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Abstract 

 
We propose a structure for a multiple input multiple output antenna which has no space for isolation. The antenna operates in a frequency 
range of 2.4-2.48 GHz and can achieve a high channel capability as a Bluetooth antenna. The MIMO antenna consists of two planar 
inverted F antennas with symmetric structure. We designed the proposed antenna using HFSS simulator, and we designed the fabricated 
antenna using PCB fabricator. The MIMO antenna’s isolation S21 ≤ -10 dB and reflection coefficient S11 ≤ -20 dB. The proposed 
antenna’s specification satisfies Bluetooth antenna’s criteria and has more space than the existing MIMO antennas, which have space for 
isolation. 
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1. INTRODUCTION 
 

Multiple input multiple output (MIMO) antennas are 
widely used to achieve diversity and to mitigate the effects of 
multipath fading [1]. MIMO systems have much higher 
channel capacity than conventional single input single output 
(SISO) and single input multiple output (SIMO) systems. 
MIMO systems employ multiple antennas for the 
transmission and reception of the signals [2]. The channel 
capacity in the communication system is bounded by the 
Shannon's theoretical channel capacity [3]. According to the 
theorem, the upper bound on the channel capacity C, with no 
bit error rate is given by 
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          (1) 

 
where B is the bandwidth, S is the signal power over an 

analog communication channel, N is the power of additive 
white Gaussian noise (AWGN), and S/N is the signal to noise 
ratio (SNR). Theoretically channel capacity can be increased 

by increasing SNR or B. Increasing SNR is difficult because 
of the inherently noisy nature of the communication channel; 
but transmission power increases with B. MIMO systems are 
used to overcome this problem of increasing the channel 
capacity. 

The channel capacity of MIMO systems depends on 
cross-correlation coefficients among signals received by 
different antenna elements. Thus, to increase the system 
capacity in MIMO antenna design, an important objective is 
to minimize the correlation coefficient among antenna 
elements. Conventionally, the correlation coefficient can be 
reduced by increasing the distances between antenna 
elements. However, installing several antenna elements is 
difficult in the limited space available in mobile handsets. 
Therefore, having a design strategy is indispensible to find 
appropriate positions on a handset for installing antenna 
elements in such a way that the system capacity is 
maximized. 

Many design strategies have been proposed for diminishing 
the mutual couplings of antennas, such as decoupling 
networks [3], specific ground structures [4]-[5], the 
neutralization technique [6], electromagnetic band gap (EBG) 
filters [7] and coupling elements [8]. Most of this research on 
planar MIMO antenna structures focused on the isolation 
improvement for two-element systems. 

The objective of this paper is to present a MIMO antenna 
design that does not use space for isolation. The MIMO 
antenna consists of two planar inverted F antennas (PIFA) for  
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Bluetooth(2.40-2.48 GHz). The antenna's goal specifications 
are: return loss RL  > -10 dB, isolation S12 < -10 dB, 
maximum gain G > 0 dBi, omnidirectional radiation pattern, 
linear polarization and radiation efficiency  er  >  50%. 

 

2. MATERIALS AND METHODS 
 

Our design starts with a Printed inverted F antenna (PIFA) 
which resonates on a single frequency. We employ a J-shaped 
slot[9] which divides the original PIFA into two parallel 
PIFAs. Using these methods, we designed a new two-port 
MIMO antenna with 2.45 GHz center frequency. 
 
A. Proposed Antenna 

We designed the MIMO antenna (Fig. 3) using simulator 
(Ansoft corp. HFSS Ver 11.0). To strengthen isolation, we 
considered four factors. The first factor was distance between 
two PIFA antennas. By sweeping the distance parameter, we 
found that optimal distance d is 34 mm (about 1/4 
wavelength). The second factor was feeding location. 
Because feeding location affects the antenna’s length, 
radiation properties, center frequency, isolation and 
bandwidth, we simulated repeatedly up to the goal 
specification. The third factor is ground shape such as the slot 
in [9]. Many isolation methods using ground slots have been 
suggested [3]-[8] but we didn’t use this method, because the 
isolation effect is very small in our PIFA antenna. The fourth 
factor was E-field distribution of PIFA antennas. The PIFA 
antennas have reverse shafe to avoid electric field coupling. 
So this fourth factor is the most important design object. 

Simulated materials were as follows. Conducting materials 
(ground plane and antenna conducting parts) were copper, the 
ground substrate was FR4 with 1.6-mm height and the space 
material was air. We analyzed simulation results using 
S-parameters (Fig. 4, 7). 
 
B. Fabricated  Antenna 

After simulation design, we fabricated this MIMO Antenna. 
First we laid out the simulated design using AutoCAD 2008 
software and PCAM software. Second we fabricated antenna 
parts using a PCB fabrication machine. Third we assembled 
the parts into a MIMO antenna. Then we measured 
S-parameters of the fabricated antenna using Network 
Analyzer (NA). We calibrated NA using the Calibration Set 
85052D kit. Because the result was slightly different than 
simulated, we tuned the antenna using copper tape. To 
measure radiation properties (such as gain, directivity, 
radiation efficiency), we used a total reflection chamber 
room. 
 

 

3. RESULTS 
A. Proposed Antenna 
The proposed antenna was designed using the PIFA 

antenna frequency equation (2), the deleted ground structure 
(Fig. 1) and the slit-meander method ((3), Fig. 2). 
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Where fr = the resonance frequency, f1=c/{4(Lp+h)}, 
f2=c/{4(Wp+Lp+h-w)}, r=w/Wp ,

 

k=Wp/Lp,

 

w = the width of 
ground, h = the height between ground and patch, Lp 

=
 
the 

length of patch, Wp 
=

 
the width of patch, and c = the speed 

of light (in a vacuum). 
 

 
Fig. 1. PIFA antenna using deleted ground. PCB: printed circuit 
board; E: electric field; arrows: direction of electric field flux. 
 

 
Fig. 2. Transmission Line (a), equivalent model (b), meander 

structure (c) using slit. a is the branch length, b is the distance 

between two branches, w is the width of plane. 

 
 If we cut a slit into the transmission line (Fig. 2), 
inductive loading will occur. Then electrical length becomes 
long. Therefore we can miniaturize the antenna and 
calculate this inductive load ∆l (3). 
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Where μ0 = permeability of free space, h = the thickness of 

the substrate, Z0 = the characteristic impedance of line when 

line width is w, Z0' = the characteristic impedance of line 

when line width is (w – a), εreff 
= effective relative 

permittivity, and εeff  
= effective permittivity of free space. 

 

 
Fig. 3. Geometry of the proposed antenna with 1.6 mm FR4. 

 
The ground size of the antenna (50 mm x 100 mm) is 

similar to that of a mobile phone (Fig. 3). The distance 
between two PIFA antennas affects the isolation property 
(S12 or S21). To obtain good isolation and small size, the 
optimized distance was 34 mm. 

 

 
Fig. 4. S-parameter vs. Frequency of the proposed antenna. 

 
Both S11 and S22 are radiation (or reflection) properties, 

but both S12 and S21 are isolation (or transmission) properties. 

Both S11 and S22 were minimal at 2.44 GHz; both S12 and S21 

< -15 dB (Fig. 4), so this proposed antenna΄s S-parameter 

properties satisfied the goal specification. 

 

 
Fig. 5. 3D radiation pattern of the proposed antenna. XY-plane is 
the ground plane, Z-axis is the normal vector direction of the 
patch antenna plane and the ground plane. 
 

The proposed antenna΄s gain was between -18.7 dB 
and 4 dB, and its radiation pattern was omnidirectional 
(Fig. 5), so the proposed antenna radiation pattern and 
gain satisfied the goal specification (maximum gain G > 0 
dBi, omnidirectional radiation pattern). 
 
B. Fabricated antenna 
 

 
Fig. 6. The fabricated antenna 

 
The proposed antenna and the fabricated antenna (Fig. 6) 

had a similar resonant frequency (Fig. 7). S12 is different 
from S21 in the fabricated antenna, because feeding lines are 
less symmetric than the proposed antenna. 
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Fig. 7. S-parameter vs. Frequency of the fabricated antenna. 

 

 

 
Fig. 8. 3D radiation pattern of the fabricated antenna. XY-plane 
is ground plane, Z-axis is normal vector direction of patch 
plane and ground plane. Radiation efficiency : port 1: er = 
52.73 %; port 2: er = 60.52 %. M: maximum beam; m: 
minimum beam. 

 
4. DISCUSSION 

 

Orientation a MIMO antenna can be isolated from other 
antennas by using isolation methods such as a slotted ground, 
or a band-stop filter, but S12 and S21 can be reduced by 
altering the PIFA antenna shape without using such methods. 
So we designed the MIMO antenna without using any special 
isolation method. In our new designed MIMO antenna, 
having no space for isolation is the most important property, 
so the antenna has more space than the existing MIMO 
antennas (which have space for isolation). 

The distance between shorting pin and feeding pin affected 
the antenna length, resonance frequency and circle radius in a 
Smith chart. Increasing the distance between shorting pin and 
feeding pin increased the circle radius of Smith chart. 
Because this means that the distance was one of the most 
important factors in the antenna design, we could not ignore 
the distance. 

Using a meander type patch, we designed a small antenna. 

The meander type’s principal is as follows. Inserting a slit in 
the transmission line causes inductive loading, so electrical 
length is fixed and physical length is short. Therefore we can 
miniaturize the antenna and calculate this inductive load ∆l 
(3). 

The ground size (50 mm x 100 mm) is similar to that of a 
mobile phone. The distance between two PIFA antennas 
affects isolation property (S12 or S21). To obtain good isolation 
and small size, the optimized distance was 34 mm. 

Both S11 and S22 are radiation (or reflection) properties, but 
both S12 and S21 are isolation (or transmission) properties. 
Both S11 and S22 were smallest at 2.44-GHz, and both S12 and 
S21 < -15 dB, so this proposed antenna’s S-parameter 
properties satisfied the goal specification. 

The proposed antenna gain was -18.7 dB ≤ G ≤ 4 dB, 
and its radiation pattern was omnidirectional, so both of these 
characteristics satisfied the goal specification.  

The processes of tuning, soldering or attaching copper tape 
caused center frequency to change. While we fabricated the 
antenna, we considered these factors to fit the resonance 
frequency to goal frequency in a step-by-step process. 

The proposed antenna and the fabricated antenna had a 
similar resonant frequency but the fabricated antenna’s S11 
and S22 were lower than the proposed antenna’s S11 and S22, 
so the fabricated antenna radiates better than the proposed 
antenna. 

The gain and radiation pattern of the fabricated antenna 
were similar to those of proposed antenna. The radiation 
efficiency er was higher at port 2 than at port 1. This means 
that we fabricated port 2 better than port 1, so we can modify 
the radiation efficiency difference between port 1 and port 2 
using accurate fabrication. 
 

5. CONCLUSION 
 

We designed a new Multiple-Input and Multiple-Output 
(MIMO) antenna for Bluetooth antenna. We designed this 
antenna using two Planar Inverted F Antennas (PIFAs) and a 
symmetric ground plane. Therefore we started by designing 
one PIFA antenna at 2.44-GHz center frequency. Then we 
made a two-port MIMO antenna symmetric structure in a 
mirror image form using two PIFA antennas. To isolate each 
of the PIFA antennas, we considered the ground width, 
feeding position and reverse shape to avoid coupling of 
electric field distribution. To design, we used HFSS simulator 
software, then simulated our antenna design repeatedly up to 
the goal specification. After the design was completed, we 
fabricated the antenna and measured it using the Network 
Analyzer. Because the result was slightly different than 
expected, we tuned it using copper tape. The completed 
MIMO antenna's gain, isolation, radiation pattern, 
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polarization, return loss, radiation efficiency, center 
frequency and bandwidth were satisfactory. This paper is 
valuable as more practical space use than any existing MIMO 
antenna designs. 

 

ACKNOWLEDGMENT 
 

This work was supported by the Brain Korea 21 Project in 
2012. 

 

REFERENCES 
[1] Bang-Hun Park, Ju-Phil Cho, Seong Kwon Kim and Jae 

Sang Cha, “Channel Sounding-based Channel Capacity 
Measurement of MIMO-OFDM,” Journal of the Institute 
of Webcasting, Internet and Telecommunication(IWIT), 
VOL. 8 No. 5, Dec. 2008, pp. 29-34. 

[2] In-Hwan Park, Yoon-Hyun Kim, Jin-Young Kim, 
“Performance of Multi-User MIMO/OFDM System 
using Cyclic Delay Diversity for Fading Channels,” 
Journal of the Institute of Webcasting, Internet and 
Telecommunication(IWIT), VOL. 10 No. 6, Dec. 2010, 
pp.263-268 

[3] S. C. Chen, Y. S. Wang and S. J. Chung, “A decoupling 
technique for increasing the port isolation between two 
strongly coupled antennas,” IEEE Trans. Antennas 
Propagat. Vol. 56, Dec. 2008, pp. 3650-3658. 

[4] C. Y. Chiu, C. H. Cheng , R. D. Murch and C. R. Rowell, 
“Reduction of mutual coupling between closely-packed 
antenna elements,” IEEE Trans. Antennas Propagat. Vol. 
55, Jun. 2007, pp. 1732-1738. 

[5] Y. chung, S. Jeon, D. Ahn, J. Choi and T. Itoh, “High 
isolation dual polarized patch antenna using integrated 
defected ground structure,” IEEE Microw. Wireless 
Compom. Lett. vol. 14, Jan. 2004, pp. 4-6. 

[6] A. Diallo, C. Luxey, P. L. Thuc, R. Staraj and G. 
Kossiavas “Enhanced two-antenna structures for 
universal mobile telecommunications system diversity 
terminals,” IET, Micro. Antennas Propag., Vol. 1, Feb. 
2008, pp. 93-101. 

[7] L. I. Sanchez, J. L. V. Roy and E. R. Iglesias, “High 
isolation proximity coupled multilayer patch antenna for 
dual-frequency operation,” IEEE Trans. Antennas 
Propagat. Vol. 56, Apr. 2008, pp. 1180-1183. 

[8] A. S. K. Mak, C. R. Rowell, R. D. Murch, “Isolation 
enhancement between two closely packed antennas,” 
IEEE Trans. Antennas Propagat. Vol. 56, Nov. 2008, pp. 
3411-3419. 

[9] M. Manteghi and Y. Rahmat-Samii, “Novel compact 
tri-band two-element and four-element MIMO antenna 
designs,” in Proc. IEEE Antennas Propag. Soc. Int. 
Symp., Jul. 2006, pp. 4443–4446. 

 
 
 
 
 
 
 

Hyun Dong Jo was born in Busan, 
Korea in 1984. He received the B.S. 
degree in electrical and computer 
engineering from Hanyang 
University, Korea, in 2011. Since 
2011, he has been with the 
Department of Electrical 
Engineering, Pohang University of 
Science and Technology, Korea, 

where he is currently in the M.S. degree program. His 
research interests are design and analysis of antennas and 
waveguides. 
 
 

Wee Sang Park received the B.S. 
degree in electronic engineering 
from Seoul National University, 
Korea, in 1974, and the M.S. and 
Ph.D. degrees in electrical 
engineering from the University of 
Wisconsin-Madison in 1982 and 
1986, respectively. Since 1988, he 
has been with the Department of 
Electrical Engineering, Pohang 

University of Science and Technology. His research 
interests are automobile slot FM antenna, RF 
propagation in power cable, frequency selective surface, 
and RFID for conducting structure. Professor Park is a 
member of the IEEE Microwave Theory and Techniques 
Society and the Antennas and Propagation Society. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


