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I. INTRODUCTION 
 
Baluns composed of one unbalanced port and two balanced 

ports have been used in numerous circuits, including push-
pull amplifiers, balanced mixers, and balanced antennas [1-4]. 
The purpose of a balun is to form a transition from an 
unbalanced port to two balanced ports or from two balanced 
ports to one unbalanced port, and they can be used as 
impedance transformers with an arbitrary transfer ratio. 
Baluns are classified in various ways depending on the 
operating frequency range, the operating power, the frequency 
bandwidth, and the principle of operation of the component [5, 
6]. Radio frequency (RF) baluns for frequencies above the 
ultra-high frequency band can be divided into flux-coupled 
balun transformers and transmission-line balun trans-formers. 
The flux-coupled balun transformer must have direct current 

(DC) isolation from the primary to secondary coils, as shown 
in Fig. 1(a). The flux-coupled balun transformer can provide a 
wide range of impedance ratios. But, the transmission line 
balun transformer is impossible to achieve DC isolation 
between the primary and secondary coils, as shown in Fig. 
1(b). The trans-mission line balun transformer can operate at 
higher frequencies and over a greater bandwidth than the flux-
coupled balun transformer. 

A balun with a Wilkinson power-divider is a type of 
transmission-line balun transformer. In particular, a balun 
having the structure of a Wilkinson power-divider is a 
widely used high frequency component because the input 
and output impedances are 50 Ω. Wilkinson-type baluns 
generally consist of a Wilkinson power-divider and addi-
tional circuits to create a phase difference of 180° between 
the two balanced ports [7-10].  
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Abstract 
A novel balun being the structure of a Wilkinson power divider is suggested and fabricated. One of the power dividing paths 
in the suggested balun uses a conventional λ/4 transmission line for -90° phase shifting, and the other path uses a composite 
right/left-handed -λ/4 transmission line for +90° phase shifting with four series capacitors and three parallel inductors. In 
addition, the suggested balun uses two 50-Ω resistors and a conventional 50-Ω transmission line of λ/2 electrical length 
between the two output ports, achieving good isolation and reflection values of two balanced ports. The suggested balun is 
simulated by the advanced design system simulation program and fabricated on TLX-9 20-mil substrate. The fabricated balun 
has a very good values of S11 = -27.46 dB, S21 = -3.40 dB, and S31 = -3.28 dB, a phase difference of -179.5°, a magnitude 
difference of 0.12 dB, and a delay difference of 0.1 ns, with S22 = -36.28 dB, S33 = -27.19 dB, and S32 = -25.2 dB at 1 GHz, 
respectively.  
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III. FABRICATION AND MEASUREMENT 
 

The λ/4 transmission line of the suggested balun can 
be made easily using a microstrip line. However, making the 
-λ/4 transmission line is not easy. Replacing the -λ/4 
transmission line with a 3λ/4 transmission line is not a 
viable option, as a 3λ/4 transmission line would result in an 
unacceptable delay time between the two balanced ports in 
the balun. Our solution is to make the -λ/4 transmission line 
using a composite right/left-handed (CRLH) transmission 
line [11-15]. Microstrip, strip-line and coplanar waveguide 
lines are homogenous trans-mission media. These trans-
mission lines can be modeled with equivalent circuits 
consisting of distributed capa-citance and inductance ele-
ments. A cell consisting of a series inductance and a parallel 
capacitance is generally referred to as a right-handed 
transmission line (RH-TL); the phase velocity and the group 
velocity in RH-TL cells are positive. A cell consisting of a 
series capacitance and a parallel inductance is called a left-
handed transmission line (LH-TL); the LH-TL has a 
negative phase velocity and a positive group velocity. This 
LH-TL does not exist in practice; however, a virtual 
transmission line consisting of lumped elements can model 
the LH-TL behavior. In the suggested balun, it fabricated a 
virtual LH-TL using capacitors and inductors. The structure 
has an equivalent circuit containing both the RH-TL 
equivalent circuit and the LH-TL equivalent circuit, and is 
known as a CRLH-TL. In a CRLH-TL, the transmission line 
may have RH-TL or LH-TL behavior depending on the 
operating frequency.  

Fig. 3 shows a CAD schematic of the suggested balun. 
The lower of the two lines for power distribution is the λ/4 
transmission line with the a line width equivalent to a 
characteristic impedance of 70.7 Ω. However, the upper line 
is a LH-TL consisting of series capacitance and parallel 
inductance that acts as the -λ/4 transmission line (equivalent 
to -90º phase change). As a result, the input signals of the 
balun separate two balanced signals of the same magnitude, 
and the 180º phase change occurs via the two 70.7-Ω 
dividing lines. Two 50-Ω resistors and a λ/2 transmission 
line are inserted between the two balanced ports to match to 
the balanced port and preserve isolation between the two 
balanced ports, as shown in Fig. 3.  

Fig. 4 shows the lumped element model of the balun and 
Fig. 5 shows simulated results using the ADS simulation 
program. Port 1 is the unbalanced port; port 2 is one of a 
pair of balanced output ports and is the CRLH transmission 
line; port 3 is the other balanced output port and is the λ/4 
transmission line. It used ideal two-terminal transmission 
lines, and the values of the lumped element components for 
the CRLH transmission line were C1 = C4 = 100 pF, C2 = C3 
= 2.7 pF, L1 = L3 = 15 nH and L2 = 10 nH. The simulation 
results are as follows. The reflection coefficient (S11) of the 

input port was less than -20 dB in the range 0.96–1.26 GHz, 
and the trans-mission coefficients (S21 and S31) were within 
± 0.1 dB of the magnitude of the difference between the two 
inputs and 180º ± 5º of the phase difference in the range 
0.93–1.13 GHz. The reflection characteristics (S22) of port 2 
were less than -20 dB in the range 0.97–1.46 GHz and the 
reflection characteristics (S33) of port 3 were less than -20 
dB in the range 0.92–1.47 GHz. The output isolation 
characteristics (S32 and S23) between ports 2 and 3 were less 
than -20 dB in the range 0.74–1.22 GHz. The design center 
frequency of the balun was 1 GHz, and the simulated results 
show it operating at a center frequency of 1.04 GHz, since 
the capacitance and the inductance used were values of 
commonly existing lumped elements. At the operating 
frequency of 1.00 GHz, the simulated operating char-
acteristics were as follows: S11 = -21.3 dB, S21 = -3.10 dB, and 
S31 = -3.06 dB, S22 = -21.2 dB, S33 = -21.9 dB, and S32 = -21.9 
dB, with a phase difference of 179.8º between the two 
balanced ports.  

 
 

  

 
Fig. 3. CAD schematic of the suggested balun.  

 

 

  

Fig. 4. Lumped element model of the suggested balun using advanced 
design system simulation program.  
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(a) 

 
(b)  

 
(c)  

Fig. 5. Simulation characteristics of the suggested balun: (a) S11(mag), 
S21(mag), and S31(mag), (b) S21(phase), S31(phase), and |S31/S21(phase)|, 
and (c) S22(mag), S33(mag) and S32(mag). 
 
 

Fig. 6 shows a photograph of the fabricated balun on 
TLX-9 (εr = 2.5) 20-mil substrate at 1 GHz. Z1 and R have 
values of 70.7 Ω and 50 Ω, respectively, giving an input and 
output impedance of 50 Ω. The microstrip line width is 1.39 
mm, and the 50 Ω λ/2 line length is 104 mm as CAD 
schematic. The 70.7 Ω λ/4 line length is 53 mm, and the 
width is 0.78 mm.  

 

Fig. 6. Photography of the fabricated balun (size, 50 mm × 35 mm). 

 
 
The capacitors and inductors composing the CRLH 

transmission line for the -λ/4 electrical line length were as 
follows, C1 = 100 pF, C2 = 2.7 pF, L1 = 15 nH, and L2 = 10 
nH, as ADS simulation values. 

The operating characteristics of the fabricated balun are 
shown in Fig. 7, (line no. 1, unbalanced port; 2, CRLH 
transmission line port; 3, general microstrip line port). 
Measurements on the fabricated balun were performed using 
a N5230A network analyzer (Agilent Technology, Santa 
Clara, CA, USA). The fabricated balun has values of, S11 = -
27.46 dB, S21 = -3.40 dB, and S31 = -3.28 dB, a phase 
difference of -179.5°, a magnitude difference of 0.12 dB, 
and a delay difference of 0.1 ns, with S22 = -36.28 dB, S33 = -
27.19 dB, and S32 = -25.2 dB at 1 GHz. The delay difference 
of 0.1 ns gives rise to a time difference within one cycle (as 
one cycle at 1 GHz takes 1 ns). The characteristics of the 
fabricated balun exhibited very good agreement compared 
with the simulated data for the port matching characteristics 
(S11, S22 and S33) and the isolation characteristics between 
the two balanced ports (S23 and S32). However, the power 
transmission characteristics (S21 and S31) of the fabricated 
balun were worse than those of the simulated structure. 
Nevertheless, the differences between the simulated and 
measured operating characteristics were not significant. The 
si-mulated results using ADS were very similar to the 
measured data, and this shows that the Wilkinson type balun 
can be modeled effectively using the ADS simulation 
program. From the measured results, the novel balun is 
confirmed to have good operating characteristics, including 
the reflection value at each port and the isolation value 
between the two balanced ports. 

 
 

IV. CONCLUSIONS 
 

A Wilkinson-type balun having a good reflection value 
and a good isolation value was suggested and fabricated. 
The λ/4 transmission line of the suggested balun was  



A Wilkinson-Type Balun Using a Composite Right/Left-Handed Transmission Line 

http://jicce.org 151

   

 

(a)  

 

(b)  

 

(c)  

Fig. 7. Output signals of the fabricated balun: (a) S11(mag), S21(mag), 
and S31(mag), (b) S31/S21(mag, phase and delay), and (c) S22(mag), 
S33(mag) and S32(mag). 

 
 

realized using a microstrip line, and the -λ/4 transmission 
line was realized by a combination of series capacitors and 
parallel inductors creating the CRLH trans-mission line. The 
balun had a 50 Ω λ/2 transmission line between the two 

balanced ports, giving good reflection and isolation values. 
Fabricated at 1 GHz, the balun gave the same delay time 
from the unbalanced port as from the two balanced ports. 
The device showed an insertion loss of 0.4 dB, a magnitude 
difference of 0.12 dB, and a phase difference of -179.5°, 
with good reflection and isolation values. And, the 
suggested balun was si-mulated by using a ADS simulation 
program. The simulated results using ADS were very similar 
to the measured data, and this shows that the Wilkinson-type 
balun can be modeled effectively using the ADS simulation 
program. 

The balun consisting of a microstrip line and the lumped 
elements has numerous advantages, including small size, 
stable operating characteristics, ease of manu-facturing, and 
high reproducibility. We believe that the Wilkinson-type 
balun using a CRLH transmission line will be very useful in 
practical microwave circuits. 

 
 

REFERENCES 
 

[ 1 ] J. S. McLean, “Balancing networks for symmetric antennas. I. 
Classification and fundamental operation,” IEEE Transactions on 
Electromagnetic Compatibility, vol. 44, no. 4, pp. 503-514, 2002. 

[ 2 ] R. Sturdivant, “Balun designs for wireless, mixers, amplifiers and 
antennas,” Applied Microwave, vol. 5, no. 3, pp. 34-44, 1993. 

[ 3 ] G. Guanella, “New method of impedance matching in radio-
frequency circuits,” Brown-Boveri Review, pp. 125-127, 1944. 

[ 4 ] C. L. Ruthroff, “Some broad-band transformer,” Proceedings of 
the IRE, vol. 47, no. 8, pp. 159-164, 1959. 

[ 5 ] J. Sevick, Transmission Line Transformers, 2nd ed. Newington, 
CT: American Radio Relay League, 1991. 

[ 6 ] M/A-COM, RF balun transformers (Application Note M565) 
[Internet], Available: http://www.datasheetarchive.com/M565-
datasheet.html. 

[ 7 ] U. H. Park and J. S. Lim, “A 700- to 2500-MHz microstrip balun 
using a Wilkinson divider and 3-dB quadrature couplers,” 
Microwave and Optical Technology Letters, vol. 47, no. 4, pp. 
333-335, 2005. 

[ 8 ] J. S. Lim, U. H. Park, Y. C. Jeong, K. S. Choi, D. Ahn, S. Oh, and 
J. J. Koo, “800-5000 MHz ultra-wideband CPW balun,” 
Electronics Letters, vol. 42, no. 18, pp. 1037-1038, 2006. 

[ 9 ] M. A. Antoniades and G. V. Eleftheriades, “A broadband Wilkinson 
balun using microstrip metamaterial lines,” IEEE Antennas and 
Wireless Propagation Letters, vol. 4, no. 1, pp. 209-212. 2005. 

[10] D. M. Pozar, Microwave Engineering. Reading, MA: Addison-
Wesley, 1990. 

[11] A. Lai, T. Itoh, and C. Caloz, “Composite right/left-handed 
transmission line metamaterials,” IEEE Microwave Magazine, vol. 
5, no. 3, pp. 34-50, 2004. 

[12] I. H. Lin, M. DeVincentis, C. Caloz, and T. Itoh, “Arbitrary dual-
band components using composite right/left-handed transmission 
lines,” IEEE Transactions on Microwave Theory and Techniques, 



J. lnf. Commun. Converg. Eng. 11(3): 147-152, Sep. 2013 

http://dx.doi.org/10.6109/jicce.2013.11.3.147 152

vol. 52, no. 4, pp. 1142-1149, 2004.  
[13] N. Engheta and R. W. Ziolkowski, Metamaterials: Physics and 

Engineering Explorations. Hoboken, NJ: John Wiley & Sons, 
2006. 

[14] S. G. Mao and Y. Z. Chueh, “Broadband composite right/left-
handed coplanar waveguide power splitters with arbitrary phase 

responses and balun and antenna applications,” IEEE Transactions 
on Antennas and Propagation, vol. 54, no. 1, pp. 243-250, 2006. 

[15] Edited by M. Mukherjee, Advanced Microwave and Millimeter 
Wave Technologies Semiconductor Devices Circuits and Systems. 
Rijeka, Croatia: InTech, 2010. 

 
 
 
 
 

 
 
 

 
received the B.S., M.S., and Ph.D. degrees in electronics engineering from Sogang University in Seoul, Korea, in 
1994, 1996, and 2000. From 2000 to 2006, he was a Senior Researcher in the radio technology group of ETRI, 
Korea. Since 2006, he has been a faculty member in the School of Electronic, Information & Communication 
Engineering, Kangwon University, Gangwon, Korea. His research interests are in the development of RF elements, 
RF circuit design, and antenna design. 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


