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Design Consideration for
Frequency-Stabilized MIC IMPATT

Oscillators in the 26-GHz Band

NOBUAKI IMAI AND KAZUYUKI YAMAMOTO, MEMBER, IEEE

Abstract —A 26-GHz frequency-stalbilized MIC IMPA’fT oscillator

using a dielectric resonator has been developed. In designing such an

oscillator in the high-frequency range, many parameters affecting frequency

stability should be considered. This paper discusses oscillation frequency

variations caused by deviations in the resonant freqnency of dielectric

resonators, in diode reactance, and in the electrical length between the

diode and resonator, SWof which are due to temperature variatiou. Design

criteria for a higfrty frequency-stabilized oscillator are atso presented. With

these techniques, we have ohtahred an MIC IMPATT oscillator with

frequency stability of less than +5.0x 10-5, outpnt power deviatiou of

less thau * 2.0 dB, and outpnt power of more than 23 dBm over the

temperature range of O“C to 50°C.

I. INTRODLJCTION

R ECENTLY, much attention has been focused on

microwave integrated circuits (MIC’S) for their com-

pactness and low cost. There have been many papers

concerning MIC mixers [1], amplifiers [2], oscillators [3]–[5],

and transmitter/receiver modules [6].

Frequency-stabilized oscillators are important compo-

nents for the practical application of MIC’S, and many

MIC oscillators using dielectric resonators have been devel-
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oped in both the microwave frequency range [7]–[11] and

higher frequency bands [6], [12].

However, to design frequency-stabilized MIC oscillators

in the high-frequency range, more detailed theoretical and

experimental investigations are necessary in order to over-

come the following problems.

(1) In higher frequency bands, the unloaded Q factor

(Qo) of dielectric resonators decreases, and frequency sta-
bilization becomes difficult.

(2) The resonant frequency of the resonator depends not

only on high dielectric constant material, but also on

substrate and surrounding materials, especially at high

frequencies.

(3) As the oscillation frequency increases, frequency

deviation becomes more dependent on variations in the

electrical length between the diode and resonator.

(4) To obtain a high-power, highly frequency-stabilized

MIC oscillator, circuit parameters (QO and VSWR) need to

be optimized.

This paper presents a method to overcome these prob-

lems, which facilitates the development of a highly

frequency-stabilized MIC oscillator. The first part includes

a discussion of resonant frequency deviations in the dielec-

tric resonator due to ambient temperature change, and

oscillation frequency variations due to changes in both the
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Fig. 1. The construction of a band-reflection-type MIC IMPATT oscil-
lator. (a) Circuit layout. (b) Cross-sectional view.

diode reactance and in the electrical length between the

diode and resonator. The paper then proceeds to examine

the circuit parameters necessary to obtain a high-power,

highly frequency-stabilized oscillator, and discusses the

impedance relation between the diode and resonator. On

the basis of this research, a 26-GHz high-power, highly

frequency-stabilized MIC IMPATT oscillator was achieved.

II. DESIGN CONSIDERATION FOR

FREQ~NCY-STABILIZED MIC OSCILLATORS

A. Oscillator Configuration and Equivalent Circuit

Several types of frequency-stabilized MIC oscillators

have been developed [9]–[11]. This paper discusses a

band-reflection-type MIC oscillator, as shown in Fig. 1 [9],

[13]. A dielectric resonator with a dummy load is coupled

to a microstripline behind an IMPATT diode. Output

power is delivered from the other part of the microstrip-

line. This type of oscillator is free from spurious oscilla-

tion, and the design is simple [13].

The equivalent circuit of this oscillator is shown in Fig.

2. The dielectric resonator, coupled to a microstripline as a

band-rejection filter, is represented by a parallel resonant

circuit. The impedance, looking into the resonator from the

reference plane (a – a’), is represented by Z~, and that of

the diode including the load by Z~.

B. Parameters Affecting Frequency Stability

Oscillation frequency variation is greatly dependent upon

deviations in the 1) resonant frequency of the dielectric

resonator, 2) diode reactance, and 3) electrical length be-

tween the resonator and diode.

The oscillating condition of the oscillator in Fig. 1 is

determined by the equation Z~ + Z~ = O. It is assumed

that the normalized diode reactance Xd is zero (which

could be realized under an appropriate matching condi-

tion), and the line length 1 is 1= ~(2n + 2)Ag (n =

0,1,2>. . .). These conditions are optimal in minimizing

stabilization loss [13].

MIC line

“h’@
b’

*

Fig. 2. Equivalent circuit of the oscillator.

Suppose Xd deviates from O to Axd, resonant frequency

from fm to fm + A fo, and electrical length from 60= ~(2n

+ I)m to 6’0+ Ad. The oscillation frequency deviation (Af~)

due to ambient temperature deviation (AT) can then be

approximated by

1 AfT 1 Afo 2 Ax~—.— .—. — p+l A13

fca AT fm AT-2( p:l)Qo”m-—” —2Q0 AT

=s1–s2–s3 (1)

s=~ Afo 2 Axd S=p+l Ad

‘ fw” AT ‘2=2(p:l)Qo”= 3 2Q0 “ ~

(2)

where QO is the unloaded Q factor, and p the VSWR (the

resonator was terminated by a matched load at its resonant

frequency). Sl, Sz, and S~ are the temperature coefficients

of, respectively, the resonant frequency, the oscillation

frequency due to the change in diode reactance, and the

oscillation frequency due to the change in electrical length

between the diode and resonator.

The temperature coefficient of oscillation frequency

I AfT
—.—
fw T

is directly dependent on S1. On the other hand, Sz and S3

are inversely proportional to QO. Thus, to decrease the

influence of S2 and S3 on the temperature coefficient of the

oscillation frequency, it is necessary to increase QO.

I)Resonant Frequency Deviation of the Dielectric Reso-

nator due to Ambient Temperature Change: In the dielectric
resonator of the frequency-stabilized MIC oscillator, the

resonant frequency deviation due to ambient temperature

change (temperature coefficient of the resonator) should be

small and QO large. The latter can be obtained by the

radiation-suppressed resonator shown in Fig. 3(b) [14]. In a

resonator with this type of structure, the resonant frequency

deviation due to ambient temperature depends not only on

the temperature coefficient of the high dielectric constant

material itself, but also on that of the substrate and the

metal cap surrounding the dielectric. In higher frequency
bands, the thickness of the substrate hl increases relative

to the amount of high dielectric constant material.

The resonant frequency of the dielectric resonator in Fig.



244 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. MTT-33, NO. 3, MARCH 1985

Fig. 3.

Metal d,sk

.
Ground conductor Alumlna substrate Erl = 9.6

(a)

I

I
h4 kR2– -

-.—
h3

;; ‘– cr2

fhl %1

Metal side
wall

High d]electr?c constant
material (cr. 36.5)

Low dielectric constant
material (cr. 3.8)

‘i Aluha substrate (,r, = 9.6)

Ground conductor

(b)

Construction of dielectric resonators. (a) Conventional dielectric
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3(b) can be determined by the following equations [15]:

{j/{d tanhf3dtan 63 – 1 + P(3/i’2 tan~3 – 1

{3/{4 tanhda + tan83 P{3 /.12+ tan 93
=0

(3)

Ko(k5RJ -
K;(k5R2)Io(k5RJ

~ Jo(k3R1) + ~ I;(k5R2)
=0

3.&(k~R1) 5 KJ(k#2)I;(k@1)
K((k@l)-

I:(k2R2)

(4)

where

(2/{ltanh% + tanhd,
(5)

p = 1 + {2/{ltanh(31tanh82

19,= lzk,,
{3h,

i=l,2,4 8q= j--- (6)

k1=k2=k3=kd (7)

(8)

k; =[; – U21JOC5

{3= {,= 8r/h3 (9)

and 8 denotes a fraction of a half-cycle variation of the

field along the resonator length.

A cross section of a radiation-suppressed dielectric reso-

nator is shown in Fig. 4(a). The resonant frequency calcu-

lated from the above equations is compared with the

experimental resonant frequency ( ~0 = 26.3 GHz) shown in

Fig. 4(b). They are in good agreement. The resonant

frequency is affected very little by increases in h4. This

demonstrates that the metal cap, used to prevent radiation,

has almost no effect on the resonant frequency of the

resonator.

&4 %z ///‘ ,/

/

h

h

h

I )

(a)

z 5
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T
“e
“o Experimental result.
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;
5
33
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2
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Normalized alr gap th]ckness

(b)

Fig. 4. (a) Cross section of radiation-suppressed dielectric resonator. (b)

Resonant frequency of the radiation-suppressed dielectric resonator.
The experimental result is for (,3 = 36, RI= 1.2 mm, h3 = 0.94 mm.

The difference between the expenmentaf and theoretical results is less

than 2 percent when the normalized air-gap is between 3 and 9.

The temperature coefficient of the resonator is almost

completely determined by that of the high dielectric con-

stant material when this coefficient is high (Fig. 5). How-

ever, when it is low, the effect of the substrate becomes

significant. When a resonator with a temperature coeffi-

cient of less than 10 ppm is necessary, the temperature

coefficient of the substrate should be taken into account.

The contribution of the metal cap is small even when a

metal with a large thermal expansion temperature coeffi-

cient such as brass is used.

2) Frequency Deviation due to the Change in Diode Reac-

tance: Frequency deviation due to the change in diode

reactance (S2) depends on the QO of the dielectric res-

onator and VSWR p. The calculated S2, as a function of p

and Q., is shown in Fig. 6. The temperature coefficient of

the diode reactance was determined experimentally. S2 is a

minimum at p = 2 and increases with increasing p. S2 is

inversely proportional to QO.

On the other hand, the stabilization loss in a band-reflec-

tion-type oscillator is expressed by the following equation

when the diode reactance is negligible [13]:

()_L(dB)=-6+2010g 2–; . (lo)
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Fig. 5. The calculated dependence of the temperature coefficient of
radiation-suppressed dielectric resonator on the temperature coefficient

of the high dielectric constant materiaf alone and in the presence of the
metaf cap and the substrate. The temperature coefficient of thermaf

expansion for the metaf cap (brass) is assumed to be AR 2/R ~ =1.7 x

10-5/OC, and for the substrate (ahunina)AR1/Rl = 7.9 x 10-6/OC,
A erl /&,l = 11O x 10-6flC [16], [17]. The relative dielectric constant and

the dimensions of high dielectric constant material are C,3 = 36, R1 = 1.2
mm, h 3 = 0.94 mm, respectively.

5 10 1

V5WRp

Fig. 6. The dependence of the frequency deviation due to the change in

diode reactance by temperature on p and QO.

The loss of output power as a function of p, calculated

from (10), is shown in Fig. 7. The loss decreases with

increasing p.

To obtain a high-power, highly stabilized oscillator, p

should be optimized with respect to both of these aspects.

For example, to reduce loss to less than 0.6 dB and obtain

a frequency deviation due to a change in the diode reac-

tance with temperature ‘of less than 10 ppm/°C, it is

necessary to obtain a QO larger than 3000 at a p of 8.

3) Frequency Deviation due to the Change in Electrical

Length between the Diode and Resonator: For higher

frequency bands in the MIC oscillator, the wavelength Ag

becomes short; consequently, the electrical length between

the diode and resonator becomes large. The resulting

frequency deviation is apparent in the high-frequency range.

245
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Fig. 7. Reduction of output power versus VSWR when diode reactance

is negligible

I 1 1 !

1 2 3
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.tf 1

9

Fig. 8. The frequency deviation due to the change in electrical length
between the diode and resdnator. Alumina substrate is assumed whose
relative dielectric constant c, is 9.6. Characteristic impedance of the
line Z. is 50 L?. Temperature coefficients of thermaf expansion are
Ac,/c, = 110 X 10-6flC, Al/l = 7.9X 10-6/OC.

If the dielectric constant deviation is Ac, and that of the

distance between the diode and resonator is Al, the

frequency deviation can be expressed by the following

equation:

where Ceff is the effective dielectric constant expressed by

6,+1 Cr—l

()

~ + 10h - 1/2
Ceff= 2 + — —

2 w
(12)

The calculated result of the frequency deviation due to

the change in the electrical length between the diode and

resonator is shown in Fig. 8. The frequency deviation
increases with increasing 1/A ~ and decreasing QO. For

example, to reduce the frequency deviation A f/fO to a

negligible value (0.5 pprn) when p = 8 and QO = 3000, the

line length should be less than 1.2 Ag.
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Fig. 9. Photograph of the oscillator.
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Fig. 10. Unloaded Q factor and VSWR of the radiation-suppressed
dielectric resonator. QO and p aremeasured asafunction of coupling
between stripline and resonator for various vahres of h 2.

III. EXPERIMENT

A. Oscillator Configuration

The oscillator configuration used in the experiment is

shown in Figs. 1 and 9. An alumina substrate was selected

for mechanical strength and a thickness of 0.38 mm was

used to avoid spurious modes. A packaged Si DDR IM-

PATT diode was mounted to a ground heat sink with the

top electrode connected electrically to the microstrip con-

ductor with gold tape. The dielectric resonator, which is

composed of Ba(Zn1z31W2/3 )03 – Ba(zn@a 2/3)03

ceramics, was placed between the diode and the dummy
load and bonded to the substrate by aron ceramic ad-

hesive. The distance between the diode and resonator 1 was

1 = 3/4Ag, chosen from the results in Section II-B. The

resonant frequency of the radiation-suppressed resonator

can be adjusted by a screw that changes the air-gap thick-

ness. The RF power is delivered from the ridged-type

waveguide-strip transformer.

B. Characteristics of the Dielectric Resonator

The dielectric resonator used for the band-reflection-type

oscillator should have a large QO and VSWR. For this

purpose, a low dielectric constant material is inserted be-

Fig. 11.
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Fig. 12. The oscillation frequency and output power versus bias current
when Q factor is varied. (a) Change in oscillation frequency versus bias

current. (b) Output power versus bias current.

tween the high dielectric constant material and the sub-

strate. A thickness of h2, which provides a high QO and p,

was experimentally investigated. Measured QO and p for

various h 2 are shown in Fig. 10. The circuit conditions to

obtain a high-power and highly frequency-stabilized oscil-

lator (p> 8, QO z 3000) are shown in the figure by the

shaded area. Considering these conditions, h 2 = 0.6 mm is

selected.
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C. Relation between the Load Line and Device Line for

Oscillation

To reduce the frequency deviation due to the change in

diode reactance by temperature, the load line and device

line should intersect at a right angle so that the external Q

factor of the oscillator is large.

The load and device lines, when 1= 3/4A ~, are mea-

sured and shown in Fig. 11. The matching section around

the diode was adjusted so that the diode impedance reac-

tance component is small.

D. Effect of Increasing Unloaded Q Factor

In a frequency-stabilized MIC oscillator using a dielec-

tric resonator, the frequency deviation due to the change in

diode reactance and electrical length decreases with in-

creasing QO, as discussed in Section II. In this section, the

effect of increasing QO is experimentally investigated.

The oscillator performances for different Q factors are

measured and shown in Figs. 12 and 13. Frequency stabil-

ity can be inferred from frequency deviation when the bias

current is changed (pushing figure) [18]. The pushing fig-

ure, when QO = 3100, is about half that when QO = 1100. It

is experimentally verified that the frequency deviation due

to the change in diode reactance decreases with increasing

Q()-

E. Performance of Frequency-Stabilized Oscillator

The oscillator, using a radiation-suppressed high-Q di-

electric resonator, was fabricated with the technology dis-

cussed above. Experimental results concerning output

power and oscillation frequency versus ambient tempera-

ture are shown in Fig. 14. The oscillator achieved a

frequency variation of less than + 1.0 MHz and output

power variation of less than +2.0 dB with an output power

of more than 23 dBm, over a temperature range of O°C to

50”C.

No spurious oscillation was observed, and this highly

frequency-stabilized MIC oscillator is applicable to high-

power local sources.

IV. CONCLUSION

A 26-GHz frequency-stabilized MIC IMPATT oscillator

using a dielectric resonator was developed. Deviations in

the resonant frequency of dielectric resonators, in diode

reactance, and in the electrical length between the diode

and resonator due to temperature variation were investi-

gated. Design criteria for a highly frequency-stabilized

oscillator were presented. With these techniques, an IM-

PAIT oscillator with frequency stability of less than + 5.0

x 10-5 and output power deviation of less than +22.0 dB

with an output power of more than 23 dBm over the

temperature &ng~ of O°C to 50°C was obtained.
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Boundary Element Method Approach
Magnetostatic Wave Problems

KEN’ICHIRO YASHIRO, MEMBER, IEEE, MORIYASU MIYAZAKI,

AND SUMIO OHKAWA, SENIOR MEMBER, IEEE

Abstract —In this paper, the technique for application of the boundary

element method (BEM) to analysis of magnetostatic waves (MSW’S) is

established. To show tbe availability of the technique, two types of wave-

guides for the MSW are stndie~ one is a wavegrride coustitntirrg a YIG

slab shielded with metaf plates and the other is a wa~eguide consisting of an

unshielded YIG slab. With the former structure the results obtained by the

present technique are compared with the analytical solutions, and with the

latter the BEM is compared with Marcatili’s approximate method since

there is no analytical solution in this case. Those comparisons are per-

formed successfully for both cases.

The paper concludes that the BEM is useful and effective for analysis of

a wide range of MSW problems.
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OF waveguides

Electronics and Com-
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SEVERAL TYPES

waves (MSWS) have so far been proposed &d solved

for magnetostatic

a~alytically [1]–[3]. Most of them, however, have a simple

geometry; as a matter of fact, we may say that an analyti-

cal solution can be given only for structures of simple

geometry. But from the practical point of view, a numerical

solution which can be applied to arbitrary structures is

required for an analysis of the MSW problems.

The integral equation formulation has proved to be a

powerful tool for obtaining rigorous solutions of electro-

magnetic and acoustic wave problems. The boundary ele-

ment method (BEM) [4]–[6] is often used for the calcula-

tion of scattering and propagation problems. The BEM is

one representative of integral methods and is equivalent to
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