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Surface Analysis

Definitions:
– Surface Analysis: The study of the chemical composition and/or physical 

structure of the outer layers of solid samples

– Surface: Top Few Atomic Layers (0.5 – 3 nm)

Principal Techniques for Industry
– Electron Spectroscopy

• X-ray Photoelectron Spectroscopy (XPS or ESCA)

• Auger Electron Spectroscopy (AES)

– Secondary Ion Mass Spectrometry (SIMS, TOF-SIMS)

– Scanned Probe Techniques (SPM, AFM)
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XPS Instrument
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Binding Energy (eV)
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XPS Analysis Methods

• Elemental Analysis

• Chemical State Analysis

• Depth Profiles

• Mapping



Case Study: Wire Bond Failures

Poor adhesion of aluminum wire bonds



Wire Bonds

Good Bond

Poor Bond



Poor Pads

Good Pads

O

O

C

Al
Al

Binding Energy (eV)

0100200300400500600

X
P

S
 I
n

te
n

s
it

y
 (

C
P

S
)

0

2000

4000

6000

8000XPS Spectra



XPS Quantitative Analysis

Good Pads
n=18

Poor Pads
n=18

Carbon 2.5 ± 0.9 35 ± 7

Oxygen 59 ± 2 47 ± 4

Aluminum 38 ± 3 17 ± 3

Sodium 0.8 ± 0.6 0.9 ± 0.7



Carbon Spectrum of Mylar

XPS Chemical State Analysis



XPS Carbon (1s) Spectrum Component Fit
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XPS Carbon Chemical State on Pads
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Good Bond Poor Bond
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Á Poor wire bond adhesion is caused by an organic 
contamination film, less than two nanometers thick

Á Contaminant contains an acid or ester component

Case Study Conclusions



Summary

Á Surface Analysis provides chemical information on the 
outermost few atomic layers of samples

Á Performed using XPS (x-ray photoelectron spectroscopy) 
and other techniques

Á Used for elemental analysis, chemical state analysis, 
depth profiles, and mapping

Á Many industrial and research applications
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