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The main features of the extrinsic photoconductivity 
spectrum:

Positive (or specific):

• It depends:
– on the photon capture cross-section 

dependence on the photon energy & on 
the deep level concentrationthe deep level concentration

• The deep level photo-activation energy is bigger than the 
thermal activation.

• It is a supplementary method to the extrinsic luminescence• It is a supplementary method to the extrinsic luminescence, 
DLTS & TSC methods for the defect identification.  
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Traps and recombination centers: 
deep centre modeldeep centre model

Temperature 
dependencies of 
conductivity DLTSconductivity, DLTS, 
thermally stimulated 
conductivity allows to 
measure Δ ET , ΔEσ

Photoconductivity 
spectra - Δ EOpt

Luminescence spectra: 
ΔElum

The shape of spectral dependence of photo-ionization depends on electron-phonon
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The shape of spectral dependence of photo-ionization depends on electron-phonon 
coupling, but at low T this effect can be neglected, i.e. Luckovsky model can be 
used.                                          (We perform measurements @ 11-18 K)



Lukovsky (δ-potential) model:u o s y (δ pote t a ) ode

I ~ m x ΔEM 
0,5(hν - ΔEM )1,5/(hν)^3)
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This model (at low temperatures) does not valid:
for the hydrogen type defect      and    for the inter-deep level state 
transitions
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Experimentally feature: If hν > ΔEopt , there is a possibility for the two step 
excitation of the intrinsic photoconductivity (the additional effects). 



What is possible to search?  From earlier data (Ioana):
The levels position in the bandgapThe levels position in the bandgap

Ec
VO-/0 P0/+

The parameters for the zero field emission rates 
describing the experimental results are: Eg/2

V2
-/0

VO /0

C O +/0

Ei
116K = Ev + 0.33eV (0.285eV*) and

σp
116K =4⋅10-14 (4⋅10-15*)cm2

E

H152K0/-
H140K0/-

H116K0/-

CiOi
+/0

Ei
140K = Ev + 0.36eV and σp

140K =2.5⋅10-15 cm2

Ei
152K = Ev + 0.42eV (0.36eV*) and 

Ev

At 15-18 K these levels could cause 
the photoconductivity components 
tσp

152K =2.3⋅10-14 (2⋅10-15*) cm2

* - aparent ionization energy and capture cross sections when

at:
hν >Ec – Ei

T , i.e., 

116 K hν > 0,84 eV (0,884 eV)
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aparent ionization energy and capture cross sections when 
no field dependence of emission rates is accounted

( )
140 K hν > 0,81 eV
152 K hν > 0,75 eV (0,81 eV)



The method requirements:

The correct measurement of photo-ionization spectrum is recommended
to perform measurements:

in the homogeneous samples with the Ohmic contactsin the homogeneous samples with the Ohmic contacts 
and 

during measurement to keep the constant photocurrent. g p p
Then the intensity of excitation is proportional to the inverse 

photoionization cross-section that allows to measure the activation 
energy and the signal amplitude is related to the centre concentration.energy and the signal amplitude is related to the centre concentration. 

Our case is much more problematic: 
– The samples are diodes: the photo-e.m.f. appears;
– The extraction of carriers and the remaining charge influence 
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– The dependence on electric field in the sample possible changes 
during the treatment. 



The samples peculiarities

Si Diodes:

E
Ec

Si Diodes:
WODEAN n-MCZ (OKMETIC), P-
doped   900 Ωcm, Neff = 4.8 1012 cm-3

Diode processing: CiS Erfurt, 

EM

EF
thinned to d = 95 μm
rear contact:
P-implanted: Neff = 4.8 1012 cm-3

P-diffused: Neff = 7.7 1012 cm-3

Ev

P diffused: Neff  7.7 10 cm
(TD generation during thermal process)

x

Th bl b• The problems (e.g., remaining space charge), can be 
transformed into the qualitative recognition of 
the sample structure
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the sample structure.



Photovoltage in irradiated Si diodePhotovoltage in irradiated Si diode
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Deep levels contribution to PC
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Processing:g
The prepositions for a further analyze: 
1 T b t f id f d l l (th t1.To be not afraid of many deep levels (the neutron –

semiconductor interaction modeling allows it);

2.To be careful in the evaluation of the theory & 
experiment comparison.p p
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The spatial distribution ofThe spatial distribution of 
vacancies varies 
significantly from one 
event to the other.
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C(U) @ 300 K & 18 KC(U) @ 300 K  &  18 K
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Bias more than 40 V is enough for extraction of carriers
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Bias more than 40 V is enough for extraction of carriers



PC spectra in irradiated Sip
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increase by power law α=1/2 ÷ 1/3



PC at low and high biasPC at low and high bias
1E-7

ST-Wf03

1E-9

1E-8 W337-I13
1E16

T=18K
U= 50V

1E-11

1E-10

 2007.10.30 iki 2,1eV neatkaitintas
 2007.10.30 nuo 2,1eV neatkaitintas
 2007.10.30 iki 2,1eV atkaitinus 80oC 4 minab

s 
I (

A
)

U= -50V
Delay 6s

1E-13

1E-12  2007.10.30 nuo 2,1eV atkaitinus 80oC 4 min
 2007.10.31 iki 2,1eV atkaitinus 80oC 15 val
 2007.10.31 nuo 2,1eV atkaitinus 80oC 15 val
 2008.05.08 -100V iki 2,1eV atkaitinus 120oC 15 val
 2008.05.08 -100V nuo 2,1eV atkaitinus 120oC 15 val
2008 05 08 -0 1V iki 2 1eV atkaitinus 120oC 15 val

0,6 1,2

1E-14
2008.05.08 0,1V iki 2,1eV atkaitinus 120 C 15 val
 2008.05.08 -0,1V nuo 2,1eV atkaitinus 120oC 15 val
 2008.05.12 0,1V iki 2,1eV atkaitinus 120oC 15 val
 2008.05.12 0,1V nuo 2,1eV atkaitinus 120oC 15 val

J.Vaitkus et al. PC spectra. CERN RD50 Workshop, Ljubljana, 2008.06.02-04

ε, eV



Decay time constant vs irradiationDecay time constant vs irradiation
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Local field redistribution can also play role, 
but it appears only for the more shallow local levels



An example of analyse
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Avoiding the accumulation of errors: 
analyze of the main featuresanalyze of the main features.
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g
of   ΔEOptical  and ΔE Thermal



In a linear scale: a few main features
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g
does not 
influence

g
due to 
annealing

due to 
annealing

could be at 970 meV)
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decreasing 
at higher T 
of annealing



1e-15 cm-2   & 1e-16 cm-2 
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Conclusions:Conclusions:

• Deep levels can be revealed by PC spectrumDeep levels can be revealed by PC spectrum
• Relative concentration can be evaluated (a 

change during annealing)change during annealing)
• The homogeneous samples with the Ohmic 

contacts could allow the higher qualitycontacts could allow the higher quality 
measurement of parameters.

• In the nearest future we will have a possibility to cover wider 
impurity spectrum (up to 70 meV) 
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