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DETERMINATION OF OXYGEN IN SILICON AND SILICON CARBIDE 

BY ACTIVATION WITH 27.2 MeV ALPHA-PARTICLES 

A. P. Dolgolenko~ N. D. Kornienko~ and P. G. Litovchenko 

A radioactive method using'alpha-particles and He 3 ions is /184* 

one of the most sensitive ways of determining oxygen content in 

silicon. 

The use of alpha-particles up to 40 MeV in energy in deter­

mining oxygen in silicon was first described in the study L 1_7; 

results of later investigations are in /-2_7. This study made 

use of a direct radioactivity method with chemical isolation of 

the activity of FIB. The sensitivity attained was 1.5'1014 

atoms/cm3 . He 3 ions with energy of approximately 10 MeV were 

used in determining oxygen in silicon and germanium in the study 

/-3 7. Oxygen tn silicon was determined in this investigation 

without chemical isolation; the sensitivity attained was 3'1013 

atoms/cm3 . The last method cannot serve in determining oxygen 

in carbon-containing materials without radiochemical isolation 

of fluorine. In this case, the interfering reaction c12
(He 3 , 

alpha)C ll has a low threshold (approximately 3.5 MeV); the reac­

tion cross-section is as high as 320 mbarns when the He 3 ion 

energy is 10 MeV L-4_7. alpha-Particles with 40 MeV energy are 

also poorly suited for this purpose~ since the activation thresh­

old of carbon is 24.9 MeV and the cross-section is about 70 mbarns 

at 40 MeV /-2 7. 

We developed a method of determining oxygen in silicon and 

in silicon carbide by their activation with 27.2 MeV alpha-par­

ticles, without radiochemical isolation. The irradiation was 

conducted on a cyclotron at the Institute of Physics, Ukrainian 

* Numbers in the margin indicate pagination in the foreign text. 
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SSR Academy of Sciences. The 

the activity of F18 016(-,;od in 

O 
~, d) Fls. 

16 ( , 

~, PI2) F I 8. 

oxygen content was determined from 

the reactions 

Eth :::: 20.4 MeV 

E
th

:::: 23.2 MeV 

(1) 

( 2 ) 

In silicon carbide, because of differences in the thresholds 

of reactions (1) and (3) with respect to oxygen and carbon 

E
th

:::: 24.9 MeV 

oxygen can be determined without radiochemical isolation of FIB. IIB5 

The positron activity of F
IB

, which has a half-life of 

110 min, was recorded with a gamma-gamma-coincidence spectro­

meter, with an efficiency of about 4 percent, against a background 

of 1.7 coincidences per minute. The spectrometer consists of two 

photomultipliers equipped with 80x80 mm NaI(Tl) crystals with 

a 17 percent resolution with respect to Cu64 , two identical 

analyzers, and a coincidence circuit with a resolving time of 

0.6 ]lsec. 

Before irradiation, the silicon specimens, up to 30 mm in 

diameter and 1 mm in thickness, were polished on one side; nickel 

was chemically deposited on the other (polished) side. For good 

heat removal, the specimens were soldered with tin to a water­

cooled copper substrate. The silicon carbide specimens were sol­

dered to the substrate with indium. Standards were attached to 

the other side. Optical quartz (p :::: 2.2 g/cm3 ) was the standard. 

The specimens were irradiated at a current to 10 ]lA; the irradi­

ation time did not exceed 2 hr; the standards were irradiated 

for 5 min at current values to 0.1 ]lAo 

In calculating the oxygen content in silicon and silicon 

carbide specimens, we used a formula derived under the following 

assumptions: 1) the range of the alpha-particles, exp.ressed in 



.' 

milligrams per square centimeter, in si.licon and silicon carbide 

is equal to the range of alpha-particles in quartz; 2) the reduc­

tion in the alpha-particle flux owing to nuclear reactions was 

not taken into account. 

2 where n is the concentration of oxygen atoms per cm of test 

specimen; RSiO ' Rx are the ranges of alpha-particles in the 

standard (sili§on oxide) and in the test specimen, cm; N is the 

concentration of the oxygen atoms per cm3 of the standard; A 

and ASiO is the activity of F18 in the specimen and in the ~tan­
dard at the time of measurement; ix' i

SiO 
is the He 4 ion cur­

rent recorded from the test specimen and ~rom the standard; 

t Si02 ' tx are the irradiation times of the standard and the test 

specimen; t~iO ' t~ are the times from the beginning of the end 

of irradiation2to the beginning of measurement for the standard 

and for the specimen; A is the decay constant of the F1S nucleus. 

The expression in the brackets, for silicon carbide, let us 

say, can be written as follows: 

where NSiC is the molecular concentration of the test specimen 

(SiC) per cm3; ZSi is the atomic number of silicon; Zo is-thE 

atomic number of oxygen; Zc is the atomic number of carbon~ /186 

P
SiC

' P
Sio2 

are the specific densities of silicon carbide and 

silicon oXlde. When we calculated the oxygen content in silicon, 

we also employed Eq. (1) from the study i 3_/. 

Oxygen content was determined in the polished layers of the 

silicon monosilane specimens (Figures 1 and 2) by comparing the 
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activity of th€ polished layers of the standard and of the spec­

imen. The oxygen ,content in these specimens ranges from 1_6'10 15 

to 5.5"1015 atoms/cm3. The measured oxygen concentration in the 

silicon specimen grown by the Czochralski method is 1.5"10
18 

atoms/cm3 ; this is nearly twice as high as the data from the 

infrared absorption method. 
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Figure 1. Distribution of 

oxygen content in silicon 

(p = 4"10 3 ohm-cm) over the 

depth of the irradiated 

specimen 
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Figure 2. Distribution of 

oxygen content in silicon 

(p = 2.6-10 4 ohm'cm) over the 

depth of the irradiated 

specimen 

Key: A. atoms/cm3 

B. mg/cm 2 

The resulting distributions of oxygen content in the irradi­

ated silicon show that the depth of the removed layer must'be 
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approximately 4 mg/cm
2 

for an accu.rate determination of oxygen 

content in silicon specimens. 

11 
To avoid the positron activity of C . in the reaction 

e 12 (alpha,alpha_n)ell with silicon carbide. specimens, a layer 

approximately 10 mg/cm2 was polished off with diamond paste, 

then the decay curves of specimen activity were recorded. A /187 

typical decay curve of sili60n carbide specimen activity, after 

the removal of an 8 mg/cm2 layer, is shown in Figure 3. In the 

figure we see that the'decay curve consists of two components 

with half-decay times of 110 min and 12.9 hr. The first compo-
18 nent corresponds to the decay of F , and the second--the decay 

of e
64

, formed most prob~bly from Ni 61 and Ni
62 

(nickel impuri­

ties in silicon carbide). The oxygen content in the silicon 

carbide spe6imens that were green in color ranged from 4.5'10 18 

to 2'1019 atoms/cm
2

. In experiments with the irradiation of 

the standard (SiO g) with 27.2 MeV alpha-pa,rticles and with the 

measurement of Fl activity, the sensitivity of oxygen deter­

mination in silicon and in silicon carbide was found. The.sen-

sitivity of this method was established under the fDllowing as­

sumptions: 

1) for reliable identification of F
18

, the measuring time 

must be of the order of the half-life (2 hr) 

2) the time for measuring a point on the decay curve is 

30 min 

3) the contribution from the interfering reaction F19 (alPha, 

alpha-n)F18 need not.be considered, since under the technology 

of preparing silicon monosilane this impurity has a low probabi­

lity of appearing; the activity of ell after a 4 mg/cm
2 

silicon 

layer was removed was not observed 

4) by .the end of measurements, the necessary excess of the 

count over the background was taken to be 30 ( 0 is the stahdard 

deviation of the back~round). The background of our unit wa~ 

1.7 pulses/min 

5 
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5) the time e lapsing between the end of irradiation and the 

beginning of measurements was 30 min for silicon and 3 hr for 

silicon carbide (the latter value was used in order to lessen 

the effect of cll activity prior to polishing, although this 

time can be reduced to 30 min). 

From the data for the 

irradiation of the standards~ 

it was found that an oxygen 

content of approximately 

1.5'1014 atoms/cm3 corre­

sponds to 1 coincidence 

per minute. 

Thus the sensitivity 

of oxygen determination in 

silicon was 3'1014 atoms/cm3 

--under the above assump­

tions--after 2 hr irradia-

tion and with a 10 VA cur-Figure 3. Decay curve of silicon 

carbide activity after polishing 
2 

of an 8 mg/cm layer. Light lines 

rent in the specimen, fol­

lowing removal of a 4 mg/cm2/l88j 

correspond to the decay curves of 

Fl8 and Cu64 activity. 

Key: A. pulses/min B. hr 

surface silicon layer. The 

reproducibility of the re­

sults is approximately 30 

percent. 

Let us find the sensitivity of oxygen determination in 

silicon carbide. The ratio of the alpha-particle ranges in 

silicon and in silicon carbide can be written as follows: 

where RSiC ' RSi are the ranges in SiC and Si, cm; ASiC~ ASi are 

the molecular and atomic weights of SiC and Si~ respectively. 

I 



When alpha-particles pass through a 10.5 mg/cm
2 

silicon 

layer, their energy falls off to the carbon activation threshold 

(24.9 MeV). The mean activation cross-section for oxygen in 

silicon after a 4 mg/em
2 

layer was removed was found to be ap-
2 

proximately 16 mbarns; after a 10.5 mg/cm layer was removed, 

it was determined to be about 10 mbarns_ Therefore, the sensi­

tivity of oxygen determination in silicon carbide is 8-10 14 

atoms/em3 . 

Thus, the method developed lets us determine oxygen in sili­

con carbide at fairly high sensitivity_ This method can serve 

in the determination of oxygen without chemical isolation of 

FIB activity in all carbide materials that are crystalline. 
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