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A Compact LTCC Branch-Line Coupler Using
Modified-T Equivalent-Circuit Model
for Transmission Line

Tsung-Nan Kuo, Yo-Shen Lin, Chi-Hsueh Wang, and Chun Hsiung Chen, Fellow, IEEE

Abstract—In this letter, a compact branch-line coupler is pro-
posed by making good use of the three-dimensional layout capability
of the low-temperature co-fired ceramic (LTCC) substrate. This
branch-line coupler is accomplished by using lumped-inductors
and lumped-capacitors to realize the modified-T equivalent-circuit
model for the transmission line so that the circuit size may drasti-
cally be reduced. Specifically, a very compact LTCC branch-line
coupler with a size of 0.079\ X 0.0717X is implemented and
carefully examined, where X\ is the wavelength of the multilayer
structure at the operating frequency fo.

Index Terms—Branch-line coupler, low-temperature co-fired ce-
ramic (LTCC).

1. INTRODUCTION

RANCH-LINE couplers are useful as power dividers
or power combiners in various microwave circuits such
as balanced amplifiers, balanced mixers, and phase shifters.
Up to now, branch-line couplers were implemented using the
microstrip [1], stripline [2], finite-ground coplanar waveguide
(CPW) [3], and multilayer structures [4], however their sizes
are relatively large due to the use of quarter-wavelength (\/4)
transmission lines. Thus, the reduction of the size associated
with these transmission lines is essential in decreasing the
size of the branch-line coupler. Conventionally, there are two
ways to reduce the size of transmission lines. The first one is
achieved by using the folded line configuration [5], [6], but the
resultant circuit area is still large. The other is accomplished by
adopting lumped-element components such as metal-insulator-
metal (MIM) capacitors [7]-[9], however, it needs precise
lumped-element models based on careful measurements and
leads to an inconvenient layout for tight integration.
With the three-dimensional (3-D) layout capability, the
LTCC has the greatest flexibility to implement numerous cou-
pling mechanisms that would not be possible in planar circuits.
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Circuit diagram of the conventional branch-line coupler.
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Fig. 2. Lumped-element modified-T equivalent-circuit model for a

transmission line.

Basically, lumped-element realization of the transmission line
in LTCC substrate, using the T or 7 equivalent-circuit model
[10], may be employed to reduce the circuit size, however
these equivalent models are useful only in a narrow bandwidth
around the center frequency. In order to expand the applicable
frequency range of the equivalent circuit, this letter adopts the
five-element modified-T model for the 7/4 lines [11], [12],
so that a very compact LTCC branch-line coupler may be
implemented.

II. COUPLER DESIGN AND RESULTS

The structure of conventional branch-line coupler made of
A/4 transmission lines is shown in Fig. 1 where Z; = 35.36 €2,
Zy = 50 Q, and # = 90°. For size reduction, the modified-T
equivalent-circuit model [12] as shown in Fig. 2 is adopted to
replace the \/4 transmission lines in the coupler design. Ac-
cording to the given characteristic impedance, electrical delay,
and the operating frequency of fo = 2.4 GHz, the required
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Fig. 3. Layout of the proposed LTCC branch-line coupler using
lumped-element modified-T equivalent-circuit model for transmission line.
The inductor width is 0.15 mm, the via radius is 0.5 mm, and all dimensions
are in mm.

lumped-element values to realize the transmission line of char-
acteristic impedance Z; = 35.36 Q2 (or Zs = 50 2) and elec-
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Fig. 4. Measured and simulated scattering parameters of the proposed LTCC
branch-line coupler.

trical length § = 90° may be obtained [12]

for Z; =35.36 2, 6 = 90°
L, =1.29nH, L, = 0.546 nH
Cs =295 pF, Cp, = 0.299 pF
and for Z, =50, 6 = 90°
Ls =1.83nH, L, = 0.774 nH
C, =2.08 pF, C, = 0.211 pF.

Based on Fig. 2, a small size lumped-element modified-T equiv-
alent-circuit model for the transmission line can be realized in
the multilayered LTCC substrate. The multilayered LTCC sub-
strate has a dielectric constant €,- of 7.8, aloss tangent of 0.0015,
and a layer thickness of 0.09 mm.

Shown in Fig. 3 is the circuit layout of proposed branch-line
coupler in the LTCC substrate. Here, two modified-T equiva-
lent-circuit models are used to replace the 35.36-Q A\/4 trans-
mission lines between ports 1 and 2 and between ports 3 and
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4, and similarly two modified-T equivalent-circuit models are
employed to replace the 50-2 \/4 transmission lines between
ports 1 and 4 and between ports 2 and 3. Specifically, the in-
ductors Ly are realized by the spiral metal strips on layers 2 and
3, and the metal vias are used for interconnection among var-
ious layers. The mutual inductors Ly, and the series capacitors
C,, are formed between the two inductors Lg on layers 2 and 3.
Note that the orientations of the two inductors are in the same
direction such that the mutual inductances L, are positive. The
mutual inductors Ly, and the series capacitors C, may be suit-
ably modulated by changing the shapes of two inductors or ad-
justing the distance between layers 2 and 3. The metal on layer
6 is the ground plane. So the parallel metal structures between
layers 5 and 6 form one capacitor C; shunted to ground. Be-
cause layer 4 is connected to layer 6 (the ground plane) by metal
via, the metals between layer 4 and layer 5 also form the other
capacitor Cyo shunted to ground. Thus, the shunt capacitor C
to ground is the sum of the two capacitors Cs; and Cgo. Due to
the vertical arrangement of circuits, the resulting LTCC modi-
fied-T equivalent-circuit model to replace the \/4 transmission
line may achieve a very compact branch-line coupler. Finally,
by combining the modified-T equivalent-circuit models for the
50-€2 and 35.36-2 transmission lines, one may accomplish the
compact LTCC branch-line coupler as shown in Fig. 3.

The implemented branch-line coupler (Fig. 3) is measured
by the microwave ground-signal-ground (GSG) probes and
is simulated by the ADS momentum. By connecting the ports
1 and 3 (designed to locate at layer 2) and the ports 2 and 4
(designed at layer 3) to the layer 1 through the metal vias,
the scattering parameters of this branch-line coupler may be
measured by the GSG probes. The adjacent metals associated
with each port are also attached to the ground by vias con-
necting layers 1 and 6. Specifically, in measuring the scattering
parameter such as Se; between port 1 and port 2 by the GSG
probes, the remaining two ports (port 3 and port 4) are termi-
nated by the 50-€2 loads. From the measured results, Fig. 4(a)
and (b) show the return loss (S11) = 15 dB in the frequency
range of 2.147 ~ 2.47 GHz, over which the coupler exhibits a
through loss (Sa1) of 4 ~ 5.1 dB and a coupling loss (S31) of
2.6 ~ 2.89 dB. The phase difference between S; and Sj3; is
shown in Fig. 4(c). Good agreement is observed between the
measured and simulated results.

III. CONCLUSION

A new compact LTCC branch-line coupler has been presented
based on the modified-T equivalent-circuit model for the trans-
mission line. By taking advantages of vertical layout capacity
of LTCC technology, the proposed branch-line coupler is ex-
tremely small in size when compared with the conventional one.
Specifically, the circuit area occupied by this LTCC branch line
coupler is 4.216 mm x 3.835 mm, which is only approximately
0.079X x0.0717A. The proposed branch line coupler is also suit-
able for MIC/MMIC applications.
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