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Transition metal oxide (TMO) thin films exhibit large bandgap and hold great potential for enhancing the per-
formance of silicon heterojunction (SHJ) solar cells by increasing the short-circuit current density significantly.
On the other hand, achieving precise control over the electrical properties of TMO layers is crucial for optimizing
their function as efficient carrier-selective layer. This study demonstrates a general and feasible approach for
manipulating the quality of several TMO films, aimed at enhancing their applicability in silicon heterojunction
(SHJ) solar cells. The core of our method involves precise engineering of the interface between the TMO film and
the underlying hydrogenated intrinsic amorphous silicon passivation layer by managing the reaction of the TMO
on the surface. X-ray photoelectron spectroscopy spectra demonstrate that our methods can modify the oxygen
content in TMO films, thereby adjusting their electronic properties. By applying this method, we have suc-
cessfully fabricated WOx-based SHJ solar cells with 23.30 % conversion efficiency and V,0x-based SHJ solar cells
with 22.04 % conversion efficiency, while keeping n-type silicon-based electron-transport layer at the rear side.
This research paves the way for extending such interface engineering methods to other TMO materials used as

hole-transport layers in SHJ solar cells.

1. Introduction

The photovoltaic industry is predominantly powered by crystalline
silicon-based solar cells, with silicon heterojunction (SHJ) solar cells
achieving world-record conversion efficiency [1]. In the quest for even
higher efficiency and more cost-effective production, researchers are
exploring novel materials whose optical and electrical properties are
comparable or superior to the traditional boron- and phosphorus-doped
silicon-based thin films [2]. Such materials, also known as dopant-free
materials, include organic films [3,4], metal alkalis [5-7] and transition
metal oxides (TMOs) [8-15]. The dopant-free concept is to state that
there is no intentional doping in the materials. Dopant-free materials
have been successfully integrated into silicon solar cells and have shown
promising results. The primary benefit of using dopant-free materials is
their low parasitic absorptance which ascribe to their wide band gap
[16]. Additionally, their deposition rate is faster than that of p-type Si
layers [17] and SHJ solar cells can work efficiently with ultrathin TMO
materials, unlike p-type Si layers that require much thicker films [8]. In
recent developments, silicon solar cells featuring dopant-free materials
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as carrier-selective layer have achieved efficiencies beyond 23 %
[18-20]. Meanwhile mainstream front/back-contacted (FBC) SHJ solar
cells are based on the rear junction (RJ) structure, implying the
deployment of the electron-transport layer (ETL) on the front side [21,
22] and n-type bulk c-Si wafer. However, to exploit the optical advan-
tage of TMO materials, a TMO-based hole-transport layer (HTL) is used
at the front side of (monofacial) SHJ solar cells, known as the front
junction (FJ) structure. We obtain a notable achievement in Jgc (40.2
mA/cm?), resulting in a 23.83 % efficiency by integrating an ultra-thin
MoOy as HTL in FJ-SHJ solar cells [8]. Further, substituting traditional
Si-based carrier-transport layers with MoOy for holes and LiF for elec-
trons yielded 21.4 % efficiency in FBC architecture [23], which was
further increased to 23.61 % when integrated into an interdigitated back
contact (IBC) architecture [24]. Recently, 22.8 % efficiency has been
achieved for an FBC RJ-SHJ cell featuring MgOx/ZnO:Al and V504 as
ETL and HTL, respectively [20].

However, the significant potential for improving further cell per-
formance remains unexplored. Simulation results indicate that under
optimized conditions, a SHJ solar cell featuring doped silicon-based thin
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films as charge-transport layers can achieve a conversion efficiency well
above 27 % [25]. Also using TMOs as charge-transport layers could
increase this efficiency to 26.96 % [26] or even more than 27 %
considering the deployment of high resistivity wafers [25]. This
advantage is primarily attributed to the wider bandgap of TMO mate-
rials, which facilitates an increased Jsc. Nonetheless, in experimental
scenarios, the peak efficiency achieved is still limited to 23.83 % [8].
The thermolytic instability of TMOs presents a significant limitation [27,
28]. Although some tested materials, such as TiNy, exhibit chemical
stability [29], most dopant-free materials tend to be unstable and are
adversely affected by neighboring materials [30,31]. Particularly, in
SHJ solar cells, the critical issue involves the reaction between the TMO
and the Si-based layers underneath, forming a thin SiOy film [32-35].
This interaction results into (i) an additional dielectric barrier for
charges to cross and (ii) an uncontrolled decrease of the TMO work
function, consequently impairing the electronic performance of the de-
vice [27,36,37].

Some groups reported on approaches to alleviate the interface re-
action of TMOs which results in higher conversion efficiency. For
instance, the use of a pre-annealing step can be applied to reduce the
hydrogen content from the intrinsic passivation layer, alleviating the
reaction between MoOy and the passivation layer [38]. Notably,
inserting a less reactive layer is another solution. Li et al. show that the
efficiency can be improved by inserting a CrOx buffer layer to protect
MoOy [39]. Tong et al. apply a pre-growth SiOy thin film to prevent the
reaction between MoOy and the substrate [36]. Multilayer structure
including AlyTiOy/TiyZnOx/TiOx/ZnO builds up resilience against
moisture and therefore improves the stability of TiOx-based
electron-selective contact [40]. Other works apply thicker TMO (V2O
and WOy) films to realize an appropriate high work function, but as a
downside effect the resistivity of the TMO films increased significantly
resulting in poorer electronic performance of the device [41-43].
Finally, in our previous work we proposed a plasma treatment with or
without boron (PTB or PT) before the deposition of MoOy [8,44,45].
These treatments have been proven to not be harsh against (i)a-Si:H
[45]. The boron atoms may act as a catalyst to form a favourable
interface layer improving the electronic property of devices. These
methods improve the efficiency significantly in both monofacial [8,45]
and bifacial SHJ solar cells [46].

This contribution aims at showing the applicability of our plasma
treatment method to other TMO materials, namely WOy and V30, to act
as HTLs in SHJ solar cells. Initially, we measure the oxygen content of
the TMO films under different interface engineering methods (noPT, PT
and PTB). Subsequently, we study the impact of those methods on the
performance of SHJ solar cells as function of WOy and V2Ox thicknesses.
We ultimately showcase high-efficiency FJ-SHJ solar cells (23.30 % and
22.04 %) integrating 2-nm thick WOy and 3-nm thick V504 films,
respectively, and n-type Si-based ETL.

2. Experimental methods

Fig. 1 presents the structure of TMO-based FJ-SHJ solar cells. These
samples were fabricated using <100> n-type, double-sided polished, 4-
inch float-zone (FZ) wafers. The wafers exhibited a thickness of 280 +
20 pm and a resistivity of 3 + 2 Q cm. For texturing, the wafers were
processed in a tetramethylammonium hydroxide (TMAH) solution, with
ALKA-TEX serving as an additive. The cleaning process entailed a wet
chemical treatment, followed by immersion in a 0.55 % hydrogen
fluoride (HF) solution for 5 min. Subsequently, the wafers were placed
into a plasma-enhanced chemical vapor deposition (PECVD) system for
the deposition of thin-film layers. The (i)/(n)a-Si:H stack at the rear side
was kept constant across all solar cells involved in this study [47,48]. We
are using 7-nm thick and 5-nm thick (i)a-Si:H on the front and rear side,
respectively. The (n)a-Si:H on the rear side is 4-nm thick. Subsequently,
the deposition of the (i)a-Si:H and the application of different plasma
treatment methods were performed on the front side. These methods are
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Fig. 1. Cross-sectional sketch of a TMO-based FJ-SHJ solar cell.

processed in the PECVD chamber. Three methods are tested namely,
noPT (no treatment), PT (plasma treatment) and PTB (plasma treatment
with boron), which use a gas mixture including SiH4, Hy, CO5, and BoHg,
as provided in Table S1. For detailed information on the interface en-
gineering process, readers are referred to our previous work [8,45].
Then, TMO thin films (WOy and V50x) were thermally evaporated under
a vacuum pressure of 5x1 0~% mbar with thicknesses of 1, 2, 3, 4, and 5
nm. The deposition rate of both TMOs is 0.1 nm/s. The substrate rotated
at the speed of 10 rpm. For comparative analysis, a reference FJ-SHJ
solar cell featuring a p-type Si layer at the front side is also included;
more experimental details about that can be found elsewhere [49].
Following the TMO deposition, layers of optimized tungsten-doped in-
dium oxide (IWO) were sputtered onto both the front and rear sides,
with thicknesses of 50 nm and 150 nm, respectively [50]. A hard mask
was employed to define six 2 x 2 cm? solar cells on each wafer during
the IWO deposition process. The samples were annealed at 180 °C for 5
min to recover from the sputtering damage. Following this step, a
100-nm thick layer of silver was sputtered onto the front side, which was
then followed by copper plating to establish the metallic contact grid
[51,52]. The fingers were 15-pm wide with a pitch of 915 pm. 500 nm of
silver was sputtered as the rear metal electrode. Subsequently, the front
side was coated with a 110-nm thick layer of MgF,, serving - together
with the front IWO - as a double antireflection coating. The specified
thicknesses were derived using a nominal calculation, modified by a
geometrical factor of 1.7 to consider the lower deposition rate on
textured surface [53].

The effective minority carrier lifetime was measured after each step
of the fabrication process using a Sinton WCT-120. To evaluate the
current-voltage (J-V) performance under standard test conditions an
AAA rated Wacom WXS-90S-L2 solar simulator was utilized. Addition-
ally, in-house external quantum efficiency (EQE) equipment was used to
measure Jsc gor. The absorptance spectra were measured on TMO layers
deposited on Corning glass using a PerkinElmer Lambda 1050 system.
The sketch of the samples for absorbance measurement is shown in
Fig. S1. Spectral response analyses were conducted on dedicated cells on
the same wafer as other solar cells but without the front metal grid. For
the compositional analysis of the TMO layers, we employed a Thermo-
Fisher Ko X-ray photoelectron spectrometer (XPS) [54,55], utilizing an
Al Ko X-ray source (1486.68 eV) within a chamber maintaining a base
pressure of 2 x 10~° mbar. These measurements were executed at room
temperature following the attainment of a high vacuum. Notably, the
XPS sample prepared with identical processes depicted in Fig. S2, using
280 + 20 pm flat <111> n-type float-zone (FZ) wafers to replicate the
surface orientation of the pyramid facets observed in solar cells, with
deposition times adjusted to align the thicknesses with those of textured
samples.
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3. Result and discussion
3.1. Control the oxygen content of WO, and V20,

TMOs exhibit similar properties, particularly where oxygen content
influences their work function [31]. Drawing from observations in prior
research [8,27,45,56-59], we speculate that the influence observed in
other TMO materials, such as MoOy, would similarly affect WOy and
V204 To demonstrate our speculation, we conduct XPS analyses to
explore the oxygen vacancies in these films. The high-resolution spectra
and the full XPS survey spectra of W and V are reported in Figs. S3 and
S4, respectively. Additionally, the boron atoms have not been detected
through XPS high resolution scan as shown in Fig. S5. For our experi-
ments, we use films with thicknesses of 2 nm for WO and 3 nm for V,0y.
These thickness values were chosen based on our previous study, where
we achieved a champion device with 2 nm MoOy [8]. The corresponding
valence band spectra are plotted in Fig. 2. The shoulder peaks noticeable
between 1 eV and 2 eV in the valence band spectra of WOy and V04
indicate the presence of defects in the films. The observed defects stem
from the TMOs’ instability, leading to interface reactions between (i)
a-Si:H and the TMOs, which result in the formation of a thin SiOy film
[8]. This process extracts oxygen from TMO molecules, creating oxygen
vacancies in the material and thereby changing their work function
[45].

Valence band spectra as provided in Fig. 2 reveal that V,O4-films
exhibit higher peak heights compared to WOy, suggesting that VO
contains a larger number of defects, i.e. oxygen vacancies. This phe-
nomenon can be attributed to the fact that the binding energy of the W-O
bond (>5.0 eV) [60] exceeds that of the V-O bond (~4.3 eV) [61].
Consequently, the V-O bond is weaker resulting in easier oxygen re-
actions with the substrate. Defects within TMO films present a
dual-edged sword. On the one hand, these defects significantly impact
the electronic properties of the device. On the other hand, these va-
cancies endow the films with semiconductor properties, specifically
facilitating carrier-selective layer [62,63]. Nonetheless, an over-
abundance of oxygen vacancies may impair carrier transport efficiency
[59]. Therefore, it is crucial to identify a TMO material that establishes a
balance between the quantity of oxygen vacancies and its capacity for
selective transport.

To elaborate further, within each category of TMOs, the distinctions
in oxygen vacancies may initially appear subtle as shown in Fig. 2.
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Fig. 2. Valence band spectra of as-deposited 2-nm thick WO, and 3-nm thick

V504 films deposited after noPT, PTB and PT methods. The inset shows a
zoomed view of the spectra between 1 eV and 2 eV binding energy.
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However, upon closer examination at an enlarged scale in Fig. 2, it be-
comes evident that the PT method results in fewer oxygen vacancies
within the films followed by PTB and noPT cases. To substantiate these
observations, we report the oxygen content within these films extracted
from the XPS survey spectra. The tungsten, vanadium and oxygen con-
tent of the films expressed in percentage are presented in Fig. 3A and B,
offering quantitative insights into the variations of oxygen content
across different methods. We observe that interface engineering
methods significantly affect the oxygen ratio within the films. Specif-
ically, for both WO and V20 films, the PT samples exhibit the highest
oxygen concentrations. The presence of increased oxygen concentra-
tions in the films correlates with fewer oxygen vacancies, aligning with
the insights obtained from the valence band spectra analysis discussed
above in Fig. 2.

3.2. Performance of WOx-based SHJ solar cells

The efficiency of carriers transport within TMO materials is critically
dependent on their work function [64], which is influenced by the in-
ternal oxygen content [27]. Moreover, the thickness of the film plays a
crucial role in determining this oxygen content [8,65,66]. To understand
these dynamics, we have examined the effects of film thickness and
interface engineering methods on solar cell performance. Fig. 4 shows
the external parameters derived from the J-V curve of solar cells with
variable WOy thicknesses and noPT, PT and PTB methods.

For the devices with noPT as shown in Fig. 4A-D, we observe that
Voc drops with thicker WOy films. It is important to mention that the 2-
nm samples exhibited a significant decline in performance, which can be
attributed to the reduced minority carrier lifetime (z) of the cell pre-
cursor as shown in Fig. S6. The r measured after the deposition of WOy
dropped more than half of the r measured after the PECVD process. The
drop may be attributed to the reaction between WOy and the passivation
layer deposited by PECVD. The higher Voc measured for the 1-nm thick
WOy might be explained by the higher initial passivation quality (higher
7, see Fig. S6) for this specific precursor. For the fill factor (FF) we
observe a linear increase from 65 % up to 78 % for a WOy thickness from
1 to 4 nm. For 5-nm thick WOy the FF drops to 70 %. This trend suggests
a critical balance between WOy-thickness and FF, identifying 4 nm as the
optimal thickness. The Jsc decreases as the WOy thickness increases. The
absorbance data, shown in Fig. S7, indicate that WOy layers absorb
short-wavelength light more effectively, with increased absorptance in
thicker layers. For the 5-nm thick sample, the rise in Jgc might be
attributed to optimal combination of antireflection coating. The con-
version efficiency (1) is mostly dominated by the FF trend with the
highest  of 21.29 % measured for 4-nm thick WOy film.

For the solar cells fabricated with PT method, we observe an opposite
trend with respect to the Vg as provided in Fig. 4E. V¢ increases with
thicker WOy films and arrives at the optimal point at 4 nm with a sub-
sequent decline for 5-nm thick WOy. During the PT process, thin layers
of (Dnc-Si:H and (i)nc-SiOx:H are deposited under rather aggressive
PECVD conditions, which may degrade passivation quality [8,49].
Consequently, Voc is lower in the case of 1-nm thick WOy for PT
compared to noPT. With increasing WOy thickness, there is an
enhancement in the work function of WOy, which contributes to better
carrier selectivity at the interface between c-Si and (i)a-Si:H [8,67].
However, the decrease in Vo for samples featuring WOy thicker than 4
nm can be ascribed to a dipole formation at (i)a-Si:H/WOy, which pe-
nalizes V¢ and FF, similarly to what was observed on samples using
MoOx [8]. Indeed, Voc and FF exhibit similar trends as depicted in
Fig. 4E and F, peaking for an optimal 4-nm thick WOy layer. This trend,
observed also for the noPT case, indicates that the film’s work function
gets higher for thicker WOy layers. However, further thickening the WOy
layer to 5 nm caused a decrease in FF, highlighting the need to balance
the work function and the contact resistivity [8,18]. Similarly to what
was observed for noPT, in Fig. 4G, the Js¢ decreases with the increase of
WOy thickness. For the 5-nm thick sample, the observed rise in Js¢ could
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be attributed to the optimal combination of antireflection coatings. The
n trend aligns with those of V¢ and FF, with the highest conversion 7 of
22.27 % realized for a 4-nm thick WOy layer.

Finally, we discuss the impact of PTB, shown in Fig. 4I-L. Vo re-
mains generally stable but is slightly higher at a thickness of 2 nm. From
lowest to higher thickness value, the FF slightly increases, reaches the
highest value at 3 nm, and decreases with further increased thickness of
WOy. The champion FF is over 80 %. Compared to noPT and PT cases,
the FF is improved significantly and shows less dependence on the
thickness of WOy. Similarly to the previous cases, Jsc decreases for
thicker layers. The optimal  of 23.30 % is observed at 2 nm. The trend of

1 suggests that the working windows of the thickness of WOy with PTB is
wider than the other two methods.

We can conclude that, across different conditions, Vo performance
differs depending on the interface engineering method used. The FF
generally rises for thicker layers before decreasing for the thicker film
tested demonstrating a trade-off between work function and contact
resistivity. Interestingly the variations of Vpc and FF are much less
impacted by the WOy thickness for the samples with PTB. This could be
due to the interface becoming less reactive with WOy after being
modified by the PTB method. Generally, Jsc decreased as the WOy film
thickness increased because of parasitic absorptance. Still, 5 follows the
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trend of FF. With PTB and 2-nm thick WOy, we achieve a champion cell
with a conversion efficiency of 23.30 %. Similarly to our previous work
[8], it is worth noting that no boron atom is detected through XPS
measurement for PTB samples. The thinner optimal thickness of WO
with PTB comes from the optimal interface engineering and achieves a
good balance between work function and defects of the WOy film. We
also present the external quantum efficiency (EQE) and J-V curves of the
champion WOy-based and MoOy-based FJ-SHJ devices [8] in Fig. 5.
Additionally, Fig. 5 showcases the champion RJ-SHJ solar cell with
doped layers from our lab [68]. Remarkably, there is a gain in Jsc, ror
(indicated by the green area in Fig. 5A) at short wavelengths when using
TMOs, attributed to reduced parasitic absorptance on the front side as
compared to SHJ solar cells with doped layers.

3.3. Performance of V20-based SHJ solar cells

We now examine the impact of V,Ox-thickness and interface engi-
neering methods on the performance of solar cells, whose parameters,
extracted from J-V measurements, are plotted in Fig. 6.

As provided in Fig. 6A-D, a gradual decrease in Vpg with V04
thickness is observed in noPT condition. As previously discussed, TMOs
will react with the substrate which is (i)a-Si:H in this case, forming a
SiOy layer. This reaction degrades the passivation quality provided by
the (i)a-Si:H layer. As we observed in WOy samples with noPT method,
we suppose the reaction is related to the thickness of Vo0 as well. The
thicker layer may cause a more significant reaction resulting in lower
Voc. The higher V¢ at 4 nm case could be attributed to the high lifetime
of the precursor as shown in Fig. S8. Jgc shows a decline with increased
V20y thickness. Fig. S9 provides the absorptance spectra for different
thicknesses of V,0y. The absorptance of V5Ox films increases as the film
thickness increases. The increase of Jsc at 5 nm for noPT samples might
be caused by the optimized combination of antireflection coating. The
FF decreases with V50 thickness, which could be due to increased sheet
resistance as the VoOx layer gets thicker. 7 increased slightly and peaked
at 4 nm before decreasing at 5 nm.

Like PT-treated WOy-based SHJ devices, the Vp¢ of V2O samples in
Fig. 6E shows a slight increase with V50 thickness, except for the 2-nm
case, peaking at 4 nm and then decreasing at 5 nm. The decrease at 5 nm
may be ascribed to thicker V2O film blocking the carrier transport. In
Fig. 6F, FF shows a peak at 4 nm. This phenomenon can be attributed to
the same reasoning as in the WOy case, representing the balance be-
tween carrier selectivity and contact resistivity [8,18]. Additionally, the
increase in layer thickness leads to a decrease in Jgc due to parasitic
absorptance as shown in Fig. 6G. PT samples show 5 peak at 4 nm
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thickness, pointing to an optimal thickness for device performance.

The data of devices manufactured with the PTB method are pre-
sented in Fig. 6I-L. Vo shows a slight increase with increasing VoOx
thickness. The interlayer deposited during PTB maintains a good bal-
ance between passivation degradation caused by interface reaction and
the passivation effect introduced by V30y. Jsc decreases with thicker
layers. PTB samples achieve their peak FF at 3 nm, demonstrating
improved control of interface reactions and the electronic properties of
the VoOx layer. 5 follows a similar trend to FF. The champion cell with n
of 22.04 %, was obtained for a VoOy thickness of 3 nm.

The general trends observed in the parameters of VoOx-based cells
resemble those of WOy-based cells, as discussed in Section 3.2. This
similarity suggests that the applied methods to different TMOs yield
comparable results. At the device level, FF is identified as the predom-
inant factor affecting solar cell performance. PTB samples exhibit the
highest FF at thinner TMO-thickness compared to PT and noPT methods,
leading to the champion devices being achieved using the PTB method
for both WOy and V2Ox cases. Specifically, the 5 of VoOx-based SHJ solar
cells is generally lower than that of WOy-based cells, primarily due to
material properties [55,69]. The weaker V-O bond contributes to more
severe interface reactions between V04 and substrate [60,61]. The re-
action generates more defects at the interface which harm the carrier
transport. This aligns with our findings from the valence band spectra
analysis as provided in Fig. 2. Additionally, we provide the EQE of the
champion V,04-based SHJ solar cells and the SHJ solar cell with doped
layers in Fig. 5. At short wavelengths, a notable Jsc, ggr gain is observed.
This gain (shown by the green shaded area in Fig. 5A) is achieved with
V204, attributed to reduced parasitic absorptance on the front side
compared to SHJ solar cells with doped layers.

4. Conclusion

In this work, we utilized different interface engineering methods
(noPT, PT and PTB) to alleviate the interface reaction of TMO with the
substrate. We investigated the effect of different methods by estimating
the TMOs’ oxygen content. From XPS survey spectra, we observed that
oxygen content in TMO layers deposited after PT is higher than that in
TMO layers deposited with PTB and noPT methods. The findings aligned
with our previous results and proved the PTB method able to control and
create a suitable deposition condition for TMOs, ensuring their suitable
work function and oxygen content inside the films. With this observa-
tion, further experiments are applied to investigate the impact of TMO-
thickness on cell performance regarding different methods.

Overall, we applied different methods (noPT, PT and PTB) at the (i)a-
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Fig. 5. (A) EQE and (B) J-V curves of champion WO,-based (red), V,Ox-based (green), MoOy-based (blue) FJ-SHJ solar cell and RJ-SHJ solar cell with doped layers
(black). The green shaded area in (A) represents the photocurrent density gain when switching solar cell structure from RJ-SHJ endowed with silicon transport layers
to FJ-SHJ endowed with TMO as HTL. In (B) the detailed layer structure of RJ-SHJ solar cell with doped layers is depicted.
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Fig. 6. The parameters extracted from J-V curve of solar cells with different interface engineering methods and V50 thickness. (A-D) represent the noPT method
with black circles; (E-H) represent the PT method with blue diamonds; (I-L) represent the PTB method with green stars. The short lines indicate average values.

Si:H/WOy interface and realized a champion cell with PTB and 2-nm
thick WO, HTL. With 23.30 % conversion efficiency and FF equal to
80.80 %, we push further the performance of WOx-based SHJ solar cells.
Similarly, we modified the (i)a-Si:H/V3Oy interface with the same
methods and realized a champion cell with PTB and 3-nm thick V204
HTL, exhibiting 22.04 % conversion efficiency and FF equal to 74.88 %.
Our TMO-based FJ-SHJ solar cells’ results reveal that the PTB is a
method that creates an optimal surface condition for the deposition of
TMOs and achieves a desirable equilibrium between the quantity of
defects and carrier transport of the film, leading to the enhanced per-
formance of TMO-based SHJ solar cells. We may conclude that PTB has
the potential to be extended to other TMO materials serving as HTLs in
SHJ solar cells, suggesting a broader applicability of this method in
enhancing device performance. Furthermore, the PTB method is
compatible with industrial SHJ production lines.
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