Centro de Investigacion y de Estudios
Avanzados del IPN
Departamento de Fisica Aplicada
Grupo de Celdas Solares

Tecnologia para la fabricacion de celdas
solares de alta eficiencia basadas en
peliculas delgadas de CdS/CdTe

Juan Luis Pena

(jlpena@mda.cinvestav.mx)



Proyecto apoyado por Fordecyt-Conacyt
“Creacion del laboratorio de energias
renovables del sureste (LENERSE)”

Subproyecto Energia Solar
Coordinador:
Dr. Juan Luis Pena
CINVESTAV-IPN
MERIDA



Outline

 [ntroduction
e OQur CdS/CdTe solar cells
* Experimental results

e Future work and conclusion



Corriente (A)

-0.000002 —
-0.000004 —
-0.000006 —

-0.000008 -/ \

-0.000010 —

Celdas fabricadas en el 2005

Muestra m1s2 8 de marzo del 2005

0.000002

0.000000

Voc = .276 V

N

Isc = 6 pA

-0.1 0.0

0.I 1
Voltaje (V)

0.2 0.3



Available online at www.sciencedirect.com

SciVerse ScienceDirect SOLAR
ENERGY

www.elsevier.com/locate/solener

Solar Energy 86 (2012) 780-785

Procedure to obtain higher than 14% efficient thin film CdS/CdTe
solar cells activated with HCF-CI gas

A. Rios-Flores ™, O. Arés, Juan M. Camacho. V. Rejon, J.L. Pena

Applied Physics Department, CINVESTAV-IPN Meérida, C.P. 97310 Mérida, Yucatan, Mexico

Received 13 July 2011; received in revised form 2 December 2011; accepted 5 December 2011
Available online 27 December 201 1

Communicated by: Associate Editor Takhir Razykov



Performance of thin film CdTe solar cells.

YWear Type CdS process Activation Process V.- Jea FF (%5 & Area  Group
(mV)  (mA/fem’) (%) (cm’)
1991 Gilass/ S0y F/CdS/ CdTe/ An Screen printing/Not = Bl 21.9 726 134 120 USF
treated
13 Glass/SnOs: FICdSCd ' Te CBIV Treated under Ha CdCly dip and heat 43 25.1 T4.5 158] 105 UsSE
atmosphere treatment
1996 Glass/CdS/CdTe/Cl Ag CVD/Mot treated - B24 25.4 7149 151] 1.00 Matsushita
1997 Glasg/ITO/CAS/CdTefAg CVD/Not Treated CdCl solution and B0 25.4 722 151] 1.00 Matsushita
heat treatment
1997 Glass/ITOMCAS/CdTe/C/ Ag MOCVDY Treated under JCdCL solution and B0 26.1 731 160§ 1.00 Matsushita
air atmosphere heat treatment
1998 Gilasg/ CdjSnCVETO/CdS/ - - B28 24.3 738 1500 075 MNWREL
CdTe
1999 Gilass/Sn0qF/Sn0L/Cds) CBDYTreated under H. JCdACL; solution B20 21.8 70.6 126 086  MNREL
CdTe/HgTe:Cu-Ag atmosphere
2000 Glasg/TTOYCAS/CdTe/Cl Ag MOCVD Mot treated - B0 24.8 679 135 042 OU
2000 GlassiCTOVETONCAdSICd Te CBINNot Treated Vapor CdCl; and 845 5.9 T35 16.5] L0O3 NREL"
heat treatment
2004 Glasg/ FTO/MCAS/CdTe/ Sputtering under CHF; WVapor CdCl and B62 25.3 720 158] 1 ur
ShaTey—Mo atmosphere heat treatment
205 Glass/ITOVCAS/CdTef MOCY DY Thermal - B2 26.0 71.7 153 010  OU
annealing under air
atmosphere
2006 Glass/CTOETOMmano-CdS:0f  CdSO nannoestructura |- B06 25.0 69,2 139 041 NREL
CdTe/Cu, Te/ITO/MNI-Al do
206 Glass/ITOYCAS/CdTe MOCVD dopado con - B20 25.3 720 151 0.11 o
(CH3)a5nCly
2006 Glass/ITO: F/SnDo/CdS/ Sputtering under CHEF; Thermal B1Z 25.0 [N 1400 1 UD
CdTe/ShyTe;-Mo atmosphere evaporation CdCl,
2000 Glasg/ITOMCAS/CdTe/ShyTes-  Sputtering under CHF; I Freon HCFA(1 I BGZ 25.3 720 158 1 U

Cu

atmosphere

USF: University of South Florida; WREL: National Renewable Energy Laboratory, OLU: Osaka wniversity, UP: University of Parma, UD: University of
Durham. * World record efficiencies.
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Fig. 1. The structure of CdTe/CdS solar cells.
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Our CdS/CdTe solar cell
process (2011)

e |ITO comercial
e OurlITO (2012) o T(400-800 |  Rup

£
i) (n/m)

06 0.92 4.82

 Zn0O (100-120 nm) by sputtering

« CdS (130-160 nm) by sputtering without intentional
treatment

« CdTe (8-10 ym) by CSS, gas mixed Ar/O2
« Activation: CHCIF, + Ar

« Cu/Mo (5 nm /750 nm) by sputtering.

« Soaking: depending on EQE spectra




Optimizing the growth parameters of 1TO for
application in solar cells CdS/CdTe

Jimmy L. Buenfill, Inés M. Riechl , Juan M. Camacho2 , Victor Rejon2 , Juan L. Pefia2

1Facultad de Ingenieria, Universidad Autonoma de Yucatan, Av. Industrial no contaminantes por
anillo periférico norte s/n Apdo. Postal 150 Cordemex, Mérida, Yucatan, México. 2Departamento de
Fisica Aplicada, CINVESTAV — IPN Mérida, C.P 97310 Mérida, Yucatan, México.

T (400 - 800 R
o nim ) (/m
OB 0.62 4 82

* Our optimized ITO thin film was deposited by using the following conditions:
Ts=550 °C, RF-power=100 W, Pressure of Ar= 15 mTorr, Time of growth=7 min.
» Our ITO thin film had better electrical, optical and morphological characteristics

than commercial ITO

V International Conference on Surfaces, Materials and Vacuum
September 24-28, 2012 Tuxtla Gutierrez, Chiapas
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Our CdS/CdTe solar cell
process

ICIorinacionI

CuMo
|TO/ZHQ CdS CdTe RF-Sputtering
RF-Sputtering RF-Sputtering CSS
—
- Back-contact
CdTe (810 M\)\Z CdTe (810 wm) T
CdS (1418 wm) Cd5 (1418 um) Cd8 (1418 um)

ITO (2 um) IT0 (2 um) IT0 (2 wm) ITO (2 wm)

Glass substrate Glass substrate Glass substrate Glass substrate
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The procedure to manufacture the CdS/CdTe solar cell 1s show below.

IS (140 nm

I1TO (200 nm)
Glass

ITO (200 nm)

ITO (200 nm)
Glass

Glass

CdSil40nmi / _CdS (140 nm /
ITO (200 nm)
| Glass

CSS Activation Process

RF-Sputtering RF-Sputtering RF-Sputtering
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The procedure to manufacture the CdS/CdTe solar cell 1s show below.
ITO/ZNnO

Zn0 (100-150 nm

ITO (200 nm) y.
Glass

RF-Sputtering
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The procedure to manufacture the CdS/CdTe solar cell 1s show below.

CdS

36.76 nm

ITO (200 nm)
Glass

0.00 nm

Fig. 3. 5 x 5 um®> AFM image of the CdS film.

RF-Sputtering
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36.76 nm

0.00 nm

m” AFM image of the CdS film.

Fig. 3. 5x 51
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Thin films of CdS: O deposited by RF-sputtering

technique®

CINVESTAV
Unidad Mérida

= Mariely Loeza Pootl, Inés Riech!, Victor Rejon?,Juan Luis Pena Chapa?

1 Facultad de Ingenieria, Universidad Auténoma de Yucatan, Av. Industrial no contaminantes por anillo periférico
norte s/n Apdo. Postal 150 Cordemex, Mérida, Yucatan, México.

2 Applied Physics Department, CINVESTAV-IPN Km_ 6 Antigua Carretera a Progreso, Mérida, Yucatan, 97310,
México
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Figure 2. Influence of O, on the optical transmittance and band gap of Cd5 film.

Sociedad Mexicana de Cienciay Tecnologia
de Superficies y Materiales A.C.
V International Conference on Surfaces, Materials and Vacuum
September 24-28, 2012 Tuxtla Gutierrez, Chiapas



The procedure to manufacture the CdS/CdTe solar cell 1s show below.

CdTe

ITO (200 nm)
Glass

CSS



The procedure to manufacture the CdS/CdTe solar cell 1s show below.

Activation Process

(b)

"ol 4

¢V Magn Det WD | " 10 um
250 kY 2500 SE 10.1 Cinyestay Ménda Celda
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260KV 2600x SF 103 Gnvestavy Mérida CdTe

Fig. 4. SEM photos of the surface of CdTe films: (a) morphology of an
untreated CdTe film deposited by the CSS method and (b) morphology of
the same film after thermal treatment in Ar + HCF->Cl atmosphere at a

temperature of 400 °C for 5 min.
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Comparacion del uso en el proceso
de activacion de la celda solar de

Freon HCF,CI
VS
CdCl,
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Uso de
Freon HCF.CI
Impactos al medio ambiente
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Global Greenhouse Gas Emissions

Fossil CO2

Gt COo-equivalent

20 —

CHa4

80 — @)
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N2
‘ PFCs
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Compuestos con cloro y fluor (CFC, HCFC, HFC)

Land COz2 _—
60 4 I I I I
Perfluorocarbonos (PFCs) formula C.F,, .,

0_

Chlorofluorocarbon was found mostly in refrigerators, aerosol cans and air conditioners. But
since the Montreal Protocol the use of CFCs has practically been eliminated. Cooling systems
that use this compound now use HCFCs which causes less damage to the ozone layer ,,



Actualmente estamos probado gases para
la activacion de la celda solar que
contienen cloro y que son mas amigables
con el medio ambiente
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Cadmium dichloride (CdCl,)

OVERVIEW OF POTENTIAL HAZARDS
V.M. Fthenakis

Table 2. Some Hazardous Materials used in Current PV Manufacturing

Material Source TLV-TWAl1 |[STEL2 |IDLH3 | ERPG2 | Critical Effects
(ppm) (ppm) | (ppm) 4
(ppm)
Cadmium CdTeand 0.01 mg/m3 - - NA Cancer, kidney
compounds [ CdS (dust)
deposition 0.002 mg/m3
CdCI2 (fumes)
treatment

Effects of long-term or repeated exposure

The substance may have effects on the kidneys and lungs.
This may result in kidney impairment and tissue lesions.
This substance is carcinogenic to humans.

ENVIRONMENTAL DATA:

The substance is toxic to aquatic organisms.
Bioaccumulation of this chemical may occur in plants.
It is strongly advised not to let the chemical enter into the environment.




CdTe surface modification in CdS/CdTe solar cell
activated with CHCIF,-O, gas

Victor Rejon!, Inés Riech® and Juan Luis Peiial

VIEinn@mda, cinyestay, m
1Applied Physics Department, CINVESTAN-IPN, Mérida, Yucatan, México.
IMaterials Science Laboeatony, Faculby of Engingering, Universiy of Yucatan, Merida, Yucatan, Mexico.

Before

Ar ar+ CHCIF; Ar+ 0, + CHCIF,
FIG 4. SEM images of solar cells C45/CdTe before and after the activation process.

o8+

IE'EE Photowvoltaic Specialists
onference

JTunmne 3-S5, 2012

Ao umuaustinm, Tex<as

25



The procedure to manufacture the CdS/CdTe solar cell 1s show below.

Cu/Mo

p
& _

AccY Magn Det WD ——— 5m

25.0kV 5000x SE 10.1 Cinvestay Mérida Celda Solar
.

RF-Sputtering
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Grain size of CdS/CdTe solar cell

&£ _
AccV Magn Det WD F—— 5um
25.0kV 5000x SE 10.1 Cinvestay Mérida Celda Solar
X

SEM image

Cu/Mo as a back contact.

Good grain size and few
holes.

We can see dgrains that
coalesced .
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Detalls of the Mo/Cu/CdTe surface

SEM image AFM image

AccV Magn Det WD — 2m
25.0kV 10000x SE 10.0 Cinvestav Mérida 4T43

e The grain CdTe has roughness.

e The series resistance depend of how the Mo contact is
deposited

e Then, the series resistance also depend on CdTe surface.
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Fig. 2. Picture from digital microscope Model 111619172 of Labtronic
Scientific with a zoom of 7X. The dark area selected for the Corel
Photopaint 1s the real cell area and include the irregularities.
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10
§ — = — Qriel simulator, 14.0 % ;"7
5 —e—Sun, 14.6 % .Ir

0.0 0.2 0.4 0.6 0.8 1.0
Voltage (V)

Fig. 5. J-V curve for a 0.21 cm? illuminated CdS/CdTe solar cell.
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Fig. 7. Efficiency solar cell vs. time.
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Eficiencias obtenidas
en
celdas solares de areas mayores
(~1 cm?)

33



Name Area I J Voc FF Rs Rsh n
(cm2) (mA) (mA/cm?2) (V) (%) (Q-cm2) (Q-cm2) (%)

B 5T42 1.0089 21.3 21.1 0.775 56.7 7.4 278.0 10.6
B 5T43 0.9658 18.5 19.2 0.772 57.0 9.9 492.0 9.4
B5T52 2.71 52.2 19.23 0.745 524 10.8 304.0 7.5

0.000

|- 5742
Solar cells: 1 cm? 1w 5743

VS _0_005_:. - 5T52 ................. ...............
2.71 cm? < | | | | | | '

)

-0.010 B .................. .................. .............. ..................

J (A/cm

e We have gOOd _0_015_- ................. ............... ............... ................ ..................

reproducibility in Voc ] 5 :
and FF and electrical 00204
characteristics for ] ' '
areas of 2.7 and 1cm?

T PP

0.025 +——7—————————————————
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8



Dark J-V of CdS/CdTe solar cells

. 5T52 (big area) has a behavior as
an ideal p-n juntion.

B 5742 and [ 5743 of 1cm2 have
shunting due to recombination
current related with grain boundary
phenomena.

e However the cells 5T42 and 5T43
are better than 5T52. It means that
the shunting effect in darkness does
not affect the illuminated solar cell
characteristics. This phenomena is
Investigated.

0.1

0.01
Rsh effect

1E-3
1E-4
Rs effect

1E-5

1E-6

1E'7 1 ' ~..I_.‘.r 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 '

00 01 02 03 04 05 06 07 08 09 10
V (V)
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Fig. 6. Dark J-V curve for a 0.21 cm? illuminated CdS/CdTe solar cell.



EQE of CdS/CdTe solar cell

B 1 is for as born solar cell. The CdS
sharpness is observed at 500-520
nm. In this case is observed a strong
recombination current for
wavelenghts around 825 nm.

Bl 2 After 20 minutes of light soaking 3 5
the EQE spectra is changed. We can cy
observe that EQE is improved.

Bl After other 20 minutes of light
soaking, again the EQE spectra is
improved and the recombination
current is almost eliminated.

e We concluded that Iin our
fabrication process, the light soaking
IS needed.

400

450

500 550 600 650 700 750 800
A(nm)
Typical EQE spectra obtained
In our solar cells.

850
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Colaboracion para la fabricacion de paneles y
celdas solares en la Universidad de Parmay en
Arendi, Italia

Nicola Romeo

y
Alessio Bosio

University of Parma, Italy

Juan Luis Peia Chapa

CIN\/ESTAV CINVESTAV-IPN UNIDAD MERIDA
Unidad Mérida
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Prof. Nicola Romeo en
su laboratorio
mostrando el panel
FV no. 9 fabricado
durante la primera
produccion de la linea
automatica de la
compaiiia italiana
Arendi en Milan.

5 UNIVERSITA DEGLI STUDI DI PARMA

Y Facolta di Scienze MM. FF. NN. >
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@ Celda solar fabricada en la
CINVESTAV Universidad de Parma

05/26/2011 02:18:51
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Panel de 100 cm? fabricado en la Universidad de Parma
y Arendi, Italia

2.0
| Solar panel CdTe 100 cm?
15 - AM 1.5 filter
g 1 1.01 sun
Ng 1.0 - Room temperature
T o05-
£ 1 —_
s 00- N = 10.8 %
S 1
S -05-
c 1
D
= -1.0 -
@) -
-1.5
-2.0
-2.5 T T T T T
-2 0] 2 4 6 8

Voltage (V)
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The industrial process
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The industrial process

Sputtering CdS-CdTe

Washing TCO 1st laser trattamento
machme scribing

Laser edge
cleaning

Sputtering
3rd laser Back contact 200 laser
scribing scribing

o I 4 o S W
“ Contact bus

Pre-test

_ Con act bo “

Lamination Solar simulator

Packagln g
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The industrial process

Q0% a4 004 DN O0HE n(’/.l O 0086 o 0 D8 o 0 D
ey > - — — — —
Washing & Sputt. CdS Treat.

O 00O aying 40 T O Ospurr.7o0 V'S T O OL TSRS & 0 Of aoonioey© O O O Chamber 45 © O QU aereane s © O
machine 3 (CHF,CD) (spfztt. )
15t Laser 2nd [ gser 3"! Laser
Scribing 500°C Scribing Scribing
400°C 400°C -Cl,
o
TCO treatment 300°C
250°C
ack contac
RT RT
Laser Scribing Laser Scribing Laser Scribing
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The laser scribing

1stlaser scribing

Soda Lime glass

2"d |aser scribing

CdS/CdTe

Oda LIme glass

Charge
carriers flow ——-,

3rd laser scribing

Buffer
layer+Mo

UNIVERSITA DEGLI STUDI DI PARMA
46
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Production Line: Laser scribing

60 cm

120 cm (119 lines)

N

v

. 2X+2y+z :
X =50pum ) o
Y =50um z X | i X
Z = 50pm | | | z |

Yy

Module:
- parallellines
1cm distant one
from each other.

Y

Cds

ITO =Y

1° Scribing: ITO
2° Scribing: CdS-CdTe
3° Scribing: Back Contact - CdTe - CdS
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Foto de la linea de CSS en Arendi




Foto de la linea de deposito del contacto
metalico en Arend]




The better performance in our CdTe/CdS
solar cell Is due to:

o

. The utilization of ZnO buffer layer.

. The CdS grown by RF sputtering.

. The chlorination with CHCIF,
(chlorodifluoromethane) gas mixed with other
gases.

4. The back contact deposited by sputtered

bilayer of Cu/Mo.

w N
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Conclusions

« The methodology allows repeatable solar
cells.

 As born solar cell needs light soaking for
iImproving.

 The technology can be used to fabricate
CdS/CdTe thin film solar cells of high
efficiency
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Optimizing the growth parameters of ITO for application n

Jimmy L. Buenfil*,Inés M. Riech®, Juan M. Camacheo? , Victor Rejon? , Juan L. Pefia®
" 1Facultad de Ingenieria, Universidad Auténoma de Yucatan, Av. Industrial no contaminantes por anillo periférico

] Resistance . Optical
ITO(15 Substrate Power Thick- in the main Resistivity Density of Hall transmit-
temperature ness ] carrier F.; mobility
mTorr) °c RF (W) hm diagonal (ohm-cm) ortiem? cmzIVs tance
(c) (nm) (ohm) (P ) ( ) %)
E?GT;H 450 *C a0 368.7 16 1.47E4 5.25E21 4.003 8.037 75
15 min
(02) 440 g0 2618 23 1.33E4 5.26E22 5.09 4882 80
1?(]”;;” 450 S0 114 .37 36 1.05E-4 6.69E21 10.41 8.87 az
Commer-
cial - - 200 355 3-D4E-4 2T72E21 1277 1077 a7
7 min
(04) 450 S0 194 4 35 1.81E-4 6.13E21 933 5.60 85
7 min
(05) 220 S0 136.52 a0 2 09E-4 8.94E21 18.18 15.15 85
7 min
(06) 550 100 505 21 9.875E-5 1.3E22 495 4.82 92
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