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The up- converters discussed use a single variable-
capacitance diode, a wideband impedance-matching filter

at the input, a moderately wideband impedance-matching
filter at the pump input, and a narrowband filter at the side-

band output. If f: is the frequency passed by the sideband

filter, than for a lower-sideband up-converter,

f= fP-f,
o (1)

must be satisfied, where f is the input signal frequency and
f p is the pump frequency. If the pump frequency p is varied,
the input frequency f that will be accepted also varies, as in-
dicated by Equation (l). For an upper-sideband up-converter
the relation

[= fol_fp (2)

holds where in this case f: is the upper-sideband frequency

passed by the narrowband output filter.

Both the lower- and upper- sideband types of up-

converters have a component of gain proportional to the ratio
of the sideband output frequency to the signal input frequency,
but the lower-sideband type gives additional gain due to its
negative-resistance properties. By keeping the negative
resistance portion of the gain low, good stability should be
possible. By analytical methods similar to those in Ref. 1,
it is shown that wide tuning range is possible using either
type of device. 2 Making the sideband output filter of narrow
bandwidth makes it possible for the input impedance- matching
filter to be quite broadband, which in turn permits a large

tuning range. It will generally be necessary to accept a re-
flection loss of a number of db at the pump channel, but by

use of an impedance- matching filter, this reflection loss can
be kept nearly uniform across the band. The incident pump
power required should be within the range of available,
voltage-tunable microwave oscillators.

Figure 1 shows a proposed circuit which was used in
analyzing the performance of possible amplifiers of this type.
Resonators X3 and B2 on the left resonate at the center of the
input- frequency band, while resonators B ~ and X$ on the
right resonate at the center of the pump-frequency band.
The series- connected diode along with the high- ZO line make

up a circuit which looks like a series resonator both at the
center of the input frequency band, and again at the center
of the pump-frequency band. The loosely coupled sideband

resonator resonates at the sideband frequency, f: , and

brings the diode circuit to a narrow rdsonance at the fre-

quency.
Figure 2 shows a possible stripline realization of the

circuit in Fig. 1. Input resonators 2 and 3 are realized as

semi-lumped, shunt resonators separated by a quarter-
wavelength line. The pump- channel resonators are realized

in cascaded, quarter-wavelength resonators as dis cus sed in
Ref. 3. The diode is in a computer-type package and the

leads provide the high- Z ~ line. The sideband resonator is
of the quarter-wavelength type with inductive coupling to the
diode lead wire and capacitive coupling to the output line.

Design theory and charts are presented for both the

lower-sideband and upper-sideband types of devices. Per-
formance estimates of several trial designs based on the
circuit in Fig. 1 are presented. These estimates indicate
that properly designed devices of this type using voltage-

tunable pump oscillators should have tuning ranges of the
order of a half-octave to an octave, fast tuning capability,
a useful amount of gain, no image responee, and a low noise
figure.
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Figure 1 - A Possible Circuit for an Up-Converter
for Ele chronically Tunable Filter Applications.
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Figure 2 - A Possible Strip-Transmission- Line
Embodiment of the Circuit in Figure 1.
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