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Abstract

There has been considerable interest in the development of high performance 1.55 pm quan-
tum dots (QDs) lasers based on GaAs for optical communications. However, the optical gain of
GaAs-based InAs quantum dot materials seriously decrease due to the large lattice mismatch de-
fects such as strains and dislocations. Currently using low-temperature epitaxial growth, InGaAs
or AlGaAsSb buffer layer, GaAsSb cap layer, high In composition InGaAs strain reduction layer, and
the cooperation of Sb element can expand the emission wavelength of InAs dots up to 1.55 microns.
However, the surface and interface defects of the QDs cause serious deterioration of the Photolu-
minescence. Sb element affects the InAs QDs material defects, density, uniformity and optical
properties.
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1. B

JEAF I A S PR AR A A e e AN T R R I % R, B I A i R B DA S IR ) AR S5 AR . T
RGAE 0.85 pm. 1.3 pm A 1.55 pm RSB EARY T —ANEHE) “H 07, fFE sl Botas K
MIER . B RAEHIE B S5 KX N IR N 1 km XK 0.85 um, 10 km KR 1.3 pm, 100 km Xt
M 1.55 wmo  H AT 6 IE A 1.55 um JIZE InP A EHMA R InGaAsP Al InGaAsN /i 45 F
SR EAS o AR RAFTE I B R HME L2 A DE I 2 2 (R T S 3 2 RN, BT PR i e /i =,
VY e AR 22 1 5 A0 DL R /N )t BB, BRI T 12 R RAEBOE A IR

AR, DLET A A IRX ST ot s iie - A B RE BB, B,
e AR AR R PR R B P R ok B SRR A, ARG T RO A I RE, XA SR BOL AR
WRETT s E K. B R T s R 28 -0 702 B A B br E s i ds st R —. P EL B
M. RE., HAFEZKEITRE T BHRE T SIS 7 SO R, S TIRKIEE.

MK 1.55 pm & T SRR ER T, 2508 InP M GaAs B EMAR . B A InP
5 InAs =+ s BHIF FEARL o

2. InP & InAs B F M RHRIER

2005 FFHAE L@ELEEHRLEREY, £ InP & LAMNEAEK InAs EF 5, ATUHBEET AR
Fe K 1.6 um BB 1]. SR T /1 BB (AFM)IIR S R, W% EN 1.7 x 10" ecm?, &7 AH
GHE LR Z AR, 7 AR A EIRZ, FES PL G th 24N KOG R AN R RS &7 A
2006 TG W H T B iR1E T1E InP #1E_E MOCVD #MEA K InAlAs BT A, IRETETEMIK
HE KA 1.55 pm, HWE R EF SRS 2 A6, ARRSEEF AR CE PLISLLTER T, =R
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Figure 1. PL images of Ingg,AlgosAs/InP quantum dot samples
with different growth temperatures and thicknesses at room
temperature [2]
B 1. TREKBEMEER IngoAl) s As/InP BF SH R
=;8 PL E|[2]

2011 H:~2012 4, FHERHE RS A E R /R KRS 0RIE T InP 4K EAMEAK InAs &1 S0
%, WOHBEKON 1.5~1.55 um [3] [4].

2013 FHAE K (G BBEH AT T T InP 3 InAs &7 0T AMEAE KRR E, £E5 =R K
EE T 1.55 pm [5]. WAL REY], BEE T RCIER, WL 7RO KEBEIR . &0 RO
PG AT DAFERANTE InAs &1 SAMEAE KRR In 57 00 AT A0 T 28 R L [RI0E F I 25 21

3. GaAs BEKFEKEF AN HMRHE

Al InP FE &7 M EMA RAHLL, GaAs 3 1.3 pm KEK & T AM BT RIER Z . X2 FH GaAs
% In(Ga)As BT AR R R pEE . AR JE Ve, RO AR H AT InP JEA1RL, H145 6 1.3 um
BB SARBOLSR AT IR 2 —, S1ESERZER N EEEN . XAMUZEA GaAs #ELL
InP A JERANA A &, 17 L& T DUSE ) AlGaAs 15 A BRI Z A1 52, SEEIA U DX 400 1 5 5 PR i e
B ) R AT DUR O S5 A 1Y) GaAs T 7 T EH ARG S 7E 2. Ik, GaAs M RMA R TnP
B EMA RN EREEAR 2, HATEEZEBEAR InP AR, B HTE SBT3 .

7F InAs &1 SEM GaAs 75 E H 1A146 A & In 4143 InGa,As NAZJR/NE & T A ROt KA B s
BT, In A& 88 20%72 4 B a] DU RE InAs &1 RO R R OGIEK 2 1.3 pm 3EBL[6] [7]. BIAKH
S5 In H53(31%) 1] LAFHJE InAs BT RO BHRR UK Z 1.55 pm B8], A In 20757 InGayAs MAE
WUNE R R AR E R PL %, i 2 BoR. SRBEAE In A0 3G n, S NAEARRI R, S KE
P, SE0PL W™ E AR, AL B AF R 2 20 7K RRE . B, ¥ LR & R0t
BIOWETE F B 1.3 pm BB . BT, 2R NURAAMER R A K GaAs 3 In(Ga)As H AL E
THEBOGRS, HEEAB R KA S 1.3 pm BLE[9] [10] [11][12]. 2006 453 [F %5 PE R k224008 7 H A BT
RICHFPER GaAs 3 InAs BT ABOCRAEL, PLIELE S48 30 meV, K1 7RG HME IR E &1 5
B, WO KA R 1.45 um [13]. 2008 FE1%/NARF#TAE InGaAs ZE)Z, 0B E T S H0O6eS FIBE0H
WK ZE 1.52 pm [14].
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Figure 2. PL spectra of InAs quantum dot materials with
different In composition In,Ga;_,As strain reducing layers
at room temperature [9]

& 2. A[E In 484 InGa, As MEZR/NEH nAs EF
SHRB =R PLE9]

MAEF TR RBL, BARFFRIEANEAEK[15], P& In 419 In,Ga,_ As NARIR/NZH AR BE I &
InAs BT I ARG K, BRI R EA 2, Kk, TESHE T A& %k, R A0
HMEAEK RS, SIANEOTER N)REIS IR InAs &7 ARG KM 1.3 pm ] 1.55 pm.  HAW P K
W T & N [ InAs/GaAs BT AR N ASIRE AR R E, R N GEREE T AT, JH] In B9 0w
Br, OBk RIL SRR T A SR ERMAIN ), HIEK InAsN 2T 864, Nl KEF sk
BK[16]. SUEFR, 22 E AR LS ER TR ISR T A M BT R Sb)E TR sMEgs i, %
SERREAA RO PR A, SRR A IR R B Gag ealng 3sNxAso 991-xSbo.oos/GaNyAs|,/GaAs T BT i
FI =R T RR G KIEE] T 1.5~1.65 um [17].

2003 & [F B 58 76 5K 2% Huffaker 25 AT T GaAs A LAMEAE K AlGaAsSb B 2454, FE5h
1) TEM Bl 3(a)fr. SRIGTE AlGaAsSb 2512 FAMEA K InAs &7 5. MITIIBFR 4R, @
I AlGaAs,Sb - (x = 0~0.20)Z M ZRe A BOS BEAI A4S, WAL F N AR TS, Wl 3(b)FiR. =T A
FEM ARG AIAE] 1.63 pm, JEik 06 58 B /T 50 meV [18].

2005 FEPEHEF 35 T LI GaAsSb J2 KA E X InGaAs & SFEM 820, 98 T B4 GaAsSb J2
(Sb & EN 17%) K =M AR 2K InGaAs B ik dn AOCYERT, A5 BGHER PL & W& 4(a)Frn[19]. =
Fh&E #7358 InGaAs & T £(QDs)TE GaAsSb /= I 77(QDs on GaAsSb), H'[H](GaAsSb/QDs/GaAsSb)Fl
J7(GaAsSb on QDs). InGaAs T £ 7E GaAsSb 2 L i, PL =R A 1.03 um, X2&H TN T &7 5
I RAZ 2, BN T BT s RSE. 1T InGaAs & 5 7E GaAsSb JZ 1 [EFTF 77 (BL R RS Z)ET, B
PL i O KA . ANF G Z 40 & T AR TR R, 5 GaAs i 245 ML, KA GaAsSb
HZEEM T LR JE InGaAs BT AR GIKE 1.62 pm, {E6iE L5 ™ EE %, PL g 4(b)fims.

2006 -3 [E W HE R OR B AL T WA GaAsSb 5521 InAs & FROGYER, SR T E T AR
KIGWKIER] T 1.6 pmo WFRLEREMH, 5 GaAsSb (Sb A& = HIN 22%, 26%H) 7 21 InAs &=
FOS R IR AN 1.52 um. 1.60 um. 5 Sb &N 14% & T ML, FEf PL ISR K a2,
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{HR TR KRR, itk ™ EEE . MM AR m, PL it kA 2K, BENER
GaAsSb/GaAs Ty #MERIN, W ZE B K R IR AE RIET GaAsSb/GaAs FHiiAb, 1My & K IF

T 1 REER[20]. 1%/ NHEIWT TR 45 SRR 5 GaAsSb o R T AN, Sb S &RIAF 14%, &k4
| AT R ARz

n-type Al ,Ga As _Sb 1.0 um
n-type Al .Ga, . As .. Sb ,, 0.15 um
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Figure 3. (a) AlGaAsSb buffer layer structure and (b) TEM image [18]
[ 3. (a) AlGaAsSb ZZHZLE/FA(b)TEM [E[18]
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Figure 4. (a) PL image of InGaAs quantum dots at different positions above, in the middle, and below the GaAsSb layer at
low-temperature; (b) PL diagram of InGaAs quantum dots with the cap layer being GaAs and GaAsSb, respectively

[& 4. (a) InGaAs EFR7E GaAsSb B L75, #iE, THARMER{KER PLE; (b) BB GaAs F1 GaAsSb [E
B InGaAs = F =AY PL

B e W HE R R 2% SN BT 7T T L GaAsSb 2202 A1 InGaAs 2521 InAs &1 s AR
REPE[21]. PLOGIER B, A GaAsSb ZZH InAs & F i FEf =R FACIKIER] 7 1.55 um, BE
PEm T REM IR OESRE, HOREERE KL InGaAs ZZMEFEM 1) 24 f5 . F InGaAs ZZZ ML, GaAsSb
SRR R T, MIMTIEIGE T InAs BT MM AROBRME . X ZFINTESMEAL K GaAsSb
ZMZEIE, GaAsSb Fl GaAs ¥ 5[ &b 1A 851 5 22 AR K ARt 75

BIEEEN AL LK, GaAsSb/GaAs Tz, HURT GaAsSb 41 Sb N> & &, 24 Sb Ay

BUNES, BEA SRR 1RG5, RIFT7E GaAsSb JZ JRigifl, IR 1 B4 Hy BB PR IBGA T, 18T
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EIH 5

TER AT 24 Sb 45y KT 043 B, B aE i8R 11 ZU45H, RIFET7E GaAs 2 ZHiit, XFp 11
B GER AT L T XU i A AN LL MR 2R [22]

VFZ RN IRIE T KK InAs/GaAs & F RUIRTES . Fh1H . SREGFTURGIER, BHFL T GaAsSb
ZePEEL GaAsSb 24 InAs =T AUIPEM, 24T T Sb X InAs ST M BHIEREG . 2R 501 1
RIS . IR RNV ZIRIE AT T R R W, 5 NBRE FCENLIRECA HLIEEE, Sb), EITEAME
InAs & SR Sb JEF/E RGP LR & F R RS, SR 2G5, EF Ak
He KL RE[23] [24]. FEERZGIN Sb [ InAs &F M EAUGRA T B 5664, 8 n] LA
HITE BB SO R S RS R 28, BB It E T UL 8 R SHEKRTE 1.3 um LA E[25] [26].
FIN Sb ENRIEMERIAEK InAs T A1, R T HTSIRBKSHET AROGEK B IS, 515
T R InAs/GaAs BT A ASEIL T 1.3 pm P B E 7 S0 3E .

R T RZEF N T T Sb JEFAE AR M ERIXT InAs & 55 (I REMI[27] AT 1504 7 7EA4E
ARKEFRATSAKET UG, Sb R I A [0 T fUR SRR G R s . 38 4 i
[AIJF/E Sb JEHRITT, RIEH] & Sb JE 3 HE NN (LAURAR Sb “HES 7 ), BERCH] A8 & m e & 11E A
R RE R BT DLSCE R T s AR e RE . 7Ah, SR E T AR E N EE S E CE InGaAs NARJ/NE
(1 In 2%y, #WEEWE T RPN A0, EiEZ0AEKERS, o IR E 7 AR ATER . InGaAs
JSEAE YR /N 2 0T LAYk N ST FLVR, ] In AN T s HP ] A HK, Sb X InAs BT sURGTER IR, 0
Kl 5 s

with Sb RT
Tg:500°C
T}h:370°C

Normalized Intensity (arb. units)

0.8 1 1.2 1.4
Wavelength A, (um)

Figure 5. The effect of Sb on the luminescence proper-
ties of InAs quantum dots [27]
[ 5. Sb X InAs BF R &S RIIFN[27)

2006 AR 5K FARIE T MOCVD #MEA K 1.55 pm 3 B InAs/GaAs T A R 24 #MEA K InAs
B RSERMSE, A Sb RS, FEMmORIGEKERER 1.56 oK, HRGIEL TN 31.1 meV. A
INAHCECE = s R 2 51N Sb BB InAs & RAMEAKTTE, AT LL—E R k) InGaAs NAZ /)
JZH In 8. InGaAs NARJ/NEFEARS 21 In & 20 E T AW B 0GE =0 N AOLE, W
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Figure 6. (a) The relationship between the integrated intensity of the PL
spectrum of the sample and the temperature (the square point indicates that
the In content in InGaAs is 0.24, and the triangle indicates that the In content
is 0.36). The inset is PL spectrum of the sample at room temperature; (b)
Height distribution of InAs quantum dots containing Sb (the inset is the AFM
surface topography of quantum dots)

6. (a) H& PLIERNBESRENXR(ESFERRR InGaAs H In
BEH 024, ZAKEKR n BEH 036), BAEIERNER PL i&;
(b) ZBESHHImAsETFREESMEIFEAEAE TR AFM REFRE)

A LB LA SIEFE 1 InP 2 InAsSb 7 A RHEIE, 3R W] Sb fEvRImEME ], iR T
RJBARTT I, Sb F 2 — N EEREEE K. HFFERERY Sb AMUNH] 1 im MARE T PR,
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EIH 5

HgmeEF R =44k, Sb SEREEETRIEIR. BEE Sb SEMIM, BT rin] DUB# AL
BT E28].

M, EWNSNFZ RN AT X FARL S B AR 5T . 5 B AN 2 BRI B FURGE A L
PITE KK T s O 8 R S 28 0F L O T I Fe i b . FEER, R E RN B SR SRR
MBE #MEA: K55 8 1] GaAs/InAs i Sk S5 44, $H B T InAs &7 AR EHE KM 1.27 pm £ 1.53 pm [29].
TIME BB 2 B A E R 22 B LM R % 515 SR A TS /N, FIH GSMBE JMEAEK
InAs/InP &7 SA R, RIE F3RE T =M N InAs/InP &7 5068 . KEH T K2R MBE 4hEZ:
K InAs/GaAs BT i RL IR T 1.5 pm B SUEOREAE30], FH4&H —FR A InGaSb A &7 i sk
DU 1.5 pm I8 IR BOEOE 3 SMME 45 M 1) MBE AMEAE KT 77VE[31], BF e 48 R &1 ST ST
RYEE 1.55 pm & RUBOG A I ARRE

4 R

ICN=A

AT T R 1.55 um AL InAs BT RO SMESMEAE R T InAs T mUFORHKISREE |
ME L ISIVE SO MR . 2 T8 7 ROMPRH BRI RE BOR,  BRARSREE SR B S, ek
PR P 3t 3 Rk B X B 1 i A RS AR . BEAE T U B3 %T GaAs JE4 SRR RPRFIE RN IT, A
BEAMEAE KT Z, GaAs 3 1.55 nm HAN InAs &1 B0 SRR S LSRRV R 0 — 2D 15 21 W]
W

e HE

HFH A H AR BHAFE 42 (2019RC190, 2019RC192), R 44 o 2 4 KR HF 78 I H (Hnky2020ZD-12,
Hnky2020-24), ¥4 E25 R HHICE T H (Hnjg20212D-22), ¥R 3E4:(202011658007X), T4 BHE
I H(ZDYF2020217, ZDYF2020020, ZDYF2020036), [E % H AR 2#EE 4T H (62064004, 61964007,
61864002), K Fg 44 FH AR I H (ZDKJ2019005), F1 A [E TAE R A& J A% #E 10 H (19-HN-XZ-07) % B

SE
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