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Abstract: In sub-20 nm CMOS technology nodes, the parameteability has become a main hurdle during the
scaling of devices. Recently, the use of metal gteks in nano-scale FinFET structure has a sigmnif impact on
the intrinsic parameter fluctuations due to thengtar nature of metals. A 14 nm FInFET structurs baen
considered to study the impact of metal-gate waricfion variability by using the 3-D device and edxmode
circuit simulation. The present work investigatége impact of work function variability (WFV) on elical
characteristics of various possible FinFET architexs followed by the regression model. Furtheg,ittvestigation
has been extended to study the stability performafi&-T SRAM cell under the influence of WFV. & ebserved
that work function variation may result in consigele performance degradation in device as well R&NS
operation in hano domain.
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1. Introduction

The scaling of planer bulk CMOS technology intaufettechnology generations will face significanalidnges due
to deprived electrostatic control of gate on charamel increased short-channel effects (SCEs) [1ARgrnative
device structures such as ultra-thin body fully ldtgd silicon-on-insulator (UTB-SOI-MOSFET), doulgate
MOSFET, FinFET, gate-all-around FinFET, carbon narme FET have been investigated as potentialisokifor
better gate control and reduced SCEs in nanometgme [3-6]. Among these non-classical CMOS trdasss
FinFET structure has emerged as one of the mosmipirg candidate due to better gate control andidation
compatibility with conventional CMOS technology [8]. However, in sub-20 nm regime intrinsic process
variability sources have posed major problem irfFER structure. The possible intrinsic process Vmlitg sources
are random dopant fluctuations (RDF), oxide thiden#luctuations (OTF) and line edge roughness (LHRgse
have been studied extensively by many authors [9€léreover, a new source of random fluctuation basn
emerged recently through the introduction of mgtk electrodes in advanced CMOS technology. Thalrgate
electrode has replaced the polysilicon gate in aded CMOS technology due to elimination of gateletém
effect, enhanced threshold voltagé;{ control and more importantly it has overcome thighk materials
compatibility problem [18-20]. However, metals naily have a granular structure, where each gragits own
crystal orientation and corresponding work functi®nce in sub-nanometer regime the gate dimensoasn
range of few tens of nanometer, it is predictablg the gate area contains only a small numberaifigt The
orientation and work function of each grain is i random thus metal gate electrodes suffer ftben work
function variability (WFV). Recently, for metal gatlectrode a mid-gap TiN metal has been extensivetd to
adjust Vry of the FIinFET structure [21-23]. But, because led tombined effect of low number of grain and
randomness of their work function, TiN metal gat only causes variation Wty but also affects the other
performance parameters viz. the on-current vanaflgy), off-current variation Igeg) and DIBL. Therefore, it
becomes extremely necessary to comprehensivelyzmtie variability introduced by TiN metal gateatode in
FIinFET structure and thus in the FINFET based Wiluits.

This work thoroughly investigates the device-anatwit variability introduced by TiN metals in reki§.e.
uncorrelated fin LER) and spacer (i.e. correlatedLER) defined 14 nm FinFET structures using &dhle 3-D
device-and mixed mode simulations. A linear regoessnodel has been developed to better understaed t
statistical behavior of the parameter. To capthe effect of WFV in 14 nm FIinFET device, a systamatD
“Impedance Field Matching” simulation study hasrbearried out on large statistical ensembles size.
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