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Abstract

This thesis describes several methods for miniaturization and
wide band effects of antenna. Two examples of the proposed
methods are magneto—dielectric material and R and L chip
components matching. First, in case of magneto—dielectric
material, single and double layer substrates are considered. Single
layer magneto—dielectric subatrate is material which has
permittivity and permeability together. And double layer
magneto—dielectric substrate i1s matrial which has permittivity and
permeability each other. In order to confirm a miniaturization rate
and wide band effect, sample antenna is redesigned because
magnetic substrate operates well at 1 GHz frequency band.
Especially, in case of structure using magnetic substrate and air
gap, magnetic pole and cylinder are considered to confirm
miniaturization ability. In case of magnetic pole, the parameter is
number of pole. And in case of magnetic cylinder, in order to
find optimistic value, the thickness and inside diameter of
cylinder is studied. So alteration tendency of optimistic resonance
frequency 1s confirmed in according to thickness and inside
diameter of magnetic cylinder pole. At the last R and L chip
components matching method is used for design of internal FM
radio antenna. This has advantage for miniaturization but gain is
not good.

The magneto-dielectric material and R and L chip
components matching methods are proposed in this thesis. These

are very helpful to miniaturize antenna size. Due to the these



merits of proposed methods, it is expected magneto—dielectric

material could be applied in the wireless communication system.
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¥ 2. 1. Z+ZF2] Magneto—dielectric material %ol W& EA

Table 2. 1. Characteristics of each Magneto—dielectric material

structure.

Structure Return loss | Impedance Bandwidth Gain

(-10 dB below)
FR4 + Air -23.32 dB 46.26 0.8 GHz 3.16
@ 5.3 GHz | + j5.41 Q dB
High Dielectric(e; = 10) -7.73 dB 26.06 -1.17
+ Air @ 4.54 GHz | + j22.02 Q dB
Magneto-dielectric -12.04 dB 39.41 0.3 GHz -0.53
(er & W=3) @ 4.45 GHz | - j43.53 Q dB
Magneto-dielectric -6.64 dB 16.44 X 2.51
(ern,W=5,d=1) @ 3.25 GHz | + j13.57 Q dB
Air(h = 3) + magnetic -30.98 dB 47.41 2.5 GHz 2.35
substrate(L,=5) @ 4.95 GHz | + j0.94 Q dB
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Fig. 3. 2 Structure of sample antenna (0.92 GHz)
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Fig. 3. 4 Position about number of magnetic pole.
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Table 3. 2. Characteristics of antenna about thickness(t) of magnetic

cylinder.
Addy A4 | VE
0.5 1.5 25 35 4.5

A FAmm) | FHY
TR T

0.86 0.64 0.62 0.62 0.6 0.56
(GHz)
o] & 2% (MHz) 360 340 340 290 200 140

41 - 46 - 53 - 51 + 50 - 47 +
AT~ (Q)

12 j1 14 70 12 13
o] 5(dB) -6.04 -5.89 -2.15 -4.92 -4.18 -6.91
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Table 3. 3. Characteristics of antenna about inside diameter(r) of magnetic

cylinder.
Ad9d A4 7 &
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A 74 (mm) obe| L}
_Tr_;ﬂ == ] 2=
° T 086 0.64 0.82 06 06 06
(GHz)

o & 2 (MHz) 360 340 320 320 320 280

41 - 53 - 56 + 48 - 48 + 48 +
j2 i4 i4 i0 i4 i3

o] 5(dB) -6.04 -2.15 -4.48 0.24 -4.84 -45
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3. 4. AA AddY FAe] wE StH e 54
Table 3. 4. Characteristics of antenna about thickness(t) of magnetic

cylinder.
Adgs 24 71 F
- J g | 0.1 0.16 0.2 0.25
A 4 (mm) SHEI L}
° T 7 7.05 6.84 6.85 6.65
(GHz)
) 9 £ (GHz) X 0.65 2.85 2.65 265
Q)3 ¥ 2 (Q) A1 - 343 147 + 327 150 - 19 | 52 -9 | 50 - j1
o] 5(dB) 448 5.42 566 5.12 484
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3% 3.5 AAA AEd Y WA mE <tEve] 54
Table 3. 5. Characteristics of antenna about inside diameter(r) of magnetic

cylinder.
AdEE 24 A 7 &

04 0.49 0.7 0.79
Z+4 (mm) obe| L}
° T 7 6.65 6.85 695 6.84
(GHz)
o & Z (MIHz) X 2.65 27 26 285
o) 7 & 2 (Q) 41 - §43 | 50 - 5 | 51 - j11 | 50 - j17 | 50 - j19
°] 5(dB) 4.48 5.41 552 551 5.66

WA a9 30 17¥% 18 18]l 3 3. 49F 3. 54 B A A
geo] FAZ FA AeE i AdA A-E e Aol getd
T SHHUe A7]E 2FANE g e AZ <tElve Bl
stS W, Hdl 5 %9 AYsES HYoH o5
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Fig. 4. 1 Structure of fundamental & matched antenna using chip.

of W crEfe] QuEs e 24 - 230010tk o] b Aw
2 oHERt (R MAEE $3Y 540 2 AL 4+ Ak o
A5 s Hel A21F B4 gonA

ooz R L 2% olgde] HUE 50 Qo= Aga: %

3 3 W
Aeatith. R A5 otelu 9 dae] A5HE 50 Qo7 o]FAAF
ML AR A9Es 4R e 002 oA E d8e A we
A a9 4 1@ ANE el Avds 3 A8 1Y 4 1)

_44_



9 429 4. 32 71 EY 2dR R-L F &aAE o] &3t
FoobeVe] wAREA B QI s 548 vERdh AT AHS
718 <telyel R, L 3 22 A <ty whalEd S

4. 2%} 4. 30 ®Ql npef o] 19 4 1(a)9] SHHlY = &
Holx ¢ AR, 29 4. 1(b)e StEIYE R-
Agreto] 125 MHzol A -35 dB9] HJA}—:%N 54L& 7M. FM 2t
el EA F34 100 MHz el ez 52 - jo4 Qolt),
%ﬁﬂ%ﬂMlﬂﬂiowww+zﬂ$5ﬂﬂ:%ﬂﬂ%%HM§%@%L
A aze] A 5402 shslstdtt. F31 dolrb FREhA ol HAl

R z] /\x}g ;GaLO} r)r

i)
o

N N

—
Y
o
_>|i

L o o N

to

_O|L
rlr
o,
&
rﬂ
[>
s
o
ot
flo

|

|

|

|

i

|

|

|

|
_______ T — o ——— — — e — —

: | [ ——With Chip

_40 : | | mems Without Chip

0 100 200 300 400

Frequency [MHZz]

% 4. 2. ¢rL}e] HiA} £ EA

Fig. 4. 2 The return loss of antennas.

_45_



Impedance [22]
o

A25p - ?T_._ B Re) with chip ||
| - ﬁe)wnhout chip
250 i L —
0 100 200 300 400

Frequency [MHZz]

9 4.3 QHHGe] dyjd

Fig. 4. 3 The impedance of antennas.

a9 4.3 o Bl mpel o] Aok <tElvhe] dvjdav 52 - j94
L 3 27l os) &34 54 tha astsdxnt 041451 &%

. v . 1
Z=R+ jX= R+ jwL gl 4. 1)

_46_



F745H7] 9@ Qe FHe FEE

4 &
Ebith Ry L 3 222 o83 AHsrto g otglu: 125 MHzoll A &A

S B4S ngomz Wi orHuel ¥4 dol2 Husy] sla F7t
@ Fu wAwe & yehgel, L& gelEg zday] fg sEn
Zol, D el 2718 285Y] A% F AE B ] A oln, Hi
belhe] B FugE wAshy] 1@ tElvhel AA DolE et
relLt TR EAWME AW SrHLt B RROIA HopE AHgstel
Astch, el el L FE PRAA P Hom AR A
o ulofEolth. FWe AA FEE tehd Aolm, AHe] vy %
EZe7] fla) Wel slgehs mAUEe Frhd e Wel vl
Ha MAEASAS Holx, 1 TheoE AHRE Frlsld gl ¥
A%04 5& 2480

N

<

X

.
~

~ D

U
L

Unit : mm

[Back side]

a9 4. 4, FHUE AT A7) 7Y% =W FEx

Fig. 4. 4 Antenna matching back side structure.

- 47 -



O =y =
o0 I\ e
O, -0t B\
3 !
o 20 | B p (Unit : mm)
—- "77777377\ 77777777 W Variation
£ | — — 4
E ! o’ | 4.5
R St (o :
T =
- 1 f l— - - 10|
400 50 100 150 200

Frequency [MHZz]

2% 4.5 WhAF 24 54 [W s}

Fig. 4. 5 Return loss [W variation].

4. 5% <¢tHY %
Z W Wsle] wE dhAbEA EAS yEdt. WrF S71ehd

=
QrelLhe] A A4 Rol

4

oX,
rlo
—
(@)
(@)
=
o
N

=2
>
Lo
(0e]
o,
o

& N1FoR B3 FA= Frssin.

_48_



el

%0

-

=
I[N

B9l do] Le] wWsto]

Efdith L &S 3 mmolA 5 mm7bA] W3tAZH o™ 4 mmY W FM 5

<
™
N

ol
©

™

e

WAL= 5442 97 MHzoll A Ho) -27 dB,

o=

3
4
150

ceeeeee 5

125

Frequency [MHZ]

=z
LN

7]

=

(Unit : mm)
L Variation

. —10 dB

100

73

Fig. 4. 6 Return loss [L variation].

¥

50

88 ~ 107 MHz%th.

100 MHzell A <] ¢

[e)

L

3z
=

o

el

ol

Aol= ghH| L]

el

o

el
;OE
{r
I

—
fite)

= atEel

2B H O] AE

=
-

e Wel % 717

=
T

A, el FHol

=

ul

o}, oA

100 MHz= ©]

Forg

125 MHz®] <4l

S
T

a ga =

|

o

Ho=Z

l

ToR

vzl

_49_



At EF hdd 7)o Fo dstel WEow A8 PN
btk wekd F olel sERE gF W
: Aolt). 2Bkl AL A7

ZhstnE, fud AR £

st 2HBXRe] A7t Sa% gev et g webs 2EBEZRe I
AS& 156 mmolA 23 mm7FA] WEAIZH o™, 15 mmY wl 54 MHzol A
-39 dB2 ZH3E EAS Bt o] AnzXE 2EHHEO 1AL %A
FoEM gQHUYE AYSAZE F UASS sttt

0
m’
B R L R e e
)
8 I(Unit mm)
[ o ;
= 20—~ T s vv 7| D variation
= | \' iy |—— 5
> | 4| - 17
©-30p-—---- 1" “I’ “““ 19
D: | | — i —
=T
- | | — . . 23
40 38 75 113 150

Frequency [MHZ]

¥ 47 WAL 4 54 [D WSt

Fig. 4. 7 Return loss [D variation].

T 4 8 Elvhel xF WY o] Hikd WEAZEL W whe
A4 E4S Vet oY Tl 48 F AY 2Eu Al 9
g Qteluel A =271E =9 4 vk H #= 80 mmelA 60 mm7}A]
WA, 70 mme W 99 MHzol A ERaHE S48 ualth whale



A 54 99 MHzel A -28 dB, ¢ 2+ 100 MHzoll A 54 + j3 Qo]
ot ®Egk -10 dB ©o]al %2 89 ~ 108 MHzth. <tHIYe] A7]E 60
mm7d %9 4 glot), YIES -10 dBelage JFoz vl u

ol FM @t e F34 g9 S wFs= 70 mmes A8 g ol Fn}
vy HAstE Fa A8% < . ¥ 1

Hueol EAS F 4 19 Ao

o
do
:(!)l:
~
—
P
A
i
>
>,
ofo
ol
ol
32
N
= J
Mo
=2
o%
>
>,
kol
o
o
PV
o
)
2
o
|
o

|
|
|
v ! |
(Unit : mm) ’ o I I
H Variati&;l T ;
— ! I |
-30 . 65 ___:j.___: _______ ,I_ _______
00 % b
40le2===- 80 i |
0 38 75 99113 150

Frequency [MHZz]

a9 4.8 WAL E4 54 [H Wst

Fig. 4. 8 Return loss [H variation].
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Table 4. 1. Characteristic of R-LL matching antenna.

vhALEA 54 -27 dB @ 99 MHz
A A o4 + 31 @ @ 99 MHz
qol = 89 ~ 108 MHz
(-10 dB °]3})
A Fd o5 -42 dB @ 99 MHz
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Fig. 4. 9 The calculated radiation pattern (@ 100 MHz).
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4.5

Via

[Front side] [Back side]
(a) HAsteE oY =%

(a) optimized antenna structure

[Front side] [Back side]
(b) AlZrE <tH
(b) fabricated antenna
2% 4010 AA B Al A SHEY

Fig. 4. 10 Design and fabrication of proposed antenna.
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Return Loss [dB]
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Fig. 4. 11. Magnetic current of proposed antenna

0 i
=
|
Ao SRS R N A Lo
| |
| |
| |
20k N ]
0 [ r
| \| |
RS s
: : —I—Sim.
_40 I I | ———Mea.
i) Ih 100 125 150

Frequency [MHZz]

2% 40120 AkE QHEUe] WA EA 54

Fig. 4. 12 The return loss of proposed antenna.
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Fig. 4. 13 Impedance of proposed antenna.
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Fig. 4. 14 Radiation pattern of proposed antenna.
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Fig. 4. 15 Gain of proposed antenna.
43 2HEB-vndd 2 FAH ¢EHY A

B odo A 24 2EE-vdbE A" <HHUyE FUE Y
o] oftel FuiE Aol FHo At AMEE F UEF AASA
g% 40162 1% 4 1o 1Bl <HHuel @ R-L 3 &5 AFESHA
@i velaR~EY dEvog AFE 3 ¢rteHuE dEhdch T
B2 QA8 QreEuve]l FAHst Aol yHoR 7ol As HE

el e oty A e violARAEY Hz2E o]E38
7Rkl AR ol & <tHue] FEl= wiA sl o, HlopE o] -3}

Fwlel melt Azsl AAskel, eteliel 2R Fias Fuend

gt 9uds AEe 98 AW 2EHE &1 RYOR 9, oty

e

_59_



A &go
1 mm=

=
=l

Hel ote| Lo

o

9o 1

ARA GomHA A7

°

g 4.1

At} 1

X

13 B e} meir

°

Huel may Aze 927 A= FERIES #A
24 ~EBsl moly Az chee)

A oF 10 dBi ¥ & oS A4S

Al

° N X %
%.ﬂﬂﬂ
2o oy
mo@aMpﬂﬂr.
— o ©
E;&leﬂ
_,O_EM:lwn_mM
T —
H/w%wwﬂ?
® T H
Otﬂrﬂﬁrée
l— B R
R
= Mo
UEN.#AEE‘WI#%
n__nﬂ_/ﬂﬁwmo
]dﬂﬂ =)
Wﬂrﬂﬂumﬁ
W%@me
N o & Y
zoglﬁﬁww
‘Ulo‘UlJlL
35 o W _..
I wuw og
BRXT WD N™ %
ﬂzwomﬂo—uﬁa
<~ 4 g oy ®
™ T M o o

[Back side]

_60_

()& A gt¥ <Hd Y
(a) optimized antenna

[Front side]



[Front side] [Back side]
(a) Alzte <reL
(b) fabricated antenna
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Fig. 4. 16. Stub-meander antenna without chip matching.
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Fig. 4. 19 Radiation pattern of stub-meander antenna.
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Fig. 4. 20 Gain of stub-meander antenna.
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Fig. 4. 21 Comparison of the measured antenna gain.
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Fig. 4. 22 The antennas receiving FM radio broadcasting.
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4.4 Summary
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