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Abstract

The thesis presents two Kinds of optical passive devices as optical switch and vanable optical
atteniuator based on non-silicon-micromaching technics. The devices were generally simulated and
analyzed by ANSYS and mechanics of materials.Moreover, experimental results of each device
were reported .

The content of this thesis is primarily classified into five parts. (UThe first part summarizes
the modemn tecchnoligies and development for optical switches and variable optical attenuators,
involving the pros and cons of them.@The second part is the arrangement for the design of
direct-coupled optical switches and variable optical attenuators,analyzing return loss, insertion
loss and precise calibration of them.(®When it comes to the third part, a design of micromachining
based 1X 2 direct-coupled fiber switch is introduced. CNC engraving and EDM techniques were
used to fabricate a switch sample where a2 movable fiber mounted on a micro-machined flexure is
driven electromagnetically, and output light beam is directly coupled to two other fiber end
surfaces; the switch features a low driven voltage(5V), fast switch(<2ms) and low insertion
loss(0.9dB~1.1dB).@In the fourth part, a design of micromachining based direct-coupled variable
optical attenuator (VOA) is presented. The device operates by misaligning a fiber-to-fiber
coupling through a lateral displacement of one of the fibers mounted on a micro-machined flexure
driven electromagnetically. The VOA was fabricated using CNC engraving and laser spot welding
technologies and features a fast dynamic response (<2.3 ms), great dynamic range (0—~65dB) and
wide bandwidth.®The fifth part contributes to the design of optical an array of 1x2 switches for
intelligent opfical network (ION),by utilizing a micromachined wedge-shaped double side
micro-mirror for the change in optical beam path of input light. Performance of the switch array
prototype was reported, featuring a fast switch time of less than 750us and extremely low
cross-talk <-70dB with an insertion loss of between 0.6 and 0.8 dB.

The final part of this thesis presents the pros and cons of the above experimental sample
devices,putting forward three new ideas based on the former experience and reference.

Keywords: Optical passive device;Optical switch; Variable optical attenuator

{|



T K08 X

i}

#F1& 5

EHEELABHE (K.C. Kao) 7 1966 FR RN IR (AN T ERTE S
iR AN EREERREY. e 1970 FRTRAF BN T 8RB
(20dB/km) RIAZNE. X—IWAZE R THEHEARN R G, #3) THEEN
#HHE, MR T AMNMEXERSEABKLRER. NESH, MMEBARARTHK
A BB R 0 Y R Rl

1.1 WDM €3t RM LA

=M (BEM, HEHM., JTEEEM) SEEKARANEY, BB TN
BEHREMERER. MAHFES 0 TH z WEREBEWREER, 043
¥4 32 1% NGN (Next Generation Network) B EEBEREAZ —. HEi LT
MG AR EREN, RRENEZNT ENRBHEABERABARE = B9 E
A (WDM) | W5 RA (TDM) .« =458/ (SDM) . H WDM HARE N
FEEE R . WDM (Wavelength Division Multiplexing, WDM) BRE— R ¥TFH R
R MERAGESHER EERRHEEE B AERSREAXBBEEER
XmEA B H 2 (Multiplexen) &, HiBSHIR — R AT AT, Tk,
2 fif 5 A 3% (Demultiplexer) B & Ml KM B E D E, AR5 Wi iEif—F
MBI RERES.

{HLL WDM AR A ZERE 8 W48 1 S B E R 7884, EENEE .
ABBENFRK DU FEEENFRERG. HeRE. ™ESRIE. GRS A,
LR B TR IER . $H R — M, AR T WDM £XM#1#&. WDM
EAMPSEMET LA XKBECRONAE, .

@ Ll EDFAGBHEGE BRI A NRM BB R BEAR, BT AL
FEHMERMBRA T O/E/O BAPHEENETFRIAR IR Z R B &, 3+
TETAREEBEE, BB TEFNE, TMTEESELBPHERL.

@ LESSRRMNEEREE WDM R e, A% LUE
ARERABEETREE —BE—RATAE. TREHRNEFR
HHBEZLGH, SR —RAT LB MEKS S MBS BN RS

1



WL AF M LE X

S . B B AR oo B A 2R A 8 A R AN A T

@  EAVEAAMEY AREANT A, FEETER R ERE S

(Optical Cross Connect, OXC) MJt4-A R % (Optical Add—Drop
Multiplexer, OADM) #Rk. OXC LI T e b R AR KE S0
EFERE, RARERERHELOHEAR, 4F OXC EEN MR
#73D B FHUIR RS (MEMS) . OADM F: B LifE & 7k B
EEEM Y HEERA — A EEA K, TARREARERNE RS
e KRBMARARES MEET A ARTRARERRINEER
&, TIENAREMNRGE R EB NP NEKEE.

@ AMERTETHEERNTERAR. BELTHEHATHEN,
BRBREEAPLTE. ASON HEIZTHILM. ION HHEFEM.
LOBS XRRZ#HM, MPLS UK KIFEZTH I . Packet over
WDM AT XA R AP0 S AR Y TR
XK, SR ECHEEIARMSKNERBERL, THERR, BARMES,
AEEERREKEZTS.

12 KEEFH— R T XIT AR TR 2SR I

FJT 5% (Optical Switch) 7] 5t T 48 ( Variable Optical Attenuator, VOA)
A WDM £ RS EE N THEEMY, FANEFLERYEEET,

1.21 XFEEAMNE

KIF, BiE B X RS RIEEE EENYBAEER. B T4 OADM
FOXC VREEFRA TR, IR TRE QR . WEHZ
R/ RS, ERBRMR B REFETUA TSRS, FERET
BheefR iR I AR A RStk RIS BRI, BRS Roy sl g0k,

HEFFRBI R RRE TIERBOAR TS RS, BER, MomTH,
MEMS %679,

AR B TF IR R RS XS MG IR S I B SE T B st e, 22650



HIT RS A 10 30

ANRESBE—MEEARS EREAMuREs B, REERBRF ERA
IR YR ARIRA S BHEAT 90 B 0 BiRH, BEEN—MRRARE RS
HAESBEEER, MWHBREITX, ETARERMAE L 1 Hw:

H—_::;::\ Jl'ﬁ—# ,-=¢=+1

|
11

A€ —
a. WRFEEMREN, g b. EASM—ERIE ‘f
BEAHS B F ARG R IR 77 0 )RS s 00°

Fig.1.1 Principle of Liquid Crystal optical switch (1.Xx2)
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Fig. 1. 8 MEMS approaches for optical crossconnect switching: @) 2D MEMS technology, b}
3D technology.
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Fig3.5 3D siatic magnetic field flux intensity

F 3N The calculated result by ANSYS

SUMMARY OF FORCES BY VIRTUAL WORK

Load Step Number: 2.
Substep Number: 1.
Time: 0.2000E+01
Units of Force: (N)
Component Force-X Force-Y Force-Z

arm 0.72705E-04  0.82232E-03 0.81301E-03
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SUMMARY OF FORCES BY MAXWELL STRESS TENSOR
Units of Force: (N)
Component Force-X Force-Y Force-Z,
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MPTUBHETEDEENMG®R Z FNZHH 1.62602mN, HTF
MAXWELL % M 2% Z 7200 1.90384mN, #—%, BRAVHE T Higk
MBS AEBIR TR Z AR AHE0, WE 3.6 o UG HEEES SRR D, B
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Fig.3.6 The atiracting force exerted on flexure as a function of air gap
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Fig.3.7 4 photo of the 1 X2 fiber optic switch
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Fig.4.1 Principle of direct-coupled MEMS VOA
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Fig.4.4 The insertion loss as a function of lateral misalignment
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Fig.4.5 A design of micromachining based VOA
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