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Properties of Digital Integrated Circuits




Most important elements: Inverter and Noninverter

Inverter Symbols Noninverter Symbols
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Idealized Inverter and Voltage Transfer Characteristics (VTCs)
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Noise Margins

High noise margin (for logical level 1)  Viam = Vou — Vin

Low noise margin (for logical level 0) ~ Vamw =ViL — Vo




Noise Sensitivities Var(¥)

o Vea .
(For logical level 1)~ Vnsu=Von —Vm /1/

Vi Vi
(For logical level 0) Vst = Vu — VoL l /
7 A
Noise Immunities Vo Va Va Va Va
f Ve

. Ve — VNsH
(For logical level 1) NIH = _VLs
(For logical level 0) Varr, = Vst
Vis

FAN-IN and FAN-OUT

Maximum fan-out: N .. :min(N,,igll (max),N,w(m“))




Propagation Delays
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Power dissipation

Average Power Dissipation = Average Power Supplied

Pee = LecVee
Vi Vour
Pep =1 Vs
P _ Peciony + Pecor)
CC(avg) — 2
Iccon) +Iccon)
Pecqavg) = — 3 Vee

Logic Element Equivalent Circuit and Fan-out




Power - Delay Product:

Speed-power product = (Average Power Diss) x (Propagation Delay)

PD = PDISS(avg)X tP(avg) ‘

Diode Digital Circuits




Diodes

PN Junction

PN Junction

Symbols

MN Schottky Junction

Schottky MN contact

for Forward Bias

~

Vp=V,=07V

Sio, ohmic contact Sio, _~ ohmic contact
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IV Characteristics

L&)

conducting

cutoff
V,(ON) =0.7
Veo(ON) = 0.3

Vo (V)

for PN Junction diodes for MN Schottky diodes
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Basic Logic Gates: AND

Vo 0———<H— O Vour™ Voo

V,(ON)

Ve - V,(ON)

=V, (V)

Basic Logic Gates: OR

Vo P Vor= Ve

D,
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=Va (V)

V,(ON)
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Clamping Diodes

Via Digital
Circuit
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Level shifting diodes

+
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Vs =2V,(ON)

+
Vi(ON)

Level Shifting Diode AND Gate
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L)
Ve
] Vo D, open
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Vea Ko Veer
3R
Level Shifting Diode OR Gate
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Ex. Find the output low and high voltages for the circuit shown above,
where Ve = Ve = 4V, Vp oy = 0.7V, R, = 1kQ, R = 2kQ.
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