Q.1) Write assembly language program for AVR microcontroller to perform the
following and analyse the contents of SREG register after each programming:

a) 25H + F2H

Code:
INCLUDE "M32DEF.INC"
.ORG 0x00
LDI R20,0x25
LDI R21,0xF2
ADD R20,R21

; Qla.asm

; Created: 84-84-2824 13:13:41
;3 Author : student

; Replace with your application code
. INCLUDE "M32DEF.INC™

LORG B

LDI R2@,8x25

LDT R21,8xF2

koD R20,R21



OUTPUT

Mame Value
= Registers -
ROOD OeeDD
RO1 [0
RO2 Qo0
RO3 OeeDD
RO [0
RO5 Qo0
RO& OeeDD
RO7 [0
RO2 OeeD0
RO Qe DO
R10 [
R11 OeeD0
R12 Qe DO
R13 [
R14 OeeDD
R15 [0
R1& [
R17 OeeDD
R18 [0
R19 Qo0
R20 023
R21 OxF2
R22 Qo0
R23 OeeDD
R24 [ °

b) D2H-

Code:

9FH

INCLUDE "M32DEF.INC"

.ORG 0x00

LDI R20,0xD2

SUBI R20,0x9F
j Qlb.a=m
j Created: 84-@4-2
; Author : student

3 Replace with wou
S IMNCLUDE "M3I2DEF. T
LORG Bocees

LDI R2Z2&,axD2

SUBTI R28 ,8x9F

Mame Value
X Register O D000
% Register O D000
Z Register O D000
Status Register M@= E & E E -
Cycle Counter 16384
Frequency 1.000 MH=z
Stop Watch 16,384,000 ps
=l Registers

R OO

RO1 OreeDD

RO2 OO

RO3 OreeDD

RO OreeDD

RO5 OreeDD

ROG OreeDD

ROV OreeDD

RO2 OreeDD

RO9 OreeDD

R10 OreeDD

R11 OreeDD

R12 OreeDD

R13 OreeDD

R14 OreeDD

R15 Onc DD

R16G OreeDD

R17 OO

R12 OreeDD

R1%9 OO

R20 O 17

R21 OxF2

R22 OreeDD

224 1Z:21:21

r application code
[ i



OUTPUT

Mame WValue Processor Status
X Register Ooc D000
¥ Register Ooc D000 ¥ Register
Z Register O DO00 ¥ Register
Status Register M@ = E & FEE ) Z Register
Cycle Counter 1 Status Register
Frequency 1.000 MHz Cycle Counter
Stop Watch 1.00 ps Frequency
= Registers Stop Watch
ROO [dn]
RO 00 ROO
RO2 D00 RO1
RO3 OneD0 RO2
RO 000 RO3
ROS 000 R4
ROE 000 ROS
RO7 0500 ROS
ROZ 000 ROV
ROZ 000 Rroe
R10 0200 RO9
R11 Ooc OO R1D
R12 Ooc OO R11
R13 O DO R12
R14 Ooc OO R13
R14
R15 Ooc OO
R15
R1G Ooc OO
R1&
R17T Onc DO
R17
R1& [dn]
R18
R19 Ooc OO
R19
R20 O D2
x R20
R21 Ooc OO

¢) 0x77 x 0x34

Code:
INCLUDE "M32DEF.INC"
.ORG 0x00
LDI R20,0x77
LDI R21,0x34
MUL R20,R21

3 Qlb.asm

; Created: 84-84-2624 13:21:21

;3 Author : student

= Registers

(=1

Value

O OODO0

O OODO0

O OODO0
ODDEENRNEDD
168384

1.000 MHz

16,384.00 ps

; Replace with your application code

.IMNCLUDE “M32DEF.INC"

.ORG Bxee

LDI R2@,8x77

LDI R21,8x34
> MUL R28&,R21



OUTPUT

Mame WValue Mame WValue
X Register O QOO0 | ¥ Register O DOO0
¥ Register Oz D000 % Register Oec DOO0
Z Register Oec 0000 Z Register ]
Status Register DOEEEEDD Status Register DOEEEDC
Cycle Counter 2 Cycle Counter 16385
Frequency 1.000 MHz Frequency 1.000 MHz
Stop Watch 2.00 us Stop Watch 16,385.00 ps
= Registers = Registers
ROO OO0 ROO O 2 C
RO1 OO0 RO1 D18
ROZ o 00 RO2 Onc OO
RO3 Ohe DO RO3 Onc OO
RO Ohe DO RO Onc OO
ROS Ohe DO RO5 Onc OO
ROG s D0 ROG Onc OO
7
ROT Ox00 RO7 0:00
ROS Dsc 00 ROg Onc OO
ROG O DO RO9 OecD0
R10 O%00 R10 000
R11 000 R11 D00
R12 Ooc DO
R12 Oec OO
R13 Ooc DO
R13 O OO
R14 Cec 0
R14 Oec OO
R1% Oec DO
R15 Oec OO
R1G Onc OO
R1& Cre OO
R17 Onc OO
R17 Oec OO
R18 Oec OO 18 D200
R19 Onc OO
R19 Cre OO R20 OxTT
7
Ren E)x o R21 Ohe 34
R21 3 R22 0x00

d) 0x64/0x04

Code:

INCLUDE "M32DEF.INC"
.ORG 0x0

.DEF NUM=R20
.DEF DENOMINATOR=R21
.DEF QUOTIENT=R22

LDI NUM,0X64
LDI DENOMINATOR,0X04
CLR QUOTIENT

L1: INC QUOTIENT
SUB NUM,DENOMINATOR
BRCC LI

DEC QUOTIENT



ADD NUM,DENOMINATOR
HERE: JMP HERE

T T T T I
; Created: 84-84-2824 13:21:21
3 Author @ student

3 Replace with wyour application code
LIMNCLUDE "M32DEF . TMNC™
LORG @xe

.DEF NUM=RZ&
L.DEF DENOMINATOR=RZ21
LDEF QUOTIENT=R22

LDIT NN, exXad
LDI DEMNOMINATOR,8Xed4
CLR QUOTIENT
Li: IMC QUOTIENT
SUB MUM, DENOMINATOR
ERCC L1

DEC QUOTIENT
ADD NUM, DENOMINATOR

HERE: JMP HERE

OUTPUT

Marme Value
Mame Value
= ¥ Register O OOOD
X Regist O OO0
sgister “ Register O DODDO
% Register Do DO R
> Rewi . F Register O OO
eqgister OO -
Status Register OOEOEME EE
Status Register OO EE MR & = —
Cycle Counter 117
Cyecle Counter 3
Frequency 1.000 MH=
Frequency 1.000 MH=z
Stop Watch 11700 ps
Stop Watch 3.00 ps

i = Registers
=l Registers

ROD OheD0 ROO O OO
RO Ose00 RO O OO
ROZ D00 RO2 O OO
ROZ D00 RO2 O OO
ROa D00 RO O OO
ROS 0500 RO5 O OO
ROG 0500 ROG Oec DD
ROT e DO ROV O DO
ROS CreDO ROg O DO
ROS Ohe DO ROS O DO
R10 D0 R10 O DO
R11 000 R11 Oec DO
R1Z2 000 R12 O DD
R12 000 R1=2 O DD
R14 OO0 14 Do 0
R15 D00 R15 Do 0
R1& OO R1& O DD
R17 0x00 R17 Oue 0
R18 Do D0 R18 O OO
R19 Dec D0 R19 O OO
R20 Dot R20 O OO
F21 OocOd F21 Onc D




e) AND 0x70, 0x6B

Code:
INCLUDE "M32DEF.INC"

.ORG 0x0
LDI R20,0X70
ANDI R20,0X6B
; Replace with your application code
LINCLUDE "M32DEF.INC™
.ORG B@xd
LDI R28,8X7e
BNDI R28,@X6E
OUTPUT
Mame WValue Mame Value
X Register O OO0 N X Register O OOO0
¥ Register O OO0 % Register Oec OO0
Z Register O OO0 Z Register O 0000
Status Register OO E E o) R E E) Status Register O0OEGE M REZ D
Cycle Counter 1 Cycle Counter 16384
Frequency 1.000 MH=z Frequency 1.000 MH=z
Stop Watch 1.00 ps Stop Watch 16,384.00 ps
= Registers =l Registers
RO OO0 ROO OreD0
RO L n] RO1 000
RO2 OO ROZ O 00
F.03 OO0 RO3 O D0
RO OO RO OO0
RO5 OO0 RO5 OreD0
ROB& OoaDO ROB 000
RO7 OO0 RO7 O 00
FOE OocO RO2 O D0
Furg OoaDO ROG OO0
R OO0 R10 OreD0
R11 L e] R11 000
F12 OO R12 O 00
R13 OO0 R13 OncD0
F14 L n] R14 OO0
R15 OO R15 OreD0
R1& OO0 R16 OreD0
R17 OO R17 O 00
R1& OO R18 O D0
R1% OoaDO R19 OO0
F20 O 70 R20 O 60
F21 OocO R21 000
R22 OoaDO - R22 O 00




f) XOR 0xAA, 0x95

Code:
INCLUDE "M32DEF.INC"

.ORG 0x0
LDI R20,0XAA
LDI R21,0X95
EOR R20,R21
; Replace with your application code
LINCLUDE "M32DEF.INC™
.ORG @x8
LDI R28,8XAA
LDI R21,8X95
EoR R28,R21
OuTPUT
Mame Value Mame Value
* Register 00000 X Register Ox 0000
¥ Register O DD00 ¥ Register 0:0000
Z Register O DO00 Z Register 00000
Status Register DDNEENENEDC Status Register OOEE®ED S
Cycle Counter 2 Cycle Counter 16384
Frequency 1.000 MHz Frequency 1.000 MH=
Stop Watch 2.00 ps Stop Watch 16,384.00 ps
= Registers = Registers
ROD OO ROD 000
RO1 000 RO1 0% 00
RO2 00D RO2 o D0
RO3 OO0 RO3 000
RO O 00 RO4 [ ]
RO5 Ore 00 ROS OO0
ROG Oec O ROG Do 00
ROV Onc 00 ROT OO0
ROS O 00 RO& 000
ROG O 00 RO 000
R10 O 00 R10 000
R11 000 R11 000
R12 000 R12 000
R13 000 R13 000
R14 One00 R14 s 00
R15 000 R15 D00
R16 000 R16 000
R17 0300 RIT 000
R18 Oee D0 R1& D B0
R19 OreDD R14 Do O
R20 Oheiul, R20 O 3F
R21 095 R21 e S5




Q.2) Write assembly language program for AVR microcontroller to copy data
from location $68 to Port D using R19.

Code:
INCLUDE "M32DEF.INC"
.ORG 0x0

LDI R19, $28
STS $68, R19
LDS R19,$68
OUT PORTD, R19

; Replace with your application code
LINCLUDE “M32DEF.INC"
.ORG Bxe

LDI R19, %28
5TS %68, R19
LDS R19,%68
OUT PORTD, R19

OUTPUT
r'rpn.i.—.':-r:::;ln;al.ua- - R;;Iu:
ROE Dx 0D -
ROG Dx00
R10 0% 00
R11 %00
R12 Dx00
R132 0% 00
R14 Dx 0D
R15 000 Mame Address Value Bits
R16 0% 00
ne e WO PIND  0x30  Ox00 OO0000000
R18 0x00 o OORD D31 Che0) DDDDDDDD
e o2 WO PORTD 0x32  (x28 B [m] ee

data x0060 00 0O 00 00 60 00 00 0O 20 00
data 0x2072 00 0O 00 00 60 00 00 0O 60 00
data Ox0054 00 0O 00 00 60 00 00 0O 60 00




Q.3) Write assembly language program for AVR microcontroller to toggle all bits
of PORTB by sending it to $55 and SAAH continuously. Put a time delay between
each issuing of data to port B

Code:
INCLUDE "M32DEF.INC"
.ORG 0x0

LDI R16,HIGH(RAMEND)
OUT SPH,R16
LDI R16,LOW(RAMEND)
OUT SPL,R16

BACK:
LDI R16,0X55
OUT PORTB,R16
CALL DELAY
LDIR16,0XAA
OUT PORTB,R16
CALL DELAY
RIMP BACK

.ORG 0X300
DELAY:

LDI R20,0XFF
AGAIN:

NOP

NOP

DEC R20

BRNE AGAIN

RET



3 Replace with wour application code

LINCLUDE "M32DEF . INC™

LORG @l

LDI RL16, HIGH ( RAMEMND)
oUT SPH,RL1G
LDI RL16, LOWI{RAMEND])
ouUT SPL,R1G

BACK :
LDI Rle,8X55
ouUT PORTEB, RLG
CALL DELAY
LDI RLE ,@xAan
ouUT PORTE, RLG
CALL DELAY
RIMP BACK

ORG @x3Sea
DELAY :

LDI R2Za,8XFF
AGATN:

MOP

MOP

DEC R28

BRMNE AGATN

RET

OUTPUT

Mame Addrezz Value

U PINE w36
U DDRE w37
WO PORTE (38

w00
=00
O35

Bits
00000000

0ooooodd
@] |m] |=] (W]

Mame Address Value
WOPINE  Ox36 (0D
O DDRE  x37 (w00
WO PORTE (x38  DxAR

Bits
00000000

Looo0ood
L (0] [m] [m] [m



Q.4) An LED is connected to each pin of port C . Write an assembly program to
turn on each pin from pin C0 to C7. Call a delay subroutine before turning on
next LED.

Code:
INCLUDE "M32DEF.INC"
.ORG 0x0

LDI R16,HIGH(RAMEND)
OUT SPH,R16
LDI R16,LOW(RAMEND)
OUT SPL,R16
LDI R16,0XFF
OUT DDRC,R16
SBI PORTC,0
CALL DELAY
SBI PORTC, 1
CALL DELAY
SBI PORTC,2
CALL DELAY
SBI PORTC,3
CALL DELAY
SBI PORTC,4
CALL DELAY
SBI PORTC,5
CALL DELAY
SBI PORTC,6
CALL DELAY
SBI PORTC,7
CALL DELAY

.ORG 0X300
DELAY:
LDI R20,0X05
AGAIN:
NOP
NOP
DEC R20
BRNE AGAIN
RET



3 Replace with your application code
.INCLUDE "M32DEF.INC"

LORG @i

LDI R16,HIGH({RAMEND)

QUT S5PH,R16

LDI R16, LOW({RAMEND)

ouT 5PL,R16
LDI Rle,BXFF
QuT DDRC,R1B6

EBEI PORTC,@
CALL DELAY
5BI PORTC,1
CALL DELAY
5BI PORTC,2
CALL DELAY
S5BI PORTC,3
CALL DELAY
5BI PORTC,4
CALL DELAY
5BI PORTC,S
CALL DELAY
5BI PORTC,&
CALL DELAY
5BI PORTC,7
CALL DELAY
OUTPUT
MName Address Value Bits Mame Address Walue Bits
WO DDRC (x34  OxFF Saaaaaan WODDRC (x34  OxFF ([ TTTIITIT]]
WOPINC  0x33  0x00 00000000 WOPINC  (x33 x0T O0O000Oom
WO PORTC 0x35  Ox00 00000000  wpeorc o35 o0l 0000000m
Mame Address Value Bits Mame Address Value Bits
o DDRC (w34 OxFF Wo DDRC  0x34 O FF PEDEDEEEEE
o SaEEEEEE We PINC  0x33  0x07 DOOoDO00OeEm
BEIPINC 033 0x03 Ennnwn] | | U6 PORTC  0x35  0x07 EeEEE T[]
0 PORTC 0x35  0x03 O0o0oOo0On.
Mame Addresz Value Bits
WO DDRE (h3d OxEF ........ Mame Address Value Bitz
WO PINC (%33 (xOF O000O@E@EE | '@D0RC 034 OxFF (LI rr
O PORTC 0x35  OxOF O000ON e WOPINC  0x33  OxIF mmm [ [ 1]
WO PORTC 035 OxIF amm 111
Mame Address Value Bits
Mame Address Value Bits
#0DDRC (x34  OxFF (TTITTITTIT]
MO PINC  0x33  Ox3F me T T BB DDRC  0u34 OuFF I rrrer
WO PORTC (x35  (3F mm T T BBPINC  Dx33  Ox7F m [ I1r
WO PORTC 0x35  OxTF S T T T
Mame Address Value Bits
Vo DDRC w34 OxFF T TTTITIIT]|
Wo PINC 33 OxFF T T TTTIT|
o PORTC k35 O FF ........



Q.5) Write an assembly program to create a square wave of 66% duty cycle on bit
2 of port C.

Code:
INCLUDE "M32DEF.INC"
.ORG 0x0

LDI R16,HIGH(RAMEND)
OUT SPH,R16

LDI R16,LOW(RAMEND)
OUT SPL,R16

SBI DDRC,2

HERE: SBI PORTC,2
CALL DELAY

CALL DELAY

CBI PORTC,2

CALL DELAY

RIMP HERE

.ORG 0X300
DELAY:
LDI R20,0X05
AGAIN:
NOP
NOP
DEC R20
BRNE AGAIN
RET



;3 Replace with your application code

LINCLUDE "M32DEF.INC™
LORG 8xd

LDI R16,HIGH(RAMEND)
ouUT SPH,R1E6

LDI R16, LOW({RAMEND)
ouUT SPL,R16

5BI DDRC,2

HERE: 5BI PORTC,2
CALL DELAY

CALL DELAY

CBI PORTC,2

CALL

DELAY

RIMP HERE

LORG eX3es
DELAY:

LDI R2e,8xXes

AGATN:

NOP

NOP

DEC R2&
BRMNE AGATIM
RET

OUTPUT

Marme
Program Counter
Stack Pointer
X Register
Y Register
Z Register
Status Register
Cycle Counter
Frequency
Stop Watch

= Registers

ROOD
RO1

Value

O 000000C -

O 085F
00000

O 0000
00000
DODBEC
)

1.000 MH:
8.00 ps

00
(00

Mame Address Value
WO DDRC (w34 Oweld
WO PINC (k33 (el
WO PORTC (35 w04

Bits
00000800

0o0oomdo
OO00oedo



Mame
Program Counter
Stack Pointer
# Register
Y Register
Z Register
Status Register
Cycle Counter
Frequency
Stop Watch

= Registers

RN

Mame

Program Counter
Stack Pointer

X Register

Y Register

Z Register

Status Register
Cycle Counter
Frequency

Stop Watch

Value
CheDODOOO0 -
Ow083F
Csc 0000
CacD000
Osx0000
DOEE
76
1.000 MH.

760,00 ps

MName
o DDRC
o PIMC

Address
he34
33

WO PORTC (35

(held)

Value
O OOOODO =~
O DB5F
(e DDODO
(D000
(e DDODO
DODBEE
113
1.000 MH.
113.00 ps

Value
el

P W0
(e

M 401
iy

000
000
000
000 =
000
oom
000
000

Mame
e DDRC  0x34
o PINC 33
& PORTC  0x35

Addresz Value

04
e
T4



Q. 6) Write an assembly program to convert following packed BCD numbers to

ASCIL.
a) 0X76
b) 0X85,

Place the ASCII codes into R20 and R21.

a) Code:

LDI R20,0x76 ;the packed BCD to be converted is 76

MOV RI1

ANDI R20,0x0F ;mask the upper nibble (R20 = 06H)

9,R20 ;R20=R19=76H

ORI R20,0x30 ;make it ASCII (R20 = 36H)
MOV R21,R19 ;R21 =R19 =76H

SWAP R21 ;swap nibbles (R21 = 67H)

ANDI R21,0x0F ;mask the upper nibble (R21 = 07)
ORI R21,0x30 ;make it ASCII (R21 = 37H)

QJ&.asm

Created

e e me lme e fme

Author :

: 18-84-2624 13:15:088
student

3 Replace with your application code

. INCLUDE

LDI R19
MOV R28
ANDI R2e
ORI R2&
MOV R21
SkAP R21
ANDI R21
ORI R21

"M32DEF . INC"

, BT 6 ;the packed BCD to be converted is 76

»R19 sR21 = R28 = 7&H

, BxBF smask the upper nibble (R21

,8x38  ;make it ASCII (R21 =

sR19 sR22 = R28 = 7Ji&H
;swap nibbles (R22 =

&7H)
, BBF smask the upper nibble (R22

»EBx38 smake it ASCII (R22 =

OUTPUT
R16 0x00
R17 0xD0
R18 Ox00
R19 0x76
R20 0%36
R21 037

@6H)

87)



b) Code:
LDI R20,0x85 ;the packed BCD to be converted is 85
MOV R19,R20 ;R20=R19 =85H
ANDI R20,0x0F ;mask the upper nibble (R20 = 05H)
ORI R20,0x30 ;make it ASCII (R20 = 35H)
MOV R21,R19 ;R21 =R19=85H
SWAP R21 ;swap nibbles (R21 = 58H)
ANDI R21,0x0F ;mask the upper nibble (R21 = 08)
ORI R21,0x30 ;make it ASCII (R21 = 38H)

; Replace with your application code

LDI R28,8x85 ;the packed BCD to be converted is 85
MOV R19,R28 ;R28 = R19 = B5H

ANDI R28,8xBF ;mask the upper nibble (R28 = @5H)
ORI R28,8x38 ;make it ASCII (R28 = 35H)

MOV R21,R19 ;R21 = R19 = B85H

SWAP R21  ;swap nibbles (R21 = S58H)

ANDI R21,8x8F ;mask the upper nibble (R21 = 88)
ORI R21,8%x38 ;make it ASCII (R21 = 38H)

OUTPUT
RO3 O 00
RO9 e 0D
R10 ]
R11 O 00
R12 ]
R13 L]
R14 0]
R15 Orc OO
R16 e 0D
R17 ]
R18 O 00
R19 (e85
R20 35
R21 38
R22 Orc OO
R23 e 0D



Q.7) Write an assembly program that finds number of zero’s in a 8 bit data item.
Yy prog

Code:
INCLUDE "M32DEF.INC"
.ORG 0x00
LDI R20,0b10111001
LDI R21, 8 ;set a counter to 8
LDI R22, 0 ;set number of zeros to 0
AGAIN:ROL R20 ;move MSB to Carry
BRCS NEXT ;branch if set carry
INC R22 ;increment number of zeros
NEXT: DEC R21 ;decrement the counter
BRNE AGAIN

; Replace with your application code
.INCLUDE "M32DEF.INC"

JORG exes

LDI R26,8ble111861

LDI R21, 8 ;set a counter to 8

LDI R22, @ ;set number of zeros to @
AGATN:ROL R28 smove M5B to Carry
BRCS NEXT ibranch if no carry

INC R22 ;increment number of zeros
MEXT: DEC R21 ;decrement the counter
BERME AGAIN

OUTPUT
R1G Cre 00
R17 O 00
R13 O 00
R19 O 00
R20 e DC
R21 Cre 00

R22 O 03



Q.8) Write an assembly program that finds position of first high in an 8 bit data
item. The data is scanned from D7 to D0. Find the result for A9H.

Code:
INCLUDE "M32DEF.INC"
.ORG 0x00
LDI R20, 0xA9
LDIR16,7
CLR R17

loop:
SBRC R20,7
RIJMP found
DEC R16
ROL R20
BRNE loop
RIMP done

found:
MOV R17,R16

done:

; Replace with your application code
LINCLUDE "M32DEF.INC"

LORG Bxde
LDI R28, 8xA9 ; Load data into temporary register (ASH)
LDI RlG6, 7 3 Load 7 into register rlé (start from D7)
CLR R17 ;3 Clear rl7 to store the position of the first high bit
loop:
SBRC R2e, 7 ; Check if the highest bit is set
RIMP found 3 IT set, jump to found
DEC Rl16 3 Decrement the bit position
ROL R28 ; Rotate data left through carry
BRNE loop 3 If r16 != @, continue looping
RIMP done 3 If not found, jump to done
found:
MOV R17, R16 ; Store the position of the first high bit in ril7
done:

OUTPUT
R1& 007
R17 w07
R18 Ohe OO
R19 O 00

R20 A



Q.9) Assume that data memory location $240-$243 have following hex data. Write
a program to add them together and place result in locations $220 and $221.
$240=$7D

$241=SEB

$242=8C5

$243=$5B

Code:
INCLUDE "M32DEF.INC"
.ORG 0x00

LDI R19,0X7D
STS 0X240,R19
LDI R20,0XEB
STS 0X241,R20
LDI R21,0XC5
STS 0X242,R21
LDI R22,0X5B
STS 0X243,R22

EQU L BYTE = 0X220
EQU H_BYTE = 0X221
LDI R16,4
LDI R20,0
LDI R21,0
LDI XL,0X40
LDI XH,0X02
L1: LDR22.X+
ADD R20,R22
BRCC L2
INC R21
DEC R16
L2: DECRI6
BRNE L1
STS L BYTE,R20
STS H BYTE,R21



; Replace with your application code

.INCLUDE "M32DEF.IMNC™
.ORG 8xae

LDT
5TS
LDI
5TS
LDI
5T5
LDT
5T5

LEQU L_BYTE
LEQU H_BYTE

LDT
LDI
LDI
LDI
LDI
L1:

L2:

0 9 00 09 00 69 00 09 00 09 07 00 00 00 00 09 00 00 07 00 07 00 07 00 00 00 07 00 07 60 07 00 07 00 07 00 07 % 6
0 9 00 09 00 69 00 09 00 09 07 09 00 00 00 69 00 00 07 55 02 00 07 00 00 00 07 00 07 00 07 00 07 00 00 00 00 0 &
{00 00 00 09 00 07 02 09 02 B9 0 7d &b c5 Sb 60 00 0D 6D 67 07 07 0 B 00 B0 B0 B4 64 60 00 00 09 07 07 02 0 B

R1S ,@X7D
ax24a,R19
R2& ,8XEB
ex24l ,R28
R21,8XC5
X242 ,R21
R22 ,8X5B
ax243,R22

axaze
Bxa221

R16,4
R2B,8

R21,8

XL, @x4e

XH, @xez2

LD R22,X+

ADD R28,R22
BRCC L2

INC R21

DEC R1G

DEC R1G

BRME L1

STS L_BYTE,R28
STS H_BYTE,R21

OUTPUT

Registers il

REa = axad Rel = exaa
R@2 = ewxed Re3 = awxaa
R4 = ax@gg Res = axga
REac = awag Re7 = awxga
RE8 = axed Res = axaa
R1a2 = éwéd R11 = awxaa
R12 = @xi@g R1Z: = axiga
R14 = @wad RLS> = @i

R1Ee = @wad R17 = ewxaa
R18 = @wed R12 = axiDb
R28 = 8x88 R21 = @xa2
R22 = @axeid R23 = axaa
R24 = a@wed R25 = awxaa
R28 = @w42 R27 = awas
R28 = awag R2Z9 = axga
R38 = axed R31 = axaa



Q.10) Write an assembly program to read content of location 005F of EEPROM
into portB.

Code:
INCLUDE "M32DEF.INC"
.ORG 0x0000 ; Reset vector
RIMP Main ; Jump to the main program
Main:
LDIRI1S, 0 ; Load 0 into R18
LDIR17, 0x5F ; Load the address 0x005F into R17
OUT EEARH, R18 ; Set the EEPROM address high byte
OUT EEARL, R17 ; Set the EEPROM address low byte
LDIR16, 0x28 ; Load data (0OxAA) into R16 to write to EEPROM
OUT EEDR, R16 ; Write data to EEPROM data register
SBI EECR, EEMWE ; Enable EEPROM Master Write Enable
SBI EECR, EEWE ; Start EEPROM write by setting EEPROM Write Enable
WaitWrite:

SBIC EECR, EEWE ; Wait for write to complete
RIMP WaitWrite  ; Loop back if write is still in progress

SBI EECR, EERE ; Initiate EEPROM read operation
IN R16, EEDR ; Read data from EEPROM into R16

OUT DDRB, R16 ; Configure port B pins as outputs
OUT PORTB, R16  ; Output the data to port B



;3 Replace with your application code

. INCLUDE

LORG BxosEes
RIMP Main

Main:

LDI
LDI

R1S, @
R17, @xSF

OuUT EEARH, RI1B
ouUT EEARL, R17

Bx2s
R1&

LDI R16,
OUT EEDR,

SBI
SBI

EEMWE
EEWE

EECR,
EECR,

WaitWrite:

SBIC EECR, EEWE
RIMP WaitWrite

SBI EECR, EERE
IN R16, EEDR

OUT DDRE,
OUT PORTE,

R1&
R1&

TM3I2DEF . INC™

Reset wector
Jump to the main program

Load @ into RI1S8
Load the address 8x@885F into R17

Set the EEPROM address high byte
Set the EEPROM address low byte

3 Load data (@xAA) into R16 to write to EEPROM
3 Write data to EEPROM data register

3 Enable EEPROM Master Write Enable
3 Start EEPROM write by setting EEPROM Write Enable

3 Wait for write to complete

3 Loop back if write is still in progress

3 Initiate EEPROM read operation
3 Read data from EEPROM into R16&

3 Configure port B pins as outputs

3 Output the data to port B

OUTPUT

RBE = PwBB REL = BxBB
RB2 = Ax88 RB3 = BxBa
REd = &xwdd RE5 = a8xda
ROE = Bx@@ RB7 = BuBE
ROE = BxB@ RBO = BxBO
R18 = 8x88 R11l = 8x3a
R12 = &xa88 R13 = 8xBa
R14 = @x@@ R1S = Bx08
R16 = @x28 R17 = B@xSF
R18 = 8x@8 R19 = axaa
R28 = &x88 R21 = B8xBa
R22 = Gx@@ R23 = Bu08
RZ4 = G@@ R25 = BuBO
RZ6 = Bx@@ R27 = BxB8
R258 = &x88 R29 = B8xB3a
R3IB = B8 R31 = Bu08
Mame Address Value Bits
B EECR 0x3C  Ox00 JOoao
B EEDR 0x3D  x28 OOoe0Omoo0
B EEAR O3 x005F 00000000 OEDEEEEE
MName Address Value Bits
4o PINE 0x36 Ox28 DOJOeOmOo4ad
10 DORE 0x37 0x28 DOJOeOmOo4ad
10 PORTE 0x38 0x28 OOeOmOoOaad



Q.11) Assuming XTAL=8MHz, write a C program to generate 1KHz frequency
on PC4 using Timers.

Code:
#include "avr/io.h"
void delay 500us ();
int main ()
{
DDRA =DDRA | 1;
while(1)
{
PORTA = PORTA " (1 << PAO0);
delay 500us();
§

return 0;

}

void delay 500us ()
{
TCNTI1H = (-500)>>8;
TCNTIL = (-500)& OxFF;
TCCRI1A = 0;
TCCRI1B = 0x2;
TIFR = (1<<TOV1);
while ((TIFR & (1<<TOV1)) ==0);
TCCRI1B = 0x00;
TIFR = (1<<TOV1);



#include "avr/ic.h”
vold delay S5@8us ( );
—lint main ()

1
DDRA = DDRA | 1;
while(1)
i
PORTA = PORTA ~ (1 << PAB);
delay 588us();
}
return 8;
}

-lwoid delay S5@8us ( )

1
TCNTIH = (-58@)338;
TCNTIL = (-58@)& BxFF;
TCCRIA = @;
TCCRIB = @x2;

TIFR = (1<<TOVL);

while ((TIFR & (1<<TOW1)) == B);
TCCR1B = @xigs;

TIFR = (1<<TOVL);

OUTPUT

Mame Address Value Bits

W PNA &390 O0O0O00000
W oDRA x3A 01 QOOOO00O0O0W
O PORTA (3B 00 O0O0O0OO0OO0O

Mame Address Value Bits

W PNA 39 o0 QJOOO0OO0Om
W DDRA Ox3a4 01 CJOOO0O0O08
W PORTA 3B 01 QJOOOOOOW



Q.12) Assuming XTAL=8MHz, write a C program to toggle portB.4 bit
continuously every 2 ms. Use timerl, normal mode and no prescalar to create the
delay.

Code:

#include "avr/io.h"

void T1Delay( );

int main ()

{
DDRB = 0xFF;
while(1)
{

PORTB = PORTB " (1 << PB4);
T1Delay();

}

}

void T1Delay( )

{
TCNTI1H = 0xCl;
TCNTIL = 0x80;
TCCRI1A = 0x00;
TCCR1B = 0x01;
TIFR = (1<<TOV1);
while ((TIFR & (1<<TOV1)) == 0);
TCCR1B = 0x00;
TIFR = 0x1<<TOV1;

h

#include <awr/ioc.h>
vold TiDelay()s
—lint main()

i
DDREB=8xFF ;
while({1)
1
PGRTB=PGRTB“{1{<PB4J;
TiDelay();
¥
¥

=Iwoid TlDelaw()
i

TCNTLIH=8>C1;
TCNTLL=8x86 ;

o> TCCRLA=ExEE ;
TCCR1IB=8x81 ;
while( (TIFR&(BxL<<TOWL)==0));
TCCR1EB=8;
TIFR=Bx1<<TOWIL ;



OUTPUT

Mame Lddress Value Bit=
Wo PIMNBE Do 36 Do 10 miEEl ImiEieis
o DDRE Do 37 O FF PRl EEEEE
Wa PORTE o 38 Do 10 Hinn] Inininine
Marne Address Value Bits
@) ICR1 Ohedi Ooc Q000 00000000 00000000

) OCRIB 048 00000 00000000 00000000
@) OCR1A Oed&  OxODDD 00000000 00000000
&) TCNTI MedC (w182 8000008 BO0000080

# @ TCCR1B Oxd4E 00D OO0 O0O0OOad
# @ TCCRI1A OxdF OO OO000000a0O

@ TIFR k58 (w00 0000
@ TIMSK 0x39  0x00 OO0ao
Mame Address Value Bits

o PINB 036 Ox00 OOo000OoOoad
10 DDRE 0x37  OxFF T Irrilin
1o PORTE 0x38  Ox00 OO0000000



Q.13) Write a C program to send the message “IIOT is Industry 4.0” to the serial
port continuously at 9600 baud rate. Use 8 bit data and 1 stop bit , assume
XTAL=16MHz .

#include <avr/io.h>

void usart_init (void)

{
UCSRB = (1<<TXEN);
UCSRC = (1<<UCSZ1) | (1<<UCSZ0) | (1<<URSEL);
UBRRL = 0x67,;
}
void usart_send (unsigned char ch)
{
while (! (UCSRA & (1<<UDRE)));
UDR = ch;
}
int main (void)
{
unsigned char str[20] = “IIOT is Industry 4.0”;
unsigned char strLength = 20;
unsigned char i = 0;
usart_init();
while(1)
{
usart_send(str[i++]);
if (i >= strLength)
1=0;
b
return 0;

}



#include <avr/io.h>
Elwoid usart_init (void)
UCSRE = (1<<TXEN);

UCSRC = (1<<UCSZ1) | (1<<UCSZ@) | (1<<URSEL);
UBRRL = @X67;

L}
Flwoid usart_send (unsigned char ch)
{
while (! (UCSRA & (1<<UDRE)));
UDR = ch;
L}
Elint main (wveid)
{
unsigned char str[28] = "IIOT is Industry 4.8";
unsigned char strliength = 28;
unsigned char i = @;
usart_init();
| while(1)
usart_send(str[i++]);
if (i »= strLength)
i=8;
¥
return 8;
L}
Mame Address Walue Bits

B uBRRL 029 00 OOOOO0O0CO0O -
B ucsre 24 kD0 OOOOOO0OOO
= B UCsRA  0x2B 20 OO@O0O00O0O

B RxC ox00 [

B T™™C 000 (]

B uD.. 0x01 [

B FE 0x00 (]

B por 0x00 O

B uPe 0x00 O

B uzx 0x00 (]

Elme... 0x00 a
E uDrR Ox2C 00 DOOO0OO0O0O0COO

B ucsrc OhcdD w00 OOO0OO0OC0O0O .




Q.14) Using Timer0 and Timer1 interrupts generate a square wave on pins
PB1 and PB7 respectively while transferring data from portC to portD
assume XTAL=10MHz .

Code:
INCLUDE “M32DEF.INC”
.ORG 0x0
JMP MAIN
.ORG 0x12
JMP T1_OV_ISR
.ORG 0x16
JMP TO OV ISR

.ORG 0x100
MAIN: LDI R20, HIGH(RAMEND)

OUT SPH, R20
LDI R20, LOW(RAMEND)
OUT SPL, R20
SBI DDRB, 1
SBI DDRB, 7
LDI R20, (1<<TOIEO0) | (I<<TOIE1)
OUT TIMSK, R20
SEI
LDI R20, 2 ; value for 20us
OUT TCNTO, R20
LDI R20, 0X01
OUT TCCRO, R20
LDI R20, HIGH(2)
OUT TCNT1H, R20
LDI R20, LOW(2)
OUT TCNTIL, R20
LDI R20, 0X00
OUT DDRC, R20
LDI R20, 0XFF
OUT DDRD, R20

HERE: IN R20. PINC
OUT PORTD, R20
JMP HERE

.ORG 0X200
TO OC_ISR:

LDI R16, 2

OUT TCNTO, R16



.ORG 0X300
T1_OC_ISR:

IN R16, PORTB
LDIR17, 0X02
EOR R16, R17
OUT PORTB, R16
RETI

LDI R18, HIGH(2)
OUT TCNT1H, R18
LDI R18, LOW(2)
OUT TCNTIL, R18
IN R18, PORTB
LDI R19, 0X80
EOR R18, R19
OUT PORTB, R18
RETI

.INCLUDE "M32DEF.INC"
.ORG 8x®

IMP MAIN
.ORG B8x12

JMP T1_OV_ISR
.ORG 8x16

JMP Te_ov_ISR

LORG @xlaa

MAIM: LDI R28, HIGH(RAMEND)
ouUT SPH, R28

LDI R2@, LOW({RAMEND)

ouUT SPL, R28

SEI DDRE, 1

5BI DDRB, 7

LDI R2@, (1<<TOIE@) | (1<<TOIE1)

ouUT TIMSK, R2@

SET

LDI R2@®, 2 3 value for 28us

OUT TCNT®, R28

LDI R2&@, axel

ouUT TCCR2, R28

LDI R2@, HIGH({2)

OUT TCNT1H, R2@

LDI R2@, LOW(2)

OUT TCNTL1L, R28&

LDI R2&, axea

oUT DDRC, R28

LDI R2&, BXFF

ouUT DDRD, R28



HERE :

IN R28,
oUT PORTD,

PIMC
R2&

JIMP HERE

.ORG B8X288
Te_ov_ISR:

LDI R1G6, 2

oUT TONTE,
IN R16,
LDI R17,
ECR R16G,
QUT PORTE,

RETI

.ORG BX3es
T1_OWV_ISR:

LDI R18,
OUT TCONTLH,
LOW(2)
oUT TCONTLL,
IM R18,
LDT R19,
ECR R18,
OUT PORTE,

LDI R18,

RETI

R1&

PORTE
axe2
R17

R16G

HIGH( 2)
R18

R1S

PORTE
axse
R19

R1&

OUTPUT

Address Value
o PIMNE (36 Oae00
o DORE (37 w82
o PORTE (38 Oee00

Mame

Bits
00000000

e00000e0O
00000000



Q.14) Write a C program to interface LCD with AVR using 8 bit data.

Code:

#include <avr/io.h>
#include <util/delay.h>

#define LCD_DPRT PORTA
#define LCD_DDRA DDRA
#define LCD_DPIN PINA
#define LCD_CPRT PORTB
#define LCD_CDDR DDRB
#define LCD_CPIN PINB
#define LCD_RS 0

#define LCD RW 1

#define LCD_EN 2

void delay us(unsigned int d)
{

delay us(d);
}

void lcdCommand(unsigned char cmnd)

{
LCD DPRT = cmnd;
LCD_CPRT &= ~(1<<LCD_RS);
LCD_CPRT &= ~(1<<LCD_RW);
LCD_CPRT |= (1<<LCD_EN);
delay us(1);
LCD CPRT &=~(1<<LCD_EN);
delay us(100);

§

void lcdData(unsigned char data)

{
LCD_DPRT = data;
LCD_CPRT |= (1<<LCD_RS);
LCD_CPRT &= ~(1<<LCD_RW);
LCD _CPRT |= (1<<LCD_EN);
delay us(1);
LCD CPRT &=~(1<<LCD_EN);
delay us(100);

}

void lcd_init()
{



LCD_DDDR = 0xFF;
LCD_CDDR = 0xFF;

LCD_CPRT &= ~(1<<LCD_EN);
delay us(2000);
lcdCommand(0x38);
lcdCommand(0x0E);
lcdCommand(0x01);

delay us(2000);
lcdCommand(0x06);

}

void lcd_gotoxy(unsigned char x, unsigned char y)

{
unsigned char firstCharAdr[] = {0x80, 0xCO0, 0x94, 0xD4};
lcdCommand(firstCharAdr[y-1] + x -1);
delay us(100);

}
void led print(char * str)
{
unsigned char i = 0;
while(str[i] !=0)
{
lcdData(str[1]);
1++;
h
}

int main(void)

{
led_init();
led gotoxy(1,1);
lcd_print(“The world is but”);
led_gotoxy(1,2);

lcd_print(“one country”);

while(1);
return O;



#include <awvr/ic.h>
#include <utilfdelay.h>

#define LCD_DPRT PORTA
#define LCD_DODR DDRA
#define LCD_DPIN PINA
#define LCD_CPRT PORTEB
#define LCD_CDDR DDRE
#define LCD_CPIN PINB
#define LCD_RS @
#define LCD_RW 1
#define LCD_EN 2

Elwoid delay_us{unsigned int d)

i
¥

_delay wus(d);

Flweoid locdCommand{unsigned char cmnd)
i
LCD_DPRT = cmndj;
LCD_CPRT &= ~(1<<LCD_RS);
LCD CPRT &= ~(1<<LCD_RW);
LCD_CPRT |= (1<<LCD_EN);
_delay _us(1);
LCD _CPRT &= ~(1<<LCD_EM);
_delay us(1e8) ;
¥

Flwoid lcdData(unsigned char data)
i
LCD_DPRT = dataj;
LCD_CPRT |= (1<<LCD_RS);
LCD _CPRT &= ~(l<<LCD_RW);
LCD_CPRT |= (1<<LCD_EMN);
_delay wus({1);
LCD _CPRT &= ~(1l<<LCD_EN);
_delay us(1e88);
¥

Sweid led_init()
i

LCD DDDR = @xFF3
LCD CDDR = @xFFj;

LCD_CPRT &= ~(l<<LCD_EM);
_delay us(2888);
locdCommand (@x38) 3
lcdCommand (@x@E) ;
lcdCommand (@81} ;

_delay us(2088);
lcdCommand (@xa6) ;

Flvoid lcd_gotoxy(unsigned char x, unsigned char y)

unsigned char firstCharAdr[] = {@x8@, @xCe, @x94, @xD4};
lcdCommand(firstCharAdr[y-1] + x -1);
_delay us(18@);

Flvoid_lcd_print{char * str)

unsigned char 1 = 8;
while(str[i] != @)

ledData(str[i]);
i+t

}

Elint main(void)

led init();

led gotoxy(1,1);
led_print('The world is but');
led gotoxy(1,2);

lcd_print('one country');

while(1);
return @;

}




OUTPUT

L % VTOLCI UL LIS VL

Mame Address Value

Bits
1 PIMA 39 oD OO0O00000m
It DDRA &34 01 OJOO00O0000Om
e PORTA x3B 01

0000000



	#include <avr/io.h> 

