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Lecture 3 Summary
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Four Key Design Metrics for Digital ICs

¢ Cost of ICs

=) * Reliability

¢ Speed

¢ Power
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Agenda

¢ CMOS Inverter — Static VTC
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The CMOS Inverter: A First Glance
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CMOS Inverter
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CMOS Inverter

ECE115C

: First Order DC Analysis




CMOS Properties

¢ Full rail-to-rail swing

~ Vo = Vop, Vor =0 Yoo
] ] [ u g]‘
¢ Logic levels independent on transistor size Yoot
— “Ratioless” logic Vime [
2k
¢ Low output resistance (k€2 range) .. Now = Vpp
(L—NIZC((»ri’Z ) (NMOS o)
. . . b Ra
¢ High input resistance e T = Vous =g
10 10 (UMog om)
¢ No direct-path current in steady state VoL # ov

(ignoring leakage)

ECE115C UCLA 8



Agenda

“1”

¢ CMOS Inverter — Static VIC

¢ Reliability
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Reliability — Noise in Digital ICs

T [ e

Inductive coupling Capacitive coupling Power and ground
noise

¢ Noise sources
— Internal (~ signal swing)
— External (not related to signal levels)
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DC Operation:
Voltage Transfer Characteristic

V(out) ¢

. V(out)=V(in)

“\ Vy Switching Threshold

Nominal Voltage Levels
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Mapping Between Analog and Digital Signals

Nou UO\'\ Vl\. NViy

- V(out) A i}_@%ﬂ

“qgn VvV \ ‘|@ Out no §e
1 OH | -, Slope = -1

VIH \\‘\\ @ ‘M VOH

. |shope| >

gnd_eflned (‘o\,\\c\ —'-\*\(’ a s+ 4"6
egion i ot of logi

gades ((els)

V
11 ” f v OL
O ) VOI_ ‘0 C out | : >~
Vie Vig V(in)

éov

ECE115C UCLA



Definition of Noise Margins

13 1 7 l
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NM,, Noise margin high:
Vi, NMy=Vou-Vy
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Vor NM_ =V, - Vo,
il
Gate —_—  Gate
Output Input
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Noise Budget

¢ Allocates gross noise margin to
expected sources of noise

¢ Sources
— power supply
— offset
— cross talk
— interference
— timing

¢ Differentiate between fixed and
proportional noise sources
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Key Reliability Properties

¢ Absolute noise margin values are deceptive

— a floating node is more easily disturbed than a node driven by a
low impedance (in terms of voltage)

¢ Noise immunity is the more important metric -
the capability to suppress noise sources

¢ Key metrics:
— Noise transfer functions
— Qutput impedance of the driver
— Input impedance of the receiver
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Regenerative Property =Must Have 9|51

Regenerative
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Non-Regenerative

16



Regenerative Property
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Fan-In and Fan-Out
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The Ideal Gate
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An Old-Time Inverter
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CMOS Inverter VTC
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PMOS Load Lines

+ Coordinate transform: I, (Vps,) — Ipy (Vou)

Vin = Vbp * Vgsp lon
IDn = 'IDp
Vout = Vop + Vpsp

N

[
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Vin‘
Ll

Vin= 0-5 :
VDSp

Vin = Vpp + Vg,
IDn = 'IDp
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CMOS Inverter Load Characteristics
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CMOS Inverter VTC
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Simulated VTC (PWL Approximation)

2.5

<« PWL approximation

Vout(v)
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Determining V,,, and V.

V
out _ (VOH ~ VOL) __ Voo
Vow g g
Vie =V — Vi =Vor
g
_ VM 4 VOH B VM
g
For Vo, = Vpp, Vo = 0:
v
o NM =V, = VIHj
A simplified approach NM =V,
— )
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Simulated VTC

2.5

Vout(v)

0.5

ECE115C

A
I \ %\ \\
0 05 1 15 > 25
V. (V)

UCLA 27



Inverter Gain
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Gain as a function of V,,
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Impact of Process Variations
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VTC Example

+ NMOS with a non-linear load device

1.0V

¢ Strategy:

— Superimpose load |-V characteristic
on top of NMOS |-V
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Step 1: Coordinate Transform

* Vout = Vbs = Vb = Vshaded-box
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Step 2: Intersect Points Form the VTC

Noise margin high:
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