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– Modeling
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• Narrow resonant nuclear reaction
– Modeling
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Stopping power and Stopping power and 
depth resolutiondepth resolution

Maximum
stopping power

Maximum 
depth resolution

~ 100 keV for protons on SiO2
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• Medium energy ion scattering 

– Modeling
– Examples

• Narrow resonant nuclear reaction profiling
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R. P. R. P. PezziPezzi, , et alet al., Submitted to Phys. Rev. B (2005).., Submitted to Phys. Rev. B (2005).
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Sb in Sb in advanced advanced 
metal metal gatesgates
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ApplicationApplication forfor
highhigh--k k dielectricsdielectrics

J.J.--P. Maria, P. Maria, etet alal., J. ., J. ApplAppl. . PhysPhys., ., 9090, (2001).(2001).
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G. G. AmselAmsel, et al., , et al., NuclNucl. . InstrInstr. . MethMeth., v. ., v. 197, n.197, n. 1, p. 1 (1990).1, p. 1 (1990).
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OxygenOxygen profilingprofiling
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Al Al profilingprofiling -- 2727Al(p,Al(p,γγ))2828SiSi

S. E. S. E. HuntHunt, , et alet al., ., PhysPhys. Rev., . Rev., 8989, 1283 (1953).1283 (1953).



AlAl22OO33/Si/Si

E. E. GusevGusev, , et alet al., ., ApplAppl. . PhysPhys. . LettLett. . 76 76 (2000)(2000) 1).1).



C. C. KrugKrug, , etet alal., ., PhysPhys. Rev. . Rev. LettLett., ., 8686, 4564 (2001), 4564 (2001)

0 ,0 1 ,0 2 ,0 3 ,0 4 ,0 5 ,0 6 ,0

MEIS by M. Copel, 
Phys. Rev. Lett., 86, 4713 (2001)
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1515N N profilingprofiling -- 1515N(p,N(p,αγαγ) ) 1212CC
429 keV

Samples

HfSiON
15N

enriched
layer

HfSiON (top)
or

HfSiO 
(bottom)

Si

As-deposited (dash)
N2+O2 annealed (solid)

O2 annealed only (dash-dot)

Position of 15N layer
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Si Si ProfilingProfiling –– 2929Si(p,Si(p,γγ))3030PP
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Any cooperation proposal is 
welcome !
Thank you

israel@if.ufrgs.br



Depth profiling by ion beams:Depth profiling by ion beams:
limiting facts for depth resolutionlimiting facts for depth resolution

• Stopping power of ions in matter
– e.g. ~ 120 eV/nm for protons on SiO2

• Energy analyzer resolution (MEIS) - ~150 eV
• Appropriate simulation of the ion-matter 

interaction phenomena. 
• Straggling
• Beam spread + Doppler effect - ~ 100 eV



Depth profiling by ion beams:Depth profiling by ion beams:
limiting facts for depth resolutionlimiting facts for depth resolution

• Stopping power of ions in matter
– e.g. ~ 120 eV/nm for protons on SiO2

• Resonance width (NRP) - 40 - 120 eV
Straggling

• Appropriate simulation of the ion-matter 
interaction phenomena.

• Beam spread + Doppler effect - ~ 100 eV
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