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A K-Band Hair-pin Oscillator Using a Frequency Doubler
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Abstract

In this paper, a K-band oscillator which is composed of a hair-pin resonator , a GaAs MESFET,
and a frequency doubler, is suggested, implemented by HMIC(Hybrid Microwave Integrated
Circuits) form, and characterized for its microwave performance.

A A4/4 open stub is used in frequency doubler to suppress the fundamental frequnecy of 9 GHz
which is the output of the hair-pin resonator oscillator and output matching network is optimized
for its second harmonic freuency of 18 GHz. For the oscillator, the output power of —0.83 dBm,
the fundamental frequency suppression of —23 dBc, and phase noise of —86 dBc/Hz at 18.20 GHz
are obtained.

I. Introduction

An oscillator as the signal source is one of the
key components in microwave communication
systems for getting the IF signal and modulating
or demodulating the RF signal. The K-Band(18.0~

265 GHz) is useful for point-to-point communi-
cation, in direct frequency modulator, narrow-band
microwave wireless LAN, or wireless transmission.
It is very hard to obtain this range of frequency
by a single oscillator due to its limitation of
fabrication for hybrid microwave integrated
circuits (HMIC). Insteads, frequency doubling has
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been used for the oscillator output of microwave
or millimeter wave frequency. There are two
kinds of frequency doubling mechanisms, which
are the push-push method” and the frequency
doubler method™”, The former has some di-
fficulties in the fabrication due to its strict
requirements for the reliable operation by same
fundamental frequencies in two oscillators. The
latter has the design flexibility for its possibility
of separate design of the oscillator and the
frequency doubler. Also, it has good conversion
gain, broad-band operation, low input power,
high active region, and good isolation between
the input and output compared to the push-push
method.

In this paper, the frequency doubler is used
for the realization of the K-band oscillator with
a hair-pin resonator. A microwave design tool,
HP EEsof Libra ver. 6.1 is used for the nonlinear
circuit design. A single oscillator which output
frequency is 9 GHz is first designed and the
frequency doubler with the input frequency of 9
CHz and the output frequency of 18 GHz is
designed. Then, an impedance matching network
is designed and inserted between these two
circuits. Finally, the data comparison between the

design and the measurement is performed.

I Design of a Hair-pin Resonator Oscillator
at 9 GHz

Generally, the oscillator for microwave systems
is composed of an active element and a resonant
circuit for the selective frequency. In this paper,
a miniature hair-pin resonator which structure is
planar type suitable for the microwave integrated

circuits(MIC) is used for the generation of prede-
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etermined frequency. The resonant condition for
the hair-pin resonator is determined by ABCD
matrix which is determined from the parallel
coupled transmission line model. From this
ABCD matrix and the resonant condition for
input admittance, following Eq. (1) can be

obtained.

(ZyoZyycot 8, — Z:tan §,) sin 6, +
1
Z(Zp +Zp)c08 0, ~ Z(Zso+ Z,) =0

where Z; is the characteristic impedance of the
microstrip, #s is the electrical length of the
microstrip, Zy and Z,. are odd and even mode
characteristic impedances of parallel coupled
transmission lines, respectively, and ¢, is the
electrical length of the parallel coupled
transmission lines. Z; #p Zw and Z, can be
obtained at fundamental resonant frequency.
Then, #; is determined from these parameters
and Eq. (1). The parameters used in this paper
are given as follows. A fundamental resonant
frequency is 9 GHz, the dielectric constant and
the thickness of the teflon substrate are 2.6 and
0.54 mm, respectively. The design parameters for
hair-pin resonator obtained from Eq. (1) are
Z=59330, 6,=410° , Z,,~7853Q, and Z,=44.83
. In this hair-pin resonator, even and odd
modes exist simultaneously at resonant fre-
quencies®. A coupled line of 180 “is used for
enough coupling with the resonator, and the
separation width of 018 mm between the
resonator and the coupled line is applied for the
minimum allowable margin of fabrication. A 50
£ resistor is attached to the end of transmission
line to suppress the spurious modes and
hysteresis. Linear analysis for the single oscillator



at 9 GHz is first executed and then nonlinear
analysis for expecting the output power, funda-
mental oscillating frequency, the suppression of
second harmonics, and phase noise is performed.
Fig. 1 shows the block diagram for a single
oscillator using the hair-pin resonator.
Fig. 2 shows the simulation results for output

power of the hair-pin resonator oscillator.

Fig. 1. Block diagram for the single hair-pin

resonator oscillator.
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Fig. 2. Output of the hair-pin resonator oscillator.

Fig. 3 shows the simulation results for phase
noise. The specification for the design in this
paper are the output power of 10 dBm at 9
GHz, suppression of 33 dBc or more between
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Fig. 3. Phase noise of the hair-pin resonator

oscillator.

the fundamental and second harmonics, and
phase noise of —95 dBc/Hz at offset frequency
of 1 KHz.

1. Design of a frequency doubler at 9/18 GHz

A frequency doubler is composed of an input
and output matching circuit, a feedback circuit,
and an active device. The frequency doubler can
be realized by following two methods. One is
using the filter at output to suppress the signal
at fundamental mode and to improve the one at
the second harmonics. The other is using a Ag
/4 open stub, corresponding to the fundamental
frequency, which acts as a trap for the signal at
fundamental frequency and a bypass element
toward output for the second harmonic signal®.
In this paper, the second method is adopted for
reducing the circuit size. Fig. 4 illustrates the
structure of the frequency doubler.

Input and output matching circuits are con-
structed so that the impedance is matched for

the fundamental frequency, f; at the gate port
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Fig. 4. Structure of the frequency doubler.

and for the doubled frequency 2fy at the drain
port of the FET, respectively. Matching circuits
affect the optimum output and the minimum
conversion loss for the circuit within the operating
frequency range. In this doubler structure, a A,/4
open stub as feedback loop is inserted so that
the signal from the FET of frequency f; feels RF
short at this stub and that of frequency 2f; feels
RF open. Therefore, it acts as a trap and a
bypasses element toward the output for the
signal of frequency fo and frequency 2fy res-
pectively.

The frequency doubler consists of feedback
_ circuit connected with the drain of the FET and
the input and output matching circuits. The
frequency doubler needs two bias circuits be-
cause the frequencies of the drain and gate of
the FET are different compared with the case of
an oscillator or an amplifier’® ™. The frequency
doubler which input and output frequencies are
9 GHz and 18 GHz, respectively is designed so
that the oscillator operated at 9 GHz acts as a
source for the frequency doubler. Input and

output ports are matched first to improve the
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Fig. 5. Harmonic characteristics for the fre- quency
doubler.

gain through the linear analysis. Then, output
power is maximized and fundamental frequency
is suppressed through the nonlinear analysis. Fig.
5 shows the harmonic characteristics for the
frequency doubler. For the input signal which
frequency and power are 9 GHz and 10 dBm,
respectively, the output signal is found to have
the power of 22 dBm at the doubled frequency
of 18 GHz. Also, it shows the power of —12.7
dBm at 9 GHz, which means the suppression of
the fundamental frequency.

Furthermore, the matching circuit between the
output of the oscillator and the input of the
frequency doubler is inserted for reducing the
loss.

Fig. 6 illustrates the output power for the
K-band oscillator using the frequency doubler. It
shows the output power of 29 dBm at 17.99
GHz and —24 dBm at 899 GHz, respectively.

Fig. 7 shows the phase noise characteristics for
the oscillator. From the figure, the phase noises
of —9% dBc/Hz and —116 dBc/Hz at 1 KHz
and 10 KHz offset frequencies, respectively are

obtained.
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Fig. 6. The output power for the hair-pin oscillator
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Fig. 7. The phase noise characteristics for the
hair-pin  oscillator using the frequency
doubler.

IV. Experiments and Discussion

Fig. 8 shows the layout for the designed
hair-pin oscillator using the frequency doubler.
The circuit size is 5.7 cm x 3 cm.

The K-band oscillator is implemented by
direct print method on the Teflon substrate which
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Fig. 8. Layout for the hair-pin oscillator using the
frequency doubler.

dielectric constant is 2.6, height is 0.54 mm, and
the thickness of the metal is 0.018 mm. A 50 Q
resistor is connected to the input port for the
impedance matching, a capacitor is used for the
DC block. Two MESFETs, ATF-13786 are used as
active devices for the oscillator and the fre-
quency doubler. The performance of the K-band
oscillator is measured through an HP8563E spec-
trum analyzer.

Fig. 9 shows the photograph of the hair-pin
oscillator using the frequency doubler.

Figs. 10. and 11 illustrate the harmonic cha-
racteristics and the spectrum with the span of
100 MHz for the implemented oscillator, res-
pectively. Also, Fig. 12 shows the phase noise
characteristics with the span of 1.0 MHz at the
offset frequency of 100 kHz.

For the measurement, the bias voltage and
current for the drain of the oscillator are applied
as 32 V and 40 mA, respectively. Also, for the
parts of the frequency doubler, the drain bias
and the current are 3.6 V and 40 mA, respectively.
With these conditions at room temperature, the
oscillation characteristics can be observed from
the figures as follows; the powers for the signal
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Fig. 9. Photograph of the hair-pin oscillator
using the frequency doubler.
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Fig. 10. Harmonic characteristics for the hair-pin

oscillator.

at the fundamental and the second harmonic
frequency are —23.83 dBm at 91 GHz and -
083 dBm at 1820 GHz, respe- ctively. Also, the
suppression characteristic for the fundamental
frequency is observed to be —23 dBc. Therefore,
the data of frequency and power from the
measurements are in good agreements with those
from the nonlinear design.

Table 1 shows the characteristics for the
implemented K-band hair-pin oscillator.

These results can be compared with the data of
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Fig. 11. Oscillation spectrum for the hair-pin oscillator.
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several references “ The output power is very
similar to each other and superior to that of ref.
14, and the phase noise is also comparable to

others and superior to that of ref. 12.

V. Conclusion

In this paper, the K-band oscillator has
been designed by the microwave design tool,
HP EEsof Libra (ver. 6.1), in which the planar

hair-pin microstrip resonator is used and the



Table 1. The characteristics for the implemented
K-band hair-pin oscillator

Oscillation . frequency 1820 GHz
Output power level -0.83 dBm
1st Harmonic suppression -23 dBc
Phase Noise
-86 dBc/Hz
@offset Freq. of 100KHz
P ly for the Oscillat
ower supply o.r e ator 32V
( drain )
P ly for the Freq.
ower supply for the Freq 02V, 36V
Doubler (gate, drain)
Current consumption 40 mA
Dimension 57%3.0 ecm

K-band output signal is obtained thorough the
frequency doubler after the oscillator. Using the
frequency doubler, the signal at the fundamental
frequency of 9 GHz is suppressed and the one
at the second harmonic frequency of 18 GHz is
maximized. The output power of —0.83 dBm at
the oscillation frequency of 1820 GHz, the
suppression characteristic of —23 dBc for the
fundamental frequency, and the phase noise of
86 dBc/Hz at the offset frequency of 100 kHz
are obtained for the K-band hair-pin oscillator
using the frequency doubler, which all satisfy
the specification suggested in this paper.

This K-band hair-pin resonator oscillator is
expected to be used in the areas on mobile
communication systems, direct frequency modulator,

and narrow band microwave wireless LAN.
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