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Abstract

Highly stable 0,7W CW K-bend IMPATT power source with frequency stability of
about bx10-510~500C has been developed, This has been achieved by a combination
of a single-tuned oscillator stabilized by hybrid-coupled cavities and one stage
high power reflection type amplifier,

Introduction

In this paper, a new cavity stabilizing
technique applied to a K-band IMPATT oscilla-
tor is proposed which utilizes a compact mag-
ic T and TEO1( cavities, Also, are described
the design of a high power IMPATT reflection
type amplifier and over-all performance of
the highly stable IMPATT power source, shown
in Fig.1,

Cavity Stabilized Oscillator

Reflection type cavity-stabilizing method
without a passivating circuit to obtain a
highly stable and low noise Gunn or IMPATT
diode oscillator was reported at X-band!) But,
in the frequency region beyond K-band, the
parasitic elements of the diode package great-
ly influence to the circuit impedance and it
becomes rather difficult to get a reproducible
and tunable stabilized oscillator by such a
stabilizing method. Recently, K. Kohiyama2)
proposed a band rejection filter type method
that enabled to get a single-tuned (i.e. free
from mode-jumping) oscillation,

A hybrid-coupled cavities construction
is known as a part of a microwave discriminat-
ing circuit that has a high Qex,high frequency
sensitivity and also roughly single-tuned
admittance locus,

The proposed solid-state oscillator sta-
bilized by the hybrid-coupled cavities provid-
ed a single-mode oscillation without mode-
jumping and a broadband mechanical tunability.

Figure 2 shows the cross sectional view
of the IMPATT oscillator stabilized by hybrid
coupled cavities. Two TEO,l’mode high Q c~vi-
ties with the resonant frequencies of fol and
f.z , are connected to the both arns of H plane
T-junction of a magic T through coupling aper-
tures. The coaxial arm is terminated with a
Epo-izon absorber 1,

A reduced height pill-type packaged Si
IMPATT diode is mounted in the coaxial line
which is extended from the RG-42 waveguide.
At the other side of+the coaxial line, is pro-
vided the stabilizing circuits)which consists
of a radial filter and an Epo-iron absorber 2.

Figure 3(a) shows a simplified equivalent
circuit of the oscillator. The difference
ltNIz is chosen nearly (2n-l)*~o/o, where~,is
the wavelength of the center frequency fo,
fo=(fo,+fo2)/2* The input admittance locus,
looking from the reference point A, becomes
like that of a staggered band rejection fil-
ter and at the out of band frequencies, the
input impedance is pure resistive due to the
absorber 1. The length la(the distance from
point A to the diode) is so chosen as to
satisfy the oscillating condition.

Figure 3(b) shows the admittance loci
looking from point B, in this case, fO!>fOz and
11=3.@8, 12=X9*/8+~3#4, and 13=Ayi3+n.Ayi2.

The QeXat the center frequency f. S.nd
the bandwidth of the band rejection filter
is a function of the Qexof each cavity and
the frequency difference Af(=f&f02). Admit-
tance locus varies from curve a to curve b
in Fig.3(b), according to the increase of Af,
The Qezat f. also gradually decreases and
there exist a critical value in Af which
gives a highest Qezvalue at a given unloaded
Q and Qex values of the cavities. So, it is
better to set the cavity frequencies to the
critical point in Af to get a most stabilized
oscillator.

The absorber 2 with the radial choke
plays an important role to restrain spurious
oscillation in the out-of-band. The coaxial
post diameter dbmainly determined the coupling
between the diode and the wavegulde circuit,

Figure b shows the typical characteris-
tics of the stabilized IMPATT oscillator.
The Si IMPATT diode for the oscillator and
the amplifier has about 10-4 cm2 junction
area, thermal resistance of bellow 160c/w, a
breakdown voltage of 38 V, and avalanche
frequency of about 13 GHz at the operating
current Iop= 200 mA. The diode is soldered
to a copper block for good heat-sinking of
about 2.5°C/W thermal resistance.

The stabilized output power of more
than 350 mW with a pushing figure of 15 KHz/mA
and efficiency of 3.2$, were obtained at an
operating junction temperature of 230°C. In
this experiment, the parameters of the
hybrid-coupled cavities are as follow; the
cavity Qoand Qex are about 15000 and 5000,
respectively, and f~ = 25.353 GHz1Afs=3 MHz.

The frequency stability of about 4x10-5/
0-50°C has been obtained using the tempera-
ture compensated INVAR cavities and simple
protection from humidity,

Reflection TYP e Amplifier

Almost same mount construction as the
oscillator is used for the amplifier, except
for the hybrid-coupled cavities replaced by
a short-plunger, The 14 was changed to get
an optimum coupling to a circulator.

To obtain the maximum output power Porn
of the amplifier, the optimum load conductance

G*m can be decided from the relation between
the electronic conductance Gd and RF device
voltage Vat, Gd=Go - kVa$at a given input
power level, where Go and k denote the small
signal negative conductance and -a G&Vac
respectively. Go and k can be derived f$om
the several measured Gd values corresponding
to the input power Pi and the gain,

Output power P. of en amplifier is the
sum5)of the Pi and the generated power pd
from the device. Glm for the P. can be
determined by calculation under ~ given Pi.

Furthermore instability phenomena observed
under large signal condition were eliminated

176



by the above mentioned stabilized circuit with (3)
absorber 2,

Figure 5 shows the linearity character-
istics of the amplifier which is designed
to provide a maximum output power at input
level of 25.5 dBm with operating current
230 mA.

(4)

The amplifier provided the small signal
gain of 5 dB, maximum output power of more
than 1 W with 1,5 dB gain and maximum generat-
ed power about 25,6 dBm. At Pi of 25,3 dBm, (5)
the 1 dB bandwidth is about 2.5 GHz with a
gain of 3 dB, and the gain variation due to
the ambient temperature variation from O°C to
500C is about 0.2 dB.

Figure 6 shows the overall performance
and block diagram of the 23 GHz band power
source using the stabilized IMPATT oscillator
and one stage amplifier. The output power of
more than 0.5 W (typical 0.7 W at room
temperature) is available with the frequency
stability of about Qx10-3/O-500C.

conclusion

A new cavity stabilizing method is pro-
posed which utilizes the hybrid-coupled
cavities, well-known construction as a part
of a microwave discriminator,

The K-band IMPATT power source using
the stabilizing method is suitable for a
stable and reliable local oscillator for mm
wave PCM system, followed by a frequency
multiplier, and also for a pumping source
of a ~arametric amplifier.
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?IG. 1 K-BAND HIGH POWER AND HIGHLY
STABLE IMPATT DIODE POWER SOURCE
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FIG, 2 CROSS SECTIONAL VIEW OF THE CAVITY
STABILIZED IMPATT OSCILLATOR STABILI-
ZED BY THE HYBRID-COUPLED CAVITIES
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SIMPLIFIED EQUIVALENT CIRCUIT
OF THE STABILIZED OSCILLATOR
INPUT ADMITTANCE LOCI OF THE
HYBRID-COUPLED CAVITIES LOOKING
FROM POI~ B IN FIG. 3 (a)
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FIG. 4 CHARACTERISTICS OF THE IMPATT
OSCILLATOR STABILIZED BY HYBRID-
COUPLED CAVITIES
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FIG. 5 CHARACTERISTICS OF THE IMPATT
REFLECTION TYPE AMPLIFIER
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FIG. 6 OVERALL PERFORMANCE AND BLOCK-
DIAGRAM OF THE K-BAND IMPATT DIODE
POWER SOURCE
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