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ABSTRACT

In this paper, we propose a 4-coupled ferroelectric-based meander-type microstrip-line tunable phase shifter
which has less than 2dB of insertion loss (IL) and larger than 10dB of return loss (RL) over 13~17GHz.
Particularly at 15GHz, the differential phase shift (DPS) is observed to be
115° when 150V is applied. This indicates a DPS tunability of 26°.

89° at zero bias and it increases up to

7=
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I . Introduction [1,2].

ferroelectrics.

Tunability can be achieved by using

One of the most widely used

The role of the phase shifter is to complement
the phase error occurring between the transmitter
(TX) and receiver (RX) stages, mainly in phased
array antennas. Several ways were reported on
the implementation of the tunable phase shifters

ferroelectrics is Barium Strontium Titanate Oxide
(BSTO) that can stably operate in room
temperature [3-5]. The BSTO/MgO composites
offer some advantages over other candidates for
the field-tunable technologies such as pure BST
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ceramics, Barium Strontium Titanate (BST) thin
films, strontinum titanate, and high-temperature

superconductors. In other words, the BSTO/
MgO composites show a smaller dielectric
constant, allowing for the easier impedance

matching to air in high-frequency applications in
addition to its higher tunability.

In this paper, we propose a novel tunable
phase shifter, consisting of CFD (conductor/
ferroelectrics/dielectrics) structure and meander
-type microstrip-lines. As a result of simulation,
the insertion loss (IL) is less than 2 dB and the
return loss (RL) is larger than 10 dB in the
frequency range of 13 ~ 17 GHz. Particularly at
15 GHz, the differential phase shift (DPS) is
observed to be 89" at zero bias and it increases
up to 115° when 150 V is applied, which
DPS of 26° . The
dimension of the phase shifter is 45 mm X 14
mm X 05 mm.

indicates a tunability

1. Basic theory of tunable phase shifter

The relative dielectric constant of ferroelectrics
decreases as the voltage increases.
Equations (1), (2), (3) explain how the tunable
phase shifter proposed can be achieved. Here, B
V-applied is the propagation constant when the
positive bias BOV is the
propagation constant when Q0 V is applied. «
r(0V) is the relative dielectric constant for 0 V
bias and ¢ r(V-applied) is the relative dielectric
constant for positive bias. Also, L. and 4 ¢

bias

is applied, while

represent the coupling length and DPS,
respectively.
Ve
Boy = 2z~ 6))
V € — appli
B v applied = ZF—’(;’QM )
0

A¢ = (Bov— B v-apiiea) " L (3)

As er(V-applied) tends to decrease with both
polarities biasing {3], 8 V-applied also decreases.
Therefore, the DPS (4 ¢) increases positively
when a voltage is applied. In other words, the 4
¢ varies with the applied voltage. On the other
hand, equations (4), (5) are needed to calculate
the widths of input and output stages for 50 2
matching [6]. Here, Zo is the matching impedance
to air, W is the width of signal line, S is the
gap between two signal lines, h is the total
height of dielectrics, and ceff is the effective
dielectric noted that as h
decreases, W also needs to be reduced for 50
matching. Thus, considering the fact that smaller

constant. It is

W is more desirable for smaller devices, the
smaller components can be easily realized simply
by reducing the dielectrics thickness.

7 = 37 {
Ve (1.393+ X 4 2 1n( W 41 4a0)
Y

A4)
e 74
)

eg,+1 e,—1
Eeff = 2 + 2

(1+124)705(5)

ll. Design procedure and operation

The design procedures and operations of the
proposed phase shifter are as follows: i) To
obtain tunability, BSTO film was selected as a
ferroelectrics because of its stable operability at
room temperature. ii) To determine the desirable
coupling length of tunable phase shifter (L1) and
reference guide (L2), the eeff was selected as
141 at 0 V. iii) To increase the DPS tunability,
the cascaded multiple couplings (4 couplings)
were used. Fig. 1 (a) shows the side view and
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dimensions of the proposed tunable phase shifter.
The thickness of upper microstrip line is 1 um,
that of BSTO is 05 um, that of MgO is 500 um,
and that of the lowest positioned ground plane is
2 mm. The relative dielectric constant of MgO (¢
r2) is 10, and that of BSTO (erl) varies
according to the biased voltage [5]. There exist
mutual capacitances between the couplings. As
the number of couplings increases, so does the
number of mutual capacitance. The increase in
mutual capacitance widens the tuning range of
shifter. To the contrast of the
increased tunability, the characteristics of IL and

the phase

RL become increasingly worse mainly due to the
increased loss of conductors. Fig. 1 (b) shows
the top view of the phase shifter and reference
Instead of the straight line
structure [5), the meandering-type line without

guide designed.
any open stubs was employed in order to reduce
the device size as small as possible. The width
of the input/output stages for 50 £ matching is
110 tm, L1 is 7948 m for 89" with 0 V biased,
L2 is 1000 gm, and the other dimensions are
shown in Fig. 1 (b). The ceff is 141 at 0 V, and
it decreases up to 13.1 as the bias voltage increases
up to 150 V. The conversion between the phase
shifter and reference guide is made by an electronic
switch with high speed and low loss.
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Fig. 1 (a) Side view and dimensions
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Fig. 1 (b) Top view of the tunable phase shifter
and reference guide with 4 couplings
(input/output  widths = 110 um for 50
matching; L1 = 794.8 um, 12 = 1000 gm for
89 DPS with 0 V biased)

Fig. 2 depicts the IL characteristics of the
phase shifter for the variation of eeff, 141 ~
13.1 with step of 0.2. Overall, less than 2 dB of
IL was obtained. The five lines are almost
overlapped and
significant impact of the effective dielectric
constant on the IL.

indistinguishable, meaning no

Eoff = 11[3. 1
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Fig. 2 IL characteristics of the phase shifter for the
variations of eeff, 14.1~13.1 with step of 0.2
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Fig. 3 illustrates the RL characteristics of the
phase shifter where the RL is larger than 10 dB
in the frequency of 13~17GHz. The largest value
of 30 dB appears near the center frequency (15
GHz). The smaller eeff results in the higher
resonant frequency.

Return loss (S;;), dB
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Fig. 3 RL characteristics of the phase shifter for
the variations of e eff, 14.1~13.1 with step
of 0.2

Fig. 4 shows the dependence of the DPS
characteristics on the effective dielectric constant.
At 15 GHz and for eeff = 141, the DPS is
found to be 83" . As the eeff decreases, the
DPS also increases. Near the center frequency
(15 GHz), the DPS appears flat. When the e eff
decreases to 13.1, the DPS is found to be 115° .
Thus, the tuning range of the phase shifter
comes up to 26° .
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Fig. 4 DPS characteristics of the phase shifter for

the variations of eeff, 14.1~13.1 with step
of 0.2

IV. Conclusion

We designed a 4-coupled microstrip line
tunable phase shifter using HP ADS. The center
frequency is 15 GHz and the frequency range of
interest is from 13 GHz to 17 GHz. In this
frequency band, the insertion loss is found to be
less than 2 dB over the value of ceff, 141 ~
13.1.
phase shifter comes up to 26" .

In addition, the overall tuning range of
The proposed
phase shifter seems very promising for wireless
communication applications.
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