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* Scattering

*Transmission

°Interface defects
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Lecture 5 — Scattering & Interface Defects

Best Transistors: Vps=0.35YV

Gpm 3-3-3.45 MS/UM @ V=05V  measured

-e= 9m

Fully Ballistic model: ~ 6 mS/pum — Ips
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MOS/Bipolar(QCL) Limits

MOS Limit:  Cox<< Cq : Vg controlls ng
directly
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Scattering

* lonized Impurities
e Phonons
e Surface Roughness

* Electron/electron
Basic scattering theory

(Fermi’s golden rule) —
scattering rates are
proportional to DOS

1
; X DnD(E)

/10 =Ur7T

Elastic Scattering (Impurities): Conserve energy of the electron /
randomizes momentum

Inelastic Scattering (Phonons): Energy and momentum is not conserved —
absorbtion/emmission of phonons.
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Effect of scattering:

1-(Tsp ) Jt
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e Mixes n+ and n- states r-statt (M)

. imulated Scattering region
* Most important close to the source

edge

e Lowers current

2017-05-29 Lecture 5 - Nanoscale MOSFETs 2014



Current with scattering
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Transmission under low drain bias

Leff

v

JT(L) =T]*(0)

J*(0)
— EHSN

J7(0) ————

J: flux of carriers

T = Dy, 2 T g Ueff

Low field limit Low field, non degenerate
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Low/High Bias
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Backscattering probability

0.5

T

P(x) = = cos™ J av(x)

Non-degenerate carriers have E,
~KkT

”Small” probability of back
scattering for V>0.025V : kT-layer

Degenerate carriers have higher E,

— this leads to longer effective
lengths for scattering
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Interface traps

Interface/oxide traps
Acceptor Traps: 0/- (Empty/Charged) V,
Donor Traps: +/0 (Empty/Charged) :L C
Q0 _ [ r
Lo | pEnEfuEdE+ | DEUEN ~ fulEr)dE
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o I,
Cie ~ q° Die(¥s) D, constant around E; o

1010

Die: (V= em™®) 9111014 (j11.v)

A very large D, is sometimes called “"Fermi
Level Pinning”
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Interface / Border Traps

Traps at the SI — interface : Interface Traps

Only (really) well defined inside the band gap.
Can be well modeled using SRH.
(Conductance method)

Traps inside the oxide — Border Traps

Ngp: (cm™3 eV1).
SRH + WBK

More complicate electrostatics
"Project’ traps to the interface.
(Aein’s Thesis)
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Other degradation sources

Source/Drain Resistance

™ 1+ gmiRs + gai(Rs + Rp)

Vos-Vb-Vs :_"_ 9ai

94 = ¥ gmiRs + gai(Rs + Rp)

Vs < R N
> ? ®  larger V, needed to get transistor into
saturation

Source Starvation

& Maximum 0g(0)=E-E,

1/ \

Can not supply more carriers
then there are in the source!
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