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Four Generation of Solar Cells

AFirst Generation
ASingle crystal silicon wafers %)
ASecond Generation
AAmorphous silicon (&i)
APolycrystalline silicon (poi$i)
ACadmium tellurideCdTe
ACopper indium galliundiselenide(CIG$alloy
AThird Generation
ANanocrystabolar cells
APhotoelectrochemicalPEC) cells
AGraetzekells
APolymer solar cells
ADye sensitized solar cells (DSSC)
AFourth Generation
AHybrid¢ inorganic crystals with a polymer matrix
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CIGS asPV material

ACIGS (CulgGa,_Se)
(copper indium galliundiselenidé

ANon stoichiometricsemiconductor compound
( [-111-VI)

ADirect gap semiconductor
(band gap can be adjusted).

A Very good efficiency
(422.6% )

AVery good stability in outdoor tests



http://images.google.it/imgres?imgurl=http://www.disat.unimib.it/vast/_borders/Logo Bicocca_ridotto.jpg&imgrefurl=http://www.disat.unimib.it/vast/elenco_docenti.htm&usg=__pY1uGtmIQiC6O3dnmB4cPUfGNtk=&h=443&w=414&sz=28&hl=it&start=1&um=1&tbnid=8P0glP06NeUZtM:&tbnh=127&tbnw=119&prev=/images?q=logo+bicocca&hl=it&sa=N&um=1

DEGLI STUDI
g

£
7
[~
&
2
Z
2
B

CIGS technology in UNIMIB

1. The metal precursors are sputtere&implified scheme of the CIGS deposition chamber
on ad hoc rotating support, named — Shields

C y I | n d r | C a I ﬁ t r a Heaters (T1) EEvaporation Es Sputtering zone
| zone i

made by graphite plates. 17601 ocsuttering

2. Metals are then evaporated in Se
ambient thanks to a local heating

3. The process continue since the oo
desiderate thickness is reached. :

Se evaporationsource

o s e

_________________

Cylindrical graphite transferring body

SUBSTRATE TYPES:

14 x 11 cmM soda lime glass 1 mm

20 x 10 cm Cr stainless steel foil 125 um
20 x 10 cm polyamide 25 um

14 x11cn¥ glass foil 125um

*S. Binettiet al. ,Semicond Sci.Technol 30 (2015) 105006
*European Patent2013 n° EP 13425019.0
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Best results onglasssubstrates
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Best results on flexible substrates

Substrate Eff \Voc Jsc FF Area
(%) (mV) (mA/cm2) | (%) cm2

130um GIaSS 13.2 38.9 68.6 0.15

13.8 534.2 37.5 69.02 0.15
11.7 512 35.6 64.34 0.15

130um Glass Upilex Stainless steel

S. Binetti K 2015
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CIGS device structure

F i r&‘
/73 \ ZnO:Al 5,

Stackof layersin CIGScell Cross section of CI(_SSeII fgbricatechtUniversityof
Milan Bicocca

Material Mo CIGS CdSs Zn0O: | ZnO:Al Al
Thicknesgnm) 800 2000 70 100 330 400
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CdS buffer layer

Scopeand advantages

part of the heterojunctionrdeposited
by Chemical Bath Deposition
(CBD)

i electronicadjustments

(i.e. band alignments of
conductionandvalencebands)

I structural adjustments
(i.e. latticematching)
I chemicaladjustments

(i.,e. reducing or enhancing
Interdifussiongrocesses)

Critical point:

AenvironmentahspectastingCd.

Athe CBD processis not compatible
with the in line vacuumdepositionof
ClGSabsorbeandTCO.

ACSD solution deposition and waste
recyclingcould be a materof concern
In industrialmanufacturing
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Materials and methods

Alternatives toCdS

Zn-Sn0O
nS
In,S,; In(OH) 5

InSe, & ZninSe,
(toxicity)

Zn0 . S,;
SnO-SnS
etc

To Io o Po To o I

Depositiontechnigues

ACBD - ChemicalBath Deposition

AALD - Atomic LayerDeposition

AMOCVD - MetalOrganicChemicalVapor
PhaseDeposition

AEvaporation

ASputtering

AED - Electradeposition

Aetc
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CIGS thin films solar cell structure
- - evaporation .
Zn0O:Al pulsed D.C. sputtering SDUtterlngparamete I'S
| i-Zn0 ., Ehiodin  film thickness
ZnSn0, .
=  chemicalbagaepeaniGED) |
2 ISy R F. SPUTTERING v r.f. sputtering power
ZnS
_ _ v/ sputtering pressure
Cu(In,Ga)Sez evaporation/sputtering
v/ post thermal treatments
SUBSTRATE

AThe right set-up for the deposition processes

(target conditioning; deposition rates; etc. )
AStructural &morphological characterizations of the tinfilms.

AOptical characterization of the tin films.
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I1GOCC
Why Sputtering?

Aroll to roll deposition: substrate: polyimide/ stainless steel foil

Mo Cu,Ga,In,Se CdS Zn0O

Awide variety of materialspossible AReproducibility
AReactivesputteringwith O, possible AApplicationrelevance

AStoechiometryoften preserved AX
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Zn,SnQ thin films characterization
- the r.f. sputtering power
AZn,SnQ Arhe optical transmittance of the ZTOthin
(75%Zn0O+25% SnQ) films is higher than 95% in the visible
range.
100 = o e e S PR . . .
go] o E T s i Ahe Eg obtained for the ZTOthin films
0] e rangesbetween2.95eV ¢ 3.35¢eV.
04 . PR
g oo g ™ l’ 3.4
= 50_-1' = _,'[fZTOthinfiImsaverageT@400-800nm . ‘
1 Y —Eggzﬁgggm S 3.2
407 2y L s <
30+ 40300 - -A-f(l)-(l)-:gs %5(-()3;00\/\,) 6(IJO 7(I)0 800 qu 3 ‘ ‘ ‘
20 | Wavelength (nm) ‘
500 1000 1500 2000 2500 2.8 T T r T T
Wavelength (nm) 50 100 150 200 250 300

Power (W)
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Zn,SnO, thin films characterization
Raman spectroscopy Optical properties
1. Targetharacterization
1757 o .
0 B AzZn,SnQ <
g= 1.00 Cd), 9 (75A)2no+ 25A.) SnQ) g 504 ZTO-c thin films average T (%) @ 400-800 nm
5 e 06 : g 40 rf P=100 W
S 075 FES _ z
= 050 ©%g 5 ANo signalsrelated to ZnOor £ 30§ -+ T=86% @8 am- 15 min spuriring)
Nwd 8 . 20 = = =T=87% (77 nm - 30 min sputtering)
0.251 B Sng were observedin Raman 10 =++=+T=89% (110 nm - 45 min sputtering)
0.00 . 0 . —T:9I3% (160 nm‘ - 60 min R]?utlermg) |
s o spectraof the ZTCfilms. 500 1000 1500 2000 2500
Raman shift (cm™) Wavelength (nm)
AThe optical transmittance of
35 rangewashigherthan 86% 30a0°, 12410"
201 | TZTF) 4?_3 nm —_— F_'.TO :(ﬁ} nm
2‘5 250" g = 336V Loxi0°| Fg= 30 €V
2. AThe optical Eg obtained for  2oat] oo
- the ZTO thin films ranges E o E o
& 1p] between 3.36eVand3.56eV. s " ‘:U .
0.5 < ] 2 |
ool 5.0x104 2.0x107
200 300 400 500 600 17(')0 800 =" I A
Raman shift (cm”) R.Mereuet al-J. of Alloy CompV0l626 (2015Pag 112,117 20 Blys 20 28 ey’ 40
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Zn,SnQ, thin films characterization
BMH =28 nt RMS = 1.7 nm
AFM
Thin film thicknesses

(a) 48 nm RMS =1.14 nm

(b) 77nm L S X e

(c) 110 nm

(d) 160 nm

RMS=2.6 am

VST Ah ML
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ZnS1 optical properties
100
80—- | ‘; \><\/
! . AThe effect of the r.f. sputtering power and
60- ower the and the ZnS film thickness on the optical
S properties (UWIS) were studied.
~ 404
1 ZnS T%@400-800 nm
\ e T=87% (137nM_75 W)
204 T=87% (190nm_ )
— T=83% (359nm_125 W)
0 . - . - . . , :
500 1000 1500 2000 2500 100+ \
Wavelength (nm) Zg' QQQ./
70 i
60 Thickness
S 50-
. . . - ~ 40 ZnS @100 W
Arhe best value of transmittance in the visible o T .,% @ 400-800 nm
range for a 140 nm ZnS thin film was 90%. 20 oo oo s min
10- T=90% (140nm_45 min)
0 . ' . '—T:|87% (190nlrn 60 min)
500 1000 1500 2000 2500

Wavelength (nm)
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ZnS1 optical properties

3.30
= 84 - ]
X - . | T = 1325
S 1 1 ! 320
C A 4 9. S
IS 80.lﬂ§ ) O >
2ae]l 1] 13.15
E Ll
S 76- I 13.10
LI . . -
— 4. « 13.05
" Eg(eV) 2 o
72 - lZnS Ehin films gvc-ra'go T @ 40‘0-80'0nm - 3.00

40 60 80 100 120 140 160
r.f. power (W)

AThe effect of the r.f. sputtering power and the Ar pressure on the ZnS thin film on optice
properties (UWIS) was studied.

Arhe best value of transmittance in the visible range for a 75 nm ZnS thin film was 79%.



