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Organization and
Master Interrupt List

The brict listings in Tables 2-1 theough 24 show which chapters describe funcions for cach of
the 256 possible interrupts, Those referenced for more than one chapter or program probably
have contlicts under some conditions.

Two arcas in p;mu:hr have a high probability of conflicts. The first is the multiplex interrupt.
INT 2Fh (Table 2-2), and the second is the user interrupts, INT 60h o INT 67h.

Interrupt 2Fh is shared by many programs, with the value of AH on call specifving the pro-
gram which is to handle the call. As more programs use the multiplex interrupt to provide an
interface to resident code, the probability of conflicting multiplex nombers (the value in AH)
increases. While there is a standardized method for determining whether a particular multiples
number is in use (though not all programs follow the convention), there is no standardized
approach for determining whether a speafic program is using it. Thus, a program may be fooled
into thinking that it is already installed if a different program happens 1o be using the same multi-
plex number, or worse vet, make calls which are handled by a program other than the intended
one, possibly with disistrous results,

We consider a two-level scanning approach such as that used by Quarterdeck’s RPCI (Chaprer
63) the minimum for avoiding conflicts between programs on INT 2Fh, but recommend using
the Alternate Multiplex Interrupe Sp tion described in Chapter 50 instead of INT 2Fh,
AMIS-compliant TSRs .mlummc.\llg avoid contlicts (including hotkey contflicts) and provide
standardized calls for removal and popup while imposing an overhead of tess than 100 bytes in the
resident code; they may also be removed in any order

One problem caused by the lack of a written specification for INT 2Fh usage is that not all
programs use the convention of returning AL=FFh when called with AL=00h, and many that do
support the convention also modnly other registers—including segment registers or BP—even
without th presence of “magic ™ values on entry, Theretore, any program which searches a range

b

| must be prepared for all registers except SSSP 1o be destroved by an

of
.mcmpu.d installation check.

The user interrupts 60h 1o 67h do not have a convention for an installation-check cll, and
thuy require a different approasch, However, the user interrupts are rarely chained, so a check
whether the vector is 0000h:0000h suffices to determine if & particular interrupt is available. To
determine whether the yvector is in use by the program making the installation cheek, the usual
approach is 1o place a signature immediately prior to or immediately following the interrupt han
dler address, since there are no safe calls which can be made—the vector may not even point at
code! Table 2-3 lists programs we have identified s using this group of interrupts, but like Table
2-2, itis almost certain to be incomplete.

A final area of conflict needs 1o be mentioned here, as it is the reason so few programs use
mtcrmpl: 86h through FOh. These vectors are used by the BASIC mterpreter in the ROM of

IBM chines to allow i and tracing, The BASIC COM and BASICA.COM
7
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e 1o}
Low-Level Disk 1/0O

Standard BIOS

INT 13h Function 00h

RESET DISK SYSTEM

Purpose: hv.r t?u controller to recalibrate the drive heads (1.c. seck 10 track 0

Registers at call Return Registers:

AH « 00h AH = status (scc Tabic 10

DL = drive (if bit 7 s sct both hard CF dlear if successful (retumed status « 00h
disks and Hoppy disks reset) CF wt on emmoe

Sec also: Functions 0Dh and 11h, Ti Profcssional INT 4Eh (bedow ), MS-DOS INT 21h Fune
non 0D (Chapter 24)

INT 13h Function O1h
GET STATUS OF LAST OPERATION

Registers at call: Return Registers:
AH - 01h CF clear if successful (returned statos = 00h)
DL = drive (bt 7 set for hard disk) CF sct on error

AH = status of previous operation (scc Tabie 10-1)
Details: Some BIOSes return the status in AL; the PS/2 Model 30,286 returns the status in both
AH and Al

10-1 Disk operation status:

00k successiul completion

01h invalkl function in AH or invalid parameter
02h address mark not found

03h disk write-protected

O4h sector not tound /read error

05h reset failed (hard disk )

06h disk changed (floppy |

07h drive parameter activity failed (hard disk)

08h DMA overrun

09h attempted DMA across 64K boundary

0Ah bad sector detected (hard disk)

OBhL bad rack detected (hard disk)

OCh unsupporred track or invalid media

0Dh invalid number of sectors on formar (hard disk)
OEh control data address mark detected (hard disk)

203
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- PC INTERRUPTS, Second Edition = —‘1

OFh DMA arbitration level out of range (hard disk)
10h uncorrectable CRC or ECC ermor on read
11h data ECC corrected (hard disk)
20h controller failure
40h scek failed
S0h timeout (not ready )
AAh drve not ready (hard disk)
BBh undcfined coror (hard desk )
CCh write Bt (hand disk)
EOh status register crror (hard disk)
Frh scse operation fatled (hard disk
INT 13h Function 02h
READ SECTOR(S) INTO MEMORY
i at call: Return Registers:
AH = 02h CF sct on crror
AL « numbxr of sccton to read (must # AH « 11h (corrected FOC erroe ), AL « burst
be nonzem) length
CH = low cight bits of cvlinder number CF clear if succewsful
CL = sector number 1-63 (bits 0-5) AH = statis (sce Table 10-1)
high tvo bits of cvlinder (bits 6-7, hard AL = number of sectons transterred
disk oanly)
DH = head number

DI = dove number (bt 7 set for hard disk)

ES:BX -> dura buffer

Details: Errors on a floppy may be due to the motor failing to spin up quickly enough; the read
should be retnied at least three tmes, reserting the disk with Function 00h between attempts.

The IBM AT BIOS and many other BIOSes use only the low four bits of DH (head number)
since the WD 1003 controller which is the standard AT controlle? (and the controller that IDE
emulates ) only supports 16 heads

AWARD AT BIOS and AMI 386sx BIOS have been extended to handle more than 1024 oyl
inders by phicing bits 10 and 11 of the eylinder number into bits 6 and 7 of DH
See also: Functions 03h and 0Ah

INT 13h Function 03h
WRITE DISK SECTOR(S)
Registers at call:
AH « 03h
AL = number of sectom 1o write (must be
nonzero)
CH « low aight bits of cvlinder number
CL = sector number 1-63 (bits 0.5)
high two bits of cvlinder (bits 6-7, hard disk
only)
DH « head number
DL « drive number (bit 7 sct for hard disk
ES:BX > data buffer
Details: Errors on 3 floppy may be due 1o the motor failing to spin up
should be retricd at feast theee times, resctting the disk with Function 00h between attempts.
The IBM AT BIOS and many other BIOSes use only the low four bits of DH (head number)

since the WD-1003 controlier which is the standard AT controller (and the controlicr that IDE
emulates) ondy supports 16 heads

Return Registers:

CF set on error

CF clear it successtul

AH = status (see Table 10-1)

AL « number of sectors transferred

Quickly enough; the write
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© CHAPTER 10 — Low-Level Disk 1/0 205N

 AWARD AT BIOS and AMI 386sx BIOS have been extended to handle more than 1024 oyl-
‘mders by placing bits 10 and 11 of the alinder number mto bits 6 and 7 of DH.
See also: Functions 02h and ORL

INT 13h Function 04h

VERIFY DISK SECTOR(S)

Registers at call: Return Registers:

AH - 04h CF sct on ermo

AL = number of sectors to venify (must be nonzero) CF dear if successtul

CH = low cight bits of evlinder number AH » status (scc Table 10-1)
CL « sccror oumber 163 (bits 0-5) AL = number of sccton venficd

high two bits of cylinder (bits 6-7, hard disk only)

DH « head number
DL = doive number (it 7 set for hard disk)
ES:BX -5 dara buffer { PCXTAT with BIOS prioe 1o 11/15/85)
Details: Errors on 3 floppy may be duc 1o the motor fading to spin up quickly enough; the write
should be retned at least three times, reserting the disk with Function 00h berween attemprs.

This function docs not compare the disk with memory, it merely checks whether the sector™s
stored CRC matches the data’s actual CRC

The IBM AT BIOS and many other BIOSes usc only the low four bits of DH (head number)
since the WD 1003 controllcr which is the standard AT controlier (and the controller that IDE
emulates ) only supports 16 heads

AWARD AT BIOS and AMI 386sx BIOS have been extended to hundle more than 1024 of-
inders by placing bits 10 and 11 of the oviinder number into bits 6 and 7 of DH
Sece also: Funcrion 02h

INT 13h function 05h FLOPPY DISK
FORMAT TRACK

Registers at call: Return Registers:

AH - 05h CF seton error

AL = number of sectors to format CF clear if successtul

CH « track number AH = status (sec Table 10-1)

DH = head number

DL = drive number

ES:BX > address ficld buffer (see Table 10-2)

Details: On AT or higher, call Function 17h first. The number of sectors per track is read from
the diskerte parameter table pointed at by INT 1Eh.

Conflicts: Fixed Disk below, Future Domain SCSI (Chapter 1)

Sce also: Fixed Disk Fungtion 054, Functions 170 and 18h, INT 1Eh

110-2 Format of address field buffer entry (one per sector In track):
Offset Size Description

00h BYTE track number

0lh BYTE head number (0-based)

02h BYTE soctor number

03h BYTE scctor size (00h<128 bytes, 01H=256 bytes, 020512, 03h«1024)

INT 13h Function 05h FIXED DISK
FORMAT TRACK

Registers at call:

AH - 05h

AL = interleave value (XT-type coatrollens oniy)
ES:BX -> 512-byre format butfer
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- PC INTERRUPTS, Second Edition ﬁ

-y Return Registers:
the first 2* (sectons /track) bytes contain BN Ap © sparus code (see Table 10-1)
for each scctor
F « 00h for good sector, 80h for bad sector
N « sector number ;
CH » cylinder number (bits 8,9 in high bits of CL)
CL = high bits of oviinder number (bits 7.6)
DH = head
DL « dnve
Details: AWARD AT BIOS and AMI 386<x BIOS have been extended to handle more than 1024
cylinders by placing bits 10 and 11 of the cviinder number mto bits 6 and 7 of DH
For XT-type controliers on an AT or higher, Function 0Fh should be called first
The IBM AT BIOS and many other BIOScs use only the low' four bits of DH (head number)
smce the WD 1003 controlicr which is the dard AT llcr (and the ¢ licr that IDE
emulates) only supports 16 heads
Conflicts: Foppy Disk above, Future Domain SCST (Chapter 11)
Sec also: Hoppy Disk Function 05h, Fixed Disk Functions 06h and 07h, Funcion 0Fh and 18h,
ESDI Funcrion 1A (below)

iNT 13h Function 06h FIXED DISK
FORMAT TRACK AND SET BAD SECTOR FLAGS 18M XT, I18M Portable
i ar call: Return Registers:
= Ooh AH « status conde (sec Table 10-1)
AL « interleave value

CH = ofinder number (bits 8.9 in high bits of CL)

CL = sector number

DH « head

DL = dnve

Details: AWARD AT BIOS and AMI 386sx BIOS have been extended to handle more than 1024
cylinders by placing bits 10 and 11 of the cvlinder number into bits,6 and 7 of DH

Conflicts: Future Domain SCSI (Chapter 113, Adaprec AHA-154xA ( Chaprer 11)

See also: Fived Disk Functions 05h and 07h

INT 13h Function 07h FIXED DISK
FORMAT DRIVE STARTING AT GIVEN TRACK IBM XT, IBM Portable
isters at call: Return Registers:
= 07h AH = status code (see Table 10-1)

AL « interleave value (XT only)

ES:BX « 512 byte formar butfer (see Table 10:2)

CH = aylinder number (bits 8.9 in high bits of C1)

CL = sector number

DH = head 3

DL - drive -

Details: AWARD AT BIOS and AM1 386sx BIOS have beei extended to handle more than 1024

avlinders by placing bits 10 and 11 of the evlinder number into bits 6 and 7 of DH

Conflicts: Future Domain SCST(Chapter 11)

See also: Fixed Disk Functions 05h and 06h, ESDI Function TAD (below)

INT 13h Function 08h

CET DRIVE PARAMETERS
isters at call: i :

:m oad Return Registers:

DL = drive (bt 7 set for hard disk )

CF sct on cror

AH « status (07h) (see Table 10-1)

| i
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m— CHAPTER 10 — Low-Level Disk [jo  TZ0709

CF clear it successful
AH =00k
BL « drive type (AT/PS2 floppics only ) (see
Table 10:3)
CH = low cight bits of maximum cylinder number
CL = masimum scctor number (bits 3-0)
high two birs of maximum cvlinder
namber (bits 7-6)
DH = maximum head number
DL = number of doives
ES:DI > dnve parameter table (floppics only)
Details: May rerum successful even thoagh specified drive is greater than the number of attached
drives of that type (floppy/hard); check DL to ensarc validity
For systems predating the IBM AT, chis call is only valid for hard disks, as it & implemented
by the hard duk BIOS rather than the ROM B1OS.
Toshiba Liptops with HardRAM retumn DE=02h when called with DL-S0h, but fad on
DL=81h The BIOS data at 40h-75h correctly seports O1h
See also: Function 15h, INT 1ER, INT 41h, Adspecc Function 06h (Chaprer 11)

10-3 Drive 3

Oih LS
02h 12M
03h T20K

0sh 144M

05h Lreperzedly am sbwnre drive type dupped on some IBM machine)

2 88M on some newer BIOSes such as the AMI 486 BIOS

Oeh 288\

INT 13h Function 09h HARD DISK
INITIALIZE CONTROLLER WITH DRIVE PARAMETERS PC/AT, PS/2
Registers at call: Return Registers:

AH - (09h CF clear if successful

DL < drive (80h for first, 811 for second) CF set on error

AH = starus (sce Table 10-1)
Details: On the P'C and X1, this function uses the parameter table pointed ar by INT 41h.
On the AT and later, this functioa uses the parameter table pointed at by INT 41h it
DE=80k, and the parameter table poinred at by INT 46h it DL<81h
Sce also: INT 41h, INT 46k

INT 13h Function OAh HARD DISK
READ LONG SECTOR(S) PC/AT and foter models
Registers at calls Return Registers:

AH = 0Ah CF clear if successful

AL = number of sectors CF set on error

CH = low cight bits of cvlinder number AH = status (sec Table 10-1)

CL = scctor number (bits 5-0) AL = number of sectons transferred

high two bits of cylinder numbesr: (bits 7-6)
DH « bead number
DL = drive number (80h « first, 81h = sccond)
ES:BX > data buffer
Details: This function reads in four 10 scven bates of error-comrecting code along with cach sec-
tor’s worth of information

INT 13h Function 0Ah
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“ pC INTERRUPTS, Second Edition

Data errors are not automatically corrected, and the read is aborted atter the first sector with
an ECC error. Used for diagnostics only on PS/2 systems,
See also: Functions 025 and OBh

INT 13h Function 0Bh HARD DISK
WRITE LONG SECTOR(S) PC/AT and later todels
Registers at call: Return Registers:

AH =« OBh CF clear if succonful

Al - numbxr of secton CF sct on error

CH = low aght bits of avlinder number AH = suatus (sec Table 10-1)

CL = sector pumber (bits 5.0) AL = number of scctors transferred

high two bits of orlinder number (bits 7-6)
DH « head number
DL = drive number (80h - first, 81k = second
ES:BX -> duta bufier
z Each sector’s worth of data must be followed by four to seven bytes of error-correction
information
Used for diagnostics only on PS/2 systems
Scc also: Funcuons 03h and 0Ah

INT 13h Function OCh HARD DIsSK
SEEK TO CYLINDER

Registers at call: Return Registers:

AH = 0Ch CF sct on erroe

CH « low cight bits of cyvfinder number CF clear if succenful

CL = sector number (bits 5.0) AH = status (sex Table 10-1

high two bits of cylinder number (bits 7-6)
DH = head number
DL = drive number (80h « first, 81h = second
hard disk)
Sce also: Functions 00h, 02k, and 0Ah

INT 13h Function 0Dh HARD DISK
RESET HARD DISKS
Registers at call; Return Registers:
AH « 0Dh CF sct on error
DL « drive number (80h = first, CF clear if successtul

81k = second hard disk) AH = status {(s¢e Table 101}
Details: Reinitializes the hard disk controller, resets the specified drive's parameters, and recali
brates the dnve's heads (seck 1o track 0)

Not for S /2 ESDI drives

Sce also: Function 00k, MS-DOS INT 21h Function 0Dh | Chapter 24 3
INT 13h Function OEh
READ SECTOR BUFFER "Z:RX%T:’:
Registers at call: Return Registers:
AH - OEh CF sct on crmor
DL « drive sumber (80h « first, CF dear if successful

81h = sccond hard disk) AH = status code (sec Table 10-1)

ES:BX > buffer
Details: Transfers controller’s sector buffer. No dara is read from the drise
Used for diagnostics only on PS/2 systems

See also: Function 0Ah =

INT 13h Function 0Bh
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CHAPTER 10 — Tow-Level Disk 1/0

INT 13h

n OFh HARD DISK
WRITE SECTOR BUFFER PC/XT only
Registers at call: Return Registers:
AH « 0Fh CF set on error
DL = drve number (80h - first, CF dear if successful
81h = second hard disk) AH = status code (see Table 101
ES:BX > buffer

Details: Docs not write data 1o the dove.
Should be called before formatting to initialize an XT-type controller’s sector butier
Used for diagnostics only on P'S/2 sistems.

See also: Funcuon OBh

INT 13h Function 10h HARD DISK
CHECK IF DRIVE READY
Registers at calk: Return Registers:
AH - 10k CF sct on crror
DL » drive number (50h « first, CF clear of successtul
81h « sccond hard disk ) AH = status (scc Tabie 10-1)
INT 13h Function 11h HARD DISK
RECALIBRATE DRIVE
Registers at call: Return Registers:
AH « I1h CF sc1 oa error
DL « dove number (80h « finst, CF dear if successtul
B1h = second hard disk) AH = sttus {sec Table 10-1)
Details: Causes hard disk controller to seek the specified dnve to cxlinder 0
See also: Fanctions 00h and OCh, Fixed Disk Funcrion 19h
INT 13h Function 12h HARD DISK
CONTROLLER RAM DIAGNOSTIC i PC/XT, PS/2
Registers at call: Return Registers:
AH = 12h CF sct on error
DL = drive number (80h = first, CF clear if successful
81h « sccond hard disk) AH = status conde (see Table 10-1)
Conflicts: Future Domain SCSIChaprer 1)
See also: Functions 13h and 14k
INT 13h Function 13h HARD DISK

DRIVE DIAGNOSTIC PC/XT, PS/2
Registers at call: Return Registers:
AH - 13h CF st oa eoror

DL « drive number (80h = first,
81h « second hard disk)

CF clear it successtul
AH = starus code (see Table 10-1)

Scc also: Functions 12k and 14h

INT 13h Function 14h HARD DISK
CONTROLLER INTERNAL DIAGNOSTIC

Registers at call: Return Registers:

AH = 14h CF sct on crror

CF Jear it successful
AH = status code iscc Table 10-1
Sce also: Funcuons 12h and 13h

INT 13h Function 14h
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— PC INTERRUPTS, Second Edition -

— e
:‘:T'Dls';:w L 1BM XT 1/10/86 or later, oll newer modals
Registers at call: Return Registers:

AH = 15h CF clear if successful

DL = drive number (bit 7 set for hard disk) AH = type code

00h no such drve
01h floppy without change-line support
02h floppy with change-line support
03h hard disk
CX:DX « number of 512-byte sectors
CF sct on crror
AH = status (scc Tabie 10-1)
Sex also: Functions 08h, 16h, and 17h, SCSI Funcion 19h (Chapter 11)

INT 13h Function 16h FLOPPY DISK
DETECT DISK CHANGE (XT 1/10/86 or later, XT286,AT.PS)
i ar call: Return i J
AH - 16h CF clear if change hine inactive
DL = drive number AH « 00h (disk not changed
CF sct if change fine active
AH = status

O6h change bne active or not supported
80h dnve not ready or not present
Details: Call Function 15b first to determine whether the drive supports 3 change line
See also: Funciion 15h

NT 13h Function 17h_ FLOPPY DISK
SET DISK TYPE FOR FORMAT (AT, PS)
Registers at call: Return Registers:
AH = 17h CF sct on error
AL « format type CF clear if successful

01h « 320/360K disk in 360K drive  AH = status {see Table 10-1)

020 = 320/300K disk in 1 2M drive

03h « L.2M disk tn 1.2M drive

04h « 720K disk in 720K drive
DL « drive number
Details: This funcrion does not handle 1.44M drives; use Funcrion 185 instead
Conflicts: Future Domain SCSI (Chapter 1)
Sce also: Functions 15h and 181
INT 13h Function 18h :
SET MEDIA TYPE FOR FORMAT IBM AT mode! 3x9, ail newer machines
Registers at call: Return Registers:
AH - 18h AH « status
DL « drive number 00h requested combination supported
CH = lower 8 bits of highest ovlinder 01h function not available

number (number of cylinders - 1) 0Ch not supported or drive type unknown

CL = sectors per track (bits 0.5) 80h there is no disk in the drive

lnyhl bits of highest cvlinder number  ES:DI > 11-byie paramcter table

ihits 6,7)

Conflicts; Future Domain SCSI (Chapter 11)
Scc also: Functions 05h, 071, and 17h
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CHAPTER 10 — Low-Level Disk I/0  FZTammm

INT 13h 1 FIXED DISK
PARK HEADS (XT286,PS)

Registers ar call; Return Registers:

AH « 19h CF set on crror

DL = drive AH - status (see Table 10.1)

See also: Function 11h

INT 1Eh SYSTEM DATA
DISKETTE PARAMETERS

Details: Default paramcter table at FOOOh:EFCTh for 100% compatible BIOSes

See also: INT 13h Function OFh, INT 41h

10-4 Format of diskette parameter table:
Offset Size Description
00h BYTE fint speafy byvee

bats 74 sep rac
bits 3-0:  head unload tme (0Fh = 240 ms)

Olh BYTE sccond speafy byte
bits 7-1:  head load time (01h « 4 ms)
bit0: non- DMA mode (always 0)
02h BYTE delay until motor turned off (in clock ticks)
03h BYTE bytes per sector (00 « 128, 01h « 256, 02h « 512, 03h - 1024)
04h BYTE secton per track
05h BYTE length of gap berween sectons (24h for 5.257, 1Bh for 357 )
O6h BYTE data length (ignored if bytes-per-sector fickd nonsero)
07h BYTE gap length when formatting (50h for 5257, 6Ch for 35" )
08h BYTE format filler byte (default Foh)
9h BYTE fhead settle time in milfiseconds
0Ah BYTE motor start ime in 1 /8 seconds

INT 40h DISKETTE
ROM BIOS DISKETTE HANDLER RELOCATED BY HARD DISK BIOS
Sce also: INT 13h, SuperBIOS INT 47h (below ), 4+ Power INT 03h (below |

INT 41h SYSTEM DATA
HARD DISK 0 PARAMETER TABLE

Details: The default parameter table arny is located ar FOOOL:E401 1 in 100% compatible BIOSes;
the pointer may be overridden by the hard disk controller’s BIOS to support drive formats
unkoown to the ROM BIOS

Conflicty: Z100 (Chapter 7), Acomn BBC Master (Chaprer 7), MS Windows debugeing kernel
(Chapter 57)

Sce also: INT 13h Function 09h, INT 1Eh, INT 46h

10-5 Format of fixed disk parameters:

Offset Size Description

00h WORD  number of cvlindens

02h BY'TE number of heads

03h WORD  starting reduced wnite current avlinder (XT only, 0 for others
05h WORD  staming write precompensation cviinder number

07h BYTE maximum ECC burst length (XT only)

08h BYTE coatrol byte

its 0-2:  drive option (XT oniv, 0 for others)
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