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Hydrogenated amorphous silicon oxide (a-SiO,:H) is an attractive passivation material to suppress epitaxial growth
and reduce the parasitic absorption loss in silicon heterojunction (SHJ) solar cells. In this paper, a-SiO,:H layers on different
orientated c-Si substrates are fabricated. An optimal effective lifetime (T.¢) of 4743 ps and corresponding implied open-
circuit voltage (iVoc) of 724 mV are obtained on (100)-orientated c-Si wafers. While Teg of 2429 ps and iV of 699 mV
are achieved on (111)-orientated substrate. The FTIR and XPS results indicate that the a-SiO,:H network consists of SiOy
(Si-rich), Si—-OH, Si-O-SiH,, SiO, =Si-Si, and O3 =Si-Si. A passivation evolution mechanism is proposed to explain the
different passivation results on different c-Si wafers. By modulating the a-SiO,:H layer, the planar silicon heterojunction

solar cell can achieve an efficiency of 18.15%.
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1. Introduction

Nowadays, silicon heterojunction (SHJ) solar cell has re-
ceived much attention, due to its advantages of high perfor-
mance, low cost, simple manufacturing, non-toxic, etc. Mean-
while, the word-record conversion efficiency of 26.63% has
been achieved on SHI.IM As is well known, the remarkable
passivation materials such as a-Si:H play a crucial role in
SHIJ devices, of which the open-circuit voltage (Vo) value has
reached up to 750 mV.>**| However, the SHI solar cells suffer
the parasitic absorption of a-Si:H layers, and thus reducing the
short-circuit current density (Jy) in solar cells. In addition, it
is difficult to fabricate a-Si:H film with low optical gap, which
can easily cause an epitaxial growth on c-Si substrate.’! To
avoid such a kind of loss, a-SiO,:H layers offer an optimistic
solution.

The development of a-SiO,:H was derived from the tech-
nology in which a-Si:H is alloyed with oxygen, thus an in-
crease in the optical gap was observed with increasing oxy-
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gen content (c,), which leads the parasitic absorption losses
to decrease.!®! On one hand, the alloyed oxygen can improve
passivation quality of a-Si:H, which is mainly attributed to the
manipulated defect density and suppressed epitaxial growth on

[2,7-9

c-Si substrate. 1 On the other hand, the exceeded oxygen

might lead to inferior passivation quality in the presence of

(101 Thys, the pivotal to acquiring supe-

interconnected voids.
rior passivation quality is an appropriate value c¢,. Therefore,
the passivation quality is a rather complex quantity, influenced
not only by the intrinsic properties of the layer, but also by the
characteristics of the substrate. In this paper, a-SiO,:H pas-
sivation layers with different thicknesses are investigated on
(100)- and (111)-orientated c-Si wafers respectively, aiming
to achieve better passivation quality on different substrates.
Furthermore, the passivation mechanism and the microstruc-
ture evolution of a-SiO,:H are analyzed by x-ray photoelectron
spectroscopy (XPS) and reflect Fourier transform infrared (Re-
FTIR) spectroscopy. Finally, the a-SiO,:H layers are applied
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to bifacial-polished silicon substrate for SHJ device fabrica-
tion.

2. Experimental details

The (100)- and (111)-orientated bifacial-polished
floating-zone n-type c-Si wafers with resistivity values in a
range of 1 Q-cm-10 Q-cm and a bulk lifetime of > 1000 ps
were used. The c-Si wafers were cleaned by the standard RCA
process followed by the cleaning with a 5% hydrofluoric acid
(HF) solution to remove the native silicon oxide layer.['!] The
a-SiO,:H film was deposited on the bifacial side of the cleaned
(111)-orientated substrate by changing CO, flow, mixture gas
pressure, and RF initial power. Then, the optimal deposition
parameters were applied to the bifacial side of the cleaned
(100) and (111) c-Si wafers with various film thicknesses.

To measure the T of the immersed HF silicon sub-
strate and the passivation wafer, Sinton Instruments WCT-
120 QSSPC tester was used in transient or quasi-steady state
analysis mode of generalized (1/1) or (64/1) at an injection
level of 1x10" ¢cm™3.1'2] The optical properties of the thin
film sample were analyzed by measuring the transmission
and reflection with a Varian—Cary 5000 spectrometer, includ-
ing the Tauc optical bandgap and refractive index. For the
FTIR measurements, a Thermo Scientific Nicolet iS10 spec-
trometer was used in reflection mode in a spectral range of
400 cm~'-4000 cm™!.
used to obtain the information about the a-Si:H!!'3-16) and a-

The FTIR spectrum was universally

SiO,:H!718] Jayers. In this paper, we mainly acquired the
hydrogen and oxygen content from the FTIR spectrum mea-
surement according to different peaks’ wavenumbers for dif-
ferent absorbance values. For the Si—H bond, the stretching
modes at 2000 cm~!-2260 cm~!,[!419201 among which the
stretching modes at 2085 cm~'-2100 cm ™! originated from
the stretching in (SiH,), or micro voids,!'* and stretching
modes at 2140 cm™—!'-2260 cm~! came from the stretching in
H-Si(Si;0y) (x=0,1; y = 1,2,3).117-20 For the Si-O-Si bond,
the stretching modes at 940 cm~'~1150 cm ™! were from the
stretching in Si-0-Si-Si,O, (y = 1; z = 0,1,2).1!829 The
simulation fitting peaks were mainly split into several peaks
at 900 cm~'-1200 cm~' and 1850 cm™'-2300 cm ™. In ad-
dition, the oxygen content (c,) was estimated from the XPS
spectrum in the passivated layer according to the peaks of Si*™*
(x=1, 2, 3, 4) shown in the XPS spectrum. >~ In terms of
the chemical bonding and energetic data, we could further ob-
tain the growth mechanism of a-SiO,:H from XPS spectra with
various passivation layer thickness, and build a growth model
of passivation layer. (%!

Finally, the optimized passivation condition was applied
to the bifacial side of the cleaned substrate for fabricat-
ing the planar SHJ solar cell. The structure is schemati-
cally depicted in Fig. 1, which was constructed with Al/Ag

front grid/ITO/P-type emitter layer/i-a-SiO,:H/N-Fz-Si/i-a-
Si0,:H/N-type layer/Al back contact. All of the thin film sil-
icon alloy layers were deposited in the PECVD system with
various gas mixtures. Then, the ITO layer, metal grids, and
back all-metal contact were made by the thermal evaporation.
The solar cell area of 0.53 cm? was defined by the shadow
mask for ITO deposition. Through a shadow mask (active area
=0.53 cm?), thermally evaporated silver grids were deposited
on the front side, and full area aluminum was deposited on
the rear side. The solar cell performance was characterized
by the current density versus voltage (J-V) measurements un-
der an AM1.5 solar simulator (WXS-156S-L2, AM1.5GMM)
with 100 mW/cm? at 25 °C. The external quantum efficiency
(EQE) spectra were measured by using a QEX10 PV system,
and the short-circuit current density (Jy.) was calculated by the
integral of measured EQE and the AM1.5 solar spectrum.

Ag+Al grid

Fig. 1. Schematic diagram of planar SHJ solar cell fabricated with N-Fz
c-Si wafer.

3. Results and discussion
3.1. Growth evolution model of a-SiO,:H layer

In RF plasma, SiHy can be dissociated into SiH3 and H
(formula (1)),1?°! whereas electronic kinetic energy or col-
lision of electrons with H, molecules dissociates the Hj
molecules into H atoms. Then, CO, would be collided with
H atom, which might form CO and OH (formula (2)).[%6!

SiH4 — SiHz +H, 1)

H, 5> H+H, CO,+H— CO+OH. )

Thus, the oxygen in a-SiO,:H can be reasonably at-
tributed to the OH bonded with other complex groups, which

incorporates with dangling Si bonds on the c-Si surface, re-
acts with SiHs, H and itself to form novel complex groups as

follows: [27-291
Si— +OH — Si— OH, 3)
Si— OH+ SiH; — Si— 0 — SiH, 2% Si — 0 — SiH, (4)
OH/H SiH;

Si—OH 2, g o 2,
Si—O0—SiH; 25 si—0—SiH, 2% Si—0—SiH. (5)

From formulas (1)—(5), the a-SiOy:H processes could be
divided into three steps. First, SiH4, CO,, and H; are dis-
sociated into precursors to form SiH3 and OH (formulas (1)

and (2)). Then, the precursor OH reacts with dangling Si
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bond or broken-weak-Si—Si bond to form Si—~OH group (for-
mula (3)).1?”! Finally, Si-OH combines with SiH3, OH, and H
to form Si—O-SiH, (x = 1,2,3) (formulas (4) and (5)). How-
ever, a small part of Si-OH may remain unchanged in the a-
SiO,:H film.

The Xp is defined as the ratio of CO, flow rate to SiHy
flow rate as follows:

_ CO,
~ SiHy'

(6)

o)

From formulas (1)—(5) it may follow that the more the Xo
increases, the more the inserted flow CO, will be. It is due
to the quantity of OH precursors increasing that first process
reacts right through the corresponding formula (2), which en-
hances the content of oxygen within the film.

3.2. Effective lifetime and iV, of a-SiO,:H layer on (111)-
and (100)-orientated c-Si wafers

In this study, we deposit a-SiO,:H films with various
thicknesses on (111)- and (100)-orientated c-Si substrates, re-
spectively. Then 7. and iV, of corresponding samples were
measured and are shown in Fig. 2.

4800 f = 4743 ps 740
w o | X {720
2 4000}
e 4700
£ 3200} .
:é Tett = 2429 us 1680 g
= 2400 iVoe =699 mV ~
o ’ 1660 5
€ 1600} -
L§ =(100) effective lifetime 1640
Erj 800 - - :éllli effective lifetime 1620
0 ! 1 N I_ <11|1> ll‘/()(‘. 1 1 1 1 1
0 3 6 9 12 15 18 21 24 27 30 600

Passivation layer thichness/nm

Fig. 2. The T.g and iV, of the a-SiO,:H deposited on (100)- and (111)-
orientated c-Si with various passivation layer thicknesses.

Figure 2 shows that T and iV, of a-SiO,:H on the
(100)-orientated c-Si substrate first increase and thenc de-
crease with passivation layer thickness increasing. The op-
timal T and iV, values are achieved to be 4.74 ms and
724 mV on the 9-nm-thick a-SiO,:H layer, respectively. If
the passivation layer thickness is less than 9 nm, Tegr and 1V
of the corresponding samples show a growing trend with pas-
sivation thickness increasing. According to the descriptions
mentioned above, the growth processes of a-SiO,:H, OH, and
H decomposed by SiH4 continuously saturate the dangling Si
bonds on the c-Si surface, resulting in the continuous reduc-
tion of surface defect states, thus improving the passivation
quality of the samples. On the other hand, when the passiva-
tion layer thickness is higher than 9 nm, T and 1V, of the
passivated samples gradually decrease with passivation layer
thickness increasing, probably caused by the increase of void

microstructures by excessive OH precursors.*°! Additionally,
excessive free H will also etch the film. Excessive OH may
also rob the H atom from the passivation film and replaced it
(generated Si—O-SiH,, efc.), resulting in a decrease of total H
content in the film and a trend of gradual decrease in passiva-
tion quality.

For the (111)-orientated c-Si substrate, the Teg and iV
of the passivated samples show a trend of the extension with
the inctrease of passivation thickness, indicating that the quan-
tity of the precursors (OH and H) can fluctuate with the con-
tinuous introducing of CO;, which further affects the content
of O and H in the passivation material film. The passivation
performances of a-SiO,:H on the (111)- and (100)-orientated
c-Si substrates present different rules, which probably relate to
their corresponding c-Si surface microstructures.

3.3. Re-FTIR analysis of a-SiO,:H

In order to analyze the process of a-SiOy:H on the (100)-
and (111)-orientated c-Si substrates, the FTIR spectroscopy is
used to analyze the H and O contents in the film. For studying
the thinner a-SiO,:H, its Fourier transform infrared spectrum
is measured by the reflected light signal. The result demon-
strates that the Si-Si, Si—H, and Si—O-Si bonds may exist
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Fig. 3. FTIR spectra of a-SiO,:H deposited on (a) (100)- and (b) (111)-
orientated c-Si substrates with different passivation layer thicknesses.
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in the a-SiO,:H film. The feature signals of Si—H and Si-O in
800 cm~'-1200 cm~! and 1900 cm~'-2300 cm~! are corre-
sponding to FTIR spectra on the (100)- and (111)-orientated
c-Si substrates (see Figs. 3(a), 3(b), 4(a), and 4(b)).
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Fig. 4. FTIR spectra of a-SiO,:H deposited on (a) (100)- and (b) (111)-
orientated c-Si substrates with different passivation layer thicknesses.
From Fig. 3(a) it follows that the stretching vibrations of
Si-O are raised at two peaks of 1000 cm~! and 1070 cm™!
which correspond to Si—O-Si-Si, (single-O) and (Si—O-Si)-
SiOy (O-rich), respectively. In addition, content of Si—O-Si—
Si(O-rich) is higher than that of (Si—O-Si)-SiO, (single-O)
when the passivation layer thickness is less than 9 nm. It in-
dicates that the O of introduced CO; is combined easily with
Si to form (Si—O-Si)-SiO, group with two phases of single-O
and O-rich, that is, a-SiO,:H contains the Si-rich and O-rich
mixture component phases. The O atoms form mainly Si—O-
SiH, and Si—-OH groups when the passivation layer thickness
is 9 nm, the best a-SiO,:H/c-Si interface passivation relates
to higher content of hydrogen and perfect monohydride hy-
drogen termination.*!! With peaks moving from 1070 cm™!
to 1000 cm™!, the content of (Si-O-Si)-SiO, begins to in-
crease after the passivation layer thickness has been larger than
9 nm, and more void microstructure in extended passivation

layer thickness can be found, which leads to more defect den-

sity in the passivation sample. From Fig. 3(b), the stretch-
ing vibrations of Si—O occur at two peaks of 1000 cm~! and
1050 cm™', which correspond to Si—O-Si—Si, (single-O) and
(Si—0-Si1)-Si0O, (O-rich). The result further indicates that the
a-SiO,:H contains (Si—O-Si)-SiO, group. In addition, as the
thickness changes, the peak position remains basically con-
stant, presumably the (111) c-Si surface suffered from an epi-
taxial interface of lower quality.!)

From Fig. 4(a) it may follow that the FTIR spectrum
of a-SiO,:H deposited on the (100) and (111)-orientated c-
Si each shows two peaks of 1990 cm~! and 2045 cm~!, and
2010 cm~! and 2095 cm ™! at 1900 cm~'-2300 cm ™!, which
correspond to the stretching vibration of Si—H with SiH; and
Si—-O-SiH, groups, respectively. Among them, the former
peaks show stronger and increase rapidly, which results in the
stretching vibration of Si—H mainly composed of SiH, group
with passivation layer thickness increasing. Comparing with
SiH; groups, the former peak is higher than the latter, which
demonstrates that more hydrogen content can saturate the de-
fects in the film microstructure, and thus verifying the trend of
Tegr and Vo on the (100)-orientated c-Si as shown in Fig. 2.

3.4. XPS analysis

The oxygen content values of a-SiO,:H on the (100)- and
(111)-orientated c-Si substrates are valued by XPS technique.
The binding energy scale is calibrated by assigning a value
of 284.6 eV to the C Is signal.’?) According to the relevant
theoretical model,>>33] peaks of Si-Si and Si—O bands are
observed obviously on the XPS spectra of a-SiO,:H films,
respectively, deposited on (100)-orientated Si 2p substrate
(Fig. 5(a)) and (111)-orientated Si 2p substrate (Fig. 6(a)).
In addition, Si—H bond energy is far less than that of Si-O,
which stably exists in the a-SiO,:H film. Thus, silicon of pas-
sivation component is combined with oxygen, to form silicon
oxides, which are divided into suboxide (SiOy, 0 < x < 2) and
Si0,. While the percentages of silicon oxygen took up in sili-
con compound, obtained from XPS are shown in Fig. 5(b) (for
the case of (100)-orientated Si 2p substrate) and Fig. 6(b) (for
the case of (111)-orientated Si 2p substrate), respectively.

From Figs. 5(a) and 6(a) we can see that the characteris-
tic peaks of Si 2p and Si-Si first increase and then decrease as
passivation layer thickness increases. According to Figs. 5(b)
and 6(b), content of silicon suboxide is less than that of SiO,.
When the passivation layer thickness is 9 nm, more silicon
suboxides exist, and the content of Si—Si will decrease on the
(100)-orientated c-Si substrate. The result shows that the con-
tent of Si—~O-SiHj3 group is higher than that of Si-O-SiH and
Si—-O-SiH, group. Higher content of hydrogen and perfect

monohydride hydrogen passivate the surface, and thus achiev-
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ing the best passivation result. This is consistent with the anal-
ysis of FTIR spectrum. Also, the presence of SiO, is a vitial
factor that affects the 7.g of the sample. The more void mi-
crostructure of network space passivation material is formed
with the introducing of oxygen, which leads to the trend of
Tofr decreasing after the passivation layer thickness has been
larger than 9 nm. While the content of silicon suboxide is al-
most zero, which demonstrates that on the (111)-orientated c-
Si substrate, the growth of silicon suboxide is suppressed or it
is converted into SiO, when the passivation layer thickness is
30 nm. Combining with growth process of a-SiOy:H, the con-
tent of Si—-O-SiH,. shows fluctuating trend with content of OH
varying. When the passivation layer thickness values are 9 nm
and 15 nm respectively on the (100)- and (111)-orientated c-Si
substrates, the XPS of Si 2p is fitted according to XPSPEAK41
software as can be seen from Figs. 7(a) and 7(b).
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Fig. 5. (a) XPS of silicon and (b) percentage of silicon oxygen of a-SiO,:H
film deposited on the (100)-orientated c-Si substrate with different passiva-
tion layer thicknesses.

The XPS peak of Si 2p can be decomposed into two

peaks, that is, 2p3/2 and 2p1/2 peaks, and the area ratio of

these two peaks is 2 : 1. According to the peak of 2p3/2, the
chemical shifts of silicon oxides corresponding to Si™, Si2t,
Si*t, and Si** in their valence states are 0.86 eV, 1.5 eV,

2.4 eV, and 4.1 eV, respectively,?* while the peak of 2p3/2
is at 98.86 eV. Figures 7(a) and 7(b) show that the content of
Si0; is higher than that of SiO,, and the percentage of Si is
dominant in the two samples. It demonstates that Si from sil-
icon oxide took up a small percentage, most of Si atoms exist
in the form of Si-Si bond, which verifies the SiO, (Si-rich)
model, that is, the core of Si atom is surrounded by SiO, with
a certain network structure.’3>! We can suppose that the con-
tent of Sit and Si®* becomes more with chemical shifts of
suboxide increasing. Stegemann e al.'3%! pointed out that the
growth of Si**oxide is suppressed at the interface of Si0,/Si,
so the content of Sit is most. In addition, we also identify
the O groups by measuring XPS of O 1s to confirm the influ-
ence of OH and Si—O conten on passivation performance. Ac-
cording to the relevant literature, 37381 the XPS of O 1s fitted
three peaks (531.55 eV, 532.34 eV, and 533.1 eV) are, respec-
tively, corresponding to C-0, Si—O, and OH groups obtained
by XPSPEAK41 software, whose percentages of three groups
are shown in Figs. 8 and 9. The C-O group comes from the or-
ganics attched to passivation material in the air, and is formed
by reaction of CO;, with H in PECVD.

- a-Sio,:H 22 (a)
(111) c-Si i —3nm
— 9 nm
B — 15 nm
— 30 nm

Intensity/arb. units

104 102 100 98 96

Bindig energy/eV

0.30 oW
S10s: NSNS SiO; (b)
0251 W4 S0, (0<x<2)

Silicon oxygen/%

16 20 24
Passivation layer thickness/nm

Fig. 6. (a) XPS of silicon and (b) percentage of silicon oxygen of a-
SiO,:H film deposited on the (111)-orientated c-Si substrate with dif-
ferent passivation layer thicknesses.

038801-5



Chin. Phys. B Vol. 29, No. 3 (2020) 038801

a-SiO,:H 9 nm (a) L a-SiO,:H 15 nm (b)
° . (100) c-Si ' @ measurement (111) c-Si q
= measuremen
Sibulk, envelope bulk
envelope p3/ n . Sizpzye §

o) . 2 shirley BG q
£ | = shirley BG =L {
e} cHl
g 2t I si-si
5 B si-si gibulk S| B sio, .
<t B sio, 12p1/2 S L I sio, Si
ZF I sio, = 4.74%
g 4.92% 5
9 12.85% =l
N N S T79.77%

L . 0 -

B .Si B .SiO SiSub.Ox

. Sl%ﬁ%ﬁ S-Sub.Ox . S12p372 2p
. i .Si0
Sisni72 » Sizpi7a

1 1 = - =) L 1 L 1 L 1 " 1 N 1
105 104 103 102 101 100 99 98 97 105 104 103 102 101 100
Binding energy/eV Binding energy/eV

Fig. 7. XPS of Si 2p peaks fitted according to XPSPEAK41 software of a-SiOy:H film deposited on the (100)- and (111)-orientated c-Si substrates with
passivation layer thickness (a) 9 nm and (b) 15 nm.
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Fig. 8. (a) H-O, Si-0, and C-O percentages in XPS of O s with different passivation layer thicknesses and (b) 9-nm-thick passivation layer deposited on
the (100)-orientated c-Si substrate.
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Fig. 9. (a) H-O, Si-O, and C-O percentages in XPS of O 1s with different passivation layer thicknesses and (b) 15-nm-thick passivation layer deposited on
(111)-orientated c-Si substrate.

From Fig. 8(a) it may follow that the Si—-O and OH con-  orientated c-Si substrate in Fig. 9(a). Both of these values con-
tents in the film deposited on the (100)-orientated c-Si sub-  sist in the most Si-O content which further verifies the SiO;
strate first increase and then decrease, which is the same as model (Si-rich). According to the above growth of a-SiO,:H,
contents of Si—-O group in the film deposited on the (111)-  the OH content will increase and form Si-OH or Si—O-SiH,
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(x =1, 2, 3) most, among which part of Si—-OH forms SiO,
with O replacing H before the thickness of passivation layer
reaches 9 nm.38! According to the analysis of the above XPS
of Si 2p, Sit oxide is the main content in silicon suboxide
(x < 1), so Si-O-SiH, may form and (SiO, model with Si-
rich and O-rich) symmetrical structure. Thus, oxygen vacancy
and dangling bond of a-SiO,:H microstructure will increase
more and the corresponding 7. and iV, decrease after the
thickness of passivation layer has reached 9 nm on the (100)-
orientated c-Si sustrate as shown in Fig. 8(b). To the (111)-
orientated c-Si substrate, the raised and symmetrical structure
will result in the fluctuation of 7T.¢ and iV,.. In addition, SiO,
(Si-rich) model is identified further from Figs. 8(b) and 9(b),
which consists of a small number of Si-OH and Si—-O-SiH,
complex groups.

In summary, the components of a-SiO,:H film deposited

700
(a) @ a-Si:H(i)
-0~ a-8i0,:H (i)

660

3.6 4.0 4.4

-@-a-Si:H(i)
-©-a-Si0,:H(i)

62 A A A
3.2 3.6 4.0

4.4

on the (100)- and (111)-orientated c-Si substrates are identi-
fied by XPS analysis. The SiO, network model with Si-rich
a-SiO,:H is comfirmed by XPS of Si 2p and O 1s which con-
sists of Si—OH, Si—O-SiH,, and rich in oxygen vaccury and
dangling bond complex components. Comparing with (100)-
orientated c-Si substrate, the passivation quality of the (111)-
orientated c-Si substrate is better subjecte to the subsequent
arising of and with passivation layer thickness increasing. And
a-SiO,:H is more suitable for passivating (100)-orientated c-Si
substrate.

3.5. a-SiO,:H/c-Si silicon heterojunction solar cell

We prepare two kinds of passivation layers (a-Si:H and
a-SiO,:H) with different thicknesses, and apply them to SHJ

solar cells. The results are shown in Fig. 10.
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Fig. 10. The J-V parameters, (a) Vo, (b) Jsc, (¢) FF, and (d) Ef, of a-SiO,:H/c-Si, a-Si:H/c-Si SHJ solar cells.
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Fig. 11. (a) The J-V curve and (b) EQE/reflectance spectrum of the champion a-SiO,:H/c-Si SHJ solar cell.
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For a-Si:H and a-SiO,:H passivation layer, as the thick-
ness of the passivation layer increases, the V. of SHJ solar
cells becomes higher. Besides, as the thickness of the passiva-
tion layer is less than or equal to 4 nm, a-SiO,:H is better than
a-Si:H passivation layer. However, as the thickness of the pas-
sivation layer is thicker than 4 nm, the performance of a-Si:H
passivation is better than that of a-SiO,:H. The reason might
be that the internal defect states of the a-SiO,:H film may in-
crease with passivation layer thickening, leading the passiva-
tion effect to degrade. In addition, the F'F and Jg are observed
to decease with passivation layer thickness increasing. SHJ so-
lar cells with a-Si:H and a-SiO,:H passivation layers demon-
strate conversion efficiencies of 16.88% and 18.15%, respec-
tively. Due to much improved passivation effect of a-SiO,:H,
the performance of SHJ cells with a-SiO,:H/c-Si structure is
better than that of a-Si:H/c-Si.

With the mentioned model of a-SiO,:H affecting passi-
vation performance of c-Si with (100)- and (111)-orientated
substrates, we use the optimal a-SiO,:H on the SHJ solar
cells to achieve excellent device with suitable thickness, which
can achieve the excellent passivation performance with T.g =
2168 ps, thereby resulting in high V.. The passivation layer
modifies the open potential and enhances the red light re-
sponse of the SHJ solar cell. As shown in Fig. 11(b), from
600 nm to 800 nm the reflectance of a-SiO,: H decreases, the
optical transmittance increases, and the red light response is
improved.

4. Conclusions

In this work, we investigate a-SiO,:H films deposited on
the (100)- and (111)-orientated c-Si substrates with various
passivation layer thicknesses, which exhibit different passiva-
tion qualities. According to the FTIR and XPS analysis, we
conclude that Si-rich network model of a-SiO,:H consists of
Si—OH, Si—O-SiH,, and other complex components and then
the passivation evolution mechanism is proposed. When the
optimal a-SiO,:H film is used as the passivation layer in the
planar SHJ solar cell, an efficiency of 18.15% is achieved.
This research may provide a useful guideline for further im-
proving the performance of SHJ solar cells.
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