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High bandwidth density and energy efficiency optical 1/0 based on silicon
10:40-11:25 photonics and CMOS electronics
Haisheng Rong, Intel Labs

EENBFERBATIANBE S

11:25-12:10 BDE, LA

(EER MR SEHEMHD
B, ANIRF

REWE:

HEXBFEEMMBFNABFINS, BSRERTUN—IEZFAL M. ERELTEEENBRIZHRANEM L, TrEsEREMF
ESRIUBOE, BFERECEBREMIIR, REFF AR I RERKEN BT

WERNBEEL AN SR BENIMNATIRANE R, B B BRI AR R RER, FRENBRAR AL ERIEEE L ST
BUBTEE R,

MAET:

PERFER L MENIAZ TEEHEE, BRERATHRIELFRRK, M EERERRREPAREZR 2T E KPNEFSEEMEH
5, 3 MABAR NSRS A FE B FREEAT R, R PRRESLAEEM B BEE R B F MBI AR F SEM B FEF SEEM B R IRE K B IE TIZM K51
BRI R LB ERMR, AR X EEZE RN, MEEEF KRR EEREF W UF —RRARBEREANFZ ZEX
200, EEREALBEERIN, AR AMBZSRARIT, BRAKE/#HE —FRAM,

{High bandwidth density and energy efficiency optical I/0 based on silicon
photonics and CMOS electronics)
Haisheng Rong, Intel Labs

RETHE:

While digital processing units such CPU/GPU/FPGA continue to improve their performance with advanced process nodes, electrical /O
technologies are facing growing challenges in scaling bandwidth density and energy efficiency, limiting the over-all computing power of
the platform. Bringing photonics closer to the processing units will enable simultaneous improvements in both 1/0 bandwidth (BW)
density and power efficiency, necessary to meet the demands of next-generation data center and high-performance computing
applications. In this talk, I'll present a high-speed photonic link architecture based on integrated on-chip lasers and all-silicon ring
modulators and photodetectors. The transmitter and receiver are all driven by CMOS electronics. Owing to their small footprint, silicon
photonic micro-rings are a key technology for high-density photonic integration. Their resonant nature makes them ideally suitable for a
DWDM link and BW scaling. We have demonstrated micro-ring modulators up to 128 Gb/s NRZ modulation and silicon micro-ring resonant
photodetectors up to 112Gb/s PAM4 detection, eliminating the need for Ge or Ill-V materials enabling cost-sensitive datacenter and

computing applications.

PAEN

Dr. Haisheng Rong is a Senior Principal Scientist with Intel Labs. He leads the silicon photonics research for high-speed optical
interconnect and high-performance computing applications. He has worked in many areas of optical and laser technologies during his
career. Before joining Intel, he held research positions at MIT and Caltech working on the LIGO project for direct detection of gravitational
waves. He has published over 100 research papers in peer-reviewed journals including Nature and Nature Photonics and holds over 40
issued US patents. He has been recognized by Scientific American as one of the research leaders in science and technology with the
Scientific American 50 award for his pioneering work on the development of silicon-based lasers. He is the recipient of numerous Intel
awards including the prestigious Intel Achievement Award and Intel Labs Academy Award for his outstanding research achievements. He is
a key member of the Intel team winning the Paul F. Forman Team Engineering Excellence Award from the Optical Society of America (OSA).
He received his Ph.D. degree from Heidelberg University, Germany, M.S. and B.S. degrees from Nankai University, China. He is a Fellow of
OSA and a Senior Member of IEEE.
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) ) On-chip high order mode division multiplexed transmission
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{On-chip high order mode division multiplexed transmission)
nEL , HERBEARE

REWHE:

We demonstrate a 16-channel mode division (de)multiplexer on a silicon chip enabled by gradient subwavelength gratings. A record high
order mode multiplexing (TEO ~ TE15) on one polarization is achieved. 16-channel 112-Gbit/s 16-QAM signals are transmitted on chip to
achieve a 1.51-Tbit/s/polarization/wavelength capacity at 1550 nm. Seven neighboring 50-GHz spaced WDM channels are loaded with ASE

noise, indicating a potential spectral efficiency of 30.2 bit/s/Hz.

NP

Yikai Su received the Ph.D. degree in EE from Northwestern University, Evanston, IL, USA in 2001. He worked at Crawford Hill Laboratory of
Bell Laboratories and he joined the Shanghai Jiao Tong University as a Full Professor in 2004. His research areas cover silicon photonic
devices for information transmission and switching. He is the chair of IEEE Photonics Society Shanghai chapter, a general co-chair of ACP
2012, a TPC co-chair of ACP 2011 and APCC 2009. He also served as a TPC member of a large number of international conferences
including CLEO (2022-,2016-2018), OFC (2020-,2011-2013), ECOC (2013-2017). Prof. Su is a senior member of IEEE and a Fellow of OSA.
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MAEN:

FR, EPREAFEL B ES, EEEMNAFR LG, UCEBERMRAFROEI FE NEERNFSERFZRS KIFELMITNE
F2E BERAATIEFRRIAS EEERFEFUERFE. F1THA2016M02019F R AR BT HEARNER—FER 2020FRABE T
FRIFE2020F H)1EOSA Fellow, FEMR A MELHNIBE NESLIB AT B FRUSER EEATFF TRHERERF LT
Y ERITIMHNEINER BARFZEEEFSEEFIME 10RM . 5 —/1B51F& & Science.Nature Photonics.Nature Communications.
Science Advances. Light: Science & Applications. Physical Review Letters. Optica. Laser & Photonics Reviews.ACS Photonics=:SCIiEC
1805 EPr= 15 R & 1004:% (OFC2014 Invited Talk.OFC2016 Tutorial Talk) .3BfEOptics Lettersf9Topical Editor.Chinese Optics
LettersiTopical Editor.Light: Science & ApplicationsfOptics ExpressByGuest Editor&4siE.B{ENature PhotonicsfNature

CommunicationsZF&EfE Ao

(EEAXBFOARERGNAE)

EXE, ILRKF

RERE:

EENXBFEMSH A, SURAFRMA L O FMBFNERBENERERINEER S AR BER SERANEMM R, RAELZ, £F
—HERER_ERNSIEETHANELR, 23 O FNBFARGNESIESEN, WR— 1 BN EA SRS TR AMRER D o iEE
FEESCMOSTZRE, BHMANMEFMITZFEr USMANERELS, BB AR eENE. S SN, BSLIEFN
MBFERNRERR, 2—MEMENRR, BN ALEBHRI L Eam R X —RERN R AL, FRSEREAREEFHEEECEF
B AR E BRI R BTG T AR E RN BEE B FEMCH ARSI R ERRRAE RSN Ao

NV

TNE, B, kR AFHE, TESI, BFFRBEEL, KENFBENSHE N BERFEREALKRERN L, EE5BEMAFMEIFK,
ESREERITINAR S, NEREHEERTFEE 2015), NEHFDHHLEFIAL 2013), EREANEESEAMBHIRA, HHELE8638E
AIERBNTN, BEESEAEAMATE LR, HEZETAERALT R, BRI AR RIS, T BN R A B EESIRR O E A
ARG, ENBFER SRR, HER EURAR SRS, EE-(FR/ ZEME/ARE M ST SR,

(EmZ4E AREEINRK I FEEHHRR)
BYSEA, AIARF

RERE:

BEETR K AMHED T IE K AMEEL S5 GRMEHTSTE, B USRI SN VT 51 = RiIRFIE S GBS T 2 4 ERR, AF
KIS MR F M EREN N Z A RBERREE RNEE UL EERGEXBENRATR, FEEMIUCA R ERERE TR
KM SEEERCFREE S, REAREGITAVERERN, SN EBRHRIRFITSE B\ F RS RESTH RIS IER S
MEMEEAMRARENN—RI R R TRt

NV

B SRR, HIRFEE, ERMBFTFEESREE TBENFIOBERM, KEE ERANXFERC B R, EFKIELaser & Photonics
Reviews. Optics LettersZ e AMSAR ELEATIH X RSCIFIE X 1307, #51 F30005K, SRBIFEFF= N BIEIRE205: K, HIRERNER
REATH12TLEAMBE AR ALRABERNFEERFES ERER/LTIIRESEER R E 0K, R LE BARF—FR F
HFFRNFR—ERER,

(PEE R SOIE BT &M IRY
TE, PERFRYIEMR R

REHE:

BT HEREIEHRF S, TARFHAEE, A SIMERE B FERNEEESENALINEESHE L EEECMOSFRAMRIFL
R BT R AR AV IER B A MAN-VIR/IVOR G INEE KRR, KM T HEMSOIESREINASE F R BBRIE S SIS ERIHIE, 7
ARREEEICHET A SRR T,

PAEN

RERZFEERYIERRPIRIR 5, NERERF YRR FFRE [ EEINRE AT PR EF e 22 R F LRIV FRECHFERAE,
R FRESFEREAS, AR R FREBR T ETAS TZIEBATI R RFRICSOR1006, HFEHE (Nature Photonics), {Nature
Communications), {Laser & Photonics Review), {Nano Letters), {ACS Applied Materials & Interfaces), {Advanced Materials)&.
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MAEN:

BIMEET DI TFRBAFINTIAFIKEF L Q0095) FEEFI 20144F) T 2014EMNAERFAFEHFTEFE (DTU Fotonik) M
EETEMAHT 20195 AR R R /BIREIR AR TEEEEREHER TF A FERERRSA A FIREM R SMEstF LA
RIREE AR BB RS FH 4. 1124 EfEOptics Letters, Optics Express, SensorsZA4TigiAl & 85T & RSCINFIC X204, 1L S5 AT
R, HA3EIC X R RS | BB 10008, fit 2R 2 BT A UHEBZ 2 WHER S HZBIBEF AEETIPhotonics (SCIE WR) BEEX FRRFTIRRE
#48, R Z 5 Nature Communications, Optics LettersZ+5F 2 A HATI B FE TFo

wezatl - BB A 5

EHER

BB, fIKRF  XSR, CHKRFEFR K, RiERF

ERFAN KM, RERF

Silicon Photonics beyond the singlemode regime

09:00-0930 1 spsmge, T A
09:30-10:00 Ultra-low threshold InAs/GaAs quantum dot microcavity lasers on silicon (001)
' ' KBRS, HEBPXAF
10:00-10:30 Electrically switched zero-loss phase change materials for silicon photonics
: i Juejun Hu, FEIE TP
10:30-10:45 wE
ERAN FELE, REMFRMEBEFHRRPR
) . SRR R EBIRIZE
P05 AEDS | ey, e S B SR
) ) Integrated lithium niobate electro- and acousto- optics
11151145 Mengjie Yu, FAE A
i . N EEHBEE S _EXi7IEE
HAS I e, ssEAas
12:15-13:30 RE

ERANEEL, ALUKRF

EREHIRME N AR BB TIB R ARE

13:30-14:00 Ak, T
14:00-14:30 gﬁiiﬁéiﬁzfﬁ%%%mm#
SO0 | ey
15:30-15:45 e

ERA R, RERZR EBNARSE R RARHATR

HEEINASEF IR NES

DASIOIS | e, bR
16:15-16:45 EEEMBIRFDiracRIE N F RIS 2
' ' FNEFF, BEBRCKF
16:45-1715 Engineering quantum states of photons on silicon photonic chips

3, SUHRARE

10



11

2021EEEH B FILIR

2021EEE B FiLIR

{Silicon Photonics beyond the singlemode regime)
BEsF MIKFE

RERE:

Silicon photonics has been very attractive due to its unique advantages and has been developed successfully in the past years. In order to
satisfy the demands in really applications, it is very desired to develop new-generation silicon photonics with very high performances in
the near future. For most silicon photonic devices, the performance (like loss, crosstalk, etc.) is limited by the random errors of amplitude
and phase introduced by the random deviation in the fabrication. Here we propose and discuss the concept of new-generation silicon
photonics beyond the singlemode regime. With this new concept, we have successfully developed ultra-high-Q resonators, ultra-low-loss

delaylines, etc., by breaking the singlemode condition.

PAET:

BETE, HIAERZREBHE. ERALEFHNEZESREE QI7TH) ERERFLITIE 155 A Springer NatureH#AFI{Optical and
Quantum Electronics)E4R, MTBRIF S TRERERK HEE A FEERAEBGEFRERRETEINIKRFSEN FEEFRHRH
DEE BN TSRS EREFEEEM L T2 KRR A5, fENature. Nature Comm.. Proc. IEEE. Light Sci. Appl.. Laser Photon. Rev.. Phys.
Rev. Lett FHAFI A RN 230K (RRFLRR20RER) o 105 A 123005% (Google Scholar) , NEHFE BM/R(PESES | FEHEE) MR
EFFEAR SN -EEOFCEHIZ/E B/HHBIREZI05K, FICOCN 2019/2021.ACP 2021/2018F AR ARER ST E/HEEE e T TIER
FRA-ERX PEXFFRIAFRE—ER FARUPLFR M IEBARER SRS,

{Ultra-low threshold InAs/GaAs quantum dot microcavity lasers on silicon (001))

KEEF BEBRXKF

RERE:

Silicon photonics technology has monolithically integrated optical components such as waveguides, modulators, beam splitters, detectors,
but currently silicon photonics technology cannot monolithically integrate the light source of the core component, that is, semiconductor
laser. So, IlI-V microcavity lasers directly grown on silicon substrate is a promising way to realize Si based photonics integration circuits,
which might be an effective way to solve the problem of the limitation of Moore’s Law in electrical integrated circuits. In addition,
semiconductor lasers with quantum dots (QDs) as gain material have been extensively investigated due to its robust tolerance to defects.
Here, we present several QDs microcavity lasers.

1.Microdisk lasers, which include the characteristics of small footprint (D ~ 2 um) as well as low lasing threshold of ~ 3 uW.

2.2D photonic crystal (PC) membrane lasers, which exhibit single-mode operation with an ultra-low threshold of ~ 0.6 pW.

3.1D photonic crystal nanobeam resonators, which present a nanoscale physical volume of ~ 8X0.53X0.36 um3 and low lasing threshold
of ~0.8 pw.
All of these three microcavity emitters were continuous-wave (CW) optically pumped at room-temperature using a 632.8 nm He-Ne laser as

the excitation source.

AT

KEEF L7250 F 19982001 FEPERF R AR FIRN A AHF T W BIF TFER+F 01 ; 2007 FRMNMNEBE T FREBF TIEETF,2008%
20114, TE TN AZERFARUFZRAMNBELEHR, ANZETFSOHARMNERLERE2011EE, 2015FNIREBHXAE RN .
FEMNTIEMSEEE — MK F RIS (AT NOREE— N/ NEEOLER) (E— MR NTFIRKRE S (R, IsES
FRBYBIERR) , E— MR RALB 88 (AT EMBURIEEMI S A RS ER) , F— IR B A EREEL T REEtEs (RREBATTIL,
IEBA T —EEN RS A 88 A SR AT EE) &, fENature Communications, Advanced Materials, Physics Review Letters, Optica, Photonics
research, Optics Letters, Applied Physics Letters SEFRTIMI A R SR XE,

{Electrically switched zero-loss phase change materials for silicon photonics)
Juejun Hu, FEIETFR

REWHE:

52 : Optical phase change materials (O-PCMs) exhibit extraordinarily large optical property change (e.g. refractive index change > 1) when
undergoing a solid-state phase transformation, thereby offering a highly attractive material platform for reconfigurable photonic
integrated circuits. Here we report integration of chalcogenide phase change materials in the Lincoln Laboratory 8” Si foundry process and
the demonstration of electrothermally switched phase-change photonic devices building on a wafer-scale silicon-on-insulator heater
platform. A zero-static power and electrically-driven phase shifter featuring record phase modulation up to 0.09 t/um and a low excess
loss of 0.0055 dB/m was realized. A diverse cohort of programmable photonic devices were demonstrated based on the ultracompact PCM

phase shifter.

NP

Juejun (JJ) Hu received his B.S. from Tsinghua University, China, in 2004, and his Ph.D. from Massachusetts Institute of Technology (MIT),
USA, in 2009, both in materials science and engineering. He is currently an associate professor at MIT's Department of Materials Science
and Engineering. Prior to joining MIT, he was an Assistant Professor at the University of Delaware, USA from 2010 to 2014. He has been
recognized with the SPIE Early Career Achievement Award, the Robert L. Coble Award from the American Ceramic Society, the Vittorio
Gottardi Prize from the International Commission on Glass, the DARPA Young Faculty Award, and the NSF CAREER Award, among others.
His research primarily focuses on integrated optics and photonics. His main technical contributions include the demonstration of digital
Fourier Transform (dFT) spectroscopy, mechanically flexible and stretchable photonic circuits, a panoramic dielectric metasurface lens, an

optical phase change material with broadband bi-state transparency, and the first optical isolator monolithically integrated on silicon.
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MAE:

R X, RERFRHESEARAARA, th202 FR—EF DT EENEFMRMEBHOAR, EEEESIGe. Ge. GeSn. GePbZ IVIEA KL IME
ERFIEAR. BEAFISHEBE T REMEHR T EERNRLTFRCe SN AR AHIAS, RERNB K KBS EE R, TEF L
FGePbEERMEHAR, BEHEGePhREHEMIEICIRERITLIGePb R FEMRINELE R AR FARIEX 2405, RIFERZALTH 25T

Integrated lithium niobate electro- and acousto- optics)
Mengjie Yu, I A

RERE:

Lithium niobate (LN), widely used in optoelectronics, is an excellent photonic material with a large electro-optic (EO) and piezoelectric
coefficient. In this talk, | will talk about the development of the emerging integrated low-loss LN platform and show the developments of
EO and acousto-optic devices for 1) EO modulation for temporal and spectral shaping of light and frequency comb generation 2) Acousto-

optic frequency shifter and microwave-to-optical conversion assisted by LN acoustic resonators.

MNP

Mengjie Yu will join the University of Southern California as a tenure-track faculty in Jan 2022. Currently she is a postdoctoral fellow in the
John A. Paulson School of Engineering and Applied Sciences at Harvard University. She received her Ph.D. degree in Electrical Engineering
in 2018 from Cornell University. Her research focuses on integrated photonics across various platforms of silicon, silicon nitride, and
lithium niobate. Mengjie Yu is the 2020 the Optical Society (OSA) Ambassador. She was the winner of the 2016 Maiman Student Paper
Competition and the 2016 Emil Wolf Student Paper Competition, and a finalist of the 2020 and 2021 Tingye Li Innovation Prize. She was
the Caltech 2019 Young Investigator Lecturer. She has published 34 peer-reviewed journal papers and 48 conference papers and is a

referee for 15 peer-reviewed journals. Currently, she serves as chair of the OSA Integrated Photonics Technical Group.

N B EHEBRER / _EI7ARE)
ZRNEIR, EiBRIBAE

REHE:

HEXEFHRAESR. BH. M RRANSEREFES MR, BIRANENEDEMLRE, RANEERABTEBEMEEER O
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B LN BRI LS F O A I MER R LA BN RSN B R 2B EENEEABFRINAE, RRXLUS RN 2T
BERY AR, IR A ST,

=

A&

B, BB AFRIHBIR, 185 2009F R EPRIT AR F +F 11, 2014FRBEFAFETF(AL, 2014- 201 TEELIFAZBTIE LG
FE, RIBEFAFSt Edmund e SANTANDERFHFER . 20185 Nisk_EiETH “BRA TR o EZAR S MNEE RO FEEN FEM. HE
FEEE S F % BRI F U EPRMZOEATISCIAEEEPR 2N ENE 30K E . TEH EFE R RN E 6. B(EIET Optoelectronics EIE4R,
(HESEFIR)FEEYRE, 2 IEEE/OSA =5, IEEE Photonics B8 =#H, Eir=IXACP2021 Workshop Chair, H2Z 1M EfrsIEAZR R
£ (ECOC. CLEO-Pacific Rim, GFPZ) ,

ok

(EMZEFIFLIEN BB TIERARHERE)
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REHE:

AR MR BT LU ROt RV IRBITH BT, W RRBVE B R A RMERIFTAR A NIERRE . M WXL TS ELEERFERNEMULT
S, XEbRE YA REIR IR AT &, R BB AR MIILACR A RS, Atk GBI E BT R Rk TARIRET, RIINATEHE
AUERN —ERITERE, EBEEARBMIZERM TR ICSEEN, RN BEGRIFIEL, NTiEsRIFL AR R fFANER, TBESETEMT
SRR U AR R R IE A

MAEN:

KA, REBRFEE, B REEAFE MM RN EERMNNAFIELFM, 2011 E2015F T XZERB BT ZRBIE G . TENEEMR
ERIEN T IBE S BRI EESEE S AR R . ARE K FHRTIRER RIS E2T0RE, H-index /34, BIEX EMIR S 385 . KK
BREEENFF= (0SA) BR=R, BRS5BFIRMha (EEE) MEREFE TEF = (SPIE) =5, BEIEEE/OSA Journal of Lightwave
TechnologyFIIEEE Photonics Journal&l4&%E.
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Infrared photodetectors have many applications in areas such as gas monitoring, chemical sensing and infrared imaging. While I1I-V
infrared photodetectors have been demonstrated on GaAs, InP, InAs and GaSb substrates, the cost of these I11-V substrates is still high as
compared to Si substrate. Moreover, these technologies aren’t compatible with standard silicon CMOS technology. Therefore, direct
integration of I11-V materials with CMOS technology is highly desirable, which can significantly reduce the cost of the current technologies.
In this talk, | will review the performance of Ill-V photodetectors monolithically grown on Si, such as quantum dot infrared photodetectors,

quantum dot quantum cascade photodetectors.
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{Engineering quantum states of photons on silicon photonic chips)
Mg, BUIHRAS

RERE:
In this talk, we will discuss our recent progress in engineering silicon photonic devices for producing and manipulating photonic

quantum states on chip.
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Qiang Lin is a professor of Electrical & Computer Engineering and a professor of Optics at the University of Rochester. His current
research focuses primarily on nonlinear nanophotonics and integrated quantum photonics. Prior to joining the University of Rochester
in 2011, he was a postdoctoral scholar at Caltech from 2007 to 2010. He received his Ph.D. from the Institute of Optics at the University
of Rochester in 2006, prior to which he obtained his B.S. and M.S. in Applied Physics from Tsinghua University, China, in 1996 and 1999,

respectively.
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{Integrated Photonics for Healthcare and 3D Depth Sensing)
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The adoption of integrated photonics has paved new opportunities in numerous technologies from communication to sensing. Si
photonics has been matured and industrialized over the last decades, mainly for datacom and telecom products, in order to increase the
bandwidth and the communication speed while keeping the energy consumption low. Apart from communication industry, sensing
applications are becoming the new focus for the miniaturization of bulky mechanical and expensive optical systems. SiN, as a CMOS
compatible material with relatively high refractive index transparent at the visible range of the spectrum, has broadened the sensing
capabilities of photonics chips to healthcare applications. In this talk, we present the research activities in the PIC Design team in BTIT,
SITRI. We strive on using SiN based integrated photonics for sensing from molecules to cars. The scope of our design covers applications

such as fluorescent detection, label-free detection, flow cytometry, and solid-state Lidar for self-driving cars.
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In the past two decades, tremendous photonic integrated circuits (PICs) have been demonstrated to offer integrated solutions to a large
variety of applications such as optical interconnects, RF signal generation/processing, optical phased-array, sensing, and optical
computing. Thanks to the matured supply chain of the semiconductor industry, COMS-compatible platforms offer a solution to the mass-

production of PICs at a low cost. In this talk, | will introduce our work about implementing PICs for optical sensors.
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Dr. Zheng Wang received his B.S. degree in 2012 from Tsinghua University (China) and his Ph.D. degree in 2017 from The University of Texas
at Austin (USA). His Ph.D. dissertation focuses on the sensing and computing applications of photonic integrated circuits(PICs). In 2018, he
joined imec as the R&D Project Leader. His current research focuses on graphene-enhanced PICs, especially developing the process and
explore the applications in optical interconnects and on-chip nonlinear optics. He has 39 publications in peer-reviewed journals and

conference proceedings with more than 400 times citation.
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In order to address the large and rapid grow in data center and telecom markets, dense photonics integration is a trend. POET s optical
interposer is a technology platform to achieve such high level of optoelectronics integration. In this talk, we present the technology to

achieve every simple building block and lead to final dense integration for CWDM4, LR4, DR4, FR4, CPO, and etc applications.
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