Exercise Circ10

Consider a CMOS fabrication process with the following process parameters:

ky = w,Cor = 90 UANV?, k' = ,Coy = 40 HA/V?,

Vinn = [Vinpl = 0.5 V,

Lin = 0.4 um (minimum allowed channel length, for both N-channel and P-channel transistors),
Cox = 2 fF/um’ (gate oxide capacitance per unit area),

tx= 15 nm (gate oxide thickness).

The used fabrication technology and the layout are such that, for each transistor, the drain capacitance and the
source capacitance turn out to be equal to 20% and 25%, respectively, of the gate capacitance, whereas the
overlap/fringing gate capacitance and the capacitances associated to interconnections are negligible.

Supply voltage Vpp is equal to 3 V.

The transistors in the elementary inverter used in an integrated circuit fabricated with the above process have
the following sizes:

n-channel transistor: W, (channel width) = 3 um; L, (channel length) = 0.4 um;
p-channel transistor: W, (channel width) = 9 um; L, (channel length) = 0.4 um.
By using the above elementary inverter, we implemented the circuit shown in figure 1, which is a ring oscillator

where an elementary inverter (equal to the above elementary inverter) is added to drive the output capacitor C,
= 0.4 pF.
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Figure 1

The candidate is asked to:
a) Calculate the delay time of inverter 18, justifying all the assumptions made, if any.
b) Calculate the delay time of the elementary inverters li (I = 1 to 7), justifying all the assumptions made, if any.

c) Estimate the oscillation frequency of the circuit.



