
Introduction
The semiconductor 
industry uses a variety 
of chemical substances. 

More than 400 chemical products are used in semiconductor plants. 
There are over 200 liquids and 25 solids. Approximately 170 pure 
chemical ingredients are used. A third of products contain one of the 
following ingredients; propylene glycol monomethyl ether acetate 
(PGMEA), cyclohexanone and propylene glycol monomethyl ether 
(PGME). However, little is known about the exact chemicals used due 
to the formulations being kept trade secret. Due to rapid technological 
developments in the industry the number and amount of chemicals 
is increasing. Most chemicals known to be used are harmful and 
have hazard information but the chemicals being kept trade secret 
makes obtaining the chemical content, chemical abstract service 
(CAS) number, ingredients, and hazards difficult.1 The industry has a 
requirement to test the raw materials used in manufacturing and has 
widely adopted the use of fourier transform infrared (FTIR) analysis for 
this purpose.
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Experimental 
This application note describes how the Spectrum™ Two+ FT-IR 
spectrometer can be deployed using a workflow approach 
suitable for a regulated environment to overcome a range of 
different challenges in raw material identification while also 
meeting the GLP requirements. The Spectrum Two was equipped 
with a UATR (Universal Attenuated Total Reflectance) accessory 
(Figure 1). IR spectroscopy is a good technique for raw materials 
identification of liquids, allowing faster and easier sample 
measurements than other analytical techniques. No sample 
preparation or dilution is required, and the measurement can be 
performed directly by placing the sample onto the UATR. 

Figure 1. The PerkinElmer Spectrum Two+ and UATR.

Figure 2. ATR spectra of PGME (top), PGMEA (middle), Cyclohexanone (bottom).

Typical spectra of the chemicals most frequently contained in 
semiconductor formulated products (Cyclohexanone, PGMEA 
and PGME) are shown in Figure 2. Spectra were recorded at  
4 cm-1 resolution in the range 4000 - 450 cm-1 and with a scan 
time of 15 seconds. These fingerprints allow for identification of 
the materials by comparison against reference spectra using an 
appropriate algorithm.  

The Spectrum software has a range of algorithms that can be 
deployed, the decision typically based on the complexity of the 
analysis. Most standard raw material identification methods use 
the Compare algorithm. Compare will measure the correlation 
of an unknown spectrum against a series of reference spectra, 
such as all of the raw materials a company uses, and report 
the closest material to the unknown. A perfect match between 
the unknown and the reference spectra will give a result of 1.00 
with the Pass/Fail threshold normally set to 0.98. 

An incoming solvent was tested using the Compare algorithm 
against the spectra of many semiconductor raw materials. A 
maximum number of 2 distinct comparisons were chosen to 
display. From the results below in Table 2 it is clear that the 
solvent tested was identified as cyclohexanone, and also clearly 
discriminated from the 2nd best match material, acetone.

Best Hit Correlation Pass/Fail
Cyclohexanone 0.999 Pass
Acetone 0.605 Fail

Table 1. Need info.

Figure 3. ATR spectra of solvent test (black) against Cyclohexanone using  
Compare algorithm. 

It is important to focus the analysis on the spectral features 
of the materials. Problems can arise when calculating the 
similarity of spectra due to reproducibility of sampling, 
varying baselines and non-uniform noise distribution. These 
effects can be decreased by using a number of mathematical 
filters available in the Compare algorithm. Using these filters 
enhances material-specific spectral features while minimizing 
spectral contribution related to instrument, sampling and 
atmospheric conditions.

Further investigation may be required when an IR raw 
material analysis results in a failure or an unknown material 
is encountered. Commercially available IR spectral libraries of 
semiconductor chemicals and solvents are available. The ST 
Japan Semiconductor materials library contains 1380 spectra. 
Using these spectral libraries with a library search algorithm 
allows for identification of unknown materials. Customers can 
easily develop spectral libraries of their own raw materials 
including up to 1000’s of spectra that can be used in conjunction 
with the commercial spectral libraries. 
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The Compare or Search analysis can be incorporated into a 
Spectrum Touch method as shown for a sample identified 
using Search in Figure 4. This allows for standardisation of 
analysis and “push-button” operation by operators at all skill 
levels. This sample was identified as PGMEA (propylene glycol 
methyl ether acetate) with an almost perfect Search Score of 
almost 0.999.

Conclusion
IR spectroscopy has shown to be a fast and easy technique 
in the semiconductor industry for raw material identification. 
Materials can be measured within seconds using the UATR 
accessory which requires no sample preparation. IR spectra 
are specific to the material being analyzed, allowing samples 
to be tested against databases of standard reference spectra. 
Compare algorithm allows for the analysis to be applied to 
routine identification of chemically different material and the 
search algorithm can be used as a workflow approach to 
identify unknown materials. Either of these approaches can be 
implemented as a Spectrum Touch method. 
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Figure 4. Spectrum Touch software showing results using library search.
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