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Abstract

Abstract

In the past decade, quantum dots-in-a-well (DWELL) mid-wave infrared (MWIR)
photodetectors have attracted extensive attention due to their lower dark current,
stronger confinement of electrons and more flexibility of controlling the operation
wavelength. In this work, we have demonstrated the first InAs/InGaAs/GaAs DWELL
photodetector monolithically grown on silicon substrate. 1 studied the optical
properties of the quantum dot materials on Si, and the electrical and optoelectronic
characteristics of the DWELL photodetectors. Then I performed the dark current
fitting by using a dark current model based on activation energy. The results are listed
as follows:

(1) The temperature-dependent photoluminescence(PL) spectra of the DWELL
photodetector verified the existence of the inter-dot transfer process of the carrier,
time-resolved PL spectra showed a long carrier lifetime of 1.52 ns.

(2) Low dark current density of 2.03x10"* mA/cm? was achieved under 1 V bias at 77
K. The anomalous E4 dependence on bias indicated that the inter-dot transfer process
of the carrier was related to both temperature and bias, which was also confirmed
by PL results. The device showed a peak responsivity of 10.9 mA/W under 2 V
bias at the wavelength of 6.4 um at 77 K, and the corresponding detectivity was
5.78x10% cm-Hz'?/W. These results demonstrated that these silicon-based
DWELL photodetectors are very promising for future mid-infrared applications,
which can enjoy the potential benefit from mid-infrared silicon photonics
technology.

(3) The dark current is one of the most basic and important parameters of infrared
photodetectors, which has a significant influence on the overall performance of
the photodetectors, including the dark noise, sensitivity, specific detectivity and
the highest operating temperature. In this work, a model based on activation
energy is used to fit the experimental results. In higher bias range, the fitting
results are well consistent with the experimental results; while in lower bias range,
the fitting consistency is low, which is likely because the contribution of the
carrier diffusion and the inter-dot transfer process of the carriers are not included
in consideration. Future works are proposed to modify the dark current model to

achieve better fitting results.
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Figure 1.2 The application of infrared detector:

(a) Thermal imaging; (b) Transmission of the atmospheric gases in the infrared region.
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WIH . 2002 9, —ANYfH DWELL f%45 58 YRAE LD A% BRIl 22 o s Th45 2
KL, RARXANEM AT E AELE SRR ND, Ed RN HER, £T
QD A DWELL B 25NN D AR R T B2 f k2830,

QDIP WA KIEE XA FHRIMNE (MBE) HARE—EHBNIKERT
RUTRE—BBAE b, X8 U8 H BA 3 2 0R FA jar B, AT AT DAL= 4k
=R EI BT A, A5 B X P g MR — S i SR R A B B SR



B1E %R

WG, % R Stranski Krastanow (SK) AEKARKHIEET A, XN
= EZ BRI R RHE P A — B B E 1 AR AR ET (1%-10%) SKAARA 2% R
FEFAREN. AN FUETHIENSENEE, HAZBEPHEEEE
(>2-3 BE (ML) 2¥MANRALFENE T ABRTAEEREFEMENE
SEPL, R QWIPs —#f, QDIPs BHE BB, FREFRESHRALEER
T, REBEFENTTHER FRIEHESHMEAS, Z/ETUEHRST
TER FIER B AR .

[T QDIP #1 QWIP A5 X E — A FEHHRE, HFHREENXANETET
M =R EREF R LIRIENS Y F, BEFHUBHTET HEREFEE
WA IEAN ST BOR A BUR . = 4ER PR 2R3 A BRI S
i, XREREBIAERORUENTERER. @ QDIP MR FHML
QWIP &, —fAJLE ps, 1B T @M EHRNB IR THE, XA
T QDIP H 75 FEU BB E R, TXARRBBARAS TS, EXAH
F, BRFLEAERETAPHERESRE, MRXBHRFRAE REMAE
F Ak R, BAFHERHERFBEGD TR AS KER TR
ShdFE, NMHEAE— M EERREL P, fEEENAEKEZGT, QDIPs thE
EFAERCERY T ERS S, B4R QDIP thE—HAE, BT HSIMEEKN
HRME, BFARST . B RBRNAYSME, SeRB KRR, Bk
EHE EHREZ MRS, RETFHREENM,

DWELL HJ#E L5 AEH KUT—4 QWIP FM1—4> QDIP WA S . —4
AEMREE—ERETALME, —BEEETHMEN—BEEFEENET
R ENURRT AR, B B — S8R 30— B R 4 R B % = . R 9 DWELL
BEBFEFERHAERNSEMRNERKIRFHEE, FIUBTTANRZHR
MBE £ K5 K. DWELL £&#EEA QDIP f1 QWIP f9—L4ft &, R B AR R
W75 H— 55 i, Flin QWIP X IEASHCBUK A WM., DWELL 53] ;
NET AT RS2 fmAES, #158 QDIP RAEEHET AP HIaEHR, HEMR
BETSFEmE— AR R, 7T LSRR R TS 7T LU B
BRHEERBREETHETREMAE, W AR RRCEEAKA E 9
HTETAENETHEFEERAAE, BIEREG T LN ER L6
Theel2, R DWELL 8 —E 8, REKNETRE, RIKZEBEEmZ
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TEEE InAs/InGaAs/GaAs B R BT S R4 46 IR 3%

JE 1 ARG 18 34,
FEEEP+Z2FE, XF QDIPs M A FZELEFENFM LK R

InAs/GaAs, InGaAs/GaAs, InGaAs/InGaP 1 InAs/InGaAs. Z i 3¢ f

InAs/InGaAs/GaAs DWELL JEH#RHZE IE R E T InAs/GaAs MEMEAR, XAME

RETERMAMRELH), EEEREPL

(1) RATHHEEWE WAL ERBEF K T-QDIP, 7 LU — 5 BREE B I

BARFR AT BRI B, (BB R B D ma BRI B 2 M 45 M PR ] 77 X L 28 1 B 3k —

BRRE.

(2) XM DWELL 4RGN SR, XS EERE SR TE InGaAs

ETHEFMA—E hAs EFHE.

(3) BrFREE: QDIP A1 DWELL D46 RMZE, X LA AR Si

BiaheRENDETE (CMOS) BARMEE R BBB AL S EIL AU BE

RRFE Si #EE L, XRBREAEREFAIEE, HRANHFFEXIKIFTIE,

1.5 BXUFRS5RELEN

ARAH R EELETERE, MASRLFE-K InAs/InGaAs/GaAs DWELL
JEHRI B SR AEKTE GaAs #K b, WAL H K DWELL 222 % — /M E
K7 Si AR LR, TR FERHI, FE—ERANTFERNEE
HEFE. BRI TFERYIEENH TIRA/ BB EHE, BRITHLiE
BEHTFEHMRG SR T M ERERNY, TEERRIOIIRBERETES, IS
A, RARA E BB ST AR T — MR R R . Fitk, 1B
SMNEEOL T F RAMRBAI 7, KPP LB IRIE R A KT Si R E,
HEHEEBEMLE LI AERER, X2—FYILATHE. kit &
W R AR R L 8 AR AL AN BRI B AT R, TT L KIBRE PR FPA ROAR
Ao TR, FERMEARRE R R _E %t AR5 't FE BRI 28 A1 £V 1i 4 51 ELER
BERERE, MUETZiANKE, XEHRMEBER FPA KKK T RAM,

IR ERZCRFEN Wu, J N CERINTE Sif K LB F MR T InAs/GaAs
QDIPs, XA TAEFE AL B, SRTIEEMBAI TAEF, WS, HEYR
ERRNEREEAHEENRIELER. FAE, Wan S ANRITHTE GaAs-Si F
PR R _EHI S B — AN MR K Y 1310 nm B p-in FEEBERNEE, Hdb hAs B
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F1E i

?ﬁ%ﬁ%%&ﬁﬁ%%mhﬁﬁﬁi¢,&mﬁ%ﬁﬁﬁiiﬁﬁT%—¢i
KIE Si #E LM InAs/InGaAs/GaAs DWELL HH4r4h i ifige. S5resiy
InAs/GaAs QDIP #iLt, XANBAREIU T — NEMIIBE BRI, —4 6.4 um FHE
IR S SR — AT T RO IR, R BRA RS 58 5 A K7 i
GaAs #1JE L) DWELL 84817 7 WBAITS . ATLATRIE, X tesephdpay
A7 BN T ARRA LA R T2 AR AR A FPA w1,

FRXFENREMINT:

FERERRT R XHHAYEREE L DHMEMBRISE, T5 R
AT E XS A EERFEAR R ENIRH 55, QDIPs Al DWELL IRPDs {4
KRR LRI FEIAR, TR A

BZERMANBT LM BRNB O T ERH R, SRRREBRNE LR
QDIPs RIESH T B 7 ik

R=FEHIH T EE InAs/InGaAs/GaAs DWELL 4T 4t B #5152 g &% 3%
SRRMERS N, LEEME TEM FIE, HBURIERME, BB TREE
RIE.

SENE AR T & F#IE AL QDIPs A1 DWELL IRPDs HIRS 741 &4
AL, FXEER InAs/InGaAs/GaAs DWELL 4L 4h 3t B R 5% 0 s 6 431 4 4 B 33
TT AT

FAEBLERIMEERFRE, HRET — SRR T TN AR
.
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B2 8 MIeRENRNETZERE LRESH

F2E O ABEFNRFNETZRERRIESH

21 HBHHIELZ
AN EBRRMEH & LESBREER: 62, WiEz. Sio ViR, €&
TR . BfH& TZRBEMT: |

(1) BERRMmBAEB. —HLE0 38, SRkFERTNEMAK HRARR
B (BB & 5 mins BHATHEATGYG: HEBRTCEHHAEETKIEME
AT IRYE, BEEERAASRRT, FFEE 100 C TR 3 mins.

(2) BE H R B FRANMZIRIEEN AZ5214, HLRIRE FE A 2500
rpm, YRECEFIEA 30s, IRIRFERUETE 100 C R 3 mins; FHIEZINLELS
29 MA6 B, MIB3, BEGESE—RN 14 s (AIARIEAZINL AR ThER AT R 5D,
LR S )y NMD-3 (2.38%), EHME BN 20s HEZ, B EMEZM

, RIFEEREGTAENERBEIRAERTEFERER.

(3) BjE, BEEAEHAERBERR B, 120 CHRATHE 20 mins, X—
BN T TR B R, AN ZETAEREZ R P R .

(4) BHEZIH. X—BARIERE B A SRR i, &S ZI iR
i aM N ER R, 2T EAEHEB TR E, BE R I
RABHTER, ZREBEEREHOGNE WG SERRZIMEE, REHE
100 "CFHEKE 3 mins. |

(5) SiO YT, HHEE FAERALZESMEUIR (PECVD) RGERFMREIT

— 2 BN 200 nm (1) SiO2, 1EREE LRI IR REIRAR X 384 B BL R -

(6) % IBRE. 6% (AW HFREZD REF. SLRFEK LOR 10B (5A),
B3 5500 (25000 rpm, RREFIAIA 30 s; 150 C RS 3 mins, HEEA
10 mins, BEEFE AZ5214, ZEIDEE. BE25PE (2) HEF.

(7 B, 558 (3) ME.

(8) SiO, %, #&F BOE ¥ (HF 1 NH4F HVR-&/KERD B HF: H.0=1:
10 KB AHW, BT HEBEMNE, SO0BRELAR Si0, &%
Thi

(9) p %M n HERI. FHETRARERERS, EFEMREEL Ti/Au,
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fEH InAs/InGaAs/GaAs Bf & T B 404N R BRI 25

X R BE N 50/300 nm.

(10 SEXE. REKTRE, FHMBLBE “Remover PG” HIRH,
FE 60 CRIBINHGRAT T FB 10 minsC AT AR I B4R R B 10 iE 24 388 hn ) B i) )
o BB RTSR B A AT RS B e RS F A R R AN 220 Tk e, BT
BJBTERR EHET, BN BRI SR H T Z 6% k.

NEBA - EHBE AR H AT BRI AR T2 8 R

InGaAs

()

i InGaAs

ST P TR

passivation

and AR-coating

il
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F2E LHLARRNSEHEIZRFEARTESH

© 0

k)

(m) (n)

(0)
B 2.1 IR SR T M & E:

(a) —A p-i-n LA EIRMABEFES, HF p ZEMnBR InP, i ER InGaAs; (b) FEdhik L
AZ5214 ZFOCAIR, FRUE B LR (O SHIRE: (O RZFHRE, SHEERR, 7
R, (%M SiOy; ) ZBRBAMNI: () @EZIM; (h) ZBRFIRK Si0; () F
PR —ZHH SiO; () BB WAL, MRk LR BIRA AZ5214 21, BJE % bE i
RN BB (O SHERM: (O MZITRUE, EREER, JTHRER; (m) ZITH SiOx;

) BFREREKER: OSERIE.
Figure 2.1 Process flow of a infrared photodetector:

(a) A p-i-n infrared photodetector sample, in which the p and n layer are InP, and the i layer is InGaAs; (b)
Spinning the AZ5214 photoresist for the sample, and add the mask; (c) Aligning and exposuring; (d) After
the photolithography is completed, take off the mask and start developing; (€) Etching the SiO»; (f)
Removing the residual photoresist; (g) Wet etching; (h) Removing the residual SiO»; (i) Redepositing a new
SiO, layer; (j) Spinning the AZ5214 and the lift-off photoresist, then add the mask for the second
photolithography; (k) Aligning and exposuring; (1) After the photolithography is completed, take off the
mask and start developing; (m) Etching the SiO»; (n) Growing metal by using electron beam evaporation; (0)
Lifi-off the metal.
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FEZE InAs/InGaAs/GaAs BFH & T S 440G BRI

20 BEHEESHEN

LT A R R B T B R S
(1) BEIR: NS CIRAEA T 605t gt
(2) MR, TSI S T RIS T B HiE 203 .
(3) WIBLFE: TEHS RV AL S T 2 B ot A PR R
(4) STHEMRT: R R BE L SN ST I AL
(5) HRINE: FIRIT— S 2 P p (5
(6) EHHE—SUBEENSY, WTIFRE. s, gt
STH%E (NEP) %

EK

i IR 75

2.3 QDIPs RIEEH
231 EEHER

FERE R UL, B R BRI A NSl (B REsH Mo Tt
frilleE, AW, ZIATRESEN, RARERIBHKERNEEE. Sk, REXE
EAAE R BREMHAFMHT, REERENE LB, XEBEN AR
IR R DL 2SR, SR T AT 5 B R Ot AR 2% RIRS FR . N T B i
T RIX AR, AT AL A B R AR (T A BT AR S A B R A 78
HATHISIR, BRATEEM Keysight B1S00A 3 B4k 040 Hi S0k I B384 1
MEEREELR.

W 2.2 Bras, QDIPs HRE FLALHLS] = 25 LU =H:

Low Bias

@

@ ——> Sequential Resonant Tunneling
@ —> Thermionic Emission

@ —~—> Phonon Assisted Tunneling

@ —> Phonon Assisted Tunneling

2.2 f&ARIET QDIPs 1 fIHE B i AL A 145)
Figure 2.2 Dark current mechanisms in QDIPs biased at low voltage.

(D HETEM, NTETASEMERAS ENE T ZRRERE, [
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B2 EERNENE TSR LRES

E%ﬂ,ﬁﬁﬁ%ﬁ%%&%%ﬁ%%oﬂ%?ﬁ%%ﬁ%ﬁﬁ%ﬁﬁ%%:
Loy (@) exp(e/ 1) | 2D

FEFER 2.1 &, E,REAREER, FRPRZSFER TRRE.

(2) 1&RAmEELEILRET, BFEFTHIINEFSBERAMEET.

(3) BB .

232 MHNE
RIS d, @it {§F—4 NICOLET {8 B M2 # 4L 4 684X (FTIRD
F—ANTAEREEN 700 °CHI B ARS8 i 1

B(v)

.L
>

Fourier

Transform
R
IR
Computer

f

: 1(5)
: ------ oo.oo: Dewar

Interferograms

B 23 FTIR L{ERIEN]
Figure 2.3 Principle of FTIR operation.

mE 2.3 PR —ANETER /RSB FHAH FTIR M TERER. &%, ot
MITANCIR R AT T 8E, TR — AN WEs b BEBLT, & s0Rrts
EEF|— N ECHET L, R& S REBIA - MBHNET L, £5T
fsEhE RS, THNRIFAE Z BB EZRC R TR B 5 T8,
CRARE T B FENREREINES (RRKFEFEREZ), WURFRMN
TR, T E M E B2 E v] DUE 5 S B AR LRt . |

FTIR A& AR EE—AINBRMNEERT, MAEHEN BRI
DTGS (KBr & M) #RINEE, @i 3 m AR R R BRI 25108 R — A LS MR A IR
R, RATTAT DA AR I 28 AU AR X e R, PARCE AR R(E R .
AR R R B AR BRI E ST B, RANAA FTIR A ER— MR
DTGS HMEBBELIMCIER S THB—A6HE: KRB HBRNIBAFNERNZAE

(A A XL RE LS
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% InAs/InGaAs/GaAs B 8T A 40 b e i 2

DTGS #ill#2, 7EF—MIIGERS FEEE A6l &5 RAIRN %A
21 KB IR DTGS #8330 Y6 373 B T MRS I BLRE . 76 U BARRS
LI RS FEH, BATH A SRS 570 fICHE 7 HL37 AT B ROK 3L R BOR A1 SRR ) 52
GOE TR |

E EFNES TS, AT MR BH DTGS £— IR, B
UBAMEREEBMEKEENE S — B THEKOEMRL. AT 4% KR T
1.8 pm B, SXAMEEAT BN ACTER, B AT B2 e A — He bR (S g o (Rt
EEAANEE N, RO BRI BT 5 2 AE S TR o 5 ik
BAVEE TR ITER : T8I LB AR USRI B0 — A B P RS Y6 B A% (43l
InGaAs JtE ML) BT RIS BRI B . A1l — AN el 2 Ak
WO i BTAL T SR AE - FRAE B (A 1000 nm F 1800 nm); 9 T K ALfafy o
P VBRI (W), RATH A A — MK 1000 nm K
VBB |

M2 ot o B I BT E RS EEE: A TAEE 700 CHAET A
SRAHE HR T 28 FEXT WAL 7 B AR AT, — MR 140 Hz Bsmpss, —A4
PR B O AR — AN R A8 (FFT) PSS . BEMERH
HPIRIR:

27he? 1

NA,T) = E — . (22
-1
exp(le)

#T Planck 4G e, A 22 BRT BAESREEN IS M. 12K
K, TREE, FRE/REEELH, n BEBERER, cRAEESHHEE,
N(A,T) R BAREIRE A T N RAR RS (X)), ENGFHE AR,
REMEEA, FRMERTHRE. RIBER 700 CIEN BB EE KR
BFET: T Wien FIEHEN L B, 75 700 C N BAEF= A B KR 5% R 1)
BAKTE 3 pm £ . MNBARE KRGS ST —A 140 Hz KRS4T8, A
FIEBEE SRR EYE REH X AW LR T BRI RFEE T LT TR
g 2.3 RitE.

M(A,%,T):I: N(A,TYdA . (23)

SRS DI R BT TE 2.4 A
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F2E LRBENEGHETERE LRIESHK

7Z'D2

=M, A, T)x T, T A, -MF . (2.4)

EHE23F24 q: sz%ﬁ:’ﬂémﬁfznnfﬁﬂﬂ 700 °C, Dgpr&BAKIEHIFLE, d
AYE RN S BAIFEEREEE, T RIKEEELR L ZnSe FHREHE, T,
A& 1800 nm BB ABNBRE, Aw 2BHEHAMWEBN, MFRSHER
BRIOTBERNESERBE T (ERZRHPHN 045), M4, A, T) N BIETER
KM A B A4, 9T 4 AL ROOE T IR . RS SR S T ROt
AT LLE — AN R AT B KSR — & FFT SUEA o583, #5838
RBHE, WAVEAT GBS L 2.5 THE H 40 57 B AR K Rl S5 2

ﬂ:%: Lo .. (2.5)

T 2

re

j‘zN(/l T)xi;-TZSe-T-Adm .MF-R,(A)dA
T

»,

LETFREF R, AARXI MR, R, ALEIIRBE, 1, A BES T
Rt I -

233 RERRE
B IR PR E TR SR R T BENLIE BN 51 e, 2R RSS2 4 s
FRHES. BRRE-BEMEEHEH BRI ERASRM— FFT
283 S HT AT BAS 2 1 . BRI A5 (M BRI B 25 TR S - TR P ik o 2 2 0 2
BAERARLL, KA RS W E N T EAMNLIMEST, RS i as
SRS 2R S5 R AR A & W HO R S i L ST APk s IR
A RE AR P EEAFE LT IO F
(1) #AMEF (Johnson MEFE Y, Nyquist B2/ ), MESEFRAEET 0 K L EK
HEFEELE, ERET MR SRR FRBYRES). REFEHEe DAEE
3 2.6 KEKIR:

2 =4 hf} Af 4"2Af . (2.6
- ] R

exp(

RAEHM, fRBEFEWENRE, A RBRFUENE. LhRLEHT <k,
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fEH InAs/InGaAs/GaAs B & F s P AL SME R IRAN SR

72 2.6 HIOET — L ATUEET AT
wmf

(2) HUCHIMRFS . IXFRMAFSVE T AT BB E, ERX—RTKY L, RS
MR AR TFE. O, WEREEKFHRE (D, BRIFTR
BN T PHERLERE. BERENTERERANT:

= 2eIAf . (2.

shot

RiEX 279, e RETHEE, [ TFHHIR.
@)FEE%%*,E%%%¥%w¢ﬁﬁ?m%mﬁiﬁEAo¥$W¢m
RERREER: THRPHERET, FWEPIRRET, WaPHHIRT R
B FEER AR MRS B E R S B R B E I .

(4) 1/f W75 (Flicker BEfE ), X PR M) IEH E SME MR, HRFE
FEERETEZMGT. BAERSHHET 1/f BFEEGGHMESIRATE
&, Il BE ARG TAREIHK. BB 1/f BERRERANTER
HrRAeFEE, BUEVRASMHERER, WTBRKI. REHRHEESE.
1E RN FE AR 8 ST H 8844 B Y BRI e 75 U E 4R 2 7E 140 Hz BB T k4T

FIT B FRATT 75 B R X o M P 50 i O P TR 75 R R o

234 BAKTIRLERIBATRE

T B SRR FURE AR BT F RO, AT B3 T A pr
(BR) WO, "B SNBMSLIBTE 700 C FAH LR SMAT R A, B
VO RE 5 X W SE R AR E H, T 4% 0 2 T UKL .38 750 S o — A
360

SR T ARSI, FAIFIRS ST T AL (BD") Bl ERIEE
BIE, BN E T
BR\4
L /NA
®28 %, 4 RBUEB, AFRBE, i LERA B,

BD" = .. (2.8
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F2E DHAHENBHELERE LEESH

235 RUE

5 15 B JE8 5 5 P 1 & PR 28 4 40 22 18 P R Py — AN EE R A R TR, 3
TMHROERZET: FHLRE SRETRMSEE XM — RS, Tk
AR, AMTRE T RIME S . I R UG A S Th R a5, B
T CAJE I PR P e AT 0 P RO IO OB S AT U2

RJA
D'=—""_ .. (2.9
i,/Af

B, 4 RBAEE, REWRE, Af R, i £MES BT, AL F)
B RGN cm-HZ%/W (Jones).
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%3 FEE InAs/InGaAs/GaAs BB F A SRS RIEE RS 217

232 EE InAs/InGaAs/GaAs B P IRF S4B BRI 28 FR4E
ZRENH

3.1 BELEHEHIRIZ

30 nm GaAs Spacer

S0 nm GaAs Spacer

X20

80 nm GaAs Spacer

3.1 InAs/InGaAs/GaAs DWELL &#~EHE
Figure 3.1 Schematic layout of the InAs/InGaAs/GaAs DWELL structure.
& 3.1 i~ A InAs/InGaAs/GaAs DWELL # B &E~EE, BERESE

i —FiE 23R Veeco Gen—930 MBE R4 EHEAKAE Si (100) AR L. NTR
BIRD AR A, Si#TRTEL100] A BF —A 4° BImA . #78 MBE 41
HBE AT HEH—E 1000 nm EH) n B GaAs ZErEEEAKIE Si
WL BEELE#EEK 4 EEEN InGaAs/GaAs B ERLE T IERE
(DFLs). X4 DFLs BAKTEHRZE, BEE LHKKREK—E 500 nm ) n 7
GaAs (Si#BRIREH 2X10"%/cm®) JRIBEEAEM—Z 80 nm KRB GaAs 77
WE. BEEE4EK DWELL FERXE, XEH 20 MNIMNWESSHAR, 81
FI#AEFE—2 50 nm HIRB 2 GaAs /3R, 2 & InGaAs QW JZ K e e H o [a] K
—JZ InAs QD (¥4 Si, 81 QD FAEFHNET) B, 2 E InGaAs QW ZHE
FE4rH18 6 nm A1 2 nm, QD HI%E KA 400 QDs/pm?. &J5, FEZETEKK
gz b, FRIRAK—Z 30 nm BIRB A GaAs KB EM—)Z 800 nm A n &
GaAs (SiBZIKEAN 2X10'%/cm?) THEME.
MEAEKERZ G, BRITEBEREES (UV) LRAEENZEZI Bk
BN HsPOs: H202: H20=1: 1: 8) LZHIEH 7 —RIIRHMNEHFEE K E
Foas i, KRR GERR/NA 20 um, HAH 500 pm. REFABFRELNE
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TEE InAs/InGaAs/GaAs BHHE 17 S 404N L BRI 28

BHBH AR n H GaAs RBATHEME FRATHE T/Au (50
hm/300 nn) G RHAIE . B2 A T ZH1% .

3.2 ## TEM FA4E

32 (@) R T GaAs ZEA 4 EEE InGaAs/GaAs #E &% DFLs J2
MEHER R T EMEE (TEM) BfE. BT Si f GaAs @& % BRI R 5
FUANICES, FRATR LR/ i 2 R 8] — AR IIE AT 8, BRI
FER#)7 10°/cm?. InGaAs/GaAs #8 i #§ DFLs S50 7] LA Z M HIArd8 15 R .
YR 4 EEEK DFLs 225, 4% E (TDD) Muliylh, HERAYERFTE
3X10%/ecm® HKF L. B 32 (b) FRTEAEH 20 IR DWELL HIRX %H
HPMREAIHE, XL T7E Si 44K GaAs B 22 FAE K —/Z DFLs ST LA
R R

100 nm

(a) (b)
B 3.2 TEM Ef:
(a) GaAs ZZFEAN 4 JRE R InGaAs/GaAs R AT I8 E I3 TEM BE; (b)20 EH
DWELL H R X FEAEE 7 TEM B&.
Figure 3.2 TEM image:
(2) Bright-field TEM image of the GaAs buffer layer and four repeats of the InGaAs/GaAs dislocation filter
layers (DFLs); (b) Low-magnification bright-field TEM image of the 20 periods DWELL active region.
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F£3Z I InAs/InGaAs/GaAs P ETF SR RNBRMALER S 4

33 REANRIE

HEE (CW) B (PL) MERE AN MAHEA R LR CEEE R
BEATHY, BOROGERARRE A 532 nm MEH Nd: YAG (BB ARAR) B
FeBR . XSO EBE E A KLIN 20 mm, ERIETHRITEREM KL 107 mW
3 102 mW Z 8. MWEERIUER PLESE AR —MRaiuTaE, REHEH
—AMEEA M T H InGaAs Jei “ARERETGETERN. B33 () BRTE
TR & ThH#E T, InAs/InGaAs/GaAs DWELL Yt IR 2 7E IR By 10 K A PL
W, SRR IIE (I.=25uWem?) 4T, WTUUEI—MEEMNERKATE
1.04 eV bR K HTI&, TTIXAS 1.04 eV R AT FEXT A2 M QD B THS | 2 R E
SEMEHRKTREE. MEBRENEMN, £ PLIEREREN—ZHIY
HAREIE, BEME KA 1.09 eV 4, FEERIXAS 1.09 eV IR AT BEXS M HY
M QD M TFHMAS R Z /RS E M RIKTRREE, B MRS
WEE S SR LR FHPRAET A X, E 33 (a) & PL FIELREI H
ARFFRIEE, XTTRER BT QDs RFRAR S0 MERE, XMAXFRILER
Z R tB 2 R HIZE InAs QDIP F1 DWELL £5 #9123 431,

33 (b) B THE—AEREHEEEERIIE =10 mWem®) T, #ll
BIREM 80 K FHE 300 K &4 FEBIMEEMX PL . & 3.3 (¢), MPL
WRRIUN A QDs EATGEE LMY, OFERARE, EEMLEME
B (FWHMD, #RS5REAXRNEL. BERENT S, PLIENEEMLER
R, WEOBIZBELEE hAs £ QDIP M HIL. XMITHERN, £
—ERRBEREMET, BETE T —NHEBERE: WRBROED QDs iz
BREER AR QDs /1, 45 R SBUR B & 41 B /N PL i IE(E 1 B 4 #1%
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Figure 3.3 The related PL spectra and PL parameter diagram:

(a) Excitation power-dependent PL spectra of the DWELL photodetector measured at 10 K; (b) PL
spectra as a function of temperature of the DWELL photodetector measured from 80 to 300 K; (c)
Temperature dependences of PL parameters associated with the QDs ground state transition
extracted from (b); (d) Arrhenius plot of the PL integrated intensity from 80 K to 300 K. The solid
line is the linear fit from 230 K to 300 K.
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Figure 3.4 The time-resolved PL spectra:
() Time-resolved PL spectra measured from the DWELL photodetector at 10 K for different emission
wavelengths; (b) Estimated PL lifetime (red open circles) versus wavelength. The blue curve is the
normalized PL spectrum.
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Figure 3.5 Dark current-voltage (I-¥) characteristic of the DWELL photodetector measured at different
temperatures.
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Figure 3.6 Arthenius plot of the dark current under 0.5 V bias, the solid line represents the linear fitting of
the plot from 77 to 180 K.
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Figure 3.9 Absolute responsivity of the DWELL photodetector measured at 77 K:
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Figure 3.11 Specific detectivity of the DWELL photodetector calculated at different wavelength under 2
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Figure 4.2 The dark current fitting results of the DWELL photodetector at positive bias.
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Figure 4.3 The dark current fitting results of the DWELL photodetector at negative bias.
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Table 4.1 The constants of the DWELL photodetector in the dark current model

m A H v d

s

6.1x1032kg 1.3273%10* cm? 1000 em?/V/s 1x107 cm/s 1.27x10* cm

K42 TREBEMERET DWELL LERFNEHIESH
Table 4.2 The fitting parameters of the DWELL photodetector at various temperatures and positive bias.

BE Eo,micra (meV) E, (kV/em) EO,nano (meV) B (meV.em/kV)
77K 49.52 9962.2 152.8 1.51
100K 41.19 9457.9 168.44 1.86
120 K 22.76 9048.6 183.15 2.24
140K 21.64 8822.8 190.45 2.39
180K 49.2 5878.2 202.39 2.54

R 43 TFEBREMGRET DWELL St RS MH 5 2%
Table 4.3 The fitting parameters of the DWELL photodetector at various temperatures and negative bias.

BE E4 icro (MeV) E, (kV/cm) Ey iano (meV) [ (meV.em/kV)
77K 57.6 7074.2 141.1 1.22
100K 56.83 9181.4 149.98 1.28
120K 514 9132.5 167.79 1.65
140 K 53.09 8904.1 182.94 1.87
180 K 55.66 83904 215.07 2.35
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