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  PART A 

1.  Name any two groups of AVR family.
ANS:  Classic, Mega, Tiny, Special purpose
 
2. List any four data types in AVR C.
ANS:  char, Unsigned char, int, unsigned int, unsigned long, long, signed int, int, float, double
 
3. Give any two applications of Timer

ANS: Timer, Counter, Wave form Generator, PWM generator

4. Give instructions used to enable and clear the interrupts globally.

ANS: Enable-SEI(set interrupt), clear all

 

5. Mention the advantage of serial communication. 

ANS: Serial communication capability makes fast data transfer using a few wires, it reduce hardware 

pins, reduce number of lines. 

PART B 

1. Compare microprocessor and microcontroller.

ANS: 

  

  

Name any two groups of AVR family.  
Classic, Mega, Tiny, Special purpose 

List any four data types in AVR C.  
char, Unsigned char, int, unsigned int, unsigned long, long, signed int, int, float, double

Give any two applications of Timer0.  

Timer, Counter, Wave form Generator, PWM generator 

used to enable and clear the interrupts globally. 

SEI(set interrupt), clear all-CLI 

Mention the advantage of serial communication.  

Serial communication capability makes fast data transfer using a few wires, it reduce hardware 

 

1. Compare microprocessor and microcontroller. 

 

  

char, Unsigned char, int, unsigned int, unsigned long, long, signed int, int, float, double 

Serial communication capability makes fast data transfer using a few wires, it reduce hardware 
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2.  List the features of RISC: 

ANS: 

• The CISC (complex instruction set computer) processors uses large number of instructions, 

but some instructions were never used. 

• Implementation cost of CISC is very high. 

In order to avoid these problems, RISC (reduced instruction set computer) is developed. 

Features of RISC : 

a. Fixed instruction size: 

• In RISC architecture size of all instructions are fixed. 

• CPU can decode the instructions quickly. 

b. Large number of registers: 

•  RISC architecture contains large number of registers. 

• All RISC architectures have at least 32 registers. 

• In these 32 registers, some are assigned for specific functions. 

•  One advantage of a large number of registers is that  it avoids the need for stack to store data. 

c. Small instruction set: 

 RISC processors have a small instruction set. 
 Complex tasks are performed as a series of simple tasks / instructions. 

 
d. Harvard architecture: 

 RISC processors have separate buses for data and code. 
 So processing power and speed can be increased. 

 
e. Direct hardwired implementation of instruction set: 

 RISC instructions are small set of instructions and  can be implemented directly using the  
hardwire method. 
 

f. Reduced memory access: 

 Uses load / store architecture. 
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 In RISC, instructions can be loaded from external memory into registers or store registers into 

external memory locations.

g.  Clock cycles: 
 
 More than 95% of RISC instructions are executed in one clock 

 
3. Describe different  bit oriented instructions

ANS:  I/O Bit Manipulation Programming

• I/O bit manipulation  is a powerful and widely used feature of AVR family.

I/O ports and bit-addressability:

• Need to access only 1 or 2 bits of the port instead of entire 8 bits.

•  A powerful feature of AVR I/O ports is their capability to access individual bits of the port 

without altering rest of the bits in that port. 

a. SBI (set bit in I/O register) :

• To set HIGH a single bit of a given I/O register

SBI ioReg, bit_num  :  SBI PORTB,  5

where  ioReg can be the lower 32 I/O registers 

bit_ num is the desired bit number from 0 to 7. 

b. CBI (Clear Bit in I/O register) : 

  

  

In RISC, instructions can be loaded from external memory into registers or store registers into 

external memory locations. 

More than 95% of RISC instructions are executed in one clock cycle. 

it oriented instructions in AVR. 

I/O Bit Manipulation Programming / Bit oriented instructions: 

I/O bit manipulation  is a powerful and widely used feature of AVR family.

addressability: 

only 1 or 2 bits of the port instead of entire 8 bits. 

A powerful feature of AVR I/O ports is their capability to access individual bits of the port 

without altering rest of the bits in that port.  

SBI (set bit in I/O register) : 

single bit of a given I/O register 

SBI ioReg, bit_num  :  SBI PORTB,  5 

be the lower 32 I/O registers (addresses 0 to  31)  

bit_ num is the desired bit number from 0 to 7.  

CBI (Clear Bit in I/O register) :  

 

  

In RISC, instructions can be loaded from external memory into registers or store registers into 

I/O bit manipulation  is a powerful and widely used feature of AVR family. 

A powerful feature of AVR I/O ports is their capability to access individual bits of the port 
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• To clear a single bit of a given I/O register.  

CBI ioReg,  bit_number :  CBI PORTB,2 

where ioReg can be the lower 32 I/O registers  (addresses 0 to  31)  

bit_ num is the desired bit number from 0 to 7. 

Checking an input pin : 

• To make decisions based on the status of a given bit in the file register, us 

c. SBIC (Skip if Bit in I/O register Cleared)  

d. SBIS (Skip if Bit in I/O register Set)  

• Single-bit instructions are widely used for I/O operations.  

Allow you to monitor a single pin and make a decision based on whether it is 0 or 1. 

c. SBIS (Skip if Bit in I/O register Set) : 

• To monitor the status of a single bit for HIGH, use  SBIS instruction.  

• Instruction tests the bit and skips the next instruction if it is HIGH.  

SBIS PINB,3 

d. SBIC (Skip if Bit in I/0 register Cleared) : 

• To monitor the status of a single bit for LOW, use SBIC instruction.  

• Instruction tests the bit and skips the next instruction if the bit is LOW. 

SBIC PINB,3  

4.  Write a C program to toggle only bit 5 of  PORTB continuously without disturbing rest of 

pins of PORTB. 

ANS: #include <avr/io.h> 

int main (void) 

{  

DDRB=0xFF;  

while (1)  
{ 

PORTB=PORTB|0b00100000;  
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PORTB=PORTB & 0b11011111;

} 

return 0;  

} 

5.  Difference between TIMER 0 and TIMER2.

ANS: 

 Timer2 can be used as a real time counter by connecting a 

TOSC1 and TOSC2 pins of AVR and set the AS2 bit 2.

 In Timer 0, when CS02 

events. 

 .In Timer2, the multiplexer selects between the different scales of the clock.

  

  

PORTB=PORTB & 0b11011111; 

5.  Difference between TIMER 0 and TIMER2. 

Timer2 can be used as a real time counter by connecting a crystal of 32.768 kHz to 

TOSC1 and TOSC2 pins of AVR and set the AS2 bit 2. 

In Timer 0, when CS02 -CS00 has values 110 or 111, timer0 counts the external 

.In Timer2, the multiplexer selects between the different scales of the clock.

 

  

 

crystal of 32.768 kHz to 

CS00 has values 110 or 111, timer0 counts the external 

.In Timer2, the multiplexer selects between the different scales of the clock. 
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6. Show the bit status of TIFR 

ANS: 

  

  

it status of TIFR register and mention the function of each bit.

 

  

 

the function of each bit. 
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TIFR  (Timer/counter Interrupt Flag Register) register:

• TIFR register contains the flags of different timers.

7. Write a short note on ADC.

ANS: 

• ADCs (analog to digital 

ADC Characteristics:  

 ADC devices : 

Analog-to-digital converters are among the most widely used devices for data acquisition.

• Digital computers use binary (discrete) values, but in the physical world everything is

(continuous). 

• A physical quantity is converted to electrical (voltage, current) signals using a device called a 

transducer.  

• Transducers are also referred to as sensors. 

  

  

TIFR  (Timer/counter Interrupt Flag Register) register: 

TIFR register contains the flags of different timers. 

Write a short note on ADC. 

ADCs (analog to digital converters), are more real-world devices. 

digital converters are among the most widely used devices for data acquisition.

Digital computers use binary (discrete) values, but in the physical world everything is

A physical quantity is converted to electrical (voltage, current) signals using a device called a 

Transducers are also referred to as sensors.  

 

  

 

 

digital converters are among the most widely used devices for data acquisition. 

Digital computers use binary (discrete) values, but in the physical world everything is analog 

A physical quantity is converted to electrical (voltage, current) signals using a device called a 
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• we need an analog to digital converter to translate the analog signals to digital numbers so that 

the microcontroller can read and process them.  

Major characteristics of the ADC: 
 
a. Resolution : 

• The ADC has n-bit resolution, where n can be 8, 10, 12,  16, or even 24 bits.  

• Higher-resolution ADCs provide a smaller step size, where step size is the smallest change 

that can be discerned by an ADC.  

• Resolution of an ADC chip is decided at the time of its design and cannot be changed, we can 

control the step size with the help of what is called Vref. 

b. Conversion time: 

• Conversion time is defined as the time ADC takes to convert analog input to a digital (binary) 
number. 

c. Vref  : 

• Vref is an input voltage used for the reference voltage. 

• The voltage connected to Vref pin, along with resolution of the ADC chip, dictate the step size.  

For an 8-bit ADC,  step size is Vref / 256 because it is an 8-bit ADC, and 2 to the power of 8 gives us 
256 steps 

d. Digital data output : 

• In an 8-bit ADC we have an 8-bit digital data output of D0-D7. 

• In 10-bit ADC data output is D0-D9.  

e. Parallel versus serial ADC: 

• The ADC chips are either parallel or serial. 

• In parallel ADC, we have 8 or more pins dedicated to bringing out the binary data. 

• In serial ADC we have only one pin for data out.  

Inside the serial ADC, there is a parallel-in-serial-out shift register responsible for sending out the 
binary data one bit at a time. 

f. Analog input channels: 

• Many data acquisition applications need more than one ADC.  

• ADC chips may have 2, 4, 8, or even 16 channels on a single chip.  
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g. Start conversion and end-of-conversion signals: 

• Multiple analog input channels and a single digital output register creates the need for start 
conversion (SC) and end-of-conversion (EOC) signals. 

• When SC is activated, the ADC starts converting the analog input value of Vin to an n-bit 
digital number.  

• Amount of time it takes to convert varies depending on the conversion method. 

•  When the data conversion is complete, the end-of-conversion signal notifies the CPU that the 
converted data is ready to be picked up. 

h. Successive Approximation ADC: 

• Successive Approximation is a widely used method of converting an analog input to digital 
output.  

• It has three main components:  

(a) successive approximation register (SAR). 

(b) comparator. 

(c) control unit. 

PART C 

UNIT I 

III. a. Explain Harvard memory architecture in AVR with the help of diagram: 

ANS: 

• AVR uses Harvard architecture. 

• There are separate buses for code and data memory. 

• Program Bus provides access to Program Flash ROM. 

• Data Bus is used to bring data to CPU. 

• In Program Bus, size of data bus is 16 bits. 

• Address bus is as wide as PC register. 

• In Data Bus, data bus is 8 bits wide. 

• CPU can access one byte of data at a time.  

• Address bus is 16 bits wide.  
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• Data memory space can be up to 64K bytes.  

 

 

III. b. Describe the various unconditional branch instructions in AVR. 

ANS: 

• Unconditional branch is a jump in which control is transferred unconditionally to target 
location. 

a. JMP – Jump 

b. RJMP – Relative jump 

c. IJMP – Indirect jump 

a. JMP: 

• JMP is a long jump. 

• Unconditional jump that can go to any memory location in 4M address  of the AVR. 

• It is 4-byte. 

• In 4 bytes, 10 bits are used for opcode, and other 22 bits represent address of target location. 

 b. RJMP : 
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• 2-byte instruction. 

• First 4 bits are opcode and rest is address of target location. 

• Relative address range is $0000 - $FFFF. 

• Range is-2048 to +2047 & can be addressed by PC. 

• If the relative address is positive,  jump is forward. 

• If the relative address is negative, then jump is backwards. 

c. IJMP: 

• IJMP is a 2-byte instruction. 

• When instruction executes, PC is loaded with contents of Z register, it jumps to  address 
pointed to by  Z register.  

• Z is a 2-byte register. 

• IJMP is a dynamic target point, because we can change value of Z dynamically. 

• In all other jump instructions, the target address is static. 

IV. With a block diagram explain the architecture of AVR microcontroller. 

ANS:  In microcontroller,  the processor, RAM, ROM, I/O ports, and timer are all embedded 
together on one chip. 

• AVR is an 8-bit RISC single-chip microcontroller with Harvard architecture. 

• It has some standard features such as on-chip program (code) ROM, data RAM, data 
EEPROM, timers and I/O ports.  

• Most AVRs have some additional features like ADC, different kinds of serial interface such as 
US ART, SPI, CAN, USB, and so on.  

AVR microcontroller program ROM: 

• In microcontrollers, the ROM is used to store programs and so it is called program or code 
ROM. 

• AVR has 8M (megabytes) of program (code) ROM space. 

• ROM size can vary from IK to 256K. 

• AVR was one of the first microcontrollers to use on-chip Flash memory for program storage.  
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AVR microcontroller data RAM & EEPROM:

• RAM space is for data storage. 

• AVR has a maximum of 64K bytes of data RAM space.

• Data RAM space has three components:

1. General-purpose registers.

2. I/O memory. 

3. Internal SRAM.  

• There are 32 general-purpose registers in AVRs.

• Internal SRAM's and I/O memory's size varies from chip to chip.

AVR microcontroller I/O pins: 

• AVR microcontroller has  3 to  8 I/O pins.

• Number of I/O pins depends on the number of pins in the package. 

AVR microcontroller peripherals:

• Most of the AVRs come with ADC, timers, USART as peripherals.

  

  

AVR microcontroller data RAM & EEPROM:  

RAM space is for data storage.  

AVR has a maximum of 64K bytes of data RAM space. 

Data RAM space has three components: 

purpose registers. 

purpose registers in AVRs. 

Internal SRAM's and I/O memory's size varies from chip to chip. 

AVR microcontroller I/O pins:  

AVR microcontroller has  3 to  8 I/O pins. 

Number of I/O pins depends on the number of pins in the package.  

AVR microcontroller peripherals: 

Most of the AVRs come with ADC, timers, USART as peripherals. 
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• ADC is 10-bit. 

• AVR has 10 timers.  

AVR microcontroller peripherals: 

• Most of the AVRs come with ADC, timers, USART as peripherals. 

• ADC is 10-bit. 

• AVR has 10 timers.  

UNIT II 

V. a. Write AVR C program to toggle all bits of PORTB 50000 times.  

ANS: #include <avr/io.h>  

 int main(void)  

   { 

   unsigned int z;  

  DDRB=0xFF;  

   for(z=0;z<50000; z++)  

  { 

  PORTB=0x55;  

  PORTB=OxAA; 

  } 

  while(1);  

 return 0; 

 } 
 

V. b. Write AVR C program to get a byte of data from PORTB. If it is less than 

50 send to PORTA else send to PORTC. 

ANS:   #include <avr/io.h>  

int main(void)  

{ 

 unsigned char t;   

DDRB=0x00;  

DDRA=0xFF;  

DDRC=0xFF;  

while(1) 

 { 
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 t=PINB; 

 if (t<50) 

 PORTA=t;  

else 

 PORTC=t; 

}  

return 0; 

 } 
 

VI. a Explain the logical bytewise and bitwise operators in AVR embedded C.

ANS: 

• Most important and powerful feature of C language is its ability

• Logical operators AND (&&), OR (II), and NOT (!).

• Bitwise operators AND(&), OR (I), EX

Compound assignment operators in C: 

• To reduce coding, use compound statements for bit

Bit-wise shift operation in C :

• There are two bit-wise shift operators in C. 

  

  

VI. a Explain the logical bytewise and bitwise operators in AVR embedded C.

Most important and powerful feature of C language is its ability to perform bit manipulation.

Logical operators AND (&&), OR (II), and NOT (!). 

Bitwise operators AND(&), OR (I), EX-OR("), inverter(-), shift right(>>), and shift left ( <<). 

Compound assignment operators in C:  

To reduce coding, use compound statements for bit-wise operators in C. 

wise shift operation in C : 

wise shift operators in C.  

 

  

VI. a Explain the logical bytewise and bitwise operators in AVR embedded C. 

to perform bit manipulation. 

), shift right(>>), and shift left ( <<).  

 

wise operators in C.  
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VI. b.  Write an AVR C program to convert ASCII to packed BCD and display 

them on PORTC. 

ANS:  #include <avr/io.h>

 int main(void)  

   unsigned char bcdbyte; 

  unsigned char w='5';  

  unsigned char z='7'; 

  DDRC=0xFF; 

  w=w&0x0f; 

  w=w<<4; 

  z = z& 0x0F; 

  bcdbyte=w\z;  

  PORTC=bcdbyte;  
  return 0; 
 }  
 
UNIT III 

VII. a. Draw and explain the block 

ANS:  Timers can be used to generate a time delay or as counters to count events happening outside 

the microcontroller. 

• Timers/counters are 8-

• Timer1 is  16-bit.  

• If we use internal clock source, frequency of the crystal oscillator is fed into the timer. 

• It is used for time delay generation and is called a timer. 

• Timer1 is split into two bytes.

• They are TCNT1L (Timer1  low  byte)  and  TCNT1H (Timer1 high byte).

• Has two control registers TCCR1A (Timer/counter 1 control register) and TCCR1B.

• TOV1 (timer overflow) flag bit goes HIGH when overflow occurs. 

  

  

VI. b.  Write an AVR C program to convert ASCII to packed BCD and display 

include <avr/io.h>  

Draw and explain the block diagram of Timer1. 

Timers can be used to generate a time delay or as counters to count events happening outside 

-bit or 16-bit.  

If we use internal clock source, frequency of the crystal oscillator is fed into the timer. 

It is used for time delay generation and is called a timer.  

Timer1 is split into two bytes. 

They are TCNT1L (Timer1  low  byte)  and  TCNT1H (Timer1 high byte).

as two control registers TCCR1A (Timer/counter 1 control register) and TCCR1B.

TOV1 (timer overflow) flag bit goes HIGH when overflow occurs.  

 

  

 

VI. b.  Write an AVR C program to convert ASCII to packed BCD and display 

Timers can be used to generate a time delay or as counters to count events happening outside 

If we use internal clock source, frequency of the crystal oscillator is fed into the timer.  

They are TCNT1L (Timer1  low  byte)  and  TCNT1H (Timer1 high byte). 

as two control registers TCCR1A (Timer/counter 1 control register) and TCCR1B. 
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• Timer 1 also has prescaler options of 1:1,  1:8, 1:64, 1:256, and 1:1024. 

• Two OCR registers in Timer1: OCR1A and

• When TCNT1 equals OCR1A, the OCF1A flag will be set.

• When TCNT1 equals OCR1B, the OCF1B flag will be set. 

• TIFR register contains the TOV1, OCF1A, and OCF1B flags. 

• Timer1 operation modes:

Normal mode & CTC mode 

 

 

VII. b. Describe the purpose 
interrupt.  
 

ANS: A single microcontroller can serve several devices. 

• Two methods by which devices receive service from microcontroller: 

1. Interrupts.  

2. Polling. 

• Whenever a device needs  microcontroller's service,

1. It notifies MC by sending an interrupt signal. 

2. Upon receiving an interrupt signal,  microcontroller stops whatever it is doing and serves the 

device. 

  

  

Timer 1 also has prescaler options of 1:1,  1:8, 1:64, 1:256, and 1:1024. 

Two OCR registers in Timer1: OCR1A and OCR1B.  

When TCNT1 equals OCR1A, the OCF1A flag will be set. 

When TCNT1 equals OCR1B, the OCF1B flag will be set.  

TIFR register contains the TOV1, OCF1A, and OCF1B flags.  

Timer1 operation modes: 

Normal mode & CTC mode  

VII. b. Describe the purpose of ISR and explain steps in Executing an 

A single microcontroller can serve several devices.  

Two methods by which devices receive service from microcontroller: 

Whenever a device needs  microcontroller's service, 

It notifies MC by sending an interrupt signal.  

Upon receiving an interrupt signal,  microcontroller stops whatever it is doing and serves the 

 

  

Timer 1 also has prescaler options of 1:1,  1:8, 1:64, 1:256, and 1:1024.  

 

Two methods by which devices receive service from microcontroller:  

Upon receiving an interrupt signal,  microcontroller stops whatever it is doing and serves the 
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 For every interrupt, there must be an interrupt service routine (ISR)/  interrupt handler.
 Program associated with interrupt is called 

handler. 
 When an interrupt is invoked,  microcontroller runs interrupt service routine.

 

Steps in executing an interrupt :

Upon activation of an interrupt, microcontroller does the following steps: 

1.  It finishes currently executing instruction and saves address of next instruction (program 
counter) on stack.  

2. Jumps to a fixed location in memory called the interrupt vector t

3. Interrupt vector table directs  microcontroller to address of interrupt service routine (ISR). 

4.  Microcontroller starts to execute interrupt service subroutine until it reaches last instruction 
of the subroutine, which is RETI (return from interrupt

5. Upon executing  RETI instruction,  microcontroller returns to the place where it was 
interrupted.  

6. It gets the program counter (PC) address from the stack. 

7.  Starts to execute from that address
 

VIII. a. Give steps to program Timer
ANS:  Timer 0 Normal mode:

• Content of timer/counter increments with each clock. 

• Counts  until it reaches its max of 0xFF. 

• 
Steps to program Timer0 in Normal mode: 

1. Load TCNT0 register with the initial count value. 

2. Load the value into TCCRO register, indicating which mode is  to be used.

3. Monitor the timer overflow flag (TOV0) to see if it is raised.

4.  Stop the timer by disconnecting the clock source.

  

  

For every interrupt, there must be an interrupt service routine (ISR)/  interrupt handler.
ated with interrupt is called interrupt service routine (ISR) or interrupt 

When an interrupt is invoked,  microcontroller runs interrupt service routine.

Steps in executing an interrupt : 

Upon activation of an interrupt, microcontroller does the following steps: 

1.  It finishes currently executing instruction and saves address of next instruction (program 

Jumps to a fixed location in memory called the interrupt vector table.  

Interrupt vector table directs  microcontroller to address of interrupt service routine (ISR). 

Microcontroller starts to execute interrupt service subroutine until it reaches last instruction 
of the subroutine, which is RETI (return from interrupt).  

Upon executing  RETI instruction,  microcontroller returns to the place where it was 

It gets the program counter (PC) address from the stack.  

Starts to execute from that address. 

Give steps to program Timer0 in Normal mode with the help of an example.
Timer 0 Normal mode: 

Content of timer/counter increments with each clock.  

Counts  until it reaches its max of 0xFF.  

Steps to program Timer0 in Normal mode:  

Load TCNT0 register with the initial count value.  

Load the value into TCCRO register, indicating which mode is  to be used.

3. Monitor the timer overflow flag (TOV0) to see if it is raised. 

4.  Stop the timer by disconnecting the clock source. 

 

  

For every interrupt, there must be an interrupt service routine (ISR)/  interrupt handler. 
interrupt service routine (ISR) or interrupt 

When an interrupt is invoked,  microcontroller runs interrupt service routine. 

Upon activation of an interrupt, microcontroller does the following steps:  

1.  It finishes currently executing instruction and saves address of next instruction (program 

 

Interrupt vector table directs  microcontroller to address of interrupt service routine (ISR).  

Microcontroller starts to execute interrupt service subroutine until it reaches last instruction 

Upon executing  RETI instruction,  microcontroller returns to the place where it was 

in Normal mode with the help of an example. 

 

Load the value into TCCRO register, indicating which mode is  to be used. 
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5.  Clear the TOV0 flag for the next round. 

6.  Go back to Step 1 to load TCNT0 again. 

Example:  

1.Load TCNT0 register with the initial count value

LDI R20,0XF2  

OUT TCNT0,R20  

2.Load the value into TCCR0 register, indicating mode, prescalaroptions

LDI R20,0X01  

OUT TCCR0,R20 ; timer stopped, mode normal 

3.Keep monitoring the timer overflow flag to see if it is raised. Get out of the loop when TOV0 

becomes high  

Ag: IN R20,TIFR 

 SBRS R20,TOV0 

 RJMP Ag  

4.Stop the timer by disconnecting the clock source, using 

 LDI R20,0x00  

 OUT TCCR0,R20 ; timer stopped, mode normal

5.Clear TOV0 flag for the next round 

6. Go back to step1 to load TCNT0 

VIII. b. Illustrate Edge triggered and level tr

ANS: Two types of activation for external hardware interrupts: 

1. Level triggered,  

2. Edge triggered.  

  

  

he TOV0 flag for the next round.  

6.  Go back to Step 1 to load TCNT0 again.  

1.Load TCNT0 register with the initial count value  

2.Load the value into TCCR0 register, indicating mode, prescalaroptions  

OUT TCCR0,R20 ; timer stopped, mode normal  

3.Keep monitoring the timer overflow flag to see if it is raised. Get out of the loop when TOV0 

4.Stop the timer by disconnecting the clock source, using instructions 

OUT TCCR0,R20 ; timer stopped, mode normal 

5.Clear TOV0 flag for the next round  

6. Go back to step1 to load TCNT0 again. 

ered and level triggered interrupts.  

Two types of activation for external hardware interrupts:  

 

  

3.Keep monitoring the timer overflow flag to see if it is raised. Get out of the loop when TOV0 
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• INT2 is only edge triggered. 

• INT0 and INT1 can be level or edge triggered. 

• Bits of MCUCR register indicate trigger options of INT0 and INT1.  

• ISC2 bit of MCUCR register defines whether INT2 activates in the falling edge or the rising 
edge. 

•  Upon reset ISC2 is 0, meaning that external hardware interrupt of INT2 is falling edge 
triggered. 
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UNIT IV 

IX.  Explain interfacing of keyboard with AVR with the help of diagram. 

ANS: 

 

• Keyboards are organized in a matrix of rows and columns.

• CPU accesses both rows and columns through ports.

• With two 8-bit ports, an 8x8 matrix of keys can be co

  

  

IX.  Explain interfacing of keyboard with AVR with the help of diagram. 

 

Keyboards are organized in a matrix of rows and columns. 

CPU accesses both rows and columns through ports. 

bit ports, an 8x8 matrix of keys can be connected to a microcontroller

 

  

 

IX.  Explain interfacing of keyboard with AVR with the help of diagram.  

crocontroller 
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• When a key is pressed, a row and a column make a contact; otherwise, there is no connection 
between rows and columns.  

• In x86 PC keyboards, a single microcontroller takes care of hardware and software interfacing 
of keyboard. 

• In such systems, it is the function of programs stored in Flash of microcontroller to scan the 
keys continuously, identify which one has been activated.  

Scanning and identifying the key: 

• Rows are connected to an output port. 

• Columns are connected to an input port. 

• If no key has been pressed, reading the input port will yield 1s for all columns.  

• If all the rows are grounded and a key is pressed, one of the columns will have 0.  

• It is the function of microcontroller to scan the keyboard continuously to detect and identify 
the key pressed. 

Grounding rows and reading the columns : 

• To detect a pressed key, microcontroller grounds all rows by providing 0 and then reads the 
columns. 

• If data read from the columns D3-D0 = 1111, no key has been pressed and the process 
continues until a key press is detected. 

• If one of the column bits has a zero, this means that a key press has occurred.  

• If D3-D0 = 1101, this means that a key in the D1 column has been pressed.  

• After a key press is detected, the microcontroller will go through the process of identifying the 
key. 

• Starting with the top row, the microcontroller grounds it by providing D0 only; then it reads 
the columns.  

• If the data read is all Is, no key in that row is activated and the process is moved to the next 
row. 

• It grounds the next row, reads the columns, and checks for any zero.  

• This process continues until the row is identified.  

• After identification of the row in which the key has been pressed, next task is to find out 
which column the pressed key belongs to.  

 

X. Show ATMEGA32 connection to RS232.  
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ANS: 

• To allow compatibility among data communication equipment made by various 
manufacturers, an interfacing  standard called RS232 was set by Electronics Industries 
Association (EIA) in  1960.

• Modified as RS232A, RS232B and 

• RS232 is the most widely used serial I/O interfacing standards.  

• Used in  PCs. 

• Input and output voltage levels of RS232 are not TTL compatible.

• To connect RS232 to a microcontroller system we use voltage converters such as MAX232.

• MAX232 convert TTL logic levels to RS232 voltage levels, and vice versa. 

• MAX232 IC chips are commonly referred to as line drivers.

 

 

RS232 pins: 

• RS232 cable and their labels are commonly referred  as DB

•  DB-25P refers to the plug connector.

•  DB-25S is  for the socket connector. 

Simplest  connection between a PC and a microcontroller requires a minimum of three pins:
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1. TX. 

2. RX. 

3. Ground.  

ATMEGA32 CONNECTION TO RS232

• ATmega32 has two pins that are used for transferring and receiving data serially. 

• Two pins are called TX and RX.

• They are part of Port D group (PD0 and PD1).

• Pin 15 of the ATmega32 is assigned to TX.

• Pin 14 is assigned as RX.

• Line driver, MAX232 chip is u

MAX232: 

• Line driver (MAX232) is used to convert RS232's signals to TTL voltage levels that will be 
acceptable to AVR's TX and RX pins.

• MAX232 from Maxim Corp.

• MAX232 chip uses a +5 V power source, which is same as th

• With a single +5 V power supply we can power both the AVR and MAX232.

• TX are  designated as T1 and T2.

• RX are designated as R1 and R2.

• Only one of each is used.

• T1 and R1 are used together for TX and RX. 
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• T1 line driver has a designation of T1 in 

• R1 line driver has a designation of R1in and R1out.

• T1 in pin is TTL side and is connected to TX pin. 

• T1 out is RS232 side and is connected to RX pin. 

• R1in is RS232 side and is connected to TX pin.

• R1out is TTL side and is connected to RX pin

• MAX232 requires four capacitors ranging from 0.1 to 22 µF. 

• Widely used capacitor is 22 µF. 

 

MAX233: 

• To save board space, some designers use the MAX233 chip from Maxim. 

• The MAX233 performs same job but eliminates need for capacitors. 

• MAX233 chip more expensive 
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