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Fermi-Dirac Distribution
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-Poisson:  V’¢= —% (Np—=N y+p—n)
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-Poisson:  VZ¢p=-— % (Np=N p+p—n)

— qi¢‘¢'n)
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p=nexpLLe

-Current Density: j = — I}ﬂ,,ﬂ% +gqD Vn

Jp= —wpp;if—qﬂp?p
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C. G. B. Garrett and W. H. Brattain, Phys. Rev., vol. 99, p. 376, 1855,
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Drift-Diffusion Approximation: HiSIM
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Gradual-Channel
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Ogp, : End of Gradual-Channel Approx.
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Channel-Length Modulation

Gradual-Channel 35 LD 53R
Gate Vs

f.g‘-n,-_x = 80nm
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P50
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(CIMIE D % 29 3 TR
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D. Mavarro et al., [EICE Trans. Electronics. 1o be published, 2005.

38



?
Iy Qg Fa
b [ _ hd y
AR L\ l_"
T v X
o
.
Fb
fL L
0, - wL 0;(v)dy: Qp = H’L O (¥)dy
L ' L H
0s =, (1- 7)0i0d:  Op = WJ'H 20,(y)dy
In'.-;=qLE J vQidy ‘ 0 ’ k= difl%
current charge capacitance

HiSIM2

39



accumulation conduction Lgatﬁ=5l-1m

non-conduction Wgate=10pm
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2D-Device Simulation

e

(A BIRIZ0.1VE ,;,L}\
Fas=0. 1V~ 1.0V '

02 01 0 0.

0.2

Position in the Channel{pm)

L (=1, (V(D)+dQ,/ct

5. -¥. Oh, D. E. Ward, and R.W. Dutton,
IEEE J. Solid-State Circuits, vol. 5C-15, p.636, 1980.
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1 1 1

= + + . .
o Hen  Henm | Hsk : Matthiessen Rule

e Ui (Coulomb)y = MUECEOD + MUECH] Q;

g x 1011
_ MUEPH)
e Upy (phonon) (T/300K ) MUETMP x  peff MUE FHI
MUESRO
® lisp (surface roughness) = W”{ ,- 3

I
Eey = E—(.-x-'m_-'f*x O+ NINV x 0;)
3

NINV = NINV = NINVD XV

Ox (10712.C)

Universality: Vi FPHI =02

MUESRI =20 ST 50 o5 1 15 2
+ Vas (V)
NDEP=1.0 Eeir EIEIE p,, OB
VINV =05

A5 Sabnis and J. T. Clemens, Tech Dig. IED M, P18, 1679
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200
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| | | | | | |
Phonon Surface Roughness

Coulomb

Lgatc::[l. lEj.LlTI

s (Neyb=1.08E18cm )
A

Lgate=1.5um .
(Nsub=3.6E17cm 7)

1x10° 5x10° 1x10° 2x10°

Effective Electric Field, Eqir (V/em)

S. Matsumoto et al., J. Appl. Phys., vol. 92, p. 5228, 2002.
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M= [ , UoE, )EE );ﬂ B = 2.0 (electron)
VIUAY 1.0 (hole)
FMAX

V =
MAX = (18404 x(T/300K ) + 0.1 x(7/300K )?)

:Caughtey-Thomas
VMAX = VMAX (1.O+VOVER/ Lyy, VOVERF)

Velocity Overshoot

Electoon velocity (10" emis)
4. : F
L] ¥
; "-\.._L“-
T
.y
Ny
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0 . ] LILA] b L1 150

Mismee® T 0alree AINCLHE | EIT

5. E. Leux et &l IBM 0. RAD, vol 34, p. 466, 1860
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-Poisson: Vip= —,% Np=Nptp—n) 4
q¥
n = n; exp ff{ﬂr".f’ n) ﬂs
P_ﬂ'l'if?ip {?(“'ﬁp_"’ﬂ }

-Current Density: Jn=qu,n 'iii +qD,Vn

Jo=aupp -

-Continuity:  j(t) = Iyp(t) + —Q

( solved by SPICE)
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Donald O. Pederson

You don’t get any credit
for doing 95 percent of the job.

SPICE: Simulation Program with Integrated Circuit Emphasis
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Circuit Simulator

Finding a set of V{ = (V{,V,,V3, ...V,))

for 14(l14, 15,13, ...1,) by fulfilling the kirchhof law.

Vm+1 :Vm _

ngm+1 = m +ngm

Newton’'s Method
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