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ABSTRACT KEYWORDS
In photovoltaic solar cells manufacturing, we are confronted to the per- Solar cells;
petua challenge for conversion efficiency enhancing. Multi-crystallinesilicon;
We propose in thiswork to quantify the back surface field aluminium (Al- BSF;
BSF) rear contact effect deposited by screen printing metallization. PC1D;
Al-BSF numerical simulation has been performed by the use of softwares SCAPS;
dedicated to photovoltaic like PC1D, SCAPS 2.7 and AFORS-HET. AFORS-HET;
Inthiswork, aSiN /Si(n*)/ Si(p)/Si(p*) structureisstudied. Thismeans that Aluminium.

we have aclassical junction np passivated at the front face with SiNx anti-
reflective coating (ARC) and at the rear face a screen printed Aluminum
contact.

The back Al-BSF, must to be thick (no least 10pm) and highly p-doped
(holes concentration between 10% and 10 cn1®) in order to reduce effec-
tive rear recombination vel ocity, yiel ding to an enhancement of the Al layer
performance.

Wereinserted in the software parameters data: the lifetime measured for the
inner bulk (t =30 us and rp=90 us) with Al diffusion (10.8 um deep).

For emitter doping equals to 1.510%° cm, front surface recombination
velocity §=8600 cm/s and the effective minority diffusion length L =227
pm.

After simulation of theinput parameters, an efficiency of 18.0% isobtained
by PC1D, in good accordance with the results presented in the literature.
While the obtained efficiencies results with AFORS-HET and SCAPS 2.7
are 17.15% and 18.73% respectively. A rapprochement occurs between PC1D
and SCAPS quantum efficiency curves with begin values ~ 70% QE while
AFORS-HET isso far with ~ 34% QE.
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INTRODUCTION scaeindustria fabrication*3. However, multi-crysta -

linesilicon propertiesareredly different than mono-

Multi-crystdlinesilicon solar cdlIsrepresentanun-  crystalline Czochralski (CZ) or Hoat zone (FZ) silicon
avoidabledternaivetomono-crystdlinesliconforlarge  growth. Thisisdue essentially to the grain boundary
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presence which reducesthe diffusion length and en-
hancesthe defects concentration.

Aluminum isgenerdly used asback contact in pho-
tovaltaic cdlsthankstoitsproperties. It createsaheavily
doped p* region that providesagood (low resistivity)
ohmic contact on the p-typesilicon forming aback sur-
face field®. Aswe know, the eutectic point of Al-Si
diagram occursat T_=577°C and its melting point is
660°C. In solar cells technology, we work at tempera-
tureshigher than theeutectic point and themeting point
of aluminium. So, during the heating process, silicon
dissolvesinauminiumfor T<T_and continuesto dis-
solvefor T>T_. Whileinthe cooling process, thesili-
con quantity exceeding the eutectic composition will
formthewell known p* BSF layer. Itsthicknessis of
about 10um.

A highly doped BSF permits to reduce the back
recombination vel ocity at the contact metal-semicon-
ductor. But very high doping exceeding 5.10*° may have
theinverseeffect.

Inthiswork, we proposeto simulateaBSF inthe
multi-crystalinesiliconstructure SN, /S (n*)/ S(p)/Si(p°)
by the employment of three main photovoltaic dedi-
cated softwares such: PC1D verson 5.9, SCAPSver-
son 2.7 and AFORS-HET version 2.2.

PC-1D program sol vesthe nonlinear equations of
guas one-dimensiond transport of eectronsand holes
in semiconductor devices, including photovoltaic de-
vices in one dimension by using the finite element
method®. While SCAPS-1D program solvesthe equa
tionsfor structures containing anumber of semicon-
ductor layerswhich havean arbitrary doping profile (as
afunction of theposition) withan arbitrary distribution
of energy levelsdeep donorsor acceptorsin different
typesof illumination. Iterationsresolutionsequationsare
made until agorithm convergence®.

AFORS-HET alowsto model homo-aswell as
hetero-junction devices. Anarbitrary sequenceof semi-
conducting layerscan bemodelled. A variety of bound-
ary conditionscan be chosen. The program solvesthe
one dimensional semiconductor equationsin steady-
stateand for asmall sinusoidal ac-perturbation®.

DEVICE MODELLING

Thegructureto modd iscomposed of multi-crystd-
Wotevialy Science mmm—

linesiliconwafer typep which undergoes phosphorus
diffusion a thefront facein order to createan*/pjunc-
tion. In our case, wewill insert thereal technological
parametersused in our [aboratory such ajunction depth
of 0.7um and 1.85 10% cm electrons concentration.
A passivated and ARC layer of SN, (thickness: 79 nm
and refractiveindex 2) isdeposited. Therear contact
forms a BSF by creating the junction P*/P. Figure 1
below illustratesthe modelled structure SIN /Si(n*)/
Si(p)/Si(p).

Inindugtrid solar cellscovered with screen printed
aluminum, forming an Al-BSF, therear contact hasa
back reflectance of 65% and a back recombination
velocity (BSRV) of 1000 cm/son 1Qcm silicon wa-
fertd,

The back Al-BSF must to be thick (no least
10pum)™¥ and highly doped (holes concentration p be-
tween 10™® and 10* cm) in order to reduce effective
rear recombination velocity*!, yielding to an enhance-
ment of theAl layer performance.

Weinsert for Al-BSF layersthelifetime measured
for theinner bulk (t =30 psand t ;=90 ps) for multi-
cryddlinesliconcdlswithAluminum diffusonof 10.8
pm in depth!*?. TABLE 1 resumestheinput dataused
for modding themulti-crystalline BSF structure.

TABLE 1: Input datafor PC1D, SCAPSand AFORS-HET.

Device

lcm?

n=2.0t=79nm

Devicearea
Singlelayer Anti-reflective
coating™ Front reflexion

ABSORBER REGION

Thickness 280um™™

Materid From Si.mat
Dielectric constant 11.9

Band gap 1.124 eV

Intrinsic concentration at 300K 1E10 cm®
Refractive index 3.58

Absorption coefficient From interna model
Free carrier absorption enabled

P-type background doping 1E16

Front diffusion

1% rear diffusion

Bulk recombination

Front surface recombination

N-type 1.85E20 junction n/p=0.7um
P-type 1E19 junction p+/p=10um
1,=30us, 1,=90us

$,=5,=8600 cr/s™!

Rear surface recombination  S,=S,=1000 cm/s™
Excitation

Excitation from One-sun AM1.5

Constant intensity 0.1 Wem'
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MC-Si(n")

MC-Si(p)

Figurel : SiN /Si(n*)/ Si(p)/Si(p*) multi-crystallinesilicon
based solar cell proposed to simulation.

RESULTS& DISCUSSION

After inserting theinput parametersof thestructure
SIN /S(n*)/ S(p)/Si(p*). Theobtained results (V) and
guantum efficiency curvesarerepresentedin Figure 2,
Figure3and Figure4 for PC1D, SCAPSandAFORS-
HET.
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Figure2 : PC1D 5.9 simulation results for SiN /Si(n*)/ Si(p)/
Si(p*) : (a) I(V), (b) quantum efficiency.

—== Fyf] Paper

0,04
0,03 (a)
<
e B .
; 0,024 SCAPS2.7 simulation results 5
5 V=626 mV, I5=35.579 mAicm
1=18.73%
0,014
0,00 T T ) 1
0,0 0,2 04 0,6 0,8
Voltage (V)
100 -
95 ()

90 +

85 4

80 +

75 4

External quantum efficiency 1QE(%)

70

360 l 4(I}0 ' 5{I)0 ' BII)O ' 760 ' 860 ' Q(I)O '
Primary source wavelength (nm)

Figure 3 : SCAPS 2.7 simulation results for SiN /Si(n*)/

Si(p)/Si(p*) : (a) I(V), (b) quantum efficiency.

Theobtained resultsaresummarizedinthe TABLE
2beow:

Conventional structureswithout BSF giveacon-
version efficiency around 14%, as devel oped by Van
Sark et al .1,

It isso therefore clear that a structure with BSF
increasesthe conversion efficiency until reaching17to
18% depending on the used software.

Thequestion that arises: why isthereadifference
intheresultsdepending onthe software?

For PC1D, anefficiency of 18% wasobtainedwhile
SCAPS give us 18.73% and AFORS-HET 17.15%.
Concerning the guantum efficiency, asrepresentedin
Figures 2b, 3b and 3c, one can remark that the curves
havethe sameshapebuit for:

- PCI1D, thefirgt leve occursat approximeatey 350nm
with 72.4% QE and reachesamaximum a 97.51%
for 2060nm.

- SCAPS, thefirst level occurs at approximately
350nmwith 71.0% QE and reachesamaximum at
96.71% for 900nm.
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- AFORS-HET, thefirstleve occursat goproximately

350nm with 34% QE and reachesamaximum at
98% for 1100nm.
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Figure4 : AFORS-HET simulation results for SiN /Si(n*)/
Si(p)/Si(p*) : (a) I(V), (b) quantum efficiency.

TABLE 2: SiN /Si(n*)/ Si(p)/Si(p*) smulation resultssum-
mary by using PC1D, SCAPSand AFORS-HET.

Softwar e Voc (mV) Isc (mA) FF (%) n (%)
Without BSF*® 602.8 3119  77.07 14.19
PC1D 630.4 34.2 83.48 18.00
SCAPS 2.7 626 3557  84.05 1873
AFORS-HET 627.3 3493 7825 17.15

Weremark arapprochement between PC1D and
SCAPSquantum efficiency curveswith beginvaues~
70% QE whileAFORS-HET issofar with ~ 34% QE.

ThePC1D ismainly dedicated to silicon. Itiswell
suitablefor our structureto smulate. Theobtained va -
ues coincidewiththeliterature¥. But don’t take into
account the deep interface states and profound bulk
stateslikeinAFORS- HET and SCAPS*.

Whiletherecent version 2.7 of SCAPStreat thick
substratesand thereforeissuitableto our problem. But
withalimit for the high degeneracy at thefront junction
to 10%° cm. So our value 1.85* 10%° can not betaken
into cong deration.

RegardingtoAFORS-HET, itisobviousthatitis
rather dedicated to hetero-junction structureslike HIT
layersand thin filmsthan our kind of homo-junction
withthick subgtrate.

CONCLUSION

Multi-crystalinesilicon solar cellswith back sur-
facefiddBS-and SN anti-reflectivecoating havebeen
simulated by using photovoltai c dedicated softwares.

Three programs have been employed: PC1D;
SCAPSand AFORS-HET.

By combining theexperimenta valueswith those
obtained intheliterature, aninput datatablefor BSF
multi-crystalinesilicon hasbeenformed.

The obtained conversion efficiencies are: 18%,
18.73% and 17.15% for PC1D, SCAPSand AFORS-
HET respectively.

PC1D and SCAPSquantum efficiency curvescon-
vergewith beginvaues~ 70% QE whileAFORS-HET
issofar with~ 34% QE.

One can deduce that PC1D is the most suitable
softwarefor silicon. Whiletherecent version 2.7 of
SCAPStreatsthick substrates but hasalimit for the
high degeneracy el ectron concentration.

AFORS-HET isthe non adaptabl e software for
our BSF structure because it is dedicated to hetero-
junction structureslike HIT layersand thinfilmsthan
our kind of homo-junctionwiththick substrate.

In conclusion, simulation with PC1D and SCAPS
aremore suitableto the structure SIN /Si(n*)/ Si(p)/
Si(p*) than afors-Het.

TheBSFisasgnificant parameter inincreasingthe
conversion efficiency of solar cdlsbased onmulti-crys-
tdlinedlicon. It requiresafiner thicknessof sliconwafer
which should begreater than 200um for a good sub-
stratequality!*®,

Experimentaly, theBSFiseasly integratedintothe
multi-crystallineslicon solar cellsfabrication process,
snces multaneousannedingfor AgandAl contactsand
SiN passivation can be done™.
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