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Abstract: The distinguishing optoelectronic properties of all-inorganic CsPbX3 (X = Cl, Br, I) have attracted 

intense attention of the materials research community and therefore in the research focus today. Here, we 

report on the conventional single-step chemical vapor deposition (CVD) grown all-inorganic CsPbBr3 

nanopillars. These nanopillars have atomically smooth surfaces and truncated nano-cone like geometrical 

shape. The structural uniqueness of the halide nanopillars makes them excellent photoemitters. Ultraviolet He-

Cd laser excitations (λ⁓320 nm) of the nanopillars exhibited dual color photoluminescence emissions 

respectively in the blue (λ⁓460 nm) and green (λ⁓530 nm) emission regions of the visible spectral range. 

Surface smoothness along with unique structural geometry make the all-inorganic CsPbBr3 halide nanopillars 

potential for future optoelectronic devices especially for dual-wavelength mode laser applications. 

Background: All-inorganic halide perovskites have many distinguishing optoelectronic properties. These 

properties can be controlled by tuning the composition as well as introducing size variations of the halide 

crystallites. Due to the above, a wide variety of structures have already been studied namely nanowires, 

nanorods, microwires, nanoplates, microplates, nanocubes, microcubes and nanosheets. As an extension of the 

previous works, here, the growth and photoluminescence property of the all-inorganic CsPbBr3 halide 

nanopilllars are discussed. 

Materials and Methods: The CsPbBr3 nanopillars are grown by the conventional single-step chemical vapor 

deposition (CVD) synthesis approach. 

Results: The smooth nanopillars having truncated nano-cone like geometrical shape showed very good optical 

emission property. Steady state photoluminescence emissions spectra obtained for the nanopillars exhibited 

dual color emissions in the visible spectral range. 

Conclusion: All-inorganic CsPbBr3 halide nanopillars are good optical emitters with dual band 

photoluminescence emissions in the green and blue regions of the visible spectral range. They have potential for 

dual-mode lasing applications. 

Key Words: All-inorganic halides; chemical vapor deposition; nanopillars; dual color photoluminescence 

emission. 
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I. Introduction 
The impressive trend of the increased photoconversion efficiency (η⁓26%) of the hybrid halide 

perovskites (OHPs) within a very short period of time (2009 - 2022), have attracted immense interests of the 

materials research community1,2,3,4,30. Also, their earth abundancy as well as easy solution-deposited absorbing 

layers in photovoltaic solar cells helped them to explore quickly compared to the other contemporary 

photovoltaic materials5,6,7. These hybrid halide perovskite materials possess many distinguishing optoelectronic 

properties including strong optical absorption8, easy bandgap tunability2, and balanced electron-hole mobility9. 

All these characteristic features make them suitable for many outstanding performance device applications 

including high efficiency solar cells10,11, light manipulation and detection related multiphoton absorbers12,13, 

single- and multi-mode lasers6,14, photodetectors2, and sensors15. Though there is an excellent research progress 

with a proven potentiality of the organic-inorganic hybrid halide perovskite-based materials, the hygroscopic 

nature along with severe thermal decomposition of the organic component made them to suffer from poor 

ambient air and thermal stability6,16. Also, the typical lithography which is an essential part of the fabrication of 

any sophisticated optoelectronic device, is not supported by this hybrid halide perovskites materials system6. All 

of the above restrict the viability of the wide range commercial applications of this novel materials system. In 

this regard, all-inorganic halide perovskites (IHPs) because of their inherent structural and compositional 

stability are considered to be the competent alternative of the organic-inorganic hybrid halide perovskites 

(OHPs), and therefore, in the research spotlight today2,17. 
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As because of the comparable optoelectronic properties of IHPs as that of OHPs, a considerable 

number of literatures have been grown up around all-inorganic lead halide perovskite (IHPs) materials during 

the last few years2,7,18,19,20,21,22. Also, since different geometrical shapes are considered to be suitable for different 

types of device fabrications, to date, several efforts have been made to realize IHPs with controlled 

morphologies like quantum dots23, nanocrystals (NCs)17, nanowires3, nanorods3, 2D nanosheets, thin films12 and 

microplates2 depending on a variety of growth techniques7. In addition to the hydrothermal synthesis, co-

evaporation, and spin coating, etc., are also used to grow IHPs where different unavoidable defect densities may 

be associated with the as-grown materials which may be ascribed to the polycrystalline nature of the final 

products6. Sometimes it is also claimed that solution chemistry is not viable for growing halide alloys. 

Consequently, the synthesis of single crystalline defect free IHPs suitable for high performance optoelectronic 

applications still remains a major challenge. Among many other issues, right choice of the synthesis technique 

could be a key contributing factor to this challenge6. Thanks to the chemical vapor deposition (CVD) growth 

technique for proving its uniqueness in growing high quality semiconductor materials using a simple setup 

including a furnace and a pumping system. It has a reputation in the mass production of almost defect free single 

crystalline materials allowing a strict control over the crystal structure and other geometrical parameters of the 

as grown materials26. Studies over the past decades have provided important information on different 

mechanisms of chemical vapor deposition (CVD) synthesis of micro-nano structured materials14. 

Photoluminescence (PL) emission is an important optical property which provides various different 

information on the studied material including optical emission, defects in crystal, external quantum efficiency 

(EQE) and photoluminescence quantum yield (PLQY), etc24. All these information is vital to design an 

optoelectronic device. All-inorganic CsPbBr3 halides are dedicatedly green emitting material compositions 

whereas CsPbCl3 compositions are of blue emitting one. However, the comparatively poor photoluminescence 

quantum yield (PLQY) obtained for the all chloride based organic-hybrid or all-inorganic pure form of halide 

perovskites suggested the search for other alternative source of stable blue emitting halide perovskite 

compositions and structures25. 

Here, we report on the conventional single-step chemical vapor deposition grown all-inorganic 

CsPbBr3 halide nanopillars. The smooth nanopillars having truncated nano-cone like geometrical shape show 

very good optical emission property. Steady state photoluminescence emissions spectra obtained for the 

nanopillars exhibited dual color emissions respectively in the blue and green emission regions of the visible 

spectral range. In addition to the desired regular green color emission, the all-inorganic CsPbBr3 halide 

nanopillars also emit blue colors. This result, therefore, suggests that all-inorganic bromide (CsPbBr3) 

composition is good as both green and blue emitting sources. Moreover, the dual color emissions from the 

nanopillars may further enhance their application prospects for devising the dual band lasers. 

 

II. Materials and Methods 
The CsPbBr3 nanopillars were grown by the conventional single-step chemical vapor deposition (CVD) 

synthesis approach. To grow the desired all-inorganic halide nanostructures, precursor materials, namely, CsBr 

and PbBr2 with a molar ratio 1:1 were initially mixed together and introduced into the CVD chamber central 

heating zone using an alumina crucible. A few pieces of c-sapphire substrates were put in the downstream 

reactor zone. The CVD tube reactor was then pumped down to less than 50 mTorr and a high purity argon (Ar) 

gas was introduced into the reactor tube at a rate of 100 sccm for 20 mins to purge the residuals. The carrier gas 

flow was then readjusted to a value of 10 sccm and a stable optimized pressure of 5 Torr was attained. Growth 

was conducted for a period of 40 mins. The CVD chamber was then allowed to reach the room temperature 

value and the samples were collected to perform different necessary characterizations. 
 

III. Results and Discussion 
To see the morphology of the as-grown CsPbBr3 halide structures, high resolution atomic force 

microscopy (AFM) imaging was performed first. Figure 1 shows the AFM morphology scan of the as-grown all-

inorganic CsPbBr3 nanostructures. The AFM scans taken randomly on three different samples are shown in 

Figure 1 (a-c). The height profiles measured on three individually chosen CsPbBr3 halide structures (marked on 

the scanning images a, b and c as ‘red circle’) are attached beneath the respective AFM scanning images shown 

in Figure 1. The length (vertical height) of the nanopillars ranges in between ⁓ ≤10 nm – 50 nm. The base and 

crest of the measured pillars are found ⁓500 nm and ⁓250 nm, respectively. The length, base, and the crest’s 

proportions have given most of the nanopillars a truncated nano-cone like geometrical shape. Since different 

shapes and geometry of the all-inorganic halides have been studied for various suitable applications4,7,18,26, the 

nanopillars may, therefore, find their prospects for future optoelectronic device applications. 
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Figure 1 High-resolution atomic force microscopy (AFM) scans of all-inorganic CsPbBr3 truncated nano-cone 

shaped nanopillars. (a, b and c) The scanning image and the corresponding height, base and crest profiles of 

different nano-cones. Profiles are measured for randomly chosen nano-cone like nanopillars. 

 

To visualize the true geometrical shape of the nanopillars, we further performed the spatial 3D atomic 

force microscopy (AFM) imaging of the nanostructures grown on the sapphire substrates. A di MultiModeV 

(Vecco) atomic force microscopy measurement system controlled by the NanoScopeV was used to perform the 

study. A spatial 3D image of the nanopillars is shown in Figure 2. It is clearly observed from the figure that the 

nanostructures are pillar-like. The high magnification image shown in the inset of the Figure 2 also confirms 

that the necessary geometrical configurations including the base to crest ratio along with the vertical height 

profile of the halide nanostructures gave them the perfect pillar like shapes. Further, the rational base - crest - 

height profiles of the nanopillars also gave them the structural stability to serve the purpose of a pillar during 

their device applications. The high magnification image shown in the inset of the Figure 2 demonstrates that the 

nanopillars have a truncated nano-cone like geometry which may facilitate and thereby enhance the device 

applications of these nanopillars. 

 

 
Figure 2 A spatially measured 3D AFM image showing the all-inorganic CsPbBr3 nanopillars. Inset (in the top-

right corner) represents the high magnification image of the truncated nano-cone like geometry of the 

nanopillars. 

 

Since all-inorganic halides are well reported as highly absorbing and emissive materials5,23, we 

performed steady state photoluminescence (PL) measurements of the all-inorganic CsPbBr3 nanopillar 

structures. A He-Cd laser working in the ultraviolet (UV) excitation region was used to optically excite the 

nanopillars. A laser power of 1.54 mW and an excitation time of 350 ms are used for the PL measurements. The 

real color emissions from the nanopillars obtained from a particular CsPbBr3 sample is shown in Figure 3. It is 
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observed that at the beginning of the UV laser exposure, the emission from the nanopillars was mostly blue in 

color while with the increase in the laser exposure time, the emission gradually changed to mostly green in 

color. Here, it is seen that within a short period of excitation time, the nanopillars emit two different 

photoluminescence colors, i.e., the nanopillars have dual PL emission property. Figure 3 shows the transitions in 

the PL emission colors starting from the blue to the green.    

      

 
Figure 3 Real color photoluminescence (PL) emission images obtained for all-inorganic CsPbBr3 truncated 

nano-cone like nanopillars. Arrow signs represent the continuous transitions from blue to green emissions. 

 

The photoluminescence spectra obtained from the steady state PL measurements of the all-inorganic 

CsPbBr3 halide nanopillars are shown in Figure 4. Almost similar observations are found for 4 different samples 

grown in the same CVD growth environment. Dual photoluminescence emissions observed in the emission 

wavelengths of (462 – 481) nm and (527 – 534) nm, respectively, correspond to the visible blue and visible 

green colors of the visible spectral range. The blue emission wavelength is found to be varied in between 462 to 

481 nm while the green emission wavelength varied in between 527 to 534 nm. It should be noted here that the 

halide compositions and all other growth parameters were same for all 4 different samples’ growth. The 

variation in the emission wavelengths for both blue and green emission colors may arise from the variation in 

the crystallite sizes of the nanopillars25,27. Comparatively larger nanopillars produce green emissions which is 

usual for the all-inorganic CsPbBr3 halide compositions. However, the blue emissions may arise from the 

quantum size confinement effect of the inorganic halide nanopillars25,28,29. The quantum confinement effects 

occurred for the nanopillar structures may have the sizes ≤10 nm. 
 

 
Figure 4 Steady state photoluminescence (PL) emission spectra of CsPbBr3 truncated nano-cone like 

nanopillars. (a, b, c, and d) PL emission spectra obtained for 4 different CsPbBr3 nanopillar samples. 
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IV. Conclusion 

In this work, we demonstrated the conventional single-step chemical vapor deposition growth of all-

inorganic CsPbBr3 halide nanopillars. The smooth nanopillars having truncated nano-cone like geometrical 

shapes showed very good optical emission property. Steady state photoluminescence (PL) emissions spectra 

obtained for the nanopillars exhibited dual color emissions in the visible spectral range. In addition to the 

desired regular green color emission, the all-inorganic CsPbBr3 halide nanopillars also emit blue colors. This 

result, therefore, suggests that all-inorganic bromide composition (CsPbBr3) is good as both blue and green 

emitting sources. Moreover, the dual color emissions from the CsPbBr3 nanopillars may further enhance their 

application prospects for devising dual band lasers. 
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