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logic gates TdH 5.
input output
t th 1t tm th 1o tm
Ch. 10 1 fim |11 1 G1m
2 1 0 fEm 2 0 1 q2m
Tl 0 1 fﬂ,m [ 0 1 flm
A A 8 [l (combinational logic)
& =¥ (sequential logic)
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RS (reset-set) 7V v 77 a7 (FF)
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Output Input Output Input
5.0V . 5.0V 5.0V 5.0V
_— T 4.95V I sy |
evel  Von Vin Voh

{ 3.5V

2.4V 7 04v |
7 ov Noise margin

Noise margin 1.5V

\ 0.8V
0.4V }oav 4

V. 1.45V
Llevel i Vol i

0.05V Vol

0V Y \Y 0V
(a) TTL (b) C-MOS



Digital Logic Families

Product Life Cycle
Tl - sourced
1 | by, 1
: ABLS | : : A Bipolar
%
' | "X\ CD400p | &> CMOS
| 2} BICMOS
<» Other
AHC
ALB &2

1 | |
introduction ' Growth Maturity | Decline 'Obsolescence

 (Gate/transistor ratio Is roughly 1/10
— SSI <12 gates/chip
— MSI <100 gates/chip
— LSl ...1K gates/chip
— VLSI ...10K gates/chip
— ULSI ...100K gates/chip
— GSI  ...1Meg gates/chip




TTL logic family evolution

—————————————————————————————————————————

74 Series

Bipolar. Saturated BJTs. Practically
obsolete. Don't usein new designsl

74S Series

74AS Series

Bipdar. Deep saturation prevented by
BC Schottky Diode. Reduced storage-
time delay. Practically obsolete.

&

Innovations in IC design and
fabrication. Improvemnent in speed and
power dissipation. Relatively popular .
Fastest TTL available.

T

74LS Series

T4ALS Series

74F Series

Bipolar . Lower-power slower-speed
version o the 745 Series.

Innovations in IC design and
fabrication. Improvemnent in speed and
power dissipation. Popular.

Innovations in IC design and
fabrication. Popular.

Widely used today

Legacy: don’t use
In new designs



CMOS logic family evolusion

obsolete

4000 Series

i | CMOS. Wide supplyvoltage range.
i | High noise margin. Low speed Weak
! | output drive. Practically cbsolete.

<

74C Series

1

' | CMOS. Pin-compatible with TTL
! | devices. Low speed. Obsdlete.

| | Replaced by HC/HCT family.

o @ ____________ i

TAHC/HCT Series

CMOS. Drasfic increase in speed.
Higher output drive capability. HCT
rput voltage level s compatible with

<

General trend:

» Reduction of dynamic losses through
successively decreasing supply voltages:
12V —» 5V —» 3.3V - 2.5V —» 1.8V
CD4000 LVC/ALVC/AVC

« Power reduction is one of the keys to
progressive growth of integration

N 3 hY

T4AC/ACT Series T4AHC/AHCT Series BiCMOS Logic T4LVC/ALVC/LVIAVC
CMOS. Functionally compatible, but CMOS. Improved speed, lower power, CMOS/Bipolar. Combine the best CMOS. Reduced supply voltage.
not pin-compatible to TTL. Improved lower drive capability. features of CMOS and bipolar_ Low LWC: 5\VI3.3V translation
noise immunity and speed. ACT inputs power high speed. Bus interfacing ALVC: Fast 3.3V only
are TTL compatible. applications (7T4BCT, T4ABT) AVC: Optimised for 2.5V, down to 1.2V




Log.'b Trise/fall VIL,max VOH,min VOL,max NOIS?
Family Margin
74 22ns 2.0V 0.8V 2.4V 0.4V 0.4V
74LS T I5ns 2.0V 0.8V 2.7V 0.5V 0.3V
74F V| 3ns 2.3ns 2.0V 0.8V 2.7V 0.5V 0.3V
74AS '] 4.5ns 1.5ns 2.0V 0.8V 2.7V 0.5V 0.3V
74ALS ' [ 11ns 2.3ns 2.0V 0.8V 2.5V 0.5V 0.3V
ECL 145ns [ 035ns  [-1.165V [-1.475V [-1.025V [-1.610V [0.135V
(7000 [ 250ns 90ns 3.5V 1.5V 495V 0.05V 1.45V
1 74C 1] 90ns 3.5V 1.5V 4.5V 0.5V 1V
1 74HC 1] 18ns 3.6ns 3.5V 1.0V 4.9V 0.1V 0.9V
74HCT || 23ns 3.9ns 2.0V 0.8V 4.9V 0.1V 0.7V
| 74AC 1] 9ns 1.5ns 3.5V 1.5V 4.9V 0.1V 1.4V
| 74ACT [ Ons 1 5ns 2.0V 0.8V 4.9V 0.1V 0.7V
J4AHC , | 3.7ns 3.85V 1.65V |44V 0.44V 0.55V
—

/
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Wolfram Alpha

See what you can do with Wolfram|Alpha Pro »

Bl Do you know Pro?
g

~
3% WolframAlpha
[ (A and B) or (A and not B) or (not A and B) =]
I O == = Examples >2 Random
Input New fo
(AAB)V(AA-B)V (= AAB) Wolfram|Alpha?

(AAND B) Or (A AND (NoTB)) OrR ((NoT A) AND B)

e Mes /\... isthelogical AND function O = fi
vexpr isthelogical NOT function | i l"lﬂu.t f
Rormasy
g1 Vea V... isthelogical OR function 6 uﬂ\'— """
wAlpha Ty H
wolframl o |
Truth table: T f/’”" y

A B (AANB)VAA-BV(-AAB) % #ﬁa"g;_n:as
T|T [T :
T |F|T Take the Tour >
E [ESET
F|F |F
New!
Minimal forms More | | Text notation Walﬁfam Probfgm
o Generator
CNF AVB Need a byngs

ANF (ArnByvAuB
NOR - (A0B)

NAND - An-B B e

AND (AN B)

OR AvB

ey Ve, V.., isthelogical XOR function

81 Vioal iz the Inaical NOR functinn
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6.4.2 Quine-McClusky algorithm
ExY Y=A-B-C-D+B-C-D+A-B-C+A-B-C-D
I R

Y

A-B-C-D+(A+A)-B-C-D+A-B-C-(D+D)+A-B-C-D
A-B-C-D+A-B-C-D+A-B-C-D+A-B-C-D
+A-B-C-D+A-B-C-D

2ERTERT

Y =0011+1111+0111+1101+1100+1011



Y =

Y =

Quein-McClusky algorithm
LOHTII
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