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Samples Analyzed During K-Alpha Demonstration 

 

I. Arc melt (high) sample 

 

II. Field effect transistor (FET) 

device 

 

III.  Ag standard (K-Alpha internal 

standard) 

 

IV.  Au standard (K-Alpha work 

function stage) 

K-Alpha XPS 
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XPS Instrumentation 

ÅK-Alpha XPS System Features 
 

ÅMicro-focused monochromated 

Al Ka X-ray source 

ÅHigh transmission lens optics 

Å180°  spherical sector electron analyzer 

Å128-channel detector 

ÅOne-click charge compensation system 

ÅIon source for rapid depth profiling 

ÅVersatile sample handling options 

ÅUnique optical sample viewing system 

ÅFully automated operation mode 

ÅRemote operation capability 

ÅAvantage software: 

ÅFully integrated control, acquisition, 

processing, and reporting data system 
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Sample Preparation and Mounting 

ÅThe arrangement of the samples is shown 

to the right in an image obtained with the 

load-lock camera. This image is collected 

during pump-down and is used to navigate 

from sample to sample once the sample 

stage is loaded into the analysis chamber. 

 

ÅTwo Arc melt samples were attached 

directly to the sample platten using copper 

clips.  The Arc melt (high) sample was 

analyzed and the Arc #2 sample was not 

analyzed.  The FET device was attached to 

the sample platten using double-sided 

cellophane tape. 

 

ÅThe standard K-Alpha sample stage shown 

to the bottom right can accommodate 

samples up to 60 mm x 60 mm and is 

height adjustable (via two set screws) to 

allow for samples as thick as 20 mm.  

 

 

 

K-Alpha Sample Stage 

(60 mm x 60 mm) 

Univ. Wisconsin Sample Arrangement 

Height: ± 20 mm 

FET 

Arc (high) 

Arc #2 (not 

analyzed) 
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Simplified Sample Stage Loading 

Å  K-Alpha has a simple sample loading process, 

which ensures a safe transfer of the sample stage 

into the analysis chamber. 
 

Å  The load-lock ion gauge monitors the pressure 

and automatically transfers the stage when safe 

to do so, or alternatively, the stage can be 

transferred when the operator commands. 
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Setting Analysis Conditions 

ÅSetting up analysis positions for points, 

line scans, or areas is easy and rapid. 

ÅThe position of analysis is clearly shown 

on the Live Reflex Optics View. 

ÅAnalysis area (X-ray spot size) is clearly 

indicated on the image. 

Area 

Point 

Line 
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General XPS Analyses and Data Processing Information 

ÅXPS survey spectra (0-1350 eV) were collected for 

all samples to provide qualitative and quantitative 

surface analysis information. 
 

ÅQualitative identification of peaks in the survey 

spectra was performed using the Auto Peak ID 

feature of the Avantage software.  Peaks for trace 

elements were manually identified. 
 

ÅQuantitative results were calculated from 

appropriate peak areas in the survey spectra and 

relative elemental sensitivity factors supplied with 

the Avantage software. 
 

ÅHigh resolution XPS spectra were acquired for 

appropriate elements and peaks to provide 

chemical state information.  
 

ÅAll high resolution spectra were charge referenced 

to the main C 1s peak = 284.8 eV (hydrocarbon). 
 

ÅXPS peak fitting of the high resolution spectra was 

performed where appropriate using the peak fitting 

software supplied with the Avantage software. 

Å  Except where noted, analyses were conducted 

with a 400 µm X-ray spot size. 
 

Å  All analyses were conducted with the low energy 

electron/argon ion charge neutralization system 

turned on. 
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I. Arc Melt (High) Results 
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Analytical Procedure for Arc Melt (High) Sample 

Å  An ñarc meltò metal oxide sample was analyzed.  The material contained Si, Fe, Zn, and 

Mo, among other elements.  It was of interest to analyze areas on the specimen that 

appeared different visually to determine differences in the surface chemical composition.  It 

was also of interest to determine the oxidation state of low levels of iron. 

 

Å  XPS survey and high resolution spectra were obtained in three different areas that were 

easily distinguished using the K-Alpha optical viewing system.  The three different areas that 

were analyzed were designated as ñStripeò (smooth appearing area), ñOff Stripeò (rough 

appearing area), and ñWhite Spotò (small whitish feature).  A 400 µm X-ray spot size was 

used in the Stripe and Off Stripe areas and a 50 µm X-ray spot size was used in the White 

Spot area.  Snapshot spectra were also obtained in the Stripe Area for comparison to the 

high resolution spectra. 

 

Å  In addition to the above analyses, an ñOff Stripeò area was sputtered for one minute using 

an ion gun setting of 1000 eV beam energy and medium specimen current (approximately 6 

nm sputtered depth relative to SiO2) and subsequently analyzed (400 µm X-ray spot size).  

It was of interest to acquire the Fe 2p region on this sample a higher number of scans to 

obtain better signal/noise than the spectra above. 



10 

Surface Compositions (Atomic %) Determined by XPS 

Sample B C O Na Mg Si Ca Fe Zn Mo 

Stripe 3.3 21.0 48.6 0.5 0.4 25.3 0.6 N.D. 0.2 0.1 

Off Stripe 2.0 26.4 46.9 0.5 0.7 19.3 0.8 1.2 0.1 2.1 

White Spot N.D. 26.7 46.6 0.7 0.9 22.9 N.D. 1.2 0.1 0.9 

Off Spot #2, As-Received 2.7 23.5 49.8 0.8 0.5 19.7 0.5 0.9 0.1 1.5 

Off Spot #2, Sputtered 3.5 5.6 60.0 0.3 0.4 24.0 0.3 2.8 N.D. 3.1 

Å  Quantitative results were determined from the peak areas of the major photoelectron peaks 
for each detected element and the relative elemental sensitivity factors stored in the 
Avantage ChemState library.  (N.D. denotes ñnot detected.ò) 
 
Å  Survey spectra providing the above qualitative and quantitative results and the 
corresponding high resolution spectra are shown on the following slides.   
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High Resolution Spectra for Arc Melt (High) Sample: Stripe Area 

C 1s 
284.8 eV 

B 1s 
193.4 eV 

O 1s 
532.6 eV 

Si 2p 
103.3 eV 

Fe 2p3/2 

710.8 eV 

Mo 3d5/2 

232.7 eV 
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Snapshot Spectra for Arc Melt (High) Sample: Stripe Area 

C 1s 
284.8 eV 

O 1s 
532.6 eV 

B 1s 
193.5 eV 

Si 2p 
103.4 eV 

Mo 3d5/2 

232.7 eV 

Fe 2p3/2 

Not detected 
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Survey Spectrum for Arc Melt (High) Sample: Off Stripe Area 
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High Resolution Spectra for Arc Melt (High) Sample: Off Stripe Area 

C 1s 
284.8 eV 

B 1s 
192.8 eV 

O 1s 
532.3 eV 

Three types of 
oxygen indicated. 

Si 2p 
103.0 eV 

Fe 2p3/2 

711.3 eV 

Mo 3d5/2 

232.3 eV 
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Survey Spectrum for Arc Melt (High) Sample: White Spot Area 
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High Resolution Spectra for Arc Melt (High) Sample: White Spot Area 

C 1s 
284.8 eV 

O 1s 
532.4 eV 

Mo 3d5/2 

232.8 eV 

Si 2p 
103.1 eV 

Fe 2p3/2 

711.7 eV 

B 1s 
193.1 eV 
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High Resolution Spectra for Arc Melt (High) Sample: Off Stripe Area #2 After Ar+ Sputtering 

B 1s 
193.9 eV 

O 1s 
533.2 eV 

C 1s 
284.8 eV 

Si 2p 
103.9 eV 

Fe 2p3/2 

710.3 eV 

Mo 3d5/2 

232.5 eV 

Two types of 
oxygen indicated. 

Three types of 
Mo indicated. 

O 1s 
530.7 eV 
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Summary of XPS Results for Arc Melt (High) Sample 

Å  XPS results indicated that the three different areas that were analyzed on the 
Arc (High) sample had different qualitative and quantitative surface compositions 
and that the chemical states for some of the detected elements also varies in the 
different areas.  These results are not surprising since the sample was prepared 
in a high voltage arc, which would most likely result in an inhomogeneous 
material, 
 
Å  The optical viewing system of the K-Alpha allowed relatively easy visual 
distinction among different types of areas on the sample and straight-forward 
selection of analysis points. 
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II.  FET Device Results 
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Analytical Procedure for FET Device 

Å  A field effect transistor (FET) device was analyzed by XPS.  The device consisted of Al 

metal pads on a Si substrate (see next slide).  The entire device had been dipped into a Zn-

containing solution during production.  The following types of XPS analyses were performed 

on the device: 

 

Á  XPS survey and high resolution analyses on and off the Al pad areas. 

 

Á  An XPS depth profile on one of the Al pads. 

 

Á  An XPS line scan across two adjacent Al pads. 

 

Á  XPS maps over the corners of two adjacent Al pads. 

 

Á   An AutoAnalysis was also performed on and off an Al pad area to demonstrate the 

unique automated features of the K-Alpha.   
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K-Alpha Live Optical View of Al Pad Areas on the FET Device 

Area shown  in green was the 400 µm spot analyzed in the AutoAnalysis mode. 
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XPS Survey Spectrum on the Al Pad Area on the FET Device 

Surface Composition (Atomic %) 
C ï 18.1 
N ï 0.7% 
O ï 45.0% 
F ï 0.6% 
Al ï 32.5% 
S ï 0.9% 
Zn ï 2.2% 
 

This survey spectrum was generated during the AutoAnalysis demonstration. 
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High Resolution XPS Spectra on the Al Pad Area on the FET Device 

C 1s 
284.8 eV 

O 1s 
531.4 eV 

Al 2p 
74.5 eV (oxide) 

and 
72.0 eV (metal) 

Zn 2p3/2 

1021.5 eV 

F 1s 
685.4 eV 

S 2p 
168.8 eV N 1s 

399.8 eV 

These high resolution spectra were generated 
during the AutoAnalysis demonstration. 
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XPS Survey Spectrum off the Al Pad Area on the FET Device 

Surface Composition (Atomic %) 
C ï 21.5% 
N ï 0.7% 
O ï 47.3% 
Si ï 10.0% 
Zn ï 20.1% 
Re ï 0.4% 
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High Resolution XPS Spectra off the Al Pad Area on the FET Device 

C 1s 
284.8 eV 

O 1s 
532.2 eV 

and 
530.2 eV 

Si 2p 
103.0 eV 

Zn 2p3/2 

1021.5 eV 

Re 4f 
46.0 eV 

Three types of 
Re indicated. 

Re 4d 
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XPS Survey Spectrum on Al Pad Area on the FET Device Prior to the Depth Profile 

Surface Composition (Atomic %) 
C ï 8.1% 
N ï 0.5% 
O ï 48.5% 
F ï 1.2% 
Al ï 40.1% 
Zn ï 1.6% 
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Å  Carbon was undetected after the 
first sputter level (~3 nm depth) and 
therefore is not shown in the plot. 
 
Å  The elemental depth profile 
indicated the following layer structure: 
 

ZnO/Al Metal/ZnO/SiO2 
 
Å  The Al 2p snapshot spectra 
indicated the presence of thin Al2O3 
layers at the topmost ZnO/Al metal 
surface and the inner Al metal/ZnO 
layer interface (see next slide for Al 
chemical state profile). 
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Depth Profile of an Al Pad Area on the FET Device 
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Å  The Al chemical state depth profile 
indicated the following layer structure: 
 

ZnO/Al Oxide/Al Metal/Al Oxide/ZnO/SiO2 
 

Å  The topmost ZnO layer at the surface is 
relatively thin. 
 

Å  Peak fitting of the Al 2p snapshot spectra 
indicated the presence of thin Al2O3 layers 
at the topmost ZnO/Al metal interface and 
the inner Al metal/ZnO interface (see next 
slide for example Al 2p peak fits). 



32 

0 

500 

1000 

1500 

2000 

67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 
C

o
u
n
ts

 /
 s

 

Binding Energy (eV) 

Al2p Snap 

2 Frames,  2.0 s,  400µm,  CAE 151.2,  128 chans. 

Etch Time = 210.046 s, Etch Level = 7 

Al2p (Metal) 

Example Al 2p Peak Fits for the Depth Profile of an Al Pad Area on the FET Device 

Å  The Al 2p snapshot spectra were peak fitted with a Lorentzian/Gaussian peak 
shape for the Al oxide peak and a peak with a tail to the high binding energy side 
of the peak for the Al metal peak. 
 

Å   Peak fitting of the Al 2p snapshot spectra indicated the presence of thin Al2O3 
layers at the topmost ZnO/Al metal interface and the inner Al metal/ZnO interface. 
 

Å  Al was primarily metallic within the Al layer. 

Etch level 0 
(No sputtering, 
topmost ZnO/Al 
metal interface) 

Etch level 7 

(In the Al metal layer) 

Etch level 33 
(inner Al 
metal/ZnO 

interface) 
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XPS Survey Spectrum off the Al Pad Area  Prior to the Line Scan Analysis 

Surface Composition (Atomic %) 
C ï 21.5% 
N ï 0.8% 
O ï 47.2% 
Si ï 10.0% 
Zn ï 20.1% 
Re ï 0.4% 
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Live Optical View of the Line Scan Analysis Position  Across Two Al Pads 




