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The morphology of micro-defects located in the bulk of Cz-grown silicon wafers was observed to be dependent on wafer
thermal history, wafer dopant species and concentration, and wafer position in the grown silicon ingot (seed, center or tail
section). Intrinsic gettering effectiveness and durability due to SiOx precipitates and/or stacking faults formed during various
gettering sequences were investigated. Based on preliminary results, stacking fault micro-defects combined with SiOx micro-
defects are preferred for maximum durability of the intrinsic gettering mechanism.

INTRODUCTION

The use of intrinsic gettering (IG) tech-
niques to improve device performance and yield
has been described over the past decade in
numerous publications [1,2]. In this gettering
technique, the supersaturated interstitial oxygen
(Oi) present in Czochralski (Cz) grown silicon
wafers is precipitated forming SiOx complexes in
the bulk of the wafers [3]. These SiOx precipi-
tates grow at temperatures around 850°C to
1050°C and induce crystallographic dislocations
and lattice distortion which act as gettering sites
for unwanted impurities and defects.

Application of IG techniques to silicon epi-
taxial processing is extremely limited and has
mainly focused on bipolar devices using an
N/P- epitaxial structure [4]. For CMOS
technology, heavily doped N+ and P+ wafers
are used as epitaxial substrates and the interac-
tion of the substrate material properties with the
oxygen precipitation gettering mechanism is not
fully understood. Only a limited number of
reports can be found in the literature on intrinsic
gettering in heavily doped wafers [5,6]. These
studies have reported difficulties in forming
SiOx precipitates in the bulk of N + wafers, re-
quiring extended anneals up to 100 hours. This
occurrence is reported to be due to low oxygen
content in Cz-grown N + wafers making the ap-
plication of IG techniques to N IN + wafers unat-
tractive. For these reasons; the formation of
bulk stacking fault micro-defects for intrinsic
gettering was investigated.

EXPERIMENTATION

The wafers used in this investigation were
100mm in diameter, (100) orientation, doped
N-type and P-type in the resistivity ranges of
10 ohm-ern and 0.01 ohm-ern. Both N-type and
P-type epilayers, 10 ohm-ern. 15JLm thick were
grown on all the heavily doped wafers and
selected lightly doped wafers to allow com-
parison between bulk and epitaxial wafers. The
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Fig. 1. Various Intrinsic Gettering Process Flows.

wafers were then processed through the follow-
ing simulated CMOS process flow:
i) Initial Oxidation, 950°C, 1 hour dry O2 anneal
ii) Well Drive, 1150°e, 10 hours, N2 anneal
iii) Field Oxidation, 950°e, 10 hours, dry O2

anneal
iv) Gate Oxidation, 950°e, 45 minutes, dry O2

anneal
In addition to Process Induced Gettering during
the simulated CMOS process flow, various
other intrinsic gettering techniques were exam-
ined (See Fig. 1). The various Pre-Epitaxial IG
cycles are shown in Fig. 2. For SiOx precipita-
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Fig. 2. Various Pre-Epitaxial Intrinsic Gettering
Cycles.
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Fig. 3. (110) Cross-sectional Defect Analysis of P+ Wafers,
a) Seed Section, b) Center Section, c) Tail Section.
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Fig. 4. Influence of Thermal Cycle on Bulk Micro-defect Morphology,
a) Stacking Faults or b) SiOx Precipitate and Stacking Faults.

tion and growth or stacking fault growth, a 24
hour anneal was used for heavily doped wafers,
while a 4 hour anneal was used for lightly doped
wafers. After thermal processing, MOS capaci-
tors with 750 A oxide were fabricated for
minority carrier lifetime characterization. Inter-
stitial oxygen (Oi) in the lightly doped wafers
was monitored by FTIR measurements. Also,
Wright etch defect analysis on the (100) surface
and (110) cross-section was conducted.

EXPERIMENTAL RESULTS

HEAVILY DOPED P-TYPE WAFERS

Variations in wafer material properties
axially along the ingot during crystal growth
affected the micro-defect morphology induced in
the bulk of the wafer. Results from a comparison
between P+ wafer position in an ingot (seed,
center, tail) and the associated micro-defect
morphology for a given thermal treatment are
shown in Fig. 3. Stacking faults, 6p.m long were
induced in wafers from the seed section, while
both stacking faults (6JLm long) and SiOx
precipitates were induced in wafers from the
center section. In the tail section, stacking faults,

20JLm long and SiOx precipitates were induced in
wafers.

Thermal annealing also affects the IG defect
morphology. Results from a comparison of dif-
ferent thermal cycles and the associated micro-
defect morphology are shown in Fig. 4. Either
stacking faults or SiOx precipitates and stacking
faults were induced in the wafers.
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Fig. 6. (110) Cross-sectional Defect Analysis
of P/P+ Wafer After Initial Oxidation.

Getter effectiveness and durability in the
CMOS process flow was monitored by lifetime
measurements after key processing steps (see
Fig. 5). The high epilayer lifetimes for the Proc-
ess Induced IG PIP + wafers clearly shows the
natural ability for P + wafers to induce IG
mechanism during typical CMOS device proc-
essing. High boron dopant levels (>10191 cm-') in
[1+ wafers enhance the heterogeneous oxygen
precipitation mechanism so SiOx precipitates
readily form as shown in Fig. 6. Post-Epi IG
samples and Pre-Epi IG samples (3-step 24
hours) had the highest epilayer lifetime after ini-
tial oxidation. However, due to these wafers
reaching their oxygen solid solubility limit dur-
ing or shortly after the 950 DC anneal for 24
hours, epilayer lifetime reduction occurred dur-
ing subsequent thermal processing. Process
Induced IG samples and Pre-Epi IG samples
(3-step 4 hours) showed improved epilayer
lifetime with subsequent thermal processing due
to the continued activation of the intrinsic get-
tering mechanism by SiOx precipitation and
growth [7]. The highest epilayer lifetime was
observed in the 2-step 1100DC Pre-Epi IG
samples after gate oxidation. These samples had
both SiOx precipitates and stacking fault IG
micro-defects.

HEAVILY DOPED N-TYPE WAFERS

Results from defect analysis revealed high
density of shallow etch pits in the range of
105 Iern- in epilayers grown on Process Induced
IG samples. They were not observed in epilayers
grown on Post-Epi IG wafers nor Pre-Epi IG
wafers. Also, no micro-defects were observed on
(110) cross-sectional defect analysis for Process
Induced IG samples while bulk micro-defects
were observed for Post-Epi IG and Pre-Epi IG
samples. The best lifetime results were obtained
from the Post-Epi IG samples as shown in Fig. 7.
The highest Pre-Epi IG lifetimes were observed

40Jj.m

Fig. 8. (110) Cross Sectional Defect Analysis of
Pre-Epi IG Sample (4-step Cycle) Showing SiOx
Precipitates and Stacking Fault Micro-defects.

in the 4-step cycle samples where both SiOx
precipitates and stacking faults were induced in
the bulk of N + wafers (See Fig. 8).

LIGHTLY DOPED WAFERS

Results from P-, P/P-, N- and N/N-
wafers showed that the Enhanced Process In-
duced IG increased the oxygen precipitation rate
during the field oxidation process by over a fac-
tor of 10 times (See Fig. 9) and this resulted in
improved lifetime (See Fig. 10). For P-type
wafers, the highest lifetime results were obtained
in Post-Epi IG wafers where both bulk SiOx
precipitates and stacking fault micro-defects ex-
ist. For N-type wafers, 3-step 24 hours Pre-Epi
IG wafers had the highest lifetime after total
processing, and once again, both SiOx precipi-
tates and stacking fault micro-defects were pres-
ent in the wafer bulk.

SUMMARY

IG effectiveness and durability for SiOx
precipitate and stacking fault micro-defect
morphologies were examined in both lightly
doped and heavily doped, N-type and P-type
wafers processed through a simulated CMOS
thermal cycle. The results showed SiOx
precipitate micro-defects are very effective for
gettering during the early stages of processing.
However, as the oxygen solid solubility limit
was reached during subsequent processing, the
getter durability diminished as observed through
lifetime reduction. From a getter durability point
of view, the combination of SiOx precipitate
and stacking fault micro-defects are more
desirable to achieve high lifetime at the end of
device processing. Therefore, the wafer resistiv-
ity, position in the ingot and intrinsic gettering
technique must be custom tailored for each
specific CMOS process flow to achieve max-
imum getter efficiency and durability.
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Fig. 9. Interstitial Oxygen Content for Lightly Doped; a) P-type Wafers, and b) N-type Wafers
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