
 

Frank Hönniger, University of Hamburg                                 6th RD50 Workshop Helsinki 2. – 4. June 2005

X defect after 60Co-γ
irradiation

Frank Hönniger, E. Fretwurst, G. Lindström                                 
I. Pintilie* and J. Stahl

University of Hamburg

*National Institute of Materials Physics, Bucharest, Romania

Outline:
• Material properties
• Experimental methods
• Measurements
• Conclusion



 

Frank Hönniger, University of Hamburg                                 6th RD50 Workshop Helsinki 2. – 4. June 2005

Material
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DOFZ: Wacker Siltronic <111>, n/P, 2-5 kΩcm, 285±10μm, CiS process,       
24, 48, 72 h /1150°C

Epi/Cz: <111>, n/P, 50 Ωcm, 50 μm on 300 μm Cz-substrate, CiS process

Sample SIMS  [O]

DOFZ 24h/1150°C    6 · 1016 cm-3

DOFZ 48h/1150°C    1 · 1017 cm-3

DOFZ 72h/1150°C    1.2 · 1017 cm-3

Epi/Cz 9 · 1016 cm-3

Carbon concentration for all materials at 
detection limit [C] ≈ 5.7 · 1015 cm-3
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Experimental Methods

Irradiation source:

Brookhaven National Laboratory for 60Co-γ-photons

I. Defect characterisation by C-DLTFS/High Resolution DLTS for
samples with same irradiation dose but different oxygen content. 
Shown DLTS-spectra were measured with UR=20V, tp=100ms, 
TW=200ms.

II. Defect characterisation by TSC for samples with same irradiation dose 
but different annealing temperature.

III. Defect characterisation by TSC for samples with same annealing
temperature but different irradiation dose.
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I) Same irradiation dose – different oxygenation time (DOFZ technology) 
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spectra after electron injection of 
DOFZ – diodes irradiated with   
4 Mrad annealed at 250°C.

annealing out of V2 and 
formation of X

[Oi]= 6 · 1016 cm-3 [Oi]= 1 · 1017 cm-3

[Oi]= 1.2 · 1017 cm-3
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⇒ Non linear dependence of [X] on [Oi]
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II) Epi/Cz material - similar irradiation dose and annealing at diferent T

Dose: 520 Mrad
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Increasing the annealing temperature [X] increases  although [V2] is the same ⇒
The contribution of other defect/impurity becomes important at high T
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III)Epi/Cz material - Same annealing T but different irradiation doses

T = 300 0C

Dose = 305 Mrad Dose = 520 Mrad

Increasing the irradiation dose [X] increases  more than due to [V2] ⇒
the involvement of other radiation induced defect (like VO center) in the
formation of X centers is possible
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Reactions for the formation of V2O2

After irradiation -
During annealing at 

T>200 0C

B) V2 + O2 → V2O2
B

C) VO + VO → V2O2
C

During irradiation*

V2O2 - defect generated via a second 
order process

A) V + O2 → VO2 not electrically active

VO2 + V → V2O2
A electrically active

- in dimer riched silicon 
and for high doses -

* see I.Pintilie – 5th- RD50 workshop, Florence 2004 – for generation of X center via a second order proces

[V2O2](t,T) = [V2O2
A](Dose) + [V2O2

B](t,T) + [V2O2
C](t,T)

generation during irradiation at RT generation during annealing at high T
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Formation of V2O2 during annealing at 
T>200 0C

B) V2 + O2i → V2O2
B

[V2] ~ Dose
[O2i] – depends on the growth and processing technology

),]([][),]([;][),]([

][][))]([)]([(4][

20222
][))]([)]([(4

022

2222
2

222 TtVVTtOVeVTtV

OVTVDTODR
t

V

BtOTODTVDR

ii

ii −=⋅=

⋅⋅+⋅⋅⋅−=
∂

∂

⋅⋅+− π

π
V2O2

B



 

Frank Hönniger, University of Hamburg                                 6th RD50 Workshop Helsinki 2. – 4. June 2005

C) VO + VO → V2O2
C

[VO] ~ Dose

[VO] + [VO] V2O2
C – electrically active

+ [Oi] VO2 – not electrically active

V+Oi dissociation
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Parameters used for simulations of 
V2O2 formation and dissociation

• [Oi] = 3.6x1016 cm-3 (from SIMS [Oi]=9x1016 cm-3)
• [O2d] = 7x1014 cm-3 ( in accordance with previous measurements regarding
IO2 center)
• [VO] = 1.1x1017xDose (extrapolation of introduction rate measured with
DLTS at lower doses)
• [V2] and [X] =determined directly from TSC measurements
• r = 5x10-10m 
• DVO(T)=6xexp(-1.8eV/KT) cm2/s; 
• DVV(T)=0.1xexp(-1.3eV/KT) cm2/s; 
• DO2d(T)=3x10-4xexp(-1.3eV/KT) cm2/s;
• Doi(T)=0.13xexp(-2.53eV/KT) cm2/s
• K3 

VO dissociation = 2.1 x 1012xexp(-1.94eV/KT) s-1; 
• K4 

V2O2 dissociation = 6.1x1012xexp(-2.1eV/KT) s-1 – fitting parameter (no 
references for this parameter)
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II) Epi/Cz material - similar irradiation dose and annealing at different T

a) Irradiation Dose: 520±10% Mrad
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b) Irradiation Dose: 315±10% Mrad
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Irradiation dose = 315 ± 10% Mrad

III)Epi/Cz material - Same annealing T but different irradiation doses

101 102 103 104

0.0

2.0x1012

4.0x1012

6.0x1012

8.0x1012

1.0x1013

1.2x1013

345 Mrad
Tann= 3000C

 V2O 
if Oi = 7x1014 cm-3

D
ef

ec
t C

on
ce

nt
ra

tio
n 

(c
m

-3
)

Annealing time (min)

Oi = 3.6x1016 cm-3

O2i = 7x1014cm-3

 V2O2
A

 V2O2
B

 V2O2
C

 V2O2
A+B+C+dissoc.

 Xexp
 V2

101 102 103 104 105

0.0

2.0x1012

4.0x1012

6.0x1012

8.0x1012

1.0x1013

1.2x1013

 V2O 
if Oi = 7x1014 cm-3

510 Mrad
Tann= 3000C

D
ef

ec
t C

on
ce

nt
ra

tio
ns

 (c
m

-3
)

Annealing time (min)

Oi = 3.6x1016 cm-3

O2i = 7x1014cm-3

 V2O2
A

 V2O2
B

 V2O2
C

 V2O2
A+B+C+dissoc.

 Xexp
 V2



 

Frank Hönniger, University of Hamburg                                 6th RD50 Workshop Helsinki 2. – 4. June 2005

Conclusions

• Non linear dependance of [X] on [Oi]

• X defect can be associated with V2O2

• Identification with V2O would lead to a 50 times lower        
concentration of Oi or diffusion coef. and activation energy
for V2 from literature are dramatically wrong
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