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Description

The IBM Personal Computer Professional Graphics Controller is
an adapter that: (1) provides a high-function graphics capability
and (2) acts as an IBM Color/Graphics Monitor Adapter, with
the exception of the 160-by-100 color/graphics mode.

The operations of the Professional Graphics Controller are
controlled by an 8088 Microprocessor. It carries out all
communications through its data bus and address bus. The
system-bus interface recognizes its own commands and passes
only these commands to the controller. The interface allows the
microprocessor to read or write to memory locations, using the
IBM Professional Graphics Controller microprocessor’s data and
address busses.

The microprocessor controls and initializes several sections of the
controller. It defines the requirements of the controller’s
hardware so the controller can imitate the actions of the IBM
Color/Graphics Monitor Adapter. The microprocessor also
regulates the emulator address control, which translates the
system’s I/0O address information and stores the associated data
in the graphics emulator memory for screen display. Finally, it
initializes the video control generator, which generates timing
pulses and the horizontal- and vertical-synchronization (sync)
pulses.

During operation, the microprocessor intercepts commands sent
to the emulator and interprets them. The microprocessor can also
accept and interpret the high-function graphics commands,
writing the results in the display memory for screen display. Both
the emulator and high-function graphics functions have access to
the look-up table (LUT) and output section.
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The following is a block diagram of the Professional Graphics
Controller.
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Major Components

(]

System-Bus Interface

— Bidirectional Buffer

—  Control Decode Logic

—  Address Decoder

Microprocessor Section

- 8088 Microprocessor

—  Clock Generator Control

— Address Latch

— Data Latch

— Decoders

— 2K by 8-bit RAM

— 64K by 8-bit ROM

Video Control Generator Section

—  Video Controller

—  Control Decoder

— 16- by 8-bit State Length Memory
—  Synchronization Pulse Generator
—  State Multiplexer

—  Vertical and Horizontal State Counters
—  Vertical and Horizontal State Length Counters
—  Buffer

Emulator Address Control

—  Controller

—  Cursor Generator

— Parameter Registers

—  Character ROM Address Generator
— Row Address Generator

—  Column Address Generator

—  Microprocessor Address Buffers
Graphics Emulator

— 16K by 16-bit Emulator RAM

—  Shift Registers

—  Character ROM

— Attribute Latch

—  Emulator PEL Processing

—  Buffer

August 15,1984
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« Display Memory
—  High-Function Graphics Display Memory
— Latch
— Tri-State Bidirectional Driver
— Tri-State Latch
— 320K by 8-bit RAM
— Display RAM Address Control
— High-Function Graphics Scanner
— ROM
— Buffers
o  Look-Up Table (LUT) and Video Output Section
— Latches
—  Look-Up Table Memory
—  Buffer
—  Triple Digital-to-Analog Converter
« Timing and Control Section
—  50-MHz Oscillator
—  High-Function Graphics Display Timing Generator
—  Control Decoder and Latches

System-Bus Interface

- Following is a block diagram of the system-bus interface.
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The system-bus interface allows the system microprocessor to
gain access to the display memory and emulated registers through
the ‘data,’ ‘address,” and ‘control’ lines. The system-bus interface
can detect the attempt by the system microprocessor to execute a
Memory Write command or an I/O Write command to either the
emulator memory addresses or the communications memory for
the high-function graphics mode.

When the interface logic detects an assigned address, a ‘hold’
signal is sent to the system microprocessor, which suspends the
operation of the controller microprocessor until the proper time.
Although the system microprocessor can gain access to the
memory of the controller microprocessor (through a series of
commands on the bus interface), it cannot directly access the
display RAM, nor can it issue interrupts to the controller
microprocessor. Likewise, the controller microprocessor cannot
gain control of the system bus.

If the system microprocessor writes to a register of the emulated
6845 CRT Controller, the data is stored in the controller’s local
RAM.

The controller operates by mapping both the I/O addresses and
the addressed memory into its own memory. It then reads these
locations, interprets the data, and programs the hardware to
imitate the IBM Color/Graphics Monitor Adapter. If
high-function graphics commands are written to the
communication area, the controller microprocessor interprets
those commands and writes to the display memory for screen
display.

August 15,1984 . .
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Microprocessor Section

Following is a block diagram of the microprocessor section
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The microprocessor section is a standard 8088 Microprocessor
arrangement. A ‘timing control’ line’s input leads into a clock
generator control. The control signal emitted from the clock
generator provides the clock frequency that drives the 8088
Microprocessor. Address and data latches store the signals sent
over the address and data busses. Both the address and data lines
use two 32K by 8-bit ROMs and a single 2K by 8-bit static RAM.
The decoders control chip-select and latch registers.

A single, maskable interrupt occurs from the ‘vertical interrupt’
line. The test pin of the microprocessor samples the horizontal-
synchronization pulse.
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Video Control Generator Section

Following is a block diagram of the video control generator
section.

Vert Sync
———p—
Control Signals _:—'> Sync
Gen [|Horz Sync
3/ Buffer
Vertical State
3/
Horizontal State | | -
Vertical Horizontal
State State Py
Counter Counter DN
Video
Controllr u 3! {} —FOmEET>  tens
3 Control us Length
Control [7 Memory
Decoder | 4
Control }
N
Done Vert State
Length <
Counter
Done Horiz State
Length

Counter
l Timin§ Control Signals >

. . August 15,1984
8 Professional Graphics Controller © Copyright IBM Corporation 1984



The video controller monitors and sequences the video control
generator section. The main loop of the control generator
controls the format of the display screen. A display screen is
divided into four states, as shown in the following.

4

820 PELs

Y

.

Vertical Sync

A
[<¢——————— 640 PELs >
Hori- B B
L L
zon- A A 5‘5)8
tsal E Active 41.;0 2 Lines
ync | Display Lines |
N N
G G
Y

States_,‘l 1 | 2 | 3 I 4 l

The state length memory is a part of the video control generator
section. The contents of the state length memory provide the
data to the state length counters, which then determine how long
each state remains active. For each scan line, the state length
memory loads this data, one at a time, into the horizontal state
length counter. At the end of the count, the counter signals
‘done’ to the video controller, which then sets the control lines or
particular stages of each state and sends the control information
into the horizontal state counter. The video controller determines
whether to start again at zero for some state, or to increment the
state counter and begin on the next state. The horizontal state
counter counts the number of states across the screen. From the
state counter, the synchronization pulse generator determines the
vertical- or horizontal-synchronization pulse and activates the
appropriate line.
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This same loop occurs for vertical states. The video controller
monitors the current vertical and horizontal states through the
state counters and synchronization pulse generator.

The controller microprocessor can write directly to the state
length memory to vary the size of each state on the screen. State
lengths remain under program control.

August 15,1984
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Emulator Address Control

Following is a block diagram of the emulator address control.
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For the emulator mode, the address control consists of two
generators—a row address generator and a column address
generator. Both are driven by a controller and produce the
addresses needed for the emulator RAM.

The controller microprocessor can access the address bus to
program the address generators using an address buffer, and can
program the four parameter registers. The cursor generator
compares the addresses saved in the address generator with those
saved in the parameter registers. If a match is found, the cursor
generator activates the ‘cursor’ line.

The character ROM address generator produces a character ROM
row address that defines which line to write using a font with 8 by
16 character cells.

. . August 15,1984
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Graphics Emulator

Following is a block diagram of the graphics emulator.

4/ RAM Control Signals
/

Emulator
RAM
Emulator 8 16K x 16
RAM
Address
Bus

August 15, 1984
© Copyright IBM Corporation 1984

Control

3f
Character Address
Control

3

IBM Alpha Video Data
Shift Register

Control

Character
ROM

Attribute
Latch

Attribute

Shift Register

Emulator RAM Data Bus

Control 8/ Emulator
PEL
Control Processing

8,
PEL Bus

Professional Graphics Controller 13



The emulator RAM address bus sends signals to the 16K by
16-bit emulator RAM. The 16-bit-wide RAM allows the
character and its attributes to be read simultaneously. The RAM
shifts this information into a register that also acts as a latch.
During the alphanumeric mode, this information travels through
an attribute latch and the character ROM. The character ROM
checks the shift in the look-up table (LUT) before passing the
information through another shift register.

The attributes determine the foreground and background colors
of the character. The picture element (PEL) processor then shifts
this information out onto the PEL bus.

During the 320-by-200 and 640-by-200 modes, the emulator
RAM shifts out the information 16 bits at a time. The shift
register then shifts out its signals two bits at a time into the PEL
processor. The 640-by-200 mode uses these two bits alternately
as either black or white values. The 320-by-200 mode uses the
same two bits to determine the color placed on the screen.

The system microprocessor can read and write directly into the
emulator RAM space using the CPU address bus.

. . August 15,1984
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Display Memory

The display memory block consists of the high-function graphics
display memory and the display RAM address control.

High-Function Graphics Display Memory

Following is a block diagram of the high-function graphics display
memory

uP 8/

Data<: Latch < Data Bus
/

Bus

Control J
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| 8/
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/

The high-function graphics display memory is logically arranged
as an array of 640-by-480 PELs. Each PEL represents one byte
of data. The Professional Graphics Controller provides a variety
of PEL write modes to improve the transfer of data to display
memory.

The high-function graphics display memory consists of five,
32-bit-wide banks (32 bits equal 4 PELs). The controller
microprocessor can write through the latch into the PEL memory.
All information is read from each memory and displayed each

August 15,1984 . .
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time the picture is scanned. This process begins when the tri-state
drivers latch four PELs. Each tri-state driver is enabled
individually as the beam crosses the screen. After the fourth PEL
appears on the screen, four new PELs become latched.

In the high-function graphics mode, the high-function graphics
scanner generates addresses for a display access cycle on one of
the five banks every 160 nanoseconds (ns). These cycles are
staggered over an 800-ns period. Of the 32 bits of data latched
from the memory, one PEL is released onto the shift register
every 40 ns. The address selection generator, a field
programmable logic sequencer (FPLS), interleaves
microprocessor access cycles between display cycles, thus
providing the possibility of access every 160 ns. This process
achieves a display-memory access capacity of 32 bits every 80 ns.

During a microprocessor write operation, even in multi-PEL write
modes, all data from the microprocessor is latched, so the
microprocessor receives a ‘ready’ instantly. The FPLS cycles to
the correct locations, or to all locations, depending on the mode,
while the microprocessor prepares for the next access.

Another important aspect of the display memory is low power
consumption. The staggered access technique reduces the RAM
cycle time to as low as 400 ns, even with both the microprocessor
and display at full capacity. When the display operates alone, the
cycle time increases to 800 ns, minimizing RAM power
consumption.

. . August 15,1984
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Display RAM Address Control

Following is a block diagram of the display RAM address control.

8/ 8/
Display Address Bus >
A ~] 7
8| I~
3 High-Function
Control+‘ Graphics Buffers
Scanner
3
\5 | Control
8] I~
ROM
16/ 5
uP Address Bus

In the high-function graphics mode, the high-function graphics
scanner operates as an address generator. The scanner output
selects data from each of the five 32-bit-wide banks (for a total of
20 PELs written). The controller microprocessor expects
memory to appear in a continuous manner; that is, 640 PELs
across. The address-translator ROM is an address map of 640
adjacent memory locations. This provides the display format,
thus leaving the controller microprocessor out of the conversion
process.

Because this address system operates on 20-PEL boundaries, the
memory for each line maps into an adjacent space of 640
locations for microprocessor access. Otherwise, if the
microprocessor did the work, the very high writing speeds would
be reduced.
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Look-Up Table and Video Output Section

Following is a block diagram of the look-up table and video
output section.

8 8 [ :
Shift Reg Bus Latch Look-Up
7] 12/

Table
256 x 12

8/ Memory ]
Pixel Bus

7

2 Latch e
P Addres: atcl .
M s Bus Triple Green
DAC
8 / 12
<‘r P Data Bus Buffer
/

Shift registers from the display memory latch onto the PEL bus
leading from the emulator. Both the emulator and high-function
graphics modes use the same PEL bus. The latches provide an
address for data in the look-up table (LUT). The eight lines of
the PEL bus provide up to 256 colors, while the 256- by 12-bit
LUT in memory provides a selection from a palette of 4096
colors. The LUT generates the color sent as output. The 12 LUT
output lines (4 bits each for red, green, and blue) are the inputs to
a triple digital-to-analog converter (DAC), which converts the
signal to red, green, and blue (RGB) intensities. The controller
microprocessor can write to and read from the LUT.

. . August 15,1984
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Timing and Control Section

Following is a block diagram of the timing and control section.

System Control Signals >

High-Function
50 MHz Graphi 8/ -‘m»
Osc r Display / >

Timing
Generator Control

Z j r uP Control 3/ Decoder
8 / > and
Control Latches
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The high-function graphics-display timing generator, which is
driven by a 50-MHz oscillator, sends control signals for memory
and for the latch control from the display memory. It signals the
controller microprocessor when it is ready to receive or send data
from display memory. Except for system control signals, the
signals from the timing generator are latched and decoded. The
controller microprocessor maintains some control of the latches
and decoder. The timing generator also generates clock signals to
synchronize the board functions.
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Emulator Modes

To provide compatibility with the Color/Graphics Monitor
Adapter protocols, the Professional Graphics Controller emulates
the Color/Graphics Monitor Adapter in the alphanumeric and
graphics modes.

Note: If a Color/Graphics Adapter is already present in the
system unit, the emulator section of the Professional
Graphics Controller is disabled with the enable/disable
jumper.

Alphanumeric Mode

Every display-character position in the alphanumeric mode is
defined by two bytes in the regen buffer, not the system memory.
Both the Professional Graphics Controller and the
Color/Graphics Monitor Adapter use the following 2-byte
character or attribute format.

Display-Character Code Byte Attribute Byte
7 6 543210 7 6 543210

The attribute byte definitions are:

76543210
[B[r ¢ B][1[R G B

Foreground Color

'3 Foreground Intensity

> Background Color

> Foreground Blinking

. August 15,1984
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The following table provides a summary of available colors.

| R G B Color
0 0 0 0 Black

0 0 0 1 Blue

0 0 1 0 Green

0 0 1 1 Cyan

0 1 0 0 Red

0 1 0 1 Magenta

0 1 1 0 Brown

0 1 1 1 White

1 0 0 0 Gray

1 0 0 1 Light Blue

1 0 1 0 Light Green

1 0 1 1 Light Cyan

1 1 0 0 Light Red

1 1 0 1 Light Magenta

1 1 1 0 Yellow

1 1 1 1 White (High Intensity)

In the alphanumeric mode, the display mode can be operated in
either a 40-by-25 mode or a 80-by-25 mode.

August 15,1984 .
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40-by-25 Alphanumeric Mode
The 40-by-25 alphanumeric mode:
« Displays up to 25 rows of 40 characters each

+ Has a ROM character generator that contains dot patterns
for a maximum of 256 different characters

«  Requires 2000 bytes of read/write memory (on the
controller)

« Has a 16-high by 8-wide character box

« Has one character attribute for each character

. . August 15,1984
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80-by-25 Alphanumeric Mode

The 80-by-25 alphanumeric mode:

«  Supports the IBM Professional Graphics Display
« Displays up to 25 rows of 80 characters each

« Has a ROM character generator that contains dot patterns
for a maximum of 256 different characters

«  Requires 4000 bytes of read/write memory (on the
controller)

« Has a 16-high by 8-wide character box

« Has one character attribute for each character

August 15,1984 . .
© Copyright IBM Corporation 1984 Professional Graphlcs Controller 23



Graphics Mode

The Professional Graphics Controller has two modes available
with the graphics mode—the 320-by-200 color/graphics mode
and 640-by-200 black-and-white graphics mode. Both are
supported in ROM. The following table summarizes the two
modes.

Modes Number of Colors Available
(Includes Background Color)

320 x 200 4 Colors Total

1 of 16 for Background and

1 of Green, Red, or Brown or
1 of Cyan, Magenta, or White

640 x 200 Black-and-white only

320-by-200 Color/Graphics Mode

The 320-by-200 color/graphics mode supports the Color Display.
It has the following features:

Contains a maximum of 200 rows of 320 picture elements
(PELSs), with each PEL being 2.4-high by 1-wide

Preselects one of four colors for each PEL

Requires 16,000 bytes of read/write memory (on the
controller)

Uses memory-mapped graphics

August 15,1984
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« Formats four PELs for each byte as follows:

7 6 5 4 3 2 10
C1 Co C1 Co C1 CO0 C1 Co
First Second Third Fourth
Display Display Display Display
PEL PEL PEL PEL

o Organizes graphics storage in two banks of 8000 bytes, using
the following format:

Memory
Address
(in hex)
Function
BI9F3F
Even Scans (0,1,4,5,8,9...198)
8,000 bytes
B8000
Not Used
BAOOO
0Odd Scans (2,3,6,7,10,11. . .199)
8,000 bytes
BBF3F
Not Used
BBFFF

Address hex B80O0OO contains PEL information for the
upper-left corner of the display.

August 15,1984
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« Determines color selection by the following logic:

C1 [o1] Function

0 0 Dot takes on the color of 1 of 16 preselected
background colors

0 1 Selects first color of preselected Color Set 1 or
Color Set 2

1 0 Selects second color of preslelcted Color Set 1
or Color Set 2

1 1 Selects third color of preselected Color Set 1 or
Color Set 2

C1 and CO select 4 to 16 preselected colors. This color selection
(palette) is preloaded in an I/O port.

The two color sets are:

Color Set 1 Color Set 2
Color 1 is green Color 1 is cyan
Color 2 is red Color 2 is magenta
Color 3 is brown Color 3 is white

. . August 15,1984
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640-by-200 Black-and-White Graphics Mode

The 640-by-200 black-and-white graphics mode supports color
monitors. This mode:

+ Contains a maximum of 200 rows of 640 PELs, with each
PEL being 1-high by 1-wide.

o Supports black-and-white mode only.

« Requires 16,000 bytes of read/write memory (on the
controller).

e Uses the same addressing and mapping procedures as the
320-by-200 color/graphics mode, but the data format is
different. In this mode, each bit in memory is mapped to a
PEL on the screen.

« Formats eight PELs per byte as follows:

[7[e]s]4]a]2]]o]
I

First Display PEL
Second Display PEL
Third Display PEL
Fourth Display PEL
Fifth Display PEL
Sixth Display PEL
Seventh Display PEL
Eighth Display PEL

4 A A A A A A A

August 15,1984 . .
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Description of Basic Operations

In the alphanumeric mode, the controller fetches character and
attribute information from its display buffer. The starting address
of the display buffer is programmable through the 8088
Microprocessor, but it must be an even address. The character
codes and attributes are then displayed according to their relative
positions in the buffer as shown in the following.

Memory
Address
(in hex) Display Buffer
B8000
(Even) Character Code A
Starting ]
Address 8800
Attribute A
B002 (Example of a 40 by 25 Screen)
Character Code B AB
B8003
Attribute B
B87CE X
Character Code X Video Screen
Last B87CF
Address Attribute X

The processor and display control unit have equal access to the
display buffer during all operating modes except the 640-by-200
alphanumeric mode. During this mode, the processor should have
access to the display buffer during the vertical retrace time. If it
does not, the display will be affected with random patterns as the
processor is using the display buffer. In the alphanumeric mode,
the characters are displayed from a prestored ROM character
generator that contains the dot patterns of all the displayable
characters.

In the graphics mode, the displayed dots and colors (up to 16K
bytes) are also fetched from the display buffer.

. August 15,1984
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High-Function Graphics Mode

The Professional Graphics Controller provides high function
graphics capability for the PC by processing simple command
strings into bit-mapped images in the controller. The Professional
Graphics Controller provides both alphanumeric and graphic
capabilities.

Alphanumeric Operation

The alphanumeric operation:

o Contains a built-in character font with character enlargement
capabilities.

o  Uses a smoothing function for enlarged characters.
«  Permits characters to be drawn in a foreground color with a
transparent background; therefore, whatever is behind the

character remains there.

« Contains programmable character fonts accessible through
the high-function graphics command set.

Note: The programmable character sets cannot be
enlarged.

August 15,1984 . .
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Graphics Operation

The high-function graphics mode supports the Professional
Graphics Display. It has the following features:

e  Contains 480 rows of 640 PELs; the PELs are spaced the
same distance vertically and horizontally providing the
standard 4:3 screen aspect ratio.

o  The color of each PEL is selected from a set of 256 colors,
which are selected from a palette of 4096 colors.

o Requires 307,200 bytes of read/write memory (on the
controller).

Note: This memory is addressable only through the
high-function graphics commands and does not occupy
system address space.

o Uses memory-mapped graphics.

« Formats one PEL for each byte.

« Organizes a communications area consisting of a bank of
1000 bytes.
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«  Color selection is determined by the following logic:

The display RAM supplies an 8-bit byte that is used as an
address to the LUT. This 8-bit address selects one of 256
12-bit words from the LUT. This data provides the color
information for each PEL to be sent to the screen. The
12-bit word is divided into three groups of 4-bits: 4 red, 4
green, and 4 blue, as shown in the following table.

4 Bits 4 Bits 4 Bits
Red Green Blue
1 PEL
1 Byte

August 15,1984 . .
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Description of Basic Operations

The controller microprocessor interprets high-function graphics
commands and translates them into data that is stored in the
display memory. The display memory is then scanned 60 times
each second. Each byte is then sent to the LUT. Whatever data
is in memory is used as an address to the LUT data to determine
what is sent to the screen.

. . August 15, 1984
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Programming Considerations

The Professional Graphics Controller provides the operation of
two individual adapters: (1) the Color/Graphics Monitor
Adapter and (2) the High-Function Graphics Adapter. The
emulation operation and the high-function graphics operation may
be individually programmed. High-function graphics commands
determine which of the two operations appears on the screen.

Emulator Programming Considerations

The Professional Graphics Controller emulates the 6845 CRT
Controller of the Color/Graphics Monitor Adapter.

Programming the 6845 CRT Controller

The CRT Controller has 19 accessible internal registers, which
are used to define and control a raster-scan CRT display. One of
these registers, the index register, is actually used as a pointer to
the other 18 registers. It is a write-only register, and is loaded
from the processor by executing an Out instruction to I/O
address hex 3D4. The five least-significant bits of the 1/0 bus
are loaded into the index register.

To load any of the other 18 registers, the index register is first
loaded with the necessary pointer; then the data register is loaded
with the information to be placed in the selected register. The
data register is loaded from the processor by an Out instruction to
I/0 address hex 3D5.
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The following table defines the values that must be loaded into
the 6845 CRT Controller registers to control the different modes
of operation supported by the controller.

Address | Register| Register Units 1/0 (40 by 25| 80 by 25 | Graphic
Register | Number Type Alpha- | Alpha- | pmodes
numeric { numeric

4 R4 Vertical Total| Character | Write 1F 1F 1F
Row Only

5 R5 Vertical Total| Scan Line | Write 06 06 06
Adjust Only

6 R6 Vertical Character | Write 19 19 19
Displayed Row Only

7 R7 Vertical Sync| Character | Write 1C 1C 1C
Position Row Only

A R10 Cursor Start | Scan Line | Write 06 06 06
Only

B R11 Cursor End | Scan Line | Write 07 07 07
Only

C R12 Start - Write 00 00 00
Address(H) Only

D R13 Start - Write 00 00 00
Address(L) Only

E R14 Cursor - Read/ XX XX XX
Address(H) Write

F R15 Cursor - Read/ XX XX XX
Address(L) Write

Note: All register values are in hexadecimal
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