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Abstract. A novel planar 10 dB loose branch line couplerrppsed for application to
the 2.5 GHz centre frequency. This proposed couplénplemented with rectangular
ring headed dumbbell shaped Defect Ground Stru¢idS) along with conventional
microstrip transmission line. Design of this convamal branch line coupler with DGS
provides more design flexibility. Use of DGS undsath the microstrip line increases
the electrical length of microstrip line, providgdsw wave characteristics and increases
the impedance of the microstrip line. In this papee high impedance microstrip line is
easily implemented by using proposed DGS struatdmieh is required for designing the
loose coupler. Finally, the compact branch line d® loose coupler is designed,
fabricated and measured. The experimental res@tgiagood agreement with predicted
simulated values.

Keywords: branch line coupler, Defect Ground Structure (DA®)dB loose coupling,
microstrip line.

Annoranus. I[lpexnmoxen HoBbii 10 b pasBs3aHHBIM TUICH(HBIA HaMpaBICHHBIMN
OTBETBUTENb Il MpuMeHeHud B auamnazoHe 2.5 I'Tm. IlpenmoskeHHBIM OTBETBUTEIND
COJICP)KUT TaHTeneoOpa3Hbld AehEeKT B 3a3eMIISIONIEM MPOBOIHUKE, PACHON0KEHHBIN
BIOJIb MHKpOHOJ’IOCKOBOfI JquHud. Hcnojp3oBaHue 3a3CMJAIOIICTO0 IMMPOBOJHUKA C
ne(EeKTOM pacIIMpseT BO3MOXXHOCTH ONTHUMAJIBLHOTO MPOEKTUPOBAHUSA IUIeH(HOTO

HaIIpaBJICHHOI'O  OTBCTBUTCIIA. B YaCTHOCTH, MHdaHHasA CTPYKTypa YBCINYHUBACT
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AIIEKTPUUYECKYIO UTMHY MUKPOTIOJIOCKOBOM JIMHUU U TOBBIIIACT €€ XapaKTePUCTUICCKUI
uMmrieanc. B nmaHHOUM cTaThe MOKa3aHO, YTO MCIONB30BAHUE JKPAHOB C JeeKTaMu
MO3BOJISIET JIETKO CO37aBaTh MHKPOIIOJIOCKOBbIE JUHUM C BBICOKUMHU 3HAYCHHSIMU
XapaKTEePUCTUUECKOTO HMIIeIaHCa, HEOOXOJUMBIC [UIS TPOEKTUPOBAHUS MIICH(PHBIX
HaIpaBJICHHbIX OTBeTBUTeNEH. [IpuBoguTCS npuMep NpoeKTUpoBaHus KoMmakTHoro 10
nb HampaBIEHHOTO OTBETBUTENS, KOTOPHIA OBLI HM3TOTOBIEH M SKCIEPUMEHTAIBHO
uccienoBad. llomydeHHble SKCHepUMEHTalIbHbIE JAaHHBIE COOTBETCTBYIOT PACUYETHBIM
3HAUEHUSM MapaMeTPOB YCTPOUCTBRA.

KuatoueBble cioBa: 1nuieiHbIi OTBETBUTENB, CTPYKTYpa C 1e()EKTOM B 3a3eMIISIOLIEM

9KpaHe, AeCATUACIINOCTbHAS Pa3BsI3aHHAsl CBS3b, MUKPOIIOIOCKOBAS JIMHMUS.

|. INTRODUCTION

The branch-line coupler [1] plays an important rolemicrowave and millimeter
wave circuits. There are lots of applications obiigy branch-line 3-dB or 6-dB tight
couplers in our modern microwave and millimeter @@@mmunication systems. Those
tight couplers can be easily designed using trassom line in a conventional way. But
design of loose coupler is quite different.

A transmission line with etched defects roatallic ground plane such as two-
dimensional photonic Band Gap (PBG) and one-dinoeraéiDefected Ground Structure
(DGS) has been studied in microwave and millimeteve frequency ranges [1]-[3].
Applications of a microstrip line with DGS struatuinclude slow-wave structure,
harmonic rejections with compact dimensions andllmsg characteristic, various circuit
design, and so on [4]-[6]. Etched defects on metgliound plane of a microstrip line
provide higher effective permittivity and charadac impedance than those of the
conventional microstrip line due to increase of thlectric length and effective
inductance of transmission lines [4]-[licrostrip line with DGS increases the group
velocity delay due to the steep phase characteri3&lay of the group velocity reduces
the dimension of distributed components in RF araowave integrated circuits.
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In this paper, one branch-line coupler wébtangular ring headed dumbbell shape
DGS is proposed in order to implement loose cogptiharacteristics of 10 dB, which
requires for the realization of high impedance.liRequirement of the high impedance
line section faces with restrictions such as imgcat very narrow transmission line
width in implementation of designed circuits. Imstpaper, the DGS structures are used
to implement the high impedance line section. Usth® DGS section makes it easy to
control the characteristic impedance of microslimg and provides design flexibility.
Since DGS section can increase the electrical heragtd effective inductance of
microstrip line hence the conductor width with DG®ction for a determined
characteristic impedance is wider than that of emtional microstrip line. The coupling
can be controlled by changing the physical dimemsiof the DGS and adjusting the
length and width of the microstrip line. Finally, 1®-dB loose branch-line coupler

operating at 2.5 GHz is optimally designed, faliedeand measured.

Il. GENERAL STUDY AND CALCULATION OF IMPEDANCES

(a) General Study of Branch-line Coupler:
Fig. 1 shows a branch-line coupler. It consistsaaf quarter-wave-longA, /4)

transmission line sections of characteristic impee,, each, connected by two shunt

branches. The shunt branches are quarter-wavetlong4) transmission line sections
of characteristic impedanZg, each. By selecting the appropriate values of

Z,.andZ,,, the circuit can be made to operate like a dioeeti coupler.

op?
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Fig. 1. Layout of a branch-line coupler in planar citaonfiguration

At the center frequency the scattering parametéra branch-line coupler are

given by
__:%o0s
S1=-] gy T @
- Zos
S;1 = 2, T )
S T 0 e ©)
S T 0 e 4)

Where, Z, denotes the impedance of various ports of a brinetcoupler. The

scattering parameters of a branch-line coupler akstisfy the following condition,

which follows from the principle of conservationaiergy:

1Sp1]% 183117 =L 6)

Where, it is assumed that;;§5,;=1. Substituting the values of scattering

parameters from equations (1) and (2) it is foumat ,, andZ,, should satisfy the

following condition:
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A branch-line coupler as shown in Fig.1 has twonef of symmetry. The

scattering matrix of a branch line coupler candfae be expressed as,

0 _ J ZOs _ Zos 0
Z0 ZOp
_ 0 Op
[S] = 7. [P T 7)
0 0 ol
Zop Z,
0 _Zos _ j@ 0
L ZOP Zo i

The characteristic impedances of the main-line sintht branches of a branch-line

can be computed using equations (1) and (2) as

Zos = Zo|Sotl = Zo1=[Satl ovvvrreeree e 6)

and

Sl s,

Z,s andZ,, are the required main line and shunt branch lirseagteristic impedances of

any branch-line coupler.
(b) Calculation of Z,s and Z, for 10-dB coupler:

Consider all ports are matched toch@nicrostrip transmission line i.&, =50Q.

For 10 dB branch line coupler coupling from potinp(t port) to port 3 (coupled port )
is 10 dB.
l.e. S;; =-100dB

or, 20l0g,4|S;4| = 10
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-10
of, Syl =1020 = 0316228....cciiiiiiiiiiiieee e, (10 @)

Now, from equation (5) , it can be obtained

S0 = 1-[S3” = 0.94868........ovoorrrrrcii e (10 b)

Using equation (8) and (9), we have,

Zos = Z0|Sot| = ATABAQ ..o (11 a)

[ll. EFFECT OF DGS ON CHARACTERISTIC IMPEDANCE

One microstrip transmission line of length 16.4mnd avidth 3mm with FR4
substrate (of dielectric constant 4.4 and substnaight 1.59mm with negligible loss
tangent) provides H0Ocharacteristic impedance at 2.5 GHz. This charatier
impedance can be controlled by introducing DGS umekth a microstrip line. For
simplicity, let there is a rectangular ring headkonbbell shaped DGS underneath a
50Q microstrip line as shown in Fig. 2(a) and the dated magnitude responses or
scattering parameters are shown in Fig. 2(b). Sitmrl has been done with IE3D
electromagnetic simulator. As an example one rgctian ring dumbbell DGS of head
length,a = 8mm and breadth, b = 6 mm and width, ¢ = 0.5mm @vo heads are
connected with transverse slot of length 4mm ardtiw®.5mm is etched in the ground
plane of the microstrip line. One remarkable adagetof using the DGS under the
microstrip line is that it can increase the charastic impedance by the additional
effective inductance generated by the loop of D@Gctire The addition of this extra
inductance causes the characteristic impedandseahicrostrip line to be much higher
than that of a conventional microstrip line witle ttame conductor width.
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Fig. 2(a).Rectangular ring dumbbell DGS
under 5Q microstrip line Fig. 2(b). Scattering parameters

The equivalent circuit of the microstrip line wibGS is shown in Fig.3. Then, the
equivalent characteristic impedance and electileafgith of the microstrip line with

DGS are determined [#om the S-parameters calculated by simulation.
| |

1
]
Input —- 4 — Output
Zy | 6,2, | Zo

- -
[ERE . -

Fig.3. Equivalent circuit of the DGS section, afglis the reference impedance.

TheS;; can be expressed as following:

1
o 12
1 cosd + imSind (12)
The variablanis:
14 2L
m—z(zc +Zoj ................................................................ (13)

The constarttis the electrical length. Themand6 can be derived from the

magnitudes,,| and phaseg(,1) of S :

m= \/ S (14)

|521|2 - C052¢21
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0= arctar{— %tanqpﬂj +NTN= 012, (15)

Then, the equivalent characteristic impedance is:

ZC :{Zo(m+ mz_l),zc >ZO .......................................
Zo(m-1Vm? -1),Z. < Z,
When the electrical length is quarter wavelength, the equivalent characterist
impedance of the microstrip line with DGS is cadtal as following:

The variableZ i, is the input impedance toward the DGS sectionladdnotes the
input reflect coefficient.

From the above concept and equations it is posdibldind the effective
characteristic impedance of the microstrip lineiXtGS. Now, in the taken example in
Fig. 2(a) the 3mm width microstrip line providescb@haracteristic impedance without
DGS at operating frequency 2.5 GHz. Zg.= 50Q . But introducing DGS provides the
scattering response as Fig. 2(b), from Fig. 2(lj equation (17) and (18) it can be
obtained the effective characteristic impedancthefmicrostrip line with DGS i<, =
69.77X.

The effective characteristic impedance can be tunyedarying the dimension of
one parameter keeping other constant. The followiagle 1 shows the different values
of effective impedance&,c with different values of defected head length,

Table 1: Variation of Zc with head lengtha (with lineimpedance 50 Q)

Length, a 4 6 8 10
(mm)

Line imp, Zc 58.8004 62.3951 69.775 88.298
(Q)
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IV. DESIGN PROCEDURE OF 10 dB COUPLER

From the above analysis in section llh@#s been observed that there is the
requirement oZ,s = 47.434) characteristic impedance transmission line forrtian
branch and,, = 150Q characteristic impedance transmission line fonskwanch line.
The 10-dB branch line loose coupler has been dedignd fabricated on FR4 substrate
of dielectric constant 4.4 and substrate heigh@rhrs with negligible loss tangent. The
low characteristic impedance 47.434/alue of the main line can be easily implemented
with the help of conventional microstrip line ohfgh 16.4mm with 3.29 mm width at
2.5 GHz. But there is requirement of almost 17mngtk and 0.17 mm width microstrip
line for the design ofl50 characteristic impedance for shunt branch linee Th
fabrication of this too narrow microstrip line isugh enough and almost impossible.
Therefore, an arbitrary rectangular ring headed lkheth DGS has been introduced
underneath a practical width of 0.6mm microstrigelifor designing high impedance
shunt branch line as shown in the Fig. 4(a) andstadtering parameters are shown in
Fig. 4(b).

| ——a —¥| 0 -
4
b
| 0.6mm = -
=X ¥ z
_* o -10 4
AN E
— 1:‘.‘, B % 215 4
=0.5mm g —»—S11
*
— | —>s21
|[4— Smm—| -20
-25 T T T ]
0 2 4 6 8
Frequency (GHz)
(a) (b)

Fig. 4.(a) proposed DGS, (b) Scattering response

From the above concept obtained from the sectiprihié effective characteristic

impedance of microstrip line obtained from the ab®GS structure is 165.481 Now,
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the effective characteristic impedance of micrpstime can be tuned by changing the
dimension of any parameter of DGS keeping othenstemt. Considering, width (b) of
the ring head is variable keeping other parametersstant. Then variation of the

reflection coefficient and the characteristic imagede is shown in Table 2.

Table 2 Variation of ‘F‘ and Z. with ‘b’: with line impedance 119.47Q

Ring width, b (mm)

Reflection coefficient‘r‘

Char. Impedance,Z. (Q)

7 1.467 177.686
1.567 164.451
4 1.833 142.533

Fig. 5 shows the variation of the characteristipestanceZ. with ring width, b as

follows:

180 -
175 -
% 170 -
=165 -
(&}
N 160 -
o
E£155 -
8150 -
O 145 -
140

3.5 4 45 5 5.5 6 6.5 7 7.5
ring width 'b' (mm)

Fig. 5. Ring breath, ‘b’ Vs. characteristic impedantg

From the above Fig. 5 it is observed that therhasrequirement of ring width, b
=4.65mm to obtain the 15@& characteristic impedance. Therefore, the proposed

structure of 10 dB branch line coupler is showfim 6(a) as follows:

10
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Fig. 6(a). Proposed 10 dB branch line coupler

The required dimensions of the proposed rectangingrheaded dumbbell DGS
structure for high impedance, 1&0shunt branch line ara =8mm, b = 4.65mm, c =
0.5mm and the two heads are separated by 2mm 0dsigym width transverse slot. The
others dimensions are; = 16.4mm, W =3.29mm,W = 3mm, L = 17mm and W=
0.6mm. The above designed structure of 10 dB lameler is fabricated on FR4
substrate and simulated by MoM based IE3D electgmeigc simulator and the
scattering responses are shown in Fig. 6(b).
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Fig. 6(b). Scattering parameters
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The 10-dB loose branch line coupler is designedHeroperating frequency 2.5
GHz. From the characteristic response, shown in B(f), it is obtained that the
coupling from input port to coupled port i.e. frgrort 1 to port 3 (i.e. 5 is 10 dB at
2.5 GHz. Now, to calculate the fractional band witFBW) at 10 dB, the characteristic

response is re-represented for small frequency apahown in Fig. 6(c) as follows:

Magnitude (dB)

-60

1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6

Frequency (GHz)

Fig. 6(c). Scattering parameters around center frequency

The above response shows that the structure potide B coupling from lower
frequency, f; = 1.9GHz to higher frequencis,= 3.2 GHz around center frequentys
2.5 GHz with negligible tolerance. Therefore, thmacfional bandwidth [FBW= {{-
f,)/fo) x100%] of the proposed 10-dB branch line couplé&2% with zero tolerance.

The following table, Table: 3 shows the FBWs foifedient considerable tolerances of

coupling.

Table: 3FBWs for different considerable tolerances.
Tolerance| = 0% +5% +10% +20%
FBW (%) 52 57 60.8 87.2

12
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V. MEASUREMENT AND DISCUSSION

The proposed structure has been fabricated withdtiRdtrate. The photonic view

of the 10 dB coupler is shown in the following Frg.

(b)
Fig. 7. Photonic Views (a) Top Plane (b) Ground Plane

The proposed 10 dB branch line coupler has beesunead with an Agilent make
vector network analyzer of model N5230A. The measunt responses of the

scattering parameters are shown in the followirgyifa 8.
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Fig. 8. Scattering Parameters (Measurement responses)

The above responses show that there is a 10.4 uiidieg between input port and
coupled port (§) at operating frequency 2.5 GHz. Thus, the propaseicture behaves

13
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as 10 dB coupler and provides almost 60 % FBW wifi%6 tolerance. The different

scattering parameter for simulated and measurerasulis are shown in Fig. 9.
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Fig. 9. Scattering Parameters (@) & S (b)) $1& Si

From the above analysis with simulated and measmemnesponses it is observed
that the proposed branch line coupler with rectéargung headed DGS acts as a loose
coupler and provides 10dB coupling at the operdtieaguency 2.5 GHz.

VI. CONCLUSION

Generally, with the help of branch linght coupler such as 3dB, 6dB etc are
designed. In this paper a new concept for desigmmhgoose coupler has been
established and as an example one 10-dB branchdin@er is designed. Here, the main
branch line is obtained by simple conventional ostrp line and the high impedance
shunt branch line is formed by introducing DGS undath a conventional microstrip
line. Adding DGS introduces some inductance anteases the effective electric length
of the microstrip line and provides slow-wave cleggastics. Finally, one 10-dB branch
line coupler is designed, fabricated and measunddleere is a good agreement between

simulated and measurement results have been othtailoevever, though 10-dB branch

14



JOURNAL OF RADIO ELECTRONICS, N 11, 2012  XXYPHAIl PAOMO3NEKTPOHUKWU, N 11, 2012

line coupler is designed by using the proposed &ginbut utilizing the same concept
any loose coupler, such as 15dB, 20 dB etc calydssbbtained.
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