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SELF-OSCILLATING MIXERS IN DIELECTRIC WAVEGUIDE

ABSTRACT

The feasibility of constructing a single integrated functional device
in a dielectri c waveguide cavity has been demonstrated. This device is a
sel f-oscillating mixer and antenna consisting of a negative resistance
diode imbedded in a high-resistivity dielectric such as silicon or A1 203,with one end of the resonant cavity tapered . This taper serves as an
an tenna or a coupling element into a standard metal waveguide . Tests have
been ma de at Ku-Band and at V-Band , and it has been found that when used
as a rece i ver , the overall noise figure is in the order of 10 to 1 2dB,
including the IF amplifiers . These receivers also provide large bandwidths.
The device is simple in construction , wh ich predicts low cost and ease in
manufactur ing . Applications are suggested based on noise figures , minimum
detectable sensitivities , and RF power capabilities for systems requiring
small size and low cost. These include coniiiunications, expendable Electronic
Warfa re (EW) sensors , radar and short—range termi nal homi ng . These devices
may lead to future developments in low-cost millimeter-wave integrated
circuits in which entire sections of p recision machined metal waveguide
structures are el i mi nated .

INTRODUCTION

Self-oscillating mixers have been of considerable interest in recent
years (1), (2), (3), due to the fact that they embody simplification for
the circuitry of receivers . In more conventional mi xers , there usually
exists a signal frequency , a mixer diode of a rectifier type, and a separate
local oscilla tor. In conventional mi xer theory , i f the local osc i llator
voltage is

e0 = E0 cos w0 t, [1]

the instantaneous conductance of the diode is

g = A0 + ~~~ A~ COS nw0 t [2]

where the coefficients are determined by the shape of the conductance
characteristics of the mixer and Ui~ ) is the fundamental frequency of the
local oscillator (LO).

Assuming a hi gh crystal resistance , the current determined by the
i mpedance of the crystal i s gi ven by

= ge~ [3]

II~



where es is the si gnal voltage . If the si gnal i s an unmodul ated s i ne
wave , the current for es = Es sin ~r~~t is

i b = A
0 E5 sin 5~ EsI

~~l 
A n COS flI~I r t sin t [4]

or , 1b = A0 E5 sin w~t + -

~~~~ 

> An [s in(L. 5+n , )t + sin( .5 - flw0)t.] [5]

n 1

The final term contains the IF. Conversion can take place with the funda-
men tal frequency of the local oscillator (n l) or any higher value of n.
Modulation sidebands can occur with frequencies

( .  - + ) (
~~ 

- —

In the sel f~csci ll ating mi xer , the mi xer diode is elimina ted. That
is , a Gunn diode (or BARITT diode ) will serve both as a local oscillator ,
an d because non-l inearities are always present in an oscillator , as a
mixing element. In the latter arrangement , the signal is fed directly
into the oscilla tor and a suitable IF probe will remove the IF power
for use in subsequent cmpl ifier stages ; thus , the whole mi xer assembl y,
as well as certa in associated filters , may be eliminated . Self-oscillating
mix ers ha ve been developed i n meta l wave gui des for Dop p ler ra dar and are
becoming commercially available. Early work on self—oscillating mi xers
was hampered by the fact that the noise was considerably higher than that
of conventional mixers limiting the applications to short range radar
where considerable noise levels could be tolerated. Thls accounts for
the early emphasis on only short range Doppler radar (4) where the IF
frequencies are relatively low , i.e., ~ibout lO(~ KHz or l ess. The
question of noise at hi gher IF frequencies is another matter. Lazarus
indicated that at 60 MHz, using 33 GHz Gunn diode oscillators , a noise
fi gure of 19dB was observed with an IF bandwidth of 32.5 MHz. While this
is not a low-noise figure by mixer standards , it could be of importance
if further improvements in noise figure were attained. One of the ob-
,jectives of this report is the determination of noise figures of self-
oscillating mixers . Another objective of the investigation was to
determine if considerable simplifica Li on , nd hence reduction in cost ,
could be attained. In the quest for l ower cost, the dielectric waveguide
(or image-line) technology was applied using a Gunn diode in a simply
constructed cavity % in a self-excited oscillator-mixer mode of operation .
The s i gnificance of this technology is that active devices , as well as
passive components , can be developed in circuit modules to construct
functional subsystems . With the indicated improvements in cost and per-
formance, new applications appear possible for expendable sensors and jam-
mers , proximi ty fuses, short-range guidance sensors , communications and
radar receivers .

In the course of this work , devices were desi gned, constructed , and
evaluated for X-Band , Ku-Ban d and V-Band . The gene ra l construction is il-
lustrated in Figure 1 . Note that a Gunn diode was imbedded in an aperture
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which was cut in a high resistivity silicon or Al 2o~ ceramic waveguide .
A resonant transformer disc was used to couple the ~nergy of the di ode
into the dielectric waveguide system. At the far end is a tapered
waveguide acting as an antenna . The configuration served as a combi ned
funct ional device containing an antenna for i ncoming signals , a self-oscil-
lating mixer diode , and with the help of a bias and coaxial lead for the IF ,
coul d be s tudied as a mixer for a superheterodyne receiver.

OSC ILLATOR CIRCUIT

In discussion of the oscilJ4~or~ consider firs t some general
theories developed by Kurokawa .t~

) Any stable microwave oscillator
c i rcui t can be rep resente d by an equi valen t series resonant c i rcu it , as
shown i n Fi gure 2. The diode i s rep resente d by a dev i ce wi th i mpedance ~~~~~

+ j X. The cavity resistance , capacitance and inductance , is represented
by the elements R 1, C and L and the output power is developed across a load
res i s tance , R0. The si gnal gene rator is represented by a voltage , e(t),
w hi ch can be a small s ig nal or a sou rce of no i se . Postula ti ng a curren t
which can change amplitude or phase with respect to time , Kurokawa then de-
velops differential equations , the solutions of which , give amplitude and
phase and are

(L + + (R~ + R0 
- 

~~) 
A = 

~
_- fe(t)COS (wt+?)dt [6]

.r c

(- ,rL +~~~~
- - 

~~
) - (L + 

~~~~~ ) ~~ = ~~-f t)sin (~t÷f)dt. [7]

t - T~

where A(t) is the amplitude of the current, 
~~~~~ 

is the phase, T0 is the
period , and e(t) is the signal voltage . Under the conditions of steady state
oscillations , -

e(t) = o, o, = o.

In this oscillating condition,

R = R i + Ro [8]

and
- IL , [9]

where P is the magnitude of the negative resistance of the diode and X is
the magnitude of its reactance .

In practice s in metal waveguide circuits , after some approximation of
these c har ac ter i s tic valu es , the diodes are pl aced in a metal walled oscil-
lator cavity . The cavity dimensions are varied by tuner element; the diode
can be biased for optimum oscill ator characteristics for the conditions
required to meet the stable oscillation cri teria. Both X and R are

3



dependent upon the frequency and amplitude of the oscillation. In the case
of the d ielec tr i c wavegu ide osc i l la tor , the circu it matching is accomplished
in a manner simi lar to the metal waveguide case. It can be shownthat the di-
elec tr i c osc i lla tor can be des i gned to approximate dimensions . In order
to test the device as a self -osc illating mi~xer , the pointed section is
p lace d i n a s tandar d wave guid e and pos iti one d for max i mum transfer of power .
When the adjustments are completed , it is equivalent to chang i ng the coupling
into the metal waveguide and hence adjustin g R0 w i th concurren t smaller
changes in the other equivalent components in the circuit.

Still another concept used which is in current Dractice. and
which is derived from Kurakawa s presenta tion . This concept occurs in the
experiment referred to as the measurement of the external Q (or Qext) by the
method of frequency pulling. It can be assumed that the signal generator is
apply ing a small voltage e(t) at an angular frequency ~~, nearl y equal to the
resonan t frequency ~~- . The frequency of the osc i l lator w i ll be pulled i nto
the frequency .r. If the frequency is moved farther away from w0, or if
the power from e(t) is decreased , there w i ll be a sudden change in frequency
and the oscillator will snap back to . , and mixing products will occur.
The total frequency range of pulling will be called 1 .~-.~1max from ~~~~ - to

The end result of the analysis is given by the following approximation
for the synchronizing frequency range:

/ 
~ ~~l/2

= ~~ 
( s~~ [10]

- max next \ P 0)

where is the total range of pulling, i s the resonant frequency
of the oscillator diode and cavity ; P0 is the “power out’ of the free running
os ci l la tor across the loa d R0, an d P5 is the available powe r from the
synchronizing source e(t).

OSCILLATOR DESIGN

The oscillator cavjt~’ design is based on an image-line concept fi rst
formulated by Marcati li~

6) and later modified for millimeter waves . (7 .J(8)
First , consider propagation of an electromagnetic wave in a dielect ric wave-
guide . The fundamental wave will propagate as shown in Figure 3, and in the
EY 11 mode , a hybrid mode which propagates when correctly launched . The
propagation characteristics are given by the following approximation s :

/ A + A
= ~/a 1 + -A.._—~~.) [11]

k = ~/b (1 
n 2 A2 n 

~ 4’
) 

[12]

b /

2 
- k~~~

) 

1/2 [13]
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.

1/2
1/ - k~2) [14]

~2,3,4,5 
= ~/2 (n~ - n~~3 4 5 )

1/2 [15]

k~ = k~ 
- k~ - k~ [16]

k
~ 

= 2~ T / X
9 

[17]

where = propagation constant in x,y and z direction ,

l/~3 5  
= attenuation constant in media 3 and 5 (air)

h i-i 2 4 = attenuation constant in media 2 and 4 (air)

k 1 
= propagation constant in bulk dielectric

= i ndex of refrac ti on i n d ielectr i c medi um

= guide wavelength

= wavelength in air

a = the width of the dielectric

b = the hei ght of the dielectric

In applying the above equations to a silicon guide , cut to a little less
than one wavelength in the medium in width , and less than one-half wave-
length in hei ght, the guide wavelength can be calculated by:

5
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= \ / n~~~ [18]

where ne f is appro xima tely 3.0 instead of 3.464. In the experiments de-
scribed below , the ~‘oss -section al dimensions of all X-Band and Ku-Band
dielectric oscillat were cut to the approximate dimensions indi cated
above. At 60 0Hz, cross-sectional dimensions of the dielectric guide s were
oversi zed , i.e., sli ghtly greater than 1 millime ter in hei ght and about 2
niillin iet ers in wi dth. Experiments indicated that even in this over-
sized condition , the iiode dominat ed.

In the cen-~tructi on of the oscillators , and in their design to produ ce
an o perat io nal  f r~’~ uency, three factors had to be co 1isidered in the fol lowing
order of import an ce as shown in Figure 4.

1 . The c p e c i f i c  frequency ( re la ted to t rans it  time and packaging) of
the diode ~ad to he selected for a given frequency of operation .

2. In a l l  c j - e s . a metallic resonant transformer disc was used on top
of the d ie lec t r i c ,  mak ing contact with the diode to provide tuning.

3. The resonant length of the d ie lect r ic  sect ion , in back of the
diode , was chosen for optimum power. This was approxima ted to be (2n+l) in
length.

Although the diodes oscillated without metal shielding, a metal enclosure
was constructed surrounding the diode . This enclosure was constructed in
order to prevent radia tion from the diode to the adjacent area or to pre-
vent unwanted si gnals from entering from outs i de the os cillating region.

In su mmar y, for the performance characteristics of the dielectric oscil-
lator and antenna . and indi cated construction , the transmission line eqjiva—
lent circuit and the l umped constant series resonant equivalent circuit ,
shown in Figure 5, were postulated .

ELECTRI CAL MEAS u REMENTS

Measurements were made at Ku-Band , X-Band and V-Band on the dielectric
osc i l la to rs .

Fu rther discussion of the concepts and data related to Qext follow. Another
definition of the external Q is 2- times the peak energy storage , divided
by the energy dissipated per cycle in the load, i.e., -L/R 0. This is in
contrast to the unloaded Q which is defined as 2~ times the peak energy
storage . div ided by the energy dissipated per cycle in the cavity structure
itself , i.e., Q0 = L/R j . In metal walled cavities , Q

~ 
is determined

largely by the conductivity of the walls (skin effect), by dissipation due
to non-uniformities, discontinuities in the walls. and sim ilar practical
considerations. Thus , the Qu values are related to the unloaded properties
of tOe cavity . The Q

~~t 
value will be a function of the power rel eased from

the system and hence is dependent upon the coupling to the system outside of
the cavity . In most circuit considerations such as noise, frequency pulling,
and power output , it is usually the Qext which is of prime consideration .

6
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In these experiments , measurements were made of Qext using the circuit
in Fi gure 6. The oscillator consisted of a Gunn diode inserted in a di-
electric of high resistivity silicon or A1 2O3 ceramic with a pointed end.
The oscillator was shielded with a metal cover to prevent radiation from
outside the oscillator entering the system. The pointed end of the dielec-
tric was then inserted into the metal waveguide for measurements . The
output power , P0. could be measured with a power meLcr and the frequency
monitored by the spectrum analyzer. Note that the physical depth of in-
sertion of the pointed dielectric , was adjusted for the maximum power output
from the oscillator. The si gnal was then injected from the sweep oscillator
through a calibrated attenuator so that the power input could he determined ,
as well as the variation in frequency from the si gnal source (sweep oscil-
la tor). T hus , -~~ max could be obtained by varying the frequency through
the entire range of pulling, as noted on the spectrum analyzer monitoring
P0. At the end of the frequency pulling range, an abrupt change in the out-
put frequency occurs as the oscillator jumps from the pulling frequency
into mixing and a large number of mixi ng products appear. Tests were run
in the region of 14 to 17 0Hz and typical data is given in Fi~ ure 7. Here ,
Qext 640, at an oscillator frequency of 14 0Hz and a P0 in the order of
50 mW. Other data , not shown here , indicated Qext values in the range of
300 to 640 for pointed dielectric resonators in the Ku-Band region of
frequencies. The external Q descri bed here is quite high and comparable
with values of Qext  in metal walled Gunn diode cavities with iris coupling
to the metal waveguide . In other investi gations , which will be reported
in more detail in a future report , investigation was made of Qext at 10 GHz.
Here , the resonator structures were constructed differently, i.e., they
consisted of rectangul ar sections of dielectric cut perpendicularly on both
ends. As an additional variation , a dielectric image line of considerably
longer length than the cavity , was used as a transmission line and inserted
about 3 mi l l imeters into X-Band metal waveguide for maximum power transfer
and  to make the frequency pulling measurements. The dielectric image line
extension was approximately 10 cm in length so that the dielectr ic rectangu-
lar resonator was located at a physical distance slightly greater than 10 cm
from the waveguide opening. In these exper~~ n ts , P0 was 56 mW , f 0 was
10.61 0Hz, and Qext w i s  found to ranqe in values from 118 to 140. Conclu-
sions from these experiments indicated that Qext was suf f ic ient ly hi gh to be
useful for Gunn diode osc i l la tor  app l ica t ions .

In al l  of these experiments , Equation [10] was used to make the cal l~-tion of 
~~ i’ax (or the equivalent ~ r~Ifiax ) . The condit ions for stable

osc i l l a t ion  may be enhanced in a d ie lectr ic  resonator due to the high cir-
cuit capacitance , C, for high stored energy and the absence of dissipation
due to skin effect losses associated with metal walled cavities . This may
be seen by rewriting the equation fo r  Qext  as:

~ext 
= ~ --~r (C+C o) 

[19]7
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for a parallel equivalent circuit where C is the capacitance of the cavity ,
C 0 is the capacitance of the diode and 0L is the conductance of the load
which includes not only the effect of the output coupling , but in addition ,
any dissipative effects inside the cavity .

The next subject to be discussed is the measurement of noise in the
sel f—oscillating mixer.

The noise fi gure was measured at Ku-Band using severa l different
techniques , i.e., a gas-discharge tube-noise test set, comparison with
conv enti onal m ix er di ode no i se performance us i ng a kl ystron local osc i l-
lator , and the method of minimum detectable si gnals (MDS). MOS gave the
greatest reproducibility and validity , and was used extensively in this
wor k for both Ku-Band and V-Band tests . Also of interest was the measure-
men t of conversion loss or gain (P IF /P~). the ratio of IF power to signal
power. The basic test circuit used is shown in Figure 8. Modifications of
this circuit were appropriately used. Two separate and complete test
benches  were used , one for Ku-Band and the other for V-Band. The si gnal
was introduced on the left by a sweeper or signal generator , both  of w h i c h
could be used with square-wave modulation. A wavemeter was used to determine
the frequency of the signal and a calibrated attenuato r provided desired
power levels , P5. The signal was then fed into the dielectric image—line
oscillator mi xer. The powe r output , P0, of the oscillator was measured , as
wel l as its frequency , by means of the ci rcula tor , second wavemeter , a
thermistor and power meter. The bias to the diode was supplied by a con-
stant current power supply through a series-connected inductance. The IF out-
put was fed into selected types of IF amplifiers and then to an oscillo-
scope or power-measuring device for the particular IF frequency . To insure
maximum coupling of the si gnal power into the oscillator , an d s imul taneous-
ly the maximum power out of the oscillato r, the depth of the pointed end
of the dielectric was adjusted for maximum P0. To measure the MDS , the input
power was supplied by the calibrated source and was swept in frequency , or
square wave modulated , at a part icular frequency . With the oscillator on ,
the IF power was monitored with the oscilloscope. The input power was de-
creased until

P5 + N
- = 2

N [20]

The value of the signal power in this condition is defined as 
~min~ 

The
noise figure is establ ished as

N~~~~~n11n , [21 ]
kTB

where B is the bandwidth of the IF am pl i f ier  and kT = 4 x io 2l 
~/ Hz

Converted to dB , this equat ion is often wri t ten as

NF dB 
= 

~m i n  ~~ m) + 174 (dBm) - BW (dB).  [22]

8
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All noise figures quoted in this arrangement refer to total receiver noise
figure , including the IF amplifier.

Severa l IF amp l i fi ers were used , but in most cases, an amplif ier cen-
tered at 300 MHz with a 100 MHz bandwidth was applied (the ICLT - 300).
Repeatable results were obtained at Ku-Band , particularly in the region of
15 Gl-Iz to 18 GHz , giving a minimum detectable si gnal of -82 dBm. By apply-
ing Equation [22], a total receiver noise figure of 1 2dB was attained. It
was further noted that due to using an appropriate in4uctance in the bias
lea d , the MOS was broad in frequency range and did not show any resonant
spikes . This was ascertained by applying the Ku-Band sweeper as indicated
in Figure 8. In another arrangement, to test the effect of the IF ampl if iers ,
the IF output from the oscillator mixer was fed into a TRONTECH L300F
amplifier , followed by the ICLT 300 amplifier. The L300F had a center
frequency of 300 MHz , 3dB bandwidth points of 175 and 450 MHz , a ga in of
30.5dB, NF 1.2dB , VSWR (input) 1.3, VSWR (output) = 1.8. Often , dur i ng
these experiments even l ower MOS values , i.e., -84dBm , or 1 0dB NF were

-j observed , but the value of 12dB is given as being consistent over a broad
range in frequencies . It was noted that the NF value is a low value, onl y
a few dB greater than a standard mi xer diode (about 6.5dB). It was also
noted that the low-noise figure occurred at low bias voltage , i.e., 4.5 to
6.0 volts on a diode specified at 10 volts for norma l oscillator bias. It
was found that these diodes in the self -oscillating mixer configuration
displayed conversion gain when the bias voltage was reduced to the above-
mentioned values. In a series of tests , the convers i on gai ns were
found as listed in Table I.

TABLE I : CONVERSION GAIN AS 4 FUNCTION OF RF SIGNAL POWER , f~ = 15.95 GHz ..
P0 24 mW .

S I G N A L  POWER CONVER SION GAIN IN dB

-8OdBm 16.5

-76 13.0

-68 14.0

-64 15.0

-60 17.0 *

-50 13.0

-44 14.8

-40 14. 8

-30 14.8

-20 15.2

*p = 12 mW
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It can be concluded from this experiment that there was a large dynami c range ,
i .e., the conversion gain does not change much as a function of signal input
power.

Another i tem of concern is the IF bandwidth of the self-oscillating
mi xer. In the next experiment , efforts were made to measure the bandwi dth .
In many applicati ons it is desirable to have a uniform response over a large
range of frequencies . In this case, the full bandwidth of the IF amplifier
was chosen as the goal , i.e., about 200 MHz, or in the range of 200 to 400
MHz . A typical data curve is illustrated in Figure 9. In this figure , f0
is centered at 15.23 0Hz. The IF generated is due to the difference frequen-
cy f5-f0 on the left, and f0-f 5 on the right. The attenuation at the center
is due to the passband characteristic of the IF amplifier. On the right side ,
as the RF signal reaches 14.81 0Hz , the amplifier passes the IF signal and at
15.03 GHz the IF is again cut off. This gives a range of IF at about 220 MHz ,
the full passband of the IF amplifier. A similar result is obtained on the
left si de of the curve where the si gnal frequency is higher than the local
oscil lator frequency. For this test, the IF amplifier used was the ICLT-300
specified with a passband from 200 to 400 0Hz. This particular diode was
operated at a relat i vel y hi gh bias voltage (8 volts ) with a resulting con-
version loss of 10dB over the 220 MHz band . As a result of the 8 volt bias ,
the minimum detectable signal was about -75 dBm over the 220 MHz bandwidth .
This experiment indicates that the self—oscillating mi xer in a dielectric
waveguide has a wi de bandwidth response. All of the data described above
were taken with oscillator cavities that were designed and are illustrated
in Fig ure 4.

The follow ing .pertains to measurements made at 60 0Hz . Oscil lators had
been designed and constructed using the general configuration shown in Figure
4 at 10 GHz , 14-18 0Hz , 22-24 0Hz, and 34—36 GHz. In working at 60 GHz
however , it was found to be necessary to modify the design i n order to pre-
vent more serious leakage losses due to openings in the structure of the
shiel d. Radiation losses through openings now became more apparent. A r~- -w
configuration modifi cation was desi gned and constructed and is shown i n Fig ure
10. The tapered end of the dielectric resonator was inserted into the V-Band
waveguide so that the openings were m inimi zed; the probe for the IF output
was fo llowed by an RE choke and the bias lead , consisting of a thin copper
r i b b o n , was connected separately from the IF system . Th i s bi as ri bbon had
to be of critical length so as not to present an RF short to the diode . It
was considered that the lead should be an odd quarter-wavelength in length
so that the diode , looking into the bias line , would see an infinite impe-
dance . A Varian 60 0Hz Gunn diode was mounted in an alumina waveguide re-
sonator using the image guide configuration illustrated in Figure 10. The
circu it is shown in Figure 8. The dielectr ic waveguide oscillator was
couple d to the metal waveguide via the dielectric taper , wh ich can effect a
low ioss match to the metal waveguide by sliding the tapered end into the
metal waveguide for maximum power indication. This n’~itching condition also
yielded optimum IF output when the RF input signal w’- introduced . Gunn
diodes , wit h manufacturers’ data of 10mw output powet or less were used . The
only other way that the oscillator power could be varied was by bias voltage ,
wh ich also varied the frequency of oscillation. With an RE input signal
introduced through the circulator , the difference signal was extracted via
the coupling capacitor, shown in Figure 10 . This IF power was measured and
compared to measured values of RF input power varied by the precis ion at-
tenuator for conversion gain (loss) measurements .

10
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Conversion gains were measured up to 1 5dB ; however a value of approximately
5dB was held for the experiment.

In these series of measurements , data were taken with the TRONTECH
W-llOB IF amplifier , useful in IF frequencies ranging from 1 to 120 MHz.
This device had a 50dB gain and a 1.2dB noise figure . The Gunn diode pro-
v i ded an LO frequency of 60.78 0Hz, and an output power, P0. of 0.1 mW. An
MOS in the range of -8OdBm to -84dBm was found over the IF frequency band ,
indicating an overall receiver noise of 10dB to 14 dB. (With further adjust-
ment of bias of the diode and depth of insertion of the taper into the
V-Band metal wavegui de , a sensitiv ity of -9OdBm was observed). Using Equa-
tion [22], and a bandwidth of 80dB (100 MHz), this yields a total receiver
noise figure of 4dB. This unusually low noise figure was checked several
times . The IF amplif ier and detector diode were also checked as were the
other components in the system. No discrepancies were found. Conclusions
from these experiments were that the noise figure at 60.78 0Hz was generally
in the range of 10 to 14 dB over the full passband of the IF amplifier , and
that by a careful circuit adjustment, a noise figure of 4 dB was obtai ned.

In measuring conversion gain at 60 0Hz , there were only slight fluctua-
tions in gain as a function of frequency . The frequency behavior of con-
version gain is shown in Fi gure 11 . Here, the power output of the Gunn
diode was again 0.1 mW at a frequency of 60.78 GHz with the conversion gain
set at 5 dB. The frequency range over which conversion gain was measured
was from 1 to 110 MHz and was limited by the IF amplifier. Although the
Gunn diode bias was only about 3.5V (compared wi th 5.OV recommended for
higher power operation), no instabilities were observed. Conclusions were
that Gunn diodes can be used as a self—oscillating mixer in stable operation
at 60 0Hz, wi th conversion gain and fairly low noise figures.

INTERPRETATION

A comparison is offered of the data obtained in these experiments with
results obtained by other investigations in the area of self-oscillating
m i xers. For this comparison , data , for the dielectric oscillator , indicates
recei ver noise figures of 10 dB to 1 2dB over an i nformation bandwi dth of
100 MHz.

In a report by Albrecht and Bechteler~~~, noise figure measurementsand convers ion loss were measured in metal waveguide structures . Noise
figures of roughly 22dB to 40dB were measured for the oscillating mi xer.
By particular emphasis of the matching of the signal RE into the metal-
walle d cavity , the l ower fi gures of 22dB were obtained. All data were
taken at X-Band , with 

~IF 
in the range of 10 to 90 MHz. The investi gation

predicted 10 - 15dB should be realizable - but gave no calculations or
results that would support this contention . The most significant aspect of
their paper is that they placed great emphasis on obtaining proper matching
of the signal power into the oscillator cavity .

11



Followin g çhi~ . significant experiments were reported by Lazarus , Bulli-
more and Novak ~~~~ They reported a sensitivity of -SOdBm at 33 0Hz, wi th
IF at 60 MHz and an IF bandwidth of 32.5 MHz as a best result. This cor-
responds to a noise figure of 19 dB. They also reported a conversion gain
of about 3dB at this most sensitive point , the conversion gain decreasing
sl ightly with increasing signal input power. The value of 19dB noise figure
was the lowest reported in the literature but is still considerably hi gher
than the noise fi gure reported in these experiments . In the report by
Lazarus et al . no mechanisms were suggested , but their techniques indicate
that they were well aware of Albrecht ’s work and the emphasis on matching.

M9re recently, and in parallel wi th these investigations , Webber and
Kofol i.ll ) have studied dielectri c waveguide , image—l i ne , self—oscillating
mixer performance. The design of their cavity structure utilized a metal -
backed die 1 ectric rectangular structure , the diode being irnbedded in the
di electric , near the center. Followin g this , they inserted a metal aperture
in the dielectric line for coup l ing to an insular line waveguide output
line . They demonstrated this type of dielectric oscillato r as a transmitter
and as a self-oscillating mi xer with FM capabilities and , in fact , were able
to show feasibility of an FM system operating at 46 to 48 0Hz using commercial
(Microwave Associates) Gurin diodes . Their main emphasis was aimed at the
development of a subsystem. As a result , not enough time was available for
a study of the l owering of the receiver noise figure . In their FM receiver
however, they demonstrated the following noise properties . At fLQ 46.850
0Hz, they measured a conversion loss of 4dB. The mixer noise figure measured
for a 300 KHz i nformation bandwi dth was approximately 28dB, including a 3dB
noise figure contribution by the preamplifier. Other data in their report
indicate that for a conversion loss near unity, the noise figure was about
24dB. The center IF frequency was 160 0Hz + 30 GHz. rn summary, they have
found overall receiver noi se figures i n the range of 24 to 28 dB.

Other values of noise figure have also been reported for Doppler radar
appl i cations . Oscillators are , in fact , now corrinercially available with a
Gunn diode in a meta l walled cavity at X-Band. These measurements of noise
figures are not relevant to this discussion since they necessarily operate
at very low IF frequencies . The primary consideration here may be 1/f noise
wh ic h starts at ~boyt 100 KHz and increases rapidly with decreasing freq-
uency . Haddad ~‘12) has successfully carried out experiments indicating the
BARITT diode may be better appl i ed here for self-oscillating mixer develop-
ments than the Gunn diode . In these experiments , and the references quoted ,

- - concerns with IF frequencies well out of the 1/f region, were exclude d from
cons id erat ion.

Conclus io ns , from surveying the literature , were that these results
gi ve noise fi gures (10 to 1 2dB) which are significantly l ower than data pre-
viously reported (19dB to 25dB) for self-oscillati ng mi xers using Gunn
diodes with IF frequencies well beyond the 1/f region of noise. There are
two conditions however , whi ch mus t be met to achieve low noi se. These are
descr ibed as follows : First , the IF frequenc ies must be hi gh , in the region
of 1 MHz to 300 MHz or higher. If one considers the noise-to-oscillator
power ratio of the Gunn diode , the injected signal must not be buried jn the
noise of the oscillator. This principle has been discussed by Kotani ~l3)
and has been generally applied in many other kinds of mi xers including the

12



subharmonically-pumped mixer developed by Schneider . ( 1
~

) Second , the
original concept proposed by Albrecht of impedance matching is signifi cant.
In the designs shown in both the Ku-Band and V-band dielectric oscillators ,
tuning could be accomplished not only by resonant transformer discs , lengths
of dielectric line (cavity length) and back reflectors, but more significantl y,
could be further accomplished by varying the depth which the pointed end of
the dielectric could be inserted into the open waveguide . Generally, the
taper was inserted for optimum coupling from the oscillator to the waveguide
for maximum power transmission . If the signal input power were sufficiently
close to the local oscillator power , but d istant enough not to be in the 1/f
noise region , by reciprocity , a maximum transfer of signal power into the
oscillator system at the same physi cal location of the taper , could be
ex pected. Exper imentall y, findings indicated that the minimum detectable
signal was sensitive to this positioning. Thus , a mechanical means of tuning
the input in a manner analogous to that proposed by Albrecht , was used for
the dielectric oscillator-mixer. The difference being that Albrecht had
suggested , in  h i s  metal waveguide system , an EH Tuner , while in the experi -

ments described in this report , the transforming properties of the taper
position was utilized . There are still factors, other than the two mentioned
above , the importance of which may be considered in the future. These in-
d ude the role of the Q of the dielectric cavity , and the role of the Gunn
diodes themselves .

CONCLUS IONS ANO APPLICATIONS

Self-osc illat ing mixer assemblies have been designed and constructed
using Gunn diodes inibedded in dielectri c waveguide oscillators . One end of
the dielectric was tapered so as to fit in to  a standard waveguide for
measurements . The oscillator dimensions were designed with the followi ng
considerations :

1. The diode must be selected for the desired frequency of operation.

2. Resonant transformer tuning discs were used.

3. The dimensions of the dielectric were suitable for efficient
oscilla tions .

Further tuning was obtained by adjusting the depth of the taper in the metal
wavegui de.

Upon testing at Ku-Band and V-Band , low noise figures were obtained (in
order of 10 to 1 2dB) with frequencies ranging from 1 MHz to 120 MHz and 200
MHz to 400 MHz , and noise bandwidths of about 100 MHz. In compari ng these
values wi th other investigations , it appears that these noise Tigure s are
about 10dB better than previously reported. In addition , the bandwidths are
sufficientl y broad to be useful in military systems .

Wi th regard to appl icat ions , when using an isolator or circulator in
front of this mi xer , the sim ple construction may result in low-cost devices
used as receivers for expendable EW sensors , communications , radar and short-
range termi nal guidance. Without the presence of the isolator or circulator ,

13
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the device may have applications in fuzes and proximi ty sensors . Many of
the same principles can be applied to other negative resistance devices
such as the BARITT diode , the IMPATT diode , the TUNNETT diode with particular
applications compatible with their frequency , power and noise characteristics.

14 
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