{@F=5) Hankook Kwanghak Hoeji, Volume 15, Number 4, August 2004

-
= =

= +
gol - oY - YT

AT A EEA AT
156-743 AEAl B2 FESE 1-]

Ho

®
]
W
4
>
o
N
it
=]
2
>
o
o
ot
)
e
>

e FetHo| AJelX|7} alE4oll Olx|

(2004 29 49 ¥, 2004 59 189 AR W)

3 Adlg Hehde) AagAzh Ardede ujiie Fgol diste] Attt Fute] BapAlgrt A5A] Y Zolof wet AFH
o2 HIRRltkil 71Asln 2] 7151 getnlelEY R REE F AdEY] s Adtshe 2ES AASigch
3D Optical interferometry surface profilerS ©]-83le] Yoz WHAE A3 x| 9jz], Z3} ZJolet & 7|65k weu|e|ES
23519k 239 Ardedst Aok BdS o] §8te] AR AL vty AR Zolof el HyHoE WIlsh=
ERAS A1g Ik Zdolo wE EibAle AFt AAE ZEE olgt AT R AT AYLAE A3HAY 7],
Zo)9] 2 AT AgEA7t Fot F4olA Fo w7 28 =g Hold x|of S5 AY&Ad IS A9 FA

0}.0 O
1=

& Sl

ZA)o] : Optical Connector, Scratch, Insertion Loss, Transmission Coefficient.

L A 2

2| 2o]l A MA A Z FTTH(Fiber to the Home) AH|AE
EAHoZ ZX3FAL ik o]2dt FTTH AH|AR TiEE
£ BEA AAE”Y 7IAL PoRe] ARE FBA ALEH
oA F AdE9 AMe-S A FIHAIZIL ok wEbd F
AYe Q] giol FFA AA"e] Ao v IFE 2
A F748 gk AgErt B3, A2 A4S, B2 Uk
£4& 7HAE F AYEE 7| f3 @A 7P go] 2
ol Z3H-2 PC(Physical contact)¥H o2 HEHHo| 24
o] 9L o £5% 45g 2k aeny o)F PCY
HE 3 AdE ZAEA F=rt FUT FAR el HEe=
A3 Hehwo] A3A|} pit T F2 ATE WAL
& ek oY B PR ddl 7 g ARSER e
AElE ferrule®] 2)70] 125 mm ¢l SC& A= X3t
Hofl AFR|e} pit T HAFrEo] WA= Hf- AdeH
T} gl Ale] 2 g 23 QY ol giFt dAre
o> ujeFst Algojch

2 =FoME 3 AHuE HIHd] L AT
A=), £+ Zolo o HUEHE 5T = e RS
At E3F o] A o83t HAF Bo) Azl A A
Fete) vl B4 Bl F Ady JyWAA 23R 9
Zolo| 2 Bote] FASS AHsHe A& Tk o)

¥ E-mail: bgkim@e.ssu.ackr

£ olgslo] Az7t WS AR, F3t Holo) wE
AIEAS P A X7} Fojo FALERY o
Bt o] 2uf ol A vige HAshE Al A<
FEE FA AE & 5 AU E=I AYEA0] 005 4B
5 20514 g MM EX Thed 2329 A,
Z3} ZolE A3t & =89 A= 7 AYH AES
Y 9 223 gt 712 Hojekg AlEslEet dA
3 25 @RNA F AGE AAGA] RS AYE AT
Ho| Agtol oste] WSk A H=E A&k
ol F-&8HA ARgE e} ol E

B =80 A4S thaat 2k 2folAe AadA e ®
Foll B AUEAE AN mdE AABH A3
of &% Y& 24 PR 54 ARE Kook 3%
A 27olM At 2ElE o] gste] A4 =Rt Aot
A Aot Bl BAE F8 F AdE d3Held 23
#H21e| glojof wE Fute] FIALE BASE 45 73t
I, o|F Higer Az YA, Fi} golvt F AdlE
o] AkQlEAlof mAs Gl diste] A5t 4o A=
2 =59 488 %=t

IL ASR|Z QIEH AlRla
# AMEE o83l £ BHRE AT W THS Y
Bl 22X7k e A9 o|2 Qo] ATULMo) WA}
A fick. 2 Aol4E 9o BE FHAE T} WS B

287



288 =ger3R] Alsd A4, 20044 8Y

oo 4 EXE 7LeAIRF UE Beg A} AlA A3
9] $1x], Z3} Zlojo W A £AL overlap HEL ARE
sto] Algich 218 2382)9] 2ok wE Akl
AL Adsl7] 8 23R 2Ask 999 £ A4
7t 2329 Zolof wtut Moz Wl rdS A
Algteh 2280 e AAHRR Q3 AU ESAs=
AY TPz} AY ATE 2ok

2.1. HelEd Al 2™

9 BE FHRE ot AEEE v|EEEY YE B
 7HARE 2E 22 F ZAAE £ Qloh o34 24t
e e ADE 2HE E2E IKE B4R e
ZHRAIG BEREY w/oe BFEE Fue vel g2 o
3 Zo] 2EY 4 kP

< =0.65+1.619 v’% +2.8719 V8 %))
71 o= FAHRF Zol9) whEE& vehdch

FERE Wt AdEs Fuie) ¥ EXE FH{o B
A2l Fe7t AFFol7] Yo HE 945 JFAES o]¢
st ®@EFITE 28y FHS FAPHA SRS AT
210 AR Pl FAH FHME 2 19 2 A
A A mY dha 9loug Ag# e 93t AR
A4S A7) Yeide g BEE 27 JHAE AL
sto] s o] Hesich wety Foje F4E Yde
E 7L A7 HRAE AR, 7F9AIQ g B
A FERE weEt A4EE Puke] U BxE 5y}
A oh&at Zh

_ 2 Zy " _ x4 y?
E,=— (an) exp( " )
1/2 2 2
—_ 2 LP) __xt+ y°
H=—-—"2( Zon') exp( . ) @

A7IH zp= 719 B4 AAUPERA V p/e0lT, nE

%

2 NI

y=ax+b

39 1. Mz HEAE olgste] THT BAG HHIMS] ATe]

243 FEES Uehdch

F A9E o) dAske 23839 Fele gutyo
2 diME 499 FAE 7 FAE oy &
R Zolof mE THe] B 1Y 29} o] HAkz}
3 FHE 71tk 19 2+ optical interferometry surface
profilerE AMg-3to] HFPgt A fR| 9] RFORA TY 2(a)
£ 239 Jf Zol7l HAsHe 9|9} ZolE HejZ
I 39 2(b)= 23R & Rt

2AHA ) 2% AUEAE AN RS AAJE] ¢
o] AAPR 7L EAske FHe] BaAE ¢ (<17 &
A9} olof wet AFHoz FActn FHRsIch
a9 Zolo wet RHALrt HPHom Wit
7P88t 23 A9 ) Zolrt HAE o] RAATE
gt 3P A3 Y] B ©E EiAe a9 33 Zol
FdETh 39 37 L 2dE o|§5H e o
T 7 Hog g@ETH

LD (o rt 1y

A TP

ro—WlspSro

t= ’ 7’03()S7’0+W2 (3)

1 ; elsewhere

A7IH e Holo] FHORREY A-o|n &= G
Fojg] FAAM 23HAY Ho Zojzt TAY=E 2R
& Agoln wt Wy 4 239 Hu) Folrt WA
He FoA 237t NZEE QA7A Y A=t AT
HA7E ke AHARY ATE dehle clstd A3

0.0226 —

L
0.020

8018 |-

18870

0,0001
0.020

0.016

0.0 10 20 38 40 S0

(b) &3] &,

% 2. Optical interferometry surface profiler® AMEsje] &3t

AR mek,



(A7=8) F A4 AW 23HA7} A& nA= FF — 9% - £3E 9 289

t L
w

a9 3. AaHA Y] By IE AYEHE A st Aot
¥ wdl

%9] Zo] gk,

22A7 EAske G99 BTt YW A
7k BB BAG ARG BN F9 Efieldts The
3} o] ERHTY,

t- F, a;<x< ay, ¥1<y< ¥y
E,= (4)
E, ;  elsewhere

A7 a3 a2 xFolA 2RO ARY T} FH
< YL 3T y= 42 thad 22 A A4S YEd
Tk oyi=ax+b yy=cx+d ol A7|N g bc & A= A3
92 mopol sla|x B Aok,

A3 ZASRE BAS RS B F o9
Fge 23R EAEA S BAR HTRIN
Hefield 58 4, 4] Q)9 23927 2Ashe F44 "3t
HE B F9 E-field B 4], 2] (4)9] overlap A &2 9]
Agos cheat o] B,

=L [ "B H, dan ©)

4] (5)8 olgsly AaHA 7} EASE FAHHF HIHS
S35t Futo] k] B3hg, TS 73FH Ao Qg At
AL —10log T (dB)E EHHLY

22. A3zfx|o Qs delad S3 AE Aol

F Ade JEAL A3 Ao o3t AdEAE 35}
At A FA=e a9 49 Zo e @3l mhgol
1.55 um?l o)A tho| 2= (Agilent 81654A)E AME-SIRL,
I H&7]2 = Agilent 81624BE ANR3FETH AREEE Jumper
cord= Fol| AZAS= FEQ AYE= FC/PC typeolal
F A&7 d2sk= FE2 AH4El= SC/PC type?l Seiko

InstrumentA}of| A} A 23+ SM-FC/PC-SC/PC-JumperE- AR&-3}
gtk 24 ARt % £ $Eo) BE SOPC typedl ¥ AY
ElE ARR3E}o] £7bo)| SC adapters ©]-8-8}9] Jumper cordo]
Adstch

Ad TS ohS3) Zoh 3 49} Zo] HA HEHol
RS Reference AWE|S) A1Iede 24stel, 24oka
A} b Al=o) 4gleel] gt 71E02 Astck 19 40)
o} Zo] A=AHA7}F AR P= ARE HAHE 7=
AYElE adapter§ ©]-8-5to§ Reference Ao HAT 3
AdEAE SAsck 281 o] AulEo] ¢joje] A=
Ag WY F 2L AW setup Al e
sttt 237 ZA5] M3t Fo) ARlade 3
o8 2zl ofet AUEAR ARttt

ARRl&A 24 3 3D Optical interferometry surface profiler
£ olgste] A7t WS F AYE Y] HEHE wAst
Aok 29 29} 22 HFAAel LT 23R 2GS
HoFe 224 AR o2 RE Fojo] F4 oA A9
Ft| o7t AR = XAAR9 A, » @ 23X
o7} WA= EolA 22y AT A7) AEE= X7}
Ae] Azish 22827t Bk AHARS A vehy

Jumper cord Power Meter
(Referance)

Source [ Ta Jumper cord

A =155 om (Reference)

dumper “’dd; Power Meter
T

I 4 RIS 48 HF 48 =

s QB

— 11Xt curve
r fitting line |
4_ 095
=
=
78

0.9

085}

0 o0 o1 rXT] 0z 028 03 03s
23RS 2Ol (um)

2% 5. 239 Yolo] e FakAS.



290 T=FStB|A A|15H A4y, 20049 8Y

12 o2 712 F Ave 9 % Jdd] Y= 23
AANE @ F S 23HA A st TAsk= A4
B 23X} F, A oo Fojo] FHANAM A ol
7t A= A7 ARl did dd EHE 23FHA
o] o7t AXE &4 T otk

I AZafx|o] ol 2 S+ W X
Mela N Dixis P

3.1. 23242 Hojofl wE Fuirl+ FH

2730 A A 2L olgsted AR 7t A&
A& Addste A 23X B¢ 718k HetuiEE
(Zol9] oA 3= A o7t A== R7HA
9] Az, &3] Ao o7t P oA 23
7t AREE ZAE7R ] AR 237 Buke A7
A9 A7 @ 23PH 9] A Hol)E ¢ e Uad
metulels 23R A dolrt W= AHY T3t
A% teoltk. 239 Holof WE FASE A=
IS o Ak E 19 2l 34" 239 75k
HeuEEE 2%l AAIRE Rdof HYste] 2|9 F
4 o7k AR AHe] TS 1, HIAAA 7H A
AR A Fhol 34E e g 22 W9 48 2
doloixe EaAsE AYstgch 18 59 AL H2
o} go] Z2AE 67119 23R Y ZHolo wE FIAL gk
& Bk 9 59 Hole FAL 6719 ool wE FHA

4 FF& 7FA1 Least square curve fitting=H-S ARESH] 1
Ao TGS B9 QoA AaHH Pl aol wt
2 BdARY 4OoR8A t=-0.47154+1.0071°|c}h. 238
A7F EABA e A(d=0) FRATE 100712 19
e 2L B 4 Ak

B 2= 6719 A2 o2 A3 dt SHE 23
219] ) ojot & =EolA At BdE AMgEt ALt
g Aol 2RE AUt ok w2 Zololq ]
EAASE BodZEch 3 curve fitting Wy ol oJste] L3t
1202 RE A 7 23 Ae) FIAGe) B 23
9] o8 Hojfrh &2 A 1.6%ol B+ 2%
£ 0.71%2A w8 22-& & 4= Qv mEta A3 R]q)
)3t AJ&EAl2 Least square curve fitting BHH-& AME-3o
Fa 239 Holo] HE ERALE Fok= 134L
AMg8t] BEaALE ARSI £ =EoA Ak 2dS&
Agstel AN 4 Yokn Azt

32, AZEHR|7} AlRI& Mol DIxls HE&

B =R Aokt mdz} Azzz)e] Zold| e £z
A Ag olgste] Az mope] sty mejuEs
o] ARRI&AlY] AL e Yohw] st TheT e
A BolE STt AAF melo] A FAG9 Fol
WAE 4 um, AFBE 2o v 2028 RS T
A 4 (1) AMgsle ANkE B44E met A4Es 3
ghe] 7hoAlek WES| ¥ wi 5.02 pmolth. E3F HA B
oo AFRE 23R 2] Zolo] W moke Y Zo|rt =
o] FAoH WARE o5 AANY mopg AT 7}

E 1. 6718] LT dist) SFE A ol F Foje] FHAA Hd Rt WAHE AATAY At UL

Sample | H¢ Qo] (m = (m) Wigm | wm | EVEESEEIN gaey @
#1 0.0253 2.0113+0.0002 0.7128 1.2985 0.0000+0.2776 +0.014
#2 0.0701 1.9640+0.0004 0.8729 1.091 1 4.8009+0.2687 +0.006
#3 0.1050 2.5611+£0.0003 1.6259 0.9352 3.5247+0.2890 +0.020
#4 0.2073 1.8769+0.0005 1.2348 0.6421 5.7751+0.1487 +0.110
#5 0.2113 3.3659+0.0003 2.1125 1.2534 3.7949+0.1596 +0.093
#6 0.2855 5.268810.0003 3.1213 2.1475 6.9161+£0.3521 +0.023

% 2. 235219 Zolo] wWeh 2HE EabAo} curve fiting® EFAS R 5 FAee] oxg
Sample #1 #2 #3 #4 #5 #6
Data 230l Zo] (um) | 00253 0.0701 0.1050 0.2073 02113 0.2855
EA 4 0.9890 0.9730 0.9730 0.9060 0.8980 0.8770
Fitting EgA 4 0.9951 0.9740 0.9576 0.9093 0.9074 0.8724
QAL (%) 0.6234 0.1077 1.5835 0.3706 1.0548 0.5146




(7= 3 A9y Fude] 23RR71 AdEdel viAs 9% — *9

—_— d=(l)_4m (xoio.8185)
----- d =03 pm (t,=0.8657) _
—em d =02 gom (1,=0.9128)
—— d=0.1m (1,=0.9600) _|

0.28 \
02

P
) -
aQ N
Z
A gus S
A N
3l
a - \'\
0.1 -
N
N, N,
k\‘. \“\
0.05 == R
- \\\‘
I
0 I—

0 2 4 6 B 10 12

20 BULERRES Hel (um)

a9 6. 23 Zol 2 pmd W) 47F7] 23R 9] Zolof o)
sto] ATA] 9 YAE o] FHORKE HIAA 7}
o] Al A9leAL

gtgict B3 AT x| A= A3 R]e] A glojrt
A= /AE 9n3tict

OY 62 ATg|9] Zo| 2 umd wf 4712 A=HR| 9
Zolo| diste} 2329 YAE Hole FAHLZREH o]
SAA 7 AL AeAE Jepdch A3ER]9] ¢4
7b 7ol FAA HolArE LMol ZolEH 1 &

S FHe 7RARE BEUE B 4 Qlth ole WAl
W F w9le) Bx7} 7F-AIRE Fejelr] wiRo)et Azt
Eg A3R7} Fojo] FHLERE Fo| ¥HF L 2uiP =
o] A upzol ot 4ol Ao J3grg FA Y=
AL &+ drk 23R 9] o7t E45F FatALTL A7)
2o AgleAo] IA UEhtE A& & 4 Utk 233
o] Zol7} 0.1, 02, 0.3, 04 xmd © 0.054B Er} 2 49]
o] sl AR 9 Y= 24z Fojo] FAeER
g 1.10, 3.36, 4.11, 4.56 um GojAok & & 4 it

O% 78 23X H Fol7t 025 pm¥ W 47FHA] &
A9 Zof diate] A3 YA E Fojo FHoE
HEl BISIAA 7 AlalgE AleAoltt AaR)9) Zo
AZAPLE AglSHo] AXE AT = itk 23]
£0]1,2,3,4 pm¥ 1 005 B Er} 22 4Fgl&Ao] Ay
st 23R 9] A& 2zt Tl FACRRE 233,
3.80, 4.48, 497 um GolAoF & B 5 Utk

9 82 Aaxje) A Zlo|7} 025 pmd W 474 &
AP x| thste] F& HIA|F|H AL A
< viebdich 23X AA7} Zoj9) FA o 7hrte] Y&
o) Zo] F7to] W 4RIEA] F7E FZoje] FAlolA |
Fofl ol A=A o Frto] T AIIEA Ft B
o 22 U+ 9k ol MR U F oo B2t 7k
ok Fejol7] wfREolet Azt A3 Y7t Hofg
FAOoRHE 05, 1.0, 2.0, 40 pm HoJA Eo A& o 0.05

rE’
Mo
ol
e
1o

291

T !
AUX F 4 pm

----- AT B3 m |
----- AIHNL F:2
—— AR B m

0.2
|
\\
\
0.15 o
‘\“\ \\
N '\
S
ot -

0.05 Sl
~ \\
LN
.

—~

0.25

7

/

/
4 /

Seiedl (dB)

4 6 = 8 10 12
2012 BUSRREY R (um)

3
~

2% 7. 23319 Y Bol7H 025 pmd o) 47kA] A3l
o] tfete] 29 AAE Tole) F4lowIE s}
AA 7] AARE ARIEAL

! 1 T T T
— ZNo2RE Hel 0.5 im /
amsl T SNOZEES H2l 1.0 m
----- FANOZEY Hal 2.0 m A
val —— BUSETEL 2140 g
- ; e
he] ,,
a f S
P : o
g / -7
0.1 ]
// By ’///
/’ /./// ] !
. A |
. -
P e
"/
P L [
ol

[ [X-} 1 1.8 2 25 3 KE] 4

AZUND B (um)

19 8. AT Y Y Zolrt 025 umdd uf 474 AR
HHE Q)R] of diste] Z-& WA Albeh A&

dB R 22 AlEdo) Wse AmdAe Be 247}
0.654, 0.695, 0.883, 2241 um Xt} Zlolok gHe B 4 9Jrk

Iv. 4 2

AR Ahd Y A3 A7) F AE Y AFYEde] vA
© S Loty st Futel RaAerE AaH e
golo mwet dForm wHigitta 7pgsta AR
7151eha mhetulgEe] g BEE T AYEY ARie
AL AXbsle 2dE AT ARl ofste] A 7
a1ehA webnlel grEg AAE 2@l ol gstel AXTE 4
A& gho] WA mof Aol A Aaete] vla £4&
T3l 7 AdE HHol 23A 9] Zoof we) Futo




292 =gt Aisd A4, 20043 84

FIAS7E APH o2 wItte 42 7o

2 =R AtE mAE ol gt A o, %
I 23R Pashe AR ©E AILAE A
ok AT WAShe AL FZoje] T dods
5§ Agedo] 7heAt BHE Taske A& & 4 9T
£AHAL Zoje] FHORRE Fof w3 26z A
2] uiol sk AdEAed vAe 9Fe] W 43
E 5 Yok B3 0] 005 @BE 23817 Y W
oA A Thedt AR AR F3t golg T3l
o 2 =R Adte L3RAE W pit 5 F2 7
AdE Fehdel 2ol st Tsh: AdedE AN
shetl R83A A8E 5 qloEiEt it

LAl 2

2 dats AQAEREIE 29T AA7INE #2823 A
FAYEH )Y W74 A5 £ F7PPAAL a4 3
Il 2AEFYEHIATAHE 53 d=FHAS
SATAE ALFH AERFAF 7127 edT A g2
2B B2]7] 2 ETR01-2003-000-10231-0)2] 2|42
o2 Y PSFYTE

HDEH

[1] Ryo Nagase, “Recent Progress on Optical Fiber Connectors
for Telecommunication Systems,” OECC 2003, pp. 117-118,
2003.

[2] E. Sugita, R. Nagase, K. Kanayama, T. Shintaku, “SC-type
single-mode optical fiber connectors,” J. Lightwave Technol.,
vol. 7, no. 11, pp. 1689-1696, 1989,

[3] R. Nagase, E. Sugita, S. Iwano, K. Kanayama, Y. Ando,
“Miniature optical connector with small zirconia ferrule,” IEEE
Photon. Technol. Lett., vol. 3, no. 11, pp. 1045-1047, 1991.

[4] M. De Rosa, J. Carberry, V. Bhagavatula, K. Wagner, C.
Saravanos, “High-power performance of single-mode fiber-optic
connectors,” J. Lightwave Technol., vol. 20, no. 5, pp. 879-885,
2002.

[5]L. B. Jeunhomme, Single-mode fiber optics(New York, Dekker,
1990).

[6] D. Marcuse, “Loss analysis of single-mode fiber splices,” J.
Bell Sys. Technol., vol. 56, no. 5, pp. 703-718, 1977.

Effect of scratches on optical connector interface surface on the insertion loss

Young-Min Yoon, Jung-Hyun Yoon, and Boo-Gyoun Kim'

School of Electronic Engineering, Soongsil University 1-1 Sangdo 5-Dong Dongjak-Gu, Seoul 156-743, Korea

Young-Kon Shin and Kuk-Hyun Song
Korean Agency for Technology and Standards, MOCIE 2 Jungang-dong, Gwacheon, Gyonggi-do, Korea
Y E-mail: bgkim@e.ssu.ac.kr
(Received February 4, 2004, Revised manuscript May 18, 2004)

This paper presents the effect of scratches on an optical connector interface surface on the insertion loss of optical connectors.
We propose a model for calculating the insertion loss of optical connectors. The model is expressed in terms of geometrical
parameters of scratches assuming that the transmission coefficient of a light wave on the scratch surfaces is linearly varied as
a function of scratch depth. Geometrical parameters of scratches such as location, width, and depth of scratches are measured
using 3D optical interferometry surface profiler. We obtain the equation of the transmission coefficient in terms of scratch depth
comparing the experimental insertion loss data to the insertion loss data using the model presented in this paper. Using the model
and the equation of the transmission coefficient presented in this paper, we present the results of the insertion loss of optical
connectors for various geometrical parameters of scratches. Scratches which are located at longer than two times the core radius
from the center of the core show negligible effect on the insertion loss of optical connectors.
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