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Abstract 
Different kinetic behavior has been revealed 

for the two types of irradiated high resistivity 
silicon detectors in the reactions of the interstitial 
carbon (Ci> annealing and the formation of the Ci- 
Oi complex. In the detectors with an increased 
oxygen contents prolonged growth of the Ci-Oi 
complex concentration obeyed the second order 
reaction due to an additional source of Ci atoms 
which were not detected by DLTS measurements. 
Transformation of carbon related defects has been 
analyzed conceming the long term instability of 
irradiated silicon detectors. 

1. Introduction 
The problem of reverse annealing of inadiated 

silicon detectors has been studied in details in its 
macroscopic evolution [1,2]. The data showed 
accumulation of the negative charge in the space 
charge region which resulted in the increase of the 
net effective concentration Neff [3]. Hypotheses 
available to explain thisphenomenon are based on 
microscopic reactions with various dominant 
defects. This paper presents the d t s  conceming 
instability of d a t i o n  induced defects in high 
resistivity silicon detectors which Originates &om 
the reactions with carbon related defects. 

2. Experimental procedure . 
Detectors used in the study were made fiom n- 

type FZ Si with resistivities of p = 1-2 kRcm 
(Freibergcr Elektronikwcrkstoffe Gmb?€) and of 
5ksa-cm (Wacker Chemitronic). Irradiation was 
made by a-particles or neutrons followed by 
annealing at RT or elevated temperatures. The 
spectra of radiation induced defects were measured 
by C-DLTS technique. 

3. Kinetic behavior of carbon related defects 
The investigation was concentrated on the 

processes with carbon related defects: annealing of 
the interstitial carbon Ci, HI = Ev + 0.33eV, and 
shdteneous formation of the Ci-Oi complex, I32 
= EV -I- 0.40eV, ~ e a h g  of the Ci atoms with a 
concentration nx ( t )  obeyed the fust order reaction: 

where z is the time constant. The kinetic 
parameters of this reaction have been revealed to 
depend on the oxygen contents introduced during 
thermal oxidation [4]. According to these 
parameters the detectors were devided into two 
groups: 1) "fast" samples with an increased oxygen 
contents (z was found to be several hours at RT); 
2) "slow" samples with a lower oxygcn contents 
(similar values of r were achieved at -50°C). In 
defect studies [5], the concentration of neutron 
induced defect level with an activation energy = 
0.39eV correlated with the reverse annealing of 
Neff. One of the possible candidates for this level 
can be the C i Q  complex. 

the C i q  complex with a 
concentration N,(t) may be described as the f& 
order reaction: 

' 

n,(t)  = nxo exp(-t / z) (1) 

Formation of 

if it is controlled by the Ci con&ntration solely, or 
may obey the second order reaction of the two 
components Ci and Oi with similar concentrations: 

where k is the rate constant of the reaction. 
The isothermal annealing data for the H1 and 

€I2 centers for "fast" sample (Wacker Si) showed 
that even after the total exhaustion of the interstitial 
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carbon (during -15 hours) the concentration of the 
Ci-Oi ctnttr has betn observed to its trend of 
increase even at RT (Fig.1). Under prolonged 
annealing (-40 days) the best fit of the data could 
be obtained us' the second order reaction The 

constant of Neffreverse annealing in [2]. 
The difference in the kinetic behavior of the Ci 

defect and the Ci-Oi complex implies that the 
Ci-Oi complex formation may bc controlled by an 
additional process of carbon and oxygen atom 
interaction. An "excessive" concentration of the 
Ci-Oi complex N cIc was deked as: 

where N f ,  is the concentration simubd 
accordmg eq.(l) with the parameters %,, and 't 

corresponding to the Ci annealing. The best fit of 
the excessive concentration can be obtained with 
the second order reaction @ig.2), similar to the 
total concentration of the Ci-Oi complex. After the 
second irradiation the concentration increase of the 
Ci-Oi complex showed two stages: an initial fast 

. concentration increase during the frrst 25 hours of 
RT anneal fitted by the second order reaction, and 
afterwards the saturation of the concentmtion. 

constant k -10- lT 7 m3s-1 was similar to the rate 

NaC = Nx - Nth (4) 

Tine. hous 

,:a . 
Fig.1. Isothermal RT annealing of the 

i n ~ t i t i a i  cartxm and the Ci-Oi complex. 

For "slow" samples, the increase of the 
concentration of the C i Q  complex correlated well 
with the Ci decay which occurzed during -30 hours 
at T=5OoC. 

4. Discussion 
For both types of the ddtctors the sccond 

order reaction for the formation of the Ci-Oi 
complex is observed at least after the first 
irradiation-annealingngcle. Hence, the two 
components Ci and Oi with similar concentrations 

. are assumed to combine in the defect formation 

kQ ~xerrconcentr. 
I - -- - -  fit lstorderreeclion 

z - -1t2ndorderreeUm ,'*- 

1 10 1w low 
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Fig.2. RT annealing of the "excessive" 
concentration of the Ci-Oi complex 

Further, significant increase of the concenbtion of 
the Ci-Oi complex after the exheustion of the 
interstitial carbon implies an additional source of 
this constituent in the Ci-0; complex generation. 
This additional source may also explain the fact 
that, after the second irradiation-annealing cycle 
the saturation concentration of the Ci-Oi complex 
exceeded that after the fmt irradiation-annealing 
cycle. These atoms together with electrically active 
Ci centers measured by DLTS may have 
participated in the generation of the Ci-Oi complex 
and presumbly dominate in the "fast' samples. 

We assume that accumulation of the Ci-Oi 
complex may affect the reverse annealing only in 
the very early stage of the Neff change. Still, the 
data on isochronous elevated temperature annealing 
show concentration increase only for carbon 
related defects. Thus, the results give rise to 
suggest that instability in the defect assembly in 
M a t e d  silicon detector can arise &om the 
complexes including carbon and oxygen. 
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