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Relative Transmission Functions for Ulvac PHI Genesis 

Introduction 

Ulvac PHI include in their manual an appendix that tabulates sensitivity factors for major 

photoelectron emission due to scattering of core-level electrons by photons with 

characteristic energy of Al Kα (1486.7 eV). These sensitivity factors are empirical in origin and 

represent, so called, magic angle spectrometers for which angular distribution of 

photoelectron emission that differs for electrons of different angular orbital momentum and 

number of electrons in the atom is deemed unnecessary. Moreover, these sensitivity factors 

include corrections to intensity of photoelectron peaks that make quantification of bulk 

materials (in the XPS by Al Kα sense of bulk, i.e. of thickness greater than 10 nm) possible. 

That is, these sensitivity factors include sample and photoelectron energy dependent escape 

depth corrections. One might also surmise that to some extent spectrometer response to 

photoelectron energy is included in these sensitivity factors. Whenever a correction is made 

for spectrometer response to photoelectron energy (transmission), there is an assumption 

the combination of actual spectrometer response to photoelectron energy and the 

correction for the spectrometer response to photoelectron energy is capable of generating 

identical transmission corrected spectra for any spectrometer make-or-model. Hence, the 

choice of method used to correct for spectrometer response to photoelectron energy may 

influence the values for empirically determined sensitivity factors. 

Historical Ulvac PHI spectrometers were designed with transfer lens columns (TLC) that 

produced a well-behaved transmission response for most pass energies of the hemispherical 

analyser (HSA). Consequentially, the historical approach to transmission correction involved 

a functional form with two parameters that are determined by fitting to data gathered from 

photoelectron peaks measured using different pass energies. Furthermore, the transmission 

correction for each pass energy was computed from a single function of kinetic energy and 

pass energy. Therefore, quantification of a sample required any variation in spectrometer 

performance to be compensated for by the transmission correction curve. In addition, Ulvac 

PHI spectrometers frequently used angles between the direction of the X-ray source and the 

direction used to collect signal that differed from the magic angle, therefore these empirical 

sensitivity factors require correction for angular distribution following a method prescribed 

by Ulvac PHI. The net result of using this approach to quantification is that the table of 

sensitivity factors is unique to Ulvac PHI spectrometers. 

The caveat to the historical approach of Ulvac PHI to quantification of samples is that 

spectrometer design must change to compete in terms of instrument sensitivity and energy 

resolution. Two ways to improve sensitivity is by 1) increasing the number of detectors and 

2) making available higher pass energies of the HSA for measuring spectra. These 

improvements in spectrometer design have altered the transmission response of Ulvac PHI 
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instruments to the point that the method used by Ulvac PHI to correct for transmission has 

changed. The same concept of using one functional form to correct for transmission of the 

spectrometer to kinetic energy of photoelectrons is still in use, however the functional form 

is no longer a simple function defined by two parameters. Rather than including the two 

parameters for the functional form, the new transmission information is a list of data to 

which a functional form can be fitted. 

CasaXPS makes use of the new transmission data and creates by optimisation a closed-form 

expression involving a cubic polynomial approximation to a single transmission curve. The 

transmission curve created by CasaXPS is a function of kinetic energy and pass energy, 

therefore, transmission correction is achieved for each pass energy of the XPS lens mode for 

the Genesis XPS spectrometer. 

The strength of the Ulvac PHI spectrometer is the use of lenses that create for the mid-range 

pass energies a relatively flat response when measuring photoelectrons of different 

energies. As a result, the transmission data are best fitted using fewer parameters in the 

closed-form curve approximation. The problem for modern instruments is to accommodate 

these well-behaved pass energies and also account for pass energies 224 eV and 280 eV, 

which are more difficult to approximate by the rigidity offered by the same closed-form that 

is appropriate for pass energies between 27 eV and 140 eV, inclusive. The target for 

transmission correction of spectra is that, with the exception of the photoelectron peaks for 

which change in energy resolution with pass energy is obvious in peak shapes, the inelastic 

background for spectra measured using any pass energy should align with one another 

regardless of pass energy used to measure a spectrum. Moreover, the transmission 

corrected spectra from modern instruments must also align with equivalent spectra 

measured from older instruments. If modern instruments do not align transmission 

corrected spectra to transmission corrected spectra from older instruments, then the use of 

the sensitivity factors compiled for quantification by older spectrometers is less appropriate 

for modern spectrometers. 

A solution to transmission correction for modern spectrometers (that enables quantification 

by making use of the tabulated sensitivity factors appropriate for older spectrometers) is to 

construct relative transmission functions for each lens mode and each pass energy of the 

lens mode. A relative transmission function requires a standard transmission corrected 

spectrum obtained from a standard sample. Each transmission function for a modern 

spectrometer is constructed such that a spectrum measured on a modern spectrometer 

from the standard sample (e.g. sputter cleaned gold foil) is transformed to the reference 

spectrum, with the exception of the photoelectron peak shapes. Therefore, assuming the 

historical transmission correction method applied to spectra measured from a Versa Probe II 

in 2016 is appropriate for use with the tabulated sensitivity factors, a reference spectrum 

measured from a clean gold foil is obtained by applying the transmission correction to an 

appropriate gold spectrum measured from said Versa Probe II. Armed with a reference 
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spectrum, the response of modern spectrometers can be corrected to ensure spectra 

measured using any pass energy, after transmission correction, returns alignment with the 

reference spectrum. Calibration for the sensitivity of a modern spectrometer involves 

creating relative transmission functions for each pass energy used in quantification of 

samples. That is, the transmission correction involves determining transmission functions 

specific to each pass energy. Furthermore, the transmission function selected for use must 

differ depending on the diameter for the iris used to alter the size of the analysis area on the 

sample accepted by the HSA. Nevertheless, an approach based on relative transmission 

functions is available in CasaXPS, where relative transmission function configuration files can 

be made available at the point data are converted by CasaXPS from MULTIPAK formatted 

data to VAMAS (ISO 14976) format. 

Results and Discussion 

Relative transmission correction relies on the existence of a reference spectrum from a 

readily available material that maintains a constant state during the measurement by XPS. 

Gold foil is a material comparable with properties required of the reference spectrum and 

through the ubiquitous use of metal foils in providing spectra suitable for the construction of 

relative transmission functions, spectra from a Versa Probe II are available with transmission 

functions obtained using the historical two-parameter closed-form used by Ulvac PHI. 

Therefore, the results presented herein assume that these spectra measured from a sputter 

cleaned gold foil using said Versa Probe II (measured in accordance with the procedure 

recommended by NPL for use with the NPL intensity calibration procedure) are suitable for 

the creation of a reference spectrum, as required. The spectra and the process used to 

construct the reference spectrum are now discussed. 

 

Figure 1. Versa Probe II spectra measured using the range of pass energies available for 

acquiring survey spectra from a gold foil sample. 
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Figure 2. Transmission functions corresponding to the spectra in Figure 1 computed from the 

two-parameter closed-form used by Ulvac PHI to calibrate intensity of spectra required for 

the computation of percentage atomic concentrations for a sample. 

Reference Spectrum 

The assumption in selecting the Versa Probe II spectra is that the Ulvac PHI sensitivity factors 

correctly quantify samples measured using the Versa Probe II provided the two-parameter 

closed-form used by Ulvac PHI is included in the calculation of percentage atomic 

concentrations. Therefore, the set of spectra shown in Figure 1 are processed to convert the 

as-recorded spectra to transmission corrected spectra, where the transmission functions 

applied are computed from the two parameters included in the original MULTIPAK files 

(Figure 2). The simplicity of the transmission functions can be seen in Figure 2, yet the 

transmission corrected spectra (Figure 3) are normalised by these transmission functions 

producing alignment in these spectra. The precision for the alignment in spectra is not ideal 

over the full range of pass energies shown in Figure 3, but for two pass energies, namely, 

93.9 eV and 117.4 eV the alignment is precise (Figure 4). In constructing a reference 

spectrum from the spectra in Figure 4, the assumption is that the tuning of the TLC 

combined with the minor adjustment to spectral intensities obtain through transmission 

correction using the transmission functions in Figure 2 has produced the spectra most suited 

to quantification by means of the sensitivity factors used by Ulvac PHI. This assumption is 

unsubstantiated herein and may be incorrect. However, the general concept of selecting a 

reference spectrum designed in respect of a specific set of sensitivity factors is served by 

assuming the validity of the relationship between the spectra in Figure 4 and the sensitivity 

factors used by Ulvac PHI. Hence, the reference spectrum used to construct relative 

transmission functions for the Genesis spectrometer is the mean average of these 

transmission corrected spectra in Figure 4. 
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Figure 3. Transmission corrected spectra obtained by division of the spectra in Figure 1 by 

the appropriate transmission function in Figure 2. 

 

Figure 4. Transmission corrected spectra obtained by division of the spectra in Figure 1 by 

the appropriate transmission function in Figure 2 for pass energy 93.9 eV and 117.4 eV. 
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instruments. A set of survey spectra measured using the Genesis spectrometer from a clean 

gold foil is shown in Figure 5. Figure 6a is the overlay of the data set extracted from the 

TFCParameters entered by the Ulvac PHI acquisition system and the closed-form fit to these 
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eV and 69 eV overlay with respect to each other. Similarly pass energy 224 eV and 280 eV 

overlay with respect to each other, but none overlay consistently with the reference 

spectrum obtained from the Versa Probe II. Consequentially, the transmission correction 

available to the Versa Probe II and the transmission correction available to the Genesis 

spectrometers does not allow for the use of a common set of sensitivity factors for both 

spectrometers. The desire to obtain the same quantification for a given sample 

independently of spectrometer make and model, making use of a common set of sensitivity 

factors for all spectrometers, is only possible if transmission corrected spectra from all 

instruments return the same transmission corrected spectrum as one another. The approach 

to the misalignment of transmission corrected spectra illustrated in Figure 7 is to construct 

transmission functions for each lens mode and each pass energy for a spectrometer relative 

to the reference spectrum described above. 

 

Figure 5. Survey spectra measured using an Ulvac PHI Genesis spectrometer illustrating the 

range of pass energies available for measuring wide spectra. 
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(a)       (b) 

Figure 6. a) TFC Parameters data set gathered from the MULTIPAK header from the files 

containing the spectra in Figure 5 and transmission curve based on optimising a cubic 

polynomial determined from the TFC Parameters data set. TFCParameters: 1, 

1,15,42.17,20.31,9.968,4.895,2.447,64.79,31.19,15.31,7.52,3.76,108.1,52.05,25.55,12.55,6.

273,0.7793,0.9478,1,0.9706,0.917,0.6807,0.7505,0.9358,0.9711,1,0.5872,0.7796,0.9106,0.9

954,1. b) Transmission functions corresponding to each pass energy used to measure the 

spectra in Figure 5. 

 

Figure 7. Comparison between the Versa Probe II derived reference spectrum and four 

spectra measure from clean gold foil using pass energies 55 eV, 69 eV, 224 eV and 280 eV. 

The spectra are normalised in intensity by averaging 25 data bins centred on the binding 

energy 265 eV. 
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Figure 8. Energy intervals defined on a gold spectrum to identify inelastic background signal 

away from photoelectron and Auger peaks. 

Calculating Relative Transmission Functions for the Genesis Spectrometer 

Relative transmission functions are computed from inelastic scattered background 

intensities extracted from the spectra in Figure 5. Figure 8 illustrates the survey spectrum 

measured using the Genesis spectrometer operating with pass energy 280 eV. Energy 

intervals are marked showing the portion of the inelastic scattered background used to 

calculate the relative transmission function for pass energy 280 eV. These energy intervals 

are chosen to be appropriate for all spectra in Figure 5, and when these energy intervals are 

extracted from the spectra in Figure 5, the result is the data shown in Figure 9. The relative 

transmission functions for all pass energies corresponding to the spectra in Figure 5 are 

estimated from dividing the data in Figure 9 by the reference spectrum. Four examples of 

data obtained from the data in Figure 9 divided by the reference spectrum are illustrated in 

Figure 10, where polynomials of degree seven are fitted to these data in Figure 10. 

 

Figure 9. Inelastic scattered background signal for each pass energy extracted from spectra in 

Figure 5 using the energy regions marked on the spectrum in Figure 8. 
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Figure 10. Relative transmission functions computed from the inelastic background in Figure 

9 relative to the reference spectrum calculated from the spectra in Figure 4. 

The file corresponding to Figure 10 is a VAMAS file created via the Spectrum Processing 

dialog window of CasaXPS using the Intensity Calib property page (Figure 11).  The relative 

transmission functions for a given spectrometer are prepared from a VAMAS file containing 

the data shown in Figure 9. These data in Figure 9, when divided (Spectrum Processing 

dialog window, Calculator property page) by the reference spectrum derived from the 

spectra in Figure 4 create the data to which polynomials of degree seven are determined on 

a case-by-case basis. Thus, for each pass energy a distinct polynomial approximation to the 

relative transmission function is created. The information necessary to compute the relative 

transmission function from a polynomial is entered into the VAMAS File Comment field of 

the VAMAS file (Figure 12). The VAMAS file shown in Figure 12 therefore contains the 

parameters for each polynomial to allow a relative transmission function to be added to 

spectra measured using the same lens mode and pass energy as the data used to prepare 

the VAMAS file in Figure 12. 
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Figure 11. The selected VAMAS blocks contain the ratio of data shown in Figure 9 to the 

reference spectrum obtained from the transmission corrected Versa Probe II spectra in 

Figure 4. The degree of the polynomial used to fit the data displayed in the lefthand-pane is 

specified on the Intensity Calib property page. A selection of VAMAS blocks is made in the 

righthand-pane before pressing the button indicated. 

 

Figure 12. The VAMAS file created by the action of the button indicated in Figure 11 includes 

two columns of VAMAS blocks. Each row of VAMAS blocks corresponds to a pass energy. The 

original data and the ordinates corresponding to the original data computed from the 

polynomial are made available via each row of VAMAS blocks for comparison for each pass 

energy as shown in the four display tiles in the lefthand-pane. Furthermore, the VAMAS File 

Comment in the VAMAS file (listed on the dialog window) includes the list of relative 

transmission functions for the set of pass energies used to create the new VAMAS file. The 

red arrows point to the start for the parameters used to compute the polynomial-based 

closed-form approximations to the relative transmission functions corresponding to two 

pass energies 27 eV and 55 eV. 
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Automatic Update to Spectra of Relative Transmission Functions 

Making use of the VAMAS file in Figure 12 for spectra in general can be achieved by 

manually loading the relative transmission function to spectra using options on the Intensity 

Calib property page shown in Figure 11. However, CasaXPS 2.3.27PR5.4 includes a means to 

automatically apply the relative transmission functions at the time spectra are converted by 

CasaXPS to VAMAS format. If an appropriately named VAMAS file containing the relative 

transmission function information shown in Figure 12 is placed in the folder located in the 

same directory as the CasaXPS.exe file named CasaXPS.PHI, then at the time MULTIPAK files 

are converted to VAMAS format by CasaXPS, the appropriate relative transmission function 

is automatically added to the newly created VAMAS blocks. Figure 13 shows the CasaXPS.PHI 

folder populated with the VAMAS file shown in Figure 12, where the name of the file 

specifies the instrument name and lens mode for which the relative transmission functions 

were created. Selecting from the File menu of CasaXPS the Convert and Merge menu item 

invokes a dialog window that facilitates the conversion of the MULTIPAK spe files to VAMAS 

format, where newly converted VAMAS files are loaded into a single VAMAS file and opened 

in CasaXPS. Each time a MULTIPAK data file is converted to VAMAS format, the transmission 

function is updated in each VAMAS block of the new file. However, preparing the 

configuration file with the name shown in Figure 13 causes the transmission function in each 

VAMAS block to be updated from the relative transmission function in the file shown in 

Figure 12. Figure 14 illustrates the outcome of applying transmission correction using the 

relative transmission functions defined by the polynomials in Figure 12. The result of using 

relative transmission functions, is alignment for all transmission corrected spectra measured 

regardless of pass energy selected, and furthermore, when normalised to account for 

difference in intensity of the reference spectrum, all transmission corrected spectra align to 

the reference spectrum. When relative transmission functions are constructed as described 

above, quantification of a sample using spectra measured from either spectrometer is made 

possible using a common set of sensitivity factors for both instruments. 

 

Figure 13. The relative transmission functions are saved in a VAMAS file with name 

formatted to reflect the spectrometer and lens mode for which the relative transmission 
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functions are appropriate. The example shown here has the necessary prefix TF_ followed by 

the string constructed from the name of the instrument that appears in the MULTIPAK file 

(GENESIS w/AES => GENESIS w_AES) separated from the index assigned by the TFC 

Parameters data (see Figure 6) to the lens mode. 

 

Figure 14. Overlay of relative transmission corrected (RTC) spectra computed from the 

spectra in Figure 5. The alignment of these transmission corrected spectra should be 

compared to the alignment of transmission corrected spectra in Figure 7. More importantly, 

the alignment of RTC spectra compared to the reference spectrum implies that the same 

sensitivity factors can be used with RTC spectra measured using the Genesis and the Versa 

Probe II spectrometers presented herein. 
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