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Introduction to optical communication & optoelectronic device

Consideration of optoelectronic packaging
< Optical aspect

“ Electrical aspect

# Thermal aspect

% Mechanical aspect

Low cost optical package
% V-grooved silicon optical bench fabrication

# Flip-chip bonding and passive alignment process

Optical array device packaging
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Optical Communication System

~ Printed Cirouit Board

| thoélectron‘ic. Modg}e B
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“| Photonic f
Device

;|Electronicfi

Lightwave
Technology?

Devices & systems

that are used in
optical communication & #
optical signal processing

|
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BE  whatis Photonic Devices?

Transmission
“*Waveguide
»Wavelength Filter
“Lens, Optical fiber

Generation
<l aser diode
SLED

Ampilification
+SOA
+EDFA

Detection
+PIN-PD
< Avalanche PD

Application

< Optical communication
“Signal processing

< Computing

+Sensing

% Display

9%

Modulation /
Switching

< EA-modulator
<+ Switches
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Optical Aspect
® High coupling efficiency
Large aligning tolerance
® Low optical feedback

Electrical Aspect
FHigh modulation speed J

Thermal Aspect
(0 Stable laser diode operation J

Mechanical Aspect
[ ® Reliable assembly tech. )

Process Aspect
FAccurate and reproducible J

Cost Aspect
( ® Manufacturable and cost effectivﬂ
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® Various optical system
(tapered fiber, single or double lens, etc.)
LO Isolator, angle polished fiber, AR coating

rO—Low parasitics (L, C)
L ® Impedance matching (25 or 50 ohm)

p
® TEC, Thermistor
L ® Effective heat dissipation

—
® Soldering, epoxy, laser welding, FCB
L ® Low post joining shift

(_7 -
@ Proper design of components
L ® Process development

- B
® Simple but small structure

® Reducing number of components— | e

HANLEL
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o Optical Aspects
_..,.%{..WMA,‘..@.‘; e —

To obtain Maximum Optical Coupling Efficiency:

o ——— AT AN P 7 2

s Laser diode
# Circular beam pattern
% Small angular beam divergence

> Optical components
4 Small aberration
% Small reflection

s+ Optical path design
# Matching mode field diameter

» Assembly technique
% Precise aligning
% Low post joining shift

HANLECH
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!; Single Mode Optical Fiber
e

Circular mode

cladding

) <+—F——o

m

core

» Beam spot size : w = a (0.65 + 1.619V32 + 2.879V6) for V> 1.2
where V = 2r/ A a sq(n,2- n,?)

Factors of Additional Coupling Loss

P e e

Misalignment among laser diode, coupling lenses and optical fiber
Spherical aberrations of the coupling lenses
Deterioration of the laser diode performance due to optical feedbacks
% Fresnel reflections from coupling lenses
% Reflections from both the near and far fiber ends
® Backscattering from the fiber itself
-, Imperfections of lens symmetry and surface quality

.» Laser and fiber modes are not truly Gaussian

- HANEECh

28



“ Techniques for Reducing the Optical Feadback

Near-end reflections (< ~cm away from the laser) can be reduced by

% Applying AR coatings to the sides of the coupling lenses and attaching an
AR coated glass plate to the input end-face of the SMF residual reflectivity,
R = 10" (Direct AR coating on the narrow end face of SMF is not easy!)

# Index matching gel (ny): The index ng of the gel is chose to be closely
matched to the index n, of the fiber core. > Residual reflectivity, R = 105
for Jny — n,| < 102 (Not so practical in real application!)

# Tilting the input end face of SMF to provide angular separation between
incident of reflected light. > By choosing optimum tilting angle, residual
reflectivity, R = 106

Y

What is the GRIN lens?

GRIN lens = GRadient INdex lens 7-2nP

— P—— VA
o L A e Z : actual lens length
‘ P : pitch
\/X : index gradient
Typical refractive index profile Fractional pitch of a GRIN rod

Step index fiber in 8
8in U ma i
for refarence * Point » 1.0 Pitch
\ ' Source

-
x !
o H
'g ! Collimated » > Point

)
- H Beam Source > et .
[0] : Ll 0.5 Pitch
> seLfoc
‘g Microilens

i R Lo ]

,‘;;’ (Gradlergt Index) Point Point
14 ! S

; ource e~ Source ly 0.25 Pitch

Optical Axis — S e e e e et
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| Electrical Aspect

I

¥

¥ Electrical Co'nsideration of OE Packaging

{b) ~ 500 MHz
LASER

c) » 2 GHz
(a) ~ 200 MHz )

MICRO

PACKAQE STAIPLINE

WALL
. {d)>6 GHz
TERMINATING RESISTOR . e
LASER
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. Inductance, return loss, impedance, capacitance
% Wire bonding2| & &F: wire?| #J1{, 20|, 2+
> J| 2O 3|2 A ME A FIf, 20, 2tH, Sl
Optical
Pwr Meter
4
|-D-| - 1
Current Bias Tes i
Source
S se,
Assembled g
Chip Carrier ~——_| { ) thical
7 Fiber
TEC YZ Stage
Controller FREQ (GHz)
;:s;:i?e‘gxi:: TEC, Fiber Coupling Unit

Small Signal Modulation of LD
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- Thermal Aspect

Thermal Consideration of OE Packaging

o an

AMBIENT /wme BOND
TEMPERATUAE «__ !
)
@
\
TEMPERATURE _/ L ¥
SENSCR = SUBMOUNT Ee

Thermal paths from chip to air

% Chip to submount
% Wire bonds
® Fiber/optics

< Conduction + convection through inert gas

32
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HEAT~ SINK -
TEMPERATURE

% Submountto TEC

% TEC to package body

% Package body to heat sink

4 Heat sink to ambient environment

- WAmteDh



.l Typical Temp. Relationshipina TEC

8
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Epoxy

Longer time for curing
Large shift after curing
Less reliable

Small investment

Easy to process

- Soldering

k4

Relatively short process time
Large shift due to thermal process
Mass manufacturable component

Simple structure

34
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~ Mechanical Aspect

Comparison of Laser Welding / Epoxy / Soldering

® Laser welding

Clean bonding process

High speed welding process

Small weiding point (~600 pm)

Small size of thermal affected area
Small post weld shift (PWS): 0.1~0.2 dB

Weldable between various different
materials

Rigid and reliable joining

Bulky size

— - A A T 7 g e
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. - Laser Welding Process
Laser welding parameter development
< Laser optics and positioning

= Laser pulse parameters

— Energy density, pulse duration and shape

Package stability and post weld shift ties to:

< Proper package design

% Proper optical path design
Metallurgy analysis

# Cross-section analysis

% Depth of penetration

# Weld joint interaction distance

35
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![ Low Cost Optical Package
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Concept of Passive Alignment

-1

(@ Wettable Pad (d)

Waveguide
E_‘_‘__j Optical Divice

Substrate ___'-_.

Silicon v

Wettable Pad Substrate

(]
—> Force _ EtchedVgoove
‘ Silicon

Substrate Substrate (e) Waveguide o o

\ _/

cnp | (© Deposited Soider Opticai Divice \ 7

w_ Solder 7 7 Optical Fiber

Bump Silicon = | =moese—ene- ]

Substrate Substrate

Etched V-groove
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" FIBER FIXING
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ni Optical Array Package

Bl ~cedof Optical Array Packs
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Optics
« High coupling efficiency
« Low optical reflection

Electrical consideration
« Modulation BW
« Impedance match

Summary

Thermal path
+ Heat sink structure
« thermal characteristics

Physics
Electrical Engg.
Materials Engg.

Mechanical Engg.
Chemistry

Optoelectronic Packaging
= jnterdisciplinary research

40

Reliability aspect
+ Failure mechanism
- Lifetime projection

Process development
« Die bonding

« Wire bonding

» Epoxy bonding

» Flip-chip bonding

« Laser welding

[
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