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« On-chip and chip-to-chip St LASER - DETECTOR
Interconnects
- High density, high speed, low / / Si SUBSTRATE
power, low temperature eI

coefficient, and low cost

« Compatible with Si CMOS IC

process
OPTICAL WAVEGUIDE

 Focus on emitter and waveguide
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[ FHIGH GaAs on Sivia Thin .. Centerfor Optical
Oxide Buffer R S

* Follow Motorola’s approach for high-frequency transistors

» Epitaxial perovskite oxide to bridge the 4% lattice mismatch between GaAs
and Si

* Oxygen diffusion through perovskite oxide to form amorphous

silicon oxide thus relieving the strain of GaAs overgrowth
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. . ) REGROWTH WITH CLEANING
* High quality GaAs buffer grown on Si

» Cleaning of pseudo substrate critical
» Cleaning conditions being optimized
for regrowth of laser structure
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VCSEL on GaAs

e VCSEL for low threshold &
P-AlGaAs/GaAs

SUPERLATTICE (16) low temperature coefficient
o First VCSEL fabricated by

InGaAs/GaAs . . .

QUANTUM WELLS (3) Lehigh while constructing

material/process facility

n-AlGaAs/GaAs
SUPERLATTICE (30) « VCSEL successfully grown

on GaAs, but not on Si
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VCSEL on GaAs

Peak Power ~ 1 mW
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Multi-Wavelength Lasers thru
Implantation-Induced Disordering



Long-Wavelength
Lasers on GaAs

Strained In, ,Ga, (AS( 937550 5sNg o125 ON GaAs for 1.55 pm emission

MBE has been successfully used to grow InGaAsSbN lasers on GaAs

MOCVD difficult to optimize for incorporation of both Sb and N in InGaAs

Novel approach to combine MOCVD and post-growth annealing
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Er-doped SIO,
Light Emitter

*1.55 um electroluminescence in nW Er-DOPED T T T T T

(collection efficiency = 0.05%) SiO,
* Device area = 0.008 cm?2 \':' Poly-Si

* 55-nm-thick SiO,
* 1015 cm 2, 50 keV Ert implant

*900°C, 1 h anneal Emitted Power vs Current
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Effect of Si

Nanocrystals
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e Limited solubility of Er in SiO, leads to Er clustering

» Clustering increases with increasing Er concentration and temperature

* Si nanocrystals suppress clustering by providing more suitable sites or by
attracting Er themselves

* Critical to separately optimize implant/anneal of Si and Er



Sio,

Sio,

Effects of Concentration and

Temperature on Er Clustering

900°C 1000°C 1100°C

Annealing above 900°C produces Er clusters, especially for high Er concentrations
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Sio,

Nanocrystal

6.5x10%° cm=2 [Er] =6.5x10%° cm-3

[Er]

Effects of Si Nanocrystals

on Er Clustering
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nanocrystals possibly increase solubility of Er ions by supplying
more suitable sites or by attracting Er ions themselves




Quasi-Planar Ridge
Waveguides in SOI

« Compatible with planar thin films
(such as Er-doped oxides) Si WAVEGUIDE LAYER

« Convenient for electrical access RIDGE GUIDE
for engineering active devices /
» Scalable bending performance

W s BURIED SiO,
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S| 2 rH Si SUBSTRATE
Sio, OPTICAL MODE
H=205nm
SINGLE MODE
\\ R=200mm
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High-Q Resonator

* Quasi-planar ridge waveguide
1.85 um wide and 15 nm deep

e Coupling gap =1.350r 1.75 um

* Propagation loss < 0.7 dB/cm or
Q ~ 106 at 1.55 pm

* Highest Q reported for monolithic
waveguide-based ring resonators

RADIUS = 600mm

COUPLERS
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Novel Leaky
Wave Coupler

« Small features use high refractive index contrast for tight field confinement
- Hence conventional evanescent coupling difficult

* Propose using leaky propagating waves at a bend, provides space for
switching



Photonic Crystal
Waveguide

0.26

» SOl slab waveguide with photonic crystal 0.9 - .
embedded for high density and small 0] wiy PV
bending radius I \ / "

* First-order guided mode observed at 8° S 0-18': .

o 016

« Lattice constant measured to be 618 nm 2 L

» Coupling efficiency of 20% achieved 0-12-: .

* Diffraction of guided mode observed at 56° Z:

.-20'-1I0'(I)'1I0'2I0'

Angle (degree)

SiQ,
S

Top Si layer thickness =984 nm, a =615nm, d =500 nm




Conclusion

e 980nm VCSEL structure was grown on Si
o State-of-the-art 980nm VCSEL was made by Lehigh on GaAs

e 1.55 um electroluminescence was measured at Lehigh on Er-
doped SiO,, with quantum efficiency comparable to that
reported by ST Micro

» Effects of concentration, temperature and Si nanocrystals on
Er clustering were analyzed

 Record low-loss tightly-confined waveguide was made on Si
In the future:

« Much more device results will be generated with dedicated
material/process facility



