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A Study of Dopant Distribution in SiGe Using lon Implantation and Thermal Annealing
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Abstract: For the investigation of dopant profiles in implanted Si;(Gey, the implanted B and As profiles are measured

using SIMS (secondary ion mass spectrometry). The fundamental ion-solid interactions of implantation in Si; Gey 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 R, 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 Sip>Geos layer and 8.5% deviations of R, and 38% deviations of AR, in the SigsGeos

layer. An analytical method for obtaining the dopant profile is proposed and also 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 Si;.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
Sig47Geos3 and in arsenic implanted SipsGeys using SRIM simulation.
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Table 1. Range moments of SIMS data, SRIM and dual pearson
simulations in boron implanted Sio47Geos; layer.

Type Ry ARy ¥ B

SIMS 0.0672 0.0417 0.876 1.89

SRIM 0.0579 0.0397 0.129 2.48
Analytical method  0.0618 0.041 0.062 3.485
0.0631 0.038 0.071 3.48

Dual 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, Incident angle 7°,

Samples: Sigp47Geos3, unit (xm)
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Fig. 2. Comparison with simulated and measured SIMS data in
boron implanted Sip47Geos; using 20 keV at 7° tilt.

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

Type Ry AR, ¥ B
SIMS 0.0451 0.032 1.78 7.17
SRIM 0.0407 0.0165 0.39 3.0
Analytical method 0.043 0.0294 0.4 3.51
0.0406 0.0194 0.79 4.01
Dual pearson
0.0879 0.0507 0 3

Beam energy: 60 keV, Ion beam: *As’, Incident angle 7°,

Samples: SiosGeoa, unit (#m)

Table 3. Range moments of SIMS data, SRIM and dual pearson

simulations in arsenic implanted SigpsGeos layer.

Type R, AR, ¥ 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, Ion beam: *A*', Incident angle 7°,
Samples: SipsGegs, unit (xm)
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Fig. 3. Three-dimensional boron profile in implanted Sip47Geos3
with 20 keV at 7° tilt using SRIM simulation.
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Fig. 4. Three-dimensional boron profile in implanted Sip47Geos3
with 20 keV at 60° tilt using SRIM simulation.
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Fig. 8. Comparison with annealed SIMS and simulated data in
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Al YERST [18-23].
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1 SipsGep 0| = 1.18x10™M cmZ/sE LERLEA] AlE]
oA Bt} 4.62812 ©f 3 YERGTE SiiGeloll 5
A= Aso] ghih2 Ale|Eo v|sliA tail BFofA 1.78
i o 37 YErth £35F AAISE sfAAQl wElle
ghit o] SIMS dlo]Eje} oF 3.7% o|ule] QAE U
EfUiojA] vlw A A A2 =eld 271 Qo

a3 102 1.000°CoflA] Aso] =4atA 7 Aol A
2.55%107" cm?/50] 1L SipsGegsol A 1.88%1071° cm?/s
2 A o A YUt SiGeoll £UH Aso] &
A2 Ale] o] BlgiA] tail FZ2olA] 1.358]2 § 27
UERSTE AAISE sfA ARl med2 shil Sof SIMS
olEjQ} vlwaiA 3.38%°] QALS UEhYoix] vlmA
A AR IS =g 7 o

E3E Geo] Z/du|o] wE 800°CoA 1,100°Ce] =
T HOoA &AARE curve fittingg £33t Al
(20)~(22)2F & 110 YEpITh [12]. o7& ©¢

= em?/so|th

D(As) = Dyexp [TTa} (20)
E, (e V) =0.7262° —2.4892” +0.3799z + 3.82 (21)
Dy(em?/s) =171.22° —317.952> +147.68x +6.02  (22)

a9 12 BFy7F SiosGepsoll o2& stal B2
sto] UEhd Bo] L& B E SIMS data®l gauss 22
1 M2 Hlwstct. Gauss 2@ F9, R, 2 2.7
m, AR, F2 2.1 mE UL SiAAQl wHlo] AlE
ol ZAxt, r, 2 2.94 m, AR, 3 2.54 mZ 7}
ZF UEPSTE BFy(49)= B(11)et vl wsliA] 4.46812] Al
o] f AL TAMO]20]1l x2 doseR FUFH L
79 gauss HER UERHA €t BFL &2 dose
2 2" 4= A (23)1 Zo] gauss X = LE}

LA ot

_ Cdose _ ($_Rp)2
C(w)_\/TW—ARpeXD[ —QARj } (23)
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= MelEol ARt Sk AS7t oF 2,748
ZFasre A (2425 st (23]

1.58

D(SiGe) = D(Si) x exp[—4.2x 1075 x (e *7 xz)] (24)

4. 2 E
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