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ABSTRACT

This paper presents the study of coupling theory and feasibility of using plastic optica!
coupler produced by polished method with coupling lengths variation. Firstly, the attenuation of
Super Eska SH4001 plastic optical fiber from Mitsubishi Rayon Co,. Ltd. is measured by using
Cut-Back method. Result shows that the attenuation of plastic optical fiber of 0.26 dB/m is
achieved. Couplers are produced by polished method with coupling lengths of 9.41, 11.41, 12.38,
13.15 and 15.35 mm respectively. When laser output is launched into the input port of coupler
then the output optical power detected, the maximum coupling ratio of 53% at the coupling length
of 12.38 mm is noted. The effect of refractive index between coupling fibers are also studied by
changing refractive index of 1.00, 1.33, and 1.47 of air, water, and glycerin respectively. Result
shows that when the refractive index closes to core value, the coupling ratio increases. The effect
of near infrared light source at 632.8, 670, 785 and 850 nanometers are also studied. It is found

that the coupling ratio is related to wavelength of light.
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2.2 5Y9UTIAVRAI (Nature of light)

2.2.1 AMMFIVOUE (The speed of light)
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2.2.2 MAFHREAIN (Refractive index)

'1umsﬁﬂ15tmﬂmﬂﬁ"auﬁmaquﬁﬂuﬁ'sﬂmqmﬂﬁuﬁhm wavzfinnus airduly
NN AUDENNNANI ﬂ'nm%‘waau,fmﬂ:i’fuag,iﬁ’uﬁ"ma"mﬁuﬂq;ﬁumm’m msiianuss
uauﬂﬁumﬁmﬁumaphuﬁ'mmwhaqﬁﬁmﬂif‘hﬁfyﬁﬂ ATINNMIAY (Refractive index) Tag
fdwiinm ) Ao dandmsznheanudwealugama ) fuanusweaaslug

s/ 1
AR (v) uaag lAaaunsh 2.4
n=-— (2.4)

ﬂmf'rumiﬁ”gmﬂq"lﬁnﬁu’j'uﬁaummﬁ"auﬁmuﬁaﬂawﬁhaq anuiSwewdwsiinuliou
uilasldmumdyihinmvuasveswmazdnans
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Substance Refractive index Substance Refractive index
Solids at 20° C Liquids at 20° C

Diamond 2419 Benzene 1.501
Fluorite (CaF,) 1.434 Carbon disulfide 1.628
Silica (Si0,) 1.458 Carbon tetrachloride 1.461
Glass, Crown 1.520 Ethyl alcohol 1.361
Grass, Flint 1.670 Glycerin 1.473
Ice (H,0) 1.309 Water 1.333
Polystyrene 1.490 Gases at 0°C, 1 atm
Sodium chloride 1.544 Air 1.00293
Zircon 1.923 Carbon dioxide 1.00450
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2.2.3 ngMsazNou (Law of reflection)
Wonarundoud lannsznudisosdevesdinasuasfiigaivnmuanaatuae i
AaN (n,n,) WuNUNAIUvBaIazoundy T ludnatausn (n,) uazuaeduNmie
*ﬂxﬁ’ﬂmphu"lﬂEfaﬁ*maNuﬂqﬁﬁm(nz)snﬂmiﬁ:ﬁ’awmuﬁqﬂ:wuimmammﬁﬂﬂ
Qo w = ] a P
nsgny (0)) exliswiduyuvesdefiazion (0,) wwe Sondsingmsaliin nyMs

aznou (Law of reflection) H1A®

(2.5)

Refracted ray

Material boundary

Incident ray Reflected ray

37 2.3 uansmsastounazmainmyosasiisoodevesdanasiinadaiiinmensty lay

Y

yuannszny O, mhduyastew O uaz 0, Ao yusinm (Angle of refraction)

v
Tasyumariazdaandulni

2.24 ﬂgm‘sﬁnm (Law of refraction)
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a a a [ /e a 4;’ & ' =]
HuIMIAULTaAY Msvmveauiiulngmsaififaiuiiliesnnradauesnus s
Y P 1w oA W ' [ o o 1 1 a
ludanasiilimdaiiinmeinduaesdanars Sensngmsaidandinh nguesada (Snell
& Qf o 1 L7 ar s - o
‘s Law)¥4 lduanannuduiussenhaguusamsinmuasasdouvesuaasusativinmia
UYDIAINANVIABDIAIAUAS

nlsinel =1, sine2 (2.6)
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2.24.1 ﬂ1m‘st’r~nauuazmminvamu (Reflectance and Transmittance)
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Mg Uil mﬂfmfrx'nau'nmsaummmzmumma'lﬁ“luﬁ'fmamﬁn Ay

ﬁmﬁamﬁﬂmiﬁﬂmﬁﬁasauﬁauaztﬁumq'hﬂuéi’aﬂmaﬁ 2

sinas HARIMSAEiDUIAZMINZHHYBIA A ANNT LY

- B 5 i 5 4 .
wiﬂsiu‘mummanauwﬂﬂﬂimvﬂﬁummuﬁﬂﬂugﬂw 2.5 maﬂxﬁummwaanm

] [
= =

k4
Wuiuil A Mdedeniefuiflirnnutunnnesyas (Pointing vector) 17

LY

s 2
S=c'g,EXB @.7)
LAZAINNUHLIUNYDI5 T V09U (Radiant flux density, W/m’) #5oan1sdosadig
(Irradiance, I) ﬁfhnﬂu
cE
— /N 2
1=(s)=—2LE, (2.8)
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c: ] ) -; 4:; o = 9 T o e P 9/ o/ a;
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A fifwify 1 AcosO, uazidaumsfineqruiing A Sawvihdy IL,AcosO, uazfmua

Tsmsaziou R (Reflectance, R ) iy BRIITINVBIR AN NazRourofg

LaaiannNIENY 1M

I cose I
: ~=-L (2.9)

Iiar;oseI Ii

I

R

- ' 1 " d o ' v o P ' '
wazlitiion MMsnzgr T (Transmittance, T) Il Sasdawumdnduewasiinggrimse

HaanANnTENY e

= (2.10)

(vrgrEér/Z)

y I =S 1 I as { s ] 1
(esnin - Hawniy 7| Uae uasiinnnsnuuasazieunduinsesdengly
I ‘viSiEOi/Zj

1

o A o

o A 4 o oo o ' P 9
AINANNUAATUHNUNIAUINUAIUY V. - Vis Er = 8i H'ﬂuﬂ']ﬂq‘luﬁllﬂ’ﬁ“ 2.9 "l.whlﬂ?]

—) =7 (2.11)

4 1 7 - ﬁ( . .
e r unumduyssdniuuanisaeitou (Amplitude reflection coefficient)

luhweadvaiu dridmuald 1, =p = W, s¢ldmmanegrimmiiy
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2

n cose E n cose
T=—t—tf 20t | 7P 2 2.12)
n, c:osei EOi n, cos.ei

i tunumidulsz@nTynansneqr1M (Amplitude transmission coefficient)
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Wisuwh Inasenvniiui A Tumizonaniug szannsaugasléh
IiAcosei =IrAcoser -I-ItAcoset (2.13)

b4 ]
eI avesaunsi 2.13 dau ¢ v2'ldHh

2 2 2
n,E; cos Gi =B c:osei T B, coset (2.14)
vaaums Ideglugduuuiaeldh
2 e 2
E n cos E
1= | 4 L o (2.15)
Ey; n, cosei Ey;
R+T=1 (2.16)
e ilimsgandumdsay erounu R uag T Tugivesesdisznon 184
R =# Z17)
_L - I'J- .
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e L unussrdsenoulumundaninduiinmsnaeufive ey
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n, cosel 2
Ili C()Sei )
n, cose 2
uay T = (2.20)
“ n, cose ”
Tawh

n, c:os.ei —nlcoseE sin(ei'—at}

= o | = = (2.21)

E,; I nicosei 'i-ntcoset _ sirx(ei +9,)
Ey. ntcosei —'nicoset tan(ei —91)
ry= = =+ (2:22)
“ Eg; “ n, coset TR, cosei tan(ei +9r)
E g 2ni c:asei Ilsinet cosei
tJ_ = — = = (2.23)
E; Lo cosei -I-nt cosel sin(ei +9t)
E ; 2ni cosei 25inet cosei
¢ =] ot — =+ (2.24)
” Ey; ” n, coset n, t:osei sin(ei +et)cos(9i —61)

A d‘ =) LY :;
Faerunsi 2.17 8 2.20 awnsadiounans 188307 2.6 (1) wag 2.6 (1) A

as @ o L4 = 9
ﬁﬂwuﬁﬂlﬂﬂﬂﬂﬂﬂiﬁﬂﬂﬂﬂﬂq Ruag T mmmmammu"lmw

RH +T” =1 (2.25)

uag
-7 g
RosadeuamnnssnuRui A Tunuadulniiuie yuanaseny 6, =0 dniy
°luﬂstuumﬂﬂiuﬂau“lw.m’mqmmmﬂuuuwmu'lmmmmmmm AU 2.17 B9 o

A5 2.20 AT ULNY 1A

49615
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n, —n,
R=R =RJ_= (2.27)
“ n, -I-ni
Ay
4ntni
T=T, =T_L:_—*2- (2.28)
” {n,+n,)
1.0
| o
- L
s |
g s
EE oS ny =1.5
8 E
8 & |
T g
o fo
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I | | 1 I | | |
0 30 60 90
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- Ty
. |
2 |
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?: E 0 S5 ’T“' = 1.5
SE™
$5 -
(= -
~ Ry 0
[ I 7 b [ | |
0 30 60 90
), (degrees)
(V)

317 2.6 ufrmﬂ:imlﬂ’nm?'uﬁ’uEﬂmﬂ"|mﬁﬁxﬁammzmmﬁmqp&mﬁ’mguﬁﬂﬂsxwU

& a n’j o o ] & o Y 4 '
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]
n smeC =n, sin 90

BC =sin_l -2 (2.29)
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4 '
v o o

L4
aesnIeanndn ldiuingaduiusfunnudvewaslusnmeiaeuues

2.2.5 MIUNINaodA (Interference)
& 4 v A & a 9/ a 5 = &
WRATUUAIADIVLIUNINUNUAYAY NTTI9ARNSHOU(Superposition) B a1
g a 4 o d a 4 q’a‘ a
uawisaealasuenndgavosnduuasdnsiunaninuoundsavesnduuaaiiaoudy  Son
c’ctyr 2 y c«’.lJ
Unngmsaliin - msunsnaen  Fewavesmsunsndeavesnauuasoindivldnaums

a o w o a 4 o da
UNINTADAUV VT IUNU(Constructive interference) HUAD HONWAYAVBIAAUUAIAWS AN

! _

AIUBUNATAVDINAUUARZYLIU  LAZMISUNS AAOALLUTAZTI Y (Destructive interference)

hilueundagavesnduuasdnsinniooniueundgavesndunasozvramas  foului
° a o 9 a 2 - A
Suluiv Idifamsunsnaeavesnauiasd 3 Uszms 4o
I o & d 1 o a v F
L. unasduiauasdeuiluuvassuilaugemius (Coherent Light Source)
HUAD UaINIALARsUMaIsITTadoa i ansfidousy
' o & ¥ = . . R 2
2. unasduiindoutluuaufor (Monochomatic Light) Hufe 1aue1Iaau
Ele

3. maunsnaeadouiiulanmanmsdeusiu (Superposition Principle)

msosueHanmsvesnisuninaeasz Idnimsesuelasldnsnanosves Inde

o

v a L4 w [ ' o oA o o
1 UNIMOIMaAAIEeINgY 69 ldasaunasiiiauase iyl laosmualduaeannseny
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minfilladagowny S umzranngesiiannsznunindud 2 Aadauaun 2 Foq S, uay
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= LY 1aa

° = d ' o a va o o 4 o
8, Faaamisaenyimihniduumdsiudausalninfguausioniuiiu dorhninllng

D

Tindumasduiauas s uay s, wilsngduuauiieaiuadusu Fuouilaairinsing
Wumaninn sunsnaeauuuindanzuyEsunanluglii 2.8 (n)

m'ﬂgﬂﬁ 2.8 (v) mmwﬁwMﬂﬁﬁmﬁ’:wwﬂm:ﬂz Liﬂuﬁﬁﬁﬂaffqﬁmﬁnﬁmﬂu
zoz d wazumasiifiauaaduuae@ifer vindeulafiuasiivonsnade S, uaz S, ¥zl
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[ Ed 1 " ]
VOWAMNINNNARANARY udisdesi@umaige P azilszozma livhdusen wada
NUAUIA (Optical path different, A ) Iagd]

A =855 =dsin0 (2.30)

luitiilnget 5 AT r, VU émsﬁfﬁflm?uﬁmzﬂz L 110n715802 d 1709
Lf;mmmﬂﬂs:wuﬁqﬂ P dwademeduuaaiiuguivieshsusmuduresanuenndy
uﬁa‘v’?maawmﬁui}:ﬁtﬂﬁmaﬁ’mﬁﬂmﬁumﬂﬁammum?nﬁ’ufuﬁ'au”lwmtmmf'm
annsoouldn

dsin@ =m\, {m=6ti42. .} (2.31)
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3.3.1.2. gAIULUY 2X2
Lfluﬂmumdu'ﬂuwwm‘nQﬂﬂ'mmjm1mm°'ﬂﬂ'mwumammqwﬁ'smaﬂuuuﬂaﬂ
ﬂ’J‘uafuﬂummsn'm“nmmm?mmvummmtm”lﬁ anyuzveIgaITIIIoudas Iz

7134

I Os
b e
\ 3/
Ve N\
—f —
2 Q4

31N 3.4 uamsgaILLLL 2X2

3.3.1.3 gmauuuUnMEneIn
ﬂmwuﬂmﬁuﬂmwwawwmmﬂuwmmewmuwasmmmwmma Hvanany

3
wosaduyaLazivaenesaewa Taoitsgos 1diy

3.3.1.3.1 §AIUMULATI (Star coupler)
1 =Y ; = a = o o A =~
AMIUFUANIZY N sunauazll M mdnaaseaslugli 3.5 Tas N uaz M fiauiy

SuANNLINAT 2

w — / . —= Onan

3UN 3.5 uaasgAILLLVAIINT NXM neta



40

3.3.13.2 Ejﬂ?ﬂ!!ﬁﬂﬁﬂqﬁ (Tree coupler)
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3.3.2.3 I5UnUNTWLEN (Cylindrical Rod with A Separation Cone Method)
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3.3.2.5 msvauazi¥eufia (Polishing and Joining Method)
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3.3.3.1 ANUYYAUNUUBUEYFY (Insertion loss)
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3UN 3.13 uanavierindu A uag B iinnnalnduluszesfimnsay
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Perturbed geometry
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n.1.1 a3 leleaflnnueningy 670 wiluaims

fswavBondadt
Laser type:
Class Laser :
Wavelength range:
Nominal wavelength :

Output power:

Laser diode
IITa

660 - 680 nm
670 nm
5mW

n.1.2 aweslaleanlinnueinay 785 wilumas

fiswazBuadail
Laser type :
Wavelength range :
Nominal wavelength :
Output power:
Supply voltage :
Supply current :
Divergence (full angle) :
Spot size (standard types) :

| Case (front cell) :

MTTF@30°C:

Operating temperature range :

Laser diode
775 -795 nm
785 nm
3mW
-8to-12V
25-50 mA
< 0.5 mrad
100 mm

5 mrad. (typ.)
32,000 hrs.
-10t0 +50 ° C
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Tuaae 3390 1150 wag 632.8 W luwas s1wazBLAvBNRwRTTIRL-Toouft 119 Ley

Sviided]
Laser type : Helium Neon
Class laser : II
Minimum output : 0.5 mVv
Wavelength : 632.8 nm
Beam diameter : 0.48 mm
Beam divergence : 1.70 mrad
Beam pointing stability : < 0.1 mrad (25°)
Polarization : Linear (500:1)
Operating Current : 82 mA

f o = ==}
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(Gaas) agn Al Iidumsdszianit (o - type) wozasilszanisn (o - type) HANA15HI91U
daA A o~ Y [ o =1 A = ad P (|
napilelims luueadioussdu I imunzaunsiimsinfoufiveadiinnsou-leafisousof
o A A s @ g adg @
ou ieimanavunlasszdundsnuvestudidnaseunazaondaneoninlug e
Taueaiinlaseeniniidnuaiznszdansznouazintunoudran el duaeilszing
o o o s at = 3
ami msithinldhueaddenidlumsszinnunadonerfialud (Gaas) unadouersiy

= o

Tudvloaies (GaasP) unadoureaimed (Gap) unadoeqiiflouensialud (GaAlAs) nie

[ o

A an v 1o A Ay o Actag I PR,
’E]‘L‘lc]ﬂ]lﬂ‘Imﬂgﬂ‘ljﬂ’.l"mﬂﬂﬂﬁu‘l’]ﬂf)x‘]ﬂ‘li 5’]Uﬁ31@5?}‘”@Quﬂaﬂﬂﬂcl‘lfalu\y]u’]ﬂﬂuﬂqu

Wavelength : 850 nm

Maximun output : 80 LW
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Paek spectral response : 750 nm
Wavelength range : 350 - 1100 nm
Change in leakage current : 0.7 LA/mW/crr

(with incident light)
Dark current (at =20 V) : 1.4 nA (typ.)

Temp. coeff. of change in

leakage current with illumination : 0.35%/°C

Max. forward current : 100 mA

Max. dissipation : 200 mW at 25 °C
Capacitance (-10 V bias) : 12 pF

Response time : 4ns typ.

Operating temp. : -40 °C to + 70 °C
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Multimode Fused Bidirectional Couplers
(Gapable of operating aver a broad wavelength range (i.e. 850nm and 1300nm), Gould mulimode fused couplers
can be usad within iber optic inslrumenlation, sensor systems and kacal area nelwarks. Additionally, Goutd

multimode and large core coupders are manufacturad and tesled under fully-fifled launch conditions. An
undersfilled launch may alter coupling ratio,

Options:

Fiber Types: Graded lndex 50/125, Corning 62.5/125, olher liber
sizes and lypes are also available.
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Large Core Couplers

These devices detiver high coupled power levels and are insensitive 1o operating wavelengths. Large core coupkars are
excelienl for sensor applications including: madical application |aser defivery, harsh emviroaments and industrial process
centrol. A variety of fitber fypes are available rom 200/230um and larger. Call our sales enginaers for details
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== GOULD

www.gouldfo.com

Fiber Optics This is the New Power of Gould/
1121 Benfield Blvd., Millersville, MD 21108
Toll Free:800.54.GOULD
VOICE: 410.987.5600 FAX: 410.987.1201
EMAIL: info@gouldfo.com WEB: www.gouldfo.com
DESCRIPTION

Gould has reduced the package size of a standard FBT coupler by up to 50% to
create its newly designed Micro Coupler. This Micro coupler is able to maintain
the excellent performance characteristics of other larger, packaged components
and makes them the ideal coupler of choice for system designs that are constantly
increasing overall package density. Their low insertion loss and PDL, high
directivity and low uniformity make them the perfect choice for EDFA products
as well as other high-density applications.

FEATURES:

e  Smaller size

« Highly Reliable

« Low Insertion Loss
« High Directivity

APPLICATIONS
DWDM/ Long Haul

« Metro/Access

. PONS

»  Amplifiers
«  Test/Measurement
«  Medical

' Optical Parameters for Micro Coupler

| Micro Dual Window
i Coupler Couplers,
Single includes Micro
Window Coupler
Couplers
Wavelength (nm) 1310/1550 1310 & 1550
Bandpass (nm) +/-40
Configuration Nx2 Nx2
Optical Performance Parameters
e S Performance Series 1 1
fir Coupling Ratio per Output (%) 50% 50%
b Max. Insertlon Loss (</=) (dB) 3.4 3.6
Min. Insertion Loss (>/=) (dB) 2.8 2.5
Max. Uniformity (</=) (dB) 0.6 0.8
Min. Directivity for 1x2 (>/=) 50 40
(dB)
Typ. PDL (+/-) (dB) 0.1 0.1
Typ.Thermal Stability over 0.1 0.1
Range (+/-) (dB)
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Fiber Optics This is the New Power of Gould/

GOULD FBT TAPS AND C & L BAND OPTIMIZED TAPS [ C&L
COUPLERS Band
Wavelength (nm) 1530to |1530 to

1565 1625
Configuration Nx2 Nx2
Optical Performance Parameters
Performance Series 1 1
Coupling Ratio per Output (%) 1% 50%
Max. Insertion Loss (</=) (dB) - Through leg 0.15 3.6
Max. Insertion Loss (</=) (dB) - TAP leg 21 NA
Max. Uniformity (</=) (dB) NA 0.8
Max. Variation in Tap Port over Range 0.4 NA
Min. Directivity for 1x2 (>/=) (dB) 50 50
Typ. PDL (+/-) (dB) 0.2 0.2
Typ. Thermal Stability over Range (+/-) (dB) 0.2 0.2
PACKAGING DIMENSIONS

Micro

C/L Band 32x@2.9
Single Window Couplers 32x @29
Dual Window Couplers WIC® 32x@2.9
Low Polarization Taps 32x@2.9
ORDERING INFORMATION

Micro coupler package- package 17 barefiber - 32mm X @ 2.9mm

Product Number:

T e » - 1
PI‘OdLICt : ? FIberT‘ypc : ; k % ]
‘Farmly- : £03=100kpsi SLype. oo ki
e - T S i Connector
see below 32=200kpsi Cnupiin‘g' i ONane
- Ratio. : i
R Feoeson 10=10/90)
Ll ength io—swso.;

Numerical Product Family Codes
38 = C/L Band couplers- micro coupler
33 = Low polarization tap couplers- micro coupler
36 = Wavelength flattened couplers- micro coupler
35 = Wavelength independent couplers -micro coupler
37= Singlemode single wavelength coupler- micro coupler
Specialty Fiber types and small bend radius fibers such as 80-micron fiber is available.
Please contact a Gould salesperson for assistance.
For custom options and additional information, please contact us at:
Phone: 1-410-987-5600
Fax: 1-410-987-120]
Web:  www.eouldfo.com
All data listed in this data sheet is subjected to change without notice. Gould reserves the right
to revise or update the data sheet. Copyright 2002 by Gould Fiber Optics.




149

MANUIN ¥

t-‘-:l a o aa d
IMIVONAITHIVYUAS UNAINNANNN



150

a o A a d
NAITHVHUAS UNAITNAWNN

BIYMN AuUASUAUNS walS gy, msfAnmnguaaiRveudileiumawaraiin
dmFumslinueuanuenanaulnddumsusa, mslsgpAmnmsinnmansiag
maTulaguvaszmsing aded 25,2542, ¥i111 1100-1101.

Ui gmiiu uazeynm annsufuns, wlahuasyliawaradn, duasumnlulad,
Ui 26, nafudt 145, fl.0. - n.. 2542, e 82 — 89,

Ui gwiiin uozewnm qannsuduns, setudlevhuassiiawaadin, dudsy
maTuTas, 39 26, it 146, a0, — .o, 2542, N1 67 - 73.

A. Khunakornbodin and P.Yupapin, A Study of Plastic Fiber Coupler Characteristics for
Near Infrared Use, Chiang Mai J.Sci., vol. 27, no:1, 2060, pp. 32 — 38.

A. Khunakornbodin, A Study of Plastic Fiber Coupler for Short Distance
Communication, Second National Symposium on Graduate Research, Bangkok, 2001,

p.145.
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