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Recent Trends in MEMS Microphone and Application for Hearing Aid System
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2.1 MEMS 0OlO|3 2 &

MEMS wto] A2 EL dlo]5 $o &4 dF
odlelg TEE F I URRAAES B 1pE
o AME @8 M AT 5 e FHE
A5 Atk 71EY ECM vlel AR EO] W7E
SO Gz QY 2xe 59 dFS W

|
s
e vE MEMS who]AREL A
& o83t 40°C oA 120°C o AHelA
A4S Holx gt

Z4% volazEe AFdys dWtHoe=
capacitive type, piezoresistive type, piezoelectric type,
optical type, FET type 508 ERFdrh B =EoA
+ capacitive type 3} piezoelectric type & Z4 ¥
MEMS wlol 2 & #3te] =ojdtur g

71€2] MEMS microphone 2 A|Zsh=d] ¢l
Vg & BAALE oMos & v HAsdE ¥
o] MEMS
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£ 89 Neumman ¥} Gabriel ZFE-E 13

ol o] EAE HAdta 7IE EE CMOS F
AL o] &3 CMOS-MEMS ulola g ¥ & 7jats}gd
ok A2E CMOS-MEMS mlo] 22 F-& 40Hz o A
10kHz 9} 7} 39 E 7HA 0 . gAE
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AEL PZEY] 2um Y o] HiEH: ¥
e ARHAEL s FoH5 ddA HA FA
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A Fe FHEE /AR .
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Oxide Semiconductor Implementation Service)”} & 4l
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o sy "o o] F& Fol viAd FE 3
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Fig. | CMOS-MEMS acoustic microphone’

CMOS  microstructure
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53
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Fig. 2 Fabrication processes for CMOS-MEMS
microphone’
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YAt wAge=Z CVD  (chemical  vapor
deposition) 32 UEAAE o]&td Azt A

IS TR O3 3 & olgA AFE 2
ool Wk o Mol BAE HojEr)

o2 FEQ capacitive type MEMS ©lo|a2 &
©22%E Jian Liu 9 ©|% 3T (dual-backplate)
MEMS vlo]Z 2 Eo] t}? o] =FoE lumped
element method ¢ V1A E HIA4LHS o]83d]
dual-backplate MEMS ®lo]Z 2 &S #4stal 43
A& wws Ak o)A AZH o]F AR MEMS
plo]lA2EL @Y SI¥ MEMS wlo]T R E| H)
st e A7), BS AxE, HE 58 U4, g
Fos gde Fhol ek AW olF u
MEMS mto]lA2 &9 MErt T3 49 #AH o
At

Top Backplate
Diaphragm

— Bottom Backplate
— Cavity

‘Anchors * Gaps

Fig. 4 3D cross-sectional view of dual-backplate MEMS
microphone?
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o] WHE F } Al71aRt slom, 1eie Wy

o2 AFHe F4S #2717 DC & o435t
o drHe= UH 2Z9 AEE F7MIA
T3t FEAHCZ vent holes & ARE3IY] S-3}o o

A mle]AZE HAEE T ZA FAT
Capacitive type MEMS ¥lo] 22 & &4 7|&L,
1) F A2 vent holes, 2) HA AE9 gap A, 3)
42| DCBias At T2 Aujdrh
Piezoelectric type MEMS o] A 2.2 2007 W&
Gupta o] 9|34 ZnO Bte-& o] &3 AF7E IR

Hor}? o] =EAME 3um FAY ¢ FoFE A
9 ZnO 28 RF Sputtering &2 SI0, 5 A}o]
o FFEGD, ol A& EuH I AFHA
t}. Capacitive MEMS ©}o] Z 2 9] vent holes & ¢
g5 AT FEE ol HdEo] wEAA
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AZE 227 247k 39 5 F 6 o FANG.
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Al top Electrolde
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Fig. 5 Schematic view of ZnO MEMS microphone®

Fig. 6 Packaged ZnO MEMS microphone’

AP A2 ZnO E o] &% dome U &
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low-stress A 3lyFA (silicon nitride) X FHS o] &
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7@ #ol 27t FAEY 29 1b)et #ol F
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EE 1V A%l ZHid o 8.1mV/Pa & YER
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drebS Y 3EAY sputtering W Al
29 ¢td AL AT Vg0l vlelanE

o =g %7}/\]717] -?43}04 ol F83 7)o
22 A & pe A
_x_(Curle temperature) .0} 2
3] Al
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ol staEA ] FEEE Aolth
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FUH-4 4= AH(dipole)”t DC &
AEH7) o

(b)
Fig. 7 ZnO MEMS microphone on a PCB with amplifier
(a) and a portable package for testing (b)’
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Fig. 8 An application of beamforming'’
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Fig. 9 Professor Widrow wearing a microphone array™
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Fig. 10 LOUD demonstration”*

H| S8k WA O 2 Arizona State University 2] X
A WTFEYE MEMS mlo]ARE o olE o] &
ol ARG NS 7 aFEHE Y F 3
Ul Ege grata AV d7E A

Fol Ak 29 11 F Zo] AEA s P
E9] =38 938} Nano-electrodeposits & ©]-83}
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29AE g Foll b

7

e

Fig. 11 Micromachined loudspcaker26
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MEMS vleo|AZEL o] &3 Z7AE Y HA
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FEOERE AFE 43, 21 AITE AHso
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Lol ARE 33 H, 1 ARE ¢7] AL FH
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3 wkababel AgE meiste] gl RE ¥
oA Abg 7FEslEE sha, AARE At b
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27 AT Bl whalg s gk aely|s
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o] &3l SIIAEE I Vs TN HAH
ojele Al HE&gd F Udr HARZA2HE AT
sz gvh A9 wyyge F49e &4 A
52 ZAsta HA4W o9 FHE AFse W
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e 71ES ALsilth fHole EA4Y 29E
JtX 8 & 9 ¥ MFAH (Moving frame acoustic
holography) W4 Zo]4] & EAS 4¥E
Z7 3= NAH (near-field acoustic holography) 2]
oz E2a9s B8 &9 AN A=E ALY
o FHET vk A WAES SEE Py
o obd A<l WMl HAY hd MEMS %
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27 ER2TAE REetlth HER ok AN
T 5HE S weh Beshe Az 22
71Eg FdstuA Stk 4d MEMS &3
EdaiAe 3 A 25 dR94E T =
zrd &8y st AUk o|FoimTEEY
oleldt 7|&& HY MEMS vlojazE s,

MEMS rmlo] A2 E ofgo]E o| &8 &7 7l
% e 849 4 o olEd 7ied Agst
of TzaPer Bo FAHeln BT U=
BE B FEol A @AM HEEE vl7)e
Z&urpds AN 28 ed 382 7 U
o w3 At Sk W3E A
A8-¢ WU 2Y F Uk

27| AT R eds Ahde
HZFRFZANLHO BN 24AF MEMS vlola=2E
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¥
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(sound visualization) 71&& 7dFel st ALH
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2 AZHEt} Alarm Signal & ARgA} ol Al
UAANAFE 985 T} Octave band
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Fig. 12 Schematic view of MEMS microphone based
sound visualization device
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Table 1 Markets for MEMS microphone®

($ millions) 2005 2010
Cellular ph PDA, digital
ciiwiar pone, LA, digra 4,600 | 12,000
camera, video camera microphone
Laptop, VolP 105 550
Automobile hands-free set - 42
High-tech heari id 9:400 14,194
igh-tech hearing ai ,
& & (2007)
Total 14,105 26,786
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olF 3 AAAdY AAREANAYLE vlo]aRE o
dolE 7oz 38 FA3ta, HA oA
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=E = &71A3Hsound visualization) 7]
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Fig. 13 Schematic view sound visualization using MEMS
microphone array
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