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Abstract

This paper describes the design approach, fab-
rication process, and performance of a monolithic
CPW oscillator incorporating a buffer amplifier on
the same chip, for K-band wireless network applica-~
tions. At 21GHz, the output power of the oscilla-
tor recorded 17dBm with an overall de-RF efficiency
of 22%. By changing the length of a source feed-
back line, the oscillation frequency was varied up to
26GHz. For all cases, the output power remained
higher than 16dBm.

I Introduction

Increasing demand for K- and V-band wireless
communication systems[1][2] has stimulated devel-
opment of small-size local oscillators operating at
these frequency bands with a sufficiently high out-
put power to drive RX/TX modules in a transceiver.
Heterojunction FET(HJFET) technology permits
co-integration of all transceiver elements on the same
chip and, thus, promises overall system chip size re-
duction. Since the output power level of an oscilla-
tor is limited[3]-[6] and decreases with increasing fre-
quency, buffer amplifiers can be co-integrated with
oscillators to enhance the output power. Application
of a buffer amplifier will also help to improve the
overall dc-RF efficiency and frequency-pulling char-
acteristics of the oscillator.

Recently reported attempts to develop a mono-
lithic oscillator incorporating a buffer amplifier on
the same chip include an 11GHz MESFET oscilla-
tor with 17dBm output power and 20% efficiency(7],
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and a Q-band MESFET VCO with 19.7dBm and 7%
efficiency[8]. To fulfill above requirement for the K-
band wireless systems, the present paper describes a
small-size high power high efficiency K-band MMIC
oscillator by incorporating a single-stage buffer am-
plifier on the same chip, which provides 17dBm out-
put power with 22% efficiency.

II Circuit Design

A. Oscillator

An equivalent circuit for the K-band CPW oscil-
lator with the buffer amplifier is shown in Fig. 1. The
devices for both the oscillator and the buffer ampli-
fler are 0.15um X200um AlGaAs/InGaAs HJFETs.
The oscillator has a series feedback topology. A ca-
pacitive CPW stub is connected to the source termi-
nal of the FET as a feedback element. This stub also
determines the oscillation frequency.
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Fig. 1. Equivalent circuit for the K-Band monolithic oscil-
lator incorporating a buffer amplifier.

In the oscillator design, the length of the capac-
itive and inductive CPW lines (Tg,Tg), which were
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connected to the source and gate terminals of the
FET, respectively, were determined using a graphi-
cal method to get maximum output power as follows.
On a harmonic balance simulator, external RF power
at a desired oscillation frequency causes an RF cur-
rent, Iy , into drain terminal of the FET. Using
negative resistance at the drain terminal, Zygg, the
oscillation output power, Poyr, can be calculated as
Pour = -Re ( Zngg ) Irs’ , when the matching circuit
is connected to the drain port so that its impedance,
Z1oaps 18 equal to -Zygg . For a given Ipy, optimum
combination of Tg and Ty can be found to get the
maximum Pgyr at the desired frequency (see Fig. 2).
This method provides a direct understanding of the
relationship between circuit parameters such as Tg
and Tg, and the output power. Thus, a fast opti-
mization without an iteration process is realized. In
the design, we avoided the edge of the non-oscillating
region in Fig. 2, so that small changes in the device
parameters would not stop oscillation. The matching
circuit for the oscillator was designed to transform
Zioap into a 5082 load.
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Fig. 2. Calculated oscillator output power as a function
of CPW line lengths(Tg,Tg) for RE current(Izp)=10mA at
24GHz (without a buffer amplifier).

B. Buffer Amplifier

The amplifier was designed to operate at a cen-
ter frequency of 24GHz. To insure the stability of
the amplifier, a CPW inductive feedback was con-

nected to the source terminal of the FET. Applying
a large-signal harmonic balance method, the match-
ing circuits and the length of the feedback line were
optimized so assto make the amplifier operate near
the saturation output with a high gain. Both the in-
put and output ports of the amplifier were matched
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to a 5002 impedance.

II1 Fabrication Process and Device
Characteristics

The K-band oscillator with the buffer ampli-
fier was fabricated on a 3-inch GaAs substrate.
Fig. 3 shows a cross-sectional view for a step-doped
AlGaAs/InGaAs HIJFET used in the MMIC. The
epitaxial layer structure consists of an AlGaAs/GaAs
superlattice followed by GaAs and AlGaAs buffers,
a 13nm Ing,;GagsAs channel, a step-doped(1lX
10*%¥ecm3/3 X10%cm™®) 40nm Aly,GagsAs, and an
80nm n*-GaAs cap layer doped 3X10¥cm™3. In
the FET fabrication process, mesa-isolation, conven-
tional photo-lithography, electron beam evaporation
and lift-off techniques have been employed. De-
tails have been reported elsewhere[9][10]. A Metal-
Insulator-Metal(MIM) structure with SiN film as a
dielectric layer was applied for fabricating both dc
blocking and bypass capacitors. The CPW structure
utilizes a 2-pum thick Au-plated layer.
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Fig. 3. Cross-sectional view for a step-doped AlGaAs/InGaAs
HJFET.

The HIFET has a gate length of 0.15um and a to-
tal gate width of 200um(25um X 8). The device has
a typical transconductance of 380mS/mm and an f;
of 70GHz both at a drain bias of 2V with a reverse
gate-drain breakdown voltage of 11V. Measured min-
imum noise figure for the device is 1.1dB at 24GHz
with an associated gain of 9.5dB.



IV  Performances

Fig.4 shows a chip photograph for the fabricated
K-band CPW oscillator with the buffer amplifier.
“The MMIC chip size is 2.22mm X 1.07mm X 0.26mm.

Fig. 4. Chip photograph of the K-band CPW oscillator in-
corporating a buffer amplifier (2.22 X 1.07mm?).

Three different oscillators were developed by
changing the length of the 500 line, Tg, as 0.43 A,
0.41 A, and 0.38 A, which resulted in oscillation at
around 21GHz, 24GHz, and 26GHz, respectively. In
the above expressions, A is the wavelength of each
line at 24GHz.

Output power, oscillation frequency, and ef-
ficiency as a function of the amplifier drain
voltage,Vp amp, for the case of the 24GHz oscilla-
tor is shown in Fig. 5. For oscillator gate voltage,
Vg.0sc = - 0.57V, drain voltage, Vpgge = 2.0V, and
amplifier gate voltage, Vg op = - 0.42V, the output
power increased with Vp syp, and reached a maxi-
mum value of 14dBm at Vp zyp = 3.0V. The overall
dc-RF efficiency took its maximum value of 17% at
around Vp avyp = 2.0V. On the other hand, the oscil-
lation frequency shifted only 160MHz when Vp ayp
was varied from 0.5V to 3.0V.

Fig.6 shows the maximum output power of each
oscillator at Vposc = Vpamp = 2.0V and Vpggc =
Vpamp = 3.0V. When the bias voltage was increased
from 2V to 3V, the output power increased by about
4dB. For all oscillators, the output power was higher
than 16dBm. The 21GHz oscillator output power
was 17dBm with an overall de-RF efficiency of 22%
at Vp ose = Vpaue = 3.0V,
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Fig. 5. Output power, oscillation frequency, and over-
all dc-RF efficiency as a function of amplifier drain

voltage(VD,AMp) .
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Fig. 6. Maximum output power for each oscillator and over-
all de-RF efficiency at Vp ogc = Vpamp = 2.0V and Vp ogc
- VD,AMP = 30V

V Conclusions

The design approach, fabrication process, and
performance of a K-band MMIC oscillator incorpo-
rating a buffer amplifier on a single chip were de-
scribed. By changing the length of the source feed-
back line, the oscillation frequency was varied from
21GHz to 26GHz. For all cases, the output power
was higher than 16dBm. At 21GHz, the output
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power of the oscillator recorded 17dBm with an over-
all dc-RF efficiency of 22%.

Since the output power of the developed MMIC
oscillators is considerably high, they can directly
drive mixers in transmitter/receiver modules with
no additional power amplification.
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