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A simple and inexpensive 
electronic circuit uses a low-

cost pushbutton switch to toggle the 
electrical power on and off. The cir-
cuit replaces a more costly and bulky 
push-push mechanical switch. The 
pushbutton switch triggers a mono-
shot circuit. The monoshot circuit’s 

output triggers a toggle flip-flop, 
which inverts its output state and 
controls power to the load.

Several implementations of the 
scheme are possible. Figure 1 shows 
a single-IC implementation. The cir-
cuit uses two flip-flops, IC1 and IC2, 
in the same IC, CD4027B. You con-

figure IC1 as a monoshot circuit by 
feeding its output back to its reset pin 
through an RC network. IC1 outputs 
a high on the rising edge of the clock 
by tying its J input high and its K in-
put low. The pushbutton switch con-
nects between the clock input of IC1 
and ground. The switch can also con-
nect between the clock input and the 
positive supply, VDD. By tying IC2’s J 
and K inputs high, IC2 becomes a 
toggle flip-flop. The output of IC1 
clocks IC2 and toggles its output on 
the rising edge of the IC1 output.

You can understand the opera-
tion of the circuit by observing the 
waveform at different points of the 
circuit (Figure 2). When you press 
the pushbutton switch, due to de-
bouncing, IC1’s output goes high on 
the clock’s rising edge. Capacitor C1 
starts charging through R1 toward 
high voltage. At the same instant, 
IC2 receives a rising-edge transition 
at its clock and toggles its output. 
When capacitor C1’s voltage exceeds 
the threshold of the IC1 reset pin, 
IC1 resets, and its output goes low. 
C1 now discharges through R1 to low 
voltage. The charging and discharg-
ing rate of C1 are equal. The dura-
tion of the monoshot circuit’s output 
pulse handles the switch-press time 
and the debouncing period. Varying 
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IC1 is the primary amplifier. Sup-
porting amplifiers IC2 and IC3 have 
asymmetrical power supplies. You 
could use many types of amplifiers in 
this circuit, but modern operation-
al amplifiers may be preferable be-
cause they allow the use of the com-
plete range of the power supply and 
because they handle rail-to-rail input 
and output. In this circuit, VPS1�28V, 
�V PS1��28V,  V PS2�2V,  and 
�VPS2��2V. The voltages of the pri-
mary amplifier are V���(�VPS1)R6/
R7�(�VPS2)R6/R8�(�VOUT)R10/
( R 9� R 1 0) [ R 7R 8� R 6( R 7� R 8) ] /
R7R8. Further, �V���(VPS1)R11/
R12�(VPS2)R11/R13�(�VOUT)R15/

(R14�R15)[R12R13�R11(R12�R13)]/
R12R13. Set R6�R10�R11�R15�R, R7�
R8�R12�R13�2R, and R9�R14�
3R, such that R6/R7�R6/R8�R11/
R12�R11/R13�0.5, R10/(R9�R10)�
R15/(R14�R15)�0.25, and [R7R8�
R6(R7�R8)]/R7R8�[R12R13�R11(R12�
R13)]/R12R13�2. Then, substitute 
these values into the amplifier voltag-
es yields V��14V�1V�(�VOUT)0.5, 
and �V���14V �1V�(�VOUT)0.5. 
Minimum and maximum values for 
each power supply are1.5V�V�28.5V, 
and �1.5V��V��28.5V. The total 
voltage of the power supply has a lim-
it of 30V, ranging from 1.5 to 28.5V 
and from �1.5 to �28.5V. This range 

permits an increase of the output 
voltage of the primary amplifier by 
�27V.EDN
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Single-IC-based electronic circuit 
replaces mechanical switch
Santosh Bhandarkar, Bangalore, India
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Figure 1 A pair of flip-flops configured as a monoshot and a toggle flip-flop 
debounce a simple, inexpensive pushbutton switch.
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A traditional method of driving 
a low- to medium-power perma-

nent-magnet dc motor involves using 
four MOSFET or bipolar transistors in 
an H-bridge configuration. For exam-
ple, in Figure 1, the motor connects 
between collector pairs C1 and C2 and 
C3 and C4. Turning on diagonally op-
posite transistor pairs Q1 and Q3 or Q2 
and Q4 steers current through the mo-
tor and allows for reversal of its direc-
tion of rotation. However, this method 
requires that each of the four transis-
tors receive its own control input. De-
pending on the motor’s voltage require-
ments, the upper two drive signals may 
require electrical isolation or a level-
shifter circuit to match the microcon-
troller’s output-voltage limitations.

This Design Idea describes an alter-
native circuit that drives only the H 
bridge’s two low-side switching transis-
tors. In a standard bipolar-transistor H 
bridge for bidirectional motor control, 
Q1’s and Q4’s bases connect to Q3’s and 
Q2’s collectors through resistors R3 and 
R4 (Figure 2). Inputs VINA and VINB 
each control a pair of switches. When 
Q2 turns on, resistor R4 and diode D6 
pull Q4’s base low, saturating Q4 and 

pulling current through the motor and 
Q2. Similarly, turning on Q3 pulls Q1 
into saturation and drives the motor in 
the opposite direction. Diode D5 en-
sures that Q1 remains off when Q4 con-
ducts, and D6 performs the same func-
tion for Q4 when Q1 conducts. Resistors 

R1, R2, R7, and R8 increase the switch-
ing speed of their associated transistors, 
and resistors R5 and R6 limit base-cur-
rent drain from the microcontroller’s 
5V high-logic-level outputs to approx-
imately 15 to 20 mA. Resistors R3 and 
R4 set Q1’s and Q4’s saturation base cur-
rents. Their value depends on the mo-
tor-supply voltage and Q1’s and Q4’s dc 
current-gain according to the following 
equation: R3�R4�[VCC�VBE(ON)(Q4) 
�VF(D6)�VCE(SAT)(Q2)]/[(IMOTOR)/
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the value of R1 varies the pulse pe-
riod, and you can set R1 for different 
types of pushbutton switches. Com-
plementary outputs of IC2 are avail-
able, and you can use them to drive 
power switches, such as transistors, 
MOSFETs, relays, and shutdown pins 
of switching regulators. The circuit 
operates over a supply voltage of 3 to 
15V and can control power to analog 
and digital circuits.EDN

Microcontroller drives H bridge to 
power a permanent-magnet dc motor
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Figure 2 Trace 1 is the voltage across the clock of IC1, Trace 2 is the output of 
IC1, Trace 3 is the voltage on capacitor C1, and Trace 4 is the output of IC2.
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Figure 1 In an H-bridge output-driver stage, diagonally opposed transistor 
pairs conduct to energize a dc motor. The circuit requires four control signals.

(continued on pg 82)
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