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HT-IGA
Integrated Graphics Array

A single chip combines IBM personal gfaphic standards into a high-end, fully backward-compétible_
graphics solution that provides the following benefits: ’

1/5 the board space
¢ Full software backward-compatibility
~» Low power consumption
« Fast, non-interlaced, flicker-free performance

+  High resolution graphics
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Introduction

GENERAL DESCRIPTION

The IGA™ s a 1.2 micron, custom-designed, CMOS VLS chip utilizing a RISC processor that
implements all IBM PC family graphics modes on a single chip. These include CGA, MDA,
Hercules, EGA, and VGA. The IGA chip has two program-selectable modes of operation: VGA
and 8514/A. On power-up, the VGA mode is present with all its functions available for full
program compatibility. The Advanced Graphics mode provides hardware assistance for complex
drawing operations such as line drawing, area fill, bit-block transfer, scissoring, patterns, etc.
The IGA supports a number of binary drawing modes that control the combination of color with
existing pixel data, as well as simple Boolean operations such as REPLACE, AND, OR, and
XOR. Arithmetic operations such as addition, subtraction, averaging, minimum, and maximum
are also available. These functions provide the means for sophisticated image blending and
glontrol; operations that are performed much faster in hardware than in software, or with VGA
one.

FEATURE NOTES

*  Single-chip, high-performance, video graphic solution for IBM PC/XT/AT and Personal
System/2-compatible systems

*  Fully supports IBM-compatible interfaces

*  Fully compatible with VGA, EGA, CGA, MDA, and Hercules
*  Fully comaptible with 8514/A

* 144 pin plastic QFP, 28 x 28 mm

* 1.2 Micron, custom-designed, CMOS VLSI technology

*  Supports up to 65 MHz maximum video clock rate

*  Supports interlaced or non-interlaced 640x480, 800x600, and 1024x768 pixels in 256 colors
from a palette of 256K colors ' '

*  Supports 8- or 16-bit bus for IBM PC/XT/AT
* 16 KB RAM for scientific or foreign language applications
*  Higher CPU-bus bandwidth (close to zero wait state) -

*  Hardware supports for drawing operations such as line draw, area fill, bit block transfer,
scissoring, and patterns ' :

2 lniegratad Information Technology, Inc;
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The IGA Chip |
A SINGLE-CHIP SOLUTION FOR 8514/A AND VGA GRAPHICS
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Figure 1. I1GA Pin Diagram
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THE IGA QFP

[~ SR 3395

This is the package that will be provided in the production version of the chip.

The pin out is identical to that of

144-pin QFP8

Figure 1, Page 3.
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ABOUT THE DATA BOOK

This data book contains general information for the electrical and register specifications of the
IGA as well as a summary of pin-out information and timing diagrams. This information is
suffiecient for the IGA chip to be implemented on a board that can accommodate different IBM-
compatible computer systems. The description of pin interfaces acts as a guide for choosing
other components that are required to complete the board design.

The following IBM publication may be useful for the board designer: IBM Personal System/2
Display Adapter 8514/A Technical Reference, Publication No. 68x2248/S568X-2248-0, April 1987.

IGA ADVANTAGES

While fully emulating the IBM 851’4/A chips that provide intelligent graphibs functions (e.g., polygon
drawing, polygon filling, and scissoring), the 1GA also provides full VGA support in the same
package, thus reducing the cost of development, cost of production, and cost to the end user.

Boards designed using the IGA are fully compatible with all the software applications that have
been written for the IBM PC XT/AT and PS/2 compatibles. '

Because the IGA is a single-chip solution, it requires only a single'fiame buffer and video DAC,
rather than the two sets required by competitive solutions, Figure 2 illustrates how the IGA
saves board space by reducing the number of components.

4 _ 7 Integrated Information Technology, Ihc.
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Figure 2, IGA vs, Competitive Solution

A board design using the IGA can be built on a single, half-size add-on board.

The IGA allows the chip designer to use inexpensive DRAM for the system frame buffer rather
than the VRAM required by other designs. ,

Faster, non-interlaced flicker-free performance is made possible by the IGA’s 65 MHz clock. In
addition, the IGA supports all the standard IBM graphics modes: 640x480, 800x600, and
1024x768 with 256 colors out of a palette 256K colors.

For designers building graphics into a mother board, the IGA solution provides a complete and
fully-compatible IBM PC graphics system

Integrated Information Technology, Inc. . 5
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ARCHITECTURE

EXTERNAL BOARD FUNCTIONS

Figure 2 shows a typical IGA-based board compared to a solution in which the 8514/A and VGA
capability are provided on separate chips. Each major element of an IGA-based board is
discussed below.

The Frame Buffer (DRAM) block is the video memory subsystem. This is used to store screen
images generated in the IGA (as a result of CPU drawing instructions) or image information sent
to it by the CPU. Typically, information from the CPU restores previously drawn images that
have been stored elsewhere is the system. The IGA reads image data to refresh the display
screen. Drawing operations take place in a plxel coordinate space of 2K by 2K, which is identical
to the 8514/A. The remaining DRAM storage is used by the IGA and CPU for "off- -screen” use.
This includes storage for fill patterns and scratchpad data,

In a typical board configuration, the IGA serializes, multiplexes, and forwards data to the DAC.
The DAC, in turn, drives the RGB signals that perform the actual drawing on the monitor by
generating analog intensity signals for the monitor's red, blue, and green (RGB) guns. The value
of these signals is synchronized with pixel coordinates as the guns sweep horizontally across the
screen. The value of the signals is determined by the pixel data that the IGA has read out of
DRAM during screen refresh. External back-end support requires intelligence in the DAC to
assist data formatting initiated in the serializing and multiplexing logic within the DRAM block.

The DAC also contains a color palette. This is a small memory that maps pixel data into values
that are a combination of RGB intensities. Each cell in the palette memory represents a different
color. For example, in a system having 256-colors, an eight-bit pixel selects one of 256 palette
memoty cells. Each of the cells has been previously loaded with an 18-bit word that is, in turn, -
divided into three 6-bit fields. These three fields represent red, blue and green signal intensities.

In this manner, an 8-bit pixel is converted into a 24-bit color value. Palette values are loaded into
the palette memory by the CPU.

The block representing the System Bus Interface contains bus transceivers and the TTL glue
logic that interfaces the IGA chip to the system bus (either the IBM PS/2 Micro Channel, the
IBM PC-AT bus, or other compatible buses). In addition, the block provides a data path through
the IGA to the DAC. This permits the CPU to load 24-bit color values into the DAC as
described above. The IGA also provides a path from the system bus to the Frame Buffer,

The remaining board elements (not shown) are the EPROM (containing BIOS extension
firmware), clock generators, and other components such as pull-up/down resistors, logic, and DIP
switches. DIP switches are used by the IGA to sense its environmental conﬂguraﬂon whether
Micro Channel or AT bus, VRAM organization, etc. '

Finally, the IGA contains a set of user-accessable internal registers that are compatible with
those on an IBM 8514/A board. In the VGA mode, the chip configures itself for VGA operation.
The registers and logic internal to the IGA are used to convert software commands from the
CPU, and their parameters, into the signals required to drive the monitor,

6 : | Integrated Information Technology, Inc.
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IGA INTERNAL FUNCTIONAL DESCRIPTION
As shown in Figure 3, the functional modules within the IGA are as follows: Host

Interface/Interrupt, Graphics Controller, RISC Core, Decode, Attribute Controller, Instruction
Fetch, Instruction Decoder, Microcode ROM, Display Memory Controller, and Video Timing

Controller.
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Figure 3. IGA Block Diagram

The Host Interface/Interrupt controls communication with the host interface bus and passes
data to and from all the other units on the board.

Integrated Information Technology, Inc. 7
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The Graphics Controller performs drawing computations. It supports all 8514/A graphics mode
and VGA mode operations, These include line drawing, fill area outline drawing, rectangle
drawing, image transfer from the CPU, bit block copying, and scissoring. The Graphics
Controller receives drawing instructions from the CPU via the Host Bus Interface and sends the
pixel coordinates to the Display Memory Interface Bus.

The RISC Core is the computer internal to the IGA that controls all the operations required to
emulate both the IBM 8514/A and VGA boards. '

Decode interprets instructions sent by the system microprocessor.

The Attribute Controller takes in data from display memory by means of the Graphics
Controller and the RISC core, then formats it for display. :

Instruction Fetch is responsible for maintaining the flow of instructions from the CPU to the IGA.

The Instruction Decoder provides primary level decoding of the instructions fetched from the
CPU. These instructions, in turn, drive the Microcode ROM.

The Microcode ROM provides a second level of instruction decoding that produces the
microinstructions needed to drive the RISC Core computer. :

The Display Memory Controller generates basic memory timings of the display memory RAMs.

The Video Timing Controller generates horizontal and vertical synchronous timings and refresh
addressing for the display memory RAMs, ,

TEST CONSIDERATIONS

To make board testing easier, each output pin of the IGA may be disabled during Reset
through the test strap pin (Bit 6 of the IAD bus).

When the test strap pin is held low, all output signals, with the exception of SLD, are tri-stated.
SLD is tri-stated only if TSEL2 - TSELO are held high. Therefore, an in-circuit test of an :
IGA-based board requires that the test strap be held low at the same time as TSEL2 - TSELO is
held high. Input pins that are normally bi-directional become output pins only. The pads for input
and bi-directional pins have internal pull-up resistors. They are high if they are not driven low.

8 Integrated Information Technology, Inc.
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IGA INTERFACE T0 THE CPU

A path between the IGA interface pins and the IBM PS/2 Micro Channel or AT bus is provsded
by logic external to the IGA. The CPU is configured to either of the two bus types through the
cholce of the pin-strapping configuration.

Because either a PS/2 or AT bus configuration is possible, some of the CPU interface pins need
to accommodate both configurations. Tables 1-and 2 provide descriptions of these pins as they
correspond to IBM specifications for the Micro Channel or AT bus.

Name IGAPn# /O Description

A16-A19 131-134 | CPU address Bits 16 through 19, CPU
ADO-AD15 110-126 address/data bits 0 - 15, Decoding of

upper CPU address Bits 23-20, plus
MADE24; all these should be 0 if the lower
20 bits of address are to be considered
valid for the IGA based board

ENHB- 104 | | System Byte High Enable

SYSRST 108 | Channel Reset

CDSTP 78 | Card Setup

READY 44 O Channel Reset

IREQ 81 O  Channel Ready

CDSFBK 33 O  Interrupt Request; tied to Micro Channel -
IRQ9

DS16 77 O Card Selected Feedback

DATAEN 105 O DataBus Enable

BDIR 106 O Data Bus Direction (high for CPU read,

low for CPU write)

TABLE 1. MICRO CHANNEL — CPU INTERFACE PIN DESCRIPTIONS

Integrated Information Technology, Ihc. 7 7 ' 9
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Name PAM Pin # 1o T Description
A16-A19 131-134 I GPU address B 15 through 19
ADO-ADI5 110-126 i CPU Data bits 0 - 15
ENHB 104 | System Bus High Enable
MEMR 102 ! Memory Read
MEMW 101 | Memory Write
SIOR 129 | 1O Read
Siow 130 | /O Write
ADDEN 107 | Address Buffer Enable
SYSRST 108 | System Reset
READY 44 0 I/0 Channel Ready
IREQ 81 0 Interrupt Request; tied to any AT bus
interrupt line
1016 66 0 I/0 16-bit Chip Select
DATAEN 105 o) Data Buffer Enable
BDIR 106 (@) | Data Bus Direction (high for CPU read,
low for CPU write)

Table 2. AT Bus-CPU Intetface Pin Desctiptions

10 ' . ’ Integrated Information Technology, Inc.
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DRAM DESIGN AND INTERFACE

An IGA-based board can be configured with one of four DRAM designs. Each configuration can use two or
three levels of chip population. Ten different configurations are possible. The design chosen depends upon
the combination of criteria that is shown below. Only certain combinations are possible.

Monitor resolution in pixels: 640x480, 71,024x768, or 1280x1024
Number of bits per pixel: 4 or 8 bits per pixel

Number of screen pages: one of tWo

Capacity of DRAM chips: 64Kx4 or 256Kx4

Number of DRAM chips

Requirement for future upgradeability

Design Type:

With back-end support (serializing and multiplexing of pixel data for screen refresh)
integrated within the IGA;

With external back-end support; support includes use of a more sophisticated DAC to
achieve 1280x1024 resolution

Integrated Information Technology, Inc. . 7 : 11
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VIDEO DAC AND INTERFACE SUBSYSTEM

This section includes the following information for the board designer:
*  Routing of DRAM pixel data to the video DAC

*  Routing of control information from the IGA to the DAC and the monitor
* Palette access, with the board design option of implementing “flicker-free” mode

Note that a related topic, IGA recognition of monitor type, is grouped with other configuration
strapping issues, and is discussed later in this chapter,

The IGA pins associated with the video interface subsystem and address decoding for 8514/A
compatibility are shown in Table 3. The left-hand column, labeled bits, represents the
hexadecimal value for bits 15-12 of the address. The top row represents the value in hexadecimal
for the remaining twelve bits of the address. For example, read address A2E8 is decoded by
looking at column 2E8, the last three characters, and going down the column to row A, where
E2E8 Is found. It should be noted that an I/O read from address A2E8 is the same as if read

from address E2E8, the Pixel Data Transfer Register.

BITS 2ES8 6E8 AE8 EESH
15-12/11-

0

0 2E8 2E8 . 2E8 2E8
1 2E8 2E8 2E8 2E8
2 2E8 2E8 2ES8 2E8
3 2E8 2E8 2E8 2E8
4 42E8 42E8 42E8 42E8
5 42E8 42E8 42E8 42E8
6 42E8 42E8 42E8 42ES8
7 42E8 42E8 “42E8 42E8
8 83E8 86E8 o : o*
9 92E8 o* 9AES o*
A E2E8 E2E8 0" 0"
B oi 0' 0". 0*
Cc 82E8 86E8 0" o
D 92E8 0* 9AES8 0o
E E2E8 E2E8 0" o
F o* 0* o 0"

* A value of zero will be read

Table 3. 8514/A Address Decoding for Read Operations

12 7 lntegratéd Information Technology, Ine.
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Address decoding for a read is different from that of a write, as can be seen in Table 4.

BITS 2E8 6E8 AES EE8H
15-12/11- .

0
0 2E8 6E8 AE8 EES8
1 12E8 16E8 1AE8 1EE8
2 22E8 X X X
3 X X X X
4 42E8 46E8 4AE8 X
5 42E8 46E8 4AES X
6 42E8 46E8 4AE8 X
7 42E8 46E8 4AES8 X
8 82E8 86ES8 8AES 8EES8
9 92E8 96E8 9AES 9EES8
A A2ES A6E8 AAES AEES8
B B2E8 B6ES BAES BEES8
Cc 82E8 86ES8 8AES8 8EES8
D 92E8 96E8 9AES 9EES
E A2ES8 AGES " AAES AEES
F B2ES8 B6ES BAES BEES

Table 4. 8514/A Address Decoding for Write Operations

When in wait-CPU-data-mode and the graphlc engine is busy, registers A2E8, AGES,
E2E8, and EGES are the same as E2ES8.

Integrated Information Technology, Inc. - o 1 3'
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Figure 5. AT Bus Application
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Pad Name Description
1 VCC . +6.0 Volts
2 MD22 Input/Output Multiplexed display memory data bus, ~ bit-22
3 MD21 Input/Output Multiplexed display memory data bus,  bit-21
4 MD20 Input/Output Multiplexed display memory data bus,  bit-20
5 MD19 Input/Output Multiplexed display memory data bus, ~ bit-19
6 MD18 Input/Output ~ ~ Multiplexed display memory data bus, - bit-18
7 MD17 Input/Output Multiplexed display memory data bus,  bit-17
8 MD16 Input/Output Multiplexed display memory data bus,  bit-16
9 MD15 Input/Qutput Multiplexed display memory data bus,  bit-15
10 MD14 Input/Output Multiplexed display memory data bus, = bit-14
1 MD13 Input/Output Multiplexed display memory databus,  bit-13
12 VS$S - Ground '
13 MD12 Input/Output Multiplexed display memory data bus,  bit-12
14 ENIO- Input Enable Input/Output
15 MD11 Input/Output Multiplexed display memory data bus, - bit-11
16 MD10 Input/Output Multiplexed display memory data bus, ~ bit-10
17 MD9 Input/Output Multiplexed display memory data bus,  bit-9
18 VSS - Ground
19 MD8 Input/Output Multiplexed display memory data bus,  bit-8.
20 MD7 Input/Output Multiplexed display memory data bus, -~ bit-7
21 MD6 Input/Output Multiplexed display memory data bus,  bit-6
2 MD5 input/Output ~ Multiplexed display memory databus,  bit-5
23 MD4 Input/Output Multiplexed display memory data bus,  bit-4
24 MD3 Input/Output Multiplexed display memory databus,  bit-3
5 VCC - +6.0 Volts '
26 MD2 Input/Output Multiplexed display memory databus,  bit-2
27 MD1 Input/Output Multiplexed display memoty data bus,  bit-1
23 MDO Input/Output Multiplexed display memory data bus,  bit-0
2 AGCP Input 8514/A Mode selection
30 LDMAP- - N/C - Reserved
31 PUBNKP - N/C - Reserved
32 SLP - N/C - Reserved
33  CDSFBK- Input Graphic Card Selection Feedback
34 MRASO- Input Row Address Strobe - Map 0
35 MRAS1- Input Row Address Strobe - Map 1
36 MRAS2- Input Row Address Strobe - Map 2

Table 5. Connector Pad List for IGA
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Pad Name Type o Desctiption

37 VCC ' +6.0 Volts
38  MRAS3- Input Row Address Strobe - Map 3
39  MCASS3- Input Column Address Strobe - Map 3
40 MCAS2- Input ~Column Address Strobe - Map 2
4 VSS : Ground
42 MCAS1- Input - Column Address Strobe - Map 1
43  MCASO- Input - Column Address Strobe - Map 0
44 READY Output Input/Output Channel Read
45 MWE?- Input WE Enable -Map 7
46 MWES- Input WE Enable - Map 6
47 MWE5- Input , WE Enable - Map 5
48  MWE4- Input WE Enable - Map 4
49 VSS Ground ,
5 MWE3- ~ Input WE Enable -Map 3
51 MWE2- Input WE Enable -Map 2
R MWE(- Input WE Enable - Map 1
53 MWEQ- Input WE Enable - Map 0
54 MAS Output Display Memory Muxed Address Bus bit- 8
5 MA7 Output Display Memory Muxed Address Bus bit - 7
5% MAG6 Output Display Memory Muxed Address Bus bit - 6
57 MA5 Output Display Memory Muxed Address Bus bit-5 -
58 MA4 Output Display Memory Muxed Address Bus bit - 4
5 MA3 Output Display Memory Muxed Address Bus bit - 3
60 MA2 Output Display Memory Muxed Address Bus bit - 2
61 MA1 Output Display Memory Muxed Address Bus  bit- 1
62 MAO Output ~ Display Memory Muxed Address Bus bit - 0
63 NCLK3 Input Clock Input '
64 MADDP
65 VSS Ground
66 1016 Input 16. Bit Memory Transfer, Low Active -
67 MCS16 Input 16 Bit memory Transfer, Low Active
68 IGADR Input IGA Data Direction
6 ROMCEH  “Input BIOS ROM Select High
I\ ROMCEL Input BIOS ROM Select Low
il OEH Input Output Enable High, Low Active
7 EADEN Input Address Enable, Low Active

Table 5. Connector Pad List for IGA (Continued)
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Pad  Name Type - Description
73 VCC - +6.0 Volts
74 MONITOR Input : Monitor Type Detector
I NMI- Output - Non Maskable Interrupt
76 ROMCS Output BIOS EPROM Chip Select
77 DS16- Output Enable 16 Bit Master
78  CDSTP- ' - Graphic Card Set Up
I VSYNC Output Vertical Synchronization Pulse
80 HSYNC Output Horizontal Synchronization Pulse
81 IREQ Output Interrupt Request
8 BLANK- Output Blank Output
83 PCLK Output Pixel Clock Output
84 VCC - +6.0 Volts
85 ViD7 Output Video DAC Pixel Address bit-7
86 VID6 Output Video DAC Pixel Address bit-6
87 ViD5 Output Video DAC Pixel Address bit-5
8 VID4 Output Video DAC Pixel Address bit-4
8 VID3 Output Video DAC Pixel Address bit-3
0 VCC - +6.0 Volts
o1 VID2 Output Video DAC Pixel Address bit-2
2 VID1 Output Video DAC Pixel Address bit-1
93  VIDO Output Video DAC Pixel Address bit-0
94 DACWR- Output DAC Write Strobe
% DACRD- Output DAC Read Strobe
% VSS - Ground
o7 CLK3 Input CLOCK
) CLK2 Input CLOCK
e] CLK1 Input - CLOCK
100  CLKO Input CLOCK
101 MEMW- Input Memory Write Strobe
102  MEMR- Input Memory Read Strobe
103  ENMEM Input : Enable Display Memory
104  ENHB- Input Enable Bus High Byte
105  DATAEN- Output Data Buffer Enable
106  BDIR . Output Read Cycle Data Buffer Direction Control
107  ADDEN- Output Address Buffer Enable
108  SYSRST Input System Reset

Table 5. Connector Pad List for IGA (Continued)
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Pad Name Type Description
109 VCC - +6.0 Volts
110  ADO Input/Output - Multiplexed Address and Data bit-0
111 AD1 Input/Output ~ Multiplexed Address and Data bit-1
112 AD2 Input/Output~ Multiplexed Address and Data bit-2
113 AD3 Input/Output - Multiplexed Address and Data bit-3
114 AD4 Input/Output ~ Multiplexed Address and Data bit-4
115  ADS Input/Output  Multiplexed Address and Data bit-5
116  VSS - Ground ,
117 AD6 Input/Output  Multiplexed Address and Data bit-6
118 AD7 Input/Output  Multiplexed Address and Data bit-7
119  ADS8 Input/Output  Multiplexed Address and Data bit-8
120 AD9 Input/Output  Multiplexed Address and Data bit-9
121 AD10 Input/Output  Multiplexed Address and Data bit-10
12  ADHH Input/Output ~ Multiplexed Address and Data bit-11
123  AD12 Input/Output  Multiplexed Address and Data bit-12
124 AD13 Input/Output.  Multiplexed Address and Data bit-13
125 AD14 Input/Output  Multiplexed Address and Data bit-14
126  AD15 Input/Output Multiplexed Address and Data bit-15
127 VSS - Ground
128 VCC - +6.0 Volts
129 SIOR- Input Input/Output Read Strobe
130  SIOW- Input Input/Output Write Strobe
131 A16 Input Address Bus bit-16
132 A17 Input Address Bus bit-17
133 A18 Input Address Bus bit-18
134 A19 Input Address Bus bit-19
135  MD31 Input/Output Display Memory Muxed Address Bus bit-31
136  MD30 Input/Output  Display Memory Muxed Address Bus bit-30
137 MD29 Input/Output  Display Memory Muxed Address Bus bit-29
138  MD28 Input/Output ~ Display Memory Muxed Address Bus bit-28
139 MD27 Input/Output Display Memory Muxed Address Bus bit-27
140 VSS - Ground
141 MD26 " Input/Output Display Memory Muxed Address Bus bit-26
142 MD25 Input/Output Display Memory Muxed Address Bus bit-25
143  MD24 Input/Output Display Memory Muxed Address Bus bit-24
144  MD23 Input/Output  Display Memory Muxed Address Bus bit-23

Table 5. Connector Pad List for IGA (Continued)
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VGA OPERATION

VGA Text Mode

Mode Resolution Char Box Colx Row Board Colors
0,1 320x200 8x8 40x25 CGA 16
320x350 8x14 40x25 EGA 16/64
320x400 8x16 40x%25 MCGA 16/256K
360x400 o6 40x25 VGA 16/256K
2,3 640x200 8x8 80x25 CGA 16
640x350 8x14 80x25 EGA 16/64
640x400 8x16 80x25 MCGA 16/256K
720x400 9x16 80x25 VGA 16/256K
7 720x350 9x14 80x25 MDA MON
720x350 9x14 80x25 EGA MON
720x400 916 80x25 - | VGA MON
1056x344 8x8 ' 132x43 IGA MON
1180x350 9x14 _ | 132x25 IGA MON

Table 6. IIT-IGA VGA-Compatible Graphic and Text Mode

VGA Graphic Mode
Mode Resolution Board | cotors
4,5 320x200 CGA 4
EGA 4164
MCGA 41256K et
VGA | 4256k
6 640x200 CGA 2
EGA 2/64
MCGA 2/256K
| VGA 2/256K
D 320X200 EGA 16/64
VGA | 16/256

20 " Integrated Information Technology, Inc.
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E 640x200 EGA 16/64
VGA 16/256K
F 640350 EGA MON
, VGA MON
10 640x350 EGA 16/64
VGA 16/256K
| 640x480 MCGA 2/256K
. VGA 2/256K
12 640x480 VGA 16/256K
13 320x200 MCGA 256/256K
V@A 256/256K
IGA 840x480 _IGA 256/256K
IGA 800x600 _lIgA 256/256K
IGA 1024768 IGA 16/256K
IGA 1024x768 IGA 256/256K
HER 720x348 'HERCULES MON
Table 7. lIT-IGA Operation Modes
Integrated Information Technology, Inc. 21
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Command Action , , ,
HLINE Draws absolute polygon starting at absolute position
HCLINE Draws absolute polygon starting at current position
HRLINE Draws relative polygon starting at absolute position
HRCLINE Draws relative polygon starting at ‘Current position
HBAR Begins filled area
HEAR Ends filled area
HRECT Draws filled rectangle
HMRK Draws a marker symbol at absolute position -
HCMRK Draws a marker symbol at current position
HBBW Defines Bit-BLT destination at absolute position
HCBBW Defines Bit-BLT destination at current position
HBBR Defines Bit-BLT source at absolute position
HOPEN Opens the display adapter interface
HCLOSE Closes the display adapter interface
HSCP Moves to absolute location
HQCP Inquires about current position
HQDFPAL Inquires about default palette
HINIT Initializes task-dependent state buffer
HSYNC Sets adapter to a task-dependent state
HINT Waits for a vertical retrace
HSMODE Set display adapter mode
HQMODE Inquires about display adapter mode
HQMODES Inquires if display adapter modes are available
HEGS Clears screen to zero
HSGQ Sets graphics quality/drawing styles
HSHS Sets scissor '
HIDPAL Loads palette
HSPAL Saves palette

Table 8. Advanced Graphic Mode Commands
22 ' I'ntegratedr Information Technology, Inc.
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HIRPAL Restores palette

HSLPC Saves line pattern position

HRLPC Restores line pattern position

HSBP Sets bit plane controls

HQCOORD Inquires about coordinate types

HSCOORD Sets coordinate types

HESC Escapes

HQDPS Inquires about drawing process state buffer size
HSMARK Sets current marker shape

HSPATT Sets current'pattern shape

HSPATTO Sets current pattern origin point

HSLT Sets current line type

HSLW Sets current line width

HSCOL Sets current foreground color

HSBCOL Sets. current background color

HSMX Sets mix

HSCMP Sets color comparison register

HSCS Sets character set

HCHST Draws text string at absolute position
HXLATE Assigns color index table for text
ABLOCKMFI Writes alphanumeric character block
ABLOCKCGA Writes CGA-format alphanumeric character block
AERASE Erases character cell rectangle

ASCROLL ‘Scrolls character cell rectangle

ACURSOR Sets alphanumeric cursor position

ASCUR Sets alphanumeric cursor shape

ASFONT Sets alphanumeric character set

AXLATE Sets alphanumeric attribute color index table

Table 8. Advanced Graphic Mode Command;s (Continued)
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ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings (Vgs = OV)

- Value

Symbol __Parameter . ' , __MN MAX Units
N Input current _ ' -10 10 uA
lour  Output current -10 10 mA
PD Power dissipation 1,5 w
Ta Ambient temperature under bias 0° 70° C
Tstg  Storage temperature ~65° 150° C
Vee Power Supply Voltage Vgs-05 6.0 \
ViN Input Voltage ' Vss-0.5 Vop+05 V

Notice: Stresses above those listed under “Absolute Maximum Ratings™ 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 operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

IIT-IGA Characteristics ( Ve = 5V + /- 5%, Ta = 0 to 70° C)
Recommended Operating Conditions ( Vss = 0 V)

Value :
Symbol _Parameler _MIN - MAX Units
Vin Input voltage ; Vss Voo \
Topr  Operating temperature 0° 70° C
Voo  Power supply voitage 4.75 5.25 Y
Electrical Characteristics { Vss =0 V)
Value )
Symbol Parameter Condifien . MN __MAX Units  Notes
Vee Power supply current f Max = 50 MHZ ' - 200 mA no DC Loads
lboos  Standby current Vpe = MAX 10 MnA
L Input leakage : - +1 HA
H Input high current Vin = Ve - 10 HA
s Input low current Vin = OV -100 7 HA pull-up.
W2 Spectal input low current  Vin = OV -10 HA. no pull-up
Vin Input voltage high Vipo = 5.25 2.0 v
ViL Input voltage low .08 v
Vou Output voltage high lcH=248mMA 24 v
VoL Output voltage low loL = 4,68 mA 2.4 Vgs+0.4 V
Vpc = 4.75 ,

Vgk  Inputvoltage skew 2 Vins

24 o Integrated Information Téchnology,z- Inc.
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TIMING SPECIFICATIONS

HT-IGA AC Characteristics (VCC =5V + 5%, TA = 0 to 70°C)

, Value -
Symbol_ Parameter . _ , MIN TYP  MAX Units _ Notes
t4 Address Set-up time to -CMD 15 . . ns 7
t2 CMD pulse width - 180 - ns 7
t3 Read data valid from -CMD - - - 135 ns 7
t4 Write data set-up time from READY . 120 - 1] 7
ts Read data hold time ' - 0 . ns 7
tg Write data hold time 5 - . ns 7
t7 ADDEN hold time to -CMD active 9 15 20 ns
tg DATAEN hold time to -CMD active 9 15 20 ] :
tg DS16 active from address valid 10 17 24 ns 8
t10 BDIR valid from read CMD active 8 13 19 ns
t41 READY active from -CMD active 12 18 . 30 ns
t{2  ~ ADDEN active from -CMD inactive 10 16 20 ns
t13 DATAEN hold time from -CMD : 10 16 22 ns
t14 DS16 hold time from address invalid 8 A7 24 ns
15 BDIR hold time to -CMD inactive 10 . 24 20 ns ,
t16 Address AD0"15 setup to -CMD active 5 - - ns 1
t17 Address AD0'15 hold to -CMD agtive 5 - ]
t18 ENHB.A16"19 setup fo -CMD active 5 - s
t19 Address AD0"15 hold from -ADDEN 5 - ns
t20 read Data (AD0"15) delay from -CMD 35 - ns 2b
t21 Read Data (ADQ"15) hold from -CMD . 0 mn 2b
ta22 Write Data (AD0"15) setup from -CMD 15 - - ns 2a
tog  Wiite Data (AD015) hold from -CMD .2 - - rs 2a
to 4 DACWR delay from -IOW/write cmd active 10 14 40 ns
t25 ACWR delay from -IOW/write cmd active 10 16 22 ns
26 -DACRD delay from -l0r/read cmd active 1l 14 20 ns
to7 DACRD delay from -lOrfread cmd active - 10 16 22 ns
tog PO"P7 pixel word setup to PCLK 3 - - ns 6
tog P0"P7 pixel word hold from PCLK t6-162-4 - ns 6
t30 Blank setup to PCLK 1 . - ns
i34 Blank hold from PCLK 3 - . ns
t32 Sync setup to PCLK 6 - - ns
{33 Syne hold from PCLK 10 - . ns
t3 4 Reset pulse width 128 tc . ™
t35 MEMEM setup to -MEMR 10 ns
t3e MEMEM hold from -MEMR inactive 10 - ns
ta7 ENIO setup to -IOCMD 15 - - ns
138 ENIO hold from -IOCMD inactive ' 10 - - ns
t39 MONITOR setup to -IOR/read command : 50 - ns
ta0 MONITOR hold to -IOR/read cmd active 1- ns

Integrated Information Technology, Inc. 25
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TIMING SPECIFICATIONS (CONTINUED)
Symbol__Parameter MIN TYP MAX Units Notes
t41 Video vertical blank period 4
t42 Active vertical video period 4
43 Video display end to VSYNC 4
t44  VSYNC interval 4
145 Video Sync pulse width 4
t46 IREQ active from VSYNC 10 - 25 s
t4 7 IREQ inactive from -|IOWhwrite command 30 - 40 ns
48 NMI active from -IOW/write command - 14 20 w
t4 9 NMI inactive from -IOW/write command - - 16 22 ns
t50 ROMCS active from -MEMR 10 - 19 ns
t51 Video horizontal blank period 5
t52 Active horizontal video period 5
153 Horizontal display end to HSYNC 5
{54 HSYNC end to active video period 5
t55 HSYNC interval 5
56 HSYNC period 5
t57 HSYNC interval : 5
t58 PCLK slew from VCLK 4 20 ns
t59 DS16 from IOW 6 17 22 ns 9
t60 ROMCS from valid address 12 22 30 ns
t61 PCLK high time tch-4 - ns
tg2 PCLK low time tcl-1 ns
63 CMD active period 3tc . ns 3
tg 4 READY pulse width 4ic 1281¢ m
g5 Read data setup to READY 25 - ns
66 Read data delay time - 3tc+30 ns
fo VCLK 0-3 input clock frequency 50 MHz
te VCLK 0-3 input clock period 20 s
teh VCLK 0-3 high time tc/2+/-5% ns
tel VCLK 0-3 low time tc/2+/-5% ns
Notes:

1. Address A0"A15 must be valid 10 ns before -CMD goes inactive.
2a. WRCMD can be either -IOW or valid S0, S1, MIO lines indicating -IOW.

2b. RDCMD can be either -JOW or valid S0, $1, MIO lines indicating -IOR.
3. The -CMD pulse width indicated is a recommended minimum, the VGA control may work with a lesser pulse
period.
4. See VSYNC timing table below.
VSYNC 350 Lines 400 Lines 480 Lines 600 Lines
t4 1 2.768 mS 1.112ms 0.922 m$ 0.72m$
t42 11.504 mS 13.156mS . 15.762 mS 17.07m$S
t43 0.985 mS 0.159mS 0.064 mS 0.030 mS
t44 14.258 mS 14.258 mS 15.583 m$S 17.75mS
145 0.064 mS 10.084 mS 0.064 mS 0.06 mS_

26
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TIMING SPECIFICATIONS (CONTINUED)

5. See HSYNC timings table below.

HSYNC 40/80 no border 80 with border 800-pixel graphics.
t51 6.356 1S , 5.720 pS 8.23 uS
t52 24.422 uS ' 25.068 pS 22.22 S
t53 0.636 pS 0.318 uS 0,67 puS
t54 1,907 uS 1.589 uS 3.56 uS
t55 3.813 uS 3.813 uS 2.00 pS
t56 31.778 uS 31.778 S 28.44 uS
t57 3.813 uS ~ |3813pus 1,00 pS

6. PCLK can be inverted externally to improve 126 and t29 timings,-
T26(improved) = 126 + t61+lgq) ay(inverted)r-t28(im proved) - tge - tde|ay(inverted) -t29.

7. These timing numbers are meant only as a general reference: timing numbers 11 to t6 may vary depending upen
system implementations. Do not use these numbers as a basis for designing systems.

8. DS16is active only during CPU memory cycles and is inactive during CPU l/O cycles.

9. DS16 active time when I/O register is written to enable -DS16.

Integrated Information Technology, Inc. - 27
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IIT-IGA DRAM TIMING
: 8-dot Mode 9-dot Mode
Symbol  Parameter Min - Mx Min Max
o Read/Write cycle time : 6tc - 7tc .
tras RAs pulse width 3.5tc - 4tc+2tt -
tar Column address hold from RAS 2t¢ - 2tc -
trp RAS precharge 25t - 3.5t -
terp CAS to RAS precharge © . 2.5t . 3.5tc -
tosh CAS hold from RAS 3.5tc - 3.5t¢
trsh RAS hold from CAS : 2tc-2tt - 2tc-2tt
tepn CAS precharge 4tc-tt - ' 6tc-tt
tcas CAS pulse width 2tc-2tt - 2tc-2it
tasr Row address setup to RAS 0.5t¢ - - 0.5tc -
tasc Column address hold from CAS 0.5tc - 0.5tc -
trs Row address hold from RAS , 0.5tc - 0.5t¢ -
tos Column address hold from RAS 0.5tc . 0.5tc -
tdse Read data setup to CAS inactive ns - 7ns -
toft Read data hold to CAS inactive Ons - Ons -
twp WE pulse width 2.5t¢ - 2.51¢ -
tds " Write data setup to CAS tc-10 - tc-10
tdh Write data hold from CAS 1.5t¢ - 1.5tc
tdhr Write data hold from RAS 3te - 3te -
twet WE hold from RAS 3.5tc . 1tc -
twes Write command setup time 0.5tc-tt - 0.5te-tt -
tweh  Wiite command setup time 2tc - 2t¢
tred RAS to CAS delay 15t1c - 1.5tc
Notes:
tc = 1 input clock frequency.
All DRAM timings are listed at a maximum clock rate of 20 MHz during production.
Timing numbers guaranteed by design, not tested.
28 , Integrated Information Technology, Inc:
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Symbol _Parameter , MN __ MAX Units Notes
tic Read/Write cycle time : 6tc 19tc s 1
tcas  RAS pulse width 17tc-2tt - ns
lca Column address hold from RAS ' 2tc - ns 2,6
tep RAS precharge 2..5t¢ - ns 2
terh  CAS hold from RAS 2.5t¢ ns 2
trch  RAS to CAS delay ' 3.5t¢ ns
torh  RAS hold from CAS : - 2te-2tt ns 2
tepn  CAS precharge 2tc-2tt ns 2
tcpw  CAS pulse width 2fc-2tt . ns
trra Row address setup to TAS ' 0.5tc-tt - ns 2
taac  Column Address setup to CAS ; te-t - ns
tra Row address hold from RAS 0.5tc-tt - s 2
tcad  Column address hold from CAS 0.5tc-tt - ns 6
trds  Read data setup to CAS inactive 7 - ns 3
trdh  Read data hold to CAS inactive : 0 ns 3
twp  WE pulse width 2.5t¢ ns 4
tds Write data setup tc-10 - ns 4
tdh Write data hold from CAS- 1.5t¢ - ns 4
tdhr  Write data hold from RAS , 3tc - n 4
twes  Write command setup time fo CAS 0.5tc-1t s 4
twch  Write Command hold time from CAS - 2tc ns 4
twee  WE hold from RAS 3.t¢ ns 4

lIT-VGA DRAM TIMING (RAS-ONLY REFRESH)

thde  Horizontal display enable inactive

to RAS only refresh delay 16/18tc - ns[8-dot/9-dot]
trpw  RAS pulse width 3.5t¢ - ns
trp RAS precharge 2.51¢ ns
tast  Rowaddress setup time 0.5tc - ns
thit Row address setup time tc rs

tt = minimum (3 ns) transition time
tc = clock period
Notes:

1. Minimum time indicated is for non-page mode, 8-dot cycle.
Maximum time indicated is for page mode cycle (CRT read cycle).
2. These timings are more relaxed in page mode operation and minimum times are controlled by 8-dot cycle

timings.
3. Read cycle timings are similar to 8-dot cycle timings.

4. Write cycle is not a page mode cycle, hence timings indicated are 8-dot cycle timings.
5. All DRAM timings are listed at-a maximum clock rate of 20 MHz during production.
6. Timing numbers are guaranteed by design, and are not tested.

Integrated Information Technology, Inc.
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IGA REGISTERS
Register Name - Page Size. Address  Function
DAC Interface Registers : ,
DAC Mask 43 - 8bit 02EA Read/Write
DAC Read Index 43 8 bit 02EB Read/Write
DAC Write Index : - 44 8 bit  02EC Read/Write
DAC Data - 44 8 bit  02ED Read/Write -
Advanced Function Control ) - 45 16 bit 4AE8 Write Only
Interrupt Control Reglster
Subsystem Contro! 46 16 bit 42E8 Write Only-
Drawing Control Registers
Current Y Position - 48 16 bit  82E8 Read/Write
Current X Position 48 16 hit 86ES Read/Write
Destination Y Position/Axial Step Constant 49 16 bit 8AES Write Only
Destination X Position/Diagonal Step Constant 49 16 bit 8EES Write Only
Error Term : 50 16 bit - 92E8 Read/Write
Major Axis Pixel Count 50 16 bit  96E8 Write Only
Command , 51 16 bit  9AES Write Only
Short- Stroke Vector 53 16 bit 9EE8 - Write Only
Background Color 55. 16 bit A2E8 Write Only
Foreground Color 55 16 bit  AGES Write Only
Write Mask 55 8 bit  AAES Write Only
Read Mask 56 16 bit  AEE8 Write Only
Color Compare 57 16 bit B2E8 Write Only
Background Mix 57 16 bit BAES Write Only
Foreground Mix : 58 16 bit ~B6ES Write Only
Multifunction Control 59 16 bit- BEES| Write Only.
Fixed Pattern Low o 61 - 16 bit BEE8-8  Write Only -
Fixed Pattern High 62 16 bit BEE8-9  Write Only
Pixe! Control 63 16 bit 8BEE8-A  Wiite Only
Pixel Data Transfer 64 16 bit E2E8 Read/Write
Status Registers
Subsystem Status 65 16 bit 42E8 Read Only
Graphics Processor Status . 66 16 bit 9AE8 Read Only
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i INFRVATION 752 |

lllll etosr

IBM 8514/A-COMPATIBLE REGISTERS

With the exception of DAC interface regusters all'lGA reglsters are 16 bits in length. All
unused bits are reserved.

DAC INTERFACE REGISTERS ,

The four 8-bit DAC Interface Registers are used to program the external video DAC. All four
registers are read/write registers. After the index for read/write is written, multiple read/write
operations can be performed without the need of setting a new index for each entry,

To write to the DAC:

1. Set Start DAC Write Index at 02EC.

2 Write three bytes (R, G, B values) at 02ED. The index will automatically increment to the
next write entry.

3. Repeat the previous step for the desired number of entries.

To read from the DAC:
1. Set Start DAC Read Index at 02EB.

2. Read three bytes (R, G, B values) at 02ED The index will automatically increment to the
next read entry.

3. Repeat the previous step for the desired number of entries.
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mm INTEGRATED
" INFORMATION | J52-33- 95

“crse

DAC Mask Register ~ Read/Write
8-bit Address 02EA

The DAC Mask Register selects the pixel planes to be displayed. Each bit in the register will
select the corresponding pixel plane; thus bit 0 selects pixel plane 0 and bit 7 selects pixel plane 7.

7 16 |5 [4 |3 [2 |1 |o

SiLECT ' SiLECT

PIXEL PIXEL
PLANE 7 , PLANEO
DAC Read Index Register | ~ Read/Write
8-bit f - Address 02EB

The DAC Read Index Register selects one of the 256 Color Lookup registers to be read through
the DAC Data Register at address 02ED.

COLOR
VALUE

Integrated Information Technology, Inc. 7 7 43
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mm RATED _ |
i Mooy 7 52-33-55
DAC Write Index Register “Read/Write

8-bit Address 02EC

The DAC Write Index Register selects one of 256 Color Lookup registers to be written through
the DAC Data Register at address 02ED.

7 e |s |4 |3 |2 |1 |o

S——
REGISTER
SELECT
DAC Data Regi'ster s Read/Write
8-bit Address 02ED

The DAC Data Register (bits 5 to 0) specifies one of the three R, G, or B color intensities. '
Three consecutive accesses are needed to load every Color Lookup Register.

7 |6 |5 |4 |8 |2 |1 ]o

—

——
COLOR INTENSITY

44 Infegratéd Information Technology, Inc.
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INTEGRATED -
i INFORMATION | TSR35
Advanced Function Control Write Only
Register B |
16-bit Address 4AES

The Advanced Function Control Register is employed by all functions of the IGA to select the
graphics mode. Bits 0 and 2 are used to select mode and resolution.

Bit 0, Mode, is used to select 8514/A graphics mode or VGA mode.
Bit 1 is set to 1. |

Bit 2, Resolution, is used to select the screen resolution.

Bit 3 is reserved. |

Bits 15 to 4 are unused.

15 |14 {13 12 |11 {10 |9 8 |7 6 |5 4 3 2 1 0

UNUSED RESERVL)

Value | Mode 7
0 VGA
1 8514/A

Value | Resolution

0 |s640x480
1 | 1024 x 768
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i Nrowtaon  T$R-33-95

INTERRUPT CONTROL REGISTER

Subsystem Control Register Write Only
16-bit ' “Address 42E8

The Subsystem Control Register controls interrupts, CPU resets, and CPU interface functions.
The register effects bits 0 to 3 of the Subsystem Status Register.

Bit 0, VSYNC, puts a zero in the vertical sync status bit of the Subsystem Status Register
that can be read at address 42E8.

Bit 1, Graphic Engine Busy, puts a zero in the data transfer ready flag bit of the Subsystem
Status Register that can be read at address 42E8.

Bit 2, FIFO Overflow, puts a zero in the queue full blt of the Subsystem Status Register that can
be read. This bit is cleared at the end of every line during a read across the plane.

Bit 3, FIFO Empty, puts a zero in the graphic processor empty bit of the Subsystem Statué
Register that can be read.

Bits 7 to 4 are zero.

Bit 8, Interrupt on Vertical Field, enables/disables the vertical field interrupt.

Bit 9, Interrupt on Data Transfer Ready, enables/disables the data transfer ready interrupt.
Bit 10, Interrupt on Queue Full Flag, enables/disables the queue full interrupt.

Bit 11, Interrupt on Graphics Processor Idle, enables/disables the graphics processor idle
interrupt.

Bits 13 to 12 are a code for Enable/Disable Pixel Synchronizer.

Bits 15 to 14 are a code for Enable/Disable Graphics Sequencer.
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reEcemoLsoratue

SuBSYSTEM CONTROL REGISTER

15 114 |13 |12 |11 {10 9 8_77 6 5 |4 3 2 1 0
' SETTOO0 —
Interrupt On '
Vertical Field
0=Disable ___VSYNC
1=Enable
= 0=No Change
: 1=Clear
Interrupt on Data
- Transfer Ready ,

- ‘ Graphic Engine
0=Disable : - Busy Flag
1=Enable - .

- 0=No Change
i ' 1=Clear

Interrupt on

Queue Full '

' FIFO Overflow
0=Disable | 7 -
1=Enable 0=No Change

1=Clear
Interrupt on ' . '
Grapt?ics FIFO Empty Flag
Processor Idle
b N N
O=Disable 0=No Change
1=Enable 1=Clear

Y

Enable/Disable Pixel Syncronizer

Value | Description

00 No Change from Previous Setting
01 Enable Pixel Syncronizer
10 Disable Pixel Syncronizer
11 Disable Pixel Syncronizer

L

Enable/Disable Graphics Sequencer

Value Description

00 No Change from Previous Settihg

01 Enable Graphics Sequencer
10 Disable Graphics Sequencer
11 Disable Graphics Sequencer

Integrated Information Technology, Inc.

T o S Cr T e e & oo e s S




INTEGRATED INFO TECH INC  38E D 44254819 0000LIL & BAIIT
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’///////” " INFORMATION |
DRAWING CONTROL REGISTERS
There are sixteen registers associated with drawing control.
Current Y Position Register Read/Write
16-bit Address 82E8

The Current Y Position Register (bits 10 to 0) defines the Y position of the pixel current!y being
drawn. The status of this register can be read. The value is 11 unsigned bits. Bit 11 is reserved
for higher resolution. Bits 15 to 12 are unused.

15 |14 |13 {12 |11 |10 |9 8 7 6 5 4 |3 2 1 10

- — gr— V
UNUSED !p CURRENT Y OF DRAWING POINT VALUE
RESERVED

Current X Position Register Read/Write
16-bit Address 86ES8

The Current X Position Register (bits 10 to 0) defines the X position of the pixel currently being
drawn. The status of this register may be read. The value is 11 unsigned bits. Bit 11 is reserved
for higher resolution. Bits 15 t012 are unused. :

15 |14 |13 |12 [11 [10 ]9 |8 |7 |6 |5 |4 [3 |2 |1 |o
RES

———
CURRENT X OF DRAWING POINT VALUE
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mm INEGRATED T6-33- 45
P Neodmey DR o n it
Destination Y Position/Axial Step ‘Write Only
Constant Register | 7
16-bit | | Address 8AE8

The Destination Y Position/Axial Step Constant Register defines the Y destination in two ways
as specified by the Command register. During bit block (BITBLT) copying, bits 10 to 0 are used
to define the Y destination. During line drawing, bits 11 to 0 define the increment value. The

command to be performed is specified by the Command Register. Bits 15 to 12 are unused. The
minterm for line drawing is: _

Increment 1 = 2 * (min (Jdx|, |dy[))

15 |14 [13 12 |11 [10 |o |8 |7 |6 |5 |a |3 |2 |1 o
WV Y -

UNUSED 2'S COMPLEMENT LINE PARAMETER: INCREMENT 1

15 114 |13 (12 |11 |10 |9 |8 |7 |6 |5 |4 |3 |2 |1 0

—
UNUSED

COPY Y DESTINATION
RESERVED
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Destination X Position/Diagonal Step “Write Only

Constant Register ,
16-bit Address 8EES8

The Destination X Position/ Axial Step Constant Register defines the X destlnatlon in two ways
as specified by the Command register. During bit block (BITBLT) copying, bits 10 to 0 are used

to define the Y destination. The value is 13 signed bits during line drawing. Bits 15t0 12 are
unused. The minterm for line drawing is:

Increment 2 = 2*(min|dx], |dy|) - max (|dx|, |dy}))

15 {14 |13 |12 |11 |10 |9 |8 |7 |6 |5 |4 |38 |2 |1 O
E—__Q - — - - ) - = - /
UNUSED 2'S COMPLEMENT (ALWAYS NEGATIVE)

LINE PARAMETER: INCREMENT 2

15 |14 {13 12 |11 |10 9 8 7 6 5 4 |3 2 1 0

UNUSED Y COPY X DESTINATION
RESERVED

50 Integrated Information Technology, Inc.

U P




INTEGRATED INFO TECH INC 39E D ®& 4825819 0000119 3 EAIIT

M INTEGRATED ~¢9-33-¢
i Ny it
Error Term Register Read/Write
16-bit Address 92E8

The Error Term Register defines the delté for the current line drawing (bits 12 to 0) as 2's
complement with the sign bit extended (bits 15 to 13). The value is signed, 2's complement, 13
bits. The minterm for line drawing is:

if starting x < ending x,

2" [min (|dx], [dy])] - max (jdx}, |dy]) - 1)

and if starting x = ending x, then

2" [min (ldx], |dy[)] - max (jdx], [dy])

15 |14 [ 13 |12 |11 |10 9 |8 |7 |6 5 |4 3 |2 1 0

SIGN EXTENSION 2'S COMPLEMENT DELTA LINE VALUE
Major Axis Pixel Count' Register Write Only
~ 16-bit ‘Address 96E8

The Major Axis Pixel Count Register (bits 10 to 0) defines the width the rectangle in bit block
(BITBLT) or rectangle mode, or line length in line drawing mode.

The drawing mode is determined by the Command Register. The value is 11 unsigned bits. Bits
15 to 11 are unused. In line drawing mode, the minterm is;

Line Parameter = max(]dx|, [dy])

Rectangle Width Value = Rectangie Width -1

15 114 |13 |12 |11 |10 |9 8 7 6 5 4 13 |2 1 0
UNUSED RECTANGLE WIDTH VALUE OF LINE PARAMETER: MAX DELTA
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Command Register Write Only
16-bit | ___Address 9AE8

The Command Register selects drawing commands as shown below in the reg|ster dlagram All
parameters must be set before the command is sent to activate drawing.

Bit 0, Read/Write, specifies read (0) or write (1).

Bit 1, Pixe! Mode Flag, specifies single pixel mode (0) or multi-pixel mode (1).
Bit 2, Last Pixel Off Flag, specifies the last pixel' drawn (0) or pixel turned off (1).

Bit 3, Drawing Type Flag, specifies drawing direction as. coordinate-based (0) or radial (1). The
direction is specified by bits 5 to 7 as shown in the table below.

Bit 4, Draw/Move Flag, specifies move. (0) or draw (1),
Bits 7 to 5 specify the drawing direction as shown in the drawing direction table on the next page.

Bit 8, Wait State, is set to 1 to allow waiting for CPU data for functions such as'image transfer
or texture line drawing.

Bit 9, Bus select, specifies 8-bit bus (0) or 16-bit bus (1).
Bit 10 is reserved for a future feature.
Bit 11 is unused.

Bit 12, Swap Data Bytes Flag, specifies that either the most S|gnmcant byte is drawn first (0),
or the least significant byte is drawn first (1) when the 16-bit data bus is selected.

Bits 15 to 13 specify the drawing function as shown in the table below.
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mm INTEGRATED 7-42-33- 45
" INFORMATION
COMMAND REGISTER
15 {14 {13 12 |11 |10 |9 8 7 6 5 4 3 2,71 0
* [ ]
PC Data _ / Read/Write
Transfer Flag
0=No =Write
1=Yes 1=Read
_18-bit PC Pixel Mode
Bus Access Flag
10=-186 : : 0=Multi
= 1=Single
16-bit Pixel 7 Last Pixel
Access Off Flag
0=No 0=On
i=Yes ' 1=Off
Y : ,
g\!;fap glata , Drawing
es Flag Type Fla
SIS ype g
0=No 0=Coord,
1=Yes . 1=Radial
kL , v :
Drawing Df’rectlon 7 Draw /Move
Value Line Algorithm Fiag Line Algorithm Flag Flag
bit-3 Command Reg.=0 bit 3 Command Reg.=1 0=Udate
000 0 degrees y neg, X major, x neg _1=Draw
001 45 degrees y neg, x major, x pos
010 90 degrees y neg, y major, x neg
011 135 degrees Yy neg, y major, X pos
100 180 degrees Yy pos, X major, X neg
101 225 degrees y pos, x major, x pos
110 270 degrees Yy pos, y major, x neg
111 315 degrees 7 Y pos, y major, x pos
Value Draw'ing' Function 7
000 No Operation
™ 001 {Line Drawing
010 Rectangle Fill (Horizontal first) polygon fill
011 Rectangle Fill (Vertical 1st by 2 Vert. pixel)
100 Rectangie Fill (Vertical 1st by 4 Hor. pixel)
101 Polygon Boundry Line Draw
110 BITBLT
111 Not defined
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I//// /ll III\\I’IZ'(E)%M/\TION /:5 A "33" ‘ff
Short Stroke Vector Register  Write Only
16-bit Address 9EE8

The Short Stroke Vector Register holds two data bytes. Each byte specifies pixel Iength
drawing direction, and move/draw control for a short stroke vector.

Bits 3 to 0 define the pixel line length.
Bit 4, Move/Draw, selects a move function (0) or draw function (1).

Bits 7 to 5 define the direction of the line to be drawn. Whether the line is coordinate- or radial-
based is determined by bit 3 of the Command Register.

Bits 11 to 8 define the pixel line length.
Bit 12, Move/Draw, selects a move function (0 (')ror draw function (1).

Bits 15 to 13, define the direction of the line to be drawn, Whether the line is coordinate- or radlal-
based is determlned by bit 3 of the Command Register. -
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SHORT STROKE VECTOR REGISTER

15 |14 {13 |12 |11 |10 |9 |8 |7 |6 |5 4 13 2 1 0

N — . NS ' —
PIXEL LINE PIXEL LINE
LENGTH VALUE LENGTH VALUE
— Value Operatidn
0 Move
1 Draw
Y
Drawing Direction
Value Line Algorithm Flag Line Algorithm Flag
bit-3 Command Reg.=0 | bit 3 Command Reg.=1
- 000 0 degrees x major, x heg. (left)
001 45 degrees , X major, X pos. (right)
010 90 degrees y major, y neg. (up)
011 135 degrees y major, y neg (up)
100 ' 180 degrees X major, X heg. (left)
101 225 degrees x major, X pos. (right)
110 270 degrees : y major, y pos. (down)
111 | 315 degrees y major, y pos. (down)
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i NN 533374
Background Color Register | VVWrite Only
8-bit - Address A2ES8

The Background Color Register (bits 7 to 0) specifies the background color selected by the
Source Data Field of the Foreground/Background Mix registers.

7165 |a]3l21]11]o

- \ armin— 7 V -
BACKGROUND COLOR VALUE

Foreground Color Register | - Write Only
8-bit - Address AGES8

The Foreground Color Register (bits 7 to 0) contains the value of the foreground color.

7 |e |5 |4 |3 |2 |1 |o

_ —
R—
FOREGROUND COLOR VALUE
Write Mask Register ~ Write Only
8-bit - Address AAES

The Write Mask Register selects the bit-planes for graphics and text update, Each bit selects the |
associated plane. '

——

WRITE MASK
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i ’M’E’??WON - | | 7-53-33 45

Read MaskRegith’Verr | | ~ Write Only
16-bit | ~ Address AEE8

The Read Mask register selects the read source for graphics or text updates, The mask bits are
rotated to the left by one bit, except for polygon fills as shown in the diagrams below, The value -
is the true mask rotated one bit to the left for 4-bit plane and 8-bit plane operations as shown .
below. However, for polygon fill the relatlonsmp of bit position to plane is in direct correspondence

as shown below.
4-bit Bit-plane 7
7 |6 |5 |4 |3 |2 |1 |o
UNUSED {j l
PLANE 3 PLANE 0
8-bit Bit-plane
7 |6 |5 [4 |3 |2 |1 o
PL}NE 6 PLANJ {LANE 7
Polygon Fill
7 |6 |5 |4 [3 |2 [1 o
PLJNE? PLANE 0
Color Compare 'Registerﬂ Write Only |
16-bit , Address B2E8

The Color Compare Register (bits 7 to 0) defines the color compare value that is used in
conjunction with the Pixel Control Register to determme which pixel positions require updating.

COMPARISON COLOR VALUE
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Background Mix Register ~ Write Only
8-bit Address BG6E8

The Background Mix Register selects background color source and mix modes as shown below.

UNUSED FOREGROUND
MIX COMMAND

Value (h) Description

00 NOT Screen

ot Zero

02 One

03 Leave Alone

04 NOT New

05 XOR

06 NOT Screen XOR New

07 Overpainit

08 NOT Screen OR NOT New.

09 Screen OR NOT New

0A NOT Screen OR New

0B Screen OR: New

oC Screen OR New]

(0] NOT Screen AND New

OE Screen AND-NOT New

OF NOT Screen AND NOT New

10 Minimum

11 (Screen-New) without saturate
12 (New-Screen) without saturate
13 (New+Screen) without saturate
14 Maximum

15 (Screen-New)/2 without saturate
16 (New-Screen)/2 without saturate
17 Average = (New+Screen)/2 without saturate
18 (Screen-New) with saturate

19 (Screen-New) with saturate

1A {New-Screen) with saturate

iB (New+Screen) with saturate
iC {Screen-New)/2 with saturate
iD - (Screen-New)/2 with saturate
iE (New-Screen)/2 with saturate
iF (New+Screen)/2 with saturate
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iy N

Foregrouhd ‘Mix Register | Write Onrly'
16-bit B Address BAES

The Foreground Mix Register selects foreground color source and mix commands as shown below.

16 }14 |13 (12 |11 10 |9 8 7 6 5 4 3 2 1 0
et -
—
UNUSED - COLOR FOREGROUND
SET TO o SELECT MIX COMMAND
, Y
Value Description
00 Background Color Mode
01 Foreground Color Mode
10 CPU Data Transfer Mode
1 Frame Buffer Mode
, , Y
Value (h) Description
00 NOT Screen
01 Zero
02 One
03 Leave Alone
04 NOT New
05 XOR
06 NOT Screen XOR New
o7 Overpaint
08 NOT Screen OR NOT New
09 Screen OR NOT New
0A NOT Screen OR New
0B Screen OR New
oc Screen OR New)
(¢ 3) NOT Screen AND New
OE Screen AND NOT New
OF NOT Screen AND NOT New
10 Minimum
11 (Screen-New) without saturate
12 {New-Screen) without saturate
13 (New+Screen) without saturate
14 Maximum
15 (Screen-New)/2 without saturate
16 (New-Screen)/2 without saturate
17 Average = (New+Screen)/2 without saturate
18 (Screen-New) with saturate
19 (Screen-New) with saturate
1A {New-Screen) with saturate
iB (New+Screen) with saturate
1C (Screen-New)/2 with saturate
1D " (Screen-New)/2 with saturate
1E (New-Screen)/2 with saturate
iF (New+Screen)/2 with saturate
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INTEGRATED L £9-99.

i RN Frod9se
Multifunction Control Register  Write Only
16-bit Address BEES

The Multifunction Control Register selects drawind control parameters as shown below, As the
drawing select bits of the register change, the function of the register changes as described
below.

Bits 15 to 12 = 0, Minor Axis Pixel Count Reglster bits 10 to 0 specify the height of the
rectangle, where

Value = Rectangle Height - 1.
Bits 15 to 12 = 1, Top Scissors Register, bits 10 t0 0 specify the top limit of the clipping window.

Bits 15 to 12 set to 2, Left Scissors Register, bits 10 to 0 specify the left limit of the clipping
window.

Bits 15 to 12 set to 3, Bottom Scissors Register, bits 10 to 0 specnfy bottom I|mlt of clipping
window.

Bits 15 to 12 set to 4, Right Scissors Register, bits 10 to 0. specify the right limit of the clipping
window.

Bit 11 is reserved.

15 |14 |13 |12 |11 |10 |9 8 7 6 5 4 |3 2 |1 |0
B _ - 7, ™/
DRAWING SELECT RECTANGLE/CLIPPING PARAMETER VALUE
RESERVED
Value Address Parameter
0000 BEES8-0 Rectangle Height-1
0001 BEES-1 Clipping Window Top Limit
0010 BEES8-2 Clipping Window Left Limit
0011 BEE8-3 Clipping Window Bottom Limit
0100 BEES8-4 Clipping Window Right Limit
60 Integfated Information Technology, Inc.
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Memory Control Reglster ~ Write 'Only
“16-bit ~ Address BEES-5

The Memory Control Register function is selected when the index (bits 1210 15) is set to 5.
Bits 1 to 0, CAS Configuration, are as shown below. '

Bits 3 to 2, Write Enable, are as shown below.

Bit 4, Planes for Drawing, selects lower 4 planes (0) or upper 4 planes (1).

Bits 7 to 5 are reserved. |

Bits 11 to 8 are unused.

15 114 |13 |12 |11 |10 |9 |8 |7 |6 |5 |4 |3 |2 |1 0

5 UNUSED RESERVED
. ) Value - | Description
Planes for Drawing 00 | 2 CAS Configuration
o 01 4 CAS Configuration
?=b°wer2 g:aﬂes 10 6 CAS Configuration
=upper 73"7973 11 8 CAS Configuration
v
Value Description
00 -| 4 Write Enable
01 5 Write Enable
10 8 Write Enable
1 10 Write Enable
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me RATED S5R-33 -
i hrcwaroy 7R354
Fixed Pattern Low Register  Write Only
16-bit | Address BEES-8

The Fixed Pattern Low Register function is selected when the index (bits 12 10 15) is set to 8.
Bit 0 is set to 0.
Bits 4 to 1 select the pixel mix as shown in the table below.

Bits 11 to 5 are unused.

16 |14 |13 |12 |i1 |10 |9 |8 |7 |6 |5 |4 |8 |2 |1 0

SETTO8 UNUSED '
Y

Bit Description

SETTOO

Pixel 4 Mix Select
Pixel 3 Mix Select
Pixel 2 Mix Select
Pixel 1 Mix Select
" Pixel 0 Mix Select

' rN—O |
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L) RATED
i WoRaoy | 523345
Fixed Pattern High Register Write Only
16-bit | Address BEE8-9

The fixed Pattérn High Register function is selected when the index (Bits 12t0 15 ) is setto 9.
BitOissetto 0. - ' |

Bits 4 to 1 select the pixel mix as shown in the table below.

Bits 11 to 5 are unused.

15 |14 |13 |12 |11 [10 [9 [8 |7 |6 |5 |4 |3 [2 |1 ]o
Y

Bit Description

SETTO9 UNUSED

SETTOO0

Pixel 9 Mix Select
Pixel 8 Mix Select
Pixel 7 Mix Select
Pixel 6 Mix Select
Pixel 5 Mix Select

PO =O
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mey RATED - =0 .97 - ,
i iRy | T.52-23-45
Pixel Control Register Write Only
16-bit Address BEES-A

The Pixel Control Register Function is selected when the index (bits 12 to 15) are set to A.
Bits 1 to 0 are set to 0.

Bit 2, Packed Enable:

For read operations, packed data is computed from the source. - Packed data is screen data
OR'ed with the complement of the bit plane read mask. If the result is all 1s, 1 is extracted.
Otherwise,the result is 0. :
For write operations, IGA uses a special search and fill mode. Screen data is read. If extracted
packed data is 0, the write operation is suspended. If a 1 is extracted, the write operation is
enabled until the occurrence of the next 1.

The purpose of the mode is to detect polygon boundaries in fill operations.

Bits 5 to 3, Data Comparison, are as shown in the table below.

Bits 7 and 6, specify data extension, mix type, and extension sources as shown below.

Bits 11 to 8 are setto 0,

15 {14 |13 |12 |11 |10 |9 8 7 6 5 |4 3 2 1 ]
SETTOA SETTOO0 SETTO0
PACKED ENABLED
| v —
Valus Description Value Data Cormparison
00 Forgro‘und Mix Active 000 f:alse 7 |
01 Fixed Pattern Mode 001 True
10 Planar Write Mode 010 Plane Data = Color Compare
11 Single Plane Copy Mode 011 Plane Data <Color Compare
- —— 100 Plane Data # Color Compare
101 Plane Data = Color Compare
110 Plane Data < Color Compare
111 Plane Data > Color Compare
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Pixel Data Transfer Register Read/Write
16-bit ~ Address E2E8

The Pixel Data Transfer Register specifies the port for image- transfer. For transfers across
the plane image the data to be read or written is selected by the nibble boundary on the screen.
The starting point falls on the first nibble group. In word mode, two data nibbles can be
transfered for each read or write.

For Pixel Read operation across the plane:
n. —
Bit Value = ( Pj+ RM;)
i=1
Where:
n = maximum bit-plane value
Pi = pixel value of the bit plane
RM;j = read mask for the i-th bit plane

For Pixel write operations across plane:
Bit =0, write background color
Bit=1, write foreground color

Pixel Pixel Pixel Pixel Pixel Pixel Pixel Pixel
0 1 2 3 7 4 5 6 7

15 |14 |13 |12 |11 |10 |9 |8 |7 6 |5 4 3 2 i [0

UNDEFINED : ' ED *
UNUS UNUSED
S— __
s .

PIXEL READ WRITE VALUE

Value Oberation
— — FOR ALL PIXELS
0 Write Background Color
1 Write Foreground Color

For transfers through the plane image, two pixels can be transfered for each read or write.

Bp7 Bpé Bp5 Bp4 Bp3 Bp2 Bpl Bp0 Bp7 Bpé Bp5 Bp4 Bp3 Bp2 Bp1l Bpod

15 114 |13 12 |11 [ 10 |9 8 7 |6 5 4 13 2 |1 0

PIXEL 1 IF 16-BIT MODE SELECTE! PIXEL 2
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STATUS REGISTERS

There are two status registers: the Subsystem and Graphics Processor Status Registers.

Subsystem Status Regisier " Read Only
16-bit | Address 42E8

The Subsystem Status Register indicates interrupt status, monitor ID, and plane éize.
Bit 0, VSYNC Interrupt Detection, is not detected (0) or detected (1).

Bit 1, Data Transfer Busy, is not busy (0) or busy (1).

Bit 2, FIFO Overflow, is no overflow (0) or overflow (1).

Bit 3, FIFO Empty, is not empty (0) or empty(1)

Bits 6 to 4, are the monitor ID.

Bit 7, Plane Size, is 4-bit (0) or 8-bit (1).

Bits 15 to 8, are reserved for hardware tests.
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B INTEGRATED -
MI" INFORMATION | T-53-33-45
15 {14 {13 [12 |11 10|99 |8 |7 |6 |5 {4 [3 |2 |1 |o
RESERVED FOR HARDWARE TEST J : .
: 7 VSYNC
Plane Size | Detected
0=4Bit | 0=No
1=8 Bit 1=Yes
' Data Transfe
— : Busy -
Value Monitor >
0=No
010 8514/A Color 16" 1=Yes
101 VGA 8503 Mono 12"
110 VGA 8513 Color 12" FIFO
or VGA 8513 color 14" Overflow
111 No Monitor, other monitor - o
0=No
1=Yes
FIFO
Empty
- ,
0=No
1=Yes
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T" INFORMATION 1-92-33-yg5
Graphics Processbr Sta'tus Read Onlry
Register . |
16-bit 7 - Address 9AES8

The Graphics Processor Status Register p'rovides status information concerning queue
information, PC read data, and hardware busy.

Bits 7 to 0, FIFO Occupied, each bit indicates if the equivalent entity is not occupied (0) or
occupied (1).

Bit 8, PC Read Data Available, is not available (0) or available (1).
Bit 9, IGA Busy, is no (0) or yes (1).

Bits 15 to 10 are unused.

15 |14 |13 12 | 11| 10 | 9 8 |7 | 6 5 4 3 2 |1 0

A

IGA Data Available FIFO
Busy : Occupied FOR
" EACH
0=No 0=Not Available 0=No BIT
1=Yes 1=Available 1=Yes
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