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Abstract

In this work, a phase shifter radio—frequency integrated chip (RFIC) using a

simple all-pass network is presented. As a tuning element of the phase shifter RFIC, tunable
capacitors with a multi-layer dielectric of a para—/ferro-/para—electrics using a high tunable
BST ferroelectric and a low-loss BZN paraelectric thin film were utilized. In order to
evaluate and analyze the fabricated phase shifter RFIC, the same elements such as an
inductor and capacitor integrated into it are also fabricated and tested. The designed phase
shifter RFIC was fabricated on a quartz substrate in the size of 1.16 x 1.21 mm® As the test
results, the maximum phase difference of 350° is obtained at 15 V and its tuning frequency

bandwidth is 90 MHz from 2.72 to 2.81GHz.
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1. Introduction

Recently, the multi-service requirements of the
3G, 4G, WLAN, Wik,
communication systems [1] make several challenges

and several wireless

such as reconfigurable function, compact size,
low-current consumption, and cheap cost. In
general, reconfigurable  function  has  been

implemented by tunable capacitors in the RF circuit
and components.

Ferroelectric- based capacitors [2-5] is one of the
solutions for tunable function

most  promising
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because of its relatively high tunability, low— power
consumption, low cost, and compact size. In order
to improve its characteristics, several materials,
fabrication processes, and capacitor structures have
been developed. A bismuth zinc niobate (BZN) [6]
lead (PZN)  [7]

barium-strontium titanate (BST) have pursued for

and zinc  niobate besides

low loss, low voltage and wide tunability. A
stacked parallel-plate capacitor has been proposed
for improvement of its linearity [8]. Interesting
research results on the capacitor structure, periphery
of the electrode, have been published [9].

shifter

Schottky diode and micro-electromechanical systems

In general, microwave phase using

(MEMS) technology have been developed. However,
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power dissipation and very high operation voltage
to be

ferroelectric barium strontium titanate (BST) thin

are key 1issues improved. Recently, a
film has been widely used for tunble RF circuit
design [10-11]. A BST thin film dielectric, typical
high tunability and

relatively high loss characteristics.

ferroelectric material, has

In this paper, a compact and low-voltage driving
phase shifter RFIC using an all-pass network was
designed and fabricated on a quartz substrate. In
order to enhance the dielectric properties of tunable
capacitors, a thin film sandwich structure of a
BZN/BST/BNZ  was
low-voltage performance of the phase shifter.
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<Fig. 1> Schematic structures of a (a) all-pass
network phase shifter and (b) voltage
tunable capacitor

2. Design and Fabrication of a Phase Shifter
2.1 Design of the Phase Shifter
A schematic of a phase shifter using an all-pass
network and a tunable capacitor are presented in

<Fig.
inductors and two parallel-plate tunable capacitors

1>. This phase shifter consists of two

as shown in <Fig.. 1 (a)>. The capacitors are the
main control elements of the phase shifter, and they
are in parallel connected with the inductor. L1 and
L2 is an inductance and Cl1 (=C2) is a capacitance
which has voltage - tunable function. For 2 GHz
band operation, the required values of the
components are L1 = 22 nH, L1 = 0.2 nH, and C1
(= C2) =30 pF.

In the case of L2, microstrip is used because of
low-value inductance. In order to enhance electric
characteristics of the tunable capacitor, multi-layer
dielectric thin film of para/ferro /para-electric
structure using high-tunability BST and low-loss
BZN thin film as shown in <Fig. 1 (h)>.

2.2 Fabrication of the Phase Shifter

(BZN/BST/BZN)
utilized for low-loss and high-tunability purpose.

The multi-layer dielectric is
The tunable capacitors were fabricated on a quartz
substrate in coplanar waveguide (CPW)
configuration. The first metal of Ti/Pt (=100/1,000
A was deposited and patterned as a bottom
electrode of the MIM tunable capacitor by using
lift-off process. For the multi-layer thin-film
dielectric, the first BZN pyrochlore thin—film of 700
A was deposited by RF-magnetron sputtering and a
stoichiometric Bix(Zny,sNbz3)20; ceramic target was
used in an high purity O»/Ar mixture atmosphere.
The detailed process conditions were described in
detail at the previous work [3]. By using the
Inductive Coupled Plasma (ICP) dry etcher, the BZN
film was defined and then the second thin—film
(BST) of 1,500 A was deposited by using a B6S4T
target and then etched. The final thin—film BZN
dielectric of 700 A was deposited and patterned.
The photo-lithography and etching process were
carried out by using the same photo-mask and dry
etcher, respectively, for the multi-layer dielectric.
After patterning of each layer, post-annealing
processes were carried out at 600°C for 60 minutes

in air to crystallize the film. For enhancement of
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capacitor’s breakdown voltage and isolation between
metals of the inductor, SiO; thin film of 3,000 A
was deposited and etched. The lift-off pattern as
the second metal (Cr/Au=100A/1,000A) was defined
on the top of the multi-layer dielectric as the top
electrode. In order to evaluate and analyze the
fabricated phase shifter IC, the same inductor and
capacitors integrated into it were also designed and
fabricated.

The fabricated phase shifter chip is shown in
<Fig.. 2>. Its size is as small as 1.16 x 1.2lmm”

<Fig. 2> Fabricated phase shifter integrated
chip (IC) [1.16 x 1.21mm’].

3. Measurement of the Phase Shifter

The fabricated
shifter IC were analyzed by measuring complex

inductor, capacitor, and phase

reflection coefficients with a vector network
analyzer (HP8510C) on a probe station.

<Fig.. 3> shows the fabricated inductor of 2.5 nH
(a) and its analyzed
Q-factor (b). The effective inductance and Q-factor

effective inductance and
were extracted by using measured S-parameters. At
2.0 GHz, the effective inductance of 24 nH and
Q-factor of 3.8 were measured. Comparing to the
designed value of 2.2 nH, the measured value is a
little high, because of enlarged length in the test
This different

pattern and de-embedding issue.

value of the inductor can be acceptable for the
phase shifter operation.
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<Fig. 3> Fabricated inductor of 2.2 nH (a) and its
performance (b) [Leff: an effective inductancel.
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<Fig. 4> Fabricated capacitor of 6.0 pF (a) and its
performance (b) [Ceff: an effective capacitancel.

<Fig.. 4> shows the fabricated tunable capacitor
(a) and its analyzed effective capacitance and
Q-factor (b). As DC voltage is applied from 0 to 15
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V, the effective capacitance is tuned from 3.07 to
284 pF at 20 GHz and its tunability is 7.6 %. At
the same frequency, the constant Q-factor of 10.7 is
obtained in spite of applied bias.
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<Fig. 5> Measured phase difference of the
fabricated phase shifter IC (Fig.. 2) as the
function of the difference applied DC bias.

The measured phase difference of the fabricated
phase shifter to the applied DC bias voltage is
shown in <Fig.. 5>. The maximum phase difference
of 350 ° is obtained at 15 V and its tuning
frequency bandwidth is 90 MHz from 2.72 to 2.81
GHz.

4. Conclusion

a phase shifter radio-frequency

(RFIC)
network has been presented. Its tuning element is a

In this paper,

integrated chip based on an all-pass
tunable capacitor based on voltage tunable dielectric
thin film. For

capacitor, the

compact and low-loss tunable

sandwich structured multi-layer
dielectric thin film of a para—/ferro—/para-electrics
using a high tunable BST ferroelectric and a
low-loss BZN paraelectric thin film was used. The
same components such as an inductor and capacitor
integrated into the phase shifter RFIC were also
fabricated in order to evaluate and analyze the

RFIC. As the test results, the nearly same values,

shifter
RFIC, were measured. The designed phase shifter

compared to ones designed for the phase

RFIC was fabricated on a quartz substrate in the
size of 116 x 121 mm’. The maximum phase
difference of 350° is obtained at 15V and its tuning
frequency bandwidth is 90 MHz from 2.72 to 2.81
GHz.
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