Power consumption in CMOSinverters
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Toreduce Py, : VDD  power supply reduction

CL  reduction of gate caps = use minimum size where possible

Pw: reduction of switching activity



VDD/Transstor sizing for minimum power

Optimum fan-out = f=4
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How about effect of VDD and transistor sizing on power?
Simplecase: fixed # of stages=2

Minimum size

in_|> |I> out

_— Cgl __Cext :CL
I
F= Cor for minimumdelay f =3F
o
to get min delay
1.9Wn

R
B Wp [ \/EWD t =t §+19+ §+£98
:'T :'T PP gg f9 50

efirsvinverter secondfmverteré
R
min size
1 f
™. ™.
L~ L~
T T ™ T ™ T

Co =Cy +&Cyy + fC, +gC,, +C, =C,(A+0)@+ f)+F)

> Eq =Vop Cix = Voo Cy, (A+0)A+ ) +F)

V
tpo » DD V
Voo - Vi - %
For a given effective fan-out (F), there is an optimum fan-out of each stage (f), that can
giveyou amin Vpp While t, is unchanged
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F | fopt fOr Emin | Voomin fOr Enin Normalized Enin | fope fOr min delay T, min

1 1 25 1 1 4tno
2 13 2.22 ~0.88 141 4.82ty
5 1.9 147 ~0.44 2.26 6.52ty
10 2.5 ~1.05 ~0.24 3.17

20 3.53 ~0.77 ~0.12 4.47 10.94ty




Conclusion of Power optimization

*device sizing + Vpp reduction can reduce energy consumption, especially for F-
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F=10~20
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for F  still we get improvement
for F- = minimize size/Vpp=2.5 is the optimum
*oversizing transistor beyond optimum value
> E--

* optimum sizing for energy is smaller than for delay



Dissipation dueto direct path current
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leak = depends on device size.

It isaso astrong function of the ratio between input & output slopes

Consider 2-cases
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- make rise/fal time large to reduce direct path energy !
-2 t, tt- > increased energy for the fan-out gate!!
Solution -> optimum case for all the gates =2 t.,t Yanout = t, & Yautput
-> effect of direct path current can be modulated by adding aload capacitance
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Static Power Consumption
Pstat = ||ea£age Voo
during no switching activity
lieskage = 10 ~ 100pA/m? - @ room temp
1 million gate each 0.5r %, Vpp =25V > Py ~ 0.125mW
@ 85C > ligekage 2 60X > Pgy = 7.5mW
Other problem - small V¢
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Power-delay product : PDP = Py, t,
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ignoring Pyp, Pt > PDP = CL%

-> not agood measure since can be minimized by Vpp
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