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Spectrophotometric Analysis

Determination of Interstitial Atomic Oxygen and 
Substitutional Atomic Carbon in Silicon Wafers and 
Hydrogen in Silicon Nitride Films on Silicon Wafers 
by FTIR

LAAN-A-FT-E040

Worldwide s i l icon wafer production is steadi ly 
increasing due to increasing demand not only for 
semiconductors that has continued for decades, but for 
solar cells as well, where demand has been expanding 
since 2000. In both applications, however, control of 
the various types of impurities that can occur is required 
for ensuring the quality of silicon wafers. Quantitative 
analysis of interstitial oxygen and substitutional carbon 
in silicon wafers is known to be relatively easy using 
in f ra red spect roscopy.  Fur thermore ,  in f ra red 
spectroscopy can also be used for the determination of 
hydrogen in silicon nitride films that are deposited on 
the surface of silicon wafers as anti-reflective and 
insulating coatings. Here, we introduce examples of this 
type of measurement on such samples using the 
IRsolution Macro Program.

Infrared spectroscopy has been established as a method 
for determining the concentrations of interstitial atomic 
oxygen and substitutional carbon in monocrystalline Si 
wafers. These are commonly determined using the 
ASTM1), 2) methods, on which the Chinese National 
Standards3) are based. In Japan, the standard method for 
measurement of substitutional atomic carbon using 
infrared absorption is specified in JEITA EM-35034). With 
these quantitation methods, the absorption coefficients 
are obtained from the characteristic peaks of oxygen 
(1107 cm-1) and carbon (607 cm-1) shown in Fig. 1 using 
Expression (1) below, and calculation is conducted by 
multiplying the predetermined coefficient by these values.

Absorption coefficient α = (1/d) ln (T0 / T) .......... (1)
T0:	Baseline transmission at peak position
T:	 Transmission at peak position   d: Sample thickness (cm)

This measurement requires the use of a standard wafer 
that contains no carbon or oxygen in order to offset the 
absorption of silicon itself that exists at the position 
overlapped by each of those absorptions. Fig. 2 shows 
the transmission spectra obtained from measurement 
of 3 types of silicon wafers (2 mm thick) with different 
concent ra t ions of  in te rs t i t i a l  a tomic oxygen. 
Quantitation values as those shown in Fig. 3 can be 
obtained in addition to the infrared spectra by using 
the special Macro Program.

n	Determination of Interstitial Atomic Oxygen and 
Substitutional Atomic Carbon in Silicon Wafers

Fig. 1  Infrared Spectrum of Interstitial Atomic Oxygen and 
Substitutional Atomic Carbon in a Silicon Wafer
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Fig. 2  Infrared Spectra of Silicon Wafers with Differing 
Concentrations of Interstitial Oxygen
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Fig. 3  Results Calculated by Macro Program

<Result of Oxygen Content>

Quantitation Values

-1

-1

-1



Application
News

No.

For Research Use Only. Not for use in diagnostic procedures.
The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu. 
The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its 
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the 
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject 
to change without notice.

© Shimadzu Corporation, 2012www.shimadzu.com/an/

A445

First Edition: Sep, 2012

[References]
1)	ASTM F1188-02 Standard Test Method for Interstitial Atomic 

Oxygen Content of Silicon by Infrared Absorption with Short 
Baseline (Withdrawn 2003)

2)	ASTM F1391-93 (2000)Standard Test Method for Substitutional 
Atomic Carbon Content of Si l icon by Infrared Absorption 
(Withdrawn 2003)

3)	National Standards of the People's Republic of China GB 1557-89, 
GB/T 1558

4)	JEITA EM-3503 Standard Test Method for Substitutional Atomic 
Carbon Content of Silicon by Infrared Absorption

5)	W. A. Lanford, etc: J.Appl.Phys. 49, 2473 (1978)

SiN film used as anti-reflective coating on crystalline silicon 
solar cells is known to undergo passivation due to 
hydrogen exposure during its formation. Hydrogen 
passivation refers to the inactivation of dangling bond 
defects in silicon by forming Si-H bonds. Also, quantitation 
of Si-H and N-H bonds in SiN f i lm using infrared 
spectroscopy has been proposed by Lanford et al5).
Fig. 4 shows a transmission spectrum of SiN film, in 
which the Si-H peak is seen in the vicinity of 2180 cm-1, 
and the N-H peak near 3300 cm-1. Fig. 5 shows an 
example of the measurement screen displayed using 
the Macro Program, and Fig. 6 shows an example of 
the output quantitative results. 

n	Quantitation of Hydrogen in Silicon Nitride 
Films on Silicon Wafers

Here, the quantitation results are shown for a sample in 
which SiN anti-reflective film (80 nm thick) was formed 
on both sides of monocrystalline Si wafers. The films 
were formed on the 200 µm thick monocrystalline Si 
wafers at 3 different temperatures (350 °C, 400 °C, 
450 °C), and transmission measurement was conducted 
using the conditions shown in Table 1. The obtained 
infrared spectra are shown over la id in F ig. 7. 
Differences in the Si-H peak intensities due to the 
different forming temperatures are clearly observed. 
Table 2 shows the quantitative values of hydrogen 
determined from these peaks. The results showed that, 
whereas the quantity of hydrogen associated with N-H 
is nearly constant regardless of the film forming 
temperature used, the quantity of Si-H hydrogen is at 
its maximum at 350 °C.

n	Quantitation of Hydrogen in Silicon Nitride 
Films Formed at Different Temperatures

Instrument	 :	 IRAffinity-1
Resolution	 :	4 [1/cm]
Accumulation	 :	40
Apodization	 :	Happ-Genzel
Detector	 :	DLATGS

Table 1  Analytical Conditions

Fig. 4  Transmission Spectrum of SiN Film
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Fig. 5  Image of Macro Program Used for Quantitative Result

Fig. 6  Results Calculated by Macro Program
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Table 2  Hydrogen Bond Density in Each Sample

Sample N-H (cm-3) Si-H (cm-3)
Processing temperature 350 °C 5.03E+22 8.76E+22
Processing temperature 400 °C 4.78E+22 7.33E+22
Processing temperature 450 °C 5.09E+22 5.90E+22
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Fig. 7  Infrared Spectra of Silicon Nitride Films Formed at 
Different Temperatures
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