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2019 A wlolma 2 EF 2020 AAS wlo]m R E]
LAyl 7k AxE A EAAE W AlEld 3t HluE o
¥2-1 2 g

¥ 2-1 48] 7 AxE A4 EAAF 2 AJEY ol gk vlw

AT Ak Total displacement
A Total displacement Alg oA 3 [um]
AR 28 44 g Aok | cmysfpay | EALLum] L Bl
rigid body
EWH? EWH
= s 27.8
straight beam Keotal =TT 4.63 (ig% 37H) 4.53 %103 6.43x 103
K K
K3 - WH = EZ:H .
Serpentine Koot =T 1 T 35 (22 574 4.04% 107 2.73% 107
K K,
H = 10 um
' =~ diaphragm — g
_ ioi | 5
= rigid body K. 2
. 4 um 3 <
diaphragm | o
rigid body { K A
/ 1 (g &, \’: "\, +
~ ) 7/ \\
£
/ - = \\" + K =]
S g 4 7o)
(oo}
K, 2
2 um 5um

(a) (b)
a9 2-7 2 AFHo] AAS nlo]a2E, (a) 2020 A A,
(b)2019d A A [26]
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A 2 F ro|aZ2ES HE Yi=slo]o

A FEREY HIYET HU S8 A FHe A

U glo]ojE wjx]sto] Ale]x]e] wWsl&o]l HurF 2 £ U=
AAE Y. ¥ 1" 2-8 %@ ¥ 2-9%9 o]
Z(tension) ¥ = (compression) 2 F+ET £ 9o ¥
o] o

Q)
FRel web AF WP FAol wh: HYE v
=48 285937,

[ -

¥
[ T

AHE @

o 1 Q)

L

»

*

Compression

-

AWHE @
% 2-8 AxF F oA FHo 1 AR 9 FH
A& A4 [26]
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[Pa]

[um]

Von mises stress [Pa] Von mises stress

fum] A fum]

Displacement Displacement

[um]

ADY - A=l AAH p0e 88 £TE - ALYl HAY

fum ' N

19 2-9 SINW7} compression(#) ¥ tension(-¥) stress&

k= o] xpelef wE von—mises stress 4 displacement &3

8
2E

o

I [26]

|5 Uxsteloje] Aol 15umeol®  UYH]E= 2umth

a3y ¢ EEZF vedd F7|Es AY skl

JoRaUT, B qdel AW Adel ALE AL
golo] §Ag mEPow Fel@ thesjolo] 27U WA
220 WE ATPAE olEl S HR T 5 ATH14].

0.4 r -
—O—NW1 (100 nm)
—A—NW2 (150 nm)

NW3 (200 nm) %
0.3 q|—7— NW4 (300 nm) %/
—O0—NWS5 (500 nm) g/

/4/7 E /8
A
s
T 1 a1 5 80
Stress o (MPa)
2% 2-10 AP vimstelo] 4AY Ed [14]
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YAG Ed Tz E Fustd A veglolo] AVEE
AEdRsts HolHE gHole 1 2-29]

ettt & Iz elA 3MPa ©]ste] stress o A=
o R FFeAY. AelE U 9to]o]e] nominal A& SOI

Qo] 8] device layer H|AZQ 0.02 Scm ©o|W, IAV|E=R
AR & xE2-219 2 AsHEIMY Il He
94dBsplolA+= 0.81 Mpa 59 stress?7} WHAshHA mHE
EE $Hbeld A E vimglolol g A7V]o] wet 0.4 FIEFollA
10 71257kA A& wWsisko] g e RAor oSt webA
- glojoj o] 7715 200 um x 200 um % 300 um x 300 um=
AA Y. o] HaqEE= HAoA WAk exE U3
timglo]ol o] A7t Ags] AAAZ 2A FAHEHA g Ao=E
oAGEHAT  FHum  exprt BAE HExste T EES

SAANE UE Ao o dd

% 2-2 &8 SINW 7]8E who] A2 E AZHsty o547
=& [dBspl] 50 60 70 80 90 94 100 110 120
=S¢ [Pa] 0.0063 0.02 0.0632 02 0.632 1 2 6.32 20
stress [MPa] 0.0051 0.0166 0.051 0.166 051 0.81 1.64 5.05 16.44
AR [kQ) 65 213 655 2132 6549 10402 21060 50506 76424
AR/Ro 0.0002 0.0007 0.0022 0.007 0.022 0.035 0.07 017 0.25
AR [kQ) 6 20 62 203 622 988 2001 5267 9952
AR/Ro 0.0001 0.00027 0.00083 0.0027 0.0083 0.013 0.027 0.070 013
AR [kQ] 2 8 25 80 247 392 794 2024 3914

100 nm

200 nm

300 nm
AR/Ro 0.0001 0.0002 0.0007 0.0024 0.0074 0.0118 0.0238 0.061 0.12

Al 3T ZFH 2= A

diplacement %! stress”7} ZAHEE] A3XHo vlE Avpy =pol| 7}

== BAs7] ga] Ftesw 7ur AEgelAS At
Ay AEHT Ty Az Algdold A=
TAPSIR OB AxdS s e WS HasshiM s
T Ase AT T ASlHh

17



O cut line A|EH
O cut line &

Von mises stress

3.5E+05
3.0E+05 A
2.5E+05

2.0E+05 \ /
1.5E+05 \ /

1.0E+05 \\ //
5.0E+04

0.0E+00

0 100 200 300 400 500 600

a8 2—-12 37 A—A’ o429 von—mises stress
1 [26]
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8.0E-03
7.0E-03
6.0E-03
5.0E-03
4.0E-03
3.0E-03
2.0E-03
1.0E-03
0.0E+00

100

Displacement

200 300

400

500 600

a9 2—-13 F7F A=A’ A9 displacement “1#3Z [26]

9 2-14 3¥E AXE FxE 7|4 vlo] A2 E
schematic [26]
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A 3 A vlo]azE FH

A 18 A2E YudololE TR slolazE T

»%434= MEMS wlolma =22 ¥ dol=s FAdst
7] <ol s, x=F3ert Ae 5 340 o]ttt
nfol| 3 2 )AL F Knowles iite] A 12 3], Infineon jit
0 32 =337t Ads] Boh[27]. 18y & A3 7]E9
H#-3F sacrificial bulk micromaching (SBM) [28—-29] ¥ AHS
8ot MEE oAz E S i § owF U301,
st mpolaRE 34 IH 2-15 oA AT AAH =357t
4 372 Fgo] tA3 HTH[36]. 3 T AFEEE SolH =
Thin SOT Fo]¥7} ol EZ 3Gu| = =4 5 AH[31].

= Aol mholAEE A A A} st glols+= MEMC it
p B4, (1116 inch SOI fo]A . BOX #lo]o F71i= 2um ©]H,
tjafo] A2 65um, ZNﬂ:’ﬂv&%—% 400um ot} A HA
ntAdE gEEd AE W AZH yisglol]ojo]  Zol&
Aot s stk T WA riAae 2d 9SSk
Axgol JorE doh Al HA viAdE A5 s Ak
21tk UiA mpAagE doly A JiBEE Ak 9=
stk I 5 AR A= d'lEs AoskeE riAde vwlo]laRE

e

rr

N
o

- oo

°F° ook

oA F o9 Abgo] Bk @ W AR HAR WD

225 A2 A= olge] Rio] el wWere o] A
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COTS S

4) 15t Si DRIE

1) 1st wet oxidation 2) 1st Photolishography 3) 1st SiO2 etch

COCCTS

8) KOH wet etch

5) 2nd Wet oxidation 6) 2nd SiO2 etch 7) 2nd Si DRIE

S <

9) Si02 deposition 10) Si3N4 deposition 12) 2nd Photolishography

13) Si3N4 etch 14) 3rd SiO2 etch 15) 3rd Si DRIE(Vent hole) 16) 3rd Photolishography Electrode

17) Si3N4 etcha: 4th 18) Electrode metal 19) 4th Photolishography 20) 4th Si DRIE(back)
SiO2 dry etching deposition & lift-off (back)

S <

21) 5th SiO2 etch (back) 22) 5th Si DRIE(back)

O 2-15 AEE yrgolojg x&etes AXY FxE 7|Ht
NEMS wlo]d 2 ¥E ZHE[26]

Ugloloje] FA dAl= ¥ 2-169 ok dA FF
A A GAFYH oy WA WA yieslolojol A
Fehete dAY. 5 A o3k tulolA #olojo] F7
10ume]do]™ CMP ( cheminal-mechanical planarization) &
&3l ol FAE &A% FYUEds A¥sith, vgow A
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nlo] A EE 78] E l‘%%—% EHEM e AC® wmpo]aR2E JH|E

G WA o] A HErt. koA Ay Fufinstolo] W AZHS
g4 H 9 AMEHE Pt AolBE, wdedy Xy o
JH e FEY AV dA T F UEF aligns EFE Flo
st w=FF¥AF AgZ DRIE 34S T3 BOXE7HA
Al ZS Azbst, o] A ol #FS WAsuA TES
Faeked |, A AbsE AZA] 9ol opAlElE IEE
AASAA HEPS 3 AFAE AAZ Ao =FujElo] glo]

Al 2 3 nfo]AZE AZAEF

T 22 A dAZE 2¥dEG. AWA dAE D%t A
uto] A~ #ojo]E 10um =E &ol7] & CMP & XI3jgir},
s et s CMP & X33 A3 tiupo] A golo] o] F77} ok
7um = =%t}

CMP a5 oy ZgdS siry. Ziydo] gaswd A

A AR 1 A FAAE S AW 1A FAAE g
= YeFgrled LPCVD A (AR CENTROTHERM it
EEEELSS0) & Argste]  Agsdlth. SR 10
A/sec oM, ¥ 60 = MR, F¥FZEH} 600nm 7t
3= A

FoRA dAe 1 A =3FAFoth 1 AR IAES
Ftie 7= KrE stepper (AZ2AHASML jit, &7 : PAS5500)
= ARgste] At KrF stepper & ARgshd HAAdFo]
500nm ©°® HE  PAo] ThestH, HYHIE yYwgololE
TEsHEE 500nm  HElo] Heste]l &g AuE  sgskn

FAA A pr coating & A&AEIL, wFTH AFZ AL o] A
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S4800 15.0kV 8.6mm x2.20k SE(U)
1% 2—-18 1 &} photolithography 34 % A% 9 1} 9lo]o]
B8 [26]

Al AR A= 1 2 abse dA Az FAolny. A tist
=A% A4 Dielectric ICP Etcher #Av]E  (Rdw/AZ
3|AF: NeoS—MAXIS  200L/717F&Il git) ARS8l 4=
AT A test FHS T3 AAE vwlolarRE HEHQ
e 7] AAEZE TR Test 4 A AA4HEE
3,100 A/min o] ¢tds] AbgerE AASH] fsl 10%
overetch & 3t 128 = AZ4¥4ds Hdysidot. 34 A3
AelE Abgteto]  ebds] Azto]l  EHlom  TupolA #o]ort
g e #2 3= APkl 30nm
Si o] Aztd Aow FALHUAY. ¥ A= v 19 2-19
2.

- % A&t




S4800 15.0kV 8.0mm x18.0k SE(U)

I3 2-19 1 2} SiO2 dry etch 33243} [26]

v A Sl 1 A AEE AZEdolt e Unr]ed
ICP etcher IV H] (E&v/ #|23|A}F Multiplex ICP/ STS jil) &
o] g3} %1@% A8ttt Test 34 AYs| wlo]|a=E

P o] AZtEE= 250 nm/loop Q1 Ao ZE FHlE it} o)==
A& "}5—_9}01019] FA FEE 9%k dAol ¥4 A3} 500nm
AZVE QS st

Y I A&




S4800 15.0kV 9.3mm x22.0k SE(U)

a9 2-20 1 = Sietch 57442 [26]

o] & YxFd7|Egd LPCVD AH Y wet oxidation F=
AFg3Fo] 2 A thermal wet oxidation = &3t A&
Ur9lolo] FxE ZY sidewall 7|£°2%2 200 nm thermal
oxide 7} A9 4+ UEF 5 F wet oxidation 35S ch o
TZEo] 300 nm YHF oxidation H+& E<QF AP Y- glo]o]
TZE9 sidewall o4+ 200 nm oxidation ©] &=, T3 2-
21 ¢} o] HAsE SINW YnlQl 250 nm &= 3ith.

oAA WA FAHS 2 A AHgE AbsE A2 A Zbolt
AEety WA FTEAT A Dielectric ICP  Etcher ]
(mdg /A2 3AF NeoS—MAXIS  df200L/7]17FdQ1 dib) &

Agatel 2 A AdE Ase 24474 3PS AYHAt 1 A

=
A& 53 = ¥A/E AP, ¥ AI+= Nano—spec FH|=
o] && FlsF o™ 250nm Ay FE Atsluto] TE: AZHES
gkl sl o
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4 Aee A7Egolth ds)%e ICP

@
@
o
=g
@
=
—
<
ol
=
N
oo
g

/ AZ3|AF Multiplex ICP/ STS iib) &
ok 1A Si etch olq Alrbe 745w g

17t 3ol A 24

2 A
Azto] &7} e BAS olgd 2 A A A4
98 A7
2

=

Mr 1> o%
NS

Z TEEST Uxdeldy gd F
et o] HAE el A2 vimee]o]

N

]_

Jo N oxt

do o Ju o 1 2
o

F otk B4 QYA heselelsl vlolaz FEE
2 Qs AT uspelel el shwe] Ay
E[l_
Z

N
1—4—4

nfo]| 32 FRE] sk AyEe rulo] Ao Ao

4

A7E AZE AAs Test 34S T A 2RSS
M, HAF 2% A4 856 & W ¥k 225 wt% KOH °lA
45 = AP, ¥ AFA aH 2-22 I Lol

off O ¥0 > T Hz > of &
jus}

o 2 ki



A Y vhol A &
Yreslolofut Fgd 2L 3

S4800 15.0kV 13.2mm x4.50k SE(U)
I3 2-22 KOH €95 o] &3t wet etch 34 A3}[26]

9 WA A= AgE gy FREAgoltt. dnynri=d
HDPCVD 8] ( A ZAF: BMR jit:, 2 2: High— DEP) & ©] 83}
= APt A A 79 FAEE 600 A/min =
a=sE, 100 = dsielon ¥4 Ay a7 2-23 3 Zo)
ABE QL FHefl 100nm FA2 A& Abseto] F2E gl

10 ¥4 dA= A Aste SR Aold. AR
grmer]E9 HDPCVD H] ( Al %Ak BMR jit, 2293: High-
DEP) & o]&3ste] 34& A3Pepsitt. HDPCVD 7]& #A 99

=

K lam!
s A4S 27 B Aysct 34 Ay 1" 2—-24 ¥ 7o
2.75um 79 A2 Azlule] =2y AL FFolsk S 9t}

>

v 2 A&

ZET = A AbgEy Zo] 600 A/min )1 A



S4800 15.0kV 10.2mm x2.50k SE(U)

1% 2—-23 Si0O2 deposition 334 4A 7} [26]

54800 15.0kV 9.4mm x6.00k SE(U,LA10)

138 2—24 Si3N4 deposition 3424 7}[26]
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11 ¥ ¥4 CMP ¥Holt}h. 10 wa o
Astuts SFA dEe] we @xr gAAEeR gswAQl
TEFH s T A CMP 3dSF3 dols xdo
G2 QS whEolETh

12 ¥ 342 23 = ¥t 2 A 34 AEddty

2
Masklesss Pattern System ZH] (Z&v/A 2
3]AF (PAS5500/300C)/ASML i) &  Abgste] 3313
Maskless Pattern System H|E AF-&3stH viAaE oz A 2Heh
FQ9glol Gds FHY=E e Adste] Anle] Sl™std H+=
Aol SQloh. AFA= AZ4620 & AMEEIO™  Tum =
SHSAL test FHS Tl =F U A= 380 ml/em2 2 =
z w3 & @A AZ 300 MIF o o9& 3 & 30 %
&1l washing & st 34243 ZxPW 734 F
FAAEN oW HAMELS 2um Z FEHo| HSIT
&1 A AgE Aster AdAAAEgold

Agdisty  WEATEAT4L  Dielectric  ICP  Etcher %]
(g /A2 A NeoS—MAXIS  df200L/7]17FdQl  gil) &
AHEste] FAE Eskith. AAE mlojamES] dd
venthole 32 A7]o] w} NA4HE7 E 5 o4dsto] test
4 st aHy AAEEE
A/min © % AT ol E VFoR 2 %
A2 Aol A3 AAHES %t Nano—spec O#F
e Ay Adele Asie 0.75un 7 BEFE O AZEoH
10% 2ol A& Flg 4 U3t

14 94 342 3 2 Ae& Abstul A4 A 2ol
HFE A 35 A7+ 4  Dielectric ICP  Etcher FHIE (X

34 NeoS—MAXIS  df200L/7]17 &R jit)  ARE-3}Ho

-
4z
M
M

o M

>
o
=

e,

ol

~~
Fioodl 24 o
uu mo N Kl

ok

Ak, oA wAA AR 3100 A/min A7
7%

om 96% 2L VWA, £HAT, 0.5um T e
Agiote] A H9em Az dulelx #olelzk 30nm
duovw e asiuo] gs AAZ VAL A T 5
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9 2-2533F Sietch 3843[26]

15 1A ¥4 3 2 A2 12 A7ty Aolty, Addstw
M Deep ICP etcher #An] (AW /AZ3|AF: MUC—-21 / SPP
i) & ARE8Ee 3 AF Sietch & JAASIAT. Hxsh= AP A4

Zlol= 10um ©l™ 10% overetch 7} H &= 5 EEe FAS

AYsidet. g4 aE SEM A A 29 2-25 3 P
AelZo] 10um Z7F AzkEgler BOX #oloj7t =dd A
g & & glnk 3 A A Ay A43HE dRgozs
23z gl ddRto] g4go] Holrh

T 3 A x@FFAHo. Aeddw
2 Aligner 1] (229 /A2 gAL (MA6—TII1/Karl
838k 3 A photolithography &7d= A &staltt.

Argtebs % AAT F O YEE AF3AE FHE =¥ I
EFYA = 26mW = g =¥ & AZ 300 MIF
HAANE 60 22 TES F, washing & &3t 24 28

Ay A= PR T4 7um 7F A5 29 150 um X 150 um
FHEo] T3 A,

17 1A 342 Agl2 dspur W Absier AA A7 ol
AL ety e 354 Dielectric ICP Etcher (R 2W/A|

=}
314k NeoS—MAXIS df200L/717FeAIQ1 i) & ©l&sle] w4+
AYPspdr, WA 1 2 AYFE A A4y AFu AESE

R

Aaate] AeE Asjute Az@th 275um A7t dol
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Mo mj Py 15 o -

ij/uz} %mg% ?5_16”0}@1:} T35t = 250nm ©ol™ 96
sttt vlx7MAZ Nano—spec 2.2 3443y
w o 250nm A FE  Absiuto]l  ¢bds] AAR

R =
7¥agA) <} 5“71] o AAd gl

sty HIEATEA+A E—-beam  evaporator — H]
(/A 23] AF: SRN—-200 / SORONA jil) & AFg-33iTh,

HES2bo ARGSE 242 dFrEelt. dRvES AUt

p B Si o v Z}O B2 Schottky A3o] dA %Y annealing
TS APebA FAatow s dFvlwH Aol HEel
heavy =¥ 38<= Zﬂ'}}i 7)\21"3* ptregion °] FAHT FHPJ
Fol 2.5nm olst® Fof A HEY 443 @/ Ohmic 5ol
A ETE Aoa] AR oo HAFEL 0.01-0.02 Qcm
ojml °F 51-5.15 eV dgFE I Jloer FAHEY
[26]0]9  o]fw el IRvES
Aetglom Fge4 3500 = S&ee. EEvlE
Ti & &3} adhesion layer 982 319 om Ti &= 400 A
S 2kt

g Z2 A5 T lift—off 38 ?ﬂ'ﬂ*‘d}ait‘r Lift—off ¥%4-&
Metetn HFEAFFA T4 wet station AH] (LEE/A 2 E] AL
AW04-01-03 olE]| A~ b E ARESEIH. 6 1A fo]H &

/
Aeolyel okdEs XL
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1 111 1.

79 2-26 Lift—off 3324 3[26]

AFEFe &53 F, SOl wafer & 57 370 um o=
Zo|luA g ddjito]] CMP 3% %2815ttt Si polishing
%%+ lum/min t

19 WA 34> 4 2 =3 Fdolt. ol AHyFE folH 9
AWM= AZste] AvEE FAs7] e = otk 4 A
R M=t sh i N A s AT A Aligner
An) (A /A28 A MA-6 111 / Karl suss b)) & AR5}

photolithography &7d< X333t Aligner H|E ARESH

o= doly e =FLS sl|ofst=dl, KIF Y Maskless £
A%, gw HElT align & BF F Q7] wWEolth w3 A
T AL 49t align & HFE DAlOIH, align ©] %3]
WHAAA e A%, Wpdd FH FFE Foh oA
wFFAY v AR AZ4620 FEFAE AFESE oY, w3
AZ300MIF &7ge] 5 & 9. FZ4% A3 1134
T 10um 7} =3x8 22 &2l st
B Rk g



20 WAl BAe 4 A APE A4 A7t st

ARFALE 2 7] 22 2 ¥4 AFAE Si Deep etcher

(/A 28k MUC—21 / SPP jit) #nlE olgdl +4<
28gstdet. Adista  Si Deep etcher 9o ¢ A2 A7
¥d% He cooling ¥4de= <l doj¥7t 7Ad 7hsAol
Aermz gk AFE do)¥ xHel FAS] S 11353

378 AW a7 2-27 % o] BOX 7t EEd Ag #1d 4 Qlrh

54800 15.0kV 10.0mm x150 SE(M)

9 2—-27 42} Sietch & @A ¥ cavitiy [26]

21 WA 3742 BOX #ojd Ay e AAY. Sdgw
W A F 5G4 Dielectric ICP Etcher #H] (Rdw/A2F 3] Ak
NeoS—MAXIS df200L/7]17}eld b)) & ARgstel 5 2 2Ag&
Abster A4 A7 RS e #4233 HAgE A4
AN FRAE FEFEs oMESRE FYA|AoksTE ol
EFIEE ofAdE A AYAER, =FF"Ho] glo] A
Abstel Az FAS a3t BOX FAE 2um oW |, €A 3
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H {4

54800 5.0kV 7.9mm x2.00k SE(M)

I3 2-28 5 2} SiO2 etch & vreH[26]

22 MA FAL vpAY ¥ 5 A A2 At FAolH
Aefstn MEAFEATFA Si Deep etcher (A /A 234}
SLR—770—10R—B / Plasma—Therm iit) oA &4 Ha3t3 .
AFAY TxEA S AHCA e BFoER, REE
7.5um Zol|7t AlZtEw 7bx] ¥Ads sl ¥A4AY a9
2—-29 3 o] A& Aslute] BT AZAHGEs AT F
Qi AgE Aster o] 100nm AYE Arguo] FHFE o
JOHERZ overetch & 3dtojx A& Azwo|Aztyx] o=t}
345 YutolA #olojrk 7.5um A EQow, AeFE Ay
2.8um & AZtE A oty FHE WHE o] FAo] HI
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S4800 15.0kV 8.1mm x1.50k SE(U)

a9 2-295 3 Sietch ¥ @2 Si3N4 #H[26]

TE FHol #4mF, Al ¢ Ohmic HFol FAHAHEE
Annealing ¥4d= 33 T Mgt
HEE iﬂ &5 :rLi Furnace IV X*H] (% E“Uﬂ/xﬂ 2+ 3|A}: SME-—

A4 A wolAZE 4 g B4
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wedezRE SAAY 3 IR di =ae Wtk
nfolARE S-S 9T A" te " 2-303% 2 A
3|2 A" 28 doer 3IEE e, ddelAE
FIEAE HIAE &gt AZY A HeF yimofe]ofd
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9 2-30 mlolaEE 54 84 43 [26]

BElA 9IC 3R pPARE ¥ 2-319 #n A
Lz glolo] TRt wlolamES] Ay AFHe] 35 JIEROE
B39 378 7pHAE Tk 35 JEFoRE A HIS
W2 th oS 0 2 = Instrumentation amplifier (A& $3%7]) ZMH
Analog Device jit% AD8222 A& AFE3d 200W 9] gainl &
TES £ JEE FA[26]. ZI;WEZE AD8222 UlojE A Ed]
AsH gain H FIFE SHITHZ gain 10009142 voltage
noise 13 d AAe] 200M] gains &8 ZH-$ Bandwidth
°F 10 kHzol™, &8 w0]= 100 uV ol&tz Z3o 23

d|

Instrumentation
Amplifier

VEE=-5V

a9 2-31 23 4 IC 32 FAXE([26]
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JEAE HIA] W AF FFEHO|S Vin &
olgl®l ZEAE HElA] <kl
A&7 gain WE ZEZHG

analyzer %! Oscilloscope #H]

time Ewlo]Ae] Fegtow Yeh)

o7 A7 W A A" (1" 2-32)°]|t}.
sto] 1912-339F o]

A7 2 HEAT26].
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A HEA 8ol AlH 2% wire-bonding
(2t 97H)

1™ 2-33 mholARE A glojojE T AR [26]

O% 9 2-343 #ol T FEol AA" &
sfojoj st SHRE=90] dds st HREG
ol-gste] 71 sFAth Aol WH A Aol =l
T ES ¥ 2-359 o] ofadEE ARES A
29 AE Ao, wlolA2E 2AE ofaEE ARE 9
HEe] 2'Eg ARst] 45 AYsteE P (26]
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acoustic port

1% 2—-35 of3¥ AEI= schematic

npxjulo 2 =9 A 3¢ calibration Al®oltY. &
EH O T 100Hz — 10kHz 7F4] log scale® @Y 3}

AYsAh. & order WE 104% WY Fse TSR

¥ e

g8y, S9S ATAR Y A A¥AL HAdYF
TITsEEAL "o FIaeEE dotd SYAVIE EEHEE
A7 @AEr] wEe]  100Hz¥¥  10kHz  7FA]  flat
TFHFEHEL S M AR rtolaRES d8&ate] B oF drh
HA sh= Wk 3dAlR sttt A4, A7) FaaE A9A

= st g upolaxE Ad#s =9It HeoE,
T A4S datasheeto] A|3¥ sensitivity® Y7o Pa
4ele] o ® wWEkstt mAEter) AFE wlo]laxES]
AdS 4o 2 Yo calibrations X3 3stct. calibration & uj
G843 Agrlola2EL Knowles AFS] SPW—-2430 Algl=& —
42 dBV/Pa(7.9 mV/Pa) sensitivity® 7}t datasheet©]
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100Hz H¥] 10kHz 7}A] flatdt response 54 S 7MA+= A&
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AR Ao AAs AuER <l WSt FH Ae
T v g

2 dAFAE SE JATtekA g3 FIe mE
=Hd9s SAsgd. molarE A% SR
ddEorz SAY SUYHEAES T2 3R sk
rolzeof &g Flojtt

Az o Fenle Alze Agy xol=f] HdE e
Hlgolth[34]. Ase AR oA A afjobets A g9 A}
ANEE Yulsta rolz=e FAE Fast & AAE d sl
EAEA %= B F7F AEE 9ujsit A o vl
HEdB SPL ¢ &9l®= x7]9h[34] A2 AE of #5487t
= 75 AAHe= Feol Avus ol A of FE87t
75 Ao =39 o] FolAa FHo] Fopxit

sensitivity =20 X logyo(——

Al 3 F rlo]AZ2E A Hrt A 2 E4

T4 AFE mfo]A R Eef st T FEHEAS St
signal analyzer & &&3] 719 dd Fuof st AU=H
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3 2-3 A mpo]a2ES 53] EYAY W Fdak
Frequency 1st 2nd 3rd 4th 5th Averaged Output
Hz mvrms | mvVrms | mVrms | mVrms | mVrms mvrms
100 273 334 307 301 314 306
200 1770 1665 1616 1411 1490 1590
300 3042 2968 2921 2577 2659 2833
400 3038 2812 2649 2414 2547 2692
500 2754 2610 2432 2340 2430 2513
600 2879 2578 2347 2353 2055 2442
700 2454 2288 2165 1977 1898 2156
800 2342 2160 1981 1935 1915 2067
900 1526 1384 1250 1453 1267 1376
1000 1484 1281 1277 1225 1131 1280
2000 4127 3753 3358 3518 3258 3603
3000 1289 1215 1206 1188 1087 1197
4000 2621 2377 2171 2281 2280 2346
5000 4868 4176 3829 3280 3274 3885
6000 3516 2768 2610 2022 2314 2646
7000 2169 1865 1745 1544 1678 1800
8000 5856 5850 5579 3697 3558 4928
9000 5765 6097 6497 5202 5116 5735
9500 4609 4916 5785 3522 3613 4439
9800 4547 4356 5530 3079 3344 47
95800 4459 4377 5623 3127 3323 4182
10000 4433 4449 5789 3041 3147 4172
11000 5222 5071 5574 4140 3776 4757
12000 832 627 566 2470 2207 1340
13000 994 773 806 1002 819 879
14000 550 420 519 280 229 400
15000 291 259 212 167 167 219
16000 315 281 245 234 229 261
17000 287 227 232 163 139 210
18000 542 474 441 185 152 359
19000 713 870 944 656 572 751
20000 3866 3370 3401 3251 3308 3439
tg oz Agnto]| 37 F (Knowles jit, SPW 2430) A|#<
ggoto] A97 Fa $HSAS Pa @98 5w AU
Abgulo]l 2 3% (Knowles jil;, SPW 2430)¢ &8 AdY¢e ol %

2—4 2 g9kt
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¥ 2-4 A% vlo]ARE 2%

(Knowles jit, SPW 2430) =& 4t

Frequency Output Sound Pressure
Hz mvVrms Pa
100 36 4532131482
200 207 26.05975602
300 318 40.0338281
400 320 40.28561318
500 291 36.63472948
600 276 3474634137
700 254 31.97670546
800 240 30.21420988
900 184 23.16422758
1000 192 2417136791
2000 363 45.69899245
3000 235 29.58474718
4000 282 35.50169661
5000 209 26.31154111
6000 158 19.89102151
7000 g4 11.83389887
8000 218 2744457398
9000 412 51.86772697
9500 428 53.88200762
9800 406 51.11237172
9900 406 51.11237172
10000 400 50.35701647
11000 421 53.00075984
12000 327 41.16686097
13000 162 20.39459167
14000 128 16.11424527
15000 46 5.791056894
16000 134 16.86960052
17000 101 12.71514666
18000 143 18.00263339
19000 201 25.30440078
20000 187 23.5419052

46 2 ALt



27 F34 999 100 Hz~1kHz Alolo A= flat 3+ response
54& 7Hh
[mMVrms]
6000
5000
4000
3000
2000
1000
0
100 1000 10000 [Hz]

19 2-36 AgE vpolARE Fukg 954
(F&7] °]5 200)

[mVrms]
6000

5000
4000
3000
2000

1000

100 1000 10000 [Hz]

1% 2—-37 Knowles "Plo|aAZFEOE

SHEA (Knowles 7.9 mV/Pa 7]+

s MABRE wAR 8 T A%E Ads
npol AR E AR %‘%% =9 ALy 2 Y71l Knowles it
datasheet oA} #|A] mV/Pa 7|#0®2 Fa5dEE L9
normalization 3t & & 0}?41 ¥ 2-509] A sI}.

}.n [‘kﬂ
@
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¥ 2-5 A|ZE mlo]|m 2 ZE 4£A9] sensitivity Fk

Frequency Averaged Output Sound Pressure Sensitivity
Hz mVrms Pa mV/Pa dBV/Pa
100 305.8 4532131482 | 67.47377 -23.41730039
200 15904 26.05975602 |[61.02897 -24.28927957
300 28334 40.0338281 70.77515 -23.00238461
400 2692 40.28561318 |[66.82286 -23.50149846
500 2513.2 36.63472948 |68.60157 -23.2733187¢6
600 2442 4 3474634137 |70.29229 -23.06184582
700 21564 3197670546 |67.43659 -23.42208787
800 2066.6 30.21420988 |[68.39828 -23.29909633
900 1376 23.16422758 |59.40194 -24.52398778
1000 1279.6 2417136791 52.93867 -25.52453995
2000 3602.8 4569899245 |78.83762 -22.06532942
3000 1197 29.58474718 | 40.46004 -27.85947424
4000 2346 35.50169661 66.08135 -23.59842201
5000 38854 26.31154111 147.669 -16.61421101
6000 2646 19.89102151 133.0248 -17.52134494
7000 1800.2 11.83389887 152.1223 -16.35614192
8000 4928 2744457398 179.5619 -14.91571589
9000 57354 51.86772697 110.5774 -19.12667008
9500 4489 53.88200762 |83.31167 -21.58588327
9800 41712 51.11237172 [ 81.60842 -21.7653004
9900 4181.8 51.11237172 | 81.81581 -21.74325551
10000 4171.8 50.35701647 |82.84446 -21.63473023
11000 4756.6 53.00075984 |89.74588 -20.93970929
12000 13404 41.16686097 |32.56017 -29.74626667
13000 878.8 20.39459167 | 43.08986 -27.31249933
14000 3896 16.11424527 | 24.79793 -32.1116898
15000 219.2 5.791056894 |37.85147 -28.43834564
16000 260.8 16.86960052 15.45976 -36.21594423
17000 209.6 12.71514666 16.48428 -35.65860191
18000 358.8 18.00263339 | 19.93042 -34.00967206
19000 751 25.30440078 |29.67863 -30.55112241
20000 3439.2 23.5419052 146.0884 -16.70768349
AZE wmlo] 22 EL 1kHz A 2F 50 mV/Pa S 7HA&H
S A AN NBE BEAD FA mVPa ol Fohe

grolm 2 Aol 2019 ol A#PY wlo]| T2 FE] W ER T
T FEAES FAE & AG[30]. =T ofe 13 2-38
AR (ZF A LETI A4, 20180 7Awst AgzE A
nfo] A2 F Kt} 100Hz~10kHz F3h4 g olA] ok 10 wl o]A9
Ad=93s 7RHos 2S5 gl & 5 v 35].

e 2 ALt
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E2-6 A& nfolmarEoT =A% EIN %t

Frequency 1st 2nd 3rd 4th 5th Average output
Hz mvrms | mVrms | mVrms | mVrms | mVrms mvrms
100 0.7 0.6 0.7 0.7 0.6 0.7
200 7.1 73 74 7.1 71 7.2
300 7.2 7.2 74 75 7.1 7.3
400 7.9 7.8 7.9 7.9 7.6 7.8
500 6.1 6.2 6 5.8 6.1 6.0
600 10.5 104 104 10.7 10.5 10.5
700 45 46 45 44 45 45
800 2.1 2 2.4 2.4 2.2 2.2
900 5.3 55 5.3 5.4 5.1 5.3

1000 2.9 2.8 2.9 3 2.7 2.9
2000 6 6.1 6.2 6 5.9 6.0
3000 1.5 1.6 1.6 14 1.5 1.5
4000 10.8 10.9 10.8 10.9 10.9 10.9
5000 5.1 54 53 5.5 5.2 53
6000 35 3.6 35 3.7 35 3.6
7000 15.9 16.1 16.1 16.3 16.2 16.1
8000 7.5 7.8 7.5 76 73 7.5
9000 5.2 55 5.5 5.6 5.2 54
9500 2.7 2.7 2.8 2.7 2.8 2.7
93800 10.7 10.8 10.9 10.8 1.1 10.9
9900 10.9 10.9 10.8 10.5 10.5 10.7
10000 2.6 2.7 2.7 2.3 2.5 2.6
11000 10.2 104 10.5 104 10.3 104
12000 3.2 34 35 3.4 3.3 34
13000 6.5 6.7 6.6 6.4 6.4 6.5
14000 2.5 2.6 2.7 2.4 2.5 2.5
15000 49 5 53 46 49 49
16000 2.3 2.6 2.3 2.5 2.4 2.4
17000 49 5 49 5.1 49 5.0
18000 2.2 24 24 2.2 2.2 2.3
19000 45 45 44 42 41 43
20000 5.2 5.4 54 5.1 5.3 5.3

?71__]\1 :llb(:sl_ 71:}_5:«3]’ %‘7]'?:11 Ha— = 1=
Az o FerlE AME 5 Stk Sensitivity g2 2 lA
Akt ke ol gatanh A Ave the ¥ 2-7 = Aes
stk =g, 54 5o et el dis) SHe oA esker
1d Al dis] F7t= A57F Festtt




¥ 2-7 AZE mlolmarEoR =A% SNR %

Frequency | Averaged Output | Average output SNR
Hz mVrms mvrms -
100 305.8 0.7 52.8
200 15804 7.2 47.0
300 28334 7.3 51.9
400 2692.0 7.8 50.6
500 2513.2 6.0 52.3
600 2442 4 10.5 473
700 2156.4 45 53.6
800 2066.6 2.2 59.9
900 1376.0 5.3 483
1000 1279.6 2.9 52.9

2000 3602.8 6.0 55.6
3000 1197.0 15 57.9
4000 2346.0 10.9 46.7
5000 38854 5.3 57.6
6000 2646.0 3.6 57.5
7000 1800.2 16.1 41.1
8000 49280 75 56.4
9000 57354 5.4 60.9
9500 44890 2.7 64.4
9800 4171.2 10.9 51.8
9900 41818 10.7 51.7
10000 41718 2.6 64.1
11000 4756.6 104 534
12000 13404 34 524
13000 878.8 6.5 426
14000 399.6 2.5 44 1
15000 219.2 49 33.0
16000 260.8 2.4 411
17000 209.6 5.0 326
18000 358.8 2.3 442
19000 751.0 43 44 4
20000 3439.2 5.3 56.4
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ARty SA3ZE FAs Y. = (sensitivity), T3+ %
E4) (frequency respons), A% o] F5H] (signal—to—noise
ratio, SNR), 57} %2 (Equivalent Input Noise ; EIN) %
geulelE SAHstn 28AY 9 WEe] diE B xlo]
A Zrek MEMS wlol A= &3 vlaskitt .

HEAOoZ A MEMS vlo]|AZES] ZHHGL Vi
ol WEE 5294 mV/Paoltl o= EHATFH AgE
t-9lo]o] 7|Hk MEMS wlo|a2¥# A Azt S48y, Ag

upo] AR E| Fhe 54 Hlth

A 2d FF A

2 AT eE HAEs HagbstdA WAErr =& AgE
Lz gfolo] 7Rk mpo] A0 AZSFATE. A AFEE mpo] AR FEof A
AgZ HxolololE Hul $Ho| At QAo AR
St w AT GFof wixgE H2lE YiglolofE FEHE 1A
Uy S WYY FE AFolA AT Sl gt A
Ui-glolo] 5 olgdf AFrtg FAS Agsid 53 Ao o
Fenls gRE Qs AoRE AAAsTH(37].

2 AToA = E8AY 2 =l dE #AY ATE
APPAT mo| a2 E] Fsg Frletes o debvgel sl
wAS sHA gt g% ATE SE AN E vlojaEES
A o vy Ae Sl dE st A
Horh gtk EgE wlo]m R ES WHERloY AXy] FE9
FHl, dddE HSAA FA e wel 54 sepn|g ] 531 5]
ot AAlel tish A7 F Qs
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Abstract

Piezoresistive Microphone with
Arc—shaped Springs

Ailian Jin

Electrical and Computer Engineering

The Graduate School

Seoul National University

Microelectromechanical system (MEMS) sensors are
receiving increased attention due to the rapid growth of the
Internet of things (IoT), as the demand for multi—species and
high—performance products has increased significantly. In
particular, MEMS microphones are showing a rapid market
growth with the launch of smartphones and the application of
smart mobility and AI technology—based voice recognition.
Depending on the sensing method MEMS microphones are
classified into three types: capacitive, piezoelectric, and
piezoresistive. The capacitive microphones require a large area
for a large capacitance and also require high process
complexity. In the case of the piezoelectric microphones, among
the materials constituting the piezoelectric layer, there are
limited types of materials that can be processed into a thin film
form and the characteristic is unsuitable in measuring low—
frequency signals. The piezoresistive microphones can solve
the drawbacks of the above two methods, but there is a limit to

increasing the piezoresistive effect with the doping method,
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which limits the improvement of the sensitivity of the sensor.
To solve this problem a microphone was designed and
fabricated to measure its performance in this paper ,which is a
part of a research project named “Development of bulk—Si
SOLID NEMS fabrication platform for smart sensors’
performed in our laboratory. The microphone proposed in the
project 1s possible to minimize the area by designing a structure
surrounding the membrane by bending the spring structure
located at the edge of the membrane in an arc shape. Silicon
nanowires with excellent piezoresistance characteristics are
designed to secure high sensitivity by placing them in the
location where the maximum stress occurs in the arc—shaped
spring structure. The process was designed and fabricated for a
silicon nanowire—based MEMS microphone with a Si3N4 based
spring structure and membrane with a size of 200—300 nm by
applying the wunique silicon nanowire fabricating process
technology of our laboratory. Finally, performance evaluation of
the manufactured microphone was conducted to obtain a
sensitivity of 52.94 mV/Pa and SNR 52.89, which is superior to
the results of research on silicon nanowire—based MEMS
microphones by other researchers, and shows characteristics

comparable to those of commercial microphones.

Keywords : silicon nanowire, microphone, MEMS fabrication
Student Number : 2019—-25509
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