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ABSTRACT

In this paper, a compact low-loss reflector-type phase shifter with harmonic suppression using meander T-shaped branch-line
coupler is suggested. The compact coupler for the phase shifter has a size of 22.2x14.9 mm’ while a conventional branch
coupler has a size of 32.6x27.8 mm’. The phase shifter shows insertion losses of 0.19-0.28 dB at the center frequency of 2.1

GHz, and a measured maximum phase shift of 137°.
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[. INTRODUCTION

A phase shifter is an essential component in power
receiving circuits and array antennas in RF systems
[1]. The necessary characteristics for a phase shifter
include a low return loss, low insertion loss, compact
size, and harmonics suppression [2, 3].

The vphase shifter is designed wusing hybrid
branch-line couplers [4]. The branch-line coupler has a
large size and some harmonics [5]. To reduce the
circuit size of the branch-line coupler, many compact
designs have been proposed. The lumped elements
approaches were proposed in [6] and this technique
shows the combinations of shunt lumped capacitors
and short-high impedance transmission lines. In this
case, metal-insulator-metal capacitors are needed for
the monolithic microwave integrated circuits (MMIC),
which increases the cost and the complexity of
fabrication.

Photonic-band gap structure is another way to
miniaturize the circuit [7]. However, the existence of
many defected cells on the ground plane may limit the
use of this technique. Furthermore, the conventional
coupler has spurious pass-bands at the harmonics of
the fundamental frequency, which affects the circuit’s
performance when used in microwave applications.

Recently, several design techniques have been
reported for size reduction and harmonics suppression.
In [8], a defected ground structure (DGS) is used to
realize a compact coupler with up to third harmonic
suppression. However, the problem is the requirement
for a minimum air space volume below the DGS, and
also radiation loss due to the DGS. In [9],
compensated spiral compact microstrip resonant cell
(CSMRC) resonators are used to suppress up to third
harmonics, as well as to reduce size. However, the
isolation performance is much less than for a
conventional coupler, and a further fabrication

difficulty arises due to the requirement for a high

impedance line for the resonator.
In this paper, a compact size low-loss reflector-type
phase shifter is presented, with constant insertion loss

over a wide phase tuning range.

II. A COMPACT SIZE
BRANCH-LINE COUPLER

In general, the conventional branch-line coupler of
large size [5] has third harmonics as shown in Fig. 1,
which has the size of 32.6 x 27.8 mm’[5]. The
compact branch-line coupler, which is adopted to the
design of the phase shifter, is composed of a T-shaped
meander line as shown in Fig. 2 [5].

The T-shaped meander line is used to replace the
series quarter-wavelength connecting line, and its
electrical length is 90° [5]. Then, the T-shaped line
works like a band-stop filter (BSF) at the second and

third harmonic frequencies [5].
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(Fig. 1> Harmonic responses of the conven-
tional branch-line coupler

Therefore, the compact branch-line coupler has
better characteristics with the third harmonics rejection
than the conventional coupler [5]. It also has improved
characteristics of third harmonic suppression and
compact size. On the other hand, since the T-shaped
line is designed to show rejection at the third

harmonic of the coupler, & is assigned to be 30° at
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the fundamental frequency. Also, ©; is 30° instead of
90° [5].

Fig. 3 shows the simulation and measurement
results for the compact branch-line coupler with third
harmonic suppression using the T-shaped meander line.
From the figure, the simulation results for Sy and S3;
are better than 3.08 dB and 3.19 dB and the S;; and
Sy are 46.9 dB and 35.6 dB, respectively.

Also, measurement results for S and S;; are less
than 2.85 dB and 3.94 dB and the S;; and S4 are
252 dB and 22.1 dB, respectively at the center
of 2.1 GHz. The

measurement results for S, of third harmonic

frequency simulation and
suppression are 15.4 dB and 15.9 dB, respectively at
6.3 GHz. The simulation and measurement results for
Sy which is the isolation characteristic, are 35.6 dB
and 264 dB in the 3 dB coupling area, respectively.

The simulation and measurement results for the
phase difference of the compact branch-line coupler
are 89.0° and 90.3°, respectively. Fig. 4 shows the
simulation results for phase response of the compact
branch-line coupler with third harmonic suppression
using the T-shaped meander line. The size of the

compact coupler is 222 x 14.9 mm’.
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(Fig. 3) Experimental results for the compact
branch-line coupler with third har-
monics suppression using T-shaped
meander line, (a) simulation and (b)
measurement

. PHASE SHIFTER WITH
VARACTOR DIODE USING THE
COMPACT BRANCH-LINE
COUPLER

A varactor diode is composed of inductance,
capacitance, and variable capacitance and inductance
such as an L and C resonant circuit at the P-N

junction as shown in Fig. 5 [10], where G(V) and
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(Fig. 4) Experimental results for phase

response of the compact coupler,

(a) simulation and (b) measurement

R,(V) are variable junction capacitance and resistance
and G and I, are vparasitic capacitance and
inductance, respectively [10].

Fig. 6 shows the proposed phase shifter with
varactor diode using the compact branch-line coupler.
From the figure, the proposed phase shifter has the
reflection type and compact size. Port 1 and port 2 are
input and output ports, and port 3 and port 4 are thru
and isolation ports, respectively. Thus, ports 3 and 4
are coupled to the load and bias circuits of the
varactor diodes (1SV306).
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(Fig. b) Equivalent circuit of the varactor diode
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(Fig. 6> A proposed phase shifter with the
compact branch-line coupler
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IV. EXPERIMENTAL RESULTS

Fig. 7 shows the experimental results for the
proposed phase shifter with a compact branch-line
coupler using a T-shaped meander line. From the
figure, the measured insertion loss is between 0.19 dB
and 0.28 dB at the center frequency of 2.1 GHz. The
measured return loss is under 19.2 dB.

The measured maximum phase shift is 137°. The
simulation was carried out using Agilent ADS 2010
tools, and an HP-8510 C Vector Network Analyzer
was used for the measurement of the branch-line

coupler and phase shifter [11].
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(Fig. 7> Experimental results of the proposed
phase shifter, (a) phase response and
(b) insertion (Sau) and return losses
(Su)

Fig. 8 shows a photograph for the proposed phase
shifter. It uses a Teflon substrate with height of 0.54
mm. The conductor thickness is 0.18 mm and the
relative dielectric constant is 2.54. The proposed phase
shifter has a lower insertion loss than those of the
alternatives, as shown in Table 1. From the table, [12]
has a high insertion loss and a large bias voltage. [13]
shows a slightly higher insertion loss and much higher
bias voltage than this work. On the other hand, [14]
has a low insertion loss, but its size is much bigger
than the proposed circuit. Therefore, important factors

in the phase shifter are low insertion loss, miniature

size, and low bias voltage.
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(Fig. 8) Photograph of the phase shifter with
the compact branch-line coupler
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(Table 1) Comparision for insertion losses of

the proposed phase shifter and others

Ref Frequency |Insertion| Phase size Bias
[# [GHz] [loss [dB]|[deg®]| [mm’] [Volt.[V]
This work | 2.10 028 | 137 |222x149| 3.00
[12] 2.00 440 | 409 | 810x270 | 5.00
[13] 220 1.50 | 240 |4.90x7.50 | 20.0
[14] 256 050 | 3.7 |850x360| -

V. CONCLUSION

In this paper, the compact low-loss reflector-type
phase shifter has been demonstrated successfully. The
T-shaped meander line was used to replace the series
quarter-wavelength connecting line with electrical
length of 90°.

The T-shaped line works like a band-stop filter at
the third harmonic frequency band. Thus, the proposed
compact branch-line coupler has better characteristics
with the third harmonics rejection than the
conventional branch-line coupler. Also, the proposed
branch-line coupler has improved characteristics of
third harmonics suppression together with compact
size.

The phase shifter is coupled to the compact

branch-line coupler, varactor diodes, and bias circuits.
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The insertion loss is between 0.19 dB and 0.28 dB at
the center frequency of 2.1 GHz. The measurement
result for maximum phase shift is 137°.

The proposed branch-line coupler and phase shifter
can be applied to LTE (Long Term Evolution) mobile
communication for smart phone. Due to the entirely
planar structure of this coupler and phase shifter, this
technique can also perform adequately in MMIC
(Monolithic Microwave Integrated Circuit) device

applications with low cost.
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