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properties. Silicon nitride films are widely used in the automotive, aerospace and
re the basis for ensuing quantitative analysis on
medical devices industry as device passivation layers, interlayer insulators, and
ydrogen concentration in SiNx:H films, expressed in
gate dielectric in modern semiconductor processes.1–3 For SiNx:H films prepared
ond density ([X-H]) or atomic % hydrogen (at.% H). This
by plasma-enhanced chemical vapor deposition (PECVD), the degree of bonded
echnical note provides a brief overview of the Lanford
hydrogen incorporation of is an important characteristic.4–5 Total hydrogen content,
nd Rand method for computing hydrogen concentration
for example, affects film processing such as the etch rate.1 The Si-H/N-H ratio, on
SiNx:H films based on FTIR measurements.
the other hand, is a predictor of the refractive index (RI) and film stress of these
onsiderations in FTIR measurements and their
films.2 For example, an elevation from the stoichiometric ratio of 0.75 (Si 3N4) results
mplications on quantitative analysis are also discussed.
in an increased RI as well as a less tensile (more compressive) stress.4
general discussion on partial least squares (PLS)
pproach for hydrogen analysis is also included. The nuclear resonance analysis-Rutherford backscattering spectroscopy (NRARBS) and secondary ion mass spectrometry (SIMS) are two classic techniques
to analyze composition of solid surfaces and thin films. Both techniques are
extremely sensitive but destructive; hence, not suited in a production environment
where samples need to be analyzed in every deposition cycle. To that end, Fourier
transform infrared spectroscopy (FTIR) readily lends itself for process monitoring
in semiconductor fabrications due to its non-destructive measurements. FTIR is a
fast, precise and reliable analytical technique widely used for the characterization of
dielectric films in semiconductor wafer processing.
N-H and Si-H have unique IR absorption bands at 3350 cm-1 (N-H stretching) and
2170 cm-1 (Si-H stretching) regions, respectively. These spectral features are the
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basis for ensuing quantitative analysis on hydrogen concentration in SiNx:H films,
expressed in bond density ([X-H]) or atomic % hydrogen (at.% H). This technical note
provides a brief overview of the Lanford and Rand method for computing hydrogen
concentration in SiNx:H films based on FTIR measurements. Considerations in FTIR
measurements and their implications on quantitative analysis are also discussed. A
general discussion on partial least squares (PLS) approach for hydrogen analysis is
also included.
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Figure 1: FTIR spectra of a 1000 Å SiNx film using transmission (red), GATR (blue), and WafIR (green)sampling methods.
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A VariGATR Germanium ATR accessory at an angle of 62.5º was used for the grazing angle measurements. For all
measurements 256 scans were collected at a resolution of 4 cm-1 in a nitrogen purged Nicolet iS50 FTIR Spectrometer.
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Figure 2. Absorbance vs. film thickness using three sampling techniques: transmission, grazing angle ATR using a
VariGATR accessory, and multi-bounce ATR using a WafIR accessory.
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Equation 1

Equation 2

Equation 3

Equation 4

As can be seen in Equations 1–4, the only variable in the Lanford and Rand model that is associated with FTIR measurements is the
respective peak heights of the N-H and Si-H bands. To ensure accuracy, baseline correction is often required prior to the computation
to remove the baseline artifacts arising from the internal reflections within the film (Figures 3 and 4).
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Figure 3. Transmission FTIR spectrum of a silicon nitride file on silicon wafer.

A series of silicon nitride films on silicon wafers with
thickness ranging from 2990 to 5150 Å were measured
Figure 4. Processed spectrum after baseline correction and subtraction.
by transmission FTIR spectroscopy, followed by the
A series of silicon nitride films on silicon wafers with
calculation based on the Lanford and Rand equations.
thickness ranging from 2990 to 5150 Å were measured
Resulting at.% H values were compared with those
by transmission FTIR spectroscopy, followed by the
obtained from the NRA-RBS measurements and
calculation based on the Lanford and Rand equations.
summarized in Figure 4. In general, the difference %
Resulting at.% H values were compared with those
between the two methods are within ±5% with one
obtained from the NRA-RBS measurements and
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exception, where the at.% H (N-H) of sample 5 from
correlation between difference % and film thickness,
the Lanford and Rand method is 7.5% lower than that
suggesting no systematic bias. The source of deviation
from the RBS method. Note that there is no discernible
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Figure 4. Comparison in at.% H values obtained from the Lanford and Rand method and the NRA-RBS method.
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