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This paper presents a compact length-dependent saturation current (4sa) mode for deep-
submicron MOSFET’s based on accurate modeling of the threshold voltage Vin). A predictive
bias-dependent Vi, modd that relates to process conditions has been developed [1], [2]. An
extenson of the Vi, modd [1] is used in this work, which condsts of only five important
process-dependent parameters and two auxiliary DIBL parameters, namely, Ng |, a, b, k and
i, j, regpectively. Each parameter has its own physicd representation that characterizes the
individud short-channdl  effects. The fird parameter Ns represents an  effective verticd
channd nonuniform doping profile, wheress the parameters k and b characterize the reverse
short channd effect (Vi rall-up). The norma short channd effect V4, roll-off) is modded by
| and a. The auxiliay parameters i and j are introduced in this work to fine tune the DIBL
dependence, which model the asymmetric nature of the source and drain depletion region a
high Vg4s condition. The Vi modd requires a five-steps parameter extraction based on only
five sets of measurement datac Vin(Vs) & long channd, Vin(Lg, low Vgs, high Vi), Vin(Lg, low
Vs, loW Vi), Vin(Lg, high Vgs, low Vi), and Vin(Lg, high Vgs, high Vy,s). With additiona long-
channd Vin(Vpe) data for different wafers, the Vi, model can correlate to process variables such
as Vi, adjust implant dose and punchthrough implant energy.

Once a good Vi, modd is avalable, developing an lgsar Mmodd is manly a meaiter of
mobility and series resstance modding. The lgsar model in [3] is employed, combined with
our Vi, modd to predict experimentd data from the same wafer. The lgsar modd consders dl
the important short-channe  effects, which include mohility degradation, velocity saturation,
as wel as source/drain series resistance. The low-fidd mobility () and series resistance (R)
are extracted by fitting to one set of lgsat VErsus Ly data af Vygs=Vgs=Vaa. Once these two
parameters are determined, a complete compact lgser Mmodel with drawn gate length (), bias
voltages (Vgs, Vds, Vbs) and process variables (implant dose f and energy E) as input
parametersis available.

The excdlent prediction of the l4sar modd (lines) to the experimentad data (symbols) has
been demondrated in Figsl-4. The extracted empiricd corrdaion between the channd
doping parameter (Ns) and the implant dose and energy (shown in the insets of Figs. 3 and 4)
aoplies equaly wel to the sauration current. This work demondraies an efficient and
accurate approach to modding deep-submicron MOSFET's, which is very useful for reducing
experimental wafer spilt-lot and for process control and optimization.
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Figure 1: Measured (symbols) and modeled
(lines) saturation current vs. gate length for
different gate bias. Only the V4= Vys=2.5V date
are used for myand Rs extraction. All others
are predictions by the model.
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Figure 3: Measured (symbols) and modeled
(lines) saturation current vs. gate length for
different Vy, adjustment implant dose. The

inset shows the extracted linear correlation

between f and N..
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Figure 2: Measured g(symbol s) and modeled
(lines) saturation current vs. gate length for
different substrate bias. The Vs dependency i<
modeled by the parameters within the Vi,
model.
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Figure 4: Measured (symbols) and modeled
(lines) saturation current vs. gate length for
different punchthrough implant energy. The
inset shows the extracted linear correlation

between E and N..



