
power-supply rail. Capacitor C1 acts as
an intermediate “charge reservoir” that
slows the ESD spike’s rate of rise and
protects IC1’s output stage from latch-
ing until diode D2A or D2B begins diver-
sion of the ESD transient into the pos-
itive or the negative supply rail. In
effect, C1 compensates for D1’s parasitic
capacitance. Resistor R3 allows IC1 to
drive the capacitive load that C1 pres-
ents without going into oscillation.

During an ESD event, both D1 and
D2 can conduct, but the voltage at VIN
exceeds the power-supply-rail voltage
by only two forward-biased diode volt-
age drops. Resistors R1 and R2 limit the
amplifier input’s currents below the
manufacturer’s recommended 5-mA
maximum rating.

When packaging the circuit, pay spe-
cial attention to the pc board’s layout.
Imperfections in the board’s dielectric

properties can provide parasitic-leak-
age-current paths. Adding copper
traces on both sides of the board to form

guard rings around the circuit’s high-
impedance nodes diverts leakage cur-
rents (Figure 3).EDN

An older computer system fed
RGB video and composite-syn-

chronization signals through four 75�
coaxial cables to an RGB color monitor

150 feet away. To upgrade it, the replace-
ment VGA video cards could directly
drive the 75� loads that the VGA mon-
itors’ internal terminations presented.

However, the VGA standard uses sepa-
rate horizontal and vertical positive-
going synchronization signals. Adding an
extra coaxial cable to the original cables
to carry the separate synchronization sig-
nals presented a difficult and expensive
proposition. An obvious solution would
be to combine the separate synchro-
nization signals into a composite format.
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Werner Schwiering, Joystick Scoring Ltd, Whitby, ON, Canada

Composite-VGA encoder/decoder
eases display upgrade

Figure 3 For best performance, place copper traces around the amplifier’s
high-impedance points to intercept leakage currents.

Figure 1 The synchronization-pulse combiner and recovery circuits comprise readily available and inexpensive components.
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Several safety-critical solenoids
in a laser-measurement system

on an automotive-assembly line
required protection from internal
overheating during normal operation.
After a 60-sec activation, the solenoids
required 180 sec to cool before their
next activation. One apparently
straightforward protection circuit
would comprise a timer based on a

microcontroller, some support compo-
nents, and a short program written in
C��. However, the project would
require evaluation and selection of a
suitable microcontroller, purchase or
rental of a device programmer, and con-
siderable time in programming the
microcontroller and evaluating its
operational hazards.

As an alternative, I recalled the

words of my tutor: “Decrease the num-
ber of dangerous components to
decrease the risk of danger.” A simple
analog circuit would be safer, smaller,
and easier to maintain. The circuit in
Figure 1 uses a traditional analog
method of measuring time: the charge
and discharge behavior of a resistance-
capacitance circuit.

Figure 2 highlights the circuit’s tim-
ing components. Capacitor C2, a tan-
talum electrolytic with �10% toler-
ance, diode D1, and resistors R2 and R5
constitute a double-RC (resistor-

The combiner circuit in Figure 1 offers
simplicity, low cost, and rapid assembly
from readily available spare parts.

In operation, two 1N4148 diodes, D1
and D2, attenuate the VGA signal’s 5V
logic-level vertical-synchronization
pulses by 1.4V, and diodes D3 and D4
form a diode-logical-OR gate to com-
bine the vertical- and horizontal-syn-
chronization pulses. The resultant out-
put signal comprises an approximate-
ly 4.3V horizontal-synchronization
signal superimposed on a 2.9V vertical-
synchronization signal.

At the receiving end, a capacitively

coupled highpass filter extracts the hor-
izontal-synchronization signal, and a
simple RC (resistor-capacitor) lowpass
circuit removes horizontal-synchro-
nization pulses from the directly cou-
pled vertical-synchronization signal.
Transistors Q1 and Q2 amplify the
recovered horizontal-synchronization
pulses, and transistors Q3 and Q4 ampli-
fy the vertical-synchronization pulses.
The circuit’s resulting outputs consist 
of clean synchronization pulses that
closely approximate those of the orig-
inal and provide extremely stable syn-
chronization pulses for a VGA moni-

tor operating at 640�480-pixel reso-
lution (Figure 2).EDN
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Figure 2 Applying the diode-gated
composite-synchronization wave-
form to a 75� load results in clean
synchronization pulses.

Solenoid-protection circuit limits duty cycle
Panagiotis Kosioris, Inos Automation Software, Stuttgart, Germany

Figure 1 An externally triggered solenoid driver features an analog duty-cycle limiter.
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