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Perovskite light emitting diode based on FAPbBr;
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Abstract- Recently, organometal halide perovskite has been attracted a lot of attention to be employed in
optoelectronic devices. Perovskite desired properties like long carrier diffusion length, high radiative
recombination, and pure luminescence introduced these materials as suitable candidates to use in
optoelectronic devices. In this study, perovskite LED based on formamidinium lead bromide (FAPbBTr3) as
the emitter layer is used. Perovskite LED emits green light with A=537nm that starts emitting at 2.7V.
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1. Introduction

Organic-inorganic halide materials are emerging as
highly remarkable semiconductors during the last
few years. Their superior properties such as their
long carrier diffusion length, high
photoluminescence quantum yield, and tuneable
bandgaps over the entire visible spectral extent
enable us to use them in electronic and
optoelectronic  devices.  Furthermore, halide
perovskite can be processed from precursor
solutions at low temperature to form crystalline
direct-bandgap semiconductors with shallow traps.
The electroluminescence (EL) of these devices is
limited by non-radiative recombination at
interfaces and grain boundaries, which s
associated with defects and high leakage current
due to non-uniform perovskite layer [1,2].

In the early perovskite LEDs, CHsNH3Pbl; and
CH3NH3PbBr; were used as emitter layer for red
and green emission, respectively, with narrow
FWHM-~20 nm, while quantum dot LEDs yield an
FWHM around 30 nm. Thus, perovskite LEDs had
greatly attracted a lot of attentions. After reporting
these organic-inorganic based devices, inorganic
perovskites such as CsPbX; (X=Cl, Br, 1) were
also used as emitter layers in LEDs to provide the
fabrication of devices with higher thermal stability
and higher photoluminescence quantum efficiency

[3].

As already reported, HC(NH,),PbBr; (FAPbBI;)
shows superior carrier lifetime and diffusion length
compared to MAPDBT3 in the form of single crystal
and solution processed films, that reveals its
greater potential to be employed in optoelectronic
devices. Moreover, FA" has a larger ion radius
than MA® in the A-site of perovskite as
demonstrated in Fig (1). It leads to a higher
tolerance factor in the range between 0.9 and 1 that
is preferred at room temperature for desired crystal
stability. Therefore, FAPbBTr; is a suitable choice
as a green light emitter in perovskite LEDs [4].

1086

Organic Cation i
A 04l la O o

Metal Cation g o B B \yj
@X| &' -

Anion like: I,C1,Br / v

Caesium Methylammonium Formamidinium

Figure 1: The crystalline structure of perovskite
material.

In this study, perovskite LEDs with ITO/PEDOT:
PSS/FA based perovskite/ZnO/Ag structure is
fabricated as shown in Fig. (2), using one-step
solution processed deposition method. To improve
the PL property of the perovskite layer, also its
morphology is engineered.

2. Method

2.1. Synthesis of CH(NH,),Br (FABr)

To synthesize FABr, formamidinium acetate
powder is dissolved in hydro bromic acid (HBr)
(48 wt. %). After addition of acid, the solution is
stirred for 10 minutes at 50°C. Upon drying at
100°C, a yellow-white powder is formed that is
washed with diethyl ether and recrystallized twice
with ethanol. Before using, the powder is dried for
24 h in a vacuum oven [5].

2.3. Fabrication method

e The glass/ITO substrate with 15 Q
resistivity is sequentially washed with
deionized water and ultrasonic bath, then
oxygen plasma treated.

e PEDOT: PSS as hole transporting layer is
spin-coated at 4000 rpm and anneal at 140 °C
for 10 min.

e Perovskite precursor containing FABr and

PbBr, dissolved in DMF is deposited using
one-step method at 4000 rpm and annealed at
70°C.
In the next step, the electron transporting
material, ZnO nanoparticles, is spin coated at
6000 rpm.

e Finally, Ag is deposited as the device contact.
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Figure 2: Schematic of the structure of the
fabricated PLED.
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Figure 3: The energy level diagram of
ITO/PEDOT: PSS/FAPbBr; perovskite/ZnO/Ag
device.

3. Result and discussion

The energy level diagram of ITO/PEDOT:
PSS/FAPDbBr; perovskite/ZnO/Ag device is
shown in Fig. (3). as observed in Fig. (4),
morphology of the perovskite layer is strongly
dependent on the ratio of formamidinium
bromide and PbBr,. The desirable grain size
for more efficient charge carrier confinement
and radiation recombination in LEDs is
achieved when, 3:1 ratio of FABr: PbBr; is
used (Fig.4).

As SEM images show in Fig. (4), within
increasing the FABr ratio precursor, grains
become smaller and the surface coverage
enhances. However, the presence of a high
amount of excess FABTr in the layer leads to
the loss of the stability of the layer.
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Figure 4: SEM images of the perovskite layers
synthsized from precursors containing different
ratios of FABr: PbBr,, (SEM images scale bar is

10um).
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Figure 5: XRD patterns of FAPbBr; synthsized
from precursors containing different ratios of
FABr: PbBr,
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The X-ray diffraction (XRD) patterns in Fig. (5)

depict that the FA-based perovskite has a Pm3m
cubic crystal structure that shows no dependency
on the precursor ratio [6].

Fig. (6) presents the absorption and PL spectra of
the perovskite film synthesized from the precursor
with 3:1 ratio. The small grains formed in this film
provides a desirable PL performance which its
peak locates at 530 nm.
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Figure 6: PL spectrum and absorption spectrum of
FAPbBIr;

[N

o
©

— 31

e o o
> N ©

o 9 o9
w

Normalized EL Intensity (a.u.)
S &

450 500 550 600 650
Wavelength (nm)

Figure 7: EL spectrum of the PeLED with 3:1 ratio
of FA-perovskite precursor as emission layer

EL spectrum of the fabricated device is presented
in Fig. (6). Remarkably, the device starts its
emission at 2.7V at A=537 nm with FWHM of 20
nm.

4. Conclusion

In summary, the effect of the various ratios of
precursors on the morphology and crystalline
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structural of the FAPbBr; layer was investigated. It
was depicted that the 3:1 ratio was the best ratio
with suitable morphology. It provided the
fabrication of high efficient perovskite LED that
started its emission at 2.7 V (at A=537 nm with
FWHM of 20 nm).
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