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Chromatic Dispersion Measurement of Single Mode Optical Fibers
by Modulation Phase-Shift Method
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ABSTRACT

The chromatic dispersion measurement equipment based on modulation phase-shift method has been set up.
The modulation phase-shift method is measuring the phase difference between input modulation optical signal and
transmitted modulation optical signal in the test fiber. Dispersion measurement results of the typical optical fibers,
non-shifted SMF, DSF and DCF, are described. The optimum measuring conditions are theoretically studied as

function of test fiber length, light source modulation frequency and wavelength interval.

et

CME

BA-Fe] AEAR SAEAE @4 FdH9] A
£EAS Jee 283 8488 M9 AE
He AR 445 AjsHe 89o® A8kl
FEA e AMEEE P TAPAF(dA )e] “0"e]
ol witel] olelqt IFe] FHF zelE A4
W Aol gE Aukrrl cfEAEe 4Eile]
dejuiA Foh AR Qo] 3 i B4
5 Al we} dae] HA Aje] jepdl,
by, AgEErl 2205 A4 4137 7hAe]
A7) el ARate] gk vL AHAA FHa,
10Gb/s o]4te] AF&wdae 3= ATAT 84
7+ gk

AEARE sl aPfells  HA]e(Pulse
Delay Method), 7+4]8(Inteferometric Method)™
i} Wz9jahH 9] (Modulation Phase Shift Method)
o] glnk Haxldne Habd HaE g
o] Hag PAfrel AHAZ oL 24PN o
HYxof gt AR AdAzbe EAES, HE
Alghs AxtE) WAk ojo ef¢- FHe "2l Ha3)
3, AEe s AR g T SEE o
2 Ade] darl Hash) 7HHE-S Mach-
Zehnder Interferometer?} 7h8- 7HIAIE A5
7R el o8] HAkg SAse wbgolvt ZMiA
= TF amel] AY FARE AAsly, R E F
arm-2 reference arm 2.2 air path® AT 4yl
& 9ES Z= LEDS] &3 7MAE 55
g F el RS L1, o) Feld W

* 53-8 AehEk A w5417 (cyoung @sky.wkhe.ac.kr)
=B E : 99022-0906 Azl ;19994 9% 6]

221

www.dbpia.co.kr



FHEA S =F7) '99-12 Vol24 No.12T

#Fourier transform) & & dAfel] w2 $4hist
E olgd) MBS Y S e 53], W
& me] e AFBAR FAe] shesia ¥
go] AA =& AL Zerh e, WL o
42 o3 24 st gL AdHL
reference arme} Az|Wizle] iy FUAT oyt
7ol wi$- wigksiEE Aegwr) goizich W W
A e A Alsge sy s F3
o AFAh AR PERE B AdEl F 4 A%
o} $labalo| 5 wimshe whajolvh WasiAhdely
& A3stasel Aealekel] wel cj2ATt EE
Zahm o]Abe] Zolrl &7E|w, I ¥e] F
B Fol sk

o] Algelii WEAME Yol g o] EF Wl
An AR E2HGAE dPsly, o] SAHAAE
ol g3le] AR =R, AF-AtHe] PAF 2 4
B wabldae] 2AAnE $AsaA) v

. HEQIMBQIMO| offt MR &F

1. EEEx|e 74

2% 1& HERAPEES o83 AEA B4
yple) PATE epdich F8 LSS 7
glat 4l #]mwz7), RF(Radio Frequency)il s+
A7), PD(Photo-Diode), 4EZ%) QAZAFE Fol
o} ey B9 sl d ke &
Aslr] 8 Baskw, AUd e S g
AQATI} Folol Frh wiebd Al spisi
Zele] el 1550 - 1580nmelx, wAzbAL &
4 0.0Inm7}A] 7Hs8E AL Algsigich o Ha
Fal4t 4 GHzl #¥Hav|2 slEse B4l
iy HpsEe] o 9% sl A8 A
F247(POE S ™A, WEE RF AS

Tunable External -
Laser Source Modulator
Signal //- h
Gienerator & \/)

Ch1

______________ Sampling
Oscilloscope

Y
2y Test
fiber

a8 1. B4R YR
222

£ Fa)5 ebEsl 4 kHzal RE ALSAIE A
gatsdn.

a3 15} o] DA AAE AT RS
A AR aweh Ak A, b
235k G 2 HERE pmsie] 71
3% Yok o] S A4S P YA
2% o) LY PHGE T F A0 Az
sh A1EAlERe] PARNE FYech Q8 w9
A eld] F|EAEsh Ao Lal BHEE Ad S
$7k8) &9E APk

@3 =27 fur, L @-1)

2 oAk oi7lA re qdelel sl A
FA]od(relative group delay)S vlepdu} (2-1)4 <]
A ke Wasaed 3% BAHF Aeld
32 Fadchk B4, AR sk SAslka
A she Wls] Wellx) WEAZRA 24 el 7]
258 2GRAHE SR AR S kAt
2 2A%ch Z499 AR AF 29X
7 e E FEhk A, AYiag AdAReERE
22Ae Hastowsy 7 shgelrel AgAaAe
(Oy& A3 T

D=d1‘g/d/1 (2-2)
Measure
Relative time delay (ps.kim)
h ) ! Parameters

Calculate
Relative proup delay (ps) - Fiber length
’ o - Modulation freq.

h 4

Caleulate
Dispersion coeff.
(ps/nm.km) |

a3 2. EAEA AR

2. M &Y

a¥ 38 23 18 g eAR2mseM o
olA wolelRRE A 7] A HEE 2
olm vk I 3@t AEY 2ARIZeA
oAl 7EAEe} A9 FHFE IR ABEHA
o}5e sk P Aldelck ¥ 3b)yw A
A% 7] Y9 2 3@ ABE TR Ao

www.dbpia.co.kr



HENA ] 7 FARSHA o] Rt 2

3, AL 7IEAE, e AR RS SR
AlZolet. wEgk AlsellA ¢ Aske Aol
eARAzEe FAE A5 FH(FHN == F
DE ovisieg 4 A Aole ARAE 9
PlEiet. whebd, oleidl HAALE AR A
o FAsl] Aol daf rAgheEn A
IFAA( 9F 7 F Uk

Amplina [A1'1

5o
i s .
E 10
EE] o 100 ™ u; - .
JR— Time (o)
Relative Time Delay
()
o8 3. Aled An AF e e

Low Dispersion
T T

| T AR=(5

* - Ak Limm

N i <AL =T00m

. == Ak =50m

Length )

Dispersion (pe/timkm)

(a)
-
T
= &) ~050m
] - Ak-loom
¥ Ah =200
""" AL = 50nm
150

Dispersion (pa/nrmkm)

38 4. 434, A% %

HEFol e

a3 4% BERY ARNE 54T W TR
RN Bl HE SHY BEE Lol

e

WekE Holw glek A AYes AR ¥
TR TJH fm, ST FARE] e L, &
A B% o] wlA7k 44 So)] gtk WA z;q_»,—.
% %4\&—1! "!25,% sg'jé‘rr-'] 74011_. ZT]__T"E"

A 7#’-] QAL FEE 549 Zéfﬂ}E:g s
e e L el R R R o
o %*é% 10GHzo |8k, ARkslw, WMaFslart g
oMSE SR T s} HeiHh =,
A% B Aol Aoixw S5 F
o] WobAl7] wiel 418 Alze] FY Ak 9]
W et AR A Slch B Shasge)
27 TgTA(4A)0] Foml dolsr M7l
ZAoalet. wehA, 44 ZHHer ZAHA AER
time delay=

ﬂ

AT=D - 4A -L (2-3)
o]z 2 phase ambiguityZ T3}7] ¢sjE 4T <
lfno] UEHEE WSS Aol 3tk & 9
"JﬁPP 27 (360° )& Wl =g 3] HsiA

zavee] A4 Welh FolAA Hek 23]
4(a)¢} (c)= NZ-DSF(NonZero-Dispersion Shifted

High Dispersion
i :“\ T AR il Stn
,‘I ' \ - - A= 10mm
H N i #.-20m
P " o | - b s 0mm
S S
Digpersion (ps/imiam}
(©

Diispersion (ps/nm.m)

@

53T B4R Ao

223

www.dbpia.co.kr



FFEAIEE =F ] '99-12 Vol.24 No.12T

Fiber) 1} DSF9} 3] 1550nmriell] HAlkeko]
B2 739 f,0) 22 10GHze} 1GHz < ], 44
wW3lel| wle} phase ambiguityE & ¢ gli= FHY
BAR Aeld Hola 3irk olE EBel, fu ©]
10GHz¢) 3. 42 =1.0nm&) 7% 1550nm wHeilx
DSFe] A&3 PA4lps EAsp] 48 87Ee
Ho FAEF el <F 20kmojrk Rk fno]
1GHz8) 5ol Hel B45 o)} oF 200km7}
Hug PG S o8 AE e 7
T g8 AU ek 2d 40)2 ()= non-
shifted SMF(Single Mode fiber).} DCF(Dispersion
Compensation Fiber)e} Zro| Ralgko] & A% f,
o] 72} 10GHz%} 1GHz o df, 44 w3l oz}
phase ambiguityE W& 4 &= Ho BdF 4o
£ Holi 3irh AE Hel, fuo]l 10GHze|xz 44
=1.0nm%] 7% 1550nm <§<loll4] non-shifted SMF
o AERE RalEke 2437 99 7Ee Mo
F44 Aol oF Skmolch wlebd 5% 4E2 2
olet ellgEls MBAL Alrd] Z)E eisle] FH
A9 Wz FueE Adael Yo Ple wa
FalrE 10GHz S ARslgic)

. MM &5 A

¥ 588 23 77Ae 2 ddate] 1300nm
FHelA FHzwolw HaAl| FEAl 7 Rol AR
=7 9)+= non-shifted SMF2} 1550nme3 a4 44
Salo] #Hel DSF 283 non-shifted SMFE
1550nmel ] 288 ¢ o] QoA ¥ Al
& #AE = gle DCFe] AR4he 533 Zdjo]
vk ARSRl ARl Aol 1550nmeiellr] A
Al}  phase ambiguityS @il Zzb 1km,
20km, 3.873kmAAH-Z A3k & 234
B3t Ble} o] phase ambiguityE glell7] 1}
of & BAfe Aol medle] WaFoee
10GHz 2 skgch

7% 5% nonshifted SMFe] tid zZlom
1535nmell4]  1560nm7}A| Inm7F2 o8 $jAkalE
289k adeld =¥ 2% A
< ez, A4S 2zt 3" A aERde
©]A) polynomial ¥5% curve fitting ¥ Zs}e} Al
doFrldozre] deizl FAghs viepdch &
¥ non-shifted SMF£ F 15.9~17.4ps/nm.km2]
AR 7k3, +0.046 psmm’kme] 7]8715 e}
W3 gtk o] =L ITU-T G.65244 A5tz

i

224

e 1550nmi e ARASA HwAe)
=35 ik

100 ’- i * 12

168

E

3 ‘ L

g w | g)'/>/ \ J s
3

Disp. Coeff. {psinm.om]

L 1
153 1540 1545 1550 1535 1560

Wavelength [nm]

a8 5. SMF Zalaz] Az

2% 62 DSFo| gl A=A 1535nmef)4
1560nm7HA] InmZPA o2 $]AxME &Adsle] dL
Agahe- 2k 1.8 ~ -0.3ps/nmkm, AF-Al71E7)v
+0.042ps/nm’kme) ™, GBA AL oF 1562nm<)
< & F slvh ol SHPEAMIA AFT AA
A dEAl s A9 dAlElw, 7evIe
+0.060ps/nm’ km 2.2 the lo]E zhed] ol ¢
At AR F2 Wel4 Curve fitting
8197 oiEelzkn «lakElc}. =3 ol B4
ITU-T G.653¢l4 A7k =Gbfse]do] Fal4s)=
i AHE 4 Qe BAdx)et YAt

KN
=
[=]

=

Radative group delay (psh
L
Disp. Coeff. {psinm.km)

il i

o Ls ( I N 25
1530 153 1540 1545 1550 1555 1560 1565

Wavelength (nm)

2] 6. DSF #2434 A3

2% 7€ 1550nm oidel)d AEAr AlSS) &
DCFE &A% Axjolu], o] FAdE Z AALe
2 olsled 1550nmoll4] 1555nm7}#] 0.1nm ZhA©
2 R sl 549 Al A4t

www.dbpia.co.kr



w5 RRAPASY] ¢ BUREFLFE) R4 54

& AA dlelel g A fAtsA Z1817b
oFe] grog A& viark o] Astw oy 73 o]
3t At $& oA Curve fitting &
3el7] wgelets Addrt

0w r T T T
w w
0 -

- 3
Ean b : g
=
"%':-300 w0 g
é 4 g

T + A0

A

" L i . a.
1548 1550 1582 1554 1556 1558

wavelength (1rn]

a2l 7. DCF 34&3 An

oae] 37b A% gAsERE Bael &
Ao) Hzold, 7K BB e oIS
PAREE)E BESR 1550m dhefol AR
HPAEE SAshEE ABA THE PR
o) w$- 48% Ao2 AT

V. HE

HE AP o437 A4 54 delE A
Hyw, AAE AY 7Sl Dl nogHFo] 4
BAASE Sl BEfre ZHel, WaTal,
o 2Aupge] A mE AEAAe F4e A
w8 57, & phase ambuguityS $lel7] $1%
2718 343 237} DSFe| A9 44 =1.0mm °]
3 HEFI7) 10GHz o o 3o &4 B
ZlolE 20km ¢)alde o 4 ik =F non-
shifted SMF 4G4 44 & #zpalpr}
DSFe} Z+e =4 o of A 274 Pt 2ol
= SkmZ vlehdrh non-shifted SMF, DSF, DCF
3714 el Akl &4 Ak 1550nmel
Jof|] Z}z} 15.9~17.4ps/nm.km(15350m~1560nm),
1.8 ~ -0.3ps/nm.km(1535 ~ 1560nm), -89.6~-87.7ps/
nm.km(1550 ~1556nm)g ieldow, o]F -
AFoA AARE FAHL & dxstz ok T A+
Gbfs ©)4 2 1FH WDMej| Alzslellxds= wile-
293 felew =83k DSFe] AR4b 7)&7)9)

o gAl sRRe zhzb +0.042psinm’km, 1562nmE
viehgc

%8l 10Gbfs ©)4}e] WDMA|~Hlel] A18317] ]
e moh AU 44 B4e ST Yoot
glomz BAHe Hold we} ARAF FAte
Aol v|AE Q3 Awvolel ¥ Havl gl
o} gk AEAhe £5o) wle) ARk HAe] ofF
she g ool ¥ A&} ¥o] RPEh

gred

[1] L. G. Cohen and C. Lin, “Pulse delay
measurements in the zero material dispersion
wavelength region for optical fibers,” Appl.
Opt. 16, p.3136, 1977.

[2] P. Merritt, R. P. Tatam and D. A. Jacson,
“Interferometric chromatic dispersion measure-
ments on short lengths of monomode optical
fiber,” J. Lightwave Technol. 7, p.703, 1989,

[3] S.Ryu, Y. Horiuchi, and K. Mochizuki, “Novel
chromatic dispersion measurement method over
continuous gigahertz tuning range,” J. Light-
wave Technol. 7, p.1177, 1989.

[4] “Definition and test methods for the relevant
parameters of single-mode fibres,” ITU-T G650,
1997.

[5] Dennis Derickson, “Fiber Optic Test and
Measurement”, Hewlett-Packard Com. 1998.

[6] B. Costa, D. Mazzoni, M. Puleo, and E.
Vezzoni, “Phase shift technique for the
measurement of chromatic dispersion in optical
fibers using LED’s,” I. of Quantum Elect.,
18(10), 1509, 1982.

X o F(Young-Yun Chum) 34

g B 1050 < Ooieka Eelekt

(8*h

& 198313 - Adfkal i
Eegal(4Ah

1996« Ahdietal ekl
Felgal (b

19839 39~1998 124 : §lrAALEAled 4] T
THEAldTA Aed -4l

225

www.dbpia.co.kr



FEaREA] 83 oA '99-12 Vol.24 No.12T

199511 14~1999d 3¢ : AR EAATA T A9
74

1999 4%d~#la) @ dF A} A wFAl9)

<FHAY Pl BFAL B FRE A 2% TR

AA$7) e

226

www.dbpia.co.kr



