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the bias voltage is chosen correctly,
then the current and, therefore, the
pulse amplitude, will be at a maximum.
The circuit can then be analyzed as a
parallel RLC circuit driven with an
initial inductor current, I, (see Figure
7D). From linear circuit theory, the
natural frequency (w,,) can be found for
this damped waveform.

The SRD is still physically connected,
so as soon as the output tries to go
positive, it will turn on again, shorting
the output. The final result is a single
negative-going pulse, its width being
determined by the proper choiceof L, R
and Cyg

where: w;, = RLC natural frequency
t, = pulsewidth

Two parameters constrain the choice of
SRD to be used. The SRD transition
time (t,) is the time the diode takes to
turn off after all of its charge has been
removed. Its value must be less than
the period of the highest RF frequency
to be encountered. The other parameter
is minority-carrier lifetime (), which is
a measure of how long a mobile carrier
will last in the SRD bulk before recom-
bination takes place. To ensure that the
carriers are affected by the changing
L.O potential across the SRD and not
by carriers recombining, r should be
much greater than the period of the LO
signal. For operation to 18 GHz, the
transition time, t,, is typically on the
order of 50 ps, while the minority-
carrier lifetime, 7, is about 20 ns for a
100-MHz sampling rate.

Sample-and-Hold Circuit

The pulse generated by the SRD puls-
ing circuit is used to turn on a Schottky
diode so that the sampling capacitor
(Cs) can charge up to the value of the

8

RF signal. The technology used for
thin-film mixers can be utilized for the
sampler circuitry and has several
advantages. Mixers are typically
designed using a specific combination
of microstrip and coplanar waveguide
transmission lines to feed the RF and
LO to the mixer diodes. The sampler
utilizes a similar structure, but relies on
an effective short circuit at the micro-
stripto-CPW transition. The shorted
transmission line will reflect the inci-
dent pulse, with the reflected pulse
being 180° out of phase. This opposite
polarity pulse can be used to turn the
sampler diodes “off.” The effective
sampling pulsewidth will then be even
shorter in duration than the pulse
generated by the SRD. The important
parameter of the pulsing circuit then
becomes the negative-going edge of the
SRD-generated pulse.

The sampler circuit is shown in
Figure 8. The SRD pulse is applied to a
50-ohm microstrip line which is termi-
nated at its end. On the back sideof the
substrate is a coplanar waveguide
(CPW) line which will propagate the
RF. The RF microstripto-CPW transi-
tion will only launch the odd mode of
propagation in the CPW. The sampling
operation is performed by turning on
the two Schottky diodes with the SRD
pulse and letting the sampling capaci-
tors charge up to the RF signal level
present on the CPW line. Figure 8A
shows the basic microstrip-to-CPW
transition. The sampling diodes and
capacitors are mounted on the backside
across each gap in the CPW line. The
RF on the CPW is terminated at its end
also.

The sampling capacitors will charge up
to some value determined by the level of
the SRD pulse, and then the RF will
increase the charge on Cs2, but decrease
the charge on Csl (when the RF is
positive). This balanced approach helps
to keep the LO from coupling through

——y
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