























Fig. 7—Photograph showing an APL-designed X-band
tunnel-diode amplifier (top) and a C-band amplifier
(bottom.) Both units use circulators that are pro-
duced by Western Microwave Laboratories.

the amount necessary to resonate the package
capacitance. The line admittance can then be con-
verted to a series equivalent so that Fig. 2B now
applies to the configuration. The inductances and
positive resistances are combined to form R, and
L;. The values of C; and R; are then used to com-
pute L;/(|R;|C;). For this design example,
Lr/(|R;|C;) = 23.8 and Ry = 29.3. Therefore,
the stability criterion of Ly/(|R;|C;) < Ry is met.

The selection of a 24-0) characteristic impedance
at the diode was based on the bias resistor chosen
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Fig. 8—Gain and noise plotted against frequency for
the C-band tunnel-diode amplifier.
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for stable biasing and the impedance necessary to
keep Ry > Lz/(|R;|C;). Thus, a 24-Q section
and termination provides an adequately low im-
pedance for biasing, and it maintains stability.

Our measurements show that R; is less than
—70.7 Q. This was determined by using several
center conductors and comparing gain for equal
bandwidth. Each gain was then related to the
negative resistance based on the impedance at the
diode interface. One of the sources of design error
is that the high frequency equivalent is not exactly
as given; to correct for this, high-frequency-param-
eter variations should be included. The methods of
diode measurements are being investigated, and
initial published results indicate at least a 10%
parameter variation.'”

The shunting of the bias resistor by the bypass
capacitance produces a roll-off characteristic of the
noise output from the combination. The corner
frequency should be below operating frequency.
In the design example this is 5000 mc/s, although
a lower figure would be desirable and could be
achieved by means of a larger capacitor.

The tunnel-diode amplifier described in the
previous example is shown in Fig. 7. It is capable
of 18-db gain over a 380-mc/s bandwidth at
C-band (5000 to 6000 mc/s). Its noise figure is
5.5db. The gain and noise figures versus frequency
are shown in Fig.8. An X-band amplifier has also
been built, capable of 15-db gain over 480 mc/s,
and is also shown in Fig. 7. Its noise figure is also
5.5 db. The tighter tolerances required by these
high frequencies (X-band) make tuning very dif-
ficult. Waveguide amplifier configurations are
being investigated to allow higher frequency opera-
tion where coaxial construction cannot be used.
The amplifiers described above compare favorably
with those obtainable commercially. Wider band-
widths are available but have not been stressed in
the work at APL because excessive bandwidth in-
creases interference problems.

We have thus designed and built useful tunnel-
diode amplifiers with stable gain and phase char-
acteristics. Environmental problems have been
minimized by careful mechanical design of the
amplifier and by choice of the tunnel-diode mate-
rial (germanium) that is the least temperature-
sensitive. We have also shown that bias variation
can be used as a method of temperature compen-
sation to preserve noise figure and bandwidth.
Further studies are being conducted to determine
exact impedance requirements so that wide lati-
tudes in design frequency can be realized with a
minimum of tuning adjustments.
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