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INTRODUCTION

O
ne tool every EMC 
test lab should own 
is a harmonic comb 
generator. A comb 
generator is simply a 
device that will pro-
duce a set of  har-

monically related CW signals whose 
spacing is based on a fundamental 
oscillator frequency. For example, if 
we were to start with a 10 MHz clock 
oscillator and feed the digital output 
into a coax connector, we’d produce a 
series of CW higher-order harmonics 
spaced every 10 MHz apart. Generally, 
the harmonic amplitudes produced 
are fairly consistent, so they may be 
used as a frequency and amplitude 
calibrator. 

Comb generators are most often 
used for ensuring your semi-anechoic 
test chamber is reading correctly from 

day to day. Simply place the generator 
on the turntable and measure spe-
cific harmonics each day and record the 
trend data. I’ve occasionally found loose 
coax connectors or bad coax cables by 
comparing the current readings with 
past data. This would also fulfill the 
requirement for “equipment verification 
testing” as specified in ISO 17025. How-
ever, there are several other interesting 
uses for these generators, especially if 
you build yourself a small one.

COMB GENERATOR THEORY
We all know that fast digital sig-

nals produce a range of harmonics. A 
periodic square wave (Figure 1) may 
be represented by a series of more 
basic signals called “basis functions” 
(Figure 2). Assuming the rise and fall 
times of the square wave are straight 
up and down, an infinite number of 
harmonically-related basis functions, 
or sine waves are required. Digital 
circuitry today uses rise and fall times 
of sub-nanoseconds, which can gener-
ate harmonics ranging up to several 
hundreds to thousands of MHz.

If we take a simple crystal oscillator 
and capacitively couple the output to 
a coax connector, we’ve just created 
a pulse generator. The capacitor dif-
ferentiates the square wave, allowing 
only the edges to pass as positive 
and negative-going spikes. These 
pulses result in a “comb” of harmon-
ics spaced at half the fundamental 
frequency.
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The better comb generators generally use a capacitive-
ly-coupled diode following the digital clock signal. These 
can be a standard signal diode, a Schottkey diode, a step 

recovery diode (SRD) or even a high frequency (2-3 GHz) 
emitter-base junction. When these semiconductor junc-
tions come out of reverse-bias, they “snap” on with a very 
fast edge – on the order of picoseconds for SRDs (Figure 3).

SIMPLE DIY COMB GENERATORS
Most simple comb generators simply utilize the fast 

edges from a crystal oscillator or oscillator module. Long 
time publisher, Gary Breed, devised a simple version using 
only a crystal and quad NAND gate (Reference 2). This is 
the lowest-cost design I’ve seen.

AMSAT-UK has a design that can easily go to 6 GHz 
(Figure 4). This may be purchased as a parts kit for about 

$35. The unit uses a 96 MHz crystal, whose oscilla-
tor feeds a MAR-3 microwave amplifier and then into 
back-to-back SRD diodes. This design produces useful 
harmonics to 6 GHz (Figure 5).

FIGURE 1: A periodic square wave digital signal. The rise and fall times determine 
the amount of harmonic content in the frequency domain.

FIGURE 2: A representation of the square wave is comprised of a linear 
combination of basis functions, or sine waves. (Image courtesy of MathWorks)

FIGURE 3: An idealized waveform of the forward and reverse current through a 
step recovery diode (SRD), or equivalent high frequency diode. Note that the reverse 
current tends to “snap” off quickly, creating a very fast edge and corresponding 
high frequency harmonics.

FIGURE 4: The AMSAT-UK 2.4 GHz comb generator kit costs about $35 and 
produces useful harmonics to 6 GHz.

FIGURE 5: The harmonic spectrum of the AMSAT-UK comb generator.
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If a comb generator is needed quickly, simply start with 
a crystal oscillator module and couple the output through a 
small capacitor. The value matters very little and can range 
from 27 pF to 100 nF. This will generally produce nice har-
monics up through 300 MHz, or more.   For example, a 10 
MHz oscillator will produce positive and negative spikes 
every 5 MHz, producing harmonics every 5 MHz. If the 
oscillator is near a 50% duty cycle (rare), the even-order 
harmonics will be suppressed to some degree. Adding a 
high-current driver will usually square up the edges better 
and create higher frequency harmonics. Adding a single 
diode or back-to-back diodes will also get you higher in 
frequency. The better comb generator designs will use 
Schottkey or SRD diodes. Because SRDs are mighty ex-
pensive and somewhat hard to find, you may also use the 
base-emitter junction on one of the high frequency (ft of 
2-3 GHz) transistor.

Let’s take a look at a simple circuit I use for some of my 
EMC seminar demos (Figure 6). This was developed by 
EMC consultant, David Eckhardt (Reference 4).

This was built on a small perf-board (Figure 7) and 
includes a 5V regulator, so it can be powered from a 9V 
battery. Figure 8 shows the waveform at the output. As 

you can see, the capacitor differentiates the rising and 
falling edges and the diode, when biased off, creates a 
very fast edge – on the order of 5 nanoseconds. Because 
the capacitor passes both the leading and falling edges, 
the harmonics generated will be 5 MHz apart (Figure 9). 
By utilizing a DIP socket, I can plug in different frequency 
oscillators, depending on my needs.

COMMERCIAL COMB GENERATORS
A number of companies make harmonic comb genera-

tors. I purchased a low-cost comb generator (Figure 10) 
from Applied Electromagnetic Technology (AET) for ap-
proximately $350. These generators are available in various 
fundamental comb frequencies from 1.8 MHz up to 200 
MHz and have useful harmonic frequencies well into the 
GHz. For general-purpose use, their 10 MHz model works 
well and produces harmonics from 10 to over 1000 MHz. 
A small USB power supply or USB port is used for power. 
The company also makes models specifically for measure-
ment verification of semi-anechoic chambers. Read the full 
review of two of these generators in the Technical Articles 
section of my Web site (Reference 7).

Because the rise times of the AET generator are in the 

FIGURE 6: A simple 
comb generator using 
a 10 MHz oscillator, a 
capacitor (almost any 
value will work fine) 
and small signal diode. 
The harmonics start 
tapering of f around 
300 MHz.

FIGURE 7: The simple DIY comb generator I use for demonstration purposes 
during my EMC seminars.

FIGURE 8: Resulting waveform for the simple DIY comb generator. The 
series capacitor differentiates the square wave from the oscillator and the 
approximately 5 nanosecond pulses create the harmonic content.

FIGURE 9: Representative 
harmonics from the DIY 
comb generator.  The 
lower harmonics are the 
even-order ones due to 
the oscillator deviating 
from a perfect 50% duty 
cycle.
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2 ns range, the pulses create a wide range of harmonics. 
The 10 MHz model produces useful harmonics out beyond 
1000 MHz. A sample voltage output from their 1.8 MHz 
AET generator is shown in Figure 11.

Using a comb generator as a standard source for veri-
fying chambers will require an omnidirectional antenna. 
The antenna used (Figure 12) is available through Evans 
Engineering as their model EE-3 (Reference 12), but may be 
easily constructed from telescoping antennas or welding 
rod. As you can see (Figure 13), it appears to yield a good 
omnidirectional radiation pattern.

I purchased a small switch-mode USB power supply 
to power the system. The generator is connected to the 
antenna with a short coaxial cable. During the chamber 
test, it’s best to use several ferrite chokes spaced evenly 
along the coax and power supply cable to reduce any effect 
of cable radiation by common-mode currents.

 While the comb generator above is pretty versatile in 
general, it’s not really designed to easily produce an om-
nidirectional signal for chamber measurements. For this, 
I’d recommend one of the many battery-powered comb 

generators designed for this purpose. The AET Model 
DRFS (Figure 14) is one of many examples. This generator 
may be adjusted with a recessed rotary switch, to 10, 64, 
100 and 133 MHz comb frequencies. Harmonic frequen-
cies are useful well into the GHz region.

While this model was designed to be attached to horn 
antennas, attaching a short vertical monopole makes it 
useful for verifying chamber measurements (in vertical 
polarization, only). Any short antenna (including DIY from 
stiff wire) should work satisfactorily. Ideally, it should reso-
nate mid-band in the operational range of the generator.

One of the best solutions for use in semi-anechoic cham-
bers would be the spherical dipole comb generator, such 
as AET’s USDS model (Figure 15). This may be oriented 

FIGURE 10: Example of 
the AET comb generator. 
This $350 unit is USB-
powered and produces 
harmonics out past 1 GHz.

FIGURE 12: Reference antenna used for comb generator testing in a 3m 
chamber. The elements are telescoping, but I used it in the collapsed state 
to emulate a “point source” antenna.

FIGURE 11: The output pulses from the 1.8 MHz version of the AET generator. 
The rise time is about 2 ns.

FIGURE 13: 3D plot of frequency, amplitude and azimuth (rotation) from 
zero to 360 degrees. This plot shows the amplitude versus frequency of the 
system. The amplitude falls off at the low end due to inefficiencies in the 
antenna. You can also see that the omnidirectional antenna used becomes 
less so above about 700 MHz.
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in either a horizontal or vertical polarization. Being self-
contained, there are no cables to disrupt the field.

 Many other companies make comb generators, includ-
ing Com-Power and York EMC Services. Both companies 
sell a variety of models that produce useful harmonics up 
to 40 GHz. Com-Power (Figure 16) also makes one specifi-
cally designed to verify conducted emission test setups 
that covers the 150 kHz to 30 MHz range.

 
HOW TO USE COMB GENERATORS
Comb generators are certainly useful for characterizing 

chambers by measuring them as you would any normal 
product, but they are also useful for many other things. 
They may be used to determine the resonance of cables and 
as a pulse or harmonic generator for many of the experi-
ments I demonstrate during my EMC seminars.

RESONANCE MEASUREMENT
My colleague, Doug Smith, has recently developed a 

couple unique uses for small comb generators – measur-
ing the resonant frequency of cables and the shielding 
effectiveness of cable shields. These papers are listed in 
References 5 and 6.

To measure cable or structural resonances, connect 
one probe to the comb generator and clamp it around the 
cable to be measured. This will inject harmonic currents 
into the cable. Connect the second current probe to the 
input of a spectrum analyzer. In my case, I used a Rohde & 
Schwarz RTE 1104 oscilloscope and used the FFT function 
to display a nice resonance spectrum (Figure 17).

Figure 18 shows a typical screen capture of the cable 
resonance. I found the 1.8 MHz comb generator best to use 
for this purpose, because the harmonics are much closer 
together, allowing better resolution of the resonant peak.

Interestingly, if you plug one end of the cable into the 

oscilloscope, so that the shield is connected to the instru-
ment enclosure, the image of the 1m cable will ref lect 
into the enclosure (plus line cord), effectively forming an 
electrical half-wave dipole at half the resonant frequency. 
I discussed this effect in Reference 11.

 
SUMMARY
Use of a comb generator is very handy during times 

when you need a known characterized and stable source 
of signals. They may be used to characterize anechoic 
chambers, perform as a pulse generator or measure cable 
or metal structure resonance. The DIY versions are easy 
to make and are a useful tool to add to your test lab.
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FIGURE 14 AET model DRFS comb generator. This was designed to use as 
a calibration source for anechoic chambers.

FIGURE 15: Radiated and conducted comb generators from Com-Power 
(Courtesy of Com-Power).
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FIGURE 16: Shielding effectiveness plot for a prototype metal-coated 
plastic enclosure.

FIGURE 17: Measuring the resonance of a 1m long cable using a couple of 
current probes and the AET 1.8 MHz comb generator.

FIGURE 18: Received harmonic voltage from the current probe (upper trace) 
and the FFT of that voltage, showing the resonant peak at 88.4 MHz for the 
1m long cable under test.
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