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Abstract

A high speed interface for transferring data between a 9 track high
performance magnetic tape unit and an Apple type microcomputer is
described. The interface uses direct -memory access (DIaA) which is capable
of data transfer rates up to 2x10b I bit  bytes per second. After
initiation of data transfer, the process is completely transparent to the
processor. A11 functions of the magnetic tape unit are available to the
programmer via any leve1 of programming, and the tapes produced are fu1ly
compatible with ANSI and fBM specifications.
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Introduction

with the increased use of small inexpensive microcomputer systems in
the laboratory a method of storing large quantities of data at very high
speed has become a necessity.

Expensive high quality magnetic tape units belonging to a past
generation of nini and mainframe computers are often available in the
laboratory but are not used with microcomputers because of a lack of
hardware and software interface facilities. This paper describes an
interface which allows the transfer of data between a high volume, high
speed, magnetic tape unit (Digi Data motlel L640) and a 8 bit microcomputer
(Bas is  Med F ly ) .

The interface was designed specifically to record data generated by an
airborne, spectrally scanning visible-near IR radiometer. The instrunent
is described in detai l  elsewhere (Ref 1.) and is capable of generating data
at rates up to 6K (8 bit) bytes per second. The controlling processor has
considerable overheads. Apart from performing the principal function of
data transfer it also displays on a VDU selected real time data in
graphical form as well as controlling many aspects of the radiometer
operation. The magnetic tape unit is a synchronous device requiring a data
transfer rate of 50K bytes per second. In order that the dump to magnetic
tape does not interfere with the data transfer, the magnetic tape dump is
performed by direct memory access on a cycle steat basis. This results in
a magnetic tape transfer which is completely transparent to the processor
operation.

Hardware Description

Tape Uhit Control

The interface consists of two separate sections, the first is the tape
unit control and the second is the DMA control. Each of these is contained
on its own double sided printed circuit board and they occupy two of the
expansion slots of the Basis.

Fig. la shows a block diagram of the tape control section which
supplies the comnand information to the tape unit as well as transferring
all status information to the computer. This section also performs the
latching and buffering functions for all data transferred to and from the
tape unit.

The tape control unit is connected to the buss system of the computer
via one of the computers 50 pin expansion slots, registers within the
interface adaptor appear as memory locations to the processor. During a
tape control function, data is transferred either to interface adaptor
number 1 (for tape control) or from interface adaptor number 2 (for status
read). Once a conunand specifying data transfer has been sent, data is
clocked out of (or into) computer memory using the strobe lines of the tape
unit and the 8 bit clata latches. The strobe frequency is controlled
direct ly by the tape unit and for a L600 bit  per inch transfer at 35.5
inches per second tape speed the rate is approximately 60K bytes per
second.
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The strobe control consists of logic circuitry which supplies the
appropriate commands to the data latches, computer buss control logic, and
the DlilA controller board, from the tape status and DMA contr6l output.

The complete circuit diagram of the tape unit control is shown in
appendix l-.

L \ DMA Control

Fig. 1b shows a block diagran of the DMA controller. In contrast to
the tape control board, this board is a general ^purpose DMA controller
capable of 4 channel operation at speeds up to 2xL0b bytes per second. The
heart of the board is a Motorola device type Mc6844 DMA controller which is
arranged to operate on the buss system of the Basis (which uses a 6502
microprocessor). The MC6844 is a relat ively complex device as far as i ts
software requirements are concerned but has the advantage of simple
hardware requirements. The MC6844 is a very versatile device, its
operation is explained in detai l  in Ref. 2.

Once the MC6844 has been init ial ised by defining the start ing address
of the block of memory to be transferred along r.7ith the number of Bytes, an
instruction is given to the Mc6844 which sets it to a mode where it waits
for either a read strobe pulse (RS) or a write strobe pulse (WR) from the
tape unit, this becomes the transfer request (TxRO or TxRl-) on the DMA
controlred board. The DMA controller then issues a buss request (ong1 g.
the processor via i ts DIIIA l ine. This buss request informs the processor
that the DMA controller requires control over both the data and address
busses and that they should be placed in a tr i-state (high impedance) mode.
The processor acknowledges this request when it is ready via the DMA grant
l ine (DGRNT). The DI{A control]er then places the relevant address of the
memory location to be transferred onto the address buss and latches the
corresponding data into the tape interface data latches. The control ler
then acknowledges the data transfer via the transfer acknowledge line (Txe)
and the buss control is passed back to the processor.

The descript ion above refers to data transferred on a cycle steal
basis. This has the advantage that the DMA transfer uses only a sma1l
percentage of the number of cycles avai lable to the processor, as a result,
the only effect of the DMA action is to slow the processor down by this
same percentage. Another mode of operation available to the programmer is
the halt burst mode, this requires the processor to relinquish the data and
address buss for the entire time of the data transfer. This has the
advantage that data can be transferred at very high speed (up to 2xj-06)
bytes per second) but has the disadvantage that the processor is idle for
long periods of t ime which in certain appfications is unacceptable.

The complete circuit diagram for the DMA controller board is shown in
appendix 2. The main control lines (TxA, TxR and DND) are shown numbered 0
to 3-each number refers to the channel being used.

In the software description which fotl_ows, two of the four available
channels of DMA are used; Channel 0 is for writing to tape and channel 1 is
for reading from tape. Appendix 4 shows the wiring between the DMA
controller, the tape control and a typical 9 track magnetic unit fitted
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with a formatter  having a Pertec type inter face (Digi -Data l -640 ser ies) .

Because channels O and 1 are used, the t ransfer  acknowledge is generated by
roRring the s ignals (TxAo,TxAl-)  f rom channels 0 and 1.  The last  word

indicator (LWD) for the tape unit is only required on the v'rrite channel
(ch.o) .  The t ransfer  requests are der ived f rom the strobe pulses generated

by the tape uni t  (RS and wS).  A11 other s ignals are ei ther tape contro l

l ines or  data l ines.

Programming

Using two channels of  DMA for  the tape inter face'  as descr ibed above,

enables the programmer to write a record, read the same record and verify

its accuracy with a minimum of programming steps and in a mininum time.

Fig. 2 shows flow charts of two programs, one is used to write data at very

high speed and is  wr i t ten in 6502 machine code, the second is used to read

data in the same format but is vrritten in the Basic language. This second

progran is far slower in execution than the machine language program but

has the advantage of  being very versat i le,  easy to understand,  and t r iv ia l

to modify. Listings of the tvJo programs are given in appendix 5 and the

description below should be read in conjuction with this appendix and the

block diagrams.

Both programs start by initialising the peripheral in'terface adaptors,

programming informat ion for  th is device (MC6821) is  g iven in detai l  in

Ref.  2.  The in i t ia l is ing sequence speci f ies adaptor L as an output  and

adaptor 2 as an input and one line of adaptor 2 in program 1 is programmed

to generate an interrupt  on a posi t ive t ransi t ion.  This is  generated f rom

the data source and initiates the transfer to magnetic tape.

Both programs then initialise the DMA controller by specifying the

fol lowing:

1. Which channels are read and write and whether they should count

up or down

Transfer  to be disabled

Four channel operatiorr with no chaining selected

On which channel  the end of  data t ransfer  shoul-d occur.

Reference should be made to appendix 3 to establish the correct data

to be used for the above init ial isat ion.

In the writing to tape routine (rig. 2a) , pf,ogram control is

transferred to the background program. On an interrupt, control is sent to

an asseilbly language interrupt routine which performs the block

specification and transfer conmand. Control then returns to the background
program which waits for further interrupts. Tn the reading from tape

routine (Fig. 2b) ' program control flows from the DI4A initialisation to the

block specif icat ion and transfer command routines. when transfer is

complete either a new block of data is read or an analysis program is run.

2 .

4 .
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Ej.g. 2(a) Flow chart of hybrid program vrritten in basic
and assembler for writinq data to taDe.

initiatize pia
1 ) tape controt-out
2) iape status- in
3) reset tape unit
4) enable interrupt

initia{ize dma
1 ) chO writg count up
2) disabte transfer
3 ) fout' chan, no chaining
4) dend on end chO

check iape status
enabte interrupt

ini t iat izat ion btock
1 ) dma start  addr
2 )  dma size
3) enabte transfer

start transfer

1 l  g ive 'go '  command
2 ) enabte interrupt

rfestore registers
retufn



in i i iat ize pia
1 ) tape control-oui
2 )  iape  s ta tus- in
3) reset tape unit

read tape

1 )  
'go '  command

in i t iat ize dma
1 ) ch1 read, count up
2) disable transfer
3) foun chan, no chain
4) dend at end ch1

transfer complete

;fr,..1'oilSpecify btock
1 ) dma start addr
2 )  dma s ize
3 )  enable t ransfer

data manipulat ion
routine

Fig. 2(b) Flow chart of basic program for reading data
from tape.
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Conclusion

This note describes an inexpensive means of interfacing a small
personal computer to a large capacity, high speed magnetic tape transport.
The interface is very versati le, enabling complete contror of al l  aspects
of the transfer by the programmer. The interface fiI1s the growing need
for a means of recording and reading data in a form which is compatible
with many mainframe computers.
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TYPICAL TAPE FORI , IATTER
(DIGI  [ ]ATA,1640 SERIES)

Cq{TRO L

CONNEC TOR

DMA

CONTROLLER

CONNEC TOR

Appendix 4 Tlpical connection showing the interface between
the tape control unit, DMA controller and a Digi
data magnetic tape unit.
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Appendix 5a Basic program to read data from tape.

10  REF I  EAS IG  PROGRATI  TO  SET  UP  INTEEUPT ROUTTNE
ZO REM TO STORE DATA BN TAPE FRgIt l  FIEMORY
3 0  C A L L  3 7 I 6 6 :  R E M  I N I T I A L I Z E  P I A
40  CALL  37230 ;  REM IN IT IAL IZE  DF1A
50  CALL  37234 :  REF I  IN IT IAL IZE  RAF I
60  A  =  4?  92 ;  REM P IA  FASE ADD
70 FEDD = 64477
BO CALL  37120 :  RE I4  TAPE STATUS
90  BUF  =  932 ;  REM STATUS BUFEER
I O O X =  P E E K  ( E L I F )

l l o  I F X = O G o T o 1 4 O
1 2 o  I F X = 4 G o T o 2 1 O
130  GoTo  170
I 4 O  P R I N T  ' N O  W R I T E  E N A B L E  R I N G '
I 5O  CALL  FBDD:  REM R ING EELL
16 ( |  GOTO 190
1 7 O  P R I N T  ' T A P E  U N I T  N O T  O N  L I N E "
lSO CALL  FBDD:  REN R ING BELL
I 9 O  I N P U T  ' I S  T A P E  N O W  R E A D Y ?  ( Y . N )  ' ; Y I $

20c| GoTo so
2 lO  CALL  37140 :  REM INTERUFT  ENABLE E (  START

22O REM ***  BACKGROUND PROGRAF1 FBLLOWS ***

23O END



1 4

Appendix 5b Basic program to supervise the assembler program
(epp. 5c) used to write data to tape.

SSURCE F ILE :  TECHP
COFI :  I  P2AC EEU 5COFI  ;FOR 'GO '  COF IMANI )
COF4: 2 PTA EEU 'FCOF4 ;FROI ' I  TAPE STATUS
COF6 :  3  P IB  EQU *COF6  ;TAPE STATUS +  INT -3YNC.
COFT '  4  P IBC  ESU 'SCOF7  ;  INTERUFT  CONT.
COFO:  F  PzA  EAU 'FCOFO ;TO TAFE FORMATTER CONTROL
COFz; 6 PzB EOU . ' I5COFz 

;TO TAPE DIRECT CONTRgL
6E9O: 7 FLG EAU 'F6E9O ;  INfERUPT DISABLE FLG
OOFE; 8 LUTBL ESU SFE ;LUT ADD BUF LSB
OOFF:  9  LUTBH EAU $FF  ; LUT  ADD BUF  MSB
FF4A?, IO SAVE EOU 'SFF4A ;SAVE REGISTERS
FFSF :  11  REST  EAU 'FFF3F  ;RESTORE REGISTERS
CSOO: 12 D]I IA EOU IFCSOO ;DMA BASE ADDRESS
o34O;  13  BUF  EeU rF34O
OOOO: 14 *  DATA TO BE TRANSFEREI '  ARE IN $5OOO TO $6DI2
- - - - -  NEXT  OBJECT F ILE  NA ]4E  IS  TECHP.OBJO
sFoo:  l5  oRG $eFoo
AFOO:4S  16  FHA ;SAVE REG
A F O I : A I '  9 0  6 E  T 7  L D A  F L G  ; I S  T H E R E  A
gFO4 :DO 02  1A  ENE LP I  ;CURRENT INTERUPT?
gFo6 :64  19  PLA
AFOT:4O 20  RT I  ;  YES-RETURN
AFOE:68  21  LP l  PLA
AFO9 :zO  4A  FF  22  JSR SAVE 'SAVE REGISTERS
aFoc :49  00  23  LDA  fO
AFOE:AD 9Q 6E  24  STA  FLG ;D ISABLE  INTERUPT FLG
SFT I :  25  *  IN IT IAL IZE  DMA BLOCK PARAT4ETERS
eF l  l :  A9  50  26  LDA  #1550
8F IS :BD  OO C5  2?  STA  DMA ;MSB START
BF l6 :49  00  2A  LDA * | ;O
AF IA ;AD  O I  CJ  2?  5TA  D IT IA+ I  ; LSE  START
E F T E :  A 9  T D  3 0  L D A  * s I D
AF ID |SD  02  CF  3 I  STA  DF IA+z  ;MSB LENGTH
BFzO :  A9 I  A 3? LDA * 'F 12
AFZZiEN 03 C5 33 STA DHA+s ;LSB LENGTH
€Fz I :  34  *  IN IT IAL IZE  DMA CONTROL
S F Z S : 4 9  O I  3 5  L D A  * I
AF?T iED  IO  C5  36  STA  DMA+T IO  iDATA  TO TAPE
BFzAi 37 *  START TRANSFER
AFzA :A9  87  3A  LDA * *87
BFzG:AD FO CO 39  STA  P?A  ;START TAPE
SF2F;49 54 40 LDA f ' '34 ih 'RITE ONE REC
SFS I  :  AD F I  CO 4t  STA PZAC i  '  GO' L0t i l
€F34: A9 3C 42 LDA t+!F3C ;  "  GO.
A F 3 6 : 8 D  F T  C O  4 3  S T A  P Z A C  ; ' G O '  H I G H
AF39 :2O  Ag  91  44  JSR FFG ;SET  INTERUPT FLAG
EFSC?zO SF  FF  45  JSR REST  ;RESTORE REGISTERS
A F S F : 4 O  4 6  R T I  ' R E T U R N
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AF4O: 47 *  THE 5UBROUTINES THAT FOLLOhI CAN EE CALLEI)

AF4O:  4A  *  FEOM BAF IC  AND ASSEMBLY LANGUACE ROUTINES

NEXT OBJECT F ILE  NAME IS  TECHP.OBJ1
9 l o o :
9 l o o :
g t o o : A D  F 4  C O
9to3i2? 20
9 1 0 3 : A D  4 0  0 3
g l o a : A I l  F 6  C O
9LOBi?9 04
9 l o D : o D  4 0  0 3
? l l o : s D  4 0  0 3
9 l t 3 : 6 0
9 t  l 4 :
9 1 1 4 : 4 9  5 0
9 1 1 6 : A D  O O  C E
9 1 1 ? : A 9  0 0
9 l l B : 8 D  0 1  C 5
9 l l E ; A 9  l C
9 1 2 0 : A D  0 2  C 5
9 t z 3 : A 9  3 0
9 1 ? l : A D  0 3  G 5
9 1 2 € : 4 9  l C
9 l ? A : e D  F 7  C O
?tzDi 6a
9L?E'
?tzgzA? OA
9 1 3 0 i A D  F t  C O
9 1 3 3 : S D  F 3  C O
9 1 3 6 : B D  F 5  C O
9 1 3 9 : B D  F 7  C O
9 1 3 C : A 9  F F
9 l 3 E : A I !  F O  C O
9t4 t iA?  F7
9 1 4 3 ; A D  F 2  G O
9 1 4 6 : 4 9  0 0
9 l 4 S : e D  F 4  C O
9 t 4 B : A D  F 6  C O
9 l 4 E : 4 9  3 C
9 1 5 0 : e D  F l  C O
9 t s 3 : s L  F 3  C O
9 1 5 6 : A D  F 5  C O
9 1 5 9 ; A 9  l 4
9 t s B : a D  F 7  C O
9 1 5 E ; 4 9  F F
9 1 6 0 : A D  F O  C O
9 1 6 3 : 4 9  B F
9 1 6 3 : A D  F O  C O
9 1 6 8 ; 4 9  F F
9 1 6 A : S D  F 2  C O
?t6Di  60

4 9
50
5 1
32
53
54
s5
56
e7
58
59
60
6 L
6?
63
64
65
66
67
6A
6?
7Q
7 L
72
73
74
73
76
77
7A
79
BO
e l
e2
s3
a4
a5
a6
a7
ee
89
90
9 l
92
93
94
9E
9A

oRG !F9lOO

* SUBROUTINE ERROR- TAPE STATUS

ERROR LDA P lA  i 6ET  STATUS
AND fllFzO
STA BUF
L.DA PTB
AND {ft$4
ORA BUF
STA EUF
RTS

*  SUBROUTINE  START_
START LDA S!FsO

STA DFIA
LDA *!FO
STA DFIA+ I
LDA SlFlC
STA DMA+?
LDA {f!$30
STA DIIA+3
LDA TlF1G
STA P lEC
RTS

*  SUBROUTINE  P IN IT -
P I N I T  L D A  * O

STA PzA+ I
STA  PzA+3
STA P?A+5
STA P2A+7
LDA *!FFF
STA PzA
LDA **F7
STA PzB
LDA *O
S T A  P I A
S T A  P T B
LDA *IFSC
STA PzA+1
STA P2A+3
STA P2A+5
LDA *TT4
STA F IBC
LDA TITFF
STA PzA
LDA 'IITBF
STA PzA
LDA *IFF
STA PZB
RTS

i t , ,RITE RING

STARTS DMA ANI}  TAPE

'NEW RECORD

i BLOCK LENGTH

iENABLE INTERUPT

I N I T I A T E  P I A ' S

;  SELECT COTROL

; TAFE CONT OUT

,7  gu l  I  rN  ( l t l rRRoR)

i FRO}I TAPE
; FROM TAPE

;  INTERUPT D ISABLE

; '51C FOR ENABLE

; PULSE FEN LOW
i TAPE RESET



l -6

? 1 6 E :
9 l 6 E :  A 9
9 1 7 0 : 8 D
9 1 7 3 !  8 D
9 t 7 6 a  A 9
9 1  7 e :  a D
? T 7 8 ,  A "
9 1  7 D :  B D
9 t a o :  A 9
9 t a ? i a D
? 1 4 5 :  6 0
9 l 8 6 :
9LS6 i  A9
9 1 g A :  g =

9 1 S A :  A 9
9 l a c : 8 3
9 1 g E :  A O
9 1 9 0 : A 9
9L?2 '?L
I  L 9 4 i  ? O
9 1 9 7 :  A J
9 L 9 ? i C 9
9 1 9 8 :  D O
9 1 9 D :  A 9
9 l ? F :  A D
9LAzi  A9
9 l A 4 : 8 D
9 IA7 i  6A
9 t A e ;
9 l A e : 4 9
9 I A A : 8 D
9 l A D ; 6 0
9 1  A E :
9 I  A E :  A 5
9 1 B O : 1 8
9 1 E l : 6 9
9 l B 3 : 8 5
9 lB5 ;  A5
9787 i  69
9 1 8 9 :  A 5
9 l B B : 6 0

oo
l o  c 5
14 C-5
c,g
1 6  c 5
o3
l 5  c 5
o l
r l  c 5

50
FF
oo
FE
oo
oo
FE
AE
FF
BF
F3
SF
F D
FF
90

R I  N I  T -
t{!850
LUTEH
#o
LUTBL
fro
*o

?7
9e
99

l o o
l o l
l o ?
1 o 3
l 0 4
1 0 5
1 0 6
L 0 7
l o 8
l o ?
I  l o
l l l
7 1 2
1 1 3
I  l 4

STA
LDA
STA
LDY
L D A
5TA
J S R
LDA
cf4P
BNE
LDA
STA
LDA
STA
RTS

*  SUBROUTINE  D IN IT -  IN IT IATE5  DMA CONTROL
D I N I T  L D A  S O

*  SUBROUTINE
R I N I T  L D A

sTA DF|A +!F I O
sTA D14A +!F 14
LDA #!EB
sTA Dl , lA+!Fl6
LDA #3
sTA DltlA +!F l5
LDA # I
STA  DMA+ !F11
RTS

; CH O FROI4 TAPE

; A L L  C H ' S  O F F

;FOUR CHAN OPERATION

; D E N D  O N  C H O  &  G H I

; C H I  T O  T A P E

I N I T I A T E  R A M

;  CLEAR RAM

; START lF5OOO

;NEXT  IN  ELOCK

i  I S  I T  F I N I S H E I )

i  N O T  F I N I S H E D

;  H I G H  E Y T E

i  I N I T I A L  I N T .
;  ENABLE  FLG

? t

o3

l 5
l 6
t 7
l a

LP?O

?9T6E  I } IN IT
6E?O FLG

FE LUTBL
C O F 6  P l B

? ? L ? E  P I N I T
?? IL4  START

( L U T B L )  T  Y
NEXT
LUTBH
*'F8F
LP2O
#!ssF
'F3FD
i igFF

F L G6E

FF
90 6E

FE

o l
FE
FF
oo
FF

1 l ?
1 2 0
l a l
L ? 2
l ? 3
L ? 4
1 2 5
1 2 6
L ? ?
12S
129
1 3 0
1 3 1
1 3 2
1 3 3
1 3 4
1 3 5
1 3 6
1 3 7

*  SUEROUTINE  FFG -SET  INTERUPT FLAG
FFG LDA #'SFF

STA FLG
RTS

*  SUBROUTINE  NEXT-  INC  LUT  BY  ONE
NEXT LDA LUTBL

cLc
ADC * I
STA  LUTBL
LI}A LUTBH
ADC *O
STA LUTBH
RT5

*** SUCCESSFUL ASSEl4tsLY: NO ERRORS

O34O BUF
9 I A B  F F G

FF  LUTBH
c o F T  P I B C
COFz PZE
FF4A SAVE

c500 DFIA
AFOB LPl
91AE NEXT
coFl  P2AC
FFSF REST

??1OO ERROR
?190 LP20
C O F 4  P I A
COFO PzA

? 7 L 4 6  R I N I T
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Appendix 5c Asseilbly language program used for writing

data to tape.

IO REF'  ***  DATA FRQI4 TAPE TO MEMORY VIA DFIA CHl * I f*

2 0  R E M  * * * *  I N I T I A L I Z E  P I A ' S

3A  A  =  49 f , 92 :  REM EASE P IA  ADD.
4 0  P O K E  A  +  I t O :  R E M  S E L  C S N T R D L  R E G

5 0  P O K E  A  +  3 , O :  R E M  S E L  C O N T R O L  R E G

6 0  P O H E  A  +  5 , O :  R E M  s E L  C O N T R O L  R E G

70  POKE A  +  7 ,O :  RE t4  SEL  CONTROL REG

ao  P0HE A ,  ?55 :  RE l r l  OUTFUT
9 0  P O K E  A  +  2 , 2 5 5 :  R E M  O U T P U T

l O O  P O K E  A  +  4 , O i  R E M  I N P U T
I I O  P O K E  A  +  6 . 0 :  R E M  I N F U T

1 ? O  P O K E  A  +  1 , 6 0 :  R E M  C A z - G O  C O M I 4 A N D  ( 3 C - - r 4 )

1 3 O  P O K E  A  +  3 I 6 Q :  R E M  I F I T  D I S A B L E
1 4 O  P O H E  A  +  5 , 6 0 :  R E M  I N T  D I S A E L E
I 5 O  P O H E  A  +  7 , ? O :  R E M  I N T E R U F T  O N  L - H  T R A N S .  O F  C F z

160  PC |KE  A ,  ?55
1 ? O  P O K E  A , 1 9 1 ;  R E m  F E N  L O t d
l A O  P O K E A + 2 1 2 5 -
19O RETYI  * * * *  IN IT IAL IZE  DMA CONTROLLER
2 O O  P O K E  B  +  1 6 , 0 :  R E M  C H  O  D A T A  F R O M  T A P E

2 IO  PDKE E  +  17 ,  1 ;  RE I4  CH 1  DATA TT I  TAFE
22O POKE F  +  ?2 ,a :  RE l4  4  CHANNEL  OPERATTON

23O POKE B  +  21 ,3 ;  RE IT I  DENT  SET  ON READ AND WRITE

?40 6f |Tc|  430
25O REM * * * *  SPECIFY  BLOCK
? 6 0  F O K E  8 , 7 " ;  R E M  C H  O  A D D  H I

77O POKE B  +  I , ?= -5 :  REM CH Q  ADD LO

2AO POKE B  +  2 t3O ;  RE IT I  CH  O  COUNT H I

2 9 O  P O K E  B  +  3 , 2 O :  R E M  C H  O  C O U N T  L O

3 O O  P O K E  B  +  4 , 7 9 :  R E M  C H  I  A D D  H r

3 1 O  P O K E  F  +  5 , 2 5 5 :  R E F 4  C H  I  A D D  L N

3 ? O  P O K E  B  +  6 , 3 0 ;  R E M  C H  I  C O U N T  H I

33O POKE B  +  7 ,?O ;  REF , I  CH  1  COUNT LO
34O POKE E  +  ?O ,O :  REM BOTH CHANNELS OFF
35O RETURN
360 REM ****  START TRANSFER
3 7 O  F S K E  F  +  1 7 t O ;  R E M  C H  1  D A T A  F R O H  T A P E

SEO POHE B  +  2O ,2 :  RE ]4  CHAN I  ON
39O POHE A, 19I  :  REFI FEN LOI| |
4 O O  F O K E  A  +  I , 5 2 :  R E M  G O  L O W
4 1 O  P O K E  A  +  I , 6 0 ;  R E M  G O  H I G H
42O RETURN
43O B  =  50432 :  RE I t l  DMA BASE ADD.
44O REM I I * I *  READING DATA
45O GOSUB 25O:  REH SFECIFY  BLOCK
460  GNSUE 37O:  REH START
47O REM * * * *  WAIT  FOR DATA TRANSFER
4AO FOR I  =  I  TO  IOO:  NEXT  I
49O REM ****  NEhI DATA?
5 O O  I N P U T  " I S  N E t 4 ,  D A T A  R E & U I R E D ?  t Y l N )  " ; Y r $
S1O IF  y rF  =  GOTO 44O

FEO REM * * * *  DATA  MANIPULAT IgN  RSUTINE  FOLLOWS

53O END


