(Z-80s and 8080s That (s)

by Neil M. Harrington

If you are thinking about a modem for your personal
computer but haven't settled on the best approach,
here is one to consider: a software driven acoustic
coupler. This is applicable to just about any computer,
even one without a serial I/0O port. .

The software will show you how to: interface an
acoustic coupler through a parallel 1/0 port, produce
any desired baud rate, and make your personal com-
puter act like a remote terminal.

A simple hardware interface for connecting an acous-
tic coupler to your computer is one bit in and one bit out
from a parallel I/O port. Of course, if you have a serial
1/O port, it will considerably simplify the interface.

The complete modem interface program is presented

in listing 1. It is written in Z-80 assembly language us-

ing Zilog mnemonics. However, only 8080-compatible
instructions are used. A quick scan shows that the pro-
gram is highly modular. This costs a few extra bytes of
instructions, but should make it easier to adapt the pro-
gram to your system. .

A flow diagram showing the main program functions
is presented in figure 1. Upon entry, the program initial-
izes the video display, then drops into the main routine
at lines 400-590 in listing 1. The main routine is an
endless loop that alternately polls the modem and key-
board looking for input. If modem input is detected,
subroutine ‘rmodem’ is called to fetch the character;
‘dchar’ is called to display it. If valid keyboard input is
detected, the character is sent to the modem via sub-
routine ‘wmodem.’ This process continues until ESC is
pressed to exit to the monitor.

Scheme of actual data byte

The modem |/O drivers transfer data between the
modem and the computer, translating between serial
and parallel data forms in the process. Before examining
the software techniques for doing this, let’'s look at the
serial representation of a typical data byte. Figure 2
shows the serial transmission of E which is 1000101 in
seven bit Ascii code.

Reading figure 2 from left to right, we first see that a
logical one is transmitted between characters. The
beginning of the character is signalled by a logical zero

96 INTERFACE AGE

start bit, followed by the seven Ascii data bits in
reverse order and then a parity bit. Finally, the charac-
ter is terminated by one or two stop bits at logical one.

The parity bit is provided as an optional data check.
It is set either to one or to zero by the transmitter to

Figure 1. Program flow diagram.
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make the sum of the eight data bits an odd number (for
odd parity) or an even number (for even parity). The re-
ceiver checks the sum of the eight bits to determineif a
transmission has occurred. The parity bit is usually ig-
nored by time-shared computers, so it is not implemented
in the modem drivers. However, only a few additional
instructions are required to include parity if desired.
Now let’s look at the modem driver software. Sub-
routine ‘rmodem’ (lines 820-940 in listing 1) accepts
serial bits from the modem and returns with the input
character in the accumulator. ‘Rmodem’ is called as
soon as the start bit is detected (i.e., the signal drops
from one to zero). ‘Rmodem’ calls ‘delay1’ at line 830
to wait for the center of the first data bit to arrive. Each
of the eight data bits is read in turn from the least signi-
ficant bit (LSB) of input port ‘inmodm.’ As each bit is
read into the accumulator, it is added to the bits read
previously and saved temporarily in the D register. The
precise time between each bit is obtained by the call to
‘delay’ at line 900. On exit from ‘rmodem,’ the com-

pleted data byte is in the accumulator. At line 930, the

most significant bit (MSB) is set for proper handlmg in
the display routines.

An Ascii character input from the keyboard goes into
the accumulator. From there, subroutine ‘wmodem’
(lines 1150-1310) transmits it to the modem a bit at a
time from the LSB of output port ‘otmodm.’ First a zero
start bit is sent (lines 1170-1190). The eight data bits
are sent out one at a time starting with the LSB (lines
1200-1260). The precise time required for each bit is
provided by the call to ‘delay’ at line 1240. Finally, two
stop bits are transmitted at lines 1270-1300.

Software baud rate generator

The precise time between bits is provided by a short
subroutine ‘delay’ (lines 1350-1410). This is the heart
of the modem interface, so let’s take a closer look.
‘Delay’ consists of two tightly nested loops. The num-
ber of times the loops are executed depends on the in-
teger timing constants TIM1 and TIM2. Since the
values for TIM1 and TIM2 will differ for each baud rate

and CPU clock frequency, we will need a convenient
way to compute them.

- The time per bit produced by the timing loops can be
expressed by the following equation:

TL=(C*(14*B +21) + 73)/F where
C=TIM1
B=TIM2
F = CPU clock frequency

The constants 14, 21 and 73 were obtained by adding
the number of CPU cycles required to execute the in-
structions in each loop. (The value 73 includes the
average number of cycles for lines 850-920 of
‘rmodem’ and lines 1200-1260 of ‘wmodem.) If F is
entered in megahertz, TL will be in microseconds. -
The required time per bit for a given baud rate R is
given by TR = 1.E6/R, where the constant 1.E6 causes
the value for TR to be in microseconds. Equating TL with
TR and solving for B to the nearest integer, we obtain

B =INT(((1.E6*F/R-73)/C-21)/14 + 0.5).

The resultant percentage error in the time per bit is
E =100*(TL-TR)/TR. Substituting for TL and TR, we
obtain

E=100*((C*(14*B +21)+73)*1.E-6*R/F-1).

The optimum values for the timing constants B and C
are those that produce minimum error, E. These values
can best be found by systematically selecting values
for C and then computing values for B and E from the
equations above. It should be noted that C must be an
even number because a third timing constant, TIMO, is
C*3/2 to time a bit and a half.

To make it easy to determine timing constants, the
whole procedure outlined above has been put into a
Basic program. The program is given in listing 2, and a
sample run for 300 baud at a clock frequency of 2.5
MHz is shown in the table, indicating that minimum tim-
ing error is achieved with C=4 and B =146 or with
C =20 and B = 28. The timing constants are entered in
the assembly program at lines 2600-2620.

LOGICAL 1 IS SENT BETWEEN CHARACTERS
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Figure 2. Transmission of Ascii character, E=
1000101. (Note: bits are sent in reverse order)
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The /O functions performed by the modem interface
program are now described. Since computers differ
widely in the way they interface with the keyboard and
video display, it is unlikely the listed I/O routine can be
used as is. Therefore it is important to understand how
they work so you can modify them for your computer.

A personal example

The keyboard on my system works as follows: while
a key is depressed, its Ascii code is present at input
port ‘inkeyb.” When the key is pressed, the MSB is
strobed (i.e., goes briefly to logical one and then
returns to logical zero). To avoid sending a character to
the modem more than once per keystroke, the strobe
bit is tested at line 540. If the strobe bit is off, the
character is ignored unless it is a control character.
The character displayed after a keystroke is the one
echoed by the host computer to show that it was re-
ceived properly.

The video monitor on my system displays 1024 char-
acters as 16 lines of 64 characters each. Characters
are sent to the screen via output port ‘otscrn.’ All
characters appearing on the screen are contained in a
1024 byte circular buffer starting at address ‘buffer’
and ending at ‘endbuf.’ It is not necessary to.start the
buffer on a page boundary; it may reside in memory
wherever you choose. Characters in the buffer are
never moved. Instead, pointers to the current first and
last lines (top and inline) are maintained. When it is time
to scroll the display, these pointers are simply moved
down to the next line in the buffer. If this action moves
a pointer beyond the physical end of the buffer, the
pointer is reset to the beginning.

Here are brief descriptions of the.three main I/0
routines:

RUBOUT (lines 63&780}: used to erase an incorrect
keyboard input. The bad character is removed from the
screen and the buffer. A delete is sent to the modem,
and the next three characters are intercepted to sup-
press their display. (These characters are ‘‘backslash-
badchar-backslash’'.) Special routines ‘erase,’
‘bspace’ and ‘space’ are used.

DCHAR (lines 980-1110): if the byte in the accumula-
tor is a printable Ascii character, this stores it in the
buffer, displays it on the screen and advances the cur-
sor using special subroutines ‘tvout’ and ‘dscrsr.’

LNFEED (lines 1450-1560): if the character in the
accumulator is a carriage return with MSB set, this rou-
tine will scroll the display using special subroutines
‘movelp,’ ‘filmem’ and ‘dsplay.’

Hardware requirements

Only three electrical connections are required: signal
in, signal out and ground. If a serial port is available,
hook up the three wires and you are ready to go.

However, if you must connect to a parallel port,
translate voltage levels between the computer and the
acoustic coupler. The computer's parallel port uses
TTL levels (i.e., anything from 0.0 to 0.8 volt is a logical
zero; anything from 2.4 to 5.0 volts is a logical one).
The acoustic coupler uses RS-232C levels: +5 to
+ 15 volts is a logical zero; and -5 to -15 volts is a
logical one.

There are a number of simple circuits for effecting the
required voltage conversions. | chose MC1488/1489
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integrated circuits specifically designed for this pur-
pose. The complete hardware Interface is shown in
figure 3.

COMPUTER ACOUSTIC
BACK PLANE COUPLER
MC1488
—12v 1
D8-25P
CONNECTOR
+12v 14 \./
LS8 Port 2 Out " 7 4 2
Computer Gr 7
7
Ls8 Port 2 Ing 3 1 3
8V 14 \
|
MC1489

Figure 3. Hardware interface for parallel I/O port.

Here are brief summaries of some program changes
that may be needed to customize the software:

Timing constants (lines 2600-2620 in listing 1) will
probably have to be changed for your computer. The
Basic program in listing 2 determines the best timing
constant values for your computer’s clock frequency.
In the program output, C is TIM1 and B is TIM2.

Keyboard and video routines of the modem interface
software will require the greatest amount of change.
To design them effectively, it will be necessary to learn
how /0 is handled in your system. One note of caution:
if 1/O functions are interrupt driven, disable interrupts
on entry to subroutines ‘rmodem’ and ‘wmodem,’ and
reenable them on exit. This is essential to avoid Inter-
ruption during the timing loops.

Special control characters can be added to Instruc-
tions near lines 500-530 of listing 1. On some host
computers, control-S suspends program operation and
control-Q restarts it. If control-S is keyed in while a
stream of characters is being received from the
modem, the ensuing control-Q restart will usually pro-
duce gibberish. This is overcome by adding code to
cause the modem program to wait until a carriage
return is received before transmitting a control-S
character. Restart will then begin cleanly at the start of
the next line.

On some systems, control-O toggles the program
output on/off without suspending program execution.
Here it is essential to add instructions to ensure that
only one control-O is transmitted per key-in.

| have used the modem interface program to suc-
cessfully connect into four different computers (VAX/
11-780, Univac 1108, IBM 360 and PDP-10). Commu-
nication has been accomplished at 110, 300 and 600
baud. It works! If you decide to implement a software
modem interface, you will learn a lot about your per-
sonal computer. And you might even have fun doing it.(]

Program on Page 134
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CHARACTER
CHARACTER .
sBACKSPACE CONTROL CHARACTER
:MOST SIGNIFICANT BIT
:ADDRESS OF MONITOR

RETURN
CHARACTER
:DELETE CHARACTER -

*NCHARS
:STORAGE FOR NBUF CHARACTERS

:1ST CHAR BEYOND CONTROL CHARS.
INPUT
:NUMBER OF LINES ON SCREEN
:NUMBER OF CHARACTERS PER LINE
:POINTER TO 1ST LINE OF DISPLAY
:POINTER TO INPUT (BOTTOM) LINE
:POINTER TO CURSOR LOCATION

:LINE FEED (CR W MSB ON)
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