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ABSTRACT

In this study, a multiple physical parameters abacus is commented. The main purpose of this abacusisto optimize
and evaluate photovoltaic-thermal semiconductor synthetical compounds materials efficiency.
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INTRODUCTION

Thisstudy presentsanew 3D abacusfor scaling
binary an ternary semi conductorslayered materials.
This abacus gathers originaly three relevant and
determinant parametersinthechoiceof oxides, sulfured
compounds and similar PVC semiconductors
condituants:

- Thedectronic bangap E,
- TheVickersMicrohardnessHv.
- TheAmlouk-Boubaker Optothermal Expansivity

W, .-

The latter parametery, ., has beeen defined in
precedent published studies astheratio of thethermal
diffusvity totheopticd effectiveabsorptivity.

In thelast three decades, choice of semiconductor
materials for PVC buffer or windows layers was
generally and sometimes sol ey based on the bandgap
range requirements. Thisfeature was|egitimousand
appropriate until appearance of new generation PV-T

cdlsandlight-heat converter devices. Actudly, and due
to environment and economica congrants, thetherma
performance aswell as the mechanic resistance are
more and moretaken into account.

THE 3DABACUSFEATURES

History

Inour laboratory, wetried since 1985, to produce
binary and ternary compounds for light conversion
purpose. In the earliest attempts, zinc-doped In,S,
(namely ZniIn,S,), selenized ZnS (namely ZnS
Se | ... and binary oxides (ZnO, TiO,, WO, ...)
have been synthesized using several processes. It was
noticed that parallel to the expected enhancementin
terms of bandgap shift, many other structural and
morphologica changesoccurred.

Inthe same context, therecent experiment onlightly
Y tterbium-doped ZnO thin films, and pure ZnO layer
prepared at different substrate temparetures, exhibited
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drasticall changesin physix parametaes morethain
optical characteridtic.

Additiond investigationsyiel ded spectacular results
about therma anmechanica changesduringelaboration
process.

Theéectronicbangap E,

Thedectronic bandgap isthe common and initial
choice-relevant parameter in binary and ternary
semi conductorstechnology. It iscommonly defined
asthe energy range where no el ectron statesexist. It
isalso defined asthe energy difference between the
top of the valence band and the bottom of the
conduction band in semiconductors. It isgenerally
eva uated by theamount of energy required to freean
outer shell electron the manner it becomesamobile
charge carrier. Sincethe band gap of agiven materia
determines what portion of the solar spectrum it
absorbs, it is important to choose the appropriate
compound matching theincident energy range.

The choice of gppropriated materialsonthesingle
bas sof thed ectronic bandgapisbecoming controversd
duethe narrow efficient solar spectrum width®>*l eV,
aongwith new therma and mechanica requirements.

In our study, and for each material, the band gap
has been calculated using measurements of the
absorption coefficient o, whichisrelated to theincident
photon energy hv by therelation:

Vahv =kx(hv-E,) )
where E, is the band gap, k is a constant v is the
frequency, h is Planck constant and n is the index
indicating thetranstiontype.

Measurements of the v-dependent absorption
coefficient o using transmittance-reflectance (T(L)-

R())) spectrayielded curves of ¥ ochV‘n=2 versushv.

Slopes of these curves were accurate guides to
determine bandgap energiesEg.

TheVickersmicrohardnessHv

TheVickersMicrohardnessHvisacharacteristic
of asolid material expressing its resistance to both
permanent deformation and outer materia penetration.
It has been demonstrated, for semiconductors|ayered
materids, that indentation hardness correlateslinearly
withtenslestrength. Thisfestureisimportant when such
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structuresarejointed to devicesworking under strong
mechanicd solicitations(shocks, stretching, etc.).

Figurel: Vickerstest disposal

The mechanical measurementshave been carried
out using a Vickers diamond pyramidal indenter
(Figure 1). The apparatuswas acommon Vickerstest
disposal.

TheAmlouk-Boubaker optother mal expansivity
\VAB

TheAmlouk-Boubaker optothermal expansivity is
defined by:

Vas = % @
WhereD isthethermd diffusivity and ¢ istheeffective
absorptivity.

Theeffectiveabsorptivity g isdefined asthemean
normalized absorbanceweighted by 1(a),,,, .. thesolar
standard irradiance, with 3 : the normalised solar
spectrumwave ength:

= A=A,
A = min
7“max _7“min (3)
A i = 200.0NnmM A, =1800.0nm.
and:

J1E) s x @R

a="2 4

1

J | (X)AM 15 dx

where: 1(d),,,s IS the Reference Solar Spectral
Irradiance.

The normalized absorbance spectrum q() is
deduced from the BPES. According tothisprotocol, a
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set of m experimental measured values of the

transmittance-reflectance vector: (Ti (%R (%, )]

i=1.m

versusthenormalized wavelength %, Ll..m isestablished.
Thenthesystem (5) isset:

R(x) = [2; Zolgn x BAn (ixﬂn)]

©)

T(i)=[ L zoa;x84n('ixﬂn)]

2N 0 n=1

where_arethe4n-Boubaker polynomidsB, minimal
positiveroots, N isagiveninteger and & and ¢, are
coeffid entsdetermined through Boubaker Polynomias
Expansion Scheme BPES.

Finally, the normalized absorbance spectrum q())
iscaculated usngthereation (7):
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wheredisthelayer thickness.

Theeffectiveabsorptivity g iscaculated usng (Eg.
4) and (EqQ. 7).

TheAmlouk-Boubaker optotherma expansivity unit
ism?3s?. Thisparameter hance can beconsidered either
asthetotd volumethat containsafixed amount of hest
per unit time, or a 3D expansion velocity of the
transmitted heat inddethe material.

THE 3DABACUS

Accordingtothedefinitionspresentedin §2, it was
obviousthat any judicious materia choice must take
into account simultaneoudly and conjointly thethree
defined parameters.

Consequently, it was appropriateto gather all the
ohydcd-rdaed resultsinagloba scdingtool asaguide
to materid performanceevauation. Thistool isthenew
3D abacus (Figure 2) which hasbeen established with
respect to bangap E, VickersMicrohardness Hv and
The Optotherma Expansivity v,

O: psns,
O: InS;Seg
O: Znln;S, )
["]
.: In,S;

©: wo, 7 Aunealing

“4 temperature

Bandgap
(eV]

Figure2: 3D E, v HY abacus

THE DEGENERATED 2D PROJECTIONS

For particular applications, we had toignoreone
of thethreephysica parametersgatheredin theabacus.
Thefollowing 2D projectionshave been exploited:

Projectionin HV-E, plane

This projection is interesting in the case of a
thermally neutral materid.

Itisthecas, i.e. of theZnS A Se compounds, itis
obviousthat the consideration of Bangap-Haredness
featuresismor important than themal proprieties. The
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E-Hv projection (Fgure 3) givesard evant information:
the selenization process causes drastical loss of
harndnessininitidly hard binary Zn-Smatrial.

Figure3: E,-Hv projection

Projectionin q;AB-EgpIane

Thisprojectionissuitablefor thick layerswhose
mechanica propertiesdon’t contribute significantly to
thewholedisposa hardness.

Micro-
Haerdness
Hv

35 26
Figure4: v E, projection

Projectioniny, -Hv plane

Thisprojectionisuseful for distinguishing res stant
and good heat conductor materials, whichisthe case
of theZnin_ S, materids.

Infact theeffect of the Zinc-to-Indiumratio onthe
vauesof theAmlouk-Boubaker optotherma expangivity
(Figureb) iseasily observableinthisprojection (itis

equivaent to anexpangon of theva uesof the parameter

V., intoawiderange:'**4 10 m3s?).

Yas
FigureS: y, .- Hv projection

CONCLUSION

Thisstudy presentsthemain featuresof a3D abacus
based on three physical parameters : the electronic
bangap E, theVickersMicrohardnessHvand thelastly
established Amlouk-Boubaker Optathermal Expangivity
Y,p-
ABThe usefulness of this abacus in evaluation of
nanotechnology and Microelectronics-related
semiconductors performance, as well as the
particularities of the different projections has been
presebted and discussed.

Actualy, ZnO doped materid sarebeing cons dered
forinclusioninthisevoked the existence of an optimal
va uefor thedoping mounting substratetemperature. If
determined thanksto the abacus, thisvaluewill bean
efficient guide to elaborating ZnO minimum-heat-
continencelayers.
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