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Motivation of investigation

- Direct measurements of recombination lifetime:
e MWR transients,
e combined investigations of MWR and DG,
e comparison between neutron and proton irradiated materials
- Control of possible anneal of defects and of behavior of the capture centers

- Cross-sectional scans within wafer depth



Measurement techniques and instru
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in MW reflection mode (MWR)
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Dynamic gratings (DG)
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Diffraction efficiency (n=I_,/lI;) on light induced dynamic
grating is a measure 7 o (4AN)? of excess carrier density,
while its variations in time n(t) o« exp(-2t/z;) by changing
a grating spacing (A) enable one to evaluate directly the
parameters of grating erase 1l/z; = 1/73 + 1/7, through
carrier recombination (zz) and diffusiont , = A%/(42°D)
with D as a carrier diffusion coefficient.



Direct measurements of recombination lifetime by MWR
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Direct measurements of recombination lifetime by DG
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Recombination lifetime in wafer and diode samples of various technology
irradiated by neutrons and protons
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Temperature variations of recombination and trapping lifetime in MCZ Si
irradiated by protons
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Lifetime under heat treatments at 80C for 5 min, 30 min and 24 h
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Lifetime variation with neutron irradiation fluence in MCZ Si
wafers for the as-received and heat treated material
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Cross-sectional scans within wafer depth
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SUMMARY

e Lifetime decreases nearly linearily from few us to about of 200 ps with enhancement of
neutron irradiation fluence ranging from 10'2to 3-10'® n/cm?, as measured directly by
exploiting microwave probed photoconductivity transients and verified by dynamic
grating technique.

e Lifetime values are nearly the same for wafer and diode samples in neutron irradiated
material for as received samples.

e Values o f recombination lifetime are close for neutron and proton irradiated samples
for materials of various technology

e Behavior of dominant capture centers varies with temperature

e Small increase of lifetime values under annealing can be implied in neutron irradiated
material

e Lifetime values are nearly invariable within wafer thickness, as determined from the
lifetime cross-sectional scans within wafer depth.
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