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Abstract

The goal of this thesis is the fabrication of high-efficiency interdigitated back-
contact (IBC) crystalline silicon (c¢-Si) solar cell at low temperature and low-cost
manufacturing technology. This thesis proposes a new concept and at the same
time a simple and elegant fabrication process that has been fully developed and
culminated with the fabrication of a "cold" IBC solar cell as a proof-of-concept.

To carry out this proposal, we focus our research on the study and application of
low-temperature processes such as Atomic Layer Deposition (ALD) and Plasma-
enhanced Chemical Vapor Deposition (PECVD) to deposit dielectric layers. A
process based on laser techniques was also developed to be applied on these
dielectric layers to form p™ and nt™* regions into the c-Silicon sample. The laser
highly-doped regions are defined in a point-like structure avoiding the classical
high-temperature diffusion process. The dielectrics used, Al,O3 and SiCy(n)
stack, play the role of aluminum and phosphorous dopant sources respectively.
A detailed study is reported to find the best laser parameters and obtain the
optimal p/n™* and n/p™™ junctions. At the same time, these layers work as
excellent surface passivating films and improve rear reflectance. To get the film
which better fulfills these tasks, an extensive investigation has been performed to
optimize the deposition and post-deposition processes in terms of temperature,

time and layer thickness.

The acquired knowledge is applied to finished devices. In order to fabricate
this "cold" IBC cell, we firstly developed an IBC cell performed on p-type FZ
c-Si with a conventional phosphorous diffusion. The a-SiC,(n) stack passivates
the n-type emitter surface as well as provides phosphorous atoms to create n*"
regions or selective emitter structures after laser processing. The aluminium
atoms supplied by the AlyO3 layer form a p*™ region or Back-surface field (BSF)

after the laser processing and simultaneously passivates the p-type surface. A
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promising efficiency of 18.7% (Js. = 39.1 mA /em?, V,, = 638 mV, FF = 75.3%)
was obtained as a result of this new concept.

The first "cold" IBC cell was obtained on n-type substrate. The conventional
phosphorous diffusion is eliminated and the fabrication steps are rearranged in
order to reduce the thermal budget and the complex photolithographic steps.
The laser employed was a pulsed Nd-YAG lamp-pumped working at 1064 nm in
the nanosecond regime. The efficiency achieved was 18.0% (J,. = 39.2 mA /cm?,
Voe = 647 mV, FFF = 71.1%) on 280 um thick 2.5+ 0.5 Qem n-type FZ ¢-Si with
a designated area of 9 em?. Finally, the efficiency achieved of the "Cold" IBC
cell was boosted to 20% (Js. = 40.5 mA/cm?, V,. = 650 mV and FF= 76.4%),
changing the employed laser by a pulsed Nd:YVO4 laser operating at 355 nm
(UV) with a better laser power control and improving the FF by decreasing de
pitch from 250 pym to 125 pm.
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Figure 1.7: Schematic of the experimental ow developed along this thesis work.



10

Chapter 1.

Introduction

Chapter 2 is the starting point of this thesis.
Fundamental background as basic concepts and
parameters of crystalline silicon solar cells as well
as the intrinsic limitations are presented. Back-
contacted silicon solar cell designs are briefly in-
troduced and special attention is paid to IBC
structure and a short historic overview is given.

The last part of this chapter comprises the ex-
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In Chapter 3 basic concepts of recom-
bination mechanisms and surface passivating
films in c-Si are presented. Next, we study
in detail the Al,Os; layer and Al,O3/a —
SiC, stacks as passivating films. Surface
recombination velocity has been analyzed as
a function of deposition temperature, annea-

ling time and temperature and thickness

film.

As a second step optical properties of the
studied films i.e. Al,O3 and AlyO3/a — SiC,
stack are also analyzed in this chapter. Re-
flectance properties on polish and textured c-Si
are evaluated in order to find the best film struc-
ture that simultaneously fulfills the surface passi-
vation and the antireflection condition needed

for the fabrication of an IBC solar cell.
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The third stage of the experimental flow
scheme corresponds to Chapter 4. In this chap-
ter we explore the laser parameters in order to

find the ideal conditions to be applied in the for-

mation of the highly doped regions of the solar
cell, i.e BSF and emitter. Dark J-V measure-
ments of both n™*/p and p™ /n diodes under test are analyzed. The p** regions
results from applying laser technique through Al,Os layers and their n™* counter-
part based on Si-rich intrinsic a—SiC,(i)/phosphorous-doped a-Si/stoichiometric
a — SiC, stack laser processing. Additional HF treatment after the laser stage is

also evaluated.

In Chapter 5 we introduce the first approxi-
3 4 cSiptype 5 J mation to the final "cold" IBC solar cell. In this
——

4 n
===

nique (IR laser). The knowledge acquired about surface passivation, optical re-

chapter we fabricate a "hybrid" IBC in which one

conventional phosphorous thermal diffusion step
is involved. In this structure, the emitter and

base region contact are performed by laser tech-

flectance and laser doped technique applied to the films studied is the starting
point of the IBC fabrication. Dark J-V measurement of the precursor diodes
involved, J,. measurement, EQE, Suns-V,., reflectance measurement and simula-
tion of the optical properties of the fabricated IBC solar cells are reported. As a

proof of concept, an excellent 18.7% efficiency has been achieved.

In Chapter 6 we describe the fabrication pro-

cess of our "cold" IBC solar cell. The elimina- a-SiC,
MM
N

n-type c-Si /T]ZO3 a-SiC, (n) stack

tion of the thermal diffusion process and the re-

n++ p+

arrangement of the layers involved in the pro-

AN

cess has culminated in a promising 18.0% of effi- A

ciency. The simplicity of the fabrication process
proposed is explained in detail. Again, Dark J-V
measurement of the precursor diodes involved, J,. measurement, EQE, Suns-V,.,
reflectance measurement and simulation of the optical properties are used to

characterize the devices.
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In Chapter 7 we fabricate the final "Cold"
IBC solar cells. The laser processing type is
changed and UV (355 nm) is applied with better

power control trough the dielectric layer studied

Reflectance (%)

previously. Efficiencies up to 20% with short-

circuit current densities and open circuit volt-

ages of around 40 mA /em? and 650 mV respec-

300 550 800 1050
wavelength (nm)

tively were achieved. Efficiency is mainly limited
by series resistance limiting fill factor FF values
around 76.5% whit relatively high pseudo-FF (pFF) values over 82% and up to
83.8%.

In chapter 8, conclusions and future work are summarized
It should be mentioned that most of the results reported in this thesis have
been published in separate papers in peer-reviewed journals. Each paper corre-

sponds to a chapter as follows:

e Chapter 3
"Optimization of AlsOs films obtained by ALD to passivate p-type c-Silicon
wafers'. Presented at 27th European Photovoltaic Solar Energy Conference
and Exhibition (Frankfurt, Germany).
"Surface passivation and optical characterization of Al;O3/a — SiC,, stacks
on c-Si ". Published in Beilstein Journal of Nanotechnology, Vol.4, 726-731,
2013

o Chapter 4
"Emitter formation using laser doping technique on n- and p-type c-Si ".
Published in it Applied Surface Science,
d0i:10.1016 /j.apsusc.2014.10.140, 2014

e Chapter 5
"Base contacts and selective emitters processed by laser doping technique
for p-type IBC c-Si solar cells". Published in Energy Procedia, Vol. 77,
752-758, 2015

o Chapter 6

"Cold" process for IBC c-Si solar cells fabrication". Published in Energy
Procedia,Vol.92; 652-660;2016
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