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Abstract

We have investigated the ultra-low energy B, P, and As ion implantation using upgraded
MDRANGE code to study formation of nanometer junction depths. Even at the ultra-low energies
simulated in this paper, it was revealed that ion channeling should be carefully considered. It was
estimated that ion channelings have much effect on dopant profiles when B ion implant energies
were more than 500 eV, P more than 2 keV and As approximately more than 4 keV. When we
compared 2-dimensional dopant profiles of 1 keV B with that of tilted one, 2 keV P with tilt, and
5 keV As with tilt, we could find that most channeling cases occurred not lateral directions but

depth directions.

I.ME

o]& 9] 7|%& ARE3tYd i FF(nanostructure)

243 vle A AR 7)ee] e R lsle] 2012 e 22 A3 e oS g F A

WA= MOS Aate] Ald ool A3t ol 2+ ouiR] o] Fglo] a7tk wyt FA% &A1Y =
7 50 nm¢}t 20 nm gde] B Hoz damg!t! 7] zkam sl ol ] FAHeAM WA= o

9] &5 AREHlateral straggle)S F83F A2 T+
* ERE, PRABR BT TN s gl oleigt F A x| o] &FRIeE
(Dept. of Electronic Engineering, Chung-Ang Univ.) Ag aerle] od ukmal Mol oigh AlEoAdE
B A998 1 A19H, AR 199942 A26H HEEAL f12p 9ol AldbE s d-pEejof Fhcth ¥

(223)



28 24 HEFAAE A% F A ouA B, P Y As o] 2FA AHde Ao} A A7 e
Alkgle] o] F9] AlBHOlAAE $s4E Monte serlelE AR 2E|lm AR uEY 2=
Carlo #{®=} MD(molecular dynamics) 9ge] A} (inelastic collision)2 QI ox] £418 AAks}y)

452 gl $3E4(condensed matter) Wi} E
Holl4] HHE= AAAES Al Bl Sside
MD o] F= AMgswm doh!¥®l e MD
AlEHelAdS slire Alddao] gyl wEd 13
A AARAE A3l A o xR EF
AH- w7t 7bedtes sl Qloh ol F71%
A AA 2L AR A Bl EeEe] 13
Aol REERE S bl glemz A GSI &
2F NhE $13ed A 2 el A] o] Fglel] wE
e 1A 2 3aRIAQl $EF oA Ssfokyt ¥
th MD HhH& AR o] 9] Al E#He]dE 93}
o] BCA(binary collision approximation) 4ol
AHgEhE Az A o #8813, RIA(Recoil
Ion Approximation) ¥PH-S ARR3}e] ool 243
el gl URENRE oE MD A4S s
£ o] F¢ AlEwelelal MDRANGE'" 7} K.
Nordlundell &jsiA 7HU=gcl £ ol vhe
A 3ol YEE A" MDRANGE ' Alg
slod Al 8keA] &) Az FA AREE A=
£l B, P ¥ Asell tigt 5 A oz} o] F4l
AlEHolde] pefEofA] . B5E Uil wlepy o]
2 Ade] EEEe H¥ol £ g vixE oy
2] g3t olol] mME BEE FXol| Bl =3l
ARzl

A0

- I
=~ T

= o
e

o. 2 ool ALZE AlEolH

MDRANGE< 1 eV/amu - 1 MeV/amu °lu]#]

29N ARE 4 9lem 100 eV/amu - 100
keV/amu 4= godollx ebdgt AaE 48 5 9l
£ AEdelelelt! 0 o) he 9Yx¢} &mE
Aiket7] $18kd Smith-Harrison &x2]E[12] 3}
AAL Ex gRARS- #J8led VTS(variable time step)
+ ARSI Qth o] F9] REE ek AXFEFE
Zol7] 3l F4i%l o]2uhe H3h= RIA WS
AR&glcl. DMol DFT(density functional theory)
HF|A ZHE AR v A9 AMgsle] o Ax]H
(nuclear stopping power)-& Ay, A=} =Y
(electronic stopping power)< Brandt-Kitagawa
ol2 Mo 7128 Cai®'"! 7 Beardmores'?! 9]

(224)

osjxl= Firsov 2@ !®le algsis chee] A1)

3} ek

Fro=(s~ 5:)(8.0617210 25 exp(~ O ﬁ(m‘ ) (gl
(N
HhRo) 2= FESHE F Az W

(o] 1

o> AYEY SEely, T,E o]0 &%
ola,  C=13.46462"%(rp) 0l s AlR}EF o]
= Alo]e] ArlE viephich

a2y MDRANGE+:= 01%01 T
X 543 A 28 1293 &
ol qlck aate] FAagsle Wezjow
F A oA o] F4l, vhrz T Ex)
Sl %i% A= =E 7§45 MDRANGE+
°H V~ls}°:l FHE=

1.
L

d714  Fue

Folw,

)l
=

o]& 7<)
o) 71

. X3 WinNT 4.SP3 OS(operating system)

7}%1 Alpha 21164 600 Mhz ZHF€}ellA] VC++R

o2 AW A 1 keV E4 100070 o] F

] 285 CPU ARAIZER- 15048 PColA ¢ &
ool E<rBe) BEZ AXRE 4 9t

=
P |

x ofLix| o|2Fel Al

L 24

ol 2t

10" /er]
22 Az

a9 12 o] 500 eV H 2 3 X
B 0] 2F3]o4] MDRANGES} SIMS
U1 w950 eV 2 9 1 x 10° /erd] i o)e
Zq] MC Ax'® 2 wwg Aok SIMS &4 4
¢} MDRANGE ZAsle 3= 2 1 7o) wlek

= Fxel dizle] A dxEs A B 4 9l 250
eV MC Z7e} MDRANGEZAFE AzhslA] ox|3}
= AL & 7 9t} o]9 o] £ =FeME F A
olii#] o] F4lofl dlsle] SIMSe} g A1E3

ol Uxlsli= MDRANGEES o]&sle B
2 v]de]] Fale] =ogich

E EEelld 3 27de] 100 A x 100 A 39
ol 10007%2] o]&o] Fql=le] =7} 10° /em®
73-toll jeted AlgEel =) F A dhdA] o]

=2

=

L

T

o

Q



1999% 38 BETFIREHIGE £36% DE B3R

FA) 7 Bl AdE dade] WAEE o2 ¥

A
o

Fol| F3E wA

gl ouix] elol Bafe] AT

s7] $iste] o] Sl wike] <100>9l 7B-9eh
<100> Wl disled Ak 7° <l A9E wlasie]

AFshgc

1E+21 .
3 MDRANGE
- MC[18]
————— MDRANGE
L4 SIMS[17}

T T T T
1E43cm’? 0.25 keV B(100)-8i, 7" tift

%, 3E140m” 0§ keV B(100)-8i, 0" it
.

1E+20 |-
1E+19 |
1E+18 &

1E+17 |

BORON CONCENTRATION(cm® )

1E+16 1~

| a | i
200.00 400.00 600.00 800.00
DEPTH(Angstroms)

0.00 1000.00

a2l 1. 3x10%er =2 500 eV BAa ol Fdl
SIMS Az [17]) 2 1x10%er =2 250 eV
B o] 9] MC ZA#[18]9 MD-
RANGE Z3} ¥|1

. Comparison with SIMS[17] and MD-
RANGE due to dose 3x10%er 500 eV
boron ion implant and comparison with MC
[18] and MDRANGE due to dose 1%10%/
ert 250 eV boron ion implant.

Fig.

1E+22 T
B ion implant prifies, at 300 K

|

200 eV it =0 -
200 eV titt = 7
400 eV tit=0
400 eViik=7

1E+21 &

1E+20 £

Boron Canoentratinn(cm'3 )

1E+19

3c0
Depth(Angstrom)

300K ollA, 200eV, 400 eV oA #4: o]

ZIA AAE 072 779 A%e AnE

AF9H F¢E X

Calculated dopant profiles due to tilt angle

at 300 K, in the cases of 200 eV and 400

eV boron ion implant.

a7 2. <
1

Fig. 2.

(225)

29

213 2 olAi= 300 Kol 200 eV E 400 eV o
Yz Ba o) FlAl Aabme] AARE 77 A A
o} AAbE 0° o 7A$ 1212l £x2] AolE Ko
Za1 9lck 200 eVal A% Al o T BE
apol7b ehdA] o= AE 99 glan, 400 eV -
AAlEe| w8 Fx Fxof xjolr} ozt vehs A
& 2 4 gl 23 3 olxE 500 eV, 800 eV % 1
keV olUz] B4 o] FYA| A= 7° d A2t
AAE 07 7S 12949 35 Fxe 2jolE B
ojF3 glel 2¥ 3 3} o] 500 eV oA oA| o]
2 Zqla] Alolli= A% o Zlo] W E&E
B o]y} wol Yehh= g & ¢ ek o@
Aol 500 eV ol el Ba o] Fsidl A
ol Ada] walo] wol WAE]r] wio] Hdw
AL AAB] $1% A= 77 A= AR 0
© ol 7ol 2o Ao]S malrh |4k 200 eVl
9ol B o]0 Adale] A AlEA e
WAl Ade) ALE ol FFd wx|= <ddke] i
0|57 el Halmel] wE Aozt AL viehiA]
orr=r} 2jo] AFE 1 keV ol3le] F A ovA] %
2 o] FlelXxE Adel oidF AlFRE vt 2
f3lchs A ek

L o} 2=
= =2 1

1E+22
e 500 BV Hift = §
[N 500 eV filt = 7
eamen. BOQ eV filt = O
+ B
1E+21
5
H
s
E 1E+20
<
3
1E+19 «
Ny
LS
° 400 800 1200 1600
Depth{Angstrom}
a2l 3. 300K, 500 eV, 800 eV 2 1 keV <lluiA|
s ol 74 AAE 07 77 A4
A4 1AL4HQ] B E B2
Fig. 3. Calculated dopant profiles due to tilt angle

at 300 K, in the cases of 500 eV, 800 eV
and 1 keV boron ion implant.

s N
bl

a8 4ol RE 29 67 = A elvlA] UP)



30 Z0 4 AGHAE A% F A A B P ¥ As

ol 2qlell oiFt 1A &= FEoltk ¥ 49
SollAl 21l9) A% 1 keV oldA] o]stelrl= ZAAk=ol
ulE B5E E¥d 2 A)E Bolr| e s &
4 9tk Y, 2 keV oA H$ole HAkEe]
el Fx F¥el] & zolE Rola ok =it o
d 6ollME 5 keV ofR] <l o] F4loA] HAL=
7° Y A AARE 07 A 7ASE) o Ads o
o] Al o]} EE ZE & 5 sk

T
100wV
2008V
A0V
BOOSY
. 160wy
© 1E+22 00w¥
§ ooey
=
=
g
H
Q
5
G 1B+21
]
2
[
ey
Q
'3
o
=
a
d. AT
1Ee20 | o+ . - PP fA )
! l t } \
o e abus b
0.00 40.00 80.00 120.00 160 00
Depth(Angstrom)

a8l 4, 01 keV, 02 keV, 04 keV 2 08 keV A(P)
o]& Al A= 07 73l At AR
H1A9Ae BEY £x

Fig. 4. Calculated dopant profiles due to tilt angle
at 300 K, in the cases of 0.1 keV, 0.2 keV,
04 keV and 08 keV phosphorus ion
implant.

1E+22

4 1on wnplant prmbies, 31 0K

— k¥

e e 2keV

1 key
ey

)

3

1E+21

1E+20

Phosphorus Concentrationi/cm

0.00 200.00 400.00 600.00 800.00
Depth{Angstrom)

38 5. 1 keV ¥ 2 keV Ql(P) o] F44A AA=E 0
T 779 A AR 104 2R
o X

Fig. 5. Calculated dopant profiles due to tilt angle
at 300 K, in the cases of 1 keV and 2 keV
phosphorus ion implant.

(226)

o] 234 Ade) dAbd #3 A7 (R #

ZAAE 07 ellX 2 keV @l o] F4 Al A}
E 7794 5 keV &l o] 5] A} Ae] dx|st
AL B Stk F A oux] Ql o] YA o
YA 1 keV ol3lollA] Adze] hshs 9= vl
slod bRl Adal A9 9l Bxof odkg Ae] w
A Z3AR, 2 keV oAl ool A
o] ol BFol] & FIgL vHEZ ol iy 1
7} 99¢e o 5 sich

1E+21 ry

! £ ion Implant probies. at XIOK
! "m=0 Lrev
o 2kev

a7 L 4 Skev

1E+20

1E+19

Phosphorus Concentration{/cm 3 )

0 1000 2000 3000
Depth{Angstrom)

38 6. 2 keV E 5 keV Ql(P) o] FJA] AALE 0
2 7°Q A AiE 1xRAe BEE
o EE

Calculated dopant profiles due to tilt angle
at 300 K, in the cases of 2 keV and 5 keV
phosphorus ion implant.

Fig. 6.

28 78 05 keVe 1 keV oldA] B[A(As) o]
F9] AEHA Anes HoAFH Qloh FAREd] u}
& B 2o AolE Ao Holx| o= AL B 5
sk #AE 18] gellxe} 3Fe] 4 keV H 5 keV
oidz] vja(As) o] FIAlllE AAkE 77 Q1 A
= 07 7Aged sl Zeo] Wl = F¥r} Auk
ol ZE 7 B 4 stk ol9) o] 4 keV ol
2] olAke] H]2(As) o] FIAel= AdE Al
gk AL et 8kl e 4 F ok =
g 9o A2 E] 50 nm A Zole} 20 nm A
3 ZolE 7| fieted B4 A$- 05 - 1 keV, L
2z 19 A% 2 - 4 keV, 2|3 B]AS] A% 5 -
15 keV ! A= oifx] odde] F Aoz Algd
c}.



1994 37 ETISGHGE £336 %8 DR £33N

T T
As ton implant protiles. at 300K ]
Gl = § m——— 5 kY
o ——— eV
. tit=7 4 0.5 keV
23 b
P o Lo 1keV
- .
£
L
3
2
o
5
8
5
3 e}
2 =
£
2 ]
# :
< N
+ + )
1E+20 . L h
[ 20 60 80

40
Depth{Angstrom}

112 7. 05 keV, 1 keV ouy=] H}A(As) o] FYA
AAE 07 % 774l A% A 130
ErEY B

7. Calculated dopant profiles due to tilt angle
at 300 K, in the cases of 05 keV and 1

keV arsenic ion implant.

Fig.

As ion implant profiles, at 300K
tit= 0

4 keV
5 kev
4 keV

1E+21 § keV

©
F
S
4
g
§ .’\\
8 1e+20 Y
I 1
g 3
g \
z Y .
¥i
i
i
H
; \ |
0 100 200 300 400 500

Depth(Angstrom)

92 8. 4 keV, SkeV oA H]A(As) o]& FelAl
AAE 079 7° o A4e] AND 19

EoEs ¥
Fig. 8. Calculated dopant profiles due to tilt angle
at 300 K, in the cases of 4 keV and 5 keV

arsenic ion implant.

a8 9& 1 keV E4(B) o) FUA ARz o}
£ 22104l $EE BT glvk A 77 A
FXE AAE 0° 9l 7o} vlasle] F= ¥
Zo] Wgko g Aub AL FoA4E A& B 4 gl
X Byl &9 Wk g A Aolvt gle
AL & 5 gleh =3 af 102 2 keV UP) o]

=]

(227

31

294 AdEs] HE 2A9AS) FEREE NolFy
Sick. 18] A$E ae) Agsh bR A

7°al AS o) WY BE PI7} AWAE FoiF
AR, Z7 WEozs) FEyEe A9 Aot 4

i

= AL B 5 gt =3 ¥ 112 5 keV vl
(As) °]& F9JA] Ak wlE 231 FE
¥Z BojFw gk vlAw B4t Qe ARt v
WA BEE B 5 ook AdE o] HAEe
2| oUA] o] Fglel disle] 7t EEE ]
F EEE AL 7° 2 o] % AU Bk
0° el Z$-rHo} At ol EAIN, FH W} X
= A9 Wbt gl AL o 4 vk 50 nm AL
Zo] ¥ 20 nm AFAIE 7P MOS 2AF Azl
A= 5 gle 1 keV EAL 2 kV )1 2 5 keV H]
A o]& FoA AALE 07 uf Hr} HAE 77
o Zo] WlgFo gl H4E-S IA FARAFAT
whgko 2= zlo)7} wlulslls AL o 4 qlrk olet
Zho] vinmlg] e x vlA AHY AL AT F
A ogz] o] FglelA Zo] wigRo R sk
Ay FAE AR 77 ol FRIeE AAE
ARt &w wWiko g whshe Alde Ak
Abzel) whE Ajolrt A9 Vehdx] dethes e
4 ik

FAL)

A
2=
73

b

implanted 1 keV B dopant 20 contour

|

Tit7

Tito

g
<
8 s
o
mmowom 200 400 0 19 200
Surface{Angstrom)
38 9. 1 keV $&B) o] F9IA] AA= 0" H T
ol 7399 2apAel BoEY ¥ 7 &%

e pES
o]t

In the case of 1 keV energy boron ion
implant, 2-dimensional dopant profile with
tit 0°and tilt 7°. Labels on contour are
the number of 2 dimensionally accumulated
dopant.

Moz 4% Eoee A

Fig. 9.



32 Z 4 AP A F A AR B, P 2 As o] &FYA A dY Akl A3 AT £1EE A
implanted 2 keV P dopant 2D contour ogz‘soko] =2ly]oich 25/\]-_{:._01] w2 B4Eol 12}%7@,
o™ ™ ol FERLE F3 o] FHelE AdY Fo)
0
® &Q B R 2o ZA WL vixE didx] o
[ < ol Pale] dFslAch BRB)E 500 eV ol
w W
- oflufz] o] FA AdE FAbol oIt aEv) BL
£ T I Uk =R AP A$ 2 keV oA
- ol4, zelm Hl2(As)®] % HEF 4 keV o]
- ol itellr] A HAo] BEo] F-¥ol| =A dS
* : TAA = A Aol de Fl o 4 itk
480 400 & 0 % W 15 450 100 80 O % W0 1
Surface(Angstrom} EE?J’ 1 keV "3“_/1\_, 2 keV ‘21, 111]1 5 keV H]i °]
32 10.2 keV P o]& 39l4] AAlE 0° @ AAs S FYY 2304 FEEES Fslod F A ofin]
7 9 A% 234 7‘4°] %"F% 2E 7t o] FlollA= S wiskuris Zlo] wigkem A
B0 USE vHAeR UL HER gae 9%l wewel w2l us A g
olrh
A AL B &g =
Fig. 10. In the case of 2 keV energy phosphorus UIXL“ 7/\21\:_ SAek elgh ol 3 A oA o]
ion implant, 2-dimensional dopant profile = 74 715 o8 A Yievle] o A Aol
with tilt 0" and tilt 7. Labels on contour HX-4 9J3loix= Zo) wisko 2o BB Adw] &
are tilletedngmbert of 2 dimensionally Aol mke=a] mEEelol B AoE Alzdc) w3 =
accumula opant.
? A oA ole FA F @Az FA(post ann-
img!anted5keVAsdopantZDcontour ealing)ii’»]-ﬂ' %]*76:‘ utu _E'_anﬂ ”]i]'t—‘ 0513(}:0] %
w LT8O { 2 3™ FAZ QAT QenE, F A ohix) ol T
v j AAR Al Fato Pt Aot 89 Zlolok
g 3
g 300
E - Zue s
g : ’ [1] “National Technology Roadmap for
" ' Semiconductors,” SIA (1994).
. (2] E. Chason, S.T. Pictraux, ] M. Poate,
L.O. Borland, M.I. Current, T. Diaz de la
160 00 K L] ] .
Surface(Angstrom) Rubia, D.J. Eaglesham, O.W. Jolland,
:-FEI 11.5 keV As o]% zo‘;}] 73}\}_5_ 0 ‘:'i] 73]*]—5:'. M.E. LaW, C.W. Magee, JW Mayer, J
7 el Aeg gi} A BER By 7} Melngailis, and A.F. Rasch, “Ion beams
44 FEE 2xldA R A4F EeF in silicon processing and characteri-
o] sf<polet, zation”, J. Appl. Phys., 81(10), p. 6513
Fig. 11. In the case of 5 keV energy arsenic ion (1997).

implant, 2-dimensional dopant profile with
tit 0°and tilt 7°. Labels on contour are
the number of 2 dimensionally accumulated
dopant.

V. &2 g

£ A7oxe 204 HEPAEE AR T A ey
A o)A AN EEe] FE FEE A
ARRe A Ade AAo) BeE BE FE mAE

(228)

[3] Kenjioro SUGIO, Yoshiharu SHIMOMU-
RA and Tomas D. de la RUBIA,
“Computer Simulation of Displacement
Damage Cascade Formation near Sigma
5 Twist Boundary in Silver”, JPS], vol.
67, no. 3, p. 832 (1993).

T. D. de la Rubia, N. Soneda, M.].
and E.A. Alonso, “Defect

prodeuction and annealing kinetics in

Caturla,

elemental metals and semiconductors”, J.



[5]

(6]

[71]

[91]

[101]

(11]

1994 38 ETTIHEWTE $£ 365 D £ 3%

Nuclear Materials, 251, p. 13 (1997).
D.J. Bacon, AJF, Calder, and F. Gao,
“Defect production due to displacement
cascades in metals as revealed by
computer simulation”, J. Nuclear Ma-
terials, 251, p. 1 (1997).

R.E. Stoller, “Point defect survival and
clustering fractions obtains from mo-
lecular dynamics simulations of high
energy cascades”, J. Nuclear Materials,
233-237, p. 999 (1996).

H.L. Heinisch,
“Stochastic  annealing
differential defect production

B.N.
simulation of
in high
energy cascades”, J. Nuclear Materials,
232, p. 206 (1996).

T.D. de la Rubia, ] M, Perlado, and M.
Tobin, “Radiation effects in
carbide : High
damage accumulation at high tempera-
ture”, J. Nuclear Materials, 233-237, p.
1096 (1996).

M.J. Caturla, T.D. de la Rubia, LA,
Marques, and G.H. Gilmer, “Ion-Beam

and Singh,

silicon

energy cascades and

processing of silicon at keV energies : A
molecular-dynamics study”, Phys. Rev.
B 54, p. 16683 (1996).

K. Nordlund,
simulation of ion ranges in the 1-100

“Molecular  dynamics
keV energy rante”, Comp. Mat. Sci. 3, p.
448 (1995).

7R, 4, 7, 8334, ‘A 22 F
o3t A EHo)dg o8’ A& Az &4
3 F A oA B4 o] Fiel FAjF A
AapEaks=E2]-D A358 DHE Al 123 pp.
30(1998) ; wkaz T2 QA]sle] o) 10|
o] FoiA = AYef Bt o2 FE =
Ao zN Txo upE A5 AHE 5 Q)
Z2 sl on, wiF S AxXAS H4
2do] x3tule] AXATE 1e¥t oA
4 xxof A3t AR AAEL 19991

¥ FR(E&B) % 354 DR # 3R 2R

X A 2 7K

(229)

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

33

39 28-319 7WH4A<]  Ultra-Shallow
Junction-99 Workshop(Research Trian-
gle Park, North Carolina, USA)el| "3
A

R. Smith, D.E. Harrison, Jr., Computers
in Physics Sep/Oct 1989, 68 (1989).
W. Brandt and M. Kitagawa, Phys. Rev.
B 25, p. 5631 (1982).

D. Cai, N. G-Jensen, CM. Snell, and
KM. Breadmore, Phys.
logical electronic stopping-power model

“Phenomeno-

for molecular dynamics and Monte Carlo
simulation of ion implantation into
silicon”, Rev. B 54, p. 17147 (1996).
K.M. Beardmore and N. G-Jensen,
“Efficient molecular dynamics scheme
for the calculation of dopant profiles due
to ion implantation”, Phys. Rev. E 57
(1998).

“Atomic and ion collisions in solids and
at surfaces : theory, simulation and
application”, edited by R. Smith, Cam-
bridge Univ. Press (1997); O.B. Firsov,
Soviet Physics JETP 36(9) (1959).
N.EB. Cower et al,

and

“Low energy

implantation transient enhanced
diffusion : Physical mechanics and tech-
nology implications”, MRS vol. 469, p.
265 (1997).

G. Hobler, HH. Vuwong, J. Bevk, A.
Agarwal, H.J. Gossmann, D.C. Jacobson,
“Modeling of ultra-shallow energy boron
implantation in silicon”, IEDM 97, p. 489

(1997).

7374, &34, “Molecular dynamics
study on sharply shallow junction for-
mation by channeling effects : low

energy As ion implant”, A)63] =LA
sty UFAA, dAdTEn, 29 11d
(1999)

E ¥ IEQEER) F 268 5§ TH B



