Japanese Journal of @y s
Applied Physics )

You may also like

. . . e . e - Role of Iron Impurity in Hydrometallurgical
Intrinsic Gettering of Iron Impurities in Silicon Recovery Process of Spent Lead-Acid
Battery: Phase Transformation of Positive
Wafe rS Material Made from Recovered Leady
Oxide
Wenhao Yu, Jiakuan Yang, Sha Liang et
al.

To cite this article: Masaki Aoki et al 1991 Jpn. J. Appl. Phys. 30 3580

- Growth and doping of bulk GaN by hydride
vapor phase epitaxy
Yu-Min Zhang, , Jian-Feng Wang et al.

- Modeling of Competitive Gettering of Iron
in Silicon Integrated Circuit Technology
Andrei A. Istratov, Walter Huber and Eicke
R. Weber

View the article online for updates and enhancements.

) The Electrochemical Society

E)
Advancing solid state & electrochemical science & technology SC’en Ce +

w& Technology +
248th L <= gy +

ECS Meeting 8. %
4

Chicago, IL /

October 12-16, 2025 ‘

Hilton Chicago Abstract submission

deadline extended:
April 11,2025
SUBMIT NOW

This content was downloaded from IP address 152.17.54.211 on 04/04/2025 at 12:10
CSI v. Maxeon, IPR2024-01038
Maxeon Ex. 2029 | Page Cover



https://doi.org/10.1143/JJAP.30.3580
/article/10.1149/2.0061910jes
/article/10.1149/2.0061910jes
/article/10.1149/2.0061910jes
/article/10.1149/2.0061910jes
/article/10.1149/2.0061910jes
/article/10.1088/1674-1056/ab65b9
/article/10.1088/1674-1056/ab65b9
/article/10.1149/1.1556598
/article/10.1149/1.1556598
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvOK07_MO7NpGTB2RtTcigTcAa7b3FpQbf2dpqP2FHsfRAsTYBIZL7m55qruvmHukOAGra9ibCzovY9ThHXjnV3hmxu8DivR8IjZXOX7Mp7Ngk2WG2sLmr4TEUE2LQwlkHhAW4oFLAwSCIkXanUcJztJuvAFPgflSEOUR5qR6mx01Ly-wgXPiAR0jIQ8XIFzNDYDN9yjlW8G_ctKNYgqI3ZxY9LShDCnFyAIu1Uf9tm8Ec3e3YPCtAVRFQF7dm1zzxm0j4dQt5ytcXiR-cmZ5rl4PpIqRAAwH59dez5auHb7vA4yjj11xsMC473qQmaxxDBAzbtV8iC4grJS-dEpjg2Ni4RaudJvA5kPqW1TsQu7B02&sig=Cg0ArKJSzMuGtrHdUav_&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/248/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_248_abstract_extension%26utm_id%3DIOP%2B248%2BAbstract%2BExtension

JAPANESE JOURNAL OF APPLIED PHYSICS
VoL. 30, No. 12B, DECEMBER, 1991, pp. 3580-3583

Intrinsic Gettering of Iron Impurities in Silicon Wafers
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We present a new experimental approach to using intrinsic gettering to remove Fe impurities. We annealed samples,
followed by quenching, and measured the Fe concentration near the surface using deep-level transient spectroscopy. The
supersaturation of Fe impurities is necessary for the intrinsic gettering of Fe. However, for a higher supersaturation, Fe
impurities precipitate faster than gettering. The optimum degree of supersaturation is one order of magnitude. Gettering
is limited by the reaction of Fe with the oxygen precipitates in the defect region, rather than by Fe diffusion to the defect

region.
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§1. Introduction

As devices become smaller, it is increasingly important
to reduce the heavy-metal impurities in the active regions
to prevent fluctuations in device characteristics.” Fe im-
purities are known to be the principal contaminant that
degrades device performance. These impurities are hard
to remove with intrinsic gettering (IG)*, and the exact
mechanism of IG has not been clarified. Miyazakl et al.
reported that gettering efficiency for Fe is improved by
heat treatments, ending with low-temperature annealing
at 650°C.? They evaluated the gettering efficiency by the
MOS C-t method. Weber and Gilles? and Gilles ef al.”
proposed the model of intrinsic gettering as follows. Dur-
ing a high-temperature annealing in which contamina-
tion by heavy-metal impurities occurs, these impurities
are distributed uniformly in the defect region and the
denuded zone and no gettering occurs. Upon lowering
the temperature, the impurities become supersaturated
and they precipitate very rapidly in the defect region but
not in the denuded zone. The resulting concentration gra-
dient is the driving force for diffusion into the defect
region, which is the actual gettering step. They derived
this intrinsic gettering model from an analysis of the
precipitation behavior of Fe between 200°C and 300°C
using electron spin resonance. They did not measure the
Fe concentration in the denuded zone and calculated the
gettering time as that required for Fe to diffuse to the
defect region. We believe that a thorough examination of
the gettering temperature and time are important to
study the gettering mechanism, so we directly and
quantitatively evaluated the gettering process of Fe by
measuring the Fe concentration in a denuded zone after
isothermal annealing at several temperatures followed by
quenching using deep-level transient spectroscopy
(DLTS).”

§2. Experiments

Silicon wafers were Czochralski-grown, (100), boron-

*T. Abe and T. Ito: Extended Abstracts of the 36th Spring Meeting of
the Japan Society of Applied Physics and Related Societies, Chiba,
March, 1989, 1a-M-2.

silicon wafer, intrinsic gettering, iron, oxygen precipitate, deep-level transient spectroscopy, solid

doped, and 10 ohm-cm. Some wafers were annealed in a
three-step gettering process (high, low, and high tempera-
ture) to form a denuded zone and an oxygen-precipitated
region.® High temperature is 1100°C and low tempera-
ture is 650°C. We also prepared long-term gettered
wafers by lengthening the low-temperature annealing
time. All wafers were contaminated by immersing in a
NH,OH-H,0,-H;0 mixture containing Fe. The surface
concentration of Fe was determined by atomic absorp-
tion spectrophotometry with the HF vapor-phase decom-
position” around 3.2 % 10" cm™2. Sample wafers were
cut into 25 by 15 mm pieces and annealed at 1150°C for
30min to provide Fe indiffusion. We then annealed the
samples at 800-900°C and for 20-600 s in N, followed by
quenching in boiling water. For DLTS measurements, an
Al Schottky contact was evaporated at the surface of the
samples. Ga was rubbed on the back surface to produce
an ohmic contact. We measured the change in the Fe con-
centration, [Fe-B]+[Fe],>'” near the surface using
DLTS. The reverse bias is 5 V and injection pulse width,
1 ms. The rate-window is set to 1000 s~'. We observed
crystal defects at the surface by Secco etching!” for 2
min. The crystal-defect depth profiles of the wafers an-
nealed for the three-step gettering process were also ob-
served by beveling the wafer at 5°44’ and then Secco etch-
ing for 2 min.

§3. Results and Discussion

Figure 1 shows the typical DLTS spectrum after about
24 h storage at room temperature for a sample diffused
with Fe. The dominant feature in the DLTS spectrum
was, in all cases, the Fe-B pair state. We calculated the
Fe concentration as the Fe-B pair concentration plus the
interstitial iron (Fe;) concentration.®'?

Figure 2 shows the Fe concentration in nongettered,
gettered (IG), and long-term gettered samples after an-
nealing at 1150°C for 30 min in N,, followed by quen-
ching in boiling water or slow cooling in air. For quen-
ching, the Fe concentration is almost the same as samples
at 3.0 to 4.0 X 10" cm 3. However, for slow cooling, the
Fe concentration in the gettered wafer is 1/3 and, for the
long-term gettered wafer, 1/4 that of the nongettered
wafer. This suggests that gettering occurs-during cooling
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Fig. 1. Typical DLTS spectrum after about 24 h storage at room tem-
perature for a sample diffused with iron.
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Fig. 2. Difference in Fe concentration between quenching and slow
cooling.

from 1150°C to room temperature. The denuded zone is
about 20 um, irrespective of annealing time for the three-
step gettering process. The defect density in a gettered
water is about 5.0x 10° cm™? and, for a long-term get-
tered water, 5.0 10® cm 2.

We studied the temperature region in which gettering
occurs and the gettering process. Figure 3 shows the an-
nealing sequence. We annealed samples at 1150°C for 30
min in N, followed by quenching, then isothermally an-
nealed them at 800, 850, or 900°C, followed by quen-
ching. Figure 4 shows the dependence of the Fe concen-
tration on temperature in annealing for 20 s. At 850°C,
the Fe concentration in the gettered wafer drops to 1/3
and, for the long-term gettered wafer, to 1/5 that in the
nongettered wafer. At 900°C, the concentration in the
gettered wafer drops to 1/2 and, for the long-term get-
tered wafer, to 1/3. This difference is due to gettering.
The Fe concentration after quenching from 1150°C is
3.5% 10" cm™? and corresponds to the solid solubility at
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Fig. 3. Annealing sequence.
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Fig. 4. Dependence of Fe concentration on temperature in anneallng
for 20s.
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Fig. 5. Dependence of Fe concentration on annealing time at 800°C.
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1000°C." The gettering temperature is lower than this
solid solubility temperature, meaning that the super-
saturation of Fe impurities is necessary for intrinsic get-
tering.

Figure 5 shows the dependence of the Fe concentration
on annealing time at 800°C. The Fe concentration in the
gettered and long-term gettered wafers decreases faster
than in the nongettered ones at 60s. This difference is
due to gettering. However, after annealing for 20 s, the
concentration of all three types of wafers drops to about
1/4 of those quenched from 1150°C. This suggests that
the Fe precipitates into the FeSi,,'® which is stable at
800°C. This shows that we cannot effectively getter Fe im-
purities. The reduction of the Fe concentration stops
when the concentration in the denuded zone drops to
near the solid solubility. The degree of supersaturation is
two orders of magnitude.

Figure 6 shows the dependence of Fe concentration on
annealing time at 850°C. The Fe concentration in the get-
tered and long-term gettered wafers decreases faster than
in the nongettered wafer even at 20s, the same as the
isothermal annealing at 60 s at 800°C. The concentration
in the nongettered wafer also drops to 1/4 of those
quenched from 1150°C. This is due to the precipitation
of Fe. Gettering stops when the Fe concentration drops
to the solid solubility limit.

The Fe concentration is strongly dependent on the an-
nealing time at 900°C, as shown in Fig. 7. Unlike at 800
and 850°C, the Fe concentration in the nongettered
wafer after 30s of annealing is almost the same as
samples quenched from 1150°C, indicating no Fe
precipitation into the FeSi, phase. In contrast, the Fe con-
centration in the gettered wafer drops to 1/6 that in the
nongettered wafer, so the optimum degree of supersatura-
tion for gettering is one order of magnitude. Iron takes
2.6 s to diffuse through the 20-ym denuded zone.'? The
effective gettering time is 20 to 30 s (Fig. 7), or about 10
times longer than that required for Fe to diffuse to the
defect region. This suggests that gettering is limited by
the reaction of Fe with the oxygen precipitates in the

& 100 o ' et
g B No gettering
g 850°C g1
S ® Long-term IG
c -
o
© 4
1 6 N B
L Solid T
+ ,'f'olublllty .
) I i
q', :.'.'.':.'.-.-:“
P R e W S

0 30 60 600
Annealing time (s)
Fig. 6. Dependence of Fe concentration on annealing time at 850°C.

Masaki Aoki, Akito HARA and Akira OHSAWA

A

T |
O No gettering
®IG i
B Long-term IG

-
= JY

I
L 900°C

-t
=Y

Solid solubility

[y
w

[Fe-B] + [Fei] conc. (cm'3)
=
I

| —l
30 60 600
Annealing time (s)

-
o
o

Fig. 7. Dependence of Fe concentration on annealing time at 900°C.
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Fig. 8. Optical microscopic images of surfaces after Secco etching for
2 min: (a) nongettered and (b) gettered.

defect region, rather than by Fe diffusion.

Figures 8(a) and 8(b) show images of the surface
microdefects observed by Secco etching in a nongettered
wafer and a gettered wafer annealed at 900°C for 10 min.
Surface microdefects caused by Fe contamination were
observed as shallow pits in the nongettered wafer, as
shown in Fig. 8(a), but could not be observed in the get-
tered wafer, as shown in Fig. 8(b). This confirms that Fe
concentration in intrinsic gettered wafers drops due to
gettering, but that the reduction of Fe in the nongettered
wafers is due to precipitation into the FeSi, phase.

§4. Conclusions

We studied the intrinsic gettering process of Fe im-
purities by measuring the change in the Fe concentration
near the surface after annealing followed by quenching.
The supersaturation of Fe impurities is necessary for the
intrinsic gettering of Fe. However, for a higher super-
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saturation, Fe impurities precipitate faster than getter-
ing. The optimum degree of supersaturation is one order
of magnitude. Gettering is limited by Fe reacting with the
oxygen precipitates. Thus, it is possible to further im-
prove gettering efficiency by controlling the wafer cooling
rate.
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