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(a) (b) (© (d)
Fig. 6. Photographs of adult Tenebrio molitor showing normal adult
and damaged specimens. (a) Normal adult. (b) G1. (¢) G2. (d) G3. Note
the presence of a hole in the elytra.

wave is noted whose maximum value is 20 percent greater than the
corresponding intensity in the empty guide. The apparent norm-
alized guided wavelength, with respect to the empty guide, is
N’ /Ag = 0.72. The maximum intensity is 415 V/m and occurs mid-
way along the pupa.

It should be noted that many of the G3 category defects (small
holes in the elytra) in the adult beetles were observed in this region.
Photographs of adult beetles exhibiting the various defects are shown
in Fig. 6. Notice that the material of the elytra in the (3 defect is
deéformed around the hole, indicating. that this is a growth defect
rather than a mechanical one.

VI. DISCUSSION

We confirm the finding that microwave radiation at the 10-mW
level in WR-90 waveguide causes teratological damage in insects.
This damage is not due to handling of the insects by the experi-
menter nor is it induced by a slow increase in the ambient temper-
ature. However, transient heating effects, even at these low micro-
wave power levels, cannot be ruled out.

The experiments do not show the incidence of damage to be
dependent on the orientation of the specimen in the electric field
or on the microwave power level. This suggests that the levels used
exceed that needed to induce the damage. The incidence of damage
does depend on the amount of energy absorbed by the pupa and it
may depend on its age when irradiated. For this reason the data of
Table I have been combined and presented graphically in Fig. 7.
The controls have been lumped to form a single group. Similarly,
all one-day-old specimens exposed to a total energy of 72 W.s
(Section ITI-A-C, and E) for the second group. The third group
comprises those one-day-old specimens exposed to a total energy of
36 W-s (Section III-F). The figure shows the increased incidence
of damage due to irradiation and the dependence on absorbed
energy. The increase in the number of dead pupae at the 36-W-s
level has not been explained.
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type of damage, compared to the total number exposed.

793

Experiments conducted to date have not shown the incidence
of damage to be dependent on whether the microwave power is
pulsed or CW. It must be pointed out, however, that only a small
range of pulse repetition frequencies was used in our experiments.
Effects with characteristic times shorter than 250-ns pulsewidth
or longer than 100-ms repetition period would not have been de-
tected.
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Comparison of Diode Noise Under RF and DC Excitations

Y. LIPKIN anp S. MANIV

Abstract—Comparison between the low-frequency noise spectra
measurements in microwave diodes under RF and dc excitations are
reported. The frequency-dependent noise temperature ratio 1
measured over a range of low frequencies was approximately 3 dB
less with RF excitation than with dc excitation, when the dc bias
level was identical in the two cases.

INTRODUCTION

The work described in this short paper was undertaken in an
attempt to determine if a useful empirical relationship could be found
relating diode flicker (1/f) noise under dc and RF excitation. To
estimate the flicker noise, we were faced with the need to make use
of flicker noise data on available devices under dc excitation only,
which is apparently an industry standard.

A search of the literature indicated that the direct comparison of
de-excited and RF-excited flicker noise at low frequenmes had not
been investigated and very little work at all on flicker noise measure-
ments under RF excitation [1], [27].

The measurement procedure employed was standard [3]. The
results obtained indicate that the noise spectra yielded under de
excitation are somewhat more (3 dB) intense than that yielded
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under RF drive, when the dc component of the diode current is
kept the same in the two cases.

The measurements were performed at S band and X band, on
point contact diodes types IN21IEM and 1N23EM, respectively.
Noise power was measured between 150 Hz and 10 kHz. The data
obtained for the S-band 1N21EM diode were in all cases similar
to that of the X-band 1N23EM diode, hence only the second diode
type is considered.

The frequency-dependent noise temperature ratio data were
fitted with a (1/f) noise function ¢ = & + al?/f* by means of the
least squares technique; the result for the parameters n and a were
as expected (n ~1 and a ~ 130 dB) [5].

- THE EXPERIMENTAL TECHNIQUES

A djode is placed in a diode holder equipped for dc or RF bias,
and with provisions for measuring the bias current under both
types of excitations (Fig. 1). The diode was followed by a trans-
former-coupled low-noise audio amplifier and variable bandpass
filter. The low-noise amplifier has an input impedance of 1.5 MQ
and a flat frequency response from 50 Hz to 15 kHz.

¢+ The noise power at the filter output was measured with a true
rms voltmeter. Measurements were made of the output noise power
density as a function of frequency under dc and RF excitation,
adjusting the RF input power to result in the same dc bias current
as with the dc excitation. These measurements were performed at a
number of bias levels for several diodes. The noise contributed by
the measurement system was determined by measuring the output
noise spectra with the diode replaced by resistors of equivalent IF
resistance. Additional measurements were made of audio amplifier
noise figure, system gain, bandpass filter noise bandwidth for each
filter segment used in the measurements, and the diode IF resistance
was measured by the small signal method (see Fig. 2). The small
signal was of 10-mV rms and 5 kHz. The R. obtained found to be
independent of the signal frequency between 50 Hz to 20 kHa.

The total set of diode and system measurements permitted the
determination of diode noise temperature ratio as a function of IF
frequency.

To determine if the Gunn oscillator contributed significant noise,
measurements were performed with matched diodes in a balanced
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Fig. 2. IF resistance measurement system. (B defined as the output

resistance corresponding to the maximum output voltage.)
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configuration. It was established that the osecillator noise contribu-
tions were insignificant.

EXPERIMENTS AND RESULTS

The equivalent circuit of the measurement system, from the stand-
point of noise is shown in Fig. 3. Here v is the rms IF noise voltage
referred to the diode output, v, is the rms IF noise voltage output of
the system, v,, is the rms IF noise voltage output of the system
when the diode is replaced by a resistance equal to its IF resistance
placed in the diode mount. We have two equations for the two cases,
with diode and without diode, as follows:

2
4KToB Rip (t + Frp — 1) = — )
Grr
\ ,
AKToBRix(l 4 Frp — 1) = 2. - @)
Gyr

In the above, K is Boltzmann’s constant, B is the noise bandwidth,
T, is the room temperature, ¢ is the noise temperature ratio of the
diode, F1r is the noise figure of the portion of the system following
the diode, and Gir is the square of its voltage gain.

v, and v,r can be measured by a true rms voltmeter. Itis convenient
to divide the squared voltage gain into two components, G =
G1G:, where G is the squared voltage gain of the bandpass filter,
and G, that of the remainder of the system. We have for the un-
known ¢

Vo> — Var®

l=————————+1
4K Ty (BG,) G\ Ry *

@)
B@, is given by
BG, = | |A(f) | df
/o

where the integration is performed over the frequency band of the
bandpass filter, and A (f) = V{Nouw/V (f)in. The noise temper-
ature ratio of the diode barrier iz relates to the measured noise
temperature ratio t, ¢ = (Rals + Rs)/(Rs + Rs) where Rp and
R are the diode barrier resistance and series spreading resistance,
respectively, Ryr is the sum of B and Rg. The technique employed
for measuring these resistance components [3] relies upon the
assumption that the barrier forward current is I = I[exp ((¢V)/
(PKT)) — 1] where I, is the saturation current extrapolated to zero
applied voltage, and P is called the diode ‘‘ideality factor,”” and will
normally be 1.5 for silicon point contact diodes [5]. The total IF
resistance Rig of the diode is then

B — Ry + PET 1
IF = vy q I+Io'

The Rir was measured by a small signal method over the frequency
range of interest and no significant variation was found. In Fig. 4,
Rir is plotted as a function of (I + I)™:. We found that the Exr
versus (I + I)~! data fell on a straight line [Fig. 4], and we con-
clude from this that both P and Ry are constants (P = 1.5 &= 0.1
and Rg = 45 + 10  for the 1N23EM diodes) within experimental
error, over the range of bias currents used for the noise measure-
ments.

The frequency-dependent noise temperature ratio data were fitted
with a

4)

th=to+ 5 (5)
B=bt+g
function, by means of the least squares technique. For the cases of
tg > t, we can write {z(dB) = A (dB) — nf(dB) where the dB sign
indicates that the parameters concerned are measured in decibel
(dB) units (z(dB) = 10 logi ). The parameters n and 4 (dB)
were determined from the above formula by means of the least
squares technique. The parameter #, is obtained by substitution of
these numerical parameters in (5).
The experimental data and the straight line of the best fit are given
in Fig. 5 for a typieal diode. The errors in n, 4 (dB), and # were
estimated by means of the following [61:

12072 2 oy v
on = [w] g4 (dB) = [T]
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TABLE I :

Tue PARAMETERS n, A, AND a OF a Typrcan 1N23E Diope OsTAINED BY THE BusT FITTING OF THE FREQUENCY-DEPENDENCE
NoisE TEMPERATURE RATIO g TO THE f, + al?/f* FuNctioN BY THE BEsT FITTING

RF Excitation

de Excitation

de - -
Current n on A(dB) T A@B) a(dB) n an A(dB) G A@B) afdB)

10 wA 0.74 0.40 28.3 1.1 128 0.80 0.23 31.9 0.6 132

25 pA 1.02 0.16 43.8 0.4 136 1.02 0.17 46.1 0.4 138

50 pA 1.16 0.24 53.0 0.6 139 1.17 0.15 55.4 0.4 141

100 pA 1.23 0.20 59.5 0.5 140 1.11 0.13 58,2 0.3 138

200 uA 1.22 0.22 64.6 0.6 139 1.12 0:17 63.1 0.4 137

400 pA 1.17 0.16 67.3 0.4 135 1.12 0.17 66.3 0.4 134

500 pA 1.17 0.15 70.5 0.4 137 1.13 0.13 68.9 0.4 135

1 mA 1.14 0.14 74.2 0.4 134 1.15 0.12 72.0 0.3 132

Note: A is the corner frequency A = al2.
or .. ¥ ¥y [1\ Table I. Noté that there are ho significant differences between the
6 = 3an N Stp2+442 3 (-—n> vatious parameters that are dependent upon. the form of the bias.
=1 YL In the case of the parameter {5, this is not quite the case (see Fig.
. s 5). For ¢, there appears to be a difference of about 3 dB that is
12 > A_lﬂ"‘ dependent upon the form of the bias, ¢z being approximately 3 dB
(AF)? 1\ fo» greater for dc bias than for RF.
1 ¥ i ‘
o = 5 (AT (dB))? DISCUSSION
=1

where o, is the variance of the random variable z, N is the number of
the experimental points on the straight line of tz(dB) = A(dB) —
7nf(dB), AF = In fmax — In fmn = In 100, and AT;(dB) is the ob-
served deviation of each data point from the best least squares
estimate. . .

The measured values of the parameters n and A agreed with well-
known results [57]. The values obtained for the parameter #; differ
considerably from unity, but are within the range of experimental
error from the value unity. Thus the large deviation of ¢, from unity
has no physical meaning. Results for a typical diode are shown in

The measurements of noise temperature ratio ¢z of silicon point
contact diodes (1N23E) showed that the value of ip depends upon
the source of the diode bias, whether dc or RF (3ee Fig. 6). This
difference does not depend oh other diode parameters. )

An attempt of explaining this noise temperatutre behavior can be
done by substituting different values of I in the equation tz =
t, + al2/f» for the two following cases. In the first case I is taken
equal to the I4; of the dc excitation and in the second- dase I is taken
equal to the. constant current component in the expansion of I .=
I, [exp (qv/PKT) — 1], V = V., cos «t, as a Fourier series."The
main problem is the exact mathematical relation between the I
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values used in the two cases. This depends critically on the assumed
physical model.
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Influence of the Harmonics on the Power Generated by
Waveguide-Tunable Gunn Oscillators

EZIO M. BASTIDA ano GIUSEPPE CONCIAURO, MEMBER, IEEE

Abstract—It has been observed that in many cases the power
generated by waveguide-tunable Gunn oscillators varies irregularly
and rapidly with the tuning. These power variations, which are not
to be confused with those deriving from mode switching, markedly
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depend on the components connected to the oscillator, and are
present in spite of their good matching in the operating band.
Theoretical evaluations and an experimeéntal test have been per-
formed which allows one to ascribe this phenomenon to the inter-
action between the fundamental and harmonic signals due to the
diode nonlinearity. The understanding of this phenomenon allows
one to design the oscillator in such a way as to reduce its effects.

I. INTRODUCTION

Full-height waveguide-tunable Gunn oscillators, as that shown in
Fig. 1, have been widely studied and used in the past few years.
In particular, some subjects as tuning features, frequency satur-
ation, mode switching, modulation capability, and noise have been
considered in detail {13-[7].

In this work we put into evidence and discuss some experimental
results concerning the output power, which, to our knowledge, have
not been reported previously:! we observed that, in many cases, the
output power goes up and down very rapidly and irregularly when
the tuning conditions are varied; furthermore, these power vari-
ations strongly depend on the microwave circuit connected to the
oscillator. This phenomenon is not to be confused with mode switch-~
ing, since in our case the frequency varies very regularly and con-
tinuously.

We observed such a behavior in many experimental situations
where the oscillator was coupled to the load through the usual
components, such as a ferrite isolator, a circulator, a filter, a direc-
tional coupler, ete. Typical experimental results are given in Fig.
2(a)-(c), which show the output power and the oscillating fre-
quency versus the distance d between the tuning short and the diode.
They were obtained in the cases of a waffle-iron HP-X362A harm-
onic filter, a displacement ferrite isolator, and a flap attenuator with
an X-band oscillator using a Mullard CXY11C device, placed on
the bottom end of the post, in contact with the waveguide wall.
Similar behavior was observed in commercial waveguide X-band
oscillators, such as the Varian VSX9001CM.

It is noted that the tuning curve is nearly the same in every case,
whereas the power curves differ from each other in the amplitude
and the position of fluctuations. The number of fluctuations is very
large and two subsequent power maxima take place for very small
frequency variations.

It is apparent that this phenomenon, which depends on the circuit
connected to the oscillator in a practically unforeseeable way, sub-
stantially limits the device performance: in the case of a CW oscil-
lator, for particular circuit and frequency conditions, the output
power may be noticeably lower than that available from the device;
furthermore, for an electronically frequency-modulated oscillator,
an undesirable amplitude modulation can arise.

I1. EXPLANATION OF THE PHENOMENON

In all the cases we considered, the circuit dimensions and the
very low VSWR of the used components did not permit us to ex-
plain the power fluctuations as a long-line effect. The observation
that fluctuations are very large in the harmonic filter case [Fig.
2(a)] and nearly absent in the attenuator case [Fig. 2(c)] led us
to ascribe the phenomenon to the interaction between the funda-
mental and harmonic signals due to the diode nonlinearity.

The second-harmonic effect has been studied recently by many
authors [8]-[11] with particular emphasis on the possibility of
maximizing the efficiency for a fixed-frequency oscillator by properly
terminating the diode at the second harmonic [127. In particular,
it has been shown that the power generated at the fundamental
frequency strongly depends on the amplitude and phase of the
second-harmonie voltage applied to the diode [117. For a waveguide
oscillator the harmonic components of the diode current can excite
a number of propagating higher modes besides the fundamental one.
These may be reflected by the standard waveguide components,

t After the submission of the manuscript we became aware that a
study on the behavior of the output power in one of the experimental
situations which we consider was carried out by Wu in the thesis work,
“Second harmonic characteristics of waveguide cavity CW_Gunn oscilla-
tors,” presented to the Sever Institute of Washington University, St.
Louis, Mo., in June 1970.



