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Mobility problem start (ROSE - RD-48) 

• T.J. Brodbeck, A. Chilingarov, T. Sloan, E. Fretwurst, M. 

Kuhnke, G. Lindstroem. Carrier mobilities in irradiated

silicon, NIMA, 477 (2002) 287–292. (Fluence 1014 n/cm2.)

• “In agreement with expectations there is no change 
(within 5–10% errors) in mobility or saturation 
velocity for both electrons and holes. 

• There are indications that in heavily irradiated diodes 
the space charge density is non-uniform.”
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Electron mobility by TCAD & Hamburg model

G. Masetti et al, Modeling of Carrier Mobility Against Carrier Concentration in As-,P-,B-Doped Silicon,” IEEE Trans.ED, ED-30(7)764–769, 1983.
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Data according Hamburg model:
Fluence: 1e13            1e14            1e15            1e16           1e17
Donor Ec-0.1 eV,      =  0.0497e13,  0.0497e14,  0.0497e15,  0.0497e16, 0.0497e17  
Accep. Ec-0.458 eV,  = 0.6447e13,  0.6447e14,  0.6447e15,  0.6447e16, 0.6447e17  
Accep. Ec-0.545 eV,  = 0.4335e13,  0.4335e14,  0.4335e15,  0.4335e16, 0.4335e17  
Donor Ev+0.48 eV,    =0.5978e13, 0.5978e14,  0.5978e15,  0.5978e16,  0.5978e17 
Donor Ev+0.36 eV,    =0.3780e13, 0.3780e14,  0.3780e15,  0.3780e16,  0.3780e17 
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Electron mobility by TCAD & Hamburg model

A problem appears at dependence on T.
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C. Lombardi et al., “A Physically Based Mobility Model for Numerical Simulation of Nonplanar 
Devices,” IEEE Transactions on Computer-Aided Design, vol. 7, no. 11, pp. 1164–1171, 1988.

 = 2.42
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µ on T

Starting from early  Gossick and Weissberg papers (around early 60-ties It was 
observed a weak dependence of electron mobility on T in neutron irradiated Si, also

the later data: J.V. Vaitkus et al, Lithuanian Journal of Physics, 56(2) 102–110 (2016), 
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1/µ = 1/µphon + 1/µionized

+ 1/µclusters + 1/µdipoles

As a charge carrier mobility follows
the Matiessen rule:

1/µ  =   1/µi,  i  - mobility 

caused by a separate scattering 
mechanism. 
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Why clusters?

Springer Handbook of Condensed Matter and Materials Data, 
Werner Martienssen, Hans Warlimont, Springer Science & 
Business Media, 2006-09-21 - 1121 psl.
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https://indico.cern.ch/event/456679/
E.Gaubas, 27 rd50 Workshop, 2015

Why dipoles?
Starting from early  Gossick, Weissberg and
Bube papers (around early 60-ties) it was
decleared anomalous high electron scattering 
cross-section by clusters, and µT5/6 or T-1 or T-

0,5 was proposed. 
If a distance between the charged clusters is similar 
to the Debye length  the percolation phenomena 
appears, µ(T,E)  exp(-Ea/kT)

Only by recombination via 
dipoles-clusters can be explained 
the free carrier lifetime 
dependence on hadron fluence.

https://indico.cern.ch/event/456679/
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Dependeces on T

1/µ= 1/aT2,4 + 1/bT1.5 + 1/cT–1 + 1/dT0.5
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Ionized (ConwelWeisskoph

Clusters:  1/µ = m/e vSNclus  T-1 ,  S=1011 cm2 ; Dipoles: d0=1,5 nm
[R. Stratton, J. Phys. Chem. Solids 23, 1011 (1962);
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The electron irradiated Si (by 6.6 MeV, P-doped about 1015 cm–3)
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Hall and magnetoresistance mobility for the samples irradiated with 
corresponding different doses as shown: 0, 1, 2, 3, 4, 5 times 1016 e/cm2. 
The measurement errors in these graphs were calculated as the maximum difference
between the experimental values and the fitting curves to these values. The fitting 
included the phonon and the ionized impurity scattering terms in the mobilities. 
A. Mekys et al, Lithuanian Journal of Physics, Vol. 54, No. 2, pp. 94–98 (2014)

The phonon limited mobility in pure silicon at room temperature is about 1560 cm2/Vs [] but we obtained the Hall mobility is 1500 cm2/Vs .  

The phonon scattering factor in this case may be 1.18 [], which gives a reasonable drift mobility value of 1060 cm2/Vs indicating the
presence of scattering other than only phonon limited.

MR factors for low magnetic field in bulk silicon
Scattering mechanisms         MR factor 
Acoustic phonon 1.33
Coulomb scattering 2.43
L. Donetti et al. / Solid-State Electronics 51 
(2007) 1216–12201217
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Dependeces on neutron fluence
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MR factors for low magnetic field in bulk 
silicon
Scattering mechanisms         MR factor 
Acoustic phonon 1.33
Coulomb scattering 2.43
L. Donetti et al. / Solid-State Electronics 
51 (2007) 1216–12201217
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Conclusions

• In agreement with expectations the electron irradiation 
introduced mostly the charged point defects.

• The observed electron mobility dependences on fluence
and temperature request to include the scattering on 
clusters and dipoles in neutron irradiated Si.

• An electron drift mobility (according evaluation from the 

magnetoresistivity mobility value) has to be less than 300 cm2/sV
in Si irradiated to 1017 n/cm2 fluence. 
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Backup files

Phonons Ionized
impurity

Cluster Dipole

I µ= @300K 
1400cm2/sV

N=2 1017cm-3 S=1,5 1010cm2

N=0,5xFluence, cm-3
a0/d0=18/15

N=0,5xFluence, cm-3

D µ= @300K 
1400cm2/sV

N=2 1017cm-3 S=1,6 1010cm2

N=0,5xFluence, cm-3
a0/d0=30/15

N=0,5xFluence, cm-3

Fitting of µ
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Deep levels:
Fluence:       1e13            1e14            1e15            1e16           1e17 cm-2
Donor Ec-0.1 eV, N = 0.0497e13,  0.0497e14,  0.0497e15,  0.0497e16, 0.0497e17  
Accep. Ec-0.458 eV,  N = 0.6447e13,  0.6447e14,  0.6447e15,  0.6447e16, 0.6447e17  
Accep. Ec-0.545 eV,  N= 0.4335e13,  0.4335e14,  0.4335e15,  0.4335e16, 0.4335e17  
Donor Ev+0.48 eV, N= 0.5978e13, 0.5978e14,  0.5978e15,  0.5978e16,  0.5978e17 
Donor Ev+0.36 eV, N=0.3780e13, 0.3780e14,  0.3780e15,  0.3780e16,  0.3780e17 

All donors (Nd initial = 1e11 cm-3):
1e11+0.0497e13+0.5978e13+0.3780e13 = 1.0355e14 cm-3, Fluence 1e13
1e11+0.0497e14+0.5978e14+0.3780e14 = 1.0265e15 cm-3, Fluence 1e14
1e11+0.0497e15+0.5978e15+0.3780e15 = 1.0256e16 cm-3, Fluence 1e15
1e11+0.0497e16+0.5978e16+0.3780e16 = 1.02551e17 cm-3, Fluence 1e16
1e11+0.0497e17+0.5978e17+0.3780e17 = 1.025501e18 cm-3, Fluence 1e17

All acceptors :
0.6447e13+0.4335e13 = 1.0782e14, Fluence 1e13
0.6447e14+0.4335e14 = 1.0782e15, Fluence 1e14
0.6447e15+0.4335e15 = 1.0782e16, Fluence 1e15
0.6447e16+0.4335e16 = 1.0782e17, Fluence 1e16
0.6447e17+0.4335e17 = 1.0782e18, Fluence 1e17

Deep levels for TCAD


