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Abstract: We present a new way to create a thermally stable, highly strained germanium (Ge)
optical resonator using a novel Ge-on-dual-insulators substrate. Instead of using a conventional way
to undercut the oxide layer of a Ge-on-single-insulator substrate for inducing tensile strain in
germanium, we use thin aluminum oxide as a sacrificial layer. By eliminating the air gap
underneath the active germanium layer, we achieve an optically insulating, thermally conductive,
and highly strained Ge resonator structure that is critical for a practical germanium laser. Using
Raman spectroscopy and photoluminescence experiments, we prove that the novel geometry of our
Ge resonator structure provides a significant improvement in thermal stability while maintaining

good optical confinement.
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1. Introduction

As electrical interconnects in computer chips are
reaching their physical limitations in terms of power
consumption and bandwidth, researchers have been
intensively investigating possible candidates that can
replace the electrical wires [1, 2]. Among various tech-
nologies, optical interconnects have become the strongest
candidates due to their superior bandwidth and low power
consumption if successfully integrated [3]. Although most
of the critical components for optical interconnects, such
as waveguides, modulators, and photo-detectors, have been
successfully integrated on silicon (Si) substrates over the
past few years, efficient and compact light sources on Si
have yet to be demonstrated [4-9].

The main reason behind the absence of efficient light
sources on Si can be attributed to the intrinsic material
properties of group IV semiconductor components like Si
and germanium (Ge). Because they both have an indirect
bandgap property, most of the excited electrons reside in
the lower indirect (L) conduction valley, rather than the
direct (I') conduction valley [10]. Therefore, internal
quantum efficiency (IQE) is extremely low for both Si and
Ge [11, 12]. There are various methods that help overcome
the indirect bandgap property, such as heavy n-type doping

and mechanical tensile strain [13-18]. Previously, Dutt et
al. performed in-depth theoretical calculations to inve-
stigate the effect of both n-type doping and tensile strain
on the performance of Ge light sources, and they
concluded that mechanical tensile strain is the most
promising route towards a practical group IV light source
[10]. Tensile strain in Ge can basically reduce the energy
difference between the L and I valleys in Ge, resulting in
increased IQE [19]. Interestingly, at ~1.7% biaxial and
~4.6% uniaxial tensile strain, the I' conduction valley
becomes lower than the L conduction valley, meaning that
the indirect bandgap Ge can be transformed into a direct
bandgap Ge [20, 21]. Due to this strikingly interesting
feature of Ge, there has been intensive research into
inducing large tensile strain in Ge.

Initial research effort was put into creating thin-film Ge
membranes suspended in air, and then transferring external
strain via various methods, such as water pressure, gas
pressure, and stressor layer [17, 22-28]. More recently, a
few researchers have presented novel structures to induce
large tensile strain in Ge, in which a small residual tensile
strain in Ge can be greatly amplified due to geometric
effects [29-32]. In this structure, it is essential to release
the whole structure by undercutting a sacrificial layer
underneath the Ge layer. Uniaxial tensile strains of >4%
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have been successfully demonstrated, and photolumine-
scence (PL) results have proven that the IQE of Ge can be
significantly improved with strain [19, 32].

While a large mechanical strain can be effectively
introduced in Ge wires and can also be conveniently tuned
by the geometric effect, the whole structure remains
suspended in air [30]. This structural feature of being
suspended in air is advantageous in terms of optical
confinement when optical cavities are integrated into these
highly strained Ge bridges because of a large refractive
index difference between air and Ge. However, it becomes
extremely difficult to remove heat from the active Ge layer
due to the absence of effective thermal conduction paths in
the vertical direction. For a practical group IV laser with
highly strained Ge as a gain medium, it is critical to
achieve an improved thermal conduction path as well as
excellent optical confinement through the large refractive
index difference.

Therefore, in this paper, we introduce a novel substrate,
Ge-on-dual-insulators (GODI), which allows us to induce
a large tensile strain in Ge while obtaining both excellent
optical confinement and improved thermal conduction. We
fabricated a material stack composed of Ge, aluminum
oxide (Al,Os), thermal oxide, and Si, instead of a
conventional material stack with Ge, thermal oxide, and Si
[12]. The addition of the thin (~25nm) Al,O; enables us to
release the Ge layer by undercutting only the thin Al,O4
layer. We will show that upon undercut, the Ge layer will
bond to the oxide layer via van der Waals force, while Ge
becomes highly strained because of geometric amplifica-
tion of the strain. Through Raman spectroscopy and PL
measurements, we compare two distinct devices, one
suspended in air and another stuck on oxide, in terms of
thermal conduction and optical emission properties.

2. Fabrication Process

Fig. 1 shows a detailed fabrication process flow for
creating our GODI substrate. We first grow a 2-um thick
Ge layer on Si using multiple hydrogen annealing
heteroepitaxy (MHAH) to achieve a high-quality Ge layer
at the top surface [33]. Although there exists a highly
defective layer with numerous threading dislocations
arising from lattice mismatch between Si and Ge, this
MHAH growth technique effectively confines most
threading dislocations close to the Si/Ge interface, thereby
leading to a high-quality Ge layer towards the top surface.
Note that the Ge layer is slightly tensile strained (~0.2%)
due to thermal expansion mismatch between Si and Ge
[14]. Because direct wafer bonding requires an atomically
flat surface for the bonding layer, we perform a short
chemical-mechanical polishing (CMP) on the Ge surface.
After cleaning the Ge surface, a 25-nm thick Al,O; was
deposited using atomic layer deposition (ALD). Separately,
an Si wafer is thermally oxidized to obtain an oxide layer
about 850 nm thick. The bonding surfaces of the two
wafers, Al,O3 and thermal oxide, are chemically activated
and undergo direct wafer bonding at an ambient tempera-
ture. Subsequently, the bonded wafer is annealed at a high
temperature (500°C) to increase bonding strength. Using
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Fig. 1. Fabrication process flow for creating Ge-on-
dual-insulator substrates.

@) (b)

Fig. 2. Schematics of a typical Ge light emitter with a
Bragg reflector. (a) Top view. (b) Cross-sectional view.

tetramethylammonium hydroxide (TMAH), the Si part of
the carrier wafer is removed while the handle Si wafer is
protected by the thermal oxide layer. Because TMAH does
not etch Ge, the chemical wet etching automatically stops
at the Si/Ge interface of the carrier wafer. Finally, to
remove the defective layer, which was originally close to
the Si/Ge interface, CMP is performed until the Ge
thickness becomes ~220 nm. Fig. 1(d) shows a cross-
sectional scanning electron micrograph.

In order to test the effectiveness of our new GODI
substrate for strained Ge laser structures in terms of optical
confinement and thermal conduction, we patterned the Ge
layer into a typical Ge wire structure with large pad areas
for strain amplification within the wire region. Bragg
reflectors were also integrated to complete the resonator
structure, as shown in Fig. 2(a) [34]. Because of the small
features of Bragg reflectors, we use electron beam
lithography, followed by anisotropic dry etching. Lastly,
Al,O; is undercut using KOH through patterned areas, but
Ge and oxide do not get etched. Upon undercut, the force
in the large pad regions gets concentrated into the narrow
wire region, thereby significantly increasing the tensile
strain in the wire. While drying the sample of water after
transferring it from KOH to water, the whole Ge layer gets
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stuck to the underlying oxide layer because of capillary
and van der Waals force, as shown in Fig. 2(b). The strain
in the Ge layer remains almost the same, whereas the
whole Ge structure is now in close contact with the oxide
layer, as shown in Fig. 3(a). To make a proper comparison
between our new geometry and a rather conventional
suspended Ge structure, we also created a control sample
with the Ge layer fully suspended in air, as shown in Fig.
3(b). The clear halo along the [110] direction shows the
undercut region under which there is an air gap.

3. Results and Discussion

To investigate how effectively the new resonator
geometry from GODI can remove the accumulated heat at
the active layer, we performed Raman spectroscopy. The
514-nm excitation laser acts as a point heat source, and by
monitoring the change of optical phonon frequency as a
function of excitation power, we can infer temperature
variation in our Ge resonator. We also performed the same
experiments on the suspended Ge resonator to compare the
new (stuck) and traditional (suspended) devices. Fig. 4(a)
shows the Raman spectra for various laser excitation
powers for the stuck device (left half) and the suspended
device (right half). As the power increases, Raman spectra
for the suspended device downshift significantly, while for
the stuck sample, the downshift is almost negligible up to
the excitation power of 130 uW. This downshift of Raman
spectra can be purely attributed to the temperature rise in
Ge. According to Lugstein et al. [35], the temperature-shift
coefficient for the first-order Stokes Raman band for Ge is
0.02 cm'/°C. Using this coefficient, one can plot the
temperature variation in Ge as a function of the excitation
power, as shown in Fig. 4(b). It is clear that the GODI heat
removal from the Ge layer is significantly improved in the
stuck device.

Although it is proven that the new geometric feature of
the stuck Ge resonator from GODI attains a greatly
improved thermal property, it is also equally important to
maintain good optical confinement within the Ge layer.
Unlike the suspended resonator with an air gap underneath
the active Ge layer, the stuck resonator has an oxide layer
with a relatively high refractive index. Therefore, it is
critical to carefully choose the thickness of the underlying
oxide layer to prevent the confined optical field from
tunneling through the oxide layer. Using finite-difference
time-domain (FDTD) optical simulations, we found that an
oxide layer thicker than 400 nm allows us to confine the
optical field as effectively as an air gap.

To experimentally investigate the optical property of
two resonators, we conducted room-temperature PL. A
980-nm excitation laser was focused on the center of our
resonator structure and we collected the photon emission
using a 50X objective lens. Figs. 5(a) and (b) show PL
spectra from the stuck and suspended resonators, respec-
tively, as a function of excitation laser power. The black
curves for both figures are for the lowest excitation power
level (2 mW). Note that the initial peak positions of the
two spectra for the suspended and stuck resonators are
slightly different because strain levels in the two structures
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Fig. 4. (&) Raman shift spectra for the stuck (left half)
and the suspended (right half) device for various
excitation conditions, (b) Temperature increase as a
function of laser excitation power.

are not the same due to the different amount of undercut. It
should also be noted that even at the minimum power level
for obtaining a reasonable PL spectrum (~2 mW), the
temperature of Ge wires may have already been increased.
To investigate the effect of our new stuck device
geometry on thermal conduction, we carefully examined
how the resonance peaks shift as a function of excitation
laser power. The shift of cavity resonances is due to the
change of Ge’s refractive index, which is directly asso-
ciated to the temperature of Ge. As shown in Fig. 6, we
first find from FDTD simulations that the resonance peak
position at ~1700 nm shifts roughly by 4 nm for each 0.01
index increase. The refractive index change for each 20°C
temperature increase is ~0.01, according to Li [36].
Therefore, one can infer that for each 4-nm resonance shift,
Ge’s temperature increases roughly by 20°C. In the stuck
structure, resonance peak position shifts only ~1 nm as the
excitation power increases from 2 mW to 4 mW, thereby
implying a temperature increase of ~5°C. In the suspended
structure, however, the resonance peak position shifts
~23 nm with the same power variation, meaning that Ge’s
temperature increases by >100°C. The inset of Fig. 5(a)
shows the calculated temperature variation as a function of
excitation power. Although the stuck device shows only a
<20°C temperature rise with a 6-mW power increase, the
temperature of the suspended device increases >100°C
with only a 2-mW power increase. For both cases, the
optical Q-factors are comparable, implying that the stuck
devices can still attain strong optical confinement even



IEIE Transactions on Smart Processing and Computing, vol. 4, no. 5, October 2015 321

F
E i S
[Ee
3 15000 § s = Suspended
= [
= 0
B 2 4 &8 @
5 10000 = Emsitiien Povdd (MW
E 7 e :
z MV
i o
L Fo e ilag
u,.-“"mﬂ"ﬂ-mﬂ.._ﬁ"""- i
1600 1700 1800 1900 2000
Wavelangth (nm)
(a)
0D
3 4000 i
E r-'l-‘-\ - w
Fd "
g At P Y
2 A T YW %
- o
é "#_.‘_-" W A
- /.e:."r\‘ i ¥
- v_‘._ A
LALA whoA bk
o AP WY (ST

1500 1600 1700 1800
Wavelanglth (nm)

(b)

1500 2000

Fig. 5. (&) PL spectra for the stuck device at various
excitation power levels. Inset: the temperature increase
as a function of laser excitation power for both the
stuck and suspended samples, (b) PL spectra for the
suspended device at various excitation power levels.
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Fig. 6. (a) Simulated PL spectra for different refractive
indices.

with the underlying oxide layer. Therefore, we conclude
that the stuck device has superior thermal conduction,
compared to the conventional suspended device, while
maintaining good optical confinement.

4. Conclusion

To sum up, we present a new substrate named GODI
that enables us to create strained Ge resonators with
excellent optical confinement and improved thermal

conduction. By using ALO; of dual dielectrics as a
sacrificial layer, we eliminate the air gap in conventional
strained Ge structures, which is the main cause of thermal
conduction problems. Raman spectroscopy and PL
measurements prove that the new device geometry from
GODI can effectively remove the heat accumulated in the
Ge layer due to the laser excitation. Also, through FDTD
optical simulations and photoluminescence measurements,
we show that having an oxide layer thicker than 400 nm
can maintain a strong optical confinement within the Ge
active layer. We believe that our new substrate can pave
the way toward creating a thermally stable and highly
strained Ge laser.

Acknowledgement

This work was also supported by an INHA university
Research Grant.

References

[1] K.-H. Koo, H. Cho, P. Kapur, K. C. Saraswat,
Performance comparisons between carbon bano-
tubes, optical, and Cu for future high-performance
on-chip interconnect applications, IEEE Trans.
Electron Devices, vol. 54, pp. 3206-3215, 2007.
Article (CrossRef Link)

[2] D. A. B. Miller, Rationale and challenges for optical
interconnects to electronic chips, Proc. IEEE, vol. 88,
pp- 728-749, 2000. Article (CrossRef Link)

[3] D. Miller, Device Requirements for Optical Inter-
connects to Silicon Chips, IEEE, vol. 97, pp. 1166-
1185, 2009. Article (CrossRef Link)

[4] P. Chaisakul, D. Marris-Morini, M.-S. Rouifed, G.
Isella, D. Chrastina, J. Frigerio, et al., 23 GHz
Ge/SiGe multiple quantum well electro-absorption
modulator., Opt. Express, vol. 20, pp. 3219-3224,
2012. Article (CrossRef Link)

[5] P. Chaisakul, D. Marris-Morini, J. Frigerio, D. Chras-
tina, M.-S. Rouifed, S. Cecchi, et al., Integrated germa-
nium optical interconnects on silicon substrates, Nat
Phot, vol. 8, pp. 482-488, 2014. Article (CrossRef
Link)

[6] L. Vivien, A. Polzer, D. Marris-Morini, J. Osmond,
J.M. Hartmann, P. Crozat, et al., Zero-bias 40Gbit/s
germanium waveguide photodetector on silicon.,
Opt. Express, vol. 20, pp. 1096-1101, 2012. Article
(CrossRef Link)

[71 S. Klinger, M. Berroth, M. Kaschel, M. Oehme, E.
Kasper, Ge-on-Si p-i-n Photodiodes With a 3-dB
Bandwidth of 49 GHz, IEEE Photonics Technol.
Lett, vol. 21, pp. 920-922, 2009. Article (CrossRef
Link)

[8] H.-Y.Ylu, S. Ren, W.S. Jung, A.K. Okyay, D. a. B.
Miller, K. C. Saraswat, High-Efficiency p-i-n Photo-
detectors on Selective-Area-Grown Ge for Monolithic
Integration, IEEE Electron Device Lett, vol. 30, pp.
1161-1163, 2009. Article (CrossRef Link)

[9] D. Ahn, C.-Y. Hong, J. Liu, W. Giziewicz, M. Beals,




322

[10]

[11]

[13]

[14]

[15]

[16]

[18]

(21]

(22]

Kim et al.: Strained Ge Light Emitter with Ge on Dual Insulators for Improved Thermal Conduction and Optical Insulation

L.C. Kimerling, et al., High performance, waveguide
integrated Ge photodetectors., Opt. Express, vol. 15,
pp- 3916-3921, 2007. Article (CrossRef Link)

B. Dutt, D.S. Sukhdeo, D. Nam, B. M. Vulovic, K.
C. Saraswat, Roadmap to an efficient germanium-
on-silicon laser: strain vs. n-type doping, IEEE
Photo-nics J, vol. 4, pp. 2002-2009, 2012. Article
(CrossRef Link)

D. Nam, D.S. Sukhdeo, B.R. Dutt, K.C. Saraswat,
(Invited) Light Emission from Highly-Strained
Germanium for on-Chip Optical Interconnects, ECS
Trans, vol. 64, pp. 371-381, 2014. Article (CrossRef
Link)

D. Nam, J.-H. Kang, M. L. Brongersma, K. C.
Saraswat, Observation of improved minority carrier
lifetimes in high-quality Ge-on-insulator using time-
resolved photoluminescence, Opt. Lett, vol. 39, pp.
6205-6208, 2014. Article (CrossRef Link)

J. Liu, X. Sun, R. Camacho-Aguilera, L. C.
Kimerling, J. Michel, Ge-on-Si laser operating at
room temperature., Opt. Lett, vol. 35, pp. 679-681,
2010. Article (CrossRef Link)

Y. Ishikawa, K. Wada, D. D. Cannon, J. Liu, H.-C.
Luan, L.C. Kimerling, Strain-induced band gap
shrinkage in Ge grown on Si substrate, Appl. Phys.
Lett, vol. 82, no. 2044, 2003. Article (CrossRef
Link)

X. Sun, J. Liu, L.C. Kimerling, J. Michel, Toward a
Germanium Laser for Integrated Silicon Photonics,
IEEE J. Sel. Top. Quantum Electron, vol. 16, pp.
124-131, 2010. Article (CrossRef Link)

T.-H. Cheng, K.-L. Peng, C.-Y. Ko, C.-Y. Chen, H.-
S. Lan, Y.-R. Wu, et al., Strain-enhanced photo-
luminescence from Ge direct transition, Appl. Phys.
Lett, vol. 96, no. 211108, 2010. Article (CrossRef
Link)

[M. El Kurdi, H. Bertin, E. Martincic, M. De
Kersauson, G. Fishman, S. Sauvage, et al., Control
of direct band gap emission of bulk germanium by
mechanical tensile strain, Appl. Phys. Lett, vol. 96,
no. 041909, 2010. Article (CrossRef Link)

M. El Kurdi, G. Fishman, S. Sauvage, P. Boucaud,
Band structure and optical gain of tensile-strained
germanium based on a 30 band k-p formalism, J.
Appl. Phys, vol. 107, no. 013710, 2010. Article
(CrossRef Link)

D. Nam, D. S. Sukhdeo, S. Gupta, J. Kang, M.L.
Brongersma, K.C. Saraswat, Study of -carrier
statistics in uniaxially strained Ge for a low-
threshold Ge laser, IEEE J. Sel. Top. Quantum
Electron, vol. 20, no. 1500107, 2014. Article
(CrossRef Link)

C.G. Van der Walle, Band lineups and deformation
potentials in the model-solid theory, Phys. Rev. B
Condens. Matter. vol. 39, no. 1871, 1989. Article
(CrossRef Link)

M. V. Fischetti, S. E. Laux, Band structure,
deformation potentials, and carrier mobility in
strained Si, Ge, and SiGe alloys, J. Appl. Phys, vol.
80, no. 2234, 1996. Article (CrossRef Link)

D. Nam, D. Sukhdeo, A. Roy, K. Balram, S.-L.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Cheng, K. C.-Y. Huang, et al., Strained germanium
thin film membrane on silicon substrate for
optoelectronics, Opt. Express, vol. 19, pp. 25866-
25872, 2011. Article (CrossRef Link)

J. R. Sanchez-Pérez, C. Boztug, F. Chen, F. F.
Sudradjat, D.M. Paskiewicz, R.B. Jacobson, et al.,
Direct-bandgap light-emitting germanium in ten-
silely strained nanomembranes, Proc. Natl. Acad.
Sci. U. S. A, vol. 108, pp. 18893-18898, 2011.
Article (CrossRef Link)

A. Ghrib, M. de Kersauson, M. El Kurdi, R.
Jakomin, G. Beaudoin, S. Sauvage, et al., Control of
tensile strain in germanium waveguides through
silicon nitride layers, Appl. Phys. Lett, vol. 100, no.
201104, 2012. Article (CrossRef Link)

O, M. Lisker, M. Virgilio, et al., Tensile Ge
microstructures for lasing fabricated by means of a
silicon complementary metal-oxide-semiconductor
process, Opt. Express, vol. 22, pp. 399-410, 2014.
Article (CrossRef Link)

G. Capellini, G. Kozlowski, Y. Yamamoto, M.
Lisker, C. Wenger, G. Niu, et al., Strain analysis in
SiN/Ge microstructures obtained via Si-comple-
mentary metal oxide semiconductor compatible
approach, J. Appl. Phys, vol. 113, no. 013513, 2013.
Article (CrossRef Link)

A. Ghrib, M. El Kurdi, M. Prost, S. Sauvage, X.
Checoury, G. Beaudoin, et al., All-Around SiN
Stressor for High and Homogeneous Tensile Strain
in Germanium Microdisk Cavities, Adv. Opt. Mater,
vol. 3, pp. 353-358, 2015. Article (CrossRef Link)
D. Nam, D. Sukhdeo, S.-L. Cheng, A. Roy, K. Chih-
Yao Huang, M. Brongersma, et al., Electrolumine-
scence from strained germanium membranes and
implications for an efficient Si-compatible laser,
Appl. Phys. Lett, vol. 100, no. 131112, 2012. Article
(CrossRef Link)

R. A. Minamisawa, M. J. Siiess, R. Spolenak, J.
Faist, C. David, J. Gobrecht, et al., Top-down
fabricated silicon nanowires under tensile elastic
strain up to 4.5%, Nat. Commun, vol. 3, no. 1096,
2012. Article (CrossRef Link)

M. J. Siiess, R. Geiger, R.A. Minamisawa, G.
Schiefler, J. Frigerio, D. Chrastina, et al., Analysis
of enhanced light emission from highly strained
germanium microbridges, Nat. Photonics, vol. 7, pp.
466-472,2013. Article (CrossRef Link)

D. Nam, D. S. Sukhdeo, J.-H. Kang, J. Petykiewicz,
J.H. Lee, W.S. Jung, et al., Strain-induced pseudohe-
terostructure nanowires confining carriers at room
temperature with nanoscale-tunable band profiles,
Nano Lett, vol. 13, pp. 3118-3123, 2013. Article
(CrossRef Link)

D. S. Sukhdeo, D. Nam, J.-H. Kang, M. L.
Brongersma, K. C. Saraswat, Direct bandgap
germanium-on-silicon inferred from 5.7% <100>
uniaxial tensile strain, Photonics Res, vol. 2, pp. A8-
A13, 2014. Article (CrossRef Link)

A. Nayfeh, C. O. Chui, K. C. Saraswat, T. Yonehara,
Effects of hydrogen annealing on heteroepitaxial-Ge
layers on Si: Surface roughness and electrical




IEIE Transactions on Smart Processing and Computing, vol. 4, no. 5, October 2015 323

quality, Appl. Phys. Lett, vol. 85, no. 2815, 2004.
Article (CrossRef Link)

[34] . Petykiewicz, D. Nam, D. S. Sukhdeo, S. Gupta, S.
Buckley, A. Y. Piggott, et al., Direct Bandgap Light
Emission from Strained Ge Nanowires Coupled with
High-Q Optical Cavities, Arxiv, 1508.01255, 2015.
Article (CrossRef Link)

[35] A. Lugstein, M. Miji¢, T. Burchhart, C. Zeiner, R.
Langegger, M. Schneider, et al., In situ monitoring
of Joule heating effects in germanium nanowires by

p-Raman spectroscopy, Nanotechnology, vol. 24, no.

065701, 2013. Article (CrossRef Link)

[36] H.H. Li, Refractive index of Silicon and Germanium
and its Wavelentgth and Temperature Derivatives, J.
Phys. Chem. Ref. Data, vol. 9, pp. 561-658, 1980.
Article (CrossRef Link)

Youngmin Kim is Undergraduate
Student at Inha University, Incheon,
Republic of Korea. He is currently
working toward the B.Eng. degree in
the Department of Electronic Enginee-
ring, Inha University. His current re-
search work is group-IV nanophotonic/
optoelectronic devices for photonic-
integrated circuits. His research interest includes nano-
photonic by developing a light source using silicon com-
patible materials

Jan Petykiewicz received the B.S.
degree in electrical engineering from
the California Institute of Technology,
Pasadena, in 2010. He is currently
working toward the M.S. and Ph.D.
degrees with the Nanoscale and
Quantum Photonics Group in the
Department of Electrical Engineering,
Stanford University, Stanford, CA. His current research
interests include electrically controlled nanophotonic
devices and siliconcompatible light sources, for use in
optical interconnects.

Shashank Gupta received his M. Tech
degree in electrical engineering from
Indian Institute of Technology Bom-
bay, Mumbai, India, in 2011. He is
currently working towards the Ph.D.
degree in the Department of Electrical
Engineering, Stanford  University,
Stanford, CA, USA. Before joining
Stanford, he was a device engineer at Applied Materials
for a year where he worked on Germanium Transistor
Pathfinding. His current research work is based on
realizing optical interconnects by developing a light source
using silicon compatible materials, especially germanium.
In addition to optical interconnects, he is also interested in
the field of physics, technology and economics of novel
semiconductor devices.

Copyrights © 2015 The Institute of Electronics and Information Engineers

Jelena Vuckovi¢ received the Ph.D.
degree from the California Institute of
% Technology, Pasadena, in 2002. She
f. joined the Stanford Electrical Engi-
neering Faculty, first as an Assistant
Professor (2003-2008), then an Asso-
ciate Professor with tenure (2008-

AW 2013), and finally as a Professor of
Electrical Engmeerlng (since 2013). Her research interest
includes experimental nanophotonics and quantum pho-
tonics. Dr. Vuckovi¢ is a recipient of several awards,
including the Humboldt Prize, the Presidential Early
Career Award for Scientists and Engineers, the Office of
Naval Research Young Investigator Award, and the
DARPA Young Faculty Award.

Krishna Saraswat received Ph.D. in
Electrical Engineering from Stanford
University in 1974. He is Rickey/
Nielsen Chair Professor in the School
of Engineering, Professor of Electrical
Engineering and by courtesy Professor
of Materials Science & Engineering at
Stanford University. His research
interests are in new and innovative materials, structures,
and process technology of silicon, germanium and III-V
devices and interconnects for VLSI, nanoelectronics and
solar cells. Areas of his current interest are: new device
structures to continue scaling MOS transistors and DRAMs
to nanometer regime, 3-dimentional ICs with multiple layers
of heterogeneous devices, ultrathin MOS gate dielectrics,
metal and optical interconnections, and high efficiency and
low cost solar cells. He has graduated more than 80 doctoral
students and has authored or co-authored over 700 technical
papers, of which 10 have won best paper award. He is a Life
Fellow of the IEEE. He received the Thomas Callinan Award
from The Electrochemical Society in 2000 for his con-
tributions to the dielectric science and technology, the 2004
IEEE Andrew Grove Award for seminal contributions to
silicon process technology, Inventor Recognition Award
from MARCO/FCRP in 2007, the Technovisionary Award
from the India Semiconductor Association in 2007 and the
SIA Researcher of the Year Award in 2012. He is listed by
IST as one of the 250 Highly Cited Authors in his field.

Donguk Nam is an Assistant Pro-
fessor at Inha University where he is
working on group-IV optoelectronic

~— devices for photonic-integrated cir-
S cuits. He received his Ph.D. (2014)
N/ ,/ and M.S. (2012) degrees both in the

‘\ - . Department of Electrical Engineering
- from Stanford University, and has a

B.Eng. degree from Korea University (2009). In 2012, he
held an internship at Intel in Santa Clara, USA. He also
taught a graduate level course on semiconductor physics in
the Department of Electrical Engineering at Stanford
University. His work on highly strained group IV photonic
devices has been recognized with invitations to the 2014
ECS meeting and Photonics Research journal.



