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Won-Chae Jung®
Department of Electronic Engineering, Kyonggi University, Suwon 16227, Korea

(Received October 2, 2015; Revised October 23, 2015; Accepted October 24, 2015)

Abstract: For the formation of N™ doping, the antimony ions are mainly used for the fabrication of a BIT (bipolar
junction transistor), CMOS (complementary metal oxide semiconductor), FET (field effect transistor) and BiCMOS
(bipolar and complementary metal oxide semiconductor) process integration. Antimony is a heavy element and has
relatively a low diffusion coefficient in silicon. Therefore, antimony is preferred as a candidate of ultra shallow
junction for n type doping instead of arsenic implantation. Three-dimensional (3D) profiles of antimony are also
compared one another from different tilt angles and incident energies under same dimensional conditions. The
diffusion effect of antimony showed ORD (oxygen retarded diffusion) after thermal oxidation process. The
interfacial effect of a SiO,/Si is influenced antimony diffusion and showed segregation effects during the oxidation
process. The surface sputtering effect of antimony must be considered due to its heavy mass in the case of low
energy and high dose conditions. The range of antimony implanted in amorphous and crystalline silicon are
compared each other and its data and profiles also showed and explained after thermal annealing under inert N,

gas and dry oxidation.

Keywords: Antimony implantation, ORD, Diffusion, Sputtering, Computer simulation

1. M B dopant2A] As¥rC} ©f 243ic} Sb o]l UL &
3|4 sub-100 nm MOSFETE ¢t mj& ZFe gt
OlE]2 S ultra shallow extension HAS 93t & FAst= ultra shallow p-n AL RS 471

buried layer, punch-through 9x], well doping® It} & A oA= Fe ofufX|(10~50 keV)2 FU=

Sbo] 4%l W 4m Bml 300 A ofste Uehps
ultra shallow &g B2xE& & 471 9J11, 3FS0] nano
scale o 2 Aol A8Y 4 A AT 4 U
"lc"h?s }llsrlagr? %p%igifesfﬁgygsm%&tleglgﬂlﬁ trlfesig':sd‘of the Creative Commons 7((; Z‘S‘Zj% Q'—E‘é]g _}F' %1[4-—]_'“ A}E%q O]% Z'S%}Eé]: é
Attribution  Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) dose7]' 1)(1015 CmﬁZEI_

which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

a. Corresponding author; wcjung@kgu.ac.kr

)
n)
]
rlo
ox
Ho
=2
rr
ko)
=
@D
Q.
C.
=
=
o
S



684 J. Korean Inst. Electr. Electron. Mater. Eng., Vol.

_4

Uehta @ralelols Fnslos xpso] gxjolx]
oro. iAol UERATH 1A 8% (solid solubility) o]4F
T Wo= O}EJE‘— o2 RUsHH, of2igh o] U
Efdr}. Teil} ke ofuR|2 £QIEH 400 Sho] At
=7} 4x10%° cm’3 o]Arel 749 precipitationg 2.07]
2 Sbol = FAele] Ro| 3e ol aglo] €t
ofl4RI7} 40 keVollA] o]2 Qo] 3x101* cmZel Ao
800°ColA] 10%7F RTA (rapid thermal annealing)st
295 RO gol 260 0/ UeRAgct [1-3],

o §2

2. ME iy
2.1 2ME U A
2.1.1 HFE AEYojMg Sst 2EE o]2 F
E AZIZ 7|Ee E2|Ho EM 24
2.1.1.1 T-dyn A|EH0|M2E FE QHEIE 0|2
FOUE MIIE J|E2| sputtering M =A}

a4 % SRIM [4,5] glo]E]2A] ofLX] E=170 keVO]
3 Sn)el Z =2 yehtr]o] sputteringo] |
oUA|= TS 471 Q= whHo| HAX};
AR (S} 1 eVOlA] 10 MeV7Hx] /E o vlgsts
55| S7Voh= o=1EH_,] A JR|HES LJFEJFLH_T,_ oJct.

Ag]2 7]mhof| 10~50 keVQ] oAz 7}&% orE]=
ol20o] Buxo} sputtering &ukel Hx|2] Sof ore]=

o] 9] HFof tisiA Astit. SRIM, T-dyn [6,7],
ICECREM [8,9], UT-Marlowe [10,11] #EE] A&
ol Foto] TZEA E v|FA Aol QFEE o]
29| #2229} range HO|EF A= H|u AU

L s,

107
—_ F
=t
=
i L
w10’ |
« E S,

10" |

= farmm | TR | Ll Ll P | [N
107 10" 107 107 10 107 10°
Energy (keV)

Fig. 1. Electronic and nuclear stopping power of antimony implanted

in silicon from various energy between 0.1 keV and 10° keV.
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Fig. 2. Sputtering yield from different incident angles and
energies using antimony implantation with a dose of 1x10" cm?

in silicon.

Sputtering Yield

40 ‘ 60
Incident Angle (&)

Fig. 3. Sputtering yield from different incident angles and
energies using antimony implantation with a dose of 1x10" cm™

in silicon.
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Fig. 4. Sputtering yield from different incident angles and

energies using antimony implantation with a dose of 1x10'® cm?

in silicon.
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Fig. 5. Antimony 3D distribution implanted in silicon at 0°.
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Fig. 8. Antimony 3D distribution implanted in silicon at 30°.

Vertical

1hazee

8004

Fig. 9. Antimony 3D distribution implanted in silicon at 45°.
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ig. 6. Antimony 3D distribution implanted in silicon at 7°.
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Fig. 10. Antimony 3D distribution implanted in silicon at 60°.
Fig. 12. Range data of antimony implanted in silicon from

various energy between 20 and 50 keV at 0° incident.
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Fig. 13. R, of antimony implanted in silicon from various
2AMFEEO] Zlol= 800 Ao]il, £WHO Zol= Al energy between 10 and 50 keV from 7° to 80° incident angle.
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Fig. 15. Profiles of antimony implanted in silicon from various

energy between 10 and 50 keV at 0° incident angle.
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Fig. 16. Profiles of antimony implanted in silicon from various
energy between 10 keV at 0° incident angle.

Table 1. Results from the ICECREM, UT-Marlowe, and SRIM
simulation data for 10 keV '*'Sb* implantation in amorphous and
crystalline silicon.

Model X; (um) Cpeax (cm™)
CRY-RTA 0.0159 7.47x10"
CRY-FUR 0.0155 8.89x10"

DRY-RTA-CRY 0.0154 4.62x10"
DRY-FUR-CRY 0.0145 8.46x10"
RTA-SRIM 0.0186 6.77x10"
FUR-SRIM 0.0183 7.59x10"
DRY-RTA-SRIM 0.0178 4.47x10"
DRY-FUR-SRIM 0.0173 7.37x10"
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Table 2. AR; data obtained from the SRIM simulation data for 10
~50 keV '?'Sb* implantation with different incident angles in silicon.

0° 7° 15° 30° 45° 60° 80°

ngle
keV AR (A)
10 30 34 44 70 94 113 127
20 44 50 66 104 140 169 190
30 56 64 84 134 181 218 246
40 67 76 102 162 218 263 297
50 77 88 117 188 255 307 346
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