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Improvement in Gate Oxide Lifetime Distribution by Defect Control in

Si Substrate
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Abstract

The effects of ion implantation, interstitial oxygen
concentration, and heat treatment after ion
implantation on the formation of stacking faults
induced by boron ion implantation were investigated.
The stacking faults were formed during oxidation
when interstitial oxygen coexisted with boron atoms,
and the density of the stacking faultsincreased with
oxygen concentration. From these results, it is found

that boron atoms promote the formation of oxygen
precipitates which act as nuclei for stacking faults. In
addition, the effect of the stacking faults induced by
boron ion implantation on gate oxide lifetime
distribution was investigated. The gate oxide lifetime
distribution was found to improve by depressing the
stacking faults.

Silicon, Stacking fault, Reliability, Boron, lon implantation, linterstitial oxygen concentration, Heat treatment
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Fig. 1 Stacking fault.
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Table 1 Experimental conditions.

Interstitial oxygen concentration

1.1, 1.3, 1.6 x 10"%cm™ (old ASTM)

Boron implantation

1x10"0 1 x 10%cm™

post-implanted anneal

8500] 1100°C
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Fig. 3 Cross sectional view of sample.
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Table 2 Secco etching condition.

Secco solution 0.15 mol-K,Cr,0O; : 50%HF=1:2

Etching temperature | R.T.

Etching rate 1.4um/min.
Etching time 60s
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Fig. 4  Relationship between boron dose and stacking

fault density.
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Fig. 5  Effect of interstitial oxygen concentration on

stacking fault density.
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Fig. 6  Effect of post-implanted annealing

temperature on stacking fault density.
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Fig. 7 Formation model of stacking fault nuclei.



OO0O0O0O0o00oO00O0D0SeccoDOOODOOOO
oobooboooooooooooboboooono
ooboobooooooooooboboooboono
ooooooo

oO0o00o0ooobOo0oo0o0bDO0OOFRg 2000

cobooooboooboboOoloceccoonooonon

00 0000000000000 000D0O0On
OOD0O0OFig. 80000000000O0D0D0OO
O0000000D0000D0O00

302 DOOOOOoOoOooee
0000000000 0000D0DO0000Dn
00000000000 0000O000000O0
OO0OD0Fig. 9000000000000 DODOOO
00000000000 00000D0000O0On
000000Q,UOO000000000000
0000 10°cm™®d 20em™0 0 0 O Fig. 90 0 0 O
00000000000 0000D000000O0
0QuO000000000000000000
O0000D000D00O00D0O0OoOO
0000000000 0000D0DO0O00ODn
O000000000000000010%m?0
O00000000000D000000D0203
000000000000 000000000
Q000000000 NND%lD0O0OOoOO
00000000000 0000D0D0O0OOoOO
0000000000 00000Qw,OOODO

Stacking Fault Density (cm-2)

Detection limit
d I |
10 : "
without post- with post-
implanted implanted

anneal

anneal

Fig. 8 Depression of stacking fault density by post-

implanted anneal .
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Fig. 9  Cumulative failure plot of chargeto
breakdown.
(O :without post-implanted anneal, x :with

post-implanted anneal)
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