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Analysis of Phosphorus Doped Silicon Oxide
Layers Deposited by Means of PECVD as a
Dopant Source in Diffusion Processes

A. Fallisch, D. Wagenmann, R. Keding, D. Trogus, M. Hofmann, J. Rentsch, H. Reinecke, D. Biro

Abstract— In order to increase the conversion efficiencies of
silicon solar cells, advanced cell structures with selectively doped
areas receive an increasing interest. There is a strong need to
separate the contacted diffusion profiles from the non-contacted.
On the one hand, a high dopant concentration in the contact
regime reduces the series resistance losses mainly due to lowered
contact resistance. Additionally recombination is reduced by
shielding the minority charge carriers from surface at the contact.
On the other hand a low dopant concentration in the non-contact
regime reduces the recombination losses and optimizes the
spectral response of the cell.

In this work phosphorus doped silicon oxide layers are used as
a diffusion source for tube furnace diffusion processes. It is shown
that the sheet resistance of the diffused area is controlled by the
silane gas flow during the deposition of phosphorus doped silicon
oxide. In order to analyze the influence of the diffused areas on
the saturation current densities, symmetrical carrier lifetime
samples are prepared. Therefore a stack system consisting of a
thermally grown silicon dioxide and silicon nitride is used for
passivation purposes on textured samples.

Index Terms—PECVD, doped oxide, sheet resistance, diffusion

I. INTRODUCTION

I NCREASING the solar cell efficiency while keeping the costs
constant is one way to reduce the costs per Watt-peak in
crystalline silicon solar cells. The emitter is a highly doped
region which collects excess minority charge carriers from the
bulk. Since the emitter is usually situated at the front side of
the solar cell it is mainly responsible for the height of the
short-circuit current density Jg in the short wavelength range
extracted from the device. Passivated solar cells like the
“passivated emitter and rear cell” (PERC) [1] or the
“passivated emitter and rear locally diffused cell” (PERL) [2]
receive an increasing interest because they yield a higher
efficiency potential. As these cells are no longer limited by the
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recombination rate at the full area back surface field (BSF),
the necessity of low emitter recombination is given to further
increase the efficiency. A low emitter recombination is
achieved by reducing the dopant concentration, especially at
the surface [3]. Minority charge carriers generated in the
highly doped emitter region have to diffuse to the pn-junction
before they recombine. Thus a shallow emitter is also
important to increase the short-circuit current density as about
10% of the maximum achievable current is generated in the
first few hundred nanometers [4]. This is in contrast to the
need of a high surface concentration and a deep emitter in the
contact region. A high surface concentration reduces the
contact resistance [5] and a deep emitter shields minority
charge carriers from the highly recombinative surface [6] and
reduces the shunting probability due to the metallization.

Furthermore cell concepts like the emitter wrap-through
(EWT) [7] or back-junction back-contact (BC-BJ) [8, 9] cell
concept, which feature an interdigitated grid need a n*-p*
pattern on the rear side. Such a doping pattern can be achieved
e.g. by multiple diffusion steps in interaction with diffusion
barriers as in [10], by laser doping [11] or laser chemical
processes [12].

Another possibility is to use a doped silicon oxide layer as
a diffusion source as shown in [13]. Such a layer can be used,
as already demonstrated earlier in [14-16], in a co-diffusion
process or to replace phosphorus oxychloride (POCI;) as in
[17]. Doped silicon nitride layers may also be used as a
replacement for POCI; as shown in [18]. In this work
phosphorus doped silicon oxide layers, also denoted as
phosphosilicate glass (PSG) are deposited by means of
plasma-enhanced chemical vapor deposition (PECVD) on the
sample surfaces before the diffusion process. Such layers can
also be patterned with inkjet technology as recently shown by
Keding et al. [19]. In the following it is shown that these PSG
layers can be used in several diffusion processes with different
thermal budgets leading to phosphorus doped areas with
varying dopant concentration profiles.

Il. EXPERIMENTAL

In the first experiments the influence of the silane gas flow
on the sheet resistance Ry, is analysed for a specific diffusion
process at a plateau temperature of 850°C. For this purpose
Czochralski (Cz) grown boron-doped silicon wafers with a
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resistivity of p=1-3Qcm are used. The process flow is
depicted on the left hand side of Fig. 1. After the saw damage
removal and a subsequent cleaning step one side is coated with
a PECVD silicon oxide layer (SiO,) which acts as a diffusion
barrier. On the other side different PSG layers of more than
100 nm thickness are deposited. These are capped with an
undoped silicon oxide layer of approximately 153 nm
thickness as a diffusion barrier and to avoid a chemical
reaction of the PSG with the ambience in the subsequent tube
furnace process. Silane (SiH,) and nitrous oxide (N,O) are
used as reactant gases to deposit the silicon oxide. Trimethyl
phosphite (TMPi, P(OCHs)s) is additionally let into the
process chamber for doping with argon (Ar) as a carrier gas.
The temperature of the bubbler containing the TMPi is kept
constant below room temperature. The amount of phosphorus
in the deposited sheet is dependent on the silane Y5y, and the
argon ¥ar rmpiy 9as flow during the deposition process and thus
influences the sheet resistance Ry, of the emitter after diffusion.
In this work these gas flows are varied while all other
parameters are kept constant. After the deposition process the
samples are diffused in a tube furnace. The sheet resistance is
measured using an inductive inline measurement setup [20].
These samples are denoted as Resistance-samples. The results
are presented in the next section.

( p-type FZ-Si 1 Q*cm )
[ saw damage removal ]
( HF dip )

( PECVD SiO, (single side) ] ( )
( PECVD PSG (single side) ] ( PECVD PSG (both sides) )
( PECVD SiO, (single side) ) ( PECVD SiO, (both sides) ]
[ inline resistance measurement ]
( )
( )
( )
( )

Resistance-samples
p-type Cz-Si 1-3 Q*cm ] (

alkaline texture

diffusion process Diff-35 ] [ diffusion processes Diff-65 & Diff-75
inline resistance measurement

PSG removal

inline resistance measurement

[ cleaning step

)
material % oxidation processes DCE-850 & Dry-900 %
[:] SiN, deposition
t
[:J process step [inline resistance and QSSPC measuremenl]
D measurement [ Firing ]
( )

QSSPC measurement

Fig. 1: Process flow for the fabrication of phosphorus doped samples to
evaluate the sheet resistance Ry using an inline measurement equipment [20]
and the lifetime using quasi steady-state photoconductance measurements
[21, 22].

For the second experiment a similar process sequence has
been chosen as depicted on the right hand side of Fig. 1. As
this experiment is also designed to determine the emitter
saturation current density Jo., float zone (FZ) silicon material
with a resistivity of p=1Qcm is used since it provides
reliably high bulk lifetimes. In this case the samples represent
the front side of a solar cell and are therefore textured in an
alkaline solution. The PSG layer is deposited on both sides to
achieve symmetrically processed lifetime samples. The PSG
layers are capped with a PECVD silicon oxide. After the
diffusion in the tube furnace the PSG layer is removed in a wet

chemical bath containing hydrofluoric acid. These samples are
denoted as Lifetime-samples. The results concerning the sheet
resistances measured after diffusion are presented in the next
section.

The samples finally receive a short oxidation process with a
subsequent silicon nitride (SiN,) deposition for passivation
and optical confinement. Afterwards a firing process is applied
and the effective minority carrier lifetime is measured with the
quasi-steady-state photoconductance method (QSSPC) [21,
22]. The results concerning the emitter saturation current
densities are discussed in section V.

I1l. EMITTER SHEET RESISTANCE

A. Process parameters

The first thermal process which is used to process the planar
Resistance-samples features a peak temperature of 850°C.
This process is denoted as Diff-35. The silane gas flow for the
deposition of the PSG layer is varied between 15 and 45 sccm
depending on the Ar (TMPi) gas flow which is either 5 or
10 sccm.

Table 1: Denomination of the applied PECVD, thermal and oxidation
processes with their specific process parameters: silane and Ar (TMPi) gas
flows Psing and Par (rmpiy, diffusion and oxidation plateau temperatures Tt
and Tox.

PECVD Ysina  Yar (Tmpi) thermal  Tair
process [scecm] [sccm] process [°C]
PECVD-15-5 15 5 Diff-35 850
PECVD-20-5 20 5 Diff-65 820
PECVD-25-5 25 5 Diff-75 820
PECVD-30-5 30 5
PECVD-35-5 35 5
PECVD-25-10 25 10 oxidation  Toy
PECVD-30-10 30 10 process  [°C]
PECVD-35-10 35 10
PECVD-37-10 37 10 DCE-850 850
PECVD-40-10 40 10 Dry-900 900
PECVD-45-10 45 10

The textured Lifetime-samples receive two different thermal
processes at a peak temperature of 820°C. The first of these
thermal processes is denoted as Diff-65 and the second is
denoted as Diff-75. The silane gas flow used for the deposition
of the PSG layer is varied between 30 and 45 sccm, whereas
the Ar (TMPi) gas flow is kept constant at ¥a, (rveiy = 10 sccm.
The given oxidation processes DCE-850 and Dry-900 are used
for passivation of the lifetime samples. Both oxidation
processes have a short oxidation time at peak temperature. The
DCE-850 oxidation is performed at 850°C in a
dichloroethylene (DCE) environment. The oxidation Dry-900
has a peak temperature of 900°C and is performed in a oxygen
environment. An overview over the denomination of all
processes with their specific parameters is given in Table 1.

If POCl; is used as a phosphorus diffusion source during the
tube furnace process Diff-35, an emitter sheet resistance of
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approximately 35 Q/sq is achieved. This process is denoted as
POCI;-35 process. The thermal processes Diff-65 and Diff-75
result in sheet resistances of 65 and 75 €/sq using POCI; and
are denoted as POCI;-65 and POCI;-75.

B. Sheet resistance in dependence on silane gas flow

In the following the POCI; diffusion source is replaced by a
PECVD deposited doped oxide and the sheet resistance Ry, of
the diffused samples is analysed. Fig. 2 depicts the dependence
of the sheet resistance on silane gas flow using different
Ar (TMPi) gas flows and diffusion processes. The lowest sheet
resistance of Ry, = 30 Q/sq is measured on samples featuring
deposition process PECVD-15-5 with subsequent thermal
process Diff-35. Thus a deviation in the sheet resistance of
5 Q/sq is present compared to the same thermal process using
POCI; for doping. In the POCI; diffusion, gas is introduced
into the furnace after the peak temperature of 850°C is
reached. If a PECVD PSG layer is used as a diffusion source,
phosphorus already diffuses into the silicon during the heating
period to reach the diffusion temperature. For an increasing
silane gas flow the concentration of phosphorus, let into the
chamber by Ar, is diluted. Thus the sheet resistance increases
exponentially up to Ry, =72 Q/sq (PECVD-35-5 + Diff-35).
Increasing the amount of Ar (TMPi) from 5 to 10 sccm shifts
all data points to the right as is depicted in Fig. 2 for samples
diffused in the thermal process Diff-35. Decreasing the thermal
budget during diffusion, as in Diff-65 and Diff-75, shifts the
curve upwards to higher sheet resistances Rg,. The exponential
behaviour is independent of the varied parameters in the
investigated parameter range.
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Fig. 2: Impact of the silane gas flow ¥siua on the sheet resistance Rs for
different Ar (TMPI) gas flows s; rmpi). The sheet resistance is measured with
an inline equipment [20] after diffusion. A higher Ar (TMPi) gas flow shifts
the curve to the right, whereas a diffusion at a lower temperature and/or
shorter diffusion dwell time shifts the curve upwards to higher sheet
resistances Rsh. The lines shall guide the eye.

For increasing silane gas flows, the sheet resistance tends to
get inhomogeneous as becomes evident regarding the standard
deviation in Fig. 2. At a silane gas flow of ¥, = 45sccm the
inline measured sheet resistance varies between 150 and
213Q/sq (Diff-35 + PECVD-45-10).

During PECVD four samples lie next to each other
orthogonal to the movement direction of the carrier. The
inductive inline measurement is done at three different
positions on a single wafer, which are likewise orthogonal to
the carrier movement direction as shown at the top of Fig. 3.
This allows a space-resolved examination of the sheet
resistance Ry, in x-direction which is depicted at the bottom of
Fig. 3 using an Ar (TMPi) gas flow of ¥ar meiy = 10 sccm
during deposition and a Diff-35 thermal process for the
diffusion. For low silane gas flows up to 40 sccm the sheet
resistance is quite homogeneous. The standard deviation of the
sheet resistance is approximately 4.8 Q/sq. Above silane gas
flows of 40 sccm the inhomogeneity of the sheet resistance
increases excessively. Using a silane gas flow of
Ysing = 45 scem results in standard deviation of 29.3 Q/sq. For
diffusion process at lower temperatures the inhomogeneity is
higher for the same silane gas flows due to the sensitivity of
the sheet resistance on the phosphorus doping. Thus the usable
silane gas flow parameter range is also dependent on the
applied thermal process.
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Fig. 3: Sheet resistance measured after diffusion in dependence of the silane
gas flow and the position on the PECVD carrier orthogonal to the carrier
movement direction. Every three positions belong to one sample. The
horizontal lines represent constant sheet resistance values.

These results reveal that the sheet resistance is controllable by
the silane and Ar (TMPi) gas flows. Emitter with sheet
resistances up to 100 Q/sq can be diffused quite homogeneous.
In the following section the phosphorus doping profiles
diffused from PSG layers are analysed and the effect of
subsequent oxidation process on the profiles is discussed.

IV. PHOSPHORUS PROFILES

A. Phosphorus profiles after diffusion

To measure the phosphorus doping profiles in silicon after
diffusion shiny etched samples are processed. These receive a
short etching step in hydrofluoric acid to remove native silicon
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oxide before the PSG deposition. After diffusion the PSG
layers are removed in hydrofluoric acid. Phosphorus is
diffused from three different deposited PSG layers with silane
gas flows of 30, 35 and 40sccm. For the diffusion the thermal
process Diff-75 is used. Some samples are measured after the
PSG removal with secondary ion mass spectrometry (SIMS).
For the remaining samples the oxidation process DCE-850 is
applied to investigate the dependence of a subsequent high
temperature step, needed for passivation, on the doping
profiles.

The phosphorus profiles measured after the PSG removal
are depicted in Fig. 4. A POCI;-75 diffused emitter is shown
as a reference. Regarding the diffused doping profiles reveals
that the total phosphorus concentration as well as the emitter
depth is reduced for increasing silane gas flow during the PSG
deposition. Due to a measurement artefact in the first few
nanometers, the exact surface concentration cannot be
determined. Nevertheless, to receive a surface concentration N
an exponential extrapolation of the phosphorus profile in the
first few nanometers is applied. The emitter depth d. is defined
at a doping concentration of Np = 1-10" cm®, due to great
scattering of the measurement data at low doping densities.

The dash-dotted line in Fig. 4 at a phosphorus concentration
of 2.6:10° cm® marks the equilibrium concentration ne,
according to Solmi et al. [23]. This equilibrium concentration
is dependent on the peak temperature of the last high
temperature step, which in this case is the diffusion
temperature of 820°C. Regions in silicon with phosphorus
concentrations exceeding the equilibrium concentration
contain electrically inactive phosphorus. The inactive
phosphorus can be mobile and immobile which is dependent
on the saturation concentration Cg; [23]. Above the saturation
concentration phosphorus exists as immobile SiP precipitates
[23, 24]. These reduce the lifetime and consequently lead to
higher saturation current densities [25]. All diffused emitters
still have a fraction of electrically inactive phosphorus which
partly also exceeds the saturation concentration of
Cet = 3.4-10% cm,

If a silane gas flow of ¥gu, =30 sccm is used during the
deposition of the PSG the emitter is slightly deeper
(de =383 nm) compared to an emitter diffused from POCI;
(de =327 nm). This is due to enhanced diffusion time for the
PSG as already mentioned in the previous section. The surface
concentration is  with  1.3-10% cm™®  slightly  higher
(Ng = 7.7-10% cm™ for POCI5-75). The emitter with the highest
silane gas flow of ¥, =40sccm has the lowest surface
concentration of Ny=7.6-10cm™ and slightest depth of
de = 315 nm.

The indicated sheet resistance values are determined by
integration of the phosphorus profile. For the calculation the
incomplete ionization of the phosphorus according to Schenk
et al. [26], the equilibrium concentration ne, and the mobility
model according to Klassen [27, 28] is taken into account. The
values calculated from the phosphorus profiles are in
correlation with the inline measured values, which are shown

in brackets in Fig. 4. The highest sheet resistance of
Rsh =121 Q/sq is achieved on samples diffused from PSG
layer featuring the highest silane gas flow of ¥gn4 =40 sccm
during deposition.
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Fig. 4: Phosphorus doping profiles diffused from three different PECVD-PSG
layers using a Diff-75 diffusion process. A POCI3-75 diffused emitter is
shown as a reference. Secondary ion mass spectrometry is used to measure the
phosphorus concentration. For each profile the calculated and inline
measured, shown in brackets, sheet resistance Rs, of the emitter is given. The
horizontal lines mark the equilibrium concentration neq and the saturation
concentration Cs, Of phosphorus at 820°C according to Solmi et al. [23].

These results prove that a higher silane gas flows during the
PSG deposition leads to a decreasing surface concentration
and emitter depth and an increment of the sheet resistance.

B. Phosphorus profiles after oxidation

To further decrease the surface concentration and to achieve
a high passivation quality at the surface some samples are
oxidized. As is depicted in Fig. 5 the DCE-850 oxidation
process reduces the surface concentration and drives in the
emitter. The cleaning process prior to the oxidation removes a
few nanometres of highly doped silicon [29] increasing the
sheet resistance. Whether this effect is compensated by the
subsequent oxidation is dependent on the diffused emitter
profile and the oxidation process.

The equilibrium concentration ng is increased to
2.8:10% cm™ due to the higher temperature of the oxidation
process compared to the diffusion process. Thus electrically
inactive phosphorus near the surface becomes electrically
active. The sheet resistance of the emitter diffused from POCI;
is reduced from 83 after diffusion to 78 Q/sq after the DCE
oxidation. The surface concentration is reduced to
2.1-10%° cm™ whereas the emitter depth is increased to 510 nm.
The emitter diffused from PSG layers deposited using the
process PECVD-30 is only slightly changed regarding the
sheet resistance which is around 70 Q/sq after the oxidation.
The surface concentration is reduced down to 2.1-10%° cm*
and the emitter depth is enhanced to 566 nm. For a higher
silane gas flow of 35sccm (PECVD-35) during the PSG
deposition the sheet resistance is increased from 92 to
141 Q/sq. As the width of the highly doped region (kink part
of the profile) for this emitter is narrower before the oxidation
compared to a PECVD-30 diffused emitter, the influence of



http://dx.doi.org/10.1109/JPHOTOV.2012.2200455

the cleaning step on the sheet resistance is much higher. The
surface concentration is with 6.5-10" cm® far below the
equilibrium concentration of ne, =2.8-10°° cm™. The emitter
depth is 413 nm.
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Fig. 5: Phosphorus profiles diffused from three different PECVD-PSG layers
deposited by means of PECVD using a thermal process Diff-75 with a
subsequent DCE-850 oxidation. A POCIs-75 diffused and oxidized emitter is
shown as a reference. Secondary ion mass spectrometry is used to measure the
phosphorus concentration. For each profile the calculated and inline
measured, shown in brackets, sheet resistance Rs, of the emitter is given. The
dashed-dotted horizontal line marks the equilibrium concentration neq of
phosphorus at 850°C according to Solmi et al. [23].

The diffusion profiles predict a reduced Auger
recombination for increasing silane gas flows. As the surface
areas are passivated a reduced surface recombination is
expected. For all diffused emitter the extracted surface
concentration is below the equilibrium concentration after the
oxidation process. To evaluate the recombination properties of
the discussed emitters, the saturation current densities are
determined in the next section.

V. EMITTER SATURATION CURRENT DENSITY

Symmetric lifetime samples, which contain the discussed
emitters diffused from PECVD PSG, have been analyzed
regarding their emitter saturation current densities Jg.. The
emitter saturation current density is determined by the low
injection method as for example described in [30]. Thus the
emitter saturation current density is described by

2

Jo =—o
" Seff(NA +Aﬂ)

where q=1.602:10°C is the elementary charge of an
electron, n;=9.16-10°cm™ is the intrinsic carrier
concentration at room temperature (T =25°C), Se is the
effective surface recombination velocity, Na = 1.48:10* is the
bulk doping concentration and An = 1:10™ cm™ is the excess
carrier concentration. The effective surface recombination for
symmetrical processed samples is given by [31]

where W is the sample thickness, 7 is the effective minority
carrier lifetime, 7, is the intrinsic bulk lifetime and
D = 27.09 cm?/s is the diffusion coefficient. The instrinsic bulk
lifetime is only limited by the Auger and radiative
recombination which is calculated as shown in [32], yielding
~3 ms for 1 Qcm silicon wafers as used in this work.

All lifetime samples have a surface with random pyramids
and are approximately 163 pum thick. The amount of
phosphorus in PSG is adjusted by varying the silane gas flow
(PECVD-30-10, 35-10 and 37-10). Half of the samples are
diffused using the thermal process Diff-65 and the other half
using Diff-75. For passivation purposes the samples receive
two different oxidation processes: DCE-850 and Dry-900. For
nearly all oxidized samples the SiO, thickness is about 10-
15 nm. All samples diffused with PECVD-30-10 and 35-10
layer as a diffusion source and combined with DCE-850
oxidation exhibit an SiO, thickness > 25 nm.

Subsequently a silicon nitride is deposited on top of the
SiO, (cf. Fig. 1). To realize a front side as it would be
processed in a real solar cell device, the thickness of the
subsequently deposited silicon nitride is adapted to yield a low
reflectance. On the samples with an oxide thickness > 25 nm a
silicon nitride of approximately 43 nm thickness is deposited,
whereas on the other samples a silicon nitride of 56 nm
thickness is deposited on both sides. Afterwards the emitter
saturation current densities are determined and shown in Fig. 6
on the left hand side. The strong dependence of sheet
resistance on the emitter saturation current density is clearly
visible and expected. For increasing sheet resistances the
saturation current densities decrease. The lowest saturation
current densities around Jo. = 100 fA/cm? are reached using
the PECVD-37-10 process for the PSG deposition, combined
with thermal process Diff-75 and the oxidation process DCE-
850. The sheet resistance of around 160 Q/sq for this process
sequence is very high. Such layers could be used for the
diffusion of a front surface field [33, 34] in back-contact back-
junction solar cells.

Using a low silane gas flow as in PECVD-30-10, a diffusion
with the longest dwell time as in Diff-65 and an oxidation at a
temperature of 900°C as in Dry-900 results in sheet resistances
of Rg <40 Q/sq. These emitters feature the highest emitter
saturation current densities above 300 fA/cm?. All other Joe-
values lie between 100 and 300 fA/cm?. If POClI; is used as a
diffusion source (number O next to the data points in Fig. 6)
the saturation current densities are around 350 fA/cm?® for a
sheet resistance around 52 Q/sq.

The lifetime samples are fired in an industrial firing oven to
see whether the passivation system is temperature stable.
During the firing process the hydrogen within the silicon
nitride diffuses to the Si/SiO, interface and further reduces the
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recombination by saturating dangling bonds [35, 36]. The
emitter saturation current densities measured after the firing
process are depicted in Fig. 6 on the right hand side.

While the emitter saturation current density of some samples
that received the Dry-900 oxidation process is decreased after
the firing step, the Jy-values of the samples with DCE-850
oxidation stay approximately on the same level. This is the
case for all samples that received the deposition PECVD-30-
10 and 35-10. The emitter saturation current densities of the
samples with PECVD-30-10, Diff-65 and Dry-900 are reduced
from over 300 to below 270 fA/cm? Although the sheet
resistance of these samples (Rg, = 38 Q/sq) is lower compared
to the samples which received a DCE-850 oxidation (Ry, ~
58 Q/sq), the emitter saturation current density is lower. This
is possibly due to a lower surface concentration which can be
expected due to the higher thermal budget of the Dry-900
oxidation process. However, the slightly thicker SiN, and the
thinner SiO, layer on these samples might also affect the
reduction of the Je-values after firing. The POCI; diffused
samples exhibit a reduction in Jyo. due to firing below
300 fA/cm? but the Jo.-values are still higher compared to the
Joe-values achieved using a PECVD-30-10 diffusion source.
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Fig. 6: Emitter saturation current densities Joe Of SiOJ/SiNy passivated
samples before and after firing depending on the emitter resistivity R, for two
diffusion processes (Diff-65 and Diff-75) and two different oxidation
processes (DCE-850 and Dry-900). The error bars mark the standard
deviation. The sheet resistance is dependent on the silane gas flow (0, 30, 35
or 37 sccm) during the PECVD-PSG deposition process (number next to data
points). The number 0 marks a POCI; diffused reference.

On samples that received a PSG deposition process
PECVD-37-10 the emitter saturation current density is in some
cases increased and in others decreased. No clear tendency is
attributed to firing. The lowest emitter saturation current
densities around 100 fA/cm® are found again for sheet
resistances in the range of 160 Q/sq. For sheet resistance
between 100 and 120 Q/sq the saturation current densities are
around 150 fA/cm? which enables maximum open-circuit
voltages of V.. =675 mV. Such layers could be used for a
selective emitter approach in solar cells featuring front
contacts or in EWT solar cells.

VI. CONCLUSION

A comprehensive analysis of PECVD PSG layers as
alternative diffusion sources has been shown. The amount of
phosphorus in the PSG layer is controlled by the silane gas
flow during the PECVD. Therefore the sheet resistance as well
as the surface concentration and the emitter depth are also
dependent on the silane gas flow. A higher silane gas flow
during the PSG deposition leads to a decreased surface
concentration and emitter depth and an increased sheet
resistance.

The achieved results in terms of sheet resistances are highly
reproducible, especially for low silane gas flows
Psina < 30 sccm and constant argon flow ¥a (rmeiy = 10 sccm
during deposition of PSG. The deviation in the sheet resistance
is on the same level as for POCI; diffusion processes. Thus
PSG layers can be used as an alternative diffusion source in
industrial diffusion processes. To achieve a higher throughput
for the PECVD machine, the belt velocity can be increased
which results in a reduced thickness of the PSG layers. In
earlier publications a 50 nm thick PSG layer has been still
sufficient as an infinite doping source [37]. When the same
applies for the process used in this work, the belt velocity
could be doubled, leading to a higher throughput. The PSG
layers can also be used in combination with inline diffusion
process.

Using higher silane gas flows of ¥gu, > 35 scecm leads to
reduced phosphorus surface concentrations. Such layers are
also attractive for the usage in co-diffusion processes, avoiding
a second high temperature step. For very high silane gas flows
of Wsing > 45 sccm during deposition, corresponding to high
sheet resistances above 200 /sq, the process still has to be
improved in terms of homogeneity to achieve an industrial
applicability.

A high passivation quality on the phosphorus-doped area
diffused from PSG layers is achieved using a double layer
antireflection coating consisting of a thermally grown silicon
dioxide and a silicon nitride. The oxidation process reduces
the surface concentration below the equilibrium concentration.
Emitter saturation current densities around 150 fA/cm? are
achieved for sheet resistances between 100 and 120 Q/sq.
Such processes can for example be used in a co-diffusion
process to create a selective emitter pattern on the front side of
PERC or PERL cells or to improve the blue response in EWT
solar cells. For higher sheet resistance around 150 /sq,
saturation current densties of Jo = 100 fA/cm? are possible
which can be used for the diffusion of a front surface field as
used in back-contact back-junction solar cells.
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