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Abstract

In this work we present results from high performance silicon optical modulators produced
within the two largest silicon photonics projects in Europe; UK Silicon Photonics (UKSP) and
HELIOS. Two conventional MZI based optical modulators featuring novel self-aligned
fabrication processes are presented. The first is based in 400nm overlayer SOl and
demonstrates 40Gbit/s modulation with the same extinction ratio for both TE and TM
polarisations, which relaxes coupling requirements to the device. The second design is
based in 220nm SOI and demonstrates 40Gbits/s modulation with a 10dB extinction ratio as
well modulation at 50Gbit/s for the first time. A ring resonator based optical modulator,
featuring FIB error correction is presented. 40Gbit/s, 32fJ/bit operation is also shown from
this device which has a 6um radius. Further to this slow light enhancement of the modulation
effect is demonstrated through the use of both convention photonic crystal structures and
corrugated waveguides. Fabricated conventional photonic crystal modulators have shown an
enhancement factor of 8 over the fast light case. The corrugated waveguide device shows
modulation efficiency down to 0.45V.cm compared to 2.2V.cm in the fast light case. 40Gbit/s
modulation is demonstrated with a 3dB modulation depth from this device. Novel photonic
crystal based cavity modulators are also demonstrated which offer the potential for low fibre
to fibre loss. In this case preliminary modulation results at 1Gbit/s are demonstrated.
Ge/SiGe Stark effect devices operating at 1300nm are presented. Finally an integrated
transmitter featuring a Ill-V source and MZI modulator operating at 10Gbit/s is presented.

Introduction

The optical modulator is central to any optical communication system. The attractiveness of
silicon as a material in which to build the optical circuits required to implement such systems
is very much reliant on the performances of the individual components which can be formed
to be sufficient for both today and tomorrows requirements. Within both the EPSRC funded
UK silicon photonics (UKSP) and FP7 funded HELIOS projects there is a strong modulator
activity, covering different types of optical modulator compatible with CMOS. Over the
previous decade the performances of silicon optical modulators has been dramatically
improving with the most impressive devices being from those based upon the plasma
dispersion effect. There are three main types of structure which have been used to
manipulate free carrier densities in interaction with the propagating light and thus modulate
via the plasma dispersion effect. Firstly there are carrier injection based devices which use a
PIN diode structure with the waveguide located in the intrinsic region. When this device is
forward biased carriers are injected into the intrinsic region, changing the refractive index
and therefore the phase of the propagating light. Although the modulation produced is
relatively very phase efficient and the device simple to produce, the speed is mostly limited
to around a GHz due to the relatively long free carrier recombination lifetime in silicon.



However this may be sufficient in some lower specification applications where compactness
is key. Secondly there are carrier accumulation based devices such as the one which was
the first to experimentally cross the 1GHz barrier in silicon [1]. Such devices use a thin
insulating layer in the waveguide around which carriers accumuiate when voltage is applied
to the device. Such devices are the most complicated of the three types to produce since the
thin insulating layer has to be incorporated into the guiding region. Carrier accumulation
based devices do however show a good combination of high speed and high efficiency.
Finally there are carrier depletion based devices which use the depletion of carriers from a
PN junction located in or around the waveguide to modulate the phase of the light. Most of
the devices reported in the previous few years have been based upon carrier depletion. This
is most likely due to the high speed performance and the relative ease of fabrication
compared with accumulation based device. A relatively low modulation efficiency however
commonly results in device lengths in the millimetre regime. Within the UKSP and HELIOS
projects our research group now based in the Optoelectronics Research Centre (ORC) at
the University of Southampton have worked on two unique designs of phase modulator
based upon carrier depletion and incorporated into Mach-Zehnder Interferometer (MZI)
structures. As mentioned above carrier depletion based are relatively inefficient. The power
consumption of the devices can also be problematic in a world where everyone is concerned
upon energy usage and ultimately the power per bit. Within the project different methods are
being developed to address this issue. Firstly there is the use of resonant structures rather
than a MZI which results in vastly reduced device lengths. Next there is the use of photonic
crystal structures to slow the light in the phase modulator to increase the interaction of the
light with the modulating mechanism. Finally as an excursion from plasma dispersion based
devices, a modulator based upon the quantum confined stark effect (QCSE) in a Ge/SiGe
quantum well structure is investigated. High performance modulation is observed in all cases.
Following on from the successful development of the modulator the next step is to integrate
it with other photonic components to begin to build up functional integrated photonic circuits.
One particular problem in the silicon photonics is the development of the light source due the
indirect bandgap in silicon. Within the HELIOS project hybrid 11I-V on silicon sources which
use the llI-V regions for gain and have the cavity within silicon are being developed. In this
work we show a first integration of such a source with a MZI carrier depletion modulator.

Carrier depletion modulators
400nm phase modulator

The cross-section of one variant of phase modulator which has been under development
with the UKSP project is shown in figure 1 [2].

Figure 1 — Cross sectional diagram of carrier depletion phase modulator with wraparound pn junction

It is based in SOI with a 400nm overlayer thickness and features a wraparound PN junction
structure. The waveguide therefore has a height of 400nm, the width is 410nm and the slab
height 100nm. The waveguide is doped mostly p-type. An n-type strip is then formed up the



two sides of the rib, along the top of the rib and along the slab to one side abutting a highly
doped n-type region. The slab on the other side is doped p-type and connects the rib to a
highly doped p-type region. The highly doped regions allow ohmic connections to be made
to the electrodes which are used to drive the device. Coplanar waveguide (CPW) travelling
wave electrodes are used to co-propagate the light and driving signal. A key motivation for
silicon photonics is its cost effectiveness. To achieve this, mass production is required with
high yield. Within the design of the carrier depletion modulators fabrication simplicity has
been a strong consideration. The performance of carrier depletion devices tend to be very
sensitive to the alignment of the PN junction relative to the waveguide as was reported in [3].
For this reason a self-aligned process has been developed to produce the devices. The self-
aligned process ensures that the positioning of the PN junction is repeatable therefore
reducing performance variations and increasing yield. The device has been measured at
10Gbit/s and 40Gbit/s by applying electrical PRBS data signals to one arm of the MZI.
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Figure 2 — Optical output of the device at 10Gbit/s for TE polarisation (left) TM polarisation (right)
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Figure 3 — Optical output of the device at 40Gbit/s for TE polarisation (left) TM polarisation (right)

The extinction ratio is approximately 7.3dB for both polarisations at 10Gbit/s and 6.5dB for
both polarisations at 40Gbit/s. The similarity of the performance of the device at both
polarisations is an advantage as the polarisation of the coupled light to the device is less
critical. In devices which employ travelling wave electrodes such as this any power not
consumed by the phase modulator will be dissipated in the termination at the end of the
electrode. Since the termination is essential the devices operation it's power consumption
should be included in that of the overall device. The power consumption of this device has
been calculated as 21.1pJ/bit at 10Gbit/s and 4.5pJ/bit at 40Gbit/s.

220nm phase modulator

The cross-section of the second variant of phase modulator which has been under
development with the HELIOS project is shown in figure 4 [4-6].
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Figure 4 — Cross sectional diagram of carrier depletion phase modulator self-aligned pn junction

This device is formed in 220nm overlayer SOI. The rib height is therefore 220nm the slab
height 100nm and the waveguide width 400nm. The rib region and slab to one side is doped
p-type. The slab region to the other side is doped n-type. The concentration of doping in the
n-type region is made higher than in the p-type region such that the depletion extends mostly
into the waveguide during reverse bias. The n and p-type doped slab regions extend out to
highly doped regions which form ohmic contacts to the coplanar waveguide electrodes. A
self-aligned process can be used to form the PN junction. The phase modulators are
incorporated into asymmetric MZI to convert the phase modulation into intensity modulation.
The DC performance of an example modulator is shown in figures 5 and 6. In figure 5 it can
be seen that for the MZ| with the 3.5mm phase shifter a 7 phase shift is achieved at around
6.5V.
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Figure 5 — Spectral response of MZI with 3.5mm phase shifter (left) and 1mm phase shifter (right) at
different reverse bias voltages

A variation in doping across the wafer provided samples with different phase efficiencies.
The best measured was 2.3V.cm.

Figure 6 — 40Gbit/s eye

diagrams from the MZ! with 3.5mm phase modulato (left) and 1Tmm phase
modulator (right)




The high speed performance of the device was also analysed in the same way as the
previous carrier depletion device but at 40Gbit/s (Figure 6) and 50Gbit/s (Figure 7). At
40Gbit/s (6.5V peak to peak) an open eye diagram with a modulation depth of 10dB is
observed from the MZI with 3.5mm MZI. With the shorter device the modulation depth is
reduced to 3.5dB. At 50Gbit/s the modulation depth from the MZI with 1mm phase shifter is
reduced slightly to 3dB. In both cases the peak to peak drive voltage was 6.5V.
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Figure 7 — 50Gbit/s eye diagrams from the MZI with Tmm phase modulator

Using the same method to calculate the power consumption as with the previous device
gives 5.3pJ/bit at 40Gbit/s and 4.2pJ/bit at 50Gbit/s. The chirp of the device has also been
theoretically and experimentally characterised for both single-drive and dual-drive schemes.
It has been shown that for the dual-drive case the chirp is very small showing the potential
for the implementation of silicon based optical modulators into longer haul applications.
Within the HELIOS project there is a further phase modulator design investigated by
partners from University Paris-Sud [7]. This design has also demonstrated excellent
performance.

Modulation enhancement

In order reduce the footprint and/or the drive voltage (and therefore power consumption) of
the phase modulators different methods of enhancing the modulation effect to that of a
conventional MZI approach have been investigated. These include using a ring resonator
structure, a corrugated waveguide slow light approach, a dispersion engineered photonic
crystal slow light approach and using a photonic crystal based cavity structure.

Ring resonator modulator

The carrier depletion phase modulator based in 220nm SOI (figure 4) has also been
incorporated into a ring resonator structure as shown in figure 8 [8]. The p+ contact is in the
centre of the ring resonator and the n+ region surrounds it. The ring radius is 6um and the
separation between the ring and the access waveguide 150nm at the closest point. Since
the PN junction is at the outer edge of the ring waveguide the light has a greater interaction
with the depletion region than it does in a straight waveguide as used in the in the
convention MZI. Potentially this phase modulator design is therefore better suited for
implementation in ring resonator structures than MZI. The ring modulator has been tested at
high speed in a similar manner as the conventional MZ| except that it is driven as a lumped
element. Since the impedance of the ring modulator is not 50ohm a broadband RF
attenuator is inserted between the device and the driver to avoid reflections which can both
degrade the signal and damage the driver. This reduces the peak to peak drive voltage to
1.4V. Optical eye diagrams at 30Gbit/s and 40Gbit/s are shown in figure 9. The modulation
depth at either speed is 1.6dB and 1.1dB respectively. The reduction in modulation depth
between 30Gbit/s and 40Gbit/s can be mostly explained by the imperfect drive signal to the
device. The reason for the low modulation depth is the combination of a low Q (1015), low



drive voltage and small ring radius. The modulation depth can is best improved by improving
the Q.
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Figure 8 — Plan diagram of the ring resonator modulator

Our analysis suggests that significant improvements can be made whilst maintaining
40Gbit/s operation. The power consumption of the device taking into account that the
voltage at the ring could be as much as double due to the reflection of the drive signal is
32fJ/bit. It can be seen that this is much lower than with the MZI| based modulators, however,
no account is taken any power required to stabilise the temperature of the device.
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Corrugated wavequide modulator

By slowing the light propagating through the modulator a greater interaction of the light with
the modulating effect is achieved. Within the HELIOS project slow light propagation is
achieved through the use of a one-dimensional (1D) periodic structure consisting of a
laterally corrugated waveguide [9-10]. The corrugated waveguide is based in 220nm
overlayer SOl and features a central PN junction as shown in figure 10. The width of the
waveguide (W) is 300nm and width of the corrugations (W,) is 650nm. The waveguide and
slab heights are 220nm and 100nm respectively. The period of the corrugation (a) is 310nm.
Phase modulators of length just 1000um and 500um are inserted into asymmetric MZls. The
MZ1 with 1000um phase modulator is operated with a group index of ~9.5 to provide a phase
efficiency of 0.6V.cm. A 10Gbit/s drive signal with a drive voltage of just 2V peak to peak is
applied to the device. An open eye diagram with modulation depth of 4.3dB results (figure 11
left). The MZI with 500um phase modulator, operated with a group index of ~8, has a 5V
peak to peak, 40Gbit/s drive signal applied. An open eye diagram with modulation depth of
6.6dB results (figure 11 right).
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Figure 10 — Diagram of corrugated waveguide modulator
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Figure 11 — Optical eye diagrams obtained at 10Gbit/s (left) and 40Gbit/s (right)

In terms of the power consumption, these devices still require a termination so the same
calculation holds as with the conventional MZ| however, the reduction in the required drive
voltage allows for a reduction in power consumption. In the 10Gbit/s case the power
consumption is 2pJ/bit and 3.1pJ/bit at 40Gbit/s.

Dispersion engineered Photonic crystal modulator

To further demonstrate the potential of using slow light to enhance the modulation efficieincy
a dispersion engineered photonic crystal modulator based upon carrier injection has been
developed within the UKSP project [11]. SEM images of the device can be seen in figure 12.

Figure 12 — Annotated p/an SEM /mages of the d/sperSIon engmeered photon/c crystal modulator

180um phase modulators have been inserted into both arms of a MZI. The normalised
optical output against drive power (to one MZI arm) for two different group index values is
shown in figure 13. With a group index of ~7 20mW is required to switch the device. When
the device is operated further into the slow light region with a group index ~30, switching
occurs with a power of approximately 4mW indicating an enhancement factor around 5. Note



however that the group index of 7 is larger than that of a regular silicon rib waveguide so the
true enhancement factor is around 8. This clearly demonstrates the potential to reduce the
power required to drive the device through the use of slow light.
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Figure 13 — Optical transmission through the device against power for group indices of ~7 (blue) and
~30 (red)

Photonic crystal cavity modulator

An alternative approach to enhance modulation using photonic crystals is to create a
resonant cavity which is modulated. A multi-cavity design explored within UKSP is shown in
figure 14 [12]. The cavities are vertically coupled from a large, low index contrast bus
waveguide (in this case SU8) which has potential for very low coupling losses from optical
fibre (<3dB experimentally realised). As a first demonstration the cavity is modulated using a
carrier injection structure. Five cavities have been cascaded along the bus waveguide as
shown in the right of figure 14 along with the spectral response of the device.
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Figure 14 — Diagram of single photonic crystal cavity (left), plan SEM image of 5 cascaded cavities
(top right) and optical transmission through bus waveguide (bottom right)

Figure 15 shows the DC and high speed modulation of the device. At DC the heating caused
during carrier injection causes a red shift of the resonance. It can be seen that it is possible
to shift the response of a single cavity whilst having little effect on adjacent cavities which
are in close proximity showing potential for a large packing density. The devices have also
been tested at high speed in a similar manner as the ring resonator carrier depletion



modulator and have demonstrated an open eye diagram at 1Gbit/s. The speed of the device
is limited in this case by the contacts.
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Figure 15 — Spectral response of the device with a OV and 2V forward bias applied to one of the cavity
modulators (left) and optical eye diagram at 1Gbit/s (right)

Multiwavelength light sources have huge potential in DWDM networks. To demonstrate the full
potential of our approach, we used a multi-wavelength comb laser source with 50 GHz channel
spacing [13] shown in the inset of Fig. 5. The resonance wavelength of each of the five cavities was
actively tuned by adjusting the DC bias to match five consecutive lines of the comb laser as shown in
Fig. 15(b). The blue curve shows the output spectrum of the waveguide when none of the cavity
wavelengths are aligned with the lines of the laser (each spike was normalized to unity for clarity) and
the red curve shows the same spectrum when the cavities are aligned to the lines of the comb laser.
To our knowledge, this is the first demonstration of modulation based on cascaded resonators and a
comb laser.
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Fig. 16. (a) Optical spectrum of the multi-wavelength comb laser, (b) Black curve represents
normalized transmission spectrum of the bus waveguide with a tunable laser when each cavity is
actively tuned to match the comb laser spectrum. B) The normalized transmission spectra of comb
laser with cavities aligned to the lines of the comb (red)- off states and misaligned (red) — the on
states.

Quantum confined stark effect device

Quantum confined stark effect (QCSE) devices are based upon the shift in the absorption
edge of a quantum well heterostructure in response to an electric field applied perpendicular
to the plane of the quantum wells. Within UKSP, project partners are aiming to use this effect
for electroabsorption modulation [14].
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Figure 16 — Annotated cross-sectional TEM of the quantum well structure (left) and schematic
diagram of the vertical p-i-n diodes (right)

Here modulation of the absorption coefficient at 1.3 um in Ge/SiGe multiple quantum well
heterostructures on silicon is reported. A cross-sectional TEM of the quantum well structure
is shown in figure 16. The Ge quantum wells of 9nm thick were grown on a relaxed
Sig2,Geo7a buffer layer using a reverse-linear grading (RLG) technique to achieve the
desired alloy composition from a pure Ge seed layer, and vertical PIN diodes were formed
using reactive-ion etching. The absorption spectra were inferred from the wavelength-
dependent photocurrent, which was measured using a 100 W xenon light source with a
3 nm bandwidth monochromator. Figure 17 shows the photocurrent at a range of applied
biases and the ratio of the absorption coefficient compared to the OV case. It can be seen
that the ratio of the absorption coefficient at 9 V is 3.6 at 1300 nm and greater than 3.2
throughout the range 1290-1315 nm.
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Figure 17 — Measured photocurrent against wavelength for different bias voltages (left) and ratio of
the absorption coefficient compared to the OV case (right)

Tunable transmitter

Finally we demonstrate a tunable transmitter developed within the HELIOS project,
integrating a hybrid 111-V/Si laser fabricated by wafer bonding and a silicon MZI modulator
[15]. Figure 18 shows a diagram of the transmitter layout and an optical microscope image of
a fabricated device. The transmitter comprises a single mode hybrid Ill-V/silicon laser,
220nm carrier depletion based MZI modulator similar to that described above and an optical
output coupler. The single-mode hybrid laser includes an InP waveguide providing light
amplification, and a SOI based ring resonator (RR) allowing single mode operation. The
laser cavity is positioned in the silicon waveguiding layer and produced by etching two Bragg
reflectors into the silicon waveguides.
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Figure 18 — Diagram of transmitter layout (left) and optical microscope image of fabricated device
(right)

The integrated lasers feature 9nm tunability invoked by heating the ring resonator within the
laser cavity. Phase modulators of length 3mm are placed in both arms of an assymetric MZI.
By tuning the laser wavelength the modulators operating point is therefore changed. Figure
19 left shows the electro optic bandwidth of the modulator at different DC biases. The
modulator bandwidth increases with increasing reverse bias and is in excess of 13GHz for
biases of 2V and above. Such a modulation response guarantees operation at 10 Gbit/s,
and should allow modulation at data rates up to 25 Gbit/s. For the BER and eye
measurements one arm of the modulator is driven with a voltage swing of around 7 V, at 10
Gb/s using a pseudo-random binary sequence (PRBS). Figure 19 (middle) shows the BER
curves for all the wavelengths and also a reference curve for a directly modulated laser.
Figure 19 (right) shows the corresponding eye diagram for all the corresponding channels.
The modulation depth for each channel varies from 6 to 10 dB, while the ER for the
reference is only 4 dB. All channels have superior BER performance than the reference for
received power levels lower than -25 dBm, due to the higher ER of the silicon modulator
compared to that of the reference. For power levels higher than -25 dBm, channels 2, 3, 4
and 5 behave slightly better than the reference, achieving error free operation with BER <
10°. Other channels have minimum BER between 107 and 10, mainly limited by the optical
signal to noise ratio (OSNR) due to the high coupling losses between the output waveguide
and the used lensed fiber.
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Figure 19 — Electro-optic bandwidth of the modulator at different DC bias levels (left), bit error rate
measurement results (middle) and optical eye diagrams (right).

Conclusions

Several different silicon optical modulators have been presented in this work. Conventional
carrier depletion, MZI based devices operating up to 50Gbit/s, or 40Gbit/s for both
polarisations has been demonstrated. 40Gbit/'s modulation has also been achieved from
carrier depletion phase modulator incorporated into a ring resonator structure. Slow light
enhancement via dispersion engineered photonic crystal structures and corrugated
waveguides has been successfully explored. Both large enhancement factors and high
speed modulation have been shown. A highly compact multichannel photonic crystal cavity
based modulator has been demonstrated. Modulation of the absorption spectra of a Ge/SiGe



based quantum confined stark effect device at 1300nm has been presented. Finally the
successful integration of a lll-V laser and MZI based carrier depletion modulator operating at
10Gbit/s has been demonstrated.
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Photonics Asia 2012 has now concluded

Thank you for joining us in Beijing | We appreciate your participation in the
event that showcases nanophotonics, biomedical, design, sensors, imaging and
much more - we look forward to seeing you in 2014.
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» Abstracts PDF

Plenary Speakers for the 2012 Conference were:

Professor Sune Svanberg,

Physics Department and Lund Centre, Lund University, Sweden;
and Center for Optical and Electromagnetic Research,

South China Normal University, Guangzhou, China

Professor Alexey E. Zhukov,

Vice Rector of RAS St. Petersburg Academic University,
Leading researcher with A.F. loffe Physico-Technical Institute,
Russion Academy of Sciences (RAS); Academician of RAS

Professor Jianwei Pan,
University of Science and Technology of China,
Academician of Chinese Academy of Sciences (CAS)

Professor Kerry J. Vahala,

Ted and Ginger Jenkins Professor of Information Science
and Technology and Professor of Applied Physics,
California Institute of Technology
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Conference 8564 - Room: 305E

Monday - Wednesday 5-7 November 2012 ¢ Proceedings of SPIE Vol. 8564

Nanophotonics and Micro/Nano Optics

Conference Chairs: Zhiping Zhou, Peking Univ. (China); Kazumi Wada, The Univ. of Tokyo (Japan)

Program Committee: Tao Chu, NEC Corp. (Japan); David S. Citrin, Georgia Institute of Technology (United States); Chunlei Du, Institute of
Optics and Electronics (China); Siegfried Janz, National Research Council Canada (Canada); EI-Hang Lee, Inha Univ. (Korea, Republic of); Zhi-
Yuan Li, Institute of Physics (China); Ching-Fuh Lin, National Taiwan Univ. (Taiwan, China); Yan-qing Lu, Nanjing Univ. (China); Jurgen Michel,
Massachusetts Institute of Technology (United States); Andrew W. Poon, Hong Kong Univ. of Science and Technology (Hong Kong, China);
Haisheng Rong, Intel Corp. (United States); Yikai Su, Shanghai Jiao Tong Univ. (China); Hon K. Tsang, The Chinese Univ. of Hong Kong {(Hong
Kong, China); Danxia Xu, National Research Council Canada (Canada); Lian Shan Yan, Southwest Jiaotong Univ. {(China); Chih-Chung Yang,
National Taiwan Univ. (Taiwan, China); Jianyi Yang, Zhejiang Univ. {(China); Wanhua Zheng, Institute of Semiconductors (China); Changhe Zhou,
Shanghai Institute of Optics and Fine Mechanics (China); Weidong Zhou, The Univ. of Texas at Arlington (United States)

Monday 5 November

Opening Ceremony and Plenary Session
Room: Convention HallNo. 1 ........ Mon 9:00 to 12:00

9:00: Opening Ceremony

9:30: New directions for microcavity physics, Kerry J. Vahala, California
Institute of Technology (United States)

10:00: Laser spectroscopy applied to environmental and medical
research, Sune Svanberg, Lund Univ. {Sweden) and South China Normal
Univ. (China)

Coffee/TeaBreak. ... inennns Mon 10:30 to 11:00

11:00: Scalable quantumn information processing with atoms and
photons, Jianwei Pan, Univ. of Science and Technology of China
{China)

11:30: Quantum dot lasers and relevant nanoheterostructures, Alexey E.

Zhukov, Saint-Petersburg Academic Univ. (Russian Federation)

LUNGH Break i aujsiaissasie e in s sis o4 a2uiiie s s o esaamam Mon 12:00 to 13:30

Room:305E ........................ Mon 13:30 to 15:00

Silicon-based Lasing
Session Chair: Xingjun Wang, Peking Univ. (China)

13:30: Advances in electrically pumped lasing from Ge-on-Si (Invited Paper),
Jurgen Michel, Rodolfo E. Camacho-Aguilera, Yan Cai, Lin Zhang, Marco
Romagnoli, Lionel C. Kimerling, Massachusetts Institute of Technology (United
[5G2I [8564-2]

14:00: Calculation for gain coefficient dependence on donor density of n+-Ge
with considering Auger recombination, Koki Takinai, Kazumi Wada, The Univ.
of TOkyo (Japan) . . ..o vt it i e e s [8564-3]

14:15: Strain induced bandgap and refractive index variation of silicon,
Jingnan Cai, Yasuhiko Ishikawa, Kazumi Wada, The Univ. of Tokyo
apan). .o e s [8564-4]

14:30: Photoluminescence and electroluminescence of erbium yttrium and
ytterbium co-doped Er silicates, Xingjun Wang, Zhiping Zhou, Peking Univ.
@ 1 ) [8564-5]

14:45: Emission and optical gain properties of Si slot EryY2.,SiOs
waveguides, Hideo Isshiki, Takayuki Nakajima, Takuya Sato, The Univ. of

Electro-Communications (Japan) . . ......c.viiieiiin i [8564-6]
Coffee/TeaBreak ... i Mon 15:00 to 15:30
Session 2
Room:305E .........cioiiennnnnnnnn Mon 15:30 to 18:00

New Material/New Structure for Light Emission

Session Chair: Jurgen Michel, Massachusetts Institute of Technology
(United States)

15:30: Carbon nanotubes on silicon for light emission (Invited Paper), Laurent
Vivien, Nicolas Izard, Adrien Noury, Institut d'Electronique Fondamentale
{France); Etienne Gaufres, Univ. de Montréal (Canada); Xavier Le Roux, Institut
d’Electronique Fondamentale (France); Richard Martel, Univ. de Montréal
{Canada}; M. Tange, Toshi Okasaki, National Institute of Advanced Industrial
Science and Technology (Japan) .........c..ooiiriiiniinenann [8564-7]

16:00: Photophysical properties of dendrimer phthalocyanine-functionalized
single-walled carbon nanotubes, Hongqin Yang, Dandan He, Dongdong Ma,
Yuhua Wang, Jiangxu Chen, Shusen Xie, Yiru Peng, Fujian Normal Univ.

0] 3127 [8564-8]

16:15; Visibility of few-layer graphene, Yi-Hao Wang, Guan-Huang Wu, Ya-Ping
Hsieh, Hsiang-Chen Wang, National Chung Cheng Univ. (Taiwan, China}.[8564-9]

16:30: New design of As>Ses-based chalcogenide photonic crystal fiber for
ultra-broadband, coherent, mid-IR supercontinuum generation, Rim Cherif,
Amira Baili, Mourad Zghal, SUP'COM (Tunisia} .................... [8564-10]

16:45: Direct patterning of high-resolution and large-area photonic devices
by various unique ?ion- beam lithography approaches, Andre Linden, Raith
Asia Ltd. (Hong Kong, China}; Sven Bauerdick, Achim Nadzeyka, Raith GmbH

[ T=1(34 T2 [8564-11]
17:00: Sequential phonon excitation in cavity optomechanical system, Xue-
Feng Jiang, Yun-Feng Xiao, Peking Univ. (China). . ................. [8564-12]

17:15: The effect of aperture layout design on the multi-GHz operation of
light-emitting transistors (Invited Paper), Chao-Hsin Wu, Peng-Hao Chou,
National Taiwan Univ. (Taiwan, China) ............coiiiiivinnnn [8564-13]

17:45: Theory of phonon assisted secondary emission from a semiconductor
quantum dot in the regime of vibrational resonance, Anvar Baimuratov,
National Research Univ. of Information Technologies, Mechanics and Optics
(Russian Federation); Ilvan D. Rukhlenko, Monash Univ. (Australia); Anatoly V.
Fedorov, National Research Univ. of Information Technologies, Mechanics and
Optics (Russian Federation) .. ......coiviin e iiiiiiiiiiinn, [8564-14]

Tuesday 6 November

Session 3
ROOM:!305E ......coviinnnnnnsnnnnnas Tue 8:00 to 10:00
Novel Approaches and Devices |

//— Session Chair: Zhiping Zhou, Peking Univ. (China)
8:

00: High performance silicon optical modulators (Invited Paper), Graham
T. Reed, David J. Thomson, Frederic Y. Gardes, Youfang Hu, Nathan Owens,
Univ. of Southampton (United Kingdom}; Kapil Debnath, Liam O'Faoclain, Thomas
F. Krauss, Univ. of St. Andrews (United Kingdom); Leon J. Lever, Zoran lkonic,
Robert W. Kelsall, Univ. of Leeds (United Kingdom}; Maksym Myronov, David
R. Leadley, The Univ. of Warwick {United Kingdom); Igor P. Marko, Stephen J.
Sweeney, David C. Cox, Univ. of Surrey (United Kingdom}; Antoine Brimont,
Pablo Sanchis, Univ. Politécnica de Valencia (Spain); Guang-Hua Duan, Alban Le
Liepvre, Christophe Jany, Marco Lamponi, Dalila Make, Francois Lelarge, Alcatel-
Thales |ll-V Lab. (France); Jean-Marc Fedeli, Sonia Messaoudene, CEA-LETI
(France); Shahram Keyvaninia, Gunther Roelkens, Dries Van Thourhout, Univ.
Gent (Belgium). . ... e [8564-18]

8:30: silicon waveguide devices for photonic networks-on-chip (invited
Paper), Lin Yang, Ruigiang Ji, Jianfeng Ding, Rui Min, Institute of Semiconductors

(China). . ..ot i e e [8564-19]
9:00: Non-reciprocity in silicon from dynamic modulation (Invited Paper),
Shanhui Fan, Stanford Univ. {United States). .. .................... [8564-20]
9:30: Active nanoplasmonics (Invited Paper), Anatoly V. Zayats, King's College
London (United KiINgdom) . ...« v oo vttt e [8564-21]
Coffee/TeaBreak .. .....vvieniiiiiiin i e Tue 10:00 to 10:30
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