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Abstract

This project is entitled "The Wireless Sensor. for Thieves Detection”. It is the
tool that detects an-abmormal incident which may happen.inyour accommodation.
By sending alert-in SMS form via your mobile phone. The principle.is when intruders
move through the detector, the sensor can detect moving. After detection the sensor
will receive ‘the signal and process by the microcontroller, Arduino. Module, this
microcontroller is connect to GSM:- Module which can send the alert to the home
owner devices. This_project uses the microcontroller, Arduino Uno R3, control the
systemn because it is widely used and there are many opensource platform that can
download without payment.
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Ardtino Uno Aevesalilasrerinsatpe SidRuguuu ATmega328 fv1 input/out
ynaBneavavie 14 91 (i 6 Wluewinn Pw) mBunmuuyentasn 6 1, resonator
wuus ARG 16 MHz ¥ TBNse USB wavansliiAss saudie ICSP header nauty
i Feilyndsiisesidinesesiululasreulnsataei ewotnfureniamaddeans USB
visoandlibededias ACto-DC

ATmega328P AallasAoulvsatasd CMOS Midsivwa 8 v fifugiuuy
an1ilmenIsu AVR enhanced RISC TngufiiRnuArdsluindas single clock ATmega328P
arlianudaiie 1 MIPS semami MHz vilieanuuussuuldnisAulwseausalunis
Uszanauamgn Arduino dnanaglfmaluladwissadiuiln nonvolatile Anmifigeves
Atmel @2uve4 ISP Flash Vudinlinuisaudilusunsuainigadualusunsuladn wie In-
Systern H1uMeN13ilBE SPI WUuEYNIN Inegeanuuulusunsauy non-volatile Waly
wialaglusunsy On-chip Boot WuW-AVR. core.. @784 Boot program faunsoldnis
Wowsialaq ieadlusunsuldanlu Application Flash memory 16 Tusuunsaludiuves
Boot Flash vzvinsusieiiiosumeiifinisuiuujediuves Application Flash In1svinau
43U Read-While-Write #iuia3

Taesau CPU ¥lia RISC 1u1@ 8 bit 1971V In-System Self-Programmable Flash yu
monolithic chip, Atmel ATmegad8PA/88PA/168PA/328P axnaneiilululasmoulniaiass
Aneamgaiilirneumsiulseaninmusssimuaziaudangugs iuaumuuuuy
embedded §1uMLN ATmega328P AVR tusasfulaslusunsumswauilusunsuuas
52UV 52083 C Compilers, Macro Assemblers, Program Debugger/Simulators, In-Circuit
Emulators wag Evaluation kits.
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sU# 3.4 VoS Arduine Uno R3

Microcontroller ATmegails

Operating Voltage 5V

Input Voltage 7av

(recommendad)

input Voltage (Wmits) 620V

Digital YO Pins 14 {of which 6 provide PWM output)
Analog Input Pins 6 X0

DC Current per I/O Pin 40 mA

DC Cument for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by boot
loader

SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz
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U 3.5 pauaniiAsialUvad ATmega328
3.3.2 18a2190AVDIEIUA9Y
1.) A1ds
Freliasdliun Arduino Uno Wiuane USB wiaainuvassnelnneuen unasdaelu
wwgnideniaednluf® vesailannsmhnulnserfouvasdianisuenaun 6 f 20 Taadld
sgalsAmumnanglnsngs 7 Taad w1 5 hadoreszaelWlidesnia 5 laaduavvesailes
Tiafies minldlngendt 12 Taad @ regulator wseiueRvsTouiu wagyiiliuesadensy
16 Hraseivusiumuzaihie 7-12 Tad fanidalndswielus
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- Vin. ussudumvdmiuuesa Arduino Weldumasnglnanmeuen
(asediu 5 Taad 97nane USB wiaunastngnitlésunis requlated 8u) 151
annsasneussturut Wiemnansussiuruaeids farldunil

e vl 19l 5 Tasf#léunns regulate 970 regulator vy
vosn annsadnewbiuduadeillaginain DC power jab(7-12 T2ad) Yane
USB(5 V) %5891 VIN ve4uasa(7-12 Taad) 91elniumen 5 Taad wie 3.3
Taa# 7 bypasses regulator { famnsaviiliuedademeld Felivupiiludonil

- 3v3. Aouvastnely 3.3 1aadfiasneann regulator VNUBSA AINTUAZIER
50 mA
- GND YINTIMW

- IOREF WUV BIA Arduino MksIPueasBenglulasreulnsaassvinau
nﬁﬁqmﬁgnﬁaqamwnd'}uusaﬁ‘wﬂ IOREF wazidoniuasdng inivunsay via
Wlimsudawmesus i wiymbildouiuusen 5 Tad wie 3.3 liad

1ot

2.) MEgAINAN
ATmega 32811 32 kB(1% 0.5 kB d M3 boot loader) Nananudll SRAM vu19
2kB ung EEPROM wu1a 1kB(Hansasuuavidioueis EEPROM library)

3.) Sunvuazioivm

TWE: 91 AG-%3097 SDA uag A5 dmiun19inea 14 11usag) Uy Uno anunsaly
Wuduwn wiowewinm lawld pinviode(), digital Write(), uay digitalRead() Fewf 5 Lad
mumavm‘lwmwrﬁ.,maaﬁ 40 mA ua..ummuwm pull-up nelu(laivelag default)
aunm 20-50 Tositl uananiiv s ssimiadiRiasene

Serial : 0(RX) way, 1(TX) T ReSuRX) warda(TX) Feya TTL-Luuaynsu yman
serinfunasandosiuves ATmega8U2 USB-to- TTL Senal chip
External fnterrupts 2 hae 3 mmmmmmmmmwaﬂ'iwu‘u'l interrupt lagldaniy
“low’ MevauTukayveUas wisdedinasidsuan

PWM : 3,569,10-0az-11 Wiy PWM _a11a 8 bit wiaun13vinay
analogWrite()

SPI : 10(SS), 11(MOSI), 12(MISO), 13(SCK) vunaiisesiunisdearsuuu Spi lagld
SPI library

LED : 13 i LED melusiadnfuwn 13 meddnea eviiansiu “HIGH”  LED
toviin vauedimnniitanuniy “Low” LED awsy

d1m3u Arduino Uno R3 fidunnvinseunaendieiu 6 Sunn wansde A0 fis A5
wiazynaliauaziBen 10 bits (Wu ATikAneAIeiY 1024 A1) Tag default e TRsERy
used 5 Tadainnsnd whndululéfavwasussduusiuillaeldvn AREF uaznisvinau
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analogReference() uananil viumdwinmihiifiawdndae  wien SCL sesfumsdeans
wuu TWI Taeld Wire library  wenaniifefvndugdn uuueda sl

- AREF usasiudadsdmivunnuuuasuiasn 18 analogRrefrence()

- Reset thaneifliflanzdu “Low” iedienlulasreulnsaass Wauluite
WaSiomdnfy shields Adestunissunauuwueie

4.) nsdeans

Arduino Uno figunsaidnunndmivdearsiuneuiiames Arduino 8uq wie
lulaspeulnsaaasiug ATmega328 'Lﬁnﬁ?iammuuauniuUART TTL(5V) ‘ﬁlﬁagj“wm
f3mea 0 (RX) uay 1 (TX)

5.) Tusunsy

anunsadaurdmievinnsian(Code) Arduino Uno R3 selUsunsy Arduino 970
AR LA

AMFU ATmega328 Ul Arduino Uno duanw§onlusinsu uas bootloader il
upload s¥alnilngluseslulusunsineasmeuan nrsdaansthild STK500 protecol daid
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3.3.3 GSM Modem

Z

cheeeees Eatdesss

i'l!l 88 7484321 ¢
it

‘gﬂﬁ 3.6 pASHaUaIR Arduino 41 Y GSM modem

91 Rx 84 GSM Module Siemens TC35 figidafiunndl 4'udse Arduino wazen Tx
984 GSM Modulé Siemens TC35 #aifunil 5 %as Arduine sa Vinterface 1niuwn 5v
VLUESA Ardino waz GND 481Ut GND v Arduino - d2uned GMS modem iifasld
TWidssainmeven eteantiiduminue s Arduine thiliine Swsuunmedouin oV iile
Jre vl modem 4 a2ua Vin was GND wedifuuusmes

=

JUN 3.7 3Uv83 GSM Module Siemens TC35
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4.1 NNAFAUUEIA Arduino Uno R3 riaunsideu

iaunsansaeulddnuesa Arduino Uno R3 veusianysaiviali viewinmil
Jgnmieluldanlaus3nuguiunludalusunsy Arduino Version 1.5.2 lalagifitunau
fail

ARDUINO

:J‘Uﬁ 4.1 1sunsy Arduino Version 1.5.2

a =1 oo =
1iUAlUSUNSY Arduine Yersion 1.5.2 1 9zlaRagui 4.2

U7 4.2 winsuauvelusunsy Arduino

call
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o ar a - ¢ & & Y 2
ayhnsdnivanlusunsy (Haguia.s) asueda tumeutiuiaiiounisueniiArduino board
S munzimualiveiaviuedisls

JUT 4.5 psdnlnaalusunsaasuedn

5 flaviaesWLED HniuArduino board wosnii13 318w Output Port AUNEIMGND dannil
naeallLEDMIN9nsEnsuin — duidussmeviely nludanuansindiArduino board
iedmaonlLED Ty S9tiliunsiinerensiadou Snfisdedumsaiinnuduing
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4.2 N9apIN15 Uy IudBIues
vanitlfeonuuunsnsaduduieuioouds Taglauanegui 3.1 lévians
naaslnensredunsnsATATasLUUNATWIUNesTIUSE Aeuluiae Arduino Uno R3
wagi ey Tneft Arduing Module thisssadhiunauiaeduiy Serial Port §slwides
fidsnestvaraniaismeniines ludauesntsianinaudsfiounioduaniOutput
tazananmasalvLED fivinnssedndunaimil 13 fu GND uuueiaves Arduino Uno R3
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Arduino 1.5.2

const int sensorPin = 2;

const int switchPin = 3;

const int ledPin = 13;

const int ledBlinkTime = 500;

const unsigned int calibrationTime = 60000;

void setup() {
Serial.begin(9600);

pinMode(sensorPin, INPUT);
pinMode(switchPin, INPUT);
pinMode(ledPin, OUTPUT);

for (unsigned int i=0; i<calibrationTime; i+=ledBlinkTime*2) {
digitalWrite(ledPin, HIGH);
delay(ledBlinkTime);
digita\Write(ledPin, LOW);
delay(ledBlinkTime);
}

if (digitalRead(sensorPin) == HIGH && digitalRead{switchPin) == HIGH)

{

digitalWrite(ledPin, HIGH);

delay(5000);

Serial.print("\r");

delay(1000);

Serial.print("AT+CMGF=1\¢");

delay(1000);

Serial.print("AT+CMGS=\"+66896845915\"\r");

delay(1000);

Serial.print("SOS BoyZZZ\r");

delay(1000);

Serial.write(Ox1A);

delay(1000);

myfunction();

delay(1000),
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Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital input/output pins (of which 6 can
be used as PWM outputs), 6 analog inputs, @ 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset
button. It contains everything needed to support the microcontroller; simply connect it to a computer with a USB cable or power it

with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it features the
Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial converter,
@ Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put into DEU_mode.
Revision 3 of the board has the following new features:
« 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins placed near to the RESET pin, the
IOREF that allow the shields to adapt to the voltage provided from the board. In future, shields will be compatible both with
the board that use the AVR, which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a not

connected pin, that is reserved for future purposes.

* Stronger RESET circuit.
« Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and version 1.0 will be the
reference versions of Arduino, moving forward. The Uno is the latest in a series of USB Arduino boards, and the reference model for
the Arduino platform; for a comparison with previous versions, see the index of Arduino boards.



summary
Microcontroller ATmega328
Operating Voltage 5V
[nput Voltage (recommended) 7-12V
[nput Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per I/O Pin 40 mA
2C Current for 3.3V Pin 50 mA
=lash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)
ZEPROM 1 KB (ATmega328)
W™ Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip
Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an ATmega328, but an Atmega8 is
shown in the schematic for reference. The pin configuration is identical on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power source is selected
automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The adapter can be connected by
plugging a 2.1mm center-positive plug into the board's power jack. Leads from a battery can be inserted in the Gnd and Vin pin
headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V pin may supply less
@ than five volts and the board may be unstable. If using more than 12V, the voltage regulator may overheat and damage the board.
The recommended range is 7 to 12 volts.

The power pins are as follows:

* VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to 5 volts from the USB
connection or other regulated power source). You can supply voltage through this pin, or, if supplying voltage via the power
jack, access it through this pin.

« 5V. The regulated power supply used to power the microcontroller and other components on the board. This can come either
from VIN via an on-board regulator, or be supplied by USB or another regulated 5V supply.

« 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

* GND. Ground pins.

aMemory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB of EEPROM (which can be read
and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(), digitalWrite(), and digitalRead()
functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and has an internal pull-up resistor
(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized functions:

*» Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins are connected to the
corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.



+ External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a rising or falling edge, or
a change in value. See the attachinterrupt() function for details.

* PWM: 3, 5, 6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
* SPI: 10 (SsS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication using the SPI library.

= LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when the pin is LOW,
it's off.

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though is it possible to change the upper end of their range using the AREF pin and
the analogReference() function. Additionally, some pins have specialized functionality:

= TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
™ There are a couple of other pins on the board:
* AREF. Reference voltage for the analog inputs. Used with analogReference().

* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields which block the one on
the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8, 168, and 328 is identical.
Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other microcontrollers. The
ATmega328 provides UART TTL (5V) serial communication, which is available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on
the board channels this serial communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows, a .inf file is required. The
Arduino software includes a serial monitor which allows simple textual data to be sent to and from the Arduino board. The RX and
TX LEDs on the board will flash when data is being transmitted via the USB-to-serial chip and USB connection to the computer (but
not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

‘The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino software includes a Wire library to simplify use of the
I2C bus; see the documentation for details. For SPI communication, use the SPI library.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from the Tools > Board menu
(according to the microcontroller on your board). For details, see the reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new code to it without the use of
an external hardware programmer. It communicates using the original STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial Programming) header; see
i i for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The ATmegal6U2/8U2 is loaded with a
DFU bootloader, which can be activated by:

* On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy) and then resetting the 8U2.

- * On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground, making it easier to put into DFU
mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to load a new firmware. Or you

can use the ISP header with an external programmer (overwriting the DFU bootloader). See this user-contributed tutorial for more
information.

Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is designed in a way that allows it to
be reset by software running on a connected computer. One of the hardware flow control lines (DTR) of the ATmega8U2/16U2 is
connected to the reset line of the ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line
drops long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by simply pressing the
upload button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the lowering of DTR can



be well-coordinated with the start of the upload.

This setup has other implications. When the Uno is connected to either a computer running Mac OS X or Linux, it resets each time a
connection is made to it from software (via USB). For the following half-second or so, the bootloader is running on the Uno. While it
is programmed to ignore malformed data (i.e. anything besides an upload of new code), it will intercept the first few bytes of data
sent to the board after a connection is opened. If a sketch running on the board receives one-time configuration or other data when
it first starts, make sure that the software with which it communicates waits a second after opening the connection and before
sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can be soldered together to
re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset by connecting a 110 ohm resistor from 5V to
the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and overcurrent. Although most
Computers provide their own internal protection, the fuse provides an extra layer of protection. If more than 500 mA is applied to
the USB port, the fuse will automatically break the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB connector and power jack
extending beyond the former dimension. Four screw holes allow the board to be attached to a surface or case. Note that the
distance between digital pins 7 and 8 is 160 mil (0.16"), not an even muitiple of the 100 mil spacing of the other pins.




Features

* High Performance, Low Power AVR® 8-Bit Microcontroller
* Advanced RISC Architecture
- 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
e e T R
— Up to 20 MIPS Throughput at 20 MHz
— On-chip 2-cycle Multiplier
* High Endurance Non-volatile Memory Segments
— 4/8/16/32K Bytes of In-System Self-Programmable Flash progam memory 7 ®
(ATmegad8PA/88PA/168PA/328P) 8-bit AVR
- 256/512/512/1K Bytes EEPROM (ATmega48PA/88PA/168PA/328P)
- 512/1K/1K/2K Bytes Internal SRAM (ATmegad48PA/88PA/168PA/328P) i
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM M Icrocontro“er
— Data retention: 20 years at 85°C/100 years at 25°C'") -
- Optional Boot Code Section with Independent Lock Bits WIth 4l 8’ 1 6’ 32K
In-System Programming by On-chip Boot Program
True Read-While-Write Operation Bytes In -SyStem
— Programming Lock for Software Security
* Peripheral Features Pl"Og rammable
- Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture F IaSh
Mode
- Real Time Counter with Separate Oscillator
~ Six PWM Channels

~ 8-channel 10-bit ADC in TQFP and QFN/MLF package ATmega48 PA
Temperature Measurement

~ 6-channel 10-bit ADC in PDIP Package ATmeg a88PA
Temperature Measurement :

— Programmable Serial USART

— Master/Slave SP| Serial Interface ATmega1 68PA

— Byte-oriented 2-wire Serial Interface (Philips I°C compatible)

~ Programmable Watchdog Timer with Separate On-chip Oscillator ATmega328P

~ On-chip Analog Comparator
— Interrupt and Wake-up on Pin Change
* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated Oscillator
- External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
* 1/0O and Packages
— 23 Programmable I/O Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating Voltage:
- 1.8 - 5.5V for ATmegad48PA/88PA/168PA/328P
* Temperature Range:
— -40°C to 85°C
* Speed Grade:
-0-20MHz @ 1.8 - 5.5V
* Low Power Consumption at 1 MHz, 1.8V, 25°C for ATmega48PA/88PA/168PA/328P:
— Active Mode: 0.2 mA
— Power-down Mode: 0.1 pA
— Power-save Mode: 0.75 pA (Including 32 kHz RTC)

Rev. 8161D-AVR-10/09
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1. Pin Configurations

Figure 1-1.  Pinout ATmega48PA/88PA/168PA/328P

TQFP Top View PDIP
=8
-
ROk D00 -«
EEEE552%
£§Z35aD0000
PEEpeoog
Gaaiys 3 el
E E 9( 0 O QQ
ZEER2229
So8883848 —
aasocoooon
noooogan {PCINT14/RESET) PCE [ 1 28 [1 PCS (ADCS/SCLIPCINT13)
SR 88884Y (PCINT16/RXD) PDO [ 2 27 [J PC4 (ADC4/SDA/PCINT12)
(PCINT18/0C2B/INT1) PD3 (] 1 o Oz4 {1 PC1.(ADC1PCINTS) EERTIONE 2 TR (OO ST
(PCINT20/XCK/T0) PD4 [] 2 23 [] PCO (ADCO/PCINTB) EEMT1AIN TR ¢ o s DGR
i b =Mect (PCINT18/0C2B/INT1) PD3 [} 24 [1PC1 (ADC1/PCINTY)
s b = :G"‘DNDC (PCINTZ0/XCK/T0) PDA ] 6 23 [1 PCO (ADCO/PCINTS)
‘ vee 22 [1GND
GND (5 20 (J AREF
GND [ 8 21 [1 AREF
veogye sl gy (PCINTE/XTAL1/TOSC1) P
EEIORLI IR ) PO 1pVCE (PCmT?:XTALZngSSg.Zi P?E ?a fg gg;gfscwpcwrs)
PCINT7/XTAL2/TOSC2) PB7 []8 1
( ) O O T B Ip e (PCINT21/0C0B/T1) PDS5 ] 11 18 [1PB4 (MISO/IPCINT4)
S ordamsws (PCINT22/OCDA/AING) PDB (] 12 17 [1 PB3 (MOSIOC2A/PCINTS)
O (PCINT23/AIN1) PD7 [] 13 16 [ PB2 (SS/0C1B/PCINT2)
§ § § § § g E é (PCINTO/CLKOACP1) PBO (] 14 15 1 PB1 (OC1A/PCINT1)
FE R TR
G2255523
825898%%
o~ LA ek
FEEE L
ENEEEERE
= =
85 § &3
£F o= e
28 MLF Top View 32 MLF Top View
=% s
i3 g g - A gg Zo5
ST EOOF e -
EEC3S&E CEEEREEE
zE =0 38 ZZZ8 03600
SC0LEBB8 EgUpmm g
SCEibLnwh S E“’ﬂS%
8 0 O Q = Q 9 ﬂ a g
ggigggg SEE@g3ds
N oo W o NE S 3
8538683 §og88388
opn [ O /_E‘_ELD.D_ELD_D_D_\
ES8EEIQN a-RPABRER
(PCINT19/0C2B/INT1) PD3 [ 1 S5 U007 T 210 Pe2 (ADC2IPCINT10 (PCINT19/0C2BANT PR3l A g ~ === == === 24 [7 PC1 (ADC1/PCINTS!
¢ ) 1 )
(PCINT20/XCK/TO) PD4[]2 4 1 20 [3 PC1{ADC1/PCINTD) (PCINT20/XCK/TO) PD4C2 | ! 231 PCO (ADCO/PCINTB)
veers | .19 [1 PCO (ADCO/PCINTS) eNDOs | 22pADC?
GND]4 . 18[3GND vecs | I 21[JGND
(PCINTB/XTAL1/TOSC1) PBEC[5 ! I 17.{3 AREF GNDO5 | | 20D AREF
(PCINT7/XTAL2/TOSC2) PB7 |6 | 1 18 AveE vceds ! I 18[] ADCB
(PCINT21/0COBM1) PDS 7 WL o mc o m e o 1. 15 [ PBS5 (SCK/PCINTS) (PCINTE/XTAL1/TOSC1) PBEC]7 | | 18pAvce
emSrNos (PCINTT/XTAL2/TOSC2) PBTL]8 M - - o o o oo o= - I 17 [J PB5 (SCK/PCINTS)
]
253z883 s o LUNcne
£ g e m oogooooog
253883 BESEEESS
NOTE: Botiom pad should be soldered to ground, %%ua ogo2 b S
§ 3 50 g é § NOTE: Bottom pad should be solderedtoground. = 2 2 & < @ g ]
ESC68E m<g§882§
S20ZN38 SZRS8Eags
difczpe soEgzR0=
,2 =z 8= ~ G50k Q00
£ O ER EIPEEzse
P A g ZRELEREES
e & &) & £2
& £ o &5
e s
B = &

ATEL :

8161D-AVR-10/09



—————————essssssssm A TMega48PA/88PA/168PA/328P

1.1  Pin Descriptions

1.3 vccC

% GND

Digital supply voltage.

Ground.

113 Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

11.4 Port C (PC5:0)

1.1.5 PC6/RESET

1.1.6 Port D (PD7:0)

8161D-AVR-10/09

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscil-
lator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in "Alternate Functions of Port B" on page
82 and "System Clock and Clock Options” on page 26.

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
PC5..0 output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

If the RSTDISBL Fuse is programmed, PC6 is used as an /O pin. Note that the electrical char-
acteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as @ Reset input. A low level on this pin
for longer than the minimum pulse length will generate a Reset, even if the clock is not running.
The minimum pulse length is given in Table 28-3 on page 318. Shorter pulses are not guaran-
teed to generate a Reset.

The various special features of Port C are elaborated in "Alternate Functions of Port C" on page
85.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

ATMEL ;
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The various special features of Port D are elaborated in "Alternate Functions of Port D" on page

88.

i 1 1 4 AV
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should be externally
connected to V¢, even if the ADC is not used. If the ADC is used, it should be connected to V¢
through a low-pass filter. Note that PC6..4 use digital supply voltage, V..

1.1.8 AREF

AREF is the analog reference pin for the A/D Converter.

1.1.9 ADCT7:6 (TQFP and QFN/MLF Package Only)

In the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D converter.
These pins are powered from the analog supply and serve as 10-bit ADC channels.

ATMEL .
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2. Overview

The ATmegad8PA/88PA/168PA/328P is a low-power CMOS 8-bit microcontroller based on the
AVR enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega48PA/88PA/168PA/328P achieves throughputs approaching 1 MIPS per MHz allowing
the system designer to optimize power consumption versus processing speed.

21 Block Diagram

Figure 2-1.  Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting

AIMEL s
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architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega48PA/88PA/168PA/328P provides the following features: 4K/8K bytes of In-System
Programmable Flash with Read-While-Write capabilities, 256/512/512/1K bytes EEPROM,
512/1K/1K/2K bytes SRAM, 23 general purpose /O lines, 32 general purpose working registers,
three flexible Timer/Counters with compare modes, internal and external interrupts, a serial pro-
grammable USART, a byte-oriented 2-wire Serial Interface, an SPI serial port, a 6-channel 10-bit
ADC (8 channels in TQFP and QFN/MLF packages), a programmable Watchdog Timer with
internal Oscillator, and five software selectable power saving modes. The Idle mode stops the
CPU while allowing the SRAM, Timer/Counters, USART, 2-wire Serial Interface, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register contents but
freezes the Oscillator, disabling all other chip functions until the next interrupt or hardware reset.
In Power-save mode, the asynchronous timer continues to run, allowing the user to maintain a
timer base while the rest of the device is sleeping. The ADC Noise Reduction mode stops the
CPU and all /0 modules except asynchronous timer and ADC, to minimize switching noise dur-
ing ADC conversions. In Standby mode, the crystal/resonator Oscillator is running while the rest
of the device is sleeping. This allows very fast start-up combined with low power consumption.

The device is manufactured using Atmel’s high density non-volatile memory technology. The
On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SPI
serial interface, by a conventional non-volatile memary programmer, or by an On-chip Boot pro-
gram running on the AVR core. The Boot program can use any interface to download the
application program in the Application Flash memory. Software in the Boot Flash section will
continue to run while the Application Flash section is updated, providing true Read-While-Write
operation. By combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a
monalithic chip, the Atmel ATmega48PA/88PA/168PA/328P is a powerful microcontroller that
provides a highly flexible and cost effective solution to many embedded control applications.

The ATmega48PA/88PA/168PA/328P AVR is supported with a full suite of program and system
development tools including: C Compilers, Macro Assemblers, Program Debugger/Simulators,
In-Circuit Emulators, and Evaluation kits.

2.2 Comparison Between ATmega48PA, ATmega88PA, ATmega168PA and ATmega328P

8161D-AVR~10/09

The ATmegad8PA, ATmega88PA, ATmega168PA and ATmega328P differ only in memory
sizes, boot loader support, and interrupt vector sizes. Table 2-1 summarizes the different mem-
ory and interrupt vector sizes for the three devices.

Table 2-1. Memory Size Summary

Device Flash EEPROM RAM Interrupt Vector Size
ATmega48PA 4K Bytes 256 Bytes 512 Bytes 1 instruction word/vector
ATmega88PA 8K Bytes 512 Bytes 1K Bytes 1 instruction word/vector
ATmega168PA 16K Bytes 512 Bytes 1K Bytes 2 instruction words/vector
ATmega328P 32K Bytes 1K Bytes 2K Bytes 2 instruction words/vector

ATmega88PA, ATmega168PA and ATmega328P support a real Read-While-Write Self-Pro-
gramming mechanism. There is a separate Boot Loader Section, and the SPM instruction can
only execute from there. In ATmega48PA, there is no Read-While-Write support and no sepa-
rate Boot Loader Section. The SPM instruction can execute from the entire Flash.

ATMEL ;
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3. Resources

A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

4. Data Retention

Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

5. About Code Examples

8161D-AVR-10/09

This documentation contains simple code examples that briefly show how to use various parts of
the device. These code examples assume that the part specific header file is included before
compilation. Be aware that not all C compiler vendors include bit definitions in the header files
and interrupt handling in C is compiler dependent. Please confirm with the C compiler documen-
tation for more details.

For I/O Registers located in extended |/Q map, “IN”, “OUT", “SBIS", “SBIC", “CBI", and “SBI”
instructions must be replaced with instructions that allow access to extended 1/0. Typically
‘LDS" and “STS" combined with “SBRS”, “SBRC”", “SBR”, and “CBR".

ATMEL 7
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28. Electrical Characteristics

28.1 Absolute Maximum Ratings*

Operating Temperature

Storage Temperature

Voltage on any Pin except RESET
with respect to Ground

Voltage on RESET with respect to Ground......-0.5V to+13.0V

Maximum Operating Voltage ....................ctvvevsineeeeennnnnn, 6.0V
DC Cument per /O Pin .........cocvevisdecioncconsensiTimrees 400 INA
DC Current Vo and GND Pins.....ccc.covvreiienrinnnnan, 200.0 mA

-55°C to +125°C

-65°C to +150°C

-0.5V to V0.5V

28.2 DC Characteristics

Ta = -40°C to 85°C, V¢ = 1.8V to 5.5V (unless otherwise noted)

*NOTICE:

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

Symbol | Parameter Condition Min. Typ. Max. Units
v Input Low Voltage, except | Veo = 1.8V -2.4V 05 0.2V W
L XTAL1 and RESET pin Vee = 2.4V - 5.5V 0.5 03V
v Input High Voltage, except | Voo = 1.8V - 2.4V 0.7V Vee + 0.5 v
i XTAL1 and RESET pins Veg =2.4V.-5.5V 0.6Vc? Vee +0.5
Input Low Voltage, ¥ O]
' XTAL1 pin Vee = 1.8V - 5.5V 0.5 0.1Vee v
v Input High Voltage, Ve = 1.8V -2.4V 0.8Vee? Vee +0.5 | v
it XTAL1 pin Voo =24V -55V 0.7Vee'? Ve #05 |
Input Low Voltage, = )
Vi RESET pin Vee = 1.8V.- 5.5V 0.5 0.1V¢e v
Input High Voltage, 0
Vipo RESET pin Vec =1.8V - 55V 0.9Vc? Vee +0.5 v
vV Input Low Voltage, Vigc =:1.8V - 2.4V -0.5 0.2V M v
"2 RESET pin as /0 Ve =2.4V-5.5V -0.5 0.3V
v Input High Voltage, Vee = 1.8V - 2.4V 0.7 Vg® Vee + 0.5 v
IH3 RESET pin as /O Vee =24V - 55V 0.6V Ve + 0.5
: Output Low Voltage™ loL =20 mA, Ve = 5V 0.9 v
. except RESET pin lor = 10 mA, Ve = 3V 0.6
= Output High Voltage' lon = -20 MA, Ve = 5V 4.2 v
o except Reset pin lon =-10 MA, Ve =3V 23
| Input Leakage Vee = 5.5V, pin low 1
L Current I/O Pin (absolute value) B
| Input Leakage Ve = 5.5V, pin high 1 A
IH Current /O Pin (absolute value) H

8161D-AVR-10/09
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28.2.4  ATmega328P DC Characteristics

Tp = -40°C to 85°C, V¢ = 1.8V to 5.5V (unless otherwise noted)

Symbol | Parameter Condition Min. Typ.? Max. Units
Active 1 MHz, Vo = 2V 03 0.5 mA
Active 4 MHz, V¢ = 3V 1 25 mA
g Active 8 MHz, V¢ = 5V 5.2 L) mA
Power Supply Current!”
Idle 1 MHz, Ve = 2V 0.04 0.15 mA
Idle 4 MHz, Vg =3V 0.3 0.7
: Idle 8 MHz, V¢ = 5V 1.2 2.7 mA
cc
32 kH SC bled,
¢ _7:]'[;\)/ enabled 08 16 VA
Power-save mode®*) 3;:C;H TOS TS
z enable
4 0. 26
Vo k3w - v
WDT enabled, VCC =3V 4.2 HA
Power-down mode®) — -
WDT disabied. VCC =3V 0.1 2 HA
Notes: 1. Values with “Minimizing Power Consumption” enabled (OxFF).

1
2. Typical values at 25°C. Maximum values are test limits in production.

3. The current consumption values include input leakage current.

4. Maximum values are characterized values and not test limits in production.

28.3 Speed Grades

Maximum frequency is dependent on V. As shown in Figure 28-1, the Maximum Frequency vs.
Vg curve is linear between 1.8V < V¢ < 2.7V and between 2.7V < Ve <4.5V.

Figure 28-1. Maximum Frequency vs. V.
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28.4 Clock Characteristics

28.4.1 Calibrated Internal RC Oscillator Accuracy

Table 28-1.  Calibration Accuracy of Internal RC Oscillator

Frequency Vee Temperature Calibration Accuracy
Factory ¥ .
Calibration 8.0 MHz 3v 25°C +10%
—- 7.3-8.1 MHz 1.8V - 5.5V -40°C - 85°C 1%
Calibration

28.4.2 External Clock Drive Waveforms

Figure 28-2. External Clock Drive Waveforms

tenex
terex tecn —* +— tenel
Vin1
Vi N 7 N
— tecx ——4
terer -
28.4.3 External Clock Drive
Table 28-2. External Clock Drive
Vee=18-55V | Vco=27-55V Vee=4.5-5.5V
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
MereL Oscillator Frequency 0 < 0 10 0 20 MHz
teLoL Clock Period 250 100 50 ns
tesiex High Time 100 40 20 ns
teicH Rise Time 2.0 1.6 0.5 us
teneL Fall Time 20 1.6 0.5 us
Change in period from
Atei oL one clock cycle to the 2 2 2 %
next

Note:  All DC Characteristics contained in this datasheet are based on simulation and characterization of other AVR microcontrollers
manufactured in the same process technology. These values are preliminary values representing design targets, and will be
updated after characterization of actual silicon.

‘lmEk 317
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28.5 System and Reset Characteristics

Table 28-3. Reset, Brown-out and Internal Voltage Characteristics(")

Symbol | Parameter Min Typ Max Units
Power-on Reset Threshold Voltage (rising) 13 14 1.6 Vv
X | o Pt Thosdions Voltage (falling)®? 0.6 13 1.6 v
SRoy Power-on Slope Rate 0.01 10 Vims
VRsT "RESET Pin Threshold Voltage 0.2 Vee 0.9 Ve Vv
trsT Minimum pulse width on RESET Pin 2.5 ps
Viyst Brown-out Detector Hysteresis 50 mV
taon Min Pulse Width on Brown-out Reset 2 Hs
Vg Bandgap reference voltage ¥:£;52°Z: 1.0 1.1 1.2 Y
tag Bandgap reference start-up time _\r’:__‘_:;é?‘oé 40 70 s
lgg Bandgap reference current consumption }FI:EC;SQ"-C’: 10 pA
Notes: 1. Values are guidelines only. 7
2. The Power-on Reset will not work unless the supply voltage has been below Vpor (falling)
Table 28-4. BODLEVEL Fuse Coding‘"
BODLEVEL 2:0 Fuses Min Vggr Typ Vgor Max Vgor Units
1 BOD Disabled
110 2 1.8 2.0
101 25 207 2.9 \"
100 4.1 43 4.5
011
010
o0 Reserved
000

Notes: 1. Vgor may be below nominal minimum operating voltage for some devices. For devices where this is the case, the device is
tested down to V. = Vgor during the production test. This guarantees that a Brown-Out Reset will occur before Ve drops to
a voltage where correct operation of the microcontroller is no longer guaranteed. The test is performed using

BODLEVEL =110, 101 and 100.

8161D-AVR-10/09
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28.6 SPI Timing Characteristics

See Figure 28-3 and Figure 28-4 for details.

Table 28-5. SPI Timing Parameters

Description Mode Min Typ Max
1 SCK period Master See Table 18-5
2 SCK high/low Master 50% duty cycle
3 Rise/Fall time Master 3.6
4 Setup Master 10
5 Hold Master 10
6 Out to SCK Master 0.5t
T SCK to out Master 10
8 SCK to out high Master 10
9 SS low to out Slave 15
10 SCK period Slave L i i
11 | SCK highflow” Slave 2ty
12 Rise/Fall time Slave 1600
13 Setup Slave 10
14 Hold Slave te
15 SCK to out ' Slave 15 o
16 | SCKtoSS high Slave 20
17 | SS high to tri-state Slave 10
18 | SSlowto SCK Slave 20

Note: 1. InSPI Programming mode the minimum SCK high/low period is:

- 2 tgr ey for fox

<12 MHz

- 3tg oy for fee> 12 MHz
2. _All DC Characteristics contained in this datasheet are based on simulation and characteriza-

tion of ether AVR microcontrollers manufactured in the same process technology. These

values are preliminary values representing design targets, and will be updated after character-
ization of actual silicon.

8161D-AVR-10/09
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29. Typical Characteristics

8161D-AVR-10/09

The following charts show typical behavior. These figures are not tested during manufacturing.
All current consumption measurements are performed with all /0 pins configured as inputs and
with internal pull-ups enabled. A square wave generator with rail-to-rail output is used as clock
source.

All Active- and Idle current consumption measurements are done with all bits in the PRR register
set and thus, the corresponding I/O modules are turned off. Also the Analog Comparator is dis-
abled during these measurements. The "ATmega88PA: Supply Current of 10 Modules” on page
356 and page 380 shows the additional current consumption compared to lcc Active and I, Idle
for every 1/0 module controlled by the Power Reduction Register. See "Power Reduction Regis-
ter” on page 42 for details.

The power consumption in Power-down mode is independent of clock selection.

The current consumption is a function of several factors such as: operating voltage, operating
frequency, loading of 1/0 pins, switching rate of I/O pins, code executed and ambient tempera-
ture. The dominating factors are operating voltage and frequency.

The current drawn from capacitive loaded pins may be estimated (for one pin) as C *V.*f where
C, = load capacitance, V.. = operating voltage and f = average switching frequency of /O pin.

The parts are characterized at frequencies higher than test limits. Parts are not guaranteed to
function properly at frequencies higher than the ordering code indicates.

The difference between current consumption in Power-down mode with Watchdog Timer
enabled and Power-down mode with Watchdog Timer disabled represents the differential cur-
rent drawn by the Watchdog Timer.
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29.4 ATmega328P Typical Characteristics

29.41 Active Supply Current

Figure 29-139.ATmega328P: Active Supply Current vs. Low Frequency (0.1-1.0 MHz)
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Figure 29-140.ATmega328P: Active Supply Current vs. Frequency (1-20 MHz)
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Figure 29-141.ATmega328P: Active Supply Current vs. V. (Internal RC Oscillator, 128 kHz)
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Figure 29-142.ATmega328P: Active Supply Current vs. V¢ (Internal RC Oscillator, 1 MHz)
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