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It’s Time to Return to
The Bench

The microcomputer industry was
started by techies who built and
programmed their computers, but now
most of the micros are purchased fully
assembled and ready-to-go by business
people. The industry has responded
with appliance type micros designed for
the usual business needs without
requiring any technical knowledge from
the operator. These systems may work
well in their intended office use, but
they do not fill the needs of the serious
experimental computerist who wants
to interface to strange devices which
were not planned for during the
original design. The older, less struc-
tured, systems with easily expanded
I/0 capabilites are actually more useful
for controlling real world devices than
most of the new systems.

One possible solution is to buy an
older system with an open bus and
build the boards to provide the ad-
ditional functions. Another possible
solution is to build peripherial devices
which interface through the ports
provided on the new systems. Either of
these approaches requires someone to
get their hands dirty on the hardware
and to write the utility programs to
make it work.

Hardware hacking (including the
necessary programming) has been
declining until recently, but it is
growing again as new generations of
computer users become interested in
finding more uses for their micros. In
answer to the many requests, we are
planning more articles on designing,
building, and programming computer
add-ons, interfaces, dedicated con-
trollers, and single board computers.
We don't intend to abandon the areas
that we have been covering, but we will
increase the material on hardware con-
struction, interfacing, and utility
programs.

The microcomputer industry was
started in garages where the initial
ideas were converted into hardware,
and the breakthrough software was

written in the spare bedroom or on the
kitchen table. Large organizations
were formed to produce and market the
products, but the conception came from
individuals or small groups and not
from structured organizations! In
today's market it is difficult for the in-
novative individual to arrange suf-
ficient financing to market a product,
and the large organizations stifle
creativity, that's why we are not seeing
any new breakthroughs in the industry.
The next significant advances will come
from individuals with their hands on
the hardware and on the keyboard, and
not from corporate offices. Our goal is
to provide the information and in-
spiration you need. It’s up to you to get
back to the bench and get your hands
dirty.

System Specific or General?

One of the major problems in the
design of interfaces and peripherials is
the wide variety of computer port and
bus structures. The lack of standar-
dization requires that you either make
your design specific for one particular
model, which limits your market; or
that you design it to work through a
port common to many different com-
puters, which can increase the expense
and/or reduce its capabilities. This
problem is very apparent when we
select articles for The Computer Jour-
nal

We want to present the information
needed to solve the problems common
to all systems, while demonstrating
implementations with specific systems,
and still provide useful information to
people with a wide variety of systems.
This is an almost impossible goal and
one solution would be to change the
magazine to cover only a specific
microcomputer system, but I don't feel
that a computer specific publication can
provide the range of information
available in a more general publication.
Besides, I use two different systems
now and would have a third system if I
could find the time. I feel that com-

fcontinued on page 27/
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INTERFACING THE APPLE |
Parallel Interface for the Apple Game Port

by Jan G. Eugenides and Tim Heffield

E ver wished you had just one more
slot in your Apple? Wouldn't it be nice
if you could interface printers, speech

_ synthesizers, and other such devices
without swapping cards? Well, now you
can connect up to four parallel devices
to the Apple game connector, all in-
dividually addressable, with this handy
dandy little interface. And it'll cost you
the princely sum of $30-$40 to do it!

This article is a collaboration bet-
ween myself (Jan Eugenides) and Tim
Heffield. Tim is the hardware expert,
and he designed and built the interface
card. I'm the software guy, and I wrote
the printer driver (and this article!).
The interface is very useful —I use
mine to send data to my Epson printer,
freeing up a slot for other uses.

The interface is made possible by the
invention of a device called the UART,
which stands for Universal Asyn-
chronous Receiver Transmitter. The
UART is a single chip which will con-
vert serial data to parallel, and parallel

. to serial, all automatically. This makes

it possible to design an interface for
many types of equipment rather easily.

Parallel and Serial Data

There are basically two ways you can
send a byte of information between two
digital devices: parallel and serial. A
parallel interface requires one line for
each bit, therefore eight for one byte.
Each device is connected to all eight
lines, and an entire byte can be sent at
one time. A parallel interface would
look something like this:

Davice & 1 Device 82

This type of data transmission is
very fast. It is used for short-run data
transmission, such as between a com-
puter and a printer, when it is feasible
to run eight wires.

The other type of data transmission
is serial. Each device is connected to

only one line, and the information is
sent one bit at a time. It has to be
divided into separate bits at one end,
and then reassembled into bytes at the
other end. It requires that the two
devices have some way of syn-
chronizing to each other, and some way
of recognizing the beginning and end of
each byte. This is normally accom-
plished by the addition of one or more
“control bits” to each byte that is sent.
A serial interface would look something
like this:

Device ®1 Device #2

This type of data transmission is
normally used for long-run data tran-
smission, such as over telephone lines.
Modems use serial transmission.

The Apple Game Connector

The Apple® computer does not have
a built in parallel port, which is a bit in-
convenient since most printers these
days require parallel information. (At
least the economical ones dol) However,
the Apple does have a serial port,
usually referred to as the game connec-
tor. The game connector actually con-
sists of four one-bit outputs, cailed “an-
nunciators,” three one-bit inputs, and
four analog inputs. Two of the one-bit
inputs, and two of the analog inputs are
used to connect the game paddlesora
joystick to the computer. The other in-
puts and outputs usually remain
unused, which is a shame because they
provide the means for some very ver-
satile interfacing. By using just one of
the annunciator outputs and one of the
one-bit inputs, it is easy to send serial
data to a UART based interface, and
the UART will convert it to parallel
data which can be used by a regular
Centronics-type printer, or any other
parallel device!

Because there are four annunciator
outputs and three one-bit inputs, it is
actually possible to connect three

UART interfaces to the game connec-
tor at once, with complete handshaking,
and a fourth one without handshaking
(I'll discuss the handshaking in detail a
little later in this article). Furthermore,
because the game connector also has a
5-volt pin, the interfaces can run off the
Apple power supply.

Let’'s take time out for a minute to
examine the game port a little more
closely. Here's a diagram:

e —————— +
+5v 1 16! NC
PR '2 15! ANG
PB1 '3 14! ANt
PR2 '4 13! AN2

STROBE 'S 12! AN3I
GCa '6 11! GC3
Gcz2 '7 1¢' GC1
Gnd '8 9! NC

tmm———————— +

We are interested in ANO through
AN3 and PBO through PB2. Here isa
chart of the I/0 locations for each of
these:

Location Function

AN sCase on

AaNg $Ca%9 aé
AN *COSA on
AN1 $COSE of ¢
anz $CosC on
AND $COSD ot ¢
AN3 $COSE on
ANT $COTF of ¢
(2T $Cas1

PE1 sCas2 .
FBY *CPe

Note: 1¢¥ you have an clder Apple
reference sanual, the chart on
page 4 18 wrong' These are the
correct functions.

# Read these locations to determine
the status. 888 18 on. <88A 18 Off

My printer driver only uses ANO and
PBO0. As mentioned above, Tim
designed the circuit board to allow
more interfaces to be daisy-chained
together, so by wiring them to AN1-3
and PB1-2 they can all be individually
addressed. See the “Construction” sec-
tion for more details.

Connecting the UART

The UART is a very simple device to
use, and it is really not difficult to im-
plement circuits based upon it. A







