Practice 5: CMOS Inverter

VDD:SV

The following CMOS inverter has these parameters:
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Find Nominal Voltage Levels and draw the VTC,

Solution:

1. We'll start with V,.=0. In this case, N1 is cut-off and there is no path
to ground, so after filling up an output capacitance to Vop, there are -
no static currents. Vouma=Voo.

2. Aswe raise Vi, N1 stays in cut-off until Vi=Vas>Vr. On the other hand, P1 is open (Vss=>Voo) with a
low voltage across its output (Vsp=>0), meaning we are in the linear region.
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3. Once Vin>Vro, N1 starts conducting in the saturation region. To find Voumi and V., we will first equate
the two currents and then look for the point where gain=-1 by differentiating:
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We'll differentiate both sides by dVi,:
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Now we'll substitute ¥eu —_jandget: V, = 4&3_‘_‘.5_
We'll put Vi, back in the original equation and get:
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In the same fashion, we’ll find Voimax and Vi, though this time, P1 is saturated and N1 is linear:
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Differentiating and substituting 9% _ _; gives us:
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Substituting into the original equation:
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4. Finally, when Vis=5V, P1 is cut-off and there
is no path to Vop, so after discharging the
output capacitance, there are no static

currents. Voimin=0V
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5. We can now draw the VTC:

Vo =0.33V

Given an inverter with the following properties:
(W/L),
(w/L),

fabricated in an 0.25um process with the following process characteristics:

=34 L, =025um (W/L)min =1.5 (Assume long channel)
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nMOS 0.43 0.4 115 0.06

pMOS -04 -0.4 -30 -0.1

Derive the High to Low propagation delay (##L) driving a S0fF capacitance.




