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- Welcome to the first issue of THE COMPUTER
HACKER, a magazine for those interested in building,
interfacing, programming, and using microprocessor
based devices.

When I first got my microcomputer, I was thrilled
about all the things that I could do with it. I used a
word processor, a spread sheet, and a data base
program for my print shop, and learned to love
working with the computer. But then I wanted to use
the computer to control things in the real world and
needed to use something besides prepared programs. I
learned to program in Basic, and found that I needed
assembly language. I took a course in assembly
language, and found that I needed to learn how to
interface to and control devices.

Up to this point I had been able to find the
information I needed. There is a lot of information on
Basic programming. Not all of it is good, but I could
pick and choose to find what I wanted. There is some
information on assembly language programming. Not
much of it is very useful, but at least I could find
enough to help. When I started searching for down to
earth, hands-on, information on interfacing and control
I hit a brick wall.

I looked at the shelves full of computer books, and
the racks full of computer magazines, and said “With
all this literature, what I need must be here
somewhere.” So I started searching for books and
magazines which had what I needed. I found a few
books which touched lightly on the subject, and an
occasional magazine article which shed some light, but
I couldn't find a periodical with ongoing current
information.

We live in a rather isolated area, and I figured that
what I wanted certainly must be available in “The Big
City.” Whenever I traveled, I asked anyone who had
anything to do with computers for leads to the
information. I got a lot of blank stares because they
didn’t understand what I was talking about, and the
few who understood said “When you find it, let me
know because I need it too.” Finally someone said,
“Why don't you publish a magazine for the Hacker?” I
answered, “What? Another computer magazine? You
gotta be kidding.”

I kept on searching, but what I needed didn't exist.
The magazines had nice four-color pictures of the latest
$10,000 computers, stories on how to buy your first
computer, and reports on the newest elegant, high
cost, peripherals. But they didn't have what I wanted.
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What is it about my needs that make it so unusual? I
want to know how to program and control Stepper
Motors. Not just buy someone's controller board and
plug it in, but understand exactly what makes them
tick. I want a directory of stepper motor eontroller
chips with applications. I want a directory of Hacker
priced sensors with how-to hands-on bench level
application information. I want to hear from the people
who are making things happen-what they're doing,
what works, what doesn't work, and most important,
WHY.

And Stepper Motors is just an example. I want to
know HOW to set up a Timex 1000 or a microprocessor
as a dedicated device to “sit on a process” so that I
don't have to tie up my main microcomputer for control
or monitoring purposes. This means that I have to
understand various series and parallel interfacing
methods, and how to apply them for data transfer and
control.

Data transfer involves AD and DA converters,
UARTS, and various interface adapter chips. I want to
know how to apply them. Not just some prepared
circuit to follow, but know how to apply them to my
needs.

The initial response to The Computer Hacker has
been very good, so apparently I am not the only one
with these strange needs. We have some very
interesting articles coming in, but we also need
feedback from YOU. This is your magazine, and it will
only be as good as YOU make it by sending articles and
information. ]
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THE RS-232-C SERIAL INTERFACE

by Phil Wells—Technical Editor

INTRODUCTION

M uch myth, misinformation and misap-
plication surrounds the use of the RS-232C
serial communications interface standard in
the microcomputer industry. The standard is
too general, was not written with micros in
mind, and unnecessarily complex for most
micro applications. Designers implement sim-
plified versions of the standard and usually
don’t choose the same path to simplification.
The purpose of this tutorial is to explain
what the RS-232C standard is and is not, to give
examples of real micro-world implementation
of the standard, and to propose a simplified
version for use in Computer Hacker projects.

The RS-232C Standard

The RS-232C standard is a publication of
the Electronic Industries Association (EIA).
The name means ‘‘Recommended Standard”
number 232, revision C. The full title is
“Interface Between Data Terminal Equipment
and Data Communication Equipment Em-
ploying Serial Binary Data Interchange.” The
most recent revision was adopted in 1969. You
can obtain a copy of the standard by writing to
the address given in Table 2.

To discuss the standard, we need to agree
on definitions of some of the terms used in
the standard.

® Serial Binary Data means that the ones
and zeroes (bits) are sent one at a time
—in serial fashion—rather than eight bits
at a time as with a parallel (e.g. Centronics)
interface. This standard says nothing
about data formats or codes. It only
defines a way to send one bit at a time.

© DTE or Data Terminal Equipment is the
hardware that produces or uses the
information being communicated. This
means a host or remote computer or
terminal, a printer, a remotely controlled
device, etc.

© DCE or Data Communication Equipment
is the hardware that conveys the
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information between the pieces of Data

Terminal Equipment. This usually means a

MODEM. When two DTE's (Terminal

Equipments) are connected by an RS-232C

interface, one must play the role of a DCE

or MODEM even if two DTE’s are being
directly connected. This arrangement can
be simulated using a ‘‘Modem eliminator”
described later.

® interchange or Interchange Circult. The
standard uses this term to define each
current path— a signal wire and its
return wire. Simpler than it sounds.

® Interface. Simply the point of connection
between two pieces of equipment.

The standard defines several things:

® Electrical characteristics.

® Mechanical characteristics.

® A functional description of data, timing
and control circuits.

® Standard subsets of the interchange
circuits for specific applications.

One reason the RS-232C standard is ap-
plied in such diverse ways when micros are
connected to printers Is that the entire
document refers to a DTE-DCE-telephone line
DCE-DTE communications link. That is, two
computers talking to each other over telephone
lines, with MODEMS coupling both machines
to the phone lines. The standard defines the
electrical connections between each com-
puter and its MODEM. Many if not most micro
applications of RS-232C are really misap-
plications since no DCE is involved; in these
cases most of the standard makes no sense at
all.

RS-232C Electrical Characteristics

The standard references the equivalent
circult shown in figure 1. It shows a driver side
and a terminator side, connected at an
“interface point.” For the driver, we usually use
an MC1488—or similar—integrated circuit, and
for the receiver side, an MC1489A—or similar—
integrated circuit. The driver generates an
open-circuit voltage, Eqyr. The driver side of




Figure 1—Interchange Circuit.
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the interface (including cable) has an output
impedance, Rgytand an output capacitance,
Cout. The receiver or terminator side has an
open-circuit voltage, E|N, an input impedance
and capacitance (again including cable)
of Ry and Cyn.

While it may not be obvious, an “inter-
change Circult” is one of the signal, timing or
control wires, while the “Circuit AB, Signal
Ground’” is the one and only return wire for all
three groups of signals. The RS-232C standard
defines an ‘‘unbalanced” circuit; the newer
RS422 standard defines a ‘'balanced” type of
interface, with a separate return wire for each
signal.

The voltages, resistances, capacitances
and unbalanced configuration of this
equivalent circuit determines the electrical
requirements and the limitations of an RS-232C
implementation. For our use, the important
electrical requirements and limitations are:

1.The driver (sending chip) must not be
damaged by an open circuit or by a short
to ground or to any other wire in the
interface cable.

2.The terminator (receiving chip) must be
able to tolerate 25 voits above ground and

25 volts below ground. Driver chips such

as the 1488 are designed to meet these

requirements; normal TTL circuits will
not meet the spec.

3.The open-circuit voltage at the terminator
must not exceed plus or minus two volits.

4.The terminator load impedance must be
between 3,000 and 7,000 ohms.

5.The terminator load impedance must be
non-inductive and the terminator's shunt

capacitance must not exceed 2,500

picotfarads.

6.The driver's open-circuit voltage must be
limited to plus or minus 25 volts.

7.The driver's output impedance is not
directly specified, but must be selected to
limit the short-circuit output current to
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one-half ampere, and the power-off output
impedance must not be less than
300 ohms.

8.The driver's output impedance shouid be
selected such that the “one’” and ‘‘zero”
levels at the output of the driver are
between 5 and 15 volts in magnitude.

9.A logical “1”, or MARK or OFF condition
exists when the voltage at the interface
point is between -3 and -15 voits.

10.A logical “0”, or SPACE or ON condition
exists when the voltage at the interface
point is between +3 and + 15 volts.
Since the driver must output at least + five
volts and the receiver must detect a ‘0"
at +3 voltsand a‘“1” at — 3 volts, we have
a two volt safety or *noilse” margin
on each side.

11.0n some specific interchange circuits, an
open connection or a power-off condition
must be decoded by the receiving device
as an “oft” or “logic 1" condition. This is
important because it determines what the
software does if the connectors are
unplugged or the power is off at one end.
The effects of the voltages specified above

are summarized in Figure 2. Notice that 25 volts
is the maximum allowable magnitude and that a
legal “1” or "“0” is between 3 and 15 volts
in magnitude.
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Figure 2—RS-232-C Voltage Levels.







