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Will SiOx-pinholes for SiOx/poly-Si passivating contact enhance the 
passivation quality? 

Guangtao Yang , Remon Gram , Paul Procel , Can Han , Zhirong Yao , Manvika Singh , 
Yifeng Zhao , Luana Mazzarella , Miro Zeman , Olindo Isabella * 

Photovoltaic Materials and Devices Group, Delft University of Technology, Delft, the Netherlands   

A R T I C L E  I N F O   
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A B S T R A C T   

Passivating contacts based on poly-Si have enabled record-high c-Si solar cell efficiencies due to their excellent 
surface passivation quality and carrier selectivity. The eventual existence of pinholes within the ultra-thin SiOx 
layer is one of the key factors for carrier collection, beside the tunneling mechanism. However, pinholes are 
usually believed to have negative impact on the passivation quality of poly-Si passivating contacts. This work 
studied the influence of the pinhole density on the passivation quality of ion-implanted poly-Si passivating 
contacts by decoupling the pinhole generation from the dopants diffusion process by means of two annealing 
steps: (1) a pre-annealing step at high temperature after the intrinsic poly-Si deposition to visualize the formation 
of pinholes and (2) a post-annealing step for dopants activation/diffusion after ion-implantation. The pinhole 
density is quantified in the range of 1✕106 to 3✕108 cm2 by the TMAH selective etching approach. The 
passivation quality is discussed with respect to the pinhole density and the post-annealing thermal budget (TB) 
for dopants diffusion. The study shows that a moderate pinhole density does not induce doping profile variations 
that can be detectable by the coarse spatial resolution of ECV measurements. It is surprising that the existence of 
pinholes in a moderate density within our thickness fixed SiOx layer can effectively enhance the passivation 
qualities for both n+ and p+ poly-Si passivating contacts. We speculate the reason is due to the enhanced field- 
effect passivation at the pinhole surrounding. In fact, the variation of the passivation quality depends on the 
balance between a strengthened field-effect passivation and an excessive local Auger recombination, being both 
effects induced by the higher and deeper level of dopants diffused into the c-Si surface through the pinholes.   

1. Introduction 

Poly-Si carrier-selective passivating contacts for c-Si solar cells pro-
vide outstanding passivation quality and carrier selectivity as demon-
strated in many high-efficiency solar cells architectures [1–12]. Their 
unique structure consists of two layers. An ultra-thin SiOx layer chemi-
cally passivates the c-Si surface and builds up a potential barrier for the 
carriers’ transport through it [13]. Then, a heavily doped poly-Si layer 
sits on top of the ultra-thin SiOx layer. Owing to an optimized doping 
level, higher within the poly-Si layer and at the c-Si surface than in the 
c-Si bulk, an electrical field is built up at the c-Si interface, enabling field 
effect passivation and carrier selectivity [14,15]. The optimization of the 
doping tail inside the c-Si surface induces an efficient separation of 
carriers inside the c-Si bulk before they reach the c-Si surface where the 
defect density, Dit, is high. In practice, the doping tail is affected by the 
thermal diffusion budget (TB) [16] and the properties of the ultra-thin 

SiOx layer [17]. However, when annealed at high temperature, the 
ultra-thin SiOx layer can be locally broken to form pinholes, which will 
affect the doping tail and the Dit at the c-Si surface [13] as well as get-
tering efficacy against metal impurities [18]. Consequently, the forma-
tion of pinholes will influence the passivation quality of the poly-Si 
passivating contacts. In poly-Si processes one thermal process is 
conventionally used to activate/diffuse the dopants and to form pinholes 
in SiOx, if any. This makes it difficult to study the effect of the SiOx 
pinhole formation on the passivation quality. To investigate this topic, 
one needs to decouple these steps. 

The most logical way for this decoupling is to use a two-step 
annealing processes. One annealing step is for inducing the formation 
of SiOx pinholes; the second annealing step is used for dopant activation 
and diffusion. This approach was previously used by Gan et al. [19] to 
prepare poly-Si passivating contact and by Römer et al. [20] to study the 
contact resistivity of passivating contact stacks. In this contribution, we 
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effectively decoupled the process of forming pinholes from dopants 
diffusion by means of a two-step annealing process during the fabrica-
tion of our ion-implanted poly-Si passivating contacts. A pre-annealing 
step before ion-implantation is used to form the pinholes in the SiOx 
layer. A second post-annealing step with different TB is used to activate 
the ion-implanted doping species and enable their diffusion. With a se-
lective etching process based on TMAH [13,18], we monitored the 
density of the formed pinholes in the pre-annealing step. This enabled us 
to evaluate the influence of the presence of pinholes and the TB of 
dopants on the passivation quality of poly-Si passivating contacts. 

2. Experimental and modelling 

The poly-Si passivating contacts used in the work consist of ther-
mally grown SiOx layer (t-SiOx) and an ion-implanted poly-Si layer 
grown with low pressure vapor deposition (LPCVD). The wafers used in 
this work are polished n-type float zone wafers with a resistivity of 1–5 
Ω cm and thickness of 280 ± 20 μm. The t-SiOx is fabricated with a 
Tempress furnace at a temperature of 675 ◦C in an oxygen containing 
atmosphere. The thickness of the t-SiOx is 1.4 ± 0.1 nm, which is 
characterized on an <111> oriented, polished c-Si wafer by Ellipsom-
etry Spectroscopy from J. A. Woollam. <111> oriented wafer is selected 
since the following passivation test samples are textured ones with 
<111> facets. The LPCVD poly-Si layer is deposited at 580 ◦C, with an 
as-deposited thickness of 100 ± 5 nm. The thickness of the poly-Si layers 
on flat wafers was calculated by knowing the deposition rate, which was 
obtained by measuring with ellipsometry spectroscopy the thickness of 
poly-Si deposited on flat wafer. While the deposition rate of poly-Si on 
textured surface is obtained by measuring the thickness of poly-Si layers 
on the pyramidal facets with SEM technique. The doping of the poly-Si 
layer is achieved with ion-implantation of phosphorus (P) or boron (B) 
for n+ or p+ type poly-Si, respectively. The ion-implantation parameters 
are energy = 20 keV (5 keV), dose = 6✕1015 cm− 2 (5 ✕1015 cm− 2) for P 
(for B). To evaluate the pinhole density and its influence on the 
passivation quality of the poly-Si passivating contacts, we prepared two 
sets of samples: one for pinhole density characterization and one for 
passivation quality evaluation. As shown in Fig. 1(a) and (b), both sets of 
samples followed the same processes for the fabrication of t-SiOx layer 
and poly-Si layer. The pinhole characterization samples are prepared on 
<100> double side flat wafers. 

Following the deposition of LPCVD, intrinsic (i) poly-Si layers un-
dergo the high-temperature (between 1000 ◦C and 1075 ◦C) pre- 
annealing step with the annealing time of 1 min at the peak tempera-
ture to form the pinholes in the t-SiOx layer. The annealing process is 
conducted with a Tempress furnace, which enables a ramp-up and ramp- 
down rate of 10 ◦C/min. The temperature is monitored during all the 

annealing processes. A 5% TMAH based high selective etching step at 
70 ◦C is used to visualize the pinholes, as shown in Fig. 2(a). The etching 
time is set to be 180 s, with which, for three tested samples, the standard 
error is around 3%. For the passivation quality evaluation samples, 
textured n-FZ wafers are used. Before the ion-implantation of P or B 
species on both sides of the wafers, the samples with (i) poly-Si layers are 
pre-annealed with the same setting as the pinhole samples. After ion- 
implantation, a post-annealing step is used to activate and diffuse the 
dopants [6]. The hydrogenation of these passivation samples is done 
before evaluating the passivation quality. This is done by first depositing 
a PECVD SiNx capping layer (in the role of H-source) and then per-
forming forming gas annealing step at 400 ◦C for 30 min. 

After TMAH etching, the pinhole samples prepared with different 
pre-annealing temperatures are characterized with an optical micro-
scope. With photos area of 100 μm × 100 μm, the pinhole density is 
carried out as a function of the pre-annealing temperature. The averaged 
pinhole density values are obtained from three samples. The minority 
carriers lifetime and implied open-circuit voltage (iVOC) of the samples 
were analyzed by means of a Sinton WCT-120 lifetime tester applying 
the generalized measurement mode [21]. 

The main objective of this work is to assess the relationship between 
pinholes density, doping distribution, electric field at the SiOx/c-Si 
interface and passivation quality. Next to visualizing and generally 
counting the pinholes density as well as reporting the ECV profiles 
alongside the lifetime measurement, we also performed a simulation 
campaign. By means of our TCAD Sentaurus modelling framework [15], 
we can explain the electric field difference at the SiOx/c-Si interface for 
different samples characterized by different pre- and post-annealing 
conditions. Accordingly, we consider a simulated structure which con-
sists of poly-Si layer on top of a SiOx film over a c-Si n-type wafer. We use 
measured thickness and ECV doping profiles as input parameters to 
calculate the electric field given a charge distribution by solving Pois-
son’s equation. We note that the electric field depends on the differential 
of the charge distribution (doping profile) in the space domain rather 
than charge magnitude. For instance, one can expect that the electric 
field is relatively low inside highly doped poly-Si film where the doping 
profile is almost constant in such a region. Similarly, relatively high 
electric field values are expected where the doping profile exhibits 
steeper variations near the SiOx/c-Si interface. 

3. Results and discussions 

3.1. Pinhole density 

Optical images of the pinhole samples are shown in Fig. 2(a1-a4). 
After 1 min annealing at 1000 ◦C, we observed much fewer pinholes 

Fig. 1. Schematic sketches of the processes to manufacture (a) pinhole density characterization samples and (b) passivation quality evaluation samples.  
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than in other cases annealed at higher temperatures (1025 ◦C, 1050 ◦C, 
and 1075 ◦C). Accordingly, the calculated pinhole density values as a 
function of the pre-annealing temperature are plotted in Fig. 2(b). From 
that we can see the pinhole density values increase with the pre- 
annealing temperature, dramatically, with a fixed annealing time. This 
trend and the related pinhole density values, between 1✕106 and 
2✕108 cm− 2, are consistent with literature [22–24]. For the 
post-annealing, when the temperature is lower than 1000 ◦C the pinhole 
density variation due to the post-annealing will be too low to be 
recognized. Therefore, the pinholes eventually generated in that tem-
perature regime will not have a significant impact on the doping profile. 
For post-annealing temperatures above 1000 ◦C, the pinholes generated 
will negatively affect the passivation quality as shown in following 
sections. 

3.2. Thermal diffusion budget 

During the post-annealing step after the ion-implantation, the dop-
ants are activated and diffused within the poly-Si material and, through 
the t-SiOx, the c-Si material. The diffusion within the c-Si bulk is crucial, 
as it affects the tail of the doping profile, which is one of the key factors 
that dominate the electrical field passivation quality, as well as the 
Auger recombination. The parameters that affect the doping profile are 
the annealing temperature and time as well as the properties of the t- 
SiOx, including its thickness, density, pinhole density, etc. The thermal 
diffusion budget (TB) is widely used in the semiconductor industry to 
illustrate the diffusion of dopant within a semiconductor material with 
respect to the annealing settings [16]. Following the decoupling of the 
pinhole generation and the dopants diffusion steps, we introduced the 
concept of TB to the poly-Si based passivating contact process for a 
specific post ion-implantation annealing temperature (Ti) [16]: 

Fig. 2. Optical microscope top view images of etched-back poly-Si samples prepared with pre-annealing for 1 min at temperature of (a1) 1000 ◦C, (a2) 1025 ◦C, (a3) 
1050 ◦C, and (a4) 1075 ◦C, according to which the calculated pinhole density as a function of the pre-annealing temperature is plotted in (b). The averaged pinhole 
density values are obtained from 3 samples manufactured per each pre-annealing temperature. 

Fig. 3. The calculated diffusion thermal budget values according to the post-annealing settings, temperature (◦C) and time (min), for (a) P and (b) B in c-Si material.  
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TBi = D0e−
Ea

kBTi ⋅t (1.1)  

where t is the post ion-implantation annealing time, D0 is the diffusion 
constant, and Ea is the dopant activation energy. Owning to the differ-
ence in value of D0 (8✕10− 4 cm2/s for P and 6✕10− 2 cm2/s for B [25]) 
and Ea (2.74 eV for P and 3.12 eV for B [25]), the TB for B is around 2 
times higher than that for P when the same post-annealing settings are 
used as shown in the double x-axis of Fig. 3(a) and (b), as a result 
different passivation quality is expected. This indicates different diffu-
sion dynamics between P and B in c-Si material. The physical unit of TB 
is cm2, which is interpreted as the squared diffusion length of the dop-
ants [16]. On the other hand, the D0 of P and B within thermal SiO2 layer 
is in the level of more than 1016 cm2/s [26], which is much higher than 
that within Si materials; therefore, we did not consider the diffusion of 
dopants within the thermal SiOx layers as a limiting factor. 

3.3. Passivation quality and thermal budget 

We prepared symmetric, textured samples endowed n+ poly-Si 
passivating contact layers (see Fig. 1) with the same pre-annealing and 
post-annealing settings as those for the pinhole density characterization 
samples and for the TB values calculation. After hydrogenation with 
SiNx capping layer and FGA annealing, the passivation quality of the 
samples is plotted in the passivation quality diagram (see Fig. 4). There, 
we map the pinhole density on the pre-annealing temperature (for 1 min 
annealing) as well as the TB on the post-annealing temperature/time 
settings versus the iVOC of the passivation quality evaluation samples. 
We generally observe that (i) samples experiencing too large TB show 
much lower passivation quality than those experiencing moderate TB 
values; (ii) samples with pinholes show higher passivation quality than 
those samples without pre-formed pinholes in the t-SiOx layer; (iii) there 
is a process window where the pinhole density and TB are at the mod-
erate region, which delivers the optimal passivation quality. 

From such diagram we pick one series of samples prepared with the 
same pre-annealing settings but different post-annealing TB values (se-
ries STB). These three samples experienced the same pre-annealing at 
1025 ◦C for 1 min. The pinhole density formed at this step is 1✕107 cm− 2 

(see Fig. 2(b)). In this specific series, the sample with the highest TB is 
post-annealed at 1000 ◦C for 1 min. The maximal additional pinhole 
density due to such post-annealing is expected to be ~1.5✕106 cm− 2 

(see Fig. 2(b)), which is only around one tenth of the value that was 
formed with the pre-annealing step. Therefore, we expect the similar 
pinhole density for all these three samples. 

As expected, by increasing TB, the dopants diffusion into the c-Si 
bulk is more pronounced. This can be seen in Fig. 5(a) from their 
measured doping profile curves. Fig. 5(b) reports the corresponding 
calculated electric field profiles. Samples prepared with lower TB, that 
are post-annealed at 850 ◦C or 875 ◦C, show similar doping profile and 
doping tails within the c-Si bulk. In other words, with these low TB 
processes, the diffusion through the t-SiOx and pinholes is limited due to 
the corresponding low dopant diffusion length. However, increasing the 
TB values by about 3 times, as in case of the sample post-annealed at 
1000 ◦C, the doping tail within the c-Si surface becomes rather pro-
nounced and deep. Such deep doping tail within the c-Si surface induces 
a lower passivation quality, as can be seen from the lifetime curves 
shown in Fig. 5(c) due to the increase of Auger recombination in highly 
doped profiles. 

On the other hand, the sample with post-annealing at 875 ◦C shows 
higher passivation, even though its ECV doping profile curve is nearly 
identical with the one post-annealed at 850 ◦C. Such an effect is ascribed 
to the improved field effect passivation for this sample as Fig. 5(b) de-
picts. As the pinhole density is similar in these samples, we believe that 
the slightly higher TB of the post-annealing at 875 ◦C provides better 
dopants diffusion through the pinholes, as illustrated in the literature 
[27,28]. This is presented in Fig. 6(a). When post-annealing with the 
lowest TB condition, there is just a minor excess of dopants diffusion 
through the pinhole to the c-Si surface (see Fig. 6(a1)). When increasing 
the TB condition to 875 ◦C post-annealing, the dopant diffusion through 
the pinholes increases (see Fig. 6(a2)). However, such excess of dopants 
within the c-Si surface is not enough to be recognized by the ECV 
measurement, which characterizes the averaged doping level of an area 
with a diameter in the scale of a few mm. That is why we observed two 
identical doping profiles for the samples post-annealed at 850 ◦C and 
875 ◦C despite exhibiting different passivation levels. This effect is 
attributed to the stronger field effect passivation for the higher TB 
sample, induced by the excess dopants at the pinhole areas of the c-Si 
surface. When increasing the post-annealing temperature to 1000 ◦C, 
even more dopants diffuse through the t-SiOx layer and, of course, 
through the pinholes. This is now so pronounced that the ECV doping 
profile clearly exhibits a deep doping tail within the c-Si surface. In our 
illustration in Fig. 6(a3), these dopants at the c-Si surface further 
enhance the electrical field to maximize the field effect passivation. 
However, they also induce a much higher Auger recombination, which 
cannot be compensated by the enhanced field effect passivation. 
Consequently, the observed passivation quality is lower compared to the 
two samples with lower TB. 

3.4. Passivation quality and pinhole density 

To further discuss the relation between the pinhole density and the 
passivation quality of the poly-Si passivating contact, we choose a series 
of samples characterized by medium TB (post-annealing at 875 ◦C for 30 
min) with varying the pinhole density (see Spinhole series in Fig. 4). In this 
way we can discuss the influence of pinhole density on the passivation 
quality by simply adjusting the pinhole density with varying the pre- 
annealing temperature from no pre-annealing (pinhole density ≈ 0 
cm− 2), to 1025 ◦C (pinhole density ≈ 1✕107 cm− 2) and 1075 ◦C (pinhole 
density ≈ 2✕108 cm− 2) pre-annealing temperature settings. As shown in 
Fig. 7(a), samples with no pinholes and with pinhole density 1✕107 

Fig. 4. The passivation quality diagram maps the pinhole density on the pre- 
annealing temperature (for 1 min annealing) and the TB on the post- 
annealing temperature/time settings versus the iVOC of the passivation qual-
ity evaluation samples. The pinhole density values were characterized from the 
flat wafers, while the calculated TB values for n+ poly-Si samples were prepared 
on double side textured c-Si wafers. The reported iVOC values were measured 
after the hydrogenation step without removing the SiNx capping layer. STB and 
Spinhole are two series of samples in which we varied TB for a fixed pinhole 
density or pinholes density for a fixed TB, respectively. The colored stars 
overlaid on the diagram indicate the samples used for studying ECV profiles in 
Figs. 5 and 7. 
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cm− 2 exhibit similar ECV doping profiles. However, the calculated 
electrical field at c-Si interface is different as Fig. 7(b) illustrates. 
Therefore, the sample with low pinhole density shows much higher 
passivation quality than the one without pinholes, see Fig. 7(c). This can 
be argued similarly as in the previous section: for the sample with pin-
holes, the excess of dopants diffusion into the c-Si surface is not recorded 

by the ECV measurement technique, but it is crucial to enhance the field 
effect passivation (see Fig. 6(b1) and (b2) and Fig. 7(b)). On the other 
hand, for the sample with higher pinhole density (2✕108 cm− 2, pre- 
annealed at 1075 ◦C), the volume of the excess dopants that diffuse 
through the pinholes within the c-Si bulk is pronounced and can be 
recorded by the ECV measurement technique, (see Fig. 7(a)). According 

Fig. 5. The ECV doping profile (a) and the calculated electric field profile (b) of the post-annealing TB series (STB) samples. Corresponding iVOC values extracted from 
lifetime curves measurements in (c) are inserted in (a). 

Fig. 6. Sketches for the electrical field, E, at the interfaces of poly-Si/t-SiOx/c-Si for the thermal budget series (STB) (a1 = low TB, a2 = medium TB, a3 = high TB) 
and for the pinhole density series (Spinhole) (b1 = no pinholes, b2 = low pinholes density, D1x, b3 = high pinholes density, D10x). 
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to Fig. 6(b3) and Fig. 7(b), these excess dopants at the c-Si surface 
enhance the electrical field, which is beneficial for the field effect 
passivation, but also induce extra Auger recombination at the c-Si sur-
face region of the bulk. Because the level and depth of these dopants are 
not so high as in case of the sample with the highest TB shown in Fig. 5 
(a), the Auger recombination is limited. Therefore, compared to the 
sample without pinholes, the overall passivation of this sample with 
high pinhole density is still much higher. However, when moving to 
higher post-annealing TB settings, passivation quality of the samples 
with the same pre-annealing settings show a deceasing trend, as is 
shown in Fig. 4. Looking at Fig. 7(b), the sample without pre-annealing 
seems to yield electric field at the SiOx/c-Si interface similar to that of 
the pre-annealed sample at 1075 ◦C, while its passivation is significantly 
lower. However, zooming-in the electric field curves around the SiOx/c- 
Si interface as in Fig. 7(d) and looking at their intensities after said 
interface, we confirm the same lifetime trend as shown in Fig. 7(c). 

Note that the results reported in this work, which are based on 
thermally grown SiOx layer, may not apply to other types of ultra-thin 
SiOx. For example, attempting a similar study on NAOS- SiOx [6], the 
pre-annealing approach proved not conclusive as previously discussed in 
the literature [29]. 

3.5. Passivation quality of p+ poly-Si 

With the same pre- and post-annealing settings, we also prepared 
symmetric, textured samples endowed p+ poly-Si passivating contact 
layers. The passivation quality diagram as function of pre- and post- 
annealing conditions is reported in Fig. 8(a). In general, the passiv-
ation quality of the p+ poly-Si passivating contacts is lower than that of 
the n+ poly-Si samples. We note that samples which experienced too 
high TB show much lower passivation quality than that of samples 
prepared at lower TB values. While samples with pinholes show slightly 
higher passivation quality than that of the samples prepared without 
intentionally pre-forming pinholes in the t-SiOx layer. There is also an 
optimal passivation quality window, for which both the pinhole density 
and the TB have moderate values. This is also in-line with previous 
literature, that within an optimum pinhole density window, the pinhole 
density could have little impact on the doping profile, but may positively 
impact the passivation quality [28,30]. However, the sensitivity of the 
passivation quality on the pinhole density for p + poly-Si samples is 
much lower than in case of n + poly-Si samples. This is related to boron 
which readily diffuses through the SiOx into the silicon, leading to a 
lower surface passivation [30]. 

Following the same procedure as in Section 3.3 and Section 3.4, we 
picked up the two series of samples: the TB series and the pinhole density 
series (STB and Spinhole curves shown in Fig. 8(a), respectively). From the 

Fig. 7. The ECV doping profile (with iVOC in the inset) (a) with calculated electric field profile (b) and (c) the lifetime curves for the pinhole density (pre-annealing) 
series (Spinhole) samples. The curves in the dashed box in (b) are zoomed in (d). 
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ECV curves and the iVOC values of the STB series samples, we can draw 
similar conclusions to those about the n+ poly-Si samples. As reported in 
Fig. 8(b) and (c), the doping profile and the calculated electric field is 
sensitive to the post-annealing TB. For TB > 5✕10− 12 cm2 the 

passivation quality (iVOC) drops tremendously due to enhanced Auger 
recombination induced by the excess B diffusion into the c-Si surface. 
While for lower TB values similar ECV profiles yield similar and higher 
passivation quality due to the enhanced electric field as Fig. 8(c) shows. 

Fig. 8. (a) Passivation quality diagram maps the 
pinhole density on the pre-annealing temperature (for 
1 min annealing) and the TB on the post-annealing 
temperature/time settings versus the iVOC of the 
evaluation samples. The pinhole density values were 
characterized from the flat wafers, while the calcu-
lated TB values for p + poly-Si samples were prepared 
on double side textured c-Si wafers. The reported iVOC 
values were measured after the hydrogenation step 
without removing the SiNx capping layer. STB and 
Spinhole are two series of samples in which we varied 
TB for a fixed pinhole density or pinholes density for 
a fixed TB, respectively. The colored stars overlaid on 
the diagram indicate the samples used for studying 
ECV profiles. The ECV doping profile (with iVOC in 
the inset) and the calculated electric field profiles of 
the STB and Spinhole series samples are reported in (b 
and d) and (c and e), respectively.   
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As for the Spinhole series, the conclusion found for n+ poly-Si is still valid: 
compared to the non-pinhole samples, the existence of pinholes helps to 
enhance the overall passivation (see Fig. 8(d)). In fact, despite the three 
samples exhibit similar ECV profiles, only the samples with intentionally 
pre-formed pinholes result in higher iVOC. This is again attributed to the 
trade-off between Auger recombination and electric field passivation at 
the pinhole area due to the excess B diffusion. 

4. Conclusion 

In this work, we decouple the pinhole formation step from the dop-
ants’ diffusion step during the fabrication processes of poly-Si passiv-
ating contacts by adding an extra pre-annealing before the dopants’ 
implantation in the intrinsic poly-Si layer. The pinholes formed with the 
pre-annealing are visualized by a TMAH selective etching. The images 
show that the pinhole density increases with higher pre-annealing 
temperature. By introducing the concept of post-annealing thermal 
budget (TB) for dopants’ diffusion, we discussed the influence of the 
pinhole density in the thermally grown SiOx layer on the doping profiles 
and the passivation quality of double side textured n+ and p+ ion- 
implanted poly-Si passivating contacts. It is found that, for both n+ and 
p+ poly-Si samples, the existence of pinholes can enhance their passiv-
ation quality, if the pinhole density and the post-annealing TB are 
moderate (~1✕107 cm− 2 and ~2✕10− 12 cm2, respectively). Also, we 
found that the sensitivity of passivation quality on the pinhole density 
for n+ poly-Si samples is much higher than that for p+ poly-Si samples. 
The enhanced passivation quality is due to the strengthening of the 
electrical field passivation, owning to the local diffusion of dopants 
through the pinholes. 
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