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Passivation induced cavity defects in laser doped
selective emitter Si solar cells
– Formation model and recombination analysis
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Abstract—Laser induced selective Si doping and simultaneous
ablation of a dielectric passivation layer is a promising technology
to create efficient and cost effective solar cells. In this paper, the
electrical quality of emitters produced with a 532 nm continuous
wave laser will be discussed using elaborate analysis of QSSPC
measurements. It will be shown that these emitters cause good
charge carrier shielding which leads to emitter saturation current
densities as low as 240 fA/cm2 for unpassivated surfaces. If a SiNx
layer is present during laser-doping the emitter recombination
increases by a factor of three. This detrimental effect is put down
to the formation of micro cavities within the recrystallized Si. A
model of the ablation mechanism and cavity formation for long
laser pulses is proposed, with the experimental data in this work
serving as a limiting case for long irradiation lengths.
Index Terms—solar cells, laser doping, emitter recombination,
laser induced defects, SiNx ablation.

I. I NTRODUCTION

L

ASER processing is an important tool for selective Si
doping and dielectric ablation. It is seen as an enabling
technology for high performance and cost effective solar cells.
During cell production laser doping is usually performed
after the deposition of an dielectric anti-reflection-coating
(typically SiNx ) [1]–[3] but can alternatively be performed
before dielectric deposition which results in a higher quality of
the laser doped Si [4]. The advantage of laser processing after
dielectric deposition is simultaneous and self-aligned selective
dielectric ablation and laser doping. If the laser doping is
performed before dielectric deposition an additional process
step for the patterning of the dielectric is needed. In order to
calculate which processing sequence yields higher efficiencies
or better cost-effectiveness, the impact of the presence of a
dielectric coating during laser doping on emitter recombination
needs to be understood and precisely measured.
Recent studies indicate that the removal of a thin SiNx
film by means of ultra short laser pulses occurs via a liftoff mechanism [5]. Here the laser irradiation is absorbed near
the surface of the Si substrate, the Si below the film melts and
evaporates rapidly, resulting in a lift off of the thin film atop.
In the case of longer laser pulses the ablation mechanism relies
on melting the underlying Si substrate and heating the SiNx
layer atop via thermal conduction above its decomposition
temperature [6], [7]. Both ablation mechanisms rely on melting
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the underlying Si which is followed by rapid re-crystallization.
Due to re-crystallization velocities in the order of m/s proper
choice of processing parameters can only minimize the laser
induced crystal damage but cannot prevent it entirely [1], [4],
[5], [8], [9]. Laser processes with long pulses are also suitable
for laser induced selective doping [10]–[12]. Here dopants
from an external source diffuse rapidly within the liquid phase
of the molten Si. Especially, green ns-pulsed or continuous
wave (cw) lasers prove to be suited for selective doping in solar
cell applications. In recent years many groups have combined
the selective laser doping and selective laser ablation into a
single process step [3], [10], [13]. Doing so, Hameiri et al. [4]
have observed that emitter quality is reduced if SiNx ablation
and doping are combined into a single step. It is assumed
that this is caused by a thermal expansion mismatch between
SiNx and Si. Especially, cw-laser processing of a Si wafer
after SiNx deposition is a promising tool to create a selective
emitter and simultaneously ablate the dielectric. Due to the
Si melt duration in the order of microseconds and particular
melt circulation [14] deep and homogeneous pn-junctions are
formed.
In this work the SiNx ablation mechanism of cw-laser
processing and the impact of the simultaneous doping on
carrier lifetimes will be investigated. It will be shown that great
care needs to be taken if recombination properties are to be
measured using asymmetric samples and lifetime-testers based
on xenon flash illumination, which are common in laboratory
and production environments. It will be demonstrated that
the presence of a SiNx layer promotes the formation of
cavities within the re-solidified Si and significantly increases
the emitter saturation current density. As a last point a model
will be presented that explains the observed cavity formation
and lifetime reduction in cw-laser processing. The proposed
mechanism explains the dielectric ablation and considers defect formation beyond induced stress by thermal expansion
mismatch.
II. E XPERIMENTAL
The quality of a laser doped Si is examined by measuring
the emitter saturation current density of laser-doped (LD)
emitters. A distinction was made between doping of bare Si
wafers and Si wafers with a SiNx anti-reflection coating.
A. Sample preparation
A 120 Ω emitter was created on both sides of alkaline
textured 240 µm thick 1 Ω cm p-type fz-Si wafers using a
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POCl3 furnace diffusion process. Subsequently, a 75 nm thick
SiNx film was deposited by plasma-enhanced chemical-vapor
deposition (PECVD). The batch of wafers was split into
two groups ”LD-SiNx” and ”LD-bare”. The front side of
the ”LD-SiNx” wafers were spin-coated with 30% H3 PO4
for 60 s at 3000 RPM resulting in a 1.5 µm thick liquid
phosphorous dopant layer. A 532 nm continuous wave laser
(Spectra Physics Millennia Prime) guided by a galvometer
scanning head (Scanlabs Intelliscan 20) was used to locally
dope and pattern the sample. The laser beam was focused
through an f-theta lens to a 15 µm (1/e2 diameter) spot onto
the front surface of the wafer. The 15 W laser spot was
scanned across the sample at velocity of 5 m/s. The laser
power is sufficient to simultaneously ablate the SiNx and
create 12 µm wide and 3 µm deep highly doped lines with
a sheet resistance of 15 Ω. Each wafer was subdivided into
four quadrants (4 cm×4 cm) with varying coverage of laser
treated area: unprocessed reference, 4 % coverage (resembling
the average coverage of a solar cell with a selective emitter
structure), 20 % coverage and full coverage using a line to line
hatch distance of 5 µm. With the exception of the unprocessed
reference quadrant the single sided laser processing created
asymmetrical samples, regarding front and rear side of the
sample. In order to remove the dopant film residue the wafers
were cleaned in a DI-water rinser. Subsequently, the SiNx
film was removed using 20 % HF from all wafers of both
groups. The ”LD-bare” group was laser doped after SiNx
removal in the same fashion as described above. After that
the samples were coated on both sides with a silicon rich
oxinitride (SiriON) [15] layer by PECVD and fired at 650◦ C
to enhance the hydrogen passivation.
B. Emitter saturation current densities
The injection dependent effective charge carrier lifetime
τeff was measured at low level injection by means of the
quasi-steady-state photoconductance (QSSPC) method [16].
The optical properties of the planar laser treated and the
textured furnace diffused surfaces have been corrected for
by using OPAL [17]. With (without) the SiriON dielectric
the light coupling into the planar sample is a factor of 0.94
(0.68) lower than the reference solar cell and the coupling
of the textured sample is a factor of 1.06 (0.93) higher
(lower). From τeff at ∆nav = 3 · 1015 cm−3 the j0e of the
laser-doped emitter is calculated as described in detail below.
Subsequently the SiriON layer was removed using 20 % HF
and the j0e measurement of the unpassivated emitter was
repeated. After this the laser-doped emitter dopant profile has
been measured using the electrochemical capacitance-voltage
(ECV) technique.
C. Delineation etch and microscopy studies
Cross sections of laser processed lines from the ”LD-SiNx”
and the ”LD-bare” group have been examined using a scanning
electron microscope (SEM). Additionally, the samples have
been etched in secco etchant [18] for 15 s to delineate crystal
defects and examined using SEM.
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III. T HEORY AND METHODOLOGY OF j0e DETERMINATION
In order to extract the emitter saturation current density j0e
from QSSPC measurements the following simplified relation
is commonly used [19]:
1
τeff

=

1
Na (j0e,0 + j0e,W )
+
τB
qW n2i

(1)

with j0e of the front j0e,0 and rear side j0e,W , the effective
charge carrier lifetime τeff , bulk recombination lifetime τB ,
base doping concentration Na , elementary charge q, wafer
thickness W and intrinsic carrier concentration ni . This expression is accurate if the excess charge carrier density is
independent of the position within the wafer: ∆n(z) ≈ const.
[20].
For the experimental data analyzed in this work the error
introduced by this approximation exceeded 30 % during the
analysis of the ”LD-SiNx” group, which would have lead to
significant underestimation of the saturation current densities
of the laser doped emitters. In the following the steady-state
continuity equation which describes the distribution of excess
charge carriers ∆n(z) is solved to accurately extract the j0e
of the laser doped structures.
In the case of steady-state photoexcitation ∆n(z) is governed by the time-independent continuity equation:
−D

d2 ∆n(z) ∆n(z)
+
= g(z)
dz 2
τB

(2)

where D is the ambipolar diffusion coefficient, and g(z) is the
photogeneration along the depth z of a laterally homogeneous
sample. Illumination of the front side of the wafer using
monochromatic light with photo current jλ and absorption
coefficient in Si αλ results in the excess carrier generation
rate:
gλ (z) = jλ αλ exp(αλ z).

(3)

A general solution of Eq. 2 for monochromatic excitation can
be determined by evaluating the boundary conditions at the
front (z = 0) and rear (z = W ) surface of the sample,
representing the loss of excess minority carriers at the surfaces:
d∆n(z)
= S0 ∆n(z = 0)
dz
z=0
d∆n(z)
D
= −SW ∆n(z = W )
(4)
dz
z=W
S0 and SW are the effective surface recombination velocities
of the front and rear surfaces. They are the key values to
extract from the QSSPC measurement in order to determine
the emitter quality in terms of an emitter recombination current
density. The solution of Eq. 2 ∆nλ for a given gλ (z) can be
found in the appendix.
The excess carrier density ∆nλ can now be calculated for
monochromatic excitation for a given D, τB , αλ , jλ , W , S0
and SW . In order to determine ∆n(z) during illumination
with a broad spectrum of wavelengths, as it is the case during
QSSPC measurements, the monochromatic solutions can be
superposed:
X
∆n(z) =
∆nλ (z)
(5)
D

λ
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Laser doping through SiNx

(6)

SiNx
deposition

λ

0

SiriON
passivation

(7)

dzg(z)

at an averaged excess minority carrier concentration:
Z W
dz ∆n(z)
∆nav = (1/W )

SiriON
removal

(8)

0

With a known ∆nav (= 3 · 1015 cm−3 ), ambipolar diffusion
coefficient D (= 21.9 cm2 s−1 ), and a bulk lifetime τB (=
10−3 s), the effective lifetime τeff can now be calculated as a
function of S0 and SW using spectral irradiance data for the
xenon flash used [21].
In the case of the symmetrical furnace diffused sample both
surfaces have the same recombination velocity S0 = SW
which allows the determination of SW (= 30 cm/s for the
SiriON passivated sample) from the measured effective lifetime τeff (= 290 µs).
For diffused wafers the surface recombination velocity at an
imaginary surface at the base side of the space charge region
is equivalent to the recombination current in the emitter [22]:
S = j0e

SiNx
removal

Na + ∆n
qn2i

(9)

with base doping concentration Na , elementary charge q,
and intrinsic carrier concentration ni (= 8.3 · 109 cm−3 at
25◦ C). Accordingly, SW of the SiriON passivated furnace
diffused emitter corresponds to an emitter saturation current
of j0e,W = 18 fA/cm2 which is in good agreement with
earlier experiments [23]. This value is now used to determine
the surface recombination velocity S0 and emitter saturation
current density j0e of the laser processed surfaces of the
asymmetrical samples from the measured τeff .
IV. R ESULTS AND DISCUSSION
In the first section the j0e values of the samples produced
according to the scheme shown in Figure 1 are discussed. After
that laser induced defects are studied using delineation etching
and SEM analysis. This leads to a model for the SiNx ablation
which is presented in the last section.
A. Emitter saturation current densities
Figure 2 shows the j0e of the laser treated surface as a
function of the coverage with laser lines. The plot collects j0e
of the passivated as well as unpassivated samples from the
”LD-bare” and ”LD-SiNx” group. The j0e of the passivated
laser-doped emitters were determined by fitting a line through
0%, 4% and 20% coverage (green and blue triangles) and
extrapolating to full coverage [8], [24]. This value determined
from the fit is with 195 ± 3 fA/cm2 for the ”LD-bare” group
significantly smaller than the 233 ± 5 fA/cm2 measured at full
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unpassivated LD-SiNx

SiNx
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passivation
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passivated LD-bare

unpassivated LD-bare

Fig. 1. Processing scheme for the samples produced for this experiment.
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The primary value measured by the QSSPC technique is the
effective charge carrier lifetime τeff which is defined as the
ratio between excess carrier density and generation rate:
W ∆nav

Laser doping on bare emitter

Process ﬂow

Accordingly, the total generation becomes:
X
g(z) =
gλ (z)
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Fig. 2. Effective j0e as a function of the coverage with laser-doped emitter of
the ”LD-bare” (green) and the ”LD-SiNx” (blue) group (Schematic of process
groups cf. Fig. 1). Triangles represent j0e of SiriON passivated samples
whereas squares represent the corresponding j0e with unpassivated surfaces.
In the case of the SiriON samples j0e increases rapidly with laser-doped
emitter coverage, whereas in the unpassivated case the laser-doped emitter
has a lower j0e than the high efficiency furnace diffused emitter.

coverage. Full coverage is achieved by a narrow hatch of 5 µm
that is smaller than the laser line width of 12 µm. As a result
every point on the surface is molten and re-crystallized at
least two times. This additional re-crystallization is expected
to be the cause for an increased amount of imperfections and
increased j0e [25]. Also in the ”LD-SiNx” group the j0e from
the fit is with 680 ± 58 fA/cm2 smaller than the measured
771 ± 49 fA/cm2 at full coverage, however this difference is
not significant.
In either case the emitter recombination is strongly increased if a SiNx dielectric is present during laser treatment, which will be discussed in detail in the following
section. In the unpassivated case i.e. after the removal of
the SiriON dielectric using HF, the measured lifetime decreased dramatically (≈ 10 µs) mostly due to the increased
recombination of the unpassivated furnace diffused emitter
unpass
to j0e,W
≈ 750 fA/cm2 . Due to enhanced carrier shielding
unpass
j0e
decreases with the laser-doped emitter coverage. The
benefit of deep pn-junctions with regard to shielding carriers
from a recombinative surface becomes evident if j0e calculated
using EDNA [26] from the laser-doped emitter profile for
a well passivated case (Ssurf = 10cm/s) j0e =120 fA/cm2 is
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Fig. 3. Top view SEM images of the edge of a laser line from the ”LD-bare”
(a) and ”LD-SiNx” (b) group after secco delineation etching. The inset shows
a schematic of a laser line and indicates the area imaged in a) and b) as well
as the moving direction of the laser spot. Only the ”LD-SiNx” sample (b)
shows a large number of etch pits which are categorized into three classes. I:
large round or tear-shaped pits at the edge of the laser line; II: round etch pits
in the center of the line; III: cracks at the edge and region of low irradiation.

compared to j0e for the unpassivated case (Ssurf =107 cm/s)
unpass
j0e
=180 fA/cm2 . In comparison to the furnace diffused
emitter the quality of the passivation layer has only a minor
influence on the emitter recombination. It needs to be noted
unpass
that the trend of decreasing j0e
with laser-doped emitter
unpass
coverage is also present in τeff but due to high j0e,W
the
unpass
absolute values of j0e
calculated from τeff are of reduced
precision as indicated by the large error bars in fig. 2.
B. Delineation etch and microscopy studies
Figure 3 shows SEM images of laser line edges of the
”LD-bare” and ”LD-SiNx” group after delineation etching. In
the ”LD-bare” case (a), where laser doping was performed on a
bare surface, no etch pits are observed indicating a low crystal
defect density. This is in agreement with the measured j0e
(195 fA/cm2 ) which is on a similar level as the j0e determined
from the ECV profile (120 fA/cm2 ) using EDNA. As the
EDNA calculation includes only auger recombination the difference to the measured value is an indicator of crystal damage
in the emitter. In the ”LD-SiNx” case (b) the additional SiNx
layer present during laser treatment lead to a high etch pit
density which is in agreement with the increased measured
j0e (680 fA/cm2 ) and the high difference to the j0e calculated
(120 fA/cm2 ) using EDNA. Most of the etched pits are round
or tear-shaped and are located at the edge of the laser line,
in the transition region between full SiNx ablation and nonirradiated SiNx (cf. fig. 3 (b) type I.).
This crystal damage on the edge of the laser line was
observed before and is attributed to the thermal expansion

4

Fig. 4. Top view SEM image of a laser line from the ”LD-SiNx” group using
secondary electrons (a). In this imaging mode three regions can be identified
by their respective surface morphology: un-irradiated SiNx , partly ablated
transition region, and fully ablated SiNx . These region have been mapped
from (a) to close-up (b) showing the corresponding features using back-scatter
electrons. A sampling depth of 1.5 µm allows detection of cavities within the
Si in the transition region and in the fully ablated region. At a position similar
to the vertical bar in (b) a cross section was polished in the transition region
(c). The cavities in this region are located remarkably close to the SiNx layer.

mismatch between SiNx and Si [1], [25], [27], [28]. The
referenced works suggest that during heating, the SiNx layer
puts the underlying Si under tensile stress and induces crystal
defects. Hameiri et al. [4] showed that a SiO2 / SiNx double
layer reduces this detrimental effect. They argue that the
thermal expansion mismatch between SiO2 and Si puts the
underlying Si under compression which induces fewer defects
during cooling. The expansion mismatch may explain the
observed etch pits and cracks in the transition region but fig.
3 also reveals defects in the center of the laser line (cf. fig.
3 (b) type III.), which cannot solely be caused by a thermal
expansion mismatch.
To investigate the origin of the defects in the edge region
SEM imaging was performed on a ”LD-SiNx” sample directly after the laser treatment. Using an electron energy of
30 keV and a backscatter electron detector (BSD) resulted in
a sampling depth of 1.5 µm which allowed to image material
properties up to this depth. Figure 4 (a) shows an overview
of the laser line using secondary electron imaging. In this
imaging mode three regions of varying SiNx ablation can be
identified: un-irradiated SiNx , partly ablated transition region,
and fully ablated SiNx . These regions have been mapped to
the close-up (b). The image from the BSD reveals that the
pits which were exposed by the delineating etch were already
present as cavities within the Si in the edge region as well as
the central area of the laser line. Cavities appear in the BSD
image as regions with reduced signal due to increased material
penetration depth and thus reduced backscattering probability.
A SEM image of a cross-section in the transition region is

IEEE JOURNAL OF PHOTOVOLTAICS

a)

5

b)
laser beam

N2

SiNx

Si

Temp. at SiNx
decomposition
threshold

molten Si

c)

d)

N2 bubbles

resolidified Si
with N2 pores

melt circulation

Fig. 5. Scheme of SiNx ablation using laser processing. Laser melting of Si
(a) leads to indirect heating and decomposition of SiNx layer atop the molten
pool (b). Due to reduced temperature of the pool in the transition region the
SiNx layer is only partly decomposed. N2 from the decomposition of SiNx
is released as bubbles into the molten Si where they are transported by melt
circulation (c). After re-solidification the bubbles are frozen in place (d).

shown in fig. 4 (c). On top of the Si the thin SiNx passivation
layer is visible. This layer is slightly bulged and deformed
indicating that is has been exposed to temperatures close to
its decomposition temperature. A string of cavities is located
just below the SiNx layer, which suggests the assumption that
the cavities originate from decomposed SiNx at the underside
of the SiNx passivation layer. This leads to a model of the
ablation and defect formation which will be discussed in the
following.
C. Model of SiNx ablation and cavity formation
The observation of the strongly increased recombination as
well as the formation of cavities in the laser-doped emitter
lead to a model of the SiNx ablation mechanism using laser
processing as depicted in figure 5. The SiNx dielectric is transparent at wavelengths down to the UV regime. At wavelengths
laser processing is typically performed, only a minute fraction
of irradiation is absorbed directly within the thin SiNx layer.
For green lasers at 532 nm this fraction is 0.3 % and for UV
laser processing at 355 nm it is 2.8 %. The laser irradiation is
mostly absorbed in the underlying Si. At sufficient laser power
the Si is molten in a pool shape with the highest temperature
in the center and decreasing to the sides. This is illustrated
in fig. 5 (a). Conductive heat transfer results in an indirect
heating of the SiNx atop the molten pool. If the SiNx exceeds
a temperature of 2150 K it decomposes into liquid Si and
gaseous N2 [29], [30]. In the center region the energy input
into the SiNx layer is sufficient to fully decompose the SiNx
and the released N2 can freely escape into the atmosphere. The
temperature of the molten Si pool decreases laterally and at
some distance from the center the heat conducted to the SiNx
is insufficient to fully decompose the SiNx . In this transition
region only a fraction of the SiNx layer which is in direct

contact with the molten Si may be decomposed as illustrated
in (b). As the remaining solid SiNx is still atop the decomposed
part the gaseous N2 is released as a bubble into the molten
Si. The width of this transition region and thus the extent of
bubble formation depends on the wavelength and shape of the
laser spot as well as the effective irradiation duration. A lateral
temperature gradient at the surface of the molten pool causes
a gradient in surface tension. This surface tension gradient
leads to a circular mass transfer of the molten Si within the
molten pool [14] as illustrated in (c). This flow of molten Si
transports the bubbles away from the transition region towards
the center of the laser line. As the laser processed area cools
down the bubbles are frozen within the re-solidified Si. This
is illustrated in (d).
In this work cw-laser doping serves as an example with a
Gaussian intensity profile and an effective irradiation dwell
time of 3 µs. For this case Blecher et al. [14] have predicted
strong melt circulation which are in agreement with high junction depths and the proposed bubble transport. The presence of
cavities leads to additional unpassivated surface area within the
emitter which is particularly detrimental if these recombination
active surfaces are close to the space charge region.
Bubble formation depends on the temperature distribution
on the surface of the molten pool and can be reduced, if the
transition region with incomplete SiNx ablation is narrowed.
This can be achieved by shorter irradiation duration, which
reduces heat transfer to the SiNx layer in the transition region.
Using a laser system with a flat-top intensity profile will also
narrow the transition region. Melt circulation, which causes
the transport of bubbles within the molten pool, increases with
the temperature gradient at the surface of the molten pool and
with the duration of irradiation. Like bubble formation melt
circulation is reduced if short laser pulses and flat-top intensity
profiles are used.
In earlier experiments using green laser pulses with a
Gaussian intensity profile and a pulse duration of 80 ns no
cavities in the center region of the laser line have been observed. Applying the proposed model for cavity formation, this
can be explained by shorter melt duration and reduced melt
circulation. However, at present it is not clear at exactly what
process parameters the bubble formation becomes substantial
and significantly reduces the emitter quality. The experiment
shown in this work merely represents a case that clearly is
affected by process induced cavities in the laser doped emitter.
V. C ONCLUSION
The discussion of the recombination quality of laser-doped
emitters presented in this work is based on the solution of
the steady-state continuity equation for excess charge carriers.
This method of extracting j0e values exceeding ≈ 100 fA/cm2
from QSSPC lifetime measurements circumvents systematic
errors introduced by commonly used approximations. It was
found that j0e of a laser-doped emitter with a SiNx layer
present during laser processing is more than three times as high
as the j0e of a laser-doped emitter which was created before
the deposition of the SiNx layer. Further, it was shown that
laser-doped emitters are effectively shielding charge carriers
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from unpassivated or metallized surfaces which results in
lower recombination compared to a homogeneous emitter
formed via furnace diffusion.
Using SEM imaging and delineation etching, defects have
been located at the edge of the laser line. In earlier publications
these defects have been attributed to a thermal expansion mismatch between Si and SiNx . SEM imaging using backscatter
electrons at high energies revealed that the majority of defects
are already present after the laser process in the form of micro
cavities. This cannot result from a mere expansion mismatch.
SEM imaging on a cross section of a laser line suggests a
model of SiNx ablation for laser processing where the SiNx
layer is indirectly heated from the molten Si. At the edge
of the laser line the SiNx is only partly decomposed into
gaseous N2 which is released into the liquid Si as bubbles.
Circulation currents driven by a temperature gradient at the
surface transports these bubbles within the molten pool. The
detrimental effect of the SiNx layer can be put down to the
fact that these micro cavities introduce additional unpassivated
surfaces to the laser-doped emitter or additional recombination
active defects within the emitter.
The precise influence of the laser process parameters on
cavity formation, transport and emitter quality is not fully
understood. Compared to laser processing using pulsed lasers,
the pool depth as well as the irradiation length is rather
large for the experimental parameters presented in this paper.
However, the findings suggest that large melt pools and long
irradiation lengths can create emitters with excellent charge
shielding properties if cavity formation can be prevented, as
can be seen for samples that were laser-doped before SiNx
deposition. The optimal trade-off between bubble formation
and charge shielding may be achieved by increasing the
scanning speed of a laser spot with a flat-top intensity profile
or by creating the laser-doped emitter before SiNx deposition
as presented in [13].
A PPENDIX
S TEADY- STATE SOLUTION OF THE CONTINUITY EQUATION
A general solution of Eq. 2 for monochromatic excitation
(Eq. 3) is [31]:
jλ αλ
e−αλ z (10)
D(αλ2 − L−2 )
√
with the diffusion length of the minority carriers L = DτB .
The coefficients Aλ and Bλ are determined by inserting Eq.
10 into the boundary conditions (Eq. 4). The resulting system
of equations is:

 
S0 − D
S0 + D
Aλ
L
L
D −W/L
W/L
B
(SW + D
)e
(S
−
)e
λ
W
L
 L S0

αλ jλ
D + αλ
= 2
(11)
αλ − L−2 ( SDW − αλ )e−αλ W
∆nλ (z) = Aλ ez/L + Bλ e−z/L −

Expression in terms of matrix elements

   
a11 a12
Aλ
b
= 1
a21 a22
Bλ
b2

(12)

yields the coefficients
Aλ

=

Bλ

=

b1 a22 − b2 a12
a11 a22 − a21 a12
b1 a21 − b2 a11
.
a21 a12 − a11 a22

(13)
(14)
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