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Abstract

Antimony profiles by MeV implantation are measured by secondary ion mass spectrometry (SIMS)

and spreading resistance (SR).

The moments of SIMS and simulated profiles are calculated and

compared for the exact range in MeV energy. SRIM, DUPEX, ICECREM, and TSUPREM4 simulation

programs are used for the calculation of range 1D,

2D. SRIM is a Monte Carlo simulation program and

different inter-atomic potentials can be used for the calculation of nuclear stopping power cross-

section (Sn) and range moments. Nevertheless, the range parameters were not influenced from nuclear

stopping power in MeV.

Through the modification of electronic stopping power cross-section (S.), the

results of simulation are remarkably improved and matched very well with SIMS data. The values of

electronic stopping power are optimized for Sb high energy implantation. For the electrical activation,

Sh implanted samples are annealed under N2 and . ambient. Finally, Oxidation retard diffusion(ORD)

effect of Sh implanted sample are demonstrated by SR measurements and ICECREM simulation.
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pearson simulation data.
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Fig. 4. Results of ICECREM simulation underNs
and O gas ambient at 1000 C for 30
minutes.

23 A ¥ HHXHe FHZ &3 MMA

otE| 20|22 AlEAHZ

e} o] 2&Fqid SIMS FE®¥E TRIM =
2aWel Astel 1~4 MeVe olvix] gdoia=
qAz 2 gasn dvt. 28y 5 MeV HEHE
& AAE Jeguln dd Mevel zoluyx 99
AM= HAHAH(NSHe] AHAHANS,) B
o oo Aul et o714 Ny 4aEes, S ¥
oo AR 2 @ AR H E (stopping cross-secti
on)g onjgtth. wEbA HARAAAGHHE A5
o] QlEJ¥Eol29 FEEITV Addoeleel & o
28 g MeVel oA el A4 A 2 (range)
& #HAgl vk AR H APgHoz JIgFS
J2= 4AE ko) A9 Moliere, C-Kr ¢}
7ZBL A9E-2(2021] Y& +=4 4), B 7zt
el dagadende okl gae 9
A zE] 93 AdE ZF 49 (screened Coulo
mb potential) ¢} FAoR2 v}&# Po] FA (4)

o]



J. of KIEEME(in Korean), Vol. 17, No. 11, November 2004.

# (5EH ezt
&3 e ozt A o AAdHE FEH
(screened Coulomb potential) 2} oz &3}
ol 4 (D} (5)E A LHERo] AT}

HEAgAARAL ol

Z,Z.¢° r C r

o (L) =

a(r/a) ‘a

)1:04:¢(0) =

Ly = :C‘ezp (—d‘-s (5)
Q) Abol -,
b r& SHEAY, atz

2} 71 o] @=0.0853a,Z,. ‘79]
2o el Ak o] 714 apiz Bohre] ¥HA
(0529x10-8 A)s viehlie, §EHER Ziss Zis
(Z)5 +Z0Y 8 FAlow L]E}»LHO] 1ct, Zp 2 Kr-
C 9ol A9 x=0230122, y=109 #& vepdQ
v} WA Molierers x=05 ol y=0.679 &
LFERISITE. o] el 8t 37FAI e i}jﬂ"‘ A&
3 2ale *—*1(5>°1 HEoche 24 LhER o]
Atk o]¢ A4akd E 20 dheRUIRLY ol el &
A 7} A] %’17‘%]‘, 448 Agste] Ro aRE AN

ElAle] AHEE
z} 7 4 o] (screening

LR
length)

PR
dx”

ieruoﬁ

,\1_ 3“

sto] B Ai} R,z ofF U]Aﬂéﬂ— z}ol 7t ot
ARP{ 7191 Bda} Foeloivk AEdos Rt oR,
AR R dEE s *i%tﬂ 5o Rpst oR,
T oEatel7h glEE Ty el ERl & 4 9l
th, ES MeV oz gl (r/a)7h 1HG
Zold o oy 7hA A9 ueliie] whit b E
#W7F Aol wgxsl AxkE veldz vk Zrey

100 keV o]ate] o)A o Holl M= thddt

qe

ol w AHEIt ol A et dela
% 9ltH20.21],
E 2. A7 Aol i@ AAgFe 4

Table 2. Constants
for three types potentials.

in the screening functions

72 o)

O Moliere Kr-C ZBL
s

n 3 3 4

cl 0.35 0190945 | 0.02817

c 055 0473674 | 0.28022

¢ 0.10 0335381 | 0.50986

s 0 0 0.18175

d; 03 0278544 | 0.20162

d 1.2 0637174 | 0.40290

ds 6.0 1919249 | 0.94229

d 0 0 3.1998

1160

300

a9 5 AvkA e M
ol wE RP <} ARpi: /:”}\]—O]')\)\—l— SIMS o]
Boh A2 waste] agow el £ AT

of Hee A xe) AARAEE o] 23} @

02 gkl 49w

g ate]l %Al ArgzZHscattering angle)ell < &
& A "k o] Adze ;A Ho| JIE T

o] Ry9t AR, E ZASHA #HrH17-20]. Moliere®}
Kr-C A¢irdEo]l SRIM2t TRIMEZ 1ol A
# 8- ZBL(Ziegler, Biersack, Littmark) %191 %
WUHE Ryel gtol 20e 2 vha o A e
gt 9189 skeldr 7b 9y} H}xﬁo“ ]aa )
7172 AArde g3 H o 5o A9
A7F A e T 5ol A

slo]l 3

L e e A S 2 e e I

4l

F O SIMS dota ¥
+ Moliere potential k4

O ZBL potentiol

®» C-Kr potential #

P

Energy(MeV)

a8 5 A HAe AR e FEAEANE
&-3to] Alabd AbgAEleh SIMS vlolH
o] B,

Fig. 5. Comparison between SIMS data and

calculated range f{rom three different

interaction potentials.

weha 3

;q,z%z Eﬂ 0

Aol A= AR
FH s MeVi o] &
of 2o Abg A % ‘EL%_%% 7A
SRR R = i TR R
MeV ol grejEeo]l WA
(6)2 et

2= A 0.
=

| FHe 74

S (eV/A)=19-E"+0.015-F
o]7]M el E¥ keVel ajughr.
keV o]ake] o L] X ol M=
Lhebd A oke] &<l eyl dig S, o] ¥

Z\A



VE nlgah +4
C oy MeVe] oA o] 29l
we] #eol FUbE dEbdE 74 608
. C139 68 SRIMY
mzagonyy AdR A R HYxUw
b sl glek ol A7k 160 keVol A 4] kol A
heje] o FAgu A HhgS 1999 eV/AE
tehfla vk 1 MeVel M 10 MeV olu# 99
AA S.9 @ 1471 eV/ANA 4311 eV/AR 2
2t ok g GolA Ve AAE 1 keVol
A 100 MeV7hA1 o o g ol A dAp4 A ek

Ho ool wEse Zrhshir glovt A
G e 1 keVold Zvhatrlsl 160 keVoll A v

A A B S Aok

10° e i L o SRALA Lo ey 1
sl SRIM-! B
— -Modified S, of TRIM
o SRIM =5,
T 7

S, 3, (ev/k)
. 2

10‘! Laansl Ll bosad Jacul Lot
1o® 0! * 10 *g? ot *19°
Energy(keV)
a3 6. TRIM, #AAA#Ho]l 4H¥ TRIM 7
SIMS &% 'HXE o] n\l .

Fig. 6. Comparison with TRIM, modified TRIM
and SIMS profiles.

A ¥ SIMS dlele e} HFER
1 Ry9 ARE AFBI 28FE Z9
o 79 el Ryis SRIME rﬂ
A & e Jehda Ak 5~10 MeVeY olluix
o Aol M iz SRIM ﬁlOlsi o] AWEHRE P9
AR AR R,7F 7hE 4 Jeld s o 7 Aok
ek HoAge M A AEE A 1L
g 7ol vekd A A SIMS dele et F AR st
TE v E 394 4" TRIM FHFEHES
Aelel Ayl duirt #F AdAstE7FE SIMS 9
SRIM dHlelelet A& Hlaste] F#2& 3% 3o v}
ebiolel. &30l A vpebh %ol R, 9 el 5~
10 MeVel olyx] dodellA SIMS delEl 9} vl

9 9] A2k
7} 7}

B 7t 7}

1161

A7) AR 88 2, A7 A5, 20043 119
A4 B 2 e e ol olfi AabgA

4 BH ey WEolgn Anan 4N
A 2g A3 TRIMHolE = SRIMuolE]2} H]u
A Ry AR, 25 o Ad® Frks e

ix 3. SRIM, SIMS deleig} FAH¥E TRIM
 BEERIES
Table 3. Comparison of data with SRIM, SIMS

and modified TRIM.

o =T
MeV (oo b | Rl SR
SIMS 2.03 0.492
5 SRIM 2.11 0.256
Modified TRIM 2.01 0.351
SIMS 2.36 0528
6 SRIM 248 0.282
Modified TRIM 0.23 0.352
SIMS 264 0.566
7 SRIM 283 0.303
Modified TRIM 266 0.381
SIMS 30 0.633
8 SRIM 3.15 0.322
Modified TRIM 2.96 0.394
SIMS 3.30 0.694
9 SRIM 345 0.338
Modified TRIM 3.24 0.407
SIMS 3.63 0.676
10 SRIM 373 0.351
Modified TRIM 3.50 0.422
4 Y e 4
O SINS data
| A mn.a TRiM
3+ =43
« %
11+ —1
i _"é,:_a—?l:f—- —
B R S 6O
Energy(MeV)
ag 7. 39 SIMS dolest AE R, 9 A

R, & Hla,
Comparison with SIMS and simulated
data for R, and AR,.

Fig. 7.



J. of KIEEME(in Korean), Vol. 17, No. 11, November 2004,

19
10" e . S— -
*f Dose = 1+10™ em™@  —-sMs 3
M awf'd TREM
. ifie: 4
0], E = 5 Mev

£ g > g

s

'S e

Concentretion{cm™)

a |
0 1 2 3 4
Depth(um)
a2l 8. SIMS, SRIM, 439 AAHAHE A&
3 TRIM 9] <tE]# 9] BRE&XE Bl
Fig. 8. Comparison with antimony profiles from
SIMS, SRIM, and TRIM with modified
electronic stopping power.
10"® g ree———rr—r P .
of Dose = 2.7+10% cm’zﬁ_r l 3
£ = 6 MeV e 1
00l gy —> i o Modified TR'M_.
£ . 3
< 1
(o4
£ 108
g 3
€ ° 3
S b
g
AL]
g 3

| SR

Depth(um)

a8 9. SIMS, SRIM, F=A" ARAAHE
£3 TRIM ¢ ¢tE|29] FREERT ML,

Fig. 9. Comparison with antimony profiles from
SIMS, SRIM, and TRIM with modified

electronic stopping power.

EE QB FE
vebdl SAE
SIMS dlel®l & - 2
Aot 53 HAdEng 3101011*1 T TRIM el
ol¥17} SRIM Hlol¥ Rt} SIMS wlolelet 3 o
xake] 7)Ee] SRIMeIAM A&sn 3l ZBL A

ARAgAARTdRc o AHE AE A A
t}. 8hd] AR, = SIMS ulejEl7b 7bd = A v
Wil SRIM¥ FA® TRIM2 dddes ze
e vehligg. agdn BFstn Az A A
He 448 £4E TRIMe deolg7} <k7ke] A
AHE AR, #E YEFHES #<l 3%t
10" perrrme et
g Dose = 1.5310" cm™
@ Modified TRIM

o E = 7 MeV

¢

N

z gy —> g

K]

B

2 3

< ]

1%

5

O v 3

I A
4 5 6

Depth{um)

a3 10. SIMS, SRIM,
435 TRIM 9] ¢tg e

F49 AAgALL A

TR Ha

Fig. 10. Comparison with antimony profiles
from SIMS, SRIM, and TRIM with
modified electronic stopping power.

10% ™ USRI I | AR BN N
— SMS Dose = 1.5+10"° cm™?
+ SRiM
o Nodifisd TRIM
A 0" = B MeV
f», 't LT
g
'~§ 10% -
£ o
Q 3
i
to* P Lt FEFEPES I SR
1 2 3 4 5 6
Depth(um)

a3 11, SIMS, SRIM, +3" MAgAEE A
£-3 TRIM ¢ ¢tE|Ze FERE H I,

Fig. 11. Comparison with antimony profiles

from SIMS, SRIM, and TRIM with
modified electronic stopping power.



10"

AR RS B AR
T Dose = 1.4110" em?  Shn ]
& Modifeed TRIM 1
-.';"1017- E = 9 MeVv 4
§ ‘prsps 3
£
:‘g 1QII =
£ - :
< i
8 ]
S 10" 3
14 " i i PR P | L
10 1 2 3 4 []
Depth{im)
a3 12. SIMS, SRIM, #3839 dxAx#"E A
435 TRIM o GEEQ FEFXE Bl
Fig. 12. Comparison with antimony profiles
from SIMS, SRIM, and TRIM with
modified electronic stopping power.
10" 1 T 3
‘[;' s Dose = 1.12410'% em™® 7
— - * Modified TRiM
T 3
E F E= 10 MeV E
5 [ 'se s ]
E=RTeY e
o
‘6 . E
] ]
LSJ mm ,.
w5 1 2 3 e 5 €7
Depth(wm)
a3 13.°SIMS, SRIM, +4¢ AAAHAHE FH
$¢ TRIM o} otelEe] FERE
Fig. 13. Comparison with antimony proflles

from SIMS, SRIM, and TRIM with
modified electronic stopping power.

1163

APV AR AR A, AT ALLE, 20044 119

4714y 99
SHERIEC R
WO ol LA

o] &9 JAHEFo] x¢d
ke Uehld, ARy

F#AAAE Yedoh
FUF Zo] 6 mel B ooz °¥E1E°l%
FA& F3% Fol TSUPREM4 #HFE 2ol Hd3d
o A#E ¥ 1494 2¥ 1872 JEhRIT
vtz AbgE AHseRSIo2)e FAE 15 mol
1 dege 7lwe FAE 1.3 mE Ehich
o] A%l 1 MeVe oW oM =z7} 5x10°
m*Ql QrE]Eo] AglEo FE ol Al <k
ol2e] REZ A Fo Yo 7
gy ez yYehddch TSUPREM4 ZHFEHZ 2
Ao Hgsto] =AY SIMS Hlo]E S olxgd A
Fxz Bt add g veld S5 ey
= 1x10" em®ez 2E 1x10” em™ o e o
Bt 385 s5nMe 3Ede 2aaAds
19] HA o2 et 48 SIMS dlolEfdl
A @33 " Rpe 047 mo] 12, ARp+= 0.143 mm, v
0.725, B+ 51429 R E(moments)zt-g zHz U}
230 /A=

AR,¥ SRIMoOl A 0.0787 mm, +H ¥ TRIMol A
= SRIM 2ot o4 o & %2 qeEhlE 007929
mE 27 el 18 149 15% v a A
*wﬂoﬂﬁ Sk E}E °‘AP}°” TAF otEjE

o N jo
o B hu

(o]

iu)

o ot rfa
o]

{

"JHE—OI%

H
57
e}
: ! LE18 *’ S1E20
e —— 1
2 1 iEn- g %W LE19
C-;S__ 1E16--3
I 2.00 4.0 5.8 9.0 10.80
Distonce nicrans!
a3 14, SEHE o] 29 o] 258 %d SIMS o]
HE st Ued olddHe vw
B
Fig. 14. Two-dimensional antimony  profiles
using extension of one-dimensional
SIMS data (E=1 MeV, 0° tiit,

)

Dose= 5x10" ¢cm ™).



J. of KIEEME(in Korean), Vol. 17, No. 11, November 2004.

O 153 A A 7°¢ HAlzto® F9
A7 wEol JARFel AE Fel FAAA Sl
Hrp 2 &% tha ¢ QFE|Eel e P2

Leb e

)

—‘Fﬁ

ul O
5 W

il
Gl

-L.88

=
3
8
4
]
]
-
*
©
g
-
=
o

L.@8

e M
Dislonce (magrons)

a2 15, QtEjE ol o] ol &9l Fo SIMS et
WE S 2stel thebd ol
LEE

Fig. 15. Two-dimensional antimony  profiles
using extension of one-dimensional
SIMS  data  (E=1  MeV, 7° tilt,

Al 2
Dose=5x10"" c¢m 7).

116, 177 182 Hael AAazbzelA 1000

Toll4 30 &3t FH g Fol el qrelEel

Eeojrh, 19 162 EAMeElde] 11y 149 vl aslA
= B3 defol .‘312!‘!-_1&}6"0&51];}_ =2 ak o
gt Estel ol vha o e FRREG U
ehpar vk 2y 179 Oy 15 K ﬂé}ﬁﬂ}oﬂ
sA vha eexggez 7golu aﬁﬂom,

FAgonris U 2 REs e gl

iy

-
3
i 2.80 1.00 608 8.0 12.08
Disionce Intcrone)
a7 16, FEE o) &9 o LFYFol SIMS el
WE gkl *‘*/H.* UG
7 e ol Lhebl o219l Q) i,
Fig. 16. Two-dimensional dnncdled antimony

ambient using
SIMS

profiles under nitrogen
extension of one-dimensional
data (E= 1 MeV,
. T= 1000 C,

cm time=30 min.).

0° tilt, Dose=5x10"

1164

§ [ — T 1D
2 7 AS i

s Rl ——— = 1EDD
“om " 2.00 1.80 5.00 6.08 18,80

Distonts farerons!

28 17, SIMS SeE S Sasle] tElE o] &
of AirkaR ezl dHFo heh

Woolatd ARl FEEE
Fig. 17. Two-dimensional annealed antimony
profiles under nitrogen ambient using
extension of one-dimensional SIMS
data (=1 MeV, 7° tilt, Dose=5x10"
cm °, T= 1000 C, time=30 min.).
1Rl 18 EE8A vl da gl AFAVEA
7oA FAE F Aol HERR SHEIE #
EH YeER vk 2 Ao Alg" abshy
W2 wﬁ‘ﬂ'@rt‘“ﬂo.&r’ 1000 Co] =LA 30%
7 Axe] $oll 4bstutel FA = TSUPREMA4el A
g 18 A LPt}‘ﬁ‘ AAE 0225 mE eRY
ek c1g) 1gel wbERWL A AR bavboly o
delgh A9 Aasks weisldM Gxee oy
179 wlitstel mw ORDw boupe) 2wl
Ao oyl v 1 Hopdg A
21l et

2
£
b.00 2.8 .0 (7] 8.09 18.88
Digtonce (nicronst
a7 18, SHEE o]&9) SIMSHelE & #Fa}o]
AP0l A A2 Fol o] A9l
2ol FEa
Fig. 18. Two-dimensional annealed antimony
profiles under oxygen ambient using
extension of one-dimensional SIMS
data. (E=1 MeV, 7° tilt, Dose=5x10"
em®, T= 1000 T, time=30 min.).



4. 4

A= MeV o] 202 FUH QUGEE o] 9
cEE AP AR o HA 9 AR o
A AR mds gt AAE dst

H“ r}c:

ol

t} E3] 5 MeVelA 10 MeVY olux] oo
= ARAARRA S FAse] P SIMS o
Hel 2 dAeli: Ay oles) ¥xE 7@

Atk MeVel ol x] g ool A=
A o] ®)9 verd Axw VE o wast
o F74H o2 Ed wdsh: FAo2 e
A 2y 858 9 139 JEld AAY A
o] ZloloA SIMS Heolelgt z AR}
AvAA el g T ¢ AN wHAA @
SRIM2003 Z 2 1#e] 4] AL&5 Sl &
SeZtS &8k 1 MeVolA 10 MeVe oy
2] %“’%OM H AdE FERFEE U 5 9l
At} orE]Eo) &) Al Fol N» ¢ O 7%*3
710l A dxeElstel ORDEF7E VebdS S
A3 [CECREM ZHEH RN ATLE EaA a]
A g &9 ¥ 4 Al TSUPREM4 T2 13
S ol gsle] olaAdHe] FLEEEE 1HOR 1}
BRIt e ol 2F9719] dA e
A Ewg wrh Sy cha o we ¥
Mg a7 e T A4l B97] IRl M

A7)

A
=

o
&

}:
<]

oX }'ﬂ b

o 2o 2 ook (Y ri 4 2 X 3 8 of
[

rﬂ

‘1_L_
o

ORDE#E #A% & YA AFHZIAY 2
$E Sate] Lebd QHEE o8 £ REL:
gee deel AxAzel 2§ 5 Avkn AR
s},
Lol 2
BowRo 9002dE Av|osta sjeldd dF
Ml A ol ofa) o H T

2o 24

{11 J. F. Ziegler, “High Energy Ion Implan-
tation”, Nucl. Inst. Physics Research, B6, p.
270, 1985.

(2] Hans P. Zappe and Chenming Hu, “Device
Charistics of MOSFETS in MeV Implanted
Substrates”, Nucl.
B21, p. 163, 1987.

[3]1 J. P. Biersack, “Basic Physical Aspects of

Inst. Physics Research,

1165

A7l AR AR =4, A17A AE, 20043 1149

High Energy Implantation”, Nucl. Inst.
Physics Research, B35, p. 205, 1988.

[4] K. Tsukamoto, T. Kuroi, S. Komori, and Y.
Akasaka,
for ULSI”,
p. 49, 1992.

{5] Badih El-Kareh,

“High energy ion implantation
Solid State Tech. Vol. 1, No. 1,

“Fundamentals of Semi-

conductor Processing Technology”, Kluwer
Academic Publishers, p. 352, 1995.

[6] J. D. Plummer, M. D. Deal, and P. B.
Griffin, “Silicon VLSI Technology”, Prentice

Hall, Inc., p. 451, 2000.
[71 O. W. Holland and D. Fathy, “Annealing of
Shb+ ion- implanted Si”, J. Appl. Ph Vol

63, No. 11, p. 5326, 1988.

8] AAHE, HAvE, 7AdE, A4, o ¢
SRCY l%?%}*l Sb203 ¥R Wy 2 =y
HEdd", A7dzadgss] =4, 174, 5

3, p. 476 2004.
S. J. Morris, B. Obradovic, S. H. Yang, and
AL. F. Tasch, “Modeling of Boro Phos-
phorus and Arsenic Implants

(9]

into Single
—crystal Silicon over a wide Energy Range
(Few keV to Several MeV)”, IEDM Tech-
nical Digest, p. 721, 1996.

[10] AL, “He] & MeVE o]2F9d 29
A R IZ S profilecd] #E G, 27 M A A

293 =54], 109, 9%, p. 881, 1997.
(11] AL, “Agde] Fie AWA o] 2F%
of 9g FmEFo g AT, HrIHARA
w7, 154, 43, p. 289, 2002.
C. Park, K. M. Klein, and A L. F. Tasch,
“Efficient modeling parameter extraction for

[12]

dual pearson approach to simulate of im-
planted impurity profiles in silicon”, Solid
State Electonics, Vol. 33, No. 6, p. 645,
1990.

TSUPREM4 is a version of SUPREM-IV
from Avant! Inc. SUPREM IV
nally written at Stanford University by M.
E. Law, C. S. Rafferty, and R. W. Dutton.

H. Ryssel, ]J. Lorenz, and W. Kreuger,

[13]
was origi-

[14] “lon
Implantation into non-planar Targets: Monte
Carlo Simulations and Analytical Models”,
Nucl. B19, p. 45,

1987.

Inst. Physics Research,



J. of KIEEME(in Korean), Vol. 17, No. 11, November 2004.

[15] User's Guide, “ICECREM 1996 manual’,
Fraunhofer Institut fiir Integrierte Schaltun-
gen (IIS-B) Schottky St. 10, Erlangen,
Germany.

[16] J. P. Biersack and L. G. Haggmark, “A
Monte Carlo Computer Program for the
Transport of Energetic Ions in Amorphous
Targets”, Nucl. Inst. Physics Research., Vol.
174 p. 257, 1980.

[17]1 J. F. Ziegler, J. P. Biersack, and U.
Littmark, “The Stopping and Range of lons
in Solids”, Pergamon, New York, 1985.

[18] J. F. Ziegler, “The stopping of energetic
light ions in elemental matter”, J. Appl
Phys.,Vol. 2, No. 3, p. 1249, 1999.

[19] J. F. Ziegler, “SRIM 2003 manual,
http://www.srim.org/

[20] D. ]J. O'Connor, and J. P. Biersack,
“Comparison of Theoretical and Empirical
Interatomic Potentials”, Nucl. Inst. Physics
Research, B15, p. 14, 1986.

[21] J. P. Biersack and J. F. Ziegler, “Refined
Universal Potentials in  Atomic Collisions”,
Nucl. Inst. Physics Research, Vol. 194, p.
93, 1982.

1166



