
CdTe thin film PV is one of the main thin film 
PV technologies being commercialized. CdTe 
has the advantage of a direct bandgap which 
matches well with the solar spectrum, a high 
absorption coefficient, the ability to be doped 
both n-type and p-type, and processes that can 
work for low cost, large scale manufacturing.  

The main areas for improvement of CdTe thin 
film PV are the cell and module efficiencies.  
Materials characterization using surface 
analysis methods can be used to support 
R&D of efficiency improvements.  

The schematic of the CdTe Thin Film PV 
device structure illustrates some of the ways 
surface analysis can help.  

On the left side of the schematic we see the 
layered structure. The light enters through 
the glass substrate (bottom of the schematic), 
through the TCO (transparent conducting 
oxide), the thin (50-150 nm) CdS film, and 
is absorbed in the thicker (2-8 microns) 
CdTe layer where the electron-hole pairs 
are formed. The p/n junction formed by the 
CdS/CdTe heterojunction creates a depletion 
region which separates the electron and holes 
which are then collected by the TCO and the 
metal contact formed on the CdTe surface.   
The CdS and CdTe layers are made up of 
multi-crystalline grains resulting in textured 
or rough interfaces. Thermal processing 
can cause diffusion between layers (e.g., S) 
or introduce new elements (e.g. Cl from a 
Cl-containing anneal step, Cu from the metal 
contact) that may or may not be detrimental 
to device performance. The metal contact 
and its interface with the CdTe are especially 
sensitive to the surface chemistry of the CdTe 
before the metal contact is added. In addition 
there is a wide range of possible materials 
used for the metal contact, for the TCO, and 
for doping the CdTe, all of which might be 
used to improve the device efficiency.
 
On the right side of the schematic we see 
that if a soda lime glass is used for the glass 
substrate, impurities such as Na or Fe may 
diffuse into the device. This impurity diffusion 

can be measured by SIMS.
 
The glass substrate has a TCO layer, such 
as SnO2:F, ITO (In2O3:Sn), ZnO:Al between 
the substrate surface and the CdS layer. The 
TCO layer may include a high resistivity buffer 
layer, such as an oxide like SnO2, In2O3, Ga2O3, 
ITO, or ZnO. Phases of this material can be 
measured with XRD. Thickness of this layer 
can be measured with XRR. Composition of 
these layers can be measured with a variety 
of techniques, such as RBS and XPS. Phase 
or composition changes of these layers due 
to accelerated environmental tests can 
be determined also with these techniques.  
Surface texture of the TCO before CdS 
deposition can be measured with AFM.  

The thin CdS layer is normally deposited by 
a chemical bath step. Phases, composition 
and thickness, as well as impurities can be 
determined by XRD, XPS, RBS, XRR, and SIMS.  
Surface texture can be measured with AFM.  
Defects can be analyzed by STEM/EDS.

The thick CdTe layer is deposited by a variety 
of methods, but in all cases it is a multi-grain 
structure. We see that GDMS can be used 
to quantitatively measure impurities in the 
CdTe feedstock powders or granules. GDMS 
can also measure the impurities in Cd and 
Te feedstock. These impurities can include 
unwanted counter dopants, and elements 
that cause electron-hole recombination in 
the depletion region, or elements that can 
contribute to structural defects that interfere 
with current collection. The Cl-containing 
thermal treatment changes the grain 
structure. XRD can determine the structural 
phases of the CdTe and CdS before or 
after the thermal treatment. SEM and TEM 
can provide structural information about 
the CdTe/CdS interface before and after 
the thermal treatment. SIMS can provide 
quantitative measurement of dopants and 
impurities in the CdTe layer. Because the CdTe 
surface is rough (textured), the accuracy of 
the SIMS profiles can be improved by a polish 
of the CdTe surface before performing the 
SIMS profile. This also helps in measuring 

the S diffusion profile from the CdS into the 
CdTe. Stoichiometry of the CdTe grain can be 
measured to with a few tenths of a percent 
by LEXES. The surface texture of the CdTe 
layer before forming the metal contact can 
be measured by AFM. The surface chemistry 
(e.g., Te bonding) of the CdTe before metal 
contact can be measured by XPS, and TOF-
SIMS can provide surface chemistry as well.

The metal contact normally contains Cu 
which diffuses into the device. The amount 
of Cu and its location in the device can 
either be beneficial or detrimental to device 
performance. The Cu profile can be measured 
by SIMS through the device. The interface 
between the metal contact and the CdTe can 
be analyzed by STEM/EDS and FE-AES (for 
a profile through a single CdTe grain). There 
are a variety of approaches to the contact, 
including for example, Cu-doped graphite 
paste, Cu/Au, Cu/Mo, Cu/ITO, and ZnTe:Cu.  
Composition, thickness, and phases of the 
metal contact can be analyzed by a variety 
of techniques, such as RBS, XRR, XRD, XPS, 
and AES.

For the module there is some kind of 
encapsulation material used and this can be 
analyzed by GCMS and FTIR.

CdTe Thin Film PV - Application Discussion

Thin Film Structure Application & Technique

Metal Contact

CdTe

CdS

TCO

Glass substrate

Interface mixing
Contaminants

STEM/EDS
and FE-AES

Bulk dopants Impurities
High Precision Cd/Te ratio
Structure

Defect analysis
Junction impurities

Surface Texture
Interface phases
(grazing incidence)

Te surface chemistry
CdTe roughness

Feedstock powder impurities

XPS, TOF-SIMS
AFM

SIMS
LEXES
XRD

STEM/EDS
SIMS

AFM
XRD

SIMS

Composition &
Structure

RBS, XRR, XRD,
XPS, AES

Na, Fe impurities

Thickness
Composition

GDMS

XRR
RBS, XPS

© 2009 Copyright Evans Analytical Group LLC  •  Printed in USA  •  03/09  •   BR047

WWW.EAGLABS.COM



Visit www.eaglabs.com for more information about all of EAG's services and solutions.
EAG Corporate Offi ces, 810 Kifer Road, Sunnyvale, CA 94086 phone: 408 530 3500
Copyright © 2008 EAG Inc.   All rights reserved.  EAG, the EAG logo, are registered trademarks of EAG Inc.  
Evans Analytical Group, Evans Analytical Group LLC, EAG Limited, Charles Evans & Associates, Thin Film Analysis, Inc., Applied Microanalysis Labs, Inc., AMIA Labs, Advanced Materials Engineering 
Research,  Cascade Scientifi c Ltd., Cascade Scientifi c GmbH, Nano Science Corporation, Shiva Technologies, Inc., Shiva Technologies Europe SAS, Accurel Systems International Corporation, Micro 
Electronic Failure Analysis Services, Inc., DSL Labs Inc., White Mountain Labs LLC, are service marks of EAG Inc.  All other company, product and service names may be trademarks of their respective 
companies. While every effort is made to ensure the information given is accurate, EAG does not accept liability for any errors or mistakes which may arise.  All information is subject to change without 
notice.

WWW.EAGLABS.COM

United States Locations

Arizona
3116 S. Mill Ave. #488 
Tempe, AZ 85282 
480 239-0602 
602 470-2655 Fax
info.az@eaglabs.com

California
810 Kifer Road
Sunnyvale, CA 94086
408 530-3500
408 530-3501 Fax
info.ca@eaglabs.com

Massachusetts
10 Centennial Drive
Peabody, MA 01960
978 278-9500
978 278-9501 Fax
info.ma@eaglabs.com

Minnesota
18705 Lake Drive East
Chanhassen, MN 55317
952 641-1240
952 641-1299 Fax
info.mn@eaglabs.com

New Jersey 
104 Windsor Center Dr., Ste. 101
East Windsor, NJ 08520
609 371-4800
609 371-5666 Fax
info.nj@eaglabs.com

New York 
6707 Brooklawn Parkway
Syracuse, NY 13211
315 431-9900
315 431-9800 Fax
info.ny@eaglabs.com

North Carolina
616 Hutton St., Ste. 101 
Raleigh, NC 27606 
919 829-7041 
919 829-5518 Fax
info.nc@eaglabs.com

International Locations

Evans Materials Technology (Shanghai)
Company Limited
Ste. 102, Building 44, 1387 Zhangdong Road
Pudong Area, Shanghai, China 201203
86 21 6879 6088
86 21 6879 9086 Fax
info.cn@eaglabs.com 

SHIVA Technologies Europe SAS
94, chemin de la Peyrette
31170 Tournefeuille, France
33 5 61 73 15 29
33 5 61 73 15 67 Fax
info.fr@eaglabs.com 

 

Nano Science Corporation
7F, Sumitomo Bldg., Higashi Ikebukuro 1-10-1
Toshima-Ku, Tokyo 170-0013, Japan 
81 3 5396 0531
81 3 5396 1930 Fax
info.jp@eaglabs.com

Evans Analytical Group (Singapore) PTE. LTD.
Level 42, Suntec Tower Three
8 Temasek Boulevard
Singapore 038988 
65 8223 8560 
65 6829 2121 Fax
info.sg@eaglabs.com

 

Evans Taiwan LLC
5F-1, No. 31 PuDing Road
HsinChu, Taiwan, 300 R.O.C.
886 3 5632303
886 3 5632306 Fax
info.tw@eaglabs.com 

Cascade Scientifi c Ltd.
Unit 520 Eskdale Road 
Winnersh
Wokingham RG41 5TU, U.K.
44 (0) 1189 449900
44 (0) 1189 449933 Fax
info.uk@eaglabs.com


