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I. Introduction

This article describes a RS-232C interface circuit for
serial input/output that can be used with any com-
puter peripheral that uses such an interface. In this
instance, the peripheral is a modem (NOVATION
CAT) that can be used to transmit and receive data
over telephone lines. Many modems require a RS-
232C interface, hence the need for the circuit which
in twrn uses a2 6551 ACIA (Asynchronous Com-
munication Interface Adapter). The purpose of
publishing this work is to find one or more persons
who would be willing to experiment with computer
communications over telephone lines. The article also
describes some very simple software that can be used
with a modem to transmit and receive messages over
telephone lines. Later, more sophisticated load and
dump routines can be written to transfer large
amounts of data and/or programs from one user to
another.

A true confession is that I am a beginner in the
area of computer communications, and I would like
to try some simple experiments before I fork-up a big
subscription fee to one of the networks, only to find
that my equipment or my understanding is inade-
quate. If you can obtain the necessary equipment
and if you are in roughly the same position, write me
a letter when you have said equipment operating and
we will try to arrange a time to try our hardware and
software on a telephone link. I might add that the
software and hardware described here have not been
tested, except in the “TEST"’ mode on my modem,
in which case everything worked properly. I am
aware that my routines are simple and slow, and I
would welcome suggestions for improvement.

Il. Circults And Things

I sometimes wonder if there are any hardware en-
thusiasts like myself out there. You might let your
editor/publisher know of your interests. My hardware
fan club seems to be the null set, judging from the
amount of mail 1 get. But here is another circuit
even if no one cver builds it. You can always buy an

RS-232C interface anyway. The circuit is shown in
Figure 1. It consists of three integrated circuits, a
6551 ACIA, a MC1489 RS-232 line receiver, and a
MC1483 RS-232 line driver. The latter two circuits
change the R8-232 signal levels to TTL levels, and
TTL level signals to R8-232 signal levels, respec-
tively. The 6551 ACIA operates at TTL levels (5
volts is logic one, zero volts is logic zero), while the
modem operates at RS-232C signal levels (see
Michael E. Day’s R8232 Communications in COM-
PUTE!, September/October 1980, page 26). The
power connections for the MC1488 and 1489 devices
are given in Table 1.

Table 1. Power Connections for the R8-232 line driver
and line receiver,

MC1488 Pin1 = ~12V Pin14 = 412V Pin7 = GND
MC1489 Pin 14 = +5V Pin 7 = GND

The connections to the lcft of the 6551 ACIA are
made to the user’s microcomputer system. Most of
the signals are standard 6502 system bus signals, and
require no explanation. Thus, address lines A® and
Al are used to address the four registers of the 6551,
and are connected to the register-select pins RS0 and
R31. (You will probably want to obtain a specifica-
tion sheet from either Rockwell or Synertek when
you get your 6551, in fact, I advise you not to build
the circuit without a spec sheet.) The data bus con-
nections are shown in Figure 1, as well as several of
the 6502 control lines (R/W, @,, RES, TRQ). A
1.8432 MHz crystal is also required. Still referring to
the connections on the left-hand side of the 6551 in
Figure 1, we are left with pins CS0@ and CS1, the
chip selects.
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Figure 1. Gircuit for the 6502-to-RS-232C-to-Modem interface.
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The chip select pins must be controlled by the
address decoding circuitry in your microcomputer
system, or else you must add your own address
decoding circuitry to produce the chip select pulses.
Since I have an AIM 65 system, I used one of the
device selects available on the expansion connector,
namely DS9. This signal is active at logic zero for
any address in the range $9000 to $9FFF. It was tied
to C51, the active-low chip select. If CS0 is tied to
+ 5V, then the registers on the 6351 are selected by
any address of the form §9XX0 to $9XX3 where
XX is a “"don’t care’’ number. Thus, in the pro-
grams you will find the four 6331 registers selected
by addresses $9400 to $9403. If you have a SYM-1
vou can make use of device select DSI8. If you have
an Apple you must provide your own decoding cir-
cuitry. The reason lies in the fact that the device
select pulses generated by the Apple for the
peripheral cards have been logically ANDED with
8,, and consequently they do not become active early
enough in either the READ or WRITE cycles to
work with 6500 family devices. For a discussion of
address decoding see De Jong’s ( book. The circuits
are generally quite simple. In the case of the Apple, I
suggest trying an inverter and a 74133 to generate a
device pulse for say $C08X, and perhaps a 741.5245
as a data bus buffer. Try an inverted @, to replace
0,. My familiarity with the PET does not justify sug-
gesting any circuits, but I am sure the 6551 can be
interfaced to a PET.

We turn next to the signals on the right-hand
side of the 6551 as it is shown in Figure I. The RXC
input to the 6531 is the easiest to explain because it
is not used in this application. The remaining pins
have labels that are almost identical to the R5-232C
designations. In fact, the only one that is different is
the which is simply CD (Carrier Detect) in
RS8-232C lingo. Again, refer to references (2) and (3)
for a more complete explanation of the R3-232C in-
terface.

Although the signal designations on the 6351
ACIA are almost identical to the RS-232C labels, the
signal levels are not, and some arrangement must be
made to transform the TTL levels of the 6551 to the
RS5-232C signal levels. We chose to use integrated
circuits designed expressly for that task, namely the
1488 and the 1489 line driver and line recciver. Note
that the 1488 requires a positive and negative supply
voltage as well as ground. Also, the R8-232C ground
(pin 7 on the DB-225 connector) should have the
same ground as the 1488 and the 1489. The connec-
tions in Figure 1 that are found on the right-hand
side of the figure made up a rather complete RS-
232C serial interface that may be used to interface to
a variety of peripheral devices. Furthermore, the fact
that the data format and Baud rate of the 6531 are
under the programmer’s control makes this an ex-
tremely flexible R8-232C interface.

Since computer communication by telephone is

the subject of this article, a modem is required.
There are a variety of modems with R5-232C inter-
faces on the market and we do not wish to make any
recommendations about them. I purchased a Nova-
tion Cat because that appears to be one of the more
popular devices. Skyles Electric Works and other
advertisers in COMPUTE! offer modems for sale. In
any case, my Novation Cat requires the signals
designated in Figure 1 in addition to the signal
ground. Other modems may require the DTR and
RTS signals so we have shown the correct TTL-to-
RS-232C interface in the event you may need these
signals.

This completes our description of the circuit and
we turn next to a simple program that is supposed to
allow communication to take place using the 6551
ACIA.

lil. A Simple Communications Program

A program that was designed to allow two people to
communicate over telephone lines with their com-
puters is given in Listing 1 and a flowchart is shown
in Figure 2. This program is very simple and very
slow, and it is offeredl here merely as a way to test
the circuit, the program, and the modem. Eventual-
ly, one would want to construct more elaborate
routines to transfer information quickly. Our interest
here is in experimenting for the sake of learning.
Hence there is no necessity for encryption devices,
belis, whistles or even parity checks.

Here is how it is supposed to work. The caller
loads the program and places his modem in the
originate mode with full-duplex operation selected.
He loads the indirect jump location with the vector
$0F13 so that after the program is begun, his program
will go to the transmit loop.

He makes the telephone call to an anxicusly
awaiting friend who also has this interface and this
program operating. The friend has loaded the in-
direct jump location at $0000 and 30001 with the
vector $0F26 (remember, $26 goes in 0000 and
$0F goes in $0001). The friend has also placed his
modem in the answer mode with full-duplex opera-
tion selected. After an informal chat, both friends
put their modems into action by placing the handset
into the muffs (assuming acoustic modems). The
ariginator begins to type a message.

He ends his part of the message with an ‘EOT"’
character (Control D on your keyboard). While he is
transmitting, the friend’s program echoes the
message back to the originator where it is read and
printed by the computer. It’s nice to sce what you
have said, and to know that it got where it was going
with no mistakes. When an ‘EQT" character is sent,
it automatically transfers the originator’s program to
the receive loop and the receiver’s program to the
send loop, giving him a chance to retaliate. Having
made no visible symbol to indicate when this
changeover takes place, may I suggest sending a
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Listing 1. An Experimental Communications Routine.

$0F00 A9 OB START LDA #30B

Initialize the 6551 by loading the

command
0F0Z 8D 02 94 S$TA CMNDRG register (sce 6551 spec shect for
details}.
OF05 A9 13 LDA #3813 Load the control register for 8-bit
word
O0F07 BD 03 94 STA CNTRG length and Baud rate of 110, el
OFCA 78 SEI Prevent interrupts. b
0FOB D8 CLD Clear decimal mode.
OFOC EA NOP A mistake of minc,
OFOD AD 01 94 LDA STATUS Clear any interrupts on the 6551. @ ______ ST At |
0F10 6C 00 00 JMP (THERE)} Jump to transmit loop to transmit, eannt nise
receive
OF13 20 3CE9 TXLOOP ]JSR KYED loop to receive. Get a character
from the et eatnmACTER
OF16 20 FO OF JSR TXMIT  keyboard read routine. Send it to [anas e
the 6551 iz
0F19 C9 04 CMP #EOT’ transmit subroutine. If an ““End of
Transmission®’ —— e i
OF1B FO 09 BEQ RXLOOP (Contrel D) is seat, branch to et e NI
receive loop.
OF1D 20 EQ OF JSR RCVDAT  Get the eche from the receive bl [ Mo
subroutine. a1
0F20 20 7A E9 JSR OUTPUT Output it to your own printer to sec m () [mumns
what you
0F23 18 CLC sent, Force a jump back to ® .
TXLOOP <ET - Eqio”
0F24 90 ED BCC TXLOOP and get another character to send. KmorTivE
0F26 20 EOOF RXLOQP JSR RCVDAT Wait for a character to be sent.
0F29 C9 04 CMP #EQT’ Is he finished with his transmis- J
sion? x
OF2B FO E6 BEQ TXLOOP Yes, then go to transmit loop. SRROTTINE |
0F2D 20 FO OF JSR TXMIT  Echo the character that was sent. l ]
O0F30 20 7A EY JSR OUTPUT QOutput the character to your
printer. .
OF33 13 CLC Force a jump back to RXLOOP Figure 2. Flowchart of the
0F34 90 FO BCC RXLOOP and get another character when it is Transmit/Reccive Program. See text
sent. for details.
Subroutines

OFEQ AD 01 94 RCVDAT LDA STATUS Read the status register to see il a

word

OFE3 29 08 AND #808 has been received, otherwise wait
for one,

OFE5 F0 F9 BEQ RCVDAT

OFE7 AD 00 94 LDA RCVRG  Get the word from the receiver
Tegister.

OFEA 60 RTS Return to the calling program.
OFF0 48 TXMIT PHA Save the accumulator temporarily
OFF1 AD 01 94 WAIT LDA STATUS Is the transmitter register empty?
OFF4 29 10 AND #510 No. Wait until it is.

OFF6 FO F9 BEQ WAIT
OFF8 68 PLA Get the character from the stack.

OFF9 8D 00 94
register.
OFFC 60 RTS

question mark, or perhaps there is some CB lingo
that suggests it is the other person’s turn to talk. If
all else fails, pick up the handset and holler
something. Do nof change your modem from its
original answer or originate mode.

So back and forth the conversation goes. Once
you have the transmit option in your hands nothing
can stop you from talking until you send an ‘EOT"
and give your fricnd a chance to say something.
Clearly, the pragram lacks a certain elegance (it may

STA TMTRG Store it in the 6551 transmit

Return to the calling program.

not even work, in which case it lacks a whole lot of
elegance), but maybe it will get some fun started. By
the way, the originator of the phone call usually gets
the phone bill.

Study the flowchart and the program listing.
The program begins by intitializing the 6551. An
eight-bit word (T'TY compatible) is used, with the
parity check disabled, and one stop bit is sent. The
Baud rate chosen here is 110, but it should be possi-
ble to go to 300 Baud. Both participants must have
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the same rate. Next, the program jumps to either the
reccive loop or the transmit loop depending on the’
vector loaded inte $0000 and $0001. This was a
crude way to start, but it should work.

In the transmit loop the program first waits for
an input from a keyboard read routine. The address
in the program belongs to an AIM 65 monitor
subroutine that returns the ASCII representation of
the depressed key in the accumulator. This character
is sent by calling the transmit subroutine which loads
the 6551 transmit register with the character. The
6551 takes over and sends the character. The pro-
gram then waits for the character to be echoed from
the other telephone and computer. The echoed
character is printed to make sure that what was sent
was actually received. Then control returns to the
keyboard subroutine to wait for the next character to
be sent.

In the receive loop the program jumps to the
receive subroutine that watches the 6331 until a
character is in the receive data register. If this
character is an *EQT’ then control goes back to the
transmit loop and you may begin transmitting.
QOtherwise the received character is immediately
echoed back to the sender and also printed with your
QUTPUT routine. Again, the address of the QUT-
PUT routine in Listing 1 belongs to an AIM 65
subyoutine. Both the KYBD and QUTPUT
subroutines must be supplied by the user’s monitor
or the user himself, otherwise the program in Listing
1 is complete.

While in the transmit loop, the selection of the
‘EQT’ character by the sender will automatically
transfer control out of the transmit loop into the
receive loop. Note again that no bells or whistles
have been programmed to occur when you send an
‘EOT” character, so if you are transmitting you bet-
ter let your friend know you are passing control of
the systern to him.

So hopefully all this will work. If it doesn't you
have only me to blame, and I will not assume the
cost of your labor or your equipment to conduct this
experiment. Perhaps it would be best if you waited
until someone else tried it; think it over before you
take the plunge.

Besides, my next project is to launch a 6502
Communications Satellite using dynamite in my back
yard and you may want to save your money to buy
shares in that enterprise.
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