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ABSTRACT: The formation of certain types of doped
polysilicon passivating contacts for silicon solar cells is recently
reported to generate very strong impurity gettering effects,
revealing an important additional benefit of this passivating
contact structure. This work investigates the underlying
gettering mechanisms by directly monitoring the impurity
redistribution during the contact formation and subsequent
processes, via a combination of secondary ion mass
spectrometry (SIMS), transmission electron microscopy
(TEM), and minority carrier lifetime techniques. Microscopic
features of the phosphorus and boron diffusion-doped
polysilicon passivating contacts are also presented. Iron is
used as a marker impurity in silicon to enable direct
quantification of its concentration change in the bulk of the silicon wafers and in the surface layers that compose the contact
structure. The results conclusively show that, for phosphorus-doped polysilicon passivating contacts, impurities are relocated
from the silicon wafer bulk to the heavily phosphorus-doped polysilicon layer; while for the boron diffusion-doped polysilicon,
the boron-rich layer (a silicon−boron compound) accounts for the majority of the gettering action.

KEYWORDS: gettering, polysilicon passivating contacts, silicon, iron, solar cells

1. INTRODUCTION

Efficiency loss due to carrier recombination at the metal−
silicon interface is a significant limitation in the conventional
silicon solar cell designs. Passivating contacts overcome this
limitation by providing both effective transport of majority
carriers and excellent suppression of minority carrier
recombination at the interface. As a result, passivating contacts
have become an enabler in the recent cell efficiency gains,1−3

breaking the long-standing efficiency record held by the
passivated emitter rear locally diffused (PERL) silicon solar
cells.4

A doped polycrystalline silicon (polysilicon, or poly-Si) film
with a thin silicon oxide (SiOx) interlayer is one of the most
common and effective approaches to fabricating passivating
contacts in silicon solar cells, as has been demonstrated in the
reported record cell efficiencies.2,3,5 Polysilicon based passivat-
ing contacts have been used in other silicon devices such as in
bipolar junction transistors (BJT) to improve the device
performance.6,7 In addition to the efficiency gain, the
polysilicon passivating contacts have high-temperature stability
and a relatively simple fabrication process (no patterning

required), making them particularly appealing to the silicon
solar cell manufacturing industry.
Another significant efficiency loss channel in solar cells is

carrier recombination via impurities and defects (especially
impurity-decorated defects) in the silicon wafer bulk. Impurity
gettering is therefore a vital aspect of the cell fabrication
process, particularly for the mass-produced solar cells made
from cheaper solar-grade silicon materials and in less well
controlled contamination environments.
It is recently reported that certain types of polysilicon

passivating contacts can achieve effective impurity gettering
during contact formation, while maintaining their excellent
passivating contact quality.8,9 This demonstrates an added
advantage of the polysilicon passivating contact, making it a
complete solution to addressing the carrier transport, and
surface and bulk recombination losses in silicon solar cells,
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which further strengthens its potential for the mass production
of high-efficiency solar cells.
This work aims to gain a better understanding of the

impurity gettering effects of polysilicon passivating contacts.
This would enable contacts with more effective gettering to be
developed, and the reason behind the different gettering
efficiencies from contacts fabricated with different techniques8,9

could be explained and resolved. We use iron (Fe) as a marker
impurity in silicon to qualitatively and quantitatively assess its
redistribution during contact formation and subsequent
processes, which allows a direct identification of the gettering
sites in polysilicon passivating contacts. The Fe concentration
in the bulk of the silicon wafers is measured by a carrier lifetime
based technique,10,11 and the Fe distribution and concentration
in the surface polysilicon passivating contact layers and the
near-surface regions of the silicon wafer bulk are measured by
secondary ion mass spectrometry (SIMS). High-resolution
transmission electron microscopy (HR-TEM) and scanning
TEM (STEM) are applied to understand the surface layer
structures and compositions, and to reveal microscopic features
of the polysilicon passivating contacts. The polysilicon layers
are ex-situ-doped via a conventional thermal diffusion using
POCl3 or BBr3 sources, a process that is directly compatible
with the existing cell fabrication tools in industry.

2. EXPERIMENTAL DETAILS
A flowchart of the experimental procedures is shown in Figure 1.

This work used high-quality float-zone (FZ) silicon wafers with
precise doses of intentional bulk Fe contamination. Fe is introduced
into the Si wafer bulk via ion implantation and subsequent distribution
annealing, as detailed in ref 8. The boron-doped p-type FZ-Si wafers
had a resistivity of 0.9 Ω cm and a thickness of 180 ± 5 μm after saw
damage etching. After Fe implantation and distribution annealing, the
wafers were contaminated with either 1013 cm−3 or 1014 cm−3 bulk
interstitial Fe concentrations ([Fei]).
The Fe-contaminated silicon wafers were then subjected to the

formation of phosphorus or boron diffusion-doped polysilicon/oxide
passivating contacts. Details of the fabrication technique can be found
in refs 12 and 13. Symmetric polysilicon contact structures were

fabricated on both sides of the wafers. The samples used for SIMS and
TEM measurements had a high initial bulk [Fei] of 10

14 cm−3, in order
to improve SIMS sensitivity to the Fe concentration in polysilicon.
Thin silicon oxide layers were grown on the silicon wafer surfaces via
immersion in a 68 wt % nitric acid bath at 90 °C for 30 min, resulting
in an oxide thickness of around 1.3−1.4 nm, from previous
ellipsometry measurements.12 The samples were then coated with
intrinsic amorphous silicon (a-Si) films from plasma-enhanced
chemical vapor deposition (PECVD), at an on-sample temperature
of ∼250 °C. The samples were held at ∼250 °C for a total of 1 h.
Deposited dielectric films such as PECVD silicon nitride and atomic-
layer-deposited (ALD) aluminum oxide have been reported to cause
impurity gettering effects at elevated temperatures where the metals
are sufficiently mobile.14−16 It is presently unknown whether a-Si films
possess similar gettering effects or not. Nevertheless, the moderate
diffusivity of Fei in silicon17 at 250 °C limits any possible surface
gettering effects to less than 20% during the PECVD deposition
process, which is rather small compared to the amount of Fei being
gettered during the polysilicon passivating contact formation
(>99.9%).8 A typical a-Si film thickness, as was used in our previous
studies,8,12,13 is 30−40 nm. Much thicker films of 150−200 nm were
deposited for the SIMS and TEM samples in this study, to enable clear
layer distinction, and to avoid the impact of surface contamination and
surface-related measurement artifacts when interpreting the SIMS
depth profiles. The a-Si/oxide coated samples were then subjected to
thermal diffusions in quartz tube furnaces in either POCl3 or BBr3
sources. POCl3 diffusion was carried out at 890 °C for a total of 40
min, and BBr3 diffusion was performed at 900 °C for 45 min. The
samples were loaded in and out of the furnaces at 700 °C, with a ramp-
up and ramp-down rate of 10 °C/min. The thermal diffusion processes
also resulted in a partial recrystallization of the amorphous silicon into
polycrystalline silicon, as will be revealed by TEM results.

The Fei concentrations in the silicon wafer bulk were measured
before and after the polysilicon contact formation. A WCT-120 tool
from Sinton Instruments was used to measure the effective minority
carrier lifetime curves.18 From the carrier lifetimes measured before
and after Fe−B pair dissociation via strong illumination, the bulk Fei
concentrations were determined.10,11,19 The reported error bars in
[Fei] came from assuming a 10% uncertainty in the measured lifetimes
before and after Fe−B pair breaking.

SIMS depth profiling was used to measure the Fe and dopant (P or
B) concentrations in the polysilicon passivating contacts and the near-
surface silicon substrate. The measurements were conducted by EAG
Laboratories. The nominal depth resolution was ∼2 nm/step, although
the actual resolution was likely much larger as the bombarded ions
tend to become intermixed during the depth profiling.

To assess the surface layer structure and chemical composition,
high-resolution TEM (HR-TEM), and scanning TEM (STEM)
coupled with energy dispersive X-ray spectroscopy (EDS) mapping
and high-angle annular dark-field (HAADF) imaging, were employed
to examine the cross-section of the near-surface regions, using a JEOL
JEM-2100F TEM instrument. The TEM lamellae were prepared by
focused ion beam (FIB), with an FEI Helios 600 NanoLab instrument.
Gallium (Ga) ion beam was used in the FIB. Following similar low-
energy FIB techniques,20 relatively low-energy Ga beams (16 keV, 8
keV, and finally 2 keV) were sequentially used in this work to carefully
polish the TEM lamellae to minimize Ga damages. No Ga-related
artifacts were observed in the lamellae by TEM.

The samples for SIMS and TEM analyses had the phosphosilicate
glass (PSG) or boron silicate glass (BSG) retained on the sample
surfaces. In order to identify the location and thickness of the boron-
rich layer (BRL)21−23 in the boron diffusion-doped polysilicon,
additional samples with different surface layers were prepared for TEM
examinations. One sample had the BSG layer removed in dilute HF
solution, in which case the remaining surface layers were BRL/
polysilicon. The sample surfaces were found to remain hydrophilic in
HF solution, which is a well known characteristic of the BRL,21

confirming its presence at the surface layer after the BSG removal. The
other sample had both the BSG and BRL layers removed, with the
remaining layer being polysilicon alone. The BSG was removed in HF,

Figure 1. Flowchart of the experimental procedures.
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and the BRL was removed by boiling nitric acid and HF. By immersing
the samples in boiling nitric acid, the surface BRL becomes oxidized
into BSG and can thus be etched off in HF.22,24 The two steps were
repeated until the sample surfaces became hydrophobic, indicating the
complete removal of the BRL, and revealing the polysilicon as the
remaining surface layer. Oxidation of the polysilicon in boiling nitric
acid is a self-limiting, very slow process.25 Partial removal of the
polysilicon layer in boiling nitric acid is limited to no more than a few
nanometers.
In order to confirm the main gettering site in boron diffusion-doped

polysilicon contacts, post-diffusion oxidation was carried out to
examine the bulk [Fei] changes, as an oxidized BRL releases its
gettered impurities back into the silicon bulk at moderate and high
temperatures.26 The boron-doped polysilicon samples from ref 8. were
used for the oxidation experiment. These samples had a lower initial
[Fei] of 1013 cm−3 to enable accurate lifetime-based bulk [Fei]
measurements. After contact formation, the bulk Fei concentrations
were found to drop to (0.4−1.5) × 1010 cm−3.8 Post-diffusion
oxidation was performed on the samples with different remaining
surface layers: BSG/BRL/polysilicon layers, BRL/polysilicon layers,
and polysilicon layer alone. For the samples with either BSG/BRL/
polysilicon or BRL/polysilicon layers, oxidation was conducted at 930
°C for 80 min in dry oxygen, with a 10 °C/min ramp-up and ramp-
down to 700 °C. This condition is more than sufficient to fully oxidize
the BRL.23,26 Complete oxidation of the BRL was confirmed in our
experiment, as the sample surfaces became hydrophobic in HF after
the oxidation step. The sample with only the polysilicon layer
remaining was oxidized at 930 °C for 4 h in dry oxygen to allow full
oxidation of the 30−40 nm thick polysilicon layer. The bulk Fei
concentrations were measured after oxidation.

3. RESULTS

3.1. Gettering in Phosphorus Diffusion-Doped Poly-
silicon Passivating Contact. The layer structure of the
POCl3 diffusion-doped polysilicon contact is shown in Figure 2.
The different layers can be easily distinguished because of the
very different crystal structures: PSG is amorphous, the P-
doped poly-Si layer is partially crystallized (which confirms that
the PECVD deposited a-Si films partially recrystallize into poly-
Si during thermal diffusion in a dopant source), and the silicon

wafer bulk is crystalline. The crystal phases were also confirmed
by the respective electron diffraction patterns (not shown).
Further evidence of the layer structure is demonstrated by

the HAADF-STEM image and EDS-STEM maps and line scans
shown in Figure 3. The 40−50 nm thick surface layer is
revealed to be rich in oxygen and lean in silicon, which confirms
its identification as the PSG (a mixture of P2O5 and SiO2) layer.
It is interesting to note that some PSG “fingers” extend into the
poly-Si layer, which may relate to the porous structure and
nonplanar surface of the low-temperature deposited a-Si films
that result in uneven penetration of the PSG layer. The thin
SiOx interlayer, in between the doped poly-Si layer and the
crystalline silicon (c-Si) wafer bulk, can also be clearly seen in
Figure 3.
The sample shown in Figures 2 and 3 had a precise amount

of dissolved Fe (i.e., Fei) introduced into the silicon wafer bulk
prior to forming the phosphorus-diffused polysilicon surface
contacts on both sides. After contact formation, the Fei
concentration in the silicon wafer bulk dropped from 1014

cm−3 to 2 × 1010 cm−3. Unfortunately, Fe could not be clearly
detected by EDS-STEM mapping, because of its low
concentration and moderate atomic mass. SIMS was therefore
used to reveal the Fe concentration in the surface regions, as
shown in Figure 4. The layer structure, as marked on the SIMS
depth profiles in Figure 4, is from the TEM and STEM analyses
in Figures 2 and 3.
As shown in Figure 4, the phosphorus-doped polysilicon

layer contains a high concentration of Fe for the Fe-
contaminated sample, whereas the Fe concentration in the
no-Fe control sample remains at the detection limit. Note that
the apparent [Fe] increase toward the sample surfaces in the
top tens of nanometres, as observed on both Fe-contaminated
and no-Fe samples, can be attributed to surface contamination
and near-surface measurement artifacts. For the Fe-contami-
nated sample, the Fe concentration in the surface P-doped
polysilicon layer, from SIMS measurements, amounts to a bulk
Fe concentrtion of 9.5 × 1013 cm−3 for a 180-μm thick wafer
with symmetric polysilicon structure on both sides. This agrees
very well with the initial bulk Fe contamination of 1014 cm−3,
further proving that Fe is gettered from the silicon wafer bulk to
the P-doped polysilicon surface layers during contact formation.
Heavy doping of the polysilicon layer by P atoms is

confirmed by the SIMS [P] profile in Figure 4. It is interesting
to note that the P concentration in the poly-Si layer is higher
than the SIMS measured P concentrations in the c-Si surface
regions for direct POCl3 diffusion on c-Si wafers.

27−29 This may
relate to the high density of grain boundaries in poly-Si, where
dopant accumulation and precipitation take place.30−32 The
blocking effect of the interfacial SiOx on the diffusion of P
atoms, and the thinner poly-Si layers compared to the doped c-
Si surface regions (tens to a couple hundred of nanometers of
poly-Si as compared to several hundred nanometers to a few
micrometers in c-Si), may also contribute to a higher level of
dopant supersaturation in the poly-Si layer.
As the remaining Fei concentration in the silicon wafer bulk

(2 × 1010 cm−3) dropped to below the solubility limit of Fei in
silicon at 700 °C (1011 − 6 × 1011 cm−3),17,33 which is the
furnace unloading temperature, it is evident that the gettering
effect of the P-doped polysilicon layer occurs via impurity
segregation. As reported previously, an undoped polysilicon
layer exhibits much weaker gettering effects, indicating the
importance of heavy phosphorus doping on the gettering
effectiveness.8 Phosphorus diffusion gettering (PDG) has been

Figure 2. TEM and HR-TEM images of the POCl3-diffused
polysilicon contact: (a) structure overview; (b) PSG/poly-Si interface;
(c) middle of the poly-Si layer; (d) poly-Si/thin SiOx interlayer/c-Si
interface.
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long known and applied in both microelectronics and
photovoltaics, yet there are multiple explanations in the
literature for the underlying physical mechanisms (see, e.g.,
refs29 and 34. and the references therein). A more recent
model proposed by Schön et al. was shown to explain a range of
experimental results reported in the literature concerning the
PDG of Fe.29 The dominant gettering mechanisms were
attributed to the reactions of (a) Fe with oxygen complexes and
(b) Fe with either electrically active or inactive P atoms.29 As
shown in Figure 4, the SIMS Fe profile demonstrates a plateau
in Fe concentration in the P-doped polysilicon layer, whereas
both the SIMS P concentration and the uncalibrated O signal
(SIMS in Figure 4 and EDS-STEM in Figure 3d) show a
varying profile. The total P concentration measured by SIMS is
likely dominated by the electrically inactive P atoms, as the
active P concentration in Si at equilibrium is only 3 × 1020 cm−3

at 890 °C,35 much smaller than the total P concentration shown

in Figure 4. A comparison of the Fe, P, and O profiles therefore
suggests that the gettering of Fe in the P-doped polysilicon
layer cannot be explained by a simple correlation with the
presence of a single impurity species. Fe may also be gettered
by the heavily P-doped grain boundaries and defects in the
polysilicon layer (noting that the undoped polysilicon does not
getter efficiently8). Other mechanisms may be at play as well.
Further investigations are required to elucidate the exact
gettering mechanisms on an atomic scale, and determine their
relative contributions to the total effect.

3.2. Gettering in Boron Diffusion-Doped Polysilicon
Passivating Contact. The layer structure of the BBr3
diffusion-doped polysilicon contact has also been examined
by TEM, HAADF-STEM, and EDS-STEM, as shown in Figures
5 and 6. Similar to the PSG (a mixture of P2O5 and SiO2), the

BSG (a mixture of B2O3 and SiO2) layer is also amorphous,
oxygen-rich and silicon-lean. The B-doped poly-Si layer is
partially crystallized as well. The level of crystallinity, however,
is found to vary across the cm-sized sample wafer, possibly
owing to the nonuniform boron diffusion and uneven BSG
penetration across the wafer.23,36 The bulk c-Si region near the
SiOx interface is found to contain a small degree of crystal
defects, consistent with previous reports.37,38

Unlike POCl3 diffusion, BBr3 diffusion on silicon is well
documented to produce an HF-insoluble Si−B compound
(SiB4 − SiB6), commonly referred to as a boron-rich layer
(BRL), between the BSG and silicon (see refs .21−23 and
references therein). The presence of the BRL in our BBr3-
diffused polysilicon samples, between the BSG and the
polysilicon layer, is confirmed by the chemical tests (HF
immersion and subsequent nitric acid oxidation), as detailed in
Experimental Details. However, BRL could not be resolved
from the poly-Si layer using HR-TEM, and the small atomic
mass of B made it difficult to detect the B distribution using
EDS-STEM. The BRL location and thickness in our polysilicon

Figure 3. (a) HAADF-STEM image of the POCl3-diffused polysilicon contact. (b, c) Corresponding EDS-STEM maps of oxygen (O K-map) and
silicon (Si K-map), respectively. (d) Line scans across the EDS-STEM maps shown in panels b and c.

Figure 4. SIMS Fe and P concentrations (top) and uncalibrated O
signal (bottom) in POCl3-diffused polysilicon passivating contact
layers and the near-surface silicon substrate, for samples with and
without an initial bulk Fe contamination of 1014 cm−3 prior to the
contact formation.

Figure 5. TEM images of the BBr3-diffused polysilicon contact with
different remaining surface layers: (a) BSG/BRL/poly-Si, i.e., the full
structure; (b) BRL/poly-Si; and (c) poly-Si. Note that the three
images are from different positions of the same wafer, and therefore
the small features (e.g., interface shapes) are different.
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samples were hence determined by comparing the TEM images
of the samples with different surface layers remaining: BSG/
BRL/poly-Si layers, BRL/poly-Si layers, and poly-Si layer alone,
as shown in Figure 5.
Furthermore, Figure 5 reveals that the BSG is intertwined

with the BRL and the BRL with the poly-Si, such that there is
no sharp interface between the different layers. Panels b and c
of Figure 5 show that the sample surfaces, which correspond to
the BSG/BRL and BRL/poly-Si interfaces respectively, are
rather porous. This intermixing phenomenon is particularly
strong for the BSG/BRL interface. The intermixed boundaries
also contribute to the difficulties in resolving the BRL in this
work. Distinction of the BRL from c-Si has been reported in the
literature using scanning electron microscopy (SEM), TEM,
and EDS.23,26,39,40 However, in the case of partially amorphous
and partially polycrystalline silicon (i.e., the recrystallized poly-
Si layer in this study), the amorphous BRL21 could not be
distinguished from the amorphous silicon regions in the poly-Si
layer (even from diffraction patterns). Moreover, the different
layers are in fact intermixed at the interfaces, making it
impossible to separate the individual layers from TEM or EDS-
STEM.
The boron-diffused sample also had a high initial bulk Fei

contamination of 1014 cm−3, which was reduced to 3 × 1010

cm−3 after forming the polysilicon contacts on both sides. SIMS
was used to reveal the surface Fe distribution after contact
formation, as shown in Figure 7. A co-processed sample
without initial bulk Fe contamination was included as a
reference.
As shown in Figure 7, unlike P-doped poly-Si, the B-doped

poly-Si layer on its own exhibits a poor gettering effect, which is
consistent with the literature regarding the inefficient gettering
by heavily B-doped silicon for Fe at thermal diffusion
temperatures26,41 and the weak gettering effects of the undoped
poly-Si layer alone.8

The Fe-contaminated sample in Figure 7 demonstrates an
increase of the Fe concentration in the BRL and at the BSG/
BRL interface. As discussed above, the BSG/BRL interface is
heavily intermixed, and therefore the layer allocation on the
SIMS depth profiles in Figure 7 serves as a rough guide only.
The BRL is known to act as a strong gettering site for bulk
impurities in silicon,26,42 whereas the BSG has no gettering
effect.26 Gettering by the BRL can explain the SIMS
measurements of higher [Fe] in the BRL and at the intermixed
BSG/BRL interface for the sample with initial bulk Fe
contamination.
However, the quantitative Fe concentration in the BRL and

BSG from the SIMS profile amounts to a bulk Fe concentration
of 1013 cm−3 for a 180-μm thick wafer, which is an order of
magnitude lower than the known bulk Fe loss of 1014 cm−3.
This discrepancy is likely caused by the incorrect calibration

standard used in SIMS for quantifying the Fe concentration in
the BRL and BSG. The SIMS profiles in Figure 7 are based on
the calibrated ion yields of impurities in the silicon matrix. As
the BRL (SiB4−SiB6)

21,23 and BSG (a mixture of B2O3 and
SiO2) are effectively different materials to silicon, the
quantitative SIMS measurements in the BRL and BSG regions
are largely inaccurate. Nevertheless, the qualitative comparison
of the SIMS Fe profiles for the two samples with and without
initial bulk Fe contamination is still a sufficient proof of the
gettering effect of the BRL.
To further confirm that bulk Fe is gettered to the BRL, a

post-diffusion oxidation at a high temperature (930 °C) was
carried out on samples with different surface layers, as shown in
Figure 8. Two of the samples were oxidized with the BRL
remaining in place, in either the BSG/BRL/poly-Si structure or
the BRL/poly-Si structure. The other sample had the BRL
chemically removed prior to the high-temperature oxidation
and was oxidized with only the poly-Si layer remaining.
The BRL is known to be easily oxidized into the BSG during

a post-diffusion oxidation.23 At moderate and high temper-
atures where Fe is sufficiently mobile, oxidation of the BRL into
BSG is found to drive the previously gettered impurities back
into the silicon wafer bulk.26 The boiling nitric acid oxidation
(∼100 °C), which was used to chemically remove the BRL, is
unable to cause any measurable Fe diffusion into silicon. The

Figure 6. (a) HAADF-STEM image of the BBr3-diffused polysilicon contact. (b, c) Corresponding EDS-STEM maps of oxygen (O K-map) and
silicon (Si K-map), respectively. (d) Line scans across the EDS-STEM maps shown in panels b and c.

Figure 7. SIMS Fe and B concentrations in BBr3-diffused polysilicon
passivating contact layers and the near-surface silicon substrate, for
samples with and without an initial bulk Fe contamination of 1014

cm−3 prior to the contact formation. Note that the positions of the
BSG/BRL and BRL/poly-Si interfaces are indicative only, as the
boundaries are intermixed (particularly at the BSG/BRL interface).
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results presented in Figure 8 demonstrate that when the BRL is
present during the high-temperature oxidation, regardless of the
presence of the BSG, most of the initially gettered Fe reappears
in the silicon wafer bulk. On the other hand, for the sample
undergoing a high-temperature oxidation without the BRL, the
bulk Fe concentration remains low. These results therefore
confirm that the BRL is the main gettering site in boron
diffusion-doped polysilicon passivating contacts. Similar to
phosphorus-doped polysilicon, the gettering of Fe by the BRL
is also driven by an impurity segregation mechanism. However,
the underlying physics for the higher impurity solubility in the
BRL has not yet been studied.

4. DISCUSSION
Results in this work clearly show that two different materials are
responsible for the gettering effects of phosphorus and boron
diffusion-doped polysilicon passivating contacts: in the case of
phosphorus, the heavily phosphorus-doped polysilicon acts as
the gettering site; and in the case of boron, the boron-rich layer
(i.e., the HF-insoluble Si−B compound) accounts for the
strong gettering effects. This paves the way for further detailed
investigation of the underlying atomic-scale gettering reactions.
The findings also explain why certain polysilicon passivating
contacts exhibit effective gettering while others do not8,9 and
has implications for the polysilicon doping techniques.
The finding that impurities are gettered by the heavily P-

doped polysilicon explains the reported bulk carrier lifetime
improvements after the formation of phosphorus ion-implanted
polysilicon passivating contacts.9 Given a sufficient thermal
budget for bulk impurities to reach the wafer surfaces and travel
through the thin oxide interlayers, other techniques that heavily
dope the polysilicon layers by phosphorus atoms, for example
via an in situ doping and subsequent annealing, are also likely to
generate impurity gettering effects.
Boron-doped polysilicon passivating contacts from ion

implantation and annealing, on the other hand, have been
reported to have no gettering effect.9 This is consistent with our
finding that the BRL, from BBr3 thermal diffusion on
polysilicon, is responsible for the gettering effect in boron
diffusion-doped polysilicon contacts. Boron doping via spin-on,

printed, or chemical vapor deposited surface dopant sources,
followed by a drive-in anneal, has also been reported to
produce the BRL in silicon surface regions.39,40,43 These
techniques, as well as others that cause a significant boron “pile-
up” to create the BRL, could potentially be used for doping the
polysilicon contacts in order to accomplish both contact
formation and impurity gettering effects.
In boron-diffused crystalline silicon, the BRL has to be

removed, commonly via a post-diffusion oxidation, to allow
adequate passivation of the boron-doped c-Si surfaces, which
unfortunately repoisons the silicon wafer bulk.26 As the
presence of the BRL and its gettered impurities are found to
have no impact on the excellent surface passivation of the
polysilicon contacts,8 and they do not impair the formation of a
metal contact, boron diffusion-doped polysilicon passivating
contacts demonstrate obvious dual benefits compared to the
conventional boron diffusion doping on c-Si wafers.
As the surface layers (phosphorus-doped polysilicon or

boron-rich layers) are found to be the gettering sites in
polysilicon passivating contacts, the strong gettering effects of
these contacts partially benefit from the high-temperature
processes used for the contact formation, which provide the
necessary thermal budgets for the impurity migration toward
the surface gettering layers. To achieve similar impurity
gettering effects, for example via a conventional phosphorus
diffusion, low-temperature processed passivating contacts, such
as the amorphous silicon based heterojunction silicon solar
cells, would require an additional pretreatment at sufficiently
high gettering temperatures.

5. CONCLUSION
In summary, this work presents a direct observation of the
impurity redistribution during the formation of both
phosphorus and boron diffusion-doped polysilicon passivating
contacts. This allows for a conclusive identification of the two
very different gettering sites in phosphorus- and boron-diffused
contacts: for phosphorus-doped polysilicon contacts, impurities
are found to be gettered from the silicon wafer bulk to the
heavily phosphorus-doped polysilicon layer; whereas for the
boron-doped polysilicon contacts, the presence of a boron-rich
layer (a Si−B compound, SiB4− SiB6), from thermal diffusion
for example, is the key to achieving strong gettering effects for
the bulk impurities. These findings provide an improved
understanding of the impurity gettering mechanisms in
polysilicon-based passivating contact structures, and locating
the respective gettering sites is the first step toward an in-depth
understanding of the atomic-scale interactions of impurities
with the gettering agents.
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