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Introduction

Emission from heated tungsten lamps have been
used as reference for the calibration of spectrom-
eters for some time. In this case, the emission is
modeled as broad-band emission from a black-
body emitter.[1, 2]

However, choice of specific equation used for
the purpose and pre-processing the photo count
data is important here.

1. Theory

Emission from ideal black body with unit of pho-
ton counts per unit solid angle per unit wavenum-
bers is given by

1
— os2
It should be noted that the equation differs
when considering radiant power emitted per unit
solid angle, or the case for photons per unit solid
angle per unit wavelength.

2. Method

2.1 Non-uniform photon counting
Many Raman spectrometers are based on imag-
ing spectrographs with grating as the dispersive

element mounted on a turret in a polychromator.
The disperson of the grating is however wave-
length dependent, and thus A /éx is not uniform.
Here, x is physical distance, which is the horizon-
tal axis of the multi-channel detector such as a
CCD/CMOS camera. Thus on the detector, pho-
tons are binned on a non-uniform wavelength
scale. Subsequently, the photons are also non-
uniformly binned across the wavenumber scale.

The correction for this is to normalize the raw
photon counts to get photon counts per wavenum-
ber. Such correction has been discussed in context
of electronic spectroscopy where the measured
spectral range is rather large.[3, 4] The correc-
tion is equal to a multiplicative factor of 8vs /vy,
where 6v; is the wavenumber spacing at certain
wavenumber, a vector, while, dvy is the wavenum-
ber spacing at a reference wavenumber, a scalar.
Refer to Examples section for curve of this func-
tion determined from the dispersion data for a
Raman spectrometer.

2.2 Correction assuming black-body emission
The raw spectrum of broad band white light is
thus corrected for non-uniform photon counting
using correction defined above. Next, the spectral
profile is modeled as emission from a black body
emitter using Eqn. 1. However, when evaluating
Egn. 1, temperature of the lamp should be known.
A comparison of the white light spectrum with a
simulated black-body emission profile gives the
next correction curve.

If the correction for non-uniform spacing is
termed as Cy, and the correction derived from
white-light emission using Eqn. 1 is termed as Cy,
then the net multiplicative correction applicable
to an arbitrary Raman spectrum would be Cy/C;.

2.3 Implementation as computer program

The defined scheme has been implemented as a
python program and Igor procedure for rapid
applications,[5] and openly available on the on-
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line repository.[6] When evaluating Equation (2),
one may fix the temperature value if known. How-
ever, when temperature is unknown the value
can be a fit parameter (which will enlarge the er-
ror in the determined curve). Programs for both
cases have been implemented in the software
repository. Refer to the file ‘gen_correction.py’
in the software repository for python program-
ming language. A full usage is described online
(see jupyter notebook on browser).

3. Examples

The Cy curve (determined as 535/ ovp) from the
relative wavenumber vector (or RamanShift vec-
tor) for a Raman spectrometer operating with 532
nm is shown in Fig.1. Zero across the relative
wavenumber axis corresponds to this wavelength.
Surprisingly, over 20% change in the relative pho-
ton counts is observed.
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Figure 1. Correction to obtain photons per wavenum-
ber for a non-uniformly sampled photon data on a
Raman spectrometer designed for 532 nm excitation.

Broad band white light spectrum was mea-
sured on the same instrument and corrected us-
ing Co by multiplication. Next, it was fit to Eqn. 1
assuming temperature of about 3000 K. For fit
function refer to the online resource.[6] The mea-
sured data together with the fit trace are in Fig. 2.
Their ratio which is equal to C; is shown in black
color. This correction accounts for channel-to-
channel sensitivity of the Raman spectrometer.

If the temperature was known to high accu-
racy and used as a fixed parameter during the fit
process, the so determined C; correction should
ideally account for the wavelength dependent
sensitivity of the Raman spectrometer. However,

in practical cases this is very difficult to be achieved.

Depending on the required accuracy, additional
correction determined from Raman intensities
themselves can be used to obtain a final correction
for relative sensitivity.[5, 7]
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Figure 2. Correction to obtain correction for pixel-to-
pixel correction from broad-band white light spectrum
measured from tungsten lamp. Adapted from Ref. [5]
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4. Limitations

There have been discussions on the applications
of the heated tungsten lamp towards calibration
of Raman spectrometer and the disadvantages.[8,
9] The emission spectrum can change significantly
depending on the position of the lamp relative to
the slit of the spectrometer, and hence, the experi-
mental setup requires a precise placement of the
lamp exactly at the sample position.[8]

Another limitation is that temperature of the
lamp has to be known. Further, information about
polarization dependent sensitivity is difficult to
be derived from this approach. One may assume
that the emission is purely random, and an optical
diffuser may be used to account for this.

5. Sources of error

With proper wavenumber calibration, the deter-
mination of Cy should be without an introduction
of error. The determination of C; requires the
temperature of the lamp. In the visible region,
the slope of the emission profile as per Eqn. 1
changes rather slowly, and one will be able to as-
sess the error in C; by analyzing dI(w)/dT over
the measured spectral range taking into account
the uncertainty associated with the temperature
of lamp.

References

(11 Ralph Stair, R.G. Johnston, and E. W. Hal-
bach. Standard of spectral radiance for the
region of 0.25 to 2.6 microns. Journal of Re-
search of the National Bureau of Standards Section
A: Physics and Chemistry, 1960. URL https:
//doi.org/10.6028/jres.064a.028.

(2] Ralph Stair, William E. Schneider, and John K.
Jackson. A new standard of spectral irra-


https://github.com/ankit7540/RamanSpecCalibration/blob/master/python_module/intensity_calibration/determine_C0_C1/Examples/Example_for_C0_C1.ipynb
https://doi.org/10.6028/jres.064a.028
https://doi.org/10.6028/jres.064a.028

[3]

[4]

[5]

[6]

[71

[8]

[91

Relative intensity calibration using broadband white light from tungsten lamps — 3/3

diance. Applied Optics, 1963. URL https:
//doi.org/10.1364/a0.2.001151.

Gonzalo Angulo, Guenter Grampp, and
Arnulf Rosspeintner.  Recalling the ap-
propriate  representation of electronic

spectra. Spectrochimica Acta Part A:
Molecular and  Biomolecular  Spectroscopy,
65(3):727-731,  2006. URL https:

//www.sciencedirect.com/science/
article/pii/S1386142506000114.

Jonathan Mooney and Patanjali Kambhampati.
Get the basics right: Jacobian conversion of
wavelength and energy scales for quantitative
analysis of emission spectra. Journal of Physical
Chemistry Letters, 2013. URL https://doi.
0rg/10.1021/5z401508¢t.

Ankit Raj, Chihiro Kato, Henryk A. Witek,
and H. Hamaguchi. Toward standardization
of Raman spectroscopy: Accurate wavenum-
ber and intensity calibration using rotational
Raman spectra of H2, Hd, D2, and vibra-
tion—rotation spectrum of O2. Journal of Ra-
man Spectroscopy, 51(10):2066-2082, 2020. URL
https://doi.org/10.1002/jrs.5955.

Ankit Raj. A repository containing pro-
grams for determining the intensity calibra-
tion curve (or the wavelength sensitivity) for
Raman spectrometers (and more) from the
rotational Raman spectra of diatomic hydro-
gen and its isotopes. Online Software Repos-
itory, 01 2022. URL https://github.com/
ankit7540/RamanSpecCalibration.

Ankit Raj, Chihiro Kato, Henryk A. Witek, and
Hiro-o Hamaguchi. Accurate intensity cali-
bration of multichannel spectrometers using
raman intensity ratios. Journal of Raman Spec-
troscopy, 52(12):2038-2050, 2021. doi: https:
//doi.org/10.1002/jrs.6221. URL https:
//analyticalsciencejournals.
onlinelibrary.wiley.com/doi/abs/
10.1002/jrs.6221.

K. Iwata, H. Hamaguchi, and M. Tasumi. Sen-
sitivity calibration of multichannel Raman
spectrometers using the least-squares-fitted
fluorescence spectrum of quinine. Applied Spec-

troscopy, 1988. URL https://doi.org/10.

1366/0003702884428608.

S. Montero, D. Bermejo, and M. A. Lopez.
A new method for the calibration of the

spectral sensitivity of a Raman spectrom-
eter.  Applied Spectroscopy, 30(6):628-630,
1976. URL https://doi.org/10.1366/
000370276774456688.



https://doi.org/10.1364/ao.2.001151
https://doi.org/10.1364/ao.2.001151
https://www.sciencedirect.com/science/article/pii/S1386142506000114
https://www.sciencedirect.com/science/article/pii/S1386142506000114
https://www.sciencedirect.com/science/article/pii/S1386142506000114
https://doi.org/10.1021/jz401508t
https://doi.org/10.1021/jz401508t
https://doi.org/10.1002/jrs.5955
https://github.com/ankit7540/RamanSpecCalibration
https://github.com/ankit7540/RamanSpecCalibration
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/jrs.6221
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/jrs.6221
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/jrs.6221
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/jrs.6221
https://doi.org/10.1366/0003702884428608
https://doi.org/10.1366/0003702884428608
https://doi.org/10.1366/000370276774456688
https://doi.org/10.1366/000370276774456688

	Introduction
	Theory
	Method
	Non-uniform photon counting
	Correction assuming black-body emission
	Implementation as computer program

	Examples
	Limitations
	Sources of error

