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Compact and Performance Evaluation of Branch-Line Hybrid
Coupler Microstrip for Long Term Evolution Applications
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Abstract—This paper presents a study and analysis of a high performance microstrip branch-line 3 dB
hybrid coupler (BLHC) operating at 2.2 GHz for Long Term Evolution (LTE) application. High and
low impedance meander lines are used to miniaturize the conventional Branch Line Hybrid Coupler. A
prototype of the proposed coupler is fabricated and tested using a Rohde and Schwarz ZVB 20 vector
network analyzer. The measured results agree well with the simulated ones.

1. INTRODUCTION

The Branch-Line Hybrid Couplers (BLHCs) is the most passive component that finds various
applications in modern microwave and millimeter communication systems [1, 2]. This component is used
in transmitting and receiving RF and microwave systems to divide or combine power simultaneously.
The couplers are mostly used in microwaves circuits, such as balanced amplifiers, mixers, phase shifters,
frequency discriminators [3] and for high isolation between ports. Due to their simplicity, we can use
branch-line couplers such as antenna feeding networks for automatic level controls. Bandwidth and
compactness are two important factors to meet the demand of the high performance systems.

Several approaches have been developed to miniaturize BLHCs structure [4–8], such as shunt
lumped capacitors with short high impedance transmission lines, two-step stubs, high and low impedance
open stubs, stepped impedance stub lines, artificial transmission line, distributed capacitor inside the
area of coupler, planner transformer coupling method, and discontinuous microstrip lines for branch-line
hybrid coupler [4, 9–15].

In this paper, a new branch-line hybrid coupler using a meander lines for LTE applications is
proposed [5, 16]. The proposed coupler is designed to cover wide band frequency. Compared to a
conventional hybrid coupler, the proposed coupler reveals a good performances, and it can be used in
phase shift applications. The designed coupler structure is fabricated and tested in the lab, and the
practical results are found to be well consistent with the simulated ones.

2. PROPOSED METHODOLOGY OF THE NOVEL MICROSTRIP COUPLER

2.1. Branch-Line Hybrid Coupler

Branch line hybrid is 3 dB directional couplers with a 90◦ phase shift between the outputs of the through
and coupled ports, and port 4 is the isolated port. The scattering matrix of branch-line coupler has the
following form (see Fig. 1).
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Figure 1. Schematic diagram of a conventional BLHC.

The key of design is substituting the quarter wavelength branch line with an equivalent section
that exhibits desirable characteristics at center frequency.

2.2. Meander-Line Section

The layout of a typical meander line is shown in Fig. 2. To extract the equivalent inductance of a
meander line, the total inductance is found from the sum of the self inductances of all the segments and
the mutual inductances between all combinations of the straight segments.

Figure 2. Characteristic geometrical dimensions of the meander
inductor.
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Figure 3. A conducting segment
of a meander line.

Expression for self-inductance of the conductive segment, as in Fig. 3, is given by the following
equation [17, 18]:

L = 0.002 × l × {ln(2l/GMD) − 1.25 + (AMD/l) + (µ/4) × T} (2)

where L is the inductance in (µH); l is the length of conductive segment; GMD and AMD represent
the geometrical and arithmetical mean distances of the conductor’s cross-section; µ is the permeability
conductor; T is the frequency dependent correction factor; width is w; thickness is t of the conducting
segment; GMD is 0.2232 × (w + t); approximation of AMD is (w + t)/3. Then the expression for
self-inductance is:

L = 0.002 × l × {ln[2l/(0.2232(w + t))] − 1.25 + [(w + t)/3l] + (µ/4) × T} (3)

Expression (3) will be used as an analytical expression for calculation of self-inductance of individual
straight segments, and by that also for calculation of total inductance of the meander inductor. As an
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example, let us consider the meander inductor geometry shown in Fig. 2. The total self-inductance
LSelftotal is calculated as a sum of self-inductances of all individual line segments, which form the
meander inductor,

LSelftotal = 2 × La + 2 × Lb + N × Lh + (N + 1) × Ld (4)

This is a generalized equation where La,b,h,d are self-inductances of segments where the lengths are
l = a, b, h, d, respectively and are calculated by means of the expression for self-inductance in Eq. (3).
In Equation (4), N is the number of turns, a the length of a lead (mm), h the height of the meander
(mm), d the width of the meander (mm), b the half of the height h (mm), and w the width of the
printed strip (mm).

The design procedures of the proposed branch-line hybrid coupler can be summarized as follows.
The various values of the length and width of transmission line are obtained from Fig. 4. The

coupler parameters are summarized in Table 1.

Figure 4. Dimensions of proposed BLHC.

Table 1. Length and width of the transmission line.

Parameter Value (mm) Parameter Value (mm)
L1 17.58 W1 2.99
L2 0.27 W2 1.81
L3 2.39 W3 1
L4 4 W4 8.30
L5 1 W5 2.08
L6 2.5 2.08

3. SIMULATION RESULTS OF THE PROPOSED COUPLER

3.1. Scattering Parameters

In order to evaluate the performance of the proposed branched-line hybrid coupler, a simulation study
is carried out using ADS software (see Fig. 5).

As shown in Fig. 5(a), −3 dB insertion loss is achieved for output ports (2 and 3) at resonance
frequency. The isolation (S41) and return loss (S11) coefficients are better than −10 dB over 60% of
bandwidth. In terms of phase, the phase shift between the output signals of the through (S21) and
coupled (S31) ports of the coupler is around 90◦ as can be seen in Fig. 5(b).
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(a) (b)

Figure 5. (a) The S-parameters. (b) The phase difference between output ports (2 and 3) of proposed
branch-line hybrid coupler.

3.2. Current Distribution

Figure 6 shows the surface current distribution of the proposed branch-line hybrid coupler at frequency
2.2 GHz. It can be seen that a large surface current is observed at ports 2 and 3, and port 4 is isolated.

Figure 6. The current distribution of proposed BLHC at 2.2 GHz.

4. ACHIEVEMENT AND MEASUREMENT OF COUPLER

The designed coupler structure is fabricated and tested in the lab, and the practical results are found
to be well consistent with the simulated ones. Fig. 7 shows a photograph of the fabricated coupler. The
prototype is fabricated on an FR4 substrate with a relative dielectric constant of 4.3 and thickness h of
1.58 mm. Its S-parameters are measured by using Rohde and Schwarz ZVB 20 vector network analyzer
(see Fig. 8). Figs. 9 and 10 show the comparison between measurement and simulation results of the
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Figure 7. The fabricated proposed of branch-line
hybrid coupler.

Figure 8. Measurement was performed with a
vector network analyzer (ZVB20).

1.8 1.9 2 2.1 2.2 2.3 2.4 2.5
-35

-30

-25

-20

-15

-10

-5

0

 

 

1.8 1.9 2 2.1 2.2 2.3 2.4 2.5
-35

-30

-25

-20

-15

-10

-5

0

S12 (Simulation)

S11 (Simulation)
S11 (Measurement)

S12 (Measurement)

S14 (Simulation)

S13 (Simulation)
S14 (Measurement)

S13 (Measurement)

S
11

 (
d

B
) 

&
 S

12
 (

d
B

)

S
13

 (
d

B
) 

&
 S

14
 (

d
B

)

Freq (GHz) Freq (GHz)

(a) (b)

Figure 9. Comparison of S-parameters between simulations results and measurements. (a) Return &
Insertion loss. (b) Isolation S14 and Insertion loss of coupled port.
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Figure 10. Comparison of phase difference between simulations and measurements.
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proposed coupler. As can be seen, the measured results agree well with the simulated ones, but some
discrepancies have occurred, due to the fabrication inaccuracy and conditions of measurement.

The S-parameters of the proposed design obtained from simulation and measurement are shown in
Fig. 9.

We have summarized full specification of our proposed branch-line hybrid coupler and compared
with the conventional one in detail as shown in Table 2. We can conclude that the proposed coupler
has a good performance.

Table 2. Performance comparison between conventional and proposed branch-line coupler.

Parameters The conventional BLHC The proposed BLHC
Frequency (GHz) 2.2 2.2

Simulation Simulation Measured
S11 (dB) −34.096 −22.998 −24.8
S21 (dB) −3.208 −2.963 −2.81
S41 (dB) −35.445 −22.753 −30
S31 (dB) −2.931 −3.242 −3.14

Phase difference (◦) 89.878 90.47 89.8
Isolation bandwidth (10 dB) (GHz) 0.6 0.66 0.48

Fractional bandwidth of
Return Loss (> 15 dB) (%)

34 30.9 22

Fractional bandwidth of
Insertion Loss (3 dB) (%)

52.5 54 39.5

Size (mm2) 60 × 23.18 51.70 × 14.29

The performance analysis of recently published and proposed compact Branch-Line Hybrid
Couplers is shown in Table 3. The corresponding performance analysis in terms of the bandwidth
and miniaturization requirement is achieved.

Table 3. Comparison of published compact branch-line couplers and this works.

References
Miniaturization

Topology
Substrate

Freq
(GHz)

Reduction
Ratio (%)

BW
(%)

Phase
Error (◦)

[19]
Benchmark

circuit
RO-4003 0.9 0.12 33.3 ∼ 5

[20]
Interdigitated

capacitors shunt
FR4 0.825 0.26 18.1 ∼ 2

[18]
Combination of
T and Π-model

FR4 2.3 0.54 26.1 ∼ 4

[4]
Lumped-distributed

elements
R0-4003 5 0.5 40 > 5

[21]
Quasi-lumped

elements
FR4 2.4 0.29 33.3 ∼ 5

This work Meander-line FR4 2.2 0.48 32.2 ∼ 0.2
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5. CONCLUSION

In this paper, a new miniaturized microstrip branch-line coupler with large bandwidth has been
presented. The proposed coupler is based on combinational models meander line model in order to
improve the performances. The prototype of the proposed coupler is designed, fabricated and tested.
A good agreement is obtained between simulated and measurement results. So this new design can be
used in Butler matrix networks.

ACKNOWLEDGMENT

The authors would like to thank the department of engineering of communications, University of
Cantabria.

REFERENCES

1. Zheng, N., L. Zhou, and W. Y. Yi, “A novel dual-band Π-shaped branch-line coupler with stepped-
impedance stubs,” Progress In Electromagnetics Research Letters, Vol. 25, 11–20, 2011.

2. Pozar, D. M., Microwave Engineering , 3rd Edition, John Wiley & Sons, Inc., Hoboken, NJ, 2005.
3. Zheng, S. and W. Chan, “Differential RF phase shifter with harmonic suppression,” IEEE Trans.

Ind. Elctron., Vol. 61, No. 6, 2891–2899, 2014.
4. Chen, C., H. Wu, and W. Wu, “Design and implementation of a compact planar 4 × 4 microstrip

butler matrix for wideband application,” Progress In Electromagnetics Research C , Vol. 24, 43–55,
2011.

5. Wan, X., W. Y. Yin, and K. L. Wu, “A dual-band coupled-line coupler with an arbitrary coupling
coefficient,” IEEE Trans. Microwave Theory Tech., Vol. 60, No. 4, 945–951, Apr. 2012.

6. Xu, H. X., G. M. Wang, and J. G. Liang, “Novel CRLH TL metamaterial and compact microstrip
branch-line coupler application,” Progress In Electromagnetics Research C , Vol. 20, 173–186, 2011.

7. Wu, G. C., G. M. Wang, L. Z. Hu, Y.-W. Wang, and C. Liu, “A miniaturized triple-band branch-
line coupler based on simplified dual-composite right/left-handed transmission line,” Progress In
Electromagnetics Research C , Vol. 39, 1–10, 2013.

8. Ji, D. C., B. Wu, X. Y. Ma, and J. Z. Chen, “A compact dual-band planar branch-line coupler,”
Progress In Electromagnetics Research C , Vol. 32, 43–52, 2012.

9. Moubadir, M., H. Aziz, N. Amar Touhami, M. Aghoutane, K. Zeljami, and A. Tazon, “Design and
implementation of a technology planar 4× 4 butler matrix for networks application,” International
Journal of Microwave and Optical Technology , Vol. 10, No. 6, 446–451, 2015.

10. Moubadir, M., H. Aziz, N. Amar Touhami, M. Aghoutane, K. Zeljami, and A. Tazon, “Design and
implementation of a technology planar 8 × 8 butler matrix with square truncated edge-fed array
antenna for WLAN networks application,” The International Conference on Wireless Networks and
Mobile Communications, 978-1-4673-8224-3 IEEE, 2015.

11. Jizat, N. M., S. K. A. Rahim, T. A. Rahman, and M. R. Kamarudin, “Miniaturize size of dual band
branch-line coupler by implementing reduced series arm of coupler with stub loaded,” Microwave
and Optical Technology Letters, Vol. 53, No. 4, Apr. 2011.

12. Wong, Y. S., S. Y. Zheng, and W. S. Chan “Multifolded bandwidth banch line coupler with filtering
characteristic using coupled port feeding,” Progress In Electromagnetics Research, Vol. 118, 17–35,
2011.

13. Liu, G. Q. and L. S. Wu, “A compact microstrip rat-race coupler with modified lange and T-shaped
arms,” Progress In Electromagnetics Research, Vol. 115, 509–523, 2011.

14. Lu, K., G. M. Wang, C. X. Zhang, and Y. W. Wang, “Design of miniaturized branch-line coupler
based on novel spiral-based resonators,” Journal of Electromagnetic Waves and Applications,
Vol. 25, No. 16, 2244–2253, 2011.



60 Moubadir et al.

15. Yang, T., M. Tamura, and T. Itoh, “Compact hybrid resonator with series and shunt resonances
used in miniaturized filters and balun filters,” IEEE Trans. Microw. Theory Tech., Vol. 58, No. 2,
390–402, Feb. 2010.

16. Sheta, A. F., A. Mohra, and S. F. Mahmoud, “A new class of miniature quadrature couplers for
MIC and MMICs applications,” Microwave Opt. Technol. Lett., Vol. 43, No. 3, 215–219, 2002.

17. Grover, W. F., Inductance Calculations, Working Formulas and Tables, D. Van Nostrand Company,
Inc., Princeton, 1946, reprinted by Dover Publications, New York, 1954.

18. Stojanovic, G., L. Zivanov, and M. Damjanovic, “Compact form of expressions for inductance
calculation of meander inductors,” Serbian Journal of Electrical Engineering , Vol. 1, 57–68, 2004.

19. Collado. C., A. Grau, and F. D. Flaviis, “Dual band planar quadrature hybrid with enhanced
bandwidth response,” IEEE Trans. Microwave Theory Tech., Vol. 54, No. 1, 180–188, Jan. 2006.

20. Tsai, K. Y., H. S. Yang, J. H. Chen, and Y. J. E. Chen, “A miniaturized 3 dB branch-line hybrid
coupler with harmonics suppression,” IEEE Microwave and Wireless Components Letters, Vol. 21,
No. 10, Oct. 2011.

21. Liao, S. S. and J. T. Peng, “Compact planar microstrip branch-line couplers using the quasi lumped
elements approach with non symmetrical and symmetrical T-shaped structure,” IEEE Transactions
on Microwave Theory and Techniques, Vol. 54, No. 9, Sept. 2006.


