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Oxygdn impurity, heavily contained in CZ silicon crystal, has become the most

important factor to determine the quality of integrated circuit substrate. In

this work, relation between impurity, such as oxygen, and thermally induced C.efects

and MOS clevice performances was studied.

SeveraL siU-con ingots, whose oxygen concentration were controlled to the values

between Z x tOU aJrd. 12 x 1017 atoms/cm1, were grovm for the investigation.

Oxygen concentration was controll-ed by using the CZ growth furnace heated with a

graphite heater connected to a three phase AC source and by controlling the seed

and the crucible rotation i.n conjr.metion with the fluid rotationt). 0xygen arrd

carbon concentrations versus a fraction of the nelt solidified. are shown for five

typical ingots in Figs. 1 and 2. It is useful that several portions are available

whieh contain the same oxygen content but have d.ifferent carbon content and,/ox

clifferent the:mal annealing history during crystal growth.

The:mally induced d.pfects were investigatecl for specimens obtained from these

ingots by exanining etch hi1locks2) ttrough Wright etching after various heat

treatnents. The relations between defects arrcl oxygen concentration are shown in

Fig. 7. Variation in defect d.ensities induced by the simulated annealings to con-

ventional MOS device fabrication process is shown by curve (a) in fig, t. Results

for several specimens received 2-step annealing are shown by curves (t) ana (c) in

ELg. 7. The defect d.ensj-ties strongly depend on oxygen concentration in all

annealings. lhe d.ifferences in defect fornation were examined between specimens

wtrich had the same oxygen concentration a^nd. different carbon concentrationr but no

close cogelatj-on was found between carbon and. defect density values. the top

portion of ingots suffered from annealing with about 100"C/hour in cooling rate

from IOOOoC to 6OO"C during crystal growth. No annealing effect during growth

process on the d.efeet forrnationS) *"" found in low oxygen content specimens (Oetow

T x 1017 atoms/cm5) obtained from the top portion of the ingot. Therefore, it was

clarified that oxygen reduction is important to reduce thernally induced. d.efects.

Three kind.s of wafers with different oxygen concentrations obtained. from 10 %

and 60 % solidified in ingot NO. 1 antl 20 % solidified in ingot N0. 5 were mirror-

polished and MOS devices were fabricated on them. Junction leak current It and.

cugent gain 0( for lateral transistors are shown in Fig. +. It was found that

oxygen recluction in a CZ wafer is very preferable to inprove device characteris-
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tics. Though wafer lvarpage was found to be increased. from 1O*1O 
1rm 

to 2O,u 50 
1lm

d.uring the MOS processi.ngr no correlation between warpage and oxygen concentration

of the wafers has been observed in the present study.
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Fig.J Defect d"ensi-ty vs. oxygen concent-
ration uader various annealings. a;1-
step annealing amd brc;2-step annealing,
Sroken line ind.icates detectable le'reI
of defect density.
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