VALUES OF MATERIAL AND
PHYSICAL CONSTANTS

Name

Room temperature
Boltzman constant
Electron charge
Thermal voltage

Intrinsic Carrier
Concentration (Silicon)

Permittivity of Si
Permittivity of Si0,
Resistivity of Al
Resistivity of Cu
Magnetic permeability
of vacuum
(similar for SiO,)
Speed of light
(in vacuum)

Speed of light (in SiO,)

Symbol

€o

ox

Value
300 (= 27°C)
138 x 107
L6x 1077
26
1.5x 10"

1.05 x 107"
35x 1071
27 %1078
1.7x 1078
12.6 x 1077

30

15

Units

JK
c

mV (at 300 K)

em™ (at 300 K)

F/cm
F/cm
Q-m
Q-m
Wb/Am

cm/nsec

cm/nsec

FORMULAS AND EQUATIONS

Diode

Ip = I - 1) = 0/,
(L=Vp/ )"
K = ;ﬂ!_x
O (Vhign = Vig (1 —m)
[(do— V;n‘.;.l:)L (g = Vi)' "™

MOS Transistor

Vi = Voot Y(J|- 204+ Vg - J[-20,)
L R

Ip = ?E(Vﬁ‘;f Vi)2(1+ AV ) (sat)

Vaeun
Iy = U.mcmw(vcs‘ V= %](1 +AVps)
(velocity sat)

. W
I, =k

Vis?
 2((Vas = Vi) Vos - 2 ) triode)

2

Yas Yos
Iy = 1™ 'f[: —e "fJ (subthreshold)

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

L4
L
with V., = min(Vgr, Vg Vipsar)
and Vi = V- Vi

v
I =k (VG.,.V"”"—$)(1 +AV ) for Vg, 20

MOS Switch Model
R = l[ Voo i Vop/2 )
@ W pear(1+AVyp)  Tpsar(1+AV,/2)

3 VmJ( 5 )
== 1-ZAV
4IDSAT 6 e

Inverter

Vou = (Vo)
Vo = F(Vop)
VM = f{VM)

CilVwine”2
1, = 069R, C, = CLlVining2)

avy
P.t_vn = CLVDDvm'mgf
Py = Voolpp

Static CMOS Inverter
Vou = Voo
Vo, = GND
Voo s k,Vpsar,
~ with = 2 DSATy
M7 14r k,Vpsarn
v V-V
V.'H:VM'_?M Vi = Vy+ 222
with g = 1+r

(V= V= Vosara/2) (A, = A,)

bt _ Regn* Regp
p = B o 0g9c, [~y St

2
P, =C/Vppf

Interconnect

Lumped RC: 1,,= 0.69 RC
Distributed RC: 1,= 0.38 RC
RC-chain:

i

N N N
Ty = ZR,-ZC}- = ZCFZRJ
j=i i=1

i=1 j=1
Transmission line reflection:

Ve _ L _ R-Zo
P=v 7 R+Z

inc

ine o




MODELS FOR CMOS DEVICES

CMOS (0.25 pm) - Unified Model.

Vi (V) ¥ (V) Vpsar (V) k' (AIVY) A (Vh
NMOS 0.43 0.4 0.63 115% 107 0.06
PMOS —0.4 —0.4 -1 -30x 10°° -0.1

CMOS (0.25 pm) — Switch Model (R,,)

Vpp (V) 1 15 2 25
NMOS (k) 35 19 5 13
PMOS (kQ) 115 55 38 31

CMOS (0.25 pm) — BSIM Model

See Website: hrip://bwrc.eecs.berkeley.edu/IcBook

INTERCONNECT MODELS

Wire area and fringe capacitances (for 0.25 pm CMOS process)
Rows represent the top plate of the capacitor, and columns represent the bottom
plate. The area capacitances are expressed in aF/um?, while the fringe capaci-
tances (given in the shaded rows) are in aF/um.

Field Active Poly All Al2 Al3 Al
Poly 88
sblan s
All 30 n | s |
40 | 47 54 | | i
A2 3| s | o | 36 | |
25 | 27 l 29 | 45 l |
an | 89 | 94 | 10 | 15 | a4 |
18 I 19 | 20 l 27 l 49 l
ae | 6s | e8| 7 [ 89 | 15 |_3;
14 | 15 | 15 l 18 I 27 | 45
Al5 52 | 54 | 54 ‘ 6.6 | o1 | 14
12 | 12 | 12 | 14 | 19 | 27

CMOS COMBINATIONAL LOGIC

Transistor Sizing using Logical Effort

Sheet Resistance (for 0.25 pm CMOS process)

Material Sheet Resistance (/1)
n- or p-well diffusion 1000 - 1500
n*, p* diffusion 50-150
n*, p* diffusion with silicide 3-5
n*, p* polysilicon 150 — 200
n*, p* polysilicon with silicide 4-5
Aluminum 0.05-0.1




