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Abstract: Light-emitting diodes based on quantum dots as an active emission can be considered
as a promising next generation for application in displays and lighting. We report a theoretical
investigation of green emission at 550 nm of microcavity inorganic—organic light-emitting devices
based on Zn (Te, Se) alloy quantum dots as an active layer. Distributed Bragg Reflector (DBR) has
been applied as a bottom mirror. The realization of high-quality DBR consisting of both high and
low refractive index structures is investigated. The structures applied for high refractive index
layers are (ZrO,, SiNy, ZnS), while those applied for low index layers are (Zr, SiO,, CaF,). DBR of
ZnS/CaF, consisting of three pairs with a high refractive index step of (An = 0.95) revealed a broad
stop bandwidth (178 nm) and achieved a high reflectivity of 0.914.

Keywords: Zn (Te, Se) alloy quantum dot; organic light-emitting devices; green emission; distributed
Bragg reflector

1. Introduction

Quantum dots (QDs) have a unique property that originates almost individually due
to the size regime in which they exist. The unique optical properties of quantum dots
take place because of the quantum confinement effect [1]. The current study focused on
wide bandgap II-VI semiconductors quantum dots because of their fundamental structural,
electrical, and distinguished optical properties [2].

Zn (Te, Se) ternary alloy QDs are considered one of the essential types of II-VI semi-
conductors that possess favorable optical properties, as they displayed tunable and narrow-
band photoluminescence (PL) emission [3,4].

Zn (Te, Se) is considered a good candidate for Cd-free and green emission materials
with a long lifetime. The existence of the green band emission of Zn (Te, Se) partially results
from the combination of ZnTe QDs and Te isoelectronic centers in ZnSe. The fact that ZnTe
quantum dots as a partial source of green emission was confirmed by the power-dependent
PL spectra. In addition, a long lifetime of the PL emission arises from the alignment of
the type-II band between ZnSe and ZnTe [5]. The electrons from the conduction band in
ZnSe and holes from the valence band in ZnTe were involved in the recombination process,
leading to a smaller energy bandgap than that of either of ZnTe or ZnSe.
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The energy of the bandgap of an alloyed system such as Zn (Te, Se), which consists of
materials with considerably numerous chemical features and lattice constants, exhibited
a significant negative deviation from the mean of the bandgap mole fraction weighted.
Therefore, the Zn (Te, Se) system is named a highly mismatched semiconductor alloy [6].
The band gaps of this alloy possess much smaller energies than their constituents of
unalloyed materials. The band gaps of ZnTe and ZnSe, are, respectively, 2.25 and 2.72 [7],
while the minimal energy of the bandgap of the Zn (Te, Se) alloy is considered to be 2.03 eV
at Zn (Teg 635ep 37) [8]. Thus, the green emission of Zn (Te;_4Sex) QDs can be realized by
controlling their particle size and composition [3].

It is worth mentioning the importance of semiconductor nanocrystals generated
from their unique size-dependent optical and electrical properties, which can be utilized
in constructing optoelectronic devices [9]. Therefore, semiconductor nanostructures are
promising for application as a pure source of monochrome light-emitting diodes [10].
Light-emitting devices based on organic and inorganic structures with electrically excited
quantum dots have experienced a large development. This type of configuration becomes
competitive to the organic light-emitting devices for the application in displays because of
their unique outstanding features of simple solution processability, tunable emission color
with high saturation, and high brightness [11,12].

This paper demonstrates the realization of bottom green emission of QD-organic light
emitting devices (QD-OLED) by using Distributed Bragg Reflector (DBR) as an optical
reflector. The DBR is characterized by having a periodic structure with alternating dielectric
layers. Therefore, it can be utilized to afford a high degree of reflection in a certain
range of wavelengths by manipulating the thickness and differences in the refractive
indexes of the dielectric layers [13]. DBR mirrors have high reflectivity and a small intrinsic
absorption coefficient. The high reflectivity of light comes from the constructive interference
between the incident light and the reflected light due to Fresnel reflection. The utilization
of high-purity dielectric material leads to the production of highly efficient DBR mirrors. It
suppresses absorption and controls the thickness of layers during fabrication, leading to
obtaining the desired reflection wavelength [14]. According to these features, DBRs can be
used in photovoltaic devices [15], vertical-cavity surface-emitting lasers (VCSELs) [16], light-
emitting diodes (LEDs) [17], and solar cell actuators [18]. Furthermore, DBR is sensitive
toward electric, magnetic, mechanic, and chemical stimuli, giving various characters to be
used in different applications [19].

Kitabayashi and co-workers fabricated OLED with ZnS/CaF, DBR with different
pairs and evaluated their reflectance [20]. High-efficiency white OLED with ZrO,/Zr DBR
investigated by Yonghua et al. [17]. In addition, Zhang and co-workers fabricated green
OLEDs with ZrO, /Zr DBR by atomic layer deposition, and it was found that the ZrO, /Zr
DBR structure significantly improves the light purity of green OLEDs without interfering
with intrinsic electroluminescence properties [21].

In this work, we have attempted theoretically to compare the performance of green
QD-OLED based on different types of DBRs. We have chosen the materials of DBRs with
different index contrast to show the effect of this parameter on the performance of the
devices. In addition, different pair numbers of DBRs were used to demonstrate the effect
of this parameter on the performance of the devices. DBRs have been used as a bottom
mirror for light-emitting devices based on organic and inorganic QD structures with green
emission to investigate their microcavity effects on device performance. Zn (Te, Se) alloy
QD with green emission at a wavelength of 550 nm has been applied as an active layer.
The schematic structure of the designed device of QD-OLED with multilayered film at
the bottom side are shown in Figure 1a. As shown in the figure, we used indium tin
oxide (ITO)/DBR as a reflector anode. N,N’-Di(1-naphthyl)-N,N’-diphenyl-(1,1’-biphenyl)-
4,4'-diamine (NPB) was used as the hole transport layer and ZnTeSe alloy QD as an
emissive layer. Bis[2-(2-hydroxyphenyl)-pyridine]-beryllium (Bepp2) was used as the
electron transport layer. Finally, Lithium quniolate (Liq) was used as an electron injection
layer and Al as a cathode.
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Figure 1. (a) Schematic structure of device, (b) energy level diagram.

The investigation of light-emitting devices with green emission is very important for
many applications, one of them that can be used as a source of illumination for oxygen
saturation measurements in blood. Additionally, the green color has an important applica-
tion in non-pharmacological therapy. Recent investigations proved that green light acts as
a potential therapy in patients with episodic or chronic migraines with no side effects. It
amended the number of headache days/months and improved the quality of life in both
episodic and chronic migraine. In addition, the green light provides an additional therapy
for the prevention of episodic and chronic migraine [22].

The energy-level diagram of the device is shown in Figure 1b. According to the energy-
level diagram, the emission zone is confined to the QD layer due to good energy-level
alignments at interfaces of adjacent layers.

2. Theoretical Analysis
2.1. Distributed Bragg Reflector

The most common OLED microcavity architectures incorporate two similar metal
mirrors with variant thicknesses; one of them is fractional reflective. Another design
includes one mirror with extreme reflection consisting of a dense dielectric distributed
Bragg reflector (DBR) and other metal mirrors with low work function [17].

DBRs have tremendous relevance and acceptance in optoelectronic and photonic
devices due to their high reflectance and wavelength selectivity compared to metallic
mirrors [19]. DBR mirror contained alternating high and low refractive index layers of
semiconductor compounds. The thickness of each of the layers is one-quarter wavelength
(A/4). The reflectivity of DBR is determined by the refractive index contrast and a number
of periods [23].

A DBR mirror optical principle is based on successive Fresnel reflection at normal
incidence at interfaces between two alternating layers with high and low refractive indices
ny and n; respectively: r = Z"—;Z’ When each layer’s quarter wavelength (A/4) optical
thickness is maintained, the path difference between reflections from successive interfaces
equals half of the wavelength (A/2), or 180° out of phase. Despite the reflections (r) at
successive interfaces having alternating signs, the 180° compensation phase shift can
be obtained through the differences in path length, and all the reflected components
interfere constructively. In this case, the cumulative reflection can be enhanced by changing
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the design. The transmission matrix theory has been used in calculating the reflectance
spectrum of a DBR [24].

Reflected light from multiple films is due to the interference from the numerous
lights reflected from each of the different surfaces. The interference of light reflected and
transmitted by other contact surfaces of multiple film layers is depicted in the scheme
shown in Figure 2 [25]. The structure is designed so that all reflected components from
the interfaces interfere effectively, leading to a strong reflection. The range of wavelengths
that are reflected is termed a photonic stopband. The stopband is controlled mainly by the
index contrast of the two materials [19] that can be calculated by [24]:

_ 4/\B -1 Ai’l
A iax = o Sin <”h T ”l) (1)
Incident light Reflected light= combination of reflected beams

Y/

high index e bk

low index // [// g

highindex  \/ // J

low index \/// E 2
high index Y/f -
low index "

Figure 2. Reflectance of DBR structure.

AApay is proportional to the Bragg wavelength Ap and is sensitively affected by the
index contrast (An = nj, — n;). Thus, the elevation in An is very desirable in DBR fabrication
for both a high peak reflectance and a wide stopband width.

2.2. Cavity Emission Characteristics

Based on the concept of interfaces, the most straightforward formula for the emission
of light from the thin-film structure, including an emissive layer, can be developed into a
method that explains the transmission of a Fabry—Perot resonator structure [26]. In this
study, the microcavity was designed as shown in Figure 3 of a top mirror composed of
(Bepp2, Liq, and Al) and a bottom mirror is consisting of (NPB, ITO, and DBR), with using
ZnTeSe alloy QD as an active emission layer. The theoretical spectrum for external emission
normal to the plane of the layers of the device can be calculated based on classical optics by
the following equation [27]:

, (1- Rb » [1 IR +2(Rt) 5 Cos(4nxi)fos€0 _'_q)t)} ,
|Ecav(A)]" = 1L cosd X [Enc(A)] 2)
1+ Rt Ry — (R; Rb) s Cos(w-l-q)t-l-q)b)

where R; and R, are the reflectivities of the top and bottom mirrors, respectively, L is the
optical thickness of the cavity, |Ec(A) \2 is the free space emission intensity at wavelength
A and x; is the optical thickness between the emitting sublayer and top mirror. 8 is the
internal observation angle from the surface normal to the microcavity; ®; and ®; are the
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phase changes upon reflection to the effective reflectivities of R; and R,. According to
Equation (3), the resonance condition to maximize luminance from a cavity is given by [26]:

O+ @,  2mLcos by
2 A

=mm 3)

NPB, Lig, Al Top Mirror

ry
Emitting Layer Cavity I L

Bepp2, ITO, DBR Bottom Mirror

Substrate

Figure 3. Microcavity structure used for an optical analysis.

A measure of the quality of the resonance of the cavity is given by the finesse [28].
Finesse is described as the number of light oscillations between two mirrors at the free
space wavelength () before its energy decays by a factor of e~2”. A higher finesse exists as
a result of a higher average number of times a photon is reflected back and forth within the
cavity [29]. The finesse can be written in terms of reflectivity as follows [30]:

F— ﬂ\/RtRb

T1-R/R, @

A cavity quality factor Q, which is defined as the reciprocal of the energy loss per cycle
per energy stored in the cavity and may also be interpreted as the number of oscillations
observed before decay below e =27, can be expressed as [31]:

4R R,

T AR R

©)

Cavity photon lifetime 7, is a time constant that represents the rate at which photons
are lost from the cavity and is given by [32],

2nL

— C
“1-R/R, ©)

Tp

where c is the speed of light.

Multilayer Calculation

The transfer matrix method (TMM) has been applied to calculate the reflection spectra
for our devices; this method inherently included a standing wave enhancement effect and a
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multi-reflection with the optical cavity [33]. The electric fields, together with the magnetic
field inside and outside multilayer structures, have been calculated using TMM, giving us
the transmittance and reflectance of this kind of structure.

For homogeneous and isotropic multilayer structures, each layer is represented by a
2 x 2 matrix M; of the form:

) (isin 5/-)
M; = 08 J; T @)
ipj sind;  cosd;

where yi; is the optical admittance of j layer and §; is the phase change of the electromagnetic
radiation traversing on the j layer and can be written as follows:

2nni d; cosb;

b = (]/7\]) (8)
where 7; is the refractive index of j layer, d; is the physical thickness of j layer and 6; is the
incidence angle at j layer; herein, a quarter wavelength is considered as the thickness of
each layer to obtain the highest reflection [34].

dj= 7 ©)

The matrix relation defining the electric field (B) and magnetic field (C) of the multi-
layer structure adopted from [35] is as follows:

B K 1
(&)=Tm (., ) @)

Using Equation (10) and considering the admittance introduced by the interfaces,
which is indistinguishable from the reflectance, this idea has been applied for the reflectance
calculation through the assembly of thin films. Then, the transmittance has been deduced
from the reflectance R through T =1 — R [36]. The reflectance R, transmittance T and the
phase change on reflection ¥ are given by

2
o ‘uoB - C
o ‘ ‘Z/loB +C (1)
T — Aug psup (12)
|1oB + C|?
_ HoB —C
Y =arg 7}403 n C‘ (13)

where 9 and ps,; represent the optical admittance of the emission layer and substrate
layer, respectively. Mathcad software has been used to compute the data needed for
the calculations.

2.3. Quantum Dot Emission

In this work, we have investigated the effect of various structures of DBR bottom
mirrors on the performance of emission at 550 nm wavelength. We have adopted an
emission profile based on the published experimental results for ZnTeSe quantum dots for
internal emission. The emission peak wavelength of the ZnTeSe alloy QD varied in the
range from 530 to 579 nm by controlling the particle size in the range from 3.8 to 6.0 nm [3],
the PL emission peak wavelength for of Zn(Te;_Sex) QDs with x = 0.24 £ 0.04 QDs with
various diameters of 4.0, 4.2, 4.9 and 6.0 nm are 535, 540, 557 and 576 nm, respectively.
The dependence of the emission peaks on the size of the quantum dots is presented in
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Figure 4. From these experimental data, an empirical fitting equation has been reproduced
to express the relation between the diameter of QD (d) and the position of the emission

peak wavelength P(d):
P(d) = —3.584d? + 56.433d + 366.446 (14)
600 T T T
= — fitted
= ssof # ® measured
ey
E

mission Peak wave

.,
B
4

500 I I I
4 A

LA
(=]
d

Laa

QD diameter (nm)
Figure 4. Emission peak positions against QD size.

The QDs spontaneous emission, E;;¢(A), is reproduced by adopting simulation using
Gaussian distribution function, as follows:

2
Eint(A,d) = exp <_(A_PM))> (15)

202

where P is the position center of the peak and v was given by:
AA
V= —2 (16)
v/21n(2)

where AA is the full width at half maximum (FWHM) of QD emission. The FWHM of
QD emission was assumed to be 30 nm [7]. According to Equation (14), the emission at
550 nm wavelength of ZnTeSe alloy QD is compatible with quantum dots with a diameter
of 4.6 nm.

The refractive index and band gap of QD are the main properties that are changed by
the size of QD. The refractive index of QD ngp is calculated as follows [37,38]:

1+ {(”bulk)z - 1]
nop = (17)

1+ ()]

where 1y, is the refractive index of bulk material, the refractive index of bulk ZnTe and
ZnSe at 550 nm are 3.1 and 2.7, respectively [39]. The calculated refractive index of ZnTeSe
QD with diameter 4.6 nm for the emission at 550 nm is 2.748.
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The shift of the optical band gap of QD due to quantum confinement has a quantitative
form. According to an early effective mass model calculation by Brus, the magnitude of
this confinement energy can be modeled as a particle in a box, as seen in Equation (18) [1].

2.2 2.2
ﬁT[(l 1) h* (18)

E ) = ([ —+ ) ="
confinemet 242 \m, 1, 2 22 ‘uz

where m, is the effective mass of the electron, my, is the effective mass of the hole, y is
the reduced mass of the exciton system, and a is the radius of the quantum dot. For Zn
(Teg 76Sep.04), Me is 0.11 mg and my, is 0.64 my (Where my denotes the electron rest mass) [3].
The calculated optical band gap of Zn (Te, Se) alloy QD at 550 nm emission is approximately
2.5 eV, and this value is within the origin of the green band.

3. Results and Discussion

This study focuses on the use of a DBR as a bottom mirror; three DBRs labeled
DBR1(ZrO,/Zr), DBR2 (5iNy/Si0O;), and DBR3 (ZnS/CaF;) have been applied as bottom
mirrors. (Zr, SiO,, CaF;) played as low refractive index materials, while (ZrO,, SiNy, ZnS)
were used as high refractive index materials. Schematic-layer structures of ZnTeSe QD-
OLED with three periods of DBR1, DBR2, and DBR3 are shown in Figure 5a—c, respectively.
The thicknesses of all layers are also displayed in Figure 5. For designing the thickness of

each layer in the DBRs, we have applied L = %. According to the Bragg wavelength of

550 nm, and by using the refractive indices shown in Table 1, the thickness of multilayer
films can be deduced as follows: the thicknesses of the ZrO, and Zr of DBR1 are:

550
L(ZrO,) = o = 63.4 (nm) (19)
550
L(Zr) = ixie 84.8 (nm) (20)
(@) (&) (c)
Bepp2(46 nm) Bepp2(46 nm) Bepp2(46 nm)
g})\;} ZnTeSe QD W {;}{:} ZnTeSe QD g:};;& {:};‘;ﬁ;{ ZnTeSe QDW
ITO(71.4 nm) ITO(71.4 nm) ITO{71.4 nm)
Zr03(63.4 nm) SIN,{63.66 nm) ZnS(57.8 nm)
Zr(84.8 nm) S$i0;(94.2 nm) CaF2(96.2 nm)
Zr0:(63.4 nm) SIN,(63.66 nm) ZnS(57.8 nm)
Zr(84.8 nm) 5i0,(94.2 nm) CaF2(96.2 nm)
Zr0:(63.4 nm) SIN,(63.66 nm) ZnS(57.8 nm)
Zr(84.8 nm) 5i0,(94.2 nm) CaF32(96.2 nm)
Glass substrate Glass substrate Glass substrate

Figure 5. Schematic layer structure of three devices at 550 nm based on (a) DBR1 (b) DBR2 (c) DBR3.

| Emission |
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Table 1. Refractive indexes of multilayer films at 550 nm.

Material Zr ZrO, SiO, SiNy CaF, ZnS
Refractive index (n)  1.62 [21] 2.17 [40] 1.46 [41] 2.16 [42] 1.43 [20] 2.38 [20]

The thicknesses of the SiNy and SiO, of DBR2 are:

. 550

L(SiNy) = %016~ 63.7 (nm) (21)
. 550

L(SiO,) = Ixidd =~ 94.2 (nm) (22)

The thicknesses of the ZnS and CaF, of DBR3 are:

L(ZnS) = % — 57.8 (nm) 23)
550

Three structures were designed with a variation of a number of periods of DBR from
one to three. The reflectivities calculated by the transfer matrix model and their reflectance
are displayed in Figure 6. The refractive index at 550 nm for ITO is 1.9251 +i0.0021684 [43],
Alis 0.6 +15.2745 [44], and the refractive index of organic materials is assumed to be 1.8.
The main parameters that affect the performance of DBR are the number of periods (N)
and index contrast (An). Therefore, the comparison of the performance of devices with
emission at 550 nm based on different DBRs by changing (N) and (An) is estimated and
tabulated in Table 2.

Table 2. Comparison of the main characteristics for devices based on different designs of DBRs at
550 nm.

Index Contrast No. of Stop Band Peak Quality

DBR Design An Periods (N) ~ Width (nm)  Reflectivity [ 1e55¢ Factor EL Intensity
DBR1
Zron 0 055 1 101 0.336 2.461 2.459 5319
2 0.550 4338 7.637 8261
3 0.718 7.04 20.124 11711
DBR2
SNL/S0) 07 1 136.008 0.412 3.018 3.701 6.228
2 0.67 6.077 14.965 10.601
3 0.833 10.67 46.054 14.648
DBR3
(2SOt 0.95 1 178 0.498 3.784 5.803 7.43
2 0.779 8.67 30417 13.279
3 0914 15.613 98.816 15.409

The main feature for the effect of variation of DBR periods can be observed in Figure 6.
Clearly, the calculated reflectance seems to achieve higher values with the increasing
number of DBR periods. In addition, the maximum reflectivity increased for DBR based
on ZnS/CaF,, which has the highest (An) relative to DBRs consisting of ZrO,/Zr and
SiNy /SiO5.
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Figure 6. Reflectance spectra by the number of pairs for devices based on (a) DBR1 (b) DBR2
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It is worth mentioning that the reflectivity of DBR3 with a number of periods equal to
2 is larger than that for the DBR1 with n = 3; this is because of the large differences between
the values of index contrast. The values of An for DBR1 and DBR3 are 0.55 and 0.95,
respectively. Consequently, by using DBR3 consisting of ZnS/CaF,, we can obtain high
reflectance and a wide stopband by applying a small number of periods. The decreasing
number of periods has many scientific and economic benefits, such as avoiding scattering
losses and saving time and materials.

The calculated finesses of DBR structures with a varying number of periods are
presented in Table 2. Figure 7 shows the finesse as a function of a number of DBR periods for
three configurations applied in this work; the finesse increases with an increasing number
of periods for the three devices with various DBR structures; additionally, the highest
finesse (15.613) was found for DBR3 with three periods due it is the highest reflectivity of
(0.914).

16
14 mDBR1
H DBR2
12 mDBR3
v 10
@
cC 8
i
6
4
| mAE
0
1 2 3

No of period

Figure 7. Calculated finesse versus number of DBR periods for devices based on (DBR1, DBR2,
and DBR3).

The graph of stopband against index contrast is shown in Figure 8. Obviously, the
increase in index contrast leads to an increase in the stopband width, reaching 178. CaF,
clearly exhibits a smaller refractive index than ZnS, leading to a high index contrast
(An = 0.95) compared to SiN,/SiO, (An = 0.7) and ZrO,/Zr (An = 0.55), as reported in
Table 2. The enhancement of the stopband width of DBR3 arises from the highest refractive
index contrast between high and low refractive index materials (An = 0.95).

The characteristics of the multimode cavity of the device with emissions at 550 nm
based on three periods of DBR are discussed. We have investigated different devices based
on the three types of DBR with varying cavity modes through changing the cavity length.
The cavity lengths of several resonance modes are given by Equation (3); by varying mode
index (m =1, m =2 and m = 3), the cavity length can be adjusted for resonance mode. Table 3
summarizes the main characteristic parameters of the device with emission at 550 nm for
three cavity modes. Clearly, the highest cavity enhancement factor and photon lifetime is
obtained for the device with mode index m = 3 and attributed to the increase in the cavity
length at this mode.
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Figure 8. Plots of stopband width and bottom mirror peak reflectance versus refractive index contrast.

Table 3. Cavity characteristics of the device with three periods of DBR3 at 550 nm.

Cavity Mode Opticeﬂ gCt;:llvity Cavity f::?::;cement Photon( ll;;fe Time
1st 236 154 8.667
2nd 511 16.451 18.74
3rd 786 16.997 28.82

The external emission intensity spectrum of the devices was simulated using Equation (2)
with an increasing number of periods of DBR1, DBR2, and DBR3. The obtained intensities
of the emission peaks are presented in Table 2. The emission spectra of all devices with
different structures of DBR are shown in Figure 9a—c. Clearly, the number of periods causes
a pronounced effect on the emission characteristics. The emission spectrum’s full width
at half maximum (FWHM) decreases, and the peak intensity increases at the resonance
wavelength as the number of periods increases. The improvement in the output light
intensity of devices with increasing period number is ascribed to the increase in reflectivity.
It is worth mentioning that the performance of the device based on DBR3 consisting of
ZnS/CaF, revealed better performance relative to other devices. Consequently, we selected
the device based on DBR3 consisting of ZnS/CaF; to investigate the effect of resonance
mode on the emission spectra. Furthermore, ZnS/CaF, possesses low absorption and a
high index of contrast for emission at 550 nm. In addition, future fabrication of ZnS/CaF,
can be carried out on the substrate at room temperature, which benefits consuming time
and avoiding damage to soft materials. The electroluminescence spectra of the device with
three cavity modes are shown in Figure 10. Increasing the mode index of the cavity leads
to a pronounced improvement in emission intensity. The increase in emission intensity is
attributed to the increase in cavity length. Furthermore, the increase in cavity mode leads
to the enhancement of the central wavelength at the expense of the other wavelengths and
consequently causes a pronounced decrease in the line width.
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Figure 9. Electroluminance spectra for devices based on (a) DBR1 (b) DBR2 (c) DBR3.
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Figure 10. Electroluminescence spectra of device based on DBR3 at three-resonance mode.

To verify the validity of the methodology (TMM) that we used in this work, we applied
this method to calculate the bottom reflectance of the device fabricated by Kitabayashi
et al. [20]. In this calculation, we have considered the same values of layer thickness
in the published work. Figure 11 shows the calculated bottom reflectance spectra of
the device fabricated by Kitabayashi et al. [20] with 3, 5, and 7 pairs of ZnS/CaF, DBR.
The comparison between the calculated bottom reflectance and the measured values at
a wavelength of 550 nm of the device fabricated by Kitabayashi et al. [20] is shown in
Table 4. The results indicated that the calculated bottom reflectances are compatible with
the measured experimental results.

=3 pair
0.9

0.8 =5 pair

0.7 7 pair

0.6

0.5

0.4

Bottom Reflectance

0.3
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0
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Figure 11. Calculated bottom reflection spectra of the device fabricated by Kitabayashi et al. [20].
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Table 4. The measured and calculated bottom reflectance at 550 nm of the device fabricated by
Kitabayashi et al. [20] with different pairs of ZnS/CaF,; DBR.

Calculated Bottom Measured Bottom Number of Pairs
Reflectance Reflectance [20]
0.844 0.817 3
0.976 0.974 5
0.997 0.992 7

4. Conclusions

The external emissions of microcavity light-emitting devices based on Zn (Te, Se) alloy
quantum dots as an active layer and organic structures as electron and hole-transporting
layers were investigated. The mirrors of the microcavity consist of one mirror with extreme
reflection, consisting of a dense dielectric distributed Bragg reflector (DBR), and other metal
mirrors with low work functions. The emission characteristics based on the variation in the
number of periods of DBR and cavity length were investigated. The increase in the number
of periods of DBR or refractive index contrast causes a pronounced increase in reflectivity,
which in turn improves the eternal emission of the light-emitting devices. Additionally, the
increase in the mode index of the cavity with adjusting cavity length leads to a pronounced
improvement in emission intensity.
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