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Importance of Zinc Oxide Nanoparticle Concentration on the Electrical Properties
of Lead Sulfide Quantum Dots-Based Shortwave Infrared Photodetectors
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Abstract

We describe the importance of zinc oxide nanoparticle (ZnO NP) concentration in the enhancement of electrical propetties in a lead
sulfide quantum dot (PbS QD)-based shortwave infrared (SWIR) photodetector. ZnO NPs were synthesized using the sol—gel method.
The concentration of the ZnO NPs was controlled as 20, 30 and 40 mg/mL in this study. Note that the ZnO NPs layer is commonly
used as an electron transport layer in PbS QDs SWIR photodetectors. The photo-to-dark ratio, which is an important parameter of a
photodetector, was intensively examined to evaluate the electrical performance. The 20 mg/mL condition of ZnO NPs exhibited the

highest photo-to-dark ratio value of 5 at

—1 V, compared with 1.8 and 0.4 for 30 mg/mL and 40 mg/mL, respectively. This resulted

because the electron mobility decreased when the concentration of ZnO NPs was higher than the optimized value. Based on our results,
the concentration of ZnO NPs was observed to play an important role in the electrical performance of the PbS QDs SWIR photodetector.

Keywords: Zinc oxide nanoparticles, Concentration, Shortwave infrared photodetector, Photo-to-dark ratio

R 94@94 AL 7 (L = 04-0.7 pm)ETt 2
< g FHH I A7 o A ofsh Ao o
ol S S& ﬁ}ﬂ g 22 T A5o] o R 7}
&
2l

J

T3 ou|x| & Al FEET [4,5]. o] @b A
A RS ?“?‘is}t ) o] HHEAoZ IF d\_zﬂ (InAs,
S AZulE AA(Ge, GeSn 5)E 7|HIo R &

il

F{F

'AE gy A7) F 8 (School of Electronic and Electrical
Engineering, Kyungpook National Unversity)

80 Daehakro, Bukgu, Daegu, 41566, Korea

*73 B o) st A A} 85 (School of Electronics Engineering, Kyungpook
Natlonal Unversity)

80 Daehakro, Bukgu, Daegu, 41566, Korea

“Corresponding author: jhbae@ee.knu.ac.kr

(Received: Mar. 14, 2022, Revised: Mar. 29, 2022, Accepted: Mar. 30, 2022)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

E7HRE A9 -8 Al ES] Hite R ZMH"*D} [9 10] i
gk oYz}, PbS QDse Al AAl, 2%, Alke] Y} A7)
= ZZ4 7]_._—5]. )e] ;<1 0 JJ-HJ O] 3} 1;]-,4_
2 B9 “32 7%0?7%] sto] sh= TgTieel oy
il AT} [10-12].

A 7kA] PbS QDs 711 z } Foll ek A7} Bol x1e) =]
°l

dl, 1 & s 2418 = e JHsIE o Al
o &t A= BT E 7P Bol e A+ A5 8t
UrO]D} olf gt LA E F, E 3-84d Hed (P3HT) HiL
A 22 A% (HOMO) 971 —4.9 eVOE ©]= PbS QDs®
HOMO &91¢} 19~ H]s=ate] a2l wi= FE S “O‘W?ﬂﬁ}
3 PbS QDse] EARM 2 S85 7 e 7] Al =
a7} 2 =lo] PbS QDsé} Eqete] AREE = Q)AL o]} Hg
o] 2 AF ol EEE 2L QoA HAriAtel R 17 A
EAS AF3S [13,14]. 128 oA &3HE P3HT:PbS QDs
o4} P3HT:= PbS QDsoll EHE e o1 &&k2 sty 2 4= Qi)
Auka o 2 PbS QDs THAaAE A= 9 e

i
[0

al

J. Sens. Sci. Technol. Vol. 31, No. 2, 2022


https://crossmark.crossref.org/dialog/?doi=10.46670/JSST.2022.31.2.125&domain=http://jsstec.org/&uri_scheme=http:&cm_version=v1.5

Kyeong-Ho Seo and Jin-Hyuk Bae

F Ak} 74 (indium tin oxide; ITO), ¥F1]F (aluminum; Al)
717} =, T = d-8-3to] o]FA ITOPLS/Al 2 7%9]
TEAR AR 2 o] FRE LET] te] oo vt
A7 5402 et Aete e Btk gt
[15,16]. 1A ZAgtol] FE3}o], Al BAaHS WA F= AH3) o}
A =R} (ZnO NPs)E PbS QDse} AlS] S50 2 &AA|
A axke] ARELS MAT B ol AR/ 358 Y
Al 4 A} [15,17]. BF oy} Kwon, et al. oA+ ZnO NPs
A rdz0 7 2-83k0 24 photo-to-dark ratio?} 2,941 A}
ot B73ke] PbS QDs AlA A2kl o] ZnO NPs 57+
A A s B 5 9

A £ A= ZnO NPs 57Ho 23S Fof 218313
o A7 W2 ZnO NPs?| 5% Sfe]

PbS QDs &4l A8t gay
< AT [18]. & Aol AFeE
20 mg/mL, 30 mg/mL, 40 mg/mL$AL ool that PbS QDs 24}
9] current-voltage (I-V) propertiesE =7 5} photo-to-dark ratio

2 Pysqr.

Nl
KeR
=

¢

o ofy
oy

gr}n:ﬁi}uz

o
IL.
5 il
N
N

2. 997 gt

LS

2.1 PbS QDs EHAdtitt

PbS QDs+= -9~ 4] 948 2% 9] hot injection B2 53
A = ATk [10,11]. WA 037 mmol] & (Sulfur; S)< 1 mLe]
(oleylamine; OLA)®} 4132 A4 (N,) Z70lA 308 7F AFL-0)A
WHAA & Y-S AUt o]ekFAlel | mmole] A3hd (lead(ll)
chloride; PbCLYS 5 mLe] OLAS} 411 A2 (N,) ZA0A 308
7b 2420 Al IREAIZTE 2 HHE PbCL-OLA &S 160°C7}
A NZF 53 71E =] BAE AT L T PbCL-OLA dEkd
L 120°C7HA] &= #1587 Ald ke A o] 2ol
A Negag T8t el 2 28y S22 45 ¢
T T ZFo] FAEALE 158 F, 289 ZgTe] T35
THA] HolF=3al NE T FUAIZATH BE 99 9 ekl A

3 3 e ppCL-OLA Aol F o] 140°Col|
A 3087 aRbE o 2 R o Z AU AEL I
(Ethyl alcohol; EtOH)E A4 =] 10
52t 3,000 pme 2 YA EE B AU o2, M=

fru
o%
N
B
j (
=
o o,
mO
H
> o

PbS QDst 30 mg/mL F=0l] 25=0] EFof| EAF=E AT [9,17].

2.2 50| 22| = P3HT:PbS QDs X|Z=2HH

3lo]E2]= P3HT:PbS QDsE AZ317] $13], 1 mLe] PbS QDs
M-S 5mge] PIHTS} F 1A 7HE9 Lo o5t} [13].
E AFE= o] ZE P3HTPLS QDsE 7|¥ke & R =Tt

o do

J. Sens. Sci. Technol. Vol. 31, No. 2, 2022

2.3 ZnO NPs £HJuht

ZnO NPs= &7 W02 9 E ]t} 2.46 g oA EARY o}
9 (zinc acetate dihydrate)2 110 mL2] M€Y U¢F-E (methyl
alcohol; MeOH)Z} 43 1.152 g2 F4st4dF (potassium
hydroxide; KOH)2 60 mL2] MeOH$} 41 o] 1A]7F 59t 60°C
oA w2 WHEAIZ T wHEE KOH dErelS ZnAc o
W2 A FHAHI IANZHEE ZHAF T DA EL o]AxE
g UF-E (isopropyl alcohol; IPA)} A (hexane)S 470141 A
AE QA F 5°ce] YA Pl 2441 7HE < Haste] &
< 7t A Sk AHET G2 FE SAES HEH L
EtOHO A7 & 3,000 ppml 2 A E & A4 gHS
HeEE ¥ 20 mg/mL, 30 mg/mL, 40 mg/mLe] F=H]Z EtOH
o] ZAAIAFATE 10 mg/mL %2 ZnO NPsE o]
of|A] ARg-sEA] ket

2.4 SWIR & AKX} X%}

2 AT FRaA s FEHFERE AREJAL SHYFOEHF
B A3}l =& 98 anode®} cathodeZ} &= ATl WA anode
= ITOZ 30 x 30 mm =7]9] glass substrate®l] 3 ¥13}5] ST},
22 Az ShA ITO7 1382 BaES AAS] S8, o=
(acetone), MeOH ZZ]Z TPA <£2 2 AIAE & N2 AAES
E0] $IUAL 150°C stZe o) E flof] A=At the, FH
® gols yEA BIAT7]7] 98], 71T 2052 F<F UV/ozone
A2l =e] FHAURA] 7} 5= ATt FH|E P3HT:PbS QDs &
A ol HE glo] THE 71 flofl BAFEAL 15 7H
3,000 rppm &2 A¥FE T 110°C IF L] o]y o] EF
dlo] FHEJt. Al A=5S S2s7] A ZnO NPsE 5152
2 FA37] 98] P3HT:PbS QDs BH2} 919 ZnO NPsE #A}
3 5 30% 7+ 1,500 rppme 2 AW FE F 90°C AF QB 7]
o] oy = o] ogkgo] FHE T EOF 100 nm ©]7F Al
< 3t o] YA EAE Fig. 12 228k &) 73
2, 519 ITOSH AVE wAts = 998 g1d = =, 2

Aluminum

ZnO NPs interlayer

Hybrid P3HT:PbS QDs
photoactive layer

Patternéd ITO glass

Fig. 1. Schematic diagram of structure fabricated device structure.
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Fig. 2. The absorbance spectra of synthesized PbS QDs and hybrid
P3HT:PbS QDs.
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Fig. 3. The absorbance spectrum of synthesized ZnO NPs.
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Fig. 4. Schematic diagram of the energy band diagram of the fab-
ricated device.
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