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A Study on Oxygen Precipitation in Heavily Boron Doped Silicon Wafer
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Abstract

Intrinsic gettering is usually used to improve wafer quality, which is an important factor for
reliable ULSI devices.. In order to generate oxygen precipitation in lightly and heavily boron doped
silicon wafers with or without high energy ®As’ ion implantation, the 2-step annealing method was
adopted. After annealing, the wafers were cleaved and etched with the Wright etchant. The
morphology of cross section on samples was inspected by FESEM(field emission scanning electron
microscopy). The morphology of unimplanted samples was rather rough than that of the implanted.
Oxygen precipitation density observed by an optical microscope in lightly boron doped samples was
about 3% 10%cm®. However, in heavily boron doped samples, the density of oxygen precipitation was
largest at 600°C in 1st annealing, and decreased abruptly until 800°C. But it increased slightly at 100

0C and was independent with the implantation.
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Fig. 4. Oxygen precipitates in silicon after
2-step annealing followed by Wright
etch. (a) 600 (b) 700 (c) 800 (d) 900
(e) 10007C.
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Fig. 5. Oxygen precipitates in silicon after
2-step annealing with 1st step annealing
at 600C followed by Wright etch. (a)
for epitaxial wafer with ion implantation
(b) for p-type wafer without ion
implantation (c) for p-type wafer with
ion implantation.

I8 32 ol2FY #F 9 Yol FHd w
€ ZH=2A, 294 dxelF delve] ddg 2=
I B9 77k $1A oA FESEM (Field Emission
Scanning Electron Microscopy) 22 #%3% ZA3}o]
o a9 3a)re o}2FUE &A gL AQdY A
T3 AR EUF} BEFHY graing Iv|E B F
Atk 28U 27 3(b)E ol2F YL 3 A BEA
7R ®Wo] HolR YW graing A7VIE AFE o



He B F AUt R oeFYL T AS
98 2eEd we 13 Agel FAYHHA

dAAGAE o)F AAE FUvtn & F Uk

a8 4= 29A X FY deolvg wus
Wright &8ollA 2Zstn  FedAnAgden AL
Arzlolth. 19 4(a) ol g4k deolHE 600T
A 19A XS ARR He FoE Hol:
o] AaMEE IHPHLE o] FAgME B
AaXEEe) Fng E¥a few 1 =37
tdsty Zge AR g4y AA. 9
A1 9k 10~20 pum A E o|HT 4 EFEo] Ko
X ked o] 49L& denuded zoned| PR}

oJAL NG HFY E4-E FE7 7R aA
oA vE ¥a 4rFEZ E4 97 g9 Jed
ZAFoltt. g o]8 ZL denuded zoned
intrinsic gettering®] ZA#Z FAHD o2 FA s
7] M e dutd o g HIHIASL AH4si=dy o
71 A WA dAz @47 wd ZHo] ZolHo
o 2% 4b), (o), (d), (e 194 I3z 257}
Z}z} 700, 800, 900, 1000CE Z71% w9 AF= A
800C7HA AtaXNEE9] 7t Zasthrl 1000T
ME thr] Frbste Bold A% E Ry

39 5% o2FYRF 2 Be EEREY A
2FEY At gXNEF goly WHL Wrightd]
Z+gk Apzleltt. ¥ S(a)e 28 4(a)9 24T =
At ot A de] mo YR o] 2F o] F7}
g Agelth ageA & F Adxo] o]2F Y4 u}
& AaMeE Uxy Av)de ¥80 g 2
g 5 ¥4 EFFEI ~13x10%cm’elx 2
A Aarw=E7E 9F 13.7ppmadl p-type o) o
e Mo} o] A3 AIpolrh TPeA
ALNEE U5 I¥ 4a)d 2R v)Ete o)e
We FEQY ojAL HE dxa o] e &
=224 A4 {3 2RoAT Airrzr)
137 ppmaZA W& Holxu BA EFPELL JF
A » 5 x10%cmd) Rt e golr] wWEY gt
¢ Adelnt”. 29 5% 29 5)FAY goy
H] & o] &F o] @ Ro] o)y 5(h)el A e} 2
o] e AANEE YUEE BAFH gt}

IH 62 T gk glo)He]A o] 2FYFF
0g NANEE Fxolt o AFdE ojRFYSE
o BAGe] Bl£T FFL Holn 600CY o 4
ANEE UEIL ~6xX10%cm’EX HAuXE o]2Y
o} 283 2X7F 800 ~ 900C AR Z7bte] uwha)
O e 257t ZasIa 1000CHME A

oo o

709

A7\ AAA 58 =T Vol.11No919%8.

2otergin ok JlEs AaFE} BN RRBE

7t owe

Aol AxMEE =9 HAAZL 650T

o4 vehd Az mmstd AL FFl KA
Sohm & 5+ At F, o|Ae AAFES} B

102

107

Defect density(1/cn?)

108

105

101"
1010 i
10° |

10° |

—8— 7SAs* implant : 1.5MeV,1x10'5(1/cm?)
—&— No implant

3 E
E E
3 E
3 E

500 600 700 800 900 1000 1100

a¥ 6.

Nucleation Temperature(°C)

TEa A7z golFlq BYY L%
o }E AANZE AR Wi,

Fig. 6. Oxygen precipitates density variations in

108 1 1 1 1 I

Defect Density(1/cnd)

105 L ! L ! 1

ag 7.

Fig. 7.

107 ;

108 | E

epitaxial silicon wafers for different
nucleation temperatures.

F | —8— 75a¢ implant : 1.5MeV, 1x16'%(1/cm?)
I | —&— No implant

500 600 700 800 900 1000 1100
Nucleation Temperature(°C)

A =FE p-typediolHolr HAY
exd WE A4ANEE xR W
Oxygen precipitates density variations in
lightly doped p-type silicon wafers for
different nucleation temperatures.



el Bed FEr 28 o AL4S5u39 2%
AEA el =y AFE /HFE ¢ F A

. ¥ 72 p-type ol F, AvEY Ak, T
FEQ A% 22X WE MNAMEZE Uz L
=9 wet |3t Hen o e ~10%miem b
F 2} o]AE olF Heol¥ ZAHE I o= A
E AeNEe B8 AL BEAFR E3n
Atz & $ 9ok

4.4 B

2 d7dAMEe =28 FE7 e dEE go)y
€ ol 831 vl 0)2F9Y §Fo ©E Low-High
2 €424 2 @8 morphology 2 AAMzE
B4 dstd zASGD e e dAxnE @

1) o] 2F YA clFgGAF dojn ule] YHE Be
ETEF 124 282 24 Z3 FHAHA graing
FAE & Jou olLFUL A gL Ao
T 23 E73AHY grain® YAl

2) A& FEE RN B2 EREES 2L o3
g4 dole 194 dA8 Lx7F 600C Y
FaMNEE0 71 gol Ry LxZste wat
a7 1000TY o oAl Friske Solg &
HE BHATH olRAL JEY THE AL go]H o
A 650CAHAM AaMEo) dFoz B A &
Aete] BAFET Folx FUS AAMZe] 4&
doe A& Yz i

3) HlA A A o] 2F ¢ fF E AENEE
A Aole fi9od AEE EYA Ar¥zE
2 A9 A BTt

4) o149 d7= FF intrinsic getterings] &£
F Ae sy Bddo

7o

"Intrinsic

1FE 47t BRE 4@ a4, 2Ae

ek

23n 2

W. K. Tice,
precipitates

T. Y. Tan, E. E. Gardner,
gettering by oxide
induced dislocations in Czochralski Si”, Appl
Phys. Lett, 30, 175(1977).

S. Kishino, Y. Matsushita, M. Kanamori, and
T. lizuka, "Thermally Induced Microdefects
in Czochralski-Grown Silicon: Nucleation and
Growth Behavior”, Jpn. J Appl Phys., 21,
1(1982).

D. M. Maher, A. Staudinger, and J. R. Patel,
"Characterization of structural defects in
annealed silicon containing oxygen”, J. Appl
Phys., 47, 3813(1976).

S. Isomae, S. Aoki, and K. Watanabe, "Depth
profiles of interstitial oxygen concentrations
in silicon subjected to three-step annealing”,
J. Appl. Phys., 55, 817(1984).

K. Yang, J. Carle, and R. Kleinhenz,
"Information of the oxygen precipitation—free
zone in silicon” J. Appl Phys.,62, 4890(1987).
W. Wijaranakula,
defects in heavily doped Czochralski silicon”
J. Appl. Phys., 72, 2713(1992).

S. K. Bains, D. P. Griffiths, and J. G. Wilkes,
R. W. Series and K. G. Barraclough, "Oxygen
Precipitation in Heavily doped Silicon”, J.
Electrochem. Soc., 137, 647(1990).

"Oxygen precipitation and



