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Ultra-high efficiency photovoltaic cells
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- - Photos of a multi-quantum well solar cell chip (left]
RYBTEEAMELT, BAHRIBATLFT. and a roof-top gncemrator PV module (ri:h(l). )

100-port optical phased array

/I -

Integrating hundreds of optical
components (lasers, detectors,
amplifiers, phase shifters, splitters,
etc.) on a compact semiconductor chip.

K. Komatsu (2017).
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Demonstration of large scale optical phased arrays " Si photonic OPA with 128 phase shifters

Silicon Photonics
N=512

N =28192 « All 128 phase shifters were wire-bonded and
x 2.5 cm PIC controlled independently by a driver circuit
8192 Elements « Input light at 1550 nm and TE polarization was
coupled to the chip using a lensed fiber.

SR T T T T :

Fiberinput  Smm

nifters

S. A. Miller et al., Optica S. Chung et al., JSSC C. V. Poulton et al., JSTQE
(Columbia U) (2020). (USC) (2017). (Analog Phot.) (2022).

Silicon Nitride
1 Phase | Antenna array
{ comp. |

=

2 ‘_,___.ﬁ Driver circuit

. JSTQE (Chin. U. HK.) (2022). . Komatsu et al., PTL (U. Tokyo) (2021).




Silicon photonic NRA chip (N =127)

Grating coupler

Input

10 ym

TiN thermo-optic phase shifter
220 pm

» 127 phase shifters and grating couplers are integrated.
 Grating couplers are placed in Costas array configuration with fundamental spacing of 15 pm.

Previous demonstrations of OUPs 15

2x2InP OUP 4 x4 Si OUP
Mz O AXGEIOUP o
(-~ /=
D. Melati, et al., Opt. Express 24(12), . A. Ribeiro et al.Optica 3(12), 1348 (2016).
12625 (2016). D. Melati et al., Opt. Lett. 42(2), 342 (2017) .
- N 1%
6 x 6 Silica OUP 44 Si OUP 6 26 Si OUP
J. Carolan et al, Science 349(6249), 711 2015
{6 X6} %3 SiouP A. Annoni, et al. Light Sci Appl. 6, €17110 (2017). N. C. Harris, et al., Nat. Photon., 11, 447 (2017).
e . X i
6 % 6 Silica OUP 6 X6 Si OUP 20 %20 SiN OUP
Vi, P W \
. Zhang, H et al., Nat. Commun., s
P.L. Mennea, et al., Optica 5(9), T201) 457 (2031). C. Taballione et al., “arXiv
S. Bandyopadyay, et al., arXiv:2208.01623 (2022) 1087-1090 (2018) [quant-ph], Mar. 03, 2022.
MPLC 3%3 Si OUP 4 x4 InP OUP 4 x4 Si OUP 10 x 10 Si OUP

R. Tang, etal., Opt. Lett. 43(8),
1798-1801 (2018).

R. Tanomura et al., Opt. Express ’
28, 25392-25399 (2020). R.Tang, et al., ACS photonics, 8(7).

2074-2080 (2021).

R. Tanomura, et al., J. Lightwave

Technol. 38(1), 60-66 (2020).

Comparison w/ previous works 14
C. V. Poulton .
i i Th k
Hutchison R.Fatemietal. | oo/ (Analog . %/
et gl. (Intel), (Caltech.), photonics) o ukui e a1.,
Optica (2016) | JSSCC (2019) JSTQE (2022) ptica (2021)
Array design Pseudo-random A?geol:,ﬁgfn Uniform W
No. res. points ~500 ~500 ~10,000 ~19,000
(Array scale) (N=128) (N=128) (N =8192) N=127
Figures
Fabricated DP MIMO OUP chip on Si 16

PSR array MPLC-based OUP

Polarization
splitten

Polarization
rotator

PSR array

MMI
coupler




Fabricated ONN chip on Si using quasi-OUPs 17

@ Schematic of the chip

Splitting tree vt z U Power
Singular values) monito
o oCO
4* X N N H
Tunable - : : :
laser source .

2.8 mm

LEREERER N AR R AR R LR RN N
Totally 288 phase sssssssssssssssssaa

shifters are integrated. [iphybpbppbptpipiyiykphbytk

5.4 mm

Prof. Masaharu Aoki (Fk &35 #3%)

» Thermoelectric conversion devices
» Compound semiconductor crystal growth
> Materials for light emission and harvesting

One of the pioneers of GaN in Japan
Investigated GaN with Prof. Akasaki when he
was with Panasonic in 1970s

AYLEORXRZLARE (ROTE1N)

Lab History 2023

1960 1970 1980 1990 2000 2010

Aoki I!!
Tohoku U

1960 1982 1991
Tada

Nakano

Sugiyama

Tanemura

*Prof. Nishinaga from 1983 till 2000
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Prof. Kunio Tada (
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> Optical properties of semiconductors
» Optoelectronic devices
» Optical modulators / switches

Pioneer of GaAs directional coupler optical
modulator
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[an error occurred while processing this directive]
UC Berkeley Prof. Shyh Wang, a leading researcher in the field of semiconductor lasers, has died

By Robert Sanders, Media Relations | 19 March 1992
BERKELEY —Shyh Wang, emeri of electrical and at the University of California at

Berkeley and one of the nation's top'mearchm in the field of lasers, died (2/18/92) at
Alta Bates-Herrick Hospital in Berkeley. He was 66, and had been undergoing chemotherapy for liver cancer.

Wang worked for some 20 years on semiconductor lasers -- small, lightweight and
efficient lasers used today in compact disc players and more widely in optical
communications. Many of his former students today hold leading positions in the
semiconductor laser industry.

He retired last year after 33 years at U.C.-Berkeley, but continued to conduct
research in his laboratory and to direct 10 graduate students.

Wang was born in Wuhsi, Kiangu Province, China in 1925 (d.o.b. 6/15/25) and

his at Chiotung University in Shanghai before
coming to the United States in 1947. He received his M.A. (1949) and Ph.D. (1951)
in applied physics from Harvard University, and spent two years there as a
postdoctoral fellow. ~y

In 1953 he took a job at Sylvania Electric Products (now part of GTE) as an
engineering specialist, where he worked on devices, the
transistor. He continued his work in this area after joining the Berkeley faculty in
1958.

After the discovery of the laser in the early 1960s he switched to the fields of
quantum and optical electronics, and for the past two decades has concentrated on
semiconductor lasers and guided-wave optics.

Throughout his career he has continued to inject new ideas and new approaches into
the semiconductor laser field. He was one of the first people to work on distributed
feedback lasers, and contributed to the development of injection lasers and

interference lasers. In the past few years he his research

into

laser arrays.

Prof. Shyh Wang
Won Tsang

Dan Botez
Connie Chang
Ming C. Wu
Yuhwa Lo
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Studies on High Performance GaAlAs/GaAs
Distributed Feedback Lasers
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STIMULATED EMISSION IN A PERIODIC STRUCTURE

H. Kogelnik and C.V. Shank
Bell Telephone Laboratories, Holmdel, New Jersey 07733
(Received 23 l\ovember 19A0)

We have investigated laser oscillation in periodic structures in which feedback is provided
by backward Bragg scattering. These new laser devices are very compact and stable as the
feedback mechanism is distributed throughout and integrated with the gain medium. Intrinsic
to these structures is also a gratinglike spectral filtering action. We discuss periodic varia-
tions of the refractive index and of the gain and give the expression for threshold and band-
width. Exper lly we have induced index period! in gelatin films into which rhoda-
mine 6G was dissolved. The observed characteristics of laser action in these devices near
0.63 pm are reported.
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FIG, 2. Cross section of distributed feedback device
APL1
consisting of dyed gelatin on a glass substrate. 8,152 (1971)
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Proposal of periodic layered waveguide structures for
distributed lasers*!

Shyh Wang

Department of Electrical Engineering and Computer Sciences and the Electronics Research Laboratory,
University of California, Berkeley, California 94720

(Received 3 July 1972; in final form $ October 1972)

Here new periodic are proposed for lasers, utilizing the thickness variation
introduced in a multilayer thin-film optical 2! Wave in such s
analyzed. Expressions are derived for the amount of distributed feedback and possible scattering
Josses. From the coupled it the k )|} di are set up. C |
results for the GaAs-Ga, Al, _,As and dye lasers are presented. The applicability of the proposed

scheme for distributed feedback to semiconductor, dye, and solid-state lasers is discussed

FIG. 2, Optical waveguide with periodic variation in the thick=
ness of the top dielectric layer. Waves £, and £] (acideat at
waveguide discontinuities produce perfodically reflected waves
E, and E;, respectively.
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Coupled-Wave Theory of Distributed Feedback Lasers

H. Kogelnik and C.V. Shank
Bell Telephone Laboratories, Holmdel, New Jersey 07733
(Received 13 September 1971)

An analysis of laser action in a periodic structure is presented. A model of two counter-
running waves coupled by backward Bragg scattering is used. The resonant frequencies
and threshold criteria for the modes of oscillation have been determined for both index and
gain periodicities. Analytical approximations are given for both the high- and low-gain
cases, and computational results for the intermediate regimes.
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Absorptive-Grating Gain-Coupled Distributed-Feedback MQW Lasers
with Low Threshold Current and High Single-Longitudinal-Mode Yield
Yoshiaki NAKANO, Hong-Li CA0, Kunio TADA, Yi Luo"¥,

Machio DoBAsHI' and Haruo HOSOMATSU!

Department of Electronic Engineering, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113
!Devices Laboratory, Yokogawa Electric Co., Ltd., 2-11-18 Naka-machi, Musashino-shi, Tokyo 180

(Received October 27, 1992; pted for publication D ber 9, 1992)

p-GaossAlo.asAs cladding

p-Gao.7sAl0.25As Cladding
antiphase index grating Antiphase index grating
> n-GaAs absorptive grating e 4 e ; Absorptive grating
/=~ p-Gao7Alo3As Low aluminum cladding
N low aluminum cladding i

N \p-GaossAlo.4sAs barrier
. u-SCH-MQW active
n-Gao.ssAl.4sAs cladding

Fig. 1. Schematic drawing of the GaAs/GaAlAs MQW GC DFB
laser with an absorptive grating. Fig. 2. Scanning electron micrograph showing a cross section of
the epitaxial layers and grating.
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Fabrication and Characteristics of Gain-Coupled
Distributed Feedback Semiconductor Lasers
with a Corrugated Active Layer

Yi Luo, Yoshiaki Nakano, Member. IEEE, Kunio Tada, Fellow IEEE, Takeshi Inouc,
Haruo Hosomatsu, Member, IEEE, and Hideto Iwaoka, Member, IEEE
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nc triangular grating and 12% AI ition in the p: P g
layer.
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