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Programming And Interfacing
The Apple, With Experiments

Marvin L. De Jon

Department of Mathematics — Physics
The School of the Ozarks

Pt. Lookout, MO 65726

Introduction

When the Apple microcomputer is compared with
other popular microcomputers, one of its most
attractive features is the ease with which it can be
interfaced to devices in the outside world. Particularly
important in this connection are those eight beautiful
card slots in the Apple. The ‘‘black box’’ philosophy of
the designers of the TRS-80 leaves much to be desired
in scientific, educational, or industrial applications.

In this article we will describe a circuit to be built
on a peripheral card that fits in any of the eight card
slots in the Apple. The circuit provides the user with
one eight-bit input port and one eight-bit output port
(with possibilities for expansion). The circuit is built
with readily available components, and the output
port is also attached to eight LEDs so the user can
visualize the state of the bits. The bit values of the
input port may be controlled with an eight element DIP
switch, or by devices of the user’s own choice, such as
an A/D converter.

My main reason for designing this circuit was to
provide Apple owners with the experiments in my book
Programming & Interfacing the 6502, With Ex-
periments. This book was originally based on the
KIM-1, SYM-1, and the AIM 65, but with the I/O
board described in this article, the book can be used
in conjunction with Apple computers. So, if you are
interested in learning assembly language programming
in conjunction with my book, this I/O board may make
the task a little easier. If you are not interested
in the book, the I/O board described here will be of
interest if you wish to interface your Apple computer
to devices like A/D and D/A converters, stepper
motors, transmitters, and a variety of other devices.

The Clreult

The circuit diagram is shown in Figure 1. The
circuitry on the Apple microcomputer develops a
DEVICE SELECT pulse for each of the eight peri-
pheral cards. For card number 0, this pulse occurs
whenever addresses $C080 through $CO08F appear on
the address bus. For card number 1, the correspond-
ing addresses are $C090 through $C09F, and so on for
the other card numbers. That is, the device select
pulse, DS, is at logic zero for each address in the
range $CONO through $CONF, where N =$8 + CN
and CN is the card number expressed in hexadecimal.
These device select pulses can activate up to 16 I/O
ports on each card.

In the circuit shown in Figure 1, the device select
pulse (DS) generated by the Apple is combined with
the R/W signal generated by the 6502 to produce
a signal that activates the 74L8242 bus transceivers
in the direction from the Apple data bus to a peripheral
card data bus when the R/W line is at logic zero. The
lower 74LS32 OR gate and the 74L.S04 INVERTER
generate this signal. When the R/W line is at logic one
during a 6502 READ cycle, the 7415243 bus transceiv-
ers drive the Apple data bus from the peripheral card
data bus, provided the DS signal is at logic zero, its
active state. Thus, all data bus buffering is handled by
the two 741.8243s and it is controlled by the DEVICE
SELECT pulse and the R/W line coming from the
Apple computer. If you want to reduce the chip count,
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replace the two 74L.5243s with one 7415245 Octal Bus
Transceiver, a 20-pin chip.

The DS pulse also activates the 741.5138 3-to-8
line decoder that is used to produce up to four
WRITE pulses for output ports (Y, - Y, pins on the
LS138) and four READ pulses for input ports
(Y, - Y, pins on the LS138). In this application, only
one WRITE pulse and one READ pulse are used.
You may add more ports. Note that the R/W line is
one of the lines decoded by the 74L5138. This idea
originated in Gene Zumchak’s Nuts and Volts
column in Issue 2 of compute II. Thus, the lowest
four output lines, Y, - Y,, on the 74L.S138 will be
active only on WRITE cycles. The highest four out-
put lines from the 7415138, namely Y, - Y., will be
active on READ cycles. In particular, Y is active
when the last nibble in the address is $0 ($C080, for
example) and the 6502 is in a WRITE cycle with the
R/W line at logic zero. The Y, line from the 74L.S138
is active during a READ cycle and when the low-order
nibble in the address is $4 (8C084, for example).
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The two 74LS75 4-bit bistable latches are trans-
parent to the data bus when the G inputs are at logic
one. At the conclusion of the WRITE cycle the G
inputs are brought to logic zero and the data on the
data bus are latched into the Q outputs of the two
74L.S75s. These eight pins for the output port we have
called PORT A. The Q outputs activate the LEDs in
the sense that the LED will glow if the bit value in
Port A is one; otherwise they will not glow. If you
want to reduce the chip count, replace the 74L.S75s
with octal latches such as the 7418363 or 373, but you
will have to eliminate the pretty LEDs or find another
way to drive them. This completes the description of
the output port.

The input port is an 81LS97 octal three-state
buffer. It drives the peripheral card data bus when
the Y, line on the 741.S138 is at logic zero. Thus,

a LDA $C094 will result in a “‘read’’ of the input port
if the peripheral card is in slot 1 of the Apple.
We have called the input port, PORT B. The bit
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values of Port A many be controlled manually by the
eight switches on the DIP switch package. If the input
pin is connected to ground through the switch.

a logic zero results; otherwise you get a logic one.

If the input port is to be driven by some other circuit,
then the pull-up resistors (2200 ohms) are not
necessary. A 741.5244 octal buffer may be substituted
for the 81L897, but they are not pin-for-pin compati-
ble. This completes our description of the input

port, and the entire circuit.

Construction

You will need a peripheral card, the integrated cir-
cuits, a pin-out diagram for the peripheral card slots
(see your Apple manual), soldering equipment, wire-
wrap equipment, and several other parts. If you have
never wired or built a circuit before, be sure you
have someone with experience around who can help
you. Two photographs indicate the parts layout that
we used. Figure 2 shows the I/O card with the LEDs
and switches installed. The pull-up resistors had not
yet been wired. Figure 3 shows the I/O card with a
ribbon cable DIP jumper connected to a 24 pin
socket on the peripheral card. The 24 line cable can
handle the I/O port lines and whatever power con-
nections ( + 5V, GND, +12V, or -12V) that you
might want to steal from the Apple. Another cable
alternative would be to use an edge connector on the
peripheral card and have the cable exit through one
of the slots behind the Apple.

I chose to wire-wrap most of the board, and I
purchased my wire-wrap kit (WK-2) and my
peripheral card (Vector #4609) from Jameco Elec-
tronics, 1355 Shoreway Road, Belmont, CA 94002.
The remainder of the parts are available from a
variety of mail-order houses, Jade Computer Pro-
ducts for example.

The best way to start is to make all of the power
connections first. These are not shown in Figure 1,
but they are completely described in Table 1. Also,
although none are shown in the photographs, it is
good practice to install one 0.01 microfarad capacitor
between +5V and ground for each two integrated
circuits before doing the remainder of the wiring. I
installed mine later because I did not have any
available on the day that I wired the circuit and took
the pictures. Next, wire the lines from the edge con-
nector to the appropriate pins on the wire-wrap
sockets. These lines all appear to the left of the cir-
cuit diagram in Figure 1, and a table of the pin
numbers is given in Table 2. Finally, wire the con-
nections between the pins on the sockets. The pro-
cedure just described insures that all the soldering is
done at an early stage, when you are less likely to
burn through several innocent wires while trying to
solder another one. Again, if you have had little ex-
perience in wiring, find someone to help you lay out
the circuit and get started wiring. Most people are
anxious to demonstrate their expertise and be helpful.

Testing and Operation
To test the board first turn off the Apple and install
the board in one of the slots, say slot 6 in which case
the address of the output port is § COEOQ (decimal
49376) and the address of the input port is $COE4
(decimal 49380). (Actually, both ports respond to
other addresses also, but that will not be of any con-
cern here.) With the card installed and the Apple
running in its monitor, write some number to the
output port; that is, enter *COE0:55 RETURN. The
LEDs should display $55. Try some other numbers
such as $01, $02, $04, $08, $10, $20, $40, and $80 if
you wish to try all the LEDs in turn. To test the in-
put port with the monitor simply use it to examine
location $COE4 by entering *C0E4 RETURN. The
number you get should correspond to the switch set-
tings. Try each switch in the logic one position in
turn to verify that everything is working properly.
To test the I/O card using BASIC you must
PEEK at the input port and POKE data to the out-
put port. For example, a statement
10 Y = PEEK(49380)

returns the data at the input port as Y. The state-
ment

20 POKE 49376, Y

will put the contents of Y in the output port, pro-
vided Y is not greater than 255. Try running this
program:

10Y = PEEK(49380)

20 POKE 49376, Y
30GO TO 10

It reads the input port and writes that number to the
output port. Thus, the LEDs should follow the input
switches. In the above test procedure, we are still
assuming that the peripheral I/O card is in slot 6. If
you select some other slot, then the addresses used
above must be modified.
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Concluding Remarks

You should be aware that you cannot use read-
modify-write assembly language instructions (e.g.,
INC, DEC, ASL, LSR, etc.) to reference the output
port because it does not include an output register.
The best way to reference the output port is with
STA, STX, or STY instructions. To demonstrate the
other instructions, perform all your read-modify-
write instructions on some R/W memory location
(RAM), then transfer the contents of this location to
the output port. For example this program segment
demonstrates the ASL instruction.

ASL MEM1 Modify the MEM1 location.

LDA MEMI1 Transfer it to the accumulator.
STA PAD Output the data to Port A

If you have any questions, please include a self-
addressed stamped envelope, and I will be glad to
respond.

Table 1. Integrated Circuit Information,

IC

NUMBER DESCRIPTION QUANTITY +5V GND

741.85243 Quadruple Bus 2 Pin 14 Pin7
Transceiver

741532 Quadruple 2-Input 1 Pinl4 Pin7
Or Gates

741804 Hex Inverter 1 Pin14 Pin7

7415138  3-to-8 Line Decoder 1 Pin16 Pin8

741875 4-bit Bistable Latch 2 Pin 5 Pin 12

81L.597 Octal Three-State 1 Pin 20 Pin 10

Bus Driver

®
@
@
* Virtually complete flexibil-

GENERAL LEDGER

offers you

SOFT-
WARE
for MAXIMUM

Table 2. Some Pin Numbers for the Apple Bus.

Label (Figure 1) Pin Number on the Apple Bus

Do 49
D1 48
D2 47
D3 46
D4 45
D5 44
D6 43
D7 42
DEVICE SELECT DS 41
01 38
R/W 18
A0 2
Al 3

® ity in formatting balance PERFORMANCE
: sheefts and income state- WITH YOUR
ments.
@ ®31-character account Apple “
. names.
B § digit numbers, =
o ® 10 levels of subtotals for We are the gul:onzec}
® [ oredetailedincomestate- | Senter fqr SDOLIEe
@  ments and balance sheets. McGraw-Hlll _ providing
@ m up to 9 departments. you with business pack-
¥ A cash journal that auto- | @ges that will do every-
@ matically calculates the prop- | thing the Osborne Soft-
@ e¢roff-settingentryandallows | ware will do in addition to
@ a 33-character transaction many features we have
description. added.
* A balance sheet and income statement for the current month,

quarter, or any of the previous three quarters.

ACCOUNTS RECEIVABLE aliows you to:

m Enter invoices at any time.

® Keep track of invoice amounts, shipping charges, and sales
tax (automatically computed).

B Accumulate total payments including progress billing infor-
mation on each invoice.

B Print reports which list unbilled invoices, unpaid invoices,
and paid invoices.

& Obtain an aging analysis of unpaid invoices.

B Assign your own alphanumeric customer code.

B Maintain the date of the last activity for each customer, as
well as amounts billed this year and last year.

B Print Customer Statements. (Statements available through
SBCS).

Accounts Receivable is available independently or can be
integrated with the General Ledger program
In the final analysis, making your bookkeeping easier is what
our software is all about. There is virtually no limit on entries
since you may process them as often as you like. These
packages will support any printer/interface combination.

General Ledger requires one hundred ten columns.
Accounts Receivable requires one hundred thirty columns.
Suggested Retail:

INAINIAOANN . i vmovim bmnem e s R TR $180.00
Together ..... b M it Bk i b A e ) $330.00
McGraw-Hill manuals (required for documentation). ... . $20.00 ea.

Available from your local Apple Dealer or contact SBCS

YOU NEED EXPERIENCE WORKING FOR YOU!
Contact or write:

SMALLBUSINESS COMPUTERSYSTEMS

4140 Greenwood — Lincoln, Nebraska 68504 — (4021 467-1878
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