AW Getting Started with AVR
MICROCHIP Microcontroller

AN17644: Getting Started with AVR® Microcontroller

Prerequisites

* Hardware Prerequisites
— ATmega328PB Xplained Mini board
—  Two Micro-USB Cables (Type-A/Micro-B)
— Atmel Power Debugger kit
— Three female to male wires. One male to male wire.

* Software Prerequisites
— Atmel Studio 7.0

» Estimated Completion Time: 60 minutes

Introduction

This hands-on will demonstrate how to develop AVR® applications in Atmel Studio 7 along with the rich
user interface and other great development tools that it provides.

The ATmega328PB Xplained Mini evaluation kit is a hardware platform for evaluating the Atmel
ATmega328PB microcontroller. A fully integrated embedded debugger is included in the kit, which
provides seamless integration with Atmel Studio 6.2 or later. Easy access to the features of the
ATmega328PB is enabled by the kit, facilitating easy integration of the device in a custom design.

This training module also demonstrates how to save power in applications. The power consumption will
be measured using the power debugger board and the ‘Data Visualizer’, which is a new feature in Atmel
Studio 7.

The training will start with creating an application on the ATmega328PBXplained Mini board. The initial
power consumption of the microcontroller will be measured. After this, different peripherals will be turned
off, and the power consumption will be measured to show how much power is saved.
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The following topics are covered:

Creating basic application with GPIO, timer, and ADC

Debugging and programming with Atmel Studio 7, breakpoints, single stepping, and 1/O view
Measuring the power consumption with Power Debugger and Data Visualizer
Optimizing the power consumption, applying power saving techniques
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Icon Key Identifiers
The following icons are used in this document to identify different assignment sections and to reduce
complexity.

ﬂ Info: Delivers contextual information about a specific topic.
Tip: Highlights useful tips and techniques.
To do: Highlights objectives to be completed.

Result: Highlights the expected result of an assignment step.

a Warning: Indicates important information.

Execute: Highlights actions to be executed out of the target when necessary.

O
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2. Assignment 1: Project Creation

=17\ Todo: Create a new Project.
Ly

1. Open Atmel Studio 7.

2. Select File — New — Project.

3. The New project window appears. Select GCC C executable Project and give the project 'Name'
“‘HANDS-ON_Assignment1_LED_TOGGLE”. Set the 'Location' (any path on the PC) and click OK.

4. Now the Device Selection window appears as shown in the following image. In the search bar,
type 328p then select the device Atmega328PB and click OK.

Figure 2-1. Device Selection

Device Selection @
Device Family: | All v 328p
Name App./Boot Memory (Kbytes) Data Memory (bytes) EEPROM (bytes) Device Info: -
a328pP 48 4 Device Name: ATmega328PB
ATmega328PB 32 Speed: N/A
Vec: N/A
Family: ATmega

Datasheet (Summal

Device Page

Supported Tools
» Atmel-ICE

<« AVR Dragon
® AVRISP mkll
+ AVR ONEI!

X EDBG

X EDBG MSD

2 JTAGICE3

Result: The AVR project is created.

21 Application Development: GPIO

An application that controls the LED using the push-button on the board will be created here. The LED
will be OFF on pressing the button. Default state is LED ON.
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On the ATmega328PB Xplained Mini board, LEDQO is connected to pin PB5 and the pushbutton (SWO0) is
connected to pin PB7.

The data sheet section Configuring the pins under I/O ports describes the pin configuration.

1. Each I/O port has three registers: DDRx, PORTx, and PINx where x is I/O port B,C,D,E. The DDRx
register is used to configure the port pin direction. 1 - Output; O - Input.

2. Ifthe I/O pin is configured as an output pin and if the respective bit in PORTXx is written to logic one,
the respective port pin is driven high. If the same bit is written to logic zero, the pin will be driven
low.

3. The PINXx register is used to return the logic level available on the pin.

4. In this code, the direction of PB7 (SWO0) should be configured as input and the direction of pin PB5
(LEDOQ) should be configured as output.

5. Here the LED is controlled by the push-button status. As long as SWO0 is pushed down - state (0):
LEDO will be OFF (0). As long as SWO is released - state (1): LEDO will be ON.

To do: Refer to the Register Description section in the data sheet as shown in the
following image to set the necessary port pin configurations.

Figure 2-2. Data sheet: Register Description

18.4.2. Port B Data Register
Name: PORTB

Bit 7 6 5 4 3 2 1 0
PORTB7 PORTB6 PORTBS PORTB4 PORTB3 PORTB2 PORTB1 PORTBO
Access RW RW RW RW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0

18.4.3. Port B Data Direction Register
Name: DDRB

Bit 7 6 5 4 3 0

5 1
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
18.4.4. Port B Input Pins Address
Name: PINB
Bit 7 6 5 4 3 2 1 0
PINB7 PINB6 PINBS PINB4 PINB3 PINB2 PINB1 PINBO
Access RW RW RIW RW RIW RIW RW RW

Reset X X X X X X X X

To do: Add missing code in the main.c file, in function main ().

1. For configuring the direction bit of pin PB5, write the DDBS5 bit to logic 1 in the DDRB register
before while (1), in the main.c file, in function main ( ).
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Tip: Example: How to configure bits to logic 1 or logic 0 in register is shown below. Here,
direction bit of PB5 is written to 1 and status of pin PB5 is written to 0 (LEDO is turned off):

DDRB |= 1<<DDRB5; // direction bit of pin PB5 is written to 1.
PORTB &= ~ (1<<PORTB5); // pin PB5 is 0

ﬂ Info: PORTBS is defined as 5 in iom328pb.h. All the register bit definitions can be found
in iom328pb.h. In Atmel Studio, right-click on PORTBS and select Goto Implementation,
to check the PORTBS5 definition.

2. Read the PB7 bit from the PINB register in while(1) and add the code to turn LEDO ON and OFF as
per the status mentioned below.
When Pin PB7 =0, Button (SWO0 ) is pushed down and LEDO should be OFF.

When Pin PB7 =1, Button (SWO0) is released and LEDO should be ON.

3. After completion of the code, in the file menu, select Build — Build Solution. The build should
finish successfully with no errors.

Result: The application 'LED control on pushbutton' is created.

The code should look like the image shown below.

Figure 2-3. Code: LED Control on Pushbutton

#include <avr/io.h>

—Jint main(void)

L DDRE |= 1<<DDRBS; // Direction of pin PB5 set as Qutput
while(1)
{
if(1(PINB & (1<<PINB7))) // read PIN PB7
{
PORTB &= ~(1<<PORTB5); // PB7 is low so LED OFF
¥
else
{
PORTB |= 1<<PORTBS; // By default PB7 is high, so LED ON
¥
¥
}
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2.2 Debugging the Application

To do: Debug the application 'LED control on pushbutton'.

Warning: [f any error message is displayed while debugging, refer the Appendix B:

Troubleshooting Guide.

1. Power the ATmega328PB Xplained Mini board by connecting Micro-USB cable to the PC.
2. In the Solution Explorer, right-click the project and select Properties.
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Figure 2-4. Solution Explorer

éolution Explorer ) v

D o-am| L=
Search Solution Explorer (Ctrl+;)

Solution "Solutionl_LED_TOGGLE' (1 project)

b [ Deg k5 Build

P[5 Out Rebuild
B [ Libr Clean
C mai X
=3 Copy Full Path
Collapse

Scope to This

New Solution Explorer View
Add 3
‘3 Add Library
‘ﬁI’ Set as StartUp Project
Add Arduino Library
Re-Configure Atmel Start Project -
Solutionl LED_ Launch Atmel Start
agt |2V
| E8 AsFwizard
B Misc :
; . Y Board Wizard Alt+Z
Project File
Project Folder View Example Project Help » 11 AVF
EL}"‘ Export Project as Extension
3{,. Cut Ctrl+X
X Remove Del
[ Rename F2
Project File Unload Project
The name of thE@ ) n abot
Properties
—

3. Under Tool, select mEDBG and debugWIRE as interface as shown below.
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Figure 2-5. Project Properties

[ solutionl LED_TOGGLE - AtmelStudio

File  Edit View VAssist{ ASF  Progject Build Debug Tools Window Help
oo (B -Ah-l W |9 -C - A |E|at| > m Debug -
Hl[l | > | - |Hex ?:6|a': E:I::II:I :

Solutionl LED TOGGLE

Solutionl_LED TOGGLE* + X gFuEllhitd ATmega328PB Xplained Mini - 2197

Build
o N/A - N/A
Build Events

Toolchain Selected debugger/programmer

Device e e ————

[mEDBG = ATML2523030200002197 « ‘ Interface ldebqu’IRE -

s |
] alil=

Advanced

Programming settings

[Erase only program area v

Preserve EEPROM
Mote: The EESAVE fuse must be configured manually to preserve EEPROM, since it cannot

Debug settings
Keep timers running in stop mode
Cache all flash memory except

ﬂ Info: Here the embedded debugger is used on the ATmega328PB Xplained Mini board
to debug the ATmega328PB via debugWIRE.

ﬂ Info: The debugWIRE interface uses a one-wire, bi-directional interface to control the
program flow, execute AVR instructions in the CPU, and to program the different non-
volatile memories. When the debugWIRE Enable (DWEN) fuse is programmed and Lock
bits are unprogrammed, the debugWIRE interface within the target device is activated.

ﬂ Info: Limitations of debugWIRE: debugWIRE communication pin (dW) is physically
located on the same pin as external reset (RESET). An external reset source is therefore
not supported when the debugWIRE is enabled.

4. Select Debug — Start Debugging and Break.
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Figure 2-6. Debug Menu

EJ xMINLPRO) - Atmelstudio
File FEdit View VAssistX ASF Project Buld | Debug | Tools Window Help

0-oB-Aa-2 | | Windows ,
W@ e Pl | Hex @A Start Debugging and Break AI(+F5>
XMINLPROF* +# X e ATmega32678 xp ol
Stop Debugging Ctrl+Shift+F5
Build A
N/A P Start Without Debugging Ctrl+Alt+FS
Build Events B .
Disable debugWIRE and Close
jcocan Selected debugger/programmer | b Continue F5
Device — - —
‘mEDBG-ATMLZSZSOmZDOOOZ EEmESmiE
jicol SemR— Set Stimulifile
Components Restart
Advanced QuickWatch. Shift+F9
Programming settings ¢ Steplnto F1
Errse o oroca rem < | | @ Step Over F10
[Erase only program area ~
I Step Out Shift+F11
Preserve EEPROM _ -
Run To Curso Ctrl+F10
Note: The EESAVE fuse must b¢
Reset Shift+F5
Debug settings Percepio Trace »
Keep timers running in stop n Toggle Breakpoint 9
Cache all flash memory excep New Breakpoint N
Delete All Breakpoints Crl+Shift+F9
£+ Options.
& XMINLPROJ Properties.

Info: If the firmware on the on-board debugger is lower than the one in Atmel Studio
installation, it will be asked to upgrade the firmware.

Figure 2-7. Firmware Upgrade

Firmware Upgrade @

mEDBG firmware must be updated before continuing

On Tool On Disk
Firmware Version 1.04 1.0b

Firmware Upgrade

Select Upgrade and when the progress bar is complete, select Close.

Now, start debugging by selecting Debug — Start Debugging and break.

A Warning: If the DWEN fuse is not enabled, an error message is displayed. Click Yes
and Atmel Studio 7 will use the SPI to set the fuse as shown below.
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Figure 2-8. Enable the DWEN Fuse
(e |

/ ~ ) Failed to launch debug session with debugWIRE. This could be caused by reset line
\ /' circuitry or disabled debugWIRE interface. Make sure that the reset line is free before
continuing. Do you want to use SPI to enable the DWEN fuse?

E Yes ; l No |

5.  Wait until Atmel Studio 7 completes the programming and the status is Ready (at the bottom left
corner of Atmel Studio 7 window).

Figure 2-9. Programming Status

Build succeeded.
4

Output

Result: The debugger is started and breaks in main. Debugging can now be started.

ﬂ Info: Different debug options are available in the Debug menu.

6. Insert the breakpoint where LED goes OFF. Go to the line in the source code where LED goes OFF
and to insert a breakpoint, click on the margin, as shown below.

Figure 2-10. Breakpoint Inserted

—Jint main(void)

1
DDRE |= 1<<DDRBS; // Direction of pin PB5 set a
while(1)
{
if(1(PINB & (1<<PINB7))) // read PIN F

PORTB &= ~(1<<PORTB5); // PB7 is low

Location: main.c, line 18 character 1
else

{

PORTB |= 1<<PORTB5; // By default F

¥
7. Run to Breakpoint by clicking Debug — Continue.

4

Tip: Find the Play button on top of the Atmel Studio 7 or find it in the Debug menu.
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8. Press the SWO0 pushbutton and observe that the execution stops at the breakpoint.

9. To check the status of all the PORTB pins, open the 1/O view window by selecting Debug —
Windows — I/0 and click on the PORTB register group, as shown in the image below.

ﬂ Info: In the I/O view, the status of all the peripherals can be observed. Pin status is
indicated for PBO to PB7 from right to left under the Bits column. As shown in the image
below, pin PB5 status is 1 (filled square). The empty square indicates that the bit status is

Zero.

Figure 2-11. 1/O View

/0 ~ 0
E E | Filter: - | .

MName Value

I

® BAC
# pae ADC
CFD
# B cpu
® E) EEPROM
B EXINT
(1]
I8 PORTC
I8 PORTD
I8 PORTE
® B spio
® B spi
® BT1co
®ATC
®H BT1c2

=9

MName Address Value Bits

WPINE 0x23 O0x27 OJO@00ODES
WDDRE 0x24 Oox20 OO@O0O0O0O0
WOPORTE 0x25 Ox20 OO@O0O0O0O0O

Pin status 1

10. Do single-step debugging by pressing F10 and observe the status of PB7 and PB5.

ﬂ Info: PB7 is leftmost bit and PBO is rightmost bit in the PORTB register.

11. In the I/O view, select bit 5 and click on it. When the status of the bit gets changed from high to low,
LEDO on the board is turned OFF. Click bit 5 once more to toggle the status and observe the LEDO

status on the board.
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12. Remove the breakpoint by clicking on the breakpoint and run the code by clicking Debug —
Continue.

Result: The application is successfully programmed to the ATmega328PB Xplained Mini

board.

13. Press the SWO0 pushbutton and observe the LEDO toggle.

14. Exit safely from debug mode by disabling debugWIRE. Select Debug — Disable debugWIRE and
Close.

Result: The AVR project is successfully completed.
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A Warning: Itis important to disable debugWIRE. If debug mode is not exited by selecting
"Disable debugWIRE and Close" in the Debug menu, the DWEN fuse will be enabled and
the target will still be in debug mode, i.e. it will not be possible to program the target using
the ISP interface. An error message will be displayed while programming, as shown
below. In this case, the user will has to open the project and select Debug — Start
Debugging and Break or Debug — Continue. Then, exit the debug mode by selecting
Debug — Disable debugWIRE and Close.

Figure 2-12. Device Programming

mEDBG (ATML2523030200002278) - Device Programming % \ 2 |

Tool Device Interface Device signature Target Voltage
MEDBG - | ATmega328PB v (1P +|[Apply| - )
Interface settings Device
Tool information Erase Chip
Tool settings

Error @
Device information
Oscillator calibration
A @ Erasing device failed
Memories
Fuses
Lock bits v ) Details
Production file )

Close

Erasing device... Failed!

[z] Erasing device... Failed! | E‘
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Assignment 2: Application Development: Timer

The ATmega328PB has three 16-bit Timer/Counter instances: TC1, TC3, and TC4. Here, an application
will be developed to generate the PWM using TC1. It will be verified with the LED dimming application.

The mode of operation, i.e. the behavior of Timer/Counter and Output Compare pins, is defined by the
combination of the Waveform Generation mode and Compare Output mode. The double buffered Output
Compare Registers (OCRNnA/B) are compared with the Timer/Counter value at all time. The result of the
compare can be used by the Waveform Generator to generate a PWM or variable frequency output on
the Output Compare pin (OCnA/B).

In this application, Fast PWM Mode will be used to generate PWM.

In the data sheet, from section Pin Configurations, it can be seen that pin PB1 is the OC1A pin. The
TC1 PWM output will be generated on pin PB1, which is for Compare Output Mode for Channel A.

To do: Create an application for LED dimming using PWM with TC1.

1.  Open the Assignment 2 project from Assignment2_TC1_PWM\Assignment2_TC1_PWM.atsIn,
provided with this training.
In the main.c file some of the code is already completed. Initialization of TC1 is done in the function
init TC1l pwm().Some missing code needs to be added in the function init TC1 pwm().

2. Refer to the data sheet section Register Description and take a look at the registers TCn Control
Register A and TCn Control Register B.

3. Take alook atthe init TC1 pwm() function and verify the compare output mode configuration,
as described below.
Compare output mode:

For the TCCR1A register, bits COMA[1:0] and COMBJ1:0] control the Output Compare pins (OC1A
and OC1B respectively). Here, the output should be generated on the OC1A pin only. So, for the
register TCCR1A, the bits are COMA1=1 and COMAO0=0 (non-inverting mode from data sheet table
Compare Output Mode, Fast PWM).

The TCCR1A register is configured as below,
TCCR1A = (1<<COM1Al):;

4. Waveform Generation mode:
Add the missing code inthe init TC1 pwm () function for configuration of 'Bits 1:0 — WGM[1:0]:
Waveform Generation Mode'. Refer to table Waveform Generation Mode Bit Description in the
data sheet, and configure the bits accordingly for Fast PWM, 8-bit mode.

Tip: Configure the WGM10 and WGM11 in the TCCR1A register and WGM12 in the
TCCR1B register according to table Waveform Generation Mode Bit Description in the
data sheet.
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5. Take alook atthe init TC1 pwm() function and verify the configuration for the clock source and
prescaler to be used by the Timer/Counter, which decides the frequency of the PWM. The internal
clock source divided by 1024 is configured as below.

This is done by writing 1 to 'Bits 2:0 — CS[2:0]: Clock Select' in the TCCR1B register.

TCCRIB |= (1 << CS10)| (1 << CS12); // 1024 prescaler

Info: The frequency of the PWM is calculated by Fpyy = N-(L+7T0P)" Here N = 1024,
TOP = OxFF (Fast PWM 8-bit mode), and Fg x = 16 MHz.

6. Take alook atthe init TC1 pwm() function and verify the enabling of the Timer/Counter Output
Compare A Match interrupt.
This is done by configuring the Timer/Counter 1 Interrupt Mask Register (TIMSK1) as below.

TIMSK1 |= (1 << OCIE1lA);

7. The OC1RA register decides the duty cycle of PWM. For LED dimming, gradually decrease in duty
cycle is needed. Now, add the missing code in interrupt ISR to assign the duty cycle to the OC1RA
register.

8. Configure the direction bit for PB1 as output, which is done in the DDRB direction register by writing
1 to bit DDRB1. Add the missing code in the main ().

9. On the ATmega328PB Xplained Mini board, LEDO is connected to PB5 and PWM is generated on
PB1. To view the LED dimming, connect the wire from PB5 to PB1 on the ATmega328PB Xplained
Mini board, as shown below.

ﬂ Info: PB5 and PB1 are connected as shown with a red arrow in the figure below.
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Figure 3-1. Connection PB5 to PB1
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Figure 3-2. Visual Representation of HW Setup for Assignment 2
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10. After completion of the code, in the file menu, select Build — Build Solution or press the F7 key.
The build should finish successfully with no errors.

Result: The code should look like the image shown below.
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Figure 3-3. Code:LED Dimming

#include <avr/ioc.h>
#include <avr/interrupt.h>

unsigned int duty cycle=exff;

- ISR(TIMER1 COMPA vect)

{

duty cycle--;

if (duty_cycle==8)

i

duty cycle=0xft;

¥

OCR1A = duty cycle;
¥

J/Timerl as PWM
—void init_TC1_pwm{void)

{
TCCR1A = (1<<COM1A1) ;
TCCRIA |= (1<<WGM1@);
TCCR1B |= (1 << WGM12);
TCCR1B |= (1 << €S1@)|(1 << CS12); // 1024 prescaler
TIMSK1 |= (1 << OCIE1A); // enable interrupt

¥

—lint main(void)

{
DDRE |= (1<< DDRB1 ); // Set direction of PB1 as OQUTPUT
init TC1 _pum();
sei(); //enable global interrupts
while(1)
{
¥

}

11. Program the application by selecting Debug — Continue and observe the dimming of LEDO.

12. Exit from the debug mode by disabling debugWIRE. Select Debug — Disable debugWIRE and
Close.
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Result: Assignment 2; 'LED dimming using PWM' is successfully completed.
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Assignment 3: Application Development: ADC

In this assignment, an application will be created to read ADC channel 0 after every 500 ms. ADC
channel 0 is pin PCO.

The ATmega328PB device features a 10-bit successive approximation ADC. The ADC contains a Sample
and Hold circuit, which ensures that the input voltage to the ADC is held at a constant level during
conversion. By default, the successive approximation circuitry requires an input clock frequency between
50 kHz and 200 kHz to get maximum resolution.

The ADC has a separate analog supply voltage pin, AV¢cc. AVcc or an internal 1.1V reference voltage
may be connected to the Argr pin by writing to the REFSn bits in the ADMUX register.

The analog input channel is selected by writing to the MUX bits in the ADC Multiplexer Selection register
ADMUX.MUX[3:0].

The ADC is enabled by writing a '1' to the ADC Enabile bit in the ADC Control and Status Register A
(ADCSRA.ADEN).

The ADC generates a 10-bit result, which is presented in the ADC Data registers; ADCH and ADCL.

A single conversion is started by writing a '1' to the ADC Start Conversion bit in the ADC Control and
Status Register A (ADCSRA.ADSC). ADCS will stay high as long as the conversion is in progress, and
will be cleared by hardware when the conversion is completed.

To do: Create an application to read the ADC after every 500 ms.

1.  Open the Assignment 3 project from Assignment3_ADC/Assignment3_ADC.atslIn, provided with
this training.
In the main.c file some of the code is already completed. Initialization of ADC is done in the
initADC () function. Some missing code needs to be added in the initADC () function.

2. Refer to the data sheet section Register Description and take a look at the registers ADC
Multiplexer Selection Register and ADC Control and Status Register A.
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Info: ADC Multiplexer Selection Register and ADC Control and Status Register A
are shown in the image below.

Figure 4-1. Data sheet: ADC Registers

29.9.1. ADC Multipl Selection R

Name: ADMUX

Bit 7 6 5 4 3 2 1 0
[ RreFst | REFs0 [ ADLAR MUX3 MUX2 MUXA MUX0
Access RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0
m Voltage Reference Selection
00 AREF, Internal Vs turned off
01 AV with external capacitor at AREF pin

10
1"

Reserved

Internal 1.1V Voltage Reference with external capacitor at AREF pin

Bits 3:0 - MUXn: Analog Channel Selection [n = 3:0]

The value of these bits selects which analog inputs are conne:
during a conversion, the change will not go in effect until this ¢
on page 323 is set).

Table 29-4 Input Channel Selection
o o cvea
0000 ADCO
0001 ADC1

29.9.2. ADC Control and Status Register A
Name: ADCSRA

Bit 7 6 5 4 3 2 1 0
ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0
Access RW RW RIW RW RIW RIW RW RW
Reset 0 0 0 0 0 0 0 0

Bits 2:0 - ADPSn: ADC Prescaler Select [n = 2:0]

These bits determine the division factor between the system clock frequency and the input clock to the
ADC.

Table 29-5 Input Channel Selection

000 2
001 2
010 4
011 8
100 16
101 32
110 64
1 128

Bit 7 — ADEN: ADC Enable

Writing this bit to one enables the ADC. By writing it fo zero, the ADC is turned off. Tuming the ADC off
while a conversion is in progress, will terminate this conversion.

3. Add missing code to configure ADC Voltage Reference Selection to Vrgr = AV, in initADC ().
Refer to the ADCMUX register in the image above and complete the code below.

Select VRer=AVcc.

ADMUX |= (1<xxxXX) ;
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Tip: Configure the REFSO0 to 1 in the ADCSRA register.

4. Refer to the ADCSRA register in the image above and configure the prescaler to 128 and enable
the ADC. Complete the code below:

ADCSRA |= (1<<xxxx) | (1<<xxxx) | (1<<xxxx) | (1<<xxxX) ;

Tip: Configure ADPS2, ADPS1, ADPSO0, and ADEN to 1 in the ADCSRA register.

5. Take alook at the ReadaDC () function and verify the ADC channel selection, as described below.
The ADC channel is selected with safety mask.

ADMUX = (ADMUX & OxFO) | (ADCchannel & OxOF);

6. Take alook at the ReadaDC () function and verify how the ADC start of conversion and ADC read
is done, as described below.

//single conversion mode

ADCSRA |= (1<<ADSC);

// wait until ADC conversion is complete
while ( ADCSRA & (1<<ADSC) );

return ADC;

7. Now, build the solution by pressing the F7 key. The build should finish successfully with no errors.
Now, the final code should look like the image shown below.

ﬂ Info: Code for 500 ms delay and LED toggle is already added in while (1).
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Figure 4-2. Code: ADC Read

#define F_CPU 16006008UL //16 MHz
#include <avr/io.h>
#include <util/delay.h>

uintlé t adc _res=8;

—lvoid InitADC()
{
J/ Select Vref=AVcc
ADMUX |= (1<<REFS@);
//set prescaler to 128 and enable ADC
ADCSRA |= (1<<ADPS2) | (1<<ADPS1) | (1<<ADPS@) | (1<<ADEN);

—luintl6é t ReadADC(uint8 t ADCchannel)
{

//select ADC channel with safety mask
ADMUX = (ADMUX & @xF@) | (ADCchannel & @x8F);
//single conversion mode
ADCSRA |= (1<<ADSC);
// wait until ADC conversion is complete
while( ADCSRA & (1<<ADSC) );
return ADC;

—Jint main{void)

{
DDRB &= ~(1<<DDB7); //Set PORTB7 as input
DDRC &= ~(1<<DDC@); //Set PORTCO as input
DDRB |= (1<<DDB5); //Set PORTBS as output
InitADC();
while (1)
{
_delay ms(588);
PINB |= 1<<PINB5 ; // toggle LED
adc_res=ReadADC(0) ;
¥
¥

8. Connect a wire from PCO to 3V3 on the ATmega328PB Xplained Mini board.
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Figure 4-3. Visual Representation of HW Setup for Assignment 3
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9. Insert the breakpoint at adc_res=ReadADC (0) ; by clicking on the margin on the line of the code.

10. Program the code by selecting Debug — Continue and observe the execution stop at the
breakpoint.

11. Do the single step debugging by pressing F10.
12. Observe the ADC result in the variable 'adc_res' by placing the cursor on 'adc_res'.
13. Add a watch window by right-clicking on 'adc_res' and select Add Watch.

Result: The Watch1 window will be displayed as below.
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Figure 4-4. Watch1 Window

Watch 1

Name Value
& adc_res Ox02de

Autos Locals RUEL= 10 Watch 2 Find Results 1

Type

uintlée_t{data}@0x0100

14. To display the 'Value' in decimal or hexadecimal, select 'adc_res' in the Watch1 window and Right
click — Hexadecimal Display. Click to remove or add the check mark as shown below.

Figure 4-5. Hexadecimal Display

Watch 1

o

MName Value
= adc_res

Autos Locals Watch 2 Find Results 1

the Watch1 window.

DDRC &= ~(1<<DDC@); //Set PORTCA == dmnot
DDRB |= (1<<DDB5); //Set PORT ' Copy Ctri+C
ﬁtl Paste Ctrl+V
InitADC();
Edit Value
while (1) Copy Value
{ (560) > Add Watch
_delay ms(500);
PINB |= 1<<PINBS ; // tog %> Add Parallel Watch
(] adc_res=ReadADC(B®) ; %> Delete Watch
© } R Select Al Ctrl+A
} Z  (Clear All
. . =y
v Hexadecimal Display
A
Collapse Parent

Go To Source Code

Go To Disassembly

uintle_tidata}@UxU100

Note: Here, Vrer = AVec = 5V and ADCO (PCO) is connected to 3.3V.
15. Open the I/O view by selecting Debug — Windows — 1/O. Click on the ADC module as shown

with red marked square.

. Result: The check mark will be removed and the value will be displayed in decimal in
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. Result: All the registers in the ADC module will be listed in the bottom window. Register
'ADC' with blue marked square shows the ADC result.

Figure 4-6. 1/0 View

/0 v 1 x
E E | Filter: - | ﬂ
MName Value
H B ac A
Bac

B Reference Selection BIt... [A. Ox01 =
B4E ADC Prescaler Select B... (1. 0x07 «
gue ADC Auto Trigger Sour...  |F..0x00
B crD
® Hgk cPU
# [E EEPROM
® B EXINT
Ii& PORTB
& PORTC
i@ PORTD
ii& PORTE
# & spio -

MName Address  Value Bits
[ 0x02ED
* Bae ADCSRA OX7A  Ox97
# aae ADCSRB 0x7B  0x00 a 000
# gke ADMUX 0x7C  Ox40 OO0 0000
#® [ DIDRO 0x7E  0x00 000000

16. Remove the breakpoint (by clicking on the breakpoint) and continue the execution by selecting
Debug — Continue.

17. Exit the debugging by selecting Debug — Disable debugWIRE and Close.

. Result: Assignment 3: ADC read with 500 ms delay is completed successfully.
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Assignment 4: Measuring Power Consumption using Power Debugger

The Power Debugger is a CMSIS-DAP compatible debugger, which works with Atmel Studio 7.0 or later.
The Power Debugger streams power measurements and the application debug the data to Atmel Data
Visualizer for real-time analysis.

The Power Debugger has two independent current sensing channels for measuring and optimizing the
power consumption of a design.

The 'A’ channel is the recommended channel for accurately measuring low currents.

The 'B' channel is the recommended channel for measuring higher currents with lower resolution.

ﬂ Info: A quick start guide is included in Power Debugger kit for convenience.

features but also to give support to new MCUs. If required, look at Appendix A to upgrade the

ﬂ Info: Frequent updates of the Power Debugger firmware are provided in order to improve its
Power Debugger firmware.

Here, the Power Debugger board needs to be connected to the ATmega328PB Xplained Mini board.

The ‘A’ and 'B' channel current measurement ports on the ‘Power Debugger’ board depicted with
ammeter symbols on the silkscreen. The voltage supply is connected to the input of the ammeter, and the
load (target) is connected to the output. With the following setup, the power debugger board measures
the consumption on the AVR core.

To do: Refer to the following table and image, and make the required connections to connect
the Power Debugger board and the ATmega328PB Xplained Mini board.
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Table 5-1. Power Debugger and ATmega328PB Xplained Mini Board Connections

Power Debugger ATmega328PB Xplained Mini

Port A input: Blue wire 5V
Port A output: Green wire Vee
GND: Yellow wire GND

POUER ||

To do: Connect the Power Debugger board to the PC using a Micro-USB cable on the Debug
port. Also, connect the ATmega328PB Xplained Mini board to the PC using a Micro-USB cable.

Result: Visual representation of the HW setup is as below.
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Figure 5-2. Visual Representation of HW Setup for Assignment 4
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Measuring Power Consumption

To do: Measure the power consumption for the application 'Read ADC' from Assignment 3.

1. Make sure that the debugging for the application 'Read ADC' from Assignment 3 is exited by
selecting Debug — Disable debugWire and Close.
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ﬂ Info: If debugWIRE is not disabled, a programmed DWEN Fuse enables some parts of
the clock system to be running in all sleep modes. This will increase the power
consumption while in sleep. Thus, the DWEN Fuse should be disabled when debugWIRE
is not used.

2. Power up both boards; the ATmega328PB Xplained Mini and Power Debugger.
3. In Atmel Studio 7, open the menu Tools — Data Visualizer.

4. The Power Debugger Data Gateway should be selected by default in the DGI Control Panel.
Select it if not. Click on the Connect.

Figure 5-3. Data Visualizer

Power Debugger Data Gateway Connect )|
150200000130 v

Interfaces: [7] ADP Logaing [7] Autodetect ADP [¥] Reset MCU

ﬂ Info: If the DGI Control panel tab has not appeared, it can be opened from the
Configuration tab at the left-hand side under Modules by selecting External
Connection — DGI Control panel.

5. Select Power and then Start.
Figure 5-4. DGI Control Panel

DGI Control Panel

Powerdebugger Data Gateway | Disconnect |
50200000130 ’
Interfaces: [£] ADP Logging [] Autodetect ADP [7] Resef Sfanc_‘
Cset ¥ Dusart (¥ Dmw [ £F  Doro [ LF [ Code Profiling (%
< L @€ < A Current @@ G-

A Voltage ‘-f—

B Current @@

B Voltage ‘-ﬁ-

Result: The Data Visualizer will now show real-time power analysis of the
microcontroller (MCU), as shown below.
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Figure 5-5. Power Analysis
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ﬂ Info: The red color graph is the B channel current measurement of the power debugger.
We can disable it here. Channel B is additional current measurement channel with range

up to 1A, but with a lower accuracy.

6. Open the Control Panel on the right-hand side of Power Analysis and uncheck the Channel B
Current.
Figure 5-6. Control Panel

— (
() Channel A
:“ Channel B

Current

|aueq jonuo) ()

Auto-scroll
Automatically fit Y

ﬂ Info: Alternatively, it can be disabled in the configuration panel for the DGI before
starting the measurement. Press the cogwheel next to the power interface and uncheck B

channel from there. Press OK.
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Figure 5-7. DGI Control Panel
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5.2 Enabling Current Measurement on the Xplained Mini Board

The mEDBG debugger on the Xplained Mini board has control of the target device's V¢ so that it can
toggle its power.

By opening the switch on the Xplained Mini board the user can reroute power to the target device through

an external current measuring probe. It enables to feed the target voltage externally and provide accurate
power measurements.

Basically, the block diagram is as shown below.

Figure 5-8. Block Diagram Power Switch

l By

Power Switch ON/OFF
from Atmel Studio

Target
MCU

VLT
L

By default, on power-up, the switch is closed (power is on).

To do: Use Atmel Studio 7 to open the switch.

1. In Atmel Studio 7 select Tools — Device Programming.
2. Select Tool, Device, and Interface as shown below and click Apply.
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Figure 5-9. Device Programming

mEDBG (ATML2523030200002278) - Device Programming [ [me3m]

Tool Device Interface Device signature Target Voltage

(mEDBG v | ATmega32sP8  ~ 5o +|[Apply| - (Read| | — |[Read| (g3
Interface settings

Tool information

Tool settings
Device information

Oscillator calibration

3. Select Tool settings and click on Set target power switch off, as shown below.
Figure 5-10. Set Target Power Switch Off

MEDBG (ATML2523030200002278) - Device Programming 7|
Tool Device Interface Device signature Target Voltage

(mEDBG v | ATmegaz2epB  ~ (1P ~|[Apply| - (Read| = — (Read] (&%
Interface settings

1
Tool settings
Device information
Oscillator calibration 2
Memories ) . )
Erzes Set target power switch on | {Set target power switch off |
; i L -

Lock bits

Production file

(-]

Close

4. Close the Device Programming window.

ﬂ Info: Note that this is required to run at every power-cycle
time the board has lost its power and is powered up again.)

of the board. (Run it every
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Result: The Data Visualizer will show the Window Average and the instant power consumption
for Channel A.

From the figure below it can be seen that the average power consumption is approximately 16.3 mA for
the setup. The power consumption is high when LEDO is ON and power consumption is low when LEDO

is OFF.
ﬂ Info: Power consumption of the board may differ from board to board. It also depends upon

the temperature.

20,7mA
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Assignment 5: Reducing the Power Consumption

There are several clever methods one can apply to reduce the power consumption on the AVR
microcontroller. Some of the methods will be implemented here.

Power consumption optimization techniques will be implemented in the function
optimize power consumption () and then the function optimize power consumption () will be
called frommain ().

Info: In this assignment it is required to configure some of the registers, which are defined in
ﬂ the header files: #include <avr/power.h>and #include <avr/sleep.h>. These files
will be included from the Atmel Studio installation folder C:\Program Files (x86)\Atmel\Studio
\7.0\toolchain\avr8\avr8-gnu-toolchain\avr\include\avr. Atmel Studio 7 project includes all of
them and other dependency files. These are listed under Dependencies in Solution Explorer.

Figure 6-1. Solution Explorer

@ ioh
 iom328pbh
@ lockh

7 mathh
' portpinsh
7 powerh
7 sfr_defsh
7 sleeph
7 stdinth
7 stdinth
7 versionh

To do: Add function void optimize power consumption () before main ().

void optimize power consumption ()

{
}

Disable Digital Input Buffers and Analog Comparator
For analog input pins, the digital input buffer should be disabled.

The digital input buffer measures the voltage on the pin to check if it should be interpreted as a logical
one or zero. An analog signal level close to Vcc/2 on an input pin can cause significant additional current
consumption, even in active mode. This is due to the frequent switching of the state of the pin between
being a logical one and zero. If the pin is used as an analog pin, there is no need to know if the analog
signal's digital value would be a one or a zero, and this conversion should, therefore, be disabled.

The only time digital input buffers enabled are needed, is when the pin is used as a digital pin. A digital
input buffer on pins AINOD and AIN1D also needs to be disabled. These are connected to an analog
comparator.
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Info: Digital input buffers can be disabled by writing to the Digital Input Disable Registers
(DIDR1 and DIDRO).

To do: Add mentioned code described in the steps below in function
optimize power consumption.

1. Disable the digital input buffer on the Analog to Digital Converter (ADC) pins.
This is done by configuring the corresponding bits in the DIDRO register to logic 1.

/* Disable digital input buffer on ADC pins */

DIDRO = (1 << ADC5D) | (1 << ADC4D) | (1 << ADC3D) | (1 << ADC2D) | (1 << ADC1D) | (1 <<
ADCOD) ;
DIDRO |= 0xCO ; /*ADC7D and ADC6D are undefined in header file so set bits this way*/

2. Disable digital input buffer on AINOD and AIN1D pins. This is done by configuring the
corresponding bits to logic 1 in the DIDR1 register.

/* Disable digital input buffer on Analog comparator pins */
DIDR1 |= (1 << AIN1D) | (1 << AINOD);

3. Disable the analog comparator. This is done by writing 1 to the ACD bit of the ACSR register.

/* Disable Analog Comparator */
ACSR |= (1 << ACD);

Turning Off Unused Peripherals

The next step is to take a look at the peripherals, and disable those which are not used in the application.
The Power Reduction Register (PRR0) and (PRR1) provides a method to stop the clock to individual
peripherals to reduce the power consumption. The current state of the peripheral is frozen and the I/O

registers can not be read or written. Resources used by the peripheral when stopping the clock will
remain occupied, hence the peripheral should in most cases be disabled before stopping the clock.

Waking up a module, which is done by clearing the bit in PRR, puts the module in the same state as
before shutdown. Module shutdown can be used in Idle mode and Active mode to significantly reduce the
overall power consumption.

In all other sleep modes, the clock is already stopped.
Below is the image from the datasheet for PRRO. Writing a logic one to this bit shuts down the respective
peripheral by stopping the clock to the module.

14.11.3. Power Reduction Register 0

Name: PRRO
Offset: 0x64
Reset:  0x00
Property: -
Bit 7 6 5 4 3 2 1 0
PRTWIO PRTIM2 PRTIMO PRUSART1 PRTIM1 PRSPIO PRUSARTO PRADC
Access RW RW RW RW RIW RIW RW RW
Reset 0 0 0 0 0 0 0 0
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To do: Add the mentioned code described in the steps below.

1. Add the following file inclusion at the top of the file. The header file from the AVR library, <avr/
power.h> gives us easy access to disabling and enabling peripherals.

#include <avr/power.h>

2. Add the below code in optimize power consumption ().

ﬂ Info: In this application, the ADC module is used. The clock for the rest of the modules
can be disabled to reduce the power consumption.

/*Power shutdown to unused peripherals*/
PRRO 0XFE;
PRR1 0x3F;

3. Add the following file inclusion at the top of the file. The header file from the AVR library, <avr/
wdt .h>, gives easy access to functions related to WDT.

#include <avr/wdt.h>

4. Turning off the Watchdog Timer:

ﬂ Info: If the watchdog timer is not needed in the application, the module should be turned
off. If the watchdog timer is enabled, it will be enabled in all sleep modes and hence
always consume power. In the deeper sleep modes, this will contribute significantly to the
total current consumption.

Add the following code in function optimize power consumption () to turn off the Watchdog
Timer.

/*Watchdog Timer OFF*/

/* Disable interrupts */
cli();

/* Reset watchdog timer */
wdt reset();

/* Clear WDRF in MCUSR */
MCUSR &= ~ (1<<WDRF) ;

/* Turn off WDT */

WDTCSR = 0x00;

Applying Pull-Up Resistors
One thing to notice is that when the pins of the microcontroller are not in use and not connected to
anything, they are floating.

This means that the pins are not set to a specific voltage, and if one measures the voltage over the pins,
it can vary a lot.
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This consumes a lot of extra power that can be avoided by setting all unused pins as inputs with pull-up
resistors. This will keep the power consumption to a minimum.

Port pin can be set to input pull-up by setting DDxn bit to 0 and PORTxn bit to 1. (x is PORT B,C,D,E, and
nisOto7.)

ATmega328P Xplained Mini board some of the pins are connected, e.g. PTC pins, UART, SPI,
LEDO, and SWO pins. For more information, refer to schematic
'‘ATmega328PB_Xplained_Mini_design_Documentation'.

Pins are needed to be configured with direction input and pull-up resistor activated when they
are floating pins. On the ATmega328P Xplained Mini board some of the pins are connected,
e.g. PTC pins, UART, SPI, LEDO, and SWO pins. For more information, refer to schematic
'ATmega328PB_Xplained_Mini_design_Documentation'. The other pins are configured with
direction input and pull-up resistor activated

n Info: Pins are needed to be set as pull-up only when they are floating pins. On the

To do: Add the below code in optimize power consumption () to configure unused port
pins as input with pull-up resistors.

/*Unused pins set as input pull up*/

DDRB &= O0xEO;
DDRC &= 0xC9;
DDRD &= 0x03;
DDRE &=0xF3;

PORTB |=~ (0xEOQ) ;
PORTC |=~(0xC9) ;
PORTD |=~(0x03);
PORTE |=~(0xf3);

Use Sleep Function

Sleep modes enable the application to shut down unused modules in the MCU, thereby saving power.
The AVR provides various sleep modes allowing the user to tailor the power consumption to the
application’s requirements.

To do: Add the code below.

1. Include the <avr/sleep.h> header file from the AVR library at the top of the file.

#include <avr/sleep.h>

2. Set the desired sleep mode in the optimize power consumption () function by configuring
the microcontroller to use the sleep mode SLEEP_MODE_PWR_DOWN for minimum power
consumption.

/* Set sleep mode */
set sleep mode (SLEEP_MODE PWR DOWN) ;
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3. Now, call the function sleep mode () inmain (), inwhile (1) so that the microcontroller enters
sleep. To minimize the power consumption, disable the ADC and shut down the power to the ADC
before entering sleep and after wake-up from sleep, enable the module again.

Add the code below in while (1)

ADCSRA &= ~ (1 << ADEN) ; //disable ADC

power adc disable(); //shutdown power to ADC
sleep mode () ;

ADCSRA |= (1 << ADEN); //after wake up enable ADC
power adc_enable(); //enable the module

4. Comment out the delay function and LED toggle. The code should look as shown below.
Figure 6-2. Code Block: Sleep mode

while (1)

{
ADCSRA &= ~(1 << ADEN);
power_adc_disable();
sleep_mode();
ADCSRA |= (1 << ADEN);
power_adc_enable();

// _delay ms(500);

// PINB |= 1<<PINBS ; // toggle LED
adc_res=ReadADC(0)

¥

3

5. And finally, call the optimize power consumption () function before the while (1) loop.

optimize power consumption();

6.5 Using Pin Change Interrupt

To wake up the microcontroller from SLEEP_MODE_PWR_DOWN sleep mode, Pin Change interrupt is
used.

On the ATmega328PB Xplained Mini board, the switch (SWO0) is connected to PB7. Pin PB7 will be used
as the source for the pin change interrupt.

1. File inclusion to access interrupt related functions:

To do: Include the <avr/interrupt.h> header file from the AVR library at the top of the file.

#include <avr/interrupt.h>

2. Configuring bit PCINT7 and PCICR register:
The PCINTY7 bit is part of the PCMSKO (Pin change Mask Register 0) register.

ﬂ Info: In the data sheet, the section "Alternate Functions of Port B", describes the
alternate functions of PORTB. Here it is mentioned that PB7 has the alternate function of
“Pin change interrupt 7”7, as shown in the following figure.
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Figure 6-3. Data Sheet: PORT B Pins Alternate Functions

Table 18-3 Port B Pins Alternate Functions

m Alternate Functions

PB7

XTAL2 (Chip Clock Oscillator pin 2)
TOSC2 (Timer Oscillator pin 2)

PCINT7 (Pin Change Interrupt 7)

Also, the pin change interrupt is enabled on the corresponding I/O pin if PCICR (Pin Change
Interrupt Control Register) is configured accordingly.

To do: Enable the PCINT7 by including the following lines in the code in main () before
while (1) and enable the global interrupt.

PCMSKO |= (1<<PCINT7) ;
PCICR |=
sei();

//Enable Pin Change Interrupt 7
(1<<PCIEOQ); //Enable the interrupt enable bit for PCINT

ﬂ Info: Each PCINT][7:0] bit selects whether pin change interrupt is enabled on the

corresponding 1/O pin. If PCINT[7:0] is set and the PCIEO bit in PCICR is set, the pin
change interrupt is enabled on the corresponding I/O pin.

3. Interrupt service routine:

In order to enable the ISR routines, the vector name for the PCINT7 is ISR (PCINTO_vect), defined
in the device header file.

To do: Add the code below before the main () to turn LEDO OFF and ON with switch
(SWO) pressed and released.

ISR (PCINTO_ vect)
{

if (! (PINB & (1l<<PINB7))) // if PINB7 is low (Switch pressed)

{
PORTB |= (1<<PORTB5); // Turn ON LED

}

else

{
PORTB &= ~ (1<<PORTB5); // Turn OFF LED

}

}
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Result: Implementing the different low-power techniques in the application is completed.
Now the code should look as shown below.

Figure 6-4. Code: Assignment 5
#define F_CPU leB60860UL
#include <avr/io.h>
#include <util/delay.h>
#include <avr/sleep.h>
#include <avr/power.h>
#include <avr/interrupt.h>
#include <avr/wdt.h>

uintlé t adc_res=@;
—Jvoid InitADC()
{
[/ Select Vref=AVcc
ADMUX |= (1<<REFS@);
//set efgﬁ&@}gﬁ to 128 and enable ADC
ADCSRA |= (1<<ADPS2) | (1<<ADPS1) | (1<<ADPS@) | (1<<ADEN);

¥
—luintlé_t ReadADC(uint8 t ADCchannel)

{
[//select ADC channel with safety mask
ADMUX = (ADMUX & @xF@) | (ADCchannel & @x8F);
{/single conversion mode
ADCSRA |= (1<<ADSC);
// wait until ADC conversion is complete
while( ADCSRA & (1<<ADSC) );
return ADC;
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Fvoid optimize_ power_consumption()

{
/* Disable digital input buffer on ADC pins */
DIDR® = (1 << ADC5D) | (1 << ADCAD) | (1 << ADC3D) | (1 << ADC2D) | (1 << ADCID) | (1 << ADC@D);
DIDR® |= @xCeo ; /*ADC7D and ADC6D are undefined in header file so set bits this way*/
/* Disable digital input buffer on Analog comparator pins */
DIDR1 |= (1 << AINID) | (1 << AINGD);
/* Disable Analog Comparator */
ACSR |= (1 << ACD);
/*Power shutdown to unused peripherals*/
PRR® = OxFE;
PRR1 = Ox3F;
/*Unused pins set as input pull up*/
DDRE &= @xE8;
DDRC &= @x(C9;
DDRD &= 8x83;
DDRE &= @xF3;
PORTB |=~(@xEB);
PORTC |=~(@xC9);
PORTD |=~(0x83);
PORTE |=~(@xf3);
/*Watchdog Timer OFF*/
/* Disable interrupts */
cli();
/* Reset watchdog timer */
wdt_reset();
/* Clear WDRF in MCUSR */
MCUSR &= ~(1<<WDRF);
/* Turn off WDT */
WDTCSR = ©exee;
/* Set sleep mode */
set_sleep_mode(SLEEP_MODE_PWR_DOWN) ;
¥
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= ISR (PCINT® vect)
{
if (!(PINB & (1<<PINB7))) // if PINB7 is low (Switch pressed)
{
PORTB |= (1<<PORTBS); // Turn ON LED
}
else
{
PORTB &= ~(1<<PORTBS5); // Turn OFF LED
I
I
—lint main(void)
{
DDRB &= ~(1<<DDB7); //Set PORTB7 as input
DDRC &= ~(1<<DDC@); //Set PORTC® as input
DDRE |= (1<<DDB5); //Set PORTB5 as output
InitADC();
optimize power consumption();
PCMSK® |= (1<<PCINT7); //Enable Pin Change Interrupt 7
PCICR |= (1<<PCIE@); //Enable the interrupt enable bit for PCINT
sei();
while (1)
{
ADCSRA &= ~(1 << ADEN);
power_adc_disable(};
sleep mode();
ADCSRA |= (1 << ADEN);
power_adc_enable();
J/  _delay ms(508);
// PINB |= 1<<PINB5 ; // toggle LED
adc_res=ReadADC(®) ;
¥
h

6.6 Program and Measure Power Consumption

To do: Program the implemented code from Assignment 5 and measure the power
consumption.

1. Program the code by selecting Debug — Continue.

2. Wait till the application gets programmed. The message at the bottom of the window appears as
Running.

3. Exit the debugging by selecting Debug — Disable debugWire and Close.
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4. Open the window Data Visualizer and check the power consumption as shown below.
Figure 6-5. Power Analysis

12:02 12:03 12:04 12:05 12:06 12:07 12:08

5. Press the SWO0 switch on the ATmega328PB board and observe that the device will wake up,
power consumption will be increased, and again the device will enter sleep().

Figure 6-6. Power Analysis

4,9mA
£ 42mA
[
£ 35mA
3
O 2,8mA
< 2,1mA
S 1.4ma

0,7mA
OmA

12:25 12:26 12:27 12:28 12:29 12:30 12:31 12:32 12:33

ﬂ Info: Itis required to enable current measurement on the ATmega328P Xplained Mini if
the board has lost its power and is powered up again; look at section Enabling Current
Measurement on the Xplained Mini Board.

Result: After applying the different low-power techniques, it can be seen that the power
consumption of the application has been significantly reduced.
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Conclusion

This training demonstrated many different techniques, which can be applied to an application to lower the
power consumption. The power consumption can be significantly reduced by:

* Intelligent design
* Using sleep modes
»  Switching off unused peripherals

With Atmel Studio 7, it is easier to run real-time debugging of an application and use I/O view, which
provides registers view and allows to modify the microcontroller's registers in real-time. It is possible to
debug the application using various debugging methods such as:

»  Switching off unneeded peripherals
*  Breakpoints

«  Single Stepping

* 1/O view

With the new feature of Atmel Studio 7: Data Visualizer and using Power debugger board, it is very easy
to measure the power consumption of the application.
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Appendlx A: Firmware Upgrade on Power Debugger Board

Connect the Power Debugger board to the PC by using a Micro-USB cable on the DEBUG port on
the board

* In Atmel Studio 7, from the menu, select Tools — Device Programming
*  From the Tool tab, select Power Debugger, then select Device as ATmega328PB, and click

Apply
Power Debugger (J50200000130) - Device Programming @
Tool Device Interface Device signature Target Voltage
.Power Debugger v.| ATmega328PB h .ISP v| Apply — | Read | - | Read | |E|

ﬂ Info: The user will be asked to upgrade the firmware if it is not the latest.

Firmware Upgrade @

Power Debugger firmware must be updated before continuing

On Tool On Disk
Firmware Version 1.1f 1.24

Firmware Upgrade

«  Select Upgrade. Once the progress bar is completed, click Close. Also, close the Device
Programming window.

Result: The power debugger firmware upgrade is successful.
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Appendix B: Troubleshooting Guide

1. Error message: Unable to Connect. If the connected tool is not recognized by Atmel Studio, the
following error message appears.

Figure 9-1. Unable to Connect

Unable to connect @

'Q' Failed to set-up toal (no context id returned),

Unable to start debug session @

Atmel Studio was unable to start your debug session.

. Please verify device selection, interface settings, target power and
connections to the target device. Look in the details section for more
information.

v | Details

Close

Workaround: Disconnect and re-connect the USB cable from Xplained Mini board and try to
program again.

2. Error message: Launch Failed.
The following error message is displayed if the DWEN FUSE is not disabled. That means the
Xplained Mini board is left in 'debugWIRE' mode (programming/debugging interface as
'debugWIRE') and if an attempt is made to program the board using 'ISP' interface.

Figure 9-2. Launch Failed

Launch Failed @

'8' Failed to launch program.

Error: Failed to enter programming mode. ispEnterProgMode; Error status received:
Got Oxcl, expected 0x00 (Command has failed to execute on the tool)
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ﬂ Info: Refer Figure 2-5 and check the Interface.

Workaround: Open the project. Check the interface. Change it to DebugWIRE and do
programming by selecting Debug->Start Debugging and break or Debug->Continue. Don't
forget to exit debugwire by selecting Debug -> Disable debugWIRE and Close.

Tip: Above Workaround is also applicable for error message displayed in Figure 2-12.

3. Error message: Launch Failed.
The following error message is displayed if Atmel Studio could not read the target voltage.

Figure 9-3. Launch Failed

Launch Failed @

|®| Launch has failed and Studio could not read the target voltage. Please check your
connections and try again.

Workaround: Disconnect and re-connect the USB cable from Xplained Mini board and try to
program again.
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  Product Support — Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

* General Technical Support — Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

*  Distributor or Representative

* Local Sales Office

»  Field Application Engineer (FAE)
*  Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.
Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.
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* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeelLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher Il, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestlIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.

© 2017, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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ISBN: 978-1-5224-2161-0

Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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