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Outline IVA

Why China ?

Sino - Swedish collaboration today

Chinese research primary (electronics and photonics)
— Long and Medium Term Plan for S&T Development
— MEGA-projects

 Chinese research in silicon photonics
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The changing knowledge geography IVA
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The changing knowledge geography Il
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RE&D expenditures as share of economic output
for selected countries: 1996-2007
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Copublication China - Sweden

R

Omrade
Agronomi

Biologi

Kemi

Fysik
Geovetenskap
Matematik
Biomedicin

Klinisk medicin
Ingenjérsvetenskap
IKT
Materialvetenskap
Hum-Sam

Total

Antal publikationer / ar

Kina K-S*
7222 24
2758 16
20959 132
3573 21
26955 86
6171 4
12972 74
10500 90
13762 43
9329 40
12604 48
1988 8
97507 437

Sverige
1596

1262
2410
738
1762
476
4155
6764
1347
993
890
1438
18479

Medelcitering

Kina K-S*
1,10 1.51
0,75 1,61
0,91 1,76
0,86 1,27
0,73 1,04
1,15 1,28
0,65 0,89
0,85 1,02
1,12 1,51
1,03 1,65
0,98 1,57
0,89 0,97
0,92 1,33

Sverige
1,47

1,44
1,23
1,17
1,27
1,21
1,13
1,40
1,21
1,13
1,15
1,03
1,28

Kélla: Vetenskapsradet, bearbetning av data fran Thomson Reuters
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Sino — Swedish research cooperation

« Sino-Swedish co-publication has generally a
high degree of citation (exception Biomedicine,
Geoscience and Clinical medicine)

e the cooperation mainly follows the Chinese
science activity profile (exception Mathematics and
Clinical medicine

R
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Co-publication patterns IVA
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What ?

Kina Sverige

Samarbete

Kélla: Vetenskapsradet, bearbetning av data fran Thomson Reuters
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Who ?

R

Aren 2005-2009

Kina Sampubl. | Medel- Sverige Sampubl. ([Medel-
per ar citering perar |citering

Chinese Acad Sci 72 1,21 Royal Institute of 133 1,60
Technol.

Zhejiang Univ 53 1,69 Karolinska Institutet 65 1,02

Dalian Univ Technol 28 2,17 Lund University 52 1,14

Fudan Univ 21 1,26 Uppsala University 45 1,23

Peking Univ 19 0,97 Stockholm University 38 1,76

Shandong Univ 17 0,97 Karolinska Univ. Hospital 33 0,83

Jilin Univ 16 1,10 University of 29 1,07
Gothenburg

Shanghai Jiao Tong Univ 15 1,21 Chalmers Univ. of 22 1,11
Technol,

Univ Hong Kong 13 1,03 Linkoping University 18 0,84

Kélla: Vetenskapsradet, bearbetning av data fran Thomson Reuters
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Outline IVA

Why China ?

What is the collaboration situation today ?

Chinese research primary (electronics and photonics)

 Chinese research in silicon photonics
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China’s targets for 2020 IVA

Key Objectives of China’s Medium and Long- Term S&T plan

 R&D intensity to reach 2% of GDP in 2010, and 2.5 % by 2020
« S&T and innovation to contribute to 60% of GDP growth

 Dependence on foreign technology to be reduced to less than 30%
(ratio of expenditure on technology import to R&D expenditure,
estimated at 56% in 2004)

 To be among the top-5 worldwide in terms of the number of domestic
Invention patents granted, and the number of international citations of
scientific papers, and aiming at breakthroughs in certain fields of

technology
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Structure of 'Expert group’ reports

Global situation

e Domestic demands

e Problems

o Key projects (programmes)

* Policy measures

R
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MEGA-projects — China’s way to innovation 1?? VA
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http://baike.baidu.com/view/412393.htm
http://baike.baidu.com/view/2529681.htm
http://baike.baidu.com/view/109715.htm
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MEGA projects — general characteristics VA

« Each MEGA project will each have more than RMB 10 bn in
government support and will be finished by 2020.

e Estimated that central government, local governments and
enterprises together could invest up to RMB 1 trillion in some

projects

* |n comparison, into ICT during last five years
— RMB 4 bn of governmental support to “863” plan
— RMB 1 - 2 bn in governmental support to “973” plan
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MEGA projects VA

- core electronic components

- high-end universal chips and basic software

- very-large-scale integrated circuit manufacturing technologies
- new-generation broadband wireless mobile communications
- high-grade numerically-controlled machine tools

- development of large oil and gas fields and coal-bed gas

- nuclear power stations

- water pollution control and treatment

- cultivation of new strains of genetically modified organisms

- manufacturing of new major drugs

- prevention and treatment of AIDS and other infectious diseases
- large aircraft

- high-resolution earth observation systems

- manned spaceflight

- moon exploration programme
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Main goals of IT MEGA projects IVA

= Develop key technologies, and research a number
of strategic core products;

» By 2020, in the fields of high-end general chip, basic
software and core electronic devices, China should form
high-tech research and innovation system which has
International competitive power;

» The ecosystem of IT innovation and development should
be optimized, and there should be a group of international
and high-level talents and an improved self-innovation
system.
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Core electronic devices IVA

Central tasks:

» Core electronic devices oriented towards all types of significant
equipment;

« Emphasis on R&D of large-scale general databases, management
systems and tools, servers for network applications, middleware for
network applications, office software for network applications, and
construction of related integration and development software, aiming at
the demands of national mega informatization application projects and
domestic basic software and integration applications.
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High-end general chips and basic software IV

Central tasks:

 Research and develop processing chips oriented towards high performance
computers;

« Emphasis on R&D of IC chips oriented towards telecommunications,
multimedia processing and personal media mobile communication terminals;

« Emphasis on R&D of large-scale general databases, management systems and
tools, servers for network applications, middleware for network applications,
office software for network applications, and construction of related integration
and development software, aiming at the demands of national mega
informatization application projects and domestic basic software and integration
applications.
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High-end general chips and basic software

« Safety SoC (system on a chip) chip

e Multi-core CPU for high-performance server

« Safety and applicable computer CPU

* High-performance embedded CPU

» SoC chip for personal mobile information terminal
» Storage control Soc and mobile storage chip

e DTV SoC chip

» High-performance IP core technology

 EDA development tool.

R
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New Generation Wireless Broadband Network VA

« TD-SCDMA enhanced R&D and industrialization;
 LTE R&D and industrialization;

 IMT-Advanced R&D and industrialization;

* Mobile Network, service application and terminal R&D;
« Broadband wireless access R&D and industrialization;

e Short distance wireless interconnection and wireless sensor network R&D

and industrialization:

« Common and key technologies R&D and project management support of

wireless mobile communication.
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R
New Generation Wireless Broadband Network VA

The Ministry of Finance alone is reported to be planning to invest at
least 20 billion RMB toward what could be a total project investment
exceeding 70 billion RMB (Source: Caijing. Remaining funds
expected to come from industry).

In comparison, the government has invested only 5 billion RMB in
TD technology over the past 10 years.
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VLS| Manufacture Equipment

» Integrated Circuit Equipment

« Key Components and Core Technology
« Complete Sets of Process

« Key Materials

* Prospective Study

R
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Photonics VA

In the beginning of 2001 the Chinese government
designated Optoelectronics as one of the top ten
emerging industries and begun intensive efforts to
promote its development.

* Beijing: 20 billion yuan (US$1.2 billion) was invested during the 10th Five-
Year Plan

 Guangdong: Plans to create 10 enterprises with annual sales of 5 billion
yuan (US$600 million) and another 30 enterprises with annual sales of 10
billion yuan (US$120 million).
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Photonics cont'd IV,

* Wauhan: A total of 24 billion yuan (US$2.9 billion) was invested during the
10th Five-Year Plan to set up an industrial park covering 50 square
kilometers, with annual sales of 100 billion yuan (US$120 billion).

« Changchun: The first-phase investment of 24.9 billion yuan (US$3 billion)
will go toward an industrial park of 30 square kilometers. By the end of the
10th Five-Year Plan, annual sales are expected to total 80 billion yuan
(US$9.6 billion).

o Xi'an: Investments totaling 3 billion yuan (US$360 million) will go toward 40
projects, including a 364-hectare optoelectronics base.
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Photonics cont’d IVA
« Shanghai: Within five to ten years, a large-scale, world class, highly competitive
optoelectronics base will be set up.

» Zhejiang: Ongoing and planned projects have amassed over 1 billion yuan
(US$120 million), among them, 17 projects involving investments of 900 million
yuan (US$108 million).

* Chongqging: 10 billion (US$1.2 billion) will be invested in three phases to
complete a China’s Electronics Industry 2004 196 optoelectronics park. Within
ten years, the park’s turnover is expected to total 50 billion yuan (US$6 billion).
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Grating Couplers for Silicon Photonics

e Grating couplers :
Can be placed anywhere;
No edge polishing needed:;
Allow planar coupling (vertical coupling)

Conventional ssmmetrical grating

- ekl

Slanted grating Stratified waveguide grating
- EEEEE— N NN NN NN LN N N
Gr:cltlllg Cl]“pll:l‘ .< m - — R R R R TR R —
' e —
Blazed grating Binay blazed grating

. N T f IEE | ™
uidddddddendddds - mnbbhnbhll bl



Binary Blazed Grating (BBG) Coupler

fi r,ni‘.'n'l'ﬂl'lﬂh.

Grating length: 14pm
Coupling efficiency: 70%
3dB bandwidth: ~70nm




Polarization Splitter and Coupler

Efficient optical coupling and polarization splitter 1s proposed,
as shown 1 Fig. The field distributions (£, for TE polarization
and H_ tor TM polanzation) are depicted, from which the
polarization splitting behavior can be observed clearly.

o

eraling area

et

(a) Field distibution (E,) for TE
polarization; (b) field distribution (H, ) for
TM polarization at 1550nm.




PBS based on BBG coupler

Polarization Beam Splitter (PBS) ng =[ ﬁq; +(1-fom 1"
TE&TM jilu :[ f2+]_2f]lfz
H

L1

b e

— TE mode
T | — Mo

JE et s e imecdloms. (EIRY)
i b i
T T T
S
H""\-..

A Effective refractive index differences
between TE mode and TM mode as a
function of fill factor, which may result
in high extinction ratio between TE and
TM modes

A Schematic of a two-layer
grating coupler as a PBS.



PBS based on BBG coupler

e Coupling efficiency
o 958% for upper layer (TE)
o 50% for lower layer (TM)

L T
=] -] =

e Extinction ratio |
o >20dB over 1530~1570nm Estpaga, m%;mﬂ_w

A Calculated values of coupled
(dashed curve) and transmitted
(solid curve) efficiencies of upper
layer grating coupler for the TE
polarization and TM polarization

_ | as a function of angle of
(2)TE mput (b) TM mput incidence




Annular Photonic Crystal Slab
The structure is made up of two types of materials. One part is
dielectric background (a-Si) and the other part is the material
used to obtain inner dielectric rods (Zr,N,). These two parts of
the slab is detached from each other by the rings of air holes.

Air holes Dielectric rods Annular PCs
TE Bandgap TE Bandgap Both TE & TM Bandgap



Polarization insensitive self-collimation waveguide

(m}

.......

e R e A
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TE and TM field distribution of the
simulation layouts with k = 1550 nm. (a)
Hz field distribution for TE modes and
(b) Ez field distribution for TM modes.
The right figures show the normalized
field amplitude profile of the beams at
the position 37.5a.

in square lattice annul;ar photonic crystals
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0.1 « TM mode in Bulk Silicon

ﬂ 1 1 |
0.24 0.25 0.26 0.27 0.28 0.29 0.F
Normalized Frequency (waf2sc)

Spectra of SC annular PC waveguide and the
spectra of bulk silicon for both TE and TM
polarizations. A polarization insensitive
waveguide is obtained in the normalized
frequency range 0.262-0.280 with transmittance
up to 80%. which corresponds to a frequency
range 1500.4-1603.0 nm.



Enhanced Erbium-doped silica emission by using
double metallic grating

The emission efficiency of erbium-doped silica at the wavelength
of 1550 nm can be increased more than 10 times with the help of

a double metallic grating (DMG) .

mncident light | emitied light

(=]
rih
Reflectivity

—

Y |
rh -doped = S o

(& 5

AR g

1550 £

3

g

v v v F 1560 =

2 - 01 2 =

Angle of Incidence (Degree)

Schematic diagram for erbium Reflectivity of the DMG as a function

1011 emission enhancement. of both incident angles and wavelength.



Erbium silicate (Er,5i105) and its application to
waveguide amplifier and light source

Suitable conditions for light source:
CMOS-compatible

Transparent wavelength for silicon (>1.1 um) Silicon limits:
Electrical injection Indirect band gap

High gain Efficient auger recombination

Small size (L<1mm) / Free carrier absorption
Rare earth (Er) doped silicon 7 o -

~0.54

(1.53 pm Communication wavelength)

= (.66

- .80

I

— (.98

Wavelength {um)

- 1.53

0 - -

™ free ion in solid




PL and decay time of Er,SiO; structure at 20K and 300K
I

PL

RET

— 6540m30mW |

PL mtensity [arb. units |

SN

| |

1400 145[!' 1500 1550 1600 1650 1700
Wm-‘elengﬂ'l [Il.'lm

Decay time

100
20K PL decay {@1.53um
10 Exc. 30mW (654nm LD}
- ErSio: 200nm on Si bulk
1 o
z :
c
[ 01 20us .l.
R= [ |
1 0.01 "
o L
L |
p | ]
T
W [ ]
1E-4 L . L u ﬁ
-100 0 100 200 300

Time / us

PL oy

B i.“=ﬁ-5-1.lfjum
- 30 mW

i ]

PL intensity {arb. units)
20

DT R W e £

T

r | — i i 4 J—
1.50 1.55 1.60
Wavelength (pun)

1.65

PL and decay time

*PL fine structure (4meV@300K)(1meV@20K)

*Small thermal quenching ( 1/3 ~1/5)
*Small decay time quenching(0.5 ~0.8)
*Extreme short decay (20 U si@ 20K)




Evaluation and fabrication and of Er,SiO; crystalline waveguide

4 pm |
350mm [ [Sio0, 1.45
ESDI]H]‘- El'jsiﬂ:, 1.5

S10 1.45
Si-sub. 3.

0.55 pm

W

Power monitor (2mWv)
5% &

/ 1480nm
[l m [ m

8] | .|
Pump Light  95%
1.48um 30mW

/

Signal Light 1.55um
1mW
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LED based on Er2SiO5/SRSO complex material

New annealing treatment process % T T T T

1400 E 30T —m— direct + indirect (1_=654.5nm) .

L 5 —D—mJﬁmrt(A==ﬁﬂ]nﬂlj

1200+ E I
) : El
4. 1000+ @0t J
a:l i —
e
S s00f ® n
$ e00 %" / o
o : S 10 P g
E 400} £
! - !

000 s O

[ & U0
0 F Monitor of Anpealing Conditions — =~ o 0 1 1 1 1
. L L . L . 1 . 200 900 1000 o 1100
0 10 20 30 40 =0 P_A.temperature ("C)
Times (mins)

FTA: Moclestion of Er, 50, (1200 °C) Mot effective to direct excitztion emission

Indirect excitzhon mereases above 1000 *C

PA:  Formaton of si chuster (B800-1100°C ) $0°% indirect excitation
5% m o

Si cluster /

—
emission  Er,Si0./SRSO complex material form

r

] Indirect excitation
i
\ The possibility of excitation by
Si-cluster EET Sio. carrier injection.
o Possibility of 51 based electrically pumped LED

Er,5i0, nanopaticles
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Joint Research Center of Photonics
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EP founded October 2003
A model of Sino-European academic collaboration

 Enables KTH, LU and ZJU to stay at the forefront of
Photonics research

e Mission

— Joint research

— Joint PhD education

— International Masters Program in Photonic

v 3 S,
y S Rv, G’{
e o  PENG,
. > Ay ©
<
o ReS <
2 N z
>, 4L P s
1 O, £
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oooooooooooo

Joint Research Center of Photonics



e

JORCEP @ Zhejiang University




(Centre for Optical & Electromganetic Research) was established 10
ars ago by Prof. Sailing He (received his PhD degree at KTH 20 years ago):

Research Areas:
FaCUIty: . Integrated photonics & nano-
Profs (incl adjunct profs): 6 photonics
Assoclate Profs: 10 «  Optical sensing technologies
Post-docs: 4 . Artificial structured metamaterials
PhD students: 50 *  Bio-photonics
Master students: 40 «  Optical fiber devices

. Optical communications
. Electromagnetics & microwave photonics

e B W UM W




hief scientists

(Prof. Sune Svanberg of LU is joining the leadership) 3*41
Deputy director — Assoc. Prof. Gabriel Somesfalean
Senior admin. advisor — Assoc. Prof. Erik Forsberg
Admin. assistant: Ms. Alexandra Hogberg
27 faculty members associated to the center

Prof. Sailing He (Director) , KTH & ZJU
Prof. Lars Thylen, KTH

Staff exchange
2 Swedish Assoc. Profs. working @ ZJU
3 Chinese visiting scientist @ KTH ngg@g&a
2 Chinese post doc working @ KTH £KTH
7 Chinese PhD students working @ KTH ”s‘g.,;;;;;gg“s"

4 ZJU exchange PhD students @LU
3 Swedish MSc student working @ ZJU (during 2008)
Numerous short term research visits of senior staff Joint Research

ROYAL INSTITUTE
OF TECHNOLOGY




easurement platform




h.D. Education

» Large exchange of students

— Mostly from China to
Sweden (CSC)

— More Swedish students to
China needed

e Joint courses In the future

Joint Research Center of Photonics



Int’l M.Sc program in Photonics

o Started fall semester 2005
o Students spend time both @ ZJU and @ KTH
— 1+1 year + MSc project in Sweden or China
» Based on existing MSc in Photonics Program @ KTH
— Established curriculum (Erasmus Mundus)
— Experienced teachers (mainly from KTH)
e Students receive double degree from KTH — ZJU
» Students attractive on the international photonics job market

» 80% of graduated students so far are now pursuing their PhD
in Europe

o Currently in revision

i Pleture Don Hags =]

. . www.kth-zju.org
Joint Research Center of Photonics



Research topics:

Joint Research

Nanophotonics and integrated lightwave circuits
Metamaterials
Biophotonics

Optical communication networks
High speed modulators
Optical sensing

* Interdisciplinary research project

e Publications in the name of the center

Joint Research Center of Photonics

Large biophotonics effort in collaboration with Kista Photonics Research
Center, Albanova, Karolinska Institute & Zhejiang University

over 160 papers in international journals




ed Waveguide Grating Demultiplexers
d on Amorphous Silicon Nanowires

our AWG demultiplexer based on Si nano-waveguides

sharp bending our fabricated AWG

Our novel layout: overlapped FPR\_N o |
(D. Dai and §. He, IEEE JSTQE .
12(6), 1301, 2006).

30.000 times smaller than
1 conventional $102 AWG:

40 um x 50 um:
smallest In the world

- D. Dai, L. Liu, L. Wosinski and 5. He, Electronics Letters, 42(7): 400-402, 2006.




Traveling-Wave

Electroabsorption Modulators

Light-intensity modulators for
future fiberoptical
datacommunications at 100Gb/s

>90GHz
world-record bandwidth

Yu YC, Karlsson S, Liu CP, Schatz R, Westergren U,
Kjebon O, Chuang CH, He SL, Thylen L, Krysa AB,
Roberts JS, Seeds AJ,

IEEE PHOTONICS TECHNOLOGY LETTERS,

18 (5-8): 770-772, MAR-APR 2006.

TWEAM array

2 joint PhD theses completed on this subject

. . www.kth-zju.org
Joint Research Center of Photonics



J. Qian, et. al, “Fluorescence-Surface Enhanced Raman Scattering Co-
functionalized Gold Nanorods as Near-infrared Probes for Purely Optical
In vivo Imaging” Biomaterials (1F=7.365), 2010.

a b) 10 Py .
(a) R () = s
PEG-SH = 0s |
GNRs B =
. ot |
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§ |
2
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W 2
— DoTTC W 74 2 4
09
— PEGSH  CH,0(CH,CH,0),CH,CH,SH
400 450 500 550 600 650 700 750 80O 850 %
Wavelength (nm)
(3 d
(€) aooms @ DTTC-GNRs (743 nm)
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o
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Synthesis and optical characterizations of Fluorescence-
Surface Enhanced Raman Scattering Co-functionalized GNRs

ROYAL INSTITUTE
OF TECHNOLOGY

Joint Research Center of Photonics
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NIR fluorescence and surface enhanced raman
scattering signals were used to track the distribution
and clearance of GNRs in animal body

el Nanoparticles for Optical Biomedical Applications
Supported by the Swedish Foundation for Strategic Research (SSF)

J. Qian, et. al, (invited paper), IEEE Journal
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Using Some Nanoparticles as Contrast Agents
for Optical Bioimaging
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0 antennas for improving the performance of organic solar cells
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Win-win

weden
— Talented students from China (e.g. CSC scholarships)
— Larger research volume due to collaboration

— Access to Chinese photonics research community

e China

— Access to advanced know-how and processing
technology

— Access to international contact network

Joint Research Center of Photonics
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Sammanfattning av preliminara resultat

= Hdg genomsnittlig citering av svensk-kinesiska sampublikationer
- Fa svenskar studerar / forskar i Kina
= Framst stora svenska féretag som har Fol-narvaro i Kina

= Kinesiska Fol-dotterbolag i Sverige inom IKT, Life science och
fordon

= Vikten av medvetenhet om méjliga konkurrenssituationer mellan
Sverige/EU och Kina

= Vikten av professionell hantering av avtal och IPR-fragor

- Kan vara svart att etablera de ratta kontakterna och identifiera
lampliga aktérer/partner for samarbete i Kina

= |nitiala kontakter, méten och resor kostar
= Vikten av att ta tillvara erfarenheter

= Kinastrategi / internationell strategi
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