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Aim of the Course

Study the following general topics

Number Systems 9. Counters
Arithmetic Operations 10. Shift Registers
Logic Gates 11. Memory

Boolean Algebra

Logic Simplification
Combinational Logic Analysis
Function of combinational logic
Latches, Flip-Flops, Timers
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Analog VS Digital Signal
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Analog Signal Digital Signal



Types of electronic devices or instruments:
* Analog

* Digital

* Combination analog and digital
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A. The conventional numbering system uses ten digits:
0,1,2,3,4,5,6,7,8, and 9.

B. The binary numbering system uses just two digits: 0 and 1.
The two binary digits are designated 0 and 1

D. They can also be called LOW and HIGH, where LOW =0
and HIGH=1
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Rising or //' Falling or Falling or /’l Rising or
leading edge trailing edge leading edge trailing edge
LW —— e RATW
Iy h i IrI

(a) Positive—going pulse (b) Negative—going pulse
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Digital Pulse T

Major parts of a digital pulse J7 i
1. Baseline

Amplitude f
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T t,, = pulse width

Duty cycle = (t—W)IOO% T = period of the waveform
T f = frequency of the waveform
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Logic Gates

There are only three basic logic operations:

COne input —DD— One output

NOT

Tweo ar more

_ Cine outpot
Inputs

Two or rmore

nputs Cine output




NOT Gate Operation

LOW ()

>37 HIGH (1)
iInput is LOW, output is HIGH
input is HIGH, output is LOW HIGH (1) —>o— LOW (0)

The output logic level is always opposite the input logic
level.



AND Gate Operation

When any input is LOW,
the output is LOW

When both inputs are
HIGH, the output is HIGH

HIGH (1)
LOW (D)

L.OW (0)

LOW () :Di
LOW (())

HIGH (1) —

HIGH (1) —

BE
Be

HIGH (1) —

LOW (0)

LOW (()

LOW ((}]

HIGH (1)



OR Gate Operation

When any input is
HIGH, the output is
F1|(Eif1 HIGH (1)

When both inputs are o

Sps
LOW, the output is LOW (0) D T
) O>—

LOW (U)
LLOWWY (L)
LOW ()

HIGH (1)

2 {' 1 i
HIGH (1)

HIGH (1)
HIGH (1)



Decimal Numbers

The decimal number system has ten digits:
0,1,2,3,4,5,6,7,8,and 9

The decimal numbering system has a base of 10 with
each position weighted by a factor of 10:

10302010 a0 o Tho<ho-=ho-4




Binary Numbers

The binary number system has two digits:
Oand 1

The binary numbering system has a base of 2
with each position weighted by a factor of 2:

POSITIVE POWERS OF TWO ~ NEGATIVE POWERS OF TWC
(WHOLE NUMBERS) (FRACTIONAL NUMBER)

25 2° 24 i 09 % 252 o )
o s e as. | 1/64
. o - 05 025 0125 00625 003125 0015625




Sum of Weight




Conversions

Convert the binary whole number 1101101 to decimal.

Determine the weight of each bit that is a 1, and then find the sum of the weights to
get the decimal number.

Ve 22 P 2
Bmarynumber: 1 1 0 1 1 0 1

1101101 = 2% + 2° 4+ 2° + 22 + 2V
=64+32+8+4+1=109



Conversions

Determine the weight of each bit that is a 1, and then sum the weights to get the
decimal fraction.

Weight: R A
Binary number: 0.1 0 1 1

0.1011 =2+ 27+ 2
= 0.5 + 0.125 + 0.0625 = 0.6875



Conversions

Convert the following decimal numbers to binary:

(a) 12 (b) 25 (c) S8 (d) 82

@ 12=8+4=23+22 > 1100
(b) 25=16+8+1=2%+2% 42" > 11001
(c) 538=32+16+8+2=2"+2%+ 23+ 2! > 111010

d 82=64+16+2=2°+2*+ 2! > 1010010




Addition in Binary Rules

AO0O+0=0
B O+1=1
Cl1+0=1
D1+1=10
E 1+1+1 =11

Sum of 0 with a carry of O
Sum of 1 with a carry of O
Sum of 1 with a carry of O
Sum of 0 with a carry of |

Sum of 1 with a carry of 1



Addition in Binary Examples

Add the following binary numbers:

@ A1+ 11 ) 100+ 10 (& 111+11 () 110+ 100

The equivalent decimal addition is also shown for reference.

fay - 1l 3 (b) 100 4 (¢) 111 i (d) 110
+11 +3 +10 e + 11 &3 + 100
110 6 110 6 1010 10 1010

- |4
< = O



Subtraction in Binary Rules

0—0=0
1 -1=0
| — 0 =1

10 —1=1 0 — 1 with a borrow of |



Subtraction in Binary Example

Perform the following binary subtractions:

(a) 11 — Ol (o) 11— 11

(a) 11 - (b) | 1 3
=g =3 = ot =l
10 2 01 l



1’s complement

0

TYYYYYYY




2’s complement

Negative number 0 I 0 I {]

i 0 ]
. . I
I’s complement 0 I 0

Input blts

Adder s ————
In | (add 1)

Output bits (sum)

T

2’s complement 0 l 0 I 0 i [ 0




Home Work (Due date 08-10-2024)

1. Prepare a report on Digital gates applications in
Laser Engineering (3 Pages)

2. Solve the following questions
A. Convert the number 1011.10011 to decimal
B. Convert the number 11 to binary

C. Add10, + 1004y and write the result both in binary
and decimal

D. Subtract 1010, — 104, and write the result both in
binary and decimal
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Repeated Division-by-2 Method

A systematic method of converting whole numbers from decimal to binary is the repeated
division-by-2 process. For example, to convert the decimal number 12 to binary, begin by
dividing 12 by 2. Then divide each resulting quotient by 2 until there is a 0 whole-number
quotient. The remainders generated by each division form the binary number. The first re-
mainder to be produced is the LSB (least significant bit) in the binary number, and the last
remainder to be produced is the MSB (most significant bit). This procedure is shown in the
following steps for converting the decimal number 12 to binary.

Convert the following decimal numbers to binary:

(a) 19 (b) 45



Remainder

E = B 0
B
6
E = 3 0
3
= 1
F
|
— =0 1
2 ‘
Stop when the T  Goosd Ban. U
whole-number quotient is 0.
[ MSB T L= LLSB



Repeated Multiplication by 2 As you have seen, decimal whole numbers can be con-
verted to binary by repeated division by 2. Decimal fractions can be converted to binary by
repeated multiplication by 2. For example, to convert the decimal fraction 0.3125 to binary,
begin by multiplying 0.3125 by 2 and then multiplying each resulting fractional part of the
product by 2 until the fractional product is zero or until the desired number of decimal
places is reached. The carry digits, or carries, generated by the multiplications produce the
binary number. The first carry produced is the MSB, and the last carry is the LSB. This pro-
cedure is illustrated as follows:



MSB | r L.SB

Carry D161
\L T A A
0.3125 X 2 = 0.625 0
\’
0.625 X 2 = 1.25 1
J
0.25 X2 =0.50 0
\L |

0.50 X 2 = 1.00 1

Continue to the desired number of decimal p]au—..wass.~T
or stop when the fractional part is all zeros.



Remainder

(b)

Remainder

i

.

"
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MSB —J



Binary Multiplication and
Division



|

§ 0w TN & S el

{358 |

Perform the following binary multiplications:

(a) 11 x11 (b) 101 x 111

). Xl =

(a) 11 3 (b) 111
2= 11 X3 X 101
Partial | 11 Y Partial 111
products +11 products 000
1001 +111

100011

0
1

X
thh <

o
Lh



Perform the following binary divisions:

(a) 110+ 11 (b) 110+ 10

10 2 1 3
(a) 11)110 3)6 (b) 10)110 2)6
6 0 6
000 0 0 0

10

00



Signed Binary Numbers

Digital systems, such as the computer, must be able to handle both positive and negative
numbers. A signed binary number consists of both sign and magnitude information. The
sign indicates whether a number is positive or negative, and the magnitude is the value
of the number. There are three forms in which signed integer (whole) numbers can be
represented in binary: sign-magnitude, 1’s complement, and 2’s complement. Of these,
the 2’s complement is the most important and the sign-magnitude is the least used.
Noninteger and very large or small numbers can be expressed in floating-point format.



The decimal number —25 1s expressed as

011001

Sign Bit Magnitude Bit




Single~Precision Floating-Point Binary Numbers In the standard format for a single-
precision binary number, the sign bit (S) is the left-most bit, the exponent (E) includes the next
eight bits, and the mantissa or fractional part (F) includes the remaining 23 bits, as shown next.

- 32 bits 853

e s et R A e s i

S Exponent (E) { Mantissa (fraction, F) _]

e

1 bit & bits 23 bits

Number = (—1)°(1 + F)(25 %)



> O

Convert the decimal number 3.248 x 10* to a single-precision floating-point binary
number.

Convert the decimal number to binary.
3.248 x 10" = 32480 = 111111011100000, = 1.11111011100000 x 2"

The MSB will not occupy a bit position because it is always a 1. Therefore, the
mantissa 1s the fractional 23-bit binary number 11111011100000000000000 and the
biased exponent 1s

14 + 127 = 141 = 10001101,

The complete floating-point number is

0 10001101 | 11111011100000000000000




DECIMAL BINARY HEXADECIMAL

0 0000 0
) 1 0001 I
Hexadecimal ; o :
4 0100 4
Numbers 5 0101 5
6 0110 6
7 0111 iy
ol 1000 8
9 1001 9
10 1010 A
i1 1011 B
16° 162 16" 16° 12 1100 C
13 1101 D
4096 256 16 1 . :
F

=
.

FEL



Convert the following binary numbers to hexadecimal:

(a) 1100101001010111  (b) 111111000101101001

(a) 1100101001010111 (b) 00111111000101101001
(FEE T SR TSN T R
C A 5 7 =CAsT. 3 F 1 6 9 =3F169,

Two zeros have been added in part (b) to complete a 4-bit group at the left.



Determine the binary numbers for the following hexadecimal numbers:

(a) 10A4,, (b) CF8E,,  (c) 9742,

@1 0 A 4 ®WC F 8 E (9 7 4 2
T2 b A EBY s 1o S S NS 3
1000010100100 1100111110001110 1001011101000010

In part (a), the MSB 1s understood to have three zeros preceding it, thus forming a 4-
bit group.



Convert the following hexadecimal numbers to decimal:

(a) 1C (b) A85

Remember, convert the hexadecimal number to binary first, then to decimal.

(a)

e
o
1110

00011100 =2*+2*+2>=16+ 8 + 4 =28,

(b) A B8 5
b
101010000101 = 2" +2° + 27+ 22+ 2°=2048 + 512 + 128 + 4 + 1 = 2693,




Convert the following hexadecimal numbers to decimal:

(ﬂ) E515 (b) B2F8]6

Recall from Table 2-3 that letters A through F represent decimal numbers 10 through
15, respectively.

@ E5,=(Ex16)+(Gx1)=14x16) +(5x1) =224 +5=229,,

(b) B2F8,s = (B X 4096) + (2 X 256) + (F X 16) + (8 X 1)
= (11 X 4096) + (2 X 256) + (15 X 16) + (8 X 1)
= 45,056 b 812 e 201 + 8 = 45,816,



Convert the decimal number 650 to hexadecimal by repeated division by 16.

Hexadecimal
remainder

G’H

SU— 40.625 - 0.625 X 16 =10= A

\ﬁ‘

50 »05X16=8= 8

[ +

1

I

2
= =0.125—0.125X16=2= 2
16 \ i

L

'

Stop when whole number 2 8 A Hexadecimal number

quotient is zero. i T_

MSD LSD



Add the following hexadecimal numbers:

@) 2355+ 16 (B) 585 +22:,s (@) 2B+ 84, () DE+ ACy

(@) 234 right column: 3,5+ 6,6 = 30+ 6,0 = 910 = 946

+166 left column: 2,4+ 1,6 =210+ 110 = 310 = 346
39,
(b) 58“5 I'ight CD]llmn: 8],5 + 2](1 = 8”_} fs 2”] B ].0”_'} i A|'|5
+ 22 leftcolumn: S5+ 216 =510+ 216 = 710 = Ti¢
(¢) 2By rightcolumn: B + 4, = 11,5 + 4, = 15,5, = Fys
+ 844 left column: 2,4 + 8,4 = 2,0 + 8;p = 10, = Ay
AF ¢
(d) DF,¢ rightcolumn: F+ Cis= 15+ 12,0 = 27y
+AC]5 2710_ 16”_]: I]m: 1 with a | carry

18B leftcolumn: Dy + Ajg + 114 =13;5+ 1055 + 115 = 2445
24,0 — 16,0 = 8, = 8, with a 1 carry



Subtract from

1’s complement

2’s complement
n hexadecimal

Hexadecimal : —  in hexadecimal
maximuim
plus 1
Example:
2A — FF - 2A — D5+ 1

D6




Subtract the following hexadecimal numbers:
(a) 84, — 2A4 (b) C3i5 — 0By

(a) 2A,, = 00101010
2’s complement of 2A,, = 11010110 = D6,,  (using Method 1)

846
+ D6¢ Add

,f 5A6 Drop carry, as in 2’s complement addition

The difference 1s SA .

(b) 0B, = 00001011
2’s complement of 0B, = 11110101 = F5,¢ (using Method 1)

C36
b P R

IBS,, Drop carry

The difference is B8 .



OCta I OCTAL DIGIT U 1 2 3 4 5 6 7
000 57001 5010 0T Gl a0 T 0l o 110 c )

Convert each of the following octal numbers to binary:

(a) 13 (b) 25,  (c) 140,  (d) 75264

1 3 () 2 3 ¢ 1 4 0 @y 13 2 8
I 1 l 4 ¢ 44 ¢ 41l
001011 010101 001100000 111101010110



Convert each of the following binary numbers to octal:

(a) 110101 (b) 101111001 (¢) 100110011010 (d) 11010000100

(a) 110101 (b) 101111001
11 (R
6 5= 65 5 7 1=571,
(¢) 100110011010 () 011010000100
L1 L] F ol

4 6 3 2=4632 32 0 4=3204,



1 Convert each octal number to decimal: Home WO rk
(a) 14 (b) 534 (¢) 674 (d) 1744 (D
ue date

Add the binary numbers:
(a) 10 + 10 (b) 10 + 11 (c) 100 + 11 20'10'2024)

(d) 111 + 101 (e) 1111 + 111 () 1111 + 1111

Convert each decimal fraction to binary using the sum-of-weights method:
(a) 0.26 (b) 0.762 (¢) 0.0975

4 Convert each binary number to decimal:

(a) 110011.11 (b) 101010.01 (¢) 1000001.111
(d) 1111000.101 (e) 1011100.10101 (f) 1110001.0001
(g) 1011010.1010 (h) 1111111.11111
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HIGH (1)
LOW (0)
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NOT GATE
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AND GATE
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A B X

|

For two input variables: N = 2* = 4 combinations

For three input variables: N = 2* = 8 combinations
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. For four input variables: N = 2* = 16 combinations
1 = HIGH, 0 = LOW .
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} X = ,J\H

A
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C

AND GATE

INPUTS ouTPuT
B X

A C
0 0 0
0 0 1
0 I 0
0 1 1
1 0 0
| 0 |
1 I 0
1 1 |
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A simple seat belt alarm circuit using an AND gate.

HIGH = On [gnition
LOW = Off switch

HIGH = Unbuckled Seqs
LOW = Buckled belt

AO

Audible
alarm

5O

Tiumer

circuit

HIGH activates
alarm.

lgnition on = HIGH for 30 s



OR GATE

| @ | 88 | g6 |

e ]

+ + + A

oo = —

A+ B

X

s
s
o
e
o2
O

e

HIGH, 0 = LOW

1

0




: A 4
X=A+HB 5] X=A+B+C C X=A+B+C +D
B L D

Open door/window

SCNSOrS
A simplified intrusion detection  HIGH = Open
) LOW = Closed
system using an OR gate. il

—— HIGH activates
alarm.

m Alarm
- circuit




NAND GATE
B =, DD ' D =D

NAND Negative-OR

INPUTS OQUTPUT A
A ' j fi A el * foe | % 9 A—DC X
! T T I F a9
i e R 3 £33 B B O e i X = AB
s i 14 S B 58 Bubble indicates
¥ 1 L =i
0 : ! |r : : : : : : : an active-LOW
| 0 1 g E P B output,
0 I fi 1)
| 1 0 X -

1 = HIGH, 0 = LOW.



NAND GATE

Level sensor

1
indicates both == Dkt

ﬂl HIGH {

tanks are P

HIGH Y \ - HIGH

HIGH

Green light

Red light
> indicates

one or both
tanks are less
than 1/4 full.

! oreater than

1/4 full. | Tank B

i

4 Level sensor \tn - -ﬂ)



NOR GATE

B

X=A+BEH

S —

-
=,
(=8
=
=
O

INPUTS

HIGH, 0 = LOW.

1

—0

Negative-AND

NOR



NOR GATE

+V
Landing gear sensors Q
Extended = LOW
Retracted = HIGH @-. Red LED
“~ Gear retracted
— L
@
—Q
——C
® .

Green LED
' All gear extended



NOR GATE
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XOR GATE

HIGH
R ATUE A A = ] Circuit A
B onaianed 4 B %
) D niGH Gndietes faiture
Circuit B LW
INPUTS OUTPUT
A B X X=A®B A 1 0 0 |
— : e
0 0 0 PN s e A e X
| I I | | B
0 | 1 i | 1|
| |
B l l () 0
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| | | I |
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| | i | |
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XNOR GATE
i >—= "+ x-aes

R

0
0
l
1

0 1
1 0
0 0
1 1



ALL GATES

2 — O -
U”—]]

=00 —

NAND Negative-OR Inverter

OR

AND

b = L v )

e =R

“u.”-ll

= ——o
&
= — o —
o

L e e ) e

Exclusive-NOR

Exclusive-OR

MNegative-AND

NOR



Writing Boolean Expression

ABC +ABC =Y
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DATASHEET

QUAD 2-INPUT NAND GATE SN4/741.500

DCCHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless odherwise specilied

« ESD = 3500 Volis

Limits
Symbaol Parameter Min Typ Max Und Test Comditions
Vg | Input HIGH Voleage 0 v Guamanteed Inpat HIGH Voltage for
All Inputs
5 54 L Cuaranteed Inpuat LOW Voltage for
"-'"_ Inpust LOW Woltage v ¥
SN54/74L500 4 [ All Inputs
Vi Input Clamp Dinde Yollage -5 =1.5 v Y= MIN, Iy = =18 mA
4 2.5 2.3 v i - -
Vi | Ouput HIGH Voliage 2 “L '“m_l; F‘J:T :-Il.a.x. Vi =Vm
& . b T or T I ahilc
QUAD 2-INPUT NAND GATE ™ 27 | 3s ki IL Ppe
: B r . 54,74 0.25 04 v Iy =4.0 Vep = Vee MIN, V=V
LOW POWER SCHOTTEY Voo | Oupor LOW Vobiage on, =i ik | Vogm Ve MIN, Vpy = ¥y
el 0.35 05 v I =80 ma | or Vigg per Truth Tahle
= £l A Vo= MAX, Vg =27V
Iy | Input HIGH Curent A e L
T SUFFIX [ ] mA Vo= MAX, Viy =70V
CEEE’?;T;M T | Input LOW Current 04 | mA | Vo= MAX l.=04¥
14 los Short Circual Current (Mate 1§ 20 1 mi Yoo =MaAX
| Power Supply Curremn
N SUFELX Iee Total, Output HIGH 1.6 ma V= MAX
PLASTIC Tatal, Crurpait LOW 4.4
CASE 64606 — -
i NOTE 1: Mot meore thamn one output shoald be shorted at a time, nor for more than 1 second.
I AC CHARACTERISTICS (T, = 25°C)
[ SUFFIX Lisits 1
L S01C |
| CASE 781402 Symbal Parameter Min Typ Max Unit Test Conaditions
D ———— tppyy | Turm=O0F Delay, Inpuat to Qutput a0 I5 ne Ve =50V
! =) 3 s 4 <
. el: [ 5 Cp=15pF
NSl SXK RIS tpgr | Tum-On Delay, Input to Outpat 10 1% ns L P
SNTALSX XN Flastie
SNTHLSXXD S01C
GUARANTEED (ONPERATING RANGES
Symbal Parameter Min Typ Max Umii
Vo Y Supply Voltage 54 45 50 55 v
T4 4735 50 535
Ty Oiperating Ambient 54 55 23 125 °C
Temperature Range T4 0 29 T0
Iy | Output Carrent — High 54,74 -0.4 mA
I Output Carrent — Liw 59 40 mA
1 2 3 4 5 fu 7 L P
ey aaG ) - e
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Home Work

Bubbles indicat

active-LOW inputs.

TIMING
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Home Work

DRAW THE
OUTPUT
TIMING

DIAGRAM

Ty 0y =




XOR

XNOR

Home Work

DRAW THE OUTPUT TIMING
DIAGRAM FOR XOR & XNOR

I

|

|

f P e E oy vl T I
! : [l I | | .’
i | |

| | | |
. I | |

| | | | | ]
| | | | I |
| | ! | | |




Home Work

—
—
Y

FOLLOW THE INPUTS

[ THROUGH THE CIRCUIT AND
—’“g STATE IF THE ALARM WILL

RING OR NOT




Home Work

A

B
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A
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DWRITE THE
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)
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EXPRESSION
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CIRCUIT
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Lecture Outline

1. Boolean Algebra

2. DeMorgan’s Theorems
3. SOP & POS & Truth Table
4. K-Map

5. HW



Simple properties

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

(—:DH*’"C' = D—-x




Boolean Rules

1LA+0=A FoA A=A
24 =1 g4 4 =0
3.A-0=0 9.4 = A

4.4 1 =4 10.A + AB=A
5A+A=A 11.A+ AB=A+B

6.A+ A =] 12. (A + B)(A + C) = A + BC



Rules Simplify Logic

T ;
ﬁ‘—D Pt

| R-10

A
straight connection C

T D |
[ R ; A
‘— 5 c—LD

R-12




De Morgan’s Theorems

B Xxy=X+Y

[
S|
~|

g X + Y

Augustus De Morgan



Applications of De Morgan’s Theorems

Apply DeMorgan’s theorems to the expressions XYZ and X + ¥ + Z.

EX-1 ANS XYZ=X+Y+Z

AT EFTHE=KYE

EX-2

Apply DeMorgan’s theorems to each of the following expressions:

(@) (A+B+C)D (b) ABC+ DEF (¢) AB + CD + EF



(a) LetA + B+ C= Xand D = Y. The expression (A + B + C)D is of the form
XY = X + Y and can be rewritten as

ANS

(A+B+CD=A+B+C+D
Next, apply DeMorgan’s theorem to the term A + B + C

A+B+C+D=ABC+D

(b) Let ABC = X and DEF = Y. The expression ABC + DEF is of the form
X + Y = XY and can be rewritten as

ABC + DEF = (ABC)(DEF)

Next, apply DeMorgan’s theorem to each of the terms ABC and DEF
(ABC)(DEF) =

(A+B+ C)(D+E+F)
(¢) Let AB = X, CD = Y, and EF = Z. The expression AB + CD + EF is of the
form X + Y + Z = XYZ and can be rewritten as

AB + CD + EF = (AB)(CD)(EF)
Next, apply DeMorgan’s theorem to each of the terms

D, and EF.

AB, C
(AB)(CD)(EF) = (A + B)(C + D)(E + F)



Using Boolean algebra techniques, simplify this expression:

EX-3

Step 1:

ANS

Step 2:

Step 3:

Step 4:

Step 5:

AB + A(B + C) + B(B + O

Apply the distributive law to the second and third terms in the expression, as
follows:

AB + AB + AC + BB + BC
Apply rule 7 (BB = B) to the fourth term.
AB + AB + AC+ B+ BC
Apply rule 5 (AB + AB = AB) to the first two terms.
AB + AC+ B + BC
Apply rule 10 (B + BC = B) to the last two terms.
AB+ AC+ B
Apply rule 10 (AB + B = B) to the first and third terms.
B+ AC



Sum of Products AB + ABC
(SOP) _— 5D

EX-4

ANS

Determine the binary values for which the following standard SOP expression is
equal to 1:

ABCD + ABCD + ABCD
The term ABCD isequalto 1l whenA=1,B=1,C=1,and D = 1.
ABCD=1:-1-1-1=1
The term AB CD isequaltol whenA =1,B=0,C=0,and D = 1.

ABCD =1:0:0:1=1:1-1-1=1
Thetennﬁﬁf’flisequal tol whenA =0,B=0,C=0,and D = 0.
ABCD =0:0:0:0=1-1+1'1=1

The SOP expression equals 1 when any or all of the three product terms is 1.



Product of Sums (POS)

|

(A + B)(A + B + C)
(A+ B+ C)(C+ D+ E)B+ C+ D)
(A + B)(A + B+ C)@A + C)




Truth Table Generation from SOP

Develop a truth table for the standard SOP expression ABC + ABC + ABC.

INPUTS
A B

U ovuer rean
C X PRODUCT TERM

0 0 0 0 0
0 0 1 1 ABC

0 1 0 0

0 1 1 0

1 0 0 1 ABC

| 0 1 0

1 1 0 0

1 1 1 1 ABC




Truth Table Generation from POS

Determine the truth table for the following standard POS expression:

(A+B+C)A+B+C)(A+B+C)A+B+C)(A+B+C)

B SUM TERM
0 0 0 0 A+ B+ C) -:-.fff:
0 0 I 1 ’
0 I 0 0 (A+ B+ C)
0 1 I 0 (A+ B+ C)
1 0 0 |
1 0 I 0 (A+ B+ C)
1 | 0 0 (A+ B+ C)
1 | 1 1




SOP & POS Generation from Truth Table

INPUTS OUTPUT == SO P
T

< 100 —> ABC X = ABC + ABC + ABC + ABC
0
0
0
1
1
1
1

110 — ABC
111 — ABC

000 — A+ B+ C
ol ——— A T8 C

010 —> A+ B+ C POS

c
0
|
0
1
0
1
0 10l — A+B+C
1

0
0
]
1
0
0
1
1

X=(A+B+C)(A+B+C)A+B+C)A+B+C)



Karnaugh Map (K-Map)

C L
AB 0 | AB 0 |
00 00 | ABC | ABI
01 01 \B( \B(
l] ] l Wit 1.”(' :
3"5'“"';’,' 10 10 | ABC | ABC
_‘-,

Maurice Karnaugh



4-Input K-Map

CD CD
ABN_ 00 01 11 10 4B 90 gLl e

00 00 |1ABCINABCINABCINABCD
Ol | 01 |ABCDIABCDI|ABCD|ABCD
11 11 |ABCDIVABCDIABCIVABCD
10) 10 |ABCIVABCDIABCD Hffj




Cell Adjacency




Solving 3-Input K-Map

C1
AN\ 0 1

UU.®

[0
| Gjl

10 '

C
HH\ .{J |
'}DF >,
dl

g @

N
10 | 1 |
L




Solving 4-Input K-Map

CD CD

Sas. o0 . o1 11 10 N /00 o1 1 0
00 |( 1 1) | 00| 1 fig |
. | | |
re ) | & i
o1 | 1 I 1 l o1 | 1 | l
1 11 |1 | |
L /
10 (1 1) 10 {0 (1 |
| = O




K-Map Rules for SOP

Determine the minimum product term for each group.
a. For a 3-variable map:

(1) A 1-cell group yields a 3-variable product term

(2) A 2-cell group yields a 2-variable product term

(3) A 4-cell group yields a 1-variable term

(4) An 8-cell group yields a value of 1 for the expression
b. For a 4-variable map:

(1) A I-cell group yields a 4-variable product term

(2) A 2-cell group yields a 3-variable product term

(3) A 4-cell group yields a 2-variable product term

(4) An 8-cell group yields a 1-variable term

(5) A 16-cell group yields a value of 1 for the expression




ACD

SOP from K-Map

B + AC + ACD



SOP Minimization Using 3-Input K-Map

C Use a Karnaugh map to minimize the following standard SOP expression:
ABN\_ 0

|
(i)
00 Ll 1)

01 I pia -

h B + AC

ABC + ABC + ABC + ABC + ABC

11

o)




SOP Minimization Using 4-Input K-Map

Use a Karnaugh map to minimize the following SOP expression:

BCD + ABCD + ABCD + ABCD + ABCD + ABCD 4+ ABCD + ABCD + ABCD
CD

AR\, @01 1110/
00xf ) b /]J/,
D + BC o1 | 1 |
|
I8 1
~
0| 1) (1 €




Truth Table & K-Map

X = ABC + ABC + ABC + ABC

Inputs | Output AB Y e
ABC| X B 00 @
0 0 ' |

>

—

] g
0 0 |
0 0 : :
S Ec)0)
1 ] = ¥
| 0 '
1 1
1 |

0
1
|
0
0
]
]

L e (0 e T e (T e

e e e e e e L S P



“Don’t Care” Condition

CD
1 S

0000
0001
0010
0011
0100
101
110
Bl
000
001
010
a1d

01 11 10

00

\6C 1)

+——— B /)

0]

Il X X

—_— T —

! HNMHRNH#HGGDGGGH

[ e A )

~ Don’t cares 10 £17 D

\BC

A~ |de



POS Mapping Using K-Map

AR 00 01 11 / 10

L
00 L;
N
01 /
iy ki B




POS Simplification Using K-Map

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

o 08 @, o M g
i _:_-.,,
00 || 0 ) (0
o1 || o
1|l o | £ Cc+D
0 [Co || o )
. 4




S5-Input K-Map

Use a Karnaugh map to minimize the following standard SOP 5-variable expression:

— e e e —— — —— e — —_— e — . S —

X = ABCDE + ABCDE + ABCDE + ABCDE + ABCDE + ABCDE

+ ABCDE + ABCDE + ABCDE + ABCDE + ABCDE + ABCDE

DE : BE
BC 00 01 H 10 BC\.: 00 01 11 10

00 CET_I> 00 CD
1
]

01

01 qd‘"_'- I ACDE
;| i 11 g t 1 1

10 _>i/ 10

A=
ADE

11




Home Work
1- Apply DeMorgan’s theorems to the following

(A + B)(C + D)E + F)(C + H)

Determine the binary values of the variables for which the following standard POS
expression is equal to 0:

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



3- Which Circuits are Equivalent?

 —
B

(a)

‘-
i~

B

(c)

ot

00




Develop a truth table for each of the SOP expressions:
4 (@) AB+ ABC+AC+ABC (b) X+ YZ+ WZ + XYZ

Use a Karnaugh map to reduce each expression to a minimum SOP form:

S (b) ABCD + ABCD + ABCD + ABCD
(¢) AB(CD + CD) + AB(CD + CD) + ABCD

Minimize the following SOP expression using a Karnaugh map:

6 X = ABCDE + ABCDE + ABCDE + ABCDE + ABCDE + ABCDE

+ ABCDE + ABCDE + ABCDE + ABCDE
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Lecture Outline

. Circuit Design

. Circuit Minimization

. Circuit from Expression

. Circuit from Truth Table

. Universal NAND - Universal NOR
. Multiple Input Timing Diagram
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Design Problems

Ex-1

In a certain chemical-processing plant, a liquid chemical is used in a manufacturing
process. The chemical is stored in three different tanks. A level sensor in each tank
produces a HIGH voltage when the level of chemical in the tank drops below a
specitied point.

Design a circuit that monitors the chemical level in each tank and indicates when
the level in any two of the tanks drops below the specified point.



Sol

Low-level
indicator




XOR Gate Equivalent Circuit




Circuit fr

om EXxpression

Ex-2 AB(CD + EF)
A
B
C
CD

|

—:ID— X = AB(CD + EF)

r EF




D +
Ex-3 ABCD + ABEF

A
B —e— ABCD
A
D 4[>c |
DI — ABCD + ABEF
- ABET




Ex-4

Circuit from Expression

- X ::.UH "+ AB(

>

I>C 3

:D— X = ABC + AB(

) DQ

A e
(



Ex-5
INPUTS OUTPUT

A C

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1 ABC
I 0 0 0

1 0 1 1 ABC
1 1 0 1 ABC
| 1 1 0

X = ABC + ABC + ABC






Ex-6

Develop a logic circuit with four input variables that will only produce a | output
when exactly three input variables are 1s.

PRODUCT TERM Hi8

1 1 1 ABCD
1 0 1 | ABCD

1

1

0 | ABCD
I 0 ABCD

e | e o | - e e “n - R R i .: = S ""':-E.\' :.\::_6." e e 5.\" ¥ X

- L i e, g - 5 n - e ) mee . e L ] . r e - -

e o] :\"\:;'\- e e g L et ety I._ T - 3ol EE LS ._..i e . *. oA m g -.;: 'E-?_ _..:;'E" :':.. o Lo T o __"; =
e e ey ] o 2 ¥ T = TR . e T i s o et e s e o=

X = ABCD + ABCD + ABCD + ABCD



ABCD

| ABCD
.__)_

;

ABCD

) ABCD



Ex-7

b

Wg I




The expression for the output of the circuit 1s

S —

X=(ABC)C+ ABC+ D
Applying DeMorgan’s theorem and Boolean algebra,

X=(A+B+C)C+A+B+C+D
=AC L BCHOUEA+R+CHED

Er:/D_i —AC+BC+C+A+B+L+D
- =CA+B+1)+A+B+D

X=A+B+C+D




—

— ] i A —!>% A

(a) One NAND gate used as an inverter

e v L
DO—E AB = AB | } AB

B —= [} e
(b) Two NAND gates used as an AND gate
. A
o |

G, AB=A+B i :D— A+B

o)

1 |G P

(c) Three NAND gates used as an OR gate



B—¢ |

Gl r_’u“E:ﬂ+B

(d) Four NAND gates used as a NOR gate




o= |

(a) One NOR gate used as an inverter

A A+B A
A+ B
B B

A+B

1) Do—i A —>—
D

(b) Two NOR gates used as an OR gate

AB

ey |
)6 do—ivi-as ‘

(c) Three NOR gates used as an AND gate

Y




(d) Four NOR gates used as a NAND gate

D s

iR —

} B



Timing Diagram for Combinational Circuit

Ex-8

P







Ex-9

e




e

— e s e

N EE S T .

-_— . .

L B -

e e

— e

— e = | =

—




Home Work

1 Implement the expression X = (A + B + C_:)DE by using NAND logic.

2- Develop a truth %p
Table for the jm

circuit C




3- Minimize the circuit

A
f,

L =1

e

>
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Half Adder

Sum

L Outputs
Carry
t =

0 0 0

0 1 0

1 0 0

= AB

1 1 1

X = sum

C, = output carry
A and B = input variables (operands)



Half Adder Equivalent Circuit




Gla
B0 0
Bl iy ! 0
0 ! 0 0
0 ! ! I
1 0 0 0
! 0 1 !

1 | 0 !
! | ! 1

Full Adder

0
1
1
0
1
0
0
1

C,, = input carry, sometimes designated as CJ
C, = output carry, sometimes designated as CO
L = sum

A and B = input variables (operands)

)3
[nput [ b2 iz
bits i L
=1
T Output carry
Input carry G

C-:rut = AB + [A $' B)Cin

2=ADB)DC(,



Full Adder Equivalent Circuit




Full Adder Using Two Half Adders

Half-adder Half-adder




101+011=1000




4-bit Binary Adder

| I I B
A B ‘Cin A B {"m A b Cin
(MSB)
S G2 Eanilde
ji ( {




Logic Symbol of 4-Bit Binary Adder

Binar J
number A

Binary
number B

L

In put
carry

4-bit

]
I
e
] S

J

Output
carry



-
Q
o)
o)
<
>
| -
(qV)
=
(a A
=
a8
4
| -
O
Y
o
_I

H

O

%

L

B

]

A

0

0

0



Use the 4-bit parallel adder truth table to find the sum and output carry for
the addition of the following two 4-bit numbers if the input carry (C,_,) is 0O:

A4A3A2A| — tlﬂ[} El.l‘ld 34333281 = 1100

Forn=1:A, =0,B, =0, and C,_, = 0. From the 1st row of the table,
2, =0 and C, =0

Forn=12:A,=0,B, =0, and C,_, = 0. From the 1st row of the table,
2, =0 and C,=0

l, By =1, and C,_; = 0. From the 4th row of the table,
2;,=0 and C;=1

Forn=4:A,=1,B,=1,and C,_, = 1. From the last row of the table,

n—1

2,=1 and C,=1

Forn = 3: A,

C, becomes the output carry; the sum of 1100 and 1100 is 11000.



Cascading of four 4-bit adders to form a 16-bit adder

By BisBiaBis Arg Ais Aig A 8158 Big By Aisdy i A s Bg By Bg By Ag Ay Ag As BB BBy Apd; A4,
4 300 4 88 2 e B SRR QU S [ TR LT T O RS T TR R B e SR N B B A o B
S - A e o o "\.__v_.J ‘\.,______Y__,_.f L i R, - r L% ¥ - S
B A B A B A B A
z z x z
oI Vil ik I Ao e I e sl A el 5. M-
( Yigtis Zyak 22211 ZipX 2g Xq Xg Xs 5 ‘“{"'f.




x2

B2
A2 [:
Z1|
Al
BI |
Co |

GND |

(a) Pin diagram of 74L.S283

(16)
& [T
(3)
2
(14 |, A
(12) 4 :
95
(6) | 3
(2) 4
| 2
a5 =
(11) 4
U e C,
(8)
GND

(b) 7415283 logic symbol

(4)
(1)
(13)
(10)

9)




Ex-3

Show how two 74L.S283 adders can be connected to form an 8-bit parallel adder.
Show output bits for the following 8-bit input numbers:

AsAAAAAAA, = 10111001 and BgB.BBsB,B:B,B, = 10011110

Y2 T Y, 5.5 % = 101010111



Solution

(5)
(3)
(14)
(12)

-3
(9
2”;4.
3
4 J i@
Z'ﬂ
L L
2*‘3
3
4 J
Cy

Cy

¥ (5)
1 (3)
1f (14)
(4) . 1 (12)
(1) X =
(13) &
520 (6)
10 : B.
o 03
i (11)
(9) (7)

Low-order adder

)

£
2%
3
4 iy,

¥ < =
s .

4

E?B "‘
3
4 J
Co Cy

(4)
(1)
(13)

(10)

(9)

High-order adder

i



Comparators

0 1 : ,
0 ) () The input bits are equal. % :):Di | The input bits are not equal.
g e - O

| The input bits are not equal. () The input bits are equal.
) D> mein : Hes s e

- A "G
LSBs = 1

MSBs i
B, —JB_GD_

General format: Binary number A = A A,
Binary number 8 — BB,

A=B
HIGH indicates equality.




Ex-4: Compare the following two 2-bit Binary numbers

(a) 10 and 10 (b) 11 and 10

Ag=0 ——"'I
=0 —J
D— | — equal } () — not equal
Aj=1 f
H] :D}— By =1 :ID07

(a) (b)




4-bit Comparator Logic Symbol

25
07

B o




Determine the A = B, A > B, and A < B outputs for the input numbers shown on the
EX‘S comparator in Figure

0

o —

e

() —— 3 /

The number on the A inputs is 0110 and the number on the B inputs is 001 1. The
A > B output is HIGH and the other outputs are LOW,



COMP
(10) 0
B3 (12)
L (13) * A
< B.
in {15) 3 FJ
A =B; 4
= e @ A>B A>B (Z}
A>B; C Liﬂu‘ialtllii:lalﬁ {| {z) e (?3' aitinats
A}Enut. L EQ}} A<B A<B ) 4
. —10
A=Byy | (11)
A<Byy | (14) B
GND L
Vee(16), GND(8)

(a) Pin diagram (b) Logic symbol



Use 74HCS85 comparators to compare the magnitudes of two 8-bit numbers. Show the
comparators with proper interconnections.

Two 74HC8S5s are required to compare two 8-bit numbers. '

COMP 5 < COMP
A A
3 P
Al AR dapldap) WG
+3 ¥ A=B A=B A=8B A=85B
e— A<B A<BHB A<B A<BHB
0 0
B B
3 3
T4HCSS 74HCSS5




Home Work

1 Use 4-bit Binary adder to find 1011+1010 )M

il i 4 —|gyCOMP ZM
Sketch the i .}‘I

waveform A=B s,

I
B I

I I

| | A

| | A=B
I I

| |

I I

."I:II, A )| I-I]
]
s

it = il - v i s .




3 4M

In the process of checking a 741.5283 4-bit parallel adder, the following voltage levels are
observed on its pins: 1-HIGH, 2-HIGH, 3-HIGH, 4-HIGH, 5-LOW, 6-LOW, 7-LOW, 9-HIGH,
10-LOW, 11-HIGH, 12-LOW, 13-HIGH, 14-HIGH, and 15-HIGH. Determine if the IC is
functioning properly.

- 4M

] () () () ] | ) |

4- Determine
the complete
S u m ‘um ‘ out } ou | q | out

[+
1
I+
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Decoders

A decoder 1s a digital circuit that detects the presence of a specified
combination of bits (code) on its mputs and indicates the presence
of that code by a specified output level. In 1ts general form, a
decoder has n input lines to handle n bits and from one to 2™ output
lines to indicate the presence of one or more n-bit combinations

Y1

> Yo 3Xs8 ; :2

Y

¢ > Y3 Decoder ’
2 > » Yo
Y4 » Y7




2X4 LINE Decoder




Truth Table for 2X4 Line Decoder

Inputs Outputs
X1 X2 Y1 Y2 Y3 Y4
0 0 1 0 0 0
0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 0 0 1
Y1 = XX,
Y, = X_1X 2
;=X 1X_2

Y, = X, X,




3X8 LINE Decoder




Truth Table for 3X8 Line Decoder

Y3

Y7

Y6

Y5

Ouftputs

Y4

Y2 | Y3

X3 | Y1

Inputs

X2

X1




Y, = EIXEX?:

Y, = X X5X5
V; = X, X,X5
Yy = X_1X2X3
Yo = X, X, X,
Y. = X, X, X,
V. = X, XX,

YE —_ X1X2X3



EX-1

Using the equations below, design a 4X16 line decoder

Yl —_ X1X2X3X4 Yz —_ X1X2X3X4 YE —_ X1X2X3X4 Y4 —_ X1X2X3X4

Yo = X1 X,X3X, Yo =X XoXsXy YV, =X X, X3X, V=X X,X3X,
Yo = X1 X5X3X, Yio = X1 X5X3X, Y4 = X1 XXX, Y = X1X_2X3X4
Yis = X1X2X3Xy Vi = X1X2X_3X4 Yis = X1X2X3X_4 Yie = X1X2X3X,




Qutputs

Y2 Y3 | Y4 | Y5 |Y6 | Y7 | Y8 |Y9 | Y10 | Y11 | Y12 | Y13 | Y14 | Y15 | Y16

Inputs

X1 | X2 | X3 | X4 | Y1




Y1

Y

Y3

Y4

Y5

Yo

Y8

Y10

Y11

Y12

S el i i s i i i
3

Y13

Y14

Y15

Y16




BCD/7-seg
(1 ™
b
(Aqg . - Output lines
BCD | A, 2 y connect to
inputﬂ A, 4 " 7-segment
e ' 1l
. A, 2 ; display device
g J




LamE Test

BCD
inputs

VEC

(16)

BCD/7-seg
BI/RBO

o~ 8 R oA T 8

(4)

(13)

(12)

(11)

(10)

(9)

(15)

O 0 0 0 0O 0 0O O

(14)

BI/RBO



0

0000

bo |[]]

Leading zero suppression

0 0000

Ao [

RBI LT & 4 2 1
BCD-to-7-segment
decoder/driver

e d ¢ b a BIRBO

RBI LT & 4 2 1
BCD-to-7-segment
decoder/driver

e d ¢ b a BIRBO

T O T

Blanked

Blanked

0 0011

Lo [

1 0000

Lo ([

RBI LT 8 4 2 1
BCD-to-7-segment
decoder/driver

e d ¢ b a BIRBO

RBI LT 8 4 2 1
BCD-to-7-segment
decoder/driver

T

_
_

¢ fedc b a BIVRBO

(T
|
|_




Trailing zero suppression

010

1
o |1
1

RBI LT 8 4 2
BCD-to-7-segment
decoder/driver

e d ¢ b a BIRBO

T
)~

_

0111

bo [

RBI LT & 4 2 1
BCD-to-7-segment
decoder/driver

e d ¢ b a

BI/RB(O

T
1
|

0000

o [

RBI LT 8 4 2 1
BCD-to-7-segment
decoder/driver

0000

21111

e d ¢ b a BIRBO

[

1

T

0

Blanked

RBI LT 8 4 2 1
BCD-to-7-segment
decoder/driver

e d ¢ b a BIRBO

T

0

Blanked




An encoder is a combinational logic circuit that essentially performs a “reverse”
decoder function. An encoder accepts an active level on one of its inputs representing
a digit, such as a decimal or octal digit, and converts it to a coded output, such as
BCD or binary. Encoders can also be devised to encode various symbols and
alphabetic characters. The process of converting from familiar symbols or numbers
to a coded format 1s called encoding.

X
ax2

Encoder X,




4 x 2 Line Encoder



Truth Table for 4X2 Line Encoder

Inputs Outputs
Y1 Y2 Y3 Y4 X1 X2
0 0 0 1 0 0
0 0 1 0 0 1
0 1 0 0 1 0
1 0 0 0 1 1

X1= yg'l‘yl XE= Yg'l‘yl




Multiplexer

A multiplexer (MUX) 1s a device that allows digital information from several sources to be
routed onto a single line for transmission over that line to a common destination. The basic
multiplexer has several data-input lines and a single output line. It also has data-select inputs,
which permit digital data on any one of the inputs to be switched to the output line.
Multiplexers are also known as data selectors

Ns = LOG,(Ny)

A
B




Truth Table for 2X1 Line Multiplexer

Inputs Selector | Output
A B S Y
1 X 0 A
X 1 1 B
Y, =A




DO

D1
D2

D3

4x1 Multiplexer

Trry




Y, =A
Y; =B
Y. =C
Y, =D

Truth Table for 4X1 Line Multiplexer

Inputs Selectors | Output

DO | D1 [ D2 | D3| SO | S1 Z

0 X | X | X 0 0 A

1 X | X [ X 0 0 A

X |0 | X|X |01 B

X 1 X | X 0 1 B

X | X0 | X |1 ]0 C

X | X 1 X 1 0 C

X | X | X 0 1 1 D

X | X | X 1 1 1 D




4x1 Multiplexer Symbol

Data [ S
select | §,

Data ) D,
inputs | p,

e 2 = O

y Data

output



&
(O
—
o]0
e
O
o]0
=
k=
—
—
Q
X
9
Q.
=
>
>
—i
X
4




Demultiplexer

A demultiplexer (DEMUX) basically reverses the multiplexing function. It takes digital
information from one line and distributes it to a given number of output lines (data

distributor).
SR D -

» B
Data
mput

Y

» D0

> output
> D3 Select lines
lines

ViV
?

S

-
D2 { e LD | b
-
1o
)




Truth Table for 1x4 Line Demultiplexer

Inputs | Selector Output
ON [ SO | S1 | DO | D1 | D2 | D3
A 0 0 1 X | X | X
B 0 1 X 1 X | X
C 1 0 X | X 1 X
D 1 1 X | X | X 1

Y3=



Multiple Sources Selector Single Destination

; _ v k' i - =

MP3 Player a
Docking Stﬁion

\ -\
Laptop
Sound Card g— m é Y
-
— = __—.i E -h\\
e ;
. ﬁ Surround Sound System
i _.J'I
Digital B A  Selected Source
Satellite / |
0 0 MP3
s 0 1 Laptop
1 0 Satellite

Digital

Cable TV y S | Cable TV




Single Source Selector Multiple Destinations

BAY Laser
Printes
F ax
/ Machine
» |2
x| o LD
. =
U e Color Inkgent
0O Promtes
\nl -

B A Selected Destination
0 0, B/WLaser Printer
0 1 Fax Machine

1 0 Color inkjet Printer
1 Pen Plotter

i



Home Work

1 Design a 1-to-32 line demultiplexer Using Both 1-to-4 10 |V|
and 1-to-8 line demultiplexers

) Explain the operation of Fig 1H, next slide 6 M



Uy ety il

bl e = . il I i e
2liy Wave- | P
VU = dhaping
Cifuasid
Mimmies countor {divide - Ty 0 Sogomds comeled (dis sde-hy S0
CTR IMV & CTR INV 1D CTR DIV & CTR DIV 1D gy
N N N
: [
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LASER & OPTOELECTRONICS
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DIGITAL ELECTRONICS

Lec. Dr. Taif Alawsi

Lec. 8: Sequential Circuits: 2024-Nov-17




Lecture Outline

. Flip-Flops
. Counters
. 555 Timer
. Oscillator
. HW

Ul b W N =



. B

g~ 0O
R(Reset)

EN a
Q R ——




State S R Q Q’ Description
Set 1 0 0 1 Set Q'>>1
1 1 0 1 Mo change
Reset 0 1 1 0 Reset O'>>0
1 1 1 0 Mo change
Invalid 0 0 1 1 Invalid
Condition




/ K Q
0 0 t | @ Q, | Nochange
L 0 1 t |0 1 |RESET
K ——Qq 1 0 4 |1 0 |SET
11 t | @ Q@ | Toggle




T&DFF

J)
’

Clk——+o

(K)

Data

Clk

D,

Inverter

D
Gated SR Flip-Flop

Ol



Truth table
CLK T Q. Comment | inputs | Qutputs
Rising edge 0 (Q  Hold state D CLK @ @ |Comments

Falling edge 0 ()  Hold state

Rising edge 1 Q Toggle

Falling edge 1 Q | No change

Q ., - "after the clock transition" output
Q) - the current output



—O=C

Dynamic input
indicator
/
—C
lo—20 —x
—— 0 —
—=C




(a)
(b)




—_— e —— — — ]

_— e e el e e e — — —

Reset Set Set

No

Toggle

change



CLK

HIGH

= C




Qa

HIGH L
o — — &— ]
CLK — 1 O=C o~ C
K K
Flip-flop A Flip-flop B

Og

CLK

1 2 4 6
I I I I I | |
1 | | | I | |
0 1 0 0 1 0
I I I I I I I
1 | | | 1 | |
01 0 Lo 0 1 0 1o
¥ | ¥ |
I I I I I | |
Ov 1 1+ 2 1 0 o 1T 02
Binary Binary
sequence sequence




Qs

- - —
nw.m_ nw.__._ —_— —_ -
S o i o
C S . — T e | e e e
~ A e
F ¢ I_ - S =
ﬂ S - S
=]
Q 7
8}
A N
o)

CLK
O
Op
Oc

QA_. L e W

—>C
K

L o P/

HIGH

CLK




Four Stage Synchronous Binary Counter

(Logic 1)
'
FFA FFBE
— Cla —‘—-— J Qg
—HCLK Qo CLK
K Qg K Qg

1 —
0 =

i
Clock Pulse



Four Stage Synchronous Binary Counter
1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16

Clock
Pulzes

(ls.b.)

QC

G0 im.=.b.)

—_—

2J00 9921 99 201 M3 91 dMMga 11 1099 10 1dMa 1M1 1Mad 11 1119 1111 000a

Cout 0 1 2 3 4 5 & 7 & 8 10 M 12 13 14 15 0O
-~




States of a BCD decade counter.

Clock Pulse Q3 QZ Ql Q“

Inmitially 0 0 0 0
| 0 0 0 1

2 0 0 1 0

3 0 0 1 1

4 0 1 0 0

5 0 1 0 1

6 0 1 1 0

7 0 1 1 1

8 1 0 0 0

9 1 0 0 1

10 (recycles) 0 0 0 0




Ji = K1 = 0003

Jo = Ky = Qp0Q
J3 = K3 = 09010, + QpQ3



A 4 bit Synchronous Decade Counter

HIGH

£9
(i 9 i & o
~ A B3
- | <
2
F o1 C «~d
- A S
.l_ -]
Bl o 8 e
* A L
o]
J L
I O e
JAN

CLK

= -— - -—
— L S L
o
f—
- -
e, L L —
o
— p— —
L L St -
v ]
— — —_— o
e —
T |
= — — -
- -
B s L e
i
—~ — s —
L e s
- -
— — o L
o
&% - S -
P— — - —
L — g
=1
— — — —
e S S el

CLK




Q Counters Design Steps

STEP 1
Given in the

Question ‘./ /:



STEP 2: Create the State Table

Next State

Qo0

Ql

Q2

Present State

Qo0

Ql

Q2




STEP 3: Each FF Has its own Transition Table
Transition table for a J-K flip-flop.

Output Transitions Flip-Flop Inputs
Qi'"wr QN + 1 J K
0 — 0 0 X
0 — 1 l X
l — 0 X l
l — 1 X 0

(y: present state
Oy + 1: Next state
X: “don’t care”

We will use only JK FF
Memorize this table



STEP 4: Use the Transition Table to find the output

Outputs

KO

JO

K1

J1

K2

J2




STEP 5: Map the Outputs into K-Map

QEQI Qﬂ 0 ! Qle Qﬂ 0 Qle QD 0

I 1
00l o | o 00 | o mL 0,0, 00 EE
01 m 0 o1 | x @ o1] 0 | x

x B
X

09 —11 'L}EJ X 11| x 11 E — 0,0
101 X | X 101 0 0 101 0
J, map J, map J, map
9 9 Qy
0,0, 0 1 0,0, 0 1 0,0,

00 @ X 00| X | X 00

0 1
X |0

o1 | X | x o1] o] o o1 (x| DF— 2.0,
X
(x|

111010 11 ] 0 m 0,0, 0 11
10 m 0 10| x @ 10




Jo = ngl + Qzél = 0, D 0,
Ky = 0,0, + 0,0, = 0, @D 0O

J1 = 0,0
K, = ngn
Jo» = 010

K, = 0,00



STEP 7: Build the Counter

v L) O

FF0

DD

CLK

9

FF1

L

N

FF2

= C

0,




555 Timer IC

GROUND | 1 ' Vcc

&1
2
2

TRIGGER | 2

- 7 | DISCHARGE

-—
|
-+ - 4+
1 \2/

OUTPUT | 3 * 6 | THRESHOLD

RESET [2 g CONTROL

VOLTAGE
555 Timer




555 Timer

Output
Monostable ;50

Bistable e

Trigger 2




Voo (+5 to +15V)

R

Discharge
555

Trigger

$—— Threshold

Astable

Astable Mode

B
— 2

. ]

0.01uF

1

0w

1



Monostable Mode




10KQ

Reset
Pushbutton



One-Shot

Non-retriggerable
t“.r — “.TRCEKT ; , +V
The Schmitt-Trigger | L %‘E '

- \|
Trigger G, )o-
0.7) L)

tw = 0-32RCEKT(1 + ?

The 555 Timer _ Apparent LOW

-lll——-l-:

tw = L1R(C;



Oscillators (Astable Multivibrators)

1.44

The frequency of oscillation f= R, + 2R,)C,

The time that the output is HIGH (ty) th = 0.7(R; + R)Cy

The time that the output 1s LOW (¢;) IL — O'TRICI

The period, T I'=1ty+ 1t = 0T(R; + 2Ry)C,
R; + R,

The duty cycle is Duty cycle = R, + 2R, 100 %



A 555 timer configured to run in the astable mode (pulse oscillator)
EXAMPLE Determine the frequency of the output and the duty cycle.
+35.35V
o)
9
3 |
22k | [erept Ve
DISCH
47k0 SRR
§R1 THRESH oUT ——=
L ® TRIG CONT
1 e GND 1 e
—1 0.022 yF -1 001 uF




Solution

B .44 B 1.44
(R, + 2R,)C;  (22kQ + 9.4k0)0.022 uF

R, + R, 22k + 4.7kQ
100% =
R, + 2R, 22kQ + 94kQ

f = 5.64 kHz

Duty cycle = ( )100% = 59.5%



Home Work

1 Determine the values of the external resistors for a 555 timer used as an astable multivibrator
with an output frequency of 20 kHz, if the external capacitor C is 0.002 pF and the duty cycle

1S to be approximately 75%. 6 M

Design A Synchronous counter with JK flip flop 14 M
that gives the sequence shown in Fig 1-H



Fig 1-H
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