1 Reference material

C(OX C’O Cj m; d)b stw mMijsw (bbsw

(fF/pm?) (fF/pm) (fF/pm?) (V) (fF/pm) V)

NMOS 6 0.31 2 0.5 09 0.28 0.44 0.9
PMOS 6 0.27 1.9 048 0.9 0.22 0.32 0.9

MODELS FOR CMOS DEVICES

CMOS (0.25 pm) - Unified Model.

Vi (V) YO Vosr V) | k@AY A (VY
NMOS 043 0.4 0.63 115% 107 0.06
PMOS —04 04 -1 -30x 1076 -0.1
CMOS (0.25 um) — Switch Model R,,)
Voo (V) 1 15 2 25
NMOS (kQ) - 35 19 15 13
PMOS (kQ) 115 55 38 31

CMOS (0.25 pm) — BSIM Model

See Website: http://bwrc.eecs.berkeley.edu/lcBook

Name Value

kT /q 25.875mJ/c
NMOSFET Ig 21.0pA
PMOSFET Ig 41.8 pA

n (for Ip calculation) 1.5




VALUES OF MATERIAL AND
PHYSICAL CONSTANTS

Name Symbol Value Units
Room temperature r 300 (= 27°C) K
Boltzman constant k 138 x 107 JIK
Electron charge q L6 % 1071 C
Thermal voltage ormklly 26 mV (at 300 K)
Intrinsic Carricr " 1.5 % 10" em™ (at 300 K)
Concentration (Silicon)
Permittivity of Si 8, 105 % 10712 Flem
Permittivity of S0, s, 35x% 10 Flem
Reslativity of Al Par 2.7% 107 Qm
Resistivity of Cu Pev 1.7% 10 Qm
Magnatic permaabllity T 12,6 % 10”7 Wb/Am
of vacuum
(similar for $10,)
Spead of light € 30 cm/nsec
(In vacuum)
Speed of light (in S10,) Coy 15 cm/nsee

P = Pswircu + Psuorr + PLEAK
Pswircy =C-Vpp®-f-A

b
JFPSHORT:E(VDD_Q'VT)S'f'A't

Preax =Vpp - Isus + Igare + Liuncrion + IgipL)

C : total switched capacitance Vpp : high voltage

f+ switching frequency A : switching activity
b: MOS transistor gain V@ threshold voltage
t : rise/fall time of inputs

T Psgorr usually < 10% of Pswircn

Smaller as Vpp — Vr
A < 0.5 for combinational nodes, 1 for clocked nodes.



FORMULAS AND EQUATIONS

Diode
Iy = Ig(e"*1-1) = gp/1p
c;= —Sh__
¢ (1=Vp/ép)"
_ —oF
T (Vhigh= Vi) (1 =m) x
[(@0= Vaign)' =™ = (9= Vipu) '~ ™1

K

MOS Transistor
Vi= Vot 'Y(«/I— 20p+ Vgl - J|—2¢Fl)

K. w
I, = EZ(VGS— V)2 (1 + AV ;) (sat)

\4
Ip = usalcaxW(VGS_ Vr- DZSAT)(I +AVps)

(velocity sat)
W Vos? | .
=k Z((VGS-V,)V,,S-%‘ ) (riode)

Vos _Yos.
I,=1 Se"”/q[l -e ”/"] (subthreshold)

Deep Submicron MOS Unified Model
I, =0 for Vg <0

V2,
;'")(1 +AVpy) for V20

W
Iy =k 'L‘(Vc;'rvmin—
with V.., = min(Vgr, Vps, Vpsar)
and Vgr = Vo= Vr

MOS Switch Model
_ l( Voo . Vpp/2 )
4 Wpsar(l1 +AVpp)  Ipsar(1+AV,/2)

3 V,m( 5 )
== 1-21Y,
4IDSAT "op

Inverter

Vou = f(Vor)

VoL = f(Von)

Vu = fVy)

Cr(Viing”2)
tp = O69R,,C, = —pe=
den = CLVDDszingf

Piar = Voplpp

Static CMOS Inverter
Vou = Vpp
Vo, = GND
Vi~ Vpp with = kaDSATp

1+r k,Vpsarn

Vu Voo-Vy
Vig=Vy-— V, =V, +—-"
H M- i % 2

with g = 1+r

V= V1= Vosara/2)(hy = A)

gL+t R,,,+R
= pHL2 pLH _ 0.69CL( eq . eqp)

2
Py = C Vpof

Interconnect
Lumped RC: £,=0.69 RC
Distributed RC: 1,= 0.38 RC
RC-chain: '
N N N i
W= YRYC=YCYR
i=1 j=i i=1 j=1

Transmission line reflection: *, [N

CMOS COMBINATIONAL LOGIC

Transistor Sizing using Logical Effort
N
!

B=[]: H=FcB
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G= Hgt D= ’pOZ(P;"‘)Lf!)

| j=t
- N(N/H
Dy, = tpo[zpj*'%J

j=1

1>

F=Se
I

C,

8

Ly

i



