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Abstract—ntegrated process and device simulations were use@| substrats, i.e. the enhanced End Of Range (El@ferts
to predict sub-65nm SOI device performance. Philgica dissolution due to the presence of the Si/BOX fatsr. Based

based process models, generalized from Si to S€Xcribe
dopant implantation and diffusion, including amdmgaition,
defect interactions and evolution, as well as dopafect
interactions. The models are used within a unioailgtion
tool to reproduce the electrical characteristicSO1 devices.
1. Introduction

lon implantation, diffusion, and thermal annealerg crucial
steps in the simulation of silicon processing sitiegy induce
significant fluctuations in the electrical charatdtcs of
advanced MOS transistors.

Recently, SOI structures have stood as a possérididate to
fulfil the requirements defined in the ITRS [1].deed,
reduced short channel effects, improved speed addced

power consumption can all be obtained in CMOS dmvic

based on SOI [2].
In this work, a process simulation set-up basetherState-of-
Art diffusion and activation models of dopants Eed. More
specifically, the recently developed model [3] istigating the
influence of the Silicon/Buried Oxide (Si/BOX) imtace on
interstitial point defect evolution and dopant dffion is
applied to a standard 65nm CMOS process by meah€AD
simulations. The application to 65nm SOl MOSFET idey
demonstrate that our physically-based models ndf oan
generate accurate defect evolution and dopant sififfu
profiles for present advanced CMOS process, but alan
obtain remarkable prediction of device charactedssuch as
SOl CMOS devices. This can provide important insifgr
optimizing the device performance in TCAD simulasofor
manufacturing.

2. Implantation and diffusion models
In this work, several improved diffusion simulationodels
developed in the EC project ATOMICS and implemernited
the commercial software Sentaurus Process [4] weed. As-
implanted interstitial and vacancy profiles are eyated using
the Monte Carlo model with cumulative damage. Thpaht
diffusion is described by a 5-stream drift-diffusimodel [4-5]
dopant precipitation is considered when the sobtutslity
limit is reached. The complete defect evolution glob] is
based on the Ostwald ripening mechanism [7], withdurface
being a very efficient sink for silicon interstisa These
phenomena drive the point defect supersaturatioting on

dopant transient enhanced diffusion (TED) and boro

interstitial [8] or arsenic-vacancy [9] clusteringehavior.
Regarding SOl materials, we have studied
mechanisms contributing to the evolution of poiefetts in

[10] t

on these experiments, existing models for the sitran of
TED in silicon have been modified to include an iddal
buried recombination site for interstitials.

2. Process simulation results
The simulated PD-SOI CMOS devices are manufactusatly
a 70nm Si layer thickness. The gate stack is maigya 20A
thermal nitrided oxide and thick poly-silicon. Nexfates are
patterned down to d=50nm. TEM picture and simulated
65nm PD-SOI PMOS are compared in Fig. 1.
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Fig. 1. Cross-sectional TEM showing poly=63nm (a) and sated
65nm PD-SOI PMOS (b).

During the annealing step, evolution and distritautiof
extended defects can be monitored in order to mbette
understand the dopant diffusion acceleration duepdmt
defect created by the implantation step. Indeedlieghto this
standard process of the 65nm SOI device, the model
usefulness [3] is demonstrated in Fig. 2.
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Fig. 2. 2D simulation of defects densities at the end ef phocess
flow showing the effect of the model for point detlerecombination
at the Si/BOX interface.

t the end of the same implantation/diffusion pissélow, the
issolution of EOR defects is almost completedhia 60I
evices (Fig. 2b) but not in the standard Bulk Big( 2a).
oreover, as we can observe in Fig. 2, the spdistibution
of dislocation loops is not uniform and the defetitssolution
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is influenced by the presence of the additionakrfiace 50nm to 1@m are simulated and resulting electrical currents
Si/BOX acting as a perfect sink of point defects. (Le=55nm and k=800nm for instance) are shown in Fig. 4.
The shape of the different active zone regiondiefsimulated The experimental measurements of the same eldctrica
bulk Si and PD-SOI PMOS with a gate length of 65ism characteristics are also reported. First, excelpeatliction of
presented in Fig. 3. It shows that the boron Stiztion length 1d—Vg curves is obtained using our TCAD simulation,
(Ts) decreases when passing form bulk Si (Fig. 3a3® demonstrating the accuracy of our process simunati-up.

(Fig. 3b). The boron diffusion profile in the SCQtwture is The short channel effect extracted from PD-SOI NM&p8
shallower than the one in the bulk Si (Fig. 3).ded, in bulk PMOS devices is also investigated. Fig. 5a/c dephet

Si, the boron diffusion profile is controlled bytémstitial variations of the threshold voltage y\roll-off, and Fig. 5b/d
supersaturation due to the Oswald Ripening mecimam$ the drain-induced-barrier lowering (DIBL) charaddécs as a
implantation induced extended defects. In the S@lcture, function of the gate length and compared to expemiad data.
with the additional interface acting as a sink m€ass point The Vth roll-off characteristic of a pocket effeigt well
defects, EOR defects dissolution is faster, leaditoy reproduced by the simulation. It is clear that #i2 doping
minimized TED of dopants. Thus, boron diffusionS®I is profiles obtained from our process simulations sanulate
reduced compared to bulk Si. Comparable resultaieleved device characteristics upon transfer to a devicwilsitor.
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Fig. 3: Simulated net doping profile for a 65nm gate téngtandard 550 2 5
PMOS. a) bulk Si and b) PD-SOI. . V,Sat
0
4. Device simulation and discussion oot O um oo o O 1

Device simulations were done using Sentaurus DeME€A £y 5: comparison between experimental and simulatgdofi-off
gate voltage Vg of 1.2V was applied to the gatectedele, characteristics (a-c) and DIBL (b-d) of PD-SOI NOMSd PMOS
while a drain voltage Vd of 0.05V was applied foetlow- devices. V; roll-off characteristics have been measured fgt.iw,

field and Vd=1.2V for the high-field case. Vd=0.05V and \},Sat, Vd=1.2V.
- 5. Conclusions
s Saturation es] Saturation

Integrated process and device simulations were tespdedict

A vd=1.2Vv
a2y 3 m sub-65nm SOI device performance. Physically-basedets

e V(;-l%eggv £ .. Vd=0.05V were used to simulate accurately both implantatiefect
5 - [ [ e evolution and dopant diffusion in the SOI substraffie
3 3 —Simulation

& 3

X Measuroment obtained 2D doping profiles correctly predict thei-channel
© / behavior of devices and illustrate the necessitplofsically-
Yos 1m PD-SOI NMOS ¥ 55 nm PD-SOI NMOS accurate process models for the optimization ofesgively-
a) b) scaled SOI devices.
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Fig. 4: Drain-current versus gate voltage characteraftia 0.8um (a) L[/l A Clzverie et al.l, Nucl. Instrum. Methods B71¢1999) 1
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