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Ao : Microphone, Micrmirror, Reflective diaphragm, Fiberoptic, Acoustooptic transducer.
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PD  Modulated optical signal

Circulator Q

Optical signal

{ f
LD Reflective
. micromirror diaphragm
LD: laser diode Reflecting region
PD: photodetector
MMF: multimode fiber
29 1 AR FujolAzEe] T2
4 S 54E 2RI
T 1ol Al Fupo|22EL] F27F A g o] Qi
O|AL Fe ot HhAtY mho|A R WY AFH FoB

=0} Qict B
MMF2| Zof 2172 62.5moj Sy AL 125mo|ch
HA AFHoz AGEHE ALY P ule]z R nlg
£ 810N Be AT Zo|, A& 7)Ee & duke =
gato] A A5 225 2tk o] ot Az
o] gk gz AdEo} glold A7MEE Sl wet
FHR 2AY 5 YRS Hol Itk o] ]9 A7)9} F7)
£ Z}7} 800 x 800um’¢} Symolw, Ewlo| wj$ Wi,
800 ~ 1600 nm Fupyd oA &2 wkAF BEAS il
E FYoRE tho|orE Ho|HE ARgstReH, Bd W
7|BE BAETE ARl mhAEte g A9 o] 83}

(e

3L

o=
=



(AR AR wolaz ml=iE olge Wrlo|ARE — $3% - oAl 367

of ¥ A7) 23 FIHEE AZsATh HEH OlE
(circulator) & F3t FHORRE FIH=rtx| dAs F
oM FHEI7HA MR A7 HolA| k= dEst
of 325 st AR AtE Fute)a2EY F2YE
€ ofet &

WA FUolA 2 Ho] F = MMFE §3f nlola=
o 2w FHoE AAbEnh A Bl mho|AE n)

Qs T o3 thA] HiAbE o] B2 o2 MMFE ot
tt o] Eot2 HE HEHoHE T, FHY| ez
7tA 2972 dZEo] d¥E S¢S AE + A=F T
ot o] W FFEE EoiVte WO AR A& Pt A
L Atele] Aeof o Ak dushd Fe =R E
U2 e AR} A el whet HA]7] wgolty &%
o] mpo]AZ v AFH FAXKNMFE AZt=EUE W vtel
3z v AFHo] A5 YFo2 S0 dot. FH=%
o2 AEE H9) &2, TF JFHol Sl A =3
doll wtep, Ho} F == EokeE A7t HIAEES,
3 59 =717) WA Hi 2EA oz, nlolAREe] &
22 Hzg Wl AZo vjstA Ho| JHT S A7
7t ARSE &) AXA do. AR AEE IS A
Asl7] SEiA FulolAREL w2 AFAAN WA &
o7 oRoA A7 Sl FATRA HxE 4= 3lojok
Gisg

HA, 217} Zo] MMF7L 25t o2 FEHa
upo] 22wl MMF7F 5318 o Qe A9 AAE 3
£tk 1550nm th o] tho] 2 E Flo|HE FUS R 0|83t
I FHNEE B8 Hz2E FASE A7A Az wg
stk 292 A71A sy QA7)0 o AuAS Fho]
YAz E BSEARS] AFE3tE ZdlA oholAREE 7]
F£o 2 AMgSTh AFlA v AeHat Fes 2E
2 st 2dse 2H4A Holl $1 Agole e
go] Eotg 4= =5 AFsiget 12, FH=t AF
o Abolof AgAe] & TS 471 Aall, F=e} nlH
Atolo] AT E HIAA 71EA ZEFdol MMFR S0t
© B9 & F7sAc

Normalized Value [arb.]

=4
o
i

u

-40 -20 0 20 40

Distance from MMF center [pm]

39 2. v RE FHRERE E3de WU 34 B2

2% 201 IR 7Hjehg o]8:3ho MMFO] 1550nm g eh ]
oMol Wel RELEs} Yeht gick o] 24Y HERES
cheat o] ZRAleh wlew Ak, wol U W Ul
o) 27 2014 Wl A7 BEF the Azt o] Fock

Lp,z) =%[*W(W%)rexpi— —;—5(27)]
[ Az

- ]|

2o

A7) et Woe MMFS] Z3t z=00|4 ZA17]2} ¥9
R S-S 7+7) vebdich 28]3 z+= Rayleigh H9, 6= H
9] wkAlZH(divergence angle), A= PuAK=1550 nm)S Z+Z+
Uehdich o] o, R ek Bl 2AE W BE 54
2, Wr2hm olth. oA WA} HHg Bjol, Buset
= 7] Ayt HE of g G&o] oAEA #ek=Tt &
obmA}. 7Y 3 MMF =9} ulg] xjolel ¥A| R 72
g UERT gtk MMF & 71 olgste Hsg Fa v
& PRI, $70] A HEL e AL oldR e

)1/2 5m \
3 -~ ﬂ%

a9 3 5A ANS 8 FuoARE T2 B,



368 F=gskelA] A17d A4E, 2006 84

-
g 10  —reme=—r
d \“ \‘\'. - - - __e:o
-3 \ . ~
O 0.8 - \ ~o - - Q=10
S R \ ~ - 0=15
‘S \ \ . N mes20
E 0.6 4 l\. '\‘ .. « o 0230
[ »\ \ . ~ N
= 044 " N . RN
3 " \
[=} A N
2 0.2 4 '\_ N\,
] . ~
L b ™~ -.
A N «

2 0.0 e N e
(o]

L 1 ) R N L)

0 50 100 150 200

Distance from MMF to diaphragm [um]

a3 4. FHGS vy k) tilt angleol] WE F& 9] Wzt

Optical coupling efficiency [arb.]

0.0 T T T T Y T
0 40 80 120 160 200

Distance from MMF to diaphragm [pm]
39 5. FAG sl=9t 25T Abol9 Ar|o)) whE Pute] Ag 54

o} o Aget vyt Aote] FYHW, SAEe
W ym ol4to] & Zolrk 2l ARRE 17 33} Zo| 1]
#o} Bert okzte] Zeg 2 =, o)Al 93 $3
Talo] el F7to] Bolxm BAAHE 2Rl Zokr|A
=t o]z EAYE AHEn ket ek MMF 34
G2 S8 9RZ FFQAQRE B EAL 2ty APshs W
6 wrEo] zho] Qi wlElol] BuH thA] HEol oA ).
o] , ule|nt Futo]aRE F=oko] AS zebu s,
t=ztan 9] BA o] ML) oJ7) A, Zoje) b R=31.25m
O|BR, t=62.5-1,0|1L, FFe To] o Z YAtEE= Y
tcos67t E|T, o|AL FHGE UrtA thA] Bote 714
ot wlo] HE koM AAK 4 gk 1Y 4ol 99
HHg o]gata] o) 2 FREA ZAo] veht gtk 4
=0°) 7SR FAHE 4 ) m o]AFO Rl Lo
S & 4 ok EG, Ggto] 0°of 7ME5E BRI A
77} G 7imtE ) o3 wWetsjAck vt 671 HA A
A2 SaA L7} st SaEA e 718717} Z71%

1.0

-
n
i

Reference MIC output jarb.]
5 2

1.04
¥ v A ¥ T
0 1 2 3 4
Time [ms]
(a)
- 104
-
A
S
w054
-
=5
© 004
&
=
— ‘0~5'
[
&
-1
) -1.0 4
1] ¥ ¥ L N I
0 1 2 3 4
Time [ms]

(b)

2% 6. 1 kHz 98 &4 Also] o3t (@) 7)1% 24 olojazz
29 (b) AR Fujol|ARE 29,

& % %tk oL % 8%fol UrbEel wet ¢

WSt grte|azEe] whgste] ATE QMY = UAS
2 oujdtt). g, ) destA AAYE FEdo) 533

F7htel a7e) ago) AstEct Ao s ofzdt AR
=& sty Aget ogkS ZAste Zo] "k 1Y
5+ Ago] Wzl uhet F JE2 ohA] okt w9l W
3 A9 T2 vehd Aoz AA &3 Avker Y
30]4] mellE Bod o)2F O R fitting 3 ATE I EA)
SHETh B Ad o], vud & 2E-& & = 9ok o] of
o9 71gold Ztedl 67t oF 17.5° H=7t HSick oA
< AAE ZARE o S0l HE & ol gheld,
MMF&] NA(numerical apeature)S 1 &{3}x] ¢kl Fo] ¢to
2 Fol dlo] By Asiirta 7HsjARtel7t A7 A
o2 etk 5239 AnE Bt F=et vy ME
el Azt EojdE MMFE EEot 2& 3 aivt 3
A EoEe AL € & Aok olnE ANES EUE, 34
o) A¥AT 718718 2 AYS FRHPoR etk @




(FPeg) WAFY oolAR njglg o|8e Fulo|Z2E — 37 okl : 369

-16 .

= [ ] '\.."-'\. ]

=

— am

~

= 20+ ]

=3

~ad

=

]

@

2 304 n -

-]

s =

£

£ 401

= L |
ey Py — T
0.1 1 10

Frequency [kHz]

a9 7. Yopo|ARES A I 39 =4,

o, oF eoumol A SR AASAT. B B2 2ol &
S AFYE BT 22F 29E dFGlo] AAsted e
sk

I% 6(@)et 6(b)= 71& uto]ZRET} Fujo]AZE |
Kz Fadee] 298 /1o #9481 Qofxl 29 ABE
oMz 24T ARE Yoo, o) 2uzie 4
Qe mho)|AREZED V)& vlo|AREN A FUT &
o B4 HOIZS & 4 gk FupolzREe] 23 A
o] ot off ml= FEofA ozt Z2]W(clipping) Ei=
2ol Ui, o)A eRelA dolE 2% Ar)t
A\ JEEe] o] E3}E|Gly] wiFolch

A2El ool 2 Eo] 24T 29 S S4 12 7ol
Ueht ek 91714 1 Pag] Sto) QI o) Butol=
2Z &9 AYol 1 VA #A$-E 0 dBE 7PYsiict 19
7olM Bo| 229l Wate] =7)7} ok 2 dBS] W9l el
2 kHz7HA] AT b SHEAE 281 9o, o] g
& WoluAE Sl BFHHAL ¢ 4 Ak mep A
oHH Fupo|a2E 9 hHHL ~2 kHz HJEo|t} o] 2 kHz
o9 oA BEEE B & 54 vE A
A7t 2F ¢l FR @A natural resonance) WEol HOE A}
2E0” 3, d9ZE Z7A717) YeiAEs AFe gy
o FEAE AAsor sh=d], vlz AFH Z7]|E £
o=H 75T Aok

2 =FolAe MMF 33| =9 ofo|22 u|ejy viAl g
e olgsio] WujolARES TN, o] 249 Y

Fui 29 B4 tisiel Avsieick

M oHr ok

i)

B =80 2006d% (AL At "arys o M
IP/SoC HAZ|&E AR o A3 shadgATEe] 2|4
(D00146) 2.2 o|FoFFUTE AFe] =2 4 LGHA
Zlede 245 AT QA HAbEA ZAE E- YT

HDZE

rar

[1] N. Bilaniuk, “Optical microphone transduction techni-
ques,” Applied Acoustics, vol. 50, no. 1, pp. 35-63,
1997.

[2] Y. Kahana, A. Paritsky, A. Kots, and S. Mican, “Re-
cent advances in optical microphone technology,”
Inter-Noise 2003, Jeju, Korea, Aug. 2003.

[3] Microphone Engineering Handbook, Focal, Oxford,
UK., 1994,

[4] K. Nakamura, S. Toda, and M. Yamanouchi, “A two-
dimensional optical fibre microphone array with matrix-
style data readout,” Meas. Sci. Technol., vol. 12, pp.
859-864, 2001.

[5] H. Sagberg, A. Sudbo, O. Solgaard, K. Anne, H.
Bakke, and I. Johansen, “Optical microphone based on
a modulated diffractive lens,” IEEE Photon. Technol.
Lett., vol. 15, no. 10, pp. 1431-1433, 2004.

[6] N. Furstenau, H. Horack, and W. Schmidt, “Extrinsic
Fabry-Perot interferometer fiber-optic microphone,” IEEE
Trans. Instrumentation and Measurement, vol. 47, no. 1,
pp. 138-142, 1998,

[7]1 I. Cho, K. Yun, H. Lee, J. Yoon, and E. Yoon, “A
low-voltage three-axis electromagnetically actuated mi-
cromirror with bulk silicon mirror plates and torsion
bars,” IEEE Int’l Conf. on MEMS 2002, Las Vegas,
USA, Jan. 2002. )

[8] B. E. A. Saleh and M.C. Teich, Fundamentals of Pho-
tonics. New York: Wiley, 1991, pp. 80-107.



370 s=Esix) A17A A4, 20061 89

Optical Microphone Based on a Reflective Micromiror Diaphragm
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An optical microphone incorporating a reflective diaphragm and a fiber-optic head was demonstrated. The diaphragm was made
of a micromirror membrane which is suspended by a silicon bar connected to a frame, allowing for a displacement induced by
acoustic waves. A compact, simple optical head was implemented by exploiting a single multimode fiber. For the assembled
microphone, the static characteristics were investigated to find the operation point defined as the optimum distance between the
head and the diaphragm, and a flat frequency response with a variation of ~2dB for the range of up to 2 kHz was accomplished.
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