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'8 wearable flexible infrared photodetectors

1 Colloidal quantum dots
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5 Infrared (IR)
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% biocompatible sensors

3 sensitivity

* performance

3 carrier transport layer and carrier blocking layer
6 grid-shaped


http://icml.ir/article-1-607-en.html

[ Downloaded from icml.ir on 2025-11-22 ]

37 | gfws yrol | 0313839l gige

_photo =evFn_0y"M + {el_0 exp{—all —
! Fn_0y™"M I 0

DL w){l—exp(—alw)) (r_(esv)+
r_(es, th))/(r_(es,v) +r_(es,th) +
rr) 50 = D ME M- D) s

358 o 0l i Csea ¥ dS5) daly 3 a8

y=8.+ (1- JE::} PesptTesth ©)

Tesvtresthtrr
JokkonS 31 el S g Mg (6) 5 (5) Ll o
M 7ol g3 o gy @ S Jazml (1 B2)
05 oW Dus Iy 5 HgSe-HgTe os5lsS bls Cgls slaas
TP s wTr s Taseh Tasw ogped AL 503 093k
Al o TS 5 Les 31 GB35 el 51 A6 P
1281555 0 by p) ails,y Jawgs oS

Tasw (Vo) = Tas (Dexp|Vy /Vapy| (D
Tosen = (kgT/2mmzL, )Y 2exp[—Vyp/kgT] (8)
= 1/1, (9)
Vept he bl Cos 09 501 JoS 35 Tes(0) o s a8

ol 1) M 80 e b T 5 10 Jeuslyy dor Jge 2alS

N s

5 emitter

© capture probability

7 intraband absorption coefficient

8 escape rate

? rate of recombination

10 effective potential barrier lowering

' carrier lifetime of electrons

S pr Mg Sl ke« adalS Syl AL T s oS

VD) < By 50 slde o5 b 09580 w6 oo Wiy 020
Sl S il @D ¢ esle S S 65 Sl £ ¢ il
33 05 slaxs D) 5 eddeyis sdiad allEL chale Ny

O ) Cogon 1K2) 5 D) il oo 550 55 g Ay

Viz) = AE —ep(z) 3)
n(z) = kil;TEEnIn [1 + exp %)] [, (2)]% (4)

s T e cbkp 3550 s abuls AE T 5 o8
il 0 55 R

5 S Vol JSlasgs > a3l esliml L
2 09 I wabgy e 655 e e 5 b en s el
Sl s o3 ,S als (o538 B Sl Joily s 3 5515
ool s ol 31 oolitul b o3 g oo o3linal oyf33l sl 5JUT
25153 8 o0 s 555 0L

S Es ysiam S Sl 0 5 s b s 4 s el
oA S Gl 3 WS e wsy Ll 3 S
ol S 5 e B 0l w5 0L dules Sl L ISET
S 355 gn 0deal T tummeting “0loe S8 & G585 0l
T themmionic «Jol>= 435 55 o mline a5 5 La Jul-
Do a ol a5 gl L g Sl Gy a e ol A5 (ol
. [26]”;;5‘ é)ljfﬁb Yy

Sley «CQD (555 ST 53 Unn) 5 0l S
2 S8 S a3, 0 )P A 0l g pE oS
(2710550 0l 23 Sty 5 0l Jool a 551 S bl

! energy band offset

2 subband

3 field-assisted tunneling
4 continuous band


http://icml.ir/article-1-607-en.html

[ Downloaded from icml.ir on 2025-11-22 ]

photo-current density (x10°

-
n

-
o

(o]

[=>]

SIS agBleS b e 3058 Odle ST 33 8153 Obsz Giledis
HgSe-HgTe

Lol 55 O Sl pwdige o)l (655 0L 2 YL slales o
235 o0ty ilites oles

S 555 2 CQD TN 2T IS i 1 gl alo- e o
Sl B8 ey 3550 o SLSET 609 0L
AT &S 3 ol ol |y 655 0L &g Sl (3)
b Jlas) bl U Cilisies glales s HgSe asolsS bls oY
<6 HeTe oY (YT JKs 5 Lesls blo b ooJy S
S Les 11 L s ge Ol ool oy gl s o 0L
PGP 0k S rizer b S 05 0L
S 56 88 s Lol e b HeSe oY (2T IS
315 o5 TS 3k ST 5 Lagys 2SI

—=—T=200 K
—o—T=150K
—A—T=60 K

Doping Density of HgTe = 3x10' cm™
HgSe CQDs diameter = 5 nm
HgTe CQDs diameter = 16 nm

T T T T T T T

6 8 10 12 I 14
film doping density of HgSe CQDs (x10" cm™)

VT Bz 3 ol Sygods 3l381 x5 by Sz -3 USS
HgSe LasslsS blis 4y
¥ VT I adyl mall b il ol e (B) a5
Sl i o g Sl el 252 s 65 0 SIS HeSe
T IS 2l aalal b el by oo Gl 605 S22
SRl e Il el 358 e il ST gl Jal S Y

! film doping density
2 recombination

(1) o)M/M o390 / US.&};? 39 5 aolilad | 38

Lol
@lio ol 53 ol 0k o33 5Las (1) IS5 43 o33l LIS sl
Sl 6 ,Shas sla il (gods Slules 5l oslial L
sop A lales 3 GUuilS agilS abi IR )5
25 b ol 609 0l Gilwang s 2 Lo S 355
IS ba Y BT JKs 5 eglS b kS el
il sbabes 5 b Wbl 55 Jlb Y s HgSe-HgTe
ol Jb axb lwg 63955 MId-IR L2 55 sl s
ST Jb b 3.5 oo 5 (559 sla ol 5 oo
HgSe-HgTe (il aslsS blE 3l o0 9 Juld 555
JS& HeTe 5 HgSe a50lsS bla a5 555 o0 o b il o
S KT (gilans slazally (1) Jpd dils ClpsS (555

e e ol s

HgSe-HgTesu3slS (aglsS i 6555 Sy Sl gl el s 1 Jg

Parameter Value
HgSe CQDs diameter 3.5t0 5.5 nm
HgTe CQDs diameter 12to 17.5 nm

Film doping density of HgSe CQDs 5% 10'®to 13x10"® cm™

Film doping density of HgTe CQDs 10" t0 10" cnr?

Dielectric constant of HgSe (&,) 16
Dielectric constant of HgTe (&,) 15.1
M 9
HgSe effective electron mass (m,*) 0.05m,
HgTe effective electron mass (m1,*) 0.025 m,

m .J..ILL;a .>‘)T u)f—(” e

5 €S 33doen LS gy 4 Osls 5 Sung s SYolas

a5 & Gl S5ls s o a8 Sley B Se sbay
e Wb ] Cons ol Rl 5 35 A
)l 5 Shas 35gs Sl 2335 o0 amlos )13l (51 (5055 Ol
38 des 4 plas 5 Cialo (53555 L5 3L SET 3 0554


http://icml.ir/article-1-607-en.html

[ Downloaded from icml.ir on 2025-11-22 ]

39 | s ykol | 01383y 9lus guge

3 Pl 3 o 51 A8 s o Jlie S s
S sl HeSe o518 bl s (531 L 255 s S
o8 ST ol 53 (605 0l S Cilse 2alS 5 4l
b 4 olies lp HgSe avp (o018 G a3 35l e

255 o Jool=4.80m ;5 21.25 A/ 5,5 0L > &

22 - —a—T=200 K
-~ —o—T=150K
E 20 —a—T=60 K
<
S 18+
X
-
216 4
wl
=
o
S 14
5
£ 12+ .
2 :
28 3
S 104 Doping Density of HgSe = 10x10"* cm™ >
= Doping Density of HgTe = 3x10'® em™ .
8 HgTe CQDs diameter = 16 nm -
»
T T T T T -
3.5 4.0 4.5 5.0 55 :
)
HgSe CQDs diameter (nm) ’
5]
- . Z t
B8 31 =B Oygods )81 x93 Obz SBz -5 IS 3
HgSe (050155 blas e
2
=9

Ll Jad aobsl bl 5y caas e olis 1) HeTe 4308 bl
o2 5 e slS Odbosame DI Jdse HeTe oognlS
Gop obr & 4 bl @l mer LS

.)J;dajgriw

! quantum confinement
2 carrier escape
3 tunneling effects

s e Sl £ s 03 8 oo ba Jul oS5k s
S Sl Jeloiranay 358 o0 505 0k S 1A 4 ke S
T B 4 ode) 3 m Sulens s Ol J&s
wbl b 10" em? HgSe oY 2NT J& 55 (18.51 A/m’
b e S Y ST IS sl iy,
A b Sope ) s 0k S Sl (4) S
besl 3 s e olis HgTe agslsS bl N VT J&s
Ml pls 4 bl Nsa K15 e HeTe (2 NT I il
Shas SalS 5 b ol s oS5 I b oo ol
S 2w i 0 Ol P Sl 2 bl

358 659 0k

19.0
18.8 4 —=—T=200 K

] —o—T=150K
18.6 —4— T=60 K
18.4 1
18.2 4
18.0 1
17.8 1
17.6 4
17.4 4 Doping Density of HgSe = 10x10'® cm™

1 HgSe CQDs diameter = 5 nm
17'2—_ HgTe CQDs diameter = 16 nm
17.0 T T T T T T

0 2 4 6 8 10

film doping density of HgTe CQDs (x 10" em™)

otV S8z 51 b Sygods 03381 S8 Obye Sz -4 IS
HgTe LastlsS bl 4y
2 SASSS oalsS BLE b il i S pss a5
€8S I s n 390 S0 ST 65 Ol S s,
Nl Soso sl 65 0l S Dl (5) S .ol
sl bl b caltiee slabes 53 HgSe Lepl,S bls s
0Lss <ol HeTe ol blis s 5 a¥ (YT Js oot


http://icml.ir/article-1-607-en.html

[ Downloaded from icml.ir on 2025-11-22 ]

SIS agBleS b e 3058 Odle ST 33 8153 Obsz Giledis
HgSe-HgTe

(1) oslods / pitacs 0393 1 (K3 3 35 dolidad | 40

S S doas
23 4

A_hzr 6))—’)l—-)mT&—1)\5-‘>l—~‘ 4-“.5.4 &J_~'~‘ BL cwy\})}bﬁ“
=)
= 22
slaar s as 5 3 gsals b Gu IS a il 52
‘S 214
sapphire fAl/HgTe CQD/9 periods of HgSe — HgTe CQDsfATy, 2

. 220 -
Jk}c)\du\)uqydfﬁy‘d&a-ﬁsb}w;)ww&a 390 o:}.@

L
s Ok J& » HeTe 5 HgSe (sas,lS o slS j’Li";: 97

5 4
g_ﬁ.l.'la.z.a L;LALAé DL (;Jj “S'i ;)"L.’.L’ j\:-sj Co LSJ}J )Lm)mE 18 4

Q
J@ﬂbﬁ‘dM)@vau 'C"""“&;)b;@”)ﬂb))"% 17

S5 sl el Ll s e 1) s HaSe o VP
16

Sk SR b e Bl 13 605 0L S (s

—=—T=200K
—eo—T=I50K
—A—T=60 K

Doping Density of HgSe = 10x10"* cm
Doping Density of HgTe = 3x10'® ¢m™

HgSe CQDs diameter = 5 nm

33 d851 AT aiis 5,5 0k J&or 5 4l 2alS bs fal
3Gl 355 e Sl 10" cm HgSe N (2NT J&
& 2alS @ ie Ll e HeTe oY 2NT J&s il
b ks L s obr S S s ol
I3 o531 oS gz oy e 5B Jidse HegSe (o355
Ao 4 ooy ) dry s aBLIE ) s S s el
Sl b e il il 4.8 nm s (21.25 A/ adies
O 5Ll ()5 0 S HeTe osslS blo s
Sl wdige b das o olis sdel Sy = el b
SIS o g0lsS Bl ulal 503 0s3le 55 gaslu ST

Sl bl 5 en S ang byl KT -l 531 o5 ol olg e

12 13 14 15 16 17 18
HgTe CQDs diameter (nm)

SB35 b Oyget o)l 618 Obye SBz -6 US
HgTe LogtlsS blas


http://icml.ir/article-1-607-en.html

[ Downloaded from icml.ir on 2025-11-22 ]

4l | gfus ol | odlisoigles Guge

References:

1-. J. Piprek, “Handbook of Optoelectronic Device
Modeling and Simulation Lasers, Modulators,
Photodetectors, Solar Cells, and Numerical
Methods”, CRC Press, 2018.

2- Yao, Fang, et al. "Molecular engineering of
perovskite photodetectors: recent advances in
materials and devices." Molecular Systems Design
& Engineering 3.5 (2018): 702-716.

3-. Tran, Huong, et al. "Si-based GeSn photodetectors
toward mid-infrared imaging applications.” ACS
Photonics 6.11 (2019): 2807-2815.

4-. Yang, Ming, et al. "Ultrahigh stability 3D TI
Bi2Se3/Mo0O3 thin film heterojunction infrared
photodetector at optical communication waveband."
Advanced Functional Materials 30.12 (2020):
1909659.

5-. Gandhi, Sahajkumar Anilkumar, et al. "Quantum
dots: Application in medical science." International
Journal of Nano Dimension 14.1 (2023): 29-40.

6-. Luo, Yuning, et al. "Resonant cavity-enhanced
colloidal  quantum-dot  dual-band infrared
photodetectors.” Journal of Materials Chemistry C
10.21 (2022): 8218-8225.

7-. Shawkat, Mashiyat Sumaiya, et al. "Scalable van
der Waals two-dimensional PtTe2 layers integrated
onto silicon for efficient near-to-mid infrared
photodetection." ACS applied materials &
interfaces 13.13 (2021): 15542-15550.

8-. Yu, Lijing, et al. "Fast-Response Photodetector
Based on Hybrid Bi2Te3/PbS Colloidal Quantum
Dots." Nanomaterials 12.18 (2022): 3212.

9-. Rogalski, A., Malgorzata Kopytko, and Piotr
Martyniuk. "Comparison of performance limits of
HOT HgCdTe photodiodes and colloidal quantum
dot infrared detectors." Infrared Technology and
Applications XLVI. Vol. 11407. SPIE, 2020.

10-. Xu, Kaimin, Wenjia Zhou, and Zhijun Ning.
"Integrated structure and device engineering for
high performance and scalable quantum dot infrared
photodetectors.” Small 16.47 (2020): 2003397.

11-. Wang, Peng, Hui Xia, Qing Li, Fang Wang, Lili
Zhang, Tianxin Li, Piotr Martyniuk, Antoni
Rogalski, and Weida Hu."Sensing infrared photons
at room temperature: from bulk materials to atomic
layers." Small 15.46 (2019): 1904396.

12-. Chen, Chao, et al. "One-dimensional Sh2Se3
enabling a highly flexible photodiode for light-
source-free heart rate detection.” ACS Photonics 7.2
(2020): 352-360.

13-. Polat, Emre O., et al. "Flexible graphene
photodetectors for wearable fitness monitoring."”
Science advances 5.9 (2019): eaaw7846.

14-. Dong, Tao, Jodo Simdes, and Zhaochu Yang.
"Flexible photodetector based on 2D materials:
processing, architectures, and applications.”
Advanced Materials Interfaces 7.4 (2020): 1901657.

15-. Ramiro, liiigo, et al. "Mid-and long-wave infrared
optoelectronics via intraband transitions in PbS
colloidal quantum dots.” Nano letters 20.2 (2020):
1003-1008.

16-. Chi, Weiguang, and Sanjay K. Banerjee.
"Progress in materials development for the rapid
efficiency advancement of perovskite solar cells."
Small 16.28 (2020): 1907531.

17-. llyas, Nasir, et al. "Low-dimensional materials
and state-of-the-art architectures for infrared
photodetection.” Sensors 18.12 (2018): 4163.

18-. Zhuge, Fuwei, et al. "Nanostructured materials
and architectures  for  advanced infrared
photodetection.” Advanced Materials Technologies
2.8 (2017): 1700005.


http://icml.ir/article-1-607-en.html

[ Downloaded from icml.ir on 2025-11-22 ]

SIS agBleS b e 3058 Odle ST 33 8153 Obsz Giledis
HgSe-HgTe

19- Livache, Clément, et al. "Road map for nanocrystal
based infrared photodetectors." Frontiers in
Chemistry 6 (2018): 575.Choi, Dongsun, etal. "Mid
Wavelength Infrared Electronic Transition in Self-
Doped Nanocrystals and Correlation of Physical
Property." Proceedings of Online nanoGe Fall
Meeting20(OnlineNFM20).2020.

20- Rogalski, Antoni. "Progress in quantum dot
infrared photodetectors.” Quantum Dot
Photodetectors (2021): 1-74.

21- Aralekallu, Shambhulinga, Rajamouli Boddula,
and Vijay Singh. "Development of glass-based
microfluidic devices: A review on its fabrication
and biologic applications." Materials & Design
(2022): 111517.

22- Dubrovskiy, Sergey V., and Vasiliy 1. Zubkov.
"Self-consistent solution of schrodinger and
poisson equations by means of numerical methods
in the LabVIEW development environment."
2017 IEEE Conference of Russian Young
Researchers in  Electrical and Electronic
Engineering (EIConRus). IEEE, 2017.

(1)0)[@&/@50‘“30)95/u§.‘2xp)54uwmé | 42

23- Hebal, H., et al. "General-purpose open-source 1D
self-consistent ~ Schrddinger-Poisson  Solver:
Aestimo 1D." Computational Materials Science
186 (2021): 110015.

24- Tan, I-H., et al. "A self-consistent solution of
Schrodinger—Poisson  equations  using  a
nonuniform mesh." Journal of applied physics
68.8 (1990): 4071-4076.

25- Chuang, S. L. & Chuang, S. L. Physics of
optoelectronic devices (1995)

26- Colbert, Adam E., et al. "Enhanced Infrared
Photodiodes Based on PbS/PbCl x Core/Shell
Nanocrystals.” ACS Applied Materials &
Interfaces 13.49 (2021): 58916-58926.

27- Billaha, Md Aref, Bhaskar Roy, and Narayan
Sahoo. "Effect of external electric field on photo-
responsivity of CdS/ZnSe multiple quantum well
photodetector.” Superlattices and Microstructures
157 (2021): 107003.

28- Billaha, Md Aref, and Mukul K. Das.
"Performance analysis of AlGaAs/GaAs/InGaAs-
based asymmetric long-wavelength QWIP."
Applied Physics A 125.7 (2019): 457.


http://icml.ir/article-1-607-en.html
http://www.tcpdf.org

