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HlE AW e 42F, A2 (stacking faull), dislocation loop S92 o] Se]z gettering zoneo]
HAH Ak (Pl 2% extrinsic gettering Ao} & waferSo] ehibad Mk electron) 8 527 (lifetime) &
MR, A3 F-(unction leakage current) & 7417k 22} Q(P)el 2% extrinsic gettermge]
W walerg Foll4 4F &7] Ao 2% intrinsic gettering 2= A2 vo)AE erolrl), Synchrotron
radiation section topograph Abell4] gettering structure® ZH3 ¢l waferel4] 21(Plell =18} extrinsic gettering
izt 7 =ZA ekt A" 3 b e FH AR g Jehigch

ABSTRACT

The effects of wntrinsic and extrinsic gettering on the formation of microdefects in the wafer and on the
electrical performance at near-surfaces of three different oxygen-bearing Czochralski silicon single crystal wafers
were investigated by varying the comhbinations of the pre-heat treatments and the phasphorus diffusion through
the back-surface of the walers. The wafers which had less than 10.9 ppma of oxygen [ormed no gettering
zones irrespective of any pre-heat ireatments, while the wafers which had more than 14.1 ppma of oxygen
and were treated by Low+High pre-heat trealments generated the gettering zone comprising oxygen precipita-
tes, staking faults, and dislocation loops, The effects of extrinsic geltering by phosphorus diffusion were evident
in all samples such that the minority carrier hfetimes were mncreased and junction leakage currents were
decreased. However, the tolal gettering effects among the different pre-heat treatments did not necessarily
correspand 1o Lhe gettering structure revealed by synchrotren radiation section topograph.
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Fig. 1. Thermal processes used during IC fabrication.
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Table 1. Various combinations of pre-intrinsic and phosphorous gettering treatments for the wafers 1~24 studied

in this work
Oxygen concentration Low (A) Medium {B) Med. with ppt. (C)
Pre-heat ireatmenl IG +EG 1G +EG IG +EG
775C 4115017 1 2 4 5 6
L150C+ 775C 7 8 10 11 12
1150C only 13 14 15 16 17 18
no pre-heal ireatment 19 20 21 22 23 24

[G : Intrinsic gettenng, --EG: Extrinsic getterning addition (IG plus phosphorous diffusion).
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Fig. 2. MOS (Metal Oxide Semiconductor) capacitor
test pattern for mnority carrier lifetime mea-
surement.

P-SUB

field oxide. l_:'_—

Fig. 3. MOS (Metal Oxide Semiconductor} transistor
test pattern for n+p junction leakage current
measurement.
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(n) (004) reflection

() {111} reflection

Fig. 5. Synchrotron section topographs of Group A
{low oxygen content) wafers, which had been
subjected to a low {at 775C, 6 h)+high (at 1150
T, 7h) pre-heat treatment (Backsurface of the
wafer is on the right, and the same in the fol-
lowing topographs).
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pre-heat treatment.
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Table 2. The number of defects in the (022) section topographs and the width of the denuded zone in the
wafers, which were subjected to the low (at 775%)-high {at 11507} two step anneal cycle before actual
device processing

Group B Group C
Oz 14.1~14.4 ppm 0= 14.2~145 ppm
) pre-annealed by vendor
number of width of the number of width of the
defects denuded zone defects denuded zone
without phosphorous gettering 260 1/mm 6 um 600 1/mm 7 um
with phosphorous gettering 290 1/mm 8 pym 600 1/mm 10 pm

(&) (022) pocmal () (022) high resotution

| (a) (004) reflection  (b) {111) reflection

Fig. 7. Synchrotron section topographs of Group C
wafers, which had been subjected to a low (at Fig. 8. Synchrotron section topographs of Group A

775C, 6 h)+high (at 11507, 7 h) pre-heat trea- (low oxygen content) wafers, which had been
tment plus phosphorous gettering (a} at a hot- subjected 10 a low (at 775%, 6 h)+high {at 1150
tom sile of the wafer, and normal (022) reflec- T, 7hy pre-heat treatmeni plus phosphorous
tion (b) at a top site of the wafer, and high geltering,

resolution (022} reflection.
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Co Ate 7wtk =z Fig 74 veld FH9 & A 2 4 grk
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=7 2 Fig 6(b) el 4] ¥} dislacation lacp7t ¥ o] 3.3. Gettering0| wafer T X2 X} $=Giof o)
A= e 2g & 4 vk 298] AF &, Pende- &= AB

llosung fringe7} vieiste 7%l «l(P) gettering2 Fig. 9 4532 &7] dA8 ¥4 F Fig 19 w=s
Friatd, A 27)7) Siie) 2 l(P) 9] gatel 7lal I AFFAL 25 vkzl F Fig 24 22 lest patterns
gto 25 waler SPH Flvtolel] Hale] Avle g & o) Buld] AAlY +w& A Ao} d9)gle] ext

= glelch fE=l el o= Fig §(Low+High ¥ Group rinic gettering2- 37141 waferel| 4 o] 7} Mx}2] f=io]
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Fig. 11. Reverse bias current-valtage characteristics of Group B wafers with various pre-heat treatment :{a)
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