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BLACKBODY FITTING FOR TEMPERATURE DETERMINATION 

In addition to band edge thermometry, this invention has the capability of performing 

non-linear least squares fitting of a blackbody radiation curve to acquired spectra. This 

allows a measurement of the temperature which is independent of the band edge method.  

The spectral radiance is the fundamental measure of the amount of light emitted from a 

diffuse source that can reach a detector. It is defined as the emitted power per unit area of 

emitting surface, per unit solid angle, per unit wavelength. Figure 1 is a plot of the 

spectral radiance of a blackbody for several temperatures. Note that the curves never 

cross, and that the peak shifts to shorter wavelengths as the temperature increases. 

Figure 1: Spectral Radiance of a Blackbody
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The wavelength of the peak radiance obeys Wien’s displacement law: 

T

b
=maxλ

where the constant b = 2.8978×10
6
 nm K. Note that in the temperature range of interest 

for semiconductor film growth, the peak lies in the IR portion of the spectrum. 

According to Planck’s law, the spectral radiance I ( ı , T) of a blackbody at a given 

temperature is given by: 

In fitting this equation to acquired spectra there are two adjustable parameters: the 

temperature T (which is in Kelvin), and the amplitude A. The amplitude is the product of 

the so-called “tooling factor” and the material’s emissivity. The tooling factor 

incorporates system-dependent geometrical and sensitivity factors, and therefore must be 

determined empirically. 

The amplitude can be determined by calibrating to a blackbody curve at a known 

temperature (e.g. from a band edge measurement or RHEED transition). In this case the 

temperature is held fixed, and the amplitude is allowed to vary to obtain the best fit. The 

tooling factor can in turn be determined by dividing the resulting amplitude by the 

material’s emissivity. Once the tooling factor is known, a blackbody fit can then be 

performed in real-time during The invention data acquisition. In this case, the amplitude 

is held fixed, and the temperature is allowed to vary to obtain the best fit. 

    

Procedure 

1. First, the tooling factor must be determined. Begin by selecting Blackbody Calibration… 

from the Acquire menu of the software for implementing this invention. Also select the 

Real-time Blackbody chart from the View menu (see Figure 2).  Within the Blackbody 

Calibration window, select the desired Spectra source from the pull-down menu. Set the 

Threshold, which specifies the minimum number of counts for performing a blackbody 

fit. Enter the calibration temperature (ºC), and the calibration sample’s emissivity. The 

desired wavelength range over which to perform the blackbody fit must also be entered. 

Entering zeros will cause the software to automatically select the spectrometer’s min and 

max wavelengths. The values can be locked using the check boxes. Alternatively, if one 

or both boxes are unchecked, the software will attempt to optimize the goodness of fit by 

successively reducing the range. A Goodness of Fit Threshold may be entered, which 

allows rejection of spectra with poor fits. Finally, enter a Blackbody Fit Tolerance. The 

fitting routine returns when the relative decrease in chi-squared is less than this tolerance 

value in one iteration (default is 0.001).  

Select Start. The software will determine the temperature by fitting a blackbody curve 
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with the most recently saved tooling factor and emissivity to the source spectra in real-

time. The Real-time chart displays the source data in blue and the resulting fit in red. 

Across the top it displays the temperature, emissivity and resulting tooling factor, and a 

goodness of fit statistic (i.e. the reduced chi-squared).  Selecting Calibrate will fix the 

temperature and emissivity at the specified values and determine the corresponding 

tooling factor. If needed, the wavelength range can be adjusted. Every time Calibrate is 

selected, the wavelength range and resulting tooling factor are automatically saved. The 

Timeout setting allows the user to set the maximum time the calibration routine is 

permitted to run before timing out. This is relevant only if the fitting routine is taking an 

excessive amount of time to converge on a solution.

Figure 2: Blackbody Calibration Window & Real-Time Chart 
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2. Once the tooling factor is known, the spectra processing recipe must be set up. Select 

Temperature… from the Acquire menu. This will open the Temperature Acquisition 

window (see Figure 3). Within this window, select Advanced. 

Figure 3: Temperature Acquisition Window

This will open the Advanced Acquisition Options window (see Figure 4). Within this 

window, select the Spectra Processing tab, and then select the Pre Processing sub-tab. 

Within this tab, the Enable box must be checked. The Noise floor setting specifies the 

number of counts below which the raw spectra will be ignored. The Raw Spectra Boxcar 

setting specifies the amount of smoothing to be applied to the raw spectra before 

processing.  

Next select the Blackbody Fitting sub-tab. This will contain the tooling factor and the 

wavelength range, as well as the Goodness of Fit Threshold and Blackbody Fit Tolerance 

from the previous calibration procedure. The sample’s emissivity must also be entered. 

Note that this is not necessarily the same as the emissivity used in the calibration 

procedure. This allows the user to perform the calibration on a sample which is different 

than the sample under test. The Blackbody Fit box must be checked. Also select the Lock 

Tooling Factor radio button. Finally, there is a Threshold setting, which specifies the 
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minimum number of counts for performing a blackbody fit. In this example, any spectrum 

which has a maximum number of counts that is less than 200 will be ignored. When you 

are satisfied with all the settings, select OK. This will return you to the Temperature 

Acquisition window. 

Figure 4: Advanced Acquisition Options 
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3. Now that the spectra processing recipe has been set up, acquisition can begin by selecting 

Start from within the invention Temperature Acquisition window. During data 

acquisition, in addition to the live spectrometer window, the user may view a number of 

Real-time Charts and Stats which provide useful information (see Figure 5). These can be 

accessed from the View menu. In this example, the following are displayed: Real-time 

Blackbody Chart which displays the raw data and the resulting fit, Real-time Stats (LED) 

which displays a user-selectable parameter (e.g. Blackbody Temperature), and Real-time 

Stats (Time) which plots a user-selectable parameter (e.g. Blackbody Temperature) versus 

time.  

Figure 5: Real-Time Charts and Stats 
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The foregoing invention has been described in accordance with the relevant legal standards, 

thus the description is exemplary rather than limiting in nature.  Variations and modifications 

to the disclosed embodiment may become apparent to those skilled in the art and fall within 

the scope of the invention.  Accordingly the scope of legal protection afforded this invention 

can only be determined by studying the following claims. 
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What is claimed is: 

1.  A method for measuring the temperature of a material using a block-body fitting technique 

substantially as shown and described herein. 

2.  An apparatus for measuring the temperature of a material using a block-body fitting 

technique substantially as shown and as described herein. 
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