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Abstract - In This paper presents the simulated and 

fabricated results of a broadband microstrip branch line 
coupler. In order to reduction size and increase bandwidth 
of the proposed broad band branch line coupler utilized 
from open stub line. The compactness of the system is 
depending on the replacement of branched transmission 
lines instead of ordinary transmission lines. Small and easy 
to fabricate microstrip layout topology for the hybrid have 
been designed and constructed relying on a low cost 
dielectric material, the well-known FR4. The proposed 
hybrid exhibits couplings and phase errors within −3.75 ± 1 
dB and 4° over a 58% bandwidth with a center frequency at 
2.4 GHz. 

 
I. Introduction 

Nowadays, demands for fully integrated and 
miniaturized RFIC (Radio Frequency Integrated 
Circuits) have increased in wireless microwave 
communication system. Passive components such as 
coupler, divider and filters are always fabricated in 
outside of ICs due to their bulky sizes, which have been 
a great barrier to a realization of a fully integrated 
design. To solve this problem, miniaturization of 
passive components is one of the big issues at the 
present time. This paper shows the development of two 
important microwave passive components, quadrature 
hybrid and rat-race couplers for LTE lower (698-960 
MHz) and higher (1.71-2.70 GHz) frequency bands, 
which are obtained by replacing quarter-wave (λ/4) 
transmission line of a conventional coupler by their 
equivalent coupled line, resulting in significant size 
reduction.  

The trend of any sophisticated electrical technology 
is toward small size, lighter weight, lower cost, and 
increase complexity. Microwave technology has been 
moving in this direction for last few decades, with the 
development of microwave integrated circuits [1]. With 
fast development of multifunctional technology and the 
miniaturization of wireless communication systems, 
compact radio frequency (RF) and microwave 
components and circuits have become increasingly 
popular. The quadrature hybrid and rat race coupler are 
among the most fundamental building blocks of RF 

circuits and microwave integrated circuits [2]. They are 
commonly used in antenna feeds, frequency 
discriminators, balanced mixers, image-reject mixers, 
modulators, balanced amplifier, power amplifier 
combiners, phase shifters, mono-pulse comparators, 
automatic signal level control, and signal monitoring 
[3] - [6]. Several techniques and approaches have been 
proposed and developed to miniaturize quadrature 
hybrid coupler in [7] - [19]. The miniaturization process 
has completed utilizing 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, discontinuous microstrip 
lines for quadrature hybrid coupler. Also, several 
miniaturization techniques have been presented for rat 
race coupler in [11], [13] – [14], [20], where high and 
low impedance resonator cells, heptagonal rat-race 
coupler and photonic band gap cells, shunt stub based 
transmission line, meander curves, multiple open stubs, 
low impedance section are used method to shrink the 
size of the rat race coupler. Many of them meet the 
performance requirements while miniaturization was 
their main consideration. Though, performance 
requirements depend on application. 

Therefore, this report introduces a compact 
quadrature hybrid and rat race coupler utilizing coupled 
line technique which is described in [9] - [20]. The 
presented structure is simple as it can be fabricated on a 
single layer printed-circuit board. These hybrids are 
designed to cover the frequency band for LTE 
applications. Utilizing the proposed multiple shunted 
open stubs shown in Fig. 1, which can be realized with 
either high or low impedance, can easily miniaturize 
four quarter-wavelength transmission lines of the 
conventional branch-line couplers or can be used in 
conventional broadband branch-line couplers which are 
shown in Fig. 1. The fabricated couplers not only 
occupy small space, but also reveal good circuit 
performances compared with that of the conventional 
branch-line type, and it can be used as an element of 
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broadband Butler Matrix networks to feed an array 
antenna. Good agreements between the results of the 
conventional and proposed branch-line coupler are 
observed. (The related results of the conventional type 
are not included.) 

 
II. Branch line coupler 

Single and double branch line coupler was 
introduced in [1-4] which have narrow BW. To enhance 
the bandwidth, a double-box branch line coupler as a 
quadrature hybrid circuit is used. However, it requires a 
large circuit area. The stub line is a favorite method to 
reduce the size of transmission-line circuits. A 
transmission line and its L-shaped equivalent circuit are 
shown in Fig. 3, and the design equations can be 
defined as follows [8]: 

𝑡𝑎𝑛𝜃𝑝
𝑍𝑝

= 𝑐𝑜𝑠𝜃𝑠−𝑐𝑜𝑠𝜃0
𝑍0𝑠𝑖𝑛𝜃𝑠

    (1), 

𝑍𝑠 = 𝑍0𝑠𝑖𝑛𝜃0
𝑠𝑖𝑛𝜃𝑠

     (2) 

Where 0 ≤ θRSR ≤ θR0R ≤ 90°.A transmission line with 
the characteristic impedance ZR0R and electrical length θR0R 
as a unit line section is demonstrated in Fig. 1(a), and 
its T-equivalent circuit model is presented in Fig. 1(b). 
Each open stub is then subbed by a plicate open stub 
with equal characteristic impedance ZRPR and total 
electrical length θRPR (i.e. θRPR = θRPR’ + θRPR”) to reduce the 
size of the circuit as shown in Fig. 1(c). In order to 
achieve more size reduction, one of the folded stubs can 
be flipped vertically as shown in Fig. 1(d). Finally, a 
compact structure of the transmission line is obtained 
by using its balanced T-equivalent with quasi H-
equivalent stubs and is called H-shaped equivalent as 
shown in Fig. 1. The simulation results shows that this 
structure has acceptable frequency response within the 
operating bandwidth with attention to size reduction.  
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Fig. 1. (a) A conventional transmission line, (b) π-equivalent transmission 
line of the conventional type, (c) flipped vertically and folded equivalent 
structure of the open stub, and (d) H-shaped equivalent structure of the 

conventional transmission line. 
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Fig. 2. (a)The proposed broadband branch-line coupler with L-shaped 
equivalent structure of the conventional transmission line. (b) Magnitude of 

Simulated scattering parameters (c) Magnitude of measured scattering 
parameters 

The proposed circuit is represented in Fig. 2 and 
each formal transmission line has been replaced by an 
L-shaped equivalent structure. Impedance and electrical 
length of each transmission line lettered in Fig. 2(a) are 
as follows:  

ZR1SR=74Ω, θR1SR=36°, ZR1PR=70Ω, θR1PR=57°, ZR1R’=74Ω, 
θR1R’=9°, ZR2SR=102.5Ω, θR2SR=33°, ZR2PR=115.5Ω, θR2PR=32.5°, 
ZR2R’=102.5Ω, θR2R’=14.5°, ZR3SR=137Ω, θR3SR=32°, ZR3PR=137Ω, 
θR3PR=21°, ZR3R’=137Ω, θR3R’=14°. 

The simulation results of the scattering parameters 
for the proposed branch-line coupler are indicated in 
Fig. 2(b) and phase difference are shown in Fig. 2(c). 
At the designed frequency of 2.4 GHz, the insertion 
loss is -3.25±0.1 dB, the isolation is about -20 dB, and 
the phase difference is 89°. In addition, these figures 
show that the performance of the proposed coupler has 
approximately coupling and phase errors within -3.25 ± 
0.1 dB and 3°.Return loss and isolation are better than -
15 dB over a 83.3% bandwidth (from 1.4 GHz to 3.4 
GHz). Table I summarizes the recently published 
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branch-line hybrid couplers with reduced wavelength in 
transmission line and the results obtained in this work. 
In addition, it shows significant improvement in size 
reduction with wide bandwidth performance. 
Photograph of fabricated broadband branch line coupler 
is shown in Fig. 3. 

 
Fig. 3. photograph of fabricated coupler 

 
TABLE I. Comparison of Published Compact Branch-Line Couplers and 

This Works. 

15TRef. 15TPhase Error 
(degree) 

15TSubstrate 15TfR0 R(GHz) 15TBW (GHz) 15TSize Reduction 
Ratio 

15T[15] 15T~5 15TRO4003 15T0.9 15T0.3 (0.75~1.05) 15T0.12 
15T[16] 15T~2 15TFR4 15T0.825 15T0.15 (0.75~0.9) 15T0.26 
15T[17] 15T~4 15TFR4 15T2.3 15T0.6 (2~2.6) 15T0.54 
15T[18] 15T>5 15TRO4003 15T2.4 15T0.4 (2.2~2.6) 15T0.76 
15T[19] 15T>5 15TFR4 15T2.4 15T0.8 (2~2.8) 15T0.29 
15T[20] 15T~5 15TRO4003 15T5 15T2 (4~6) 15T0.5 

15TThis Work 15T~3 15TFR4 15T5.5 15T2.4 (1.7~3.1) 15T~0.3 

 
III. Conclusions 

In this paper, the conventional broadband branch-line 
coupler (cascaded branch-line coupler) with seven sections of 
the quarter-wavelength transmission lines has been 
miniaturized easily by using the proposed quasi-H-equivalent 
structure. The corresponding design equations and equivalent 
structures and their simulated results are presented as well. 
Table I reveals that using the proposed quasi-π-equivalent 
structure is an effective approach to miniaturize the circuit 
size of a branch-line coupler with regard to wideband 
performance. The proposed branch line coupler exhibits 
couplings and phase errors within −3.75 ± 1 dB and 3° and 
return loss and isolation better than -15 dB over frequency 
from (1.4 GHz ~ 3.4 GHz) with a center frequency at 2.4 
GHz. Moreover, these couplers can be fabricated using a 
standard printed circuit board process, which is easily 
applicable to the design of microwave integrated circuits, such 
as broadband Butler Matrix Networks. 
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