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Abstract: Problem statement: Advanced optoelectronic devices are a kind of ke basic
components for next generation communication, wited sensor, medical testing. They have lots of
advantages including greater communication perfam@alarger capacity, and more fixable form. But
light coupling and package structure seriouslydff@oerformance of optoelectronic devices. So a lot
of attaching methods were proposed to package lggtoenic devices. A popular method which was
widely used is a UV epoxy adhesive which can sfhylitie coupling interface with high mechanical
strength and submicron displacement. In order tdaiobhigh coupling efficiency, coupling
approximation after adhesive is needagproach: In this study, firstly, the light coupling modeba
introduced. Then light beam propagation mode a&thresive with the same refractive index as that of
light path was presented and the function modetihgouple model was derived. Finally, a slanted-
plane structure of interface was considered angloapapproximation after adhesive was calculated.
Results: Simulations and experimental results indicate ttregoretical coupling efficiency and
measured coupling efficiency agree with very weltlahe couple loss decrease about 0.4dB after
adhesive Conclusion: The matching adhesive could obviously increasecthepling efficiency and
the approximation function could realize to predie variation of coupling efficiency before oreaft
adhesive accurately.

Key words. Coupling efficiency, waveguide packaging, UV epoagihesive, single mode fiber,
Gaussian beam

INTRODUCTION optical buffers and micro-resonators, In addititrere
are some late model devices to emerge in the dptica
The current trend in optics communication isdisplay and optical sensor fields, including hokyatic
developing to achieve greater system performanceyolymer dispersed liquid crystals and photonic tigs
larger capacity and more fixable form. Advanced In order to realize an integrated optical systam o
optoelectronic devices and new system with greatehigh-performance application, alignment in multi-
communication performance, such as higher dats,ratedomain, packaging and assembly of those
smaller power dissipation or higher functionality nanostructures are required. Packaging, howeves, is
integration, become prerequisites of the futurdcapt challenging problem for those devices are connected
communication. Samples of these devices ardogether by fiber arrays or other type of wavegside
numerous, for example, Mems optical switches andvith sub-micron alignment accuracies. Now, the
tunable optical branching filters (Rahmatal., 2009; packaging manufactures of these components with
Ab-Rahman et al., 2009). Next generation optical manual alignment are typically labor intensive,wslo
communication system, namely all optics network,and the devices with poor performance are made
supporting terabit/sec data rate, will be develop&t possibly. Even with the recent developments of cevi
Dense Wavelength Division Multiplexing (DWDM), and Manufacturing Technology, the packaging and
electro-optic modulators, photonic integrated dicu assembly of optoelectronic devices remain as the
(Bchir et al., 2010), low-loss heterostructure possible critical difficulty to commercial applida
waveguides and multi-wavelength quantum dot lase(Fukushimeet al., 2009; Zhangt al., 2005).
arrays (Zhang and Shi, 2004). In DWDM systems, Package and assembly automation is the key to
some nanostructures are frequently used for opticansure performance, stability and high consistency,
signal processing, which include VCSEL lasers, all-while getting high yield, low cost. There are growi
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interests in the development of these automatiomdhesive with the same refractive index as thdibef
techniques to improve photonic alignment andcore is most appropriate for couple efficiency ayvio
packaging efficiency and the researches and produceducing the misalignment loss and minimizing the
developments have been performed and got manseflection loss. In the optimum coupling condition,
promising results at Newport, Polytech PI, Paloaradt  alignment tolerances after adhesive gluing are
Suruga. Those techniques mainly base on @&alculated theoretically. The results of the sirtiates
combination of machine vision, accuracy motion etag in this study indicated that more than 0.4dB caupli
with nanometer resolution capacity and maximizingefficiency has been improved.

power alignments algorithm and realize high-

performance alignment and complete assembly. In METERIALSAND METHODS

contrast with  semiconductor  industry, the

optoelectronics manufacture cannot directly use thélaterials. The simulation and experiment have been
automation that achieves huge success in thdone with two single-mode fibers which have same
semiconductor community since those automatiorparameters listed in Table 1. The core diametahef
equipments, in which the optical and geometric aes fiber was m. When the light wavelength was 1,3h
often not coherent, do not suit in optoelectronicthe mode field diameter was 8uén. The end plane of
packaging and still remain low yield. As a result, he fiber was polished to 8°

packaging costs currently accounts for 60-80% ef th
entire photonic component costs (Jeoaga., 2007).

Equipment with six degrees of freedom to adjustPaCkaging of planar light waveguides and adhesive

single mode fibers, planar waveguide and othercapti qu[ng: A wa_vegujde device exploited for some desired
modulator is usuaI’Iy required. Once the adjustment optical functionality must be properly packagedadbef
' ét become a quality product. Of all the processes

completed, the optical components must be hel . : : . .
together by adhesive, solder, or welder attac:hmen'{WOIVed in packaging, alignment of optical fibeirs

techniques. As its flexibility. easv-handle and Hi waveguides is the most important but also the most
NIGUEs. . : Y Y nd Mig difficult, which has become a bottleneck in the
reliability, adhesive gluing (such as epoxy) is &hd

used in 90% photonic device packaging (Pliska andmanufacture of pho;om.c dewce_s. Th? pqckaglng
Bosshard, 2007). After adhesive gluing, how tomvolves two steps mainly: (1) aligning opticallyfiber

; . . - ) or fibers array to waveguide devices and (2) fixihg
estimate the coupling efficiency accurately is it ; : .

. 7 . components with some adhesive to establish a
of great importance. When some adhesive is position ermanent counlina mechanically. There are two
in light path, Refractive Index (RI) of the pathiiwi %ethods of ali ging a fiber to a )\;\}ave uides device
change the optical beam propagation condition, kvhic namel activeg alignment and assi\glle ali nment’
brings about increase of Coupling Efficiency (CE) o Y . g : ia p _aig '

. . Although active alignment is a time-consuming ama |
decrease, but little research on the misalignmatiem . . )
L : : ; efficiency adjustment, it makes advantage of tlaest
after epoxy adhesive is reported, including aligntne

. k . of-the-art technology based on the mature
tolerances of coupling after adhesive gluing. : . . :
. - . semiconductor automation, robotics, motion control,
The model of coupling efficiency between a single- d ital : d i i
de fiber and a laser diode or a fiber and a fier oo > &n capital equipment and realizes sukpmicr
mo v derived by the G ian b imati accuracy alignments easily. Consequently, active
usually derived by the >aussian beam approxima Ior"alignment is still the most main technology usedhi@
However, when some epoxy is positioned in lightpat manufacture of photonic devices

changes of refractive index of the path, which poss After aligning a fiber to a waveguide, some kirid o
attenuation of coupling efficiencies possibly, alteé  ,qhesive which refractive index is often the sarse a
optical beam propagation. So the second adjusting Qnat of fiber core is dispensed in the gap betwiben
alignment must be followed. Coupling efficiencies fiper and the waveguide as shown in Fig. 1. The
cannot be directly compared with each other ofmatching adhesive is used for two reasons prafgtical
examples, owing to the differences of componentshs (1) attaching the components mechanically for fiifiee
as the different laser diodes, fibers, or PLC. service; (2) improving the optical performance. The

In this study, we first present near mode fieldadhesive increases the refractive index of the lgith,
distribution of light beam outgoing from a fiberceand  decreases simultaneously the reflective loss oeduwn
the CE equation derived from the Gaussian beanthe reflective plane, and furthermore the adhesive
approximation. Next we discuss rules of Rl effegtom  redirects the light propagation for the end facdiluér
the Gaussian optical distribution and develop aarray is slant. After adhesive gluing, second alignt
coupling efficiency equation based on RI affect®i A is necessary.
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Al Waveguide device Considering electric field or magnetic field
~ amplitude of the fundamental mode of a single mode

Fiber array X K . .
fiber, the Gaussian solution is Eq. 2:

s

A(r,2) = Aoﬁe”z’wz‘z) (2)
w(z)

@
where, w is beam waist radius, w(z) presents spot size

Adheghve  wavegnide device radius about z Eq. 3:
Fiber array
. W(2)= WL+ (57T 3)
Tl\NO
Where:
(b) A =Adn = Wavelength of light in some medium with
refractive index n

Fig. 1: The gap filled with air or adhesive,(a) filed
in the gap between fiber array and waveguide,
(b) optical components attached by adhesive

0 = Wavelength in vacuum

We can estimate the far field divergence angle of

Table 1: Single-mode fiber parameters the Gaussian beam by the following Eq. 4:

ltems Value

Core diameter am - w(2) A

Clad diameter 126m 8, = L'[Qi =— (4)

Core refractive index 1.45 z TWo

e 1.279um

a 0.3% The normalized frequency V is defined Eq. 5:

V number 2.360 (at 1.31m)

N.A. 0.123 A

Wo 4.45 V=k@NA.= == - ) (5)
0

Gaussian beam propogation and theoretical
calculation of coupling efficiency: We describe the Where: _
Gaussian beam outgoing from fiber end and théN.A. = The number aperture of fiber

coupling characteristic between a single-mode fioet a = The fiber core radius
waveguide. In order to calculate the coupling éficy
and alignment tolerance, the Gaussian approximagion If 1.9<V<2.4, the beam spot sizeowat &'
adopted, which is sufficient to calculate couplingamplitude is calculated by the empirical Eq. 6
characteristics (Saruwatari and Nawata, 1979). (Saruwatari and Nawata, 1979):
Near mode field of singlemode fibers: The power
distribution of a single—mgode fiber can be appfcadim w, ~a(0.65 1.619/V* + 2.879/Y 6)
by a Gaussian beam with 1% error. On the weak go&a
condition, vectors Ez and Hz only along z are iethejent According to boundary limited conditions of
and they satisfy the scalar helmholtz equationghan  Maxwell equations, where electric/magnetic field in
cylindrical coordinate system Eq. 1: tangential direction is continuous; £&) is invariable in
A the fiber end surface; the waist radiug of the
oA +2i 250 = (1) Gaussian beam outgoing from the fiber surface imk
oz going from the fiber surface imkq
to the mode field radius of the fiber.
Where: From Eqg. 2, 3, 6, we can depict the distributiébn o
AM) =A(r2) the Gaussian beam propagation, as shown in Fig. 2.
and: Couple coefficient derivation: The couple efficiency
between an incident beam and a single-mode fiber
_0° .10 10° fundamental mode field distribution can be estimate
Yoor? ror r?oe? through their overlap integral Eq. 7:
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U'J' E (r,0)E (r,e)rdrda}2 - Spot size of beam
|"| =
[[[1E (re)F rar®][ [[ 1€ (19 1 radl] /
P'b’
Where: o 1bet ¥~ Fiberend
E (r0),E (r0) = Denotes the lateral electric field @)
amplitude of the incident beam and
the coupled fiber, respectively A
CL = Power coupling loss K
k= (=10)
I =-10Ig[n](dB) (8) fa/ g ;* o
i t.
The misalignments between an incident Gaussian asf ‘\.‘,\x\
beam and a single-mode fiber are shown in Fig.H& T osf |
spot size radius of the incident beam jsand that of the /i <F \
out fiber is w. The space between two fibers is denoted i
by z. The fiber axis tilt® from the incident axis and £ r— - S -

dislocates d from the incident axis. The coupling

. - . b
efficiency between two Gaussian beams is calculatgd ®)

9 and 10 (Saruwatari and Nawata, 1979): Fig. 2: Gaussian distribution of light outgoing rfio
fiber end surface,(a) the spot size distribution
d’ 1 1 from fiber end surface; (b) Gaussian mode field
=KExp(—k{— N
i xpid 2 (wfo * wfvo) ©) of z = 0,10,20,respectively
26’ d.e
+ W) +wig] - wfoz}) - I
(rzussianbezam |
Where: e I = S
: e TS S Jj.'r
4w Wi z
= RV 2 (10) y
(Wio +Wio)"+(Az/m) | Infiber  |e 1 Out fiber |
Wi(@)= W L+ (- Ln= it

Fig. 3: Misalignment of two single-mode fibers

n,0

And w, o means the mode field radius or Gaussian As the Gaussian light beam propagates along with
beam waist radius. the central axis of un-model fiber, the wave vedtor

parallel to the central axis as well. Accordinghe un-
Near mode field of a dant-ended fiber: In the mode fiber light propagation direction, when thansl
practical application, for reducing the return lossangle of the fiber end face igand the incident angle
(Rahmanet al., 2009; Luangpaiboon, 2011), a fiber is g,, there is = 0;.
polished to an angle, such as) = 5, 8, or 12 degree. About the TE wave transmission, according to
The incident light beam detaches to two beams en thyjaxwell equations and boundary continuity condition
slant-end plane, including a reflective light beant @ he rejationships between the refractive electdcter

transmitted light beam which is coupled to nexefibr 54 the reflective electric vector are built, atiofos
waveguide. According to Fresnel reflective law, theEq 11 and 12:

electric vector of the incident light always decarsgs

to TE wave E which is perpendicular to the incident Er - ncosd - n cos, (11)
plane and TM wave E parallel to that plane by ° n,cos®,+ n co8,

contrast. For the light power dispersion relateshwi

polarization of light, we investigate how two elgct . __ 2ncod, (12)
vectors transmit on the fiber end plane individyall " n.cosh, + n, co8,
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where, vectors. g g present the electric vectors of size radius. If the waist radius of two light beaiss
an incident wave, a reflective wave and a transmgitt €dual, namely yy= w;o, the couple efficiency equation
wave individually and the refractive indexes of two IS Simplified as follows:

transparent mediums arg, m,. In Fig. 4, the incident

angle is9; and the transmission angledjs they are Eq. 13: Lateral offset donly. The power couple loss is as

same as that before epoxy Eq. 18:
n, sinG, = n, sird, (13) q
M, =4.343C- ¥ (18)

From above equations, the transmittanceft TE Wo

electric vector is constructed Eq. 14: )
As Fig. 5b shows, the, do not decrease or

—E JE = 2mcod,  _ 2si, co 14 increase, even though refractive index rises from
t,=EL/E, : (14)
n,cosd, + n cod,  sif;+8, ) 1.0-1.45.
) . e Longitudinal offset only, we obtain the couple loss
where, the variable€},,E; are the magnitude of the Eq. 19:
vectore! g, .
1

By the same way, about TM wave, the electric r, =-10Ig[ w: ]
vectorE),,E, and the transmittancg is derived as well L+ (A, /20, G ¥

1
Eqg. 15 and 16: =-10lg[
a gL1+(z}\o / 22 ¥ /(nmf]

(19)

£ = 2sinB, coH, .E (15)
/7 11
sin(®, +8,)cosf, - 6,) As Fig. 5c describes, if refractive index risesnfro

1.0-1.45, ther, decreases from 0.358-0.174 dB at
(16) z = 30um reversely.

e Angle alignment tiltd only, the power couple loss
rewrites as follows Eq. 20:

2sinB, coH,
sin@®, +6,)cosP, -6, )

t,=E,/ Ei// =

CE calculations after adhesive dispensed:

Couple efficiency of two field modes after adhesive
gluing: An entire device is linked mainly by three re:4_343ée)?: 171,44% 3¢ n) (20)
methods, such as epoxy gluing, laser welding oeggn a 0

soldering. Epoxy gluing is a favorite means to band

passive photoelectron device together (Pliska and This equation describes that the changg
Bosshard, 2007). Compared to laser welding Ofcoincides withn? and6? as shows in Fig. 5d.
soldering, the epoxy glue has a lot of merits, sasta "

variety of forms, flexible operations, adapting to . . . .
various complex interface structure, yet withoytra- Redirection of a slant-ended fiber mode field after

metal sleeve round a fiber adhesive: For decreasing the return loss, the end face

In the package of passive optical devices, such a&f @ fiber is polished to an angle. According to
waveguide spliter and Wavelength  Division Eresnel reﬂectmg law, when the refractive m_dd‘x o]
Multiplexing (WDM), the epoxy with the RI similapt ~ fiber core is unequal to that of the gap, the Gaumss
the core is dispensed in the light path. Owinghe t light beam alters its origin direct, as drawn ig.F6.
Rayleigh-Sommerfeld diffraction in fiber cross-sent
the Gaussian beam distribution dissipates slowlg an Fiber core

the couple efficiency is improved. _
If the epoxy is a medium with the refractive indgx H

and is dispensed in the space between the indidamh

Fiber cladding
and the couple fiber, we rewrite the Eqg. 3 as Eq. 1 n

EERE:_ Air
m
This denoted that the spot size as shown in Fg. 5 o
is changed for the RIn When z offset is fixed, the Fig.4: TE wave transmission on slant-end plane of
higher is refractive index, the larger becomes spet fiber
72
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Fig. 5: Different RI effects on the spot size ofuSsian beam and the power coupling loss, (a) Rictffon the
spot size of Gaussian beam; (h)not affected by the RI; (d), reducing with RI increasing; (d)y rising
with Rl increasing

OA is the transmitting light direction and OB foNe
the same direction of the incident light. If aiffiited in
the gap, or before adhesive gluing, the refradtidex
is about p= 1.0 and the transmitting angletis After
an adhesive is dispensed in the gap, the lightgdmits

Fiber core

Transmit light

— direction from OA-OB.
Incident light According to Eq. 13, we can get the transmission
Waveguide angle6,Eq. 21:
0, = arcsin% sirg; ) (21)
2

Fig. 6: Light redirecting for the slant-end faceadfiber.

And then the difference of an incident angle and a
6F transmission angle is got Eq. 22:

£O=0,-8, = arcsin(% sird, )-8, (22)
2

Considering about these frequently-used slant
angles § = 5°, 8°, 12°), the changing regularity & is
shown in Fig. 7. When the refractive indeximcreases
to that of fiber core 1.45(after adhesive gluintie
difference AB between the transmitting light and the
incident light reduces to zero and the transmittiggt
Fig. 7: A8 According to the different Rl and slant angle keeps on transmitting in the direction of the iecit
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light. Fig. 7 reveals that the more the fiber emckftilts, i
the farther the transmitting light deviates awaynirthe 0o7s
incident light. For example, when the end face is 0970 G
polished to 5°, the differenck is 2.26° and when the R
angle tilts to 8°, 12°, tha8 increases from 3.64-5.55° 0960
correspondingly. 0933
After adhesive is injected in the gap, the chamige 0930 ¢
the direction of the transmission light dislocatae
coupling center from point A to B. For this reasthhe  Fig. 8: Transmittance of the TE wave and the TM evav
model field alignment must be readjusted. In Figh@ when incident angle is different
dislocation distancar is calculated Eq. 23:

[
=
=N
=]

10

The light power transmittance is Eq. 29:

Ar = ztgAB = ztg(arcsin{: sif, ¥ 0 23
gA g( nl’(r:z 1 )' 1 ( ) _|(t) _‘E(t)‘z n2 CO§2

== 29
I ‘E("‘ancossl (29)

where, z is the gap between a fiber to a fiber fibex

array to a waveguide. . :
y g According to the Fresnel formula, the amplitude of

Fresnel transmission loss and power transmittance: electric vector relates to the polarization of tighor
As a light beam enters on the plane of two mediuhes, this reason, the electric vector E must be decoemgpos
power of incident light is redistributed to theleetive ~t0 TE wave E and TM wave E When the E
light and the transmission light on the assumptimat ~ Vibration orientation and incident plane crossesmat
the power is not absorbed and then a powedndle, they are Eq. 30:

redistribution expression is developed on Fresael. |
Considering the sectional area of a incident lighf”
and energy flux density®s the energy flux is Eq. 24:

E=E,com + E, sim (30)

Based on Eqg. 11, 15 and 28, the transmittance of

WO =S"AA® =S AAcos), (24) light propagation is established Eq. 31:
where, 0, is the slant angle between the sectional face| T, =%
and the reflective face andA is the corresponding area v (31)
of AA? on the reflective plane. The light power of unit |1, =— " X, cosB,
area every a second is Eq. 25: sin‘ (6, +6,)cos ,-6,)
o QAAD _ Substituted in the Eq. 8, the transmission loss is
0 = S"AA°Y _ " AAcos, ey (25)
AA oA {rm =-10lg(T,)
The energy flux density’™Ss written as well Eq. 26: r,, =-10Ig(T,)=r_+10Ig(co$ @, -8, )

=1 &nl‘ E‘i)‘z (26) According to Eqg. 31, the different transmittande o

2\ 1, TE wave and TM wave are drawn in Fig. 8.

When6, = 0°, 5°, 8°, 12°, the ;Tis 0.9662, 0.9666,
0.967, 0.968 and thegTis 0.9662, 0.9659, 0.9653,
0.9641. Although Fand Tj is different, this kind of
difference is neglected in the practical appliaatfor

Similarly, the transmission light power every a
second is Eq. 27:

A A O simplifying calculation.
0= S"AT - gcon), @) so
. . =T, =T 32
And the energy flux density %Sof transmission S (32)
light is Eq. 28: Equation 32 is rewritten in loss expression as
follows Eq. 33:
S(x):l\/ganmz (28)
2\ 1, ro=r,=r, (33)
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0_1‘ 0.15dB, for example, we estimate the power couple
0.0 b -2/ loss before and after epoxy according to the Eq. 18
= o1 102‘0 30 40 ‘ 20. After epoxy dispensing, the lateral dislocation
2 03 AT tolerance d restricts to 1.2um as similar as that
03 without epoxy; angle tilts toleranc@ decreases to
04 0.80° and 0.67° from 0.97°; Z-axis tolerance leegth
05 to 22.8 and 27.6 from 19.0m. Therefore, when the
(@) RI of epoxy is similar to that of the fiber corédoes
not change the lateral dislocation tolerance, bdtice
] ' the angle inclination tolerance and increase thsiat
_— tolerance reversely.
' We need to know how much the total change of the
= S8} power coupling loss is improved after dispensing a
C M e certain epoxy. For example, we calculate fiberiif
0.00 ‘a’j . e coupling loss, which parameters are listed in Tdblg
-0.02 ' S ’ the refractive index of the epoxy is, 1.45, the
-0.04 difference of power coupling loss is described
(b) approximately as Eq. 36 and 37:
Fig. 9: Difference of the CL before and after epoxy 1+ (2\, | 2T, W2 ¥
(2) CL affected by z-axis offset; (b) CL affected Ar, =-10lg— (Z)\O o WZ )2] (36)
by angle tilt 0 W
Total power couple efficiency: In the optical _ 0 _
alignment of photonic packaging, a light couplingn A —4.343(27nw) Fh-nf (37)

a fiber to a fiber or from a fiber to a waveguidethe
most basic formation. A light outgoing from a fiber About one point marked A as shown in Fig. 4,
transmits on a fiber end face to a free mediumthad  which z = 20um and tilts 0.2°, for example, we get:
continues to transmit into a fiber or a waveguitteraa

short excursion. There is a transmission loss & th Ar, =-0.135(dB), AT, = 0.008(dB)= OdE

conjunction planes of two medium for Fresnel
reflection, except for the couple loss of misaligmt

Thus the total coupling logsis Eq. 34: whereAo = 1.55 um.

In addition, there are double Fresnel reflections.
) For a single-mode fiber listed in the Table 1 with
contacted planes tilting 8°, we calculate differeraf
tswo power transmission rate:

Mow =T +2T =T +T +T + 20, (34

total

After adhesive is dispensed, the transmission los

reduces to zero and shrinking of spot size chaftiges

AT, =r,, -F,., =-0.16(dB) and 2Ar, = -0.32dB

couple loss. to

The difference of the total coupling loBsbefore ) )
adhesive gluing or after is Eq. 35: Consequently, the total coupling loss is:
AT o =AT  +AT, + AT + 24T ; (35) Al =-0.135- 0.32 - 0.46(dB

AT, + AT, +2AT
Packaging experiments: In order to study effects of
Simulations and Experiments: adhesive on the optical performance in practical

Coupling efficiency calculation: To specific effects of Photonic packaging, we used a fiber alignment syste
the epoxy in the opto-electronic packaging angwhich designed by ourselves with sub-micron preaisi
assembly, we show a preliminary calculation abbat t for the alignment of optical fibers to planar waugs,
power couple loss before epoxy and after epoxy %ig. The system was equipped with two six-axis nano-
We provide two kinds of epoxy with refractive indeik ~ positioning stages and a power meter (Model 2835-C)
Nm = 1.2 and p = 1.45 compared to air nm = 1.0. If the from Newport (Bhatet al., 2004). On the two nano-
excess power couple loss of a single channel litoits positioning stages, we installed fiber-artaglders.
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_ before approximation function was built to estimate change

081 | T affer coupling efficiency before and after adhesive. Hw
sinulation slanted end plane of fiber change the beam projpagat

06 f :\ direction, realignment in transverse plane was eded

: after adhesive.
0.4 ‘ Comparison between the simulation and the
5 experiments indicated that the theoretical valued a
o | measured ones agreed with very well and the majchin

adhesive obviously increased the coupling efficjenc
_ ‘ ‘ ‘ ‘ According the approximation function, the variatioh
08 1.0 12 14 1.6 coupling efficiency could be predicted accuratefyera
adhesive.

Fig. 10: Comparison between the couple simulation
and the couple loss measured before and after

adhesive when the slant angle 8° of fiber, z _ :
offsets <2&m and8<0.2°, besides transverse The researchers would like to thank the National

offset <0.4um Natural Science Foundation of China (50735007) and
National 863 plans projects (2007AA04Z344).
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