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Abstract— Doping-dependent (D-D) Schottky contact model is
accurately calibrated in the context of three-dimensional (3D)
TCAD simulations to experimental active doping levels at the
silicide interface usng a novel nano-contact test structure.
Sophisticated contact resistance modeling including non-uniform
doping-dependent specific contact resistivity along the silicide
interface is demonstrated to be a key requirement for accurate
simulation of contact resistance behavior in the sub-50nm contact
length regime. Activation level requirements for mid-gap and
low-barrier slicide contact cases are addressed for next-
generation silicide contact technology development.
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l. INTRODUCTION

Reduction of silicide contact resistance (R.,) represents one
of the key chalenges with respect to redlization of high
performance CMOS technologies beyond 22nm node. External
resistance (Re) drasticaly increases with aggressive contact
length scaling below the contact transfer length, L, [1-2], hence
the focus of next-generation technology development is on
mitigating contact resistance contribution in total on-resistance.
The dependence of R 0n i) silicide contact shape and ii) non-
uniform, doping-dependent contact resistivity is investigated
for sub-100nm gate-pitches via advanced contact resistivity
modeling. A doping-dependent Schottky contact model is
caibrated in the context of 3D TCAD simulations to
experimental data derived from nano-contact test structures.
Subsequent simulations addressed ITRS requirements on i)
active doping levels and ii) silicide Schottky barrier height
(SBH) for next-generation silicide contact technology
development. The impact of contact resistivity on Rey is also
characterized by using Re: component extraction method via
quasi-Fermi potential distributions.

II.  CONTACT RESISTANCE WITH SCALING
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Figure1l. (a) Simple contact resistance components having front sidewall
contact resistance (Rsw,co) and planar contact (Ryco) and (b) the actual complex
silicide shape which is modeled as a network of complex resistance
components having non-uniform contact resistivity along the silicide interface
and non-uniform sheet resistance beneath.
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Figure2. Comparison of contact resistance increase with contact length
scaling between 1D TLM and TCAD for (8) TLM without Rgyco COmponent
and (b) TLM including Rsyco component. TLM without the Rgy ¢, cOMmponent
overestimated contact resistance, whereas inclusion of the Ry, ¢, COMponent
yielded reasonable agreement with TCAD results.

Silicide contact resistance is very sensitive to the silicide
topology, location and active interface doping level in the sub-
50nm contact length regime. It can be modeled as a network of
complex resistance components having non-uniform contact
resistivity along the silicide interface and non-uniform sheet
resistance beneath as illustrated in Fig.1. The significance of
the sidewall contact (Rgyc) cOmponent is demonstrated by
comparing resistance variations with contact length scaling,
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Figure3. (8) Schematic top view of nano-contact test structure to accurately
measure specific contact resistivity, (b) cross sectiond TEM image of test
contact structure with NiPt silicide contact, and (c) 3D nano-contact
simulation structure (haf device is shown).

between the 1D transmission line model (TLM) and TCAD
simulations as shown in Fig. 2. TLM without the Rsyco
component overestimates contact resistance, whereas inclusion
of the Rgye COmponent yielded reasonable agreement with
TCAD results with the assumption of constant contact
resistivity. Decreasing contact length, L, drives an increase in
the relative contribution of Ry, ¢, and hence the need to account
for non-uniform contact resigtivity. Results are therefore
generated based on the D-D contact model.

I11. 3D SIMULATION OF NANO-CONTACT TEST STRUCTURE

NiPt silicide contacts are fabricated with a novel nano-
contact test structure [3], in which contact hole lengths below
100nm are defined by e-beam lithography and 22nm CMOS
process. The schematic top view of nano-contact test structure,
the cross-sectiona TEM image and 3D nano-contact
simulation structure are shown in Fig. 3 (a) (b) and (c),
respectively. Accurate extractions of contact resistivity enable
caibration of theD-D contact model in our 3D simulations.
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Figure4. Measured and modeled contact resistance with various
implantation doses as a function of effective contact size for (a) Asimplanted
S/D contact, and (b) BF, implanted S/D contact.

Active doping levels in excess of 3~4x10®cm™ are achieved
with As and BF, extensions (EXT) and source/drain (S/D)
implants of various doses, followed by high temperature RTA
annealing. Physical contact sizes, criticaly important for
contact resistivity estimation, are determined via TEM images
as shown in Fig. 3 (b). The process flow and measurement
details have been previously reportedin [3].

The Synopsys Sentaurus TCAD tools are employed for all
structure generation and simulation operations [4]. Process and
device simulation model parameters are calibrated through
SIM S and sheet resistance (Rg,) measurements on ultra-shallow
junction hardware where the chemical profiles are matched to
SIMS profiles and the activation levels are tuned by Rsh
measurements. The active doping profiles of interface are
assumed to be unchanged during silicidation. Model
parameters for contact resistance are fitted to measured data
and are consistent with reported NiS silicide data[e.g., 5].

IV. RESULTSAND DISCUSSION

The calibrated contact resistances reflect various As and
BF, doses, and are in reasonabl e agreement with measured data
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Figure5. Measured and modeled contact resistance as a function of

implantation dose at the same effective contact hole (Le= 68nm) for (a) As
implanted S/D contact, and (b) BF2 implanted S/D contact.
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Figure6. Contact resistance behavior as a function of vertical silicide
location with different contact resistivity modeling. D-D contact model shows
substantialy different behavior, compared to a conventional constant
resistivity model exhibiting significant R,, degradation with deeper silicide
interface location, and higher sensitivity to silicide thickness.
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Figure7. Specific contact resistivity projection as a function of active
doping level and SBH resulted from calibrated D-D model. 2010 updated
ITRS projections for p. areinserted [6]. p. hear or below 22nm node target, is
possible via the combination of midgap silicide and millisecond anneal, but
low-barrier silicide or SBH reduction engineering in conjunction with high
activation isindicated for 16nm technology and beyond.

(e.g., series spreading resistance dependency, ocL™, contact
resistance dependency «cL?). Fig. 4 illustrates effective contact
size dependencies, which aso show reasonable agreement with
experiment data[3]. It can also be deduced from Fig. 4 that the
extracted specific contact resistance, p. can be reduced below
10® O-cm? by enhancing activation levels. Good agreement is
also obtained for with- and without-EXT implantation cases,
with the exception of very high BF, dose cases, which
exhibited deactivation as shown in Fig. 5.

The cdlibrated D-D contact model is applied to NFET on-
resistance (R,,) simulations. Fig. 6 shows simulated contact
resistance behavior as a function of vertica silicide location at
SD diffuson with respect to contact resistivity modeling.
Substantially different behavior, compared to a conventional
constant resistivity model, is observed. Significant Ry,
degradation with deeper silicide interface location, and higher
sengitivity to silicide thickness, isnoted. Lowering of S/D
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Figure8. (&) NFET electron quasi-Fermi potentiad distributions with contact
resistivity and (b) Re« component breakdown using electron quasi-Fermi
potentia distribution anaysis. R, is comparable to other Re: components
(Rov, Rex) When p. is reduced to 5x10° Q-cm? (the 16nm-node target value).

doping concentrations is responsible for the sharp increase in
contact resistivity with silicide depth.

Fig. 7 demonstrates specific contact resistivity projection as
a function of active doping level and SBH resulted from
calibrated D-D model. 2010 updated ITRS projections for pe
are inserted [6]. Specific contact resistivity projections, as a
function of active doping level and SBH, suggest required
activation levels to support ITRS projections for p¢ in future
technologies [6] for both midgap silicide and low-barrier
silicide scenarios. It should be noted from Fig. 7 that a p. near
or below the 22nm node target of 10® Q-cm?, is possible via
the combination of midgap silicide chemistry and high
temperature, millisecond anneal (e.g., LSA, flash) [7]. Low-
barrier silicide or SBH reduction engineering (e.g., ErSi, or
Pd,Si [1]), in conjunction with a high activation process, are
indicated for the 16nm-node and beyond.

NFET Re¢ component extraction is performed by
examining the electron quasi-Fermi potential distribution based
on caibrated 20nm bulk CMOS TCAD simulation. Fig. 8(a)

illustrates the electron quasi-Fermi potential distributions at the
linear operation with the same gate over-drive condition
showing different potential drop near silicide contact
depending on contact resistivity modeling. Re: component
breakdown estimated by electron quasi-Fermi potential drop
aong the horizontal cut of channel and S/D region is
demonstrated in Fig 8(b). The breakdown of NFET Req
components, using electron quasi-Fermi potentia distribution
analysis indicates that i) Ry, employing D-D contact model
exhibites p. near 1x10% Q-cm?® and ii) Ry is dominant
component in Req Which become comparable to other Reyq
components (Ry, Reyr) When py is reduced to ~5x10° Q-cm?
level of 16nm-node target value.

V. CONCLUSION

A doping-dependent Schottky contact model is successfully
correlated to experimental active doping levels at the silicide
interface, using a novel nano-contact test structure combined
with 3D simulation, for the first time. Sophisticated contact
modeling is demonstrated to be a key requirement for accurate
simulation of contact resistance behavior. Activation level
requirements for mid-gap and low-barrier silicide contact cases
are outlined for future, sub-10nm CMOS technol ogies.
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