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M otlvation

o find out how the carbon concentration affects
the kinetics of annihilation and generation of
the main oxygen related complexes VO and VO,

I\A C‘Illl\f\h




RD-50 Vilnius 4.05 — 6.05.2007

Sample preparation:

» Silicon 2 mm thick waferswere cut from n and p type CZ-S
and n type FZ-Si crystals with different carbon concentration.

»Oxygen concentration for CZ-Si crystalswas 9.5-
12* 10'at/cm?

» Calculation of O and C concentrationsfrom FTIR
absor ption measurements individually for each wafer before
iIrradiation with taking into account itsradial distribution.

> | rradiation with the neutron dose of 1* 1017 n/cm?

»Cutting the wafersinto samples of dimension 8x12x2mms3

» Calculation O and C concentrationsindividually for each
sample after irradiation
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Heat treatment

» | sothermal annealings at 300°C, 312°C, 325°C, 330°C and
350°C for 5- 2000 minutes were performed

» After each annealing processthe absorption measurements
were carried out and concentrations of oxygen and carbon were
determined from the intensity of absor ption linesat 1107cm-1

an 607cm-1, respectively.
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Basic characteristics of as-grown
and as-irradiated wafers

TABLE | Parameters for studied crystals

abs.coeft| D[O] DIC]
resistivity | [O]*10" |[O]*10 " VO Vo 8'31 | abs.coeff | «10" cent/edge
omcm | center | edge [C] 83lcm™ ‘M~ c-0861 cm? | at/cm™® *101®

edge
center g center at/cm?

8.77 | 6.24 | 1.7<det | 0.576 0.471 0.096-0.086 | 0.63 . 3.3/4.4
9.88 85 | 0581.1 | 0.555 0.515 0.13-0.099 | 0.36 . 3.7/3.3
neutron 8.7 8.01 - 0.53 0.495 0.035-0.045 | 1.4 . 2.7
irradiated 9.02 8.7 | 1.09<det| 0.54 0.52 0.07/0.08 0.56 . 212.4

1*10*n/cm? 11 10.6 - 0.508 0.517 - 1.3 . <det
1.69 | 1.69 <det 0.253 0.253 0.15 <det
2.18 - - - - 2.6
9.4 7.5 |5.0-4.9-4.4
9.4 4.3
9.1 | 2.752.6
nonirradiated 8.97 | 3.03/2.4
12.4 0.8
1.83 1

4.85
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Absor ption spectra for sample from H1 crystal versustime of
annealing at T=312°C [C]=5*10% at/cm3[O]=9.4* 10’ at/cm?
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H1D T=312°C
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Deconvolution
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Theintensity of the absor ption band at 830 cmt
related to VO defects versus time of annealling

H5 VO 830 cm™ f(T ,t)
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Therate equation for defect N which disappear s through afir st-
order diffusion-limited processes X+N—>Z

R - rate capture radius;
D - diffusion coefficient :
k -rate constant :
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Model of diffusion limited processes (2)

k = k, * exp( 2

E_ — activation energy for the process

From the temperature dependence of the reaction rate k the
activation energy is determined
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L ogarithmic plots of normalised absor ption coefficient for VO versus
timeof annealing at 325°C for the samples with different carbon

concentration

H1l T=3250 C L] VO_fast

A VO_slow
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ogarithmic plots of normalised absor ption coefficient for VO versus

o m VO _fast
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Arrheniusplotsfor the fast component of the
annihilation of VO defects

Effect of carbon concentration on the activation energy
of the annihilation process of VO complexes

Svensson Londos
Eifor fast component y = -2.328x + 44.419 y = -1.5005x + 29.597

R? = 0.9989 R? = 0.9151
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H3
y = -2.1664x + 42.828
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H4
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H2
y = -1.9043x + 37.763
R? = 0.9793
H1
= -1.9445x + 38.555
R? = 0.9961

In(1) [s-1

19 19.5 205
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C. A. Londos, N. V. Sarlis, L. G. Fytros: J. Appl. Phys. V85, (1999), 8074-78.
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ITVE

Theintensity of the absor ption band at 824 cm-!
related to V,0, defects

V,0, 824 cm™ T=350°C

alfa [cm-1]
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L ogarithmic plots of normalised absor ption coefficient for V,O, versus
timeof annealing at varioustemperaturesfor the samplesfrom the H1
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ITVE

Activation energy for anihilation of V,0, complex

Determination of activation energy
for anihilaton of V>0, complex
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19
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H1
T=3120C
CiOi 862cm-1 H2
H3
H4
H4 lin
H6
[ ] H6_lin
* H3_lin
= = =Liniowy (H1_lin)
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- = =-Liniowy (H2)
= = =Liniowy (H3_lin)
Liniowy (H4_lin)

In(alfa/alfao)
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Determination of activation energy for the anihilaton H2

of CiOi complex Ea=1.9eV H4
H6

= = = =Liniowy (H1_H2_H4)

M-l Al henius plot
T E,=1.9eV
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Multi-reaction model

kO=4nR(Dvo+Do)
k1=D,
Kk2=4rR(Dvo+Di)
k3=4rnR(Dv+D,,)
k4=4rR(Dvo+Dv)
k5=4rR(Dvo+Dvo)
k6=4rR(D,;n+ DV)

k7=D CiOidysoc
k8=4rR(D,,,+Do)

VO+Oi = V02 (1)
VO = V+0i (2)
VO+/ = Oi (3)
V+O = VO (4)
VO+V = V,0 eliminated (5)
VO+VO = VO,+V eliminated (6)
CiOi+V = Cs+0Oi (7)
CiOi = Ci+Oi (8)
VOo2+0 = VO3 (9)




RD-50 Vilnius 4.05 — 6.05.2007

Reaction Kinetics

dOi/dt=+4nR(Dvo+Di)[VO][l] Dd[VO]-4rnR(Dvo+Doi)[VO][Oi] 47R(Dv+Doi)[V][Oi]+4rR(DCiOi+Dv)[CiOi][V]

’——

d(V02))/dt-+41tR(Dvo+D0|)[VO][O|]-¢47tR(Dvo]"2 )

— o -

—

d(1)/dt=-4rrR(Dvo+Di)[VO][I]-

= = =
———'— -
- -~

\~~ —’
_— e _——_
——-———~~ —

—
_————-

d(CiOi)/dt=-4nR(DCiOi+Dv)[CiOi][V]+DCiOidys*[CiOi]+

d(Ci)/dt=- DCiOidys*[CiOi]
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Fitting results
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Therole of V+O=VO reaction

considered
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Theroleof VO,+O=V O, reaction
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Effective diffusion coefficient for |

D,=3.8*1014cm?/s D,=3.8*1013 cm?/s
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Activation energy for diffusion coefficient D
for VO, defects

Hly=-0.8443x+ 16.917

H2 y = -0.8318x + 16.19

H3 y = -0.8359x + 16.306
H4 y = -0.8434x + 16.569
H5 y = -0.8512x + 16.616

H6 y =-0.8622x + 16.882

o
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|
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H4
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H2

H3

H5
-Liniowy (H1)
-Liniowy (H6)
-Liniowy (H3)

Liniowy (H4)
-Liniowy (H2)
-Liniowy (H5)

In(DVo2)
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Activation energy for diffusion
of VO complex

H5 y=-1.3934x + 28.018

H4 y=-1.3041x+ 26.185
H1

H2
H3
H4
H5
H6
- =Liniowy (H5)
Liniowy (H4)
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1M

» Thekinetic studies of formation and annihilation of complex
defectsinvolving oxygen and carbon atoms for the neutron
irradiated silicon with enhanced carbon concentration have been
performed.

> The concentrations of the defects were calculated from the
Intensity of the FTIR absor ption measurements.

» Thetemperature dependences of the reaction rate constants

ha"e bCCII d%tCl IIIIII% Al Id aCti‘v'atiuu Cl 1C1 uICOfUI aIIIIIhI!GltIUII Of

V,0, and C,O, defects have been found to be 1.7 eV and 1.9 eV,
respectively

» An effect of the carbon concentration on thereaction rate
constantsfor the annihilation of VO defect has been obser ved.
Theincrease of the carbon concentration resulted in decreasing
the activation energy of the annihilation process
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» A multi-reaction model has been used for thefitting the
experimental data. Thefitting procedure allowed to determine:

- the activation energiesfor diffusion of VO and VO,
complexes approximately equal to 1.35eV and 0.84 eV,
respectively,

- the activation ener gy for dissociation of C,O; complex
approximately equal 2.3 eV.
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Diffilusion coefficient of V and |

According to Sinno D, D, are expressed by the formulas:
D,,=1*103exp(-0.457/KT) i D,= 0.242exp(-0.937/KT)

So at T=3500C D,,=2.035* 10" cm?/s and D,=6.53* 10 cm?/s.

T. Sinno, R. A. Brown, W. Von Ammon, E. Dornberg,
Appl.Phys.Lett. V70(17) 2250-2252, 1997
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Dissoclation

Dissociation process

D . _-rate constant for dissociation

dys
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TABLE Il
Fitting parameters

Tempera atem® | cm%s | cm?s
ture [CiOi] Dvo DO
[°C] x10% | *10%¢ | %102
300 . 35 0.8
312 3.8 1.8
325 . . 3.8 2.7
335 . . 3.8 4
350 3.8 6.5
300 . 4.5 0.85
312 . 45 15
325 . . 4.6 2.5
335 45 4
350 4.6 7
300 . . 3.2 0.7
312 . . 15 1.5

3¢ 7.3 L 1.8 2.7

335 2.2 4

350 . . 2 7

300 . . 3.01 0.8

312 . . 3 1.7

325 . . . 3.3 2.7

335 . . 3 4

350 . 2.7 8

300 . . <1

312 . <1 1.7

325 . . . <1 3

335 . . <1 5

350 . . <1 8.5

300 . . 0.9

312 . 0.8 1.6

325 . . 1.1 2.6
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Deconvolution results

TABLE Il

T=300°C

Sample

thickness

Abs. Line

as
irradiated

™>1
3000C/40'
abs.coeff.
[em-1]

X2
3000C/45'
abs. coff

[em-1]

TX3
3000C/45'
abs.coeff

[em-1]

>4
3000C/45'
abs.coeff.
[cm-1]

™5
3000C/170
abs.coeff.
[em1]

TX6
3000C/200
abs.coeff.
[em-1]

X7
3000C/235'
abs.coeff.
[em1]

TX8
3000C/300
abs.coeff.
[cm-1]

TX9
3000C/250
abs.coeff.
[cm-1]

TX10
3000C/345'
abs.coeff
[em-1]

™>11
3000C/315'
abs.coeff.

[em1]

Total time
[min]

40

85

130

180

350

550

785

1085

1335

1680

1995

1T

H1K
od TX2




