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Inverter

Meets timing requirements with
ae-[ . Qp: Ky, Vigl, Voo, (WIL),=p
QN: kn’9 vtm vDD: (WIL)n=n

reun = 1/(k,’(WIL),(VDD-|V,,|))
reun = 1/(k,’p(VDD-[V,,|))

A Q
’-I " reon = 1/(k, (WIL),(VDD-V,,))
reon = 1/(k,’n(VDD-V,,))
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What sizes of the transistors will
meet timing for all possible input
values?

We want the maximum ry, to be
the same as that of the inverter.

Feun_max = Fpa ¥ pg

reun_max = 2/(K,’(W/L)pa pe(Vop-Vipl))

1(ky'P(Vpo-|Vipl)) = 2/(k,’ (WIL)pa pe(Voo-Vipl))
1/p = 2/(W/L)pp pg

(W/L)pa,pe = 2P

What about the NMOS sizes?
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If we have an inverter that
meets timing with the PMOS
(W/L)=p and NMOS (W/L)=n,
how should Y=/A(/B+/C)
transistors be sized?
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Y=/A-(/B-/C+ID)

Procedure:
1. Identify worst case path.
PUNA=>B=>C

2. Express resistance of the worst-case path
to the that of an inverter.

Fspa ¥ Fsps * F'soc = MNinv

3.Relate resistances to (W/L)
1(WIL), + 1/(WIL)g + 1/(WIL) =1lp

4. Assume all unknowns are equal
3I(WIL)pgc=1/p

5. Solve
(WIL)agc=3p

6. Do the same process for the next worst-
case path.



Y=/A-(/B-/C+ID)

Procedure:
1. Identify next worst case path.
PUNA=>D

2. Express resistance of the worst-case path
to the that of an inverter.

Fspa ¥ F'spp = MNinv

3.Relate resistances to (W/L)
1/13p + 1/(WIL)p =1lp

4. Assume all unknowns are equal
1/(WIL)p =3/3p-3/p

5. Solve
(WIL), = 3p/2

6. Do the same process for the next worst-
case path.
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