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ABSTRACT

Open-Circuit Voltage Decay (OCVD) method was investigated for few decades as a simple and
convenient method to characterize effective lifetime into Ge and Si p-n homojunctions. Minority carrier
lifetime (MCL) is an important parameter to optimize device design where being able to investigate
one type of carriers is an important goal. The p-n homojunction design is of major importance to
reach that purpose by OCVD. We carried out Technology Computer Aided-Design simulations of the
OCVD signal. The study focused on Si and GaAs p-n homojunctions. We looked into bulk thickness
and doping level influences on bulk lifetime extraction. Previously, those influences have not been
quantified for Si and never investigated for GaAs. MCL accurate extraction from bulk required a
bulk thickness at least 4 times higher than diffusion length and emitter doping levels at least 2 orders
of magnitude higher than bulk. Likewise, the paper shows different accuracy of extraction between

GaAs/Si and p-type/n-type bulk in p-n homojunction.

1. Introduction

Minority carrier lifetime (MCL) is the most relevant pa-
rameter to characterize and optimize electronic and optoelec-
tronic devices such as PV cells [1]. Lifetime depends on
material nature and on various treatments the material or
device has been subjected to. Downstream, lifetime allows to
know material purity and gives a follow-up of process steps
quality (etching, passivation, metallization and annealing).
Upstream, it is possible to investigate new materials bulk
properties. So it enables to optimize design such as bulk
thickness and doping levels of a solar cell. Measured life-
time is always the contribution of various and independent
electrons-holes recombination mechanisms which are SRH
(Shockley-Read-Hall), Auger and radiative type [2]. They
occur on either sides of the p-n homojunction and at contact
interfaces. Therefore measured lifetime is always an effective
lifetime and thus usually represented by the simple Eq. 1 and
2 where 7. is the effective lifetime, 7qry the SRH lifetime,
Taug the Auger lifetime, 7,4 the radiative lifetime, 7}, the
bulk lifetime and 7 the surface lifetime.
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Since extracted lifetime is always effective, bulk MCL inves-
tigation is tough. We decided to investigate the Open-Circuit
Voltage Decay (OCVD) method [1] because of its conve-
niences. First it is a fast and non-destructive method. Then it
requires a simple circuit and enables characterization of full
devices. Finally, it allows extraction of multiple parameters

ORCID(S):

such as back surface recombination velocity [3] (combina-
tion with short-circuit current decay), level of injection [4, 5],
series resistance [6], diffusion length [7] and V ¢,pacitance 8]
(corresponds to the voltage when space charge region (SCR)
capacitance equals diffusion capacitance). On the other hand,
itrequires a junction (p-n or Schottky). Therefore an appropri-
ate design (thicknesses and doping levels) has to be defined,
in order to highlight the behavior of one type of charge carrier
(electron for p-type bulk and hole for n-type bulk) and so to
measure only bulk lifetime in our case. We have studied Si
because it has been widely investigated by OCVD. However
design effects have never been quantified for this material.
On the other hand, OCVD studies on GaAs are absent. Only
one experimental study has been published [9] while it is a
rather well-known semiconductor. Actually, III/V materials
characterized by OCVD are rather scarce [10, 11]. The aim
of this work is to define a p-n homojunction design in order
to obtain a better usable OCVD signal. We have worked
with TCAD Sentaurus which is a powerful tool to simulate
design of devices and circuits. In this paper, influences of
emitter doping concentration and bulk thickness of Si and
GaAs p-n homojunctions on bulk MCL extraction by OCVD
are evaluated.

2. OCVD Theory

OCVD theory was first introduced in 1955, by Gossick
[12] and by Lederhandler & Giacoletto [13] to characterize
germanium (Ge). The method is based on the interpreta-
tion of Open-Circuit Voltage Decay (OCVD) across a p-n
junction after an excitation pulse. The excitation pulse is
usually obtained by applying a direct constant bias before
opening abruptly the circuit with a switch. Initially, a for-
ward current source was employed as excitation and hereafter
optical excitation has been also investigated [14]. Two main
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Figure 1: Typical behaviour of OCVD signal in silicon showing
usual regions.

circuits can be used: one where switch and characterized
diodes are in series [6, 15, 16, 17] (voltage bias source) and
the other where they are in parallel [18, 19] (current bias
source). Usually, OCVD signal presents 3 regions as shown
in Fig. 1. The region (i) is due to ohmic resistance [6]. The
region (ii) is the one of interest for MCL extraction and is due
to minority charge carriers diffusion/recombination. In the
ideal case, region (ii) presents a linear decay at low injection
level during periods a few times higher than the lifetime. The
inverse slope is used into Eq. 3 to calculate effective MCL,
where 7 is the p-n junction ideality factor, kg the Boltzmann
constant, T' the temperature, g the elementary electric charge
and dV'/dt the linear decay slope. Ideality factor # depends
on the injection level and on the dominant recombination
mechanism [20]. In the region (iii), the voltage variation
slows down due to the SCR capacitance [8].

_ nkgT 1
Teff - q dV/dt (3)
n(t) = nyy e~/ Teff 4)
V(t):kB—Tln(H@) ®))
q ny

Eq. 3 is obtained after few assumptions [12, 13]. First it was
assumed lifetime is constant through the bulk. It means p-n
junction must be close to an abrupt junction and that recombi-
nation centers are homogeneously distributed. Thus density
of excess minority carriers decays exponentially with a time
constant 7. [21] represented by Eq. 4 where n, represents
electrons density at the SCR boundary just before the open-
circuit condition. Then, the potential across a p-n junction
depends on the logarithm of minority carriers density [20]
represented by Eq. 5 where n is electron density at thermal
equilibrium. Hence it is clear why the theory pretends to ob-
tain a linear region during the decay. Next, the applied voltage
has to be much higher than the thermal voltage (V, > V,;,)
to obtain a straight region. Finally, low injection condition
must be fulfilled otherwise a second linear region appears

@ i_ CDTV“

Figure 2: OCVD "series” circuit simulated by TCAD Sentaurus
mixed-mode.

and the ideality factor # shall be adjusted in consequence
(assumed to be around 1 in low injection when SRH recom-
bination is dominant). Experimentally, global OCVD decay
can either slow down or speed up according to recombination
into the emitter [4] and the SCR [8], to SCR capacitance
(also called depletion capacitance) (cf. Fig.1 region (iii)) [8],
high injection level [5], low shunt resistance [8] and open-
circuiting element [16]. In transient regime, the region (ii) is
due to minority charge carriers diffusion/recombination and
is represented by the so-called “diffusion capacitance” [8]
while region (iii) is due to the “SCR capacitance” driven by
majority charge carriers. According to AC equivalent circuit
[22] they are in parallel. In consequence linear part is often
blurred and so makes MCL extraction tough and unreliable.

3. Simulation details

Simulations have been carried out to optimize p-n junc-
tion design for bulk MCL extraction by OCVD. The simu-
lated circuit is illustrated by Fig. 2 and represents “series”
circuit. This circuit has been selected to perform simulations
because of its more convenient configuration and its abun-
dance into literature [6, 15, 16, 17]. 2D simulations have
been performed with TCAD Sentaurus software (Synopsys)
using Sentaurus Device “mixed-mode” [23]. It allows to
simulate an entire circuit while modeling one or several com-
ponents with the finite element method. The characterized
p-n junction, so-called D1 (cf. Fig. 2), has been 2D designed
(cf. Fig. 3) using Sentaurus Structure Editor (sde) while
other components such as MOSFET and voltage sources (cf.
Fig. 2) have been selected from well-known SPICE compact
models provided by TCAD Sentaurus.

The MOSFET is used to switch on and off the circuit (to
reach open-circuit condition across the p-n junction). It is
controlled by a pulse generator whereas the p-n junction is
forward biased by a dc source. MOSFET commutation time
has been set up according to our experimental bench (24 ns).
Characterized p-n junctions have a constant and abrupt dop-
ing profile. Boron (p-type) / phosphorous (n-type) and beryl-
lium (p-type) / tellurium (n-type) are selected doping species
for Si and GaAs respectively. Bulk doping concentration has
been kept equal to 1015 cm™3. Naming x,,i, the emitter
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Figure 3: Typical 2D structure of the characterized p-n junction
designed in TCAD and used for simulations.

thickness and L., the diffusion length into the emitter,
Xemitter! Lemitier Tat10 has been selected arbitrarily and kept
equal to 0.16. Samples width is 500 um. Voltage source
has been set up to ensure injection condition into the ohmic
regime: it corresponds to 107 A for Si, 107* A for GaAs
p-type bulk and 10~2 A for GaAs n-type bulk.

Poisson and continuity (electrons and holes) equations
have been solved using Boltzmann statistics while the Drift-
Diffusion model has been chosen as the charge carrier trans-
port model. No generation has been considered. SRH, radia-
tive and Auger recombination models have been selected for
all simulations. SRH recombination rate is represented by
Eq. 6 where #; is intrinsic charge carrier density, n; and p,;
statistical factors representing the electron and hole densities
for the Fermi level equal to the trap energy level. Indexes
“n” and “p” always stand for electrons and holes respectively.
We have considered the worst case which is when trap energy
level is right in the middle of the band gap. SRH recom-
bination doping dependence follows the Fossum law [24]
according to Eq. 7 and 8. Radiative recombination rate is
represented by Eq. 9 where C,,4, the radiative coefficient,
is a constant. The TCAD radiative coefficient for Si is by
default 0. The Auger recombination rate is represented by
Eq. 10 where C,, 5., and C,, 5, are electron and hole Auger
coefficients respectively. The TCAD Auger coefficients for
Si is by default doping dependent while it is not for GaAs.
All recombination parameters used for simulations are listed
in the Tab. 1.

Rspy = L ©
TP(TCAD)(n + nl) + TD(TCAD) P+ pl)

e o hmx 2

Nrcap) 1+ (NA/Nref)
Tp,max

__ Tomax 8

TP(TCAD) 1+ (ND/Nref) Y

Rrad = Crad(np - niz) (9)

Rpyg = (Coaug X1+ Cppue X P)p—n?)  (10)

Electrical contacts are ohmic and insure an infinite sur-
face recombination velocity (SRV) [25]. Actually, TCAD

considers electrons and holes with finite maximum velocities

(SRV,=2.573 x 10°cms~! and SRV ,=1.93 X 10® cms™!)
due to thermodynamic considerations. Simulation aim is to

extract lifetime through the OCVD signal. Here OCVD re-
sponse obtained by TCAD simulations has been analyzed

according to the following procedure. First step consists in

identifying the linear region. Therefore derivative is plotted

and so linear region is highlighted through extremum. Then

corresponding value is injected into Eq. 3 to get the so-called

extracted effective lifetime Teff e The local ideality fac-
tor (V') [26] is calculated thanks to the dark I-V simulated

curve through the following equation:

_q dv
kgT d(In1)

where dV'/d(In I) is the slope of the In(I)-V curve at the volt-
age V. In our case, the voltage is V,,, where index “ext”
stands for extremum. It actually represents the voltage of
the extremum identified on the derivative OCVD signal. Fi-
nally, extracted value is compared to bulk lifetime value used
by TCAD Sentaurus to carry out the simulations and called
here TCAD bulk lifetime 7y rcap)- Extraction accuracy is

directly assessed from this comparison.

n(v) (11)

4. Simulation results

4.1. Assumptions

OCVD technique provides effective lifetime. Therefore
assumptions must be expressed to investigate the behavior
of only one type of charge carrier. Following assumptions
have been made to extract lifetime from the bulk. First, bulk
thickness must be much longer than diffusion length (L)
in order to ensure recombination within and to avoid surface
recombination at bulk electrical contact. Secondly total cur-
rent flowing through the diode must be mainly due to the type
of carrier under investigation (electrons or holes). Therefore
an asymmetric p-n junction is needed (N ¢piter > N pul)-
Finally, emitter thickness must be much smaller than the
diffusion length (L) to prevent recombination within.

4.2. Bulk thickness influence

This section studies bulk thickness influence. Bulk is
the layer where minority charge carriers under investigation
recombine. As previously introduced, its thickness must play
an important role to maximize recombination while avoiding
surface recombination at bulk electrical contact. Because
contacts are considered ohmic, it is of major importance to
prevent charge carriers from reaching them. In the reverse
case, surface recombination would be disruptive. Indeed, mi-
nority carrier density decays exponentially from SCR region
through bulk thickness [27]. According to exponential decay
law, if the bulk thickness is only once the diffusion length
63 % of minority charge carriers should recombine, 99 % if it
is 5 times. Thus OCVD signal has been simulated on abrupt
silicon (Si) and gallium arsenide (GaAs) p-n homojunctions
with various bulk thicknesses.

Fig. 4 shows [a] OCVD signals, [b] OCVD signals deriva-
tives and [c] normalized OCVD signal derivatives obtained

Lemaire et al.: Preprint submitted to Elsevier

Page 3 of 8



Design influence on lifetime extraction by OCVD

Table 1

Summary of recombination model parameters implemented in TCAD for Si and GaAs.

Si GaAs
charge carriers electrons holes electrons holes
Trmax 18] 1073 3x107° 5x10%  5x1078
N o [em™] 1016 1016 1016 1016
Caug [em®s™']  29x 107" - 1.3x 107 1.03 - 9.52x 107 1073 1073
C,.q [em?s7!] 0 2x 10710
Xl 0,62+~ 1,34 - - - 2,69 —— 4,09 KoLy o 0,62 1,34 - - 2,56 —— 4,13
06
0 [a]
05\
S S
- g
> >
03
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Figure 4: [a] Simulated Open-Circuit Voltage Decay sig- Figure 5: [a] Simulated Open-Circuit Voltage Decay sig-

nals, [b] OCVD signal derivatives and [c] Normalized OCVD
signal derivatives plotted over time in Si p-n junctions
(N emitter=N pu =101 cm=3) for various p-type bulk thicknesses
normalized by electron diffusion length. OCVD signal deriva-
tives have been normalized by their respective extremum value.

by simulation for Si p-n junctions. GaAs results are given in
Fig. 5[a], 5[b] and 5[c]. Homojunctions have symmetrical
p-n doping (N epitter=N puic=10"> cm™3). The presence of 3
distinguishable regions is highlighted in Fig. 4[a] and 5[a].
The region (i) shows a drastic voltage drop until 520mV for
Si and 940 mV for GaAs due to series resistance [6]. This
voltage is called V', ;; because it represents the voltage tran-
sition between the regions (i) and (ii). Due to the difference
of their energy band gap, V', ; differs for Si and GaAs. The
region (ii), which is the region of interest, presents a rather
linear decay until about 300 mV for Si and 800 mV for GaAs
due to minority carriers recombination. This voltage is called
Vi and has been clearly explained by Mahan and Barnes
[8]. Once again, this difference between Si and GaAs is ex-
pected because they have such a different lifetime. It means
diffusion capacitance of GaAs is much lower than Si one,
while they have rather the same SCR capacitance. The region
(iii) proves a drastic slow down due to this SCR capacitance
[8]. Fig. 4[b] and 5[b] show 2 extrema in region (ii) that
appear at 2 different injection levels: high injection (HI) for a
short time and low injection (LI) for a longer time. Fig. 4[c]
and 5[c] are plotted to see further extrema. OCVD signal
derivatives have been normalized by the second extremum.

nals, [b] OCVD signal derivatives and [c] Normalized OCVD
signal derivatives plotted over time in GaAs p-n junctions
(N emitter=N =103 cm=3) for various p-type bulk thicknesses
normalized by electron diffusion length. OCVD signal deriva-
tives have been normalized by their respective extremum value.

Since total recombination rate is roughly SRH recombination
rate for HI and LI, SRH recombination can be considered as
the dominant mechanism influencing minority charge carrier
behaviour into the bulk. SRH recombination theory exposed
in 1952 by Shockley Read [28] and Hall [29] demonstrates
that in low injection level bulk lifetime depends only on one
charge carrier type (cf. Eq. 12) while in high injection level
it depends on both charge carrier type (cf. Eq. 13).

Thulkggy (L) = Tn (12)
Thulkgpy HD) = Tn T Tp (13)

These two distinguishable regions are more visible for GaAs
and tend to fuse when bulk thickness increases. The higher
the thickness the longer the linear decay or plateau duration.
It signifies the extraction becomes more accurate. We have
defined plateau duration Afp,,, as time when the dV/dr
extremum varies about +5 %. Indeed, for Si it is 19.2 us (~
2. 17py(rcapy) While it is about 71.9ns (% 1.67,rcaD))
for GaAs. We observe that extrema position (¢, remum) Shifts
toward longer times when thickness increases. This delayed
phenomenon can be related to the increase of circuit RC
constant because of bulk resistance increasing. The main
differences between Si Fig. 4 and GaAs Fig. 5 are voltages
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Figure 6: Normalized extracted lifetime plotted over nor-

malized bulk thickness in Si (circle) and GaAs (triangle) p-n
homojunctions from OCVD simulations. Full symbols represent
electrons in p-type bulk and empty symbols holes in n-type
bulk. Ty (Tcap) is the bulk lifetime used by TCAD and Ly,
is the bulk diffusion length.

of transition regime (V;; and V;;;) and scale of the total
decay time. It is shorter for GaAs than for Si. Indeed, bulk
lifetime is much lower for GaAs.

Fig. 6 shows extracted effective lifetime to TCAD bulk
lifetime ratio plotted over bulk thickness to bulk diffusion
length ratio for Si and GaAs p-n homojunctions where bulk
diffusion length is constant for a given doping level. These
two normalized axis allow to compare any materials. It shows
results for Si (circle) and GaAs (triangle) p-n junctions in
p-type (full symbols) and n-type bulk (empty symbols). Ex-
tracted effective lifetimes have been calculated for LI so we
have considered the second extremum from derivative dV//d¢
Fig. 4[b],[c] and 5[b],[c]. In both Si and GaAs case, extracted
effective lifetimes increase with the bulk thickness and reach
a maximum value for xy,, . > 4.1Ly;. When thickness is
smaller than diffusion length it clearly shows surface recom-
bination influence at bulk electrical contact. The higher the
minority charge carrier density at the contact the lower the
surface lifetime. Moreover this maximum value gets closer to
the TCAD bulk lifetime with the exception of electrons life-
time in GaAs. Indeed, MCL is overestimated around 22.5 %
while it is underestimated around 30 % for holes lifetime in
both materials and 24 % for electrons lifetime in Si. This
trend could be attributed to the higher mobility imbalance
between holes and electrons in GaAs.

4.3. Doping asymmetry influence

In this section is investigated doping asymmetry influence
in p-n homojunction. As previously introduced, a heavily
doped emitter is required to extract bulk lifetime accurately.
A p-n' or n-p* homojunction configuration is essential to
extract accurately by OCVD electrons or holes lifetime re-
spectively. This configuration should lower the weight of
minority charge carriers which are not under investigation.

Fig. 7 and 8 show [a] OCVD signals obtained by sim-
ulation and [b] OCVD signal derivatives for Si and GaAs

10'- - 10°—10°

[ NNy o 107

__&x10°
L2 [
S 6x10° |
(]
2 ax10° |\
g X
2
o -2x10°
0 20 40 60 80 100
time (us)
Figure 7: [a] Simulated Open-Circuit Voltage Decay signals,

[b] OCVD signal derivatives plotted over time in Si p-n homo-
junctions for emitter (n-type) doping level equal to 10" cm™ up
to 108 cm™ and bulk (p-type) doping level equal to 10" cm=.
Xputk & 41 Ly

< 09
-
>

0.8
-1.6x10°
-1.2x10°
-8.0x10° |f*

-4.0x10°

Derivative (V/s)

100 150 200 250 300 350 400 450 500
time (ns)

Figure 8: [a] Simulated Open-Circuit Voltage Decay sig-
nals, [b] OCVD signal derivatives plotted over time in GaAs
p-n homojunctions for emitter (n-type) doping level equal to
10" cm=3 up to 10" cm™ and bulk (p-type) doping level equal
to 10 ecm™>. xp, & 4.1 Ly -

p-n homojunctions respectively. Bulk doping level is kept
constant and equal to 10'> cm™3 while emitter doping level
varies from 10" cm™3 up to 10'® cm=3. Bulk thickness over
bulk diffusion length is about 4.1. We still observe 3 different
regions in Fig. 7[a] and 8[a]: regions (i) still show a drastic
voltage drop where V', ;; is roughly 560 mV and 960 mV for
Si and GaAs respectively. It increases slightly with emit-
ter doping level because of built-in voltage rising; regions
(i) also present a rather linear decay due to minority charge
carriers diffusion/recombination where V;;_;;; goes up from
300mV to 350 mV for Si and from 800mV to 850 mV for
GaAs. This is due to the asymmetric junction which reduces
the absolute SCR thickness and thus faintly increases the
SCR capacitance. Therefore it reduces the region (ii) du-
ration and hence the extraction accuracy but it is actually
compensated by the rise of V' ;;. Two extrema are appearing
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Figure 9:

[a] [b] normalized extracted lifetime plotted over normalized bulk thickness in Si p-n homojunction and [c] [d] in

GaAs p-n homojunction from OCVD simulations. [a] [c] represent electrons (full symbols) in p-type bulk and [b] [d] holes (empty
symbols) in n-type bulk. 7y, (rcap) is the bulk lifetime used by TCAD and L, is the bulk diffusion length. Each symbol type

stand for specific emitter doping level.

on Fig. 7[b] and 8[b] by increasing emitter doping level. The
first is due to HI and the second to LI. This effect is more
evident for GaAs. Therefore it reduces LI plateau length
in the case of GaAs. Indeed, At ,, Vvaries with emitter
doping from 71.9ns to 63.3 ns for GaAs and from 19.2 ys to
24.1 ps for Si. This difference could be attributed to higher
injection level in the case of GaAs homojunction. Thus injec-
tion level is an important parameter because the longer the
plateau duration the better the lifetime extraction. Derivative
plateau is shifted to a longer time for both Si and GaAs. How-
ever there is no significant emitter doping level influence for
N epmitier/ Npuix >10%in Fig. 7 and 8.

Fig. 9 shows the extracted effective lifetime to TCAD
bulk lifetime ratio plotted over bulk thickness to bulk diffusion
length ratio where main results are summarized in Tab.2. Lo-
cal ideality factors extracted to calculate Tg(exiracted) through
Eq. 3 are given in Tab.2. They are rather close to unity for Si
while they are higher for GaAs. It expresses the level injec-
tion moving which is more prominent in the case of GaAs.
Fig. 9[al,[c] shows results for Si and [b],[d] for GaAs p-n
homojunctions. Moreover full symbols represent p-type bulk
(Fig. 9[a] and [b]) while empty symbols n-type bulk (Fig.
9[c] and [d]). Emitter doping level has been increased by
several orders of magnitude from 10" cm™3 to 10'8 cm™3
while bulk doping level has been kept constant and equal to
10'3 cm~3. Fig. 9 analysis points out that all extracted effec-
tive lifetimes for both materials increase and tend to reach a
constant value with increasing bulk thickness. Furthermore
we can clearly see the influence of doping asymmetrization.
Lifetime extraction becomes closer to TCAD bulk lifetime

Table 2
Summary of extracted results from TCAD simulations with
Xpulk/ Louik & 4.1 and Nicier/ Npu =10

bulk type Si GaAs
. [um] n-doped 730 126
bulk (1 p-doped 230 29
179 31
Ly [um] % 57 7
// 9.09%x 10 4.55x10°?
Phulk(TcAD) [ // 273% 106 455% 107
r [s] // 849x 107 6.70x 1078
eff(extracted) // 258%107° 444107
-6.5 +47.3
error [%] % 53 5
// 3.89 3.40
textremum [Tbulk(TCAD)] // 578 3.98
2.65 1.39
At patean [Thui(Tcan)] % 238 168
// 1.10 1.32
N(Vexr) [_] // 1.05 121

and so more accurate when doping asymmetry increases. Ac-
tually, there is no significant variation for more than 2 orders
of magnitude between emitter and bulk doping levels in Si.
This put forward the minimum doping ratio required to get
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wished asymmetry effect. However, there are tiny nuances
for lifetime extraction in GaAs. On the one hand, there is still
a significant variation between N ¢ ier/ N puic=10? and 10°
for holes lifetime extraction Fig. 9[d]. Moreover, extractions
for xpu < 1.3 Ly, have not been carried out because linear
regions were not identifiable. On the other hand, there is no
massive effect of the asymmetry when N ,ier/ N puic> 10"
for electrons lifetime extraction Fig. 9[b]. This discrepancy
is due to the higher imbalance mobility between holes and
electrons in GaAs (u,/p,=18) than in Si (u,/p,=3). In-
deed, this induces that GaAs p-n junction is intrinsically
asymmetric when N .or = Nypux. Therefore, the higher
the imbalance mobility, the higher the required asymmetric
ratio.

5. Conclusion

OCVD simulations have been performed with TCAD
Sentaurus to investigate design influence on bulk lifetime
extraction. Extraction has been carried out by identifying
linear voltage decay through dV'/dt evolution. Bulk thick-
ness and doping levels asymmetry between the bulk and the
emitter have been considered as the major influence design
parameters through study of Si and GaAs p-n homojunctions.
Electrons (in p-type bulk) and holes (in n-type bulk) life-
time extractions have been carried out successfully in Si and
GaAs. OCVD simulations results enable to extract the bulk
lifetime with the accuracy of —6.5 % and —5.3 % in Si homo-
junction while +47.3 % and —2.3 % in GaAs homojunction
for electrons and holes respectively. This results have been
obtained with the help of simulated dark I-V curves in or-
der to get the local ideality factor. These results have been
reached with a ratio xp / Logk & 415 Nemitter/ Npuc=10°
and X.picer/ Lemiter = 0-16. Initially it has been illustrated
by simulation that the thicker the bulk the better the extrac-
tion. First because Afpjcq, inCreases and secondly because
extracted lifetime gets closer to TCAD bulk lifetime and so
becomes more accurate. Indeed, this configuration avoids sur-
face recombination at bulk contact. Since electrical contacts
have been considered ohmic, their OCVD signal contribution
is not negligible. Indeed, ohmic contact represents infinite
surface recombination velocity. Moreover it has been illus-
trated that plateau is shifted to a longer time, surely due to
circuit RC constant rise. Finally, it has been demonstrated
by simulation that emitter doping level should be at least 2
orders of magnitude higher than bulk doping level to get the
best extraction accuracy. However, this ratio of 2 may be
lower/higher depending on the mobility imbalance (u,,/ ;)
of the semiconductor studied. Difference of MCL extraction
accuracy between electrons and holes is lower in Si than in
GaAs. Electrons lifetime extraction is overestimated while
holes one is underestimated in GaAs. This could be attributed
to the higher mobility and SRV discordance between holes
and electrons in GaAs. Our study has well confirmed and
quantified our assumptions. It has also initiated research on
GaAs OCVD behaviour.
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