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Abstract
Frequency doublers are non-linear devices used extensively in RF applications but they can also
be very useful in high-speed digital applications. In this technical note we will present one
example of the usage of frequency doublers for high-speed digital applications.
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In some high-speed digital applications it might be very necessary to double or quadruple the
frequency of a bit clock from an ATE channel to be able to reach a higher bit clock frequency than
the ATE channel can reach. One option is to MUX digital channels using a digital gate [1] but there is
usually an increase on the jitter especially if the channels being muxed are not properly aligned.

Another option is to use a non-linear passive device called frequency doubler together with an
appropriate bandpass filter [2]. Figure 1 shows an example of a frequency doubling setup made only
from off-the-shelf coaxial components. The challenge that a frequency doubler presents is first the
very large loss (usually above 10 dB) which is solved by using an amplifier and the fact that
harmonics will also be present together with the doubled input frequency at the output requiring band-
pass filter. The output waveform will also be sinusoidal but that is not a problem when using the
waveform as a clock for a digital circuit.

Figure 1 shows an example of a clock doubling setup where one can see the output with and without
the bandpass filter to remove the frequency doubler harmonics. In the setup shown in Figure 1 the
amplifier was from Herotek (www.herotek.com), the frequency doubler from Marki Microwave
(www.markimicrowave.com) and the lowpass and bandpass filters from Wainwight Instruments
GmbH (www.wainwright-filters.com).

Clock quadrupling is also possible by for example using two frequency doublers in series. This
approach is used in a 28 Gbps active test fixture solution shown in Figure 2 and described in [3].
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Figure 1: Example of a clock doubling setup using of-the-shelf coaxial components including coaxial lowpass and
bandpass filters. a) Shows the output from the clock doubler without any bandpass filter and b) with bandpass
filter. The input frequency was 6.25 GHz resulting in an output frequency of 12.5 GHz.
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Figure 2: Block diagram of the 28 Gbps active test fixture solution using a clock quadrupling circuit [3].

In this case the clock quadrupling circuit was implemented in a printed circuit board using surface
mounted components and microstrip filters as shown in Figure 3. The board also includes a separate
clock divider. The interesting point on this board is not only the usage of surface mounted
components but the implementation of the band-pass filters using custom designed microstrip filters

[4].
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Figure 3: Example of a clock quadrupling circuit implemented on a printed circuit board using microstrip

bandpass filters.
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Figure 4 shows the measured phase noise before and after the clock quadrupling board. In this case a
V93000 PinScale HX channel was used at 3.5 GHz (7 Gbps bit clock) which resulted on a final
frequency of 14 GHz (28 Gbps bit clock). The results demonstrate that the clock quadrupling circuit
has no real impact on the phase noise.
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Figure 4: Measured phase noise at the output of the PlnScaIe HX ATE channel at7 Gbps or 3.5 GHz (Ieft) and

after the clock quadrupling setup (right).
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