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WDM M ESA|AHOAMS =2 EE

EDFEA

Er* Doped Fiber

GFF
Isolator Isolator

‘WDM Coupl

A
1.48um LD 1.48umLD

\—/

Transmitter

MU.

=
e

EDFA
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TSEFEL V=8 2F
TE Fiber Optics  Micro Optics  Waveguide Optics
Isolator, Circulator, o
Collimator
DWDM (o] 0 (o]
OADM (0] o ()
Attenuator o (o] (0
Interleaver O o) 0
Wavelength Locker o) (0] (0]
Tunable Filter o ) o]
Switch o 0]
Power Splitter
{Coupler) o o
PM Compensator (0] O
Modulator 0 (o]
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Optical Coupling

<Loss>

P3

v

P1 P2

* Insertion Loss

IL{dB] =-10 log,(P2/P1)
* Return Loss

RL[dB] =-10 log,,(P3/P1)

pEC 3 SEE R
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Gaussian Mode Profile

e

Core index n(1+A) Ideal step-index profile
A~03 to 0.4%

Cladding index n ~1.447
/ mode profile p(r)
~13.5% level 13.5% of the power
Fiber radial
coordinate

R eT————————
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LRty

- Radial power density profile in fibers

p(r) = p(0)exp{—2| —

W,

where
2w, : mode-field diameter (MFD)
@, : spot-size (SS)

2
zA

W, (2) =| @y +| ——
W,

R e seseaRERE R
e L
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* MFD is about 20% larger than
CD (8.5um) =~ 10.25um

- MFD
- DCF (= 8.25um at 1550nm )
- EDF (= 4um at 1550nm )
- Multi-mode ( 50~200pm )

RN

imym@nuri.keti.re.kr KE T1 Korea Electronics Technology Institute

* Coupling losses due to MFD mismatches and offsets

- MFD size mismatch

L(R)=4.343 R?in dB
- Offset

* transverse (Xx)
* Jongitudinal (z)
e angular (6)

imym@nuri.keti.re.kr KE T} Korea Electronics Technology Institute
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Offset Loss

X
X ? . Y
L(x)=4.343] — in dB i
Wy
AZ 2
L(z)=5.3 5 in dB
0
Z
2 0
L@)=27 2% i E
104
imym@nuri.keti.re.kr K[:-;TI Korea Electronics Technology Institute

<Coupling Errors Corresponding to 0.1dB Loss>

Coupling Error Type Error Magnitude
MFD mismatch +15%
Transverse offset 7.5 % of MFD (0.64pm)
Longitudinal offset? 21 pm
Angular offset® 0.56°

2 Assumes a2 mode-field diameter of 9um at wavelenth of 1310nm

B ——————————————————————— T

£
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Laser Diode to Fiber Coupling

————

* Bad Coupling : 10~20% coupling (7-10dB)

- =3 Q! : elliptical emitting

- O Z 810t

=il

- Spherical -> Cylindrical Lens

- Single Lens -> Double Lens

- Alignment Z| & 3}

- ™ 2 X AR Coating (0.1% 0|5}

- Fiber &8 J}2 (lensed or tapered fiber)

- Mechanical 2t & & & & (vibration & temperature)

e et
P Bl

imym@nuri.keti.re.kr IKE T Korea Electronics Technology Institute

N VY.

O N

© R

(d)
L~~~

Comparison of four techniques of coupling a laser diode to a fiber : (a) cleaved fiber
coupling; (b) coupling with a fiber lenslet; (c) using a single-lens imaging system; and
(d) using a double-lens imaging system.

O AR S
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Lateral displacement (pum) (a)
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b=
]
(=]
! | L [ |
5 10 15 20 25
(b)

Longitudinal displacement (um)

Plots illustrating the sensitivity of laser diode-fiber coupling efficiency to (a) lateral
displacement and (b) longitudinal displacement.
R £
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Fiber to Planar Waveguide Coupling

* Butt joint coupling

+ MFD matching & 2
- Polymer & Y=l waveguide2| & 2
=> Lensed Fiber, Spot Size Converting J|= 2R

« 84 Align Jl=
- V-groove
- Epoxy adhesives
- Weld bonding

« & OtA . Relaxation & Moisture
« Jf & 21 O} : Metal bonding & Welding
e ————————————————————————

KE’TI Korea Electronics Technology Institute
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Fiber to waveguide coupling

Transverse misalignment

n Angular
Edge-emitﬁn misalignment
: {porpendicular)
laser diode

ol Asil
MisIgmen misalighment
Angular misalignment (parallel]
imym@nuri.keti.re.kr KE T1 Korea Electronics Technology Institute

Si v-groove

< N\
-l

(100) aptical o expected: 35.3°
surface
_ 2r
" cos(w
o
- sin(or)
{111}
planes
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Fiber block Design

T

Array V-groove2 SH & 2 Vogroovell J|oIE& & X
(H:Bond Height/2 ,D:Radius of cladding ,W:Opening window)

SLE
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Fiber to Fiber Coupling

- -

« Fusion 24! : 0.05dB 0| &t

 Connector 214! : 0.2dB 0|5}
- 1um 0|5t 2 Alignment J}s (H 2 Ferrule AFHE)
- Air Gap0ll 2| 8! interference 244
—=Insertion Loss(0~0.6dB) &
Return Loss(~9dB)0fl & &f
- PC (physical contact)
- APC (angled PC)

* Mechanical Splicing
- index matching material A&

RS 05 s
e

R
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Bonding

HEER = A |

Long time for curing
Large shift after curing

Epoxy

Relative short time

Soldering Large shift due to thermal process

High speed welding process

Very small welding point(~300um)

Very small size of thermal affected area
Laser Welding Very small post weld shift (PWS)

Weldable between various different materials
Very rigid and reliable joining

Prone to bulky

B T I ———
i SN

imym@nuri.keti.re.kr KE T Korea Electronics Technology institute

Major Issues in Joining of Packages

* Bond Strength
- atomic bonding(primary or secondary)
- reaction at the interface

* Precision of bonding
- errors should be a few micrometer or less

« Distortion or stress at joint
- thermal stress should be minimized

* Robust process
- reproducible
- low cost
- high yield

T R R
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» Adhesion bonding
- low cost
- reliability

* Soldering and Brazing :
- primary bonding
- reaction at the interface
- low strength(creep deformation)

* Welding
- primary bonding
- large welding stress due to solidification process

o

TE

imym@nuri.keti.re.kr KE T1 Korea Electronics Technology Institute

270 SEEs Y

“Sn-Ag-Cu | 220t

[ Sn-Ag-Bi-In | 210
[ SnZnBi | e3¢

- Sn-Pb ] 183T

Reflow process&

. 150f A kquwjpi-'ﬂorcééé'g R .

HENEO SEI ABIY (Pb & P Free Solder)

MR
et

£
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LD Driver IC
Indium Solder

AwSn Solder

Electrical
Wiring

Overcladding
Core

Undercladding e

Au (0.2 4m)

/ Pt (0.1 4m)

W B hind /
SR8« Ti (0.2 um)
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| v
LD . >
{TLS 4
Xenon Lamp ) )
Source L Mechanical zig
»
Focusing 3 .
Lens J Link Holder
h Iz
; y
’ x
PD |
PWR Meter, '
Syt o
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so04 | —210°C
0.5mm Sn/Pb solder on Si wafer .
= g 200
ANgA2 110°C 02 ~162 5
& 15
1004
0 4 9 16
i Aging time(days)
Sn63/Pb37
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e - N
<1X2 port DWDM device>
Body of i Honsing, L
. : %~ Filter
L ooraer e MetalRing < Glass Tube

, Filter ' Filter g “=* Solder

<1st Housing>  <qst housingel Fx> <Filter Attachment>
: Epéxy for ﬁuﬂ Fiber Tip

' C Solder . Metal Ring
Dusl Fiber Tip 00¢ :
- . Lo .. : m’,— . <HW, ;‘
Fiber Dual Fiber Tip Filter

) Glass Tube
<Dual port collimator> <Filter attachment for Dual collimator> <Single port collimator>

-
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Laser Welding

SR

YAG STATION

CHUCK

jxm
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Transmission

Absorption
/

Welding Materia)

Y 1) F/\w .
|

e

ki
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LAGER £ T4y

LI
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liad FFC* % 103, Frlie s

& (WL 2408

Bubble & Crack

TN

Ideal Case
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Lap weld Fillet weld
imym@nuri.keti.re.kr IKKE- T Korea Electronics Technology Institute

Laser Hammering

2. Rotate the vector
to the nearest PH

1. Locate shift
vector

3. Block the other
two beams

4. Rotate and weld
at +/- 5 deg

N

S

imym@nuri.keti.re kr KE T Korea Electronics Technology Institute
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Laser Hammering0ll [} & 22 & 882 B3

0.047 dB

0.160 dB
0.240 dB
0.300 dB 0310 dB
0.552 dB
0.825 dB
pre.LH; LH, LH; LH, LH; LH,
weld
. Laser Hammer No.
imym@nuri.keti.re.kr Kl;-"t’Tl Korea Electronics Technology Institute
Optical Collimator
L Trewe @ ————— i
Collimator
Ferrule AI? GRIN Housing
Housing Coating  Yens
Ferrule

!

R s T
FE e
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Optical Collimator

e
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Welding

<

B

§ 10 e e
&

b

Laser Power (J}
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Optical Isolator
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Hybrid Isolator Packaging

©ER

;

e e

- S ——

,
—
—— R

Tap dual collimator isolator core isolator housing Lens Ferrule housing Ferule

$5.0mm

= o or SN,

==F 5 ¥ e
- -

Laser Welding
3Bmm ’

B I ———.

s
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Reliability

Device 2134 Insertion Loss Isolation Return Loss Tap Ratio
A8 [dB] / [dB] [dB] [dB]
ANg A 0.25 ‘ - 50 -
FEevolH . ‘
ANE F 0.30 ‘ - 51 . 1
ANy A 0.5 1 41 53 - ‘
Fotol & ol E — : ;
ANE ¥ 0.6 | 42 53 -
sojHag = AE A 0.54 j 42.73 58 14.23
Fotelzdeld | A9 % 0.74 4151 ’[ 56 14.43
AEZEZAH:70°C,96A| 2t
imym@nuri.keti.re.kr KE T1 Korea Electronics Technology Institute

Collimator & Isolator

E

« BAROIM L2 U2 HYLO 2 akEHML} * FTEA2H H4EFE ¥ BAHM ghAtEO] T
HHYOm QAIS HIS BAKE TL AT & %ﬁji% 28 R Al }‘ CEM ETSAIAY N
_ Mo M=g XBIATF|E AEIAl TS YA SE MAHSE
£ HRESR U, Foolgao|s, 7: c',[_‘._ji; TSZIE e Bg aRg M
T8 Ao
MEe0lE|E2 BN AKXl slalHZ
18ell0lE{ S M F 4K} I:n—rs CHEIY —RUjAA SCM, BHRCIRE
*HEIIE ~=4HY SOM, B2 "3 ~29: JDS uniphase, FDK, Oyokoden
-=2|! Casix
Tube
pus .
Collimator _ Colimator
J —— ﬁ
Fiber =
GRIN Magnet
Glass or Lens Faraday
Ceramic Ferrule Rotator
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stz 8 Dense WDM & EE
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