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About This Book

Purpose

The options and adapters are the second part of the IBM RT PC Hardware Technical Reference
manual. They are to be used in conjunction with the IBM RT PC Hardware Technical
Reference, Volume I.

Audience

The information in this manual is for reference. It is intended for hardware and program
designers, programmers, engineers, and anyone else who needs to understand the design and
operation of the IBM RT PC Product Family.

How to Use This Book

This manual is modular in format, with each module providing information about a specific
option or adapter available for the IBM RT PC family of products. Modules having a large
amount of text contain indexes.

The modules are grouped by type of device. To find a specific module:

1. Locate the full length hard tab with the type of device (Displays, Communications, Storage
Devices, etc.) printed on it that describes the option or adapter you need information about.

2. Open the manual to that section.

Leaf through that section to find the proper module.
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Description

The Advanced Color Graphics Display is a high resolution color display that supports an
addressable format of 720 dots horizontally by 512 scan lines vertically. The display screen is
interlaced at a refresh rate of 46/92 Hz.

The Advanced Color Graphics Display has two attached cables. One cable provides the direct-drive
signal interface to the Advanced Color Graphics Display Adapter. The second cable provides ac
power to the display. The display operates on 120 Vac, 50/60 Hz or 220 Vac, 50/60 Hz
depending on the model.

The display uses a 14-inch (diagonal) shadow mask color cathode ray tube (CRT). The CRT and
associated analog circuits of the display are packaged in an enclosure that allows the display to sit
either on top of the IBM 6151, on a nearby tabletop or desk with the IBM 6150. The display
enclosure includes a tilt and swivel base, which allows the display screen to be adjusted by the user
for the best viewing conditions. The display an operator control that provides brightness control
function and a power on and off switch.

Operating Characteristics

Operating characteristics of the display are as follows:

Screen

« Etched surface for reduced glare
e 720 dots horizontal by 512 scan lines vertical.

Video Signal

 Two-level (on and off) video for 6 video lines
e« Maximum bandwidth of approx. 25.7 Mhz
o« Compatible with standard TTL driver.

Advanced Color Graphics Display 1



Horizontal Drive

¢ Free-running horizontal oscillator

¢ Normally low, positive going TTL pulse

« Nominal horizontal frequency of 24.68 Khz
« Retrace blanking time of 8.0 usec.

Vertical Drive
¢ Free-running vertical oscillator
« Normally low, positive going TTL pulse
« Nominal vertical frequency of 92 Hz
« Nominal frame rate of 46 Hz.
o Retrace blanking time of 527.0 usec.

Operator Control

o Brightness control adjusts brightness of displayed image. (Clockwise rotation of control
increases brightness.)

« Power on and off switch and light.

Size

e Width 372 mm (14.6 in.)
o Depth 400 mm (15.7 in.)
o Height 360 mm (14.2 in.)

2 Advanced Color Graphics Display



Weight

13.3 Kg (29.26 pounds)

Power Cable

Length 2.8 m (9.19 ft.)

Signal Cable

Length 2.5 m (8.20 ft.)

Connector Specifications

5

Function

Signal ground for vertical sync
Vertical sync
R1 signal ground

Low order red bit (R1)

R2 signal ground

High order red bit (R2)

G1 signal ground /

Low order green bit (G1) Ll

1513119 7 5
16141210 8 6

RN N A W=

G2 signal ground

10 High order green bit (G2)

11 B1 signal ground

12 Low order blue bit (B1)

13 B2 signal ground

14 High order blue bit (B2)

15 Signal ground for horizontal sync
16 Horizontal sync

31
4 2

Advanced Color Graphics Display 3
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Description

The Advanced Monochrome Graphics Display is a high resolution monochrome display which
supports an addressable format of 720 dots horizontally by 512 scan lines vertically. The display
screen is interlaced at a refresh rate of 46/92 Hz.

The Advanced Monochrome Graphics Display attaches to the RT PC system unit through two
cables approximately 2.5 meters (8.25 feet) in length. One cable provides the direct-drive signal
interface to the RT PC Advanced Monochrome Graphics Display Adapter. The second cable
provides ac power to the display from the system unit. This arrangement allows the system unit
power switch to also control the power to the display and reduces the number of electrical wall
outlets required to power the system. The display operates on 120 vac, 60 Hz power line voltage.

The display uses a 12-inch (diagonal) high contrast monochrome CRT. The CRT and associated
analog circuits of the display are packaged in an enclosure that allows the display to sit either on top
of the Model 10 system unit or on a nearby tabletop or desk with other RT PC system units. The
display enclosure includes a tilt and swivel base which allows the display screen to be adjusted by
the user for the best viewing conditions. The display has only one operator control which provides
two functions: brightness control and raster switch (used only to verify operation of the display).

Operating Characteristics

Operating characteristics of the display are as follows:

Screen

« Etched surface for reduced glare

« 720 dots horizontal by 512 scan lines vertical.
Video Signal

+ Two-level (on and off) video
« Maximum bandwidth of approx. 25.7 Mhz
« Compatible with standard TTL driver.

Advanced Monochrome Graphics Display 1



Horizontal Drive
« Free-running horizontal oscillator

« Normally low, positive going TTL pulse
« Nominal horizontal frequency of 24.68 Khz

« Retrace blanking time of 8.0 usec.

Vertical Drive

« Free-running vertical oscillator
« Normally low, positive going TTL pulse
o Nominal vertical frequency of 92 Hz

« Nominal frame rate of 46 Hz.

Operator Control

« Brightness control adjusts brightness of displayed image. (Clockwise rotation of control
increases brightness)

« Raster switch (diagnostic aid) produces visible raster independent of video input. (Raster
switch function occurs at full clockwise rotation of brightness control)

Size
Width 327 mm (12.9 in.)
Depth 331 mm (13.0 in.)

Height 266 mm (10.5 in.) without pedestal
305 mm (12.0 in.) with pedestal

2 Advanced Monochrome Graphics Display



Weight

8.5 Kg (18.74 pounds)

Power Cable

Length 2.5 m (8.25 ft.)

Signal Cable

Length 2.5 m (8.25 ft.)

Connector Specifications

g

Function

Signal ground for vertical sync
Vertical sync

Signal ground

Reserved

Signal ground

Reserved

Signal ground for video

Video

Signal ground

10 Reserved

11 Signal ground

12 Reserved

13 Signal ground

14 Reserved

15 Signal ground for horizontal sync
16 Horizontal sync

N NN~ T O RN SR

Advanced Monochrome Graphics Display 3
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Description

The IBM Enhanced Color Display is an advanced color display
capable of operating in two separate modes. Mode 1 is a 16 color
640 by 200 overscan mode with a horizontal scan frequency of
15.75 kHz. Mode 2 is a 64 color 640 by 350 mode with a
horizontal scan frequency of 21.8 kHz. Both modes are
non-interlaced. The monitor determines which mode to operate in
by decoding the vertical sync polarity.

The IBM Enhanced Color Display attaches to the system unit by
a signal cable that is approximately 3.5 feet (1.07 meters) in
length. This signal cable provides a direct-drive interface from
the IBM Personal Computer.

A second cable provides ac power to the display from a standard
wall outlet. The display has its own power control and indicator.
Three models are provided. Model 001 is for northern hemisphere
operation and operates on 120 volts 50/60 Hz. Model 002 is for
northern hemisphere operation and operates on 220/240 volts
50/60 Hz. Model 003 is for southern hemisphere operation and
operates on 220,/240 volts 50/60 Hz.

The display has a 13-inch, high-contrast CRT. The CRT and
analog circuits are packaged in an enclosure so the display may sit
either on top of the system unit or on a nearby tabletop or desk.
Front panel controls and indicators include: Power-On control,
Power-On indicator, Brightness and Contrast controls.
Additional controls on the rear of the display are: Vertical Size 1
and Vertical Size 2. There are two service controls on the rear of
the unit, black level adjustment and contrast default value
adjustment.

IBM Enhanced Color Display 1



Operating Characteristics

Screen

« Etched anti-glare screen

¢ 0.31mm dot mask

o Displays 16 or 64 colors depending on the mode selected

User Controls

»  Brightness control affects the contribution of all input bits by
controlling the gain of the video stages. The display contains
a protection circuit which may overide this control.

o  Contrast control affects the contribution of the least
significant bits only. When pushed in, the contrast control is
rendered inoperative and contrast is determined by the
setting of the contrast default value adjustment on the rear of
the display. Pulling the contrast control knob out engages the

front contrast control.

e V. Size 1 control controls the vertical size of the screen in
mode 1.

o V. Size 2 control controls the vertical size of the screen in
mode 2.

Service Controls

« Black level adjust control is adjusted to make the raster lines
just disappear when black input signal is supplied.

o« Contrast default value control is used to set the contrast

value when the front contrast control is pushed in. Normally
adjust for best brown color.

2 IBM Enhanced Color Display



Vertical Sync

o Uses polarity of Vertical Sync signal to automatically select
Mode 1 or Mode 2 operation. Mode 1 is selected by a
normally low positive going TTL pulse. Mode 2 is selected by
a normally high negative going TTL pulse.

o  Screen may be refreshed from 50 to 60 Hz. At 60 Hz there
are either 200 or 350 vertical lines of resolution depending
on the mode selected.

¢ 700 psec retrace time

Horizontal Sync

¢ Normally low, positive going TTL pulse

« InMode 1, 15.75 kHz.

¢ In Mode 2, 21.8 kHz.

e 6 usec retrace time

IBM Enhanced Color Display 3



When operating in Mode 1, the display maps the 4 input bits into
16 of the possible 64 colors as shown in the following chart.

I R G B Color Rr Gg Bb
0O 0 0O O Black 00 00 00
0 0 0 1 Blue 00 00 10
0O 0 1 0 Green 00 10 00
0O 0 1 1 Cyan 00 10 10
0 1 0 O Red 10 00 00
0O 1 0 1 Magenta 10 00 10
0O 1 1 0 Brown 10 01 00
0o 1 1 1 Gray 1 10 10 10
1 0 0 o Gray 2 01 01 01
1 0 O 1 Light Blue 01 01 11
1 0 1 0 Light Green 01 11 01
1.0 1 1 Light Cyan 01 11 11
1 1 0 0 Light Red 11 01 01
1 1 0 1 Light Magenta 11 01 11
1 1 1 0 Light Yellow 11 11 01
1 i 1 i White 11 i1 11

Note: The R G and B are the most significant bits. Ther g
and b are the least significant bits.

4 IBM Enhanced Color Display



Specifications

Size:
Length - 15.4 in (392 mm)
Depth - 15.6 in (407 mm)
Height - 11.7 in (297 mm)
Weight:
32 1bs
Heat Output:
300 BTU/hr
Power Cable:
Length - 6 ft (1.83 m)
Size - 18 AWG
Signal Cable:

Length - 3.5 ft (1.07 m)

IBM Enhanced Color Display 5



Connector Information

The signals that are on the pins vary with the driver card being
used and the mode in which it is operating. All signals are
expected to be TTL levels supplied by totem pole drivers.

Pin Mode 1 (16 Color) Mode 2 (64 Color)
1 Shield Gnd Ground

2 Signal Gnd r

3 Red R

4 Green G

5 Blue B

6 Intensity o]

7 Unused b

8 Horiz Sync Horiz Sync

9 Vert Sync Vert Sync

Note: The R G and B are the most significant bits. Ther g

and b are the least significant bits.

6 IBM Enhanced Color Display
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TNL SN20-9844 (March 1987) to 75X0235

Description

The Extended Monochrome Graphics Display is a high resolution monochrome display which
supports an addressable format of 1024 dots horizontally by 768 scan lines vertically. The
display screen is refreshed at a rate of 60 Hz.

The Extended Monochrome Graphics Display has two attached cables. One cable provides the
direct-drive signal interface to the Extended Monochrome Graphics Display Adapter. The
second cable provides ac power to the display. The display operates on 120 vac, 50/60 Hz or
220 vac, 50/60 Hz depending on the model.

The display uses a 15-inch (diagonal) high contrast monochrome cathode ray tube (CRT). The
CRT and associated analog circuits of the display are packaged in an enclosure that allows the
display to sit either on top of the IBM 6151 system unit or on a nearby tabletop or desk with
other RT PC system units. The display enclosure includes a tilt and swivel base which allows
the display screen to be adjusted by the user for the best viewing conditions. The display has
two operator controls. One operator control is used for contrast. The other control is used for
brightness and the power on and off switch.

Operating Characteristics

Operating characteristics of the display are as follows:

Screen

e Etched surface for reduced glare
e 1024 dots horizontal by 768 scan lines vertical.

Extended Monochrome Graphics Display 1



TNL SN20-9844 (March 1987) to 75X0235

Video Signal

e Two-level (on and off) video
¢ Maximum bandwidth of approx. 70 Mhz
e Compatible with standard TTL driver.

Horizontal Drive

e Free-running horizontal oscillator

e Normally low, positive going TTL pulse

e Nominal horizontal frequency of 47.52 Khz
e Retrace blanking time of 4.21 usec.

Vertical Drive

e Free-running vertical oscillator
e Normally high, negative going TTL pulse
e Nominal vertical frequency of 60 Hz

o Retrace blanking time of 505.0 usec.

Operator Control
¢ Brightness control adjusts the overall monitor screen including background raster. Adjust the
control so that the background raster disappears.

e Contrast control adjusts the brightness of the displayed image without affecting the
background. (Clockwise rotation of control increases brightness.)

e Power On and Off switch and light.

2 Extended Monochrome Graphics Display



Size
e Width 372 mm (14.6 in.)
e Depth 400 mm (17.7 in.)
e Height 360 mm (14.2 in.)
Weight

13.75 Kg (30.25 pounds)

Power Cable

Length 2.8 m (9.19 ft.)

Signal Cable

Length 2.5 m (8.2 ft.)

TNL SN20-9844 (March 1987) to 75X0235
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TNL SN20-9844 (March 1987) to 75X0235

Connector Specifications

Pin Function

1 Gnd - Vertical sync
2 Vertical sync

3 Reserved

4 Reserved

5 Gnd - Video

6 Video

7 Gnd - Video

8 Video

9 Gnd - Video

10 Video

11 Gnd - Video

12 Video

13 Gnd - Video

14 Video

15 Gnd - Horizontal sync
16 Horizontal sync

4 Extended Monochrome Graphics Display
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Description

The high resolution IBM Monochrome Display connects to the
system unit through two cables. One cable is a signal cable from
the display adapter to the display, and the other provides power to
the display from the system unit. This arrangement eliminates the
need for a wall outlet and allows the system-unit Power switch to
control power to the display. The display unit has a 28.3 cm
(11.5 in.) diagonal, 90° deflection cathode ray tube (CRT). The
display may be placed on the system unit or on a nearby table or
desk. Brightness and contrast controls are on the front surface
and are easily accessible to the operator.
The characteristics of the display are as follows:
« Screen

— High-persistence, green phosphor (P39).

— Etched surface to reduce glare.

— Presentation of 80 characters wide by 25 rows deep.

— Characters are defined in a 14 PEL-high by 9 PEL-wide
matrix.

» Video Signal
— Maximum bandwidth of 16.257 MHz at -3dB
« Vertical Drive

— Screen refreshed at 50 Hz with 350 lines of vertical
resolution and 720 lines of horizontal resolution

e Horizontal Drive

— Positive level, TTL-compatibility, at a frequency of 18.432
kHz

Monochrome Display 1
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Specifications

Size
Height
Length
Depth

Weight
Heat Output

Power Cable
Length
Size

Signal Cable
Length
Size

280 mm (11 in.)
380 mm (14.9in.)
350 mm (13.7 in.)

7.9kg (17.3Ib)

0.914 m (3 ft)

Physical Specifications

Monochrome Display 3
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Logic Diagrams

The IBM Monochrome Display has two models: a 110-Vac
model and a 220/240-Vac model. A logic diagram for each
follows.

Monochrome Display 5
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Description

The IBM 5080 Peripheral Adapter provides three serial output ports on a 4.25- by 13.12-inch board
that plugs into one I/O position. The adapter system control signals and voltage requirements are
provided through a 2- by 31-position and a 2- by 18-position tab on the bottom of the adapter.

Up to four adapters may be used in one RT PC system. A DIP switch on the adapter is used to
assign the adapter 1/O address range. The port I/O address assignments are contained in the
adapter’s I/O address range.

The adapter is fully programmable and supports asynchronous communications only. It adds and
removes start bits, stop bits, and parity bits. A programmable baud-rate generator allows operation
from 50 bps to 19200 bps. Five-, 6-, 7- or 8-bit characters with 1, 1-1/2, or 2 stop bits are
supported. A priority interrupt system controls transmit, receive, error, line status, and data set
interrupts.

Three 10-pin male connectors on the adapter provide external access to the three ports.

The heart of the adapter is an NS16450 LSI chip or a functional equivalent. Features in addition to
those listed above include:

Note: The NS16450 is functionally equivalent to all INS8250.

« Full double buffering that eliminates the need for precise synchronization
« Independent receiver clock input

» False start bit detection

o Line-break generation and detection.

All communications protocol is a function of the system microcode that must be loaded before the
adapter is operational. All pacing of the interface and control signal status must be handled by the
system software. Figure 1 on page 2 is a block diagram of the IBM 5080 Peripheral Adapter.

5080 Peripheral Adapter 1
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Figure 1. IBM 5080 Peripheral Adapter Block Diagram
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IBM 5080 Peripheral Adapter Switch Settings

The IBM 5080 Peripheral Adapter switch settings select the interrupt level and the address range of
adapters installed.

123 12345678

Switch Bank One Switch Bank Two

T

Figure 2. IBM 5080 Peripheral Adapter Switches

Interrupt Switch Bank One Setting
Level

Selected Switch 1 Switch 2 Switch 3
Level 9 On Off Off
Level 10 Off On Off
Level 11 Off Off On

Figure 3. Switch Bank One Settings

5080 Peripheral Adapter 3



Address Switch Bank Twe Setting

Range of

Adapters Switch 1 Switch2 Switch3 Switch 4
1230-1247 On Off Off Off
2230-2247 Off On Off Off
3230-3247 Off Off On Off
4230-4247 Off Off Off On

Figure 4. Switch Bank Two Settings

Note: Switches 5 through 8 are not used.

4 5080 Peripheral Adapter



Modes of Operation

The different modes of operation are selected by programming the NS16450 asynchronous
communications element. This is done by selecting the I/O address and writing data out to the I/O
address. Address bits A0, A1, and A2 select the different registers that define the modes of

operation. Also, the divisor latch access bit (bit 7) of the line control register is used to select
certain registers.

The address range for this adapter is X’1230’ through X’4247°. Figure 5 and Figure 6 on page 6

depict a value of n, which represents a variable determined by the setting of switch bank two.,
Switches 1, 2, 3, and 4 of switch bank two allow the card to operate and select the appropriate

address range.

I/0 Decode (In Hex)

Port B Port A Register Selected DLAB State
n238 n230 TX Buffer DLAB=0 (Write)
n238 n230 RX Buffer DLAB=0 (Read)
n238 n230 Divisor Latch LSB DLAB=1
n239 n231 Divisor Latch MSB DLAB=1
n239 n231 Interrupt Enable Register | DLAB=0
n23A n232 Interrupt Identification

Register
n23B n233 Line Control Register
n23C n234 Modem Control Register
n23D n235 Line Status Register
n23E n236 Modem Status Register
Figure 5. I/0 Decodes, Port A and Port B
Notes:

1. nis equal to the first digit of the adapter address range

2. DLAB means Divisor Latch Access Bit.

5080 Peripheral Adapter
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I/0 Decode (In Hex)

Port C Register Selected DLAB State
n240 TX Buffer DLAB=0 (Write)
n240 RX Buffer DLAB=0 (Read)
n240 Divisor Latch LSB DLAB=1
n241 Divisor Latch MSB DLAB=1
n241 Interrupt Enable Register | DLAB=0
n242 Interrupt Identification

Register
n243 Line Control Register
n244 Modem Control Register
n245 Line Status Register
n246 Modem Status Register

Figure 6. 1/0 Decodes, Port C

Notes:

1. n is equal to the first digit of the adapter address range
2. DLAB means Divisor Latch Access Bit.
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A9—>A3

Decode A2 | A1 | A0 | DLAB | Register
See
Note 1 0 0 Receive Buffer Reg. (read)
Transmit Holding Reg. (write)
0 0 1 0 Interrupt Enable
0 1 0 X Interrupt Identification
0 1 1 X Line Control
1 0 0 X Modem Control
1 0 1 X Line Status
1 1 0 X Modem Status
1 1 1 X Scratch (See note 3)
0 0 0 Divisor Latch (LSB)
0 0 1 1 Divisor Latch (MSB)

Figure 7. Address Bits

Notes:
1.
2.
chip.
3.

Bits A9 through A3 are used to select specific adapter and serial port.

The Scratch Register of the NS16450 module should be initialized to all ones and new data
should not enter afterwards. This would cause indeterminate data when read address X237

(see “Interrupts” on page 8) is executed.

5080 Peripheral Adapter
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7



Interrupts

Three interrupts lines are provided to the system. The interrupt level (9, 10, or 11) is selected by
placing the appropriate switch on switch bank one to the on position. Interrupt levels 9, 10, and 11
are shared interrupts. An interrupt register (read address n237, where n is the first digit of address
range) is provided to store pending port interrupts. Interrupt register bit assignment as shown in

Figure 8.
Hex Address n237
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 1 0 1 0 Port 3 Port 2 Port 1

Figure 8. Interrupt Register Read Format

The reset or enable for interrupt ievel 9 is hex address 02F2.
The reset or enable for interrupt level 10 is hex address 06F2.

The reset or enable for interrupt level 11 is hex address 06F3.
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Serial Data Format

The data format is as follows:

Transmit
Data
Marking

Start
Bit

DO

D1

D2

D3

D4

D5

D6

D7

Parity
Bit

Stop
Bit

Data bit 0 is the first bit to be transmitted or received. The adapter automatically inserts the start
bit, the correct parity bit (if programmed to do so), and the stop bit (1, 1-1/2, or 2 depending on

the command in the line control register).

5080 Peripheral Adapter
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External Interface Description

The adapter provides an asynchronous-like interface.

The pin functions for the 10-pin connector are shown in Figure 9.

PORT
E05 E10
a4 9
1 Transmit Data 3 8 A
2 +12 VDC 2 7
EO1 E06
3 +5 VDC
FO5 F10
4 Not Used 4 9
5 -12 VvDC 3 8 B
2 7
6 Receive Data Fo1 B ros
7 Not Used
GO5 G10
8 Not Used 4 9
C
9 Not Used z 3
10 Ground Go1 GO

Figure 9. 10-Pin Interface Signals Connector (viewed from rear of adapter)

The adapter converts the data signals from TTL levels to EIA RS232C voltage levels, and vice
versa. These signals are sampled or generated by the communications control chip and can then be
sensed by the system software to determine the state of the interface or peripheral device. The
drivers and receivers used on the adapter are the inverting type; therefore, a 0 EIA level on the line
is received or transmitted as a 0 TTL level, and a 1 EIA level is received or transmitted asa 1 TTL
level.

Voltage Interchange Information

The signal is considered in the marking condition when the voltage on the interchange circuit,
measured at the interface point, is more negative than -3 Vdc with respect to signal ground. The
signal is considered in the spacing condition when the voltage is more positive than +3 Vdc with
respect to signal ground. The region between +3 Vdc and -3 Vdc is the transition region and is
considered an invalid level. The voltage that is more negative than -25 Vdc or more positive than
+25 Vdc is also considered an invalid level.
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During the transmission of data, the marking condition denotes the binary state 1 and the spacing
condition denotes the binary state 0.

For interface control circuits, the function is on when the voltage is more positive than +3 Vdc with

respect to signal ground and is off when the voltage is more negative than -3 Vdc with respect to

signal ground.
Interface
Interchange Binary Signal Control
Voltage State Condition Function
+3Vdc to +25Vdc | Binary O Spacing = On
-3Vdc to -25Vdc Binary 1 Marking = Off

Figure 10. IBM 5080 Peripheral Adapter Signal Levels

5080 Peripheral Adapter
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Asynchronous Communications Element Pin Description

The following describes the function of all NS16450 input/output pins. Some of these descriptions
reference internal circuits. The use of each signal as implemented on the IBM 5080 Peripheral
Adapter is described.

Note: In the following descriptions, a low represents a logic 0 (0 Vdc nominal) and a high
represents a logic 1 (+2.4 Vdc nominal).

Input Signals

Chip Select (CS0, CS1, -CS2), Pins 12-14: When CS0 and CS1 are high and -CS2 is low, the chip
is selected. Chip selection is complete when the decoded chip select signal is latched with an active
(low) address strobe (-ADS) input. This enables communications between the NS16450 and the
processor.

Data Input Strobe (DISTR, -DISTR), Pins 22 and 21: When DISTR is high or -DISTR is low while
the chip is selected, the processor can read status information or data from a selected register of the
NS16450.

Note: Only an active DISTR or -DISTR input is required to transfer data from the NS16450
during a read operation. Therefore, tie either the DISTR input permanently low or the -DISTR line
permanently high, if not used.

Data Output Strobe (DOSTR, -DOSTR), Pins 19 and 18: When DOSTR is high or -DOSTR is low
while the chip is selected, the processor can write data or control words into a selected register of
the NS16450.

Note: Only an active DOSTR or -DOSTR input is required to transfer data to the NS16450 during
a write operation. Therefore, tie either the DOSTR input permanently low or the -DOSTR input
permanently high, if not used.

-Address Strobe (-ADS), Pin 25: When low, this signal provides latching for the register select (A0,
A1, A2) and chip select (CS0, CS1, -CS2) signals.

Note: An active -ADS input is required when the register select (A0, A1, A2) signals are not stable
for the duration of a read or write operation. If not required, tie the -ADS input permanently low.
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Register Select (A0, A1, A2), Pins 26-28: These three inputs are used during a read or write
operation to select an NS16450 register to read from or write into as indicated in Figure 11. Note
that the state of the divisor latch access bit (DLAB), which is the most significant bit of the line
control register, affects the selection of certain NS16450 registers. The DLAB must be set high by
the system software to access the baud-generator divisor latches.

DLAB | A2 | A1 | A0 | Register
0 0 0 0 Receiver Buffer (Read)
Transmitter Holding Register (Write)

0 0 0 1 Interrupt Enable

X 0 1 0 Interrupt Identification (Read Only)

X 0 1 1 Line Control

X 1 0 0 Modem Control

X 1 0 1 Line Status

X 1 1 0 Modem Status

X 1 1 1 Scratch

1 0 0 0 Divisor Latch (Least Significant Byte)

1 0 0 1 Divisor Latch (Most Significant Byte)
Figure 11. NS16450 Register Selection

Master Reset (MR), Pin 35: When high, this signal clears all the registers (except the receive buffer,
transmitter holding, and divisor latches), and the control logic of the NS16450. Also, the state of
various output signals (SOUT, INTRPT, -OUT 1, -OUT 2, -RTS, -DTR) is affected by an active
MR input. Refer to the table in Figure 12 on page 14 for reset functions.
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Register/Signal Reset Control Reset State
Interrupt Enable Master Reset All Bits Low 0-3
Register Forced and 4-7
Permanent
Interrupt Master Reset Bit 0 is High, Bits 1
Identification Register and 2 are Low, and
Bits 3-7 are
Permanently Low
Line Control Register Master Reset All Bits Low
Modem Control Master Reset All Bits Low
Register
Line Status Register Master Reset All Bits Low, except
Bits 5 and 6 are High
Modem Status Master Reset Bits 0-3 are Low
Register Bits 4-7 = Input Signal
SOouT Master Reset High
INTRPT (RCVR Read LSR/MR Low
Errors)
INTRPT (RCVR Read RBR/MR Low
Data Ready)
INTRP (THRE) Read IIR/ Low
Write THR/MR
INTRPT (Modem Read MSR/MR Low
Status Changes)
« OUT2 Master Reset High
e RTS .
Master Reset High
« DTR .
. OUT1 Master Reset High
Master Reset High

Figure 12. NS16450 Reset Functions
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Receiver Clock (RCLK), Pin 9: This input is the 16x baud-rate clock for the receiver section of the
chip.

Serial Input (SIN), Pin 10: Serial data input from the communications link (peripheral device,
modem, or data set).

=Clear to Send (-CTS), Pin 36: The -CTS signal is a modem control function input whose condition
can be tested by the processor by reading bit 4 (CTS) of the modem status register. Bit 0 (DCTS)
of the modem status register indicates whether the -CTS input has changed state since the previous
reading of the modem status register.

Note: This pin is permanently tied low.

-Data Set Ready (-DSR), Pin 37: The -DSR signal is a modem control function input whose
condition can be tested by the processor by reading bit 5 ( DSR) of the modem status register.
When low, this signal indicates that the modem or data set is ready to establish the communications
link and transfer data with the NS16450. Bit 1 (DDSR) of the modem status register indicates
whether the -DSR input has changed since the previous reading of the modem status register.

Note: This pin is permanently tied low.

-Received Line Signal Detect (-RLSD), Pin 38: The -RLSD signal is a modem control function
input whose condition the processor can test by reading bit 7 (RLSD) of the modem status register.
When low, this signal indicates that the data carrier had been detected by the modem or data set.
Bit 3 (RLSD) of the modem status register indicates whether the -RLSD not input has changed
state since the previous reading of the modem status register.

Notes:
1. Received Line Signal Detect is also called Data Carrier Detect (DCD), or Carrier Detect (CD).
2. This pin is permanently tied low.

-Ring Indicator (-RI), Pin 39: The -RI signal is a modem control function input whose condition the
processor can test by reading bit 6 (RI) of the modem status register. When low, this signal
indicates that a telephone ringing signal has been received by the modem or data set. Bit 2 (TERI)
of the modem status register indicates whether the -RI input has changed from a low to high state
since the previous reading of the modem status register.

Note: This pin is permanently tied high.
VCC, Pin 40: +5 Vdc supply.
VSS, Pin 20: Ground (0 Vdc) reference.
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Output Signals

-Data Terminal Ready (-DTR), Pin 33: When low, this signal informs the modem or data set that
the NS16450 is ready to communicate. The -DTR output signal can be set to an active low by
programming bit 0 (DTR) of the modem control register to a high level. The -DTR signal is set
high by a master reset operation. The -DTR signal is set high during loop mode operation.

Note: No connection, not used.

-Request to Send (-RTS), Pin 32: When low, this signal informs the modem or data set that the
NS16450 is ready to transmit data. The -RTS output signal can be set to an active low by
programming bit 1 (RTS) of the modem control register. The -RTS signal is set high by a master
reset operation. The -RTS signal is set high during loop mode operation.

Note: No connection, not used.

-Output 1 (-OUT 1), Pin 34: With this signal, user-designated output can be set to an active low by
programming bit 2 (-OUT 1) of the modem control register to a high level. The -OUT 1 signal is
set high by a master reset operation. The -OUT 1 signal is set high during the loop mode operation.

Note: No connection, not used.

-Output 2 (-OUT 2), Pin 31: With this signal, user-designated output can be set to an active low by
programming bit 3 (-OUT 2) of the modem control register to a high level. The -OUT 2 signal is
set high by a master reset operation. The -OUT 2 signal is set high during the loop mode operation.

Note: No connection, not used.

Chip Select Out (CSOUT), Pin 24: When high, this signal indicates that the chip has been selected
by active CS0, CS1, and -CS2 inputs. No data transfer can be initiated until the CSOUT signal is a
logic 1.

Note: No connection, not used.

Driver Disable (DDIS), Pin 23: This signal goes low whenever the processor is reading data from
the NS16450. A high-level DDIS output can be used to disable an external transceiver (if used
between the processor and NS16450 on the D7-DO0 data bus) at all times, except when the
processor is reading data.

Note: No connection, not used.

-Baudout (-BAUDOUT), Pin 15: This signal is a 16x clock signal for the transmitter section of the
NS16450. The clock rate is equal to the main reference oscillator frequency divided by the
specified divisor in the baud-generator division latches. The -Baudout may also be used for the
receiver section by tying this output to the RCLK input of the chip.

Note: This pin is tied to RCLK pin 9.

Interrupt (INTRPT), Pin 30: This signal goes high whenever any one of the following interrupt
types has an active high condition and is enabled through the IER: receiver error flag, received data
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available, transmitter holding register empty, or modem status. The Interrupt signal is reset low on
the appropriate interrupt service or a master reset operation.

Note: Generates interrupt request.

Serial Output (SOUT), Pin 11: Composite serial data output to the communications link
(peripheral, modem or data set). The SOUT signal is set to the marking (logic 1) state on a master
reset operation.

Note: Provides data to attached device.

Input/Output Signals

Data Bus (D7-D0), Pins 1-8: This bus consists of eight tri-state I/0 lines. The bus provides
bidirectional communications between the NS16450 and the processor. Data, control words, and
status information are transferred through the D7-D0 data bus.

External Clock Input/Output (XTAL1, XTAL?2), Pins 16 and 17: These two pins connect the main
timing reference (crystal or signal clock) to the NS16450.
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Programming Considerations

The NS16450 has several accessible registers. The system programiner may access or control any
of the NS16450 registers through the processor. These registers are used to control NS16450
operations and to transmit and receive data.

Note: The n in address is the card number (1-4).

Line Control Register

The system programmer specifies the format of the asynchronous data communications exchange
through the line control register. In addition to controlling the format, the programmer may retrieve
the contents of the line control register for inspection. This feature simplifies sysiem programming
and eliminates the need for separate storage of the line characteristics in system memory. The
contents of the line control register are described below:

Line Control Register
(Hex Address n233, n23B, n243)

Bt 7 6 5 4 3 2 A1 0

1—> Word length select bit 0
Word length select bit 1

Number of stop bits
Parity enable

¥ Even parity select

# Stick parity

# Set break

-4 Divisor latch access bit
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Bits 0, 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

These two bits specify the number of bits in each transmitted or received serial
character. The encoding of bits 0 and 1 is as follows:

Bit 1 Bit 0 Word Length
0 5 bits

0 1 6 bits

1 0 7 bits

1 1 8 bits

This bit specifies the number of stop bits in each transmitted or received serial
character. If bit 2 is a logical 0, one stop bit is generated or checked in the transmit or
receive data, respectively. If bit 2 is a logical 1 when a 5-bit word length is selected
through bits 0 and 1, 1-1/2 stop bits are generated or checked. If bit 2 is a logical 1
when either a 6-, 7-, or 8-bit word length is selected, two stop bits are generated or
checked.

This bit is the parity enable bit. When bit 3 is a logical 1, a parity bit is generated
(transmit data) or checked (receive data) between the last data word bit and stop bit of
the serial data. (The parity bit is used to produce an even or odd number of 1’s when
the data word bits and the parity bit are summed.)

This bit is the even parity select bit. When bit 3 is a logical 1 and bit 4 is a logical 0, an
odd number of logical 1 is transmitted or checked in the data word bits and parity bit.
When bit 3 is a logical 1 and bit 4 is a logical 1, an even number of bits are transmitted
or checked.

This bit is the stick parity bit. When bit 3 is a logical 1 and bit 5 is a logical 1, the
parity bit is transmitted and then detected by the receiver as a logical 0 (space parity) if
bit 4 is a logical 1, or as a logical 1 (mark parity) if bit 4 is a logical 0.

This bit is the set break control bit. When bit 6 is a logical 1, the serial output (SOUT)
is forced to the spacing (logical 0) state and remains there regardless of other
transmitter activity. The set break is disabled by setting bit 6 to a logical 0. This
feature enables the processor to alert a terminal in 2 computer communications system.

This bit is the divisor latch access bit (DLAB). It must be set high (logical 1) to access
the divisor latches of the baud-rate generator during a read/write operation. It must be
set low (logical 0) to access the receiver buffer, the transmitter holding register, or the
interrupt enable register.
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Line Status Register

This 8-bit register provides status information to the processor about the data transfer. The
contents of the line status register are described below:

Bit 0

Bit 1

Bit 2.

Bit 3

Bit 4

Line Status Register
(Hex Address n235, n23D, n245)

Bit 7 6 5 4 3 2 1 0

Data ready
Qverrun error

Parity error

I

Framing error

# Break interrupt
- Transmitter holding

register empty

> Tx shift register empty
P =0

This bit is the receiver data ready (DR) indicator. Bit O is set to a logical 1 whenever a
complete incoming character has been received and transferred into the receiver buffer
register. Bit 0 may be reset to a logical O either by the processor reading the data in
the receiver buffer or by writing a logical 0 into it from the processor.

This bit is the overrun error (OE) indicator. Bit 1 indicates that data in the receiver
buffer register was not read by the processor before the next character was transferred
into the receiver buffer register, and thereby destroyed the previous character. The OE
indicator is reset whenever the processor reads the contents of the line status register.

This bit is the parity error (PE) indicator. Bit 2 indicates that the received data
character does not have the correct even or odd parity as selected by the even parity
select bit. The PE bit is set to a logical 1 whenever a parity error is detected and is
reset to a logical 0 whenever the processor reads the contents of the line status register.

This bit is the framing error (FE) indicator. Bit 3 indicates that the received character
does not have a valid stop bit. Bit 3 is set to a logical 1 whenever the stop bit following
the last data bit or parity is detected as a zero bit (spacing level).

This bit is the break interrupt (BI) indicator. Bit 4 is set to a logical 1 whenever the
received data input is held in the spacing (logical 0) state for longer than a full word
transmission time (that is, the total time of start bit + data bits + parity + stop bits).
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Bit 5

Bit 6

Bit 7

Note: Bits 1 through 4 are the error conditions that produce a receiver line status
interrupt whenever any of the corresponding conditions are detected.

This bit is the transmitter holding register empty (THRE) indicator. Bit S indicates
that the NS16450 is ready to accept a new character for transmission. In addition, this
bit causes the NS16450 to issue an interrupt to the processor when the THRE interrupt
enable is set high. The THRE bit is set to a logical 1 when a character is transferred
from the transmitter holding register into the transmitter shift register. The bit is reset
to logical 0 concurrently with the loading of the transmitter holding register by the
processor.

This bit is the transmitter empty (TEMT) indicator. Bit 6 is set to a logical 1 whenever
the transmitter holding register (THR) and the transmitter shift register (TSR) are both
empty. It is reset to a logical 0 whenever either the THR or TSR contain a data
character. Bit 6 is a read-only bit.

This bit is permanently set to logical 0.

Interrupt Identification Register

The NS16450 has an on-chip interrupt capability that allows for complete flexibility in interfacing to
microprocessors. To provide minimum software overhead during data character transfers, the
NS16450 ranks interrupts into four levels:

« Receiver line status (priority 1)

e Received data ready (priority 2)

o Transmitter holding register empty (priority 3)

e Modem status (priority 4).

Information indicating that a priority interrupt is pending and information on the type of interrupt is
stored in the interrupt identification register. Refer to the ''Interrupt Control Functions' table in
Figure 13 on page 23. The interrupt identification register (IIR), when addressed during
chip-select time, freezes the highest priority interrupt pending, and no other interrupts are
acknowledged until that particular interrupt is serviced by the processor. The contents of the IIR
are described below.
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Interrupt Indentification Register
(Hex Address n232, n23A, n242)

Bt 7 6 5 4 3 2 1

o

0 If interrupt pending
Interrupt ID bit (0)
Interrupt 1D bit (1)

o

=0
=0
=0
-0
— =0
Bit 0 This bit can be used in hardwired, priority, or polled environment to indicate whether

an interrupt is pending. When bit 0 is a logical 0, an interrupt is pending and the IIR
contents may be used as a pointer to the appropriate interrupt service routine. When
bit 0 is a logical 1, no interrupt is pending and polling (if used) is continued.

Bits 1, 2 These two bits of the IIR are used to identify the highest priority interrupt pending as
indicated in Figure 13 on page 23.

Bits 3-7 These five bits of the IIR are always logical 0.
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Interrupt
ID Interrupt Set and Reset Functions
Register
Bit | Bit | Bit | Priority | Interrupt Interrupt Interrupt
1 0 Level Type Source Reset Control
0 0 — None None —_
1 0 Highest | Receiver Overrun Error or Reading the Line
Line Parity Error or Status Register
Status Framing Error or
Break Intrpt.
1 0 0 Second | Received Receiver Data Reading the Receiver
Data Available Buffer Register
Available
0 1 0 Third Transmitter | Transmitter Holding Reading the IIR
Holding Register Empty Register or Writing
Register into the Transmitter
Empty Holding Register
0 0 0 Fourth Modem Clear to Send or Data Reading the Modem
Status Set Ready or Ring Status Register
Indicator or Received
Line Signal Detect
Figure 13. Interrupt Control Functions
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Interrupt Enable Register

This 8-bit register enables the four types of interrupts of the NS16450 to separately activate the
chip interrupt (INTRPT) output signal. The interrupt system can be totally disabled by resetting
bits 0 through 3 of the interrupt enable register. Similarly, by setting the appropriate bits of this
register to a logical 1, selected interrupts can be enabled. Disabling the interrupt system inhibits the
interrupt identification register and the active (high) INTRPT output from the chip. All other
system functions operate in their normal manner, including the setting of the line status and modem
status registers. The contents of the interrupt enable register are described below:

Interrupt Enable Register DLAB =0
(Hex Address n231, n239, n241)

Bt 7 6 5 4 3 2 1 0

l——> Enable data available interrupt
Enable Tx holding register

empty interrupt

Enable receive line status

interrupt
L p» Enable modem status
interrupt
- =0
— =0
» -0
» =0
Bit 0 This bit enables the received data available interrupt when set to logical 1.
Bit 1 This bit enables the transmitter holding register empty interrupt when set to logical 1.
Bit 2 This bit enables the receiver line status interrupt when set to logical 1.
Bit 3 This bit enables the modem status interrupt when set to logical 1.

Bits 4-7 These four bits are always logical 0.
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Modem Control Register

This 8-bit register controls the interface with the modem or data set (or other peripheral device).
The contents of the modem control register are described below:

Bit 0

Bit 1

Bit 2

Bit 3

Modem Control Register
(Hex Address n234, n23C, n244)

Bt 7 6 5 4 3 2

OouT 1
OouT 2
LOOP

1 0
l——’ Data terminal ready
Request to send
>
—
»

This bit controls the data terminal ready (-DTR) output. When bit 0 is set to a logical
1, the -DTR output is forced to a logical 0. When bit O is reset to a logical 0, the -DTR
output is forced to a logical 1.

Note: The -DTR output of the NS16450 may be applied to an EIA inverting line
driver to obtain the proper polarity input at the modem or data set.

This bit controls the request to send (-RTS) output. Bit 1 affects the -RTS output in a
manner identical to that described above for bit 0.

Note: The -RTS output of the NS16450 may be applied to an EIA-inverting line
driver to obtain the proper polarity input at the modem or data set.

This bit controls the output 1 (-OUT 1) signal, which is an auxiliary user-designated
output. Bit 2 affects the -OUT 1 output in a manner identical to that described above
for bit 0.

Note: The -OUT 1 output of the NS16450 may be applied to an EIA inverting line
driver to obtain the proper polarity input at the modem or data set.

This bit controls the output 2 (-OUT 2) signal, which is an auxiliary user-designated
output. Bit 3 affects the -OUT 2 output in a manner identical to that described above
for bit 0.

Note: The -OUT 2 output of the NS16450 may be applied to an EIA inverting line
driver to obtain the proper polarity input at the modem or data set.
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Bit 4 This bit provides a loopback feature for diagnostic testing of the NS16450. When bit 4
is set to logical 1, the following occurs:

The transmitter serial output (SOUT) is set to the marking (logical 1) state.
The receiver serial input (SIN) is disconnected.

The output of the transmitter shift register is "looped back" into the receiver shift
register input.

The four modem control inputs (-CTS, -DSR, -RLSD, and -RI) are disconnected.

The four modem control outputs (-DTR, -RTS, -OUT 1, and -OUT 2) are
internally connected to the four modem control inputs, and the modem control
output pins are forced high.

In the the diagnostic mode the receiver and transmitter interrupts are fully operational.
The modem control interrupts are also operational, but the sources of the interrupts are
now the lower 4 bits of the modem control register instead of the 4 modem control
inputs. The interrupts are still controlled by the interrupt enable register.

The NS16450 interrupt system can be tested by writing into the lower 6 bits of the line
status register and into the lower 4 bits of the modem status register. Setting any of
these bits to a logical 1 generates the appropriate interrupt (if enabled). The resetting
of these interrupts is the same as in normal NS16450 operation. To return to normal
operation, the registers must be reprogrammed for normal operation and then bit 4 of
the modem control register must be reset to logical 0. The transmitter should be idle
when this bit changes state.

Bits 5-7 These bits are permanently set to logical 0.
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Modem Status Register

This 8-bit register provides the current state of the control lines from the modem (or peripheral
device) to the processor. In addition to this current-state information, 4 bits of the modem status
register provide change information. These bits are set to a logical 1 whenever a control input from
the modem changes state. They are reset to logical 0 whenever the processor reads the modem
status register.

The contents of the modem status register are described below:

Bit 0

Bit 1

Bit 2

Bit 3

Modem Status Register
(Hex Address n236, n23E, n246 )

Bt 7 6 5 4 3 2 1 0

Delta clear to send
Delta data set ready

Trailing edge ring
indicator

I

Delta RX line signal
detect

—» Clear to send
> Data set ready
# Ring indicator

P Receive line signal
detect

This bit is the delta clear-to-send (DCTS) indicator. Bit 0 indicates that the -CTS
input to the chip has changed state since the last time it was read by the processor.

This bit is the delta data set ready (DDSR) indicator. Bit 1 indicates that the -DSR
input to the chip has changed state since the last time it was read by the processor.

This bit is the trailing edge of the ring indicator (TERI) detector. Bit 2 indicates that
the -RI input to the chip has changed from an ON (logical 1) to an OFF (logical 0)
condition.

This bit is the delta received line signal detector (DRLSD) indicator. Bit 3 indicates
that the -RLSD input to the chip has changed state since the last time it was read by
the processor.

Note: Whenever bit 0, 1, 2, or 3 is set to a logical 1, a modem status interrupt is
generated, if the appropriate interrupt enable bit is set in the IER.
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Bit 4 This bit is the complement of the clear to send (-CTS) input. Setting bit 4 (loop) of
the MCR to a logical 1, is equivalent to RTS in the MCR.

Bit 5 This bit is the complement of the data set ready (-DSR) input. If bit 4 (loop) of the
MCR is set to a logical 1, this bit is equivalent to DTR in the MCR.

Bit 6 This bit is the complement of the ring indicator (-RI) input. If bit 4 (loop) of the MCR
is set to a logical 1, this bit is equivalent to -OUT 1 in the MCR.

Bit 7 This bit is the complement of the received line signal detect (-RLSD) input. If bit 4
(loop) of the MCR is set to a logical 1, this bit is equivalent to -OUT 2 of the MCR.

Receiver Buffer Register

The receiver buffer register contains the received character as defined below:

Receive Buffer Register Read Only DLAB =0
(Hex Address n230, n238, n240)

Bt 7 6 5 4 3 2 1 0

‘—b Data bit 0
Data bit 1

Data bit 2
Data bit 3
> Data bit 4
# Data bit 5
> Data bit 6
> Data bit 7

Bit 0 is the least significant bit and is the first bit serially received.
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Transmitter Holding Register

The transmitter holding register contains the character to be serially transmitted and is defined

below:
Transmitter Holding Register Write Only DLAB = 0
(Hex Address n230, n238, n240 )
Bt 7 6 5 4 3 2 1 0

\——V Data bit 0

Data bit 1

Data bit 2

Data bit 3

¥ Data bit 4

—3» Data bit 5

- Data bit 6

> Data bit 7

Bit 0 is the least significant bit and is the first bit serially transmitted.

Programmable Baud-Rate Generator

The NS16450 contains a programmable baud-rate generator that can divide the clock input (1.8432
MHz) by any divisor from 1 to 655,535 or 216-1. The output frequency of the baud-rate generator
is the baud rate multiplied by 16. Two 8-bit latches store the divisor in a 16-bit binary format.
These divisor latches must be loaded during initialization to insure desired operation of the
baud-rate generator. Upon loading either of the divisor latches, a 16-bit baud counter is
immediately loaded. This prevents long counts on initial load. The contents of the divisor latches
are indicated below:
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Divisor Latch Least Significant Byte DLAB =1
(Hex Address n230, n238, n240)

Bt 7 6 5 4 3 2 1 0

Data bit 0
Data bit 1
Data bit 2
Data bit 3
> Data bit 4
—» Data bit 5
> Data bit 6
—» Data bit 7

l?_

Figure 14. Divisor Latch Least Significant Byte

Divisor Latch Most Significant Byte DLAB=1
(Hex Address n231, n239, n241)

Bt 7 6 5 4 3 2 1

(@]

Data bit 8

Data bit 9

Data bit 10
Data bit 11
> Data bit 12
4 Data bit 13
—& Data bit 14
& Data bit 15

I

Figure 15. Divisor Latch Most Significant Byte
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Figure 16 illustrates the use of the baud-rate generator with a frequency of 1.8432 MHz. For baud
rates of 19,200 and below, the error obtained is minimal.

Note: The maximum operating frequency of the baud generator is 3.1 MHz. The data rate should
never be greater than 19,200 baud.

Desired Divisor Used to Generate Percent Error
Baud 16x Clock Difference Between
Rate (Decimal) (Hex) Desired and Actual
50 2304 900 —

75 1536 600 —_

110 1047 417 0.026
134.5 857 359 0.058
150 786 300 —

300 384 180 —

600 192 Co —

1200 96 60 —_

1800 64 40 —

2000 58 3A 0.69

2400 48 30 —

3600 32 20 —

4800 24 18 —

7200 16 10 —

9600 12 C —

19200 6 6 —_

Figure 16. Baud Rates at 1.8432 MHz
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Connector Specifications

The adapter has a 10-pin connector at the rear of the adapter. The following figure shows the
signals and their pin assignments.

Transmit Data 1
+12 2
+5 3
Not Used 4
-12 5
External 5089
Device Receive Data 6 Z%:g?::m
Not Used 7
Not Used 8
Not Used 9
Signal Ground 10

Figure 17. Connector Specifications
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Description

The Advanced Color Graphics Display Adapter attaches to the I/O channel and drives a 14-inch
color display at a 46 Hz (frame rate) or 92 Hz (field rate) interlace refresh rate. The adapter
provides a 256K-byte bit map that is translated to the screen as 720 pels horizontally by 512 pels
vertically, at 4 bits per pel. A 4-plane bit map (64K-byte each plane) is provided from which 16
colors are picked from a 64 color palette.

The adapter includes several hardware performance assists, including a write mask to protect bit
fields within a byte, a barrel shifter to rotate bits within a byte, and a logic unit to combine source
bytes before they are written into the bit map. In addition, a plane select register and foreground or
background register are provided as a means to select individual planes or all planes for update with
each system access using preprogrammed foreground or background color data. A 4-bit to 6-bit
video lookup Random Access Memory (RAM), writeable from the system, is also provided for the
selection of 16 usable colors from a palette of 64 available colors, and is represented to the monitor
using 2-bits per primary color (red, red intense, green, green intense, blue and blue intense).

Figure 1 on page 2 is a block diagram of the Advanced Color Graphics Display Adapter.
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Operation

Data to be displayed is written into the 64K x 8 x 4 plane bit map memory by the system. This data
is then scanned out of the memory and sent as a serial video stream to the monitor.

The system processor can manipulate data residing in the bit map memory in several ways. The
choice of a particular method is controlled by the type of instruction (Load or Store) and the
current value of a 2-bit mode field which resides within a 16-bit control register. The contents of
the control register must be initialized prior to the memory operation.

Hardware on the card allows data in the bit map to be manipulated without passing through a
processor. This hardware includes:

A 16-bit write mask that enables write operations to individual bits

A shifter that realigns bits before they are written to memory

Data registers to hold data being processed

Two 8-bit data mask registers that select bits being merged from data registers
A logic unit that does all the actual merging.

Using this hardware, source data from either the system or from the bit map may replace or be
merged with data in the bit map. Images on the screen (in the bit map) can thus be moved,
inverted, overlaid, or replaced.

The adapter occupies two address ranges on the I/O channel. Sixteen bytes of I/O address space at
X 0150’ through *015F are used to load the data mask register, and the control registers. See the
section entitled “I/O Operations” on page 6 for specific register addresses and bit assignments.

The second address range occupied by the adapter is the bit map memory that consists of
128K-bytes starting at hex address 'D20000’ in memory space on the I/O channel. When
addressing the bit map memory, the low order address bit must be 0. Address bits AO1 through
A16 are used to access memory. Address bit A0O is not used during memory accesses. This
restriction arises because the adapter allows word accesses to the bit map to begin on either even or
odd byte boundaries. Because the system restricts half-word accesses to even bytes, address lines to
the bit map memory are offset by one bit.

The most significant data byte of the I/O channel is written into or read from the bit map memory
location specified by the shifted address lines. The least significant data byte is written into or read
from the memory location specified by the shifted address lines increased or decreased by one in the
X or Y direction. The increase and decrease bits of the control register determine whether the
address is increased or decreased. The X and Y bits of the control register determine whether the X
or Y direction is changed.

As a result of the addressing scheme described above, each physical memory location in the bit map
can be accessed at either of two addresses. Access directly through the most significant byte, or
after the address bus has been increased or decreased, through the least significant byte.
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512
Scan
Lines

FF80

000t 0002
0081 0082
FF81 FF82

0003 - 0058
0083 - 00D8
FF83 - FFD8

FFDA

0058 - 007E
00DB - 0OFE
FFDB - FFFE

FFFF

-

Figure 2. Bit Map Memory Addresses

l«——— 90 Bytes Visible Memory ——*— 38 Bytes Hidden Memory >
128 Bytes Total Bit Map Memory Width ——— |

The mapping between the physical addresses shown in Figure 2 and denoted as P’ in the equations
and the I/O channel address denoted as *C’ in the equations is shown, as follows, for each of the
increase and decrease bits and the X and Y status bits.

I/0 Channel
Byte

MS Byte
LS Byte
LS Byte
LS Byte
LS Byte

Word Storage Location
Inc/Dec X/Y Physical to
I/0 Channel

either either C=2P =
+ X C=2P-2 =

- X C=2P+2 =
+ Y C=2P-256 =

- Y C=2P+256 =>

1/0 Channel
to Physical

P=C/2
P=C/2 +1
P=C/2-1
P=C/2 +128
P=C/2 -128

Figure 2 shows how on-card physical memory byte addresses are mapped to the display screen.
The bits in each byte are shifted onto the screen with the most significant bit to the left.
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Bit Map Memory Operations

The following are possible memory operations and respective mode bit definitions.

System Write Operation (Mode = 00)

This operation writes 16 bits of external data to the bit map memory at the address specified in the
system processor ’Store’ instruction.

Overlay Write Operation (Mode = 01)

This operation writes 16 bits of external data to the onboard write-mask registers (WM1 and
WM?2). It also initiates a write operation of the onboard system data latches to the bit map memory
at the address specified in the system processor *Store’ instruction. The new value in the write mask
controls the write to the bit map. This operation will not affect the contents of the system data
latches. Preloading the system data latches with the proper constant makes it possible to ’AND’ or
’OR’ system data with the bit map memory in one memory operation.

Adapter Write Operation (Mode = 10)

This operation writes data from the onboard data latches (D1,D2,D3) to the bit map memory using
the rotate count, write mask, data mask, data bus and the logic unit. The following operations must
be completed before executing this operation:

o Load the data latches using an adapter read operation.
o Load the write mask using an overlay write operation.

o Load the operation mode, rotate count and logic function using an I/O ’Store’ to the adapter
control register.
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System Read Operation (Mode = XX)

This operation reads 16 bits of data from the bit map memory and places it on the system data bus.
Onboard data latches D1, D2, and D3 are updated by this operation. Data is loaded into latches
D1, D2, and D3 regardless of the setting of the mode. However, valid data is returned to the system
processor only if the mode is ’00’. Data returned to the system is from the lowest numbered plane
that is enabled for reading.

Automatic Read/Write Operation (Mode = 11)

In this mode of operation, data is alternately read into D1, D2 and D3 and then written to memory
with successive write operations from the microprocessor. Data read from memory is not gated
onto any busses external to the data path, but is used only to update D1, D2, and D3. This allows
the fast *Store’ operation to be used for block transfer operations with no "Loads’ required.

To get the alternate read/write operations into phase with the source and destination addresses, the
system processor should do a "Load’ operation from the first source address. Subsequent *Stores’
will automatically alternate between read and writes to the bit map.

I/0 Operations

To manipulate the various registers on the adapter, a set of I/O operations are required.

Data Mask Register (X’0152°) Write Only

Typically these two 8-bit registers (DM1 and DM?2) are initialized with data representing the
inverse of each other, and are used to mask the bits on or off for logical combination through the
logic unit.

¢ An 8 bit for DM1 Mask (Data Bus MS Byte, bits 0-7)
« An 8 bit for DM2 Mask (Data Bus LS Byte, bits 0-7).
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Data Control Register (X’0150°) Write Only

Bits O through 11 should not be changed for at least 1.4 microseconds after a memory operation
since the memory operation may still be in progress.

Bits 0-2 Rotate Count

The rotate count determines the number of bits that the data read from the bit
map is shifted to the left prior to being written back into the bit map. This
value has no effect during system write or overlay write modes. It has effect,
only during adapter write or automatic write modes.

Bits 3-5 Logic Unit Function Control
Bit
543
000 - Pass through B
010 - Pass through A
100 - Pass through *Not’ B
101-A’OR’B
110 - Pass through ’Not’ A
111 - A°’NOR’ B

Logic unit function control bits (bits 3-5) determine how data previously read
from the bit map or written from the system are merged before being written
into the bit map. When set to ’101’B, the bit fields masked off by the data
mask register are merged with system data before being written back into the
bit map memory. This is the function normally needed during adapter write
and automatic write modes. When set to ’010’B, the bit field masked off by
data mask register 1 (DM1) is written into the bit map memory. This is the
function normally needed in system write and overlay write modes. When set
to ’000’B, the bit field masked off by data mask register 2 (DM2) is written
into the bit map memory. This function can be used in adapter write and
automatic write modes when no bit shift is used. In each case, an inverting
form of the operation exists to allow data to be inverted as it is written to the
bit map. See “Bit Map Memory Operations” on page 5 for further
explanations.

Bits 6-7 Reserved
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Bits 8-9

Bit 10

Bit 11

Bit 12

Bit 13

Bit 14
Bit 15

Memory Mode
Bit
98
00 = System write operation
01 = Overlay write operation
10 = Adapter write operation
11 = Automatic read/write operation

Address Counter Mode

0 = Increase the address counter
1 = Decrease the address counter

Address Counter Stepping

0 = Y stepping
1 =X stepping

Bits 10 and 11 control whether the LSB of a bit map memory operation is accessed
from the left, right, above or below the MSB. See “Bit Map Memory Operations”
on page 5 for further explanation.

Block transfer

Bit 12 controls block transfer mode. When this bit is set from a 0 to a 1, the
address of the next memory location accessed is stored in a pointer register on
the card. This address is adjusted to point at the next memory location at the
end of each memory cycle. That is, the X or Y address is increased or
decreased. After the first block transfer memory cycle has loaded the on-card
pointer register, the memory address supplied on the data bus is ignored, and
the pointer is used to access memory. To reload the pointer register, either
clear and set the block transfer bit again or read from the block transfer reload
I/0 address, X’0152’.

Interrupt enable

If bit 13 is 1, an interrupt is generated at the start of vertical sync. If this bit is
0, the interrupt is not generated. See “Interrupts” on page 11.

Sync enable (always 1)
Video enable

0 = Disables video to monitor
1 = Enables video to monitor
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Color Plane Select Register X’0154° Write Only

Color planes can only be written or read by the system if the corresponding plane select bit is

active.
If more than one plane is enabled during a read operation, only the lowest numbered is enabled to
the I/O channel.
Bits 0-3 Color plane select
Bit 0 1 = Plane select 0
Bit 1 1 = Plane select 1
Bit 2 1 = Plane select 2
Bit 3 1 = Plane select 3
Bit 4 1 = Foreground/background multi-plane write enable

If bit 4 is a 0, data bits written into a bit map plane are stored as written. If bit 4isa 1,
data is translated to the foreground bit (data = 1) or into the background bit (data =
0). This allows all selected planes to be updated simultaneously with the selected
foreground and background colors.

Bits 5-7 Reserved

Foreground/Background Register X156’ Write Only

The foreground/background register is physically contained in the data path LSI modules, with a
foreground and background bit pair implemented per plane.

Bits 0-3 Foreground color

Bit 0 Foreground plane 0 - L.SI module 0
Bit 1 Foreground plane 1 - LSI module 1
Bit 2 Foreground plane 2 - LSI module 2
Bit 3 Foreground plane 3 - LSI module 3
Bits 4-7 Background Color
Bit 4 Background plane 0 - LSI module 0
Bit 5§ Background plane 1 - LSI module 1
Bit 6 Background plane 2 - LSI module 2
Bit 7 Background plane 3 - LSI module 3
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RAS Status Register (X’0150%) Read Only

Bit 0
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6
Bit 7
Bits 8-13

Bits 14-15

1 =Even 0 = 0dd field
Horizontal sync toggle latch

0 = Vertical sync inactive 1= Vertical sync active

Reserved

1=X 0 =Y Stepping
1 = Interrupt pending

0 = Increase

1 = Decrease the address counter

1 = Enable load address

Serialized Color Video

Bit 8 Red (R1)

Bit9 Red intense (R2)
Bit 10 Green (G1)

Bit 11 Green intense (G2)
Bit 12 Blue (B1)

Bit 13 Blue intense (B2)

Reserved

Video Look-up Table Register X’0158° Write Only

The video look-up table is selected via the I/O channel address. The data written, specified on the
1/0 channel most significant byte (bits 0 through 5), is written to the address specified on the I/O
channel least significant byte (bits 0 through 3). To avoid scintillation of the screen, this operation
should only be performed during vertical blanking.

10 Advanced Color Graphics Display Adapter



The mapping of the most significant byte, bits 0-5 to output colors, is as follows:

Pel

Low
Med
High
Low
Med
High
Low
Med

High

Color

Intense red
Intense red
Intense red
Intense green
Intense green
Intense green
Intense Blue
Intense blue
Intense blue

COOCOCOO=mO—O

COOCOCOO = O m

COORO=mOOON

COOR R OOOOW

Most Significant Byte

—_-OoOmR OO0 OCA
—__-0 0000 OO W

Other combinations of the three basic colors described above produce alternate hues.

Block Transfer Reload (X’0152°) Read Only

Reading from this I/O location loads the address of the next memory access into the on-card

address pointer register. No significant data is returned when this location is read. See “Data
Control Register (X’0150”) Write Only”” on page 7 for more information regarding the use of this
1/0 command.

Interrupts

The adapter generates a level 11 interrupt at the start of vertical sync if bit 13 (interrupt enable) of
the control register is a 1. This interrupt will not occur if bit 13 is a 0. When the adapter generates
an interrupt, bit 5 of the RAS status register is set to 1. To clear bit 5 and reenable level 11

interrupts, an output to hex 6F3 with any data value must be issued. Interrupt 11 is a shared
interrupt.

Advanced Color Graphics Display Adapter
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Connector Specifications

The adapter has a 16-pin connector at the rear of the adapter. The following figure shows the
signals and their pin assignments.

1 Signal ground for vertical sync

2 Vertical sync

3 R1 signal ground

4 Low order red bit (R1)

5 R2 signal ground

[ High order red bit {R2)

7 G1 signal ground

8 Low order green bit (G1)
Advanced Advanced
Color . Color
Graphics Display |9 G2 signal ground Graphics Display

Adapter
10 High order green bit (G2)

1 B1 signal ground

12 Low order blue bit (B1)

13 B2 signal ground

14 High order blue bit (B2)

15 Signal ground for horizontal sync

16 Horizontal sync

1357 9 11 13 15

2 4 6 8 10 12 14 16
MATING FACE OF ADAPTER CONNECTOR
Figure 3. Advanced Color Graphics Display Adapter Connector Specifications
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Description

The Advanced Monochrome Graphics Display Adapter attaches to the I/O channel and drives a
12-inch monochrome display at a 46 Hz (frame rate) or 92 Hz (field rate) interlace refresh rate.
The adapter provides a 64K-byte bit map that is translated to the screen as 720 pels horizontally by
512 pels vertically, one bit per pel.

The adapter includes a number of hardware performance assists, including a write mask to protect
bit fields within a byte, a barrel shifter to rotate bits within a byte, and a logic unit to combine
source bytes before they are written into the bit map.

Figure 1 on page 2 is a block diagram of the Advanced Monochrome Graphics Display Adapter.
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Operation

Data to be displayed is written into the 64K x 8 byte bit map memory by the system. This data is
then scanned out of the memory and sent as a serial video stream to the monitor.

The system processor can manipulate data residing in the bit map memory in several ways. The
choice of a particular method is controlled by the type of instruction (Load or Store) and the
current value of a 2-bit mode field which resides within a 16-bit control register. The contents of
the control register must be initialized prior to the memory operation.

Hardware on the card allows data in the bit map to be manipulated without passing through a
processor. This hardware includes:

A 16-bit write mask that enables write operations to individual bits

A shifter that realigns bits before they are written to memory

Data registers to hold data being processed

Two 8-bit data mask registers that select bits being merged from data registers
A logic unit that does all the actual merging.

Using this hardware, source data from either the system or from the bit map may replace or be
merged with data in the bit map. Images on the screen (in the bit map) can thus be moved,
inverted, overlaid, or replaced.

The adapter occupies two address ranges on the I/O channel. Sixteen bytes of 1/0 address space at
X 0160’ through ’016F’ are used to load the data mask register, and the control registers. See the
section entitled “I/O Operations” on page 6 for specific register addresses and bit assignments.

The second address range occupied by the adapter is the bit map memory that consists of
128K-bytes starting at hex address 'D00000’ in memory space on the I/O channel. When
addressing the bit map memory, the low order address bit must be 0. Address bits AO1 through
A16 are used to access memory. Address bit AQO is not used during memory accesses. This
restriction arises because the adapter allows word accesses to the bit map to begin on either even or
odd byte boundaries. Because the system restricts half-word accesses to even bytes, address lines to
the bit map memory are offset by one bit.

The most significant data byte of the I/O channel is written into or read from the bit map memory
location specified by the shifted address lines. The least significant data byte is written into or read
from the memory location specified by the shifted address lines increased or decreased by one in the
X or Y direction. The increase and decrease bits of the control register determine whether the
address is increased or decreased. The X and Y bits of the control register determine whether the X
or Y direction is changed.

As a result of the addressing scheme described above, each physical memory location in the bit map
can be accessed at either of two addresses: either directly, through the most significant byte, or after
the address bus has been increased or decreased, through the least significant byte.
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T 0000 0001 0002 0003 - 0058 0059 | O00O5A 005B - 007E  007F
0080 0081 0082 0083 - 00D8 00D | OODA 0ODB - OOFE  OOFF

Scan - - - - - - - - -

Lines | - - - - - - - - - -

¢ FF80 FF81 FF82 FF83 - FFD8 FFD9 | FFDA FFDB - FFFE FFFF

—— 90 Bytes Visible Memory ———Pld'v 38 Bytes Hidden Memory
h— 128 Bytes Total Bit Map Memory Width ————————— g

Figure 2. Bit Map Memory Addresses
The mapping between the physical addresses shown in Figure 2 and denoted as *P’ in the equations

and the I/O channel address denoted as *C’ in the equations shown as follows for each of the
increase and decrease bits and the X and Y status bits.

Word Storage Location

I/0 Channel Inc/Dec X/Y Physical to I/0 Channel to Physical
Byte I/0 Channel to Physical
MS Byte either either C=2P => P=C/2
LSByte  + X C=2P-2 => P=C/2+1
LS Byte - X C=2P+2 => P=C/2-1
LS Byte + Y C=2P-256 => P=C/2
+128
LS Byte - Y C=2P+256 => P=C/2-128

Figure 2 shows how on-card physical memory byte addresses are mapped to the display screen.
The bits in each byte are shifted onto the screen with the most significant bit to the left.
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Bit Map Memory Operations

The possible memory operations and respective mode bit definitions are as follows:

System Write Operation (Mode = 00)

This operation writes 16 bits of external data to the bit map memory at the address specified in the
system processor ’Store’ instruction.

Overlay Write Operation (Mode = 01)

This operation writes 16 bits of external data to the on-card write mask registers (WM1 and WM2).
It also initiates a write operation of the on-card system data latches to the bit map memory at the
address specified in the system processor ’Store’ instruction. The new value in the write mask is
used to control the write to the bit map. This operation will not affect the contents of the system
data latches. Preloading the system data latches with the proper constant makes it possible to
’AND’ or "OR’ system data with the bit map memory in one memory operation.

Adapter Write Operation (Mode = 10)

This operation writes data from the on-card data latches (D1,D2,D3) to the bit map memory
making use of the rotate count, write mask, data mask, data bus and the logic unit. The following
operations must be completed prior to executing this operation:

« Load the data latches using an adapter read operation.
o Load the write mask using an overlay write operation.

« Load the operation mode, rotate count and logic function using an I/0 ’Store’ to the adapter
control register.

System Read Operation (Mode = XX)

This operation reads 16 bits of data from the bit map memory and places it on the system data bus.
On-card data latches D1, D2 and D3 are updated by this operation. Data is loaded into latches D1,
D2 and D3 regardless of the setting of the mode. However, valid data is returned to the system
processor only if the mode is "00’.
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Automatic Read/Write Operation (Mode = 11)

In this mode of operation, data is alternately read into D1, D2 and D3 and then written to memory
with successive write operations from the microprocessor. Data read from memory is not gated
onto any busses external to the data path, but is used only to update D1, D2 and D3. This allows
the relatively fast *Store’ operation to be used for block transfer operations with no *Loads’
required.

To get the alternate read/write operations into phase with the source and destination addresses, the
system processor should do a ’Load’ operation from the first source address. Subsequent ’Stores’
will automatically alternate between read and writes to the bit map.

I/0O Operations

In order to manipulate the various registers on the adapter, a set of I/O operations are required.

Data Mask Register (X’0162°)

Typically these two 8-bit registers (DM1 and DM2) are initialized with data representing the
inverse of each other, and are used to mask the bits on or off for logical combination through the
logic unit.

+ An 8 bit for DM1 Mask (Data Bus MS Byte, bits 0-7)
o An 8 bit for DM2 Mask (Data Bus LS Byte, bits 0-7).

Data Control Register (X’0160°) Write Only

Bits 0 through 11 should not be changed for at least 1.4 microseconds after a memory operation
since the memory operation may still be in progress.

Bits 0-2 Rotate Count
The rotate count determines the number of bits that the data read from the bit
map is shifted to the left prior to being written back into the bit map. This

value has no effect during system write or overlay write modes. It has effect
only during adapter write or automatic write modes.
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Bits 3-5

Bits 6-7
Bits 8-9

Bit 10

Bit 11

Logic Unit Function Control

Bit

543

000 - Pass through B

010 - Pass through A

100 - Pass through 'Not’ B
101-A’OR’B

110 - Pass through 'Not’ A
111-A’NOR’B

Logic unit function control bits (bits 3-5) determine how data previously read
from the bit map or written from the system are merged before being written
into the bit map. When set to *101’B, the bit fields masked off by the data
mask register are merged with system data before being written back into the
bit map memory. This is the function normally needed during adapter write
and automatic write modes. When set to ’010’B, the bit field masked off by
data mask register 1 (DM1) is written into the bit map memory. This is the
function normally needed in system write and overlay write modes. When set
to ’000’B, the bit field masked off by data mask register 2 (DM2) is written
into the bit map memory. This function can be used in adapter write and
automatic write modes when no bit shift is used. In each case, an inverting
form of the operation exists to allow data to be inverted as it is written to the
bit map. See “Bit Map Memory Operations” on page 5 for further
explanations.

Reserved

Memory Mode

Bit

98

00 = System write operation

01 = Overlay write operation

10 = Adapter write operation

11 = Automatic read/write operation

Address Counter Mode

0 = Increase the address counter
1 = Decrease the address counter

Address Counter Stepping

0 = Y stepping
1 = X stepping
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Bits 10 and 11 control whether the L.SB of a bit map memory operation is accessed
from the left, right, above or below the MSB. See “Bit Map Memory Operations”
on page 5 for further explanation.

Bit 12 Block transfer

Bit 12 controls block transfer mode. When this bit is set from a O to a 1, the
address of the next memory location accessed is stored in a pointer register on
the card. This address is adjusted to point at the next memory location at the
end of each memory cycle. That is, the X or Y address is increased or
decreased. After the first block transfer memory cycle has loaded the on-card
pointer register, the memory address supplied on the data bus is ignored, and
the pointer is used to access memory. To reload the pointer register, either
clear and set the block transfer bit again or read from the block transfer reload
I/0 address, X’0162’.

Bit 13 Interrupt enable

If bit 13 is 1, an interrupt is generated at the start of vertical sync. If this bit is
0, the interrupt is not generated. See “Interrupts’ on page 9.

Bit 14 Sync enable (always 1)
Bit 15 Video enable

0 = Disables video to monitor
1 = Enables video to monitor

RAS Status Register (X’0160’) Read Only

Bit 0 1 =Even 0= 0dd field

Bit 1 Horizontal sync toggle latch

Bit 2 0 = Vertical sync inactive 1= Vertical sync active
Bit 3 Serialized Video

Bit 4 1=X 0 =Y Stepping

Bit 5 1 = Interrupt pending

Bit 6 0 = Increase 1 = Decrease the address counter
Bit 7 1 = Enable load address
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Block Transfer Reload (X’0162°) Read Only

Reading from this I/0 location loads the address of the next memory access into the on-card
address pointer register. No meaningful data is returned when this location is read. See ‘“Data
Control Register (X’0160’) Write Only”” on page 6 for more information regarding the use of this
I/0 command.

Interrupts

The adapter generates a level 11 interrupt at the start of vertical sync if bit 13 (interrupt enable) of
the control register is a 1. This interrupt will not occur if bit 13 is a 0. When the adapter generates
an interrupt, bit 5 of the RAS status register is set to 1. To clear bit 5 and reenable level 11
interrupts, an output to hex 6F3 with any data value must be issued.

Advanced Monochrome Graphics Display Adapter
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Specifications

The adapter has a 16-pin connector at the rear of the adapter. The following figure shows the
signals and their pin assignments.
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< GND 1
Vertical Sync 2
< y
GND 3
g
Reserved 4
-
5
< GND
6
& Reserved
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Advanced
Vid
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Graphics Display
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Reserved 10
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+ PE Reserved 12
=
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Figure 3. Advanced Monochrome Graphics Display Adapter Interface Specifications
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l/asL0T

[SHT 15) +SADBRS ::3
(SHT 15)-SHODRI3 ]
SHT 15) +
(SHT 15) +SABDRI2 :;%
[SHT 15) +SADDRI1 s
(SHT 15) +SADDRID x
(SHT 15) +SADDR 2z
(SHT 15) +SADDRS o
(SHT 16) +SADDR7 -
{SHT 16 +SADDRS an
(SHT 16) +SADDRS o5
{SHT 16) +SADDRA e
(SHT 16] +SADDR 22
{SHT 16) +SADDR2 A
(SHT 16) +SADDRY M
{SHT 16) +SADDRO 2
(SHT 2) +SADDR23 e
{SHT 2) +SADDRZ2 o
(SHT 2) +SADDR21 o
(SHT 2) +SADDR20 o
(SHT 2) +SADDRIB o
(SHT 2) +SADDR1S -
(SHT 2) +SADDRT7 o
(SHT 2) +SALE o
(SHT 2 -SI0R ]
(SHT 3] -SIOW o
(SHT 2] -SMEMR o
(SHT 3] -SMEMW e
(SHT 3] +SAEN 7
[SHT 8) +SRESET !
[SHT 13) -SBHE L
(SHT 13) +SADDRIS e
(SHT 16) +SYSCLK
5
7 DECOUPLING CAPACITORS
803
829
016
WuF "¢ o o= e o o "QIuF
el 13el 162 622
801
B10
B!

Di8

o0 {SHT 2) -MEMCS16
002 {SHT 3) -1/0CS16
A10 (SHT5) +10CHRDY
A0z (SHT 16) +SDATAT
R03 {SHT 16) +SDATAS
Aod {SHT 16) +SDATAS
LU} {SHT 16} +SDATA4
A06 (SHT 16) +SDATA3
A7 (SHT 16) +SOATA2
AO8 {SHT 16) +SDATAI
A0 (SHT 16) +SDATAD
4 (SHT 15} +SDATAB
4 {SHT 15) +SOATAQ
£ (SHT 15) +SDATAI0
5E (SHT 15) +SDATAI1
L15 (SHT 15) +SDATAI2
C16 (SHT 15) +SDATA13
17 (SHT 15) +SDATA14
Cig (SHT 15) +SDATAIS
004 (SHT 16) +IRQ11

16-PiN MODU
CONNECTOR

E01
£07 1
ElS -

L — BT

E‘:g (SHT 7., 15) +VIDEGOUT
{SHT 10) +HSOUT
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7415244
(SHT 1) +SADDR3 9
(SHT 1) +SADDRZ 7 (SHT 13. 16) +BADDR3
(SHT 3. 13, 16) +BADDR?
SHT 1) +SADDRI sl [5
[SHT 1) +SADDRD 3 {SHT 3, 13, 16) +BADDR1
19 (SHT 13, 16] +BADDRD
7415244
(SHT 1) +SADDRY 2 8
SHT 1) +SADDRS 4 m {SHT 3,13, 16) +BADDR?
(SHT 1) +SADDRS = v |1 (SHT 3, 13. 16} +BADDRS
(SHT 1) +SADDR4 : 12 {SHT 3, 13, 16) +BAQDRS
{SHT 3, 13, 16} +BADOR4
{SHT 1] +SADDR1 11 Tasead
+
(SHT 1) +SADDRI0 13 ? (SHT 3,13, 16] +BADDRIT
(SHT 1) +SADDRS 15 yos fg (SHT 3,13, 16) +BADDRIO
(SHT 1) +SADORS I 3 (SHT 3,13, 16) +BADDRS
1 {SHT 3, 13. 16} +BANDRS
7415244
(SHT 1) +SADDR1S 1
(SHT 1) +SADDR14 6 (SHT 3. 13} +BADDRI5
(SHT 1) +SADDRI3 U4 g {SHT 3, 13) +BADDRI4
(SHT 1) +SADOR12 1 {SHT 3, 13) +BADDRI3
Jatsos {SHT 3. 13) +BADDRI2
RP4
+5 5 1 630 2
(SHT 1) +SADDRZ3
(SHT 1) +SADORZ2
SHT 5. 6) + MEMDEC
(SHT 1) +SADDRZ0 | 140 [ "
74704 g Y 74F20 741875
10 \
(SHT 1] +SADDA2! 5 g1 o8 4 Y 2 -
3 / 6 74F00
[ 13 Y "
{SHT 1) +SALE 5] v L__(SHT 15] -MEMDEC
[SHT 5} -ROYRST
74F04
[SHT 1) +SANDR1 H e o1l
l 74F04 — ] 74503
! 3 4
(SHT 1) +SADDRIQ ug1 p— 13 12 2l o B sy memcsis
(SHT 1) +SADDRI7 B3 g1 >0l
1
(SHT 1) -SIOR : use ‘; [SHT 5. 12, 15) -OMEMR
(SHT 1) -SMEMR : 1 (SHT 5] -OMEMW
(SHT 1) -SMEMW 18 {SHT 3] -I0R
7415244
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(SHT 2) +BADDRI
(SHT 1) -Slow
[SHT 2) -DIOR
(SHT 2) +BADDR2

[SHT 1) +SAEN

[SHT 15) -STATUSEN

(SHT 4) -BLOCKRST

[SHT 2) +BDDR15

(SHT 2) +BADDRB
(SHT 2) +BADDR6 —/

(SHT 2) +BADDR14

(SHT 12, 16) +CNTLCLK3

(SHT 16) +IORW/AEN

(SHT 15] +IOR/AEN

(SHT 1) -1/0€816

4ALS138
1 13
7 2
3 1
4] U8 Pyp
4 pat (KT 12)+ HELK
L9
5 i
74700 741508
Ig u64 8 Douss )3
74504 74F00
5% 3 f uss 3
_/ 74503
-
[@‘ 4] us
5Iuau 8
74F00
4
—51 g4

£

2

(SHT 2) +BADDR13

(SHT 2) +BADDR12

(SHT 2) +BADDR11

{SHT 2) +BADDR10
(SHT 2) +BADDR7

(SHT 2) +BADDR9

51 U8l

(SHT 2) +BADDR4

- T4ALS521

74802

ua

(SHT 15) -IODEC
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{SHT 6} +LATCH MEMDEC:

{SHT 6) +LATCH MEMDEC DELAY:

(SHT 7} +0C

(SHT 8) -SRESET2

[SHT 8) +CLK14
(SHT 8)-CLK15

(SHT 8] -SRESETI

(SHT 9) -CLK-16/-1

[SHT 6) +LATCH CLK

(SHT 16) +BLOCKXFR

[SHT 3) -BLOCKRST

L/

5
RPG
, THaLsos o Taring
| 74F04 150 3 7 74F00 74504
3 4 2 1 1 12 11 12
Uso R 13] V64 13 o
Iic
74F108
74500 W4 g 3 [SHT 5. 6) +MEMEYCLE
— \ 3 +50—AAA- ]
0] US4 o
747108
7 @
74704 L 2] (A A—
ust [ 6 P1
9 8
us0 230 74F00
+50ANATd 3L N
APt 4 [] . 4 B
10 J 1§ us4 (SHT 5) - LATCH GLK2
74508
74F04 . {SHT 6) +SET LATCH CLK
6
1. 5] Use
(SHT 8) +CLK-16/-1
74800
14508
g 8 1
0] UsD
L) [ T2 we )2 [SHT 13, 15) +LATCH CLK2
-5
74510
m% | 1100 L
a1 2 LL o B2 (SHT 4) -LOAD ADDR
i3] 10
|Lc s (SHT 15) +ENLOAD ADDR
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74ALS08
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74ALS08
(SHT 13) +LMEMR i e\
T 1
(SHT 2) -DMEMR 74500
(SHT 2] -OMEMW
1
[ 2|
(SHT 15) +M1/M0
| 74F04
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| 74704
'l us7 ol
5
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8 14k 74F74
741500 5 74L800
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(SHT 8)-CLK1 4 6 13] use L 2]
(SHT 8) +CLK3 g 12 g [ r] U8
i1 0 3
(SHT 7) +DC r

(SHT 8) -SRESET2

(SHT 2) +MEMDEC

(SHT 13, 15) +DMEMW

(SHT 1) +I0CHRDY

91 J0 §133YS



1depy Kepdsiq sonjdeln) SWOIYOIOUOJA PIOUBAPY

LI

741820
(SHT 8] +CLK3 y ﬁ_
(SHT 8) -CLK7 — H oue )E {SHT 18] -ENWM}
5 /
(SHT 13} +LADDRD H s )
RP3 g
5 I____________ysg
| |
(SHT 8) +CLK4 } “3 :
SHT 8) -CLKG }
i [ T4F04 74F00
| 8 | 2 3
i | 1] uso (SHT 13 -ADDRCLK
(SHT 8) +CLKI1 Lo ' —
(SHT 8) -CLK13 II 8 !
usy
(SHT 4] +MEMCYCLE S =
74800
) il 741520
(SHT 13) -LBHE 4] U% 2
(SHT 8) +CLK1D :g u3s 8 [SHT 15) -ENWM2
(SHT 8 -CLK14

74L504

[SHT 16} +M1 m 741820
/ [SHT 12) -ENSY2

mm

(SHT 13) ~LMEMW
4 74L820
5 ﬁ
] 2] U4 6 (SHT 12] -ENSY1
‘?'s']r"%fﬁﬂ? 1 _/ , PALI6LE .
{SHT 8) +6LKS 3 2 {SHT 8) +CLKI
(SHT 16) +MO
1' 18 (SHT 8] +CLK14
u4g 14F374
[SHT 8) +CLKB 2
[SHT 8) +CLKT :’; : {SHT 12) +LO.DI
(SHT 8] +CLK1Z h : (SHT 12] +LD.0203
(SHT 8) +CLK13 7 9 (SHT 4) +SET LATCH CLK
[SHT 13) +LMEMR o1 iz [SHT 4) +LATCH CLK
2 {SHT 4) +LATCH MEMDEC
[SHT 7) +0C
(SHT 2) +MEMDEC H———— (SHT 4) +LATCH MENDEC DELAY
{SHT 9) - SET AAS {SHT 7.8, 14) AS
SHT 9) -SET CAS HY (SHT14).CAS
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(SHT 8) -CLK6

SHT 8) +CLK7 0 |

{SHT 8) +CLK14

(SHT 8) -CLK15 5
T4ALS08 ;we
\g 3
us9
(SHT 8) +CLK1
) T
(SHT 6) -RAS llg
(SHT 8) -SRESET1
+5 n
ose 48
“zm 14700
] 74F86 g ¢ 3 " ,
(SHT 8) -CLKB . —.
uro | 2, 5
(SHT 8) +CLK16 z Z 5
74L8670 P
5 +5 -
(SHT 14) +FDATAD 15 wes - | U8
[SHT 9) +670WAT ! RP4 . 745195
[SHT 8) -CLK12 1 7 8 5 0
(SHT 9) -670WE '4 o p 10| '
(SHT 8] +CLK8 0 e
[SHT 14) +FDATA3 ’ viz 1
(SHT 14) +FDATA2 z 2 13
(SHT 14) +FDATAI I . o
74L8670
! 745195
1 10 2
1 g 3
[SHT 14) +FDATA4 1 v o 4 -
[SHT 14) +FDATAS 7 8 5| uzz [18_
(SHT 14] +FDATAG ) ; g %
(SHT 14) +FDATAT [5_
L 11y 12 1
- 741504 . 5
+ 5
Boan i1l 10 1y T4FT4 —
RP1 414, s AP —
74AS808A 6 10 4
5 4 : 7 13 vz | g 5] a2
3 12 L8
2| y24 (5 2| U4z
(SHT 11) +DISPEN
N

(SHT 13) +SVSSEL
(SHT 13) +ADRENI

(SHT 4,5, 6. 8) +DC

(SHT 16) +VIDEOEN

(SHT 1, 15) +VIDEOOUT
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[SHT 4) +CLK-16/1
(SHT 7} +DC
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+§ 8 741804
13 12
- s s (SHT 10} +CLKIX
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DATA PATH
_MODULE
(SHT 15) +BDATA7
(SHT 16) +BDATAG
(SHT 15} +BOATAS
(SHT 6) -ENSY2 (SHT 16) +BDATA4
(SHT 6) -ENSY1 [SHT 15) +BDATA3
(SHT 14) +MDATAO7 (SHT 15) +BDATA2
(SHT 14) +MDATAOS (SHT 15) +BDATAL
(SHT 14) +MDATAOS 7 (SHT 15) +BDATAD
(SHT 14) +MDATA04 3 (SHT 14) +MDATAI0
(SHT 14) +MDATA03 [ (SHT 14) +MDATA11
(SHT 14) +MDATA02 20 (SHT 14) +MDATAI2
(SHT 14) +MDATAO! i [ (SHT 141 +MOATAI3
[SHT 14) +MDATAO0 22 [SHT 14) +MOATAI4
(SHT 6} +LD-DI 2 (SHT 14) +MDATAIS
(SHT 2) -DMEMR 24 (SHT 14) +MOATAI6
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[SHT 15) +SYCLK 38 (SHT 16] +BDATA13
(SHT 6) +L0-D203 39 (SHT 16) +BDATAIZ
4 (SHT 16} +BDATAN!
(SHT 16} +BOATAID
(SHT 16) +BDATAQ
15 (SHT 16] +BDATAS
(SHT 14) +GATE ARRAY CIP
+5
RP3
741504
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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:

CPU
it
CRTC
Data 4 LS|
*+—» 1
| T "
ROM pir O |
> Map |
—» 3
* GRAPH ;
L3I ¢ BIT “-
SEQ MAP
Lsi
DIRECT
e
QUTPUT

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 RAMs.

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 A000O for
a length of 64K bytes, at hex BOOOO for a length of 32K bytes, or
at hex B8000 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
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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. Four I/O registers also resident 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 B80OOO |8x8 | 8 320x200
1 A/N | 186 40x25 B800OO | 8x8 | 8 320x200
2 A/N [ 16 80x25 | B800OO | 8x8 | 8 640x200
3 A/N | 16 80x25 B80OO | 8x8 | 8 640x200
4 APA | 4 40x25 B800OO | 8x8 | 1 320x200
5 APA| 4 40x25 B80OOO | 8x8 | 1 320x200
6 APA| 2 80x25 B800OO | 8x8 | 1 640x200
D APA | 16 40x25 A8000 | 8x8 | 2/4/8 | 320x200
E APA| 16 80x25 A8000 | 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 Maximum Pages fields for modes 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 BOOOO | 9x14| 8 720x350
F APA | 4 80x25 AOOOO | 8x14| 1/2 640x350

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 16.75 KHz. 21.85 KHz.
Vertical Scan Rate 60 Hz. 60 Hz.
Video Bandwidth 14.318 MHz. 16.257 MHz.
Displayabie 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.

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
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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 O 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 B800OO | 8x14| 8 320x350
1* A/N | 16/64 40x25 B80OOO | 8x14| 8 320x350
2% A/N | 16/64 80x25 B80OO | 8x14} 8 640x350
3* A/N | 16/64 80x25 B800OO | 8x14| 8 640x350
10* APA | 4/16 80x25 A8000 | 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 mode 10, The dual values for the “COLORS” field and the
“MAX. PAGES?” field indicate the support provided when 64K

or when 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 56K bytes to
support four attributes. By chaining maps 0 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 0
o] 1 Video 3
1 (o] 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.

CO = 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

(o] 0 (o] 0 Black

0 0 0 1 Blue

o] 0 1 0 Green

[¢] 0 1 1 Cyan

(o] 1 0 0 Red

0 1 0 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 0 1 0 Light Green

1 0 1 1 Light Cyan

1 1 0 (0] Light Red

1 1 0 1 Light Magenta
1 1 1 0 Yellow

1 1 1 1 Intensified White

The display buffer resides at address A0O000. 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
O3H Video Blue Cyan
04H* Blinking Red Red
05H Intensified White Magenta
06H Blinking Red Brown
O7H* Intensified White White
O8H Black Black Dark Gray
O09H 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 Blinking 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 6§ 4 3 2 1 0

l |—> 1/0 Address Select
Enable Ram

Clock Select 0

Clock Select 1

Disable Internal Video Drivers
Page Bit For Odd/Even
Horizontal Retrace Polarity

Y

Y

Y

Vertical Retrace Polarity

Y

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 5

Bit 6

Bit 7

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
I/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 I—> 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

l_I-_I_I_> Not Used

Switch Sense

Reserved

Reserved
CRT Interrupt

YYYY

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 O
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 O 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 Biue
0 1 Secondary Blue  Green
1 0 Secondary Red Secondary Green
1 1 Not Used Not Used
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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

l

Bit 7 6 6 2 1 0

3
| ||

» 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 3C5.
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Reset Register Format

Bt 7 6 56 4 3 2 1 0

l |—> 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 3C5.

Clocking Mode Register Format

Bt 7 6 5§ 4 3 2 1 0

8/9 Dot Clocks
Bandwidth
Shift Load

Dot Clock

Not Used

7
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Bit 0

Bit 1

Bit 2

Bit 3

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.

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.

Shift L.oad—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.

Dot Clock—A logical O 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 5 4 3 2 1 O

' |—> 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

10

|—|——> 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
Selected

-
(=}

Table Location

Value

_a 00
-0-=0
W =+ O

1st 8K of Plane 2 Bank O
2nd 8K of Plane 2 Bank 1
3rd 8K of Plane 2 Bank 2
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:

Table Location

Bits Map
3 2 Selected
Value
0 0 0
0 1 1
1 0 2
1 1 3

1st 8K of Plane 2 Bank O
2nd 8K of Plane 2 Bank 1
3rd 8K of Plane 2 Bank 2
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

Bit

7 6 5§ 4 3 2 10

| L> Alpha
Extended Memory

Odd/Even

» Not Used

Bit 0

Bit 1

Bit 2

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 0 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—aA 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 374 -
Horizontal Total 375 00
Horizontal Display End 375 01
Start Horizontal Blank 37?5 02
End Horizontal Blank 375 03
Start Horizontal Retrace 375 04
End Horizontal Retrace 375 05
Vertical Total 375 06
Overflow 375 o7
Preset Row Scan 375 08
Max Scan Line 375 09
Cursor Start 375 OA
Cursor End 375 0B
Start Address High 375 oC
Start Address Low 375 oD
Cursor Location High 375 OE
Cursor Location Low 3?5 OF
Vertical Retrace Start 375 10
Light Pen High 375 10
Vertical Retrace End 375 1
Light Pen Low 375 1
Vertical Display End 375 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 Controiler 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 | 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 3BS or hex 3DS.

Horizontal Total Register Format

Bit 7 6 56 4 3 2 0

L]i Ill l I —» 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 3DS5.

Horizontal Display Enable End Register Format

Bt 7 6 10

5 4 3 2

» Horizontal Display Enable End

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 3B5 or hex 3D5.

Start Horizontal Blanking Register Format

Bt 7 6 5 4 3 2 1 0

LI I I J 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 3BS5 or hex 3DS.

End Horizontal Blanking Register Format

Bt 7 6 5 4 3 2 1 0

I I l I l —» 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.

IBM Enhanced Graphics Adapter 27



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 3DS5.

Start Horizontal Retrace Pulse Register Format

Bt 7 6
LI

4 3 2 1 0
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 3DS5.

End Horizontal Retrace Register Format

Bit 7 6 4 3 2 1 0
L1

» End Horizontal Retrace

» Horizontal Retrace Delay
3» 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

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 Tetal 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 I I I l J I 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 3BS or hex 3DS5.
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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 Bit8
- Cursor Location Bit 8
» 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—DBit 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—DBit 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 3BS or hex 3D5.
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Preset Row Scan Register Format

Bit

76 5§ 4 3 2 10

LL—I—J—I—> 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

Bit

7 6 5 4 3 2 10

I——|-——|—-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

Bit 7

4 3 2 1
L I | [ Row Scan Cursor Begins
Not Used

P
>

P

>

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 OB. The processor output port
address for this register is hex 3BS or hex 3D5.

Cursor End Register Format

Bt 7 6 5 4 3 2 1 0
L[]

Row Scan Cursor Ends

Y

»  Cursor Skew Control

> Not Used

Bit 0-Bit 4

Bit 5-Bit 6

Cursor End—These bits specify the row scan
where the cursor is to end.

Cursor Skew-—These bits control the skew of the
cursor signal.
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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 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
I | I | | I | I » 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 OD. The processor
input/output port address for this register is hex 3B5 or hex 3D5.

Start Address Low Register Format

Bit

2 1
I I > 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 3D5.

Cursor Location High Register Format

1

Bt 7 6 5 4 3 2 0
I | I IJ | I L> 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 3B5 or Hex 3D5.

Cursor Location Low Register Format

Bt 7 6 5 4 3 2 1 0

LIl

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

Bit 7 4 3 2 1
| | 1]

6 5 0
I l I l » 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 2 0

1
I I | I | | | I » 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

LJ—I—J—-> Vertical Retrace End

O=Clear Vertical Interrupt

A

O=Enable Vertical Interrupt
Not Used

Yy

Bit 0-Bit 3

Bit 4

Bit 5

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.

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

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 3BS or 3D5.
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Light Pen Low Register Format

Bt 7 6 5§ 4 3 2 1 0

Ll I I I I | I » 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

||

Bit 5§ 4 3 2 10
L]

l | » 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

Bit

7 6 56 4 3 2 10
[ |

LLL 11T

> 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 3D5.

Underline Location Register Format

Bit

7 6 5 4 3 2 10

LJ | 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 3DS5.

Start Vertical Blanking Register Format

Bt 7 6
L

5 4 3 2 10

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 3BS or hex 3DS5.

End Vertical Blanking Register Format
Bit 7 5 4 3 2 1 0
| | L | | + 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 resulit 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

Bit

7 6 5 4 3 2 1 0

| » CMSO

Select Row Scan Counter
Horizontal Retrace Select

Count by Two

T

Output Control
Address Wrap

Word/Byte Mode

Yvy

Hardware Reset

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 0
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 MA O MA 150r MA 13
MA 1/RFA 1 MA 1 MA O
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 O 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 3DS5.

Line Compare Register Format

Bt 7 6 5 4 3 2 1 0
HEEEEEE

» 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 01
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

‘ I—» Position 0
Position 1

P 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

' |—> 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

Bit 7

6 5 4 3 2 10

I-J—I—J—» 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

Bt 7 6 5 4 3 2 1 0

| ‘ LV Set/Reset 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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Color Compare Register Format

Bt 7 6 5 4 3 2 1 0

| l—» Color Compare 0
Color Compare 1
Color Compare 2

Color Compare 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.

Enable Set/Reset Register Format

Bt 7 6 56 4 3 2 1 0

| L—> 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 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 5 4 3 2 1 0

' I—» Rotate Count
Rotate Count 1

Rotate Count 2

»  Function Select

» Not Used

Bit 0-Bit 2

Bit 3-Bit 4

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 O.

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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Bits

4 3

0 0 Data unmodified.

0 1 Data AND’ed with latched data.
1 0 Data OR’ed with latched data.

1 1 Data XOR’ed with latched data.

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

‘ I—_; Map Select O
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

Bt 7 6 56 4 3 2 1 0

I |—I——> Write Mode
Test Condition

» Read Mode
—» Odd/Even

-

» Shift Register Mode

> Not Used

Bit 0-Bit 1

Bit 2

Write Mode

Bits

10

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 5

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

l I—» Graphics Mode
Chain Odd Maps to Even

Memory Map 0
Memory Map 1
Not Used

Y
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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 O 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 A0O00 for 64K bytes.
1 0 Hex B00O 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 10
| |—> 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

Bit 1

LILLd,

P

5
|

L

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 nin 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.
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Attribute Controller Registers

Name Port Index
Address Register 3CO0 -
Palette Registers 3C0 00-0F
Mode Control Register 3C0o 10
Overscan Color Register 3CO 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.

Palette Registers Hex 00 through Hex OF Format

Bt 7 6 5§ 4 3 2 1 O

\ ‘—-» Blue Video
Green Video

Red Video
Secondary Blue/Mono Video

Secondary Green/Intensity

Y

Secondary Red Video

Yy

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
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Bit 5

next OUT instruction loads the data register.
The flip-flop toggles each time an OUT is issued
to the Attribute Controller.

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.

Attribute Address Register Format
Bt 7 6 5 4 3 2 1 0
l | | | I » Attribute Address
< Palette Address Source
» 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 be 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 3CO.

Mode Control Register Format

Bit

7 6 5 4 3 2 10

' |_> Graphics/Alphanumeric Mode
Display Type
Enable Line Graphics Character

Codes

Select Background Intensity Or
Enable Blink

» Not Used

Bit 0

Bit 1

Bit 2

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

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

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. This bit when
enabled 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 3CO.

Overscan Color Register Format

Bt 7 6 56 4 3 2 1 0

’ |-—> Selects Blue Border Color
Selects Green Border Color

— Selects Red Border Color

Selects Secondary Blue
Border Color

» Selects Intensified or
Secondary Green

» Selects Secondary Red
Border Color

» Not Used

Bit 0-Bit 5 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 3CO.

Color Plane Enable Register Format

Bt 7 6 5 4 3 2 1 0

L I—l-—l—l—-> Enable Color Plane

» Video Status MUX
% Not Used
Bit 0-Bit 3 Enable Color Plane—Writing a logical 1 in any
of bits O 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

(o] 6] 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 4 3 2 1 0
|_|__.I_I__> Horizontal Pel Panning
» Not Used
Bit 0-Bit 3 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
1/0 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 [0 |2 |3 | 4|5 (6|7 ]D|E]F[10]Fs]i0xfo~|1~f2*|3*
Miscellaneous | 3C2 - 123(23(23|23|23123|23|A6|23(23|A2|A7|A2|A7|AT|A7|AT A7
Feature Cntrl 37A - |00]00{00]00(00]00|00|00}|00]00}00|00|00]{00}00]|00]00]|00

mputstato [3c2| - [-1-1-|-{-|-|-|-f{-|-1-1-[-[-|-[-{-1[-

Input Stat 1 3y - 1-1-1-1-1-1-1=-t=1-1-1-t-1-1-1-1-1-1-

? = 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 | 1V | 2| 3)4i5|6|7(0|E]|F|10]|F|105f0%]1%|2*|3"

SeqAddress |3C4| - [ -|~-|-|-|[-1-|-1-|-|-|-1-|-1~-t-|-|-|-
Reset 3C5( 00 [03}03|03]03|{03[03]03|03({03}03|03]|03]03]03([03]03]03]03
Clock Mode 3C5| 01 |0B|OB}01|01|0B|0OB|01]|00|0B|01|05]|05|01}01|0Bf0B|O1]O01
Map Mask 3¢5 02 |03103|03]03(03|03|0103|0F|OF|OF|OF|OF(OF(03]03]03(03
Char Gen Sel | 3C5| 03 [00]00)00}00|00]00|00)00]00])00|00|00]|00;00]00]00]|007]00
Memory Mode (3C5 | 04 (03[03}03]|03(02(02}06|03(06|06|00]00|06]06j03|03]|03]03

*Values for these modes when the 1BM Enhanced Color Display is attached

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

Sequencer Registers
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Register Maode of Operation

Name Port | Mndex | O| 1V [ 2|3 | 4]S5]|6|7]0)E|F[10]Ffr0s0x]1~]2~]3*
AddressReg |34 f - | -1 -|-|-|-I-|-1-{-1-t-|-I-1-|-{-|-1-
Horiz Total 375 00 |37|37|70|70}37{37}70]|60)|37|70(60|5B|60|58|2D|2D|5B}5B
Hrz DispEnd | 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 Bik 3?75| 03 | 37|37 |2F|2F|37 (37 )2D|3A[37]2D[1A|17|3A|372D|2D|37|37
Strt Hrz Retr 375 | 04 |31)31(5F|5F}|30}30|5E]|51[30|5E]50|50{50)52)28]}28]51]51
End Hrz Retr 375 | 05 [15]15(07|07 (1414|0660 (14 {06 |EO[BA| 6000|6D|6D|5B |58
Vert Total 375 | 06 (04704 (04[04}04]04}04(70|04(04]70(|6C|70(6C|6C|6C]|6C|6C
Overflow 35 07 |11t 1P [ [ F (1 [ 1V IR IR AR IF AR [1F [ IF | 1F
Preset Row SC [ 3?5 | 08 [ 00|00 {0000 {00(00|00]00|0000]00|00}00]|00}00 00 (00|00
Max Scan Line | 3?5 | 09 | 07|07 (07|07 (01|01 |01{0OD|00(00|00|00(f00|00(0D|OD|OD[OD
Cursor Start 3?5| OA [06/06|06(06|00(00(00|0B|00|00]|00|00|00]|00|0B|0OB{0B|0B
Cursor End 3?5| 0B |07(07{07}07)|00)00(00}|0C)00{00j00)00{00}00|0C}OC]|0OC|OC
Strt Addr Hi 5L oC [ -f[-ft=-|-1-1-|-1-1-|1-1-0{-1-1-1=-1-1-1i-
Strt Addr Lo Lo --t-1-l-1-{-1t-1-1-t=-1-1-1-1-1-(-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

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

Name Port Index | O | 1 2|3 )4 |5 |67 ]0}E|F[10]F[0z0*[1~]2*]3*
Cusor LCHi 13?5 | OE | - (- |~|-{-({~-|-{-1-|-]-1-|-|-]-)-|-1-
Cusor LClow | 3?6 | OF | - (- ([-|-1-|-|--1-|-1-1-4-[-|-|-1-1-
Vrt Retr Strt 375 | 10 | E1{E1|ET1(EV|E1|E1|EO|5E(E1|EO|5E |5E|SE{5E|5E|5E|5E|5E
Light Pen Hi w1 l-1-1-1-t-1-1-1-1-1-1-i{-1-1-1-1-1-1-
Vert Retr End | 375 | 11 {24124 |24 |24 (24|24 |23 |2E 124 |23 | 2E [2B|2E|2B|2B|2B|2B}|28B
LightPenlow |3?5 | 11 [ ~-|-|-|-{-|-[-|-¢-V-1-1-|-[-[-1-1-[-
VrtDispEnd | 3?5 [ 12 }C7{C7[C7|C7[C7|C7|C7|5D|C7|C7|{5D|5D|5D|5D|5D|5D|5D]5D
Offset 3?75 ( 13 (1414128 (28 114114 128 (28 |14 128/114 114 (28128 )14 [14 (2828
Undertine Loc | 3?5 | 14 {08{08108 (08 |00|00|00|0D]00|00|0D|OF {0D]|OF|OF |OF | OF | OF
StrtVert Bk | 3?5 | 15 | EO|EO|EO|EO0|EO|EQ|DF|5E|EO|DF|5E [5F |5E |5F | 5E | 5E | 5E | 5E
EndVvert Bk |3?5| 16 |FO|FO|FO|FO|FO|FO|EF|6E|FO[EF|6E |OA|6E|OA|OA|OA|OA|0A
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

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

“Values for these modes when the 1BM Enhanced Color Display is attached

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

CRT Controller Registers (2 of 2)
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Register

Mode cf Operation

Name Port |Index | O [ 11 2| 3| 4|56 |7 |0[E|F[10]F[105]0~[1*]|2*|3*
Grphx | Pos 3CC | - [00|00}00(|00(00|0O0(00(00|00|00([00(00]00]|00]00]|00(00]|00
Grphx Il Pos | 3CA | - J01|01]01(01{01|01({01)01]|01[{01]01|01[01]01|01[01[01]01
Grphx 1 HAD [3CE| - 1 -|-|--|-|-|-|-/-1-|/-1-[-1-|-|-1-1]-
Set Reset 3CF | 00 |00(00|00f00|00]00|00)|00|00(00]|00({00]00}O00]00(O00]|00]|00
Enable S/R 3CF{ 01 [00)00[00)00|00]|00|0C0(00]00|00]|00]{00(00}O0O0|O0O0(O0C]O00]|O00
Color Compare | 3CF | 02 |00|00}00|G0|00|00|00|00|00|00]00]00]|00]|00|00]|00|O00]|O00
Data Rotate 3CF{ 03 |00)|00]|00|00|00(00(00|00|00(00|00|00(00|00|00(O00(00][00
Read Map Sel | 3CF ! 04 [00|00]|00}00{00({00(00|00|00{00]00|00({00|00{00]{00{O00]|00
Mode Register | 3CF | 05 |10 |10]10(10]30]30|00|10(00(00|10]|10)00]|00}10]10(10]|10
Miscellaneous | 3CF | 06 |OE|OE|OE|OE|OF [OF|[OD|0A|05|05|07|07]05(05]0E|OE|OE|OE
Color No Care [3CF | 07 |00|00|00f00|00]00|00|00|QCF|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] 0V | 2| 3|4 (5|67 ]|0|E]|FjI0]F[1050%|1*]2~ (3
Address Al - {-1-1-1=-1=-1-1=-1=-1-1-1-1-1-1-1-1-1-
Palette 3C0| 00 (00|00 00(0O0f0Q0(00|00(00|00|00]{00(f0O|00|00|O0O0]|00]|O00]O00
Palette 3C0| 01 [O1(01|01(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|03f17|17|17|08(03{03]|00(00]00|03]{03(03|03 03
Palette 3C0| 04 [04({04]04]|04[02]|02]|17|08{04(04118(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|17({08]|07|07]00|00]00 |07 (07]07]|07]|07
Palette 3C0| 08 | t0[10[10({10|10]10|17 (1010|1000 |00 |00 (38 (38]38|38|38
Palette 3c0 | 09 [ 111111 {11j11 11|17 (18]11|11]08|01(08[3939]39|39]|39
Palette 3C0 | OA |12[12[12|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|(3B
7= B in monochrome modes  ? = D in color modes
*Values for these modes when the IBM Enhanced Color Display is attached
tValues 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 | ¥ [ 2|3 | 4[5 [6f 7] 0| E|F([10]F[r0% 0%f1~|2~|3*
Palette 3C0 |-0C |14|14}14|14114114|17|18|14114|00]04]00|3C|3C|[3C{3C|3C
Palette 3C0 | 0D | 15|15 (15|15|15[15}17 {18 15|15|18(07|18|3D|3D(3D|3D|3D
Palette 3C0 | OE [16{16[16]16]|16|16| 1718 (16| 16(00|00|00|3€E| 3E|3E|3E|3E
Palette 3C0 | OF [ 17|17 {17 1717171817 17|00 00|00} 3F|3F|3F|3F|3F|3F
Mode Control [3CO | 10 [ 0808 (08|08 )01{01|01(0E|01}{01{0B{0B|0B|01]|08|08]|08|08
Overscan 3C0 | 11 [00(00|00{00|00(00|00(00}00|00{00|00|00]00]00]|00]00]|00
Color Plane 3C0 | 12 |OF|OF |OF |OF |03|03|01|OF[OF|OF[05}05]|05|0F|OF | OF [ OF | OF
Hrz Panning 3C0 [ 13 [ 00]00]00|00(00|00{00([00(0C|00|00]00](00]00]|00{00]|00]|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 O
+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 Data
CC*32+0 . 18H
1 o L 3EH
2| \ o 66H
3 : \ s 66H
4 b atian b o 7EH
5 66H
6 o . ; . 66H
7 : 66H

CC = Value of the character code. For example, 41H in the case
of an ASCII “A”.

Creating a 512 Character Set

This section describes how to create a 512 character set on the
IBM Color Display. Note that only 256 characters can be printed
on the printer. This is a special application which the Enhanced
Graphics Adapter will support. The 9 by 14 characters will be
displayed when attribute bit 3 is a logical 0, and the IBM
Color/Graphics Monitor Adapter 8 by 8 characters will be
displayed when the attribute bit 3 is a logical 1. This example is
for demonstrative purposes only. The assembly language routine
for creating 512 characters is given below. Debug 2.0 was used
for this example. The starting assembly address is 100 and the
character string is stored in location 200. This function requires
128K or more of graphics memory.
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al00

mov ax,1102
mov bl,02
int 10

mov ax,1103
mov bl,08
int 10

mov ax,1000
mov bx,0712
int 10

mov ax,1301
mov bx,000F
mov cx,003A
mov dx,1600
mov bp,0200
push cs

pop es

int 10

mov ax ,1301
mov bx,0007
mov ¢x,003A
mov dx,1700
mov bp,0200
push cs

pop es

int 10

int 3

2200 db

;load 8x8 character font in character
;generator number 2

;select 512 character operation
;if attribute bit 3=1 use 8x8 font
;if attribute bit 3=0 use 9x14 font

;set color plane enable to 7H to disable
;attribute bit 3 in the color palette
;lookup table

;write char. string with attribute bit 3=1
;¢X = character string length

;write character on line 22 of display
;pointer to character string location

;write char. string with attribute bit 3=0
;cX = character string length

;write character on line 23 of display
;pointer to character string location

"This character string is used to show 512
characters"

Creating an 80 by 43 Alphanumeric Mode

The following examples show how to create 80 column by 43
row, both alphanumeric and graphics, images on the IBM
Monochrome Display. The BIOS Interface supports an 80
column by n row display by using the character generator load
routine call. The print screen routine must be revectored to
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handle the additional character rows on the screen. The assembly
language required for both an alphanumeric and a graphics screen
is shown below.

mov al,7 ;Monochrome alphanumeric mode

int 10 ;video interrupt call

mov ax,1112 ;character generator BIOS routine
mov blL,0 ;Joad 8 by 8 double dot character font
int10 ;video interrupt call

mov ax,1200 ;alternate screen routine

move bl,20 ;select alternate print screen routine
int 10 ;video interrupt call

int 3

mov ax,f ;Monochrome graphic mode

int 10 ;video interrupt call

mov ax,1123 ;character generator BIOS routine
mov bl,0 , ;load 8 by 8 double dot character font
mov dl,2B ;43 character rows

int 10 ;video interrupt call

mov ax,1200 ;alternate screen routine

mov bl,20 ;alternate print screen routine

int 10 ;video interrupt call

int 3

Vertical Interrupt Feature

The Enhanced Graphics Adapter can be programmed to create an
interrupt each time the vertical display refresh time has ended.
An interrupt handler routine must be written by the application to
take advantage of this feature. The CRT Vertical interrupt is on
IRQ2. The CPU can poll the Enhanced Graphics Adapter Input
Status Register O (bit 7) to determine whether the CRTC caused
the interrupt to occur.

The Vertical Retrace End Register (11H) in the CRT controller
contains two bits which are used to control the interrupt circuitry.
The remaining bits must be output as per the value in the mode
table.
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Bit 5 Enable Vertical Interrupt—A logical 0 will
enable vertical interrupt.

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

The sequence of events which occur in an interrupt handler are
outlined below.

Clear IRQ latch and enable driver

Enable IRQ latch

Wait for vertical interrupt

Poll Interrupt Status Register O to determine if CRTC has

caused the interrupt

If CRTC interrupt, then clear IRQ latch; if not, then branch

to next interrupt handler.

6. Enable IRQ latch

7. Update Enhanced Graphics Adapter during vertical blanking
interval

8. Wait for next vertical interrupt

AWM=

v

Creating a Split Screen

The Enhanced Graphics Adapter hardware supports an
alphanumeric mode dual screen display. The top portion of the
screen is designated as screen A, and the bottom portion of the
screen is designated as screen B as per the following figure.

Screen A

Screen B

Dual Screen Definition

The following figure shows the screen mapping for a system
containing a 32K byte alphanumeric storage buffer. Note that the
Enhanced Graphics Adapter has a 32K byte storage buffer in
alphanumeric mode. Information displayed on screen A is

IBM Enhanced Graphics Adapter 73



defined by the start address high and low registers (0CH and
ODH) of the CRTC. Information displayed on screen B always
begins at address 0000H.

O000H
Screen B
Buffer Storage Area
OFFFH
1
000H Screen A
Buffer Storage Area
7FFFH

Screen Mapping Within the Display Buffer Address Space

The Line Compare Register (18H) of the CRT Controller is
utilized to perform the split screen function. The CRTC has an
internal horizontal scan counter, and logic -which compares the
horizontal scan counter value to the Line Compare Register value
and clears the memory address generator when a compare occurs.
The linear address generator then sequentially addresses the
display buffer starting at location zero, and each subsequent row
address is is determined by the 16 bit addition of the start of line
latch and the offset register.

Screen B can be smoothly scrolled onto the CRT screen by
updating the Line compare in synchronization with the vertical
retrace signal. The information on screen B is immune from
scrolling operations which utilize the Start Address High and Low
registers to scroll through the Screen A address map.

Compatibility Issues

The CRT Controller on the IBM Enhanced Graphics Adapter is a
custom design, and is different than the 6845 controller used on
the IBM Monochrome Monitor Adapter and the IBM
Color/Graphics Monitor Adapter. It should be noted that several
CRTC register addresses differ between the adapters. The
following figure illustrates the registers which do not map directly
across the two controllers.
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Register 6485 Function EGA CRTC Function
02H Start Horiz. Retrace Start Horiz. Blanking
03H End Horiz. Retrace End Horiz. Blanking
04H Vertical Total Start Horiz. Retrace
0O5H Vertical Total Adjust End Horiz. Retrace
06H Vertical Displayed Vertical Total

O7H Vertical Sync Position Overflow

08H Interlace Mode and Skew Preset Row Scan

Existing applications which utilize the BIOS interface will
generally be compatible with the Enhanced Graphics Adapter.

Horizontal screen centering was required on the IBM
Color/Graphics Monitor Adapter in order to center the screen
when generating composite video. This was done through the
Horizontal Sync Position Register. Since the Enhanced Graphics
Adapter does not support a composite video monitor, programs
which do screen centering may cause loss of the screen image if
centering is attempted.

The Enhanced Graphics Adapter offers a wider variety of
displayable monochrome character attributes than the IBM
Monochrome Display Adapter. Some attribute values may
display differently between the two Adapters. The values listed in
the table below, in any combinations with the blink and intensity
attributes, will display identically.

Background Foreground
R G B R G B Function

Non-Display

Underline

White Character/Black Background
Reverse Video

el eNe)
- 000
- 000
o =00
o =00

O ==0

Software which explicitly addresses 3D8 (Mode Select Register)
or 3D9 (Color Select Register) on the Color Graphics Monitor
Adapter may produce different results on the Enhanced Graphics
Adapter. For example, blinking which is disabled by writing to
3D8 on the Color Graphics Adapter will not be disabled on the
Enhanced Graphics Adapter.

IBM Enhanced Graphics Adapter 75



Interface

Feature Connector

The following is a description of the Enhanced Graphics Adapter
feature connector. Note that signals coming from the Enhanced
Graphics Adapter are labeled “inputs” and the signals coming to
the Enhanced Graphics Adapter through the feature connector
are labeled ““outputs™.

Signal Description

J2 This pin is connected to auxiliary jack 2 on the rear
panel of the adapter.

R’OUT Secondary red output

ATRS/L  Attribute shift load. This signal controls the
serialization of the video information. The shift
register parallel loads at the dot clock leading edge
when this signal is low.

G OUT Primary green output

R’ Secondary red input
R Primary red input
FC1 This signal is input from bit 1 (Feature Control Bit

1) of the Feature Control Register.

FCO This signal is input from bit 0 (Feature Control Bit
0) of the Feature control Register.

FEAT 0 This signal is output to bit 5 (Feature Code 0) of
: Input Status Register 0.

B’/V Secondary blue input/Monochrome video

VIN Vertical retrace input
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Internal

V OUT

J1

G’OUT
B’OUT
B OUT
G
B
R OUT

BLANK

FEAT 1

G’/1

HIN
14MHZ
EXT OSC

HOUT

This signal is output to bit 4 (Disable Internal Video
Drivers) of the Miscellaneous Output Register.

Vertical retrace output

This pin is connected to auxiliary jack 1 on the rear
panel of the adapter.

Secondary green output
Secondary blue output
Blue output

Green input

Blue input

Red output

This is a composite horizontal and vertical blanking
signal from the CRTC.

This signal is output to bit 6 (Feature Code 1) of
Input Status Register O.

Secondary green/Intensity input
Horizontal retrace input from the CRTC
14 MHz signal from the system board
External dot clock output

Horizontal retrace output
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The following figure shows the layout and pin numbering of the
feature connector.

Signal Name Signal Name
Gnd —e 1 2 0— —-12V
+12Vv —e [ o J1
J2 —® > G'OUT
R'OUT —® - B'OUT
ATRS/L —e - BOUT
GOouUT —® .- G
R’ —® L g B
R —e [ o ROUT
FEAT 1 —® .- BLANK
FEATO —o L o FCA
FCO —® Lg G/I
B/vV —® ® HIN
VIN —e ® 14MHz
Internal —o EXT OSC
VOouT —e ° HOUT
GND —e 31 32 & +5V

Feature Connector Diagram
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Specifications

System Board Switches

The following figure shows the proper system board DIP switch
settings for the IBM Enhanced Graphics Adapter when used with
the Personal Computer and the Personal Computer XT. The
switch block locations are illustrated in the Technical Reference
Manual “System Board Component Diagram”. The Personal
Computer has two DIP switch blocks; the switch settings shown
pertain to DIP Switch Block 1. The Personal Computer XT has
one DIP switch block.

00Aa0.

Switch Block (1)

Note: The DIP switches must be set as shown whenever the
IBM Enhanced Graphics Adapter is installed, regardless of
display type. This is true even when a second display adapter
is installed in the system.
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Configuration Switches

The following diagram shows the location and orientation of the
configuration switches on the Enhanced Graphics Adapter.

Option
Retaining
Bracket

Optional
Graphics Memory
Expansion Card

off On
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Configuration Switch Settings

The configuration switches on the Enhanced Graphics Adapter
determine the type of display support the adapter provides, as
follows:

Switch Settings for Enhanced Graphics Adapter
as Primary Display Adapter

Configuration
Enhanced Monochrome Color/Graphics
SW1 |SW2 | SW3 | Sw4 Adapter Adapter Adapter
On |Off |Off |On | Color Display Secondary -
40x25
off |0ff |Off JOn | Color Display Secondary -
80x25

On {0n ] On {Off |Enhanced Display Secondary -
Emulation Mode

Off [On [On |Off | Enhanced Display Secondary -

Hi Res Mode
On [Off | On {Off | Monochrome - Secondary
40x25
off |off | On | Off | Monochrome - Secondary
80x25
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Switch Settings for Enhanced Graphics Adapter
as Secondary Display Adapter

Configuration

Enhanced Monochrome Color/Graphics
SW1 | SW2 | SW3 | Sw4 Adapter Adapter Adapter
On |On |On {On | Color Display Primary -
40x25
Off |On |On [On | Color Display Primary -
80x25
On [Off |On {On | Enhanced Display Primary -
Emulation Mode
Off |Off |On |On | Enhanced Display Primary -
Hi Res Mode
On [On |Off |On | Monochrome - Primary
40x25
oft |On JOff |On | Monochrome - Primary
80x25
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Direct Drive Connector

% % ~| B <
Snl-B=1=F
=, 5 = 0
o &= @
| % = .
Syl § ®
Wy EI
ey,
]
9-Pin Direct
Drive Signal
Signal Name - Description Pin
Ground 1
Direct Secondary Red
Drive Primary Red Enhanced
Display Graphics Adapter

Primary Green

Primary Blue

Secondary Green/intensity

Secondary Blue/Mono Video

Horizontal Retrace

Ol INjJoOojJOls~]ITOIN

Vertical Retrace
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Light Pen Interface

P-2 Connector Pin

“+Light Pen Input

Attachment | ot used

Enhanced
Graphics Adapter

+Light Pen Switch
Ground
45 Volts
12 Volts

[o>20 NG, I BN /AN B VN
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Jumper Descriptions

Located on the adapter are two jumpers designated P1 and P3.
Jumper P1 changes the function of pin 2 on the direct drive
interface. When placed on pins 2 and 3, jumper P1 selects ground
as the function of direct drive interface, pin 2. This selection is
for displays that support five color outputs, such as the IBM
Color Display. When P1 is placed on pins 1 and 2, red prime
output is placed on pin 2 of the direct drive interface connector.
This supports the IBM Enhanced Color Display, which utilizes six
color outputs on the direct drive interface.

Jumper P3 changes the I/0O address port of the Enhanced
Graphics Adapter within the system. In its normal position, (pins
1 and 2), all Enhanced Graphics Adapter addresses are in the
range 3XX. Moving jumper P3 to pins 2 and 3 changes the
addresses to 2XX. Operation of the adapter in the 2XX mode is
not supported in BIOS.

The following figure shows the location of the jumpers and
numbering of the connectors.
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——— DE SHT 8
QURSOR/L. SHT 8
3 BAO SHTY.S, Tl
BAIl
BA2
BA3
I BAY
6D BAS
L BA6
£ e sa BT A7 SHTH,5,7,01
BLANK —— LAk
L3174
Hal Hfio - o2 B g A0
mal gz Rso s L an
[ [ 2Rt D 20 RSO SHTS
D 08 MA 17 16 Az
] 35 V20 § R n xR A Bs)
[ 10 RS3 4a
LSO HAIS Ef RS \ 4 4 ‘;DU‘":: ki 2 \ 8/S3
1™l 35 cux HA 5150 4onz BAG RSy SHTS
26 +5v LR +—8iap sof2 Az
1L LATCH 0
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SHT 2

SHTQ
SHT®

SHT L

SHT I

SHT 1

SHT 9 FIGNO HONTTOR

SHT I

SHT I
SHT I

SHT I

181

Rl -

38 kel e

Il

3l

— ol

nle|o

[

Lu-g e
“oNfwn-O

|

H
3

]
EH

| 4

g

g
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VRERR

SHT &

SHT &
SHT 1-3,6,7

1-3,6,7

SHT 8
SHT &
SHT 2
SHT 6.7
SHT 3
SHT 9
SHT 9
SHT 9

SHT 9
SHT 3

SHT 9,8

SHT |
SHT 2

SHT 24,7

H314VaV SIIHdVH9 GIINVHNI



16 Idepy somders) paouequy JAL]L

SHT 3

SHT 3
SHT &
SHT6
SHT &

SHT 2

SHT &
SHT &
SHT &
SHT®

SHT &

SHT&

SHT2
SHT2

SHT 2

SHT 3

SHT 2

RSO

RS|

RS2
RS3
RS4

MoD!

CRT LATCH

MOD6
MOD?

GRAPHICS

CRT/CPY
MUx

B
i

REF ADR

-CCLK

LS37y
18 19 Bag
3 ;g ég 2 BAl 8A0 SHTT
L1430 U2 35 {16 BAZ  p—-r!
l: D 4a IZ ::3 —— BA3
7 0 56 [ BAS —_— Bay
[ 6Q BAS
0 7a [H2_BA6 ——— BAb
80 8q |1 —BAT BA7 SHTT
I 3
i ot
LSO
n[\_lz
%;’7 | f LSH)\"IZ _
s % SHT8
IE] Rl
LS374
18 19 BAD
1
P TR FRTY]
17 2 20 16 BA2
4 ks 3a S BA3
4D 4Q 5
14 50 sa 3 BAY
6D g F&—BAS
o e
80 [
1 LK
1o oF

GRAPHICS SHT8

2 _Lsn
13] a7 J2 1 _LS00

13_LS00
Ub "
12} J
+5
SREF ADR  SHT3
104 TuLSTyY
12| ere |8
D e
vis
1 aK 6 9
R

‘I’l
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SHT |

SHT |

SHT 2

SHT2

SHT 4

SHT 4

SHT 3

SHT 3
SHT2

SHT2

800

B8D2
8D3

BDS
BD6
BD7

CPU LATCH
CRT LATCH
DOTCLK
S/UC

WE

RAPHIGTON
VMEMR(2)
A0

T

o SHT 8
13 SHT 8
GRAPHICS SHT 3,5
CHAIN  SHTW
) u3l
3| MODO  SHTS,II
DI ———— M0DI
=12 —— MoD2
03 MOD3
I MODY
5 \ ——— wops
b ——MOD6
o7 o7 |22 ) MODT  SHT S, i1
——I';u'u LATCH '
—— 1 cRT LaTcH o]
S — [ MOD6 (S
16]5/C 17]
WE a3
10 GND AD Iy
3L_GND Al_]4°
%0 VDD AA2_ 12
oW aa3 1A
15 | e Ay 500
EN A5
T A6 6|45
MDSEL o] %6
lod 2a2 THSUW16
e
mioo)30 {0 L i MIDO  SHT 8,11
mipl P2 = ———— MIDI  SHT 811
M102J 53— L Thstule ————MID2  SHTB,II
MO~ MID3  SHT 2,811
mipu2e MID4  SHT 8,
HMipSHEI—o [ r e MID5  SHTB.II
106} A mipe 2 ———— MIDt SIS
MID7| HIDT 3 gea? o MIDT  SHTS8,H
RAPHICS CONTROL bz 151pg,
MID3 17]003
MiD4 2
MIDs 31000
"
o7 7202 V5!
AD_14]
R Al_13] 40
— )]
A3 ]
YORCH foid
_ T A5 7AY
YT g
— A7_10] 4%
s drrs -
Ldas THSYu16
“dy
I
— 4
- D
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SHT

SHT

SHT

SHT

SHT

SHT

M

©}& e SHT B
a 3] SHT 8
oro HZ CDSELO SHT 4
opr U COSELT $HTW
uz1
800 2o Mz00 |22 M2D0  SHT 5.8
3 8\ ——— Mzp1
BD! ——n M201 |35
B02 ——Hp2 2023 \ ———— M2D2
803 03 m203 |52 M203
BOY o4 M2D4 = :gg‘;
805 05 mM205 13 ———reos
o0 6 206 12 M200 2 7 T 5.8
807 o7 H2D7 M2DT  SHT 5,
17
CPU LATCH 5] CPY LATCH
CRT LATCH 2 CRT LATCH
DOTCLK  ————————E (1K
s/t — st
WE — L 10_GND oa
M T BAT ;:I"
4 VDD 882 A
P - VoD BA3_ 11
GRAPHICSTOW 15 Tow BA 87
VHEMR {2 FFD a7
B W] LMY g
Az FDSEL BAT 10 .
3 L -
RS
bdere TMSU416
40
300 {22 1 g M3ID0  SMT It
T Al ————M3DIL
3022 THSWH6 ——M3D2
M3 —— = - M3D3
Moy Fe—— M3DY4
H;g‘; & M ——— M30S
MID6 |52 ———— 1306
M7 o MIDT  SHT 1l
GRAPHICS CONTROL
BAD
Bal _—
8A2 —_— | ]
8A3
BAY
BAS _
BAb —_—
BA7
RS2 s dme
RES3 i ) —
506 o] T™Su 6
VE |
= TMSUYI6
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Lsis7
SHT 6 I3 _——:c""
SHT6 HID) ———————————— 8 N ATTRIBUTE _LSI
SHT 6 U 3 2 1y
SHT 6 HIDI 28 2
SHTT @ @ — 2034 u23 2;’7———‘ 101 arrosco
SHT6 Mp2 ———— 358 .‘: 7 3 Jatmisct
SHTT L — 1 M L 8 lama/c2
SHT6 Moy ———————————bup srals T arRacs
SEL
'
SHTS  GRAPHICS
SHT 6 MiDW AT
SHT6 HIDS 5 |ares
SHT& MIDG L] Re
SHT6 HID? a7 19
[

SHT? n200 20lcco pird

M201 (q PZ}K

n202 2 u2s Pt

M203 «3 pupd

H2DY (43 P

n205 Hees

nzoe o
SHT 7 M207 «
suTs TG 3 e
SHTt 800 2100

BDI 211p1

802 Loz

ab3 203

804 - b

26 ]

SHT1 805 05 Ve 5V
SHT2 CRT LATCH L4 cRTLATCH .
SHT2 ATRS/T L5 is /] »
SHT2 DOT (LK —2{porcLk onof —
SHT3 BLANK 29181 ANK =
SHT3 VSYNC 32 4ypTc
SHT3 DE 35]0E
SHT 3 CURSOR/UL 9] cursor
SHT4 ATRIOR iR
SHTu ATRIOW 12
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G/t
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SHT 10 R OUT

!
SHT 16 HOUT
SHT 9 HPOL
SHT 3 HSYNC

SHT 9 VPOL
SHT 3 VSYNC

SHT 8 G
e
/1
: By
{ %
sHT 8 A
SHT | 800
| ]
1 802
ST 1 BD3
SHT 4 FCIOW
SHT 1 800
&DI
802
803
D%
BDS
806
SHT 1 ED7

SHT 4 MODE IOW

SHT I RESET

SHT 10 FEAT O
SHT 10 FEAT |
SHT 3 CRTINT
SHT 4 STATUS |

SHT 4 TPSET

SHT 4 [PCLR
SHT w  ATRIOR

LT R
5))us
T4LS8
BAY 3
2 us
7
THLS 244
TaLses s s R2
Ton 3 RI
i v [ o
YT
13 ’T
A3 3 R8 s
A4 1y’
] iz R3 H
S RY
175 g ;
R — L R YT L L L L 1 L L L
foy 2 [ 4 bk D-1vPE
:;Ei : [ _Fz lz' —Ee F’ o TO' @ ld CONNECTOR
I
CLR
2
5
b
5
12
Qis
807 nlal Safs
X 80
Son (ax]
SD 6
Gas
lo+s RP
6 PIN SIP Lsis3
' 8 3] of s
2 T i
3 SWi 3
M 5
X6 BER y TYLSTY
of——012v LS04 .5 2f PR ]s
sf—osv 9N M 51Pus
f——ocn
P2 [ TLPEN S ° L2 48
2] -LPEN 1N
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HIN  SHT 10
VIN  SHT 10

FCO  SHT 10
FCI_SHT 10

VPOL SHT 9

BOI SHT !

LPEN STB  SHT 3
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SHT
SHT

SHT
SHT
SHT
SHT
SHT
SHY

SHT

9
9
f
8
]
9
9
3
2

9

/1
B/V
14MHZ
HIN
VIN
BLANK
ATRS/L
45V

INTERNAL
+12v

-2V

GND
GND

22 Ju

S
J2
EXT VIDEO

FEATURE CONNECTOR

NOTE :

GROUNDS - ONE AT EACH END OF CONNECTOR.

Ji
VIDEO JACK

Enhanced Graphics Adapter Sheet 10 of 11

FEAT 0
FEAT |
EXT 0SC
ROUT
Gout
BOUT
R'OUT
G'out
B'OUT
HOUT
vout

SHT 9
SHT 9
SHT 2
SHT 9

SHT 9
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v
-3
- - S

28~

SHT
SHT

2x32 CONNECTOR

|

o[ [N [ o
MM e bd

[F3 s

MEMORY £ XPANSION

2x32
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SHT &

SHT 4
SHT 5

SHY S
SHY &

SHT &
SHT 7

SHT 7

M307

1...1 ol

1—"’-[ 10uF ]

L

Cci=Cle
O4TuF

42 6l
0] 62
40 55
39 60
57
7 58
B 55
5
m
2
30
b
2 S
27 Pl 2
28 2x32 e
2 i
3
22} 51
20 5y
20| 5
9 O
B W
7 iy
b [0
5 IS0
[
< ?v
E' 52 ia Iy
; 22a 2v
e i
murl' " w
6A
u9
THLSO4
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SHT 4,5

SHT &
SHT 6

SHT 6.7
SHT 4,5
SHT 4,5
SHT 4,5
SHT 6,7
SHT 6,7
SHT 6,7
SHT &
SHT S
SHT &
SHT 7
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66 1ddepy somdery pasueyuy JAMI

5V 5V +5Y
9 9 9
16 16 16
s-16 | o 16| {16
5 S 5
[ T —
14 1 4 L 4 !
T we 3] Yl 3 vl ps
=] Yule = 3] uweie = 2] wwe =
0 ) T
2 2
7 3 3 7 E}
) 15 ) 15 [ 15
10 7 ) 17 10 17
L18 8 Z18
45V +5V 45V
9 9 9
16 16
5 5
Y L4 ]
[ 1 19 | Ty 1
3| U9 1 3] U 1 3] Y2 1
5] uste < z] 446 = 2] wdle =
) ) il
] 2 L —— 8] 2 8 2
7 7 3 7 3
3 15 3 Ts 5
10 17 10 |ﬂ [ 7
Iis Lis PAL]
MODO SHT 3
MoDI
MOD2
MOD3
MODY
MODS

MOD6
MOD7 SHT 3
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¥V +5V +5V
f I I
o] e o
-2 - 12|
vzo e ;;‘ vz P [N
w416 = 2] 4ule = wwie | =
2 2
g 3 3 3.
6 5 3 1S i5
0 7 10 17 [} 7
Lis L L8
+5V +SV +5¢
i L I
16 I
S L5
] L u
Y 1 ! 4 1]
3] var us 3 ve 1
2] 4ule W4le = 4416 =
1 | I
2 2 2
3
3 is 15 15
0 17 i0 17 I i7
L8 L8 Lie
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MIDO SHT3
MIDI
MID2
MiD3
MIDY
MIDS

M1D6 1
MIDT SHT3
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SHT 3 BAAS |

SHT 3 BCAS 3
SHT 3 RAS 2
SHT 3 WE 2

SHT 3 A0
Al
A2
A3
AY
45
Ab
SHT 3 a7
v T»sv +5v
9 9 9
16, L
- Rl
—— .-y
(] L] [} 1
vz ) us i us ]
hald = uale 1 2| e =
iV
2 2 2
3 3 3
I3 1S 1S 1S
10 7 L 17 [ 17

J=_}a e Jf_w

+5V 5V +5v
T" L Tv

16
3
W

' !
v23 uis
uule L3
2
3

fe
fc
IwN =
'I'J

SENN
o
o
=[5

-
&
5
=
=&
3
i
@

M200 SHT 3

M20b
H2D7 SHT 3

Graphics Memory Expansion Card Sheet 4 of 5

431dvav SIIHdVH 9 GIINVHNI



19)depy soydern pasuequy NGl 201

SHT

+5v 5y +5v
i ] T ] ]
16 1 1
- 1
b 1] ] a3
I T |
uzy uls 1 v
s l wub l 2] e =
1
2 2 2
3 3
5 5 5
I (@ i 1] 0 7
® I Lo
+5v +5v +5v
I. s .
® b L]
—— —%] Y
[k | I i [ Il
uzs 53 L w8
: wio _l 0 uule ) uuie 1
! L [ - T =
2 2 2
3 3 3
z 13 ; (] . 5
(3 7] 17
B
[ Tie Le
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BIOS Listing

Vectors with Special Meanings
Interrupt Hex 42 - Reserved

When an IBM Enhanced Graphics Adapter is installed, the BIOS
routines use interrupt 42 to revector the video pointer.

Interrupt Hex 43 - IBM Enhanced Graphics Video
Parameters

When an IBM Enhanced Graphics Adapter is installed, the BIOS
routines use this vector to point to a data region containing the
parameters required for the initializing of the IBM Enhanced
Graphics Adapter. Note that the format of the table must adhere
to the BIOS conventions established in the listing. The power-on
routines initialize this vector to point to the parameters contained
in the IBM Enhanced Graphics Adapter ROM.

Interrupt Hex 44 - Graphics Character Table

When an IBM Enhanced Graphics Adapter is installed the BIOS
routines use this vector to point to a table of dot patterns that will
be used when graphics characters are to be displayed. This table
will be used for the first 128 code points in video modes 4, 5, and
6. This table will be used for 256 characters in all additional
graphics modes. See the appropriate BIOS interface for
additional information on setting and using the graphics character
table pointer.
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= 0000

4 SOBNONEWN -

0N0B0000N00000N000000000000000000000000000000000000000000000000 00000000ANNANN0NN0NNNN0000N0CN0Nl00N00N0000000

PAGE, 120

TFITLE ENHANCED GRAPHICS ADAPTER BIOS

EXTRN CGMN:NEAR, CGDDOT:NEAR, INT_1F_1:NEAR, CGMN_FDG:NEAR
EXTRN END_ADDRESS: NEAR

i

THE BIOS ROUTINES ARE MEANT TO BE ACCESSED THROUGH
SOFTWARE INTERRUPTS ONLY. ANY ADDRESSES PRESENT (N
THE LISTINGS ARE INCLUDED ONLY FOR COMPLETENESS
NOT FOR REFERENCE. APPLICATIONS WHICH REFERENCE
ABSOLUTE ADDRESSES WITHIN THE CODE SEGMENT
VIOLATE THE STRUCTURE AND DESIGN Of BI0S

WNR EQu 0
Llist
INCLUDE VFRONT. ING
SUBTTL VFRONT. INC
PAGE
j=== INT 10
; VIDEO_l1O

;
H

TTHESE ROUT INES PROVIDE THE CRT INTERFACE

THE FOLLOWING FUNCTONS ARE PROY)DED:
(AH)=0 SET MODE (AL) CONTAINS MODE VALUE

AL AD TYPE RES NOTES DF-DIM DISPLAY MAX PGS
0 B8 ALPHA 6L0X200 40X25 COLOR - BW 8
1 B8 ALPHA 40X200 4ox25 COLOR 8
2 B8 ALPHA 40X200 80X25 COLOR - BW 8
3 B8 ALPHA 40X200 80X25 COLOR 8
4 B8 GRPHX 20%200 HOX25 COLOR 1
5 B8 GRPHX 320x200 4OX25 COLOR - BH 1
6 B8 GRPHX  640X200 B80X25 COLOR - 1
7 BO ALPHA 720X350 80X25 MONOCHROME 8
8 RESERVED
9 RESERVED
A RESERVED
B RESERVED - INTERNAL USE
C RESERVED - INTERNAL USE
D AC GRPHX 320%200 40X25 COLOR 8
E AQ GRPHX  640X200 80X25 COLOR 4
F AQ GRPHX 640X350 80X25 MONOCHROME 2

10 AQ GRPHX 640X350 80X25 hi res 2

NOTE : HIGH BIT AL SET PREVENTS REGEN BUFFER CLEAR ON
MODES RUNNING ON THE COMBO VIDEO ADAPTER

*%% NOTE BW MODES OPERATE SAME AS COLOR MODES, BUT
COLOR BURST IS NOT ENABLED
(AH)=1 SET CURSOR TYPE
(CH) = BITS 4=-0 = START LINE FOR CURSOR
#% HARDWARE WILL ALWAYS CAUSE BL!
#* SETTING BIT 5 OR 6 WILL CAUSE HRRATIC
BLINKING OR NO CURSOR AT ALL
(CL) = BLTS -0 = END LINE FOR CURSOR
(AH)=2 SET'CURSOR POSIT)
(OH,DL) = ROW, COLUMN (0,0) 1S UPPER LEFT
(BN) = PAGE NUM
(AH)=3  READ CURSOR PDSITION
(BH) =

ON EXIT (UH DL) now COLUMN OF CURRENT CURSOR
(CH,CL) = CURSOR MODE CURRENTLY SET
(AH)=l4  READ LIGHT PEN' POSITION
ON EXIT:
(AH) = 0 ~- LIGHT PEN SWITCH NOT DOWN/NOT TRIGGERED
(AH) = 1 == VALID LIGHT PEN VALUE IN REGISTERS
,DL) = ROW,COLUMN OF CHARACTER LP POSN
(CH) = RASTER LINE (0-199)
(CX) = RASTER LINE (0-NNN) NEW GRAPHICS MODES
(BX) = PIXEL COLUMN (0-319,639)
(AH)=5 sELEcT ACTIVE DISPLAY
L) = PAGE VALUE, SEE AH=0 FOR PAGE INFO
{AH)=6 SCROLL ACTIVE PAGE UP
(AL) = RUMBER OF LINES, INPUT LINES BLANKED AT BOTTOM
OF WINDOW

AL = O MEANS BLANK ENTIRE WINDOW
(CH,CL) = ROW,COLUMN OF UPPER LEFT CORNER OF SCROLL
(DH,DL) = ROW,COLUMN OF LOWER RIGHT CORNER OF SCROLL
(BH) = ATTRIBUTE TO BE USED ON BLANK
(AH)=7 SCROLL ACTIVE PAGE DOWN
(AL) = NUMBER OF LINES, INPUT LINES BLANKED AT TOP
OF WINDO!
AL = 0 MEANS BLANK ENTIRE WINDOW
,CL) = ROW,COLUMN OF UPPER LEFT CORNER OF SCROLL
,DL) = ROW,COLUMN OF LOWER RIGHT CORNER OF SCROLL
) = ATTRIBUTE TO BE USED ON BLANK LINE

CHARACTER HANDLING ROUTINES

(AH)} = 8 READ ATTR)BUTE/CHARACTER AT CURRENT CURSOR POSITION
H) = DISPLAY

CNAR READ
ATTRIBUTE OF CHARACTER READ (ALPHA MODES ONLY)
ATTRIBUTE/CHARACTER AT CURRENT CURSOR POSITION
DISPLAY PAGE
COUNT OF CHARACTERS TO WRITE

CHAR TO Wi
ATTRIBUTE OF CHARACTER (ALPHA)/COLOR OF CHAR
(GRAPHICS

SEE NOTE ON WRITE DOT FOR BIT 7
(AH) = A WRITE CHARACTER ONLY AT CURRENT CURSOR PQSITION

)=

(CX) = COUNT OF CHARACTERS TO WRITE

(AH) = 9

pn
uunumuné
3

(AL) = CHAR TO Wl

FOR READ/VRITE CHARACT! ER INTERFACE WRILE IN GRAPHICS MODE, THE

HARACTERS ARE FORMED FROM A CHARACTER GENERATOR IMAGE
MAINYAINED IN THE SYSTEM ROM. ONLY THE 1ST 128 CHARS
ARE CONTAINED YN[RE TO READ/WRITE THE SECOND 128
E USI MUST INITIALIZE THE POINTE

INTERRUPT |FH (LOCATION 0007CH) TOQ POINT TO THE 1K BYTE
TABLE CONTAINING THE CODE POINTS FOR THE SECOND
128 CHARS (128-255).

FOR THE NEW GRAPHICS MODES 256 GRAPHICS CHARS ARE
SUPPLIED IN THE SYSTEM ROM,

FOR NRITE CHARACTER INTERFACE IN GRAPHICS MODE, THE REPL(CAT!ON
ACTOR CONTAINED IN (CX) ON ENTRY WILL PROOUCE VALID
R[SVLTS ONLY FOR CHARACTERS CONTAINED ON THE SAME ROW.
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CONTINUATION TO SUCCEEDING LINES WILL NOT PRODUCE
CORRECTLY.

GRAPHICS INTERFACE
(AH) = B_ SET COLOR PAL|
FOR US( IN COHPAT[BILITV MODES
(BH) = PALETTE COLOR ID BEING SET (0-127)
(BL) = COLOR VALUE TO BE USED WITH THAT COLOR ID
NOTE: FOR THE CURRENT COLOR CARD, THIS ENTRY POINT
HAS MEANING ONLY FOR 320X200 GRAPHICS,
COLOR 1D = 0 SELECTS THE BACKGROUND COLOR (0-15)
COLOR 10 = § SELecrs Ta PALETTE 10 BE USED:
GREEN(1)/RED(2)/BRi 3)
CYAN(1 )/mccun(e)/wnnz( 3)
IN uoxzsron 80X25 ALPHA MODES, THE VALUE SET
O

Ce
WHERE 16-31 SELECT THE HIGH INTENSITY
BACKGROUND SET).

(AH) = C HRITE DOT

ROH
) COLUMN NUMBER
AL) = COLOR VALIIE
IF BIT 7 O THEN THE COLOR VALUE IS
$XCLUSIVE OR'D VITH THE CURRENT CONTENTS OF

HE
(AH) = D READ DOT
RON ER

= COLUM NIJ BER
RETURNS THE DOT READ

ASC!| TELETYPE ROUTINE FOR OUTPUT

(AH} = E WRITE TELETYPE TO ACTIVE PAGE
AL} CHAR TO W

L) FOR| EGROUND COL R IN GRAPHICS MODE

NOTE -- SCREEN WIDTH 1S CONTROLLED BY PREVIOUS MODE SET

(AH) = F_ CURRENT VIDEQ STATE
RETURNS THE CURRENT VIDEO STATE
AL) = MODE CURRENTLY SET (SEE AH=0 FOR EXPLANATION)
(AH) = NUMBER OF CHARACTER COLUMNS ON SCREEN
(BH) = CURRENT ACTIVE DISPLAY PAGE

(AH) = 10 SET PALETTE REGISTERS

(AL) = O SET lND!VIDUAL PALETTE REGISTER

BL = PALETTE REGISTER TO BE

BH = VALUE TO

AL = SET OVERSCAN REGISTER .
BH VALUE T0 SET :
AL = 2 ET ALL PALETTE REGISTERS AND OVERSCAN

ES:DX I’OINTS TD A 17 BYTE TAl
BYTES 0O 15 ARE THE PALETTE VALUES, RESPECTIVELY
BYTE 16 ls THE OVERSCAN VALUE

AL = 3 TOGGLE INTENSIFV/BLINKING 81T
BL - 0 ENABLE INTENS
BL - 1 ENABLE BLINKING

(AH) = 11 CHARACTER GENERATOR ROUTINE
note : this call will initiate a mode set, completely
resetting the video environment but maintaining
the regen buffer,

AL = 00 USER ALPHA LOAD
ES BP - POINTER TO USER TABLE
- COUNT TO STO
DX - CHARACTER OFFSET INTO TABLE
BL - BLOCK TO LOAD
- NUMBER OF BYTES PER CHARACTER
AL = 01 ROM HONOCHROME SET
BLOCK TO LOAD
AL = 02 ROH 8)(6 DOUBLE DOT
BLO!
AL = 03 SET BLOOK SPECIFIER
- CHAR GEN BLOCK SPECIFIER
D3-D2 ATTR BIT 3 ONE, CHAR GEN 0-3

1-|
NOTE : NNEN USING AL = 03 A FUNCTION CALL
H

18 RECOMME"DED 70 SET THE COLOR PLANES
RESULTING IN 512 CHARACTERS AND EFIGHT
CONSISTENT COLORS.

NOTE : THE FOLLOWING INTERFACE 1AL='IX) IS SIMILAR N FUNCTION
TO (AL=0X) EXCEPT THAT

PAGE ZERQO MUST BE ACTIVE

POINTS (BYTES/CHAR) WILL BE RECALCULATED

-~ ROWS WILL BE CALCULATED FROM THE FOLLOWING:

INT{ (200 OR 350) / POINTS] - 1
CRT_| LEN HILL BE CALCULATED FROM :
+ 1) % CRT_COLS * 2

THE CRIC HILL BE REPROGRAMMED AS FOLLOWS :

RO9H = POINTS - 1 SCAN LINE

'

'

H
H

Rogn done only |n mod 7 H
ROAH = POIN 2 CURSOR START H
ROBH = 0 CURSOR END H
RI12H = VERT DISP END H

LLROWS + 1) # POINTS) - 1 :
RIGH = TS UNDERLINE LOC

THE ABOVE REGISTER CALCULATIONS MUST BE CLOSE TO THE
ORIGINAL TABLE VALUES OR UNDETERMINED RESULTS WiLL
CCUR.

NOTE : THE FOLLOWING INTERFACE IS DESIGNED TO BE :
CALLED ONLY IMMEDIATELY AFTER A MODE SET HAS :
BEEN I1SSUED, FAILURE TO ADHERE TO THIS PRACTICE :
MAY CAUSE UNDETERMINED RESULTS.

H

AL = 10 USER ALPHA LOAD H
ES BP - POINTER TO USER TABLE
~ COUNT TO STORI

H DK - CHARACTER OFFSET INTO TABLE

H BL - BLOCK TO LOAD

B BH - NUMBER OF BVTES PER CHARACTER

H AL = 11 ROM MONOCMROME SET H
H BL TO LOAD B
H AL = 12 ROM 8)(8 DOUBLE DOT H
H BL - BLOCK TO LOAD H
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NOTE : THE FOLLOWING INTERFACE IS DESIGNED TO BE
CALLED ONLY IMMEDIATELY AFTER A MODE SET HAS
BEEN ISSUED. FAILURE TO ADHERE TO THIS PRACTICE
MAY CAUSE UNDETERMINED RESULTS. :

AL = 20 USER GRAPHICS CHARS INT O1FH (8X8)
:BP = POINTER TO USER TABLE
USER GRAPHICS CHARS
BP - POINTER TO USER TABLE
C)( = POINTS (BYYES PER CHARACTER)
BL - ROW SPECIFIER

BL = 0 USER
DL - ROWS
11
2 25 (19H)
3 43 (28H)

AL = 2

®
-
W

AL = 22 ROM
AL = 23 ROM

X 14 SET

ROW SPEC!FIER
X 8 DOUBLE DOT
ROW SPECIFIER

1o 1o

AL = 30 INFORMAT 1ON
(28 -

DL - ROWS

BH -0 RETURN CURRENT INT 1FH PTR
ES:BP - PTR TO TABLE H

BH -1 RETURN CURRENT INT 44H PTR i
ES:BP - PTR TO TABLE

BH -2 RETURN ROM 8 X 14 PTR
ES:8P - PTR TO TABLE

BH -3 RETURN ROM DOUBLE DOT PTR
£S:BP - PTR TO TABLE

BH -4 RETURN ROM DOUBLE DOT PTR (TOP)
ES:BP - PTR TO TABLE

BH -5 RETURN ROM ALPHA ALTERNATE 9X14
ES:BP - PTR TO TABLE

(AH) = 12 ALTERNATE SELECT

BL = 10 RETURN EGA INFORMAT|ON
BH 0 - COLOR MODE IN EFFECT <3><D><X>
1 - MONOC MODE IN EFFECT <3><B><X>
BL = MEMORY VALUE
0 0 - 064K 0 1 - 128K
10 - 192K 11 - 256K
CH = FEATURE BITS
CL = SWITCH SETTING

BL = 20 SELECT ALTERNATE PRINT SCREEN ROUTINE

(AH) = 13 WRITE STRING
ES:BP - POINTER TO STRING TO BE WRITTEN
CcX - CHARACTER ONLY COUNT H
(228 - POSITION TO BEGIN STRING, IN CURSOR H
TERMS

BH - PAGE NUMBER

AL = 0
BL - ATTRIBUTE
STRING - (CHAR, CHAR, CHAR, ...)
CURSOR NOT MOVED

BL = ATTRIBUTE
STRING - (CHAR, CHAR, CHAR, ...)
CURSOR IS MOVED

STRING - (CHAR, ATTR, CHAR, ATTR, ...)
CURSOR NOT MOVED

STRING - (CHAR, ATTR, CHAR, ATTR
CURSOR IS MOVED

AL =2

AL =3

NOTE : CHAR RET, LINE FEED, BACKSPACE, AND BELL ARE
TREATED AS COMMANDS RATHER THAN PRINTABLE
CHARACTERS.

SRLOAD MACRO  SEGREG, VALUE
I FNB <VALUE>
IFIDN <VALUE>, <0>
suB DX, DX

ELSE
MOV DX, VALUE
F

AH, 08FH
15H
Mov SEGREG, DX

WiN MACRO
1F WNR
MOV AH, OBEH
INT 15H
ENDIF
IN AL, DX
ENDM

WOUT  MACRO

IF WNR

PUSH AX

MOV AH, 08DH

INT 15H
ENDIF
ouT DX, AL
{F WNR
POP AX
ENDIF
ENDM

WLXS MACRO SEGREG, TARGREG, VALUE
IF WNR
PUSH [

MoV TARGREG, VALUE
SRLOAD ~SEGREG, VALUE+2
POP

0ODONON000000NN000NR000000N000N00N0000000000000000000000000000N00000000000000NNN00000000N0N00N0000000NNNNN0ND0NNNNNNNN00000000

ELSE
L&SEGREG TARGREG, VALUE
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o488

04A8
04A8

1777

)

S3BIRIEIR2ETIIRFEINIES

I 00 09 09 00 09 00 600 09 08 (9 49 00 G 9 a3 09 603 10 GRG0 00

O BaB00000000000000000000000060000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

ENDIF

ENDM
jmm——— LOW MEMORY SEGMENT
ABSO SEGMENT AT o

OR( 005H*L ; PRINT SCREEN VECTOR
INT5_PTR LABEL DWORD

G 010H*y 3 VIDEO 1/0 VECTOR

VIDEO LABEL DWORD

ORG Q1FH*Y ; GRAPHIC CHARS 128-255
EXT_PTR LABEL DWORD

ORG OU2H*Yy ; REVECTORED 10H%4
PLANAR_VIDEO LABEL DWORD

ORG O43H*y 3. GRAPHIC CHARS 0-255
GRX_SET LABEL DWORD

ORG 0410H
equip_low label byte
EQUIP_FLAG DW ?

- REUSE RAM FROM PLANAR B10S

ORG 49K
CRT_MODE DB ?
CRT_COLS oW ?
CRT_LEN oW ?
CRT_START oW ?
CURSOR_POSN oW 8 DUP(?)
CURSOR_MODE ow ?
ACT IVE_PAGE 0B ?
ADDR_6i oW 2
CRT_MODE_SET 0B ?
CRT_PALETTE oB ?

ORG 0472H
RESET_FLAG DW ?

ORG 048UH
ROWS DB ? ; ROWS ON THE SCREEN
POINTS OW ? ; BYTES PER CHARACTER
INFO DB ?
; INFO
H D7 - HIGH BIT OF MODE SET, CLEAR/NOT CLEAR REGEN
; D5 ~ MEMORY D6 D5 = 0 0 - 064K
H 05 - MEMORY 10 - 192K 1 1 - 256!(
H D4 - RESERVED
H D3 - ega active monitor (0), ega not active (1)
H 02 - wait for display enabie (1)
H D1 ~ EGA HAS A MONOCHROME ATTACHED (1)
H DO - set c_type emulate active (0O
INFO_3 08 ?
5 INFO_3
H D7-D4 FEATURE BITS
H D3-D0 SWITCHE:

Okash

save_ptr label dword

==--~ save_ptr

save_ptr is a pointer to a table as described as follows :

dword_1 video parameter table pointer

dword_2 dynamic save area pointer

dword_3 alpha mode auxiliary char gen pointer
dword_4 graphics mode auxiliary char gen pointer
dword_5 reserved

dword_6 reserved

dword_7 reserved

dword_1 Parameter Table Pointer

Initialized to B10S EGA parameter table.
This value MUST exist.

dword_2 Parameter Save area pointer
Initialized to 0000:0000, this value is optional.
when non-zero, this pointer will be used as pointer

to a RAM area where certain dynamic values are to

be saved. When in EGA operation this RAM area will
hold the 16 EGA palette registeT values pius

the overscan value in bytes 0-16d respectively.

At least 256 bytes must be allocated for this area.

dword_3 Alpha Mode Auxiliary pointer
Initialized to 0000:0000, this value is optional.
wWhen non-zero, this pointer is used as a pointer
to a tables described as follows :

byte bytes/character

byte block to load, should be zero for normal
operation

word count to store, should be 256d for normal
operat

word character offset, should be zero for normal

operation
dword pointer to a font tabie
byte dlSD|8¥Bb|e rows

the maximum calculued value will be
used, else this value will be
byte consecutive bytes of mode values for which

this font description is to be used.
The end of thls stream is indicated by a
byte code of 'FF'

dword_4 Graphics Mode Auxiliary pointer
Initialized to 0000:0000, this value is optional,
When non-zero, this pounter is used as a pointer
to 3 tables described as follows :

byte displayable rows

word bytes per character
dword pointer to a font table
byte consecutive bytes of mode values for which

this font description is to be used.
The end of tnls stream is indicated by a
byte code of 'FF'
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505 c ; dword_5 thru dword_7
506 c ; Reserved and set to 0000:0000.
507 c
508 c
509 c ORG 05004
10 C STATUS_BYTE [
n C ABSO ENDS
12 c
13 C PORT_B EQU 61H ; 8255 PORT B ADDR
:l; g TIMER EQu 4OH
16 C ;==--- EQUATES FOR CARD PORT ADDRESSES
17 c
18 c SEQ_ADDR EQU OCYH
19 c SEQ_DATA EQU 0CS5H
20 c CRTC_ADDR EQU ODH
21 c CRTC_ADDR_B Ef 0B4H
22 c CRTC_DATA EQU 0D5H ; OR 0B5H
23 c GRAPH_1_POS EQU 0CCH
524 c GRAPH_2_P0S EQU QOCAH
525 c GRAPH_ADDR EQU OCEH
526 c GRAPH_DATA EQU OCFH
527 c MISC_OUTPUT EQU 0C2H
528 c IN_STAT_O EQU 0C2H
29 c INPUT_STATUS_B EQU 0BAH
30 c INPUT_STATUS EQU 0DAH
31 c ATTR_READ Qu 0DAH
g§ (c) ATTR_WRITE EQU 0COH
gl; g ;====- EQUATES FOR ADORESS REGISTER VALUES
536 c S_RESET EQU 00H
537 c $_CLOCK EQU 01H
538 c S_MAP EQu 02H
539 c S_CGEN EQU 03H
540 c S_MEM EQU OlH
541 c
542 c C_HRZ_TOT EQu 00H
543 c C_HRZ_DSP £QU OTH
544 C C_STRT_HRZ_BLK EQU 02H
545 c C_END_HRZ_BLK  EQU 03H
546 C C_STRT_HRZ_SYN EQU QUH
547 c C_END_HRZ_SYN EQU 05H
548 c C_VRT_TO EQU 06H
549 c C_OVERFLOW EQu 07H
550 c C”PRE_ROW EQU 08H
551 c C_MAX_SCAN_LN EQU 09H
552 c C_CRSR_START £Qu OAH
553 c C_CRSR_END EQU 0BH
554 c C_STRT_HGH EQU 0CH
555 C C_STRT_LOW EQU ODH
556 C C_CRSR_LOC_HGH EQU OEH
557 C C_CRSR_LOC_LOW EQU OFH
558 c C_VRT_SYN_STRT EQU 10H ; WRITE ONLY
559 c C_LGHT_PEN_HGH EQU 10H ; READ ONLY
560 c C_VRT_SYN_END £QU 11H 5 WRITE ONLY
561 c C_LGHT_PEN_LOW EQU 11H ; READ ONLY
562 c C_VRT_DSP_END EQU 12H
563 Cc C_OFFSET EQu 13H
564 c C_UNDERLN_LOC EQU 14H
565 c CZSTRT_VRT BLK EQU 15H
566 C C_END_VRT_BLK EQU 16H
567 c CTMODE_CNTL EQU 17H
568 C C_LN_COMP EQu 18H
569 C
570 c G_SET_RESET EQU O0H
571 c G_ENBL_SET EQU 01H
572 C G_CLR_COMP EQU 02H
573 c G_DATA_ROT EQU 03H
574 c G_READ_MAP EQU OL4H
575 c G_MODE EQU 05H
576 c GMISC EQU 06H
577 C G_COLOR EQU Q7H
578 C G_BIT_MASK EQU 08H
579 [
580 C P_MODE EQU 10H
581 c P_OVERSC EQU 1H
582 C _CPLANE EQU 124
583 C P_HPEL £Qu 13H
584 Cc
585 < SUBTTL
586
587 ;=---- CODE SEGMENT
588
589 CoDE SEGMENT PUBLIC
590
591 C 1NCLUDE VPOST. INC
592 C SUBTTL VPOST. INC
593 c PAGE
594 C
595 C ;=== POST
596 c
597 C ASSUME CS:CODE, DS:ABSO
598 C ORG OH
599 C [2):3 055H ; SIGNATURE
600 9 [2:] OAAH ; BYTES
601 Cc DB 020H ; LENGTH INDICATOR
602 c
603 g F NOTE : do not use the signature bytes as a presence test
604
605 c 3 PLANAR VIDEO SWITCH SETTINGS
606 C
607 c ; 0 0 - UNUSED
608 c ; 0 1 - 40 X 25 COLOR
609 c 10“80)(25(300
610 c 1 1 - 80 X 25 MONOCH
611 C ; NOTE : O O MUST BE SET NHEN THIS ADAPTER 1S INSTALLED.
612 c
613 [ VIDEO ADAPTER SWITCH SETTINGS
614 c
615 c 0000 - MONOC PRIMARY, EGA COLOR, 40X25
616 c ] 0 1 - MONOC PRIMARY, EGA COLOR, 80X25
617 c 00 10 - monoc primary, ega hi res emulate (same as 0001)
618 [ 0 0 1 1 - MONOC PRIMARY, ega hi res enhanced
619 c ; 0 100 - COLOR 40 ?RIMARV EGA MONOCHROME
620 c ; 0 10 1 - COLOR 80 PRIMARY, EGA MONOCHROME -
621 C
622 c 0 1 1 0 - MONOC SECONDARY, EGA COLOR, 4OX25
623 c 0.1 1 1 - MONOC SECONDARY, EGA COLOR, 80X25
624 c 100 0 - monoc secondary, ega hi res emulate (same as 0111)
625 c 1 0 0 1 - MONOC SECONDARY, E i res enhanced
626 c 101 0 - COLOR 40 SECONDARY, EGA MONOCHROME
627 c 101 1~ COLOR 80 SECONDARY, EGA MONOCHROME
628 c
629 [ 1 10 0 - RESERVED
630 c 1 0 1 - RESERVED
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0026

B6
BO

EE
B2

EE
B2

EC
Do

D2

DA

06 004l
OE 00U
06 010
06 OLA
0E O04A
06 007
0OE 007

0OE 010

06 048
009C R
1E_0u8:
00D1 R

10

03

60
E8

30
30 30 33
43 29 43
52 49 47
49 42 4D
38 33

30 33 2F
0 R OCDA
2 R

8 & FO65
A R FOOO
8 R 010F
A R

C R 0000
E R

C R 0000
E R

7 R O

8 R

8 R

8 R

v

-

?

+

+00%

00QO00ENNQA00000000000000000000000060000000000Q000000N0NNNAA0QN0NRNARNEANNENNARENNNONNANANANNNN0QQEONNNNNNNNENNNNNRNNNNONNDONNNN

11 10 - RESERVED
1111 - RESERVED

j===== SETUP ROUTINE FOR THIS MODULE

VIDEO_SETUP PROC_ FAR
JMP SHORT L1
o8 7 '
08 16320030 (C)COPYRIGHT IBM 1983"
o8 '11/03/83"

;====- SET UP VIDEO VECTORS

L
mov dh,3
mov dl, input_status
in al,dx
mov dl, input_status_b
in al,dx
mov dl,attr_write
mov al,
out dx,al
SRLOAD DS,0
SuB DX, DX
MoV Ds, DX
CLI
MOV WORD PTR VIDEO,OFFSET COMBO_VIDEO
MoV WORD PTR VIDEQ+2, CS
MoV WORD PTR PLANAR_VIDEO,0FQ65H
MoV WORD PTR PLANAR_VIDEO+2, 0FOOOH
MOV WORD PTR save_PTR,OFFSET save_tbl
MOV WORD PTR save_PTR+2, CS
MOV WORD PTR EXT_PTR, OFFSET INT_1F_1
MOV WORD PTR EXT_PTR+2, CS
MOV WORD PTR GRX_SET, OFFSET CGDDOT
MoV WORD PTR GRX_SET+2, CS
STH

3===== POST FOR COMBO VIDEC CARD

mov info,00000100B
CALL )_SWS.
MoV INFO_3,BL
CALL  F_BTS
OR I1NFO_3, AL
MoV BL, INFO_3
CALL MK ENV
JMP POST
SKIP:
RET
VIDEO_SETUP ENDP

POR_1 PROC NEAR
WOl

uT
ouT DX, AL
PUSH AX
POP AX
WIN
N AL, DX
ANO AL, O10H
SHR AL, 1
RET

POR_1  ENDP

;m==== READ THE SWITCH SETTINGS ON THE CARD

RD_SWS PROC NEAR
ASSUME  DS: ABSO
mov dh, 3

MOV DL, IN_STAT_O
mov dI,misc_output
mov al,1
wout
out DX, AL
jmen=- COULD BE 0,4,8,C
MOV AL,ODH
CALL POR_1
SHR AL,
SHR AL, 1
SHR+ AL 1
MOV  BL,AL
MoV AL, 9
CALL POR_1
HR AL, 7
SHR ALY
OR BL, AL
MoV AL, S
CALL  POR_1
SHR AL, T
OR BL, AL
MOV AL,1
CALL POR_1
OR BL, AL
AND BL, OFH

RET
RD_SWS ENDP
- OBTAIN THE FEATURE BITS FROM DAUGHTER CARD

F_BTS PROC NEAR
mo

v dh, 3
MoV DL, OBAH
MOV, AL
WOUT
out DX, AL
MOV DL, ODAH
WouT
ouT DX, AL
MOV DL, IN_STAT_0O
WIN ; READ FEATURE BITS
N AL, DX
AND AL, 060H
SHR ALt
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0DE2 8A D8 757 c MoV BL,AL
00E4 B2 BA 758 c MOV DL, OBAH
00E6  BO 02 759 c MoV AL,2
760 c Wol
00E8 EE 761 c+ out DX, AL
00E9 B2 DA 762 c MoV DL, 0DAH
763 c wout
00EB EE 764 c+ out DX, AL
00EC B2 C2 765 [ MoV DL, IN_STAT_O
766 [ WIN ; READ FEATURE BITS
00EE EC 767 Cc+ iN AL, DX
00EF 24 60 768 c AND AL, 060H
00F1 DO 769 c SHL AL, 1
00F3 OA C3 770 [ OR AL, BL
00F5 €3 m (4 RET
00F6 7;2 g F_BTS ENDP
773
:I,;l; c ~- ESTABLISH THE VIDEO ENVIRONMENT, KEYED OFF OF THE SWITCHES
c
00F6 776 C MK_ENV PROC NEAR
177 c ASSUME  DS:ABSO
00F6 2A FF 778 c SuB BH, B
00F8 80 E3 OF 779 c AND BL,OFH
00FB D1 £3 780 c SAL BX, 1
00FD 52 781 c PUSH DX
00FE B6 03 782 [ mov dh, 3
0100 8A E6 783 c Mov AH, DH
0102 5A 784 c POP DX
0103 80 E4 01 785 [ AND AH, 1
0106 FE C4 786 c INC AH
0108 F6 D4 787 c NOT AH
010A 2E: FF A7 012B R 788 g JMP WORD PTR CS:[BX + OFFSET T5]
789
010F 790 C save_tbi label dword
010F O071A R 791 c d offset video_parms ; parms
0111 €000 792 C dw 0c000h ; parms
0113 0000 793 c dw 0 i pal save area
0115 0000 790 c dw 0 ! pai save area
0117 0000 795 4 dw [ ; alpha tables
0119 0000 796 c dw [ alpha tables
0118 0000 797 c dw [} graphics tables
011D 0000 ;gg c dw 0 ; graphics tables
C
011F 0000 800 c dw [}
0121 0000 801 c dw 0
0123 0000 802 C dw 0
0125 0000 803 c dw [
0127 0000 804 c dw 0
0129 0000 805 c dw 0
806 c
0128 807 c 15 LABEL WORD
0128 0176 R 808 C DW OFFSET PST_O
012D 0181 R 809 c DW OFFSET PST_1
012F 0181 R 810 C oW OFFSET PST_2
0131 018C R 811 c DwW OFFSET PST_3
0133 0197 R 812 c DW OFFSET PST_4
0135 01AB R 813 C DW OFFSET PST_5
0137 O01BF R 814 C DW OFFSET PST_6
0139 OICA R 8\2 g DwW OFFSET PST_7
81
0138 0ICA R 817 [ DW OFFSET PST_8
013D 01D5 R 818 c [ OFFSET PST_9
013F O1EO0 R 819 c DW OFFSET PST_A
0141 O1F4 R 820 c DW OFFSET PST_B
0143 0207 R 821 c W OFFSET PST_OUT
0145 0207 R 822 c DW OFFSET PST_OUT
0147 0207 R 823 c DW OFFSET PST_OUT
0149 0207 R gg'; g DW OFFSET PST_OUT
0148 826 C  ENV_X PROC NEAR ; SET 40X25 COLOR ALPHA
0148 80 26 QW10 R CF 827 c and equip_low,0cfh
0150 80 OE 0410 R 10 828 c or equip_low,010h
0155 B8 00 829 c MOV , 1H
0158 CD 10 830 c INT 10H
015A €3 831 C RET
0158 832 C ENV_X ENOP
833 c
0158 834 C ENV_O PROC NEAR ; SET 80X25 COLOR ALPHA
0158 80 26 0410 R CF 835 ¢ and equip_low,0cfh
0160 80 OE Q410 R 20 836 c or equip_Jow,020h
0165 88 0003 837 <c MoV AX, 03!
0168 CD 10 838 c INT 10H
016A C3 839 c RET
0168 840 C ENV_O ENDP
841 C
0168 842 C ENV_3 PROC EAR *; SET MONOCHROME ALPHA
016B 80 OE Q410 R 30 843 C or equip_low,030n
0170 B8 0007 8ul C MoV AX,07H
0173 €D 845 C INT 10H
0175 C3 846 c RET
0176 847 C ENV_3 ENDP
848 C
849 c
0176 850 C PST_O
0176 20 26 0487 R 851 c AND INFO, AH
017A E8 0148 R 852 C CALL ENV_X
0170 EB8 0168 R 853 c CALL ENV_3
0180 C3 854 c RET
0181 855 € PST_1
0181 856 C PST_2:
0181 20 26 0u87 R 857 C AND INFO, AH
0185 EB8 0158 R 858 C CALL ENV_O
0188 EB8 0168 R 859 c CALL ENV_3
0188 C3 860 c RE
018C 361 C PST_3:
018C 20 26 0487 R 862 c AND INFO,AH
0190 EB 015B R 863 c CALL ENV_O
0193 €8 0168 R 864 C CALL ENV_3
0196 C3 865 c RE
0197 866 C PST_u:
0197 B6 03 867 C mov ,
0199 B2 C2 868 4 mov dl,misc_output
0198 BO 00 869 C moy al,
870 c WO
0190 EE a7 c+ out DX, AL
019€ F6 DU 872 c NOT AH
01A0 08 26 0487 R 873 C OR INFO, AH
01A4 E8 0168 R 874 C CALL ENV_3
01A7 €8 0148 R 875 C CALL ENV_X
0tAA C3 876 C RE
0148 877 C PST_5:
01AB B6 03 878 C mov dh, 3
01AD B2 C2 879 Cc mov dl,misc_output
01AF  BO 00 880 c mov al,
881 C wout
018! EE 882 c+ out DX, AL
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F6
E8
E8
c3

20
E8

20
E8

c3

20
E8

c3
86
BO
F6
08
E8
E8
c3
B6
BO
EE

E8
E8

6 Du
08

Dy

26 0uB7
0168 R
0158 R

26 0u87
0168 R
0148 R

26 Qu87

26 Qus7
0168 R
0158 R

03

007F
B
022F R
fO

0239 R

022F R
7

03
05 90
co

0001

=

+

s

0000000000000 00000NNNN0NN000000000N00A0000000000000000000000000000000000000000000000000000000000000000000008000000000000000

PST_6:

PST_7:
PST 8:

PST_9:

PST_A:

PST_OUT:
RET
MK_ENV  ENDP

AH

INFO, AH
ENV_3
ENVIO

INFO, AH
ENV_3

ENVOX

INFO, AH
ENV_3
ENVTO
INFO, AH
ENV_3
ENVIO

dh, 3
dl,misc_output
al,o

DX, AL
AH
INFO, AH
ENV_X
ENVT3
h, 3
dl,misc_output
al,0
DX, AL
INFO, AH
ENV_0
ENV_3

REGISTERS B8X,S1,ES,DS ARE PRESERVED.
REGISTERS AX,CX,DX ARE MODIFYED.

THIS ROUTINE TESTS THE CRT CARD INTERNAL DATA BUS AND IN A LIMITED H
; WAY TESTS THE CRTC VIDEO CHIP BY WRITING/READING FROM CURSOR REGISTER :
CARRY 1S SET IF AN ERROR |S FOUND H

&

MoV
mov

R
TST_EX:
M

D_PRESENCE_TST PROC NEAR
PUSH BX

SAVE BX
INITIAL WORD PATTERN BYTE

BX,07FH
di, bx

AX SAVE PORT ADDRESS
RD_CURSOR

AX

SAVE ORIGINAL VALUE
RECOVER PORT ADDRESS
SAVE PORT ADDRESS
WRITE CURSOR

RECOVER PORT ADDRESS
SAVE PORT ADORESS
READ (T BACK

SAME?

AX
WR_CURSOR
AX

AX
RD_CURSOR
AX;DI

AX
NOT_PRESENT
TST_EX

EXIT IF NOT EQUAL

AX, AX ; SET NOT PRESENT

BX

AX, 1 ; SET _PRESENT ON EXIT
BX ; RESTORE BX

RET
CD_PRESENCE_YST ENDP

MODULE NAME RD_CURSOR
READ CURSOR POSITION [ADDRESS] (FROM CRTC) TO AX

REGISTER AX 1S MODIFIED,

H
&

D_CURSOR
PUSH

POP

PROC NEAR
DX ; SAVE REGS USED

DX, AX
AL, C_CRSR_LOC_HGH
DX, AL

’

OX
AL, DX
; RETURN WITH CURSOR POS (N AX
RESTORE REGS USED
ox
ENDP

MODULE NAM

ALL REGIST

_CURSOR
WRITE CURSOR POSITION [ADDRESS] (TO CRTC) WITH CONTENTS OF AX H

E  WR_CUR:

WR_CURSOR

RET
WR_CURSOR
POST:

ERS PRESERVED
PROC NEAR
; SAVE REGS USED
AX
X
DX, AX
AH, C_CRSR_LOC_HGH ; CURSOR LOCATION HIGH INDEX
AL, OTFH ; TEST VALUE
ouT_DX
; RETURN WITH CURSOR POS IN AX
; RESTORE REGS USED
DX
AX
ENDP

INIT

TEST

ON COLOR GRAPHICS AND MONOCHROME CAl

1ALIZE AND START CRT CONTRDLLERRl(JgS'l5)

VIDEO READ/WRITE STORAGE.
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1009 C ; DESCRIPTION H
1010 c RESET THE VIDEO ENABLE SIGMAL H
1011 c ; SELECT ALPHANUMERIC MODE, 40 * 25, :
1012 c ; READ/WRITE DATA PATTERNS TO STG. CHECK STG H
1013 c ; ADDRESSABILITY, H
1014 [
1015 c ASSUME DS:ABSO,ES:ABSO
0247 E8 0001 R 1016 c ALL
024A  F6 06 0487 R 02 1017 4 test | f‘
024F 75 12 1018 c JNZ EOLOR PRESENCE_TST
0251 B8 03B4 1019 c MoV H
0254 E8 0208 R 1020 c CALL CO PRESENCE_TST
0257 3D 0001 1021 [ cHp AX,
025A 74 03 1022 C JE CohT1
025C E£9 031A R 1023 c JMP POD1Y
025F 1024 C CONTY:
025F B4 30 1025 c MOV AH, 30H 3 MONOCHROME CARD INSTALLED
0261 EB 10 1026 c Jjmp short  over
0263 1027 € COLOR_PRESENCE_TST:
0263 B8 0304 1028 c MOV AX, 03D4H
0266 EB 0208 R 1029 C CALL CD PRESENCE TST
0269 3D 0001 1030 c CcMP
026C 7 1031 c JE CONTZ
026E E9 031A R 1032 c POD1Y4
0271 1033 C CONT2:
0271 B4 20 1034 C MoV AH, 204 ; COLOR GRAPHICS CARD INSTALLED
0273 1035 C OVER:
0273 50 1036 C PUSH AX 3 RESAVE VALUI
0274 BB B0OO 1037 c MOV BX, 0BOOOH ; BEG VIDEO RAM ADDR B/W CD
0277 BA 03B8 1038 c MOV DX, 3B8H ; MODE CONTROL B/W
027A B9 1000 1039 c MOV CX, 4096 ; RAM BYTE CNT FOR B/W CD
0270 BO 01 1040 c MoV AL, 1 ; SET MODE FOR BW CARI
027F 80 FC 30 1041 C CMP AH, 304 ; B/W VIDEO CARD ATTACHED?
0282 74 08 1042 4 JE E9 5 YES - GO TEST VIDEC STG
0284 B7 B8 1ou3 c MOV BH, OB8H ; BEG VIDEO RAM ADDR COLOR CD
0286 B2 D8 1044 C MOV DL, OD8H ; MODE CONTROL COLOR
0288 85 40 1045 C MOV CH, 40H ; RAM BYTE CNT FOR COLOR CD
028A FE C8 1046 C DEC AL ; SET MODE TG O FOR COLOR CD
028C 1047 Cc E9: 3 TEST_VIDEO_STG:
028C EE 1048 C ouT DX, AL ; DISABLE VIDEO FOR COLOR CD
1049 [
028D 8B 2E 0472 R 1050 [ MOV B8P, DS:RESET_FLAG ; POD INITIALIZED BY KBD RESET
1051 C
0291 81 FD 1234 1052 C CMP BP, 1234H ; POD INITIATED BY KBD RESET?
0295 BE C3 1053 C MOV ES,BX ; POINT ES TO VIDEO RAM STG
0297 74 07 1054 C JE £10 3 YES - SKIP VIDEO RAM TEST
0299 B8E DB 1055 C MOV DS, BX ; POINT DS TO VIDEO RAM STG
1056 C ASSUME  DS:NOTHING, ES:NOTHING
0298 E8 O2E2 R 1057 c CALL STGYST_CNT ; GO TEST VIDEO R/W STG
029 75 2E 1058 C JNE E17 ; R/W STG FAILURE - BEEP SPK
1059 c -
1060 c ; SETUP VIDEO DATA ON SCREEN FOR VIDEO LINE TEST.
1061 C ; DESCRIPTION
1062 c ENABLE VIDEO SIGNAL AND SET MODE.
1063 c ; DISPLAY A HORIZONTAL BAR ON SCREEN.
1064 c
02A0 1065 C E10:
02A0 58 1066 C pPoP AX ; GET VIDEO SENSE SWS (AH)
02A1 50 1067 C PUSH AX ; SAVE IT
02A2 B8 7020 1068 c MOV AX, T020H 3 WRT BLANKS IN REVERSE VIDEQ
02A5 FF 1069 C SUB D!,D ; SETUP STARTING LOC
02A7 B9 0028 1070 C MOV CX, 40 ; NO. OF BLANKS TO DISPLAY
02AA F3/ AB 1073 C REP STOSW ; WRITE VIDEO STORAGE
1072 c ;
1073 c CRT INTERFACE LINES TEST :
1074 C ; DESCRIPTIOI H
1075 c SENSE ON/OFF TRANSITION DF THE VIDEO ENABLE H
1076 c AND HORIZONTAL SYNC LIN H
1077 c ;
02AC 58 1078 C PoP AX ; GET VIDEO SENSE SW INFO
02AD 50 1079 c PUSH AX 3 SAVE
02AE 80 FC 30 1080 C CMP AH, 30H ; B/W CARD ATTACHED?
02B1 BA 03BA 1081 c MOV DX 03BAH ; SETUP ADDR OF BW STATUS PORT
02B4 74 02 1082 c JE ; YES - GO TEST LINES
0286 B2 DA 1083 c MOV DL ODAH ; COLOR CARD IS ATTACHED
0288 1084 c EM: 5 LINE_TST:
0288 BL 08 1085 c MOV AH,8
028BA 1086 € £12 ; OFLOOP_CNT:
02BA 2B C9 1087 c suB CX,CX
028BC 1088 ¢ E13
02BC EC 1089 c IN AL, DX ; READ CRT STATUS PORT
028D 22 Ch 1090 c AND AL, AH H CMECK VIDEO/NORZ LiN
02BF 75 Oy 1091 C JNZ 4 H ON CHECK IF IT GOES OFF
02C1  E2 F9 1092 C LoOP E13 3 LOOP TILL ON OR TIMEOUT
02C3 EB 09 1093 c JMP SHORT E17 ; GO PRINT ERROR MSG
02C5 1094 C El4:
02C5 2B C9 1095 c suB CX,CX
02Cc7 1096 C E15:
02€7 EC 1097 c IN AL, DX ; READ CRT STATUS PORT
02C8 22 Ch 1098 c AND AL, AH F CHECK VIDEO/HORZ LINE
02CA 74 QA 1099 Cc Jz E16 ; 1TS ON - CHECK NEXT LIN
02CC  E2 F9 1100 c Loop E15 H LOOP IF OFF TiLL T GOES ON
02CE 1101 C EIT: H
02CE  BA 0102 1102 c MOV DX, 102H
02D1  E8 D6CB R 1103 c CALL ERR_BEEP ; GO BEEP SPEAKER
02D4 EB 06 1104 [ JMP SHORT E18
0206 1105 C El6: 3 NXT_LINE
0206 B1 03 1106 Cc MoV CL,3 3 GET NEXT BIT TO CHECK
0208 D2 EC 1107 4 SHR AH, CL.
02DA 75 DE 1108 C JNZ E12 ; GO CHECK HORIZONTAL LINE
02DC 1109 C E18: ; DISPLAY_CURSOR:
020C 58 1110 C POP AX i GET VIDED SENSE SWS (AH)
0200 EB 3B 111 c Jmp shart pod 1y
12 C
113 c
11y c ; THIS SUBROUTINE PERFORMS A READ/WRITE STORAGE TEST ON
115 c LOCK OF STORA(
116 C ; ENTRY REQUIREMENTS
117 c ; €S = ADDRESS OF STORAGE SEGMENT BEING TESTED
1ms c DS = ADDRESS OF STORAGE SEGMENT BEING TESTED
119 c WHEN ENTERING AT STGTST_CNT, CX MUST BE LOADED WITH
1120 c ; THE BYTE COUNT. H
n21 € ; EXIT PARAMETERS: :
1122 c ; 0 FLAG = 0 IF STORAGE ERROR {DATA COMPARE OR PARITV CHECK.
1123 Cc AL = 0 DENOTES A PARITY CHECK. ELSE AL=XOR'ED BIT H
1124 c PATTERN OF THE EXPECTED DATA PATTERN VS THE
1125 c ; ACTUAL DATA REAI
HZ? c AX,BX,CX,DX,Dl, AND $1 ARE ALL DESTROYED. H
112 c ;
02DF 1128 C STGTST PROC NEAR
02DF 89 4000 1129 c CX, 40000 ; SETUP CNT TO TEST A 16K BLK
02e2 1130 € STGTST_CNT:
02€2 FC 1131 C cLD ; SET DIR FLAG TO INGREMENT
02E3 8B D9 1132 [ MOV BX,CX 3 SAVE CNT (4K FOR VIDEO OR 16K)
02ES B8 AAAA 1133 [ MOV AX, DAAAAH ; GET DATA PATTERN TO WRITE
02E8 BA FFf55 1134 c MoV DX, 0FF55H ; SETUP OTHER DATA PATTERNS TO USE
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FF

F3/ AA

c7

c7
Cc7

F7
cB

EC 0A
EC

0001 R

30

43

00

40

06 0487 R 02
1F

0168 R

46 02 Q15E
46 04 8D99
46 06 B862
BY

01

27

0D18 R

BA

2A

0148 R
OE9C R

11

oy

o1

14

0018 R
46 02 015E
B 06 90

46 02 00C8

46 04 AOAC
46 06 Cu60

B2 DA

B8
Cl

0500
10
c9

00

000000 N0000C000N00NRNN0000000000NNNNN00000NNNNN0000000NN0NN000N0MN0NNN00000000C0000000000N00NNNNNNNNNNNNNNNN0NNNNNNN0N00ANRNOARONO

sus Df,D
REP $TOSB
Cc3:
DEC DI
STD
Ch:
MOV $1,D1
MOV C!
C5:
LODSB
XOR AL, AH
JNE c7
MOV AL, DL
STOSB
LooP c5
AND AH, AH
JZ C6X
MOV AH, AL
XCHG OH, DL
AND H, AH
JNZ cé
MoV DL, AH
JMP c3
C6:
CLD
INC )
Jz cy
DEC DI
JMP c3
C6X:
MoV AL, 000H
c7:
CLD
ET

R
STGTST ENDP

i

H

DI = OFFSET O RELATIVE TO ES REG
WRITE STORAGE LOCATIONS

ST
POINT TO LAST BYTE JUST WRITTEN
SET DIR FLAG TO GO BACKWARDS

SETUP BYTE CNT

INNER TEST LOOP

READ OLD TEST BYTE [SI]+

DATA READ AS EXPECTED ?

NO - GO TO ERROR ROUT!N

GET NEXT DATA PATTERN TO WRITE
WRITE INTO LOCATION JUST READ
DECREMENT COUNT AND LOOP CX

ENDING 0 PATTERN WRITTEN TO STG?
YES - RETURN TO CALLER WITH AL=0
SETUP NEW VALUE FOR COMPARE

ND MAKE FINAL BACKWARDS PASS

SET DIR FLAG TO GO FORWARD
SET POINTER TO BEG LOCATiON
READ/WRITE FORHARD IN STG
ADJUST POINT!

READ/WRITE BACKWARD IN STG

AL=0 DATA COMPARE OK
SET DIRECTION FLAG BACK TO INC

1. INIT CRT TO 40X25 -

TIMING OF SAME
3. CHECK VERTICAL INTERRUPT
4. CHECK RED, BLUE, GREEN, AND

#R*ASET TO
CHECK FOR VERTICAL AND VIDEO ENABLES, AND CHECK

EGA CRT ATTACHMENT TEST
MODE*###

INTENSIFY DOTS
5. INIT TO 4OX25 - COLOR/MONO ###¥SET TO MODEM#¥#

MAX_VERT_COLOR  EQU OAOACH 3 MAX TIME FOR VERT/VERT
- - 5 (NOMINAL + 10
MIN_VERT_COLOR EQU OCU60H 5 MIN TIME FOR VERT/VERT
A " 3 omor ENas LER FRAME
CENAB_PER_FRAME E£QU 200 5 NUM OF ENABLES
MAX_VERT_MONO  EQU 08D99H ; MAX TIME FOR VERT/VERT
- - 5 (NOMINAL + 10%)
MIN_VERT_MONO  EQU 0B862H ; MIN TIME FOR VERT/VERT
- - H (NOM!N:L - bl% .
eENAB_PER_FRAME equ 350 H hanced enables per frame
ME:AS_PER:FRAME EgU 350 ; NUM OF ENABLES PER FRAME
TIM_CTL EQU 0u3H ; 8253 TIMER CONTROL PORT
TIMERO EQU OUOH ; 8253 TIMER/CNTER O PORT
PODIL  PROC NEAR
suB S$P,0AH ; RESERVE 5 WORDS ON STACK
MoV BP,SP 3 INIT SCRATCH PAD POINTER
ASSUME  DS:ABSO, ES: ABSO
CALL
MOV AL, 001100008 ; SET TIMER 0 TC MODE O
out TIM_CTL,AL
MOV AL, OOH
out TIMERO, AL ; SEND FIRST BYTE TO TIMER
test info,2
Jz COLOR_EGA_V
CALL v_3 ; SET UP IN MONOCHROME
MOV WORD PTR{BP][2],MENAB_PER_FRAME ; NUM.OF FRAMES FOR MONO
MOV WORD PTR{BP][4],MAX_VERT_MONO  ; MAX TIME FOR VERT/VERT
MOV WORD PTR{BP][6],MIN_VERT_MONO ; MIN TIME FoR VERT/VERY
MOV DL, CRTC_ADDR_B ; MONO CR
MOV AH,C_HRZ_DSP 3 HORIZ. TDYAL DIPLAY
MOV AL, 27H ; TO kO
CALL 0UT_DX H
MOV DL, TNPUT_STATUS_B 3 3BA
j short  common
COLOR_EGA_V:
AL ENV_X ; SET UP IN uoxzs COLOR
call brsi_det ; enhanced m
Jnc color_v ; no,u0x25
mov d1,crtc_addr ! brst mode only!
mov ah, 1 i hrz dsp end
mov al,20 H mndlfy for test only
calil out_dx
Mov WORD PTR{BP][2],eENAB_PER_FRAME ; NUM.OF FRAMES FOR COLOR

brst_color_v

NOMINAL TIME IS B286H FOR 60 HZ.
NOMINAL TIME IS A2FEH FOR 50 HZ.

WORD PTR(BP]{2],CENAB_PER_FRAME ; NUM.OF FRAMES FOR COLOR

WORD PTR[ BP](4],MAX_VERT_COLOR

MAX TIME FOR VERT/VERT

MOV WORD PTR[BP][6],MIN_VERT_COLOR : MIN TIME FOR VERT/VERT
MoV OL, INPUT_STATUS ; SET_ADDRESSING TO VIDEO
i ATTR STATUS
COMMON :
MoV AX, 0500H ; SET TO VIDEO PAGE 0
INT 10H
sus €X, CX
;==--- LOOK FOR VERTICAL
POD14_1:
AL, DX ; GET STATUS
TEST  AL,000010008 ; VERTICAL THERE YET?
JNE POD1L_2 ; CONTINUE IF IT IS
LOOP  PODI4_1  KEEP LOOKING TILL COUNT
MoV BL, 00 i EXHAUSTED
JMP PODTY4_ERR ; NO VERTICAL
jomm-- GOT VERTICAL - START TiMER
POD1Y_2:
MoV AL,O
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038F E6 40 1261 4 out TIMERO,AL ; SEND 2ND BYTE TO TIMER TO
1262 c 5 START IT
039t 28 DB 1263 c SUB BX, BX 5 INIT. ENABLE COUNTER
1264 C ;===-~ WAIT FOR VERTICAL TO GO AWAY
0393 33 C9 1265 c CX,CX
0395 1266 C PODW4_25:
0395 EC 1267 c N AL, DX 3 GET STATUS
0396 A8 08 1268 c TEST AL, 000010008 ; VERTICAL STILL THERE
0398 74 07 1269 c POD14_3 ; CONTINUE IF IT'S GONE
039A E2 F9 1270 [ LOOP POD14_25 H EEP LOOKING TILL COUNT
039C 83 01 1271 [ Mov BL,01H R TED
039E E9 OuuB R ‘2;2 g JMp POD14_ERR H VERTICAL STUCK ON
1273
1274 [ NOW START LOOKING FOR ENABLE TRANSITIONS
1275 c
03A1 1276 C PODTH_3:
03A1 2B C9 1277 c CX,CX
03A3 1278 C PODTL_U4:
Q03A3 EC 1279 C IN AL, DX 3 GET STATUS
03A4 A8 01 1280 c TEST AL, 000000018 ; ENABLE ON VET?
03A6 74 15 1281 c E POD1Y_! 3 GOON IF IT
03A8 A8 08 1282 Cc TEST AL, 000010008 ; VERTICAL ON AGA!N"
03AA 75 23 1283 c JNE POD14_T75 5 CONTINUE IF 1T IS
03AC E2 F5 1284 c LOOP POD1L_4 ; KEEP LOOKING IF NOT
03AE B3 1285 c MoV BL,
03B0 EY Ou44B R 1286 c JMP POD14_ERR ; ENABLE STUCK OFF
0383 1287 C POD1Y4_HA:
0383 B3 1288 C MoV BL,03H
0385 E9 0uuB R 1289 c JMP POD14_ERR ; VERTICAL STUCK ON
0388 1290 C POD1L_uB:
0388 1291 c MOV BL, O4H
03BA E9 Ou44B R 1292 c JMP POD1Y4_ERR ; ENABLE STUCK ON
1293 c
‘232 € ;====-= MAKE SURE VERTICAL WENT OFF WITH ENABLE GOING ON
12 c
038D 1296 C POD14_5:
03BD A8 08 1297 [+ TEST AL 00001000B ; VERTICAL 0FF7
03BF 75 F2 1298 c 3 GO ON IF IT
1299 C ;===== NOW WAIT FOR ENABLE T0 GO OFF ;5 (ERROR IF NOT)
03C1 1300 C PODI4_6:
03C1  EC 1301 c IN AL, D; ; GET STATUS
03C2 A8 01 1302 c TEST AL,OOOOOOOIB ; ENABLE OFF YET?
03C4 €)1 FB 1303 C LDOPE POD‘U _6 3 KEEP LOOKING IF NOT
03C6 E3 FO 1304 c D14_4B H
1305 C ;----- ENABLE HAS TOGGLED, BUMP COUNTER AND TEST FOR NEXT VERTICAL
03Ccs 1306 C POD14_T7:
03C8 4 1307 c ; BUMP ENABLE COUNTER
03C9 74 O4 1308 9 Jz POD1IA_75 ; |F COUNTER WRAPS,
130 c 3 SOMETHING 1S WRONG
03CB A8 08 1310 c TEST AL, 000010008 ; DID ENABLE GO LOW
131 Cc ; BECAUSE OF VERTICAL
03CD 74 D2 1312 c Jz pPoD14_3 ; IF NOT, LOOK FOR ANOTHER
1313 c ; ENABLE TOGGLE
1314 C ;===== HAVE HAD COMPLETE VERTICAL-VERTICAL CYCLE, NOW TEST RESULTS
03CF 1315 c POD“J 75
03CF  BO 00 1316 c 00 3 LATCH TIMERO
0301 E6 43 1317 c OUT TIM CTL,AL
03D3 3B 5E 02 1318 Cc CcMp BX,WORD PTR[BP][2] ; NUMBER OF ENABLES BETWEEN
1319 C ; VERTICALS 0.K.?
0306 74 04 1320 C JE POD14_8
0308 B3 05 1321 c MOV BL,05H
03DA EB 6F 1322 c j short podi4_err
03DC 1323 C PODI4_8:
03DC El4 40 1324 c IN AL, TIMERO ; GET TIMER VALUE LOW
03DE  8A EO 1325 c MoV AH, AL ; SAVE
03E0 90 1326 c NOP
03E1  EW 4O 1327 c IN AL, TIMERO 3 GET TIMER HIGH
03E3 86 EO 1328 C XCHG AH, AL
03E5 90 1329 Cc NOP
03E6 90 1330 c NopP
03E7 3B 46 Ou4 1331 c CMP AX,WORD PTR[BP}[4} 3 MAXIMUM VERTICAL TIMING
03EA 7D 04 1332 c JGE POD14_9
03EC B3 06 1333 Cc Mov BL, 06H
03EE EB 5B 1334 C Jmp short podib_err
03F0 1335 C POD14_9:
03F0 3B u6 06 1336 c CMP AX,WORD PTR{BP][6] 3 MINIMUM VERTICAL TIMING
03F3 7E O4 1337 c JLE POD14_10
03F5 B3 07 1338 c Mov BL,07H
03F7 EB 52 1333 c Jmp short podil_err
13 c
1331 [ SEE IF RED, GREEN, BLUE AND INTENSIFY DOTS WORK
1342 c
1343 C jo==== IRST, SET A LINE OF REVERSE VIDEO, INTENSIFIED BLANKS INTO BUFFER
03F9 1344 C POD1Y4 10'
03Ff9 88 090B 1345 c AX, 090BH ; WRITE CHARS, BLANKS
03FC BB 000F 1346 c Mov BX, 000FH ; PAGE 0, REVERSE VIDEO,
1347 C 5 HIGH INTENSITY
03FF B9 0050 1348 c Mov CX, 80 ; 80 CHARACTERS
0402 CD 10 1349 c INT 10H
o404 EC 1350 C IN AL, DX
0405 52 1351 Cc PUSH DX ; SAVE INPUT STATUS
Q406 B2 CO 1352 c oV DL,ATTR_WRITE 3 ATTRIBUTE ADDRESSS
0u08 BY OF 1353 c MoV AH, OFH H PALEYTE EG
O4OA BO 3F 1354 c MOV AL,03FH ; TEST VA
040C €8 0D18 R 1355 c CALL 0OUT_DX 3 VIDEO STATUS MUX
QLOF B8 000OF 1356 c v AX, OFH 3 START WITH BLUE DOTS
0412 5A 1357 Cc pPoP
0413 1358 C POD1I4_13:
0413 50 1359 c PUSH 3 SAVE
o4y 52 1360 [ PUSH DX ; SAVE INPUT STATUS
0415 B2 CO 1361 C MOV DL,ATTR_WRITE ; ATTRIBUTE ADDRESSS
0417 BY 32 1362 c MoV AH, 32H ; COLOR PLANE ENABLE
0419 E8 0D1B R 1363 c CALL 0UT_DX ; VIDEO STATUS MUX
041C  5A 1364 c POP DX ; RECOVER INPUT STATUS
ou1D 58 1365 c PoP AX
OU1E 2B C9 1366 [ sue CX,CX
1367 C ;----- SEE |F DOT COMES ON
0420 1368 C PODIL_14:
0420 EC 1369 c IN AL, DX ; GET STATUS
o421 A8 30 1370 c TEST AL, 001100008 ; DOT THERE?
0423 75 09 1371 c JNZ POD1Y4_15 ; LOOK FOR DOT TO TURN OFF
0425 E2 F9 1372 c Loop POD1Y 14 ; CONTINUE TEST FOR DOT ON
0427 B3 10 1373 c MoV BL, 10H
0429 QA DC 1374 c OR BL, AH 5 OR_IN DOT BEING TESTED
ou2B EB 1E 90 1375 c POD14_ERR ; DOT NOT COMING ON
1376 C je==e= SEE IF DOT GOES OFF
Ou2e 1377 c POD1‘J 15‘
OU2E 2B C9 1378 c uB CX,CX
o430 1379 c 90010_16:
0430 EC 1380 c IN AL, DX ; GET STATUS
0431 A8 30 1381 C TEST AL, 001100008 ; 1S DOT STILL ON?
0433 74 08 1382 c JE D14 _ 3 GO ON IF DOT OFF
0435 €2 F9 1383 c LooP PODI4_16 ; ELSE, KEEP WAITING FOR
1384 c ; DOT TO GO OFF
0437 B3 20 1385 c MoV BL,20H
0439 0A DC 1386 c OR BL, AH ; OR IN DOT BEING TESTED
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PODY4_1

POD14_El

POD1L_1

MEM_TES

D_COLOR_]

D_OUT_M:

AAT:

AA2;

AA3:

AAL:

Jmp short podil_err
ADJUST TO POINT TO NEXT DOT

7:
INC AH
CHP AH,030H
JE POD14_18
OR AH,OFR
MoV L,
JMP POD14_13
RR:
MOV cX,6
MOV DX,0103H
CALL ERR_BEEP
ADD SP,0sh
MoV AL,001101108
out TIM_CTL,AL
suB AL, AL
out TIMERO, AL
NOP
NOP
out TIMERO, AL
MoV BP,1
P SKIP
ASSUME  DS:ABSO
8:
CALL DDS
MoV AX, 05004
INT 10H
MoV AL,001101108
out TIM_CTL,AL
SUB AL, AL
ouT TIMERO, AL
NOP
NOP
out THMERO, AL
ADD SP,0AH
MoV BP,0
ENDP

TEST STORAGE

T:

PUSH DS

CALL DDS

ASSUME DS:ABSO

test info,2

Jz D_t COLOR M

or eql“p_luw 030h
mov x, 0fh

or lnfo 060h

mov ax,0fh

jmp short d_out_m
M:

and equip_ Iow 0cfh
or low, 020h
Mov

INT

SUB

MOV )

MoV AX, 0AC00H
ASSUME  DS:NOTHING, ES:NOTHING
MoV ',

MoV ES, AX

MOV WORD PTR{BP][2],0
Moy WORD PTR[BP][4],0
mov dh,3

MOV DL, SEQ_ADDR
mov ax,020Th

CALL QUT_DX

MoV DL, GRAPH_ADDR
mov ax, 04ooh

CALL

PUSH

MoV DL ATTR_READ
IN , DX

MoV DL ATTR_WRITE
mov ax, 3200h

CALL OUT_DX

CALL HOW_BIG

cMP AH,D

Jz AAY

JMP £GA_MEM_ERROR
CALL MEMORY_OK

cMP AH,0

Jz AA2

JMP EGA_MEM_ERROR
POP

MoV DL SEQ_ADDR
mov aX 0202

CALL

MoV IJL GRAPH_ADDR
mov ax,0b01h
CALL. OUT_DX

PUSH

MoV OL,ATTR_READ
IN ,

MoV OL,ATTR_WRITE
mov ax, 3200h

CALL ouT_Dbx

MOV WORD PTR [BP](4],0
CALL HOW_BIG

CMP AH,0

Jz AA3

JMP EGA_MEM_ERROR
CALL  MEMORY_OK
CHP AH, 0

Jz AAL

JMP EGA_MEM_ERROR
POP DX

MoV DL, SEQ_ADDR
mov a%,0205h
CALL OUT_DX

PUSH DX

MoV DL, GRAPH_ADDR
MoV ax, 0402h
CALL oUT_DX

MOV DL, ATTR_READ
IN AL,

MoV DL,ATTR_WRITE

ALL 3 DOTS DONE?
MAKE OF 1F,2F
GO LOOK FOR ANOTHER DOT

ONE LONG AND THREE SHORT

BALANCE STACK
RE-INIT TIMER O

SET TO VIDEO PAGE O
RE-INIT TIMER O

REMOVE SCRATCH PAD
MAKE BP NON ZERO

INTERNAL COLOR MODE

TEST IN Ci

OoUT 5/4, /8

RESERVE 3 WORDS ON STACK
PU:[ BUFFER ADDRESS IN AX
SET UP SEG REGS TO POINT
TO BUFFER AREA
INITIALIZE

INITIALIZE

ADDRESS READ MAP SELECT

SET UP ATTRIBUTE
ATTRIBUTE WRITE ADDRESS

GO FIND AMOUNT' OF MEMORY

GO TEST IT

ADDRESS OF READ MAP
SET UP ATTRIBUTE
ATTRIBUTE WRITE ADDRESS
INITIALIZE

GO FIND AMOUNT OF MEMORY

GO TEST IT

ADDRESS OF READ MAP

SET UP ATTRIBUTE
ATTRIBUTE WRITE ADDRESS
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0548 B8 3200 1513 c mov ax, 3200h
o5u8 EB 0D18 R 1514 c CALL T_DX
O54E €7 46 04 0000 1515 c MOV WORD PTR[BP][4],0 5 INITIALIZE
0553 E8 0692 R 1516 C CALL HOW_BIG ; GO FIND AMOUNT OF MEMORY
0556 80 F 1517 C CMP H,
0559 74 03 1518 c Jz AA5
0558 EB 73 90 1519 c Jmp EGA_MEM_ERROR
055E 1520 C  AA5:
055E E8 050C R 1521 c CALL  MEMORY_OK ; 60 TEST IT
0561 80 FC 00 1522 c CMP AH, 0
0564 74 03 1523 c Jz AA6
0566 EB 68 90 1524 c JMP EGA_MEM_ERROR
0569 1525 C  AAG:
0569 5A 1526 c pop DX
056A B2 C4 1527 C MoV DL, SEQ_ADDR
056C B8 0208 1528 c mov. ax, 0208h
056F E8 0D18 R 1529 c CALL ouT_DX
0572 B2 CE 1530 c MoV DL, GRAPH_ADDR ; ADDRESS OF READ MAP
0574 B8 0403 1531 c mov. ax, 0403h
0577 E8 0D18 R 1532 c CALL OUT_DX
057A 52 1533 c PUSH DX
0578 B2 DA 1534 c MoV DL ATTR_READ ; SET UP ATTRIBUTE
0570 EC 1535 c IN , DX
057 B2 CO 1536 c MoV, DL ATTR_WRITE ; ATTRIBUTE WRITE ADDRESS
0580 B8 3 1537 Cc mov ax, 32000
0583 E8 0D18 R 1538 c CALL
0586 C7 46 04 0000 1539 c Mov WORD PTR{BP][41,0 5 INITIALIZE
0588 E8 0692 R 1540 Cc CALL How_81G 3 GO FIND AMOUNT OF MEMORY
058E 80 FC 00 1541 C cMp AH, 0
0591 7 D 1542 c JNZ EGA_MEM_ERROR
0593 E8 050C R 1543 C CALL MEMORY_OK ; GO TEST T
0596 80 FC 00 1544 4 cMpP AH,0
0599 75 35 1545 c JINZ EGA_MEM_ERROR
0598 5 1546 c PUSH BP ; SAVE SCRATCM PAD POINTER
059C  BD 0000 1547 c MOV 8p,0 3 RESET BP FOI
059F 1548 C EGA_MEM_EXIT:
059F 5E 1549 c POP Sl ; RESTORE
05A0 5A 1550 Cc POP 223
05A1 E8 0DO1 R 1551 c CALL DDS ;3 SET DATA SEGMENT
1552 c ASSUME  DS:ABSO
05A4  36: 8B 5C 02 1553 c MoV Bx,wono PTR SS:{S1][2] i GET ECA MEMORY SIZE
05A8 Bt 06 1554 c Moy L, 06H ; DIVIDE BY 64 Ti
05AA D3 EB 1555 c SHR B)( cL ; NUMBER OF 6ilKB BLOCKS
05AC 4B 1556 C dec
05AD B1 05 1557 C MoV CL 05H
05AF D3 E3 1558 C SHL BX,CL
0581 80 E3 60 1529 g AND BL,O'I‘IOOOOOB ; ISOLATE BITS 5 AND 6
1560
05B4 80 26 QU7 R 9F 1521 c and info,10011111b
1562 c
0589 08 1E 0u87 R :gg.} C OR INFO,BL
4 C
058D 80 OF OuBY R O4 1565 C OR {NFO, 000001008 ; OuH SET 3XX ACTIVE
05C2 8A 1€ 0uB8 R 1566 c MOV L, INFO_3
05C6 E8 00F6 R 1567 C CALL
05C9 83 Cu 06 1568 C ADD SP,6 ; RESTORE STACK
05CC 1F 1569 C POP DS
056D  E9 0092 R 1570 [ JMP SKIP ; GO TO END
0500 1571 G EGA_MEM_ERROR:
0500 BA 0103 1572 c MOV DX, 0103H ; ONE LONG AND THREE SHORT
0503 E8 06CB R 1573 C CALL ERR_BEEP
0506 1574 < PUSH BP ; SAVE SCRATCH PAD POINTER
05D7 BD 0001 1575 C MoV BP,1 3 INDICATE ERROR FOR XT
05DA EB C3 15;? g JMP EGA_MEM_EXIT
15
15;8 g - THIS ROUTINE FINDS AMOUNT OF MEMORY GOOD
1579
05DC 1580 C  MEMORY_OK PROC NEAR
050C BB A00O 1581 c MoV BX, 0AGOOH ; SET PTR. TO BUFFER SEG
05DF 8E DB 1582 c MOV DS, BX ; SET SEG.REG.
05E1 8E C3 1583 c MOV ES,BX
Q53 8B u6 Ob 1584 [ MOV AX,WORD PTR[BP][4] ; SET COUNT FOR 32K WORDS
0566 8A EB 1585 C Moy CH, AL ; SET AMOUNT OF BUFFER
05£8 2A C9 1586 c sus CL,GCL 5 T0 BE TESTED
05EA DI E1 1587 c SHL cx, 1 3 MULTIPLY BY TWO
05EC  E8 O5FE R 1588 C CALL PODSTG
0Q5EF 80 FC 0 1589 c CMP AH, 0 ; TEST FOR ERROR
05F2 75 09 1590 c JNZ MEMORY_OK_ERR ; IF ERROR GO PRINT IT
05Fu 1591 C  MEMORY_OK_EX:
O5F4 8B L6 04 1592 c MOV AX,WORD PTR[BP][4] ; AMOUNT OF MEMORY FOUND
05F7 01 u6 02 1593 c ADD WORD PTR[BP][2],AX ; AMOUNT OF MEMORY GOOD
05FA B3 0000 1594 c MOV AX,
05FD 1595 € MEMORY_OK_ERR:
05fD C3 1596 [ RET
05FE 1597 € MEMORY_OK ENDP
1598 c
1599 C -
1600 C : THIS ROUTINE PERFORMS A READ/WRITE TEST ON A BLOCK OF STORAGE
1601 C ; (MAX. SIZE = 32KW). IF "WARM START", FILL BLOCK WITH 0000 AND
1602 C ; RETURN, H
1603 C ; ON ENTRY: :
1604 c ; ES = ADDRESS OF STORAGE TO BE TESTED :
1605 C ; DS = ADDRESS OF STORAGE TO BE TESTED :
1606 C ; CX = WORD COUNT OF STORAGE BLOCK TO BE TESTED :
1607 c (MAX. = 8000H (32K WORDS)) :
1608 C ; ON EXiT: :
1609 C ; ZERO FLAG = OFF IF STORAGE ERROR :
1610 C ; AX,BX,CX,DX,DI,SI ARE ALL DESTROYED. :
1611 [
05FE 1612 G PODSTG PROC NEAR
05FE 55 1613 c PUSH BP
Q5FF  FC 1614 c CcLD 3 SET DIR TO INCREMENT
0600 2B FF 1615 c SuB 01,01 ; SET DI=0000 REL TO START
1616 c ; OF SEGMENT
0602 28 CO 1617 [ sus AX, AX ; INITIAL DATA PATTERN FOR
1618 c 3 00-FF TEST
0604 E8 0001 R 1619 [ CALL N
1620 c ASSUME  DS:ABSO
0607 8B 1E 0472 R 1621 c MoV BX, DS:RESET_FLAG 5 WARM START?
0608 81 FB 1234 1622 c CMP BX, 12344
060F 8C C2 1623 c MOV DX, ES
0611 8E DA 1624 c MoV S, DX ; RESTORE DS
0613 74 62 1625 c JE PODSTG_S ; 6O DO FILL WITH 0000
1626 c i LF WARM START
0615 81 FB 4321 1627 c CMP 8X, u321H ; och WARM START?
0619 74 5C 1628 [ PODSTG_S ; DO FILL IF SO
0618 1629 C  PODSTG_1
0618 88 05 1630 c [o1),AL ; WRITE TEST DATA
0610 8A 05 1631 c MoV AL,[DI1] ; GET IT BACK
061F 32 Ch 1632 c XOR AL, AH ; COMPARE TO EXPECTED
0621 75 40 1633 c INZ PODSTG_ERRO ; ERROR EXIT IF MISCOMPARE
0623 FE Cb 1634 c 1NC AH ; FORM NEW DATA PATTERN
0625 8A Ch 1635 C MOV AL, AH
0627 75 F2 1636 c JINZ PODSTG_1 ; LOOP TILL ALL 256 DATA
1637 c ; PATTERNS DONE
0629 8B E9 1638 c MoV 8P, CX ; SAVE WORD COUNT
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B8 AASS 1639 c MOV AX, 0AASSH ; LOAD DATA PATTERN
88 08 1640 c MOV BX, AX
BA 55AA 1641 C MOV DX, 055AAH ; LOAD OTHER DATA PATTERN
F3/ AB 1642 ¢ REP STOSW ; FILL WORDS F
1643 c i HIGH WITH vy
3 1644 c DEC DI ; POINT TO LAST WORD
uF 1645 c DEC ol i WRITTEN
D 1646 c sTO i SET DIR FLAG TO GO DOWN
8B 7 1647 ¢ MOV s1,Di i SET INDEX REGS. EQUAL
8B CD 1648 c X, 8P i RECOVER WORD COUNT
1649 C PODSTG_2 ; GO FROM HIGH TO Lt
AD 1650 c ODSW i GET WORD FROM MEMORY
33 C3 1651 c R AX, BX i EQUAL WHAT S/B THERE?
75 22 1652 c JNZ PODSTG_ERRO ; GO ERROR EXIT IF
8B C2 1653 c v AX, DX : GET 55 DATA PATTERN AND
AB 1654 C STOSW ; STORE IN LOC
E2 F6 1655 ¢ LOOP  PODSTG_2  LOOP TILL ALL BYTES DONE
88 CD 1656 c HOV CX, B8P : RECOVER WORD COUNT
FC 1657 c cLD i BACK TO_INCREMENT
146 1658 c I1NC st i ADJUST PTR!
146 1659 c INC s1
8B FE 1660 c MOV DI, !
1661 C PODSTG_3: ; LOW TO HIGH DOING WORDS
AD 1662 c LODSW ;3 GET A WORD
33 c2 1663 c XOR AX, DX i SHOULD COMPARE TO DX
75 11 1664 c INZ PODSTG_ERRO : GO ERROR IF_NOT
AB 1665 c STOSW  WRITE 0000 BACK TO LOC
1666 c FIRT! Al
€2 f8 1667 ¢ LOOP  PODSTG_3  LOOP TILL DONE
1668
FD 1669 4 sTD ; BACK TO DECREMENT
4E 1670 c DEC si i ADJUST POINTER DOWN TO
1671 c i LAST WORD WRITTEN
4E 1672 ¢ DEC S|
8B CD 1673 C MOV CX, BP ; GET WORD COUNT
1674 C  PODSTG_U:
AD 1675 c LoDSW ; GET WORD
0B CO 1676 ¢ or AX, AX = T0 0000
75 04 1677 c JNZ PODSTG_ERRO i ERROR_IF NOT
E2 F9 1678 c LOOP PODSTG_! ; LOOP TILL DONE
EB 11 1679 c Jmp short podstg_err2
1680 C  PODSTG_ERRO:
8B C8 1681 c MOV CX, AX ; SAVE BITS IN ERROR
32 EU 1682 Cc XOR AH, AH
0A ED 1683 c OR CH, CH ; HIGH BYTE ERROR?
74 02 1684 Cc Jz PODSTG_ERR1
B8y 01 1685 c MOV H, ; SET HIGH BYTE ERROR
1686 C  PODSTG_ERRT:
0A C9 1687 c OR CL,CL ; LOW BYTE ERROR?
74 03 1688 c Jz PODSTG_ERR2
80 Cu4 02 1689 c ADD H, 2
1690 C  PODSTG_ERR2:
5D 1691 c POP BP
FC 1692 c CLD ; SET DIR FLAG BACK TO INC
c3 1693 c RET ; RETURN TO CALI
1694 C  PODSTG_5: ; SIMPLE FILL VITN 0000 ON
1695 c i WARM-START
50 1696 c PUSH  AX i SAVE
52 1697 c PUSH DX ; SAVE VALUE
86 03 1698 c mov dh, 3
B2 Cit 1699 c MOV DL, SEQ_ADDR ; SEQ_ADDR REGISTER
B8 020F 1700 c mov ax,020Fh
£8 0D18 R 1701 [ CALL ouT_DX ; DO IT
5A 1702 4 POP DX ; RESTORE
1703 c POP AX i RESTORE
ra/ AB 1704 c REP STosw
8 0DO1 R 1705 c CALL
1706 [+ ASSUME DS' ABSH
89 1€ 0472 R 1707 c MoV DS RESET_FLAG, BX
8E DA 1708 c MoV , DX ; RESTORE DS
B E2 1709 c JMP PODSTG_ERR2 I OAND EXIT
1710 C PODSTG ENDP
1711 C
1712 C ;----- DETERMINE SIZE OF BUFFER
1713 C
1714 C HOW_BIG PROC NEAR
8C DA 1715 c MoV DX, DS ; SET PNTR TO BUFFER LOC
28 DB 1716 Cc SUB BX, BX ; BASIC COUNT OF 00K
1717 € FILL_LOOP:
8E C2 1718 c Hov ES, DX ; SET SEG. REG
2B FF 1719 c su DI, DI
B8 AASS5 1720 c MOV AX, 0AAS5H ; TEST PATYERN
1721 c MoV X,
26: 89 05 1722 C MOV ES: (DI ],AX ; SEND TO MEMORY
1723 ¢ MOV AL, OFH $ PUT SOMETHING IN AL
26: 8B 05 1724 c MoV AX,ES: (DI ] i GET PATTERN FROM MEMORY
3 1725 C XOR AX, CX ; COMPARE PATTERNS
75 14 1726 c JNZ HOH_B)G_END ; GO END I1F NO COMPARE
B9 2000 1727 c MoV CX, 20000 i SET COUNT FOR 8K WORDS
F3/ AB 1728 C REP STOSW ; FILL 8K WORDS
1"c2 0400 1729 c ADD DX, 0400H i POINT IO NEXT 16K BLOCK
83 €3 10 1730 C ADD ; BUMP COUNT BY 16KB
80 FE 80 1731 ¢ cMp o oBoH
75 DA 1732 c INZ FILL_LOOP ; AREA YET 2(BO0OOH)
£B 01 %0 1733 c JMP HOW_BIG‘END
1734 C HOW_BIG_END:
80 FE A0 1735 c CMP DH, 0AOH ; 1ST 16KB OK
7% 06 1736 c iz hb error_exit
1737 C RESUME:
01 SE 04 1738 c ADD WORD PTR[BP]{4],BX ; SAVE BUFFER FOUND
B8 0000 1739 c MoV AX,0
1740 € HB_ERROR_EXIT:
c3 1741 Cc
1742 C HOW_BIG ENDP
1743 c
174 c ;
174 C }SUBROUTINES FOR POWER ON DIAGNOSTICS :
174 c
1747 [ E1HIS PROCEDURE WILL ISSUE ONE LONG TONE (3 SEC) AND ONE OR :
1748 C ;MORE SHORT TONES (1 SEC) TO INDICATE A FAILURE ON THE PLANAR H
1749 C ;BOARD ,A BAD RAM MODULE,OR A PROBLEM WITH THE CRT. H
1750 C ;ENTRY REQU(REMEN S: H
1751 c i NUMBER OF LONG TONES TO BEEP :
1752 c DL NUMBER OF SHORT TONES TO BEEP. H
1753 c
1754 C ERR_BEEP PROC NEAR
9c 1755 [ PUSHF ; SAVE FLA
FA 1756 C 1 ; DISABLE SYS'IEM INTS
1E 1757 [ PUSH DS
E8 0001 R 1758 C CALL DDS
1759 [ ASSUME  DS:ABSO
0A F6 1760 c OR DH, ; ANY LONG TONES TO BEEP
74 08 1761 c Jz G3 i NO, DO THE SHORT ONES
1762 C G1: ; LONG BEEP
83 06 1763 c MoV BL,6 i COUNTER FOR BEEPS
£8 0023 R 1764 C CALL BEEP ; DO THE BEEP
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071A

= 0000
071A

071A 28 18
0710 0800

= 0005
071F

071F 0B 03
= 0004

0723 23

07
073D 00 Ot
0743 06 07

074F OF 00

0
0751 00 00
0757 OE 00

075A 28 18
075D 0800

075F 0B 03

0770 00 0}
07

0789 14 15
078F OF 00

0791 00 00
0797 OE 00

079A 50 18
0790 1000

IIDITOTDIDBDDIDDRDD DD

00
FF

08

01
E2 €8 0023 R

03

——o
328
o

00

00

00

000000000000000000000

OO0 00000000000000000000000000000000000NN00000000NNN00N0NNNN00NN0N0NNN00N00000

G2:
LOOP G2 3 DELAY BEIWECN BEEPS
DEC DH 3 ANY MORE T0 D
JNZ G1 ;
G3: .
MoV BL,1 ; COUNTER FOR A SHORT BEEP
o CALL  BEEP 100 T
L
LOOP Gl 3 DELAY BETWEEN BEEPS
DEC bL ; DONE WITH SHORT BEEPS
& JNZ G3 ; DO MORE
51
" LOOP G5 3 DELAY BEFORE RETURN
G6:
LOOP G6
POP DS ; RESTORE CONTENTS OF DS
POPF 3 RESTORE FLAGS
RET
ERR_BEEP ENDP
SUBTTL
T2 LABEL  WORD
oW OFFSET  AHO 3 MODE SET
DW OFFSET  AH1 3 SET CURSOR TYPE
oW OFFSET  AH2 5 SET CURSOR POSITION
oW OFFSET AH3 ; READ CURSOR POSITION
DW OFFSET  AHY ; READ LIGHT PEN POSITION
DW OFFSET  AH5 ; ACTIVE DISPLAY PAGE
DW OFFSET AH6 ; SCROLL DOWN
oW OFFSET  AH7 SCROLL UP
bW OFFSET  AH8 5 READ CHAR/ATTRIBUTE
DW OFFSET  AH9 3 WRITE CHAR/ATTRIBUTE
DW OFFSET  AHA 5 WRITE CHARACTER ONLY
oW OFFSET AHB ; SET COLOR PAL
DW OFFSET  AHC 3 WRITE DOT
DW OFFSET  AHD ; READ DOT
DW OFFSET  AHE 3 WRITE
DW OFFSET  AHF H CURRENT VIDEO STATE
bW OFFSET AH10 ; SET PALETTE REGISTERS
bW OFFSET  AH11 ; CHAR GENERATOR ROUTINE
oW OFFSET  AH12 3 ALTERNATE SELECT
oW OFFSET AH13 3 WRITE STRING
T2L EQU $-T2
INCLUDE VPARMS., INC

SUBTTL VPARMS. INC

PAGE
VIDEO_PARMS LABEL BYTE

Structure of this table

columns, rows, pels per character
page length

sequencer parameters
miscellaneous register

CRTC parameters

Attribute parameters

Graphics parameters

base_1 equ $ - video_parms
base_1_1 label byte
H - default modes
j==0--
db 40d, 24d, 08d
dw 00800h
tfs_len equ $ - base_1_)
SEQ_PARMS LABEL BY
DB OOBH 003" ODOH 003H
MY EQU $ - SEQ_P
[l:3 023H
CRT_PARMS LABEL BYTE
DB 037H,027H,020H,037H, 031H,015H
DB 004H,011H, 000H, 007H, 006, 007H
0B 000H, 000H, 000H, 000H, OE 1H, 024H
0B OCT7H,014H, OOBH OEOH, OFOH, 0A3H
DB
My EQU $-CRT_PARMS
ATTR_PARMS LABEL BYTE
DB 00OH, 001H, 002H, 603H, 004H, 005H
DB 006H,007H,010H,011H,032H,013H
o8 0t4H,015H,016H,017H, 008H, 000H
0B 0OFH,000H
M5 EQU $=-ATTR_PARMS
2 S - base | |
GRAPH_PARMS
ODOH DOOM OOOH 000H, 000H, 0 10H
DB 00EH, O00H, OFFH
$-GRAPH_PARMS
equ $ - base_1_1
40d, 24d, 08d
008000
o8 00BH,003H,000H,003H
oB 023K
[of:3 037H,027H,020H,037H,031H,0158
DB 0Q4H,011H, 000H, 007H, 006H, 007H
DB 000H, 000H, 000H, 000H, OE 1H, 024H
D8 0C7H,014H,008H, OEOH, OFOH, OA3H
D8 OFFH
D8 000H, 001H, 002H, 003H, 004H, GOSH
08 006H,007H,010H,011H,012H,013H
o8 014H,015H,016H,017H, 008H, 000H
2] 00FH,00CH
0B 000H, 000H, 000H, 000H, 000H, 0 10H
DB OOEH,000H, OFFH
jmm2--
db 80d, 2u4d, 08d
dw 01000h
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03

00

00

00

00
FF

08

00

00

00

02

07
07

A3

05
00

14

24
A2

000NN O000000000NN0N00N0000N000NNNN0NN000000NANNN0000N00N0NNNNG000N000NNN0000000000N000000000000000000000000000000000000000000

3om3--

s=e5m

s-6en

001H,003H, 000H, 003H
023H

070H, O4FH,05CH, 02FH, 05FH, 007H
QO4H, 011H, 000K, 00TH, 006H, 00TH
000H, 000H, 000H, 000H, OETH, 024H
g?;:,OZBH,OOBH,OEOH,OFOH,OASH

000H, 001H, 002H, 003H, 00LH, 005H
006H,007H,010H,011H,012H, 0134
014H,015H,016H,017H, 008H, 000H
00FH, 000H

000H, 000H, G00H, 000H, 000H, 010H
0O0EH, 000H, OFFH

80d, 24d, 08d
01000h
001H, 003H, 000H, 003H

023K

070H, Q4FH, 05CH, 02FH, 05FH, 00TH

QO0LH, 011H, 000H, 007H, 006H, 007H

000H, 00QH, 000H, 000H , OETH, 024H

0CTH, 028H, 008H, OEOH, OFOH, 0ASH
FFH

000H, 001H, 002H, 003H, 004H, 005H
006H,007H,010H,011H,012H,013H
014H,015H,016H,017H, 008H, 000H
00FH, 000H

000H, 000H, Q0CH, 000H, 00QH, 0TOH
OO0EH, 000H, OFFH

409, 24d, 08d
04000h

00BH, 003H, 000H, 002H
023H

037H,027H,020H, 037H, 030H, 014H
00k4H,011H, 000H, 00 1H, 000H, 000H
00QH, 000H, 000H, 000H, OETH, 024H
OC7H, 014H, 000H, 0EOH, OFOH, 0A2H
OFFH

Q00H,013H,015H,017H, 002H, 004H
006H,007H,010H,011H,012H, 013H
014H,015H,016H,017H,001H, 000H
003H, 000K

000H, 000H, 000H, 000H, 000H, 030H
00FH,000H, OFFH

40d, 24d, 08d
04000h
00BH, 003H, 000H, 002H

023H

037H,027H,02DH, 037H,030H, 0T4H
004H,011H,000H, 00 1H, 000H, 00OH
000K, 000H, 000H, O00H, OETH, 02UH
OCTH, 014H, 000H, OEOH, OFOH, 0A2H
QFFH

000H, 013H,015H, 017H, 002H, 0OL4H
006H, 007H, 010H, 011H, 012H, 013H
014H,015H,016H,017H, 001H, DOOH
003H, 000H

00O0H, 000H, 000H, 000H, 000H, 030H
0O0FH, 000H, OFFH

80d, 24d, 08d
04000h

0018, 001H, 000H, 006H
023H

070H, 04FH,059H, 020H, 0SEH, 006H
0QOLH, 011H,000H, 00 1H, 000H, 000H
000H, 000H, 000H, 000H, 0EOH, 023H
0C7H, 028H, 000H, ODFH, OEFH, 0C2H
OFFH

Q00H,017H,017H,017H,017H,017H
Q17H,017H,017H,017H,017H,017H
017K8,017H,017H,017H,001H, 000H
001H, 000H

000H, 000H, 000H, 000H, 000H, 000H
00DH, 000H, OFFH

80d, 24d, 14d
01060n
000H, 003H,000H, 003H

0a6H

060H, O4FH,056H, 03AH, 051H, 060H
070H,01FH, 000H, 00DH, 00bH, 00cH
000K, 000H, 000H, 00CH, 0SEH, 02EH
05DH, 028H, 00DH, 05EH, D6EH, OA3H
OFFH

0QO0H, 008H, 008H, O08H, 008H, DO8H
008H,008H,010H,018H,018H, 018H
018H,018H,018H,018H, 00EH, 000H
00FH, 008H
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0911 00 00
0917 0A 00

091A 28 18
0910 4000
091F 00 00
0923 23

27 2
00
0

00
FF
08

00

D
08

02
16

a0

00

03

03

07

00

15
07

A3

05
00

15
07
24
A3

05
13
00

07
07

A3

00
00

n
o
0

00000 NN000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000NN000000N0NN0NDNN00NNN0

j=-8--

s=-9--

j=ma--

PO

soed--

000H, 000H, 000H, 000H, 000H, 010H
00AH, 000H, OFFH

40d, 24d, 08d
04000h
000H, 000H, 000H, 003H

023H

037H,027H,02DH, 037H,031H, 015H
QO4H,011H,000H, 007H, 006H, 007H
00QH, 000H, DOOH, 00O0H, BE1H, 024H
OCTH, 014H, 008H, 0EOH, GFOH, DA3H
OFFH

000H, 001H, 002H, 003H, 004H, 0O5H
006H,007H, 010H, 011K, 012H, 013H
014H,015H, 016H, 017H, 008H, 000H
00FH, 000H

000H, 000H, 000H, 000H, CO0H, 010H
00EH,000H,0FFH

40d, 24d, 08d
04000h
000H, 000H, DO0H, 003H

023H

037H,027H,020H,037H, 03 1H, 015H
004H,011H,000H,007H, 006H, 007H
00OH, 000H, 000H, 000H, OE TH, 024H
0OC7H,014H, 008H, OEOH, OFOH, 0A3H
OFFH

0Q0H, 001H,002H, 003H, 004H, 005H
006H,007H,010H,011H,012H,013H
014H,015H,016H,017H, 008H, 000H
00FH, 000H

000H, 000H, 000H, 000H, 000H, 010H
OQEH, 000H, OFFH

40d, 24d, 08d
04000h

000H, 000H, 000H, 003H
023H

037H,027H,020H,037H,031H,015H
0OY4H,011H,000H, 007H, 006K, 007H
000H, 000H,000H, 000H, OE1H, 024H
0C7H,014H,008H, OEOH, OFOH, OA3H
OFFH N

000H,001H,002H, 003H, 004H, 005H
006H,007H,010H,011H,012H, 013H
014H,015H,016H,017H, 008H, 000H
00fH, 000H

000H, 000H, 000H, 000H, 000H, 010H
QOEH, 000H, OF FH

80d, 24d, 08d

01000h

001H, 004H, 000H, 007H

023H
070H,04FH,05CH, 02FH, 05FH, 007H
004H, 011H, 000H, 007TH, 006H, 00 TH

000H, 000H,000H, 000H, OETH, 024H
8$7H,OZBH,OOBH,OEOH,OFON,DASH
FH

00OH, 000H, 000H, 0Q0H, 000K, 000H
000H, 000H, 000H, 0QOH, 000K, 00OH
00OH, 000H, 000H , 000H, 000H,, 000H
00FH, 000H

0Q0OH, 000H, Q00H, 000H, 00CH, 000H
004H, 000H,0FFH

80d, 24d, 14d
01000h

000H, 004H,000H, 007H

0a6H

060H, OLFH,056H, 03AH, 051H, D60H
070H,01FH,000H, 0ODH, 00bH, 0OcH

000H, 000H, 000H, 000H, OSEH, 02EH
05DH, 028H, 00DH, 05EH, 06EH, 0A3H

000H, 000H, 000H, 000H, 000H, 000H
000H, 000H , 000H , 000H, 000H , 000H
000H, 000H, 000H, 000H, ODEH, 000H
00FH, GO8H

000H, 000H, 000H, 000K, 000H, 000H
004H, 000H,0FFH

40d, 24d, 084

02000h

00BH, 00FH, DOOH, 006H

023H
037H,027H,02DK,037H8,030H, 0 14H
004H,011H, 000H, 00OH, 00OH, DOOH

00QH, 000H, 000H, 000H, OETH, 024H
OC7H,014H, 000H, OEOH, OFOH, 0E3H
OFFH

000H, 001H, 002H, 003H, 004H, 005H
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0AB3 06 07 10 11 12 13 2143 C 08 0Q06H,007H,010H,011H,012H,013H
0A89 14 15 16 17 01 00 2144 C DB 014H,015H,016H,017H, 001H, 000H
O0A8F OF 00 ;::2 g o8B 00FH, 000H
0A91 00 00 00 00 00 00 2147 c DB 000K, 000H, 000H, 000H, 000H, 000H
0A97 05 OF FF 2135 c -3 005H, 00FH, OFFH
2149 c
0A9A 50 18 08 2150 c db 80d, 2ud,08d
0A9D 4000 2151 c dw 04000h
2152 c
0A9F 01 OF 00 06 g! 3 g DB 001H,00FH, 000H, 006H
1
0AA3 23 51 2 g o8B 023H
1
OAA4 70 4F 59 2D 5E 06 2157 c o8B 070H, O4FH, 059H, 02DH, 0SEH, 006H
0AAA 04 11 00 00 00 00 2158 Cc oB Q0UH,011H, 000H, 00OH, 000H, 000H
0ABO 00 00 00 00 EO 23 2159 c 1:3 000H, 000H, 000H, 0O0H, OEOH, 023H
0AB6 C7 28 00 DF EF E3 2160 c DB OC7H,028H, 000H, ODFH, OEFH,0E3H
0ABC FF 2161 c 0B OFFH
2162 c
0ABD 00 01 02 03 04 05 2163 C DB Q00H, 001H, 002H, 003H, DO4H, 005H
0AC3 06 07 10 11 12 2164 c DB 006H,007H,010H,011H,012H, 013H
0AC9 14 15 16 17 01 00 2165 c D8 014H,015H,016H,017H,001H, 000H
OACF  OF O 21 ? Cc B 00FH, 000H
21 c
0AD1 00 00 00 00 0O 00 2168 c DB 000K, 000H, 000H, 000H, 000H, 000H
0AD7 05 OF FF 2169 c 0B 005H, O0FH, OFFH
2170 c
0ADA 50 18 OF 2171 c db 80d, 24d, 14d
0ADD 8000 2172 Cc dw 08000h
2173 C
OADF 05 OF 00 00 2174 C o8 005H, 00FH, 000H, 00CH
2175 C
DAE3 A2 2176 c [:] 0a2H
2177 Cc
OAEL4 60 4F 56 1A 50 EO 2178 C DB 060H, O4FH, 056H, 01AH, 050H, OEOH
QAEA 70 1F 00 00 00 00 2179 c 1:3 070H,01FH, 000H, 000H, 000H, 000H
QAFO 00 00 00 00 5E 2E 2180 4 DB 00QH, 000H, 0Q0H, 000H, 05EH, 02ER
0AF6 5D 34 00 5€ 6E 8B 2181 c 0B 05DH, 014H, 00DH, 05EH, O6EH, 08BH
OAFC  FF 2182 C DB OFFH
2183 C
OAFD 00 08 00 00 18 18 2184 C DB 000H, 008H, 000H, 000H, 018H,018H
0803 00 00 00 08 00 00 2185 C [ 00CH, 000H, 000H, 008H, 000H, 000H
0809 00 18 00 00 08B 00 2186 C DB 00OH, 018H, 000H, 000H, 00BH, 000H
0BOF 05 00 2187 c DB 005H, 000H
2188 c
0B11 00 00 00 0O 00 10 2189 c DB 000H, 000H, 000H, 000H, 000H, 010H
0B17 07 OF FF 2190 4 DB 007H, 00FH, OFFH
2191 € ;=10--
0B1A 50 18 OF 2192 C db 80d,24d, 14d
0B1D 8000 2193 C dw 08000h
219y C
0B1F 05 OF 00 00 glgz g o8 005H, 00FH, 000H, 000H
1
0823 A7 2197 C 0B 0aTH
2198 C
0B24 5B 4F 53 17 50 BA 2199 C D8 05BH,Q4FH, 053H,017H,050h, ObaH
082A 6C 1F 00 00 00 00 2200 [ o8 06CH, 01FH, 000H, 000H, 000H, 000H
0830 00 00 0O 00 5E 2B 2201 C DB 000H, 00CH, 000H, 000H, 05EH, 02BH
0B36 5D 14 OF 5F OA 8B 2202 C DB 05DH, 014H, 00FH, 05FH, 00AH, 08BH
0B3C FF 2203 c o8 OFFH
2204 C
0B3D 00 01 00 00 O4 O7 2205 c 0B 000H, 001h, 000H, 000H, 004h, 007h
0B43 00 00 00 01 00 00 2206 c be 000H, 000H, BOOH, 001h, 000H, 000H
Q0B49 04 07 00 00 01 00 2207 c o] 004h,007h, 000H, 000H, 00 1H, 000H
0B4F 05 00 2208 c oB 005H, 000H
2209 <
0B51 00 00 00 Q0 00 10 2210 C 08 0QOCH, 000H, 000H, 000H, 000H, 010H
0857 07 OF FF 2211 c ;] 007H, 00FH, OFFH
2212 C
= 0440 2213 C base_2 equ $ - video_parms
2214 C
2215 C ;===== > 16K mode values
2216 c
2217 C emfe-
0B5A 50 18 OF 2218 C db 80d,2u4d, 14d
0B5D 8000 2219 4 dw 08000h
2220 4
OB5F 01 OF 00 06 2221 [ 0B 001H, 00FH, 000H, 006H
2222 C
0B63 A2 2223 c 0B 0a2H
2224 C
0B6Y4 60 4F 56 3A 50 60 2225 C DB 060H, QuFH, 056H, 03AH, 050H, 060H
0B6A 70 1F 00 00 00 00 2226 C 0B 070H,01FH, 000H, 000H, 000H, 000H
0870 00 00 00 00 5E 2E 2227 [ o8 000H, 000H, 000H, 000H, 05EH, 02EH
0B76 5D 28 0D SE 6E E3 2228 Cc 0B 05DH, 028H, 0ODH, 0SEH, 06EH, OE3H
0B7C FF 2229 c 0B OFFH
2230 C
0B7D 00 08 00 00 18 18 2231 C DB 000H, 008H, 0GOH, 000H, 018H, 018H
0B83 00 00 00 08 00 00 2232 C 0B 000H, 000H, 000H, 008H, 000H, 000H
0B89 00 18 00 00 0B 00 2233 C DB 00O0H, 018H, DOOH, 000H, 00BH, 000H
OB8F 05 00 2234 C 2l:] 005H, 000H
2235 C
0B91 00 00 00 00 00 00 2236 C b8 00O0H, 000H, 000H, 000H, 000H, 000H
0B97 05 OF 2237 c b8 005H, 0OFH, OFFH
2238 C
2239 C ;-10--
0B9A 50 18 OE 2240 C db 80d,24d, 14d
0B30 8000 2241 C dw 0800Ch
2242 C
0B9F 01 OF 00 06 2243 C DB 001H, 00FH, 000K, 006H
2244 C
0BA3 A7 2245 C DB 0a7H
2246 C
OBAY 5B 4F 53 37 52 00 22u7 C DB 05BH,QUFH, 053H,037H,052H, 000H
0OBAA  6C 1F 00 00 00 00 2248 c DB 06CH, 01FH, 000H, 000H, GOOH, 000H
0BBO 00 00 00 00 SE 2B 2249 c DB 000H, 000H, 000H, 000H, 0SEH, 02BH
0BB6 5D 28 OF 5F 0A E£3 250 c 0B 05DH, 028H, 00FH, 05FH, 00AH, OE3H
08BC FF 2251 C DB OFFH
2252 c
0BBD 00 01 02 03 04 05 2253 C DB 000H, 001H, 002H, 003H, OO4H, 0Q5H
0BC3 07 38 39 3A 38 2254 c o8 014H,007H, 038H,039H,03aH, 03bH
0BC9 3C 3D 3E 3F 01 00 2255 C DB 03cH,03dH, 03eH, 03fH,001H, 000H
0BCF OF 00 2256 c DB 00FH, 000H
2257 C
0BD1 00 00 00 00 00 00 2258 c b8 000H, 000H, 0OOH, 000H, 000H, 000H
0BD7 05 OF FF 2259 c DB 005H, 00FH, OFFH
2260 c
2261 C
= 04co 2262 C base_3 equ $ - video_parms
2263 4
2264 L 5 hi res alternate values
2265 c
2266 C ;--0--
0BDA 28 18 OF 2267 C db 40d, 24d, 14d
0BDD 0800 2268 c dw 00800h
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0Do1 50
0DO4  8E

122

03

01

00

00
00

00

53
00
oF

02

00

00

53
00

OoF

02 0.

38

3E 3

00
FF

38
£3

00

42
2198 R

0001 R
FF AL 06F2 R

co
D8

51

SE
0A

ou
08

00

5B
07

A3

05
00

000000000 N00000000000000N0NC00000000000000A0NA0NN00NNN000000000000000000N00000N0N00000

PR

B

je2em

SUBTTL

00BH, 003H, 000H, 003H
Oa7H

02dH, 027H, 02bH, 02dH, 028, 06dh
Q6CH, 017H, 000H, 00dH, 006H, 00TH
Q00H, 000H, 000H, 000H , 05¢H, 02bH
05dH, 014H, 00FH, 05eH, 00aH, 0AIH

000H, 001H, 002H, 003H, 004H, 005H
014H,007H,038H,039H, 03aH,03bH
03cH, 03dH,03eH, 03fH, 008H, 000H
Q0FH, 000H

000H, 000H, 000H, 000H, 000H, 010H
O0EH, 000H, OFFH

40d, 24d, 14d
00800h
008H, 003H, 000H, 003H

0a7H

02dH, 027H, 02bH, 02dH, 028, 06dh
06CH, 01FH, Q00H, 00dH,, 006H, 007H
000H, 0O0H , QOOH , 000H, 05eH , 02bH
05dH, 014H, 00FH, 05eH, 00aH, 0A3H

000H, 007H, 002H, 003H, 00UH, 005H
014H, 007H,038H, 039H, 03aH, 03bH
03cH, 03dH, 03eH, 03FH, 008H, 000H
00FH, 000H

000H, 000H, 000H, 000H, 000H, 010H
GOEH, 000H, OFFH

80d,24d, 14d
01000h

001H, 003H, 000H, 003H
0a7H

05bH, O4FH,053H,037H,051h,05bh
06cH,01fH, 000H, 00dH, 006H, 0QTH
000H, 000H, 000H, 000H, 05eH, 02bH
8??:,DZBH,OOTH,OSeH,OOaH,UA3H

000H, 001H, 002H, 003H, 00UH , 005H
014H,007H, 038H, 035H, 03aH, 03bH
03cH, 03dH, 03eH, 03FH, 008H, 000H
00FH, 000H

000H, 000H, 000H, 000H, 000H, 0 T0H
OQOEH,000H,0FFH

80d, 24d, 14d
01000h

001H, 003H, 000H, 003H
0aTH

05bH, 04FH,053H,037H,051h,05bh
06CH,01fH, 000H, 00dH, 006H,007H
000H, 000H, 000H, 00CH, 05€eH, 02bH
ggg:,028H,007H,059H,008H,0A3H

000H, 001H, 002H, 003H, 004H , 005H
014H,007H,038H, 039H, 93aH, 03bH
03cH, 03dH, 03eH, 03fH, 008H, 000H
QOFH, 000H

000H, 000H, 000H, 000H, 000H, 010H
OO0EH, 000H, OFFH

;===== VECTOR INTO <AH> SPECIFIED FUNCTION

COMBO_VIDEO
STI

M2:

ASSUME
CALL
POP

PROC NEAR

DS: ABSO
DDS

AX
WORD PTR CS:[S! + OFFSET T72)

UTILITY ROUTINES

SET DS TO THE DATA SEGMENT

PROC
PUSH
sub
mov

NEAR
AX
ax,ax
ds,ax

IBM Enhanced Graphics Adapter

INTERRUPTS ON
SET D!RECTION FORWARD

SAVE

SAVE

THE REGISTER SET

AX VALUE

GET INTO LOW BYTE

TEST

BRANC

FOR WITHIN RANGE
H ARQUND BRANCH
STER

RECOVER REG!

PASS

UNRECOGN | ZED CALL

RETURN TO CALLER

RECOVER

JMP TO AH=0 THRU AH=XX

SAVE

REGISTER



58
c3

86
EE
86
EE
c3

EE
c3

E8

51

E8
8A
Fé
T4

A0

3C
74
3C
ILS
EB

81
8A

GonE

ol

cu

0043
B6

0D21
0533

0p21
cy

0D21
0061

»

» =

0001 R
1E 04A8 R
Cy 1F

0DS2 R

26 0449 R

06 0487 R 60
18

FC OF
C3 0440
3 90
FC 10

C3 0480
27 90

FC 03

€3 ouco
OE 0449 R

2A ED

E3

83
€2

5A

05

C3 4o

pOP AX
RET
oDs ENDP
WHAT_BASE PROC  NEAR
ASSUME  DS:ABSO
PUSH oS
CALL  DDS
MOV DX, ADDR_6845
AND DL, OFOH
oR DL, 0AH
POP DS
RET
WHAT_BASE ENDP
OUT_DX PROC  NEAR
XCHG AL, AH
WOUT
ouT DX, AL
INC DX
XCHG AL, AH
WouT
ouT X, AL
DEC DX

RET
OUT_DX ENDP

ROUTINE TO SOUND BEEPER
BP_1  PROC  NEAR

wWouT
ouT DX, AL
RET
8P_1 €NDP
BEEP PROC NEAR
PUSH  OX
MOV OX, TIMER+3
MOV AL,101101108
CALL  BP_1
MOy AX;533H
DEC DX
CALL  BP_1
MOV ALTAH
CALL  BP1
MOV DX; PORT_B
WIN
IN AL, OX
MOV AH, AL
OR AL, 03
CALL  BP_
SUB CX;CxX
G7:
LOOP 67
DEC BL
JNZ 67
MOV AL, AH
CALL  BP_1
POP DX

set_base proc near
assume ds:absQ
call dds
wixs es,bx, save_ptr
Les bx, save_ptr
les bx,dword ptr es:[bx]
ret
set_base endp
jmm—— establish addressing to the correct mode
make_base proc near
assume ds:abs0
push cx
push dx
call set_base
mov ah,crt_mode
test info, 060h
Jz b_m_1

;-=--- we have a memory expansion option here

cmp ah,0fh
Jne _m_
add bx,base_2 ~ base_1
Jmp b_m_out
b_m_2:
cmp ah,010h
Jne b_m_1
add bx,base_2 + m_tbl_len - base_1
Jjmp b_m_out
b_m_1:
cmp ah,03h
ja b_m_3
jumm—- check the switch setting for enhancement
mov al,info_3
and a1,0fh
cmp al,03h
Jje rs
cmp al,o9h
Je brs
Jmp b_m_3
jmm——— we witl perform enhancement
brs:
add bx,base_3 - base_1
b_m_3:
mov cl,crt_mode
sub ch,ch
Jexz b_m_u

to the indivi

add bx,m_tbi_ien
loop b_m_5

b_m_4:

b_m out:
pop dx

RESTORE REGISTER

SAVE DATA SEGMENT

GET LOW MEMORY SEGMENT
GET CRTC ADDRESS
STRIP OFF LOW NIBBLE
SET TO STATUS REGISTER

AH=INDEX, AL=DATA, DX=PORT
GET INDEX VALUE

SET INDEX REG

SET DX TO DATA REG

GET DATA VALUE

SET DATA REG

SET DX BACK TO INDEX

b

SEL TIM 2,LSB,MSB,BINARY
WRITE THE TIMER MODE REG
DIVISOR FOR 1000 HZ
WRITE TIMER 2 CNT - LSB
WRITE TIMER 2 CNT - MSB
GET SETTING OF PORT

SAVE THAT SETTING
TURN SPEAKER ON

SET CNT TO WAIT 500 MS
DELAY BEFORE TURNING OFF
DELAY CNT EXPIRED?

NO-CONTINUE BEEPING SPK
RECOVER VALUE OF PORT

RETURN TO CALLER

------ find the parameter table vector in the save table

get ptr to ptr table

get parameter ptr

table entry

H

H

get parm tbl ptr

test for base card
min memory

skip enhanced portion

secondary emulate setting

primary emulate setting

vector to enhancement tbl

duat mode entry

length of one mode entry
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0F32 2773 ST_2A:

0F32 A2 0449 R 2774 MoV CRT_MODE, AL 3 SAVE MODE VALUE
0F35 B2 B4 2775 MOV DL, CRTC_/ ADDR B 3 1T 18 (2/3)-B-X
OF37 89 16 0463 R 2776 MoV ADDR _6845,DX ; SAVE CRTC_ADDRESS
0F38 EB 1C 90 g;?’; JMP Qa1 ; CONTINUE THE MODE SET
2779 j=~~== COLOR SETUP TO THE ADAPTER
2780
OF3E 2781 ST_3:
OF3E 58 2782 pPoP AX ; RECOVER PARAMETER VALUE
OF3F 50 2783 PUSH AX 3 SAVE IT
OF40 B6 03 2784 mov >3
QFu2 24 80 2785 AND AL, 080H 5 1SOLATE REGEN CLEAR BIT
OFu4 80 26 Ou87 R 7F 2786 AND INFO,Q7FH ; PREPARE INFO
OF49 08 06 0487 R 2787 OR INFO, AL ; SET IT, OR
OF4D 5 2788 POP 3 RECOVER TRUE MODE CALL
OF4E 24 7F 2789 AND AL,O7FH ; DONE WITH D7
OF50 A2 0449 R 2790 Moy CRT_MODE, AL 3 SAVE THIS MODE
0F53 B2 D4 2791 MoV oL, CRTC_, ADDR 3 (2/3)-D=X
OF55 89 16 0463 R 2792 Mov ADDR _6815, DX 3 SAVE CRTC ADDRESS
0F59 2793 QQi:
0F59 C7 06 O44E R 0000 2794 MoV CRT_START, 0 5 SAVE START ADDRESS
OF5F C6 06 0462 R 00 2795 Mov ACTTVE_| PAGE 0 3 RESET PAGE VALUE TO ZERO
2796 ASSUME  ES:NOTHING
OF64 B9 0008 2797 MoV cx,8 ; 8 PAGES OF CURSOR VALUES
OF67 BF 0450 R 2798 Moy DI,OFFSET CURSOR_POSN 3 OFFSET
OF6A 1E 2799 PUSH DS ; ESTABLISH
0f68 07 2800 pop ES 3 ADDRESSING
QF6C 2B CO 2801 sus AX, AX ; 0 THOSE CURSOR LOCAT}ONS
OF6E  F3/ AB ggg§ REP STOSW ; CLEAR OUT SAVED VALUES
0F70 E8 ODSD R 2804 call make_base
2805
OF73 26: 8A 07 2806 MOV AL, ES:[bx] ; GET COLUMN COUNT
0F76 2A E4 2807 SuB AH, AH ; ZERO HIGH BY
OF78 A3 O44A R 2808 MoV CRT_COLS, AX ; STORE COLUMN VALUE
2809
0F7B 26: BA ll7 01 2810 MOV AL, ES:[bx]{1] ; GET ROW VALUE
OF7F A2 0484 R gg” Mov ROWS, AL ; STORE ROW VALVE
12
0FB2 26: 8A 47 02 2813 Mov AL, ES:[bx]{2] ; GET THE BVTES/CHAR
0FB86 2A E 2814 SuB AH, AH ; ZERO HIGH BYT!
0F88 A3 0485 R 28|2 Mov POINTS, AX ; STORE BVTES/CHAR
281
0F8B 26: 8B 47 03 2817 Mov AX,ES:[bx][3] 3 GET PAGE SIZE
OF8F A3 OU4C R 2818 MOV CRT_LEN, AX ; STORE PAGE LENGTH
2819
0F92 2B DB 2820 suB BX, BX 5 ZERO
0F94  BO 01 2821 MoV AL, 1 3 MONOCHRDM[ ALI’HA CHAR GEN
0F96 8A 26 0449 R 2822 MoV AH, CRT_MODE ; GET CURRENT
0F9A 80 FC 07 2823 CMP N ;18T MONOCHROME
0F9D 74 0C 2824 JE ENTRY_2 3 9X14 FONT
OF9F 80 FC 03 2825 cmp ah,03h
OFA2 77 35 2826 Ja entry_1
2827
OFAY4 E8 OE9C R 2828 call brst_det
OFA7 72 02 2829 Jc entry_2
2830
OFA9  BO 02 2831 MOV AL, 2 ; COLOR ALPHA CHAR GEN
OFAB 2832 ENTRY_2:
OFAB E8 1EAB R 2833 CALL CH_GEN ; LOAD ALPHA CHAR GEN
OFAE E8 0DO1 R 2834 CALL DS
0FB1 8A 26 Ou49 R 2835 Mov AH, CRT_MODE 3 GET CURRENT MODE
0FB5 80 FC 07 2836 CMP AH, 7 ; 1S )T MONOCHROME
OFB8 74 03 2837 JE FOG_IT 3 9X14 FONT
OFBA EB 1D 90 2838 JMP ENTRY_1
OFBD 2839 FDG_IT:
OFBD BD 0000 E 2840 MoV BP,OFFSET CGMN_FDG ; TABLE POINTER
0FCO BB 0EOO 2811 MoV BX, 0EQ0H ; 14 BYTES PER CHAR
0FC3 2842 FDG;
0FC3 OE 2843 PUSH cs ; GET_THE ROM SEGMENT
QFCH 07 2844 POP ES ; _INTO ES
OFC5 26: 8B 56 00 2845 MOV DX,ES:[8P] ; GET THE CHAR HEX CODE
0FC9 0B D2 2846 OR DX, DX ; ZERO = NO MORE CHARS
OFCB 74 0C 2847 JZ ENTRY_1 ; NO MORE
OQFCD B9 0001 2848 MoV CX,1 ; DO ONE CHAR AT A TIME
OFDO & 2849 INC P ; MOVE TO FIRST CODE POINT
0FD1 E8 1EF3 R 2850 CALL DO_MAP2 ; STORE THE CODE POINT
OFD4 83 C5 OF 2851 ADD BP, 014D H ADJUST BP TO NEXT CODE
OFD7 EB EA 2852 FDG ; DO ANO
0FD9 2853 ENTRY_1:
OFD9 E8 ODAE R 2854 call set_regs
QFDC E8 0E57 R 2855 CALL BLANK ; CLEAR OUT THE BUFFER
OFDF E8 0E98 R 2856 CALL PH_5
2857
2858 ASSUME  DS:ABSO
QFE2 E8 0DO1 R 2859 CALL DDS
OFES 80 3E 0449 R OF 2860 cmp crt_mode,0fh
OFEA 72 06 2861 Jb ms_1
OFEC C7 06 010C R 0000 E 2862 Moy word ptr GRX_SET , OFFSET CGMN
0FF2 2863 MS_1:
OFF2 80 3E 0449 R 07 2864 cmp crt_mode, 7
OFF7 77 09 2865 Ja save_grph
OFF9 74 4B 2866 Je save_alph
OFFB 80 3E 0449 R 03 2867 cmp crt_mode, 3
1000 76 uy 2868 Jbe save_alph
1002 2869 save_grph:
1002 C4 1E Q4A8 R 2870 les bx, save_ptr
1006 83 €3 0C 2871 add %, 0ch
1009 26: Cu IF 2872 les bx,dword ptr es:[bx]
100G 8C CO 2873 mov ax,es
100E 0B C3 2874 or ax , bx
1010 74 32 2875 Jz ; Jmp ahO_done
1012 BE 0007 2876 mov S| 07h
1015 2877 sg_1:
1015 26: 8A 00 2878 mov al,es:[bx][si]
1018 3C FF 2879 cmp al,0ffh
101A 74 7A 2880 Je ah0_done
101C  3A 06 Ouu9 R 2881 cmp al crt_mode
1020 74 03 2882 Je sg_
1022 2883 inc
1023 EB fO 2884 Jmp sg 1
1025 2885 sg9_2:
1025 FA 2886 cli
1026 26: 8A 07 2887 mov al,byte ptr es:[bx]
1029 FE C8 2888 dec al
102B A2 0u8y R 2889 mov rows,al
102E  26: 8B 47 01 2890 mov ax,word ptr es:[bx][1]
1032 A3 0u85 R 2891 mov points
1035 26: 8B 47 03 2892 mov ax, word ptr es: [bx][x]
1039 A3 010C R 2893 mov word ptr grx_
103C  26: BB 47 05 2894 mov ax,word ptr es [hx][i]
1040 A3 010E R 2895 mov word ptr grx_set + 2,ax
1043 FB 2896 sti
1044 2897 Jbjs
1044 EB 50 2898 Jmp short ah0_done
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P it pgarget=p=-0-1
F=-amMOVNENCIRG

2899 save_alph:
]

C4 1E O4A8 R 2900 es bx, save_ptr
83 €3 08 2901 add bx,08h
26: Cu 1F 2902 les bx,dword ptr es:{bx]
8C Co 2903 mov ax,es
08 C3 2904 or ax,bx
74 40 2905 Jz ah0_done
BE 0008 2906 mov si,0bh
2907 sa_1:
26: 8A 00 2908 mov 81,es:[bx}(si}
3C FF 2909 cmp at,0ffh
74 36 2910 Je ah0_done
3A 06 0449 R 2911 cmp al,crt_mode
74 03 2912 Je sa_2
2913 inc s
EB FO 2914 dmp sa_1
2915 sa_2:
26: BA 27 2916 mov ah,es:[bx]
26: BA 47 01 2917 mov al,es:fbx])[1]
26: 8B LF 02 2918 fmov. cx,es:[bx][2]
26: 8B 57 04 2919 mov dx,es: [bx]lu)
26: BB 6F 06 2920 mov bp,ns bx [6}
26: BE 47 08 2921 mov es,es:[bx][8
23 2922 push bx
B D8 2923 mov bx,ax
B8 1110 2924 mov ax,1110h
€D 10 2925 int 10h
5B 2926 pop bx
26: 8A 47 OA 2927 mov at,es: [bx][OBh]
3C FF 2928 cmp al,0ffh
74 05 2929 Jje ahb_done
FE C8 2930 dec a)
A2 0484 R g gl mov rows,al
2
2933 jom—— set the low ram values for compatibility (308 and 3D9 save bytes)
2934
2935 aho_done:
E8 0001 R 2936 call dds
80 3E 0449 R 07 2937 cmp crt_mode, 7
77 1E 2938 Ja dndcs
BB 10C5 R 2939 mov bx,offset compat_mode
AQ Ou49 R 2940 mov al,crt_mode
2A Eb 2941 sub
03 08 2942 add bx,ax
2E: BA O 2943 mov al,cs:[bx]
A2 QU5 R 2944 mov cr; mode_set,a)
BO 30 2945 mov al,
80 3E 0449 R 06 2946 cmp crt_mode,s
75 02 2947 Jne do_pal
BO 3F 2948 mov 21,03fh
2949 do_pal:
A2 0466 R 2950 mov crt_patette,al
2951 dndcs:
8B OE 0460 R 2952 mov cx,cursor_mode
EB 28 90 2953 Jmp ahl
2954
2955 compat_mode 1abe}
2C 28 2D 29 2A 2E 2956 db 02¢ch, OZBh 02dh 029h,02ah, 02eh
1€ 29 2957 db 01eh,029h
2958
2959 C INCLUDE V1-5.INC
2960 c SUBTTL V1-5.INC
2961 Cc PAGE
2962 [o}
2963 C calc_cursor proc  near
2964 c assume ds:abs0
80 FD 00 2965 c cmp ch,0 ; check for full height
75 04 2966 [ Jne cc_1 ; normal check
FE C1 2967 c inc cl ; adjust end valtue
EB OA 2968 c Jmp short calc_out
2969 Cc cc_t:
FE C1 2970 C inc ; adjust for ega registers
3A OE 0485 R 2971 C cmp | byte ptr points ; owill -t wr P
72 02 2972 c Jb calo i ono, it
2A C9 2973 [ sul ct, cl ; ega ue:hod for cursor end
2974 C calc_out:
1 2975 c push ex ; save cursor type value
2A CD 2976 C sub ci,cl ; end - st
80 F9 10 2977 c cmp ci,010n s low mbble equal
9 78 c pop cx ; resto
75 02 2979 c Jjne comp_l
FE C1 2980 C inc cl ; add 1 for correct cursor
2981 C comp_i:
c3 2982 c ret ; back to caller
2983 C calc_cursor endp
2984 [
2985 c ;
2986 C ; SET_CTYPE SET CURSOR TYPE $
2987 c ; THIS ROUTINE SETS THE CURSOR VALUE H
2988 C ; INPUT ¢
2989 c 3 (CX) HAS CURSOR VALUE CH-START LINE, CL-STOP LINE ki
2990 C ; ouTPUT H
2991 c ; NONE H
2992 c ;
2993 c cut_off equ 4
2994 C AH1:
2995 c ASSUME  DS:AB:
B4 QA 2996 c MOV AH,C_ CRSR START ; CRTC REG FOR CURSOR SET
89 OE 0460 R 2997 C MoV CURSOR MODE , CX ; SAVE IN DATA AREA
F6 06 0487 R 08 2998 C test info,8 ; ega active bit
75 33 2999 C Jjnz do_set ; O=ega, 1=old cards
3000 c
ggg; € ;----- this section will emulate cursor off on the ega
c
8A C5 3003 c Mov AL,CH ; GET START VALUE
24 60 3004 c AND AL, 060H ; TURN OFF CURSOR ?
3C 20 3005 C CMP AL, 020H 5 TEST BIT
3006 C Jne ahl_a ; skip cursor off
B9 1E00 3007 c Moy CX,01EQ0C0H ; EMULATE CURSOR OFF
EB 26 3008 c Jmp short do_set
3009 c
3010 C jem=-- this section : adjust the cursor and test for enhanced operation
3011 C
3012 C ahl_a
F6 06 0487 R O1 3013 c test info,1 ; cursor emulate bit
75 1F 3014 [ Jnz do_set ; O=emulate, Y=value as-is
80 3E 0449 R 03 3015 C cmp crt_mode, 3 ; possible emulation
77 15 3016 [ Ja ahl_s ; no, set the cursor type
E8 0E9C R 3017 Cc call brst_det ; see if emulate mode
1 3018 c Jnc ahi_s ; not emulating
80 FD 04 3019 c cmp ch,cut_off ; test start
76 03 3020 c jbe ahi_b : sklp adJust
80 C5 05 3021 C add ch,5 ; adj
3022 C ahi_b:
80 F9 04 3023 c cmp cl,cut_off ; test end
76 03 3024 c Jbe ahi_s % skip adjust
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1126 80 C1 05 025 c add cl,5
1129 026 C AHI_S:
1129 E8 10CD R Q27 19 call calc_cursor ; adjust end register
112C 028 C do_set:
112C E8 1132 R 029 C CALL M16 3 OUTPUT CX REG
112F E9 219B R 03(1] g JMP V_RET 5 RETURN TO CALLER
03
83% g Haatitd THIS ROUTINE OUTPUTS THE CX REGISTER TO THE CRTC REGS NAMED IN AH
1132 034 C Mi6:
1132 8B 16 0463 R 035 c MOV DX, ADDR_6845 H ADDRESS REGISTER
1136 8A C5 036 c MoV AL,CH 5 DATA
1138 E8 0D18 R 037 c CALL OUT_DX ; OUTPIH' THE VALUE
1138 FE C4 3038 c INC AH ; NEXT REGISTER
1130 B8A C1 3039 c MoV AL, CL ; SECOND DATA VALUE
113F E8 0D18 R 3040 c CALL OUT_DX 3 OUTPUT THE VALUE
1142 C3 041 c RET 5 ALL DONE
042 c
043 c ;
o4l € ; POSITION
045 c ; THIS SERVICE ROUTINE CALCULATES THE REGEN BUFFER
ou6 c ; ADDRESS OF A CHARACTER IN THE ALPHA MODE
ou7 C ; INPUT
0u8 c ; AX = ROW, COLUMN POSITION
049 C ; OuTPUT
05? g H AX = OFFSET OF CHAR POSITION IN REGEN BUFFER
05 H
1143 052 C POSITION PROC NEAR
1143 53 053 c PUSH X ; SAVE REGISTER
1144 88 08 054 C MOV BX, AX
1146 8A Cu 055 C MoV AL, AH ; ROWS TO
1148 F6 26 O4UA R 3056 c MUL BYTE PTR CRT_COLS H DETERMINE BYTES TO ROW
114C 32 FF 3057 c XOR BH, BH 5 ZERO OUT
114E 03 C3 3058 c ADD AX, BX ; ADD IN COLUMN VALUE
1150 D1 EO 3059 Cc SAL AX, 1 ; ® 2 FOR ATTRIBUTE BYTES
1152 5B 3060 c POP B8X ; RESTORE REGISTER
1153 C3 3061 c RET
1154 3062 C POSITION ENOP
3063 c
3064 c ;
3065 C ; SET_CPOS SET CURSOR POSITION
3066 c THIS ROUTINE SETS THE CURRENT CURSOR POSIT!{ON TO THE
3067 c ; NEW X-Y VALUES PASSED
3068 C ; INPUT
3069 c DX ~ ROW,COLUMN OF NEW CURSOR
3070 [ BH - DISPLAY PAGE OF CURSOR
3071 C ; ouTPUT
3072 c CURSOR 1S SET AT CRTC IF DISPLAY PAGE IS CURRENT
3073 c ; DiSPLAY
3074 c
1154 3075 C  AH2:
1154 E8 115A R 3076 c CALL SET_CPOS
1157 €9 2198 R 3077 C JMP _RET
3078 4
115A 3079 C SET_CPOS:
115A  8A CF 3080 c MOV CL,BH
115C 32 ED 3081 c XOR CH, CH ; ESTABLISH LOOP COUNT
115E D1 g1 3082 c SAL C€X, 1 ; WORD OFFSET
1160 8B F1 3083 c MOV S1,CX ; USE INDEX REGISTER
1162 89 94 0450 R 3084 C MOV [SI‘OFFSET CURSOR _POSN}, DX ; SAVE THE POINTER
1166 38 3E 0u62 R 3085 c cMP ACTIVE PAGE, B
116A 75 05 3086 c JNZ 17 ; SET_CPOS_RETURN
116C 88 C2 3087 c MoV AX ox ; GET ROW/TOLUMN TO AX
116E €8 1172 R 3088 c CALL M8 ; CURSOR_SET
nmn 3089 c M7 ; SET_CPOS_RETURN
171 C3 3090 c RET
3091 c
309§ g jemm-- SET CURSOR POSITION, AX HAS ROW/COLUMN FOR CURSOR
309
1172 3094 c M8 PROC NEAR
1172 E8 1143 R 3095 c CALL POSITION ; DETERMINE LOC IN REGEN
1175 8B C8 3096 c MOV CX,
1177 03 OE O44E R 3097 c ADD CX,CRT_START ; ADD IN THE START ADDR
3098 c ;5 FOR THIS
1178- D1 F9 3099 c SAR cX,1 ;5 / 2 FOR CNAR ONLV COUNT
117D B4 OE 3100 C MOV AH, C_CRSR_LOC_HGH 3 REGISTER NUMBER FOR CURSOR
117F EB8 1132 R 3101 c CALL M6 5 SET VALUE TO CRTC
1182 C3 3102 c RET
1183 3103 C Mi8 ENDP
3104 c
3105 C j===-=--
3106 C READ_CURSOR
3107 c THIS ROUTINE READS THE CURRENT CURSOR VALUE FROM
3108 c MEMORY AND SENDS T BACK TO THE CALLER
3109 c INPUT
3110 C BH - PAGE OF CURSOR
3111 C ; OUTPUT
32 c DX - ROW, COLUMN OF THE CURRENT CURSOR POSITION
33 c ; CX = CURRENT CURSOR MODE
3114 c ;
1183 315 C  AH3:
1183 8A DF 3116 c MOV BL,BH ; PAGE Vi
1185 32 FF 3z C XOR BH BK ; ZERO UPPER BYTE
1187 D1 E3 3118 c SAL ; WORD OFFSET
1189 8B 97 0450 R 3119 c MOV DX [BX + OFFSET CURSOR_POSN] ; GET CURSOR FOR THIS PAGE
1180 88 OE 0460 R 3120 4 MOV CX, CURSOR_MODE ; GET THE CURSOR MODE
1191 5F 3121 c POP ]
1192 5 3122 c POP St
1193 58 3123 c POP BX
1194 58 124 c pOP AX ; DISCARD CX
1195 58 3125 c poP AX ; DISCARD DX
1196 1F 3126 c POP 0s
1197 07 3127 c POP ES
1198 5D 3128 C POP [:14
1199 CF 3129 c IRET
3130 [
3131 C jm==-- READ LIGHT PEN POSITION
3132 c
119A 3133 C  AHY:
119A  AO 0449 R 3134 c MOV AL, CRT_MODE
1190 3C 07 3135 c CMP AL,07H
1M19F 77 37 3136 C JA READ_LPEN
3137 C
11A1  F6 06 0487 R 02 3138 c test info,2
1146 74 07 3139 c Jz CVA_1S_COLOR
3140 C
3141 c = MONOCHROME HERE (MONOC BIT 1)
3142 c
11A8  3C 07 3143 C CMP AL, O07H
11AA 74 2C 3ul c JE READ_LPEN
11AC  EB 05 90 3145 C JMP oLD_LP
3146 C
3147 [ CVA 1S COLOR HERE (MONOC BIT 0)
3148 c
11AF 3149 C CVA_IS_COLOR:
11AF 3C 06 3150 c cMP AL, 06H

126
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07 07 05 05

06 04 07 o4

0463 R
06

74 03
E9 128E R

A8 02
75 03

E9 1298 R

B4 10

8B 16
8A C4

EE

42
50

EC
8A E8
58
LA
FE Cu
8A C4
EE
2
EC
BA E5

8A 1E
2A

0463 R

0uL9 R

2E: 8A 9F 11BE R
2

B1 03
80 3E
72 4D
80 3E
74 46
80 3E

c3
O44E R
EB

0449 R O
o449 R 07

0449 R 06

0449 R 06

READ_LPEN

<

?

'S

e

va:

V8X:

0000000000000 N0N0000000000000000000000000000000000000000000000000000000a0000N000000000000000000000000000000000000000000N000A00D

MoV AH, 16

INPUT REGS POINTED TO BY AH,

MoV DX, ADDR_6845
Hov L AH
WOuT

out DX, AL
INC OX
PUSH  AX
WIN

IN AL, DX
MOV CH, AL
POP AX
DEC OX
INC AH
MoV AL, AH
WouT

ouT DX, AL
INC

WIN

N AL, DX
MOV AH, CH

Mov BL, CRT_MODE
sus BH, BH

MoV BL,CS:V1[BX]
SuB AX)

MoV BX, CRT_START
SHR BX, 1

sus AX BX

JNS 2

suB AX, AX

DETERMINE MODE OF OPERATION

Mov cL,3

cMP CRT_MODE, 4
JB

CMp CRT_MODE, 7
JE Vi

cHp CRT_MODE, 06H
JA v8

JNE Vv8X

SHR AX, 1

OLD GRAPHICS MODES

MoV DL, 40
DtV oL

DETERMINE GRAPHIC ROW POSITION

Mov CH, AL
ADD CH, CH

MoV BL, AH

sus BH, BH

cMp CRT_MODE, 6
JNE V3

Moy cL4
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AND CONVERT

3===== AX HAS THE VALUE READ IN FROM THE 6845

TO ROW COLUMN

OLD_LP:
INT 42H ; CALL EXISTING CODE
POP D1
POP s1
ADD sP,6 ; DISCARD SAVED BX,CX,DX
POP DS
POP ES
POP 8P
IRET
i LIGHT PEN
H THIS ROUTINE TESTS THE LIGHT PEN SWITCH AND THE LIGHT
H PEN TRIGGER. IF BOTH ARE SET, THE LOCATION OF THE LIGHT
: PEN IS DETERMINED. OTHERWISE, A RETURN WITH NO
H INFORMATION 1S MADE
P ON EXIT :
H (AH) = O IF NO LIGHT PEN INFORMATION IS AVAILABLE :
H X,CX, DX ARE DESTROYED :
H (AH) = 1 IF LIGHT PEN 1S AVAILABL :
H {DH,DL) = ROW, COLUMN OF CURRENT LIGHT PEN
H POS :
H (CH) = RASTER "PoSiTion (oL0 MODES) :
H {CX) = RASTER POSITION (NEW MODES) :
H (BX) = BEST GUESS AT PIXEL HORIZONTAL POSITION :
ASSUME_ CS:CODE, DS: ABSO
jmmmm- SUBTRACT_TABLE
ABEL
006H 006H,007H,007H, 005H,005H  ; 0-5
08 00UH, 005H, 00GH, 000K, 000H, 000H  ; 6-B
08 OOCH, 005H, 006H, 004H, O04H, 00UH  ; C=11
o8 0O0LH, 006H, 00GH, 00LH, 00TH, 004H  ; 12-17
08 007H, DOLH i 18-19
READ_LPEN PROC  NEAR
jemm—- WAIT FOR LIGHT PEN TO BE DEPRESSED
MoV DX, ADDR_6845 ; GET BASE ADDRESS Of 6845
ADD DX, 6 } POINT TO STATUS REGISTER
WIN : GET STATUS REGISTER
+ IN AL, DX
TEST AL, b4 ; TEST LIGHT PEN SWITCH
MoV AH, 0 i SET NO LIGHT PEN RETURN
Jz Vo ; cobE
JMp V6  NOT SET, RETURN
jmmmnn NOW TEST FOR LIGHT PEN TRIGGER
v9:
TEST  AL,2 ; TEST LIGHT PEN TRIGGER
INZ V7A } RETURN WITHOUT RESETTING
 TRIGGER
JMp V7 } EXIT LIGHT PEN ROUTINE
jmmme TRIGGER HAS BEEN SET, READ THE VALUE IN
v7A

LIGHT PEN REGISTERS
IN DX
ADDRESS REGISTER
REGISTER TO READ
SET IT UP

DATA REGISTER

GET THE VALUE

IN CX

ADDRESS REGISTER
SECOND DATA REGISTER

SAVE

PCINT TO DATA REGISTER
GET THE 2ND DATA VALUE

AX HAS INPUT VALUE

MODE VALUE TO BX
AMOUNT TO SUBTRACT
TAKE 1T AWAY

SCREEN ADDWESS
DIVIDE BY 2

ADJUST TO ZERO START
IF POSITIVE, GET MODE
<0 PLAYS AS

DETERMINE_MODE
SET *8 SHIFT COUNT
GRAPHICS OR ALPHA
ALPHA_PEN

ALPHA_PEN

DIVISOR FOR GRAPHICS
ROW(AL) AND COLUMN(AH}
AL RANGE 0-99,

AH RANGE 0-39

SAVE ROW VALUE IN CH
¥2 FOR EVEN/ODD FIELD
COLUMN VALUE TO BX

#8 FOR MEDIUM RES

MEDIUM OR HIGH RES
NOT_HIGH_RES

SHIFT VALUE FOR HIGH RES



128F 88 16

90

OUUA R
A

ous5 R

90

O44A R
0

3
0485 R
8

0463 R

1293 83 C2 07

12A1 A2 0u6:
12A4 8B OF

12A8 93
12AA F7 E1
12AC A3 Ouy

B C8
1281 8A 1E
80 fB

1200 53
£8 0DO

12E2 88 1E
1F

12€7 51
12E8 8A CA
12EA 2A ED

57
12EE F3/ Ay

2 R
ouuc R

E R

o449 R
07

1R
OUlA R

00000000R00000N0D00NN0N0N00ANN0 000ND0NN000NN00ANN0000NNN0000NN000000N0000000000000000NNN00000ANNC00000GNN0A0GN00AA0NNN000000

?

saL AH, 1
SHL BX, CL
OETERMINE ALPHA CHAR POSITION

MoV OL, AH
MoV OH, AL
SHR DH. 1
SHR DH, 1
JMP v5
va:
Hanlab NEW GRAPHICS MODES
CWD
o CRT_COLS
MOV BX, DX
SAL B8X,CL
MOy CX, AX
PUSH DX
CWD
DIV POINTS
POP DX
MoV DH, AL
JMpP V5
;===== ALPHA MODE ON LIGHT PEN
A\CH
DIV BYTE PTR CRT_COLS
MOV OH, AL
MoV OL, AH
Moy BL,AH
XOR BH, BH
SAL BX,CL
MUL BYTE PTR POINTS
MOV
V5@
MOV AH,1
V6:
PUSH DX
MOV DX, ADDR_6845
ADD DX, 7
WouT
ouT DX, AL
({14 DX
v7:
POP DI
POP S1
ADD SP,6
POP DS
POP ES
POP B
RE

IRET
READ_LPEN ENDP

COLUMN VALUE *2 FOR HIGH RES
NOT_H!IGH_RES
*16 FOR HIGH RES

COLUMN VALUE FOR RETURN
ROW VALUE

OIVIOE BY 4
VALUE IN 0-24 RANGE
LIGH1 PEN_RETURN_SET

PREPARE TO DIVIDE
AX = ROW, OX = COLUMN
SAVE REMAINDER

PEL COLUMN

PEL ROW

SAVE FROM DIViDE
PREPARE TO DIVIDE
DIVIDE BY BYTES/CHAR
RECOVER

CHARACTER ROW

ALPHA_PEN

ROW, COLUMN VALUE
ROWS TG DH
COLS TO DL
COLUMN VALUE

TO BX

LIGHT_PEN_RETURN_SET
INDICATE EVERTHING SET
LIGHT_PEN_RETURN

SAVE RETURN VALUE

[

GET BASE ADDRESS

POINT TO RESET PARM
ADDRESS, NOT DATA,

1S IMPORTANT

RECOVER VALUE
RETURN_NO_RESET

DISCARD SAVED BX,CX, DX

; ACT_DISP_PAGE SELECT ACTIVE DISPLAY PAGE

3 THTS ROUTINE SETS THE ACTIVE DISPLAY PAGE, ALLOWING
; FOR MULTIPLE PAGES OF DISPLAYED ViDEO
; INPUT
; AL HAS THE NEW ACTIVE DISPLAY PAGE
5 OUTPUT
; THE CRTC IS RESET TO DISPLAY THAT PAGE
AHS5:
MOV ACTIVE_| PAcE AL ; SAVE ACTIVE PAGE VALUE
MOV CX, CRT_LE i GET SAVED LENGTH O
; REGEN BUFFER
cBwW ; CONVERT AL TO woRD
PUSH  AX ; SAVE PAGE VALU
MUL cX i DCSPLAV PAGE TIMES
; REGEN LENGTH
MoV CRT_START, AX ; SAVE START ADDRESS FOR
; LATER REQUIREMENTS
MOV CX, AX 3 START ADDRESS TO CX
MOV BL, CRT_MODE
cMp BL,7 ; DO NOT D!VIDE BY TWO FOR THE
Ja adp_1
ADP_2:
SAR CcX,1 3 / 2 FOR CRTc HANDLING
ADP_1:
- MoV AH, C_STRT_HGH ; REG FOR START ADDRESS
CALL 6
POP BX ; RECOVER PAGE VALUE
SAL BX, 1 ; *2 FOR WORD OFFSET
MOV AX, [BX + OFFSET 'CURSOR_POSN] ; GET CURSOR FOR THIS PAGE
CALL M8 ; SET THE CURSOR POSITION
JMp V_RET
SUBTTL

{NCLUDE VSCROLL, INC
SUBTTL VSCROLL. INC

PAGE

FLTA  PROC  NEAR
PUSH  AX
MOV AH,DH
suB AH,CH
INC AH
CMP AH, AL
POP AX
JNE LTA
sus AL, AL

LTA:
€T

FLTA  ENDP

CRANK PROC NEAR
PUSH BX
ASSUME  DS:ABSO
SH [

PU

CALL  DDS

MoV BX, CRT_COLS
DS

CRANK_A:

PUSH X

MoV CL, DL

suB CH, CH

PUSH  SI

PUSH DI

REP MoysB
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CHECK' FOR SCROLL COUNT

LOWER ROW
UPPER ROW
NUMBER TO SCROLL
SAME AS REQUESTED

YES, SET TO 0 FOR BLANK

MOVE ROWS OF PELS UP

SAVE DATA SEGMENT
SET DATA SEGMENT

SAVE MDVE COUNT
COLUMN COUNT
CLEAR HIGH BYTE
SAVE POINTERS

‘MOVE THAT ROW



03
CY

020F
0D18 R

0D01 R

B C3
26 0485 R
08

1319 R
0001 R
3E O44A R

F
1345 R

0001 R

Cc3

26 0485 R
08

1319 R

0001 R
3E OU4A R

F1
1345 R

00NN OONN0NNNONR0NN0N000N0N00000000000N00000DN0NNN0000N000000000NaNN0000N0AN00D0a00000000000000000000080000000000G000000000000

CRANK
CRANK_4

P
CRANK_B:
P

CRANK_Y
PART_1

PART_1
PART_2

PART_2
BLNK_3

$13:

BLNK_3
BLNK_4

S13_4

R
ENDP
PROC

USH
ASSUHE
PUSH

Ri
ENDP

PROC
USH

POP
RET
ENDP
PROC

R
ENDP
PROC

Ri
ENDP
PROC
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D!
si
S1,BX
DI,BX
cX
CRANK_A
BX

NEAR

BX
DS:ABSO
DS

oDs
BX, CRT_COLS
0s

ox
CL,DL
CH,CH
s)
ol
MOVSB
ot
s
S1,BX
DI, BX

[
CRANK_B
BX

NEAR
DX

dh, 3

DL, SEQ_ADDR
AX, 020FH
0X

AX, AX

CL, DL
ch,ch

D1

ST0SB

DI

AL, DH

DX

dh, 3
DL, SEQ_ADDR

NEAR
dh, 3

DL, SEQ_ADDR
AX, 020FH
ouT_bx

NEAR
DS

DS: ABSO
00S
DH, BH
BH, BH
AX

DX

AX, BX
POINTS
BX, AX
DX

DS
0S:NOTHING
PART 1

DS: ABSO

DS

00s
DI,CRT_COLS
0S

BX

$13
PART_2

DS
DS:NOTHING
PART_

08 ABSO

DS

D0S
DI,CRT_COLS
0S

B8X

S13_u
PART_2

RECOVER POINTERS

NEXT ROW

NEXT ROW

RECOVER ROW COUNT
DO MORE

RETURN TO CALLER
MOVE ROWS OF PELS DOWN

SAVE DATA SEGMENT
SET DATA SEGMENT

SAVE MOVE COUNT
COLUMN COUNT
CLEAR HIGH BYTE
SAVE POINTERS

MOVE THAT ROW
RECOVER POINTERS

NEXT ROW
NEXT ROW
RECOVER ROW COUNT

RETURN TO CALLER
FILL ROW AFTER SCROLL

SEQUENCER
MAP MASK
ALL MAPS ON

ZERO
COLUMN COUNT

SAVE POINTER

CLEAR ONE ROW OF PELS
RECOVER POINTER

GET COLOR VALUE

SEQUENCER

MAP MASK

SET THE COLOR

ALL BITS ON

COLUMN COUNT

SAVE POINTER

TURN ON THOSE BIFS IN
ENABLED. PLANES
RECOVER POINTER
RETURN TO CALLER

SEQUENCER

MAP MASK, ALL MAPS
ENABLE THE MAPS
RETURN TO CALLER

BLANK FOR SCROLL UP
SAVE DATA SEGMENT

GET LOW MEMORY SEGMENT
ATTRIBUTE FOR BLANK LINE
CLEAR HIGH BYTE

SAVE

SAVE BECAUSE OF MULTIPLY
ROW COUNT

CHARACTER HEIGHT

NET VALUE TO BX

RECOVER

BLANK OUT ROW WITH COLOR

SAVE SEGMENT

LOW MEMORY SEGMENT
NEXT ROW

RECOVER

NEXT

DO MORE

RETURN TO CALLER

BLANK FOR SCROLL DOWN
SAVE DATA SEGMENT

GET LOW MEMORY SEGMENT
ATTRIBUTE FOR BLANK LINE
CLEAR HIGH B8YTE

VE
SAVE BECAUSE OF MULTIPLY
ROW CO

CHARACTER HE)GHT

NET VALUE TO BX

RECOVER

BLANK QUT ROW WITH COLOR

SAVE SEGM|
LoW MEMORV SECMENT
NEXT ROW
RECOVER
NEXT

DO MORE



139F €3
13A0

13A0 8A D8
13A2 E8 16E8 R
C 04

7
13AA 80 FC 07
03
13AF  E9 1471 R

001 R
13DA 80 3E 0449 R 07

0
13E1 A0 0465 R
13E4  BA 0308

13EF  F6 06 0487 R Ok
12

1143 R
140B 03 06 OH4E R
B F8

F
1428 8? FB 00

8A CA
56
57
F3/ AS
5F

w37 C3

8A CA
F3/ AB
SF

)

3622

*

+

000000000000 0000000000000N0000N00000NNA00QR00N00R000000000000000000000Q000000000000060000000000000000060000000000006000000000000

RET ; RETURN TO CALLER
BLNK_4 ENDP
; SCROLL_UP :
H THIS ROUTINE MOVES A BLOCK OF CHARACTERS UP :
H THE SCREEN H
5 INPUT H
B (AH) = CURRENT CRT MODE :
H (AL) = NUMBER OF ROWS TO SCRO H
H {CX) = ROW/COLUMN OF UPPER LEFT CORNER H
H (DX) = ROW/COLUMN OF LOWER RIGHT CORN H
H (BH) = ATTRIBUTE TO BE USED ON BLANKED LINE H
H (DS) = DATA SEGMENT H
B {ES) = REGEN BUFFER SEGMENT H
5 OUTPUT B
H NONE -~ THE REGEN BUFFER (S MODIFIED H
ASSUME CS:CODE,DS:ABSQ, ES:NOTHING
SCROLL_UP PROC NEAR
MoV BL,AL ; SAVE LINE COUNT IN BL
CALL MK_ES
CMP AH, 4 ; TEST FOR GRAPHICS MODE
Jb nt ; handle seperately
CMP AH, 7 ; TEST FOR BW CARD
JE
JMP GRAPHICS_UP
N1: ; UP_CONTINUE
PUSH BX 5 SAVE FILL ATTR IN BH
MoV AX, CX ; UPPER LEFT POSITION
CALL SCROLL_POSI TION ; DO SETUP FOR SCROLL
JZ N7 ; BLANK_FIELD
ADD S1,AX ; FROM ADDRESS
MoV AH, DH ; # ROWS IN
suB AH,BL ; # ROWS TO BE HOVED
N2: H ROH Loop
CALL N10 ; MOVE ONE ROW
ADD S1,BP
ADD D!,BP ; NEXT LINE IN BLOCK
DEC AR ; COUNT OF LINES TO MOVE
JNZ N2 ; ROW_LOOP
N3: ; CLEAR_ENTRY
POP AX ; RECOVER ATTRIBUTE IN AH
MoV ALY ; FILL WITH BLANKS
Nu: i CLEAR_LOOP
CALL N11 ; CLEAR THE ROW
ADD D!,BP ; POINT TO NEXT LINE
DEC BL ; LINES TO SCROLL
JINZ Ni ; CLEAR_LOOP
N5: ; SCROLL_END
CALL DDS
CMP CRT_MODE, 7 ; IS THIS THE B/W CARD
JE 6 ; SKIP THE MODE RESET
Moy AL,CRT_MODE_SET ; GET THE MODE SE
MoV DX,0308H 5 ALWAYS SET COLOR CARD
WouT
ouTt DX, AL
N6: ; VIDEO_RET_HERE
JMp V_RET
N7: 3 BLANK_FIELD
Moy BL,DH ; GET ROW COUNT
JMP N3 ; GO CLEAR THAT AREA
SGROLL_UP ENDP

3 ==~==- HANDLE COMMON SCROLL SET UP HERE

SCROLL_ POS ITION PROC
est

JZ

NEAR
info,
n9

80X25 COLOR CARD SCROLL

PUSH DX
mov dh, 3
Moy DL, ODAH
PUSH AX
N8: N
WiN
IN AL, DX
TEST AL,8
Jz N8
MoV AL, 25H
MoV DL,0D8H
wWouT
out DX, AL
POP AX
pPop DX
N9:
CALL POSITION
ADD AX, CRT_START
Mov DI, AX
Mov S1,AX
sus DX, CX
INC DH
INC oL
XOR CH, CH
MoV B8P, CRT_COLS
ADD .
Mov AL,BL
MUL BYTE PTR CRT_COLS
ADD X, AX
PUSH ES
POP
CMP BL 0
RET
SCROLL_POSITION ENDP
;===== MOVE_ROW
N10 PROC NEAR
MoV cL, DL
PUSH S
PUSH DI
REP MOVSW
POP DI
POP si
RET
N10 ENDP
P CLEAR_ROW
N1 PROC NEAR
Mov CL, DL
PUSH DI
REP STOSW
POP D!
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COLOR CARD HERE
WAIT_DISP_ENABLE

WAIT FOR VERT RETRACE
WAIT_DISP_ENABLE

DX=308 .
TURN OFF VIDEO

DURING VERTICAL RETRACE

CONVERT TO REGEN POINTER

OFFSET OF ACTIVE

TO ADDRESS FOR SCROLL

FROM ADDRESS FOR SCROLL
= FROWS, #COLS

INCREMENT FOR O ORIGIN

ZERO HIGH BYTE OF COUNT
NUM OF COLS IN DISPLAY
TIMES 2 FOR ATTR BYTE
GET LINE COUNT

OFFSET TO FROM ADDRESS
#2 FOR ATTRIBUTE BYTE
ESTABLISH ADDRESSING
FOR BOTH POINTERS

0 MEA

RETURN WITN fLAGS SET

GET # OF COLS TO MOVE

SAVE START ADDRESS
MOVE THAT LINE ON SCREEN

RECOVER ADDRESSES

GET # COLUMNS TO CLEAR
STORE THE FILL CHARACTER



143E €3 3655 c RET
143F 3656 c N1 ENDP
3657 [
3658 ¢
3659 C ; SCROLL_D H
3660 c 3 THIS ROUT INE MOVES THE CHARACTERS WITHIN A H
3661 c ; DEFINED BLOCK DOWN ON THE SCREEN, FILLING THE H
3662 c ; TOP LINES WITH A DEFINED CHARACTER H
3663 C ; INPUT H
3664 [ (AH) CURRENT CRT MODE H
3665 c (AL) NUMBER OF LINES SCROLL H
3666 c ; (CX) UPPER LEFT CORNER OF REGION H
3667 c (DX} LOWER RIGHT CORNER OF REGION H
3668 c (BH) FILL CHARACTER :
3669 c ; (DS) DATA SEGMENT i
3670 c (ES) = REGEN SEGMENT H
3671 C ; OUTPUT H
; 7§ c ; NONE -- SCREEN 1S SCROLLED H
7 c
143F 74 G SCROLL_DOWN PROC NEAR
143F  FOD 75 c STD ; SCROLL DOWN
1440 8A D 76 c MoV BL, AL ; LINE COUNT TO BL
1442 EB 16E8 R 77 C CALL MK_ES
1445 53 678 c PUSH BX ; SAVE ATTRIBUTE IN BH
1446 8B C2 3679 C MoV AX, DX ; LOWER RIGHT CORNER
1448 E8 13EF R 680 [ CALL SCROLL_POSITION 3 GET REGEN LOCATION
1448 74 20 681 c Jz N16
1My0 28 FO 682 C sus S1,AX H IS FROM ADDRESS
144F  BA E6 683 c Moy AH, DH H GET TOTAL # R
1451 2A E3 684 C SUB AH, BL 3 COUNT TO MOVE IN SCROLL
1453 685 € N13:
1453 €8 142F R 686 c CALL N10 ; MOVE ONE ROW
1456 2B 687 c UB S1,BP
1458 2B FO 688 c sus Di,BP
145A FE CC 689 C DEC AH
1u5¢c 75 F5 690 c JNZ N13
145E 691 C NIL:
TUSE 58 692 [ PoP AX ; RECOVER ATTRIBUTE IN AH
145F BO 20 3693 C Mov ALY
1461 3694 C N15:
1461 E8 1438 R 3695 C CALL N11 ; CLEAR ONE ROW
1464 28 FI 3696 c SuB DI1,BP ; GO TO NEXT ROW
1466 FE CB 3697 C DEC BL
168 75 F7 3698 C JNZ N15
146A E9 13D7 R 3699 c JMP N5 ; SCROLL_END
1460 3700 c N16:
146D 8A DE 3701 c MOV BL, DH
146F EB ED 3702 C JMP Niy
wn 3703 C  SCROLL_DOWN ENDP
3704 c
3705 c ;
3706 C ; SCROLL up H
3707 c ; THIS ROUTINE SCROLLS UP THE INFORMATION ON THE CRT H
3708 C ; ENTRY H
3709 c CH, CL = UPPER LEFT CORNER OF REGION TO SCROLL H
3710 [ DH, = LOWER RIGHT CORNER OF REGION TO SCROLL H
37T [ BOTH OF THE ABOVE ARE IN CHARACTER POSITIONS H
3712 c = FILL VALUE FOR BLANKED LINE -
3713 < AL = ,V LINES TO SCROLL (AL=0 MEANS BLANK THE ENTIRE H
3714 c FIELD) H
3715 c DS = DATA SEGMENT H
3716 c = REGEN SEGMENT H
3nz7 c ; EXIT H
3718 c ; NOTHING, THE SCREEN IS SCROLLED H
3719 ¢
wn 3720 C  GRAPHICS_UP PROC NEAR
1471 8A D8 3721 c Moy BL,AL ; SAVE LINE COUNT IN BL
1473 8B C1 3722 c MoV AX, CX 5 GET UPPER LEFT POSITION
3723 C ; INTO
3724 C
3725 c ;- - USE CHARACTER SUBROUTINE FOR POSITIONING
3726 C ;=---- ADDRESS RETURNED IS MULTIPLIED BY 2 FROM CORRECT VALUE
3727 [
1475 E8 16A4 R 3728 C CALL GRAPH_POSN
1478 88 F8 3729 C MoV D1, AX ; SAVE RESULT AS
3730 c ; DESTINATION ADDRESS
3731 c
3732 C ;==-~= DETERMINE SIZE OF WINDOW
3733 c
147A 2B D1 3734 C sus DX, CX
17¢ 81 €2 0101 3735 c ADD DX, 101H 3 ADJUST VALUES
1480 DO E6 3736 c SAL DH, 1 ; MULTIPLY # ROWS B
3737 Cc ; SINCE 8 VERT DOTS/CHAR
1482 DO E6 §738 Cc SAL DH, 1 ; AND EVEN/ODD ROWS
739 c
3740 [ DETERMINE CRT MODE
3701, C
1484 80 3E 0449 R 06 3742 c CMP CRT_MODE, 6 ; TEST FOR MEDIUM RES
1489 73 o4 743 c JNC R7 ; FiND_SOURCE
374y c
3745 C = MEDIUM RES UP
3746 [
1488 DO E2 3747 C SAL DL, 1 3 *2,
1480 D1 E7 3748 C SAL DI, ; SINCE 2 BYTES/CHAR
3749 [
g;f\ﬁ (é jmm——— DETERMINE THE SOURCE ADDRESS IN THE BUFFER
51
148F 3752 C RT7: ; FIND_SOURCE
148F 06 3753 C PUSH £S ; GET SEGMENTS BOTH
1490 1F 3754 C POP DS 3 POINTING TO REGEN
1491 2A ED 3755 c sus CH,CH ;3 0 TO HIGH OF COUNT REG
1493 DO E3 3756 c SAL BL,1 ; NUMBER OF LINES *4
1495 DO E3 3757 c SAL BL,1
1497 74 2D 3758 c Jz R11 ; |F 0, BLANK ENTIRE FIELD
1499 8A C3 3759 c MOV AL, BL ; NUMBER OF LINES IN AL
198 B4 50 3760 c MoV AH, 80 ; 80 BYTES/ROW
149D F6 EY 3761 C MUL AH ; OFFSET TD SOURCE
149F 8B F7 3762 c MOV Si,D1 ; SET WP
14A1 03 FO 3763 4 ADD S1,AX ; ADD IN OFVSET TC T
14A3  BA E6 3764 c MoV AH, DH ; NUMBER OWS IN FIELD
1WAS 2A E3 ;;62 c suB AH, BL ; DETERM!NE NUMBER TO MOVE
6 c
3767 C  j====- LOOP THROUGH, MOVING ONE ROW AT A TIME, BOTH EVEN AND ODD FIELDS
3768 c
14A7 3769 C R8: ; ROW_LOOP
14A7 E8 14CA R 3770 4 CALL R17 ; MOVE ONE ROW
14AA 81 EE 1FBO 317 C suB $1,2000H-80 ; MOVE TO NEXT ROW
14AE 81 EF 1FBO 3772 C sus Di,2000H-80
1482 fE CC 3773 C DEC AH ; NUMBER OF ROWS TO MOVE
1484 75 F1 3774 C JNZ R8 ; CONTINUE TILL ALL MOVED
3775 C
3776 C ;==-== FILL IN THE VACATED LINE(S)
3777 c
186 3778 C R9: ; CLEAR_ENTRY
14B6 8A C7 3779 c MOV AL, BH ; ATTRIBUTE TO FILL WITH
1488 3780 C R10:
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R11:

JMP
GRAPHICS_UP

j=====~ ROUTINE TO MOVE ONE ROW OF INFORMATION

R1T PROC
MO

R
R17 ENDP

R18
D{,2000H~80
BL

R10

V_RET

BL, DH

R9
ENDP

NEAR
CL, DL
S
DI
Movs8
DI
s

S$1,2000H
D1,2000H
s

Bl
CL, DL
MOVSB

D

s

je-=2s CLEAR A SINGLE ROW

R18 PROC
M

R
R18 ENDP

mem_det proc
as

mini

b
mem_det endp

sC_2:
JMP

AH6:

GR_ST_1 PROC
Mt

wi:
RET

GR_ST_1 ENDP

GRAPHICS_UP_2
ASSUM

=

NEAR
GL,OL

D

sToS8

DI
DI, 2000H
0J

CL, bL

STOSB
)

hear
ds:absO
x

CROLL ACTIVE PAGE UP

SCROLL_UP
DS: ABSO
FLTA

AH, CRT_MODE
AH,O07H

AH; ODH
GRAPHICS_UP_2
V_RET

NEAR

DX, 0ACOOH
BP,0511H
ah,0th
vV
mem_det

yvi1
BP,0501H

PROC NEAR
DS'A

GR_ST_I
ES

€5, DX
DX
BL,AL
AX,CX

BH AC1IVE PAGE
GRX PSl

S1;AX
DS:NOTHING
ES

DS

DX

BL,BL

AR9

CL,DH
CL,BL
CH,CH

DS: ABSO

DS

DS
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CLEAR THAT ROW

POINT TO NEXT LINI

NUMBER OF LINES ro FlLk

CLEAR_LOOP

BLANK_FIELD

SET BLANK GOUNT TO
EVERYTHING IN FIELD

GLEAR THE FIELD

NUM OF BYTES [N THE ROW

SAVE POINTERS
MOVE THE EVEN FIELD

POINT TO THE ODD FIELD
SAVE THE POINTERS
COUNT_BACK

MOVE THE ODD FIELD

POINTERS BACK
RETURN TO CALLER

NUMBER OF BVTES IN FIELD
SAVE POIN

STORE THE NEH VALUE
POINTER BAC

POINT TO ODD FIELD

FILL THE 0DD FILELD

RETURN TO CALLER

GET CURRENT MODE

ANY OF THE OLD MODES
NEW GRAPHICS MODES
NOT A RECOGNIZED MODE
REGEN BUFFER
GRAPHICS WRITE MODE

GRAPHICS WRITE MODE

SET SEGMENT, WRITE MODE
SET REGEN

NUMDER OF LINES

i UPPER LEFT CORNER

ACTIVE PAGE FOR SGROLL
ADDRESS !N REGEN
SET POINTER

DETER?INE WiNDOW

DJUS
ZERO HIGH BYTE

LINE COUNRT
BYTES PER CHARACTER
COLUMNS
SET UP SOURCE INDEX
ADJU!

LINE COUNT

LOW MEMORY SEGMENT



3907 c PUSH AX
3908 c PUSH DX
B C1 909 c v AX, C.
26 0485 R 910 C MUL POINTS ; BYTES PER CHAR
B C8 911 [ MoV CX, AX 3 SET THE COUNT
912 [ POP DX
913 C POP AX
91y c ASSUME  DS:NOTHING
915 c POP DS
916 C
2 917 C PUSH DX
c5 918 c MoV AX, BP
03 919 c mov dh,3
2 CE 920 c MoV DL, GRAPH_ADDR ; GRAPHICS
oD18 R 3921 c CALL  OUT_DX
cy 3922 [ MoV DL, SEQ_ADDR i SEQUENCER
020F 3923 c MoV AX, 020FH ; ENABLE ALL MAPS
0D18 R 3924 c CALL OUT_DX
925 c POP
1200 R ;g_‘; g CALL CRANK ; SCROLL THE SCREEN
928 C PUSH 2.3
D 929 c DEC BP
C5 30 C MoV AX, BP
03 31 C mov dh,3
2 CE 32 c Moy DL, GRAPH_ADDR
0D18 R 33 [ CALL  0UT_DX
A 34 c POP DX
35 C AR10:
1350 R 36 C CALL BLNK_3
2198 R 3937 c JMP V_RET
3938 C AR9:
DE 3939 c MoV BL,DH 3 BLANK ENTIRE WINDOW
13 3940 c JMP AR10
3941 C  GRAPHICS_UP_2  ENOP
3942 c
g ﬂg [FEEEE SCROLL ACTIVE DISPLAY PAGE DOWN
c
3945 C sC_3:
W3F R 3946 c Jmp SCROLL_DOWN
3947 C
3948 G AHT:
3949 c ASSUME  DS:ABSO
12CE R 3950 c LL TA
26 0449 R 3951 c MoV AH, CRT_MODE
FC 03 3952 c cHP AH,03H ; OLD COLOR ALPHA
3953 c JBE SC_3
FC 07 3954 c CHP AH,07H ; MONOCHROME ALPHA
EC 3955 c JE SC_3
3956 c
FG 0D 3957 c cMP AH, ODH ; NEW GRAPHICS MODES
oc 3958 c JAE GRAPH I CS_DN_2
FC 06 3959 c cMP AH, O6H ; OLD GRAPHICS MODES
o 3960 c JA M0
07 3961 c MoV AH,07H
42 3962 [ INT 42H
3963 C M_O
2198 R 3964 c JMP V_RET
3965 [
3966 C  GRAPHICS_DN_2 PROC NEAR
3967 C $TD 5 DIRECTiON TO DECREMENT
08 68 c MoV BL,AL i LENE COUNT
3969 c PUSH DX ; SAVE LOWER RIGHT
151F R 3970 C CALL GR_ST_1
3971 4 SRLOAD ES ; SET REGEN SEGMENT
cz2 3972 c+ MoV ES,DX
3973 c POP DX
c2 3978 c MOV AX, DX
c4 3975 c INC AH ; MOV CHAR ROW UP BY ONE
3 3976 c PUSH BX
3E 0462 R 3977 c Mov BH,ACT | VE_PAGE
16C3 R 3978 c CALL GRX_PSN ; ADDRESS IN REGEN
B 3979 c POP BX
06 Guu4A R 3980 c sus AX,CRT_COLS ; ONE SCAN OVERSHOOT
B F8 3981 c MoV D), AX
Dt 3982 [ sus DX, C% ; CALCULATE WINDOW
cz2 0101 3983 c ADD DX,0101H ; ADJUST COUNT
EY 3984 c sus AH,
c3 3985 c MoV AL,BL
3986 c PUSH DX
26 0485 R 3987 c MUL POINTS ; BYTES PER CHAR
26 OuuA R 3988 Cc MUL CRT_COLS ; BYTES PER ROW
F7 3989 c Moy $1,D1
FO 3990 C 3 S1,AX
3997 c ASSUME  DS:NOTHING
3992 C PUSH ES ; SET DS TO
3993 c PoP DS ; THE REGEN SEGMENT
3994 [ POP DX
DB 3995 C OR BL,BL ; SCROLL COUNT
40 3996 C JZ DXR9 ; BLANK ENTIRE WINDOW
CE 3997 C Mov CL,DH
cB 3998 c SuB CL,BL
€D 3999 C suB CH,CH
4000 c
4001 c ASSUME  DS:ABSO
4002 c PUSH D:
0001 R 4003 c CALL DDS
4004 C PUSH AX
4005 C PUSH DX
c1 4006 c MoV AX,CX
26 0485 R 45007 c MUL POINTS ; BYTES PER CHAR
cs 4008 c Moy CX, AX
4009 c POP DX
4010 C POP AX
4011 C ASSUME  DS:NOTHING
4012 c POP DS
4013 c
401k 4 PUSH DX
c5 4015 C MOV AX,BP
03 4016 [ mov h,3
CE 4017 c MOV DL, GRAPH_ADDR ; GRAPHICS
0D18 R 4018 c CALL ouT_bx
c4 4019 c MoV OL, SEQ_ADDR 5 SEQUENCER
020F 4020 [ MOV AX, 020FH ; ENABLE ALL MAPS
0p18 R 4021 c CALL oUT_DX
A 4022 c POP ox
12F8 R 4023 C CALL CRANK_Y4 ; SCROLL THE SCREEN
uo24 c
4025 c PUSH oX
4026 C DEC BP
c5 4027 [ MOV AX,BP
03 4028 ¢ mov oh,3
CE 4029 c oV DL, GRAPH_ADDR
oD18 R 4030 c CALL OUT_DX
A 4031 c poP OX
4032 € DXR10:
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1643 E8
C
1647 E9

164A 8A
164C €8

166A 80
8A

1

1670 B9
1673 DO
Do

1677 OA
1679 E2

9
167E  C3

16B7 53
16B8 8A
16BA  2A

1
16BE 8B
16C2 5B
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1378 R
219B R

DE
F5

1E O44C R
2 FA

1143 R
3 D8

E3 03
c3
0003
EO
EO
D8

8
F8

0450 R

[
26 O44A R
Ef

OF
FF

E3
87 0450 R

EFCECCEEEEEEEEEESEEESS
£
w

0000BN00000000000000000000000000000000000000000000000000N0000000N00000N0NN0000000N0NNN000NN0N0NNNN0NNN0NNONONONNNNN0 000000000

DXR9:

JMP
GRAPHICS_DN_2

CALL  BLNK_4
cLD
JMP  V_RET
MOV BL,DH

DXR10

ENDP
SUBTTL
INCLUDE VGRW. INC
SUBTTL  VGRW. INC
PAGE
ASSUME  DS: ABSO

FIND_POSITION PROC  NEAR

Moy CL,B
XOR  CH,CH
MoV SI,Cx
SAL sii
MOV AX,[S1+ OFFSET CURSOR_POSN]
XOR BX, BX
Jyexz s
oD 8X, CRT_LEN
LooP  Pu
CALL  POSITION
ADD BX, AX

RET
FIND_POSITION

ENDP

H

BLANK ENTIRE WINDOW

DISPLAY PAGE TO CX

MOVE TO Si FOR INDEX
# 2 FOR WORD OFFSET
ROW/COLUMN OF THAT PAGE
SET START ADDRESS TO O
NO_PAGE

PAGE_LOOP

LENGTH OF BUFFER

NO_PAGE
DETERMINE LOC IN REGEN
ADD TO START OF REGEN

EXPAND_MED_COLOR
TH

B ISTROUTINE EXPANDS THE_LOW 2 BITS IN BL TO
3 FILL THE ENTIRE BX REGISTER
; ENTRY :
3 BL = COLOR TO BE USED ( LOW 2 BITS )
;5 EXIT H
: BX = COLOR TO BE USED ( 8 REPLICATIONS OF THE
2 COLOR BITS )
519 PROC  NEAR
AND L,3 ; ISOLATE THE COLOR BITS
MOV AL, BL ; COPY TO AL
PUSH X ; SAVE REGISTER
MoV CX,3 ; NUMBER OF TIMES
$20:
SAL AL
SAL ALY LEFT SHIFT BY 2
OR BL,AL ANOTHER COLOR VERSION
5 INTO BL
LOOP S20 5 FILL ALL OF BL
MOV BH, BL : FILL UPPER PORTION
POP cx ; REGISTER BACK
RET ; ALL DONE
s19 ENDP
; EXPAND_BYTE
3 THIS ROUTINE TAKES THE BYTE IN AL AND DOUBLES
3 ALL OF THE BITS, TURNING THE 8 BITS INTO
H 16 BITS, THE RESULT 'S LEFT IN AX
s21 PROC  NEAR
PUSH DX ; SAVE REGISTERS
PUSH  CX
PUSH BX
SUB DX, DX ; RESULT REGISTER
MoV X, 1 ; MASK REGISTER
s22:
MOV BX, AX 5 BASE INTO_TEMP
AND BX, CX 3 USE MASK TO EXTRACT BIT
OR DX, BX ; PUT INTO RESULT REGISTER
SHL AX,1
SHL cX, 1 5 SHIFT BASE AND MASK BY 1
MoV BX, AX ; BASE TO TEMP
AND BX, ; EXTRACT THE SAME BIT
OR DX, BX ; PUT INTO RESULT
SHL cX,1 5 SHIFT ONLY MASK NOW,
3 MOVING TO NEXT BASE
JNC s22 ; USE MASK BIT COMING OUT
3 TO TERMINATE
MoV AX, DX 5 RESULT TO PARM REGISTER
POP X
pPoP cx ; RECOVER REGISTERS
POP DX
RET 5 ALL DONE
s21 ENDP
$26 PROC NEAR
MoV AX, CURSOR_POSN 3 GET CURRENT CURSOR
GRAPH_POSN LABEL  NEAR
PUSH  BX ; SAVE REGISTER
MOV BX, AX ; SAVE A COPY OF CURSOR
MOV AL, AH ; GET_ROWS TO AL
MUL BYTE PTR CRT_COLS ; MULTIPLY BY BYTES/COLUMN
SHL AX, 1 ; ®4 SINCE U ROWS/BYTE
SHL AX, 1
sus BH, BH ; ISOLATE COLUMN VALUE
ADD AX, BX ; DETERMINE OFFSET
POP BX ; RECOVER POINTER
RET ; ALL DONE
s26 ENDP

= DISPLAY PAGE

= CURSOR POSITION FOR REQUESTED PAGE

ASSUME  DS:ABSO
PUSH  BX ; SAVE REGISTER
MoV BL,BH : GET TO LOW BYTE
sus BH, BH : ZERO HIGH BYTE
SAL BX, 1 i %2 FOR WORD COUNT
MoV AX, [BX + OFFSET CURSOR_POSN] i CURSOR, REQUESTED PAGE
POP BX i RECOVER REGISTER
GRX_PSN :
ENTRY N
AX = CURSOR POSITION IN DESIRED PAGE :
BH = DESIRED PAGE :
EXIY :

= BYTE OFFSET INTO REGEN
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GRX_PSN PROC  NEAR
PUS

H BX 3 SAVE
PUSH cX i SAVE
PUSH DX i SAVE
suB CH,CH i Z
MOV CL,BH ; PAGE NUMBER
MoV BX A)( + ROW, COLUMN
MoV ; ROl
MUL BYTE PTR CRT_COLS ROW # COLU"NS/ROV
MUL POINTS ; BYTES PER RO
suB BH, BH ; ZERO TO LEAVE COL VALUE
ADD AX, BX 3 ADD_IN CI
MOV BX, CRT_LEN ; PAGE LENGTN
Joxz GP_2 ; NO PAGE OFFSET
6P_3:
ADD AX, BX ; ADD IN THE PAGE LENGTH
LooP GP_3 ; DO FOR NUMBER OF PAGES
GP_2:
PoP DX 3 RECOVER
POP (2] ; RECOVER
PopP BX ; RECOVER

RET
GRX_PSN ENDP

MK_ES:

MoV $1,0BBOOH

MoV DI,EQUIP_FLAG

AND DI,030H

cMp D1, 030H

JNE 6 A

MoV S1;0BO00H
P6_A:

MoV ES,S!1

RET

READ_AC_CURRENT

THIS ROUTINE READS THE ATTRIBUTE AND CHARACTER
CURRENT CURSOR POSITION AND RETURNS THEM
CALLER

;

= CURRENT CRT MODE

DISPLAY PAGE ( ALPHA MODES ONLY )
DATA SEGMENT
REGEN SEGMENT

= CHAR READ
= ATTRIBUTE READ

ASSUME  CS:CODE, DS:ABSO, ES:NOTHING
READ_AC_CURRENT PROC NEAR
CALL

MK_ES
CALL FIND_POSITION

MoV s, 8% ; ADDRESSING IN SI
MoV DX ,ADDR_6845 GET BASE ADDRESS
ADD X, 6 POINT AT STATUS PORT
test  info,h
PUSH  ES
pPoP DS ; SEGMENT FOR QUICK ACCESS
Jz p3a
j=-===- WAIT FOR HORIZONTAL RETRACE
P2: H WAIY FOR RETRACE LOW
WIN 5 GET
IN AL, DX
TEST AL, 1 i | HORZ RETRACE LOW
JNZ P2 ; WAIT UNTIL s
cLl ; NO woRE INTERRUSTS
P3: 3 WAIT FOR RETRACE HiGH
WIN ; GET STATUS
IN AL, DX
TEST AL, ;IS 1T HIGH
9z P3 3 WAIT UNTIL IT IS
p3a:

LODSW GET THE CHAR/ATTR

V_RET
READ_AC_CURRENT ENDP

MED_READ_BYTE H
THTS ROUTINE WILL TAKE 2 BYTES FROM THE REGEN :
BUFFER, COMPARE AGAINST THE CURRENT FOREGROUND :
COLOR, AND PLACE THE CORRESPONDING ON/OFF BIT
PATTERN INTO THE CURRENT POSITION IN THE SAVE

Al
ENTRY
$1,DS = POINTER TO REGEN AREA OF INTEREST
BX = EXPANDED FOREGROUND COLOR H
BP = POINTER TO SAVE AREA H

(fres nenemr e ne b e ma s Seme

EXIT
BP 1S {NCREMENT AFTER SAVE
23 PROC NEAR
MOV AH,[SI] 3 GET FIRST BYTE
Mov AL, [SI1+1} ; GET SECOND BYTE
MoV CX, 0C000H ; 2 BIT MASK TO TEST
THE ENTR
Moy oL, 0 H RESULT REGISTER
s24:
TEST AX,CX 3 IS _THIS BACKGROUND?
cLe ; CLEAR CARRY IN HOPES
; THAT IT IS
Jz s25 ;3 IF 0‘ IT 1S BACKGROUND
sTC ; WASN'T, SO SET CARRY
s25:
RCL DL, 1 ; MOVE THAT BIT INTO THE
SHR cx, 1 3 RESULT
SHR cx,1 ; MOVE THE MASK TO THE
;5 RIGHT BY 2 BITS
JNC sau ; DO IT AGAIN !F MASK
; DIDN'T FALL out
Moy (BP],DL ; STORE RESULT IN SAVE
INC BP ; ADJUST POINTER
RET 5 ALL DONE
s23 ENDP
GRAPHICS_READ PROC NEAR
CALL MK_ES
CALL 526 ; CONVERTED TO OFFSET
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MoV
SuB

Mov

S1,AX
spP,8

BP,SP

3===-- DETERMINE GRAPHICS MODES

CRT_MODE, 6
ES

0s
$13P

= HIGH RESOLUTION READ

;w==== GET VALUES FROM REGEN BUFFER AND CONVERT

MoV DH, 4
s12p:
MOV AL, [S1]
MoV [BP],AL
INC 8P
MOV AL, [S1+2000H)
Hov 8P|, AL
NG 8P
ADD S1,80
DEC DH
INZ s12p
JMP S15P
jemem- MEDIUM RESOLUTION READ
s13p
SAL si,1
MoV OH, 4
swp:
CALL  s23
ADD S1,2000H
CALL  s23
suB S1,2000H-80
DEC DH
JNZ siup
jemmm- SAVE AREA HAS CHARACTER IN 1T, MATCH IT
s15p:
PUSH DS
CALL DosS
WLXS  ES,DI,GRX_SET
LES D1,GRX_SET
PoP DS
suB 8P,8
MoV s1,8P
cLD
MoV AL,0
s16P:
PUSH  SS
POP DS
MoV DX, 128
s17p
PUSH  SI
PUSH DI
MoV cx,8
REPE  CMPsB
POP DI
POP S|
Jz si8p
INC AL
ADD 01,8
DEC OX
INZ s17p
j---~= CHAR NOT MATCHED, MIGHT BE IN USER SUPPLI
cMp AL,0
JE s18p
ASSUME  DS:ABSO
CALL  DDS
WLXS  ES,0!,EXT_PTR
LES 01, EXT_PTR
MOV AX, ES
OR AX, DI
Jz 518P
MoV AL, 128
JMP s16p
;~==-- CHARACTER IS FOUND ( AL=0 IF NOT FOUND )
s1ap
ADD s?,8
Jmp V_RET
GRAPHICS_READ  ENDP

SAVE IN S|

ALLOCATE SPACE TO SAVE
THE READ CODE POINT
POINTER TO SAVE AREA

POINT TO REGEN SEGMENT
MEDIUM RESOLUTION

TO CODE POINT
NUMBER OF PASSES

GET FIRST BYT

SAVE IN STORAGE AREA
NEXT LOCAT

GET LOWER RECION BYTE
ADJUST AND STORE

POINTER INTO REGEN

GO MATCH TNE SAVED CODE
POINTS

o
S
3
o

MED_RES_REAI
OFFSET#2, 2 BVTES/CHAR
NUMBER OF PASSE

GET PAIR BYTES

GET THIS PAIR INTO SAVE
; ADJUST POINTER BACK INTO
T

23
°©
-
°
5
kY
]
E
»
m
o
)
z

u
KEEP GOING UNTIL 8 DONE

FIND_CHAR

ESTABL ISH ADDRESSING

ADJUST POINTER TO
BEGINNING OF SAVE AREA

ENSURE_DIRECTION

CURRENT CODE POINT BEING
MATCHED

ADDRESSING TO STACK

FOR THE STRING COMPARE

NUMBER TO TEST AGAINST

SAVE SAVE AREA POINTER
SAVE CODE POINTER
NUMBER OF BVTES TO MATCH
COMPARE THE 8

RECOVER THE POINTERS

F ZERO FLAG S
THEN MATCH OCCURRED
NO MATCH, MOVE TO NEXT

0 ALL OF THEM

ED SECOND HALF

AL <> O IF ONLY 18T
HALF SCANNED

= 0, THEN ALL HAS
BEEN SCANNED

GET POINTER

SEE lF THE PNTR EXISTS
DOESN'T EXIST
NO SENSE LOOKING
ORIGIN FOR SECOND HALF
GO BACK AND TRY FOR IT

READJUST THE STACK,
THROW AWAY SAVE
ALL DONE

;===-=- READ CHARACTER/ATTRIBUTE AT CURRENT CURSOR POSITION

AHBS:
JMP

AH8:
ASSUME
MOV

Z_1:

READ_AC_CURRENT

0S:ABSO
AH, CRT _MODE
AH 0 H

AH 03"
AH8!
AH, 06H

z3
GRAPHICS_READ

grx_rd
shogt grx rd1

GRX_RD2
AL, 0
V_RET
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GET THE CURRENT MODE

3 RANGE TEST
; FOUR MAP READ



17FB 4411 € GRX_RD1 PROC NEAR

w12 C ASSUME  DS:ABSQ
4413 c SRLOAD  ES, 0AOOOH ; REGEN SEGEMNT
17F8 BA AQOO s c+ MoV DX, 0AD00H
17FE 8E C2 4415 c+ MOV ES, DX
1800 E8 16B7 R B416 c CALL  GR'CUR ; BYTE OFFSET INTO REGEN
1803 88 FO n4y7 c MOV st ; SAVE IN S|
1805 88 1E 0485 R 4418 c MOV BX, POINTS : BYTES PER CHARACTER
1809 28 E3 4419 c suB SP,BX ; ALLOCATE SPACE TO SAVE
4420 c ; THE READ CODE POINT
180B 8B EC suz] c MoV 8P, SP : POINTER TO SAVE AREA
422 c
4423 c TO CODE POINT
442 c
180D 53 4425 c PUSH  BX i SAVE BYTES PER CHARACTER
180E 24 01 4426 c AND ALY ; ODD OR EVEN BYTE
1810 BA C8 4427 c MoV CL, AL ; USE FOR SHI F1
1812 BO 05 uy28 c Moy AL, 5 i COLOR COMP VALUE (C0-C2)
1814 D2 EO uL29 c SHL AL, CL i (C1-C3) IF BYTE
1816 B4 07 4430 c MoV AH, G_COLOR ; COLOR LoMPARE REGISTER
1818 B6 03 4431 c mov ah, 3~
181A cE 4432 c MOV oL, GRAPH_ADDR
181C E8 0D18 R 4433 c cALL  ou_D: ; SET GRAPHICS CHIP
181F B8 0518 uu3y c MoV AX, 598h : READ MODI
1822 E8 0D18 R 4435 c caLe  ouf_ox i SET GRAPHICS CHIP
1825 uu3g c s12_1:
1825 26: 8A 04 4437 c MoV AL, ES:[S1] ; GET FIRST BYTE
1828 F6 DO 4438 C NOT
182A 88 46 00 4439 c MoV $S:[BP}, AL ; SAVE IN STORAGE AREA
1820 4440 c INC P ; NEXT _LOCAT
182E 03 36 Ou4A R 4441 c ADD $1,CRT_COLS i POINTER TNT0 REGEN
1832 4B 442 c DEC BX : LOOP CONTROL
1833 75 FO 4443 c JINZ s12_1 ; DO IT SOME MORE
1835 58 uuny c POP BX i RECOVER BYIES PER CHAR
1836 B8 0510 uuys c MoV AX,510H : UNDO READ MOD
1839 EB 32 90 4448 c SMP GRX_RECG i CHAR RECONTION ROUT INE
183C Bu47 € GRX_RD! ENDP
44148 ¢
183C usug C GRX_RD2 PROC  NEAR
4450 c ASSUME  DS:ABSO
4451 c SRLOAD  £5. 0A000H ; REGEN SEGMENT
183C  BA AQ00 4y52 c+ MOV DX, 0AOOOH
183F BE C2 4453 c+ Moy ES, DX
1841 E8 16B7 R 4usy c CALL  GR.CUR 3 BYTE OFFSET INTO REGEN
1844 BB FO 4455 c MoV AX i SAVE IN
1846 88 1E 0485 R 41456 c MoV BX, POINTS ; BYTES Per cHARAGTER
184A 2B E3 uy57 c SUB sP,BX ; ALLOCATE SPACE TO SAVE
nu58 c ! THE_READ CODE POINT
184C 8B EC 4459 c Mov 8P, SP ; POINTER TO SAVE AREA
4460 c
4461 c ; TO CODE POINT
4462 c
184E B6 03 4463 c mov dh,3
1850 B2 CE Huey [ MoV DL, GRAPH_ADDR GRAPHICS CHIP
1852 88 0508 4465 c MoV AX, 508H COLOR COMPARE
1855 E8 OD18 R uu66 c CALL  oUT DX SET THE REGISTER
1858 53 4467 c PUSH  BX i SAVE BYTES PER CHARACTER
1859 4468 c sz
1859 26: 8A O 1469 c MoV AL ES:[SI] ; GET COLOR COMPARED BYTE
185C F6 DO 4470 c NOT i ADJUST
1856 88 46 00 4471 c MoV SS:[8P],AL § SAVE IN STORAGE AREA
1861 uu72 c INC NEXT_LO
1862 03 36 Oub4A R uu73 C ADD s: CRT_COLS : BOINTER INTO REGEN
1866 4B 457y c DEC ; LOOP_CONTROL
1867 75 FO 4475 c JNZ 512 : DO _IT SOME MORE
1869 58 4476 c POP ! RECOVER BYTES PER CHAR
186A B8 0500 4477 c MoV Ax,500N ; UNDO READ MODE
186D 4478 C  GRX_RD2 ENDP
uy79 c
186D 4480 C  GRX_RECG:
4481 c
uug2 c --- SAVE AREA HAS CHARACTER (N IT, MATCH (T
4483 c
186D E8 0D16 R uuBl c CALL  OUT_DX ; SET READ MODE BACK
4485 c WLXS  ES,D1,GRX_SET ; GET FONT DEFINITIONS
1870 Cu 3E 010C R 4486 c+ LES DI,GRX_SET
1874 28 EB 4487 c suB BP, BX ; ADJUST POINTER TO
4u88 ¢ : 'BEGINNING OF SAVE AREA
1876 88 F5 uug9 c Moy s1,8p
1878 FC 3490 c cLD ENSURE DIRECT O
1879 B0 00 4491 c MOV AL, 0 i CODE POINT SEING maTCHED
1878 16 4492 c PUSH  SS i ADDRESSING TO STACK
187C 1F 4493 c POP DS ; FOR THE STRING COMPARE
1870 BA 0100 49k c MOV DX, 256D  NUMBER TO TEST AGAINST
1880 4495 c s17_5:
1880 56 4496 c PUSH  SI ; SAVE SAVE AREA POINTER
1881 57 4497 c PUSH DI i SAVE CODE POINTE
1882 8B CB 4498 c Moy €X, BX  NUMBER OF BYTES TO MATCH
1884 F3/ A6 4499 c REPE  CMPSB ; COMPARE THE 8 BYTES
1886 SF 4500 c PoP DI ; RECOVER THE POINTERS
1887 5E 4501 c POP s
1888 74 07 4502 c Jz $18_5 ; IF ZFL SET, THEN MATCH
4503 c i OCCURRED
188A FE CO 4504 c INC AL i NO MATCH, ON TO NEXT
186C 03 FB 4505 c ADD of, BX ; NEXT GODE POINT
188E  UA 4506 c DEC X i LOOP CONTROL
188F 75 EF 4507 c JNZ $17.5 : DO ALL OF THE
1891 4508 C s18.5: ; AL=CHAR {F _NOT FOUND
1891 03 E3 4509 c ADD SP,BX i READJUST Tt sTACK
1893 E9 2198 R 4510 c JMP V_RET
511 c
32:2 C ;----- WRITE CHARACTER/ATTRIBUTE AT CURRENT CURSOR POSiTION
3 c
4514 c
4515 ¢ | WRITE_AC_ CURRENT :
4516 c THTS ROUTINE WRITES THE ATTRIBUTE
4517 [ AND CHARACTER AT THE CURRENT CURSOR
u518 c POSITION
4519 C 5INPT
14520 c {AH) = CURRENT CRT MODE
4521 c (BH) D{ISPLAY PAC
4522 c (CX) = COUNT OF CHARACTERS TO WRITE
4523 c (AL} = CHAR TO WRITE :
u52y c (BL) = ATTRIBUTE OF CHAR TO WRITE
4525 c (DS) = DATA SEGMENT
4526 c i (ES) = REGEN SEGMENT
4527 C : ouTpuT
4528 c NONE :
4529 c M
1896 4530 G AHg:
4531 c ASSUME  DS:ABSO
1896 E8 0001 R 4532 c CALL  DDS
1899 8A 26 Ouug R 4533 ¢ MOV AH, CRT_MODE
534
189D 80 FC OU 4535 c cmp AH, 4 ; 1S THIS GRAPHICS
18A0 72 08 14536 c Jc 6
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y
18A7 EB

FC 07
03
74 90
16E8 R
E3

1
164E R
B FB

16 0u63 R
Cc2 06

06 0487 R 04
0B

€8
2198 R

0D01 R
26 0449 R

FC o4

FC 07
03

30 90

16E8 R
0

1
164E R
B FB

16 0u63 R
C2 06

06 0487 R O4
oB

01
FB

c3

E7
2198 R

'Y

000 00000NN000000000N00000000000NRN0N0Q00000Q000NNNNN000000NRNNN0000000000000000000000000000000N0000000000NNNNN00000N0N0NNRNO0O

cMp AH,T
JE
. Jme GRAPHICS_WRITE
P6:
CALL  MK_ES
MOV AH, BL
PUSH  AX
PUSH  CX
CALL  FIND_POSITION
MoV DI,BX
POP [
POP BX
MOV DX, ADDR_6845
ADD X, 6

j=-=== WAIT FOI

R HORIZONTAL RETRACE

3 18 THIS BW CARD

5 WRITE_AC_CONT INUE

3 GET ATTRIBUTE TO AH
; SAVE ON

 SAVE VRITE GOuNT

; ADDRESS TO DI REGISTER
3 WRITE COUNT

; CHARACTER IN BX REG

; GET BASE ADDRESS

i POINT AT STATUS PORT

pT:
test info, 4
Jz p9a
P8:
IN AL, DX 3 GET STATUS
TEST AL, 3 1S IT LOW
JNZ 2] 3 WAIT UNTIL IT 1S
oLl ; NO MORE INTERRUPTS
P9:
IN AL, DX ; GET STATUS
TEST AL, 1 3 1S 1T HIGH
Jz P9 5 WAIT UNTIL IT IS
p9a:
MOV AX, BX ; RECOVER THE CHAR/ATTR
STOSW ; PUT THE CHAR/ATTR
STI 5 INTERRUPTS BACK Ol
LOOP P7 3 AS MANY TIMES
Jme V_RET
jem—— WRITE CHARACTER ONLY AT CURRENT CURSOR POSITION
3 WRITE_C_| CURRENT H
; TTHIS ROUTINE WRITES THE CHARACTER AT :
H THE CURRENT CURSOR POSITION, ATTRIBUTE :
H UNCHANGED H
5 INPUT H
H (AH) = CURRENT CRT MODE H
H (BH) = DISPLAY PAGE :
H (CX) COUNT OF CHARAGTERS TO WRITE H
: (AL) = CHAR TO WRITE B
i (DS) = DATA SEGMENT
H (ES) = REGEN SEGMENT H
; OUTPUT :
H NONE H
AHA:
ASSUME  DS:ABSO
CALL DD:
MOV AH, CRT_MODE
cmp AH, U ; IS THIS GRAPHICS
JC P10
CMP AH, 7 ; 1S THIS BW CARD
JE P10
JMP GRAPHICS_WRITE
P10:
CALL MK_ES
PUSH AX ; SAVE ON STACK
PUSH X ; SAVE WRITE COUNT
CALL FIND_POSIT{ON
MOV D1,BX ; ADDRESS TO DI
POP CX 5 WRITE COUNT
POP BX 3 BL HAS CHAR TO WRITE
il WAIT FOR HORIZONTAL RETRACE
MOV DX, ADDR_6845 ; GET BASE ADDRESS
ADD DX, 6 ; POINT AT STATUS PORT
Pt
test info,4
Jz pila
P12:
WIN ; GET STATUS
IN AL, DX
TEST  AL,1 ;IS IT LOW
JNZ Pi2 ; WAIT UNTIL IT IS
oLl ; NO MORE INTERRUPTS
P13:
WIN 3 GET STATUS
IN AL, DX
TEST AL, 1 5 1S IT HIGH
Jz P13 3 WAIT UNTIL IT 1S
pil3a:
MoV AL, 8L ; RECOVER CHAR
$TO! 5 PUT THE CHAR/ATTR
STt ; INTERRUPTS BACK Ol
INC 1 ; BUMP POINTER PAST ATTR
Loor P11 ; AS REQUESTED
Jme V_RET

CURREN
ENTRY
=

IF BI

GRAPHICS WRITE
THIS ROUTINE WRITES THE ASCI| CHARACTER TO THE

T POSITION ON THE SCREEN.
HARACTER TO WRITE

BL = COLOR ATTRIBUTE TO BE USED FOR FOREGROUND COLOR

T 7 1S SET, THE CHAR IS XOR'D

BUFFER (0 IS USED FOR THE BACKGRDUND COLOR})

NUMBER OF CHARS TO WR

INTO THE REGEN

DATA SEGMENT
REGEN SEGMENT

NOTHING IS RETURNED

GRAPHICS READ
THIS ROUTINE READS THE ASC

EXIT

ENTRY

NONE (0 1S ASSUMED AS THE

EXIT
NONE FOUND)
FOR COMPATIBILITY ROUTINES, THE
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CURSOR POSITION ON THE SCREEN BY MATCHING THE DOTS ON
THE SCREEN TO THE CHARACTER GENERATOR CODE POINTS

AL = CHARACTER READ AT THAT POSITION (0 RETURNED IF

CONTAINED IN ROM FOR THE 1ST 128 CHARS,

11 CHARACTER AT THE CURRENT

BACKGROUND COLOR)

IMAGES USED TO FORM CHARS ARE ,
TO ACCESS CHARS :



IN THE SECOND HALF, THE USER MUST INITIALIZE YHE VECYOR AT H

80 FC 07
72 03

E9 1904 R
E8 16E8 R
B4 00

50

E8 16A1 R
8B F8

58
73 06

C5 36 010C R
EB 06

2C 80

€5 36 007C R

8 0001 R
3E 0449 R 06

72 2¢

B6 04

F6 C3 80
75 16

26: 88 85
83 C7 uF

FE CE
75 EC

2 E3
E9 219B R
26: 32 05

26: 32 85
B EO

SA D3
E7
EB 166A R

E2 B7
E9 2198 R

1FFF

1FFF

2000
2001

2000
2001

o
3

b4
=)

000
nEw

R IR IR IR IR N
)
o 2

+

+

0ODBNNO000000000N00N0000000N00000000000000000000000000000000000000000000000000000000000000000000000000a0000000N00B000000000000

@
2
=
=
h]
m
5]
o
>
@
2
m
°
B
a
E]
>
=
3
o
i
@
@
x
&
@
=
@

FAILURE TO DO SO WILL CAUSE IN STRANGE RESULTS

ASSUI
GRAPHI CS HR ITE

ME  CS: UODE DS ABSO ES:NOTHING
PROI

»

Je S1_A
JHP GRX_WRT
S1_A:
CALL  MK_ES
MoV AH, 0 ; 0 TO HIGH OF CODE POINT
PUSH ; SAVE CODE POINT VALUE
jo=——- DETERMINE POSITION IN REGEN BUFFER TO PUT CODE POINTS
CALL 526 # LOC IN REGEN BUFFER
Mov DI, AX ; REGEN POINTER IN DI

j===== IMAGE IS

Sh:

$5:

86:

§7:

$8:

$9:

POP AX
CMP AL, 80H
JAE st

WLXS DS, St,GRX_SET
LDS SI,GRX_SET
JMP SHORT S2

~-- {MAGE 1S IN SECOND HALF, (N USER RAM

sus AL, 80H
WLXS DS, S1,EXT_PTR
LDS st E)(T PTR

--- DETERMINE GRAPH!ICS MODE IN OPERATION

SAL AX,1
SAL AX, 1

SAL AX; 1

ADD SI,AX

PUSH DS

CALL  DDS

cMp CRT_MODE, 6
POP ]

Jo s7

--- HIGH RESOLUTION MODE

PUSH DI
PUSH  SI
MoV DH, 4
LoDSB
TEST BL,80H
INZ s6
STOSB
LoosB
MOV ES:[DI1+2000H-1], AL
ADD 01,79
DEC OH
JNZ st
POP St
POP DI
INC
LooP S3
MP V_RET
XOR AL, ES:[D1]
ST0SB
LODSB
XOR AL, ES:[DI+2000H-1)
JMP 5

j===== MEDIUM RESOLUTION WRITE

Moy DL, BL
SAL Di,t
CALL  s19
PUSH DI
PUSH  SI
MoV DH, 4
LODSB

CALL s21
AND AX, BX

TEST DL BOH
Jz

s10:

sn

XOR AH s:(D1]
XOR AL ES [D1+1]
MoV ES:[DI],AH
MoV ES:[CI+1], AL
L00SB
CALL s21
AND AX, BX
TEST DL, 80H
Jz $11
XOR AH, ES:[DI+2000H]
XOR AL,ES:[DI+200TH]
MOV ES:[Di+2000H], AH
MoV ES:[DI+2000H+1],AL
ADD Di,80
DEC DH
JNZ 59
POP S1
PCP DI
INC DI
INC D}
LOOP S
P

JM V_RET
GRAPHICS_WRITE ENDP

DETERMINE REGION TO GET CODE POINTS FROM

IN FIRST HALF, CONTAINED IN ROM

; RECOVER CODE POINT
IS IT IN SECOND HALF
E:

; DETERMINE_MODE

; EXTEND_CHAR
; O ORIGIN FOR SECOND HALF

DETERMINE_MODE
MULTIPLY CODE POINT
VALUE BY

S) HAS OFFSET OF
DESIRES CODES

; TEST FOR MEDIUM RES MODE

HIGH_CHAR

SAVE REGEN POINTER
SAVE CODE POINTER
NUMBER OF TIMES THROUGH

GET BYTE FROM CODE POINT
SHOULD WE US

FUNCTION TO PUT CHAR IN
STORE IN REGEN BUFFER

3 STORE IN SECOND HALF
; MOVE TO NEXT ROW IN REGEN
; DONE WITH LOOP

; RECOVER REGEN POINTER
; POINT TO NEXT CHAR POS
; MORE CHARS TO WRITE

; XOR WITH CURRENT
; STORE THE CODE POINT
; AGAIN FOR ODD FIELD

; BACK TO MAINSTREAM

MED_RES_WRI(T

SAVE HIGH COLOR BIT
OFFSET#2, 2 BYTES/CHAR
EXPAND BL TO FULL WORD
OF COLO

SAVE REGEN POINTER
SAVE THE CODE POINTER
NUMBER OF LOOPS

GET CODE PO
DOUBLE UP ALL THE BITS
; CONVERT THEM TO FORE-

; IS THIS XOR FUNCTION

AND WITH OTHER HALF

; STORE FIRST BYTE
; STORE SECOND BYTE
; GET CODE POINT

; CONVERT TO COLOR

; 1S THIS XOR FUNCTION

5 NO, JUST STORE THE VALUE
; FUNCTION WITH FIRST HALF
; AND WITH SECOND HALF

; STORE IN SECOND PORTION
; POINT TO NEXT LOCATION

3 KEEP GOIN

; RECOVER CODE PONTER

; RECOVER REGEN POINTER
; POINT TO NEXT CHAR

3 MORE TO WRITE

ENTRY
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4789 c ; = CHAR TO WRITE :
u790 c ; 1SPLAY PAGE H
4791 c ATTRIBUTE/COLOR H
4792 c 3 COUNT OF CHARS TO WRITE H
4793 c
1904 4794 C  GRX_WRT PROC NEAI
4795 c ASSUME  DS: ABSO ES:NOTHING
1904 80 FC OF 4796 [ cmp ah, Of ; 640x350 graphics
19D7 72 OE u797 c Jb no_ad.jl )
1909 E8 14F4 R 4798 c call mem_det ; base card
190C 72 09 4799 c Je j1
19DE 80 E3 85 4800 c and bl,10000101b 3 85h, xor c2 cO mask
19E1  8A E3 4801 19 mov ah,bl
19€3 DO EU4 4802 c shi ah,1 ; expand c0 c1, c2 to c3
19ES5 OA DC 4803 c bl,ah 3 build 7(80'!) + (0 3,c,f)
19€E7 4804 C no_adj1:
19E7 2A EY 4805 Cc us AH, AH ; ZERO
19E9 F7 26 0485 R 4806 c MUL POINTS 3 OFFSET FONT TABLE BASE
19€D 4807 c PUSH AX ; FONT TABLE DISPLACEMENT
19EE E8 1687 R 4808 c CALL GR_CUR ; GET OFFSET INTO REGEN
19F1 8B F8 4809 c MOV DI, AX ; _INTO DESTINAT|DN
19F3 8B 2E 0485 R 4810 c MoV BP POINTS ; BYTES PER
4811 c SRLOAD  ES, 0AQQOH 3 REGEN SEGEMNT
19F7  BA AQOO 4812 Cc+ Mov DX, 0AQQOH
19FA BE C2 4813 Cc+ MoV ES,DX
481y C WLXS Ds, s, GR)( SET ; ADDRESSING TO FONTS
19FC  C5 36 010C R 15 Cr LDS 5| GRX
1A00 58 4816 c popP ; RECOVER OFFSET
1A01 03 fO 4817 < ADD SI,AX ; CHARACTER IN TABLE
1A03 B6 03 ugi8 c mov dh, 3
1A05 4819 C  S20A:
1A05 F6 C3 80 4820 c TEST BL,080H ; TEST FOR XOR
1A08 74 OE 4821 c JZ NO_XOR 3 NO XOR
1A0A B2 C 4822 c MOV DL, GRAPH_ADDR
1A0C B8 0318 4823 c Mov AX,0318H ; GRAPHICS CHIP XOR
1AQF E8 0D18 R ug2y c CALL OU _DX ; SET REGISTER
1A12 EB 1E 90 4825 c ; SKIP BLA
1A15 4826 C  NO_XOR: ; BLANK BOX FOR CHAR
1A15 57 us27 c PUSH DI ; SAVE REGEN POINTER
1A16 B2 C4 4828 [ MOV DL, SEQ_ADDR
1A18 B8 020F us29 c MOV AX, 020FH ; ENABLE ALL MAPS
1A1B E8 0OD18 R 4830 C CALL OUT_DX
JA1E 2B CO 4831 C sus AX, AX ; STORE ZERO
1A20 51 4832 C PUSH (99 3 SAVE CHARACTER COUNT
1A21 8B CD 4833 c MoV CX,BP ; GET BYTE COUNT
1A23  1E 4834 C PUSH
1A24  E8 0DO1 R 4835 c CALL DDS
1A27 4836 C S13A:
1A27  AA 4837 [ STOSB 3 ZERO REGEN BYTE
1A28 03 3E OU4A R 4838 c ADD Di,CRT_COLS ; NEXT BYTE OF BOX
1A2C  4F 4839 c DEC D! ; ADJUST
1A2D E2 F§ 4840 C LooP S13A ; NEXT BYTE
1A2F 1F 4841 [ POP DS
1A30 59 u8y2 C poP CX ; RECOVER CHARACTER COUNT
1A31  5F ugu3 < pPopP i ; RECOVER REGEN POINTER
1A32 48414 c F_2:
1A32 B2 C4 4845 c MOV DL, SEQ_ADDR
1A34 By 02 ugué c MOV AH, 02H ; SET MAP MASK
1A36 c3 u8y7 C Moy AL, BL ; FOR COLOR
1A38 E8 0ODI8 R 4848 Cc CALL QUT_DX ; SET THE CHIP
1A38 57 4849 c PUSH DIl ; SAVE OFFSET IN REGEN
1A3C 53 4850 C PUSH BX ; SAVE COLOR VALUE
1A3D 51 4851 C PUSH (8 ; SAVE CHACTER COUNT
1A3E 8B DD 4852 C MOV BX,BP ; LOOP CONTROL, BVTES/CHAR
1A40 1E 4853 c PUSH DS ; SAVE FONT SEGMEN
1A41 €8 0001 R 4854 c CALL DS ; SET LOW RAM SEGMENT
4855 [ ASSUME  DS:ABSO
1AL4 8B OE O4LA R 4856 c v CX,CRT_COLS ; GET _COLUMN COUNT
1A48  1F 4857 c POP D! ; RESTORE FONT SEGMENT
4858 c ASSUME  DS:NOTHING
1AL9 4859 G Si1K: ; WRITE OUT THE CHARACTER
1AL9  8A OU4 4860 o3 MOV AL,DS:[SI] ; CODE POIN
1ALB  26: 8A 25 4861 c MOV AN, ES:{Di] 5 LATCH
1ALE 26: 88 05 4862 c MoV ES:[DI],AL ; WRITE ONE BYYE OF FONT
1A51 4863 c INC St 3 NEXT FONT POIN
1A52 03 F9 436l C ADD D},CX ; ONE R W LAST POINT
1ASY 4865 c DEC BX 3 BYTES PER CHAR COUNTER
1A55 75 F2 3823 c INZ S1K ; DO NEXT ROW OF CHARACTER
81 [
1A57 59 4868 c POP cX 3 CHARACTER COUNT
1A58 58 4869 c pop BX 3 COLOR
1A59 2B F5 4870 c sus S1,BP ; ADJUST P'IR TO FONT TABLE
1A5B  5F 4871 9 POP DI ; REGEN POINTER
1ASC 47 4872 c INC DI ; NEXT CHAR POSN IN REGEN
1A5D  E2 A6 1187& C Loop $20A ; WRITE ANOTHER CHARACTER
487 c
1ASF B2 CE 4875 C MOV DL, GRAPH_ADDR
1A61 B8 0300 4876 C MoV AX, 0300H ; NORMAL NRITE NO ROTATE
1A64 E8 0D18 R 4877 c CALL OUT_DX 3 SET THE CH
1A67 B2 Ch4 4878 C MoV DL, SEQ_ADDR
1A69 B8 020F 4879 c MOV AX, 020FH 5 ENABLE ALL MAPS
1A6C E8 QD18 R 4880 C CALL OuT_DX ; SET THE CHIP
1A6F E9 2198 R 4881 C JMP V_RET
1A72 4882 C  GRX_WRT ENDP
4883 c
488y c SUBTTL
4885
4886 ;===== SET COLOR PALETTE
4887
1A72 4888 AHB:
4889 ASSUME  DS:ABSO
1A72 80 3E 0463 R BY 4890 CMP BYTE PTR ADDR_6845,0B4H
1A77 T4 09 4891 JE M21_B ; call valid only for color
1A7T9 F6 06 G487 R 02 4892 test info,2 ; see if its the oid color card
1ATE 74 05 4893 Jz M21_A ; if not, handle it here
1A80 CD 42 4894 INT 42H ; old code call
1A82 4895 M21_B:
1A82 E9 2198 R 4896 JMp V_RET ; back to caller
1A85 4897 M21_A:
1A85 2B CO 4898 sub ax,ax
1A87 8B E8 4899 mov bp,ax
1A89 C4 3E OUAS R 4900 les di,save_ptr
1A80 83 C7 04 4901 add di,
1A90 26: Ch 3D 4902 les di,dword ptr es:[di]
1A93 8C CO 4903 mov ax es
1A95 0B C7 4904 or
1A97 74 01 4905 Jz notuahb
1A99 45 4906 inc
1A9A 4907 nothahb:
1A9A E8 10BD R 4908 CALL PAL_INIT
1A9D  OA FF 4909 OR BH, BH
1A9F 75 65 4910 JNZ M20
4911
4912 ==~ HANDLE BH = 0 HERE
4913 ALPHA MODES => BL = OVERSCAN COLOR
4911 GRAPHICS => BL = OVERSCAN AND BACKGROUND COLOR
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A0 049 R
3C 03
76 OE

B4 00
8A C3
E8 109C R
08 ED
74 03
26: 88 1D

80 3E 0449 R 03
77 05

E8 QE9C R
72 07

B4 11

8A C3

E8 1D9C R
.08 ED

74 04

26: 88 50 10
8A DD

80 E3 20

B1 05

D2 EB

80 3E 0449 R 03
76 4A

A0 0466 R
24 DF

80 E3 01

74 02

oc 20

A2 0466 R
24 10

8A C3
E8 1D9C R
0B ED

74 Ol

26: 88 5D 01

8A C3
E8 1D9C R

0B ED

74 Ob

26: 88 50 02

8A C3

E8 109C R
08 ED

74 o4

26: 88 50 03

E8 1DB4 R
E9 2198 R

e e RS EEEEEEEEEEE RS
N
L

961

964

ono0000

H - MOVE INTENSITY BIT FROM D3 TO D4 FOR COMPATIBILITY

mov bh, b
mov al,crt_palette
and al,0e0h
and bl,01fh
or al,bl
mov crtspslatta,ll
mov bi,bh
and bh, 08h
shi bh; 1
mov ch,al
and ch,0efh
or ch,ch
AND BL,OFH
Mov BH, BL
SHL BL,1
AND BL,010H
AND BH,Q7H
OR BL, BH
MOV AL, CRT_MODE
CMP AL,3
JBE M21
jo——- GRAPHICS MODE DONE HERE (SET PALETTE O AND OVERSCAN)
MOV AH,0
MoV AL, BL
CALL PAL_SET
ar bp, bp
Jjz m21
mov es:[di], bl
jome——— ALPHA MODE DONE HERE (SET OVERSCAN REGISTER)
M21:
cmp crt_mode,3 ; check for an enhanced mode
Ja set_ovrsc ; no chance
call brst_det ; see if we are enhanced
Jc skip_ovrsc ; there is no border
set_ovrsc:
MOV AH,011H ; overscan register
MoV AL, BL
CALL PAL_SET ; set the border
skip_ovrsc:
or bp, bp
dz m21y
mov es:[di][16d],bt
m21y:
mov bl,ch
AND BL, 020H
Mov cL,5
SHR BL,CL
;====- HANDLE BH = 1 HERE
H ALPHA MODES => NO EFFECT
H GRAPHICS => LOW BIT OF BL = 0
H PALETTE
H PALETTE
H PALETTE
H PALETTE
i => LOW BI
: PALETTE
; PALETTE
; PALETTE
3 PALETTE
M20:
CMP CRT_MODE, 3
JBE M80
MoV AL,CRT_PALETTE
AND AL, ODFA
AND B, 1
Jz M22
OR AL, 020H
M22:
MoV CRT_PALETTE, AL
AND AL,010#
OR AL,
OR BL,AL
MOV AH, 1
MOV AL, BL
CALL PAL_SET
or bp, bp
Jz m22y
mov es:[di][1],bl
m22y:
INC BL
INC BL
MoV AH, 2
MoV AL, BL
CALL PAL_SET
or bp,bp
Jz m27y
mov es:[di][2],bt
m27y:
NG BL
INC BL
MOV AR, 3
MoV AL,
CALL PAL_SET
or bp,bp
Jz m8o
mov es:[di][3],bl
M80:
CALL PAL_ON
JMP V_RET
INCLUDE VDOT. INC
SUBTTL VDOT. INC
PAG!
5 ENTRY H
3 DX = ROW H v
H CX = COLUMN H
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; BH = PAGE :
3 EXIT H
3 = OFFSET INTO REGEN H
H AL = BIT MASK FOR COLUMN BYTE

BOT_SUP_1 PROC  NEAR

j=-=-- OFFSET =

PAGE OFFSET + ROW * BYTE;

MUL WORD PTR CRT_COLS
PUSH  CX
SHR cX, 1
SHR CX, 1
SHR cX;1
ADD AX, CX
MoV BL,BH
sus BH, 8H
MoV , BX
MoV BX, CRT_LEN
Joxz  os’2
DS_3:
ADD AX, BX
LooP  DS_3
DS_2
PoP cx
MoV BX, AX
AND CL,07H
MoV AL, 080H
SHR ScL
RET
DOT_SUP_1 ENDP

S/ROW + COLUMN/8

ROW # BYTES/ROW
SAVE COLUMN VALUE
DIVIDE BY EIGHT T
DETERMINE THE BVTE THAT
THIS DOT IS IN

(8 BITS/BYTE)
BYTE OFFSET INTO PAGE
GET PAGE INTO

RO

COUNT VALUI
LENGTH OF ONE PAGE
PAGE

BUMP TO NEXT PAGE
DO FOR THE REST

RECOVER COLUMN VALUE
REGEN OFFSET

SHIFT COUNT FOR BIT MASK
MASK BIT

POSITION MASK BIT

THIS SUBROUTINE DETERMINES THE REGEN BYTE LOCATION
OF THE (NDICATED ROW COLUMN VALUE 1IN GRAPHICS MODE.
ENTRY

ROW VALUE (0-199)
COLUMN VALUE (0-639)

INTO REGEN BUFFER FOR BYT

EXIT -

OFFSET
MASK TO STRIP OFF THE BIT:
BITS TO SHIFT TO RIGHT JUSTIFY T
# BITS IN RESULT

S OF INTER

E OF INTEREST

ST
HE MASK IN AH

Rb:

PROC  NEAR
PUSH  BX
PUSH  AX
DETERMINE 1ST BYTE (N IDICATED RO\
LOW BIT OF ROW DETERMINES EVEN/
MoV AL, 40
PUSH DX
AND DL, OFEH
MUL DL
Pop DX
TEST  DL,1
Jz R
ADD AX, 2000H
Mov SI,AX
POP AX
MoV DX, CX

-~ DETERMINE GRAPHICS MODE CURRENTLY

; SAVE BX DURING OPERATION

; WILL SAVE AL DURING OPERATION
W BY MULTIPLYING ROW VALUE BY 40
00D, 80 BYTES/ROW

SAVE ROW VALUE

STRIP OFF ODD/EVEN BIT

AX HAS ADDRESS OF 18T BYTE
OF INDICATED ROW

RECOVER IT

TEST FOR EVEN/ODD

JUMP I F

OFFSET TO LOCATION OF ODD ROWS
EVEN_ROW

MOVE POINTER TO S|

RECOVER AL VALUE

COLUMN VALUE TO DX

IN EFFECT

SET UP THE REGISTERS ACCORDING TO THE MODE

MASK FOR LOW OF COLUMN ADDRESS (
# OF ADDRESS BITS {N COLUMN VALUI
MASK TO SELECT BITS FROM POINTED
NUMBER OF VALID BITS IN POINTED

7/3 FOR HIGH/MED RES)
E ( 3/2 FOR H

BYTE (B0H/COH FOR H/M)
BYTE ( 1/2 FOR H/M

;==-=-~ DETERMINE BIT OFFSET

MoV BX, 2COH
MoV CX, 302H
cup CRT_MODE, 6
Jc R

MoV 8X, 180H
MoV ©X, 703H

IN BYTE FROM

AND CH, DL

- DETERMINE BYTE OFFSET FOR THIS LO

SHR DX, CL.
ADD S1,DX
MoV DH, BH

j===== MULTIPLY BH {VALID BITS IN BYTE)

; SET PARMS FOR MED RES
; HANDLE IF MED ARES

; SET PARMS fOR HIGH RES
COLUMN MASK

; ADDRESS OF PEL WITHIN BYTE TO CH
CATION (N COLUMN

; SHIFT BY CORRECT AMOUNT

5 INCREMENT THE POINTER

; GET THE # OF BITS IN RESULT TO DH

BY CH {BIT OFFSET)

sus cL,cL ; ZERO INTO STORAGE LOCATION
R6:
ROR AL, 1 3 LEFT JUSTIFY THE VALUE
5 IN AL (FOR WRITE)
ADD CL,CH 5 ADD IN THE BIT OFFSET VALUE
DEC ; LOOP CONTROL
INZ R6 5 ON EXIT, CL HAS SHIFT COUNT
; TO RESTORE BITS
[ AH,BL ; GET MASK TO AH
SHR AH, CL ; MOVE THE MASK TO CORRECT LOCATION
POP ; RECOVER REG
RET ; RETURN WITH EVERYTHING SET UP
R3 ENOP
READ DOT -- WRITE DOT

ENTRY --
X

THESE ROUTINES WILL WRITE A DOT,
THE INDICATED LOCATION

= ROW (0-199) (THE ACTUAL VALUI
COLUMN ( 0-639) ( THE VALUES AR
AL = DOT VALUE TO WRITE (1,2 OR 4 B!
REQ’D FOR WRITE DOT ONLY, RIGHT
BiT 7 OF AL=1 INDICATES XOR THE

DS = DATA SEGMENT
ES = REGEN SEGMENT
EXIT

AL = DOT VALUE READ, RIGHT JUSTI

OR READ THE DOT AT

£ DEPENDS ON THE MODE)
E NOT RANGE CHECKED )

TS DEPENDING ON MODE,

JUSTIFIED)

VALUE INTO THE LOCATION :

FIED, READ ONLY
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H - WRITE DOT
AHC:
ASSUME  DS:ABSO
cmp crt_mode,7
Ja write_dot_2
WRITE_DOT PROC EAR
assume ds:abs0,es:nothing
pus x
srload es,0b800h
Mov DX, 0b800h
Moy es,DX
pop dax
PUSH AX
PUSH AX
CALL R3
SHR AL, CL
AND AL, AH
MOV CL,ES:[SI]
QP X
TEST BL,80H
JNZ R2
NOT AH
AND CL,AH
OR AL,CL
R1:
MoV ES:[S1),AL
POP AX
Jmp v_ret
R2:
XOR AL, CL
JMP R1
WRITE_DOT ENDP
WRITE_DOT_2 PROC NEAR
<mp crt_mode,Ofh
Jb no_adj2
call mem_det
Jc no_adj2
and a1,10000101b
mov ah,a
shi ah,1
or al,ah
no_adj2:
push ax
MoV AX, DX
CALL  DOT_SUP_1
mov dh,3
MoV DL, GRAPH_ADDR
MoV AH,G_BIT_MASK
CALL OUT_DX
PUSH DX
SRLOAD ES, OAOOOH
MoV DX, 0AQOCH
MoV ES,DX
POP DX
POP AX
MoV CH, AL
TEST CH, 080H
JzZ WD
MoV AH, G_DATA_ROT
MOV AL,018H
CALL OUT_DX
JM; WD_B
WO_A
MoV DL, SEQ_ADDR
MoV AH, S_MAP
MoV AL,OFFH
CALL OUT_DX
MoV AL,ES:[BX]
SUB "
MoV ES:[BX],AL
WD_B
Moy DL, SEQ_ADDR
Mov AH, S_MAP
MoV AL, CR
AND AL,OFH
CALL OUT_DX
MOV AL, ES:[BX]
MOV AL, OFFH
MoV ES:{BX],AL

j===== NORMALIZE THE ENVIRONMENT

CALL  OUT_DX
MOV OL, GRAPH_ADDR
MOV AH, G_DATA_ROT
suB AL, AL

CALL OUT_DX

MoV AH,G_BIT_MASK
MoV AL, OFFH
CALL OUT_DX
JMP V_RET

WRITE_DOT_2 ENDP

RD_S PROC NEAR
ASSUME  DS:ABSO
PUSH AX
PUSH DX
SRLOAD ES, 0AQOOOH
Moy DX, Q0AOO0H
MoV £5,DX
POP DX
PoOP AX
MOV DX
CALL DOT_SUP_1
Mov CH, 7
sus CH,CL
suB DX, DX
Mov AL, 0
RET

RO_S ENDP

RD_18 PROC NEAR
MoV CL,CH
MoV AH, 4
PUSH DX
mov dh,3
MOV DL, GRAPH_ADDR
CALL OUT_DX
POP
MoV AH,ES: [BX]
SHR AH,CL
AND AH, 1

SAVE DOT VALUE
TWICE

DETERMINE BYTE POSITION OF THE DOT
SHIFT TO SET UP THE BITS FOR OUTPUT
STRIP OFF THE OTHER BITS

GET THE CURRENT BYTE

Rgc?¥[ﬂ XOR FLAG

|

YES, XOR THE DOT

SET THE MASK TO REMOVE THE
INDICATED BITS

OR IN THE NEW VALUE OF THOSE BITS

FINISH_DOT

RESTORE THE BYTE IN MEMORY

XOR_DOT
EXCLUSIVE OR THE DOTS
FINISH UP THE WRITING

; base card

85h, xor c2 c0 mask

expand ¢0 to ¢l1, c2 to c3
build ?(80h) + (0,3,c,f)

ROW VALUE
BX=OFFSET, AL=BIT MASK

GRAPHICS CHIP
BIT MASK REGISTER
SET BIT MASK

REGEN SEGMENT

RECOVER COLOR
SAVE COLOR

XOR FUNCTION

SET THE REGISTER
SKIP THE BLANK
BLANK THE DOT
SEQUENCER

MAP MASK

ENABLE ALL MAPS
SET THE REGISTER
LATCH DATA

=z
]
x
o
3

ZERO

BLANK THE DOT

SET THE COLOR MAP MASK
SEQUENCER

MAP MASK REGISTER
COLOR VALUE

VALUES 0-15

E
3
S0
mI
<
>
=
<
m

SET THE DOT

ALL MAPS ON
GRAPHICS CHIPS
XOR REGISTER
NORMAL WRITES

WRITE DOT DONE
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198 C3 5293 c RET
1c9¢e 5294 C RD_1S ENDP
5295 c
5296 € ;--~=- READ DOT
5297 c
1C9¢C 5298 C  AHD:
5299 < ASSUME  DS:ABSO
1C9C 80 3E 0449 R 07 5300 c cmp crt_mode, 7
1CA1 77 18 5301 c Ja r_t
302 19
1CA3 303 € READ_DOT PROC NEAR
304 c assume ds:abs0,es:nothing
1CA3 52 305 c push dx
306 c srioad es,0b800Oh
1CA4  BA B80O 307 C+ Mov DX, 0b800h
1CA7 BE C2 308 Cc+ MoV es, DX
1CA9  5A 309 c pop X
1CAA EB 1B8S R 310 C CALL R3 ; DETERMINE BVTE POSITION OF DOT
1CAD 26: 8A Ok 311 c MoV AL,ES:{S1] ; GET THE BYTI
1CBO 22 cu 312 C AND AL, AH ; MASK OFF THE OTHER BITS (N THE BYTE
1CB2 D2 EO 5313 c SHL AL, CL 5 LEFT JUSTIFY THE VALUE
1CBY4  8A CE 5314 c MoV Ct,DH ; GET NUMBER OF B8ITS [N RESULT
1€B6 D2 CO 5315 [+ ROL AL,CL ; RIGHT JUSTIFY THE RESULT
1CB8 €9 2198 R 5316 C Jmp v_ret
1C8B 5317 C  READ_DOT ENDP
5318 c
1ces 31 C R_1:
1CBB 80 3E 0449 R OF 320 [ cmp. crt_mode,0fh
1cCo 72 25 321 C Jb read_dot_2
1CC2 EB 14F4 R 322 C call mem_det
1CC5 72 20 323 c Jc read_dot_2
5324 [
1CC7 5325 C READ_DOT_1 PROC ; 2 MAPS
5326 C ASSUME  DS:ABSO, ES NOTHING
1CCT  EB 1C6F R 5327 [ CALL _
1CCA EB 1C86 R 5328 Cc CALL RD_1S
1CCD  OA Du 5329 Cc OR L, AH
1CCf DO E4 5330 c SHL AH,1
1CD1 OA Di 5331 C OR DL, AH
1CD3  BO 02 5332 c v AL,2
1CD5  E8 1C86 R 5333 4 CALL RD_1S
1CD8 0 E4 5334 c SHL .1
1CDA DO E4 5335 c SHL AH,1
1CDC  0A Du 5336 c OR DL, AH
1CDE 00 EY 5337 c SHL AH, 1
1CE0  OA DY 5338 C OR DL, AH
1CE2  B8A C2 5339 c Moy AL, DL
1CE4 E9 219B R 5340 C JMP V_RET
1CE7 5341 C READ_DOT_1 ENDP
5342 4
1CE7 5343 C READ_DOT_2 PROG NEAR ; U MAPS
5344 C ASSUME  DS:ABSO, ES:NOTHING
1CE7 E8 1C6F R 5345 c CALL _S
1CEA 5346 C  RD_2A:
1CEA €8 1C86 R 5347 c ALL RD_1S
1CED 8A C8 5348 c Mov CL,AL
ICEF D2 Eu 5349 c SHL AH, CL
ICF1  0A DY 5350 c OR OL, AH
1CF3  FE CO 5351 c iNC AL
1CF5  3C 03 5352 c CcMP AL, 3
1CF7 76 F1 5353 C JBE RD_2A
1CF9  8A C2 5354 c MoV AL, DL
1CFB  E9 2198 R 5355 c JMP V_RET
1CFE 5356 € READ_DOT_2 ENDP
5357 4
5358 c
5359 C ; WRITE_TTY WRITE TELETYPE YO ACTIVE PAGE :
5360 c ; THIS INTERFACE PROVIOES A TELETYPE LIKE INTERFACE TO THE VIDEO :
5361 c ; INPUT CHARACTER IS WRITTEN TO THE CURRENT CURSOR :
5362 c POSITION AND THE CURSOR 1S MOVED TO THE NEXT POSITION. iFf THE :
5363 c CURSOR LEAVES THE LAST COLUMN OF THE FIELD, THE COLUMN 1S SET
5364 c ; TO ZERO, AND THE RW VALUE 'S INCREMENTED, IF THE ROW VALUE
5365 c ; LEAVES THE FLELD, RSOR |S PLACED ON THE LAST ROW, FIRST
5366 c COLUMN, AND THE ENTIRE SCREEN 1S_SCROLLED UP ONE LINE. WHEN
5367 c THE SCREEN 1S SCROLLED UP, THE ATTRIBUTE FOR FILLING THE NEWLY
5368 c ; BLANKED LINE IS READ FROM THE CURSOR POSITION ON THE PREVIOUS
5369 c ; LINE BEFORE THE SCROLL, IN CHARACTER MODE. (N GRAPHICS MODE,
5370 c THE O COLOR IS USED.
5371 C ; ENTRY
5372 c AH) CURRENT CRT MODE
5373 c ( L) CHARACTER TO BE WRITTEN
5374 c ; NOTE THAT BACK SPACE, CAR RET, BELL AND LINE FEED ARE HANDLED
5375 c ; AS COMMANDS RATHER THAN AS DISPLAYABLE GRAPHICS
5376 c (BL) = FOREGROUND COLOR FOR CHAR WRITE IF CURRENTLY IN A
5377 c GRAPHICS MOOE
5378 c ; EXIT
5379 c ALL REGISTERS SAVED
5380 c
1CFE 5381 C  AHE:
5382 c ASSUME  CS:CODE, DS: ABSO
1CFE 50 5383 c PUSH AX ; SAVE REGISTERS
I1CFF  8A 3E 0462 R 5384 c oV BH, ACTIVE_PAGE 3 GET THE ACTIVE PAGE
o3 5 5385 c PUSH BX 3 SAVE
1004 8A DF 5386 c MOV BL, BH ; GET PAGE 7O BL
1D06 32 FF 5387 c XOR BH, BH ; CLEAR HIGH BYTE
1008 D1 E3 5388 C SAL BX,1 ; *2 FOR WORD OFFSET
1DOA 8B 97 0450 R 5389 4 MoV DX, [BX + OFFSET CURSOR_POSN]) ; CURSOR, ACTIVE PAGE
1DOE 58 5390 c POP BX ; RECOVER
5391 c
gggg c DX NOW HAS THE CURRENT CURSOR POSITION
c
1D0F  3C 0D 5394 T CMP AL, 0DH 5 IS 1T CARRIAGE RETURN
1011 74 5€ 5395 c JE U i CAR_RE
1D13  3C OA 5396 c cHp AL, OAH ; IS 1T A LINE FEED
1015 74 5C 5397 c JE uio ; LINE_FEED
D17 3C 08 5398 [ cHp AL,08H ;IS IT A BACKS?ACE
1019 74 4C 5399 c JE us ; BACK_SPAC
1018 3C 07 5400 [ CHP AL,O07H SIS IT A BELL
010 74 5C 5401 C JE un ; BELL
5402 c
5403 C je==-- WRITE THE CHAR TO THE SCREEN
5404 c .
1D1F B4 OA 5405 c MoV AH, 10 ; WRITE CHAR ONLY
1021 89 0001 5406 c MOV CcX, 1 ; ONLY ONE CHAR
1024 CD 10 5407 c INT 10H ; WRITE THE CHAR
5408 c
5409 € je-===- POSITION THE CURSOR FOR NEXT CHAR
5410 c
1026 FE C2 5411 c INC oL
1D28 3A 16 OLUA R 5412 Cc cHp DL,BYTE PTR CRT_COLS ; TEST FOR COLUMN OVERFLOW
102C 75 35 5413 Cc JNZ u7 3 SET_CURSOR
1D2E  2A D2 Su1h c SUB oL, DL ; GOLUMN FOR CURSOR
1030 3A 36°0u484 R 5415 C CHP. DH,ROWS
1034 75 28 5:13 g JNZ ué 3 SET_CURSOR_INC
541
5418 C ;==--- SCROLL REQUIRED
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E8

AQ
3C 0

2A
3c
75
BY
8A
88
8A
8A
fE
co

58
E9

FE

B4
EB

2A
EB

3A
75
€B

B3
E8
a:]

E8
BO

EE
c3

£C
c3

2198 R
cé6

02
Fi

D2
Fo

36 0u8l4 R
02

0oD23 R
DB

26 Qu4A R
3E QU622 R
o487 R

80
06 04u9 R

0008 R

08
FB

Cc0
cu

20

1DBD R
<o
20

0008 R

0000000000000 0NaNCNN00NN00000N00N0000N000000N00NN00NNNNNNN0000DA00NNN0NNN000NNN0N

CALL SET_CPOS
- DETERMINE VALUE TO FILL WITH DURING SCROLL

MoV AL, CRT_MODE 5
cMp AL, 4
JB u2 H
suB BH,BH 3
CMP AL, 7
JNE u3 B
v2: H
MOV AH, 8
INT 10H H
MOV BH, AH i
u3: H
MoV AX,601H
sus CX, CX ;
MoV OH, ROWS :
MoV DL,BYTE PTR CRT_COLS 3
DEC oL
uy: H
INT 10H H
us: ;
POP AX H
JMP V_RET :
us: H
INC oH i
u7: ;
MoV AH, 2
JMP uy
;====- BACK SPACE FOUND
ua:
OR oL, DL H
Jz u7 B
DEC DL :
JMP u7 i
e CARRIAGE RETURN FOUND
u9:
sus OL, DL H
JMP u7 H
Hatebenid LINE FEED FOUND
uio:
cmMp DH, ROWS
JNE ué H
JMP ul H
jumm——— BELL FOUND
[URH
MoV BL,2 i
CALL BEEP ;
JMp us H

;==--- CURRENT VIDEO STATE

AHF:
ASSUME  DS: ABSO
MOV AH,BYTE PTR CRT_COLS
MOV B8H, ACT I VE_PAGE
MOV AL, INFO
AND AL, 080H
OR AL, CRT_MODE
PoP DI
POP st
POP cx H
POP cx
POP 0X
POP oS
POP £S
POP 8
IRET
SUBTTL
PAL_SET PROC  NEAR
PUSH  AX
CALL  WHAT_BASE
cL
VR:
WIN
iN AL, DX
TEST  AL,08H H
Jz VR
POP AX
MOV OL,ATTR_WRITE
XCHG AL, AH
WouT
ouT DX, AL
XCHG AL, AH
WOUT
out DX, AL
MOV AL, 020H
WOUT
ouT OX, AL
STI
RET
PAL_SET ENDP
PAL_ON PROC  NEAR
CALL  PAL_INIT
MOV DL, ATTR_WRITE
MOV AL, 020H
WouT
ouT DX, AL
RET
PAL_ON ENDP
PAL_INIT PROG  NEAR
CALL  WHAT_BASE
WIN
N AL, DX
PAL_INIT ENDP
jemee SET PALETTE REGISTERS

IBM Enhanced Graphics Adapter

SET THE CURSOR

GET THE CURRENT MODE

READ~CURSOR
FILL WITH BACKGROUND

SCROLL-UP
READ-CURSOR

READ CHAR/ATTR
STORE IN BH
SCROLL-UP

SCROLL ONE LiNE
UPPER LEFT_CORNER
LOWER RIGHT ROW
LOWER RIGHT COLUMN.

V1DEO-CALL-RETURN
SCROLL UP THE SCREEN
TTY-RETURN

RESTORE THE CHARACTER
RETURN TO CALLER
SET-CURSOR~ INC

NEXT ROW

SET-CURSOR

ESTABLISH THE NEW CURSOR

ALREADY AT END OF LINE
SET CURSOR

NO -- JUST MOVE |IT BACK
SET_CURSOR

; MOVE TO FIRST COLUMN
SOR

SET_CUR:

BOTTOM OF SCREEN
YES, SCROLL_THE SCREEN
NO, JUST SET THE CURSOR

SET UP COUNT FOR BEEP
SOUND THE POD BELL
TTY_RETURN

GET NUMBER OF COLUMNS

DISCARD BX

VERTICAL RETRACE
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10C2 5545 AH10:

5546 ASSUME  DS:ABSO
1DC2 F6 06 0487 R 02 5547 test info,2
1067 75 07 gg!&a JNZ BM_OK 3 |N MONOCHROME MODE
9
§§5O - HERE THE ega 1S IN A COLOR MODE
51
10C9 80 3E 0463 R BU 5552 CMP BYTE PTR ADDR_6845,0B4H
1DCE 74 33 5553 JE BM_OUT
1000 5554 BM_OK:
1000 8A EO 5555 Mov AH, AL
1002 OA E4 5556 OR AH, AH
1004 75 30 5557 JNZ BM_1
5558
25 9 jm==-- set individual register
560
1006 28 ED 5561 sub bp,bp
1DD8 Clh 3E O4AS R 5562 les di,save_ptr
10DC 83 C7 04 5563 add di,
1DDF  26: C4 3D 5564 les di,dword ptr es:[di]
1DE2  8C CO 5565 mov x,es
1DE4 0B C7 5566 or ax,di
10E6 74 01 5567 Jz tto_1
1DE8 U5 5568 inc bp
1DE9 5569 tlo_1:
5570
1DE9 E8 10BD R 5571 CALL PAL_INIT
1DEC B8A E3 5572 MOV AH, BL
1DEE  B8A C7 5573 MOV AL, BH
10F0 E8 109C R 5574 CALL PAL_SET
10F3 E8 10B4 R 5575 CALL PAL_ON
1DF6 0B ED 5576 or bp,bp
1DF8 74 09 5577 Jz bm_out
1DFA  8A C7 5578 mov al,bh
1DFC  2A FF 5579 sub bh,bh
1DFE 03 FB 5580 add di,bx
1€00 26: 88 05 5581 mov esi[dil,al
1€03 5582 BM_OUT:
1€03 E9 219B R 5583 JMP V_RET
5584
1E06 5585 BM_1:
1806 FE CC 5586 DEC AH
1E08 75 20 5587 JNZ BM_2
5588
1ECA ED 5589 sub bp, bp
1E0C C4 3E OUA8 R 5590 les di,save_ptr
1E10 83 C7 o4 5591 add di,
1E13  26: C4 3D 5592 les di,dword ptr es:[di]
1E16 8C CO 5593 mov ax,es
1E18 08B C7 5594 or ax,di
1E1A 74 01 5595 Jz tlo_2
1E1C 45 5596 inc bp
1€10 5597 tlo_2:
5598
5599 ;----- set overscan register
5600
1E1D  E8 10BD R 5601 CALL PAL_INIT
1E20 B4 11 5602 MoV AH,011H
1E22 B8A C7 5603 MoV AL,BH
1E24 E8 1D9C R 5604 CALL PAL_SET
1E27 E8 1DBY R 5605 CALL PAL_ON
5606
1E2A 0B ED 5607 or bp,bp
1€2C 74 D5 5608 Jz bm_out
1E2E 83 C7 11 5609 add di,011h
1E31 26: 88 3D 5210 mov es:[di],bh
5611
1E34 E9 219B R 5612 Jup V_RET
5613
1E37 5614 BM_2:
1E37 FE CC 5615 DEC AH
1€39 75 40 5616 JNZ BM_3
5617
g 18 H - set 16 palette registers and overscan register
19
1E3B  1E 5620 push ds
1E3C 06 5621 push es
5622
1E3D  Ch 3E O4AG R 5623 les di,save_ptr
1E4% 83 C7 Ou 5624 add [
1E44  26: C4 3D 5625 les di,dword ptr es:[di] ; es:di ptr to pal save area
1E47 8C 5626 mov ax,es
1E49 0B C7 5627 or ax,di
1E4B 74 09 5628 Jz tlo 3
5629
1E4D 1F 5630 pop ds ; parameter es
1E4E 1E 5631 push ds
1E4F 8B F2 5632 mov si,dx ; parameter offset
1E51 B9 0011 5633 mov cx,17d
1E54  F3/ 5634 rep movsb
5635
1E56 5636 tlo_3:
1E56 07 5637 pop es
1E57 1F 5638 pop ds
5639
1E58 8B DA 5640 MoV BX, DX
1ESA £8 1DBD R 5641 CALL PAL_INIT
1E50 2A Eb 5642 sus AH, AH
1E5F 5643 BM_2A:
1ESF  26: 8A 07 5644 MoV AL, ES:[BX]
1E62 E8 1D9C R 56u5 CALL PAL_SET
1E65 FE Cu 5646 INC AH
1E67 43 5647 INC BX
1E68 80 FC 10 5648 CMP AH,010H
1€68 72 F2 5649 JB BM_2A
1E6D FE Cy 5650 INC AH
1E6F 26: BA 07 5651 MOV AL, ES:[BX]
1€72 E8 1DYC R 5652 CALL PAL_SET
1E75 E8 1DB4 R 5653 CALL PAL_ON
1E78 E9 2198 R 5654 Jmp V_RET
5655
1E78 5656 BM_3:
1E78  FE CC 5657 DEC AH
1E7D 75 29 5658 JNZ BM_4
5659
5660 PO toggle intensify/blinking bit
5661
TETF 53 5662 PUSH BX
1E80 E8 0D52 R 5663 call set_base
1E83 83 C3 47 5664 ADD BX,010H + In_2
1E86 26: BA 07 5665 MOV AL, ES:[BX]
1E89 5B 5666 POP BX
5667
1E8A 0A DB 5668 OR BL,BL
1E8C 75 0A 5669 JNZ BM_6
5670
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80
2l
EB

FE
%
80
oc
BY
E8
E9

26 0465
1
oc 90

cB
o7
OE 0465
o8

10
109C R
2198 R

0D01 R
ouu9 R

o7
07
06 0449
05
06 0449

ODAE R
0D01 R

ou4u9 R

co

0E
0000 E
5

08
000G E

0001 R
0485 R
16 0463
3E 0449

R DF

R 20

R 0B

R 0C

R
R 07

I I U I U U BT A A A A A AR A A AR
Y
a

000000000000 0000N00N0000000N00N00N000NN00NNN00N00NN0N0NN0RN0NNN00000000000000000000000000NANNNNNNNNNNNN00000

T

;==-=- enable intensify

and crt_mode_set,11011111b
AND AL,OQF7H
JMP BM 7
8M_6:
DEC BL.
JNZ BM_7

;==--- enable blink

or crt_mode_set, 020h
OR AL, 08H
BM_7:
MoV AH, P_MODE
CALL PAl_SET
BM_U:
JMP V_RET
INCLUDE VCHGEN. INC
SUBTTL VCHGEN. INC
PAGE
; ENTRY H
H AL = 0 USER SPECIFIED FONT H
H 1 8 X 14 FONT H
H 2 8 X_8 DOUBLE DOT H
H BL = BLOCK TO LOAD :
CH_GEN:
USH AX H
PUSH BP
PUSH BX
PUSH CX
PUSH DX
PUSH ES
ASSUME  DS: ABSO
CALL DDS H
0V AL, CRT_MODE ;
PUSH AX H
CMP AL, 7 H
JE H1 ;
Moy CRT_MODE, 0BH ;
JMP SHORT H15 H
LALH
MoV CRT_MODE, OCH 3
H15:
catl set_regs
CALL DDS H
POP AX ;
MoV CRT_MODE, AL H
POP ES H
POP DX 3
poP CX H
poP BX
POP BP
POP AX
OR AL, AL H
Jz DO_MAP2 ;
PUSH cs H
poP ES ;
suB DX, :
Mov CX, 02560 H
DEC AL B
JNZ H7 H
MOV BH, 0140 H
MoV BP,OFFSET CGMN H
JMP. SHORT DO_MAP2 ;
H7:
MOV BH, 8 ;
MOV BP,OFFSET CGDDOT A
; ALPHA CHARACTER GENERATOR LOAD H
; ENTRY :
H ES:BP - POINTER TC TABLE H
F cX - COUNT OF CHARS H
H DX - CHAR COUNT OFFSET INTO MAP 2
H BH - BYTES PER CHARACTER H
H BL = MAP 2 BLOCK TO LOAD H
DO_MAP2;
PUSH ES ;
POP Ds H
PUSH H
SRLOAD ES, 0AQOOH H
v DX, 0AOOOH
Mov ES, DX
POP DX 5
PUSH CX H
MoV cL,5 :
SHL DX, CL H
POP CX H
OR BL,BL H
Jz H3 i
Hiy:
ADD DX, 04000H H
DEC BL ;
JUNZ HYy H
H3:
Moy AL, BH 5
SUB AH, AH ;
MoV DI,DX H
MoV s1,BP B
Jexz LD_OVER :
LD:
PUSH CcX H
MoV CX, AX H
REP MOVSB H
SUB DI, AX H
ADD DI,020H H
POP [ H
LooP LD H
LD_OVER:
R
BRK_
ASSUME  DS:ABSO
CALL oDS ;
MoV POINTS, AX B
MoV DX, ADDR_6845 :
cmp crt_mode,7

IBM Enhanced Graphics Adapter 147

SAVE THE INVOLVED REGS

SET DATA SEGMENT
GET THE CURRENT MODE

SAVE IT

IS THIS MONOCHROME
MONOCHROME VALUES
COLOR VALUES

KIP

MONOCHROME VALUES

RESET THE DATA SEGMENT
RECOVER OLD MODE VALUE
RETURN TO LOW MEMORY

RESTORE REGS THAT WERE
USED BY THE MODE SET
ROUTINES

SET FLAGS

USER SPECIFIED FONT
SET SEGMENT TO

THIS MODULE

ZERO OUT START OFFSET
CHAR COUNT (FULL SET)
WHICH PARAMETER

MUST BE ONE

BYTES PER CHARACTER
8 X 14 TABLE OFFSET
STORE 1T

8 X 8 FONT
ROM 8 X 8 DOUBLE DOT

FONT TABLE SEGME:T
ADDRESSING TO MAP 2

RECOVER REGISTER
MULTIPLY BY 020H SINCE
MAXIMUM BYTES PER
CHARACTER S 32D=020H
RECOVER

WHICH 16K BLOCK TO LOAD
BLOCK ZERO

INCREMENT TO NEXT BLOCK
ANY MORE
DO ANOTHER

BYTES PER CHARACTER
ZERO

OFFSET 1NTO MAP
OFFSET INTO TABLE
CHARACTER COUNT

SAVE CHARACTER COUNT
ONE ENTIRE CHARACTER
AT A TIME

ADJUST OFFSET

NEXT CHARACTER POSITION
RECOVER CHARACTER COUNT
DO THE REST

SET LOW MEMORY SEGMENT
GET BYTES/CHARACTER
CRTC REGISTER



1F35 75

1By 75
188 B2

1FBA B8
1FBD  E8

1ECO  BY
8A
E8
1FC7 B8
€

1FCD  E9

1FFA  3C
1FEC ;3

2002 2B
2006 FA

148

05

4 10
0D18 R

cs

L4 09
0D18 R
E C8

1E 0449 R
8 015E

FB 03

7 08
8 0E9C R
3

00C8

9

36 0485 R
8

0484 R
£ CO

A E4
26 0485 R

16 0463 R
12

0018 R
ously R

17
c4

0001
0D18 R

03

€3
0D18 R
0003

8 0D18 R

2198 R

20

3 26

DOOOOOON0R000RO00NDNRNO00A0N0000000000000NNNN00N000000NNNNN00000000R0NN0N0N00000000N0

0QQEP0N000000NRN0NN00NNNNONN000000000000000

hlla:

H11:

AN C UNDERLN_LOC
OIJT DX

AL

AR, G_MAX_SCAN_LN
out_bx

AL

ch,al

cl al

ull‘l
10h

BL,CRT_MODE

AX, 350D

BL,3

H1

brst_det

h1t

AX, 2000

POINTS

ROWS, AL

AL

AH, AH

POINTS

AX

DX, ADDR_6845
Vi SP.

"_DSP_END
DX

AL, ROWS

BYTE PTR CRT_COLS

AX,
ax, 256d
CRT LEN, AX

PH_!
V_RET

CHARACTER GENERATOR ROUTINES

AL,010H
AH‘H _ALPHA1

j=mv== ALPHA MODE ACTIVITY HERE

j-===~ SET THE CHARAETER GENERATOR BLOCK SELEGCT

H1:
JNE
mov
MoV

mov
catl

MoV
MoV
CALL

mov
ealt

JMP
AHVI_ALPHAT:
ASSH

H2:

JAE

UME

AL 03H

CH GEN
set_regs

PH_5

ds:abs0

dds

c©x,eursar_mode
b

V_RET

H2
dh,3
DL, SEQ_ADDR

ax, 1
out_dx
AH, S_CGEN
AL,BLC
oUT_DX
ax,3
out_dx

V_RET
DS: ABSO

AL, 020H
AH11_GRAPHICS

j====2 ALPHA MODE ACTIVITY HERE

suB
CMP
JA

H13:
sus
JmMP

;==r~=~ GRAPHICS MODE ACTIVITY HERE

AH11_ORAPHICS:
ASSUME Ds: ABSO
AL, 03¢

JAE
sus
JINZ

AL,010H
AL, 02H

H
AL, 14D

AH, AH
BRK_1

AM|1 INFORM
AL,020H
F10

RI4H
SET THE UNDERLINE LOC
foinTs - 1

SET THE CHARACYER HEIGHT

cursor start

cursor end

adjust end

set c_type bios call
set the cursor

QET THE CURR(NT MODE

JAX SCANS ON SCREEN
6“0X200 ALPHA MODES
MUST BE 350

SET FOR 200

PREPARE TO DIVIDE
WS ON SCREEN

SAVE RONS
READJUST

CLEAR
ROWS*BYTES/CHAR
ADJUST

CRTC ADDRESS
SCANS DISPLAYED
SET IT

GET CMARACTER ROWS
ADJ

RONS“C MNS

#2 FOR ALPHA MODE
space between pages
BYTES PER PAGE
VIDEO ON

RETURN TO CALLER

CHECK PARAMETER
NEXT STAC

RANGE CHECK
NEXT STAGE
SET THE CHAR GEN

VIDEO ON

set the data segment
get the mode
set c_type

emulate correct cursor
RETURN TO CALLER

REGISTER

NOT IN RANGE
SEQUENCER

ah=s_reset, al=1

CHAR BLOCK REGISTER
GET THE VALY
SET T

ah=s_reset, al=3

RETURN TO CALLER

ADJUST 70 0 = N

RANGE CHECK

INVALID CALL
WE

LOAD THE CHAR GEN

RESTORE
CALLI{ NG PARAMETER
USER M

DO NOT SET BYTES/CHAR
8 X 8 FONT
IS THE CALL_FOR MONCC
No, LEAVE IT AT 8
MONOC SET

CLEAR UPPER BYTE
CONT

;===== COMPATIBILITY, UPPER HALF GRAPHICS CHARACTER SEY

ASSUME  DS:ABSQ
SRLOAD D!
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89 2E 007C R
?S 06 007E R

E9 2198 R

B9 0008
BD 0000 E

FA
89 2E 010C R
8C 06 010E R
F8

E8 0D01 R
89 OE 0485 R
8A C3

FE C8
A2 0484 R
E9 2198 R

00 0€ 19 2B

3C 30
74 03

E9 2198 R
8B OE 0485 R
8A 16 0484 R
80 FF 07

77 FO

80 FF 01

77 18

52

28 02
8E DA

0A FF
75 07

Cl4 2E Q07C R
EB 1A 90

Cy 2€ 010C R
EB 13 90

E3
81 C3 2084 R

80 FB 10

wu
N
w

I IO,
@<
)

e

COPURNEWR~OVBNONE RO

SUIIRER

VUUQUMUBVIT U U VD QR DU R B VRN AW IR DE O D NI I i s s g

e

+F

+

0O0RNN0000a0000000ANNR000000000NN00Q0NNRN0N0RQN0NN00N00060000000000000000000000000000000000000000000006600000QQ000000000

MoV WORD PTR EXT_PTR , BP
Mov WORD PTR EXT_PTR + 2 , £S
]

F1i:
JMP V_RET
F10:
ASSUME  DS:ABSO
PUSH 0X
SRLOAD DS,0
SUl DX, DX
MoV DS, DX
POP DX
CMP AL,03H ; RANGE CHECK
JA F11
DEC AL
Jz F19
PUSH [
0P
DEC AL
JNZ F13
Moy CX, 14D
Mov BP,OFFSET CGMN ; ROM 8 X 14 CHARACTER SET
JMP SHORT F19
F13:
MoV CX,8
MoV BP,OFFSET CGDDOT ; ROM 8 X 8 DOUBLE DOT
F19:
CLI
MOV WORD PTR GRX_SET , BP
MoV WORD PTR GRX_SET + 2 , ES
STI
ASSUME  DS:ABSO
CALL o0s
MOV POINTS, CX
MOV AL, BL
Mov BX,0FFSET RT
OR AL, AL
JNZ DR_3
MoV AL, DL
JMP OR_1
DR_
cMP AL, 3
JBE DR_2
MOV AL, 2
DR_2:
XLAT CS:RT
DR_1
DEC AL
MoV ROWS, AL
JMP V_RET
RT LABEL  BYTE
DB 00D, 14D, 25D, 430
jum—— INFORMATION RETURN DONE HERE
AH11_INFORM:
ASSUME  DS:ABSO
CMP AL, 030H
JE F6
F5:
JMP V_RET
F6:
MOV CX, POINTS
MoV DL, ROWS
CcMP BH,
JA F5
CMP BH,1
JA F7
ASSUME  DS:ABSO
PUSH [
SRLOAD DS, 0
SuB DX, DX
Mov Ds, DX
POP DX
OR BH,BH
JNZ F!
WLXS ES,BP,EXT_PTR
LES BP, EXT_PTR
JMP INFORM_OUT
Fo:
WLXS ES,BPR,GRX_SET
LES BP,GRX_SET
JMP INFORM_OUT

-- HANDLE BH = 2 THRU BH = 5 HERE RETURN ROM TABLE POINTERS

ASSUME  DS:ABSO
sus BH, 2

»

Moy BL, BH
suB BH, BH
SAL X,
ADD BX, OFFSET TBL_S
oy 8P, CS: [BX]
PUSH  CS
POP ES
ol
POP s)
POP BX
POP AX ; DISCARD SAVED CX
POP AX  DISCARD SAVED DX
POP DS
POP AX ; DISCARD SAVED ES
POP Ax ; DISCARD SAVED BP

TABLE OF CHARACTER GENERATOR OFFSETS

LABEL  WORD
DW OFFSET CGMN

pw OFFSET  CGDDOT
DW OFFSET INT_1F_1
oW OFFSET CGMN_FDG
SUBTTL

;=m~=== ALTERNATE SELECT

AH12:

ASSUME  DS; ABSO
cMpP BL,010H 3 RETURN ACTIVE CALL
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BF 72 51
4 18
C3 80 FB 20
74 03
C8 E9 2198 R
GCB 2B D2
0CD  8E DA

FA
D0 C7 06 0014 R 21A4 R
D6 8C OE 0016 R

FB8
DB E9 219B R

DE 8A 3E 0487 R
E2 80 E7 02
00 EF

20E7 A0 0487 R
24 60

20F2 B8A OE 0488 R
E9

210F E9 2198 R

2112 E9 2198 R

2127 56

FE C2

215C 3A 16 O4UA R
721

2162 3A 36 0484 R

E3
2184 8B 97 0450 R

+ 4+

JB ACT_1

JE ACT 3

cMP BL,020H

JE ACT_2

JMP V_RET
ACT_2:

SRLOAD DS,0

SUB DX, DX

MoV DS, DX

cLi

MoV WORD PTR INT5_PTR, OFF:

MOV WORD PTR INT5_PTR+2, C!

sTI

JMP V_RET
ACT_3:

mov bh, info

and ,2

shr bh, 1

mov al,info

and al,01100000b

mov ch,5

shr al,cl

mov bl,al

MoV CL, INFO_3

MoV ,CL

AND CL,OFH

SHR CH,1

SHR CH1

SHR CH,1

SHR CH,1

AND CH,O0FH

POP D

POP St

POP DX

POP oX

POP o2

POP DS

POP ES

POP BP

RET

AH12_X:

JMP V_RET
ACT_1:
STR_OUTZ:

JMP V_RET
jem———— WRITE STRING
AH13

cHp AL, 04

JAE STR_OUTZ

JCXZ STR_OUTZ

PUSH BX

MoV BL,BH

SUB 8H, BH

SAL 8X,1

MoV S$1,[BX + OFFSET CURSOR_POSN]

POP BX

PUSH Rl

PUSH AX

MoV AX, 0200H

INT 10H

POP
STR_1:

PUSH CX

PUSH BX

PUSH AX

XCHG AH, AL

MOV AL, ES:[BP)

INC 8P

CMP AL,ODH

JE STR_CR_LF

CMP L, OAH

JE STR_CR_LF

CMP AL, 08H

JE STR_CR_LF

CMP AL, O7H

JE STR_CR_LF

MoV CX, T

CMP AH,2

JB DO_STR

MoV BL,ES:[BP]

INC BP
DO_STR:

MOV AH, Q9H

INT 10H

INC oL

CMP DOL,BYTE PTR CRT_COLS

JB STR_2

CHP DH, ROWS

JNE STR_3

MoV AX,DEOAH

INT 10H

DEC DH
STR_3:

INC DH

suB oL, oL
STR_2:

MOV AX, 0200H

INT 10H

JMP SHORT STR_4
STR_CR_LF:

MOV AH, OEH

INT 10H

Mov BL,BH

SuB BH, BH

SAL .

MoV DX, [BX + OFFSET CURSOR_POSN]
STR_U4

POP AX

pPoP BX

POP CX

Loop STR_1

PoP [0

cHP AL,

JE STR_OUT

cHe AL,3

JE STR_OUT

MoV AX,0200H

INT 10H
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; ALTERNATE PRINT SCREEN

5 INVALID CALL
3 NEW PRINT SCREEN

SET PRINT_SCREEN
b

looking for monoc bit
isolate
adjust

looking for memory
memory bits

shift count

adjust mem value
return register

FEATURE/SW!TCH
DUPLICATE IN CH

MASK OFF SWITCH VALUE
MOVE FEATURE VALUE

5 MASK 1T

DISCARD BX
DISCARD CX

RETURN TO CALLER

RETURK TO CALLER

RANGE CHECK
INVALID PARAMETER

SAVE REGISTER
GET PAGE TO LOW BYTE

*#2 FOR WORD OFFSET

GET CURSOR POSITION
RESTORE

CURRENT VALUE ON STACK

SET THE CURSOR POSITION

GET THE CHAR TO WRITE
CARRIAGE RETURN

LINE FEED

BACKSPACE

BELL

COUNT OF CHARACTERS
CHECK WHERE ATTR IS
NOT IN THE STRING
GET THE ATTRIBUTE
NEXT ITEM IN STRING

WRITE THE CHAR/ATTR
NEXT CURSOR POSITION

COLUMN OVERFLOW
NOT YET

NEXT ROW
COLUMN ZERO

SET THE CURSOR

GET PAGE TO LOW BYTE

*2 FOR WORD OFFSET
GET CURSOR POSITION

RECOVER CURSOR POSITION
FROM PUSH S| ABOVE

SET CURSOR POSITION



8 0001 R

80 3E 0500 R 01
i

C6 06 0500 R 01
4 OF

CcD 10

0 10
C6 06 0500 R 00
B 0A

By 02
D 10
C6 06 0500 R FF

33 D2
32 ey

Fona

00C00BNNB000000000000000000000000000000000000000000000000000000000000000000000000000000000000000030000000N00

STR_OUT:

; ALLOW FALL THROUGH

V_RET PROC NEAR ; VIDEO BIOS RETURN
POP DI
POP Sl
POP BX
POP (2
POP 0X
POP 253
POP ES
OP BP
RET
V_RET ENDP
COMBO_VIDEO ENDP
| NCLUDE VPRSC. INC
SUBTYL VPRSC. INC
INTERRUPT

5
THIS LOGIC WILL BE

INTENDED TO RUN WITH INTERRUPTS

INVOKED BY INTERRUPT 05H TO PRINT THE
SCREEN. THE CURSOR POSITION AT THE TIME THIS ROUTINE IS INVOKED
WILL BE SAVED AND RESTORED UPON COMPLETION. UTINE IS

ENABLED.
1S DEPRESSED DURING THE TIME THIS ROUTINE

NORI
ADDRESS 50:0 CONTAINS THE STATUS OF THE PRINT SCREEN:

|F A SUBSEQUENT

A
PRINT_SCREEN
$TI

50:0 =0 EITHER PRINT SCREEN HAS NOT BEEN CALLED
OR UPON RETURN FROM A CALL THiS INDICATES
A SUCCESSFUL OPERAT DN‘
=1 PRINT SCREEN IS IN PROGI
=255 ERROR ENCOUNTERED DURING PRINTING
SSUME  CS:CODE, DS: ABSO
PROC FAR
; MUST RUN WITH INTS ENABLED
PUSH DS ; MUST USE 50:0 FOR DATA
PUSH AX ; area storage
PUSH BX
PUSH CX ; USE THIS LATER FOR CURSOR LIMITS
PUSH DX ; WILL HOLD CURRENT CURSOR POS
CALL DDS
CMpP STATUS_BYTE, 1 ; SEE {F PRINT ALREADY IN PROGRESS
Jz E. 3 JUMP IF PRINT IN PROGRESS
MoV STATUS_BYTE, 1 ; INDICATE PRINT NOW IN PROGRESS
MOV AH, 15 5 oWiLL REQUEST THE CURRENT MODE
INT 10H H [Al ODE (NOT USE
H [AH UMBER COLUMNS/LINE
H [BH]=VISUAL PAGE

AT THIS POINT WE KNOH THE COLUMNS/LINE ARE
IS IN

IF APPLICABLE

[AX] AND THE PAGE
[aL)

HAS DS, AX,BX,CX, DX PUSHED.

IN :
[BH]. THE STACK :

HAS VIDEO MODE

MOV CL,AH
MOV CH, ROWS
INC CH

CALL CRLF
PUSH CcX

MOV AH, 3
INT 10H

POP CX

PUSH DX

XOR DX, DX

WILL MAKE USE OF [CX]
CONTROL ROW & COLUMNS
ADJUST

CAR RETURN LINE FEED ROUT INE
SAVE SCREEN BOUND:

WILL NOW READ THE CURSOR.
AND PRESERVE THE POSITION
RECALL SCREEN BOUND:

RECALL [BH]=VISUAL PAGE

SET CURSOR POSITION TO [0,0]

REG TO

THE LOOP FROM PRI10 TO THE
SCREEN AND PRINT.

INSTRUCTION.PRIOR TO PRI20
1S THE LOOP TO READ EACH CURSOR POSITION FROM THE

[T

PRI15:

ERR10:

EXIT:

IRET
PRINT_SCREEN

MOV AH, 2
INT 10k
Moy AH,8
INT 10k
OR AL, AL
JNZ PRI15,
MoV AL,
PUSH DX
XOR 0X, DX
XOR AH, AH
INT 170
POP
TEST  AH,029H
JNZ R10
INC oL
cHP cL, DL
INZ PR110
XOR DL, DL
MOV AH, DL
PUSH DX
CALL CRLF
POP DX
ING DH
cMP CH, DH
JINZ PRI10
POP DX
MOV A2
INT 101
MOV STATUS BYTE,0
JMP SHORT EX1T
POP [
MOV AH, 2
INT 10
MoV STATUS_BYTE,OFFH
POP DX
POP cx
POP BX
POP AX
POP DS

ENDP

CARRIAGE RETURN,

PROC NEAR
XOR DX, DX
XOR AH, AH
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TO INDICATE CURSOR SET REQUEST
NEW CURSOR POS ESTABLISHED

TO INDICATE READ CHARACTER
CHARACTER NOW IN [AL]

SEE IF VALID CHAR

JUMP IF VALID CHAR

MAKE A BLANK

SAVE CURSOR POSITION
INDICATE PRINTER

TO INDICATE PRINT CHAR IN [AL]
PRINT THE CHARACT!

RECALL CURSOR POSITION
TEST FOR PRINTER ERROR
JUMP 1F ERROR DETECTED
ADVANCE TO NEXT COLUMN
SEE iF AT END OF LINE
IF NOT PROCEED

BACK TO COLUMN 0

[AH]=0

SAVE NEW CURSOR POS}TION
LINE FEED CARRIAGE RETURN
RECALL CURSOR POSITION
ADVANCE TO NEXT LINE
FINISHED?

IF NOT CONTINUE

RECALL CURSOR POS!TION

TO INDICATE CURSOR SET REQUEST
CURSOR_POSITION RES ORED
INDICATE F{NISHI

EXIT THE ROUTINE

GET CURSOR POSITION

7O REQUEST CURSOR SET
CURSOR POSITION RESTORED
INDICATE ERROR

RESTORE ALL THE REGISTERS USED

LINE FEED SUBROUTINE

PRINTER O
WILL NOW SEND
TO PRINTER

INITIAL CR, LF



2221 80 0D 6301 [4 MOV AL, OOH ;
2223 CD 17 6302 c INT 17H H SENO THE LINE FEED
2225 32 E4 6303 c XOR AH, AH H NON FOR THE CR
2227 BO 0A 6304 c MoV AL,QAH
2229 CD 17 6305 c INT 17H H SEND THE CARRIAGE RETURN
2228 C3 6306 c RET
222¢ 6307 C CRLF ENDP
6308 C
6309 C SUBTTL
6310
222¢ 6311 CODE ENDS
6312 E ]
1 PAGE, 120
2 SUBTTL MONOCNROHE CHARACTER GENERATOR
0000 3 CODE SEGMENT PUB|
4 PUBLIC CGHN
0000 5 COMN LABEL  BYTE
6 ; BW 8*14 PATTTERN
0000 gg gg 00 00 00 00 7 DB 000H, 000H, 000H, GOOH, 000H, 000H, 000H, 000H ; TOP_HKALF_00
8
0008 00 00 00 00 00 0O 9 08 000H, 000H, 000H, 000H, 0OOH, 000H ; BOTTOM_HALF 00
Q00E 00 00 7E 81 A5 81 10 0B 000H, 000H, 0TEH, 081H, 0ASH, 081H,081H,0BDH ; TH_O1
81 BD 1
0016 99 81 7€ 00 00 00 12 [of:3 099H,081H, 0TEH, 000H, 000H, 00OH ; BT_O1
001C 00 00 7E FF DB FF 13 0B 00OH, 000H, O7EH, OF FH, ODBH, OFFH, OF FH,0C3H ; TH_02
FF C3 4
0024 E7 FF 7E 00 00 00 15 p8 OE7H,O0FFH, 07EH, 000H, 000H, 000H ; BT_02
002A 00 00 00 6C FE FE 16 b8 000H, 000H, 000H, 06CH, OFEH, OFEH, OFEH, OFEH ; TH_03
FE FE 17
0032 7C 38 10 00 00 00 18 DB 07CH, 038H, 010H, 000H, 0OOH, 000H ; BT_03
0038 00 00 00 10 38 7C 19 0B 000H, 000H, 000H, 010H, 038H, OTCH, OFEH, 07CH ; TH_O4
FE 7C 20
0040 38 10 00 00 00 QO 2 [o]:3 038H,010H, 000H, 000H, 000H, 00CH ; BT_o4
0046 00 00 18 3C 3C E7 22 DB 00OH, 000H, 018H, 03CH, 03CH, OETH, 0E7H,0E7H ; TH_05
E7 ET 23
O04E 18 18 3C 00 00 00 24 23 018H,018%,03CH, 000H, 000H, 0QQH ; BT_05
0054 00 00 18 3C 7E FF 22 DB 000H, 000H,018H, 03CH, OTEH, OF FH,OF FH,07EH ; TH_06
FF 7€ 2
005C 18 18 3C 00 00 00 27 0B 018H,018H, 03CH, 000H, 00OH, OOOH ; BT_06
0062 00 00 00 00 00 18 gg 08 000H, 000H, 000H, 00OH, 000K, 018H,03CH,03CH ; TR_0O7
3C 3C
006A 18 00 00 GO0 00 00 30 DB 018H, 000H, 0Q0H, 000H, 000H, 000H ; BY_07
0070 FF FF FF FF FF E7 3 0B OFFH,OFFH, OFFH,0F FH,OF FH,0E7H, 0C3H,0C3H ; THZ08
c3c3 32
0078 E7 FF FF FF FF FF 33 DB QE7H,0FFH,0FFH,OFFH,OFFH, OFFH ; BT 08
007E 80 ED 00 00 3C 66 34 -3 000H, 000H, 000H, 000H, 03CH, 066H, O42H, 042K ; TH_09
2 42 35
0086 66 3C 00 00 00 00 36 DB 066H,03CH, 000H, 000H, 000H, 00OH ; BT_09
008C FF FF FF FF C3 99 37 0B OFFH,0FFH,0FFH, OFFH,0C3H, 099H, 0BDH, 0BDH ; TH_OA
80 BD 38
0094 99 C3 FF FF FF FF 39 0B 099H, 0G3H, OFFH, OFFH, OFFH, OFFH 5 BT_DA
009A 00 00 1E OF 1A 32 4o 0B 000H, 000H, 01EH, 00EH, 01AH, 032H,078H,0CCH ; TH_0B
78 CC 41
00A2 CC CC 78 00 00 00 42 oB OCCH, 0CCH, 078H, 000H, O00H, ; BT_OB
00A8 00 00 3C 66 66 66 43 DB 000H, 000H, 03CH, 0661, 066H, 066" 03CH,018H ; TH_OC
3C 18 u
00BO 7E 18 18 00 00 00 45 DB O7EH,018H,018H, 000H, 000H, 000H ; BT_OC
00B6 00 00 3F 33 3F 30 46 08 000H, 000H,03FH, 033H, 03FH, 030H, 030H, 0301 ; TH_0D
30 30 47
00BE 70 FO EO 00 00 0O 48 o8 070H, 0FOH, OEQH, 000H, 000H, DOOH ; BT_OD
oocs go 00 7F 63 7F 63 29 os 000H,000H,07FH,063H,07FH,063H,063H,063H ; TH_OE
3 63 0
00CC 67 E7 E6 CO 00 00 51 DB 067H,0E7H, OEEH, OCOH, 000H, 000H ; BT_OE
0002 gg gg 18 18 DB 3C 52 2] 000H, 000H, 018H, 018H, 0DBH, 03CH, 0ETH,03CH ; TH_OF
53
00DA DB 18 78 00 00 00 54 0B 0ODBH,018H,018H, 000H, 000H, 000H ; BT_OF
55
00EO ?0 00 80 CO £0 F8 56 0B 000H, 000H, 080H, 0GOH, CEOH, OF8H, OFEH, OF8H ; TH_10
Ef8 57
00E8 EO CO 80 00 00 00 58 [2:3 OEQH, OCOH, 080H, 000H, COOH, 00OH ; BT_10
00EE gg gg 02 06 OE 3E 59 08 000H, 000H, 002H, 006H, GOEH, 03EH, OFEH, 03EH ; TH_1
60
00F6 OE 06 02 00 00 00 61 DB 00EH, 006H, 002H, 000H, 000H, 00CH ; BT_11
00FC ?g ?g 18 3C 7€ 18 22 DB 000H, 000H, 018H, 03CH, 07€EH, 018H,018H,018H ; TH_12
3
0104 7E 3C 18 00 00 00 64 D8 07EH,03CH,018H, 000H, 000H, 00OH ; BT_12
010A 22 gg 66 66 66 66 gz [ 000H, 000H, 066H, 066H, 066H, 066H, 066H, 066H ; TH-13
0112 00 66 66 00 00 00 67 0B 000K, 066H, 066H, 000H, GOOH, 00OH ; BT_13
0118 00 00 7F DB DB DB 68 DB 000H, 000H, 07FH, 0DBH, 0DBt, GDBH, 07BH, 01BH ; TH_14
78 18 69
0120 1B 1B 1B 00 00 00 70 DB 01BH,018H,01BH, 000H, 000H, 000H 3 BT_14
0126 00 7C C6 60 38 6C 7 D8 000H, 07CH, OC6H,060H,038H,06CH,0C6H,0C6H ; TH_15
C6 C6 72
012E 6C 38 OC C6 7C 00 73 o8 Q6CH,038H, 00CH, QC6H, 07CH, D00H ; BT_15
0134 00 00 00 00 00 00 ;M 0B 000K, 000H, 000H, 000H, 000H, 000H, 000H, 000H ; TH_16
06 00 5
013C FE FE FE 00 00 00 76 DB OFEH, OFEH, OFEH, 00QH, 000K, 000H ; BT_16
0142 ?g 00 18 3C 7E 18 ;; 08 000H, 000H, 018H, 03CH, 0TEH, 018H, 018H,018H ; TH_17
18
014A 7E 3C 18 7E 00 00 79 DB 07EH,03CH, 018H, 07EH, 000H, 000H ; BT_17
0150 00 00 18 3C 7E 18 g? DB 000H, 000H, 018H, 03CH, O7EH, 018H,018H,018H ; TH_18
18 18
0158 18 18 18 00 00 00 82 0B 018H,018H,018H, 000H, 000H, 0OOH ; BT_18
O15E 00 00 18 18 18 18 Ba o8 000H, 000H,018H,018H,018H,018H,018H,018H ; TH_19
18 18 8
0166 7€ 3C 18 00 00 00 85 DB 07EH,03CH, 018H, 000H, COOH, 00CH ; BT_19
016C 00 00 00 00 18 OC 86 DB 000H, GOOH, 000H, 000H, 018H, 00CH, GFEH, 00CH ; TH 1A
FE 0C 87
0174 18 00 00 00 00 00 88 DB 018H, 000H, 000H, 000H, 000H, 0OOH ; BT_1A
0174 gg gu 00 00 30 60 39 DB ©000H, 000H, 000H, 000H, 030H, 060H, OFEH, 060H ; TH 1B
0 0
0182 30 00 0C 00 00 00 91 bB 030H, 000H, 000H, 000H, 000H, 000H ; BT_1B
0188 80 00 00 00 00 CO 92 0B 000H, 000H, 000H, 000H, 000H, OCOH, OCOH, 0COH ; TH_1C
0 CO 93
0190 FE 00 00 00 00 00 94 0B OFEH, 000H, 000H, 000H, 000H, 000H ; BT_1C
0196 gO 20 00 00 28 6C 95 DB 000H, 00OH, 00OH, 000H, 028K, 06CH, OFEH, 06CH ; TH_10
E 6C 96
019E 28 00 00 00 00 00 97 DB 028, 000H, 000H, DOQH, 000K, 000H ; BT_1D
01A4 00 00 00 10 38 38 g@ 0B 000H, 000H, 000H, 010H, 038H,038H, 07CH, 07CH ; TH_1E
7¢ 7€ 9
O1AC FE FE 00 00 Q0 00 100 DB OFEH, OFEH, 000H, 000H, 000H, 000! ; BT_1E
0182 00 00 00 FE fE 7C 101 oB 000H, 000H, 000H, OFEH, OFEH, 070" O7CH,038H ; TH_1F
7C 38 102
01BA 38 10 00 00 00 00 103 o8B 038H, 010H, 000H, 000H, 0DOH, 000H 3 BY_1F
10
01C0 00 00 00 00 00 00 105 0B 000H, 0D0OH, DOCH, 0DOH, 000H, 000H, 000H, 00DH ; TH_20 SP
00 00 106
01C8 00 00 00 00 00 00 107 DB 000H, 00CH, 000H, 00QH, 0O0H, 000H ; BT_20 SP
01CE 00 00 18 3C 3C 3C 108 DB 00O0H, 00OH, 018H, 03CH, G3CH, 03CH, 018H,018H ; TH 21 1
18 18 109
01D6 00 18 18 00 00 0O 110 1) 0O0QH, 018H, 018H, 000H, 0QOH, 0QO! ; BT 21
01DC 00 66 66 66 24 00 111 b8 000H, 066H, 066H, 066H, 024H, OOOH 000H,000H ; TH_ 22 "
00 00 112
Q1EL 00 00 00 00 00 GO 113 0B 0Q00H, 000H, 000H, 000H, 000H, 000! ; BT 22 "
O1EA 00 00 6C 6C FE 6C 14 bB 000H, 000H, 06CH, 06CH, OFEH, OGCN 06CH,06CH ; TH_23 #
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6C 6C 15
01F2 FE 6C 6C 00 00 00 16 0B OFEH, 06CH, 06CH, 000H, 000H, 000H ; BT_23
01F8 18 18 7C C6 C2 CO 17 0B 018H,018H,07CH, 0C6H, 0C2H, OCOH, OTCH, 006H ; TH 24
7€ 06 18
0200 86 C6 7C 18 18 00 19 0B 0B6H, 0C6H, 07CH, 018H, 018H, 000! ; BT 24 §
0206 00 00 00 00 C2 C6 120 0B 00OH, 000H, 000H, 000H, OC2H, ocsu 00CH,018H ; TH 25
oc 18 121
020E 30 66 C6 00 00 00 122 08 030H, 066H, OCEH, DOOH, 000K, 000! ; BT_25 '%"
0214 00 00 38 6C 6C 38 123 DB 000H, 000K, 038K, 06CH, 06CH, osaH 076H,0DCH ; TH 26 &
76 DC 124
021C CC CC 76 00 00 00 125 0B OCCH, 0CCH, 076H, 000H, 000H, 000H ; BT 26 &
0222 00 30 30 30 60 00 126 DB 000H, 030H, 030H, 030H, 060H, 000H, 000H, 000H ; TH_27
00 00 1
022A 00 00 00 00 00 00 128 o8 00OH, 000H, 000H, 000H, 000H, 000H ; BT 27
0230 00 00 OC 18 30 30 129 DB 00OH, 000H, 00CH, 018H, 030H, 030H, 030H, 030H ; TH 28
30 30 130
0238 30 18 0C 00 00 00 131 0B 030H,018H, 00CH, 000H, 000H, 000H 8T_28
023E 00 00 30 18 OC OC 13§ DB OOOH, 000H, 030H, 018H, 00CH, 0OCH, 00CH, 00CH ; THZ29 )
oc 0C 13
0246 0C 18 30 00 00 00 134 0B QOCH, 018H, 030H, 000H, 000H, 000K ; BT 29 )
024C 00 00 00 00 66 3C 135 DB 00OH, 000H, 000H , 000H, 066H, 03CH, OFFH, 03CH ; TH_2A *
£F 3C 136
0254 66 00 00 00 00 00 137 DB 066H, 000H, 000H, 000H, 000H, 000! ; BT 2A #
025A 00 00 00 00 18 18 138 0B 00OH; 000H, 00CH, 000H, 018H, 01BM O7EH,018H ; TH_ 2B +
7E 18 139
0262 18 00 00 00 00 00 140 DB 018H, 000H, 000, 000H, 000H, GOOH ; BT_28 +
0268 00 00 00 00 00 00 141 0B QOOH, 000H, 000H , 000H, 0OOH, 000H, 000H, 000H ; TH_2C
00 00 w2
0270 18 18 18 30 00 00 143 0B 018H,018H, 0184, 030H, 000H, 000H 5 BT_2C
0276 00 00 00 00 00 00 1y 08 000H, 000H, 000H, 000H, 000H, 000H, OFEH, 000H ; TH_20 -
FE 00 15
027E 00 00 00 00 00 00 146 08 000H, 000H, 000H, 00OH, 000H, 000 ; BT_20 -
0284 0O 00 00 00 00 00 7 08 000H, 000H, 000H , 00OH, 000H, OOOK 000H, 000H ; TH_2E
00 00 148
028C 00 18 18 00 00 00 149 08 000H, 018H, 018H, 000H, 00QH, GO0 ; 8T_2E
0292 00 00 02 06 0C 18 150 08 00OH, 000H, 002H, 006H, 0OCH, 018H 030H,060H ; TH_2F /
30 60 151
029A CO 80 00 00 00 00 152 0B 0COH, 080H, D0OH, 00OH, OOOH, 000H ; BT 2F /
153
02A0 00 00 7C C6 CE DE 154 0B 000H, 000H, 07CH, 0C6H, OCEH, ODEH, OF6H, 0EEH 5 TH_30 0
F6 £6 155
02A8 C6 C6& 7C 00 00 00 156 DB OC6H, 0C6H, 07CH, DOOH, 00OH, QOOH ; BT_30 0
02AE 00 00 18 38 78 18 157 0B OOOH, 000H, 018H, 038K, 078H,018H,018H,018H ; TH 31 1
18 18 158
0286 18 18 7E 00 00 00 159 0B 018H, 018H, 07EH, 000H, 00CH, 00 5 BT_31 1
02BC 00 00 7C C6 06 OC 160 0B 00OH; 000H, 07CH, 0C6H, 006H, oocn 018H,030H ; TH 32 2
18 30 161
02C4 60 C6& FE 00 00 00 162 DB 060H, 0CEH , OF EH, 000K, 00OH, GOOH ; 8T.32 2
02cA 00 00 7C C6 06 06 163 08 00O0H, 000H, 07CH, OC6H, 006H, 006H, 03CH, 006H ; TH 33 3
3C 0 1
0202 06 C6& 7C 00 00 00 165 0B 006H, OC6H, 07CH, 000H, 000H, 000H ; BT_33 3
0208 00 00 0C 1C 3C 6C 166 0B 000H, 000H, 00CH, 01CH, 03CH, 06CH, OCCH, OFEH ; THZ34 4
cC FE 167
02€0 0C OC 1E 00 00 00 168 08 OOCH, 0OCH, 01EH, 000H, 000H, 000H ; BT 34 4
02E6 00 00 FE CO CO CO 169 0B 00OH;, 000H, OF EH, OCOH, OCOH, GCOH, OFCH, 006H ; TH 35 5
FC 06 170
02EE 06 C6 7C 00 00 00 171 0B 006H,0C6H, 07CH, 000H, 000H , 000H ; BT_35 5
02FL 00 00 38 60 CO CO 172 DB 000H, 000H, 038H, 060H, OCOH, OCOH, OFCH, 0C6H ; TH_36 6
FC C6 173
02FC  C6 C6 7C 00 00 00 174 0B 0C6H, 0C6H, 07CH, 00OH, 00OH, GOOH ; BT_36 6
0302 00 00 FE C6 06 0C 175 08 00OH, 000H , OFEH, 0C6H, 006H, 00CH, 018H, 0304 ; TH_37 7
18 30 176
030A 30 30 30 00 00 00 177 DB 030H, 030H, 030H, 000H, 000H, 000K ; BT.37 7
0310 00 og 7C €6 C6 C6 173 0B 000H, 000H, 07CH, OC6H, OCEH, OC6H, 07CH, 0CEH ; TH_38 8
7C € 17
0318 C6 C6 7C 00 00 00 180 08 0C6H, OC6H, 07CH, 000H, 00OH, 000H ; BT_38 8
031E 00 00 7C C6 €6 C6 18 o8 GOOH, 000H, 07CH, 0C6H, OC6H, OC6H, O7EH, 006H ; TH 39 9
7E 0
0326 06 0C 78 00 00 00 183 0B 006H, 0OCH, 078H, 000H, 000H, 00OH ; BT_39 9
032C 00 00 00 18 18 00 13; DB 00OH, 000H, 000K, 018H, 018H, 000H, 000H, 000H ; TH_3A
00 00 1
0334 18 18 00 00 00 00 186 0B 018H, 018K, 000H, D0OH, 000H, 000H ; BT_3A
0334 00 00 00 18 18 00 187 0B 00OH, 000H, 000H, 018H, 018H, 000H, 000H, 000H ; TH_3B
188
0342 18 18 30 00 00 00 189 08 018H, 018H, 030H, 000H, 000H, 000H ; BT_38
o3us 00 00 06 0C 18 30 :g? 0B 000H, 000H, 006H, 00CH, 018H, 030H, 060H, 030H ; TH_3C <
0 30
0350 18 0C 06 00 00 00 192 08 018H, 00CH, 006H , 000H, 000H, 000H ; BT_3C <
0356 00 00 00 00 00 7E 133 08 000H, 000H, 000H, 000H, 000H, O7EK, 000H, 000H ; THZ30 =
00 00 1
035€  7E 00 00 00 00 00 195 0B O7EH, 000H, 000H, 000H, 000H, D00H ; BT_3D =
0364 00 00 60 30 18 OC 196 0B 000H, 000H,; 060H, 030H, 018H, 00CH, 006H, 00CH ; TH_3E >
06 0C 197
036C 18 30 60 00 00 00 198 o8 018K, 030H, 060H, 000H, 00OH, 000K ; BT_3E >
0372 00 00 7C €6 C6 OC 199 08 GOOH, 000H, 07CH, OCEH, OCEH, OOCH, 018H, 018H ; TH_3F ?
18 18 200
037A 00 18 18 00 00 00 201 08 COOH, 018H, 018H, DOCH, 000H, 00OH ; BT_3F 2
202
0380 00 00 7C C6 C6 DE 203 b8 0OOH, 0COH, 07CH, 0C6H, OC6H, ODEH, ODEH, ODEH ; TH_40 @
DE DE 20
0388 DC CO 7C 00 00 00 205 08 ODCH, OCOH;, 07CH, 000H, GOOH, O00H ; BT_Ho @
038 00 00 10 38 6C C6 206 0B COOH, 000H, 010H, 038H, 06CH, 0C6H, OC6H, OFEH ; THZ41 A
C6 FE 207
0396 C6 C6 C6 00 00 00 208 DB OC6H, OCEH, OC6H, 000H, OOH, 000H BT_41 A
039¢ 00 00 FC 66 66 66 209 0B 0OOH, 00OH, OFCH, 066H, 066H, 066H, 0TCH, 066H ; TH 42 &
7€ 210
03AL 66 66 FC 00 00 00 211 DB 066H, 066H, OF CH, 000H, 000H, 000H ; BT 42 B
03AA 00 00 3C 66 C2 CO 212 DB GOOH, OCOH, 03CH, 066H, 0G2H, OCOH, OCOH, OCOH ; TH_43 C
CO CO
0382 C2 66 3C 00 00 00 214 DB QC2H, 066H, 03CH, 000H, 000H, 00OH ; BT 43 C
0388 00 00 F8 6C 66 66 212 0B Q00H, 00CH, 0F8H, 06CH, 066H, 0661, 066H, 066H ; TH 44 D
66 1
03C0 66 6C F8 00 00 00 217 DB 066H, 06CH, OF8H, 00OH, 000H, 00OH ; BT 44 0
03C6 00 00 FE 66 62 68 218 0B 00OH, 000H, OFEH, 066H, 062H, 068H, 078H, 068H ; TH_45 E
78 68 219
03CE 62 66 FE 00 00 00 220 0B 062H, 066H, 0FEH, 00QH, 0Q0H, 00! ; BT 45 E
0304 00 00 FE 66 62 68 221 0B 00OH; 000H, OFEH, 066H, 062H, ossn 078H,068H ; TH_46 F
8 222
030C 60 60 FO 00 00 00 223 0B 060H, 06QH, OFOH, 000H, OOOH, 00! ; BT_U6 F
03E2 00 00 3C 66 C2 CO 224 0B 00OH, 000H, 03CH, 066H, 0C2H, ocou OCOH, 0DEH ; TH 47 G
CO DE 225
03EA C6 66 3A 00 00 00 226 DB 0C6H, 066H, 03AH, DOOH, 000H, 000H ; BTUT G
03F0 90 00 C6 C6 C6 C6 221 0B 000H, 000H, 0C6H, 0C6H, OC6H, OCEH, OFEH, OC6H 3 TH_48 H
FE C )
03F8 C6 C6 C6 00 00 00 229 0B 0OC6H, 0C6H, 0C6H, 000H, GOOH, 000H ; BT 48 H
03FE 00 00 3C 18 18 18 230 0B 00OH, 000H, 03CH, 018H, 018H,018H, 018H,018H ; TH_49
18 18 231
0406 18 18 3C 00 00 00 232 08 018H, 018H, 03CH, 000H, 000K, 000 ; BT 49t
040C 00 00 1E 0C OC 0OC 233 08 00O0H, 000H, 01EH, 0OCH, 00CH, oocu 00CH,00CH ; THUA J
0C 0C 23
o414 CC CC 78 00 00 00 235 08 0CCH, 0CCH, 078+, 000H, 000H, 000H ; BT_UA J
O41A 00 00 E6 66 6C 6C 236 o8 000H, 000H, 0E6H, 066H, 06CH, D6CH, 078H, 06CH ; TH_UB K
78 6C 237
o422 6C 66 E6 00 00 00 238 0B O6CH, 066H, OEGH, DOGH , 000H,, 000! ; BT 48 K
ouzs 00 00 FO 60 60 60 239 0B OOOH, 000H, OFOH, 060H, 060H, oson 060H,060H ; TH_4C L
60 0
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0u30 62 66 FE 00 00 00 241 DB 062H, 066H, OFEH, 000H, 0Q0H, 000H ; BT_4C L
0436 00 00 C6 EE FE FE SHZ [o:3 000H, 000H, 0C6H, OEEH, OFEH, OFEH, OD6H, 0C6H ; TH_4D M
D6 C6 43
OU3E C6 C6 C6& 00 00 00 2u4 b:3 0C6H, 0C6H, 0C6H, 000H, 000H, 000 ; BT_LD M
oluuy gg gO C6 E6 F6 FE Zzg DB 000H, 000H, OC6H, OE6H, OF6H, OFEH ODEH,OCEH ; TH_4E N
E 2
Qu4cC €6 C6 C6 00 00 00 2u7 D8 QC6H,0C6H, 0C6H, 000H, OOOH, 000H ; BT_4E N
ous2 Og gg 38 6C C6 C6 gzg 08 000H, 000H, 038H, 06CH, OC6H, OCEH, OC6H, OCEH ; TH, 4F 0
Ct
045A C6 6C 38 00 00 00 S;O b:3 0C6H, 06CH, 038H, 000H, 000H, 000H ; BT_4F O
1
0460 gg gg FC 66 66 66 gg§ DB 000H, 000H, OFCH, 066H, 066H, 066H, 07CH, 060H ; TH_50 P
0468 60 60 FO 00 00 00 254 D8 060H, 060H, 0FQH, 000H, 000H, 000H ; BT_50 P
OU6E gg gg 7C C6 C6 C6 ggz DB Q00H, 0GOH, 07CH, 0C6H, DC6H, OC6H, OCEH, 0D6H 3 TH_ 51 Q
0476 DE 7C 0C OE 00 00 257 [ol:3 ODEH, Q7CH, 00CH, 00EH, 000H, 000K ; BT 51 Q
ou7C 90 00 FC 66 66 66 ggg DB 000H, 000H, OFCH, 066H, D66H, 066H, 07CH, 06CH TH_52 R
C 6C
ousy 66 66 E6 00 00 00 260 DB 066H, 066H, OE6H, 000H, 000H, GO0H ; BT_52 R
O48A 00 00 7C C6 C6 60 221 DB 000H, 000H, 07CH, 0C6H, 0C6H, 060H, 038H, 00CH ; TH_53 S
38 0C 262
0492 C6 C6 7C 00 00 00 263 DB 0C6H, OC6H, 07CH, OQOH, 000H, 000H ; BT 53 S
o498 00 00 7E 7E 5A 18 264 0B 0O0O0H, DOOH, 07TEH, 07EH, 05AH, 018H,018H, 0184 ; TH 54 T
18 18 265
04A0 18 18 3C 00 00 00 266 0B 018H,018H,03CH, 000H, 000H, 000H ; BT 54 T
04A6 gg 02 C6 C6 C6 C6 ggg DB 000H, D00H, 0CEH, OC6H, 0C6H, 0C6H, OC6H, OC6H 3 TH_55 U
Gt
O4AE C6 C6 7C 00 00 00 269 0B 0C6H,0C6H, 07CH, 0OOH, 000H, 000H ; BT_55 U
ouBl Og Og C6 C6 C6 C6 270 0B 0OOH, 000H, OCEH, 0C6H, 0C6H, 0C6H, 0C6H, 0C6H ; TH_56 V.
C6 Ci 271
O4BC 6C 38 10 00 00 00 272 nB 06CH, 038H, 010H, 000K, 000H, 000H ; BT_56 V
oucz Og Og C6 C6 C6 C6 273 0B 000H, 000K, 0CEH, 0C6H, 0C6H, 0CEH, OD6H, OD6H ; TH_57 W
D6 D! 27
Q4CA  FE 7C 6C 00 00 00 275 DB OFEH, O7CH, 06CH, 000H, 000H, 000H 3 BT_57 W
0uDO 00 00 C6 C6 6C 38 276 0B 000H, 000H, OC6H, 0C6H, 06CH,038H, 038H,038H ; TH_58 X
38 38 277
oubg 6C C6 C6 00 00 00 278 0B 06CH, 0C6H, OCEH, 000H, 000H, COOH ; BT_58 X
OuDE 00 00 66 66 66 66 579 0B 000H, D00H, 066H, 066H, 066H, 066H,03CH, 0184 ; TH_59 Y
3C 18 80
O4E6 18 18 3C 00 00 00 281 oB 018H,018H,03CH, 000H, 000H, 000H ; BT 59 v
OUEC 00 00 FE C6 8C 18 282 0B 000H, D00H, OFEH, GC6H, 08CH, 018H,030H, 0604 ; TH_5A Z
30 60 283
O4Fy C2 C6 FE 00 00 00 284 o3 0C2H, 0C6H, OFEH, 000H, 000H, O00H ; BT 5A Z
OuFA 00 00 3C 30 30 30 282 0B 000H, 000K, 03CH, 030, 030H, 030H, 030H, 030K ; TH_5B
30 30 284
0502 30 30 3C 00 00 00 287 DB 030H, 0304, 03CH, 000H, 000H, GOOH ; BT_5B
0508 00 00 80 CO EO 70 geg D8 000H, 000H, 080H, 0COH, OEOH, 070H, 038H, 01CH ; TH_5C
38 1C 8
0510 OE 06 02 00 00 00 290 0B 00EH, 006H, 002H, 000H, 000H, O00H ; BT_5C
0516 00 00 3C 0C 0C OC 291 DB 000K, 000K, 03CH, 00CH, 00CH, GOCH, 00CH, 00CH ; TH_5D ]
0C 0C 292
051€ 0C 0C 3C 00 00 00 293 bl:3 00CH, 00CH, 03CH, 000H, 000H, 000H ; BT_5D ]
0524 lg 38 6C C6 00 00 29; 2:3 010M, 038H, 06CH, 0C6H, 000H, O00H, 000H, 000H ; TH_5E
00 00 29
052C 00 00 00 00 00 00 296 I3 000H, 000H, 000H, 000H, 000H, O00H ; BT_5E
0532 00 00 00 00 00 00 297 oB 000K, 000H, 000H, 000H, 000H, OBOH, 000H, 000H ; TH_5F _
00 00 298
053A 00 00 00 00 FF 00 299 0B 000H, 000K, OOOH, 0OOH, OFFH, 000H 3 BT_5F _
300
0540 30 30 18 00 00 00 301 oB 030H, 030H, 018H, 000H, 000H, 000H, 000H, 000H ; TH_60 '
00 00 302
0548 00 00 00 00 00 00 303 DB 000H, 000H, 000H, 0Q0H, 000H, 000H ; BT_60
O54E gg gg 00 00 00 78 304 DB 000H, 000H, 000H, 000H, 000H, 078H, 00CH, 07CH ; TH_61 LOWER_CASE A
305
0556 CC CC 76 00 00 00 306 0B 0QCCH, OCCH, 076H, 000H, 000H, 000H ; BT_61 LOWER_CASE A
055C gg gg E0 60 60 78 ggg 0B 000H, 000H, 0EOH, 060H, 060H, 078H, 06CH, 066H ; TH_62 L.C. 8
0564 66 66 7C 00 00 00 309 DB 066H,066H,07CH, 000H, 000H, 000H ; BT_62 L.C. B
056A gg gg 00 00 00 7C g:D 0B 000H, 000H, 000H, DOOH, 000H, 07CH, OC6H, OCOH ; TH_63 L.C. C
1
0572 CO C6 7C 00 00 00 312 0B 0OCOH, 0C6H, 07CH, 0QOH, COOH, 000! ; BT_63 L.C. C
0578 28 gg 1C 0C 0C 3C g:g DB 000H, 000H, 01CH, DOCH, OOCH, 03CH 06CH,0CCH ; TH_64 L.C. D
0580 CC CC 76 00 00 00 315 DB 0CCH, OCCH, 076H, 000H, 0O0H, 000H ; BT_64 L.C. D
0586 gg 00 00 00 00 7C g}g o8 000H, 000H, 000H, 000H, 000H, 07CH, OC6H, OFEH ; TH_65 L.C. E
FE
058E CO C6 7C 00 00 00 318 0B 0COH, OCEH, 07CH, 000H, 000H, 000H ; BT_65 L.C. E
0594 gg 28 38 6C 64 60 3;9 oB 00O0H, D00OH, 038H, D6CH, 064H, O60H, OFOH, 060H ; TH_66 L.C. F
0
059C 60 60 FO 00 00 00 21 bB 060H, 060H, OFOH, 000H, 000H, 000H ; BT_66 L.C. F
05A2 gg gg 00 00 00 76 g% oB 000H, 000H, 000H, 600K, 000H, G76H, OCCH,0GCH ; TH_67 L.C. G
05AA CC 7C 0C CC 78 00 24 DB OCCH, 07CH, 00CH, OCCH, 078H, 000H ; BT 67 L.C. G
0580 gg gg E0 60 60 6C 22 DB 000H, 000H, OEOH, D60H, 060H, 06CH, 076H, 066H ; TH_68 L.C. H
32
0588 66 66 £E6 00 00 00 327 0B 066H,066H, 0EEH, 000H, 000H, 000H ; BT 68 L.C. H
05BE 00 00 18 18 00 38 328 DB 000H, 000H, 018H, 018H,000H, 038H,018H,018H ; TH_69 L.C.
18 18 329
05C6 18 18 3C 00 00 00 330 D8 018H,018H,03CH, 000H, 000H, 000H ; BT_69 L.C.
05¢C 82 82 06 06 00 OE 331 ] 000H, 000H, 006H, 006H, 000H, 00EH, 006H, 006H ; TH_6A L.C. J
32
05D4 06 06 66 66 3C 00 33 DB 006H, 006H, 066H, 066H, 03CH, 000H ; BT 6A L.C. J
05DA gg gg E0 60 60 66 ;g D] 000H, 000H, OEOH, 060H, 060H, 066H, 06CH,078H ; TH_68B L.C. K
05E2 6C 66 E6 00 00 00 36 D8 06CH, 066H, OE6H, 000H, 000H, 000H BT_6B L.C. K
05E8 ?g ?g 38 18 18 18 gg [:] 000H, 000H, 038H,018H,018H,018H,018H,018H ; TH_6C L.C. L
05fF0 18 18 3C 00 00 00 339 D8 018H,018H,03CH, 000H, 000H, 000H BT_6C L.C. L
05F6 22 Og 00 00 00 EC g:? DB 000H, 000H, 000H, 000H, 000H, OECH, OFEH,OD6H ; TH_6D L.C. M
D
O05FfE D6 D6 C6 00 00 00 342 DB OD6H, ODEH, OC6H, 000H, 000H, 000H ; BT 6D L.C. M
0604 gg 22 00 00 00 DC 333 DB 000H, 000H, 000H, 000H, 000H, ODCH, 066H,066H ; TH_6E L.C. N
3
060C 66 66 66 00 00 00 345 oB 066H,066H, 066H, 000H, 000H, 0Q0H ; BT_6E L.C. N
0612 gg gg 00 00 00 7C 3:6 0B 000H, 000H, 000H, 000H, 000H, 07CH, OC6H, OC6H ; TH_6F L.C. ©
3u7
061A C6 C6 7C 00 00 00 338 DB 0C6H, 0C6H,07CH, 000H, 000H, 000H ; BT_6F L.C. O
349
0620 gg go 00 00 00 DC 350 o8 000H, 000H, 000H, 000H, 000H, ODCH, 066H,066H ; TH_70 L.C. P
6 351
0628 66 7C 60 60 FO 00 352 DB 066H,07CH, 060H, 060H, 0FOH, 000H ; BT_70 L.C. P
062E gg 00 00 00 00 76 ggg DB 000H, 000H, 000H, 0OOH, 000H, 076H,0CCH, OCCH ; TH_71 L.C. Q
cC
0636 CC 7C 0C 0C 1E 00 355 DB OCCH, 07CH, 00CH, 00CH, 01EH, COOH ; BT_71 L.C. Q
063C 02 22 00 00 00 DC ;2? DB 000H, 000H, 000H, 000H, BO0H, ODCH, 076H, 066H ; TH_72 L.C. R
7
0644 60 60 FO 00 00 00 358 o8 060H, 060H, OFOH, 000K, 000H, 000 ; BT_72 L.C. R
064A 02 00 00 00 00 7C 329 DB 000H, 000H, 000H, 000H, 000H, 07CN OC6H,07CH ; TH_73 L.C. S
c6 70 360 ~
0652 1C C6 7C 00 00 00 361 DB 01CH, 0C6H, 07CH, 000K, 000H, 000H ; BT_73 L.C. S
0658 gn 00 10 30 30 FC ggg DB 00O0H, 000H, 010H, 030H, 030H, OFCH,030H,030H ; TH_74 L.C. T
0 30
0660 30 36 1C 00 00 00 364 oB 030H,036H,01CH, 000K, OO0H, D00H 3 BT_74 L.C. T
0666 00 00 00 00 00 CC 322 0B 000H, 000H, 000H, 000H, 0OOH, OCCH, OCCH, 0CCH ; TH_75 L.C. U
Cc cC 3
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066E CC CC 76 00 00 00 367 o8 0CCH, OCCH, 076H, 000H, 000H, 000H ; BT_75 L.C. U
0674 00 00 00 00 00 66 368 08 000H, 000H, 000H, D0OH, 000H, 066H, 066H, 066H ; TH_76 L.C. V
66 369
067C 66 3C 18 00 00 00 370 o8 066H, 03CH, 018H, 000H, 000H, 000H ; BT_76 L.C. V
0682 00 00 00 00 00 cé i DB 000H, 000H, 000H, 000H, 000H, 0C6H, OC6H, 0D6H ; TH 77 L.C. W
C6 D 3
068A D6 FE 6C 00 00 00 373 D8 OD6H, OFEH, G6CH, 000H, 000H, 000H ; BI_77 L.C. W
0690 00 00 00 00 00 c6 374 b8 000H, 000H, 000H, 00CH, 000H, 0C6H, 06CH, 038H ; TH 78 L.C. X
C 38 375
0698 38 6C C6 00 00 00 376 08 038H, 06CH, OC6H, D0OH, 000H, 000H ; BT_78 L.C. X
069E 00 00 00 00 00 C6 377 D8 000H, 000H, 000H, 000H, 000H, 0C6H, 0C6H, 0CEH ; TH_79 L.C. ¥
378
06A6 C6 7E 06 0C F8 00 379 D8 0C6H,07EH, 006H, OOCH, OF8H, 000H ; BT_79 L.C. ¥
06AC 00 00 00 06 00 FE 380 DB 000H, 000H, 000H, 000H, 000H, OFEH, 0CCH, 018H ; TH_7A L.C, Z
cc 18 381
06B4 30 66 FE 00 00 00 382 08 030H, 066H, 0FEH, 000H, 000H, 000 ; BT_7A L.C. Z
06BA 00 00 OF 18 18 18 i3 0B 000H, 000H 00EH, 018H, 018H, o1an O70H,018H ; TH_78 L BRAK
38
06C2 18 18 DE DO 00 00 385 DB 018H, 018H, 00EH, DOOH, 000H, 000H ; BT_78 L BRAK
06C8 00 00 18 18 18 18 386 08 000H, 000H, 018H, 018H, 018H, 018H, 000H, 018H ; TH_7C
00 18 3
06D0 18 18 18 00 00 00 388 o8 018H, 018H, 018H, 000H, 000H, 000H ; BT_7C
06D6 00 00 70 18 18 18 389 08 000H, 000H, 070H, 018H, 018H, 018H, 00EH, 018H ; TH_7D R BRAK
0E 18 390
06DE 18 18 70 00 00 00 391 o8 018H,018H, 070H, 000H, 00DH, DOOH ; BT_7D R BRAK
06E4 00 00 76 DC 00 00 392 0B 000H, 000H,, 076H, ODCH, 000H, 00OH, 000H, 000H ; TH_7E TILDE
00 00 393
06EC 00 00 00 00 00 00 30k 08 000H, 000H, 000H, 00OH, 000H, 00OH ; BT_7E TILDE
0672 90 00 00 00 10 38 95 08 000H, 000H, 000H, 000H, 010H, 038H, 06CH, 0C6H ; TH_TF DELTA
39
06FA C6 FE 00 00 00 00 397 08 0C6H, OFEH, 000H, 000H, 000H, D00H ; BT_TF DELTA
398
0700 0 00 3C 66 CZ €O 399 DB 000H, 000H, 03CH, 066H, 0C2H, 0COH, OCOH, 0C2H ; TH_80
c 400
0708 66 3C 0C 06 7C 00 401 DB 066H, 03CH, 00CH, 006H, 07CH, 000H ; BT_80
070€ 00 00 CC CC 00 ¢ 502 0B 000H, 0OOH, 0CCH, 0CCH, 000H, OCCH, 0CCH, OCCH ; TH_81
C CC 403
0716 CC CC 76 00 00 00 404 0B OCCH, 0CCH, 076H, 000H, 000K, 000H ; B8
071C 00 OC 18 30 00 7C 403 08 000H, GOCH, 018H, 030H, 000H, 07CH, 0C6H, OFEH ; TH 82
C6 FE 40
0724 €O C6 7C 00 00 00 407 0B 0COH, 0C6H, 07CH, 00OH, 000H, 000H ; BT_82
072A 00 10 38 6C 00 78 uos 08 000H, 010H, 038H, 06CH, O0OOH, 078H, 00CH, OTCH ; TH_83
oc 7¢ 09
0732 CC CC 76 G0 00 00 410 08 OCCH, 0CCH, 076K, 000H, 000H, 000H ; BT_83
0738 00 00 CC CC 00 78 411 0B 000H, 000H, OCCH, OCCH, 000H, 078H, 00CH, 0TCH ; TH_8k
oc 7C 412
0740 CC CC 76 00 00 00 413 08 0CCH, 0CCH, 076H, 000H, 000H, 000H ; BT_8Y4
0746 00 60 30 18 00 78 41k 0B 000H, 060H, 030H, O18H, 000H, 078H, 00CH, 0TCH ; TH_85
oc 7C 415
074E  CC CC 76 00 00 00 416 o8 OCCH, 0CCH, 076H, 000H, 000K, 000H ; BT_85
0754 00 38 6C 38 00 78 a1 0B OO0CH, 038H, 06CH, 038H, 000H, 078H, 00CH, 0TCH ; TH_86
oc 7C 1
075C CC CC 76 00 00 00 419 0B 0CCH, OCCH, 076H, 000H, 000H, 000H ; BT_86
0762 gO 00 Q0 00 3C 66 320 DB 000H, 000H, 000H, 000H, 03CH, 066H, 060H, 066K ; TH_87
0 66 21
076A 3C 0C 06 3C 00 00 422 DB 03CH, 00CH, 006H, 03CH, 000K, 000H ; BY_87
0770 Ug 10 38 6C 00 7C x?g DB 000H,N10H, 038H, 06CH, 000H, 07CH, 0C6H, OFEH ; TH_88
C6 FE 2
0778 €O C6 7C 00 00 GO 425 DB OCOH, 0C6H,07CH, 000K, 000H, 000H ; BT_88
O77€ 90 00 CC CC 00 7C u26 08 000H, 000, OCCH, OCCH, 000H, 07CH, 0G6H, OFEH ; TH_89
Cé6 FE 27
0786 CO C6 7C 00 00 00 428 DB OCQH, OC6H, 07CH, 000H, 000H, 000H ; BT_89
078C 00 60 30 18 00 7C 429 0B 0O0OH, 060H, 030H, 018H, 000H, 07CH, OCEH, OFEH ; TH_BA
C6 FE 430
0794 €O C6 7C 00 00 00 431 DB 0COH, 0CEH, CTCH, 000H, O0OH, 000 ; BT_8A
079A 00 00 66 66 00 38 u3z2 0B O00n: O0aH: G86H: 0B6H: 000 038H, 018,018 | THIBS
18 18 33
07A2 18 18 3C 00 00 00 u3h 0B 018H,018H, 03CH, 000H, 000H, 000H ; BT_88
07A8 00 18 3C 66 00 38 439 DB 000H, 018H, 03CH, 066H, 000H, 038H,018H,018H ; THZ8C
3
0780 18 18 3C DO 00 00 437 o8 018H,018H, 03CH, 000H, 000H, 000H ; BT_8C
0786 00 60 30 18 00 38 use o8 000H, 060H, 030H, 018H, 000H, 038H, 018H,018H ; TH_8D
07BE 18 18 3C GO 00 00 440 o8B Q18H,018H, 03CH, 000H, 000H, 000H ; BT_8D
o7c4 00 C6 C6 10 38 6C ui1 o8 000H, 0CGH, 0C6H, 010H, 038H, 06CH, 0C6H, OC6H ; TH BE
07¢C  FE C6 €6 00 00 00 443 08 OFEH, 0CGH, 0C6H, 000H, 000H, 000H ; BT_8E
0702 38 6C 38 00 38 6C aul o8B 038H, 06CH, 038H, 000H, 038H, 06CH, 0C6H, 0C6H ; TH_BF
070A FE C6 C6 00 00 00 4us 0B OFEM, 0C6H, 0C6H, 000H, 000H, 000H ; BT_8F
47
O7E0 18 30 60 00 FE 66 uue o8 018H,030H, 060H, 000H, OFEH, 066H, 060H, 0TCH ; TH_90
0768 60 66 FE 00 00 00 450 o8 060H, 066H, OFEH, 000H, 00OH, 000H ; BT_90
OTEE 00 00 00 00 CC 76 e 08 000H, 000H, 000H, 0O0H, OCCH, 076H, 036H, 0TEH ; TH_91
07F6 D8 D8 6E 00 00 00 453 o8B 0D8H, OD8H, 06EH, 000H, 00OH, 000H ; BT_9
O7FC 00 0O 3E 6C CC CC ush 08 000H, 000H, 03EH, O6CH, OCCH, OCCH, OFEH, OCCH ; TH_92
0804 CC CC CE 00 00 00 456 08 QCCH, OCCH, OCEH, 000H, 000H, 000H ; BT_92
080A 00 10 35 6C 00 7C 41 DB 000H, 010H, 038H, 06CH, 00OH, OTCH, 0C6H, 0C6H ; TH_93
0812 C6 C6 7C 0O 00 00 459 DB 0C6H, OC6H, 07CH, 000H, 0OGH, 000H ; BT_93
0818 00 00 C6 C6 00 7C 460 0B 000H, 000H, OC6H, OCEH, 000H, O7CH, 0C6H, OC6H ; TH_9k
Ci 1
0820 €6 C6 7C 00 00 00 462 0B 0C6H, OC6H, 0TCH, 000H, 00OH, 000H ; BT 94
0826 00 60 30 18 00 7C u63 DB 000H, 060H, 030H, O18H, 000H, O7CH, 0C6H, 0C6H ; TH_95
C6 Ci
0826 C6 C6 7C 00 00 00 465 08 0C6H, OC6H, 0TCH, 000H, 0COH, 000H ; BT_95
0834 0 30 78 CC 00 CC 466 DB 000H, 030H, 078H, OCCH, 000H, OCCH, 0CCH, OCCH § TH_96
467
083C CC CC 76 00 00 00 468 0B OCCH, 0CCH, 076H, 000H, 000H, 000H ; BY_96
0842 00 60 30 18 00 CC ue9 0B 000H, 060H, 030H, 018H, 000H, OCCH, 0CCH, OCCH ; TH_97
084A CC CC 76 00 00 00 471 DB OCCH, 0CCH, 076H, 000H, 000H, 000H ; BT_97
0850 00 00 C6 C6 00 C6 ure D8 00CH, 000H, 0C6H,, OC6H, 00OH, OC6H, 0CEH, OCEH ; TH_98
0858 C6 7E 06 OC 78 00 474 2] 0C6H,07EH, 006H, OOCH, 078H, QO ; BT_98
OB5E 00 C6 C6 38 6C C6 u7s DB 000H, OCEH,, 0C6H, 038H, 06CH, 0c6H, 00sH, 0C6H | THT95
Ct
0866 C6 6C 38 00 00 00 477 o8 OC6H, 06CH, 038H, 00OH, 0O0H, GOOH ; BT_99
086C 00 C§ C5 00 Cs C6 478 0B 00CH , OC6H, 0CEH, 000H, 0CGH, OC6H, 0C6H, OCEH ; TH_9A
C6 Ci 479
0874 C6 C6 7C 00 00 0O 480 08 0C6H, 0C6H, 0TCH, 000H, 0O0H, 000H ; BT_9A
087A 00 18 18 3C 66 60 481 DB 000H, 018H, 018H, 03CH, 066H, 060H, 060H, 066H ; TH_98
482
0882 3C 18 18 00 00 00 483 0B 03CH, 018H, 018H, 000H, 000H, 000H ; BY_98
0888 00 38 6C 64 60 FO uh DB 000H, 038H, 06CH, 064H, 060H, OFOH, 060H, 060H ; TH_9C
48!
0890 60 E6 FC 00 00 00 486 0B 060H, 0EGH, OFCH, 0QOH, 000H, 000H ; BT_9C
0896 09 00 66 66 3C 18 ve? DB 000H, 000H, 066H, 066H, 03CH, 018H, 0TEH, 018H ; TH_90
089E 7E 18 18 00 00 00 u89 DB 07EH, 018H, 018H, 000H, 000H, 000H ; BY_90
08A4 00 FB CC CC FB C uso DB 000H, OFBH, OCCH, OCCH, OF8H, OCKH, 0CCH, ODEH ; TH9E
cc 1
08AC CC CC C6 00 00 00 492 o8 0CCH, OCCH, 0C6H, 000H, 000H, 000H ; BI_9E
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000H, 018H, 030H, 060H, 000H, 078H, 0OCH, 07CH
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GOOH, 00CH, 018H 030H, 000H, 038H,018H,018H

018H,018H,03CH, 000H, 000H, 000H
000H,018H,030H,060H, 000H, 07CH, 0G6H , OCEH

0C6H, 0C6H, 07CH, 0OOH, 000H, 000H
Q00H, 018H, 030H, 060H, 00OH, OCCH, OCCH, OCCH

QCCH, OCCH, 076H, 000H, 000H, 0OOH
000H, 000H, 076H, ODCH, 000H, ODCH, 066H, 066H

066H, 066H, 066H, 000H, 000H, 000H
076H,0DCH, DUDH 0C6H, OE6H, OF6H, OFEH, ODEH
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000H, 000H, 000H, 000H, 000H, 000H
036H,036H,036H,036H,036H,036H, 036H, OFEH

000K, 000H, 000H, 000H, 000H, 000K
018H,018H,018H,018H,018H, 0F8H, 018H, OF8H

000H, 000H, 000H, 000H, 000H, 000H
000H, 000K, 000H, 000H, GOOH, 000H, 000H, OF8H

018H,018H,018H,018H,018H,018H
018H,018H,018H,018H,018H,018H,018H,01FH

0Q00H, 000H, 000H, 000H, 000H, GOOH
018H,018H,018H,018H,018H,018H,018H, OFFH

000H, 0GOH, 00CH, 000H, 000H, 000H
000H, 000H, 00CH, 0OOH, 00OH, ODOH, 0DOH, OFFH

018H,018H,018H,018H,018H,018H
018H,018H,018H,018H,018H,018H,018H,01FH

018H,018H,018H,018H,018H,018H
000K, 000H, 000H , 00CH, 000H, 000H, 000H, OF FH

000H, 000H, 000H, 000H, 000H, 0O0H
018H,018H,018H,018H,0184,018H,018H, OFFH

018H,018H,018H,018H,018H, 018!
018H,018H,018H,018H,018H, 01FM 018H,07FH

018H,018H,018H,018H,018H, 018l
036H,036H,036H,036H,036H, 036N 036H,037H

036H,036H,036H,036H,036H,036H

IBM Enhanced Graphics Adapter

TH_9F
BY_9F
TH_AD
BT_AQ
TH_A1
BT_Al
TH A2

BT_A2
TH_A3

BT_A3
TH_AY

BT_A4
TH_AS

BT_AS
THZA6

BT_AG
TH AT

BT_A7
TH_A8

BT_A8
THIA9

; BT_A9
TH_AA

BT_AA
TH_AB

8T_AB
TH_AC

BY_AC
TH_AD

BT_AD
TH_AE

BT_AE
TH_AF

BT_AF
TH_BO

8T_80
THZB1

BT_B1
THIB2

BT_82
TH B3

8T_B3
TH_BY
BT _

TH, B5
BT_B5
TH_B6

BT_86
THIB7

; BT_B7

THB8

BT_B3
TH_BY

BT_B9
TH.BA

BT_BA
THZ8B

BT_BB
THZBC

8T_BC
TH_BD

BT_BD
TH_BE

8T_BE
THIBF

BT_BF
TH_CO

BT_CO
THZG1

BT_C1
TH_C2

BT_C2
THIC3

BT_C3
THCH

BT_CY
TH_C5

BT_C5
TH_C6

BT_C6
TH.CT

BT_C7



OAF0 36 36 36 36 36 37 619 0B 036H,036H,036H,036H,036H,037H,030H,03FH ; TH_C8

30 3F 620
OAF8 00 00 00 00 00 00 621 DB 000H, 00QH, 000H, 000H, 000H, 000H ; BT _G8
OAFE gO gg 00 00 00 3F 222 OB 000H, 000H, 000H, 000H, 000H, 03FH, 030K, 037H ; TH_C9
0 23
0B06 36 36 36 36 36 36 624 DB 036H,036H,036H,036H,036H, 0361 ; BT _C9
0BOC gg gg 36 36 36 F7 222 OB 036H, 036" 036H,036H,036H, 0F7H 000H, OFFH ; TH_CA
24
0B14 00 00 00 00 00 0O 627 0B 000H, 000H, 000H, 000H, GOOH, 000H ; BT_CA
0B1A 00 Og 00 00 00 FF 2§g oB 000H, 000H, 000H, 0G0H, 000H, OF FH, 000H, 0F7H ; TH_CB
00 F
0B22 36 36 36 36 36 36 630 DB 036H,036H,036H,036H,036H,036H ; BT _CB
0828 gg gg 36 36 36 37 gg; DB 036H,036H,036H,036H,036H,037H,030H,037H ; TH_CC
0830 36 36 36 36 36 36 633 DB 036H,036H,036H,036H,036H, 036H ; BT_CC
0836 gg 00 00 00 00 FF gsh DB 000H, 000H, 000H, 000H, 000H, OF FH, 000H, OFFH ; TH_CD
FF 35
OB3E 00 00 00 00 00 00 636 DB 000H, 000H, 000H, 000H, 000H, 000H ; BT_CD
0B4Y 36 36 36 36 36 F7 237 o8 036H, 036H,036H,036H,036H, OF7H, 000H, OF7TH ; TH_CE
00 F7 38
0B4C 36 36 36 36 36 36 639 DB 036H,036H, 036H, 036H, 036H, 036H ; BT_CE
0B52 18 1? 18 18 18 FF 23? [:] 018H,018H,018H,018H,018H, OFFH,000H, OFFH ; TH_CF
00 F
0B5A 00 00 00 00 00 CO 642 DB 000H, 000H, 000H, 000H, 000H, 000H ; BT_CF
643
0B60 gg 36 36 36 36 36 g:h OB 036H,036H,036H,036H,036H,036H,036H,0FFH ; TH_DO
FF 5
0B68 00 00 00 00 00 0O 646 o8B 000H, 000H, 000H, 000H, 00OH, 000H ; BT_DO
OB6E 00 Og 00 00 00 FF gﬁ; 0B 000H, 000H, 000H, 000H, O00H, 'OFFH, 000H, OFFH ; TH_D1
00 F
0B76 18 18 18 18 18 18 649 DB 018H,018H,018H,018H,018H,018H ; BT_DV
0B7C gg g? 00 00 00 CO 650 DB 000H, 000H, 000H, 000H, 000H, 000H, GOOH, OFFH ; TH_D2
651
0B84 36 36 36 36 36 36 652 0B 036H,036H,036H, 036H,036H, 036H ; BT_D2
0BBA 32 36 36 36 36 36 253 o8 036H, 036H, 036H,036H,036H,036H,036H,03FH ; TH_D3
36 3F 54
0B92 00 00 00 00 00 00 655 DB 000H, 000H, 000H, 000H, 000H, O00H ; BT D3
0B98 18 1? 18 18 18 1F ggg DB 018H,018H,018H,018H,018H,01FH,018H,01FH ; TH_D4
181
QBAO 00 00 00 00 00 00 658 DbB 000H, 000H, 000H, 000H, 000H, 000H ; BT_Du
0BA6 00 00 00 00 00 1F 223 08 000H, 000H, 000H, G00H, 000H, 01FH,018H,01FH ; TH_D5
18 1F
OBAE 18 18 18 18 18 18 661 DB 018H,018H,018H,018H,018H,018H 3 BT_DS
0BB4 00 00 0O 00 00 00 gg§ DB C0OH, 000H, 000H, 000H, 000H, O00H, 000H, 03FH ; TH_D6
00 3F
0BBC 36 36 36 36 36 36 664 2] 036H, 036H,036H,036H,036H, 036H ; BT_D6
0BC2 gg 36 36 36 36 36 ggg DB 036H, 036H,036H,036H,036H,036H,036H, 0FFH ; TH_D7
N FF
O0BCA 36 36 36 36 36 36 667 0B 036H,036H,036H,036H,036H, 036H ; BT_D7
0BDO 18 1? 18 18 18 FF 228 DB 018H,018H,018H,018H,018H,0FFH,018H,0FFH ; TH_D8
18 F 9
0BD8 18 18 18 18 18 18 670 DB 018H,018H,018H,018K,018H,018H ; BT_D&
OBDE 18 18 18 18 18 18 671 DB 018H,018H,018H,018H,018H,018H,018H,0F8H ; TH_D9
18 F8 672
0BE6 00 00 00 00 00 00 673 DB 000H, 000H, 0O0H, Q00H, 000H, 000! ; BT_D9
0BEC 00 Og 00 00 00 00 27“ DB 00O0H, 000H, 000H, 000H, DOOH, OOOH 00OH,01FH ; TH_DA
00 1 75
OBF4 18 18 18 18 18 18 676 DB 018H,018H,018H,018H,018H, 018K ; BT_DA
OBFA FF FF FF FF FF FF 277 b8 OF FH, OFFH,0FFH,0FFH,0FFH, OFFK, OFFH, OFFH ; TH_DB
FF FF 78
0C02 FF FF FF FF FF FF 679 DB OFFH, OFFH,OFFH,OFFH, OFFH, OFFH ; BT_DB
0Cco8 00 00 00 00 00 00 280 DB 0OO0H, 000K, 000H, 000H, 00OH, 000H, 000H, OFFH ; TH_DC
00 FF 81
0C10 FF FF FF FF FF FF 682 0B OFFH,O0FFH,OFFH,0FFH,OFFH, OFFH ; BT_DC
0C16 FO EO FO FO FO FO 283 0B OFOH, OFOH, OFOH, 0FOH, OFOH, OFOH, OFOH, OFOH ; TH_DD
FO FO 84
OC1E FO FO FO FO FO FO 685 0B OFOH, OFOH, 0FOH, OFOH, OFOH, OFOH ; BT_DD
0C24 OF OF OF OF OF OF 686 [:3 OOFH, OOFH, 00FH, 00FH, 00FH, 00FH, 00FH, 00FH ; TH_DE
OF OF 687
0C2C OF OF OF OF OF OF 688 DB 00FH, 00FH, 00FH, 00FH, 00FH, COF| ; BT_DE
0C32 FF FF FF FF FF FF 289 o8B OFFH, OFFH, OFFH,OFFH, OFFH, DFFH OFFH,000H ; TH_DF
FF 00 90
0C3A 00 00 00 00 00 00 29‘ 2] 000H, 000H, 00CH, 0C0H, 000H, 000H ; BT_DF
92
oc40 Og gg 00 00 00 76 293 o8 000H, 000H, 00CH, 000H, 000H, 076H, ODCH, 0D8H ; TH_EO
01 9!
Qcu8 D8 DC 76 00 00 00 695 o3 0D8H, 0DCH, 076H, 000H, 000H, 000H ; BT_EO
OC4E 00 Og 00 00 7C C6 g9g 2] 00O0H, 000H, 000H, 000H, 07CH, OC6H, OFCH, OC6H ; TH_E1
FC C 9
0C56 C6 FC CO CO 40 00 698 o8 0C6H, OFCH, 0COH, 0COH, O40H, 000H ; BT_E1
0cs5C gg gg FE C6 C6 CO ggg 2] 00O0H, 000H, OFEH, OC6H, OC6H, 0COH, OCOH, OCOH ; TH_E2
QC64 CO CO CO 00 00 OO 701 DB 0COH, OCOH, 0COH, 000H, 00QH, 000H ; BT_E2
0C6A 20 gD 00 00 FE 6C 702 DB 000H, 000H, 000H, 000H, OFEH, 06CH, 06CH, 06CH ; TH_E3
C 6C 703
0Cc72 6C 6C 6C 00 00 00 704 DB 06CH, 06CH, 06CH, 000H, 000H, COOH ; BT_E3
0C78 00 00 FE C6 60 30 ;82 DB 00OH, 000H, OFEH, 0C6H, 060H, 030H, 018H,030H ; TH_E4
18 30
0Cc80 60 C6 FE 00 00 00 707 DB 060H, 0C6H, OFEH, 000H, 000H, 000H ; BT_EW
0c86 00 00 00 00 00 7& ;03 DB 000H, 000H, 000H, 000H, 000H, OTEH, OD8H, OD8H ; TH_ES
D8 D8 0
OC8E 08 D8 70 00 00 00 710 DB 0D8H, 0D8H, 070H, 000H, 000H, 000! ; BT_ES5
0c9Y gg gg 00 00 66 66 m DB 000H, 000H, 000H, 000H, 066H, 066H 066H,066H ; TH_E6
ne
0C9C 7C 60 60 CO 00 00 713 23 07CH, 060H, 060H, QCOH, 000H, GO0 ; BT_E6
0CA2 00 00 00 00 76 DC 74 DB 000H, 000H, 000H, 000H, 076H, ODCH 018H,018H ; TH_ET7
18 18 715
0CAA 18 18 18 00 00 00 716 DB 018H, 018H,018H, D00H, 000H, 000! ; BT_E7
ocso gg gg 7E 18 3C 66 ;:g DB 000H, 000H, 07EH, 018H, 03CH, 066" 066H,066H ; TH_EB
ocB8 3C 18 7E 00 00 00 79 DB 03CH, 018H,07EH, 000H, 000H, 000H ; BT_E8
0CBE 00 02 38 6C C6 C6 720 DB 000H, 000H, 038H, D6CH, OC6H, OC6H, OFEH, OCEH ; TH_E9
FE C 721
0CC6 C6 6C 38 00 00 00 722 o8 OC6H, 06CH, 038H, 000H, 000H, D0CH ; BT_E9
ocee gO 00 38 6C C6 C6 725 o8 000K, 000H, 038H, 06CH, OC6H, OC6H, OC6H, 06CH ; TH_EA
6 6C 72
ocD4  6C 6C EE 00 00 QO 725 DB 06CH, 06CH, OEEH, 000H, 000H, 000H ; BT_EA
0cDA gg gg 1E 30 18 OC 726 DB 000K, 000H, 01EH, 030H, 018H, 00CH, 03EH, 066H ; TH_EB
727
0CE2 66 66 3C 00 00 OO 728 o8B 066H,066H, 03CH, 000H, 000H, 000H ; BT_EB
OCE8 00 gO 00 00 00 7E 729 o8 000H, 00CH, 000H, 000H, 000H, 07EH, ODBH, ODBH ; TH_EC
0B DB 730
OCFO 7€ 00 00 00 00 0O 73 DB 07EH, 000H, 000H, 00QH, 000H, 000! ; BT_EC
OCF& 00 00 03 06 7€ DB 732 DB 000H, 000H, 003H, 006H, OTEH, OUBH ODBH,0F3H ; TH_ED
DB F3 733
OCFE 7E 60 CO 00 GO 0O 734 o8 07EH, 060H, 0COH, 000H, 000H, 000H ; BT_ED
opou 00 20 1C 30 60 60 732 DB 00OH, 000H, 01CH, 030H, 060H, 060H, O7CH, 060H ; TH_EE
7C 60 73
0DOC 60 30 1C 00 00 00 737 D8 060H, 030H, 01CH, 000H, 000H, 000H ; BT_EE
op12 02 gg 00 7C C6 C6 738 o8 00O0H, 000H, 000H, 07CH, 0C6H, 0OC6H, OC6H, OCEH ; TH_EF
C 739
OD1A €6 C6 C6 00 00 OO ;3? ol:] 0C6H, OC6H, 0C6H, 000H, 000H, 0OOH ; BT_EF
0D20 00 00 00 FE 00 OO 7ﬁ2 DB 000H, 000H, 000H, OFEH, 000H, 000H, OFEH, 000H ; TH_FO
FE 00 743
0D28 00 FE 00 00 00 0O T4y D8 00O0H, OFEH, 000H, 000H, 000H, 000H ; BT_FO
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0D2E 00 00 00 18 18 7¢ 745 b8 000K, 00OH, 000H, 018H, 018H,07EH,018H,018H ; TH_F1

18 18 746
0D36 00 00 FF 00 00 00 47 b8 000H, 000H, OF FH, 00QH, 000H, 000H 5 BT_F1
6D3C gg 00 30 18 0OC 06 ;:8 0B 000H, 000H, 030H, 018H, 00CH, 006H, 00CH, 018H ; TH_f2
18 9
OD44 30 00 7E 00 00 00 750 o8B 030H, 000H, 07EH, 000H, 000H, 000H ; BY_F2
0DUA gg ?g 0oC 18 30 60 ;g; 0B 000H, 000H, 00CH, 0 18H, 030H, 060H, 030H,018H ; TH_F3
0D52 0C 00 7E 00 00 00 753 DB Q0CH, 000H, O7TEH, 000H, 000H, 000H 3 BT_F3
0D58 (‘)g 00 OE 1B 1B 18 _7,2'56 DB 000H, 000H, 0OEH, 01BH,01BH,018H,018H,018H ; TH_Fu4
18
0D60 18 18 18 18 18 18 756 08 018H,018H,018H,018H,018H,018 ; BT_FY4
0D66 :g :g 18 18 18 18 ;g; o8 018H,018H,018H,018H,018H, OHSN 018H,C18H ; TH_FS
OD6E D8 D8 70 00 00 00 759 DB 0OD8H, 0D8H, 070H, 000H, 000H, 000H 3 BT_F5
D74 9,2 88 00 18 18 00 '_1’20 DB 000H, 000H, 000H, 018H, 018H, 000H, 07EH, 000H ; TH_F6
1
0D7C 18 18 00 00 00 00 762 08 018H, 018H, 000H, 000H, 000H, 000H 3 BT_f6
0D82 00 00 00 00 76 DC ;ga o8 000H, 000H, O0OH, 000H, 076H, 0DCH, O00H, 076H ; TH_F7
00 76
GDBA DC 00 00 00 00 00 765 DB 0ODCH, 000H, 000H, 000H, 00QH, 0OOH BT_F7
0D%0 38 38 6C 6C 38 00 ;2{75 DB 000H, 038H, 06CH, 06CH, 038H, 000H, OGOH, 000H ; TH_F8
00
0098 00 00 00 00 00 0O 768 D8 000H, 0Q0H, 000H, 000H, OOOH, 000H BT_F8
0D9E Og 00 00 00 00 00 769 o8 000H, 000H, 000H, 00OH, 000H, 000H, 018H, 018H TH_F9
18 18 770
QDA6 00 00 00 00 00 00 m DB 000H, 000H, 00QH, Q0OH, 000H, 0Q0H ; BT_F9
0DAC 80 00 00 00 00 00 ;;? DB 000H, 000H, 000H, 000H, 000H, 000H, 0GOH, 018H ; TH_FA
0 18
0DB4 00 00 00 00 00 00 774 b8 000H, 000H, G00H, 000H, DOQH, 000H ; BT_FA
ODBA 00 Of 0C OC OC OC 772 0B 000H, 00FH, 00CH, 00CH, 0OCH,00CH,00CH, 0ECH ; TH_FB
0C EC 77
QDC2 6C 3C 1C 00 00 00 777 0B 06CH,03CH, 01CH, 000H, 000H, 000H BT_F8
oocs gg gg 6C 6C 6C 6C 778 0B 000H, 0D8H, 06CH, 06CH, 06CH, 06CH, 06CH, 000H TH_FC
779
0DDO 00 00 00 00 00 00 780 DB Q00H, 0Q0H, 000H, 000H, 000H, 000H ; BT_FC
0DD6 ?0 70 D8 30 60 C8 :I,g; 0B 000H, 070H, 0D8H, 030H, 060H, 0C8H, 0FBH,000H ; TH_FD
8 00
ODDE 00 00 00 00 00 00 783 o8 000H, 000H, 000H, 000H, 000H, 000H ; BY_FD
ODEY gg gg 00 00 7C 7C ;8’4 DB 000H, 000H, 000H, 000H, 07CH,07CH,07CH,07CH ; TH_FE
85
ODEC 7C 7C 00 00 00 00 786 DB O7CH, 07CH, 000H, 000H, 000H, 00OH ; BT_FE
0DF2 gg gg 00 00 00 00 ]187 DB 000H, 000H, 000H, 000H, 000H, 00GH, 000H, 000H ; TH_FF
88
ODFA 00 00 00 00 00 00 789 0B 000H, 000H, 00CH, GOOH, 0GOR, 000H ; BT_FF
0E00 790 CODE ENDS
kel END
1 PAGE, 120
2 SUBTTL MONOCKROME CHARACTER GENERATOR = ALPHA SUPPLEMENT
0000 3 CODE SEGMENT PUBLIC
4 PUBLIC CGMN_FDG
0000 5 CGMN_FDG LABEL BYTE
6
7 ; STRUCTURE OF THIS FILE
8 ; DB XXH WHERE XX 1S THE HEX CODE FOR THE FOLLOWING CHAR
9 ; o8 [BYTES O - 13 OF THAT CHARACTER]
10 : L.
n H DB 00H INDICATES NO MORE REPLACEMENTS TO BE DONE
12
13
0000 10 i 08 010H ;
0007 00 22 00 00 24 66 \g 0B 000H, 000H, 000H, 000K, 024H, 066H, 0FFH,066H ; TH_1D
FF 1
0009 24 00 00 00 00 00 17 DB 02414, 000H, 000H, 000H, 000H, 000H 5 BT_1D
000F 22 18 DB 022H H
0010 88 63 63 63 22 00 19 DB 0O00H, 063H, 063H, 063H, 022H, 000H, 000H, 000H ; TH_22 "
00 20
0018 00 00 00 00 00 00 21 0B 000H, 000H, 000H, 000K, 000H,, 000H ; BT_22 "
001E 2B 22 o8 02| H
001F 00 00 00 18 18 18 23 DB ©000H, 000H, 000H, 018H, 018K,018H,0FFH,018H ; TH_2B +
FF 18 2y
0027 18 18 00 00 00 00 25 08 018H, 018H, 000H, 000H, 000H , 00OH ; BT 2B +
0020 2D 26 0B 02DH B
002E 00 00 00 00 00 00 g; DB 000H, 000H, 000H, 000H, 000H, 000H, OFFH,000H ; TH_20 =~
FF 00
0036 00 00 00 00 00 00 29 08 000H, 000H, 000H, 000H, 000H, 000H ; BT_2D -
003C 4D 30 DB O4DH
003D 00 00 C3 E7 FF DB g; DB 0O00H, 000H, OC3H, 0E7H, OFFH,00BH, 0C3H,0C3H ; TH_4D M
C3 C3
0045 €3 €3 €3 00 00 00 33 b8 0C3H,0C3H,0C3H, 000H, 000H, COOH ; BT_UD M
0048 54 34 DB 054H H
004C 00 00 FF DB 99 18 gg DB 000H, 000H, OFFH, 0DBH, 099H,018H,018H,018H ; TH 54 T
18 18
0054 18 18 3C 00 00 00 37 o8 018H,018H,03CH, 000H, 000H, 000H ; BY_SK T
005A 56 38 D8 056H H
0058 00 00 C3 C3 C3 C3 gg DB 000H, 000H, 0OC3H, 0C3H, 0C3H,0C3H,0C3H,0C3H ; TH_56 V
C3 C3
0063 66 3C 18 00 00 00 41 DB 066H,03CH, 018K, 000H, 000H,, 000H ; BT_56 V
0069 57 42 D8 057H
006A 00 00 C3 C3 C3 C3 :g o8 000H, 000H, 0C3H,0C3H, 0C3H, 0C3H,0DBH,00BH ; TH_57 W
DB DB
0072 FF 66 66 00 00 00 us o8 OFFH,066H,066H, 000H, 000H, 000H ; BT _57 W
0078 58 46 DB 058H ;
0079 00 00 C3 C3 66 3C z; DB 000H, 000H, OC3H, 0C3H, 066H,03CH,018H,03CH ; TH_58 X
18 3C
0081 66 C3 €3 00 00 00 49 DB 066H, 0C3H, 0C3H, 000H, 000H, 0OOH ; BT_58 X
0087 59 50 0B 059H H
0088 gg 00 C3 C3 C3 66 51 0B 000H, 000H,0C3H,0C3H,0C3H,066H,03CH,018H ; TH_59 Y
18 52
0090 18 18 3C 00 00 00 53 DB 018H,018H,03CH, 000H, 000H, 000H ; BT_59 ¥
0096 5A 5S4 oB 05AH H
0097 Og 00 FF C3 86 0C 52 DB 000H, 000H, OFFH, 0C3H, 086H, 00CH,018H,030H ; TH_5A Z
18 30 5
009F 61 C3 FF 00 00 00 57 0B 061H,0C3H, OFFH, 000H, 000H, 000H ; BT_5A Z
00A5 6D 58 DB 060H H
00A6 ?CFP 00 00 00 00 E6 29 DB 000H, 000H, 000H, 000H, 000H, OE6H, OFFH,00BH ; TH_6D L.C. M
0B 0
Q0AE DB DB DB 00 00 00 61 08 0DBH, 0DBH, 0DBH, 000K, 000H, 000H ; BT_6D L.C. M
00BL 76 62 08 H :
00B5 00 00 00 00 00 C3 23 DB 000H, 000H, 000H, 000H, 000K, OC3H,0C3H,0C3H ; TH_76 L.C. V
C3 C3
00BD 66 3C 18 00 00 00 65 [o1:3 066H,03CH, 018H, 000H, 000H, 000H ; BT_76 L.C. V
00C3 77 66 DB T7H 3
00C4 00 00 00 00 00 C3 gg DB 000H, 000H, 000H, 000H, 0O0H, OC3H,0C3H,00BH ; TH_77 L.C. W
c3 0B
00CC DB FF 66 00 00 00 69 DB ODBH, OFFH, 066H, 000H, 000H, 000H ; BT_77 L.C. W
0002 91 70 08 H
00D3 00 00 00 OC 6E 3B n D8 000H, 000H, 000H, 000H, O6EH, 03BH, 01BH,07EH ; TH_91
18 7E 72
0008 D8 DC 77 00 00 00 73 DB 0D8H, 0DCH, 077H, 000H, 000K, 000H ; BT_91
00E1 98 74 0B 09BH
00£2 00 18 18 7E C3 CO 75 oB 000H,018H,018H,07EH, OC3H, OCOH, 0COH,0C3H ; TH_9B
Co C3 76
00EA 7E 18 18 00 00 00 77 DB 07EH,018H,018H, 000H, 000H, 00OH ; BT_98
00F0 9D 78 DB 091 H
00F1 00 00 C3 66 3C 18 79 DB 000H, 000H, OC3H, 066H, 03CH, 018H,0FFH,018H ; TH_9D
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FF 18 80

Q0F9 FF 18 18 00 00 00 81 DB OFFH,018H,018H, 000H, 000H, Q0OH ; BT_SD
O00FF 9E 82 DB 09EH H
0100 00 FC 66 66 TC 62 83 DB 000H, OFCH, 066H, 066H, 07CH, 062H, 066H, 06FH ; TH_9€E
8:32 g% 22 F3 00 00 0O gg gg 8??:,066?‘,OTSN,OOUH,OODM,OOON : BT_9E
010F 00 00 18 18 18 FF 87 DB 000H, 000H,018H, 018H,018H, 0FFH,018K,018H ; TH_F1
8”; 1% (‘3(81 FF 00 00 00 EE gg 0;8:,000N.0FFH‘OOOM,OOON,DOOH : BT_F1
O11E 00 00 18 18 00 00 N DB 00CH, 000H, D18H, 018K, 000H, O0OH, OFFH, 000H ; TH_F6
0126 55 ?g 18 00 00 00 g§ o] 000H,018H,018H, 000H, 000H, 00CH ; BT_F6
012C 00 94 oB 000H ; NO MORE
012D 95 CODE ENDS

?6 ;:gE, 120

2 SUBTTL DOUBLE DOT CHARAGCTER GENERATOR
0000 3 CODE SEGMENT PUBLIC

4 PUBLIC CGDDOT, INT_1F_1
0000 5 CGDDOT  LABEL BYTE

6 5 DOUBLE DOT
0000 00 00 00 00 00 00 7 D8 000H, 000H, 000H, 000H, 000H, 000H, 000H, 000H ; D_00
0008 9!2 gll) A5 81 BD 99 g DB 07EH,081H,0A5H,081H,0BDH, 099H,081H,07EH ; D_O1
0010 g‘[ ZE DB FF C3 E7 :? 0B OTEH,OF FH,0DBH, OFFH, 0C3H, OETH, OFFH,07EH ; D_02
0018 ;é ZE FE FE 7C 38 :3 DB 06CH,0FEH, OFEH, OFEH, 07CH, 038H,010H,000H ; D_03
0020 jIg gg 7C FE 7C 38 :; DB 010H,038H,07CH, OFEH, 07CH, 038H, 010K, 000H ; D_O4
0028 ;g gg 38 FE FE 7C :‘6/ 23 038H,07CH,038H,0FEH, OFEH, OTCH, 038H,07CH ; D_05
0030 ;‘g ;Ig 38 7C FE 7C :g 2} 010K,010H,038H,07CH,0FEH, 07CH, 038H,07CH ; D_06
0038 ég 58 18 3C 3C 18 g? 08 000H, 000H, 018H,03CH, 03CH, 018H, 000H,000H ; D_07
0040 ID'lF) (F’g E7 C3 C3 &7 g§ D8 OFFH,0FFH,0ETH,0C3H, OC3H,0E7H,GFFH, OFFH ; D_08
oous EFJE ;(F) 66 42 L2 66 g; oB 000H,03CH, 066H, 042H, 042H,066H, 03CH,000H ; D_09
0050 E(F: gg 99 BD BD 99 ggl DB OFFH, 0C3H,099H, 0BDH, OBDH, 099H, OC3H,0FFH ; D_OA
0058 8% g; OF 7D CcC CC gg o8 00FH,007H,00FH, 070H, OCCH, 0CCH, OCCH,078H ; D_0B
0060 (3:5 Zg 66 66 3C 18 g? bl:] 03CH, 066H, 066H,066H,03CH, 018H,07EH,018H ; D_0OC
0068 ;E ;g 3F 30 30 70 gi b8 03FH,033H,03FH,030H,030H,070H, OFOH, 0EQH ; D_O0D
0070 ;g gg 7F 63 63 67 g; bB 07FH,063H,07FH,063H,063H,067H,0E6H, 0COH ; D_OE
0078 §§ Eg 3C E7 E7 3C %Z DB 099H,05AH,03CH,0ETH, 0E7H,03CH,05AH,099H ; D_OF
0080 80 EO F8 FE FB EO 53 [:3 080H, OEOH,0F8H, OFEH, OF8H, DEOH, 080H, 000H ; D_10
0088 gg gg 3E FE 3E OE :; DB 002H, 00EH, 03EH, OFEH, 03EH, O0EH, 002H,000H ; D_11
0090 ?g gg 7€ 18 18 TE 33 D8 018H,03CH,07EH,018H,018H,07EH,03CH,018H ; D_12
0098 2(6: ;g 66 66 66 00 ::Z o8 066H, 066H, 066H, 066H, 066H, 000H, 066H,000H ; D_13
00A0 ?? gg DB 7B 1B 1B ﬁ; DB 07FH,0DBH,0DBH,078H,01BH,01BH,01BH,000H ; D_14
00A8 :19? gg 38 6C 6C 38 gg b8 03EH, 063H,038H,06CH, 06CH, 038H,0CCH,078H ; D_15
0080 §§ é§ 00 00 7E 7E 5:2: DB 00QH, 000H, 000H, 000H, 07EH, OTEH, OTEH, 000H ; D_16
00B8 18 3C 7E 18 7E 3C 54 DB 018H,03CH,07EH,018H,07EH,03CH,018H,0FFH ; D_17
00co Eg gé 7E 18 18 18 g% DB 018H,03CH,07EH,018H,018H,018H,018H,000H ; D_18
00C8 18 18 18 18 7E 3C 58 0B 018H,018H,018H,018H,07EH, 03CH,018H,000H ; D_19
0000 Bg ?g 0oC FE 0C 18 28 0B 000H, 018H, 00CH, OFEH, 00CH, 018H, 000H, 000H ; D_1A
0008 88 gg 60 FE 60 30 2; 13 000H, 030H, 060H, OFEH, D60H, 030H, 000H, 000H ; D_18B
00EQ 88 (OJ(D) €O CO CO FE gi DB 000H, 000H, OCOH, 0COH, OCOH, OFEH, O00H,000H ; D_1C
00E8 gg gg 66 FF 66 24 gg DB 00O0H, 024H, 066H,0FFH, 066H, 024H, 000H, 000H ; D_1D
00F0 gg ?g 3C 7E FF FF g; DB 000H, 018K, 03CH, 07EH, OFFH, OFFH, 000H, 0004 ; D_1E
00F8 §§ EE FF 7€ 3C 18 z(? D08 000H, OFFH, 0FFH,07EH, 03CH,018H,000H,000H ; D_1F
0100 00 00 00 00 00 00 ;g DB 000H, 000H, 000H, 000H, 000H, 000H, 000H, 000H ; SP D_20
0108 gg gg 78 30 30 00 ;g DB 030H, 078H,078H, 030H,030H, 000H, 030K,000H4 ; ! D_21
0110 gg gg 6C 00 00 00 ;g ] 06CH, 06CH, 06CH, 000H, 00OH, 000H, DOOH,Q00H ; ™ D_22
0118 gg gg FE 6C FE 6C ?Ig DB 06CH, 06CH, OFEH, 06CH, OFEH, 06CH, 06CH, 000H ; # D_23
0120 gg 9]2 CO 78 0C F8 g? 0B 030H, 07CH, OCOH, 078H, 00CH, OF8H,030H,000K ; § D_24
0128 S(UJ gg CC 18 30 66 g§ 08 000H, 0C6H, 0CCH, 018H, 030H, 066H, 0C6H,000H ; PER CENT D_25
0130 gg gg 38 76 DC CC g; DB 038H, 06CH, 038H,076H,0DCH, 0CCH,076H,000H ; & D_26
0138 gg gg C0 00 00 00 g? DB 060H, 060H, 0COH, 000H , 000H, 000H, 000K, 000H ; ' D_27
0140 ?g gg 60 60 60 30 gg DB 018H, 030K, 060H, 060H, 060H, 030H,018H,000H ; ( D_28
0148 gg (3)8 18 18 18 30 g? DB 060H, 030H, 018H,018H,018H, 030H,060H,000H ; ) D_29
0150 gg gg 3C FF 3C 66 g§ DB 000H, 066H, 03CH, OF FH, 03CH, 066H, 000H,000H ; * D_2A
0158 gg gg 30 FC 30 30 gg 08B 000H, 030H, 030H, 0FCH, 030H, 030H, 000H, 000K ; + D_28B
0160 gg gg 00 00 00 30 gg DB 000H, 000H, 00OH, 000K, 000H, 030H,030H,060H ; , D_2C
0168 38 gg 00 FC 00 00 gg +:3 00OH, 000H, O00H, OFCH, 000H, 000H, 000H,000H ; - D_2D
0170 gg gg 00 00 00 30 :8? 0B 000H, 000H, 000K, 000H, 000H, 030K, 030H, 0008 ; . D_2E
0178 ég §§ 18 30 60 CO 5%; DB 006H, 00CH, 018H, 030H, 060H, 0COH, 080H, 000H ; / D_2F
0180 7C C6 CE DE F6 E6 :82 DB 07CH, 0C6H, OCEH, ODEH, OF6H, 0E6H,07CH,000H ; 0 D_30
0188 %:é zg 30 30 30 30 igg [:] 030H,070H,030H, 030H, 030H, 030H, 0FCH,000K ; 1 D_31
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0190 ;g gg 0C 38 60 CC :}? DB 078H, 0OCCH, 00CH, 038H, 060H, 0OCCH, 0FCH, 000K ; 2 D_32

0198 78 CC OC 38 OC CC 112 0B 078H, OCCH, OOCH, 038H, 00CH, OCCH, 078H,000H ; 3 D_33

01A0 ?g gg 6C CC FE OC :}3 DB 01CH,03CH, 06CH, OCCH, OFEH, 00CH,01EH,000H ; & D_34

01A8 :E gg F8 OC OoC cC ;}2 o8B OFCH, OCOH, OF8H, 00CH, 00CH, OCCH,078H, 000H ; 5 D_35

0180 %g §§ €O F8 CC CC iig ng 038H,060H, 0COH, OF8H, OCCH, 0CCH,078H,000H ; 6 D_36

0188 ;g gg 0C 18 30 30 :g? DB OFCH,0CCH, 00CH, 018H, 030H,030H,030H,000H ; 7 D_37

0D1CO 78 CC CC 78 CC CC 122 DB 078H,0CCH, 0CCH, 078H, 0OCCH, 0CCH,078H,000H ; 8 D_38

o1ce ;g gg CC 7C 0C 18 :ga DB 078H,0CCH, 0CCH, 07CH, 00CH,018H,070H,000H ; 9 D_39

0100 38 gg 30 00 00 30 :gg DB 000H, 030H, 030H, 000H, 000H, 030H, 030H,000H ; : D_3A

0108 38 gg 30 00 00 30 :gg b8 000H, 030H, 030H, 000H, 000H, 030H, 030H, 060H ; ; D_38

O1E0 ?g gg 60 CO 60 30 :ig B 018H,030H, 060H, OCOH, 060H, 030H,018H, 000K ; < D_3C

01£8 &g 8g FC 00 00 FC :3; DB 000H, 000H, OFCH, 000K, 000H, OFCH,000H,000H ; = D_3D

01F0 gg §§ 18 0C 18 30 S%é 0B 060H, 030H,018H, 00CH, 018H,030H,060H,000H ; > D_3E

01F8 Zg gg 0C 18 30 00 :gg DB 078H,0CCH, 00CH, 018H, 030H, 000H, 030H,000H ; ? D_3F

0200 7C C6 DE DE DE CO :;g DB 07CH, OC6H, ODEH, ODEH, ODEH, 0COH, 078H,000H ; @ D_u0

0208 ;g gg CcC CC fC CC :2? DB 030H,078H, 0CCH, 0CCH, OFCH, 0CCH, OCCH,000H ; A D_u

0210 gg 2g 66 7C 66 66 :z§ D8 OFCH, 066H, 066H, 0TCH, 066H, 066H,0FCH, 000H ; B D_42

0218 gg 22 €0 CO CO 66 :3; DB 03CH, 066H, DCOH, OCOH, OCOH, 066H,03CH, 000H ; C D_u3

0220 ?g 23 66 66 66 6C ::g [2:3 OF8H, 06CH, 066H, 066H, 066H, 06CH, 0F8H,000H ; D D_ul

0228 FE gg 68 78 68 62 ::g 0B OFEH, 062H,068H, 078H, 068H, 062H, 0FEH,000H ; E D_45

0230 EE 22 68 78 68 60 :g? o8 OFEH,062H, 068H, 078H, 068H, 060H, OFOH,000H ; F D_46

0238 gg gg €0 CO CE 66 :;g o8 03CH, 066H, 0COH, OCOH, OCEH, 066H, 03EH, 000H ; G D_47

0240 ég gg CC FC CC CC :gg DB OCCH, 0CCH, OCCH, OFCH, OCCH, OCCH,OCCH,000H ; H D_u8

0248 gg gg 30 30 30 30 :gg DB 078H,030H,030H,030H, 030H,030H,078H,000H ; | D_u9

0250 12 gg 0C 0C CC cC :gg DB 01EH, 00CH, 00CH, 00CH, OCCH, 0CCH, 078H,000H ; J D_UA

0258 ég gg 6C 78 6C 66 }g? 0B OE6H, 066H, 06CH, 0T8H, 06CH, 066H, 0E6H, 000H ; K D_uB

0260 Eg gg 60 60 62 66 }gi ) OFOH, 060H, 060H, 060H, 062K, 066H, OFEH, 0004 ; L D_4C

0268 ;g 22 FE FE D6 C6 :g; DB OC6H, 0FFH,DFFH, OFFH, ON6H, 0C6H, 0C6H,000H ; M D_UD

0270 gg 22 Fé6 DE CE C6 :gg D8 0C6H, OE6H, OF6K, ODEH, OCEH, 0CEH, 0C6H, 000H ; N D_UE

0278 EE %% C6 C6 C6 6C ig% DB 038H,06CH, 0C6H, 0CEH, 0C6H, 06CH, 038H, 000H ; O D_U4F

0280 FC 66 66 7C 60 60 :;; DB OFCH, 066H,066H, 07CH, 060H, 060K, 0FOH,000H ; P D_50

0288 ;g gg CcC cC DC 78 :;5 DB 078H,0CCH, 0CCH, OCCH, ODCH, 078H,01CH,000H ; Q D_51

0290 ;g gg 66 7C 6C 66 :;g DB OFCH, 066H, 066H, 07CH, 06CH, 066H, 0E6H, 000H ; R D_S52

0298 ;g gg EO 70 1C CC :;; DB 078H,0CCH, 0EOH, 070H, 01CH, 0CCH, 078H,000H ; S D_53

02A0 Zg gg 30 30 30 30 :gg DB OFCH, OB4H, 030H, 030H, 030H, 030H, 078H,000H ; T D_54

02A8 ég gg cC cC cC cC :g; DB 0CCH, OCCH, 0CCH, OCCH, OCCH, 0CCH, OFCH,000H ; U D_55

0280 Eg gg CC CcC CC 78 :ga DB OCCH, 0CCH, OCCH, OCCH, OCCH, 078H,030H, 000H ; V D_S6

0288 ég gg C6 D6 FE EE :gg DB 0OC6H, 0C6H, 0C6H, OD6H, OFEH, OEEH, OC6H, 000H ; W D_57

02c0 gg gg 6C 38 38 6C :gg DB 0C6H, 0C6H, 06CH, 038H, 038H, 06CH, OC6H,000H ; X D_58

02C8 gg gg CC 78 30 30 :gg D8 0OCCH, OCCH, OCCH, 078H, 030K, 030H, 078H,000H ; Y D_59

02D0 Zg gg 8C 18 32 66 :g; bB OFEH, 0C6H, 08CH, 018H, 032H, 066H, 0FEH, 000H ; Z D_5A

0208 ;g 28 60 60 60 60 :gz DB 078H,060H, 060H, 060H, 060H, 060H, 078H,000H ; [ D_58

02E0 Zg gg 30 18 OC 06 :gz [o:3 0COH, 060H, 030H, 018H, 00CH, 006H, 002H, 000H ; BACKSLASH D_5C
02£8 ?g ?g 18 18 18 18 :gg [:3 078H,018H,018H,018H, 018H,018H,078H,000H ; ] D_5D

02F0 ig gg 6C C6 00 00 éé; 0B 010H,038H, 06CH, OC6H, 000H, 000H, 000H, 000H ; CIRCUMFLEX O_5E
02F8 83 ge 00 00 00 00 §g§ DB 00O0H, 000H, 000H, 000H, 000H, 000H, 000H, OFFH ; _ D_5F

0300 30 30 18 00 OC 00 ggg DB 030H, 030H, 018H, 000H, 000H, 000H, 000H, 000K ; ' D_60

0308 gg §§ 78 0C 7C CC g%z 0B 000H, 000H, 078H, 00OCH, 07CH, OCCH, 076H,000H ; LOWER CASE A D_61
0310 EC 60 60 7C 66 66 209 DB OEOH, 060H, 060H, 0TCH, 066H, 066H, 0DCH, 000K ; L.C. B D_62
0318 gg gg 78 CC €O cC gl? 0B 000H, 000H, 078H, OCCH, OCOH, 0CCK, 078H,000H ; L.C. C D_63
0320 zg gg 0C 7€ cC cC g}? DB 01CH, 0OCH, 00CH, 07CH, OCCH, 0CCH, 076H,000H ; L.C. D D_64
0328 gg 88 78 CC FC CO g:; 0B 000H, 000H, 078H, OCCH, OFCH, 0COH, 078H,000H ; L.C. E D_65
0330 Zg 28 60 FO 60 60 g:? 0B 038H,06CH, 060H, OFOH, 060H, 060H, OFOH,000H ; L.C. F D_66
0338 58 88 76 CC CC 7C g:g 0B 000H, 000H, 076H, OCCH, OCCH, 07CH, 00CH, OF8H ; L.C. G D_67
0340 28 gg 6C 76 66 66 gg? 0B OEOH, 060H, 06CH, 076H, 066H, 066H, 0E6H, 000H ; L.C. H D_68
0348 gg 88 70 30 30 30 g§§ DB 030H, 000H, G70H, 030H, 030H, 030H, 078H,000H ; L.C. | D_69
0350 ;g gg 0C 0C 0C CC ggg DB 00CH, 000H, 00CH, 0OCH, 00CH, OCCH, 0CCH,078H ; L.C. J D_6A
0358 gg Zg 66 6C 78 6C ggg DB OEOH, 060H, 066H, 06CH, 078H, 06CH, OE6H, 000H ; L.C. K D_6B
0360 ;g gg 30 30 30 30 ggg D8 070H,030H,030H,G30H, 030H,030H, 078K, 000H ; t.C. L D_6C
0368 ;g gg CC FE FE D6 gg? DB 000H, 000H, OCCH, OFEH, OFEH, QD6H, 0C6H, 000H ; L.C. M D_6D
0370 gg gg F8 CC CC CC ggi DB 000H, 000H, 0F8H, OCCH, 0CCH, OCCH, 0CCH, 000H ; L.C. N D_6E
0378 gg gg 78 CC CC CC ggg DB 000H, 000H, 078H, OCCH, OCCH, OCCH, 0784,000H ; L.C. O D_6F
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0380 00 00 DC 66 66 7C gg; o8 000H, 00QH, ODCH, 066H, 066H, 0TCH, 060H, OFOH ; L.C. P D_70
0388 83 33 76 ¢C CC 7C %gg oB 0Q0H, 000H, 076H, 0CCH, OCCH, 07CH, 00CH, 01EH ; L.C. Q D_71
0390 (SE ég DC 76 66 60 EE% DB 000H, 000H, 0DCH, 076H, 066H, 060H, OFOH, 000H ; L.C. R D_72
0398 00 00 7C CO 78 OC 244 0B 000H, 000H, 07CH, 0COH, 078H, OOCH, OF8H,000H ; L.C. S D_73
03A0 E§ g§ 7C 30 30 34 g’ég 0B 010H, 030H,07CH, 030H,030H, 034H, 018H,000H ; L.C. T D_74
03A8 00 00 CC CC CC CC 2u8 0B 000H, GOOH, OCCH, 0CCH, OCCH, 0CCH, 076H, 000H ; L.C. U D_75
03B0 gg gg CC CC cC 78 ggg 0B 000H, 000H, OCCH, 0CCH, OCCH, 078H, 030H, 000H ; L.C. V D_76
03B8 gg gg C6 D6 FE FE gg% 0B 0OOH, 000H, OC6H, 0D6H, OFEH, OFEH, 06CH, 000H ; L.C. W D_77
03co 88 gg C6 6C 38 6C ggz 0B 000H, 000H, OC6H, 06CH, 038H, 06CH, OC6H, 000H ; L.C. X D_78
03cs gg gg €c ¢C cC 7C ggg 0B 000H, 000H, 0CCH, 0CCH, OCCH, 07CH, 00CH, OF8H ; L.C. Y D_79
0300 gg (F)g FC 98 30 64 gg; DB 000H, 000H, OFCH, 098H, 030H, 064H,0FCH,000H ; L.C. Z D_7A
0308 :g gg 30 €0 30 30 ggg DB 01CH, 030H, 030H, 0EOH, 030H,030H,01CH, 000H ; L BRAK D_78
03E0 :g ?g 18 00 18 18 gg; 0B 018H,018H,018H,0004,018H,018H,018H,000H ; | D_7C
03E8 Eg gg 30 1C 30 30 ggg DB OEOH, 030K, 030H, 01CH, 030H, 030H, OEOH, 000H ; R BRAK D_70
03F0 5‘6} gg 00 00 00 00 ggg 0B 076H, ODCH, 000H, 000H, 000H, 000H, 000H, 000H ; TILDE D_TE
03F8 gg ?g 38 6C C6 C6 gg; DB 000H, 010K, 038R, 06CH, 0C6H, OC6H, OFEH, 000H ; DELTA D_TF
FE 00 ggg
0400 271 INT_1F_1 LABEL BYTE
o400 78 CC CO CC 78 18 g;? DB 078H,0CCH, 0COH, OCCH, 078H,018H, 00CH,078H ; D_80
0408 gg gg 00 cC CC CC g?(g ] 00CH, OCCH, 000H, 0CCH, OCCH, OCCH, 07EH, 000H ; D_81
0410 ZKEI lolg 78 CC FC CO glg 0B 01CH, 000H, 078H, OCCH, OFCH, OCOH, 078H, 000H ; D_82
0418 ;g (Olg 3C 06 3E 66 g;g DB 07EH,0C3H,03CH, 006H, 03EH, 066H,03FH, 000H ; D_83
0420 fal(rl 8(0] 78 0C 7C cC gg? 0B OCCH, 000H, 078H, 00CH, 07CH, OCCH, O7EH, 000H ; D_84
o428 Zg gg 78 0C 7C CC gg§ =3 OEOH, 000H, 078H,00CH, 07CH, OCCH, O7TEH, 000H ; D_85
0430 ;g gg 78 0C 7C CC ggg DB 030H,030H,078H, 00CH, 07CH, OCCH, O7EH, 000H ; D_86
0438 glg gg 78 CO CO 78 gg? DB 0OOH, 000H, 078H, 0COH, 0COH, 078H, 00CH, 038H ; D_87
0440 g% ég 3C 66 7E 60 ggg 0B O7EH, 0C3H,03CH, 066H,07EH, 060H, 03CH, 0004 ; D_88
0448 ég gg 78 CC FC CO gg? DB OCCH, 000H, 078H, OCCH, 0FCH, QCOH, 078H, 0004 ; D_89
0450 Zg 83 78 CC FC CO %gg DB OEQH, 000H,078H, 0CCH, OFCH, 0COH, 078H, 000H ; D_8A
0458 Z}g gg 70 30 30 30 gg; DB QOCCH, 000H, 070H, 030H, 030H, 030H, 078H, 0004 ; D_8B
0460 ;g gg 38 18 18 18 ggél oB 07CH,0C6H,038H,018H,018H,018H,03CH, 0004 ; D_8C
0468 zg 88 70 30 30 30 ggg DB OEQH, 000H, 070H, 030H, 030H, 030H, 078H, 000H ;  D_8D
ou70 (7:2 gg 6C C6 FE C6 gg? DB 0C6H, 038H, 06CH, DC6H, OFEH, OC6H, OC6H, 000H ; D_8E
o478 gé g(g) 00 78 CC FC §§§ DB 030H, 030H, 000H, 078H, 0CCH, OFCH, OCCH, 000H ; D_8F
0u80 1C 00 FC 60 78 60 ggz DB 01CH, 000H, OFCH, 060H, 078H, 060H, OFCH, 000H ; D_90
ouss gg gg 7F 0C 7F CC gg; 0B 000H, 0OOH, 07FK, 00CH, 07FH, OCCH, 0TFH,000H ; D_91
0490 ;E gg CC FE CC CC g?g DB 03EH, 06CH, OCCH, OFEH, OCCH, OCCH, OCEH, 000H ; D_92
0498 ?g !(]Ig 00 78 CC CC ;:; o8B 078H, OCCH, 000H, 078H, OCCH, OCCH, 078H,000H4 ; D_93
LT gg gg 00 78 CC CC ;:i DB 000H, 0CCH, 000H, 078H, OCCH, OCCH, 078H, 000H ; D_94
ouAs gg gg 00 78 CC CC ;:2 o8B 000H, OEQH, 000H, 078H, 0CCH, OCCH, 078H,000H ; D_95
ouBo ;g gg 00 CC CC ¢cC g:; 08 078H, 0CCH, 000H, 0CCH, OCCH, OCCH, 07EH, 000H ; D_96
ouBs Zg gg 00 CC CC CC ‘;;g o8 000H, 0EOH, 000H, OCCH, OCCH, 0CCH, 07EH, 000H ; D_97
ouco (Z(EJ gg 00 cC cCc 7C :;g; P23 000H, 0CCH, 000OH, 0CCH, OCCH, 07CH, 0OCH, 0F8H ; D_98
oucs (03(3; :g 3C 66 66 3C ggz DB 0OC3H, 018K, 03CH, 066H, 066H,03CH, 0184, 000H ; D_99
0uDo (‘)(8} 88 CC cC ¢C cC %gz 0B 0CCH, 000H, OCCH, OCCH, OCCH, OCCH, 078K, 000H ; D_SA
0uD8 zg ?g 7E CO CO 7E ;gg 08 018H,018H,07EH, DCOH, 0COH, 07EH,018H,018H ; D_98
O4EQ ;g gg 64 FO 60 E6 %?g pl:3 038H,06CH, 064H,0FOH, 060H, OE6H, OFCH, 000H ; D_9C
OLES (Flg gg 78 FC 30 FC ggé 08 0CCH, 0CCH, 078H,0FCH, 030H,0FCH, 0304, 030H ; D_90D
Q4Fo gg gg CC FA C6 GF ﬁg °B OF8H, 0CCH, OGCH, OFAH, OC6H, OCFH, OC6H, OCTH ; D_9E
OuFg gg ?g 18 3C 18 18 ggz o8B O00EH,01BH,018H,03CH, 018H,018H,0D8H, 0TOH ; D_9F
D8 70 337
0500 1€ 00 78 OC 7C CC ;gg [:] 01CH, 000H, 078H, 00CH, 07CH, QCCH, OTEH, 000K ; D_AO
0508 ;g gg 70 30 30 30 g:? o8 038H,00CH, 070H,030H, 030H, 030H, 078H, 0008 ; D_A1
0510 (733 ?2 00 78 CC CC gﬁg 2] 000H, 01CH, 000H, 078H, 0CCH, OCCH, 078H,000H ; D_A2
0518 (718 ?g 00 CC CC CcC gﬂ; oB 000H, 01CH, 000H, OCCH, OCCH, OCCH, 07EH, 000H ; D_A3
0520 gg (F’g 00 f8 CC CC gll-:'sl o8B 000H, OF8H,000H, 0F8H, 0CCH, OCCH, OCCH, 000H ; D_A4
0528 (F:g 88 CC EC FC DC ;33 o8 OFCH, 000H, OCCH, 0ECH, OFCH, ODCH, OCCH, 000H ; D_AS5
0530 gg 2?} 6C 3E 00 7E gg? 0B 03CH, 06CH, 06CH, 03EH, 000H, 07EH, O00H, 000H ; D_A6
0538 (3)2 gg 6C 38 00 7C §g§ o8 038H,06CH,06CH, 038H, 000H, 07CH, 000H, 000H ;  D_A7
Qo540 (3)8 gg 30 60 CO CC ggg o8 030H,000H, 030H, 060H, 0COH, OCCH, 078H, 000H ; D_A8
0548 ;g gg 00 FC CO CO 33’61 o8 00O0H, 000H, 000H, OFCH, OCOH, OCOH, 000H, 000H ;  D_A%
0550 gg 8g 00 FC 0C 0C ggg 0B 000H, 000H, 000H, 0FCH, 00CH, 0OCH, 000K, 000H ; D_AA
0558 gg gg CC DE 33 66 gg? [>:] 0C3H,0C6H,0CCH, 0DEH, 033H, 066H, OCCH, 00FH ; D_AB
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0560 C3
0568 18
0570 00
0578 00

0580 22
0588 55
0590 DB
0598 18
05A0 18
05A8 18
0580 36
0588 00
05C0 00
05C8 36
0500 36
0508 00
05E0 36
05E8 36
05F0 18
05F8 00

0600 18
0608 18
0610 00
0618 18
0620 00
0628 18
0630 18
0638 36
0640 36
0648 00
0650 36
0658 00
0660 36
0668 00

0670 36
3

0678 18

0680
0688 00
0690 00
0698 36
06A0 18
06A8 00
0680 00
0688 36
06CO 18
06C8 18
0600 00
0608 FF
06E0 00
06E8 FO
06F0 OF
06F8 FF

0700 00
0708 00
0710 ©0
0718 00
0720 FC
0728 00
0730 00
0738 00
0740 FC

162

C6 cC DB
18 00 18
33 66 CC
CC 66 33

18 18 18
18 18 18
00 00 00
18 18 18

00 FF 00

00 FF 00

0

18 1F 18
00 1F 18
00 00 00

18 FF 18
18 18 18

76 DC 18
30 78 CC

37
18
66
66

22
55
[2:3
18
F8
F8
F6
FE
F8
Fé

Fé
FE

FF
FF
FF
3F
1F
1F
3F
FF
FF

1F
FF
Ff

OF
00

c8
cc
co
6C
60
08
66
18
cc

18

DB
DB
0B
DB

DB
D8
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
0B
DB
DB
DB

DB
2]
o]
DB
DB
DB
DB
0B

D8
DB
0B
(L3
DB
08
DB

DB
DB
08
o8
DB
DB
0B
DB
DB
0B
DB

0B
0B
DB

B
DB

o)
DB
o8B
0B
0B
0B

0C3H, 0C6H, 0CCH, ODBH, 037H, 06FH, 0CFH, 003H
018H,018H, 000H, 018H, 018H, 018H, 018H, 000H
000H,033H, 066H, 0CCH, 066H,033H, 000H, 000H
000H, 0CCH, 066H, 033H, 066H, 0CCH, 000H, 000H

022H, 088H, 022H, 088H, 022H, 088H,, 022H, 088H
055H, OAAH, 055H, 0AAH, 055H, 0AAH, 055H, OAAH
ODBH,077H, 0OBH, OEEH, ODBH, 077H, 0CBH, OEEH
018H,018H,018H,018H, 018H,018H, 018H,018H
0718H,018H,018H,018H,0F8H,018H,018H,018H
018H,018H, 0F8H, 018H, OF8H, 018H, 018H, 018H
036H,036H, 036K, 036H, OF6H, 036H, 0361, 036H
000H, 000H, 000H, 000H, OFEH, 036H, 036H, 036H
000H,000H, 0F8H, 018H, 0F8H,018H,018H,018H
036H, 036H, 0F6H, 006H, OF6H, 036H,, 036H, 036H
036H,036H,036H,036H, 036H, 036H, 036H, 036H
000K, 000H, OFEH, 006H, OF6H, 036H, 036H, 036H
036H,036H,0F6H, 006H, OFEH, 000K, 000H, 000H
036H,036H,036H, 036H, OFEH, 000H, 000H, 000H
018H,018H,0F8H,018H, 0F8H, 000H, 000H, 000H
000H, 000H, 000H, DOOH, OF8H, 018H,018H, 018H

018H,018H,018H,018H, 01FH, 000H, OOCH, 000H

018H,018H,018H,018H,0FFH, 000H, 000H, 000H ;

0COH, 000H, 000H, 000H, GFFH, 018H, 018H,018H
018H,018H,018H,018H,01FH,018H,018H,018H

0O0OH, 000H, 000H, 0GOH, OFFH, 000H, 000H, 000H

018H,018H,018H,018H,0FFH,018H,018H,018H

018H,018H,01FH,018H,01FH,018H,018H,018H ;

036H,036H,036H,036H,037H,036H,036H, 036H
036H,036H,037H,030H, 03FH, 000H, 000H, 000H

000H, 000H, 03FH, 030H, 037H, 036H, 036H, 036H ;

036H,036H, 0FTH, 000H, OF FH, 000H, D00H, 0G0H
000H, 000H, OFFH, 000H, OF7H, 036H, 036H, 036H
036H,036H,037H,030H,037H,036H, 036H, 036H

000H, 000H, OFFH, 000H, OFFH, 000H, 000H, 000H ;

036H,036H,0F7H, 000H,0F7H, 036H, 036K, 036H
018H,018H,0FFH, 000H, OFFH, 000H, 00OH, 000H

036H,036H,036H,036H,0FFH, 000H, 000H, 000H
000H, 000H, OFFH, 000H,0FFH,018H, 018H,018H
000H, 000H, 000H, 000H, OFFH, 036K, 036H, 036H

036H,036H,036H,036H,03FH, 000H, 000H, D00H ;

018H,018H,01FH,018H,01FH, D0OH, 000H, 000K
000H, 000H, 01FH, 018H, 01FH, 018H, 018H,018H
000H, 000H, GOOH, 000H, 03 FH, 036H, 036H, 036H
036H,036H,036H, 036H,0FFH, 036H, 036H, 036H
018H,018H,0FFH,018H,0FFH, 018H, 018H, 018H
018H,018H,018H, 018H, 0F8H, 000H, 00OH, 000H
000H, 000H, 000H, 000H, O TFH, 018H, 018H, 018H
OFFH, OFFH,0FFH, OFFH, OF FH, OFFH, OFFH, OF FH
000H, 000H,000H , 000H, OFFH, OF FR, OFFH, OF FH
OFOH, OFOH, OFOH, OFGH, OFOH, OFOH, OFOH, OFOH

00FH, 00FH,00FH, 00FH, 00FH, DOFH, 00FH, 00FH ;

OFFH, OFFH,0FFH, 0FFH, GOOH, 000H, O00H, 000H

000H, 000H, 076H, 0DCH, 0C8H, ODCH, 076H, 000H

O00H, 078H,0CCH, 0F8H, OCCH, OF8H, OCOH, OCOH ;

000H, OFCH, OCCH, 0COH, 0COH, OCOH, OCOH, 000H
000H, OFEH, 06CH, 06CH, 06CH, 06CH, 06CH, 000H
OFCH, 0CCH, 060H, 030H, 060H, OCCH, OFCH, 000H

00O0H, 000H, 07EH, OD8H, OD8H, OD8H, 070H, Q00H ;

000H, 066H, 066H, 066H, 066H, 07CH, 060H, OCOH
000H,076H, 0DCH, 018H,018H, 018H, 018H, 000H

OFCH,030H,078H,0CCH, 0CCH,078H, 030H,0FCH ;
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D_AC
D_AD
D_AE
D_AF

D_BO
D_81
D_B2
0_B3
D_BY4
D_BS
D_B6
D_B7
0_88
D_B9
0_BA
D_BB
D_BC
0_BD
D_BE
D_BF

D_co
D_c1

D_cz
p_c3
D_Cy
D_c5
D_C6
D_c7
D_c8
b_c9
0_CA
D_cB
p_cc
D_cD
D_GE
D_CF

0_po
0_D1
D_p2
0_D3
D_DY4
D_D5
0_D6
0_p7
D_D8
D_D9
D_DA
D_DB
D_DC
0_0D
D_DE
D_DF

0_E0
D_E1
D_E2
D_€£3
0_E4
D_E5
D_E6
D_E7
D_E8



0748 38 6C C6 FE C6 6C 489 0B 0384, 06CH, 0C6H, OFEH, 0C6H, 06CH, 038H,000H ;  D_E9
0750 38 60 C6 C6 66 60 P 0B 038H, 06CH, 0C6H, OC6H, 06CH, 06CH, OEEH, 000H ;  D_EA
0758 16 39 18 7G CG co P DB O1CH,D30H,018H,07CH, 0CCH,0CCH,078H,000H ; D_EB
0760 00 00 7E DB DB 7E P 08 GO00H, 000H, 07EH, 0DBH, ODBH, 07EH, 000H,000H ;  D_EC
0768 08 00 7€ DB DB 7€ uo7 o8 006H, 00CH, O7EH, 0DBH, ODBH, O7EH, 060H,0COH ;  D_ED
0770 38 €0 CO F8 CO 60 99 o8 038H, 060H, OCOH, OF8H, 0COH, 060H, 038H,000H ;  D_EE
0778 ;g gg CC CC CC cC gg? oB 078H, 0CCH, OCCH, OCCH, OCCH, OCCH, 0CCH,000H ; D_EF
cC 00 502
0780 00 FC 00 FC 00 FC 2o o8 000H, OFCH, 000H, OFCH, 000H, OFCH, 000H,000H ;  D_FO
0768 30 30 £C 30 30 00 208 08 030H, 030H, 0FCH, 030H, 030H, 000H, OFCH,000H ;  D_F1
0750 66 30 16 30 60 00 208 0B 060H, 030H, 018H, 030H, 060H, 000H, OFGH,000H ;  D_F2
0798 15 30 60 30 16 00 3% 08 018H, 030H, 060H, 030H, 018H, 000H, OFCH,000H ;  D_F3
o7A0 € 18 18 18 18 18 312 0B 00EH,01BH, 01BH,018H,018H,018H,018H,018H ; D_Fh
o07A8 18 18 16 18 15 06 20 DB 018H,018H,018H,018H,018H,0D8H, 0D8H,0T0H ; D_F5
0780 30 30 00 FC 00 30 B 08 030H, 030H, 000H, OFCH, 000H, 030H, 030H,000H ; D_F6
0788 30 76 0C 00 76 DG 4 08 000H, 076H, 0DCH, 000H, 076H, ODCH, 000H,000H ;  D_F7
07c0 38 66 6C 35 00 00 220 08 038H, 06CH, 06CH, 038H, 000H, 000H, 000H,000H ;  D_F8
0708 00 00 00 18 18 00 % 0B 00OH, 000N, 000K, 018H, 018H, 000H, 000K, 000H ;  D_F9
0700 60 00 00 00 18 00 254 0B 000H, 000H, 000H, 000H, 018H, 000H, 000H, 000H ;  D_FA
0708 GF 00 0C 0C £C 6¢ 352 08 00FH, 00CH, 00CH, 00CH, OECH, 06CH, 03CH,01CH ;  D_FB
07€E0 ;g ég 6C 6C 6C 00 Zg; 2] 078H,06CH, 06CH, 06CH, 06CH, 000H, 000H, 000K ; D_FC
0768 90 78 30 60 78 00 35 08 070H,018H, 030H, 060H, 078H, 000H, 000H,000H ;  D_FD
07F0 83 gg 3C 3C 3C 3C gg; o8 00O0H, 000H, 03CH, 03CH, 03CH, 03CH, 000H,000H ; D_FE
07F8 50 00 00 00 00 00 25 0B 00OH, 000H, 000H, 000H, 000H, 000H, 000H,000H ;  D_FF
0800 00 00 ggg CODE ENDS
¥ BRoe, 12

,120
2 SUBTTL END ADDRESS
0000 3 CODE SEGMENT PUBLIC
u PUBLIC END_ADDRESS
0000 5 END_ADDRESS LABEL BYTE
0000 6 CODE ENDS
7
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Description

Introduction

The Extended Monochrome Graphics Display Adapter attaches to the system I/O channel and
drives a 60 Hz noninterlaced monochrome monitor (1024 X 768 picture elements-pels). The
adapter has a graphic operation processor which provides bit manipulation facilities that
enhance the management and presentation of text, graphics, and image information.

Note: Programming and addressing considerations preclude the use of an Extended
Monochrome Graphics Display Adapter in PC-AT systems.

Advanced features include:

e A fast graphic operation processor which can do bit block transfers, line draw, image
copy/merge, and rotate

e  Graphic operation command queue with synchronization and branch control for animation

e  Hardware controlled cursor which provides instant cursor movement with no obstruction to
graphic operations

e An I/O interface which supports direct bit addressability in both horizontal and vertical
(orthogonal) access directions

e DMA as an alternate controller for image and character transfers from system memory.

Extended Monochrome Graphics Adapter 1



TNL SN20-9844 (March 1987) to 75X0235

Operation

The Extended Monochrome Graphics Display Adapter is characterized by the following key
functional elements.

BAMDA

The display buffer (bit map = 1024 X 1024) is a Bit Addressable Multidimensional Array
(BAMDA) which stores the picture elements (pels) for refreshing the monitor. The buffer is
arranged so that both horizontal and vertical accesses to the array are accomplished on a bit
addressable X , Y field. In addition, the bit length for write operations is variable (from 1 bit up
to 16 bits) in either the X or Y direction. Also logical operators can be specified on write
operations such as "’XOR’, ’AND’ and "OR’.

Graphic Operation Processor
A graphic operation processor is used to:

e Expedite transfers of arbitrary data block sizes from one location to another Bit wise Block
Transfer (Bit BLT) and in addition, perform Boolean operations on the data as it is being
moved

e Draw geometric objects in the display buffer

e Transfer image information stored in I/O channel memory.

Asynchronous Graphic Operation Queueing

A graphic operation queue mechanism is implemented in hardware and stored in the hidden
(nondisplayed) area of the bit map. Graphic operation commands are asynchronously linked to
one side of the queue list. The list acts as a first in - first out (FIFO) queue. The graphic
operation processor processes the commands one-by-one from the other side of the queue.
Interrupts, branching, and synchronization are additional control features of the command
queue.

Hardware Cursor

A 48 X 64 bit hardware cursor is combined simultaneously with the video output for each
displayed frame. There are 2 patterns which make up the cursor; the first is "ANDed’ with the
image whereas the second is ’XORed’ with the image. These two images, when combined with
the video, allow for a programmable cursor pattern to appear on the screen in the cursor
position.

An X,Y pair of on-board registers enables cursor positioning at an X,Y pel location through
program control.

2 Extended Monochrome Graphics Adapter
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Extended Monochrome Graphics Display Adapter Diagram

1/0 CHANNEL
CRT REFRESH

24 BIT ADR

_! m BAMDA [k
f ADDRESS

DISPLAY BIT MAP

VIDEO DATA

1024 X 768 PELS Video _
] (BAMDA) ~e4 Video Out |Syncs
16 BIT ————
DATA BUS
. 32K Bytes
_ HIDDEN AREA

eCursor  eRaster Parameters

Control _L/% LFG
B ————

¢ Pointers
eBLT Area
GRAPHIC
OPERATION ‘
T " hee ™"
Processor

Figure 1. Extended Monochrome Graphics Display Adapter Block Diagram

The Extended Monochrome Graphics Display Adapter consists of 7 major components:

1. The I/O channel interface logic which communicates with the I/O channel and allows the
system to control the display functions.

2. The BAMDA address logic which controls access to the bit map and converts system
addresses to bit map X and Y coordinates.

3. The BAMDA bit map memory which is divided into a display bit map and a hidden area
memory.

Extended Monochrome Graphics Adapter 3
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4., The LFG (Logic Function Generator) which performs data conversion functions on the data
stream to and from BAMDA.

5. The video data out logic which transfers the display bit map data image from BAMDA to
the video output connectors and provides video synchronization signals for the monitor.

The graphic operation processor which controls all of the adapter functions.

The instruction ROM (Read Only Memory) which contains the microcode instructions for
the graphic operation processor.

Command Queue

The command queue is a list of graphic operation commands executed by the graphic operation
processor. The command queue is loaded by the system processor, usually in a linked list. The
processor retrieves these commands and executes them asynchronously from the system.

In its simplest form, the linked list of commands forms a FIFO buffer, with the system loading
commands at one end and the graphic processor executing them at the other end.

Additional features of the command and queue formats allow for branching and interrupting,
thus considerably increasing control flexibility over the simple FIFO approach.

Direct Memory Access (DMA)

The adapter’s hardware supports DMA on system DMA channel 7. The DMA graphic
operations are performed during transfers from system memory. Two-dimensional DMA
(TDDMA) cut and paste operations are supported as graphic operations types.

Hardware Cursor

The adapter supports a 48x64 bit hardware cursor which ’AND’s and *XOR’s two different
patterns simultaneously to the screen. The cursor patterns are stored in the hidden portion of
the bit map. Memory writes to the appropriate cursor X and Y positioning registers moves the
cursor display position.

4 Extended Monochrome Graphics Adapter



TNL SN20-9844 (March 1987) to 75X0235

Programming Interface

This section describes the programming interface and the key architectural features of the
Extended Monochrome Graphics Display Adapter.

Memory Map

The adapter provides the system processor with direct access to a 1M-pel bit map. A portion of
this bit map is logically dual-ported to the monitor as a video frame buffer.

Bit Addressability

Hardware assist allows the system to address down to the bit level. Bit mask logic allows
selective writing of from 1 to 16 bits automatically. Logical functions such as ’AND’, ’OR’ or
"XOR’ are also specified during the writing of selected bits. Bit alignment, masking and rotation
(barrel shifting) are all performed by hardware within the adapter, thus freeing the system
processor and increasing I/0O channel availability.

Orthogonal Access

A unique memory organization and support logic, called Bit Addressable Multidimensional
Array (BAMBA), implements the X, Y bit map. BAMBA supports a mode which directly
addresses 1 to 16 bits in the vertical and the conventional horizontal direction. The vertical
mode also supports bit addressability. All masking and rotation are performed by hardware, thus
allowing high speed graphic operations.

Extended Monochrome Graphics Adapter 5
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Programming Model

The Extended Monochrome Graphics Display Adapter appears as two separate memory maps to
the system:

e A memory map
e A I/O Map.

Memory Map

A 128K-block of memory is addressable as a part of the I/O channel memory map. A
contiguous 96K-byte segment of this block is used as the adapter video frame buffer. The
remainder is hidden memory in the sense that it is not displayable on the monitor. It is,
however, otherwise indistinguishable from the video frame buffer at the programming interface
level.

6 Extended Monochrome Graphics Adapter
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(0, 0) Page 0 {1023, 0)
D80000 D8007E
DISPLAYABLE BIT MAP AREA 768 bits
1024 X 768 high
(0, 767) (1023, 767)
D97F80 DS7FFE
D98000 D98080
(0, 768) (1023, 768) | 256 bits
high
HIDDEN BIT MAP AREA
1024 X 256
DIFF80 DOFFFE
1
(0, 1023)

(1023, 1023) INCLUSIVE

Figure 2. 1M-Pel Bit Map Frame Buffer

I1/O Map

A small amount of read/write memory (20 bytes) is implemented in the I/O space as control
registers. The I/O registers contain various control and status bits that allow the system to
specify a variety of adapter operating modes.

While all memory implemented in the memory map can be written or read by the system, some
I/O registers and bits within those registers are read only or write only. Read-only registers (or
bits) can be set or reset by the adapter, but can only be interrogated for status by the system.
Other bits can be set or reset by the system, but cannot be directly read.

Extended Monochrome Graphics Adapter 7
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Addressing

The Extended Monochrome Graphics Display Adapter attaches to the system I/O channel as a
16-bit device. Therefore, the least significant bit (LSB) of the address field is assumed to be 0
and is ignored by the adapter logic. When the adapter accesses (via DMA) system memory, it
always aligns on even byte addresses (LSB is always driven zero).

The adapter is accessed via two separate address ranges. A 128K-byte range of I/O channel
memory addresses, beginning at X’D80000’, implements the bit map and is accessed via I/O
channel memory read/write operations. This area is called ‘'memory mapped’ memory. Ten
control registers are implemented within a 64-byte space called ’I/O mapped memory’. These
locations are accessed via I/O channel read/write operations.

Memory Mapped Memory Addressing

The high order seven bits of the system address select the 128K-byte region of the I/O channel
memory map assigned to the adapter. This assigned area is X’D80000’ to X’DIFFFF’. The
remaining 16 bits directly address words on even byte boundaries (the LSB address bit is always
ZEro).

Note: The bit naming notation used in the Extended Monochrome Graphics Display Adapter
documentation follows the IBM convention of using bit 0 as the most significant bit. This
convention is used for both data and addresses.
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DEVICE Y BIT X WORD
DECODE ADDRESS ADDRESS |0| 1/0 CHANNEL ADDRESS
17101100 Bits 7-16 Bits 17-22
0 7|8 15]1_6l 23
| I W I | 11t 1t [ N T O A |
L 1L )
r 1 1
HOR/ Y BIT X WORD
VER ADDRESS ADDRESS ARRAY X,Y ADDRESS
ACCESS 10 BITS 10 BITS
L J
| E————|
H WRITE LOGIC X BIT
/| 000 | mMASK FUNC- |ADDRESS| MODE REGISTER
vV COUNT | TiON 4 BITS
0 718 15
| I O T | J I U O |
T L I it )L J
Bit 00 HORIZONTAL ACCESS BIT
Bit 01-03 RESERVED
Bits 04-07 WRITE MASK COUNT
Bits 08-11 LOGIC FUNCTION
L Bits 12-15 START BIT DISPLACEMENT

Figure 3. I/O Channel DMA

Access to the bit map is controlled by specifying an even byte address via the I/O channel
address and the mode register contents. The mode register bits are set first via an 1/O write

operation.
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Word And Bit Addressability

There are 32 modes (16 horizontal modes and 16 vertical modes) of addressing data within the
bit map. One horizontal mode is on a conventional word (16 bit) boundary. The conventional
method accesses 16 bits beginning with bit O at the left to bit 15 on the right. The other 15
horizontal modes are arbitrarily bit aligned. Thus, the access overlaps into the next word as
required to reach a full 16 bit access. The addressing mode is determined by the contents of the
start bit displacement field in the mode register. These bits are set via an I/O write to the mode
register (see “Mode Register” on page 24). If this 4-bit field is equal to binary 0, then the access
is on the conventionally aligned even byte boundary. Any other binary value causes the
alignment to be offset by that number of bits to the right within the the addressed word.

Note that with the start bit displacement field set to all zeros, that bit map access is equivalent
to conventional even word (16 bits) boundary addressing and the bit map appears to the system
as a conventional area of I/O channel memory.

Orthogonal Access

Besides the 16 horizontal addressing modes, the access direction may be specified horizontally or
vertically. The previous discussion on the addressing mode assumed horizontal access because
this is the conventional access direction in bit-mapped display adapters. Setting the mode
register horizontal access bit to off directs the adapter to access the bit map in the vertical
orientation (down).

Masking

Since all memory accesses are I/O channel limited to 16 bit quantities, regardless of alignment,
masking is provided to allow for a variable number of bits to be written in either access
direction. The mode register contains a field called the write mask count, consisting of a 4-bit
binary value. If the mask count equals X’0’, then 16 bits are written. If the mask count equals
X’1’, then only one bit is written (the start X, Y bit). If the mask count equals X’2°, then two
bits are written.

Logic Functions

During an I/O channel memory write operation, the incoming write data from the I/O data
channel is logically ’ANDed’, ’'ORed’ or ’XORed’ with the bit map data. The logical function is
specified in the mode register. See “Mode Register”” on page 24 for the logical functions
performed.

10 Extended Monochrome Graphics Adapter



TNL SN20-9844 (March 1987) to 75X0235

Memory Mapped Memory Areas

(0, 0) (1023, 0)
D80000 D8007E
DISPLAYABLE BIT MAP AREA 768 bits
1024 X 768 high

(0, 767) (1023, 767)

D97F80 DS7FFE
768

SCROLL AREA
784
ACTIVE
HARDWARE ADDITIONAL CURSOR PATTERNS
CURSOR IMAGE
“AND"| “XOR"

848

START —>

FONTS AND STACK AREA
256 bits
high
896
QUEUE LIST AREA
«—START
1006
1007 | HARDWARE RESERVED SCAN LINE AREA
1008 HARDWARE RESERVED SCAN LINE AREA
1009
SCROLL AREA
(0, 1023) (1023, 1023) INCLUSIVE

Figure 4. 1M-Pel Bit Map Frame Buffer (Suggested Area Usage)
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Video Frame Buffer

A 1024 X 768 bit area is displayable from the bit map (1024 x 1024) and is located at the first
768 scan lines. The last 256 scan lines is a hidden area that contains queue lists, cursor patterns,
reserved registers, vertical scroll areas, font areas, and stack areas. The channel addresses

associated with the displayable portion of the bit map start at X’D80000’ through X’D97FFF’
(96K -bytes).

Cursor Area

The cursor is 48 X 64 bits and is built from two cursor patterns (an ’AND’ pattern and an
’XOR’ pattern) which are stored in the hidden bit map area. A reserved cursor save area saves
the original bit map during active display of the cursor. The reserved area is located on scan line
1008 (see “Reserved Register Area” on page 13).

INCLUSIVE
(0.784) (48, 784)
I I I | |
"AND’ ‘XOR’
PATTERN PATTERN
48 X 64 48 X 64
| | I | |
(0, 847) (48, 847)
INCLUSIVE

Figure 5. Hidden Cursor Patterns
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Reserved Register Area

X Cursor Register

1/0 DATA FIELD

0 718 15
IIlLI]IrI L¢LJLLII

Bits 00-05 RESERVED

Bits 06-15 CURSOR (leftmost side of cursor box)

Figure 6. X Cursor Register (Address X’D9F800°)

Note: This register is initialized to X 0000’ with a POR or reset adapter command.

This register is loaded by the system to specify the X position in pels over which the hardware
supported cursor is positioned. The valid range is from O (decimal) to 1024 — 48 =976
(decimal). Out of range values may cause distortion of the displayed image on those scan lines
overlayed by the cursor pattern.
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Y Cursor Register

1/0 DATA FIELD

0 7|8 15
lllLLlllll lJJllvlll

Bits 00-05 RESERVED

Bits 06-15 CURSOR LINE (lowest line of cursor box)

Figure 7. 'Y Cursor Register (Address X’D9F802’)

Note: This register is initialized to X’FFFF” with a POR or reset adapter command.

This register is loaded by the system to specify the bottom scan line for the hardware supported
cursor. When the Y cursor register equals 0, the bottom most scan line of the cursor is displayed
on the first scan line on the screen (scan line 0). When the Y cursor register equals

767 + 63 = 830, then the top most scan line of the cursor is displayed on the last displayable
scan line of the screen (scan line 767). All other values of the Y cursor register between the top
and bottom numbers, position the cursor in all the other Y bit positions on the screen. If the Y
cursor register is greater than 831 = 767 + 64, then the cursor is not displayed.
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Queue Counter Register

1/0 DATA FIELD

0 718 15
IIlliJIllIllIlI

J 1 J

Bits 00-05 NOT USED

Bits 06-15 COUNTER VALUE (0-1023)

Figure 8. Queue Counter Register (Address X’D9F804”)

Note: This register is initialized to X’0000” with a POR or reset adapter command.

This register contains the unexecuted ’queue loads’ count. The counter is normally incremented
by the system after a new command sequence has been loaded and is ready for execution by the
adapter. It is decremented, conditionally by the adapter, at completion of a command sequence.
As a part of the memory map, it is also fully read/writable by the system. The queue counter
register should only be written when graphic operation processing is stopped (queue counter
equals 0).
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Queue Pointer Register

1/0 DATA FIELD

Figure 9. Queue Pointer Register (Address X’D9F806°)

Note: This register is not initialized with a POR or reset adapter command.

The next queued command word location is stored in this register and may be read or modified
via an adapter memory read/write channel operation. During normal graphic operation
processing, this register is updated and used by the graphic operations processor as a program
pointer into the graphic operations command queue. Care should be taken when updating this
pointer.,
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I/O Address to Equivalent Queue Pointer Value Conversion

DEVICE Y BIT X WORD
DECODE ADDRESS ADDRESS 0
1101 110 o Bits 7—16 Bits 17 —22 1/0 CHANNEL ADDRESS
0 7|8 1516 23
I I | I I N I I O T T O |
L L 1
| t 1
Y BIT X WORD (LEAST SIGNIFICANT
ADDRESS ADDRESS 4 BITS OF X ADDRESS
10 BITS 6 BITS ARE SET TO ZEROES)

16 BIT QUEUE POINTER VALUE

0
L OB
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Examples of queue pointer values:

I/O Channel | Equivalent
Address Queue Pointer
Value Value
D988AE C457
D9A000 D000
D9BFDO DFES8
D9C000 E000
D9CO02A E015
D9E000 F000
D9F000 F800
D9F7FE FBFF
D9FFFE FFFF
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0

/0 DATA FIELD

15

7J8
LIIIIILJ | I T I S |

Bits 00-05 NOT USED

Bits 06-15 SCAN LINE (0-1023)

Figure 10. Scan Line Register (Address X’D9F808")

Note: This register is initialized to X’0000” with a POR or reset adapter command.

This register contains the next scan line pointer that will be serialized by the video output
circuits. The table below shows the scan line value in relation to the vertical cycle.

Scan Line Values | Relative Vertical Period
000 - 767 Active display

None Vertical front porch
768 - 770 Vertical Sync

771 - 791 Vertical back porch
792 - 1023 Not valid

Writing the scan line register should be avoided as it causes the vertical cycle to glitch, which
may cause a vertical roll on the display.
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Cursor Save Register

DATA FIELD
15

0 7L8
I T I | | .

Figure 11. Cursor Save Registers (Address X’D9F80A’, ‘DIF80C’, 'DIF80KE”)

Note: These registers are not initialized with a POR or reset adapter command.

The cursor save registers are used by the graphic operation processor when the display cursor is
active. Bit map data may be lost if these registers are accidentally written.

Mode Shadow Register

DATA FIELD

0 718 15
1 O T T O S

Figure 12. Mode Shadow Register (Address X’D9F812’)

The mode shadow register is updated each time the mode register is written (see ‘“Mode
Register” on page 24). The programmer can read this register to determine the most recent data
written to the mode register. Since the current mode register state affects the reading of the
mode shadow register, the mode register should be set to horizontal access with start bit
displacement set to zero. The mode shadow register is only useful in determining the current
state of logic function bits and the write mask count.

20 Extended Monochrome Graphics Adapter



TNL SN20-9844 (March 1987) to 75X0235

Queue Link Pointer Register

DATA FIELD -

0 718 15
lIll¢l4| lillllll

Bits 00-15 RETURN POINTER

Figure 13. Queue Link Pointer Register (Address X’D9F814°)

The graphic operations processor uses the queue link register during a branch and link queue
graphic operation. The queue return point is stored in this register. Care should be taken when
writing to this register. See graphic operation command queue for details.

Queue Mode Register

DATA FIELD

Bits 00-14 reserved

Bits 15 SELECT FLAG

Figure 14. Queue Mode Register (Address X’ D9F816")

The graphic operations processor uses the queue mode register for temporary memory. Care
should be taken when writing to this register. See graphic operation command queue for details.
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I/O Mapped Register Addressing

The Extended Monochrome Graphics Display Adapter responds to I/O addresses ranging from
X'0D10" to X'0D2F' and X'06F3".

I/O Address | Access Function Performed
H’06F3° Write Interrupt Level 11 Acknowledge
H0D10’ Write Write Mode Register
X’0D12’ Write Write Control Register
X’0D14’ Write Increment Queue Counter
X’0D16’ Write Diagnostic Promlevel Check
X0D18 | Write Reserved

X’0D1A’ Write Enable Video Data Output
X0D1C Write Reserved

X’ODIFE Write Reserved

X0D2(0»r Write Reset Adapter

X’0D22 Write Reset Frame Sync Interrupt
X'0D24 Write Reset Raster Operation Interrupt
X0D26’ Write Disable DMA Processing
X0D28’ Write Enable DMA Processing
X’06F3’ Read Reserved

X0D10 Read Reserved

X’0D12’ Read Read Status Register
X0D14’ Read Reserved

X0D16’ Read Reserved

X0D1® Read Reserved

Figure 15 (Part 1 of 2). I/O Address Function Table
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I/O Address | Access Function Performed
X’0D1A’ Read Disable Video Data Output
X0D1C Read Reserved

X’0D1E Read Reserved

X0D20’ Read Reserved

X’0D22’ Read Reserved

X0D24’ Read Reserved

X’0D26’ Read Reserved

H0D2& Read Reserved

Figure 15 (Part 2 of 2). I/O Address Function Table

Interrupt Acknowledge Register (Address X’06F3’)

This is a write-only register and the data is of no significance. This address signals that a
pending interrupt was serviced and re-enables the adapter interrupt request pulse generating

circuit.

Reset Frame Sync Interrupt Register (Address X’0D22’)

This is a write-only register and the data is of no significance. This address resets any pending
frame sync interrupt (interrupt level 11). Interrupt 11 is a shared interrupt.

Reset Graphic Operation Interrupt Register (Address X’0D24’)

This is a write-only register and the data is of no significance. This address resets any pending
graphic operation interrupt (interrupt level 11). Interrupt 11 is a shared interrupt.
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Mode Register
10 DATA FIELD
0 718 15
I A I | Lt 1 1 1 1 1
[ I I I'
-l- Bit 00 HORIZONTAL ACCESS BIT

Bits 01 03 RESERVED (000}

Bits 04 07 WRITE MASK COUNT

Bits 08 11 LOGIC FUNCTION

Bits 12 15 START BIT DISPLACEMENT

Figure 16. Mode Register (Address X’0D10°)

Note: This register is initialized to X’8090” with a POR or reset adapter command.

This is a write-only hardware register. Its shadow is stored in mode shadow register which is
described in “Mode Shadow Register” on page 20. The mode register is loaded to X’8090” when
powered on or reset. This mode permits the adapter to accept 16-bit horizontal BAMBA
accesses on a 16-bit boundary. The logic function only effects write operations and replaces the
destination data bits with the I/O channel data bits.

With the horizontal access bit in an active state, a horizontal access starting at the X, Y address
represented by the channel address and the start bit displacement (the ’start bit’) occurs. The
access is a string of 1 to 16 bits to the right of the ’start bit’. With the horizontal access bit in an
inactive state, the access is a string of 1 to 16 bits down from the ’start bit’. During a write
operation, the write mask count specifies the number of bits as shown in the chart below. The
logical function, also shown below, specifies the action taken between the write data applied on
the I/O channel and the existing data in the bit map.

The write mask count and logic function bits only affect write operations. The horizontal access
and start bit displacement bits affect both read and write operations on the adapter bit map
including the reading and writing of the various control registers. The programmer must be
aware that, to correctly read the X cursor, Y cursor, queue counter, queue pointer, scan line,
and mode shadow registers, the horizontal access bit must be set to 1 and the start bit
displacement bits must all be set to 0. To write the appropriate registers, the mode register
should be set to the reset state which is X’8090’.

24 Extended Monochrome Graphics Adapter



Write Number
Count of Bits
(Hex) Written
0 16

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

A 10

B 11

C 12

D 13

E 14

F 15

Figure 17. Write Count Mask

TNL SN20-9844 (March 1987) to 75X0235
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Logical Write Function Performed
Functional

Value

0 Replace destination with zeros
1 I/O data ’AND’ destination

2 -~I/O data ’AND’ destination
3 Reserved

4 Reserved

5 Reserved

6 Reserved

7 Reserved

8 I/O data ’AND’ -~ destination
9 Replace destination with I/O data
A I/O data *XOR’ destination

11 I/O data ’OR’ destination

12 Reserved

13 Reserved

14 -~I/O data ’OR’ ~destination
15 Replace destination with ones

Note: Destination refers to the bit map data.

Figure 18. Logical Functions
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Control/Status Register

0
1

1/0 DATA FIELD
718 15

T

lllllll | T T

— - ————

Bit 00 FRAME SYNC INT ENABLE (Read/Write)

BitOt GRAPHIC OP INTERRUPT ENABLE (Read/Write)

Bit 02 FRAME SYNC INTERRUPT STATUS {Ready Only)

Bit 03 GRAPHIC OP INTERRUPT STATUS (Read Only)

Bit04  VIDEO ENABLE (Read)

Bit 05 BLACK ON WHITE BACKGROUND (Read/Write)

Bit 06 HORIZONTAL SYNC (Read Only)

Bit 07-15 RESERVED

Figure 19. Control/Status Register (Address X’0D12°)

Note: This register is initialized to X’00XX’ with a POR or reset adapter command.

This control/status register may be read or written by the system processor. The control/status
register contains the bits which enables processing, interrupts, and video. All bits in this register
are normally initialized at power on to the off or O state.

Frame Sync Int Enable (bit 0)
This bit, when active, places any frame sync interrupt on the channel interface
interrupt level 11. When inactive, no frame sync interrupts are placed on the
channel and the frame sync interrupt latch is reset.

Graphic Operation Interrupt Enable, (bit 1)
This bit, when active, places any graphic operations interrupt on the channel
interface interrupt level 11. When inactive, graphic operations interrupts are
not placed on the channel and the graphic operations interrupt latch is reset.

Status (bits 2 and 3)
The frame sync interrupt status and the graphic operations interrupt status bits
are read-only bits and indicate if these interrupts are active.

Extended Monochrome Graphics Adapter 27



TNL SN20-9844 (March 1987) to 75X0235

Video Enable (bit 4)
This bit, when active, indicates that video data from the bit map is being
supplied to the monitor. If the bit is inactive, the video data from the bit map
is not being supplied to the monitor. The video enable signal is manipulated
via graphic operation types and I/O commands. The video enable signal
should be activated after a POR or a reset adapter command.

Black on White Background (bit 5)
When active, inverts all video data going from the bit map to the video drive
circuits. This gives an effect of a white background. Thus a clear screen
operation (set bit off) or a disable video turns the screen white. When this bit
is inactive, a white on black background is displayed. Therefore an off pel in
the bit map corresponds to an off pel on the screen and the disabled video
turns the screen black.

Horizontal Sync (bit 6)
This bit is for diagnostics and indicates the horizontal cycle is working.
Increment Queue Counter Register (Address X’0D14’)

This is a write only register and the data is of no significance. A write to this register increments
the command queue counter by one. The graphic operation processor decrements the queue
counter with a flag bit in the execute command word. The graphic operation processor polls the
queue counter to see if any graphic operations are pending execution on the queue. If the queue
counter is not zero, processing of the queue begins or continues. The maximum number of
increments before a decrement occurs is 1023. If count is incremented past 1023, then 1024
graphic operations queue loads are not executed.

Disable Video Data Output (Address X’0D1A’)
A read operation from this I/O address disables the adapter video data output.

Enable Video Data Output (Address X’0D1A”)

A write operation to this I/O address enables the adapter video data output to the monitor. Data
written to this address is ignored.
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Reset Adapter Register (Address X’0D20’)
Note: After turning system power on, a write to this address is necessary to reset the adapter.

This is a write-only register and the data is of no significance. A write to this register resets the
adapter and acts just like the I/O channel signal *Reset Drive’. This command initializes the
following registers:

Register Name Register Addr Register Data
X cursor register D9F800 0000
Y cursor register D9F802 FFFF
Queue counter register D9F804 0000
Scan line register D9F808 0000
Mode shadow register DI9F812 8090
Mode register 0D10 I/O 8090
Control/status register 0D12 I/O 0000

Graphic operation processing and command queue processing are stopped when this command
is executed. Also, the vertical and horizontal sync cycles are interrupted and video is disabled.

Disable DMA Processing (Address X’0D26°)

This I/O address allows the system to disable DMA processing by the adapter. Data written to
this address is ignored.

Enable DMA Processing Register (Address X’0D28°)

This I/O address allows the system to enable DMA processing by the adapter. Data written to
this address is ignored.
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Graphic Operation Commands

Besides allowing direct bit manipulation of the video frame buffer by the system processor, the
Extended Monochrome Graphics Display Adapter can process commands which are received
from the system and stored in a command queue. These commands are loaded into the adapter
hidden bit map area as a linked-list structure. The graphic operation processor, which controls
the command list execution, recognizes three basic command word types:

e Load register command

e Branch command

e Execute command.

The load register command sets values into the various graphic operation processor registers.

Normally, commands are fetched and processed from sequential 16-bit memory addresses. The
branch command allows the list to be scattered throughout memory. Notice all command words
are aligned on 16-bit word boundaries.

The execute command identifies the graphic operation type and contains flag bits that control
and synchronize the queue operation.

Graphic Operation Command Queue

Commands for the graphic operations processor are loaded into a command queue by the
system and sequentially executed (subject to branching types of commands) by the adapter. The
command queue is represented by three elements:

e The actual memory locations used to hold the list of commands and referred as the queue

o The queue pointer which serves to hold the address within the queue of the next command
word to be processed

e The queue counter which provides the synchronization and interlocking between the graphic
operation processor and the system processor.

The queue consists of memory locations within the hidden bit map and is set up by the system
processor as a linked list of graphic operation commands via memory write cycles over the I/O
channel. The contents of any location within the queue may be accessed via a memory read
cycle.

The queue pointer appears as a memory location within the I/O channel memory map and may
be updated via a I/O channel memory write cycle.

The queue counter also appears as a memory location within the I/O channel memory map and
may be updated via a I/O channel memory write cycle.
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Normal operation of the command queue begins with the system loading a command or list of
commands into the queue. This group is called a queue load. The last command is an ’Execute’
instruction which contains a bit known as the decrement queue counter flag. This flag tells the
graphic operation processor to decrement the queue counter register by one after the execution
of the queue load is complete. If this is the first or only queue load, the queue pointer points to
the first queue load command word.

Initially assume that the queue counter register is 0. Following the complete loading of the
queue load (and the queue pointer if necessary), the system processor performs an I/O Write
cycle to the increment queue counter register, causing the queue counter to be incremented by
one. Once the queue counter has incremented past 0, the graphic operation processor begins
fetching command words from the queue, starting at the address designated by the queue
pointer register. As each command is processed, the queue pointer register is either decremented
by one or loaded with a new queue location (branch address). The queue pointer always points
to the next command word in the queue.

If the processed command word is an ’execute’ type and the decrement queue counter flag is set,
then the queue counter is decremented on completion of the graphic operation. If the processed
command word is either a register load or branch type, or if the decrement queue counter flag is
not set, then the queue counter is not changed by the graphic operation processor.

As queue loads are added to the queue by the system processor, the queue counter is
incremented. As queue loads are completed, the counter is decremented. When the queue
counter is decremented to zero, graphic operation processing is halted.
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Graphic Commands

Execute Command

32

1/0 DATA FIELD

0 718 15
L1 )11 111 1 1|
| S [

Bits 00-03 EXECUTE DECODE
(1101)

Bit 04  DECREMENT QUEUE COUNTER FLAG

Bit 05  GRAPHIC OP INTERRUPT FLAG

Bits 06-11 GRAPHIC OP TYPE

Bits 12-156 GRAPHIC OP LOGIC FUNCTION (subtype)

Figure 20. Execute Command Word (Address X’DICXXX’)

For each graphic operation there is one execute command word. It is designated via the execute
decode B’1101°.

The execute command word contains a decrement queue counter flag. When this flag is active,
it designates queue load sequence end. If the flag is inactive, more graphic operations must
follow. Before incrementing the queue counter, a complete queue load sequence (decrement
queue counter flag) must be loaded somewhere in the queue list structure.

The graphic op interrupt flag bit, if active, sets the graphic operation interrupt latch at the
completion of the graphic operation. This action can be observed via the graphic operation
interrupt status (bit 3) in the status register. The only way to reset the graphic operation
interrupt latch is via an I/O channel write of a reset graphic operations command or a reset
adapter command. If the graphic operation interrupt enable bit (bit 1) is active in the control
register and the graphic operation interrupt latch is active, then an active interrupt is driven on
the I/O channel. Disabling graphic operation interrupts does not reset the interrupt latch.

The graphic operation type field specifies different graphic operation types. The graphic
operation logic function field specifies a subtype within a graphic operation sequence. See
graphic operations definitions for specifics about each graphic operations type and subtype.
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Bits
12-15

Logic Function
(Subtype)

(=)

Set all bits to 0.

+ Operand A and + Operand B

+ Operand A and -Operand B

Pass through Operand A

All zero’s

+ Operand A and + Operand B

+ Operand A and -Operand B

Pass through Operand A

-Operand A and + Operand B

Pass through Operand B (test)

+ Operand A xor + Operand B

+ Operand A or + Operand B

-Operand A or + Operand B

Pass through Operand B (test)

-Operand A or -Operand B

mimlglalw|p|ole|]alu]s]|w|e]—

Set all bits to 1.

Figure 21. Graphic Operation Functions
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Branch Command

111 1/0 DATA FIELD

Bits 00-02 BRANCH DECODE
(111)

Bit 00-15 BRANCH (Absolute) ADDRESS FIELD (16 bits)

Figure 22. Branch Command Word

The branch address is 16 bits. The 10 high order bits (including the 3 branch decode bits) of the
branch command word correspond to a Y address.

Y ADDRESS (10 bits) X ADDRESS (10 bits)

PPl v cr ) Lo eepeppe]
I 16 Bits I

Branch Command Word _I

Figure 23. Branch Command Word Address Field

The other 6 (low order) bits of the branch command word form the most significant 6 bits of a
10-bit X address with the 4-least significant bits assumed to be all 0’s. Therefore, branching is
restricted to 16-bit word boundaries (4 LSB’s of X address are all 0’s) and the lower 1/8 of the
bit map (Y address greater than or equal X’380’, scan lines 896-1023).
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Register Load

1/0 DATA FIELD

0 7 | 8 18
I Y Y N T Y O O O
L Jl ]

Bits 00-03 REGISTER DECODE

0000 ====> Load Graphic OP Processor Register 0 (R0)

0001 ====> Load Graphic OP Processor Register 1 (R1)

0010 ====> Load Graphic OP Processor Register2 (R2)

0011 ====> Load Graphic OP Processor Register 3 (R3)

0100 ====> Load Graphic OP Processor Register 4 {(R4)

0101 ====> Load Graphic OP Processor Register5 (R5)

0110 ====> Load Graphic OP Processor Register 6 (R6)

0111 ====> Load Graphic OP Processor Register 7 (R7)

1000 ====> Load Graphic OP Processor Register 8 (R8)

1001 ====> Load Graphic OP Processor Register 9 {R9)

1010 ====> Load Graphic OP Processor Register A (RA)
1011 ====> Load Graphic OP Processor Register B (RB)

Bit 04, 05 reserved (set to 0)

Bits 06-15 PARAMETER

Figure 24. Register Load Command Word

Bits 0-3 specify 1 of 12 graphic operation registers. Different graphic operations require different
registers to be loaded.

Extended Monochrome Graphics Adapter 35



TNL SN20-9844 (March 1987) to 75X0235

Rectangular Destination Only Graphic Operation Types

A rectangular region of pels (destination) is operated on by the graphic operation processor in
the bit map. The graphic operation either writes or read-modify-writes the destination specified.

The parameters specifying the rectangular destination are the coordinates of the lower right
corner point (X, Y exclusive) and the size (DX, DY) of the rectangular region.

Note: The microcode register ending conditions are defined for graphic operation types
X*2F°,’35°,°36°,"2C’,"2D’, and ’2E’ only. All other graphic operation types have register ending
conditions which are not defined.

DESTINATION DELTAY + 1 = (DY)

(X,Y) LOWER RIGHT CORNER
| | (exclusive)

DELTA X + 1 = (DX)

Notes:
1. The DX & DY variables represent the actual number of pels written.
2. The X & Y variables are the right-bottom corner pel exclusive.
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The X, Y, DX and DY parameters are specified in the queue load. Not all parameters need be
specified for each graphic operation. Only the parameters that change from graphic operation to
the next need be specified. See register contents at completion of graphic operation. An example
of a queue load that clears a 1024 x 768 pel screen is shown below. Note that a hex value of
’000° represents a value of 1024 pels both for X and DX. The same is true for Y and DY.

Queue Queue Action By Register Register Reg
Address Data Queue Processing | Start Min Max | End

Que Ptr X’7000° | Load X into R7 | X=1024 1 1024 X
Que Ptr-1 | X’6300° | Load Y into R6 | Y=768 1 1024 Y

Que Ptr-2 | X’9000’ | Load DX into DX=1024 | 1 DX= DX
R9 X

Que Ptr-3 | X’8300° | Load DY into DY =768 1 DY = DY
RS Y

Que Ptr-4 | X’D2F0’ | Execute Graphic
Operation

Note: Unpredictable results might occur if DX > X or DY > Y.
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Write Destination (X*2F’)

This graphic operation type writes a rectangular area of pels in the bit map. Three subtypes are
specified via the LF (graphic op logic function) bits as listed below.

Rectangular fill replace off: LF =0, Set destination to 0
Rectangular XOR destination: LF =9, Msk = destination (Reverse video)
Rectangular fill replace on: LF =F, Set destination to 1

CLEAR CHARACTER LINE (DY) = 20

{X, Y) LOWER RIGHT CORNER
{ 1} (768,20) EXCLUSIVE

(DX) = 768

Figure 25. Clear Character Line (X =768,Y = 20,DX = 768,DY = 20)

38 Extended Monochrome Graphics Adapter



TNL SN20-9844 (March 1987) to 75X0235

Read Modify Write Destination (X°2F’)

This graphic operation type read-modify-writes a rectangular area of pels in the bit map. Only
one subtype is specified via the LF bits as listed below.

Rectangular XOR Destination  LF =9, ~Destination = Result Destination

REVERSE VIDEO CHARACTER LINE (DY) = 20

(X, Y) LOWER RIGHT CORNER
[ i (768,20) EXCLUSIVE

(DX) = 768

Figure 26. Reverse Video Character Line (X =768,Y = 20,DX = 768,DY = 20)
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Rectangular Source and Destination Graphic Operation Types

Two rectangular regions of pels (source-destination) are operated on by the graphic operation
processor. The graphic operation reads the source and either read-modify-writes or writes the
destination. The source data is to either replace the destination data, as in a copy operation or,
merge data as in an AND, OR or XOR merge operations.

These graphic operation types require both a source and a destination X, Y address pair. The
address pair depicts the source corner point (XS,YS) and the destination corner point (XD,YD).
The size (DX,DY) of the rectangle must also be specified.

The queue load for these graphic operation types is up to seven 16-bit words as shown below.
The queue load below represents a rectangular area of pels being moved down by one pel. The
rectangular area defined is 1024 x 767.

Queue Queue Action By Register Register
Address Data Queue Processing Start Min Max
Que Ptr X’7000° | Load XD into R7 | XD=1024 | 1 1024
Que Ptr-1 | X’A300° | Load YD into RA | YD =768 1 1024
Que Ptr-2 | X°5000° | Load XS into RS XS=1024 |1 1024
Que Ptr-3 | X’42FF | Load YS into R4 YS =767 1 1024
Que Ptr-4 | X°9000° | Load DX intoR9 | DX=1024 |1 DX=X
Que Ptr-5 | X’02FF’ | Load DY into RO DY =767 1 DY=Y
Que Pir-6 | X’D300’ | Execute copy/scroll

Note: Unpredictable results might occur if DX > XD,DY > YD,DX > XS or DY > YS.
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Rectangular Copy/Merge (X’30’)

The rectangular copy/merge graphic operation reads a source rectangle defined by XS, YS, DX
and DY writes a destination rectangle defined by XD, YD, DX and DY as shown below. Any
type of overlapping source and destination combinations are allowed. The YD register is
preserved during graphic operation type X’30°.

DESTINATION RECTANGLE
exclusive (XD, YD)

DELTAY + 1 = (DY)
SOURCE RECTANGLE

(XS, YS) LOWER RIGHT CORNER
| exclusive

DELTA X + 1 = (DX)

Figure 27. Copy Overlapped Character Line

To achieve a rectangular copy, the logical function (subtype) must be set to X9’

In consecutive repeated copy operations (graphic operations type 30) to locations with a
constant destination Y coordinate, the destination Y coordinate need only be specified in the
first queue load since its entry value is preserved. This speeds up the copy execution since only
6 parameters instead of the usual 7 need to be processed. An example of a general use for this
preservation of the destination Y value is in the copying of character images from the display
hidden area to a single horizontal character line in the active display area.
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DESTINATION RECTANGLE
exclusive (XD, YD)

(DY) = 20
SOURCE RECTANGLE

(XS, YS) LOWER RIGHT CORNER
l | exclusive

(DX) =700

Figure 28. Copy Character Line (XD = 768, YD = 20, XS = 800, YS = 30, DX =768, YD = 16)

To achieve a merge operation while copying the source data one of these subtypes must be
specified.

Rectangular Merge And: LF =1, Source & destination = Result destination
Rectangular Merge And-: LF =2, Source & ~destination = Result destination
Rectangular Merge ~And: LF = 8,- Source & destination = Result destination
Rectangular Merge XOR: LF = A, Source XOR destination = Result destination
Rectangular Merge OR: LF = B, Source OR destination = Result destination
Rectangular merge ~OR: LF = C,- Source OR destination = Result destination
Rectangular merge ~OR~:  LF =E, = Source OR -~destination Result
destination

While copying the source, data is merged with the destination via subtype specification.
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DESTINATION GRAPHIC WINDOW

(XD, YD) LOWER RIGHT CORNER
exclusive

SOURCE TEXT WINDOW DELTAY + 1 = (DY)

(XS,YS) LOWER RIGHT CORNER
| exclusive

DELTA X + 1 = (DX)

Figure 29. ’And’ a Test Source Window to a Graphic Destination Window.
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Rectangular Copy/Merge Rotate + 90 (X’31’)

This graphic operation type is similar to the rectangular copy/merge graphic operation. The
destination and source rectangular areas should not overlap.

DESTINATION
(XD, YD) LOWER RIGHT CORNER
exclusive
b—— DELTAY + 1 = (DY)
SOURCE
-
(XS, YS) LOWER RIGHT CORNER
exclusive
L

DELTAX + 1 = (DX)

Figure 30. Rotate Window + 90 Degrees
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Rectangular Copy/Merge Rotate -90 (X’32’)

This graphic operation type is similar to the rectangular copy/merge graphic operation. The
destination and source rectangular areas should not overlap.

DESTINATION

(XD, YD) LOWER RIGHT CORNER
exclusive

—— DELTAY + 1 = (DY)
SOURCE

(Xg, YS) LOWER RIGHT CORNER
exclusive

L |

DELTAX + 1 = (DX)

Figure 31. Rotate Window -90 Degrees
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Rectangular Copy/Merge 180 X Axis Symmetry (X’33’)

This graphic operation type is similar to the rectangular copy/merge graphic operation. The
destination and source rectangular areas should not overlap.

DESTINATION

(XD, YD) LOWER RIGHT CORNER
exclusive

SOURCE DELTAY + 1 = (DY)

(XS, YS) LOWER RIGHT CORNER
1 | exclusive

DELTAX + 1 = (DX)

Figure 32. Flip Window 180 Degrees Along the X Axis
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Rectangular Copy/Merge 180 Y Axis Symmetry (X°34°)

This graphic operation type is similar to the rectangular copy/merge graphic operation. The
destination and source rectangular areas should not overlap.

DESTINATION

(XD, YD) LOWER RIGHT CORNER
exclusive

SOURCE DELTAY + 1 = (DY)

(XS, YS) LOWER RIGHT CORNER
[ | exclusive

DELTAX + 1 = (DX)

Figure 33. Flip Window 180 Degrees Along the Y Axis

Extended Monochrome Graphics Adapter 47



TNL SN20-9844 (March 1987) to 75X0235

Vector Draw Graphic Operations

Vector Draw (X’35°)

This graphic operation draws a straight line contained within the bit map (1024 x 1024). The
line is defined by four parameters, X from, Y from, X to, and Y to. The logical operators on the

bit map for the line draw are set line on (F), set line off(0), and "XOR’ line (A).

Example: Draw a Line From (48,256) To (16,512).

Queue Queue Action By Register Register Reg
Address Data Queue Processing Start Min Max End
Que Ptr X’1030° Load X from R1 X1=48 0 1023 X to
Que Ptr-1 X’0100° Load Y from RO Y1=256 0 1023 Y to
Que Pir-2 | X’5010° Load X to R5 X2=16 0 1023

Que Ptr-3 | X°6200° LOAD Y to R6 Y2=1512 0 1023

Que Ptr-8 X’D35F Execute Line Draw Set line on | No decrement

At the completion of the line draw, the X,Y ’to’ coordinate is saved in the X,Y ’from’
coordinate registers. This permits the next graphic operation to use this saved X,Y ’to’

coordinate information for the next X,Y ’from’ coordinate with out having to reload (polyline)

as shown below.
Example: Continue Drawing a New Line From (16,512) to (256,512)

Queue Queue Action By Register Register
Address Data Queue Processing Start Min Max
Que Ptr X’5100° Load X2 into R5 X2 =256 0 1023

Que Ptr-1 X’6200° Load into R6 Y2 =512 0 1023

Que Ptr-2 X’D35F | Execute line draw Set line on No decrement

Note: X,Y ’to’ coordinate is saved in the X,Y ’from’ registers.
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Vector Draw With Ending Null (X’36°)

This graphic operation functions in exactly the same way and with the same parameters as the
preceding vector draw graphic operation type X’35’. The only exception being that the ending
pel of the line is not written to the bit map. Used for polyline XOR.

Relative Draw With Ending Null (X2C’)

The relative draw with ending null graphic operation allows the user to specify the next vector
to be drawn as a delta or increment from the last end point specified and end with a null point.
Logic functions are the same as type X’35°.

TNL SN20-9844 (March 1987) to 75X0235

Example: Relative Draw with Ending Null (X1 and Y1 values are from current contents of R1

and RO).
Queue Queue Action By Function
Address Data Queue Processing
Que Ptr X’5100° | Load DX into R5
Que Ptr-1 X’6200° | Load DY into R6
Que Ptr-2 X’D2C0’ | Execute relative draw with | RS = X1 + DX
ending null. R6 = Y1 + DY

Draw vector from

to (X1 +DX,Y1 + DY)

w/END NULL

(XLY1)
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Relative Draw (X’2D’)

The relative draw graphic operation operates in the same manner as the graphic operation type
X2C’ above, except the drawn vector does not end with a null.

Example: Relative Draw (X1 and Y1 values are from the current contents of R1 and RO).

Queue Queue Action By Function

Address Data Queue Processing

Que Ptr X’5100° | Load DX into RS

Que Ptr-1 X’6200° | Load DY into R6

Que Ptr-2 X’D2D(Q’ | Execute relative draw. RS = X1 + DX

R6 = Y1 + DY

Draw vector from (X1,Y1)
to (X1 +DX, Y1+ DY)

Relative Move to (X’2E’)

The relative move to graphic operation allows the user to add a delta or increment to the last
start point coordinates specified rather than to require that new absolute coordinates to be

specified.

Example: Relative Move To (Update the contents of R1 and RO for new X1 and Y1).

Queue Queue Action By Function

Address Data Queue Processing

Que Ptr X2100° | Load DX into R2 R2 = X1 + DX
Que Ptr-1 X’6200° | Load DY TO > R6 R6 = Y1 + DY
Que Ptr-2 X’D2EQ’ | Execute relative move to

No vector is drawn, only
X1 and Y1 are updated
for later use.
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TDDMA 1/0 Copy Graphic Operation

TDDMA Cut/Paste From I/O Channel Memory (X’37°)
Valid subtypes for graphic operation type X’37" are 1, 2, 8, 9, A, B, C, and E.
Example: Copy an Image From I/O Channel Memory Starting at Address X’1012’.

Bit 4 of the starting data word (X’1012) is the upper left corner of the rectangular copied. The
image array starts at address X’1000’and ends at X’107E’. The destination rectangle is located at
X =11 and Y = 12 (upper left hand corner X,Y). The width (DX) = 31 bits. The height (DY)
= 3 bits.

The skip value is the number of data words in each image array width line that are within the
height of the desired rectangle, but do not contain data within the width of the desired rectangle
and thus are skipped in the DMA transfer process.

The Skip value is calculated as follows:
In this example: AS = 128 x 8 = 1024, DW = DX = 31, and Bit Offset = 4.

Thus Skip = (Ceil( (AS - 15) - (DW - (16 - Bit Offset ) ) ) /16) )-1
Skip = (Ceil( (1024 - 15)-(31-(16- 4 )))/16))-1
Skip = (Ceil( 990 )/16) )-1
Skip = (Ceil( 61.875 ))-1
Skip = 62 -1
Skip = 61 = X3D’
AS Array Size or DX Array x 8: the source image width in bits.
DW Result Destination Width: the width of the unrotated destination
rectangle in bits.
Ceil Ceiling Function: least integer greater than function.
Skip (Ceil( (AS - 15) - (DW - (16 - Bit Offset ) ) /16) ) - 1

Note: If Bit Offset = 0, the above formula simplifies to Skip = Ceil((AS - DW)/16)

Extended Monochrome Graphics Adapter 51



TNL SN20-9844 (March 1987) to 75X0235

Queue Load

Reg  Function Value of Comment

Register
RA A23-A17 = Source high X’A000° Upper left start word address
RB Al16-A9 = Source mid X’B008’ Upper left start word address

R4 A8-Al Source low X’4009° Upper left start word address
R3 Bit offset X’3004 Starting bit of the starting word
R2 Skip (16 bit words) X203D° Array width = X’080’ bytes
R7 X destination X702A4° Lower right corner exclusive
R6 Y destination X 600F° Lower right corner exclusive
RS Delta X + 1 X501F Number of pels in width

RO DeltaY + 1 X’0003’ Number of pels in height

Execute Command X'D379°

Note: The registers used by the DMA graphic operations have the following ending conditions:
Reg  Value of Change From Initial Conditions

Register
RA X’AXXX’ A23-A17 = Address of last I/O channel memory word
read
RB XBXXX’ A16-A9 = Address of last I/O channel memory word
read
R4 X4XXX’ A8-Al = Address of last I/O channel memory word
read

R3 X 3XXX’ Unchanged
R2 X2XXX’ Unchanged
R7 XTXXX Unchanged
R6 X6XXX’ Unchanged
RS X 5XXX’ Unchanged
RO X’0000° Set to zero
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1/0 ADDR MSB LSB MSB LSB MSB LSB
DO D15 DO D15 DO
‘001012" | XXXX- == - === =----- ‘001014 | --ooo i '001016"  |---XX| DY
‘001092"  |XXXX- ==~ ---o---- ‘001094 | oo o ‘001096" |---XX| +1=3
001112" [ XXXX- === === o= = - - 001114 | oo ‘001116" |- - -XX
BD | —DX1=12 — —_— DX2 = 19
=4

DX +1 =31 BITS

BAMDA IMAGE STRUCTURE

0 11 41 +X
0 ;
12 e e e e
14 e e e e e
(XD YD)
1s
+Y

Figure 34. TDDMA 1/0 Copy Example
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TDDMA Cut/Paste From 1/O Channel Memory + 90 Degree Rotate (X’38’)

This graphic operation performs in the same manner as graphic operation type X’37° except that

the destination is rotated 90 degrees

counterclockwise.

Note: *Notice the change in the queue load parameters.

Queue Load

Reg Function

RA A23-A17 = Source high

RB Al16-A9 = Source mid

R4 A8-Al = Source low

R3 Bit offset

R2 Skip (16 bit words)

R6 * X destination

R7 * Y destination

RO * 10 bit 2’s complement of
Delta X + 1

R5* DeltaY + 1

Execute Command

Value of
Register
X’ A000°
X’B008&’
X’4009’

X’3004°

X’203D’°
X’600A°

X T00F
X03EY

X’5003
X’D389’
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TDDMA Cut/Paste From I/O Channel Memory 45 Degree Diag Flip (X°39°)

This graphic operation performs in the same manner as graphic operation type X’37° except that
the destination is rotated 180 degrees about the 45 degree diagonal.

Note: * Notice the change in the queue load parameters.

Queue Load
Reg  Function Value of Comment
Register

RA * A23-A17 = Source high X’A000’ Upper left start word address
RB* Al16-A9 = Source mid X’B00& Upper left start word address
R4 * A8-Al = Source low X’4009’ Upper left start word address
43 Bit offset X’3004° Starting bit of the starting word
R2 Skip (16 bit words) X203D’ Array width = X’080” bytes
R6 X destination X’600F Lower right corner exclusive
R7 Y destination X’700B° Lower right corner exclusive
RO Delta X + 1 X001F
RS DeltaY + 1 X’5003°

Execute Command X’D399’
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TDDMA Cut/Paste From I/O Channel Memory 180 Degree X Axis Symmetry (X’3A’)

This graphic operation performs in the same manner as graphic operation type X’37” except that
the destination is rotated 180 degrees about the X axis.

Note: Notice the change in the queue load parameters.

Queue Load

Reg Function Value of
Register

RA * A23-A17 Source high X’A000°

RB* A16-A9 = Source mid X’B00S§’
R4 * AR-Al = Source low  X’4009’
R3 Bit offset X’3004°
R2 Skip (16 bit words) X’203D’
R7 X destination X’700B’
R6 Y destination X’600F°
R5 Delta X + 1 X’5013’

RO * 10 bit 2’s Complement X’03FD’
of DeltaY + 1

Execute Command X’D3AY’
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Control Graphic Operation Types

Branch and Link Queue (X’3B’)

The branch and link queue graphic operation allows branching to a specified queue location and
saves the queue pointer value for the next-in-line location for later use by the return queue
graphic operation.

Example: Branch and Link Queue, branch to queue address X’E015’, and save the next queue
address X’EFFD’ in the queue link pointer register for later use by the return queue operation.

Queue Queue Action By

Address Data Queue Processing

X’FOOO’ X’AOEOQ Load RA with 8 high order bits of branch target queue pointer
value

X’EFFF’ X’B015 Load RA with 8 low order bits of branch target queue pointer
value

X’EFFE’ X’D3B0 Execute branch and link queue graphic operation

X’EFFD’ Link address for next operation after return queue.

Return Queue (X°3C)

The return queue graphic operation returns from a branch and link queue operation to the
queue address, which was saved in the queue link pointer register. In the previous example, the

return queue graphic operation causes queue processing to return to the queue address
X’EFFD’.
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Scan Line Sync (X’3D’)

The scan line sync graphic operation provides a means of stopping queue processing until a
specified scan line number (SLN) appears in the scan line counter register. The scan line
complement (SLC) is the input data to the scan line sync graphic operation and is the 10 bit 2’s
complement of the scan line number.

Note: Valid SLN values are X000’ and X001’ to X’317, The valid SLC values are X’000” and
X’3FF to X’0E9’. Out of range values cause the adapter queue processing to hang in such a
manner that the adapter must be reset to restore queue processing operation.

Example: Scan Line Sync, stop queue processing until the scan line counter reaches a value of

X’1F5’.
Queue Queue Action By
Address Data Queue Processing
' Calculate SLC = 10 bit 2’s complement of X’1F5’ = X’20B’
Que Ptr X’A20B’ Load RA with 10 bit scan line complement
Que Pir-1 X’D3DO’ Execute the scan line sync graphic operation

Graphic Operation Type X’3E’ Set Video On

The set video on graphic operation enables the video data line to the display monitor. When the
video data line is enabled, the information contained in the displayable bit map area is displayed
on the monitor.

Example: Set Video On

Queue Queue Action By
Address Data Queue Processing
Que Ptr X’D3EO’ Execute set video on - Enable the video data line.
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Set Video Off (X°3F’)

The set video off graphic operation disables the video data line to the display monitor. When
the video data line is disabled, the information contained in the displayable bit map area is not
displayed on the monitor. The monitor instead produces the background screen type, either an
all white screen or an all black screen, depending on the current setting of the black on white
background bit in the control/status register.

Example: Set Video Off

Queue Queue Action By
Address Data Queue Processing

Que Ptr X’D3F(Q’ Execute set video off - Disable the video data line.
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Graphic Operation Queue Load

The queue load data example shown for each graphic operation type demonstrates what a queue
load might look like for that operation. For instance, to draw a line in BAMDA from the
decimal coordinates (X1,Y1 = 100,200) to (X2,Y2 = 512,384) with all pels on the line set to
1, you could use the graphic operation type X’35” (Vector Draw) with the following queue load

data.

System Addr. | Queue Load Parameter

(low 24 bits) Data Name/Decimal Value

X’ D9F7FE’ X’1064° X1 /100

X’D9F7FC’ X00Cs8’ Y1 /200

X’D9F7FA’ X’5200° X2 /512

X’DIF7F8’ X’6180° Y2 / 384

X’'DI9F7F6’ X’DBSF’ Execute Vector Draw subtype F
(Replace On) with dec Q flag on

1/0 DATA FIELD
0 7 8 15

11701101 1[01 011111
L1 1 |
I |

GRAPHIC OP EXECUTE COMMAND WORD
FOR THIS EXAMPLE:
(X'DB5F’)

Bits 00-03 EXECUTE DECODE
(1101)

DECREMENT QUEUE COUNTER FLAG (ON)

Bit 04

Bit 05 GRAPHIC OP INTERRUPT FLAG (OFF)

Bits 06-11 GRAPHIC OP TYPE (X'35")

Bits 12-15 GRAPHIC OP LOGIC FUNCTION (subtype) (X'F’)

To execute the graphic operation, write the queue pointer register with the queue pointer value
corresponding to the queue load starting address (X’FBFF’ corresponds to X’D9F7FE’) and then
increment the queue counter. Do a I/O memory write X’FBFF’ to I/O channel memory address
X’DI9F806’ (queue pointer register location) and then a write to I/O address X’0D14’ (increment
queue counter). The complete operation to write the queue load and execute it requires a total
of six memory write operations and one I/O write.
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Graphic Operation Queue Load Format Table

Definitions of symbols used in this table are:
X’3FF = 1023)

* XXX =
e 0Oxx

[ ] s =

e lIre

10 bit hex data (max value

8 bit hex data (max value = X’0FF = 255)

subtype

lower right exclusive point

e XI, Y1 represent the start point coordinates of a line or the upper left corner point of a
rectangle.

e X2, Y2 represent the end point coordinates of a line or the lower right corner point of a
rectangle.

e DX, DY represent (X2-X1) and (Y2-Y1) respectively.

Type
2C

2D

Graphic Operation Name and Queue Load Data Example
RELATIVE DRAW WITH ENDING NULL

Data
I1xxx
0xxx
5XXX
6XXX

D2Cs

Reg Parameter

R1 X1

RO YI

R5 DX

R6 DY

Execute command

RELATIVE DRAW

Data
1xxx
0xxx
Sxxx
6xXX
D2Ds

Reg Parameter
R1 X1

RO Y1

RS DX

R6 DY

Execute command
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Type
2E

2F

30

Graphic Operation Name and Queue Load Data Example
RELATIVE MOVE TO

Data Reg Parameter
2xxx R2 DX

6xxx R6 DY

D2Es Execute command

RECTANGULAR FILL (HOR/VER OPTIMIZED)

Data Reg Parameter
7xxx R7 XD lre

6xxx R6 YD lIre

9xxx R9 DX +1

8xxx R8 DY +1
D2Fs Execute command

RECTANGULAR COPY/MERGE

Data Reg Parameter
5xxx RS Xsource Ire
4xxx R4 Ysource lre
7xxx R7 Xdest Ire
Axxx RA Ydest Ire
9xxx R9 DX +1

Oxxx RO DY+1

D30s Execute command
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Type
31

32

33

Graphic Operation Name and Queue Load Data Example

RECTANGULAR COPY/MERGE + 90 DEGREE ROTATE

Data
Sxxx
4xxXx
AXXX
TXXX
9xxx
0xxx
D31s

RECTANGULAR COPY/MERGE -90 DEGREE ROTATE

Data
4xxXX
R):9:9.4
TXXxX
Axxx
0xxx
9xxX
D32s

RECTANGULAR COPY/MERGE 180 DEGREES X AXIS SYMMETRY

Data
5XXX
4xxXX
Txxx
AXXX
9xxx
0xxx
D33s

Reg Parameter
R5 Xsource Ire
R4 Ysource Ire
RA Xdest Ire

R7 Ydest Ire

R9 DX +1

RO DY +1
Execute command

Reg Parameter
R4 Xsource Ire
R5 Ysource Ire
R7 Xdest Ire

RA Ydest Ire

RO DX +1

R9 DY+1
Execute command

Reg Parameter

R5 Xsource Ire

R4 Ysource Ire

R7 Xdest Ire

RA (Ydest-(DY + 1)-1) Ire
R9 DX +1

RO DY +1

Execute command

Extended Monochrome Graphics Adapter 63



TNL SN20-9844 (March 1987) to 75X0235

Type Graphic Operation Name and Queue Load Data Example
34 RECTANGULAR COPY/MERGE 180 DEGREES Y AXIS SYMMETRY

Data Reg Parameter

4xxx R4 Xsource Ire

5xxx R5 Ysource Ire

Axxx RA (Xdest-(DX + 1)-1) Ire
7xxx R7 Ydest Ire

Oxxx RO DX+1

9xxx R9 DY +1

D34s Execute command

35 VECTOR DRAW

Data Reg Parameter
Ixxx R1 Xl

Oxxx RO Y1

Sxxx RS X2

6xxx R6 Y2

D35s Execute command

35 POLYLINE DRAW (CONNECTED CONTINUATION)

Data Reg Parameter
S5xxx RS X2

6xxx R6 Y2

D35s Execute command
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Type
36

36

37

Graphic Operation Name and Queue Load Data Example
VECTOR DRAW WITH ENDING NULL

Data
1xxx
Oxxx
5Xxx
6xxx
D36s

POLYLINE DRAW WITH ENDING NULL
(CONNECTED CONTINUATION)

Data
5xxx

6XxX
D36s

TDDMA CUT/PASTE FROM SYSTEM MEMORY

Data
AQxx
BOxx
40xx
3xxx
2XXX
TXXX
6XXX
5xxx
Oxxx
D37s

Reg Parameter

R1 Xl

RO Y1

RS X2

R6 Y2

Execute command

Reg Parameter
R5 X2

R6 Y2

Execute command

Reg Parameter

RA DMA addr HI(0-6)
RB DMA addr MI(7-14)
R4 DMA addr LO(15-22)
R3 Bit offset

R2 Skip amount

R7 Xdest Ire

R6 Ydest Ire

RS DX +1

RO DY +1

Execute command
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Type
38

39

Graphic Operation Name and Queue Load Data Example
TDDMA CUT/PASTE FROM SYSTEM MEMORY + 90 DEGREE ROTATE

Data Reg Parameter

AO0xx RA DMA addr HI(0-6)
BOxx RB DMA addr MI(7-14)
40xx R4 DMA addr LO(15-22)
3xxx R3 Bit offset

2xxx R2 Skip amount

7xxx R7 Xdest Ire

6xxx R6 (Xdest-(DX + 1)-1) Ire
5xxx RS DX+1

Oxxx RO 2’s comp of (DX + 1)
D38s Execute command

TDDMA CUT/PASTE FROM SYSTEM MEMORY
45 DEGREES DIAGONAL FLIP

Data Reg Parameter

AO0xx RA DMA addr HI(0-6)
BOxx RB DMA addr MI(7-14)
40xx R4 DMA addr LO(15-22)
3xxx R3 Bit offset

2xxx R2 Skip amount

7xxx R7 Xdest Ire

6xxx R6 Xdest Ire

5xxx R5 DY +1

Oxxx RO DX +1

D39s Execute command
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Type
3A

3B

3C

3D

Graphic Operation Name and Queue Load Data Example

TDDMA CUT/PASTE FROM SYSTEM MEMORY
45 DEGREES DIAGONAL FLIP

Data Reg Parameter

AOxx RA DMA addr HI(0-6)
BOxx RB DMA addr MI(7-14)
40xx R4 DMA addr LO(15-22)
3xxx R3 Bit offset

2xxx R2 Skip amount

7xxx R7 Xdest Ire

6xxx R6 (Ydest(DY + 1)-1) Ire
5xxx R5 DX +1

Oxxx RO 2’s Comp of DY + 1
D3As Execute command

BRANCH AND LINK QUEUE (one level deep)

Data Reg Parameter

AOxx RA BR addr HI(0-7)
BOxx RB BR addr LO(8-15)
D3Bs Execute command

RETURN QUEUE (one level deep)

Data
D3C0 Execute command

SCAN LINE LINK

Data Reg Parameter

AOxx RA Scan line complement
D3D0 Execute command
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Type
3E

3F

Graphic Operation Name and Queue Load Data Example
SET VIDEO ON

Data
D3E0 Execute command

SET VIDEO OFF

Data
D3F0 Execute command
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Connector Specifications

GND-VSync 1
VSync 2
RESERVED 3
RESERVED 4
RESERVED 5
RESERVED 6
GND-VIDEO 7
VIDEO 8
EXTENDED MONOCHROME EXTENDED MONOCHROME
GRAPHICS DISPLAY GND-VIDEO 9 GRAPHICS ADAPTER
VIDEO 10
GND-VIDEO 11
VIDEQO 12
GND-VIDEO 13
VIDEO 14
GND-HSync 15
HSync 16

135 7 9 11 13 156
2 46 8 10 12 14 16

MATING FACE OF ADAPTER CONNECTOR
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Description

This adapter has 36 RAM modules (128K x 1) for a total capacity
of 512Kb.

Memory Cycles

MEMR and MEMW commands require a 1-wait-state, 3-clock
memory cycle. Data moves as a byte (8 data bits and 1 parity bit)
or as a word (16 data bits and 2 parity bits) and is parity-checked
on the adapter. A parity error causes an I/0O channel check
(non-maskable interrupt) to the system.

Memory Address Switches

There are two banks of memory address switches on each
memory adapter. These switches are set to values for the first,
second, third, etc. memory adapter in the system. The following
figure shows the switch configuration for each adapter.

The first memory expansion adapter must start at address space
hex 100000. If more than one adapter is installed, no gaps
between memory are allowed. All expansion memory must be
one contiguous block starting at address hex 100000.

512KB Memory Expansion Option 1
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I/0 Channel Check
When the I/0 channel check occurs, a non-maskable interrupt
(NMI) results, and the status bits determine the source (one

status bit is I/O channel check and the other is system-board
parity check). Writing to the failing card will clear the status bit.

Specifications

Voitage Tolerances

The maximum variation of the +5 Vdc is +5% at the adapter
pins.

Power Dissipation

The +5-Vdc power used by the adapter is a maximum of 5.25
watts, and the maximum current used is 1 ampere.

Temperature Variation

The adapter will operate between 10 and 50 degrees Celsius (50
and 122 degrees Farenheit).
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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/0 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
(1) Address
Multiplexer (10) (10)
ettemen || 2k wamon
Code Attribute
(8)
Processor lé)ata &)
Data v us
ing |4
Gating Character
Clock
BDO-7 (8)
MA Octal Octal
Latch Latch
RA Character Attribute
AQ ———P (4) "] Generator Decode
Chip MC6845
Select CRTC DOTCLK l
Timing Shift
—Pp Register
Signals Video
Process
Serial Dots Logic
HSYNC, VSYNC, CURSOR, DISPEN
L
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 (o4
R12 Start Address (H) [ - 00
R13 Start Address (L) [ - 00
R14 Cursor(H} | - 00
R15 Cursor(L) [ e 00
R16 Reserved | - -
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 | R G B Attribute Code
0Odd Address (M + 1)
—I | I —» 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
000 0 0 O Non-Display
0 00 0 0 1 Underline
0 0O 11 1 White Character/Black Background
1 11 0 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 BO000. 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 1/0O address decode is from hex 3B0
through hex 3BF. The bit assignment for each I/O 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
388 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
1/0 Address and Bit Map
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Bit
Number

Function

OO PWN-O

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)

8 Monochrome Adapter




Specifications

9-Pin
Monochrome
Display

connector

At Standard TTL Levels
Ground 1
Ground 2
NotUsed 3
BM NotUsed 4 1BM
Monochrome NotUsed & “Dni::::;h;zdme
Display ~ +Intensity 6 Printer Adapter
+ Video 7
o+ 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

Monochrome Adapter 9
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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 Qut 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.

Monochrome Adapter 11



The following is a block diagram of the printer adapter portion of
the Monochrome Display and Printer Adapter.

8 25-Pin D-Shell
Connector
Bus Buffer Data Latch
—p 8
8
—p{ Enable r Clock
‘Q. Trans- |8 »
ceiver
—» DIR
DIR 0.C. —_
Read Drivers SLCTIN
AEN' Data STROBE
Write Data g
Command AUTO
Decoder Write Controi
FD XT
Read Status
Read INIT
Control
Bus Control
Buffers Latch
5
Y| Enable 51 Ly crock
5 [
r—> ERROR
Enable
_ > SLCT
- Clea —
r ' PE
ACK
Reset B0SY

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 Pin8 Pin7 Pin6

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

OQutput 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

Monochrome Adapter 13



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 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit O
Pin 11 [ Pin 10 Pin12 | Pin13 | Pin15 | — — —

IBM Monochrome Display &
Printer Adapter

Input from address hex 3BE

14 Monochrome Adapter



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

IRQ
Enable

Por=0

Bit 3
Pin 17

Por=1

Bit 2
Pin 16

Por=0

Bit 1
Pin 14

Por=1

Bit O
Pin 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

)
O
(T [ 14
L ]
d *
® o
e
L ]
: .
°q
L]
° [ )
° L]
L]
25
_© )
At Standard TTL Levels
Signal Adapter
- Name Pin Number -
| —Strobe 1
~ +DataBit0 2
| +DataBit 1 3
~ +DataBit2 4
~ +DataBit 3 5
~ +DataBit4 6
+ Data Bit 5 7 B
: + DataBit 6 8 Monochrome
Printer |  +DataBit7 9 Display and
- Acknowledge 10 Printer
+ Busy 11 | Adapter
+ P. End (out of paper) 12 :
+ Select 13 :
- Auto Feed 14 -
 —Error 15 _
— Initialize Printer 16 o
- Select Input 17
Ground 18-25

Connector Specifications
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IBM Personal Computer AT
Serial/Parallel Adapter

The IBM Personal Computer AT Serial/Parallel Adapter provides
a parallel port and a serial port. It plugs into a system-board
expansion slot. All system-control signals and voltage
requirements are provided through a 2- by 31-position card edge
connector.

Serial Portion of the Adapter

The serial portion of the adapter is fully programmable and
supports asynchronous communications. It will add and remove
start, stop, and parity bits. A programmable baud-rate generator
allows operation from 50 baud to 9600 baud. Five-, six-, seven-
and eight-bit characters with 1, 1.5, or 2 stop bits are supported.
A prioritized interrupt system controls transmit, receive, error,
and line status as well as data-set interrupts.

The rear of the adapter has a 9-pin D-shell connector that is
classified as an RS-232C port. When the optional IBM
Communications Cable (9-Pin), which has a 9-pin D-shell
connector on one end and a 25-pin D-shell connector on the
other end, is connected to the adapter, the 25-pin end of the cable
has all the signals of a standard EIA RS-232C interface.

The following figure is a block diagram of the serial portion of the
adapter.
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Address Address Controller
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Select Communications
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Receivers
9-Pin EIA
Gonnector Drivers

Serial Portion Block Diagram

The serial portion of the adapter has a controller that provides the
following functions:

e Adds or deletes standard, asynchronous-communications bits
to or from a serial data stream. S

«  Provides full, double buffering, which eliminates the need for
precise synchronization.

«  Provides a programmable baud-rate generator.

e Provides modem controls (CTS, RTS, DSR, DTR, RI, and
CD).

Communications Application

The serial output port may be addressed as either communications
port 1 or communications port 2 as defined by jumper J1 (see the
following figure). In this section hex addresses begin with an X
which can be either a 3 for communications port 1 (interrupt level
4) or a 2 for communications port 2 (interrupt level 3).
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The data format will be as follows:

D0 D1 D2 D3 D4 D5 D6 D7

PYIEY

Marking | Start Parity | Stop
Bit Bit Bit

Data bit 0O is the first bit to be sent or received. The controller
automatically inserts the start bit, the correct parity bit (if
programmed to do so), and the stop bit (1, 1.5, or 2, depending
on the command in the line-control register).

Controller Specifications

The following describes the function of controller input/output
signals.

Serial/Parallel Adapter 3



Input Signals

=Clear to Send: (-CTS), Pin 36—The '-CTS' signalis a
modem-control function input, the condition of which can be
tested by the processor by reading bit 4 (CTS) of the modem
status register. Bit 0 (DCTS) of the modem status register
indicates if the '-CTS' input has changed state since the previous
reading.

Note: Whenever the CTS bit of the modem status register
changes state, an interrupt is generated if the modem-status
interrupt is enabled.

-Data Set Ready: (-DSR), Pin 37—When low, indicates the
modem or data set is ready to establish the communications link
and transfer data with the controller. The '-DSR"' signal is a
modem-control function input, the condition of which can be
tested by the processor reading bit 5 (DSR) of the modem status
register. Bit 1 (DDSR) of the modem status register indicates if
the '-DSR' input has changed since the previous reading.

Note: Whenever the DSR bit of the modem status register
changes state, an interrupt is generated if the modem-status
interrupt is enabled.

-Data Carrier Detect: (-DCD), Pin 38—When low, indicates
the modem or data set detected a data carrier. The '-DCD'
signal is a modem-control function input, the condition of which
can be tested by the processor reading bit 7 (DCD) of the modem
status register. Bit 3 (DCD) of the modem status register
indicates if the '-DCD"' input has changed state since the
previous reading.

Note: Whenever the DCD bit of the modem status register
changes state, an interrupt is generated if the modem status
interrupt is enabled. '

-Ring Indicator: (-RI), Pin 39—When low, indicates the modem

or data set detected a telephone ringing signal. The '-RI' signal
is a modem-control function input, the condition of which can be
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tested by the processor reading bit 6 (RI) of the modem status
register. Bit 2 (TERI) of the modem status register indicates if
the '-RI' input has changed from an active to an inactive state
since the previous reading.

Note: Whenever the RI bit of the modem status register
changes from an inactive to an active state, an interrupt is
generated if the modem-status interrupt is enabled.

VCC Pin 40—+5 Vdc supply

VSS Pin 20—Ground (0 Vdc) reference

Output Signals

-Data Terminal Ready: (-DTR), Pin 33—When active, informs
the modem or data set that the controller is ready to
communicate. The 'DTR' output signal can be set to an active
level by programming bit 0 (DTR) of the modem control register
to an active level. The '-DTR' signal is set inactive upon a
master reset operation.

-Request to Send: (-RTS), Pin 32—When active, informs the
modem or data set that the controller is ready to send data. The
'-RTS' output signal can be set to an active level by
programming bit 1 (RTS) of the modem control register to an
active level. The '-RTS' signal is set inactive upon a master reset
operation.

-Output 1: (-OUT 1), Pin 34—User-designated output that can
be set to an active level by programming bit 2 (-OUT 1) of the
modem control register to an inactive level. The '-OUT 1' signal
is set inactive upon a master reset operation. Pin 34 is connected
to an active source.

-Output 2: (-OUT 2), Pin 31—User-designated output that can
be set to an active level by programming bit 3 (-OUT 2) of the
modem control register to an inactive level. The '-OUT 2'
signal is set inactive upon a master reset operation. Pin 31
controls interrupts to the system.
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Controller-Accessible Registers

The controller has a number of accessible registers. The system
programmer may gain access to or control any of the controller
registers through the microprocessor. These registers are used to
control the controller’s operations and to transmit and receive
data. The X in the register address determines the the port
selected; 3 is for port 1 and 2 is for port 2.

Specific registers are selected according to the following figure:

1/0 Address Register Selected DLAB State
XF8 TX buffer 0 (write)
XF8 RX buffer 0 (read)
XF8 Divisor Latch LSB 1

XF9 Divisor Latch MSB 1

XF9 Interrupt Enable Register 0

XFA Interrupt Identification Register

XFB Line Control Register

XFC Modem Control Register

XFD Line Status Register

XFE Modem Status Register

XFF Reserved

Controller-Accessible Registers

Transmitter Holding Register (Hex XF8): The transmitter
holding register (THR) contains the character to be sent.

Transmitter Holding Register (hex XF8)

Bt 7 6 543210

I-—> Data Bit 0
> Data Bit 1
> Data Bit 2

> Data Bit 3
> Data Bit 4
> Data Bit §
> Data Bit 6
> Data Bit 7

Transmitter Holding Register

Bit 0 is the least-significant bit and the first bit sent serially.

Receiver Buffer Register (Hex XF8): The receiver buffer
register (RBR) contains the received character.

6 Serial/Parallel Adapter



Receiver Buffer Register (hex XF8)

Bit

76543210

|—> Data Bit 0
> Data Bit 1
> Data Bit 2

> DataBit3
> Data Bit 4
> Data Bit 5
> Data Bit 6

> Data Bit 7

Receiver Buffer Register

Bit O is the least-significant bit and the first bit received serially.

Divisor Latch LSB (Hex XF8)

Divisor Latch Least Significant Bit (hex XF8)

Bit

76543210

|—> Bit0
> Bit1
> Bit2

> Bit3
> Bit4
> Bit5
> Bit6

> Bit7

Divisor Latch Least Significant Bit

Information about this register may be found under
"Programmable Baud Rate Generator'' later in this section.

Divisor Latch MSB (Hex XF9)

Divisor Latch Most Significant Bit (hex XF9)

Bit

76543210

=

> Bit0
> Bit1
> Bit2
> Bit3
> Bit4
> Bit5
> Bit6
> Bit7

Divisor Latch Most Significant Bit
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Information about this register may be found under
"Programmable Baud Rate Generator" later in this section.

Interrupt Enable Register (Hex XF9): This 8-bit register
allows the four types of controller interrupts to separately activate
the 'chip-interrupt' (INTRPT) output signal. The interrupt
system can be totally disabled by resetting bits O through 3 of the
interrupt enable register (IER). Similarly, by setting the
appropriate bits of this register to logical 1, selected interrupts can
be enabled. Disabling the interrupt system inhibits the 'IER'

and the active 'INTRPT' output from the chip. All other system
functions operate normally, including the setting of the line-status
and modem-status registers.

Interrupt Enable Register (hex XF9)

Bt 76 543210

l—> Enable Data Available Interrupt
> Enable Tx Holding Register
Empty Interrupt

> Enable Receive Line Status
Interrupt
> Enable Modem Status Interrupt

> =0
> =0
> =0
> =0
Interrupt Enable Register
Bit 0 When set to logical 1, enables the
received-data-available interrupt.
Bit 1 When set to logical 1, enables the
transmitter-holding-register-empty interrupt.
Bit 2 When set to logical 1, enables the receiver-line-status
interrupt.
Bit 3 When set to logical 1, enables the modem-status
interrupt.

Bits 4-7 These four bits are always logical 0.
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Interrupt Identification Register (Hex XFA): The controller
has an on-chip interrupt capability that makes communications
possible with all of the currently popular microprocessors. In
order to minimize programming overhead during data character
transfers, the controller prioritizes interrupts into four levels:
receiver line status (priority 1), received data ready (priority 2),
transmitter holding register empty (priority 3), and modem status
(priority 4).

Information about a pending prioritized interrupt is stored in the
interrupt identification register (IIR). (See the figure "Interrupt
Control Functions,' later.) The IIR, when addressed during
chip-select time, stops the pending interrupt with the highest
priority, and no other interrupts are acknowledged until the
processor services that particular interrupt.

Interrupt Identification Register (hex XFA)

Bt 76 543210

|—> 0 if Interrupt Pending
> Interrupt 1D Bit 0
> Interrupt 1D Bit 1

> =0
> =0
> =0
> =0
> =0

Interrupt Identification Register

Bit 0 This bit can be used in either hard-wired, prioritized,
or polled conditions to indicate if an interrupt is
pending. When bit 0 is logical 0, an interrupt is
pending, and the IIR contents may be used as a
pointer to the appropriate interrupt service routine.
When bit 0 is logical 1, no interrupt is pending, and
polling (if used) continues.

Bits 1-2 These two bits identify the pending interrupt that has
the highest priority interrupt pending, as shown in
the following figure.

Bits 3-7 These five bits are always logical 0.
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Interrupt

iD Interrupt Set And Reset Functions
Register
Bit | Bit | Bit | Priority Interrupt | Interrupt Interrupt
2 1 0 Level Type Source Reset Control
0 0 0 - None None -
1 0 Highest Receiver | Overrun Error | Reading the Line
Line or Status Register
Status Parity Error
or
Framing Error
or
Break
Interrupt
1 0 0 Second Received | Receiver Data Reading the
Data Available Receiver Buffer
Available Register
(4] 1 0 Third Trans- Transmitter Reading the |IR
mitter Holding (if source of in-
Holding Register terrupt) or writing
Register | Empty into the THR
Empty
0 0 0 Fourth Modem Clear to Send Reading the Modem
Status or Status Register
Data Set Ready
or
Ring Indicator
or
Received Line
Signal Detect

Line-Control Register (Hex XFB): The system programmer
specifies the format of the asynchronous data communications

exchange through the line control register. In addition to

controlling the format, the programmer may retrieve the contents
of the line control register for inspection. This feature simplifies
system programming and eliminates the need to store line

characteristics separately in system memory.
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Line Control Register (hex XFB)

Bt 765 43210

\ L> Word Length Select Bit 0
> Word Length Select Bit 1
> Number of Stop Bits

> Parity Enable

> Even Parity Select

> Stuck Parity

> Set Break

> Divisor Latch Access Bit

Line Control Register

Bits 0, 1

Bit 2

Bit 3

Bit 4

These two bits specify the number of bits in each
serial character that is sent or received. The
encoding of bits 0 and 1 is as follows:

Bit 1 Bit 2 Word Length {Bits)
0 0 5
0 1 6
1 0 7
1 1 8

Word Length

This bit specifies the number of stop bits in each
serial character that is sent or received. If bit 2 is a
logical 0, one stop bit is generated or checked in the
data sent or received. If bit 2 is logical 1 when a
5-bit word length is selected through bits 0 and 1,
1-1/2 stop bits are generated or checked. If bit 2 is
logical 1 when either a 6-, 7-, or 8-bit word length
is selected, two stop bits are generated or checked.

This bit is the parity-enable bit. When bit 3 is
logical 1, a parity bit is generated (transmit data) or
checked (receive data) between the last data word
and stop bit of the serial data. (The parity bit is
used to produce an even or odd number of 1’s when
the data-word bits and parity bit are summed.)

This bit is the even-parity-select bit. When bit 3 is
a logical 1 and bit 4 is a logical 0, an odd number of
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Bit S

Bit 6

Bit 7

logical 1’s is sent or checked in the data word bits
and parity bit. When both bit 3 and bit 4 are a
logical 1, an even number of bits is sent or checked.

This bit is the stuck-parity bit. When bit 3is a
logical 1 and bit 5 is a logical 1, the parity bit is sent
and then detected by the receiver as a logical 0, if
bit 4 is a logical 1, or as a logical 1 if bit4 isa
logical 0.

This bit is the set-break control bit. When bit 6 is
set to a logical 1, the serial output (SOUT) is forced
to the spacing (logical 0) state and remains there
regardless of other transmitter activity. The
set-break is disabled by setting bit 6 to logical 0.
This feature enables the microprocessor to select a
specific terminal in a computer communications
system.

This bit is the divisor-latch access bit (DLAB). It
must be set high (logical 1) to gain access to the
divisor latches of the baud-rate generator during a
read or write operation. It must be set low (logical
0) to gain access to the receiver buffer, the
transmitter holding register, or the interrupt enable
register.

Modem Control Register (Hex XFC): This 8-bit register
controls the data exchange with the modem or data set (an
external device acting as a modem).

Modem Control Register (hex XFC)

Bit

76543210

'—> Data Teriminal Ready
> Request to Send
> Out1

> Qut 2
> Loop
> =0
> =0

> =0

Modem Control Register
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Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

This bit controls the '-data terminal ready' (-DTR)
output. When bit O is set to logical 1, the -DTR
output is forced active. When bit O is reset to logical
0, the '-DTR' output is forced inactive.

This bit controls the '-request-to-send' (-RTS)
output. Bit 1 affects the '-RTS' output in the same
way bit 0 affects the '-DTR' output.

This bit controls the '-Output 1' (-OUT 1) signal,
which is a spare the programmer can use. Bit 2
affects the '-OUT 1' output in the same way bit 0
affects the '-DTR' output.

This bit controls the '-Output 2' (-OUT 2) signal,
which is a spare the programmer can use. Bit 3
affects the '-OUT 2' output in the same way bit 0
affects the '-DTR' output.

This bit provides a loopback feature for diagnostic
testing of the controller. When bit 4 is set to logical
1, the following occur: the 'transmitter serial output'
(SOUT) is set to the active state; the 'receiver serial
input' (SIN) is disconnected; the output of the
transmitter shift register is ''looped back" to the
receiver shift register input; the four modem-control
inputs ('-CTS', '-DSR', '-RLSD"', and '-RI') are
disconnected; and the four modem-control outputs
('-DTR', '-RTS', '-OUT 1' and '-OUT 2') are
internally connected to the four modem control
inputs. In the diagnostic mode, data sent is
immediately received. This feature allows the
processor to verify the transmit- and receive-data
paths of the controller.

In the diagnostic mode, the receiver and transmitter
interrupts are fully operational, as are the
modem-control interrupts. But the interrupts’
sources are now the lower four bits of the modem
control register (MCR) instead of the four
modem-control inputs. The interrupts are still
controlled by the interrupt enable register.
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Bits 5-7

The controller’s interrupt system can be tested by
writing to the lower six bits of the line status register
and the lower four bits of the modem status register.
Setting any of these bits to logical 1 generates the
appropriate interrupt (if enabled). Resetting these
interrupts is the same as for normal controller
operation. To return to normal operation, the
registers must be reprogrammed for normal
operation, and then bit 4 of the MCR must be reset
to logical 0.

These bits are permanently set to logical 0.

Line Status Register (Hex XFD): This 8-bit register provides
the processor with status information about the data transfer.

Line Status Register (hex XFD)

Bt 76 543210

I—> Data Ready
> Overrun Error
> Parity Error

> Framing Error

> Break Interrupt

> Transmitter Holding Register
Empty

> Tx Shift Register Empty

> =0

Line Status Register

Bit 0

Bit 1

This bit is the receiver data ready (DR) indicator. It
is set to logical 1 whenever a complete incoming
character has been received and transferred into the
receiver buffer register. Bit 0 may be reset to logical
0 by the processor either reading the data in the
receiver’s buffer register or writing logical 0 in it.

This bit is the overrun error (OE) indicator. It
indicates that data in the receiver’s buffer register
was not read by the processor before the next
character was transferred into the register, thereby
destroying the previous character. The OE indicator
is reset whenever the processor reads the contents of
the line status register.
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Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

This bit is the parity error (PE) indicator and
indicates the received data character does not have
the correct even or odd parity, as selected by the
even-parity-select bit. The PE bit is set to logical 1
upon detection of a parity error, and is reset to
logical 0 whenever the processor reads the contents
of the line status register.

This bit is the framing error (FE) indicator. It
indicates the received character did not have a valid
stop bit. Bit 3 is set to logical 1 whenever the stop
bit following the last data bit or parity bit is detected
as a zero bit (spacing level).

This bit is the break interrupt (BI) indicator. It is set
to logical 1 whenever the received data input is held
in the spacing state (logical 0) for longer than a
fullword transmission time (that is, the total time of
start bit + data bits + parity stop bits).

Note: Bits 1 through 4 are error conditions that
produce a receiver line-status interrupt whenever
any of the corresponding conditions are detected.

This bit is the transmitter holding register empty
(THRE) indicator. It indicates the controller is
ready to accept a new character for transmission. In
addition, this bit causes the controller to issue an
interrupt to the processor when the TRHE interrupt
enable is set active. The THRE bit is set to logical 1
when a character is transferred from the transmitter
holding register into the transmitter shift register. It
is reset to logical O when the processor loads the
transmitter holding register.

This bit is the transmitter empty (TEMT) indicator.
It is set to logical 1 whenever the transmitter holding
request (THR) and the transmitter shift request
(TSR) are both empty. It is reset to logical 0
whenever THR or TSR contains a data character.

This bit is permanently set to logical 0.
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Modem Status Register (Hex XFE): The 8-bit MSR provides
the current state of the control lines from the modem (or external
device) to the processor. In addition, four bits of the MSR
provide change information. These four bits are set to logical 1
whenever a control input from the modem changes state. They
are reset to logical 0 whenever the processor reads this register.

Modem Status Register (hex XFE)

Bit

76543210

L—> Delta Clear to Send
> Delta Data Set Ready

> Trailing Edge Ring Indicator
> Delta Data Carrier Detect
> Clear to Send

> Data Set Ready

> Ring Indicator

> Data Carrier Detect

Modem Status Register

Bit 0

Bit 1

Bit 2

Bit 3

This bit is the delta clear-to-send (DCTS) indicator.
It indicates the '-CTS' input to the chip has
changed state since the last time it was read by the
processor.

This bit is the delta data-set-ready (DDSR)
indicator. It indicates the '-DSR ' input to the chip
has changed state since the last time it was read by
the processor.

This bit is the trailing-edge ring-indicator (TERI)
detector. It indicates the '-RI' input to the chip has
changed from an active condition to an inactive
condition.

This bit is the delta data-carrier-detect (DDCD)
indicator. It indicates the '-DCD' input to the chip
has changed state.

Note: Whenever bit 0, 1, 2, or 3 is set to a logical
1, a modem status interrupt is generated.
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Bit 4

Bit 5

Bit 6

Bit 7

This bit is the opposite of the '-clear-to-send'
(-CTS) input. If bit 4 of the MCR loop is set to a
logical 1, this bit is equivalent to RTS of the MCR.

This bit is the opposite of the '-data-set-ready'
(-DSR) input. If bit 4 of the MCR is set to a logical
1, this bit is equivalent to DTR of the MCR.

This bit is the opposite of the '-ring-indicator'
(-RI) input. If bit 4 of the MCR is set to a logical 1,
this bit is equivalent to OUT 1 of the MCR.

This bit is the opposite of the '-data-carrier-detect’
(-DCD) input. If bit 4 of the MCR is set to a logical
1, this bit is equivalent to OUT 2 of the MCR.

Programmable Baud-Rate Generator

The controller has a programmable baud-rate generator that can
divide the clock input (1.8432 MHz) by any divisor from 1 to
655,535 or 216-1. The output frequency of the baud-rate
generator is the baud rate multiplied by 16. Two 8-bit latches
store the divisor in a 16-bit binary format. These divisor latches
must be loaded during setup to ensure desired operation of the
baud-rate generator. When either of the divisor latches is loaded,
a 16-bit baud counter is immediately loaded. This prevents long
counts on the first load.
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Pin Assignment for Serial Port

The following figure shows the pin assignments for the serial port
in a communications environment.

Carrier Detect 1

Receive Data

Transmit Data

Data Terminal Ready

o | N

Serial
Parallel
Adapter

External Signa! Ground
Device
Data Set Ready

Request To Send
Clear To Send
Ring Indicator

vrlY
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Parallel Portion of the Adapter

The parallel portion of the adapter makes possible the attachment
of various devices that accept eight bits of parallel data at
standard TTL levels. The rear of the adapter has a 25-pin,
D-shell connector. This port may be addressed as either parallel
port 1 or 2. The port address is determined by the position of
jumper J2, as shown in the following figure.

Port 2

Port 1
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The following figure is a block diagram of the parallel portion of
the adapter.

Address Butter
Bus Address |___gm. Goptrol

— | Docode | o Signals

Interrupt

-
Data ‘| Data
Data Output Wrap
Bus Butfer 25-Pin D [——» Buffer
- Connector
Control Control Wrap
Output | —— and —
Bufter Signal Input

Parallel Portion Block Diagram

Printer Application

The following discusses the use of the parallel portion of the
adapter to connect to a parallel printer. Hexidecimal addresses in
this section begin with an X, which is replaced with a 3 to indicate
port 1, or a 2 to indicate port 2.

Data Latch (Hex X78, X7C)

Writing to this address causes data to be stored in the printer’s
data buffer. Reading this address sends the contents of the
printer’s data buffer to the system microprocessor.

Printer Controls (hex X7A, X7E)

Printer control signals are stored at this address to be read by the
system microprocessor. The following are bit definitions for this
byte.
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Bit 7

Bit 6

Bit S

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Not used
Not used
Not used

+IRQ Enable—A 1 in this position allows an interrupt
to occur when '-ACK' changes from true to false.

+SLCT IN—A 1 in this bit position selects the printer.

-INIT—A O starts the printer (50-microsecond pulse,
minimum).

+AUTO FD XT—A 1 causes the printer to line-feed
after a line is printed.

+STROBE—A 0.5-microsecond minimum, high, active
pulse clocks data into the printer. Valid data must be
present for a minimum of 0.5 microsecond before and
after the strobe pulse.

Printer Status - Address X79, X7D

Printer status is stored at this address to be read by the
microprocessor. The following are bit definitions for this byte.

Bit 7

Bit 6

Bit 5

-BUSY—When this signal is active, the printer is busy
and cannot accept data. It may become active during
data entry, while the printer is offline, during printing,
when the print head is changing positions, or while in an
error state.

-ACK—This bit represents the current state of the
printer’s '-ACK' signal. A 0 means the printer has
received the character and is ready to accept another.
Normally, this signal will be active for approximately 5
microseconds before '-BUSY ' stops.

+PE—A 1 means the printer has detected the end of
paper.
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Bit 4 +SLCT—-A 1 means the printer is selected.

Bit 3 -Error—A (Q means the printer has encountered an error
condition.

Bit 2 Unused.
Bit 1 Unused.

Bit 0 Unused.
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Parallel Interface

The adapter has a 25-pin, D-shell connector at the rear of the
adapter. The following figure shows the signals and their pin
assignments. Typical printer input signals also are shown.

A - Strobe 1
- Data Bit 0 2
- Data Bit 1 3
: Data Bit 2 4
- Data Bit 3 5
- Data Bit 4 6
Data Bit 5 7
D Data Bit 6 8
External . Data Bit 7 2 b
Device i ~ ACK 10 > I’A:r:;:::
BUSY LN
PE 2
SLCT 19
- _ AUTO FEED XT 4
- - ERROR 15 0
B - INIT 16
- - SLCTIN 17
‘ Ground 18-25
-1 L
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Specifications

The following figures list characteristics of the output driver.

Sink current 24 mA Max
Source current -2.6 mA Max
High-level output voltage 2.4 Vdc Min
Low-level output voltage 0.5 Vdc Max

Parallel Data and Processor IRQ

Sink current 16 mA Max
Source current 0.55 mA Max
High level output voltage 5Vdc Minus pull-up
Low level output voltage 0.4 Vdc Max

Parallel Control

Sink current 24 mA Max
Source current -15 mA Max
High level output voltage 2.0 vVdc Min
Low level output voltage 0.5 Vdc Max

Parallel Processor Interface (except IRQ)

The following are the specifications for the serial interface.

Function Condition

On Spacing condition (binary 0, positive voltage).
Off Marking condition (binary 1, negative voltage).

Voltage Function

above +15 Vdc Invalid

+3 Vdc to +15 Vdc On

-3 Vdc to +3 Vdc Invalid

-3Vdc to -15 Vdc off

Below -15 Vdc Invalid

Serial Port Functions
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Update Kit Contents

This kit contains:

1.
2.
3.

Volume III binder
Updates to Volumes I and II

Information for new RT PC adapters.

Notes

Replace the following pages in volume I with TNL pages supplied.

—
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11.

12.
13.

0.

Replace pages i11 through xiv with new TNL pages iii through xiv in the front of
volume 1.
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9 ocessor Board
Replace Section 3. Memory Boards with new TNL Section 3. Memory Boards

Replace Section 4. Floating-Point Accelerator with new TNL Section 4. Floating-Point
Accelerator.

Replace pages 5-27 through 5-28 with new TNL pages 5-27 through 5-28.

Replace pages 5-63 through 5-64 with new TNL pages 5-63 through 5-64.

Replace pages 6-17 through 6-20 with new TNL pages 6-17 through 6-20.

Replace pages 6-47 through 6-62 with new TNL pages 6-48 through 6-64.

Replace Section 7. System IPL ROM with new TNL Section 7. System IPL ROM.
Replace Section 8. System Compatibility with new TNL Section 8. System
Compatibility.

Replace pages 11-13 through 11-16, 11-81 through 11-82, and 11-87 through 11-88 with
new TNL pages 11-13 through 11-16, 11-81 through 11-82 , and 11-87 through 11-88.
Replace Appendix A. with new TNL Appendix A.

Replace Glossary and Index with new TNL Glossary and Index.

Add Appendix B. Advanced Processor Board to Volume 1.

Replace the following adapters in Volume II.

1.
2.

3.

Replace ESDI Magnetic Media Adapter with new TNL ESDI Magnetic Media Adapter.
Replace Extended Monochrome Graphics Adapter with new TNL Extended
Monochrome Graphics Adapter.

Replace RS-422A Adapter with new TNL RS-422A Adapter.

Replace RS-232C Adapter with new TNL RS-232C Adapter.

June 1987



Add the following adapters to Volume II or Volume III.

1. Extended Enhanced Small Device Interface (HESDI) Adapter
2. Small Computer System Interface (SCSI) Adapter.
3. Extended Monochrome Graphics Display.

Replace pages 27 and 28 of the Monochrome Display and Printer Adapter in Volume 11
with new TNL pages 27 and 28.

New divider tabs are provided for Volumes II and III. You may want to organize the
information using these dividers and redistribute the adapters in Volumes II and III.

Please file this cover letter at the back of the manual to provide a record of changes.
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