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CCD and CMOS Imaging Detection Chips
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Flexible-format Optical Modulator by Silica-LiINbO3 Hybrid Integration
Technology

Takashi Goh, NTT Photonics Laboratories,

Straight-line phase modulators

Couplers, filters etc.

Multi-carrier flexible format [10,11]

Fig. 1. Basic structure of PLC-LN modulator.
@ 64C_J_AM 81 Dual carrier 1Q [12]
é ‘—J —.__,, . _‘Q’:/‘__\ /_: _/
% OFDM-QPSK [6] PDM-QPSK [7]  Seleclable mod. level [9]
= TS ":~,<-“‘1:;;J?-";-“~‘ R = Ao

RZ-DQPSK [5]
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DQPSK [4]

»

2008 2009 2010 2011 2012 Year
Fig. 2. Demonstrated PLC-LN modulators.




InP-based Twin-IQ Modulator Chip |

1@ modulator for X Pal.

1T,

1.

|Q modulator for Y Pol.
—p i

Modulation RF electrodes n/2-phase shifters
Control electrodes

v Two 1Q modulator are monolithically integrated.
* Driving voltage:
3 Vp, X 2 (differential) for 2 V=

* Length of electrode:
2.5 mm (Mod.), 1.5 mm (Cont.) ,1.0 mm (n/2-phase shifter)
* Chip size: 9.5 mm x 2.5 mm
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\WAVAVAVAVAVAVAVAVA! NVW-mGaAsP waveguided layer{— —
I [«— InGaAsP active layer 1 \ ‘/'\/\/\/\/L, ]r\.u/ \/ \f ‘\f

[¢— n-InP buffer layer—»

«—— nN-InP substrate —»
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Distributed Feedback Distributed Bragg Reflector
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Ao E Key components for DWDM system
i C band 50GHz
' Interleaver . .
Aero Optical Optical
Performance Performance
- Monitor Monitor
Acy
Aes E l OADM

i ! band EDFA
)"080

C/L Band WDM
A‘Ll
M E 'j L band EDFA .
: — \\\

Airg [ \\\
::LLj [ L band 50GHz N CoLEDEA

|: > Interleaver
oo DFB LDs are key components in DWDM optical network which utilize grating structures to control the

[ wavelength and single mode property. Now DWDM equipment not only has been used for backbone

networks, but also may be deployed in access networks, like WDM PON.
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According to CIR forecast, LD for Communication
will Over 1 Billion US$ in 2014. Most basic optical

communication devices are pretty cheap now except
the DFB LDs which satisfied the DWDM
requirement. Therefore it is highly desirable to

develop a low cost DFB LD manufacture process.
DFB Laser price

DFB LD Die Regular DFB 2.5Gbit/s DFB 10Gbit/s DFB DFB for CATV
(106) (DWDM (DWDM)
zoosﬂsovem_RH K Report $50 about $100 $250-$500 $600-$1000 $300
ASP ($ US) 2005 2006 2007 2008 2009 2010 2011 2012
DWDM Components
DWDM Source lasers $565 $615 $580 $601 $547 $498 $444 $395
DWDM External
Modulators $705 $595 $488 $420 $369 $346 $326 $308
DWDM Receivers $208 $135 $147 $153 $152 $150 $145 $136
Pump lasers $956 $665 $603 $548 $496 $449 $412 $375
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Nano-imprint Technique for DFB Laser

Nanoimprint Advantages for DFB LD
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Multi-Channel DWDM LD Made on one Single

Wafer
Bragg Grating Equation:
A =2nA
AA =1.6nm

ITU Regulation of 200 GHz Channel Spacing means 1.6nm difference in wavelength,
at wavelength of 1550nm, the grating period on InP is only about 240nm,
thus the corresponding adjacent grating periodic difference is only 0.25nm
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Second Mold by Duplication Process
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Experiment results

46.875 nm

1M 22.728 nm
4 ™ z G 1= oc
RaClc) 1.862 nm
= Rima 8.173 nm
) = . - — ~ - 6.859 nm
Rz €nt 4
rRadius  56.708 nm
= sigma nm
T | |
[ 1.00 2.00 3.00
m distance rm
Spectrun stancedL) nm
m
Surface distance
= distance
distance
v s
bc Min 0 /um
HEA0E e e 20 RMS amp 0.075 nm




Intensity(dBm)

v Ll v 1 v L] v L] v 1
1530 1540 1550 1560 1570 1580
Wavelength(nm)

Channel Spacing Uniformity of manufactured DFB LDs.






DFB#Ut#s Kz

2. 06 A0 51N /4HFEDFBEOL 8%

AR B LTEIETIE, W

SR SEMSIE L ZRAR, B3RS R BRI
1% H TR AN RS 2178 A A

TH 7= 2%

FERE, iR

HAGRH, B,

— Y,
— ¥R



DFB Mold With ¥2 Wavelength Phase Shift

RN LN SR SN BN SN
WRDES-D43 5. 0KV 7. Sram x4 . 00K SEIV) DSI292008 10:53 0.0um




DFBBOGAS I it

Mesa Pad AR Coating (<1%)

Electrode Active Layer
(e=+0.7%, 7 wells})

:‘n
- 300um
/ _

/ \
AR Coating (<1%) /8 Phase-Shift Region

MRAZ: FIAL/S8HEKNMNBE T PAZRIF9I5% LA -
FIA NS, BEEEMERE, BB EBEFL
350N FRASEC W WK )t e

BerURe IR 2 Bk, — T mE
AT, R AR SR R B AU

3. Sttt 5l N /8AH#EDFBIEOL A




T-DFBREF F 2 1l 23 1

p-lnGaAs  200nm 1xX10  Contact layer

P-InP LY Cladding layer

- 13
p-InGaAs 200nm  1X10 Contact layer nm 1x10"

P-InP 1600 nm 110 Cladding layer

Etching stop

p-InP 20 nm 13 1018 layer u-InP 400 nm Uid Cladding layer
p-InP 100nm  1x 108 Spacer
; Waveguide
120 100nm 1310 Up cladding layer 1.24Q 400nm Uid (Evrer
Maw 100nm  1xX10% PL:1540 nm
n-InP Down cladding
i 100nm X 1018

1.20 100nm 13109 D°W'|’ GECoE buffer 1x10 laver

ayer

- 18
n-InP buffer  500nm  1X10 sub

Sub




3T DFBFE A 1) 4R pleas il F

wfF )
| ” s 4000 um
I | J - ’
-9 Q_
5
I
o
8
3 g
y 8
S

VU3 & MMIAE [ DF B0 25 4 %71 1618 1EAWGHE lDFBI L 25 [ 41



S N
Cro, rect®
€nce and Te©

SR . DFB+AWG

5T DFBPES S Wl g A

14
12r 0.15¢
E g E o
o er B
= =
a4t 0.05-
2,
) i - i I I i I I I I i I I i 0 i i 2 | i I I I I i I I i I i
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
EE (nm) FABRR (MmA)

=)

1550 1555 1560 e g
W (nm) W (nm)

18751 ~--wavelength fit curves ’/,’
® Wavelength vs, N . oo
GO ot e ;
2 S 5
st e
o :

) A .
g /.’ ; :
T S . S
N

/’ I 1 I \ 1 L 1 |

2 4 6 8 10 12 14 16




3T DFBFE A 1) 4R pleas il F

e, et LR LI &
ifilnGaAs i |

fPECVD L F b I IEFEE J hAT BRC,

i S AR AR
 }

[ 56, %EII;L}{?T)UH%HX

[ ik SUGRE, HEYERCE Hmﬂjms{ﬁﬂaz LML,

H WEOT, PSS 4 I b H i IORZIE SO Hﬁﬁﬁ‘h ﬂl%ﬁiﬁg’lﬁﬂﬁﬂllﬂﬁ
i H S ]H a5, B H NI, WA, &8

N

etk Ll A ETH Wl He 2 1 s O S e A ERSR e M




TH RSO A%

Vertical Cavity Surface Emitting Laser
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What is VCSEL

Different from Edge Emitting Laser
Structure of VCSEL
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Long Wavelength VCSEL
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VCSEL

= What does VCSEL stand for?
= Vertical Cavity Surface Emitting Laser
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How does it work?
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The structure of VCSEL
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Structure of VCSEL
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The structure of VCSEL
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Infrared detector and Sensors
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Radiative cooling to deep sub-freezing
temperatures through a 24-h day-night cycle

Zhen Chen'*, Linxiao Zhu®*, Aaswath Raman' & Shanhui Fan'

Radiative cooling technology utilizes the atmospheric tmnsparency window (8-13pm) to
passively dissipate heat from Earth into outer space (3 K). This technology has attracted
broad interests from both fundamental sciences and real wordd applications, ranging from
passive building cooling, renewable energy harvesting and passive refrigemtion in and
regions. However, the temperature reduction expernmentally demonstrated, thus far, has been
relatively modest. Here we theoretically show that ultradarge temperature reduction for as
much as 60°C from ambient is achievable by using a selective thermal emitter and by
eliminating parasitic thermal load, and experimentally demonstrate a termperature reduction
that far exceads previous works. In a populous area at sea level, we have achieved an average
ternperature reduction of 37°C from the ambient air temperature through a 24-h day-night
cycle, with a maximal reduction of 42 *C that occurs when the expernmental set-up enclosing

the emitter is exposed to peak solar irmdiance.
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Scalable-manufactured randomized glass-polymer hybrid
metamaterial for daytime radiative cooling

Yao Zhal," Yaognang Ma,' Sabrina N. David,? Dongliang Zhao.! Runnan Lon,® Gang Tan,* Renggul Yang, '+ Xiaobo Yin™*+

'Department of Mechanical Engineering, University of Colorado, Boulder, CO 80309, USA. “Materials Science and Engineering Program, University of Colorado, Boulder, CO
80309, USA. Department of Aerospace Engineering Sciences, University of Colorado, Boulder, CO 80309, USA. *Department of Civil and Architectural Engineering,
University of Wyoming, Laramie, WY 82071, USA.

*These authors contributed equally to this work.
tCorresponding author. Email: xiaobo.yin@colorado.edu (X.Y); ronggui.yang@colorado.edu (R.Y.)

Passive radiative cooling draws heat from surfaces and radiates it into space as infrared radiation to
which the atmosphere is transparent. However, the energy density mismatch between solar irradiance and
the low infrared radiation flux from a near-ambient-temperature surface require materials that strongly
emit thermal energy and barely absorb sunlight. We embedded resonant polar dielectric microspheres
randomly in a polymeric matrix, resulting in a metamaterial that is fully transparent to the solar spectrum
while having an infrared emissivity greater than 0.93 across the atmospheric window. When backed with
silver coating, the metamaterial shows a noon-time radiative cooling power of 93 W/m? under direct
sunshine. More critically, we demonstrated high-throughput, economical roll-to-roll manufacturing of the
metamaterial, vital for promoting radiative cooling as a viable energy technology.
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A flexible route to coolness
In previous approaches, intricate crystalline nanostructures emitted thermal infared light. Zhai et al. use larger

glass spheres (~10 pm diameter) in a flexible polymer to create a scalable, thin-film cooling material.

Glass spheres
embedded

in a transparent
and flexible
polymer
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* Glass spheres
constantly emit infrared
light and release heat

Silver mirror backing
reflects visible light

10 MARCH 2017 « VOL 355 ISSUE 6329 1023
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