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S4800 15.0kV 9.2mm x1.00k SE(M)
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AeE s g4 F A5 REe Ay Ague A7)

Q3 =7« ICP Etcher IITI AH] (2| ZA}: Oxford Instruments

o]F F=yn7|&Y ICP etcher IV | (EdH/A 234k
Multiplex ICP / STS jib) & ©]&€3to] 700 nm?| A2l 273t
574 A, F 730 nm T Aol AAEHNES G5

% F9U7|E o]gste] KOH (45%, 85C) €4S 85T7HA
7tdst $ 1383 A4 FAE FAslh 3 A3, 29 2-18%
a9 2-199F o] AHEl&E dislolo] FAZE °F 165 nmE FAHE

2e Hestgon Aed heslolol 7l LHEUSS FAstATh

LI R A R A R B B I B )

S4800 15.0kV 8.4mm x30.0k SE(M)
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Si nanowire

anchor
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@ wgelold RAAN ¥, A Ague FHehs

gote] A wye] gre AelE Asue FEwTh

w749 HDPCVD A (A%A}: BMR jit, = 29: High—
DEP)E o|&3}o] 100 nm A& Akgers &3k 34 4y

2% 2-209 o] WET RRe: ok 80 nm¢| UE Azl

i

WRBo= ok 50 nme Ag&E

N

T Hye] s=uynr|e9Y HDPCVD M) (A ZAF BMR i,

High—DEP) & ©ol&3t] 1.7 pm T4 A Astes

o ¥ A%, °F 16 pm FAL A Asitol
BEEG ¢k 20 nm FE WA

ATh mgh, A viostolo] W YA} HFu FAL o

2% R s i
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S4800 15.0kV 7.9mm x25.0k SE{U)

7% 2-20 A s 25 24 A

“-’ 1.6 um

S4800 15.0kV 6.6mm x18.0k SE(U)
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A7 e FelA o 800 nmel ¥elE K HOlE (void) 7t

o]F F WA wAIE olfete] XE FAe JIASUH. AZ
4620 73FA (positive) & o] €3] #FA7F 7 pm FAZ o] =
T OES ARsgstel Exsiale. AEdsta EASed A
Aligner W] (AZA}: Karl suss jilt, 29@%: MA—-6 )& ©]&3}o]

wIFAL AYgstEt. 1 & AZ 300 MIF @2 (developer) &

WA Ags dguhe Azksbr] 98] 714 ICP Etcher
11 2] (A 2AE Oxford Instruments jit, 22 ICP 380) & &3}

ICP A4AZ 24 AAaTh 1.6 pm FA AT Asee

oloj A AgF Atstets A7) fl8] =ier]sd ICP Etcher

1T A (A 2=AF Oxford Instruments Ji

ﬁ

- ICP 380) & %‘9_0}0:]
ICP A2 2y 345 3sadvh. oF 300 nm 7719 A& Atstoks
10 % F7F Azfete] A Astgs 25 A7siv. 34 2,

Al dstetat AuE Absio]l BF AHo] Ay o] medE

o

7 % w79 ICP etcher IV AH] (R 2w /A 2F 3] AL
Multiplex ICP / STS jib) & o] €3t 7 xmo A#&S 10 % F7}
A7vsrRer, 24 Ay, 1" 2-229 Zo] #HA7)|A Ado] FQsk

& S5 A7ske] SOI o199 BOX 5 4@ akelete]

WEFAE AAT 5, A MA vRRAE olgst] X' e
g

2 A3tua AgE S At E ICP



A2 350 gm 7} HEE o]y

a8 F, FAgEw 39 %
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etcher (A ZA}: SPP jit, BdwW: MUC—-21)E o] &3t A& 2zt

TS AP Aol F T ok 360 pmzZ o] 7t

o

Ak, SOI $o]¥ 9] BOX = A= Akslute] “ai}o} aEz

SOL #lelsie] F4gze % 350 pm FA9 APEe

= 10
Azvatder, 24 Axm, 19 2-2331 o] Hr|Z Aol Q3

350 pm

e R 0100 S10.
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gols] Awe]l RAF HSPFL oplEe Bt REUES

ol Yul  gdol#H (dummy wafer) & HHAE o]&3sto] HolH
Ade] £ Fo  AgF A A7 3AEs TSI
sty 7| =9 ICP Etcher III ] (A|ZAF: Oxford Instruments ik,
ndd: ICP 380)5 &&3sle] ICP 7447 342 H3Ystict. SOl
ol BOX F¢ 2 pm FAE 7F AF Astrs 10 % F+

A zkato] AeE Abstete]l BF AR it & A, A&

Abslate] BE AAHQOW AxE BB A FBEO] H AL

r

Multiplex ICP / STS jit) & o]&3lo] 4 pme AgZE AZsiginh
Az Ay ARE ggsts AEEZS AzEt 34 4y
I 2-263 o] AFue] FA7F 2 pm=E FHE AS AT S

AT

33 ] 8- ]



S4800 15.0kV 8.8mm x70 SE(M) TN Booum

a8 2-24 wpola 72 E FH A} (side view)
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54800 15.0kV 10.2mm x1.30k SE(M)

S4800 15.0kV 8.9mm x70 SE(M)

% 2-27 B4 1 npolaw=E FA A3 (top view)
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S4800 15.0kV 8.9mm x50 SE(M)

Y 2-28 Bty 2 nlolaz2E ¥4 A3 (top view)

S4800 15.0kV 8.9mm x50 SE(M)

¥ 2-29 B4 3 vpelaxE 3 A3 (top view)




Al 44 vpel32E 54 B7 Y
ARG wlolARE AAE FHHsY) A8 AL ke F251
A7) dS E=nlekaln. Wyl F4lel &Y /Y TEE A
THE BS T ALS A viegelo] 7N wpolazE AxE
%, 9olo]  Ed(wire bonding) & Fd Al
mlolARE  24¢ WIW e A4 dde #@FAc.
-&AA (Knowles i, SPW 2430) 9+ A5S vlustr] flsto] gholof
gt mpolARE A} AEAXE FYS PCB ol Fsql
OF 2-302 AE wolARE 424 5719t AE4AME PCB e

25k Aol
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°F 150 k@ FEoz 7T =T Tk oFf T XS A& F
AR +dH AR Aol Az 2V, 2064 Ve Ae9s

Artetal, AS Aol ¥= AdduAe 2 +15 V, -1

:

5
Aeote vttt LA AL AF AT 327 o] HolgE

.

ABoR Fhw H2d TARA Ut AYAYL 33 VE ks,

VINZZV

cm Aol x|ttt ALEa71E ol&st] AlTAHE FEo d™
Aere Qrtsta, A|FE mlo]ARE A= AT AP IJERE E)
spectrum analyzer &H|e} AZAsIA Y. whebx] A 2gk wlo] 3= E Q]

=9 A2 opampE & ANTAY 2E Fol TFHHIL, THE
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F A7l= 0%H 307kA AdAol 7hestel AdelM=

27 =5 A71E 5 @RR Akl SASIY & 2-12 A9

F A71E 0%E 30714 5 w9 E Arkestg S o, Soto A=

%
oX
o

Ayoltt, Fak= 0.5 kHz, 1 kHz, 1.5 kHzol

PO spectrum analyzer FH|A FFHFH =
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297 28 A7) &9kl Al71 (dB)
0 40
5 50
10 65
15 75
20 80
25 85
30 87

A 23 Fahso] BE vol A E 54 F7}

O¥ 2-33% o] mlolaRE SH A FAS FEEIHH
Tl A3 7 (Briel & Kjar jit, Type 4295) ¢} 53%7] (Briel &
Kier i, Type 2734)% WISt AR vlo]d=2E  2AE
2ARFE 5 cm 7l HiAEAH. AdEFTVIE o]&5ko
ANaAE 3z Y Hs Aviksta, ARSE wlo]ARE AR
Az F2E F3l Hole 3 sh=so](Briel & Kjer iif, Type
3160) &+ AAsklrh. olwl, PULSE Labshop &~XE9olE ©]&3}te]
=4S gttt 7]+ mlo]lAE E(reference microphone, Briel &
Kjer b, Type 4192)& SAHE AFole= AAS molazEs
AASI 7l vlolARESE Y Xl HiAEY. a9 F
I M (Briel & Kjer ik, Type 2673) 2} A5 2] 7] Briel & Kjer
iit, NEXUS)E &3l dole 3 =4 Briel & Kjer ik, Type
3160) &} AAsieh. AR wo]lARE

A

4 Alet s34l PULSE

Labshop &AX E o] & o] 8310 SA kS &elsltt s
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Ao WA AdAs Seto A7)eA 20 HzellA 20 kHz7HA 1/3

5 E}H (One—third octave) 2 T3}

A9 Z (frequency sweep) 810
o} ojuf, F3jaro
7bsste] AT A

19 % equivalent input noise (EIN) & Z743}7] 98] =431
A3l SdS A7FeHA @& AHCA wlolARES FY wol=2E

Zgatqlch. olw o=z who|ARE Ao}
B ZoR wolArE aAteA WAstE wmo]=o] A

7] Fxo] BEle % (brownian motion) ©l

ddd B olA

| Z oA WS wolzmE FE FEH7] g wAgske Aol

X

24 A%E  oladel

d
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175 (sensitivity) = oF&ll 21 (2.5.3) & &3l AlAFsESI T}



sensitivityys, =20xlog,, ( Sergl:ttlr\)/;:ymwpa j (2.4.1)
REF

HE mV/Pa @92 AXtsla dBE WHEka)
nfo] A2 E FE A ATl FF TS HES YER= signal-

t}.

SNR = sensitivity — EIN (2.4.2)

rlr

2] dukA o)},

to noise ratio (SNR)= o}l 2] (2.5.4) & &3l AAtst
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HAle] 2 olgstel FAsgIt uztEsk M 2 Zlew
A=5HE= B 38 7HE A o=
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E 2-2 297 BEFY Al e 8% vl

(0.5 kHz &% 217p

B 2 B4 3 &84l A
A9A 25 A7 | 29 A =9 A =9 A
(mV) (mV) (mV)
0 0.1977 0.2325 0.002714
0.2334 0.2877 0.9731
10 0.2505 04816 6.481
15 0.3213 0.7303 26.57
20 0.421 1.081 53.32
25 0.5559 1412 101.3
30 0.7262 1.674 132.6
140
120
100
=
£ 80
s —o— design 2
= 60 design 3
>
40 248N
20
0 m——— @ @ \
0 5 10 15 20 25 30 35

speaker volume

I¥2-34 A7 EFQ AV wE EHHe vl

(0.5 kHz &% A7}, 844 X3
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E 2-3 297 BEFY Al e 284% vl

(1 kHz &% <217h)

B 2 B4 3 -84l A
297 &% 271 | 29 9% | 24 A% | 29 a4
(mV) (mV) (mV)
0 0.182 0.21 0.00355
0.2085 0.2647 0.7359
10 0.2271 0.3262 491
15 0.2461 0.66 19.17
20 0.3116 1.116 41.38
25 04332 1.973 66.64
30 0.6277 2.943 98.86
120
100
_. 80
>
£
2 60 —@— design 2
—§ design 3
0 AEMA
20
0 B - v
0 5 10 15 20 25 30 35

speaker volume

o
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)
fu
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L
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5

I9U2-36 AN A B
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3.5

2.5

15 —@— design 2

voltage (mV)

—&— design 3

0.5

0 5 10 15 20 25 30 35

speaker volume

I92-37 297 EEe AV wE E9HAY vl

(1 kHz =% 17F 3844 A el)

5

2—4= 15 kHzY &< A7} A A9A EFO =7)d w&
ZH A HEE vebd Aotk 13 2-382 1.5 kHz9 % Q7 A
2~

A EBFS A7 wE 9y WEE ASAME 2]

g R eERd Aoltk ¥ 2-39= ALAANE A sty e
g zolt, A &Sk vlo] A2 E ALY A9 EFY 2, 3 BF AZAlA
Hlg] WAErE g &2 Aow gqlo]l HoH, 'Yl 37 B
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E 2-4 297 BEFY A7l we 8% vl

(1.5 kHz & 217p

Bt 2 B4 3 -84l A
297 EF A7 =9 A =9 A =9 A
(mV) (mV) (mV)
0 0.2087 0.2219 0.007217
0.2532 0.3796 1.166
10 0.3413 0.6902 7.976
15 0412 0.9538 319
20 0.539 2.075 60.41
25 1.054 3.122 133.7
30 1.496 4.009 160

voltage (mV)

180
160
140
120

100
—@— design 2
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o

design 3
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40

20

S S

0 5 10 15 20 25 30 35

speaker volume

T192-38 297 w859 AVl wE =AY vl

(1.5 kHz &% 217}, 844 £3)
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>4
j&
[
_O|L

o]

Elo

&9t U7k A

B9l 2 mlol AR E Axbe FEA A W Fus F UgE

Frequency st 2nd 3rd Averaged output | Sensitivity Sensitivity output

Hz \' v \' \' mV/Pa dB dBV
20 0.00114  0.00059  0.00004 0.00060 4.61 -46.71 -124.489
25 0.00074  0.00051  0.00057 0.00061 2.6( -51.7  -124.347
31.§ 000054 0.00024  0.00022 0.00033 0.81 -61.4  -129.62
40 0.00453 0.00479 0.00461 0.00465 6.41 -43.9 -106.657
50 0.0079§ 0.007471 0.0071§ 0.00754 6.0 -444  -102.454
63 001644 001217 0.0151q 0.01455 6.2 -44.  -96.7407
80 0.00529 0.00507  0.00569 0.00534 1.09 -59.3 -105.442
10q 0.0011§ 0.00130 0.00129 0.00125 0.11 -79.4  -118.07
124 0.00054 0.00150  0.00024 0.00077 0.04 -88.1 -122.247
160  0.0003q 0.00013  0.00043 0.00029 0.02 -954 -130.804
200  0.00144 0.00147 0.00109 0.00132 0.09 -81.3 -117.612
250  0.00247  0.00200  0.00254 0.00234 0.21 -73.4  -112.609
31§  0.00264 0.00248  0.00245 0.00252 0.34 -68.94 -111.963
400  0.00253 0.00324  0.00293 0.00291 0.62 -64.3 -110.709
500 0.00344 0.00325  0.00303 0.00324 0.74 -62.1 -109.793
630 0.0039¢ 0.00437  0.00427 0.00420 0.54 -65.0 -107.534
800 0.00584  0.00604  0.00577 0.00588 0.78 -62.2 -104.619
1000  0.00954  0.009271  0.0095( 0.00944 1.03 -59.4 -100.504
1250 0.01193 0.01203 0.0119§ 0.01197 0.79 -62.0 -98.4404
1600 0.01694  0.01691 0.01687 0.01691 2.55 -51.9 -95.4384
2004 0.02563 0.02585  0.02577 0.02575 5.9 -44.4 -91.7834
2500 0.0390§ 0.03922  0.03898 0.03909 8.6 -41.3 -88.1584
3150 0.06742 0.06747 0.06708 0.06732 13.99 -37.1| -83.4364
400 0.13463  0.1355¢  0.13514 0.13511 35.80 -289 -77.3862
5000 030583 030729 0.31024 0.30779 55.94 -25.0 -70.2344
63040 052129 052631  0.52857 0.52539 68.34 -23.3  -65.5904
8009 039329 0.38840  0.39361 0.39177 210.13 -13.4 -68.1394
10000 031437 031750 0.31741 0.31643 400.94 -7.9 -69.9944
12500 0.27547 0.2811§  0.27933 0.27863 231338 7.3 -71.0993
16000  0.25258  0.2523¢  0.25804 0.25434 2413.06 77 -71.8914
20000 0.2432§  0.24284  0.2435( 0.24319 7900.89 1840 -72.281
51 2 8-



FE 2-6 7E volAZo® SAE Fuheo] k2 5949 A7) (dBSPL)

1st 2nd 3rd Averaged Averaged SPL
Pressure

Pa P4 Pa Pa dB SPL
0130 0129 0.129 0.129 76.2
0234 0233 0233 0.233 81.3
0407 0407 0407 0.407 86.2
07277 0728 0724 0.725 91.2
12571 1254 1.253 1.256 96.0
2352 2344 2343 2.347 1014
4941 4897 4935 4.924 107.8
11829 11861 11.901 11.864 115.5
19931 19359 19.729 19.673 1199
16947 16923 16.896 16.922 118.5
15.121 15.114 15.101 15.112 1174
11128 11138 11.132 11.131 1149
6987 6973 6981 6.980 1109
4719 4723 4711 4.717 107.5
4388 4408 4420 4405 106.9
7433 75024 7473 7469 1114
7529 7550 7.556 7.545 1115
9209 92171 9.123 9.183 113.2
15219 15.163 15.028 15.137 1174
6692 6570 6.626 6.629 1104
43864 4352 4348 4362 106.8
449y 4531 4523 4516 1071
4845 4827 4778 4817 107.6
3787 376 3769 3774 105.5
5494 5489 5523 5.502 108.8
7719 7687  7.653 7.686 111.7
1869 186§ 1.859 1.864 994
0794 0791 0782 0.789 919
0121 0120 0.120 0.120 75.4
0.104 0104 0.105 0.105 744
0031 0031 0.031 0.031 63.7

He AHA Fokge] o EEAste Zysklt 28 238
AYskglom SNR Alitels Barghs ol &atith ® 2-72 Bl 2
£

Zel &4 Adolt}t. 11 & V) no|ARFESR SUS



X 27 % A7FsHA] &2 AbEjellA

E}o] 2 mfo| AR E 2zt ZE M A 9 Z=34 W SNR

Frequency [1st 2nd Averaged output [Signal to Noise ratio
HZz ' \ V dB
20 0.0005 0.00077 0.00064 -0.7
25 0.0004¢ 0.00018 0.00032 5.9

31.5 0.00033 0.00011 0.00022 35
40| 0.00454 0.0048Y 0.00471 -0.1
50 0.00624 0.00730 0.00677 09
63 0.00904 0.01344 0.01124 2.2
80| 0.00443 0.00495 0.00469 1.1

100, 0.00033 0.00061 0.00047 84

125/ 0.00043 0.0001§ 0.00029 8.5

160] 0.0003¢ 0.00041 0.00039 -2.9

200 0.0002§ 0.00019 0.00022 15.4

250 0.00014 0.00028 0.00023 20.1

315 0.00004 0.00022 0.00015 243

400 0.00014 0.00043 0.00029 20.1

500, 0.00022 0.00031 0.00024 21.4

630 0.00024 0.00014 0.00021 26.0

800 0.00014 0.00005 0.00010 35.7

1000 0.00004 0.00027 0.00014 35.2

1250 0.0001Q 0.00029 0.00020 35.7

1600 0.0002§ 0.0001§ 0.00021 380

2000 0.00003 0.00008 0.00004 53.1

2500 0.00021  0.00011 0.0001§ 479

3150, 0.0000¢ 0.00004 0.00005 62.9

4000 0.00022 0.00013 0.00017 579

5000, 0.00001 0.00002 0.00002 85.4

6300 0.00011  0.00007 0.00009 75.7

8000f 0.00133 0.00131 0.00132 499

10000 0.00014 0.0000§ 0.00010 69.9
12500 0.00004 0.00004 0.00005 74.4
16000 0.00004 0.00009 0.00004 719
20000, 0.0000§ 0.00005 0.00005 744

A7bsHA ke AHelM Fsk d Sge AV SPsHATh B 2
wlolZ2E A4 SAW wEAAZ oW Sgetgion Lol
Bt ghe ol g3tk E 2-82 71F vlolARES ol gl A7k

U AE oA Fakol e 54e AVIE 54 Aol
53 "'"-_-E _'H.I:_ T



# 2-8 7] wolAE o 54T wol=
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Abstract

Design and Fabrication of Silicon
Nanowire—based MEMS
Microphones with Spring

Supported Membrane

SeungHyun Lee
Electrical and Computer Engineering

The Graduate School

Seoul National University

Micro—electro—mechanical system (MEMS) sensors are
receiving great attention since the demand for high—quality and
high—performance sensors has greatly increased due to the
influence of the Internet of things (IoT). The capacitive MEMS
microphone, which is one of the most common type, has been
studied by many researchers to improve the performance of
capacitive microphones. the capacitive MEMS microphone has
limitations in miniaturization due to trade—off between device
miniaturization and sensor sensitivity. In addition, the capacitive
MEMS microphones are suffered from the stiction issues between
membrane and backplate by water, mechanical shock, or acoustic
overload. This paper presents a new architecture of MEMS
microphone wusing silicon nanowires (SiNWs) alternative to
overcome these issues. The microphone presented in this paper is
advantageous for miniaturization of the device by using the giant

piezoresistive (GPZR) effects of SiNWs. Also, it is possible to
7
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prevent the issues arising from the airgap between membrane and
backplate, since the backplate is unnecessary for the SINW—based
MEMS microphones. In addition, the spring structure is used to
increase the sensitivity. SINWs are inserted into the springs so that
when the springs are displaced, the SINWs are displaced to detect
sound pressure. The microphone fabrication method was developed
by applying the SINW fabrication process. Furthermore, the
characteristics of the microphone presented in this paper were
analyzed based on the performance evaluation of the fabricated

microphone using the developed microphone fabrication method.

Keywords : silicon nanowire, MEMS fabrication, piezoresistive effect,
microphone
Student Number : 2018—28016
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