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Many applications require a 
circuit to perform pulse mod-

ulation and voltage amplification to 
drive a load with a train of impulses. A 
typical application is driving a piezo-

electric generator in a robot. Other ap-
plications include driving small motors 
or LEDs. Echolocation and ultrasound 
visualization use a sweeping-frequen-
cy, or chirp, signal. Nonlinear distor-

tion is not important in these applica-
tions. When you drive a piezoelectric 
load, its natural resonance removes any 
frequency components other than the 
fundamental. This circuit combines a 
modulator and an amplifier into a sin-
gle stage. The compactness of the cir-
cuit makes it appropriate for portable-
system applications.

The load is in series with two switch-
es (Figure 1). The input signal controls 
S2, S3 controls S1, and the modulating 
signal controls S3. This circuit’s mod-
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You determine the value when you 
press S1 by evaluating the voltage di-
vider that RBIAS and RRFFMAX form:

Observe that when RADJ is at its max-
imum value and you press S1, it must 
produce a value less than the smallest 
value RADJ produces by itself to unique-
ly determine that you have pressed the 
switch. So the maximum effective re-
sistance, REFFMAX, must produce a value 
less than the maximum low voltage, as 
the following equation shows:

Substituting and solving this equation 
for the switch resistance yields:

Using the spreadsheet to compute 
the switch resistance yields 1558�, 
and you can choose a nominal 1.5-
k� resistor. This selection causes S1 to 
produce a range of 28 to 71 when you 
press it, depending on the potentiom-
eter’s position. Likewise, choosing the 
same value for S2 produces a range of 
184 to 227. These ranges are bands of 
values that you can use to determine 
which switch you pressed regardless 
of the potentiometer’s position. Al-
though selecting symmetrical resistor 

values is not necessary, it minimizes 
the number of calculations you need 
to perform and simplifies the design. 
Furthermore, selecting smaller series 
switch resistors opens the guard range 
between them and the potentiometer, 
which may be desirable if the result-
ing values are too close together. The 
microcontroller uses a small subrou-
tine, Listing 1, which you can down-
load at www.edn.com/100422dia, to 
determine both switch positions and 
the potentiometer’s setting.

The limitation of this technique is 
that you cannot press more than one 
pushbutton at any time. In addition, 
the microcontroller can read the po-
tentiometer’s position only when you 
are not pressing any other pushbut-
tons. This example shows how to use 

two pushbuttons, but the number of 
pushbuttons can vary. Input ranges 
are available for as many as 10 push-
buttons and one potentiometer, all of 
which share the same input pin (Fig-
ure 2). Although the computed rang-
es do not overlap and are unique, it 
is doubtful that your ADC hardware 
can reliably distinguish these bands 
under all circumstances. Choosing 
smaller resistor values keeps these 
bands farther apart, creating a larger 
guard range. 

Using this technique with four 
pushbuttons and one potentiometer 
is well within reason. Experimenting 
with the spreadsheet helps make quick 
work of determining just the right se-
ries-resistor values for each switch and 
its output range.EDN
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Figure 2 The circuit can have 10 pushbuttons and one potentiometer.
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ulation operation is similar to that of 
an AND gate. The switches must have 
internal resistance to dissipate the har-
monics that the resonant load reflects. 
This circuit uses transistors Q1 and Q2 
as switches, although they operate in 
the active region (Figure 2). Their op-
eration resembles that of controlled re-
sistors, and they perform voltage and 
current amplification. You drive Q2 
with a 42-kHz signal that matches the 
load’s resonance. You modulate the Q3 
transistor with a periodic low-frequen-
cy impulse signal. These impulses open 
Q3, which drives Q1 and Q2 toward sat-
uration. When Q3 opens, it drops the 
voltage across the base of Q1, blocking 

the state of Q2. Q1 and Q2 operate con-
jointly; Q1 conducts only when Q2 is 
conducting. You can view this scheme 
as a differential amplifier in which the 
signal in one branch controls the load 
of another branch.

Q2 and Q3 operate over large signals 
yet remain in the active region most of 
the time. The resistor values in the base 
and collector of Q1 are critical. When 
the frequency of the signal is higher 
than the load’s resonant frequency, D1 
protects Q1 from the effects of L1 and 
of harmonics on the LC circuit. The 
collector voltage has a spectrum rich in 
harmonics due to the nonlinear behav-
ior of transistors. This characteristic is 
not a serious disadvantage because the 
resonant load removes the harmonics.

The value of R1 is critical to the cur-
rent and voltage amplification of the 
Q1/Q2 stage. The swing of voltage in 
the collector of Q1 is sensitive to the 
value of R1 (Figure 3). Q1 operates in 
the active mode because its collector 
voltage increases slowly toward the 
maximal value. The significant glitch 
at small collector voltages shows that 
the blocking process partly occurs in 
the active regions of Q2 and Q3. If the 
load impedance varies, the circuit does 
not degrade the impulse shape. This 
situation is true even at twice the load’s 
resonant frequency. The circuit func-
tions with input voltages of 4.5 and 
11V. This voltage range allows you to 
drive the circuit with a 5V microcon-
troller (Reference 1).EDN

R E FE R E N CE
1  Teodorescu, Horia-Nicolai L, “Algo-
rithm for Adaptive Distance Estima-
tors for Echolocation in Air,” Interna-
tional Solid-State Circuits Confer-
ence, 2009, www.adbiosonar.ugal.ro/
ad/content/funding.

RLOAD

S1

S2

S3

Figure 1 This simple modulator 
uses three switches.
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Figure 2 A three-transistor modulator with a resonant load works over a large 
input range.

Figure 3 Changing the value of R1 yields different response waveforms.

IF THE LOAD IMPED-
ANCE VARIES, THE 
CIRCUIT DOES 
NOT DEGRADE THE 
IMPULSE SHAPE.
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