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Abstract

We have successfully fabricated single- and double-
heterostructures of lead halide perovskites using sequen-
tial vacuum evaporation. Combination of CH:NH;PbI3
and CH:NH:PbCls leads to formation of heterostructures
presumably because of considerably suppressed interdif-
fusion of iodide and chloride ions caused by large mis-
match of ion radii.

1. Introduction

Lead halide perovskite semiconductors are promising ma-
terials not only for high-efficiency solar cells but also for light
emitting and photodetection devices. The heterostructure fab-
rication of the perovskite semiconductors would further ex-
pand the possibility of perovskite applications and enables us
to realize all perovskite devices and quantum-well based pho-
tonic devices. However, fabrication of lead halide perovskite
heterostructures has not been successful to date. CH;NH;Pbl3
and CH3;NH3PbBr3 layers stacked by using pulsed laser dep-
osition or vacuum deposition were found to be spontaneously
alloyed [1, 2], and single CH3NH3Pb(I;«Bry); layers were
formed because of interdiffusion of halide ions via halogen
vacancies [3]. On the other hand, it is reported that
CH3NH3Pbl; and CH3NH;3PbBr; form solid solutions while
formation of solid solution is hindered for the combination of
CH3NH3Pbl; and CH3NH3PbCl; [4]. We have investigated
fabrication of heterostructures using CH3;NH3Pbl; and
CH3NH3PbCl; using vacuum deposition technique. In this pa-
per, we report the first successful formation of
CH3NH3PbCls/CH3NH;3PbI; heterostructures.

2. Experimental

We  sequentially  deposited  CH3;NH3Pbls;  and
CH3NH3PbCl; for single-heterostructure fabrication, and
CH3NH3PbC13, CH3NH3PbI3 and CH3NH3PbC13 for double-
heterostructure formation on glass substrates using vacuum
co-evaporation technique. The fluxes of supplied materials
were kept constant by tuning materials temperatures with PID
feedback. We set the rates of Pbl, and PbCl, to 0.15 A/s and
total pressures of CH3NH3I and CH3NH3Cl to 0.007 Pa, re-
spectively. The substrate temperature was kept at 21°C using
cooled water.

Figure 1 shows XRD pattern (20w scan) of a
CH3NH3Pbls/CH3NH;PbCls (single-heterostructure) sample.
We have confirmed that the sample does not change into sin-
gle layer of homogenous alloy and that two independent I-
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Fig. 1 XRD pattern (28 @ scan) of CH3;NH3;PbCls/

CH3NH3PblIs/glass (single-heterostructure). The pattern around
15° is expanded in the inset.

Fig. 2 SEM image of the fabricated single-heterostructure. The
line distributions of I and Cl atoms on the yellow line are rep-

resented in red and green curves, respectively.
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Fig. 3 Ellipsometric spectra of the fabricated single-heterostruc-

ture sample.
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rich and Cl-rich CH3NH;Pb(I;-,Clx)3 phases exist. Concentra-
tions of each phase estimated by assuming Vegard’s law are
CH3NH3Pb(I()‘39C10,11)3 and CH3NH3Pb(I()‘07C10,93)3. In cross-
sectional SEM image of the single-hetero structure shown in
Fig. 2(a), two separate layers (a 560-nm-thick
CH3NH3Pb(I.07Clo.03)3 top layer with 40-nm-size grains and
a 430-nm-thick CH3NH3Pb(Io.39Clo.11)3 bottom layer with 100
nm-size grains) are clearly observed. Line distributions of
chloride and iodide atoms shown in Fig. 2(a) also indicate
successful formation of the heterostructure. Figure 3(a) rep-
resents ellipsometric spectra of the fabricated single-hetero
structure sample. In the wavelength range from 400 nm (ab-
sorption edge of CH3NH3Pb(Io.07Clo.93)3) and 750 nm (absorp-
tion edge of CH3NH3Pb(Ios9Clo.11), interference fringes due
to  multiple  reflections in  the 560-nm-thick
CH3NH3Pb(I.07Clo.03)3 top layer are clearly observed. Inter-
ference fringes observed in the wavelength range from 750
to 1600 nm are due to multiple reflections in the 1-pm-thick
whole perovskite layers . The clear interference indicates that
interface between two perovskite layers is satisfactorily ab-
rupt, smooth and flat.

Figure 4(a) represents XRD pattern of a fabricated
CH3NH3PbC13/CH3NH3PbIs/CH3NH3PbC13 (double-hetero-
structure) sample. Two independent phases of
CH3NH3Pb(I()‘96C10,04)3 and CH3NH3Pb(I()‘01C10,99)3 alloys are
distinguished. As shown in cross-sectional SEM image (Fig.
4(b)), the double-heterostructure is successfully formed. The
structure consists of a 220-nm-thick CH3NH3Pb(1o.07Clo.93)3
top layer/a 710-nm-thick CH3NH3Pb(Io.89Clo.11)3 intermediate
layer/ a 650-nm-thick CH3NH3Pb(I.07Clo.93)s bottom layer.
Line profiles of iodide and chloride atoms also support suc-
cessful formation of double-heterostructure. In ellipsometric
spectra of the fabricated double-heterostructure sample
shown in Fig. 5, observed interference fringes owing to mul-
tiple reflections are consistent with the sample structure.

We have confirmed that CH;NH3PbBrs/CH3;NH;PbI; se-
quential deposition leads to spontaneous alloying and thus
heterostructure cannot be formed. Although slight alloying
occurs in the CH3NH3;PbCls/CH3NH;3Pbls system, hetero-
structures can be fabricated as described above. We suggest
that reduced spontaneous alloying in the
CH3NH3PbCls/CH3NH3PbIs system can be attributed to the
large difference between ion radii of chloride and iodide ions
which hinders diffusion of iodide ions through chloride va-
cancies. This is supported by the fact that measured compo-
sition of iodide ions entering into CH3NH3PbCls is smaller
than that of chloride ions in CH3;NH3Pbl;.

3. Conclusion

We have succeeded in fabricating single- and double-het-
erostructures based on the combination of CH;NH3PbCl; and
CH3NH3Pbl; by using sequential vacuum co-evaporation.
Although spontaneous alloying slightly occurred, independ-
ent perovskite phases and layers were formed. The interfaces
between perovskite semiconductors are optically flat, smooth
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Fig. 4 XRD pattern (26 @ scan) around 15° (a) and cross-sec-
tional SEM image (b) of the fabricated double-heterostructure
sample. The line distributions of I and Cl atoms on the yellow
line are shown in red and green curves, respectively.
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Fig. 5 Ellipsometric spectra of the fabricated double-hetero-

structure sample.

and abrupt. The formation of the heterostructure is presuma-
bly owing to reduced interdiffusion of halide ions.
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