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OVERVIEW
Evaluating the performance of an infrared
spectrometer includes a number of tests
such as measuring the signal-to-noise ratio
(SNR), stability, spectral range, linearity, 
resolution, and wavelength accuracy. While
all of these tests are very important, the one
which receives most frequent review is the
signal-to-noise ratio.

An instrument which delivers a high SNR
produces a higher quality spectrum in less
time because less signal averaging is required.
This is important because it allows a greater
number of samples to be analyzed in a given
time period. In some instances, a high SNR
is required simply to generate spectrum if
the absorbance bands are extremely weak
(ie. monolayers on reflective substrates).

In this note we will discuss the signal-to-
noise ratio, what it is and how it is measured.

BENCHMARK TERMS
Signal is the measure of infrared absorbance
by a sample. Generally the sample for this
test is an open beam. The ratio of two open
beam spectra will produce a 100% line.
Therefore, we assign signal strength a value of
100 %T. Spectral noise is generally measured
either in terms of peak-to-peak noise or
root-mean-square (RMS) noise. Peak-to-peak
noise is determined by expansion of the 
y-scale to the extent that it is easy to measure
the difference between the maximum and
minimum ordinate values in a given spectral
region. RMS noise is the square root of the
average squared value of all points. Since
RMS noise uses averaged values and not
extreme values as does peak-to-peak noise,
RMS calculations are more reproducible. 

However, the result is about 4-5 times lower
than peak-to-peak noise values and does not
reflect the visual perception of noise or the
case where spurious amplitude noise spikes
are present.

For a given spectrometer, the SNR a 
spectrometer produces will be proportional
to the square root of the number of scans.
The amount of time required to collect a
given scan set can vary widely based on scan
velocity, duty cycle, and type of interferogram
collected (double or single sided). Since
saving time is the important benefit of a high
signal-to-noise ratio, we will use time as the
factor for our measurements.

There are two ways of calculating data
acquisition time, measurement time and 
collection time. Measurement time (also
referred to as observation time) is the time
during which data points are digitized and
does not include interferometer turn around
or retrace. Collection time is the total
elapsed time to collect and average the 
interferograms, including interferometer
turn around and retrace, but does not
include Fourier transformation.

By using measurement time we obviate
the considerations of type of interferogram
used, moving mirror velocity, or duty cycle.
Measurement time removes instrument
dependent features which may be unique to
a particular manufacturers product. For the
purposes of our note we will calculate the
SNR obtained on a Magna-IR® spectrometer
using measurement time.

DETERMINING THE 
SIGNAL-TO-NOISE RATIO

In making comparisons of instruments it is very
important to collect the data under identical
conditions and parameters. A single parameter
such as Happ-Genzel vs. triangular apodization
can change the result by as much as 30%.

The following conditions and parameters
were used in the collection of these data:
beamsplitter: ................................Ge on KBr
detector:...............................................DTGS
source:..............................mid-IR, Ever-Glo™

aperture: ................................................100
resolution: ..........................................4 cm-1

save range: ............................4000-400 cm-1

number of background scans:...............256
number of data points:........................8192
number of transform points: ..............8192
apodization: .................................triangular
scan velocity: ...........0.6329 cm/sec, 10 KHz
sample spacing: .........................................2
system purge:.....................................dry air

Figure 1 shows the 100% line for the 
1 minute measurement time test on the same
Magna-IR spectrometer. The peak-to-peak
signal-to-noise ratio of this spectrum is
100/0.00440 or 22,727/1. The calculation
for number of scans in the 1 minute 
measurement time is made as follows:

A scan velocity of 10 KHz is 10,000 data
points per second and 4 cm-1 resolution
double sided interferograms is 8192 data
points per scan.

(10,000 dp/sec)/(8192 dp/scan) x 
60 sec/min = 73 scans

DISCUSSION
From the data in Figure 1, we can see that
this instrument exceeds a 20,000/1 SNR for
a 1 minute measurement time. All Magna-IR
spectrometers must meet this test as a part
of their final testing in manufacturing.
Magna-IR is a registered trademark and Ever-Glo is a trademark
of Nicolet Instrument Corp.
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