Is This a Practical Device ?

Zhirnov, Limits to Binary logic Switch Scaling
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Lecture : 4
Limits for Si MOSFETs
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source to the drain of a nanoscale MOSFET under
high gate and drain bias.

Lundstrom, Essential Physics of Carrier Transport in Nanoscale MOSFETs
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* Performance limit (today)
* Power limit (future lecture)
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Some Papers

Fundamental Limits of Silicon Technology
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Abstract—Performance limits of silicon MOSFET’s are exam-
ined by a simple analytical theory angmented by sell-consistent
Schridinger-Poisson simulations. The on-current, transconduc-
tance, and drain-to-source resistance in the ballistic limit (which
corresponds to the channel length approaching zero) are exam-
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How MOSFET Works
ge Based Device)

Switch control by a third terminal
— Why is that important?

Gate controls potential barrier that
— control the flow of electrons

Logic operation: electrons transferred
— from a voltage source to capacitors
— from capacitors to ground.

Flow of electrons from power supply to
ground dissipates energy
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Why A Charge Control Device

« Signals easily distributed throughout the
system. Change moved via metal wires
* High gain
— supplies a forgiving environment
* Immune to many sources of variation
— temperature,
— mechanical strain,
— diffusion profiles
— Many other

« Easy to handle Fan-out (larger W) Je
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MOSFET Performance limit
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Standard MOSFET Equation

It
In= #'CGXCD(VGS —Vr)-Vig, tor |[Vipgl<< (Vag — Vr)
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What happens in limit L ---> 0?
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Constant Field Scaling Theory
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k = voltage scale factor
A = linear dimension scale factor
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Eras of Transistor Scaling

E Eras of Transistor Scaling
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Post CMOS devices?

Or low cost $1B/transistor chip era ?
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So What Happens to MOSFET
drive current?
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Alternate IVIC Jescription
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Fig. 1  The conduction band edge vs. position from the
source to the drain of a nanoscale MOSFET under
high gate and drain bias.
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Ballistic Limit

« Simple ballistic picture: The mean free pa
much larger then channel length

 Ballistic limit corresponds to the channel length
approaching zero

» No scattering before traveling distance ¢ which
drops kT/q potential.

— Scattering after dropping kT/q unlikely to emerge from
the channel at source

* 0.35um devices operate at ~1/2 ballistic limit
(IEDM Lundstrom)
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Fluid Flow Analogy
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Fig. 2 A flud flow analogy for the MOSFET under high gate
and drain bias conditions.

Lundstrom, Essential Physics of Carrier Transport in Nanoscale MOSFETs

gox UNIVERSITY OF

< FLORIDA S. E. Thompson EEL 6935




o ﬂ\{{” = C:u_‘t ( Vf}'ﬁ' o VA’

f,u =W CH{U{’[]:I){P:H o VI] 1 f

oy=(r e Y

V; = thermal velocity

U, = ZkﬂTr_{ (1) } -
"l am | n(1+en) [ r= backscattering coefficg'en

E. (x)

_.. Lundstrom, Essential Physics of Carrier Transport in Nanoscale MOSFETs

;‘v 12;‘: PRI TRV
‘@s"FLORIDA S. E. Thompson EEL 6935




Thermal Velocity

Total carrier
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Class Example On Board
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Results in Paper
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COMPUTED PERFORMANCE OF THE MODEL BALLISTIC

TABLE 1

DEVICE AT 300K, THE THRESHOLD VOLTAGE WAS wl).4 W, THE (GATE

[Vig mm Vh we LGV

OVERDRIVE WAS | Vig g mm Vo b = (1§ 'V, AND THE DRAIN VOLTAGE WAS 1OV
Grare I'n | Em Emllp ! R;
(uA/Pm)  \| (mS/mm) (v | (Q-um)
Mvietal 2200 I 3500 1.7 14
Pnl}rsilicuk 1700 / 2800 I 1.7 52
TABLE II

AMPUTED PERFORMANCE OF THE MODEL BALLISTIC DEVICE AT TTK. THE
THRESHOLD VOLTAGE WAS =il ¥ AND THE GATE OVERDRIVE WAS

s

Gate fﬂ E Em I Eﬂ-l‘llfﬂ RJ'
(pAm) | (mS/mm) | (V") (€2-prm)
Metal 00 4800 2 39




Essential Physics

Model devices with ballistic transport
Velocity of carriers is finite
Density of states

— Large for Si semiconductor. Allows for qng(0) = Cp (Vs = V7).

In limit, scattering unlikely important
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Power Limit (Next Class)
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Zhirnov, Limits to Binary logic Switch Scaling
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