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Summar~—Double frequency oscillation was observed in a
waveguide mounted tunnel diode circuit, due to the frequency

dependency of the waveguide’s distributed parameters. A general

analysis of the frequency dependent diode load is made and condi-
tions of oscillation are formulated. The analysis is extended to a
1N3219A diode mounted in a tapered RG-52/U waveguide used as

an oscillator. The load impedance to the tunnel diode is derived with

the &lode mounted at the center of the waveguide. A numerical ex-
ample involving the RG-52/U waveguide mount is presented verify-

ing the existence of double frequency oscillation and exemplifying
the oscillation conditions stated. Off center diode mounting is ex-

amined. It is concluded that the waveguide mount’s distributed

parameters are highly frequency dependent at the center of the

guide and thus double frequency oscillation can exist when a tunnel
diode is mounted at that point. With the diode mounted at any other

point, only one oscillation frequency can be observed. The fre-
quencies of oscillation of a waveguide mounted tunnel diode oscil-
lator are determined only by the real roots of the resistive com-
ponent of the total tunnel diode load impedance.

INTRODUCTION

I

N SEVERAL experiments involving waveguide

mounted tunnel diodes in oscillator applications, it

was observed that two output frequencies could be

generated simultaneously using a single tunnel diode.

It is, in general, not possible to generate two frequencies

by coupling a single negative resistance element to one

physical passive circuit. The diode can oscillate at low

frequencies and it can simultaneously oscillate at micro-

wave frequencies or, for example, it is possible to make a

single tunnel diode simultaneously act as a local oscil-

lator, amplifier and mixer, 1 In such a case, a single tun-

nel diode is presenting a different negative impedance

at difference frequencies while nonlinearity of the diode

plays an important role for mixing. In this paper, the

above mentioned cases are excluded. However, an

analysis of the microwave circuit employed indicates

that the existence of the double frequency oscillation

observed is possible for a constant negative resistance

of the diode and that certain conditions of oscillation

can be formulated for waveguide mounted tunnel diode

circuits.

Low-frequency tunnel diode oscillators generally con-

sist of a lumped parameter RLC circuit in which R, L,
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and C are frequency independent and thus essentially

constant. However, in a waveguide, R, L, and C are

distributed parameters w-hich are frequency dependent. Z

The load impedance presented to the diode is expressed

as a function of frequency, RL (co) +jX(co) where

RL (u) and jX(u) contain distributed parameter terms

of the waveguide R(u), L (co), and C(o).3,4 This im-

portant type of frequency dependency of the input im-

pedance parameters of a waveguide can easily be over-

looked in an analysis of a tunnel diode circuit.b–11

A low frequency, lumped parameter RLC circuit

coupled to a tunnel diode will oscillate at one frequency,

which is readily calculated from the circuit param-

eters.s,E,8 However, if a tunnel diode is coupled to a

waveguide and biased to the proper value of dynamic

negative resistance, it is possible for oscillation to occur

at two frequencies simultaneously. Thus, in a wave-

guide, frequency dependent distributed parameters

must be dealt with and any assumptions as to param-

eter constancy as encountered in a low-frequency analy-

sis become invalid. Through consideration of frequency

dependent parameters of a waveguide, the mechanism

and possibility of occurrence of the double frequency

oscillation encountered in a waveguide mounted tunnel

diode oscillator will be examined. Experimental results

will be presented as verification of the analysis, The

tunnel diode will be operated at a small signal level,

therefore, in this theoretical analysis, for simplicity, it is

assumed that the diode is operated in the linear dynamic

negative resistance region with a small signal level and

therefore it is assumed that the nonlinear effect of nega-

tive resistance need not necessarily be considered.
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The condition for oscillation of a tunnel diode is given

by Dermitf’ (1)

+jwL=O

\vhere

Z is the total circuit impedance

R~ is the series resistance of the external circuit

R. is the spreading resistance

R is the negative resistance (absolute value)

C is junction capacitance

L is the inductance of the external circuit and

w is the operating angular frequency.

(1)

In a conventional low-frequency oscillator circuit, RL

and L can be considered to be frequency independent

and thus essentially constant. Upon examining (1), it is

seen that both the real part and the imaginary part

must vanish if steady sinusoidal oscillation is to take

place, that is

and

R2wC
mL = 0.

1 + R20J2C2–

(2)

(3)

Consider the real component of the circuit impedance

given by (2). If curves of R~+R. and R/(1 +R20J2C2)

are plotted simultaneously as a function of frequency,

oscillation can occur only at frequencies at which the

two curves intersect, that is at frequencies at which a

solution to (2) exists. In the case of an ordinary circuit

containing frequency independent parameters, only one

real frequency of oscillation OA} can exist and is given

by Dermit6

1

d

R 1 1
——–1= —–—$/ . (4)

““”E R~ + R, LC R2C2

Similar conditions must hold for (3).

Generally, in a microwave circuit, R~, R,, L, R, and

C are functions of the operating frequenc~-. ? Again, upon

examining (l), it is seen that both the real and imagi-

nary components of (1) must vanish for steady sinusoidal

oscillation to occur. Thus

R(w)
R~(w) + Rs(co) – =0

1 + R’((IJ)CLI’C’(6J)
(5)

and

R’(Cd)@c(CO)
6JL(@) = o. (6)

1 + R2(&02C2(~ –

Here also, if curves of li?~(ti) +R.(oJ) and

R(u)

are plotted as functions of frequency, oscillation can oc-

cur only at frequencies at which a real solution to (5)

exists. However, if R~(w) +R. (w) is plotted, the curve

is no longer a straight line as in the case of t’he frequency

independent circuit. The curve can be positioned with

respect to

R(w)

1 + RACK’’

such that no real solution exists, such that one real

solution exists, or such that two real solutions exist.

Thus the circuit would not oscillate, oscillate at one

frequency, or oscillate at two frequencies, respectively.

The frequency or frequencies of oscillation are the roots

of (5) and (6). Since the functions R~(w), R,(o),

C(u), and L (co) are not explicitly known, a solution

such as (4) cannot be written and such a solution gen-

erally involves the solution of a transcendental equation.

It is also required that a solution to (6) exists. Note

here that a plot of wL(w) as a functior~ of frequency

no longer passes through the origin as in~ the case of a

lumped parameter circuit, but rather approaches in-

finity as the cutoff frequency of the waveguide is ap-

proached. Thus more than one real solution to (6) is

possible when

R2(OJ)LJC
COL(CJ)=

1 + R’(CJ)W2C2(a)

Eq. (1) need only be satisfied approximately. An exact

solution to (6) indicates natural resonance. However,

the frequency of oscillation is determined ‘by (5), and if

(6) is not satisfied simultaneously, a forced oscillation

will occur at frequencies which are solutions to (5) but

with reduced efficiency and consequently a low power

output. Thus, for reasonable oscillator output, the con-

ditions of oscillation are summarized in (7)

R(w)
R~(co) + R,(m) – ———. =0 1

1 + R2(CJ)C02C2(OJ)I
and

\

(7)
R’(co)coC(LO)

1 + R’(co)cFC2(0) –
LoL(i~) = O.

These solutions must, however, lie within the wave-

guide’s passband.

It should be noted that, in an ordinary lumped param-

eter circuit, oscillation will occur only al one frequency

even though several solutions to the real component of

(1) could exist if R. were made frequency dependent.

This is seen by examining (3). Since UL is zero at zero

frequency, a plot of LJL as a function of frequency
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passes through the origin and does not bend indicating

one intersection with a plot of

R2wC

~ + R2U2(7

at one frequency. At other frequencies, the reactive com-

ponent of (1) is so high that output efficiency is very

small for all practical purposes and any forced oscilla-

tion that may occur could not be detected.

SPECIFIC C.\SE ANALYSIS

Consider a microwave circuit conskting of a tunnel

diode mounted k a waveguide operating as an oscil-

lator. A typical configuration of such an oscillator is

shown in Fig. 1.4,1~,13 This type of waveguide mount was

used k the experimental work in which double fre-

quency oscillation was observed. The mounts were

originally designed to extend the operating frequency of

a 1N3219A S-band stripline tunnel diode to X band.ls

The tapered waveguide is used for several purposes.

First, the reduced height portion of the guide possesses

a low input impedance necessary for proper matching

of the waveguide “load” to the diode. Secondly, the

height of the narrow portion of the guide is equal to the

thickness of the diode package, thus allowing the diode

contact surfaces to blend into the walls of the wave-

guide transforming the diode’s package capacity ;14 the

narrow portion of the waveguide to the standard size

rectangular waveguide. Additional impedance matching

is provided in one of the mounts by positioning the diode

at any point along the cross section of the guide trans-

verse to the direction of propagation. Thus the im-

pedance presented to the diode can be varied by posi-

tioning the diode off center in the guide. This arrange-

ment is seen more clearly in Fig. 2. The waveguide used

was RG-52/U. Provisions for biasing consisting of split-

ting the guide4 and using an RF by-pass disk15 are not

shown. The waveguide mounts are operated in the TEIO

mode.

The input impedance to the waveguide mount at the

diode terminals is obtained using a modification of the

method of Tanaka.3 This impedance is the ac load pre-

sented to the diode during normal operation. Consider

half the mount as shown in Fig, 2. The contact surfaces

of the stripline type diode used are small, and can there-

fore be considered as part of the waveguide wall. The

actual diode can then be considered to be connected be-

E K. l~hii and C. C. Hoffins, l’.X-banrf operation of S-band Esaki

diodes, ” PROC. IRE, vol. 50, pp. 1698-1699; July, 1962.
13 C. C. Hoffins and K. Ishii, “Operation of (’commercial Tunnel

Diodes Beyond Cutoff, ” presented at N.E. C. Technical Program,
Research Preview Session, Chicago, 111.; October 10, 1962.

14 The diode package capacity- is absorbed along with the junction

capacity into distributed capacitance of the waveguide. Also, since
the guide is tapered down to the diode package dimensions,, the
diode’s contact surfaces blend into the guide walls and effectively
disappear. The capacitance is not eliminated in this tvay, but the
capacitance is transformed into a part of a distributed parameter.

IS C. C. Hofin~ and K. Ishii, “Microwave tunnel diode OPeratioO

beyond cutoff frequency, ” P~oc. IEEE, vol. 51, pp. 370-371; Feb-
ruary, 1963.
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Fig. 2—Half of the tunnel diode waveguide mount showing definitions
of \.ariables used in the impedance derivation.

tween two points on the upper and lower walls of the

guide. Also, since the distance between the reduced

height walls is small (approximately 1/40 wavelength)

at the design frequency, the lead length of the diode

is assumed to be negligible16 and for simplicity the

diode can again be assumed to be connected directly to

the terminals of the microwave circuit for which the

input impedance Zj is to be computed. Z, is obtained

by connecting two sections such as shown in Fig. 2 in

parallel. The input impedance to a waveguide, operated

in the TEIO mode, at the center of the guide is given

by (8).

d 1
Zk = p ———

~“v’1—(A/2a)2
(8)

~,here

K is the permeability of free space

e is the permittivity of free space

a is the width of the waveguide

RG-52/u)

(0.900 ins for

A is free space wavelength (A= K/f, A“ is velocity of

light, j is frequency).

16TyPical mirrolvave tunnel diode inductance ( =0.4 nanohen-
ries) represents a 20 ohm reactance at 8000 Mc, This is not negligible
(see Fig. 5) in a lumped parameter circuit concept. In this paper how-
ever, the lead plate or lead disk of the tunnel diode ~vas assumed to be
transformed into a part of a distributed parameter transmission line
and became a short section of the transmission line (approximately
1/40 of a wavelength). Any microwaye input impedance with or
without a transmission line of 1/40 wavelength would remain un-
changed except in the case where the microwave impedance is ex-
tremely low. This approximation will fail when the diode is mounted
extremely close to the waveguide wall. (See Figs. 4 and 5.)
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.\t the reduced height end of the guide

(9)

where b, bo, and A“O are given in Fig. 2.

Eqs, (8) and (9) yield the input impedance atthecenter

of the guide only. As the walls are approached, the

impedance becomes complex rather than purely resis-

tive, so that

Zi = R, + jS,,. (lo)

The input impedance as a function of XO is given by

(11)’

~a d’ ()

T= Ytan —
9 a

(12)

(13)

Combining (12), (13) and (11 ), the input impedance

can be written as

Plots of the real component RL(ti) as a function of X(,

and frequency, the reactive component CJL(a) as a

function of frequency, and inductance L(w) as a func-

tion of frequency, obtained from (14) are shown in Figs.

3, 4, 5 and 6, respectively, for RG-52/lJ fl~aveguide

with bO/b = 0.1. NTote that .R~(u) d(u), and L(o)

vary most rapidly at the point where XO approaches

a/2. Thus it is seen that the frequency dependency of

the waveguide’s distributed parameters is most pro-

nounced at XO = a/2. At this point, the reactive com-

ponent of Z, approaches zero. Then

Substituting (13) into (15) and replacing <p,/e by 377,

1
Zt = 188.5 ~

b 1 – (K/2aj)’ “
(16)

.h idealized circuit for the diode and waveguide mount

can then be represented as in Fig. 7. Thus

188.5b.
R.(oJ) =

b[l – (K/2a~)’] “
(17)

Now, by substituting (17) for Rf. in (1), and defining

terms as RI and R2,

188.5bo
RI = R, + ————

b[l – (K/2af)2] ‘
(18)

R
R, =

1 + 47rsR’~C2 “
(19)

Oscillation will occur when the real component of 21

is equal to zero, that is when Rl = R2 and tlhe frequen ties

of oscillation are given by17

where

()Y-(R– R,) !2.
2a

(20)

When the curves R, and Rz intersect at one point, the

circuit oscillates at one frequency, the real solution to

(5) and when the curves intersect at two points, the

circuit will oscillate at two frequencies, the two real

solutions to (5), ~1 and ~Z provided they lie in the wave-

guide passband. When both roots of (2o) are imaginary,

no oscillation occurs.

In the experimental work performed on one of the

diode mounts, two frequencies of oscillation were de-

tected at 7.140 kNIc and 8.920 khlc. Eqs, (18) and (19)

were programmed on an I13hf 1620 digital computer

Jnd values of R, ~, and R. were found :St[ch that (18)

and (19) w-ould intersect at the two c)bserved fre-

quencies. Values obtained were, within a small error,

R= 1303.5515 Q, C= O.0994 pf, and R,= 1.4945 Q The

diode was mounted z~t the center of the waveguide.

Curves of RI.(0) +R. and

R’(co)wC(U)

1 + R’(CJ)LJC2(CO)

as functions of frequency are shown in Fi:g. 8 for various

diode positions using values of R, C, and R, obtained

above. The frequencies indicated by the intersections

of the curves in Fig. 8 agree verv well with the experi-

mental observations. An example of the double fre-

quency oscillations obtained with the diode mounted at

the center of the guide is shown in Fig, 9, along with

the tunnel diode volt-ampere characteristic. Output

was detected using a Polarad RW-T R-B, 1 receiver. DC

bias was used on the diode, indicated by the three small

divisions to right of y axis on the diode characteristic

shown in Fig. 9.

Consider again the effect of mountin{g the diode off

17 K. Ishii and C. C. Hoffins, “oscillation frequency of microwave
tunnel diodes, ” Pl<oc. IEEE, vol. 51, pp. 485-486; March, 1963.
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F

center in the waveguide. Note from Fig. 4, that in

RG-52/U waveguide, R~(ti) becomes essentially fre-

quency independent at points 0.15 inch on either side

of the center of the guide. Thus, it would be expected

that only one solution to (5) exists, since a plot of

RL(@) +R,(o.)) as a fUIICtiOII Of fR(JUeIICy becomes a

straight horizontal line intersecting the curve at one

point. COL(CU) remains frequency dependent near this

point and has a value of approximately 14 as seen

in Fig. 5. Therefore any oscillation occurring is probably

a forced oscillation resulting in lower power output than

would be obtained by operating the oscillator with the

diode mounted at the center of the guide. Although

—
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Fig. lo—plot of frequency and output power for
various diode positions.

WL (u) approaches zero at the guide wallls, RL(@) is

decreasing and the power output continues to decrease

due to severe impedance mismatch of the waveguide

mount to the diode. The results of operating a wave-

guide mount4 in which a 1N3219A tunnel diode could be

mounted at any point across the guide as in Fig. 2 is

shown in Fig. 10. (Jpon examining Fig. 10, it is seen

that two frequencies can exist at the center of the guide

(1 cm) while only one frequency predominates at other

diode position points. Note also that output power de-

creases as predicted when the diode is positioned off

center. From XO = O to XO = a/2 the frequency increases

as the diode approaches the guide center. This is in ac-

cordance with Fig. 8 as frequency increases as RL(@)

decreases. Up to this point R(w) and C(Q) were as-

sumed to be constant over the small frequency range

observed. However, R(co) and C(u) are also a function

of the diode position in the guide. This position de-

pendency of R(u) and C(u) in

R(w)

1 + R’(oJ)@’c’(co)

forms a curve such that when plotted with ~L(@)

+~,(co) intersects RL(U) +R, (CO) at only one point

in the region of the higher frequencies shown in Fig. 10

from XO = a/2 to X.= a. It is possible that the two

curves intersect at a low frequency also but this fre-

quency may be outside the passband of the waveguide

or low enough that severe mismatch occurs in the cir-

cuit. For this reason, output is seen only above 8 kM c

for points between XO = a/ 2 and XO = a. ~Since the diode

was moved in the guide during the experi~ment, contact

resistance problems appeared causing an uncontrollable

change in RI,(u). Also, some amount of series impedan-

ce was introduced into the mount due to imperfect

RF bypassing of the diode’s bias leads. Thus, a devia-

tion exists between the theoretical and experimental

curves shown in Fig. 10.
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EXAMINATION OF EXPERIMENTAL RESULTS

The observation of two frequencies, 7140 MC and

8920 Mc generated by the tunnel diode mount might

raise a question to the effect that the tunnel diode may

be oscillating at approximately 1780 Mc, and that ob-

served outputs at 7140 MC and 8920 Mc are the 4th

and 5th harmonics, respectively, of this low frequency.

In other words, the question is: are the oscillation fre-

quencies observed merely harmonics of 1780 M c or are

they actually two separate fundamental frequencies at

X band? This question was examined as follows:

1) If the observed frequency 7140 MC is a fourth

harmonic and 8920 MC is a fifth harmonic, then the

fundamental frequency must be a difference of these

two frequencies (8920 MC – 7140 MC= 1780 Mc). The

exact fourth harmonic is 1780 MC X4 = 7120 MC and

exact fifth harmonic is 1780 MC X5 = 8900 Mc. The

frequency sweep range of Polarad RW-T R-B 1 re-

ceiverlx at this frequency range is 45 Mc for 7140 Mc

(the signal is beating with 3rd harmonics of the local

oscillator of the receiver) and 60 Mc for 8920 Mc (the

signal is beating with the fourth harmonic of the local

oscillator of the receiver). The output of Polarad RW-T

R-B 1 receiver was displayed on H Pi 20A cathode ray

oscilloscope. The frequency resolution of this system was

therefore 4.5 Me/cm for 7140 Mc and 6 Me/cm for

8920 Mc. If the frequency observed was 7120 MC in-

stead of 7140 Mc, then the signal would appear 4.55 cm

off the actual position observed. If the frequency ob-

served was 8900 Mc, instead of 8920 Mc, then the signal

would appear 3.33 cm off the actual position observed.

The total sweep range on the cathode ray oscilloscope

was 10 cm as seen in Fig. 9. Therefore, error of 4.55 cm

or 3.33 cm would be easily identified. The experimental

results in Fig. 9 show two separate frequencies of 7140

Mc and 8920 Mc which are beating with third and

fourth harmonics of the receiver local oscillator fre-

quency and these are not harmonically related fre-

quencies.

2) The observed frequencies 7140 Mc and 8920 Mc

were measured also by using a Microline-Model 120

cavity wavemeter. The results indicate that the fre-

quencies obtained are not harmonically related. The fre-

quencies obtained are close to being fourth and fifth

harmonics of 1780 M c by coincidence but are enough

removed from each other that there exists no question

of their being harmonics of the low frequency. The

resolution of the wavemeterl g is less than 1 MC and

absolute accuracy of the wavemeter is 1/1000. Its ob-

served frequency difference between the detected sig-

nals and postulated harmonic frequency is 20 Mc.

18 (~preliminary Instruction Llanual Broadband Microwave Re-

ceiver, Model RW-T, ” Polard Electronics Corp., Long Island City,
N. Y; 1961.

IS <{operating Instrumentations and Technical Data, Microline

Coaxial Frequency Meter Model 126 Serial 980, ” Sperry Microwave
Electronics Co., Clearwater, FIa., Rept. No. SJ-60-00014; 1959.

3) The fact that the two frequencies obtained are

fundamental frequencies can also be verified when using

the Polarad RW-T receiver as a detector. The range of

the receiver used is 2 to 75 kMc. If the frequencies ob-

served were harmonics of 1780 Mc, signals would have

been detected at 7120, 8900, 10680, 12460, 14240, 16020,

17800, Mc etc. up to 75 kMc. All of these signals would

have appeared since they lie in the passband of the

RG-52/U waveguide. It may be said that the higher

frequency harmonics would be weaker than the two sig-

nals detected and thus would not be detected. However,

the harmonics at 10680 Mc and 12460 MC would not

be much weaker than those at 7120 Mc and 8900 Mc.

The only signals detected were those corresponding to

the two observed frequencies indicating that they are

fundamental frequencies. The sensitivity18 of Polarad

RW-T receiver is –85 dbm at 2 to 10 kMc, –80 dbm

at 10 to 35 kMc and — 70 dbm at 35–75 kMc. The sig-

nals shown in Fig. 9 are approximately 30 db above the

receiver noise level at 7140 Mc and 8920 lblc.

4) The harmonic detecting ability of the RW-T re-

ceiver was tested using a 2K25 reflex kl~-stron oscillator

and 21S965 transistor oscillator, The RW-T receiver

could detect harmonics of the 2K25 reflex klystron oscil-

lator, which was operated at 8.54 kMc, from the funda-

mental through 18th harmonic. The 18th harmonic was

154 kMc and the power output was almost noise level

of the receiver but it was still detectable. The signal

at 154 kM c is beyond the official range of the RW-T

receiver, but, since the broad band receiver is utilizing

a harmonic of the local oscillator, by careful observa-

tion, it was not difficult to identify each harmonic up

to the eighteenth.

A transistor, 2 hT965, was operated as a relaxation

oscillator in the avalanche mode. The fundamental fre-

quency of the oscillator was 37.5 Mc. Using the RW-T

receiver harmonics up to 12.02 kMc, which was 321st

harmonic was still 40 db above the noise level of the

receiver. Harmonics higher than 321st were not identi-

fied because of overlapping of many harmonics.

The experimental evidence indicated above suggested

that, if the tunnel diode, 1N32 19A, was really oscillat-

ing at 1780 MC and its harmonics were actually gener-

ated, harmonics other than 7120 Mc and 8900 Mc could

have been detected. But the experimental fact is that

only 7120 Nlc and 8900 Mc was observed. Signal at

1780 MC was not detected nor were other harmonics

detected. The signals detected were at only two fre-

quencies, which were 7140 Mc and 8920 IYlc.

5) The frequencies observed at X band are the only

frequencies generated. This was verified in the split

waveguide mount whose RF bypass radiated exces-

sively. The signals radiated from the bypass were de-

tected using the Polard RW-T receiver. The frequency

which would be the second harmonic of 1780 Mc (i. e.,

3560 Mc) was not detected while the two X-band signals



1964 HofRns and Ishii: Oscillation for Waveguide Tunnell Diodes 183

were detected. These were picked up by a coaxial dipole

probe.

6) Since the second harmonic of 1780 11’fc, the 3560

NIc, would be present if the oscillation were taking

place at 1780 Mc, the 3560 Mc S-band signal could be

detected when passed through an S-band mixer fitted

with a 1 IW23 crystal detector. The scheme used is as

follows. .4 thin coaxial cable terminated in a pickup

loop was inserted into the microwave tunnel diode

mount waveguide close to the tunnel diode. The loop

was close enough to be able to pick up 3560 ilfc. This

coaxial cable was fed into a tunable S-band cavity,

which was fitted with a 1N23 crystal diode, and used as

a mixer with the Polarad receiver. No S-band signal

could be detected.

7) Oscillations below 500 Mc were checked with an

HP417A VHF detecter and no signals were observed.

8) It should be noted that the double frequencies

were observed only when the tunnel diode was mounted

near the center of the waveguide. If the tunnel diode

was mounted off center, only a single frequency was ob-

served as shown in Fig. 10, If the double frequencies ob-

served were harmonics of 1780 L’Jc, then why did they

appear only when the diode was mounted at the center

of the waveguide ? If the observed two frequencies were

harmonics of a lower frequency oscillation, there should

be no relation to the mounting position of the diode. In

other words, no matter where the diode was mounted,

off center or at the center of the waveguide, the double

frequency should appear at all times. But the experi-

mental fact was, as shown in Fig. 10, the double fre-

quencies were observed only when the tunnel diode was

mounted close to the center of the waveguide. It should

be noted that the reason for this double frequency oscil-

lation was explained theoretically in a previous section

and that the theory predicts that the two frequencies

are generally not harmonically related.

9) Careful inspection of Fig. 9 indicates that there is a

visible low-frequency beat between the two peaks. If the

two peaks are harmonics of 1780 M c, it is not possible

to produce a visible low frequency beat between them.

For the above stated reasons and experimental evi-

dence, it was concluded that the double frequencies ob-

served were two separate frequencies and they are not

harmonically related.

C’Occlusions

The design of a microwave tunnel dic)de oscillator

with the tunnel diode mounted in a waveguide must

take into account the frequency dependency of the

waveguide distributed RL C parameters. 1t is due to this

frequency dependent nature of the waveguide param-

eters, that two frequencies could be generated simul-

taneously using a single tunnel diode biased at one point

on its volt ampere characteristic. Frequency dependent

parameters are generally not found in [OW frequency,

lumped parameter circuits, and thus, frequency de-

pendent parameters are easily overlooked in the analysis

of a microwave circuit.

The conditions of oscillation of a waveguide mounted

tunnel diode circuit are that the real component of the

total circuit impedance vanishes. In general, it is desira-

ble that the imaginary component also vanishes. This

corresponds to natural resonance and results in high out-

put efficiency. However, it is not necessary for the

imaginary component to vanish entirely, If reactance

exists in the total circuit impedance, a forced oscilla-

tion will occur at a reduced output efficiency, and thus,

the frequencies of oscillation of a waveguide mounted

tunnel diode oscillator are determined only by the real

roots of the real or resistive component of the total cir-

cuit impedance. It is, however, necessar>’ that these real

roots lie within the passband of the particular wave-

guide used.
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