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Brief Introduction of Our State Key Lab

What are the State Key Labs

We are Jointed by THU, Jilin Univ., and
Semiconductor Institute of CAS

We are among the best in IT area

Main research subjects in THU
Optoelectronic Materials and Devices
Components Based on Fiber

High Speed Optical Fiber Transmission and
Network Technologies
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Molecular Beam Epitaxy
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Molecular Beam Epitaxy
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Liquid Phase Epitaxy
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MOCVD System for GaN

2009-10-12 State Key Lab on Integrated Optoelectronics



Laboratory Faclilities

Wafer Characterization

High Resolution X-Ray Diffraction (HR-XRD)
Structural characteristics of epitaxial layers

Photoluminescence (PL)
Optical properties of wafer

Hall Measurement
Electronic characteristics of materials
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High Resolution XRD
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Photoluminescence
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Hall Measurement
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Laboratory Faclilities

Chip Processing
Lithography
Pattern and mask forming

Plasma-Enhanced CVD (PECVD)
SIO, and Si,N film deposition
Inductively Coupled Plasma (ICP)
Dry etching of GaAs, InP, and GaN materials
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Lithography
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PECVD System
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ICP Dry-Etching System
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1300nm VCSEL with dielectric DBR
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Uncooled Gain-Coupled DFB LDs

Stable single mode operation from - 40 to 85°C
Integrated beam-expander for improved coupling tolerance
Gain-coupled DFB lasers with current-blocking gratings

current-blocking grating

high-reflectivity film flared ridge waveguide

gain-coupled
DFB laser

thickness -
tapered BEX

n-InP substrate
low-reflectivity film

2009-10-12 State Key Lab on Integrated Optoelectronics 30



Directly Modulated DFB LDs

Applications
e Gigabit Ethernet
e Metropolitan transmission
e Bit rate: up to 10 Gb/s
e Wavelength: 1.3 um & 1.55 um

Limitations

e Limited transmission span (< 20 km) due to large linewidth
enhancement factor o (> 4)

e Modulation speed is limited by carrier relaxation oscillation
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10 Gb/s Directly Modulated DFB LDs for
Metropolitan Data Transmission
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Schematic of EA Modulator
Integrated DFB Laser Diode

DFB Laser

Section Ti/Pt/Au

|solation
Trench

EA Modulator
Section

p*-InGaAs

n*-InP Substrate
MQW Layers ~ Grating
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Wavelength Compatibility in EMLS

Wavelength Compatiblility for Integrated EA

Lasing wavelength of the DFB laser should be
of the absorption edge
of the EA modulator

Integration Schemes
Butt-joint Integration B
Selective Etching
Selective Area Growth
Quantum Well Interdiffusion -

Identical Epitaxial Layer Structure =
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Concept of IEL Integration Scheme

Identical Epitaxial Layer Scheme
Identical MQW structure for laser & modulator
Bragg wavelength detuned from gain peak

What Makes IEL Feasible?

Wide gain spectrum of strained-layer MQW

Junction temperature difference between laser
and modulator

Carrier-induced band-gap shrinkage effect
Advantage of IEL Scheme

Simplified fabrication procedure = Improved reproducibility
and higher yield
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|EL Structure Based
SOA Integrated EA Modulator

SOA Cr/Au
Isolation ~ Section _  Electrode

Region

EA Modulator
Section

Thick
Dielectric Film

MQW Layers -] n*InP Substrate
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ICP Dry Etching for InGaAsP/InP
Integrated Devices

Advantages of Dry Etching Technology
High anisotropy & resolution
Good reproducibility & dimensional control

Inductively Coupled Plasma Dry Etching
High plasma intensity = High etch rate
Low bias = Low damage
Better controllability & Lower cost

Cl,/CH,/Ar ICP Etching for EML Fabrication

Vertical sidewall & Smooth surface
Precise control of ridge width in EA section
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Dry Etching of InP-Based
Semiconductors by ICP

SEM Image of Etched Sidewall Surface Morphology Measured by AFM
(RMS Roughness: 0.27 nm)
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ICP Dry Etching for AlGalnAs/InP
Integrated Devices

Difficulty in Dry-Etching of AlGalnAs
Oxidization of Al
Self-masking due to low volatility of InCl,

Dry-Etching of AlGalnAs by Cl,/BCl;/CH, ICP

BCl, for oxygen removal
CH, to form volatile In(CH,),
Cl, for increased etch rate
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AlGalnAs MQW Laser Diodes with
Etched Facets

Why AlGalnAs MQWSs?

Larger conduction band discontinuity
AEJAE, ~ 0.7

Better thermal behavior
T.~ 120K

Why Etched Facets?

Laser cavity formed without cleaving into bar
On wafer test made possible
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Performance of Etched-Facet
AlGalnAs MQW Lasers

[e2]
o

=
£ w
o
=
@)
o

N
o

200
Current (mA)

AlGalnAs Mirror Etched by |-L Curves of Lasers with Cleaved
Al/Ecl/Crl, ICP & Etched Facets
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Regrowth-Free DFB Lasers

Conventional DFB Lasers
Distributed feedback by embedded gratings
Regrowth required after grating definition

Lateral Coupled DFB Lasers

Longitudinal feedback by periodically perturbation
In the lateral evanescent field

Deeply etched surface gratings
No regrowth involved
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Implementation of Lateral Optical
Confinement

p-InGaAsP
Fich Stop
“

SCH 8-MOW e ————
Strained ) W
Ridge defined before etching of gratings Lateral mode confinement provided
to provide lateral optical confinement by effective ridge waveguide
By other group By our group
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Mode Profile of Lateral-Coupled
DFB Laser
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Influence of Grating Depth on
Coupling Strength

1.6 1.8

DGrating("lm)

Coupling Strength vs. Grating Depth
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Deep Surface Gratings Fabricated by
ICP Dry-Etching

SiN, Mask Etched with SF Second-Order Surface Gratings
Etched by CIl,/CH,/Ar ICP
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Lasing Behavior of Lateral-Coupled
DFB Laser
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Wang J, Tian J B, et al. IEEE Photon. Technol. Lett., 2005, 17(7):1372-1374
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Far Field Pattern Along Junction Plane
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Submount for High-Speed
EA Modulators

Heat Dissipation
Substrate with high thermal conductance

Modulation Signal Feeding
Transmission line for microwave signal feeding
High resistive substrate to reduce microwave loss

Impedance Matching for EA Modulator

EA modulator behaves as capacitor at high
frequency

50 Q) sheet resistor required to reduce microwave
reflection
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Schematic of Submount for High-
Speed EA Modulators

Signal
Electrode
I Thin-film

Resistor

Ground

Electrode CEW

Transmission Line

Ti/Cu/Ni/Au
Electrode

High-Resistivity Substrate

(a) Top View (b) Cross-Section View
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Improved Microwave Characteristics by

Use of Ti/Cu/Ni/Au Instead of Cr/Au
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Chip-Level Packaging of
EA Modulator

Tapered Fiber SOA+EA Tapered Fiber

Ta,N Thin-Film Substrate
Transmission Line Resistor
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Fabrication of the Planar Electrode
Structure for 40 Gb/s EA Modulator
Integrated Devices
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40 Gb/s EA Modulator
Integrated with SOA

EA Modulator Integrated with SOA
Compensate both coupling and absorption losses
|IEL integration scheme adopted

Extended Modulation Bandwidth

Reducing junction capacitance
Narrow high-mesa ridge waveguide

Reducing electrode capacitance
Thick dielectric film beneath bonding pad

Reducing packaging induced parasitic
Specially designed submount

2009-10-12 State Key Lab on Integrated Optoelectronics
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Device Structure and Capacitance of

EA Modulator

Modulator Capacitance including Junction
Capacitance and Electrode Capacitance

_ Waveguide
- Connection

<+ Bonding
Pad

Top View
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Difficulties to Reduce Device Capacitance
Further for 40 Gb/s Modulation

Increase thickness of insulation film to reduce
electrode capacitance, trade-off between:
Deep groove formed between ridge and electrode platform

Thickness of sidewall electrode reduced and the stability of
metal connection influenced

Series resistance increased
Reduce junction width to reduce junction capacitance

further
Ridge waveguide Is easier to be damaged in processes

Series resistance increased
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Electrode Planation to
Reduce Electrode Capacitance

Merit: uniform thicker electrode
film, increased stability, reduced
series resistance

Polyimide based  Thick SiO, and Polymer Air-Bridge

Planation based Planation T
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Our Choice of the Electrode Planation
Technique

Using Polyimide
Comparably softer to cause electrode bonding
problem

Not well sticks to wafer and often shrinks
By Air-Bridge Structure
Complex and difficult fabrication process
Lack of protection for bridge waveguide
v Self-developed Thick-SiO, based Planation
Process
v Well stick to wafer and small strain
v’ Hard SiO, , better for electrode bonding
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Our Choice of Reducing Junction Width

v Dry-etched High Mesa Structure:
Higher etched depth to benefit reducing capacitance
Shortcoming: lower mechanic strength of ridge waveguide

v Special shallow structure: Electric Field Confinement
by etching p-layer outside ridge waveguide stripe

Suitable to adopt reversed ridge structure to realize wider
top width, and lower contact resistance

Shortcoming: etching depth restricted, and insulation
thickness and electrode capacitance limited
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High-Mesa Ridge Waveguide

Sio, l ’13 MM sio,

ICP Etched Narrow High-Mesa Thick Dielectric Film Below
RWG Structure Electrode Pad
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|EL Structure Based
SOA Integrated EA Modulator

SOA Cr/Au
Isolation ~ Section _  Electrode

Region

EA Modulator
Section

Thick
Dielectric Film

MQW Layers -] n*InP Substrate
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Fabrication Processes of Identical Epitaxial
Layer Structure Based SOA/EA Modulator
Integrated Devices (1)

Epitaxial 2 pm-wide Wet ICP Dry-Etched
Growth of (T [ 4 um-high Ridge
Device Material Wavegwd_e " Waveguide in EA
Both Sections el e

2009-10-12 State Key Lab on Integrated Optoelectronics 64



Fabrication Processes of Identical Epitaxial
Layer Structure Based SOA/EA Modulator
Integrated Devices (2)

Thick SiIO, and
Polymer based

Forming Cr/Au
Patterned P-Side
Insulation Planation Electrode

Uncovering
Electrode Window
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Fabrication Processes of Identical Epitaxial
Layer Structure Based SOA/EA Modulator
Integrated Devices (3)

E!ectrode Backside Thinning  Cleaving Chip and
Isolation between .. :
and Deposition of AR Coating at
SOA and EA
N-type Electrode Both Facets
Modulator
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Static Characteristics of Integrated
SOA/EA Modulator
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Integrated Device for 40 Gb/s System
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BW (3 dBe) > 40 GHz

Xiong B, Wang J, Zhang L, et al. IEEE Photon. Technol. Lett. 2005, 17(2):327-329
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Schematic of EA Modulator
Integrated DFB Laser Diode

DFB Laser

Section Ti/Pt/Au

|solation
Trench

EA Modulator
Section __f

n*-InP Substrate
MQW Layers Grating
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Static Performances of 40 GHz
Integrated EMLs

Extinction Ratio (dB)
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Small Signal Modulation Response of
40 GHz Integrated EMLs
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14-pin Butterfly Packaged Integrated
Light Source Module

14-pin Butterfly Packaged Circuit Schematic
Module

2009-10-12 State Key Lab on Integrated Optoelectronics 74



Static Modulation Characteristics of
Integrated Light Source Module
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Small Signal Freqguency Response

BW (3 dBe) ~ 3 GHz

Moadulation banadwidth
suitable for 2.5 Gb/s
applications

2 3
Frequency (GHz)
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Transmission Performance In

CSA803C COMMUNICATIONS

2.5 Gb/s WDM System
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EML Module for 10 Gb/s Applications

K-connector or GPO connector
for Modulation Signal Input
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EML for 10 Gb/s Fiber Communications
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o Moaulation banawidth
g ] suitable for applications
2 in 10 Gb/s systems
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Eye Pattern Under 10 Gb/s NRZ
PRBS Modulation

Back-to-Back After Transmission Through
35 km SMF

2009-10-12 State Key Lab on Integrated Optoelectronics 80



Bit-Error-Rate Performance
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40 Gb/s EML Transmitter Module

~

Prototype 40 Gb/s Inside View of 40 Gb/s
Transmitter Module Transmitter Module
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Resonances In Frequency
Response of Packaged Module
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Suppression of Resonances In
Frequency Response
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Large Sighal Modulation Performance
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