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Abstract-The influence of finite substrate and ground plane size
on the radiation pattern performance of L-probe feed thick
patch antenna-in-package array in low-temperature co-fired
ceramic (LTCC) for 60-GHz wireless communications is
investigated and compared when the antenna array is with and
without the soft surface structure, which is used to reduce
surface wave effect and improve the antenna performance. It is
shown that the effect of the substrate and ground plane size
effect on the radiation patterns of the array is significant and
the shape of the main lobe will be distorted obviously when the
antenna array is without the soft surface structure. On the
other hand, the antenna radiation performance will not be
affected too much by the substrate and ground plane size when
the soft surface structure is added into the antenna array to
reduce surface wave effect.

1. INTRODUCTION

Recently, there exists a surge of interest in wide
unlicensed frequency band around 60 GHz for wireless
short-range communications. The low-temperature co-fired
ceramic (LTCC) multilayer technology based antenna-in-
package (AiP) solutions has become a hot topic for 60-GHz
applications [1]-[9]. Many types of antennas, such as a
dipole, a slot, a patch, a helical, etc. [2]-[5], as the elements
used in the design of 60-GHz LTCC arrays have been
investigated. The patch antenna, because of its geometrical
simplicity and other attractive features, has been widely used
in the designs of the 60-GHz LTCC antenna arrays [6]—[8].
In [9], we proposed a wideband LTCC L-probe fed thick
patch antenna for 60-Ghz applications and a soft surface was
added to reduce the surface wave. For mobile terminals
applications, the antennas or arrays need be integrated into
the system mother board with a large substrate and ground
plane size. Thus, it is necessary to study the effect of the
substrate and ground plane size on 60-GHz LTCC antenna
array characteristics.

In this paper, we investigate the effect of the substrate and
ground plane size on the radiation performance of the 60-
GHz L-probe fed thick patch antenna array in LTCC
technology with and without the soft surface structure. It is
shown that the effect of the substrate and ground plane size
effect on the radiation patterns of the array is significant and
the shape of the main lobe will be distorted obviously when
the antenna array is without the soft surface structure. On the

other hand, the antenna radiation performance will not be
affected too much by the substrate and ground plane size
when the soft surface structure is added into the antenna
array.
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Fig. 1. Geometry of the 60-GHz LTCC based L-probe fed patch antenna
array in [9], (a) 3D view of the array, (b) Top View of the single element,
(c) Side View of the single element.

TABLE I DETAILED L-PROBE PATCH ANTENNA DIMENSIONS

Parameters | Dimensions (mm) | Parameters | Dimensions (mm)
w 0.7 / 0.7
w1 0.15 I 0.25
Wy 0.1 L 0.4
h 1 hy 0.5
hy 0.3 hs 0.3

II. ANTENNA GEOMETRY

The 60-GHz LTCC based L-probe fed patch antenna array
which was proposed in [9] as shown in Fig.1. The multilayer
LTCC substrate used is Ferro A6-M with dielectric
permittivity €,=5.9 and loss tangent tané=0.001. The detailed
dimensions of the array element are shown in Table 1. The
total thickness of the proposed array is 1 mm. The distance
between the top rectangle patch and the top ground of the
stripline feeding network is 0.5mm, which is about 10% free
space wavelength (Ay) at 60 GHz. The size of the substrate
and ground is gw x gl. In this work, the element spacing of
3.7 mm (0.75 % &y) was chosen.



III. EFFECTS OF SUBSTRATE AND GROUND PLANE SIZE ON
THE RADIATION PATTERN OF THE ARRAY LOCATED IN THE
CENTER OF THE MOTHER BOARD

A.  Array Without the Sofi-surface Structure

The effects of the substrate and ground plane size on the
radiation pattern of the L-probe fed thick patch antenna array
without any soft surface structure are investigated. The
comparison of simulated radiation pattern in XoZ-plane and
YoZ-plane of the array with different substrate and ground
plane size at 60 GHz are shown in Fig. 2.
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Fig. 2. The radiation pattern of the LTCC based L-probe fed patch antenna
array for different substrate and ground plane size at 60 GHz, (a) XoZ-plane,
(b) YoZ-plane.

As shown in Fig 2, with the substrate and ground plane
size increasing, the shape of the main-lobe radiation pattern
in XoZ-plane (H-plane) will not change too much. However,
the main lobe shape of radiation pattern in YoZ-plane (E-
plane) is changed obviously with the substrate and ground
plane size. The E-plane radiation pattern is changed more
significantly than H-plane radiation pattern. The distortion of
the patch antenna array’s radiation pattern with the substrate
and ground size is due to the surface waves in the antenna
array.

B.  Array With the Sofi-surface Structure

To reduce the surface wave effect and improve the
radiation patterns performance of the array located on the
large size of the substrate and ground, seven strip-shaped soft
surface structures constituted of metal strips on top layer and
via fences are loaded in the array. The top metal strip width
of the proposed soft-surface structure is 1.4mm. The via
fences are composed of a row of vias. Following the
fabrication process requirement, the diameter of each via is
0.1mm, and the distance between the centers of two adjacent
vias is 0.25mm. Fig. 3 shows the layout of the proposed
array with soft surface structures on the large substrate and
ground size.
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Fig. 3. Geometry of the LTCC based L-probe feed patch antenna array with
soft-surface structures on the large substrate and ground size, (a) 3D view,
(b) Side View.

Fig. 4 compares the simulated radiation patterns of the
proposed arrays with or without the soft surface structure on
the large substrate and ground size at 60GHz. For the array
without soft surface structure, when the substrate and ground
size is 40mm X 40mm (8X¢ x 8X), the radiation pattern is
distorted significantly. There is an obvious notch appeared at
the broad direction (z-axis) in YoZ-plane (E-plane).
Compared with the array without soft surface structure, it is
very clearly seen form Fig. 4(b) that the radiation patterns
performance of the array with soft surface structure is
improved obviously, especially the radiation pattern in YoZ-
plane. Therefore, for the array with the soft surface structure,
the distortion of main lobe can be ignored; and good
radiation pattern and high gain performances of the array on
the large substrate and ground size can be achieved.
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Fig. 4. Comparison of the radiation pattern at 60GHz between the proposed
arrays without or with the soft surface structure on a large substrate and
ground sizee, (a) XoZ-plane, (b) YoZ-plane.

IV. CONCLUSION

In this paper, the effect of the substrate and ground size on
the radiation pattern of the 60-GHz L-probe fed thick patch
antenna array in LTCC technology has been investigated. It
has shown that the radiation pattern of the antenna array can



be improved significantly with the introduction of the soft
surface structure to suppress the strong surface wave in the
array.

ACKNOWLEDGMENT

This work was supported in part by Singapore Ministry of

Education Academic Research Fund Tier 1 project R-263-
000-667-112, in part by the National University of Singapore
(Suzhou) Research Institute under the grant number NUSRI-
R-2012-N-010.

(1]

[2]

[3]

(4]

(3]

(]

(7

(8]

]

REFERENCES

Y. P. Zhang and D. Liu, “Antenna-on-chip and antenna-in-package
solutions to highly integrated millimeter-wave devices for wireless
communications,” IEEE Trans. Antennas Propag., vol. 57, no. 10, pp.
2830-2841, Oct. 20009.

H. Chu, Y. X. Guo, and Z. Wang, “60-GHz LTCC wideband vertical
off-center dipole antenna and arrays,” IEEE Trans. Antennas and
Propag.,vol. 61, no. 1, pp. 153-161, Jan. 2013.

J. Xu, Z.N. Chen, X. Qing, and W. Hong, “Bandwidth enhancement
for a 60 GHz substrate integrated waveguide fed cavity array antenna
on LTCC,” IEEE Trans. Antennas Propag., vol. 59, no. 3, pp. 826-832,
Mar. 2012.

M. Sun, Y. Q. Zhang, Y. -X. Guo, M. F. K., L.C. Ong, and M. S.
Leong, “Integration of circular polarized array and LNA in LTCC as a
60-GHz active receiving antenna,” [EEE Trans. Antennas Propag.,
vol. 59, no.8, pp. 3083-3089, Aug. 2011.

C. Liu, Y. -X. Guo, X. Bao, and S. Q. Xiao, “60-GHz LTCC integrated
circularly polarized helical antenna array,” [EEE Trans. Antennas
Propag., vol. 60, no. 3, pp. 1329-1335, Mar. 2012.

Y. Li,Z. N. Chen, X. Qing, Z. Zhang, J. Xu, and Z. Feng, “Axial ratio
bandwidth enhancement of 60-GHz substrate integrated waveguide-
fed circularly polarized LTCC antenna array,” IEEE Trans. Antennas
and Propag., vol.60, no. 10, pp. 4619-4626, Oct. 2012.

H. Sun, Y.-X. Guo, and Z. Wang, “60-GHz circularly polarized U-slot
patch antenna array on LTCC,” IEEE Trans. Antennas Propag., vol.
61, no. 1, pp. 430-435,Jan. 2013.

S. B. Yeap, Z. N. Chen, and X. Qing, “Gain-enhanced 60-GHz LTCC
antenna array with open air cavities,” I[EEE Trans. Antennas Propag.,
vol.59, no. 9, pp. 3470-3473, Sep. 2011.

L. Wang, Y.X. Guo, W.X. Sheng, “Wideband high-gain 60-GHz
LTCC L-probe patch antenna array with a soft surface,” IEEE Trans.
Antennas and Propag., vol.61, no.4, pp. 1802-1809, Apr. 2013.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


