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Evaluating the Effect of Pressure on the Diaphragm Micro-
Electro-Mechanical Thickness and the Amount of Shift in Medical
Applications

Nazli Zargarpourfardin
Young Researchers and Elite Club, Ilkhchi Branch, Islamic Azad University, Ilkhchi, Iran.
Zargarpour.n@ gmail.com

In this paper, the influence of design parameters on the sensitive microphone diaphragm for use in
implantable medical applications is presented. The different parameters such as diaphragm shape, size,
thickness and different applied pressures on the diaphragm has been considered. The effect of changes in
these parameters on the displacement and stress in a variety of shapes of diaphragm is discussed. In order to
design the optimal shape of the proposed diaphragm for the considered parameters, it has been simulated and
analyzed in software COMSOL. According to the parameters, the diaphragm shapes of square, rectangular

and oval with respect to the intended user, average central displacement in human hearing frequency range
20Hz-20KHz are 5. 5 nm, 2. 6 nm, and 130 nm respectively. According to the results of the simulations, the
oval-shaped diaphragm that has been studies in this paper, the possibility of implanted medical applications,
performance is optimal than other shapes. In addition, the piezoelectric material is PZT used in the design of
the diaphragm.

Index Terms: Micro-Electro-Mechanical System, Diaphragm, Displacement, Piezoelectric, COMSOL.

Zargarpour.n@gmail.com |l el (K56 5 ylex o) Kiagsy oSl o zesel] oty oMol o131 ol8zls ¢ y0 ¢33 18,50 .5 15 (S50 1 gheanno 0 kimmns 3

(Yo)



YY-YO .o« Sy oo )5 )0 obule ol 5o (SilSog 581 5 oo slawST,800 ;o jLad 5 Cules ;506 o)

Sy selius ol o Cusome S b 0 (55l
Slplliws ol By, (e SlaRiws ¢ Gy Sen (i wile
Ll g ad; b po el BB 5l 090 Dlakad g (S Se aey

AR R N UL
SPPES p e Sl oSk e ()
O el ool il (S5 sleo )5 (gl (SlSies Sl S
b (a5 Jebivw @ye) 51,80 Gliee JS4 g8 an jolaie
COMSOL 13810 5 50 (,lasy bl w5 pa b jblis sla e

B

WL g 0 Ll et 4) lnle e
56T 5 (s3ludnds (il 5 (Wil oo (SilSag Sy Se 39,5na
@iz slacwlbes b golging 5 wgllas (5130 3, 5l .ailoads
P e @bulr Ol byl cezr Sglite Jlesl slajled cos
Olyo as 6)9.10 @ [\f] I PRV d.d)f )‘)3 WP Oy90 mf‘)SL.b
Snleior ol (Sl ) (Sl (Sl (SOl
be ;0 CB (gl S Sy (Seillleg 1Sy S slagsdg S
SasS olad 53 o b Jsene 556 b oy sl 355
P LA Lok Jyene a7 5 Goos g9 5] 4z OS] g5 ()
Tf] closls )13 00 cou ol

4 Oy Sux COMSOL Jl8le 5o (lwand )b 5l o
2 oolid gz 8 oyinl 5 oS3k 3550 5 ool el
Sg)ie Lot 4 2lpnil leyd Slealy (n fodes I el Dud
Colus 50 ilwosid § GluSa S drwy Ceow 4 Gl
Jo il LB slaSaons arwgi 4 i g Sie (S50
g0 el 4 i g Slol Slaal 5l 85 S 10 051,800 JSo

oo plxil slba,ls.Y
WS18Ls sl oaya )8 &Il Ve A Jlo jo o ldlae ulul
ESEEIEE VIR PSRt O [PNTEIN E YtV RS
Alas jo .l ool slpaing Sio glas )5 40 (6,5 4 cp
5 oS Lyt cod S sllyny @S13bs JSS gs 90 95 0e

[\\c] Sl 00 =3
ol 3] e s 5 Sl 7Sy S 05135 o s 3
K53y ol gl slie 5 COMSOL 5l i 3 s vt

el 00U 45|)‘ Lgol.er.......: C)Jo)l J..0L> Lg)jd?u.uj

LT TIRS

%)

doddlo )

@ Gy 655 JUE ((Sleg yiSlg See slapgSe I ol
S JBS 6 4 (Sl olnle b b (S Sl 55
25 b ol g5 90 @ OlEs 1) lapds S ol
olal i Jlo 00 dga L GsSidiw g g8 slaydy S
G Imm glas)l gl)ls s 6 mm b4 mm o> ;0 5 5,5 dacydg S
99 baze ngh by bagdy S (nl 0 Sles o5 Widgy 2 mm
ads,See g9 (nl 5SS (o0 dgazme (mrblisng iS5 (SIS
sl Dyo oS alple WS e 1) Jelse Gl sl e
099>) (Silfleg xSy e (IS5 dmng g i L a5 aials
oRalS Sl 355 (pl &5 0D S o8 by S pale (G JUo Y
DT cas bl plo s 4o

slp yol Jlo 53 ('MEMS) (SilSag iUl Sen slacydy Sen
Loy ol wiedisn slagali asle Joor BB slaoliiws I sl
Fyore SlagdeSee (30l 5 WS (o0 )18 eolial 3550 DB
2 bl bl 90 wnza 5 ple Bkl aileas g xSl
Sdlios 089,50 (b

Js e sl ot MEMS (slagdgSes 5Ll alex
GBS $lp) @l B S Cam s (mpblieg xSl
dosds e 1 lall Sl eslitul Loy Bde o(Jlums
old 5 3 8lae 5 "CMOS b 5 l85ke sl (55, » s3loaz LS
V=7 sl cslio a5 S8 alos b e

Sk lapBg S diws gr2 (Sl iSllg S (slapsdy S
b oSl g (il e igim Dyge 4 SElgioe g 00y
o 5y @ @180 (ied (S Sl JUEl p e 5o g
o518k ) » omb o Vb leog Sl b 5l al g S
i bl g o JUD 38l 09l oo 0dls artiis
0l g5 ol 5o wdlios 51800 5l (AU a5 s 4 Saeglia
JUE 5l 23,5 oo ool gady b olol 2 (25l g e
wdboe pSbs el (Gils cdib Wl st G
SLptass 5 S wlon Glapdli pezen ool slas S
S iSlgr Oazen Sopw cilize glaesile | Sgul 2
5w ede LFNY] ais o ooliial Saliyag mSUl 5 Sslily 2SIl
4 S g9 nl Sl eslitul Vb bl 5y 4 (S5l sladg S
odes gblse alex 5l 15 DYV F10] aiboe S slaie ads
SR LS cpmy (Sl gy e «S6SUlgr (slacdy See
Sy &b 9 05 S350 Sran (330 Sl almlr w6099 Ol @
530 50 Trle JSie L [VPVA] adlbice (MM 0> ) oy
oS 23les Of Combam 035 Gl S lggy iz 5 B9 S
ol o0l 5,1 [VF] o 0 2l ol (St ol &8 jelate 4
iy o lasls & MEMS (s5slyiSs ol ans 5o s
£ ol 3l ooliinl L S Conio 45 (gy5b 4 ] 0551 5Kusly



Ed dA
V= 31i11 )

cayo d3g Pa asly booole atwiw¥! Jooo L Kb Joow E a5
€ um? oy b ooy xS mhaw dA « Jloel 25,5 €17 S iSUlg5m
oad plol Dllllae ulul paS ail o ol aslg b jlsle cud b

JOW PRVFEECINE | 4 IS

oS53 JIil f

oy e S8 dw oST3ls oLb gly Uit ol o
oalaiul Sy940 &1)..5“3)-) sole 9 \a,u.m Ceolses “395.&...4 ).aaj
lvdns 5 56T COMSOL l58la 5 o 5 13,5 1,5 L ao PZT
Liloads

wrye UK Lo b o1k .l

Jiles g0 VoM go b g sad S5 Luld cos
Lol 00 (5 5lwas COMSOL

el a3 b e 051800 A5 b el 5 lml peySLe

0.0133 Pa?
Winax = ——45 — ™
0.309 Pa?
Smax = Tz )

by aks Jsb @ N/ sy b Jlesl Ls P s’ g5
Cwls h 9 ‘;LQ&‘ 5).0 Pa .\>‘5 L L_itl{ Jj.\.c E Um J.‘>l5
sl pe S Silo (7) aaly a5 anil o UM axlg b o51,500
5 o 051,30 55 0 slal il Sl ¥ alad 5 051,300 59 50

oo awloue [YF] olul oS siten woads aid
uu).‘.wl sba‘?ub bL.’wO ).JL;‘ (SR wfl)ebo Lgo.\..f; Lg)Lwd.u.w J».\.A
Loyl (blie als Slw alads 4w b slassl jo us b
Sl 50 o8 Mie assF 4 b G Jlail oye ks i
Kloays ,§ &1 (V-F) JISKS] o s 5 4y wiloas ploxil COMSOL

i

VoMM oIl b (onye 051,300 55 50 bl gum ¥ 5IUTAY) S
Fig. (2): Analysis of 3D displacement of the center square
diaphragm with size 100 pm

WWAP Gl — & g Cans o)l — et Jloo — G0 Cato )0 wiedige slods,

Yv

Lo luard 5l odal Cowd 4 @l g (b @lie ) Lisy ol o
@)l oleriny Sl (Sleg 2SUlg e (99,500 s
o o.\;ﬂ.b)f

wShiks b

O s wpS e JE Sae LS B 0 (B SR
P=py+p )
)wﬁaﬁéﬂﬁbgwduﬁypojw)wpds
S e ol [YY-VE] 598 abasly 5o |y JS Sgo

U1 gl ol o ools ylis (V) JS 0 oS1,800 Silesd
503)1& LY L ‘5|a> 9 u)lj.».o suio.&b ﬁ,fl)sbo as ol U’l‘ » unjs
5MLL5‘° wl)msb)l wf‘)SLl‘JASWl 04 ua)ﬁd...buu.ll)o
h culrs @ glas ail jio wmio o (leaile b sl Wb
G3ges sz b cou oST,3ks wdle 4 load 5,8 o51,800
Ivo-vvl colas s 1 3p colypss

P
COMSOL L1581 P 50 0dd 0uplS p?ljsbd Saoles :(V) S
Fig. (1): Diaphragm schematic in COMSOL software
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Line Graph: von Mises stress (N/m?)
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Line Graph: Displacement field, Z component (um)
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Table(1): Comparison between different types of diaphragm
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