
















































































































































































































































































































































































































This NMI is not generated when switching from one drive 
to another. 

• System suspend. This NMI is generated when the system 
is powered offand it causes BIOS to save the current state 
of the system. 

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

• Keyboard. This NMI is generated when the keyboard 
controller detects a keystroke. A second NMI is generated 
when either BIOS or an appiication 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-l 
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 ofthe 
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-O interrupt is a hardware interrupt. It is used by 
BIOS to service hardware interrupts from the system timer O. 
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. 

Levell (Hex 9) 
The level-l (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. 

BIOS 4-9 



LevelS (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 oftime.) 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 

o Set display mode 

Set cursor type 

2 Set cursor position 

4-10 BIOS 



3 Read cursor position 

4 Read light-pen position (not used for the LCD) 

5 Set active display page (AjN 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 07F (interrupt hex IF) 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 1 K bytes of contiguous blocks of 
memory that are available to the application. Ifthe 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 Function 

o Reset diskette system 

Read diskette status from last operation 

2 Read indicated sectors into memory 

3 Write indicated sectors from memory 

4 Verify indicated sectors with memory 

5 Format indicated tracks 

6-7 Reserved 

8 Read drive parameters 

9-14 Reserved 

15 Read DASD type (determine media change line 
support) 

16 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 

o Initialize the selected communications port 

Send a character (byte) over the line 

2 Recei ve 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. 
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Keyboard (Hex 16) 

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

Code Function 

o Read the next ASCII character from the keyboard 
buffer area 

Determine ifan ASCII character is available to be 
read 

2 Return the current state ofthe 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. 

4-16 BIOS 



Printer (Hex 17) 
The printer interrupt provides common access to all of the 
system printers. The function codes for this interrupt are: 

Code Function 

o Print the indicated character 

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 O. The boot record is located on track 0, sector 1, 
head 0 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 O. If drive 0 still 
does not contain a diskette, control is passed to the resident 
BASIC. If drive 0 contains a diskette and the boot record was 
successfully read, control is passed to the address in RAM (hex 
07COO) 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 tA) 

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 

a Read current timer a clock value 

Set current timer a 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 IB) 

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 I/O 
operation was being processed when the break occurred. 

Timer Tick (Hex 1 C) 
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 a 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-o.n sequence to occur 18.2 times per second. 

Video Initialization (Hex ID) 

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 IE) 

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 IF) 

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 IF. 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 of8 bytes 
of graphics information. The table of dot patterns for the 
character code points 0 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 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. 
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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 a interrupt routine after BIOS processes the R TC 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 is 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 

l80-l9F 60-67 Reserved for Application Programs 

lAO-IBF 68-6F Reserved 

lCO-lDF 70-77 Reserved for hardware and BIOS 

lEO-iFF 78-7F Reserved 

200-217 80-85 Reserved for BASIC and diagnostics 

218-3C3 86-FO Reserved for BASIC 

3C4-3FF FI-FF Reserved 

Figure 4-2. Reserved Interrupt Allocations 

4-22 BIOS 



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 

4FO-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 

5IA-5ID 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 
COOOO through FOOOO address range. Address hex COOOO 
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 COOOO 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) 

• Video initialization (interrupt hex ID) 

• Upper-character graphics (interrupt hex IF) 

• Lower-character graphics (interrupt hex IF). 

Later in the power-on sequence, the power-on routines check 
for additional adapter ROM in the hex C8000 through FOOOO 
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 0 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 0 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) to a 1. 

• Set the device number for that adapter into register AH. 

• Set a 2 digit error code into register AL. 
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If the adapter uses the video address range (hex COOOO through 
C7800), it must also set the following information into register 
BH before returning control to the power-on routines: 

• 00 if the ROM does not support additional video adapters 

• 02 ifthe adapter supports video in the color/graphics 
address space (buffer at hex B8000; registers in the hex 
3Dx range) 

• 04 if the adapter supports video in the monochrome 
address range (buffer at hex BOOOO, 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. 

If an 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' 1211 

4 051 035 122' 
5 052 036 123' 

6 053 037 124' 
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 1311 043 
Figure 4-4 (Part 1 of 5). Key to ASCII Code Translation 

I Extended code, see "Extended-ASCII Codes" on page 4-34. 
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Key Case Ctrl AU Fn 
No. Base Upper 

14 092 124 028 
15 008 008 127 

16 009 015 1 

17 113 081 017 0161 

18 119 087 023 0171 

19 101 069 005 0191 

20 114 082 018 0181 

21 116 084 020 0201 

22 121 089 025 0211 

23 117 085 021 0221 052 

24 105 073 009 0231 053 
25 111 079 015 0241 054 

26 112 080 016 025 1 

27 091 123 027 

28 093 125 029 

30 

31 097 065 001 0301 

32 115 083 019 0311 

33 100 068 004 0321 

34 102 070 006 0331 

Figure 4-4 (Part 2 of 5). Key to ASCII Code Translation 
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Key Case Ctrl AU 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 

2Fornon-U.S.keyboards 
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Key Case Ctrl Alt Fn 
No. Base Upper 

55 047 063 047 

56 

57 042 4 1141 042 

58 

59 

60 

61 032 032 032 032 032 

62 

63 075 1 075 1 1151 07P 
1193 1193 

64 0721 0721 1323 0731 
1323 

65 0801 0801 1183 08P 
1183 

66 0771 0771 1161 0791 
1173 

67 027 027 027 4 

68 0591 0841 0941 1041 4 

69 0601 085 1 095 1 1051 4 

70 061 1 0861 0961 1061 

71 0621 0871 0971 1071 

Figure 4-4 (Part 4 of 5). Key to ASCII Code Translation 

3Indicates code returned when both Ctrl and Fn keys are pressed at the 
same time. 

4Certain key combinations directly invoke the keyboard processor. See 
"Special Handling" on page 4-35 for additional information. 
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Key Case Ctrl Alt Fn 
No. Base Upper 

72 0631 0881 0981 1081 

73 0641 0891 0991 1091 

74 0651 0901 1001 1101 

75 0661 09P lOP 11 P 

76 0671 0921 1021 1121 

77 0681 0931 1031 1131 

78 4 4 

79 4 4 

80 0821 0821 1141 

81 0831 0831 4 4 4 

Figure 4-4 (Part 5 of 5). Key to ASCII Code Translation 
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Figure 4-5. IBM PC Convertible U.S. Keyboard Layout 

Figure 4-6. IBM PC Convertible Non-U.s. Keyboard Layout 
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Extended-ASCII Codes 

Extended-ASCII codes represent certain functions that cannot 
be represented in the standard ASCII code. When returning 
from a keyboard hex 16 interrupt, a character code of 000 
(null) is returned in register AL. This indicates that either the 
system or the application program should examine a second 
code that will indicate the actual function. The second code is 
returned in register AH. The codes are shown in Figure 4-4 on 
page 4-28. 
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Special Handling 

The following explains how certain keys cause special 
processmg. 

System Reset 
The combination ofthe Ctrl, Alt, and Del keys results in the 
keyboard routine starting a software reset operation and a 
reload of the operating system. 

This reset results in a hardware reset to the system, and the 
power-on selftests are run before the operating system is 
reloaded; however, memory is cleared and not tested. 

System Cold Start and Test 
The combination ofthe Ctrl, Fn, and Del keys results in the 
hardware resetting the system and initiating a complete 
power-on self-test procedure before reloading the system from 
the diskette. This sequence allows the user to force a full test of 
the system and memory before reloading the operating 
system. 

Pause 
The combination of the Ctrl and Num Lock keys causes the 
keyboard routine to stop noninterrupt-driven processing. The 
keyboard routine then waits for a key other than the Num 
Lock key to be pressed before resuming operation. This 
provides a system method of suspending functions such as list 
and print, then allows the function to resume with the next 
keystroke. 

A wait on external event function call is internally invoked 
while in a pause in order to conserve battery power. 

Print Screen 
The combination ofthe Shift and PrtSc keys causes the 
contents of the display to be listed on the printer. 
Nonprintable characters are left blank on the listing. The 
contents of the display do not print correctly if the screen is in 
graphics mode. 
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Clicker Control 
The combination of the Fn and the Caps Lock keys activates 
the keyboard clicker, ifit is not active, and deactivates the 
keyboard clicker, if it is active. The keyboard routine handles 
this function internally and scan codes are not presented to the 
register at hex 60. The keyboard clicker is activated after a cold 
start. 

Audio Control 
The combination of the Fn and the Scroll Lock keys enables 
the speaker, ifit is disabled, and disables the speaker, ifit is 
enabled. The keyboard routine handles this function 
internally, and scan codes are not presented to the register at 
hex 60. During the power-on tests, the speaker is activated in 
order to signal error- or successful-completion conditions. The 
speaker is also activated (the default) after a cold start. 

System Request 
The combination of the Fn and Esc keys causes a system 
request scan code to be set by the keyboard routine. The 
keyboard routine checks for this scan code and issues a hex 15 
interrupt with register AX set to either hex 8500 to indicate 
that the keys are held pressed (make condition) or hex 8501 to 
indicate that the keys were released (break condition). 

Break 
The combination of the Ctrl and Break keys results in the 
keyboard routine signaling interuupt hex 1A. Extended 
characters hex 00 are also returned in AL and AH. 
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Function Keys 11 and 12 

The combination of the Fn key and Fl or F2 causes function 
11 or function 12 to be performed. 

Key Case Ctrl Alt 
No. Base Upper 

Fll 133 135 137 139 

F12 134 136 138 140 

Other Characteristics 

The keyboard routine does its own buffering at both the NMI 
and hex 9 interrupt levels. Ifa key is pressed with the buffer 
full, the alarm is sounded if the speaker is active. 

The keyboard routine suppresses the typematic action ofthe 
following keys: Ctrl, Shift, Alt, Num Lock, Scroll Lock, Caps 
Lock, System Request, and Ins. 

Special BIOS Functions 

Because the IBM PC Convertible is portable and can operate 
from an internal battery, BIOS provides special functions to 
save battery power. 

Resume mode is a system profile option that enables the user 
to power off the system and save the application that was 
loaded into the system at the time the power off was requested. 
The application is automatically restored when the system is 
powered on again. This is accomplished through the system 
suspend and system restore BIOS functions. 

BIOS 4-37 



The sleep (wait on external event), LCD blank, and system 
power-off functions are used to reduce battery usage when the 
system is waiting on some external event. 

System Suspend (Power Off) 

When the user presses the power switch to power-off the 
system or when an application requests a system power-off 
through the system services BIOS function call (interrupt hex 
15), the BIOS system suspend function saves the current state 
ofthe system in a reserved area within the LCD RAM font 
area. A checksum is done on the first 128K bytes of the storage 
and a successful flag is set. After approximately 2 seconds, the 
power supply shuts down the system. The following 
information is saved: 

• System flags and registers 

• LCD controller state 

• System timer 0 mode and initial counter value 

• System timer 2 mode and initial counter value 

• Interrupt controller mode and mask registers 

• System I/O register I 

• Serial adapter and internal modem states 

• Interrupt vectors hex 0 through IF, and 44 

• Power-on self test area (hex 0300 through 053A). 
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A system suspend is not allowed in the following conditions. 
Causing a system suspend when one of these conditions exists 
causes an warning to be displayed the next time the system is 
powered on. 

• The LCD is not the active display at power off time. 

• The diskette drive motor is active at power off time. 

• The display configuration is changed during resume. 

System Resume (Power On) 

When the power-on sequence is started in resume mode, the 
self-test procedures are activated. Ifa system reset (cold start) 
is required, the hardware resets the processor and all devices 
and initiates a complete power-on self test procedure before 
reloading the system from the diskette. If system resume 
(warm start) is required, the hardware resets the processor and 
all devices and initiates a modified power-on self test 
procedure. At the successful completion of this procedure, the 
information saved during the system suspend sequence is 
restored and a return from NMI interrupt is performed. This 
causes the program that was executing when the suspend NMI 
was received to resume execution. The following devices, 
however, are not restored and are set to an initial state: 

• Printers 
• Keyboard. 

In addition, BIOS indicates media changed during the first 
diskette access after a resume sequence. This allows the user to 
verify that the correct diskette is loaded in the system. 
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Sleep (Wait on External Event) 

The sleep function is used to stop the system clocks when an 
application is waiting on some external event to occur and 
when BIOS has received a device-busy condition from either 
the keyboard or diskette. This function is used to reduce 
power consumption in order to extend battery life. The 
application can invoke this function through the event 
post/wait and systems services function call (interrupt hex 
15). BIOS automatically invokes the sleep function for the 
device-busy conditions. 

When sleep mode is active, interrupts are processed normally. 
After each interrupt is serviced, control is returned to the sleep 
function to determine if the event has occurred or the busy 
status has been cleared. If the event has not occurred, the sleep 
function again stops the system clocks. If the event has 
occurred or the condition has occurred, control is returned to 
the application. 

An optional event time out (up to 14 seconds) can be specified. 
In this case, the sleep function returns control to the caller if 
the event does not occur within the specified time limit. 
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LCD Blank and Automatic Power-Off Functions 

The LCD blank and automatic power-off functions are 
available only when operating the system on its internal 
battery. These functions are used to blank the display or 
automatically power off the IBM PC Convertible when there 
has been no keyboard or diskette activity for a period of time. 

The system profile has two time values used to specify how 
long the IBM PC Convertible should wait for an entry from 
the keyboard or diskette access. One time-out value is used to 
specify the delay before the display is blanked; the other is 
used to specify the delay before the system is automatically 
powered off. Either or both values can be set by the user by 
using a system utility. During a cold start, these time-out 
functions are disabled (time values set to 0). 

When the display has been blanked, it can be restored by 
pressing any key. However, the Fn key works best for this 
purpose as this key alone does not cause any other system 
action. 

Thirty seconds before an automatic power-off occurs, an 
audible tone is issued to alert the user of the pending 
shutdown. Ifno keyboard or diskette activity is performed, 
the IBM PC Convertible begins a suspend (power-oft) 
sequence. The IBM PC Convertible begins a resume sequence 
the next time the power on button is pressed and the 
suspended operation is resumed. 

When the LCD blank, automatic power-off function, or 
low-battery warning is enabled, an interrupt from the 
real-time clock is enabled to cause an NMI once each second. 
This interrupt is used as a time base to calculate keyboard 
inactivity time and sample the low-battery signal. When all 
power-saving functions are disabled, the I-second interrupt 
from the real-time clock is disabled. 
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Compatibility Overview 

The IBM PC Convertible differs from the other computers in 
the IBM Personal Computer family. Even though it is 
different, the IBM PC Convertible can run many applications 
designed for other IBM Personal Computers without 
requiring modifications to those applications. It is also 
possible to create applications for the IBM PC Convertible 
that will run without modifications on other IBM Personal 
Computers. In order to create such programs or to assess if 
current programs are compatible, you must understand the 
differences among the IBM Personal Computers and know the 
proper way to communicate with them. 

Normally, it is not possible for a program written for one 
computer to run on a different computer, because the 
processors are different and the language ofthe application 
can not be executed by different processors. In this case, the 
application would have to be rewritten entirely in the language 
ofthe other processor. Because the IBM PC Convertible and 
the IBM Personal Computers use similar architecture and 
processors, most assembler language programs need not be 
modified. 

Compatibility among processors alone is not enough, because 
the applications normally take advantage of device services 
(BIOS) and operating system (IBM DOS). In order for the 
applications to be compatible, the IBM PC Convertible has 
maintained all BIOS system interrupts and uses IBM DOS. 
This means that applications that use BIOS and IBM DOS 
interrupts on other IBM Personal Computers will operate in 
the same manner on the IBM PC Convertible. 

Note: The BIOS microcode of the IBM PC Convertible is 
not identical to that of the other IBM Personal Computers. 
Ifan application bypasses the BIOS interrupt-calls and 
directly accesses routines and storage locations in one 
system, the application may not run in the other system. 
Some routines may be similar and some BIOS storage 
locations may be the same; however, it is strongly 
recommended that applications use only BIOS and IBM 
DOS interrupt interfaces in order to achieve compatibility 
in the IBM Personal Computer family. 
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Using the same language and the BIOS and IBM DOS 
interfaces goes a long way in achieving application 
compatibility. However, there are still several factors which 
need to be taken into consideration; this section describes 
those factors. 

Compatibility with the IBM Personal 
Computer AT 

The IBM Personal Computer AT has many capabilities that 
are not supported on the IBM PC Convertible. Refer to IBM 
Personal Computer AT Technical Reference for additional 
compatibility considerations. 

Special Programming Considerations 

In general, applications intended to run on any IBM Personal 
Computer family product should use programming practices 
that maximize code compatibility. One such practice is to use 
IBM DOS interfaces instead of going directly to the hardware, 
since hardware interfaces are likely to be different across the 
IBM Personal Computer family. As a result, compatibility 
must be considered in the design of an application. 
Applications that use these programming practices should 
have no problem running on the IBM PC Convertible. 
However, those applications that do not use these preferred 
programming practices must closely observe the compatibility 
exceptions. 
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Altering the Nonmaskable Interrupt (NMI) 
Vector 
The IBM PC Convertible uses the NMI and its vector to 
access routines based in ROM. Routines, such as the 
keyboard, diskette controller power-on, real-time clock alarm 
processing, or system suspend are crucial to the operation of 
the system. Modifying the NMI vector prevents normal 
system operation, and the IBM PC Convertible will not 
operate with programs that alter the NMI vector. 

Stack l\ianipulation 
Certain compatibility aspects for the IBM PC Convertible 
require that the NMI be used to support normal operating 
functions and events. For example, a compatible keyboard 
interface is presented at I/O address hex 60 through a scan 
code preprocessor built into the NMI level. As a result, 
consideration must be given to sections of an application that 
manipulate the stack through the stack-segment and 
stack-pointer registers, to ensure that these two registers 
contain valid data when interrupts are possible. Masking the 
interrupts in this case is not sufficient on the IBM PC 
Convertible, because the interrupt mask has no effect on 
nonmaskable interrupts. Applications that manipulate the 
stack registers must ensure that the instruction that modifies 
the stack pointer (SP) immediately follows the instruction that 
modifies the stack segment (SS) as shown in the following 
example. 

MOV SS, STACKSEG_VAL 
MOV SP, STACKPTR_VAL 

By following this rule, an application can prevent 
nonmaskable interrupts from interfering with the 
modification ofthe stack location. 

In addition, the application must not use the stack pointer for 
any purpose other than when pointing to the stack, such as 
using the stack pointer as an intermediate register. 
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Failing to observe these rules may result in program 
malfunctions or loss of data. 

Stack Space 

Applications must allocate additional space in the stack 
segment for BIOS. See "Stack Requirements" on page 4-4 for 
these requirements. 

Idle Loops and Power Conservation 
The BIOS used on the IBM PC Convertible provides a sleep 
mode that is used to conserve power during periods of time 
when no specific processing is being done. BIOS automatically 
provides this function for applications that use BIOS to 
interact with the hardware. For example, BIOS automatically 
provides the sleep mode function for applications that use 
interrupt hex 16 to wait for keyboard activity and interrupt 
hex 13 to access the diskette drive. 

However, applications that do their own idle processing while 
waiting on external events must observe special programming 
practices; otherwise, the application consumes as much power 
during the idle period as it does during normal processing. In 
this case, the application should use interrupt hex 15 (function 
code hex 41). See the BIOS listings for specific information 
concerning this function code. 
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Timing Dependencies 

The internal storage in the IBM PC Convertible does not 
require refresh. Because the processor is not interrupted 
periodically to refresh memory, more processor cycles are 
available in a given period of time, and the processor appears 
to operate faster. This may affect a program that goes into a 
timing loop for delay. 

Unequal Configurations 

In designing an application to run on both the IBM PC 
Convertible and other IBM Personal Computers, ensure that 
the required hardware configuration is available on all 
machines. This means that all systems must meet the 
application's minimum requirements before the application 
can run properly. 

Hardware Differences 

To be able to run on any computer without change, an 
application using a specific I/O device must have access to 
identical devices or devices with identical operating 
characteristics and interfaces. 

The following paragraphs describe the IBM PC 
Convertible-supported hardware functions and I/O devices 
that may differ from other IBM Personal Computers. 
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Clocks and Timers 
System Clock: The IBM PC Convertible uses a system clock 
that supports sleep mode. Sleep mode is used to conserve 
battery power. 

Time of Day: The IBM PC Convertible contains the circuitry 
to provide the time of day. 

Timers: The IBM PC Convertible provides only timer 
channels 0 (modes 0,2,3, and 4) and 2 (all modes). Timer 
channell, dynamic memory refresh timing, is not required on 
the IBM PC Convertible. 

Configuration Switches 
The IBM PC Convertible does not contain configuration 
switches. Configuration is determined by power-on routines. 

Cassette 
The IBM PC Convertible does not support cassettes. 

Liquid Crystal Displays 
Memory Mapping and Switching: In order to be compatible 
with applications written for color/graphics and monochrome 
displays, the IBM PC Convertible uses two address ranges for 
control registers, one for color/graphics operations and one for 
monochrome operations. The address ranges can be selected 
by modifying the initial video mode bits in the BIOS 
equipment word and issuing a set mode function call 
(interrupt hex 10), if no other displays are attached. The 
default area for the LCD is the color/graphics area, if the IBM 
PC Convertible CRT display adapter is not installed. The 
default area is the monochrome area, ifthe IBM PC 
Convertible CRT Display Adapter is installed. 
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RAM Fonts: The LCD controller uses two fonts in RAM for 
character generation. Both the main and alternate fonts are 
loaded during power on with the standard IBM Personal 
Computer character set stored in system ROM. Font selection 
is accomplished through a BIOS function call (interrupt hex 
10). 

Color Mapping: Color is mapped on the LCD as follows: 

• Alphanumeric mode: 
White foreground with black background: Normal 
video 

- Black foreground with white background: Reverse 
video 

- Any color foreground with a different color 
background: Reverse video 

- Any color foreground with the same color background: 
Solid reverse video 

- Black foreground with black background: Nondisplay 
- Intensified characters: See "Intensity" on page 5-9. 

• Graphics mode (medium resolution): 
- Background: Gray 
- Cyan or green: Dark gray 1 
- Magenta or red: Dark gray 2 
- White or brown: Black. 

LCD Aspect Ratio: The LCD displays 640 pels horizontally 
with a pel density of2.44 pels per millimeter (62 pels per inch) 
and 200 pels vertically with a pel density of2.27 pels per 
millimeter (57.7 pels per inch). Cathode-ray displays typically 
have a lower vertical resolution pel density. This means that 
an image that appears as a square on an LCD appears as a 
vertical rectangle on a cathode-ray display. A BIOS function 
call (interrupt hex 15) allows applications with a scaling 
algorithm to adjust for physical display parameters. 
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Intensity: The intensity attribute ofthe cathode-ray tube 
display cannot be mapped properly onto the LCD, because 
there is no direct method of making a character darker on an 
LCD. 

A programmable mapping ofthis attribute is provided 
through a BIOS function call that allows translation of the 
intensify attribute into reverse image, underline, select 
alternate font, or no attribute. 

Monochrome Emulation: Monochrome emulation is 
supported through the LCD and LCD control logic and uses 
an 8-by-8 character box instead of a 9-by-14 character box. 
This support includes video buffer mapping and control ports. 
The IBM PC Convertible does not support the intensify 
attribute; see "Intensity" for additional information 
concerning this attribute. 

Color/Graphics Emulation: The color/graphics emulation is 
supported through the LCD and the LCD control logic. This 
support includes video buffer mapping and control ports. The 
IBM PC Convertible LCD supports only two colors. The IBM 
PC Convertible LCD does not support the intensify attribute; 
see "Intensity" for additional information concerning this 
attribute. 

Accessing the Refresh Buffer: 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. 

Faded scan lines across the top and center of the display may 
occur if the application disables video during frequent updates 
to the refresh buffer. 
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Direct Memory Access 
Channels: The IBM PC Convertible has three DMA channels 
instead offour. The DMA channels supported are 1,2, and 3. 

Control Modes: The IBM PC Convertible does not support 
the entire set ofDMA control modes, but this does not affect 
compatibility ifthe applications use built-in BIOS and DOS 
routines to access the DMA channels. DMA channell, 
dynamic memory refresh timing, is not required on the IBM 
PC Convertible. 

Memory 
The IBM PC Convertible can support up to 512K bytes of user 
read/write memory. The IBM PC Convertible does not use 
this memory for the screen buffers. Therefore, the IBM PC 
Convertible video architecture does not affect the amount of 
user memory in the same way as that required by certain 
applications on other systems. 

Communications Adapters 
Synchronous Communications: The IBM PC Convertible 
does not support synchronous communications. 

Asynchronous Communication: The IBM PC Convertible 
supports two coresident asynchronous-type adapters. One is 
the IBM PC Convertible Internal Modem and the other is the 
IBM PC Convertible Serial/Parallel Adapter. The modem 
adapter is always COM1 and the RS-232 will be either COM2 
or COM 1, depending on whether the IBM PC Convertible 
Internal Modem. is installed. These features are described in 
Section 3, "System Options." 
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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. 

Printers 

The IBM PC Convertible supports the IBM PC Convertible 
Portable Printer through the I/O connector. Other printers, 
such as the IBM Graphics Printer, can be attached by using the 
IBM PC Convertible Serial/Parallel Adapter. These features 
are described in Section 3, "System Options." 

The IBM PC Convertible Portable Printer is always LPT 1 and 
the parallel interface interface is either LPT2 or LPTl, 
depending on whether the portable printer is installed. 

Serial interface printers can be attached through the serial 
port. These printers are designated as either COM 1 or CO M2 
by DOS and BASIC. 

IBM PC Convertible Portable Printer Aspect Ratio: The IBM 
PC Convertible Portable Printer is designed to support the 
IBM Personal Computer Graphics Printer command stream. 
However, due to differences in the physical dimension ofthe 
print head, bit-image graphic prints documents about 20 
percent longer in the vertical direction. 
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Diskette Drives 

The IBM PC Convertible uses 88.9-millimeter (3.5-inch) 
drives instead of the 133.4-millimeter (5.25-inch) drives used 
on other IBM Personal Computers. The format and timing for 
the 88.9-millimeter (3.5-inch) drives is compatible with the 
133.4 millimeter (5.25 inch) drives such that most 
applications function properly. 

The IBM PC Convertible can support up to two 
88.9-millimeter (3.5-inch) diskette drives that are capable of 
storing nOK bytes each. The interface to the diskette drives is 
based around the NEC J1PD765 architecture and is compatible 
at this interface. The IBM PC Convertible also uses direct 
memory access (DMA) for data transfers to and from the 
diskettes. The IBM PC Convertible is capable of overlapped 
diskette I/O and other device I/O. 

Keyboard 

The IBM PC Convertible uses a 78-key keyboard that is 
capable of generating ail 83 IBM Personal Computer scan 
codes. A nonmaskable interrupt is used to present compatible 
scan codes to the application. 

Identification Byte 

The IBM PC Convertible provides a byte in read-only 
memory that distinguishes an IBM PC Convertible system 
from other IBM Personal Computers. This byte is located at 
hex FFFFE and contains the value of hex F9. 
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Summary 

The IBM PC Convertible is designed to be a member of the 
IBM Personal Computer family. The highest degree of 
compatibility can be achieved by using a common high-level 
language or accessing the system only through BIOS and DOS 
interrupts when designing an application for this family. 
Going below the BIOS level is not recommended, even though 
there may be compatible hardware on the different systems. 
When it is necessary to design for particular system 
differences, multiple paths can be built into the application, 
and the application can determine at execution time the 
particular system it is running on. This can be done by 
inspecting the byte at ROM location hex FFFFE for a specific 
value; this value will be hex F9 on the IBM PC Convertible. 

Once the application has determined the IBM Personal 
Computer it is running on, the application can take the 
appropriate path. 
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Appendix A. Character Sets and 
Keystrokes 

Character Set Values ......................... A-2 
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Character Set Values 

The following table shows the hexadecimal and ASCII 
decimal values for the IBM PC Convertible character set. The 
value or character can be entered from the keyboard by 
pressing and holding the Alt key, then entering the digits for 
the decimal value on the numeric keypad. Note, however, that 
codes a through 31 are usually printer and communications 
control functions and may not display the character listed. 
Additionally, a null character (000) cannot be entered from 
the keypad. 
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Hex Ox 1 x 2x 3x 4x 5x 6x 7x 

xO - SP 0 @ P \ P 
0 16 32 48 64 80 96 112 

X 1 (C) - I 1 A Q a q 
1 17 33 49 65 81 97 113 

x2 -2 t " 2 B R b r 
18 34 50 66 82 98 114 

x3 • ! ! # 3 C S [ S 
3 19 35 51 67 83 99 115 

x4 • err $ 4 0 T d t 
4 20 36 52 68 84 100 116 

x5 .. f % 5 E U e u 
5 21 37 53 69 85 101 117 

x6 • • & 6 F V f v 
6 22 38 54 70 86 102 118 

x7 . 1 I 7 G W g W 
7 -23 39 55 71 87 103 119 

x8 C t ( 8 H X h x 
8 24 40 56 72 88 104 120 

x9 [Q] ~ ) 9 I Y i Y 
9 25 41 57 73 89 105 121 

xA m - * J Z j Z 
10 26 42 58 74 90 106 122 

xB 0 - + , K [ k { 
11 27 43 59 75 91 107 123 

xC ~ L , < L \ l I 
I 

12 28 44 60 76 92 108 124 

xD ,J +-+ - = M 1 m } 
13 29 45 61 77 93 109 12.~ 

xE n ... > N 1\ n rv 
14 30 46 62 78 94 110 126 

xF -¢- ... / ? 0 - 0 /::,. 

15 31 47 63 79 95 111 127 
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Hex 8x 9x Ax Bx Cx Dx Ex Fx 

9 E 
, 

iii L lL xO a 
II; ex -

128 144 160 176 192 208 224 240 

X 1 u. 99 1 ~i -L --,- (1 ± 
129 145 161 177 193 209 225 241 

x2 e ..tE 
, 

I r 0 T IT ~ 

130 146 162 178 194 210 226 242 

x3 ~ 
A , 

I ~ lL 1T s 0 U 
131 147 163 179 195 211 227 243 

/, a 0 ~ I - I I: r x't n 1 = 
132 148 164 180 196 212 228 244 

x5 a 0 
~ 

=1 + a J N F 
133 149 165 181 197 213 229 245 

a /I a ~I f= -\j x6 u rr .-
134 150 166 182 198 214 230 246 

x7 9 U 0 11 I~ * T --
135 151 167 183 199 215 231 247 

A Y lh * If> 
0 

x8 e L "l 
136 152 168 184 200 216 232 248 

.. b ~I -.l e • x9 e ,-- rr= 
137 153 169 185 201 217 233 249 

xA e U ~ II .JL 0 - I • 138 154 17n 186 202 218 234 250 

xB 1 ~ 1/:2 =n187 
- • c5 v ,r 

139 155 171 203 219 235 ~!)' 

xC 
A 

£ Y4 dJ I~ 1 - 00 n 
140 156 172 IRn 204 220 236 252 

xD 1 ¥ I -1.1 - I (/) 2 -
141 157 173 IR~ 205 221 237 253 

xE A R « d ..JL 

2'2 • -,r E 
142 158 174 190 201', 238 254 

A f -L - n xF » 1 191 
-

143 159 175 207 223 239 255 
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Color Attribute Mapping 

The following table shows the mapping of the color attribute 
byte. 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. 

Character 
Code By te (Even) 

Attribute 
Byte (Odd) 

17 6 5 4 3 2 1 017 6 5 4 3 2 01 
B 

Bl ink __ ---'T 
RGBIRGB 

I -r ---r===ForegrOUnd 

Background----l· ~ I ntens i ty 

Background/Foreground 
Bits 

1000 
100 1 
1010 
10 1 1 
1100 
I 1 0 1 
I 1 1 0 
I 1 1 1 

Attribute 

Black; grey in = 1 
Blue; light blue in = 1 
Green; light green in = 1 
Cyan; light cyan in = 1 
Red; light red in = 1 
Magenta; light magenta in = 1 
Brown; light brown in = 1 
White; high intensity white in = 1 
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LCD Attribute Mapping 

The following table shows the mapping of the attribute byte 
for the LCD. 

Character Attribute 
Code Byte (Even) Byte (Odd) 

17 6 5 4 3 2 1 017 6 5 4 3 2 1 01 

B link J I C==ForegrOUnd 

L-. ---Intensity Background ----' 

Background/Foreground 
Bits 

654210 

000 000 
000 00 1 
000111 
111000 
111111 

Attribute 

Solid grey (nondisplay) 
Normal video underscored 
Normal video 
Reverse video 
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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Diskette Drives ............................. B-6 
Random Access Memory ...................... B-8 
Serial/Parallel Adapter ........................ B-9 
Portable Printer ............................ B-11 
CRT Display Adapter ....................... B-15 
Monochrome Display ....................... B-18 
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System Unit 

Physical Description 

Width 312 mm (12.28 inches)! 

Length 374 mm (14.72 inches)! 

Height 68 mm (2.68 inches) 

Weight 5.5 kilograms (12.2 pounds) with 
I 256K storage and the battery pack 

I Measurement includes handle. 
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Environmental 

Temperature System On: 
10.0 to 40.6°C (50 to 105°F) 

System Off (memory saved): 
0.6 to 51.7°C (33 to 12SOF) 

Storage or Shipping: 
-40.0 to +60.0°C (-40 to 140°F) 

Relative Operating: 5 to 95% 
Humidity Storage or Shipping: 5 to 100% 

Maximum Wet 29.4°C (85°F) 
Bulb 

Acoustic Level 51 dB (operator position) 

Heat Output 60 BTU per hour, maximum (256K 
storage) 

Altitude 0- 2135 meters (0 - 7000 feet) 

Power Adapter Input 

Connector Hosiden HEC, number 0470-01-250, 
or equivalent 

Electrical + 10 to 16 V dc, 40 watts (maximum) 
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Battery Input 

Connector Molex, number 70411-0001, or 
equivalent 

Electrical +9.6 V dc, nominal (8 NiCad cells) 

IjOChannel 

Connector Burndy, CEPW2X36V-IZ14, or 
equivalent 

Output Signal Active: 3.8 V dc (minimum) 
Levels Inactive: 0.4 V dc (maximum) 

Input Signal Active: 2.0 to 5.25 V dc 
Levels Inactive: -0.5 to +0.8 V dc 

I/O Signal Drive The I/O signals have sufficient drive 
(total power) to power up to 2 CMOS 
loads plus 1 low-power Schotty (LS) 
TTL load. 

Output Voltages +5 V dc ±5%, 290mA2 
+ 12 V dc ± 10%, 75 rnA 2 
- 13 V dc ± 10%, 35 rnA 2 
+ Adapter Power (+ 9.2 to + 16 V dc) 
5 watts2 

2The current and power values are typically available at the I/O channel 
connector of a full configured system (SI2K, 2 drives, and internal 
modem). External adapters should use 'adapter power' and provide any 
regulation if required. 
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LCD 

Connector 26 pin, card edge 

Output Signal Active: 3.8 V dc (minimum) 
Levels Inactive: 0.4 V dc (maximum) 

Input Signal Active: 3.15 to 5.25 V dc 
Levels Inactive: -0.5 to +0.9 V dc 

Voltages + 5 V dc and - 13 V dc 

Signal Drive All signals have sufficient drive to 
power 1 CMOS load. 

System Operating Characteristics 

Processor 80C88 compatible 
Instruction Set 

Clock Cycle 210 nanoseconds 
Time 

Main Memory 840 nanoseconds 
Cycle 

I/O Cycle 1.05 microseconds 

DMACycle 1.05 microseconds 
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Diskette Drives 

Physical Description 

Width 102 mm (4.08 inches) 

Length 150 mm (6.0 inches) 

Height 41 mm (1.64 inches) 

Weight 680 grams (1.49 pounds) 

Signal and Power Requirements 

Connector 40 pin, card edge 

Output Signal Active: 3.8 V dc (minimum) 
Levels Inactive: 0.4 V dc (maximum) 

Input Signal Active: 2.0 V dc (minimum) 
Levels Inactive: +0.8 V dc (maximum) 

Voltage and + 5 V dc ± 10%, 200 rnA 
current + 12 V dc ± 10%, 258 rnA 
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Operating Characteristics 

Capacity 1.0M bytes 
unformatted 

Recording 8717 bits per inch 
density 

Track density 135 tracks per inch 

Encoding Modified frequency modulation 
method (MFM) 

Rotational speed 300 RPM ± 3.0% 

Transfer rate 250K bytes per second (MFM) 

Access time Track to track: 6 msec (maximum) 

Head settle time: 15 msec (maximum) 

Head load time: 0 msec (maximum) 

Diskette Requirements 

Certification Double sided 
135 tracks per inch 
80 tracks per side 
Soft sector 

Recording 8717 bits per inch 
density 

Medium 90 mm (3.5 inch) diskette cartridge 
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Random Access Memory 

Physical Description 

Width 54.8 mm (2.19 inches) 

Length 80.5 mm (3.22 inches) 

Height 10 mm (0.4 inches) 

Weight 38 grams (1.3 ounce) 

Signal and Power Requirements 

Connectors 40 pin, right angle header and 
receptacle 

Output Signal Active: 3.8 V dc (minimum) 
Levels Inactive: 0.4 V dc (maximum) 

Input Signal Active: 3.15 to 5.25 V dc 
Levels Inactive: -0.3 to +0.8 V dc 

Voltage +5Vdc ± 10% 

Operating Characteristics 

Capacity 128K bytes per card, 4 cards maxim urn 

Interface CMOS 

Read and Write 840 nanoseconds 
Cycles 
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Serial/Parallel Adapter 

Physical Description 

Width 312 mm (12.28 inches) 

Length 33.7 mm (1.33 inches)3 

Height 68 mm (2.68 inches) 

Weight 470 grams (1.04 pounds) 

Environmental 

Temperature System On: 
10.0 to 40.6°C (50 to 105°F) 

Storage or Shipping: 
-40.0 to +60.0°C (-40 to + 140°F) 

Relative Operating: 5 to 95% 
Humidity Storage or Shipping: 5 to 100% 

Maximum Wet 29.4°C (85°F) 
Bulb 

3Apparent length when attached to the system unit. 
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Signal and Power Requirements 

I/O Channel 

Connector Burndy, FT72A-2, or equivalent 

Output Signal Active: 3.8 V de (minimum) 
Levels Inactive: 0.4 V de (maximum) 

Input Signal Active: 3.4 to 5.25 V de 
Levels Inactive: -0.5 to +0.8 V de 

Voltage and + 5 V de ± 5%, 170 rnA (maximum) 
current + 12 V de ± 15%, 22 rnA (maximum) 

- 13 V de ± 15%, 20 rnA (maximum) 

Serial Port 

Connector 25 pin, D-shell 

Signal Levels Space: + 3.0 to + 15.0 V de 
Mark: - 3.0 to - 15.0 V de 

Parallel Port 

Connector 25 pin, D-shell 

Output Signal High level: + 2.4 V de (minimum) at 
Levels 0.3 rnA 

Low level: +0.5 V de (maximum) at 
24mA 

Input Signal Low level: 0.8 V de (maximum) 
Levels High level: 2.0 V de (minimum) 
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Operating Characteristics 

Communications Asynchronous 
Interface 

Data Rate Supports up to 19200 baud 
(Asynchronous) 

Processor INS 8250A compatible 
Instruction Set 

Portable Printer 

Physical Description 

Width 309.9 mm (12.2 inches) 

Length 110 mm (4.33 inches)4 

Height 68 mm (2.72 inches) 

Weight 1.6 kilograms (3.5 pounds) 

4Apparent length when attached to system unit. 
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Environmental 

Temperature System On: 
10.0 to 35.0°C (50 to 9SOF) 

Storage or Shipping: 
- 28.9 to 45.0°C (- 20 to 113°F)5 
5.0 to 35.0°C (41 to 9SOF)6 
- 5.0 to 45.0°C ( - 23 to 113°F)7 

Relative System On: 
Humidity 5 to 95%5 

Storage or Shipping: 
45 to 85%6 
20to 85%7 

Maximum Wet 26. rc (80°F) 
Bulb 

Acoustic Level 51 dB (operator position) 

5Without ribbon. 
6With ribbon, up to two years. 
7With ribbon, up to one month. 
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Signal and Power Requirements 

Connector Burndy, FT72-C2, or equivalent 

Output Signal Active: 3.5 V dc (minimum) 
Levels Inactive: 0.4 V dc (maximum) 

Input Signal Active: 2.0 to 5.25 V dc 
Levels Inactive: -0.5 to +0.8 V dc 

Voltage and + 8.0 to 16.0 V dc, 4.5 watts while 
current printing average text 

Operating Characteristics 

Print Method Thermal or thermal transfer, nonimpact 
dot matrix 

Print Speed 40 characters per second (burst), 10 
pitch 

Print Direction Left to right only 

Carriage Return 5 inches per second (reference) 
Speed 

Character Size 24 dots vertical by 18 dots horizontal 
(10 pitch) 

Character Set Full 96-character ASCII with 
descenders plus international 
characters and symbols (IBM Personal 
Computer Graphics Printer character 
set number 2) 
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Line Spacing 6 and 8 lines per inch (character 
mode), and nj 180 lines per inch 
(graphics mode) 

Graphics Print Normal, dual, and high density all 
Mode points addressable. 

Print Modes Standard at 10 characters per inch, 80 
maximum characters per line 

Double width at 5 characters per inch, 
40 maximum characters per line 

Compressed at 16.4 characters per 
inch, 132 maximum characters per line 

Double-width compressed at 8.2 
characters per inch, 66 maximum 
characters per line 

Registration ± 6.0 millimeter (vertical) for each 
61 printed lines (at 6 lines per inch) 

Paper Type Continuous roll or cut sheet 

Paper Feed Friction 

Paper Width 216 millimeter (8.5 inch) maximum 

Paper Type Plain paper (20 pound or less) with 
thermal transfer ribbon or thermal 
paper (no ribbon required) 
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CRT Display Adapter 

Physical Description 

Width 312 mm (12.28 inches) 

Length 40.7 mm (1.64 inches) 

Height 68 mm (2.68 inches) 

Weight 635 grams (1.4 pounds) 

Environmental 

Temperature System On: 
10.0 to 40.6°C (50 to 105°F) 

Storage or Shipping: 
-40.0 to 60.0°C (-40 to + 140°F) 

Relative Operating: 5 to 95% 
Humidity Storage: 5 to 100% 

Maximum Wet 29.0°C (85°F) 
Bulb 
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Signal and Power Requirements 

I/O Channel 

Connector Burndy, FT72A-3, or equivalent 

Output Signal Active: 3.8 V dc (minimum) 
Levels Inactive: 0.4 V dc (maximum) 

Input Signal Active: 3.4 to 5.25 V dc 
Levels Inactive: -0.5 to +0.8 V dc 

Voltage and +5Vdc ±5%,2mA 
current + Adapter Power (+9.2 to + 16 V dc), 

2.5 watts 

Direct Drive 

Connector Molex, PAX-70052, or equivalent 

Output Signal TTL compatible 
Levels 

Composite Video 

Connector Standard phonograph jack 

Output Signal 1 volt peak-to-peak biased at 0.7 volt 
Levels with a 75-ohm load 
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RF Modulator 

Connector Molex, PAX-70052, or equivalent 

Output Signal 1 volt peak-to-peak biased at 0.7 volt 
Levels with a 75 ohm load 

Operating Characteristics 

Video Interface Composite, direct drive, and RF 
modulator 

Display Modes Alphanumeric 
Low resolution 
High resolution 

Graphics (all points addressable) 

Characters Generated from a ROM character 
generator 

Bandwidth 7 or 14 MHz, depending on mode of 
operation 

Vertical Drive 60 Hz, progressive raster scan 

Horizontal Drive 15.75 KHz, positive level 
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Monochrome Display 

Physical Description 

Width 244 mm (9.6 inches) 

Length 260 mm (10.2 inches) 

Height 187 mm (7.4 inches) 

Weight 7.2 kilograms (15.8 pounds) 

Environmental 

Temperature System On: 
10.0 to 40.6°C (50 to 10SOF) 

Storage or Shipping: 
- 40.0 to + 60.0°C ( - 40 to + 140°F) 

Relative Operating: 8 to 80% 
Humidity Storage: 5 to 100% 

Maximum Wet 27.6°C (80°F) 
Bulb 
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Signal and Power Requirements 

AClnput 

Plug Standard, 3-prong 

Voltage + 100 to + 120 V ac, 50/60 Hz 

Video Input 

Connector Standard phonograph jack 

Input Signal 1 volt peak-to-peak 
Level 

Operating Characteristics 

Video Interface Composite 

Input Impedance 75 ohm 

Display 160 mm by 120 mm image area, P31 
green phosphor, direct etched 
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Color Display 

Physical Description 

Width 344 mm (13.5 inches) 

Length 376 mm (14.8 inches) 

Height 300 mm (11.8 inches) 

Weight 16.8 kilograms (37 pounds) 

Environmental 

Temperature System On: 
10.0 to 40.6°C (50 to 105°F) 

Storage or Shipping: 
-40.0 to+60.0°C (-40 to + 140°F) 

Relative Operating: 8 to 80% 
Humidity Storage: 5 to 100% 

Maximum Wet 26. rc (80°F) 
Bulb 

Signal and Power Requirements 

AClnput 

Plug Standard, 3-prong 

Voltage + 100 to + 120 V ac, 50/60 Hz 
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Video]nput 

Connector 18 pin, D-shell 

Input Signal TTL compatible 
Level 

Operating Characteristics 

Video Interface Direct drive 

Display 256 mm by 176 mm image area, direct 
etched 

Audio Capability Built-in speaker 
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Internal Modem 

Physical Description 

Card 1 

Width 133 mm (5.24 inches) 

Length 76 mm (3.0 inches) 

Height 6 mm (0.24 inches) 

Card 2 

Width 92.7 mm (3.65 inches) 

Length 35 mm (1.38 inches) 

Height 16.5 mm (0.65 inches) 
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Signal and Power Requirements 

Connector to 30 pin, vertical header 
system 

Connector to One 2-pin RJ-ll C modular phone jack 
line 

Output Signal Active: 3.5 V dc (minimum) 
Levels (to Inactive: 0.4 V dc (maximum) 
system) 

Input Signal Active: 2.0 to 5.25 V dc 
Levels (from Inactive: -0.5 to +0.8 V dc 
system) 

Voltage and +5Vdc ±5% 
current -13 Vdc ±20% 

Operating Characteristics 

Protocol Bell 212A 

Data rate 1200 bits per second QPSK and 
110/300 bits per second FSK 

Command set Enhanced IBM PC}r Internal Modem 
command set 

Dialing Pulse or tone 
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AC Adapter (100-240 Vac) 

Physical Description 

Width 165 mm (6.6 inches) 

Length 80 mm (3.2 inches) 

Height 55 mm (2.2 inches) 

Environmental 

Temperature System On: 
0.6 to 40.6°C (33 to 105°F) 

Storage or Shipping: 
- 40 to + 60°C ( - 40 to 140°F) 

Relative Operating: 5 to 95% 
Humidity Storage or Shipping: 5 to 100% 

Power Requirements 

Input 90 to 265 V ac, 47 to 63 Hz 

Output 14to 16 V dc, 40 watts 
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Battery Charger 

Input 104 to 127 V ac, 47 to 63 Hz 

Output 14 to 16 V dc, 3 watts 

Automobile Adapter 

Input 10to 16 V dc 

Note: Typically, a 13.0 V dc inputto 
the automobile power adapter is 
required to charge the internal battery 
pack to 100% of the rated capacity. A 
nominal 12.0 V dc input only charges 
the battery pack to 40% ofthe rated 
capacity. 

Output 9.2 to 16 V dc, 38 watts 
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Notes: 
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Appendix C. Logic Timing Diagrams 

I/O Interface, Processor Memory Read ........... C-4 
Interface, Processor Memory Write .............. C-6 
I/O Interface, DMA from Memory to I/O ......... C-8 
I/O Interface, DMA from I/O to Memory ........ C-IO 
I/O Interface, Processor I/O Read .............. C-12 
I/O Interface, Processor I/O Write ............. C-14 
Memory Interface, Processor Read ............. C-16 
Memory Interface, Processor Write ............ C-18 
Memory Interface, DMA Read ................ C-20 
Memory Interface, DMA Write ................ C-22 
LCD Interface ............................. C-24 
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Notes: 
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Most of the logic components used on the IBM PC 
Convertible are packaged to conserve power, space, and 
weight. Because of this, traditional logic diagrams, such as 
those used on the other IBM Personal Computer products, 
have little value for the IBM PC Convertible. Instead oflogic 
diagrams, detailed timing diagrams are provided here. These 
timing diagrams, when used with the hardware and 
programming interface information provided elsewhere in 
this manual, provide the information required to design 
products capable of operating with the IBM PC Convertible. 
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I/O Interface, Processor Memory 
Read 

Interface Signal Re fe renee Timing lnanoseconds) 
Minimum Maximum 

CPU Clock' 
Cycle time 210 210 
low time 128 141 
High time 69 82 

Sleep Clock 
De lay from 'c lock' 0 14 

Address latch Enable 
Pulse duration 70 259 
Inactive to 'clock' 0 33 
Active from 'clock' 114 

Memory Read 
Delay from 'clock' 6 -3 52 
Act'ive from ' address latch enab Ie' 7 2 

Inactive 

Data Enable 
Active from 'clock' 8 -2 66 
I nact i ve from 'c lock' 9 0 81 

Address/Data Bits 0-7 
Valid from 'clock' 10 10 145 
Hold time 11 15 
Float delay 12 113 
Read data setup time 13 90 
Ho ld time 14 5 
Read data float delay 15 

Address Bits 8-15 
Valid from 'clock' 16 10 

Bits 8 and 9 110 
Bits 10-13 105 
Bits 14 and 15 100 

Address Bits 16-19 
Val id from 'c lock' 17 10 85 
Hold time 18 10 

• This Signal is not present at this Interface, These timings are inc luded 
reference on ly. 

Figure C-I (Part I of 2). I/O Interface, Processor Memory Read 
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T1 T2 T3 T4 

+CPU Clock* OJ 1...-_--' 

I 
+Sleep Clock 

+Address Latc~ I~ I I I 
Enable I ~I~ l!-w rn ~ I~ I I 

-Memory Read I ~I ~1+--@-8--~---:1---'1 I~ I 
-Data Enable I I I 

I~I =:II~I~ UB-111~ ~ 
+Address/Data Addr Float Float 

~I~ I ~I~ Bits 0-7 

+Address Bits -.J L 

+:~:ess Bits ~~~dr ~1 .... !~_1_8 __________ ~_7---,~ 
16-19 

Figure C-l (Part 2 of 2).110 Interface, Processor Memory Read 
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Interface, Processor Memory Write 

Interface Signal 

CPU Clock' 
Cycle time 
Low time 
High time 

Sleep Clock 
Delay from 'clock' 

Address Latch Enab le 
Pulse duration 
Inactive to 'clock' 
Active from 'clock' 

Memory Write 
Delay from 'clock' 
Active from 'address latch enable' 

Inactive 

Data Enable 
Active from 'clock' 
Inactive from 'clock' 

Address/Data Bits 0-7 
Valid from 'clock' 
Ho ld time 
Data delay 
Write data hold time 

Address/Data Bi ts 8-15 
Val id from 'clock' 

Bits 8 and 9 
Bi ts 10-13 
Bits 14 and 15 

Address Bits 16-19 
Valid from 'clock' 
Hold time 

Reference 

10 
11 
12 
13 

14 

15 
16 

Tim i ng (nanoseconds) 
Minimum Maximum 

210 
128 

69 

o 

70 
o 

-9 
o 

3 
o 

10 
15 
15 
15 

10 

10 
10 

210 
141 

82 

14 

259 
33 

114 

40 

110 
81 

145 

175 

110 
105 
100 

85 

• This signal is not present at this interface. These timings are included for 
reference only, 

Figure C-2 (Part 1 o(2). Interface, Processor Memory Write 
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11 12 13 14 

+CPU Clock* [DI...-_--I 

rn-II~ I I 
+Sleep Clock 

+Address Latc~ I~ I I I 
Enable I ~I~ I~ @] ~ I~I I 

-Memory Write I ~I I~ ~I tL 
-Data Enable I .! . 

I~I -=:II~I~ cw-II~I 
+Address/Data Addr Data 

Bits 0-7 -1 l--rr±l I [ill--711~ 
+Address Bits ~ L 

+:~~:ess Bits ~U--illJ ~1 .... !~ __ 16 _________ ~_5_ ....... ~ 
16-19 

Figure C-2 (Part 2 o(2). Interface, Processor Memory Write 
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I/O Interface,DMA from Memory to 
I/O 

I nte .. fatl! 51 gna l Reference Timing (nanoseconds) 
Minimum Maximum 

Sleep Clock' 
Cycle time 210 210 
low time 128 141 
High time 69 82 

DMA Acknowledge 
Active from 'sleep clock' '2 0 174 
Inactive from 'sleep clock' 3 0 180 

Address latch Enab le 
Pulse duration 61 
Inactive to 'clock' 0 159 

I/O Wr i te 
Active to 'sleep clock' 6 0 121 
Inactive from 'sleep clock' 7 0 120 

Memory Read 
Ac t i ve to 'I/O wri te' 8 27 141 
Ac t i ve from 'sleep clock' 9 0 187 
Active from 'address latch enable' 10 45 

Inactive 
Inactive from 'I/O write' 11 88 

Data Enable 
Active from 'I/O write' 12 11 153 
Inactive from '1/0 write' 13 11 153 

Address/Data Bits 0-7 
Add ress se tup time 14 108 
Address hold time 15 16 
Float before 'data enable' 16 100 
Data setup time •• 17 100 
Data hold time •• 18 20 
Float delay from first 'memory 19 62 

read or 'data enable' ••• 
Address Bi ts 8-19 

Valid from 'sleep clock' 20 0 233 
Invalid from 'memory read' 21 69 

I nact I ve 

This signal is not present at this Interface, These timings are included for 
reference only, 

•• Ma i n memory access, 
••• Block or demand mode transfer, 160 nanoseconds for sinole-mode transfer, 

Figure C-3 (Part 1 of 2). I/O Interface, DMA from Memory to I/O 
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S2 S3 Sw Sw S4 

+Sleep Clock [II 

~ ~~ 
-DMA 

--'~ __ ~ ____________________________ ~r 
Acknowledge I ~ I 

+Address Latch ~ ______________________________ _ 

Enable I I ~ I~ ~ i-I~_-
-I/O Write ~ ~ I~ tL----------------.l1 

I 91~ ~[~ 
-Memory Read I I L... --.:. 1 ________ .;.....-----11 

~ I~ rrn.--J ~ 
- Data Enab Ie ----------.,;..---i ~ I I 

'rmJ 1JOll ~'" ~-J 1 r 
+Address/Data ---IAd'dr'1 ~ I Doto W-
Bits 0-7 ~\\~ [ill-7\ ~ 

+Address Bits .J L 
8-19 

Figure C-3 (Part 2 of 2). I/O Interface, DMA from Memory to I/O 
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I/O Interface, DMA from I/O to 
Memory 

Interface Signal Reference Timing (nanoseconds) 
Minimum Max i mum 

Sleep Clock' 
Cycle time 210 210 
Low time 128 141 
High time 69 82 

DMA Acknowledge 
Active from 'sleep clock' 0 174 
Inactive from 'sleep clock' 0 180 

Address Latch Enab Ie 
Pulse duration 4 61 
Inactive to 'c lock' 5 0 159 

Memory Wr i te 
Active from 'sleep clock' 0 115 
Inactive from 'sleep clock' 0 113 
Active from 'I/O read' 17 141 

110 Read 
Active from 'sleep clock' 9 0 193 
Active from 'address lat ch 10 56 

enable' inactive 
Inactive from 'memory write' 11 97 

Inactive 

Data Enab Ie 
Active from 'memory writ~' 12 11 143 
Inactive from 'memory wr i te' 13 11 143 

Inactive 

Address/Data Bits 0-7 

Add ress setup time 14 108 
Address hold time 15 16 
Float before ' data enable' 16 100 
Data setup time •• 17 180 
Data hold time •• 18 53 
Float delay from first ' 110 read' 19 64 

or 'data enable' ... 
Address Bi ts 8-19 

Valid from 'sleep clock' 20 0 233 
Invalid from '1/0 read' inactive 21 69 

This signal is not present at this interface. These timings are included 
reference on ly, 

•• Ma i n memory requ i rement . ... Block or demand mode transfer. 160 nanoseconds for single-mode transfer . 

Figure C-4 (Part 1 of2). I/O Interface, DMA from I/O to Memory 
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S2 S3 Sw Sw S4 

+Sleep Clock ill 

-OMA ~L-~I ________ ~---I~ 
Acknowledge I ~ I 

+Address Latch :........rI1--__ ~-------__:'-----
Enable I I ~ 1-rID ~ i-I~_-

-Memory Write I ~ _ I~ ~I------------I' 
~ ~I ~ 

-I/O Read I I L..' -~"":""--1~-12---rm-J---';'-~~ 

-Data Enable I ~II~ ~ I r 

I ~tl_I)lr 
rm-J ~ ~ ~~ 

+Address/Data ~ ~ Data u...r-
Bits 0-7 ~II~ ~I ~ 

+Address Bits ....J L 
8-19 

Figure C-4 (Part 2 of 2). I/O Interface, DMA from I/O to Memory 
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I/O Interface, Processor I/O Read 

Interface Si gna l Reference TI m I ng (nanoseconds) 
Mi n imum Maximum 

CPU Clock. 
Cyc le time 210 210 
low time 128 141 
High time 69 82 

Sleep Clock 
Delay from 'c lock' 0 14 

Address Latch Enable 
Pulse duration 3 70 259 
Inactive to 'clock' 4 a 33 
Active from 'clock' 5 114 

liD Read 
Delay from 'clock' 6 -4 54 
Active from 'address latch enable' 7 2 

Inactive 

Data Enable 
Active from 'clock' 8 -2 66 
Inactive from 'clock' 9 a 80 

Address/Data Bits 0-7 
Valid from 'clock' 10 10 145 
Ho ld time 11 15 
Float delay 12 113 
Read data setup time 13 90 
Read data hold time 14 5 
Read data float delay 15 

Address Bi ts 8-15 
Valid from 'clock' 16 

Bits 8 and 9 110 
Bits 10-13 105 
Bits 14 and 15 100 

• Thi s signa l is not present at this interface, These tim i ngs are inc luded for 
reference on ly, 

Figure C-5 (Part 1 of 2). I/O Interface, Processor I/O Read 
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T1 T2 T3 I Tw T4 

+CPU Clack* IIJ 

+Sleep Clock 

~~~ I 
+Address Latch ~~ ______________ _ 

Enable I ~4 I:=m 
-I/O Read I 

~ 1--
-Data Enable lmJ :rl k----illi ""1-~-5-I-r 

+Address/Data ~L~_IL-. __ .:.:Fl,::OO:.:..t __ ~_13_..J~ r 
BitsO-7 ~II~ ~ I~ 

+Address Bits .J L 
8-15 

Figure C-5 (Part 2 of 2). I/O Interface, Processor I/O Read 
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I/O Interface, Processor I/O Write 

Interfare Signal 

CPU Clark' 
Cyrie time 
Low time 
High time 

Sleep Clark 
Delay from 'rlork' 

Address Latch Enable 
Pulse duration 
Inactive to 'clock' 
Active from 'clock' 

I/O Wr i t e 

Referenre 

Delay from 'clock' 6 
Inactive from 'address latch enable' 7 

Inactive 

Data Enable 
Active from 'clock' 8 
Inactive from 'clock' 9 

Address/Data Bits 0-7 
Valid from 'clock' 10 
Hold time 11 
Data delay 12 
Write data hold time 13 

Address Bits 8-15 
Val id from 'clock' 

Bits 8 and 9 
Bits 10-13 
Bi ts 14 and 15 

14 

Timing (nanoseronds) 
Minimum Maximum 

210 
128 

69 

o 

70 
o 

-5 
2 

3 
o 

10 
15 
15 
15 

210 
141 

82 

14 

259 
33 

114 

52 

110 
81 

145 

175 

110 
105 
100 

• This signal is not present at this interface, These timings are included for 
reference only, 

Figure C-6 (Part 1 of 2). I/O Interface, Processor I/O Write 
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T1 T2 T3 Tw T4 

+CPU Clock* [j] 

+Sleep Clock 

~ trn!J--m I I +Address L::Jtch ~--:-_____________ ;.........;..... 

Enable I m-J~ ~ ~ ~ I I 
-I/O Write 

~ ~ ~I~ 
-Data Enable ------L-____________ ~r_ 

Data 

~Ikl 

Figure C-6 (Part 2 of 2).110 Interface, Processor 110 Write 
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Memory Interface, Processor Read 

Interface Si gna I Reference Timing (nanoseconds) 
Minimum Maximum 

CPU C lock • 
Cyc Ie time 210 210 
Low time 128 141 
High time 69 82 

Address Latch Enable 
Pulse duration 2 70 259 
Inactive to 'c lock' 3 0 33 
Active from 'clock' 4 114 

Data Enable 
Active fram 'clock' S -2 58 
Inactive from 'clock' 6 0 73 

Address/Data Bits 0-7 
Valid from 'clock' 7 10 90 
Hold time 8 10 
Float delay 9 80 
Read data se tup time 10 30 
Read data hold time 11 10 
Read data float de lay 12 175 

Address Bits 8-16 
Valid from 'clock' 13 10 

Bits 8 and 9 110 
Bits 10-13 105 
Bi ts 14 and 15 100 
Bit 16 140 

Card Se Ie ct 
Active from 'c lock' 14 3 106 

• This signal is not present at this interface. These timings are included for 
reference only. 

Figure C-7 (Part 1 of 2). Memory Interface, Processor Read 
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T1 T2 T3 T4 

+CPU Clock [j] '--_..I 

+Address Latch~L....:-I~_3 __ I _____ ~I ___ -i-
Enable I I [ID--+I 1-- 00-1 ~ 

-Data Enable I I 

+Address Data -~Ad~~ I Float ~ >I~ 
Bits 0-7 

-I~ I 
+Address Bits -l 1 I 
8-16 -4 ~ I 1-tEl 

-Card Select ----..:..."i... ______ ...2._..I1 ---

Figure C-7 (Part 2 of 2). Memory Interface, Processor Read 
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Memory Interface, Processor Write 

Interface Signal 

CPU Clock. 
Cycle time 
low time 
High time 

Address latch Enable 
Pulse duration 
Inactive to 'clock' 
Active from 'clock' 

Memory Wr i te 
Delay from 'clock' 
Active from 'address latch enable' 

Inactive 

Data Enable 
Active from 'clock' 
Inactive from 'clock' 

Address/Data Bits 0-7 
Valid from 'clock' 
Ho I d t I me 
Data de lay 
Write data hold time 

Address Bits 8-16 
Valid from 'clock' 

Bits 8 and 9 
Bits 10-13 
Bits 14 and 15 
Bi t 16 

Card Se lect 
Active from 'clock' 

Reference 

2 
3 
4 

9 
10 
11 
12 

13 

14 

Timing (nanoseconds) 
Minimum Maximum 

210 
128 

69 

70 
o 

3 
o 

10 
10 
10 
10 

10 

-4 

210 
141 

82 

259 
33 

114 

64 

102 
73 

90 

110 

110 
105 
100 
140 

94 

• This signal is not present at this interface, These timings are included for 
reference only, 

Figure C-8 (Part 1 of 2). Memory Interface, Processor Write 
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T1 T2 13 T4 

-Memory Write 

I ~I l--rn 
-Data Enable I ~ I 

-1 ~ ~I ~r-rrn 
I =1~ 
I~I~ 

+Address/Data ---1 Addr L-.J Data L-
Bits 0-7 ~ I~ I I ~II~ 

+Address Bits ~ L 

~I~ mY I~ 
-Card Select I I 

Figure C-8 (Part 2 of2). Memory Interface, Processor Write 

Logic Timing Diagrams C-19 



Memory Interface, DMA Read 

Interface Signal 

Sleep Clock * 
Cycle time 
low time 
High time 

Address latch Enable 
Pulse duration 
Inactive to 'sleep clock' 

Card Select 
Delay from 'sleep clock' 
Active from 'address latEh enable' 

Inactive 
Inactive from 'sleep clock' 

Data Enable 
Active from 'card select' 
Inactive from 'card select' 

Address/Data Bits 0-7 
Address setup time 
Address hold time 
Address float from 'data enable' 
Data setup time time 
Data hold time from first 'card 

select' or 'data enable' 
Float delay from first 'card 

select' or 'data enable' 

Address Bits 8-16 
Valid from 'sleep clock' 

Reference 

2 
3 

7 
8 

9 
10 
11 
12 
13 

14 

15 

Timing (nanoseconds I 
Minimum Maximum 

210 
128 

69 

61 
o 

o 
70 

o 

-14 
-25 

48 
16 
61 

120 
o 

o 

210 
141 

82 

1 S9 

241 

164 

250 
200 

30 

223 

This signal is not present at this interface, These timings are included for 
reference only, 

Figure C-9 (Part 1 of 2). Memory Interface, DMA Read 
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S2 S3 Sw Sw S4 

+Sleep Clock* ITI 

1~-uJ 
+Address Latch J""I'--_____________ ~--
Enable I ~ ~I~I 

-Card Select ~-~~;;;;;;...il------------jr-
I I I~ ~ ~I 

-Data Enable 

+Address/Data 
Bits 0-7 

+Address Bits 
8-16 

I~r 
I ~'___'_I~_FI~:_t _____ ---'~~.;:I tr 

~I~ 
L 

Figure C-9 (Part 2 of 2). Memory Interface, DMA Read 
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Memory Interface, DMA Write 

Interface Signal Reference Timing (nanoseconds) 
Minimum Max i mum 

Sleep Clock. 
Cycle time 210 210 
low time 128 141 
High time 69 82 

Address latch Enable 
Pulse duration 2 61 
Inactive to 'sleep clock' 3 a 159 

Card Se leet 
Active from 'sleep clock' a 168 
Active from ' address latch enable' 168 

inactive 
Inactive from 'sleep clock' 6 a 167 

Memory Wri te 
Delay from 'card select' -42 101 

Data Enable 
Act i ve from 'card select' 8 -40 135 

Address/Data Bits 0-7 
Address setup time 9 48 
Address hold time 10 16 
Data setup time to fi rst ' card 11 120 

select' or 'memory write' 
Data hold time 12 a 

Address Bits 8-16 
Va tid if-om sleep I:l o[k' "i3 0 223 

• This signal is not present at this interface, These timings are included 'for 
reference only, 

Figure C-IO (Part 1 of2). Memory Interface, DMA Write 
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S2 S3 Sw Sw I S4 

+Sleep Clock* IT] 

I~~ 
+Address Latch :....r-II..-_______________ _ 
Enable I ~I~ ~I 1~ 

-Card Select 

I ~il~ ~8 
-",mo,}, W,it, I -..j l<-l!l ~ 't=L 
-Data Enable ! . 

I ~1i-1--mJ k--rrn--J ~ ~ 
+Address/Data ----fAd;1L. _______ --', Data L..!.f 
Bits 0-7 -11~ ~II~ 

+Address Bits 
8-16 

~ L 

Figure C-I 0 (Part 2 of 2). Memory Interface, DMA Write 
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LCD Interface 

Interface Signal Reference Timing (nanoseconds) 
Minimum Maximum 

Start Frame 
Setup to 'Y shift 100 

clock' Inactive 

Y Shift Clock 
Pulse duration 2 400 700 

Latch 
Pulse duration 3 300 500 
Active to 'X enable 4 150 300 

clock' Inactive 

X Enable Clock 
Pulse duration 5 250 400 
Inactive to 'Latch" 6 100 250 

Inactive 

X Shift Clock 
Period 7 480 640 
Pulse duration 8 240 400 
Inactive 9 240 400 
Inactive to 'X enable 10 70 200 

clock' Inactive 
Active from 'X enable 11 100 250 

clock' Inactive 

Data Bits 0-3 
Setup to 'X shift 12 100 400 

clock' Inactive 
Hold time to 'X shift 13 150 400 

clock' Inactive 

Frame 
Time from 'latch' 14 -50 300 

Inactive 

Figure C-ll (Part 1 of2). LCD Interface 
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+Start Frame --.-J 
I~( ------I[jJ I~ 

+Y Shift Clock --------------------~I I~ ____ _ 
I~ 

+Latch --------------~I ~I ____________ _ 

~~~ 
+X Enable Clock _____________ ..... r-.~ ____ ,......---------

7-1~41~-wJ 
+X Shift Clock 

+Data Bits 0-3 
I~ ~ I~ 

----~xC:::::Jx~ ____ ~x-------x~ ____ _ 
---11~ 

+Frame ____________________ ~x~-----------
Figure C-ll (Part 2 of 2). LCD Interface 
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Appendix D. Power-On Self Test 
Error Codes 

System Unit Failures ......................... D-2 
Feature Failures ............................. D-3 
Time and Date Errors ........................ D-3 
Low Battery Warning ........................ D-3 
Audible Signals ............................. D-4 
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All power-on self test errors are depicted by an icon, an error 
code, or both. This appendix lists the error codes with a brief 
meanmg. 

System Unit Failures 

The following codes are issued for failures within the system 
unit. 

0101 
0102 
0103 
0105 
0163 
0164 
0170 

0171 
0172 

0173 
0174 

0201 
0202 
0301 xx 
0303 
0304 
0601 
1101 
1102 
5001 
5002 
5003 
5101 

Interrupt controller failure 
System timer 2 failure 
System timer 0 failure 
DMA controller failure 
Real-time clock not updating 
Memory size miscompare 
LCD not in use when suspended (possible operator 
error) 
Base 128K checksum failure 
Diskette active when suspended (possible operator 
error) 
Real-time clock RAM verification error 
LCD configuration changed (possible operator 
error) 
Memory pattern test failure 
Memory address test failure 
Stuck key detected (xx indicates internal scan code) 
Keyboard controller failure 
Keyboard cable not attached 
Diskette controller or drive failure 
8250 function of modem failure 
Internal modem failure 
LCD buffer failure 
LCD font buffer failure 
LCD controller failure 
Portable printer interface failure 
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Feature Failures 
The following codes are issued for failures on adapters not 
within the system unit. 

xxxxxROM 

05xx 

1101 

1201 

Checksum failure detected on feature ROM 
(xxxxx indicates feature address in the 
COOOO to FOOOO range) 

Color/graphics adapter failure 

RS-232 communications adapter as COM 1 
failure (ifno internal modem feature is 
installed) 

RS-232 communications adapter as COM2 
failure (internal modem installed) 

Time and Date Errors 
Other errors, such as time or date not set, are indicated by an 
Icon. 

The time/date not set icon means that the real-time clock 
value is not valid, because it has never been set or that the 
system has lost standby power. 

Low Battery Warning 
The power-on and BIOS routines provide functions to 
monitor the condition of the battery. If a low-battery 
condition is detected and external power is not being supplied 
during power on, the power-on routines issue three short 
beeps through the speaker and then power-down the system. If 
a low-battery condition is detected and external power is being 
supplied during power on, either a low-battery icon is 
displayed prior to an initial program load (IPL) or two short 
beeps are issued before an application resumes. 

Error Codes D-3 



If during normal operation, the low-battery warning is 
enabled, a low-battery condition is detected, and the system is 
operating without external power, BIOS issues three short 
beeps through the speaker, causes the LCD screen to blink off 
and on at 1-second intervals, and stops all main level 
processing. This stops all noninterrupt-driven processing; 
however, interrupt-driven processing continues. When a key 
on the keyboard is pressed, the screen stops blinking and 
main-level processing is resumed. If the low-battery condition 
remains and external power is not supplied, the low-battery 
warning is repeated every 2 minutes. Ifkeyboard activity does 
not occur or if external power is not supplied to the system 
unit within the 2 minutes, BIOS automaticaHy suspends the 
application and powers off the system in order to conserve 
power. 

If external power is supplied during the warning, the blinking 
stops and normal processing is restored. 

Audible Signals 

The power-on routines use the following audible signals: 

• One short beep: No errors found 

• Two short beeps: Nonfatal errors found 

• One long and one short beep: Fatal errors found 

• One long and two short beeps: Fatal errors found; LCD 
controller failed, or, if LCD is detached, CRT display 
adapter failed 

• Three short beeps: Low battery without external power 
(fatal error) 

• No beeps: The power-on self-test routines could not run; 
speaker failed. 
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Glossary 

~ Prefix micro; 0.000 001. 

~s Microsecond; 0.000001 
second. 

A.Ampere. 

ac. Alternating current. 

active high. Designates a 
signal that has to go high to 
produce an effect. 
Synonymous with positive 
true. 

active low. Designates a 
signal that has to go low to 
produce an effect. 
Synonymous with negative 
true. 

adapter. An auxiliary device 
or unit used to extend the 
operation of another system. 

address bus. One or more 
conductors used to carry the 
binary-coded address from 
the processor throughout 
the rest of the system. 

all points addressable 
(AP A). A mode in which all 
points ofa displayable 
image can be controlled by 
the user. 

alphameric. Synonym for 
alphanumeric. 

alphanumeric (A/N). 
Pertaining to a character set 
that contains letters, digits, 
and usually other characters, 
such as punctuation marks. 
Synonymous with 
alphameric. 

alternating current (ac). A 
current that periodically 
reverses its direction of flow. 

American National 
Standard Code for 
Information Exchange 
(ASCII). The standard code, 
using a coded character set 
consisting of7-bit coded 
characters (8 bits including 
parity check), used for 
information exchange 
between data processing 
systems, data 
communication systems, 
and associated equipment. 
The ASCII set consists of 
control characters and 
graphic characters. 

ampere (A). The basic unit 
of electric current. 

A/N. Alphanumeric 
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analog. ( 1 ) Pertaining to 
data in the form of 
continuously variable 
physical quantities. (2) 
Contrast with digital. 

AND. A logic operator 
having the property that ifP 
is a statement, Q is a 
statement, R is a 
statement, ... , then the AND 
ofP, Q, R, .. .is true ifall 
statements are true, false if 
any statement is false. 

AND operation. The 
boolean operation whose 
result has the boolean value 
1, if and only if, each 
operand has the boolean 
value 1. Synonymous with 
conjunction. 

AP A. All points 
addressable. 

ASCII. American National 
Standard Code for 
Information Exchange. 

asynchronous transmission. 
(1) Transmission in which 
the time of occurrence of the 
start of each character, or 
block of characters, is 
arbitrary; once started, the 
time of occurrence of each 
signal representing a bit 
within a character, or block, 
has the same relationship to 
significant instants of a fixed 
time frame. (2) 
Transmission in which each 
information character is 

X-2 Glossary 

individually transmitted 
(usually timed by the use of 
start elements and stop 
elements). 

audio frequencies. 
Frequencies that can be 
heard by the human ear 
(approximately 15 hertz to 
20000 hertz). 

BASIC. Beginner's 
all-purpose symbolic 
instruction code. 

basic input/output system 
(BIOS). The feature of the 
IBM Personal Computer 
that provides the level 
control of the major I/O 
devices, and relieves the 
programmer from concern 
about hardware device 
characteristics. 

baud. ( 1) A unit of signaling 
speed equal to the number 
of discrete conditions or 
signal events per second. 
For example, one baud 
equals one bit per second in 
a train of binary signals, 
one-half dot cycle per 
second in Morse code, and 
one 3-bit value per second in 
a train of signals each of 
which can assume one of 
eight different states. (2) In 
asynchronous transmission, 
the unit of modulation rate 
corresponding to one unit of 
interval per second; that is, 
if the duration of the unit 



interval is 20 milliseconds, 
the modulation rate is 50 
baud. 

beginner's all-purpose 
symbolic instruction code 
(BASIC). A programming 
language with a small 
repertoire of commands and 
a simple syntax, primarily 
designed for numeric 
applications. 

binary. (1) Pertaining to a 
selection, choice, or 
condition that has two 
possible values or states. (2) 
Pertaining to a fixed radix 
numeration system having a 
radix of2. 

binary digit. ( 1) In binary 
notation, either of the 
characters 0 or 1. (2) 
Synonymous with bit. 

binary notation. Any 
notation that uses two 
different characters, usually 
the binary digits 0 and 1. 

binary synchronous 
communications (BSC). A 
uniform procedure, using a 
standardized set of control 
characters and control 
character sequences for 
synchronous transmission 
of binary-coded data 
between stations. 

BIOS. Basic input/output 
system. 

bit. Synonym for binary 
digit. 

bits per second (bps). A unit 
of measurement 
representing the number of 
discrete binary digits 
transmitted by a device in 
one second. 

bootstrap. A technique or 
device designed to bring 
itself into a desired state by 
means of its own action; for 
example, a machine routine 
whose first few instructions 
are sufficient to bring the 
rest of its elfin to the 
computer from an input 
device. 

bps. Bits per second. 

BSe. Binary synchronous 
communications. 

buffer. (1) An area of storage 
that is temporarily reserved 
for use in performing an 
input/output operation, into 
which data is read or from 
which data is written. 
Synonymous with I/O area. 
(2) A portion of storage for 
temporarily holding input 
or output data. 

bus. One or more 
conductors used for 
transmitting signals or 
power. 

byte. (1) A sequence of eight 
adjacent binary digits that 
are operated upon as a unit. 
(2) A binary character 
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operated upon as a unit. (3) 
The representation of a 
character. 

C. Celsius. 

cathode ray tube (CRT). A 
vacuum tube in which a 
stream of electrons is 
projected onto a fluorescent 
screen producing a 
luminous spot. The location 
of the spot can be controlled. 

cathode ray tube display 
(CRT display). (1) A CRT 
used for displaying data. For 
example, the electron beam 
can be controlled to form 
alphanumeric data by use of 
a dot matrix. (2) The data 
display produced by the 
device as in (1 ). 

CCITT. International 
Telegraph and Telephone 
Consultative Committee. 

Celsius (C). A temperature 
scale. Contrast with 
Fahrenheit (F). 

channel. A path along which 
signals can be sent; for 
example, data channel, 
output channel. 

character generator. ( 1 ) In 
computer graphics, a 
functional unit that converts 
the coded representation of a 
graphic character into the 
shape of the character for 
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display. (2) In word 
processing, the means 
within equipment for 
generating visual characters 
or symbols from coded data. 

character set. (1) A finite set 
of different characters upon 
which agreement has been 
reached and that is 
considered complete for 
some purpose. (2) A set of 
unique representations 
called characters. (3) A 
defined collection of 
characters. 

characters per second (cps). 
A standard unit of 
measurement for the speed 
at which a printer prints. 

CMOS. Complementary 
metal oxide semiconductor. 

code. (1) A set of 
unambiguous rules 
specifying the manner in 
which data may be 
represented in a discrete 
form. Synonymous with 
coding scheme. (2) A set of 
items, such as 
abbreviations, representing 
the members of another set. 
(3) To represent data or a 
computer program in a 
symbolic form that can be 
accepted by a data 
processor. (4) Loosely, one 
or more computer 
programs, or part of a 
computer program. 



compile. (1) To translate a 
computer program 
expressed in a 
problem-oriented language 
into a computer-oriented 
language. (2) To prepare a 
machine-language program 
from a computer program 
written in another 
programming language by 
making use of the overall 
logic structure of the 
program, or generating more 
than one computer 
instruction for each 
symbolic statement, or both, 
as well as performing the 
function of an assembler. 

complementary metal oxide 
semiconductor (CMOS). A 
logic circuit family that uses 
very little power. It works 
with a wide range of power 
supply voltages. 

computer. A functional unit 
that can perform substantial 
computation, including 
numerous arithmetic 
operations or logic 
operations, without 
intervention by a human 
operator during a run. 

computer instruction code. A 
code used to represent the 
instructions in an 
instruction set. 
Synonymous with machine 
code. 

computer program. A 
sequence of instructions 
suitable for processing by a 
computer. 

configuration. ( 1 ) The 
arrangement ofa computer 
system or network as 
defined by the nature, 
number, and the chief 
characteristics of its 
functional units. More 
specifically, the term 
configuration may refer to a 
hardware configuration or a 
software configuration. (2) 
The devices and programs 
that make up a system, 
subsystem, or network. 

control character. A 
character whose occurrence 
in a particular context 
initiates, modifies, or stops a 
control operation. 

control operation. An action 
that affects the recording, 
processing, transmission, or 
interpretation of data; for 
example, starting or 
stopping a process, carriage 
return, font change, rewind, 
and end of transmission. 

cps. Characters per second. 

CRT. Cathode ray tube. 

CRT display. Cathode ray 
tube display. 
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CTS. Clear to send. 
Associated with modem 
control. 

cursor. (1) In computer 
graphics, a movable marker 
that is used to indicate a 
position on a display. (2) A 
displayed symbol that acts 
as a marker to help the user 
locate a point in text, in a 
system command, or in 
storage. (3) A movable spot 
oflight on the screen of a 
display device, usually 
indicating where the next 
character is to be entered, 
replaced, or deleted. 

cylinder. (1) The set of all 
tracks with the same 
nominal distance from the 
axis about which the disk 
rotates. (2) The tracks of a 
disk storage device that can 
be accessed without 
repositioning the access 
mechanism. 

data. (1) A representation of 
facts, concepts, or 
instructions in a formalized 
manner suitable for 
communication, 
interpretation, or processing 
by human or automatic 
means. (2) Any 
representations, such as 
characters or analog 
quantities, to which 
meaning is, or might be 
assigned. 
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data processing system. A 
system that performs input, 
processing, storage, output, 
and control functions to 
accomplish a sequence of 
operations on data. 

data transmission. Synonym 
for transmission. 

dB. Decibel. 

dBa. Adjusted decibels. 

dc. Direct current. 

debounce. An electronic 
means of overcoming the 
make/break bounce of 
switches to obtain one 
smooth change of signal 
level. 

decibel. (1) A unit that 
expresses the ratio of two 
power levels on a 
logarithmic scale. (2) A unit 
for measuring relative 
power. 

digit. (1) A graphic character 
that represents an integer; 
for example, one ofthe 
characters 0 to 9. (2) A 
symbol that represents one 
ofthe non-negative integers 
smaller than the radix. For 
example, in decimal 
notation, a digit is one of the 
characters 0 to 9. 



digital. ( 1 ) Pertaining to 
data in the form of digits. (2) 
Contrast with analog. 

direct current (de). A current 
that always flows in one 
direction. 

direct memory access 
(DMA). A method of 
transferring data between 
main storage and I/O 
devices that does not require 
processor intervention. 

disable. To stop the 
operation of a circuit or 
device. 

disabled. Pertaining to a 
state of a processing unit 
that prevents the occurrence 
of certain types of 
interruptions. Synonymous 
with masked. 

disk. Loosely, a magnetic 
disk unit. 

disk drive. A mechanism for 
moving a disk pack and 
controlling its movements. 

diskette. A thin, flexible 
magnetic disk and a 
semirigid protective jacket, 
in which the disk is 
permanently enclosed. 
Synonymous with flexible 
disk. 

diskette drive. A mechanism 
for moving a diskette and 
controlling its movements. 

display. ( 1) A visual 
presentation of data. (2) A 
device for visual 
presentation of information 
on any temporary character 
imaging device. (3) To 
present data visually. (4) See 
cathode ray tube display. 

display attribute. In 
computer graphics, a 
particular property that is 
assigned to all or part of a 
display; for example, low 
intensity, green color, 
blinking status. 

DMA. Direct memory 
access. 

dot matrix. (1) In computer 
graphics, a two-dimensional 
pattern of dots used for 
constructing a display 
image. This type of matrix 
can be used to represent 
characters by dots. (2) In 
word processing, a pattern 
of dots used to form 
characters. This term 
normally refers to a small 
section of a set of 
addressable points; for 
example, a representation of 
characters by dots. 

dot printer. Synonym for 
matrix printer. 

dot-matrix character 
generator. In computer 
graphics, a character 
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generator that generates 
character images composed 
of dots. 

DSR. Data set ready. 
Associated with modem 
control. 

DTR. In the IBM Personal 
Computer, data terminal 
ready. Associated with 
modem control. 

duplex. (1) In data 
communication, pertaining 
to a simultaneous two-way 
independent transmission 
in both directions. (2) 
Contrast with half-duplex. 

duty cycle. In the operation 
of a device, the ratio of on 
time to idle time. Duty cycle 
is expressed as a decimal or 
percentage. 

EBCDIC. Extended 
binary-coded decimal 
interchange code. 

edge connector. A terminal 
block with a number of 
contacts attached to the edge 
ofa printed-circuit board to 
facilitate plugging into a 
foundation circuit. 

EIA. Electronic Industries 
Association. 
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enable. To initiate the 
operation ofa circuit or 
device. 

EPROM. Erasable 
programmable read-only 
memory. 

erasable programmable 
read-only memory 
(EPROM). A PROM in 
which the user can erase old 
information and enter new 
information. 

ESC. The escape character. 

escape character (ESC). A 
code extension character 
used, in some cases, with 
one or more succeeding 
characters to indicate by 
some convention or 
agreement that the coded 
representations following 
the character or the group of 
characters are to be 
interpreted according to a 
different code or according 
to a different coded 
character set. 

extended binary-coded 
decimal interchange code 
(EBCDIC). A set of256 
characters, each represented 
by eight bits. 

F. Fahrenheit. 

Fahrenheit (F). A 
temperature scale. Contrast 
with Celsius (C). 



falling edge. Synonym for 
negative-going edge. 

FCC. Federal 
Communications 
Commission. 

FF. The form feed character. 

fixed disk. In the IBM 
Personal Computer, 
synonym for disk drive. 

flag. ( 1) Any of various 
types of indicators used for 
identification. (2) A 
character that signals the 
occurrence of some 
condition, such as the end of 
a word. (3) Deprecated term 
for mark. 

flexible disk. Synonym for 
diskette. 

font. A family or assortment 
of characters of a given size 
and style; for example, 10 
point Press Roman 
medium. 

foreground. ( 1 ) In 
multiprogramming, the 
environment in which 
high-priority programs are 
executed. (2) On a color 
display screen, the 
characters as opposed to the 
background. 

form feed. (1) Paper 
movement used to bring an 
assigned part of a form to 

the printing position. (2) In 
word processing, a function 
that advances the typing 
position to the same 
character position on a 
predetermined line of the 
next form or page. 

form feed character. A 
control character that causes 
the print or display position 
to move to the next 
predetermined first line on 
the next form, the next page, 
or the equivalent. 

format. The arrangement or 
layout of data on a data 
medium. 

g.Gram. 

G. (1) Prefix giga; 1 000 000 
000. (2) When referring to 
computer storage capacity, 1 
073741 824. (1073741 824 
= 2 to the 30th power.) 

gate. (1) A combinational 
logic circuit having one 
output channel and one or 
more input channels, such 
that the output channel state 
is completely determined by 
the input channel states. (2) 
A signal that enables the 
passage of other signals 
through a circuit. 

Gb.l 073741 824 bytes. 

giga (G). Prefix 1 000 000 
000. 
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gram (g). A unit of weight 
(equivalent to 0.035 
ounces). 

graphic. A symbol produced 
by a process such as 
handwriting, drawing, or 
printing. 

graphic character. A 
character, other than a 
control character, that is 
normally represented by a 
graphic. 

half-duplex. (1) In data 
communication, pertaining 
to an alternate, one way at a 
time, independent 
transmission. (2) Contrast 
with duplex. 

hardware. ( 1) Physical 
equipment used in data 
processing, as opposed to 
programs, procedures, rules, 
and associated 
documentation. (2) Contrast 
with software. 

head. A device that reads, 
writes, or erases data on a 
storage medium; for 
example, a small 
electromagnet used to read, 
write, or erase data on a 
magnetic disk. 

hertz (Hz). A unit of 
frequency equal to one cycle 
per second. 

hex. Common abbreviation 
for hexadecimal. 
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hexadecimal. (1) Pertaining 
to a selection, choice, or 
condition that has 16 
possible different values or 
states. These values or states 
are usually symbolized by 
the ten digits 0 through 9 
and the six letters A through 
F. (2) Pertaining to a fixed 
radix numeration system 
having a radix of 16. 

high-order position. The 
leftmost position in a string 
of characters. See also 
most-significant digit. 

Hz. hertz 

image. A fully processed 
unit of operational data that 
is ready to be transmitted to 
a remote unit; when loaded 
into control storage in the 
remote unit, the image 
determines the operations of 
the unit. 

index register. A register 
whose contents may be used 
to modify an operand 
address during the 
execution of computer 
instructions. 

indicator. ( 1 ) A device that 
may be set into a prescribed 
state, usually according to 
the result of a previous 
process or on the occurrence 
ofa specified condition in 
the equipment, and that 



usually gives a visual or 
other indication of the 
existence of the prescribed 
state, and that may in some 
cases be used to determine 
the selection among 
alternative processes; for 
example, an overflow 
indicator. (2) An item of 
data that may be 
interrogated to determine 
whether a particular 
condition has been satisfied 
in the execution ofa 
computer program; for 
example, a switch indicator, 
an overflow indicator. 

inhibited. (I) Pertaining to a 
state of a processing unit in 
which certain types of 
interruptions are not 
allowed to occur. (2) 
Pertaining to the state in 
which a transmission 
control unit or an audio 
response unit cannot accept 
incoming calls on a line. 

initialize. To set counters, 
switches, addresses, or 
contents of storage to 0 or 
other starting values at the 
beginning of, or at 
prescribed points in, the 
operation ofa computer 
routine. 

input/output (I/O). (I) 
Pertaining to a device or to a 
channel that may be 
involved in an input 
process, and, at a different 
time, in an output process. 
In the English language, 

"input/output" may be 
used in place of such terms 
"input/output data," 
"input/output signal," and 
"input/output terminals," 
when such usage is clear in a 
given context. (2) Pertaining 
to a device whose parts can 
be performing an input 
process and an output 
process at the same time. (3) 
Pertaining to either input or 
output, or both. 

instruction. In a 
programming language, a 
meaningful expression that 
specifies one operation and 
identifies its operands, if 
any. 

instruction set. The set of 
instructions ofa computer, 
of a programming language, 
or of the programming 
languages in a programming 
system. 

interface. A device that 
alters or converts actual 
electrical signals between 
distinct devices, programs, 
or systems. 

interrupt. (1) A suspension 
of a process, such as the 
execution ofa computer 
program, caused by an event 
external to that process, and 
performed in such a way 
that the process can be 
resumed. (2) In a data 
transmission, to take an 
action at a receiving station 
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that causes the transmitting 
station to terminate a 
transmission. (3) 
Synonymous with 
interruption. 

I/O. Input/output. 

I/O area. Synonym for 
buffer. 

irrecoverable error. An error 
that makes recovery 
impossible without the use 
of recovery techniques 
external to the computer 
program or run. 

joystick. In computer 
graphics, a lever that can 
pivot in all directions and 
that is used as a locator 
device. 

k. Prefix kilo; 1000. 

K. When referring to storage 
capacity, 1024. (1024 = 2 to 
the 10th power.) 

Kb. 1024 bytes. 

kg. Kilogram; 1000 grams. 

kHz. Kilohertz; 1000 hertz. 

kilo (k). Prefix 1000 

kilogram (kg). 1000 grams. 

kilohertz (kHz). 1000 hertz 
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latch. (1) A simple 
logic-circuit storage 
element. (2) A feedback loop 
in sequential digital circuits 
used to maintain a state. 

least-significant digit. The 
rightmost digit. See also 
low-order position. 

load. In programming, to 
enter data into storage or 
working registers. 

low-order position. The 
rightmost position in a 
string of characters. See also 
least-significant digit. 

low power Schottky TTL. A 
version (LS series) of TTL 
giving a good compromise 
between low power and high 
speed. See also 
transistor-transistor logic 
and Schottky TTL. 

m. (1) Prefix milli; 0.001. (2) 
Meter. 

M. (1) Prefix mega; 1 000 
000. (2) When referring to 
computer storage capacity, 1 
048 576. (1 048 576 = 2 to 
the 20th power.) 

rnA. Milliampere; 0.001 
ampere. 

magnetic disk. (1) A flat 
circular plate with a 



magnetizable surface layer 
on which data can be stored 
by magnetic recording. (2) 
See also diskette. 

mark. A symbol or symbols 
that indicate the beginning 
or the end of a field, of a 
word, of an item of data, or 
of a set of data such as a file, 
a record, or a block. 

mask. (1) A pattern of 
characters that is used to 
control the retention or 
elimination of portions of 
another pattern of 
characters. (2) To use a 
pattern of characters to 
control the retention or 
elimination of portions of 
another pattern of 
characters. 

masked. Synonym for 
disabled. 

matrix. (1) A rectangular 
array of elements, arranged 
in rows and columns, that 
may be manipulated 
according to the rules of 
matrix algebra. (2) In 
computers, a logic network 
in the form of an array of 
input leads and output leads 
with logic elements 
connected at some of their 
intersections. 

matrix printer. A printer in 
which each character is 
represented by a pattern of 
dots; for example, a stylus 

printer, a wire printer. 
Synonymous with dot 
printer. 

Mb. 1 048576 bytes. 

mega (M). Prefix 1 000 000. 

megahertz (MHz). 1 000 
000 hertz. 

memory. Term for main 
storage. 

meter (m). A unit oflength 
(equivalent to 39.37 inches). 

MFM. Modified frequency 
modulation. 

MHz. Megahertz; 1 000 000 
hertz. 

micro (J..l). Prefix 0.000 001. 

microprocessor. An 
integrated circuit that 
accepts coded instructions 
for execution; the 
instructions may be entered, 
integrated, or stored 
internally. 

microsecond (J..l). 0.000001 
second. 

milli (m). Prefix 0.001. 

milliampere (rnA). 0.001 
ampere. 

millisecond (ms). 0.001 
second. 

Glossary X-13 



mnemonic. A symbol chosen 
to assist the human 
memory; for example, an 
abbreviation such as "mpy" 
for "multiply". 

mode. (1) A method of 
operation; for example, the 
binary mode, the 
interpretive mode, the 
alphanumeric mode. (2) The 
most frequent value in the 
statistical sense. 

modem 
(modulator-demodulator). A 
device that converts serial 
(bit by bit) digital signals 
from a business machine (or 
data communication 
equipment) to analog signals 
that are suitable for 
transmission in a telephone 
network. The inverse 
function is also performed 
by the modem on reception 
of analog signals. 

modified frequency 
modulation (MFM). The 
process of varying the 
amplitude and frequency of 
the 'write' signal. MFM 
pertains to the number of 
bytes of storage that can be 
stored on the recording 
media. The number of bytes 
is twice the number 
contained in the same unit 
area of recording media at 
single density. 

modulation. The process by 
which some characteristic of 
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one wave (usually high 
frequency) is varied in 
accordance with another 
wave or signal (usually low 
frequency). This technique 
is used in modems to make 
business-machine signals 
compatible with 
communication facilities. 

module. (1) A program unit 
that is discrete and 
identifiable with respect to 
compiling, combining with 
other units, and loading. (2) 
A packaged functional 
hardware unit designed for 
use with other components. 

monitor. (1) A device that 
observes and verifies the 
operation of a data 
processing system and 
indicates any significant 
departure from the norm. 
(2) Software or hardware 
that observes, supervises, 
controls, or verifies the 
operations of a system. 

most-significant digit. The 
leftmost (nonzero) digit. See 
also high-order position. 

ms. Millisecond; 0.001 
second. 

multiplexer. A device 
capable of interleaving the 
events of two or more 
activities, or capable of 
distributing the events of an 



interleaved sequence to the 
respective activities. 

n. Prefix nano; 0.000 000 
001. 

nano (n). Prefix 0.000 000 
001. 

nanosecond (ns). 0.000 000 
001 second. 

negative true. Synonym for 
active low. 

negative-going edge. The 
edge of a pulse or signal 
changing in a negative 
direction. Synonymous with 
falling edge. 

ns. Nanosecond; 0.000 000 
001 second. 

NUL. The null character. 

null character (NUL). A 
control character that is 
used to accomplish 
media-fill or time-fill, and 
that may be inserted into or 
removed from, a sequence 
of characters without 
affecting the meaning ofthe 
sequence; however, the 
control ofthe equipment or 
the format may be affected 
by this character. 

offline. Pertaining to the 
operation of a functional 
unit without the continual 
control ofa computer. 

operand. (1) An entity to 
which an operation is 
applied. (2) That which is 
operated upon. An operand 
is usually identified by an 
address part of an 
instruction. 

operating system. Software 
that controls the execution 
of programs. An operating 
system may provide services 
such as resource allocation, 
scheduling, input/output 
control, and data 
management. 

output. Pertaining to a 
device, process, or channel 
involved in an output 
process, or to the data or 
states involved in an output 
process. 

output process. ( 1 ) The 
process that consists of the 
delivery of data from a data 
processing system, or from 
any part of it. (2) The return 
of information from a data 
processing system to an end 
user, including the 
translation of data from a 
machine language to a 
language that the end user 
can understand. 

parallel. (1) Pertaining to 
the concurrent or 
simultaneous operation of 
two or more devices, or to 
the concurrent performance 
of two or more activities. 
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(2) Pertaining to the 
concurrent or simultaneous 
occurrence of two or more 
related activities in multiple 
devices or channels. (3) 
Pertaining to the 
simultaneity of two or more 
processes. (4) Pertaining to 
the simultaneous processing 
of the individual parts ofa 
whole, such as the bits of a 
character and the characters 
of a word, using separate 
facilities for the various 
parts. (5) Contrast with 
serial. 

parameter. (1) A variable 
that is given a constant 
value for a specified 
application and that may 
denote the application. (2) A 
name in a procedure that is 
used to refer to an argument 
passed to that procedure. 

parity bit. A binary digit 
appended to a group of 
binary digits to make the 
sum of all the digits either 
always odd (odd parity) or 
always even (even parity). 

PEL. Picture element. 

personal computer. A small 
home or business computer 
that has a processor and 
keyboard and that can be 
connected to a television or 
some other monitor. An 
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optional printer is usually 
available. 

picture element (PEL). The 
smallest displayable unit on 
a display. 

port. An access point for 
data entry or exit. 

positive true. Synonym for 
active high. 

positive-going edge. The 
edge of a pulse or signal 
changing in a positive 
direction. Synonymous with 
rising edge. 

power supply. A device that 
produces the power needed 
to operate electronic 
equipment. 

printed circuit. A pattern of 
conductors (corresponding 
to the wiring of an electronic 
circuit) formed on a board 
of insulating material. 

printed-circuit board. A 
usually copper-clad plastic 
board used to make a 
printed circuit. 

priority. A rank assigned to a 
task that determines its 
precedence in receiving 
system resources. 

processing unit. A 
functional unit that consists 



of one or more processors 
and all or part of internal 
storage. 

processor. (1) In a computer, 
a functional unit that 
interprets and executes 
instructions. (2) A 
functional unit, a part of 
another unit such as a 
terminal or a processing 
unit, that interprets and 
executes instructions. (3) 
Deprecated term for 
processing program. (4) See 
mIcroprocessor. 

program. ( I) A series of 
actions designed to achieve 
a certain result. (2) A series 
of instructions telling the 
computer how to handle a 
problem or task. (3) To 
design, write, and test 
computer programs. 

programmable read-only 
memory (PROM). A 
read-only memory that can 
be programmed by the user. 

programming language. ( I) 
An artificial language 
established for expressing 
computer programs. (2) A 
set of characters and rules 
with meanings assigned 
prior to their use, for writing 
computer programs. 

programming system. One 
or more programmmg 
languages and the necessary 
software for using these 

languages with particular 
automatic data-processing 
equipment. 

PROM. Programmable 
read-only memory. 

protocol. (I) A specification 
for the format and relative 
timing of information 
exchanged between 
communicating parties. (2) 
The set of rules governing 
the operation offunctional 
units ofa communication 
system that must be 
followed if communication 
is to be achieved. 

pulse. A variation in the 
value of a quantity, short in 
relation to the time schedule 
of interest, the final value 
being the same as the initial 
value. 

radio frequency (RF). An ac 
frequency that is higher than 
the highest audio frequency. 
So called because ofthe 
application to radio 
communication. 

RAM. Random access 
memory. Read/write 
memory. 

random access memory 
(RAM). Read/write 
memory. 

read. To acquire or interpret 
data from a storage device, 
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from a data medium, or 
from another source. 

read-only memory (ROM). 
A storage device whose 
contents cannot be 
modified. The memory is 
retained when power is 
removed. 

read/write memory. A 
storage device whose 
contents can be modified. 
Also called RAM. 

recoverable error. An error 
condition that allows 
continued execution ofa 
program. 

red-green-blue-intensity 
(RGBI). The description of 
a direct-drive color monitor 
that accepts input signals of 
red, green, blue, and 
intensity. 

register. ( I ) A storage 
device, having a specified 
storage capacity such as a 
bit, a byte, or a computer 
word, and usually intended 
for a special purpose. (2) A 
storage device in which 
specific data is stored. 

reverse video. A form of 
highlighting a character, 
field, or cursor by reversing 
the color ofthe character, 
field, or cursor with its 
background; for example, 
changing a red character on 
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a black background to a 
black character on a red 
background. 

RF. Radio frequency. 

RF modulator. The device 
used to convert the 
composite video signal to 
the antenna level input of a 
home TV. 

RGBI. 
Red-green-blue-intensity. 

rising edge. Synonym for 
positive-going edge. 

ROM. Read-only memory. 

ROM/BIOS. The ROM 
resident basic input/output 
system, which provides the 
level control of the major 
I/O devices in the computer 
system. 

RS-232C. A standard by the 
EIA for communication 
between computers and 
external equipment. 

RTS. Request to send. 
Associated with modem 
control. 

run. A single continuous 
performance ofa computer 
program or routine. 

Schottky TTL. A version (S 
series) of TTL with faster 



switching speed, but 
requiring more power. See 
also transistor-transistor 
logic and low power 
Schottky TTL. 

sector. That part ofa track 
or band on a magnetic 
drum, a magnetic disk, or a 
disk pack that can be 
accessed by the magnetic 
heads in the course of a 
predetermined rotational 
displacement of the 
particular device. 

serial. ( 1 ) Pertaining to the 
sequential performance of 
two or more activities in a 
single device. In English, the 
modifiers serial and parallel 
usually refer to devices, as 
opposed to sequential and 
consecutive, which refer to 
processes. (2) Pertaining to 
the sequential or 
consecutive occurrence of 
two or more related 
activities in a single device 
or channel. (3) Pertaining to 
the sequential processing of 
the individual parts of a 
whole, such as the bits ofa 
character or the characters 
of a word, using the same 
facilities for successive 
parts. (4) Contrast with 
parallel. 

setup. (1) In a computer that 
consists of an assembly of 
individual computing units, 
the arrangement of 
interconnections between 

the units, and the 
adjustments needed for the 
computer to operate. (2) The 
preparation of a computing 
system to perform ajob or 
job step. Setup is usually 
performed by an operator 
and often involves 
performing routine 
functions, such as mounting 
tape reels. (3) The 
preparation of the system 
for normal operation. 

signal. A variation of a 
physical quantity, used to 
convey data. 

software. (1) Computer 
programs, procedures, and 
rules concerned with the 
operation ofa data 
processing system. (2) 
Contrast with hardware. 

source. The origin of a signal 
or electrical energy. 

start bit. A signal to a 
receiving mechanism to get 
ready to receive data or 
perform a function. 

stop bit. A signal to a 
receiving mechanism to 
wait for the next signal. 

storage. (1) A storage device. 
(2) A device, or part of a 
device, that can retain data. 
(3) The retention of data in a 
storage device. (4) The 
placement of data into a 
storage device. 
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strobe. An instrument that 
emits adjustable-rate flashes 
oflight. Used to measure the 
speed of rotating or 
vibrating objects. 

symbol. (1) A conventional 
representation of a concept 
or a representation of 
something by reason of 
relationship, association, or 
convention. (2) A 
representation of something 
by reason of relationship, 
association, or convention. 

synchronization. The 
process of adjusting the 
corresponding significant 
instants oftwo signals to 
obtain the desired phase 
relationship between these 
instants. 

synchronous transmission. 
(1) Data transmission in 
which the time of 
occurrence of each signal 
representing a bit is related 
to a fixed time frame. (2) 
Data transmission in which 
the sending and receiving 
devices are operating 
continuously at 
substantially the same 
frequency and are 
maintained, by means of 
correction, in a desired 
phase relationship. 

time-out. ( 1 ) A parameter 
related to an enforced event 
designed to occur at the 
conclusion ofa 
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predetermined elapsed time. 
A time-out condition can be 
cancelled by the receipt of 
an appropriate time-out 
cancellation signal. (2) A 
time interval allotted for 
certain operations to occur; 
for example, response to 
polling or addressing before 
system operation is 
interrupted and must be 
restarted. 

track. (1) The path or one of 
the set of paths, parallel to 
the reference edge on a data 
medium, associated with a 
single reading or writing 
component as the data 
medium moves past the 
component. (2) The portion 
ofa moving data medium 
such as a drum, or disk, that 
is accessible to a given 
reading head position. 

transistor-transistor logic 
(TTL). A popular logic 
circuit family that uses 
multiple-emitter transistors. 

translate. To transform data 
from one language to 
another. 

transmission. (1) The 
sending of data from one 
place for reception 
elsewhere. (2) In ASCII and 
data communication, a 
series of characters 
including headings and text. 
(3) The dispatching ofa 
signal, message, or other 



form of intelligence by wire, 
radio, telephone, or other 
means. (4) One or more 
blocks or messages. For BSC 
and start-stop devices, a 
transmission is terminated 
by an EOT character. (5) 
Synonymous with data 
transmission. 

TTL. Transistor-transistor 
logic. 

V. Volt. 

video. Computer data or 
graphics displayed on a 
cathode ray tube, monitor, 
or display. 

volt. The basic practical unit 
of electric pressure. The 
potential that causes 
electrons to flow through a 
circuit. 

W. Watt. 

watt. The practical unit of 
electric power. 

word. ( 1 ) A character string 
or a bit string considered as 
an entity. (2) See computer 
word. 

write. To make a permanent 
or transient recording of 
data in a storage device or 
on a data medium. 

write precompensation. The 
varying ofthe timing of the 
head current from the outer 
tracks to the inner tracks of 
the diskette to keep a 
constant 'write' signal. 
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ac adapter 
specifications B-24 

access bit, divisor 
latch 3-14,3-37 

acknowledge signal 3-22 
adapter power line 2-44 
adapter, automobile 3-90 
adapter, 
communications 5-10 

address bits 0-7 2-35 
address bits 8-16 2-35 
address enable line 2-44 
address latch enable 2-36 
address latch enable 

line 2-42 
address lines 2-41 
alarm interrupt 2-88 
alarm interrupt (BIOS) 4-21 
all-points-addressable 

mode 2-50 
alphanumeric mode 2-46, 
2-50 

alphanumeric mode, 
CRT 3-54 

analog loop back test 3-52 
answer command, 

modem 3-42 
aspect ratio, LCD 5-8 
aspect ratio, printer 5-11 
asynchronous 
communications 5-10 

attribute 
intensify 2-48 
reverse video 2-48 

attribute byte 2-47,2-50 
A-5 

attribute byte, CRT 3-54 
audible signals D-4 
audio control 4-36 
audio control register 2-73 
audio controller 2-72 

programmmg 
considerations 2-73 

auto feed line 3-22 
automatic power off 4-41 
automobile adapter 3-90 
automobile power adapter 

specifications B-25 

basic input/output 
system 4-3 

BASIC interrupt 
(BIOS) 4-17 

battery charger 3-90 
battery charger 
specifications B-25 

battery input 
specifications B-4 

battery warning D-3 
BIOS 

accessing 4-3 
alarm interrupt 4-21 
bootstrap interrupt 4-17 
breakpoint interrupt 4-8 
communications 

interrupt 4-14 
diskette interrupt 4-13 

Index X-23 



diskette parameters 
interrupt 4-20 

divide by zero 4-7 
equipment 
interrupt 4-12 

event post/wait 
interrupt 4-15 

interrupt vectors 4-4 
keyboard break 
interrupt 4-19 

keyboard interrupt 4-16 
lower character graphics 
interrupt 4-20 

memory interrupt 4-12 
overflow interrupt 4-8 
parameters 4-3 
print screen 
interrupt 4-8 

printer interrupt 
(BIOS) 4-17 

programmmg 
guidelines 4-26 

reserved allocations 4-21 
reserved areas 4-23 
resident BASIC 
interrupt 4-17 

single step interrupt 4-7 
system resume 
interrupt 4-21 

system services 
interrupt 4-15 

time of day 
interrupt 4-18 

timer tick interrupt 4-19 
upper character graphics 
interrupt 4-20 

usage 4-3 
video initialization 
interrupt 4-19 

video input/output 
interrupt 4-10 

blank function 4-41 
board, system 2-4 
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bootstrap interrupt 
(BIOS) 4-17 

break 4-36 
break command, 
modem 3-42 

break interrupt 
indicator 3-17,3-39 

breakpoint interrupt 
(BIOS) 4-8 

buffer, LCD refresh 2-57 
busy signal 3-22 

card select 2-36 
carrier detect line 3-8 
cascading of interrupts 2-18 
cassette 5-7 
channel 

timer 2-12 
channel check line 2-42 
channel check mask 
register 2-23 

channel ready line 2-42 
character code 2-47,2-50, 
A-5 

character code, CRT 3-54 
character codes 4-27 
characteristics, operating 

See specifications 
charger, battery 3-90 
clear byte pointer 
register 2-30 

clear mask register 2-30 
clear to send 3-18, 3-40 
clear to send line 3-9 
clicker control 4-36 
clock (CK) signal 2-41 
clock line 2-41 
clock rate, system 2-11 
clock, real-time 2-88 



clock, sleep 2-11 
clock, system 2-11 
codes, extended 
keyboard 4-34 

codes, power on error D-2 
cold start 4-35 
color display 3-90 
color display 
specifications B-20 

color mapping 5-8 
color mapping, CRT 3-55 
color operations 2-50 
color operations, LCD 2-47 
color select register 3-67 
color set, CRT 3-59 
color/graphics displays 5-9 
command, internal modem 

answer 3-42 
break 3-42 
count 3-42 
DIAL 3-43 
format 3-44 
hangup 3-44 
initialize 3-45 
long response 3-46 
modem 3-47 
new 3-47 
originate 3-47 
pickup 3-47 
query 3-48 
redial 3-49 
speed 3-49 
transparent 3-50 
voice 3-51 
wait 3-51 
xmit 3-51 
ztest 3-52 

common carner 
interface 3-32 

communications 
adapter 5-10 

communications 
interface 3-5 

communications interrupt 
(BIOS) 4-14 

compatibility 5-2 
hardware differences 5-6 
loops 5-5 
programmmg 
considerations 5-3 

stack manipulation 5-4 
timing dependencies 5-6 
unequal 
configurations 5-6 

using BIOS and 
DOS 5-3 

compatibility with the IBM 
AT 5-3 

composite CRT 
interface 3-61 

configuration switches 5-7 
configurations, unequal 5-6 
connector 

common carrier 3-32 
communications 
interface 3-5 

composite CRT 3-61 
composite video 3-61 
CRT 3-60 
direct drive video 3-60 
diskette drive 2-76 
I/O channel 2-38 
LCD 2-54 
modem 3-30 
parallel printer 3-20 
RAM 2-34 
rfmodulator 3-62 

connector requirements 
See specifications 

control modes (DMA) 5-10 
control registers 2-80 

audio 2-73 
channel check 
mask 2-23 

clear byte pointer 2-30 
clear mask 2-30 
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color select 3-67 
control data (LCD) 2-58 
control index 
(LCD) 2-58 

CR T adapter 3-63 
data (CRT) 3-64 
data (LCD) 2-58 
data register 2-85 
data register (diskette 
controller) 2-82 

diagnostics 2-22 
digital input register 
(diskette 
controller) 2-83 

digital output 
register 2-81 

diskette control 2-22, 
2-80 

diskette controller 2-80 
divisor 3-13, 3-35 
DMA 2-25 
DMA command 2-26 
DMA request 2-27 
DMA status 2-27 
DMA write single 
mask 2-28 

I/O 2-6 
I/O register 2 2-15, 
2-20,2-73 

I/O register 3 2-15, 
2-21 

index ( CRT) 3-64 
index (LCD) 2-58 
internal modem 3-32 
interrupt 
diagnostics 2-21 

interrupt enable 3-13, 
3-35 

interrupt 
identification 3-14, 
3-36 

keyboard 2-22 
keyboard data 2-72 

X-26 Index 

LCD 2-58 
line control 

register 3-14,3-36 
line status register 3-16, 

3-39 
main status 2-82 
mask, channel 
check 2-23 

master clear 2-30 
mode control 
(CRT) 3-66 

mode control 
(LCD) 2-61 

mode register 
(DMA) 2-29 

modem control 3-16, 
3-38 

modem status 3-17, 3-40 
NMI 2-20 
parallel adapter 3-24 
power system 
control 2-23 

printer adapter 2-85 
printer control 3-27 
printer data 3-25 
printer status 3-26 
rate divisor latch 2-85 
real-time clock 2-90 
receive buffer 3-12, 

3-34 
register A (real-time 
clock) 2-91 

register B (real-time 
clock) 2-92 

register C (real-time 
clock) 2-92 

register D (real-time 
clock) 2-93 

serial adapter 3-11 
status 2-86 
status (CRT) 3-68 
status (LCD) 2-62 
status register (diskette 
controller) 2-82 



status, main 2-82 
system clock 
control 2-21 

system control 2-6 
system register 3-34 
system register, parallel 
adapter 3-25 

system register, serial 
adapter 3-12 

timer control 2-14 
transmit buffer 3-12, 

3-34 
vectored interrupt 
control 2-19 

write all mask register 
bits 2-31 

control registers, 
system 2-6, 2-9 

controller 
direct memory access 
(DMA) 2-24 

diskette 2-75 
interrupt 2-16 
keyboard 2-62 
LCD 2-46 

Count command, 
modem 3-42 

CRT adapter 
alphanumeric 
mode 3-54 

color mapping 3-55 
color select register 3-67 
color sets 3-59 
composite 3-61 
connector 3-60 
control registers 3-63 
data register 3-64 
direct dri ve 3-60 
display storage 3-53 
graphics mode 3-57 
high resolution 3-58 
I/O interface 3-60 
index register 3-64 

medium resolution 3-58 
mode control 
register 3-66 

pel mapping 3-59 
programmmg 
considerations 3-63 

rf modulator 3-62 
status register 3-68 
storage map 3-57 

CR T display adapter 
specifications B-15 

data bits 0-7 2-35 
data carrier detect 3-8 
data enable 2-36 
data enable line 2-44 
data lines 2-41 
data ready indicator 3-17, 

3-39 
data register 2-58, 2-85 
data register, CRT 3-64 
data registers (diskette 
controller) 2-82 

data set ready 3-17,3-40 
data set ready line 3-8 
data terminal ready 3-16, 

3-38 
data terminal ready 

line 3-10 
date error D-3 
delta clear to send 3-18, 

3-41 
delta data set ready 
indicator 3-18, 3-41 

delta received line signal 
detector 3-18, 3-40 

diagnostics control 
register 2-22 

diagnostics, interrupt 2-21 
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diagrams 
See timing diagrams 

DIAL command, 
modem 3-43 

digital input register 2-83 
digital-output register 2-81 
direct drive video 
specifications B-16 

direct memory access 2-24 
direction line 2-78 
diskette 

controller 2-75 
data registers 2-82 
digital input 
register 2-83 

digital output 
register 2-81 

programmmg 
considerations 2-80 

registers 2-80 
status register 2-82 

drive 2-74 
connector 2-76 
• • ('0 """ "r mlerrace L.- 10 

drive interface 2-76 
specifications B-6, B-7 

diskette changed line 2-79 
diskette control 
register 2-22, 2-80 

diskette drive 2-74 
diskette drive 
considerations 5-12 

diskette drive sensors 2-75 
diskette dri ve 
specifications B-6 

diskette interrupt 
(BIOS) 4-13 

diskette parameters interrupt 
(BIOS) 4-20 

diskette specifications B-7 
display 

color 3-90 
monochrome 3-89 

X-28 Index 

display enable (LCD) 2-55 
display storage (CRT) 3-53 
display storage (LCD) 2-46 
display storage map 2-52 
display storage map, 
CRT 3-57 

displays, color/graphics 5-9 
displays, monochrome 5-9 
divide by zero interrupt 4-7 
divisor latch access bit 3-14, 
3-37 

divisor register 3-13,3-35 
DMA acknowledge 
line 2-43 

DMA controller 
acknowledge line 2-43 
channels 5-10 
clear byte pointer 
register 2-30 

clear mask 2-30 
command register 2-26 
control modes 5-10 
controller registers 2-25 
master clear 2-30 
memory read 
timing C-20 

memory write 
timing C-22 

mode register 2-29 
request lines 2-43 
request register 2-27 
status register 2-27 
write all mask register 
bits 2-31 

write single mask 
register 2-28 

DMA from I/O to memory 
timing C-I0 

DMA from memory to I/O 
timing C-8 

DMA request lines 2-43 
drive oscillator (LCD) 2-55 
drive select line 2-78 



EIA drivers 3-8 
enable clock line 
(LCD) 2-56 

environmental specifications 
See specifications 

equipment interrupt 
(BIOS) 4-12 

error codes, power on D-2 
error line 3-23 
error, date D-3 
error, time D-3 
event post/wait interrupt 
(BIOS) 4-15 

extended keyboard 
codes 4-34 

failures, features D-3 
failures, system unit D-2 
feature failures D-3 
font storage area 2-46 
fonts, RAM 5-8 
foreground 2-48 

background 2-48 
foreground, CRT 3-54 

background, CRT 3-54 
format command, 
modem 3-44 

frame error indicator 3-17, 
3-39 

frame start line (LCD) 2-56 
functional units 2-3 

generator, rate 3-13,3-35 
graphics mode, CRT 3-57 
graphics operations 2-50 

graphics operations, 
LCD 2-47 

hangup command, 
modem 3-44 

hardware differences 5-6 
hardware interrupt 
levels 2-17 

hardware interrupts 
keyboard port 
loaded 4-9 

levelO 4-9 
level 1 4-9 
level2 4-9 
level3 4-9 
level4 4-9 
level5 4-10 
level6 4-10 
level7 4-10 

head select line 2-78 
high resolution 

CRT 3-58 
LCD 2-52 

high resolution mapping, 
CRT 3-58 

high z line 3-31 

I/O address map 2-7 
I/O addresses 2-6 
I/O channel 

audio 2-72 
communications 3-5 
composite CRT 3-61 
connector 2-38 
CRT adapter 3-60 
direct drive 3-60 
diskette drive 2-76 
interface 2-37 
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internal modem 3-29 
parallel adapter 3-19 
parallel printer 3-20 
power supply 2-93 
printer 2-84 
rfmodulator 3-62 
serial adapter 
specifications B-4 

I/O channel check line 2-42 
I/O channel check mask 
register 2-23 

I/O channel ready line 2-42 
I/O channel 
specifications B-4 

I/O memory read line 2-43 
I/O read line 2-42 
I/O read timing, 
processor C-12 

I/O register 2 2-15, 2-20, 
2-73 

I/O register 3 2-15, 2-21 
I/O registers 2-6, 2-8 
I/O timing, DMA C-10 
I/O timing, DMA from 
memory C-8 

I/O write line 2-43 
I/O write timing, 
processor C-14 

identification byte 5-12 
index line 2-79 
index register 2-58 
index register, CRT 3-64 
initialization command 
words (ICWs) 2-18 

initialize command, 
modem 3-45 

initialize line 3-23 
input requirements 

See specifications 
intensity, LCD 5-9 
interface, printer 2-84 
internal modem 

answer command 3-42 

X-30 Index 

break command 3-42 
commands 3-41 
connector 3-30,3-32 
control registers 3-32 
count command 3-42 
DIAL command 3-43 
format command 3-44 
hangup command 3-44 
initialize command 3-45 
long response 
command 3-46 

modem command 3-47 
new command 3-47 
originate command 3-47 
pickup command 3-47 
programming 
considerations 3-32 

query command 3-48 
redial command 3-49 
speed command 3-49 
system board 
in terface 3-29 

transparent 
command 3-50 

voice command 3-51 
wait command 3-51 
xmit command 3-51 
ztest command 3-52 

internal modem 
specifications B-22 

interrupt cascading 2-18 
interrupt control 
registers 2-1 9 

interrupt controller 2-16 
interrupt diagnostics 2-21 
interrupt enable 
register 3-13, 3-35 

interrupt identification 3-14, 
3-36 

interrupt identification 
register 3-14,3-36 



interruptlevels 2-16,2-17 
interrupt pending 
indicator 3-14,3-36 

interrupt request line 2-42 
interrupt vectors 4-4 
interrupt vectors 
(BIOS) 4-4 

interrupt, alarm 2-88 
interrupt, nonmaskable 4-7 
interrupt, periodic 2-88 
interrupt, update 
ended 2-88 

interrupts 
alarm (BIOS) 4-21 
BASIC (BIOS) 4-17 
BIOS interrupt 
vectors 4-4 

bootstrap (BIOS) 4-17 
breakpoint (BIOS) 4-8 
communications 
(BIOS) 4-14 

diskette (BIOS) 4-13 
diskette parameters 
(BIOS) 4-20 

divide by zero 
(BIOS) 4-7 

equipment (BIOS) 4-12 
event post/wait 
(BIOS) 4-15 

keyboard (BIOS) 4-16 
keyboard break 
(BIOS) 4-19 

keyboard port 
loaded 4-9 

level 0 (hardware) 4-9 
level 1 (hardware) 4-9 
level 2 (hardware) 4-9 
level 3 (hardware) 4-9 
level 4 (hardware) 4-9 
level 5 (hardware) 4-10 
level 6 (hardware) 4-10 
level 7 (hardware) 4-10 

lower character graphics 
(BIOS) 4-20 

memory (BIOS) 4-12 
nonmaskable 
(NMI) 2-16 

overflow (BIOS) 4-8 
print screen (BIOS) 4-8 
printer interrupt 
(BIOS) 4-17 

real-time clock 2-88 
reserved allocations 4-21 
single step (BIOS) 4-7 
software 4-26 
system resume 
(BIOS) 4-21 

system services 
(BIOS) 4-15 

time of day (BIOS) 4-18 
timer tick (BIOS) 4-19 
upper character graphics 
(BIOS) 4-20 

vectored 2-16 
video initialization 
(BIOS) 4-19 

video input/output 
(BIOS) 4-10 

introduction 1-1 

keyboard 
character codes 4-27 
codes, extended 4-34 
controller 2-62 
data register 2-72 
extended codes 4-34 
keyboard encoding 4-27 
keyboard interrupt 
(BIOS) 4-16 
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keyboard usage 4-27 
layout 2-63, 2-64, 2-65, 
2-66 

programmmg 
considerations 

scan code mapping 2-68 
special handling 4-35 

keyboard break interrupt 
(BIOS) 4-19 

keyboard 
considerations 5-12 

keyboard control 
register 2-22 

keyboard data register 2-72 
keyboard encoding 4-27 
keyboard interrupt 
(BIOS) 4-16 

keyboard layout 4-33 
keyboard port loaded 
interrupt 4-9 

keyboard usage 4-27 

layout, keyboard 4-33 
LCD 

all-points-
addressable 2-50 

color operations 2-50 
connector 2-54 
control data 
registers 2-58 

control index 
register 2-58 

control registers 2-58 
controller 2-46 
data register 2-58 
display 2-45 
display storage 2-46 
graphics operations 2-50 
high resolution 2-52 

X-32 Index 

index register 2-58 
interface 2-54 
interface timing C-24 
medium resolution 2-53 
mode control 
register 2-61 

Operations 
monochrome 2-47 

pel mapping 2-53 
programmmg 
considerations 2-57 

refresh buffer 2-57 
specifications B-5 
status register 2-62 
storage map 2-52 

LCD aspect ratio 5-8 
LCD intensity 5-9 
LCD sense line 2-56 
LCD specifications B-5 
LCD switching 5-7 
level-O interrupt 
(hardware) 4-9 

level-l interrupt 
(hardware) 4-9 

level-2 interrupt 
(hardware) 4-9 

level-3 interrupt 
(hardware) 4-9 

level-4 interrupt 
(hardware) 4-9 

level-5 interrupt 
(hardware) 4-10 

level-6 interrupt 
(hardware) 4-10 

level-7 interrupt 
(hardware) 4-10 

line 
acknowledge line 2-43 
adapter power 2-44 
address 2-41 
address bits 0-7 2-35 
address bits 8-16 2-35 



address enable 2-44 
address latch 
enable 2-36, 2-42 

card select 2-36 
carrier detect 3-8 
channel check 2-42 
channel ready 2-42 
clear to send 3-9 
clock 2-41 
data 2-41 
data bit 0-7 2-35 
data enable 2-36,2-44 
data set ready 3-8 
data terminal ready 3-10 
direction 2-78 
diskette changed 2-79 
display enable 
(LCD) 2-55 

drive oscillator 
(LCD) 2-55 

drive select 2-78 
head select 2-78 
high Z 3-31 
index 2-79 
interrupt request 2-42 
interrupt request, serial 
adapter 

memory card select 2-36 
memory read 2-43 
memory write 2-36, 
2-43 

motor enable 2-78 
power adapter 
active 2-44 

power enable 2-44, 2-45 
printer busy 2-45 
printer error 2-45 
printer power 2-45 
RAM enable 2-36 
read 2-42 
read data 2-79 
receive data 3-9 
request lines 2-43 

request to send 3-9 
reset 2-42 
reset, serial adapter 
ring indicator 3-10 
scan data (LCD) 2-55 
select, head 2-78 
sense line (LCD) 2-56 
serial adapter 
sleep clock 2-41 
start frame (LCD) 2-56 
step 2-78 
terminal count 2-43 
track 0 2-79 
transmit data 2-44, 3-9 
write 2-43 
write data 2-79 
write enable 2-79 
write protect 2-79 
X enable clock 
(LCD) 2-56 

X shift clock 
(LCD) 2-56 

Y shift clock 
(LCD) 2-56 

line control register 3-14, 
3-36 

line status register 3-16, 
3-39 

liquid crystal display 2-46 
long response command, 
modem 3-46 

loops 5-5 
low battery warning D-3 
lower character graphics 
interrupt (BIOS) 4-20 

main status register 2-82 
map 

color mapping, 
CRT 3-55 
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CRT 3-57 
high resolution 2-52 
high resolution, 
CRT 3-58 

I/O address 2-7 
keyboard scan 
codes 2-68 

LCD 2-52 
medium resolution 2-53 
medium resolution, 
CRT 3-58 

pel 2-53 
pei, CRT 3-59 
reserved areas 4-23 
reserved interrupt 
allocations 4-22 

ROM 2-32 
map, storage 2-6 
mapping, color 5-8 
mask register, channel 
check 2-23 

master clear register 2-30 
medium resolution 2-53 
medium resoiution 
mapping 2-53 

medium resolution mapping, 
CRT 3-58 

medium resolution, 
CRT 3-58 

memory 5-10 
memory card select 2-36 
memory interrupt 
(BIOS) 4-12 

memory map 2-6 
memory mapping, LCD 2-7 
memory read timing, 
DMA C-20 

memory read timing, 
processor C-4 

memory timing C-10 
diagram C-10 

X-34 Index 

memory to I/O timing, 
DMA C-8 

memory write 2-36 
memory write line 2-43 
memory write timing, 
DMA C-22 

memory write timing, 
processor C-6 

mode control register 
(CRT) 3-66 

mode control register 
(LCD) 2-61 

mode control register 
(serial printer) 2-87 

mode control (serial 
printer) 2-87 

mode, sleep 4-40 
modem command, 
modem 3-47 

modem control 
register 3-16,3-38 

modem status register 3-17, 
3-40 

modem, internal 3-28 
monochrome display 3-89 
monochrome display 
specifications B-18 

monochrome displays 5-9 
motor enable 2-78 

new command, modem 3-47 
NMI control registers 2-20 
nonmaskable interrupt 4-7 
nonmaskable interrupts 
(NMI) 2-16 

operating characteristics 
See specifications 



operation command words 
(ICWs) 2-18 

operations 
color 2-50 
graphics 2-50 
high resolution 2-52 
high resolution, 
CRT 3-58 

medium resolution 2-53 
medium resolution, 
CRT 3-58 

monochrome 2-47 
originate command, 
modem 3-47 

output 1 3-16, 3-38 
output 2 3-16, 3-38 
overflow interrupt 
(BIOS) 4-8 

overrun error 
indicator 3-17, 3-39 

paper end signal 3-22 
parallel adapter 

I/O interface 3-19 
printer 3-20 
programmmg 
considerations 3-24 

parallel port 
specifications B-I0 

parity error indicator 3-17, 
3-39 

pause 4-35 
pel mapping 2-53 
pel mapping, CRT 3-59 
periodic interrupt 2-88 
physical description 

See specifications 
pickup command, 
modem 3-47 

portable printer 3-68 
portable printer 
specifications B-ll 

power adapter active 
line 2-44 

power adapter input 
specifications B-3 

power enable line 2-44 
power off (suspend) 4-38 
power-off function 4-41 
power on (resume) 4-39 
power on error codes D-2 
power requirements 

See specifications 
power supply 2-93 
power supply interface 2-93 
power system control 
register 2-23 

print screen 4-35 
print screen interrupt 
(BIOS) 4-8 

printer adapter control 
registers 2-85 

printer aspect ratio 5-11 
printer busy line 2-45 
printer control register 3-27 
printer data bits 3-22 
printer data register 3-25 
printer error 2-45 
printer interface 2-84 

mode control 
register 2-87 

printer interrupt 
(BIOS) 4-17 

programming 
considerations 2-85 

printer interrupt 
(BIOS) 4-17 

printer power enable 
line 2-45 

printer power line 2-45 
printer status register 3-26 
printer, portable 3-68 
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printers 5-11 
processor 2-10 
processor I/O read 
timing C-12 

processor I/O write 
timing C-14 

processor memory read 
timing C-4 

processor memory write 
timing C-6 

processor read timing C-16 
processor write timing C-18 
programming considerations 

audio controller 2-73 
CRT adapter 3-63 
diskette controller 2-80 
internal modern 3-32 
interrupt controller 2-18 
LCD 2-57 
parallel adapter 3-24 
printer interface 2-85 
programmmg 
considerations 

real-time clock 2-89 
serial adapter 3-11 
special 
considerations 5-3 

system clock 2-11 
timer 2-12 

programming guidelines, 
BIOS 4-26 

query command, 
modern 3-48 

RAM 2-33 
specifications B-8 

X-36 Index 

RAM connector 2-34 
RAM enable 2-36 
RAM fonts 5-8 
rate divisorlatch 2-85 
rate generator 3-13, 3-35 
read data line 2-79 
read-only memory 2-32, 
2-33 

read timing, DMA C-20 
read timing, processor C-16 
read timing, processor 
I/O C-12 

read timing, processor 
memory C-4 

real-time clock 2-88 
control registers 2-90 
programmmg 
considerations 2-89 

register A 2-91 
register B 2-92 
register C 2-92 
register D 2-93 

real-time clock control 
registers 2-90 

receive buffer, serial 
adapter 3-12, 3-34 

receive data line 3-9 
recei ved line signal 
detect 3-8, 3-17, 3-40 

redial command, 
modern 3-49 

refresh buffer, LCD 2-57 
register A (real-time 
clock) 2-91 

register B (real-time 
clock) 2-92 

register C (real-time 
clock) 2-92 

register D (real-time 
clock) 2-93 

request to send line 3-9 
reserved areas 4-21 
reserved areas. 4-23 



reserved interrupt 
allocations 4-21 

reset line 2-42 
resident BASIC interrupt 
(BIOS) 4-17 

resume 4-39 
reverse video 2-48 
rfmodulator interface 3-62 
rfmodulator 
specifications B-17 

ring indicator 3-17,3-40 
ring indicator detector 3-18, 
3-40 

ring indicator line 3-10 
ROM 2-32 

memory map 2-32 

scan data line (LCD) 2-55 
select in line 3-23 
select line, head 2-78 
selected line 3-22 
sense line, LCD 2-56 
sensors, diskette drive 2-75 
serial adapter 

communications 
interface 3-5 

control registers 3-11 
I/O channel 
interrupt request, serial 
adapter 3-5 

programmmg 
considerations 3-11 

system interface 3-3 
serial data 2-84 
serial port 
specifications B-I0 

serial/parallel adapter 
specifications B-9 

shift clock line 2-56 

shift clock line (LCD) 2-56 
signal requirements 

See specifications 
signals, audible D-4 
single step interrupt 
(BIOS) 4-7 

sleep 4-40 
sleep clock 2-11, 2-41 
sleep clock line 2-41 
sleep mode 2-11 
speaker 2-72 
special handling 4-35 
special programming 
considerations 5-3 

specifications 
automobile power 
adapter B-25 

battery charger B-25 
battery input B-4 
color display B-20 
composite video B-16 
CRT display 
adapter B-15 

direct drive video B-16 
diskette B-7 
diskette dri ves B-6 
I/O channel B-4 
internal modem B-22 
LCD B-5 
monochrome 
display B-18 

parallel port B-I0 
portable printer B-ll 
power adapter input B-3 
RAM B-8 
rfmodulator B-17 
serial port B-I0 
serial/parallel 
adapter B-9 

system unit B-2 
speed command, 
modem 3-49 

stack manipulation 5-4 
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stand by condition 4-38 
start frame line (LCD) 2-56 
status register 2-86 
status register (CRT) 3-68 
status register (diskette 
controller) 2-82 

status register (LCD) 2-62 
status register, main 2-82 
step line 2-7 8 
storage area, font 2-46 
storage map 2-6 
strobe pulse 3-21 
supply, power 2-93 
suspend 4-38 
switches, configuration 5-7 
synchronous 
communications 5-10 

system board 2-4, 2-5 
system clock 2-11, 5-7 
system clock control 2-21 
system clock rate 2-11 
system cold start 4-35 
system control registers 2-6, 
2-9 

system memory 2-6 
system memory map 2-6 
system register, 
modem 3-34 

system register, parallel 
adapter 3-25 

system register, serial 
adapter 3-12 

system request 4-36 
system resume 4-39 
system resume interrupt 
(BIOS) 4-21 

system services interrupt 
(BIOS) 4-15 

system test 4-35 
system timer 2-12 
system unit failures D-2 
system unit 
specifications B-2 

X-38 Index 

terminal count line 2-43 
test, system 4-35 
time error D-3 
time of day 5-7 
time of day interrupt 
(BIOS) 4-18 

time out 4-41 
timer 2-13 
timer control word 2-14 
timer registers 2-13 
timer tick interrupt 
(BIOS) 4-19 

timer values 2-12 
timer, system 2-12 
timers 5-7 
timing dependencies 5-6 
timing diagram C-8 
timing diagrams 

DMA from I/O to 
memory C-10 

DMA from memorY to 
I/O C-8 . 

DMA read C-20 
DMA write C-22 
LCD interface C-24 
processor I/O read C-12 
processor I/O 
write C-14 

processor memory 
read C-4 

processor memory 
write C-6 

processor read C-16 
processor write C-18 

track 0 line 2-79 
transmit buffer 3-12, 

3-34 
transmit data line 2-44, 

3-9 



transmitter empty 
indicator 3-16, 3-39 

transmitter holding register 
empty indicator 3-16,3-39 

transparent command, 
modem 3-50 

unequal configurations 5-6 
update ended interrupt 2-88 
upper character graphics 
interrupt (BIOS) 4-20 

val ues, timer 2-12 
vectored interrupts 2-16 
video initialization interrupt 
(BIOS) 4-19 

video input/output interrupt 
(BIOS) 4-10 

voice command, 
modem 3-51 

voltage requirements 
See specifications 

wait command, modem 3-51 
wait on external event 4-40 
warning, low battery D-3 
weights 

See specifications 
write all mask register bits 

register 2-31 
write data line 2-79 

write enable line 2-79 
write protect line 2-79 
write timing, DMA C-22 
write timing, 
processor C-18 

write timing, processor 
I/O C-14 

write timing, processor 
memory C-6 

X enable clock line 
(LCD) 2-56 

X shift clock line 
(LCD) 2-56 

xmit command, 
modem 3-51 

Y shift clock (LCD) 2-56 

ztest command, 
modem 3-52 

I Numerics I 

80C88 microprocessor 2-10 
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