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MHER S EER NS SBOF RS, T MBE AKiIMEP, 7 GaAs M
AlAs 4L AUPH Ga P 1 80T 1, RFRZ LS — B R A &R E,
HEmEMXIBEA R AlGaAs B, FHABITHERERL.,

B=, MREARACHET 050nm 5 4T RANL I BT HEES, XM
T GaAs EEER/DTRITEGERN. RERININSZEENEITEET,
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B 6.5 RYTEi (30 % DBR, 980nm) (a)itEH4FR (b)LRNBLE

W LR 47, 75 T 980nm AlAs/GaAs DBR R 411, HM4EKTZS
BT T4k . B 6.5 KrhLik & 980nm, 30 Xt AlAs/GaAs DBR # 5 i & 9 &
WHHEER (B6.50) MELRMBLR (B 65b), 5 920nm #A4HEL, DBR
HBRKRHEES 99.5%, BATMG/NTFHEME, B RHEREAHANFHE,
FREAPEMERRSE, XRUMBHFERALE TEREE. FaKPo
BEMHREFERLTHE, S$ERE3TROEITHEX.
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92



B/NE GaAs/AlGayAs D B IS K ¥ FITFA

B DBR R %H. RAZENEESLRERNLRER, FEHVFEEIEE
L85 R EXIBEL RS, Al Ga AN RS S FHE R BHERE,
i GaAs/AlAs EAMERE HENZSBP OB KEBHIERRHE. £ LRHA
REMLE, BIXNERTENRL, KATEEERMEREZE, REBTHLO
B A 980nm, FARSEIE 99.5%H1E = DBR # .

H=% GaAs/AlGaAs £ EFBHRMIELMREH G R

6.2.1 8|5

EJLHER, EAESIERENTRTR, EFHELE. HERLEER
AR E R TEATEENNE, F3EELETHIELMAEBNHE
T AL KRR a8, R ix S g8 e, EERMUSHREFEEM.
MEGAELEE R LGB 2 FiEkME, inEguTHMEF". FHF
DO 3 IR A2, S 8 3F =R AR, MM ACERDE R B2, Gk
RHEML, R ZABBAEAARERENEREXRNET EZ—,
ALLARMEPNEERER (KK ER#EE) HIERERKRE. XAXH
FiE, BARSEMEE REPIASEROZEFEE ERL - MREETHX
MI/NFLBTMAYE, IXBEARME “HFL” WE, ATFNERHERstE. X8 K
S Y6 TR AR AL 41 B B A BT DU S AR AR AR R R B R k. BT AT sk
8, WLARBEEAERKRRE. WRDMLEBE, WA “FHL” WE, 7L
HBMBFFE RS R, B EREE, WURREHELE S £,

AN G, @i RARSN ZHAMTE, WET GaAs/AlGaAs T ETHIE
B=MIEEHERE. FE-NETERFENTERBN SRR R RITE
FELHRBFRE.

6.2.2 EH I AMTRELERIE

GaAs/AlGaAs % & T B 5 %A MBE & 7EF 4% 1) GaAs #TE £ K.
BIMELBEHAN: BER—A GaAs ZE, BEEHR 30 A E 5 nom GaAs
F17 nm AlGaAs AXMI L BTHE, BER£—/ 100 A GaAs 182Kk L& k.
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BANE GaAs/AlGaAs £ A WIS RV

7EF & TDOO1, TD002 #1TD003 #, £)ZH] Al A 573712 0.22,0.19 #1 0.34.
A& ZHAEKBERR 610C.

R4 Z HRBI R AR 6.6 BTk, ¥ARKIERN 532nm #) YAG #OLES,
Rk b 4L e B) 30ps, ERMNFE A 10Hz, RIEF2 18um. HOLBKMHIRERLIJL
HMEH.
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(b) FAMBRMATHA—LEREEE
Bl 6.7 TDO003 #¥ 4 RZ-scan Sl & 45 R L l-E Bk

PR X e SR B AT BRI AP 2 B — HUR Z MR B M E RS LR,
ERRELE z=0, REMERREOMESRZ 2z, MUBEERER d B35 .
RENERMFERFHREE T HTFEEMBN ST H EZRUMBE AR HE
WA R ATREFE R RE AT MR RS EREL . El, BRRH R
A

R(z,r)= {[ﬁ(z, r) - 1]/ [ﬁ(z,r) + II}eXp[iZkU lE (z,r)l2 j (6.9
XB
fi(z,r)=n, +n2|E(z,r)|2 +i[x, + K, |E(z,r)|2] (6.10)

REFHE, no Mk, REMETHEFE AR, n M x, RIFSHIFHEH
RSB RY, £ r) RATRNES S, UEG )| = HRREY KB,
kRFH Bt, TRAIDERT RHFHERHRAIEAMTRMREY K&
B H—HE, REIFKESFHTENT R EEREATRER. ZRBAEBR
HERE, FRAREOTEHEERTEZR:
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HENE GaAs/AlGay,As £ B4 I RITTR

ik

2R(z)
R (ny+ir, ) Eg (0 11+ (2/2)* T x expl— 377 /W (2)] + 6.1
2 {2kU|E () 11+ (2/2,)°T"}"

R

m=|

R Eo (1) B r =0 ReBTHRIZIRIR, w, RIRIEERE, w(z) = wo[1+(2/2))° 1" &
HBLER, 2o =hwy 12 RIFATHKEE, R()=2(1+2 [2°) BTE z L1075 ik
B ¥ &, Ry=(m-l+ix)/(ny+1+ix,) & & ¥ R 5 & # ,
R, =2(n, +1-2ixy)/(n+1)*, ®(z)=tan"(z/z,). HFE (4.21) HE—IHR
JREE RS, BIIMERET EEEREERLENER, BE—TEREYT
FKAITTAR .

ATHHEIARFEAATRTIZER, BRIIKRA “EHa@rE”. AR
Bt R, LR FELH E (r=0) XBOMEREAE z HELH, TN
ﬂ%ﬁyg:

1.(2) =1, | (R,G;' (2) + R, (n, +ix ) [1+(2/2,)*]" G (2) +

Roi {2ikUI,[1 + '(nz!/zo )21y

Wo

E (r,z,t) = E,(2) o

) expl:— iP(z)— j|exp(ila)(R0 exp[— r? / w? (z)]+

4

exp[-(2m +1)r* [w?(2)])

m!

6.12
)G, (2)x(1-iz/z,)" ©12

Kb g(2)=1+(z+d)z/(zl +2%), G, (2)= {g(z)-ix @m+1)(z +d) /[kw? (z)/z]},
I, °ClEo(t)zl °

@it bR, aBERSHEnE 6.7 FELHR, HAHHE AN AR
LR T R Sk, AR TS E n, o MIBFEHERK R L o, MAEL M

HFRE K, ZAKXRR,

a, =-4£x'2 (6.13)

A

B EAH SRR ELERE R, REATEERNE 6.1 fin. EEH
W R I 51 SRR ZR B T HARI . NRFTUEL, BRE AlHS
1 z=0 A NET I8 (BNehOokiR) AN EWER, BRIELMRKAKARE
ENRTIEE: BaiEH, POKEREE, WELHEBRERREER, XMZ
B DA% 5 T BAE B BT AR R

% 6.1 z=0 MINGHEBAARLRME R LG
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FNE GaAs/AlLGay,As T AW RTR

sample | Al fraction | I, (Wiemd) | @, (e/W) | n, (em®/W)

TDOO1 0.22 1.76E+9 4.30E4 2.20E-11

TD002 0.19 1.48E+9 -6.50E-4 6.50E-11

TD003 0.34 1.39E+9 -1.80 E-3 5.55E-11
6.2.3. itit

FRREBTFUMRIELET, SRR T EMER T E R
HEARSHEEI KRR USRI T RE R ho FTEKTHERERR E, 7,
EEFEFLFERT AN HE S TR, AR ABHETHENR. &
HPEBFOT, HFER0 A K -k w R okg . AN RBEE/EFA
SH: BE T MBKEH B, ENNIAREREEN. EXRBRIBELT,
KPR ASFRENBRBHEE GEERIELVER K.
KT S H AR GREF T K — b R B, BR KR Er EA R
FRAIFIH, RATR AR KA Bre B Ery K53 BIHA S AR R AR,

EBRBIETEBRRT, BTHEORKRRKTUS N

[dEY S o, (EIMHE) [0 B) - [ (BILE)  (6.14)

2
'90 Nrcwmo n j=Lh

XE p (E)RITEAEERE, hREWREL, ¢ RETHA, cRNE,
g REBTHNBEL mRETHE, N,ENFERITHE, MI(E)ERE
WAHERETCHIE T, f,(E) R £, (E) bR REBTF, j=hIHEER, j=Ii
BERD R EE n ME TR NS HNNHEHFRET S5 /LE. &
TRHEBFRANMEETRANBEART, Lk (6.14) BB —TRKME
LR KB B— MR .

L(E) MEZR#FRR T H st BId 28078 R ek 5%,

L(E) = (/m)[AE,;)/ 21/(E, - E)* +(A(E,)/ 2)*] (6.15)
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F/NE GaAs/AlLGa,As B WIS M RITA

X A(E,) A E, MRHE R STRITERE . (FI47 AR BT & m), ™A 0 b
RN, Rl FAR A& R LU S K

*

my; = (m;m;,)/(m; +m,) (6.16)

PLE) =[(4mm) ((W*L,)JH(E-E,, ~E, -E,) (6.17)

E;=E,+(m;/m\E-E,-E,-E,) (6.18)

FulB)= {1+ XPU(E,, +{my Im}AE=Ep, = E, ~E,}=E ) KD (o)

fnB)={l+exp[CE,, —E,, ~{m;/m}}-{E-E,, ~E, ~E;}~ Ep, ) (kT)]}" (6.20)

AP HE-E, -E,-E,)&—JC Heaviside ¥, E, RETHZHEH
BB, kRBURZEER, TAHERE.

R R TR T IRIE
M} =(3/4M;(1+E,/E)) (6.21)
M} =2M;-M; (6.22)

X MR BRIERE T M, = @/3)mE,, . £FHBTFHFHHT
MR EE R

4 H(E-E._-E —-E.
Ne=_——’”:’ Zde (E-Ep—Eo —E,) (6.23)
B 4 k. 1+ exp[(E - Ep. ) (KT)]
4’ H(E-E_~E_-E,
N, = 2"’Z£ ( o= Fa=E;) (6.24)
B Sk 1+ expl(E - Epy ) (KT)]

AN IRA T, WA BAMTHRKETFERERNERTER
dN, al N,-N,

d ho Ty

ERSBATUERKETERN

(6.25)
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WANE GaAs/AlGaAs & I RBDTR

N,=N_,+1, o (6.26)
ho

Her, ZHBRTFEEHR (BB EL, dTLRATABOCN BRIk,
Rk FF LR B4R TR T &% dr, BTLATRNTIX LR A Bkt B 4R LR (6]
E R R R TFMEROEEE, WE

N,=N, (6.27)

PRI R A EE 3 o MFEL B Aa HR, BY

a=a,+Ax (6.28)

BT AT E /D TR ERUR R, RATKA GaAs A EIHIL
PR R B BT BRI R H, 7E 532nm &b, IXMER 7X10% em! B,

fELid#ERd, RIIBEET AlGaAs BHIR. X2EA, EFHHRIR
FUETRTL2ENSHE, WRATHEE T HEBREOEESR, FTUETH+F
HERT A MSBEMNFERARN ELLL2EFEAE,

HATKA BT ERE LR TTEA, wTLERBME PR BT AR
TKEEG, UURBREHE PR ERMET RS ERMNOER S, Rt
z=0 A IR LA AT LR BRAF A R R KL, B

Aa
a, o« — (6.29)
10

Y z=0 KB, AaH L FHENRFERRERKERZENXR
K 6.8 Fik.



BANE GaAs/AlGay,As T B HI&G M RITR

430 . &4 o—— 1139

AN\

L] B S
-4.34 |

)

cm

-4.36

—s—TDOM
—v—TD002
—&—TD003

log(Aal)
1,(GW/

-4.38

-4.40

— T

y Y -~ 176

_442 —l. 1 1 1 ! 1 L, 1 1
1.630 1.635 1.640 1.645 1.650 1.655 1.660 1.685 1.670 1.675

EF C-E.FV (eV)

B 6.8 =M AR I HLE M F E MR KL Z EMXFR

MEFATLLER], SR—MER, FEURERE Aa T B SR RKEE
RZER—NEMKRFR. XRBAT, HIKBAZEELTSHERINHHEE
K, MIELHEREREEESSTHRMFRNSERLREL. NEPET UK,
HASHOLEMARN, =AMFEARFEEREREILFAER, BEENEARY
Al ADMAFHETKEER L E ErcEr, EEZHBETBPRMBERAETE
f. XEHEBARERTEE, AlASNIEEHRERBNEREFEEN.
BEBEREENRE, XF—MHEMAU, IESHEMRCER 50E 5% A 38 KT
N,

BATH LI BT IR BRI 5 R LRI i e . BROATE B ATRI%
SRILEHA Al BoxELUEREARMEREAEERN, FENFR—MEREK
B, FEMRRRKEEE BT, BEARR Al A4H=AHat B
AT ARG R R IR T L3R

6.2.4. &t
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E/NE GaAs/AlLGa,.As £ B MG MR

Wi RARS Z BEBAR, HRT GaAs/AlGaAs ZE TR EE LM
RN 87 B AR RN AT LU T RN T R . — AT H B
THHEELMTR R BRI BER Y, R0 T LRINS.

=W AESGR

€% VECSEL fj—MNEBEEBI 5, F It hods K55 K& fs
Tt FEOLB I ERE EEN W, RITKAEREMEE, (1H T GaAs/AlAs
DBR M RHTE, SLREREREVIE; FHFEMEM EH—DHEIEE, ik
AERKITE, BIhHl & RS FIE 99% UL L, .0 980nm 19 GaAs/AlAs DBR.

R Ih A I 5t Z A AR R B 2] GaAs/AlxGal-xAs % fA 45/ i JE LA TR
WEFF S, FRH—ATUEEETHIERETRINRRER ., KRR
KRR, £—EHEEHA, =0 HHUAFHRRREEEHBRBRAER DM FEE
H#E. Beoh, HERERT AR Al A5 x 32 A RIEE Rk R EH
Em, XEZAHHRPERDRED.
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FEE B&LRE

EFtE BE5RE

2% B&

InGaAs/GaAs MEEFHAERRLRMEMBHMNATEFELEEY
HhAT o AR “ GaAs BARGE N 7R 45 M £ F #A4E#I ) MBE i & R
MEZAFHEX InGaAs/GaAs N2 & FHHEIA KM FET TITR AR, 2
WA HHE: MBE RERE S EMEHRIES . InGaAs/GaAs ZEFHHHIA
K5 ZM R, REHIER KX InGaAs/GaAs N2 BT B L34 R A 500
B FMERALE InGaAs/GaAs N & F B R A U K& % B #4540 Bt AR 5
FHANFER S SHINFEFEARABTKARERWT:

. ERTHFHRIMEREZRFIRE, WESRLAHH MBE FRARMTFE
AT TNE. R THEREKI HENANZRE, HIRTHEPBERNRK
PR S. METHEMERUEARLEFR, MEHAFEME. X &
LXURATH . FBUR IR 8 b i i R RIS SURAT T 997,

2. HIEHT AR BEKIEFMN InGars/CaAs NEETH, HiIt TN
T, EABREURBEINEEFHERWEW, AT AREKEGFNAEK
BE. AKEE. AREKENSSTNEEFHEEERMEN. BRRAT
PETBERKTAKRLEK InCaAs BEFBE, HETETHF In AoHHa5
fi, 1RE T PLISMISERKRCEE: N TREEKG AN InGaAs/CaAs B
BB TR FE R R I AT THEFAITE

3. MEEIOFER LR T HEHR KN InGaAs/GaAs WA BT B4t
JRHIFW, ZEiR KEFB 30 BT, BKXEE N 650°C. 700°C Fl 750°C HIFE
fBE PL B ERKAR AT A, R 800°C B kA PLIEEFEKER, HiBX
HE 750°C &M T, B T8 KATIE] 60 FH# AR T8 KB iE] 45 FbA0HE & 8
RAEHE-ANEBZI, KAEEKEARKBEKTABE. EdRTUL
W, RABERKABERS, KCEREMD. X0 LR 1 A AL
B3 PL RGEEE M EWRMERE. R THAMAY BBSRNTE, B3
THSH 024 MEER BT BUBIERER 1.2eV, %45 R 5 UHIIRIEREBRITFH
W&, SEENEREEFELOEME, BOTHIEEEE, EiEmE, &
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FLE BSGLRE

IR RIHE T H BN ot A RE #UR JOS R & B FTERER: ERAX
B8] 30 ¥ NRIE KEFE &M T, NEMGIRG T PL BEREEBIMYIGEE,
béj5 PL S (EHAEE B MEEE N BN FEZYT HE W, 7B X 750°C, RFE X
BfE1 &M T, PLISEAREIHERET BEENER, FTEZNEMBNZ
W TAEESSEEZ T 750°C. 30 #UR KT 800°C. 30 ¥R K2/, PL IEMERAE
BB 3] UL 3 B0 5 R e R AR R

4. BATT MABIMERARTE InGaAs/GaAs N EFEHHHINAHR, B3
TEAEMRRZER LML E nGaAs/GaAs WA R THE: 8T A #MEM
Wit; EEXER PL EMIHE, BAT RRANEMZAIFERST, NEME
HEERMEAE, Bid44 DCXRD f PL M4 R, #AiTHETNEBE
FER RS LR BESRIR; EMERE B, 8T NAMMEN B TR EEM R
gookis, URAFIMER RS EFBLEERAEW. #1T T NRAMEN &A
4} InGaAs/GaAs WA B FH AR EKHBRER, B2 TREEKAT L.lem
MEZENZETFH, nH5HR40%, ZRKREFERIF.

5. RhHUE RS Z AR N 2] GaAs/AlLGa,..As £ B HATIEL M
WS, FHRE—ATUFEEHHIEEHEREAEMER . SRMER
GRFAERYA, E—EBEAN, z=0 N LER REFELERERBOK/N
MEBERE. b, ZERBRERT AR Al A5 x 52 A gL Rk
REMEW, REIMMARFERLREDT. RAGREEER, #HT
GaAs/AlAs DBR FIR§F %, 534 RaREw & i b#— RS
TR, RUEKTE, RIHEERFEE 9% UL, FLEK 980nm
GaAs/AlAs DBR.

IV RE

bl Gaks 3K RFMIMIAE L SR AL A EENNBRIES 0
REFIRTR, e — BRI P % U B ST AR R 5 b 5 B8 P BRIV
STROEBAR—TTRAM T SERIEAR, METFIF VBE ik, LI
AR K, AR RR BB AD . A ICEE R MBE I
EHEIBIR, HARMTIETTT RIFOER, RN, GEFKROTHE
B — P HTRTAL
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BLE REGLRYE

1. NARAMER AR CLIEHHN KR, B4 InGaAs/GaAs MR EF B4
KAMNAWEENE. R, #HAMNEMER AT LUEE A B IRKH InCaAs/CaAs
NZETBHHREEMRE, TURKRRA ¥ AR B R, o
IR SN R ZEAME RIA T, I fe] S AN RO IE N 3 AME 4 & B BRI 38
PR, EHEMS 2.

2. FRXHTITIEH) InGaAs/CaAs N B TR E A HW7EE FAROESE, 1L
HEREZEHMNERMASBOLRPHRNA. EA-NEEBREG, EXENE
BXHMETHALRAEELHER, XEFEX—PHNRNTTR.



SE M

&3k

-5

(1]

[2]

(3]

[4]

[3]

(6]

7]

[8]

]

[10]

(11]

[12]

Esaki L and Tsu R. Superlattice and negative differential conductivity in semiconductors.
IBM J.Res.Develop, 1970, 14: 61-65
Cho A Y, Panish B A and Hayashi I. Proc. 3rd. Inc. Symp. On GaAs and Related
Compounds. Aachen, 1970
T H Gfroerer, L P Priestley, M F Fairley, et al. Temperature dependence of nonradiative
recombination in low-band gap In,Ga,_ As/InAs,P,_, double heterostructures grown on InP
substrates. J. Appl. Phys, 2003, 94(3): 1738-1743.
T H Gfroerer, C E Gillespie, J P Campbell, et al. Deep donor-acceptor pair recombination
in InGaAs-based heterostructures grown on InP substrates. J. Appl. Phys, 2005,
98(9):093708-1-6.
I Suemune, L A Coldren, M Yamanishi, et al. Extremely wide modulation bandwidth in a
low threshold current strained quantum well laser. Appl. Phys. Lett, 1988,
53(15):1378-1380.
H Shimizu, T Fukushima, K Nishikata, et al. 1.5 um wavelength compressively strained
GalnAs/AlGalnAs multiquantum-well lasers grown by molecular-beam epitaxy with high
differential gain and low threshold current density. Appl. Phys. Lett, 1995, 67(4):449-451.
W. D .Laiding, P. J. Caldwell, Y. E. Lin, et al. Strained-layer quantum-well injection laser.
Appl. Phys. Lett, 1984,44(7):653~655
W. D. Laidig, Y. F. Lin, and P. J. Caldwell. Properties of In,Ga;_,As-GaAs strained-layer
quantum-well-heterostructure injection lasers. J. Appl. Phys, 1985,57(1):33
E. Yablonovitc and E. O. Kane. Reduction of lasing threshold current density by the
lowering valence band effective mass. J. Lightwave Technol., 1986 , 4(50): 4

R. M. Kolbas, N.GAnderson, W. D. laidig, Y Sin, YC. Lo, K. Y. Hsieh, and Y. J.Yang
“Strained-layer InGaAs-GaAs-AlGaAs photoppmped and current injection lasers” IEEE. J.
Quantum. Electron., 24, 1605 (1988)
H. K. Choi, C.A.-Wang. InGaAs/AlGaAs strained single quantum well diode iasers with
extremely low threshold current density and high efficiency. Appl. Phys. Lett,
1990,57(4):321~323
R. L. Williams, M. Dion, F. Chatenoud, et al. Extremely low threshold current strained
InGaAs/AlGaAs lasers by molecular beam epitaxy. Appl. Phys. Lett,
1991,58(17):1816~1818

[13] N.C. Frateschi, J.S. Osinski, C. A. Beyleret al. Low-threshold single-quantum-well

InGaAs/GaAs lasers grown by metal-organic chemical vapor deposition on structure

105



BN

[14]

[15]
[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24)

[25]

[26]

[27]

[28]

[29]

substrates.IEEE. Photon.Technol.Lett, 1992, 4(3), 209~212
M. Okayasu, M. Fukuda, T. Takeshi, et al. Stable operation (over 5000 h) of high-power
0.98-um InGaAs-GaAs strained quantum well ridge waveguide lasers for pumping
Er3+-doped fiber amplifiers. IEEE. Photon.Tecbnol. Lett, 1990,2(10): 689~691

A. Moser, A. Oosenbrug, E. E. Latta, et al. High-power operation of strained
InGaAs/AlGaAs single quantum well lasers.Appl. Phys. Lett, 1991,59:2642~2644
E. Desurvire. Spectral noise figure of Er3+-doped fiber amplifiers. IEEE. Photon, Technol.
Iett, 1990,2(3):208~210
Naresh Chand, E. E. Becker, J. P. van der Ziel, et al. Excellent uniformity and very low
(<50 A/cm?2) threshold current density strained InGaAs quantum well diode lasers on GaAs
substrate. Appl.Phys.Lett, 1991,58(16):1704~1707
R. M.Kolbas, N.GAnderson, W.D.laidig, et al. Strained-layer InGaAs-GaAs-A1GaAs
photopumped and current injection lasers IEEE. J. Quantum. Electron. 1988,
QE-24(8):1605-1613
Schienker D, Miyamoto T, Chen Z, et al. Growth of highly strained GalnAs/GaAs quantum
wells for 1.2 1 m wavelength lasers. J. Cryst. Growth, 2000,209:27-36
Chirlias E, Massies J, Guyaux J L, et al. An eficient way to improve compositional
abruptness at the GaAs on GalnAs interface. Appl. Phys. Lett, 1999 ,74: 3972-3974
Bugge F, Beister G Erbert G, et al. Efect of growth interruption on performance of
AlGaAs/InGaAs/GaAs quant b m well lasers, J. Cryst. Growth, 1994,145: 907-910
Bugge F, Erbert G, et al. 12 W continuous wave diodes lasers at 1120 nm with InGaAs
quantum wells.Appl. Phys. Lett., 2001,79: 1965-1967
Sato M, Zeimer U, et al. Evalution of strained InGaAs/GaAs quant » m wells by atomic
force microscopy, Appl. Phys. Lett, 1997, 70: 1134-1136
Schlenker D, PanZ, Miyamato T, etal. Efect of surface quality on overgrowth of highly
strained GalnAs/GaAs quant 1 m wells and improvement by a strained bufer layer. Jpn. J.
Appl. Phys., 1999,38: 5023-5027
Schlenker D, Miyamato T, Chen Z B, et al. Critical layer thickness of 1.2 u m highly
stained GalnAs/GaAs quant u m wells, J. Cryst. Growth, 2000221:503-508
Nishiyama N, Arai M, Shinada S, et al. 1.15 m lasing operation ofhighly strained
GalnAs/GaAs on GaAs(311)B substrate with high characteristic temperature (To=210 K),
Jpn. J. Appl.Phys., 2000,39:L1046-1047,
G Zhang and A. Ovtchinnikov. Strain-compensated hGaAs-GaAsP-GalnAsP-GainP
quantum well lasers(~0.98 b m) grown by gas-source molecular beam epitaxy. Appl.
Phys. Lett, 1993, 62(14): 1644-1646
N. Ohnoki, G. O. kazaki, F. Koyama, et al. Record high characteristic temperature (T-0=122
K) of 1.55u m strain-compensated AlGalnAs/AlGalnAs MQW lasers with AlAs/AllnAs
multi-quantum barrier.  Elec, Lett, 1999, 35 (1): 51.
R. Henderson, F Walters, CL Reynolds, et al. Structural and optical characterization of

106



SH I

strained and strain-compensated InGaAsP/InP quantum well laser structures. J. of Crystal
Growth, 1998, 194 (1) : 8.

[30] Carsten Rohr, Paul Abbott, lan Ballard, et al. InP-based lattice-matched InGaAsP and
strain-compensated InGaAs/InGaAs quantum well cells for thermophotovoltaic applications
Appl. Phys. 2006,100, 1-6

[31] BHFE, HHF, FKEEFLE. KNIy ;Gao,As/GaAs BT BHEERA LKA, B
FHi 4R, 2003,20(3):707-710

[32] Kuznetsov M, Hakimi F, Sprague R, et al. Design and Characteristics of High-Power
(0.5-W CW) Diode-Pumped Vertical-External-Cavity Surface-Emitting Semiconductor
Lasers with Circular TEM Beams. IEEE J. of Selected Topics in Quantum
Electron.,1999,5(3):561-573

[33] Lopata J., Vakhshoori, D., Hobson,W.S.; Han H., Strain compensated InGaAs/
GaAsP/InGaP 980nm lasers with 90% fiber-coupling efficiency, Lasers and Electro-Optics
Society Annual Meeting, 1996. LEOS 96., IEEE 1996,1(18-19):346 - 347

[34] F. Bugge, U. Zeimer, S. Gramlich, et al., Effect of growth conditions and strain
compensation on indipym incorporation for diode lasers emitting above 1050nm. Journal of
Crystal Growth, 2000,221: 496-502

[35] Nelson Tansu, Luke J. Mawst. High-Performance  Strain-Compensated
InGaAs/GaAsP/GaAs (A= 1.17 p m) Quantum-Well Diode Lasers. IEEE Photo. Techn.
Lett., 2001,13(3)

[36] Masakazu Arai, Kyoichi Kinoshita, Shinichi Yoda, Highly strained InGaAs quantum well
with GaAs strain compensation layer on InGaAs ternary substrate for 1.3um laser, 2007
International Conference on Indipm Phosphide and Related Materials, May 2007 Matsue,
Japan, 2007 IEEE. 241-244

[37] Kuznetsov M, Hakimi F, Sprague R et al. High power (>0.5-W CW) diode-pumped
vertical-external-cavity surface-emitting semiconductor lasers with circular TEMy beams .
IEEE Photon. Technol. Lett., 1997, 9(8):1063-1065

[38] Lutgen S, Albrecht T, Brick P et al. 8-W high-efficiency continuous-wave semiconductor
disk laser at 1000 nm. Appl. Phys. Lett.,2003,82(21):3620-3622

[39] Hastie J E, Calvez S, Dowson M D High power CW red VECSEL with linearly polarized
TEMyy output beam .Optics Express,2005(1),13:77-81

[40] Hoogland S, Garnache A, Sagnes I et al. Picosecond pulse generation with 1.5 pm
passively modelocked surface-emitting semiconductor  laser. Electron.
Lett.,2003,39(1):846-847

[41] Holm M A, Burns D, Cusumano P, et al. High-power diode-pumped AlGaAs
surface-emitting laser . Appl. Opt.,1999,38(27):5781-5784

[42] Kuznetsov M, Hakimi F, Sprague R et al. Design and characteristics of high-power (0.5-W
CW) diode-pumped vertical-external-cavity surface-emitting semiconductor lasers with
circular TEM beams. IEEE J. of Selected Topics in Quantum Electron,1999,5(3):561-573

107



SEHK

[43]

[44]

[45]

[46]

[47]

[48])

[49]

[50]

[51]

[52]
[53]

[54]

Linder N, Kamutsch C, Luft J et al. High power 660nm optically pumped semiconductor
thin disk laser [C].IEEE/LEOS Summer Topi., Ingenieria: IEEE, 2002, MF2:5-6

Park S H, Kim J, Jeon H et al. Room-temperature GaN vertical-cavity surface-emitting
laser operation in an extended cavity scheme. Appl. Phys. Lett.,2003, 83(11):2121-2123
Symonds C, Sagnes I, Gamnache A et al. Continuous-wave operation of monolithically
grown 1.5um optically pumped vertical-external-cavity surface-emitting lasers. Appl.
Opt.,2003,42(33): 6678-6681

Hopkins J M, Smith S A, Jeon C W et al. 0.6W CW GaInNAs vertical external-cavity
surface emitting laser operating at 1.32 um. Electron. Lett.,2004,40(1):30-31

Cerutti L, Garnache A, Genty F et al. Low threshold, room temperature laser diode pumped
Sb-based VECSEL emitting around 2.1 ym. Electron. Lett.,2003,39(3):290-292

Hastie J E, Hopkins J M, Calvez S et al. 0.5-W single transverse-mode operation of an
850-nm diode-pumped surface-emitting semiconductor laser .JEEE Photon. Technol.
Lett.,2003,15(7): 894-896

Hoogland S, Dhanjal S, Tropper A C, et al. Passively mode-locked diode-pumped
surface-emitting semiconductor laser. IEEE Photon. Technol. Lett.,2000,12(9):1135-1137
Garnache A, Hoogland S, Tropper A C et al. Sub-500-fs soliton-like pulse in a passively
mode-locked broadband surface-emitting laser with 100 mW average power . Appl. Phys.
Lett.,2002,80(21): 3892-3894

Alford W J, Raymond T D, Allerman A A, High power and good beam quality at 980 nm
from a vertical external-cavity surface-emitting laser . J. Opt. Soc. Am. B-Opt.
Phys.,2002,19(4):663-666

Chilla J, Butterworth S, Zeitschel A et al. High power optically pumped semiconductor
lasers. Nanobiophotonics and Biomedical Applications, Proc. SPIE,2004,5332(1):143-150
Hiring R, Paschotta R, Gini E et al. Picosecond surface-emitting semiconductor laser with
>200 mW average power. Electron. Lett.,2001,37(12):766-767

Haring R, Paschotta R, Aschwanden A et al., High-power passively mode-locked
semiconductor lasers. IEEE J. Quantum Electron.,2002, 38(9):1268-1275

FIE:

(1]
[2]

(3]
[4]

[5]
[6]

WK, A TRAMNER G, KURiFE. L. FEREHRA, 1988
Cho A 'Y and Arthur J R. Molecular beam epitaxy. Progressin Solid-state Chemistry, 1975,
10(3):157~191

EHE, B, MR GRESEER. L FTIHMREE, 2006

EHE. REV-SEEUMEREBENHTTR®RE. HARERRSRE, 2000,
22 (1) :1~8

RHEED system RH12 Version M12RH3a, [Manual]. Paris: Riber, 2002

Addendum to the HAL Quadrupole Gas Analyser Manual, [Manual]. Paris: Riber, 2003

108



2% Ik

(7

(8]

9

(10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]
[23]

Technology for Vacuum Systems Instruction for use, Diaphragm pumps MD 4V, [Manual].
Paris: Riber, 2003

Varian Products Documentation Management System Instruction manuals Version 1.0,
Turbo molecular pump Turbo-V70LP, [Manual]. Paris: Riber, 2003

Instruction manual 608 311 92U, Titanium sublimation pumping system Model, [Manual].
Paris: Riber, 2003

Varian Vacuum Technologies Instruction Manual, Ion pump (400 Is for N2) , [Manual].
Paris: Riber, 2003

Cryo-Torr100, 7, 8 and 8F High-Vacuum Pumps Installation, Operation, and Service
Instructions, CT8 CRYOPUMP(CF200) Model Helix CTI CT8(2500 /s ), [Manual]. Paris:
Riber, 2003

J. R. Arthur, Spherical lens as a launcher of electromagnetic missiles, J. Appl. Phys.
1968,39, 4036~4038

J.R. Arthur, G. A. Somorjai, Structure and Chemistry of Solid Surfaces, New York:Wiley,
1969

C. T. Foxon and B. A. Joyce, Interaction kinetics of As. 2. and. Ga on 100 GaAs surfaces,
Surf. Sci. ,1977,64, 293~304

J. H. Neave, P. Blid and B.A. Joyce, A correlation between electron traps and growth
processes in n-GaAs prepared by molecular beam epitaxy, Appl. Phys. Lett. 1980,36(4),
311~312

C. T. Foxon and B. A. Joce, Interaction kinetics of As, and Ga on {100} GaAs surfaces
using a modulated molecular beam technique, Surf. Sci. 1975,50, 434~450

G. J. Davies, D. A. Andrews, R. Heckingbotton, Electrochemical sulfur doping of GaAs
grown by molecular beam epitaxy , J. Appl. Phys. ,1981, 52, 7214~7216

H. Kunzel, J. Knecht, H. Jung, K. Wunstel, K. Ploog, Reduced carbon acceptor
incorporation in GaAs grown by molecular beam epitaxy, Appl. Phys.
A ,1982,28(50):167~173

Instruction Manual N°608 357 32 S, Double filament hot lip effusion cell, Model ABN
60DF (CF100), [Manual]. Paris: Riber, 2003

A. Zehel, A Ramirez, B. W. Miiller, Thermal response of a Knudsen-type effusion source
to sudden heating-power changes, Superficiesy Vacio,2001,13(21), 72~76

Models 2408 and 2404 PID controllers Installation and operation handbook,
EUROTHERM (PID) 2408, [Manual]. Paris: Riber, 2003

BEUS. SOk . TR, 2003
Y. Wang,Y.N. Sheng,Weikun Ge,et al. Morphology of MBE grown InAs films studied by

109



2% 0k

atomic force microscope. Journal of Crystal Growth, 1997,175/176:1289-1293

[24] Gan Fenga, Kunishige Oeb,Masahiro Yoshimoto, Temperature dependence of Bi behavior
in MBE growth of InGaAs/InP, Journal of Crystal Growth, 2007,301-302: 121-124

[25] REKR. BHBTFEMT. BRIE: WRELW ALK, 1998

[26] Doinm, R4t %. HEWEIATRTE. L5 BE0ELRE, 1997

[27] Wang X C, Xu S J, Chua S J, et al. X-ray diffraction and optical characterization of
interdiffusion in self-assembled InAs/GaAs quantum-dot superlattices. Appl.Phys.Lett,
2000,76(6):691~693

[28] vhERE. 1SR THER. U BEELIARAE, 1992

£=E:

[1] Y. Lam, J. P. Loher, and J. Singh. Comparison of steady state and transient characteristics
of lattice matched and strained InGaAs—AlGaAs (on GaAs) and InGaAs—AlInAs (on InP)
quantum well lasers. IEEE J. Quantum Electron. 1992, 28(5):1248-1260.

[2] Suemune, L., Coldren, L. A., Yamanishi, M., et al. Extremely wide modulation bandwidth
in a low threshold current strained quantum well laser. Appl. Phys. Lett.,, 1988, 53,
(15):1378-1380

[3] Chan M C Y, Surya C and Wai P K A. The effects of interdiffusion on the subbands in
Ga,In;_,Nj 04As096/GaAs quantum well for 1.3 and 1.55 um operation wavelengths. J. Appl.
Phys. 2001, 90(1):197-201.

[4] Muraki K, Fukatsu S, Shiraki Y, et al. Surface segregation of In atoms during molecular
beam epitaxy and its influence on the energy levels in InGaAs/GaAs quantum wells. Appl.
Phys. Lett. 1992, 61(5):557-559.

[5] B. M. Arora, K. S. Chandrasekaran, M. R.Gokhale, et al. Study of defects and strain
relaxation in GaAs/In,Ga,<As/GaAs heterostructures using photoluminescence, positron
annihilation, and x-ray diffraction. J. Appl. Phys, 2000(87):8444-8450

[6] D.J. Dunstan, Review: Strain and strain relaxation in semiconductors, Journal of Materials
Science: Materials in Electronics, 1997,8:337-375

[7] M. T. Emeny, L. K. Howard, K. P. Homewood, et al. A photoluminescence study of indium
desorption from strained Gal—xInxAs/GaAs. J. Cryst. Growth 1991, 111: 413,

[8] F. A.Ponce, L. Gonzalez, A. Mazuelas, et al.Inst. Phys. Conf. Ser. 1993,134 :313.

[9] M. Missous and S. Ohagan. Nonstoichiometry and dopants related phenomena in low
temperature GaAs grown by molecular beam epitaxy. J. Appl. Phys. 1994,75 :3396

[10] N. G Anderson, W. D. Laidig R. M. Kolbas, et al. Optical characterization of
pseudomorphic InxGal-xAs—GaAs single-quantum-well heterostructures. J. Appl. Phys,
1986,60(7):2361~2367

110



SE K

[11] G. Gonzalez de la Cruz, The influence of surface segregation on the optical properties of
quantum wells. J. Appl. Phys, 2004,96(7):3752~3755

[12] J. W. Matthews and A. E. Blakeslee, Defects in epitaxial multilayers I .Misfit Dislocations.
J. Cryst. Growth. 1974, 27:118.

[13] Variation of the critical layer thickness with In content in strained
InGaAs/GaAs quantum wells grown by molecular beam epitaxy

[14] B. M. Arora, K. S. Chandrasekaran, M. R.Gokhale, et al. Study of defects and strain
relaxation in GaAs/In,Ga;.xAs/GaAs heterostructures using photoluminescence, positron
annihilation, and x-ray diffraction. J. Appl. Phys, 2000(87):8444~8450

[15] Y. P. Varshni. Temperature dependence of the energy gap in semiconductors. Physica 1967,
34(1):149-156.

[16] K.Chattopadhyay, et al. Electroreflectance study of effects of indium segregation in
molecular-beam-epitaxy-grown InGaAs/GaAs. J.Appl.Phys, 1997,81(8):3601~3606

[17] S. Jiang, et.al.Photomodulated reflectance spectra of Ing,GagsAs/GaAs single quantum.
Appl.Phys.Lett, 1995, 65 (15) :1948~1950

{18] W.Z.shen, et.al.Observation of excitonic polariton and broadening of room-temperature
exciton in strained InGaAs-GaAs quantum wells. J.Appl.Phys, 1995,78(2):1178~1182

[19] S.Martini, et.al.Influence of the temperature and excitation power on the optical properties
of InGaAs/GaAs quantum wells grown on vicinal GaAs(001) surfaces. J.Appl.Phys,
2001,90(5):2280~2289

[20] GJi et.al. Optical investigation of highly strained InGaAs-GaAs multiple quantum wells..
J.Appl.Phys, 1987,62(8):3366~3373

[21] K. A. Jones, M. W. Cole, P. Cooke, et al, Accurately determining the composition and
thickness of layers in a GaAs-InGaAs superlattice. J. Appl. Phys, 1994,76(3):1609~1614

[22] FiF, XS HHMEHWERN RILNRVERBSE 1 ¥ AhgArs avExEe+
BUFHINAH SRR, PE, 2004: 597~604

[23] ERR, B, SEAN AlGaAs GaAs # &1 MOCVD £K K& X HEMTHHA,
ke FEF R SHE, 2000, 20 (2) : 212~215

[24] HEKBHBEFEMFEIRRIE: BRI RE BRI, 1998

[25] Btni, R, SHEYERRUIATELR: BeTlkbgt, 1997

[26] G Zhang, A. Ovichinnikov and M.Pessa, Role of growth temperature in GSMBE growth of
strained-layer InGaAs/GaAs quantum well lasers. J. Cryst. Growth, 1993,127:209~212

[27] Toshiro Hayakawa, Masaharu Nagai, Hideyoshi Horie, et al, Effects of growth
temperature and substrate misorientation in InGaAs/GaAs strained quantum
wells grown by MBE, J. Cryst. Growth. 1993,127:532~535

[28] J.H.Neave, P.J.Dobson, B.AJoyce and J. Zhang, Reflection high-energy electron
diffraction oscillations from vicinal surfaces—a new approach to surface diffusion
measurements. Appl. Phys. Lett, 1985, 47:100-102

111



2% 3k

291 T%, B—F, s, HRELAEKERN MBE ALK InxGal-xAsGaAsQD
R, Y-REFM, 2000,21(7):652-856

[30] Bugge F, Beister G, Erbert G, et al. Efect of growth interruption on performance of
AlGaAs/InGaAs/GaAs quant b m well lasers, J. Cryst. Growth, 1994,145: 907-910

[31] Bugge F, Erbert G, et al. 12 W continuous wave diodes lasers at 1120 nm with InGaAs
quant & m wells, Appl. Phys. Lett., 2001,79: 1965-1967

[32] Sato M, Zeimer U, et al. Evalution of strained InGaAs/GaAs quant b m wells by atomic
force microscopy, Appl. Phys. Lett., 1997,70: 1134-1136

[33] S.E Yoon, H. M. Li, K. Radhakrishnan, et al. The effect of growth interruption on the
photoluminescence linewidth of GaAs/InGaAs quantum wells grown by molecular beam
epitaxy. J. Crystal Growth, 1993,131:14

[34] S.E. Yoon, H. M. Li, K. Radhakrishnan, et al. Photoluminescence from strained
GaAs/Mn0.12Ga0.88As multiple quantum-wells grown with and without growth
interruption by molecular beam epitaxy. Superlatt. Microstruct. 1993,13:469

[35] B. A. Miller and P. B. Kirby. Molecular beam epitaxy growth interrupt and temperature
studies on doped and undoped single quantum well pseudomorphic structures. Appl. Phys.
Lett. 1992,61:432

[36] R. D. Dupuis, J. G. Neff and C. J. Pinzone. Very smooth AlGaAs-GaAs quantum wells
grown by metalorganic chemical vapor deposition. J. Crystal. Growth, 1992,124:558

[37] ®ER, WER, v, T WHEE InCaAs BF 5_BTFHR RSN E 53 E
KA. YER, 2005, 54 (11) :5367-5371

[38] S. S. Mikhrin, A. E. Zhukov, A. R. Kovsh, et al. 0.94 um diode lasers based on
Stranski-Krastanow and sub-monolayer quantum dots. Semicond. Sci. Technol. 2000,15:
1061-1064

FME:

[1] Chand N, Becker E E, Van J P, et al, Excellent uniformity and very low (50 A/cm2)
threshold current density strained InGaAs quantum well diode lasers on GaAs substrate .
Appl. Phys. Lett, 1991,58(16):1704-1706

[2] Yamada N, Roos G, and Harris J S. Threshold reduction in strained InGaAs single quantum
well lasers by rapid thermal annealing. Appl. Phys. Lett, 1991,59(9):1040-1042

[3] Miao Zhenhua, Xu Yingqiang, Zhang Shiyong, et al, Effect of Rapid Thermal Annealing
on Highly Strained InGaAs/GaAs Quantum Well. Chinese Journal of Semiconductors,
2005,26(9):1749-1752

[4] Offsey S D, Schaff W J, Lester L F. Strained-layer InGaAs/GaAs/AlGaAs lasers grown by
molecular beam epitaxy for high-speed modulation. IEEE J. Quantum Electron. 1991,

112



SE I

QE-27, 1455-1462

[S]LI L H, PAN Z, ZHANG W, et al, Effects of rapid thermal annealing on the optical
properties of GaNAs/GaAs single quantum well structure grown by molecular beam
epitaxy. J. Appl. Phys,2000,87(1):245-248

[6] Kothiyal G P and Bhattacharya P. Optical properties and Stokes shifts in lamp-annealed
InGaAs-GaAs strained layer superlattice. J. Appl. Phys, 1988,63(8):2760-2764

[7] Peercy P S, Donson B W, Tsao J Y, et al, Stability of strained quantum-well field-effect
transistor structures. IEEE J. Quantum Electron. Device. Letters, 1988,9(12):621~623

[8] Sadwick L P, Streit D C, Jones W L, et al, Device and material properties of
pseudomorphic HEMT structures subjected to rapid thermal annealing. IEEE J. Electron.
Devices 1992,ED-39, 50

[9] Streit D C, Jones W L, Sandwick L P, et al, Effect of rapid thermal annealing on
planar-doped pseudomorphic InGaAs high electron mobility transistor structures. Appl.
Phys. Lett, 1991,58(20):2273-2275

[10] Xing Qi-Jiang, Zhang Bei, Wang Shumin, et al, Enhancement of crystalline quality of
strained InAa/InP quantum well structures by rapid thermal annealing. Semiconductor
Optoelectronics, 1996, 17(4):357~361

[11] Khreis O M. Interdiffusion and the strain effect in pseudomorphic quantum well
heterostructures. Solid State Communications, 2004,132:767-771

[12] Lu Liwu, Zhang Yanhua, Xu Zuntu, et al, Effect of rapid thermal annealing on electron
emission and DX centers in strained InGaAs/GaAs single quantumn well laser diodes. Acta
Physica Sinica, 2002,51(2):367~371

[13] LV. Bradley, W.P. Gillin, K.P. Homewood, et al. The effects of ion implantation on the
interdiffusion coefficients in InxGal-xAs/GaAs quantum well structures. J. Appl. Phys.
1993, 73:1686.

(141 S. Seshadri, L.J. Guido, P. Mitev. Impurity-free layer disordering in p-i-n and n-i-p
AlGaAs-GaAs multiple quantum well device structures: The Fermi level effect revisited.
Appl. Phys. Lett. 1995,67: 497

[15] L.J. Guido, N. Holonyak, K.C. Hsieh, et al. Effects of dielectric encapsulation and As
overpressure on Al-Ga interdiffusion in Al,Ga,;—x As-GaAs quantum-well heterostructures.
J. Appl. Phys. 1987, 61:1372.

[16] S.-W. Ryu, I Kim, B.-D. Choe, et al. The effect of strain on the interdiffusion in
InGaAs/GaAs quantum wells. Appl. Phys. Lett. 1995,67:1417

[17] W.P. Gillin. Effect of strain on the interdiffusion of InGaAs/GaAs heterostructures. J. Appl.

113



SEH

Phys. 1999,85 : 790

[18] W.P. Gillin, D.J. Dunstan. Strain and interdiffusion in semiconductor heterostructures. Phys.
Rev. B. 1994,50: 7495

[19] W.P. Gillin, D.J. Dunstan, K.P. Homewood, et al. Interdiffusion in InGaAs/GaAs quantum
well structures as a function of depth. J. Appl. Phys. 1993,73:3782

[20] Buyanova 1 A, Pozina G, Hai P N, et al, Mechanism for rapid thermal annealing
improvements in undoped GaNAs;.x /GaAs structures grown by molecular beam epitaxy.
Appl. Phys. Lett,2000,77(15):2325~2327

[21] Gourley P L, Fritz I J, Dawson L R. Controvesy of crtical layer thickness for InGaAs/GaAs
strained-layer epitaxy. Appl. Phys. Lett, 1988,52:377~379

[22] Ryu S W, Kim I, Choe B D, et al, The effect of strain on the interdiffusion in
InGaAs-GaAs quantum wells. Appl. Phys. Lett, 1995,67(10):1417-1419

[23] EfREE, RAR, FKAH, FREMBAXHNZE nGaAs/GaAs B 7B M. V- §
274, 2005, 26(9):1749~1752.

[24] BE T, F29EUH, 70, % —HEEEHTRNESERIRE AL RE¥ER,
1998, 17(3):231~235

[25] Ajoy k. Ghatak, K. Thyagarajan, and M. R. Shenoy, A novel numerical technique for
solving the one-dimensional Schroedinger equation using matrix approach-application to
quantum well structures. IEEE J. Quantum Electron, 1988,24(8):1524~1531

[26] G. Gonzalez de la Cruz, The influence of surface segregation on the optical properties of
quantum wells. J. Appl. Phys, 2004,96(7):3752~3755

[27] G. Gonzalez de la Cruz, A. Calderon Arenas and H. Herrera, Internal electric-field and
segregation effects on luminescence properties of quantum wells. J. Appl. Phys,
2005,98(2):023501-1~023501-4

FHE:
[1] F. Bugge, U. Zeimer, M. Sato, et al. MOVPE growth of highly strained InGaAs/GaAs
quantum wells. J. Crys. Grow, 1998,183(4):511-518

[2] Schlenker D, Miyamoto T, Chen Z, et al. Growth of highly strained GalnAs/ GaAs
quantum wells for 1.2 B m wavelength lasers. J. Cryst. Growth, 2000 209:27-36

[3] Chirlias E, Massies J, Guyaux J L, et al. An eficient way to improve compositional
abruptness at the GaAs on GalnAs interface. Appl. Phys. Lett., 1999,74: 3972-3974

114



SR

[4]

[l

[6]

(71

(8]

[]

[10]

[i1]
[12]

G. Zhang and A. Ovtchinnikov. Strain-compensated InGaAs-GaAsP-GalnAsP-GainP
quantum well lasers(~0.98 1 m) grown by gas-source molecular beam epitaxy. Appl.
Phys. Lett., 1993,62(14): 1644-1646

N. Ohnoki, G O. kazaki, F. Koyama, et al. Record high characteristic temperature (T,=122
K) of 1.55 1 m strain-compensated AlGalnAs/AlGalnAs MQW lasers with AlAs/AllnAs
multiquantyum barrier.  Elec, Lett, 1999, 35 (1): 51.

Candace Lynch. In situ studies of strain relaxation during III-V semiconductor
heteroepitaxy: [Dissertation]. Brown University, 2002

D.C.Houston, M. Davies and M. Dion. Design criteria for structurally stable, highly
strained multiple quantum well devices. Appl. Phys. Lett., 1994,64(4): 505-507

Kuznetsov M, Hakimi F, Sprague R, et al. Design and Characteristics of High-Power
(0.5-W CW) Diode-Pumped Vertical-External-Cavity Surface-Emitting Semiconductor
Lasers with Circular TEM Beams. IEEE J. of Selected Topics in Quantum
Electron.,1999,5(3):561-573

N. G Anderson, W. D. Laidig R. M. Kolbas, et al. Optical characterization of
pseudomorphic InxGal-xAs—GaAs single-quantum-well heterostructures. J. Appl. Phys,
1986,60(7):2361~2367

B. M. Arora, K. S. Chandrasekaran, M. R.Gokhale, et al. Study of defects and strain
relaxation in GaAs/In,Ga, . As/GaAs heterostructures using photoluminescence, positron
annihilation, and x-ray diffraction. J. 4ppl. Phys, 2000(87):8444~8450

HRE. LSRN S . k. FPEBSHR, 2007

Won-Jin Choi, P. Daniel Dapkus, and Jack J. Jewell. 1.2-um GaAsP-InGaAs strain
compensated single-quantum-well diode laser on GaAs using metal-organic chemical
vapor deposition. [EEE.Photonics. Technology.Letters, 1999,11(12):1572-1574

=r

FRE:

(1]

(2]

3]

(4]

Chemla D S, Miller D. A. B. Room-temperature excitonic nonlinear-optical effects in
semiconductor quantum-well structures. J Opt.Soc.Am.B, 1985 ,2(7): 1155~1173

Tsang W T, Wang S, GaAs-Ga;,Al,As Double-heterostructure Injection Lasers with
Distributed Bragg Reflectors. Appl. Phys. Lett. , 1976, 28(10): 596~598

Sun D, Fan W, Kner P, et al. Sub-mA Threshold 1.5-um VCSELs with Epitaxial and
Dielectric DBR Mirrors. IEEE Photonics Techology Letters, 2003, 15(12): 1677~1679

Keeler G A, Serkland D K, Geib K M, et al. Single Transverse Mode Operation of

115



%

[3]

[6]
(7

(8]

9

[10]

[11]
(12]

[13]

[14]

[15]

[16]

(17]

[18]

Electrically Pumped Vertical-External-Cavity Surface-Emitting Lasers with Micromirrors.
IEEE Photonics Technology Letters, 2005, 17(3):522~524

Kuznetsov M, Hakimi F, Sprague R et al. Design and Characteristics of High-Power
(>0.5-W CW) Diode-Pumped Vertical-External-Cavity Surface-Emitting Semiconductor
Lasers with Circular TEMy Beams. IEEE Journal of Selected Topic in Quantum
Electronics, 1999, 5(3):561~573

g—, ML= =R. mRFELHEMSNHM]. Jbit, R HaR,2002:37.
BRI, RERE, 4R, LBMERESMARERESOBRM S TR EEK.
A SRR 2001, 22: 446

Egawa T, Jimbo T, Umeno M, et al. Structure of AlAs/GaAs Distributed Bragg Reflector
Grown on Si Substrate by Metalorganic Chemical Vapor Deposition. Appl. Phys. Lett.,
1995, 77(8): 3836~3838

Steckl A J, Chen P, Cao X, et al. GaAs Quantum Well Distributed Bragg Reflection Laser
with AlGaAs/GaAs Superlattice Gratings Fabricated by Focused Ion Beam Mixing [J].
Appl. Phys. Lett., 1995, 67(2):179~181

Vittorio M D, Vaccaro P O, Giorgi M D, et al. Local Degradation of Selectively Oxidized
AlGaAs/AlAs Distributed Bragg Reflectors in Lateral-injection Vertical-cavity
Surface-emitting lasers . Appl. Phys. Lett, 2000, 77(24):3905~3907

ik, BRB, TR, T SR RERNREEE.  REER, 2004,25:501
WiKkB, SHEE. FEEEEM]. bR BT BARE,1990 :35~40 ,259

Weber J P, Malloy K, Wang S. Effects of Layer Thickness Variations on Vertical-cavity
Surface-emitting DBR Semiconductor Lasers . IEEE Photon. Technol. Lett, 1990, 2:162

Rubin Liu, Yongchun Shu, Guanjie Zhang, et.al. Study of nonlinear absorption in
GaAs/AlGaAs multiple quantum wells using the reflection Z-scan. Optical and Quantum
Electronics, 2008, in press and online first

D. A. B. Miller, D. S. Chemla, D. J. Eilenberger, et. al. Large room-temperature optical
nonlinearity in GaAs/Ga;4Al,As multiple quantum well structures. Appl. Phys.
Lett,1982,41(8),679-681

A. Miller, P. Riblet, M. Mazily, et al. Exciton saturation in GaAs multiple quantum wells at
room temperature, J. Appl. Phys, 1999,86(7),3734-3744

J. S. Weiner, D. B. Pearson, D. A. B. Miller, et al. Nonlinear spectroscopy of
InGaAs/InAlAs multiple quantum well structures, Appl. Phys. Lett, 1986,49(9),531-533

M. J. Weber, D. Milam, and W. L. Smith. Nonlinear refractive index of glasses and crystals.

116



2% ik

Opt. Eng, 1978,17(5),463

[19] S.R. Friberg and P. W. Smith. Nonlinear optical glasses for ultrafast optical switches. IEEE
J. Quantum Electron, 1987,QE-23,2089-2094

[20] R. Adsir, L. L. Chase, and S. A. Payne. Nonlinear refractive-index measurements of glasses
using three-wave frequency mixing. J. Opt. Soc. Am. B, 1987,4,875-881

[21] A. Owoug. Ellipse rotation studies in laser host materials. IEEE J. Quantum
Electron,1973,QE-9,1064-1069

[22] W. E. Williams, M. J. Soileau, and E. W. Van Stryland. Optical switching and n,
measurements in CS; .Opt. Commun, 1984,50(4),256-260

23] J. Ma, S. M. Wang, and D. Z. Shen. The study of third order nonlinearities in
ZnCdSe-ZnSe/GaAs MQWs using Z-scan. Solid. State. Commun, 1996,97(11), 961-963

[24] D. V. Petrov. A. S. L. Gomes, Cid. B de Araujo. Reflection Z-scan technique for
measurements of optical properties of surfaces. Appl. Phys. Lett, 1994,65(29),1067-1069

{25] D. V. Petrov. Reflection Z-scan technique for the study of nonlinear refraction and
absorption of a single interface and thin film. J. Opt. Soc. Am. B, 1996,13(7),1491-1498

[26] D. V. Petrov, A. S. L. Gomes, and Cid B. de Araujo. Reflection of a Gaussian beam from a
saturable absorber. Optics Communications, 1996,123,637-641

[27] P. N. Butcher and D. Cotter: the Elements of Nonlinear Optics, Cambridge Univ.
Press, 1990

[28] Radhakrishnan Nagarajan, Takeshi Kamiya, and Atsushi Kurobe. Band filling in
GaAs-AlGaAs multiquantum well lasers and its effect on the threshold current. IEEE J.
Quantum Electron, 1989,25( 6),1161~1170

[29] M. D. Sturge: Optical absorption of Gallium Arsenide between 0.6 and 2.75 eV. Phys. Rev.
1962,127(3),768~773

117



Bogt

. it

ARXEERFESBERL. BRFFREPRIZERARTX T 0T
RNEFTRAE. RHRRAEGFR, FRAWERSE. FENBFARIEY
WREERTHER. RXWTRERERFNCL, BRI rER N
Rtk EHRE.

toR# MBE AMRBRE., K% ARE. dFALELHALELREHE
B BofoXs. AERNEIT. ERAMMEALXANESEXRHERBNIGF
B§%5, BFBGH—VARBSANNF D LREELTHN.

RPERFRFFEFRFERE. FAE. TTH. kFZL, #§. o
NRFEFRENELERFRE. KEN. hER. ARFELFARNGFY
fog . RMERAXRRARFLUEEFR. RE. REN. IRWEAR
THEARURMANEERELMAFIRENE K. XELBEHFRA. T
R B FRESEFEFEHITRAUTELTHIHFOFE. ANHX
FeAuff By (15 16 # 0 LR FoBt 5 T 4645 DA 2447

RABTHREBUHZREANKEAS. 8. FEE. T¥. Kk £X
B, #/4. KE. 5k FEF. BR. 4. ET4RENARFEILE
77 B

RMEHRE. BF, FHERENARNFINEFELTEHTEH X,
1 K BB MUF 3 T2 B

FESLE A SR AR B A X TR o ] R R L R !

X Zn
200844 F FRFA¥

118



AN R AL L W R R

N1

EEEf
ik, 5, 1979 £4, WILHREA.
1) 2003 GV TRAE KPR ER, REBEFZ LR,
2) 2003-2005 {F, EEFRFYEERIGET L0, SN BRREYE.
3) 2005-2008 4F, HEAKRFHELANHVBTRELENEL, Sl ABRREYHE.

WiztE T HiE 2 REXHR

REMWLI:

1. Rubin Liu, Yongchun Shu, Guanjie Zhang, Jiamin Sun, Xiaodong Xing, Biao Pi,
Jianghong Yao, Zhanguo Wang and Jingjun Xu, Study of nonlinear absorption in GaAs/AlGaAs
multiple quantum wells using the reflection Z-scan, Optical and Quantum Electronics (SCI & EI),
2008, in press and online first

2. XM, SFAKER, KER, T, WEE, gk, THE, RE&8EKPRHERER
WM T R STEOL ST AR, BotdvE, Vol.27(2), 9-10(2006)

3. HEW, BHLE, KE®R, &R, X, Hh%, FLE, ABROLERRE4
Z InAs MR T ABERT, g EE5REMT (SCI& El), Vol.27(11), 2178-2181(2007)

4. £F58, KRR, WER, Xk, STE, KK, MR, KEE, THE, FRE,
W HIB R GaAs/AlGaAs 2DEG M EHFAL W R R FH B FREF R, WEERESC,
Vol.55(3), 368-372 (2006)

5. KR, B, B, gLk, MBS, FkF, ER RBRAK, Xk, FE £
HHE, BRE, FRERIEE hAs BEF AN SRHEHR, £ EERED, Vol27(6),
1012-1015(2006)

6+ PI Biao, SUN Jia-ming, LIN Yao-wang, YAO Jiang-hong, XING Xiao-dong, CAI Ying,
SHU Qiang, JIA Guo-zhi, LIU Ru-bin, LI Dan, WANG Zhan-guo, Unstable growth in InP
homoepitaxy:Mound formation, A L @{F2=R(EI) Vol.36(2), 263-266(2007)

AANAE RS S (DBR) MIRATHEM A SILAEK, ATREFRED, Vol.34(6), 977-981
(2005)

119



AN N8 3 B AE v 1 - R O R B s R

8. #F38, AFAKF MMM, B, SILEFRE, THE, FSETEARKEEIE
Rk Bt BT R BERE, BOELIZS, Vol.37(3), 197-199(2007)

9. FEW PHLE xXIMEE MXE xiu# Meek, KRS NERFBHERES
ERFEAEE, BFET5R, Vol.24(1), 105-109 (2007)

10¢ SR, BRW#E, shilEk, #F58, i, &FkF, ENE, FE, hAlAs HEF A
MELR AFM Ay 82 B TR, BOLS %388, Vol.43(4), 68-72 (2006)

11, B, FFKSF, A, Fa, wEd, itk THE, FRE, AREEES
FETH R SHOE SR HE RS0 RR, ML R Vol.30(4), 351-354 (2006)

120



