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>Inter-Chip (Die)[£5DE: Systematic
>Intra-Chip (Die)[£5D&: Random ) Mismatch
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.
=

FMAX Mean Decrease(%)
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Lose a Generation of Performance Improvement

Lad
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o

Gate Correlation=1

----- Gate Correlation=0
GC=1:
GC=0:

50 100 150 200
Technology Generation(nm)

completely dependent gates
completely independent gates

K. A. Bowman et al., IEEE J. SSC, 37, 183, 2002.
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L4=0.13um (NMOSFET)

Saturation Condition
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Mobility determines the harmonic distortion characteristics.



Universal Mobility
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Die-to-Die(D2D)Statistical
Process Models

Wlthln Die(WID)Statistical
Process Mmie 5

Process ParametersiL, T, V1)

S

VAN

Process Parameters(L, T_, V)

D20 Critical Path
Delay Distribution

Critical Path Delay(s)

VIO Maximum Critical Path
Delay Distribution

HGFI:1 I m—

Maximum Critical Path Dalayi(s)

N

WID Critical Path Dela;.r
Distribution for M

J\.

Critical Path Delay(s)

Process Model
Inter- Cf}ﬁplibﬁ%

Ef‘”\\?ﬁ
TS5
Intra-Chip F5DOF
weo%
ﬁﬂfﬁ"#ﬁ(l/f/«rz)
Layoutf&kF 4

' '

D2DEWID Maximum Critical Path

Delay Distribution

Maxirmum Critical Path Delayvis)

Fi&X(Hz)

K. A. Bowman et al., IEEE J. SSC, 37, 183, 2002.
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- ) 24 4 t q¢
-Poisson: Vo= —E—Si(ND—NA+p—n) /
n= ”i exp Q(gbk}gbn)
D =n;exp Q(ﬁb;;;@)

-Current Density: /,=qun % +qD,Vn
jp = Q# pp% - quVp

-Continuity: j(t) = Iy(t) + %g

( solved by circuit simulator )

-Quantum Mechanical Effect
-Ballistic Effect



® \/,-Based Model: BSIM
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e Drift-Diffusion Approximation: HiSIM
Iy /( ?14” %{r ) = Cox(1+BV'6) (@51, ~ Ps0) — % Cox( P51 - P30)
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V,G: Vgs - Vfl::- + ﬁth]

e Drift Approximation (Vth Based Model): BSIM
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1/f Noise Thermal Noise Harmonic Distortion
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