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(Effects of Initial Oxygen Concentration on Oxygen
Pileup and the Diffusion of Impurities after High—energy
Ion Implantation)
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Abstract

In this paper, we have investigated experimentally the effects of initial oxygen concentration on
oxygen pileup phenomenon and the diffusion of implanted impurities. 1.2 MeV YB* and 2.2 MeV

31 p* jons were implanted into p-type (100) Si wafers with a dose of 1x10"/cm?. Secondary ion
mass spectrometry(SIMS) measurements were carried out to obtain depth distribution profiles for
implanted impurities and oxygen atoms after two-step annealing of 700C(20 hours)+1000C(10
hours). Residual secondary defect distribution and annealing behaviour were also studied by
cross—sectional transmission electron microscopy(TEM) observations. Oxygen pileup nearby R,
(projected range) were observed by SIMS measurements and considerable amount of residual
secondary defect layer were observed by TEM observations. It can be seen that oxygen atoms are
trapped at the secondary defects by the experimental results. Enhanced diffusions of boron and
phosphorus to the bulk direction were observed with the increasing of initial oxvgen concentration.

I. &
*IEEE, ERARR T I8N 18
(Dept. of Electronic Engineering, Hanyang Univ.) MeV ¥$]2] oiidxr] o] F9l& AejE FA
BT HF190941 A27H, U EU1999F3825H glelA ofz] JRE S8E L 9l nlelERl T

(336)



19994 4 EFTREHE

- =24 ulH3(buried layer)& 3AEP|%E 3o,
SOI(Silicon On Insulator)e} #e] AlE 7]# 7+
of 4klehe PAFl=d olfEr|E ok =3
CMOS #AollA 97Al $E(retrograde well)9] 3
Aol &&=l ik CMOS 7l el well
92 e BrPESE AR, 712 well 4
ZAAZE 18- dx2lE Ee 2 | wEel 9z %
9 wgo el sMbgoR Qs AR AT o
# 71X TS JEskw ik olegt FAHS &
Aslr] 9t meldz] o] el R AAHAL ¢
Eo] Aol 1 ujgle R &UE] oEw sitk 97
AL EE PAReRN UL 2R dXert v}
A W oohdEl A wWRlel vEe] Ut giAte|
93k soft rate(SER) 741, #HxAF
(punchthrough) 3], +¥ Z%Kthreshold voltage)
zAe] go] & o=] 71| A ek 2
B aelux] Foloz qlsle] AA] Zge] wel Al
A=El3 o]l2 <l8} projected range( R,) <ol 23}
A% 2 4ba AF 249 BAEE 23 gleh Y
x ohE S8 FolE, o)FA AME HFES o83t
“of® Aljel Z(buried gettering layer)”-& #Ads}
27k she Aok ¥ olejgt ArjE o 2lsiA
a3 BEES o) Aol A" A4 A
o] sabA Als gl o ZEseiRIch ozt
Az Axpe] § dlE, MeV #H$9] x|z A
B AT 12105 /em? 2 o] FRIF F 900C =
A dolHel ARE tleolexe] M AFHUL
Zhzsteget 1)

tjEe] CZ(Czochralski) W= AAE Aeld
ARl AR A MYd=R(silica crucible) E3-E]
38 Ak QAP AR w1107 ~10"em®) &
At 9lom FAe sleld F83F o= s d%
+ 3 Ik owe Ak TR Yubdal
VLSI/ULST 3AA 7bse 2549 gei=rwrt
R A ol Hxs AR ExsA ®Hlok o] Al
A FAES dubdeE Azl QWANinterstitial) 2
ZAEA =n 424 I FAF(solute pinning effect)
o ofs] argelre] Al AA] JAN A=E ¥
&k w8 Akke) FHEs Adle o] s el

N
P ok

i r

Ly

€rror

[«}
< Z3

Z

A2 AEHE(SION S FsHl et oF Ala A
FEolEa gk olH¥ Ak MEFESLS AdYY ¢

H AT 1= O

A2 Agslel B BEBES GATAT 247} o

(337)

F3I6% DR B 4% 49

HEE g, 2 ER Roeld] Ak HEEES A%
o2 galo] 2] e ASAIIAG shlAR
ot

2 ETAHNE e Flol gT Y Al 3
5 44 9 peEse WA 29E T aldh ol
& FYR AT dolnE ne FAE Akl
Madd EReR Z SRR HAERA ol 34
Z3 W A% A48 Wk 2 ARE R, ¥ 2
A AGE WPk A} FAsE Bae 2
7]_ 9\15} 17] 18]

HAA) 23 ARES Aknsle) A5 2 WAL
wo] MESUAT olol R AL siFIIFE o}
) s Zahdch meb Ak S @4l o
& EE 43Ho2 7Y Bt gk =R
27] Ak FEr B4R Bk CIAE 3% 7
o) 239 wpt gck

B ATelE 27] AN Ak Sk 23 A
Fah ol

A~
o

o W4 4 A% olAE %9 L)
o el vlAE 9% YA mAs 4

sheoll £ Fain

al

gl pS|

(=] gt

o

o. & =

A%

B AldMe CZ wheg AzE p-type (100)

AlgE ez wAFe] 4~12 LQcmol
FTIR(Fourier Transform Infrared)® &X% A=}
ZHinterstitial) %7] A& E%7} 115 ppma, 155

ppma’l T/ Ho|HE A3k o7 UB*
ipteleg 2kt 12MeV, 22MeVel oUA|R
1.0x10% /em*& AR2ella]  8° HALRE o] F4lslsd
on] olm MF+ 113~134 pA HYAh 12 o
el 700C el 20417F B9k Aa 7ha 907164
Ak, 22 dAEs 1000CToHA 10417 Fat
Ad 7k B9zl AAsic) o] Fjel uhE
dxy] Fo] g BE 9 AR R RF¥FE Y
olr7] 93l  SIMS(Secondary Mass
Spectrometry) 2 418 s}t

B0 39 07°]2-% Fol(primary ion)oE
ale] 15 kVE 29 gsle Ask 248t 7LeEs)
Ack olwf AHFE 05 pAoldrh ¢l9] B¢ Cstol
28 Fol22F 3l 10 kV, 06 pALE AHE|H

Ion



50

pe

slodrh. ARARS] S Cstol&E 10 kV, 06 pAZ
23egsan) owA A= Fo| 2R 23 AEE
Hslr] ¢lsked F3b Axp "9F(TEM)S ©]43)
FAsin) 3 Wy defube Ata AEE &
Falz] slsted dlelHE 20309 AR HdE
(beveling)& 37 secco oAYez 287 A4S
T F s @uiAdoon) oz ksl a3 1
B o] A3 A3 S =ABNch

p-type Wafer

FTIR
11.5 ppma

{O]. measurement
t ! 15.5 ppma

B+ 1.2MeV, 1x105/cm?

lon Implantation
P P+ 2.2MeV, 1x10%cm?

700°C, 20 hrs, N,

1st Annealing

2nd Annealing 1 1000°C, 10 hrs, N,

SIMS, TEM,

Analysis Microscope

g 1. AY $AM=
Fig. 1. Flow chart of experiment.

I

21 ¥ dE

H
Iy

L Alze] 4 @4

a3 28 E4E sk 2dA dAElE Ade
o] A ¥xpe] FHold] wE FEE SIMSE &4
o vehd Zojrh adolA M uie} o] o2 F
s BEe R, Fol Akl HAe] oo} A&
S o 4 gtk BEHFIER o] F] AEHlelERl
TRIM(2.2 A4 R,= ¢ 1.8 gmeolsich 271
AAZ} A %7} 115 ppmadl 7% Alh €2k
saxe ZHol7t o 15 pmeld 3.0x10%/em’°]Hd

7] Abd FE7} Al o] FA] HA 3

2

(338)

&

A

e G vlA e 4% Y 5

A
N2

a1, &7] ARy Aasxs) 155 ppmadl BE A
o|7} ¢F 2.0 mal A 3.1x10%/em® & ey
Aok T 7o MR ke 2] AARE Ak FEellA
A3z A WA wgkort =] 947} olE3)
942 B etk

1E+21 T T T
B’ (mplantation : 1.2 MeV, 1x10'/cm®

Initial Oxygen Concentration

700°C, 20 hour + 1000°C, 10 hour

1E+20 b ——— O=11.5ppma

0=15.5 ppma

1E+19 | 4

1
1E+18 |

O Concentration (1Icm3)

1E+17

1E+18 L " L A I 1
0 4 8 12 16 20 24
Depth (um)
a8 2. 34 F49 745 SIMSE 4™ ZHeold o
€ Alx gk B2
Fig. 2. Depth distribution profiles of oxygen atoms
by SIMS in the case of boron implantation.
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