
Technology 

Passive Wave -Shaping Circuits 
Using resistors, capacitors, inductors and diodes to do 
a job that has traditionally been the task of op amps 
and other active elements 

By Joseph J. Carr 

Much has been written about 
active wave -shaping and 
wave -generating circuits in 

which operational amplifiers and oth- 
er linear IC devices are used to create 
special waveforms. Did you know, 
though, that it is also possible to use 
passive circuits to shape waveforms? 
Resistors, capacitors, inductors and 
diodes can be used to shape waves at 
less cost than with active devices. 

The use of passive devices in shap- 
ing waveforms is due to the nature of 
pulse signals and the nature of di- 
odes. Since a pulse is made up of a 
fundamental sine wave and an as- 
sortment of harmonics, the mix of 
which harmonics and how strong 
each is depends upon the particular 
waveform generated. Traditionally, 
wave -shaping circuits have been 
made up of frequency -sensitive RC, 
LC and RLC networks that shape 
and form pulses by altering their fre- 
quency content. 

We will investigate passive wave - 
shaping networks and how they can 
be incorporated into practical circuit 
designs. You may find here ways of 
simplifying your own wave -shaping 
designs or means of designing cir- 
cuits that can save on the cost of your 
next project. 

Action On Square Waves 

Shown in Fig. 1 is the 10 -volt peak - 
to -peak (p -p) square wave of an el- 

derly Heath Model IG -18 sine/ 
square -wave audio signal generator. 
For these experiments, the frequency 
of these square waves was set to ap- 

Fig. 1. Screen photo of a 10 -volt 
peak -to -peak square wave from an 
old Heath Model 1G-18 sine/square- 

wave audio generator. 

proximately 400 Hz. Although age 
has deteriorated the rise time of the 
leading edges of the square waves 
generated by this instrument, the sig- 
nal is adequate for purposes of exper- 
imenting. 

Recall that a square wave consists 
of a fundamental sine wave plus a 
collection of odd harmonics. This 
waveform can be shaped by enhanc- 
ing or rolling off those harmonics. 
Of course, if these harmonics are 
rolled off to too great a degree, the 
only thing remaining will be a sine 
wave whose frequency is the funda- 
mental. 

When the Fig. 1 square wave is ap- 

plied to the input of an RC low-pass 
filter, or "integrator," network like 
that shown in Fig. 2(A), the output 
signal appears as shown in Fig. 2(B). 
Note here that the amplitude of the 
output signal is somewhat reduced 
compared to that of the original in- 
put signal, the result of losses (atten- 
uation) in the RC network. Also note 
that the fast rise- and fall -time edges 
of the input signal have become 
curved in the output waveform so 
that it appears much like a capacitor 
charge/discharge waveform. This 
wave shape results from rolling off 
the high frequencies present in the 
square wave. 

The degree to which the edges of 
the output waveform are rounded de- 
pends on the values of R and C in the 
network. A high RC product is a low- 
er -frequency low-pass filter and, 
thus, will have a larger effect on the 
waveform. 

A low-pass filter also serves to 
mathematically "integrate" an out- 
put waveform. As a result, the out- 
put of this network represents the 
time -average of the input waveform. 
This fact is used to good effect by in- 
strumentation designers. 

Fig. 2. An RC low-pass filter or integrator (A) and the output signal that occurs 
when a square wave is applied to its input (B). 
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Fig. 3. An RC high-pass filter or dif- 
ferentiator (A) and the output that 
occurs when a square wave is applied 

to its input (B). 

Figure 3(A) illustrates an RC high- 
pass filter, also referred to as a "dif- 
ferentiator." In this circuit, the ele- 
ments are the same as those used in 
the low-pass filter arrangement 
shown in Fig. 2(A). However, their 
respective roles are reversed. In this 
case, the high frequencies are not at- 
tenuated as much as are the low fre- 
quencies. Therefore, the square wave 
becomes tilted in favor of the high 
frequencies. Put another way, the 
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Fig. 5. A diode connected across output of a differentiator circuit to clip negative 
peaks (A) and output signal that results from its inclusion in circuit (B). 

output waveform is "peaked up," as 
shown in Fig. 3(B), which shows the 
output waveform with a characteris- 
tically fast rise time and an exponen- 
tially decaying fall time. This wave- 
form, called a "differentiating square 
wave," is used for applications such 
as counting or triggering other circuits. 

A problem with using the straight 
differentiated square wave for either 
triggering or counting purposes is 

that it has two separate peaks, one in 
the positive and the other in the nega- 
tive directions. To be used effective- 
ly, this waveform must be modified 
to eliminate one polarity's peaks. For 
this wave -shaping task, we turn to 
the ordinary diode. 

Figure 4 shows the current -versus - 
voltage (I -vs. -V) characteristic for a 
diode. When the applied voltage is 
such that the anode (A) is negative 
with respect to the cathode (K), the 
diode is cut off and no current flows 
through it, which is the reverse -bi- 
ased condition. In theory, current 
flow through the diode is zero. (In 
real diodes, however, there is always 
a tiny leakage current (Ileak) in the re- 
verse direction. As a general rule, the 
smaller the leakage current, the bet- 

ter the diode, and the higher the "re- 
verse resistance" as measured on an 
ohmmeter. 

When the diode is forward biased 
such that its anode is positive with re- 
spect to its cathode, the diode con- 
ducts current freely. Below a certain 
junction potential, referred to as Vg, 

conduction is nonlinear. Above Vg, 

the diode's action begins to obey 
Ohm's Law. The value of the junc- 
tion potential is 0.2 to 0.3 volt for 
germanium diodes like the 1N43, 
1N60, etc., and 0.6 to 0.7 volt for sili- 
con diodes like the 1N914, 1N4148, 
and others like them. 

As a result of the diode's charac- 
teristics, we know that a diode: con- 
ducts in only one direction; is linear 
above the junction potential; and 
does not conduct current when re- 
verse biased. Knowing these things, 
let us connect the diode into a circuit 
and observe what occurs. 

Figures 5(A) and 6(A) show a 
"clamping diode" connected across 
the output of the differentiating RC 
network shown in Fig. 3(A). In the 
case of Fig. 5(A), the diode is con- 
nected such that it is reverse biased by 
positive output voltage excursions 

Fig. 4. The current -versus -voltage Fig. 6. A diode connected across output of a differentiator circuit to clip positive 
transfer characteristic of a diode. peaks (A) and output signal that results from its inclusion in circuit (B). 
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Fig. 7. A sine -wave signal applied to both inputs of a two -channel oscilloscope 
with the waveforms in phase with each other (A) and input and output wave- 

forms from an attenuator superimposed on each other (B). 

and is forward biased by negative 
output excursions. The result is the 
waveform shown in Fig. 5(B). Here 
we see the same type of differentia- 
tion as before on positive peaks, but 
now the negative peak of the output 
waveform has been clipped. 

If you are eagle-eyed, you can see a 
small "pip" on the Fig. 5(B) trace at 
the point where each negative excur- 
sion would have begun if the signal 
had not been clipped. This pip is the 
result of the junction potential of the 
diode. The experiment to make these 
photos used a network containing a 
1N60 germanium diode, which had a 
0.2- to 0.3 -volt junction potential, 

which is the approximate amplitude 
of the pips shown in both Fig. 5(B) 
and Fig. 6(B). 

Exactly the opposite situation is il- 
lustrated in Fig. 6(B). In this case, the 
Fig. 6(A) circuit was arranged to 
clamp the positive -going spike so 
that only the negative spike remains. 
Otherwise, operation of the Fig. 5(A) 
circuit is identical to that of the Fig. 
6(A) circuit. 

Using a diode to clamp the spike is 

one way to ensure that only correct 
triggering signals get to a circuit. 
Otherwise, operation of such circuits 
as one-shot multivibrators, voltage - 
to -frequency (V/F) converters and 

Fig. 8. A circuit with a diode clamp across an ac signal line (A); the same circuit 
with a battery used to provide a dc offset (B); and the output waveform from the 

circuit using dc offset (C). 

others would be difficult to predict 
when two pulses arrive at their inputs. 

Sine -Wave Response 
Figure 7 shows a sine wave applied to 
both inputs of a two -channel oscillo- 
scope. In Fig. 7(A), the two wave- 
forms are in -phase, rising and falling 
in step with each other. However, 
when the sine wave is applied to ei- 
ther high- or low-pass RC filters, two 
things occur. The first is that the out- 
put waveform shown as the bottom 
trace will be attenuated. The second 
is that the relative phase between the 
waveforms shifts. This effect is illus- 
trated in Fig. 7(B). To better show 
the effect, the two waveforms are 
shown superimposed on each other 
in Fig. 7(B). Note that the smaller - 
amplitude is the output waveform 
and that it lags the input waveform 
by almost 90 degrees. Thus, you can 
conclude that even in sine -wave cir- 
cuits, passive RC networks are useful 
as phase shifters. A well-known os- 
cillator circuit, called appropriately 
enough the "phase -shift oscillator," 
is based on this principle. 

Connecting a diode in shunt-or in 
series-with the ac sine -wave signal 
produces a half -wave output. This 
fact is used to advantage in power - 
supply circuits. Figure 8(A) shows 
the circuit of a diode clamp across an 
ac signal line. This type of circuit is 
occasionally used in CB and other 
communications equipment to limit 
the percentage of modulation to a 
maximum value. In this application, 
two diodes are connected in parallel 
and opposite polarity to clip alter- 
nate halves of the modulating signal 
waveform. 

A modified circuit in which a bias- 
ing voltage is applied in series with 
the diode is shown in Fig. 8(B). In this 
configuration, the diode is forward 
biased by + 5 volts dc. The result is a 
+ 5 -volt offset to the half -wave out- 
put signal, as illustrated in Fig. 8(C). 
The sine wave has a peak -to -peak 
value of 25 volts; therefore, the half - 
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Fig. 9. A circuit in which a german- 
ium diode is connected in series with 
the signal line with 5 -volt dc bias ap- 
plied in series with a 1,000 -ohm resis- 
tor (A). With a 25 -volt peak -to -peak 
sine wave (B) applied to circuit's in- 

put, what waveforms will appear at 
points A and B? (See text for answer) 

wave amplitude is 25 volts -5 volts, 
or 20 volts. 

You can set the trip point and exact 
output characteristic by selecting the 
amount of the bias voltage, whether 
to forward- or reverse -bias the diode, 
and exact circuit configuration. 

Here is a little quiz that will test 
what you have learned about passive 
wave -shaping circuits. Shown in Fig. 
9(A) is a circuit in which a 1N60 ger- 

manium diode is connected in series 
with the signal line. A 25 -volt p -p, 
400 -Hz ac signal like that shown in 
Fig. 9(B) is applied to the input of the 

:ircuit. If the bias voltage is + 5 volts 
dc and it is connected in series with a 
1,000 -ohm resistor, what waveforms 
can be expected at points A and B? 

Assume that the junction potential is 

negligible compared to the peak am- 
plitudes. The answers to this ques- 
tion appear on page 85. 

INTRODUCING 
THE AR -100 MAXI -PROBE 

TTA 

The World's First Pen -Style DMM 
with Built -In 10MHz Logic Probe 

Measure: 
Volts Ohms Diodes 
Audible Continuity 

And: 
ITL & CMOS Logic To 10MHz! 

Features: 
Screw -On Accessory Tips 
.Data Hold 

INNOVATION, NOT IMITATION 
The AR -100 Maxi -Probe. Unheard-of features and performance in one snail 

package. Volts. Ohms. Audible continuity. Cata Hold. Then add all - 
function. TTL/CMOS logic probe. Sc rev -on accessory tips. Dade 

Test. Test Leads. And a storage case. 
Result: All the functions you need for both analog and 

digital testing in one snail package. at one ox 
price. 

So visit your local ARI distributor and 
take hold of the future. today. The 

AF -100 Maxi -Probe. All 
others pale by com- 

parison. 

A 

Let2, 2' °> 414X 

en, ,e`fet ,hpt, 

C . VALUE BEYOND MEASURE 
Af11ERICAf1 RELIAfKE inc. 

9241E. VALLEY BLVD. ROSEMEAC, CA 91770 

(800)654-9838 

ARI manufactures a complete line of electronic test equipment, including EPROM, EEPROM, and PLD programmers, 

IC testers, Cable testers, DPMs, DMMs, and Logic testing devices. Call or write today for your tree Brochure. 

CIRCLE 1 ON FREE INFORMATION CARD 

"YOU'RE RIGHT ... I MISS THE VCR, TOO." 
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Official 1934 

with the picture. Housed in a rugged 
metal case, the ATR55 comes with 
pistol grip, camera mount, wind 
screen and battery. $89.95. 

CIRCLE 59 ON FREE INFORMATION CARD 

Erasable Labels 
Erase-a-LabelTM from a company of 
the same name (Dallas, TX) offers a 
solution to anyone who has had to 
cope with constant labeling and rela- 
beling computer disks, videocassette 
tapes, etc. It is a system that enables 

the user to write information onto la- 
bels and then later wipe it off. Each 
system kit consists of a number of 
self -stick labels and a marker filled 
with a special fast -drying but eras- 
able ink. The labels have a durable 
coating that provides the erasable, 
reusable surface for marking pur- 
poses. Once written on, erasure is ac- 
complished with a cloth or tissue 
dampened with alcohol. No eraser is 

used to generate particles that can 
damage delicate VCR and floppy - 
disk drive heads. 

Three color -keyed versions of the 
Erase -a -Label kit are available. Each 
contains the special marking pen. 
One contains 20 labels for 5'/4 -inch 
disks (blue), 20 labels for 3'h -inch 
disks (green) and 10 spine and 10 in- 
dex labels for VHS videocassettes 
(red). 

CIRCLE 60 ON FREE INFORMATION CARD 

Precision Wire Stripper 
OK Industries Inc.'s new Model 
ST -500 adjustable precision wire 

stripper is said to accurately strip in- 
sulation from 20 -to -30 -AWG (0.25 - 
to -0.8 -mm) wire. The tool has four 
hardened blades that strip all types 
of insulation, including Teflon. 
Weighing less than 1 ounce, the ST - 
500 is easy to operate. Its adjustment 
wheel is first set to the appropriate 
wire diameter, the wire is then 
plugged into the end hole, the handle 
is squeezed and the tool is turned 
slightly to withdraw the wire. An ad- 
justable wire stop can be set for the 
amount of insulation to be removed. 
$29.95. 

CIRCLE 61 ON FREE INFORMATION CARD 

The Solution 
Here is the solution to quiz question 

given on page 29. The waveforms that 
should appear at points A and B in the 
Fig. 9 circuit would be as shown in the 
upper and lower photos, respectively. 

Meltilli11113111111111 
ì 

(A) 

iimmanerg. 

(B) 

SHORT WAVE 
RADIO MANUAL 

Build 
simple, high- 
performance old- 
time shortwave radios! 

All of the secrets are 
here: the circuit diagrams, 
parts layout, coil specifications, con- 
struction details, operation hints, and 
much more! 

This is a compilation of shortwave 
construction articles from "Short Wave 
Craft" magazines published in the 20's & 
30's. It's wall-to-wall "how-to." 

Included are circuit diagrams, photo- 
graphs, and design secrets of all short- 
wave receivers being manufactured in 
1934 including some of the most fa- 
mous: SW -3, the SW -5 "Thrill Box", the 
deForest KR -1, the Hammurland 
"Comet Pro", and many more. 

Also included is a new chapter show- 
ing how you can use transistors to re- 
place hard -to -find vacuum tubes. You'll 
even see the circuit that was lashed 
together on a table top one night using 
junk box parts, a hair curler and alliga- 
tor clips. Attached to an an- 
tenna strung across the base- 
ment ceiling and a 9 volt bat- 
tery, signals started popping 
in like crazy. In a couple of 
minutes an urgent message 
from a ship's captain off Se- 
attle over 1500 miles away 
was heard asking for a naviga- 
tor to help him through shallow water! 

These small regenerative receivers 
are extremely simple, but do they ever 
perform! This is a must book for the 
experimenter, the survivalist who is 
concerned about basic communication, 
shortwave listeners, ham radio opera- 
tors who collect old receivers, and just 
about anyone interested in old-time 
radio. 

Great book! Fun to read! One of the 
best old-time radio books to turn up in 
years. Heavily illustrated! Order a copy 
today! 8 1/2 x 11 paperback 260 pages 
only $15.70 postpaid! 

rLindsay Publications, 
Box 12-WE3, Bradley IL 60915 

Send a copy of Short Wave Radio 
ManuaL Enclosed is $15.70. 
Chk, MC, Visa. Send a free cata 
log of other books. 
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St 
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