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Computer Simulation on the Correlations between the Microwave Quality
Factor and the Pores inside the Dielectrics
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Abstract

Effects of pores on the microwave properties in microwave dielectric ceramics were studied by a
computer simulation. Scattering matrix Sz obtained from the network analyzer was compared to the Sy
obtained from the simulation. From electric field distribution, the dominant resonant TEois mode could
be easily determined. The effects of the porosity and pore size inside the dielectrics on the microwave
properties were investigated by the HFSS simulation. When the total pore volume remains constantly,
the quality factor decreased as the pore size increases. As the total pore volume of the dielectrics

increased, quality factor decreased.
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Fig. 1. Schematic of cavity resonator method
using RF network analyzer.
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Fig. 2. 3D schematic layout of the dielectric
cylinder and pores.

ulolz ey FAAMY 22 Fo| AA 2FAH el
EA&E 71 Fe ¢ pmolA £ A um AR A7)
ol MAuk, AlEH oM HA 7T AVE thh
AA HAI}Y 71F F A AVE F Ml
05mm¢) AS4HA (0.5mmx0.5mmx0.5mm)EA 44
i AAe BrE dAsR AEHA HH

313

A7) A A 885 =T A, Vol 16, No. 4, April 2003.

A 7| FgolE FAHM LEAE Byd i H&K
W HAe 71FEY FNEe vEg viE v
9 Mot 12577F HH e 2%9] 7]E&e] €
=3

Agdgeold HAeA MCT F48 Aehgdze A
A4 Al FH7] e g3 HA 3§
A48 EJYE & FAvh. §HEol 20012 10GHz
Mg fH&Hgel dg 0001 AEE YEVERRE
o] #& HFSS AFAHA HE3Hvt. AddA o
Fo) HFSSE 7158w A5Hoz W4 (3 A
224)8 Uy #Fe] Aagrt HFSSAHA Y w4
NEe B2 JAlMe FEANY (FAEH AEF F
B4E 28t QEAEL ExHo| Hug /|F
9 AYIE F um FEE FUGA J1FY AL
FUA7 =Ha w4zt & AR solus £49
oA ok wly B dFedME o= HAxd 2
A& gEstEA vFe 2V 8 vk aA dAsE
g 344,

W37 eI E 4L AFsEH oA ¥
g Zx7] WaHqst el eolFe dF &R w4
o] A4E 27} (Mesh refinement)Al 7l o] F AHA
4 (S parameter)2] W& & ALY Y FF
ol +£¥% o o9 AFE e AEE F
@t dAzbd 29 3e gA4sn Fog W
WE S A& EFESA A YA FAH L FAE
#e vpert o122l

3. #3 ¥ g

a9 3 ME 71EEE 2%E HAF A$d dig
o Fw4g 2~15GHz7HA BEAFIHA A& o]
Heg T4 S ploth HdEHLE T Sy plot &
£ vasted Yt d¥¥ez 3§ Ade
RF network analyzer (8720C, Hewlett Packard)&
Ag3te AA A22¥ MCT |4A Agte=g &
A& gholth, B Q7N & AHeR ALEE
MCT #AAe 71¥3&% 24 27 2% AER
veElteng B A BE 7]Fgo 2HE ALE
B+ vk A@Age Fugs 2dEQAA Y
¥ A9 BE TEos moder 5GHz HZ22 ¥]&d
A v

gy 19 39 dHE BU A9y WHdg AE
Hold wjoly FAFMREFE i th2A e
I, B 3o ddoie Spe Fua BEAAL A
#a g2A vebdeh ol 449 H¥EAHA =d



J. of KIEEME(in Korean), Vol. 16, No. 4, April 2003,

e wolagd §AF R EAFdE 7F,
cavity W] A% BFAA, 314 &
cavity® 7HF2A Sl ¥ A EHoHHE
ZZol H7 oz wddd 2y AA
A A AEdHolde B delA TEa
s ZEA 2 3dB A EE FaAM Qe A B
W A&7}t 1430, N Bl A7 1210024
20% AEe 9x2 vehygd

&
=1
&
=
=3
EY
hal

B ool oy

(a) Simulated

{b) Measured

PRI TSP S TS NAPETY | NN U I S NS Y By
8 8 10 12 14
Frequency [GHz]

a8 3.2 ~ 15GHz el e] A@AF Sl F#%
4 o|&A. (a) Ansoft HFSS V7.08 ol&%
A Egdold d3 (b) MEYZ FHVE o &
§ 2437 TEu BEE 4B E Jeld,
Frequency dependence of Siz in the range
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measured result using network analyzer.
TEois modes are indicated as arrows.
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Fig. 4. Vector electric field in the horizontal plane
of dielectrics at 5.0GHz.
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Fig. 5. Frequency dependence of Si2 in the range
of 2 ~ 20GHz when the number of pores
inside dielectrics varies.

k3 1. 33 W2 7FAF Hste] wE §

st FAA S

Table 1. Calculated Qi when the number of pores

inside dielectrics varies.
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1 8.86 1029
8 9.76 1059
125 11.76 1158

71 &8 ME7E EFAAED 71FY ANE wEHAR
2 AA AR RE AL AH 7| FE
& A 2%2 FAHADL. Qu 7 AL TEms
FRReAM Yelude F3a9ae FAFREE o
HE (-3dB)e.E U¥FoldE o BEEH Aisd ®
1ol vrebdlisie), 7139 azzt AXEA ALt 2
EE AL FAASFE 10% AE t: B2EL
E ¢ Ak &, A8 WelA 7]F&e €AITGn
7pstd 2 ArlY 71Fel Ay Ue A$R
a2 27l 71Fel A& AFE e AL F44
F7b 288 ¢ F A F, F34 Agd s
AP zel A Azt R 7 FEo] dAdHER 2

315

A7) # A 285 =54, Vol. 16, No. 4, April 2003,

A718 71 Fel #EX8E AL FHAFY A58
He ¢ Uesd ¢ 5 vk AEdsyg Fs 43
#4-g& i o]Fe] 4AFH e £AFE VFL
 umel A £ A m Az AZ2A o8 71x g
Bt slch g URd EFEe g #E9 49
71 %, AAH EAFE A & VFE 9 4L
el o] EFolTol 283 dojuA] g FHLd
' 93 #4704 HgstE & 9 ums] 7]1Fe &
AE +x Yok, B A Bl AAE BIA
A VF&e] dAsideE 71F gt 2
2 &8s A% FEASY Ay & AR
237 4=

a8 69 AfE 7139 AZE 0.5mmx0.5mmx
05mm=A Q&R 1 AFE 2SS AA 7)F
£& F/HAHE o At ASse F95 EHE JE
Wtk &, 713 & 1% A5+ 627, 713§ 2%
Hee= 12670, 713§ 10%2] A%+ 625709 7F&
A sk

&=

51
e
U

Porosity 10%

Porosity 2%

Farosity 1%

bbbl

Lo

Redbeiniids Lok Il . .

0 2 4 & 3 10 12 14 16 18 20 22

frequency(GHz)

a8 6 #3A 71FE W3y mE 2 ~ 20GHz W
dol M o] AAF Spe Fiag &4,

Fig. 6. Frequency dependence of 512 in the range
of 2 ~ 20GHz when the porosity of the
dielectrics varies.
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Table 2. Calculated Q. when the porosity of the
dielectrics varies.
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