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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




typical UART consists of two sections:
areceiver and a transmitter, which are
completely independent of each other
except for the power supply and the
control section. The transmitter section
contains two one-byte registers, called
the “transmitter hold register,” and the
“transmit register.” When the DS line
{data strobe) is brought low, the data on
the eight input lines is loaded into the
register. It is then transferred into the
transmit register for subsequent
assembling into bits for transmission.
This is how you would convert paraliel
data to serial, but for our application
we want to go the other way.

The receiver section is the reverse of
the transmitter section. Serial data
comes in and is assembled as a byte in
the “receiver register.” It is then tran-
sferred to “receiver hold register,”
which is connected to the eight data
lines. These lines are tri-state so they
can be connected directly to a data bus.
Here is a diagram of a typical UART:
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Tranamitter section

DS.......... Data Strobe

NB1, NB2..... Number of bits/Character
EPS. . ... QOdd/Even parity select
TBMT. . ..cnau Transmit buffer empty
TSH.evvnnrne Number of Stop bits

TCF . v eeneens Transmit clock
CS....oivenns Control strobe

NP. . . onennnne No Faraity

=10 Serial out

DE!-DEB...... Data bit inputs

Rece: ver section

PE....coo... Farity error
FE....coivuen Framing error
OR......i0uen Overun error
RDE.......... Receiver data enable
RDAV......... Reset datas available
RCFP.....vn Rece:ver clock
SWE.......... Status word enable
DAV.......... Data available
Sl........... Seri1al 1n

RD1-RD8B...... Rkeceived data bits

The UART requires a clock at 16 x
the baud rate, and certain program-
ming commands. In Tim's circuit,
another nifty little chip called a “baud
rate generator” is used to provide the
clock frequency. With the addition of
some jumpers or a DIP switch, this
makes it easy to set the interface for
whatever baud rate you need. To use
the printer driver included with this ar-
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ticle, a rate of 2400 baud is needed. See
Figure 1 for DIP switch settings.
Sending Serial Information

In order to send serial data to the
UART through the game port, it is
necessary to toggle the annunciator
output at a specific rate,and ina
specific pattern. To keep things com-
paratively simple, let's use a ten-bit
pattern, with one start bit and one stop
bit. The data line is normally held high
until data is to be sent, then a zero bit
(the start bit) is placed on the line for a
specific time. This time depends upon
the baud rate. For the 2400 baud rate
we are using, it's about 417
microseconds. Then the eight bits of
the character are sent, one at a time,
beginning with the least significant bit.
Finally, a one-bit (the stop bit) is sent,
to signal the end of the character. For
instance, the bit pattern for the letter
“A" (ASCII $41) would be like this:

The hex value $41 equals %01000001
in binary (Apple uses the % symbol to
indicate a binary number). After the
start bit is sent (always a zero bit), then
all the bits of the byte are sent in order
as shown, and then the stop bit (always
a 1)is sent. Obviously, the timing is
fairly critical, and both devices must be
running at very close to the same
speed. There is a slight leeway for
error, as long as the bits do not drift
outside of the “frame."In order to
assure the accuracy of a transmission,

UART Parameters

Parameter ® Switch e Sw. Status

Zxzc=zsszozxczax

Ode Parity S5 - OoN
e e

Evn Parity « S5 . OFF

7 - Sé - onN

Bits - s7 - OFF
___________ W e

-] . Sé . OFF

Bits . 57 - OFF

1 Stp. it e se - onN

2 Stp. Bit = S8 L] OFF

Parity ON « s° . ON
——s — _—

Parity OFF e s9 L] OFF

Jumper Options

Jumper ¢ Pt., to Pt. * Option

- A B * SW @
B O ety S,
Port = A » C * SW 1
Status #----—------— - -

Iz
Output
Select
-
-------- »
J2 - Not installed 1¢ ext, SV
+«Sv - supply 18 desired i1nstesd
Select = o¢ APPLE supplsy.
________ B e e meeccccee

Figure 1
another bit, called the parity bit, is of-
ten added right before the stop bit.
This bit is set in such a way that the
overall number of one-bits in the
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character is either odd (called odd
parity), or even (called even parity). In
other words, for even parity in our
example above, the parity bit would be
zero, since the number of one-bits is
already even. For odd parity, it would
be set to one to make the number of
one-bits odd. This provides a constant
check on the validity of the data. If the
parity is off, one or more bits in the
byte are wrong. For a simple printer in-
_ terface, parity is not necessary. Over
noisy phone lines, however, it can be
quite useful.
Circuit Description

A complete diagram is given in
Figure 2. Operation of the circuit is
fairly straightforward because most of
the work is done by the UART, which is
IC1. Thisisan AY-3-1015D UART, a
very common and easy to obtain chip.
See Figure 3 for a complete parts list,
which includes the Radio Shack parts
numbers for your convenience. The
other main component is IC3 whichisa

crystal-controlled switch-selectable
baud rate generator. Although Radio
Shack has discontinued this item, all
the stores we called in this area still
had a half dozen of them in stock, so you
shouldn’t have much trouble getting
one. This device is capable of producing
sixteen different baud rates from 50
baud to 19,200 baud!! Figure 1 provides
the switch settings for four of the most
standard baud rates. The baud rate
generator frequency (16 times the baud
rate)isinput to pin 17 of the UART.
IC4 is a dual monostable multivibrator,
which is used to widen the pulse
created by the UART DAV (data
available line), which is quite narrow, in
order to assure that the computer can
r« cgnize that the printer is busy. This
is :ne handshaking function I men-
tioned earlier, which is received by the
Apple on the push-button inputs (PB0
through PB2). IC2 is used as a signal in-
verter in four different placesin the
circuit. It is interesting to note that this

chip will accept a 12-volt swing, so you
could conceivably add a 12-volt supply
somewhere and create an RS-...d com-
patible interface. Food for thought,
anyway.

Construction

Any standard method of construction
can be used, such as perf-board or wire
wrap, or a PC board can be made from
Figure 4. Layout is not critical, other
than keeping leads short for the crystal
connections to IC3. Tim has designed a
PC board for this project (see Figure 5
for the component layout). Unfor-
tunately, we can only make one at a
time in our limited home facilities, but
we talked with the local PC board
manufacturer, and if 70 to 80 of you
want to donate $18.00 to the cause, we
can have some run off professionally.
There is a minimum run for this kind of
thing, so we need at least 70 people to
cover setup charges, etc. Please write
us if you are interested, and if enough

PRINTER CONN. -26 PIN HEADGR

+Sv
co AUX
1uf e 9009 0@Q SOCKET
PR J 7%
l - b d /
1454 =
e 1[13 w5y _L
+5v 77V IC2 pu—
tJ_Z ‘L APPLE GAME
I = SOCxkET CoONN e ‘ { % 47K A
xS
e 1& ol l's o . [} 2i1l1el ol 8] 7le| 5] ripeD ey Rwss
“la & e J3  1c2 1
. e ss
rosra e et s E TRy
e O —® w»re Lo 1 29 37 o6 <7
e o B el 2% 3¢ ¢
+5v — * $
[ [ . Y \. ! A CS T~ 21 35 ¥' X
o ) 4 Auf !
o o : as ICH
? ® i ? [ I I L\’of —_— 29 AY-3-1015D 3
Y - 30 JART 1]
_L l I 3 2
- e »- — 32 2%
J1-APPLE Sw. SEL 18 “C
J2-+5V SEL +Sv ”7 31 |1 9] 4 7
J3-RAPPLE ANN. SEL. sEUT I © L
SaVAVAVAS & -
RS - D 50688 MHZ
(2 - vi CRYSTAL
100pf] < 1 1
“H rce 3 i
+S5v a1 74L5123 ‘ El______’/' st
0kA 21-1RY gaun 2 2
18 s2- 3 ’:__./'5
S;‘_ RATE 8| 163 2 52
12 55— |
¢l . AY-5 1%
100pF| 14 S4-mcB 3116 :___’/' 53
1 § 5 -PARITY SELECT 7
1C2 Baup
7 S 6 -LSRB . RATE a_____y/' s4
F MC1489 s7 -HSB}‘ OF BITS GEN

S §~#0F sTOP BITS
S QA -PRRITY ON/OFF

Figure 2
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Parts tList

C1,C2 - 1@&¢ pé Capacitor
[=d - 22 p¢ Capacitor

C4-C6 ~ .1 uf Capacitor

Ri-RS - 4.7k 174 W Resistor

R& ~ 18k 174 W Resistor

R7 - 33 1/4 W Res1stor

RB = 2.2k 1/4 W Res1stor

IC1 - AY-S5-121% (RS# 276-1794)
Ic2 - 1489 (RS# J76-25210)
Icz - Av-5-8118 (RS# T746-1795)
ICa - 74LS8107 (JAMECO"

Y1 - T.90688 MHI Crystal

(JAMECO # Cy-=., Q4880
26 Pin Header (JAMECQO # 9I07867R:
16 Pan Dip Jumper Cable (RS# 77&-1976&)
tdea.) 15 FPin IC Soclets
14 Fin 1C Soci et
18 Pin IC Socket
4¢ Fin IC Soci et
9 Sw. or 1@ Sw., - Dip Switch
Notes:
*+(RS#)=Radi1o Shach Part Number
#IC1 and ICI are not listed i1n 1985 RS

catalog but many stores sti1ll] stock them.

#A prainter cable witn 26 pin header plug
and Centraomics type connector is alsao
needed. (RS# 26-1409 worlis well,

Figure 3

of us get together, we can do it.

Special Features of Our Board

The PC board Tim designed will fit
nicely inside the Apple. Just use a
couple of strips of double-sided foam
tape to stick it to the right side, inside
the case. Then run a short ribbon cable
to the game connector. The board is
designed with two 16-pin sockets in
parallel, so you can still connect your
game paddles or whatever. This is also
how you would daisy chain two or three
boards. Jumpers J1 and J3 allow you to
configure the board for different game
port inputs and outputs, so that you can
retain individual control over each
board.

The board receives its + 5 volts from
the Apple game connector directly, but
by removing jumper J2 you can use a
separate supply if you prefer. The en-
tire board only draws about 70 milliam-
ps, so you don’t have to worry about
overtaxing the Apple supply, even if
you connect more than one board.

Tim has used DIP switches to select
the various baud rates and UART
parameters, but you could hard-wire
them if you know you won't need to
change them, or if you want to save
costs.

Tim has also included an auxiliary 16-
pin socket which contains the 8-bits of
parallel data and the handshaking line.
This can be used to connect any other
devices utilizing 8-bit parallel infor-
mation, such as speech synthesizers,
lamp dimmers, whatever. We'll be

showing you how to interface the inex-
pensive Radio Shack speech syn-
thesizer IC real soon, so watch this

space!

The Printer Driver

Examine the code in Listing 1. This is
the 6502 source code for a simple prin-
ter driver which will send data to the
UART interface through the Apple
game connector, which will then con-
vert it to parallel and send it to the
printer. Let’s go through it line by line.

In order to redirect the Apple output
from the screen, where it normally
goes, to a printer or other device, the

Trhe Computer Joura

TWH 1/85

Figure 4

for instance, the ad-

dress of the card in slot one is placed
there. PR#6 puts the address of the
card in slot six there. We're not using a

5

output hook at $36,37 must be changed
to point to the desired device. When
you type PR#1,

card, so we’'ll just put the address of our
machine language program there, and
all subsequent output will be directed
to our routine, which can then pass it on
to the UART through the game port.
Lines 1250-1310 perform this fun-
ction. The JSR IOHOOK is a command
to DOS to check the address in $36,37
and reset its own internal vectors to
point to the address contained there.
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DOS always sits in between all the in-
put and output in the Apple, sort of like
a supervisor, and you'd better tell the
supervisor what you're doing, or there
will be trouble!

Once output begins arriving at our
driver, several actions must be perfor-
med. In lines 1350-1370, the X, Y and A
registers are saved so they can be
restored later. Then, a check for a
carriage return is made in line 1380. If
- one is found, it is sent, and then a
linefeed ($8A) is sent. This is to make
our driver perform the same as most
parallel interface cards, which send
linefeeds to the printer after a carriage
return. Most printers can be set toin-
sert their own linefeeds after a carriage
return, so you could eliminate this step
if you wish to configure your printer
that way.

Line 1420 jumps to the output
routine itself, and upon return from
sending the character, the registers are
restored in lines 1430-1450, and the
routine exits through the Apple
monitor routine COUT1 at $FDFO,
which will print the character on the 40-
column screen. You could replace line
1460 with a simple RTS if you do not
desire output to the screen. While it is
undoubtedly possible to route the data
to the 80-column display, it is rather
complex and decidedly slow, so
decided against it. You might have
some fun trying to get it to work,
though. (Let me know if you do!)

Line 1500 begins the actual output of
the character through the game port.
First, the character is saved on the
stack, then the PRINTER READY line
is checked. This is a line from the prin-
ter which is connected to the one-bit in-
put at $C061. Normally low, this line
will swing high when the printer is
ready to accept the next character.
Lines 1520-1540 check location $C061.
As long as the value there is less than
$80, the routine just waits. When the
printer is ready, the character is
retrieved in line 1550. This is the han-
dshaking I told you about earlier.

B

IO PRINTER
° HEADER
cY
O re ND
e e
£ SOCKET . "V“
O % (4.
1 IC1
Co
3
2 ' == B
L] 533_. 3 %322
J1 .8 Bed3 L3
RS 3¢2 Ao’ oc "u-l To :‘u' € on 4
of X | APRLE | o (D 3
) [ X
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4 v}
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TwH 2-85
Figure 5
Listing 1
1w #SAVE GAME.FORT.DRIVER
1 Bommmm o
1wle # 1/17/85
13T #m e e m e e — e — e e
1¥4¢ =Frinter driver for game port 1nterface
1950 = by
1060 = Jan G. Eugenides
167y = 11681 N.W 18th St.
1¢'8¢ » FPembrole Pines., FL 77026
109 =
{1 # Thanis to Fob Sander-Cederlof for
111¢ # his help 1n Apple Assembly Lines
112¢ #————-————— e e — e mm
i TERA 1174 I0HOOK. .EQ $@TEA
e G 114¢ WMSTRT ,EQ $¢7D¢
FLAB- 1158 WAILT .EQ $FCAB
FLF¢- 116¢ COUTH .EQ S$FDF¢
1170 »
cusg- 119% ANG.ON .EQ sCuS8
Cwas- 119¢ AN@. OFF .EQ $C@S9
Col- 12¢¢) READY.LINE .EQ $Céb1
121 #-—mmmmm——m— e —m— oo ——— o
j el .OR $Zgyl
127¢ = .TF FRINTER.DRIVER
1240 #-——m—mmm e — e mm——m—————— e e— e — o
12%¢ CONNECT
@i~ A9 WC 1268 LDA #DRIVEK Set ocutput hook
@Il 8BS 6 1274 5TA $76
@TEM - A @ 1284 LDA /DRIVEK
@T@6~ 85 37 129¢ STA $T7
@Te8- 0 EA @7 130d JSK 1 0HOOk
@Zdp- o9 1312 RTS
1300 #-—m—m———me - e————s oo eeoeos—— s
13398 = FRINTER DRIVER
174@ #————mm——m—————m—— = ———-o——— oo
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