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Obijectives / investigations

- Direct measurements of recombination lifetime fluence dependences:
e comparative analysis of carrier decay in MCZ, FZ and epi-Si neutron irradiated structures
- Control of possible anneal of defects:
e heat treatments 80C
- Recombination lifetime variations with energy of protons
- Recombination characteristics in 2 MeV proton irradiated n-FZ Si
e combined investigations of MWR, DLTS and RR in 2MeV proton irradiated structures

- Cross-sectional scans within structure depth to control defect production profiles
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Neutron fluence dependent recombination lifetime in FZ and epi- Si
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Lifetime in neutron irradiated Si under heat treatments at 80C
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Fluence dependent lifetime variations in different particle enerqgy irradiated structures
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Lateral lifetime variation
1.9 and 2.0 MeV protons
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Cross-sectional scans within depth of neutron irradiated wafer
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Fluence dependent variations of
MW-PCD, DLTS and RR characteristics
in 2 MeV protons irradiated FZ n-Si
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SUMMARY

e Lifetime decreases 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 neutron irradiated wafer and diode samples.
Thesevalues are closeto that in >20 MeV proton irradiated various Si diodes.

e Small increase of lifetime values under annealing can be implied.
e Lifetime values are nearly invariable within wafer thickness for high energy neutrons,
while the lifetime depth profile is inhomogeneous for 2 MeV protons irradiated

structures.

e Production of recombination defectsin ~2 MeV protonsirradiated FZ Si is efficient,
and lifetime depth profiles correlate with stopping range of particles.
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Measurement techniques and instruments

Microwave probed photoconductivity (MW-PCD) Dynamic gratings (DG)
in MW reflection mode (MWR)
L. sample K.Jarasiunas, J.Vaitkus, E.Gaubas, et
= L al. IEEE Journ. QE, QE-22, (1986)
[ ———" 1298.
E MWR 1>100um = o, =(47C Ve)oy,, —B=_*
Ao(t)  transient: : O
cw MW probe Aa(t) OCA O'(t) ocﬂFC neXFC (t)
. E.Gaubas. Lith. J. Phys., 43 (2003) 145. T
k Microchip laser STA-01 of’ﬁ‘;ﬁ?ﬂi‘ﬁ;ty Sliding short u 1 ﬁ,_r-'* Ld-f 7 e
R Texe ~700 ps, E,, . <10 pJ * ” \_IEL N ) | ] -
— Hl|sample - kl')
p— e S
MW slit ES = : I
N antenna cr [ | e
Sliding short _| I M
MW bridg ‘;:f-.i [ - > -
- A . Smmaple .
The microwave probed k! ¢ing short st e | -
photoconductivity (MW- e o (MW circutato ol A f . 9 >
PCD) technique is based andlevuuy £20.5GHz, A by b - i
on the direct U=t mvibd T ) *
measurements of the MW detector == ! b _
carrier decay transients Amplifier (>80) || R, .4 TDS-5104
ggsor (iin;glo;gng eXC'ZI:\S/ Diffraction efficiency (n=I_,/lI;) on light induced dynamic
free Fz:arriers y carriers grating is a measure 7 o (4AN)? of excess carrier density,
are photoex.cited by while its variations in time n(t) o« exp(-2t/z;) by changing
1062 nm light generated a grating spacing (A) enable one to evaluate directly the
by pulsed (700 ps) laser parameters of grating erase 1l/z; = 1/73 + 1/7, through
and probed by 22 GHz carrier recombination (zz) and diffusiont , = A%/(42°D)

cw microwave probe. with D as a carrier diffusion coefficient.



MW instruments at VU

Lateral mapping

Cross-sectional scan




Recombination lifetime in wafer and diode samples measured by MWR
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Neutron fluence dependent recombination lifetime in MCZ Si

1
10" E ——r
0 |
10 Y
~— 1 .
= 10 .
0 o
C L °
j o=1 .
-2 .
— 107 E : )
o L Okmetic MCZ<100p 1kOhm-cm
[ od . 300 um non-processed CIS
5 i . 0 Samples 8556- 14
107 E - 1= 63 passivated wafers
3 L° @ | - directly medsured t values |&
extracted from the decrease of amplitude U, ]
10_4 ? m | wafers 54-60|measured by DG
12 13 14 15 16
10 10 10 10 10

Fluence (n/cmz)

Combined direct techniques

Uwr (@U)

Effective lifetime (ns)

=
o

=
o

=
o

=
o

=
(=]

=
o

(S

w

N

N

©

-

o TR — At|u~ exp(-1)
¢ TR = gechRs/gechRL (UMWRs<2ns/UMWRL>5 ns)

t (us)

T
Okmetic MCZ<100>
300 ym
non-processed CIS
Samples 8556- 14
1-63

. - directly measured values
K - extracted from the decrease of amplitude U,

T T
1kOhm-cm

E N ‘ %
A Electr. circuitry limit ) N ]
3 \ i . ' 8 -
gLaser pulse limit % R §
. - ‘
Eiuinl ul 1 NPT B
1012 1014 1015 1016

Neutron fluence (cm™?)



