Optics Revista Mexicana dégtca71041304 1-9 JULY-AUGUST 2025
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Colloidal quantum dots (CQDs) with variable narrow bandgaps have emerged as powerful competitors to epitaxially grown semiconductors
in the domain of infrared light transitions. This class of materials holds great promise for the development of next-generation optoelectronic
devices, especially photodetectors. In recent developments, the use of silver chalcogenide CQDs has expanded to biomedical applications ¢
quantum dots. This expansion is attributed to their advantageous properties, such as low toxicity and tunable intraband transitions reaching
the mid-infrared window. In this research, we investigate a structure for mid-infrared photon detection in the form of an intraBznB %)

colloidal quantum dot (CQD) photodetector. Detectivity, a crucial performance parameter, is enhanced through numerical optimization by
manipulating key design parameters such asF&gCQD diameter, AdSe film doping density, and the number of PbS CQD layers in the
barrier layer of the device’s active region. This optimization process is conducted at various temperatures and biases. The results reveal tha
under the conditions of 1 V bias and 80 K , the designed3&PbS CQD infrared photodetector achieves peak detectivities. Specifically,

the peak detectivities df3.13 x 10° Jones for AgSe CQDs with a diameter of 3.7 nm aht.01 x 10° Jones for a film doping density of

6.7 x 10*® cm™3 of Ag.Se CQDs.
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1. Introduction photodetectors, with special emphasis on the use of emerg-
ing materials such as graphene [10], black phosphorus [11],
and colloidal quantum dots (CQDs) [12]. Colloidal quantum

Culrre.ntly, there ,;S al ratp |dly %Xpa.md"l% r;esearch chusthon dedots have attracted considerable attention as an alternative to
Veloping new optoelectronic devices that are opening the Way, e ntional bulk epitaxial semiconductors, due to their dis-
to novel applications in detecting light in the mid-infrared

MIR : The mid-infrared region is of scientific int tinct beneficial properties. These include the ability to tune
( ) region. The mid-infrared region is of scientific in € the optical absorption wavelength based on size, facile solu-

test n photodetgcgon dueN:o its allgr!{nent \.'é'th atmoslphen(iion processing, cost-effectiveness, and large-scale synthesis
ransparency windows. IMoreover, It provides supp gmenbapabilities [13]. Self-doped CQDs, characterized by a tun-
tary thermal information when contrasted with the visible

) i i . ble intraband absorption feature within the MIR spectrum
or near-infrared regions [1]. The detection and sensing o . P

: . L hrough the integration of cost-effective synthesis and facile
MIR photons play an important role in applications such a

A . 21 defect i i 3 dical di Sprocessing techniques, are a cost-effective alternative to con-
remote sensing [2], defect inspection [3], medical I"’Ignod'%entional epitaxial MIR photodetectors [14, 15]. A signifi-

Zist [4],[’. envfisronl\;r:gntil ?nSIXSiSt [5], ar!d m:tecrga_ll_ selnssirtl)g antant advancement in the use of self-doped CQDs for MIR
etection [6]. photodetectors using HgLale, InSb, anGy, 14 getection was characterized by the pioneering contri-

other IlI-V superlattices demonstrate proper performancebutions of Guyot-Sionnesét al. They introduced the first

However, the fabrication of these materials involves epitax. .4 |» photodetector using intraband transition within HgSe

ial growth on Iattice—matcheq substrates through technique_éQDS [16]. Subsequently, based on this important achieve-
S.UCh as mplecylar beam epitaxy or chem|f:a| vapor deposhwent, Cheret al. significantly advanced the field by engi-
tion, 'resultlng n eleyatgd costs. These high costs preverneering an MIR photodetector with improved carrier mobil-
the widespread application of MIR photodetectors in vanouqty and precise doping modulation in HgSe CQDs [17]. Pho-

gelo_ls dfueb t_o t?e Intricate matsngl E’rrﬁ parfatlontr?nd (_:0mple)fﬁdetectors relying on intraband transitions face challenges
evice fabrication pracesses [7, 8]. Therefore, there is a Ne&fat require a critical examination of their limitations [18].

for cost-effective materials to speed up their developmenﬁ.he pursuit of non-toxic infrared photodetectors appears as a

and expand their applications [9]. In recent years, signifi- ising frontier in this field 1. f v th _
cant progress has been achieved in the field of sensitive Mngromlsmg rontier in this field [19]. Unfortunately, the pre
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dominant use of heavy metals, especially mercury, in most /4
intraband transition materials raises concerns about their en: R
vironmental effects, limiting their applications in biomedical = Top Electrode (Au) «—¢ "
fields due to inherent toxicity [20]. Due to this need, the use BOOIOTOOLT
of non-toxic materials, such as A§e quantum dots, can po- o
tentially address such concerns. Consequently, it is important
to investigate non-toxic MIR photodetectors with intraband
transition to enhance their efficiency [21]. However, the cur-
rent state of non-toxic Agse CQDs requires further investi- CLX X
gation to refine their properties and optimize their suitability One Period of {

for MIR applications [22]. In their efforts to improve the re- AmSeTDS CODs | SRS
sponsivity of the photodetector, Shihab Bin Hagtal. intro- Tty . OOOOOOOBOOE
duced a novel approach by establishing a vertical heterojunc-gottom Eiectrode (a1 «— ¥
tion device comprising AgSe-PbS CQD stacks. This innova-

tive configuration not only restricted the dark current but also
simplified the fabrication methods of the device [23]. Shihab a)
Bin Hafiz et al. further optimized the structure using #£8e

CQDs and PbS CQDs. They reported a heterostructure de:

vice that was characterized by robust rectifier features. This e S ™
combination promises to enhance the performance of pho- W Bovioy Ciw suston lyee

w9 Periods of
Ag,Se-PbS CQDs

@ Ag,SeCOD
© PbS CQD

todetector devices comprised of #8e and PbS CQDs [24]. 1 = (
In the present study, we investigate a device character- =
ized by a layered structure: Al/ZnO/A8e-PbS multi-barrier ®
CQDs/Au. The active region of the photodetector employs 5.5
Ag>Se CQDs to induce intraband absorption, while PbS 5 M periods of Ag,Se-PbS CQDs
CQDs serve as a barrier material. Subsequently, we employ o5

numerical simulations to compute the principal parameters
of the photodetectors. Furthermore, we optimize the device
performance by varying the size and doping density of the )
Ag2Se CQDs and altering the number of layers of PbS CQDs

within the barrier layer of the device. FIGURE 1. a) Schematic structure of the multi barrier CQD MIR
photodetector. b) The energy level diagram of the materials used in
the studied structure.

-8

2. Method and material

In this study, we employ a proposed structure, as depicted pbd“c(,o

schematically in Fig. 1. The photodetector under investiga- ’

tion shares similarities with the device previously reported ° dg, ¢

by Livache C.et al.[25] for toxic self-doped HgSe CQDs, ’ “€Co,

which introduced a model for constructing a configuration ca-

pable of generating an electronic structure similar to that of a \/L/L’I,A 1P
Multiple Quantum Well (MQW) structure with intraband ab-

sorption. However, this less toxic A§e-PbS structure used @
in this study differs in terms of the number of CQD layers

within the barriers, as well as variations in CQD sizes and

film doping densities.

The photodetector configuration comprises layers of O
Al/ZnO/Ag>Se-PbS multi-barrier CQDs/Au. The bottom ~ N
electrode is grid-shaped aluminum (Al), facilitating the trans- \‘\\
mission of mid-IR light. Within this configuration, ZnO ~
nanoparticles serve as the hole-blocking layer (HBL) to ef-pigyre 2. Schematic of structure of multi barrier CQD active re-

fectively diminish dark current. Additionally, the active re- gion of photodetector, consisting of A§e CQDs as well ané?bS
gion comprises nine periods of self-doped.8g and PbS CQDs as barrier.

colloidal quantum dots (CQDs). The incorporation of,5g
CQDs is important for realizing intraband absorption within while PbS CQDs function as a barrier layer in the structure.
the photodetector similar to the MQW structure (Fig. 2), Finally, the Au layer is deposited as the bottom contact.

/e

7
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To determine the performance parameters of the photodevheren, is electron density contributioii]l — 3..) is capture
tector, it is necessary to perform a self-consistent numericgbrobability at the interface of barrier-wed, is the intraband
solution of both the Sclidinger and Poisson equations using absorption coefficient)/ is the number of periods ofg.Se
the finite difference method. This procedure is essential foCQDs, andl, stands for the intensity of lightres,, Testh,
obtaining the eigenenergy, eigenfunction, electron concerandr,. define the escape rate due to external voltage, the es-
trations corresponding to each energy level, and the potercape rate due to temperature, and the rate of recombination,
tial profile within the AgSe-PbS CQDs structure. The one- respectively, and is the intraband absorption coefficient that
dimensional Sclirdinger equation and the Poisson equationis given by [31],
for the proposed structure are expressed as follows in Eq. (1)

and (2) [26, 27]: Vi
resu(Vs) = s (0) exp | —— |, )
Rd(1dY . . Vept
d d kgT |2 Vept
= [E(Z)dz] o(z) = —e(Np(z) —n(z)), (2) Testh = <2wm;Lw> exp l— kBpT ) (8)
wherey,, (2) is the wave functionE,, is the energyV is the - 1 9)
potential energyf is Planck’s constant divided B , m? is oy
the electron effective mass(z) is the permittivity,e is the e2wnyy
; . : : 2
electron chargep(z) is the electrostatic potentiaNp(z) is o= cocn M3 (cos ¢)7,
the ionized donor concentration ands the local density of red
confined electrons/ (z) andn(z) can be written as [28, 29]: « r/2 (10)
(B2 — By — hw)? + (T/2)%
V(z) = AEgo — ep(z), 3)
Eprl
kpTm? Er — E, ) 1+ exp ( k5T )
= ey, In |1 S — 7. (4 *
n(z) — n[ +exp( T )] [Yn]”. (4) L kBTln (11)

wh? ’
Er—FE
Here, A Ego is energy band offsek;z is the Boltzmann 1+ exp ( £3T2>
constant,I’ is the temperaturefy,, is the eigenenergy states
and Er is the Fermi level. In the simulation employing the

Finite Difference Method, the proposed structure’s mherender zero biasy,,; stands for the effective potential barrier

periodicity is accounted for by applying periodic boundarylowering that generally depends on the band offseindi-
conditions to the wave functions. These conditions ensure L : .

. . L . Cates carrier lifetime of electrong, is the incident angle of
spatial symmetry and impose continuity, described mathe;

matically aspy = 1+ and, — 1. Furthermore, the Bias MIR photons,ni5 is the effective density of electrons be-

\oltage is designated as the reference potential at the bouna;-veen two subbandsi/,, is the dipole matrix element, is

: . . . - . e line width, and is the angular frequency of the MIR pho-
aries of the simulated device domain, providing a conS|stentons [30]. The concept of responsivity stands for quantifyin
framework for solving the coupled Sdittinger and Poisson ) P P y q 9

equations. In the subsequent investigation, the parameters a’;@_e output electrical signal of the photodetector per input op-

quired in the prior section are applied to derive performanceICaI light. The responsivityi can be expressed as [32]:
parameters for the photodetector, including photocurrent, re-
sponsivity, dark current, and noise. Finally, utilizing these

outcomes, the detectivity of the depicted structure in Fig. 1a) ) o )
is determined. The photocurreR,:, due to the absorption where,P;,, is power of the incident IR light. The dark current,

¥vhereres(0) stands for the rate of emission of electrons un-

R = Iphoto/Pim (12)

of MIR radiation in the device is given by [30]: which can limit the sensitivity and performance of photode-
tectors, is modeled in the multi-barrier CQD MIR photode-
Iohoto = €v(F)ngAgy™ tector. The two dominant phenomena contributing to the dark

current are the sequential resonant tunneling contribution and
thermionic emission. Using Levine’s model, the dark current

+ |eAqloexp (—a(i — 1)Ly) (1 — exp(—aLy)) can be expressed as [33]:

M

o TesJ: + Testj JM=i| 5) Liark = Ise + Iip, (13)
Tesv T Testh T T'r “—
=1 where I, represents the contribution from sequential res-
v =Bt (1 5C)M’ (6)  onant tunneling and, represents the contribution from
Tesv T Testh + Tr thermionic emission
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The thermal noise can be expressed as [36]:

ISt:%Tetp(E, F)kpTIn ithermal = [4kBTAf/R0]1/27 (19)
whereg,, stands for the noise gain f is the operating band-
1+exp | Z£. width of photodetector, anfly stands for the zero-bias resis-
kel tance. The total noise current of photodetector can be evalu-
X

’ (4 ated as [36]:
N ey

_em} Agu(F)
wh? Ly,

7:tn2 = Z.shot2 + Z'thermal2~ (20)
EB 76FLU, 7EF
kT

eFLyexp { . (15) The detectivity is the most important performance parameter
that characterizes the sensitivity and the general performance
of IR photodetectors. The detectivity of the device can be

defined as [37]:

th

whereL; andL,, are the barrier and well width, respectively,
Ay is the detection ared; is the external electric fieldy s is
the barrier heighty; andm are the electron effective mass D* = R[AGAS]Y? fig,. (21)
in the barrier and well, respectively( F') is the effective drift

velocity, andl,,,,(E, F) is the electron tunneling probability, ) .
given respectively by [34], 3. Results and discussion

The Schédinger and Poisson equations were discretized on
uniform meshes using the finite difference method and itera-
4 12 tively splved until a self-consistent squtiqn for glectron con-

371?( my) centrations at each level and the potential profile of 2er
PbS colloidal quantum dots was achieved. Subsequently,
key performance parameters for the MIR CQD photodetec-
tor were determined based on the computed electron concen-
trations. To enhance the performance of the device, particu-
—{Ep —eF(Ly + Ly) — E}3/2]>, (17) larly in detecting weak input light and operating more effec-
tively at elevated temperatures, a critical focus on optimiz-
) N ) ) ing the detectivity of CQD infrared photodetectors is essen-
where is the mobility andv; is the saturated velocity for  yia| This optimization entails characterizing the dark current,
electrons. The noise of IR. photodetegtors ongmates_ ma'n|¥)hotocurrent, responsivity, and noise properties through en-
from three sources, including shot noise, thermal noise, anaineering of the device structure under varying temperature
flicker noise (significantly dominant at low frequencies andcongitions. Figure 1 illustrates the configuration of a multi-
can be neglected here) [35]. The shot noise can be evaluatgd rier photodetector device. In this study, numerical calcula-

as [36]: tions were employed to evaluate the performance parameters
) 12 of a self-doped colloidal quantum dot mid-infrared photode-
ishot = [4€ Taargn A f]7/7- (18)  tector at different temperatures. The primary objective was

O(F) = pF /(1 + (uF/vg)*)', (16)

Teip(E, F) = exp < —

x [{EB — eFLy, — E}¥?

TABLE |. Parameters for the multi-barrier A8e-PbS CQD photodetector [38—41}, is the free electron mass.

Parameter Value

Ag2Se CQDs diameter 3 to 6 nm

PbS CQDs diameter 5 nm

Film doping density of AgSe CQDs 4 % 10'® to 10 x 10*® cm™3
Ag2>Se CQDs fraction in active region 50%, 35%, 25%, 20%
Power of the incident MIR light®;,,) 1 mw

Detection area of deviced(;) 200 x 200 pm

Electron mobility 19.4 criv st
Dielectric constant of AgSe €. 11

Dielectric constant of Pb&() 170

Ag2Se effective electron mass:f) 0.32 mo

PbS effective electron massif) 0.09 mo

Rev. Mex. Fis71041304
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- 50 0.20 —
18 4 Film doping density for Ag,Se CQDs = 5x10"* enr? Film doping density for Ag,Se CQDs = 5x10'® em™ Film doping density for Ag,Se CQDs = 5x10'® cm
Ag,Se CQDs diameter = 4.5 nm Ag,Se CQDs diamet Ag,Se CQDs diameter = 4.5 nm -

~ 16 Pbs CQDs diameter = 5 nm, two layers in each period & 4Tpbsc QDs diameter = 5 nm, two layers in each period 40 PbS CQDs diameter = 5 nm, two layers in each period I

; g [0 = T=80K

2 1] £ Jrsex < 0154
3 > 2z &
£ 12 =34 T 2 3
2 e F30 2 < =)
] - g < F22 2
S 10 2 current density 2
- 2 —e&— Dark current density %E £ 0.10 4 o— noisc o
3 sl S —=— Photocurrent density 2 3 —&— Responsivity =
< B2 Lo 8 5 X
2 s E o =
3 3 ¥ %0059 L21 &
8 4 g 5

5 g 14 Lo &

a,] 2

0+ 0.00 4
: ; ; - . r 01— - : : : . -0 : ; ; r . : 20
0.0 0.2 04 06 0.8 1.0 12 0.0 0.2 04 0.6 0.8 1.0 12 0.0 0.2 04 0.6 0.8 1.0 1.2
a) Bias Voltage (V) b) Bias Voltage (V) <) Bias Voltage (V)

FIGURE 3. a) Detectivity of the device as a function of bias voltage, at different temperatures. b) Photocurrent density and Dark current
density as a function of bias voltage,Bt= 80 K. c) Responsivity and noise as a function of bias voltagd, at 80 K, under MIR light
illumination.

to enhance detectivity by optimizing the structural paramethickness. This reduction diminished barriers and increased
ters of the device. Detectivity features were analyzed undecarrier mobility. It is supposed that mobility remains rela-
diverse bias voltages, varied sizes, and film doping densitieively constant, regardless of particle size variations, as the
of colloidal quantum dots, along with changes in the num-study focuses on a narrow size range where mobility is near-
ber of PbS CQDs layers within the barriers at different tem-optimal [43]. Figure 3a) illustrates the detectivity of the de-
peratures. The incident mid-infrared photons were absorbedice as a function of bias voltage at various temperatures
within the active region of a colloidal quantum dot MIR pho- when exposed to MIR light. The quantum dots used in the
todetector, resulting in the generation of photocarriers. Thistudy, AgSe and PbS CQDs, have diameters of 4.5 nm and
active region consisted of 9 periods of /8p-PbS CQD lay- 5 nm, respectively. The film doping density for 8¢ CQDs
ers. Itis assumed that within each layer (refer to Fig. 1), thés specified a$ x 10'® cm™3. Additionally, the active re-
Ag-.Se and PbS CQDs are uniformly distributed over a rel-gion comprises nine periods of A§e-PbS CQDs. The re-
atively large area, leading to a consistently spherical shapsults depicted in Fig. 3 reveal an upward trend in detectiv-
with an identical diameter. The key simulation parametersty with increasing bias voltage. This rise in detectivity is
for the photodetector are summarized in Table I. attributed to heightened photocurrent and responsivity. The
The colloidal quantum dots were passivated through thérend observed in our study aligns with the findings reported
use of insulating long-chain ligands such as oleic acid (OA)n previous studies [44—46], exhibiting similar patterns in the
or oleylamine. Subsequently, these ligands were replacedark current, photocurrent, and responsivity as functions of
with conductive short-chain ligands such as ammonium thiothe bias voltage. On the other hand, the detectivity experi-
cyanate (NHSCN). The process of exchanging ligands in-ences a decline as the temperature rises. This phenomenon
volved transferring the organic-capped CQDs to a polar soean be comprehended by considering various interconnected
lution, resulting in a significant improvement in mobility and factors, including the escalation of thermal generation of car-
enhanced photoresponse [42]. Changing from long-chain tders, an increase in dark current and carrier leakage, and a
short-chain (such as N)J$CN) ligands led to a reduction in reduction in carrier lifetime.

- - — TS S PR T — 2.3
Film doping density for Ag,Se CQDs=5x10"" cm™ Bid Film doping density of Ag,Se CQDs=5x10"%cm™
14 4 PbS CQDs diameter = 5 nm, two layers B PbS CQDs diameter = 5 nm, two layer
_ V=1V Vsl v
% 12 0.13 =80k
a’ = : O
™~ =8 noise 2.9
2 g £ 012 o £
g = —&— Responsivity =
S g <
EN = &
=) = 0.11 5%
% 8- ‘Z =
b 8 X
z  |—=—T=300K Zzo10{ X 2
Z g]—e—T=150K = A\ F21-3
5 —4—T=100K =
° =p—T=80 K 4
- -\/\\& -
4 4
0.08
2 T T T T T T T T T T T T T T 20
3.0 35 4.0 4.5 5.0 5.5 6.0 b) 3.0 315 4.0 45 5.0 55 6.0
a) Ag,Se CQDs diameters (nm) Ag,Se CQDs Diameter (nm)

FIGURE 4. a) Detectivity of the device as a function of the diameter of Ag2Se CQDs, at different temperatures. b) Responsivity and total
noise as a function of Agse CQDs film doping density, &t = 80 K.

Rev. Mex. Fis71041304



6 M. KHODVERDIZADEH AND A. ASGARI

0.120 23
11 4 = T=300 K Ag,Se CQDs diameter = 4.5 nm
—f—T=150 PbS CQDs diameter = 5 nm, two layer

e A —ae—T=100 K | V=1V

_'g 10 —y—T=80K Lt T=80K
o " - —@=— 1N0iSc —
_:E . 3 oy == Responsivity 2.2;[:E1
g < =
5 8- S <
> s =

s
X 7+ ‘% 0.105 =
X g %
g Z 2
.2 g JAg,Se CQDs diameter = 4.5 nm 3 2.1 -g
2 PbS CQDs diameter = 5 nm, two layers in each period ™ 0.100 - o =
R slvelv
4+ -__/\_._\‘___. 0085
T T T T T T T T T T T T T T 2.0
4 5 6 7 8 9 10 4 5 6 T 8 9 10

a) Film Doping Density of Ag,Se CQDs (x10'® cm™) b) Film Doping Density of Ag,Se CQDs (x10'® em™)

FIGURE 5. a) Detectivity of the device as a function of film doping density o,8g CQDs, at different temperatures. b) Thermal noise and

dark-current shot noise as a function of film doping density of 2gCQDs, af’ = 80 K. Responsivity and total noise as a function of film
doping density of AgSe CQDs, af" = 80 K.

- : P : T 0.16 23
Film doping density for Ag,Se CQDs = 5x10'* cm™ Film doping density of Ag,Se CQDs= 5x10'® cm™
14 4 e E ) &
Ag,Se CQDs diameter = 4.5 nm Ag,Se CQDs diameter = 4.5 nm
o~ PbS CQDs diameter = 5 nm 0.14 4 PbS CQDs diameter = 5 nm
A V1V
a . =80 K o~
. i PrE
T 104 £ 042 —&—noise £ ~
E < 2
5 B === Responsivity <
o 2 «
=) = 0.10 =
3 e z =
X £ X
B 2 P
= 5 008 F21 2
Z 6 & T2
I
]
4 0.06
2 T T T T 0.04 T T T T 20
1 2 3 4 1 2 3 4
a) Number of PbS CQDs layers in barrier layer b)

Number of PbS CQDs Layers in Barrier Layer

FIGURE 6. a) Detectivity of the device as a function of the different number of periods of th&&dPbS CQDs in active region, at different
temperatures. b) Responsivity and total noise as a function of the different number of PbS layers in bareeg8®K.

The first investigation of the device structure focuses ority of the MIR photodetector. Figure 5 depicts variations in
assessing how varying the diameter of,Sg CQDs affects noise, responsivity, and detectivity of the device concerning
the detectivity of the photodetector. Figure 4 displays thethe film doping density of AgSe CQDs, with a fixed applied
variations in noise, responsivity, and detectivity in relationbias, and CQD sizes.
to the dl_ameter c_>f_ Agse CQ.DS’ Wh”e maintaining constant The results indicate that, at a constant temperature, an in-
f!lm do_pm_g densities and a fixed diameter of PbS CQDS. Th rease in the film doping density of A§e CQDs initially
flgure_mdlcates that, atacons_tqr)t temperature, an INCrease Wi sts detectivity. This initial enhancement is attributed
the diameter of AgSe CQDs initially enhances detectivity. 1, e heightened electron concentration within the struc-
This Improvement is attributed to th? he_|ghtened absorptloqure due to increased film doping density, resulting in an
as gomated W't.h I.arger CQDs, resulting n increased re.SporEugmented photocurrent and improved responsivity of the
sivity. The variation between th_e absorption and the dlame|’3hotodetector, consequently leading to increased detectivity.
ter of Agzs_e CQDS fOHOWS. a trajectory comparable_t(_) thoseHowever, as the film doping density of ABe CQDs contin-
observed in previous studies [.47]' Howgver, detecywty sup’ues to rise, various mechanisms, such as tunneling leakage
squent_ly degllnes after reach_mg an 0p_t|mal we]l width. Th'scurrent, come into play and can cause a decline in responsiv-
decllln.e IS attrlbut.ablle to amplified carrer trapping and .non.“lty and detectivity beyond a certain threshold of film doping
rad|at|ve_ r_ecombmanon Processes, Iea(_jmg o a reduction IHens:ity. The optimal film doping density for achieving max-
requnswlty. F_|gure 4a) spgemflcally depuﬂg tha'i the peak dei'mum detectivity is contingent upon multiple factors, includ-
tetcégll}tgl}reichgggl?g 10_th]on§.s (cr?;Hz f;N7 ) oceurs ing the specific design and material parameters of the pho-
a or Ag:Se CQDs with a diameter of 3.7.nm. todetector. It is crucial to meticulously optimize the doping

The next investigation aims to explore the impact of vary-density to attain optimal performance in intraband photode-
ing the doping density of Agse CQDs film on the detectiv- tectors. Additionally, Fig. 5a) illustrates that the peak detec-

Rev. Mex. Fis71041304
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tivity of 11.01 x 10° Jones (cmHZ?W~1) was achieved at of an Al/ZnO/Ag,Se-PbS multi barrier CQDs/Au layer con-
80 K for a film doping density 06.7 x 10'® cm~=3 of Ag.Se  figuration, demonstrating intraband absorption. We explored
CQDs. This simulation reveals a pattern of change in the dehow film doping density, the diameter of A§e CQDs, and
tectivity versus the film doping density consistent with previ-the number of layers in the A§e-PbS CQDs films within
ously published results [48]. In the final stage of investiga-the active region affect the photodetector’s performance un-
tion, we are exploring the impact of altering the number ofder a 1 V bias voltage. Our findings indicate that detectivity
layers of PbS CQDs within the barrier layer of the device oninitially rises with the increasing diameter of A§e CQDs,
the detectivity of the MIR photodetector. Figure 6 presentdeading to enhanced absorption and improved responsivity.
the acquired data on noise, responsivity, and detectivity oHowever, beyond an optimal diameter, detectivity decreases
the IR photodetector concerning the number of layers in th&ue to increased carrier trapping and non-radiative recom-
barrier for a constant film doping density of Age CQDs bination, causing a decline in responsivity. The peak de-
and a fixed diameter of Age and PbS CQDs. tectivity of 13.13 x 10° Jones (cmHZ2W~!) is observed
Figure 6a) indicates a decline in the detectivity of the de-at 80 K for Ag;Se CQDs with an optimal 3.7 nm diameter.
vice as the number of layers containing PbS CQDs increasemcreasing the film doping density of A§e CQDs initially
This reduction in detectivity is attributed to various factors,enhances detectivity due to improved responsivity, but this
including reduced carrier tunneling, increased carrier scatteimprovement diminishes over time due to mechanisms like
ing, and shortened carrier lifetime, all contributing to a de-tunneling leakage current, resulting in decreased responsiv-
crease in responsivity. The overall trend observed is a redudty. The maximum detectivity, reachingl.01 x 10° Jones
tion in detectivity as the barrier width increases in the intra-(cm HZz!/2W—1), is achieved at 80 K with an optimal film
band MIR photodetector. The obtained results for the reladoping density 06.7 x 10'® cm=2 for Ag,Se CQDs. Fur-
tionship between the detectivity and the number of layers othermore, the number of layers of PbS CQDs within the bar-
PbS CQDs within the barrier layer exhibit a trend consistentier layer impacts device detectivity. The detectivity of the
with previously reported findings [49]. device decreased with an increasing number of layers due to
factors such as reduced carrier tunneling, increased carrier
scattering, and reduced carrier lifetime, leading to a decrease
in responsivity. In conclusion, our study provides insights
To summarize, our investigation centered on the structure of ¥t0 optimizing parameters for achieving peak detectivity in
mid-infrared colloidal quantum dot photodetector composedig2Se-PbS CQD-based MIR photodetectors.
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