
Chapter 4 Introduction to 
Microcontroller 

Probable marks: 11 

Scope of the syllabus 
Introduction to microcontroller

Study of 8051 architecture and programming model. 

Overview of other microcontrollers in 8051 family. 
Applications of microcontrollers 

(Oct. 2004,2010, June 2016, March 2018 
Q.1 What is microcontroller ? Explain in short. 

OR 

Write a note on complete microprocessor system. 

Ans. 

A microcontroller is a complete microprocessor system, consisting of microprocessor, 
1) limited amount of ROM or EPROM, RAM and I/0 ports, built on a single integrated 

circuit. 

Microcontroller is infact a microcomputer, but it is called so because it is used to 
2) 

pertorm control functions.

The designer of a microcontroller identify all the needs to build a simple microprocessor 
3) 

system and puts as many as possible in a single IC. 

For example a microcontroller must include full or nearly full implementation ot a 

4) 
standard microprocessor, ROM or EPROM, RAM, parallel 1/0 ports, timer, a clock, 

serial ports. 

A microcontroller is more complex than a microprocessor because it consists of many 
5) 

1/0 components.

6) eg. Intel's 8048, 8051 

Define microcontroller. State any four advantages of the same over microproceso 

Mar. 02, 05, Oct. 05, 10, 19; July 1 
Q.2 

based system. 
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ns. 

A microcontroller is a complete microprocessor system, consisting of microprocesso 

limited amount of ROM, RAM and parallel I/0 ports, built on a single integrated 

circuit. 

Advantages of microcontroller over microprocessor-based system: 

) The cost of microcontroller is less than a microprocessor-based system. 

(i) A microcontroller has more I/O components than a microprocessor-based system. 

(ii) Microcontrollers can be used in wide variety of intelligent products such as in 

personal computers key-boards. Microprocessor-based systems cannot be used in 

such intelligent products. 

(iv) Many low cost products such as electronic toys, electric drills, microwave ovens, 

VCRs are based on microcontrollers. This is not the case with microprocessor based 

system. 

.3 What are the main features of 8051? 

OR Give any eight features of 8051. 

(Mar 03, 04, 09,11, 18, 19, 20, Oct.03, 04, 05, 06, 07 08,09) 

Ans.: The main features of 8051 are as listed below: 

) The 8051 microcontroller has an 8-bit ALU. 

i) The 8051 has 4K byte (4K x 8 bit) ROM or EPROM 

ii) The 8051 has 128 byte (128 x 8 bit) RAM. 

iv) It has dual 16-bit timer event counter. 

v) It has 32 1/O lines for four 8-bit I/0 ports. 

vi) It can address 64 kB of programr memory. 

vii) It can address 64 kB of data memory. 

vii) It has powerful instruction set, consisting of 111 instructions. 

ix) It has two external interrupts. 

The 8051 has clock upto 12-MHz frequency.

xi) Full-featured serial port. 
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Q.4 Draw an architectural block diagram of 8051 and explain it Oct -20 

ELE 

PEH 

uonijsu 

Ans. 
As shown in the internal block diagram of 8051, there are 32 pins for four 6 1) 
bidirectional ports. 
In addition to these 32 pins, 8 pins are provided to connect clock crystal, timing a 2) 
control signals and power supply. 
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T
he standard functions w

hich m
ake u

p
 m

icrocontroller is in the centre of the diagram
. 

T
his includes A

LU
, accum

ulator, stack pointer, 
a block of registers and general purpose 

register (B-register). 

3) 

A
ll these blocks 

a
re

 connected 
to 8051 

internal 8-bit 
data bus through 

the series 
o

f 
registers. 

5) 
T

hese registers hold data during 1/O
 transfer and control the I/0

 ports. 

4) 6) 
T

he architecture
diagram

 
also includes R

A
M

 an
d

 R
O

M
. T

he 
8051 

has internal 
4 kB

 
RO

M
/EPRO

M
 and 128 bytes RAM

. 
Q

.5 
Explain 

8051 m
em

ory m
apping 

for 
8051 m

icrocontroller 
w

ith the help of neat 
O

ct. 02,07, M
arch 06, 09 08, 19, 20; June 16, July 17, 19) 

Explain in
 detail h

o
w

 8051 m
icrocontrol addresses tw

o
 separat� 

m
em

ory spaces. 
(M

ar. 05,11, O
ct. 03) 

diagram
. 

O
R

 

A
ns. 

1) 
T

he 8051 addresses has tw
o

 separate m
em

ory spaces: 
i) 

Program
 m

em
ory space 

ii) 
D

ata m
em

ory space. 
2) 

T
he m

em
ory m

ap
 for 8051 is show

n in
 the follow

ing figure. 
FFFF 

|FFFF| Upto 
60 k bytes 
o

f
 e

x
te

rn
a
l 

R
O

M
 or 

FFFF 

U
pto 

6
4

 k bytes 
of 

E
P

R
O

M
 

1000 
and 

OFFF 
U

pto 
64 k bytes 
o

f external 
R

A
M

 

ex
tern

al 
00F8 

R
O

M
 

Special-function| 
registers 
128 byles 

4kbytes 
o

f
 in

t
e
r
n

a
l
0

0
8

0
 

R
O

M
 or 

o
r
 

R
A

M
 

007F 
EPRO

M
 

R
A

M
 

O
000 

0
0

0
0

 
0000 

0000 

Program
 M

em
ory 

(RO
M

) 
D

ata m
em

ory 

(RA
M

) 

The program
 m

em
ory space is Read-only m

em
ory (RO

M
) space. 

3) 4) 
T

his m
em

ory space is u
sed

 for storing program
s and variable data. 

5) 
It is possible 

to
 read program

 instructions from
 this space, but the processor 

can
n

o
t 

w
rite d

ata into this m
em

ory. 
6) 

A
ll instruction fetches a

re
 tak

en
 fro

m
 program

 m
em

ory space. 
7) 

T
he data m

em
ory space is a read/w

rite m
em

ory space. 
8) 

T
h

e processor c
a
n

 re
a
d

 d
ata fro

m
 th

is m
em

ory space an
d

 c
a
n

 w
rite d

ata to
 this m

em
ory 

space. 
9) 

It c
a
n

n
o

t ex
ecu

te instructions fro
m

 th
is m

em
ory space. T

he 8051 internal R
A

M
 is in this 

m
em

ory space. 
10) 

T
he 128 bytes o

f internal R
A

M
 provide general read/w

rite
d

ata storage. S
om

e part of 
this is often referred to

 a
s
 registers. 
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The 8051 has 22 special function registers which are not part of 128 bytes ot RAM. They 
11) 

Occupy memory space from 80H to F8H. These registers are used for their intended 

purpose. 
The 4k byte program memory can be expanded by an additional 60k bytes, making it 

b4k bytes program memory. The data memory can also be expanded to b4k bytes 

13) 

12) 

he 8051 can also be operated with common memory. In this case, 8051 only has 64k 

Dytes of total external memorv. In this configuration, 8051 can input block of data 

through its serial communications port load that data in memory and then execute that 

data as a program. This is called downloaded program. It is a very common technique 

used to change the program operating in a remote microprocessor 
- based controller. 

Q.6 Give the main features of 8048 microcontroller. 

Ans.: The main features of 8048 are as listed below: 

() 8048 has clock having frequency 2 MHz to 4 MHz. 

(i) It has 27 1/O lines. 

(ii) It has 1 K byte ROM or EPROM. 

(IV) It has 64 bytes RAM 

(v It has one 8-bit timer event counter. 

(vi) Address capacity of 8048 is 4 KB. 

0.7 Explain in detail other microcontrollers in 8051 family. OR 

List all microcontrollers of 8051 family and state one feature of each. 

Mar.2010,2011, Oct. 02, Oct.04; March 18 

Ans.: 8051 is a second generation microcontroller. 

8048, 8049, 8050 
intel's first microcontroller was 8048. The 8048, 8049 and 8050 all have identical 

) 
architectures with the exception of memory size. 

in each case, the memory doubles. 8048 supports 1K byte of internal memory. 804 

supports 2k bytes of internal memory and 8050 supports 4K bytes of internal 

memory 

2 

8048 has 64 bytes internal RAM, including 32 bytes of register/memory location 

The 8049 and 8050 have a total of 128 and 256 bytes of RAM respectively. 

These microcontrollers are low cost products and hence are very popular. 4) 

8052 

1) 8052 is a simple expansion of 8051 

8052 has 8K bytes of onboard ROM and 256 bytes of onboard RAM 2) 
8052 allows programmers to write larger programs and that can use more data 3) 
The cost of 8052 1s nore than that of 8051 4) 
The 8052 also has one extra l6-b1t counter-timer. This counter-timer gives moe 5) 
flexibility. 
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P
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0

3
1
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n

d
 8

0
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2
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1) 
T

h
e a

lte
rn

a
tiv

e
 v

e
rsio

n
s o

f 8051 a
n

d
 8

0
5

2
 are 8031 a

n
d

 8032. 

T
h

e
s
e
 

d
e
v

ic
e
s
 

d
o

 
n

o
t h

a
v

e
 
a
n

y
 
o

n
 
b

o
a
rd
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O

M
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It 
m

a
y

 
u

s
e
 ex

tern
al 

R
O

M
 

r
o

r
 

2) 
p

ro
g

ra
m

 m
e
m

o
ry

. 

3) 
T

h
e
se

 a
re

 e
x

c
e
lle

n
t d

e
v

ic
e
s fo

r p
ro

to
ty

p
in

g
 a

n
d

 lo
w

-v
o

lu
m

e
 p

ro
d

u
c
ts. 

8052 A
H

-B
A

S
IC

 
1) 

A
n

o
th

e
r 

to
rm

 
o

f 
8

0
5

2
 

is 
8

0
5

2
 

A
H

-B
A

S
IC

. 
T

h
is 

sp
e
c
ia

l 
8

0
5

2
 

h
a
s 

B
A

S
I 

p
ro

g
ram

m
in

g
 lan

g
u

ag
e in

 R
O

M
. 

2) 
U

sing B
A

S
IC

 iM
structions, 

a 
p

ro
g

ra
m

m
e
r c

a
n

 w
rite

 in
s
tru

c
tio

n
s
 fo

r th
is

 8
0

5
2

 
r
a
t
h

e
r
 

th
an

 assem
b

ly
 lan

g
u

ag
e. 

C
om

pare b
e
tw

e
e
n

 m
icto

co
n

tro
llers 8

0
5

1
 a

n
d

 8
0

5
2

. 
O

ct. 2006,2009, M
arch 2011 

0
.8

 

A
n

s
.: M

ic
ro

c
o

n
tro

lle
r 8

0
5

1
 

h
á
s
 4

k
 bytes o

f R
O

M
, w

h
e
re

a
s 8

0
5

2
 h

a
s
 8

k
 bytes o

f o
n

b
o

a
rd

 R
O

M
 

o
r
 E

P
R

O
M

. 
1) 

M
ic

ro
c
o

n
tro

lle
r 805T ha

s
 1

2
8

 bytes o
f R

A
M

, 
w

h
e
re

a
s
 
8

0
5

2
 
h

a
s
 

2
5

6
 bytes 

o
f 

o
n

b
o

a
r
d

 

2) 
R

A
M

 
M

ic
ro

c
o

n
tro

lle
r 8

0
5

1
 h

a
s 

a 
d

u
a
l 1

6
-b

it tim
e
r e

v
e
n

t c
o

u
n

te
r w

h
e
re

a
s
 8

0
5

2
 h

a
s
 
a
n

 e
x

tr
a
 1

6
 

3) 
b

it tim
e
r e

v
e
n

t c
o

u
n

te
r. 

4) 
T

h
e c

o
s
t o

f m
ic

ro
c
o

n
tro

lle
r 8

0
5

1
 is le

ss th
a
n

 th
a
t o

f m
ic

ro
c
o

n
tro

lle
r 8

0
5

2
. 

B
o

th
 8

0
5

1
 
a
n

d
 8

0
5

2
 
a
r
e
 u

se
d

 in
 high v

o
lu

m
e
 applícations a

n
d

 b
o

th
 a

llo
w

 
u

s
 
to

 
w

rite
 

large program
. B

ut in
 8052 w

e can w
rite larger program

s than that in
 8051. 

W
h

at 
is 

a 
M

icro
co

n
tro

ller 
? 

S
tate 

th
ree 

ex
p

an
d

ed
 

featu
res 

o
f 

8052 
o

v
e
r 

805 

m
ic

ro
c
o

n
tro

lle
r. 

Q
.9 

M
ar. 

04, 06; July 19 
A

n
s.: 

(1) 
M

ic
ro

c
o

n
tro

lle
r 

: 
A

 
m

ic
ro

c
o

n
tro

lle
r is 

a 
com

plete m
icro

p
ro

cesso
r sy

stem
, consisting o

f 

m
icroprocessor, lim

ite
d

 a
m

o
u

n
t o

f R
O

M
, R

A
M

 a
n

d
 parallel I

/0
 p

o
rts, b

u
ilt o

n
 

a 
single 

in
te

g
ra

te
d

 c
irc

u
it. 

(2) 
M

ic
ro

c
o

n
tro

lle
r 

is 
in

fa
c
t 

a 
m

icro
co

m
p

u
ter, 

b
u

t 
it 

is 
c
a
lle

d
 

s
o

 
b

e
c
a
u

s
e
 

it 
is 

u
s
e
d

 
to

 

p
e
rfo

rm
 c

o
n

tro
l fu

n
c
tio

n
s. 

(3) 
E

xpanded fe
a
tu

re
s of 8052 o

v
e
r
 8

0
5

1
 m

ic
ro

c
o

n
tro

lle
r a

r
e
 a

s
 fo

llo
w

s
: 

M
ic

ro
c
o

n
tro

lle
r 

8
0

5
2

 
h

a
s
 

8 
K

b
y

te
s
 

o
f 

o
n

b
o

a
rd

 
R

O
M

 
o

r 

E
P

R
O

M
 w

h
e
re

a
s 8

0
5

1
 h

a
s 4 K

b
y

te
s o

f R
O

M
. 

M
ic

ro
c
o

n
tro

lle
r 

8
0

5
2

 
h

a
s
 

2
5

6
 

b
y

te
s
 

o
f 

o
n

b
o

a
rd

 
R

A
M

 

w
h

e
re

a
s 8

0
5

1
 h

a
s 1

2
8

 b
y

te
s o

f R
A

M
. 

(a) 
R

O
M

: 

(b) 
R

A
M

 

T
im

e
-e

v
e
n

t c
o

u
n

te
r: 

8
0

5
2

 h
a
s a

n
 e

x
tra

 1
6

-b
it tim

e
 e

v
e
n

t c
o

u
n

te
r w

h
e
re

a
s 8

0
5

1
 h

a
s 

(c) 
a 

d
u

a
l 1

6
-b

it tim
e
r e

v
e
n

t c
o

u
n

te
r. 

G
iv

e
 th

e
 ap

p
licatio

n
s o

f m
ic

r
o

c
o

n
tr

o
lle

r
. O

R
 

E
xplain th

e
 v

a
rio

u
s
 ap

p
licatio

n
s o

f m
icrocontroller. 

Q
.10 

(M
ar. 02, 10 O

ct. 08, 09; June 16; July 2017 
A

ns. 

M
icro

co
n

tro
ller is a sin

g
le ch

ip
 m

icro
co

m
p

u
ter. 

2) 1) 
T

h
ey

 
are 

u
sed

 
as 

in
d

e
p

e
n

d
e
n

t 
co

n
tro

llers 
in

 
m

a
c
h

in
e
s 

o
r 

a
s 

slav
es 

in
 

d
istrib

u
te

d
 

processing 
3) 

T
h

ey
 

a
re

 
u

se
d

 
a
s 

m
a
c
h

in
e
 

to
o

ls, 
c
h

e
m

ic
a
l 

p
ro

c
e
sso

rs, 
m

e
d

ic
a
l 

in
stru

m
e
n

ta
tio

n
 

a
n

d
 

sophisticated guidence contro 
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4) 
ons; other require hi 

S
o

m
e ap

p
licatio

n
s req

u
ire sim

p
le tim

in
g

 an
d

 b
it set/reset fu

n
ctio

n
s; o

th
er reati- 

speed data processing capability. 

M
any low

 cost products such as electronic toys, m
icrow

ave ovens, V
C

R
s are ha 

m
icrocontrollers. 

A
 h

o
m

e secu
rity

 sy
stem

, a tap
e d

eck
 an

d
 intelligent m

u
ltim

eter can also be buia 

using m
icrocontroller. 

5) 
are based O

 

6) 

T
he p

erso
n

al co
m

p
u

ter k
ey

b
o

ard
s are im

p
lem

en
ted

 w
ith

 a m
icro

co
n

tro
ller. lt ron 

scanning, debounce, m
atrix

 decoding a
n

d
 serial tran

sm
issio

n
 circuits. 

7) 
replacs 

Q
.11 

D
ifferentiate b

etw
een

 M
icro-controller an

d
 a M

icro-processor. 
(March 2016 

A
ns. 

M
icro-processor 

A
 M

icroprocessor 
is 

a 
general purpose 

d
ev

ice w
h

ich
 is called

 a C
P

U
 

M
icro

-co
n

tro
ller 

M
icro-controller is a chip w

hich 1
. 

is called single chip com
puter 

M
icro

co
n

tro
ller in

clu
d

ed
 R

A
M

, 
| 2. 

I/O
 

P
o

rt, 
R

O
M

, 
T

im
er 

in
 

a | 

single chip 
M

icro
co

n
tro

ller 
b

a
se

d
 

sy
ste

m
 

| 3. 

d
esig

n
 

is 
sim

p
le 

a
n

d
 

c
o

st 

effective 

1. 

M
icro

p
ro

cesso
r 

d
o

 
n

o
t co

n
tain

 o
n

 ch
ip

 

I/O
 p

o
rts, T

im
er, M

em
o

ries etc. 
. 

M
icroprocessor b

ased
 sy

stem
 designer is 

co
m

p
lex

 a
n

d
 ex

p
en

siv
e 

3. 

have 
advantage 

of 
M

icroprocessor 
versatility such th

at designer can decide 
the am

o
u

n
t of R

A
M

, R
O

M
 a

n
d

I/0
 port 

a
s
 n

e
e
d

e
d

. 

4. 
M

icrocontroller 
h

a
v

e
 

n
o

 
4

.
 

advantage of designing R
A

M
, 

R
O

M
 an

d
 1

/0
 p

o
rt 

Q
.1

2
 

S
elect the correct alterm

ative an
d

 rew
rite the follow

ing. 

is
 a m

icrocontroller chip. 
ii) 80286 

1. 

1
) 8

0
8

5
 

(ii) 8051 
(iv) P

en
tiu

m
 

A
ns. 

(ii) 8051 
2. 

8051 h
a
s
-R

A
M

. i) 64K
 bytes 

(ii) 1K
 bytes 

(iv) N
o

n
e o

f th
ese 

() 128 bytes 

A
ns. 

(i) 128 bytes 

(M
ar. 02,0 

T
he 8051 m

icrocontroller has in
stru

ctio
n

 se
t of 

-

(ii) 111 
3. 

instructions. 
G

) 9
9

 
(ii) 120 

(iv) 110 

A
n

s
. 

(ii) 111 

(O
ct. 05 

8051 h
as clock u

p
to

-fre
q

u
e
n

c
y

. 
(i) 1

2
 M

H
z
 

4. 
(i) 4 M

H
z 

(ii) 9 M
H

z 
(iv) 6 M

H
z 

A
ns.: 

(i) 1
2

 M
H

z 
T

he 8051 is a 
-

generation m
icrocontroller. 

O
ct. 0 

5. 

i)
 F

irst 
(i) S

econd 
(ii) T

hird 
(iv)

F
ourth 

A
n

s. 
(ii) S

eco
n

d
 

T
h

e 8051 m
icro

co
n

tro
ller h

as an
 A

L
U

 o
f
-
 b

it cap
acity

. 

(ii) 16 
6. 

(O
ct. 0 

(i)8 
i
)
 32 

(iv) 64 

A
n

s. 
(i) 8 
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