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for Penta-Band and Hepta-Band Mobile Phones

Student : Sheng-Chao Hung Advisor : Dr. Shyh-Jong Chung

Institute of Communication Engineering

National Chiao Tung University

ABSTRACT

In this thesis, a frequency reconfigurable antenna design for WWAN-band and
LTE-band mobile phones is developed. This structure utilizes a loop antenna and the
switching circuit of PIN diode. Through the operation of switch, three different loop
lengths are switched so that the lower band is reconfigurable, and the higher band
maintains its performance. As a result, this antenna can achieve much more bands. In
this concept, we design two frequency reconfigurable antennas for penta-band mobile
phones and a frequency reconfigurable antenna for seven-band mobile phones.

The first proposed antenna has the capability of switching the lower band
between the GSM850 and GSM900 frequency ranges with only a minor impact on the
upper band. The upper band covers the frequency ranges of the GSM 1800, DCS1900
and UMTS2100 communication standards. With the need of market, a complete
ground is needed under the antenna to provide more area to lay out circuits. The
second proposed antenna with the complete ground also has the capability of

switching the lower band between the GSM850 and GSM900 frequency ranges and

II



the upper band maintains GSM1800/GSM1900/UMTS2100. As mentioned above, we
achieve two frequency reconfigurable antennas for penta-band mobile phones . With
the development of LTE, The third proposed antenna has the capability of switching
the lower band between the LTE700/GSM850 and GSMS850/GSM900 frequency
ranges. The upper band covers the frequency ranges of the GSM1800, DCS1900,
UMTS2100 and WLAN2.4G. Consequently, we achieve a frequency reconfigurable

antenna for seven-band mobile phones.
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2R RRIE S L AR 53 PSR R R 3% % 2 6-dB
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2.1.4 = S| e

R et Bfs R 3 e

=4

T A AR LR e 2 SR
RS CL SRR L s +IEL ST R o Y
SER T g AN AT REMF R TR F a0 11T WL R ek

FE2HAR 3G P AR o

OFF ON OFF | ON
Frequency Efficiency Frequency Efficiency
$24 Mz 79.09% 18.35% 1650MHz | 50.61% | 38.20%
836 Mz 22510 10,379 1710MHz | 66.72% | 46.27%
849 Mz 30.49% 24739 1730 MHz | 65.39% | 54.58%
869 MHz 48 71% 34.57% 1750 MHz | 64.85% | S7.01%
880 MHz 4861% 37.69% 1760 MHz | 66.56% | 58.37%
894 MHz 48 849, 43 .03% 1790 MHz | 65.80% | 5948%
900 MHz 4523% 46.26% I810MHz | 64.52% | 60.53%
915 MHz 39.93% 49.97% 1840 MHz | 65.16% | 64.82%
925MHz 33.58% 50.75% 1850 MHz | 6594% | 6598%
940 MHz 29.30% 56.37% 1880MHz | 62.10% | 64 80%
960 MHz 22.89% 56.81% (b)
(a)
OFF ON
Frequency Efficiency
1910 NMHz 58.99% 63.57%
1920 NMHz | 38.70% | 63.29% 22,1 BB 15 B P2 2 &
1930 MHz | 58.33% | 62.81%
1950 MHz | 57.60% | 62.053% (a)P¥ B v 18 2. ig&_a{ﬁz-;:::;«
1960 NMHz | 56.77% | 61.73%
1980 MHz | 56.13% | 59.04% (b) B B w0 15 20 B HF p e & 3%
1990 NMHz | 56.26% | 60.48%
2110 MHz | 55.82% | 58.60% (CORF B0 15 2 F o5 12 2 30
2140 MHz | 49.80% | 62.82%
2170 NMHz | 44.23% | 64.949%
2190 NMHz | 43.23% | 67.23%

(c)
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Average gain (dB)

Peak gain (dB)

#g % | XY-plane | XZ-plane | YZ-plane | XY-plane | XZ-plane | YZ-plane
850 | -4.65 -3.2 -2.19 -0. 32 -2.1 -1.09
900 |-3.34 -2.54 -1.4 -0.3 -1.47 -0.9

1800 | -2.86 -2.18 -2.04 -0.13 0.28 0.59

1900 | -2.67 -1.53 -1. 71 0. 46 0.17 1.5
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2100 | -3.7 -2.28 -3. 64 0.56 0.25 -1.19
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F_

SR2.30 0 B2.29% B o d BT g AE M EEL S 0 2 M2 6-dBrE iy
% & GSM8502 GSM1800/1900/UMTS2100 » ™ B 34 5 » % s 2 6-dBre g
%7 % LGSMI00£2 GSM1800/1900/UMTS2100 » 72 £ 7 #F 5 7 34 v % o 82
REBEMF EFIAFI-6dB ¥ UE HBER LS -

R2.30% F 2 ERIF - BB LoF L > R gk my 3 &3
T EEREen6-dBrE g B 0 MOIE 7 % & GSM850/900(824-894 MHz, 880-960
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2.2.4 X B NE P
R N N R Gk DR L RE S Rt i )
AR BLPIRAET Lo P TR PameS A f BT G YRR &

HER > TP gL AR RERFH T Y TR Feoarad o T T L R Eark

FE2HAR 3G AR

OFF ON OFF | ON
Frequency Efficiency -
g Bt Frequency Efficiency
824 MHz 40.04% 19.72%
: : 1710MHz | 40.43% | 39.55%
836 MHz 49.82% 26.68%
3 y &y : Q7
i | s ey 1730 MHz | 40.88% | 40.77%
869 MHz 5318% 4338% 1750 MHz | 47.78% | 453.58%
8§80 MHz 49.18% 48.70% 1760 MHz | 30.38% | 52.33%
894 MHz 48.84% 51.04% 1790 MHz | 30.58%; | 53.459;
00MEz | 31204 i IS10MHz | 6143% | 5531%
915 MHz 33.71% 53.79% - —
1840 MHz | 70.84% | 68.61%
925MHz 30.93% 55.76%
50 3.50% 3.22%
GoMHz | 2502% 4988% [850MHz | 73.30% | 73.22%
oo | s Y, 1880 MHz | 68.57% | 72.77%
(a) (b)

OFF | ON

Frequency Efficiency

I910NMHz | 62.09% | 70.20%

(\s,

1920MHz | 61.17% | 69.63% 2.3 B2 R

1930NMHz | 58.33% | 67.50%

1950MHz | 54.15% | 62.05%

1960NMHz | 51.31% | 59.46%

1980NMHz | 50.02% | 537.49%

1990 MHz | 49.88% | 55.07% (COF M 182 BAE»TF {6 L3N

2110MHz | 32.84% | 63.87%

2140MHz | 44.88% | 42.47%

2170 NMHz | 42.43% | 41.67%

(c)
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Average gain (dB) Peak gain (dB)
#g % | XY-plane | XZ-plane | YZ-plane | XY-plane | XZ-plane | YZ-plane
850 |-4.78 -2.67 -3. 37 -0. 67 -0. 32 -2.3
900 |-4.12 -2.5 -3.23 -1.53 -0.13 -1.89
1800 | -3.56 -2.34 -3. 27 -1.42 -1.13 -1.78
1900 | -3.17 -2.46 -2.89 -0. 25 -1.07 -1. 34
2100 |-3.2 -2.75 -3. 14 -0.78 -1. 01 -1.03
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3.1.5 % S| P per s

AE R TR S T B X BRI E R S 2 4
B ep @S Sep b F R R Flamed ot de L BT 5 AR
E kend & 5 FP g,’txﬁj G MBRIR R R @ T L R

e A2 B 45 AR

OFF | ON OFF | ON

Frequency Efficiency Frequency Efficiency
694MHz | 3851% | 7.13% 694MHz | 38.51% | 7.13%
710MHz | 38.49% | 832% 710MHz | 38.49% | 8.32%
734NMHz | 39.71% | 10.37% 734NMHz | 39.71% | 103.37%
751MHz | 41.61% | 11.86% 751 MHz | 41.61% | 11.86%
775MHz | 41.84% | 15.21% 775MHz | 41.84% | 1521%
790MHz | 40.23% | 22.39% 790MHz | 40.23% | 22.39%
804MHz | 37.93% | 23.12% 804MHz | 37.93% | 25.12%
810MHz | 38.58% | 27.25% S10MHz | 38.58% | 27.25%
824NMHz | 43.20% | 35.34% 824MHz | 43.20% | 35.34%
836 MHz | 45.27% | 39.76% 836 MHz | 45.27% | 39.76%

(a) (b)

OFF | ON OFF | ON

Frequency Efficiency Frequency Efficiency

1710MHz | 35.64% | 47.29% 1950 MHz | 61.33% | 57.73%
1730MHz | 58.13% | 4837% 1960 MHz | 59.32% | 56.32%
1750 MHz | 52.54% | 5187% 1980MHz | 54.75% | 39.94%
1760 MHz | 5425% | 52.68% 2050 MHz | 50.29% | S843%
1790 MHz | 31.34% | 49.21% 2110MHz | 5549% | 47.85%
I810MHz | 50.78% | 48.19% 2140 MHz | 59.83% | 31.49%
1840 MHz | 33.68% | 532.12% 2170 MHz | 62.66% | 55.61%
I1850MHz | 57.25% | 51.54% 2450MHz | 69.28% | 35.75%
1880 MHz | 60.18% | 55.94% 2500MHz | 72.63% | 38.91%

1900MHz | 63.77% | 33.67% 2550MHz | 70.32% | 62.28%

(d)

(a) B B 18 2. MAE »TF a L 30 (b) B R oo 18 20 MAE »T T {8 L3R
(C) B B4 15 2 B HF ek 9 L 4 (A B4 15 2 B 4 ek (5 2L 4
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(e)

Bl 3. 22 2500MHz g & 3-7)

270

(b)
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3.2 ARMEMR2Z TN FPRE B

Average gain (dB)

Peak gain (dB)

# 5 XY-plane | XZ-plane | YZ-plane | XY-plane | XZ-plane | YZ-plane
750 -3. 54 -3. 01 -4. 47 -0. 34 -1.33 -1. 46
850 -4.87 -2. 46 -3.24 -1.91 -1. 97 -1.59
900 -3.13 -1.45 -3.99 -0.14 -0. 46 -1. 32
1800 -1.51 -2.67 -2.93 2.3 -0. 48 2.93
1900 -2.49 -2.51 -2.12 1. 87 -2.32 -0. 58
2100 -2.32 -2.84 -3.12 -0.78 -0.14 -0. 87
2450 -2.17 -2.04 -1. 89 -0.24 -0. 41 0.73
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v 3 2% (Conclusion)
rh ¥ *Pin diodey T B M2 FAEV AR O MHF AR

oI IR RS BATE  Ad £ X SRR AR kAR ] el T
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