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A Design of Miniaturized Built-in Penta-Band Chip Antenna for
Mobile Handset
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Abstract

The novel internal monopole chip antenna of penta-band operation for GSM850/GSM900/DCS/USPCS/WCDMA
bands for mobile phones is proposed. This antenna occupies a small volume 8x3.2x20 mm’ and is suitable to be
embedded in a mobile phone as an internal antenna. The minimization of the proposed antenna was realized by using
spiral line structure and meander line structure on FR-4 of dielectric( € ,=4.4). The designed antenna has the wide-band
operation in the upper band by overlapping high order resonances. The measured bandwidth of this antenna (VSWR
>3) is 150 MHz(1,030~1,180 MHz) in the lower band operation and 650 MHz(1,760~2,410 MHz) in higher band
operation. The measured radiation efficiency within bandwidth(VSWR 3:1) is over 50 %. The antenna has been
designed by a commercial software HFSS. '
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Fig. 1. llustration of the structure of antenna.
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Fig. 2. Equivalent model of Fig. 1.

ENNE A4 AREN S7HECE g¥sH I8
28} 7tk

3% 2904 EE A4 U et 238 9
7HA 29 Qe 718 AE AFEEE SHE Ul
Ae A Je gEvrE BE slFAEE BojA
9ok 2888 39 29 RYS TI9 33 7 7
3 57t 322 WE shEsith

Uty o 2 <teve F7t 322 B¥EI] d&
SAolr, WY ote Ay H'ize] 7v4 o] 714k
3 A 27} o ERe A 5 H2E ¢
¥3] W3sh= AL E7HEsith v B HoA
T Sty W Rl A B S A4S 74 Al AlE
9% gt e I E T Fu49 HilE 323
71 98l Wi$ 94 Rdg ueo g Mg 1)
Tk 19 39 48 dHx e Fike 3A
< ZA3Fd [11]0] AA3] 2= o] Atk I3 39
A9 4 gEdaE o 4 (D2 2dd0

A

iZ gsin@ 7+ cos 8 4/ jwC 1
—(1—cos 8 T) 24 isin8 TX(jZ ssiné T+1/jwc T)/Zs (l)

&

.

—0
Zs 8
[ i

i

A8 3 7 22 BEe 7 A AHE gy

o £7} sz
Fig. 3. Equivalent circuit of antenna using branch struc-
ture or parasitic element.

290

¥ L) 1] i
; P ¢ C,=0pF
o0k : It H B TPPErrs —_—— Cz=05PF
m sssss " Ty i
i . , ;
¢ 4 iy
i NIRES N Y I .
* S peS Hd
- I 3 : . 3.‘”»- j
£ : i
; i
N I i i
L] 1 2 3 @ 4 [ ¥ * LI ]
Froguney (Gitad

38 4. Cr=0 pFAAF Cr=05 pF(RNY o 44
A 2o Mg

Fig. 4. Change of input reactance Cr=0 pF(solid line)
Cr=0.5 pF(dashed line).

Cre] Z& 0 pFol Al 0.5 pFo 2 Waalg e v ¢
g Zdelx 7ol WalE 1Y 48 E8 9 &
At

IY 45 B9 <y 45 7Hd AAE 9
3l 32 R Fugvt A A AE G F
9t} o] & o] &3] o|F g GHUE AAT &
Ao AHAE Fhol Aol e} 1.2 GHz 330
A9 98 gdex g dart AAA HEZ Y]
B FA FHLAY fgE 447 dojuA 8
. 2YEZ g AiME fgE9 rE Ha
2 3 o3 Y e AsLA Pk

22 &¥ & QHILE A

GSM850/GSM900/DCS/USPCS/WCDMA(824 ~960
MHz/1,710~2,170 MHz)9] 5719 gL 4435
obgl U= 1 GHz$} 2 GHz 24 iy EAS
7bA ok gt} dgy 2717 AR dRelA 23
Aoz I FHFE WF7] A dstod mdd
HE 722 AHgarg . 28U FojA Eo] Al
A oS g vdd siE &g AR 30 4
3 tHE A3F0 2 FA Fo4E dojxd 4}
glom, o o NAE 7Ha Td LA Huzl
Gl 3o iGN g dHsly] JME
oteluel 3718 24 £Y ¢ itk 1gBEE
ote|uvbe] AEAH A5& ZEste e Fol
£ 20 mmE A st AA A



Fo 227 WA 5% dg A de AA

19 5% 0] 20 mmE 71X E Wy ghgjuo) feeding) W2)& AME3tA o FAE EAL A%
o, StV s ZAd 6709 HAZH BE2x2 & AAE 19 69 dEHvE 53 AR FHE 5
mmz)2 Qreue) IR AHH 0T Bedsr) & Atk I8 59 T7 69 7)E 3R Fu ggE
© B AAEMD)E 98 H=ojth o) tyy= “45}0 & 19 FY3Ar
980~1,110 MHzS} 2,100~2,190 MHzo| A ZA51= F 19 A3} S AHE JutAol njay 72
olF Yy ¢relvtolt). of ¢t M* 718 R Fohe A 130 MHz(12.4 %)

29 59 o]F g U= GSM g gz g HgEE 7 v 7H F31S o83k o
AHEE AT 2 GHz 2A 9 o] Hujdo]) 2 vy e FUt2 FHEEe A N 2
ol Fule SAE AL F Y2 A of & A el Aol B £ 60 MHZ(6.8 %)Z <k 6 %7}
ot I8y 2- 17(401]*1 AW HGR] A EAL 2 YA Z a7 dodE £ F 9ok vE 1z
A71 3l o FAE o188 AL, ShElL Wik TR FoF g9 Y Ee thd FRYYAT
A BYHE A i TH ARATE 27 ARA = o GSM t9E 488 ¢ gle gEHr I9 55 9
] 712 FA to] FolAA HE Ao o gHUEE FAAFE & 5 Ak
Atk o] HA2 I 59 etelvbel 7+F FA(gap IYEE B =RdAe 45 7 e AE

@ A0E A @ A4 A

(a) Overall figure (a) Overall figure

7.00

5.00

3.00

790 230 130 MY %0
Freq [GHz] Freq [GHz}
(b) VSWR 12} (b) VSWR 12}
(b) VSWR graph (b) VSWR graph
I8 5 Flod 25 o83 o3 g P J8 6 2T FAL 0§ o1F U ey
Fig. 5. Dual-band antenna using meander structure, Fig. 6. Dual-band antenna using gap feeding.
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Table 1. Comparison with bandwidth of antenna at
Fig. 5 and Fig. 6.
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Fig. 7. Structure of the proposed antenna.
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Fig. 11. Antennas manufactured by PCB technology.
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Fig. 12. Installation of designed antenna to test jig.

7.00
[ T ] { \ {
1 ! |
| o A .
| [ J
- e |
T T I
| f [ /
Vol o
L | '
3.00. ! 3 / /\\/
| \ /
\\ | \ //
: \}’ \ ’\//
1% T 2. 340

1. 2.00
Freq [GHz]

J8 13, HiYe) 238 VSWR gh(AA)3 A8
ol el VSWR #{(HA)

Fig. 13. Measured(solid line) and simulated (dashed line)
VSWR of the proposed antenna.

R FAL 18 §0)F 2om AA A7)E 40693
mm’elck, 71% W ZLeheERe} Yol o 3,000

294

mm’ 2 A BET P Fo dLs9Y us
3t
I3 BAAXE 2™ 99 gy AEH A
VSWR #& F&3lo 33 <relvte] VSWR 3t
Bl 23 Ak IY 128 F3o HUE A AR
FQe AL, FA F347 100~200 MHz A
stgsiA Jy A4 AR AgFlA 3ol A
go] AXTE A F itk 4 A AYE
Qtelvte] Y &L 7|& 32 Fog oA 150
MHz (1,030~1,180 MHz)o|® 7.3 T2 Z54 1
Qo) A 650 MHz(1,760 ~2,410MHz)o]t}. 24 <]
2 U7t #4312 &= GSM o3 DCS o
quT i oy AA H=Fd AR A B2
Fog o] EAFERE AMS Foe R
g4 5 YoM 2354 AAE 87t AT
Bl wg deZo) 438 79, A=E Aol2d)
3 37 Fa49 sy oflg) QY T
REEA g3 ctelvte] 48 AdFds gho] W
HEw, olw dubgoz ¢teluel ¥4 A
& A7 YEM WE JdYHEZ A &
gt} o] WA AFHE GSM Y Zo] Fr g
A6 A Fu47) sgeA HEE At

3

B o

oL
o
=
T
A
‘3

oo

=,

-

)

AT B2 713 Al g Fosun
04 & FapdA 33 & ¢ IEE dAs) ok
[l-la=

% 149 18 15 1 GHz 93} 2 GHz Yo
A8 FA NG AR, T AR, B ARAAY &
A8 279 WA HE S Jepdlth 29" 158 §
3to] 2 GHz oA 23k R % w2 ¢
(Lobe)o] g™ 2 & gtk 13u} Fo) B2
7le AoE 53 WA FASE R0l ol ER
el WALEE ol FoF 8o "k

1% 149} 1594 TRG(Total Radiated Gain) 7S
7189, ol= 7t F35A El, E2, H-plane
o9 o5& F3 F o]5L el AoiH, W
AEES v AE7F @tk o7]4 El, E2-
plane> ¢telvke] FAHA 7z} 3, 3 HH
< ulgth o] FES R st E 39 Z718
o] X& F3to] AtE <JEHVHE VSWR 3:1 o]s}9
U Woll HALE o] HA S0%E 9SS AT 4
Ak

=



2D Gain{H, E1, E2)

——TRG

0 60 120 180 240 300
Angle, deg
(a) 1,030 MHz

2D Gain(H, E1, E2)

0 60 120 180 240 300
Angle, deg
(b) 1,105 MHz

2D Gain{H, E1, E2)

[} 60 120 180 240 300
Angle, deg
{c) 1,180 MHz

O 14. 1 GHz Bolx 248 4at el

Fig. 14. Measured radiation efficiency around 1 GHz.
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Table 3. The radiation efficiency of the proposed an-
tenna.

(@ 1 GHz 35 Uy
(a) Around 1 GHz

Start Center Stop
Frequency (MHz) 1,030 1,105 1,180
Efficiency (dB) —298 -191 —2.54
Efficiency (%) 50.37 64.42 55.74

(b) 2 GHz F3}+ o
(b) Around 2 GHz

Start .| Center Stop

Frequency (MHz) 1,760 2,085 2,410

Efficiency (dB) —1.56 —1.33 —~245

Efficiency (%) 69.75 73.58 56.85
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