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Number System
Binary Codes

« Binary codes are codes that are represented in a binary system with
modification from original ones.

« Ingeneral, N bits can represent up to 2N distinct values.

« Conversely, to represent a range of M values, the number of bits regulire
is.

Pl

3 bits represents up to 8 values (000, 001, 010,
011, 100, 101, 110, 111)

1 bit represents up to 2 values (0, 1)
2 bits represents up to 4 values (00, 01, 10, 11) Q

4 bits —» represents up to 16 values (0000, 0001, @ P'S
0010, ..., 1110, 1111)

32 values —» requires 5 bits

40 values —» requires 6 bits

64 values —» requires 6 bits

100 values s requires 7 bits

1024 values — requires 10 bits

Logic Family

o The base or radix of a nu
decimal numeral system
symbols (digits) is {0, 1@
ten.

« Ingeneral, a ba&
o (anxb")+(

is the number of digits present. The
ase or radix of 10, where the set of 10
6, 7, 8, 9}. The weights are in powers of

)

er (@n an1 ... @ . f1 f2 ... fm)s has the value
" +.+ (@0 x bO) + (f1 x b)) + (f2x b?) +..+ (fmn x b™)
: Weighted binary codes are those which obey the
Inciples, each position of a number represents a

uential Code: A code is said to be sequential when two subsequent

odes, seen as numbers in the binary representation, differ by one. The

421 and excess-3 codes are sequential, whereas the 2421 and 5211
codes are not.

« Non-weighted Codes: non-weighted codes are codes that are not
positionally weighted. That is each position within the binary number is not
assigned a fixed value.
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« Reflective Code: A code is said to be reflective when the code for 9 is a
complement for the code for 0 and so is for 8 and 1 codes, 7 and 2, 6 and
3, 5and 4. Codes 2421, 5211, and excess-3 are reflective, whereas the
8421 code is not.

BCD (Binary Coded Decimal)

« Itis a straight assignment of the binary equivalent. To encode a deci
number using the common BCD encoding. Each decimal digit is
4-bit number.

Decimal | 0 1 2 3 1 5 6 7
BCD 0000 | 0001 | 0010 | 0011 | 0100 | 0101 ] 0110 ) 0111 00 [F1001

o BCD encoding for number 127 would be @ ¢

127

(0001 0010 0111) — BCD equivalent of

whereas the pure binary number I 1111111)2

. BCD Q
Add (148 + 157) = 2 O
148 9”‘%&01 0100 1000
157 £C0 N 0001 0101 0111

* 0010 1001 1M
10—_-.\0110 0110

001 | 1< —1010
. 10000 =—
3 0 S

When the sum of 2 digits is greater than or equal to 9, then we need to add 6
i.e., 0110.

e 2421 Code
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This is a weighted code, its weights are 2, 4, 2, and 1. A decimal number is
represented in 4-bit form and the total 4 bits weight is

2+4+2+1=0.

Hence, the 2421 code represents the decimal numbers from 0 to 9.

Decimal (0| 1|2 4 5 6 7
2421 0(1(10) 11| 100 ( 1011|1100 ( 1101

(AN}

o Excess-3 Code
Excess-3 is a non-weighted code used to represent imaénumbers. The
code derives its name from the fact that each binary c corresponding
8421 code plus 0011 (3).

e.g.,

Decimal | 8421 | Excess-3 O

8 1000 | 1000 + 0011 = 1011 K

6 110 0110+0011=100|Q
Gray Code 0

This is a variable®ei de and is cyclic. This means that it is arranged
so that every transition ne value to the next value involves only one-
bit Change. .

de Conversion

« Binary

n the number in binary codes.

st Significant Bit (MSB) of the gray code will be the same as the

B of binary code.

orm XOR operation on MSB and next bit to the MSB in a

inary number.

4. Repeat step 3 till all bits of the binary number have been XO Red, the
resultant code is the gray code equivalent to the binary code.
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e

Gray Code 1
Conversion of blnary code !o gray code

« Gray Code to Binary Conversion

1. Start with the MSB of gray coded numbers.
2. Copy this bit as the MSB of the binary number.
3

. Now, perform the Ex-OR operation of this bit with the next biy@ ary
|

number.
4. Repeat step 3 till all bits of gray coded numbers have be@ n the XOR
operation. The resultant number is the binary equivalent
the gray number. P'S

Gray C
"l 5 A

Binary Code 1 1

COnverslon of gmy code lo binary
Complements z{

o Complements are used j | computer system for simplifying the
subtraction oper orllogical manipulation.
« There are two typ plements for each baser system,

1. Ther' s compleme
2. The (r' - 1)s cemple

ement

Given ive’number N with baser with an integer part of n digits. The r's
fNis definedasr — N forN#0and 0 for N=0.

, 10's complement of (25.639)1¢ is (102 - 25.639)
100-25.639 = 74 - 361, here the number of digits in integer part is 2
means n = 2

o The (r - 1)'s Complement
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Given, a positive number N in baser with an integer part of n digits and a fraction
part of m digits, the (r — 1)'s complement of N is defined as r" = r™™ - N.

1's complement of (52520)1¢ is (10° = 1 — 52520)

=99999 - 52520 = 47479

Because number of integer part is 5, so r" = 10° and no fractional part is
Present'sor™=10"%=1

1's complement of (0.3267)10is (10° = 1074 - 0.3267)

=1 -0.0001 - 0.3267

=0.9999 - 0.3267 =0.6732
No integer part, so 10" =10°=1 O
1's complement of (101100)2 is (26 — 2%)10 — (101100) O

= (64 — 1)10 - (101100)2
= (63)10=(101100)

=111111 - 101100 = 010011 ¢
Key Points

520 — Here, n = 3, but (052) — here n = 2.
In the latter example, 0 is of no significa

Representation of Integers O

wnN =

The are three possible wa ent a number

Signed magnitude meth :

1's complement met

2's complemen‘ d

Signed Magnitude od
vid

The number iS\dividedjinto two parts, one is the sign bit and another

itide, In the example we are using the 5-bit register to
Ohand +6.

The range of Number For n bit register, MSB will be a sign bit and (n — 1)
bits will be the magnitude.
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_(21'.—1 _1) -0 +0 [:2’-_1 _1}

Lowest Lowest positive
negative number
mimber

« Key Points

« The drawback of the signed magnitude method is that 0 will be In

different representations one will be 10000 i.e., —0 and the ot Wi
be 00000 + 0.
1's Complement Method Q
« Positive numbers are represented in the same w in the sign-
magnitude method. If the number is negative, th isirepresented using
1's complement method. For this, we first n esent the number
with a positive sign and then take 1's co ent'of this number.
« e.g., Suppose we are using a 5-bit register§lhe fepresentation of —6 will be
as below.
+elofjof1]1]o] = [1]1]0] xa-.i's
T T ament
of +6)
Sign Sign
bit 1
A
Largest
negative positive number
( (when usingk bit register)
& b
's Complement method

ey Points
« The only drawback of 1's complement method is that there are two
different representations for zero, one is —0, and the other is +0.

2's Complement Method
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« Positive numbers are represented in the same way as in sign-magnitude.
For representing a negative number, we take 2's complement of the
corresponding positive number.

+6{0|0]1[1]0] = [1]1]0]1]0] -6 (e 2

T Complement
| of +6)
Sign Sign
bit bit
S mmm——
-{21“ 0 12"1‘-11 O
For n bit For n bit
register lowest register largest

negativenumber positive number

2's Complement method @ ¢

Properties of 2's Complement

« 2's complement representation aIIov@ e of binary arithmetic

operations on signed integers, yieldi current 2's complement result.
« Positive Numbers Positive 2's ¢ I t numbers are represented as

the simple binary.
« Negative Numbers Negative2's cOmplement numbers are represented as

the binary number that whe ed to a positive number of the same
magnitude equalg zend.
*

Logic Gates
A logic gate is ag idealised ®r physical device implementing a Boolean

function, thatd orms a logical operation in one or more logical inputs
and produceS,a le logical output.

The | es can be classified as

, AND, OR are basic gates.
« WAND, NOR are universal gates.
« EXOR, EXNOR are an arithmetic circuit or code converter or

comparators.

NOT Gate (Inverter)
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Truth Table for NOT Gate:

www.jkchrome.com

Input

Output Y = A

0

1

1

0

Circuit Symbol for NOT Gate:

Ach

AND Gate:

Truth Table for AND Gate:
Inputs Output
A B Y = AB
0 0 0
0 1 0
1 0 0
1 1 1

Circuit Symbol for AND Gate:

ey

QO

Page 9 of 70
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Inputs Output

A B Y=A+
B

0 0 0

0 1 1

1 0 1

1 1 1

Circuit Symbol for OR Gate:

Bl >—V=A+B C)O

Properties of OR logic: .
1. Commutative Law: A+B=B+A @
2. Associative Law: (A+B+C)=(A+B) + +{B+ C)

NAND Gate: O
Truth Table: K
(O

‘ §
Circuit Symbol l\ﬁ ate:

Ll L= =0p -]
=L = )

A R
Y = AB
B
a
Truth Table:
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A B v=(A+8)
0 0 1
0 1 0
1 0 0
1 1 0

Circuit Symbol for NOR Gate:

T D>—v=e O

« NOR gate follows commutative law but not follow assg/e law

2
EXOR Gate:
Truth Table:
Inputs Output O
A B Y=A®B
0 0 0
0 1 1
1 0 1
1 1 0
L 2
Circuit Symbol for EX e:
) -
B APB
AB + AB

Properties of EXOR Logic:

nable input =0

« Disable input =1

. lItis also called stair case switch.

. Itis widely used in parity generation and detection.

« When both the inputs are different, then output becomes high or logic 1.
« When both the inputs are same, then output becomes low or logic 0.
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Note:

&

ASA=DASA=LASO=AAsI=A

EX-NOR Gate:

Truth Table:
Inputs Output
A B Y=A0B
0 0 1
0 1 0
1 0 0
1 1 1

4
Circuit Symbol for EX-NOR Gate: @

) V06 KO

=AB+AB
EXNOR gate symbol

Properties of EXNOR Gate: Q
« Enable input =1 O
. Disable input =%Q
« When both the i%re same, then output .becomes high or logic 1.
s

« When both t inrw re different, then output becomes low or logic 0.

sing NAND Gate:

A ‘_,=>A°_>—ov=A+a
Y=A.B 8

NAND gate OR gate

« AND Gate using NOR Gate:
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8V b Drsvs
B Y=A.B — B :)_'Y'A'B

NOR gate AND gate

« NAND Gate using NOR Gate

A:D_. A T )—v=4a8
= =
B Y=A.B B

NOR gate NAND gate O

« NOR Gate using AND Gate

::jDT=§.§ = ::>_'Y=m @0

AND gate NOR gate

NAND and NOR Gate as Universal Gate O

Logic Required | Required K
gates number numb
of NAND
gate
Not 1
AND 2
OR 3
EXOR 4
EXNOR 5

(ii) AND Gate:
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oy WY

(iii) OR Gate:

o
D O

(iv) EXOR Gate: @ *
A A - AB

AB D(A-ﬁ)-(s-iﬁ)

A(A+B)+B(A+B)=AB+A

o7 O

1. Introduction to Boole

Minimization of Boolean Exp@
Wa

Boolean algelra %gebraic structure defined on a set of elements
together wi o Binaly operators (+) and (.)

A vari mbol, for example, 'A" used to represent a logical quantity,
whose anbeOor1.

nted by the variable over bar.

iteral is a variable or the complement of a variable.

lean Value

o The value of Boolean variable can be either 1 or 0.
Boolean Operators: There are three basic Boolean operators

o AND () operator

o OR (+) operator

o NOT operator
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2. Duality

« If an expression contains only the operations AND, OR and NOT. Then, the
dual of that expression is obtained by replacing

each AND by OR,
each OR by AND,

all occurrences of 1 by 0,

all occurrences of 0 by 1. O
The principle of duality is useful in determining the complegf a

function. @ ¢
« Logic expression: (x *y'*z) + (x 2y *z') + (y *2)

« Duality of above logic expression is: (x + y4 . y+z' ) (y+2) -1

Boolean Function:

« Any Boolean functions can be fo@ binary variables and the

Boolean operators.

« For a given value of the vari , the function can take only one value either
Oorf.

« ABoolean functian c wn by a truth table. To show a functionin a
truth table we rfe the 2" combinations of 1's and 0's of the 'n’
binary variables a lumn showing the combinations for which the
function is edqual to Mer 0. So, the table will have 2" rows and columns for
each inpu bléand tile final output.

o A functi specified or represented in any of the following ways:

Boolean expression
SOP (Sum Of Products)
o POS (Product of Sums)
o Canonical SOP
o Canonical POS
« Important Boolean operations over Boolean values:
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0e0D=0
lel=1
Qel=1¢0=0
fi=4
1= 1 =1
0+0=0
1+40=0+1=1
1E=i0

3. Basic Theorems

www.jkchrome.com

Law/Theorem Law of Addition Law of Multiplication
Identity Law x+0=x X:1=Xx
Complement Law [ x +x' =1 X-xX"=0
Idempotent Law | x + x = X X+X=X
Dominant Law x+1=1 x-0=0

Involution Law

(X)=x

Commutative Law

X+y=y+x

Associative Law

X+(y+2) = (x+y)+z

Distributive Law

X (y+#z) =x-y+x -2z

Demorgan's Law

(xty)’ =x"'-y'

Absorption Law

X+([x-y)=x

A+A=A
ALD=A
A+l1=1
A+A=1

Page 16 of 70
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Distribution theorem:
« A+BC= (A+B)(A+C)

Others:

b
L
[l

T

=l

R

gL

=] el

I

=

R

(]I s R v e | s

O

« Consensus Theorem: This theorem is used to eliminate @ant term. It

is applicable only when a boolean function contains three variables. Each
variable used two times. Only one variable is co nfed or
uncomplemented. Then the related terms so lemented

or uncomplemented variable is the answe

AB-BC—-AC=BC—AB
AB+-BC+AC=BC-AB K

AB+AC+BC=AB+AC

AB+AC+BC=AB<BC Q

4. MinTerm & MaxTerm

o Minterm: ¢
o Each produc is known as a minimum term that contains all the
varigblag usgd 'y a function.
o Am is also called a canonical product term.

rm is a product term, but a product term may or may not be a
term.

ach sum term is known as a maximum term that contains all of the
variables used in the function.
A maxterm is a sum term of all variables in which each variable is
either in complemented form or in uncomplemented form.

o A maxterm is also called a canonical sum term.

o A maxterm is a sum term, but a sum term may or may not be

a maxterm.
« The following are examples of product term, minterm, sum term,
and maxterm for a function of three variables a, b, and c:

Page 17 of 70
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product terms: a, ac, b'c, abc, a'bc, a’b'c), ...
minterms: ab’c, abc, a'b'c, a'b'c, ...

sum terms: a, (a+b), (b+c), (a'+b), (a’+b"), ...
maxterms: (a+b+c), (a+b’+c), (a'+b'+c"), ...

o O O O

« Representations of Minterm and Maxterm:

Minterm | Minterm Maxterm
x|V z Notation Maxterm Notation
0|0|0f| x"y 27 ma X+y+z MO
0|01 x'v'z m1 X+y+2 M1
01|00 x'yvz m2 X+y +z M2
O[1]|1| x'vz m3 x+y +7z M3
1({0|0| xyv' 2z’ m4 xX'+y+z M4
1(0|1| xyv'z m5 x'+y+ 2 M5
1(1]0
1(1]1

xyz moé x'+y' +z M6 TS
Xyz m7 x'+y' +2z M7

« Note: With' n' variables maximum possibl

=2n
« With' n’ variables maximum possibl ression = 2°
5. SOP & POS K
« SOP (Sum of Product): f product expression is two or more OR

functions of AND functi
o SOP exprg jonfis
o Example: — ABC
« POS (Product of Sum): It is the AND function of two or more OR function.
o POS,expressjonis used when output is logic '0'.
[A+B+C).(A+B+C)(A+B+T)

S.
when output becomes logic 1.

OP and POS Equivalences for function F and Its Inverse F'.

X'yz b xy'sHxpr s ayvz @2y (winin) @ (i) @ (etytn) o (XpEs)
A
nverse 2 /_'gé;.
X 75 %

* ‘ N

F' | xy2'+xys+xiz’+xs “Equl > (x+y'+2) o (xHyrtz") @ (xHye2) @ (xHyH20)

6. Duality Theorem
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« To convert positive logic into negative logic and vice-versa, a dual

function is used.
o Change each AND sign by OR sign and vice versa (< +)

o Complement any 0 or | appearing in expression.
o Keep variable as it is.
o Example:

AB.C+E.B.C~ABC—®d (4 F.C)(A~B~C)(A~B~F

7. Minimization of Boolean Expressions

The following two approaches can be used for simplification o@n;ean
2

expression:

« Algebraic method (using Boolean algebra rules)
« Karnaugh map method

Representation of K-map: With n-variable Karn p, there are 2" cells

e 2 -variable K Map: @

N Q
| o [ O
L}
ith céll number
le KMap
A 01 11 10

ol O 1 3 2

49| 5| 71| 8

Three variable X-map with cell
number
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e 4 -variable K Map:

Here n = 4, number
- ufcalls!2”='16
AB 00 01 1 10

oo © 1 3 2

0 4 | 5| 7| s

w12 13] 15| 14

1 8 | 9 | 1] 10
Four variaole K-map with cell
number

« NOTE: Once the Karnaugh map has been popule;@h&s, Os and Xs as

specified the only task that remains is to grou cent terms of the
same state (usually 1) in groups of 2 raised onal power, i.e. 1,2,
4, 8,16, 32, 64 and so on. The larger the grotip, the’simpler the final
expression. It is also possible for group verlap. This is often done to
achieve a larger group size, hence si @ ing the final expression.

Minimization Procedure of Boolean sion using K-map

o Construct a K-map.
« Find all groups of hori
o Eachgro
cells. 3
o Each group be as large as possible.
wiw n the K-map must be covered at least once. The

tal ertically adjacent cells that contain 1.
ither rectangular or square with 1, 2,4, 8,0r 16

cency applies to both vertical and horizontal borders.
e each group into a product term. (Any variable whose value
ges from cell to cell drops out from the term)
+%Sum all the product terms.
« Note: Don't care conditions can be used to provide further simplification of
a Boolean Expression.

Combinational Logic Circuits

1. Designing Combinational Circuits

Page 20 of 70
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The steps to design combinational circuits are as the following

« Understand the problem

« Find the required number of input and output variables

« Construct a truth table using the relationship between the input and output

« Obtain the Boolean function or the logical expression from the truth table
using Karnaugh Map.

« Draw alogic circuit based on the obtained logical expression.

2. Arithmetic Circuits
Arithmetic circuits are used to perform addition and subtractio iQdder
performs binary addition and binary subtractor performs binar@action.
Classification of Adder: @ TS

« Half Adder

o Full Adder

Classification of Subtractor: @

« Half Subtractor

o Full Subtractor Q
Half Adder 0

This circuit is used fofaddi two one bit numbers.

e The truth ta ofﬂ Adder:

« Half adder circuit:

Page 21 of 70
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A'—i)) > Sum=A®B
Be———
) Carry = AB

Half adder logic diagram

Sum (S) = A£B=AB+-AB

Carry (C) = AB Q

« Implement of Half Adder Using NAND Gate:

:),_
| P . "(Q
KO

¢ }_

[ AB =

Half adder logic Diagram using @a e

Note: Required numb&r Gates to implement Half Adder = 5

« Implement o alfé r Using NOR Gate:

=AeB = AeB = Carry

; AB + A B = Sum

Half adder logic diagram using NOR gate

Note: Required number of NOR Gates to implement Half Adder = 5

Page 22 of 70
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Full Adder

A full adder is a combinational logic circuit that performs the arithmetic sum of
three input bits. It consists of three inputs and two outputs.

A e SUM (S)
8 Full adder
C— — Carry (C)

« The truth table for Full Adder: O
OUTPUT

- G
A B c@ | S C(0)
0 0 0 0 0 4
0 0 1 1 0 @
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0 O
1 0 1 0 1 K
1 1 0 0
1 1 1 1
Full Adder Trugh

o The logic diagram ull Adder:

Sum(S) =A%

Carry (Co) BC + AC
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A®B

R —

) >AeBeC=Sum
7.

—Y \\AB + %C + AC = Carry

=

Full adder logic diagram O
o Afull adder = 2 Half adder + 1 OR Gate ! 3
e Required minimum number of NAND gate to implement
o Required minimum number of NOR gate to imple@zw 9
Half Subtractor

1

Half e Differance (D)

c subtractor |, aorrow (8,)
Half subtractor K

« Logic Diagram of Half Subtracto

. Difference (D)

« Borrow (Bo) = . O
« Toimplementh or the total number of NAND/NOR are required

=5

erence (D)

Borrow (B,)

btrctor logic Diagram

Full Subtractor

It is a combinational logic circuit that performs subtraction involving three bit
namely minuend bit, subtrahend bit and borrows from the previous stage
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A ———eo Difference (D)
B Full
c—|subtractor|  _ gorrow (B,)

Full subtractor

. Difference (D) =4S BSC
Bormrow [B.;f]:EB—EC—BC:EB—[AEB].C

« A full subtractor = 2 half subtractor + 1 OR gate
« To implement full subtractor of NAND/NOR gates are required.z

3. Multiplexer (MUX)

« Itis a combinational circuit that selects binary informatic@n one of the
many input lines and directs it to a single output li ¢

« The selection of a particular input line is controll@ set of selection
lines.

« MUXis also called: Many to one, Data se Unwersal circuit, or Parallel
data serial.

« Multiplexing means transmitting a |a % er of information units over
a smaller number of channels or Jifte abbreviated as MUX.

« There are 2" input lines and n sgle@tion lines whose bit combinations

determine which input is s

ber of data inputs, and n = Number of

m = 2" implies n = log m wh r@l
select lines.

¢

2x1MUX:

Mux
(2x1) [—Y

S
2 x 1 MUX

« Implementation of one MUX using another MUX:
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Given | To be Implemented | Required Number
MUX MUX of MUX
2x1 4x1 3
2x1 8 %1 7
2x1 16 %1 15
2x1 64 =1 63
2x1 256 %1 255
2x1 2nx1 (2= —1)
Given | To be Implemented | Required Number of
MUX MUX MUX

2x1 4x1 3

4 =1 16 =1 4+1=5

41 64 = 1 l6+4+1=21
=1 64 = 1 8§+1=9

§x1 256 x1 32+4+1=37

4. Demultiplexer (DEMUX)

« Itis acircuit that receives inform
information on one of 2"

of n selected lines.

Input
lines
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Demux
(1x2)

To—

S(Select line)

Do =Sl

D =Sl
e The truth table of 1 x 2 Demux: 0
2
= Dy Iy
] 1
0

1 1

1 x 4 Demux: @

=

e The Truth table of 1 x 4 Demux:
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Input | Select Lines | Output Lines
I S1 8¢ Dy Dy D2 Ds
I 00 1000
I 01 0100
I 10 0010
I 11 00 01

« Circuit Diagram of 1 x 4 Demux:

s O
}}ﬂoo C)
| = &

-

o Q@

D

Circuit diagram for output lines
D, D, D,and D,
I‘IQ

5. Decoders

« A decoder is a combinational circuit that converts binary information
from n input lines to maximum 2n unique output lines.
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If the n-bit decoded information has unused or don’t-care combinations,
the decoder output will have fewer than 2" outputs.

The decoders presented here are n-to-m-line decoders, where m < 2". Their
purpose is to generate the 2" (or fewer) minterms of n input variables.

n Input — Decoder — | 2" Output

lines

(nx2") lines

Enable inputs O
n x 2" Decoder

2 x 4 Decoder: Q

e

Y, =AB
Y, = AB
Y, =AB

AB

7
O

A Yo Q
—Y
2x4 '
(2x4) Yy c

Ya
2x4 decoder TN

The Truth table of 2 x 4 oder:

HHGD}

o

ders

It is a combinational circuit that converts information into the coded form
(binary).

It is a digital circuit that performs the inverse operation of a decoder.

An encoder has 2" (or fewer) input lines and n output lines.

The output lines generate the binary code corresponding to the input value.

Page 29 of 70



30 www.jkchrome.com www.jkchrome.com www.jkchrome.com

2" Input — Encoder | ———| n Output
lines . (2" x n) : lines
Enable input

2n x n Encoder

Y

Sequential Logic Circuits O
1. Introduction O

e Sowentaleawt @ .

Input

The sequential circuit i

« Synchronqus'Sequential Circuit: Change in input signals can affect
memory,el s only upon activation of clock signals.

« Asynchro Sequential Circuit: Change in input signals can affect

lements at any instant of time. These are faster than the

nous circuit.

« Itis a one-bit memory cell which stores the 1-bit logical data (logic 0 or
logic 1).

« Itis a basic memory element.

« The most commonly used application of flip flops is in the implementation
of a feedback circuit.
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« As amemory relies on the feedback concept, flip flops can be used to
design it.

« Inthe synchronous sequential circuit, Memory elements are clocked flip
flops and generally edge triggered.

« Inthe asynchronous sequential circuit, Memory elements are unclocked
flip flops/time delay elements which are generally level triggered.

« Flip flop circuit is also known as bistable multivibrator or latch becausgg,it
has two stable states (1 state, 0 states).

For the electronic circuits, there are mainly four types of flip flops p@

« S-RFlip Flop (Basic Flip Flop)
« Delay Flip Flop (D Flip Flop)

« J-KFlip Flop
« TFlip Flop @ 4

Basic SR Flip Flop

« The Set-Reset (SR) flip flop is de@n the help of two NOR gates or

two NAND gates.
o SRFlip Flop is also called R

SR Latch Implementation U ir@l Gates:
s | *
Q
x

R—
Lo ram of SR latch using NAND gates
5 R Q
0 0 Invalid
0 1 1
1 0 0
1 1 Previous state
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Truth Table of Logic Diagram

SR Latch Using NOR Gates:

S .

| Gy —Q

R Gz —Q :
Logic diagram of SR latch using NOR gates Q

5 R 0] 'S

0 0 | Previous state @

0 1 1

1 0 0

1 1

Invalid KO

Truth Table of Logic Diagram

Clocked SR Flip Flop ImplemeG using NAND Gates:

It is also called a Gated@-Rflip Y The main problem with S-R flip flops is using
NOR and NAND gate i zh id state. By using a bistable SR flip-flop this
problem can be overco is can change outputs when certain invalid states

are met, regardless fth% dition of either the Set or the Reset inputs.

« SRFli g NOR Gates:

SR flip flop using NOR gates
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Clock | S R Q
0 ® 4 Qn
1 0 0 Q. — Hold
1 0 1 0 — Hold
1 1 0 1 — Hold
1 1 1 Invalid

Truth Table of SR Flip Flop

Characteristic Table @ *

~
o
o
+

H = = = OO O ot
= = O O = KF~”~ OO

*

Characteristi of SR flip flop

Present
tate state

Excitation Table
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Qv | Qw+1| S | R

0 0 0 X

0 1 1 0

1 0 0 1

1 1 b 0
JK Flip Flop

A JK flip-flop eliminates the indeterminate state of the SR type. InputS®¥and K is
similar to the inputs S and R to set and clear the flip-flop (In JK fli ‘e letter
J is set and the letter K is for clear). When logic 1 are applied tg'botQ"3and K

inputs simultaneously, the flip-flop switches to its complementState. If Q=1 then

it switches to Q=0 and vice versa. N
« JKflip flop using SR flip flop: @

¢
« JKflipflo ing NAND latch:
4{&_ e
CLK

K

b
>,

—
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« JKflip flop using NOR latch:

e
—— Q
=y ) D=0
—
Characteristic Table
J K Qn Qn+ 1
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1 O
1 0 1 1
1 1 0 1
1 1 1 0

Excitation Table

L 4
Qn | Qi+t
0
0 X
1 X
1 x | O

« Characteristic equation for JK flip flop:
Qr.—l = JQ:" + I_{Qr

D-Flip Flop

Page 35 of 70
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D flip flop is also known as a Transparent latch, Delay flip flop or data flip
flop. The D input goes directly to the S (J) input and the complement of the D
input goes to the R (K) input.

« The D-flipflop has only a single data input (D).
. If D =1, the flip-flop is switched to the set state (unless it was already set).
« If D=0, the flip-flop switches to the clear state.

3 QI 4=B O
CLK
<&
Truth Table

Clock | D Qni+1
0 X | Qn — Memory
1 0 D «— Reset K
1

1 1 «— Set
Characteristic Table O:

D Qn Qn + 1 %
0 0 0
0 1 0 \
1 0 1 ¢
1 1
Excitatj

- o = O|0
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« Characteristic equation for D-flop flop
Qn +1=D
T - Flip Flop

« The T flip-flop is a single input version of the JK flip-flop where T is
connected to both J and K inputs directly.

« When T =0, the flip flop enters into Hold mode, which means tha
output, Q is kept the same as it was before the clock edge.

« When T =1, the flip flop enters into Toggle mode, which me@o tput

Q is negated after the clock edge, compared to the valueG clock
edge.

CLK

Truth Table
Clock Qn+1 O:

T
0 X | Qn — Memo
1 0 | Qn — Hel
1 1 |1Q,—To

Characteristic T

o=

Excitation Table
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Qn+1

HHDDI‘O

T
0
1
1
0

= O = O

The characteristic equation of T-Flip Flop:

Qn+1=T @ Qn
« Race Around Condition: O

o The race around condition will occur in JK flip flo@J =K=1
and tpd (FF) < tpw.

o To avoid race around condition. @ 2

tow < tpd (FF) < Terk

3. Master Slave (MS) Flip Flop

circuit serves as a master an her as a slave. Input clock is applied

« A master-slave flip-flop is constr& two separate flip-flops. One
e
to master and Inverted clo p o slave.

r flip-flop is enabled on the positive edge of the clock pulse and
e flip-flop is disabled by the inverter.
information at the external J and K inputs is transmitted to the master

« When the pulse returns to 0, the master flip-flop is disabled and the slave
flip-flop is enabled. The slave flip-flop then goes to the same state as the
master flip-flop.

« Master is level triggered, and Slave is edge triggered

« No race around condition occurs in Master Slave flip flop.

« It stores only one bit.
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4. Flip Flop Conversions
The flip flop conversions are classified into different types which are:

o SR-FF to JK-FF Conversion
o JK-FF to SR-FF Conversion
o SR-FF to D-FF Conversion
o D-FF to SR-FF Conversion
o JK-FF to T-FF Conversion

e JK-FF to D-FF Conversion
. D-FF to JK-FF Conversion O

Procedure for Flip Flop conversion: Q

1. Conversion Table: Construct the characteristic t reguired flip flop
(unknown), and fill available (known) flip flop 10
q

2. Solve K map for given (known) flip flop as i uired flip flop as

output.

3. Implement the required flip flop usin own flip flop.
Example: Conversion from JK flip flop op is shown below.

D] Qu|Qu:s] K‘Q

0] o] o0 |oO Q

0 1 0 4

1 0 1

1 1 1 % 0

CLK.
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Characteristic Table

www.jkchrome.com

www.jkchrome.com

Other Conversion in Flip Flop circuits
JKtoD JKtoT JK to SR
J=D,K=D |J=K=T I=S
SR to JK SRtoD
S=JQ S=D
R=KQ R=D
D to SR Dto JK
D=S+RQ D=1Q+ KQ
T=1Q+KQ |T=SQ+RQ \TI=P=q
. 2
5. Registers
When a group of the flip flop is used to store a (a'group of bits) then it is

called register. To store n bits, n flip flops are casca
register, the binary information can be mo

in the register. Ifin a
tage to stage, this type of

V D)
registers is called shift registers. Accordi a movement in a register, shift
registers can be classified as

Serial Input Serial Qutput
2

Serial Input Serial Output
Serial Input Parallel Out

Parallel Input Serial

Parallel Input P&r

)
tp 0)
t (PIPO)
S0)
Dl Ql Do Qo_DM

> >
r a r @
Lse

1
2
3
4
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« Inregisters edge trigger circuit used to make circuit synchronous.

« If no clock is applied then get same data which is stored.

« In N bits SISO registers to provide N bits data, Serially in require N clock
pulse, and Serially out require (N-1) clock pulse.

Serial Input Parallel Output (SIPO)

r

Q, Q, Q Qs

input _} D, Q, | D, Q, I D, Q, I D, Q O
> D> P> P
I— Q, |—- Q, |—_ Q r Q,
SIPO DATA @ ‘

« To provide N-bit data: Serial in requires pulse, and
Parallel out requires no clock pulse

« SIPO can provide n x tci delay to the @
« SIPO can convert serial data or tefMp@saleode to parallel or serial code.

Parallel Input Serial Output (PIS&

]— D, Q, » Q,\— Serial
o
__> utput
Ql QU
N

PISO Data

V o

Control

. ntrol = 0 then it acts as parallel input;
control = 1 then it acts as serial output;
To provide parallel input, one clock pulse is required.
To provide N bits serial output, it requires (N-1) clock pulse.
PISO can convert special code to temporal code.

Parallel Input Parallel Output (PIPO)
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L= L= Le—=d L=

> > > >
l— Q, ‘> Q; r Q, |— Q
MSB LSB
CLK

PIPO data

« In PIPO register for parallel input number of pulse required is 1 clo ul
« In PIPO register for parallel output number of pulse required is 0 8lock
pulse.

« PIPO register cannot be used as a shift register.

« Itis used for temporal storage of datain microcontrolle@g etc.

Summary of Registers .
Type of Number of Pulses Number of @

Register | Required for Storage | Required -
of n-bits Input 0 ut
SISO n N
SIPO n 0
PISO 1 1
PIPO 1 0
6. Counter 0
« Acounteris a sgq i gic circuit capable of counting the number of
clock pulses arri its clock input.
« The sequenceg of colint may be ascending, descending or non-sequence.
. Foracou ircuit having n flip flops, Maximum possible states (N) = 2"
o IfN=20%t nter acts as a binary counter.
o If N< counter the non-binary counter.

is capable to count from 0 to 2"-1.

mber is the Number of states present in a counter is known as
dulus count or MOD number.

n-flip flops, the counter will have 2" different states then this counter is
aid MOD- 2" counter.

MOD-N Counter

« MOD number indicates frequency division obtained from the last flip flops.
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MOD-N
Counter

2=

« Cascaded two counters:

f » MOD-M MOD-N > —

MOD-MN Counter

« MOD-MN counter:

o Overall states of combined counter = MN

o Input frequency = f
o Output frequency f = f/(MN)

7. Classification of Counters

Based upon the applying clock pulse, coun

@0

lassified into two categories.

« Synchronous counter
« Asynchronous counter (ripplese )

Synchronous Counter

onous Counter

with same clock.
It is faster.
Design is complex.

All flip flops are triggered

ant clock is applied to
ent flip flops.

lower

I Design is relatively easy.

Decoding errors no

Decoding errors present.

Only fixed sequence can be
designed.
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Output
J Q f/2
>
F K Q
CLK
Logic symbol for toggle mode circuit O

<&
Output ——
2T ———|

Clock and output waveforms of J-K flip-

Other Toggle Mode Circuit O

N L
CLK CLK >
— K Q
C. D.
CLK >
— R Q-
E. F.
CLK (1) > 1—/7 Q—
Q CLK >
Q

9. Asynchronous Counter (Ripple counter)
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. Adifferent clock pulse is applied to different flip flops.

« Allflip flops are operating in toggle mode.

« Inasynchronous counter flip flop applied with external clock acts as LSB
bit.

3-bit Ripple Up Counter

f/2 f/a f/8
1—J, Q. Q. J; QI

I,
—> — —>
CLK — ] — Ko 60 1 6[ K; 62

= = Q

Input clock is applied at LSB bit. 14

It n-bit ripple counter maximum possible sta s

Bit ripple up counter counts from 0 to 2"

If all states are used then with input freq@@ncys, then output frequency will

be f/2"
« Calculation of Time Period of Flip hl¢ % -bit ripple counter if
propagation delay of each flip flopiis tp&@#F), then the time period of the

Tak 2 N4er)

‘%
1
Fa = —

pd(FF ¢
o Maxim k Frequency:
¢ d :1

NEpa(er)

« Due to propagation delays of flip flops decoding errors are present.
« Clear and preset are known as asynchronous input to flip flop.
« Inany ripple counter, the following conditions will fulfil

o Negative edge trigger and Q as clock = up counter

o Positive edge trigger and Q as clock = up counter
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3-bit Ripple Down Counter

1—T, Q, T, Q, T Q,
CLK Q, Q. Q.
LSB MSB
« Positive edge trigger and Q as clock = down counter O
« Negative edge trigger and Q as clock = down counter

Non-binary Ripple Counter Q

Decode counter or BCD counter is an example of a non I c%unter. It requires
4 flip flops.

« Used state =40 and Unused states = 6 — (2-10)
« Output fre 3t BED counter = f/10

e Form inary counter clear (clr) signal is used.
e Clrj ive figh, and (clr)' is active low.
10. Sy us Counters

IM%RiS\type of counter, there are no connections of the first flip flop output to a
clock hput of the next flip flop.

Ring Counter: It is a circular shift register with only flip flop being set at any
particular time, all others are cleared. It is a shift register with feedback.
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l_ /4 /4 f/a
D, Q, D, Q, D, Q, D, Q f/4
Q. Q Q Q.
CLK CLK MS8 LS8
(n

« With n flip flops maximum states = n.
« Number of unused states in-ring counter =2" — n

« Maximum Clock Frequency: If the input frequenc@hm at the output of

« In-ring counter, if the feedback is used the number of stab@ced.

every flip flop we get f/N frequency. In-ring coun f the propagation
delay of each flip flop is tpd(rr) then

Tak = Grr)

Johonson Ring Counter: Jhonsop ri &ter is also called as a Twisted ring
counter, Switch tail counter, Crew er, or Mobies counter.
D>
".(, o
LS8

. - bit Jhonson counter maximum used states = 2n, unused states = 2" -
n.
. If the input clock frequency is f, the output frequency of each flip flop is f
/2n and the duty cycle is 50%.
« A disadvantage of Jhonson Ring Counter: Lockout may occur. To decode
each state one, two-input AND or NOR gate is used.

Logic Family
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1. Integrated Circuits

« Integrated circuits (ICs) are chips, pieces of semiconductor material, that
contain all of the transistors, resistors, and capacitors necessary to create
a digital circuit or system.
« The first ICs were fabricated using Ge BJTs in 1958.
o Jack Kirby of Texas Instruments, Nobel Prize in 2000
o Robert Noyes of Fairchild Semiconductors fabricated the firstSi |
in 1959.

Integration Levels: O

« SSI Small scale integration [12 gates/chip] Q
« MSI Medium scale integration [100 gates/chip]

. LSl Large scale integration [1K gates/chip] 2
« VLSI Very large scale integration [10K gates/
« ULSI Ultra large scale integration [100K gateS§/c

Moore's Law:

« A prediction made by Moore (a c@of Intel) in 1965: “... a number of
r 4

transistors to double every 2

Characteristics of digital circb
« Fanin:

o Faninis of inputs connected to the gate without any
degradation voltage level.
Fan out:

o

er dissipation is a measure of power consumed by the gate
hen fully driven by all its inputs.
agation delay:
o Propagation delay is the average transition delay time for the signal
to propagate from input to output when the signals change in value.
It is expressed in ns.
Noise margin:
o Itis the maximum noise voltage added to an input signal of a digital
circuit that does not cause an undesirable change in the circuit
output. It is expressed in volts.
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(a) Fan-out N

M
} N s (b) Fan-in M

Y
YYYY

2. Logic Families

@ ent different logical functions
oltage levels for logical levels and for

Logic families are sets of chips that m
but use the same type of transistors
the power supplies. These famili

voltage & current levels. The mo ely’'used families are:
« DL (Diode- logic)

« DTL (Diode-tr ic)

. r logic)

. istor logic)

. upled logic)

. oxide semiconductor)

. mplementary Metal-oxide semiconductor)

IC Terminology
Vo Parameters:

« Viu(min): high-level input voltage, the minimum voltage level required for a
logic 1 at an input.

« Vii(max): low-level input voltage

« Voun(min): high-level output voltage

« Vor(max): low-level output voltage
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« For proper operation, the input voltage levels to a logic must be kept
outside the indeterminate range. Lower than VIL(max) and higher than
VIH(min).

Noise Margin:

« The maximum noise voltage that can be tolerated by a circuit is termed its
noise immunity (noise Margin)

Vee Vee O

Output

Logic 1

Abnormal
Operation

Logic 0 Logic 0

Current P ters:

— Current flowing into an output in the logical “1” state under specified
conditions
« YoL — Current flowing into an output in the logical “0” state under specified
load conditions
« liu — Current flowing into an input when a specified Hl level is applied to
that
input
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« I — Current flowing into an input when a specified LO level is applied to
that
input

4. Diode Logic (DL)

« simplest; does not scale
« NOT not possible (need an active element)

Vog=3V
3
I e O

5. Resistor-Transistor Logic (RTL)

« replace diode switch with a transi h
« can be cascaded
« large power draw

Vool BV

* ka

ouT

Typically 2N2222

1 r 3

6. -Transistor Logic (DTL)
« essentially diode logic with transistor amplification

« reduced power consumption
. fasterthan RTL

Page 51 of 70



52 www.jkchrome.com www.jkchrome.com www.jkchrome.com

lwva : T
S
Ry 2 (2E0) 1 (D2 Re

DL AND gate Saturating inverter O
7. Transistor-transistor logic (TTL) O

« based on bipolar transistors one of the most wid@d‘amilies of small-

and medium-scale devices — rarely used for VLS
« typically operated from a 5V supply
« typical noise immunity about1 - 1.6 V

« many forms, some optimised for speedgppOwer, etc.
« High-speed versions comparable t (~1.5ns)
« low-power versions down to aboyl 1 mM#gate

TTL NAND Gate:

is forward biased.
junction is FB,

2 is at Low voltage
is causes base-emitter junction of Q2 to be RB, so Q2 goes in cut-

o ‘Hence outputis 5V or logic ‘1’
. n all inputs = logic ‘1’
Q1 emitter junction is RB.
so Q1 goes in cut-off.
Its collector voltage increases
This forward biases Q2,
so Q2 goes into saturation
Hence output is OV

o O O O O O
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| <

Input,,

%o

-‘—iOO>
OoO|l—=10|m

A TTL NAND ga offen’tollector output:

e previous circuit.
as an emitter follower. The output of Q2 is fed to the input of
ector of Q2 and Q3 are in phase.

circuit needs an external ‘Pull- up’ resistor between output and power
upply.

« The disadvantage of open- collector gate is their slow switching speed.

« The pull-up resistance is few kilo ohms. Gives a relatively long time
constant, when multiplied by the stray output capacitance.
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« Is worst when output goes from low to high.

o < Vee =3V —¢— Ve or
external supply

L]
! External
L]

) pull-up

[ .
) Tesistor
-

3

—— ol

TTL NAND gate with totem pole (active pull-up

« Inthis circuit Q1 and the 4KQ resisto ik&a 2 input AND gate. The

remaining circuit acts like an inve % sistors Q3 & Q4 form a totem-
pole i.e.one NPN transistor in se with another.

« With a totem-pole output Q3 or Q4 is on. When Q3 is ‘on’
output is high. When Q4 utput is low. If A or B is low, the Q1

conducts and the base Q2 is almost zero.

e Q2 cuts off, henc o cut off. Q3 base is high, Q3 acts as an
emitter foIIowe? Y’ is high.

« If Aand B are hig oes not conduct (cut-off), Q2 base goes high
(saturation). Q4 goe into saturation hence output is low.

o Thedrop Di6dé'D3 keeps the base emitter diode of Q3 reverse
biase is off or else it conducts slightly when output is low.

« No Q onducts when output is low. Totem pole transistors produce

ut impedance. When Q3 is conducting the output impedance is
prex70 Q. When Q4 is saturated the output impedance is only 12 Q.
ce the output impedance of a totem pole circuit is low.
ny stray output capacitance is rapidly charged or discharged through the
ow output impedance. Hence the output can change quickly from one
state to the other.
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Vee =5V

130Q

DlxtDZ
1kQ

2
Types of TTL:

o Standard TTL
o typical gate propagation delay @ and a power dissipation of 10
mW per gate, for a power—del @ duct (PDP) or switching energy
of about 100 pJ

Low-power TTL (L)
o slow switching speed{(33n

o reductionin powe@ ption (1 mW) (now essentially replaced

by CMOS logic)
High-speed TTL‘
o faster switehi standard TTL (6ns)
o but significa igher power dissipation (22 mW)
Schottky TTL P
o use ttky diode clamps at gate inputs to prevent charge
and improve switching time. A Schottky diode has a very low
ard-voltage drop of 0.15-0.45V approx (silicon diode has a
oftage drop of 0.6-1.7V). This lower voltage drop can provide
igher switching speed.
Faster speed of (3ns) but had higher power dissipation (19 mW)
w-power Schottky TTL (LS)
o used the higher resistance values of low-power TTL and the
Schottky diodes to provide a good combination of speed (9.5ns) and
reduced power consumption (2 mW), and PDP of about 20 PJ.

8. Emitter-coupled logic (ECL)
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« based on bipolar transistors, but removes problems of storage time by
preventing the transistors from saturating

. very fast operation - propagation delays of 1ns or less

« high power consumption, perhaps 60 mW/gate

« low noise immunity of about 0.2-0.25V

« used in some high-speed specialist applications, but now largely replaced
by high-speed CMOS

18K Differential e e
A "z? Amplifier using
Toet and vet (T, 79, TH

Input:

. tis at the base of the transistor. The emitter of Trer and input
ransistors couples together. [Hence the name]
o ECL basic gate is OR/NOR gate
« If anyinput is not connected, the transistor Ti base-emitter will be at cutoff.
Therefore, it will be taken as low logic level

Output:
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« The outputs (Tor and Tnor) are taken from the emitters of each transistor.
The collector of Tor and Tnor connects to GND in the CC amplifier mode
(also called emitter-follower mode).

« The emitter gives the output, which also connects to -Vee through a
resistance R (~1.5kQ)

Differential Amplifier:

« Thereis transistor T, which forms a differential amplifier pair betwiee

and the parallel circuits of Ta, Tg, Tc. T gets the input referenc e
(Vr =-1.15V) from a reference supply circuit. Q

« The pairs amplify the difference of base voltage of Ta (0 0 and Vref.

« The emitters of the differential amplifier pairs connect t@ a common
resistance Re (~1.8kQ) and to the —=Veg(~ -5V)

Emitter Follower (CC) amplifier:

« The collectors of (Ta, Ts, ... ) are also co
« Common- collectors of the differentia '
resistance RC (~267Q) to the GND

Working:

fiepairs connect through a

« Consider Tc and Tref
o Case 1:let all Vip :-1.6¥. But Vier = -1.15V, so Vin is low and Vs logic
high, So Tcg incu nd Trer in normal inverting mode.
o So Tor g& Wre logic LOW, it is cut off and Y=-Vee (LOW)
Y7V (HIGH), Vief = -1.15V (LOW).
verting mode and Tre is in the cutoff. —Vee is

aster speed (2 ns propagation delay) of operation than TTL (10 ns), 74S
TL(3 ns)

« More power dissipation (50 mW/gate) than TTL (10 mW), 74S (19mW)
« Noise Margin at “1’or ‘0'output and input = 0.4V (- 1.7V and - 1.4V)

Transfer Characteristics of OR:
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9. MOS inverter
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« nMOS Inverter:

o when a=1’, nMOS conducts, so F=0’

o When a=0’, nMOS is cut-off, so F=Vcc=logic 1’
e PpMOS Inverter:

o when a="1", pMOS is cut-off, so F='0’
o When a='0’, pMOS is on, so F=Vcc=logic ‘1’

Veeo

Vece
=]
3 —
+—
1S = .
NMOS PMOS @
NOT gate

NOT gate

Advantages and Disadvantages of MO

« Advantage:

o only a single type of Si
« Disadvantage:

o as current flowg tRkough the resistor in one of the two states, more
power cops ion 1S their processing speed is slow

nMOS NOR

When any input is ‘1’

. So, it can be fabricated at low cost.

NAND and NOR wi

nMOS NAND
When any i

. ding of MOS is off, « Corresponding MOS is on, So

F=Gnd="0’

h inputs are ‘1’ When both inputs are ‘0’

e BothMOSison.F=Gnd =0’ « Both MOS are off. Out = VDD =

l1l
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10. Complementary metal oxide semiconductor (CMoz *
|

« most widely used a family of large-scale devij

nes high speed

www.jkchrome.com

with low power consumption usually oper frofm a single supply of 5 -

15V
« excellent noise immunity of about 30% G supply voltage
« High fan-out: can be connected t % umber of gates (about 50)
« CMOS gates have equal no.of and nMOS
« CMOS inverter has a very INPUt vesistance

CMOS inverter: O
« Upperis pMOSgio :
« When Vi, = HIGH, MOS on, Vout =LOW

« When Vin = L@W, Upper MOS on, Vout = Vd = HIGH
L 2

p-channel

Vin —O Vout

n-channel

Advantages of CMOS:
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« This configuration greatly reduces power consumption since one of the
transistors is always off in both logic states.

« Processing speed can also be improved due to the relatively low
resistance compared to the nMOS-only or pMOS-only type devices.

« High Fan-out (usually 50)
« excellent noise immunity

NAND and NOR with CMOS
CMOS NAND CMOS NOR
If A="1"and B="1’ If A="0" and B='0’

« Upper parallel nMOS is off, lower
series pMOS are on, so C=Gnd="0’

is on, lower
parallel p re off, so C=V4a="1"

If any A or B or both are ‘0’

« Upper (any or both) parallel nMOS is
on, lower series(any or both) pMOS
are off, so C=Vgq =1’

ND NOR

11. Logic families: Comparison

If any A Wth are ‘1’

Upper (any or both) series nMOS is
f, lower parallel (any or both)
pMOS are on, so C= GND=0’
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T ECL CMOS

Base Gate NAND OR/NCR NAND/NOR
Fan-in 12-14 >10 >10
Fan-out 10 25 50
Power dissipation (mW) 10 175 0.001
Noise Margin 0.5V 0.16V 1.5V

(lowest) (Highest)
Propagation Delay (ns) 10 <3 15

lowest Highest

Data Converters

Noise immunity Very good |good excellent O

versa. We can get analog from digital through DAC and t digital from

DAC and ADC: It is possible to convert the analog signz@;i | and vice-
analog through ADC.

Digital to Analog Converter (DAC): D/A convertek, (alSe called a DAC) accepts an
n-bit digital word and produces an analog .

Aebit [ pa— K
bin b1o—
ary DAC ———o Vg = output
input bt C
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DAC
|
. '
stor R-2R \adder
D/A converter D/A converter
' R
Normal ladder type Inverted ladder type
|
' -t
Non-inverting Inverting
OP-amp type OP-amp type

Weighted Resistor DAC (N — bit): O

« ADAC can be constructed by using a Summing AmpIifie@ set of
resistors R, 2R, 4R, 8R, etc as its inputs.

« The circuit consists of a reference voltage Vi, N aghted resistors
R, 2R, 4R, 8R, ..., 2NDR, N single-pole doubl itches, and an Op-

amp together with its feedback resistanc = )
« The switches are controlled by an N-bit digita ut word D.

O
RS
L
N

2!\-’

2! 2?
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uracy of the DAC depends critically on the accuracy of the

rence voltage, the precision of the binary-weighted resistors, and the
erfection of the switches.

disadvantage of the binary-weighted resistor network is that for a large
number of bits (N > 4) the spread between the smallest and largest
resistances becomes quite large. This implies difficulties in maintaining
accuracy in resistor values.

R - 2R Ladder DAC: Non-Inverting OP-amp type DAC
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—oV,

LSB ' I .
| Tl O
Circuit diagram of R-2R Ladder DAC @ .
+ W i R A

\S - .
V,=—= 2‘bi|1+ l
2’ R,

2R q —oVe
2R 2R 2R

& LI N7
|
~ oV, =
Circuit Slagram of inverting amplifier using R-2R ladder

Inverted Ladder R — 2R Circuit
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Clrcult diagram of inverted ladder R-2R

- (N1 AT
L =2x| 2|2 Q

b
AAAAA
\ A A A B

v

Vo= [;_Rf :]lf

1""1 (N-1
W 0= .-}_\ » Z

- L i=0

Specifiga for DAC:

olution in DAC is changed in analog output with corresponding to 1
SB bit increment at the input.
« Resolution = weight of LSB =
« V=Voltage corresponding to logic N = Number of bits.
« Analog Output Analog output = resolution x decimal equivalent of binary
data
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« Maximum Analog Output Voltage (Vrs) Vrs is the maximum analog output

voltage of DAC.

T "ITI I-"}--— | T

Ve=gx(27 )=V,
Ves =V

« Percentage Resolution:

%R =

o Maximum Error Maximum error acceptable in ADC ?Ed Dﬁ quals to

1
> 100
1

resolution.
« Resolution (R-2R ladder type)

V.
N O
Analog to Digital Converter: K
« A/D converter (also calle D ccepts an analog sample Vaand

produces an N-bit digitalfwor
« Examples of AD
and a digital oseill
« Types of A/D ConVertess: Dual Slope A/D Converter, Successive
Approximatian A/D verter, Flash A/D Converter, Delta-Sigma A/D
Converter,@tc\ ¢

gital volt meters, cell phone, thermocouples,

Counter type'ADC*

'r )—cw”"w

CLK Digital
....... || output

Va

DAC

Circuit diagram of Analog to Digital Convertor (ADC)
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« In N-bit counter type ADC:
o Maximum number of clock pulses required for conversion = 2N -1
o Maximum time required for conversion = (2N -1) Tcik
o Minimum number of clock pulses =1
o Average number of clock pulses = 2N

Successive Approximation Type ADC:

« Itis faster than digital ramp ADC.
« Conversion time (tc) is independent of the value of the analog i oltage
V) 6

« It has fixed conversion time. Q
Va

<
Up
[_D_ Counter
CLK ] .
S0OC: Start of Conversion
EOC: End of Conversion ;
« Maximum number of cl s = N for conversion
« Maximum conversiongti =N.Tck
L 2
Flash Type ADC:
« Itis also known asgPatallel-comparator type ADC or Simultaneous
converter.
« ltishi eed ADC (fastest ADC)

| component
N -1 comparators to compare the input signal level with each of
possible quantization levels.
outputs of the comparators are processed by an encoding-logic block
provide the N bits of the output digital word.
« Complete conversion can be obtained within one clock cycle.
« For N-bit comparator:
o Total number of comparators = 2N -1,
o Total number of resistors = 2N,
o Total number of priority encoders =1 (2N x N)
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2-bit Flash Converter:

Vio v,
R B

HP e B P
i1 @
ST

QO

Dual Slope Integrating Type ADC:

« It has slowest cen ieRtime but has relatively low cost.
« The following components are present in the Dual slope A/D converter:

ally Céntrolled Switches
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Circult diagram and output

of dual slope Integrating ty

V, =

-t N

where, n = Count recor

Dual Slope Inte

Ll I 0
2
GX e counter.
T¥p

DC:

f clock pulses = 2N+ n
number of clock pulses = 2N + 2N -1 =2N+1-1==2N+1

Maximum Feature
Number of
Clock Pulses
Counter type 2N -1 -
SAR N
Flash 5 | Faster
Dual slope 2N+ 1 Most acurate
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