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FLIP-CHIP INTEGRATED OSCILLATOR WITH
REDUCED PHASE NOISE AND ENHANCED
OUTPUT POWER BY USING DGS
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Abstract ; A novel defected ground structure (DGS) was designed and applied to a flip-chip integrated millimeter wave os-
cillator. The characteristics of two oscillators with and without DGS were analyzed and compared. Measurement data shows
that the phase noise of the oscillator with DGS is reduced by 4 ~6dB, and the output power of the oscillator is increased by
0.8dBm in comparison with the oscillator without DGS. It is found that, when DGS is embedded in the resonant tank and
the output terminal of an oscillator, the phase noise can be reduced and the output power will be enhanced.
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Introduction

An oscillator is one of the most important circuit
elements in wireless communication, radar, radio fre-
quency identifier systems. The phase noise and output
power of an oscillator are important figures of merit
(1-31 " Especially, the lower the phase noise is, the
better the system will be. The dielectric resonator is
useful to obtain oscillator with low phase noise. But di-
electric resonator is profitless to integrate with planar

circuits and is difficult to be applied in smaller system.
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A novel structure-DGS has been confirmed to be useful
in improving the phase noise and output power of oscil-
lator and integrating with planar circuits"*’. DGS
shows band rejection property in some frequency range
and band pass property in some frequency range. Ahn
et al. proposed DGS at first'®’. Since then, a'few
groups have applied DGS to improve the performance of

[7.8] " Up to now, most of research

microwave circuits
groups have focused on DGS with operation frequency
lower than 10GHz. In this paper, a novel DGS struc-

ture was designed and applied to hybrid integrated mil-
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limeter wave oscillator. Flip chip technique was used
CPW ( co-planar

waveguide) transmission line was used in the circuit

in hybrid integrated oscillator.

instead of microstrip. Measurement data shows that the
phase noise of the oscillator with DGS is evidently re-
duced and the output power of the oscillator with DGS
is increased in comparison with that of the oscillator
without DGS.

1 Design and measurement of the DGS

A novel DGS in CPW transmission line was de-
signed on the semiconductor GaAs substrate as shown
in Fig. 1. The slots of the DGS give rise to the equiva-
lent L-C components. At the resonant frequency, the
equivalent parallel L-C components form a band rejec-
tion property, which is similar to dielectric resonator.
The length and width of the slots determine values of
inductance and capacitance in the equivalent circuit,
which eventually determines the resonant frequency of
the structure. When the oscillator operates in millime-
ter wave frequency, it is difficult for DGS to be fabrica-
ted on the printed circuit board(PCB). So, GaAs with
thickness of 500j.m and dielectric constant of 12.9 was

selected as the substrate of the DGS and microelectron-
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Fig.1 (a) Layout of DGSI (b)layout of DGS2
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Fig.2 (a)Measured and simulated S parameters of DGS1 (b)
simulated S parameters of DGS2
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ics process was adopted in the fabrication of the DGS to
ensure process resolution. Fig. 1 (a) is the layout of
DGS1 that the resonant frequency is the fundamental
one of the oscillator and Fig. 2 (b) is the layout of
DGS2 that the resonant frequency is the second order
harmonic of the designed oscillator. Characteristic im-
pedance of the CPW transmission lines is 50Q). Width
of the CPW transmission line is 80 wm and the gap be-
tween transmission line and ground plane is 60 pm and
the length of transmission line is 1000pum. The slot
gaps of two symmetric DGS in both ground planes in
two layouts are 5pum. Other sizes are marked in Fig. 1.
Fig. 2 (a) shows measured and simulated results of
DGS1. Simulated resonant frequency is 35. 6GHz and
measured one is 36. 5GHz. The little error between
measured results and simulated ones may be caused by
over etching process. Fig. 2(b) shows simulated re-
sults of DGS2 and the resonant frequency is 71. 2GHz
which is equal to the second order harmonic frequency
of DGS1. 71.2 GHz is over measurement range of the
measurement equipment, so measured results can not
be shown in Fig.2 (b). The EM simulator, IE3D, is

used for this simulation.
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and enhanced output power by using DGS

Fig.3 Schematic of the oscillator without DGS
B3 A DGS Gk aHE

Fig.4 Schematic of the oscillator with DGS
B4 HA DGS HigmiRGHmiG

2 Design and measurement of the oscillator

The oscillator circuit was designed by using Agi-
lent Advanced Design System ( ADS). First, the nor-
mal oscillator without DGS was designed at center fre-
quency of 36. SGHz. The schematic circuit of the oscil-
lator is shown in Fig. 3. The active device in the oscil-
lator is UMS GaAs HEMT with gate length of 0. 25um
and gate width of 6 x 60um. The DC bias voltages of
GaAs HEMT are selected according to the smallest
noise figure. The input impedance and output imped-
ance of GaAs HEMT are got at the same time. GaAs
HEMT model with common source connection is used
in the oscillator design. The same two CPW transmis-
sion lines T, and T, are symmetrically connected be-
tween the HEMT s source and the ground, providing a
positive feedback to make the HEMT more unstable.
CPW transmission lines T,, T, and T comprise the
resonant circuit, T,, T,, T; and T, comprise the out-
put match network. Then, the oscillator with DGS was
designed. DGSI1 is embedded in the resonant circuit of
Fig. 3, and DGS2 is embedded .in the output network of
Fig.3 to form schematic circuit as shown in Fig. 4. In
order to keeb impedance Z, of the resonant terminal
and impedance Z, of the output network after embed-
ding DGS1 and DGS2, values of CPW transmission
lines T,, T,, T;, T¢, T,, Ty and T, are adjusted into

Fig.5 Photograph of the flip-chip hybrid integrated oscillator
with DGS at the resonant and output { a) enlarged bumps (b)
top view of GaAs HEMT
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Fig.6 The phase noise ( Np) and outpus power ( Pgyp) of the
oscillators, at ¥, = -0.5V
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Tss, Tas Tss, Tess Ty7, Tegand Ty and the short stub
CPW transmission line Ty, is added to resonant terminal
as shown in Fig. 4. Measured S-parameter model of
DGS1 and simulated one of DGS2 are used in the simu-
lated oscillator.

The passive CPW transmission lines of the two os-
cillators with and without DGS were fabricated on GaAs
substrate and then were integrated with GaAs HEMT
active device together. Flip-chip technique was used in
hybrid integrated oscillator in order to reduce parasitic
effect of gold wire bonding as shown in Fig. 5. The size
of the oscillator with DGS is 1.7 x 5. 37mm’. Fig. 5
(a) is enlarged picture of bumps and Fig. 5 (b) is the
top view of GaAs HEMT chip. After hybrid integra-
tion, two oscillators were mounted on PCB respective-
ly. Bias pads of the chips were bonded on PCB to con-
nect with DC power supply and RF output port to con-
nect with RF probes in measurement. The measured

phase noise and output power of the two oscillators de- -
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Fig.7 The output spectrum of the oscillator with DGS (V,, =
3V, V, = ~0.5V)
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pending on the bias voltages V,, are depicted in Fig. 6.
The phase noise of the oscillator with DGS varies from
~88dBc/Hz to — 95dBc/Hz at 1 MHz offset and is
lower than that of the oscillator without DGS by 4 ~
6dB, the output power of the oscillator with DGS in-
creases about 0. 8dBm than that of the oscillator with-
out DGS at V,, from 2.0V t0 3.5V and V,, = -0.5V.
Fig.7 shows the output spectrum of the oscillator with
DGS resonator at V,, =3V and V. = ~0.5V. It exhib-
its reduced phase noise performance of —95dBc/Hz at

1MHz offset and increased output power performance of

9dBm.
3 Conclusion

A novel DGS was designed and successfully ap-
plied to improve the performance of the millimeter wave
oscillator in this paper. The flip-chip technique was

applied to implement hybrid oscillators that include ac -

tive device chip and off chip resonators. Compared to
the oscillator without DGS, the oscillator with embed-
ded DGS exhibits a 4 ~6 dB reduction in phase noise

and an increase of 0.8 dBm in the output power.
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