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Abstract

Fiber Fabry-Perot (FFP) tunable filters, the essential component of WDM transmission, were
designed, fabricated and characterized. Multi-layered thin film mirrors that consist of an optical
collimater’s corss section as a substrate and TiQ2-SiOs alternating multi-layered films as a filter
were designed by means of the transfer matrix method. Fabricated mirrors showed the high
reflectivity over around 98% as expected. After fabricating the tuneable filters using PZT, we
measured FSR, FWHM, finesse, crosstalk and insertion loss, confirming that the built devices

Ehd 5

satisfied the optical filter’'s specifications required in the WDM transmission systems.
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Fig. 20. 20dB-linewidth measurement of FFP B.

I8 20904 Li= 1529.20mm, Le= 1532.10nmE
crosstalkg® 2§ 20dBAE-Z 3mAXe]il cro-
sstalkE 23S @ FFP. B2 A&/ Ad &
= 10718 o 5= stk

c. FFP 28 C (FSR = 40nm)

o}2-& FSRE 40mE A2 FFP. Co BAS
sl 1A FSRE AAs] s @3 9

E4e 23 210 Jehggs

uUN
13 6.0dB/Div RES: 0.thm SENS: NORM HLD AVG: 3

T T T T v T
[4 ? L1 1532.25nm

L2=157240nm |

SMPL: 501

a7 b . -4

|

49 - -

|
) bl

1500nm 15200m 1540nm 156anm 1580 nm 1600 hm

a2l 21. FFP C®} FSR &4
Fig. 21. FSR measurement of FEP C.

I 214 Ly = 1532.25mm, L, = 1572.40m=E

(290



19984 38 BFILBEHLHE

<&

FSRo| ti# 40mE s g & 4 ek oY
A A==l Fe] FFP. C9 finesseS A4S 93
FWHME 2Astgsd 1 A2 a3 226 et
viste

UN
4 §.0dB/Div RES: 0.1nen SENS: NORM

Ez'l U —

]
=

HLD AVG: 1 SMPL: 501
T T LA

L1 = 15326nm
L2=15330nm |
13 = -29.88dBm
L4 = -32.93dBm

o
{4

25
4B

49

]

1575 nm

1 |h|.1lll||ilLl|x.A’\1LL1

1525nm 1535 nm 1545nm 1555nm 1565 nm

% 22. FFP C¢ FWHM &3
Fig. 22. FWHM measurement of FFP C.

7] 220|142} 2] FFP. C2 3dBellxe] spaghe
Li 1532.60nm, Lz 1533.00nme]l2=  oluj
FWHM-=2 04m-& o & 9lck o474 FFP. C9]
finessex A(9)ZXE 1008 & 4 ek

oFel = geje} wharlAE FFP. Co 20dBAIE-S
W3 ARE a7 236 vehigick

uN
13 6.0dB/DIv RES: 0.1nm SENS: NORM
- T T ———
EH B

HLD AVG:1 SMPL: 501
T

T
L1= 1531.85nm
L2=153440nm |
13 = -28.88dBm
L4 = -48.90dBm

25
da8m|

—p)

<37

49

1

L hl ! 1 LLI JI_LI" i r\lll.lﬂ

1535nm 1545nm 1555nm 1565nm 1575 nm

51 L
15250m

3 23. FFP C9l 20dB A&24S 93t 5 EA

Fig. 23. 20dB-linewidth measurement of FFP C.

a8 23414 Ly 1531.85mnm, L2 = 1534.40mnm=
20dBA1 -2 25mE FAEew ok FFP. C9
crosstalk& wed3le] Aelrbsgh Adey= 169 <&

% Slsie.

(291)

#3354 DiF B3R 79

d. Insertion loss

el 22 Heje] SAES w7EXR insertion
loss =3 FEl9] A& AAs= 588 defeler}
=k Insertion loss= vhERbete] &=, #7104 A2
Al AR F5e] 3EF o o3 Ak A
A "9 insertion lossE A% & 13 249)

w
. AfAA e (AL Kot Wlmn SERERUKA HLD LN EW 301
; : oo J = gz aam
- . L$ «-17530Bm
I/" OIS e e T“'”“"E"W
. - k]
 —n ." AN \
agw ! ;o : \‘
: | l . il
: v . . b E
: ;o N
i ! ) : A
k) . }'.h : 'I ’ \ 7
: ) : || : \
. : . .
4 I : 1 \
o e A '| .'..,II , e S _1
1 | Y0 | e
- S RN y ~3
e IR o f
an Z I Y | il J:I_h Lal
I8yl 1e1em 1313 m 1410w 15k “Eiten

2| 24. FFP B9 insertion loss 4<% 93 4%
4 54

Fig. 24. Input and output char. for measuring the
insertion loss of FFP B.

a3 24 AZFEl 9el%F FFP B o1& € 7o
24| EDFA®] ASE £4& 3o 3o &3 )
& Aot 184 line marker La: §JEAbdl,
Lis el iRl 7 3h& ¢oleal A7 Ly =
-17.33dBm, L4 = -21.74dBm22 ¢] "e|9 inser-
tion lossE 4.41dB7} €8 & 5 glch ole} Ze wh
WHeogd ZA3 Ax B dA7elx Az e
insertion loss+ 3~6dBE ZA )

e. FREA
P e A b PEele] FEEHe

PZT controllerg oJ]-83le] A3yt PZT con-
troller= A4g WIAIA PZTe] 4olg 4 miHs]
2 W3iA FEEE 4 o me] v2HEE sl

alet F25A9] €24 FFP Co $254¢ 2

7 250l vehfgict

1% 25% FSRo] 40m3] FFP. CZ 1530mm-El
1570mm7F&] PZT controllerE o]43}ed 7hA]7] A
olc}, Fxo| E3le-d PZTY Fslisst #AE=Ee9]
Qs AAE 4wk FEE Erh B d3
oA ARk HelEe] FEAHGE BT 40Ve|sleld

p
<]



80

-0
o =

1.5me]ske} -l zE3 gk

KET!

- 1996 A9 26 14:82

V2-01 Wa:rlx ~8LK

V1 Ve

BiF{x BLK
5.808-0 [FET REs: 0.1mm  SENS:NORT LD M3 1 SIPL: £@l
-154 )
)
=35,
' ria
ti
Lis
-35 k £l
45, K 2‘
-554 p- s
1539, Mrm 155@. Ddom 1570.08m  PXel=. 2 XD
=3
a7 25. FFP C9] 254

Fig. 25. Tuning char. of FFP C.

=]
T

&2 FFP. CE& & E¢] crosstalks 32#is}ed
5L WA AHE a9 269 Yehdgic)

UN
" 6.0dB/DN RES:0Anm  SENS:NORM  HLD

- T —

ﬂ?

AVG: 1 SMPL; 501

T
L1=21532.8nm
L2=1535.3nm
L3 =.26.84d8m
L2 = .45.88dBm

—

37

49

.
Jul

. L
:.thii./‘ STOAL h{.\.“...%l\, N

1520nm 1540nm 156anm 1580 nm 1600 nm

61
1500nm

323 26. FFP. C9Y] crosstalks 723 S2EA
Fig. 26. Tuning char. of FFP C in consideration

of corsstalk.
SFollx] =& wje}l zre] FFP. C9 20dB AlZe
25meolglerns B Addx s 25mE 24

A et &, 20dBelslell dpcisg sk A
€ FFP. C+ 16719 AdAlee] 7}s3He 2 A3
=3 Flslsioh

V.2 E

WDM ¥ OFDM AgA|2glollA whg T2
Qake AdAEe Bxow sh= rhigdeE B
Sl AAteln BEEe AeRdE BAE

WDM A 44 #4H Fabry-Perot 7}

(292)

489 A% 2

= =]
4 24

& it

Azde] Aeah A4 Adsle] ookt geeale]
WAL sheAske saelth £ dyelxe ol

gexoz EDFAS w3z
o AR G 7
HBheic,

WA 93 2 thEupelels RE GRMES 29
E1g olgalalon olgAl Alxtel uiehe utvte) gat

<3ed2l 1530~ 1580nm

il |
MRS At SAE

o A 24 2AE FdAd s =g BAEE B
Ack TiOzo} SiO. whhe] &L 77 2229
1.45019l0m] FAE9] 2ake FAIE 5 S AxR
)¢ okt wg 1 /4noE oAk BiukEs= Zh2)
175£2me} 266 t3m= wlwd] #U 2L &
USdth ohEutEtv|ei o] ukalg EXE uiAl o)

°F T0mAE TR o532t A HkAL
A ZE F83] ZA sl FgS Hisslelon
1.55umell ] WEALE-2 98.242 =& = ¢ck

Lelg Axsl] Sl FAdhet FEeivelelel o}
SabtvlelE AApsiglen 1 Aw BAdfEc J2
Zimjolele] o7k EXJo] Hx WSStk o)y FE
glule]ele] wHAezL 7]87], HHE AH Sl 7)
Fole® fAEE v FAR] S @ vk
oledg, WAt BadA, AHHe Jeld 5o
AAel 7] wfzolck

2 Atelds FEWolElE o]4sle] FSRe]
20, 30, 40nme] 7PAFIEIE Aztsiact. Zk D9
FWHM-E 025, 0.3, 04me FA=on oju 2}
He]9] finesse¥ 80, 100, 100¢]¢les 2+ HE9
insertion losst 3~6dBE =4 =)

gelo| FXEAY Fels HEZwe} PLTY #
e A= ARkl spagge Y] A9 HAa 15
mZ 527} 7Fsdlhon An[Rgke 40V olFE &
A=Egel w3k 2 S crosstalkSs 723 20dB

A% 24T A3 2~3mole o|Z3e] 40m B
o Geold] 164E AYY » glov] WDMAS

AlzdlellA] et geld gk SAARES B

stoick '
¥ dense WDMelv OFDM} 7+

ol AL3] s dERtElEe abg F

i7|Ale] A™3lel] 213 finessed Z7}, %L TS

<z A= Al 22 At faEojxio}f

& zlolck

=



19984 38 EF THEEHOGE

jcl.

re

Ho

I

$3B%E DIk B 3K 81
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Electronics Letters, vol. 21, no. 1, pp.

[1]1 C. A. Brackett, “Dense Wavelength Divi- 504-505, 1985.
sion Multiplexing Networks : Principles [7] B.L. Heffner, D. A. Smith, ]J. E. Baran, et
and Applications,” IEEE J. of Selected al, “Integrated-Optic Acoustically Tune-
Areas in Communications, vol. 8, no. 6, able Infrared Optical Filter,” Electronics
pp. 948-964, 1990. Letters, vol. 24, no. 25, pp. 1562-1563,
[2] H. Toba, K. Oda, K. Nakanishi, N. 1988.
Shibata, et. al, “A 100-Channel Optical 8] F. Tian, Ch. Harizi, et al, “Polarization-
FDM Transmission/Distribution at 622 Independent Integrated Optical, Acousti-
Mb/s over 50km,” J. of Lightwave Tech- cally Tuneable Double-Stage Wavelength
nology, vol. 8, no. 9, pp. 1396-1401, 1990. Filter in LiNbOs,"” IEEE Journal of
[3] ©P. D. Atherton, N. K. Reay, “Tuneable Lightwave Technology, vol. 12, no. 7, pp.
Fabry-Perot Filters,” Optical Eng., vol. 1192-1197, 1994.
20, no. 6, pp. 806-814, 1931. [9] T. Yoshino, K. Kurosowa, and T. Ose,
[4] S. R. Mallinson, “Wavelength-Selective “Fiber-Optic Fabry-Perot Interferometer
Filters for Single-Mode Fiber WDM and It's Sensor Applications,” IEEE
Systems Using Fabry-Perot Interferome- Journal of Quantum Electronics, vol.
ters,” Applied Optics, vol. 26, no. 3, pp. QE-18, no. 10, pp. 1624-1633, 1982.
430-436, 1987. [10] S. J. Petuchowski, T. G. Giallorenzi, S. K.
[5] J. Stone, L. W. Stulz, “Pigtailed High- Sheem, “A Sensitive Fiber Optic Fabry-
Finesse Tuneable Fibre Fabry-Perot Perot Interferometer,” IEEE Journal of
Interferometers with Large, Medium and Quantum Electronics, vol. QE-17, no. 11,
Small Free Spectral Ranges,” Electronics pp. 2168-2170, 1981.
Letters, vol. 23, no. 15, pp. 781-783, 1987 [11] H. A Macleod, Thin-Film Optical Filters,
[6] J. Stone, “Optical-Fiber Fabry-Perot Second Edition, Adam Hilger Ltd., 1969.
X Kb 2~ 7Y

£ 7 POEER)

19731 109 2424, 19964 4184
gtz At 24, 19984 2
o = o AxbEsta FEAL
19989 249 ~ @A) AtAdAAL A2
% FRA ol xal/Alx B3}, B
A4 A FEM, BPM% 2314

4

F X ROIE®ER)
1949 104 744N, 19833 Texas
A&M w3t A7)gsta} uhajekg)
| A= 19739 ~ 19824 BAA
L A T 2% 19899 ~
% 1991¢ AR (5 Wk
o T TF 1991 ~ 1998 #A)
AAN-EEI | edTa F AR Tl
Integrated Optics, Passive Optical Device, Optical
PKG

=] R
=0

(293)

£ B B(E&R)

19504 49 1094, 19759 A1&d)
g AAFET &9, 19824 Al
sk i3k AzkgEE) FEAAL
19891 U. Florida %17]-2%}3} Ph.
D. 19834 ~ &) A-eAgohstn
AApEsts @ FHAlEoke wt
/A5G 3G A, 3EEzr] AA 2 AR S
3

£ 88 tRGE®ER)

1965+ 149 2294, 1988 <l&h)
3 saseistn Axals s
1994 ~ 1998 A AzREE
Wrledt4 HEAME AT
A, AtehEk AR 53k uiajst
4 A, FHAEoR=  Passive
Optical Device, Optical PKG



