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Energy levels and migration energiesf isolated Si seHinterstitials*
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Fig. 1. Adivation energies of electroff)(and hole¢) Fig. 2. Occupancy levels and migration energies of
emission by different charge states of isolated Si se isolated Si seffnterstitials in different charge states

interstitials.

*theoretical calculationsyoN.A. Modine, cited according to S.M Myers, P.J. Cooper, and W.R. Wampler,
J. Appl. Phys.104, 044507 (2008)



Other theoretical studies

Theoretical calculationhich predicted relatively high migration energy for doubly positively charged self
intersttials were published already in 1984:
Y. BarYam and J. D. Joannopoulos, Phys. Rev. b&{t1129 (1984).

Similar equilibrium characteristics of Si satiterstitials(negativeU ordering of energy levels for positively
charged states and their migratienergiesyvere also reported in
R. Jones, A. Carvalho, J.P. Goss, P.R. Briddon, Mater. Sci. and Brig§ B50, 112 (2009).

Previous experimental evidences

Howeverdue to recombination enhanced migration (REM) it was difficutibtain experimental eences of
suchhigh energy barriaifor Si migration
The REM effect takes place especially for electron irradiation. Hovgvdukashewvith co-workersfound
that selfinterstitials have low mobility inqpype silicon irradiated with protons or alpparticlest cryogenic
temperatures:

1. B. N. Mukashev, Kh. A. Abdullin, M.F. Tamendarov and T.B. Tashenov, Phy$664t40(1992).

2. Kh A Abdullin, B N Mukashev and Yu V Gorelkinskii, Semicond. Sci. Tethd®l96 (1996)

3. B. N. Mukashev, Kh. A. Abdulland Yu.V. Gorelkinskii, Phys. Stat. Sol. 188 73 (1998).

4. Bulat N Mukashev, Kh A Abdullin and Yurii V Gorelkinskii, Pfysp.43 139 (2000)
However some of their results cannot be interpreted unambiguously and need more detailed investigations.



LOW TEMPERATURE ELECTRON IRRADIATION
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Fig.3. DLTS spectra of thelpZ-Si(B) Fig. 4.Evolution of DLTS specta during annealing of MG&p
sample arradiated at about 250 K. The irradiated at 78 K. Measurements have been performed at ra
spectra were observed under low level  \indow: wr=19 sl (b). Each annealing step was 15 mingon

injection conditions. The curve labeled witt Annealing temperatures are indicated in the figure.
star is recorded immediately after irradiatic

Beforeeach subsequent DLTS scan a shot
term injection at 77 K was performed. [3]
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Fig.5.1sochronal (10 min) annealing of a-G#B)
sample bombarded with-particles at 77 K [3].

EHI(VAX)
120_— .....

—

o

o
I

N
o o
— T

120 160 200 240 280 320 360
Tann’ K

Fig. 6.Evolution of the heights of the main DLTS peaks
observed in MCz diodes irradiated & K and annealed a
100-350 K with temperature step 10 K. The annealing
duration at each temperature was 15 min.



Model of Si reactions in boron doped silicon

Sj+B -
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For substitutional bororand carborone can suppose
that:

R(+2) > R(+l) > R(O)
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Alpha-irradiation geometry and deéct distribution in Si diodes
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Fig.7. Schematic drawing of irradiation geometry, IR Fig.8. Schematic drawing of carrier arabration

the range of alphparticles penetrated orthogonally tc defects () distributions in structures under study.
the surface.
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Fig. 9. Charge carrier distribution in
epitaxial Si dioede after alpha
irradiation. Mesurement temperatures
were 78 K (red) and 300 K (blue).



Interstitial defect annealing in alpin@adiated silicon
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Fig. 10. DLTS spectra for a-pype Si sample irradiate Fig.11. Evolution of concentrations of carbon rela
with alphaparticles of Pe239 source during 400 min centers during isochronal annealing ofm diodes.
1520 C measured immediately after irradiation ( Curve 1 represents evolution of H029 peak un
after faward injection at 80 K (2) and after subseqt thermal annealing. Curve 2 represents evolutiol
annealingat 373 K for 30 min (3). Measement settings HO29 peak under thermal annealing after prelimir
were: emission rate window, & 19 s, bias chang&5 current injection performed immediately af
- 0V, and filling pulse dution {,=10 ms. irradiation obtained on an identical sample. Curv
representghe increase in the total concentration
carbon related centers under thermal annealing.



Difference betweenaptureradii for different charge states &f; by boron

Fig.12. DLTS spectra for thetype
Si samples irradiated with alpha
particles ofPu-239 source during
400 min at 1220 C measured afte
thermal annealing at 373 K with
(curves 1 and 2) and without
(curves 3 and 4) postradiation
current injection at 80 K.

" Measuement settings were:
y— . . . -
5 emission rate window,e= 19 s',

bias changé5- 0V (curves 1
, and 3) and5- +2V (curves 2 ant
3 — 4), filling pulse duation {,=10 ms.
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AS:, fF

Si; annealing in samples with different doping

Fig.13. Disappearance of salfterstitials
determined by appearance of carbon
related centers in"rp diodes irradited
with alphaparticles of Pt239 source. The
hole concentration the diode base is equ
to 810 cm* (curve 1) and 1.05L0"
cm® (curve 2).
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DLTS spectra for SiGe alloys

Fig. 14. DLTS spectra for SiGe
diodes irradiated with alpha
particlesafter injecting current
pulse at 78K.
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Fig. 15. Isochronal annealing
of interstitial carbon in SiGe
diodes irradiated with alpha
particles



Annealing of Siin SiGe diodes with different base doping
Fig. 16. Disappearareof Si
Interstitial atom in Si,Ge,
alloys with x=1.01.6 %



