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Figure 1 (Color online) (a) Schematic of device architecture using TFCA-CQDs or TBAI-CQDs as ETL [35]; (b) comparison of device performance
with reported SWIR photodetectors [35]; (c) schematics of the phase transfer ligand exchange used to prepare PbS-MAPbDI; inks [36]; (d) extracted
linear electron and hole mobility for different inks when fresh and aged with a sample size of 5 samples per ink [36]; (e) schematic illustration of the
liquid-phase ligand exchange for PbSe QDs treated with bare halide anions (process 1) or with hybrid ligands containing halide anions and metal

cations (process II) [41]; (f) schematic representation of the synthesis of inverted CdSe/PbSe core/shell QDs using the wetting-layer-assisted deposition
(WLAD) method [42].
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Figure 2 (Color online) (a) A sketch of the HgTe QDs capped with FMT and DMTD; the estimated distance between the particles is based on the
length of the ligand molecules [84]; (b) schematic for the formation of HgTe:Au colloidal quantum dots (CQDs) [83]; (c) mixed-phase ligand exchange
process for intra-band CQDs [88]; (d) optical absorption spectra of InSb CQD samples prepared with and without different ZnX, salts in solution and
powder X-ray diffraction (PXRD) patterns of corresponding CQD samples recorded by drop casting the samples on silicon substrate [43];

(e) schematic illustration of ligand exchange on InP/ZnSe/ZnS core/shell/shell QDs using PFDT [64].
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AN HLERIN 5 G A% S s f 3 HE K ) B AR

EER, Ag,XE T HHHR SN FHHRKSFLEA
AN, T PR 2 P RE AL A FR I AN AT
LTAMAE AT, ZhangZ57 45 T Ag,S. Ag,SeflAg,Te
FENIR-IIX 3o et e, Hoh Ag, STl R~ i
EII975~1175 nmK i, Ag,SeLAut &b J5m i3
Mt Ag B TITFE HIR T KRR, AgAuSeqm T R
He30R B8 F U (photoluminescence  quantum  yield,
PLQY ) = 1T 1565.3%, i3t — 0 & Fi SRR P AL J5 vl 4
TH#E87.2%. fEM I, LeeZ! @it CdSeF
Cd,Ag, Sel 5y PHES T30 e, Horf&E 7. FofRA
KR TR EEmE3afR, 7Eiia - 454 InBr,
R, B G B 4 557.5%10" em ™, #1451
T I LT AMR M 3272940 nm F 528 7457 mA W)
Wi R, 53 AhAg, Tefk ZII0E B IC NS H, WangZs ™)
Rl 7 I BE AT IR S RS, SR T Ag, TerE T AU
5 g 8O0 EI2000 nm (1) B ¥ BBl 4%, JFMEE T =R
SWIRY: L M F1640x4801% 2 G AL B ay, H LR
IMZEAEZ13x10" Jones. BJE, % BB\ — @it %
H TFEAAgNO B4 T, A FRE AR &= T &
BRI RERE (UPS) U E3bAT R, B R Ag, Te
PRI SIS R PR 2450 nA om > WA S EILTF &
2925 ns, FFSZEL T T 1310 nmiBot H 56 3 4 7 R
I 5B (light detection and ranging, LiDAR)". ix &
HAKH, AgXEF MIEMNFHILIAg,S AR MIIKHE
NIR-IAEM e, B 3| Ll Ag,SefllAg, Te ly
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TR . SWIREME AL B AILI-
DARMNH.

BT S, AgXE T RUERMINFTiE 1 S Eaear
AMAERLG I e R A K. SR, Ag,XE T
RATTHNIE ER F RIS R L . KIRLLAN R AR
i R BREA S % UL A BIAE P 5 PR B 22 A 1 PRl A
JESE AL RSk, I m R EUE L TR B AR 5T
BiAL . REECOR S A T o S LA, AR PR
s tm R R SR, HEshHAEAME
L WIS MR AR A LA AR R G 1
.

2.5 I-HI-VIELIAME T

[-I-VIGE & 2 7 — R B B R L/ 40
ANIhEEM EE, RFAR R EFECuInS,. CulnSe,. CulnGaSe
PLK Cu-Zn-In-Se Z ufl & 14, HEMEARS
Pb/Hg% =8 B 4 8 AR S B S5k E Ay 8
HHRE, TSR BRI LD 4025 5 58 XU R A 7t #4
M. SRR b SR TS, VIR RHT
BT e R R L R, S vRE R R R A
4y THE, Wi Cu/Intb sk 5] AGa. Znitz, SEELXT
BE A5 K SR A A B AR, X R B T T 1%
SRR, G5 HARE P EFE s AL (giant  Stokes
shift) 5 SEAUR 7, A3 FLAE IR 2 A 2L A O B
P B VAL IRV IRAR A ) ol 4= s 3 I TR
.

X HL TR I BT v 7 # E EORYE F I VI
B - B RS S SR RS, R
W 32 BT TR U Ve S Uk G U 2 TR R TT Ok B
150~500 nm 9% K 2, XF70.2~0.8 eV RE R 2, H Ak
A ZBECw/Intb Bl ZnEGas| N\ 7o 2L I m
BOARTIAS AL, FHE TAE SI-VIEE T 508 WL L0
K2 Stokeshi F8, X Bl B K I A A FI T FRAR H IR U
AMERTH, HEREIES LAV EM G R
R LS sz

CulnS, & T i FL A B0 1 B 73 28 1 A0 B e 1
WA, HR G E 5Cul AL BRIB AR IE. W 3e
Fir, R T A BGLFE FF CulnS,-DDT/ZnS (4 ) Al
CulnS,-HMDS/ZnS (47 )& F MW AL EUR
YeotitkEAr, i AECWIntL . BRVE SN TE M K ZnS
FeJ2Eitk, SSE920 nmKHF R Z£165%KIPLQY, FH:il
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As-synthesized CdSe CQDs Partially CE - CdAg; Se CQDs
(a) (Before Cation Exchange) (After Cation Exchange) (c) \ f A s
W H H -
i \ N N 18 min)

s - s s ] :
N B ‘ " i N/

o A8 il < < i .

A~ QCfeff® { N @ oooge @) % 'E Strong dipole agent Dipole shell coated ink

=
SLE - Cd,Ag, ,Se CQDs PP- Cd,Ag, Se comm n film é £ (e)
(After Solution-phase Ligand exchange) (Afier Post Passivation) = =
400 600 800 1000 1200 1400 760 ¥ 600 800 1000 1200 1400
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E ® EDTOnly .
S ® AgNO, Only Am-Se T‘ ) }D 07' (f)
2 AgNO, + EDT inQX y >
: Qg1
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£ 102 '\1.. - —— = — — ’ 3 o
-1
Cul |
\ Blndlng Energy (eV) 220 °C ]

10 In(Ac), Ee—
E ‘e ‘J 20 min
2105 ° o Zn(Et),
510 ° e S T o
£ remo w e | Q@ se* @ cuvzo®s ™ { PMAI | TFMAI |
= ‘-r _____________

Binding Energy (eV)

B3 (MR @)(a)CQDs\ BRI R T iRl vy 1,2-2 =

FREZ(EDT)-only. AgNO;-onlyfl1AgNO+EDTHC A4 Ak

FiAg,Te QDIEHUPS " (c) CulnS,-DDT/ZnS (%)HICulnS,-HMDS/ZnS (47 )5 T S 7E A Bt T v 1o F8 A 350K
WL (d) CulnSey:Zn® 5T 25 -2 e B 7 25 0, () 27534 52 PQDs i 8 JELEE 1%, (£) 5% 3 o 34 1 (DFT) REAPQDs

F LK IPMALRITEMATGE £

Figure 3 (Color online) (a) Schematic representations of CQDs, ligands, and surface atoms [75]; (b) UPS spectra of Ag,Te QD films treated with
EDT-only, AgNO;-only and AgNO;+EDT ligands [77]; (c) absorbance and photoluminescence spectral evolution of CulnS,-DDT/ZnS (left) and
CulnS,-HMDS/ZnS (right) QDs during the synthesis [89]; (d) schematic illustration of the synthetic process of CuInSeZ:an QDs [90]; (e) schematic
diagram of dipole shell coated PQDs ink [94]; (f) density functional theory (DFT)-simulated PQDs surface structure passivated by PMAI and TFMALI

[94].

% 11940 nmiT 2L AFLED, AME T R0RIEFI8.2%™.
tb2 F, CulnSe, A H A FIALME® R, BIEA K3
EAANX A . LianZ V858 Zn™ 5 42 F1ZnSes% |2
itk ForhCulnSey:Zn™ & F S & UL FER 2 K i &13d
Fi7R, #CulnSe, 2 & 1 s K0 % 22750~1150 nm, FF
HPLQYHE T 5292.8%, FHMN T4 /FLEDfE350 mA
RSB EIL 88,7 mW, B R HAELAINER. 1
RN AR 20 18 BRSSO O T B R T . Bh Ak,

CulnGaSe/ZnSe& & & T Mg H T e AL RN T
Rfgsfr, 2.7 nmZc A PR E T 5 AT TR K R HLR
JHR S B S o ko B . XUBK R 5 A6 (PPF) BA &

STP/LTP#2E, it BAI-III-VIE & 7 SAMIE T 404k
RICFERM, AT 33— 2040 JE 2 R — R 2

AP BT E, LI-VIER 7 AEEr. 4l
S BT R RO e A O T A B R A, (A
KPR LT A T8RRI T S RN s A K AR e TS
S 2 ) A

A, VIR R F A UAEFZHEAL. &R

HEEM B E 2R, BT RURALER G 23 6k F
R A 5], IR B b BRI R T R 6 A7 i
1T, (BB BRI T 1T R IR a3 e 7=
M,@%E%ﬁ%%%%ML%mﬁLﬁﬂi,lk
1 = 1t BE LT A0 BRI 45 75 T TS M LA 5 PbS . HgTek,
InAsZER R34, HILFER, 2040l BRI AE T
R THZSE], AHABIEIN T A A & AL AT
MEFE.

i LATR, I-VUGEE T S EIH T— %A=
SRR AR, SRE RS M) SRR LL MR 75 T
LRI A e R (5 2 = = ] B O A
Wit DL RURR (B R A LS, TR 44058 K
o JEHGARTT DA AR T A T B A AT,
WSE AN BARI AN .

>N

AN

2.6 FEERHTOAMNE TN

WESERE™ BT 5 (PQD) FE i 5Ll 't FURR A,
CL N AT WG A 280 B T Uk 52 08 H AR
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2, FLRE T 45 A R I e B AT M, DAL AMRI
RS T AL £

AR, ASERT BT s RS 2L R A A AT
HAUZWT R — MR R A 1 R R A . SR
BegpimyE 5 7SR, i, QiaoZ g T
CH;NH;Pbl, & T 57/ Ta,NiSes i A 4 5 i f 45 57 i 45,
) ST F ey A A W E SR T 20 AR B, 7E800 nmt:
FET 3545240 A W R F16.02x 10" Jones AN
2R M N /AR ]2 912/14 ms. BE)S, Wang%[gﬂﬁﬁ
WIEFAPL Bk & 1 A S K R AT E, BT
% ZPQDsHI 52 J5 P K FIPQDs 3% I 45 4 11 7K F B fiftk,
% (phenylmethylammonium iodide, PMAI)F14- =5 7K
SEHE I (TEMAD AL 7 530 ) 3e, TR, FLRES 3
LT AN FE = R OB PR IR M 22 1.23 nA em ™, #5
M#5EF5%10" Jones, Wi SIIS A4 5 2522 pus. BLAR,
Xie%5 " LK CsPOIBr, 45 B il 1 b 4 4 o 72 5 30
980 nmiTZL AN N A, H AR AE980 nm T M I 1K
#1150 mA W', It — BT RIUE 2 BRG], &
WA R 1 399.3%. X B gE LRI, i S LR
AR A i SR, EHE BT A M E A Y
FAAE 1o R 21 A MR AN A ) I 2 A WU 7 T e 3+ B
BN ).

RAESCHE R, (A RLA S KA E T S
53 BE AR AR R 2 Ak Rk ) S R Z . — T,
T 2050 PR AR R R R T Il 0 Y R i i U KU, T B
7E PR AR 25 M 1) Sndik B A 5 2 R B HH Al sy i 280 Ui
B, Mo KA G A B AL, RBERIEE
K L AEEREOEIE N UR AL R — 7T, %K
B dm A% A G R 2 T 1E#2 (ionic migration)-5 iR ¥ RN
(hysteresis) 2 L H = BRI TP ER SRR G
TR, E R FEELIER S5 M S B T, A
TEFMWE MR TSR, XFEEMETITR
55 F AT AR I R AN I bbb A AR A ) R ik T B A 1
KRV ERFLA.

SRS, REEE B m e K IR Ao e
IR Z AL A 2F B B, (AR 204N RIS .
WL i A DL RO AR TR IR 2 H & . 1Rl
— e B SR RIS S AR A I AR S A KL, AR
AR R KFEE TR 2RI R E, =
TE 575 4 PR 5 5 R SR ik 58 SO R 30 HH R IR 22 R
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B, EIRFRFRT N T AN [E] AR WS A T [ ok
SE w1 R A N PR3 B, S TR B AN e R UL IE peE e A
BOR T RES A R B S0, I AN R K
JE S5 GAE T REA W AT EE 3 H, T o S I ) D0 S B T K
WA R AR, B, ATTAR
P B R 6 B 5 SOk, T SRR AR TR RS
A RS R A B S U S SR, g
PR SO 5 1a] v e B2 s RN 2 RO i AR
PERE AL,

BT AN E T R RGBS 08 R I KART,
AR U HROK, BARE T P - I &1 AR 5. 5
TG M B (WHgCdTe. InGaAs. &1 BEAT — R
mn & A RHE) I LLAMRII B AH LG, A & 1 s A i AR
P F BARIUAE RIS ACAIE K Z 4% b AL Sid R
(RS 2 — MO 7y TR AME . &8 A WAL
UTH(metal organic chemical vapor deposition,
MOCVD)%EFE SN &N 1.2, HFRELERES.
RS AT MR, CQDEIR e
W BERATED. SR BXEERISETE, AT E
TN T AT, WORTHAR & AR P B B2
PRI S LT AMR, A% Gi A PR E AR BRI
K2 bR BB AR Ic R RS BAT R4
2, & S EME N NG R, w DOl I o Rk
% Sy MR R e O

AR, VR 2 R AE BT s ZLAMG AR I 25 4
WS T VEREI A, SRR IR E A R R AR
IV-VIIE(WIPbS. PbSe%s). HI-VifE(WiInAs. InSb.
InP4%). II-VIFR(AIHgTe %) MHLHT J& 1 ) A g, X 1K &
(INAg,Se. Ag,Te5)*H 12 S be B 7y g JE A 1 It
T2 A ETF RMEME R, X —# 0 FEM
MORE FERARAL T AT 40, PR BT et &
BORH: (1) &7 AR Szre gt vet, kil
P4} 2R T S5 g DA T 55 7K I A e 1t FE e D 2% AR g R
i (2) BT RRCTSIESEH], kRS2 e, %ot
LA RN BURAR . B RE R O FEER A (1) &
T RS ZHMRDE R B, MR ET RS R
5 Rl FIE R, S AME S
RS B T RIUSCER (2) ETLS % X% £ JZ (hole
transport layer, HTL)StdE, FI45 4 BRC A4 22 #6055 5 i
THZ HER TARRCR. habiaess b s AL TH 1k
AWM, WRERTIHTNAE, B bFERE T4

RTINS S BN R 3 o,

3.1 FREEE TR

I8 T R A R CQDAE 3R TH I T A KA T
IR, IR AAAEVF 2 B FE S, XA EE B FEM R
FIIER RS BMKE 2R, BERINE 7 LS
AKGE T TCIEE KA K AREE, BHEIRRSRKAE
BRI G B, bR R TR AR AL R T
RULLAMR N A8 ) — AN B ER A T ).

St FPbSE T 4501 5, 7620244F, WangZs PO 25 4%
G AL LA, S FIMAPBL/E A EE, R H 5
PbS(100) % Th] K 45 1) i A% DT FC P 5 M BH B 18K
AR, SEIL T PhSIFUEELE 1300~1700 nm [ 3% 45
W, WK 4afs, HEES7ERE AL A7 08 JC PRIER AT
WUTVE. BRI LLER I 255 511.8%10" Jones, E—1V
fiit &~ 1300 nmAb FEQE A76%. 20264F, WangZe!'> 3y
TR T PoSE T Ip Y SR /K BRI R, R FH AR
PR R, R4 1 2 T 3L -2- TN EE(MP) AL
RFIpAIPbS CQD, LBl 6 R I A k. Hhah,
1% LAEAE 7S -2- N HFP)/E AR, # FAMPRE A
S5HFP (Al e e S B M 2%, AR 7 #rHr S 4,
o Bk RaE PR T B 4b T, I H, 7325 THFPAL
S IERE M, e AR & fE b, v] DU X 28 AF T ag
EWPTR Y, I E— 2K 887K L Bn-p Mp-nZ —
EWH %, wEdchHr. BEISFMTSITOEB RN
4.87x10" em® V7's7!, LLERINIAE H2.55%10" Jones. Ik
4, ZhanZ! R KB XU RS AT AR EPDS CQDALAMAE
s _E3RAT T bl Bl e A4 B v 1 DEERIN 26, AduAT ) 2%
A A KB, 10-28 B B C A [P Po S 3 A4 48 [ s R Y
KR I A4, (Rl 4k 7 R BE AR 2 By i 2 3
ETL, SELE0R T 10 @ RGRE,  Eam ik 510"
Jones, LU3ET1% G0 4 BE RO AR POS 1 Y6 L ER I 8% = HH R
MR

M2 R, MI-VECQD, WilnAs. InSb%, DA%
HEEEILE. FFERoHSIHERIFR: &S, 232N EE
TR, HII-VIECQDIR [H 15 [ &1 ™ 520 [
EAENCH SN . InAs CQDAEQLEDZ R £t
LB rh A R, A BRI MO, B aix
AFPEL 20214, Choi!% BlinAs 2 i B A R 3 1)
AR, 2 THD I e 4R T AR 5 SO THI A 2 T 1 A, T
Tt B O A4 PT DL 2 35 e 3R THT (R BRI, T B As-S 2514,
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Table 3 Summary of parameters for quantum dot infrared photodetectors

LEFRM % (Jones)@

AR i 823 /EQE @ K @ = WK @IRE WS @mE S5 CER
EALARE (I TO)/ TiOy/n-PbS/p-PbS/
MoO,/Ag/MoO,/TPD/p-PbS/n-PbS/  70%@NIR; 28%@~1150 nm - <500 nA cm~@1V  [153]
ITO
ITO/PbS-EDT/PbS-X/PbS-TFCA/Ag 66%@1450 nm@1 V 3x10"°@1450 nm 1 pA em™@1 V [35]
ITO/ZnO/PbS/PbS-MPA/PBDB-T/ 70%@1300 nm 4.08x10" @1300 nm 2 pA cm~@-0.8 V [37]
MoO,/Ag
ITO/ZnO/PbS-MAPbI,/PbS-EDT/ ) 12 1.8 pA em™@-1V
gl 76%@1300 nm@—1 V 1.8x10"*@1300 nm 30 nA em™@0 v [36]
ITO/ZnO/PbS-1/PbS-EDT/Au 59%@950 nm@0 V 4x10" @950 nm@0 V 48 nA cm~@—-1V [38]
ITO/ZnO/PbS-TBAI/PbS-EDT/Au 42%@1330 nm@—1 V 3.9x10"@1330 nm 418 yA cm~@-1V  [155]
-1
J&§ M /Hg Te/Hg Te/PbS/Au 0.71 AW @4.2 um 3.57x10" 320 nA cm™ [19]

0.83A W '@2.2 pm

[TO/a-S¢/PbS-I/PbS:3-MPA/ 0.025 A W '@980 nm@10V  2.5x10"@980 nm@10 V69 nA ecm>@—20 mV  [156]

Ce0,/ITO
Ti/Au/NiO,/PbS/ZnO/ITO 0.38 A W '@1413 nm 12x10°@1413 nm@1 V. 82 nA cm~@—1 V [39]
ITOMNIO/ gz(s)'ffuw PbS/Cor/ 45.1%@1550 nm@—10 mV 3.57x10" 124 nA em~@-10 mV  [135]
2/

2.55%x10"”@1350 nm@

ITO/ZnO/PbS-MAPbI;/PbS-MP/Au 72%@1350 nm@—1V 850 nA cm_z@—ZO mV  [125]

-1V
ITO/ZnO/InAs/MoOs/Au ?3;2%9@383%‘?1%50\3 1.6x10"' @930 nm@~—1V - [130]
ITO/ZnO/InAs-InBr;/MoO5/Au 30%@940 nm@0 V ~10" @940 nm 700 nA cm@-1 V [53]
g 1TO/ZnO/IAs-MaAc-InBryMoOy/Au 37%@950 nm@0 V 1.9x10"' @950 nm 6.7 pA cm@-0.5V  [55]
2 ITO/ZnO/InAs-SnBry/MoO/Au 43.1%@1020 nm@—1V  1.63x10°@1020 nm@1 V210 nA cm@—1mV  [58]
ITO/ZnO/InAs-InBry/MoO5/Ag 22820/;)@@9952()“&%)13’ ~4x10"@950 nm@—1V 200 nA cm~@—-1V [60]
ITO/NiO,-PTAA/InAs/C4:BCP/Ag 53%@970 nm@—1 V 6.9x10" @970 nm <100 pA cm™ [154]
ITO/ZnO/MnAs -2 I - LR/ 292%@930 nm@—5 V 1.9x10" @930 nm 6.8 nA cm @0 V [52]

MoOs/Au
ITO/ZnO/InAs-ZnSe/InAs/MoO;/Au 15%@1450 nm@—1 V 1.2><10]0@1450 nm 10 pA cmfz@—l v [59]
ITO/ZnO/InAs/MoO,/Au 75%@1140 nm@—0.5 V - - [56]
ITO/ZnO/InSb/MoO,/Ag 74.4%@1200 nm@—1 V ~10"@1200 nm 0.48 mA cm@—1V [43]
ITO/ZnO/InSb-7i — - K %/ 25%@1400 nm@—1V 1.4x10"' @1440 nm 9.6 pA cm~@—1 V [46]
MoO,/Ag
ITO/ZnO/InSb-Mn,Se,/MoO,/Au “6:‘;//‘;%113;72% ?ﬁ%%:’j g;gﬁgﬁ%}gg Eﬁ%g x 1.5 nA cm™2@0 V [44]
ITO/ZnO/InSb-ME/MoO,/Ag 28%@1450 nm@—1V 1.2x10"°@1450 nm 45 pA em”@—-1V (48]
ITO/TiO,/InSb-InP/PTAA/MoO,/Au 18%@1350 nm@—1V 4.7x10"°@1350 nm 4 pA em@-1V [45]
ITO/TiO,/InSb-InP/PTAA/MoO,/Au 19%@1580 nm@—1 V 3.3x10°@1580 nm 45 pA em@—-1V [50]
ITO/SnO,/AgBiS,/Ag,Te/Au 9%@1200 nm@0 V 3x10%@1200 nm - [25]
ITO/ZnO/Ag,Te/MoO,/Au 0.21%@1550 nm 6.1x10°@1550 nm@—1V 110 pA cm@—1 V [79]
ITO/ZnO/Ag,Te/MoO,/Ag 2 mA W '@1550 nm@0 V - <l mA cm™ [78]
ITO/ZnO/p-i-n HgTe/Ag,Te/MoO/Ag  ~1 A W' @1330 nm@0 V 1x10"°@1330 nm <10 pA cm~@-20 mV  [84]

ITO/Bi,S;/HgTe:Se/HgTe:Au/Au 58.8%@1600 nm >1x10”@1600 nm 532 nA cm~@-0.1 mV  [83]
AwZnO/HgTe-EDT/PEDOT:PSS/ITO 50%@1650 nm 7.88x10”@1650 nm  ~100 nA cm@—0.4 mV  [82]
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L)

1 N /EQE@ K @ JE

LRI # (Jones)@,
Bk @ik

R E@WE 2% 30

ITO/PEDOT:PSS/CulnSe,:Mn/
PCBM/Ag

30 mA W' @780 nm@0 V

4.2x10" 0.16 nA cm™

[165]

InAs/ZnONJHIE . JEHlH >1.15%x10° A W™'@905 nm  5.32x10"°@905 nm@20 V - [57]
PbS/WS,iHiE . 5 Hit - 4.11x10" @1550 nm@0.3 V <1 nA cm™ [34]
steves i, i SANIGDImEON amEt N s

vy PoS-DDT/IGZOVIIH . il i >10* A W' @850 nm >10"@850 nm <100 nA cm~ @5 V [14]
g PbS/ZnO/PbS-EDTVAiE . ¥ >10° A W' @1650 nm 5.7x10°@1650 nm 3.1 nA cm”@—-0.1V  [158]
CsPbBr,/PbSeV&iE . TR 0.21 A W '@1550 nm - ~pA cm™ [40]
Ag,Te/MoS, 7838 . 151 >7.5x10" A W' @1450 nm 9.9x10°@1450 nm ~nA cm™’ [149]

HeTe/A1 SIIEE . T - 6x10°@2500 nm 20 pA cm™~@0 V [146]
HgTe/P3HTHiE . 1§ 1.5 A W' @2000 nm >10" ~pA em 2 @-20 V [85]

Mg T MRER IR L. BRIRSEE -1 VIR
JE RTE930 nmSEHL T 36%MIEQE, M i3 1K £165 ns,
b [R] 3 -K R HIPLS O HIAR I B8Pt 20224F, Sun% )
A5 R UL B A B3 [R) B0 1 SR B, FH InBry X InAs i 1 55,
R InfAs[FRHEATHEIL, 750.03 em’ 15 E TR
S T <2 ns R PRI FE R e SN (). AR LA
b, 20234F, XiaZsP L@ i DFTAL /S FIHS B AR 4 InAs
BT A MEmEBr BA B ERE, —2L 5N
FH LA TR Bt (MaAc) X fE - Ut AT IR AR #e, 1531
IR EIPLA iy $E THIE — 5 429.36 ns, RILH B IR
HEIALRR, 153 #FTE950 nmAbik F37%HIEQE,
4 InAs CQDIRIIZS th i . 20244, Jung25 Y
RO ER AR R 16 R X In As AN [ 1 28 T P Ak i1k 2% SR i3k AT
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Figure 4 (Color online) (a) Absorption spectra of PbS QDs with different sizes after MAPbI; ligand exchange [36]; (b) time-dependent
photoluminescence peak position and full width at half maximum (FWHM) of PbS in BA and HFP solvents [125]; (c) schematic diagram of a
photodiode fabricated by a fully blade-coating method; (d) charge density of CdBr,, InBr,, and SnBr, ligands on the InAs(111) crystal facet [58];
(e) schematic illustration of ligand passivation for large-size InAs [56]; (f) current density-voltage (J-V) curves of EDT-(blue), ME-(beige), and MPA-

CQD (red) devices under dark conditions [79].
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Figure 5 (Color online) (a) Absorption spectra of PbS quantum dot inks synthesized under different reaction temperatures and concentrations [37];
(b) absorption spectra of Ag,Te quantum dots with different sizes [25]; (c) schematic diagram of an Ag,Te SWIR imager integrated with a readout
circuit; (d) one-step and two-step synthesis mechanisms of Ag,Te CQDs [51]; (e) relationship between the absorption spectra of Ag,Te quantum dots
and halogen elements; (f) absorption spectra of Ag,Te quantum dots obtained by different synthesis methods.
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Figure 6 (Color online) (a, b) Band structure of the MQD/Ta,NiSes hetero-junction with and without illumination [93]; (c¢) conceptual diagram of a
dual-band bias selectable photodetector [147]; (d, e) schematic diagrams of the active region of the device under zero bias and forward bias; (f) band
diagram of the PbS/WS, hetero-junction photodetector under zero bias [34]; (g) schematic illustration of the fabrication process of PbSe quantum

dot/CdS matrix chimeras [151].
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Figure 7 (Color online) (a) Schematic structure of an np-PN dual-band photodetector [153]; (b, ¢) schematic diagrams of carrier transport in a p-i-n
photodetector before and after pinhole filling with PTAA modifier [154]; (d) schematic illustration of the fabrication of an n-p PbS homo-junction
using conventional ligand exchange versus concentration-gradient ligand exchange [155]; (e) transfer curves of PbS quantum dots after ligand
exchange with TBAI and EDT; (f) dark current measurements of photodetectors fabricated by method 1 and method 2; (g) structural diagram of a
coupled PbS and o-Se vertical photodetector [156]; (h) schematic structure of an ultra-broadband imager [19]; (i) schematic diagram of a SWIR imager

integrated with PbS quantum dot photodiodes [157].
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growth [160]; (b) PL spectra of InSb quantum dots before and after InP shell growth; (c) energy level diagram of HgTe and HgTe:Au quantum dot films
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Figure 9 (Color online) (a) Schematic structure and operating mechanism of the fabricated QDs-based PDs [71]; (b) schematic of the human visual
system [173]; (c) phase images of the PFM after writing —5 and +5V bias voltages [174]; (d) schematic of the flexible BPSTs based on polyethylene
naphthalate (PEN) as the flexible substrate, ITO as the gate electrode, and Al,O; as the blockmg dielectric [171]; (e) schematic of the neural signal
transmission in a biological synapse and a broadband optoelectronic synaptic transistor [172].
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Figure 10 (Color online) (a) Conceptual schematic of a retinomorphic device [169]; (b) schematic diagrams of the transmission of nerve impulses
receiving pulsed light signals in the biological nervous system and the printed single-walled carbon nanotube/PbS-1,2-ethanedithiol thin-film transistor
(SWCNT/PbS-EDT TFT) [168]; (c) transfer characteristics of the Si NM/P3HT/PbS QDs photo-transistor under different wavelength illumination and
a fixed VD at 1.0 V [170]; (d) schematic diagram of the motion target extraction process based on the bidirectional optical synaptic properties of the

OFET arrays [175].
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Abstract: Leveraging the quantum confinement effect, infrared quantum dots offer size-tunable bandgaps and solution-

processability at low temperatures, establishing them as an important material system for infrared optoelectronic

devices. In recent years, through strategies such as ligand engineering, size regulation, and heterojunction design,

infrared QDs have not only significantly enhanced the responsivity and detectivity of photodetectors. Furthermore, they

have extended their functionality from single-function “sense-only” photodetection to neuromorphic computing with

synaptic plasticity, thereby laying the device foundation for in-sensor computing and integrated sensing-memory-

processing intelligent vision. This review systematically summarizes recent progress in infrared QD-based

photodetectors and optoelectronic neuromorphic devices, highlighting performance enhancement strategies including

surface ligand design, size control, and device structure optimization. Furthermore, the underlying mechanisms

governing the evolution from conventional photodetectors to neuromorphic devices, along with representative

applications, are elaborated. Finally, future research directions are discussed, including the development of low-toxicity

materials, improvement of array uniformity, and integration with CMOS technology.

Keywords: infrared quantum dots, photodetectors, neuromorphic devices, sensing-storage-computing integration,
surface ligand engineering
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