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- The NAND gate
- "Reading” CMOS gates
- Designing CMOS gates
- Sequential circuits
- Storage elements
* Phase-Locked Loops
- Example
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NAND 2-inputs
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NAND 3-inputs

NAND 3 inputs "Delay equivalent” inverter
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NAND 3-inputs

NAND 3 inputs

w{ Bpw( Bp# PP

Use transistors
close to the output
for critical signals
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NAND 3-inputs

Bad: high stray Ae—1|
capacitance and j

large area
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Good: minimum
stray capacitace
and small area

e
2

\i\\\\ Shared i
Esource/drain<_
iﬁ i diffusions

_ Minimum
i distance

7

.

Paulo Moreira Technology scaling



NAND 3-inputs
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"Reading” CMOS gates
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Designing CMOS gates
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Complex CMOS gates

Can a compound gate be arbitrarily complex?

- NO, propagation delay is a strong function of fan-in:
2
tp :ClO 'FO+Cll -F]—I—a2 (F])

- FO = Fan-out, number of loads connected to the gate:
- 2 gate capacitances per FO + interconnect

- FI = Fan-in, Number of inputs in the gate:

* Quadratic dependency on FI due to "RC" signal path across the
channels:
- The resistance increases with the number of transistors in series
- Each drain and source diffusion adds additional parasitic capacitance

- Avoid large FT gates (Typically FI < 4)
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