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Absgract: For the investigation of dopant profiles in implanted Sii.Ge,, the implanted B and As profiles are measured
using SIMS (secondary ion mass spectrometry). The fundamental ion-solid interactions of implantation in Si;.xGe, are
discussed and explained using SRIM, UT-marlowe, and T-dyn programs. The annealed simulation profiles are also
analyzed and compared with experimental data. In comparison with the SIMS data, the boron simulation results show
8% deviations of &, and 1.8% deviations of AR owing to relatively small lattice strain and relaxation on the sample
surface. In comparison with the SIMS data, the simulation results show 4.7% deviations of 7, and 8.1% deviations of
AR, in the arsenic implanted Sio.Geps layer and 8.5% deviations of R and 38% deviations of AR, in the SiosGeos
layer. An analytical method for obtaining the dopant profile is proposed and aso compared with experimental and
simulation data herein. For the high-speed CMOSFET (complementary metal oxide semiconductor field effect transistor)
and HBT (heterojunction bipolar transistor), the study of dopant profiles in the Sii.«Ge, layer becomes more important

for accurate device scaling and fabrication technologies.
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Fig. 1. Comparison with stopping powers extracted in boron implanted
So4/Gayss and in arsenic implanted SosGeys using SRIM simulation.
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Table 1. Range moments of SIMS data, SRIM and dual pearson
simulations in boron implanted Sig4/Gepss layer.

Type Ry AR, Y [§]
SIMS 0.0672 0.0417 0.876 1.89
SRIM 0.0579 0.0397 0.129 248
Analytica method 0.0618 0.041 0.062 3.485
0.0631 0.038 0.071 3.48

Dua pearson

0.099 0.055 0.053 3.49
B->silicon marlowe 0.0818 0.04 0.688 4.34

Beam energy: 20 keV, lon beam: B,
Samples: Sip47Geyss, Unit (um)

Incident angle 7°,

*((F*pr
N, A mran
Clat) = e HAR (17)
2m(AR}+2Dt)
ohger EAlY] =0 mhE Ao gt Heket A

5 SiGe 7|HolA Geol Z/dv|o] TE SijGex 2
=420 watA atomic density, A4, range

parameters A4St} o]2gt dataz2 R E FA2H
5° EE2E UERY AL Stoh
3. 4 2 nEk

O 2= Si 71 9] relaxed Sig47Gepss epiZof
dose?} 6x10™ cm™0]1. 20 keV ofUyx]Z o]
£ sttt SIMSz 5745t UEhd Bol =3 &
% SRIM toolS A5 A2 "Wt SRIM A]
Jol o] Zate peak & EE FoAojAE &
A8t channeling tail2 UEY+= SIMS data®t
Aol S eI

oheta 2 Ao = dual pearson Hf
o SIMS dataﬁ e & dx|ste 22
t}. dose H|SL 0.845 UEJY T =&
EX 1 11t ﬂq

E5 SAAY WHe A8l & B

o ey Lt

?

A
Y

Upe}
g

cE
o

L oo
23 o

r{m uj
Hel

a

He
uju
ol
N

o] 4% M v% 3 FIolA= ofF A UR|sh=
AS = 271 Aok 22y tail ZHOA= okt
o] HAME YERY It} Channelingg BARSH= UT-

marlowe A]E20]A [18,19]2 A&slA A& v]ws}
Rt A2]F} SigarGeossOlA B 27T Ge Y
Z7F g7l Re ghol o A7l UeUA A& Zlol7t



R7|RRR| 288 =2 K], A|31H A|65 pp. 377-385, 2018 9%:

2U
107 F SRIM
3 4 @) SIMS data
N Dual Pearson
¢ Analytical model
UT-marlowe B->Si
10"
o
£
£
=
'9 18
1 —
§10 E
] |
@
=1 |
<
<) |
(]
107 |
1015““I““I“““.““"“
0.05 0.1 0.15 0.2 0.25 03
Depth (pm)

Fig. 2. Comparison with simulated and measured SIMS data in
boron implanted Sig47Gepss using 20 keV at 7° tilt.

Table 2. Range moments of SIMS data, SRIM and dua pearson
simulations in arsenic implanted SiosGep, layer.

Type Ry ARy ¥ B
SIMS 0.0451 0.032 1.78 717
SRIM 0.0407  0.0165 0.39 3.0
Analytical method 0.043 0.0294 0.4 351
0.0406  0.0194 0.79 4.01
Dual pearson
0.0879  0.0507 0 3

Beam energy: 60 keV, lon beam: #As’, Incident angle 7°,
Samples. SiggGepp, unit (ym)

Table 3. Range moments of SIMS data, SRIM and dual pearson
simulations in arsenic implanted SigsGeps layer.

Type Rp ARp Y B
SIMS 0.0352 0.0245 221 10.7
SRIM 0.0356 0.0162 0.43 3.02
Analytical method  0.0382 0.034 0.28 3.36
0.0352 0.0172 0.56 3.08
Dual pearson
0.0489 0.0498 0 3.64

Beam energy: 60 keV, lon beam: #AS, Incident angle 7°,
Samples: SigsGeps, unit ()
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Fig. 3. Three-dimensiona boron profile in implanted Sig4Gepss
with 20 keV at 7° tilt using SRIM simulation.
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Fig. 5. Sputtering yield from different incident angles and energies
using arsenic implantation with a dose of 1x10™ cm? in SiosGeys.
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arsenic implanted SipsGep, using 60 keV at 7° tilt.
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Fig. 7. Comparison with simulated and measured SIMS data in
arsenic implanted SigsGeps using 60 keV at 7° tilt.

D(x) =Nx(1—exp(=P(z)/Y)) (19)
o7]A4 Ny 7]H9] YA LS, Y+ sputtering yield
£, Px)= damage(x)®] Ag UEUD, o]z <
Al xQt x+vt AlOJofA] vt= & eroded thicknessZ
Uepdch, Qatztat ofuxlo] ThE sputtering yieldS
% 5o UEdet. Ae]2ak= o2 SiosGeos3-0ll
A= &sliAol 1,109°Colal "w=rF A2]EQl 2.3394
3.951 g/cm’2 © 37 Wal7] fEo] Ase] o] 259
A 90 50 keVollA] APZHEst 80°Q1 A9 100% el
23t "|wshA] oF 3.58] §§ £ sputtering yield& U

Epfgict.
29 30=RE o3} H Ase] FZE 19 6
7o 242 YERigitt. UT-marlowe®] Al&2]o]4d
a

e
= {8iA random = 108+ 7HE2 ALSHAS.



B — Analytical model

—_—— SIMS data
— SRIM
—— U T-marlowe

{em’®)

B->Si

(=]
z

Concentration

B

o]

‘ ‘0.(‘)5‘ — IO.I1‘ — 615 — ‘0.2‘ — 0.25 —
Depth (;tm)
Fig. 8. Comparison with annealed SIMS and simulated data in

boron implanted Sig47Gepss at 950°C for 1 minute.

o

1017
[ Analytical model
- SIMS data
SRIM
— ————— Annealed As->Si
T8
10
3]
= B
=] B
= |
[
=
= |
@
g 15
S10°
© =
1014 s 1 s L L L L L L
0.05 0.1 0.15
Depth ( Lm)

Fig. 9. Comparison with annealed SIMS and simulated data in
arsenic implanted SipsGey2 at 1,000°C for 1 minute.

107 £
B = = = = SRIM data
B —e— SIMS data
- - Analytical model
— . ~ —— Annealed As->Si
"’E10m ————— ~
=)
S
g=]
<
=
=
@
9
=
Q
(&)

=
(=]
@
T

1014 L L 1 L 1 L L L L "l 1 I i L L L
0.05 0.1 0.15
Depth ( um)

Fig. 10. Comparison with annealed SIMS and simulated data
in arsenic implanted SipsGeps at 1,000°C for 1 minute.
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