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IONIZATION ENERGY DEPOSITION FROM 14-MeV 

NEUTRON BOMBARDMENT OF SILICON AND GERMANiill~ 

Bombardment of silicon and germanium with 14-MeV neutrons creates 
\ 

energetic recoil atoms and light charged particles which lose same or all 

of their energy in ionizing collisions. An estimate df the amount of 

energy deposited in ionizing processes and the rate of formation of electron~ 

hole pairs is calculated from recent experimental data. 

SILICON 

The most recent cross-section data is listed below.(l) 

(]total = 1.95 barns 

anon-elastic = 1.02 barns 

(] (n, p) = 0.160 barns for E > 2.9 MeV p 

(] (n, p) = 0.265 barns 

(] (n,np) = 0.027 barns 

C1 (n, a.) = 0.052 barns. 

It can be assumed that the difference in the value for the non-elastic cross 

section and the reaction cross sections is due to inelastic (n, n'y) pro

cesses and that the differences in the two values for cr(n,p) are due to the 

failure of the .first measurement to.account for low energy protons. It can 

also be seen that small error will arise if it -is assumed that the energy: .. of 

the protons from the (n,np) reaction is the same as that for the (n,p) re;.. 

action so that the two cross sectio~s can be added together. Th~s, the use~ 

ful cross sections become: 

cr elastic = 0.93 barns 
'. 

a inelastic = 6.68 barns 

cr(n,p) = 0.29 barns 

cr(n,a.) = 0.05 barns. 
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The energy deposition for the reaction products, a particles and 

protons, is then readily calculated since these particles lose all of 

their energy within a distance that is small compared to the distance be

tween neutron collisions, and small compared to the thickness of typical 

silicon samples. The average energy for the protons is( 2 ) <E > = 5 MeV, 

and the average energy for the a's is( 3) <E >= 9.5 MeV. Hen~e, for an. 
0: 

energy deposition per unit neutron flux given by: 

E = erN <E > a., p 0 0:} p 

where N is the density of atoms/cm3, we have 
0 

E = 25 keV/cm3 
0: 

E = 75 keV/cm3• 
p 

(1) 

The energy deposition from the elastic and inelastic collisions is 

due to the ionization energy loss of the recoil atoms, the gamma rays 

from the inelastic reaction being scarcely attenuated. It can be shown( 4) 

that the recoil energy from each reaction is approximately thP. same with 

an average value <E .
1

> = 200 keV. The theory of Lindhard( 5) shows 
reco~ 

that about one-third of this energy is lost in displacement collision with 

the lattice so that ~140 keV is available for ionization. Hence, 

E = lOkeV/cm3. recoil 

The total energy deposition E = E + E + E 11 is thus a p reco 

E = 100 ± 20 keV/cm3 

per unit flux of neutrons. Th~ currespond1ng ra.te o:t' electron-hole pair 

formation is given by: 

N = E/Epair (2) 

where E . is the energy needed to form one pair. From Bussolati et al.}6) 
pa~r 4 

E i = 3·7 eV so that N = 2.7 x 10 pairs/c~3-sec/unit neutron flux. par 

GERMANIUM 

The most recent cross section ~taare listed below. (7) 

cr total = 3. 34 be. rna 

Ge74; cr (nJa) 0.015 bo.rna 
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·ae10; C1 (n,p) = 0.130 barns 

Ge 72; C1 (n,p) = 0.065 barns 

Ge75; cr (n,p) = O.l4o barns 

· Ge 7°; cr ( n, 2n) = 0.70 barns 

(se16 ; cr(n,2n) = l.8o barns. 

In addition, from p. 363 of Ref. (7), it is possible to estimate 

o·non-elastic = 1.5 ± 0.2 barns. It is clear that the (n,2n), (n,a) and 

(n, p) reactions \-rill account for the non-elastic events and that the (n, u) 

contribution is small compared to the (n,p) reaction. Thus, the useful 

cross sections become: 

a elastic -· 1.84 barns 

cr(n,p) -·· 0.11 barns 

''(n, 2n) = l. 4 barn::;, 

where d n, p) is a weighted ave rage based on the i.sotopi.c abundance of f':l.ve 

ge rrna.nium ·i. so topes. 

The energy deposition for the protons is based on an assumed average 

proton energy of 8 MeV detennined from the average· spectrum of like atomic 

number elements and the theoretical expectation that larger energies are 

needed for germanium than for Si because of the greater Coulomb barrier of 

the nucleus. The average energy of the recoil atoms from the elastic re

action is( 4) 60 kcV of which--· 10 MeV is lost via ionizati.on collisions. . . 

The average recoii energy of the atoms after a (n,2n) collision is assumed 

to be one-half that from elastic scattering due to momentum cancellation 

·.from the two neutrons. Thus from Eq. (1), 

E = 38 keV 
p 

E 2n = < 1 keV 

E recoil = 1 keV 

for a total ionization energy deposition per unit neutron flux of 

E = 4o keV/cm3 
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within a factor of two. The corresponding rate of pair formation can be 
. (8) 4 

estimated by taking Epair = 3.0 eV • From Eq. (2), N = 1.3 x 10 pairs/ 

cm3-sec/unit neutron flux. 
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