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Design and Fabrication for Dispersion
Compensating Fiber Bragg Gratings

Student: Su-Hong Huang Advisor: Dr. Yin-Chieh Lai

Institute of Electro-Optical Engineering
College of Electrical and Computer Science
National Chiao-Tung University

Abstract

In this thesis we try to design the FBGs for dispersion compensating
with a new concept called “Single-Period and Multi-phase-shifted FBGs”
instead of Chirped FBGs to:decrease the, fabrication difficulties. The key
IS to expose the FBG segment-by-segment with the same grating but with
different phase shifts ~between rithe / -adjacent segments. The
“overlap-step-scan” method is-also.employed in fabrication to reduce the
discretized error.

In the design, we start from the targeted reflection spectrum to obtain
the experimental parameters via the simulation program. In the
experiment, we apply these parameters in the experimental setup after
careful calibration. In the measurement, we use a Michelson
interferometer to measure the grating phase information.

Although so far the experimental results are still not very satisfied,
the method of design and fabrication for *“single-period and
multi-phase-shifted FBGs” has been demonstrated to be able to produce
the targeted dispersion compensating properties. We will continue to
surmount the environmental perturbations for increasing the fabrication
accuracy and to realize arbitrary FBG structures by using this method.
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A iPa , =a, +Aa, ~ b, =b,+Ab, o #(2.39) % »(2.38) » &3

o4\ o4, Y o4, 0A,,
aa)m"+2(a j( b ]Ab =34, -4 ( ) éa

04, Y oA, ody, 0A.,
aa )( ab JAaq 3> ab ) Ab 2[147 x(aq’bq)] ab

(2.40)

famg = = A2 (2.40) > f# A Aa, s Ab; R ha,, b, O iR ITOR

Fo hept FAFIE T T BB TR (a,b) > 4

ex,opt

2.2 #23 HH

G218 A1 AT B2t BT ke f’v,ﬁ&{i’-’k? P
HRE M B SRR AR o KR S Rk oIS B G
825 Optiwave Corporation 7 IFO_Gratings 2 %F i #t i 48 v & (7 o
ok 2l o (e gl BRI E GEAE IR 2 2 2kt ﬁ)—‘%&?&%é}’\"‘:ﬁ*?*# ' F
- ¥

B E B 0 P B B B R

=i

>

-

PR AN T 0 BRbS AhHY O EF TR TE R &Y

The MathWorks, Inc. Matlab #ic %8 % 8 #t iz 5% > o X 2P s
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221 Rtk T
B P R RS kAT
H(5)= VR expl-(6/5, ) |expl-iB,L, (c5/nY /2] (2.41)

B¢ gox F S R=09 0 47 5 $8c5, =183em™ (APt ¥ & 5
1.55um P& > F SHAE A 2. 3dB AR 5 0.52nm) o sk 4 $7 S ¥
B, =-217ps*1km (4p§ >t D = 17ps/inm-km) » £+ £ & L, = 205km >
gk £ B L=4cm o P EEFEEMRQRAD D LR - BAZRF

7.3 Fc (Super Gaussian function)
H(5) = exp|- (578, )] (2.42)

B dpdep>2 0 § g oA A SlRe e ARIRIT 2 L (1) 22) 0 fe X
Bokdp e (odife (B123) &F Fipaad £7 0 ddpdic

= p=10 °
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Super Gaussian Function

B I N i SV ST SISN MRS SRS Sy || RS- —
B a
=
i i i i i i
e [ ATy EERERERRFEES foememeeeees S REREREN R REREEE R CICREE T —
= i i i i i
o i i i H H
)| N S— — —— T .
Ao oo e e T (| | :
16 S A SR S L R || T §
: : : : : =6
| A I R | I — =10 ||
" i i | | | | — v
— p=100
0 L | | | | | T
1.54596 1.5497 1.54595 1.5455 155 1.5501 15602 1.5503 1.5504

Wavelength (um)

B 220 3 Fdpficehdg 5 B 21308k

w1t Grating Structure

Coupling Coefficient (1/urm)

I I
1] 05 1 1.5 2 25 3 35
Grating Position {um) @

B12.30 3 o dp Boehdg e § 2750 BTl ok R A B

B TH - ¥ s SR BB Rk | e R B5 T e
Gk gk el T EIFNRE NI S AT T ARk

SRR T FR o A ERE R S dom ik kg o

ik
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2.2.2 WAL

4. #-(q,), 5 VAR ECANE | T AR5 (R)), 0 o AR sk g
kA tr B 5 - il B AATA T ATE D P Y R - (F 2.5)

5. MR HrA AT H I3 TED DR RME ¥ (), F I
(9,), ° (® 2.6)

6. #(q,), 5 THEC R FEANZ ) 2L (R), (B 2.7)

7. TNk hayph e g (g 2.8)

_dargr(s) - A" daigi(8) | h. dargr(5)
do 27 dA c do

(2.43)
'/t‘! v neﬁé‘ 3‘ #fr T °

8. d (q,),7 & I F BRITBRBIATH B N(An,), F A9, > TG
F - ZHEIRBET E AP Az, 0 Az A P F S H R

G SR RELz, S ST B (e, 4 Az,0) TR R B o
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reflectance (dB)

reflectance (dB)

0 T T T T T T T T T
05 —-------- 15 """"" i """"" T STATTommoosommomsmsmees e
- | IS . S R— R— '
After Hanniny window
L T Lo SR S S
e B B e
R .
B e LT e B e et e T e
T oo e e e e oo
N MMt
B ) S I L S oo I — Original target reflection spectrum _
— Target spectrum after Hanning window procedure
i i i i i i i | i

. 1 !

. I
] S —

] ISR S NSNS S NN NN W
S NN N NN NS S N U T N

AR U T SO R NS U W
-

I
I .

e 1T """"" P F — Original target reflection Specirum T

i | | | _| ReﬂectiTn Spectrurln after dilsclretized prolcedure

Original target reflection spectrum and target spectrum after Hanning window pracedure

)
15435 15456 15497 15493  1.5493 1.55 15501 15502 15503 15504  1.5505
weaelength (um)

B 24 SEBT 0 JILH D RF SHEH

Crriginal target reflection spectrum and reflection after discretized procedure

)
15495 1.5456 15497 15493  1.5490 1.55 18501 15502 1.5503  1.5504  1.5505
wavelength (um)

B 2.5 I8 P 0 AR AT RJILiS P R F B
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Coupling Coefficient (1/urm)

reflection (dB)

w10 Required g distribution and small gauss q distribution (after corverge)
3.5 T T T T T I T
: : : : : — Required g distribution
— Small gauss q distribution
T O SO . W SOt S R E _

25---

0&F----

[0

15 2 25 35
Grating Position (um) wot

G

B 2.6: % #7402 g 1T {5 g & Gl F

Required reflection spectrurn and reflection spectrurn after Gauss Mewton method

f ! ! ' ! ! ! !
iTarget : : :
05 -------- ESEsesEad ECEE \r ———————————— IEEEREEEEE T v
A e dereoonaens eeooa bodyooo eroeeocon e ;
' ' CAfter Gauss Mewton method
L e e e e e e =
B
| e
- — - e e N ;
e e e — ;
Bl bbb
o FE e I F — Required reflection spectrum N
: : —— Reflection spectrum after Gauss Newton method
5 | | 1 1 ] ] ] 1 ]
15495 1.5456 15497 15493  1.5490 1.55 18501 15502 1.5503  1.5504  1.5505

wavelength (um)

Bl 2.7: 72 % B 455 g T 9 15 chF AT
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Required time delay and time delay after Gauss Mewton method
300 T T T

I
After Gauss Mewton method — Time delay after Gauss Newton method
: : — Required time delay

Group Delay Time (ps)

a0 | | i i
1.5497 1.5458 1.5499 1.55 1.5501 1.5502 1.5503
Wavelength (um)

B] 2.8: B BT AR R iR AT (S TR P R AR VR

2.3 T Fwid

PR 222 Hivdy it e Bk A 0 H ¥ AR 2 p 4 A
AN SR S TE D g & ks R AR AR & F R

I

N

e g 4B B TR BT iR b A R AT 1 - A e g

THREEEL R R ERBETR Y G F AL RRE AR
& A AR PR BE4G & TRl 1L gL R R B 1T {8 edp AR R 7
R AR i B 27k Ay T OB T AR P R Mg 5 o
M REZ B e S FATE R L G BRI Rk R LR

TR TR St

A= exp [j (2.4)
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w, = 400um, 800um, 1600um (1/¢) - ( B 2.9)
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I
— Taryet
— ws=400
— ws=a00
— we=1600 H

Reflectance (dB)

30 | A I
15495 15496 15457 15493 1.5459 1.55 1.5501 15502 15503 15504  1.5505
Wiianelength (um)

(b)

B 2.10: 7 F B 2750 Bcis T RS . (a)M8 & Thlics (D) F B

PRV UER G RITEARE L o e RBDiRiT
SRR G LRI R SCLRN2I0@)) o F sHFE ¢ L oedp it (5
2.10(b)) > It #* & R iR 8 SR HCRRAZ S iR B T o

BEAREFE e BATR LY AEARY Y 0 miTEEE o
>4

TR HEBHRR DR AP L APTRIT
S AREHETRESBRER TIEAE S R - B LR TR

N
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o« AA

PSR AL BN B DR R S EGE TR S B 2 SR P Rk

A A T e R R 5S

3.1 R &5

FoRAE4 (F31)

Phase Mask

N /71 A 244nm

U \d =] Argon Ion Laser

vl ™

Cylindrical Lens

Translation Stage ]
with PZT control

Fiber

B 3.1 P kST A F

¥ ob kR E 4% Coherent ehg #p5 B 45 3 %+ (Argon ion Laser) >
P (63 244nm o B - k@A =k ¥ E 4 Lasinis hA 5 TP Y
% 535um > + IR ¥R 1548nm & £ 5 Sk sk B E_Fibercore #74 A& sk g
M H $iCk 5 ( Photo-sensitive single mode fiber ) » 5 1% & & i\

(Hydrogen loading) ASZ 2751 % ; %= %% & * Agilent ch3% 6+
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FRIBER C MPBREB T 22 PZT (N T RHLD THET 5
(Translation stage) ;) RI&d Pl #r@lig - Hrz/k & = & 33nm/count

2 0.1nm > PZT =0# ﬁ%ésgj”al}:]ﬂlj % 12um o
R & ati;ﬁz%] D pFaskElx o) s kg B EE 4 0.6~0.8mm o

FIUL R R sk L 0 S - $Hik#40 (Cylindrical lens) = B4 &
6 1 BEMRE B RE D o

»

B 5% S Ul B LB BIERICR B > B 5T 5f 5EaE > o
T BT HRIEER I B R AT E BT I RIER > Ry
FESk  NERAEEht o2 - B AHERBPFE T IRG D
Bk Kz PER A 200um 2 oo RBPER A KR R
F gk ® (Shutter) e B @R IR 4]

3.2 FERH

@A F L R FIZEE S T AR E S s A AR B 5
P ERPHREFTHF ZET "f 3 ggu;}z&ugrt TR B R E B 2
oo ARFNHEER AT e SRR IR > g S F % S Heh A X 4

ANV Y ;*ﬁ? L FE- QD A FEF KT EL T T
LEHRP A DT RIEL KR TR i 2 R o

321 /] B #rk L SFHcRE

B FR N BB AT * ] B BTk R Sl W E_ AR B F
R kR B R E ) B B A2 Az e P
theig TpF g DRFL -
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%ﬁ%ﬁﬂ*fjﬁ@ T RtRaEL o p R UEF A F T HRES &
prs i Tigle 812 | (Side Diffraction method) 9 3% » gl & %

LR AR T Ak gk e > B TR (An,), Bk

Ao BERER 4o (B 3.2)

He-Ne laser

P
q

Op
Figer Bragg grating

/sl
(0 [LTR |

SL

(==

CCD

B13.20 Ml stz | F% %47 LE

% % & & (He-Ne Laser) thjt £ % 1=632.8mm » ﬁi%] AR A
50mW - 5iEsk w i 45 (Spherical Lens, SL) = &3 & 08 » £ 11—
o FERE LR BEF R R D o BEDE L
#E B AR SN E T LR e F P iE 2 (Bragg condition) s @ &
4 - FRMEETR o YERT R L Y - o FEDE LT TR B
d f#47 R & 7.15um/pixelshE ¢ CCD W JR| b HE5t % chip & o 32 B ¥ 1

TR (An,), 0 X 1008 s o

F1 5 - FESpst ok anag B T2 PR AT S R (An,), B I v AR
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/a(PZOCAnaC)[]_Z] ,é{"’g ’%é,, ﬁ%%%’@%ﬁﬁ ,;]"_";H_fé.

BLE B R 495 ¢ it (Normalize) 4 » ¥ #3] An

¥

o B

-\

=

> GRS R A S P R TR I Rl
@ (Fit) > Bd2i5 B fhend Sronlicr T ko frgigp

AEEATR P B BT R o

S

g

I I
—— Experiment
— Simulation ||

Marrmalized dinac)

Grating Position {mrm)

B33 F %% &4 10015 PG RT3 T

.Es’\) ,55;,?:":":‘3? ( g} 3.3) znci@ A i ]L‘ | %z} I El‘i’/fg EIJ é’i”r’g gﬁ‘ﬁ',ﬁié

m,

w

s

A= A, exp —0.92-(2_2‘)} (3.1)

Hoe 2k g 25w =09mm (e) o B A %815 (3.1)8 & e

Rl #(3.2) T P 1R B A B v e (B134) & (BI36)-

A= Ay exp —1-(Z_Z°J (3.2)
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Hoe kg LE L w =08mm(lle) o

FTRAZTE S A FIFRARR TGP > TR I NF B e F T
PR R A TERNHERE FHHE- CERBRAET A X 0 5
TRETE S FIM ARG EHDEFPRI R AR R A3 o
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MR AL R > BB CCD MRl Flenkss & 14 0 s aiF ki ihfg
RAFER S M P IR SRS L REFRT & #HALTF
B AR FERN AT LGV R LIRS SR o

I
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— Target

i aget_ ? ? 5
25— e A S— R 8
s 5 s = o\ s

F're'aet
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Coupling Coefficient (T/urn)
in

05

Grating Position (um) 4

B 3.4 &N (L eimL Glks T
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3.2.2 An ek § ik i

XM ET SHEDFTFEY 2 0 L R AR E T BB

[E5%
ATz 10tE 0 B oAe b SRR AT PR R B Az, o Stk A B0 BE
A e peg R v 4 20 Rk Ab] o FRPpED S
05um pF » H o Z ek #icP 5 8F B > 4ok B3t - B I
L5 00Inm - SR FLR 42T 08U H- BEHNLEE -
At B R R gl o e RE L 1 TFL - o

PG T g e YE8t 3 2 (Side diffraction interference method )
[13] kedaiplgp -k % cnik 8y » F o X R 5 - Reciep (B 32) %4
g+ ik 0 4B (B 3.7) -

He-Ne laser

Figer Bragg grating M
/
{ T U v
A
SL
cch as M

W37 TiRle dstE ik R & LW

31



TEET TEN}
AL As

L

Bl 3.8. Ap sk X F Hp R Tandk (T R IZ

3 % T s ERe ez BF LS 1L » (Half Wave Plate,
HWP ):c % th#= = w & F d #higi 4 & % (Polarization Beam Splitter,
PBS) #-F btk 2 g & 5 s~p Hirfiens gk B - 5 g
%k (Probe beam) > o 7k & 5 £k & ) e BE Bk Ok i
+ ¥ - i 4%k (Referencebeam) > £ X 5L A = hiR & D
e plkAple i A2 A ek SR kAT RS
WG LA %Y kd @R (Attenuator, A) s A 12
&k % (Beam Splitter, BS) #,2 «8 6 & 378 % » 4 4 F > ¥ 12 CCD

(807 Pl A

%éCUD%@ﬁﬁﬂﬁﬁ%ﬁﬁ&Aﬁ’wé%:’nﬁﬁm%@

o FARARS R (@) X 1{e2 FFenedp iz, o Ap 4 G 27 o Rl

R (%),&]Jmﬁﬁ;Az&jiﬁqpﬁ;’%ﬁiﬂzzn_§1(€o$9<2n)o

p-p

AR BRE P AR T ST WIREE R T o Bz, 0 B3
B edp o T 5T R eEEAE 200um 1215 > ot PZT i
AR I B4 b= E AR =g Wi R RT3t ad |
R ENE Ar=z, -z WL PFEE  FHREF(R39)
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3.2.3 REPF &

AARNEERE Y RSN E ke B ARBEE TR D
ITEF R (M), EEREAIRRBEELT > ARBERF 1§ 7

F 2R T o

RHAGPE AT AR R R Rl R - B (), ®
ﬂ%gﬁﬁ%%@ﬁaaﬁuﬁﬁﬁi@ﬂﬁ%éﬁ%ﬁéﬁﬂﬁ%.
BoETARL > FHRETEIORELES AR - T Ry
& AR sk o 4TS R S en) 1T B %%ﬁ”“‘lbmﬁa
VREER AR T RO RN TR T Bl gt d
Wigh ¥ > g F I PIFTEH -

Wegr it ¥ ek gk > 2 Bk 2000psi R 4 T 7 x> d St EER
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PR AT R i e BREE TR Ee A R o T 1 E KK P
N RBLEFEFRTGI2pEEEL 7Y > g R FMFELE
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3.3 #p =& Rl

M AR P 0 R i 49 kA 49 %k (Optical Spectrum

Analyzer, OSA) » B|## 5 % 2 F &HE 3 > )

Fin pEE E A A
i s 4 T}wgmmﬁﬁ&m@ LR BRA M AT - B

i el S & o k2 1 [14][15] Tk gk ko edp A 0 I

BB A ek o FHEE 4o (F311):

1 FBG
ASE —

Collimator

------- |] Mirror

osa [/~

3dB Coupler

[2]

B 311 dpie @RIl g ik %

ET{%.@; i“]ﬁjiiﬁj;b /"r_]i ##_l‘/%——_ﬂ;m] F\':'}:t ) +—r’\A
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24 = iF 3dB 48 £ B (50/50 coupler) 4 sk > — s d kgkkp K
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—n‘r’
BERFLT D AL FHERD kF LT RRBEE

L1 G d KRR B BT BT 2 & 0 K SR St

Foo RpRIS L2k T A ud TR

E D) =E ) exp(z neffL +ig(4)) (3.1)
Ba() = (1) expli o 1) (32)
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Reflectance in linear scale (mW)

Reflectance in linear scale (mW)
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Normalized Reflection Spectrum

—— Experiment
—— Simulation

(ap) uonoapey

T
I
1

o

i

1548.2 1548.4 1548.6 548.8 1549 1549.2 1549.4  1549.6

1548

1547.8

Wavwelength(nm)

(©)

Normalized Spectrum

T
|
—
o . Y- __]
n
=3
S
s
g2
S
=
o ©
=
>
>
Lo ____ R ——_—_—__
| |
| |
o [Te] o n
' i i

1548.2 1548.4 1548.6 548.8 1549 1549.2 1549.4  1549.6

1548

1547.8

Wavwelength(nm)

)

«d

fi¥ 2t

P 3 21 3
# (A s

E

» (b)F 5

1
(O =S8 L

=

(8)F 447

wow
‘6";‘

B 4.1 F 5%

it

P

#)

ié’;

42



Reflectance in linear scale (mW)

Reflectance in linear scale (mW)
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Reflectance in linear scale (mW)
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Normalized Reflection Spectrum
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