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Abstract

This research aims to simulate a permittivity measurement system utilizing a microstrip structure with sonnet software to bring the
discovered knowledge to develop the permittivity measurement instrument that has high efficiency and low cost in the next. This research has
designed and simulated microstrip structure at ISM frequencies of 13, 27, and 40 MHz, for permittivity values of 35, 55, and 75 are used, also
loss tangent values of 0.2, 0.4, and 0.6 are used, and conduct the simulation measurement system for creating a lookup table size of 11x11,
5x5, and 3x3 respectively. Then, bring the results from the simulation to calculate to find the permittivity values and loss tangent values. After,

find the error values. The research results found that directly calculating permittivity and loss tangent from S-parameters results in significantly
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high percentage errors. Therefore, the researcher will propose a method to find values from a lookup table. The results obtained from the

proposed method exhibit consistency with the actual permittivity through errors that are below 0. 1984 percent. Thus, the simulations of the

measurement system in this research can apply to find permittivity values and loss tangent values of material having unknown values.

Moreover, it is still able to develop into an actual measuring device that possesses both efficiency and worth in the future.

Keywords: Simulation of Permittivity Measurement, Microstrip Structure, ISM Frequency
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1995 NN21NDA19 9) YoInTalA1 Permittivity 1182 Loss
v
tangent 1146 1INUUUINANITIIADIVIATUIUKIAT
Permittivity 11a2fi1 Loss tangent Iagldyaiaann lnsou
o ° Y 4 o 3|
Tagriimstiaesmsiavate 9 asal e mnai iy
Y =2 g dq 93 .. !
A5 198 umFuua15 190 1510 uA1 Permittivity t1agan
Loss tangent 910A13A1UIUIINHANIIVIADAUUI 10D
[ d' 1 a IS I~
szuunsTanaimisiimes nsdia1e q Taeilu
ANMUTUWUT 3211319A1 Loss tangent 11azA1Na Tagiua
= 9 ! | Y 1
AzAMUDZUTZNOUAY AN Permittivity ANT 1WA NFU 1,
10, 20, 30, 40, 50, 60, 70, 80, 90 LA 100 TABMI T39I
Y '
Hzd0aliA19619815NN3 1A Permittivity 11aZA1 Loss
Y A o g
tangent L@ AoV U UM
Y 1 ~Aq Yo [ a o g’; dy Y
MR UMUIAa q M lsdmsumsiseasedl laun
11x11,5x50@8% 3 x3FIANTHAUMIVUIA 11 x 117D
A13197 A1 Permittivity ANI1ULE7 11 A1 1aLliA1 Loss
tangent A1N310UA7 11 A1 NAAIND 10 D9 40 MHz Tag
52HLHIUNINY 1 MHz laghiunazanunezlsyneudie
Permittivity 1181 14 1, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100 t1axiiAn Loss tangent 11 A1 1&LA 0,0.1,0.2,0.3,04, 0.5,

0.6,0.7,0.8,0.9, 1 HAZATNAUNIVUIA 5 x 5 ABAITNNT

Do

A1 Permittivity N5 101 &7 571 1Az TIA Loss tangent A
NIEA 5 A ATAIANIET 10, 11, 13,27, 39 A 40 MHz
Taofiusaznuiezilsyneud o Pemitivity 5 A1 Igun
1,20, 50, 80 1182 100 LaziiA1 Loss tangent 5 A1 144A 0,02,

0.5,0.8 8% 1 HAZATNAUNIVUIA 3 x 3 A0 AITINTA
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Permittivity NN 1WA 3 A1 1aLTA1 Loss tangent NN
187 3 A1 NRAINNNAT 10, 11, 13,27, 39 az 40 MHz 1ag
NuAazANUIrlsTNoUAIY Permittivity 3 A1 1ALA 1,50
1A 100 Lazlia Loss tangent 3 A1 JALLA 0,0.5 118 1
FMSUMIAUIUTIAT Permittivity 182 A1 Loss tangent
a k) v dy v 1 o
NIMIDamsaum Wensutiozlseneualed unan
' ' ' A ' Ad
3 dmldun 1) addlatazdumarlumsedumnmu
Complex permittivity a1 mﬁmﬁlug 1 3 2) du Interpolation
Auainannaliwadnsdlus ool
A1U2A0 1UE I Optimization 1A 3) @91 Optimization
I U A o 1A = J v qy Y
Wuaruiaamaiimunsausalanyuilog 14
o S . ' A (o 1Y
WA WEluUA Permittivity a2 A1 Loss tangent N15UA 1A
= A A 9 Y v 1 A
Fazlimngnasalndifeanunies g
M3MNUYDIYARIAIAIUIVAT Permittivity HALA

Y
4 o [
Loss tangent 310A15WAUH UN15H19IUATH

]
Iy o 1

U 1 Myuam@ls freq, erp 140 tand

(33

2

=

9 v
JUN 2 AUIUAT Complex permittivity voum luvui1

ee

< o = Y o .
nulud s er ez 1dnadwiiilua1 Complex permittivity
g’z cs' ' k) d'c! ' Y a [ 1
TuN 3 niA1naIsaurInla lndiasanua,
e Y A A & P4
Complex permittivity Tuauin 2 unNnga 99z lAnaans

I 1 1
humm Permittivity i@ 1 Loss tangent

9 v
v A o U

9 v
YUN 4 UM Permittivity LA A1 Loss tangent Tusun

o

3 U1A1UINU Interpolation 18 E Optimization Faz'la

v 9

I ' '
waansganiounl Permittivity 1L A1 Loss tangent

a

voITaanAoImInIa

a

=

#10619113 19A15 198U nsdindiaeiaaniold
msnageu i Permittivity = 78, Loss tangent = 0.1
72109 13 MHz 101 1Wan1381a09017 1015 A 1UI
92 14A1 Permittivity = 63.9438, Loss tangent = 0.1025

H Y .
AYD 13 MHz nnviu ldmaliaassduviie 19 1dan
Permittivity 11a2A1 Loss tangent N 1ndiAeenuA1uesiae
o . ~2 o
A lumstians Taetidunouaail
#1015:US 0L R o VA1 Permittivity = 63.9438, Loss
v 1 d' ' A Y 2
tangent = 0.1025 NUA TUAMISI9N 1 WU AR lndiAes
WINNgA Av A1 Permittivity = 65.6277 118 Loss tangent
=0.1026 39140AA1 Permittivity = 80 11a% Loss tangent =
I o 1 ) [ o 4
0.1 tdudunisaseinaredivsunisiivuaou
. % q 4 4.4
Interpolation 910U U1FA15199 2 11z M1519% 3 1o
ATUIUKIA Permittivity (L& Loss tangent #0013
A1 Interpolation 1@ ¥ Optimization ¥49 1@ A1
Permittivity = 77.9975 ua ¢ A1 Loss tangent = 0.0999

< Y1 A ya [ [ ~ °
wiuldniiaIndineanuavesiaanldlunmssians

3197 1 ToyaUp3 A1 Permittivity 11AZA1 Loss tangent 91NN3AUN NAWD 13 MHz

Loss tangent
Frequency 0 0.1 0.2 0.3
Permittivity
13 70 57.2253 10.000238| 57.2186 | 0.1024 | 57.1904 | 0.2052 | 57.1413 | 0.3083
13 80 65.6396 |10.000194| 65.6277 | 0.1026 | 65.5915 | 0.2055 | 65.5331 | 0.3086
13 90 74.0931 |0.000201| 74.0738 | 0.1028 | 74.0312 | 0.2058 | 73.9537 | 0.3091
15199 2 NMINIA Permittivity
Loss tangent
0 0.1 0.2
Permittivity
70 57.2253 57.2186 57.1904
80 65.6396 65.6277 65.5915
90 74.0931 74.0738 74.0312
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A15199 3 M311A1 Loss tangent

Loss tangent
0 0.1 0.2
Permittivity
70 0.000238 0.1024 0.2052
80 0.000194 0.1026 0.2055
90 0.000201 0.1028 0.2058
freq er 1e8 101 162 163
33 138 1 0.723400-8.800236 8.723400-8.873136] ©.7231000-0.1465688]  ©.7227009-0.2198450]
34 3.8 18 7.769500-8.005889 ) 7.708608-8.792444] 7.7052806-1.5918948]  7.6993880-2.3914830j
35 13.8 20 15.787500-0.018252j  15.786180-1.619654]  15.788900-3.247769] 15.772480-4.878463
36 3.8 30 23.972190-6.011964]  23.969700-2.454497j  23.961980-4.919378] 23.948980-7..388236 §
37 13.8 48 32.218400-6.913258]  32.213480-3.298652§  32.203780-6.684979] 32.185200-9.9162681
38 13.8 58 48.512800-8.013418  48.507480-4.143007§  48.492700-8.301004] 48.468000-12 . 460807§
39 13.8 68 48.849700-8.014845]  48.842180-5.801431j  48.821688-18.€13318j  48.783200-15.030184]
48 138 78 57.225380-8.0136@8j  57.218680-5.850185j  57.108480-11.735478§  57.141388-17.616663j
41 3.8 88 65.639600-8.012741j  65.627780-6.733482j  65.591588-13.479853j  65.533180-28.223515]
42 138 9% 74.693100-0.0149887  74.973880-7.614787§  74.831288-15.235621f  73.953780-22.859089]
43 13.8  18e  82.580800-0.812222j  82.562100-8.405640j  82.506000-17.004487j  82.418980-25.514415]

H o ' v { g e .
311 3 @29619319AUMNIAVAT Complex permittivity

3. HaNInaaeg
HANTAIUINAT Permittivity 1A Loss tangent U0
@ [l Aa .. I
15020019 A0 §13NTA1 Permittivity 11 35, 55 uag 75
o Y s < I =
nAaMITasda oA yoila azlumunudaa
Tu M3199 4-6 MUA N Y FIUAINNUAAIAAADUVDIA
Permittivity 11821 Loss tangent Y0I6135A 2061 NGUAUA

a & ! ! o v & <
g wziluawiuaasluzii 46 muddy Fazmuld

4
X g A A

A A [ Y1 A
’Jmmwmmﬂmaﬂugﬂuimuwuq Mgt lian

a

Y o KR o

Tasuiianuaarmnaeuanas §asesaidmndimanla
. 2 2y (o 'y am
vanamsiiaoslutunsnil ldruiuded1e35 013
fnumamnnmidlamsdum Tasnannmssiuin
f11 Permittivity 11821 Loss tangent YOIE3AIDEI 1IN
o Y & a ) ]
Aamsnaun wdluay ms19i 7-9 awa1ay daua
AUAIAIADBUVDIAT Permittivity LAz A1 Loss tangent
o Y a & a o o
YOITIHI08 199 INA1D 1B T uAWFUN 7-9 A
=& Vo A ' o A o v
FINU1 A1nuAaIaadousg luszaufeousyla
TuvngHaNI3AIUIAUAT Permittivity LiaZA1 Loss tangent

SO .

A .. S| =2 A 1A
VBIT1TNUA Permittivity 1111 40949 50 Tagiuanag 1

' Q A =
1a2A1 Loss tangent 111 0.4, 0.5 1182 0.6 NAND 13 MHz
NINAMIT1a049 LazIMSslansNAUMNYIIA 11 X 11,
& 4 o w
5% 5uaz 3 x 3 il uau meh 1013 auaay
d' < Y1 o 1
ingUi 109251891 manisdiuImAIn Y
ABIAIADDUVDIAT Permittivity 11ANANI1TI109 HA1
aAad 91071 Reference Permittivity A 40 D9 50
a < Y o '
nnglil 1-12 9zmu1ad1 wanisdiunaniany

AMANADUVDIA Permittivity mﬂﬂﬁlﬂﬂ@]ﬁNﬁ}uﬂﬁJHWQ

5% 5uay 3 x 3 Uanvuznadioaasni aun #iA1 Reference
e . ' A N A Y
Permittivity = 50 AlANAM AR oY azlauiu 0 o
v y A A A2 4
1rd 0 MMiuAInNUAIIANADY LA NANET o8 ) 1)
ANAWINNGANA WU Reference Permittivity = 40
ningi 13 wnuhmamsf AN WA IANGEY
Y9IA Permittivity 910M 5 AAT19AUMIVMIA 11 x 11 7
fi1 Reference Permittivity =40 A1A1MAIAIAADY 22 3A1
< [} A T !
171 0 TIUNAT Reference Permittivity = 50 A1AINUAAA
A a0 & ] Vo A
waouazlanu 0 Ao uiu Tuaynz a1 Reference
Permittivity 5211314 40 AU 50 A1AUAAIAAADUILTIA

A X A Y g
!,Wllf’lluﬂull']ﬂ‘ﬂqﬂlla'\]ﬁﬂa\iﬂuuﬂnﬂu 0
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§ ) 1 ... 1 § 1 . I °
ﬂ1i13ﬁ 4 #aNIATUIWU A1 Permittivity LA A1 Loss tangent YoeasNNM Permittivity 1wy 35 Mnmamstiany

Substances with permittivity of 35

Calculated from the simulation results

Permittivity | Loss tangent
13 MHz 27 MHz 40 MHz
tested tested
Permittivity |Losstangent | Permittivity |Losstangent | Permittivity |Loss tangent
35 0.2 28.07657 0.2052 29.01879 0.2107 30.5713 0.2204
35 0.4 28.03924 0.4115 28.8876 0.4235 30.2887 0.4441
35 0.6 27.9825 0.6190 28.6684 0.6404 29.7394 0.6775

A15199 5 HANISAIUIV A1 Permittivity 1aZA1 Loss tangent YOIE15N

1.1 Permittivity |

g °
1y 55 1NHANI391004

Substances with permittivity of 55

Calculated from the simulation results

Permittivity | Loss tangent
13 MHz 27 MHz 40 MHz
tested tested
Permittivity | Loss tangent | Permittivity | Loss tangent | Permittivity | Loss tangent
55 0.2 44.6511 0.2051 46.8042 0.2137 50.5297 0.2294
55 0.4 44.5812 04111 46.4589 0.4307 49.6296 0.4659
55 0.6 44.4646 0.6186 459113 0.6533 48.07699 0.7177

A15199 6 HANISAIUINUAT Permittivity 11aZA1 Loss tangent YOIE15N

191 Permittivity |

3 °
1y 75 11man1s 91909

Substances with permittivity of 75

Calculated from the simulation results

Permittivity | Loss tangent
13 MHz 27 MHz 40 MHz
tested tested
Permittivity | Loss tangent | Permittivity | Loss tangent | Permittivity | Loss tangent
75 0.2 61.3872 0.2054 65.2623 0.2175 72.2402 0.2410
75 04 61.2588 0.4119 64.5576 0.4395 70.4251 0.4919
75 0.6 61.0502 0.6201 63.5667 0.6688 67.1452 0.7667

§ o ' I 1 y ' U IS o Y
@397 7 WaNSAIUIUAT Permittivity 1Az A1 Loss tangent YDIE15NIA1 Permittivity 11U 35 91nmM3dlan1s19A U

Substances with permittivity of 35

Calculated from open lookup table

Permittivity | Loss tangent
13 MHz 27 MHz 40 MHz
tested tested
Permittivity | Losstangent | Permittivity | Losstangent | Permittivity | Loss tangent
35 0.2 34.9925 0.2000 34.9747 0.1999 34.9364 0.1997
35 0.4 34.9909 0.3841 34.9748 0.3842 34.9428 0.3720
35 0.6 34.9937 0.5734 34.9742 0.5787 34.9351 0.5862
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§ o ' I 1 y ' I IS a Y
M3197 8 WANISAIUIUAT Permittivity 1Az A1 Loss tangent YDIE15NIA1 Permittivity 11U 55 91nmM3dlan1s19A U

Substances with permittivity of 55

Calculated from open lookup table
Permittivity | Loss tangent
13 MHz 27 MHz 40 MHz
tested tested
Permittivity | Losstangent | Permittivity | Losstangent | Permittivity | Loss tangent
55 0.2 54.9928 0.2000 54.9786 0.1999 54.9506 0.1997
55 0.4 54.9976 0.3999 54.9485 0.4000 54.9330 0.3995
55 0.6 54.9962 0.5923 54.9646 0.5883 54.9103 0.5624

! o 1 . 1 y 1 P I )
15199 9 NaMIMUIUA Permittivity La$f1 Loss tangent VOIEINUM Permittivity W 75 1inmsdlaasadum

Substances with permittivity of 75

Calculated from open lookup table
Permittivity | Loss tangent
13 MHz 27 MHz 40 MHz
tested tested
Permittivity | Losstangent | Permittivity | Losstangent | Permittivity | Loss tangent
75 0.2 74.9955 0.2000 74.9698 0.2000 75.0071 0.1995
75 04 74.9990 0.3999 74.9018 0.4003 75.1487 0.3990
75 0.6 74.9995 0.5999 75.0517 0.5994 74.9317 0.5994

020 025

030

035 010 015
Reference Loss tangent at reference permittiity 35

050

a ] P, A
gﬂ‘ﬂ 4 ﬂn‘]Jﬁ]imusﬂmnmmﬂmaﬂuﬂlm

f Permittivity 11aZA1 Loss tangent LGRGRERTEY

f1 Permittivity=35 910HAN153104

From simulation

020 025

030

035 0.0 015
Reference Loss tangent at reference permittivity 55

050

055

a ] P, A
gﬂ‘ﬂ 5 ﬂn‘]Jﬁ]imusﬂmnmmﬂmaﬂuﬂlm

f Permittivity 11aZA1 Loss tangent LGRGRERTEY

f1 Permittivity=55 910HAN153104

From simulation

IEEEEE]

020 025

030

035 010 015
Reference Loss tangent at reference permittvity 75

050

055 060

a ! 3 o A
31]7] 6 ﬂ']!ﬂf]ﬁl“]fu@lﬂ?]'lllﬂﬁ']ﬂlﬂﬁﬂum@ﬁ

f Permittivity 1aZA1 Loss tangent LGRGRERTEY

f1 Permittivity=75 210HAN13 91804

From lookuptable

for , % Loss tangent error

%6 Permittvity er

020 025

030

035 0.10 05
Reference Loss tangent at reference permittivity 35

055 060

a ! s A
3‘1]7] 7 ml,ﬂ’e)iLﬁ]m@]ﬂ’nMﬂmﬂma’awum

f Permittivity 1aZA1 Loss tangent LGRGRERTEY

A1 Permittivity=35 911nM3IAA1519A UM
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From lookuptable

From lookuptable

e
22
E
H
o
o

020 025 030 050 055 0.60

035 0.0 0.5
Reference Loss tangent at reference permittivity 55

a ! 3 ¢ A
g‘IJTI 8 AlosiFuanNuAaIANaa UV
f Permittivity 11aZA1 Loss tangent LGRGRERTEY

fi1 Permittivity=55 91AM3aA519A UM

M3197 10 WANIIAIUIN A1 Permittivity 1A A1 Loss

020 025 030 050 055 050

035 040 05
Reference Loss tangent at reference permittivity 75

a ' 3 o A
31]7] 9 Ao ruanuAA AR UVDY
1 Permittivity 1aZA1 Loss tangent LGRGRERTEY

A1 Permittivity=75 91AM3IAA1519A U

A IS
tangent YDIA15NUAT Permittivity tested 11U 40 D13 50

A a 1 1 I { § °
Taginiufiaz 1 A1 uazA1 Loss tangent tested 1111 0.4, 0.5, 0.6 iNUD 13 MHz 910HaN1591099

Calculated from the simulation results

Frequency 13 MHz
Permittivity tested Loss tangent tested: 0.4 Loss tangent tested: 0.5 Loss tangent tested: 0.6
Permittivity | Loss tangent | Permittivity | Losstangent | Permittivity | Loss tangent
40 32.1611 0.4112 32.1291 0.5147 32.0905 0.6186
41 32.9856 0.4112 32.9548 0.5146 329122 0.6186
42 33.8100 0.4112 33.7771 0.5147 33.7364 0.6185
43 34.6369 04112 34.6019 0.5147 34.5561 0.6186
44 35.4635 04112 35.4289 0.5146 35.3811 0.6186
45 36.2923 04111 36.2520 0.5147 36.2052 0.6185
46 37.1178 0.4111 37.07758 0.5147 37.0277 0.6186
47 37.9460 0.4111 37.9056 0.5146 37.8564 0.6185
48 38.7736 0.4111 38.7329 0.5146 38.6803 0.6185
49 39.6009 0.4112 39.5595 0.5146 39.5067 0.6184
50 40.4309 0.4111 40.3848 0.5147 40.3319 0.6185

A15199 11 WamsAIUIa A1 Permittivity 1182 A1 Loss

A 1 J <
Tagiufiaz 1 A1 uazA1 Loss tangent tested 1111 0.4, 0

Aa o <3| =
tangent YDIF1INUAT Permittivity tested 1111 40 D3 50

5,0.6 NANVA 13 MHz 910M3AIATNAUMIYLIA 11 x 11

Calculated from open lookup table 11 x 11

Frequency 13 MHz
Permittivity
Loss tangent tested: 0.4 Loss tangent tested: 0.5 Loss tangent tested: 0.6
tested
Permittivity | Losstangent | Permittivity | Losstangent | Permittivity | Loss tangent
40 40.0000 0.4000 40.0000 0.5000 40.0000 0.6000
41 40.9970 0.4000 41.0002 0.4999 40.9970 0.6000
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§ o ' L. 1 § 1 .. I A '
M5190 11 HAMIATUIN A1 Permittivity 11AZ A1 Loss tangent Y9IA15NUAT Permittivity tested 1111 40 919 50 Taaiuiiaz 1 A1

' & 1 4 a '
1aeM1 Loss tangent tested nJu 04,0.5,0.6 ﬁmmﬁ 13 MHz mmmﬂwmanﬁ'umwm 11 x11(90)

Calculated from open lookup table 11 x 11

Frequency 13 MHz
Permittivity
Loss tangent tested: 0.4 Loss tangent tested: 0.5 Loss tangent tested: 0.6
tesed Permittivity | Loss tangent | Permittivity | Losstangent | Permittivity | Loss tangent

42 41.9939 0.4000 41.9962 0.5000 41.9970 0.5999
43 42.9938 0.4000 42.9953 0.5000 42.9918 0.6000
44 43.9934 0.4000 43.9969 0.4999 43.9936 0.5925
45 44.9955 0.4000 44.9940 0.4751 44.9918 0.5559
46 45.9937 0.4000 45.9940 0.5000 45.9908 0.6001
47 46.9952 0.4000 46.9969 0.4999 46.9963 0.6000
48 47.9959 0.4000 47.9991 0.4999 47.9960 0.6000
49 48.9964 0.4001 49.0002 0.4999 48.9986 0.5999
50 50.0000 0.4000 50.0000 0.5000 50.0000 0.6000

5199 12 HamsauIw Al Permittivity L¢ A1 Loss tangent VOIETNUA Permittivity tested 1Tl 40 94 50

A 1 J I y y o
Tagiiiufiay 1 A1 1aza Loss tangent tested 114 0.4, 0.5, 0.6 1ANND 13 MHz 11nmM5aa13 198 UMIUIA 5 x 5

Calculated from open lookup table 5 x 5

Frequency 13 MHz
Permittivity tested Loss tangent tested: 0.4 Loss tangent tested: 0.5 Loss tangent tested: 0.6
Permittivity | Losstangent | Permittivity | Losstangent | Permittivity | Loss tangent
40 39.9531 0.3996 39.9481 0.4996 39.9601 0.5994
41 40.9560 0.3997 40.9533 0.4996 40.9624 0.5994
42 41.9588 0.3997 41.9547 0.4997 41.9676 0.5994
43 42.9646 0.3997 42.9589 0.4998 42.9675 0.5995
44 43.9700 0.3998 43.9658 0.4997 43.9737 0.5996
45 44.9781 0.3997 44.9679 0.4998 44.9789 0.5996
46 45.9823 0.3997 45.9732 0.4999 45.9822 0.5997
47 46.9896 0.3997 46.9813 0.4998 46.9929 0.5996
48 47.9963 0.3998 47.9886 0.4998 47.9978 0.5997
49 49.0027 0.3999 48.9951 0.4999 49.0058 0.5996
50 50.0121 0.3998 50.0000 0.5000 50.0121 0.5998
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Y ° ' L. ' { ' L. IS A
M3199 13 WanSAIUIAUAT Permittivity 118¢ A1 Loss tangent Y8913 N1IA1 Permittivity tested 111 40 59 50 Taonui

1 1 I 1 { )
a2 1 A1 1aA1 Loss tangent tested 11U 0.4, 0.5, 0.6 1A1UD 13 MHz 31AM51JAn1519AUMUIIA 3 X 3

Calculated from open lookup table 3 x 3

Frequency 13 MHz
Permittivity tested Loss tangent tested: 0.4 Loss tangent tested: 0.5 Loss tangent tested: 0.6
Permittivity | Loss tangent | Permittivity | Losstangent | Permittivity | Loss tangent
40 39.8152 0.3997 39.8010 0.5000 39.8237 0.5998
41 40.8332 0.3997 40.8210 0.4999 40.8406 0.5997
42 41.8510 0.3997 41.8369 0.5000 41.8606 0.5996
43 42.8719 0.3997 42.8559 0.5000 42.8751 0.5997
44 43.8924 0.3997 43.8775 0.4999 43.8961 0.5997
45 449156 0.3996 44.8944 0.5000 449159 0.5996
46 45.9348 0.3996 45.9143 0.5000 45.9339 0.5997
47 46.9573 0.3996 46.9372 0.4999 46.9594 0.5996
48 47.9791 0.3996 47.9592 0.4999 47.9791 0.5996
49 49.0005 0.3996 48.9804 0.4999 49.0017 0.5995
50 50.0244 0.3995 50.0000 0.5000 50.0224 0.5996

From simulation

From lookup_table 5x5

% Permittivy error

3¢ Permittvity error
2 H g

© 2 ) W ® E) = = y 3 vy >

ﬂgi .ﬂyda A ' A ' 73 o A '

31U 10 AT IFUANNUAMIANADUVD AN Permittivity 51U 12 AnlesidudanunaianauVed A1 Permittivity

11 Reference Permittivity 910 40 14 50 Tagiiiniiag 1 A1U82 4§ Reference Permittivity 91 40 519 50 Tneriiufiaz 1 A1 uaz
' < [J 1 < b

A1 Reference Loss tangent 11]1 0.4, 0.5, 0.6 1INHANI 11804 11 Reference Loss tangent 11114 0.4, 0.5, 0.6 91nM31an13 14

AUIVINA 5 % 5

From lookup_table 11x11

From lookup_table 3x3

s Permittity emror
g g

uuuuu

£ 2 @ E] ®
Reference permittivi iy

ﬂq' ' -4 & ! e . - f P A '

Jun1 Ao uaaNUAMIAMADUYDI AN Permittivity 5U% 13 andesisudanuaaiamasuued Al

4 . = Qoo 4

#i Reference Permittivity 910 40 D4 50 Taotiuiiaz 11 uay Permittivity 11 Reference Permittivity 910 40 99 50 1A
1 I a v

711 Reference Loss tangent 15l 04,0.5,0.6 NNMIlaasa Lﬁuﬁag 1 A1 uazA1 Reference Loss tangent yﬂu 0.4
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