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Linearity Improvement of Microwave FM Oscillators

by Harmonic Tuning

GYORGY G. ENDERSZ

Abstract-A new linearizing method for microwave communication
FM oscillators k presented. As a linearizing mechanism the fre-
quency perturbation caused by tuned harmonic(s) is utilized. Analy-
tical formulation of linearity requirements for the genersf case are
given and explicit relations are delivered for the second harmonic-

tuned FM oscillator. Linearity and noke loading results are ahown,
obtained with an experimental 250-mW X band Gunn diode FM
oscillator and satisfying CCIR linearity and noise loading require-
ments for broad-band microwave radio links.
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NOMENCLATURE

Capacitance ratio.

Amplitude of the nth harmonic.

Capacitance.

Frequency.

Normalized frequency.

Undisturbed resonator frequency.

Small change of frequency.

Frequency perturbation caused by harmonics.

Frequency of varactor tuned resonator.

Output frequency of FM oscillator.

Conductance.

Transfer function of linear passive network.

Current amplitude.

Circuit constant.

Inductance.

Nonlinearity.

Quality factor of resonant circuit.

Derivative of frequency characteristic (modu-

lation sensitivity).

Normalized derivative.

Derivative off% by the varactor voltage z&.

Derivative off. by the varactor voltage u~.

Derivative off. by the output frequency f~,.

Varactor dc voltage.
Varactor ac voltage.

I. INTRODUCTION

T HE advantage of direct de/RF conversion in ‘inicro-

wave solid-state oscillators is obvious. Just as impor-

tant are simple low-loss linear FM modulators allowing
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compact and reliable low-power transmitters or drivers for

communication transmitters.

The basic ddemma is to compensate the inherent non-

linearity of the varactor modulatm, without strong

degradation in efficiency and noise performance. The

single-tuned varactor modulator [Fig. 1(a)] with its low

degree of freedom allows for a given loaded Q only a

compromise between linearity and varactor loss [9], [101.

A summary of analytical results on this circuit is given in

Appendix B.

E. D. Reed proposed the inserting of a second resonator

between a frequency modulated klystron and its load [1].

By choosing proper couplings and detuning, it is possible

over a certain deviation range to compensate the non-

linearity of the klystron’s FM characteristic. In a recent

paper [2] the application of the coupled resonator linear-

izing method to a solid-state FM oscillator has been re-

ported, where the first resonator included the varactor and

the second the Gunn device [Fig. 1(b)].

In this method fundamental frequency, output coupling,

and FM linearizing are to be adjusted by the same circuit
parameters. The energy storage in the varactor resonator

is determined by the linearity requirements and by the

total output power, and is of the same order of magnitude

as the energy in the Gunn resonator.

In this report a new linearizkg principle, using harmonic

tuning, and its application will be presented. After dis-

cussing the theoretical background, the nonlinear feedback

model of the circuit is developed and a mathematical

formulation of the linearity requirements is given.
In Section III the principle is applied to the case of

second harmonic tuning. Frequency modulation per-

formance is pre&cted by analytical and numerical cal-

culations.

Finally, the experimental work, performed with this

modulator, is described, emphasizing both circuit and

system aspects.

II. THE EFFECT OF HARMONIC TUNING

A. Principle of Linearization, the Feedback Model

The basic idea of the new linearizing techniques is to

take advantage of the presence of higher harmonics

across the active nonlinear device in the negative resist-

ance FM oscillator.
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‘ The model makes the understanding and the circuit

analysis of the linearized modulator easier and also

suggests the application of more general results of non-
TUNEOVARACTbR- RESONATOR TUNEO GUNN -RESONATOR

( MODULATOR)
linear feedback theory.

(b) The frequency perturbation, as a function of Aj~, will be

Fig. 1. Varactor modnlated oscillator with one degree of freedom
(a) and linearized by a secondary resonator at f, (b). Aja

()

n2—1 an
2

– — – I Hn(jco) 12.
jO= 2 al

(4)

Groskowsky, van der Pol, and others have shown [3]-

[5], that these harmonics have a perturbating effect on

the oscillation frequency. The ratio between the stationary

oscillating frequency (j) and the natural frequency of the

resonator circuit (fO) can be calculated as a function of the

harmonic amplitudes (an) according to (1).

Y/fo’ = ii an2/5n2a.2 (1)
n=l %=1

M f–wfo=_—=—
fo fo

qY+$ (2)
m=’

No assumptions have been made on the device charac-

teristic, but the denominator must converge. For weak

harmonics n2a2 << al’ the frequency perturbation can be

derived in the form of (2). Tuning the resonator (varact~r

FM) fo and .f will have the same deviation if the harmoruc

amplitudes are constant, that is, in the case of broad-band

harmonic termination.

But, if at least one oj the harmonica is. selectively ter-

minated, the resulting output frequency deviation ( Aj~, =

A~) will differ from the modulator deviation (Af~ = A.fo).

This is because of the varying amplitude of the selected

harmonic component, giving a tuning-dependent fre-

quency perturbation ( Afa) according to (2). By proper

shaping of the transfer function H (ju) at the frequency

nf [H (jw) = H. (jw) ], the nonlinearity y of the original

FM characteristic can be eliminated or significantly

decreased over a certain deviation range ~6], [7].

The principle is shown by the block diagram in Fig. 2

for second harmonic tuning. In our investigations we

assume that narrow-band variations of the actual har-

monic level are only depending on H. (jco). Frequency

perturbation Afa is a function of the output frequency

deviation so that

B. Analytical Formulation of the Lineatity Ii%quirements

To provide good FM performance the variations of the

modulator sensitivity within the deviation range must be

small. Thk requirement can be expressed mathematically

as constraints on the second and higher derivatives of the

modulator output frequency-voltage function or, yhich is

the same, on the first and higher dreivatives of the slope

function il.

Varactor FM disto~ions are dominated by the quad-

ratic term, therefore we prescribe, that the relative har-

monic level (an/al) and the poles of the harmonic transfer

function H. (jw) are to be chosen so that the following

condition (5) over a certain range of u~ is satisfied

(5)

A simple case is when requiring the second derivative of

the output frequency Af~, to be zero at u~ = O., This

means that the modulator sensitivity y has a local minimum

at the bias point (Fig. 3).

The derivatives of the modulator output frequency-

voltage characteristics are presented in Appendix A. With

e = O in (5) or with

d2fnw so

alum’ o

in (A3) one gets

d2fa + d2f.
dum2 o

— = o.
du~’ o

(6)

The same condition will be used in Section III-A, in the

analysis of the second harmonic-tuned FM oscillator.

A more severe constraint is requiring an inflection of the

modulator sensitivity function at the bias point (u~ = O),
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Fig. 3. Normalized modulation sensitivity of linearized oscillator
with different optimum conditions.

lo-

5-

0 t%

+ S’-l

-1o-

-15-

+ 5MHZ

- 5MHZ

A= 30
Q=100

AfO=Ot5MHz

f.= 10”HZ

(37= ’’’’’0-3

-20 1 MHz
Afro, _ \

-20 -15 -lo -5 0 5 10 15 20 25

Fig. 4. Normalized modulation sensitivity with the detuning of
the second harmonic resonator as parameter.

as in Fig. 4. In this case the quadratic term around the

working point can be neglected and the third-order dis-

tortion limits the performance. In mathematical terms

both the second and the third derivatives of the output

frequency are set equal to zero and we get the following

system of two equations:

–( )dzj. Sm. 2 d2fnz ~
— +—=

df~? 1 – S.~ durn’

–( )daf. Sm. 3 d3f~ ~
— +—=

df~? 1 – Saf dum3 “

(7)

(8)

If there is any solution in the deviation range of interest,

it will define the relative position of the harmonic transfer

function poles with respect to the fundamental frequency

and also the necessary harmonic level (afi/al) across the

active element. Mathematically, (8) is the consequence of

the condition (d3&/du~3) = O and therefore, the roots of

(8) are inflection points of the slope function (dj~,/du~).

Nevertheless, the explicit solution of (7) and (8) and the

,(8

/ lU.2 u. lh(JQ)12=*7T

(a) (b)

Fig. .5. Circuit diagram (b) and modulation characteristics (a) of
FM oscillator with second harmonic tuning.

interpretation of the results can be diflicult. one can recall

that we are considering the quasi-stationary behavior of

the nonlinear feedback model of ~lg, 2. Thus for a fixed

set of circuit parameters, and for an arbitrary sequence of

the output {j~, ) ~ the corresponding input values {u~ ):

can be calculated point by point, describing the static

modulator characteristic over the range of interest. This

numerical procedure does not give the functional relation-

ships necessary to predict and optimize modulator per-

formance in general. On the other hand starting with a

parameter set which satisfies (7) the characteristic can be

adjusted to fit both (7) and (8). Moreover, the numerical

method allows sensitivity y analysis over wide deviation

ranges.

III. FM OSCILLATOR WITH SECOND

HARMONIC TUNING

The parallel-resonator representation of the circuit is

shown in Fig. 5(b). The circuit nonlinearities as harmonic

power sources are represented by the current generator ab

2jo. The analysis of this type of nonlinear tuned-circuit

model is known from the literature [8]. The relative

harmonic level can be calculated if the circuit nonlineari-

ties are given in some explicit form. The frequency per-

turbation is given by (4)

()3a.22
,;.fo ‘Afa=––

1 + kAj%; ‘
where k = (2Q/j0)2. (9)

Fig. 5(a) shows the shape of the frequency deviation

caused by the varactor modulator and by the perturbating

harmonic content. The quadratic components of ja and j~

as functions of u~, respectively, Aj~v, have opposite signs

as a basic condition of the compensating effect. Off center

frequency, the tuned harmonic circuit may considerably

influence the stability of the whole circuit. The problem

in its simplest mathematical formulation appears in (Al),

Appendix A.

In this paper investigations will be performed on the

properties of the modulation sensitivity function assuming

a unique and stable oscillatory state of the system. General

stability conditions and the dynamic behavior of the

frequency feedback system will not be penetrated here.
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A. The Required Harmonic Level
15-1

If the harmonic transfer function .Hz(ju) is known, an

explicit formula for the second harmonic level can be Io-

found, satisfying condition (5). Equation (B7) in Appen-

dix B gives the second derivative of the varactor FM 5-

characteristic. The first and second derivatives of the fre-

quency perturbation function are
+0.3dB

()

0 t%
dfa 3a22 2kAf~,

(lo) -5 - “-’

-0.3dB

dfm, = ‘“f = i ; ‘0 (1 + kAfm:)2

-lo- A=30

dzf.

()

3a2 Q =100

‘= -i & ‘f’:Y;A;,; ”dfm?
(11) -15 A’,=o

f.= 10mHz

($= 1,L5.10-9

For small deviations S.j = O and
-20-

Af.,”%

d2fJdfww2 =; 3 (aJaI) ‘fok.
}
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Substituting this and (B7) into (7), the relative harmonic Fig. 6. Normalized modulation sensitivity with the second har-

level as a function of the circuit parameters n, A, and Q monic level as parameter.

can be exrxessed as

“(9=&(H+i)
relative harmonic level, caused again by external factors

(12) (Fig. 6).

If A >>1 and n = 0.5 (12) becomes

(aJaJ$ = A/2Q2. (13)

Fig. 3 shows the normalized modulator sensitivity func-
tion, calculated and plotted for cliff erent n, A, Q parameter

sets. This numerical calculation is based on the nonlinear

feedback model shown in Fig. 2 and will be described in

detail in the next section.

B. Numerical Optimization

We define, as our purpose, to find the circuit parameters

for which the modulation sensitivity is nearly constant

C’. Relationship Between Deviation and Nonlinearity

We are considering the optimized cubic-type charac-

teristic (Fig. 4) and will express the maximum frequency

deviation for a certain allowed nonlinearity. As a measure

of nonlinearity the variation of the normalized slope

function is used. Assuming symmetry around the in-

flection point we define N/2 as the normalized, one side

deviation from SO. With (A2) together with the assump-

tions that A >>1 and Af~ = Af~, one gets

around its inflection.

Iri mathematical terms, both (7) and (8) have to be Asmu 1 + smu/so ~ ~—— —+ (14)
satisfied. The outline of the numerical computation has 80 l–s.f “

already been sketched at the end of Section II-A. The

details are summarized in Appendix C. As a result, the

modulation sensitivity y is plotted, as a function of the

output frequency deviation, and normalized to J%. The

same function is displayed by a radio link analyzer, when

measuring the cliff erential gain of a frequency modulator.

The harmonic level defined by (12) results in the type

of characteristic shown by Fig. 3. However, modifying

(%/al) 2 by trial and error , one readily arrives at the

optimal shape, shown as the reference characteristics in

Figs. 4 and 6. This numerical-graphical method pro-

vides a simple means of sensitivity y analysis. Investigation

of two cliff erent variables are shown in Figs. 4 and 6. In

the first case Afo has been changed by +5 MHz, cor-

responding to a change of the frequency difference be-

tween the fundamental and the harmonic resonators,

caused by varying environmental factors as temperature,

pushing, pulling, etc. The second example illustrates how

modulator performance responds to variations in the

where AS~u and S=f are given by (B3) and, (10), respec-

tively. A closer examination shows, that, if 4Q2f~’2 <<1

holds, then 1 + (AtLJflo) /1 – iYaf = 1, and thereby

*N = hjf – 2[(n + 1) /n]AAf~’.

The series expansion of Saf around the inflection point

yields for the cubic term of N

N = – 32[(n -1- 1) /n]AQ2Afm”. (15)

The relative output frequency deviation from the in-

flection point, resultiug in the given nonlinearity, is given

by

( n )
N 1/3

Afro’= – ‘— —
32n+i AQ2 “

(16)

Comparison between numerical and analytical results for

n = 0.33 and n = 0.45 verified the validity of the approxi-

mative relation (16) within A 5 percent.
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D. Design Aspects

The analysis of the second harmonic-tuned FM oscil-

lator, based on the feedback model in ~g. 2, gave expres-

sions for the required harmonic level (13) and for the

maxim,um ftequency deviatiorit tesulting in given non-

&nearity (16). These results were then compared with

those obtained from numeiical simulations of the same

model. Consider a microwave bircuit configuration which

can give the wanted harmonic amplitude behavior.

Establishing the equivalence eondltiona between the two

models the microwave circuit parameters can be calcu-

lated.

In this section we consider @oblems around the realiza-

tion and measurement of some basic parameters. The

measurement and control of the relative harmonic level

across the active device and the evaluation of second

harmonic circuit parameters have to be performed by

indirect methods. Thus, because of the nature of the micro-

wave circuitry; Gunn diode parasitic are tuned at the

fundamental frequency but not at the harmcmics. Further-

more, single-mode wave and impedance concepts cannot be

used in waveguide strictures because of the possible

existence of higher modes at the harmonics.

The second harmonic level can be controlled by the

coupling between the active “device and the harmonic

resonator. The resistive load of the oscillator also afiects

the value a2/al. In self-limiting negative resistance

oscillators the excitation into the nonlinear part of the

device characteristics is dependent on the load resistance.

The output power of Gunn oscillators, on the other hand

shows little load dependence.

The tuned-harmonic linearizing procedure has very

little effect on fundamental frequency tuning and output

power, in contrast to linearization methods using coupled

resonators of the same frequency .fO,

At a prescribed nonlinearity (N) (16) gives a good

approximation of the deviation Ai’ even for roughly esti-

mated n, A, and Q values, because of the cubic root-

dependence of this function. The modulator sensitivity

fuaction can be investigated over an arbitrary deviation

range using the numerical-graphical analysis described

previously. Takhig different, measured, or estimated

values for the terhperatmre dependence of Ajo and &/al,

plotted characteristics like those shown by Figs. 4 and 6

will predict modulator performance as a function of

temperature.

IV. EXPERIMENTAL WORK

The experimental modulator. consists of a waveguide

Gunn oscillator (WR 90) deviated by a matched ,pair of
varactors (Fig. 7). The varqctors are symmetrically

mounted at the front end of the noncontacting, cylin-

drical, low-pass-type short; The geometric shapes of this

end and of the strip connecting the varactors provide

broad-band coupling to the resonator. The distance be-

tween the virtual short circuit plane arid the diode post

determines the center frequency of the FM oscillator.

Mechanical tuning can be performed by moving the short

VARACTORS DC
r

GUNN
? DIODE

AT

U+um lW’- 1

, m

Fig. 7. The experimental waveguide FM oscillator.

assembly along the waveguide axis. A screw Across the

waveguide establishes the reflection factor I’20 at the

second harmonic, which is transformed to the “active de-

vice and presents the wanted selective termination ab

2fC. As a consequence of the amb@ity of harmonic im-

pedance calculation and measurement, the parameters of

this circuit are experimentally optimized. The successive

adjustments of the fundamental and the harmonic fre-

quency circuits converge quickly because of the weak

coupling between them.

For the basic modulator/osc~ator 100-rnW a~d 250-

mW Gunn diodes have been used. All the presented results

refer to the 250-mW- unit (MA 49159). This circuit has

more than 100-MHz electronic tunage range and about

0.4dB modulator loss. The corresponding-uncompensated-

linearity was 15–25 percent at 2Aj~ = 8 MHzPP, depend-

ing on bias and matching conditions.

The experiments performed with the linearized modu-

lator included linearity, group delay time variation (AT),

noise, loading, and FM-noise measurements (Figs. 8 and

9), The noise loading conditions corresponded to those

given by CCIR for a 960-channel system and measured

values include FM demodulator distortions and baseband

noise. FM (thermal) noise was estimated from baseband

noise spectrum mizisurements using identical Gunn os-

cillators as FM transmitter and receiver LO. The inte-

grated rnis noise deviation was about 200 Hz between 5

Hz ,and 10 kHz, and 1 kHz between 5 Hz and 4 MHz. Ex-

perimental FM-oscillator performance is summarized in
Table I.

V. CONCLUSIONS

We have shown that the harmonic content of the voltage

across the active nonliiear device of a negative-resistance

FM oscillator can be used to compensate the nonline-

arity of the modulator by selectively terminating at least

one of the harmonics. Using van der Pol’s expression (1)

and the feedback model in Fig. 2, circuit optimization

methods could be developed, giving different types of FM

characterktics with low static distortion. The detailed

analysie of second harmonic tuning gave explicit relations

between required modulator performance and circuit

parameters.

System-oriented mwisurements were performed on an

experimental 250-mW X-band Gunn-diode FM oscillator.
The low static and dynamic intermodulation, low losses,

and good noise performance of the new FM oscillator
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(a)

(b)

Fig. 8. Normalized nonlinearity (a) and group delay time variation
(b) of the experimental modulator. Frequency markers at *7
MHz; N = 1 percent and Ar = 1 ns between parallel tracks.

S/N 1 dBm Op

80- -

/

7’ ReL 100ding

-8 -6 -L -2 0 +2 +4 +6 dB

allows its application in broad-band radio links satisfying

CCIR requirements. It can serve as a single-stage trans-

mitter or being followed by a solid-state amplifier.

APPENDIX A

DERIVATIVES OF THE

FREQUENCY-VOLTAGE CHARACTERISTICS

The basic relation between modulator (.fJ, perturba-

tion (jJ, and output (A.f~,) frequencies is given by (3).

The slope functions, used in the following, are defied, in

turn, as Sm. = dfJdu~, S~j = dfJdf~,, and J!& =

dfJdu~. The first, second, and third derivatives of the

output frequency are

“dfJdu~ = [&J( 1 – &f) 1 (Al)

S.. = S7n.[lSaf/(1 – fLf) 1 (A2)

‘= i+dH&J+%l (A3)d2fm
dum2

–=i+dH&J’3%d3fm,

dunt3

“Z(i%)+a ‘A’)
The harmonic transfer function H. (jo) appears in the

derivatives d“fiJdf~~n.

Fig. 9. Noise loading of the experimental modulator, performed
without preemphasis.

TABLE I

X BAND FM GUNN OSCILLATOR PERFORMANCE

Output power 250 mw

Mcxlulator losses 0,5 dB (typically 0,4 dB)

Mechanical tuning 0,5 GHz

Linearity <1% over : 7 MHz

AT .0,5 ns at fm =.500 kHz

Noise loading S/N > 76 dB at O dB rel . level

APPENDIX B

ANALYSIS OF THE SINGLE-TUNED

VARACTOR MODULATOR

The circuit diagram of the modulator is shown in Fig. 1.

The junction capacitance of the varactor can be expressed

as

Cj( Urn) = Cj(0) ( U’9J@)-” (Bl)

where n = 1/2.2 for abrupt junction and n = 1/2.8 for

graded junction. ~, the contact potential is a material

property, 1.1 for GaAs and 0.5 for Si. We define the non-

linearity, according to Fig. 5(a) as

N = (Smn – Smin) /S’O. (B2)

The Taylor expansion of the differential sensitivity up to

the third term is

J!3nau= df./du. = So -!-- S~AU. i- S2AU.2 (B3)

where AU% = U. — UO and f~ is the voltage-dependent

frequency of the FM oscillator. From (B2) and (B3) we

get

N = – 2At7~(&/so) . (B’)

We introduce the ratio between the sum of the resonator

capacitances and the transformed junction capacitance of

the varactor

~_~C_C+Cjt

Cjt Cj, “ -
(B5)
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The calculation of the coefficients in (B3) gives [9]

so=d& = –;fo!&
Uo

(B6)

d2$n
)s’l=— (_3g?A ~n+l 1

du~2 .O= $0 3 n A )
— —.. (B7)

Substituting these equations into (B4), the nonlinearity

can be expressed as

Ajm

(

2n+l

)
N=6— A ~T–: .

fo
(B8)

It is easy to see that the “ideal” modulator can be realized

by choosing A = 1 and n = 2. Practical circuits have

always A > 1, compensated often by the application of

hyperabrupt varactors (n > 2). Varactor losses, however,

limit the possible improvements-at microwave frequencies.

EFFICIENCY

We define the resonator – Q with the resonator losses

and the load as

Q. = uoEC/G,

the varactor – Q with G,t

Q. = uoCvt/Gvt

and the resulting —Q as

Q,. = woxc/(Gr + Go,) .

The relation between these three Q factors, corresponding

to our circuit model is

1
~+~~.

ti. =Qr AQo
(B9)

Assuming optimal loadlng of the active device, the

efficiency of the varactor modulator will be defined as the

ratio between the power derived to G, and the total avail-

able power from the diode. The definition yields

Q,. Q,. 1 1
(B1O)EF=~=l– ~~=l+(Q,/Qti)A-lo

Fig. 10 gives a graphical presentation of the relation

expressed by (B1O). Design objectives are Q., and EF, and

at a given va.ractor quality factor (lJv) a compromise must

be found between them.

It is important to recognize that, according to (B1O),

realizability requires A > (QJQ.). This condition ap-

pears in Fig. 10 as a vertical asymptote at (QJQo) k to the

left of each characteristic having (QrJQ,) k = constant

as parameter.

APPENDIX C

NUMERICAL CALCULATIONS ,

At a fixed varactor exponent (n), for each characteristic

an {A ,Q ) pair k chosen. The second harmonic level,

satisfying condition (5), is given by (12). The independ-

A

1oo- (

75

i

50

25-

0 10 20 30 40 50 60 70 A

Fig. 10. Circuit quslky factors and efficiency of the single-tuned
varactor modulator.

ent variable is the resulting output frequency deviation,

Aj~,. Under the assumptions of Section III-B the frequency

perturbation is given by (9). If the harmonic resonator is

detuned from 2.fo by Ajo then A.f = A.fo + Af~, has to re-

place Af~,.

The necessary deviation of fo caused by the varactor is

given by

Af. = Af.. – (Afa – Af.o) (cl)

and using (B 1) and the resonance condition the cor-

responding voltage across the varactor can be calculated

as

Urn = UO(A { vo/(fo + AfJ ]2 – 1) + l)-lln. (C2)

If the output frequency step Af~, is held constan%,

the normalized slope function can be derived by numefical

differentiation

s; = ;0 = * ‘f”’
/

Af~,

– Um,n-l
= ~ . (C3)

m,n UI – UO AUm,n

Finally, i%’[percent] = 100 (J%’ – 1) is plotted against
the output frequency deviation.
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Gunn-Effect Amplifiers for Microwave Communication

Systems in X, KU, and Ku Bands
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Abstract—This paper describes the design and performance of

small-signal stable multistage Gunn-effect reflection-type amplifiers

for communication systems in X, Ku, and Ku bands. A single-stage

design approach is developed, based on measured small-signal Z

parameters of the Gum diodes. This technique is then applied to a

microstrip medium at lower frequencies (X and Ku bands) and to a

coax/waveguide hybrid structure at Ku band. Performance of a two-

stage amplifier is described in the bands 11.7 to 12.2 GHz and 14.0

to 14.5 GHz. In high Ka band, performance of both a two- and a four-

stage amplifier is presented.

I. INTRODUCTION

EARLY experiments with low noL product (noL <

5 X 1011 cm–2) GaAs Gunn devices resulted in low-

power narrow-band reflection amplification at microwave

and millimeter wave frequencies [1], [2]. Since the first

observation of the stabilization of highly doped Gunn

devices [3], wide-band Gunn-effect amplifier prototypes

in C, X, and Ku band have been built [4]–[8].

Multistage Gunn-effect amplifiers for FM–CW com-

munication systems have been reported, and 1 W at 30

dB gain in X band and 0.5 W in Ku band have been

achieved [9]. These waveguide cavity amplifiers exhibited

less than 350-MHz bandwidth, time-delay variations of 5

ns over 200 MHz in X band, and considerable gain ex-

pansion. Low-power narrow-band ( <0.2 GHz) millimeter

wave amplification at 34 GHz has been reported using

supercritical GaAs and InP devices [10], [11]. Recently,

a GaAs Gunn-effect amplifier with 110-mW saturated

power output at 35 GHz was described [12]. The single-

stage amplifier had a gain of 13 dB and a 3-GHz 3-dB
bandwidth.

The objective of this paper is to describe recent advances

in Gunn-eff ect amplifiers designed for microwave com-

munication systems at frequencies ranging from X to Ka

Manuscript received February 2, 1974; revised June 16Z 1974.
The authors are with Vanan Associates, Palo Alto, Cahf, 94303.

band. Particular attention has been given to achieve—
minimal variations of gain and phase, intermodulation

distortion, and AM-PM conversion. The physics and the

impedance characteristics of Gunn diodes from C to Ka

band are discussed, followed by a description of generalized

single-stage amplifier design approach. The actual physical

design of certain multistage communication amplifiers in

X, Ku, and Ka bands will be described.

II. GUNN DIODE CHARACTERISTICS AND

DISCUSSION OF IMPORTANT PARAMETERS

At sufficiently high electric fields, GaAs exhibits ex-

ternal negative resistance which is caused by a local

negative differential mobility inside the crystal. This

negative differential mobility can lead to a variety of

external appearances, one of which is the stable negative

resistance mode.

In the stable negative resistance mode, the diode

exhibits an RF impedance with a negative real part for

frequencies close to the transit time frequency. The fre-

quency range over which negative resistance is observed is

of the order of 1 octave. A stable Gunn diode can be uti-

lized to form an oscillator or a stable reflection amplifier,

depending upon the circuit configuration.

In general, the diode parameters required for optimiza-

tion of power, bandwidth, noise, and stability in an am-

plifier are very similar to those required for a wide-band

oscillator with a similar output power and efficiency. The

same diode parameters which lead to wide-band tunability

also lead toward stability, Since stability in a realizable
circuit is the first criterion, one designs to’ achie~e that

characteristic. Generally, nOL products less than 2 X

1012cm–z and flat, uniform doping profiles throughout the

active layer are preferred.

The package parameters are of critical importance. A

micropill package with ceramic dimensions of 0.030 in

outer diameter and 0.012 in height has been utilized for the


