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Permittivity Measurements of various Materials
in 13-28GHz Band
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Abstract This paper presents the results of permittivities of various materials by measurements of the dielectric
properties for the materials in millimeter-wave band. Since the advantages of millimeter wave band include the
miniaturization, weight reduction of component and a lot of information transfer, its study has received
increasing attention of researches. Also, because of the characteristics of the band have the superior straightness
and the small diffractive, in the band, the analysis for the reflection and transmission characteristics of the
materials will be very important. Moreover, a low interference is one of characteristics of the band due to the
fact that the millimeter wave is absorbed in the materials. Therefore, in this paper, the reflection and
transmission characteristics of materials are measured in the band by using the free space method. Based on the
presented result, the permittivities of the materials are derived by the calculation of Nicolson-Ross Weir method.
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Fig. 1. The Flowchart of permittivity measurement

H 1, |82 &3 oy
Table 1. The types of permittivity measurement

=74 =4
* 2GHz ~ 325GHz
< frAE, FAE 54 e
Free Space |+ ®jde] Wao] wli gwojofof 3

F34 W 54 3719 WA A2 Be

[)

=1

+500MHz ~ 110GHz

gy | A FAE 5 ks
rdnEnlsslon caso Reel b W
TE e Bzdz, maw BYd 54 TR Ak
e T EUE R FE T
*500MHz ~ 10GHz
GG, FAE 2 s
Resonant co AUEE Ho)
Cavity it
L3207, B9 Bele] 54 A7 Ga
e L EUER FES T
« 200MHz ~ 50GHz
cEAEe 24 17
Coaxial Probe |« ] 1] &% 5 54 7}5
«wjF F7] lem o]
< ERo] e Bulolelel o
1. R8s =3 44
549 &2 Fog dgs v, 8 =4
A 22U FE SolE JFS v vl g
A4S M E 4 Y 259 55 5 TH 3
A HeE A FAAIIE Ao] Faslth &
SAS §18 e ¥ 13 o] SAHSI A} gF= T
o] W9, &4 A U, F45taat sk AR 5
A 5o W} Resonant Cavity, Transmission Line,

Coaxial Probe, Free Space 52| w-2lo] ¢)u} bl

R

Network Analyzer

J8 2. Free space 4|9

Fig. 2. The permittivity measurement system of
free space method.

S8 53 AlAy

- 162 -



The Journal of IIBC. Vol, 14, No. 1, pp.161-167, Feb. 28, 2014, plSSN 2288—-0879, elSSN 2288-2618

o =wolA= delvE gk diefe] thekek FabrellA
v mid ] &S Sk wel wide] FR7t
Al 5748 217 B8 §lE Free Space WA 02
FAE&E SAs A Gt Free Space WA 02 {404
S SAY W, AR sk v o]e)o] S A W
AbE= Aak IS WAIsk] sl 1d 29) 2Eo] wiE 3t
St SRl AutgAlE wAgte] f1& 54 Al
28-S PSR

2. RS AL 2y

FAES Adehs dEA P2 S-S Fdl
S F YT S-parameters 438 FHES ALtshe

NRW(Nicolson-Ross Weir)e|t}. o] %92 S11, S21 3
e S PR FA&S IR e

o i 5 g™

_ Syt Sy — 1 @)
! _(511+521)F1
. 1+1
p, = - (3)
(1-1)a
N—A

X-1 Q)

R IR RN R s
M_[%an] ©)

="
T, @
1 2
A7 VL.V, = obElsh el T 4 gie
Vi =5 +5, 5)

Vo =8y =8

(@) =5 gae] 08 27

(a) The permittivity measurement of waveguide method

(b) Free Space 9] fd& =4
(b) The permittivity measurement of free space method.

12l 3, EOi 2T Free SpacettAlo] SFig9| =X
Fig. 3. The permittivity measurement of waveguide
method and free space method.

- 163 -



Permittivity Measurements of various Materials in 13—28GHz Band

¥ 2. Zof YT free space WOl QFE £X Zn}

Table 2. The permittivity measurement result of

H" 3 ox-io xx-lg _tl)_lo|- []Hxlol XE

Table 3. The type of materials for permittivity

waveguide method and free space measurement
method. v ge] 7] (mm)/ 72 A 277
Bi= kA L 60040020
o] = -
ujd o] FH a4 5 I — a1 2 600%610%3
24 625%385+44
Magnitude | -2.6dB -0.04dB 0.03dB 0.07dB 39t 1300+600+10
Phase 385° 179° -141.45° -2.19° Eld 400%248+8
Wave Free Wave Free MaRne 900+340+9
Permittivity | guide Space guide Space
2.16 2.01 2.23 219

5430 Ao 8, 4% 5
| 7] el &
A

2 floh
ox
o

ofr
ol
.%
g
5.
wn
2,
2
8
OE
;
>
EI\
ol
=
o i
r)J

I B

i

o Go

2 4

S &

R

>

o

oY

m:lo

EY

o,

Y

5

ox m\m

o 4T

& o Y
2

= o o

o o 1o & o N

v B

2 yo Lo
t
ot
=
<
=2
R
“ &
=L o
% 2 12 Jo

rlr

yo Bl
=)

4 04
o

o

N

lo

Kl

o A
=Y

o :lo
e r
Mo
o Iy

)

=
>
>

B op
A,

il

=)

X,

il

f

iy,

o,

_O‘l"

o b»
oL W
2N
S ®
R, o
P
N
SR
o,
= 5
O:

o)
2
{r -
r

&
o
ox
o
P
H

fru
o,
ol
ol
2

N

£
i)
lo,
el
=)

A
_O‘l"
(s

Y

>
k3

o ME [‘-}L
ol
L
ot
Py
o
(3
©
i
N
2
Hd
=
S

a o
e

rlo

=

i)

Lo
o\-}l

S

o
rore

X0,
RS
2 rf
Ma Hd

<)
ol
=
2
A

a2
=
= ¥
o

of o) T Weke o =
wjdzhe] A2l 300mm 7+ 57, 4 <k
SHEL} Atole] A 600mm 7} HEE &
a9l

B T T

do T

P
n
2

ox,
o2
ol

. FHE2 =3

Tt Ao
9
fo
ol
Ho
=

o

i B 744.\7]-./] HALer =2 EHE

QEElF Afololl vl & A1)
Aok BEAS B =89 3%

[e)

135, 22.85, 2575, 28 GHzoll A Z42+e] wjdel] tiste] =
Ashch

a9 4% 135GHz oA wiEe]l ¢l W S
parameter® vZo] 9l-& wie} Hlwste] FHA&S 38t
= Higo] "t} 19 59} 62 Frlgo] 7 & wA(
A7} 7 22 A ()] S parameter 574 SHH
oltt. i {15 wo] phasesh W) B ]2 of
817, U= 2k 4363° vl R & 5= vk A4S
HAgol  FF vA= Q47 4] W7t F45 &
dgo] & A 24E B8 & 5 itk 9499 Wshe
v do] e A Yehta wjde] T2 U A
ARE FAA A YEhE RS B 4 Udch
Eoon T 73300000 GH= Fa 417 46

Si1

1
2
l4oon =3: | 13700000 GHe J5.474 dB
1
2,

13300000 GHe 2668 dB
S21a : | 13.5000p0 GHe  $.0838 dB
13700000 GHe 30963 dp

oo e B B A A A A A A A
20,00

i0.00 \ / /
o VLT
+50.00 U

Chi: St 13.2500 GHz ———

Stop 13.7500 GHz

(a) 271
(a) Magnitude

- 164 -



The Journal of IIBC. Vol, 14, No. 1, pp.161-167, Feb. 28, 2014, plSSN 2288—-0879, elSSN 2288-2618

[225.00 1 13.300000 GH= £1.206 °| 50.00 1: | 13.300000 GH=z -J153.447 dB
2 | 13500000 GHe | 55473 ° 2|1 suquu Ghe ,Es.uus dB
g0.00 Sll 3. 13.700000 GHe 41.205 °| oo Sll 3: | 13700000 GHe 19,660 dB
1 13 pO00P0 GHz B.04714 7| 1. | 13.300000 GHz -JI7.843 dB
321‘ 2 13 5 N GHa 26.462 °| 521‘ 2: | 13500000 GHz 17 474 dB
3500 >% | tafordhiGhe | 531940 oo 23 | 13 7000b0 GHe h7 30148
A \
0.0 20 00
ks.on 4_ | 1000
&
0.00 W \W\ \ 0.00
{4500 A \ 10,00
SESEY WY QY VUL GOy WY G WAy ey S
ET & ] \ oy o=l —d A-— g h—48
135.00) & o e
'y
150.00 +40.00
22500 ‘ +50.00
Ch1: Stap 132000 GHz —=— oo 13,7500 GH; Ch1: Start 13.2500 GHz === Stop 13.7500 GHe
(b) 14 (@ 7]
(b) phase (a) Magnitude

a3 4, 13.5GHzO0IA 04 ¢ mie| S parameter
Fig. 4. The S parameter of no material for 13.5GHz

f-0.00 1| 13300000 GHz  -)19.393 dB
Sll 2: [ 13.500000 GHz  -15.057 dB

Lo oo 3: | 13.700000 GHz -I5.644 JB
1: | 13300000 GHz  -1511 4B

2: [ 135000p0 GHz {11747 4B

SZlAI : ]
0.00 23 | 13700000 GH: 2111 dE

20.00

10,00

000 = g v = =1 oT—
|/~74| L\Jh A& —A—A&>=A

2000
0.00
{4000
}50.00
Ch1: Start 13.2500 GHz === Stop 13.7500 GHz
(a) 27)
(a) Magnitude
[225.00 1 13.300000 GHa 54.247 °)
Sll 2 13500000 GHe -57.960 7|
3 13700000 GHe -r6.183
150,00 1 13.300000 GHe £2.513 7
S214A 13500000 GHe | 61.313 °
E— 2 | 13700000 GHe |40 158 °
&
180.00 ‘h
®s.00
&
&
000
"
K500 ‘.—
A a )
30,00 —‘!\ \
135.00
&
&
130.00
22500
Ch1: Stant 13.2500 GHz —— Stop 13.7500 GHz
(h) $47
(b) phase

3% 5. 13.5GHz0IM ti2|Me| S parameter
Fig. 5. The S parameter of marble for 13.5GHz

[225.00 1 13.300000 GHz 18513
Sll 2 13500000 GHz 35818
3 13700000 GHz 6724 *)
a0 1 1330000 GHz S0.615 7|
S214A a 2. | 13500000GH: | 700083
13500 >3 | 13700000 92905 *
190.00
/f\/\t'\"’
a :
s a0 /J} \
0.0a X\Xv'
&
&
4500
120 .00 ‘
F 3
135.00
130.00
22500
Ch1: Stan 13.2500 GH2 —— Stop 13.7500 GHz
(e}
(b) 97
(b) phase

38! 6. 13.5GHz0|M LFRS| S parameter
Fig. 6. The S parameter of wood for 13.5GHz

345 W 9 Aans fe) B, digie] &
AES yepdl Aoz 74zbe] vjdel] Bt S parameter
o} 34E E3 NRW = & AN dajoltt ®
S B giAl2 gad vl fd&o] B ves
As & 5 e 10GHz ool A Bt 20GHz el
A gl A s AS & Atk T W
stol] wel &) A PR WehA o A2
el we Fatp ikg-o] 540 7]1% = e Aol

- 165 -



Permittivity Measurements of various Materials in 13—28GHz Band

¥ 4, YU2|0|ET} ctiolM CHst ojEle| RME
Table 4. The permittivity of materials in
millimeter-wave band
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