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CROSS-SECTION OF MOSFET
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Models for Sub-100 nm CMOS Transistors Simplicity comes at a cost
however. Comparing the
unified model simulation IV curves produced by
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that erucial. What is most
important is that the valugs

cand Vs are predicted correctly — as these predominantly

of current at the highest values of V)
determine the charge and d i
error is only a couple of percents, which is only a small penalty for a major reduction in model
complexity.
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Thresholds and Sub-Threshold Current
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Fooward and Reverse Body Bias

Threshold value can be adjusted through the fourth terminal,
the transistor body.

Forward bias restricted
by SB and DB junctions
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'iih'ﬁﬁdl of Reduced Threshold Voltages on Leakage
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Leakage: sub-threshold current for Vz5=0
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Sub-threshold Current

= Sub-threshold behavior can be modeled physically
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= Very often expressed in base 10 A
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where S=n (}'—TI In(10), the sub-threshold swing, ranging between 60 mV and 100 mV
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mg power Law Model

= Alternate approach, useful for hand
analysis of propagation delay

W o
Ips= E" ColVas=Viw)' [= Thisisnota physical model
= Simply empirical:
= Parameter o is between o Cmmﬁg'ﬂ";:;“t';";’::;”‘w =
1and2. a’s, Vi
= In 65-180 nm CMOS - Need to find one with
technology o ~ 1.2-1.3 minimum square error - fitted
Vi, can be different from
physical
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Gale leakage finds its source
in two different mechan-
isms: Fowler-Nordheim
(FN) tunneling, and direct-
oxide tunneling. FN tunnel-
ing is an effect that has
been effectively used in the
design of non-volatile mem-
ories, and is already quite
substantial for oxide thick-
ness larger than 6nm. Its
onset requires high electric-
field  strengths,  though.
With reducing oxide thick-
nesses, tunmeling starts to
occur at far lower field

e
effect under these conditions

[Ref: Sakurai, JSSC'90]
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"Bavice and Technology Innovations

= Strained silicon

= Silicon-on-Insulator
» Dual-gated devices
= Very high mobility devices
= MEMS —transistors

FinFET
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Improved ON-Current (10-25%) transiates info:

= 84-97% leakage current raduction

= or 15% active power reduction
[
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Silicon-on-Insulator (SOI)
is i technology that has
been “on the horizon™ frw
quite a long time, yet
never managed (o y
break ground. though with
some exceptions here and
there. An SOF MOS tran-
sistor differs from a “bulk™
* Reduced capacitance (saurce and drain 10 bulk) results device in that the channel is
o formed in a thin layer of
silicon deposited above an
eloctrical _insulator,  typi-
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* Faster sub-treshold roll-off (close 1o 60 mVidecade)
Randorn threshold fluctuations eliminated in fully-

depleted >

« Reduced Impact of soft-arrors ‘cally silicon diovide,

= Butl Doing so offers some
= More expensive attractive features,  First,
= Secondery efiock as drain and source diffu-

s extend all the way
0 to the insulator layer, thei ntially reduced. which transkites

ings. Anol ol ol p pproach-
ing | uw el 601, decade), reducing leakage. Finally- THE semstivity o soft errors is reduced
owing to the smaller collection m"‘i'mm"‘amang 10 9 more reliable transistor, There are some
yer and the thin silicon layer increases the
feld us well, Inaddition, some secondary effects
three-terminal device without a bulk (or body),

do

2 y e
control technique, The foating transistor hmly also troducessori e (romcally spesk
ing...) features such as hysteresis and state-dependen

Device enginecrs differentiate between Ihnl}-pﬂu[mllmnav\[ 52 partially-depleted (PD-S01)
and fully-depleted (FD-SON), I the latter, the silicon layer is xo thin that it is completely depleted
i ol AT PR, Wkt that e deploimieion ayec unie (e s
extends all the way to the insulator, This has the advantage of suppressing some of the o
body effects, and an ideal sub-threshold slope is Ihc«rullcmll_\ achievable. From a variation
perspective. the threshold voltage becomes independent of the doping in the channel, effestively
climinating a source of random variations (as discussed in Shide 2.37). FR.SOI requires the
epositing of extremely thin silicon layers (35 times thinner than the gate lengtht).
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The FinFET (called a tri-
gate transistor by Intel)
an entirely different v
Sesc sistor structure that actu-
ally offers some propertics
similar to the ones offercd
by the device presented in
llu previous slide. The term

%' R Enil rely New Device Architecture

sity of California at Berke-

UC Berkeley. 1999
4510 ‘-(u 00 05 1.0 1.5 ley to describe a non-planar,
double-gated transistor built
« Suppressed short-channel effects Sotpitiecade on an SOI substrate. The
* Higher on-current for reduced leakage distinguishing characteristic
* Undoped channel — No random dopant fluctuations of the FinFET is that the
L5 HURRg: (ECH controlling gate is wrapped
around a thin silicon “fin”,
which forms the body of the device. The dimensions of the fin determine the effective channel length
of the device. The device structure has shown the potential to scale the channel length to values that are
hard. if not impossible, to accomplish in traditional planar deviees. In fact. operational transistors with
channel lengths down to 7nm have been demonstrated.
In addition to a suppression of deep submicron effects, a crucial advantage of the device is again
increased control, as the gate wraps (almost) completely around the channel
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