With an analog-to-digital converter on your TRS-80 Color Computer,
you have the makings of a low-cost storage oscilloscope

i the many kinds of electronic
test instruments, the oscillo-
scope ts by far the most impor-
tant. Only the oscilloscope provides a
graph-like electronic picture showing
how a voltage (the signal) varies with
time. You might say the oscilloscope
combines the functions of a voltmeter
and frequency counter into a single but
more powerful instrument. Borrowing
from the old adage, you might also say a
single oscilloscope trace is worth a thou-
sand data points.
In the simplest oscilloscopes, a thin
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beam of clectrons is repeatedly swept
across the phosphor screen of a cathode
ray tube (CR'T) much like thosc in tele-
vision scts. The beam can be deflected
vertically by a signal applied to a sensi-
tive amplificr whose ouput is connected
to electrodes within, or an electromag-
netic coil outside, the CRT This pro-
vides a brightly tlluminated graph that
neatly displays the time-dependent vari-
ations in the amplitude of a signal. Sim-
ply by speeding up the time required for
the beam to sweep across 1S sereen, an
oscilloscope can provide a look at sig-

Fig. 2. Three circuits whose outputs can be monitored.

nals whose amphitude fluctuates many
millions or even billions of times i a
single second.

Often anoscilloscope user would like
to be able to ““fregze™ the trace on an 08
ctltoscope .\'crcch;{ for more detailed
study. This is especially true when the
sweep speed is very slow or when a sig-
nal with a very brief duration (such as
that produced by a switching logic gate)
ts being monitored.

One way to preserve a trace is (o pho-
other is to use a sophisticated instru-
ment  called a  storage  oscilloscope.
Unfortunately, storage oscilloscopes
are quite costly.

A little more than a year ago, a small
company called Northwest Instrument
Systems (PO Box 1309, Beaverton, OR
97075) revolutionized oxcilimcopc
technology when it introduced a sophis-
ticated caomputer peripheral that
brought the capabilities of a storage 0
cilloscope to anyone with an Apple Il
computer and $995. Dubbed the Model
85 aScope™, the deviee is a module con-
taining a fast analog-to-digital convert-
cr. When plugged into an Apple 11, the
aScope provides the capabilities of 2 lab-
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The aScope is supplied with appropri-
ate software (on disk) to place labels and
a graticule on the screen of the comput-
cr’s monttor. The software also permits
traces to be saved on disk and printed on
paper.

The aScope 1s merely the first of an
cxpected flood of peripherals that will
allow personal computers to function as
many kinds of sophisticated, program-
mabie ftest instruments. Concerned
about this new development, traditional
makers of oscilloscopes and other test
instruments have already begun to de-
velop new systems designed around per-
sonal computers.

If you own or have access to a person-
al computer cquipped with an analog-
to-digital converter, you can develop
vour own lest mstruments. You can
even convert your system into a slow-
scan, storage oscilloscope. In the re-
mainder of this article we will explain
liow.

I you own a personal computer with
an analog-to-digital converter, you have
the essential ingredients for a slow-scan
ascilloscope. And if you have access to
an x-y plotter, you can translorm traces
displayed on the computer’s display
mto publication-quality images.

Best ol all, you can assemble a com-
puter-simulated oscilloscope from sur-
prisingly economical components.
While many different computers can be
used, I have had excellent results with
Radio Shack’s Color Computer. Using a
system equipped with Extended Color
BASIC, T developed software to trans-
form the computer’s display into a very
useful large-screen, slow-scan oscillo-
scope with both single-sweep (storage
mode) and continuous-sweep operation.
The software includes an optional grati-
cule complete with tick marks, and the
ability to store traces on a floppy disk
tor later retrieval and display. A second
software package directs an oplional
plotter to draw a high-resolution rendi-
tion of a trace stored on a disk.

Getting Started. I you've ever tried to
usce i standard oscilloscope Lo observe a
stowly changing signal, you can readily
appreciate the advantage of a slorage
scope that freezes the display for later
viewing and interpretation. The only
other way to preserve the trace is to
photograph the display.

A simple block diagram showing how
a personal computer can be configured
as a slow-scan storage oscilloscope 1s
shown in Fig.l. While any of a number
of computers can be used, excellent re-
sults can be attained with a 32K Color
Computer with Extended Cglor
BASIC.

The original machine has been re-

placed by the 16K Extended Color
Computer 2 and the 64K Extended Col-
or Computer. Like the original product,
these new machines are equipped with

two analog joystick ports for a total of

four A/D converter inputs. The soft-
ware given here, although developed for
the original Color Computer, should
run on both new machines.

Operation of the Color Computer
joystick ports is described in detail in
“The Electronic’s Scientist” column
elsewhere 1n this magazine. Briefly,
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Fig. 3. Charge-discharge cycle
for circuit shown in Fig. 2A.

T Hﬁﬁﬂﬁiﬁ“ﬁﬁﬁﬁ
HRoooRESalEnnnEY

Fig. 4. Two spikes produced when
flashlight is blinked twice.
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Fig. 5. Slow scan of flashlight
across circuit in Fig. 2C.

when the joystick feature is selected, the
computer generates a decimal number
directly proportional to the voltage at
the selected joystick port. These num-
bers ranges from 0 to 63 (6-bit accuracy)
when the voltage varies from about 0.3
to 4.75 volts.

Normally the voltage is derived from
the two potentiometers in each joystick.
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Each potentiometer is connecfed as a
voltage divider across a 5-volt. supply
from the computer with the wiper ter-
minal providing a variable output volt-
age as the potentiometer shaft is
rotated.

Of course any other voltage source
can be connected to the joystick ports if
its excurstons fall within a 0-to-5-volt
window. In any case, the digitized rep-
resentation of the voltage can be sum-
moned by the simple command
JOYSTK(n) where n is the port number
(0-3).

Knowing this and taking advantage
of the Color Computer's powerful
graphics capabilities, it is easy to devel-
op a rudimentary oscilloscope program.
Here’s one possibility:

10RPCLE  PMERE 4, 1 : SCREEN
150
20 FOR X=0 TQ 255
30 Y=JOYSTK(0)
A PSETLX, )
S5QONEXT X
B0 GOTO 10

This very simple program transforms
the screen of the monitor into a black
square surrounded by a green border. A
moving green dot traces a solid line
from left to right across the black
square.

[f the wiper of the potentiometer rep-
resenting JOYSTK(0) (horizontal, right
Jjoystick) is rotated, the green dot will
move up (or down), leaving behind a
trail of dots. When the dot reaches the
right side of the square, the line and dot
pattern it has traced is instantly erased
and a new sweep is begun.

The simple oseilloscope program can
be converted to emulate a storage scope
merely by changifig the last line to:

60 GOTO 60

The green dot will now form a single
trace which will be displayed on the
monitor until the BREAK key is pressed.

Other enhancements can be easily
added to,the basic program. For exam-
ple, the following BASIC line will add a
trigger feature to intitate a trace only
when the'incoming voltage exceeds 0.3
volt:

19 F JOYSTK (@
ELSE 156

} =0 THEN 20

The trigger feature can be further en-
hanced by changing O [not JOYSTEK(0)]
to a variable. Many other features can
also be added. For example, a graticule
can“be drawn on the monitor’s screen.
And, traces can be saved on disk for lat-
er retrieval and viewing.
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