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Abstract

High-resolution X-ray diffraction and topographic methods were used to characterize the structural defects in single crystalline Czochralski-
grown silicon (Cz-Si) with various oxygen concentrations. Annealing under hydrostatic pressure (HP) was applied for revealing the defects
existing in Cz-Si wafers. The high pressure—high temperature treatment of as-grown Cz-Sidf Lbh2iér 1.1 GPa resulted in enhanced
oxygen precipitation, mostly at the initially existing structural disturbances, while annealing uridRa diel not affect the defect structure in
the sample. The visibility of defects after the treatment under high pressure can be related to HP-induced strain at the boundary between tt
defect and the Si matrix, to increased defect dimensions due to HP-stimulated oxygen precipitation and to decreased concentration of defec
Precipitation of oxygen on small structural inhomogeneities and agglomeration of small defects assist in revealing the structural disturbance
pre-existing in Cz-Si.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The structural defects can cause extended strain fields
in single crystals, therefore they are detected by X-ray
Single crystalline silicon grown by Czochralski method topography or by X-ray diffuse scattering methods; ‘small’
(Cz-Si) contains oxygen in interstitial positions;{OOxy- defects with submicron sizes, which are not detectable on
gen interstitials are clustering and precipitating at annealing, topographs, result in increase of diffuse scattering intensity.
mostly on the initially present structural inhomogeneities. It should be noted, that X-ray methods are much more sensi-
Oxygen precipitation occurs during prolonged annealing tive to the strain fields that surround the precipitates than to
at 900-1000C while short-time one-step processing at the defects itself. The notions of ‘small’ and ‘large’ defects
>1100°C exerts almost no effect in this respect. Single used below concern the strain field size.
crystalline Cz-Si is typically considered as free of extended  The purpose ofthe presentwork is to reveal oxygen precip-
defects; no dislocations are usually revealed by X-ray (syn- itation sites and in this way also initially existing disturbances
chrotron) topography. It is known, however, that treatment in Cz-Si by the short-time treatment at 1127 under HP
under enhanced hydrostatic pressure (HP) promotes oxygerfollowed by X-ray topography and diffuse scattering exami-
precipitation on structural disturbances ever-att30°C if nation.
done for a prolonged time (e.g. for §11).

2. Experimental
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samples A and 1% 107 cm3 for samples B) cut from
commercially available Si wafers, were used in the study.
Additionally, samples C prepared by pre-annealing of the ] Defects are
samples B at 450C under 16 Pa for 20 h were investigated. 25 detectable above
Such pre-annealing results in creation of oxygen nanoclus- = 1 the solid line
ters exhibiting thermal donor activity and in a decreasg,of 200
(Co=9 x 10 cm~3 for the C). :
Next, the samples were treated for 2 h at 11Q7nder
10’ Pa or 1.1 GP#2]. Their defect structure was then deter- ¥
mined by X-ray synchrotron topography (performed atthe ID 100

300

4 Experimental points

150—}

Defect size (nm

19 synchrotron beamline of ESRF) as well as from the 004

rocking curve and reciprocal space mapping using the high- 504 : 0 A
resolution X-ray MRD Philips diffractometer in the double s 77,
and triple axis configurations. The lattice parameters of all 00 5,0)(]1()7 ' w,axlm*’ ' 1‘5):105 , 2,0x'103 ' 2,5xI1OB
samples were measured by the method described by Fewstel Defect concentration (cm-)

and Andrew in Ref[3]. The concentration of oxygen inter-

stitials, co, was determined by Fourier Transform Infrared Fig. 1. Calculated plot of defect sizes vs. their concentration. The range

Spectroscopy, FTIR. of sizes and defect concentrations which cannot be estimated from diffuse
scattering is shown as a shadowed area. Triangles correspond to data for B
and C samples treated under B and 1.1 GPa.

3. Theoretical considerations modulus AV, the volume change which can be obtained from
the calculated defect sizqy, the value ofg in any point of

The characteristics of small defects, not detected by X-ray the Huang scattering region, ahg{gy) the measured inten-
topography, can be estimated from diffuse scattering exami- sity in that point;gr andl+(qgr), are the analogous values in
nation of the rocking curve in the Huang region (¢43-6]). the thermal scattering region.
The X-ray scattering arises from the long-range displace-  From the size of oxygen clusters their concentration can
ment fields associated with various defects. The defect sizeshe calculated, for the case bf/lT> 1, using formula(1).
for samples B and C were estimated from the dependence ofThe region of defect sizes and of their concentrations within
the diffuse scattering intensityd) on the deviation fromthe  which defect characteristics cannot be calculated from the
Bragg angle atthe incidence angles corresponding to the trandiffuse scattering datd{/IT < 1) is presented ifrig. 1
sition from the Huang to Stokes-Wilson regifgh5] and by
the method described by Pafg], from the linear plots(qo) ) ]
versus I (G Means the minimum value of deviation of 4- Results and discussion
the scattering vectoq, from the reciprocal lattice vector). . ) o
For sample A, where the transition from Huang to Stokes- Due_to small dimensions qf the defects and thelr.h.lgh con-
Wilson scattering was not detected, the dimension of defectsC€ntration, no contrast coming from oxygen precipitates or
was estimated using only the latter method. The defect con-dislocations was found for all samples treated “”dém
centrations for the B and C samples were calculated from the(Fig- 2, while the treatment under 1.1 GPa resulted in cre-
difference between the Huang and thermal diffuse scattering@tion of & high concentration of small precipitat€sg( 2),
intensities measured for the samealue[5] (with excep- best de_tected for thg sample with the sma!lest oxygen con-
tion of samples A where this difference did not exist). The centration. For the hlgher' defect concentrations (B sample;),
log—log plot of the symmetrical partof the diffuse scatter- the contrast from defects is much less resolvec_i. Pre-ann_ealmg
ing intensities, as a function of the deviation from the Bragg ©f B Samples to produce C samples results in a creation of
angle, consists of three parts related to the Huang, Wilson-2 high concentration of small defects and, consequently, due
Stokes and thermal scatterifé]. The intensities of thermal {0 Numerous nucleation centers, the precipitation contrast is
scattering Ir) and Huang scatterindi), are described by less visible on topographs. The densjty qf defects after the
the same lawl(~ g~2), but for smaller values dj [5]. The treatment, calculated from topographical images, was found
ratio of Huang diffuse scattering intensity to the thermal dif- t0 be of about 5 107 cm~2 for samples A; Ix 10°cm 2
fuse scattering intensity depends on the concentration and©" sample B and 6 10°cm~2 for samples C. Low defect

dimension of oxygen clustef§], according to the formula: density observed on the topographs and their lower contrast
proved the high concentration of small defects, not detectable

Tn(gn)|Ign|? ~ ngAV?2 on the topographs but influencing the diffuse scattering.

H@nlgr2 ~ K @) For samples A, due to small defect concentration, dif-
fuse scattering observed on the reciprocal space maps as an

whereng is the defect concentratiod,= kg T/E, kg, the Boltz- enlargement of central peak is practically independent on

mann constant,, the temperature of the sampigthe Young applied pressureH{g. 3). For samples B and C with higher
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