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Faster LED Adoption

Another breakthrough from Veeco. This time it’s EPIK.

Introducing Veeco’s new TurboDisc® EPIK700™ GaN MOCVD system

As global consumption for LED general lighting accelerates, manufacturers need bigger, better
MOCVD technology solutions that increase productivity and lower manufacturing costs.

The EPIK700 MOCVD system combines Veeco's award-winning TurboDisc reactor design with oD
0

improved wafer uniformity, increased productivity and reduced operations expenses to enable | e T

a cost per wafer savings of up to 20 percent compared to previous systems. l | ‘ = :

It also features a reactor with more than twice the capacity of previous generation reactors. p 3 i) = ’[Eui
This increased volume coupled with productivity advancements within the EPIK700 reactor, : —. o (e
results in an unmatched 2.5x throughput advantage over previous reactors. e = <

Learn how Veeco's TurboDisc EPIK700 GaN MOCVD system can improve your LED manufacturing - \"fpr

process today.
The advantage is not just big. It's EPIK.

Contact us at www.veeco.com/EPIK700 to learn more.
Veeco’s New TurboDisc EPIK700 GaN MOCVD System
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ICk your size,

The Temescal UEFC-4900—ultimate lift-off metallization
performance like the UEFC-5700, but optimized for
smaller wafers and smaller production volumes.

It's the elephant in the room. With our Auratus™ deposition
enhancement methodology and the UEFC-5700, we brought

you huge metallization process improvements including near
perfect uniformity; but UEFC-5700 is a high-volume production
tool. Now we've packed this performance into a mid-sized system,
the UEFC-4900, because sometimes the elephant is just too big.

Harmonize your process to the vapor cloud and experience the
huge performance benefits, even if you run smaller wafers and
smaller production volumes.

ATemescal system can bring near perfect uniformity to your

lift-off metallization coating process. To find out more, visit

Temescal www.temescal.net/auratus-elephant or call +1-925-371-4170.

UEFC-4900
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FHIEREF. ZAKBALRLEHEET

FHE ELAEFRTFREEH—VCSEL
AR ZE M TF BIE— T HIERPEER{L
%, HEMBARAEIARATER
BIWHINER, &G EUTRT
H{EER THLEDF S FHERER TH
e RRAIERE (E2).

http://dx.doi.org/10.1063/1.4932582
{E#: Mike Cooke
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26 $XAREREE: LEDFIE
EAZE Y p ARk
SRR IRRE

MRANEREEANBFTERAETHREZTASGEENSIEFHERH,

E 258
* 5 AR F—
ﬂi;’é%ﬁi p-GaN,140nm

Reference sample (12 blue QWs) P-side
11111 ——

.EE‘HH$‘I'?§EBE/AE,| é EBL, 60nm / ~ \ | ‘ | \Tl,ﬂ/'l/l
EHRERFERT Q

saonmnEBR | = Rample s G bine QN 4 AL O
faeonmmBER | ,“/l

LEFH (MQW) =§ T T T R | |
EHMRNTHER | 8 Sample B (6 blue QWs + 6 cyan QWs)
B, METEXS G GaN,2.0pm O o | i (| | e | G | | (| |
RE R SR g (UL ‘ “ { { L
[Yukun Zhao et al, g N Y \ '
J. Appl. Phys., T Sapphire, 100pm \ngple ca blueQ\:Vs+)18ﬂcya£1_Q S) -
vol118, p145702, rrrr

2015], H | | ,

BATEERIEE A=440nm A=460nm

o, UBRSBIR @ e 5pl EDMREKMQWEHILEDI R E .
Sei, eI (CRI)

REE77.0, 5Lt 1. 1QERIB0A/cm2YBRELL SRAGSTIRE SR,

W @R H66.4, EIL, F/E sy > .

S22 0k 43780 CRIGEE S E > 2% IE{ESRE LR | GE (80A/cm?) | GE (max) Q (80A/cm?)

i S B S SEHR 37.8% 76.0% 50.3%
FEMRA 42.2% 75.2% 43.9%

ERNBEAMEHIAACHETE B 48.3% 79.8% 39.5%

TS ETFHEHPERHENRNERFIRE H#MmC 38.0% 85.5% 55.6%

AR E, RENERFRENR
ER= N HER R LB FRTEB ER, #*2. 1E80A/om’ THYE BIEMFNIRE -

BAEATABEE (nGaN) SBF 25, 5% A B c
MEHNANSBENREERARE ) 0.3289 03239 0.3269 03273
4R ST K AN SR B #ER p i R HO B 0.3395 0.3482 0.3498 0.3726
EmRTE/EEASEMLEDSs, 5 CCTK) 5660 5868 5737 5698
ERBHIADTA T — s, R 064 726 770 77
URERREEENTROERRENS | enacp somlis R TELAS (T0)  HHMMEFHERENREAS,
7B, PERRELEEZALE 0 me Ry TE, &M RER R AR

ERAENLESHEITA (MOCVD) & e s e . o
K. EERE21233nmERR120m 250umx580um, XFRHFE, SH#HE  ATFMQWHIEXMFXIHEM, #mB

HGaN#2, TR (EBL) mimgg HRERSMMEEHE ZYPSTON,  GHRSMEBLATFIEY, MHBFiE

% (AlGaN) . www.beijingyuji.com/EN-led- Hi%p-GaN#ft. FAT, EBLEHKIR
Oxynitride-Yellow-Phosphor/239. ST A A,

BB (Ing1sGagsN) M xynitride-Teflow=Fhosphor SEA

(Ing15GaggsN) BISHIAH S 1T T 4 html). BALEDERCAARSMNEEETHY
fE. BEAMNREHEITEBIRE BUR, 6N EERMeTEEXH X (IQE), LED BM& &M EES0A/cm?
ERKBEUFETAMBEERII, %Y (HRB) BEEEIMQWHEA RRRZEE TR (K1), METFRE
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0.9 1'6
@08 Reference sample  Sample A(a) —_ Reference sample (b)
: E XX X : T
< . 3
0.7 ~ s 12
= X Sample B SampleC_ .
= 0.6 | \ o=
(=) | 2] »
S : G
= = 0.8 7 A\
'5 0.4 = ) \ |
= Q 1
g 0.3 B
< ) p
S0 E 0.4
S CHE ~.—Sample B i
) ; ple
S ~ \—v— Sample C b
0.0 0.0 r ' . i . T . . ' —
: . ‘."4 x: D% .0'6 o7  Be 400 450 500 550 600 650 700
x-chromaticity coordinate Wavelength (nm)

E2. (a) CIE1931&EE A (b) M 3R R AWM HILEDFE M AEB0A/cm2A T — 1L RIREL L, 1REAMANLED R IREHF & EiEST.

BITFELE (Q). HMmCLEDESHRAT HmBHERGMTETREMCRI THEIEAICRI,
. . (X2, E2), HHx&E (CCT) thiFiadd

il Bk £75 ae = " HES IR

BITERERNE, FTRER H T MMM FIEAL A€ (5500K). H@BEHEFE

EZE, XB & oA T X— =, FERINEHRTF460nmBYE K4 €% : Mike Cooke

http://dx.doi.org/10.1063/1.4933070

CS CLEAN
SYSTEMS®

> Waste gas treatment for MOCVD research and
manufacturing

» Safe, dry chemical conversion of toxic gases to
stable solids

» Proprietary CLEANSORB media specially
developed for high MOCVD gas flows

»Backup column for 100% uptime

» Integrated capacity endpoint sensor

» Local refill service worldwide

»No handling of toxic waste

» Newly-developed chemisorber for GeH, applications

For more information please contact
CS CLEAN SYSTEMS AG under:
Phone: +49 (89) 96 24 00-0

Email: sales@csclean.com

CLEANSORB CS200PS &)

www.cscleansystems.com
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28 AR LEDFHIE

B IR E R RIBIEE

R A6 I SK T AREX B A ARIELLAEEIR (295K) Tt ThZREM T U{E
L, MimEEERILFZR/RD,

EREET
2 (i) | (a) P-GaN InGaN N-GaN

7: A0 K 2 QW
ZEERSH (UCSB) Ec
—EEMRF BESIRMN PRt

PR REKE R A Field

%, REHEER . . . Erw
(InGaN) &R k& T radiative ---E-----'-ﬂ ----------------- | X
(LED) My INE <
(LoP), Basb st | < hw
BIZEZ[Jin Xue et al, Erp

Appl. Phys. Lett., Ey

vol107,p121109,
2015], V
MRARGIE: "% Hole Density

LEDER T RIMF#H A Distribution =
HHALI— PR IEE R E ..i_radiative | |

Peltier

Electron Density
Distribution

v
non-

—FIﬂE l_Ji—nnEE.j]
TEMMRERBHER  E— _—
ME# (B F), HHRH
MFRANBERX, "

P-contact Phonon Field N-contact
o me we | (0)
B NARR, i 1. (a) INGaNZ£&FF# (SQW) LEDHIAE

MERRM, TRl 2, URAE A, (b) SAHSNE
B T % LED th = [ 4 _ g
A OEA Y B2 Cr/Ni/Au

B 1 B G T 6 1 ITO

= A InGaN LEDE p_GaN:Mg
SEEREANNSED
BENEFHE (EQE) AlGaN EBL
TR, 2RRG 1x InGaN/GaN SQW

BENREBINER Cr/Ni/Au
*HI*EJWE'JF'E*E: 10x InGaN/GaN SLs : :
B ETIRIE 3| E R I L LE

RERIEEMNAR. n-GaN:Si

ZMIT/UCSB/MNEFH s
& T—MBEMH, E615K (2021)
M&ETEXE, LOP Free-standing GaN
T T =B (295K)
THIME, fRERE HFEFGaNM &R MEREAT  RABEEDERERAEEERD
(WPE) LFZHRD. B0, ZRFEHROESOTEEAE  WESH RO THEE-RE-ER
FRARIAY: "ERASHEETS THEHQEMEAAERMEAE FEHSANE, RRERERSRT
LOPHIEWPEH X MIEMESERE " . BB S & AR R,
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0.25

Pour 2t 615 K

/

0.15F

- (Mype)yax 3t 615 K

-~
L
 lgqe 3t 615 K

" (red dashed line)
0.05

- el

: P oyy t 205 K 5

Eg.-"q =276V

=
—=1072
= 10-4

ouT g
Zo Gk — W e
- - Ngqe A 295 K
» - (blue dashed line)
-~ (ype)max 3t 295 K

1 1 I

Output Power (W)

JAAAA
2 2.5

3 3.5 4
Bias Voltage (V)

4.5 5

E2. R MRimREEEX FLEDIWERIEQE (E£k) FAWPE (3:4k). HEZxthr 295K (RiR), A&FR615KEiE. 2.76VAIRER

E Xt R F450nmi B9 5EF,

MRAREFERME[20-2-118 X 1#E
GaN#tJ&E L #HIE T450nmBY & F i 8l
(BE1), izt xS =S WA
ARSI ENEE, AsCEEREES
3%, BmEiETEE, RS XIR
HERMEEI00A/MBBERZET
SNEFHEMAEMEINER 2 RXF
50.1%#1140mW,
EHEMCEHENBRTHEITT
BERBIESEL, B> TEQEFWPE,
LEDES#HBBEE— M EBNM RIS
ERMFRFEETAEEMNFIER
mt, EFERAHBRANERTFMHRE
FEMFO., MEERLEH B
HRSHBHTHREHSISE — P RE
REAA MBS,

iz AEKPEXTHTNIK, X
B2 A T % B AN IR B A K A
MeE (R1). ZLEDEESH AR
(~10A /cm?) TEI/NEIEQERFE,
WPEE R EMEIREFA S K E R

www.semiconductor-today.com

TikEiEE, EQEEERSIEE T
h, MWPERIESNIEE. HARAR
INA: "SKBRLE, ATFXERENK
SMERMULEZERT, B FRE
Mz, MABHNAEKTEISERS
BENE TWPENERMBRR" .

R —AfE, WPEEERSHIRE
THHBIESHERT, AFEHNE
ER - KE295KTHY3.35VER# I
615KTHI2.5V- IR T T4 (E2),
BE EF B HIREINT K415,
BEH/NHWPERE40.42%, MEXE
295K X sRfFHEAT TR, T HR A AK
B ZRARIE,

#535KIX EWPE# HEQE, X1 R
THHERBEOYR. HRARIAA:
"FE615KTHIENRIRERE (3.26A/cm?)
BEZRZFIESA/cm’iE, RERER
SN EGaNELEDHRIERBIE"

MRAARFAZRAXES HHAE
PEESERE, MTFMIMRER
869K, XL ERKECHEERAL
IR & ZRE BRI A £ 200K,
BFLEERAERIEEMAR

BEBE.
http://dx.doi.org/10.1063/1.4931365
{E#&: Mike Cooke

=1, EFELIRE THIEEWPERY 4

T \ J EEE*WPE-FE"]POUT T Eqe T wp_max QmE;J_'\[}IIJj

295K 3.35V 0.61A/cm?  2.40W/cm?> 14.31% 11.77% 3.46x10"W/cm?
375K 3.10V 1.00A/cm? 3.61W/cm?> 13.07% 11.61% 3.12x10"W/cm?
455K 2.95V 2.11A/cm?  7.01W/ecm?  12.06% 11.26% 3.43x107"W/cm?
535K 2.75V 2.94A/cm?  9.06W/cm? 11.19% 11.21% -9.83x102W/cm?
615K 2.50V 3.26A/cm?  9.24W/cm?  10.30% 11.35% -9.02x10"'W/cm?
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30 HARNEREE . LEDHIE

TOR TN FE 1R AT

BENNAEEELERERRE,

- A0 K 2 = BB RS
(UCSB) HIfAR AR F L H
RS T REREE SRR
H&ZFXZHKE (LED) [S.). Kowsz
et al, Appl. Phys. Lett., vol107,
p101104, 2015].

X AR R TRk LA TR IRE,
HHEAERRETRRE (LCD) HFEE
DEIThFE. BAEl, MBXLEDE X

& B 3E R IR Ot B S R iR B A R IR
EXRFRENBE. BiRERTED
—FHRINE, RMERLNEBD R,
18 13 4 ¥R =5 15 3 A0 45 R E AT LURL D

HXLEDM @ £ EMAcE
(0001) HIFRELHEISME & 4K,
RXESMEHNEH 2 IERIREG.
ERAEHPEECAMAERKIEH®T
BB R IR Y S & 5.

RAMER (InGaN) Eit £
ZTEE AT LR SE B 3 1T e & 5,
18 B &7 B9 7l 35 AR PR # ZE EE 4% 5k
(495-570nm) EREMKK L, B*X
LEDEBEEERAENELLZLEERH
MR ELE XK F (J1435-455nm)
BRI E A MK (HN500-650nm),

SEAREHER, UCSBRIRMHE
BA7T&EFH (MQW) BEIEH %

H/ARFE—EEEFERME

KHIRK, ERCEIIKRLTXHE
HMEMEHRTFESMR/NDARE, BX
LR SHIAERRL.

UCSBHIE BB ESEINE
(MOCVD) ShEZE# (B1) E£RKEF
WR%(20-2-1)/(20-21)89 B X #GaN
KL, GaNfIEH=&Z{LELAR
f#, K/A7.5mmx7.5mm, #HTT

REAXEZXZIRE

NEH S, 12nmBY 22 FHEY
InGaN LEDE &£ &K & (20-2-1) M.
BE=1EFHNERENEKRE
(20-21) m L,

7 (20-21) —MAIMQWEMAEK
HRET, UMEBABHEE. REN
GaNEZEEHEMHRMEETEK,

L Al RE = £ B InGaN & R, IR
HELEDE# EERKXHN L B FIH,

RAMPEEMERBRETEEKERS
MEET, URDEAZSA=EpE
GH, EX2SHInGaNEFHRE
AR 1L,

p-GaN#Z i G5 /4R/$R/&. nE
EmEHEES. ®itnEGaN/InGaN
HEE (SL) MEMZHEMnE
it B R 5

(2021) face

(@)  (2021) face (b)
25 nm n-GaN
3.5 x 40 nm/8 nm (2021) face
J]GaN/InGaN 150 nm p-GaN
700 nm n-GaN | AlGaN EBL
200 um DSP 30 nm GaN
GaN substrate I > nm InGaN

1.5 um n-GaN 30 nm GaN
10 x n-type 3 um n-GaN
GaN/InGaN SL GaN substrate
30 nm GaN

B (2 nm InGaN
30 nm GaN

I AIGaN EBL
150 nm p-GaN

E1. (a) XWE, BRIEANFCRBFRIEREM (b) FRERRENFRIEEELEDRINEEMREBE R E .
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O
N %o D
T — E
€ 015
)
<3
20 1
c 2
£ 057
400 450 500 550 600 650

Wavelength (nm)

E2. (a) 2FE1 (a) FINEEMELENREGRIAFZ BB, RPTNEME. (b) EFRMERBNEELL LIEEIT—LATRE

KISIEL,
ZBRGEMLEDIT N F=E T EIE, EE
HKEA4ONmMEL (E2), HBREBH
FETEZHLE, FKNE
560nm#lk, #ikAYIE{E L — AR K
MEREERNERE, BREARINA,
SEFHEMTUEERKKEKIES
RIBH, RSCTLAELERASRIL .

E) RN ELEEFZ2RES,
EEMMIE (A) ZHAIELLIEE R
fE D & HRALEE, MAZE,
1931EFREBZER S (CIE) BX,y
BELEESHA (0.16,0.03),
(0.24, 0.21), (0.28,0.29), (0.30,
0.33), #1 (0.33,0.39), MEBECKXH

www.semiconductor-today.com

HILIEIL9859KE I Bk BFR M

&
FRARBEW: BHEERST
MIfENESRREREALRHET

BB K & S B3 FLED & HH B9
EHEE, UEHHAMBEELE,
BEHAMETBEIEELERBET
HEEZLM/SERELHRENE
XFCREERE, ARAREZH
fmiREL #0.4, tHELIE[1-210]F0
[-101-4]7A R LEKRE. EITLI,
EXAEAHRIRIEH0.6. XFRE
Erytb & %0.33,

semiconductor TODAY ASIA

UETHR B2 LI AEKE (20-2-1)
R LRIEMHEE (20-21) EWIRR
EEMXEIR. (20-2-1) Riktid
MTHREE, M (20-21) BRI
REBEMEE. IHETANERRLE
i 2 AR FH,
RENXIRIERAAEIIEE,

E A% AR mE AL ARG &R TR
DRk, ARARINA, XFRIEFT
e B MR R A A — N ik,

http://dx.doi.org/10.1063/1.4930304

{£#&: Mike Cooke
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AR ERKIRILE

FrEE NPHEBE

MRAGREIMNERRZIZS A IEB L KPHBE R R S ERI31E,

> EMHEARBEELE
(GaNP) {E 7 X PH &8 I Ua #4
* LS. Sukrittanon et al,
Appl. Phys. Lett., vol107,
p153901, 20151, ZHEIBEEEM
flieRTAkFZMITFHE (UCSD)
MEERBITEREHEAY, AR
B=EIE— 1 HENFRM, R
SREEXAIERIRERE, BiIERA
IR ETIE45%, REBIAELII-V
R RIAIAMT.5GKRPE S SRSEHL,
B LER (GaP) R XHRITRE A Y

— 1T RE&E BAERBEEEEI
(0.37%KH), 3} EF2.26eVEIEN

TR, BERENEGaPHTHRE HE
e, XE/ETFERIEREMTE
RIK.

BRXIMN0.4% KA EIGaPH, EZ
TRGaNP, FTHHMER T EETRK,
BRI RHM102-103/cmTE
10%/cm, B, MEREEH2%,
GaNPHi LR BRI EETET.

UCSD/RBTMMRARELERA
OABEBRTEXUNEENERIE
7.9%., ZMAEBABINA: “XFh
GaNPKHBER MBI ERES AL
Ee N AGaPKFHREMAI3ME, LA
BEUEETRK (InGaP, GaAsP)

Hit ) KPHRER B ES. XLEMRER
FHEEHLGaNPERK RIS IR LR
ARREII S KPARE AL By — 25
APBH&EFR @I 5 FRIME (MBE)
HES570°CTEKEGaPHIEL (E1).
GaNPHIHBR A ~2.05eV, RHEJLF
5rEmi&TE, GaPAIKREH0.31%.,
RIEXGELLTH I, BREH1.8%
Eh. RARRKRR, FXLLGaPLt
EMEMI-VRESHEEEEREN
SEMREBTE,

nBERRITATIZHRENEES
ZOERE, WALV EEEMEMBIKA

-/ /4 Ay 4 Y, &
Z / 4 e Y &
/ - - - /4 |
7 Pd/Si / 4
& Sl £ /-
vV ~ | ot I | F 4
: = 4
;o .

100 nm n-GaP (si), 4 x 10 cm? |/

100 nm n-GaP (S[); 4 x 1018 Cn’l-3 :'-:f.rj;”

E1. GaP3fLbasf4-#NGaNPRPHAE Rt AIMEELE. . XHT£AT4Y (XRD) &,
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Energy (eV) Energy (eV)
(a) 41 35 31 28 25 23 21 19 18 41 35 31 28 25 23 21 19 18
1-0 1 1 1 1 1 1 ] . {b] 1'0 1 i 1 ¥ 1 o 1 ¥ | ¥ | -
- = GaP-800 ] | With AR — GaP-800 |
—— GaP-800 with AR — GaNP-800
0.8} - GaNP-800 _ 0.8} GaNP-2000 ]
—— GaNP-800 with AR —o—ME-GaP,,
06F - 0.6 .
L (1]
a Q
L (]
04 F - 0.4 J
0.2F - 0.2 -
o
00 1 L 1 1 1 h 1 00 nna.on? i i 1 o 1 1
300 350 400 450 500 550 600 650 700 300 350 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

E2. (A) EEMZAARAEHIGaP-800F1GANP-800HIEQENE. (b) EHARIRERIGaP-800, GANP-800, GANP-2000FAME-GaPNW ]
EQENE, 5—HAIRMHEM242%MUE (EER), 2012FRIE,

F1. BEEEARAEGP-800, GaNP-800LL K% GaNP-200084 4 EES 2,

e JomA/em?) Vo (V)  J—EEER (%) FF (%) n %) n %)
HEAAR

GaP-800 2. 69 1.19 30 77 2.5 1.8
GaNP-800 5.52 1.26 42 73 5.1 2.7
GaNP-2000 7.80 1. 31 60 71 7.3 2.0
BAR

GaP-800 3.17 1.19 35 76 2.9

GaNP-800 6.08 1.26 46 71 5.5

GaNP-2000 8.53 1.33 65 69 7.9

. XEFHEFEE-—ITEOR.
T BB GaP Ry IR UL = B89 K PH ¢
P it X BE 28 15

GaNPHEREAERAS/ESRERK
F750°CTHEATIRB X308 I =12
ANHEREVERFE, REKBEMRFEE
B FIREM R,

R T A 1Tmmx1mmAY K BH &
i, #HITH—FIRN, UNEERE
BRI B, RUEN_SKER
B &t (AR) REMEME —L 25
% L.

EERMAMISGKPBEEETNE
THIR - BESFHE. GaNPER#EER
HXF2HESHER (n) BF,
52Z+tEttGaPHEtAA1.8, XK,
GaNPRtEZESHR=EX - BE -
ERES, BERTIESE, X7
At 2 M FGaP/GaNP R mE & Ay R bAE

www.semiconductor-today.com

BRI - BEITA (K1)
%18, BT GaPFGaNPELz APHE
ENEKERATR, BREEHEANR
AATRERE (BNSNEFIERMNT) B
bR, B EATINAHRELFH
L 32,

GaNPHEH#MIEFREF (FF) tbGaP
BUHMER, EXTUHSHNIFRS
E (Vo) FEEBEREE (J,) #
2, (FF="3BHmXINE/
(VocXJsc)C> )

BEHKERN2000nmEIGaNPE,
HFEZRMARIAKE, V)
#MBEMT. HRARINA: “FHNE
TIERMBE, ME[KZEDFIHK
FERIPR &, [E Lt iX #4257 RE & 4 &8
BERKEE, XMIEHRE
GaNP-2000/92000nm. ”

MRS REEMT),, BXFEA
ER#EAX, ERARGREN

2000nmiIGaNPIR UL BRI R IFHith
BEH7.9%HME (n).

SEFHE (EQE) iEXRMA, Mk
HABEREEK (B2) BRI
B E, XEHFRMLERMRIL,
EAEEZXEMEIRA2.4-4.7eV,
MRARINA, BHBEQER IX
wiE (1) ELESTXIEMTEBKE
(B, RMEBERKEMH), (2) Kk
MEZSIRERE, 1 (3) B/harRER
SHEEE (FlmEkarRE, EXES
Ag)" .

BARZARNE, BEEORM
GaPRHHIRIFRFHRERE H2.9%,
EEEOBRRIFANA2.4%, X
BHEE—1EE800nmAEIGaP Xt Lk 25
HERWRKE, WMEEEHZHEFILS
N MKEBNLZHFRE.
MRARBEIER: "E5 AL,
ENMBIGaNP RFHBE R EL K &
GaP#i ik LR E Mt ZE 2575 KPHAE A
HWEEESNYE, AHEEEA
2umAgInGaP (2.12eV) #1GaAsP
(1.92eV) KFHRERMEIMAIUES
S RHE3.89%74.8%; XMEME
Mot EHTFEMNNRIELR, BA
XEZEKEREPWEFRE" .

http://dx.doi.org/10.1063/1.4933317

{E&:Mike Cooke
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