3. Scattering Theory of the MOSFET..... computing T: high V

P(x,): probability of returning
, to the source after
1-T€—— l scattering first at x,

x, < | P(x,) large

x, > | P(x;) small

V() =(E - E)
= AO
mobility 1s important for nanoscale FET's I + A 0
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3. Scattering Theory of the MOSFET.....

Landauer/McKelvey model
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» scattering theory provides a clear picture of MOSFETs
at the scaling limit:

-source velocity is limited by thermal injection
-velocity saturation occurs at the source
-the scattering that matters occurs near the source

-"mobility” is relevant to nanoscale MOSFETS
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4. Design Issues for 10nm MOSFETs..... a numerical study

work function
selected to meet

off-current spec. extrinsic S/D

p=2x10°8

Intrinsic device:

70 nm

nanoMQOS
-BTE -ballistic
-NEGF
-DD/ET
tSI— g()n()m N\ =7.3nm
H = Si substrate D.J. Frank, et al.
tOX: 1 nm EDL, 19, 385, 1998

Taichi Su, J.P.Denton, G.W.Neudeck, IEEE International SOI Conf, Oct. 2000, pp. 110-111
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4. Design Issues for 10nm MOSFETs..... a numerical study

2x10 20cm? {4 ;=9 nm—>

72,2 ’ N, =1.12x10" cm’
Ngpe ™ 7 I—T " |
For a specified maximum doping, =‘ dx = onmidec
doping gradient, and | 410G, N| s
examine |, S, DIBL vs. L. ‘(';é‘gm —2 64nm
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4. Design Issues for 10nm MOSFETs..... a numerical study

Choose L to give the highest I, together with acceptable S and DIBL

2500 o
- —e— DIBL
-
E
T @ 200
2 2000 3
K. 5,150
@D
[
1500, 15 20 25 30 o 15 20 25 30
LT [nm] LT [nm]
lon VS Lt, at |4 ~ T0uA/um DIBL, Svs. L,

L-=20nm is the optimized value! (Gate Work Function is 4.18eV.)
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4. Design Issues for 10nm MOSFETs..... a numerical study

10% _ | _ Value ITRS
| (LA/m) 960 1500
[ ITRS on-current
10° _________________________________________________________________ | i (LA/pm) 9 10
T : DIBL(mV/V) 111 -----
F: S(mV/dec) 87 75
i i RS T | Rg (Q-pm) 200 80
Vip/lon 417 267
‘|G'DI i : i
0 i Vo U "1 (p9) 016 0.5
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4. Design Issues for 10nm MOSFETs.....

series resistance
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Ry = 2(R. +Ry)

= Pe - 950
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4. Design Issues for 1I0nm MOSFETs..... parameter variation

| | T =3nm£0.3nm

L, =9nm+0.9nm

4.5 <l <25 puAlum
920 <1, <1006 uA/um

0 0.1 0.2 03 0.4 40 < |On/|0ff <205

Ve V]
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4. Design Issues for 10nm MOSFETs..... what limits the on-current?

15/W =Q(0)(u(0))

1) Q(0):
fundamental limits: .
source exhaustion: Q/q=6x10"cm™ (N, tg)
insulator field Q/q=4x10%cm™
practical limit:
Cor (Voo — V4 ) Q/q=0.8x10"cm™
Cut (Voo Vs —IpR)  Q/g=05x10"cm™
2) <u(0)>:
bandstructure, E- limit: (U(0)) =1.8x10" cm/s
practical limit: (scattering) (v(0)) =1.1x10" cm/s
3) Result:
) ReUIL ) on) = q(0.5x10°)(1.2x107) = 960 A/ um
Lundstrom
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