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Abstract. Optical microscopy/ etch pi.t techniques and TEM 
have ·been used to characterize microdefects in Czochralski 
-grown silicon crystals after quenching from 1100°c to room
temperature . The defect population is complex and consists
of precipitates and rod-like defects surrounded by· subsidi­
ary precipitates . The role that oxygen may play. in the for­
matio� of precipitates and rod-like defects _is discussed .

1 .  Introduction 

The investigations of microdefects in Si , formed in the process 
of thermal treatment are very interesting because of their in·.
fluence on the electrical parameters of electronic devices . 
So far , some authors1 1 2 have found by TEM that .prolonged anne'.'""
aling of Czochralski-grown silicon crystals containing oxygen 
concentration of about 1018atoms/cm3 causes formation of preci­
pitates , dislocation loops , $t�cking faults and microprecipitate 
colonies on the . stacking faults . For the precipitate in general
it is assumed to be a form of siiicon oxide1 1 2 > .
Cullis and Katz3 > showed by transmission and scanning elect�on .
microscopy that a specific type of electrically active defects 
) J...-Fesi2 are present in the junction regions of silicon tran­
sistor devices . 
The aim of our work was to observe the influence of quenching 
on the formation of microdefects in these crystals . 
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2 .  Experimental procedure 

In our experiments , we used Czochralski-grown dislocation-free 
18 silicon crystals with an oxygen concentration· of about 10 atoms/

cm3 • The crystal are in <lll> orientation and doped with Boron
to a resistivity of so.n.cm. 
Crystal sections of rectangular shape were cut from the crystals 
and were then cieaned, polished and quenched from 1100°c to room
temperature by usual method . 4 > 

In order to delineate microdefects in the opt�cal microscope , 
after quenching of the silicon samples , we performed 10 minutes 
Sirtl etching5 > in the solution, which was composed of four parts
by volume of SO gr . cr03 dissolved in 100 ml of de-ionized water
and five parts of hidrofuluoric acid (481) . The etching is termi­
nated by rapidly flushing away the .Sirtl etch with D . I .  water . 
Searching fore more details about microdefects , we studied the 
same samples by "Simens" transmission electron microscope of 
125 KeV. For these studies the samples were mechanically thinn­
ed to thickness of about 40 1um. Final thinning to the sat­
isfactory electron transparency (about 11um) , we carried out
using chem1cal etching in solution of 5 parts HN0

3
( 65%) , 1 part

HF (401) and 1 part ca
3
cooH ( 99-lOOI) at room temperature .

3 . Results and discussion 

An optical miciograph of Sirtl etched previously quenched Czo­
chralski-grown silico� sample is shown in fig . l .  From this mi­
crograph it is possible to distinguish the presence of two types 
of microdefects , which differ in size and copcentration. They are 
called the bumps , or B shallow pits , and the hillocks H .  
I n  our case, the distribution o f  hiJl.ocks i s  inhomogeneous and 
their concentration increases from the edge toward the centre 
of the spec1.men. The difference in the defect density distribu­
tion is undoubtedly related . to the variation of the initial oxy­
gen concentration across the crystal diameter . 
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Fig . l . Optical micrograph of Sirtl etched wafer illustrating 
bumps , arrows B, and hillocks , arrows H .  

I t  has been well. established6 } ,  that the oxygen concentration is
much higher at t;he crystal center than at the edges . Some authors6 1 7 > 

associated the hilocks in Sirtl etch with defects such as bulk 
precipitates or stacking faults . 
We obtained more details about these defects by investigation 
with the TEM: By the analysis of the TEM ·micrographs , as shown in 
fig. 2 , we noticed the precipita�es ranging in size from a few 
tens of nanometers to several tens of micrometers .  The precipi­
tates are of different form but the ·larger ones have a platelike 
morphology . As noted above1 1 2 > , the same form of precipitates was
found in prolongedly annealed Czochralski-grown silicon erystals .  
For these defects i t  was assumed to be a form of Si0

2
• In our

case also there is a reason to corelate the precipitates with 
presence of oxygen in Czochralski-grown silicon crystals .  



Fig . 2 .  Transmission electron micrographs showing two types 
of precipitates in quenched silicon crystal . 

Fig . 3 .  Transmission electron micrograph showing rod-like 
de.feet , which is surrounded by colonies of small subsidiary 
precipitate particles . 
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• 
Another class of defects present in quenched samples are 
rod-like defects , as shown in fig. 3 . The rods have lateral dimen­
sions of 300 nm. Such rods are usually surrounded by colonies 
of small precipitate particles . The geometrical configurations 
of these rods and precipitate colonies showed many similarities 
to analogous rods and colonies found by Cullis and Katz3 > .
Because of that , the rod defects in quenched samples can be also 
associated with 

8
J�FeSi2 col -lebolite) , which is metastable at

room temperature and indeed has been observed to occur natura­
lly as a minera19 > .
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