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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 (DMA) which is capable
of data transfer rates up to 2x10® 8 bit bytes per second. After
initiation of data transfer, the process is completely transparent to the
processor. All functions of the magnetic tape unit are available to the
programmer via any level of programming, and the tapes produced are fully
compatible with ANSI and IBM specifications.




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 mini 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 model 1640) and a 8 bit microcomputer
(Basis Med Fly).

The interface was designed specifically to record data generated by an
airborne, spectrally scanning visible-near IR radiometer. The instrument
is described in detail 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 60K 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 steal basis. This results in
a magnetic tape transfer which is completely transparent to the processor
operation.

Hardware Description
a) Tape Unit 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 command 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 command 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 data latches. The strobe frequency is controlled
directly by the tape unit and for a 1600 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 DMA controller board, from the tape status and DMA control output.

The complete circuit diagram of the tape unit control is shown in
appendix 1.

b) DMA Control

Fig. 1b shows a block diagram 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 2x108 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 relatively complex device as far as its
software requirements are concerned but has the advantage of simple
hardware requirements, The MC6844 is a very versatile device, its
operation is explained in detail in Ref. 2.

Once the MC6844 has been initialised by defining the starting address
of the block of memory to be transferred along with 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 TxR1l) on the DMA
controlled board. The DMA controller then issues a buss request (DRQ) to
the processor via its DMA line. 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 tri-state (high impedance) mode.
The processor acknowledges this request when it is ready via the DMA grant
line (DGRNT). The DMA controller 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 controller
then acknowledges the data transfer via the transfer acknowledge line (TxAa)
and the buss control is passed back to the processor.

The description above refers to data transferred on a cycle steal
basis. This has the advantage that the DMA transfer uses only a small
percentage of the number of cycles available 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 relinguish 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 2x108)
bytes per second) but has the disadvantage that the processor is idle for
long periods of time which in certain applications 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 follows, 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




with a formatter having a Pertec type interface (Digi-Data 1640 series).
Because channels O and 1 are used, the transfer acknowledge is generated by
'OR'ing the signals (TxAO,TxAl) from channels O and 1. The last word
indicator (ILWD) for the tape unit is only required on the write channel
(Ch.0). The transfer requests are derived from the strobe pulses generated
by the tape unit (RS and WS). All other signals are either tape control
lines or data lines.

Programming

Using two channels of DMA for the tape interface, as described 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 minimum time.
' Fig. 2 shows flow charts of two programs, one is used to write data at very
high speed and is written in 6502 machine code, the second is used to read
data in the same format but is written in the Basic language. This second
program is far slower in execution than the machine language program but
has the advantage of being very versatile, easy to understand, and trivial
to modify. Listings of the two 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 interface adaptors,
programming information for this device (MC6821) is given in detail in
Ref. 2. The initialising sequence specifies adaptor 1 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 positive transition. This is generated from
the data source and initiates the transfer to magnetic tape.

Both programs then initialise the DMA controller by specifying the
following:

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

Transfer to be disabled
Four channel operation with no chaining selected

On which channel the end of data transfer should occur.

4.

Reference should be made to appendix 3 to establish the correct data
to be used for the above initialisation.

In the writing to tape routine (Fig. 2a), program control is
transferred to the background program. On an interrupt, control is sent to
an assembly language interrupt routine which performs the block
specification and transfer command. Control then returns to the background

program which waits for further interrupts. In the reading from tape
routine (Fig. 2b), program control flows from the DMA initialisation to the
block specification and transfer command routines. When transfer is

complete either a new block of data is read or an analysis program is run.
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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 versatile, enabling complete control of all aspects
of the transfer by the programmer. The interface fills 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 FORMATTER
(DIGI DATA 1640 SERIES)

(JC) i SN s (D)
GND| 1 | 2 | Fey - F3 | RO - R |2 |1 |rec
GND| 3 | 4 | wD = FB1 - LT | & |3 | R
GND | 5 | 6 [wes - wh | Ra - Re8 | 6 | 5 |GND
GND| 7 | 8 | Go - Tz | R7 = R71 | 8 | 7 |GND
GND| 9 | 10 | wo - Wo | R6 - R62 | 10 | 9 |GND
GNo| 1 | 12 | wi - w1 | F7 - HER | 12 |11 |GND
G| 13 | 1 | et Fo - FMK | 14 |13 | GND ,
GND | 15 | %6 | coL - TBO | Fi — G | 16 |15 |GND |
GND| 17 | 18 | Rev - i | T6 - FEN | 18 |17 |GND
ao | 19 | 20 | Rew - 82| RS - Re4 | 20 | 19 |GND |
ano | 21| 2 [ wec FBO - BT | 2| 21 |GND
GNo | 23| 26 | w7 i w1 | 181 - OFL | 2 | 23 |GND .
a0 | 25| 26 | waa - w3 NRZ | 26 | 25 |GND |
aNo| 27| 28 | we2 we | FB4 - ROY | 28| 27 |GNp |
GNo| 29| 30 | wes - w2 | B3 - RWD | 30 | 29 |enD !
GND| 31| 32 | ws4 - WS | FB2 - EPT | 32 | 31 | GND |
GNo | 33| 34 |WRITE - 13 | RS -] RSTR | 34| 33 oD |
GND| 35| 36 | THR2 - 15 | ws - WSTR | 36 | 35 |GND '
GND | 37 | 38 | EDIT - 0 | F2 | DBY | 38 | 37 |GND |
GND| 39 [ 40 | ERASR | T2 SPEED | 40 | 39 |GND |
GND| 41 | &2 | WM - T | F6 |—= CER | 42 | &1 |GND |
GND| &3 | &4 | THRI F5 = ONL | &b | 43 |GND
GND | 45 | 46 | TADO 7 | TADI | 46 | 45 | GND
GND| 47 | 48 | R2B |—m R2 FAD | 48 | 47 |GND |
GND | 49 | 50 | R3A - R3 DEN | 50 | 45 |GND |
=1
(s}
WS et
OND |—— TYAO | Tval
W] TXA2 | TYA3
o E I———TYAM XA23 ‘
XAl TYRO | TYR2
WS |- | YR | TYR3
s L DNDO | DND1
MAG TAPE DND2 | NND3
CONTROL DMA
CONNECTOR CONTROLLER
CONNECTOR

Appendix 4 Typical connection showing the interface between
the tape control unit, DMA controller and a Digi
data magnetic tape unit.



Appendix 5a Basic program to read data from tape.

10 REM BASIC FROGRAM TO SET UP INTERUPT ROUTINE
20 REM TO STORE DATA ON TAPE FROM MEMORY
30 CALL 37166&: REM INITIALIZE PIA

40 CALL 3I7230: REM INITIALIZE DMA

50 CALL 3?234: REM INITIALIZE RAM

60 A = 49392: REM PIA BASE ADD

70 FBDD = 64477

80 CALL 3I7120: REM TAPE STATUS

?0 BUF = 832! REM STATUS BUFFER

100 X = PEEK (BUF)

110 IF X = 0 GOTO 140

120 1IF X = 4 GOTO 210

130 GOTO 170

140 PRINT "NO WRITE ENABLE RING"

150 CALL FBDPD: REM RING BELL

160 GOTO 190

170 PRINT *“TAPE UNIT NOT ON LINE"

180 CALL FBDD: REM RING BELL

120 INPUT “1IS TAPE NOW READY? (Y.N) "i¥Y$
200 GOTO 80

210 CALL 37140: REM INTERUFT ENABLE & START
220 REM %%% BACKGROUND PROGRAM FOLLOWS *¥¥
230 END

13
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Appendix 5b Basic program to supervise the assembler program
(App. 5c) used to write data to tape.

SOURCE FILE: TECHP

COF1: 1 PZ2AC ERU $COF1 sFOR *GO* COMMAND
COF4: 2 PlA EQU COF4 sFROM TAPE STATUS
COFé&: 3 P1B EQU $COF6 i TAPE STATUS + INT-SYNC.
COF?7: 4 P1BC EQU $COF7 § INTERUFT CONT.

COFO: o P2A EQU S$COFO0 s TO TAPE FORMATTER CONTROL
COF2: 6 P2B EQU $COFZ2 $TO TAPE DIRECT CONTROL
6E9Q: 7 FLG EQU $&E%0 5 INTERUPT DISABLE FLG
OOFE: 2 LUTBL EQU %FE sLUT ADD BUF LSB
Q0FF: ? LUTEH EQU s$FF $LUT ADD BUF MSB
FFA4A: 10 SAVE EQU $FF4A i SAVE REGISTERS

FF3F: 11 REST EQU $FF3F s RESTORE REGISTERS
CS00: 12 DMA EQU CS00 s DMA BASE ADDRESS
0340: 13 BUF EQU 340

0000: 14 ¥ DATA TO BE TRANSFERED ARE IN $5000 TO %6D1Z2
----- NEXT OBJECT FILE NAME IS TECHP.OQBJO

8F00: 15 ORG $8F00

8F00:48 16 FHA s SAVE REG

8F01:AD 90 &E 17 LDA FLG 315 THERE A

8F04:D0 02 18 BNE LPI § CURRENT INTERUPT?
8F06: 468 19 PLA

8F07:40 20 RTI 3 YES-RETURN

8F08: &8 21 LP1 PLA

8F0%:20 4A FF 22 JSR SAVE i SAVE REGISTERS

8F0C: A9 00 23 LDA #HO

8FOE:8D 20 6&E 24 STA FLG i DISABLE INTERUPT FLG
8F11: 23 ¥ INITIALIZE DMA BLOCK PARAMETERS

8F11:A%9 S0 26 LDA #$TO

8F13:8D 00 CS 27 STA DMA §MSB START

8F16:A9 00 28 . LDA #%0

8F1g:8D 01 CS 29 STA DMA+1 iLSB START

S8F1B:A? 1D 30 LDA #s$1D

8F1D:8D 02 CS 31 STA DMA+2 iMSB LENGTH

8F20:A9 12 32 LDA #%$12

8F22:8D 03 CS 33 STA DMA+3 iLSB LENGTH

8F235: 34 ¥ INITIALIZE DMA CONTROL

8F25:A9 01 35 LDA #1

8F27:8D 10 CS 36 STA DMA+%$10 $DATA TO TAPE

8F2A: 37 ¥ START TRANSFER

8F2A:AY B? 38 LDA #$B?

8F2C:8D FQ CO 39 STA P2A sSTART TAPE

8F2F: A9 34 40 LDA #%$34 sWRITE ONE REC
8F31:8D F1 CcO 41 STA P2AC GO’ LOW

8F34: A% 3C q2 LDA #$3C Hicin g

8F36:8D F1 CO 43 STA P2AC 3 "GO0’ HIGH

8F39:20 A8 91 44 JSR FFG i SET INTERUPT FLAG
8F3C:20 3F FF 45 JSR REST sRESTORE REGISTERS

8F3F: 40 46 RTI i RETURN




?100:

2100:AD
9103: 29
?103:8D
?108:AD
?10B: 29
f10D: 0D
?110:8D
?113:60
?114:

?114: A9
?116:8D
F119:A9
?11B:8D
911E: A9
?120:8D
P123: A%
2125:8D
?128:A9
912A:8D
?12D: 60
91ZE:

F12E: A9
9130:8D
?133:8D
9136:8D
9139:8D
?13C: A9
P13E: 8D
?141:A9
2143:8D
?1446: A9
9148:8D
?14B:8D
P14E: A9
?150:8D
?153:8D
9156:8D
159 A9
915B:8D
P15E:A?
9160:8D
P1463:A9
?165:8D
1681 A9
916A:8D
?16D:60

Fa
20
40
Fé
04
40
40

50

00
01
1c
02
30
03
1C
F?

oo
Fi
F3
FS
F7
FF
Fo
F7
F2
00
Fa
Fé

F1
F3
FS
14
F7
FF
FO
BF
Fo
FF
F2

47 ¥ THE SUBROUTINES THAT_ FOLLOW CAN BE CALLED
48 ¥ FROM BASIC AND ASSEMBLY LANGUAGE ROUTINES
OBJECT FILE NAME IS TECHP.OBJ1

49 ORG %9100
50 ¥ SUBROUTINE ERROR- TAPE STATUS
co 51 ERROR LDA P1A $GET STATUS
52 AND  #%20
03 33 STA BUF
co 54 LDA PI1B
] AND #&$4 SWRITE RING
03 36 ORA BUF
03 37 STA RBUF
38 RTS
59 #* SUBROUTINE START- STARTS DMA AND TAPE
60 START LDA #H%30 sNEW RECORD
c3 61 STA DMA
&2 LDA #%0
cS 63 STA DMA+1
64 LDA #%1C
CS 63 STA DMA+Z § BLOCK LENGTH
66 LDA #%30
CcS &7 STA DMA+3
68 LDA #%1C SENABLE INTERUPT
co (-3 STA F1BC
70 RTS

71 # SUBROUTINE PINIT- INITIATE FIA’S
72 PINIT LDA #O

co 73 STA FP2A+1
co 74 STA P2A+3 $SELECT COTROL
co 75 STA P2A+3
co 76 STA P2A+7
7? LDA #H$FF
ca 78 STA P2A $ TAFE CONT OUT
79 LDA #H$F?7
co 80 STA P2ZB 57 OUT 1 IN (MIRROR)
81 LDA #0
co a2 STA PlA i FROM TAPE
co 83 STA FPI1B ;i FROM TAPE
84 LDA #%3C
co a3 STA P2A+1
co 86 STA PZ2A+3
co 87 STA P2A+35
a8 LDA #%14 s INTERUPT DISABLE
co 89 STA P1BC i $1C FOR ENABLE
90 LDA #H%FF
co ?1 STA P2A
?2 LDA #$BF § PULSE FEN LOW
co 3 STA F2A 3 TAPE RESET
29 LDA HEFF
co S STA FZB
P& RTS

15
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PLEE: ?7 ¥ SUBROUTINE DINIT- INITIATES DMA CONTROL
P16E: A9 00 98 DINIT LDA #HO ¥

?170:8D 10 C5 99 STA DMA+%10 iCH O FROM TAPE
?173:8D 14 CS 100 STA DMA+%14 §ALL CH’S OFF
P176:A% 08 101 LDA #H$8

?178:8D 16 C5 102 STA DMA+%la §FOUR CHAN OPERATION
P17BIA? 03 103 LDA #3

?17D:8D 15 C3 104 STA DMA+$15 sDEND ON CHO & CHI
?180:A9 01 105 LDA #1

?182:8D 11 CE 1054 STA DMA+%1l iCH1 TO TAPE
?185: &0 107 RTS

F1B6: 108 ¥ SUBROUTINE RINIT- INITIATE RAM

?186: A9 50 109 RINIT LDA #%30 i CLEAR RAM
9188185 FF 110 STA LUTEBH

?18AIA9? 00 111 LDA #O

?18C:8% FE 112 STA LUTBL i START %5000
F18EIA0 00 113 LDY #O

PLF0:A? 00 114 LP20 LDA #O

?192:91 FE 115 STA (LUTBL),Y

?194:20 AE 91 116 JSR NEXT §NEXT IN BLOCK
P197:1A5 FF 1127 LDA LUTBH

219%:C9 8F 118 CMP H%8F § IS IT FINISHED
?19B:DO F3 119 BNE LP20 i NOT FINISHED
P19D: A7 8F 120 LDA HE3F

?19F:8D FD 03 121 STA $3FD i HIGH BYTE
PL1AZ2:A9 FF 122 LDA H&FF § INITIAL INT.
?1A4:8D 90 6E 123 STA FLG $ENABLE FLG
P1A7: 60 1249 RTS

?1A8: 125 ¥ SUBROUTINE FFG -SET INTERUPT FLAG
PLABIA? FF 126 FFG LDA HEFF

?1AA:I8D ?0 &6E 127 STA FLG

1AD: &0 12g RTS

P1AE: 129 ¥ SUBROUTINE NEXT- INC LUT BY ONE
PLAEIATS FE 130 NEXT LDA LUTBL

?1BO: 18 131 CLC

F1B1:69 O} 132 ADC #1

?1B3:85 FE 133 STA LUTBL

P1B5:AS FF 134 LDA LUTEH

?1B7:6%9 00 135 ADC #O

?1B9:85 FF 136 STA LUTEBH

?1BB: &0 137 RT3

¥¥%* SUCCESSFUL ASSEMBLY: NO ERRORS

0340 BUF ?P16E DINIT €500 DMA 79100 ERROR
?1A8 FFG GE?0 FLG 8F08 LF1 ?190 LP2C
FF LUTBH FE LUTBL FLAE NEXT COF4 P1A

COF?7 P1BC COF& PL1B COF1 P2AC COFO P2A
COF2 PZEB ?912E PINIT FF3F REST 7?9186 RINIT

FF4A SAVE 7?9114 START
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Appendix 5¢ Assembly language program used for writing
data to tape.

10 REM *%%¥ DATA FROM TAPE TO MEMORY VIA DMA CH1 *¥¥
20 REM *¥¥¥%¥ INITIALIZE FPIA’S

30 A = 49392 REM BASE PIA ADD. -

40 POKE A + 1,0: REM SEL CONTROL REG

50 POKE A + 3,0: REM GSEL COMTROL REG

&40 POKE A + 5,0: REM SEL CONTROL REG

70 POKE A + 7,0: REM SEL CONTROL REG

80 POKE A,255: REM QuUTPUT

?0 POKE A + 2,25%0 REM ouTPUT

100 POKE A + 4,0 REM INPUT

110 POKE A + 46,0 REM INFUT

120 POKE A + 1,40 REM CAZ-GO COMMAND (3C-34)
130 POKE A + 3,60 REM INT DISABLE

140 POKE A + 5,600 REM INT DIZABLE

150 POKE A + 7,20 REM INTERUFT ON L-H TRANS. OF CEZ
1640 POKE A,Z255

170 POKE A,1%?1: REM FEN LOW

180 POKE A + 2,235

190 REM *¥¥¥%¥% INITIALIZE DMA CONTROLLER

200 POKE B + 146,0: REM CH O DATA FROM TAPE

210 POKE B + 17,1 REM CH 1 DATA TQ TAFE

220 POKE B + 22,3: REM 4 CHANNEL OPERATION

230 POKE B + 21,3: REM DENT SET ON READ AND WRITE

240 GOTO 430
2950 REM *¥%¥¥ SPECIFY BLOCK

2640 FPOKE B,?%9: REM CH O ADD HI

270 POKE B + 1,235: REM CH O ADD LQ

280 POKE B + 2,30 REM CH O COUNT HI

290 POKE B + 3,20 REM CH O COUNT LOQ

300 POKE B + 4,79: REM CH 1 ADD HI

310 POKE B + 5,235 REM CH 1 ADD LO

320 POKE B + 6,30 REM CH 1 COUNT HI

330 POKE B + 7,20 REM CH 1 COUNT LO

340 POKE B + 20,0: REM BOTH CHANNELS OFF
350 RETURN

360 REM ¥%¥%¥% START TRANSFER

3?0 POKE B + 17,0 REM CH 1 DATA FROM TAPE
380 POKE B + 20,2 REM CHAN 1 ON

390 POKE A,191: REM FEN LOW

400 POKE A + 1,32: REM GO LOW

410 POKE A + 1,40: REM GO HIGH

420 RETURN a

430 B = B0432: REM DMA BASE ADD.

440 REM ¥¥¥¥ READING DATA

450 GOSUR 250: REM SPECIFY BLOCK

4460 GOSUB 370: REM START

470 REM ¥*¥¥ WAIT FOR DATA TRANSFER

480 FOR I = 1 TO 100: NEXT I

490 REM *%%% NEW DATA?

S00 INPUT "IS NEW DATA REQUIRED? (Y/N) "SYE
510 IF Y€ = "y" THEN GOTO 440

520 REM *%%X¥% DATA MANIFPULATION ROUTINE FOLLOWS
330 END




