
example, C2 is 470 pF, or 10 times larger 
than the example in Figure 1. When 
the input pulse is high (after the rising 
edge), the capacitor voltage increases. 
The differentiator output is negative 
for increasing capacitor voltage. When 
the input pulse is low (after the falling 
edge), the capacitor voltage decreases. 
The differentiator output is positive for 
increasing capacitor voltage. 

Thus, by differentiating the RC sig-

nal you can reconstruct a signal that 
more closely resembles the original 
square wave. A comparator follows the 
differentiator output to create a sharp 
square-wave output.

Figure 4 shows the simulation results 
for the circuit in Figure 3. The input 
signal is a 20-kHz square wave with a 
duty cycle of 20%. The output of IC2
clearly does not reproduce the original 
signal. In fact, IC2 does not even detect 

most of the pulses. The differentiator’s 
output looks like a smoothed inver-
sion of the original digital signal. The 
comparator converts the differentiator 
output to a sharp square wave that accu-
rately matches the frequency and duty 
cycle of the original signal. Specifically, 
the overall error in the duty cycle for 
this example is approximately 10%.

With this circuit, you can easily 
implement pulse recognition after a 
long cable and heavy capacitance load. 
This method produces pulse transmis-
sion with low distortion so that the fre-
quency and duty cycle of the original 
signal are preserved.EDN
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↘ Common methods of reverse-
voltage protection employ 

diodes to prevent damage to a circuit. 
In one approach, a series diode allows 

current to flow only if the correct polar-
ity is applied (Figure 1). You can also 
use a diode bridge to rectify the input 
so that your circuit always receives the 

correct polarity (Figure 2). The draw-
back of these approaches is that they 
waste power in the voltage drop across 
the diodes. With an input current of 
1A, the circuit in Figure 1 wastes 
0.7W, and the circuit in Figure 2
wastes 1.4W. 

This Design Idea suggests a simple 
method that has no voltage drop or 
wasted power (Figure 3).

Simple reverse-polarity-protection 
circuit has no voltage drop
Aruna Prabath Rubasinghe, University of Moratuwa, Moratuwa, Sri Lanka
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Figure 4 In these simulation results for differentiator-plus-comparator reconstruction, 
the differentiator output looks like a smoothed inversion of the original digital signal.
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Figure 1 A series diode protects systems from reverse 
polarity but wastes power in diode losses.

Figure 2 You can use a bridge rectifier so that your system 
works no matter what the input polarity is. This circuit wastes 
twice the power, in diode losses, of the circuit in Figure 1.
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Select a relay to operate with the 
reverse-polarity voltage. For example, 
use a 12V relay for a 12V supply sys-
tem. When you apply correct polarity 

to the circuit, D1 becomes reverse-
biased, and the S1 relay remains off. 
Then connect the input- and output-
power lines to the normally connected 

pins of the relay, so current flows to the 
end circuit. Diode D1 blocks power to 
the relay, and the protection circuit 
dissipates no power.

• Lower cost than you're paying now (much lower...call for a quote!)

• Faster delivery (samples shipped from Fox the next day; production 
quantities in days, not weeks!)

• 1 picosecond phase jitter (10X better than programmables!) 

• Choice of 2.5 V or 3.3 V supply voltages 

• Custom frequencies from 0.75MHz to 1.350GHz (the exact 
frequency you need, without a premium and without delay) 

• 7 x 5 mm, 5 x 3.2 mm and 3.2 x 2.5 mm package sizes 

• Choice of XOs and VCXOs 

• Internal serial ID with comprehensive traceability

• And a lot more!!! 

Like we said...XpressO changes everything. Details await 
you on our web site! Once again...Fox Rocks!

We’re On Your Frequency.
An Integrated Devices Technology, Inc. Company

888-GET-2-FOX (888.438.2369)
Outside the US: +1.239.693.0099
e-mail: foxonline.com/email.htm

www.foxonline.com
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Figure 3 You can wire a relay switch to pass power to your system 
with no power loss. D2 clamps inductive kicks from the relay coil.

Figure 4 With reversed input voltage, the relay switch engages, 
interrupting power to the system, and the LED lights.

OctOber 2012  |  EDN best of Design Ideas  9[ www.edn.com ]



When you apply incorrect reversed 
polarity, diode D1 becomes forward-
biased, turning on the relay (Figure 4). 
Turning on the relay cuts the power 
supply to the end circuit, and red LED 

D3 turns on, indicating a reverse volt-
age. The circuit consumes power only 
if reverse polarity is applied. Unlike 
FETs or semiconductor switches, relay 
contact switches have low on-resis-

tance, meaning that they cause no 
voltage drop between the input supply 
and the circuit requiring protection. 
Thus, the design is suitable for systems 
with tight voltage margins.EDN 

↘ A direct-conversion radio receiver required 
an audio gain of 450 from a pentode vacu-

um tube. A pentode has a high transconduc-
tance—that is, the ratio of the change in plate 
current to the change of the control grid voltage 
that caused it. To get high gain, however, it needs 
a high load impedance. RF applications with pen-
todes often used LC-tuned circuits in their plate 
loads in which the impedance at resonance and, 
therefore, the gain is high. It is typically impos-
sible to implement a high load impedance using 
an untuned circuit because of the dc requirements 
of the tube.

For instance, a 6AU6 pentode vacuum tube 
needs a quiescent plate current of approximately 
5 mA (Figure 1). If the quiescent dc plate volt-
age is to be 60V, the load resistance must be no 
more than 12 kΩ. The 0.5-MΩ plate resistance of 
the tube and the 1-MΩ load of the next stage are 
negligible with respect to the 12-kΩ load. With 
a transconductance of 3900 microsiemens, those 
requirements demand an audio gain of 45. You 
can easily achieve this gain with a triode tube. 

To get a high load impedance with an untuned 
plate circuit, you can use a transistor current 
source for the tube (Figure 2). The transistor 
has no gain but functions as an active load for 
the tube and supplies the 5-mA plate current. 
You adjust the 500Ω potentiometer to obtain 
60V dc at the plate. The gain of the circuit is 
approximately 450. This gain implies a 150-kΩ
load impedance that the transistor supplies in 
parallel with the plate resistance and the resis-
tance of the next stage. Alternatively, you can 
use two triode tube circuits in series, each having 
a gain of 21.EDN

Obtain a gain of 450 from one vacuum tube
Lyle Russell Williams, St Charles, MO
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Figure 1 A 6AU6 pentode vacuum tube needs a quiescent plate current 
of approximately 5 mA.
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Figure 2 To get a high load impedance with an untuned plate circuit, 
you can use a transistor current source for the tube.

RF APPLICATIONS WITH 
PENTODES OFTEN USED 
LC-TUNED CIRCUITS 
IN THEIR PLATE LOADS.
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