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A Design Technique for Realizing a Microwave
Tunnel-Diode Amplifier in Stripline
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Abstract—A significant problem in realizing a practical tunnel-diode
amplifier is that of stabilizing the amplifier both within and outside its
passband while maintaining a specified center-frequency gain and band-
width. A new technique for realizing a moderate-bandwidth tunnel-diode
amplifier that utilizes a directional filter as a bandpass structure is
described.

This technique was investigated analytically and an experimental S-
band amplifier was built and tested. This experimental amplifier had
typically the following characteristics: bandwidth, 400 MHz; center fre-
quency, 2.9 GHz; and center-frequency gain, 12.5 dB.

The technique described yields an amplifier which is reproducible and
which has an analytically predictable and well-defined response. None of
the experimental models have shown any tendencies toward oscillations.

]. INTRODUCTION

SIGNIFICANT PROBLEM in realizing a practical
A tunnel-diode amplifier is that of stabilizing the am-

plifier both within and outside its passband while
maintaining a specified center-frequency gain and band-
width. Most tunnel diodes are short-circuit as well as open-
circuit unstable, and there is a range of resistive terminations
that will terminate a given diode in a stable operating region.
Hence, the impedance of the termination must be bounded
over the entire active frequency range of the tunnel diode.
Present-day circulators that maintain their characteristic im-
pedance over an octave or more in frequency are not uncom-
mon. However, the amplifier designer is still faced with the
problem of providing the necessary termination outside the
passband of the circulator, or in other words, isolating the
tunnel diode from the circulator at these frequencies. One
usual approach is to design frequency-selective loading cir-
cuits to stabilize the tunnel diode at frequencies lower and
higher than the frequency range of the circulator.[4-#! Diffi-
culties, such as oscillations and unpredictable responses,
sometimes occur. This approach is appropriate when design-
ing wideband as well as narrowband amplifiers.

A different and perhaps more straightforward technique
for realizing a moderate-bandwidth tunnel-diode amplifier is
described in this paper. This technique utilizes a directional
filter as a bandpass structure. When properly terminated, a
directional filter inherently maintains its input impedance
both within and outside its passband and hence it conveni-
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ently lends itself to terminating a tunnel diode. The amplifier
has a response which is determined to a first order by that
of the directional filter. The resulting gains and noise figures
are comparable with other design approaches. One inherent
disadvantage of this approach is that the noise figure of the
amplifier is somewhat degraded at the band edges. In addi-
tion, this design inherently yields stable amplifiers. Before
discussing this specific amplifier, some general aspects of
reflection-type tunnel-diode amplifiers shall be considered.

II. IpEAL GAIN EQUATION FOR A
REFLECTION-TYPE AMPLIFIER

The gain equation for a reflection-type tunnel-diode am-
plifier will be derived in this section. Consider an ideal circu-
lator connected to a transmission line which is terminated in
an impedance Z,, as illustrated in Fig. 1(a).! If Zy> R,, then
from transmission-line theory the reflection coefficient
= Viet/ Vi is determined by

lhRO_GO_I_/l
1+R0 G0+I71

where V;=1/Z, and Go=1/R,. If the termination is a tunnel
diode (that is, Z;= Zrp= tunnel-diode impedance) biased in
its small-signal negative resistance region, then {ZTD—ROI
may exceed [ZTD+R0| since the real part of Zrp may be
negative. Under these conditions |p| is greater than 1 and
the circuit in Fig. 1(a) becomes an amplifier with gain G of
ZTD - RO GO - ?TD (2)
Zrp+ Ry Go+ Yrp
For stable operation of the amplifier, R, must be chosen so
that the gain expression has no poles in the right-half S
plane. Stability criteria discussed by Hines' or by Henoch
and Kvaernal® may be used to bound the value Ry The
exact value of R,, within the stability rounds, may be chosen
for convenience in using available hardware or may be deter-
mined by the desired amplifier gain response.

In a practical amplifier the ideal circulator can be replaced
by an actual circulator if a constant-input impedance filter is
placed in the line between the circulator and the tunnel diode
as in Fig. 1(b). This filter will then limit the active bandwidth
of the amplifier and maintain the diode termination at R, to
insure stable operation. Since both the input signal and out-
put (reflected) signal pass through the filter, it appears in the

(1)

1 The bar notation over a capital letter indicates a complex number.
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Fig. 1. Transmission-line models of tunnel-diode amplifiers. (a) Ideal
reflection-type amplifier. Ideal circulator characteristics which hold
for all frequencies, including dc, are as follows: 1) signals entering
port 1 will exit port 2, 2) signals entering port 2 will exit port 3,
3) signals entering port 3 will be completely absorbed, and 4) no
signal reflection will occur at any port used as an input port.
(b) Tunnel-diode amplifier with filter.

signal path as two identical cascaded filters. The resulting
gain equation is

e 7w —R
A’ = TG = Hup? <:?D—~°> 3)
Zrp + Ry

where H, is the transfer characteristic of the filter. In Sec-
tion I1I we will consider modifying Zrp with compensating ele-
ments to produce a G which will yield a desired amplifier
gain response 4"

1. COMPENSATION OF A TUNNEL DIODE TO SHAPE
AMPLIFIER PASSBAND AND INCREASE AMPLIFIER GAIN

To realize useful gains from tunnel diodes that have rea-
sonably low cutoff frequencies, it is necessary to add fre-
quency compensation between the tunnel diode and the fil-
ter. The determination of compensating element values for
modifying the tunnel-diode impedance Zy, will be discussed
in this section using graphical techniques described by
Henoch and Kvaerna.®! To describe the method a specific
tunnel diode is used. These techniques are applied to an am-
plifier with an ideal circulator and a reflectionless transmis-
sion line as shown in Fig. 2.

The requirement for an ideal circulator was removed in
the preceding section by placing a constant input impedance
filter between the compensating elements and an actual cir-
culator. The effects of small reflections are dealt with in Sec-
tion IV, The design method is based on modifying the tun-
nel-diode amplifier gain relation in (2).
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Fig. 2. Model of compensated ideal tunnel-diode amplifier.

The compensating elements have an effect on the amplifier
similar to the effect produced by the tunnel-diode equivalent
circuit elements which make up Zrp. Thus the gain of a com-
pensated amplifier is given by the tunnel-diode gain equa-
tion, with Zrp (the impedance of the tunnel diode) replaced
with Zp (the general expression for the impedance of the un-
compensated or compensated tunnel diode); that is,

a_ ED R, _ Go ZD . @
Z D + Ro Go + Y D

The design example was carried out using a commercially
available diode which has the equivalent circuit values given
in Fig. 2. Figure 3(a) shows the tunnel-diode equivalent cir-
cuit and one possible compensation network. The equiva-
lent circuit terminated by an ideal resistance R, can be con-
sidered the uncompensated case. The frequency compensa-~
tion network shown is the case of series-inductance compen-
sation. Element values for compensation networks are deter-
mined graphically by forcing the complex impedance versus
frequency plot of the compensated tunnel diode to conform
closely to constant-gain circles, while continuing to satisfy
the necessary stability criteria as discussed by Henoch and
Kvaerna.l®'1 For the simple case considered here, it is suffi-
cient to require that the added series inductance does not
cause the complex impedance plot of the series compensated
tunnel diode to intersect the real axis to the left of —R,
[Fig. 3(b)].

Figure 3(b) illustrates the technique used to determine the
compensation element values. In this figure, negative reac-
tance is plotted in the upward direction in the vertical axis;
the horizontal scale is negative resistance to the left. A third
grid is the constant-gain circles for gains ranging from 45
to 415 dB and for Ry=>50 ohms. The solid plot is the im-
pedance of the diode. The plot starts with zero frequency at
—84 ohms and crosses the imaginary axis at its resistive cut-
off frequency, which in this case is 16.5 GHz. Note that in
the vicinity of 3 GHz the gain is approximately 6 dB. The
dashed curve is for series-inductance compensation. The
vertical displacement at any frequency from that of the un-
compensated case is the added reactance. In this case 1.2
nH raised the gain to 10 dB at 3 GHz. For this particular
amplifier a one element compensation network was suffi-
cient. However, this general technique may be used to design
more elaborate compensation networks.



556
Ls Rs Lg=l.2nH
% ™
'RS: +=Cj ::Ccl Ro Ro
Zro Zs
UNCOMPENSATED SERIES - INDUCTANCE
TUNNEL DIODE COMPENSATION
@)
—-80
]
£
£
2
=
—l+s0
(b)
16
UNCOMPENSATED
TUNNEL DIODE
SERIES - INDUCTANCE
COMPENSATION
@
2
z
g
(L]
N\
AN
AN
" L foll i 1 1 |
0 | 2 3 a4 5 6 7 8
FREQUENCY (GHz)
©
Fig. 3. Frequency compensation technique. (a) Frequency compensa-

tion networks. (b) Effects of compensation on complex impedance
curves. (c) Effects of compensation on ideal amplifier response.

In Fig. 3(c) the information on the previous figure is re-
plotted to emphasize the gain versus frequency response of
the ideal amplifier. Again, the solid curve is for the uncom-
pensated case and the dashed curve is the series-inductance
compensation.

As previously mentioned, the overall passband response
of the amplifier considered here will be determined in most
part by that of the directional filter. However, frequency
compensation is still necessary to obtain reasonable amplifier

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, OCTOBER 1967

<l
1
Ij

Yy 1%/

TUNNEL
DIODE

COMPENSATION
NETWORK

FILTER
(A),)

%/l B,

Y,
le—2

em————
REFERENCE
PLANE FOR
REFLECTION
COEFFICIENTS

Fig. 4. Effects of small reflections.

gains at microwave {requencies. The analysis, up to this
point, has not considered the effects of small reflections
which will certainly occur in a practical tunnel-diode ampli-
fier.

1V. EFFecTs OF SMALL REFLECTIONS ON AMPLIFIER GAIN

In this section the effects on amplifier gain of small reflec-
tions are considered. As shown in Fig. 4, all reflections re-
sulting from both the filter and the circulator are referred to
the characteristic impedance of the transmission system at a
plane immediately preceding the compensation elements.
The primary input wave V', breaks up into a transmitted
wave V'in/1—pi? continuing on to the tunnel diode and a
reflected wave 5.V'i. traveling in the opposite direction.
Similarly, the amplified wave V. breaks up into a transmitted
wave Va/1—ps? traveling on to the filter and a reflected
wave p2V, which travels back to the tunnel diode. For
[p1| <1, | p2|] <1, and | G| > 1, the expression for the overall

gain of the amplifier is
ne(: L
12 1= /')26

where V;, is the input to the circulator and V.. is the output
of the circulator. (For derivation of (5) see the Appendix.)

When compared with (3) it can be seen that 5, behaves as
a feedback term around the reflectionless amplifier, Since
both p, and G are complex, p; can either raise or lower the
gain of the amplifier. In the usual case p, is due to random
circuit discontinuities for which phase angle is not controlled.
Therefore, in order for the overall gain 4 to correspond
closely with the idealized response 4'=H;*G, a sufficient
condition is that the | ;| | G| term must be small in compari-
son to 1. Finally, even though G, the gain of the tunnel diode
and compensation network, is stable, the total amplifier
may be unstable because of the (1—p,G) term. Instability
can, however, be avoided by insuring that for all frequencies
| 5:G| is less than 1.

Ai?“
Vin

(5)

V. AMPLIFIER DESCRIPTION AND DIRECTIONAL-FILTER
DEsSIGN

A. Amplifier Description

A directional filter composed of two quarter-wave direc-
tional couplers joined by a resonant loop is shown in
Fig. 5(a). This directional filter is described more completely
by Coale.!” The response of the filter is illustrated in Fig.
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Fig. 5. Directional filter. (a) Configuration,
(b) Idealized frequency response.

5(b). There is a bandpass response from ports 1 and 2 and
a band-reject response from ports 1 and 3. Ideally no power
would emerge from port 4. The filter is symmetrical and
therefore any port could be considered the input. The elec-
trical length of the resonant loop / specifies the center fre-
quency, whereas the coupling coeflicient of the directional
couplers specifies the filter bandwidth, i.e., tighter coupling
results in lower Q. The number of loops in the directional
filter defines how many poles will be in the filter response;
thus a single loop as shown here leads to a single-pole filter
response. As a result of its directivity, the idealized input
impedance at a given port is maintained at a constant R
when the corresponding bandpass and band-reject ports
are terminated inband and outband, respectively. This con-
stant R characteristic thus provides a simple and straight-
forward means of terminating a tunnel diode.

The electrical configuration of the entire amplifier em-
ploying a directional filter is shown in Fig. 6. The tunnel
diode is terminated within the amplifier passband by the
circulator at port 1. Outside the passband, the tunnel diode
is terminated by the broadband termination shown as part
of the biasing network at port 4.

Now consider the signal flow of the amplifier. Input sig-
nals at frequencies within the filter bandwidth are coupled
through the circulator to the tunnel diode by way of ports
1 and 2 of the filter. They are reflected with gain by the
tunnel diode and coupled back to the circulator again
through ports 2 to 1 of the filter. Signals within the circulator
bandwidth but outside the bandwidth of the filter are ab-
sorbed in a termination at port 3. Since the filter appears
twice in the signal path, a single-pole filter leads to a syn-
chronous two-pole amplifier response,

The noise figure characteristic of this amplifier may be
described by first considering the noise figure as measured
at the tunnel diode. Here there are two contributions to the
noise figure: 1) the thermal noise of the equivalent 50 ohm
resistance, which terminates the tunnel diode at all fre-
quencies due to the characteristics of the filter and 2) the
excess noise of the tunnel diode.
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Fig. 7. Stripline configurations.

In referring the noise figure at the tunnel diode back to the
input of the amplifier, it is increased by the circulator loss
and the one-way filter attenuation. The loss associated with
the circulator which was used is approximately 0.3 dB
across the band. The filter attenuation is 0.2 dB at midband
due to losses and 1.5 dB at the amplifier’s 3 dB points. Al-
though the noise figure as measured at the input is primarily
due to the above considerations, there is one additional
noise source which is negligible in most cases. A fraction
of the thermal noise power generated by the resistor at port
3 will combine with the amplified signal plus noise as it
leaves the amplifier. Since this noise power will be decreased
by the gain of the amplifier when referring it back to the
input of the amplifier, its contribution to the total noise
figure is negligible.

The directional-filter and directional-coupler design equa-
tions are presented.!®-(81-11% The design criteria for the spe-
cific directional filter used in the experimental amplifier are:
center frequency, fo=2.9 GHz, and 3 dB bandwidth,
BW=700 MHz. (Using the bandwidth shrinkage factor
/21" —1 with n=2, a one-pole filter response with a band-
width of 700 MHz corresponds to a two-pole amplifier re-
sponse with a bandwidth of 450 MHz.) The geometry of the
stripline, coupling region, and filter loop are presented in
Fig. 7.
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Fig. 8. Measured filter response.

The measured frequency response of one directional filter,
which was subsequently used in the experimental amplifier,
is shown in Fig. 8. The bandpass and band-reject responses
are shown from 1 to 10 GHz. The fundamental response of
this filter has a 3 dB bandwidth of 620 MHz centered at
2.9 GHz. The midband insertion loss is 0.5 dB. The re-
sponse in the vicinity of 3.0 GHz is the only portion per-
tinent to the transmission of the amplifier being discussed,
but it is necessary to consider the response at other frequen-
cies for stability purposes. There are two spurious responses
at 5.4 and 6.8 GHz which are cavity modes caused by the
sidewalls in the stripline structure. The response at 5.9 GHz
resulted because the electrical length of the loop was ap-
proximately two wavelengths long at this frequency. The
response is very high Q since little power is coupled there.
At 9.0 GHz the loop is approximately three wavelengths
long. The response is low Q since there is tight coupling
at the coupler’s three-quarter wavelength frequency. At this
frequency the midband insertion loss is 3.0 dB. Since the
circulator does not provide a good match at this frequency,
instability could occur if adequate gain were available from
the tunnel diode. For the experimental amplifier discussed
in this paper, the series-compensated tunnel diode had a
gain of approximately 1.0 dB at this frequency. For this
gain and the VSWR measured, the conditions for stability
were satisfied.

VI. EXPERIMENTAL TUNNEL-DIODE AMPLIFIER

The experimental tunnel-diode amplifier shown in Fig. 9
was constructed using stripline techniques. In the photograph
a portion of the top cover plate has been removed to expose
the stripline structure. In constructing this amplifier assem-
bly an attempt was made to maintain as much control as
possible over the various significant parameters and also to
allow for measurements at intermediate stages of assembly.
To provide for such measurements, the stripline structure

~was laid out in a manner which made it possible to gain
-access to various areas without disturbing adjacent cir-
cuitry. This was done, however, at the sacrifice of increased
size. The stripline elements were etched from beryllium
copper and subsequently laid on the tellite dielectric.

In Fig. 9 the principal components of the tunnel-diode
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Fig. 9. Experimental tunnel-diode amplifier.

amplifier are labeled. The circulator is located at port 1 of
the directional filter. It was important that the circulator
used be constructed in stripline with the same ground-plane
spacing as the remainder of the amplifier; since then it was
only necessary to transition the center conductors. Port 3
of the filter is terminated internally with a 50 ohm pill-type
termination.

Four capacitive tuning screws are located in the top plate
which covers the filter area. These tuning screws are used
to compensate the inherently inductive corners of the filter.

The tunnel diode was mounted in the dielectric at port 2
of the directional filter. Inductive compensation was added
by narrowing the center conductor immediately preceding
the tunnel diode.

The bias network is mounted at port 4 of the filter. Its
purposes are to provide a means of applying the tunnel-diode
bias current and also to provide a stable termination for the
tunnel diode. This termination should be resistive and have a
value of approximately 50 ohms.

In assembling the amplifier, the characteristics of the direc-
tional filter were first measured with a connector at the
tunnel-diode port. To reduce the level of reflections de-
veloped within the directional filter, the four tuning screws
were adjusted for minimum inband voltage-reflection coeffi-
cient | 55| looking into the diode port of the filter. The value
of [ ﬁgl inband is typically less than 5 percent.

After the filter was adjusted, the connector at the diode
port was removed. A small corner of the cover plate was
also removed to expose the area in which the tunnel diode
was to be placed. The filter was not disturbed at or beyond
this point of assembly. After the diode was inserted, the
series inductance was adjusted to produce the desired mid-
band amplifier gain.

The four-port circulator used in this amplifier made it
unnecessary to have an impedance match at either the input
or the output of the amplifier. With this arrangement it was
a fairly simple task to minimize the inband voltage-reflection
coefficient measured at the diode port to typically less than
5 percent, as shown in Fig. 10(a). Note also that for this
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Fig. 10. Amplifier characteristics. (a) Frequency response of the tun-
nel-diode amplifier. (b) Effects on amplifier gain and noise figure
resulting from the interchanging of diodes.

amplifier the level of reflections is under 5 percent from 2.3
to 3.5 GHz. The effects of 5, on the amplifier response may
be noted from this figure by comparing the measured re-
sponse to the idealized response, H2G. For a gain of 12
dB and a 5 percent reflection level, one can expect a maxi-
mum deviation of +2 dB between the actual and the ideal
response. In this case the deviation near midband was only
slightly greater than +1 dB.

Gain and noise-figure measurements were conducted on
the tunnel-diode amplifier using two different tunnel diodes.
These measurements are shown in Fig. 10(b). The diodes
were simply interchanged without retuning or varying the
inductance compensation. The shift of the center frequency
is probably due to a difference in the lowpass characteristic
of the two tunnel diodes with compensation. The noise-
figure measurements verified that the general shape of the
noise figure versus frequency curve for the amplifier fol-
lowed very closely that of a single-pole filter. In other words,
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Fig. 11. Variation of amplifier gain response
with increasing inductance.

the noise figure can be expected to be a minimum at the
center frequency of the filter and 1.5 dB higher at the 3 dB
band edges of the two-pole filter response, which are also
approximately those of the amplifier. The calculated mid-
band noise figure of the amplifier, based on diode parameters
and including both circulator and filter losses, was 5.2 dB.
The difference between the measured and calculated values
was well within the measurement error of the system. The
similarity of the gain and noise figure as functions of fre-
quency for the two diodes seems to indicate that the basic
design is, as expected, relatively insensitive to the diode
parameters.

In order to verify experimentally a portion of the analyti-
cal work pertaining to the compensation networks, the
amplifier gain response was measured for various values of
series-inductance compensation. The inductance was varied
by adjusting the width of the stripline center conductor im-
mediately preceding the tunnel diode. The experimental gain
responses are shown in Fig, 11. There are certain trends due
to increasing inductance which can be noted from these
curves and which agree closely with those predicted ana-
Iytically using a complex impedance plot. First, the gain
at the frequency corresponding to the uncompensated ampli-
fier center frequency increases with increasing inductance.
If the value of inductance were increased even further, a
value would be reached whereupon this center frequency
gain would begin to decrease. Second, there is a downward
shift in frequency of the maximum amplifier gain. Another
trend evident in these curves and which is analytically pre-
dictable is the increasing distortion of the gain response from
the ideal reflectionless response with increasing magnitudes
of gain. Comparison of (3) and (5) indicates that the effect
of reflections on the gain response becomes greater with
increasing gain and causes the actual response to differ
more and more from the ideal. It was predicted from the
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Fig. 12, Center-frequency power-transfer characteristics and inter-
modulation components of the tunnel-diode amplifier.

complex impedance plot that a gain of 11.5 dB (which in-
cludes filter and circulator losses of 1 dB) will occur at a
center frequency of 2.9 GHz when a series inductance of 2.2
nH is used. The calculated value of inductance for the strip
which experimentally yielded a gain of 11.5 dB is approxi-
mately 1.7 nH.

The output versus input power-transfer characteristic of
the amplifier for input signals up to 7.5 dBm is shown in
Fig. 12. The cause of the dip in the curve in the region of 0
dBm, a phenomenon which has been noted in similar de-
vices, has not been analytically determined. The measured
third- through ninth-order intermodulation components are
also shown in Fig. 12.

VII. CONCLUSIONS AND DISCUSSION

This paper has presented a technique for realizing a tunnel-
diode amplifier utilizing a directional filter. This technique
was investigated analytically, and several experimental S-
band amplifiers were built and tested. In general, the experi-
mental results agree well with the predicted results.

In order to realize useful gains from diodes with moderate
cutoff frequencies, compensation of the tunnel diode proved
to be valuable. Since the amplifier was narrowband, simple
forms of compensation were adequate. The graphical tech-
nique presented is a valuable tool in designing compensation
networks for a reflection-type amplifier. Its usefulness is
based on the fact that once the input impedance of the
tunnel diode is plotted, the gain is immediately available
from a grid of constant-gain circles for a given character-
istic network impedance R,. The network impedance can
then be conveniently manipulated by the addition of com-
pensating elements to give a desired gain response.

The experimental amplifier discussed in this report uti-
lizes a single-pole filter which yields a two-pole amplifier. To
extend this technique to the design of amplifiers with more

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, OCTOBER 1967

than two poles, it would appear more desirable to cascade
two-pole amplifiers rather than utilize multipole filters. This
preference for cascaded amplifiers is partially based on the
increased isolation that occurs when circulators are placed
between the filters.

This method of realizing a tunnel-diode amplifier was
demonstrated in S band. The use of this technique for
higher frequency ranges is limited to the extent of realizing
the filter and other components with adequately low reflec-
tion levels. The extension to lower frequency ranges is
limited by size, since distributed instead of lumped elements
would be used.

The amplifier’s noise figure is degraded over the no-loss
case only by the insertion loss of the filter, which is 0.4 dB
at midband and which has the curvature of a single-pole
filter response.

The technique in this paper yields an amplifier which is
reproducible and which has a predictable and well-defined
response. To date, none of the experimental models have
shown any tendencies toward oscillations.

APPENDIX
DERIVATION OF ACTUAL AMPLIFIER GAIN EXPRESSION

, The overall gain expression for the amplifier (see Fig. 4)
is defined as
i Vout

I_/in (6)

A

where V;, is the input to the circulator and V. is the output
of the circulator. Now proceed with the derivation by defin-

ing
Vi=+V1=p52Vy + Vo )
For I;‘)J «1, +/1—p* is approximately equal to 1, and
therefore the expression for V, becomes

Vim=Vi+ p2V s (8)
Next solve for Vi,=T"i./Hi,, where H;, is defined as the

filter transfer function.
7. - V1 : 2V _

H 12

where G=T,/V;. The circulator output Vo, is given by

V1<1 — [_)QE)
FI‘Z

(9)

Vou = Fm[\/l — B2 Vo + ﬁl_f/_lin]-

For |r)2!<<1, v/1—p2? is approximately equal to 1, and for
| ;1] <<1 and | G| > 1, the reflected portion of the input wave
p1V'in is small compared to V;= GV, and can be neglected.
The expression for V,,: becomes

T/‘out =~ HIZVZ = -H—mwl.

(10)

(1n

Finally, the expression for the overall gain of the amplifier

is found to be
m (o)
- 1 1 —'526 )

A out

Vin

4 (12)
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The Overdriven Varactor Upper
Sideband Upconverter

ALFRED 1. GRAYZEL, MEMBER, IEEE

Abstract—The equations for the overdriven upper sideband upcon-
verter are derived and computer solutions are given for the abrupt junction,
graded junction, and punch through varactor. The necessary design
parameters are presented for the design of an upconverter. The perfor-
mance of the abrupt, graded, and punch through varactors are compared.

LisT oF SYMBOLS

C(V)=1Junction capacitance as a function of voltage
across it in the reverse direction
Eff=Efficiency—power out divided by total power in
fAV)=Cutoff frequency [defined by (16)] as a function
of ¥
Py =Total power into varactor for K=1, and 2 and out
of varactor for K=3 [see (12)]
Py =The power into the lossless varactor at frequency
wg (K=1,2,3)
Ppx=The power dissipated in R, at frequency wg
(K=1,2,3)
g=The charge on the varactor
g=The normalized charge defined by (2)
¢o=The charge due to the contact potential
Qo= Average normalized charge on the varactor
Qx=Normalized charge on varactor at frequency
wr (K=1, 2, 3) defined by (4)
Qp=Charge at breakdown
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Rx=Real part of “impedances” (ratio of voltage to
current) across the varactor at wg
Rx=Normalized resistance defined by (19)
Rg=Parasitic series resistance of diode
Smax=Maximum value of the varactor elastance—value
of elastance at breakdown
T="Period of charge waveform
V5= Breakdown voltage
V'=Voltage across lossless varactor in reverse direction
T =Normalized voltage across varactor defined by (2)
V= Voltage across diode at frequency wg in phase with
the current at wx
Vxs=Voltage across diode at frequency wx out of phase
with current at wg
Vy=dc voltage across varactor
Vo= Normalized dc voltage across varactor
X=Parameter in (15)
Xx=Imaginary part of “impedances” (ratio of voltage
to current) across the varactor at wg
Xk =Normalized imaginary part of the impedance de-
fined by (19)
a=Loss coefficient defined by (17)
B=Normalized output power defined by (18)
v =Varactor law defined by (1)
¢=Contact potential
w1 =27 times the input frequency
we=2r times the pump frequency
w3=2m times the output frequency
w,= 2 times f(V5)
6x =The phase angle of the charge waveform at wx for
K=2 and 3 in (4)



