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Abstract

The low energy as-implanted profile is very
sensitive to the cap oxide layer thickness and PAI
conditions. In this work, theoretical and experimental
studies have been carried out quantitatively to
investigate these dependencies. Using ZBL pair-specific
inter-atomic potentials in the Monte Carlo ion
implantation simulator, UT-MARLOWE, consecutive
implants of PAI and PLDD were simulated and above
effects were accurately captured.

Introduction

As integrated circuits continue to scale beyond the
100 nm regime, ultra-shallow junctions are crucial in order
to realize desired device performance according to ITRS
[1]. To engineer P-type Lightly Doped Drain (PLDD}
implant profiles, Pre-Amorphization Implant (PAI} with
species such as Sb, provide additional flexibility and is
widely used. However, for low energy implants such as
PLDD, the as-implanted profiles are very sensitive to the
cap oxide layer thickness and PAI conditions. Therefore,
developing predictable Monte Carlo models, which can
account” for these dependencies is desirable for cost
efficiency and reducing development cycle time.

In this study, experiments were designed to study
these dependencies quantitatively. Based on Ziegler-
Biersack-Littmark (ZBL) pair-specific  inter-atomic
potential [2] and Kinchin-Pease [3] damage model, an Sb
implant model was developed and incorporated into UT-
MARLOWE ([4]. Then, the PA] and PLDD steps were
simulated  consecutively. The comparisons with
experimental data shows that this model is capable of
accurately predicting both the impurity and the damage
profiles for different PAI and PLDD conditions for
different oxide layer thicknesses.

Model Description and Calibration

The Monte Carlo model in UT-MARLOWE is
based on the binary collision approximation (BCA). In
other words, the stopping power of the fast moving icns in
solids is decoupled into three parts: nuclear stopping, local
electronic stopping and non-local electronic stopping.
Typically, for low energy and heavy species implants,
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nuclear stopping dominates among these three kinds of
stopping powers and we need to pay special attention to it.
Therefore, instead of ZBL universal potential [5], ZBL
pair-specific inter-atomic potential [2] was used for
improved accuracy in simulating nuclear stopping power of
the fast moving ions. The electronic model mainly follows
the ones developed within UT-MARLOWE. In particular,
local electronic stopping foliows Firsov’s electron
exchange model [4], while non-local electronic stopping
calculates the jon’s movement through the potential
established by polarization of the surrounding electron sea
[4]. To simulate the de-channeling effect caused by the
damage accumulation during the implantation process, the
modified Kinchijn-Pease [6] damage model was used and
calibrated (specifically, the recombination factor) for its
simplicity, accuracy and computational efficiency.

Results and Analysis

A set of experiments was designed in order to
understand the dependencies of the as-implanted Sb
profiles on energy, dose and cap oxide layer thickness, as
well as the dependence of as-implanted B and BF; profiles
on PAI.  Chemical Vapor Deposition (CVD) oxide
deposition was used to cap (100} single crystal silicon with
oxides of different thicknesses for accurate control
purpose. For the O nm cap oxide wafers, a HF dip was
performed to remove any residual oxide, and then all the
wafers were kept in nitrogen purge boxes prior to the
implants for control purposes. After the implantation and
prior to the Rutherford Backscattering Spectroscopy (RBS)
measurement, the oxide layer was removed to improve
RBS accuracy. The dopant profile dependence on cap
oxide layer thickness is shown in Figs. 1-3. A 2nm
difference in cap oxide layer thickness (between bare
silicon and 2nm oxide cap) could result in more than 10nm
difference in the junction depth (at the concentration level
of 1x10'%m™) for as-implanted dopant profiles, even for
heavy species such as Sb. As the cap oxide layer thickness
increases, the dopant profile becomes less sensitive to the
cap layer differences. This sensitivity is well captured by
the new model when comparing the predicted results with
experimental SIMS data in Figs. 1-3. Using the damage
profiles predicted by the Sb implant, a second implant is
simulated and the simulation results are shown in Figs. 4-5
for B and BF,, respectively. Under the same B implant



conditions, with and without PAT implant, could result in
more than 35nm difference in the junction depth (at a
concentration level of 1x10"%cm™) for as-implanted dopant
profiles. This dependence is also well predicted by UT-
MARLOWE. After performing the PAI, the as-implanted
dopant profiles are no longer sensitive to the cap oxide
layer thickness even for light species implant such as B, as
shown in Figs. 6. This change of sensitivity is predicted
very accurately by UT-MARLOWE as well. Throughout
these simulations, the defect profiles of PAI implant play
an important role. Moreover, they are also crucial in
modeling the Tranmsient Enhanced Diffusion (TED) in
annealing processes after the implants for providing as-
implanted interstitial and vacancy distributions. The
compariscn of the defect profiles between simulation and
RBS for different consecutive implant conditions is shown
in Fig. 7 and fairly good agreement is observed. Finally,
the Sb implant model based on ZBL pair specific potential
is valid for a fairly wide energy range (up 1o 100keV), dose
range (5%x10"%cm™-2x10"cm™) and for both on and off-axis
implants, as shown in Figs. 8-9.

Conclusion

The Sb implant model has been developed and
incorporated intc UT-MARLOWE based on ZBL pair-
specific inter-atomic potential. Consecutive implants of Sh
and B or BF; into Si0, capped single-crystal Si are
simulated and the impact of PAI on PLDD and the impact
of cap oxide layer thickness on PAI and PLDD are
correctly modeled.
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Fig. 1. Comparison between model prediction and SIMS.
Implant condition: Sb, 10keV, 10Mem?, on-axis.



18420 5—=—
g — () angslrom axide, simulation
P e 20 angstrom oxide, simulation
¢, ~=me 50 angstrom oxide, simuialion

& & +  Oangstrom oxide, SIMS

g _" = 20 angstrom oxide, SIMS

L b 4 50 angstrom oxice, SIMS

S teslad g

..E B

£ o

[

o

&

s}

[&]

z

S 16+18 1

£

€

€

1e+17 T T ™ T
] 100 200 300 400 500

Depth (4}

Fig. 2. Comparison between model prediction and SIMS.
Implant condition: Sb, 10keV, 6x10%em?, on-axis.
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Fig. 3. Comparison between model prediction and SIMS.
Implant condition: Sb, 15keV, 3x10%cm?, on-axis.
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Fig. 4. Comparison between model prediction and SIMS,
Implant condition: B, 3keV, 2x10Mcm?, on-axis, through 2nm
oxide.
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Fig. 5. Comparison between mode) prediction and SIMS.
Implant condition: BF,, SkeV, 10Mem?, on-axis, through 2nm
oxide.
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Fig. 6. Compariscn between model prediction and SIMS.
Implant condition: B, 3keV, 2x10"cm™, on-axis 10k lel4
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Fig. 7. Comparison between model prediction and RBS.
Implant condition: on-axis, through 2nm oxide.
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Fig, 8. Comparison between model prediction and SIMS.
Implant condition: Sb, 5CkeV, on-axis, through 1.6mm
oxide.
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Fig. 9. Comparison between model prediction and SIMS,
Implant condition: Sb, 100keV, off-axis, through 1.6nm
oxide,
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