
LAST MONTH WE WENT OVER THE OP

erating theory of the Experi
menter. and discussed the 
various commands that control 
it. Now its lime to build It. 
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Fortunately1 a high-quality i:ic 
board, screened on both sides. 
is available from the source 
given in the Parts List. The com
ponent locations printed on the 
poard make It easier to trou
bleshoot the board and add cir
cuitry at a later date. 

Figure 2 is the parts-place
·ment diagram. Start compo
rient assembly work by Install

~~,, ·g- ·1ng power connector J2 first. 
u. "-' and then inserting the power 
~ ,"_ supply components. Figure 3· _ · 
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FIG. 2-PARTS·PLACEMENT DIAGRAM. Note that two chip capacitors, C16 and C17, 
mount on the solder side of the board. 

~~ ~<.l 
4-JO 
+~

CENTER IS+ 

a 

FIG. 3--POWER SUPPLY JUMPERS. Be 
carefu l that the jumpers do not touch! 

face appearance) might not be 
strong enough to hold the heat
sinks securely in p lace. 

When installing circuit board 
components. start by installing 
the smallest componen ts first. 
Note that two ceramic chip ca
pacl tors. C16 and Cl 7 . are 

mounted on the solder sid e of 
the PC board. 

Use sockets to install micro
controller IC6 . EPROM IC4. th e 
R8-232C interface chip (IC5). 
and the parallel interface chip 
(IC9). Note that the m icro
controller socket has one flat
tened c orner that m u st be 
oriented as shown in Fig . 2 . The 
m icrocontroller a ls o has a 
notched corner that must be po
sitioned to match the notch on 
the socket. 

If you install drivers IC? and 
JCS with sockets. they will be 
easier to replace if they fail due 
to overcurrent. However. their 
maximum power-handling ca
pability will be limited to about 
700 milliamps for each ou.tput. 
If you want to ob tain 1 ampere 
from each output. you must sol
der the driver chips directly to 
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FIG. 4-EPROM JUMPER SETTINGS. 
Six different types of EPROM's can be 
used, ranging in size f rom 2 Kbytes to 64 
Kbytes. Some EPROM types do not use 
all four jumpers. Also note that types 
2716 and 2732 are 24-pin devices, and 
must be installed in the lower part of the 
socket, leaving the top connections 
open. 

the circuit board for optimum 
heat transfer. The completed 
circuit board is shown in Fig. 5. 

Test procedures 
·Connect the Experimenter to 

your computer with a s tandard 
serial in terface cable {the same 
type that is used to connect to 
an external modem). Then run a 
communications program on 
your computer. Use ECHO
EXP.BAS or any communica
tions program of your choice. 

lf you use a program other 
than the one given in this arti
cle, set it to use the correct se
rial port and the baud rate you 
wish to run, 8 data b its. no par
ity. and 1 stop bit. Before power
ing up the Experimenter. set 
baud-rate switch 82 for the 
baud rate you selected {see Table 
8). If you use ECHO-EXP.BAS. 
the Exper imen ter must be set 
for 9600 baud. Flip all of the 
switches on 82 at least once to 
assure that solid electrical con
tacts are being made. 65 
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All resjstors are %-watt, 5%, un-
les·s otherwise noted. 

R1 , R3-220 ohms 
R2-4.7 ohms 
R4-1000 ohms 
R5-750ohms 
R6-200 ohms, trimmer 
R?-2700 ohms 
Capacitors 
C1 , C19-0.47 µ.F, 50 volts, Mylar 
C2-330 µF, 6 volts, electrolytic 
C3, C9, C13-C15, C18-0.1 µ.F, ce· 

ramie 
C4-C8-4. 7 µ.F, 35 volts, elec· 

trolytic 
C10-1 µF, 50 volts, electrolytic 
C11, C12-33 pF, ceramic 
C16, C17-0.1µ.F,50 voltsi surface-

mount chip capacitor 
C20-330 µ.F, 6 volts, electrolytic 
Semiconductors 
IC1-LM2940CT-5.0 voltage reg-

ulator, National Semiconductor or 
equivalent 

IC2-74LS373 octal latch, Texas 
lnstr.µme,nts or equivalent 

1<'::3-5164 BK byte static RAM or 
equivalent (optional, see text) 

IC4-27xxx family EPROM, or 
equivalent (see text and Fig. 4) 

IC5-DS14C232CN RS-232 driver 
IC6-S80C552·1A68 CMOS mi

crocontroller. Intel or equivalent 
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PARTS LIST 

IC7, IC8-SN754410NE high-cur
rent driver IC, lexas Instruments 
or equivalent . 

IC9-82C55A parallel interface, 
Toshiba or equivalent 

IC10-LM2931CT voltage reg
ulator, National Semiconductor or 
equivalent (optional, see text) 

LED1, LED2-Red light-emitting di-
ode, T1 package 

D1-1N4001 silicon diode 
Q1-2N3906 PNP transistor 
Other components 
RY1 - SPDT relay, 5-volt coi.I 

(Omron G5LE·114P-PS) 
S1-DPDT switch 
S2-3-position DIP switch 
XTALi-7.3728 MHz crystal 
J1 , J4-J10-wire jumper 
J2-5.5/2.0mm coaxial power jack 
JS-PC-mount female DB-25 con-

nector 

Miscellaneous: PC board, six plug 
bumpers (rubber feet), S:::.1 ~ volt 
09 powe~ s upply }& w.rth 
5.Smm/2.1 mm coaxial pl.ug, 
T0-220 heatsink for IC1, two 16-
pin DIP heatsinks for IC7 and IC8, 
28-r:>in DIP socket for IC4, 16-pin 
DIP socket for IC5, 68-pin PLCC 
socket for IC6, 40-pin DIP socket 
for IC9, wire. solder. 
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EXTRA COllNECTORS 
FIG. 5-CLOSEUP OF THE EXPERIMENTER. The Experimenter is a powerful measure
ment and control board that links your computer to the physical world with a variety of 

66 functions. 

Note: The following items are 
available from Fascinating 
Electronics, PO Box 126, 
Beaverton, OR 97075: 
• PC board silkscreened on 
both sides-$59.90 
• Programmed EPROM (con
tains Experimenter operating 
software)-$49.90 
• Kit including PC board, pro
grammed EPROM, all compo
nents, assembly instructions, 
and a reference and applica
tions manual (does not include 
user connectors X1-X4, analog 
supply, and wall-mount sup
ply)-$149.90 
• Assembled and tested Ex
perimenter (includes reference 
and applications manual and 
analog supply)-$199.90 
• 9-volt, 500 mA wall-mount 
DC power supply-$11.90 
• Analog power supply com
ponents-$4.90 

Please include $3.40 for shipping 
and packaging. Foreign orders 
must inquire for pricing and 
availability. You can order by 
telephone using VISA or Mas
tercard weekdays from 10:00 
AM to 5:00 PM, Pacific time at 
(800) 683-KITS. 

After turning on Exper i 
men ter 's power, it should trans
mit a messa ge listing i ts 
software version. It also runs a 
diagnostic check that will tell 
you if it has found an error. 

Begin by tes ting the Experi
me n te r 's m easurement and 
control capab ilities , starting 
with the block of connections at 
the far left (the analog measure
men t inputs). Connect a hook
up wire from the analog ground 
(AG) connection to the Channel 
0 input. Send the Experimenter 
t h e command "A O ... and it 
should respond with a "O''. Now 
j umper from the Analog + 5 
connection (A+ 5) to channel 0. 
This time when the A 0 com
mand is given, Experimenter 
should respond with "5115," Its 
full -scale reading. Repeat this 
procedure for channels l to 7. 

Now check the time-measure
men't capabilities and the pulse
width modulators. Connect a 
hookup wire from PWM 0 to 
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COMPONENT SIDE of the Experimenter board. 

T1No. Give the command "E 0 
204144. "That sets PWM 0 lo an 
80% duty cycle pulse at a rate of 
about 100 Hz. The command "C 
0 7" will read the period, and 
respond "1003 0 , .. meaning 
10,030 microseconds. The com
mand C 0 5 will read the positive 
pulse width, a value of 8020 mi
croseconds. The command C 0 
6 will read the negative pulse 
width, a value of 2010 microse
conds. You can repeat this pro
cedure for PWM 1, and the other 
timer inputs (T1N 1-3). 

The timed OU tpu ts (TOUT 0-7) 
can also be tested with the time
measurement functions . Con
nect a wire from T o uTO to T1NO. 
The command ''I 0 l 10 I" will 

produce a train of pulses on 
T ouTO that remain h igh for 
about 10 milliseconds and low 
fo r l millisecond. The command 
C 0 5 will measure the positive 
pulse width, and respond wi th 
9990 microseconds. The com
mand C 0 6 will measure the 
negative pulse width, 1000 mi
croseconds. Repeat this pro
cedure for the other timed 
outputs. 

To test the driver outputs 
(ORNER A 0-3 and DRNER B 
4-7). connect a power source to 
the +A and +B inputs. For this 
test. wire those supply inputs to 
the + 5-volt logic supply. Cau
tion: Do not try to run any large 
mo tors from this s upply! Not 

much current is available, and 
motors introduce electrical 
noise into their power sources. 
The noise could interfere with 
your Experimenter's proper op
eration. The connections to the 
+ 5-volt logic supply are marked 
among the top row of holes in 
the user-available wiring grid. 

Now test fue dr iver outputs 
the same way you tested the 
timer outputs. Recall that the 
only difference between the 
timer outputs and the driver 
outputs is that the driver out
puts a re buffered. Connect a 
wire from ORNER A 0 to TINO. 
Give the commands E 0 255 and 
E l 255 to assure that the PWMs 
are fully enabling the drivers. 67 



SOLDER SIDE of the Experimenter board. 

Use the command I 0 1 10 1 to 
send a pulse train to DRIVER A 
0. Use the command C 0 5 to 
measure the positive pulse du
ration. It should read about 
9990 microseconds, as in the 
timed output tests. Repeat the 

~ test for the other driver outputs. 
~ Finally, test the digital inpuU 
- output with a logic probe, a dig
~ ital multimeter. or with a wire 
!'.l jumper to an analog signal gen
·c: erator input. The command D 3 e 
~ 128 programs ports A, B, and C 
w to be outputs. Because the mi-

68 

crocontroller resets at power-on 
to all zeros, probing each outpul 
should show that each has a log
ic low state. The command D 0 

255 sets all outputs on digital 
VO port A high. Verify those out
puts. and then test ports Band 
C with the commands D 1 255 
and D 2 255. 

Congratulations! You have 
now built and tested a versatile 
computer peripheral tool that 
vastly expands the capabilities 
of your computer. Next mop.th 
we will describe a project based 
on Experimenter's digital out
put. time meas urement. and 
stepper-motor control ca
pabilities. That project will be 
the ultrasonic "radar" that ac
tually makes very accurate dis
tance measurements to nearby HERE'S THE RADAR PROJECT that 
objects. n we' ll be working on next month. 


