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It is crucial to determine the capacitance that is created when
capacitive power transmission is used in a medical implant. In this
application, the capacitance is affected by the decrease in size and the
proximity of the two capacitor plates, causing it to deviate from the
traditional formula. Additionally, the fringing effects bring substantial
inaccuracies when determining the final capacitor value. Conformal
mapping is commonly employed to compute this capacitance,
necessitating specific assumptions that vary based on the particular
problem. This work presents a detailed simulation of a capacitor
model that incorporates muscular dielectric and biocompatible
materials for insulation. The simulation is conducted using Maxwell
software and experimental measurement to analyze the capacitance
produced between the two capacitor plates. Moreover, this work
presents an enhanced equation for determining capacitance in
situations where the capacitor plates have limited distances and
compact dimensions. The new formula significantly decreases the
estimation error of capacitance, reducing it from over 40% to less than
16% when compared to traditional formulas.
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EXTENDED ABSTRACT

Introduction

In recent decades, there has been significant progress in technology, particularly in the
world of microelectronics. This progress has been applied in medical science, resulting in
the control and treatment of several human diseases and disorders. Implantable medical
devices have significantly contributed to the advancement of medical science in areas
such as diagnosis, prevention, and treatment. Wireless communication links are
commonly employed to mitigate issues arising from the usage of connecting cables such
as infection, inflammation, the need for medical care, and the presence of batteries. This
allows for power transfer without the aforementioned concerns. Various techniques have
been suggested for transmitting electricity wirelessly, with one prevalent option being the
utilization of capacitive links. These links are suitable for chips that are typically of
millimeter size and are implanted in proximity to the skin's outer layer. Precise
determination of the generated capacitance is essential in this application to facilitate the
construction of this link. The objective of this study was to devise an enhanced equation
for determining the capacitance with the lowest margin of error.
Methodology

This study explores the generation of capacitance in the power transfer link using the
capacitive approach for implantable medical devices. Initially, the preferred capacitive link
model was constructed using Maxwell software, as illustrated in Figure 1.
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Figure 1: Preferred capacitive link model using Maxwell software.

Next, the key equations used to determine the value of these capacitors were examined as
presented in Table 1.
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Table 1. Different capacitance formula considering the fringing effect.

Ref Formula Equation
X / 0_)
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h JTA h &

Results and discussion

T It was observed that reducing the diameters of the capacitor plates and the distance
between them results in significant inaccuracies in the final capacitance value calculation.
Subsequently, a refined equation for determining the capacitance between two plates was
introduced. The capacitors used in this study had varying plate dimensions.

The graph depicted in Figure 2 illustrates the percentage discrepancy in determining the
capacitance value using the optimal method as opposed to the value derived by
experimental measurement.
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Figure 2. The percentage error caused while calculating capacitance using the improved
formula compared to the value derived via experimental measurement for capacitors with
varying diameters and spacing.

As observed, in this case, the error across all instances remains below 16%, with the
highest error observed for dimensions of 2.5 x 2.5 cm. This increased error can be attributed
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to the pronounced edge effects in capacitive structures with smaller dimensions and
reduced plate separations. The higher error in practical measurements compared to the
results derived from the optimized formula can primarily be attributed to the presence of
parasitic capacitances in the measurement setup and the use of approximate dielectric
constants for PDMS and chicken breast tissue in the optimization formula.

The impedance analyzer used in these measurements was the Analog Discovery 3, a
device known for its precision in impedance measurements across various frequencies. Its
capability to accurately measure capacitance in a wide range of operational conditions
significantly enhances the reliability of the recorded data. The use of this instrument allowed
for detailed characterization of the capacitive system and ensured that the frequency-
dependent behavior of the dielectric medium was properly accounted for during the
experiments.

Each capacitive plate was coated with a layer of PDMS (Polydimethylsiloxane) using the
spin-coating method to achieve a uniform and controlled thickness. The PDMS layer served
as a protective and biocompatible coating, critical for simulating conditions relevant to
medical implants. The thickness of the PDMS layer was carefully controlled during the spin-
coating process to minimize variations that could contribute to measurement inaccuracies.

In this experimental setup, chicken breast tissue was used as the dielectric medium
between the plates to emulate the behavior of human muscle tissue in biomedical
applications. This choice of dielectric material provides a close approximation to the
dielectric properties of human tissue, ensuring that the experimental results are relevant
and applicable to real-world scenarios. However, the approximate values used for the
dielectric constants of PDMS and chicken tissue in the optimization formula introduce
additional sources of error, highlighting the limitations of theoretical models when applied
to heterogeneous and complex materials. This discrepancy further underscores the
influence of edge effects, which become increasingly pronounced as the dimensions of the
plates and the spacing between them decrease. At these scales, fringe fields dominate the
system's behavior, making precise modeling and calibration essential. These factors
collectively emphasize the importance of considering practical constraints, including
parasitic capacitances and material heterogeneity, in the design and calibration of capacitive
structures for biomedical applications. By integrating high-precision measurement tools
such as the Analog Discovery 3 and refining the material models, the accuracy and reliability
of capacitive power transfer systems can be significantly improved, ensuring their suitability
for medical implant applications.

Conclusion

Conformal mapping can calculate the capacitance of a parallel-plate capacitor including
fringing effects. However, certain assumptions limit the accuracy of these calculations.
Therefore, when applying the capacitive method to power transmission in medical implants,
it is crucial to have precise information about the capacitance formed between two plates
with the human muscle as a dielectric. This article presents a detailed formula with
accurately adjusted parameters for capacitive power transfer applications in the field of
medical implants. The correction parameters for the formula were derived through
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electromagnetic simulation using Ansys Maxwell software in the present study. Using the
new formula reduced the computation error from over 40% to less than 16%.



Gyl (o KGN ke aoliluad
YAAYYT ) 0jloud (T 0,99 V€0 £, l4e
https://karafan.nus.ac.ir/ :4 yis (w !

d 1:10.48301/kssa.2025.466732.2939

P PGB 099y 4 ol JWET 25,5 50 0w ISl (48 Jlake ow)y
S 3 CantlS” B Ol

e cpune (65 )5 Sl

) O (6 ST L) e ool sinis oSSl o5 it 035D 6> (ggprtid —)
) 5 (5 KESTL) el sinim S 430 it 035D bl Y

LRVLES

Ao WleWb!

Sl B Slgsl 4 G315 (B, 4 ples JEESI )5 50 00l LS5 0515 e e
9o alals g bl (2alS 4 az i Lo )8 cnl jo el o932 (VL Coenl 1 (S5
500,50 Loas 420 S5 Jgo b 5l 00l JS25 )15 Glie o0 5l )15 axndo
oty Ygons 098 oo 2l (31 jluie dralons )3 (53b) sllas slml el ad S
g el o aS 008 go oolatul Lo il s, 5l 3B cnl Hlade dules
oolaiwl b s cpl o ol alins g3 43 4z g5 b pols Slogyae 5l oolaiwl wisjls
S5k Cey olge olyen 4 alae S pSlgs L o 5l B Joe So sleanet
Shos (5505103l S8 @ 55 5 Maxwell |1530s 5 Lse 10 gV gl sl jslateay
9 Oegred Lal 0ad i3y (S35 dmio 93 G 0aB S5 G e (osp
Jolsh 3,115 51y o oS5 (5 e dpmlons plice & 458 350y g s
e 4 by ye sllas e a5 Cal oals &l S5 Sl S oS olul g olisS
odls Gals NE Gl maS a4 UEe 5 o 5l Jelase slaJse B vy 3 Jlase

el

by dlie o g4

VEY/ENA dlie cdl s
VX AN e (6,5550
VYN IYY o (w6

10Bjlg 3

S ol Jis

Sy casls” BB gl
o i

Silge Olio b 516

G Cyunn i) goao Dduns 5
S S Canny

moezzi@aut.ac.ir

4 @ (i) & | ©2024 the authors. Published by National University of Skills, YOVA-FEY. 1 Swig Sl Ll
R Tehran, Iran. This article is an open-access article distributed YAT-VA5 2 gls gL

under the terms and conditions of the Creative Commons e
Attribution-Noncommercial 4.0 International (CC BY-NC License)

(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.nus.ac.ir/
https://www.doi.org/10.48301/kssa.2025.466732.2939
https://orcid.org/0009-0006-4289-5537
https://orcid.org/0000-0002-6436-9427

Oy 3 (5300 Canno YAA-Y15 Dojlods (VP F)YY (3118 cole aolilias

LV-RY-M

2ol eslil 5 3 loans ;o Sig Sy S Caxio (s0j9 13 ogas 4 S599S5 (3938l 9y ey
S (S coilS B lakad .l o lusl (sla gl b g baes Lo 3l (5 b loyd 5 J S el S ole
P LD aS o oy 5 St comriets wiile ploojem 1o (S ple 4 Ll S a5 Cel 5 Jge ol
Cacdlye 4 ks ol 5 Cogae wiile Ll (slapan dawgs cadobnl EHSie 2alS Cgz 350 5l 6 ks
L 5105 o oolid 3 ol Jl gz pmscs sbols)) S o 5l Vgamo (s 5k Bl (prizead o (S
)‘ oolazw l.bu| uﬁij‘M )I é: aS Sl 00y 45‘)| ] u)g.\o LY u‘y JLE.;.;‘ 6‘)’ Q}"‘SL‘ Lg)Lw...: Lgl'bu"ﬁ)
.[Q]o)lo 3,05 wigds

a3 o ialed |y oSl 60 lgie 4 oy <l 5l oolial g (s5lpe Dlorio b o)l 4 gy e Ll ) JSS
1V 57l sgs o 00iligg PDMS | 5" s Ll alom 515 sy osbe 51 (sl &Y <SS &y (35 slagy s
Olge 4 g aamd (oo )l gy ply )0 05 (603985 b (oSl g (058 LAl Sl e S 5 Slge 55
[ﬁ]““?ﬂs‘ ool Sy Dy ol ;0 0,5, Ll oole S

Isolation
Layer
Skin
Fat

Plate
S Slg0 lane oy <l 1 colaiwl g (53la0 Wilxbio b (35 sLislu Y IS

O3B e O yge cpl e sl 0l Slxio f alold g 0oe A Colus sl (431 Slxio 4l (5,8 L
el dalys sy (V) alad, 5l oo oS5

A
C=e(w)—
d M

o ey (1) alal) 5o g 0090 S Sl g0 el ol € alal) ol o a8

‘Parylene C



YAA-Y1F ) o 5los ((1FF) YV 081,15 code anbiliad w0l JSld 318 Hlade (o

e(0) = g4¢, (0)

)]

5l il sy by lS s iy s moi 1O S s B0 g s
Sl Giuled ¥V USS & jge 4 Gle oo |y 555 oley Jail Sod G s g 5 ool

4| c,
VTx @ ZRx VRx

C>

3 ol JUES! K & bty il ¥ S

1%15" Sty (V) alaly 3251 5l 008 25 oo )0 oy olowl 5L ¥ ISS s az g5 b & ja0 (5o
)

-V Zpy
1 &CC,

z +—§7
O jogc, +C,

5
3

R 5 9 S 5 0 bl lagy il pslie b Vb (a3l 4 (plitws yolate o (g, cl 50 &S Cel Sy

g o g aily als C s ¢ o edlogel o lS 3 5 5 e 33 L L sl VL e oS
Sz () alaly 4 azgi bl oo Gl G (03l 5 oasy Bla 4y o 55 (g9, 1 0ad ol 5Ly 2l
2 bl el 5 Slxio o dlolh 5wl Gl A Jlde b 555 polie b il 4 Slies
alols als g 0)ls 5e2g oy U1 50 diged cudlS @ azgi b Jliil glad codgamme ( Sy cuilS glas )l
Gl O UlF e &5 S e r e Gl el (S 108 lae i Cemgy Caaliid Sl eS 4 (phex 50 (o
Dy so Sgdone 0l [S3 0 lge Jawgi 8 )5l Ceway oSS

Crl Ll ols aalgs ol 3 i S (s o (28050 (g5 Gliee e Jlal Gl Gl ezt (233L S5 (s
ol el wodiziw B idu j0 ey ao 3l e (mal38l pl el cal dalgm dgaze il jo Dl Jawgs ¢ il e
a olg JUl o eimen [A]as walgs asil (1alS 5 (Culie by e &l Gus p8) cdly o olils
Sy 00 S g oAk B (S5 Ao 90 pm dlold 4y ol Jlews Hlade 4y lg Ll 203l (g3l SUd SaS
5 it Jolsh (sl o nl Ygona 5 0 dalys il 50 (mr Sy sS iy 2alS el Al Gl 5 00
Ao GralS Gaday e Jue O



OlhSed g (530 (mxo YAA-Y1E O ol «(VFoF) YY (8115 code dolidad

Gedo Jlade wieils i oy Jlsl o S plhb jslaie 4 g o ol (V) alaly j0 aS 4isSSlen
el ol el oals alowl 3l lime ez jakaie ay (V) alasly 5l oolal ol (s 5 0ol i 00ls dlow| sl iyl
99 O akols g olul @ 4z b Lol el sl Gy dmio 98 o (SO lawe CSHESS w8 2,8 b aba,
P O SSIESy pé e 10 a5 0gh a3 Sl o el Sl wlasloe S8 il jslate 4 orio
Cil gy 3l Gleien a5 el pmmbbliniog 2SI S allie G ad 5l dilone 098 g0 Slon] Dlrao o]
Wilos y5l ey alises Slogyae b (5 ol Jlade dilone sl ol Jse B Hlade (0,5 o |y ol (egden
ol 5l pasuivo ojl 1y e 1) oud ol (ales Jge 8 oS Canl (LS9 00 winjls SYolas g5l Jor iz 0
by (gualolinng 58Il (g3l 4B L o 3o 8 il ) Jol> bt duslio ) dllio () S o0 yitae dxdo 90 (2
5 ke drlne (gl (Jge b 5w g aisley Sy slao )5 g o3 Jolss sl Ansys Maxwell 138l o 5
el 00,5 &l e Lo Ve 5l maST foled (o oals slowl 5l

Silge Olxio b (3 yo ad 1 55w Jow

axio ab QT)QASJQQLSA Onles Z Slaitue amas (o 1) (gilge Olmao b ol SO 5l pled QLY S
S0 il Glris cly G o ad LS Gudes il Jles! jaliie 4 om0 JSis |y o5 oYL
39 Ol aiei g ol ol o Jsb (sl X slaial jo 5l asan B oS 0 2,8 Dl (pl o 09 o0 48T
D5 T yeS o S 50 1y o5 b Grpdan iS5 Jlosl jslate 4y sl CgiSy o )]

h

Z:—(1+(o+e‘°)
2n )
o 3 3 (S3le dmio 90 (s abold caai [SKilo N alal, ol jo oS

Ay AV

c +V h +V h
a b a' b c
X u
o e
——— |
V -V n
Z Slaisms domin (2 W Zlaise doio (o

W btz &7 Olaisw j 3 Glrbo il LY S

'Firinging effect



YAA-Y1F ) o 5los ((1FF) YV 081,15 code anbiliad w0l JSld 318 Hlade (o

el o anilss W ol asmio j0 27-D7-C7 Ll & @-D-C o515 oV axio oF) abal, S5 &

25 Syge & Slaie 95 el Ll Soge cnl )3 Sl Golo 55 (3 (il 4o 3590 ) el e

0] o ey
X = 2Ln(l+ u+ e”cosv) (8)
y= %(v+e“sinv) (7)

ol )0 500l 00,88 W amans )0 bas G 4 Z dsmio solod udes Sl 0l SaS 4 cll> ol o

dolae gty 4 Glg oo azao (pl 0 Hlase dnwlxs | s 0g alss il bas  dgae Ojgo 4 o ba>

a0 el ] 0gee lase o3l b cenlite o (b JB> aSl 4 az g b0, o Z ambo (o 1) ylase
DI Vol anlys oy iy @50 a4 oad LS25 ol oo b

€
C=—E,dx (V)

v? Y

los Gty i Sygoa Y e g el X laial 10 o3l amio Jobo | abal, opl jo a8
2V 1l+e'cosv
Ey :-——2 (A)
h 1+ 2e"cosv +e™

O Jl cpaiz Job jo puid Glogyae 3l oolaiul aieils YU JLSS! o jekate 4 ol o)lil oS aigSilen
Gy Sl 0ad S5 S 51 arale jolaie 4y alisee S¥olas g0 Jo ilise Sl pae 5 1S
el b oyl sl o gl yieg Sie o3l 4o olsd sl b Jge,d ol a5 el oo &8l Calisre sl )1
b o3 slp Jsb 9ly 5 ol e dnnboxs (sl o, (sl b, o,)Lil a5 yood Bl ) oolizal L

h h 2w |
c=s e I P2 *)
he nw =nw h ﬁ

Sty (1) dlaly Sj50 4 (65lg0 Crigzr b 51 drlme (1[S00 (sl dlally 5 o3 Jolgd sl oy L (M)

:[ﬁ]‘bjﬁ—‘
h w U
L SRLIL.. ()
8hé nwn(h)g

6ol s jheg S Vo By Jolgd 1o (Vo) alasly ay s () alaly 3uds o0 dslone 3l Sl ol g0
OB e dmslome (sl a5 (6,500 Jgays D0l 1VE iy bl 4o 00 slmyl gllas jiShas g axils

‘Palmer (1927)
‘Elliot (1966)



OlhSed g (530 (mxo YAA-Y1E O ol «(VFoF) YY (8115 code dolidad

\6‘)95l~’ Jyjégaf_x&ow‘(\\)abeb e 4 (M) aoles Lgax&&‘,fbuia? 99y 0 JoSCiS

g OZZU (\\)
£9.15¢—3+2.80
g g_;a g_;a

}gw|w?)m@l7‘@)§3lﬁdl>&l).>45t e o opig> 90 Ly S0y alold 4y azgi b alally ol o

g aalsl 5 i oo 7§ a8 ol 03 F w/h £ 30 Sl b oy el a8 03 Ll w¥sles S 4o

P Sipe Ol g 3l | i Sl 385 ks L) sleSle 025 Jgesd (85eS LS9 g e 0
DIVIas slgrtg (1Y) dlay & j0 45 45 wisls el 315 lxio

P osu Ov)
C= ? +0.77+1.066—= +1.06
"o e i

Ol 22555 5889 il e sl alo el 00,5 Lol g o cul o Dol be ol b & 5o 8l )0
s 59 8550 A 8 s ool .y G Jpn b 0B sl Slnio sload (o559 4 5 5255
addllas G [ o 0gae (6 5olisS ol 9 ol (slopiins 4 ol 0515 gaials Lol 0,5 gilw Jae dds |y
530 Sl Crier b il 4o oad sll 3l dcloe (gl siliste S¥olee Cal oo )l VAL o a8 aal>
wiog EVolas i 4y e (65 B3 (5] 45 (SulS” Wolre ds ¢ 3o eyl o lazs T 5 duglie 5 sy
ssilu se Gl ol Hlgie 4wl g0 OYolae pl o )0 (V) Jouz ;o O¥olae () a5 wiols 8 yxe
eS8 ooliiul 3,50 55 5y B 95 (ot Jolsh b la s o silotings 5 50

03 Slwlmo 50 ad 1 Jlos! jgliio &1 o0 sl Jgo 8 ) Joox

o Jge b el Jgo® doleo
[1Al Ignatowsky C» i§+ 2h Inaa32 HA%
- h A § eh o

eA ©

[LI\] Hutson C»

[l Cooke C»

sbaie 4l (53 Sloiio 90 (s alols D g 35 Slomio Colaw ALY Jgo 4 0 o)l Ly oo 4o

S ole JWl jelare 4y a8 Sj S BB Slgal o oads sl 35 dcle 10 b Jse 8 ol C85 lie sy

Jilay o) il 4 baye Joe cwl oads ools ioles § S j0 a5 a56Sles caisS’ o oolanl S5 oo,
055 50 &k 00l Ansys Maxwell

'Sakurai (1983)
"Van de Meijs and Fokkema (1984)



YAA-YS ) o,leds ((1F+F) YY o818 ol dolibad o JuSS (35 lade oy

Ansys

/ Copper T o —

lsolation —* |  — ———_ tHE ==L }

Layer

Muscle/ .

FR4/___7 ' :

o~

5k o5 g9 3l 03Lo g S il
s b o Smm x 5Smm Oyg0 4 il Olrio 4y bgs e olal o Sip 25 LB Slgol slal 4 axg5
syl ol jslaie & PDMS iz | 5l s 0¥ S5 5l B (il jolate & (rizmed 090 00
63 & by Slaseiie uizeen [V [l sns b 5 L o BOMI 1y il cadlis oS e o ooli
el ol e [M] 5] ol alias cisgS el ) 4 o8 oslil 350 S 2SI

T T
........ Ignatowsky
_______ Hutson -

. == Cooke
FEM Sii

Capacitance (pF)

-

h (mm)
sSmmx5mm . Slal b (455 gl ) Jauo ¥ oleo g Jowo (g3 lwduis 31 Jols ylio dumslio O i
OB axdio g0 ilizko Juolgd (gl3l &

Y Jgaz 50 ool a3l ¥olae 3l el Cews 4y polie b Jow (g3le ands 51 ol =l awlie O S5 Jloges

Sty polie Sl 1l )0 e oo odnlie a5 4igS len o so Gloled (5l daan g0 alise Jolgd sl 4 ]y

S ad lasais o e aS o)l s o515 a8ly Jade L0+ B olisS Juolgd 0V Jgu ¥olee lawgs ol
Sl 3 Sloras S5 olal g obsS Juolgd



OlhSed g (530 (mxo YAA-Y1E O ol «(VFoF) YY (8115 code dolidad

035 dmlmo 4y bgr po Yolao (55lw Ay

(Ol Dl S8 olul 9 oligS Jolgd jo ad 5l S olidl cde @y s csaline & S oS 4568 len
Al 53 a8 aigs led iz o ol Slewle jo (g0l slas G cel V Jgao 10 ol (seiie SYolrs 5l oolaiwl
w“:..: uma )l )50 ‘5‘:‘Ua> u,o..».} )5): 13J 9 J.)‘OJ.AT Cawdy G'AM J.,o‘jﬁ 6‘)) ‘50l> QL&BJQA L: SYoles u)‘ ‘SALA)
O L5 J50,8 S g o0 g il SLSy Ll b Jge 8 ol 45 05 so oualin ) Jguo DV alre dulae b

k, Kk
:c,é)f).la'j)ou)ﬂtd)'l}Mbuélx(\f)abel)a)wq 24 e goolen

AZ  kh aEk 1A D (\Y)
h g x/nA h éﬁ

Sily by VY Qﬂ]rwf o odlisl ylije (e (il (39 5 e 99 nl p0ys] e @y jlite 4

b, 5 4 (b slaossny 5330 ilwdde lp (it Slalllae j3 5 el (6 pine 5 (sole by, g (e
S S8 g Wigh Bl ol Jge b ) g jsb 4 ciliie (sl pite SIS G ams oo Sl (29, ol e
ool Sy sy e S 4 [VV5VF] jo 00 ) les slose b Jlto clsie ol Gl ol Ll o
ooz b il Glaiall nedS sl Lt ine (sole SUST S0 gt 4 g (goie (B3ln g,
S Sy (o sgliewsas jo aSly 09 oo oolitnl SoS g S Jolsd )3 g5 DIl (BS99 (silge
(2l Gdae & 0,285 sleodls angy Gl b by, Gl 9,00 ) @ 55 Lol L8, (g5l o 5 Lo jginns 3l 5
Sl 18, b oS oo S5 ilizes 4y g WS o w0l 2 1 o gt 515 oe Sl el 5l (65830 (o n S
a5l ol s ay slmodls 5 gy ol S ar [YFlaiS giluancs (g <80 L) snummy (Sis iSl

; k, = 5001 Cpso 4 i 4 (A) alal, o Jsgzme ozl s Ansys Maxwell Lo 5 il

k, = 0.241

N e T e R
a5 ool ppolie aglie & S Jloga 5] sty g5 Jl 0,5 (6l 3 lomius S olal b obisS

023 ge taled OMMXOMM s Sl 3l (sl | o0 (g5 g aloles 5 55k

‘weighted curve fitting method



YAA-YIE ) o5loud ((VFF) YY (31,15 code dollad w0l oSl 315 e oy

6 T Y T Y T T T T

=0=0=—=0C=—Modified Formula
FEM Si

Capacitance (pF)

h (mm})
Ao 3l b 5315 (sl oo (53l i olns 3 Jro (53t 3 ool y30lie mlia $ JS
35 axias 53 cilizeo Juslgh (gl3f 4 SMM > SMM

st ool B e DMMXOMM i I il sl 0085 o0 oolive S5 ol 4o 45 aisSilon
Sl dinge dolae 285 i oo jelaie 4 yizmas (a4l 2aSUY 54 il a3l Jol> polas
o230 o0 @liBre Dl olal b 43l (sl (g3l a5l Lol Jlade b dolas (ol 5l ol ppolie anglie 4y c0als
L alie 3 0 53k dings Jyn 5 5 b 55 s dpmlons 51 0 sl (s l30m s ¥ USG5 lsged

23 o imles alize lmas slal b 3l gl 1) cmdblineg STl (g5l 4y 1 al> laia

3
=
g ]
w
@ 5
Q
g 4 b 4/ v 2.5mmx2.5mm i
-‘5 . //’ ------- Smmx*Smm
23t ".“ //' — + — 75mmx7.5mm 1
8 v — = 10mmx10mm
2R A T
. S/
N\ T R T PP R L b
L BN 1
0 L i L i 1 M PR LT e
1 2 3 4 5 6 7 8 9 10

5 ol 5o s ngllio 10 0 (530 et J3o 8 b 335 dmlono sl o0y Sl sl o8 ¥ JSLs
iz Jolgd (gl3l 4 g wglisto Slal b ()15 (gl (rmboliniog iS5 5L oo



OhSes 3 (320 (o YAA-YVE ) o loss ((VFoF) TV (31,15 ol aoliliad

Olie Oyt yiion g ol 7Y 05l 2aS 5 g0 soled 0 0l sl (glas >l 10 05 oo od0line 45 4368 Lo
olsd g olel o ad Sl aats o] e a0 Lol a5 disF e 4 ol 2OMMX2OMM i o, 55 s
Ll G35 Dlrias S8
hos S o3Il s

Slge Dl (0l dloml 51 Jlade (6l (55l il SG ol L)l 50,8 Como g y5ate &
el 00l 00ls Gioled A JSS 0 a8 al (g5l ool

-

}

|

|

I
A\

He

L o) wlxio
S sl o
& 0 4o CuligS

il yRLelans
o ylae S arly

60 b 3 (55190 ilorio s o0 JuSitd 3B lain (6 S0 Il (6l o (63l 00l ylislu A SIS
& 30 dpw CbgS Sy Sl
SSoilul isw a5 ol ANlOG DISCOVErY 3 olfiws o5 pSo3lail oyl 40 ool & 90 ilogel Kl
A UK S o ool 3 cilisee slo wilS 3 0 1) o5l polie 380 (slacs uSojlasl plosl ISl ol ¢yl  wiloual
223 oo il 1y (65803l pl 5o ool 590 alides slal b 5l Dlxio 4y bgs po gl



YAA-YV2 ) oylels ((VF+F) YV (81,15 ode aolilas w00l WSS (3B b gy

H H H
H H H H H H
HE H H H H H
HE H H H H H
Y H H H H H
HE 1 H H E i
H [ H i H
s - 1 1 i ' '

2.5mm 5mm 10mm

alizeo ol b ) olrins A JSi

PURg b9, 4975pm s Zalies 4, PDMS esle b il Slomivo 51 S o 43 bogypo (g A5
Ivo) e snds ool oSl (63 lgie € pe A SubgS | g Sojlal ol o il oas salig' g0
;l“ 20 (g5l Ay g0 8 S L (3 Jlade dlins (gl 0als sloml (gllas (e duo o N 0 IS o
OB e pSolail s iulidl jelaie 4y ams so inles alitre Sloras slul by 3l sl 1y oads (6,5 05ll Jlase b
Gl 00 (g S0l ool Vo . Silo ol calold jo 4y Loy e oS

18 L] L] L] L L] L] L] L] L
—6— 2.5mmx2.5mm
14F —#—  Smm>*Smm -
3 —3— 7.5mmx7.5mm
—&— 10mmx10mm
— 12} -
=
=
1<
= 10pF -
w
aQ
g s
2
g
a 5[ 7]
(6]
C
4F -
2 " " A N N A A A N
1 2 3 4 5 [ 7 8 9 10 11

h (mm)
3 Jole ladio b dunglio )3 oo (g5lw dite J90,8 b (3315 dlono (g2 0uld slom| (gllas oy N+ S
& 30 o CligS Sy Sl (60 (s ilieo Juolgd (g3l ar g wgliio Slal b (3 (sl (o (5525 03l

'Spin Coating



OKad g (53%0 o YAA-TYF ) o5lods ((VF+F) T (31,05 cole anbibias

Ol cp o 9 Sl 1VF 3] 1108 0 a0 soled 43 0 slom) (glas cll> (pl )0 05l oo odaline 45 43s8 Lo
Jolss g olal o ad jlaais o] cle w0yl a5 ais ylas o5 cuol 2OMMX25MM 1y (1, <5 (s
o (65l At Joo 8 3l Jols gulis a4y cos Jae (5,5 0lail jo s 4l Glidl .ol g5l Olas S8
Sl s SO 6yt sl 5 g s pSesll LSle (il saoils sers 5l (5L Gl |,
Candld 00y (3l digy Jge,8 )0 €0 Al CuligS g PDMS

o s 39l Cowd 45 e S 5l eolaial b Olgse yad Jlolien a4 (gilge amis g0 b 3l o8\
J3o 50 oads cils ailols @y g JS! 5 )57 50 a5 Wiledel Cawdy pl3 Sl he S 605 5 0 b lagals
OB BB Oliee 5 Ml 5 aies @l 5y (Slawlrs amti Wil el S97 90 sl Jge i oS5 s @ O
L@bJﬁAP&Sﬂd«IL{Mw‘)Ow‘W)L.M.Jdf)gd‘)duulﬁb&ﬂldbbngdwo..\muLng
SaS ol &l (S culls BB Slgel sl G5l g,y 4 ol sl slas )5 sy ouds moral sl il b
4 g 0l Cawds 13530 g0 8 (6l umnai sl il b ANSYS MaxWell 158l o 5 b cedoliiog ST (g5l auris
Gl a8 22l /N E 5 S T 5l o 5 dle las i 90,8 SS

References

[\]Hamedani, N., & Karimi Moridani, M. (2021). Design and Manufacturing of Gloves for
Intelligent Quantification of Hand Vibration. Karafan Journal, 18(3), 79-99.
https://doi.org/10.48301/kssa.2021.282479.1489

[vISumayli, A. (2021). Recent trends on bioimplant materials: A review. Materials Today:
Proceedings, 46, 2726-2731. https://doi.org/10.1016/j.matpr.2021.02.395

[vILiu, Y., Li, B., Huang, M., Chen, Z., & Zhang, X. (2018). An overview of regulation
topologies in resonant wireless power transfer systems for consumer electronics or bio-
implants. Energies, 11(7), 1737. https://doi.org/10.3390/en11071737

[¥IMaroosi, A., Zabbah, 1., Mogharebi, M., Yasrebi, S. e., & Layeghi, K. (2022). Improving
Diagnosis of Breast Cancer Disease Using Adaptive Neuro-fuzzy Inference System. Karafan
Journal, 19(3), 377-392. https://doi.org/10.48301/kssa.2022.277156.1426

[s]Hossain, A. S., Mohseni, P., & Lavasani, H. M. (2022). Design and optimization of
capacitive links for wireless power transfer to biomedical implants. IEEE Transactions on
Biomedical Circuits and Systems, 16(6), 1299-1312.
https://doi.org/10.1109/TBCAS.2022.3213000

[#]Chou, N., Moon, H., Park, J., & Kim, S. (2021). Interfacial and surface analysis of parylene
C-modified PDMS substrates for soft bioelectronics. Progress in Organic Coatings, 157,
106309. https://doi.org/10.1016/j.porgcoat.2021.106309

[vIMasoumnezhad, M. (2024). Fabrication of Polyaniline Electrode Using Nickel Foam
Substrate for Use in Supercapacitors Electrode. Karafan Journal yyy-vyy ,0)vy,
https://doi.org/10.48301/kssa.2024.431988.2794

[AINguyen, Q. P. (2011). Characterization of biocompatible parylene-C coating for BioMEMS
applications. Louisiana State University and Agricultural & Mechanical College.
https://doi.org/10.31390/gradschool_theses.1478



https://doi.org/10.48301/kssa.2021.282479.1489
https://doi.org/10.1016/j.matpr.2021.02.395
https://doi.org/10.3390/en11071737
https://doi.org/10.48301/kssa.2022.277156.1426
https://doi.org/10.1109/TBCAS.2022.3213000
https://doi.org/10.1016/j.porgcoat.2021.106309
https://doi.org/10.48301/kssa.2024.431988.2794
https://doi.org/10.48301/kssa.2024.431988.2794

YAA-YVE ) olos ((VF+F) YY (31,15 code dollad ol JuSlS (5 jlade oy

[a]Lazzi, G. (2005). Thermal effects of bioimplants. IEEE Engineering in Medicine and Biology
Magazine, 24(5), 75-81. https://doi.org/10.1109/MEMB.2005.1511503

[\-1Feng, Y., Zhou, Z., Wang, W., Rao, Z., & Han, Y (v-v1) .The 3D capacitance modeling of
non-parallel plates based on conformal mapping. 2021 IEEE 16th International Conference on
Nano/Micro Engineered and Molecular Systems (NEMS) ,
https://doi.org/10.1109/NEMS51815.2021.9451427

[v\vISchinzinger, R., & Laura, P. A. (2012). Conformal mapping: methods and applications.
Courier Corporation. https://scispace.com/pdf/conformal-mapping-methods-and-applications-
20zmd88z10.pdf

[\yIMuratori, B., Jones, J., & Wolski, A. (2015). Analytical expressions for fringe fields in
multipole magnets. Physical Review Special Topics-Accelerators and Beams, 18(6), 064001.
https://doi.org/10.1103/PhysRevSTAB.18.064001

[yv]Palmer, H. B. (1937). The capacitance of a parallel-plate capacitor by the Schwartz-
Christoffel transformation. Electrical Engineering, 56(3), 363-368.
https/doi.org/10.1109/EE.1937.6540485

[yflElliott, R. (1966). Relativity and electricity. IEEE spectrum, 3(3), 140-152.
https://doi.org/10.1109/MSPEC.1966.5216743

[\olElsaadi, M., Tayel, M. B., & Steenson, D. (2021). An Empirical Formula of Fringing Field
Capacitance for MEMS Tunable Capacitor Actuators. 2021 IEEE 1st International Maghreb
Meeting of the Conference on Sciences and Techniques of Automatic Control and Computer
Engineering MI-STA https://doi.org/10.1109/M1-STA52233.2021.9464509

[y#]Sakurai, T., & Tamaru, K. (1983). Simple formulas for two-and three-dimensional
capacitances. IEEE Transactions on Electron Devices, 30(2), 183-185.
https://doi.org/10.1109/T-ED.1983.21093

[\vIVan Der Meijs, N., & Fokkema, J. (1984). VLSI circuit reconstruction from mask topology.
Integration, 2(2), 85-119 https://doi.org/10.1016/0167-9260(84)90016-6

[VAlSloggett, G., Barton, N., & Spencer, S. (1986). Fringing fields in disc capacitors. Journal of
Physics A: Mathematical and General, 19(14), 2725. https://doi.org/10.1088/0305-
4470/19/14/012

[YalCooke, J .(va6A) The coaxial circular disc problem. ZAMM-Journal of Applied
Mathematics and Mechanics/Zeitschrift fir Angewandte Mathematik und Mechanik, 38(9-10),
349-356. https://doi.org/10.1002/zamm.19580380904

[v-1Wu, X., Zhao, W., Duan, J., Qu, Z., Wang J., & Zhang, B. (2022). Flexible pressure sensor
based on graphene/PS microsphere/PDMS composite dielectric layer and activated carbon
non-woven fabrics. Materials Letters, 326, 132952,
https://doi.org/10.1016/].matlet.2022.132952

MIATIS), T.F.f R.0. 1. T.i. S. (2022). https://itis.swiss/virtual-population/tissue-
properties/database/dielectric-properties

[vv]Dodd, S., Bassi, A., Bodger, K., & Williamson, P. (2006). A comparison of multivariable

regression models to analyse cost data. Journal of evaluation in clinical practice, 12(1), 76-86.
https://doi.org/10.1111/].1365-2753.2006.00610.x



https://doi.org/10.1109/MEMB.2005.1511503
https://doi.org/10.1109/NEMS51815.2021.9451427
https://doi.org/10.1109/NEMS51815.2021.9451427
https://scispace.com/pdf/conformal-mapping-methods-and-applications-20zmd88z1o.pdf
https://scispace.com/pdf/conformal-mapping-methods-and-applications-20zmd88z1o.pdf
https://doi.org/10.1103/PhysRevSTAB.18.064001
https://doi.org/10.1109/EE.1937.6540485
https://doi.org/10.1109/MSPEC.1966.5216743
https://doi.org/10.1109/MI-STA52233.2021.9464509
https://doi.org/10.1109/MI-STA52233.2021.9464509
https://doi.org/10.1109/T-ED.1983.21093
https://doi.org/10.1016/0167-9260(84)90016-6
https://doi.org/10.1016/0167-9260(84)90016-6
https://doi.org/10.1088/0305-4470/19/14/012
https://doi.org/10.1088/0305-4470/19/14/012
https://doi.org/10.1002/zamm.19580380904
https://doi.org/10.1016/j.matlet.2022.132952
https://itis.swiss/virtual-population/tissue-properties/database/dielectric-properties
https://itis.swiss/virtual-population/tissue-properties/database/dielectric-properties
https://doi.org/10.1111/j.1365-2753.2006.00610.x

o) 3 (5300 Canino YAA-Y15 ) 0 Lo ((1F+F) YV (081,15 sole doliluad

[vv]Strutz, T. (2011). Data fitting and uncertainty: A practical introduction to weighted least
squares and beyond (\Vol. 1). Springer. https://link.springer.com/book/9783658114558
[vflYang, H.-C., Chi, S.-C., & Liao, W.-S. (2022). Comparison of Fitting Current-Voltage
Characteristics Curves of FInFET Transistors with Various Fixed Parameters. Applied
Sciences, 12(20), 10519. https://doi.org/10.3390/app122010519

[valZhuang, H., Nelson, S., Trabelsi, S., & Savage, E. (2007). Dielectric properties of uncooked
chicken breast muscles from ten to one thousand eight hundred megahertz. Poultry Science,
86(11), 2433-2440. https://doi.org/10.3382/ps.2006-00434



https://link.springer.com/book/9783658114558
https://doi.org/10.3390/app122010519
https://doi.org/10.3382/ps.2006-00434

