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Abstract: Infrared technologies provide tremendous value to our modern-day society, in the fields of remote
sensing, imaging, metrology, product inspection, environmental monitoring, and biomedical diagnostics. The
demand for the third-generation infrared photodetectors, to enable easy-to-fabricate, low-cost, and tunable
infrared active optoelectronic materials, has driven the development of infrared colloidal quantum dots
(CQDs). This review introduces the preparation methods of infrared CQDs and development of infrared
CQD detectors, and lists the representative research results of CQDs in the field of optoelectronics. Finally,
the infrared quantum dot photodetectors are summarized, and several research problems are proposed. The

results of this study guide the commercialization of the infrared quantum dot detector.
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QDs material of photodetectors
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ANTANE B, BRI AN (NIR, 0.70~1.4pum) , %
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Sum) , AKPLL A (LWIR 8~15um) . QDs #1 K}
TELLAMERE IR T, 5HA SR, B
HIRKHIRH, VERFR 1. 204h CQDs R, — AT
TEIVIE (Si, Ge, GeSn) , 1[-V & (InAs, InSb) , IV-VI
% (PbS, PbSe, PbTe) , III-VIj& (HgCdTe, HgSe,
HgTe) , 1-VI&E (AgS, AgSe) =7t I-II-VI

(CulnS,, CulnSe,, AgBiS,, AgInSe,) 1, LI HHH
4 )& r AL 5K QDs, 11 CsSnls, CsSnyPb ., FAPbI;
F1 Cs,FA,,PbI;QDs, & 2.

uv VIE 1 MWIR LWIR
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=) Ge

K2 (a) ARERMELSN QDs KRBT R (b) KAMLIR
FARE QDs Kt

Fig.2 (a)Emission wavelength range of representative infrared

QDs; (b)The luminescence photograph of QDs under UV

light source

F£1 M4 QDs (QD) #k} Table 1 Summary of representative infrared quantum dot (QD) materials
Materials Synthetic method Size/nm Band/nm Device type RI(A-W ')  D’(Jones) Ref.
Si Nonthermal plasma 3.0-7.4 690-995 Photoconductor 10° ~10" 4,5
Ge Hot injection 2-13 980-1200 Photoconductor 1.5 1.2x10" 6
PbS Hot injection 2.5-7.2 800-1700 Photoconductor - 1.8X10" 7
PbSe Hot injection 3-17 1200-2500 Photodiode 0.67 - 8,9
PbTe Hot injection 2.6-8.3 1100-2150 Photodiode - - 10
CdTe/CdS Aqueous synthesis 6-11 480-820 Photoconductor 0.3 1.2x108 11
InAs Continuous injection 2-7 970-1500 Phototransistor 3.81 2.2X%10" 12
InSb Heating up 3.3-6.5 1300-1850 Phototransistor - 3.7X10% 13
Ag,S Hot injection 5.4-10 1200 Photodiode - - 14,15
MoS, Aqueous synthesis 3.1-5.9 1080-1330 Phototransistor 0.85 8.0x10" 16
Cus Hot injection 3-6.5 850-1300 Photoconductor 300 LoX10"% 17
HgTe Hot injection 3-12 1200-3700 Photoconductor 23X107°  8.7x10" 18
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3.1 LI5MBR{ER QDs FEEEIR M 214

AN AR TE G (5 BIBME . ZEH50U
HHETZHINHE. BHE, MGG s R 2%
FEEHEE InGaAs. InSb. InAsSb. HgCdTe (MCT)
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Voltage (V)

K3 QD-LEDs 7E K [Hl M 284 1 (1 R F : (a)7F QD-LEDs 77423 7D Fh i 42 7 72 8157 (b) 44T QD-LED [RZ0 4% 15 15 2 B =P8,
(c) 4 FTF &R AR QD-LED EoRasl"; (d) PbS QD KFHAEHIBHEADR I, (¢) Ye#ii 77 PbS QDs 551 i fid L
(f) #:T PbS QDs 211 J-V Lk, #HkE (PCE) A 12.01%

Fig.3 QD-LEDs and their usage in large-area devices. (a) Four routes for generating excitons in QDs that have been used in
QD-LEDs""); (b) Demonstration of red-green-blue from QD-LED, patterned using microcontact printing®®®); (c) 4-inch full-colour
active matrix QD-LED display”™; (d) Schematic diagram of the effective medium model of the PbS QDs in a solar cell;(e)
Photocarrier diffusion in PbS QDs arrays; (f) J-V curves of a certified device based on PbS QDs, PCE of 12.01%!*"
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Fig.4 (a) Schematic diagram of photoelectric system (HgTe CQD coupled to silicon grating), Inset: cross section of HgTe QD coating,

Purple dots represent HgTe QDs!"®); (i) The simulation schematic of the cross section of HgTe QD-loaded; (ii) Simulated

electric field distribution; (b) Cross-sectional SEM of theGe QDs detector™™; (c) I-V curves under different light input power for

the HgTe CQD device; (d) The schematic of the Photocurrent signal bias voltage curve
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Fig.5 Applications of PbS QDs based photodetector devices: (a) Schematic diagram of a near-IR imager fabricated on QDs®”; (b)

Images of integrated PbS QDs-based imaging arrays; (c) D* comparison of a PbS QDs photodiode and a commercial InGaAs
photodiode”®; (d) Large-area (40.64 cm?) flexible QD electronic circuitry®®”; (e) Cross section SEM and TEM of PbS quantum

dots; (f) Image of a monarch butterfly taken at ~1310 nm!
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(@) Schematic of HgTe QDs detector structure®’; (b) Current and voltage curves of HgTe QDs under different temperature; (c)
Spectral dependence of the detectivity of a HgTe CQD film®; (d) Cross-sectional SEM of the fabricated HgTe QDs detector; (¢)
Thermal images captured by HgTe CQD photodetector?; (f) Images of a focal plane array for which theactive layer is HgTe CQD "
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HgTe CQDs dual-band detectors®: (a)lllustration of the structure of a dual-band CQD imaging device; (b)Cross-sectional
scanning electron microscopy image of the dual-band device; (c)Optical absorption of SWIR and MWIR HgTe CQDs used to
fabricate the dual-band device. The sizes of the SWIR and MWIR CQDs are 6nm and 9nm, respectively; (d)MWIR and SWIR
images of a hand behind glass; (¢) and (f)SSWIR images of objects behind a silicon wafer; (g), (h) and(i) SWIR, MWIR and merged

dual-band images of hot and cold water



Eak F5H
20205 H

RN LA R R O LRI SR 0 TE

Vol.42 No.5
May 2020

FEHEM, KPR SN 6 nm () SiQDs H gk £ Gr
W b, JERURERR IS S, RN SR
8(a)~ (b). AT Si QDs MM ML AR ZL A1 1)k
WL, M SEIRA G, sl DEALE S
2, WRKIRRER AN (2.5~3.9 pm) MR ZEM 0.22
AW ' HFE] 449 AW B Goossens 25 AP CcvD
Gr B R E i CMOS 332 HY B % o, K PbSQDs
el T Gr EAENBALE, HAHTT 288 X388 IRE
LA RS, 5 o CMOS B2 HH AR R
HLER AT 8(c)Fin. 1ZHERH T5 5 A, 5
SRR, DL BB GFI R T T34 451

%S EREA T LSS 300~2000 nm )G TE

X—JRELIOUE T QDs BRI EUG AL B8 1T LA B35 B
AT ILE] SWIR, X2 5 73 HE 2 Fl i e 1 A% R et
RI—AEEREEM . B 8(d)~@)Zm 7MW A
SWIR, {#H Gr/PbS QDs FEHIHEAT AR IKIBE S1 o M B
TPELE 0.1~ 1ms 2 [0], (R A LLIERRRD 50 M f i 2
BAT, X—HFF TAER W, QDs JRA eI &8 T LUE

Graphene

8 QDs EAEJLHIRINE: (a) B

i Eim AL 5 CMOS AR e A

2019 4F 11 H, BRI &340k B g HoR
W7 S AE 0 (IMEC) (¥ Georgitzikis 253 1
FER T —FOB AU 205 7 O AR 25, HAR ik
AT mE R B R AL R T SRR B
PR R B E T M EHE 512 X768 1§ F £5-F1H b
G b, SEBLTIRAAN SR, VENLE 9. 7E 940 nm Abik
BT 60%LL ERIAME AR, 78 1450 nm AL F] 20%
DL b i 40 B 7 sk R PP, AT AT LA R R o A R
(InGaAs) FEHRMAEE . X—HF TR NE T 5
VLRI 2840 2 T VF 2 T IS AT . PR35 7T LS
BN —ARBERFI G T, 458 AR 241
U ATRASCIUR TSRS (ARD ()58 B A JekA
B FERTIR FH A, e AR DU T SRk 2%,
CA R AE 22 B WAL Hp P T 56 L B A PRI R P
B3ko HeAh, IR S R AU S A N RHE R
Ihie, AR TP SRR 2 s g S M B R 4t

TUZRI L BB (d) BURDARML: EURAL B3R AN BT S Bl SR MR R IR R I R SO 6285 (e) SESRABLRaT 40 4b
(NIR) FFHWRL AN (SWIR) FME H: (f) Lenna K& AT WALELLANEG: (g), (h)y—M/KIELL /M SWIR B ; () — &3¢ HE

) VIS, NIR F1 SWIR & F,  FH (- ' e aR 100)

Fig.8 Quantum dot hybrid photodetector:(a) Schematic diagram of the structure of the hybrid phototransistor based on Si QDs and
graphemel™; (b) The UV-to-NIR absorption of Si QDs; (¢) Gr/QDs photodetector and the readout circuit; (d) Digital camera: the

image sensor plus lens module captures the light reflected off objects that are illuminated by an external light source; (e)

Near-infrared (NIR) and short-wave infrared (SWIR) light photograph of an apple and pear; (f) VIS and NIR (this image sensor is

sensitive to 300-1000 nm; Fig. 4a) photograph of a standard image reference ‘Lena’; (g), (h) NIR and SWIR image of a glass of

water; (i) VIS, NIR and SWIR photograph of a box of apples, illuminated with the incandescent light source
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Fig.9 (a) Schematic diagram ofphotodiode stack architecture; (b) Cross-sectional SEM of the photo-active layer of PbS QDs; (c) TEM

shows the superlattice formed by the QDs and reveals high level of crystallinity[gg]; (d) Scanning electron microscope

cross-sections of selected photodiode stacks; (e¢) Pixel array with pixels of 20 um diameter; (i )and (ii) Photolithographic

patterning of the stack dives; (f) QDs SWIR image sensor’®®); (g) and (h) Light scene pictures taken from a quantum dot based

image sensor under a NIR LED illumination®”
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