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In this research, the passivation properties of a stack of silicon nitride (SiN.) films over silicon dioxide
(Si02) on n-type Si wafers to study its effect on the Front Surface Field (FSF) in PERT solar cells were
investigated. The silicon wafers underwent an identical thermal oxidation process for 30 min at 850 °C (10 nm)
in an oxidation oven. SiN; materials have been deposited by Plasma Enhanced Chemical Vapor Deposition
(PECVD) on an n-type Silicon substrate, silicon nitride, where precursor gas ratios (R = NHs/SiN4) are adjusted,
then Rapid thermal processing (RTP) co-firing at a temperature of 750 °C for 60 s was used. Where the
phosphorus diffusions are done using POCls as a dopant source at a temperature of 820 °C for 15 min in a tube
furnace. The reflecting index shows that the double layers of SiN/SiO: films in the solar cells allow the
antireflection effects, and the good passivation of the emitters has led to better electrical performance, which
was confirmed using the Sinton WCT 120 quasi-steady state photo-conductance (QSSPC) using n*/n/n*
symmetrical lifetime samples. The SiN. layers that are deposited on SiOz exhibit superior bulk and surface

passivation characteristics.
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1. INTRODUCTION

Passivated Emitter and Rear Totally Diffused (PERT)
solar cell is a member of Passivated Emitter and Rear
Contact (PERC) family, n-type PERT is considered a
promising candidate in photovoltaics (PV). When
combined with homogeneous FSF, PECVD SiOx may
successfully stop the SRH surface recombination and
prevent light-induced deterioration (LID) of n-PERT
[1, 2]. One common problem with surface passivation
employing plasma SiN; films is the comparatively low
stability of the passivation quality during the annealing
procedure [2]. A substantial lifetime increase was
observed by depositing SiN: on the top of SiO:z layer
[38, 4]. Passivation of the front and rear surfaces is
considered an effective approach for enhancing the
electrical performance of the manufactured cells. In
addition to reducing reflection losses, surface passivation
for diffused n* emitters and hydrogen passivation of bulk
defects are simultaneously provided by amorphous SiNx
films produced by plasma-enhanced chemical vapor
deposition (PECVD) [5, 6]. This work aims to clarify the
impact of SiN./SiO2 double-passivation layer on n-type
mono-crystalline silicon wafers (n-type Si) paving. The
way for the production of efficient solar cells. n-type Si
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wafers have several advantages, as numerous studies
have demonstrated their high resistance, high tolerance
to metallic impurities, and reduced light-induced
degradation caused by B-O complexes [7-11]. The
international technology roadmap for photovoltaics
(ITRPV) predicted that monocrystalline n-type Si
substrates will account for more than > 30 % of the global
market over the next ten years [12]. Three distinct
crystallographic structures of stochiometric (SizNy),
known as (a, S, and y) phases, exist [13]. By adjusting the
N/Si ratio of the films, it is possible to customize the
refractive index of a-SiN. [14]. The SiO2/SiN. double
layer is more thermally stable than SiNx monolayers,
which show degradation after thermal annealing. Such
SiN,/Si interfaces can increase passivation quality by
introducing a thin oxide layer [15]. In this work, a
double-passivation layer of SiN./SiO:2 was deposited on
Cz-Si (n) wafers with a symmetrical emitter structure
(n*/n/n*). Effective carrier lifetime was determined using
quasi-steady state photo-conductance (QSSPC) to assess
the quality of the passivated wafers. The optical
properties of the pre-pared double-passivation layers
were also investigated. Further properties as quantities
of elements present on the surface were analyzed using
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X-ray  photoelectron  spectroscopy (XPS), SEM
examination in conjunction with cross-sectional analysis
(EDS) was carried out to examine the surface
morphology.

2. EXPERIMENTAL DETAILS
2.1 Material and Methods

Czochralski-grown (CZ) n-type monocrystalline Si
wafers (4-inch size) were used to produce n*/n/n*
structures with 1-3 Q-cm base resistivity, and a thickness
of ~ 360 um. After the Piranha etching procedure (Fig. 1),
the nn* junction was created by diffusing phosphorus
oxychloride (POCls) at 820°C for 15 minutes. After
diffusion process, phosphorus silicate glass (PSG) was
removed by dipping in HF. All the samples were rinsed in
deionized water and dried. Using the flow of gas N2/O2 at
850 °C, a thermal oxidation porous was achieved in a
quartz tube furnace for 30 min; in the second step,
SiNx:H films were deposited using silane (SiH4) and
ammonia (NHs) as precursor gases with variable flow
ratios of 4, 5, 6.5, and 8 deposited at low temperatures of
380 °C in a PECVD reactor from SEM-CO Engineering,
followed by Rapid thermal processing (RTP) at a
temperature of 750 °C for 60 seconds. N1, N2, N3, and N4
refer to the samples prepared at R =4, 5, 6.5 and 8 ratios,
respectively. Using a UV-Visible spectrophotometer Cary
500, reflectance measurements were performed for the
SiNx/SiO2 double-layer. The Fourier transformed infrared
(FTIR) spectroscopy.

n-type S1-CZ
MaOH etching + Piranha etch cleaning

Phosphorus diffusion (POCL:) -
820 °C /15 min

HF dip (PSG etched)
Thermal oxide : 8507C/30min

PECWVD silicon nitride (SiN=) films
R= NH:/SiNy (%) = 4. 5, 6.5, and 8

Rapid Thermal Processing (RTP):
T750°C/60 5

SiOn

n-type Si-CZ

Characterisations :
Reflectance. FTIR, XPS, SEML
EDS. and QSSPC

Fig. 1 - Flow chart of fabrication of symmetrical n*/n/n* structures

Thermo Nicolet NEXUS 670 was used in the
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400 — 4000 cm-1 range to identify the bonding
characteristics of the layers. The X-ray photoelectron
spectroscopy (XPS) Escalab Xi* depth profiling allows us
to deter-mine the nature of the chemical elements
present on the surface of our samples. The morphology of
the SiN./SiOz layer surfaces is determined from scanning
electron microscope (SEM) JSM7610F Plus images. Peak
intensities measured by Energy Dispersive Spectroscopy
(EDS), are used in quantitative analysis to determine the
concentration of a particular element in a sample. The
Sinton Instruments photo-conductance decay tester
(WCT-120) was used to measure the effective lifetime of
symmetrical n*/n/n* structures [16], with a quasi-steady-
state photo-conductance (QSSPC) tool.

2.2 Characterization

The characterization techniques used were mainly
four-point probe (CMT-SR2000N, Chang-Min Co, Ltd.,
2000) to measure the resistivity, quasi-steady-state
photo-conductance (QSSPC) for life-time measurements,

scanning electron microscopy (SEM) and energy
dispersive spectrometer (EDS) for morphology and
chemical composition analysis, electrochemical

capacitance-voltage (ECV) profiler PN 4300-PC and
secondary ion mass spectroscopy (SIMS) to perform
doping profile measurements.

3. RESULT AND DISCUSSION
3.1 Reflectance Measurements

The reflectivity of some double-layer SiO2/SiN; films at
a wavelength ranging from 611 nm to 780 nm, using
reflectance measurements with different gas flow
coefficients (R = NHs/SiNy), is presented in Fig. 2.

100
R1=6,52% ; Rp;=9,74% — Si
R2= 6.52% : Rp,=13.45% —— N1 (SiN,)
80 A\ R3=4% :Rp;=16,94% N2 (SiN,/Si0,)

R4= 5% : Rps=22,83% R R

_ —— N3 (SiN,/SiO0,)

% 60 - —— N4 (SiN,/Si0,)
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Fig. 2 — Reflectivity of SiN,/SiOz double layer with different gas
flow coefficients (R = NH3/SiNy)

The weighted average reflectance value is deter-
mined using Eq. 1, [17]:
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Where R(1) is the reflectance measured of the solar
cell for the corresponding wavelength A and ¢(1) is the
spectral irradiance of the solar spectrum AM 1.5G. The
thickness of the double layer was also calculated from the
following law [17]:

A .
d: min 2
4n @

where "d" represents the thickness of the layer, "1" is the
wavelength of the incident light, and "n" is the refractive
index of the layer material.

Table 1 — Calculated weighted reflections R, of different

passivation layers

Samipiles Paimatmn Weighted Bein | min
avers EBa

N1 iz 974 1.672 | 611

N2 SNy 5102 13.45 0.493 | 636

N3 1N/ 5102 16.97 1.287 [ 709

N4 SNy 5102 2283 0.688 | 783

Fig. 3 below shows the relationship between re-
flectance and SiN./SiO2 thickness. A thin oxide/nitride
stack offers surface passivation marginally superior to
the best single-layer SiNx passivation. We used equation
number 2 to see that, SisN4 thickness is varied from
65 nm to 90 nm, and no interlayers exist between SizN4
and Si. Higher values for k cause the layers to become
lighter absorbing, and the lower the value for R, the
higher the value for the refractive index [18].
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However, the much increased thermal stability of the
surface passivation provided by the thin oxide/nitride
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stacks compared to the single-layer SiN. passivation is
even more significant [19]. Lauinger T et al., found that
the comparatively low stability of the passivation quality
during annealing treatments is a common issue with
surface passivation employing plasma SiN films [20].

3.2 FTIR Characterization

Fig. 4 depicts the FTIR spectrum of the SiN./SiOs
double-layer measured on of N4 sample. The presence of
bonds of interstitial impurities of carbon originating from
the elaboration is observed, in addition to the bonds of
Si-O and Si-N predicted by our experiment, due to the
deposition of nitride and thermal oxidation.
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Fig. 4 — Spectrum of absorbance of N4 sample as a function of
wave number

In various vibrational modes, a substantial number of
distinct hydrogen bonds, whether Si-H, O-H, or N-H, are
also observed. Although FTIR cannot quantify the exact
amounts of hydrogen content, it can represent a decent
approximation of the bonding structure. An FTIR, simply
reveals the material’'s bonded amount of hydrogen. In
addition to the little proportion caused by the elaboration
of the silicon, carbon Si-C (carbonaceous residues are found
at peaks at specific places due to contamination by the CH3
present in the air) contamination is seen. The temperature
of 750 °C was considered a critical temperature since the
amorphous silicon nitride thin films are often subjected to
thermal processes including rapid thermal annealing for
metal contact firing at this temperature. One may suggest
that after a Rapid Thermal Processing (RTP) process at
high temperatures (over 700 °C), the Si-H peak is not
eliminated and the N-H peak is 30 % of the total hydrogen
content. We conclude that the hydrogen releases from SiNx
during the RTA annealing process.

3.3 XPS Characterization

This technique offers a comprehensive understanding of
the types and quantities of elements present on a given
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surface. In this respect, we display in Fig. 5 (a), the XPS
survey spectra of SiOz2, N2, N3, and Ny samples. The core
level photoelectron peaks, namely Si 2p, N 1s, O 1s, and C
1s, corresponding to silicon, nitrogen, oxygen, and carbon,
respectively, are discernible in the figure 5. Additionally, the
Fig. 6 depicts also the peaks associated with C KLL, N KLL,
and O KLL Auger transitions, which are linked to carbon,
nitrogen, and oxygen elements. The atomic percentages [at.

JJ. NANO- ELECTRON. PHYS. 17, 01002 (2025)

%] of N, Si, O, and C elements are derived from the signals
of N 1s, Si 2p, O 1s, and C 1s, respectively.

These calculations are succinctly presented in the
table included in Fig. 6 (a). To facilitate comparison,
these atomic percentages are then graphically
represented in Fig. 6 (b). This visualization enables a
clear and concise understanding of the elemental
composition across the different samples.
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Fig. 5 — Elements analysis of SizsN4/SiO: films measured by XPS. (a) Spectra of SiO2z, N2, N3; and N4. (b) Atomic percentages. (c) C

peak. (d) O peak. (e) Si 2p peak. (f) N peak
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Table 2 — Atomic percentage of elements analysis and
recalculated taking into account the relative sensitive factor (RSF)

Atomic percentages [at. %]
Samples i N o C
RSF 0.865 157 285 1
N1 34 I 95.50 111
N2 §.62 2568 a7 2.7
N3 291 2595 3877 234
N4 1064 3332 535 254
—— N4
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— N2
— N1
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Fig. 6 — Elements (C 1s, Ols, Si 2p and N 1s) analysis of SisNy
films measured by XPS

3.4 SEM Characterization

SEM analysis coupled with (EDS) and cross-sectional
analysis, were performed to study the surface morphology.
We assume that they are oxygen deposits or
recrystallization with the help of microscopic analysis,
disks whose diameter at the interface varies between 45
and 100 nm could be distinguished. Crystals of silicon [18,
20], formed by holding at 750 °C during the RTP anneal
and solidified by rapid cooling during this process Fig. 7.

The intricacies of the surface morphologies are revealed
by the SEM data; the growth on the SiN, area is in fact a
continuous film with a rough, grainy surface. SiN«/SiOs

J. NANO- ELECTRON. PHYS. 17, 01002 (2025)

structures that were deposited on silicon substrate are
depicted in cross-section SEM images in Fig. 8.

Fig. 7— SEM image top view morphology of sample N3

Fig. 8 — Cross-sectional SEM image of Ny

This is thought to be brought on by what is known as
"blistering of the SiN. layers," which is the layer's
excessive hydrogen release during thermal annealing.

From de Fig. 7, we can conclude that the precipitated
SiNx and indicates that the porous layer deposition
process is dependent on the silicon surface gas flow rate.
Even while the EDS elemental analysis precision may
not match that of XPS, it is nevertheless a faster and
easier method of studying elemental composition. The
EDS analysis confirmed the presence of Si, N, O, and C
for all the samples prepared with different gas ratios,
confirming the results calculated by XPS.

EDS analysis was used to confirm the presence of
65.48 % silicon 24.61 % nitrogen, 8.9 % oxygen, and
1.01 % carbon as shown in Fig. 9.
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Fig. 9 — EDS images of the sample prepared N = 4

3.5 QSSC Characterization

The carrier lifetime is a crucial metric for measuring
surface recombination. The lifetime can be determined using
the photoconductance decay method by the WCT-120 Sinton
lifetime tester. We examined the surface passivation after
depositing the SiO2 layer on n-type Cz-Si. Then, we
investigated the coated SiNx layer after overlaying it on the
Si0z2 layer using QSSPC measurements.

Table 3 — Injection level effective minority carrier lifetime at
10 cm -3

Ve Ji Teff1 Teff? Teff3
Samples . - -
(Volt) | (103A/em?) | (10%ps) | (10%us) | (10%ps)
N1 0.6832 2,8919 281.91 24144 | 333,74
N2 | 06852 2,710% 20737 | 330,65 | 333,73
N3 0,6852 2.8764 230,83 79,30 313,86
N4 0.6851 48785 12,91 13,26 133,72

* Tofr1: raised after oxidation;
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* Zfp2: reading after SiNy passivation;
* Zof3: raised after RTP.

Table 3 shows the effective minority lifetimes for all
samples of compensated n-type Cz silicon wafers. These
results show that there can be a significant improvement
in the minority charge carrier lifetime induced from
adding passivation layers. Diffusion of hydrogen from the
SiN; layer into the silicon during the RTP stage is what
causes this improvement in bulk lifetimes and its quality.
A significant lifetime enhancement is seen following the
deposition of SiN layers on the SiOsz. Vo obtained with a
SiN/SiO2 is 680 mV, Hubner et al. confirm that SiNx
passivated cells with n*-diffused emitters had attained
open circuit voltages of 649 mV [20].

4. CONCLUSION

The optical and physicochemical characteristics of
double-layer passivation coating made of (SiN./SiOs)
deposited on n-type monocrystalline silicon wafers
deposited by thermal oxidation and PECVD, respectively,
were thoroughly investigated. We primarily examined
the effect of the ratio of the flow rates of the precursor
gases R = NHa/SiH4 for their use in solar cell application,
which we have varied between 4, 5, 6.5, and 8. Lifetime
measurements used to assess the surface passivation
quality of SiNx deposited on thermally grown oxide on Si
surface. The optical properties showed good anti-
reflection properties for R=6.5. It has been
demonstrated that this PECVD technique, when used in
conjunction with heat treatment after SiO2 oxidation, can
serve as an excellent AR coating and enhance the quality
of the bulk silicon. The double layer passivation
demonstrated a rise in the bulk life-time of minority
charge carriers; it can wait more than 350 us after RTP
Annealing.
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Bronue mapie macusanii SiN,/SiO: na posciszHe mosie moBepxHi
B KPEMHI€BUX IIJIACTUHAX N-TUILY

B. Labdellil, A. Boucheham?!, L. Benharrat!, A. Djelloul?, N. Chahinez!, M. Alloun2, S.Y. Lamri2

1 Centre de Reqherche en Technologie des Semi-Conducteurs pour I’Energétique ‘CRTSE’, Alger, Algérie
2 Ecole Nationale Polytechnique Département de Métallurgie, 16200 Alger, Algeria

¥ poboTi mpencraBieHl pe3ysIbTaTH JOCIIKEHb BIACTHBOCTEN IIacHBAIlil MaKeTy ILUIIBOK HITPHAY KPEMHI
(SiN) mosepx mioxcuay kpemuin (Si0O2) Ha KpeMHIEBUX TLIACTMHAX N-TUITY 3 METOK BUBUEHHS MOr0 BILIMBY HA
noste nepenuboi moBepxHi (FSF) y comstunux enemenrax PERT. Kpemuiei muiacTuay mpodnuig imeHTHIHUN
mporiec TepmivHoro okucaenHs nporsarom 30 xsuiue npu 850 °C (10 HM) B meui i okucieHHsa. Marepiaau
SiN; Oym HaHeceHl 3a JOIIOMOIOI0 ILJIa3MOBO-IIOCHJIEHOIO XIMIYHOTO ocaskeHHs 3 maposol ¢asu (PECVD) ma
KPEeMHIeBY MiAKJIANKY N-TUIY, HITPUI KPEMHI0, e PeryJoBaji CIIBBIOHOIIEHHSA raady-romepequuka (R =
NH3/SiNy), notiM BukopucroByBanu meuary Tepmiuny o0poory (RTP) cmisproro cniamoBanus mpu TeMieparypi
750 °C mporsrom 60 c. Jle gudysii docdopy mpoBogsarses 3 Buxopucranaam POCls ax mxepelia IO0mMaHTy IpU
temiepatypi 820 °C mporsrom 15 xBuauH y TpyOdacrii meui. [TokasHuk BIZOWTTSA MOKa3ye, IO MOABINHI IIapu
mwiaiBok SiN/SiO: y coHAYHMX esleMeHTax 3a0e3neuyyiorh edeKT AHTHBIAOJINCKY, a XOpoIlla IAaCHUBALIs
BUIPOMIHIOBAYIB IIPU3BOAUTHL 0 IIOJIIIIEHUX €eJeKTPUYHUX XapaKTepucTuk. lle Oyso ImiaTBepmykeHO 3a
JoroMoro kBasicramionapsol goromposigaocri (QSSPC) Sinton WCT 120 i3 Buxopucramasm n*/n/nt
cuMeTpuUHUX 3pas3kiB TpuBasocrti smurrtsa. lapm SiN., wmameceni ma SiOs, JeMOHCTPYIOTH edeKTUBHI
XAPAKTEPUCTUKY IACUBAIIIT 00'€My TA ITOBEPXHI.

Knrouosi ciosa: SiN,/SiOz, PECVD, RTP, Monokpucramiuauii kpemsiit n-rumy, QSSPC.
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