TSEIO3 Formulas 2019

Equations for the MOS transistor
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Definition of source (S) and drain (D)
NMOS: Vg =V, PMOS: Vg =Vp

\oltage notations
Ves = Vo= Vs, Vps = Vp=Vs, Vgg = Vg=Vp, Vgr = Vgs— Vs

Threshold voltage

Unified model
NMOS: Vg1 =0 (PMOS: Vg1 =0) = Subthreshold region (I = 0)

NMOS: Vgr = 0 (PMOS: Vg <0) = I = k’Vthmin<|vGT| -
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Viin = |Ve1| = saturation region

Viin = |VDS| => resistive (linear, triode) region (A = 0)
Vinin = |Vpsa7| = velocity saturation region

Vpsat dependency on channel length

Vpsar = '-Ec

Subthreshold region
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Model parameters for 0.25 um CMOS devices

Parameters for drain current calculations

, 2
Vig IVI | v [WV] | Vpsar [VI | K [WA/NVT] | & | @ [V]
NMOS 0.43 0.40 0.63 115 0.06 -0.30
PMOS| _0.40 -0.40 -1.00 -30 -0.10 0.30
Parameters for capacitance calculations
C:ox CO Cj mj ¢b stw mjsw q)bsw
[fF/um?] | [fF/um] | [fF/um?®] [V] |[fF/um] [V]
NMOS 6 0.31 2.0 050 | 0.9 0.28 0.44 | 09
PMOS 6 0.27 1.9 048 | 0.9 0.22 032 | 09
Gate capacitance
Overlap capacitance
Ceso = Copo = CoxXgW = CoW
Channel capacitance
Cec = Coes+ Coes + Ceep
Vorn=0, Vg, 20 CoxWL 0 0
Vgrn>0. Vg, <0, \Vps| = |Ver| 0 CoxWL/2 CoxWL/2
Vot >0, Varp <0, [Var] = |Vp4 0/ 2c,,WL/3 0




Junction capacitance

Junction capacitance as function of voltage
Cio

Ci(v) = —2__
(1-V/¢g)

Average capacitance during transition from V, to V,

—¢g
(V2 - Vl)(l -m)

Ceq = KegCjo =

Dynamic power consumption

P = afC, V3

Switch functions

Sy = F(AB,...), Sp = F(A,B, ...)

Boolean algebra

De Morgans’ theorem

X+Y+Z+...=XYZooo. XYZ.i = X+Y+Z+..

Expansion in sum
fX,Y,Z,...) = XKL Y,Z, ...)+ Xf(0,Y,Z, ...)
Expansion in product

f(X,Y,Z,...) = [X+f(0,Y,Z, . )][X+f(L,Y,Z ...)]

[(9g-V2)"' ™™ = (0o- V" ™ICy



Transmission line
Characteristic impedance
Velocity of wave

U=1//\/E

Reflection coefficient for a transmission line (Z,) terminated by a load (Z, )

T = (Z,-Zy)/(Z, +Z,)

Elmore delay

P, = “the path between node 0 and i”.
Pij =P;N Pj = “the common part of the paths P; and Pj

R;jj = “the sum of all resistances in P;; ™.

n
Time constant fromnode 0 to i: Ty = R;;jC;. Propagation delay: t,; = 0.69ty;.
=0

J

Sizing of cascaded inverters

For minimal propagation delay find the best solutionto 1 = e(l”/k)/k, where

k =“tapering factor”, N = “number of inverters”, F = C, /C, = k" and Y = Cinua/Cqy1 -



