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Federal Communications Commission
Radio Frequency Interference Statement

Warning: The equipment described herein has been certified
to comply with the limits for a Class B computing device,
pursuant to Subpart J of Part 15 of the FCC rules. Only
peripherals (computer input/output devices, terminals,
printers, etc.) certified to comply with the Class B limits may
be attached to the computer. Operation with non-certified
peripherals is likely to result in interference to radio and TV
reception. If peripherals not offered by IBM are used with the
equipment, it is suggested to use shielded grounded cables
with in-line filters if necessary.

CAUTION

The product described herein is equipped with a grounded
plug for the user’s safety. It is to be used in conjunction with
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Introduction

The IBM Monochrome Display and Printer Adapter has two
functions. The first is to provide an interface to the IBM
Monochrome Display. The second is to provide a parallel
interface for the IBM Printers. We will discuss this adapter by
function.

Monochrome Display Adapter Function

Description

The IBM Monochrome Display and Printer Adapter is designed
around the Motorola 6845 CRT Controller module. There are
4K bytes of RAM on the adapter that are used for the display
buffer. This buffer has two ports to which the system unit’s
microprocessor has direct access. No parity is provided on the
display buffer.

Two bytes are fetched from the display buffer in 553 ns,
providing a data rate of 1.8M bytes/second.

The adapter supports 256 different character codes. An 8K-byte
character generator contains the fonts for the character codes.
The characters, values, and screen characteristics are given in “Of
Characters, Keystrokes, and Colors” in your Technical Reference
system manual.

This adapter, when used with a display containing P39 phosphor,
does not support a light pen.

Where possible, only one low-power Schottky (LS) load is

present on any I/O slot. Some of the address bus lines have two
LS loads. No signal has more than two LS loads.
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Characteristics of the adapter are:

« Supports 80-character by 25-line screen

« Has direct-drive output

» Supports 9-PEL by 14-PEL character box
« Supports 7-PEL by 9-PEL character

» Has 18-kHz monitor

« Has character attributes
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The following is a block diagram of the monochrome display

adapter portion of the IBM Monochrome Display and Printer
Adapter.

Processor (12)
Address »| Memory

11) Address
Multiplexer (10) (10)
Code Attribute
(8)
Processor Data
Data kg gui (8)
n
atng Character
8 Clock
BDO-7 (8)
MA Octal Octal
Latch Latch
RA Character Attribute
AO0 —P (4) Generator Decode
Chip MC6845
Select — ¥ CRTC DOTCLK
Timi Shift
iming Register
Signals Video
Process
Serial Dots Logic
HSYNC, VSYNC, CURSOR, DISPEN
Character
Clock l
Monitor
Direct Drive
Outputs

IBM Monochrome Display Adapter Block Diagram
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Programming Considerations

The following table summarizes the 6845 controller module’s
internal data registers, their functions, and their parameters. For
the IBM Monochrome Display, the values must be programmed
into the 6845 to ensure proper initialization of the display.

IBM Monochrome
Register Register Program Display
Number File Unit (Address in hex)
RO Horizontal Total Characters 61
R1 Horizontal Displayed Characters 50
R2 Horizontal Sync Position Characters 52
R3 Horizontal Sync Width Characters F
R4 Vertical Total Character Rows 19
R5 Vertical Total Adjust Scan Line 6
R6 Vertical Displayed Character Row 19
R7 Vertical Sync Position Character Row 19
R8 Interlace Mode | - 02
R9 Maximum Scan Line Scan Line D
Address
R10 Cursor Start Scan Line B
R11 Cursor End Scan Line C
R12 Start Address (H) [ - 00
R13 Start Address (L) | - 00
R14 Cursor(H) | = 00
R15 Cursor (L) 00
R16 Reserved | -eeeeeee- --
R17 Reserved | - --

To ensure proper initialization, the first command issued to the
IBM Monochrome Display and Printer Adapter must be sent to
the CRT control port 1 (hex 3B8), and must be a hex 01, to set
the high-resolution mode. If this bit is not set, the system unit’s
microprocessor’s access to the adapter must never occur. If the
high-resolution bit is not set, the system unit’s microprocessor will
stop running.

System configurations that have both an IBM Monochrome
Display and Printer Adapter, and an IBM Color/Graphics
Monitor Adapter, must ensure that both adapters are properly
initialized after a power-on reset. Damage to either display may
occur if not properly initialized.
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The IBM Monochrome Display and Printer Adapter supports 256
different character codes. In the character set are alphanumerics
and block graphics. Each character in the display buffer has a
corresponding character attribute. The character code must be an
even address, and the attribute code must be an odd address in
the display buffer.

Character Code
Even Address (M)

BL R G B 1 R G B Attribute Code
0dd Address (M +1)

l l l » Foreground

— Intensity

— Background
+ Blink

The adapter decodes the character attribute byte as defined
above. The blink and intensity bits may be combined with the
foreground and background bits to further enhance the character
attribute functions listed below:

Background Foreground
R G B R G B Function
0O 0O 0O 0 O Non-Display
00O 0O 0 1 Underline
0O 0 O 1T 1 1 White Character/Black Background
11 1 0O 0O Reverse Video

The 4K display buffer supports one screen of the 25 rows of 80
characters, plus a character attribute for each display character.
The starting address of the buffer is hex BO0O00. The display
buffer can be read using direct memory access (DMA); however,
at least one wait state will be inserted by the system unit’s
microprocessor. The duration of the wait state will vary, because
the microprocessor/monitor access is synchronized with the
character clock on this adapter.
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Interrupt level 7 is used on the parallel interface. Interrupts can
be enabled or disabled through the printer control port. The

interrupt is a high-level active signal.

The following table breaks down the functions of the I/O address
decode for the adapter. The I/O address decode is from hex 3B0
through hex 3BF. The bit assignment for each I/0 address

follows:
1/0 Register
Address Function
3BO Not Used
3B1 Not Used
3B2 Not Used
3B3 Not Used
3B4 6845 Index Register
3B5 6845 Data Register
3B6 Not Used
3B7 Not Used
3B8 CRT Control Port 1
3B9 Reserved
3BA CRT Status Port
3BB Reserved
3BC Parallel Data Port
3BD Printer Status Port
3BE Printer Control Port
3BF Not Used
I/0 Address and Bit Map

Monochrome Adapter 7



Bit
Number

Function

Do P WN=0

7

+ High Resolution Mode
Not Used

Not Used

+ Video Enable

Not Used

+ Enable Blink

Not Used

6845 CRT Control Port 1 (Hex 3B8)

Bit
Number Function
(0] + Horizontal Drive
1 Reserved
2 Reserved
3 + Black/White Video

6845 CRT Status Port (Hex 3BA)
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Specifications

9-Pin
= Monochrome
Display

connector

SN

At Standard TTL Levels
Ground 1
Ground 2
NotUsed 3
IBM NotUsed 4 I1BM
Monochrome Not Used 5 ll\)lli::::;h;:g'le
Display o+ Intensity 6 Printer Adapter
 +Video 7
: + Horizontal 8
— Vertical 9

Note: Signal voltages are 0.0 to 0.6 Vdc at down level and + 2.4 to 3.5
Vdc at high level.

Connector Specifications
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Printer Adapter Function

Description

The printer adapter portion of the IBM Monochrome Display and
Printer Adapter is specifically designed to attach printers with a
parallel-port interface, but it can be used as a general
input/output port for any device or application that matches its
input/output capabilities. It has 12 TTL-buffer output points,
which are latched and can be written and read under program
control using the microprocessor In or Out instruction. The
adapter also has five steady-state input points that may be read
using the microprocessor’s In instructions.

In addition, one input can also be used to create a microprocessor
interrupt. This interrupt can be enabled and disabled under
program control. A reset from the power-on circuit is also ORed
with a program output point, allowing a device to receive a
‘power-on reset’ when the system unit’s microprocessor is reset.

The input/output signals are made available at the back of the
adapter through a right-angle, printed-circuit-board-mounted,
25-pin, D-shell connector. This connector protrudes through the
rear panel of the system unit or expansion unit, where a cable may
be attached.

When this adapter is used to attach a printer, data or printer
commands are loaded into an 8-bit, latched, output port, and the
strobe line is activated, writing data to the printer. The program
then may read the input ports for printer status indicating when
the next character can be written, or it may use the interrupt line
to indicate ‘“‘not busy’’ to the software.

The output ports may also be read at the card’s interface for

diagnostic loop functions. This allows faults to be isolated to the
adapter or the attaching device.
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The following is a block diagram of the printer adapter portion of
the Monochrome Display and Printer Adapter.

25-Pin D-Shell
Connector

SLCTIN

STROBE

AUTO
FD XT

INIT

ERROR

SLCT
PE

ACK

Bus Buffer Data Latch
8
F} Enable Clock
‘ED Trans- ’(8;
ceiver
—p{ DIR
DIR o.C.
Read Drivers
AEN Data
—»
Write Data
Command
Decoder Write Control
Read Status
Read
Control
Bus Control
Buffers Latch
5
Enable > Ll Clock
*—
Enable
l_ﬂ Ll — Clear
Reset

Printer Adapter Block Diagram
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Programming Considerations

The printer adapter portion of the IBM Monochrome Display and
Printer Adapter responds to five I/O instructions: two output
and three input. The output instructions transfer data into 2
latches whose outputs are presented on pins of a 25-pin D-shell
connector.

Two of the three input instructions allow the system unit’s
microprocessor to read back the contents of the two latches. The
third allows the system unit’s microprocessor to read the real-time
status from a group of pins on the connector.

A description of each instruction follows.

IBM Monochrome Display &
Printer Adapter

Output to address hex 3BC
Bit 7 Bit 6 Bit 5 Bit 4
Pin 9 Pin 8 Pin 7 Pin 6

The instruction captures data from the data bus and is present on
the respective pins. Each of these pins is capable of sourcing 2.6
mA and sinking 24 mA.

It is essential that the external device does not try to pull these
lines to ground.

IBM Monochrome Display &
Printer Adpater

Output to address hex 3BE

Bit 4

IRQ
Enable

This instruction causes the latch to capture the five least
significant bits of the data bus. The four least significant bits
present their outputs, or inverted versions of their outputs, to the
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respective pins as shown in the previous figure. If bit 4 is written
as a 1, the card will interrupt the system unit’s microprocessor on
the condition that pin 10 changes from high to low.

These pins are driven by open-collector drivers pulled to +5 Vdc
through 4.7 kQ resistors. They can each sink approximately 7 mA
and maintain 0.8 volts down-level.

IBM Monochrome Display &
Printer Adapter

Input from address hex 3BC

This instruction presents the system unit’s microprocessor with
data present on the pins associated with the output to hex 3BC.
This should normally reflect the exact value that was last written
to hex 3BC. If an external device should be driving data on these
pins at the time of an input (in violation of usage ground rules),
this data will be ORed with the latch contents.

IBM Monochrome Display &
Printer Adapter

Input from address hex 3BD

This instruction presents the real-time status to the system unit’s
microprocessor from the pins as follows.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Pin 11 Pin 10 Pin12 | Pin13 Pin 15 | — — —

IBM Monochrome Display &
Printer Adapter

Input from address hex 3BE
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This instruction causes the data present on pins 1, 14, 16, 17, and
the IRQ bit to be read by the system unit’s microprocessor. In
the absence of external drive applied to these pins, data read by
the system unit’s microprocessor will match data last written to
hex 3BE in the same bit positions. Notice that data bits 0—2 are
not included. If external drivers are dotted to these pins, that
data will be ORed with data applied to the pins by the hex 3BE
latch.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

IRQ Pin17 Pin16 | Pin14 | Pin1
Enable

Por=0 | Por=1 Por=0| Por=1 | Por=1

These pins assume the states shown after a reset from the system
unit’s microprocessor.

Monochrome Adapter 15
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Specifications

GEa—
O
(| 18
L]
i L]
° L]
° [ ]
® [ )
b [ ]
b
° L]
° [ ]
M *
*.
| 25
C©
At Standard TTL Levels
Signal Adapter
Name Pin Number
_ —Strobe 1
 +DataBit0 2
_ +DataBit1 3
 +DataBit2 4
~ +DataBit 3 5
_ +DataBit4 6
+ Data Bit 5 7 IBM
~_ +DataBit6 8 Monochrome
Printer | +Data Bit 7 9 Display and
~ — Acknowledge 10 Printer
+ Busy 1 _ | Adapter
+ P. End (out of paper) 12 f
+ Select 13 t
 —AutoFeed 14 g
~ —Error 15 _
- Initialize Printer 16 o
- Select Input 17
Ground 18-25

Connector Specifications
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Description

The IBM Color/Graphics Monitor Adapter is designed to attach
to the IBM Color Display, to a variety of television-frequency
monitors, or to home television sets (user-supplied RF modulator
is required for home television sets). The adapter is capable of
operating in black-and-white or color. It provides three video
interfaces: a composite-video port, a direct-drive port, and a
connection interface for driving a user-supplied RF modulator. A
light pen interface is also provided.

The adapter has two basic modes of operation: alphanumeric
(A/N) and all-points-addressable (APA) graphics. Additional
modes are available within the A/N or APA graphics modes. In
the A/N mode, the display can be operated in either a 40-column
by 25-row mode for a low-resolution monitor or home television,
or in an 80-column by 25-row mode for high-resolution monitors.
In both modes, characters are defined in an 8-wide by 8-high
character box and are 7-wide by 7-high, double dotted characters
with one descender. Both uppercase and lowercase characters are
supported in all modes.

The character attributes of reverse video, blinking, and
highlighting are available in the black-and-white mode. In the
color mode, 16 foreground and 8 background colors are available
for each character. In addition, blinking on a per-character basis
is available.

The monitor adapter contains 16K bytes of storage. As an
example, a 40-column by 25-row display screen uses 1000 bytes
to store character information and 1000 bytes to store
attribute/color information. This means that up to eight screens
can be stored in the adapter memory. Similarly, in an 80-wide by
25-row mode, four display screens can be stored in the adapter
memory. The entire 16K bytes of storage in the display adapter
are directly accessible by the processor, which allows maximum
program flexibility in managing the screen.

In A/N color modes, it is also possible to select the color of the
screen’s border. One of 16 colors can be selected.
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In the APA graphics mode, there are two resolutions available: a
medium-resolution color graphics mode (320 PELSs by 200 rows)
and a high-resolution black-and-white graphics mode (640 PELs
by 200 rows). In the medium-resolution mode, each picture
element (PEL) may have one of four colors. The background
color (Color 0) may be any of the 16 possible colors. The
remaining three colors come from one of the two
program-selectable palettes. One palette contains
green/red/brown; the other contains cyan/magenta/white.

The high-resolution mode is available only in black-and-white
because the entire 16K bytes of storage in the adapter is used to
define the on or off state of the PELSs.

The adapter operates in noninterlace mode at either 7 or 14 MHz,
depending on the mode of the operation selected.

In the A/N mode, characters are formed from a ROS character

generator. The character generator contains dot patterns for 256

different characters. The character set contains the following

major groupings of characters.

« 16 special characters for game support

¢ 15 characters for word-processing editing support

¢ 96 characters for the standard ASCII graphics set

e 48 characters for foreign-language support

« 48 characters for business block-graphics support (for the
drawing of charts, boxes, and tables using single and double

lines)

16 selected Greek characters

(]

« 15 selected scientific-notation characters
The color/graphics monitor function is on a single adapter. The

direct-drive and composite-video ports are right-angle mounted
connectors on the adapter, and extend through the rear panel of

2 Color/Graphics Monitor Adapter



the system unit. The direct-drive video port is a 9-pin, D-shell,
female connector. The composite-video port is a standard female
phono jack.

The display adapter uses a Motorola 6845 CRT Controller device.
This adapter is highly programmable with respect to raster and
character parameters. Therefore, many additional modes are
possible with programming of the adapter.

On the following page is a block diagram of the Color/Graphics
Monitor Adapter.
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Controller

The controller is a Motorola 6845 Cathode Ray Tube (CRT)
Controller. It provides the necessary interface to drive the
raster-scan CRT.

Mode Set Register

The mode set register is a general-purpose, programmable, 1/O
register. It has I/O ports that may be individually programmed.
Its function in this adapter is to provide mode selection and color
selection in the medium-resolution color-graphics mode.

Display Buffer

The display buffer resides in the processor-address space, starting
at address hex B8000. It provides 16 bytes of dynamic
read/write memory. A dual-ported implementation allows the
processor and the graphics control unit access to this buffer. The
processor and the control unit have equal access to this buffer
during all modes of operation, except in the high-resolution
alphanumeric mode. In this mode, only the processor should have
access to this buffer during the horizontal-retrace intervals.
While the processor may write to the required buffer at any time,
a small amount of display interference will result if this does not
occur during the horizontal-retrace intervals.

Character Generator

A ROS character generator is used with 8K bytes of storage that
cannot be read from or written to under program control. This is
a general-purpose ROS character generator with three character
fonts. Two character fonts are used on the Color/Graphics
Monitor Adapter: a 7-high by 7-wide double-dot font and a
7-high by 5-wide single-dot font. The font is selected by a
jumper (P3). The single-dot font is selected by inserting the
jumper; the double-dot font is selected by removing the jumper.
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Timing Generator

This generator produces the timing signals used by the 6845 CRT
Controller and by the dynamic memory. It also solves the

processor/graphic controller contentions for access to the display
buffer.

Composite Color Generator

This generator produces base-band-video color information.

Alphanumeric Mode

Every display character position in the alphanumeric mode is
defined by two bytes in the regen buffer (a part of the monitor
adapter), not the system memory. Both the Color/Graphics
Monitor Adapter and the Monochrome Display and Printer
Adapter use the following 2-byte character-attribute format.

Display-Character Code Byte Attribute Byte
| 7 6 5 4 3 2 1 0 | 7 6 5 4 3 2 1 0 |

The following table shows the functions of the attribute byte.

Attribute Function Attribute Byte

7 6 5 4 3 2 10

B R G B | R G B

FG | Background Foreground

Normal B |0 0 ol | 1 1 1
Reverse Video B |1 1 1 | o] 0 6]
Nondisplay (Black) B |0 0] o] I |O (6] 0
Nondisplay (White) B |1 1 1 | 1 1 1

| =Highlighted Foreground (Character)
B = Blinking Foreground (Character)
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The definitions of the attribute byte are in the following table.

76543210

(B|r G B[1[R G B]

Foreground Color
Intensity

|

Background Color

Yvyy lﬁ

Blinking

In the alphanumeric mode, the display can be operated in either a
low-resolution mode or a high-resolution mode.

The low-resolution alphanumeric mode has the following features:

Supports home color televisions or low-resolution monitors.
Displays up to 25 rows of 40 characters each.

Has a ROS character generator that contains dot patterns for
a maximum of 256 different characters.

Requires 2,000 bytes of read/write memory (on the adapter).
Has an 8-high by 8-wide character box.

Has two jumper-controlled character fonts available: a 7-high
by 5-wide single-dot character font with one descender, and a
7-high by 7-wide double-dotted character font with one

descender.

Has one character attribute for each character.

The high-resolution alphanumeric mode has the following
features:

Supports the IBM Color Display or other color monitor with
direct-drive capability.

Supports a black-and-white composite-video monitor.

Displays up to 25 rows of 80 characters each.
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Has a ROS display generator that contains dot patterns for a
maximum of 256 characters.

Requires 4,000 bytes of read/write memory (on the adapter).
Has an 8-high by 8-wide character box.

Has two jumper-controlled character fonts available: a 7-high
by 5-wide single-dot character font with one descender, and a
7-high by 7-wide double-dot character font with one

descender.

Has one character attribute for each character.

The Color/Graphics Monitor Adapter will change foreground and
background colors according to the color value selected in the
attribute byte. The following figure shows the color values for
the various red, green, blue, and intensity bit settings.

R G B I Color
0 0 0 [¢] Black

0 0 1 0 Blue

0 1 0 0 Green

0 1 1 (0] Cyan

1 0 0 0 Red

1 ] 1 [¢] Magenta

1 1 0 o] Brown

1 1 1 0 White

o] (o] [¢] 1 Gray

0 0 1 1 Light Blue

0 1 0 1 Light Green

0] 1 1 1 Light Cyan

1 0 0 1 Light Red

1 0 1 1 Light Magenta
1 1 0 1 Yellow

1 1 1 1 White (High Intensity)

Note: Not all Monitors recognize the intensity (I) bit.
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Graphics Modes

The Color/Graphics Monitor Adapter has three graphics modes:
low-resolution, medium-resolution, and high-resolution color
graphics. However, only medium- and high-resolution graphics
are supported in ROM. The following figure shows these modes.

Mode Horizontal Vertical Number of Colors Available
(PELs) (Rows) (Includes Background Color)
Low Resolution 160 100 16 (Includes black-and-white)
Medium 320 200 4 Colors Total
Resolution 1 of 16 for Background and

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

High Resolution 640 200 Black-and-white only

Low-Resolution Color/Graphics Mode
The low-resolution mode supports home televisions or color
monitors. This mode, not supported in ROM, has the following

features:

« Contains a maximum of 160 PELs by 100 rows, with each
PEL being 2-high by 2-wide.

» Specifies 1 of 16 colors for each PEL by the I, R, G, and B
bits.

« Requires 16,000 bytes of read/write memory on the adapter.

» Uses memory-mapped graphics.

Medium-Resolution Color/Graphics Mode

The medium-resolution mode supports home televisions or color
monitors. It has the following features:

« Contains a maximum of 320 PELs by 200 rows, with each
PEL being 1-high by 1-wide.
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o Preselects 1 of 4 colors for each PEL.
« Requires 16,000 bytes of read/write memory on the adapter.
¢ Uses memory-mapped graphics.

o Formats 4 PELs per byte in the following manner:

7 6 5 4 3 2 1 0
C1 Co | C1 Co [ C1 co | C1 co

First Second Third Fourth
Display Display Display Display
PEL PEL PEL PEL

« Organizes graphics storage into two banks of 8,000 bytes,
using the following format:

Memory
Address
(in hex) Function
B8000
Even Scans
(0,2,4,...198)
8,000 bytes
BOF3F
Not Used
BAOOO
0Odd Scans
(1,3,5...199)
8,000 Bytes
BBF3F
Not Used
BBFFF

Address hex B8000 contains the PEL instruction for the
upper-left corner of the display area.
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« Color selection is determined by the following logic:

C1 Cco Function

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 (] Selects second color of preselected 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 of 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 1is Green Color 1is Cyan
Color 2is Red Color 2 is Magenta
Color 3is Brown Color 3is White

The background colors are the same basic 8 colors defined for
low-resolution graphics, plus 8 alternate intensities defined by
the intensity bit, for a total of 16 colors, including black and
white.

High-Resolution Black-and-White Graphics Mode

The high-resolution mode supports color monitors. This mode
has the following features:

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

« Supports black-and-white only.

« Requires 16,000 bytes of read/write memory on the adapter.

« Addressing and mapping procedures are the same as
medium-resolution color/graphics, but the data format is

different. In this mode, each bit in memory is mapped to a
PEL on the screen.
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o Formats 8 PELs per byte in the following manner:

[7]6]s5]af3]2[1]0]

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

}LA}AAAAA

Basic Operations

In the alphanumeric mode, the adapter fetches character and
attribute information from its display buffer. The starting address
of the display buffer is programmable through the CRT
controller, but it must be an even address. The character codes
and attributes are then displayed according to their relative
positions in the buffer. The following addresses will produce an
"AB" in the upper-left corner of a 40 by 25 screen and an ''X" in
the lower-right corner.

Memory
Address
(in hex) Display Buffer
B8000
(Even) Character Code A
Starting B8001
Address Attribute A
B8002 (Example of a 40 by 25 Screen)
Character Code B
B8003 AB
Attribute B
X
B87CE
Character Code X Video Screen
Last B87CF
Address Attribute X
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The processor and the display control unit have equal access to
the display buffer during all of the operating modes, except the
high-resolution alphanumeric mode. During this mode, the
processor gains access to the display buffer during the vertical
retrace time. If it does not, the display will be affected with
random patterns as the microprocessor is using the display buffer.
In the alphanumeric mode, the characters are displayed from a
pre-stored ROM character generator that contains the dot
patterns for all of the displayable characters.

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

Programming the Mode Control and Status
Register

The following 1/0 devices are defined on the Color/Graphics
Monitor Adapter.

Ad:reexss A9 A8 A7 A6 A5 A4 A3 A2 A1 AO Function of Register
3D8 1111 0 1 1 0 O O Mode Control Register (DO)
3D9 T 11 1 0 1 1 0 0 1 Color Select Register (DO)
3DA 11 1 1 0 1 1 0 1 O |StatusRegister(D1)
3DB 11 1 1 0 1 1 0 1 1 Clear Light Pen Latch
3DC 11 1 1 0 1 1 1 0 O |PresetLightPenlLatch
3D4 111 1 01 0 Z2 Z O 6845 Index Register
3D5 11t 1 1 0 1 0 zZ2 Z 1 6845 Data Register
Z =don't care condition

Programming the 6845 CRT Controller

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

In order to load any of the other 18 registers, the index register is
first loaded with the necessary pointer, then the data register is
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loaded with the information to be placed in the selected register.
The data register is loaded from the processor by executing an
‘out’ instruction to I/O address hex 3D5.

The table on the next page defines the values that must be loaded

into the 6845 CRT Controller registers to control the different
modes of operation supported by the attachment.
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40 by 25 | 80 by 25
Address| Register| Register Alpha- Alpha- |Graphic
Register{ Number| Type Units 1/0 numeric | numeric | Modes
0] RO Horizontal Character |Write 38 71 38
Total Only
1 R1 Horizontal Character |Write 28 50 28
Displayed Only
2 R2 Horizontal Character |Write 2D 5A 2D
Sync Position Only
3 R3 Horizontal Character |Write 0A OA 0A
Sync Width Only
4 R4 Vertical Total| Character |Write 1F 1F 7F
Row Only
5 R5 Vertical Total Scan Write 06 06 06
Adjust Line Only
6 R6 Vertical Character |Write 19 19 64
Displayed Row Only
7 R7 Vertical Character |[Write 1C 1C 70
Sync Position Row Only
8 R8 Interlace - Write 02 02 02
Mode Only
9 R9 Maximum Scan Write 07 07 01
Scan Line Line Only
Address
A R10 | Cursor Start Scan Write 06 06 06
Line Only
B R11 Cursor End Scan Write 07 07 07
Line Only
Cc 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
10 R16 |Light Pen (H) - Read XX XX XX
Only
11 R17 |Light Pen (L) - Read XX XX XX
Only
Note: Allregister values are given in hexadecimal

6845 Register Description
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Color-Select Register

The color-select register is a 6-bit output-only register. Its I/O
address is hex 3D9, and it can be written to using a processor
‘out’ command. The following are the bit definitions for this

register.

Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Selects blue border color in 40 by 25 alphanumeric
mode.

Selects blue background color (C0-C1) in 320 by 200
graphics mode.

Selects blue foreground color in 640 by 200 graphics
mode.

Selects green border color in 40 by 25 alphanumeric
mode.

Selects green background color (C0-C1) in 320 by 200
graphics mode.

Selects green foreground color in 640 by 200 graphics
mode.

Selects red border color in 40 by 25 alphanumeric mode.
Selects red background color (C0O-C1) in 320 by 200
graphics mode.

Selects red foreground color in 640 by 200 graphics
mode.

Selects intensified border color in 40 by 25
alphanumeric mode.

Selects intensified background color (C0-C1) in 320 by
200 graphics mode.

Selects intensified foreground color in 640 by 200
graphics mode.

Selects alternate, intensified set of colors in the graphics
mode.
Selects background colors in the alphanumeric mode.

Selects active color set in 320 by 200 graphics mode.
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When bit 5 is set to 1, colors are determined as follows:

C1 co Set Selected

0 0 Background (Defined by bits 0-3 of port hex 3D9)
(o] 1 Cyan

1 0 Magenta

1 1 White

When bit 5 is set to 0, colors are determined as follows:

C1 Cco Set Selected

[0} 0 Background (Defined by bits 0-3 of port hex 3D9)
0 1 Green

1 ] Red

1 1 Brown

Bit 6 Not used

Bit 7 Not used

Mode-Control Register

The mode-control register is a 6-bit output-only register. Its I/O
address is hex 3D8, and it can be written to using a processor
‘out’ command. The following are bit definitions for this register.

Bit 0 A 1 selects 80 by 25 alphanumeric mode.
A 0 selects 40 by 25 alphanumeric mode.

Bit 1 A 1 selects 320 by 200 graphics mode.
A 0 selects alphanumeric mode.

Bit 2 A 1 selects black-and-white mode.
A 0 selects color mode.

Bit 3 A 1 enables the video signal. The video signal is
disabled when changing modes.
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Bit 4 A 1 selects the high-resolution (640 by 200)
black-and-white graphics mode. One of eight colors can
be selected on direct-drive monitors in this mode by
using register hex 3D9.

Bit 5 A 1 will change the character background intensity to
the blinking attribute function for alphanumeric modes.
When the high-order attribute is not selected, 16
background colors or intensified colors are available.
This bit is set to 1 to allow the blinking function.

Mode-Control Register Summary

Bits

N
w
(&}

40 x 25 Alphanumeric Black-and-White
40 x 25 Alphanumeric Color
80 x 25 Alphanumeric Black-and-White

Y

80 x 25 Alphanumeric Color

320 x 200 Black-and-White Graphics
z 320 x 200 Color Graphics

z 640 x 200 Black-and-White Graphics

O O O Of=

-

o O O = = 0O oOoj|o
-0 =2 O = 0O -
NN
- O O O O O O|s»
N

“rvv [

Enable Blink Attribute

640 x 200 Black-and-White
Enable Video Signal

Select Black-and-White Mode
Select 320 x 200 Graphics
80 x 25 Alphanumeric Select

z=don’t care condition

Note: The low-resolution (160 by 100) mode requires special programming and is
set up as the 40 by 25 alphanumeric mode.
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Status Register

The status register is a 4-bit read-only register. Its I/O address is
hex 3DA, and it can be read using the processor ‘in’ instruction.
The following are bit definitions for this register.

Bit 0 A 1 indicates that a regen-buffer memory access can be
made without interfering with the display.

Bit 1 A 1 indicates that a positive-going edge from the light
pen has set the light pen’s trigger. This trigger is reset
when power is turned on and may also be cleared by a
processor ‘out’ command to hex address 3DB. No
specific data setting is required; the action is
address-activated.

Bit 2 The light pen switch is reflected in this bit. The switch
is not latched or debounced. A 0 indicates that the
switch is on.

Bit 3 A 1 indicates that the raster is in a vertical retrace mode.
Screen-buffer updating can be performed at this time.

Sequence of Events for Changing Modes

1 Determine the mode of operation.
2 Reset the video-enable bit in the mode-control register.
3 Program the 6845 CRT Controller to select the mode.

Program the mode-control and color-select registers
including re-enabling the video.
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Memory Requirements

The memory used by this adapter is self—contained. It consists of
16K bytes of memory without parity. This memory is used as
both a display buffer for alphanumeric data and as a bit map for
graphics data. The regen buffer’s address starts at hex BS00O.

Read/Write Memory
Address Space (in hex)
01000
System
Read/Write
Memory
A0000 A
B8000 128K Reserved
Display Buffer Regen Area
(16K Bytes)
BC0O0O
C0000 J
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Specifications

The following pages contain card and connector specifications for
the IBM Color/Graphics Monitor Adapter.
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IBM Color Display
or other Direct-Drive
Monitor

Video
Monitor

At Standard TTL Levels

Ground

Color Composite
Signal Phono Jack

Color Direct
Drive 9-Pin

D-Shell Connector

Ground

Red

A

Green

3

Blue

Intensity

Reserved

Horizontal Drive

b A A A A

Vertical Drive

Wl IN|jO O s |[WN|=

Composite Phono Jack
Hookup to Monitor

Composite Video Signal of
Approximately 1.5 Volts

Peak to Peak Amplitude

<

Chassis Ground

Connector Specifications (Part 1 of 2)
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Direct-Drive
Adapter

Color/Graphics
Composite Jack



P1 (4-Pin Berg Strip) P2 (6-Pin Berg Strip)
for RF Modulator for Light-Pen
Connector

Color/Graphics
Monitor Adapter

000
100
U0
U0

I ]C

r

_ +12Volts 1
RF - (key) Not Used 2 Color/Graphics
Modulator Composite Video Output 3 Monitor
- Adapter
Logic Ground 4
RF Modulator Interface
- Light Pen Input 1
Light {key) Not Used 2 Color/Graphics
Pen — Light Pen Switch 3 »| Monitor
Chassis Ground 4 Adapter
+ 5 Volts 5
_ +12Volts 6

Light Pen Interface

Connector Specifications (Part 2 of 2)
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Logic Diagrams

The following pages contain the logic diagrams for the IBM
Color/Graphics Monitor Adapter.
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Description

The IBM Enhanced Graphics Adapter (EGA) is a graphics
controller that supports both color and monochrome direct drive
displays in a variety of modes. In addition to the direct drive port,
a light pen interface is provided. Advanced features on the
adapter include bit-mapped graphics in four planes and a RAM
(Random Access Memory) loadable character generator. Design
features in the hardware substantially reduce the software
overhead for many graphics functions.

The Enhanced Graphics Adapter provides Basic Input Output
System (BIOS) support for both alphanumeric (A/N) modes and
all-points-addressable (APA) graphics modes, including all modes
supported by the Monochrome Display Adapter and the
Color/Graphics Monitor Adapter. Other modes provide APA
640x350 pel graphics support for the IBM Monochrome Display,
full 16 color support in both 320x200 pel and 640x200 pel
resolutions for the IBM Color Display, and both A/N and APA
support with resolution of 640x350 for the IBM Enhanced Color
Display. In alphanumeric modes, characters are formed from one
of two ROM (Read Only Memory) character generators on the
adapter. One character generator defines 7x9 characters in a
9x14 character box. For Enhanced Color Display support, the
9x14 character set is modified to provide an 8x14 character set.
The second character generator defines 7x7 characters in an 8x8
character box. These generators contain dot patterns for 256
different characters. The character sets are identical to those
provided by the IBM Monochrome Display Adapter and the IBM
Color/Graphics Monitor Adapter.

The adapter contains 64K bytes of storage configured as four
16K byte bit planes. Memory expansion options are available to
expand the adapter memory to 128K bytes or 256K bytes.

The adapter is packaged on a single 13-1/8 inch (333.50 mm)
card. The direct drive port is a right-angle mounted connector at
the rear of the adapter and extends through the rear panel of the
system unit. Also on the card are five large scale integration
(LSI) modules custom designed for this controller.
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Located on the adapter is a feature connector that provides access
to internal functions through a 32-pin berg connector. A separate

64-pin connector provides an interface for graphics memory
expansion.

The following is a block diagram of the Enhanced Graphics
Adapter:

Mux

CPU o—» CRTC
Data 4 LsI

* 1
e T e ;
ROM L BT

MAP (¢ o

3
* GRAPH . )“

B MAP
Lsi 7

DIRECT
pe DRIVE
OUTPUT

Enhanced Graphics Adapter Block Diagram
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Major Components
CRT Controller

The CRT (Cathode Ray Tube) Controller (CRTC) generates
horizontal and vertical synchronous timings, addressing for the
regenerative buffer, cursor and underline timings, and refresh
addressing for the dynamic RAM:s.

Sequencer

The Sequencer generates basic memory timings for the dynamic
RAMs and the character clock for controlling regenerative
memory fetches. It allows the processor to access memory during
active display intervals by inserting dedicated processor memory
cycles periodically between the display memory cycles. Map
mask registers are available to protect entire memory maps from
being changed.

Graphics Controller

The Graphics Controller directs the data from the memory to the
attribute controller and the processor. In graphics modes,
memory data is sent in serialized form to the attribute chip. In
alpha modes the memory data is sent in parallel form, bypassing
the graphics controller. The graphics controller formats the data
for compatible modes and provides color comparators for use in
color painting modes. Other hardware facilities allow the
processor to write 32 bits in a single memory cycle, (8 bits per
plane) for quick color presetting of the display areas, and
additional logic allows the processor to write data to the display
on non-byte boundaries.

Attribute Controller

The Attribute Controller provides a color palette of 16 colors,
each of which may be specified separately. Six color outputs are
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available for driving a display. Blinking and underlining are
controlled by this chip. This chip takes data from the display
memory and formats it for display on the CRT screen.

Display Buffer

The display buffer on the adapter consists of 64K bytes of
dynamic read/write memory configured as four 16K byte video
bit planes. Two options are available for expanding the graphics
memory. The Graphics Memory Expansion Card plugs into the
memory expansion connector on the adapter, and adds one bank
of 16K to each of the four bit planes, increasing the graphics
memory to 128K bytes. The expansion card also provides DIP
sockets for further memory expansion. Populating the DIP
sockets with the Graphics Memory Module Kit adds two
additional 16K banks to each bit plane, bringing the graphics
memory to its maximum of 256K bytes.

The address of the display buffer can be changed to remain
compatible with other video cards and application software. Four
locations are provided. The buffer can be configured at segment.
address hex A000O for a length of 128K bytes, at hex A0000 for
a length of 64K bytes, at hex BO0O0O for a length of 32K bytes, or
at hex B800O for a length of 32K bytes.

BIOS

A read-only memory (ROM) Basic Input Output System (BIOS)
module on the adapter is linked to the system BIOS. This ROM
BIOS contains character generators and control code and is
mapped into the processor address at hex C0000 for a length of
16K bytes.

Support Logic

The logic on the card surrounding the LSI modules supports the
modules and creates latch buses for the CRT controller, the

4 IBM Enhanced Graphics Adapter August 2, 1984



processor, and character generator. Two clock sources (14 MHz
and 16 MHz) provide the dot rate. The clock is multiplexed
under processor 1/0 control. The four I/O registers on the card
are not part of the LSI devices.

Modes of Operation
IBM Color Display

The following table describes the modes supported by BIOS on
the IBM Color Display:

Alpha Buffer | Box | Max.
Mode # | Type | Colors | Format | Start Size | Pages | Resolution
0 A/N 16 40x25 B800O | 8x8 | 8 320x200
1 A/N 16 40x25 B800O | 8x8 | 8 320x200
2 A/N 16 80x25 B800OO | 8x8 | 4/8/8 640x200
3 A/N 16 80x25 B8000O | 8x8 | 4/8/8 640x200
4 APA 4 40x25 B800OO | 8x8 1 320x200
5 APA 4 40x25 B8000O | 8x8 1 320x200
6 APA 2 80x25 B8000O | 8x8 1 640x200
D APA 16 40x25 AOOOO | 8x8 | 2/4/8 320x200
E APA 16 80x25 AOO0OO | 8x8 1/2/4 640x200

Modes 0 through 6 emulate the support provided by the IBM
Color/Graphics monitor Adapter.

Modes 0, 2, and 5 are identical to modes 1, 3, and 4, respectively,
at the adapter’s direct drive interface.

The “MAX. PAGES” fields for modes 2, 3, D, and E indicate the
number of pages supported when 64K, 128K, or 256K bytes of
graphics memory is installed, respectively.
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IBM Monochrome Display

The following table describes the modes supported by BIOS on
the IBM Monochrome Display.

Alpha Buffer | Box | Max.
Mode # | Type | Colors | Format | Start Size | Pages | Resolution

7 A/N 4 80x25 BOO0O | 9x14| 4/8 720x350
F APA 4 80x25 AOOOO | 8x14| 1/2 640x350

The “MAX. PAGES?” fields for modes 7 and F indicate the
number of pages supported when either 64K or greater than 64K
of graphics memory is installed, respectively.

Mode 7 emulates the support provided by the IBM Monochrome
Display Adapter.

IBM Enhanced Color Display

The Enhanced Graphics Adapter supports attachment of the IBM
Enhanced Color Display. The IBM Enhanced Color Display is
capable of running at the standard television frequency of 15.75
KHz as well as running 21.85 KHz. The table below summarizes
the characteristics of the IBM Enhanced Color Display:

Parameter TV Frequency High Resolution
Horiz Scan Rate 15.75 KHz. 21.85 KHz.
Vertical Scan Rate 60 Hz. 60 Hz.
Video Bandwidth 14.318 MHz. 16.257 MHz.
Displayable Colors 16 Maximum 16 or 64
Character Size 7 by 7 Pels 7 by 9 Pels
Character Box Size 8 by 8 Pels 8 by 14 Pels
Maximum Resolution 640x200 Pels 640 by 350 Pels
Alphanumeric Modes 0,1,2,3 0,1,2,3
Graphics Modes 4,5,6,D,E 10

In the television frequency mode, the IBM Enhanced Color
Display displays information identical in color and resolution to
the IBM Color Display.
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In the high resolution mode, the adapter provides enhanced
alphanumeric character support. This enhanced alphanumeric
support consists of transforming the 8 by 8 character box into an
8 by 14 character box, and providing 16 colors out of a palette of
64 possible display colors. Display colors are changed by altering
the programming of the color palette registers in the Attribute
Controller. In alphanumeric modes, any 16 of 64 colors are
displayable. The screen resolution is 320x350 for modes 0 and 1,
and 640x350 for modes 2 and 3.

The resolution displayed on the IBM Enhanced Color Display is
selected by the switch settings on the Enhanced Graphics
Adapter.

The Enhanced Color Display is compatible with all modes listed
for the IBM Color Display. The following table describes
additional modes supported by BIOS for the IBM Enhanced
Color Display:

Alpha Buffer | Box | Max.
Mode # | Type | Colors | Format | Start Size | Pages | Resolution
o* A/N 16/64 | 40x25 B8000 | 8x14| 8 320x350
1* A/N 16/64 | 40x25 B8000 | 8x14| 8 320x350
2* A/N 16/64 | 80x25 B8000O | 8x14 | 4/8 640x350
3* A/N 16/64 80x25 B8000O | 8x14 | 4/8 640x350
10 APA 4/16 80x25 AOO0O | 8x14] 1/2 640x350
16/64

* Note that modes 0, 1, 2, and 3 are also listed for IBM Color
Display support. BIOS provides enhanced support for these
modes when an Enhanced Color Display is attached.

The values in the “COLORS” field indicate 16 colors of a 64
color palette or 4 colors of a sixteen color palette.

In modes 2, 3, and 10, the dual values for the “COLORS” field
and the “MAX. PAGES?” field indicate the support provided
when either 64K or greater than 64K of graphics memory is
installed, respectively.
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Basic Operations

Alphanumeric Modes

The data format for alphanumeric modes on the Enhanced
Graphics Adapter is the same as the data format on the IBM
Color/Graphics Monitor Adapter and the IBM Monochrome
Display Adapter. As an added function, bit three of the attribute
byte may be redefined by the Character Map Select register to act
as a switch between character sets. This gives the programmer
access to 512 characters at one time. This function is valid only
when memory has been expanded to 128K bytes or more.

When an alphanumeric mode is selected, the BIOS transfers
character patterns from the ROM to bit plane 2. The processor
stores the character data in bit plane 0, and the attribute data in
bit plane 1. The programmer can view bit planes 0 and 1 as a
single buffer in alphanumeric modes. The CRTC generates
sequential addresses, and fetches one character code byte and one
attribute byte at a time. The character code and row scan count
address bit plane 2, which contains the character generators. The
appropriate dot patterns are then sent to the palette in the
attribute chip, where color is assigned according to the attribute
data.

Graphics Modes

320x200 Two and Four Color Graphics (Modes 4 and 5)

Addressing, mapping and data format are the same as the
320x200 pel mode of the Color/Graphics Monitor Adapter. The
display buffer is configured at hex B8000. Bit image data is
stored in bit planes 0 and 1.

640x200 Two Color Graphics (Mode 6)

Addressing, mapping and data format are the same as the
640x200 pel black and white mode of the Color/Graphics
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Monitor Adapter. The display buffer is configured at hex B8000.
Bit image data is stored in bit plane 0.

640x350 Monochrome Graphics (Mode F )

This mode supports graphics on the IBM Monochrome Display
with the following attributes: black, video, blinking video, and
intensified video. Resolution of 640x350 requires S6K bytes to
support four attributes. By chaining maps O and 1, then maps 2
and 3 together, two 32K bit planes can be formed. This chaining
is done only when necessary (less than 128K of graphics
memory). The first map is the video bit plane, and the second
map is the intensity bit plane. Both planes reside at hex address
A0000.

Two bits, one from each bit plane, define one picture element
(pel) on the screen. The bit definitions for the pels are given in
the following table. The video bit plane is denoted by CO and the
Intensity Bit Plane is denoted by C2.

C2 | CO Pixel Color Valid Attributes
(o] 0 Black o]
0 1 Video 3
1 0 Blinking Video C
1 1 Intensified Video F

The byte organization in memory is sequential. The first eight
pels on the screen are defined by the contents of memory in
location A000:0H, the second eight pels by location A000:1H,
and so on. The first pel within any one byte is defined by bit 7 in
the byte. The last pel within the byte is defined by bit O in the
byte.

Monochrome graphics works in odd/even mode, which means
that even CPU addresses go into even bit planes and odd CPU
addresses go into odd bit planes. Since both bit planes reside at
address A0000, the user must select which plane or planes he
desires to update. This is accomplished by the map mask register
of the sequencer. (See the table above for valid attributes).
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16/64 Color Graphics Modes (Mode 10)

These modes support graphics in 16 colors on either a medium or
high resolution monitor. The memory in these modes consists of
using all four bit planes. Each bit plane represents a color as
shown below. The bit planes are denoted as C0,C1,C2 and C3
respectively.

CO0 = Blue Pels

C1 = Green Pels

C2 = Red Pels

C3 = Intensified Pels

Four bits (one from each plane) define one pel on the screen.
The color combinations are illustrated in the following table:

| R G B Color

(0] (o] 0 0 Black

0 0 0 1 Blue

(o] (o] 1 (o] Green

(o] (o] 1 1 Cyan

0 1 0 0 Red

(o] A1 (o] 1 Magenta

0 1 1 0 Brown

0 1 1 1 White

1 0 0 0 Dark Gray

1 0 0 1 Light Blue

1 (o] 1 (0] Light Green

1 (o] 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 Intensified White

The display buffer resides at address A0000. The map mask
register of the sequencer is used to select any or all of the bit
planes to be updated when a memory write to the display buffer is
executed by the CPU.

Color Mapping

The Enhanced Graphics Adapter supports 640x350 Graphics for
both the IBM Monochrome and the IBM Enhanced Color
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Displays. Four color capability is supported on the EGA without
the Graphics Memory Expansion Card (base 64 KB), and sixteen
colors are supported when the Graphics Memory Expansion Card
is installed on the adapter (128 KB or above). This section
describes the differences in the colors displayed depending upon
the graphics memory available. Note that colors OH, 1H, 4H, and
7TH map directly regardless of the graphics memory available.

Character Mode 10H Mode 10H
Attribute Monochrome | 64KB >64KB
OOH* Black Black Black
O1H* Video Blue Blue
02H Black Black Green
03H Video Blue Cyan
04H* Blinking Red Red
O5H Intensified White Magenta
06H Blinking Red Brown
O7H* Intensified White White
08H Black Black Dark Gray
09H Video Blue Light Blue
OAH Black Black Light Green
OBH Video Blue Light Cyan
OCH Blinking Red Light Red
ODH Intensified White Light Magenta
OEH Blinki’ng Red Yellow
OFH Intensified White Intensified White

* Graphics character attributes which map directly regardless of
the graphics memory available.
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Registers
External Registers

This section contains descriptions of the registers of the Enhanced
Graphics Adapter that are not contained in an LSI device.

Name Port Index
Miscellaneous Output Register 3C2 -
Feature Control Register 37A -
Input Status Register O 3C2 -
Input Status Register 1 372 -

? = B in Monochrome Modes ? =D in Color Modes

Miscellaneous Output Register

This is a write-only register. The processor output port address is
hex 3C2. A hardware reset causes all bits to reset to zero.

Miscellaneous Output Register Format

Bt 7 6 5§ 4 3 2 1 O

| |——> 1/0 Address Select
Enable Ram

Clock Select 0

Clock Select 1
» Disable Internal Video Drivers
» Page Bit For Odd/Even

» Horizontal Retrace Polarity

» Vertical Retrace Polarity

Bit 0 3BX/3DX CRTC I/O Address—This bit maps
the CRTC I/0 addresses for IBM Monochrome
or Color/Graphics Monitor Adapter emulation.
A logical 0 sets CRTC addresses to 3BX and
Input Status Register 1 ’s address to 3BA for
Monochrome emulation. A logical 1 sets CRTC
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Bit 1

Bit 2-Bit 3

Bit 4

Bit S

Bit 6

Bit 7

August 2, 1984

addresses to 3DX and Input Status Register 1’s
address to 3DA for Color/Graphics Monitor
Adapter emulation.

Enable RAM—A logical 0 disables RAM from
the processor; a logical 1 enables RAM to
respond at addresses designated by the Control
Data Select value programmed into the Graphics
Controllers.

Clock Select—These two bits select the clock
source according to the following table:

Bits
32

0 0- Selects 14 MHz clock from the processor
1/0 channel

0 1- Selects 16 MHz clock on-board oscillator

1 0- Selects external clock source from the
feature connector.

1 1- Not used

Disable Internal Video Drivers—A logical 0
activates internal video drivers; a logical 1
disables internal video drivers. When the internal
video drivers are disabled, the source of the direct
drive color output becomes the feature connector
direct drive outputs.

Page Bit For Odd/Even—Selects between two
64K pages of memory when in the Odd/Even
modes (0,1,2,3,7). A logical O selects the low
page of memory; a logical 1 selects the high page
of memory.

Horizontal Retrace Polarity—A logical O selects
positive horizontal retrace; a logical 1 selects
negative horizontal retrace.

Vertical Retrace Polarity—A logical O selects
positive vertical retrace; a logical 1 selects
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negative vertical retrace. The IBM Monochrome
display requires a negative vertical retrace
polarity.

Feature Control Register

This is a write-only register. The processor output register is hex
3BA or 3DA.

Feature Control Register Format

Bt 7 6 5 4 3 2 1 0

l |—> Feature Control Bit 0
Feature Control Bit 1

Reserved
» Not Used

Bits 0 and 1 Feature Control Bits—These bits are used to
convey information to the feature connector.
The output of these bits goes to the FEAT 0 (pin

19) and FEAT 1 (pin 17) of the feature
connector.

Input Status Register Zero

This is a read-only register. The processor input port address is
hex 3C2.
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Input Status Register Zero Format

Bt 7 6 5§ 4 3 2 1 0

[ LJ-——-IJ—> Not Used

Switch Sense

Reserved

F Y VY

Reserved
CRT Interrupt

Y

Bit 4 Switch Sense—When set to 1, this bit allows the
processor to read the four configuration switches
on the board. The setting of the CLKSEL field
determines which switch is being read. The
switch configuration can be determined by
reading byte 40:88H in RAM.

Bit 3: Switch 4 ; Logical 0 = switch closed
Bit 2: Switch 3 ; Logical 0 = switch closed
Bit 1: Switch 2 ; Logical 0 = switch closed
Bit 0: Switch 1 ; Logical 0 = switch closed

Bits 5 and 6 Feature Code—These bits are input from the
Feat (0) and Feat (1) pins on the feature
connector.

Bit 7 CRT Interrupt—A logical 1 indicates video is

being displayed on the CRT screen; a logical 0
indicates that vertical retrace is occurring.

Input Status Register One

This is a read-only register. The processor port address is hex
3BA or hex 3DA.
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Input Status Register One Format

Bt 7 6 5 4 3 2 1 0

‘ |—-> Display Enable
Light Pen Strobe

Light Pen Switch
Vertical Retrace

» Diagnostic 1

—» Diagnostic O

—» Not Used

Bit 0

Bit 1

Bit 2

Bit 3

Bits 4 and 5

Display Enable—Logical 0 indicates the CRT
raster is in a horizontal or vertical retrace
interval. This bit is the real time status of the
display enable signal. Some programs use this
status bit to restrict screen updates to inactive
display intervals. The Enhanced Graphics
Adapter does not require the CPU to update the
screen buffer during inactive display intervals to
avoid glitches in the display image.

Light Pen Strobe—A logical 0 indicates that the
light pen trigger has not been set; a logical 1
indicates that the light pen trigger has been set.

Light Pen Switch—A logical O indicates that the
light pen switch is closed; a logical 1 indicates
that the light pen switch is open.

Vertical Retrace—A logical 0 indicates that video
information is being displayed on the CRT
screen; a logical 1 indicates the CRT isin a
vertical retrace interval. This bit can be
programmed to interrupt the processor on
interrupt level 2 at the start of the vertical
retrace. This is done through bits 4 and 5 of the
Vertical Retrace End Register of the CRTC.

Diagnostic Usage—These bits are selectively
connected to two of the six color outputs of the
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Attribute Controller. The Color Plane Enable
register controls the multiplexer for the video
wiring. The following table illustrates the
combinations available and the color output

wiring.
Color Plane Input Status
Register Register One
Bit5 Bit4 Bit5 Bit4
0 0 Red Blue
0 1 Secondary Blue  Green
1 0 Secondary Red  Secondary Green
1 1 Not Used Not Used

August 2, 1984
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Sequencer Registers

Name Port Index
Address 3C4 -
Reset 3C5 00
Clocking Mode 3C5 01
Map Mask 3C5 02
Character Map Select 3C5 03
Memory Mode 3C5 04

Sequencer Address Register

The Address Register is a pointer register located at address hex
3C4. This register is loaded with a binary value that points to the
sequencer data register where data is to be written. This value is
referred to as "Index" in the table above.

Sequencer Address Register Format

Bt 7 6 5§ 4 3 2 1 0

I I I I | » Sequencer Address
—» Not Used

Bit 0-Bit 3 Sequencer Address Bits—A binary value pointing
to the register where data is to be written.

Reset Register

This is a write-only register pointed to when the value in the
address register is hex 00. The output port address for this
register is hex 3CS.
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Reset Register Format

Bt 7 6 5 4 3 2 1 0

l I—> Asynchronous Reset
Synchronous Reset

» Not Used

Bit 0 Asynchronous Reset—A logical 0 commands the
sequencer to asynchronous clear and halt. All
outputs are placed in the high impedance state
when this bit is a 0. A logical 1 commands the
sequencer to run unless bit 1 is set to zero.
Resetting the sequencer with this bit can cause
data loss in the dynamic RAMs.

Bit 1 Synchronous Reset—A logical 0 commands the
sequencer to synchronous clear and halt. Bits 1
and 0 must both be ones to allow the sequencer
to operate. Reset the sequencer with this bit
before changing the Clocking Mode Register, if
memory contents are to be preserved.

Clocking Mode Register

This is a write-only register pointed to when the value in the
address register is hex 01. The output port address for this
register is hex 3CS5.

Clocking Mode Register Format

Bt 7 6 5§ 4 3 2 1 0

l I__.> 8/9 Dot Clocks
Bandwidth

Shift Load
Dot Clock
Not Used
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Bit 0 8/9 Dot Clocks—A logical 0 directs the
sequencer to generate character clocks 9 dots
wide; a logical 1 directs the sequencer to generate
character clocks 8 dots wide. Monochrome
alphanumeric mode (07H) is the only mode that
uses character clocks 9 dots wide. All other
modes must use 8 dots per character clock.

Bit 1 Bandwidth—A logical 0 makes CRT memory
cycles occur on 4 out of 5 available memory
cycles; a logical 1 makes CRT memory cycles
occur on 2 out of 5 available memory cycles.
Medium resolution modes require less data to be
fetched from the display buffer during the
horizontal scan time. This allows the CPU
greater access time to the display buffer. All high
resolution modes must provide the CRTC with 4
out of 5 memory cycles in order to refresh the
display image.

Bit 2 Shift Load—When set to 0, the video serializers
are reloaded every character clock; when set to 1,
the video serializers are loaded every other
character clock. This mode is useful when 16 bits
are fetched per cycle and chained together in the
shift registers.

Bit 3 Dot Clock—A logical 0 selects normal dot clocks
derived from the sequencer master clock input.
When this bit is set to 1, the master clock will be
divided by 2 to generate the dot clock. All the
other timings will be stretched since they are
derived from the dot clock. Dot clock divided by
two is used for 320x200 modes (0, 1, 4, 5) to
provide a pixel rate of 7 MHz, (9 MHz for mode
D).

Map Mask Register

This is a write-only register pointed to when the value in the
address register is hex 02. The output port address for this
register is hex 3CS5.
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Map Mask Register Format

Bt 7 6 6 4 3 2 1 0

‘ |—> 1 Enables Map O

—— 1 Enables Map 1
1 Enables Map 2
1 Enables Map 3

» Not Used

Bit 0-Bit 3 Map Mask—A logical 1 in bits 3 through 0
enables the processor to write to the
corresponding maps 3 through 0. If this register
is programmed with a value of OFH, the CPU can
perform a 32-bit write operation with only one
memory cycle. This substantially reduces the
overhead on the CPU during display update
cycles in graphics modes. Data scrolling
operations are also enhanced by setting this
register to a value of OFH and writing the display
buffer address with the data stored in the CPU
data latches. This is a read-modify-write
operation. When odd/even modes are selected,
maps 0 and 1 and maps 2 and 3 should have the
same map mask value.

Character Map Select Register

This is a write-only register pointed to when the value in the
address register is hex 03. The output port address for this
register is 3C5.
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Character Map Select Register Format

Bt 7 6 5 4 3 2 1 0

u—» Character Map Select B

- Character Map Select A
- Not Used

Bit 0-Bit 1 Character Map Select B—Selects the map used
to generate alpha characters when attribute bit 3
is a 0, according to the following table:

Bits Map
1 [0} Selected Table Location
Value
(o] o] 0 1st 8K of Plane 2 Bank O
0 1 1 2nd 8K of Plane 2 Bank 1
1 0 2 3rd 8K of Plane 2 Bank 2
1 1 3 4th 8K of Plane 2 Bank 3

Bit 2-Bit 3 Character Map Select A—Selects the map used
to generate alpha characters when attribute bit 3
is a 1, according to the following table:

Bits Map
3 2 Selected Table Location
Value
0 0 0 1st 8K of Plane 2 Bank O
0 1 1 2nd 8K of Plane 2 Bank 1
1 0 2 3rd 8K of Plane 2 Bank 2
1 1 3 4th 8K of Plane 2 Bank 3

In alphanumeric modes, bit 3 of the attribute byte normally has
the function of turning the foreground intensity on or off. This
bit however may be redefined as a switch between character sets.
This function is enabled when there is a difference between the
value in Character Map Select A and the value in Character Map
Select B. Whenever these two values are the same, the character
select function is disabled. The memory mode register bit 1 must
be a 1 (indicates the memory extension card is installed in the
unit) to enable this function; otherwise, bank 0 is always selected.
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128K of graphics memory is required to support two character
sets. 256K supports four character sets. Asynchronous reset
clears this register to 0. This should be done only when the
sequencer is reset.

Memory Mode Register

This is a write-only register pointed to when the value in the
address register is hex 04. The processor output port address for
this register is 3C5.

Memory Mode Register Format

Bt 7 6 5 4 3 2 1 0

‘ |—> Alpha
Extended Memory

Odd/Even
» Not Used

Bit 0

Bit 1

Bit 2

August 2, 1984

Alpha—A logical 0 indicates that a non-alpha
mode is active. A logical 1 indicates that alpha
mode is active and enables the character
generator map select function.

Extended Memory—A logical O indicates that the
memory expansion card is not installed. A logical
1 indicates that the memory expansion card is
installed and enables access to the extended
memory through address bits 14 and 15.

Odd/Even—A logical 0 directs even processor
addresses to access maps 0 and 2, while odd
processor addresses access maps 1 and 3. A
logical 1 causes processor addresses to
sequentially access data within a bit map. The
maps are accessed according to the value in the
map mask register.
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CRT Controller Registers

Name Port Index

Address Register 3?74 -
Horizontal Total 375 00
Horizontal Display End 375 01
Start Horizontal Blank 375 02
End Horizontal Blank 375 03
Start Horizontal Retrace 375 04
End Horizontal Retrace 3?75 05
Vertical Total 375 06
Overflow 375 07
Preset Row Scan 3?5 08
Max Scan Line 3?75 09
Cursor Start 375 0A
Cursor End 375 0B
Start Address High 375 oC
Start Address Low 375 oD
Cursor Location High 375 OE
Cursor Location Low 375 OF
Vertical Retrace Start 375 10
Light Pen High 3?75 10
Vertical Retrace End 375 1
Light Pen Low 3?5 11
Vertical Display End 3?5 12
Offset 375 13
Underline Location 375 14
Start Vertical Blank 375 15
End Vertical Blank 375 16
Mode Control 375 17
Line Compare 375 18
? = B in Monochrome Modes and D in Color Modes

CRT Controller Address Register

The Address register is a pointer register located at hex 3B4 or
hex 3D4. If an IBM Monochrome Display is attached to the
adapter, address 3B4 is used. If a color display is attached to the
adapter, address 3D4 is used. This register is loaded with a binary
value that points to the CRT Controller data register where data
is to be written. This value is referred to as ''Index' in the table
above.
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CRT Controller Address Register Format

Bt 7 6 5§ 4 3 2 1 0

| I I | —» CRTC Address
» Not Used

Bit 0-Bit 4 CRT Controller Address Bits—A binary value
pointing to the CRT Controller register where
data is to be written.

Horizontal Total Register
This is a write-only register pointed to when the value in the CRT

Controller address register is hex 00. The processor output port
address for this register is hex 3B5 or hex 3D5.

Horizontal Total Register Format

Bt 7 6 5 4 3 2 1 0

HEEEEEE

» Horizontal Total

This register defines the total number of characters in the
horizontal scan interval including the retrace time. The value
directly controls the period of the horizontal retrace output signal.
An internal horizontal character counter counts character clock
inputs to the CRT Controller, and all horizontal and vertical
timings are based upon the horizontal register. Comparators are
used to compare register values with horizontal character values
to provide horizontal timings.

Bit 0-Bit 7 Horizontal Total—The total number of
characters less 2.
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Horizontal Display Enable End Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 01. The processor output port
address for this register is hex 3BS or hex 3D5.

Horizontal Display Enable End Register Format

7 5

Bit 2 1 0

6
l » Horizontal Display Enable End

4 3

This register defines the length of the horizontal display enable
signal. It determines the number of displayed character positions
per horizontal line.

Bit 0-Bit 7 Horizontal display enable end —A value one less
than the total number of displayed characters.

Start Horizontal Blanking Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 02. The processor output port
address for this register is hex 3BS or hex 3DS.

Start Horizontal Blanking Register Format

|

Bit 6 56 4 3 2 10
| |

l I | I I » Start Vertical Blanking

This register determines when the horizontal blanking output
signal becomes active. The row scan address and underline scan
line decode outputs are multiplexed on the memory address
outputs and cursor outputs respectively during the blanking
interval. These outputs are latched external to the CRT
Controller with the falling edge of the BLANK output signal.
The row scan address and underline signals remain on the output
signals for one character count beyond the end of the blanking
signal.
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Bit 0-Bit 7 Start Horizontal Blanking—The horizontal
blanking signal becomes active when the
horizontal character counter reaches this value.

End Horizontal Blanking Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 03. The processor output port
address for this register is hex 3B5 or hex 3DS5.

End Horizontal Blanking Register Format

Bt 7 6 56 4 3 2 1 0

» End Blanking

—» Display Enable Skew Control
—» Not Used

This register determines when the horizontal blanking output
signal becomes inactive. The row scan address and underline scan
line decode outputs are multiplexed on the memory address
outputs and the cursor outputs respectively during the blanking
interval. These outputs are latched external to the CRT
Controller with the falling edge of the BLANK output signal.

The row scan address and underline signals remain on the output
signals for one character count beyond the end of the blanking
signal.

Bit 0-Bit 4 End Horizontal Blanking—A value equal to the
five least significant bits of the horizontal
character counter value at which time the
horizontal blanking signal becomes inactive
(logical 0). To obtain a blanking signal of width
W, the following algorithm is used: Value of
Start Blanking Register + Width of Blanking
signal in character clock units = 5-bit result to be
programmed into the End Horizontal Blanking
Register.
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Bit 5-Bit 6 Display Enable Skew Control—These two bits
determine the amount of display enable skew.
Display enable skew control is required to
provide sufficient time for the CRT Controller to
access the display buffer to obtain a character
and attribute code, access the character generator
font, and then go through the Horizontal Pel
Panning Register in the Attribute Controller.
Each access requires the display enable signal to
be skewed one character clock unit so that the
video output is in synchronization with the
horizontal and vertical retrace signals. The bit
values and amount of skew are shown in the
following table:

Bits

65

0 0 Zero character clock skew
0 1 One character clock skew
1 0 Two character clock skew
1 1 Three character clock skew

Start Horizontal Retrace Pulse Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 04. The processor output port
address for this register is hex 3B5 or hex 3D5.

Start Horizontal Retrace Pulse Register Format

LI

Bit 5§ 4 3 2 1
L] ]

0
I l -+ Start Horizontal Retrace Pulse

This register is used to center the screen horizontally, and to
specify the character position at which the Horizontal Retrace
Pulse becomes active.
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Bit 0-Bit 7

Start Horizontal Retrace Pulse—The value
programmed is a binary count of the character
position number at which the signal becomes
active.

End Horizontal Retrace Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 05. The processor output port
address for this register is hex 3B5 or hex 3D5.

End Horizontal Retrace Register Format

Bt 7 6 5

4 3 2 1 0
LIl

I » End Horizontal Retrace
» Horizontal Retrace Delay

» Start Odd Memory Address

This register specifies the character position at which the
Horizontal Retrace Pulse becomes inactive (logical 0).

Bit 0-Bit 4

Bit 5-Bit 6

August 2, 1984

End Horizontal Retrace—A value equal to the
five least significant bits of the horizontal
character counter value at which time the
horizontal retrace signal becomes inactive (logical
0). To obtain a retrace signal of width W, the
following algorithm is used: Value of Start
Retrace Register + width of horizontal retrace
signal in character clock units = 5-bit result to be
programmed into the End Horizontal Retrace
Register.

Horizontal Retrace Delay—These bits control
the skew of the horizontal retrace signal. Binary
00 equals no Horizontal Retrace Delay. For
some modes, it is necessary to provide a
horizontal retrace signal that takes up the entire
blanking interval. Some internal timings are
generated by the falling edge of the horizontal
retrace signal. To guarantee the signals are
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Bit 7

latched properly, the retrace signal is started
before the end of the display enable signal, and
then skewed several character clock times to
provide the proper screen centering.

Start Odd/Even Memory Address—This bit
controls whether the first CRT memory address
output after a horizontal retrace begins with an
even or an odd address. A logical O selects even
addresses; a logical 1 selects odd addresses. This
bit is used for horizontal pel panning applications.
Generally, this bit should be set to a logical 0.

Vertical Total Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 06. The processor output port
address for this register is hex 3B5 or 3D5.

Vertical Total Register Format

Bt 7 6 5 4 3 2 1

0
I | l I I | l I » Vertical Total

Bit 0-Bit 7

Vertical Total—This is the low-order eight bits of
a nine-bit register. The binary value represents
the number of horizontal raster scans on the CRT
screen, including vertical retrace. The value in
this register determines the period of the vertical
retrace signal. Bit 8 of this register is contained
in the CRT Controller Overflow Register hex 07
bit 0.

CRT Controller Overflow Register

This is a write-only register pointed to when the value in the CRT
Controller Address Register is hex 07. The processor output port
address for this register is hex 3B5 or hex 3D5.
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CRTC Overflow Register Format

Bt 7 6 5 4 3 2 1 0

| |—> Vertical Total Bit 8
Vertical Display Enable End Bit 8

Vertical Retrace Start Bit 8
Start Vertical Blank Bit 8
Line Compare Bit 8

Cursor Location Bit 8

YVYY

Not Used
Bit 0 Vertical Total—Bit 8 of the Vertical Total
register (index hex 06).
Bit 1 Vertical Display Enable End—Bit 8 of the
Vertical Display Enable End register (index hex
12).
Bit 2 Vertical Retrace Start—Bit 8 of the Vertical

Retrace Start register (index hex 10).

Bit 3 Start Vertical Blank—Bit 8 of the Start Vertical
Blank register (index hex 15).

Bit 4 Line Compare—Bit 8 of the Line Compare
register (index hex 18).

Bit 5 Cursor Location—Bit 8 of the Cursor Location
register (index hex 0A).

Preset Row Scan Register

This is a write-only register pointed to when the value in the CRT

Controller address register is hex 08. The processor output port
address for this register is hex 3B5 or hex 3D5.
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Preset Row Scan Register Format

Bt 7 6 56 4 3 2 1 0

RN

> Starting Row Scan Count after
a Vertical Retrace

> Not Used

This register is used for pel scrolling.

Bit 0-Bit 4 Preset Row Scan (Pel Scrolling)—This register
specifies the starting row scan count after a
vertical retrace. The row scan counter
increments each horizontal retrace time until a
maximum row scan occurs. At maximum row
scan compare time the row scan is cleared (not
preset).

Maximum Scan Line Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 09. The processor output port
address for this register is hex 3B5 or hex 3D5.

Maximum Scan Line Register Format

Bt 7 6 5§ 4 3 2 1 0
I I

& Maximum Scan Line
» Not Used

Bit 0-Bit 4 Maximum Scan Line—This register specifies the
number of scan lines per character row. The
number to be programmed is the maximum row
scan number minus one.

Cursor Start Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 0A. The processor output port
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address for this register is hex 3B5 or hex 3D5.

Cursor Start Register Format

Bt 7 6 5 4 3 2 1 0

L1

Row Scan Cursor Begins

» Not Used

Bit 0-Bit 4 Cursor Start—This register specifies the row scan
of a character line where the cursor is to begin.
The number programmed should be one less than
the starting cursor row scan.

Cursor End Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex O0B. The processor output port
address for this register is hex 3B5 or hex 3D5.

Cursor End Register Format
Bt 7 6 5 4 3 2 10
l l I I l: Row Scan Cursor Ends
»  Cursor Skew Control
» Not Used

Bit 0-Bit 4 Cursor End—These bits specify the row scan
where the cursor is to end.

Bit 5-Bit 6 Cursor Skew—These bits control the skew of the
cursor signal.
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0 0 Zero character clock skew

0 1 One character clock skew

1 0 Two character clock skew

1 1 Three character clock skew
Start Address High Register

This is a read/write register pointed to when the value in the CRT
Controller address register is hex 0C. The processor
input/output port address for this register is hex 3B5 or hex 3D5.

Start Address High Register Format

Bt 7 6 5 4 3 2 1 0
LIl ],

High Order Start Address

Bit 0-Bit 7

Start Address High—These are the high-order

eight bits of the start address. The 16-bit value,
from the high-order and low-order start address
registers, is the first address after the vertical
retrace on each screen refresh.

Start Address Low Register

This is a read/write register pointed to when the value in the CRT
Controller address register is hex 0D. The processor
input/output port address for this register is hex 3B5 or hex 3D5.

Start Address Low Register Format

Bt 7 6 5 4 3 2 1 0

EEEEEEER

Low Order Start Address
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Bit 0-Bit 7 Start Address Low—These are the low-order 8
bits of the start address.

Cursor Location High Register

This is a read/write register pointed to when the value in the CRT
Controller address register is hex OE. The processor input/output
port address for this register is hex 3BS or hex 3DS5.

Cursor Location High Register Format

Bt 7 6 5 4 3 10
LIl

2
l [ I » High Order Cursor Location

Bit 0-Bit 7 Cursor Location High—These are the high-order
8 bits of the cursor location.

Cursor Location Low Register
This is a read/write register pointed to when the value in the CRT

Controller address register is hex OF. The processor input/output
port address for this register is hex 3BS or Hex 3DS.

Cursor Location Low Register Format

Bt 7 6 5§ 4 3 2 1 0

l I | | l | I | » Low Order Cursor Location

Bit 0-Bit 7 Cursor Location Low— These are the low-order
8 bits of the cursor location.
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Vertical Retrace Start Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 10. The processor output port
address for this register is hex 3B5 or hex 3D5.

Vertical Retrace Start Register Format

Bt 7 6 56 4 3 2 1 0
I I I G

I » Low Order Vertical Retrace Pulse

Bit 0-Bit 7 Vertical Retrace Start—This is the low-order 8
bits of the vertical retrace pulse start position
programmed in horizontal scan lines. Bit 8 is in
the overflow register location hex 07.

Light Pen High Register

This is a read-only register pointed to when the value in the CRT
Controller address register is hex 10. The processor input port
address for this register is hex 3B5 or hex 3D5.

Light Pen High Register Format

Bt 7 6 5 4 3 1 0

2
I I I I I I I IA, High Order Memory Address
Counter

Bit 0-Bit 7 Light Pen High—This is the high order 8 bits of
the memory address counter at the time the light
pen was triggered.

Vertical Retrace End Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 11. The processor output port
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address for this register is hex 3B5 or hex 3D5.

Vertical Retrace End Register Format

Bt 7 6 5 4 3 2 1 0

l—J—L—l—> Vertical Retrace End

O=Clear Vertical Interrupt

O=Enable Vertical Interrupt
Not Used

YYY

Bit 0-Bit 3 Vertical Retrace End—These bits determine the
horizontal scan count value when the vertical
retrace output signal becomes inactive. The
register is programmed in units of horizontal scan
lines. To obtain a vertical retrace signal of width
W, the following algorithm is used: Value of Start
Vertical Retrace Register + width of vertical
retrace signal in horizontal scan units = 4-bit
result to be programmed into the End Horizontal
Retrace Register.

Bit 4 Clear Vertical Interrupt—A logical 0 will clear a
vertical interrupt.

Bit 5 Enable Vertical Interrupt—A logical 0 will
enable vertical interrupt.

Light Pen Low Register

This is a read-only register pointed to when the value in the CRT
Controller address register is hex 11. The processor input port
address for this register is hex 3B5 or 3D5.
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Light Pen Low Register Format

Bt 7 6 5 4 3 2 1 0

| I | I I I l | » Low Order Memory Address
Counter

Bit 0-Bit 7 Light Pen Low—This is is the low-order 8 bits of
the memory address counter at the time the light
pen was triggered.

Vertical Display Enable End Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 12. The processor output port
address for this register is hex 3B5 or hex 3D5.

Vertical Display Enable End Register Format

7
I

Bit 6 5§ 4 3 2 10

I | I I I I » Low Order Vertical Display
Enable End

Bit 0-Bit 7 Vertical Display Enable End—These are the
low-order 8 bits of the vertical display enable end
position. This address specifies which scan line
ends the active video area of the screen. Bit 8 is
in the overflow register location hex 07.

Offset Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 13. The processor output port
address for this register is hex 3B5 or hex 3D5.
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Offset Register Format

Bt 7 6 5 4 3 2 1 0
I [ I I l I I I » Logical line width of the screen
Bit 0-Bit 7 Offset—This register specifies the logical line

width of the screen. The starting memory
address for the next character row is larger than
the current character row by this amount. The
Offset Register is programmed with a word
address. Depending upon the method of clocking
the CRT Controller, this word address is either a
word or double word address.

Underline Location Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 14. The processor output port
address for this register is hex 3B5 or hex 3DS5.

Underline Location Register Format

Bt 7 6 5 4 3 2

10
| | I I L - Horizontal row scan where
underline will occur

» Not Used

Bit 0-Bit 4

Underline Location—This register specifies the
horizontal row scan on which underline will
occur. The value programmed is one less than
the scan line number desired.

Start Vertical Blanking Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 15. The processor output port
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address for this register is hex 3B5 or hex 3D5.

Start Vertical Blanking Register Format

Bit 4 3 2 10
| 1|

| | »  Start Vertical Blanking

Bit 0-Bit 7 Start Vertical Blank—These are the low 8 bits of
the horizontal scan line count, at which the
vertical blanking signal becomes active. Bit 8 bit
is in the overflow register hex 07.

End Vertical Blanking Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 16. The processor output port
address for this register is hex 3B5 or hex 3D5.

End Vertical Blanking Register Format

Bt 7 6 5 4 3 2 1
L1 |

0
l I » End Vertical Blanking
» Not Used

Bit 0-Bit 4 End Vertical Blank—This register specifies the
horizontal scan count value when the vertical
blank output signal becomes inactive. The
register is programmed in units of horizontal scan
lines. To obtain a vertical blank signal of width
W, the following algorithm is used: Value of Start
Vertical Blank Register + width of vertical blank
signal in horizontal scan units = 5-bit result to be
programmed into the End Vertical Blank
Register.
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Mode Control Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 17. The processor output port
address for this register is hex 3B5 or hex 3D5.

Mode Control Register Format

Bt 7 6 56 4 3 2 1 0

l_> CMSO0
Select Row Scan Counter

Horizontal Retrace Select

Count by Two

Output Control
Address Wrap
Word/Byte Mode
Hardware Reset

YYY Y Y

Bit 0 Compatibility Mode Support— When this bit is
a logical 0, the row scan address bit O is
substituted for memory address bit 13 during
active display time. A logical 1 enables memory
address bit 13 to appear on the memory address
output bit 13 signal of the CRT Controller. The
CRT Controller used on the IBM
Color/Graphics Monitor Adapter is the 6845.
The 6845 has 128 horizontal scan line address
capability. To obtain 640 by 200 graphics
resolution, the CRTC was programmed for 100
horizontal scan lines with 2 row scan addresses
per character row. Row scan address bit O
became the most significant address bit to the
display buffer. Successive scan lines of the
display image were displaced in memory by 8K
bytes. This bit allows compatibility with the
6845 and Color Graphics APA modes of
operation.
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Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Select Row Scan Counter—A logical O selects
row scan counter bit 1 on MA 14 output pin. A
logical 1 selects MA 14 counter bit on MA 14
output pin.

Horizontal Retrace Select—This bit selects
Horizontal Retrace or Horizontal Retrace divided
by 2 as the clock that controls the vertical timing
counter. This bit can be used to effectively
double the vertical resolution capability of the
CRT Controller. The vertical counter has a
maximum resolution of 512 scan lines due to the
9-bit wide Vertical Total Register. If the vertical
counter is clocked with the horizontal retrace
divided by 2 clock, then the vertical resolution is
doubled to 1024 horizontal scan lines. A logical
0 selects HRTC and a logical 1 selects HRTC
divided by 2.

Count By Two— When this bit is set to 0, the
memory address counter is clocked with the
character clock input. A logical 1 clocks the
memory address counter with the character clock
input divided by 2. This bit is used to create
either a byte or word refresh address for the
display buffer.

Output Control—A logical 0 enables the module
output drivers. A logical 1 forces all outputs into
high impedance state.

Address Wrap—This bit selects Memory Address
counter bit MA 13 or bit MA 15, and it appears
on the MA 0 output pin in the word address
mode. If you are not in the word address mode,
MA 0 counter output appears on the MA 0
output pin. A logical 1 selects MA 15. In
odd/even mode, bit MA 13 should be selected
when the 64K memory is installed on the board.
Bit MA 15 should be selected when greater then
64K memory is installed. This function is used to
implement Color Graphics Monitor Adapter
compatibility.
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Bit 6 Word Mode or Byte Mode—When this bit is a
logical 0, the Word Mode shifts all memory
address counter bits down one bit, and the most
significant bit of the counter appears on the least
significant bit of the memory address outputs.
See table below for address output details. A

logical 1 selects the Byte Address mode.

Internal Memory Address Counter
Wiring to the Output Multiplexer
Byte Address Word Address
CRTC Out Pin Mode Mode
MA O/RFA O MAO MA150orMA 13
MA 1/RFA 1 MA 1 MAO
MA 2/RFA 2 MA 2 MA 1
MA 3/RFA 3 MA 3 MA 2
* * *
* * *
MA 14/RS 3 MA 14 MA 13
MA 15/RS 4 MA 15 MA 14
Bit 7 Hardware Reset—A logical 0 forces horizontal

and vertical retrace to clear. A logical 1 forces
horizontal and vertical retrace to be enabled.

Line Compare Register

This is a write-only register pointed to when the value in the CRT
Controller address register is hex 18. The processor output port
address for this register is hex 3B5 or hex 3D5.

Line Compare Register Format

Bit 7
I

» Line Compare Target

Bit 0-Bit 7 Line Compare—This register is the low-order 8

bits of the compare target. When the vertical
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counter reaches this value, the internal start of
the line counter is cleared. This allows an area of
the screen to be immune to scrolling. Bit 8 of
this register is in the overflow register hex 07.
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Graphics Controller Registers

Name Port Index
Graphics 1 Position 3CC -
Graphics 2 Position 3CA -
Graphics 1 & 2 Address 3CE -
Set/Reset 3CF 00
Enable Set/Reset 3CF o1
Color Compare 3CF 02
Data Rotate 3CF 03
Read Map Select 3CF 04
Mode Register 3CF 05
Miscellaneous 3CF 06
Color Don’t Care 3CF 07
Bit Mask 3CF 08

Graphics 1 Position Register

This is a write-only register. The processor output port address
for this register is hex 3CC.

Graphics | Position Register Format

Bt 7 6 5 4 3 2 1 0

| |—> Position O
Position 1

> Not Used

Bit 0-Bit 1 Position—These 2 bits are binary encoded
hierarchy bits for the graphics chips. The
position register controls which 2 bits of the
processor data bus each chip responds to.
Graphics 1 must be programmed with a position
register value of O for this card.
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Graphics 2 Position Register

This is a write-only register. The processor output port address
for this register is hex 3CA.

Graphics Il Position Register Format

Bt 7 6 5 4 3 2 1 0

‘ L> Position O
Position 1

> Not Used

Bit 0-Bit 1 Position—These 2 bits are binary encoded
hierarchy bits for the graphics chips. The
position register controls which 2 bits of the
processor data bus to which each chip responds.
Graphics 2 must be programmed with a position
register value of 1 for this card.

Graphics 1 and 2 Address Register

This is a write-only register and the processor output port address
for this register is hex 3CE.

Graphics 1 and 2 Address Register Formats

Bt 7 6 5 4 3 2 1 0

L-l—l—l—> Graphics Address

> Not Used

Bit 0-Bit 3  Graphics 1 and 2 Address Bits—This output loads
the address register in both graphics chips
simultaneously. This register points to the data
register of the graphics chips.
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Set/Reset Register

This is a write-only register pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 00
before writing can take place. The processor output port address
for this register is hex 3CF.

Set/Reset Register Format

1 0
I |—»Set/Fies.et Bit 0
Set/Reset Bit 1

Set/Reset Bit 2
Set/Reset Bit 3
- Not Used

Bit 0-Bit 3 Set/Reset—These bits represent the value
written to the respective memory planes when the
processor does a memory write with write mode 0
selected and set/reset mode is enabled.
Set/Reset can be enabled on a plane by plane
basis with separate OUT commands to the
Set/Reset register.

Enable Set/Reset Register

This is a write-only register and is pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 01
before writing can take place. The processor output port for this
register is hex 3CF.
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Enable Set/Reset Register Format

Bt 7 6 5 4 3 2 1 0

' |—>Enable Set/Reset Bit 0
Enable Set/Reset Bit 1
Enable Set/Reset Bit 2

Enable Set/Reset Bit 3
»Not Used

Bit 0-Bit 3 Enable Set/Reset—These bits enable the
set/reset function. The respective memory plane
is written with the value of the Set/Reset register
provided the write mode is 0. When write mode is
0 and Set/Reset is not enabled on a plane, that
plane is written with the value of the processor
data.

Color Compare Register

This is a write-only register pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 02
before writing can take place. The processor output port address
for this register is hex 3CF.

Color Compare Register Format

3 2 1 0
I L> Color Compare O
Color Compare 1
Color Compare 2
Color Compare 3

» Not Used

765<|1

Bit 0-Bit 3 Color Compare—These bits represent a 4 bit
color value to be compared. If the processor sets
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read mode 1 on the graphics chips, and does a
memory read, the data returned from the memory
cycle will be a 1 in each bit position where the 4
bit planes equal the color compare register.

Data Rotate Register

This is a write-only register pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 03
before writing can take place. The processor output port address
for this register is hex 3CF.

Data Rotate Register Format

Bt 7 6 56 4 3 2 1 0

l |—> Rotate Count
Rotate Count 1

Rotate Count 2
» Function Select
Not Used

Y

Y

Bit 0-Bit 2

Bit 3-Bit 4

August 2, 1984

Rotate Count—These bits represent a binary
encoded value of the number of positions to
rotate the processor data bus during processor
memory writes. This operation is done when the
write mode is 0. To write unrotated data the
processor must select a count of 0.

Function Select—Data written to memory can
operate logically with data already in the
processor latches. The bit functions are defined
in the following table.
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=
w e

Data unmodified.

Data AND’ed with latched data.
Data OR’ed with latched data.
Data XOR’ed with latched data.

—— D
—_—O e O

Data may be any of the choices selected by the Write Mode
Register except processor latches. If rotated data is selected, the
rotate applies before the logical function.

Read Map Select Register

This is a write-only register pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 04
before writing can take place. The processor output port address
for this register is hex 3CF.

Read Map Select Register Format

Bt 7 6 5§ 4 3 2 1 0

| |_> Map Select 0
Map Select 1

Map Select 2
» Not Used

Bit 0-Bit 2 Map Select—These bits represent a binary
encoded value of the memory plane number from
which the processor reads data. This register has
no effect on the color compare read mode
described elsewhere in this section.

Mode Register

This is a write-only register pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 05
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before writing can take place. The processor output port address
for this register is 3CF.

Mode Register Format
Bit 7 6 5 4 3 2 1 0
I I—I—> Write Mode
Test Condition
Read Mode
¥ Odd/Even
= Shift Register Mode
» Not Used
Bit 0-Bit 1 Write Mode
Bits
10

Bit 2

August 2, 1984

0 0 Each memory plane is written with the
processor data rotated by the number of
counts in the rotate register, unless
Set/Reset is enabled for the plane. Planes
for which Set/Reset is enabled are written
with 8 bits of the value contained in the
Set/Reset register for that plane.

0 1 Each memory plane is written with the
contents of the processor latches. These
latches are loaded by a processor read
operation.

1 0 Memory plane n (0 through 3) is filled
with 8 bits of the value of data bit n.

1 1 Not Valid

The logic function specified by the function select
register also applies.

Test Condition—A logical 1 directs graphics

controller outputs to be placed in high impedance
state for testing.
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Bit 3

Bit 4

Bit S

Read Mode—When this bit is a logical 0, the
processor reads data from the memory plane
selected by the read map select register. When
this bit is a logical 1, the processor reads the
results of the comparison of the 4 memory planes
and the color compare register.

Odd/Even—A logical 1 selects the odd/even
addressing mode, which is useful for emulation of
the Color Graphics Monitor Adapter compatible
modes. Normally the value here follows the value
of the Memory Mode Register bit 3 of the
Sequencer.

Shift Register—A logical 1 directs the shift
registers on each graphics chip to format the
serial data stream with even numbered bits on the
even numbered maps and odd numbered bits on
the odd maps.

Miscellaneous Register

This is a write-only register pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 06
before writing can take place. The processor output port for this
register is hex 3CF.

Miscellaneous Register Format

Bit

7 6 5 4 3 2 10

| I_,» Graphics Mode
Chain Odd Maps to Even

Memory Map O
Memory Map 1

Y

Not Used
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Bit 0

Bit 1

Bit 2-Bit 3

Graphics Mode—This bit controls alpha-mode
addressing. A logical 1 selects graphics mode.
When set to graphics mode, the character
generator address latches are disabled.

Chain Odd Maps To Even Maps—When set to 1,
this bit directs the processor address bit 0 to be
replaced by a higher order bit and odd/even
maps to be selected with odd/even values of the
processor AQ bit, respectively.

Memory Map—These bits control the mapping of
the regenerative buffer into the processor address
space.

Bits

32

0 0 Hex A00O for 128K bytes.
0 1 Hex A00O for 64K bytes.
1 0 Hex B000 for 32K bytes

1 1 Hex B800 for 32K bytes.

If the display adapter is mapped at address hex A00O for 128K
bytes, no other adapter can be installed in the system.

Color Don’t Care Register

This is a write-only register and is pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 07
before writing can take place. The processor output port for this
register is hex 3CF.
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Color Don’t Care Register Format
Bt 7 6 5 4 3 2 1 0
l I—> Color Plane 0=Don’t Care
Color Plane 1=Don't Care
Color Plane 2=Don’t Care
Color Plane 3=Don’t Care
Not Used
Bit 0 Color Don’t Care—Color plane O=don’t care
when reading color compare when this bit is set to
1.
Bit 1 Color Don’t Care—Color plane 1=don’t care
when reading color compare when this bit is set to
1.
Bit 2 Color Don’t Care—Color plane 2=don’t care
when reading color compare when this bit is set to
1.
Bit 3 Color Don’t Care—Color plane 3=don’t care
when reading color compare when this bit is set to
1.
Bit Mask Register

This is a write-only register and is pointed to by the value in the
Graphics 1 and 2 address register. This value must be hex 08
before writing can take place. The processor output port for this
register is hex 3CF.

Bit Mask Register Format

Bt 7 6 5 4 3 2

LLLLLLL

O-Immune to change
1-Unimpeded Writes
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Bit 0-Bit 7 Bit Mask—Any bit programmed to n causes the
corresponding bit # in each bit plane to be
immune to change provided that the location
being written was the last location read by the
processor. Bits programmed to a 1 allow
unimpeded writes to the corresponding bits in the
bit planes.

The bit mask applies to any data written by the processor (rotate,
AND’ed, OR’ed, XOR’ed, DX and S/R). To preserve bits using
the bit mask, data must be latched internally by reading the
location. When data is written to preserve the bits, the most
current data in latches is written in those positions. The bit mask
applies to all bit planes simultaneously.

January 20, 1986 IBM Enhanced Graphics Adapter 55



Attribute Controller Registers

Name Port Index
Address Register 3C0 -
Palette Registers 3CO0 00-0F
Mode Control Register 3CO0 10
Overscan Color Register 3CO0 11
Color Plane Enable Register 3C0 12

Horizontal Pel Panning Register 3C0 13

Attribute Address Register

This is a write-only register. The processor output port is hex

3Co0.

Attribute Address Register Format

Bit 7

4 3 2 1 0

[ I l l I P Attribute Address
» Palette Address Source

» Not Used

Bit 0-Bit 4

Attribute Address Bits—The Address Register is
a pointer register located at hex 3C0. This
register is loaded with a binary value that points
to the attribute data register where data is to be
written. The Attribute Controller does not have
an address bit input to control selection of the
address and data registers. An internal address
flip-flop controls selection of either the address
or data registers. To initialize the flip-flop, an
IOR instruction is issued to the Attribute
Controller at address 3BA or 3DA. This clears
the flip-flop, and selects the Address Register.
After the Address Register has been loaded, the
next OUT instruction loads the data register.

56 IBM Enhanced Graphics Adapter January 20, 1986



The flip-flop toggles each time an OUT is issued
to the Attribute Controller.

Bit 5 Palette Address Source—When loading the color
palette registers, bit 5 must be cleared to 0. To
enable the memory data to access the color
palette, bit 5 must be set to 1.

Palette Register Hex 00 through Hex OF

This is a write-only register. The processor output port is hex
3Co0.

Palette Registers Hex 00 through Hex OF Format

Bt 7 6 5§ 4 3 2 1 O

| I—-> Blue Video
Green Video

Red Video
Secondary Blue/Mono Video

—» Secondary Green/Intensity

» Secondary Red Video
» Not Used

Bit 0-Bit 5 Palette—These 6-bit registers allow a dynamic
mapping between the text attribute or graphic
color input value and the display color in the
CRT screen. A logical 1 selects the appropriate
color. A logical O de-selects. The color palette
register should be modified only during the
vertical retrace interval to avoid glitches in the
displayed image. Note that some color monitors
do not have an intensity input and only a
maximum of eight colors are available. Monitors
with four color inputs display sixteen colors, and
monitors with six color inputs display 64 colors.
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Mode Control Register

This is a write-only register pointed to by the value in the
Attribute address register. This value must be hex 10 before
writing can take place. The processor output port address for this
register is hex 3CO0.

Mode Control Register Format

Bt 7 6 5 4 3 2 1 O

I l—> Graphics/Alphanumeric Mode
Display Type
Enable Line Graphics Character

Codes

Select Background Intensity Or
Enable Blink

» Not Used

Bit 0 Graphics/ Alphanumeric Mode—A logical 0
selects alphanumeric mode. A logical 1 selects
graphics mode.

Bit 1 Monochrome Display/Color Display—A logical
0 selects IBM monochrome display attributes. A
logical 1 selects color Display attributes.

Bit 2 Enable Line Graphics Character Codes—When
this bit is set to 0, the ninth dot will be the same
as the background. A logical 1 enables the
special line graphics character codes for the IBM
Monochrome Display adapter. When enabled,
this bit forces the ninth dot of a line graphic
character to be identical to the eighth dot of the
character. The line graphics character codes for
the Monochrome Display Adapter are Hex CO
through Hex DF.

For character fonts that do not utilize the line
graphics character codes in the range of Hex CO
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through Hex DF, bit 2 of this register should be a
logical 0. Otherwise unwanted video information
will be displayed on the CRT screen.

Bit 3 Enable Blink/Select Background Intensity—A
logical O selects the background intensity of the
attribute input. This mode was available on the
Monochrome and Color Graphics adapters. A
logical 1 enables the blink attribute in
alphanumeric modes. This bit must also be set to
1 for blinking graphics modes.

Overscan Color Register

This is a write-only register pointed to by the value in the
Attribute address register. This value must be hex 11 before
writing can take place. The processor output port address for this
register is hex 3CO0.

Overscan Color Register Format

10
l I———> Selects Blue Border Color
Selects Green Border Color

Selects Red Border Color

Bt 7 6 5 4 3 2

Selects Secondary Blue
Border Color

» Selects Intensified or
Secondary Green

» Selects Secondary Red
Border Color

» Not Used

Bit 0-Bit S Overscan Color—This 6-bit register determines
the overscan (border) color displayed on the
CRT screen. For monochrome display this
register should be set to a value of 0. A logical 1
selects the appropriate color.
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Color Plane Enable Register

This is a write-only register pointed to by the value in the
Attribute address register. This value must be hex 12 before
writing can take place. The processor output port address for this
register is 3COQ.

Color Plane Enable Register Format

Bt 7 6 56 4 3 2 1 0

|—L—'—I—> Enable Color Plane

» Video Status MUX
» Not Used

Bit 0-Bit 3 Enable Color Plane—Writing a logical 1 in any
of bits 0 through 3 enables the respective display
memory color plane.

Bit 4-Bit 5 Video Status MUX—Selects two of the six color
outputs to be available on the status port. The
following table illustrates the combinations
available and the color output wiring.

COLOR PLANE INPUT STATUS

ENABLE REGISTER REGISTER ONE

Bit5 Bit4 | Bit5 Bit4

0 [0] Red Blue

(o] 1 Secondary Blue Green

1 0 Secondary Red Secondary Green
1 1 Not Used Not Used

Horizontal Pel Panning Register

This is a write-only register pointed to by the value in the
Attribute address register. This value must be hex 12 before
writing can take place. The processor output port address for this
register is hex 3CO0.
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Horizontal Pel Panning Register Format

Bit 7 6

4 3 2 10

I——I—I——I—-> Horizontal Pel Panning

» Not Used

Bit 0-Bit 3

August 2, 1984

Horizontal Pel Panning—This 4 bit register
selects the number of picture elements (pels) to
shift the video data horizontally to the left. Pel
panning is available in both A/N and APA
modes. In Monochrome A/N mode, the image
can be shifted a maximum of 9 pels. In all other
A/N and APA modes, the image can be shifted a
maximum of 8 pels. The sequence for shifting
the image is given below:

9 pels/character : 8,0,1,2,3,4,5,6,7
(Monochrome A/N mode only)

8 pels/character : 0, 1, 2, 3,4, 5, 6, 7 (All other
Modes)
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Programming Considerations

Programming the Registers

Each of the LSI devices has an address register and a number of
data registers. The address register serves as a pointer to the
other registers on the LSI device. It is a write-only register that is
loaded by the processor by executing an ’OUT"’ instruction to its
I/0 address with the index of the selected data register.

The data registers on each LSI device are accessed through a
common I/O address. They are distinguished by the pointer
(index) in the address register. To write to a data register, the
address register is loaded with the index of the appropriate data
register, then the selected data register is loaded by executing an
’OUT’ instruction to the common I/O address.

The external registers that are not part of an LSI device and the
Graphics I and II registers are not accessed through an address
register; they are written to directly.

The following tables define the values that are loaded into the

registers by BIOS to support the different modes of operation
supported by this adapter.
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Register Mode of Operation
Name Port |Index | O |1 |2 |3 |4 (5|67 |D|E]|F]10]F[10¥0*|1*]|2*|3*
Miscellaneous |3C2 | - |23|23]23|23|23|23|23|A6|23|23|A2|A7|A2|A7|AT7|AT|A7|A7
Feature Cntrl 3?A - |00(00|00|00(00]00]|00|00|00]00|00}00]|00|00|00]0O0|O00(O00
Input Stat 0 3C2 | - -{=1=-1=-1=-1=-1=-1-1-1=-1-1=-1=-1-1-1-1-1-

mputStatd (322 | - |- (-{-{-{-[-|-{-{-1-{-{-1-{-|-{-{-|-

? = B in monochrome modes ? = D in color modes

*Values for these modes when the IBM Enhanced Color Display is attached

*Values for these modes when greater than 64K Graphics Memory is installed

External Registers

Register Mode of Operation

Name Port |index | O | 1 | 2|3 (45|67 ([0)E]|F|[10]F[10%)0%]|1*f2*]|3*
SeqAddress [3C4| - [ - -[-{-{1-1-|-|-[-1-(-[-|-{-({-{-{—-[-
Reset 3C5] 00 [03]03]{03|03f03{03}03|03{03;03|[03(03{03}03]03|03(03]|03
Clock Mode 3C5)| 01 | 0B)OBJ01}01[0B|0B)01|00|0B)JO1]|05|05]01|01]0B|0B|01]01
Map Mask 3C5| 02 |03[03/03]03(03{03]|01(03|0F|OF|OF|OF(OF|OF|03]|03]|03]03
Char Gen Sel (3C51{ 03 |00{00(00|00|00]{00}00|00|00{0000|00(00]|00]00]|00]|00 |00
Memory Mode [ 3C5 | 04 | 03{03(03|03|02|02]06|03}|06|06|00|00|06|06)03]03]|03;03

*Values for these modes when the IBM Enhanced Color Display is attached

:Values for these modes when greater than 64K Graphics Memory is installed

Sequencer Registers
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Register Mode of Operation

Name Port | Index | O| 1 |2]13|4([5]6|7]D]|E|F]I0
AddressReg |34 | - | -|-{-|-|-|-|-|-1-|-|-|-|-1-1-|-1-1-
Horiz Total 3?51 00 {37(37{70(70)37|37|70{60{37|70|60|5B}60|5B]2D|2D|5B]|58
Hrz Disp End | 3?5 | 01 27|27 [4F |4F |27 |27 |4F |4F | 27 | 4F | 4F |4F |4F | 4F | 27 | 27 |4F | 4F
Strt Hrz Blk 3?5| 02 |2D)2D|5C|5C|2D|2D|59 |56 |2D|56 |56 |53 |56 |53 |2B|2B|53 (53
End Hrz Blk 3?5| 03 |37(37|2F|2F |37 )37 |2D|3A|37|2D|1A |17 [3A|37|2D|2D |37 |37
Strt HrzRetr | 3?5| 04 | 31(31|5F|5F|30|30|5E|51|30|5E|50|50|5052]28]|28|51]51
End Hrz Retr 3?5 05 | 15/15]07 07|14 {1406 60|14 |06 | EO | BA| 60100 |6D|6D|5B|5B
Vert Total 3?5| 06 | 04|04|04(04(04)04|04)|70/04|04(70]6C|70|{6C|6C|6C|6C]|6C
Overflow 375 07 [ (1 11 (1 [ 1 AR [ 1 [ IF[AF IR 1F|[1F[1F [ 1F | 1F
Preset Row SC | 3?5| 08 | 00( 00|00 0000 |00|00}00]00|00|00|00|00f00|00])00|00]00
Max Scan Line | 3?5 | 09 | 07]|07|07)07|01|01]01|{0D]00|00|00|00|00}{00|0OD|OD|OD]|OD
Cursor Start 3?5 OA | 06|{06|06|06|00|00|00|0B{00|00f00|00(00]j00(0B|OB|OB|OB
Cursor End 375| 0B | 07(07(07{07{00|00{00|0C|00|00{00{00{00}{00}0OC|oOC|OC]|OC
Strt Addr Hi % oC | ~-(-1-|-{-{-t-1-t-1-1=-1=-1-1-1-1-1-1I-
Strt Addr Lo | 0| -f=-]-ft=-1=-1=-1t-1-1-1-1-1-1-1-1-1-|-1-

<
—
=4
*%
)

*
=

2> 13>

? = B in monochrome modes ? = D in color modes

*Values for these modes when the IBM Enhanced Color Display is attached

Values for these modes when greater than 64K Graphics Memory is installed

CRT Controller Registers (1 of 2)
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Register Mode of Operation

Name Port |Index { O (1 |2 (|3 (4 (5|67 1D]EfF [10[F:{i10xo*|1*f2*]|3*
Cursor LCHi |32 | OE | -|-|-[-|-1-|-|-1-1-V-|-1-|-1-|{-1-1-
Cursor LCLow [ 3?65 | OF [-|-|-|-|-1-|-|-1-|-1-|-|-|-|1-|-1-1|"-
Vrt Retr Strt 3?5 | 10 [EV|E1|E1[E1)E1|ET1|EO|SE|ET|EO|SE|5E|SE)SE | SE|5E | 5E |5E
Light Pen Hi |10 l-1-1-1-t-1=-1-1-1=-1-1-=-1-1-1-1-1-1-1-
Vert Retr End | 375 | 11 (24|24 |24 (24 |24 |24 |23 [2E |24 |23 |2E|{2B|2E [2B|2B|2B|2B|2B
LightPenlow |3?5 | 11 | = |-|=-=-|-|-1-|-|-1-|-|-|-|-1-}|-|-1|-
Vrt Disp End 3?5 | 12 |C7|C7|C7|C7|C7|C7|C7|5D|C7|C7|5D(5D|5D|5D|5D|5D]|50(5D
Offset 3?5 | 13 |14 |14 |28 (28 |14 |14 |28 |28 | 1412814 (14 |28 |28 |14 {1428 |28
Underline Loc | 3?5 | 14 0808 |08 |08 |00 |00 |00)0D|00|00|0D|OF |OD|OF [OF [OF | OF | OF
Strt Vert Blk 3?5 | 15 |EO|EO|EO|EO|EO|EO|DF|5E|EO|DF|SE|SF|5E |5F |5E | 5E | 5€E | 5E
EndVertBk |3?5| 16 |FO|FO[FO[FO|FO|FO|EF|6E|FO|EF|6E]OA|6E|OA[OA|OA|OA|OA
Mode Control | 3?5 | 17 | A3|A3|A3|A3|A2|A2|C2|A3|E3(E3|8B|8B|E3|E3|A3[A3|A3]|A3
Line Compare | 3?5 | 18 |FF|FF|FF|FF|FF|FF|FF|FF|FF|FF|FF|FF |FF|FF|FF |FF|FF|FF

? = B in monochrome modes ? = D in color modes

*Values for these modes when the IBM Enhanced Color Display is attached

#Values for these modes when greater than 64K Graphics Memory is installed

CRT Controller Registers (2 of 2)

August 2, 1984 IBM Enhanced Graphics Adapter 65



Register Mode of Operation

Name Port {Index | O [ 1} 2] 34867 |D)JE]|F]|10]Fs|10%0*]1~]|2*|3*
Grphx | Pos 3CC | - |00]|00{00)00(00]|00|00(|00|00(00)|00|0O0(00]|0O0]|O00]O0O0O0O0]|00
Grphx 11 Pos | 3CA| - |01]01{01}01|01(01[01}01[01]|01f01[01(01{01]01|01}01]|01

Grphx IIHAD {3CE | - {-|-|-{-1-{-1-1-1-1-{-1-{-1-1=-1-1-1-
Set Reset 3CF | 00 |00[00(00)|00|00|00)00f00|00)00|00000O0(f00]00|O00|O00{O00
Enable S/R 3CF [ 01 [00]00|00|00)|00)00(0000|00|00)00f00(00]00]|00]00]O00]|00
Color Compare | 3CF [ 02 (00{00]00{00{00{00(00{00{00|00|00{00(00C]|00{|00]|O00(O00]00
Data Rotate | 3CF | 03 00|00/ 00|00/00|00)|00f00f00)00(00(00|00f00])00|00O00]|00
Read Map Sel | 3CF | 04 |00|00|00|00|00|00]|00|00|00|00(00f00{O0O0}00]|00|O0000]|00
Mode Register [ 3CF [ 05 |10|10{10{10|30{30(0010{00|00|10|10{00|00|10(10|10(10
Miscellaneous 3CF | 06 |OE|OE|OE(OE|OF [OFOD|0A|05(05|07)|07]|05|05|0E]|OE]|OE|OE
Color No Care [3CF | 07 |00)00|0000|00|00f00])00]|OF|OF]|OF]OF|OF|OF]00]00|00|00
Bit Mask 3CF | 08 |FF|FF(FF|FF)|FF|FF|FF|FF|FF|FF|FF|FF|FF|FF|FF|FF|FF|FF

*Values for these modes when the IBM Enhanced Color Display is attached

*Values for these modes when greater than 64K Graphics Memory is installed

Graphics Sl Registers
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Register Mode of Operation

Name Port |Index | O | 1 | 2| 3| 4|5]|6|7|0|E]|F([10]F10%0~]1~]2~]3*
Address AL - | --1-1-=-l-1-1-1-1-1-1-1=-1-1-1-1-1-1-
Palette 3C0| 00 [ 00)00]|00|00(00]|00}00|00]00]|00]00(00]00]00(O00(O0O0]|O00]|00
Palette 3C0| 01 [01[01{0t}01[13{13|17|08(01)01{08]|01(08{01(01]01{01]01
Palette 3C0| 02 [02{02(02]02]15]|15|17]08|02|02]00|00)00|02]02]02|02|02
Palette 3C0| 03 ) 03)03|{03)03|17(17|17]08]03{03|00)0000]03)03]|03]|03]03
Palette 3C0| 04 | 04|04[04)04)02]02)|17(08|04|04 18|04 |18 |04 |04 |04 |04 |04
Palette 3C0| 05 |05({05(05|05|04}04(17]08|05(05|18{07|18)05]05|05|05|05
Palette 3C0 | 06 | 06)|06|06(06)|06|06(17|08|06)06(00(00(00(06|14]|14|14]14
Palette 3C0 | 07 |07]07(07)|07|07|07 (1708|0707 |00|00}00(07(07|07(07(07
Palette 3C0 | 08 |10{10[10| 10|10 |10 (17|10{10 (10|00 |00 |00 (38 |38(38 (3838
Palette 3C0 | 09 (1111|1111 (1111 }i7{18]11}/11/08|01/08}39]39|39|3939
Palette 3C0 | 0A | 12]12f12)12)12}12|17[18]12}12|00]00]00 |[3A|3A[3A|3A|3A
Palette 3C0 | 0B |13]13|13|13]13|13|17|18|13(13|00]|00|00|3B|3B(3B|3B|38B
? = B in monochrome modes ~ ? = D in color modes
*Values for these modes when the IBM Enhanced Color Display is attached
Values for these modes when greater than 64K Graphics Memory is installed

Attribute Registers (1 of 2)
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Register Mode of Operation

Name Port |Index | O | 1 |2 |3 | 45|67 D] E[F]|10[Fe[r0% 0%f1*]2*|3*
Palette 3C0 | OC |14)14(14]|14]|14|14[17|18|14]114]00|04)00)3C|3C|3C|3C|3C
Palette 3C0 | OD |15)15(15]|15|15|15|17118|15]15]|18|07|18|3D|3D|3D|3D|3D
Palette 3C0 | OE | 16|16 )16 |16 |16 16} 17|18 1616|0000 |00 |3E|3E|3E|3E|3E
Palette 3C0 | OF | 17|17 |17 |17 |17 | 17| 18|17 (17|00 00|00 3F|3F| 3F | 3F | 3F | 3F
Mode Control {3CO | 10 | 08|08 |08 {08{01]01]01{0E|01{01{0B|0B{0B|O1]08])08)08|08
Overscan 3C0 | 11 | 00|00|00{00(00(00|00]{00{00|00({00{00}{00}{O00}{00(00|O00]|00
Color Plane 3C0 [ 12 | OF|OF [OF |OF |03 |03 (01| OF [OF |OF | 050505 | OF | OF | OF | OF | OF
Hrz Panning 3C0 | 13 (0000 |00 (00|00)00]|00|00|00}00|00}00])00(O0O0(O00]|O00(O00|00

*Values for these modes when the IBM Enhanced Color Display is attached

#Values for these modes when greater than 64K Graphics Memory is installed

Attribute Registers (2 of 2)
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RAM Loadable Character Generator

The character generator on the adapter is RAM loadable and can
support characters up to 32 scan lines high. Two character
generators are stored within the BIOS and one is automatically
loaded into the RAM by the BIOS when an alphanumeric mode is
selected. The Character Map Select Register can be programmed
to define the function of bit 3 of the attribute byte to be a
character generator switch. This allows the user to select between
any two character sets residing in bit plane 2. This effectively
gives the user access to 512 characters instead of 256. character
tables may be loaded off line.The adapter must have 128K bytes
of storage to support this function. Up to four tables can be
loaded can be loaded with 256K of graphics memory installed.

The structure of the character tables is described in the following
figure. The character generator is in bit plane 2 and must be
protected using the map mask function.

Bit Plane 2
+0K
Character
Generator 0
+8K
+16K
Character
Generator 1
+32K
Character
Generator 2
+48K
Character
Generator 3
+64K

The following figure illustrates the structure of each character
pattern. If the CRT controller is programmed to generate n row
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scans, then n bytes must be filled in for each character in the
character generator. The example assumes eight row scans per
character.

Address Byte Image 7 Data
CC*32+0 18H
1 3EH
2 66H
3 66H
4 7EH
5 66H
6 66H
7 66H

CC = Value of the character code. For example, 41H in the case
of an ASCII “A”.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>