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FDTD Analysis of a Monopole Antenna on the Ground Plane
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Abstract

For the reduction of electromagnetic biological effects from cellular phones, the electrical field radiation from cellular phone
antenna is reduced by using partial ferrite material added on the phone case as ground plane. On the given properties(permittivity,
permeability and conductivity) of ferrite material, the characteristics of monopole antenna is analysed depending on the variation
of ferrite added configuration(thickness and shape). According to this analysis, the design method and direction to minimize the
biological effects to human head is proposed in 1.7 Ghz band PCS phones. For the exact analysis involving the permittivity, per-
meability and conductivity of ferrite material, FDTD numerical method is used.
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Fig. 1. Configuration of a basic monopole antenna.
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Table 1. Electrical properties of ferrite material.

zinc oxide, iron oxide,

material components .
manganese oxide etc.

vapor absorption rate 0.08%
permitivity 7.0+ 0.6
permeability 2833
angle

\/

(@) (b)

Fig. 2. The configuration of a monopole antenna on the
ground plane with ferrite material lacally.

Table 2. The numbering of analysis cases.

Ripfem] |Ryylcm]| tlem] afdegree] Numbering
1 5 0.1 0, 30, 60 A-1AB,C
0.5 " A2ABC
1.0 " A-3AB,C
10 0.1 0, 30, 60 B-1AB,C
0.5 " B-2A,B,.C

1.0 " B-3AB,C
4 5 0.1 0, 30, 60 C-1AB,C
0.5 " C-2ABC
1.0 C-3AB,C
5 10 0.1 0, 30, 60 D-1A,B,C
0.5 D-2A,B.C
1.0 D-3A,B,C

2% ATl FERoR Bl Mgole 72
£ &34 4L 9, Fig 29 2ol Heol=9
WA Ry, 97 Ry @ 57 o m2 59 4 oF
60=Z WAATN st e =
ol whe ASES T Table 29 2ol WEsk

o Bt Bt 790 =Bt sjae B3t
3 AAzA P& Azbzt F7tel the Maxwell B7|
B4 slE A4 Tehe 2] sMHeEs &7t

J. of Korean Inst. Resources Recycling Vol. 12, No. 6, 2003

off

stk wEkA Maxwell g e FA4 e +2
T A& FDTD WS FHEdhe Aol 2o,
TD H& WE ArE AN Maxwell A4S
FTAFTARERES ol838le] A3 B2 Gl 2AH
o F olsiAA A EAE B4k TN W
it}

Al HEHE Zhe HAage] 71 8 AP

He thew R

J

VxE= u%i{ o'H (2a)
E =
Vxﬁzsa—cH (2b)

71 Ex Haz A71%, 27148 Jepiz e,
W o% ok A7 FAE, FAL, A7 2 2713
L

2 2a)et A 2bE A4 AFAN L9 el &~
2o} WA ow gRsd T 2.

A )
a;{ 1@; 381:; 5 Hy) (3b)
= Z’a@Ey“a% HZ) 4
P
JE 2
2k Azbe] wgel tiFk vlRe FARIAE 2
AHE olgstel ehim
au“(&i),X js k)zu:mﬂ,gu?—vm (5a)
au"(é,yj, k)~u21/2+j,kA_yu?*VlJ-k (5.b)
au“(;,zj, k)j?.j,knzz—“?—m (5.0)
G K)_ Ui A—tu?iiﬂ (5d)

ol En, 7| 1i,j, k= Fig. 3°14 Hlujep 7ol



oo R ATolE MES Zhe Bt ol R=ZQE U] FDTD #iT 35

@i +1, k+1)

wiagnetic figld

({i+LJ+1,K+1)

J (i+1,j+1,k)

N Ay
(i+1,5,k)

Fig. 3. Figure of Yee's unit cell and electric and magnetic
field components.
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Fig. 5. Radiation pattern of the Case D-3B antenna.
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Fig. 4. Configuration and Radiation pattern of a basic monopole antenna.
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Table 3. Properties of basic monopole antenna.

Case main lobe Mag main lobe direction HPBW level variation
[dBv/m] [degree] [degree] [dBv/m]
fundamental monopole antenna 19.6 38.0 41.9 0.0

Table 4a. Properties of ferrite added monopole antenna.

Table 4b. Properties of ferrite added monopole antenna.

Cases mall\r/}alg()be ﬂ;?;zctli?)?\e HPBW vaﬁ;’fii)n Cases mall\l/'llalg()be Ig::ctli(())t:le HPBW valrei;,filon
[dBvim] | [degrec] | 198 | (aBy/m] (dBv/m] | [degree] | 198 | (4Bv/m)
A-1A 209 34.0 420 14 C-1A 202 36.0 022 03
A-1B 20.7 350 418 0.9 C-1B 20.1 37.0 417 02
AIC 20.2 37.0 417 02 c-1C 20.1 37.0 419 0.1
A2A 17.6 410 517 4.6 C-2A 193 38.0 46.6 09
A-2B 186 38.0 49.5 36 C-2B 19.6 38.0 445 0.6
A-2C 196 37.0 449 15 c2C 19.9 37.0 435 03
A3A 16.3 430 50.0 1.6 C3A 18.5 380 48.5 0.2
A-3B 17.4 38.0 478 3.0 C-3B 190 38.0 448 0.1
A-3C 18.7 36.0 46.5 2.0 c3C 19.4 38.0 442 0.1
B-1A 20.8 340 489 1.6 D-1A 20.6 37.0 472 1.0
B-1B 207 350 476 038 D-1B 20.3 37.0 46.7 04
B-IC 203 36.0 449 0.0 D-IC 20.0 400 406 0.0
B-2A 16.5 44.0 559 32 D-2A 180 430 60.1 02
B-2B 17.8 400 524 3.2 D-2B 18.0 410 46.8 0.0
B-2C 18.8 38.0 462 12 D-2C 18.7 440 50.7 0.1
B-3A 15.5 46.0 57.9 17 D-3A 17.9 410 720 02
B-3B 166 430 56.7 L5 D-3B 184 39.0 450 03
B-3C 18.0 37.0 47.1 23 D-3C 18.9 38.0 443 02
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