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Abstract

Because of its unique quantum effect, colloidal quantum dots are easy to be deposited on a variety of
substrates and become an ideal material for a new generation of infrared detection, which is widely
used in infrared lasers, optical communication, biological imaging, night vision and remote sensing.
How to develop infrared quantum dot devices with high working efficiency is the focus of current re-
search. In this work, the preparation methods, nucleation theory and device fabrication methods of
colloidal quantum dots are reviewed, and the energy band position is affected by the change of the
surface ligands of the quantum dots through the ligand exchange of quantum dots, and the energy
band structure of the device is proposed to select suitable ligands to construct the energy band struc-
ture, so as to improve the working performance of the infrared colloidal quantum dot device. It is of
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great significance for the application and device design of infrared colloidal quantum dots.
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REET AAPITRUK, CRES/MURGERTNE, BAFBERMEHRERES, 5127 AN
MR IR, 1983 4F, SE[E JI/RSLE % Louis Brus yE & B /KA HH #4711 CdS FE oGS lca iy 25 & 2R
Ak, TR R R RN FIE ), S T E TSI, BT SRR 2R
AR T AR &M, W B RSFN[L] [2] E R N3] EAEFH 8 Ni[4]. KR Bi[5].
I BRI [6] 2T RN [7] [8]. AR ERF mi K 5 T AL 2R . (R AHIIE . RefgAE 2 Fhat ik Bt
R T A BT — ARLAMRI B AR AR, ClTh b S TG JilfE . ARG WM. e,
SRR B B AR 4] [9]-[17]. fERT & SO FEF, N T 7 SRR R — 0, SRR
MK, KERAKIIANSSHE T RNER FITRE TR, 8T LM &R T
B AT ECARAE $e, A8 P R T AR AR B a5 3R T K B FC 4R [ 18]-[20], A 1 e 3 £ 2 M 1 L) 2 )
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2. BEFRMERAZE
2.1. Hl&HGE
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Ilgands QDs

Figure 1. (@) Nanometer islands were deposited layer by layer by molecular beam
epitaxy (b) quantum dots were synthesized by chemical solution [22]
1. (a) AN FRIMEEARZRETIRPARE () KFBREEERE T R[22]
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B R BB MO AMEERIEA SR A K. WA L, ANEARIE R AR EAEK
Zidd, RGO 2NN, MR RE T R, AR EERIESMNA P A, FHAMEE K E T R
B TIE R m TAC IR ARk . A ARGk, 1993 48, Bawendi [1] [21]#06% HIBA B IRAE A HLIA
RGBT RN — BT R B =R T s (R 0 Bl VA AR AE = 1E~F SRS UB h, 7E 200°C~300°CHY,
S5HENER TR R EER RN, AR T BT R R RN RO T AR AR B R
Jiids KER BT MR AT U P AL 22 A R B A

H BTN BT AR AT 2 BCH A 22 TR R A~ ATk B 9K RS [21] [23] 8 H R I LI & BT
BT R AR TSR E P P AR BB ) SR T B2 1 H R Y Stranski-Krastanov (S-K)E KA 3, MBE Al
MoCVD 15 75 i A Aot Jik L 1 26 i Jo B AME BT i BN AT RE[6] [19] ALZ2IRAERIVE T LLE #1993 4
SINBIRIENIE[24] . BT A 073 F IR R Th PTE K e 2 AR BUAE AR IR AR 2 R (100°C~350C) )
P L TR 50 i SR A 2 T8 £ B L 45 i o

22. BEFREKNE

S RT AN ARBA, DRERBSAZAE KSR B+ 87 5 sz A A Kl n] B i )
72 LaMer FEi§[25]/1 Ostwald 2k it #2[26]. LaMer Fig 4 KK 7 RINLE n1E 2(a) s, 1% EBHR#& A
AT AR AR RS OB, (A BARIRETERT X | B2 BT, IRFERT X 1 B A I R IR .
A% AN i (02 KA AR B PR B B RE DL R, XS 80T ol #24 1k, Bl S 78 A IR BAEK
RATERTIX e B, A AR T 111X, X — i = A R e 7 AR KR 8, 11 XA 1)
T BERGE T FTAS KL E 43 AT 1) B8 8

Ostwald ZAALHIVNTEER S, DR SRR B A1E, SEPVEMEERY, RIGERIE
BE— YT AE R IR T, AR AE R P4k g AE K BRI R, X — iR Kok A K BB
A [24] [27]- 1E G R T R, A TR B R ST A 2R AR KO R s R SOl K
R4 Ostwald ZAMLHLHIFRI, Z7EE RN E T RIS FER TS MAY —. BT AN RERZN
AR DIRIBIE SR RZRAEK, ERELENSE T, #RGK AR A KL — 8 2h 1% 7 0 E
2(0)Fi7R, WA SRR BIR N T C X R A BRI K S ALK T L=
KA, B AE 1~3nm (EREHKN, X —REZE, WTReaA 8 iG-Sz AEKE, W
H A [IX 3, Ostwald 2L FTRER A 7E OR X3P, TEX —id F H &7 s (1 R A W e K [26]
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Figure 2. (a) LaMer theory diagram of monomer concentration during nucleation and growth of particles in solution (b) Dia-
grams of nanocrystal growth include classical nucleation, growth, and Ostwald maturation [26]

2. (a) LaMer BRIp X TROBMEARFREZMEKIREPHEFREREE b) ARBEEKNTIEESIEZHR
¥, &K, FA Ostwald F84L[26]

DOI: 10.12677/ms.2025.154092 881 PR R


https://doi.org/10.12677/ms.2025.154092

Mk %

2.3. BEFRNHEFEMNA
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Figure 3. (a) Structure of P3HT/PbS Quantumdot composite VFEpPT (b) Side view of device geometry and measurement setup
(c) Absorption spectra of P3HT in trichchloroform solution and PbS quantumdot in toluene solvent (d) Device energy band
diagram (e) Change of detectivity with device light irradiance (f) Response R with gate voltage VG curve [30]

3.(a) P3HT/PbS B F R E & VFEPT M%&) (b) WEJLAHARMIIE (c) P3HT E=SFLTR&EM PbS EF 7L
KAFIRRIRBETE (d) BREEETE (e) MEMF[HRBENENL () WELE R FEREENZELIZE[30]
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i 3(b) s, ZAREAE 300~1350 nm J Bl A H A GIR S, I HAE 465 F1 1170 nm &b H A IE, 5
P3HT #l1 PbS &1 st (WIS UT T . 4553 BH, SG /2 i P3HT/PbS &1 U% ml WL A W IS AT PbS
BT AN R RS R . PoS BT A PSHT Th R 81 2 S AE 45 BT AR R X P E 7 —A
P B LA, 12 HLASE AR A L R R AL A T IS Bl o ] OGNS B3 B s IR OE TAE P3HT
B PbS &1 s P A ORI HL - - AR, SRS AE A B LA BUR - U B DR Sl T R RS s H T A
FES R, JEBUR B IR (B A ) i3k, TG EC 71 m A 2R A IR ZE . ELSMNES T, e~h
SPAXAE PbS BT s =k TERGEIEH, B oe~h SRR = AR MBS 7 T R 1 5 e B A 2 BN 3
MR BRI (IR), FHALRI MENRP Y. BEE AT - B4, 242 FLRE g EE,
I TOLTH . Bl T LM N PhS &1 AUE G UK f T BCR Gy, AR R ATRL ) 5
AR AR P2 AR AN N B . SR RTIIR S, an & 3 B

it B 5 A5 A BRI A B 1 A S RS AE RE AT 45 4 B RERETE BRI 22, A 22— AL
KR T F T B AR I Bl 2=, TR 348 53— M 0 A o B AR D TIRUZ o RFER 3 22 W v
JeA IR R Ak s (FAAR), TR Z AR BB NG AR T A PR, PRI, XA N
S FLPRIN 25 T DA sk /> i IR RTGE 75, [RIRE, 4 2t mT DS 21 8/ 3R THI U IR O FH o 7 AR IR 7S o
I B 5 PR 5 A8 BRI A B 7 ORI S 45 4, 1T DU B4R TG BRI 25 (1 14 B8, %1 4 ZnO
FE AR T 25 PbSoaSeos F4E G AR 2% EA 1 TAERCR, %38 F B M TAE R AT LA REHT 454
PIBCTHAERE, PbSoaSeos B sl ) T RE AN 4T R 73 711 N —4.22 eV H1-5.53 eV, ZnO H—4.35 eV F
—6.89 eV [31]. PbSp.4Seos | ZnO H [ J= 1 LT 5488 FFE AN 231 il R IR RE &40 2k, PhSo.4Seos M- ek
#-4.35 eV FEH IR ZnO KIS, S MmN 0.13 eV, Kk, Zno ERTULA R T&IK TS, JFH
IREGH TR B ITO AHKE, BRIWESR T IER, ZnO ZEn] LA BIRHIEZ RS B I, X
W2 1Z A AT DL BB 7T 3145 ot B 0 J 1R [31]-[33]

24. BFREEHZIRMAR

B A T HAR Y BRI TR, WOk TN SO0 E SRR A R B . B AR
SHRN, BAEBKMERTR, FURImAN B3, & sl M) B 22 i 23 52 3038 T A 521 [34] .
IR FERT 2 () e S £ o0 E B A/EH[35], &1 MR TH BRI H S A 8% F i
TR A, DRI B A RARIE T AR A B 0 SR TR I T [22] o ARV A e 7 s i Fi e, %
FAF T S R SN BB, ST ER[36] WIIZ[30]. =EHE[3], KEERL/A N E T a4t T
fEtt, HSSETANERFTERHE TR, AT AL E T AU IR A5, 728 R
58 A 45 A B O AR BUAC & 7 i R T ) K BE AR, X I R RO B AR AE $R [37] 0 T s R SH/, LR T
FUK, AEARATN TR R, O ET AL, TR AR A B S 4t TR
PX[38] [39], “Fim¥Eh]” 4L T —MBSMO TR, HTEERSET MR T TB RN

2020 4 Dmitri V. Talapin [40]5¢ N8 i e AR B AR A it 72 7 HCl, BN INE:, 45 th n BYA0 p B ) &
TR . HgTe & s W MRS B A TOK BE L (X T- R ~—4.5 eV)#Eil, X AYF HgTe &
TR AR L SRR E I n BUAD p BUB e, ARV SR E T PR AR MR . AR T AL BE AT
HAMRR M FIERE, MHERABSME IR 1n-1.3 cm? Vs, it 55 2 87-HgClo At i
MESER) 1, 2-2 —BE(EDT)RALIXS L, FRAFRma SEER N 1 50 %, 234FAIHAL R 4 Fros.

TR E Ag.Se BT A WA N L, Shihab Bin Hafiz [41]%5 N T 2021 4E & kiRkid 7 — M EH
Ag.Se/PbS/Ag.Se T fMES I B & 7 o R AG dfF, ZAR PR T I B S IR T ARG R
EER T, SHAMIET Ag.Se BF miff] 3~5 um #FDE OGN, JeT %485 74 70 f5, 80K
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I AMET20R N 0.36%, iZ2$1H7E 300 K IR Ay 3 x 10° Jones.

2021 4, N THRALEET Ag.Se &1 AR PoS &1 AI45H, Shihab Bin Hafiz [42]% \fkiE 73T
Ag.Se Hl PbS &F s E A BB EN p-n F4E . AgoSe 1 PbS &= s IR G BHIT T 575
R RIS, JRRAE T BRI A IR RS S E) 2 x 10° Qeem, MENSEH]
Ag:Se T T H RN 1 x 108 Q-cm. iZAFEAE 4.5 um AR A 19 mA/W, X EE R H
JUERT A ) AgoSe BT TSI . 5251 AgoSe BT A EL, MRS T 30 %, 7F 300K K
157 7.8 x 108 Jones.
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Figure 4. Comparison of (a) Hall voltage (b) Hall mobility and FET mobility (c) Seebeck coefficient (d) photoconductivity of
HgTe quantum dot films [40]
[E 4. HoTe EF SBIRM (@) E/RBE (b) E/RETHEM FET TRERMELE () ENRREH (d) KESE40]

2014 4 Patrick R. Brown [43]55 A & 30 c5038 B A4 R Ak 7 45 6 ik A o o4 B i — PO AR SR T A Al 1Y) iR
FE, MM B Red, BT O &1 s AN AT B R B AT 3 B IME . IR 1 12 P [FIC A AL PR PbS
BT BRI R, MR B RS RN 0.9V, FEF A5 — 1t J5 3155 BE 2 ik BR 6 UPS Tl &
T fURET AL B RS AEHAT T ARRE, WL 5. B ACHe S5 R AR I RE R 2l T LRSS i AN E AR T DTk 1 5
Hl: Sk B B R R REC A 2 BT BB AR R DTk (), DA R B BC A AR B 1) P SEAB AR ) DT iR (u2)),
FRI pd TS 23 AR 5%, 0T 80 MU B R B DR K, 10 T2 AR (e A4, F4ITT pd 1
SN, HRIMEARAER TR, B Z AR A2 s AL 1) — BRAFAE, 12 B0 T s /N, T
MBS w2 RAAAEC, BRI T 5 0 2 BC AR AS e f5 1) 7 s A AT DO B BOR 1 B L A
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Figure 5. DFT calculation of ligand-induced PbS energy transfer (a) Schematic diagram of simulated PbS films (b) Average

electrostatic potential of PbS films with different ligands (c) ligand state density of five ligands (d) vacuum energy level transfer
[43]
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Figure 6. Photoelectron spectroscopy measurements of ligand/quantum dot complexes (a) Secondary electron cutoff region of
the XPS spectrum of the work function of the ligand/quantum dot film (b) The valence band edge region where VBM is
associated with Fermi energy in the XPS spectrum of the ligand/quantum dot film (c) The diameter of OA and R-CA termina-
tions is 3.2 Band edge energy of films prepared by PbS quantum Dots with nm [44]

6. Bid/EFRHLBRFREENE (o) RiA/ETSER XPS EENRBF KRB FHILX (b) BEiF/EF=E
XPS [Eli&d VBM FZ&KEER (c) NEECH PbS BF mUBIRRIRET L & [44]
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2017 4F Daniel M. Kroupa [44][FIFEXT BCAR RS 3 5 & 7 i R s s AL B b AT TF . ILIE 6, didk
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DRI, o 1 G 3R LRSS 3 J e 107 B 2 R I R i 3
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