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Outline

7.2 Sequential digital circuit

7.3 Implementation of logic gates

7.4 Circuit implementation and simplification
of logic operation

7.5 DA/AD converter circuits

7.6 Digital filters (digital signal processing)



7.2.3 Sequential logic: Flip-Flop (FF)

RS (reset-set) Flip-Flop (FF)

S R | Q Q Response
0 0| Q Q no change
Truth tabl
e 0O 110 1 reset
1 0|1 0 set
1 1 | undetermined
Symbol Equivalent circuit with discrete gates
S —i >0—
— 'S QI Q
1R QI _
R—{>o— Q




7.2.3 Sequential logic: Flip-Flop (FF)

JK Flip-Flop

Truth table

_ == O O Oy

— =0 = o ol

O, = OO

Q | Q for the next CLK
0
1

Equivalent circuit with discrete gates

— Q

D,

Q|




7.2.3 Sequential logic: D-FF, T-FF

D-FF  Symbol
—{cLKk Q|—
- Symbol
Q
T_ —
Q I

Truth table
D CLK Q
O A O
1 A 1
- ¥ (hold)

Truth table T




7.2.4 Sequential logic: Counters

Qi Q> Q3 Q4
Unsynchronized J
counter : QI QI Q1 Q
- — > > > >
(ripple counter) oL oL oL ol

chart

Timing Q, F f | f: : f _
1
)




7.2.4 Sequential logic: Counters

Synchronized counter

Equivalent
circuit with

discrete gates
T

R
.

D Q

CLK

Timing chart

D Q

CLK

Q>

Qs

I—(—




Standard gate logic IC packaging

Full pitch Half pitch surface mount

T I O I [
74HCTO4 - 6/1-NOT

[4 [ [ [ [d [o] []

C D D
D
A ij L?j GND

[T T CF BT T B T

7400 Quad 2 Input NAND




Mounting of logic ICs

Surface mounting

Wire wrapping




7.3 Implementation of logic gates

NAND gates
Ve 1VCC
T, T
i
O—e —0
Ajp out Bin

4' 13

T, j |
(a) (b) V

TTL (transistor-transistor logic) CMOS (complimentary MOS)



7.3 Implementation of logic gates

¥~ Draftl.raw

LT Spice
simulation

10ms

14, nand.asc

< PULSE(5 5 1 20n 20n 2m 4m 10)

tran 0 20m 0 1000




7.3 Implementation of logic gates

\oltage levels diagram

Output Input Output Input
5.0V . 5.0V 5.0V 5.0V
T 4.95V I |
1.45V
H level Vo Vi Voh
l 3.5V
2.4V }o04v
72 oy  Noise margin
Noise margin 1 5V
\ 0.8V
0.4V 0.4V
! TV 1.45V
Llevel i Vo V! 0.05V Vol
1AY oV 1Y 1AY4

(a) TTL (b) C-MOS



TTL logic family evolution

74 Series

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

&

74S Series

74AS Series

time delay. Practically obsolete.

Bipdar. Deep saturation prevented by
BC Schottky Diode. Reduced storage-

&

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

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 designand
fabrication. Popular.

_________________________________________

Legacy: don't use

INn new designs

______________________________________________________________________________________

Widely used today




CMOS logic family evolution

_Obsolete

: 4000 Series i

[y, General trend:

— @ — < Reduction of dynamic losses through
acseies | Successively decreasing supply voltages:

[oramar | 12V - 5V —> 3.3V —> 2.5V — 1.8V

i | Replaced by HC/HCT family.

 [Ere ™ | R - CD4000 LVC/ALVC/AVC

7AHGHCT Serios  Power reduction is one of the keys to
s o e T progressive growth of integration
T%t voltage levels compatible with

< Y 3 \Y

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 (T4BCT, T4ABT) AVC: Optimised for 2.5V, down to 1.2V




TTL
LOg-h, TPD Trise/fall VIH,min VIL,max VOH,min VOL,max NOIS?
Famiily Margin
74 22ns 2.0V 0.8V 2.4V 0.4V 0.4V
74LS 1| 135ns 2.0V 0.8V 2.7V 0.5V 0.3V
74F "| 5ns 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 ' | 1lns 2.3ns 2.0V 0.8V 2.5V 0.5V 0.3V
ECL 1.45ns 0.35ns -1.165V | -1.475V | -1.025V | -1.610V | 0.135V
(4000 N[ 250ns 90ns 3.5V 1.5V 495V 0.05V 1.45V
y 74C (| 90ns 3.5V 1.5V 4.5V 0.5V 1Y
| 74HC 1] 18ns 3.6ns 3.5V 1.0V 4 9V 0.1V 0.9V
T4HCT : 23ns 3.9ns 2.0V 0.8V 4 9V 0.1V 0.7V
1 74AC 1| 9ns 1.5ns 3.5V 1.5V 49V 0.1V 1.4V
1 74ACT ! 9ns 1.5ns 2.0V 0.8V 49V 0.1V 0.7V
J4AHC o | 3.7ns 3.85V 1.65V 4.4V 0.44V 0.55V
7
/
y




7.4 Circuit implementation and simplification of logic ope

Truth table — Simplification — Circuit diagram

Visual method: Karnaugh mapping
Quine-McClusky algorithm
Product of all the logic variables: canonical expansion

Simplification

principal disjunctive canonical expansion (3= IN7EFE%E EFR)

Y =) ] gia)

i =1

Ex Y=A-B-C-D+B-C-D+A-B-C+A-B-C-D
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

Or in binary: Y =0011+1111+0111+1101+1100+1011



Quein-McClusky algorithm

Classification
with the number

of 1

Y =

Y

4

_ 11+110 +11 1

0011
1100
0111
1011
1101
1111

First simplification

/4

0 11
011

110

111
111

11 1

11

- smallest

1n
110
11 1

_11+110_

0011
©

1100 0111
©
©
Final form

1011
©

1101

©
O

1111
©

O



Wolfram Alpha

g} Do you know Pro?
g

See what you can do with Wolfram|Alpha Pro »

% WolframAlpha sz
‘ (A and B) or (A and not B) or (not A and B) 8 ’
= O == 4 = Examples =2 Random
nput New fo
(AAB)V(AA=B)V (= AAB) Wolfram|Alpha?

(AAND B) OR (A AND (NoOT B)) ORr ((NOT A) AND B)

Truth table % TéM-y ' ) ]_! ;:,‘

A B (AAB)VAA-B)V(E-AAB) .\;“\-7»‘—“;»."\1"}’1‘
T | T | E
c el Take the Tour >
F |[RESIEE
F|F |FE
Minimal forms More | [ Text notation Wo’ﬁfam Prob’em
DNF  AvB Generafor
CNF AvB

ANF (AAB)yvAuB
NOR -~ (AuB)
NAND -Arn-B
AND -~ (~AA-B)

OR AvB

e; Ve; s the logical XOR functior

i€ the Inaical NOR functine



Design of sequential logic circuit: State diagram

State (transition) diagram:

Transition

Ex) 2-bit counter with two T-FF

0/0

N0

1/0

— (@)—©—@

0/0 0/0

1/0

1/0

state Input output o . R
input x
FF output: 0 1
Q(l) Q(2) 0 2 " next 2 out " next 2 out
n o w n n Qn—l—l Qn—l—l y Qn-l—l Qn-l—l y
K A 0 0 0 0 0 1 0 0
arnaug 0 1 0 1 0 1 1 0
map 1 0 1 0 0 0 1 0
simplification 1 1 1 1 0 0 0 1
1 _ —(1)
ng-l)—lsz'SLl)—l_x n

Recursion equation:

_ —(1 —(2
1 =7-QP+QP -9, +2-Q, - Q.

0/0




Design of sequential logic circuit: State diagram

T Q| Q Characteristic equation
Q— L 010 (recursion equation)
_— 111 _
! Gl 1 0|1 Qma=e@utiQn
T 11 0 T-FF: Qn_|_1 =TQ, + TQn

Q=7 Q(” oo Qs y = 20D @

>

O,| TFF1 O, TFF2




7.5 AD/DA converter circuit

7.5.1 Digital to Analog conversion

Resistor string type DA converter

VS
n bits converter X T .
— 2™ outputs!, 2" resistors! 2"
—l_ I
]
_
-

qno_—

.

D 2"-1
input
‘/out — 217);1 VS

Input

Decoder

40— 2

q 10—

0

MOS switches J



7.5.1 Digital to Analog conversion

Resistor ladder type DA converter

dy dy dp-1 dy
________ Ve
MOS switch array { ¢ LF EH PJP
ON: VS Rf
OFF: ground 2R 2R 2R —MA\—
AP —VWV—— VWVWN— oo —
»} R 4 2R —o
2R An—l An ’/_'_
v \4
Input (0,0, - d, = 1, others=0
Vs Vs

n

A



7.5.1 Digital to Analog conversion




7.5.1 Digital to Analog converter

Pulse width modulation (PWM) Digital signal —

.. PWM signal with a counter
Original wave

> € >
R t
Triangular wave \ [
Low pass v
Analog signal
PWM
Vol
Voo Voo
TRIANGL E-WAYE GND t
OSCILLATOR . C{}l.u'r
GATE-DRIVE T 4
N\/V\ AMPLIFIER E} chi " 3 Voo

D-class amplifier VAJD.Dg v




7.5.2 Analog-Digital converter

Successive comparison type AD converter

Flush type

input

-

o comparator
p_» sample
and : ; :
e Successive comparison resistor MSB
>
& '
e >
= I__’
+
_I_ Y Vv ; LSB
g DA converter
Vs
R R
Sample i
and FAMAANAANA- === ===
hold %
comparators
Decoder

Output



7.5.2 Analog-Digital converter

Integrating Analog-Digital Converter

clock
b, Sample L S
in_|  and
— .V . —
hold + count L output
comparator ©
l * reset
DG v slope = &
— 0 PE= TR
C I | Vln
4 I I * start
74 R

Vcount




Filter Circuit

. .. )
A Transmission R 4 A Transmission

High pass filter

Low pass filter o
ey b\ )
) 4 )

A Transmission

4 Transmission

Band pass
filter

Notch filter




An example for retrieving data from noise

Signal with noise

Detection of
carrier




Frequency filter

Original signal

14

0.8

0.6+

0.4+

0.2 1

0

1.5 4

1.0 4

0.5

500 1000 1500 2000 2500 2000 3600 4000




7.6 Digital filter (as a digital signal processing)

Digital filtering: {7} = (20,21, )
{yz} — (y07 Yi, - )

Yn = F(xn—ka Ln—k+1y° " 7xn)

Block diagram representation of operations

X
d
xl’e‘;’D—} Yn=—axy, Z:)H_y Xn r Yn=Xn-1
(a) (

(b) ” )
constant multiplier adder delay (shift resistor)




Block diagram example

Xn » T WIS A N =
2 3 -
—4
2x,, 3%n-1 o
+
2xn+3xn—l 2xn+3xn_1 4xn 3

Yn = 2%y + 3Tp—1 — 42,3
X(z) = Z T,z ", Y(z)= Z Yn2
n=0 n=0

Y(2) =2X(2) +327'X(2) —427°X (2)
= (2+ 327 — 427°) X (2)

. H(z) (transfer function) =2+ 327+ — 4273



Feedback and transfer function

_ Hi(z)
1 — Hi(2)Hs(2)

(direct gain)

transfer function) =
(transfer function) 1 — (feedback transfer gain)



