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Abstract: A novel variable optical attenuator based on micro-electromechanical system is
reported. The variable optical attenuator employs a low-cost simple structure design, capable of
fast dynamic response (<2 ms), wide dynamic range (0~ 35 dB), low return loss (<—50 dB)
and wide bandwidth. By utilizing precise electrical-discharge machining as an enabling technology,
the design incorporates an electro-magnetically actuated silicon mirror rotating around a 100 pm
shaft and a miniature driven coil. The attenuation response is compared with the calculated result
from a numerical theoretical model by using ANSYS, a finite element analysis software package,
and a reasonably good agreement was obtained. The variable optical attenuator is scalable to a
discrete array to implement dense wavelength division multiplexing channel equalization in various
networking devices.

Key words: optical fiber communication technology; variable optical attenuator; micro-
electromechanical system (MEMS); electrical discharge machining; dense wavelength division
multiplexing (DWDM)

1 5| = 1518 B ) P-4, SC LY 25 7 30 | B A3 25 7 5 K 1%

WD) R, HEGT 3 bW DR R AN AR BB
BANHEFERAE LT AW BERZ —. WA TRALE
WA LI R EB GBI TS E R &
B, FBHL L R 55 (MEMS) %1 250~4 i s bl HL &
GHEARETREAEN KR . SHWEE. 5 THEE™
E-mail: yuanye_2000@ hotmail. com FHh A, 52 BN E AR, (AT R AR e LK Bl A
Wi B 3 - 2003-01-09 B LR AR B BARR B

WEE JCLT AR R T IZ A, AT IR DG T A
(VOA AN BRFERE P —MEREKILL T
WA, ERMATHER»ZH (DWDM) A% H %




3 = IE.

— BT B AL F R G T RDE T AR 365

B FRATR AT I T — TR AR
T.(EDMD £ AR BT HL . 2 55 7 8 Y6 4%, 48 B
WA W& F AN R A R ST T
Y0 98 (0~35 dB) , 3l ABFEAR (<C0. 8 dB) , 5] i #61
F&/(<C—50. 5 dB) , ma pif 28 JEE R (<C2 ms) , i L
Wzh(0~8 V), SEEEMIEFZARS ML, TEH
B R . T 5 25 LB AT R O R AR A
Eb » G548 KA T4k, BUAS AR me) 7 5 3 PR L% 4R W] A

2 2RI R A

PR 1 s, HAME RS 20 mmX
10 mm X 7mm., #%{F& 34 b L BB b R 12
FF 8100 pom BT A R ARAG I . 50 AR 3T b
KAEHN T ARV U, F DA T R o A el R, LTS
EREE A 1 pm, — TN B R 8L, F LU B
BSOS R B AR N AR F IR SR 4. ERAT B R
SR [ R R S B B S BE (L. 5 mm X1 5 mm)
REAERAT L B 7 — B s TREXERE L
WRe LTV BUREAN e R L P 2 ] A T, — i AR K
TEFEM b, 55— b S BT AR B E, T RAETE R
BB EIR Sy . A R v AR e TR AR L
AESEIMR G RAE h b e &
2 DT VR TRV AR Y 3 ] FL P AT LUTE A L BB
-5 AR AR R AL S 73X 1B 3 S S R A el
B KAERAR I TG V BIREER A

Fig. 1 Photograph of the micro-electromechanical

systems variable optical attenuator
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Fig. 2 Exploded view of the micro-electromechanical

systems variable optical attenuator
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Fig. 3 Photograph of the V-groove, bearings and

pivoting axis
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Fig. 4 Misalignment sensitivity of C-lens collimator
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Fig.5 Finite element analysis (FEA)of magnetic coil
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Fig. 6 Comparison between measurement and finite

element analysis (FEA) calculation
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Fig. 7 Broadband characteristics of variable optical

attenuator
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Fig. 8 Dynamic response of variable optical attenuator
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