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CIOE %&ij: Yole Développement &:E 24 Eric Mounier {81
The successful story in China: The Executive
Forums on Photonics powered by Yole & CIOE

12E: BMAE

Eric Mounier 12 Yole Développement (Yole) B9ZR AT, EHXSAITIERBE 25 FHTIE
£, MHE—AEWFSEHFMRRNES. THMNOFRA WMEFITE, HELF. WER
EZ* MEMERRE) IRERNNILE. AEHBAXZLAIRMBANEARAERT, 5 Yole HIPAR

BE, REAREMIMEBEENREAR, FEIRAMHHREURESZEIME, DRHREE.
f’F?‘J Yole 9ZRS3MTIM, Eric Mounier B WHEREATNIBABIFEXTRA. HiE. RIEXEK
EHEIHTS, UHRR Yole [WHEAF AN ST IMIEF.

With more than 25+ years’ experience within the semiconductor industry, Eric Mounier PhD. is
Fellow Analyst at Yole Développement (Yole). Eric provides daily in-depth insights into current and
future semiconductor trends, markets and innovative technologies (such as Quantum computing,
Si photonics, new sensing technologies, new type of sensors ...). Based on relevant methodological
expertise and a strong technological background, he works closely with all the teams at Yole
to point out disruptive technologies and analyze and present business opportunities through
technology & market reports and custom consulting projects. With numerous internal workshops
on technologies, methodologies, best practices and more, Yole’ s Fellow Analyst ensures the
training of Yole’ s Technology & Market Analysts.

}-SE

7EERHAIE], Eric Mounier BXEWZERSWN EAREY, @RI SETUNSHRACIHFNEE. MEREHS5HT 100 ZRIEXUKR
120 Z5% Yole A SHI7IRE. TEMLZHl, MEBTE CEALeti CEE) ARBEMAFEHRS,

In this position, Eric Mounier has spoken in numerous international conferences, presenting his vision of the semiconductor industry and latest
technical innovations. He has also authored or co-authored more than 100 papers as well as more than 120 Yole’ s technology & market reports.
Previously, Eric held R&D and Marketing positions at CEA Leti (France).

Eric Mounier 38 ZEE#EMRRERE L E Y SALEEL FAUMEBFF,

Eric Mounier has a PhD. in Semiconductor Engineering and a degree in Optoelectronics from the National Polytechnic Institute of Grenoble (France).

SiE: CIOE Eam, AR TERAIMETEIKLE Yole D é veloppement, FR &g £ A FL AL RGER ]
H) MM, Eric Mounier 1, D—(/I\E{'}ﬁmmﬁ{um T Yole . D éveloppement [543, HARGERMFE9L5)
Yole Ay 45k LR B8 R Y6 i M K iR 55 . 2019YOLE&CIOE [ brmimit iz s gb LA 2020 pyit-&1. 1
ARG AT L 3

Following the CIOE, we have decided to interview one of our main partner Yole Développement and to interview PhD Eric Mounier, Fellow Analyst
n the Photonics and Sensing Division. Find the content of their discussion below
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Contemporary Players

B 5 R AR T

CIOE: & & 77 48 F Yole Développe-
ment (Yole)

CIOE: Can you introduce Yole Dével-
oppement (Yole)?

Eric Mounier:Yole J & {E fk £
System Plus %A, KnowMade ( [A]Jg
T Yole $eH1) , #RAVEHY, HORTIRME
W0, mngs, e TR AR SS
USROG R o3 Mo FATTRIOCS 2
— B (R AR SR P A A S A AR s T 2 U
FEERORTAR I KR SR

Eric Mounier (EM): Yole and its part-
ner System Plus Consulting, KnowMade,
all part of Yole Group of Companies, de-
liver marketing, technology and strategy
consulting, corporate finance, reverse en-
gineering and costing services and IP and
patent analyses. Its expertise is based on
a strong focus on disruptive technologies

and applications, using silicon substrates
and/or micro manufacturing processes.

FATHEVEOAERIC AR TR L L8,
RAVRFIATI AL, DAHRALE ME A
I3 Mo IXLERIHR A A Bk SE AT A ],
BB A FE LRSS SRr, AR B
AT GF T MR TS, EMGHOR R R,
RARBIHAR 55 o

The partners combine their technical
expertise and industry knowledge to deliv-
er valuable analyses. They support leading
industrial companies, investors, R&D organ-
izations worldwide and help them under-
stand their market, follow the technology

trends, identify business opportunities and
develop their activities.

Yole £ B H: = bR AS 2 H 130 £
NEVEKPE AT I SR 7%
AR, ATz E R, o
4 MEMS FOIEUGMGIE . E6E 30, 4
ST BRI, SWoRgs . e e

Eric Mounier #£ CIOE2019 ¥i7

O SEET | SRS | B SRR
I S BRI R

Yole Group of Companies expands its
international team to include more than
130+ collaborators. Mixing technical and
market expertise, the analysts are covering
a wide range of technologies, including
MEMS and image sensors, Compound
Semiconductors, RF Electronics, Solid-state
lighting, Displays, Software, Optoelec-
tronics, Microfluidics & Medical, Advanced
Packaging, Manufacturing, Nanomaterials,
Power Electronics, Batteries & Energy Man-
agement and Memory.

CIOE:Yole T2 EREAN T EE WL
JEE?

CIOE: What are the major events of
Yole worldwide?

Eric Mounier: Yole A (YA & — % 11
SRR AT, AR 2 ERTE Y
A, RBFARKIHITIIES), i
FHXWENRAR, T Yole £ tH R HLA
FUALEE, TR RE TR G A Y AR 2 —

I S ZR SR A Rl — B AR, X 28T
B H I FRATI e T AR Ak B
TERNZS, Gl GEEE, S A2 0s
B4, Yole BHAFEHLMIE S FEAT

Eric Mounier: More than a market
research and strategy consulting company,
Yole also creates, develops and organises
key events worldwide. Based on its well-
known technical expertise and thanks to
the Yole’ s Community worldwide, the
company has the ability to gather leading
players of a dedicated industry in the same
place, at the right time. Aim of these events
is to deliver our executive audience, with
high added-value content: exclusive pres-
entations, fruitful networking times and so
on. The main annual events we organize
are:

@ LB R B AT & (5
ek SURE S S H AR R OE
FR/\H] (NCAP China) &73)

The Advanced Packaging & System
Integration Technology Symposium
with our partner NCAP China (National

FERXE 2019FE 41 27



Center for Advanced Packaging) in
China

O PCIM Jg By P Tz &
The Power Electronics Market Briefing
at PCIM Europe in Germany

O it SCAPE [EFRIEHT LT HLFRY
A2
The International Wide-BandGap

Power Electronics Applications
Workshop SCAPE in Sweden

@ 5%, I 5 E E PR H Y £
(CIOE ) HL:[RIZ&I M HL T 1 Bk v iy
1644, Yole fil CIOE & 1EE H4L 5
FELME (#1E2019) .

And, of course, the 4 Executive
Forums on Photonics organized
with and alongside the CIOE (China
International Optoelectronics
Exhibition). This collaboration lasts for
more than 5 years now.

TR, FAE MR R4
HTZANHARH (TechDay) , WA
F T, (A R SiC ), & e GaN ),
MR e AT (MicroLED) , Ot & ik
(LiDAR) , HEh% /ESIIA%E (EV
/HEV) ,

Several TechDays are also organized
all years long on different topics, such as

SiC, GaN, MicroLED, LiDAR, EV/HEV, all
around the world.

CIOE:HB4 Yole # NP EMEH 2
247? Yole BEAHREBEIVIREEARERIES
Bh?

CIOE: So what’ s Yole mission to

enter China? How Yole can help with the
Chinese companies?

Eric Mounier: Zid X sb4:3k, EE

28

-l SENSING
o\ 237 CONSUMERS

LIDAR FOR
ALUTOMOTIVE

Eric Mounier 7£ CIOE2019 115

R ST BB, R EE
N, WA R AR SRR KT R
FEAE T RIS, Yole 3 EE H FR & ilid
PRI AR, N iTig# s
MG, DA EAERNES LR, ]
AIPMREERATHI AT AREERL S5 R A I e 3
AERATA AL

Eric Mounier: For several years

now, China has become a key place for
the overall semiconductor industry. Since
Chinese companies entered the industry,
the supply chain and related markets
landscape have been strongly impacted.
The main objective of our company is to
support organisations in their business
development bringing our knowledge,
our vision of the technology and markets
trends. To continue penetrating and last
in the different markets and industries,
Chinese companies can rely on our
analyses.

CIOE: Yole AlRERA B E—M#HNFEH
HEFHINEERE, BREHTCEEH

REBN—R.EINNE CIOE &EE=EFR
FEEHIS?

CIOE: Yole probably not the first
consulting company to enter China’s
photonics market but | would say it’ s

the most famous one now. Do you think
working with CIOE helps?

Eric Mounier: 5781 X THA AL,
CIOE /&R T/ H e P4t i s B A F
fREES

Eric Mounier: Of course! The CIOE is

for us a key partner in China to work with
on photonics matters.

T, BOLEIE . 3D AR LAk
GERARTI, K2 TR SRS K.
145 5G. ADAS (FEB MBI RS ) |
ATSEAE PRI PSSR T8 OBk B FOp L3
FEXFFERTE /1H91 5T, Yole Fll CIOE
ARSI TREIL 2 —I S ARSI
HIE bR e ls, Hrasmsat, sRefim
KT A o EAEAISIZAERICE Ml N — ST
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X H, G LT AT ARG, RIRR
IS A AT HAH 53 TH A 5

LIDAR, 3D sensing, IR imaging and Si
Photonics technologies, are driven by the
winds of change, due to the impressive
impact of the megatrends. Megatrend
applications including 5G, ADAS, Al and
more--- are bringing new challenges.
Under this dynamic context, Yole and CIOE
join their forces all year long to offer each
year, an impressive program including
presentations, debates and networking.
Each edition is wonderful. It is the place
to be to understand the industry’s
evolution and to discover the impact of the
megatrends.

FERL LK 20 Z4E, CIOE @i R
SERIEATIE 2%, AR R E SR A
e 1 2019 4E45 21 J& CIOE = [ br
JEHL TSI, — 5] T 70,000 £
FENIAFD 1900 25T LA TIZ R,

For more than 20 years, CIOE, through
its show, developed a network and an
international and powerful reputation.
Indeed the exhibition attracts more
than 70,000 attendees, and over 1900
companies.

5 CIOE &F# T Yole fEH [E A
HRIBEGIE, I RS . HEICRER,
AT R EE,

Being associated with CIOE is offering
Yole strong visibility and reference towards

the Chinese companies. It is without doubt
essential for us.

CIOE: YOLE BE&5 CIOE 1T %L
FENCIRHE T L ERR?
CIOE: How many years of YOLE

working with CIOE already? And what
topics the forums covered?

Eric Mounier:Yole 5 CIOE L #F
CIOE JE&FidLmzs I 6 7 E Prstie

BT EIET 6 FR A, B HIE1E
BT 2015 SFAIMNIEE SR, it
BUS T BRI ISR,
CIOE fl Yole tig it — st &1k, frk
TRAVJUEF, IRn B R R,
PTG #3 /E Z B 355K, JE R T K
RAFEATIAF R, A4, BAHE S
AT AR R DS, HEEBOEH
ik, VR 3D fLIEFN AN G DU

Eric Mounier: Yole has been
partnering for 5 years now with CIOE to
organize the forums. The first collaboration
began with the creation of a Sapphire
Forum in 2015 which encountered a great
success for a first edition. Strong from this
forum, CIOE and Yole decided to go further
and reinforced the collaboration. During
the following years, the topics and forum
format evolved to better fit the attendees’
needs, markets evolution and interests
of the industry. This year, we identified as
the most relevant photonics industries the
Silicon Photonics, LIDAR for Automotive,
3D sensing for Consumer and Infrared
Imaging.

BRATVSFERIUTRE R TR 2 T
HIICSR A, FRAA (SR I 83 1 FE R A
AEIERRI . AT A &R BE ATl
BEWVRIESGE, KAV 4 K AT ]
MR ALTCE 2. FTRRITAE L, M
E1Y Yole il CIOE [H b6 HLF i iz th
FOEIEX R, T

And we were right about them as we
reached and went over our record in terms
of audience. This shows the high interest
for the growing photonics industry. And we

are confident that next year will follow the
same trend.

CIOE:7E CIOE 2019 b, HATHE T
HFGRFEBNEFIX 3D FREMAIEEL,
CREBMIITMNBEBRXNNTABESZD

TEMN—LEEBEA?

CIOE: At CIOE 2019, we covered
Silicon Photonics, LiDAR for Automotive,
3D sensing and IR, can you please again
introduce us some key trends of each
sectors from the analyst ?

Eric Mounier: ZJG5ER], JEHTFHIA
FHEh R AR H . X IERTRATAE
TR RIRII N . I X LEH AR 4L
[F e e e 7. filtn, T2
— DU EROR, EF 2 SR E S SR
m BRI Re. 04, © A
HUDIREN SR, ABHABR A, Filan 5G,
RIS, WEMRLE I, HERDeH Ik
T E— M TE . RATHE, T
R AEAR HALZER  HAL R i e &
REARTTREE R, SERAT EENHRET
U 3D &R T, HA A RIHIE
TERAZ Y AR R B R RETAL R,
ARHRS LLANR B TR AR B B I IC,
(HIZHOR H IR AR 4, s se it g
MM A s ki .

Eric Mounier: Photonics will drive
the applications of tomorrow. And this
what we want to show in our forums. The
common point for all them is the use of
photons. For example, Si photonics is a
disruptive technology taking leverage
of semiconductors manufacturing to
integrate optical functions at the wafer
level. It is today driven by data centres
but other applications such as 56,
sensors, automotive -+ are looming on
the horizon. Lidar for automotive is a hot
topic for sure. We believe robotic vehicles
and robot taxis will open the way to the
use of lidar technology to other vehicles.
Apple has paved the way for 3D sensing
in smart phones and others companies
are integrating this application in their
smart phones. At least, uncooled infrared
imaging applications are also growing but
more and more usages in automotive,
surveillance and next: smart buildings.
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Photonics will drive the applications
of tomorrow. And this what we want to
highlight in our forums. The common
point for all them is the use of photons:

wan, TR —IEE SR, E
I 2 SR IE S R R e - D RE
w4, e AR OIRE ), (AN,
FARFEIIN 5G, LREE, R
Mo Yole YAMAHDETFFIBEEA (InP)
19 PIC BER R s i i B R 2 1,
2018 451 2024 47, PRI 40 {256
T 190 12ty (E 1)

For example, Si photonics is a
disruptive techn X ology taking leverage
of semiconductors manufacturing to
integrate optical functions at the wafer
level. It is today driven by data centres but
other applications such as 5G, sensors,
automotive --- are looming on the horizon.
At Yole, we announce a growing market for
PIC-based transceivers using Si photonics
and InP, from USS$4 billion to around USS$19
billion between 2018 and 2024 (1)

10018-x024 Si photonics-based
transcelver forecast

B 1

HEBDEE IR TCRE 2 — N 16
BAE, TEAB YR R AL
by ZE (8 F O F IR T AR B % . Yole
W AT I A Fe it R AR e T IR R A5 i
. F 2021 4, BEEEARCEERE, TTA
B0 ZE R ) S AT IR B 44,000
HIGFEN, 2018 AR ERDEH IR T

30

PHED 1314378, THE] 2024 4R IKF]
60 1Z3E7t. AN EEATM 70%
(E2)

LiDAR for automotive is a hot topic for
sure. We believe robotic vehicles and robot
taxis will open the way to the use of LiDAR
technology to other vehicles. In its latest
LiDAR report, Yole’ s analysts detail: as they
are progressing rapidly, the total number
of robotic vehicles is expected to reach
44,000 units by 2021. In parallel, the total
LIDAR market was worth US$1.3 billion in
2018 and is expected to reach USS6 billion
by 2024. Automotive applications should
represent 70% of the total market (2)

imager and detector market breakdown (im %) 2018-10248

B2

WA, ERAFCENERTHLAA
3D R T, A A RIRIEERZ
N FHFR PP AR BN REFALF . Yole THIT,
£ 2023 47, 4xER 3D BN E R TTIZ R
2017 £E1 21 {2 7eH KB 185 1236 7E,
EEFHKEN 44%, 1o, HHE BT,
R, TR At v 7T 7 e W LG
g, (1|3)

In addition, Apple has paved the way
for 3D sensing in smart phones and others
companies are integrating this application
in their smart phones. Yole expects the
global 3D imaging & sensing market to
expand from $2.1B in 2017 to $18.5B in
2023, at a 44% CAGR. Along with consumer,
automotive, industrial, and other high-end
markets will also experience a double-digit
growth pattern (3)

T

30 imaging & sensing revenue breakdown by markets

I..'iE.-:H'
e

mr
fria 383

B3

AEBRSLLANRAG R ARSI, 7RI,
WS RN AR SR P A B ok 2
F| 2024 4F, IR SRR HEC R
1 15.3%, FH BRI 300 1. (€ 4)

At least, uncooled infrared imaging
applications are also growing with
more and more usages in automotive,
surveillance and next: smart buildings.
The microbolometers market will grow at

+15.3% in units to be more than 3 million
units in 2024. (4)

2018-1024 LiDAR market forecait by application

1014c
S48

il
51.38

B 4

(1)Source: Silicon Photonics & Photonic
Integrated Circuits report, Yole Développement,
2019 Edition

#AESR  Yole Développement BEH FHRIFEF
SERLEBEE IR, 2019 FhiRo

(2)Source: LIDAR for Automotive & Industrial
Applications report, Yole Développement, 2019
Edition.

HIEICR  Yole Développement /R ZEF T Ak [y
FARVROCERIRS, 2019 FhRo

(3)Source : 3D Imaging & Sensing report, Yole
Développement, 2018 Edition

#RIESIOR  Yole Développement 3D B RAI{E R
RS, 2018 FhR.

(4)Source : Uncooled Infrared Imagers &
Detectors report, Yole Développement, 2019 Edition

HIEIGR: Yole Développement IEHS LTSN
BRAVFERN SRS, 2019 FAR
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CIOE:2020 £ YOLE #0 CIOE Y B8 F
(| Bir = U Ve MR SR 25 AR L S ?
CIOE: Do you have in mind already

now in what sectors YOLE & CIOE
Forums to coverin 2020?

Eric Mounier: £ Yole N8, A
FEE MV SR B4 T A FRL - 40U AR
TigES B S EEE . B ik,
Yole i1 CIOE #$& 1 TH 7 w1834 B
BUTEM, RATSAREEES 1 R8T L i
SERCRITEAL, HUE AL Yole il CIOE By
P pe AT !

Eric Mounier: At Yole, day by day
we trust the interest from the industry to
(better) understand the technology and
market trends in the photonics world will
keep growing. As of, both organisations
aim at addressing the hot topics during
the executive forums. Let’ s work on this
and keep you updated!

CIOE: TR M 4B— T YOLE BNG &
HIIRE, RFohm A& 2020 M EEH
#5?

CIOE: Can you introduce about

what’ s YOLE’ s upcoming reports, latest
movements and main target in 2020?

Eric Mounier: 1.2 77 T i&, Yole F
Y2623 F] System Plus Consulting, %
PRER B AT e H A T, PR L
TaEL, RN, #eF. Btk 3D
P AN LT A B 15 55 S U (B A FRATT AT BALR
Fr & P11 ¢33, System Plus Consulting
oS A NSO TR ST,
AR S — A R A

Eric Mounier: As mentioned
earlier, Yole and its partner System Plus
Consulting plan to keep following up
and analyzing the photonics industry as

its future look very promising. Topics as
Silicon Photonics, LiDAR, 3D Sensing and

Infrared Imaging, among others, really
deserve and a closed and continuous
attention our teams are managing.
System Plus Consulting is also working on
providing device analyses to provide an
additional view of the industry.

CIOE: Xt R E BTN EICE
B ARFNIEIEEREERGES UL
CIOE Bk R A T

CIOE: Do you have anything to say
to the Chinese professionals who joined
CIOE and Forum? And to those hadn’ t
join us yet?

Eric Mounier: 43 4, Yole il CIOE
TR RS E IR I 5 1 R [ 4 i AL
BENRINE: A N PN 2973 S E I 21
ST AR, ARSI
Fe R B R

Eric Mounier: Every year, our
Executive Forums are attracting more
and more people from all the supply
chain and from all continents. Programs

are directly linked to the evolution of the
photonic industry, technology trends and
competitive landscape.

{145 CIOE B BT mim ez,
TXRE TG B RELL T I T RSB,
VAR I re T APk i, R FFe
WE T, AT OEPR=IG
R TN /N N R e S G UIBANENE
5,

These events are the place-to-be to
better identify innovative technologies,
understand technical issues and
overcome market challenges. Under this
dynamic context, we are confident our
Executive Forums will see their audience
grow.

CIOE 5 Yole Hy&1FICSHE 2T H £
CIOE - Yole collaboration is without
doubts, a success story in China.
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CIOE %if: IEEE Photonics Society & Chennupati
Jagadish ##% Exclusive Interview on Chennupati Jagadish,
the president of IEEE Photonics Society, by CIOE

12E: ABMAE

Jagadish HEZRAMEE L AFYIES TEMRFZRPVRLBERFESENL
BAMAKEANART A 72012 F£F 2016 FHE, fthZIBERAFITRF
PEIBERBIEERW P, tMEFTHEE EEE X FEFRERE, BAMLIMBHAR
FoEFE, MERFEARY, RRAY, BIAEAY (RUMHEZE) , &
RAEES (FARRHEREIE) , CIOMP-CAS, BRAYE, HmAY¥ - Kb, GEIW
1 KE, RKFRETKY, ZEUFRARATR, TPAE, KEMNEKRERAEN
BEEHI,
Jagadish ##% 2 6 #H#AFI (EIC: Progressin Quantum) B4RIE / BI4RIE, %
RTHEY 630 BEATIIEX, WMBSWEEEF, SAGETH I3MBLE, KiE
& 12 BEBGEXEM 17 THFRIERT, 2 9 AR L, 14 RE WIS
=5, HBRIET ZTED,
Professor Jagadish is a Distinguished Professor and Head of Semiconductor
Optoelectronics and Nanotechnology Group in the Research School of Physics
and Engineering, Australian National University. He has served as Vice-President
| -~ and Secretary Physical Sciences of the Australian Academy of Science during
3£ > b . 2012-2016. He is currently serving as President of IEEE Photonics Society,

President of Australian Materials Research Society. He is a visiting professor at Oxford University, hold honorary appointments at Oxford University,
Tokyo University, National Taiwan University (distinguished chair professor), UESCTC-Chengdu (thousand talents short term professor), CIOMP-
CAS, Nanjing University, Central South University-Changsha, Hefei University of Technology, Taiyuan University of Technology, Institute of Chemical
Technology-Mumbai, Anna University-Chennai and Mangalore University.

Professor Jagadish is an Editor/Associate editor of 6 Journals (EIC: Progress in Quantum published more than 630 journal papers holds 5 US
patents, co-authored a book, co-edited 13 books and edited 12 conference proceedings and 17 special issues of Journals. He is a Fellow of the 9

Academies and 14 professional societies and won many awards.

CIOE:Z## Jagadish %%, B/ RSHEST CIOE 2020 9% #%, Nanowires for Optoelectronic Applications, was very inspiring
YE7 %, 151F CIOE 2019 FFREStAL LT ER saFmmppy 10 the professionals. And we know this year, you, as the
. o . president of IEEE Photonics Society were formally collaborating
SEAPARE"ZALNALE —Z . BAVHE, S, (57 [EEE with CIOE to organize the Optoelectronic Global Conference
KFEFRNERE, BES CIOE WAERETE HFERENTEAR  (0GC) for academia. So could we start with an introduction
RAMBHEBLIREIN (0GC) o BBATEARIFHIFFE, TABMATLL  about IEEE Photonics Society?

REAINE—T IEEE th=05?
i : B A 1 (741 4 Bl 2H 21 T
CIOE: Dear Professor Jagadish, Thank you again for your Jagadish R [EEE 20T TEITHY S HRAZA, WRHH

support to CIOE 2020. From what’ ve heard, your keynote ~ KFEFHEN, ERERIMAL 40 TH 2R, IEEE ZHHA ERAH
speech at CIOE 2019 opening ceremony, Semiconductor T ZHZE, IEEE ESH R i TARRIR g, Ak G T
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FRACIEIC IR AS ISR, FEHR 100
ZRATIFITF V2 B ),

Professor Jagadish: IEEE is a global
organisation of Electrical and Electronics
Engineers including allied sciences with
about 400,000 members all over the world.
IEEE is the largest professional organisation
of Engineers in the world. IEEE champions
for the cause of electrical and electronics
engineers, creates forums for members and
engineering community to meet at various
conferences and publishes more than 100
journals and carries out many humanitarian
activities.

IEEE B A 39 MR & FI
22, NIRRT E RS .
[EEE Photonics Society ( DA & #R IPS)
W SeFaftE sl gt Ry, JHEst T
BATFERIRE, e P el 2
CURAERFR UG, HURE AT 5
T, FEmRARETR, SO TR
BEA AL, SRARITANE:, SRR
A, AL a L Ak
NG NEE L H . AR5 L,
IPS 42 IEEE fy—#B43, T IEEE 4% IPS LA
N HAb A SRS AR U

IEEE has 39 technical societies and

councils and they are championing for a
particular discipline and IEEE Photonics
Society champions for the cause of
photonics and optics and promotes our
discipline, creates forum for members
and community working in the fields of
photonics and optics with publications
such as journals and conferences. Society
also has awards program, nurture young
professionals, provides travel grants,
celebrates diversity and inclusion, programs
for women in photonics and humanitarian,
educational activities. Essentially Photonics
Society is part of IEEE and IEEE is the
parent body of Photonics Society and other
Societies and Councils.

IEEE Photonics Society

Professional home for a global network
of scientists and engineers who advance
laser, optoelectronics and photonics technology
for the benefit of humanity.

B — IPS BYKE

CIOE:IPS E2ICRANFRIEEDD
BIK R MLE?

CIOE: What are the key of activities
IPSis carrying out worldwide?

Jagadish ##8:1PS 7F - AL i A 4
Wors, e IRS RS AAIES S
WAHDES), HEASHAE AR S
W5, T RIPFIIT TSR35 SV AL it
FZEMIET S, IPS ISHA LTI IS,
FEHAYE— e WE IR, Heanse,
WA IR LR R X, TIPS i H AJE
TR, SRR A GE TSNS, A
FARP S EE ML F O ACRHAE LED 4T, A2ELE
HIZE SRR M A R BINEF IPS 22
PRAEARATAN . IPS IS H S HIA A
JeFARD LA AR T R, R
NN SRR D22 R
FHER

Professor Jagadish: Photonics Society
has local chapters in various parts of
the world which creates local programs
for members in various parts of the

world to interact with each and chapters
organise technical and social activities.

Distinguished Lecturers of the Society travel
to chapters and give seminars. IPS also
has flag ship journals and conferences and
some of the conferences rotate to various
parts of the world, Americas, Europe
and Africa and Asia-Pacific. IPS also has
humanitarian programs and supports
various humanitarian activities including
solar LED lamps for African families,
scholarships and travel grants for student
and young professionals to attend various
IPS conferences. IPS also has sister Society
agreements with various photonics and
optics societies in various parts of the world
as we want to work together to promote
our discipline of photonics and optics.

CIOE:f& 7T OGC,IPSHIEEHEHE
Thig?

CIOE: Does IPS have events in China
now except OGC?

Jagadish #i8. 1PS T EEHS 4,
HACUMTEZ, AT B R - E R0 b
e i, B—HIAETESHIRTT, DMEHED
DRI, SRS AT 2, T
IS KT EE 2. HE BRI
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Professor Jagadish: IPS has chapters
in China which organise local activities and
we are aiming grow the membership of
the Society in China. | have been travelling
to various parts of China to promote
the Society and encourage creation of
chapters in various cities and student
chapters in various universities. Interest and
enthusiasm from Chinese photonics and
optics has been great. IPS also supports
ACP and works with them closely.

CIOE:IPS ZfE7E OGC k5 CIOE &1
MRVIRZEZMTA?
CIOE: What’ s the initial factors that

IPS considering to work with CIOE on
0GC?

Jagadish #i%: CIOE 2 1 [E 414 () J
WWHEOR RS, ST ARG RS FA TH
LB REHE, OGC M CIOE M H A 1E 2 —
ATRENRB RSN . FA T —BEAETHIUR Y
Hlgrs TR 50 % B9 R AT AL A
FATELEFNETAL A UESGBmAgHHRI. FeATT
78 OGC 1 CIOE Z [AIY AR HESC R AR
RKBEW K. H4F (2019 4F) FEGRIIZE
ISR T TIRZINEI S, RS
i 2020 FHREF WO,

Professor Jagadish: CIOE is a well-
established exhibition and technical show
in China. Working together with industry
groups is important for our Society. It is
a natural opportunity for OGC and CIOE
to partner with each other. We are always
looking for win-win opportunities. More
than 50% of our members are industry and
we are in the process of creating programs
of interest to industry members. We hope
the partnership between OGC and CIOE
grows in the future. | was very impressed
with the event in Shenzhen this year (2019)
and looking forward to moving into new
convention centre in 2020.

34

CIOE:EE%A OGC B IPS I TFEZEAR
KW X Z IEEE / IPS X EREZHMW
EREMEELHEE?

CIOE: Now that OGC is being the
IPS’ s subordinate academic conference,

will it be one important move of IEEE/IPS
focusing more in China ?

Jagadish ##&: 7E 1 =, IPS IHL&
EE KR, X2 O0GC 5 CIOE Z A<
RGFIT s, A1 B OGC RN
ZATHEES, JEHCAEONIZ S
ZHFMHER. hEeFA A RE
W, I H RO T B — GO T
E R F A e R B R E T, AR E L
NaskiES 5%, WA IS BEE fil IEEE
Photonics Society & @ ERAA L E1E. AT
HI AR AR (e ke 51 . WhETosE
— A, TN TR T
[UESENN A

Professor Jagadish: Opportunities
in China for IPS are phenomenal. Itis a
good beginning the relationship between
OGC and CIOE. We want to grow OGC as
a major conference held in China and it is
on the calendar of key players in the field.
Photonics industry in China is growing
very fast and being part of professional
societies is important for Chinese photonics
and optics community. If one wants to be
a global player one need to partner with
global organisations such as IEEE and IEEE
Photonics Society. Our job is to promote
members wherever they are. China is
certainly a high growth area and we have to

work hard to enhance the awareness of the
Photonics Society.

CIOE: BEER N EXNHENFFI S K
BWEE?
CIOE: Could you share your opinion

toward China’ s photonics business
development?

Jagadish #4%:  H 1k T2l iE
TERERN SR, PR O e A B2 557,
FEWRIN L. JUHGRBUR (PR FIAE JOEUR )
IETEXS ANl A R T L L A ik
R, TSR A IR

Professor Jagadish: China’s
Photonics industry is booming and there
are more opportunities for China to be a
major player in Photonics. Governments
(central and provincial) are investing in the
Universities and industry development

which is good for the photonics and optics
field.

CIOE: BB D EEN 2L FERE
—LEEE?
CIOE: Could you share some of

your observations on global photonics
development?

Jagadish 82 2 RKTEHE N, JoT
PALIEAE IS, FATCEER T
AR, HOCHAR, LED HRMARE, I
TR R FEOR . BT
PR TFRIETHI, HHZERAIE,
FASE AT YE, FZEREEISE.
S IR N B € | b s A -

Professor Jagadish: Globally
Photonics is growing at a fast rate. We
have seen developments in optical
fibre technology, laser technology, LED
technology and now opportunities
are arising in quantum technologies,
biophotonics, nanophotonics and
opportunities are enormous. Many

countries are investing in North America,
Europe and Asia Pacific.

CIOE: £33k 3-5 £, B FE|
B FREAZERLE? XMRAG AN
RA?

CIOE: Which photonics technology
you see blooming in next 3-5 years?

And what are the applications of this
technology?



Contemporary Players

B 5 R AR T

Jagadish ##%: L\ N2 & FHE R,
ORI R, T HSFAFCH
WTHESES, ®FEE. 2 FiE. &7

GaAs Nanowire Lasers

Guided modes in GaAs nanowire

JELK(U\HJ\ ﬁj‘ﬁ‘ﬁ%ﬁfﬁ%éﬂfﬁf‘{i, EP NiWs can swpport guided modes due o their high relractive
i Pl
A EES 5%, HEH T L L B i o B i
Professor Jagadish: Quantum n E I
technologies are being developed and

s

EHIN

various companies are competing with

—_— HEZ
each other. Quantum communications, fe H I

quantum computing, quantum sensing,

quantum metrology so applications are
enormous. China is a major player in this
area.

CIOE: f&8ETE CIOE WA R LIRHE
BRI A ED?
CIOE: Could you advise your

presentation and abstract at CIOE’ s
opening ceremony?

Jagadish ##% R AEIEFAEAL IPS
Z CIOE JF#Eat, DASRIBIRATH R
FIF RS OGC ATk R, FRIETTF
e RAE T R, KB TG EAR
DY CHTYCRTF R R SRR ) .
PRBAR AT, SEFEFDER T2
FRORARETE SRR

Professor Jagadish: IPS is keen
to be part of the opening ceremony of
CIOE showing our support to the Show
and demonstrating partnership with
OGC. | spoke about Nanotechnology
for Optoelectronics. Nanotechnology

is expected to play an important role in
Photonics, Optics and Optoelectronics.

P GIGIREHEN I T — TR
FEARIEEA . FRAGE YT, Rl FA T
WTHIRTFSEER, R SARGIRZAGIKNE,
IS DAk . JRIHE T A
HIE I LU AR e B . S fm R
I T RIKREHD R, AL
FEARI e AR i AL K 9 oK 2 T REJSRN

Modias. ang mang confined 10 the nanawine (gain region) for langer

diamelars

B = B BRSO R

AR HIZE R, IE TR AT RRE T
AL HIAKTTEL

Semiconductor Nanowires are
considered as building blocks for
the next generation electronics and
photonics. In this talk, | reviewed our
recent results semiconductor nanowires
and nanomembranes for discuss about
their optical and electronic properties. |
discussed control of crystal phases and
associated changes in optical properties.
| presented results on nanowire lasers,
nanowire THz photodetectors and
polarizers, use of nanowires for energy and
neuroscience applications. I also discussed
about the future prospects of nanowires.

AT YIE CIOE A RS HE
REHEITIIE, ARFIT(E.

This entire speech could be reviewed
on CIOE official wechat, very handy.

CIOE:[&E& CIOE 2020 FEERTEEF
HRIE, TMNHRE BIF. EER N SINEN
1% HE. 8 F B CIOE 2020 BE AT A RMTA4?
RIGIEXEFE IPS # CIOE W& EINAAR?

CIOE: As CIOE 2020 is moving to new
venue next year, with better facilities,

what do you expect CIOE 2020 to bring to
the industry? And what do you expect for

the cooperation with IPS and CIOE?

Jagadish g L E - ERHXT
CIOE 2020 HY3# & 1R K Ho 2 WOk i YA
W, Wb T TEZIM S, ETeT
CIOE F1IPS, #&¥sh AO Ik Zl, X
ARUE A R RSN R R, TRk
£ 0GC Z24#H M CIOE MARZ AN EZL
HE, HRIETGIELN OGC 5% CIOE i
BCACHMR TS, Wi AN E SRR, I
REL AL WA ZRIMME, K
TINIZERZA IPS (OGC) Fl CIOE F4E W
WIALE:, ISR R & A R &
((EN

Professor Jagadish: Exciting
times are ahead for both CIOE and IPS
in Shenzhen in 2020 as new conference
facility is looking impressive based on
videos | saw about the facility. This allows
growth of the Exhibits as well as technical
conference and more interaction between
participants of both the events OGC and
CIOE. Itis important to grow both of them
and interaction between both will enhance
the value proposition for participants.
We should always look for win-win
opportunities for both IPS (OGC) and CIOE.
This will lead to long term collaboration

and cooperation which is healthy and
fruitful. @
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BT IRE AR M & —Ir] RIGEE RS

E ES) gk?/u; ﬂ ﬁ'ﬁ*
EBRFBEEHNESIEABMEEERFHEHERKTRS,
78200433

B O TSSO SR A H (SISO) IT I E RGeSk Ees, 1t T2 AL MIMO) ] RS .
ZREROR R G E ZE R, S AR (MISO) 7 WG S RGN 32 50 . ASCRFFE 1 BT i i 2 1 1
(PAM) ] MISO 1] L¢3 ﬁﬂmf{%, Fram i SLEGUEZ R G AR E G s A0S . AN, #RT ei s R4+
LED JEU . DIl A5 SR AR A v, ASCEET PR — I 2 x 1 MISO "I SGEE RS, &t T
iKHr PAM %%ﬁﬁ"mfﬂzﬁﬂuﬁét%%ml\ﬂ [E 5 MR SR IR N 77 5%, JFilid RGB-LED HIZLAT S84 oA
R 700 Mb/s FIEHISLEG R GEHGUE, UERH T 7 SEAESEpRep A mT A K ARl o

XHA: SLEE; nTIDGEE; 2RAREH; SR, Pkt R S

Two input one output visible light communication
system based on pulse amplitude modulation

Shi Meng, Zhang Mengjie, Chi Nan*

Key Laboratory of Electromagnetic Wave Information Science, Ministry of Education, Department of Communication Science and
Engineering, Fudan University, Shanghai 200433, China

Abstract: To improve the data transmission rate of the conventional point-to-point single input single output (SISO) visible light
communication system, a multiple input multiple output (MIMO) visible light communication system is proposed. Considering the
complexity of the receiver system, multiple input single output (MISO) visible light communication systems have attracted attention. This
paper studies the MISO visible light communication system based on pulse amplitude modulation (PAM), and experimentally proves the
advantages of this system in specific scenes. In addition, there are non-linear effects for key devices such as LED light sources and power
amplifiers in visible light communication systems. Based on 2 X 1 MISO visible light communication system, this paper reports a novel equal
probability coding mapping scheme for high-order PAM signals with two low-order PAM signals superposition in the optical domain. The
system verification is performed through a net data-rate of 700 Mb/s transmission experiment through a red chip of RGB-LED, which proves
the feasibility and superiority of this scheme in practice.

HE2WE: BREAREZESIMA (61571133); BXRE SR LZRBITRITE (2017YFB0403603)
E-mail: nanchi@fudan.edu.cn
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WAEsk, AT SCIE SRS, 2 AL H i (multiple
input multiple output, MIMO) H ARGz [T 0] WGEET (1-2].
TE MIMO I IGHEE RS H, Kl H 2GR ES, #%
Wt s B LIE S 3E TR . (A6 22 MIMO (FIE A 35T
B MIMO {FIEARFLE FAR IR . PR IR AU B KA B
HORE TE R R AR (1], (BSLhrz AR, = Na i eE s
MIHEFUEIR, 2R 2 5 AR T T B — Nk
MLEY 2 5 N BA kg Y (multiple input single output, MISO) AL
MIMO Frifn G HiE AR G2, B3 T2 AT IGESE (3.

A, R SEE RS T, LED SRl UrEiikasE—=
BRI IR LR, REMAEL IR ES G ES R
1, LED il pyd et rpta T Mot R GedR et oy = BRI
[4-5], W IYE(E5 EERE G LED TAEMZRME X DI AR 264
REAFRAES UG . (RIS LED MR YRR R, IR E—
A ANRE 2 Sebriz I S R IATE SR . Bbah, TR iasiE
5, BT ESHEVPEEZ, F95rEST#IL (peak to average
power ratio, PAPR) %%, B4 LRI RGARLMERIRN . M,
1 MISO 24iH, WTLAFIZA LED AT FINE&E S 1, 7
AT EFETURIES, EdSES ENER R ES DA
S35 LED FIAEZRIESRIL, FFH 24 LED TR Al Tt i
MHERE, W SCBRIR AT K

IRSCHFSR T BT i g X H] (pulse amplitude modulation,

(a) Tx2

e R o

¢
ofaa s

01 f---- o-- —-V"—"O_;_. -- :"JQ_; Y

00 f---- ‘___:.‘___"_'-.:‘___‘-._,_.‘

Tx1

- - - -

000 1 101

FAR
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PAM) 19 MISO 7 WHEIE(E RS 415 =G0 LED (20,
BATETWE— T OGEGE RS, W T EH PAM 55176
SN A Em T PAM 55 MR gl M U7 28, Hmnh g
R 700 Mb/s BRI SLIe3HT 7 IRE. TR E —Ik
AT TGS RGP PAMA 55 B4k PAMT7 (5519
T, REGMF IR,

2 mA— IR R BERRFPRNLE PAMT (SSHIREZIR
HHE

DA — W) PAM I IWJEBIE R G001, fERIAS LED F4y
BIEH PAMA (55, FEEmIEPENLESBINF=4 PAM7
Eer 1(a) /2B PAMA 55 BB AN ERER PAMT 55
HREE. PAMAEESER 4 MHSE, HES SR = A5
7 RSP EE, Mg b, MR PAMA EERIE 2 bit(EE, PR
AL 4 bitfFE, I 16 Fi =0, TR ES AR,
ANIR B HL T B N 7 S8 T BB A i —FEAHT HL ST, WO RS PAMA 55
BN AENEES HA 7 AR, W PAMT 5. BT PAMY
fE5 1T 3 A bit TR, PS50 4 bit /5 E
3 bit #R,

DIHER 08 o AR PAMT {55 Hh S5 S SR A 55
Hrr, 75 0 BIMAERECR, A 1/4; £75 +2 1 -2 fIER2
3/16; #F5 +4 1 —4 RIS 1/8; 5 +6 F1 -6 HII SR

(b) Tx2
A R S Chihie St
10
00 f---- ig - -_TE - __i' o é
A S N N

1 Fi& PAM4 ES &AL PAMT ESHERIETEE, (a) FEME PAMT (F5; (b) HHX PAMT 55
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/N, H1/16,

ZESTERATAS 1 B, & 5 L
i, BCOPIIIERERAL, MM AT PAPR BG K, iz Wi B9 U 32
KRGttt B ARt R, XMT PAPR RINES AL 2%
AR R g, AR AR R T, WA T B A o AR B
PAM7 5525 MM, Nitt, FFEXRGmIMEE PAM4 F5
HHAT R IGHS AT, FEEPIEE PAMA (555155 IR AR LAfS 2
BIFEHEERK PAM7 /55

N 16 NI ATFIET 7 A R ER A REERER PAMT (551K
W o AN 1(b) I, JGECT A L R B s e R B RN
PAMT7 {55 HIMLES , AR G325 455 (M A P4 BR R RE B ek,
RG-S H. 7 AP AMERHSE, 8 1/7, R
2%, MBI G R AATF-5 HIMEAEAAR 8, S Ko AL 77 Rk
SN ] B IAS B TR O e AR AR PAMT 75, |
B 1) 7FIH, ZHTESH, A5 ARRRN B A TS
IR/ N EAE S, S 2/7, ISR 5K 1 FRSPAF 5 54 48
FEmRkREcAR, B3N 3/7, K, SXFgmnd 7y = m A Rk
(&5 IR AT

HeAN, 155 1Y I 5 SF ¥4 31 %2 T (peak to average power
ratio, PAPR) 5RGHZARLMIREMNEHREA K, BIES
1 PAPR, FIABERGEMARLEIELE, Fit, AT T4
WL T 22 OFt PAM {550 PAPR (B, 1€ 1 iR, X PUFh
FS AR PAMA 55, ANEME PAM4 [FS, FHEE
PAM7 (F5FIRSEM R PAM7 55, WEPAIEE], REME
PAM4 {5511 PAPR f5e/INo A2 B T3l o7 A5 5-40As
[FISFE o AEHERI PAMA F5 s PRS- IR g
(G5 FHThZIG K, XTI PAPR B&R, R, fERETuH&H
ANEEMEARI PAMA (S5 FIATBHEHT LED [ARZME I,

3 EF PAM AHIM TR — Y RI R B E R AL

FET PAM W & —WOnT WGBS R GHE R S0 g6 e
FEInE 2 B, Rafud, BE5EfE MATLAB S Zakfl LRl
Pt LN L PAMA 550 8854 PAM 7537 PS-
Manchester %ifid [6] LABH THUREHEI, (15 PAM 557 DA B $2
ER LR, FRSORTOIG I PAM 2523617 4 % LSRrt, Jfmid

—/™ Nyquist JEUEAPEATIIT T, A5 58, e
SEE . SZRG Y, KR PAM4 E0E 0l N BT RE A g
(arbitrary waveform generator, AWG, Tektronix AWG520)
I AN EE 2GS, S, B AWG i i iy wiEg PAM (5
3 B T A PR A MEEIE B m U, TR R S
2T RO &% (electric power amplifier, EA, 25 dB #i25)
BUA o BRI o A5 FT LI (i 5 PR PRS0 2 B i & 2 S
#Z| RGB-LED 4T (LZ4-00MAOQO) FIZI56H i F3k5) LED &5,
FEAENF T LR, NS LED ATHIEE 1.3 m.

25 1.5 m B RS EER S, MEUES S 4 PAM7
fa5, FHCRIEE., FEelon, A— e IlRE PIN,
Hamamatsu 10784) MO . N T KM EREE S T
ICZRE] PIN 2RSS b, (ERNURTROA MESE (HAZ 70 mm,
FEIE 100 mm) H ARG, BIEIRUES I PIN &
By AE S, RIFEIE EA BUORIF B A7 R U A (digital
storage oscilloscope, DSO, Agilent DSO54855A) #fTRFEEAL,
DB SRR AR T B b 2

TERZESALE T, IRYGHTES L, TRE—, TF
TR 24y A, 1S ERRIEAL I PAMT /55, 85 PAMT (55
AN FE TP RE IR 5 (scalar—modified cascaded multi—
modulus algorithm, S—MCMMA) [ 35 5 J5 ¥ 525 DA 44
BT ffa, MRIEm W, X PAMT {55 LIRS
I HRR A R GEIRAD SR (bit error rate, BER), X THA
RS, WERTE MATLAB HARH % PAMA [F5-800™
4 PAMT7 55, SREHEINEE 54 LED Lk T4, FIT8
BREZ KRB RGHENL.

4 BERBRITELE—U PAMT RAETIRLERELE

T MR T PAM i B R SR R — R SR
B, MU PAMT A 77 =0 B AR [l HEAT 77 DURN R 5 22 45 O SE B A
98, SRS B EREE RN 1.5 m. BTSRRI,
() AWG520 ST &3% 1 G baud HUfEE, (E-0HF 4 15 150k,
T B B2 2 R A A5 5 250 MHzo S0 R %5 5% i H9-2 RGB-
LED THIZTAT, BESEHAT, SAMTH 95 250 MHz, 34
KTFE% PAMA/PAMS (545, JEHIBECH 2 Iy, HUSHAEERTE 250

xR 1 M# PAM {558 PAPR
Table 1 The PAPR of four PAM signals

Signal Equal probability PAM4 Unequal probability PAM4

Equal probability PAM7

Unequal probability PAM7

PAPR 1.80 1.34

2.25 3.6
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AWG  Eq. EA DGk WEBLERZ, Setup
) ) M . i : : Lens Rx
- Lo - e +__-:-é|| 0 igr e EA OSC
Eq. EA | Bias tee '''' . Q} — = . B
: : fosud
o - T"——-@] -
DC 1 LED1
=2 :
O =] 0 (o] -
S c g 2 Y £ : =
- M- M- M PFILOEEREE ) - o L s
= 3 o 9 = Gl . iod a <5 © £ o =
zZ= a a © 0 ¢ | Binary data @ == & a = S
E:ﬂ—g-‘—-gﬁ‘—-ggﬂ—gﬂ—g*_'g-ﬁ—
= | o) [SSf (28 | € El | £
o i : < i oS 3 S e
2 = ? o < 2 = a z >
= = = 2 c *5| ™ x %)
S Ol %-:—2.'8‘-—20-"—, 5
= = §_ Qe o 2| Binary data

E 2 £F PAM BEINFH LA — KT A BERAEEREREEE
Fig.2 The block diagram and experimental setup of two input one output visible light communication system based on PAM modulation

MHzx 2x2=1 Gb/s 75, 91 Gb/se (H KK, HrHRREER Sl ag =4, + A fpltleos 2301 G
TGRSR, FERBAXIT . PlA, ) =FA =114, 4)
Hixl=H=-F_ P (xilog Pix) (1) Hrp A, =(2m-1-Mud, m=12._.M. st @30T PAM EHEH

Hrf: x RFPAM B, Py () 2R, DL
PAM4 Jfl, Py 0=1/4, FrLlHe)=2, SRIMXS T2EMEEE PAMT
{E5ki, PR 1/7, W He) = log2 7 = 2.8, IS
WL, ¥Ry 250 MHZ2.8=700 Mb/s,

4.1 BRBE FTiRERAEZHE PAMT BiES

iR el
b= Re[ A, glte™™ | = A_glrcos2mf i , ©

fF5, M=2", k=2, MREZEHETE, i M=4; A 2505
HIR, el SRR PR =it + salt) RIS S BN I0ZS
Ho PV FOREFH PAMA F35 35 AP AOMERR, U 75 HESPHER
N 1/4e HMEEMER PAMA {5825 &4 fUR SR 7
RS U RAT RS BN AR 7 FaF, e
A PIN g TefE S e, st ) s
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r{r) =y, (1) # 5 0]+ a0
= (A, + A delfloos2afr +n il o (5)

BWUFZ vle), HANPERST I m (), Bl SO A
PR, SeikaUnt 6). Hodr,  n (rhE BRI 5 R g

ey ={rln1 [ +my i)
[{ AL + A belilooa2ml e +u,'(n)
w2 i A, + A, )giiboos 2afim, () o (6)

SR EL T AR [ LR Vo RO RI AR5 I8 1ME v,
TH#SM BER, WK 3() firn. WEFEE LY Vi, —E R/,
BER £ V,, GRS NS B, RIRGEE— NMRfd: Vop 0
HHS R SR M R, B Vi, MBER, vV, MR TR
EESBRHES. JMAGS V,, B tE TR LR,
B Vo FIHSK, BER MEAESALMYE, ERAREE V., BI3Y
K, RGN LED BUARZE TIEX, I S-S b kit ok
B, M3 5R5 BER B, T Vi, i/NE, LED (A EREREL,
FE SIS, 55 SNR WK, BaMR5 BER Fia, M,
A& M E SR V,, DI FR S SNR, IG5 BER PEAE. [,
& 3(b) EoR 7Y LED B HUE V., BEHR 2.0 VI, ARFV, T
HfE 5 REE . WEFTE LR [FRF-S T L R R 2 SRR
Ao HRIA) O MR SR B f A, AL, SR R
B SR ., BEE V,, FIBER, 155 B ERK A
VEWT, JEASEIN, W RS BER S REBET R BT
WREE V,, TRURE AT, o RS R AR —, BB
ARSI 2o IR Y V,, IR, 5532 LED Hkkik
FOMNPEE, S5 AR TR R, 5w BPE S R .

(a)
1E-1 4 e e
& = :
-
1E-2 #
1 @38E3 iy
momEm .:‘_:”r---ﬁ- ErmrmrmaE
% 1E-34 & ;'/ ¥ o V=18V [}
> Vieg=1.9 V
1E-4 4 |
B J ¥ Viea=2.1V
1E-5{ »—® 8 A Viea=2.2 V |

0.050 .10 0.150 .20 0.25
Vool V

4.2 B BIE SinE SR PAMT BB5S

T MATLAB HUR P B Gatit JS RN AR PAMA (5524
PAM7 55, SR 19 PAM7 FfSS N5 84 LED bk
1P, TR (EH PIN JH TS E SRR, e, Biek:
Wm0k () R, 8 /7. EEEnZ mriEiEs
g5 4.1 h=X 5), 2 6) [

P(A, +A)=1/7 %

USSR Vi, F2 V,, "NAY BER HEREEIANE 4(a) FTim.
WETTTEE], 4 V., —EN, BER L&l V,, (AL FHIS
b (AN 3 HORSEHMER PAMT 2GS B, V., B9
TR EAGFS, A REMEAT/REEARE R, X
TSRS PAMT 5500 PAPR FEXTEV/IN, HHGHTEZER 8
T, Ik, FERE V,, T, RS TR TR T
[ERERL, FATIE T 24 LED (R & AIE Vi, B5EHR 2.0 VI, A
[m V,, THESEEE, WE 40) fin. AIER, 5K 30) HIH
LT HIAREMSE PAMT 55 2SR, FEE V,, B,
SEMEZE PAMT (51 FOoT- B2 P OB ORI IR, Ry
Vi I, B RS rT g i e 7 AP
4.3 WAk —BuRWIRE TR EME PAMT RES

FH B bR PAMA F 52 BIEGIEIFE A LED L, Wi F#
JeAF 5 B GBI PAMT (55, KSHES
Fekn=t @) 22X @), BESFREWTFITR:

Il
I

% - - - - - £
Vp=0.05 V, Vpp=0.10 V,
BER=4.45E-5 BER=0
=S T T
D e, .
Vip=0.15V, Vpp=0.20 V,
BER=3.5E-3 BER=2.46E-2

3 BB EUE G RBIEE PAMT SR T, () BER B Vs 1 V,, TIEE; (b) FE V,, FRZHE PAMT &S 25 57 BER
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Research status and development prospects of laser
welding under vacuum

Chuang Cail,2, Hui Chenl and Weihua Zhang2*

!School of Materials Science and Engineering, Southwest Jiaotong University, Chengdu 610003, China; 2 State Key Laboratory
of Traction Power, Southwest Jiaotong University, Chengdu 610003, China

Abstract: Compared with conventional laser welding, the welding quality was improved significantly while the laser welding was
conducted under vacuum. The penetration depth of the weld seam increased sharply. The welding formation was improved and the
porosity defects were suppressed effectively. In recent years, numerous researches on the mechanism of welding process, low vacuum and
local subatmospheric pressure laser welding equipments have been undertaken. The laser welding under vacuum exhibits the wonderful
application prospects to weld the thick plates in the shipbuilding, nuclear instrument and pressure vessel industries. The influences of
ambient pressure on the laser welding penetration depth, surface formation and porosity defect were summarized. The domestic and
overseas research findings on mechanism of laser welding under vacuum were elaborated from the aspects of plasma plume, keyhole and
molten pool behaviors. In addition, the applications of laser welding under vacuum in the industry were introduced. Finally, the problems
of reported researches were analyzed and the prospects of the technology were discussed.
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Y —E SRR A WOCRRE R, W 2 iR, B
MEHNEFIAIRE] 0.1 kPa, HEWE YAG B AEROLH TR
FeRTIE 26 kW, JEIE AN T B BDCIEER K (FRBEE
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(a) (b)

Laser beam
Laser-induced plume:

Pressure

0.1 kPa 50 kPa

Shift of
spal
position

o
B

0.01 mrad 0.24 mrad 0.80 mrad

B 7 FRFEEDTRUBAFEEEFENEERIL . (a) RETEE [21]. (b) R BT (9].
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JREE Y R I RS LBR AT 2o 5 R LR R e M R b 1 e 30
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JREE R AL PR EIE GE, SRR TT0h 400 Pa i, fER

Fiber-delivered
Md: YAG laser beam

Metallic i Coaxial
vapor shielding gas
Molten pool g, e Keyhcle

8 RRHR TR RARE R SR TEE [8].
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Laser power: 7.5 KW
Welding speed: 7 mmi/s
Focus position: -5 mm
Pressure: 2x10 mbar"

14 KBS ETEIFRE (30]. (a) IBIEMUEREE . (b) B4EEEE .
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