Material Sciences 4 R}2£, 2023, 13(5), 438-457 Hans Xl
Published Online May 2023 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.135048

GaAsFRHE LR ARRY

IARE, TEH, #E
KB TR % SOt E R E A s, Sk K&

itk R & s B v

Wk H . 20234F2H16H; FHEM: 202345 H22H; KA H: 20234F5H30H

G2

GaAsRIH A B BAR T LUK KRR B AR R T EAL BRI GaAstEBE IR MR, AL BA I B R
SRR, EAKEMNT GaAsHIS ATER . ASCHR TREML. FETAML. LRRImALE=
PR E T EEARE, R T R AR E A S IR R KT R R BARH . &
G, &I BRI BT IR BB GaAsR H AL B RARKI N T F 217 TR E.

X 5in
KM, GaAs, EEEHL, FETHML, RmBLE

Research Progress and Typical Application
of GaAs Surface Treatment Technology

Dongyue Wang, Dengkui Wang, Zhipeng Wei"

State Key Laboratory for High Power Semiconductor Laser, Changchun University of Science and Technology,
Changchun Jilin

Received: Feb. 16", 2023; accepted: May 22", 2023; published: May 30", 2023

Abstract

GaAs surface treatment technology can greatly reduce the influence of surface oxides and defects
on the properties of GaAs, so that it has better optical properties and electrical properties, and
greatly increases the application range of GaAs. In this paper, the basic principles of three surface
treatment methods, wet passivation, plasma passivation and surface passivation film formation,
are summarized. Finally, combined with the current development trend of surface treatment me-
thods, the application prospect of GaAs surface treatment technology is prospected.
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Figure 1. Schematic diagram of wet passivation process of GaAs surface
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Figure 2. Structure diagram of plasma passivation treatment device
2. EEFHHUIBREEENTERE

Figure 3. Schematic diagram of passive film formation process on
GaAs surface
& 3. GaAs REE K ETIEREE

3.1 JEEF

3.1.1. XHl S BB EFE
XIS AA T 1987 4, Sandroff C.J.25 A[12]i# i #F 5t Na,S-H,0 X+ GaAs HIEEILIE, KIS W
AT LA R0 L bR GaAs (R ALY, XARIF IIffH T GaAs FRIHIA % B @ ) i, IR 80k ik
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Figure 4. The spectral line (a) is the AES
spectral line before sulfur passivation,
and the spectral line (b) is the AES spec-
tral line after sulfur passivation

4. 1B (QAFRFHILEIN AES ik,
T2 (b) AT AL /G HY AES 1B

N T S Z VRS, 1996 4, Bessolov V N 55 N[141JF A& T ANFE IR BEAL 7775 . flATTEL NagS Jy
BUAL, WETT T AN S BC EE X GaAs BEALRCR IO M, 793 T LUR 4S5 1) BB E, &
R B, GaAs RIH KOG IR, 2) BRI, GaAs il i HiAL 2 E A GaAs ik
JEOR L SEBR A RS OR . 1 RAFBE AT GaAs K i E BB FILZ R L

Table 1. System resulting data of standard experiment
= 1 FERIE ARG R R

Passivation method Thickness of sulfur passivation layer (MLs)
Untreated — 0
Na,S + H,0 20°C 0.4
Na,S + H,0 100°C 0.7
Na,S + C,H,(OH), 20°C 1.1
Na,S + C,HsOH 20°C 0.8
Na,S + CsH,0H 20°C 1.3

H T GaAs R ML 2 BXHAFIMA L BRI T 2S8R U, BT AT B T LR e %
il Z BN T IR AL AT BT 9T . 2005 4F, Simonsmeier T.25 A\ [15]18 ] Na,S Z. B 3% GaAs 44K 4 i3k
TR L, FF B OB IR SHRITE Na,S LEEE 1) GaAs Rifl, WHAKRM, XFPI7EA #th 2: bk
T GaAs MR A Y, i HIEO RS 177 15 R DUSE f ok GaAs JEAT B4k, 538 O IR IR AR L,
JeECRGIRE T 90 1%, HHEAEGFEN. 2007 4E, XIZRFASE A[16]18 FI(NHL)S + #UT B
CH3CSNH, + NH,OH ¥ CH3CSNH, + U T BEA W 73 7% GaAs(100)dEA78li4k,, it %y bR, i/
FE S BOERAIG, B B8R, Bl S FRRE R G IR FE AR Y T GaAS(100) 1%, MKy 1 H R
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Figure 5. AFM images of GaAs surface before and after sulfur passivation
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Figure 6. XPS spectrum of GaAs surface core energy level, (a) not passivated (b) immediately
passivated (c) 3 days after passivation (d) 10 days after passivation (e) 50 days after passivation
6. GaAs FREIZLBER XPS HKik, (a) KRtk (b) AL (c) ik 3 RE (d) Filk

10 XfE (e) #h1L 50 X5
25 b, ATELE H(NH,),S B S T LA 2 25 Bk GaAs R I 04, 1k 20 Hodk A7 R itk i) B
(), T H AR SR R AE 2 AP 5 1) GaAs R I G EUR G (PL) 5 BE 235 1Y 5, (HUX ik BE 7 U4 AL
BG4 (R B 5 1] AT A g e o

DOI: 10.12677/ms.2023.135048 442 PR R


https://doi.org/10.12677/ms.2023.135048

EARE %

3.1.2. BYWmAEREERL
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Figure 7. PL spectra of GaAs films before and
after passivation at room temperature
B 7. GaAs SR AT EIR PL &

NE T B 4L B T IERT GaAs FlLHRZEYE, 2006 4E, McGuiness C.L.2& A[21148 FH -+ )\ B FE Xt
GaAs HHATHifL, WL BURERSE, i GaAs BRI KA A BUKIER. SEEA T, g B LEE
M EHBE R TR, )B4 250 TR faE, AR TTIER RN GaAs Bas(Ex ki)
SHEEE=R I

AN [F e SR EET GaAs HIEEALIEF, 2007 4£, McGuiness C.L.55 A\ [22], @it#f7e+ /\BiliEH
Y Y T RERT T R EE AL B TR AT GaAs B> 5 H AR R B, BUE R e
2 3% B 03 IEORT -+ e B B ) 425 B 40 - I RE B N &kt Sy 1 GaAs #k Ak, 1T ELE 7 1E S Ak 1 R Bsf
WA 51 R S H T AS IR o I S5 skt BRI 7 & A S YRl GaAs K2, 2013 4, Ghita R.V.
2 N[23]@ Xt b 7T T 438 (NH,),S+ SoCl,w ODT. DDT VUM AL J5 i GaAs )2 [ Bl A L 2
B, WA R UL GaAs KA Ga-S Ml As-S BEA R, WHH SE#HEWE 8 Fias, [AK Ga-S Fl As-S #
4 S GaAs S AT

NTRZEEFETE T GaAs(001) BT B4 AL B i) v o & 4 3% s o TR O, 2014
£ Huang X.H. %5 A [24] DA B35 B [F] BV BN BT, 7F GaAs(001) B 17N hi b i 1 20 285 ¥ oy i
IO LEAR RS F B R B IR R AR T A B R, A AT R B, R R
FEHEA AR, X T SRR R R RAF AR E M, (22 {E GaAs RIHBHHINE .
H T o S e [ 2H 3% B 40 7 RRAE T V e SR TH b (1 PR AR 8 M e Vi il AR K TR B2 v 5 Bk 4R 3 o
43 FHE, 2016 4F, Cuypers D.% A\[25]#GB K 2B T &l 1+ B B 4li1k 1) 29 HCI iE BRI i GaAs 1
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Figure 8. XPS spectra of GaAs surface passivated by ODT solution, (a) As 3d of p-GaAs; (b) As 3d of n-GaAs
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Figure 9. XPS Spectra of GaAs Surface Passivated by ODT Solution, (a) As

3d (b) Ga 3d
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Figure 10. PL spectra of GaAs sur-
face with increasing passivation time
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Figure 11. XPS Spectrogram of GaAs Surface Passivated by ODT Solution, (a) As 3d (b) Ga 2p3/2
[& 11. ODT A& %kt GaAs(001)FREAY XPS i [E, (a) As 3d (b) Ga 2p3/2

3.13. REBEREEAMK

T SIBEAfb R LU 22, WA IR e S 3R0B AL 7% bhin s NIV EstAL, X b
RS S W R BRI AAR [F], 32 B B EUA MR GaAs KT #E/T#lifk. 2000 4F, Berkovits V.L.
S N[29] AN NagS HIBRE O GaAs BEATEML, FExt Hob S Bk 70 7¢ . SEIRUERH,
N NapS B E I AT DUR B Hb 25 Bk GaAs R 1 IR T ALY, I BV UL, 58 S st L,
BN NapS R ZE AL 5 ¥ GaAsPL 3BFETE 58, 1% 12 fus. WHIT GaAs R 1A I Elifb i, 2002
4, Berkovits V.L.55 A [0 I Na2S BRS04 M FiAG 1) GaAs 247 XPS. PL. #fifk A S5, S
R, GaAs RUIKAH S S suim MBI, 1= T 8PN GaN #ifbiE, HFHEAR
LFRIRRE I, JEBURGIRERK T 3.5 f%, Wk 13 Fis.

NWFFEANE PH BT N R EA T GaAs K TH 520, 2005 4, Berkovits V.L.55 A[31]x5 48 A A
Na,S MR BT L AR [ PH R ) GaAs BE4T XPS. PL. #Hifm ik, #FE kM, PH = 121, 7
GaAs £ 4T GaN ¥y T, PH < 8 i, 7F GaAs £ “/E 7T Ga-S oy T, W& 14 FioR, wiE
PL ROGRCRBELF, 1 WA 8 A A
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Figure 12. (a) GaAs photoluminescence spectra of un-
treated GaAs (100) surface, (b) Na,S, (c) (NH,4),S and
(d) hydrazine solution
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Figure 13. PL spectra of GaAs surface passivated by different methods, (a)
passivation with hydrazine solution and H2 plasma; (b) Hydrazine solution and
sulfur-containing solution passivation
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Figure 14. XPS spectral line of GaAs surface when PH = 12
and XPS spectral line of GaAs surface when PH < 8
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MATBE SR & PO Rk GaAs R, (H & E ML REI. T2 AT
UG SREE Z (77580 GaAs RIHFEATHIM, 1983 4, Lindstrom C.55 A[36]F 7t 1 Ar 558 T4l 5 %1 1k
AEFEST GaAs/GaAlAs B S FTHI RSN, W TR I Ar 25 BRI S 1T L2 GaAs K %4k 4. 2000
4, Hashimoto J.% A[37]{# F XPS Fl PL Xt Ar 2558 7 Ak 5 %1 bk (¥ 4b T ECR-CVD # 4 H11) GaAs KT
BEATWEIT, BRI AL TR () 2 /NI, 68U RR. B Ar B ARG Re EA S0, I H
Bk 5 GaAs QKR FaE tE %, 10 2 A7 75 B A AL ) i)

HT Ar B FAARBE 20 GaAs RIE A1, ﬁﬁﬂ;i&ﬁ%%%%%ﬁ GaAs R IH 5 5H % VI
FK%&, 2021 4, Wang Jinghui 25 A[3818id Ar. O, fil Ar/O, V&% 5 11X GaAs RIMIHAT A7 T
= /1S T 2S5 500 GaAs RIEMERERIFM . S50 R, =TI SRS FHTHZ 0458 kb
H GaAs FIER T MERE A IR MRS, &5 T FE 51 A2 PL B4 AT DR I Hbys 55, FE2 ] DU T2 245
PR TE B . W23 RMS RS BEBE i 3 KT, 55 PL ESE A —5. BAR Ar S5 T n] LA
A RhiE bR GaAs RIEAMY, (HH2X GaAs R kids, mHAEMEZE, KIBFAE KA &

7E GaAs 2 SAREPE ] 4 T HoRSZH0 GaAs R ERSF B h B 6 E 2, AR AR P 2
il BEFEEATRIAI A N BT FEEGE AR E AL SRR IS0 1983 4F, Pankove J. 1.55 A [39]4 ]
NH3 258 1A%} GaAs RILHATHIMLALTE, 24 GaAs #1)E A 600°CHY, ik GaN HlifbiE, &kt
SRIZHEGE T 4 £, 1998 £, Losurdo M.Z5 A[40]%F GaAs BEAT 1 Ny Z5 B TR B AL AL FE AT NHj &5 B 7R 4
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BALACEE, 2t X fg . NH3 #EALACFE S ) GaAs RIEAMN =4 7 GaN #ifb )2, @247 — 2
HLRE) GaAsN JZ2, 1H Ny ZEALALHEL G 1 GaAs FE3% A KA IXFHEF AL, XMW HHH T Ny A A i Elif RiR
Fif, (HREEE 600°CHY, PR R A MRS GaN ik )Z, Wl 15 s,

N As

3d

1GaN : GaAs

(@)
wet cleaning
450°C

(b)
dry cleaning
450°C

(c)
dry cleaning
600°C

440 400 20.8 18.4
BINDING ENERGY (eV)

Figure 15. XPS spectral line, (a) N wet passivation at 450°C (b) N
plasma passivation at 450°C (c) N plasma passivation at 600°C

15. XPS &%, (a) 2R 450°C, N EEHLHKE ) BRER
450°C, NEBETFIRHE (c) BER600C, NFEEFHRL

A K BT ST T 25K GaN 2 kAL GaAs, 2000 4, Anantathanasarn S.25 A [41]%f GaAs % it
ATSIAN S5 BT RgtiAh, AN TE R GaN Blifk = HA RN 77 454, $4 3 T MBE A K HEA GaN i)
GaAs FHELEL, RKIWPL SRFESEIN T 1%, il 16 Frs.

NI A E N EE R AR 5, 2006 4, Lu H.L.ZE A\ [42]%F GaAs FH#ET NH3 &5 8 TR T
Blifk, Ik XPS 7 Hr A5 HH, NHa 55 5 TR TR ] DA R 2B GaAs R S As i1, M
JE A GaN £tk 2/ AsN ElifL )2, Wl 17 s, 2013 48, Jia T. T.Z8 A [43]4 5% GaAs FH#H1T T NH;,
S B TFAR TR AL AI(NHA)2S iR iEstith, (EH XPS #HATINR 4T, AL NH3 &5 PR Tikslith e
4R T GaAs FIHFIEY), BALKCRIE BT T (NH,),S Rk 1 E NEAARFE T ESE N
L TRBILIIREM, 2020 4, Yamina André 25 A [44]%F K GaAs AKLRHT T N & FiRslife,
Fo T ARV A TR KA HOB S SO 2R E R 520, S0 R0, OB KIRENGE 1K GaAs
YPPREMR I AN, (FR SR T N &FE FARG nR IR R, 1 H B0 5 RO oR, X
WYL T N &5 5 R T S A 9K 2 45 40 & — Fhoa Ui BliAk 72

HH T BRI G2 A A GaAs KR A R B4 6L, Br AR A & AT 0] F 255 1A% GaAs K
HBEAT TWFFE. 1991 4%, lida M55 A [45]f8 H CF, S5 55 1% GaAs R ITZATHIML, 0 7o Bifb i [a] S 4t i
WX A2 5, TFR, GaAs RIEH F #lifbf5, 7ERMAEMK GaFyO, fl As J& 72 s flifk
2, I HBEE AR T m, BrAE i B e AR R . [F]4FE, Dittrich T TH.%5 A[46]43 5% GaAs
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BT T CR 255 THliM . SFe 255 T4tk CCLF, 255 T-4lift,. CCLF,: O, & F &5 r4litk, i
e A AT, W R, GaAs RIEZ F 255 TRAHL 5 Fr A= s i sl Ak i 5 26 T #4222 22 1)
[7E 530 K I fa5E, IF HIF AR GaAs F£ifi, @ik XPS 204, KIVEILIER 3 E % N GaFs.

Ar* laser (514.5nm)
50mW, RT N-radicals
450°C, 120W |
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N
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Figure 16. PL Spectra of GaAs surface
treated by different nitriding methods

& 16. FRIEMLFELIE GaAs RER
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Figure 17. XPS Spectra of GaAs surface passivated by NH;3 Plasma, (a)
As 3d (b) Ga 3d
B 17. NH; ZE T4k GaAs REHI XPS i, (a) As 3d (b) Ga 3d

NTUER F S8 FAAREIL G S ) DL BR GaAs RIEVT Sy, IEMILE RN —EAMLEZE . X
WIE R EZ BT LAE MBE ARG, MIALTE GaAs T LY AL 8, 2009 4, Desplats O.
SEN[ATIX GaAs RIMHEAT T OSFe 5B AL, KGR O,:SFe 255 FARHL v LG £ Fk GaAs
RIMAEND G5 S AT SO B S AR R BT GaAs fIzm, LIS F %5 5 7A8i1L GaAs
M2, 2018 45, Murin D. B.%5 A\ [48]1%F GaAs K HET T RF jit i CCLF/Ar iR &SR Tk, 5L
6 R P A RS SR F B TR GaAs RIEBH TR, LBRHEREY, MFIHE
AR . (HEFFRR, XF 5% GaAs RIETRIKIG Y. 45 b, F S8 AR BAR T LA %
Bk GaAs K H A, BRI R T2, (HAR IR A AT BE 5] NGB 2% 55 Je %) GaAs K TH 7= A= 44
W SRAE 4l F 258 TRBAL GaAs 2318 GaAs 2 TH AR 1AL K .
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3.3. ERFLEE

JERBTFCEANTRIL, T LLEIEAE GaAs Rl E MK — RPAL R YT GaAs R #ATHEIL. 2009 4, Gao
F.55 N[49]7E GaAs RImPEH] AIN BEALIEL, Fril 4 1) GaAs 3 & & A ) S BN B RIFHI R I
-t R TV 2 B T2 iR T 400°C, B AR BURUTARIREE N AL RECR, 2010
4, Bosund M.55 A [SOTiH 55 2 7 A4 58 A0 7 SR TBLEAAE 200°C LR RE AIN B A0 BB i £ 1~ B 45
I GaAs K, Fif3 InGaAs/GaAs 1 BF LR PEH| AIN BEALIE 2 /TR PL 421 30 %, fil&l 18 fror.

S RSN S T [T S e S | R S TR R T e
4 nm GaAs cap [\ 6 nm GaAs cap
(a) (a)
(0) "N 5100 || ®) x50

(©

@ W_M//M\ x100 @
@ — x50 || @ x5
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Figure 18. PL spectrum of GaAs surface with AIN film pas-
sivated quantum well structure, (a) GaAs thickness is 4 nm;
(b) GaAs thickness is 6 nm

18. AIN [R$EL 8 FHEEMIR GaAs RE PL Ki&, (a)
GaAs [EEJg 4nm; (b) GaAs EEJ 6 nm

AR D T S5 88 A i Ak 23 (1 SR TR ) AIN BEAG IS 1 72, 2014 4, Matttila P.55 A [51],
AT A5 B T ORI B Ak S AR TR AIN Bl A% ) GaAs Rifl, FEHFF 7 H X} InGaAs/GaAs 4511
Reffisem. WFRRY, MBICIEEE N 0.5 nm B, A5 R ISR AR, JeEUR R R, I
HIFAL 0 GaAs IR TEA . NV KB ALD AR 75 $ 40— i B2 R (AL AN K3 SR (R, T
A4 nt GaAs R A AR AR, 2016 4E, Dhaka V.%5 A[S52]7E{RIEIAEE A 7 2R 1) 5 1%
7E GaAs Z KR IS AIN 4lifbE, @it 5 TiN. ALOs. GaN. TiO, AN EL, KILAE AIN fExf
GaAs RIHHAFMIEN, MELIRER N 2A 1, SBUREHCR L. W& 19 fios. BEIRBEH] AIN £
TLIEXT GaAs KA R AT, (R = PIUTRURE AT e GaAs R = A4, MBI, %
T ALD JURRIAE B AR AR B, IETREREHTL, AIN RN 1 A KK SR S A A kL o

& AIN fE4h, BEFE TR ALOs A AT LA & X GaAs KR THE{L. 2005 4F, Huang M. L5
NI[53], FIFHJET EPIAETE In0.15Ga0.85As/GaAs KA YA Al,Os BiLIE, S35 K B, Al,Os/InGaAs/GaAs
SRS TERGAT TR UL R, IR RN 107°~107° Alem?, RIEAEE N 10%cm eV ', X
YT ALO; FEALIE T UG 20 25 Bk GaAs ZEM R R T A Y, PRARRIIA 2B, ik de 2 K Be 24T
LG . N =HEENR T EURSFE, 2008 4, Milojevic M.ZE A [54TFH R T2 UIAATE InGaAs
RN ALO, SlALAR, 24T ARG 4 300°CHY, InGaAs 1M ff] Ga-O #48 J¥ 2, T As-O #5e 4l 2k,
XU AlLOs AL AT LA R L BRI V G BT A, TR 2T 3 BER T . A ALO;,
AL R AF A e, 2014 4F, He G.55 \[55] 8143 InGaAs F& MOSCAP (1) 5t [ i & Al HL 22 VE T, F)
MR T ZUTBVETE InGaAs R ITTR Al,Os Fifb i, SEIGR B, AlLO; Bifb B v] LLA R Ik InGaAs K1
MEMIIREE, RN RSB, PRI S Ra R E B, AR A . X B8 1, ALO; Bk
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Al LA R InGaAs B RHE) Ff 444 . 2020 4, Santanu Manna 25 A [56]%) JL+45K GaAs &1 fif#
FAR el 220 00 77 AT B Btk FE TR ALO, BliAL 2, W Fe R ORI, SEIG R B, Rk T LA GaAs
BT RIS LK, TR E GaAs & T MRS, (H21% 7720 AR EHNHI iz (% TR H 1
BT RARX AR AT, TR A KRR AN . BIR ALO; BifLEXT T GaAs
R PT LA BT AL, FF B S E AT 6], (B LB S GaAs MBS e FU R >, (HE
kB, ALOs BEAL R Al1L GaAs 2 [ Al 3 5 If i & 10 i 7 12

(3) FALD passivation oo an| ©) 600
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=
o -~
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Figure 19. GaAs nanowires covered with AIN passivation film grown by PEALD, (a) PL
emission spectrum at 15 K and (b) EDX spectrum in the middle of the covered nanowires

19. Al PEALD 48 AIN $i{LIZ B M) GaAs KL, (a) 15 K THI PL & 51¢iE7n
(b) BEMKLZ B EDX ik

BT ZnO B8 B E, Zn-O SR A Mk 4Gt ae, UL BRAS S HENY, (AHFALE GaAs
FE S NP AR AR, B LA Sk A4k GaAs #ifi . 2011 4, Kundu S.25 A [5718 T WFFE Ml Zn0O, 5 GaAs
Z IR SRR, @S SAHDUBNEATE GaAs R IEEH] ZnO B LR, sLIGR, £KT 2 nm 1) ZnO
ARG, GaAs RIHEMN LT 58 & 0H kM, F4E, S.Kundu 25 A [58])iid 4 i i GaAs 5 ZnO
Z AV P S AR A 2.5 x 10™ em 2-eV L. 1 HATAK G B0 HL R 28 A R B R A, A el St i, A
20 iR

As 3d As-O As 3d As-Ga

Intensity (a.u)
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Figure 20. XPS spectra of ZnO film before and after passivation after
annealing at 400°C in nitrogen

20. MEEMHT 400°CIR A, ZnO FEsh{LBIIERY XPS ik
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2014 4, Byun Y.C.55 A\[59]7E GaAs K J5i ¥ JZUTAR ZnO JERI RIS 255 1 (NH,),S i slifh, 285K
KA, SHIMLERR T GaAs RIEMIAY, 7F GaAs R4 T Ga-S 8, A4 Ga-O M)
As. SHLE, PEH] ZnO 5, RMANNE AsiHK, XU ZnO HALIEA SIS T 75 GaAs Hiis bt
VT R AR B R B BAR AR . ARG A 80 SR BE AT 4L, PR T BRI AT A . [Ttk
BESR ALD-ZnO HlifLIFAZ n B GaAs B — MU AR, AL p B GaAs IR T e Y
MOSFET &% AR 5. 2018 4F, Liu CH.Z A[60]7E p-In0.2Ga0.8As 3 MOSCAP 4| T ZnO £lifk
Ji. ARBMAL T MOSCAP IR, (E LRI R MR F R PG, RIS 26 LU
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A, BTk E 21 s,
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Figure 21. Diagram of three different passivation modes
21 ZMAREEE AR REE

4. GaAs L HEAR B Bk A

2010 4F, Z=F4&% N[61]RF 7 1 5 HI AL X 808 nm GaAs W 24 H IR ffumd, ZREH, £
T J s TR 08 ) A s FL i tH D 2R R T 36%.

2016 4F, fHr5E N[62]%) 980 nm - RARBOCH IS AT T N SR A TVEML, FFIAH AES,
ZERRM, B ST EAAAE N JCER, IXEU0I TR AE BBRE BRI, AR T Ga-N B, JF
I P-1 A, RILEOGA S H DI R S, Wi 22 Fros, i OGS 9 R R B E D) # th 16.5 W
feTFE 222 W,

2019 4, FFEEAN[63]5 A AL 915 nm & D2 AR RO B H Dh3, X F AT 1S iR 4%
il ZnSe BALIR, SCEGRB, AP RIBEOG S OGS RAZ B E BN 14.8 W, IF HBEOG 0 T3
T+ 23%.
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Figure 22. P-1 curve of single laser tube

22. BAREE P-I phik

2020 4, Chellu Abhiroop %5 A [64]i8 i iff 58 R ZAG A0 3 N Blik . SR T IBEE N BlAL )5 5 1 2 0T
AlO, FH%E B 713 3 J7 1 2 U AINGEIAL I = Fh 7775 InAs/GaAs &1 s e Re ki g, 45 R0,
SROTEEAE B T BT AR RS, T AIN, BRI R BN G, (BT AR R R
RINEAEFEAL, FhfeE, FaEk, wE 23 frs.
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Figure 23. (a) N,H, passivation, (b) N,H, + AlOx passivation and (c) AINx passivation (d) The stability
of surface passivation with the change of PL peak intensity during air exposure
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2021 4F, HE Y.55 A [65]15F H(NH,),S %F GaAs ik 2% i il s AT 8lik, A KHIER & 1 GaAs Kk 24
1) 25 R AT, e LK i 7 T AR MR AR /N, T L GaAs () PL SR T 5.8 1%, iR FAEE N T
1.5 f%.

20214, Guo S.55 A\ [66]%F GaAs 4R Z R v ot BRI 28 2R A7 BBl A0 A 5 B AR BlAY,, SEERIE T,
WPl fE, SGHRERNIGEAE 8V NS FESE R 1 14 6%, SE TG, mRE S EEAME, I
LIRS o] S ) v PR YA 2 TS 5 P I A

2022 4, MehdiH. 58 \[6719F 9% 7 AN[RIE BE T N2 55 5 R A0 5% B8 75 2 < rh 40 R I GaAs(001) 41 )i,
FHE T JLMAFI GaN M 4RI M, RILEIR(500°C), GaN/GaAs FtHIEAGET, BER A Kl ]
As TC R WE AR E] Ga 1 As AW, Miir=4 3.1 nm JE1H GaN =,

2022 4, WuD.Z5 \[68] K8, HH T 504k B 2 (IR B 5 28 - (6 FH I R FE M 2K, 2 2 B
71, BLAJWIAELE 2520 InSh ZLAMRIIAR F6iEvERE, 4 SiO, A1 SiNX R 40518 0.1 m A1 0.42 m i,
BUZEACIEAR R SNBSS 2B, MR
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G A A2 BN TS
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