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BINARY ARITHMETIC

Binary arithmetic is essential part of all the digital computers and many other digital system.
Binary Addition

It is a key for binary subtraction, multiplication, division. There are four rules of binary addition.

In fourth case, a binary addition is creating a sum of (1 + 1 = 10) (hear 10 value is 2.
27N0*0+2”1*1=2) i.e. 0 is written in the given column and a carry of 1 over to the next column.

Example — Addition

0011010 + 001100 =00100110 11 carmry
0011010 =;

+0001100 =1

0100110 =38w

Binary Subtraction

Subtraction and Borrow, these two words will be used very frequently for the binary subtraction.
There are four rules of binary subtraction.

Example ~ Subtraction

0011010 - 001100 =00001110 11 bomow

0014010 =261
.-0001100 =12w0

————————
[}
o

0001110 =141
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Binary multiplication is similar to decimal multiplication. It is simpler than decimal multiplication
because only Os and 1s are involved. There are four rules of binary multiplication.

Example — Multiplication

Example:
- 0011010 x 001100 =100111000
‘ 0011010 =26i0
x0001100 =12

0000000
0000000
0011010
0011010
0100111000 =312w

Binary Division
Binary division is similar to decimal division. It is called as the long division procedure.
Example — Division

101010 /000110 = 000111
111 =7w
mmﬂh,4b1o1o =421
-110 =610
1001
-110
110
©110.

Gray code
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The reflected binary code or Gray code is an ordering of the binary numeral system such that two
successive values differ in only one bit (binary digit). Gray codes are very useful in the normal
Sequence of binary numbers generated by the hardware that may cause an error or ambiguity during
the transition from one number to the next. So, the Gray code can eliminate this problem easily
since only one bit changes its value during any transition between two numbers.

Fh‘ay Code system is a binary number system in which every successive pair of numbers differs
In only one bit. It is used in applications in which the normal sequence of binary numbers

generated by the hardware may produce an error or ambiguity during the transition from one
number to the next.

Gray code is not weighted that means it does not depends on positional value of digit. This cyclic

variable code that means every transition from one value to the next value involves only one bit
change.

Gray code also known as reflected binary code, because the first (n/2) values compare with those of
the last (n/2) values, but in reverse order.

Therefore, Gray codes are as following below,

Jypu———

. o
1 1 X)) 01 001 001
énlo ;“ 010 L . i011

no 10 ot o010

'166_ 110

101 111

10 ., 101
- 111 ) 100 |
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0 0000

| 0001 0001
2 0010 0011 v
3 0011 0010 -
4 0100 0110
5 0101 0111
6 0110 0101 °
. 0111 0100
8 1000 1100
9 1001 . 1101
10 1010 1111
11 1011 - -1110
12 1100 1010
13 1101 1011
14 1110 : 1001
15 1111 - ~1000

Boolean Algebra

Boolean Algebra is used to analyze and simplify the digital (logic) circuits. It uses only the binary
numbers i.e. 0 and 1. It is also called as Binary Algebra or logical Algebra. Boolean algebra was

invented by George Boole in 1854,

Rule in Boolean Algebra
Following are the important rules used in Boolean algebra.

I's
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Variable used can have only two values. Binary 1 for HIGH and Binary 0 for LOW.

Complement of a variable is represented by an overbar (-). Thus, complement of variable B
is represented as B. Thusif B=0then B =1and B=1then B =0.

ORing of the variables is represented by a plus (+) sign between them. For example ORing
of A, B, Cisrepresentedas A+ B +C.

Logica_l ANDing of the two or more variable is represented by writing a dot between them
such as A.B.C. Sometime the dot may be omitted like ABC.

Boolean Laws
There are six types of Boolean Laws.
Commutative law

Any binary operation which satisfies the following expression is referred to as commutative
operation.

()AB=B.A (i)A+B=B+A

Commutative law states that changing the sequence of the variables does not have any effect on the
output of a logic circuit.

Associative law

This law states that the order in which the logic operations are performed is irrelevant as their
effect is the same.

m (ABIC=A(BC) (i) (A+B) + C=A+(B+C)

Dnstributwe law

Distributive law states the following condition.
A.(B +C)=AB+AC ’

AND law
_ These laws use the AND operation. Therefore they are called as AND laws.

(i))A0=0 (A1=A

(i) AA=A (VJAA=0
OR law

These laws use the OR operation. Therefore they are called as OR laws.

(lA+0=A (ifA+1=1

(i) A+A=A (V) A+A=1

- -
.
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INVERSION law

This law uses the NOT operation. The inversion law states that double inversion of a variable
results in the original variable itself.

>

=A

De Morgan has suggested two theorems which are extremely useful in Boolean Algebra. The two
theorems they are

AB=A+B

NAND = Bubbled OR

—rrr—

A+B=A.B
NOR= Bubbled AND .

Logic Gates

Digital systems are said to be constructed by using logic gates. These gates are the AND, OR, NOT,
NAND, NOR, EXOR and EXNOR gates. The basic operations are described below with the aid
of truth tables.

AND gate
2 Input AND gate
Al B AB
0] 0 0
| 0 | 1 0 _ = —
110 0
1 1 1

The AND gate is an electronic circuit that gives a high output (1) only if all its inputs are high. A
dot () is used to show the AND operation i.e. A.B. Bear in mind that this dot is sometimes omitted
i.e. AB

OR gate
2 Input OR gate
Al B A+B
0 0 0"
8] >—"" o -
’ 1 0 1
OR 1 1 1
The OR gate is an electronic circuit that gives a high output (1) if one or'more of its
inputs are high. A plus (+) is used to show the OR operation., .
NOT gate
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NOT gate

A ‘-I>O— A A ? A
0 1

NOT 1 0

The NOT gate is an electronic circuit that produces an inverted version of the input at its
output. It is also known as an inverter. If the input variable is A, the inverted output is
known as NOT A. This is also shown as A', or A with a bar over the top, as shown at the
outputs. The diagrams below show two ways that the NAND logic gate can be configured to
produce a NOT gate. It can also be done using NOR logic gates in the same way.

A—{ »—7 s I Sy

NAND gate
2 Input NAND gate
Al B|] AB
A 0]0 1
B :)0— AB 0| 1 1
1|0 1
NAND 1111 ©
This is a NOT-AND gate which is equal to an AND gate followed by a NOT gate. The
outputs of all NAND gates are high if any of the inputs are low. The symbol is an
AND gate with a small circle on the output. The small circle represents inversion.
NOR gate
2 Input NOR gate
AlSB
0l O 1
8] o—A®
0 |1 0
B A 110 0 _ —
NOR 1|1 0
This is a NOT-OR gate which is equal to an OR gate followed by a NOT gate. The
outputs of all NOR gates are low if any of the inputs are high. :
The symbol is an OR gate with a small circle on the output. The small circle represents
inversion.
EXOR gate
2 Input EXOR gate
| A | B A®B
‘ 0 |0 0
A
0 1 1
B :jD—A@B 1 | O 1.
EOR 111 0 o
The 'Exclusive-OR’ gate is a circuit which will give a high output if either, but-not
both, of its two inputs are high. An encircled plus sign (®) is used to show the EOR
operation.
EXNOR gate
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A
B

The ‘Exclusive-NOR' gate circuit does the opposite to the EOR gate. It will give a low output
if either, but not both, of its two inputs are high. The symbol is an EXOR gate with a small circle
on the output. The small circle represents inversion.

ENOR

Y3

2 Input EXNO
Al B
0 0
A®B 0|1
1 0
1 1

-=10|0]|—

Table 1: Logic gate symbols

" Table 2 is a summary truth table of the input/output combinations for the NOT gate together w1th
all possible input/output combinations for the other gate functions. Also note that a truth table with

A
AND
"
i >
NAND

A___{>o__ﬁ

NOT

B) >——mB
B

OR
A -
) do—"®
NOR
A
EOR
A— 1\
B ASB
- 1
ENOR

'n’ inputs has 2" rows. You can compare the outputs of different gates.
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Combinational Logic Gates

One or Moce
Outputs

Output = f(inpu

Combinational Logic Circuits are made up from basic logic NAND NOR or NOT gates that are

“combined” or connected together to produce more complicated switching circuits. These logic
gates are the building blocks of combinational logic circuits. An example of a combinational circuit
is a decoder, which converts the binary code data present at its input into a number of different
output lines, one at a time producing an equivalent decimal code at its output.

Combinational logic circuits can be very simple or very complicated and any combinational circuit
can be 1mplemented with only NAND and NOR gates as these are classed as “universal” gates

The three main ways of specifying the function of a combmatlonal' logic circuit are:

. 1.Boolean Algebra — This forms the algebraic expression showing the operation of the logic
circuit for each input variable either True or False that results in a logic “1” output.

- 2.Truth Table — A truth table defines the function of a logic gate by providing.a concise “St
that shows all the output states in tabular form for each possible combination of input variable -
that the gate could encounter.
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» 3. Logic Diagram — This is a graphical representation of a logic circuit that shows the wiring
and connections of each individual logic gate, represented by a specific graphical symbol, that
implements the logic circuit.

and all three of these logic circuit representations are shown below.

Logic Gates |
A (AB) Boolean Expression
Digtal B | Q = (AB).(A+B).C
In puts

Output (Q)

(A+B})

Logic Diagram

Typical
Truth Table

As combinational logic circuits are made up from individual logic gates only, they can also be
considered as “decision making circuits” and combinational logic is about combining logic gates
together to process two or more signals in order to produce at least one output signal according to
the logical function of each logic gate. Common combinational circuits made up from individual
logic gates that carry out a desired application include Multiplexers, De-

j . . .  and Half Adders-etc.
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5V

Resister

C

Transistor

Diode

P ‘

Transistor

(a)

Output

?SV

f—
N P-type transistor
——]

Figure 8.7 | (a) TTL output circuit; (b) CMOS output circuit.

Boolean Expressijon Generation

Somrctimes it is more convenient to express
two mcthods for direcdy obtalning the Boolean expression from the given truch table are discussed nexx.

Sum-of-Products Method

Jrom Truth Table '
the compleoe input/output combinations with a cwruth table. The

hﬁkmﬁﬁo&mmmb:wmdunmofproducuocnalnlnganmblntdonsof:helnpuu
For example, three AND gates driving two OR gates give an output of

— >
D

X=(@A-B-C)+@A-B-C)+(A-8-T)

(®)
A '/i' B AB %.8 28
(4] 1 1 1 1
0 1 (] 4] 1]
(L)
Figure 8.10 | (a) Combination of four NAND gates; (b) the truth table. '
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0 0 0 1 i5-T
¢ 0 i 1 A8.C
¢ 1 0 L _4-8-¢
] 1 1 i 4.5:C
1 0 0 1 AB-C
1 0 | 1 ABC
| 1 0 | ABC
) 1 1 1 A-B-C

Tabilo £.1¢ | Gombinmtions ofinputs and lagial operations for geting
B 2600 output o

A+B

0 a 0

0 1 o A+B
1 0 o A+
1 1 0 A+E

If we Fores « product for every row In dhe eruth table that reruhs in an oucpux of 1 and rake the sur of
prodisces, the complete logic of the table can be sepreseneed. I varisble bas value 0, the lverse fiem s used
 and 't bat value 1, ¢he normsl form b used. Suppose we bave theinputs A = 0, 5= 1, C = 1 and outpue
XelfAF], Bwmland C m ] then the output X = 1) the product is X = 48 C.

‘Tahle B.18 shows the various combinarions for getting an output of 1 for & threcvariable wuth cable.

Product-of-Sums Method | , ‘ . |
In this method, an owrput can bettpmﬁu:pmduaofmmmmﬂnlngmﬁmﬁmnhbc tnpum.
-Farmtt‘t[ﬂv,thMOR@IEdMgthD'mgiwmuﬂqmﬂﬂchunbewwdppm&mul'
suem 93 follows: : : |

‘X s (A+B+C) (A+8+C)-A+B+T)
If we fotm a sum for every row i the truth task chat resules in an ourput of 0 and take the product of

the sums, the complese logic of the table st be represented, Table B.19 shows the various combinations of

inputs fot getting an ourpux of O for two-vaciable truth wahle.
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Kamaugh Map

In previous chapters, we have simplified the Boolean functions using Boolean po;tulates and
theorems. It is a time consuming process and we have to re-write the simplified expressions after
each step.

To overcome this difficulty, Karnaugh introduced a method for simplification of Boolean
functions in an easy way. This method is known as Karnaugh map method or K-map method. It is
a graphical method, which consists of 2° cells for ‘n’ variables. The adjacent cells are differed only
in single bit position. '

K-Maps for 2 to 4 Variables

K-Map method is most suitable for minimizing Boolean functions of 2 variables to 5 variables.
Now, let us discuss about the K-Maps for 2 to 5 variables one by one.

2 Variable K-Map

The number of cells in 2 variable K-map is four, since the number of variables is two. The
following figure shows 2 variable K-Map.

YZ 0 1

YZ
0 [ Mgl My 00 01 11 10
1 | my| my or Mg | My | M3} M2

« There is only one possibility of grouping 4 adjacent min terms.

« The possible combinations of grouping 2 adjacent min terms are {(my, m,), (my, mj3), (mo,

__mp) and (my, m;)}. S

3 Variable K-Map

The number of cells in 3 variable K-map is eight, since the number of variables is three. The
following figure shows 3 variable K-Map.

XYZ 00 01 11 10

0 |Mg| M| mM3f My

i Mmyg| Mg| My Mg

« There is only one possibility of grouping 8 adjacent min terms.

« The possible combinations of grouping 4 adjacent min terms are {(mo, m;, my, m,), (my, ms,
my, m6)1 (mO, m,, my, mS)a (mla m3, Mg, m?): (mJ: my, My, m6) and (mla Mo, m(h rn-d)}
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« The possible combinations of grouping 2 adjacent min terms are {(mo, my), (my, m3), (ms,
ng,} (mg, mg), (M, ms), (ms, M), (m, me), (Mg, my), (Mo, M), (M, Ms), (m;, my) and (my,
Me);.

« If x=0, then 3 variable K-map becomes 2 variable K-map.
4 Variable K-Map

The mgmbcr of cells in 4 variable K-map is sixteen, since the number of variables is four. The
following figure shows 4 variable K-Map.

YZ
wx N, 00 01 11 10

00 | mo| My | Ma| M2

01 | m4| ms| M7| Me

11 | mp| Mya|Mys)Mi14

10 | mg | Mg |Myy mlg‘

« There is only one possibility of grouping 16 adjacent min terms.

. Let Ry, Ry, R; and Ry represents the min terms-of first row, second row, third row and fourth
row respectively. Similarly, C,, C,, Csand C,represents the min terms of first column,
second column, third column and fourth column respectively. The possible combinations of
grouping 8 adja'cent min terms are {(Rh RZ)’ (R2s R3)s (RS’ R4): (R4’ Rl)s (Cl: 02)’ (Cls C3)’

(Cs, Ca), (Co, C1)}-

. If w=0, then 4 variable K-map becomes 3 variable K-map.

|
|
!
\

Applications of logic gates

Logic gates are used in 1.parity Generators
9. coffee or tea vending machine

3.code converters

1. parity Generators:

The parity generating technique is one of the most widely used error detection techniques for the
data transmission. In digital systems, when binary data is transmitted and processed , data may be
subjected to noise so that such noise can alter 0s (of data bits) to 1sand 1sto Os. -

Henice, parity bit is added to the word containing data in. order to make number of 1s either even or

odd.Thus it is used to detect errors " during the transmission of biniary data .The message containing
the data bits along with parity bit is transmitted from transmitter node to receiver node.

At the receiving end, the number of 1s in the message is counted and if it doesn’t match with the
transmitted one, then it means there is an error in the data. .

22
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Hence, parity bit is added to the word containing data in order to make number of 1s either even or
odd.Thus it is used to detect errors , during the transmission of binary data .The message containing -
the data bits along with parity bit is transmitted from transmitter node to receiver node.

At the receiving end, the number of 1s in the message is counted and if it doesn’t match with the
transmitted one, then it means there is an error in the data.

- e |

Two Bits Three Bits

Coffee or Tea Vending Machine |

Wemaphmhgkgmdmkmdm“ndiagmdﬂm:hndkpamddwmﬁwmmhmaﬁmm
on 4 ralweay platform, This systetn conelsts of NAND and AND gates. The logic chrcule for chis application is
chmlnﬁgueﬁ.l&(a).ﬂmymdkpmmﬁmrmwhmdﬂppmpﬁmbmm is pressed. The AND

— /) -/ e
e TR |
s !
i 4=

23 www.Jntufastupdates.com Scanned with CamScanner



i

C M T Coffae Tea
0 0 0 (]
0 0 1 0 0
O 1 0 0 0
0 1 1 0 1
1 0 0 0 o
| (1] 1 0 0
| 1 0 1 0
1 1 i Q 1
®)

logic will check for money input riteria end the required drink criteris, and the cottect drink will be dispensed
after & preset titne, If by mistake, both butsonz ate pressed, then the output from final gate keading to the
- coffee mackine will be 0 and no action is initiated in the coffee-tmaking maching and the machine will
dispense tea. In case neithes coffee nor cea i to be dispensed when both the buttons are pressed chen che gate
arrangement has to be same st both the sides (coffee and e slde). This extension to the artangement can be
w&edbyihemdemmcmdu.

A numher of zpphmuom raqui:c oode converter & dxange data fmm One 4 type ofoodn o armhcr, for _« |
example decimaleo-binary, binary-to-decimal, Gray code to binary end , et
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Figure 8.19 I Gray code to binary code conversion.

Gray Code o Binary Code Converter Figure 8.19 shows a logic dircult, using XOR gaces, to convert an input
mcuymdehmmoutpm}bkblmqmde.mmﬁmshipbcmbmwmd&qwdch
that the MSB of the binary code (B) kequdmdlaMSBofdeﬂycode(G).ThcmfmﬁnldtdOnﬁp
has the form

B,=G,+B,

whna'dmm&ebknmbﬂﬂhd:mkmhmnﬂdmmymmbadbinumqﬁ:dmgam
“n*-bit binary coded signal from an input s-bit Gray code. Gray code cannot be used in a digital computer
asGmy-oodednumbctsmnotﬂﬁublc&r:ﬁﬂmﬁicupmﬂonbuqlswiddymdiﬂmd:ﬁmmdw
sbsolute encoders and needs to be convested. -

W N

0 Nnh

(LSB)
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Sequential logic |

The combinational circuit does not use any memory. Hence the previous state of input does not
have any cffec.t on the present state of the circuit. But sequential circuit has memory so output can
vary based on input. This type of circuits uses previous input, output, clock and a memory element.

Block diagram

- g T

il

Wy T

Flip Flop

-

Flip flop i§ a sequential circuit which generally samples its inputs and changes its outputs only at
particular instants of time and not continuously. Flip flop is said to be edge sensitive or edge
triggered rather than being level triggered like latches.

Flip flops are classified into

« SR Flip-Flop
« D Flip-Flop
 JK Flip-Flop
« T Flip-Flop

SR Flip-Flop
« SR flip-flop operates with only positive clock transitions or negative clock transitions.

Whereas, SR latch operates with enable signal. The circuit diagram of SR flip-flop is shown
in the following figure. ‘ '

e e vamammes o d
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his circuit has two inputs S & R and two outputs Qtt & Qtt’. The operation of SR flipflop is similar
to SR Latch. But, this flip-flop affects the outputs only when positive transition of the clock signal
is applied instead of active enable.

The following table show:

D Flip-Flop

D flip-flop operates with only positive clock transitions or negative clock transitions. Whereas, D
latch operates with enable signal. That means, the output of D flip-flop is insensitive to the changes
in the input, D except for active transition of the clock signal. The circuit diagram of D flip-flop is

shown in the following figure.
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JK Flip-Flop

JK flip-flop is the modified version of SR flip-flop. It operates with only positive clock transitions
or negative clock transitions. The circuit diagram of JK flip-flop is shown in the following figure.

_/

— Q(t)

— Q(t)

— )
/)

T Flip-Flop

T flip-flop is the simplified version of JK flip-flop. It is obtained by cqnnect_ing the same jnput ‘T
to both inputs of JK flip-flop. It operates with only positive clock.transitlons or negative clock
transitions. The circuit diagram of T flip-flop is shown in the following figure. .
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Microprocessor

Definition: 8085 is an 8-bit microprocessor as it operates on 8 bits at a time and is created with N-
MOS technology. This microprocessor exhibits some unique characteristics and this is the reason it
still holds popularity among the microprocessors.

Basically, 8085 was the first commercially successful microprocessor by Intel. As some of the
architectural drawbacks associated with 8080 was also eliminated by 8085.

The size of the data bus of 8085 is 8 bits while that of the address bus is 16. Therefore, can
address 64 KB (i.¢., 2'°) memory. Also, as it can perform 8-bit operation thus the size of ALU is
also 8-bit.

It also provides operational advantages, as 8085 needs a single +5V supply with only one clock
single of width 320 ns. While 8080 requires 3 power supply lines and 2 clock signals of 500 ns.

A-rchitecture of 8085 Microprocessor

The architecture of 8085 microprocessor provides the idea about what are the operations to be
executed and how these are performed. | S

It can perform operations that are given below:
I. Operates on and stores 8-bit data.
2. It executes arithmetic arid logic operations.

3. 8085 also sequences the instructions to be executed.

30 www.Jntufastupdates.com Scanned with CamScanner



4. Stores data temporarily.

However, in order to perform all such operations, the processor needs a control unit, arithmetic
logic unit, registers, buses etc.

We have already discussed how CU, ALU and buses function in a microprocessor. Here, in this
article, we will discuss the detailed architecture of 8085 microprocessor and how it operates.

The figure below represents the architectural representation of 8085 microprocessor:

~ RR peres  TRAP o -
ml‘n Tasls.sl Rslnsl f

Inlefrupt control Serial IO control
I It
M1mdaxaun'
N N
| REG | REG
mdator| | TP Flag Insiructon le4 [~D | E
Aocu reg fip-fops | register REG | REG
H| L
RES | RES
1t 1y BIRNEEEE
Arithmotic insiruction | ¢+ Program counter
’ logls decoder and _
—N i machina |¢4 | Incrementsd
| movdo address lakch
%, % GND 5V , =
l l l l < ﬁ | ﬂv
| |Address Mga'?f’
G Control ___ Salus. DMAl TR«:«nl P B bullﬂer
f{LKGEN RETADY l\'rlYT ALE S, S,10M HOLD HLDA RESETINRESETOUT A-A,  AD,-AD,

Fig 1.1 Hardware Architecture of 8085
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Functional Units of 8085:

(ll. Registers: These are nothing but set of flip flops. These are basically used to hold (store) thé
ata. '

Genera! purpose registers— 8085 microprocessors contain 6 general purpose registers that are
present inside the microprocessor and stores 8-bit data in order to execute a program.

Th.ese general purpose registers are B, C, D, E, H and L. These registers can be combined to form
pairs — BC, DE and HL in order to execute the 16-bit operation.

These are programmable registers, that means these registers are accessed by the programmer to
insert and transfer the data by making use of instructions.

Temporary registers: These registers are used by the ALU to store the data on temporary
basis and these are not accessed by the programmer. These are of 2 types:

1. Temporary data register — It is an 8-bit register that holds the operand and provides it to the
ALU for program execution. Also, the immediate results are stored by the ALU in this
register.

2. ‘W and Z register — These registers are also used to hold the temporary values. It is used by
the control section of the microprocessor so as to store the data during operations.

2. Program Counter (PC): It is basically a speciil purpose register that is used to store the
memory location of the instruction to be performed. As it is clear that in order to fetch an
instruction from the memory the microprocessor needs to know-about its address.

It is a 16-bit register as it stores address. This register is used by the microprocessor to line up the
instructions that are to be executed in a sequential manner. :

It functions in such a way that it fetches the opcode from one memory location and simultaneously
get incremented by the next memory location. Thus, it provides sequencing of the program to be

executed.

3. Stack Pointer (SP): It is also a 16-bit register and is a part of memory. The data is stored in the
stack in serial format and stack pointer generally stores the address of the last data element stored in
the stack. Thus the stack is based on LIFO. '

" ‘Whenever a new data is added in the stack, then the stack pointer starts pointing towards the very
next memory location. . '
As against, when a dath element is removed from the stack, then the stack pointer points to pre\fious

occupied memorylocation. .
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4. Accumulator: It is an 8-bit register that stores the result of the operation performed by the
ALU. 1t is also known as register A.

5. Flags: Flag register basically holds the status of the current result generated by the ALU and not
the actually generated result. Thus we can say it is used to test the data conditions.

8085 has 5 flags that shows 5 different data conditions. These are carry, sign, zero, parity and

auxiliary carry flags.
However, the mostly used are: sign, carry and zero.

Working of 8085 Microprocessor

Now after having an idea about the functional units of the 8085 microprocessor, let us proceed
further to understand the operation of the 8085 microprocessor.

We already know that the function of a microprocessor is to execute instructions. Also, in order to
execute an instruction, it first needs to be fetched then decoded and then executed. And in order to
fetch an instruction, firstly the address of the instruction must be known.

The address of the instruction is present in the program counter. This address is then placed on the
16-bit address bus and is then forwarded towards the memory. From the memory, the instruction
present at that particular memory location is fetched through the 8-bit data bus.

e

LAt Internal Dats Biks.
YW | £
1 B [
D | E
e siacend

Address Bus Data
Ap —As Address Bus

AD, — AD

Electronics Desk

Here, in the above figure, we can clearly see that we have combinely used data bus and aFidress bus
so as to reduce the number of lines. As we know that at a particular time ghe processor will access
either the data bus or the address bus. ]
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Furth NI
- et ;vhen the instruction is fetched from the memory, then through intemal buses the instructi
ro 3 . ° o . ’
thp vided tf’ the instruction register. At this particular point of time fetching the instructi .
€ memory is over. g the instruction from

Now, it’s time for the :
’ rocessor to dec : o .
decoder. P ode the instruction. So, it is then fed to the instruction

w . .

aneoalzz?ldy ga\re the idea that both data and instruction in the memory is stored in the form of
p e.. o, the fetched opcode is analyzed by the instruction decoder present inside the

processor in order to execute the instruction.

g::t, a not;\?rtortllfl‘);;)oint over here is that, after an instruction is fetched from the memory, then PC
rements itself thereby providing the address location of the next i ' ,

: t instruction. As PC
any role in decoding and executing. *PCdennotply

However, after execution of first instruction, the next is fetched form the memory.

Now, this is all about fetching and decoding, now what about the execution of the instruction.

READY Rp WR ALE So Si 10/M HOLD RESET
Electronics Desk-

g and control circuit. This circuit basically sends the

In the above figure, we can see the timin
to execute the instruction.

control signals to the various units of the microprocessor

y tells the ALU to add the data present in B
But, in 8085 the decoded instruction is

Suppose, the instruction is ADD A and B. This simpl
register with the data present in accumulator i.e., A register.
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simply ADD B. So, automatically, the ALU adds the value present in the accumulator with the data
in register B.

Also, in 8085 the outcome of the operation is stored register A which is nothing but an
accumulator.

Further when an instruction ADD C is decoded by the 8085, then data at C register is added to the
data present in register A and is stored at register A. Due to such cumulative action, register A is
termed as an accumulator.

Basically, the timing and control circuit timely sends the signals to the accumulator to release its
value for proceeding execution. Also, this timing and control circuit sends signals to the register
select that tells it to choose the particular register.

Once the data is fetched from a particular register then it is stored in the temporary register and it is
used by the ALU. It is to be kept in mind that a programmer can only access the general purpose
register as the temporary register is used by the processor to hold the 2" operand of the operation.

Now, once the operation is executed, then the result is fed to the accumulator through the data bus.
But a flag register is also present that holds the status of the result present at the accumulator.

As we have also discussed in the functional unit that a flag register holds a sign, carry etc. related
information of the generated result. ' '

After every instruction execution performed by the ALU, the status of the flag register gets
changed. So, ALU produces the result and its status simultaneously after each operation.

As we have already discussed that W and Z are the temporary registers but these are not accessed
by the programmer as both are used by the processor to hold the temporary value stored by it.

So, this is all about the block diagram and working of 8085 microprocessor.
Applications of 8085 microprocessor

8085 finds its major applications in programmable calculators as well as in numerical control and
environment monitoring systems. These are also used in switching, banking and financial systems.

A memory is just like a human brain. It is used to store data and instruction. Computer memory is
the storage space in computer where data is to be processed and instructions. required for

processing are stored.

The memory is divided into large number of small parts. Each part is called a cell. Each location or
cell has a unique address which varies from zero to memory size minus one.

For example if computer has 64k words, then this memory unit has 64 * 1024 = 65536 memory
location. The address of these locations varies from 0 to 65535, -
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Memory is primarily of two types
o Internal Memory — cache memory and primary/main memory

+ External Memory — magnetic disk / optical disk etc.

Characteristics of Memory Hierarchy are following when we go from top to bottom.

« Capacity in terms of storage increases.

» Cost per bit of storage decreases. '

. Frequency of access of the memory by the CPU decreases.
« Access time by the CPU increases.

RAM
A RAM constitutes the internal memory of the CPU for storing data, program and program result.
It is read/write memory. It is called random access memory (RAM).

Since access time in RAM .is independent of the address to the word that is, each storage location
inside the memory is as easy to reach as other location & takes the same amount of time. We can
reach into the memory at random & extremely fast but can also be quite expensive. '

RAM is volatile, i.e. data stored in it is lost when we switch off the computer or if there is a power -
failure. Hence, a backup uninterruptible power system (UPS) is often used with computers.
is small, both in terms of its physical size and in the amount of data it can hold.

RAM is of two types

. Static RAM (SRAM)
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« Dynamic RAM (DRAM)

Static RAM (SRAM)

The word static' indicates that the memory retains its contents as long as power remains applied.
However, data is lost when the power gets down due to volatile nature. SRAM chips use a matrix

of 6-transistors and no capacitors. Transistors do not require power to prevent leakage, so SRAM
need not have to be refreshed on a regular basis.

Because of the extra space in the matrix, SRAM uses more chips than DRAM for the same amount
of storage space, thus making the manufacturing costs higher.

Static RAM is used as cache memory needs to be very fast and small.

Dynamic RAM (DRAM)

DRAM, unlilse SRAM, must be continually refreshed in order for it to maintain the data. This is
done by placing the memory on a refresh circuit that rewrites the data several hundred times per

second. DRAM is used for most system memory because it is cheap and small. All DRAMs are
made up of memory cells. These cells are composed of one capacitor and one transistor.

ROM

ROM stands for Read Only Memory. The memory from which we can only read but cannot write

on it. This type of memory is non-volatile. The information is stored permanently in such
memories during manufacture.

A ROM, stores such instruction as are required to start computer when electricity is first turned on,

this operation is referred to as bootstrap. ROM chip are not only used in the computer but also in
other electronic items like washing machine and microwave oven.

Following are the various types of ROM —
MROM (Masked ROM)

The very first ROMs were hard-wired devices that contained a pre-programmed set of data or
instructions. These kind of ROMs are known as masked ROMs. It is inexpensive ROM.

PROM (Programmable Read Only Memory) .
PROM is read-only memory that can be modified only once by a user. The user buys a blank

PROM and enters the desired contents using a PROM programmer. Inside .the PROM chip there

are small fuses which are burnt open during programming. It can be programmed only once and is
not erasable. ' ) ’

EPROM (Erasable and Programmable Read Only Memory)

The EPROM can be erased by exposing it to ullra-violé; light for a duration of upto 40 minutes.

Usually; an EPROM eraser achieves this function. During programming an electrical charge is .

trapped in an insulated gate region. The charge is retained for more than ten years because the
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charge h:fs no leakage path. For erasing this charge, ultra-violet light is passed through a quartz
crystal window (lid). This exposure to ultra-violet light dissipates the charge. During normal use
the quartz lid is sealed with a sticker.

EEPROM (Electrically Erasable and Programmable Read Only Memory)

The EEPROM _is programmed and erased electrically. It can be erased and reprogrammed about
ten thousand times. Both erasing and programming take about 4 to 10 ms (millisecond). In
EEPROM, any location can be selectively erased and programmed. EEPROMs can be erased one

-l;yte ;‘:lt a time, rather than erasing the entire chip. Hence, the process of re-programming is flexible
ut slow. : ‘

Serial Access Memory

Sequential access means the system must search the storage device from the beginning of the
memory address until it finds the required piece of data. Memory device which supports such
access is called a Sequential Access Memory or Serial Access Memory. Magnetic tape is an
example of serial access memory.

Direct Access Memory

Direct access memory or Random Access Memory, refers to conditions in which a system can go
directly to the information that the user wants. Memory device which supports such access is called
a Direct Access Memory. Magnetic disks, optical disks are examples of direct access memory.

Cache Memory

Cache memory is a very high speed semiconductor memory which can speed up CPU. It acts as a
buffer between the CPU and main memory. It is used to hold those parts of data and program
which are most frequently used by CPU. The parts of data and programs, are transferred from disk
to cache memory by operating system, from where CPU can access them.

Advantages

« Cache memory is faster than main memory.

. It consumes less access time as compared to main memory.

« It stores the program that can be executed within a short period of time.
"« It stores data for tcmpdrary use. ‘

Disadvantages

. Cache memory has limited capacity.
« It is very expensive.
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Microcontrollers

A microcontroller is a small and low-cost microcomputer, which is designed to perform the
specific tasks of embedded systems like displaying microwave’s information, receiving remote

signals, etc.

The general microcontroller consists of the processor, the memory (RAM, ROM, EPROM), Serial
ports, peripherals (timers, counters), etc.

Difference between Microprocessor and Microcontroller -

The following table highlights the differences between a microprocessor and a microcontroller —

~r e

= p—————
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- ‘Microcontroller i

e FdE d
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. Microcontrollers are used to execute a single Microprocessors are used for big applications.

. task within an application.

' Its designing and hardware cost is low. Its designing and hardware cost is high.

e ——— = i e e et - ———— 2 e e~ o e i e = e © -.-——-—-—»/j
~ Easy to replace. Not so easy to replace. t

L [ R .
- It is built with CMOS technology, which - Its power consumption is high because it has to ;
. requires less power to operate. " control the entire system. ',
5 ' %

"t consists of CPU, RAM, ROM, LO ports. It doesn’t consist of RAM, ROM, /O ports. It
uses its pins to interface to peripheral devices. ;

Types of Microcontrollers

Microcontrollers are divided into various categories based on memory, architecture, bits and
instruction sets. Following is the list of their types — o '

Bit

Based on bit configuration, the microcontroller is further divided into three categories. .

. 8-bit microcontroller — This type of microcontroller is-used to execute arithmetic and
logical operations like addition, subtraction, multiplication division, etc. For example, Intel.
8031 and 8051 are 8 bits microcontroller. : . :
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. 16-1.)it microcontroller — This type of microcontroller is used to perform arithmetic and
logical operations where higher accuracy and performance is required. For example, Intel
8096 is a 16-bit microcontroller.

« 32-bit microcontroller — This type of microcontroller is generally used in automatically
_controlled appliances like automatic operational machines, medical appliances, etc.

Applications of Microcontrollers

Microcontrollers are widely used in various different devices such as —
« Light sensing and controlling devices like LED.
« Temperature sensing and controlling devices like microwave oven, chimneys.
« Fire detection and safety devices like Fire alarm.
- Measuring devices like Volt Meter.

8051 microcontroller block diagram

Memory

RAM, EPROM| -
I CPU - | orEEPROM | Voo
Control lines ; ‘ {} :

m — .|
Hwﬁmﬁ -

AaD. | | oA

3

nan*mum

Figure s.aq‘/| Mlcfé;controniér.
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PLC

What is a PLC?
PLC stands for “Programmable Logic Controller”. A PLC is a computer specially designed to

operate reliably under harsh industrial environments — such as extreme temperatures, wet, dry,
and/or dusty conditions. PLCs are used to automate industrial processes such as a manufacturing
plant’s assembly line, an ore processing plant, or a wastewater treatment plant.

PLCs share many features of the personal computer you have at home. They both have a power
supply, a CPU (Central Processing Unit), inputs and outputs (I/O), memory, and operating software
(although it’s a different operating software). ' '

The biggest differences are that a PLC can perform discrete and continuous functions that a PC
cannot do, and a PLC is much better suited to rough industrial environments. A PLC can be thought
of as a ‘ruggedized’ digital computer that manages the electromechanical processes of an industrial

environment.

PLCs play a crucial role in the field of automation, using forming part of a larger SCADA system.
A PLC can be programmed according to the operational requirement of the process. In the
manufacturing industry, there will be a need for reprogramming due to the change in the nature of
production. To overcome this difficulty, PLC-based control systems werc introduced. We’ll first

discuss PLC basics before looking at various applications of PLCs.

The block diagram of programming logic controller (PLC) is shown in above figure. The PLC has
following basic sections are,
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PLC BLOCK DIAGRAM

Pushbuttans,

limit switches,

o Processor section (CPU)
The processor section is brain of PLC which consists of RAM, ROM, logic solver and user
memory. The central processing unit is heart-of PLC. CPU controls monitors and supervises all
operation within PLC. The CPU makes decision and executes control instructions based on the
program instruction in memory.
o Input and output module
The input module is a mediator between input devices and central processing unit (CPU) which is
used to convert analog signal into digital signal.
The output module is a mediator between output devices and central processing unit (CPU) which is
convert digital signal into analog signal. - : :
o Power supply
‘Power supply-is provided to the processor unit, input and output module unit. Power supply may be
integral or separately mounted unit. Most of the PLC operates on 0 volts DC and 24 volts.
o Memory section ‘
The memory section is the area of the CPU in which data and information is stored and retrieved.
Data Memory is used to store numerical data required in math calculation, bar code data etc. User-

memory contains user’s application program.

o Programming device
Programming devices are dedicated devices used: for loading the user program into the program
memory or edit it and to monitor the execution of the program of the PLC. It is also used to
troubleshoot the PLC ladder logic program. Hand held terminal (HHT) or dedicated terminal or
personal computer are programming devices commonly used in most of . the PLCs.
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The important difference between PLC & PC

= PLCs are designed to operate under a wide range of ambient temperature, vibration and
humidity conditions in an industrial environment. The electrical noise in the industrial
environment does not work.

» In computers, the inputs are floppy drives and CD Roms and the output is a printer, but in PLC
the‘ inputs are signals from control elements such as push-buttons, limit switches, temperature
switches, pressure switches and transducer etc. installed on the machines to be controlled. The
output also includes final control elements such as contractors, solenoids, valves for
positioning, indication lights, etc.

« The PLC includes ROM memory operating systems and application programs. The operating
system, as it is already in ROM, does not have to load an application program. Differentiating
between PLCs, ¢ BIOS, ¢ OS, and application program is difficult.

» Programming language: PLC is not programmed in one of the high language used for
programming a computer. ‘

Since PLC is designed for plant engineers and maintenance personnel with limited computer k
nowledge, it is designed for programming using RELAY LADDER LOGIC
There are some PLCs that can be programmed using FORTRAN and BASIC, but the most popular
is relay ladder programming. Some PLCs are also programmed using the languages Boolean
Algebra, Statement Lists and Control System Flow Chart.

« The PLC is not a PC-like disk based system. There is a continuous check of what to do next
with a disk-based system. There is no consultation with a PLC inherent in the answer of what
to do next. The PLC program is stored in RAM or EPROM supported by the battery.

- Another major difference is that in most PLCs troubleshooting is simplified because it includes
fault indicators, blown-fuse indicators, input and output status indicators and written error

information that can be displayed on the programmer.

PLC:

Operates in industrial enviroment

PLC is programmed in relay ladder logic

Has no keyboard, CD drive, monitor, or disk drive

Has communication ports and terminals for input and output devices

PC:

Capable of executing several programs simultaneously, in any order. - -~ .
Some manufacturer have software and interface card available so that a PC can do the work of a

PLC.

Speedy information processing

Easy customization

Straightforward data exchange with other systems
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There are some applications of programmable logic controller (PLC).
o Itis used in civil applications such as washing machine, elevators working and traffic signals

o

o

control.
It is used in aerospace for Water tank quenching system.

‘It is used to reducing the human control allocation of human sequence given to the

technical equipments that is called Automation.
It is used in batch process in chemical, cement, food and paper industries are sequential in

nature, requiring time or event based decisions.

It is used in the burner management system to control the process of purging, pilot light off,
flame safety checks, main burner light off and valve switching for changeover of fuels.

It is used in printing industry for multistage screen washing system and Offset web press
print register control system.

It is used in travel industry for escalator operation, monitored safety control system.

The PLC is also commonly used in civil applications such as in washing machines and for
controlling traffic signals and elevators. They are used in many industries to monitor and

control production processes and building systems.
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