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 تصميم وتحليل هوائياث لأنظمت الإدخالاث والإخراجاث المتعددة لتطبيقاث الاتصالاث اللاسلكيت 

الارصبلاد اٌلاسٍى١خ اٌجذ٠ذح إٌٝ ِسزٜٛ جذ٠ذ ِٓ اٌزطٛس ِٓ خلاي اسزخذاَ رم١ٕخ الادخبلاد ٚالاخشاجبد  اٌّزؼذدح , د١ث رُ ص٠بدح رُ ٔمً أٔظّخ 

زٟ رسزخذَ اغٍت الاجٙضح اٌّذٌّٛخ اٌذب١ٌخ رزعّٓ ٘ٛائ١بد ِطجٛػخ, ٚاٌ ِؼذي ٔمً اٌج١بٔبد ِّب ادٜ اٌٝ ص٠بدح سؼخ اٌمٕبح ٚاٌٛثٛل١خ ٚرم١ًٍ ادزّب١ٌخ اٌخطأ.

 فٟ اٌجضء اٌخٍفٟ ٌٍجٙبص, ٚػ١ٍٗ فبْ اٌٙٛائ١بد اٌّطجٛػخ ٠ّىٓ اْ رزفك ِغ ادز١بجبد اٌجٙبص فعلا ػٓ أخفبض اٌزىٍفخ ٚسٌٙٛخ اٌزص١ٕغ.

رٌه أجٙضح  ٘زٖ الاغشٚدخ رشوض ػٍٝ رص١ُّ ٚرذ١ًٍ ٘ٛائ١بد الادخبلاد ٚالاخشاجبد اٌّزؼذدح اٌّطجٛػخ لأٔٛاع ِخزٍفخ ِٓ الاجٙضح اٌلاسٍى١خ , ثّب فٟ

. ٘ٛائ١بد الادخبلاد ٚالاخشاجبد اٌّزؼذدح اٌّطجٛػخ اٌّصّّخ فٟ ٠ٛ اط ثٟ  اٌذٚٔجًاٌىّج١ٛرش اٌّذٌّٛخ, ٚٔمبغ اٌٛصٛي, ٚاٌٙٛارف اٌّذٌّٛخ ٚأجٙضح 

 ,WiMAX ,WLAN, Bluetooth.       ٘زٖ الاغشٚدخ ٠ّىٓ رمس١ّٙب اٌٝ ٘ٛائ١بد ادبد٠خ ٚثٕبئ١خ اٌذضِخ  ٌىٟ رخذَ رطج١مبد الارصبلاد اٌلاسٍى١خ ِثً 

GPS 

ٌٍّسزخذَ ٠ض٠ذ ِٓ و١ّخ ِٓ الالزشاْ اٌّزجبدي ٚثبٌزبٌٟ ٠مًٍ ِٓ وفبءح الإشؼبع  اْ ػ١ٍّخ ٚظغ ػذح ٘ٛائ١بد ثصٛسح ِزمبسثخ داخً اٌجٙبص اٌّذّٛي

إرا ٌُ رىٓ ِصّّخ ثشىً صذ١خ. اٌؼذ٠ذ ِٓ اٌزم١ٕبد لذ الزشدذ ٚاػزّذد فٟ ٘زٖ الاغشٚدخ ٌزذس١ٓ اٌؼضي ٚثبٌزبٌٟ رم١ًٍ  MIMOفٟ ٔظبَ ٘ٛائ١بد اي 

٘زٖ اٌزم١ٕبد لذ دِجذ ِغ رشو١ت اٌٙٛائ١بد ٠ّٚىٓ اْ رسزخذَ ٌٍؼًّ فٟ دضِخ رشدد٠خ ٚادذح ٚا٠عب  اٌّزجبٚسح. MIMOالالزشاْ اٌّزجبدي ث١ٓ ٘ٛائ١بد اي 

 فٟ دضِز١ٓ رشدد٠ز١ٓ.

اث١ٕٓ ِٓ  ػجبسح ػٓاٌّطجٛػخ فٟ ٘زٖ الاغشٚدخ. اٌزشو١ت الأٚي ٘ٛ MIMOرُ رص١ُّ, رذ١ًٍ, رص١ٕغ ٚ فذص اسثؼخ رشاو١ت ٌٙٛائ١بد اي

ُِ  (48×48)ادبد٠خ اٌذضِخ ثذجُ  (1×2)اٌّزؼذدح  ٘ٛائ١بد الادخبلاد ٚالاخشاجبد
2

.  ٚرُ الزشاح اث١ٕٓ ِٓ اٌزم١ٕبد 2.4GHzرؼًّ ػٕذ اٌزشدد اٌش١ٕٟٔ  

ٚ ِؼبًِ اسرجبغ الً ِٓ  15dB-ٌزم١ًٍ الالزشاْ اٌّزجبدي فٟ ٘زا اٌزشو١ت, اٌزم١ٕخ الاٌٚٝ رسّٟ غش٠مخ إٌفك د١ث رُ اٌذصٛي ػٍٝ الزشاْ ِزجبدي ثذٛاٌٝ 

ٚ ِؼبًِ  25dB-ٟ اٌذضِخ اٌزشدد٠خ اٌّطٍٛثخ. اٌزم١ٕخ اٌثب١ٔخ رذػٝ غش٠مخ اٌؼٕبصش اٌطف١ٍ١خ, ٚاٌزٟ رؤدٞ اٌٝ رم١ًٍ الالزشاْ اٌّزجبدي اٌٝ دٛاٌٝ ف 0.05

4). اٌزشو١ت اٌثبٟٔ ٘ٛ اسثؼخ ػٕبصش ِٓ ٘ٛائ١بد الادخبلاد ٚالاخشاجبد اٌّزؼذدح0.1اسرجبغ الً ِٓ  ُِ  (48×90)ُ ادبد٠خ اٌذضِخ اٌذضِخ ثذج  (1×
2
 

. اسزخذِذ اث١ٕٓ ِٓ اٌؼٕبصش اٌطف١ٍ١خ وزم١ٕبد رذس١ٓ ٌلالزشاْ اٌّزجبدي ٚرذممبْ ولا ِٓ اٌسٍٛن اٌع١ك ٚاٌؼش٠ط 2.4GHzرؼًّ ػٕذ اٌزشدد اٌش١ٕٟٔ 

2)ش٠ٓ ثٕبئٟ اٌذضِخ . اٌزشو١ت اٌثبٌث ٠ذزٛٞ ػٍٝ ػٕص0.1ٚ ِؼبًِ اسرجبغ الً ِٓ  20dB-ٌٍذضِخ اٌزشدد٠خ, ِغ الزشاْ ِزجبدي ل١ًٍ ثذٛاٌٟ  × 1)  ِٓ

ٚ غش٠مخ   T. غش٠مخ اٌؼٕصش غف١ٍٟ ثشىً دشف  2.4GHz  ٚ3.5GHzٔٛع ادبدٞ اٌمطت ِفزٛح اٌذاسح ِغ رم١ٕخ اٌّسزٜٛ الاسظٟ اٌجضئٟ ٠ٚؼًّ ػٕذ 

λ/4 slot   ٌٟ19- لذ اسزخذِزب  ٌزم١ًٍ الالزشاْ اٌّزجبدي ث١ٓ ػٕبصش ٘زا اٌزشو١ت  ٚرُ اٌذصٛي ػٍٝ ػضي ػبٌٟ دٛاdB ٚ-30dB  ػٕذ اٌذضِخ اٌزشدد٠خ

×2)اٌٛاغئخ ٚاٌؼب١ٌخ رٛا١ٌب. اٌزشو١ت اٌشاثغ ػجبسح ػٓ ػٕصش٠ٓ ٌٙٛائ١بد الادخبلاد ٚالاخشاجبد اٌّزؼذدح  ثٕبئ١خ اٌذضِخ ِٓ إٌٛع اٌّسط١ً رٚ اٌشمٛق  (1

  30dB  ٚ-35dB-ٌزذس١ٓ الالزشاْ اٌّزجبدي ث١ٓ اٌؼٕبصش اٌٝ دٛاٌٟ   λ/4 ٚرُ اسزخذاَ صٚج١ٓ ِٓ اٌشمٛق ثطٛي   3.5GHz ٚ .5.3GHz ٠ٚؼًّ ػٕذ 

 ػٕذ اٌذضِخ اٌزشدد٠خ اٌٛاغئخ ٚاٌؼب١ٌخ رٛا١ٌب.

-FRة ج١ّغ اٌزشاو١ت الاسثؼخ اػلاٖ ) اٌٙٛائ١بد اٌّطجٛػخ لأٔظّخ الادخبلاد ٚالاخشاجبد اٌّزؼذدح( لذ رُ رص١ّّٙب ثأسزخذاَ اٌؼبصي اٌّؼشٚف 

4 dielectric substrate ٌٝ1.6 , ٚسّه دٛاٌٟ 4.4ثثبثذ ػضي دٛاmm ٘زٖ اٌٙٛائ١بد لذ رُ رص١ّّٙب  ٚاجشاء ػ١ٍّخ اٌّذبوبح 0.025  ِٚفبل١ذ اٌزّبط .

اٌٙٛائ١بد اٌّصّّخ رّذ صٕبػزٙب   . HFSS" and "CST Microwave Studio" software packages"لادائٙب ثبسزخذاَ ثشٔبِج١ٓ ٌٍّذبوبح ّ٘ب 

 جٛد رٛافك ِؼمٛي ث١ٓ إٌزبئج اٌؼ١ٍّخ ٚٔزبئج اٌّذبوبح.ٚفذصٙب ٌٚٛدظ ٚ
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The new wireless communication systems have been moved to a new level of evolution through using multi-input multi-

output (MIMO) technology, where the data rate is increased leading to an increase in the channel capacity and reliability 

and a reduction of the probability of error. Most current mobile terminals incorporate printed antennas, which make use 

of the system ground plane of the device. Therefore, printed antenna can be conformed to the device needs as well as 

having low cost and ease of fabrication. This thesis focused on the design and analysis of printed MIMO antenna for 

different types of wireless terminals, including laptop computers, access points, mobile phones and USB dongles. The 

printed MIMO antennas that were designed in this thesis can be classified into single-band and dual-band antennas to 

serve different wireless communication applications such GPS, Bluetooth, WLAN, and WiMAX. The placement of 

several antennas in close vicinity within the user mobile terminal increases the amount of mutual coupling and lowers 

the radiation efficiency of the MIMO antenna system if not designed properly. Several techniques were proposed and 

adopted in this thesis to enhance the isolation and hence reduce the mutual coupling between adjacent printed MIMO 

antennas. These techniques were integrated within the same printed backplane of the antennas and can be used for 

single-band and dual-band operations. Four printed MIMO antenna structures were designed, analyzed, fabricated and 

tested in this thesis. The first structure is a (2×1) single-band printed MIMO antenna of (48×48)mm
2 

working at 

2.4GHz. Two techniques were proposed to reduce the mutual coupling at this structure. The first technique is called 

tunnel method, which reduces the mutual coupling to about -15dB with an envelope correlation coefficient (ECC) of less 

than 0.05 in the band of interest. The second technique is called parasitic element, which causes the mutual coupling to 

drop to about -25dB with ECC of less than 0.1. The second structure is a (4×1) single-band printed MIMO antenna of 

(90×48) mm
2
 working at 2.4GHz. Two parasitic elements are used as a mutual coupling reduction technique to achieve 

both narrow-band and wideband behaviors. The resulted structure has a -20dB mutual coupling and ECC less than 0.1. 

The third structure is a (2×1) dual-band open loop monopole printed MIMO antenna of )50×60( mm
2
 with partial 

ground plane operating at 2.4GHz and 3.5GHz. T-shape parasitic element and λ/4 slot method are used to reduce the 

mutual coupling between antenna elements of this structure. High isolations of about -19dB and -30dB were achieved at 

the lower and higher bands respectively. The fourth structure is a (2×1) dual-band printed MIMO antenna of (36×72) 

mm
2
 with slotted rectangular shape working at 3.5GHz and 5.3GHz. Two pairs of λ/4 slots were used to enhance the 

element isolation to -30dB and -35dB at the aforementioned bands respectively. All the above four printed MIMO 

antennas were built using FR4 dielectric substrate with relative permittivity 4.4, height of 1.6mm, and loss-tangent of 

0.025. These antennas were designed and simulated with the help of "HFSS" and "CST Microwave Studio" software 

packages. The designed antennas were fabricated and tested, and reasonable agreements were found between simulated 

and measured results. 
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