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Preface

The IBM PC Convertible Technical Reference consists of two
volumes. Volume 1 describes the hardware design and
provides interface information for the IBM PC Convertible.
Volume 1 also has information about the basic input/output
system (BIOS) and programming support. Volume 2 contains
the BIOS listings.

The information in these volumes is both descriptive and
reference-oriented and is intended for hardware and software
designers, programmers, engineers, and other interested
persons who need to understand the design and operation of
the IBM PC Convertible. These users should be familiar with
the use of the IBM PC Convertible and understand the
concepts of computer architecture and programming.

Volume 1 has five sections;

« Section 1, “Introduction” is an overview of the system and
the available options.

» Section 2, “System Unit” describes each functional part of
the base system. This section also contains the description
of the interfaces. Programming considerations are
supported by command code and register descriptions.

e Section 3, “System Options” describes each available
option.

» Section 4, “System BIOS and Usage” describes the basic
input/output system (BIOS) and its use. This section also
contains the software interrupt listing, a system memory
map, descriptions of vectors with special meanings, and a
set of low-storage maps. In addition, Section 4 describes
keyboard encoding and usage.

» Section 5, “Compatibility with the IBM Personal
Computer Family” describes programming concerns for
maintaining compatibility among the IBM PC
Convertible system and the other IBM Personal
Computers.
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Volume 1 has the following appendixes:

¢ Appendix A, “Characters and Keystrokes”

« Appendix B, “Unit Specifications”

+ Appendix C, “Logic Timing Diagrams”

+ Appendix D, “Power-On Self Test Error Codes”.
Volume 2 contains the BIOS listing and is to be used in
conjunction with Volume 1.

Prerequisite Publications

Guide to Operations: for the IBM PC Convertible.

Suggested Reading
e BASIC for the IBM Personal Computer
»  Disk Operating System

o Hardware Maintenance and Service for the IBM PC
Convertible

e MACRO Assembler for the IBM Personal Computer.
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Section 1. Introduction

The IBM PC Convertible is a battery-powered, portable
member of the IBM Personal Computer family. The system
unit is the center of the IBM PC Convertible and contains the
processor, diskette drives, keyboard, display, internal
memory, power supply, and battery pack. An ac adapter for
powering the system unit and recharging the battery is
included with the system unit.

Optional features can be added to the IBM PC Convertible
system unit. These features are either installed internally or
connected to the system unit by using the appropriate
connectors and cables. The features provide additional
function or capability to the system unit. The following
options are available for the system unit:

o 128K-byte memory card (expansion up to 512K bytes)
* Internal modem

* Portable Printer

» Serial/Parallel Adapter

* Automobile Power Adapter

e Battery Charger

» CRT Display Adapter

Monochrome Display and Color Display

o (Cables.
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Section 2. System Unit

Processor . ....... ... ... 2-10
SystemClock . ....... ... ... ... ... ... ... ... 2-11
Programming Considerations . .............. 2-11
System Timer ............. .. ... ............ 2-12
Programming Considerations . .............. 2-12
Interrupt Controller .......................... 2-16
Programming Considerations ............... 2-18
Direct Memory Access (DMA) Controller ... .... .. 2-24
Programming Consideratons .. .............. 2-24
Read-Only Memory(ROM) . ........... ... ... .. 2-32
Random Access Memory (RAM) . ............... 2-33
[JOChannel .......... .. ... ... ... . ........ 2-36
I/O Channel Interface ................... .. 2-37
Liquid Crystal Display (LCD) .................. 2-45
Liquid Crystal Display (LCD) Controller ......... 2-46
LCDInterface ............ ... ... .. .. ... ... 2-54
Programming Considerations . .............. 2-57
Keyboard and Keyboard Controller ............. 2-62
Programming Considerations . .............. 2-67
Audio Controllerand Speaker . ................. 2-72
Programming Considerations ............... 2-73
Diskette Drive .......... ... ... ... .. ... .... 2-74
Diskette Controller . . ....................... .. 2-75
Diskette Driver Interface ................ ... 2-76
Programming Considerations ............... 2-80
Portable Printer Interface .. ................ .. .. 2-84
Portable Printer Interface ... .............. .. 2-84
Programming Considerations ............... 2-85
Real-TimeClock ............ ... ... .. ... ... 2-88
Programming Considerations . .............. 2-89
PowerSupply ... ... ... . ... ... ... 2-93
Power Supply Interface ................. ... 2-93
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The major components of the IBM PC Convertible system
unit are:

*  Processor

e System clock

* System timer

e Interrupt controller

» Direct-memory-access (DMA) controller
» Read-only memory (ROM)

* Random-access (read-write) memory (RAM)
» Input/output (I/O) channel

¢ Liquid crystal display (LCD)

e LCD controller

+ Keyboard

* Keyboard controller

* Audio controller and speaker

e Diskette drive

» Diskette controller

» Portable printer interface

» Real-time clock

* Power supply.

Figure 2-1 on page 2-4 shows an overview of the functional
units.
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Figure 2-1. IBM PC Convertible System Unit Functional Units

Many of the components are installed on the system board.
Figure 2-2 on page 2-5 shows the major components on the

system board.
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Figure 2-3 shows the memory mapping used on the IBM PC
Convertible. Figure 2-4 on page 2-7 shows the I/O and storage

addresses for the IBM PC Convertible.

The input/output registers at addresses hex 060, 061, and 062
. are used by some of the components to communicate with the
processor. Figure 2-5 on page 2-8 shows the meaning of the

bits in these registers.

The system control registers in the hex 07x range provide

special internal functions on the IBM PC Convertible. Figure
2-6 on page 2-9 shows the usage of these registers. Refer to the
BIOS listings in Volume 2 for further information concerning

these registers.
Address | Length Actual Usage
(hex) (K-bytes) | (K-bytes)
00000 640 512 System RAM
A0000 128 16 Display RAM
C0000 32 0 Video Feature ROM
C8000 160 0 I/O Feature ROM
F0000 64 64 System ROM

Figure 2-3. System Memory Map

2-6 System Unit




Range Usage

(hex)

000-00F DMA control

020-021 Interrupt control

040-043 System timer control

060-062 Input/output registers

070-080 System control registers

081-083 DMA page registers

0AO0 I/O channel check mask register

2F8-2FF Asynchronous communications (RS-232),

secondary

378-37F Parallel printer

3B0-3BF LCD controller (monochrome mode)
3D0-3DF LCD controller (color/graphics mode) or

CRT display adapter
3F0-3F7 Diskette controller
3F8-3FF Modem or asynchronous communications

adapter, primary
Figure 2-4. I/O Address Map
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Address
(hex)

Bit

Usage

060

O=NWhudJ

I/O register 1:

Keyboard scan code 7
Keyboard scan code 6
Keyboard scan code 5
Keyboard scan code 4
Keyboard scan code 3
Keyboard scan code 2
Keyboard scan code 1
Keyboard scan code 0

061

O—=NWhuo

I/O register 2:

Clear keyboard

Reserved

Disable I/O Channel Check NMI
Reserved

Disable real-time clock NMI
Enable speaker output

Speaker data

Timer 2 gate (speaker)

062

O—=NWArUA

I/O register 3:

Diskette power-on request NMI
I/O channel check NMI

Timer channel-2 out

Keyboard clear NMI

System Suspend NMI
Real-time clock alarm NMI
Reserved

Keyboard data NMI

Figure 2-5. I/0 Registers
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Address | R/W | Usage

(hex)

070-071 R/W | Real-time clock control

072 R/W | Sleep clock control/interrupt diagnostics
global NMI enable

074-075 R/W | LCD control/diagnostics

077 R/W [ Diskette control/diagnostics

078-07A | R/W | Portable printer control

07C R/W | Keyboard and feature control

07D R/W | Keyboard internal scan code
(read)/diagnostics (write)

07F R/W | Power system control

Figure 2-6. System Control Retisters
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Processor

The processor used on the IBM PC Convertible is directly
compatible with the Intel! 8088 Microprocessor, and it is
compatible with the instruction set used for the Intel 8086
Microprocessor family. The processor on the IBM PC
Convertible uses a 16-bit internal architecture with an 8-bit
data bus interface. This processor has a 20-bit address bus that
supports a 1-megabyte address space.

The internal circuitry of the processor is static and the internal
registers, counters, and latches do not require continuous
clocking for refresh.

The processor operates at a 4.77 MHz clock rate.

'Registered trade mark of Intel Corporation.
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System Clock

The system clock consists of a continuously running clock and
a software-controlled clock. The continuously running clock
provides continuous timing pulses at the maximum clock
frequency. The software-controlled clock (the sleep clock) is
used to operate the processor and other system components
that do not require constant operation. The sleep clock can be
stopped using a BIOS function call that causes the processor to
enter standby mode to conserve battery power.

The 4.77 MHz processor clock rate is derived by dividing a
14.3181-MHz oscillator frequency by 3. The clock period is
210 nanoseconds. The clock has a 33% duty cycle.

Programming Considerations

The system clock supports a sleep mode that stops the system
clock when the system is waiting on some nonprocessor event
to occur. The wait on external event BIOS function call
(interrupt hex 15) is used to access the sleep function. BIOS
automatically invokes the sleep function for the keyboard and
diskette functions. When the system is in sleep mode,
interrupts are processed as normal. After each interrupt is
serviced, control is returned to the sleep function to determine
if the requested event has occurred. If the event has occurred,
control is returned to the application; otherwise, sleep mode is
re-entered.
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System Timer

The system timer provides functions and modes similar to
those provided by an Intel 8253 Programmable Interval
Timer. The timer provides two programmable timer channels.
Timer O is used as a general-purpose and software-interrupt
timer. Timer O does not support modes 1 and 5. Timer 2 is
used to support the tone generation for the audio speaker.

The timer channel clock rate is derived by dividing a
4.77-MHz clock frequency by 4. Each channel has a minimum
timing resolution of 840 nanoseconds.

Programming Considerations

The timers are programmed by writing a control word and
loading the initial count. The control word must be written
before the initial count, and the count must follow the count
format specified in the control word. The timers are
countdown counters.

Count values are loaded into either address hex 040 (timer 0)
or hex 042 (timer 2). If the count value is only 1 byte long, the
remaining byte is set to zero. Figure 2-7 on page 2-13 shows
the timer control registers.

The count value can be read by using the timer latch
command and reading the data at the appropriate timer
register. This command does not affect the operation of the
timer.

The power-on routines initializes timer O to mode 3 which

provide an interrupt rate of 18.2 times per second. The
power-on routines do not initialize the audio timer (channel 2).
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Address | R/W | Usage

(hex)

040 R/W | Timer O count load/Read
042 R/W | Timer 2 count load/Read
043 R/W | Timer control word 0 and 2
061 R I/O register 2

062 R I/O register 3

Figure 2-7. Timer Control Registers
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Timer Control Word (Hex 043)

Bit
7-6

3-1

Meaning
Timer control word:

00 =Timer O control word
10=Timer 2 control word
x1 =Used for system suspend function

Latch command or counter read/write control:

00 = Timer latch command

01 = Read/write least significant byte (LSB)
10 = Read/write most significant byte (MSB)
11=Read/write LSB first, then MSB

Mode control:

000 = Interrupt on terminal count (mode 0)
001 = Programmable one shot (mode 1)
x10 = Rate generator (mode 2)

x11 =Square wave (mode 3)

100 = Software triggered strobe (mode 4)
101 = Hardware triggered strobe (mode 5)

Count mode:

1 = Binary coded decimal
0=Binary
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I/0O Register 2 (Hex 061)

Only a portion of I/O register 2 is used by the system timer.
The following describes that portion of the register used by the
system timer. For a complete description of the register, see
Figure 2-5 on page 2-8.

Bit Meaning

0  Timer-2 gate. This bit is used to enable timer 2. Setting
this bit to O stops the timer.

I/O Register 3 (Hex 062)

Only a portion of I/O register 3 is used by the system timer.
The following describes that portion of the register used by the
system timer. For a complete description of the register, see
Figure 2-5 on page 2-8.

Bit Meaning

5 Timer channel 2 out. Sensing this bit enables the
application to monitor the output of timer 2.
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Interrupt Controller

The interrupt controller is fully programmable and uses an
interface and command set that are compatible with the Intel
8259 Programmable Interrupt Controller.

The interrupt controller does not support rotating priority.
Additionally, when programmed in the special mask mode,
the current level must be masked as soon as it is entered.

The power-on routines set the controller to edge-triggered
mode with the interrupt vectors assigned to processor vectors
8 through 16. Each interrupt requires an end of interrupt
command to reset the interrupt service.

The interrupt controller supports nine levels of interrupts;
there are one nonmaskable interrupt (NMI) level and eight
maskable interrupt levels. Figure 2-8 on page 2-17 shows the
hardware interrupt levels in descending order of priority.
Interrupt levels 2-7 are available at the system I/O channel.
Interrupt levels 0, 1, 6, and 7 are used on the system board.
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Interrupt

Description

NMI I/O channel check, diskette power-on
request, keyboard, real-time clock alarm, or
system suspend

0 Timer output 0

1 Keyboard (output buffer full)

2 Reserved

3 Async (secondary)

4 Async (primary) or modem

5 Reserved

6 Diskette controller

7 Printers

Figure 2-8. Hardware Interrupt Levels
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Programming Considerations

The interrupt controller accepts two types of command words
from the processor. These are the initialization command
words (ICWs) and the operation command words (OCWs).
Before normal operation can begin, the controller must be
initialized by writing a sequence of ICWs. Once this has been
done, the controller can accept interrupt requests. The
application can then select mask priorities and other operating
modes by writing OCWs.

When initialization command word 1 is written, the next two
write operations to address hex 21 sequentially go to
initialization command word 2 and initialization command
word 4. Initialization command word 3 is not used on the
IBM PC Convertible, because the IBM PC Convertible does
not support cascading of interrupts.

Figure 2-9 on page 2-19 shows the register interface used for
the vectored interrupts. The NMI function uses portions of
other control registers. Figure 2-10 on page 2-20 shows these
registers.
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Address | R/W | Usage
(hex)

020

ICW1

OCW2

OCW3

Interrupt request register
Interrupt in-service register
Polling data byte

ICW2

ICW4

OCWI1

Interrupt mask register

021

063 Interrupt simulation register
(diagnostics)
Interrupt control diagnostic register O

Interrupt control diagnostic register 1

072
0A0

Figure 2-9. Vectored Interrupt Control Registers

W | Interrupt controller diagnostic control

RIP|RPR s|Rsss|FAXESS

Interrupt control diagnostic sense
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Address | R/W | Usage

(hex)

061 R/W | I/O register 3

062 R I/O register 3

072 R/W | Sleep clock control/Interrupt
diagnostics register, global NMI enable

077 R/W | Diskette control register

07C R/W | Keyboard control register

07F R/W | Power system control register

0AO R/W | 1/O channel check mask register

Figure 2-10. NMI Control Registers

I/O Register 2 (Hex 061)

The interrupt function uses only a portion of the register at
hex 61. Only the bit or bits used by this function are described
here; the remaining bits are described with the function that
they support. The following describes that portion. For a
complete description of the register, see Figure 2-5 on page 2-8.

Bit Meaning

7  Clear keyboard. The keyboard handler toggles this bit
after the keyboard scan code has been read from the I/O
register at address hex 60. This generates an NMI.

5  Disable I/O channel check NMI. Setting this bit to 1
inhibits NMIs generated from the I/O channel check
condition.

3 Disable real-time clock NMI. Setting this bit to 1 inhibits
NMIs generated from the real-time clock.
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I/O Register 3 (Hex 062)

Only a portion of I/O register 3 is used by the interrupt
controller. The following describes that portion. For a
complete description of the register, see Figure 2-5 on page
2-8. The following bits are sensed by the BIOS NMI handler to
determine the cause of an NMI. The global NMI mask bit at
address hex 072 does not affect the setting of these bits.

Bit Meaning

7  Diskette power on request NMI
6  1/0O channel check NMI

4  Keyboard clear command NMI
3  System suspend NMI

2 Real-time clock alarm NMI

0 Keyboard data latched NMI

Sleep Clock Control/Interrupt Diagnostics (Hex
072)

The interrupt function uses only a portion of the register at
hex 072. Only the bit or bits used by this function are
described here; the remaining bits are described with the
function that they support.

Bit Meaning
5 Global NMI enable. Setting this bit to O disables all
NMIs. If NMIs remain disabled for over 5 milliseconds,

data from the keyboard may be lost. Applications should
avoid disabling NMIs.
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Diskette Control/Diagnostics (Hex 077)

The interrupt function uses only a portion of the register at
hex 077. Only the bit or bits used by this function are
described here; the remaining bits are described with the
function that they support.

Bit Meaning

7  Enable diskette controller power-on NMI. Setting this bit
to 0 inhibits NMIs generated when the diskette controller
is accessed in the powered-off condition. Accessing the
diskette controller with this bit set to 0 may cause
undetermined diskette errors.

Keyboard Control Register (Hex 07C)

The interrupt function uses only a portion of the register at
hex 07C. Only the bit or bits used by this function are
described here; the remaining bits are described with the
function that they support.

Bit Meaning
7  Enable keyboard NMI. Setting this bit to 0 inhibits NMIs
generated from the keyboard. If this NMI remains

disabled for over 5 milliseconds, data from the keyboard
may be lost.
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Power System Control (Hex 07F)

The interrupt function uses only a portion of the register at
hex 07F. Only the bit or bits used by this function are
described here; the remaining bits are described with the
function that they support.

Bit Meaning

2

Enable system suspend NMI. Setting this bit to 0 inhibits
NMIs generated by a system power off. If the system is
powered off with this bit set to 0, the state of the system is
not saved and the application cannot be resumed during
the next power-on sequence.

Request power off. Setting this bit to 1 causes a system
suspend NMI to be generated that causes a system power
off. This bit should be accessed through a BIOS function
call (interrupt hex 15).

I/O Channel Check Mask Register (Hex 0AQ)

Bit Meaning

7

Enable I/O channel check condition NMI. Setting this bit
to 1 enables NMIs generated by an I/O channel check
condition.
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Direct Memory Access (DMA)
Controller

The direct memory access controller provides functions
similar to those provided by the Intel 8237 Programmable
Direct Memory Access Controller. The IBM PC Convertible
DMA controller supports three DMA channels on the I/O
channel. Memory refresh using the DMA controller is not
supported because the system RAM does not require refresh.

The DMA method allows certain I/O devices to transfer
information to or from memory without using the processor.
The DMA channels are accessed by the I/O devices through
commands sent over the I/O channel.

The DMA controller supports single, block, and demand
transfer modes. All DMA data transfers require five clock
cycles or 1.05 microseconds per byte.

The DMA controller does not support automatic
initialization, rotating priority, cascading, or
memory-to-memory transfers.

Programming Considerations

Because the internal DMA counters are only 16 bits wide,
4-bit page registers are used to form the required 20-bit
address. There is a page register for each of the three DMA
channels.

Page DMA Address
Register
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Figure 2-11 shows the DMA control registers. These registers
define the modes of operation, transfer addresses, transfer
word counts, and status. All the registers are readable either
directly or through the checkout register.

Address | R/W | Usage
(hex)
000 R/W | Diagnostic checkout register (register
pointer)
001 R/W | Diagnostic register defined by
checkout register
002 R/W | Channel-1 current address
003 R/W | Channel-1 word current count
004 R/W | Channel-2 current address
005 R/W | Channel-2 current word count
006 R/W | Channel-3 current address
007 R/W | Channel-3 current word count
008 W DMA Command Register
R DMA Status register
009 w Request register
00A w Write single mask register bit
00B W Mode register
00C w Clear byte pointer
00D w Master clear
00E w Clear mask register

Figure 2-11 (Part 1 of 2). DMA Controller Registers
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Address | R/W | Usage

(hex)

00F w Write all mask register bits
080 W Manufacturing mode

081 w Channel-2 page register
082 w Channel-3 page register
083 w Channel-1 page register

Figure 2-11 (Part 2 of 2). DMA Controller Registers

DMA Command Register (Hex 008)

The command register can be indirectly read by setting the
checkout register pointer to hex 07.

Bit Meaning

7  DACK polarity (must be 0)
6 DREQ polarity (mustbe 1)
5-3 Notused

2 Controller enable

1-0 Notused
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DMA Status Register (Hex 008) -

Bit Meaning

7  Channel-3 request

6  Channel-2 request

5  Channel-1 request

4 Notused

3 Channel-3 terminal count
2 Channel-2 terminal count
1 Channel-1 terminal count

0 Notused

Request Register (Hex 009)

The request register can be indirectly read by setting the
checkout register pointer to hex OB.

Bit Meaning
7-3 Notused
2 Requestbit:

0=Reset
1 =Set

1-0 Channel select:
01 =Channel 1

10=Channel 2
11 =Channel 3
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Write Single Mask Register Bit (Hex 00A)

The write single mask register bit can be read indirectly by
setting the checkout register pointer to hex 03.

Bit Meaning

7-3 Not used

2 Maskbit:
0=Clear
1 =Set

1-0 Channel select:
01 =Channel 1

10=Channel 2
11 =Channel 3

2-28 System Unit



Mode Register (Hex 00B)

The mode register can be indirectly read by setting the
checkout register pointer to hex 08 for channel 1, hex 09 for
channel 2, and hex OA for channel 3.

Bit

Meaning

7-6 Transfer mode:

3-2

1-0

00 = Demand mode transfer
01 = Single mode transfer
10 = Block mode transfer

Address increment/decrement:

0= Address decrement
1 = Address increment

Not used

Transfer request:

00 = Verify transfer (diagnostic)

01 = Write transfer (I/O to memory)
10 = Read transfer (memory to I/O)
Mode:

01 =Select channel-1 mode register

10 = Select channel-2 mode register
11 =Select channel-3 mode register
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Clear Byte Pointer (Hex 00C)

The clear byte pointer register is not data-bit sensitive, it is
used to determine which byte is addressed when reading from
or writing to a 16-bit register. When the pointer is clear, the
low-order byte is accessed; when the pointer is set, the
high-order byte is accessed. The pointer automatically toggles
when reading from or writing to any 16-bit register. The
pointer is cleared by a master clear command, reset, or clear
byte pointer command.

Master Clear (Hex 00D)

The master clear register is not data-bit sensitive; it is used to
initialize the standard DMA registers. A write to this register
causes the DMA controller to initialize all registers to the
power-up default values and mask all DMA channels.

Clear Mask Register (Hex 00E)

The clear mask register is not data-bit sensitive, it is used to set
the bits in the mask register. A write to this register causes all
channel mask bits to be cleared which enables all DMA
channels.
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Write All Mask Register Bits Register (Hex 00F)

The write all mask register bits register can be indirectly read
by setting the checkout register pointer to hex 03.

Bit Meaning
7-4 Notused
3 Channel-3 mask:

0=Clear
1 =Set

2 Channel-2 mask:

0=Clear
1 =Set

1 Channel-1 mask:

0=Clear
1 =Set

0 Notused

System Unit 2-31



Read-Only Memory (ROM)

The system ROM is made up of two 32K by 8-bit modules.
The two modules are arranged in a 64K by 8-bit configuration.
The ROM is assigned addresses hex FOO00 through hex
FFFFF. Figure 2-12 shows the mapping of ROM.

ROM does not use parity.
Address | Length Usage
(hex) (K-bytes)
F0000 24 POST, BIOS
F6000 32 Resident BASIC
FE000 8 POST, BIOS

Figure 2-12. ROM Map
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Random Access Memory (RAM)

The RAM is used to store application programs and user data.
All RAM is static and does not require refresh. RAM does not
use parity. The RAM is contained on cards; each card has
128K bytes of storage. A maximum of four cards can be
installed in the system.

The starting address of RAM is hex 00000, as shown in Figure
2-3 on page 2-6. Figure 2-13 on page 2-34 shows the expansion
RAM connectors at the system board. The plus (+) or minus
(—) preceding the signal name indicates the active state of the
signals. The input/output column indicates whether the signal
direction is to or from the system board.

Card 2 Card 3

- S

320\ 0000000000000 000000 ¢
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I/O Pin Signal Name

A0l
A02
A03
A04
AO05
A06
A07
A08
A09
Al10
All
Al2
Al3
Al4
Al5
Al6
Al7
Al8
Al19
A20
BO1
B02
BO3
B04
BOS
B06
BO7
BO8
B09
B10

Figure 2-13 (Part 1 of 2). System Board RAM Connector

+ Address/Data Bit 0

+ Address/Data Bit 1

+ Address/Data Bit 2
+5Vdc

+ Address/Data Bit 3

+ Address/Data Bit 4

+ Address/Data Bit 5
+5Vdc

+ Address/Data Bit 6

+ Address/Data Bit 7

+ Address Bit 8

+5Vdc

+ Address Bit 9

+ Address Latch Enable
Reserved

+5Vdc

—Memory Card Select 0
—Memory Card Select 2
—Memory Card Select 3
—Memory Card Select 4
+A10

Ground

+ Address Bit 11
Ground

+ Address Bit 12
Ground

+Address Bit 13
Ground

+ Address Bit 14
Ground
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Input/Output

Input/Output
Input/Output
Input/Output
Power
Input/Output
Input/Output
Input/Output
Power
Input/Output
Input/Output
Output
Power
Output
Output

Power
Output
Output
Output
Output
Output
Ground
Output
Ground
Output
Ground
Output
Ground
Output
Ground



I/OPin Signal Name Input/Output

Bl11 + Address Bit 15 Output
B12 Ground Ground
B13 + Address Bit 16 Output
Bl14 Ground Ground
B15 —Memory Write Output
B16 —Data Enable Output
B17 —Memory Card Select 1 Output
B18 Ground Ground
B19 +RAM Enable Output
B20 Ground Ground

Figure 2-13 (Part 2 of 2). System Board RAM Connector

The following is a description of the signals on the RAM
connectors.

Address/Data Bit 0 through 7

These multiplexed lines are used to form either the low-order
bits of an address or a byte of data. At the falling edge of the
‘address latch enable’ signal, the RAM cards access these eight
lines along with lines ‘address bit 8’ through ‘address bit 16’ to
form an address. At the low level of either ‘memory read’ or
‘memory write’, the RAM cards access these eight lines to
form a data byte. The least significant bit is ‘address/data bit 0.’

Address Bit 8 through 16

These lines are used to address memory and I/O devices
within the system. The data on these lines is valid through the
entire bus cycle.
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Memory Card Select 0 through 4

These lines are used to select the card to be accessed. These
lines are shifted at the output of the RAM cards.

Address Latch Enable

This line is used to indicate that the address/data bus contains
a valid address.

Memory Write

This line is used to instruct a RAM card to store the data
present on the data bus.

Data Enable

This line indicates when data should be gated onto the
multiplexed address/data bus.

RAM Enable

This line enables the RAM card to be accessed. When this line
is low, all other signals to the card are ignored.

I/0O Channel

The I/O channel is an extension of the internal bus used by the
processor and other functional units in the IBM PC
Convertible. The channel contains multiplexed low-order
address/data lines (bidirectional), high-order address lines, six
interrupt control lines, memory and I/O read or write control
lines, clock and timing lines, three DMA control lines, a
channel-check line, and power and ground lines for the
optional features. A serial printer interface for the IBM PC
Convertible Portable Printer is also provided on the I/O
channel connector.
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Memory (RAM or ROM) can be addressed on the I/O channel
only above address hex A0O000 (640K). Memory reads or
writes below that address are directed to the RAM connector.

I/O Channel Interface

The lines of the I/O channel are provided at the rear of the
system unit on a 72-pin connector. Figure 2-14 on page 2-38
shows I/O channel connector pins. The plus (+) or minus (—)
preceding the signal name indicates the active state of the
signals. The input/output column indicates whether the signal
direction is to or from the system unit. The I/O signals have
sufficient drive to power up to two CMOS loads plus one
low-power Schotty (LS) TTL load.
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N
// \
/ 1 1819 36 \
[ ¢C 3 |
\\ 37 5455 72 N\
AN ///
\\ - Shroud
I/O Pin Signal Name Input/Output
01 Shell ground Ground
02 + Address Latch Enable Output
03 +5Vdc Power
04 + Address Enable Output
05 +1/0 Channel Ready Input
06 Ground Ground
07 Spare
08 Ground Ground
09 —1I/0 Channel Check Input
10 +Sleep Clock Output
11 +Terminal Count Output
12 +12Vdc Power
13 —1I/0O Write Output
14 —Memory Read Output

Figure 2-14 (Part 1 of 3). System I/O Connector
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I/OPin Signal Name

15
16
17

Figure 2-14 (Part 2 of 3). System I/O Connector

—Memory Write

+ Adapter Power

+ Address Bit 10
+Address Bit 11

+ Address Bit 12

+ Address Bit 13

+ Address Bit 14

+ Address Bit 15

+ Address Bit 16

+ Address Bit 17
—13Vdc

Ground

+ Address Bit 18

+ Address Bit 19
+Power Adapter Active
+ Printer Power
Ground

—Transmit Data

— Printer Error

+ Printer Enable

— Printer Busy

Shell Ground

+ Address/Data Bit 0
+ Address/Data Bit 1
+ Address/Data Bit 2
+ Address/Data Bit 3
+ Address/Data Bit 4
+ Address/Data Bit 5
+ Address/Data Bit 6
+ Address/Data Bit 7

Input/Output

Output
Power
Output
Output
Output
Output
Output
Output
Output
Output
Power
Ground
Output
Output
Output
Power
Ground
Output
Input
Output
Input
Ground
Input/output
Input/output
Input/output
Input/output
Input/output
Input/output
Input/output
Input/output
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I/O Pin Signal Name Input/Output

45 + Address Bit 8 Output
46 Ground Ground
47 + Address Bit 9 Output
48 + Interrupt Request 4 Input
49 —I/O Read Output
50 +Reset Output
51 —Data Enable Output
52 Reserved

53 Ground Ground
54 +DMA Request 1 Input
55 —DMA Acknowledge | Output
56 Ground Ground
57 +DMA Request 2 Input
58 —DMA Acknowledge 2 Output
59 +DMA Request 3 Input
60 Ground Ground
61 —DMA Acknowledge 3 Output
62 +Interrupt Request 2 Input
63 +Interrupt Request 3 Input
64 Ground Ground
65 +Interrupt Request 6 Input
66 Spare

67 +Interrupt Request 5 Input
68 Spare

69 Reserved

70 +Power Enable Output
71 Ground Ground
72 +Interrupt Request 7 Input

Figure 2-14 (Part 3 of 3). System I/O Connector
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The following paragraphs describe the interface lines.

Address/Data Bit 0 through 7

These multiplexed lines are used to form either the low-order
bits of an address or a byte of data. At the falling edge of the
‘address latch enable’ signal, the attachments access these
eight lines along with lines ‘address bit 8’ through ‘address bit
19’ to form a 20-bit address. At the low level of signal ‘memory
read’, ‘memory write’, ‘I/O read’, or ‘I/O write’, the
attachments access these eight lines to form a data byte. The
least significant bit is ‘address/data bit 0.’

Address Bit 8 through 15

These lines are used to address memory and I/O devices
within the system.

Address Bit 16 through 19

These multiplexed lines contain either address or status bits.
At the falling edge of the ‘address latch enable’ signal, the
attachments access these lines to complete a 20-bit address.
These lines are inactive during I/O operations.

Sleep Clock

This line provides the sleep clock pulses. It hasa 210
nanoseconds (4.77 MHz) cycle.

During sleep mode (waiting for I/O activity), this clock may
be stopped. It resumes at normal speed when an interrupt or
DMA request is received. When the clock is stopped, this line
is set to the low level.
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Reset

This line is used to reset or initialize the system logic during
the power-on sequence.

Address Latch Enable

This line is used to indicate that the address bus (address and
data bit 0 through 19) contains a valid address. Because the
address bus is multiplexed, the I/O attachments must use the
falling edge of the ‘address latch enable’ signal to latch
processor addresses O through 7 and 16 through 19.

I/0O Channel Check

This line indicates an I/O device error.

I/O Channel Ready

This line is used by I/O devices or memory devices to lengthen
the I/O or memory cycle. This is done by forcing the line to
low level (not ready); the cycle is then extended by any
number of complete ‘clock’ cycles (210 nanoseconds). Devices
using this line should force it to low level immediately after
detecting a valid address and either a read or write command.

Interrupt Request 2 through 7

These lines are used to signal the processor that an I/O device
requires attention. The lines are in order of priority with
‘interrupt request 2’ having the highest priority and ‘interrupt
request 7” having the lowest priority. An interrupt request is
generated by raising a line to the high level and maintaining
that level until the interrupt service routine acknowledges the
request.

I/O Read

This command line is used by either the processor or DMA
controller to instruct an I/O device to place data on the data
bus.
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1/O Write

This command line is used by either the processor or DMA
controller to instruct an I/O device to read the data on the data
bus.

Memory Read

This command line is used by either the processor or DMA
controller to instruct the addressed memory device to place
data on the data bus.

Memory Write

This command line is used by either the processor or DMA
controller to instruct the addressed memory device to store
the data that is present on the data bus.

DMA Request 1, 2, and 3

These lines are used by the I/O devices to request DMA data
transfers. The lines are in order of priority with ‘DMA request
1” having the highest priority and ‘DMA request 3’ the lowest.
A request is generated when a ‘DMA request’ line is activated.
The line must be held active until the corresponding ‘DMA
acknowledge’ line is activated.

DMA Acknowledge 1,2, and 3

These lines are used by the DMA controller to acknowledge
DMA data transfer requests.

Terminal Count
This line is used to indicate that the byte count has reached a

count of zero and is active at the completion ofa DMA
operation.
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Address Enable

This line indicates that the DMA controller has control of the
I/O channel during DMA transfer operations.

Data Enable

This line indicates when data should be gated onto the
multiplexed address/data bus.

Adapter Power

This line provides an unregulated dc output (+9.2 to +16.0
volts) when either the automobile or the ac adapter is
powering the system, regardless of whether or not the power
enable signals are active. The output is routed to the I/O
connector to power external attachments.

Power Adapter Active

This line is used by the attached devices to detect when the
IBM PC Convertible is operating on the battery, so that the
devices can reduce their power consumption or turn
themselves off. The line is provided by the power supply. An
up level indicates that system power is being supplied by the
ac adapter or automobile power adapter.

Power Enable

This line is used to indicate when power is applied to the
system.

Transmit Data

This line contains the serial data for the portable printer. A
low level indicates a “mark” condition and a high level
indicates a “space” condition. The line operates at 1200 bits

per second and the data consists of 8 data bits and 2 stop bits.
Parity bits are not used.
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Printer Busy

This line is used by the portable printer to indicate when it is no
longer able to accept data (offline, printing, buffer full, page
eject, or error condition). When this line is at the low level, the
printer cannot accept data.

Printer Error

This line is used by the portable printer to indicate when it
has an error condition that needs attention from the operator.
A low level indicates a printer error (offline, paper out, or end
of ribbon).

Printer Power
This line provides an unregulated dc output (+8.0 to+16.0
volts) when a charged battery pack, ac adapter, or automobile

power adapter is powering the system. The output is used to
power the portable printer.

Printer Enable

This line is used to reset the portable printer and control the
standby/active status of the portable printer. An up level on
this line causes the printer to become ready.

Liquid Crystal Display (LCD)

The display for the IBM PC Convertible is a liquid-crystal, dot
matrix display capable of displaying 25 lines of 80 characters
or 640 by 200 picture elements (pels).

The LCD can be disconnected from the system when a
monitor is connected to the system.
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Liquid Crystal Display (LCD)
Controller

The LCD controller provides the interface to the liquid crystal
display.

The LCD controller is compatible with programs that use the
IBM Monochrome Display Adapter or the IBM
Color/Graphics Display Adapter. To accomplish this, the
LCD controller uses two address ranges for control registers,
one for monochrome operations and one for color/graphics
operations. The operation and register interface of the LCD
controller are similar to operation and interface of the
Motorola 6845 CRT Controller.

The LCD controller can address 16K bytes of display storage
(used for video refresh) and supports up to 512 different
character codes in two font storage areas. One of the font
storage areas contains the main font, while the other contains
the alternate font. The power-on routines initialize the font
areas to the IBM Personal Computer character set (shown in
Appendix A, “Character Sets and Keystrokes”) that is stored
in read-only memory. Both areas are initialized to the same
character set at system power-on time.

The LCD controller supports two basic modes of operation,
alphanumeric and graphics (all points addressable). In
alphanumeric mode, the LCD controller maps the character
and attribute information in the refresh buffer to the display
panel, using the data in the font storage area. In graphics
mode, the LCD controller directly maps the refresh buffer to
the display panel on a bit-per-pel (picture element) basis.

For monochrome operations, the IBM PC Convertible LCD
controller operates similarly to the IBM Personal Computer
Monochrome Display Adapter. Characters are displayed
within an 8-by-8 dot matrix, using the character set stored in
the font storage area. Monochrome operations use a 16K-byte
refresh buffer that starts at address hex BO00O.
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For color/graphics operations, the IBM PC Convertible LCD
controller operates similarly to the IBM Personal Computer
Color/Graphics Display Adapter. Characters are displayed
within an 8 by 8 dot matrix. The characters are stored in the
font storage area in RAM. The LCD can display 640 by 200
pels of information in color/graphics mode. Color/graphics
operations use a 16K-byte refresh buffer that starts at address
hex B800O.

Monochrome Operations

Monochrome applications are supported using alphanumeric
mode with an 80-column by 25-row display. The characters
are displayed using an 8-wide by 8-high character box.

Every display-character position in alphanumeric mode is
defined by 2 bytes in the refresh buffer. The following shows
the format of these bytes.

Character Attribute
Code Byte (Even) Byte (0dd)
[765 43 21076543210

Blink 4‘[- I—Foregrnund

Background Intensity
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The foreground and background bit settings provide the
following functions:

Background/Foreground

Bits Attributes
654210
000 000 Solid grey (nondisplay)
000 001 Normal video underscored
000111 Normal video
111 000 Reverse video
111111 Solid black (nondisplay)

The intensity attribute does not affect the intensity of the
LCD, but may be used to select one of the display attributes
shown in the following by using a BIOS function call
(interrupt hex 10):

Underscore
Reverse video
Select alternate font
Ignore intensity bit.
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A full screen of alphanumeric text requires 4000 bytes of
refresh buffer. Up to four screens (pages) can be stored in the
refresh buffer and each screen can be selectively displayed
using a BIOS function call. Figure 2-15 shows the mapping of
the refresh buffer for one full screen of alphanumeric text.

Address Usage

(hex)

B0000 Code for character at upper-left corner of
screen

B0001 Attribute for first character

BO...

BO7CF Attribute for character at bottom-right corner
of screen

Figure 2-15. Monochrome Operations Refresh buffer
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Color/Graphics Operations

Color/graphics applications are supported using the following
modes:

¢ Alphanumeric
- 40-character by 25-line
- 80-character by 25-line
e Graphics (all-points-addressable)
- 320 pels by 200 rows
- 640 pels by 200 rows.
In alphanumeric mode, the format of the refresh buffer is

similar to the monochrome mapping, except for the definition
of the attribute bits:

Character Attribute

Code Byte (Even) Byte (0dd)
[76 543 210[765%43210]
B RGB I RGHSB

Blink ————:J_ LForeground
Background ——— Infensity
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The following shows the color mapping for alphanumeric
mode:

Any color foreground with black background: Normal

display

Black foreground with any color background: Reverse

video

Any color foreground with different color
background: Reverse video

Any color foreground with same color
background: Nondisplay (all pels on)

Black foreground with black background: Nondisplay (all

pels on).

A full screen of alphanumeric requires 2000 bytes of refresh
buffer for 40-by-25 mode and 4000 bytes for 80-by-25 mode.
Up to eight (four if 80-by-25 mode) screens (pages) can be
stored in the refresh buffer and each screen can be selectively
displayed using a BIOS function call. Figure 2-16 shows the
mapping of the refresh buffer for one full screen of
alphanumeric text in 80-by-25 mode.

Address Usage

(hex)

B8000 Code for character at upper-left corner of
screen

B8001 Attribute for first character

BS... Subsequent codes and attributes

B87CF Attribute for character at bottom-right corner

of screen

Figure 2-16. Color/Graphics Operations Refresh Buffer
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In graphics (all-points-addressable) mode, the LCD controller
directly maps the display refresh buffer to the display on a
bit-per-pel basis. Applications operating in
all-points-addressable mode can have a display area that is
either 320-pels by 200-rows (medium resolution) or 640-pels
by 200-rows (high resolution).

Two 8000-byte areas in the refresh buffer are used to map the
display. Figure 2-17 shows the layout of the refresh buffer. The
first area contains pel information for the even-numbered
display row, beginning with the pel information for the
upper-left corner of the display. The second area contains pel
information for the odd-numbered display rows.

Address | Length Usage

(hex) (bytes)

B8000 8000 Even Rows 0-198
B9F3F 192 Reserved

BAOOO 8000 Odd Rows 1-199
BBF3F 192 Reserved

Figure 2-17. APA Mode Refresh Buffer

For high-resolution operations, each bit in the display storage
represents a pel on the display. Each physical pel is set to on or
off according to the bit mapping in the display storage area.
Figure 2-18 shows the bit-to-pel relationship for high
resolution.

71615(413121]111{0 Bit Position
1121314516178 Pel Position
Left Pel Right Pel

Figure 2-18. High Resolution Bit-to-Pel Relationship
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For medium resolution operations, the physical pels are
considered in pairs to be a logical pel. That is, the first and
second physical pels on the display are considered as a logical
pel. Figure 2-19 shows the bit-to-pel relationship for medium
resolution. Figure 2-20 shows how the bit pairs are mapped for
medium resolution. Alternating the two dark gray tones gives
the appearance of two different shades. That is, a dark grey 1
that is adjacent to a figure mapped in dark grey 2 creates a

border that separates the two grey figures.

6

312111(0

1

Left P

Figure 2-19. Medium Resolution Bit-to-Pel Relationship

el

Right Pel

Bit Position
3 4 Pel Position

Note: The bits are considered in pairs, such as bits 7and 6
are pairs that map pel position 1. See Figure 2-20 for how
to map the image to the pairs for medium resolution.

Bit
Position Image
1st 2nd
0 O Grey (background)
0 1 Dark grey 1
1 0 Dark grey 2
1 1 Black (foreground)

Figure 2-20. Medium Resolution Pel Mapping
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LCD Interface

The lines to the LCD are provided on the system uniton a
20-pin connector. Figure 2-21 on page 2-55 shows LCD
connector pins. The plus (+) or minus (—) preceding the
signal names indicates the active state of the signals. The
input/output column indicates whether the signal direction is
to or from the system unit.
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I/O Pin Signal Name Input/Output

01 +Scan Data 0 Output
02 +Scan Data 1 Output
03 +Scan Data 2 Output
04 +Scan Data 3 Output
05 + Display Enable Output
06 + Driver Oscillator Output
07 +Y Shift Clock Output
08 —LCD Sense Input
09 + X Enable Clock Output
10 + X Shift Clock Output
11 +5Vdc Power
12 Ground

13 Ground

14 +Start Frame Output
15 Ground

16 —13Vdc Power
17 Ground

18 +Latch Pulse Output
19 Reserved

20 Reserved

Figure 2-21. LCD Connector

The following paragraphs describe the interface lines.

Scan Data (-3

The lines contain the serial character data for the LCD. Each
line corresponds to a pel.

Display Enable

This line is used to enable and disable the display.

Drive Oscillator

This line provides the ac waveform used to drive the LCD.
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Y Shift Clock

A high to low transition on this line enables the next row shift
register to receive input data. Data is gated into the row
drivers during the next ‘latch pulse’ signal.

LCD Sense

This line is used to determine if an LCD is connected to the
system. Connecting an LCD causes this line to be pulled to the
low level.

X Enable Clock

A high to low transition on this line enables the next column
register.

X Shift Clock

A high to low transition on this line gates the display data into
the enabled column registers.

Start Frame

This line is used to set the row shift registers to the top of the
scan line. This pulse occurs at the beginning of each screen
period.

Latch Pulse

This line is used to transfer the the data in the column and row
shift registers into the column and row drivers.
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Programming Considerations

Depending on the application, the display control registers
and refresh buffer can occupy one of two possible ranges.
Monochrome applications use display control registers in the
hex 3B0 through hex 3BF range and refresh buffer in the hex
B0000 through hex B3FFF range. Color/graphics applications
use display control registers in the hex 3DO0 through hex 3DF
range and refresh buffer in the hex B8000 through hex BBFFF
range.

Monochrome or color/graphics operation can be selected
through the system profile. An application can change the
operating mode by using the video I/O function call provided
by BIOS. This is accomplished by modifying the video bit
mask in the equipment word and using the mode set function
of the interrupt hex 10 BIOS function call. If the IBM PC
Convertible CRT Display Adapter is installed, the LCD is set
up to emulate the IBM Personal Computer Monochrome
Display Adapter and this mode cannot be changed.

Applications that directly access the refresh buffer do not need
to synchronize the access with vertical and horizontal syncs.
Additionally, the application does not need to disable video
while accessing the refresh buffer. The LCD controller
automatically resolves any memory contention without
affecting the display. Disabling video during an access may
result in faint scan lines at the top and middle of the display
panel.

Figure 2-22 on page 2-58 shows the LCD controller register
assignments. Substitute the x shown in the address with either
a B for monochrome operations or D for color/graphics
operations.
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Address | R/W | Usage

(hex)

074 R/W | Control index register
075 R/W | Control data register
3x0, 3x2, | R/W | Index register

3x4, 3x6

3x1, 3x3, | R/W | Data register

3x5, 3x7

3x8 R/W | Mode control register
3x9 Reserved

3xA R/W | Status register
3xB-3xF Reserved

Figure 2-22. LCD Controller Registers

Control Index and Control Data Registers (Hex
074 and 075)

The control index register (hex 074) and control data register
(hex 075) are set by BIOS and are used to access the control
and diagnostic registers.

Index and Data Registers (Hex 3x4 and 3x5)

The index and data registers are used to access the LCD ‘
controller internal registers. The index register is loaded with
the index number of the register to be accessed through the
data register. The data register is loaded with the data to be
placed into the selected register. Figure 2-23 on page 2-59
shows the internal registers, the index numbers, and their
initial settings in hexadecimal. The registers are all read/write
registers.
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Note: The power-on routines initialize these registers.
BIOS function calls should be used to change the values in
these registers in order to preserve application program
compatibility.

Index

No. Usage Mono| A/N*| APA*
00 Reserved

01 R 1, number of characters 50 -- --

displayed horizontally
02 Reserved
03 Reserved
04 Reserved
05 Reserved
06 R6, number of characters 19 19 64

displayed vertically

07 Reserved

07 Reserved

08 Reserved

09 R9, maximum scan line -- 07 01
address

0A R10, cursor start scan line | -- 06 06
address

0B R11, cursor end scan line -- 07 07
address

Figure 2-23 (Part 1 of 2). Index and Data Registers

*Color/graphics mode only.
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Index

No. Usage Mono| A/N*| APA*

0C R12, start address, high XX XX XX

0D R13, start address, low XX XX XX

OE R 14, cursor address, high XX XX XX

10 Reserved

11 Reserved

12 R18, font select 00 00 XX

13 Reserved

14 R20, intensity and color XX XX XX
enable

15 R21, number of horizontal | 50 50 50
LCD characters displayed

16 R22, number of LCD scan | 07 07 01
lines

17 R23, LCD cursor start scan | 06 06 06
line address

18 R24, LCD cursorend scan | 07 07 07
line address

19 R25, LCD alphanumeric 03 03 XX
cursor row address, high

1A R26, LCD alphanumeric Co COo CO
cursor row address, low

1B R27, scan line address of 04 04 04
character box center

1C R28, LCD color/graphics XX XX OF
cursor row address, low

1D R29, LCD color/graphics XX XX A0
cursor row address, low

Figure 2-23 (Part 2 of 2). Index and Data Registers
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Mode Control Register (Hex 3B8/3D8)

Bit Meaning

7-6 Reserved

5
4

Enable blink

Not used

Video enable

Not used

Color/graphics mode only:

0= Alphanumeric mode
1 = Graphics mode

Alphanumeric mode:

0=40 X 25 alphanumeric mode
1 =80 X 25 alphanumeric mode
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Status Register (Hex 3BA/3DA)

Bit Meaning
7-4 Reserved
3 Vertical sync (50 Hz rate)
2-1 Reserved

0  Horizontal sync (toggles on status register read)

Keyboard and Keyboard Controller

The keyboard consists of either 78 or 79 keys, a printed circuit
board, a cable, and a connector to attach the keyboard to the
system board. The system board supplies the drive and sense
lines for the key switches.

The keyboard controller provides key detection, debounce,
and typematic functions for the keyboard. The keyboard
controller does not perform scan code translation or keystroke
queuing functions (these functions are performed by the
system processor).

When the keyboard controller detects a keystroke, the
controller places the scan code data in a register (address hex
07D), generates an NMI, and stops further scanning until the
BIOS keyboard routine has read the register.

The debounce timer is started whenever the logic detects that
a key has been pressed. If the change is still present after 5
milliseconds, the new keystroke is presented to the processor.
The typematic timer is set when any key is pressed. The initial
period is 500 milliseconds. If after this period the key is still
pressed, an additional interrupt is generated and passed to the
processor at the rate of one every 100 milliseconds. This
process continues until the key is released or another key is
pressed. Pressing another key resets the timer to the 500
milliseconds period.
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Together, the keyboard and keyboard controller provide all
the keyable functions (scan codes) other IBM Personal
Computers provide, but the layout and usage is somewhat
different. Figure 2-24 through Figure 2-29 show the keyboard
layouts for the various countries. The number in the
lower-right corner of the key button indicates the key number.

The function (Fn) key is used with other keys to generate
keystrokes normally found in the keypad section on the
keyboards of other IBM Personal Computers. For example,
holding the Fn key and pressing the cursor movement keys
will generate Home, End, Pg Up, and Pg Dn. The keypad
numerics, the plus sign (+), the minus sign (—), the multiply
sign (*), the divide sign (/), and the period (.) are generated by
pressing the corresponding key when the keypad is active (Fn
and Num Lock keys have been pressed and released). These
characters are also generated when the corresponding key is
pressed along with the Fn key if the keypad is not active. The
keypad numeric keys are imbedded in the typing area.

Colololala a0l alololol o o e e
D@PFPFTFPFTP 5
& ololeld alalal o ate oo

S [ e o ‘e
@ @P&Pﬂipp

PgUp

Ce Celele

Flgure 2-24. U.S. English Keyboard
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Figure 2-25. U.K. English Keyboard
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Figure 2-26. French Keyboard
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Figure 2-27. German Keyboard
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Figure 2-28. Italian Keyboard
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Figure 2-29. Spanish Keyboard
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Programming Considerations

Although the IBM PC Convertible keyboard layout is
somewhat different than other IBM Personal Computer
products, the IBM PC Convertible keyboard appears the same
as other keyboards to the application program. Each keystroke
causes a nonmaskable interrupt that causes a BIOS routine to
execute. This BIOS routine translates the internal code into
the standard scan code and stores the code in the register at
hex 060, causing a level-1 hardware interrupt. Figure 2-30 on
page 2-68 shows both the internal and the standard scan codes.

Note: Figure 2-30 shows only the make code. The internal
break code can be found by adding hex 80 to the make
code except in the following cases. In the cases where two
scan codes are shown, both scan codes are generated for
each make or break of the key.

Key Break Scan Code

55 EO B5 (when functioning as keypad /)
57 EO B7 (when functioning as keypad *)
62 EO B8

Note: BIOS does not provide ASCII translation for
non-U.S. keyboards.
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Key
Number

13

141
15
16

Figure 2-30 (Part 1 of 4). Keyboard Scan Code Mapping

Character

SRS R

1
2
3
4
5
6
7
K

eypad 7
8 *
Keypad 8
9 (
Keypad 9
0 )

Ke;pad -
- -
I%eypad +
]
1
Backspace
Tab Btab

Internal
Code
(hex)

11
12
13
14
15
16
17
18
18
19
19
1A
1A
1B
1C
1C
1D
1D
1E
1F
21

'This key number 14 exists only on U.S. keyboards.
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Key Character Internal Standard
Number Code Scan Code
(hex) (hex)

17 q Q 22 10
18 w W 23 11
19 e E 24 12
20 r R 25 13
21 t T 26 14
22 y Y 27 15
23 u U 28 16
Keypad 4 28 4B
24 11 29 17
Keypad 5 29 4C
25 o O 2A 18
Keypad 6 2A 4D
26 p P 2B 19
27 [ { 2C 1A
28 ]} 2D 1B
30 Caps Lock 31 . 3A
31 a A 32 1E
32 s S 33 1F
33 d D 34 20
34 f F 35 21
35 g G 36 22
36 h H 37 23
37 ] J 38 24
Keypad 1 38 4F
38 k K 39 25
Keypad 2 39 50
39 1 L 3A 26
Keypad 3 3A 51

Figure 2-30 (Part 2 of 4). Keyboard Scan Code Mapping
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Key
Number

40
41
422
43
44

Figure 2-30 (Part 3 of 4). Keyboard Scan Code Mapping

Character

- .

Enter
Shift (L)

B:’C“<O><N
gzw<OxN

ad 0

7
AS

.o>
Keypad.
‘)

Keypad /
Shift (R)
*  PrtSc
Keypad *
Ctrl

Fn

Alt (L)
Space
Alt (R)
Cur (L)
Home

2This key number exists only on non-U.S. keyboards.

Internal
Code
(hex)

3B
3C
3D
3E
41
54
42
43
44
45
46
47
48
48
49
4A
4A
4B
4B
4C
4E

Standard
Scan Code
(hex)

27
28
2B
1C
2A

3This key generates two scan codes for each make or break of the key.
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Key Character Internal Standard
Number Code Scan Code
(hex) (hex)

64 Cur (up) 5C 48
Page Up 5C 49
65 Cur (dn) SE 50
Page Dn SE 51
66 Cur (R) SF 4D
End SF 4F
67 Esc 01 01
Sys Req 01 54
68 F1 02 3B
F1l1 02 57
69 F2 03 3C
F12 03 58
70 F3 04 3D
71 F4 05 3E
72 F5 06 3F
73 F6 07 40
74 F7 08 41
75 F8 09 42
76 F9 0A 43
77 F10 0B 44
78 Num Lock 0C 45
79 Scr Lock 0D 46
80 Ins OE 52
81 Del OF 53

Figure 2-30 (Part 4 of 4). Keyboard Scan Code Mapping
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I/0 Register 1 (Hex 60)

The I/O register located at hex 060 is used to hold the
translated scan code data for the application. BIOS writes the
translated scan code to this register and automatically
generates a level-1 hardware interrupt. The data in the register
is then available to the application.

Bit Meaning

7  Keyboard scan code 7

6  Keyboard scan code 6

5 Keyboard scan code 5

4  Keyboard scan code 4

3  Keyboard scan code 3

2 Keyboard scan code 2

1  Keyboard scan code 1

0 Keyboard scan code 0

Audio Controller and Speaker

The audio controller is used to drive the speaker. The
controller receives control signals from both the I/O register
and the system timers. The channel from the system timers is
programmable within the functions of the timer witha 1.19
MHz input frequency. The speaker connects to a connector on
the system board.
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Speaker Connectors

System Board

Programming Considerations
The audio controller uses a portion of the I/O register located

at hex 061 for audio control functions. See Figure 2-5 on page
2-8 for a complete definition of this register.

I/0O Register 2 (Hex 061)
The meanings of the bits assigned to the audio controller are:
Bit Meaning
2 Enable speaker
1  Speaker data
0 Timer 2 gate
Note: BIOS controls the enable speaker bit through the

Fn/Scroll Lock key sequence. The key sequence allows the
user to disable the speaker.
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Diskette Drive

The IBM PC Convertible diskette drive supports
90-millimeter (3.5-inch) double-sided, double-density
diskettes with a formatted capacity of 720K bytes. Appendix
B, “Unit Specifications” provides the functional
characteristics of the diskette drives. “Disk Drive Interface”
on page 2-76 provides a description of the interface to the drive.

The diskette drive uses modified frequency modulation
(MFM) to read and write digital data, with a track-to-track
access time of 6 milliseconds.

The diskette is loaded by inserting the diskette into the slot.
Guides in the slot ensure that the diskette is in the correct
position. When the drive is selected, the servo-controlled dc
drive motor starts and drives the hub at a constant speed of
300 revolutions per minute (RPM). The head positioning
system, which consists of a stepper motor and its associated
electronics, moves the magnetic head to the desired track of
the diskette. The stepper motor assembly uses one step-pulse
to cause a one-track linear movement of the magnetic head.
During a write operation, a 0.115-millimeter (0.0045-inch)
data track is recorded with a 0.1875-millimeter (0.0073-inch)
spacing (center-to-center) between the tracks. This allows 135
tracks per inch.

Data is read from the diskette by the data-recovery circuitry,
which consists of a low-level read amplifier, differentiator,
zero-crossing detector, and digitizing circuits. All data
decoding is done by the diskette controller.
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The diskette drive also has the following sensor systems:

e Atrack 00 sensor that detects when the head/carriage
assembly is at track 00

o The write protect sensor that senses the position of the
write protect tab

» The diskette-changed sensor that detects when a diskette
has been removed from the drive

e Theindex sensor that detects the index marker.

Diskette Controller

The diskette controller consists of custom logic and a NEC
uPD765 Floppy Disk Controller (or equivalent) that resides
on the system board. The diskette controller attaches to the
diskette drives through an internal interface. The timings and
signal sequences are similar to the industry standard 133.4
millimeter (5.25-inch) diskette drive specification.

The diskette controller supports double-density, modified
frequency modulation (MFM)-coded diskette drives and uses
write precompensation with an analog phase-lock loop for
clock and data recovery. The diskette drive parameters are
programmable. In addition, the controller supports the
diskette drive’s write-protect feature. The controller uses
direct memory access (DMA) for record data transfers.
Interrupt level 6 is used to indicate when an operation is
complete and that a status condition requires processor
attention.

In order to conserve power, power to the controller is removed
whenever the diskettes drives are powered off. Any attempt to
access the diskette controller when power is off causes an NMI
to be signaled to the processor. BIOS then restores power to,
and initializes, the controller before returning control to the
requesting program.
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Diskette Drive Interface

The drives are attached to the diskette controller and the
power supply through a 40-pin connector. Figure 2-31 shows
the diskette drive connector pins. The plus (+) or minus (—)
preceding the signal name indicates the active state of the
signals. The input/output column indicates whether the signal
direction is to or from the diskette controller.

System Board

"~ —

I/O Pin Signal Name Input/Output
01-04 No connection

05 Ground

06 No connection

07 Ground

08 —Index Input

09 Ground

10 No connection

11 Ground

Figure 2-31 (Part 1 of 2). Diskette Drive Connector
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Figure 2-31 (Part 2 of 2). Diskette Drive Connector

Signal Name

—Drive Select
Ground

No connection
Ground
—Motor Enable
Ground
—Direction
Ground

—Step

Ground

— Write Data
Ground

— Write Enable
Ground
—Track O
Ground

— Write Protect
Ground
—Read Data
Ground
—Head Select
Ground

— Diskette Changed

Ground

Ground

Ground

+5Vdc

Return for pin 38
+12Vdc

Input/Output

Output

Output
Output
Output
Output
Output
Input
Input
Input
Output

Input

Power

Power
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The following paragraphs describe the interface lines.

Drive Select

The ‘drive select’ line is used to enable or disable all other
drive interface lines except ‘motor enable.” When the ‘drive
select’ line is set to the low level, the drive is enabled and
considered active. When the ‘select’ line is set to the high level,
input lines are ignored and all output lines are disabled. If both
the ‘select’ and the ‘motor enable’ lines are set to the high level,
the drive is considered as being in a standby (low power) mode.

Motor Enable

The ‘motor enable’ line is used to start the spindle motor.
When the ‘motor enable’ line is set to the low level, the motor
is activated; when the line is set to the high level, the motor
decelerates and stops.

Step

A 1-microsecond (minimum) low-level pulse on this line.
causes the read/write head to move one track. The direction of
the motion is determined by the level of the ‘direction’ line at
the trailing edge of the pulse.

Direction

When the ‘direction’ line is at the high level, a pulse on the
‘step’ line causes the read/write head to move one track away
from the drive spindle. When this line is set to the low level, a
pulse on the ‘step’ line causes the read/write head to move one
track toward the drive spindle.

Head Select

When the ‘head select’ line is set to the low level, head 1
(upper) is selected. When this line is set to the high level, head
0 (lower) is selected.
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Write Enable

When the ‘write enable’ line is set to the low level, the write
circuits are enabled and information can be written to the
diskette under control of the ‘write data’ line.

Write Data

A 250 nanosecond (minimum) low-level pulse on this line
causes a bit to be written onto the diskette, if the ‘write enable
line is at the low level.

¢l

Index

The ‘index’ line provides a 1.0 millisecond (minimum)
low-level pulse for each revolution of the motor.

Track 0

The “track O’ line is set to the low level when the read/write
head is positioned on track 0 of the diskette.

Write Protect

The ‘write protect’ line is set to the low level, if the diskette
inserted in the selected drive is write-protected.

Read Data

The ‘read data’ line provides a 250 nanosecond (minimum)
low-level pulse for each bit read from the diskette.

Diskette Changed

The ‘diskette changed’ line is set to the low level, if power is set
to on or if a diskette is removed from the drive. This line is set
to the high level when a diskette is in the drive and a ‘step’
pulse is sent to the drive while the drive is selected.
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Programming Considerations
Figure 2-32 shows the diskette control register assignments.

Warning: Application programs that do not use the BIOS
timer O interrupt routine to turn off the diskette motor
must ensure that a drive select is not done within 2
milliseconds of a motor off command. Failing to observe
this rule can result in data loss on the drive being selected.

Address | R/W | Usage

(hex)

077 R/W | Diskette control register
3F2 w Digital output register
3F4 R Main status register

3F5 R/W | Data register

3F7 R Digital input register

Figure 2-32. Diskette Control Registers

Diskette Control Register (Hex 077)

The diskette control register is used to provide the various
control functions. BIOS power-on routines use this register
when powering up the controller. This register is unique to the
IBM PC Convertible and application programs should avoid
using this register in order to preserve application
compatibility.
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Digital-Output Register (Hex 3F2)
The digital-output register (DOR) is an output-only register
used to control the drive motor and selection. All bits are

cleared by the ‘reset’ line. The bits have the following
meaning:

Bit Meaning

6-7 Reserved

5 Drive 1 motor enable

4  Drive O motor enable

3 Enable interrupt/DMA. This bit allows interrupt and
DMA request from the diskette controller to be gated
onto the I/O interface. If this bit is cleared, the interrupt
and DMA request interfaces are disabled.

2 Reset controller. The diskette controller is held reset
when this bit is clear. The bit is set by BIOS to enable the
diskette controller.

1-0 The hardware uses these bits to select the drive:

Bit Selected Drive
10

00 O
01 1

System Unit 2-81



Diskette Controller Main Status and Data
Registers (3F4 and 3F5)

The microprocessor in the diskette controller contains two
registers that can be accessed by the system processor: a main
status register and a data register. The 8-bit main status
register contains the status information of the diskette
controller and can be accessed at any time. The 8-bit data
register (actually consisting of several registers in a stack, with
only one register present to the data bus at a time) stores data,
commands, parameters, and diskette drive status
information. Data bytes are read from or written to the data
register in order to program or obtain results after a particular
command. The main status register is read-only and is used
during processor/controller data transfer operations.

Bit Meaning

7  Request for master. When this bit is set to 1, the data
register is available for use.

6  Indicates the direction of data transfer between the
system processor and the diskette controller:

1 = Transfer data from diskette controller
0 = Transfer data from system processor

5 Ifthis bitis set to 1, the diskette controller is not in DMA
mode.

4  Aread, write, or seek operation is in process (busy).
3-2 Reserved
1  Diskette drive 1 is in seek mode.

0  Diskette drive O is in seek mode.
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Digital Input Register (Hex 3F7)

This register is a read-only register and is used for diagnostics.

Bit Meaning

7
6

Media change line active
Drive select 0

Drive select 1

Drive 0 motor enable
Drive 1 motor enable
Write data buffer

Step buffer

Track O indicator
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Portable Printer Interface

The printer interface supports the attachment of the IBM PC
Convertible Portable Printer.

The printer interface uses a programmable rate generator. The
power-on routines check to determine if the system is
configured with the IBM PC Convertible Portable Printer. If
this is the case, the power-on routines set the generator to 1200
bits per second for the IBM PC Convertible Portable Printer.
Interface

The printer adapter interface is provided at the I/O channel
connector. The interface consists of four signal lines:

—Transmit Data
— Printer Busy
— Printer Error
+ Printer Enable
These lines are described in “I/O Channel” on page 2-36.

The printer data is provided on the ‘transmit data’ line in the
following format:

Transmit
Data 0|1 12|3(4&|5]|6|17

Sg?;’rr————Dafa Bi Ts———»l«g:r?g—-l——

Data bit 0 is the first bit to be transmitted. The interface
automatically inserts the start bit, and two stop bits.
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Programming Considerations

Figure 2-33 shows the register assignments for the printer
adapter. Bit 7 of the printer mode control register is used to
control accesses to the other two registers. When this bit is set
to 1, the rate divisor latches are accessed; when this bit is set to
0, the data and status registers are accessed.

Address | R/W | Usage

(hex)

078 R/W | Data register/rate divisor latch (LSB)
079 R/W | Status register/rate divisor latch (MSB)
07A R/W | Mode control register

Figure 2-33. Printer Adapter Control Registers

Data Register (Hex 078)

Bit Meaning

7-0 Data bits 7 through 0

Rate Divisor Latch Least Significant Bits (Hex
078)

Bit Meaning

7-0 Bits 7 through O
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Rate Divisor Latch Most Significant Bits (Hex
079)

Bit Meaning
7-0 Bits 15 through 8

Status Register (Hex 079)

Bit Meaning

7  Printer not busy
6 Settol

5 SettoO

4 Settol

3 Not printer error
2 Interruptrequest
1  Diagnostic sense

0  Not transmitting
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Mode Control Register (Hex 07A)

The mode control register is used to access the registers at hex
078 and hex 079. When bit 7 of the register is set to 1, writing
to these locations loads the rate divisor latches. (The rate
divisor latch is loaded by the power-on routines with a value
of hex OF89 to establish the 1200 rate for the printer.) When
bit 7 is set to 0, a write-to-address hex 078 loads the data into
the transmit buffer and a read-to-address hex 079 accesses the
status register.

Bit Meaning

7
6

2

Access rate divisor latch

Diagnostic mode

Enable error status interrupt

Enable data register empty interrupt
Busy (diagnostic):

0=Reset busy
1 = Set busy

Printer enable

1-0 Reserved
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Real-Time Clock

The real-time clock provides the time of day with alarm,
100-year calendar, and programmable interrupt functions.
The clock operates in either 12- or 24-hour mode and
compensates for daylight savings time, end of month, and leap
years. The real-time clock uses a Motorola MC146818A
Real-Time Clock (or equivalent).

The IBM PC Convertible uses three types of real-time clock
interrupts:

Periodic Interrupt

This interrupt is used by the post/wait-on-time (interrupt hex
15) function calls. This interrupt can occur once every 976.56
microseconds.

Alarm Interrupt

This interrupt is used by the time-of-day (interrupt hex 1A)
interrupt to activate the system at a specified time and to
notify an application that a specified time of day has been
reached. This interrupt causes an alarm (interrupt hex 4A)
function call and can occur once every 24 hours, unless the
interrupt is set to a new time or reset within a 24-hour
period.

Update Ended Interrupt

This interrupt is activated by BIOS when the LCD blank,
low-battery warning, or auto-power-off options are enabled in
the system profile. The interrupt is used as a time base to
determine if keyboard or diskette activity does not occur
within a given period of time. The interrupt can occur once
each second.

The real-time clock function and registers should be accessed
through BIOS function interrupts (interrupt hex 1A).
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Programming Considerations

The programming interface to the real-time clock consists of
64 memory locations. These locations are divided into clock
control locations (14) and RAM locations (50). The power-on
routines and BIOS use these locations for system profile and
system configuration information.

These registers are accessed indirectly. In order to access these
locations, the register address must first be written into I/O
address hex 070. Data bits 5 through 0 should contain the
register address; data bits 6 and 7 are not used. Data can then
be written to or read from the register by writing to or reading
from address hex 071. Figure 2-34 on page 2-90 shows the
register assignments for the real-time clock.

Note: Interrupts must be disabled during the time the
registers at hex 070 and 071 are being accessed.
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Address | R/W | Usage

(hex)

000 R/W | Seconds

001 R/W | Seconds alarm
002 R/W | Minutes

003 R/W | Minutes alarm
004 R/W | Hours

005 R/W | Hours alarm
006 R/W | Day of week
007 R/W | Day of month
008 R/W | Month

009 R/W | Year

00A R/W | Register A
00B R/W | Register B
00C R Register C
00D R Register D
00E-03F | R/W | 50 bytes reserved RAM

Figure 2-34. Real-time Clock Control Registers
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Register A (Hex 0A)

Bit
7

6-4

Meaning

Update in progress flag
Crystal frequency:
010=32.768K Hz
Interrupt rate:

0000 = No periodic interrupt
0001 =3.90625 milliseconds
0010=7.8125 milliseconds
0011 =122.070 microseconds
0100=244.141 microseconds
0101 =488.281 microseconds
0110=976.562 microseconds
0111=1.953125 milliseconds
1000 = 3.90625 milliseconds
1001 = 7.8123 milliseconds
1010 =15.625 milliseconds
1011 =31.25 milliseconds
1100 =62.5 milliseconds

1101 =125 milliseconds
1110=250 milliseconds

1111 =500 milliseconds
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Register B (Hex 0B)
Bit Meaning

7  Setclock

6  Periodic interrupt enable

5 Alarm interrupt enable

4  Update ended interrupt enable
3 Square wave interrupt enable
2 Binary data mode (not binary coded decimal)
1 24-hour mode

0  Daylight savings enable
Register C (Hex 0C)

Bit Meaning

7  Interrupt request flag

6  Periodic interrupt flag

5 Alarm interrupt flag

4  Update ended interrupt flag

3-0 Alwayssetto0
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Register D (Hex 0D)
Bit Meaning
7  Valid RAM and time

6-0 Alwayssetto0

Power Supply

The power supply is contained inside the system unit and
provides the power for the system unit and attachments. The
supply provides five voltage levels and is rated at 12 watts.

The supply accepts input from four dc sources: a battery pack,
an ac adapter, an automobile adapter, or a battery charger
(used only to charge the batteries).

Power Supply Interface

The external interface to the power supply is made through
either the battery pack connector or the input power
connector. Electrical specifications for the input connectors
are given in Appendix B, “Unit Specificaitons.”
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Notes:
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Serial/Parallel Adapter (Serial
Interface)

The IBM PC Convertible Serial/Parallel Adapter is a feature
that provides both serial (RS-232C) communications and
parallel printer interface adapters in a single external module.
These adapters share a common system interface; however,
the functions of these adapters are logically separate and are
described in two parts. The description of the parallel interface
portion of the IBM PC Convertible Serial/Parallel Adapter
feature begins on page 3-19.

The IBM PC Convertible Serial/Parallel Adapter provides the
same basic functions as the IBM Personal Computer
Asynchronous Communications Adapter. However,
additional commands are provided to allow programming to
control local power to the adapter. These commands are
processed by the PC Convertible BIOS.

The serial adapter provides functions equivalent to those
provided by an INS8250A Asynchronous Communications
Element in conjunction with system and EIA interfaces. The
power-on self-test routines determine the presence of
communications adapters by using the work (scratch) register
within the INS8250A Asynchronous Communications
Element. These routines will not be able to detect the presence
of adapters that do not contain this register.

Applications that process multiple interrupt conditions from
the INS8250A Asynchronous Communications Element must
service and clear the interrupt conditions before exiting the
interrupt service routine. Failure to clear the interrupt
conditions can result in failure of the application program.

The serial interface is set to primary or secondary by BIOS. If
the IBM PC Convertible Internal Modem is installed, BIOS
sets the serial interface to secondary; otherwise, the serial
interface is set to primary.

The adapter can be programmed to operate from 110 baud to
9600 baud through a BIOS function call (interrupt hex 14).
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Local power to the serial/parallel adapter is controlled through
system software. When the system unit is powered on and
external power is being used, the serial/parallel adapter is
automatically activated by the power-on routines. The system
profile is used to determine if power is to be applied to the
adapter when the system unit is operating on battery power.

I/O Channel Interface

The lines of the I/O channel are provided at the rear of the
system unit on a 72-pin connector. All 72 lines pass through
the IBM PC Convertible Serial/Parallel Adapter attachment;
however, only those lines shown in Figure 1-3 are used within
the serial/parallel adapter. Refer to “I/O Channel” on page
2-36 for a complete description of the I/O channel. The plus
(+) or minus (—) preceding the signal name indicates the
active state of the signals. The input/output column indicates
whether the signal direction is to or from the serial/parallel
adapter.

Signal Name Input/Output
+ Address/Data Bits 0-7 Input/Output
+ Address Bits 8 and 9 Input
+ Address Enable Input
—Data Enable Input
+ Address Latch Enable Input
+ Reset Input
—1/O Write Input
—I/O Read Input

+Interrupt Request 3, 4, and 7 Output

Figure 3-1. System Interface Signals
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The following paragraphs describe how some of the lines are
used within the serial/parallel adapter. For a description of the
remainder of the lines, refer to “I/O Channel” on page 2-36.

Reset

The ‘reset’ line is used to remove local power from the
serial/parallel adapter, isolate the serial/parallel adapter from
the system bus, and set the serial/parallel adapter as
secondary.

After local power to the serial/parallel adapter is turned on or
if the adapter is reset, the serial interface is enabled by an I/O
read at address hex 3FF if the adapter is set for primary, or
2FF if the adapter has been set for secondary. A
100-millisecond delay is required after the power on or reset is
required before the read is issued.

The power-on routines automatically provide a ‘reset’ before
the application program is given control.

Interrupt Request 3 and 4

Interrupt request 4 is used if the asynchronous adapter is set to
primary. Interrupt request 3 is used if the adapter is set to
secondary.

Communications Interface

The electrical interface to the serial adapter complies with the
Electronic Industries Association RS-232C specification for
interface of Data Terminal Equipment and Data
Communication Equipment (August 1969). Not all of the
signals allowed in the RS-232C specification are supported by
the serial adapter. Only those signals shown in Figure 3-2 on
page 3-7 are supported. The input/output column indicates
whether the direction is to or from the adapter.
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I/O Pin Signal Name

01
02
03
04

22
23-25

No connection
Transmitted Data
Received Data
Request to Send
Clear to Send
Data Set Ready
Ground

Carrier Detect

No Connection
Diagnostic!

No Connection
Data Terminal Ready
No Connection
Ring Indicator
No Connection

Figure 3-2. Parallel Interface Connector

Input/Output

Output
Input
Output
Input
Input
Ground
Input

Output
Output

Input

'Pin 11 is connected to pin 20 on this connector for diagnostic wrap purposes.
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The EIA drivers and receivers used on the serial/parallel
adapter are of the inverting type. The following paragraphs
describe these signals.

Carrier Detect

When low, this signal indicates that the data carrier has been
detected by the modem or data set. This signal is a modem
control function input whose condition can be tested by the
system by reading bit 7 of the modem status register. Bit 3 of
the modem status register indicates whether the ‘carrier
detect’ line has changed since the previous reading.

Whenever bit 7 of the modem status register changes state, an
interrupt is generated, if the modem status interrupt is
enabled.

‘Carrier detect’ is also called ‘data carrier detect’ or ‘received
line signal detect.’

Data Set Ready

When low, this signal indicates that the modem or data set is
ready to establish the communications link and transfer data
with the serial adapter. The ‘data set ready’ signal is a modem
control function whose condition can be tested by the
processor by reading bit 5 of the modem status register. Bit 1
of the modem status register indicates whether the ‘data set
ready’ line has changed since the previous reading of the
modem status register.

Whenever bit 5 of the modem status register changes state, an
interrupt is generated if the modem status interrupt is enabled.
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Clear to Send

This signal is a modem control function input whose
condition can be tested by the processor by reading bit 4 of the
modem status register. Bit 0 of the modem status register
indicates whether the ‘clear to send’ line has changed state
since the previous reading of the modem status register.

Whenever bit 4 of the modem status register changes state, an
interrupt is generated if the modem status interrupt is enabled.

Request to Send

When this signal is low, this signal informs the modem or data
set that the serial adapter is ready to transmit data. The
‘request to send’ signal can be set to an active low by setting bit
1 of the modem control register. The ‘request to send’ signal is
set high upon a master reset operation, and it is forced to high
during loop mode operation.

Receive Data

This is serial data input from the communication link
(peripheral device, modem, or data set).

Transmit Data

This is the serial data sent on the communications link. The
format of the transmitted data is identical to the received data.

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).
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Ring Indicator

When low, this signal indicates that a telephone ringing signal
has been received by the modem or data set. The signal is a
modem control function input whose condition can be tested
by the processor by reading bit 6 of the modem status register.
Bit 2 of the modem status register indicates whether the ‘ring
indicator’ line has changed from a low to high state since the
previous reading of the modem status register.

Whenever bit 6 of the modem status register changes from a
high to a low state, an interrupt is generated if the modem
status interrupt is enabled.

Data Terminal Ready

When low, this signal informs the modem or data set that the
adapter is ready to communicate. The ‘data terminal ready’
signal can be set to an active low by programming bit 0 of the
modem control register to a high level. The ‘data terminal
ready’ signal is set high upon a master reset operation, and is
forced to high during loop mode operation.
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Programming Considerations

The serial adapter is programmed to perform the various
functions by using the registers at addresses hex 3F8 through
hex 3FF (primary) or hex 2F8 through 2FF (secondary).

Figure 3-3 shows the register assignment for the asynchronous
adapter. Bit 7, the divisor latch access bit (DLAB), in the line
control register, is used to select certain registers. The setting
of this bit is indicated when it is needed to select a register.

Address | R/W | Usage

(hex)
07C R/W | System register
xF8 R/W | Transmit buffer (DLAB = 0 Write)

Receive buffer (DLAB = 0 Read)
Divisor latch LSB (DLAB = 1)

xF9 R/W | Divisor latch MSD (DLAB = 1)
Interrupt enable register

xFA R Interrupt identification registers
xFB R/W [ Line control register

xFC R/W | Modem control register

xFD R/W | Line status register

xFE R/W | Modem status register

xFF R/W | Work (scratch) register

Figure 3-3. Asynchronous Adapter Control Registers
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System Register (07C)

The power-on routines and BIOS control the setting of this
register. Applications should avoid using this register in order
to preserve compatibility among application programs.

The system register is an 8-bit read/write register. Bits 0 and 2
are associated with the serial/parallel adapter. The remaining
bits are used by other parts of the system and must be
preserved.

Bit Meaning

7-3 Must be preserved

2 Adapter local power control:

0=Power off
1 =Power on

This bit affects both the serial and parallel interfaces.
1  Must be preserved
0  Primary/secondary:

0=Secondary
1 = Primary

Transmit Buffer (Hex 3F8/2F8)

The transmit buffer contains the character to be serially
transmitted. Bit O is the least significant bit and is the first bit
serially transmitted.

Receive Buffer (Hex 3F8/2F8)

The receive buffer contains the received data. Bit O is the least
significant bit and is the first bit serially received.
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Divisor Register (Hex 3F8/2F8 and 3F9/2F9)

The serial/parallel adapter contains a programmable rate
generator that can divide the clock input (1.8432 MHz) by any
divisor from 1 to (2E16-1). The output frequency of the baud
generator is 16 times the rate [divisor # = (frequency
input)/(rate x 16)]. Two 8-bit registers store the divisorin a
16-bit binary format. These divisor latches must be loaded
during initialization in order to ensure desired operation of
the rate generator. Upon loading either of the divisor latches, a
16-bit rate counter is immediately loaded. This prevents long
counts on initial load.

Interrupt Enable Register (Hex 3F9/2F9)

The interrupt enable register is used to selectively enable and
disable the interrupts. Disabling an interrupt also inhibits
setting the appropriate identification bit in the interrupt
identification register. All other system functions operate in
their normal manner, including the setting of the line status
and modem status registers. Bit 3 of the modem control
register is used as a master interrupt enable/disable control.
Bit Meaning

4-7 These bits are always 0.

3 Enable modem status interrupt

2 Enable receiver line status interrupt

1  Enable transmitter holding register empty interrupt

0  Enable received data available interrrupt
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Interrupt Identification Register (Hex 3FA/2FA)

The interrupt identification is used to signal that an interrupt
is pending and to identify the source of the interrupt.

Bit Meaning
3-7 These bits are always set to 0.
1-2 Interruptidentification:

Bit
21 Interrupt Source

11 Receiver line status

10 Received dataavailable

01 Transmitter holding register empty
00 Modem status

0  Interrupt pending indicator. This bitis set to 1 when an
interrupt is pending.

Line Control Register (Hex 3FB/2FB)

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

Bit Meaning
7 Divisor latch access bit (DLAB):
0= Access receive buffer, transmit holding register,

or interrupt enable register
1 = Access divisor latches
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0-1

Set break control. If this bit is set to 1, the serial data
output is forced to a O (space).

Stick parity. If this bit is set to O, the parity bit is
transmitted as a O (space).

Select even/odd parity. If this bit is set to 0, odd parity is
used, otherwise even parity is used.

Enable parity. If this bit is set to 1, parity is enabled.

Number of stop bits transmitted or received in each serial
character. Ifbit 2isa 0, 1 stop bit is generated or checked
in the transmit or receive data respectively. Ifbit2isa 1
when a 5-bit word length is selected, 1-1/2 stop bits are
generated or checked. If bit 2 isa 1 when eithera 6-, 7-, or
8-bit word length is selected, 2 stop bits are generated or
checked.

Length of word transmitted or received:

Bit

10 Lengthof Word
00 5 bits

01 6 bits

10 7 bits

11 8 bits
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Modem Control Register (Hex 3FC/2FC)

The modem control register controls the interface with the
modem or data set (or other peripheral device).

Bit Meaning

5-7 These bits are always 0.

4
3

This bit provides a loopback feature for diagnostic testing.
Output 2. Ifthis bit is set to 1, interrupt 4 (primary) or
interrupt 3 (secondary) is enabled. If this bit is set to 0, all
interrupts are disabled regardless of the setting of the
interrupt enable register.

Output 1

Request to send

Data terminal ready

Line Status Register (Hex 3FD/2FD)

This 8-bit register provides status information to the
processor concerning the data transfer.

Bit
7
6

Meaning

This bit is permanently set to 0.

Transmitter empty indicator. This bit is set to O when
both the transmitter holding and the transmitter shift
registers are empty.

Transmitter holding register empty indicator. This bit is
set to 0 when the holding register is empty.
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Break interrupt indicator. This bit is set to 1 when the
received data was held in spacing state longer than
full-word transmission time.

Frame error indicator. This bit is set to 1 when the
received character did not have a valid stop character.

Parity error indicator. This bit is set to 1 when a parity
error OCcurs.

Overrun error indicator. This bit is set to 1 when the data
in the receive buffer has been overwritten.

Data ready indicator. This bit is set to 1 when the receive
buffer contains valid data.

Modem Status Register (Hex 3FE/2FE)

The modem status register provides the current state of the
control lines from the modem to the processor. In addition, 4
bits in this register provides change information. These bits
are set to a logical 1 whenever a control input from the modem
changes state. They are reset when they are read.

Bit Meaning

7

Received line signal detect. If bit 4 (loop) of the modem
control register is set to a 1, this bitis equivalent to
‘output 2’ of the modem control register.

Ring indicator. If bit 4 (loop) of the modem control
register is set to a 1, this bit is equivalent to ‘output 1’ in
the modem control register.

Data set ready. If bit 4 (loop) of the modem control

register is set to a 1, this bit is equivalent to ‘data terminal
ready’ in the modem control register.
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4  Clear to send. If bit 4 (loop) of the modem control register
is set to a 1, this is equivalent to ‘request to send’ in the
modem control register.

3 Deltareceived line signal detector indicator. This bit
indicates that the ‘received line signal detector’ has
changed state since last time it was read.

Note: WheneverbitO0, 1,2, or 3issettoa 1, a modem
status interrupt is generated, if the appropriate
interrupt enable bit is set in the interrupt enable
register.

2 Ringindicator detector. This bit indicates that the ‘ring
indicator’ signal has changed from logical 1 level to
logical O level.

1  Delta data set ready indicator. This bit indicates that the
‘data set ready’ signal has changed state since the last
time it was read.

0  Deltaclear to send indicator. This bit indicates that the

‘clear to send’ signal has changed state since the last time
it was read.
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Serial/Parallel Adapter (Parallel
Interface)

The IBM PC Convertible Serial/Parallel Adapter is a feature
that provides both serial (RS-232C) communications and
parallel printer interface adapters in a single external
attachment. These adapters share a common system interface;
however, the functions of these adapters are logically separate
and are described in two parts. The description of the serial
interface portion of the IBM PC Convertible Serial/Parallel
Adapter feature begins on page 3-3.

The parallel interface (parallel printer interface) is specifically
designed to attach printers that have a parallel interface. The
interface can also be used as a general purpose input/output
port for any device or application that matches its
input/output capabilities.

I/0 Channel Interface

The parallel adapter shares the system interface with the serial
adapter. See “I/O Channel Interface” on page 3-4 for a
description of the lines used in the IBM PC Convertible
Serial/Parallel Adapter feature.

The parallel adapter uses the ‘interrupt request 7’ for
interrupts.
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Printer Interface

Devices can attach to the parallel adapter through the
connector. Figure 3-4 on page 3-21 shows the connector pin
assignments. The plus (+) or minus (—) preceding the signal
name indicates the active state of the signals. The
input/output column indicates whether the signal direction is
to or from the adapter.
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I/O Pin

OO B WN—

btk kot ok
AN WND—O

17
18-25

Signal Name

—Strobe

+Printer Data Bit O
+ Printer Data Bit 1
+Printer Data Bit 2
—Printer Data Bit 3
=+ Printer Data Bit 4
+Printer Data Bit 5
+Printer Data Bit 6
+Printer Data Bit 7
—Acknowledge

+ Busy

+Paper End
+Selected

— Automatic Feed
—Error

—Initialize

—Select In

Ground

Figure 3-4. Parallel Printer Connector

Input/Output

Output
Output
Output
Output
Output
Output
Output
Output
Output
Input
Input
Input
Input
Output
Input
Output
Output
Ground

The connector signals are described in the following section.

Strobe

The ‘strobe’ pulse is used to write data to the printer. Data is

strobed into the printer at the low level.

This line is set to the high level by a system reset.
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Printer Data Bits 0 through 7

These lines contain the 8 bits of printer data.

Acknowledge

This line is used to signal that data has been received by the
printer and the printer is ready to receive other data. This line
is active when set to the low level. The signal pulse is
approximately 5 microseconds in duration. This signal is used
to activate the printer interrupt (interrupt request 7).

Busy

This line is used to indicate that the printer cannot receive
data. The line is active when it is set to the high level and is
made active during the following conditions:

¢ During data entry

e During printing operations
e In the off-line state

e Ina printer-error status.
Paper End

This line is used to indicate that the printer is out of paper.
The line is active when set to the high level.

Selected

This line indicates that the printer is in the selected state.

Auto Feed

If this line is low, paper is automaticaliy fed one line after
printing.
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Initialize

This line is used to reset the printer controller to the initial
state and to reset the print buffer. The line is normally set to
the high level. The signal pulse must be greater than 50
microseconds at the receiving terminal.

Error

This line is used to signal the following conditions:

» End-of-paper

e Off-line state

e Printer error status.

This line is active when set to the low level.

Select In

This line enables the printer to receive data when set to the low
level.
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Programming Considerations

Figure 3-5 shows the register assignments for the parallel

adapter.
Address | R/W Usage
(hex)
07C R/W System register
378 R/W Printer data register
379 R Printer status register
37A R/W Printer control register

Figure 3-5. Parallel Adapter Control Registers
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System Register (07C)

The power-on routines and BIOS control the setting of this
register. Applications should avoid using this register in order
to preserve compatibility among application programs.

The system register is an 8-bit read/write register. Bits 0 and 2
are associated with the Serial/Parallel Adapter. The remaining
bits are used by other parts of the system and must be
preserved.

Bit Meaning

7-3 Must be preserved

2 Adapter local power control:

0="Power off
1 =Power on

This bit affects both the serial and parallel interfaces.
| Must be preserved
0  Primary/secondary:

0=Secondary

1 = Primary
Printer Data Register (Hex 378)
The printer data register is an 8-bit read/write register used to
write data out to the printer. The latched outputs of this
register are present on the output connector.

Bit Meaning

7-0 Printer data bits 7 through 0
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Printer Status Register (Hex 379)

The printer status register is a 6-bit read-only register that
provides printer status and interrupt status to the system. This
register differs from other IBM Personal Computers in that bit
2 is used to provide the user with interrupt status.

Bit Meaning

7  Busy. Note, if this bit is set to 1, then the ‘busy’ input
signal is at low level.

6  Acknowledge

5  Paperend

4  Select

3  Error

2 Interrupt status. If the interrupt is enabled, the

‘acknowledge’ signal from the printer sets this bitto 1.
The bit is cleared when the status register is read.

1-0 Reserved
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Printer Control Register (Hex 37A)

The printer control register is a 5-bit read/write register used
for the parallel printer control lines and the printer interrupt
enable. For three of the control lines (‘strobe,” ‘auto feed,” and
‘select in’), the data present on the output connector pin is the
complement of what was written to the register. When the
register is read, however, it is the register contents that are
read, not the pin status.

Bit Meaning

7-5 Reserved

4

Interrupt enable. If this bit is set to 1, interrupt request 7
is signalled.

Select in
Initialize
Auto feed

Strobe
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Internal Modem

The IBM PC Convertible Internal Modem is a feature that
provides a phone line interface. The feature can be
programmed to operate at line speeds of 1200, 300, or 110 bits
per second. The feature is connected to the system board.

The feature consists of two major elements: a communication
element (an INS8250A Asynchronous Communications
Element orequivalent)and a modem
(modulator-demodulator) element. The communications
element is controlled through the system registers. These
registers are described in “Programming Considerations” on
page 3-32. The modem element is controlled by the modem
commands that are passed to the modem element in the data
stream. The modem commands are described in “Modem
Commands” on page 3-41. The modem commands are
stripped from the data stream and executed, they are not
transmitted to the receiving station.

The power-on routines initialize the communications
element. The modem element is initialized automatically at
power on from parameters in the system profile:

e Baudrate: 110, 300, or 1200 (1200 is the default)

« Parity: Even, odd, mark, space, or none (even is the
default)

e Answer: Automatic or manual (manual is the default).

The default parameters can be changed through a system
profile utility or through a BIOS function call (interrupt hex
15).

The power-on self-test routines determine the presence of
communications adapters by using the work (scratch) register
within the INS8250A Asynchronous Communications
Element. These routines will not be able to detect the presence
of adapters that do not contain this register.
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Applications that process multiple interrupt conditions from
the INS8250A Asynchronous Communications Element must
service and clear the interrupt conditions before exiting the
interrup service routine. Failure to clear the interrupt
conditions can result in failure of the application program.

Local power to the internal modem is controlled through
system software. When the system is powered on and external
power is being used, the internal modem is automatically
activated by the power-on routines. The system profile is used
to determine if power is to be applied to the internal modem
when the system is operating on battery power. Applications
can control power to the internal modem through a BIOS
function call (interrupt hex 15).

All pacing of the interface and control signal status must be
handled by the application program.

System Board Interface

The internal modem feature is attached to the system unit
through a connector on the system board. Figure 3-6 on page
3-30 shows the connector pins. The plus (+) or minus (—)
preceding the signal name indicates the active state of the
signals. The input/output column indicates whether the signal
direction is to or from the system unit.
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I/OPin Signal Name

01 + Address/Data Bit O
02 + Address/Data Bit 1
03 + Address/Data Bit 2
04 + Address/Data Bit 3
05 + Address/Data Bit 4
06 + Address/Data Bit 5
07 + Address/Data Bit 6
08 + Address/Data Bit 7
09 + Address Bit 8

10 + Address Bit 9
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I/O Pin Signal Name Input/Output

11 +Interrupt Request 4 Output
12 —I/O Read Input
13 + Reset Input
14 —Data Enable Input
15 Ground Ground
16 + Address Latch Enable Input
17 Ground Ground
18 + Address Enable Input
19 Ground Ground
20 +12Vdc Power
21 Ground Ground
22 Ground Ground
23 Ground Ground
24 Ground Ground
25 —13Vdc Power
26 Ground Ground
27 —1/0O Write Input
28 +5Vdc Power
29 Ground Ground
30 +HighZ Input

Figure 3-6 (Part 2 of 2). System Board Modem Connector

All of the preceding interface lines (with the exception of the
‘high Z’) are common to the I/O channel and are described in
“I/O Channel” on page 2-36. The description of the ‘high Z’
line follows.

High Z

The ‘high Z’ line is generated by the system unit. This line
indicates that all high-order address lines (10-15) are at the low
level. The internal modem uses this line to form an I/0 select.
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Common Carrier Interface

The internal modem has one USOC RJ11 jack used for the
telephone cable connector.

The common carrier interface is a 600-ohm, balanced,
two-wire telephone interface design that meets the FCC Part
68 rules. One 2.13-meter (7-foot) modular telephone cord is
included with the IBM PC Convertible internal modem.

When the internal modem is operating at 1200 bits per second,
the modulation methods and frequency tolerances conform to
Bell 212A specifications. When the internal modem is
operating at either 110 or 300 bits per second, the modulation
methods and frequency tolerances conform to Bell 103A
specifications.

Programming Considerations

Figure 3-7 on page 3-33 shows the register assignments for the
communications element in the internal modem. Bit 7, the
divisor latch access bit (DLAB), in the line control register is
used to select certain registers. The setting of this bit is
indicated if it is needed to select a register.

3-32 System Options



Address | R/W | Usage

(hex)

07C R/W | System register

3F8 R/W | Transmit buffer (DLAB =0 Write)
Receive buffer (DLAB =0 Read)
Divisor latch LSB (DLAB=1)

3F9 R/W | Divisor latch MSB (DLAB=1)
Interrupt enable register

3FA w Interrupt identification registers

3FB w Line control register

3FC w Modem control register

3FD w Line status register

3FE w Modem status register

3FF R/W | Work (scratch) register

Figure 3-7. Control Registers

System Options 3-33



System Register (07C)

The power-on routines and BIOS control the setting of this
register. Applications should avoid using this register in order
to preserve compatibility among application programs.

The system register is an 8-bit read/write register. Only bit 1 is
associated with the modem. The remaining bits are used by
other parts of the system and must be preserved.

Bit Meaning

7-2 Must be preserved

1  Modem power control:

0=Power off
1 =Power on

0  Must be preserved

Transmit Buffer (Hex 3F8)

The transmit buffer contains the character to be serially
transmitted. Bit O is the least significant bit and is the first bit
serially transmitted.

Receive Buffer (Hex 3F8)

The receive buffer contains the received data. Bit 0 is the least
significant bit and is the first bit serially received.
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Divisor Register (Hex 3F8 and 3F9)

The internal modem contains a programmable rate generator
that can divide the clock input (1.8432 MHz) by any divisor
from 1 to (2E16-1). The output frequency of the baud
generator is 16 times the rate [divisor # = (frequency
input)/(rate x 16)]. Two 8-bit registers store the divisorin a
16-bit binary format. These divisor latches must be loaded
during initialization in order to ensure desired operation of
the rate generator. Upon loading either of the divisor latches, a
16-bit rate counter is immediately loaded. This prevents long
counts on initial load.

Interrupt Enable Register (Hex 3F9)

The interrupt enable register is used to selectively enable and
disable the interrupts. Disabling an interrupt also inhibits
setting the appropriate identification bit in the interrupt
identification register. All other system functions operate in
their normal manner, including the setting of the line status
and modem status registers. Bit 3 of the modem control
register is used as a master interrupt enable/disable control.
Bit Meaning

4-7 These bits are always 0.

3  Enable modem status interrupt

2 Enable receiver line status interrupt

1  Enable transmitter holding register empty interrupt

0  Enablereceived data available interrupt
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Interrupt Identification Register (Hex 3FA)

The interrupt identification is used to signal that an interrupt
is pending and to identify the source of the interrupt.

Bit Meaning
3-7 These bits are always set to 0.

1-2 Interruptidentification:

21 Interrupt Source

1 Receiver line status

0 Received data available

1 Transmitter holding register empty
00 Modem status

0  Interrupt pending indicator. This bit is set to 1 when an
interrupt is pending.

Line Control Register (Hex 3FB)

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

3-36 System Options



Bit Meaning

7

Divisor latch access bit (DLAB):

0 = Access receive buffer, transmit holding register,
or interrupt enable register
1 = Access divisor latches

Set break control. If this bit is set to 1, the serial data
output is forced to a O (space).

Stick parity. If this bit is set to O, the parity bit is
transmitted as a O (space).

Select even/odd parity. If this bit is set to 0, odd parity is
used, otherwise even parity is used.

Enable parity. If this bit is set to 1, parity is enabled.

Number of stop bits transmitted or received in each serial
character. Ifbit 2isa 0, 1 stop bit is generated or checked
in the transmit or receive data respectively. If bit 2isa 1
when a 5-bit word length is selected, 1-1/2 stop bits are
generated or checked. If bit 2 isa 1 when eithera 6-, 7-, or
8-bit word length is selected, 2 stop bits are generated or
checked.

Length of word transmitted or received:

10 Lengthof Word

00 S5hbits
01 6bits
0 7bits
1 8bits
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Modem Control Register (Hex 3FC)

The modem control register controls the interface with the
modem or data set (or other peripheral device).

Bit Meaning

5-7 These bits are always 0.

4  Thisbit providesaloopback feature for diagnostic testing.

3 Output 2. Ifthis bitis set to 1, interrupt 4 (primary) or
interrupt 3 (secondary) is enabled. If this bit is set to 0, all
interrupts are disabled regardless of the setting of the
interrupt enable register.

2 Outputl

1  Requesttosend

0 Dataterminal ready
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Line Status Register (Hex 3FD)

This 8-bit register provides status information to the
processor concerning the data transfer.

Bit Meaning

7
6

This bit is permanently set to 0.

Transmitter empty indicator. This bit is set to 0O when
both the transmitter holding and the transmitter shift
registers are empty.

Transmitter holding register empty indicator. This bit is
set to 0 when the holding register is empty.

Break interrupt indicator. This bit is set to 1 when the
received data was held in spacing state longer than full
word transmission time.

Frame error indicator. This bit is set to 1 when the
received character did not have a valid stop character.

Parity error indicator. This bit is set to 1 when a parity
€rror occurs.

Overrun error indicator. This bit is set to 1 when the data
in the receive buffer has been overwritten.

Data ready indicator. This bit is set to 1 when the receive
buffer contains valid data.
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Modem Status Register (Hex 3FE)

The modem status register provides the current state of the
control lines from the modem to the processor. In addition, 4
bits in this register provides change information. These bits
are set to a logical 1 whenever a control input from the modem
changes state. They are reset when they are read.

Bit Meaning

7  Received line signal detect. If bit 4 (loop) of the modem
control register is set to a 1, this bit is equivalent to
‘output 2’ of the modem control register.

6  Ringindicator. Ifbit 4 (loop) of the modem control
register is set to a 1, this bit is equivalent to ‘output 1’ in
the modem control register.

5  Dataset ready. If bit 4 (loop) of the modem control
register is set to a 1, this bit is equivalent to ‘data terminal
ready’ in the modem control register.

4  Clear to send. If bit 4 (loop) of the modem control register
is set to a 1, this is equivalent to ‘request to send’ in the
modem control register.

3 Deltareceived line signal detector indicator. This bit
indicates that the ’received line signal detector’ has
changed state since last time it was read.

Note: Wheneverbit0, 1,2,or 3issettoa 1,a modem
status interrupt is generated, if the appropriate
interrupt enable bit is set in the interrupt enable
register.

2 Ringindicator detector. This bit indicates that the ‘ring

indicator’ signal has changed from logical 1 level to
logical O level.
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1  Delta data set ready indicator. This bit indicates that the
‘data set ready’ signal has changed state since the last
time it was read.

0  Delta clear to send indicator. This bit indicates that the
‘clear to send’ signal has changed state since the last time

1t was read.

Modem Commands

The modem commands in the data stream to the modem
element have the following structure:

[cc][command word][delimiter][[arguments][,more][CR]

where:
[ccl

[command word]

[delimiter]

[arguments]

[,more]

[CR]

is the command code.

is the command word or the first letter of
the command word.

is always a space when separating an
argument and command word. Any
spaces thereafter are ignored until the
modem receives a comma, an argument,
or a carriage return.

are variables that are replaced by any
character allowed by the command
definition.

is any additional commands, preceded by
acomma.

is a carriage return that completes the
command sequence and causes the
modem to execute the commands. The
modem responds with a question mark
when a command has not been entered
correctly.
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Answer (A)

This command takes the modem off-hook and begins the
answer handshake with the calling modem. If the modem is in
the voice mode when the incoming call is received, the Answer
command puts it in the modem mode.

Break (B n)

This command sends a break character for a duration ofa
multiple of 100 milliseconds (n X 100 milliseconds). The
parameter n is any hexadecimal digit 1 - F.

Count (Cn)

This command sets the ring count for automatically
answering an incoming call and for dialing. The modem will
auto answer the phone after the number of incoming rings
equals the count (n) specified. When dialing, the modem will
wait n + 3rings. A typical ring cycle is 6 seconds. Because a
remote modem may timeout a call after 45 seconds, a value of
n greater than 8 may not be useful. A parameter of O specifies
that the modem should not answer an incoming call, but
should still perform instructions from the system. The
parameter n is any hexadecimal digit from O - F.

At initialization time, the count is set to O.
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Dial (D m..m)

This command takes the modem off-hook and searches for a
dial tone. When one is found, the modem dials the phone
number in the ASCII string, then searches for line busy,
ringing, or incoming carriers. If the parameter is omitted, the
number from the most recently entered Dial, Redial, or Xmit
command is redialed. If a parameter has never been entered,
the modem responds with a question mark (?).

The characters in the dial string (m...m) may be any ASCII
character except the backspace or abort characters. Only the
following characters will be executed:

0 through 9, #, and * are the digits to be dialed. There can
be up to 33 characters in the character string.

I - Dial the digits that follow the I using pulse dialing.
Dialing ends when a P or a W is encountered. The I must
be at the beginning of the dial string or be preceded by P or
W.

P - Wait for a dial tone, then immediately dials the next
dial string. If a dial tone is not received within five seconds
(or five times the number of Ps, if more than one P has
been entered), dialing stops and a ‘no dial tone’ response is
returned to the application.

If the string does not start with a P, then one P is assumed.
W - Wait for dial tone (five seconds), then immediately

dials the the next string, if no P follows. Multiples of W
extend the time.
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Format (F n)

This command sets the format of the data being sent by the
modem to the system. It affects the number of stop bits
transmitted, but not the parity of the data on the telephone
line. Telephone line data duplicates the parity sent by the
system.

The parameter n is interpreted by the modem as follows.

n Parity Data Stop Bit

Length
0 Mark 7 1
1 Space 7 1
2 Odd 7 1
3 Even 7 1
4 None 8 1

Although other combinations are possible, the IBM PC
Convertible internal modem supports only these formats.

The application must set the same format as defined in the
Format command into the line control register in order to
enable data or command communication.

The response to the Format command will be in the old
format.

Do not combine this command with any other commands,
except the Speed command.

At initialization time, the format is set to format 3.

Hangup (H)

This command causes the modem to immediately end
communication, send a 2-second long space, then go on-hook.
During this process, the modem disregards system commands
and data.
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Initialize (I)

This command causes the modem to run the self-test and
initialize the modem to the default values. When this
command is used, the application should wait 2 seconds
before issuing the next command. When the Initialize
command is issued, or when power is turned on, the
communications element must be set to the initialization
state:

A verification of hardware integrity is performed and the
result is posted to the status characters.

The status is cleared.

The modem is placed in the data state to await a dialing
request or incoming ring.

The transparent mode is cleared.

All loopback modes are cleared.

The wait mode is cleared.

The command character is set to Control-N.

The data format is set to 7 data bits, even parity, and 1 stop
bit.

Ringback count is set to O (auto-answer disabled).
The modem is set to on-hook.

The message mode is set to long format.

The speed is set to 1200 bits per second.

The dial buffer is cleared.
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Long Response o (L 0)

. This command causes the modem to respond to the system
with either a long or short format of a response message. When
the long format is used, the modem sends a carriage return
with the response so that the cursor returns to the left margin.
When the short format is used, no carriage return is sent and
the cursor remains on that line until another command is sent.
Figure 3-8 shows the format of the responses.

The parameter o may be either O for the long message format
or 1 for short message format. The dial string is not returned
when the short format is used.

Long Format Short Format
(hex)
Busy 30
Connected 31
No answer 32
No dial tone 33
OK 34
Ring 35
Unsuccessful 36
? 37

Figure 3-8. Repsonse Formats

Atinitialization state time, the response mode is set to long
format.
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Modem (M)

This command causes the modem to return from voice mode
to the data communications mode. If the modem is on-hook,
no further action occurs. If the modem is off-hook and the
answer mode was the last data mode used in the current call,
then the Modem command begins the answer handshake. In
any other situation where the Modem command is issued
off-hook, the modem begins the originate handshake.

New (N p)

This command changes the command character (cc) to a new
value. The former command character is then treated as a data
character and can be transmitted as normal data. The
parameter p can be any ASCII character.

The character that is used as the control character may not be
used as part of a command stream or text stream, except as a
control character in a command string. The hex combinations
08, 0D, 18, 20, 2C, 8E, 8D, 98, A0, and AC should not be used
as command characters.

The default is Ctrl N (hex OE).

Originate (O)

This command causes the modem to go off-hook, forces the
modem mode, and begins the originate handshake. If the
modem is in the voice mode when this command is used, it
returns to the modem mode.

Pickup (P)

This command takes the modem off-hook and puts the
modem in the voice mode. After a Pickup command has been
issued, a Hangup command must be issued when the call is
finished to return to the on-hook state.
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Query (Q)

This command is used to retrieve modem status information:
Status Meaning
HO On hook
H1 Offhook

SO0toSF  Current ring count setting in hex

B Line busy

D No dial-tone

L Successful dial

N Dial tone present after dialing or unsuccessful
handshake

X No answer, ring count plus n exceeded

T0 Integrity test passed

T1 Integrity test failed

HO, H1, or SO to SF status is always returned for a Query
command. B, D, L, N, or X status is returned only after a
dialing sequence has been started or a change has occurred in
the dialing status. If there is no current response for these
responses, a space (Hex 20) is returned in the position for
these responses. Either TO or T1 is returned when an Initialize
command has issued. All responses, except HO, H1, and SO to
SF, are reset after they are read and do not appear in response
to the next Query, unless the condition has recurred. The
Query response overrides any incoming data from the
telephone line.
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Redial (R m...m)

When the Redial command is issued, the modem executes up
to 10 redials at a rate of one every 40 seconds. The redials are
triggered by the detection of a busy signal after dialing.

The dial string (m...m) is the same as that described for the
Dial command.

Speed n (Sn)

This command sets the bit rate for the modem where n
represents the line speed:

n  Linespeed (bits per second)

0- 110
1- 300
2- 1200

After the Speed command has changed the line speed, the
application must update the divisor registers to reflect the new
line speed.

The modem responds to the Speed command at the old speed
rate.

If programming in BASIC, the Speed command must be used
in addition to specifying the same line speed rate in the BASIC
OPEN statement.

The default is 2 (1200 bps).
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Transparentn...n(Tn...)

This command places the modem in the transparent mode for
the next n bytes. The n can be up to four digits long where n is
defined as any hexadecimal digit O - F. If n is specified as 0,
then the modem remains in transparent mode until bit 2 of the
modem control register is set to 1.

When the modem receives this command, it transmits the
number of characters specified as data and does not interpret
the data for command or control characters.

If an argument is not included with the Transparent
command, the command is invalid and the modem responds
with a question mark (?).

Transparent mode ends when:

e The specified number of bytes have been transmitted.

e The carrier has been lost.

e Bit 2 ofthe modem control registeris set to 1.

The modem must exit the transparent mode before processing
the next complete character from the system.

Transparent mode is restarted when bit 2 of the modem

control register is reset and a new Transparent command is
issued.
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Voice (V)

This command forces the modem to the voice state and the
modem does not monitor the communications line. This state
is used for voice communications.

This command disables the auto-answer function.
The status responses when dialing in voice mode are:
Ifa busy signal is detected - Busy OK.

Any other condition - OK...(roughly one dot each second
for 13 seconds)....Connected.

Wait (W)

This command causes the modem to take no action, including
auto-answer, until the next command is received from the
system. All commands following the WAIT command in a
single command line are ignored.

Xmit m...m (X m...m)

This command instructs the modem to transmit the DTMF
tone pairs found in the argument string m...m. This is valid
only after the modem is off-hook in the voice mode. If no
argument string is entered but a valid dial string was entered
previously, the Xmit command uses the argument from the
previous Dial command. If no parameter was ever entered,
the modem responds with a question mark (?) followed by an
‘OK.
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Ztestn(Zn)

This command places the modem in the test mode specified

by the argument n:

n  Test

0  Hardware integrity test (on-hook only)

1  Analogloop back test (on-hook only)

2 Remote digital loopback (1200 bps only)
3 Local digital loopback (1200 bps only)

For the hardware integrity test, the test is performed, status is
posted, and then the modem returns to service immediately.
The integrity test takes about 2 seconds to complete, and its
completion is signaled by an OK message.

For modes other than the hardware integrity test:

The modem stays in the test mode until any other
command is received.

The modem may take up to 1 second to enter the test mode.

The receive buffer may be loaded with an extraneous
character after issuing the Ztest command.

All commands following the Ztest command in a single
command line are ignored.
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CRT Display Adapter

The IBM PC Convertible CRT Display Adapter is a feature
that provides the interface required to attach compatible
direct drive and composite monitors to the IBM PC
Convertible. This feature also allows a television set to be
connected to the IBM PC Convertible when a radio frequency
(rf) modulator is used.

The CRT display adapter is compatible with programs that
use the IBM Color/Graphics Display Adapter. The operation
and register interface of the CRT display adapter are similar to
operation and interface of the Motorola 6845 CRT Controller.

The adapter contains 16K bytes of display storage (refresh
buffer) and supports up to 256 different character codes. The
refresh buffer is located at address hex B8000.

The adapter has two basic modes of operation, alphanumeric
and graphics (all points addressable). In alphanumeric mode,
the adapter uses a character generator to map character
information to the display. Characters are displayed in an
8-by-8 dot matrix. Alphanumeric mode supports two
resolutions, low resolution (25 rows by 40 characters) and high
resolution (25 rows by 80 characters).

In graphics mode, the adapter maps the information to the
display on a bit-per-pel (picture element) basis. Two
resolutions are available in this mode, 320 pels by 200 rows
(medium resolution) and 640 pels by 200 rows (high
resolution). High resolution supports only black and white
images.

The adapter is active only when the IBM PC Convertible is
connected to external power. When the adapter is active and
the LCD is attached, the LCD is configured to emulate the
IBM Personal Computer Monochrome Adapter.
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If the display attached to the CRT display adapter is the active
display and the system is powered off, the application that is
operating in the system is not saved and cannot be resumed.
The application must be reloaded after the next power on if
the application is to be run.

Alphanumeric Mode

Every display-character position in alphanumeric mode is
defined by 2 bytes in the refresh buffer. The following shows
the format of these bytes.

Character Attribute
Code Byte (Even) Byte (0dd)
[76 54 3210[76543210]

Blink ————T [——Foreground

Background Intensity

The foreground and background bit setting provide the
following functions:

Background/Foreground

Bits Attributes
654210
000 000 Solid black (nondisplay)
000 111 Normal video
111 000 Reverse video
111 111 Solid white (nondisplay)
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The following shows the color mapping for alphanumeric
mode. Note that the I (intensity) bit provides extra luminance
to each available shade for monitors that recognize the
intensity attribute. This results in the light colors listed in the
figure.

Background/Foreground

Bits Attributes
1000 Black; grey if =1
1001 Blue; light blue if I = 1
1010 Green; light green if I = 1
1011 Cyan; light cyan if I = 1
1100 Red; lightred if I = 1
1101 Magenta; light magenta if I = 1
1110 Brown; light brown if I = 1
I111 White; high intensity white if I = 1

A full screen of alphanumeric text requires 2000 bytes of
refresh buffer for 40-by-25 mode and 4000 bytes for 80-by-25
mode. Up to eight (four if 80-by-25 mode) screens (pages) can
be stored in the refresh buffer and each screen can be
selectively displayed using a BIOS function call. Figure 3-9 on
page 3-56 shows the mapping of the refresh buffer for one full
screen of alphanumeric text in 80-by-25 mode.
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Address Usage

(hex)

B8000 Code for character at upper-left corner of
screen

B8001 Attribute for first character

BS... Subsequent codes and attributes

B87CF Attribute for character at bottom-right corner

of screen

Figure 3-9. Color/Graphics Operations Refresh Buffer
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Graphics Mode

In graphics (all-points-addressable) mode, the adapter directly
maps the display refresh buffer to the display on a bit-per-pel
basis. Applications operating in all-points-addressable mode
can have a display area that is either 320 pels by 200 rows
(medium resolution) or 640 pels by 200 rows (high resolution).

Two 8000-byte areas in the refresh buffer are used to map the
display. Figure 3-10 shows the layout of these storage areas.
The first area contains pel information for the even-numbered
display row beginning with the pel information for the
upper-left corner of the display. The second area contains pel
information for the odd-numbered display rows.

Address | Length Usage

(hex) (bytes)

B8000 8000 Even Rows 0-198
BOF3F 192 Reserved

BAO00OO 8000 Odd Rows 1-199
BBF3F 192 Reserved

Figure 3-10. Graphics Mode Refresh Buffer
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For high-resolution operations, each bit in the display storage
represents a pel on the display. Each physical pel is set to on or
off according to the bit mapping in the display storage area.
Figure 3-11 shows the bit-to-pel relationship for high
resolution.

Note: High-resolution graphics mode supports only black
and white images.

7161514321110 Bit Position
1121314516178 Pel Position
Left Pel Right Pel

Figure 3-11. High Resolution Bit-to-Pel Relationship

For medium resolution operations, the physical pels are
considered in pairs to be a logical pel. That is, the first and
second physical pels on the display are considered as a logical
pel. Figure 3-12 shows the bit-to-pel relationship for medium
resolution. Figure 3-13 on page 3-59 shows how the bit pairs
are mapped for medium resolution.

71615141312111]0 Bit Position
| 2 3 4 Pel Position
Left Pel Right Pel

Figure 3-12. Medium Resolution Bit-to-Pel Relationship

Note: .The bits are considered in pairs, such as bits 7 and 6
are pairs that map pel position 1. See Figure 3-13 on page
3-59 for how to map the image to the pairs for medium
resolution.
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Bit
Position Image
1st2nd
0 0 Selects one of the 16 preselected background
colors
0 1 Selects the first color of either color set 1 or
color set 2
1 0 Selects the second color of either color set 1 or
colorset 2
1 1 Selects the third color of either color set 1 or
color set 2

Figure 3-13. Medium Resolution Pel Mapping

The color sets are defined as follows:
e Colorset1:

- Green (color 1)

- Red(color 2)

— Brown (color 3)
e Colorset2:

- Cyan(color 1)

- Magenta (color 2)
- White (color 3)
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I/O Channel Interface

The I/0O channel lines to the CRT display adapter are
provided on the system unit on a 72-pin connector. See “I/O
Channel” on page 2-36 fora complete description of these lines.

Direct Drive Interface

Figure 3-14 on page 3-61 shows the direct drive output from
the CRT display adapter. The plus (+) and minus (—)
preceding the line names indicates the active state of the
signals. The input/output column indicates whether the signal
direction is to or from the CRT display adapter.

Composite

©)

W= W= N

RF

Direct
Drive

PD|/eeeccccce 0o o
W|eeeeeesee 000
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I/O Pin Signal Name Input/Output

Al No connection

A2 Ground

A3 No connection

A4 Blue Output
AS Red Output
Ab Intensity Output
A7 Green Output
A8 No connection

A9 Reserved

B1 + Vertical Sync Output
B2 No connection

B3 + Horizontal Sync Output
B4 No connection

B5 Ground

B6 No connection

B7 No connection

B8 No connection

B9 No connection

Figure 3-14. Direct Drive Video Connector

Composite Video Interface

Figure 3-15 shows the direct drive output from the CRT
display adapter. The connector is shown in page 3-60.

I/O Pin Signal Name Input/Output
1 Composite Video Output
2 Ground Ground

Figure 3-15. Composite Video Connector
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RF Modulator Interface

Figure 3-16 shows the rf modulator output from the CRT
display adapter. The connector is shown in page 3-60.

I/OPin Signal Name Input/Output
Al +12Vdc Power

A3 Composite Video Output

B1 Ground Ground

B2 Reserved

B3 No connection

Figure 3-16. RF Modulator Connector
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Programming Considerations

Applications that directly access the refresh buffer do not need
to disable video while doing so; the adapter resolves any
memory contention without affecting the display.

Figure 3-17 shows the adapter register assignments.

Address | R/W | Usage
(hex)

3D0,3D4 | W Index registers
3D1, 3D5 | R/W | Data register

3D8 w Mode control register
3D9 w Color Select
3DA R Status register

Figure 3-17. CRT Controller Registers
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Index and Data Registers (Hex 3D0, 3D1, 3D4
and 3D5)

The index and data registers are used to access the CRT
display adapter internal registers. The index register is loaded
with the index number of the register to be accessed through
the data register. The data register is loaded with the data to be
placed into the selected register. Figure 3-18 shows the internal
registers, the index numbers, and their initial settings in
hexadecimal. The registers are write-only except for R14 and
R15, which are read/write.

Note: The power-on routines initialize these registers.
BIOS function calls should be used to change the values in
these registers in order to preserve application program

compatibility.
Index 40 80
No. Usage by by APA*
25 25

00 Total number of characters | 38 71 38
displayed horizontally

01 R1, number of characters 28 50 28
displayed horizontally

02 R2, horizontal sync 2D 5A 2D
character position

03 R3, horizontal synch 0A 0A 0A
character width

Figure 3-18 (Part 1 of 2). Index and Data Registers

*APA =graphics mode.
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Index 40 80
No. | Usage by by APA*
25 25

04 R4, total number of vertical | 1F 1F 7F
character rows

05 RS5, total number of scan lines| 06 06 06
adjustment

06 R6, number of characters 19 19 64
displayed vertically

07 R7, vertical sync character 1C 1C 70
row position

08 R8, interlace mode 02 02 02

09 R9, maximum scan line 07 07 01
address

0A R10, cursor start scan line 06 06 06
address

OB R11, cursor end scan line 07 07 07
address

0C R12, start address, high 00 00 00

0D R 13, start address, low 00 00 00

OE R 14, cursor address, high XX XX XX

OF R 15, cursor address, low XX XX XX

10 Reserved

11 Reserved

Figure 3-18 (Part 2 of 2). Index and Data Registers
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Mode Control Register (Hex 3D8)

Bit Meaning

7-6 Reserved

5

N WA

Change background intensity to blink

High resolution (640 by 200) black and white mode
Video enable

Black and white select

0=Color
1 = Black and white

Graphics select:

0= Alphanumeric mode
1 = Graphics (320 by 200)

Alphanumeric mode:

0-40by 25
1-=80by 25
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Color Select Register (Hex 3D9)

Bit Meaning

7-6 Reserved

5  Selectsactive color set for 320 by 200 graphics mode

0=Colorset 1
1 =Colorset 2

The color sets are described on page 3-59.
4  Selectsalternate, intensified set of colorsin graphics mode
3 Selects intensified for:

e Borderin 40 by 25 alphanumeric mode

» Background in 320 by 200 graphics mode

» Foreground in 640 by 200 graphics mode
2 Selectsred for:

» Borderin 40 by 25 alphanumeric mode

» Background in 320 by 200 graphics mode

» Foreground in 640 by 200 graphics mode
1  Selects green for:

e Borderin 40 by 25 alphanumeric mode

e Background in 320 by 200 graphics mode

» Foreground in 640 by 200 graphics mode
0  Selects blue for:

» Border in 40 by 25 alphanumeric mode

Background in 320 by 200 graphics mode
e Foreground in 640 by 200 graphics mode
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Status Register (Hex 3DA)

Bit Meaning
7-4 Reserved
3 Vertical sync
2-1 Reserved

0  Display enable

Portable Printer

The IBM PC Convertible Portable Printer is a low-power
serial dot matrix printer that attaches to the back of the system
unit. An optional cable is available that allows the printer to
be used near the system unit. Printing speed (in 10 pitch) is
approximately 40 characters per second (cps) burst. In
addition to the standard ASCII character set, the printer can
print bit-image graphics.

The portable printer has a buffer than can store up to 2000
bytes of character and bit-image graphics data.

Programming access to the printer is through the interface
described in “Portable Printer Interface” on page 2-84. The
command set is described later in this section.

Refer to Appendix B, “Unit Specifications” for specifications
concerning the IBM PC Convertible Portable Printer.
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Following a power on or a reset, the printer is set to the
following defaults:

* Horizontal tab stops: Set every eight columns starting in
the ninth column

» Vertical tab stops: None set

» Linespacing: Six lines per inch
e Character pitch: 10 characters per inch
¢ Condensed print: Off

» Double-width print: Off

» Emphasized print: Off

»  Subscript/superscript: Off

e Underline: Off

» Honor paper-end switch: On

* Autoline feed: Off

o Pagelength: 11 inches

» Skip paper perforation: Off

 Topofform: The current location of the paper.
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The portable printer is capable of several print modes that
provide a variety of printing styles:

e Standard

» Condensed

e Double-wide

 Emphasized

¢ Underline

* Superscript

e  Subscript.

These print modes may be combined to provide other printing
styles. The following combinations, however, produce these
results:

Combination Result

Condensed with Emphasized Emphasized

Superscript with Subscript Last mode selected

All other combinations are valid.

Portable Printer Character Set

Figure 3-19 shows the character set used on the IBM PC
Convertible Portable Printer. The figure also shows the
hexadecimal and ASCII values assigned to the character set.
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Hex |Ox | 1x | 2x | 3x | 4x | Bx | 6x | 7x

x0 | NuL sp | O @ P ' P

0 6] 32| 48| 64| 80| 96| 1z
x 1 ! 1 A Q a | q

1 7l 33| 49| 65| s 97|  n3
x?2 DC2 " 2 B R b r

2 18 34 50 66 82 98 14

x3

3 19 35 51 67 83 99 175

ocs | § 4 D | T |{d]|f

4 20 36 52 68 84 100 116

v
4

x5 | & | ¢ | % | S |E U] e]|u
'

x4

5 21 37 53 69 85 101 17,

<6 & 6 | F V f v
6| 22| 38| 54 0| 86| 102 18
<7 ’ 710G W g w
7| 23| 39| 551  n| 87| 103 _m9
x8 can | ( 8 | H X h X
8| 24| 40| 56| 72| 88| 104] 120
x9 | w1 ) 9 | Y i y
9l 25| 4| 571 73| 89| 105 1z
xA | f * : J z J z
o] 26| 42| 58| 74| 90| 106| 122
xB | vi |Esc | + ) K [ k {
nl 271 43| 59| 75 a| 107] 123
|
xC | FF ) < L\ ] L |
2| 28| 44| 60| 76| 92| 108] 124
xD | cr - = M ] m }
B3| 290 450  erl 771 93| 109 124
xE | so . > N A n Y
| 30| 46| 62 78| 94| mol 126
<xF | s / ? 10 -0

15 31 47 63 79 95 m 127
Figure 3-19 (Part 1 of 2). Portable Printer Character Set
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Hex | 8x | 9x |Ax |Bx |Cx | Dx | Ex | Fx
x0| €| E|jajw| L] als=
128| 144|160l 176]| 192 08| 224) 240
<11 G| & | 1 i L B +
129| 145 61| 177\ 193] 209\ 225 24
x2|é | & |o | B |+ || T| =
130| 6| 2| 178|194 210| 226| 242
x3lalé|a || F| L|m| =
131 147] 63| 179] 195| on| 227|243
. . ~ |
x| @ |8 a4 | —| E|lZ|r
132| 148 64| 180 _196| 212| 228 244
x| a | © N | 3 + g J
33| 19| 65| 81| 197] 23| 229 245
. A .
61 alalaliA El o] v +
134] 150| 16| 82| 198| 214 230 246
x7| S |a ot | | 4] 7] &
35| 151)  167]  183|  199| 15| 231|247
~ .. ) o
x8| &€ | Y| & | F Ll 4| @
86| “152| 18| 184] 2 26| 232|248
. Py ®
X 9 e O — :l’l fF - @
137 153|169 185 zo01| 27| 233| 249
xA e U 1 | ‘ 2L r Q .
1381 1541 g0l 186 202] 218\ 234 250
xB| I | |V g |5 |B|6|v
139|  155| 1m| ws7| 203 29| 235 25
A 4
xC | 1 £ 1 = Flomm| @ n
10| 156 172| 188| 04| 220| 236| 252
Dl 1| x| i (X |=|0 |22
M1 157| 173|189l 205| 221] 237| 253
. AL
xE| A | R | K | gle| "
142\ 158|174l 1 206\ z272| 238| 254
-
L
xE|ALE Iy g | = )
13| 1591 75| il 207] 223| 239|255

Figure 3-19 (Part 2 of 2). Portable Printer Character Set
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Portable Printer Commands

The printer commands consist of control characters that are
sent to the printer as single characters or character sequences.
The commands can be entered from the keyboard or through
programming as described in Guide to Operations for the IBM
PC Convertible. Following is a description of the printer
control characters. The printer code and the ASCII format of
the commands are also shown.

Null
Code Command Stream Using ASCII Values
NUL 0

This control character is used with other commands as a list
terminator. NUL is also used with other printer control codes
to select options.

Horizontal Tab
Code Command Stream Using ASCII Values
HT 9

This command causes the print head to move to the next
horizontal tab stop. If there are no tab stops between the
position of the print head and the right margin, the command
is ignored.
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Line Feed

Code Command Stream Using ASCII Values
LF 10

This command moves the print head to the first printing
position on the next line. Line spacingis 1/6-inch (4.23
millimeter) unless reset by Set 1/8 Inch Line Spacing (ESC 0),
Set 7/60 Inch Line Spacing (ESC 1), Start Text Line Spacing
(ESC 2), Set Graphics Line Spacing (ESC 3), or Store Text
Line Spacing (ESC A).

Vertical Tab
Code Command Stream Using ASCII Values
VT 11

This command moves the paper to the next vertical tab stop.
Ifno vertical tabs have been set, this command is treated as a
line feed.

Form Feed
Code Command Stream Using ASCII Values
FF 12

This command causes a carriage return and advances the
paper to the top of the next page. Multiple FF commands must
be separated by a space. The top of the page can be reset by Set
Top of Page (ESC 4) or Set Page Length (ESC C).
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Carriage Return

Code Command Stream Using ASCII Values
CR 13

This command positions the the print head to the first print
position on a line and causes a line feed if auto line feed mode
(ESC 5) has been set.

Double-Width Print, Line Mode

Code Command Stream Using ASCII Values
SO 14

This command sets double-width print mode causing the
subsequent graphic characters remaining on the line to be
printed double-wide. Double-width print mode is canceled by
Carriage Return (CR), Vertical Tab (VT), Line Feed (LF),
Forms Feed (FF), and End Double-width Print (DC 4).

Condensed Print
Code Command Stream Using ASCII Values
SI 15

This command sets condensed print mode. In condensed
print mode, characters are printed in 16.4 pitch. If condensed
and double-width print modes are combined, characters are
printed in 8.2 pitch. Condensed print mode does not work
with emphasized print; if Emphasized print and Condensed
print commands are both active, emphasized print mode
results.
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End Condensed Print (DC 2)

Code Command Stream Using ASCII Values

DC?2 18

This command resets condensed print mode.

End Double-Width Print, Line Mode

Code Command Stream Using ASCII Values

DC4 20

This command resets double-width print, line mode. This
command does not reset double-width print, continuous
mode.

Cancel
Code Command Stream Using ASCII Values
CAN 24

This command clears the last line in the print buffer without
printing the data. The print head is not moved.
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Escape

Code Command Stream Using ASCII Values
ESC 27

This command is used as the prefix to many printer
commands.

End Auto Underline

Code Command Stream Using ASCII Values
ESC-0 274548

This command reset auto underline mode.

Auto Underline
Code Command Stream Using ASCII Values
ESC-1 274549

This command sets auto underline mode, causing graphic
characters and spaces (hex 20 and FF) to be underlined.
Spaces caused by Horizontal Tab are not underlined.
Characters used for making boxes, such as the characters with
ASCII value 179 through 223, are not underlined.

System Options 3-77



Set 1/8 Inch Line Spacing

Code Command Stream Using ASCII Values
ESCO 2748

This command sets line spacing to 8 lines per inch. Some
characters on adjacent lines may overlap.

Set 7/60 Inch Line Spacing

Code Command Stream Using ASCII Values
ESC1 2749

This command sets line spacing to 8.57 lines per inch. This
setting is used with some graphics applications.

Start Text Line Spacing

Code Command Stream Using ASCII Values
ESC2 2750

This command sets the line spacing to the value specified in
the last Store Text Line Spacing (ESC A). If a Store Text Line
Spacing command has not been entered, line spacing is set to 6
lines per inch.
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Set Graphics Line Spacing

Code Command Stream Using ASCII Values
ESC3n 2751n

This command sets line spacing to n/180 inch, where n is any
value from 1 through 255. For bit-image graphics printing
using 8 bits, n is set to 24.

Set Top of Page
Code Command Stream Using ASCII Values
ESC4 2752

This command sets the current print line as the top of the
paper. Set Page Length in Inches also sets the top of page.

Set Auto Line Feed On

Code Command Stream Using ASCII Values
ESC51 275349

This commands causes a line feed to automatically occur after
each Carriage Return (CR).
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End Auto Line Feed

Code Command Stream Using ASCII Values
ESC50 275348

This command resets the automatic line feed to off.

Ignore Paper-End Switch

Code Command Stream Using ASCII Values
ESC8 2756

This command allows the printer to print to the bottom of the
paper. Print alignment may be lost within 1-1/2 inches from
the bottom of the paper.

Honor Paper-End Switch

Code Command Stream Using ASCII Values
ESC9 2757

This command causes the printer to stop printing 1-1/2 inches
from the bottom of the page.

3-80 System Options




Store Text Line Spacing

Code Command Stream Using ASCII Values
ESCAn 2765n

This command sets line spacing to n/60 inch, where n is any
value from 1 through 85. For 6-lines-per-inch spacing, n is set
to 10. A Start Text Line Spacing (ESC 2) command must be
used to start the line spacing.

Set Vertical Tabs

Code Command Stream Using ASCII Values
ESCBn0O |2766n..n0

This command clears the current vertical tab stop settings and
sets up to 64 new tab stop settings, where n...n specifies the
new tab stop settings in ascending numeric order. Tab stop
values are specified in character widths of the character pitch
that is currently in effect. Tab stop values can be set to values 1
through 127, but must not exceed page length.

If more than 64 settings or if values greater than the page
length are specified, the remaining values are ignored.
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Clear Vertical Tabs

Code Command Stream Using ASCII Values
ESCBO 27660

This command clears the vertical tab settings.

Set Page Length in Lines

Code Command Stream Using ASCII Values
ESCCn 2767n

This command sets the length to number of lines, where n can
be set from 1 through 127 lines. The command must be issued
at a page boundary. This command also sets Top of Page and
cancels Auto Perforation Skip. The page length is converted to
inches and is not affected by subsequent line spacing changes.

Set Page Length in Inches

Code Command Stream Using ASCII Values
ESCCOn |[27670n

This command sets the length of the page in inches, where n
can be set from 1 through 22 inches. If nis set to 0, the
command is ignored. The command must be issued at a page
boundary. This command also sets Top of Page and cancels
Auto Perforation Skip.
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Set Horizontal Tabs

Code Command Stream Using ASCII Values
ESCDn0O |2768n..n0

This command clears the current horizontal tab stop settings
and sets up to 28 new tab stop settings, where n...n specifies
the new tab stop settings in ascending numeric order. Tab stop
values are specified in character widths of the character pitch
that is currently in effect. Double-width mode is ignored.

If more than 28 settings or if values greater than the line length

are specified, the remaining values are ignored and may print
as data on the output.

Clear Horizontal Tabs

Code Command Stream Using ASCII Values
ESCDO 27680

This command clears the horizontal tab settings.
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Emphasized Print

Code

Command Stream Using ASCII Values

ESCE

2769

This command sets emphasized print mode. If condensed
print mode is active when this command is issued, printing
from this point is done with standard-width characters in
emphasized print mode.

End Emphasized Print

Code

Command Stream Using ASCII Values

ESCF

2770

This command resets emphasized print mode.
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480 Bit-Image Graphics Mode

Code Command Stream Using ASCII Values
ESCK... 2775 n,n, v, va....Vy

This command changes from text mode to bit-image graphics
mode. The symbols n, and n,. are 1-byte values that together
specify the total number of bit-image data bytes to be
transferred:

e n,isaweighting factor used to indicate the number of
whole 256-byte blocks of bit-image data. It is determined
by dividing the total number of data bytes by 256 (n, =+
256).

* n,isset to the remainder after calculating the value of n,.

For example, if 20 bit-image data bytes are to be transferred, n,
contains hex 14 (20) and n, contains hex 00. If 300 bit-image
data bytes are to be transferred, n, contains hex 2C (44) and n,
contains hex 01. If both n, and n, are set to 0, the command is
ignored.

The symbols v, through v, are the bytes of the bit-image data.
Each byte represents a print area that is 24 dots vertically and
3 dots horizontally. Each bit represents a three-by-three dot
matrix in the print area; setting a bit to 1 causes all nine dots in
the matrix to print. Bit 7 represents the top matrix and bit 0
represents the bottom matrix. Setting all bits to 1 causes a
vertical bar (24-by-3 dots) to be printed.

The total number of data bytes (,) cannot exceed 480 and must
beequalton, + (256 X n,).
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960 Bit-Image Graphics Mode

Code Command Stream Using ASCII Values

ESCL... 2776 n,n, v, Vy....Vy

This command sets 960 bit-image graphics mode. This
command operates the same as the Set 480 Bit-Image
Graphics Mode command, except that the number of
bit-image data bytes (,) cannot exceed 960.

Set Automatic Perforation Skip

Code Command Stream Using ASCII Values

ESCNn 2778 n

This command sets the number of lines to skip at the bottom
of a page, where n can be set from 2 through 126 lines or the
length of the page. This command is canceled by Set Page
Length (ESC C) and Cancel Automatic Perforation Skip (ESC
O) commands.

Cancel Automatic Perforation Skip

Code Command Stream Using ASCII Values

ESCO 2779

This command cancels the the perforation skip at the bottom
of a page.
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Set Default Tab Rack

Code Command Stream Using ASCII Values
ESCR 2782

This command clears the current tab stops (vertical and
horizontal) and sets the horizontal tab rack for stops at every
eight positions, starting with the ninth column.

Superscript Mode

Code Command Stream Using ASCII Values
ESCSO 278348

This command sets superscript mode. This mode remains
active until reset by an End Subscript/Superscript Mode (ESC
T) or Subscript Mode (ESC S) command.

Subscript Mode

Code Command Stream Using ASCII Values
ESCS1 278349

This command sets subscript mode. This mode remains
active until reset by an End Subscript/Superscript Mode (ESC
T) or Superscript Mode (ESC S) command.
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End Superscript/Superscript Mode

Code Command Stream Using ASCII Values
ESCT 27 84

This command cancels subscript and superscript mode.

End Double-Width Print, Continuous

Code Command Stream Using ASCII Values
ESCWO0 278748

This command cancels continuous double-width print mode.

Double-Width Print, Continuous

Code Command Stream Using ASCII Values
ESCW 1 278749

This command sets double-width print mode causing the
subsequent graphic characters line to be printed double-wide.
This mode remains active until reset by an End Double-Width
Print Continuous (ESC W) command.
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960 Bit-Image Graphics Mode

Code Command Stream Using ASCII Values
ESCY ... 2789 n,n,Vv, v,....vi

This command sets 960 bit-image graphics mode. This
command operates the same as the Set 480 Bit-Image
Graphics Mode command, except that the number of
bit-image data bytes cannot exceed 960.

1920 Bit-Image Graphics Mode

Code Command Stream Using ASCII Values
ESCZ... 2790 n,n, v Vy....Vy

This command sets 1920 bit-image graphics mode. This
command operates the same as the Set 480 Bit-Image
Graphics Mode command, except that the number of
bit-image data bytes cannot exceed 1920.

Monochrome Display

The IBM PC Convertible monochrome display is a 9-inch
(measured diagonally) composite video monitor, which is
attached to the IBM PC Convertible CRT display adapter.
The monitor operates on ac only.

Refer to Appendix B, “Unit Specifications” for specifications
concerning the IBM PC Convertible Monochrome Display.

System Options 3-89



Color Display

The IBM PC Convertible Color Display is a 13-inch
(measured diagonally) color monitor, which is attached to the
IBM PC Convertible CRT Display Adapter. The monitor
operates on ac only.

Refer to Appendix B, “Unit Specifications” for specifications
concerning the IBM PC Convertible Color Display.

Automobile Power Adapter

The IBM PC Convertible Automobile Power Adapter is used
to supply power to the system unit and to recharge the system
battery by using a dc outlet in an automobile.

If the automobile motor is not running, the system may not
receive a full charge.

Battery Charger

The IBM PC Convertible Battery Charger is used to recharge
the battery in the system unit by using an ac wall outlet.
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ROM BIOS

The basic input/output system (BIOS) resides in read-only
memory (ROM) on the system board and provides the device
level control for the input and output (I/O) devices in the
system. The BIOS routines enable the programmer to perform
block- or character-level I/O operations without concern for
device address and operating characteristics. System services,
such as time of day and system configuration determination,
are provided by BIOS.

BIOS provides an operational interface to the system and
relieves the programmer of the concern about the
characteristics of hardware devices. The BIOS interface
insulates the user from the hardware, thus allowing new
devices to be added to the system, yet retaining the BIOS level
interface to the device. In this manner, user programs become
transparent to hardware modifications and enhancements.

IBM Personal Computer Macro Assembler and IBM Personal
Computer Disk Operating System (DOS) provide useful
programming information related to this section.

Use of BIOS

Access to BIOS is through the software interrupts. Each BIOS
entry point is available through its own interrupt as shown in
Figure 4-1 on page 4-5.

The software interrupts access different BIOS routines. For
example, to determine the amount of memory available in the
system, interrupt hex 12 invokes the BIOS routine for
determining memory size and returns the value to the caller.

All parameters passed to and from the BIOS routines go
through the system registers. The prologue of each BIOS
function indicates the registers used on the call and the return.
For the memory size example, no input parameters are passed.
The memory size, in 1 K-byte increments, is returned in the
AX register.
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Ifa BIOS function call has several possible operations, the AH
register is used at input to indicate the desired operation. For
example, to set the time-of-day timer, the following code is
required:

MOV AH,1 ;function is to set time of day.
MOV CX,HIGH-COUNT ;establish the current.

MOV DX,LOW-COUNT

INT 1AH ;set the time.

To read the time-of-day timer:

MOV AH,0 ;function to read the time of day.
INT 1AH ;read the timer.

Generally, the BIOS routines save all registers, except for AX
and the flags. Other registers are modified on return only if
they are returning a value to the caller. The exact register can
be seen in the prologue of each BIOS function.

Stack Requirements

The applications must reserve a minimum of 256 bytes on
program stack for BIOS. This area is used to process
interrupts. Any applications that use the real-time clock BIOS
interrupt hex 15 (functions hex 83 and 86) should reserve an
additional 30 bytes on the program stack for BIOS. This stack
area is in addition to the area required by the application.

BIOS and Hardware Interrupt Vectors

Figure 4-1 shows the assignment of the interrupt vectors.
Following the figure is a description of each of the BIOS and
hardware interrupt vectors. The function codes are also
provided when appropriate.
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Addr. Int. Function BIOS Entry

(hex) (hex)

0-3 0 Divide by Zero | D11

4-7 1 Single Step DIl

8-B 2 Nonmaskable NMI-FLIH
Interrupt

C-F 3 Breakpoint Dl11

10-13 4 Overflow D11

14-17 5 Print Screen PRINT-SCREEN

18-1B 6 Reserved Dl11

1C-1F 7 Reserved Dl11

20-23 8 Level 0 TIMER-INT

24-27 9 Level 1 KB-INT

28-2B A Level 2 D11

2C-2F |B Level 3 D11

30-33 C Level 4 D11

34-37 D Level 5 D11

38-3B E Level 6 DSKT-INT

3C-3F F Level 7 Dl11

40-43 10 Video VIDEO-IO

44-47 11 Equipment EQUIPMENT

48-4B 12 Memory MEMORY-

SIZE-DET

Figure 4-1 (Part 1 of 2). Interrupt Vector Assignments
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Addr. Int. Function BIOS Entry

(hex) (hex)

4C-4F 13 Diskette DISKETTE-IO

50-53 14 Communications| RS232-10

54-57 15 System Services | SYS-SERVICES

58-5B 16 Keyboard KEYBOARD-IO

5C-5F 17 Printer PRINTER-IO

60-63 18 Resident BASIC | F600:0000

64-67 19 Bootstrap BOOT-STRAP

68-6B 1A Time of Day TIME-OF-DAY

6C-6F 1B Keyboard Break | DUMMY-RETURN

70-73 1C Timer Tick O DUMMY-RETURN

74-77 1D Video VIDEO-PARMS
Initialization

78-7B 1E Diskette DISK-BASE
Parameters

7C-7F 1F Upper Character| CRT-CHAR-GEN?2
Graphics

110-113 | 44 Lower Character| CRT-CHAR-GEN1
Graphics

128-12B | 4A Real-Time Clock| DUMMY-RETURN
Alarm

1BO-1B3 | 6C System Resume | DUMMY-RETURN
Vector

Figure 4-1 (Part 2 of 2). Interrupt Vector Assignments
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Divide by Zero (Hex 0)

The divide by zero interrupt is generated after a division
instruction, if the quotient exceeds the maximum allowed
value.

Single Step (Hex 1)

The single step interrupt is used to execute a program one
instruction at a time. An interrupt is generated after each
program instruction is executed. This interrupt allows various
diagnostic functions to be performed.

An IRET instruction is used to return from the interrupt
service routine.

Nonmaskable (Hex 2)

Because the IBM PC Convertible uses the nonmaskable
interrupt for BIOS support, applications should avoid
changing this vector. The NMI is used for the following:

e 1I/0 channel check. This NMI is generated when an I/O
device activates the ‘I/O check’ line to signal a check
condition. This causes BIOS to clear the screen and
display the I/O check icon. This check is cleared by either a
system power off/on sequence or a Ctrl, Fn, and Del key
sequence.

» Diskette controller power on request. This NMI is
generated when either BIOS or an application program
attempts to access any of the following diskette controller
registers when diskette controller power is off:

- Digital output register (hex 3F2)
- Main status register (hex 3F4)
- Dataregister (3F5).

BIOS uses this NMI to restore power to, and initialize the
diskette controller. Once this is accomplished, the
instruction that attempted to access the diskette controller
is re-executed.
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This NMI is not generated when switching from one drive
to another.

o System suspend. This NMI is generated when the system
is powered off and it causes BIOS to save the current state
of the system.

e Real-time clock. This NMI is generated when a periodic,
update ended, or alarm interrupt occurs.

o Keyboard. This NMI is generated when the keyboard
controller detects a keystroke. A second NMI is generated
when either BIOS or an application has read the translated
scan code from the I/O register at address hex 060 and has
toggled the clear keyboard bit in the I/O register at address
hex 061. The second NMI is held pending until a level-1
hardware interrupt has completed.

Breakpoint (Hex 3)

The breakpoint interrupt is used to set breakpoints in a
software debug program. It is generated by executing a special
interrupt request instruction.

Overflow (Hex 4)

The overflow interrupt is used when an overflow status is
indicated and an INTO instruction is executed. The INTO
instruction allows the processor to pass status information to
an overflow error service routine.

Print Screen (Hex 5)

The print screen interrupt is invoked internally by the
keyboard interrupt handler whenever a combination of the
Shift and PrtSc keys is detected. The interrupt causes the
image on the screen to be printed on the printer. The image
does not print correctly, however, if the screen is in graphics
mode.
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Interrupts Hex 6 and Hex 7

These interrupts are reserved for future updates.

Level 0 (Hex 8)

The level-0 interrupt is a hardware interrupt. It is used by
BIOS to service hardware interrupts from the system timer 0.
The timer is set to interrupt the processor at 55 millisecond
intervals. The timebase is used by BIOS to calculate timeouts
and update the time-of-day counters.

Level 1 (Hex 9)

The level-1 (keyboard port hex 60 loaded) interrupt is a
hardware interrupt. It is used by BIOS to service the IBM
Personal Computer scan codes contained in the hex 60 scan
code register. This interrupt routine clears the interrupt by
toggling the clear keyboard bit in the register at hex 61 and
issuing an end-of-interrupt instruction to the interrupt
controller.

Level 2 (Hex A)

The level-2 interrupt is a hardware interrupt. It is used by
application programs to service level-2 interrupts from I/O
devices.

Level 3 (Hex B)

The level-3 interrupt is a hardware interrupt. It is used by
application programs to service level-3 interrupt requests
from communications devices, such as the secondary
serial/parallel adapter or the internal modem.

Level 4 (Hex C)

The level-4 interrupt is a hardware interrupt. It is used by
application programs to service level-4 interrupt requests
from communications devices, such as the primary
serial/parallel adapter.
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Level 5 (Hex D)

The level-5 interrupt is a hardware interrupt. It is used by
application programs to service level-5 interrupts from I/O
devices.

Level 6 (Hex E)

The level-6 interrupt is a hardware interrupt. It is used by
BIOS to service interrupts from the diskette controller. The
controller uses this interrupt to signal operational and error
status.

Level 7 (Hex F)

The level-7 interrupt is a hardware interrupt. It is used by
application programs to service level-7 interrupt requests
from I/O devices such as the IBM PC Convertible Printer and
the parallel printer adapter. This interrupt level is also used to
process a spurious interrupt. (A spurious interrupt is an
interrupt request that was not held active for a sufficient
amount of time.) Valid interrupts can be differentiated from
spurious interrupts by checking the in-service flag bit in the
interrupt service register; the flag bit will be set for valid
interrupts and not set for spurious interrupts.

Video Input/Output (Hex 10)

The video I/O interrupt provides a common interface to the
display and associated buffer. The function codes for this
vector are:

Code Function

0 Set display mode
1 Set cursor type
2 Set cursor position
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3 Read cursor position

4 Read light-pen position (not used for the LCD)
5 Set active display page (A/N only)

6 Scroll up active page

7 Scroll down active page

8 Read attribute and character at cursor position
9 Write attribute and character at cursor position
10 Write character only at the cursor position

11 Set color palette

12 Write dot

13 Read dot

14 Write teletype character to active page

15 Read current video state

16-18  Reserved
19 Write string

20 Load LCD character font or
Set LCD high-intensity substitute

21 Return active display type and parameters

In graphics mode, the characters are accessed through the
graphics font areas, not the alphanumeric font areas. Storage
locations hex 110 through 113 (interrupt hex 44) point to the
lower 128-character font to be used in graphics mode and
locations hex 07C through O7F (interrupt hex 1F) point to the
upper 128-character font. During a cold start, the power-on
routines initialize these pointers to point to the default font in
ROM. Applications can specify other fonts by altering the
pointers, but the applications must restore the pointers before
the applications end. The fonts for alphanumeric modes on
the LCD can also be changed by using function code 20.
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Equipment (Hex 11)

This interrupt returns 2 bytes that indicate the number of
printers, communications devices, and diskette drives that are
installed on the system. The interrupt also indicates the initial
video mode.

Memory (Hex 12)

The memory size determination interrupt returns 2 bytes that
contain the number of 1K bytes of contiguous blocks of
memory that are available to the application. If the power-on
routines find an error in memory, the memory beyond the
failing position is not included in the amount.
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Diskette (Hex 13)

This interrupt provides the functions used to access the
diskette hardware. The function codes for this routine are:

Code
0
1

6-7

9-14
15

16

Function

Reset diskette system

Read diskette status from last operation
Read indicated sectors into memory
Write indicated sectors from memory
Verify indicated sectors with memory
Format indicated tracks

Reserved

Read drive parameters

Reserved

Read DASD type (determine media change line
support)

Read media change line status
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Communications (Hex 14)

This interrupt provides a common method of accessing the
communications attachments. The function codes for this
interrupt are:

Code Function

0 Initialize the selected communications port
1 Send a character (byte) over the line

2 Receive a character (byte) from the line

3 Return the port status (2 bytes)
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Event Post/Wait and System Services (Hex 15)

Code Function

40 Read or modify system or modem profile

41 Wait on external event

42 Request system power off (system suspend)
43 Read current system status information

44 Activate or deactivate internal modem power
4F BIOS keyboard interrupt hex 9 intercept

80-82 Reserved

83 Post event after elapsed time interval
84 Reserved

85 System request key changed state

86 Wait on elapsed time-interval

90 Device busy wait

91 Device interrupt complete

CO Return system parameter pointer

The return system parameter pointer function returns a
pointer to a table that defines the level of system support for
BIOS and the system hardware. See the BIOS listing in
Volume 2 for specific information.

BIOS 4-15



Keyboard (Hex 16)

The keyboard interrupt provides access to the keyboard. The
function codes for this interrupt are:

Code Function

0 Read the next ASCII character from the keyboard
buffer area

1 Determine ifan ASCII charabter is available to be
read

2 Return the current state of the keyboard state keys
(Alt, Shift, Ctrl)

3 Reserved

4 Enable or disable the keyboard clicker

The keyboard requires that an NMI be used to translate the
IBM PC Convertible scan code to the IBM Personal
Computer scan codes. The keyboard NMI routine writes the
converted scan code into port hex 60 causing a level-1
hardware interrupt request. BIOS interrupt hex 9 routine is
activated by the hardware interrupt to read the scan code from
port hex 60. The interrupt-9 routine then converts the scan
code to the appropriate ASCII or Extended ASCII code and
places the code into a keyboard buffer. The code is then read
by accessing the interrupt hex 16 keyboard routine.

Note: The read next character function call causes an

internal wait on external event when a keystroke is not
present. This is done to conserve battery power.
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Printer (Hex 17)

The printer interrupt provides common access to all of the
system printers. The function codes for this interrupt are:

Code Function

0 Print the indicated character
1 Initialize the printer port
3 Return the current printer status (1 byte)

Resident BASIC (Hex 18)

The resident BASIC interrupt transfers control to the resident
BASIC program stored in ROM. The vector is initialized
during power-on routines. The vector is accessed internally by
the bootstrap routine when a diskette is not in drive A at
power on and the F1 key has been pressed.

Bootstrap (Hex 19)

The bootstrap interrupt activates the bootstrap routine stored
in system ROM. The routine clears the display, resets the
diskette controller, and attempts to read in the boot record
from drive 0. The boot record is located on track O, sector 1,
head O on the diskette. An insert diskette icon is displayed
along with the F1 prompt, if drive 0 does not contain a
diskette. When the F1 key is pressed, the system again
attempts to read the boot record from drive 0. If drive O still
does not contain a diskette, control is passed to the resident
BASIC. If drive O contains a diskette and the boot record was
successfully read, control is passed to the address in RAM (hex
07C00) where the boot record was stored.

If an error occurs while reading the boot record, or if the boot
record was invalid, an bad diskette icon is displayed. The
insert diskette icon, followed by the F1 prompt, is displayed.
When the F1 key is pressed, the system again attempts to read
the boot record and the sequence is restarted.
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Time of Day (Hex 1A)

The time-of-day interrupt provides a common interface to the
time, date, and alarm functions provided on the IBM PC
Convertible. The function codes for this interrupt are:

Code Function

0 Read current timer O clock value

1 Set current timer O clock value

2 Read real-time clock time

3 Set real-time clock time

4 Read real-time clock date

5 Set real-time clock date

6 Set real-time clock alarm

7 Reset real-time clock alarm

8 Set real-time clock alarm activated power-on mode
9 Read alarm time and status
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Keyboard Break (Hex 1B)

The keyboard break interrupt points to a routine that is to be
executed when the BREAK key on the keyboard is pressed and
when responding to a keyboard interrupt. Control should be
returned through an IRET instruction. The POST routines
initialize this vector to an IRET instruction, so that nothing
occurs when the BREAK key is pressed, unless the application
modifies the vector.

Control may be retained by the break service routine, if the
break occurs during interrupt processing. In this case, one or
more ‘end of interrupt’ signals must be sent to the interrupt
controller. Also, all I/O devices should be reset, in case an [/O
operation was being processed when the break occurred.

Timer Tick (Hex 1C)

The timer tick interrupt points to the routine that is executed
at every system-timer tick. This vector is used when
responding to the ‘timer 0 interrupt’ signal, and control should
be returned through an IRET instruction. The power-on
routines initialize this vector to point to an IRET instruction,
so that nothing occurs unless the application modifies the
vector. The application must save and restore all registers that
are modified by the application. The timer tick is set by the
power-on sequence to occur 18.2 times per second.

Video Initialization (Hex 1D)

The video initialization interrupt points to a data region
containing the parameters required for the initialization of the
display controller. There are four separate tables that must be
reproduced if all modes of display are supported. The
power-on routines initialize this vector to point to the
parameters in the system ROM. The application must restore
the vector before the application ends.
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Diskette Parameters (Hex 1E)

The diskette parameters interrupt points to a data region
containing the parameters required for the diskette drive
currently in use. The power-on routines initialize the vector to
point to the parameters for drive A (system drive) in the
system ROM. These default parameters represent the
specified values for the IBM drives installed in the system
unit. If other drives are installed, it may be necessary to
modify these values.

Upper Character Graphics (Hex 1F)

When operating in graphics mode, the read/write character
interface forms the characters from the ASCII code point by
using a table of dot patterns. These patterns consist of 8 bytes
of graphics information per character. The table of dot
patterns for code points 128 through 255 is pointed to by the
vector at hex 1F. BIOS uses this table as the default character
set that is loaded into the LCD RAM font.

The application can change this vector to point to a different
table of dot patterns, but the application must restore the
pointers before the application ends.

Lower Character Graphics (Hex 44)

When operating in graphics mode, the read/write character
interface forms the characters from the ASCII code point by
using a table of dot patterns. These patterns consist of 8 bytes
of graphics information. The table of dot patterns for the
character code points O through 127 is contained in ROM and
is pointed to by the vector at hex 44. BIOS uses this table as
the default character set thatisloaded into the LCD RAM font.

The application can change this vector to point to a different

table of dot patterns, but the application must restore the
pointers before the application ends.
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Real-Time Clock Alarm (Hex 4A)

The alarm interrupt points to a user routine that is to be
activated when the time in the real-time clock reaches the
specified alarm time. The user routine is activated by the
timer O interrupt routine after BIOS processes the RTC alarm
interrupt (NMI) or when the system power was activated by
the alarm and system operation was resumed successfully.
The application should verify system status to determine if
power was activated by the alarm function. The application
must also restore the vector to the original pointer before the
application ends.

The power-on routines initialize this vector to an IRET
instruction.

System Resume Vector (Hex 6C)

The system resume interrupt points to a routine that is called
by the power-on routines when the system is powered-on in
resume mode, but prior to resuming the suspended
application. The interrupt allows the operating system to
correct real-time status, such as time and date, before the
application is resumed. When the interrupt routine returns
control to BIOS through an IRET instruction, the
application’s registers are restored and control is returned to
the application program.

This vector 1s initialized to an IRET when a cold start is
performed.

Reserved Interrupt Allocations

Figure 4-2 on page 4-22 shows the interrupt vectors reserved
for DOS, BIOS, BASIC, and application programs.
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Address | Irpt Function

(hex) (hex)

80-83 20 DOS Program Terminate

84-87 21 DOS Function Call

88-8B 22 DOS Terminate Address

8C-8F 23 DOS Control Break Exit Address
90-93 24 DOS Fatal Error Vector

94-97 25 DOS Absolute Disk Read

98-9B 26 DOS Absolute Disk Write

9C-9F 27 DOS Terminate, Stay Resident
AO-FF 28-3F | Reserved for DOS

100-17F | 40-5F | Reserved for BIOS

180-19F | 60-67 | Reserved for Application Programs
1A0-1BF | 68-6F | Reserved

1CO-1DF | 70-77 | Reserved for hardware and BIOS
1EO-1FF | 78-7F | Reserved

200-217 | 80-85 | Reserved for BASIC and diagnostics
218-3C3 | 86-F0 | Reserved for BASIC

3C4-3FF | F1-FF | Reserved

Figure 4-2. Reserved Interrupt Allocations
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Other Reserved Areas

Figure 4-3 shows the low storage data area allocations that are
reserved for the power-on routines, BIOS, DOS, and BASIC
programs. Note that 256 bytes at locations hex 300 through
hex 3FF are used as a stack area by the power-on and
bootstrap routines. If the user desires the stack in a different
area, the application must set the areas.

Addr Program Function

(hex)

300-3FF | Stack Reserved for POST and bootstrap

400-4EF | BIOS See BIOS listing

4F0-4FF Reserved as application
communications area

500 DOS/BIOS | Print Screen Status Flag

504 DOS Single Drive Mode Status Byte

510-511 | BASIC BASIC Segment Address

512-515 | BASIC Clock Interrupt Vector

516-519 | BASIC Break Key Interrupt Vector

51A-51D | BASIC Disk Error Interrupt Vector

Figure 4-3. Reserved Low Storage Locations
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Adapters with System-Accessible
ROM

The IBM PC Convertible provides support for adapters that
contain system-accessible ROM. This support allows control
to be passed to the ROM in the adapter. To use this support,
the adapters must have system-accessible ROM in the hex
C0000 through FO000 address range. Address hex C0000
through C7FFF is reserved specifically for video adapters; the
remaining addresses are available to all adapters.

At two points during the power-on sequence, the power-on
routines check for the existence of valid 2K-byte blocks of
adapter ROM. The power-on routines first check for adapter
ROM in the video adapter address range (hex CO000 through
C7800). This is done early in the power-on sequence, in order
to determine which display is attached. Once the video
adapter ROM has been validated, the adapter can intercept
the following BIOS function calls:

» Video (interrupt hex 10)

» Videoinitialization (interrupt hex 1D)

» Upper-character graphics (interrupt hex 1F)

» Lower-character graphics (interrupt hex 1F).

Later in the power-on sequence, the power-on routines check

for additional adapter ROM in the hex C8000 through FO000
range.
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If the PC Convertible is to recognize the ROM in an adapter as
valid, the first 4 bytes of ROM must contain the following:

* Byte O must contain hex 55.

» Byte 1 must contain hex AA.

» Byte 2 must contain a length indicator representing the
number (in hex) of blocks in the ROM (length divided by
512).

* Byte 3 must contain an executable instruction.

The power-on routines also perform an integrity test on the

ROM module. A checksum using modulo hex 100 is

performed. The sum must be O for the module to be valid. If

the ROM is valid, the power-on routines execute a far call to
byte 3 of the ROM. The adapter can then perform test and
initialization tasks.

If the adapter ROM detects a self-test error, the adapter should
do the following before returning to the power-on routines:

» Set the feature error flag (bit 4 of absolute memory
location hex 00412)toa 1.

» Setthe device number for that adapter into register AH.

o Seta 2 digit error code into register AL.
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If the adapter uses the video address range (hex C0000 through
C7800), it must also set the following information into register
BH before returning control to the power-on routines:

e 00ifthe ROM does not support additional video adapters

» 02ifthe adapter supports video in the color/graphics
address space (buffer at hex B8000; registers in the hex
3Dx range)

» 04 ifthe adapter supports video in the monochrome
address range (buffer at hex BO00O, registers in the hex 3Bx
range).

The power-on routines use this information to determine
system configuration and to ensure that display contention
does not occur if the LCD is installed. Failing to follow this
procedure may cause unpredictable system operation and
errors.

BIOS Programming Guidelines

The BIOS code is invoked through software interrupts. The
programmer should not code BIOS addresses into
applications.

Warning: The internal workings and absolute addresses
within BIOS are subject to change without notice.

Ifan error is reported by the diskette code, the application
should reset the drive adapter and retry the operation. A
media-changed error does not need to be retried.

When altering I/O port bit values, the application should
change only those bits that are necessary to complete the
current task. Upon completion, the application should restore
the original values. Failure to adhere to this practice may
cause incompatibility with present and future systems.
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Applications must allocate additional area in the stack
segment for BIOS. See “Stack Requirements” on page 4-4 for
these requirements.

Keyboard Encoding and Usage

The following explains how the keyboard interacts with BIOS
and how the 83 key functions are accomplished on the IBM
PC Convertible.

Encoding

The BIOS keyboard routine (interrupt hex 9) converts the
keyboard scan codes into ASCII or Extended-ASCII codes.
(Extended-ASCII codes are additional codes that cannot be
represented in the standard ASCII codes.) The routine returns
these codes in the keyboard buffer.

Character Codes

Figure 4-4 on page 4-28 shows the character codes returned by
the BIOS keyboard routine to the system or application
program. A blank in a column indicates that an ASCII code is
not returned at the hex 16 interrupt level for a key or
combination of keys. Figure 4-5 on page 4-33 and Figure 4-6
on page 4-33 show the key numbers. See “Keyboard and
Keyboard Controller” on page 2-62 and Appendix A,
“Character Sets and Keystrokes” for additional information.

Note: BIOS does not provide ASCII translation for
non-U.S. keyboard.
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Key Case Ctrl | Alt | Fn
No. | Base Upper

1 096 126

2 049 033 120!

3 050 064 003" | 121!

4 051 035 122!

5 052 036 123!

6 053 037 1241

7 054 094 030 | 125

8 055 038 126! | 055
9 056 042 127" | 056
10 057 040 128" | 057
11 048 041 129!

12 045 095 031 | 130" | 045
13 061 043 131" | 043

Figure 4-4 (Part 1 of 5). Key to ASCII Code Translation

!Extended code, see “Extended-ASCII Codes” on page 4-34.
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Key Case Ctrl | Alt | Fn
No. | Base Upper

14 092 124 028

15 008 008 127

16 009 015!

17 113 081 017 |016!

18 119 087 023 | 017

19 101 069 005 | 019

20 114 082 018 | 018!

21 116 084 020 | 020

22 121 089 025 |[021!

23 117 085 021 | 022t | 052
24 105 073 009 | 023" [ 053
25 111 079 015 024! [ 054
26 112 080 016 | 025!

27 091 123 027

28 093 125 029

30

31 097 065 001 | 030!

32 115 083 019 | 031!

33 100 068 004 | 032!

34 102 070 006 | 033!

Figure 4-4 (Part 2 of 5). Key to ASCII Code Translation
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Key Case Ctrl | Alt | Fn
No. | Base Upper

35 103 071 007 | 034!

36 104 072 008 [ 035!

37 106 074 010 | 036! | 049
38 107 075 011 | 037" | 050
39 108 076 012 | 038" | 051
40 059 058

41 039 034

422

43 010

44

452 {039 034

46 122 090 026 | 044!

47 120 088 024 | 045!

48 099 067 003 | 046!

49 118 086 022 | 047

50 098 066 002 | 048!

51 110 078 014 | 049!

52 109 077 013 | 050" | 048
53 044 060

54 046 062 046

Figure 4-4 (Part 3 of 5). Key to ASCII Code Translation

2For non-U.S. keyboards
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Key Case Ctrl | Alt |Fn

No. | Base Upper

55 047 063 047

56

57 042 4 114! 042

58

59

60

61 032 032 032 (032 |032

62

63 075! 075! 115! 071!

1193 1193
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