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Lecture 1.3 Summary

Given the measured characteristics of a MOSFET, you
should be able to determine:

1. on-current: |5y

2. off-current: |5e¢

3. subthreshold swing, SS

4. drain induced barrier lowering: DIBL
5. threshold voltage: V- (lin) and V- (sat)
6. Drain to source resistance: Rpg

/. drain saturation voltage: Vpsat

8. output resistance: r,

9. transconductance: g,,

How do these device parameters affect circuit performance?
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N-MOSFETSs
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P-MOSFETSs
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ldeal CMOS inverter
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ldeal CMOS inverter

transfer characteristic
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2-Input NAND gate
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in

CMOS inverter

Real transfer characteristic
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CMOS inverter: V,, Vvs. Vi,
=10V Vv =—Vp =015V
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CMOS inverter: V,, Vvs. Vi,

v, =10V Voo=—V, =015V
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CMOS inverter: V
V.,=1.0V
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CMOS inverter: current

oui | NMOS OFF
PMOS LIN V., = 0: No current flows!
NMOS SAT
Voo PMOS LIN
V., = 1: No current flows!
NMOS SAT
PMOS SAT
Von/2 L

No static power dissipation!

NMOS LIN
PMOS SAT

NMOS LIN In practice: Little

| oSO power dissipation

Vy Vin/2 Voo % when lgee Is small!
in
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CMOS inverter: noise margins
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Importance of gain

Must have gain to
have noise margins
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CMOS inverter. summary

“pull up
transistor” e _ L
DD 1) Little current flow unless switching.
J s (small power dissipation - low | ).
I

| 2) Good noise margins if device has
D 4 high gain (adequate g,.r,).

in out

D Next: understand speed and power.

i
“pull down =

transistor” 15
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Dynamic performance
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Power dissipation
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Low power requires low voltage!
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Speed
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Speed is determined by

the on-current! 9



Circuit performance

1
1) Switching energy: E, = ECSWVDZD

2) Dynamic power: P,=afC V.,
3) Standby power: Po =10V o
4) Switching delay:

5) Noise margins:
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Power =2

Power constrained design

dynamic

\

Integration density -2

(Dave Frank, IBM)
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Summary

Now that we understand a little bit about how circuit
performance is related to key device metrics, we
will focus for the rest of the course on how
nanoscale transistors work.

Next topic: Asimple (energy band) view of how
MOSFETs work.
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