14 RDY High from MRD, MWR Low 10 245 pus | Maximum is stan-
dard for VGA
modes.
15 Memory Read Data Valid from RDY - 40 Note 1
High
16a RDY Low from MRD, MWR Low 10 25 CL =100 pF
16b RDY Low from IOR, IOW Low 10 25 CL = 100 pF
17a RDY Tristate from MRD, MWR High 10 25 CL = 100 pF
17b RDY Tristate from IOR, IOW High 10 25 CL = 100 pF
18 EBROM Low from Valid A[23:15] - 40
19 EBROM Hold from MRD High - 40
20a WPLT Low from IOW Low - 37
20b RPLT Low from 1OR Low - 30
21a PLT High from IOW High 9 15
21b RPLT High from IOR High 9 20

TABLE 19-3. VO AND MEMORY READ/WRITE TIMING FOR AT BUS MODE

ADVANCED INFORMATION 5/27/93
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WD90C33 AC TIMING CHARACTERISTICS
NO. ON MIN MAX
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS
22 EBROM Low from IOW Low - 1t + 20
(46E8h Port)
23 EBROM High from IOW High - 25
(46E8h Port)
24 | VCLK1 Low from IOW Low - 1 +25
(3C2h Port)
25 VCLK1 High from IOW High - 15
(3C2h Port)
26 A[15:0] Valid to IOCS16 Low - 35 CL = 100 pF
27 10CS16 Hold from IOW High - 20 CL = 100 pF
28 A[23:17] Valid to MEMCS16 or - 41 CL = 100 pF
ROM16 LOW
29 MEMCS16 Tristate from the Next - 39 CL = 100 pF
Active ALE
30a TOR, IOW, MRD, MWR High 2t4+15 - t = 1/MCLOCK
30b TOR, 1OW, MRD, MWR Low 2t - t= 1/MCLOCK
30c ALE Pulse Width 30 -
31 OWS Low from MWR Low - 15 CL = 100 pF
32 D[7:0] to BD[7:0] for IOW at 03C2h - 35
and 03C6h through 03C9h
33 A[1:0] to BA[1:0] - 25
NOTES:
1. Value depends on setting of PR31 (3C5h, Index 11h), Bits 4:3. t = 1/MCLOCK
00 = 40 Max .
01 = 40 + 1t Max
10 = 40 + 2t Max
11 = 40 - 1t Max
2. Numbers the first column correspond to numbers on the timing diagram Figure 19-3.
The OWS signal is programmable at PR33 (3C5, Index 13h). Parameter 31 is for PR66, Bits
7:6 setto 10.

TABLE 18-3. VO AND MEMORY READ/WRITE TIMING FOR AT BUS MODE
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EMEM

m
(e}

D(15:0)

MWR, MRD
IOW, IOR

ows
RDY

EBROM

WPLT
RPLT

EBROM
(46E8h)

VCLK1
(3¢2)

I0CS16

H-Z HI-Z

10Cs16

MEMC16

BD[7)
BA[10]

HI -

28,

= ~ X_pata_ X
— X ADDRESS X

8
1

FIGURE 19-3. AT BUS MODE TIMING
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WD90C33 AC TIMING CHARACTERISTICS
DlASRAM PARAMETER (':"g") ':";’)‘ COMMENTS

LCLK Period 25 - |vCCer2 Threshold
LCLK Low Time 10 -- VCC/2 Threshold
LCLK High Time 10 -- VCC/2 Threshold

3a LCLK Fall Time -- 3.0Vto 1.5V

3b LCLK Rise Time - 3 1.5Vto 3.0V
A[31:2], BE[3:0], MO, D/C, to LDEV 5 20 |CL=100pF

5 A[31:2}, BE[3:0], M/IO, D/C, R/W, ADS 7 - |One Wait State
Setup to LCLK

6 A[31:2], BE[3:0], M/IO, D/C, R”W, ADS | 13 - |Zero Wait State
Hold From LCLK
LCLK to D[31:0] Out 3 14 |CL=100pF
LCLK to D[31:0] Tristate 3 14 CL = 100 pF
LCLK of ADS Low to VGARDY Low c't+5 | 2.5s |t = LCLK Period

10 VGARDY Low to VGARDY High 142 t+10 |C = Setting of 2DF1h, Bit 6

CL = 100 pF

11 LCLK to VGARDY Hi-Z 3 20

12 D[31:0] in Setup Before LCLK 11 --

13 D[31:0] Hold After LCLK 5 -

14 RDYIN to LCLK before ADS Setup 7 -

15 LCLK to RDYIN hold 3

16 LCLK to VGARDY Low 2 20 {CL=100pF

17 A[31:2], BE[3:0]}, W10, D/C to EPROM 5 35 |2DFOh, Bit7=0

. External BIOS
TABLE 19-4. VL-BUS INTERFACE TIMING
142 ADVANCED INFORMATION 5/27/93
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1 .
3._’.?‘_ ‘:2~A37h§‘_
LCLK (486) NV ¥ N/ . N/ i
—_— -2 - H
A[31:2], BE[3:0], '
MO, RW, D/C e
ADS ] Py 8
READ D[31:0] X FRGM WOS0C33 X
12 13
WRITE D[31:0] TOWDCI | X .
16 -
HighZ 9 - 10 / HighZ
VGARDY . 4y /
14— e -
15— ju
RDYIN _\_JI \ /
.
[DEV /
< 17
EBROM

FIGURE 18-4. VL-BUS INTERFACE TIMING
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WD90C33 AC TIMING CHARACTERISTICS

NO. ON MINIMUM | MAXIMUM :
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS
1 BA[1:0] Valid to RPTL or WPTL Low t-4 - t = LCLK Cycle Time
2 RPTL or WPTL Low Time n.t-15 n.t t = LCLK Cycle Time
n based on 2DFOh,
Bit 4 as follows:
Bit4=0thenn=9
Bit4 =1thenn= 18
3 Read BD[7:0] Setup to LCLK 10 - These times apply
4 Read BD[7:0] Hold After LCLK 10 - to EPROM also.
5 LCLK rise to RPTL or WPTL 3 22
6 WPTL rise to BD[7:0] hold 10 - Note 2, 3, 4
TABLE 19-5. RAMDAC TIMING
RAMDAC INTE RNAL DATA PATH ON VL-BUS
1 e 2 -
BA[1:0]
RPTL, WPTL N /
\_ /,
i w4
3w et
READ BD[7:0]
v
WRITE BD[7:0] ><\
6
55— iw—
_/—\__/_\_/——\__
LCLK

FIGURE 19-5. RAMDAC TIMING
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NO. ON MINIMUM | MAXIMUM
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS
1 RAS Cycle Time 6t - Note 2, 3
2 RAS Pulse Width Low 3.5t-d - Note 2, 3, 4
3 RAS High Time (Precharge) 25t+d - Note 2, 3, 4
4 RAS Low to CAS Low 2.5t-9 25t-d |[Note2, 3,4
5 CAS Cycle Time 2t - Note 3
6 CAS Pulse Width Low 1M+2 - Note 2, 3, 4
7 CAS High Time (Precharge) 1it-2 - Note 2, 3, 4
8 Row Address Setup to RAS Low 1t-10 - Note 3
9 Row Address Hold Time 1t - Note 3
from RAS Low
10 Column Address Setup to CAS Low 1t-10 - Note 3
11 Column Address Hold from CAS Low 1t - Note 3
12 Read Data Valid Before CAS High 2 -
13 Read Data Hold After CAS High 0 -
14 Wirite Data Setup to CAS Low 1t-15 - Note 3
15 Write Data Hold After CAS Low it-5 - Note 3
16 WE Low Setup to CAS Low -5 1+5 |[Note3
17 WE Low Hold After CAS High Same as (16). Note 5
18 OE High Before WE Low 0 - Note 3
19 OE Low After WE High 0 . Note 3
20 CAS High for CAS Before RAS 1t-10 - Note 3
Refresh
21 RAS Low from CAS Low for CAS 1.5t+ 10 - Note 3
before RAS Refresh
NOTES:
1. The timing in this table results from setting PR33 (3C5h, Index 13) to XXX00000b.
2. Thistiming is adjustable via PR33 (see Figures 19-9 and 19-10.
3. Fort = 1/MCLK, the maximum MCLK frequency is:
DRAM SPEED FREQUENCY
80 ns 37.5 MHz
80 ns (faster typs) 40.0 MHz
70 ns 44.7 MHz
60 ns 49.5 MHz
45 ns 60.0 MHz
4. The “d" indicates a delay of 4 ns to 7 ns.
5. Numbers in parenthesis are numbers on the diagram. ___
6. Memory write uses fast page early write, while kegping OE equal to 1.
Memory read uses fast page read, while keeping OE equalto 1.

TABLE 19-6. DRAM TIMING FOR 256K BY 4 AND 256K BY 16 DRAMS

ADVANCED INFORMATION 5/27/93
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wD90C33 AC TIMING CHARACTERISTICS
NO. ON MINIMUM | MAXIMUM 4
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS
1 RAS Cycle Time 5t - Note 2, 3
2 'FTA:§ Pulse Width Low 3t-7 - Note 2, 3
3 RAS High Time (Precharge) 2t . Note 2, 3
4 RAS Low to CAS Low 1.5t 1.5t Note 2, 3
5 CAS Cycle Time 2t 2t Note 3
6 CAS Pulse Width Low 1t+2d - Note 2, 3, 4
7 CAS High Time (Precharge) 1t-2d - Note 2, 3, 4
8 Row Address Setup to RAS Low 1t - Note 3
9 Row Address Hold Time from RAS 0.5t - Note 3
Low
10 Column Address Setup to CAS Low 1it-10 - Note 3
1 Column Address Hold from CAS Low 1t - Note 3
12 Read Data Valid Before CAS High 2 -
13 Read Data Hold After CAS High 0 .
14 Write Data Setup to CAS Low 1t-15 . Note 3
15 Write Data Hold After CAS Low 1t-5 - Note 3
16 WE Low Setup to CAS Low 1®-10 Note 3
17 WE Low Hold After CAS High Same as (16). Note 5
18 OE High Before WE Low 0 - Note 3
19 OE Low After WE High 0 - Note 3
20 CAS High for CAS Before RAS 0.5t - Note 3
Refresh
21 RAS Low from CAS Low for CAS 1.5t - Note 3
before RAS Refrash
NOTES:
1. The timing in this table results from setting PR33 (3C5h, Index 13) to XXX00000b.
2. This timing is adjustable via PR33.
3. Fort=1/MCLK, the maximum MCLK frequency is:
DRAM ]
SPEED FREQUENCY
80 ns 36 MHz
4. The “d" indicates a delay of 4 nsto 7 ns.
5. Numbers in parenthesis are numbers on the diagram. _
6. Memory write uses fast page early write, while keeping OE equal to 1.
Memory read uses f_aﬂ:a_g_e_lead. while keeping OE equal to 1.
7. The MCLK edge to RAS, CAS, MA[8:0] edge delay may be up to 40 ns.

TABLE 19-7. DRAM TIMING FOR 64K BY 16 DRAMS
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€6&/.e/S NOILYWHOLNI G3ONVAQY

INIWLSNraVY ONINIL Wvda °Z-61 3HNOH

! Minimum RAS Precharge adjustment
MCLK

s _ [

—

-——

i

(1) PR33 (3C5 Index 13) Bit 1,0 = 00
(2) PR33 (3C5 Index 13) Bit 1,0 = 01
(3) PR33 (3C5 Index 13) Bit 1,0 = 10
(4) PR33 (3C5 Index 13) Bit 1,0 = 11

RAS High time (min. Precharge) = 2.5t + d
RAS High time (min. Precharge) = 3t
RAS High time (min. Precharge) = 2t
RAS High time (min. Pracharge) = 2.5t

RAS low to CAS low adjustment

~

L

I

(1) PR33(3C5 Indox 13) Bit2=0  RAS low to CAS low = 2.5t “t=1/MCLK
(2) PR33 (3CS Index 13) Bit2=1  RAS low to CAS low = 1.5t d=(4~8)ns

££006am
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AC TIMING CHARACTERISTICS wD90C33

19.2 DRAM TIMING ADJUSTMENT delay “d" is 4 to 7 ns. Therefore, PR33 Bit 3 sets

For DRAM timing adjustments, the RAS, CAS tim- 1@ CAS pulse width as follows:
ing can be adjusted by register PR33 (3C5h,

Index 3), Bits 4 through O (see Figures 19-8 BIT CAS CAS
through 19-11). 3 LOW = HIGH =
Tables 19-7 and 19-8 list the parameters (Note 2) 0 1t+(2~3)ns 1-(2~3)ns
that are adjustable via PR33.

For the CAS puise width adjustment, the CAS 1 1t+2d 1t-2d

cycle time is always equal to 2t (t = 1/MCLK). The

Pt PR33 = XXX00000
H H
.‘M 2.5I+d7 §
RAS l
6t o
25t-d i 2t i

LI

&
,_l
1y

- o ie2 1M+ 2}

-
=
f}
N

FIGURE 19-8. DRAM TIMING FOR 256K BY 4 OR 16 DRAM

PR33 = XXX00001
v THTTTUUUUY LU UU U U U UL
AAS
.
_ >
CAS I -3t
— _— 1t+2

FIGURE 19-9. DRAM TIMING FOR 256K BY 4 OR 16 DRAM
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PR33 = XXX01110

ve U U U U U U U U UL
s —

= sy

15t > <3 1t-2d
11+2d

Tt+2¢

FIGURE 19-10. DRAM TIMING FOR 64K BY 16 DRAM
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20.0 PACKAGE DIMENSIONS
Figure 20-1 shows the 208-pin MQFP package and gives the dimensions in millimeters and inches. 1

N0
1208
ne 12 ger
f | sk rer: |
%usr.
(| y S
1700
| B
7.00 \
PIN NO. 1 LD. LOCATION
13
E;NEF
2060
1 DETARL-1 (Scale: None)
288 per.
no 2
1.1 R b0
.'é—g .
208008 008,067
1
METAL
on
\. / . DETAIL-2 (Scale: None)
20070 MOFP
8°-18° A9 yax,
. -~ SEE DETAL- K]
BASE
PLANE
L[
N - \‘7 e _JL Ceeoer o
oIT NN 814 _/
SEE DEWAL-2 20m.c. SEATING PLANE

FIGURE 20-1. 208-PIN MQFP PACKAGE DIMENSIONS
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APPENDIX A
REFERENCE DOCUMENTS

For further information on Personal Computer °
(PC) video display applications, refer to the manu-

als in the following list.

.

IBM PC Hardware User Guide (IBM #

6322510)

IBM PC XT Hardware User Guide (IBM #

6322511)

IBM PC AT Hardware User Guide (IBM #

6280066)

IBM PS/2 Model 30 Hardware User Guide *

(IBM # 68x2230)

IBM PC AT Technical Reference Manual (IBM
# 6280070)

IBM PS/2 Model 30 Technical Reference
Manual (IBM # 68x2201)

IBM PC Options & Adapters Technical
Reference Manual (IBM # 6322509)

IBM PS/2 BIOS Reference Manual (IBM #
68x2260)

IBM PC Reference Manual (IBM # 6025005)

AT&T Video Display Controlier VDC 750/
VDC 600 Installation Guide

Hercules Graphics Card Owner's Manual
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