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Rectification and tunneling effects enabled by Al,O3; atomic layer deposited

on back contact of CdTe solar cells
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Atomic layer deposition (ALD) of Aluminum oxide (Al,O3) is employed to optimize the back
contact of thin film CdTe solar cells. Al,O3 layers with a thickness of 0.5 nm to 5nm are tested,
and an improved efficiency, up to 12.1%, is found with the 1 nm Al,O3 deposition, compared
with the efficiency of 10.7% without Al,O; modification. The performance improvement stems
from the surface modification that optimizes the rectification and tunneling of back contact. The
current-voltage analysis indicates that the back contact with 1 nm Al,O3 maintains large tunnel-
ing leakage current and improves the filled factor of CdTe cells through the rectification effect.
XPS and capacitance-voltage electrical measurement analysis show that the ALD-Al,03 modifi-

cation layer features a desired low-density of interface state of 8 x 10'°cm™? by estimation.
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The performance of a CdTe thin film solar cell strongly
depends on the nature of the back contact because it is chal-
lenging to compromise the CdTe material to most electrode
materials.'™ To date, extensive efforts have been devoted to
optimize the back contact based on nano-structures and physi-
cal concepts.”™ For example, we have shown previously that
copper-nanowire back contact could be a controllable interme-
diate layer to enhance CdTe cell performances.4 In the mean-
time, Al,O5 has been reported to be a promising candidate to
passivate | -type silicon (Si) material due to its good chemical
and field-effect passivation, which is induced by the negative
charge in the Al,O5 layer from Al vacancies, O interstitials,
and extrinsic H.™"" Additionally, AL,Os is a good candidate
as an modification material for CdTe, because the lattice mis-
match is only 3.7% between the unit cell of (0001) surface of
AL,O; and the unit cell of (111) surface of CdTe.'? Therefore,
a smooth interface of Al,O3/CdTe with strong chemical bond-
ing and surface modification is expected to enhance the per-
formance of CdTe solar cells.

Among the various methods for depositing Al,O3, atomic
layer deposition (ALD) is attractive due to the ultra-thin film
with excellent coverage. A 0.5-10nm thickness is sufficient
to tune the tunneling current by controlling the thickness.’ In
this letter, we demonstrate a nano-structured back contact of
CdTe solar cells with Cu dopant and ALD-Al,05 with thick-
ness from 0.5 nm to 5 nm. The CdTe solar cells based on such
Al,O5 ALD layer displays superior performance of efficiency
due to the optimized rectification and tunneling effects.

CdTe solar cells were fabricated as following: 200 nm
thick CdS window layers were grown by radio frequency
magnetron sputtering (RF sputter), and then CdTe absorber
layer was deposited by close space sublimation (CSS). For
the back contact treatments, the ultrathin and uniform Al,O5

LLC. [http://dx.doi.org/10.1063/1.4926601]

films were deposited by ALD using alternating pulses of
Al(CHj3); (Trimethylaluminium, TMA) and water as the pre-
cursors. Au was then evaporated as electrode. The procedure
details were described in supplementary material, and the
material properties are shown in Figures S1, S2, and $3.%°
The structure photo of CdTe solar cell is shown in Figure
1(a). The surface of ALD-Al,O; CdTe layer shows smooth
curvature, as shown in Figures 1(b) and S3, and the process
is described in Figs. S1-S4.?° From the XPS analysis (Figure
1(c)


http://dx.doi.org/10.1063/1.4926601
http://dx.doi.org/10.1063/1.4926601
http://dx.doi.org/10.1063/1.4926601
http://dx.doi.org/10.1063/1.4926601
http://dx.doi.org/10.1063/1.4926601
mailto:panfeng@pkusz.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1063/1.4926601&domain=pdf&date_stamp=2015-07-08

the external quantum efficiency (EQE) of a series of CdTe so-
lar cells with ALD-Al,O5 of different thicknesses. The cell
with 1 nm Al,O3 presents more sensitive response at near
infrared wavelength range (750nm to 830nm), as shown in
the inset of Figure 2(b), which agrees well with the photocur-
rent J V characteristics. The high EQE at the visible wave-
length range is mainly attributed to the reduced surface
recombination by the ALD Al,O5.* The high FF of cells with
Al,O3 is related to the enhanced holes collection of the back
contact due to the negative charges from Al,O;, which

neutralizes the positive charge in the surface of CdTe and
eliminates the defect state in the interface. The estimated den-
sity of interface state (D;) is below 8 x 10"%¢m 2 by fitting
the C-V curve of 1nm AlL,Oj; sample, as shown in Figure
S4.2°



fmax 1S the max response frequency. Obviously, the best S is
achieved in the sample with 1 nm Al,O;, as shown in Table I
and Figure S5.%°

In order to evaluate the tunneling function of ALD-Al
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