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Ultra-high voltage devices for future power infrastructure

£ T40ZFENMR, WAHSICHERHFHNHESELK BTN, BEK+7R.
BEERAHEENFHMZMRESchottkyB 2% (SBD) MIHEMOSFET, EfIE
MR B E LB R, FEAEE IR MBMETREEE A/ NS
HWE. EFEILE, SICTRFEERIMENEATRAME. 5I8TH, SRk, @il
W&, MRE. RN BARENRE. BASESINENBENERRESE . &
RESICHMNE B HIRIRE KA JHlEPE BB £ K F20k VA I ZR IS5 7&K . 1R
WX ARNTMIRE : 220255, SICHHERBHELSSHRFEERSAERTENBEN
BLBIT10GW— X KEHEH T 10EZB LT & HAVEE .

Solid-State Advanced mep  Power
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12 The evolving GaN VCSEL
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About ACT International Media Group
ACT International, established 1998, serves a wide range of high technology sectors in the high-growth China market. Through its range

of products -- incl ines and online publi and events -- ACT delivers proven access to the China market for
international marketing companies and local enterprises. ACT's portfolio includes ten technical magazine titles and related websites plus a
range of conferences serving more than 100,000 professional readers in fields of icond: ing, d iconds PV/
solar energy, el ic design, el i fe ing, ination control, laser/p ics, optical i LED technol

and RF/microwave. ACT International is also the sales representative for a number of world leading technical publishers and event organizers.
ACT is headquartered in Hong Kong and operates liaison offices in Beijing, Shanghai and Shenzhen. www.actintl.com.hk
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About Compound Semiconductor China

Compound Semiconductor China (CSC) is the ‘sister’ title to Compound Semiconductor - the world's most respected and authoritative
publication. It is also the unique and authoritative publication dedicated to the Compound Semiconductor industry in China, introduce
advanced global technology information and manufacturing experience, support the growth of the industry in the China market. Our content
covers the technology development of crystal characteristic, design of IC structure, and materials, equipment, software, metrology, facilities
for manufacturing, as well as market analysis & trends.
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Bringing the inverter onto the chip
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(Rensselaer Polytechnic Institute, RP1) B &ERBER T2 AREFZT A+ (SLERC)
KJZhongda Lifnf FIE S ETER T X TIE.

- Zhongda Li¥, % EEM7#) 32 L5 A i 8 A TALH REF 0 F oo

%818 Research Review
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Graphene: Opening The Bandgap
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Green emission rockets with nanorod array ‘
I 1
!

26 VERREMEEEMFETHEFEEFRERE

FETs: Double heterostructure boosts breakdown, cuts costs
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High-temperature CVD to cut SiC costs

28 SKiRIHRE T LEDMXZERKE

Air gap boosts LED extraction efficiency

4 ##&iE Editorial
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JFEF B 45 vk AR Ak 5 L o o L R TR 1Y
KE (WED),

XL F T A R R B S R T oA
2 REAA LR R T RE FH Ok #4220k V 2R 1 JE A
TR, RIS 40 B 06 52 5 AR 3
FUREA T, [FIRAER R F B T REp R
& WRAVIEFRN, Mgz, X SiC#
FHERBTE 2R —FE T, —AHEA 20kV 5
JERZR i R R T i, Rk R Bk 2
TEE T REIR B M RETE L 2 Y

8 HEDFSE 20145535

| B = Contents |
P.7-12 P.21-28

Refer a friend

Advanced Power
Traction Transmission
Silicon Sic
Blocking Voltage
Thickness Doping Thickness Doping
1kV B0 pm 2x10" cm® 8 pum 2x 10" ¢m*
Skv 500 pm 2x 10 em? 40 um 2x 105 em?
10 kv 1100 pm 8x 102 em? 90 pm 1x10% em™
20 kv 2300 pm 3x 104 cm* 170 pm 4x 10" cm?
30 kV 3500 pm 1x10% cm* 250 pm 2x 10" cm?

Al s AeSICEAM T 4F X 107 & BT R 69 L BB R SLARAR,
Lk XeE T O RE,

XoF X e AR 52 BB AR 7 th B R R AT,
SIiC iR R AE K TZEA THREN IS, E4
AJ DA 1 5T 4 A H) 100 mm 1 150 mm
f SIiC B IR, HE SIC Y AMEAE K Fnag¢E T2
AR, BN E AN &2 A4 T T A A
FHEE, FEEEXESORER, WA RETT &

it E AR T AR

Electric Field Strength

@ same blocking voltage

Eg (SiC) 1
Ve = 5 Eg Wy

x 10 slope ~ Ny,

Ny (SIC) = 100 x Nq (Si)

Es (S Distance
o . from Junction
W, (SiC) €—— W,, (Si
1 (SI0) €W, (Si)

B3 BpPRAAMRGEF LR, SICla PRI THELIFRRAGLL>H, ZTRXAA
SiC#y& F w7 3R E RT3, PRASICHF B4 R 18 K 69 /3 AR PL T 22 B4 T VA 2]
€Wt oz —, FESICEA AR RAT AL B 6h ek B4 5 HAREFA,
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p*-epilayer

Al*-implanted JTE
n--epilayer

n*-buffer / n*-substrate
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E 1
E 1501 ‘-" ]
> 4
2 100f .
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= ‘ |
@ S0F ‘ 1
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c
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]
]
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g \
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T 4ER, T /INEE PN S5 1030 477 A fL T 461
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| Two-zone JTE structure |

JTE
n-SiC
Electric field crowding’ | Eiectic fied (viem)
. 26300408
Space-Modulated JTE structure | [2:wsce

1. 7ERers04

1. 400&- 10
o

B8, BHEMT AL HRELE (18kV) T AEAPINS M E ALK &35 BE »H 65
AT, RIAPN& ey Lk M T A Bt . FH 5 ASZ R H 6T 24 5T A 0 4 K
A BT RE.

SiC PiN diode

Ultrahigh-voltage
test system

B9. E A 34T & A ALK = E

MR Z —o T B IR EXES A ERER A R
S, Al EATE RS AR EER (JTE) J
HBIRD AL G ENF AR BT A e,
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CoLWIEC i POR) R S iE2E
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— A, R ITE KN MZ A Al i
N BIFRA PR R i FL Y, a1 B — (A R A
B BEAETBE, 7 200 JTE 45 2% BEXE 2 il 3 1)
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.................................... g 60 [ SIC HORETNLS , XL BRIETT AT
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Ro=192mQcm? | & 2 2 % FE L Shockley T f) 3 22 2
. @1oNemt  } 3 20f B, (AR R R AL, IR
.~25000 -20000 -10000 Voltage (v) | SMEFFSHEBRURRRIGM, EIHLA
B 10 BB S, @K IEETEN
f | B 8 PR TR B B R0 K 2-3 mm,
| Breakdown Voltage > 26 kV | (ELJ A0 SR P B 1 oy B
B10. A4 2 AMITES #1 OTES K% 1050mm) 6985 & GPIN SIC=HF 6 TR R G, % 1 Y TR 2 3
LS STAURL, BRSSO ST | e, SRR T
100A B, 7EFATHHF SIC SME
RIRENRAME, I FLARR ORI JTE B2 B, FURE %S 0.1-3 em® U, A
Ve BEARAL R, SSPREIIREOSARAE JET o0k BEUEAT MR, 25 B3l il i s P LA AT Fi
RREEH R HB AU (I 8)., VOB T B, L b AU AL A Ty
FRA TR B — A PIN M BA 260 pm AP F] 0.01 em” LT,
JERY B SER , BT & 0 O LA JTE K J8 4
LA 300 um Fil 1050 um——3c 2 B Ay s i FeliTH 55— HERETF & 20 KV BT
AR E R T R, TR FFEERCE, GBI A, IGBT AU & s

Fe il — AN RE AR Z AR K T T g
AT TR EBRA R &R =TI

TR AR G B AT B AR (LR
9), MERFAIEREI R — A 2 1,
K HER A A ENE A BREES (UHV)
MR RS, IR ANTE f 90 32 AR 4
1 R T — S8 R F Bk B 1k R AE S S T2
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FATIEHE ] DURSZ =035 26.9kV FEE (LA

10), XELRRATMAA B PRAE, XA
TR E S S BRI AL T — B AR,
T E M EIE T2 R 28 30kV, Aidix B
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TEF]— Frd B _EHIVERJE p BUEML SBD (A #Hiji
THA) Hii, HIFASHMEATEE 430mQ om’, X
ANPGRS R, 100 I P R | R

BEMF U 2 S RIS 2R E T AR TR/INT H AR,
AR QIR T BT A RR, RERSHS
BT AR TS B, IR o4
AR AE TR TS 8 i i BT A R, 1
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GaN & VCSEL 11k e 2 #%

GaN # VCSEL il &Lt GaAs & VCSEL R¥R%, E@EIEIH, BIESIANTRER
MRSE, BREMERRENG, UARFHRESE, LREAEERHFINE.

Daniel Feezell, EEFHERTFKF

e~ BT K SO S (Vertical-cavity surface-
—X 2 emitting laser, VCSEL) 53l & SHE0OGEsAH
EAZMES, KOl RIEERR, &
BURAS A EAEE], DA S5 & R FR i i G eR,
i PR IR, DA RT Hh 48 U HE R 2 R 5 45
1E /2 i1 T VCSEL Ot iy LT edE, ErH
RN T TZRCA T TRE, HEAFEN R,
Ui IR R AR AL B4 . R, VCSEL B[R] R
B RERTBEAR A ) 3 AT S P BE

VCSEL #F A2 J5 7T LAB IS 1977 48, K
LK (Tokyo Institute of Technology) i
B fE— (Kenichi Tga) B R$EH T HIEBOLL M
4%, JFAE EEAR 90 AR TR Ak, B
VCSEL B Z M T E3H 6L (5 M 2 e HIE .
BARAEGE . B EFIHOGHT BV AEAE N A AR 2 4

WE%E VCSEL MR &, B9 N ACRIRR
TR A S A R A R, R EIE
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33
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MR T ZZ w9, FRemhYE, Hal
REREER A T R O 7 mW, I HE4E
W RS S 2R, TR ER AT HO % i
IR E I, RIS REC & 50 Gbits,

iR A N EN R IR 2 B - 22 B VCSEL {u)°F-
HAARAEAHS, arEItdeint, BRxH
RS B CRE— AR B KTl (850 nm &
980 nm) PMEAGRFAM IR, HEELEK
PREZE 1310 nm 5 1550 nm B 2238 5 8Pk,
7 Je TP/ e U2 K B B ' 0 42 i v o o
A, B EREEME KR BAR S, X
W IHAS T VCSEL TE = 4r FE6 4T B, w8 B 64K
s, FALRER. BOCRIAMbS /Y LRk
LSO CnE 1),

A SCFRATTE IR VCSEL i 4% 7 T Ifa 11 32 22
ik, X B TR AT IR ALY # R
#, B &P KA 400 nm 550 nm [
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VCSEL, il st FayExEZ AL S InP K. VCSEL B9BkER

K VCSEL AR ZMAZ AL « Gk = F 4 VT HC 1 T BRAE A A2 GaN H VCSEL Hy il £ 4 it

oM Z R il v AT R AT B 5 LR AR R, AT ATE SC B AR A R B AR R,

PHUZHEME ; mRERERADEAREBB R RNy — N RS A JRZ B A A

ek, mH, R EARMBONG, BEN TRREEZR TR, R RS RS TR
HETPRK. IR, il A SHEOt SR N LA,

%ﬁliﬂﬂ-

Tth f’” JTH

"Jﬂ EFUMEF OF:3

‘1-:

MEE MR NN BRI EFEBENBMIDRE N F R | EVATECHX RARIK S
SROEFETZHEE (APC ) HAR , EERREATERRRAE , NTIXHNEEE,

ZEH S BFENN RIEFENZERER M.

RTMRESRTR# I ZEFERINBAK RKi®RE MRadiance WHEE LHNAE

2, B IHERAIH M T (www.evatecnet.com), SREX R A #th X R A4 +86 21 20246072/  MoRE INFO
+86 18017760181

LEDs + POWER DEVICES « TELECOMS « PHOTOVOLTAICS « MEMS +« EVATEC - THE THIN FILM POWERHOUSE
www.evatecnet.com

www.compoundsemiconductorchina.net A 2014583488 13

ﬂ;%%ﬁlﬁ%ﬂ I & %&5| | B 3 Contents | HEERR | RRIEH @ @
oo .CHINA Ad Index P7-12 P.21-28 Refer a friend Subscribe V4 /



http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=235
http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=236
http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=237
http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=238
http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=242
http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=235
http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=236
http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=237
http://www.compoundsemiconductorchina.net/ebook_counter/url.asp?id=238

CEMESE mxs

g -CHINA  Ad Index

TN

14 &Sk 20

CEMESE mxs

EEER-CHINA  Ad Index

| H = Contents |

HERR |
P.7-12 P.21-28

Refer a friend

R ) U A P RS AT AEATY v e B R o

WHEETREER D, R, FEXAERIEIRE
HREAS SR B A A ZE Ll RSO RR M3 Z . R
THEATAME, BEBIR TR EARE /DN, W2 Ul R
WA i 1) 43 75 AT BLAK [ 9 45 (Distributed Bragg
Reflector, DBR) 4T R EIEH &, 52| 99%
B R

T GaAs Bify VCSEL, 53 40 55 Y S5
BRFART A Gy, TR R 752 & g VLA,
HIEE RNz — K (1/4) 1) GaAs Fil AlGaAs
REWER, E WA TS, Nmael
XTI PR A R A, W BEAE TOT R AR b
5 CRHIE B AR W AT, RS E) H w22
AL, BRI LA 4 T VA R 2% A D L
BAGERMNRN SRR HEZ, XEEZ R
INHTIAT B R, e — M SORL )
DBR P IMANRZE (E 2),

VCSEL B IR T R n) 75— e R 2R
TG SRR R R, AT IRAEOLER
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B1. GaNAVCSEL#)R
LR 0 &
i, 2T, B HEATH
Aol /& Aot BF

MITERE, 2R IR IXZ A0 BB T A SO
(PRUBUEEME) D3, FMRPEAIE  (BIANESZR)ZR)
BETHBPRBCY (JRIEAE) A, ZHEHLAEH
i B PR i RO EAT A R . X — A
EAMER LA ERELHE, (AT RARTH
DBR S5H4 H- GLIE A T F 8 S ki T 2 A (R it
VIR 24 B A P A

GaN 3 VCSEL [ 2 f Bz ik > iidk, (15
XA U DX B 35 2 L AR i 2 S B e e 2 A 1
BRI PRI, T SR R B LR AL BT ]
AFIFIRX, B0 s A~ s XGE IR AR, DA
Fh 5 B R AEE AR IR Z BTRETE— > 5
IR WK

HL 3R i T HAR S LRI ARG T -
B, B S Ak (Indium Tin Oxide,
ITO) BT R RN B g — b, (H2 L@ fF i fLAe
HARSTRT 10 pm [, ITO 5 A HLUR 2 LA
EG R HOR A, BRILDASE, TTO B 7ER L
JERBA B WAL, UL ITO JZAYTH EX &
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PPERE R KR EHE,

GaN % VCSEL 1 5 1% 2 R Pk A 60 45 HL i
AR, HEHFRFTEFEEA A, T
GaAs 3 VCSEL ki 2 i S5 7 B[ §E/ 1.2,
BT GaN e 3fe i, W) Ay PR HE . g i B 98 N AT
P E e T H AL R LR, B SiO0, 5
SLN, (ETE)Z, SEEEXT p B GaN JZHEfT W
B2 T S B P e R DX e R 1 A

GaN mEayBkak

B T LA EHE B BE kA, TR ALY L
AHBE SRR, $ K24 KR LW
FuTE o T b, HR TR R TR X N R AR Ak R
R 3%R, 20 T BERR. R RXT A E
PG ELE 2 R SME 2 — ok U2 A TR . #R
PR AE ) JE 2B p T o T ) A S P v A T
PRtz 3 TR, EEVEER TR R, 2
AR R R ANE E B LR TR, R R AE AN ]
T3 A 2 T AN TR BB 6 A0 AU ik 22 e
AVEELHY (GaN Al AlInN & — Bl 5k), 3%
AMIEA AR T IR, RS B a0
HAbESE, 10T E S ARSI B R B, 4
IEHR G, IR R R .

%5, InGaN & 5t V38 2 76 9K 3l F i 4% =
MR W KK R4 & F20% (Internal
Quantum Efficiency) FREIILGE, 20 AIHERR It
M EIR” (droop) A “ZEHf 117 (green gap),
HaE iR R — A AR AT AR, RO A
B REE LA, HERSEMEEERR, F
ek & s gl 11 (45 1) £ U 4 8 5 500 nm ) VCSEL
BRI R BT 5

R RHZEH

2008 4F 4 H, £ H A&t #F & — (Shuji
Nakamura) 8 &R A GaN £l & FHEOGRS
Wt 24k, GEEAZMEAY (National Chiao
Tung University, NCTU) ERER 7 HHEA GaN
HE VCSEL [t 1% A5 <R 462.8 nm i 8%
AR ERN 10 pm, TEIRE N 77K 400 T 6k
MR, RRVE ML R B B k] 2R
RRYLE, BRI R R O R A
9 1.4 mA F1 1.8 kA em?, SCHRRIVEZ 4N H-EE
P2 IGE s s Th A, BT RN 1177,
WAL 80%, K F BE 5 7E FLAR AL A fai 237
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Substrate Removed (Double Dielectric DBRs)

dielectric DBR

InGaN/GaN
active region

current
confinement layer

ITO

Monolithic (Epitaxial + Dielectric DBRs)

dielectric DBR

current
confinement layer

InGaN/GaN
active region

B2, GaNAVCSELL#T&A, bLuy4hEEhBas, Fld s Rk RAa k%, T

7 4 A I e 69 & 3R 91 2 & KDBRA= TR 474 w.DBR,

HALZ), AETHRNTER,

T B IS 0 /M AE DBR il (58 3k
99.4%, I HIGHLE) X T 16 A GaN B
VCSEL g3 F B2 2 X B2, FEX A~ 29 41
AIN/GaN %2 % 4 J2 2H B IS DBR [ £ filf 2
F, BF5 AN R4 T 10 4 Ing,Gag N (2.5 nm)/
GaN (7.5 nm) & T fiE T H2fESE, K8
2l Ta,04/Si0O, TS/ -H DBR 254, HAEH PIEA
SOGTR 12 1 5 %2 AIN/GaN i i 4% Sk 520
DBR A 0L ] AR, i — A ) i A R
FIRCRL A ABLE], |y SiN, HFLSEI, Tt
AFFPEX, 1TO ZERYJEEEH 240 nm T 1, F
W FIFMEE IR L

Z AR T 0 BR ) 7] fg €L 4E « 1TO JZ AH X 5%,
REHR IS R T R EHR 5 TR PRI AR
A BRI  EE AR SN SRR ESE,
A S E BT BE S S B B T2

TE NCTU TAEREG B, REWIR/NH Y%
MR T (IR 3), 2008 4E HACH T
2] (Nichia) B T B AN TR EIEABOLRS
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5" CS International
Conference 2015

CS International 2015 will provide timely, comprehensive
coverage of every important sector within the
compound semiconductor industry.

The 5th CS International conference will be held at the Sheraton Frankfurt Airport Hotel, in Germany on
Wednesday 11th & Thursday 12th March 2015. The conference will build on the success of its predecessors, with
industry-leading insiders delivering more than 30 presentations spanning six sectors.

Please visit www.cs-international.net for further information on this event.

Book your place NOW

Please visit www.cs-international.net/register.php to secure your place

Platinum

) v OXFORD [Nl %,

| " 7EA~G Rl oot = %;iskey ''''''''''' gl Iransiucent Kl/é‘léncor
The Business of Science

Gold

axRoy Qs ey &5

Microelectronics

Exhaust Gas Abatement

Panasonic mEresmaTtnerm  SAFCricon™ | o *‘@ NYOLE

c INTERNATIONAL

CONFERENCE

Connecting, informing and inspiring the compound semiconductor industry

All speakers and presentations are subject to change.
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Presentation TBC
KEYNOTE Jon Wierer - Sandia National Laboratories

ANALYST How will the solid-state lighting evolution unfold, and what will it mean for the LED chipmakers?
Stewart Shinkwin - IHS Technology

Commercialising the GaN-on-silicon LED and ramping its production
Keith Strickland - Plessey Semi

SPEAKER

How a CMOS front-end will wrestle share from the GaAs PA

KEYNOTE Jim Cable - Peregrine

Are we shooting ourselves in the foot with the mulfi - mode, multi - band PA?

ANALYST Eric Higham - Strategy Analytics

Skyworks’ system level integration and overall efficiency roadmap
Dr. Peter Gammel - Skyworks Inc.

SPEAKER

LTE is driving complexity in smartphone design

SPEAKER  [EETYSueryen

Heterogeneous integration of lll-V’'s and CMOS
KEYNOTE Daniel Green - DARPA

When will lll-Vs make an impact in the silicon foundries? And will it last for long?

ANALYST Mike Corbett - Linx Consulting

lIIl-V FETs for future logic applications
SPEAKER Jesus A del Alamo - MIT

Opyportunities and challenges of llI-Vs in Si-based nanoelectronics industry
Matthias Passlack - Taiwan Semiconductor Manufacturing Company (TSMC)

SPEAKER

Ditching the package to drive down GaN tfransistor costs
KEYNOTE Alex Lidow - Efficient Power Conversion (EPC)

When can WBG power electronics truly fake off? Remaining fechnical and economic barriers fo overcome
Philippe Roussel - Yole Développement

ANALYST

SiC Advances for Power Electronic Applications
Markus Behet - Dow Corning Corporation

SPEAKER

PEAKER High Performmance GaN-on-Si Power Epiwafers Employing Rare Earth Oxide Buffer Layers
S David Williams - Translucent

KEYNOTE lggi(-: ;BOCITEC

Where the CPV industry is heading, and what it needs to do to increase its market share?

ANALYST Karl Melkonyan - IHS Technology

SPEAKER Mid infrared light emitting diodes enable portable, battery powered gas sensing
Des Gibson - Gas Sensing Solution

GaN for radar applications
KEYNOTE Takahisa Kawai - SEDI (Sumitomo Eleciric Device Innovations, Inc.)

The Future for GaN, SiC, InP and GaAs in Defense/Military Applications
ANALYST Asif Anwar - Strategy Analytics
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Date
B3, %z AGaNAVCSEL#rh & HRE X A, £SBhEs
W RS ARKA, FHAI R R EM, BEAEE I
(arbitrary units, a.u.) , 4B EKERSEK,

End e U NP W I e (s ot L = A ]
B HUAR AR, TR B U0 A H DBRFGES F
B EA = FPEMNEEARTIR b, #IIRIT A G iR
T =R . RS, EEAUURAGS A
B, JFlES T Y E AR T 2E S R TAE MR BT
A RER, BT RRS%M DBR, 241
HEHEH] T Ak,

AT il 4% VCSEL S Fr, BF9E A Bl e fe il
T o EARKSMES, HAHTEXEPZ 9 nm
JER R FBEA 13 nm JERR T 2 BB,
FLLE T B AR 8 um [ Si0, FALBEfTIEA, B
5 PA 50 nm JEY ITO 2, hl b 48 i ik p B4
B, JELE R IR ITO FESOL I K B iy e 1
29°0 0.5%, R THZEB AL, FIIA T —
AR N U8 B Nb,Os J2, PAILHF ITO iy w0 &
TR BT AL

5 I 1 ) 4 25 SR AL G TR R A M ALK B
115 A~ Si0,/Nb,O; Jici#k DBR 4544, 7&
T AL SE A GG &R, I BB B A
YUK b, 8RB RO BB R R E 0
UK. b =LA 615 n Y41 48 2 U6l 3 5]
L1 pm, S50 n BB fAT 7 4 F #111) Si0y/
Nb,O; T % DBR,

B 4144 nm 11y VCSEL RETE =R F T8
i, BEERCA 70 mA, BRI REEE R 139
KA cm?, HiHIEEINR A 0.14 mW, ZHEFR)EE R
JERAEXS AR 4.1 V, AR NCTU Jiril4 VCSEL
F—2fe, RATBERIET T BB A

RAEFOCH &S b e by, EHy
PR A X R IENTE R, A T REZRHALY
XA NS, P H VCSEL 8 5 115 5 R A Xt
Bt DA B S 1 Bk T AR X 45 i) R 3 2 . e

Output Power [pW)
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HITF K N GOE R B BOL BEAE AT FLAL Y AR
S H IR AT RE A MR R Ry —, RiHE
A X BRI ZE R

T PR G A s S B, RSN R g
THRKERSER, TR DBR B, MR
SRR FTE AR RE P 2 a0, (BT oA
A R T2, il 0/ HL VCSEL
ARG, ORI AR B W B G S T
TR RO A2 A A 24 7, DR A K AR
JRHEAT Y5 5T F 0 e -5 LB B 0 2 I fRoR S 2 A
IR AERT

B

PRI GaN He 1 & HHEOCH I & N R,
H B 923  1a) B 57 B 52 3% (free-standing)
GaN e IK, X —25585 JL-F- 1At A 17 3 I % 24
VCSEL {JHR4E = T 5 £%, i5%]0.62 mW, 4R
PETE IR AR LR >R B AME 2 H A B IR T =
MRS, KRG EKRA LA KT,

WF5E A1 BAH: VCSEL 17 o & 1 2h T
XGOS S A s, REHR
il & L2 Mt gmsS 2z my—8, R
TSR BRI AL R, G R] FE 2R 0E 1 IR B R
P4 pm, XX T RS TR AELR RS,
Z Pl =TT il 2 5 S0 A S 1 R R

P54l M S SR IR BT A R AT DA S 3 FE 4K
TAEF . (AR T m e e, =
(R R S FERR M TAE 10 4h 2 J5 ETF, 7
F, RIS R A R 22 A8 Tt L il 5 72 A 4
& bWy VCSEL BEH K, [R 7 ZERT S Al O ok
EERFAE GaN #1iK,

H A1 NCTU R85 N RATHE S 25 1 JL4E I
(B EBATSAE N Wik SE At 7117 GaN i VCSEL, HiAth

140 F ]
130 S ¥ e b ol oM O 5
120 el e ol i ) L8
_aw nGaN . . priian i \ 26
LI &\
E°S N 5 & | |t
: 5 S
E hid | ':g I W=t 5
= | Yool - | |2 E‘
n &0 | | = =) o =
5 o | gl e
il [ 3] |21l s
30 1 1 1s
1
3 | 12
a L ! . \ 10
il o Pl 2300 2405 TEO
Distance (nm|)

B4, #RGaNAVCSELSIRNE KR A 32k 5, LTI EK
8] B T MAL, ma S LR ITOR & T ¥ &,
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FIRFF T/ N AL R 2 A R RE TR T 75 . NCTU
1 2010 4R =R AR T U IRE SO, A
KA E AR, SAEE DBR &it, #idbA
FEHER R TERE < R ITO JZEHREE /S F 30 nm
DAY 5 B0 AlGaN i FH$S 2 Sk g #
TIFE , 3 AAE p B GaN Ml ITO Z A 5] A—4~ 2
nm JEAYEBIEA p B InGaN 2K EEE p BU%EflL,

it F AT Z AR AL a8 20, SR LA A K
JEFRAME DBR, H LM H — SRR gk, 4 10
A JE #1 B#9 InGaN (2.5 nm)/GaN (12.5 nm) & - B} /
BPH 2SN, I TaO, Fl SiO, TS
JEM 8 XIS 10 X, ATHS B g = 1 21 RE.
AR JGIE R 410 nm ) VCSEL HA B ALK
6V EEHE, I HDIEN 37 uW, BFHEH
T B IR S B 9.7 mA 1 12.4 kA em”,
WA LA A AR 1 AR 55%,

H PRI GBS TR R 3E R, R a5 58
St VCSEL [ T 20 o i 81 1 B 6A14% 5t VCSEL
b, WG ST ERRES A 0.7 mW RS D,
M 4R it i BB E T kol dan th (T qE oK%
). HARBFR IR BEYE, B ATF LN &5
BRI — WX TR S MR B R E L, X
IR TABUR K IR U2 M B,

AR AT VCSEL Bt e 7 oimk, b
TME RS B R T 25 % T Res S5
%59 VCSEL, ZH1BLIEFEFF & GaN %t VCSEL
Mg, ik RIS RIS R R ST 229 6 pm, A
R AT G B N 8 2 A, BRI R
LT AR A B AR, IR v 37 BR s [)
el

JER i

P15 VCSEL T RERY I3 — Sk i /2 i Fl ARk
PEZER, REHRE = Ve s DA S S I B E R
Z8 o1 3% 75 %% 7 (Quantum Confined Stark Effect,
QCSE) B&ALEIE B, EEMMNK¥EE
BRI — A E BN R Bk T vk, FefilE
WAEAERME m T IS B T GaN & VCSEL,

T AR R B AR PR B, DA B BB
B B /D T AR s S N, FRATTRT AR PRI
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1. R. Karlicek, “Smart lighting — beyond simple
illumination,” in IEEE Photonics Soc. Summer
Topical Meeting Series, Seattle, WA, 2012, pp.
147-148.

2. T.P. Chow and Z. Li, “Recent advances in high-
voltage GaN MOS-gated transistors for power
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based Materials and Devices. Berlin, Germany:
Springer, 2012, pp. 239-250.
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T. Kim et. al. Appl. Phys. Lett. 104
161108 (2014)
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Y. -L. Hsiao et. al. Appl. Phys. Express
7 055501 (2014)
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