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x—lseveraging-the.infrastructure of the huge, global silicon
microelectronics industry in order to make highly sophisticated

silicon photonic devices

Integrating silicon photonics monolithically on a chip containing
fast VLSI silicon electronics to create an Opto-Electronic IC
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Superior material properties:

High thermaliconductivity (10X higherthan GaAs)
~ High opm threshold (10X higher than GaAs)

High third-order optical nonlinearities
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L-valleys in Ge A-valleys in Si

or Ge-rich SiGe or Si-rich SiGe
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Si nanocrystals formed in Si-rich S|Ox

-Optically: pumpedigain.observed (Univ. of Trento, 2003, Univ. of Rochester,
40/0)5))

-Observations highly dependent on sample preparation — poor reproducibility.
Er-doped Si motivated by light amplification at 1.55um in
Er-doped optical fibers made of SiO,

-LEDs with 10% efficiency on par with commercial GaAs LEDs
-Si is not a good host of Er — only low concentration of Er can be accommodated
(UCLA, Intel, 2003)

= lHighreptical pumping pewer and large device size — unlikely to be
integrated with Si ICs___ —

-
-Wlllﬂam Sihwarer
S QD laser grown on Si (Univ. Michigan, 2005)

InP laser bounded on Si (Intel, UCSB, 2006)
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Iasers ma_kmg Si'a promising candidate

= |ntersubband approach proposed with SiGe/Si
QWSs (G. Sun et al, 1995)

= |ntersubband EL demonstrated in SiGe/Si
Quantum cascade structures:

G. Dehlinger et al (Switzerland, 2000)
|. Bormann, et al (Germany, 2002)
A, Lynch et_gl_(England 2002)
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= Small offset in conduction band

= Large offset in valence band — p-i-p structure

G. Sun, L. Friedman, and R. A. Soref, APL, vol.66, 3425 (1995)




= Unparallel valence subband dispersion
due to light hole — heavy hole coupling

= Difficulty in growing multiple QWs of
large thickness due to large lattice
mismatch (4%) between Si and Ge
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= Low carrier transport and smalli
oscillator strength due to large hole

effective mass 000 002 004 0D6 008 010
— In-Plane Wave Vector along k, =k, (2r/a,, A7)

—

Opportunities: =
= Lower threshold because of longer subband lifetimes due to
weaker scattering of nonpolar optical phonons

= Strain and band offset engineering by incorporating yet another
group-lV element Sn into the system




Possibility of Group-IV

Transitions between subbands
within either A- or L-valleys are
direct.

Radiative

APPLIED PHYSICS LETTERS 89, 191110 (2006)

Silicon-based injection lasers using electronic intersubband transitions
in the L valleys

Kristina Driscoll and Hobeno Palelia
e ginee

A or L-valley




. Inltlalrly—motlvated by the pred|ct|on of pOSSIble direct ban agap in Ge-
Sn alloy

= Difficulty in growth due to large lattice mismatch (17% with Ge),
instability of a-Sn, and solubility of Sn in Ge is very low (<0.5%)

Advantages:

= Another degree of freedom

- Strain modulation by mcorporatl[\__ﬁg into the system

p&t’c CMGeSn alloys either above or below Ge

» Increase of conduction band offset — CB QCLs




= [attice matched structure
no limitations on number of layers
and thickness

» Large L-valley offset
conduction band intersubband lasers

#g_n..l-uﬁey offset ™

no entangling with other valleys
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Phys. Rev. B 37, 7112 (1988)

x| -valleys for both GeSiSn and Ge below all others for Sn < 5%

AE,;=150meV between Ge well and Ge ,Si, ,o5n, 5 barrier
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Chemical routes to Ge/Si(100) structures for low temperature Si-based
semiconductor applications

M. A. Wistey, Y.-Y. Fang, J. Tolle, A. V. G. Chizmeshya, and J. Kouvetakis®

Department of Chemistry and Biochemistry, Arizona State University, Tempe, Arizona 85287

(Received 16 November 2006; accepted 3 January 2007; published online 23 February 2007)

»Growth of relaxed Ge layers directly on Si substrate

=Ge layers in 40nm -1um thickness

—

- =Edge dislocations formed at interface

—

=| ow threading dislocation density < 105/cm?
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Growth Dimension [A]

; " : Electric field: 10kV/cm
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Active region: 3 states with 3 QWSs; lasing transition: 3 — 2

Injector region: miniband formed with 4 QWs;
strong overlap between state 2 and miniband.




Carrier scattering due to nonpolar

Optical and acoustic phonons
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Population inversion:




Depopulation

3 — 2 Carrier scattering

Optical gain
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= Conventional'dielectric waveguides
unsuitable for far-IR QCLs (d<<A)

= Plasmon waveguides with metal cladding

layers effective for mode confinement
= Only TM-polarized modes allowed
Vaveguide 1oss associatedawithpmetals

=

- absorption.
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2.1um (40 periods of QCL)
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Confinement factor
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= | attice matched structure
no limitations on number of layers
and thickness

= Large L-valley offset

conduction barﬁi_qtaembband la

ean” L-valley offset
no entangling with other valleys




