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ÅIntroduction to hard x-ray photoelectron 

spectroscopy (HAXPES)

ÅSemiconductor gate stacks on silicon

ÅEpitaxial, room temperature feroelectric 

SrTiO3 on silicon

ÅSite Specific XPS and the nature of the solid 

state chemical bond:  Cu, GaAs, TiO2

ÅN doping of TiO2



Hard X -ray Photoelectron Spectroscopy (HAXPES)

Variable Kinetic Energy HAXPES

ÅTune the HAXPES depth sensitivity 
(photoelectron kinetic energy) by tuning the X-
ray excitation energy using a synchrotron X-ray 
beamline

ÅThe U7A and X24A endstations form a unique 
measurement suite for surface to near bulk 
HAXPES by spanning X-ray excitation energy 
from 0.2 to 5 keV

Example: Si  electron binding energy 2p ~99 eV 
and 1s ~1840 eV, surface to bulk sensitivity  
(Lab source has fixed energy Al K

Photoelectron Kinetic Energy = h ïBinding Energy

Synchrotron Tool
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Advantages of HAXPES

ÅStudy samples from air; i.e., real samples!

ÅTune ɚfor experimental system

ÅVariable kinetic energy XPS (VKE-XPS) 
for depth profiling

ÅBulk and surface sensitive core lines 
accessible for same element

ÅEliminate Auger interference

ÅPhotoemission and other techniques 
(SSXPS)
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What is a ñgate stack?ò

Si
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Si

SiO2

Metal

~ 2 nm

HfO2
K ~ 20

K ~ 4

~ 2 nm

~ 1 nm

C = ŮrŮoA/d
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ÅEliminate Auger interference
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