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Optimized Grazing Angle Ge-ATR of
Monolayers and Thin Films on Si

Figure 1: The VariGATR™ shown with
its Force Sensor.

ABSTRACT

Grazing angle Ge ATR spectroscopy is extremely sensitive to monolayers
and thin films on high refractive index substrates such as Si. As with any
ATR method, the sensitivity increases as the critical angle is approached,
as demonstrated herein.

INTRODUCTION
Monolayers and other thin coatings on Si and other high refractive index
substrates are of key importance in materials science, bioscience, syn-
thetic organic, and semiconductor research. These films are often close
to the FTIR detection limit so methods that improve sensitivity are vital.
Traditionally, these samples were examined by transmission or graz-
ing angle specular reflectance spectroscopy. Grazing angle Ge-ATR has
recently gained wider use because of its higher sensitivity. Grazing angle
Ge-ATR measurements have typically been recorded at 65°, an angle
sufficiently above the critical angle for the Si-Ge interface, 58.7°.

This note explores the increased sensitivity gained by optimizing the
incident angle and also discusses the potential spectral anomalies if the
nominal critical angle of a given sample is exceeded.

EXPERIMENTAL

The grazing angle Ge-ATR measurements were carried out in a com-
mercial FTIR spectrometer, using Harrick’s VariGATR™ accessory at
selected incident angles from 60° to 65° (see Figure 1). Spectra were
collected at an 8 cm™ resolution and signal averaged over 32 scans. The
samples investigated were thin films on Si substrates. Each sample was
pressed against the ATR crystal using the same force using the VariGA-
TR’s built-in pressure applicator and force sensor.

RESULTS AND DISCUSSION

Figure 2 shows spectra recorded from two different samples at several
incident angles. Both spectra have higher band intensities at the lowest
angle measured. However, the spectrum of sample B shows significant
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Figure 2: ATR spectrum of sample A recorded at an incident
angle of 65° (red), 63° (blue), and 60° (black) with an
applied force of 722 N (a) and ATR spectrum of sample B
recorded at an incident angle of 65° (blue) and 60° (black)
with an applied force of 700 N (b).

NO. 10202

dispersion effects at 60° which may complicate in-
terpretation. These include a sloping baseline and a
visible step between the high and low wavenumber
edges of the bands. These effects are not apparent in
the spectrum of sample A.

CONCLUSION

In conclusion, it is clear that selecting the incident
angle to approach the critical angle does increase
sensitivity. However, for ease of interpretation, the
incident angle should be optimized for greatest sen-
sitivity without significant dispersion effects.
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