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DIGITAL LOGIC CIRCUITS

Digital logic circuits |:> electronic circuits that handle information
encoded in binary form (deal with signals
that have only two values, 0 and 1)

<> Digital .... computers, watches, controllers, telephones, cameras, ...

Y BINARY NUMBER SYSTEM

Number ....in
whatever base Decimal value of the given number

Decimal: 1,998 = 1x103+9x10?+9x10!+8x10° =1,000+900+90+8 =1,998

Binary:
11111001110 = 1Ix204+71x22+1x28 +1x27 +1x 26 +1x 23 +1x22 +1x2 =
1,024+512+258+128+64+8+4+2 = 1,998
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Powersof 2

N 2N Comments

0 1

1 2

2 4

3 8

4 16

5 32

6 64

7 128

8 256

9 512

10 1,024 | “Kilo"as 2% sthe closest power of 2 to 1,000 (decimal)

11 2,048
15 ..................... 32768 ...... 215Hz often used as clock crystal frequency in digital watches
20 1,048,576 | “Mega’ as 2% isthe closest power of 2 to 1,000,000 (decimal)
30 """ 1073741824 """ "‘"'Giga” as 2% s the closest power of 2 to 1,000,000,000(decimal)
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Negative Powers of 2

N <O oN

-1 21=05

-2 22=0.25

-3 2-3=0.125

-4 2-4=0.0625

-5 2-5=0.03125

-6 2-6 = 0.015625

-7 2-7=0.0078125
-8 2-8 = 0.00390625
-9 2-9 = 0.001953125
-10 2-10 = 0.0009765625

=

<> Binary numberslessthan 1

Binary Decimal value

0101101 = IX271 +1x23 + 1x2+4 +
1x26 = 0.703125
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¢ HEXADECIMAL

, Binary Decima Hexadecimal
Binary:

11111001110 0000 0 0
0001 1 1
5 N o0 2 2
1100 1110 o011 3 3
0100 4 4
N Hr_}lZHr_1}4 <== Decimal 0101 5 5
T 0110 6 6
e \¥& [@ 0111 7 7
Hexadecwnal 7CE = 7x16? +12x16 1000 8 8
7 +14x16° = 1998 1001 9 9
------------- 1010 10 A
1011 11 B
1100 12 C
1101 13 D
1110 14 E
1111 15 F
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* LOGIC OPERATIONS AND TRUTH TABLES

Digital logic circuits handle data encoded in binary form, i.e. signals
that have only two values, 0 and 1.

D Binary logic dealing with “true” and “false” comes in handy to describe
the behaviour of these circuits: O is usually associated with “false” and
1 with “true.”

Quite complex digital logic circuits (e.g. entire computers) can be built
using afew types of basic circuits called gates, each performing asingle
elementary logic operation : NOT, AND, OR, NAND, NOR , etc..

D Bool€e shinary algebrais used asaformal / mathematical tool to
describe and design complex binary logic circuits.
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more GATES
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and more GATES

¢ .

A B |AAB

F=AAB

d al

or

O 0

— O O

O 1O
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A B | AAB
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’ GATES... with moreinputs  EXAMPLES OF
GATESWITH
THREE INPUTS

A+B+C A+B+C

O

F =A-B-C
B— AND

F = A+B+C

PR RROOOO | B
RrrRrOORRFRooO | W
P OFRPOFRORO O
N eololoNoleol®Ne) wy)
P RPRRPEPEPRPPEPPO
cloloNoRoloRel

O W >

B — NAND o= ATBHC

O W >
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* L ogic Gate Array that Produces an Arbitrarily Chosen Output

B S~ Tt~ .- —————

A B
444 {\F—ABC+ABC
O 0 OfO S8 14 T e
8 ? é g < % - \ABC
0 1 1|1 |« ‘*J_
1 0 0] 0 ® jA-B-C
1 0 1] 1 |« P ) a
1 1 0] 0 B :D_
1 1 1|1 <= @ s [ N\ AB-C
o—
o—
“ Sum-of-products’
AX Bg CE form of the logic circuit.

© Emil M. Petriu




AND rules

ﬁ\( BOOLEAN ALGEBRA

> o> >
W>>>| >
T>0O0 >

A

A-(B'C)=(A'B)C
A-(B+C)=A B+A:-C

A-B=A+B

“Proof™
A BC| A (B+C)|AB+AC
O0O 0) 0)
001 0) 0)
010 0) 0
011 0) 0
100 0) 0
101 1 1
1160 1 1
111 1 1
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BOOLEAN ALGEBRA ... continued

OR rules
A BC | A+BC|(A+B) (A+C)
A+A=A 000| O 0
A+A=1 001| O 0
0+A=A 010| O 0
1+A=1 o111 1 1
A+B=B+A 1100 1 1
A+(B+C)=(A+B)+C 1101 1 1
A+B-c:(A+B)-(A+c)<'J‘§ 110} 1 1
111 1 1
A+B=A"'B
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DeMorgan’s Theorem

A-B=A+B

A+B=A"'B

© Emil M. Petriu

A B| A +BlA+B| A'B
0 o] 1 1 1 1
0 1] O 0 1 1
1 0] O 0 1 1
1 1 0 0 0 0

)




‘ Simplifying logic functions using Boolean algebra rules

Sum-of-products form of theloglcfunctlon

T

A B C
.o e
VIV IV
O |0 |O -
® ﬂA-B'C
® HJ
.. j;\-B-C
.
® Py jAE-C
.
® Py jA-B-C
.

____________
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Simplifying logic functions using Boolean algebrarules ... continued

F=ABC+ABC+ABC+ABC | F=(ABC+ABC)+ (ABC + ABC)

___________________________________________________________

F=A(BC+BC) +A (BC+BC)
F=AB(C+C)+AC(B +B)

A B C 1 1
{ F=AB +AC
. _ [ —
® A-B
® F
® )A-C
A A
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‘ Simplifying logic functions using Kar naugh maps

<<>> Karnaugh map => graphical representation ABC|F
of atruth table for alogic function. 010 0 o .

(o o0 1.

<<>> Each line in the truth table corresponds (2)|0 1 0.
to a square in the Karnaugh map. 3|0 1 1.
@1 0 0.

<<>>TheKarnaugh map squares are labeled so (511 0 1.
. . . 6|1 1 0.

that horizontally or vertically adjacent squares M1 1 1.

differ only in one variable. (Each squarein
thetop row is considered to be adjacent to a
corresponding squarein the bottom row. Each
square in the left most column is considered to
be adjacent to a corresponding squarein the
right most column.)

00 01 11 10
02 |6 |4
113|715

Karnaugh map
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Simplifying logic functions of 4 variables using Karnaugh maps

vy)
@

)
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
9)
(10)
(11)
(12)
(13)
(14)
(15)

PR RRPRRPRRPRPPRPOOOCOOCOOO |P

PFRPRFRPPOOCOOFRRRFRPEPLPELROOORO

rLRPOOPFRPFFPOOFRPRPFPOOPFREF OO

AB

CD

00

01 11 10

RrOrORORORORORrRORrRrO |U

00
01
11
10

4

12

8

13

9

15

11

N W |k

5
7
6

14

10
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Simplifying logic functions using Karnaugh maps ... looping

{F The logic expressions for an output can be simplified by properly
combining squares (looping) in the Karnaugh maps which contain 1s.

Looping apair of adjacent 1s eliminates the variable that appearsin
both direct and complemented form.

A B C|F A B
(0)j0 0 0] O 00 01 11 10
()0 0 1/ 0
@10 1 of 1 010 |[1]j0 |0
@)oo 1 1|1 0 |lu)|@]D
4|1 0 0 0 ,5
5|1 0 11 Vi V
6|1 1 0 0 — _
M1 1 1] 1 AB  AC  mm)( F=AB+AC
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Simplifying logic functions using Karnaugh maps ... more looping

vy)
@

)
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
9)
(10)
(11)
(12)
(13)
(14)

(15)

PR RRPRRPRPRPRPPRPOOOCOOCOOO |P

PFRPRFRPPOOCOOFRRRFRPEPLPELROOORO

PFRPOORRFRPROORRFROORROO

RrOrRORORORORORORO |U

PRPRPPOOOORORFROOROR T

AB
CD

Looping aquad of adjacent 1s eliminates
the two variables that appearsin

both direct and complemented form.

00/ 01 11 10

00
01
11
10

1/1 0(|2 || O

0 0
ollzl 1J|| o
1 0

=)<

ABD

F=ABD+AB+BD

-
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DeMorgan’s
Theorem

2

A-B=A+B

A+B=A"B

Equivalent Gate Symbols

O () D
B—C B

A—O A+B A— A-B
B—CO B—
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NAND gate implementation of the “ sum-of-product” logic functions

— >
E=2AB + AC NAND gates arefaster.than ANDsand
ORs in most technologies
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ik ADDING BINARY NUMBERS P
Thebinary |

@ Addingtwobits O+ OF 1+ 1+ number10is
o 1 0 1 ~ equivalent to

R  cuivdlentfo

0o 1 1 10 4umm heCmAZ,
Truth table ’ Carry—/r1\— am T -

Inputs |  Outputs
A B | Carry Sum

P~ OO
R OPr O
R OOO
Orro
o >

®
N
L

=

Half-Adder

circuit Carry
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@ Adding multi-bit numbers

0 =u|Aired

\/

m —> M O

oy _ < O

) << > O

4] 0 —>m O

oy . < O

Uy o~ —

oF M >m O

N O

) < —>1< O

> M —>m O

s = 5 O

G < > <
A O <
+ i 4 M —>Sm O
Oo |lo o -

O |40 < —=>< g
O | o

11 >\ o) —_—

o’ m—>m O

© © 10 O

—o | o « < —>< 9
1 1»\1

>\ %) —_—

O O | o m —>m O

© O

\ﬁ\ﬁe < > < O

+ M > m O

S R=1R} ~ @)

SN2 <% O

1NO A1re)
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D Full Adder

Bits of the same Inputs Outputs A B @
rank of thetwo A BCl| CO S cr\ oo o1 11 10
numbers
b 00 O0f O O 0jo 1|01
= O 0 1 0O 1
= 1({1 (010
O |ABl = Jo10] 0 1
S <ocles o111 o0
S < | O 100l o 1 AB AB
J 1 0 1 1 0 CI\ |00 01 11/ 10
1 1 O 1 O "
O|l0 |0 ||1]| O
Sum 11 1] 1 1 +

© Emil M. Petriu

0 :1
S=A-B-Cl +A B-Cl +A-B-Cl +A-B-Cl -&

C=A-B+B-Cl+A ClI



ik HEX-TO-7 SEGMENT DECODER

> This examples illustrates how a practical problem is analyzed in order to generate
truth tables,and then how truth table-defined functions are mapped on Karnaugh maps.

B3B2B1B0 | Fouhit ™ 1 7-segment display to dllow
/ “machine o :/ y the user see the natural !
()]0 0 0O 0O | | representation :. ' representation of the :
()]0 0 0 1] gfgtf:s hex . hex digits j
2)0 0 1 O | i — N T
@0 0 1 1 -
@10 1 0 0 -
)0 1 0 1 e TN
olo 111 et
(7) 0 111 ,"'/ the corresponding segment ',
@1 000 53 P |51 inthe 7-segment display ~ /
@1 0 0 1 ‘\,. i;or;l (you sgeri]t), V\;}hGﬂ the /
i sgnal Is = 0 then the i
A1 010 L segmentisoff (youcan't |
®)l1 0 11 L seeit). /
©|1 1 00 e T
)1 1 0 1 T T T T
el 22120} 1 | | ] e
‘t_,’ The four-bit representatlon A
(If)\ 1111 B3| B2| Bl |BO |~ \,_Of the hex digits !

______

“Natural” (i.e.as humans write) "
. reprmtatlon of the “hex” digits. | © Emil M. Petriu



B3B2B1BO
@0 0 0 O 36!57,52 36“57,82 86“57,82 86“57,82 86!57,82
()]0 0 0 1
0010 S5 ,5355 ,5355 H5355 ,5355 ,53
30 0 1 1 L L L L L
)0 1 00
G)|0 1 0 1
)0 1 1 0 86!57052 86!57052 86!857,52 86!57,52 86157,52
(/0 1 1 1
@1 0 0 O S5 ,8385 ,8385 ,8355 ,8385 ,83
©|1 0 0 1 L L L L L
A1 0 1 0
®}1 0 1 1
M1 10 1 L L> L L
)1 110 ,5355! ,5355! H5355! ,5355! Hss
Ml 1111
We are developing ad- hoc” binary-hex logic” expressions used S6 S7 H S2
just for our convenience in the problem analysis process. Each S3 = O+ 1+3+4+5+6+7+8+9+A+B+D !
expression will enumerate only those hex digitswhen the
specific display-segment is “on”: A = 0+2+3+5+6+8+9+B+C+D+E S5 ! H S3

‘ S5 = 0+2+6+8+A+B+C+D+E+F
S1 = 042 +3+5+6+7+8+9+A+C+E+F S6 = 0+4+5+6+8+9+A+B+C+E+F
S2 = 0+1+2+3+4+7+8+9+A+D S7 = 243+4+5+6+8+9+A+B+D+E+F
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@ Hex-to-7 segment

©)
(1)
()
(3)
(4)
()
(©)
(7)
©)
©)
(A)
(B)
©)
(O)
(E)
(F)

B3B2B1BO

PRPRPRPRPPPRPPRPRPPRPRPOOOO0OCO0ODOOOO
PRPRPRPOOOORRRERRLROOOO
PFRPOORFRFPOOFRPFRPOORPFROO
P OROPFRPRORLRORPRORFRPROFRORO

S1 = 0+2 +3+5+6+7+8+9+A+CH+E+E
S2 = 0+1+2+43+4+7+8+9+A+D

S3 = 0+1+3+4+5+6+7+8+9+A+B+D B3 B2

A = 04+243+5+6+8+9+B+C+D+E B1BO 00 01 11 10

S5 = 042+6+8+A+B+C+D+E+F 00| 0|4 |C |8

S6 = 0+4+5+6+8+9+A+B+C+E+F o1 1|5(D |9

S7 = 243+4+5+6+8+9+A+B+D+E+F 11| 3| 7 |F |B
10| 2| 6 |E |A

Aswe are using ad-hoc “ binary-hex logic”
equations, (i.e. binary S... outputs as functions
i of hex variables) it will useful in this case to have

i hex-labeled Karnaugh map, instead of the usual 2-D

i (i.e. two dimensional) binary labeled K maps. This
. will alow for amore convenient mapping of the
i “binary-hex” logic equations onto the K-maps.

T~

\

\
\

\
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@ Hex-to-7 segment

B3 B2 @ B3 B2 @

BiBO\|(00 01 11 10 B1BO\|00 O1 11 10

Mapping the ad-hoc “binary-hex
logic” equations onto Karnaugh maps:

00| 1| 0| 1|1 00| 1| 1|01
. Ol o] 1|01 Ol 1/ 0|11
11] 1| 1| 110 11 1] 1] o]0
B1BO \|00 01 11 10 100 1] 1| 1]1 10/ 1| o] O
00| 0|4 |C |8
Ol 1|5 D |9
1] 3|7 [F |B B3 B2 @ B3 B2 @
10| 2|6 |E [A B1BO\|00 01 11 10 Bi1BO\ |00 01 11 10
00| 1| 1|01 00| 10|11
S1 = 0+2 +3+5+6+7+8+9+A+C+E+F o1l 1111 1|1 Oll ol 11 111
S2 = 041424344+ 7+849+A+D
11) 1| 1| o1 11 1) o] 0]1
S3 = 0+1+3+4+5+6+7+8+9+A+B+D 10l 0| 1] o1 10| 1| 1 0
A = 0+2+43+5+6+8+9+B+C+D+E
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@ Hex-to-7 segment

B3B2| ((S5) B3B2| ((S6)
B1BO 00 01 11 10 B1BO 00 01 11 10
B3 B2 00|l 1/ 0] 111 O0| 1| 1] 1|1
B1BO 00 01 11 10 Ol ol o] 1]0 Ol o| 1|01
00| 0|4 |C |8 11 ol 0] 1|1 11 ol 0] 1|1
Ol 1/5|D |9 10 1| 1| 1|1 10| O 111
11| 3| 7 |F |B
10| 2| 6 |E |A B3 B2 @
B1BO 00 01 11 10
00l O 1|1 0|1
S5 = 0+246+8+A+B+C+D+E+F
Ol o| 1| 1|1
S6 = 0+4+5+6+8+9+A+B+C+E+F
11 1| o] 1|1
S7 = 2+3+4+5+6+8+9+A+B+D+E+F
10| 1 111
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ﬁ\( SYSTEMS of LOGIC FUNCTIONS [> 2- bit Comparator

(0)
1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

k

P FRPFRPPRPPRPPPPOOOCOOCOOO

>

PP RPPRPOO0OOORRPRRRLROOOO

B, Byl Fil F2| Fs
O 0j1(0 (O
O 1|00 |1
1 000 |1
1 1,0(0 |1
O ojo|1 |0
O 1({1(0 (O
1 000 |1
1 1100 |1
O Oojo|1 (0O
O 1|j0|1 (O
1 0j1/0 |0
1 1,0(0 |1
O 0Ojo|1 (O
O 1(0|1 |0
1 0|01 |0
1 111,0 |0

+ Compare two 2-bit numbers:

A=B = F,=S(0,5,10,15)
A>B = F,=S(4,89,1213,14)

A<B = F,=S(1,2,36,7,11)
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A=B = F,=S(0,5,10,15)

A1 Ag

B, B,

00 01 11 10

2- bit Comparator

00
01
11
10

F. = (AABo) * (A:A B))

0

4

12

8

13

9

15

11

1
3
2

5
7
6

14

10

\

A1Ao

B:Bo\|00 01 11 10
00| 1/0[/0 |0
01| of 1/ 0 |0
11/ 0j0|1]0
10/ 0| 0| 0 | 1

F, = 1 when both numbers, A and B,

are equal which happens when all
their bits of the same order are identical,

i.e. Ay=By AND A, =B,
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2- bit Comparator

A<B = F,=S5(1,236,7,11)

A1 Ag

B, By

00 01 11 10

A1Ao

B1Bo

00 01 11 10

00
01
11
10

0

4

12

8

13

9

15

11

1
3
2

5
7
6

14

10

00
01

10

1T

000

0

T

| —

1

SRR e

o|O | O

0
1]]
0

K1B1 +

AABo
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2- bit Comparator

A>B =) F,=S(4,89,1213,14)
A1Ao
B:Bo\ |00 01 11 10

0|0 1|1 |1
01l 0|0 |1 |1
11/0|(0] 0|0
10/0|0| 110

AAo

B:Bn| 00 01 11 10

A1 Ag
B, By

00 01 11 10

00
01
11
10

0

4

12

8

13

9

15

11

1
3
2

S
7
6

14

10

00| 1|00 |0
OLf 11|00
11 1]1(1 |1
10| 1|10 |1

© Emil M. Petriu
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2- bit Comparator F: = (AABo) * (A1A By)

B1Bo A:Ao

00 LCD

F-=F+Fs
F: = AoB:Bot+A Bi+A1AB:

| F.= (AOA Bo) i (AlA Bl)

A:A B:
AoA Bo

F-= R+ Fs

.—Di. 3 = ROBlB O+KlBl+K1KOBO

D

© Emil M. Petriu



Fo

F.

F

F

Fa

Fs

Fe

BnWVQ6 ° °
@ @ @
Awnvz ® ®
® ® ®
L |looocoocoococo
o5 W |looocoooo o
.m I |looooo 4o o
3 L |[oOoooo 1000
I Tl [*NeNeRoNeoNoNoNe)
0 M |Jood1ooooo
o) i |Jo1ocooocoocoo
oﬂ P |V oocoocooocoo
Ol oo o
mlood—doo A+
C|loocoocoodAdddA
OoAdNOCITbho~
N N N N N N N N
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8 Decoder (74 138)

A B C |E|Fo|FiF|F3FslFsFs

X) | x x x|1J1{1(1|12(1|1(1|1
(0)J0 0 01(0|0f1j2|1|1|2j2|1
(1))J]0 0 11|0J1/0|1(2|1/1|1|1
(2010 1 01(0J1(1|0|1|1|1/1|1
(310 1 1|0J1(1|1(0|1|1|1|1
(411 0 01(0J1(1(1|1|0f1j1|1
5|1 0 1|0J1(1|1({1|1/0(1|1
61 1 O0|0p (1|1(1|1/1|0|1
(/)11 1 1|0p (1|1|1/1(2|1|0
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¢ BCD-TO-7 SEGMENT DECODER

S5 oy
SSTS4

7 SEGMENT

© Emil M. Petriu

J/%.;SS SZTSl

B3B2B1BO

o

PRPRRPPRPRPRPRPPRPOOOODOOOO
PRPPPOOOORERLRRPLPRFPLOOO

PRPOORRIOOFRRFRPROORERLROO
P OFROROIFPFORPRORORORO

B3 B2

B1BO \ |00 01 11 10
00| O|4 | x |8
01| 1
11| 3
10| 2

51 x19
/| X |X
6] X| X

“Don’t Care” stated/situations.
Asit is expected that these
states are never going to occur,

> then we may just aswell use

them asfill-in “1s” ina
Karnaugh map if this helpsto
make larger loopings



¢ BCD-to-7 segment

S1 S1 S1 S1 S1
—
B3B2B1BO SGIS?;SZ 86087182 86087182 86087182 86!87’82

0)f0 O 0 O

(1) oo 85I84?S3 85084183 85I84;/S3 85084783 55@’53
@lo 011 s s s s s
“]0 1 0 0

5010 1 6l o ([S2 S6[f r[[S2 6/l S2 S8/ oo flS2 SBff o [ 2
©|0 1 1 0 2
©]1 0 0 1

] 1 0 1 0

CopL 0 11 SA = 0+2+3+5+6+8+9
xX){1 1 0 0 -

|1 10 1 S1 = 0+2 +3+5+6+7+8+9 S5 = 0+2+6+8

)1 1 10 _

Ex; 11 S2 = O+ 1+2+3+4+7+3+9 S = 0+445+6+849
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¢ BCD-to-7 segment B3 B2

B1BO \ |00 01 11 10

00| 0|4 | x |8
S1 =042 +3+5 ol 115 <39
+6+7+8+9
11| 3| 7 | x| x
S2 = 0+1+42+43
10 2| 6| x| x
BeBz) CSLO +4+7+8+9
B1BON (00|01 11|10
0] 1] 0 x\ B3B2, (SO
01| of| 1| x|/ 2 B1BoN_|/00 01 11 10
e 1 N
11| 1l 1] xJx 00 X@
10} 1] x|k Ol 1| o] x |1
| : 11 1| 1 x|x
 — 10| 1/] O x |\x L}
S1=B3+(B2B0O) + B1

+| B2B1 +| B2B0 = B3 ++ B1BO +( B1BO

© Emil M. Petriu




¢ BCD-to-7 segment

B3 B2
B1BO 00 01 11 10
00| O 14 | x |8
01| 15| x1]9
11| 3| 7| x|X
S3 = 0+1+3+4+5+6+ 7/+8+9 A = 0+2+3+5+6+8+9
10 2| 6| x| X
B3z (S3) B3B2)  (4)
B1B0O™ |00 01 11 10 B1BO\ |00 01 11] 10
00(1”1 x| 1 ﬂo,jox\l
01/ 1] 1] x]1 01| o|l1|x] 1
11| 1 1] x| x 1IE0x§—_
10f O (1| X)X 1QM 1 x‘/\x\\
\
$3=|B3 + B1BO+|Bl| +(B2| g _[z3 ++[ﬁ +[52§150]+ B1B0
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B3 B2
B1 BO 00 01 11 10
00| O 4 | x |8
01| 1|5 | x19
11| 3| 7 | X | X
10| 2|16 | x| x
S5 = 0+2+6+8
B3 B2 @
B1Bo\|00| 01 1110
00| 1] 0| x|\ |
Ol o| o] x|0
11 o| 0| x X_
10( 1) 1] x[x |

- (589)+ o180

¢ BCD-to-7 segment

S7 = 2+3+4+5+6+8+9

papz | (ST

B1BO 00 01 11 10
00| O 1||x |1

Ol o| 1|/x |1
S6 = 0+4+5+6+8+9 . |

11| 1\ 0| x |/x
B3B2| (S6) 10{ [1] 1]/x|ix
B1BO\ | 00\01 11/10 ‘
00| 1]\ [x/ 1 s7=|B3|+[B2B1 |
Ol o]l )x)|1 + BI1B2 +
111 o] 0] x |x
10| O ﬁ x\\x

S6=|B3|+ B1BO +\ §1|32\+|52§)
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ﬁk MEMORY ELEMENTS:

LATCHESAND FLIP-FLOPS

+ R-S Latch I

S= q \:‘_y‘/j R .

(Reset-Set) — e=1 -
| S= =1
D S R

Weird state
Set state

Reset state —
Hold state R = Q=1

wn
pull
QO
Q|
0))]
‘ Il
////—//*/fo //I/
LR
- o
)]
‘ I
* QO
I
>

R, R, OO
R OR O
O oRr R
Ol O K
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+ D (Transparent) Latch

D —e

R

Enable

Enable D|S R |Q Q SR|[Q Q
0 0[11]0Q0 0o |1 1
0 1]111]0Q0 0110
1 0l1000 1 10101
1110111 0 11 ]QeR

—

© Emil M. Petriu

Enable D | Q (S
0 x|Q Q
1 0|0 1
1 1|1 0

[

When the Enable input

iIs=1 (i.e. TRUE or HIGH)
the information present at
the D input is stored in the
latch and will “appear asitis’
at the Qoutput (=>itislike
that there is a“transparent”
path from the D input to the

Q output)



¢ D Latch

S — =
D —e DO_]_DO + O Enable D| S R |Q Q
i i 0 0/11]Q0Q
0 1/11]Q0
P D 1 1 O111 O
Enable R
Enable [ \ 0
o T\ [ :
_ ; - 1
S / / 0
. > v 1
4 \ :i:m f
(0
Q ( re 5 O
%
“Hold” state “Transparent” state 77 “Hold" state
> >
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CLK

EN1

D1

EN2

-Triggered

Podtive-Edge __|

D Hip-Fop

Latch 1is Q&
Transparent: - - Yo

Latch 1isHolding I Latch 1 is Transparent

D1=Din* |

(Changed input data D enter Latch 1 |

7
! !

|
4

Latch 2 isHolding P

Latch 2 is Transpar ent I Latch 2 isHolding

oHoHoHol—\O"‘O"‘

&> The state of theflip-flop’s oufput Q copiesinput

© Emil M. Petriu

Q = D1 =Din* |

D when the positive edge of the clock CLK occurs

Positive-Edge-Triggered
D Flip-Flop



¢ Synchronous D Flip-Flop

Vee CLR2 D2 CLK2 PRZ2 Q2 Q2

fus |3 T 10 fo s

_> Connection diagram

> of the 7474 Dual
Positive-Edge-Triggered
D Flip-Flops with Preset

I 1 ﬁ IS E ﬁ | e

CLR1 D1 CLK1 PR1 Q1 D
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ﬁ% COUNTERS

+ 4-Bit Synchronous Counter using D Hip-Flops

Q3 Q2 Q1 QO

S

4-Bit BINARY COUNTER

t |

o ko bk

Q ﬁ012345678 9/10/11)121314|15{0| 1| 2{3|4 |5 |6
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‘ Synchronous 4-bit Counter
DECIMAL | BINARY STATEOF | FLIPFLOPINPUTS
STATE THE COUNTER (for the next state)
Q Q3 Q2 Q1 QO D3 D2 D1 DO Using D flip-flops has the distinct advantage
0 o 0 0 o o 0 o0 1 of astraightforward definition of the flip-flop
1 o 0 o0 1 o 0 1 0 Inputs: the current state of these inputsis
> O 0 1 0 o o 1 1 the next state of the counter. Thelogic
3 0O o0 1 1 0 1 0 O equations for al four flip-flop inputs D3, D2,
4 0 1 0 O 0 1 0 1 D1, and DO are
5 0O 1 0 1 0 1 1 O derived from this
T I ST N N rah e
T~ functions of the
8 1 0 0 O 1 0 0 1 01Q0 00 01 11 10
9 1 0 o0 1 1 0 1 0 current stai_% of the
10 1 0 1 O 1 0 1 1 0| 0|4|12]|8 counter’s flip-flops:
11 1 0 1 1 1 1 0 0 or | 115 |13]9 Q3, Q2, Q1, and QO.
12 1 1 0 O 1 1 0 1 Karnaugh maps can
13 1 1 0 1 1 1 1 O 11 317 (15111 be used tosimplify
14 1 1 1 0 1 1 1 1 h :
15 1 1 1 1 O 0 0 O 10 | 2| 6| 14|10 these equations.
0 0O 0 0 O
Q3 Q2 Q3 Q2 Q3Q2 B2
Q1 Q0 00 01 11 10 Q1Q0 00 01 11 10 Q1 Q0 00 01 11 10 Q1Q0 00 01 11 10
ool 0l0]1]1 oo| O0l1]1]0 00|0[0]0]0 ool 11|11
oo|o0lo0o|1]1 oo|o0|l1]|1]0 oo |1|1|1]1 oL|o0|l0|0]|O
11 | ol1lo0|1 1 | 1lo0lo|1 11 | o|0|0|oO 1 | o|o0|0|oO
0|0/0]1]|1 10|0|1]1]0 1011111 0 | 1] 1] 1|1
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¢ Synchronous 4-bit Counter

3Q2

{
Q1Q0

00 01

|

11

0

00

01
11

10

0
0
0
0

O | |[O |O

EOHI—\

|I—‘HI—\I—‘

2

D3= 03 02 +Q3 Q1+ Q300 + Q3Q2Q1Q0

Q2
01Q0N | 00 01 11 10
0| 0|lololo| DL=01Q0+QLQO
orLll1(1(1]|1
11 | o|lo0|o0]oO
10 111|111

Q3Q2
Q1 Q0

00\01 11, 10

/

00

/

B

01

~

11

0
0
Y

[EnN

1
1
0

1
0

0
0
Al

H

10

0l/1

2

0

\

A

D2 =02 Q0 + Q2 Q1 +02 01 Q0

00 01 11 10|

OO\A

B

0
110
1

=[O |0 ||k

1

0

0
1

0
0
E

[

DO = Q0
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‘ Synchronous 4-bit Counter

DO = Q0

D1=Q1 Q0+ QL Q0
D2 = Q2 Q0 + Q2 Q1 + Q2 Q1 Q0
D3= Q3Q2+Q3QL+Q3Q0

+Q3Q2Q1Q0
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