Use of the Disk Il Interface Card
Through Your Own Software
by John Uhley

This is the first of a series of three articles which will discuss
several techniques used in accessing the Disk Il Interface Card.
The routines discussed in these articles will enable a pro-
grammer to access the Disk Il without the use of Apple DOS or
Apple RWTS. This article will introduce the programmerto one
method of accessing the Disk Il Interface card and develop
several routines to position the disk drive’s magnetic head
across the surface of the diskette.

Each of the eight slots in back of the Apple computer is
allocated 16 memory locations for I/O control. Some of these
memory locations act as softswitches (software switches) and
perform a predefined hardware task when addressed by a
software routine. Other [/O memory locations are used as
wormholes through which data can enter or exit the computer.

Most of the Apple’s I/ O is done on page $CO of memory. The
following table illustrates the range of memory reserved for
each slot's softswitches.

SLOT LOCATIONS

$C080 - $CO8F
$C090 - $CO9F
$COAQ - $COAF
$COBO - $COBF
$COCO - $COCF
$CODO - $CODF
$COEO - $COEF
$COFO - $COFF
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One common method of accessing softswitches through
software is to use the Apple’s indexed addressing mode. By
adding various values to the address of a slot zero softswitch it
is possible to change the addressed slot by altering the index
register alone. For example, if a program wanted to access the
softswitches of the card in Slot 3 the following method could be
used:

LDX #3$30 ; (select slot 3)
TURNON LDA $C089,X ; turnondiskdriveinslot3
RTS - ; and return

Using this technique the same routine can access any slot’s
softswitches by changing the value in the X-register:

LDX #$60 ; (select slot 6)
JMP TURNON ; turnondiskdrivein slot6

; using the same routine
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In the table below ‘S’ represents one of the 16 softswitches of
the specified slot.

SLOT SOFTSWITCH X-REG COMMAND

$00 LDA $C08S,X
$10 LDA $C08S,X
$20 LDA $C08S,X
$30 LDA $C08S,X
$40 LDA $C08S,X
$50 LDA $C08S,X
$60 LDA $C08S,X
$70 LDA $C08S,X
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Depending on the actual card placed in a given slot the 16
softswitches will perform a different function. This article will
only discuss the effect of these 16 softswitches on the Disk Il
Interface Card. The table below illustrates the functions of each
of the softswitches.

MEMORY LOCATION FUNCTION

$C080 + SLOT
$C081 + SLOT
$C082 + SLOT
$C083 + SLOT
$C084 + SLOT
$C085 + SLOT
$C086 + SLOT
$C087 — SLOT

$C088 + SLOT
$C089 - SLOT

$CO8A + SLOT
$C08B + SLOT

$C08C + SLOT

$C08D + SLOT
$CO8E + SLOT

$CO8F + SLOT

(SLOT refers to the index value needed to access the
softswitches of a given slot. As shown earlier, this value is equal

Phase 0 off (positioning)
Phase 0 on (positioning)
Phase 1 off (positioning)
Phase 1 on (positioning)
Phase 2 off (positioning)
Phase 2 on (positioning)
Phase 3 off (positioning)
Phase 3 on (positioning)

Power Down (drive off)
Power Up (drive on)

Select 1 (select drive 1)
Select2 (select drive 2)

Readswitch
(/O wormhole)

Writeswitch
(I/O wormhole)
Clearswitch
(I/O wormhole)
Shiftswitch
(/O wormhole)

to that slot number times 16.)

The following routines demonstrate some of the techniques
used to activate or deactivate a disk drive. Each time a new disk



drive is activated it is necessary to wait for the drive’s motor to
reach operational speed. One suitable delay loop is illustrated
by the “MWAIT" subroutine.

The first eight softswitches are used to position the disk
drive's magnetic head above the physical tracks of a diskette.
These softswitches are used to rotate a motor which moves the
magnetic head back and forth along the surface of a diskette.

By rotating the motor in a clockwise direction the magnetic
head is moved towards higher numbered tracks. Conversely,
counterclockwise rotation forces the magnetic head towards

lower numbered tracks. Figures A and Billustrate the concepts
discussed in these paragraphs using simplified models.

Figure C shows a magnetized needle surrounded by four
electromagnetic poles. By magnetizing one of the four poles
the needle is forced to ‘point’ towards that pole. By magnetizing
and demagnetizing the poles in a given order the needle can be
made to spin in a clockwise or counterclockwise direction (see
figure D).

By replacing the needle with a motor and the poles with
software controlled electromagnets (numbered 0,1,2,and 3) a
model of the disk drive's positioning motor can be visualized
(see figure E).

i EREERERRERRERRTERLHI ELEESL B S LS
2 ¥ *
3 * ROUTINE TO TURN ON DRTIVE 1 #
4 # *
5 Rk Aok Rk kR Rk ek e ke
) SLOT EQu $0001
7 WAIT EQU #0002
q DISKON  EGU  $C089
9 DRIVEA  EQU  $C08A
10 I 2R E R A S TR EE L LT B R
" * *
12 # SET SLOT EQUAL TO SLOT &
13 * #
14 EEFETEEE T T TR REEEE RS EEE HE H A
7000 A9 60 159 LIA #8690
2002: 85 01 16 STA  SLOT
17 ko kb ek kbbb kok kob kb bk bk ok
18 * &
19 * TURN ON THE OISK ORIVE AND *
20 % SELECT DRIVE A *
21 * *
22 EEEE T EEE RS E R REE RS REEE 2 E 2
7004 A6 01 23 Lox 80T

"

7006s ED 89 CO
7009: BD BA CO 2

LLOA  DISKON,X
LOA  DRIVEA,X
PETE T YL F AT RREEE T EHERIE HEY

I

RSO
~Noo~

J * *
28 % WAIT FOR DRIVE TO FOWER UF *
29 * *
30 Kok kok kK Kk ok ko kbR ckck kbR Rk

700C: A% EF 31 HUATT LDA HSEF

700E: 85 02 32 8TA WAIT

7010: A% DB 33 LOA H$08

7012: B85 03 34 STA WAIT+1

2014: AQ 12 35 MWAITA oY AE12

0162 8B 36 HUAITH ney

2017: IO FO 37 BNE HWAITEH

7019:  E6 02 38 INC WALT

701B: DO F7 39 BNE HWATITA

F01D: E6 03 40 INC WAIT+1

A01F: DOF3 41 ENE MWAITA

4021 60 42 RTS

1 FR R RIS R AR R L L R R R
2 E #*
3 # ROUTINE TO TURN ON DRIVE 2 #
4 * o
b1 dokkok kb bk ok ok ok kbR R ek ek
é SLOT EQU $0001
7 WAIT EQY $0002
8 DISKON  EQGU  $C089
9 DRIVER  EGU  $COBE

10 R R Ry N R R e R R T R R L
11 * 3
12 # SET S5LOT EGUAL TO S1LOT 6 *
13 * *
14 EEEEEEEE R E R RS RIS & A

20002 A9 60 15 LDA #5460

7002y 85 01 16 STA  5L0T
17 Aok ko ke okock b ko b ook bk ok
18 # *
19 # TURN ON THE DISK ORIVE AND *
2 # SELECT LRIVE B *
21 * *
22 R N R R R R R R R R L}

7004 As 01 23 LIX 5L0T

#006: KD 89 CO 24 IL0A OISKON, X

2009 BI BB CO 25 L0 DRIVER, %
24 FhR kb ok ok ek ko ok ok ke ok
27 * *
28 # WAIT FOR DRIVE TO FOWER UF
29 * *
30 R R R R PR R R P S

A00C: A9 EF 31 MWAILT LA H$EF

J00E: 85 02 2 STA  WAIT

7010 A9 D8 33 lL.0OA HH08

J012: B85 03 34 STA  WAITH+1

014 AO 12 35 HUAITA  LDY #4412

J016: 68 36 HUAITE ney

J017: IO FD 37 ENE HWATTE

F019: E6 02 38 INC WATT

701Be DO F7 39 BNE HWAITA

A010: E6 03 40 INC WATIT+1

J01F: DO F3 4 BNE HWAITA

20218 40 42 RTS
1 R R R R R R 3 R R S A
2 * :«
3 # ROUTINE TO TURN OFF & DISK #
4 * *
5 EEREEEEFRETE L SRS E R R
6 sLoT EQU $0001
7 DISKOFF EQU $C085
8 EEEEFEE R R BT REE RS R RE T HEE
9 * #
10 # SET S5LOT EQUAL TO SL.OT 6 *
1" * *
2 EEREE X F 23 TR XE R IEFRE S R R S

2000: A9 60 13 LIA  #$60

A002: B85 01 14 STA  SLOT
15 ko ko sk sk R ek sk
14 * *
17 % TURN OFF THE DISK ORIVE *
18 * AND QUIT #*
19 % *
20 EEEEF T T T LT TR T T IR R AL R A R

7004: A6 01 KA LI S1.07

2006: BN 88 CO 22 .0y ODISKOFF,X

7009: 40 23 RTS
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Figure A
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Figure C

Figure B
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Figure D
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Figure E

Each of the eight softswitches used in positioning the
magnetic head actually activates or deactivates a specific
phase of the positioning motor. By addressing these soft-
switches in a specific order the motor can be rotated and the
magnetic head positioned back and forth along the surface of a
diskette.

The following table illustrates the function of each of the
eight ‘positioning’ softswitches. Note that SLOT refers to the
index value needed to access the softswitches of a given slot.

MEMORY LOCATION PHASE FUNCTION
$C080 + SLOT 0 Turn phase 0 off
$C081 + SLOT 0 Turn phase 0 on
$C082 + SLOT 1 Turn phase 1 off
$C083 + SLOT 1 Turn phase 1 on
$C084 + SLOT 2 Turn phase 2 off
$C085 + SLOT 2 Turn phase 2 on
$C086 + SLOT 3 Turn phase 3 off
$C087 + SLOT 3 Turn phase 3 on
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When positioning the magnetic head via software, it is
necessary to wait for the positioning motor to physically move
to an activated phase before that phase is deactivated. For
example, in order to ‘pulse’ phase O of the positioning motor
the following routine might be executed.

LSX #3%60 i (select slot 6)

LDA

LDA  $C081,X ; turn on phase 0O

LDA #$56 ;. wait for motor to move
JSR $FCA8 ; to the phase

LDA $C080,X ; before deactivating phase 0

RTS ; and returning

The position of the tracks recognized by Apple DOS does
not correspond to the phases of the positioning motorina1:1
ratio. Instead, the correspondence of DOS tracks to phases is

in the ratio of 1:2. All even numbered tracks are positioned
“under” phase 0 and all odd numbered tracks are positioned.
“under” phase 2. When positioned on phases 1 or 3 the disk
drive’s magnetic head is positioned over a half-track (much like
a car driving in two lanes). Half-tracks are not used by Apple
DOS although some protected software makes use of them.

The phase to which a DOS track corresponds can be
calculated by multiplying the DOS track number by two (using
the ASL opcode). This value represents the number of phases
that must be pulsed from phase O (of track zero) in order to
reach the specified DOS track.

The following routine can be used to position the disk drive’s
magnetic head over any physical track of a diskette. All DOS
track numbers must be multiplied by two to account for the
unused phases (half-tracks). Access to half tracks can be
accomplished by setting the least significant bit of the multi-
plied track number to 1. If you don’t know the current track
number you must recalibrate the magnetic head to track zero
using the “RECAL” routine provided.

1 b b bk ok sk ek ok ek o ok
g K3 *
3 t ROUTINE TO POSITION FROM  #
4 t ANT TRACK TO TRACK ZERO *
5 ' ]
b + RECALTBRATION ROUTINE +
7 * +
8 Fobok o R Rk e ROk ok
9 CURTRK  EQU  $0004
1o NESTRK  EQU %0003
" FOSITION EQU  $0800
12 EEEEEEEIEE AT AL RS E RS
13 #
14 % SET UF "CURTRK" & "DESTRK" 4
15 % FOR THE RECALIBRATION "
16 4
17 I EEE TR E T R TR E PR B R S

F000: A9 80 18 RECAL LA #%30

J002: 83 04 19 574 CURTRK

7004: A9 00 20 LA #eEON

Yoltar RS 05 1 STA  [DESTRK
22 EREE T E F F R R R O R R R
23 * *
24 # CALL FOSITION TO 00 THE *
25 # DIRTY WORK... #*
26 # +
27 # NOTE: THE FOSITION ROUTINE #
28 * 15 AS5UMELD TO RE #
29 t ORGED ANDY NBJ'D AT #
30 * HEMORY LOCATION $800
1 t i
32 EERTE: dokakokok

7008:  4C 00 08 33 JHE FOSITION

=== ENI ASSEMBLY ---
TOTAL ERRORS: 00

It BYTES OF ORJECT CODE
WERE GENERATED THIS ASSEMELY.
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1 RER R R i R U R R A R R T T
2 # *
3 # ROUTINE T0 PRSTTTON FROM
4+ "CURTRK" TO "DESTRK" *
| * #
b # *
7 # REMEMBER!!! CURTHK AND *
8 #* DESTRK REFER *
9 #* T0 PHASES... *
10 # ACTUAL D05 #
Bl #* TRACKS MyUST *
12 # RE MULTIFLIED =
13 + BY TWO BEFNORE #
14 # USE IN THIS £
15 * ROUTINE *
16 * *
17 ko kK K o ok bk ok o
18 S5LOT EQU $0001
19 WATT EQL $00072
2 CURTRK QU $0004
21 DESTRK EQU $0005
22 FHSOFF EGU $C089
23 FHSON EQu $C081
24 AT AN =an #0839
25 DISKOFF  EQU $C083
26 IRIVEA EiU $C08A
27 HONWAIT  EGU $FCA8
28 Fok kA ek Rk ok sk *
9 *
30 # SET SLOT EGUAL TO 5LOT 4 *
S *
32 o ok ok ko
7000 A9 &0 33 FOSITION LDA #8460
A002: 85 01 34 STA sLov
39 EE X SRR LER R R SE R R 3R
36 + *
37 # TURN ON ORIVE A AND WAIT #
38 * *
39 LR R AR R R R SR R R R E R



004 A6 O1 40
2004: BRI B9 CO 41
7009:  BD BA CO 42
700C: A9 EF 43
700E: 85 07 44
20103 A9 I8 5
7012: 85 03 44
0141 AD 17 47
/016 88 48
7017: 10 FI 49
7019: E6 02 50
J01K: DO F7 51
J010: E6 03 52
J01F: 10 F3 53
54
55
564
57
=3
59
2021t AS 04 60
7023: €5 05 41
7025 FO 21 62
2027 90 07 63
7029: KO 00 64
65
66
7
48
49
702K:  Cé 04 70
7020 4C 32 70 71
‘ 72
73
74
775
74
2030% ES 04 77
78
7o
80
81
g2
83
7032:  AS 04 g4
70342 29 03 85
70361 0A 84
g7
gR
59
90
91
0373 05 01 97
7039:  AB 93
94
54
97
98
99
702A: K9 81 £0 100
7030 A9 56 101
J03F: 20 &8 FC 102

LI 50T

LA O15KON, %

04 MRIVEA, X

L0 HEEF

5TA  WalT

DA #3508

oTh LATT 1
HLUATTA [R1A¢ #$12
HWAITEH IEY

BNE HWATTE

INC  WAIT

ENE  MWATLTA
INC  WATITHI
BN HWALTA

- CHECK & BRANCH ON CURTRK-

&
« DESTRK RELATIONSHIF t
" &

Bk ko Rk bk
AAINLOOF LDA  CURTRK

CMF DESTRK

BEQ ALLOONE

BCC  MOVEUF

BCS AOVETOUN
B R R R R R R R R R R R o
# *
+ MOVE DOUN TO LAST FHASE *
* Y
ERUEE R R R R R R R O R R
MOVEDOWN DEC CURTRR

J OOWORK

ok ko ok ok o stk bk ok ko ok
* #*
4 HOVE UF 7O NEXT FHASE *
E 3 B3

ok koo bk bk ok bk ko ko
HOYEUF TNE CURTRE
sk ok o ook okt ok sk Y okekok sk o ok ok ke g kb ok

E R R R

# e
+ COMFUTE FHASE NUMBER *
* FROM THE "NEW" CURTRR *
¥ *

K KRk ok
DOWORK LIA CURTRK
AN #$03 ;0-3 FHS
ASL ;H0-%7
L R R R R R R T T

* *
# BET THNOFYING FOR CUR SLOTH ¢
* +

R P P R N R R R R R R
ORA §1.07
TAT

B 3 S
E3 +
 TURN ON PHASE TO MOVE & ¥
+ WAIT FOR PHYSICAL ACTION +

#* ok
EREE S B R S R AR

LA

1.0A

J5R HONUAETT

78 BYTES ff
WFRE GENERATED THIS ASSEMBLY.

103 Fobokok bk ke b e b b

104 & ¢
105 t TURN OFF FHASE (ALWAYS) &
104 t LOOF BACK TO CHECK ON NEW #
107 # CURTRK-DESTHEE RELATIONSHIF +
168 k3 *
109 EEEEEEEEE R EE X R R E R R A
047 RO 2O 0O 110 L I'A FHSOFF ¢
20452 4C 21 70 11 JMF MATNLOOP
112 R R E R R R R R PR R
13 * *
114 # ALL DONE... QUIT *
15 * *

116 R R RS EE L X A
‘048' Ad 01 17 ALLDONE LDX
R 88 Co 118 LTA

R R R R R
5LOT
DISKOFF X

A040e 60 119 RTE

=== ENDN ASSEMBLY ---

TOTAL ERRORS: 00
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PLAY BY THE BO

THE SURVIVAL KIT FOR APPLE
COMPUTER GAMES is the only
book that gives you the play-by-
play on two dozen of the most
exciting home computer games.
Covering games in four categories
—Adventure, Arcade, Fantasy, and
Strategy—the book’s not too sophis-
ticated for beginners, yet packed with
plenty of challenges for avowed computer
game freaks. For each game you'll find
detailed, fun-to-read descriptions, win-
ning strategies, tips from experts, and

a quality rating. All the games run on g
an Apple and hardware specs tell you ata
glance what other machines can be used (many
games run on the Atari 400 or 800, the TRS-80, and the IBM PCi
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