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XPS:
Sputter beam 
➢ Ar monatomic gun  
➢ Cluster gun

SIMS:
Sputter beam 
➢ O2 gun for positive ion 
➢ Cs gun for negative ion
➢ Cluster gun for organic samples



Cluster ions v monatomic ions
Monatomic ions (Ar+)

• High energy per atom (200eV – 4keV)

• High etch rate

• Deep surface penetration

• Can damage surface chemistry

• Ideal for etching inorganic material

Cluster ions (Ar+
n)

• Low energy per atom (1eV – 100eV)

• Minimal surface penetration

• Non-damaging to surface chemistry

• Low etch rate for large clusters

• Large clusters ideal for etching organic material



XPS Depth 
Profiling 
Setup



XPS depth profiling
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PMMA/Si: Depth profiling 
Ar monatomic ion 
3KV High, 20S, 
X-ray: 100um
Sputter: 500 um

C

O

Ar inplanted

Oxygen was preferentially etched and the stoichiometry is changed 



PMMA/Si: Depth profiling 
Ar cluster ion (Ar1000)
6KV High, 20S, 
X-ray: 100um
Sputter: 500 um

C

O

No Ar inplanted



Cu2+

Cu1+

Cu2+

Cu1+

Scratched Cu rich coating

Cu2+Cu2+

Cu2+

Cu1+

Case study:
Ar Sputtering caused reduction or 
not on copper sample?

Copper oxide
Steel

This proves that the depth profiling result is trustable. 



Spectrum Type

1. Scanned: the highest energy 
resolution, good for elemental 
scan

2. Snapshot: the fast collection, 
good for depth profiling

3. SnapMap: good for elemental 
mapping



SIMS Depth Profiling

Sputter beam: 
➢ Oxygen gun for positive ion
➢ Cesium gun for negative ion
➢ Cluster Ar ion gun for organic sample

Analysis beam: 
➢ Bi1 and Bi3

Analysis

Sputter

128 x 128 pixel
256 x 256 pixel
512 x 512 pixel



Depth profiling with oxygen gun

In

Ag

SiITO

Ag

Si

O2, Cs, Ar



Erbium doped in AlN on Si

Si

AlN

Er



XPS depth profiling

Strength: Quantitative analysis

Chemistry information

All elements in one profile

Snapshot mode is available (new)

Weakness: Sputter crater is bigger ( 1 or 2 mm 
square)

Time consuming for multiple 
elements

not for trace elements and very low 
concentration 

SIMS depth profiling

Strength: Fast speed

Better depth resolution

Good for trace elements and very low 
concentration

3D reconstruction 

Small sputter crater (200 um square)

Weakness: Qualitative analysis

No chemistry information

Only for positive ions or negative ions 
at a time





XPS SnapMap

Snapmap mode allows rapid high resolution surface mapping

1. Analyzer is fixed on a specific binding energy window (an elemental peak)
2. The sample stage is rastered.
3. The analyzer acquires rapid “snapshot” spectra for each pixel of the image.
4. The pixel resolution is limited only by the minimum X-ray spot size (10 μm).



XPS SnapMap (Gold pattern on Ga)-new feature

Au Ga

Au Ga



SIMS mapping: Elemental Mapping on Depth Profiling Crater on 
Cu/Ti/Mo/Mn/Nb on Si Wafer

Cu
Ti
Mo
Mn
Nb

Si



Cu+   Ti+  Mo+   Mn+      Nb+     Si+

SEM collected in SIMS
9,950.00



XPS Mapping

Strength: Every pixel has a spectrum

Chemical information

10 um lateral resolution

Surface composition distribution 

Weakness: Time consuming for hi-resolution 

SIMS mapping

Strength: Fast speed

Better spatial resolution (100 nm)

Very sensitive (ppm to ppb)

All elements including H, He, etc. 

Identify isotopes

Weakness: No chemical information

Surface destructive



Both Avantage and CasaXPS are freely downloadable and the licenses are also available.  



Thanks for your attention
Questions?

xchen@northwestern.edu

847-491-5505

mailto:xchen@northwestern.edu

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Thanks for your attention

