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Abstract The relation between bulk microdefect (BMD) and mechanical strength of P/P epitaxial silicon
wafers (Epitaxial wafer) as a function of nitrogen concentrations was studied. After 2 step anneal(800°C/4 hrs +
1000°C/16 hrs), BMD was not observed in nitrogen undoped epitaxial silicon wafer while BMD existed and
increased up to 3.83 X 10° ea/cm® by addition of 1.04 X 10" atoms/cm® nitrogen doping. The slip occurred for
nitrogen undoped and low level nitrogen doped epitaxial wafers. However, there was no slip occurrence above
7.37X 10" atoms/em® nitrogen doped epitaxial wafer. Mechanical strength was improved from 40 to 57 MPa as
nitrogen concentrations were increased. Therefore, the nitrogen doping in silicon wafer plays an important role
to improve BMD density, slip occurrence and mechanical strength of the epitaxial silicon wafers.
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Fig. 1. 2 step annealing condition of P/P” epitaxial silicon
wafers.
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Fig. 2. The schematic diagram of 3 bending test for the
strength test of epitaxial silicon wafers.
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Table 1. The condition of 3 point bending test.

Specimen size 45 X 4 mm*

Sample P/P” epitaxial silicon wafer

Testing rate 0.05 mm/min

Wafer orientation [110]

Testing temperature 900°C (15°C/min)

Duration time 20 min
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Fig. 3. The microscope images of silicon wafers with nitrogen concentrations; before epitaxial growth (a) undoped, (b) 3.49 X 10"
and () 1.04 X 10" atoms/cm®, and after epitaxial growth (d) undoped, (e) 3.49 X 10'* and (f) 1.04 X 10" atoms/cm®
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Fig. 4. BMD density of 2 step annealed wafers before and
after epitaxial layer growth.
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Table 2. BMD density of 2 step annealed P/P epitaxial silicon wafers before and after epitaxial growth.

BMD density

Remained BMD density (%)

Nitrogen concentrations

(atoms/cm’) Before epitaxial growth (A)  After epitaxial growth (B) KA - B) y 100}
(ea/cm?) (ea/em’) A
Undoped g X 10° 1.9 X 10 0.24
3.49 % 10" 4.13x10° 236X 10° 5.7
1.04 X 10" 3.9%X10° 4.0 X 10° 10.2
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Fig. 5. X-ray topography images of P/P" epitaxial silicon
wafers with nitrogen concentrations; (a) undoped, (b)
1.75x10", (c) 3.49x10" and (d) 7.37x10" atoms/cm’.
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Fig. 6. Maximum slip length of P/P” epitaxial silicon wafers
with nitrogen concentrations after 2step anneal.
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Fig. 7. Stress-strain curve of P/P” epitaxial silicon wafers with
nitrogen concentrations at 900°C.
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