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Abstract

Detractor is one of the most critical parameters of Complaint Handling (COHA) for high
speed CAN product which is often derived by optimization techniques to achieve business
goals.However,in waste time and unsuccess rate of electrical testing and fault localization not
easy to eliminate and maintain, especially test mode does not accessible and the high
complexity in the circuit.This article concerns the development of test mode generator for
failure analysis. Then,we focus on the test mode architecture of high speed can product

which is an important device in modern vehicle.
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2.1 lulasaaulnsaians

lulasneulnsaaes (Sangw: microcontroller fingadn pC, uC wis MCU) Ao gunsal
muAuIIALAN ausTamuaninsafindendeiussuureuianed laslululaseeulnsaiaesld
TRy, mheamud uazwedn Fuludnuszneundnddvasszuunaufinpefidnly
meaiu Tnevihnsussydnliluddadieniu

SU#l 2.1 2as5uvesduma 8742 lulaseoulnsaaesvun 8 daludity mnis) 12 MHz
wsuaune 128 Tud, EPROM vuis 2048 lus wag 1/0 Tuduideaiu

2.1.1 Tassatrealy

Tassadlaemly asslulasreulvsaaestu awnsauvsoonuléidu 5 dulua
Tane Uil

2.1.1.1 whwUszananananavizedifiy (CPU : Central Processing Unit)

2.1.1.2 mdwaud1 (Memory) annsautseenitiu 2 @ fio wiherusaillidmsiui
Tusunsamdn (Program Memory) Wisuiaiiousiinfariveaniosneuiiumesialiy Aedoyalag
fignifullutisgbigymeluusiluifinides Sndwunisfomiennuirdeya (Data Memory) 14
Wumileutunsearemalunisdnnmesdity uaziduiiindoyadansnumeyhen wrmnlad
e Foyafazmelupdrefiumerudiusy (RAM) Tuiedesreufanosiig U uddmsu
lilasreulnsamesaiolvel mhemmundeyaasiiienidumhemiusus Sseyassmgliide
hiﬁvl,wl,gaﬁ wazlluddnsen (EEPROM : Electrically Erasable Programmable Read-Only
Memory) ?jammsnLﬁuﬁ’mdalﬁuﬁhjﬁ‘LWLﬁwmﬁmm

2.1.1.3 daudaserugunsalneuen wiewesn (Port) il 2 dnwaizAe wesndunm (Input Port)
LazwosndsdynaMTanD I (Output Port) dautarlilumadensadugunsniniauen



fedndudufidfaun Tg5miusEninanaindunn Wasudyanm 019vsfensnadding tie
thluuszananauazadlunesneding ouanwalty nsfnainsvomaonln sy

2.1.1.4 doamaiuvasdynn vieta (BUS) Aaidummanmsuanidsudygyudoyasewine ity
wheanuduaznesn Wudnvasvesaedynya Sunnnegnelumlulasreulnsaaes lae
wunduvateya (Data Bus) , Uauenwnsa (Address Bus) uazdanaunu (Control Bus)

2.1.1.5 2sidiedyanauiin Wuesdussneuiidduindndiunids esinnisvheud
Watuludlilasneulnsaiaes %ﬁuagjﬁunﬁﬁmum%’mw yndygaaninidamiudige Same
msvhaferannsaildatudealdlulaseeulnsamediiu fanuSlumsusznanagany
lusn

2.2 Arduino UNO
Arduino 81ui1 (91-9-8-l w3e 91qelu) Wuvesalulasreulnsiaesniz)a AVR Niln1s

&4 =

WAIWUU Open Source Apdin1silangdayavianu Hardware Uay Software ¢ uasa Arduino

-]
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[¥]

gneeniuuslFuladie fmudamngdmsuisusufnwm ﬁqﬁ;ﬂ%’mué’qmmmﬁmmaq
Wiy Wandegenasauade wielusunsusielésngae

ANBYBIURTA Arduino lunsdegunsaliaiunieg Aeglduaunsadednas
3iannsedadeinasusnidadeudadiuniun 1/0 vesusia (@,ﬁ'aae}wgﬂﬁ 1) wiaiionny
agpInanunsnidensefiuuasaiad (Arduino Shield) Ussinnsineg (gihadiegud 2) 1y Arduino
XBee Shield, Arduino Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino
GPRS Shield 1Judu udeufivveainuuuain Arduino kanleulusunsuimuiselaiae

sU7l 2.2 vasn Arduino feffu LRD wag uasn XBee Shield

2.2.1 yaiudiviiliuesa Arduino \luffies

i i o a o o lo W e W va ¥
- rgsensiia dgduuudidiug idudeumnedmiugisuny
- i1 Arduino Community nguANAITINAUNRILI LTSS
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- Open Hardware yibgltasnsamhuesalusesenldanulanaisr
- 1A i
- Cross Platform anansawmuilusunsuuu OS lafla

2.2.2 JUnuumsiWUTUsUNINUY Arduino

e

it
- s

- -
Rl

B s saSmbe’
.

>

=i < i i = .
EU‘VI 2.3 Msi¥auasynimauimasuazuasa Arduino

1. Feulusunsuvumaniinnes daumislusunsy ArduinolDE Fedauisanniuivaslsain
Arduino.cc/en/main/software

2. viniidsuldnlusunsuiFeuiosuds Wildnudeniuvesn Arduino flduazmneiay Com
port

Fie e st Took] Het

Auto Format Ctrl«T

Archive Sketch
sketch_octt 7a Fix Encoding & Reload 3
Serial Monitor CtrlShifts M -
@ Arduino Uno
Board L Arduino Duemilanove w/ ATmega328
Senial Port ’ Arduino Diecimila or Duemilanove w/ ATmegal68
Frgatme ’ Arduino Nano w/ ATmega328
Bhirs Beiottondes Arduino Nano w/ ATmegal68
Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmegal 280)




il File Edit Sketch [Tools) Help
Auto Format

Archive Sketch
sketch_oct17a

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M |

Board » |
Serial Port ¥ v COoM33

Programmer >

Burn Bootloader

JUM 2.5 idenvuneway Comport Yedussn
] ” d‘ L 4 i u‘j 1 |
3. ney Verify liensaaaeuaugnaadiay Compile Taalusunsu antunadu Upload 1An

o/ I3 B i d o =l £ 24
TUsunsuludavada Arduino Hiuneany USB iesuluanisauineuna? 92uaniionuuay
v ' s 7 2 a o a Yo o
UNAN “Done uploading upzUeIAIEENYN UM NATsulUs LS AYIuA

outine runs once when you press reset:

o the Tetup I
setwp () { fl vord setw () ¢
t} initislaze the digitsl pin as an output.

tode (led, OUTRUT): pinode(led, OUTPUT):

he loop routine run
woad loop() {

guﬁl 2.6 113 Upload laalusunsu



2.2.3 Layout & Pin out Arduino Board (Model: Arduino UNO R3)

3.wedn ICSP : dwmfu USB interface

awefm /O

124SPI) MISO
114{SPI) MOSI

104{SPI) SS
2-Interrupt 0

| 3-Interrupt 1
| 0,1-Serial

2.4 Reset

oo htﬂlﬂ‘ﬂﬂ-—‘.
--?—<.-4—<—-|- L 4
1

chlfhl (pw-) E 8

imefmUSB |—P

wwme  ARDUINO

-

X % U O-m.

5o ICSP : Atmega328

10.MCU : Atmegal6U2

6MCU ; Atmega328

9993 Power jack 7-12V

<L

D .
. puied 7wodm VO
B.wosm Power g

g‘dﬁ 2.7 Layout & Pin out Arduino Board (Model: Arduino UNO R3)

1.USBPort: lddmsusiariu Computer iitedulnanlusunsids MCU uagdngluliiuueda
2.Reset Button: ({utl Reset ldnaidospanislh MCU Eunisvienilual

3.1CSP Port 84 Atmega16U2 iumasnildlusinsy Visual Com port uu Atmegal6U2

4. |/OPort:Digital I/0 Fausen DO fle D13 uBNINT UNe Pin sxvhwdinfiau e WiaRudae L
Pin0,1 1w Tx,Rx Serial, Pin3,5,6,9,10 uae 11 uw1 PWM

5.ICSP Port: Atmega328 Humasaililusunsy Bootloader

6. MCU: Atmega328 1Hu MCU fildfuruasn Arduino

7. 1/oPort: wenanasd Digital 1/O uda Savdsuu vessudyaueunden Fausiu AO-A5
8 Power Port: InEswwaseinilerpnissielliivassaouen Yssnoufeulnides +3.3 V,
+5V, GND, Vin

9. Power Jack: 3ulnan Adapter Tnefussfuagsening 7-12 V

10. MCU v83 Atmegal6U2 i MCU fivimiidiiiu USB to Serial Tng Atmega328 azinreriy
Computer {1 Atmegal6U2



2.3 Atmega328 LUUMaLaY Arduino StandAlone

SUM 2.8 249557 ATmega328

uneiunsuugtn 1y Arduino wuudewes dldmeaeudsulusunsuuy Arduino
Uno audludineloud Srmnazihlulduaieeraesldmanyan iws1zuasa Arduino Uno il
gualug) 91ATums fmndasnisiilensesiiumileudu Arduino Uno vmatm wATlvuAENLaY
39A9NAY N13RBLYIIU Arduino Ly StandAlone FAsTuLzh fadussnassie Arduino
WUy StandAlone

2.3.1 9Unsaldiuvin Arduino StandAlone

- IC Arduino Atmega328 fiaa Bootloader U1 1 #7

- Crystal 16 Mhz 1 #7

- fiudsey 22pf 2 i

2.3.2 711519974 Arduino StandAlone

wuudt 1 thle@undeuuny leddudy wdildnulduuulniiae

wuudt 2 lunsdiiladldldueda Arduino ansnsald Tuga USB TTL wlelusunsy Arduino Hiumns
USB TTL 1ot



2.3.2.1 11le% Arduino Atmega8 %30 IC Atmega328 uldBUWIUUUUDIA Arduino Uno

2.3.2.2 @enuadalunsanu IC dudu IC Arduino Atmega328 Ldanuesaidu Arduino

Uno @i IC Arduino Atmega8 Fdenuesallu Arduino NG/Atmega8

2.3.2.3 snwlnanluswnsuasiu

P v . . o v 1Y) v
LN@"LW IC arduino ‘Vlax‘]T.‘Ll‘iLLﬂ‘iﬂJffl’m%G}mmiLLa’J noA IC BBﬂNWLLaQWQQQQSWWQJEU

+§
reset Cff 1 analog 5
pin 0 rx C§ 2 analog 4
pin1tx C§ 3 analog 3
pin2 [§ 4 analog 2
pin 3 pwm [ 5 analog 1
pind [§ 6 analog 0
+5 volts [§ 7 ground
ground [}l 8 not connected
crystal C§ 9 +5 volts
crystal pin 13
pin 5 pwm pin 12
pin 6 pwm pin 11 pwm
pin 7 pin 10 pwm

pin 8 pin 9 pwm

gﬂi?'i 2.9 N5MBITATMega328 wiglduuuy StandAlone

volts O

16mhz

O 00 N OO, EWN -

- L TR e
B wW N = O

28
27
26
25
24
23
22
21
20
19
18
17
16
15

0 ground

2.3.3 A79819 WUsINsy Arduino Atmega328 LUUABLaY Arduino StandAlone

int led = 13;

// the setup routine runs once when you press reset:
void setup() {
// initialize the digital pin as an output.
pinMode(led, OUTPUT);
}

// the loop routine runs over and over again forever:



void loop() {
digitalWrite
delay(1000
digitalWrite(led, LOW),  // turn the LED off by making the voltage LOW
delay(1000); // wait for a second

(led, HIGH); // turn the LED on (HIGH is the voltage level)
);

k // wait for a second

#a LED Thunnfiun 19 vee IC (PIN 13 993uasa Arduino) 918l 5V udaziiulvinsensu

2.4 Controller Area Network (CAN - bus)

soousrARR s 2003 Wuduun Widmhssuudeasuuu CAN uld davinlsinng
AoansseuinelugariaquessEuUsasus 1wy Power train Control Module (seuuduries =
m‘%‘awuﬁ),swumiﬂ ABS,5¥UU SCS (Stability Control System) %38 ESP (Electronic
Stability Program) #58 szuuliUaunavegaatluan oL seUULes WuA,AaenIy
suuuuﬁaéé’mhﬁﬁ fetiuusvuu vie Tugasiaey “Lﬁamhmﬁmﬁ’ﬂ%’mu’ium BUR LN et
nsAndadeanssruinsluganiey mamm'}maﬂmmauauaamwuﬂﬂammLEJ?J;J

szuu CAN Wudmevdmiudantnenssuvessosusiastell frenisdeassinu Serial
Data Bus 9a4szuvanginlusoeus

FunnanTAnRves spuu CAN fia ardilunsdomsunsdoya fafuda waneildly
iﬂﬂuﬁﬁmu@a (ECU) wanenaes lalA Power train Control Module (1p3deus +
\Ae9),ABS,AIR Bag, TPMS (Tire Pressure Monitoring System),ESP (Electronic Stability Program)

CAN gnamrandeund 1984 Tag Robert Bosch Tufl 1992 1alul#lusa Benz
vanequ il 2008 Huduan saluaniglaldssuu CAN feutsmuauariuaniily AN
Protocol flagnaneluslaneatidrdnyildlusnsusyndu

wifrnalunisdeansuessyuy CAN aggs widmsussuuilisnduseansms
povauatisng Alisidudeddlusinneat sfulusosusfumisitnwuifisedvanumdlu
msdeansvanssefuaglufuiodiy

Direct fuel = Active
injection T = - - suspension

Electric throttie
;. walve control

Brake-Dy-wire

Steer-Dy-wire
Electrically assisted ¥
power steering S

Al 1
UM 2.10 sruumnevesTagun
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2.4.1 Speed Class of Data Bus ( m'lm‘%'ﬂun'ﬁﬁaa'ﬁszﬁwiw°1 )

2.4.1.1 Class A musalunissudsdoyatioandn 10 k bit / sec ( 10 kbps ) szuufild
oA nszanlwiin,wnglniin, sruudondnes, Slaum, syuuldesading udu

2.4.1.2 Class B mnuisHlumsdoansagsening 10 - 125 kbps Farleur Protocol 15O
9141 - 2 v SAE J 1850 (Wflusanswna Ford , GM wa seelsy + giu vhl) svuuilesd
AS7
Wivawelunisdeastoyafifanududou Tun sruufessnlu®, ssuudiuone
;svuuimmobilize, sruudlanlnsiaduinaunsuausingeg Wudu

2.4.1.3 Class C vhanuidilumsdeansegituseunas 1 Mops %38 1000 kbps w3e
Uszanas 101hwes Class B uilnesialuasldfinmuiiusesan 500 Kbps Seiimnuisauiisane
dmsuszU Air Bag,ABS,Stability Control, Traction Control,Power Train Control Module
(2UUAUAIAY
wneds 1edoseud + \Aes 1undn)

2.4.1.4 Class D A1 lun15doansusyann 1 Mbps T4luszuy Onboard
Entertainment 1 Video Streaming 3o szuufnsedeansiuaaiiioy uie szuu Intemet 3 G
feunanvgiunly
Tusaoua

TusTaneaiiinudalnaldeaiu CAN A SAE J 1939 , GMLAN , OBD 2 ,SAE J
1587 LIN Fadumiiflvesimnssusudiosdonldlusinnealimnyauiueususiugdamnn
pusitun fesnnsausalunisdeasunng msidenld Fiber Optic unuaglsssum o1aduds
fisoefinrsansely

1w 1995 GM I3al4lUsianoa Class B Ailmnansuszan 10.4 kbps w%aﬁﬁ%’ﬂ'l,umu
VPW &9 au nanuiidanu$aieaelunisdeatssening Electronic module s 16t

Tud 2004 GM TiWanuanld GMLAN ( GM Local Area Network ) lag GM LAN i
ANIET 2 SEAUAD 33.33 kbps way 500 kbps

GM LAN 33.33 Kbps Wanelwiduiiendu Bus [luszuuiiisadasiu Body snoud 1oy
sruulwdesaine Usee , nszanlndi iusiu

Tuvauzdi GM LAN 500 Kbps a¢14lu Power train , Transmission , ABS Wag Air Bag 1Uu

YUV 33.33 Kbps uaz 500 Kbps szfindaifenlesiudie Gateway Node

unsagng 33.33 Kbps Bus w3a Low Speed Bus fie sruuiiusziuanudsosaias
Fosrnuisasuduaranusiseveessosus evaweidsssumuanmstud ehaiidusu

nsflveesn Benz Aluiu lafinisldmanusives Bus Tusyausnaqiulusamumeniu
?Tuag:ﬁlu Application 714 1wy

14 500 Kbps %38 High Speed Bus (CAN - C) Tusguuids ssuuiiies, szuu ABS 1y
Auld 83 Kbps

%39 CAN — B 13U Body Control Module

11



58 Benz U35uld CAN - B Module #1995 30 Modules

Tud 2002 Benz 14 CAN - B, CAN - C Tuszuugnsuida (EIS Module)
#8930 U 2002 Benz 1 CAN - D ( Speed 11nni1 1 Mbps ) 1u Gateway dwsufndadoans
iU Module #1499 (Inter — Module Communication) $2335%UU Onboard Diagnostic #el
A94NU CAN — D Gateway

1 Adaptive Cruise Control

2 Electronic Brake System MKG0E

3 Sensor Cluster

4 Gateway Data Transmitter

5 Force Feedback
Accelerator Pedal

6 Door Control Unit

7 Sunroof

Control Unit

'8 Reversible Seatbelt
i Pretensioner

9 Seat Control Unit
10 Brakes
11 Closing Velocity Sensor
12 Side Satellites
13 Upfront Sensor
14 Airbag Contrel Unit

P | 1
U7 2.11 lugasiaglusguuvessasud
2.4.2 nsRnsiadaasszuinluga

==
---- indow lift
- O - S EAR s  Universal light

——

|

\

ol 7 " istruments - '7 AW

Additional ‘ﬂ(l_g v g Meati )

vaem e —L g interior (B

Drive train ?‘"" S light .. ' LIN
A L g | o a4

.

wip

-

e S
Universal motor
MOST P . g —UEED— universal panel

CAN Controller area network

GPS  Global Positioning System

GSM  Global System for Mobile Communications

LIN Local interconnect network

MOST Media-oriented systoems transport PEI Technologies

U7l 2.12 msdeansteyalussuuvessngud
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Tupasnaqluszuy CAN aggndmuliu Node wawil Address fuviusy leusas Node
doansiufiar§imnein Node lnu faennsds Code vae Node v e vhldusias Module
%50 Node $3niu

msdeasdoyanzdniudyaa digital w3e 0,1 e usasulwilsedusn fie 0 uae
wssilwihsedugsie 1 Tansumnseiuluududdnansasud udlaenluagldrnsening 5 e 7
Tan
2.4.3 dafuasszuu CAN

2.4.3.1 fiemuslunisdeansteya vilinismevauswausazlugalisydvdnm ua
Fudupgadadmiuunsszuy W ABS

2.4.3.2 5993V Video Streaming

2.4.3.3 gnunsaldlugarigg inlulaunn

2.4.4.4 faglndounin wseldseuu Network Cable 1138 Gateway
2.4.4 daidvuasszuu CAN

2.4.4.1 YReYDe Node #1199 8ravadn %3 (Juadsl vilinnsfnsedoasiitiom

2.4.4.2 yn Node w3a Module fims¥enawnsmanienaviiliszuuiomndumadld

2.4.4.3 nsdiszauusaiulniish n1shndedeasenadumadld

2.4.4.4 nsdluumneidliifisane uieiin1snonsen a1aviliides Set A1 Module Tnyl
AndoiuAsounels MeeisenI1n1svin Relearn Tnil #38 Re - establish

2.4.4.5 Msnenanslyl wie gunsaiutsialiivhany erevilisruuiudumadld wu sty
U§uommagladvinnu viin Step Motor muaumsHasaInteiduiu Heater lavinaiu snguifu
thufierldszuudivemelildias sy

n1shinRodea15vee Node #ae lu Serial Bus tu winiilamiAntu seuu DTC wie MIL
fuslyinaemnldindasaunudugiagnuldniidusudae U 1wu U 1026 183 GM #i9 Loss of
communication between the controller and transmission controller %38 N13ARADITENIN
Tugairdossudiulugaszuvdsideduman
2.4.5 nsasadaudaynn
lalaunis

2.4.5.1 #32958UUNTIA dn1atenasniaviell

2.4.5.2 avyaszauussdulniheglunnsgunieli

2.4.5.3 avvaouayln

mnasa 3 ensudalinudeunnseslag LLﬂﬁﬁiWIN@ﬂ&U’]ﬁﬁmﬂ’l (@uNInAed
wWasulu)

{9991nsEUY CAN Tlugasineg sewaeiuuuuirderiglinning sarduusarlung
$1fugosiiszuu Sleep Mode Tuvaizdisuinioseud Wetlasiuldliuunmesivan sniuszun
Josrualueilaill Sleep Mode w3o 52Uy Air Bag fidedlilandnagndfuindoud Jeazidng
Sleep Mode
2.4.6 arasnduvaaaias Scan Tool

InadAlL 2007 szmassngunui giRmmmavisauy 182,115 At (finan
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- AUTUYIAAINIEINTEIN 50 %

- AMNNUNNTDIVDITOBUA 25 %

- @nnauu Vieudde 25 %

Fauruow 1vadinandedllls uhlsannsnan 25 % MNANUUNNTPIUBITLUMAAS
1% fheszuumuauiiviuaiiy vwioszuu Diagnostic Altlusneud uasdsddusionn Ao irfeadle
Scan Tool Felusunanenasniudosivsysrsadedi
2.4.7 Lﬂ'%'ae Diagnostic

UseLnnaneg) len

2.4.7.1 Diagnostic Tester A msussuUATIvEaULAS BIBA e s ABS Air Bag,Electronic
device fN49)

2.4.7.2 Coil and Plug Tester duiunTIaanmvaIneedansziinuaziiiy

2.4.7.3 Battery Management and Tester dmiunsiadouanInuunaass, ;ialid
\Husu

2.4.7.4 Air Condition Equipment and Tool Il iaasiiafansiduresssuuies,
guUnsaldaNthgeduy s

2.4.7.5 Emission Analyzer gunsalnsnnasumsvanideslaide

2.4.7.6 Key Programming Tool qUﬂimiﬁ’aqzyLmﬁﬁmLmuﬁﬁlniﬂi%w

2.4.7.7 Data Recorder gunsaidufinnsdud uie Suiinmsvhanuvssasud gdlusuen
wfimaigunanituiindeyawiiounasauuiaiesiu Inetufinnisdudnasmauanmsinequas
Aensu Wi e fiemeniseu, ey, Aruuuse, Snsids-uiagnsiusn [Wudu Sevials
135 Claim Usgfiu wse miﬁamuwaqéﬁwmmﬁﬂﬁdw%u

2.5 a9nd
e e o v = ! 1 = L3
fie gunsaimimihfimaununsavesnszualiiiinigluas wienandie 9 fie gunsal
WUa Yanszualwiinigluisasini Inglddydnvalnsgy

—o/o—-

L%

JUM 2.13 dydnualvesaing

a & a a &= = | = - a & a & B
andldlurudidnnsedndlivateyie Wy adndidou alndnsean alndvyu dindne
andlilas aindnyua 1an
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2.5.1 @ndiaou

=

a ¢ a o g v a 13 v = o
Juaindudaniianldila Yn mevihauvesgunsal Tdnulaensideu nsniuqudnme

a & o v a 6ot o ' < a e & | < - &
GIRLaKI] qulmﬂﬂfv\lﬁﬂLaauaam%‘ﬂUUUWiaﬂﬂaqﬂ N5 UAIRNYVUVUUUNTTAD (ON) NSLADURIND
v 2

1 s = - - lhl 1 ﬂd 1 1
asaadiumséin (OFF) duulfifugunselida Un Asvasszinnvonduin wazinsedleineg iy
wiinan wane

= a o8 a
gﬂm 214 apguuuLanu
2.5.2 @3nUNseAN
& a  cag v a w a p o v P V& a a € |
Wuaingnldanulagnisna mammm‘swmmmﬂufﬂwﬂmmumxmmﬂum'sLﬂmmmjaa g4

Snsuiimdefaznszantu Tnvdndvaudinediddnysseynainuuudaing Wy Ua Ua On-
OFF I50gnuiunsideindnszaniiiunasaln Uansne niawmiaalaluvisngg
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2.5.3 sindng
v = = 1 ot T 1 = (I} - s 1 = ¢ = :j'
Tgalaonisnaile Yo Tuduideniu Ae nadufiegdiunandlng nayualintniins
#indsio (ON) waglonauainddnwilsniaindsia (OFF) nsvivududuinaonna udaind
=) ] = ' u < 1 a & ! o
wuunauasuuanaluiinnadinuasesu (Momentary) Aovaznayuaintiiunisne (ON) e
Udoeilepananiuadadifiunsdn (OFF) vuil 1wy Yuln Walnsvimd Tlun aeufiamed

3Ufl 2.16 @inding

2.5.4 @nTBLUUN1ULNI (Toggle Switch)
& P [ ") o - Py a A )
Huaindnanldanudesloniruaindiluilasimuaindlondugnioanuiannga
@nd nsmuaiaseaing ildlaslonfiuaindiuuunseatans Tunislenduadindyu
fnazdlunisde (ON) wazlonfuaintainazdunisean (OFF)

JUT 2,17 @induuumue

2.5.5 #nduuunyu (Rotary Switch)
Weadenaiaduuudend (Selector Switch) Wuadndidemyuiuaindlulneseudu

b
L =

19naY @nsnsaidenmunuansiasoldratediurds Inthdudaadndiidennoninvans
FUNLE WU 2, 3,4 viSe 5 @ (Wudu
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= =
JUM 2.18 ednduuuniy

2.5.6 ganduuululas (Microswitch)

Foainduuunmudnnafinuaosfutiues wiluaindfannsoldusdiuaulosq nady
andla Auadnduuululasaindfidetunatowuy oraludunamey wieenadiuuuulen
funnaduadnddniivis nsmvaudadeadnd vildlasnaluadadwienatudulenidunisee
(ON) uaziilevdnsiisaanainiuiaiuduloniunisein (OFF)

UM 2.19 ainduuulalas

2.5.7 @3nTLUUAN (DIP Switch)

Aridn (DIP) ananAnfudngdadulatiunning (Dual Inline Package) Wuaintyuiaian
'h’j’mm"mﬁ’ma%ﬁLﬁﬂmaﬁﬂéﬁa‘%”]a%ﬂuiﬂ%w (Chip) Aflvwadng vieldauiivled
(IC=Integrated Circuit) anwmvmmmmmmmw'ﬁmmwﬂﬂ msmmumﬂmammnmumwavmaa
Tansuunnvdevansiuaslunsuiudeuaing aammmumwmmmmm‘uu
WHUATANN (Printed Cricuit Board) Tdiunssualuiiu 30mA VlLL‘sximu 30VD



JUT 2.20 AinduUURn

2.5.8 N1SNN9UVREINY

| & a § | o o 1 v 1 o o - v
drulsznouiiuguresaindariiduisonin nihduda sgareluTandeiuasniudedli

]
vV =l )

nszualndihlvalursasiwinle adndvimidhnde Ta 2995l ibisaslwiAamsvineey 2
al = - = =Y ) ot :J v e ot - |d1 1 s o v
SnunieAn 21995 0AUaz995U0 299900 PRanwuE T ELdEveEindluauna YNy

' v ) ' - PR R ey T I W o W
nszualwildanusalualulungasld wag9asde fia nrsiwthdudavesdlindiaunanuyinly
nszualwilhlvalursasle

2.5.9 29351Ua

b2 s s L} A 1 s 1 2/ o 1 e 1
wihdudaliensoiu nssudlvwildannsalwaluaasld vilvigunsallviihliviinu ua
whaziSeniuindunsleaind Samunednistanisinuvesgunsallviiiuies

—C\o——
gﬂﬁ 2.21 2995@INBUR

2.5.10 29395U9

wihdudadeusanu nseualwihansalvaluieasld vinligunsalliininu uss
Tnazdeniuindunisileaing Fannefimsdanisinuvesgunsallwi

—Q —0—

U7 2.22 2esaindin
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‘4 } ;.; 1 o ~ /‘"; . rom i 1
JUT 2.23 segnisihauresaing lulseslwihednedne

V) P o a 0§ v a - |
Taevnly Watsidoudintlnaisas agvinliadiadiueasda nseualniazliaunsolva
o dl 1 d L | ; v 1 v
mMelnesld Wesannliflaswudeunssualwihbiluasindulnanelugvasnlnle daalv
a/ - s d d _—y g o vV a -y
waealniu PRt uias o uaadinaneTu xvinlraladlureasdle nszualiihazauise
Inanaulwaneluguasnlnld ilvvasalnadng

andivanesuiuy Jausayguuuuazgnaenuuutaraimiensliiuludnvasi
uanseiuly uenaniudaindursussamiuenaudnunensmunseualniinuazusadluin
Snde duiieliiAnUszansamlunisldnuggn Jamsdenlaintlfmnyauiuingusyeasd
yaansld uazmsinwaudnuuzianzessiaduiassuuuuliidnlanousiadulaifonld

2.6 39n1WeaNNa7 (liquid crystal display: LCD)

& ‘ v = a4 A a o o o
Jugunsalranmuuuwuu une adntuainiiniead viefinalilulasuduiumnn Wise
agsumihvesuvasiiliauas viadazfeuuas Juldusenmilasuarudounniululegiu

o

wisngldmaalnihdesinn meweil Famngdmsunslrauituasneliduwunmes

Lwiasﬁﬂmamawamﬁnma’;ﬁ?uﬂiznauﬁ'aﬂ‘z}xuiuiaqawﬁnmmﬁumuaaaa@:iwﬁwa‘ﬁg’ﬂwﬁﬁ
Tussuasaesta fivindne anduieufiuoanlys (Indium tin oxide) uagfnses isflamasuuy
Tnanlsdanss unulnarlsdvesflameiiuardaniu Welifindnmaegsewitenans uasitring
wsqﬁaﬂsaqﬁwﬁqﬁwgnﬁguéhaﬁ'msaaﬁﬂﬁmﬁq

noufifinsanguseqluiindly Tuanandnmalarvegluanizhiilusyu (chaotic state)
Ussquulmanamanivililuanamansuudeaamasesunadndudasidnlng Soeuu
seaprnemeaniu Fliuanawardisssiludnvuslassaiauuuinden violvd (dn) wadil
Munzasanseianile axgavuUTuiimmaiieiuiumzauiinmas vilduiunzaiinies
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Tnanlsdinfiaodls uasdmilsgngandulnemnsedinanlsdiusn uidnasmisinmeainses
andn

leuseglnihgnanelngadalaih Tuenavesndnmanfignisvuuivaunulaih vihlian
nsvuvaIasTiHILEn U wnedEnmaagnumuUuRiemslavanysal uasiirhunzafiagnuiu
Tnanlstlianniusnsasiiiaes iliAnnsladusastaeauysed inwaiufiaslia 91nms
AuAuM Iy UYBIRAnvaI luusazinea iliuasiungglaluuiinasingeg M ilvfinead
ANUEIwANAiuly

- o a & d‘ - 1 dl as a = dj
Taeun@nsusuiawmasinanlsaiafnealusaas Liawns LLaS'VI‘ULLa\'iLEJE)E]EUFLUHUWIW‘W’]
ot9l5A01Y U19RSIRAnNansIiutn dmsuloniwnAwUURLAY

2.6.1 ¥UAVDIDNIN

1. TN+Film (Twisted Nematic) Wumaluladvesmendnvan Adealdagraunivans
letmniifununsuaniisn wagnmsimuiessaios Seludlagiiu Wanauanusarilid
ﬂ:nuS'aﬁummsmauaum@faam’mL"ﬁ’squﬁaawaﬁ‘ﬂsﬁﬂﬁmuumwmé"aulmamaalﬁmﬂ ilae
WUy TN+Film Tlgeudusunsnovauadldeissasa @aTN+Film agldnsianisaevaues Wu
WUU grey to grey Faazuansneainen 1SO fiiauuu black to white) WAALELYDIRDUUY
TN+Film thuAeisaiimsusadiuiiuay Tasewvktads wagdalvgarliamnsauansdlénsy
16.787ud (24-bit truecolor)

2.IPS (In-Plane Switching) AnAulagusym Hitachi Tul w.a. 2539 FslinmauTaundd
i Y w el P < 1 s as i o Vo
TN+Film siesnusrfinsueaiiu waznsuansdn 8-bitusinsusuuaasna viliannis
oy v o= @ a v
ADUAUDINUNYT DY 50ms WAZENLWININDNAIY

$ g a 4 My e o a o
ntidludl .. 2541 Hitachi ladsguu S-IPS (Super-IPS) 8onauunuiseuy IPS i @
2/, a = oe 9 d g ar ’ Y al
@finsuiuusalsedvsnmludrunisnevaussiatu uasddunindidsssenimwuy CRT wuldly
Insyimissuurananivad

4. MVA Junssiudefisening TN+Film U IPS ihsnenuvinlingl Response Time 16
. S w a 1
uae View Angle findnaidufiiy wadisarumaun

5.PVA 1 HunsWananuuu MVA Tlisiangnastieinlvilen Contrast Ratio figeunn uaz
il Response Time #1a1 T4luaanmuuunanivalseaugs

- e P

3 iy
._}_\__\\\Hllll/, /i

Crystall robocisbe

——
Noearcavtad Totar

—ﬁ_‘_——‘—ww

JUN 2.24 AniwagogveRenanvadd
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2.7 1435 Pull-Up wag Pull-Down

a e 19 fa a & v A 5 .
anuzfifmualivivesgunsaldidnnselind seudunn (INPUT) vweinazidu High
4 a s I 1o L3 5 = ! = P
Impedance Aadanudiuniuganndesy vivlivneiniu tallougnudesasy Aouyniion
nduinle Sulduiueu
IR € a a ¢ o & dy A 1 4
fafulununmeindunn 29svesaing Sulumnidesd Pull-up Resistor wie Pull-
i a4 o ° aa a v ca a M v
down Resistor Lilaflagfvunaniizadneaiuduey Iwiugunsaidiannselind (Lild
- | . fa o a € o | a & :
lawznzasinfuud arduino naunsaldidnnselindiaeiiveninviduwnidu High Impedance)
puUn@ fagunuildluiees Pull-up v3e Pull-down saglduszanas Sk Ohm -20k Ohm

Vin

Pullup
Resistor

i WY Vout
l par.

Logic Gate
(Buffer)
Switch

Ground

gUff’i 2.25 3933 Pull-up
2.7.1 Pull-up Resistor
fonsthdduynusodifu Vee (+5v) ileliusssuagasil vildeyluanug “HIGH”
Ve “1” naennan wazdlonaading nsualwihezivaas Ground viuft Fevildaniuziduasin
“LOW” Wie “0” uay MIvnudnwaEd auSenin Active Low ins1zdnasdeulusunsud

a1 eaednilu “LOW” d@ulve) 1sesiusaaing denlauuy Pull-up 110N
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Vin

Switch

Vout

[,
Logic Gate
(Buffer)
Pulldown
Resistor

Ground

31)1711 2.26 2935 Pull-down
2.7.2 Pull-down Resistor
Tnelu Pull-down aeiidnwaadieiu Pull-up Resistor LAnA1Y R3sR annzUnAves
Pull-down 9ifuaedn “LOW” wio “0” Wlednsnad nssualnazlvadidunn vl aedn
iy “HIGH” vide “17 1¢ psvihendludnwaeil asBundh Active High
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UNA 3
35AHUN15IY

3.1 AMseRNLUUYaIHLIS
nseRNUUUTFUUT NI STeATeuAnlvAvnaauLitegUnsalUsELAY High speed CAN
transceiver Inglanannsasedoyeiaain Arduino UNO L‘ﬁaLﬂuﬁmmmgﬂwu‘[mmmaau
ddlugsgunsaiitemunliigunsaiingluuamauiidaans
lasnsasndygruguwuunnaey Iimdnnsveanisieans SPI vas Arduino a1
Useanaldlunisaindysyin waiaulilmmneaudemsidauannd sty

iigitalWrite(dataPin, LOW);
ielay(200);
i1gitalWrite (clockPin, HIGH) ;

$define dataPin 10
$¢define clockPin 11

void setup() {
nMode (dataPin, OUTPUT) ;

pinMode (¢lockPin, OUTEUT) ; S
nMode (stbPin, OUTPUT) ; -
digitalWrive (dataPi @
1612y (200) ;
; d digitalWrite in, HIGH) ; -
1ia ke Nuerte (data?m + :i jitalwr (clockPin H)
e ¥ d | delay(100);
ielay (200); !\ B ote e e tclckxpift Lol
digitalwWrite (clockPin, HIGH) ; - PR P LR LT P R

101 By 1004 ielay(50) ;

{igitalWrite (clockPin, LOW) ; - 18
digitalWrite(dataPi
i :“).(50,‘. i}\% S 1”‘;2‘00;. ( @
iigitalWrite (dataPi@ ‘, s o ‘”:i;{)]- (clockpin, HEGH) ;
lay (200) ; ’ £ die f
5 [“ ; ) _ L 4igitalWrite (clockPin, LOW) ;
ligitalWrite {clockPin;HIGH) ; telay (50) ;
delay(100) 7 dely (S0) / A
digitalWrite {clockPin, LOW) ; - | ‘
digitalWrive(dataPi m |
delay (50);
g w;\" ielay (200); \._

digitalWrite (dabaph ligitalWrite(clockPin, HIGH) ;
i1gi W delay(100);

1y (200) ; \ -
i " ; . p Q;_"-' jigitalWrite (clockPin, LOW) ;
iigit arite (clockPin, HIGH); - (50

delay :

}
void loop() ( }

b

e (clockPin, LOW) ;

U7 3.1 Tealusunsudmsunmsadndygrumedeudiiegie



4

as 1

& o .
UM 3.2 deyinuineg19vaaauan Arduino

e/

deannsaaiisdygusiuvunadeuladuiuds wimnduinisaaesnugugunssl

d
Tvieglulyuanaaeuniuifesnis

5 000%/ Stop 0.0y
Agilent
Acquisition

4 006G

Channels
e e e pe— e pRes—y sz e e — s prr— 2 1.00:1

Measurements

U7 3.3 gunsaiilieagluluuamedou
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4 o o o a el v = a & o
WewmeIaaiialruanaaeuliinisldiunauazaininngsu laenisua DIP
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A998
e Test Result from
ode
number | test mode generator Result fiom cata a8

Result Min Max Units

OSC/Overtemperature X1 257.1 KHz 249.995 | 187.5 312.5 KHz

Undervoltage X2 3653V 3.642 3 4.3 V
X3 -5.95 mA -3.324 -11.5 -1 mA

TXD/EN

X4 6.29 mA 39 2 14 mA

X5 0.7 UA 0.7 0.01 B UA

X6 38.3 UA 41.97 10 100 UuA

Xt 1021.7 uA 856.859 | 600 1600 UA

NSTB/WAKE/SPLIT

X8 38.4 UA 41.971 10 100 UA

X9 1021 uA 856.159 | 600 1600 UA

X10 (85167} 0.001 -4 5 UA

X11 2.496 2.22 2 3] Vv

X12 2.496 V 2ol 2 3 vV

Transmitter X13 2 oV -0.781 -50 50 mV
X14 0.224 mA 0.224 -3 3 mA

X15 0.0396 mA 0.0368 -3 3 mA

X16 0.7 uA 0.698 0.1 10 uA

241 7 43.1 uA 48.092 10 150 UA

X18 775.2 UA 776.828 | 400 3000 UA

Normal Receiver

X19 43.2 uA 48.093 10 150 uA

X20 774.5 UA 776.13 400 3000 uA

X21 wlmtaty 0.001 -3 3 uA

X22 0.7 uA 0.703 0.01 10 uA

X23 38.4 UA 42.043 20 80 UA

X24 0.7 uA 0.7 0.01 10 UA

Low Power Receiver

X25 44.7 uA 48.063 20 80 UA

X26 0 uA -0.003 -10 10 UA

X27 6.3 UA 6.02 1 17 uA
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®
A t ' I I e L 8-bit AVR Microcontrollers

ATmega328/P

DATASHEET COMPLETE

Introduction

The Atmel® picoPower® ATmega328/P 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 ATmega328/P
achieves throughputs close to 1MIPS per MHz. This empowers system
designer to optimize the device for power consumption versus processing
speed.

Feature

High Performance, Low Power Atmel®AVR® 8-Bit Microcontroller Family
«  Advanced RISC Architecture
— 131 Powerful Instructions
— Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Upto 20 MIPS Throughput at 20MHz
—  On-chip 2-cycle Multiplier
«  High Endurance Non-volatile Memory Segments
— 32KBytes of In-System Self-Programmable Flash program
Memory
- 1KBytes EEPROM
— 2KBytes Internal SRAM
—  Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
— Data Retention: 20 years at 85°C/100 years at 25°C(")
— Optional Boot Code Section with Independent Lock Bits
+  In-System Programming by On-chip Boot Program
*  True Read-While-Write Operation
Programming Lock for Software Security
«  Atmel® QTouch® Library Support
— Capacitive Touch Buttons, Sliders and Wheels
-~ QTouch and QMatrix® Acquisition
— Up to 64 sense channels

Atmel-42735A-ATmega328/P_Datasheet_Complete-06/2016




»  Peripheral Features

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
Real Time Counter with Separate Oscillator
Six PWM Channels
8-channel 10-bit ADC in TQFP and QFN/MLF package
»  Temperature Measurement
6-channel 10-bit ADC in PDIP Package
*  Temperature Measurement
Two Master/Slave SPI Serial Interface
One Programmable Serial USART
One Byte-oriented 2-wire Serial Interface (Philips 12C compatible)
Programmable Watchdog Timer with Separate On-chip Oscillator
One 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

« /O and Packages

23 Programmable 1/O Lines
28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF

«  Operating Voltage:

1.8-5.5V

+  Temperature Range:

-40°C to 105°C

*  Speed Grade:

0-4MHz @ 1.8-5.5V
0-10MHz @ 2.7 - 5.5V
0-20MHz @ 4.5 - 5.5V

«  Power Consumption at 1MHz, 1.8V, 25°C

Atmel

Active Mode: 0.2mA
Power-down Mode: 0.1pA
Power-save Mode: 0.75uA (Including 32kHz RTC)

Atmel ATmega328/P [DATASHEET] 2
Atmel-42735A-ATmega328/P_Datasheet_Complete-06/2016



Table of Contents

I EOEUICHON. «cccrrinesremmmnmrmmmensrasnmms s anmnes nmesssassnssanesssss uns s sn s AAAEREE T REREREVRE AT EA VAR HAHE B ontie 1
(| R P P ————— 1
g TR 0 7= Yo o o T PO O T P PR 9
2. Confguration SUTTTIATY s ittt s e i s s 10
3. Ordering INfOrMatioN ..........ceovieiii i 11
31, ATMEGAB2B ..ooiiiieecieneseieir e e be e s e R 11
3.2, ATmegad28P ....... . . oiiaaiiiosiioaiiosssssansnss SMgaes BRE s sos ¥ srsusa sutsinarinriosionnssasan 12
4, Block Diagramgl g.......... A NNML L4 AT . . R 13
5. Pin ConfiglffloNns...... . ... T Sn o spaeres ARP iR e veremmrspecsssansnnns Mg Mg aessesssnnsans 14
5. Pindoul......ccoovninviidd e . S04 25 L L ST BB T B vmenan s M R e 14
5.2. Pin Pescriptions... L1« Q& B Jadll. £/ Ach ARGl e Sl v i B i 17
6. /O NURipleTholl... Samml . S . 2007 /. e St G o B o R 19
7. Regolirced.... .. cdtoidea AR 4. 3 W, - LRI & M NMS. L LLEL N L. LR 21
8. DalalRetsntigh.. Pyl S M. AN\ £ 2. oo A0 R 22
9. AbbUl COHE EXEMPIGEM . . A ANCATAG AT AN R -+« pitmassonbtti. o BIAL o L F- .- 23
10. Capfiakitive. TAUGTPO B S M- D LTI LT LTI £ 6. (P b R e s) - g A e 24
10.1.8CiToueh Libramg 8. L2 B, ..o Rt i s s W g0 o By e g oo ff @ L B i 24
11. AVR CPW GOLe....... . vie o TN @B o [ K et i NGt o0 @0 oo offf e cvonas 25
11.1. OVEpABWR ... ... M Nl e B AR O LT M Ol s 25
11.2. ALU = Arithmetic Logic Unit....c.ciiiiiiiiiiinin e 26
11.3. Status Register S .o ..o Naimide e Namapslnnesssessesrnssrsessessssasbemiienseoadfoo st sossnirisiassonsnssns 26
11.4. General Purpose REGIStEr File.........c.oocoiiiniiiiiiiiiii st 28
11.5. Stack Pointer.. M. e ceooo B @3- Q- - p-oome AR L b Mg e 29
11.6. Instruction EXeCULION TimMiNG: .. ceeecerisiisreesieisisiessinsrssnsssneeneesionaecisasassssrnsssnssasssssssesssnesnssinnis 31
11.7. Reset and Interrupt Handling e s e e e e a0 vt osassasvans sasasnasresnesabasmannssesessass 32
12. AVR MEMOTIES......ovveiesrecestnremnneemnasascsmenssmsnssasssassssnensensessansanans sasssasssenes beossinsdennisanas 34
A2:71.  OVOIVIBW.....eermnrsrsrsnnsssssnsasnnnsssnssnsssens somessssass 454008 S0 R E0 L TE RO RMHE S H oo R ST B b 34
12.2. In-System Reprogrammable Flash Program Memory.........ccooiiniiis 34
12.3. SRAM Data MEMOIY. viuuiiisisisiaisssisivrssssussasesssssasni nsnivassssrannsansansonssarararninsssarsasstssassesssnssssasassinsses 35
12.4. EEPROM Data MEBMOIY..c.cccivvverreireneesrerseeeseesesesssnssssmssssmssssssasesstssiinssnsssssests s sesssosssntnasesnsassssnsans 36
A28, VIO INVBEOEN 1 esmmiiaicasvass s oo s B D 0 D 5 O s e VB U3 BT L A G A A o ar
12.6. RegiSter DESCIIPHION......ccuiiieeecicieciic it 38
13. Systemi Clock and Clock Options....cusmwsmsmsimmimim s 48




14.

15.

16.

17.

18.

Atmel

13.1. Clock Systems and Their DistribUtion......c.cocviiiiiiiinec s 48

18,2, ClOCK S OUNCES cusuerviresisnsmisnsnnnansnssnninsnsassnsessssrsssnsss sanssass pasansssnssasansshsissea s F0T 008300 EH N iRe Dhnbaniieta 49
13.3. Low Power Crystal OSCllator...........c.coviniinisinniiininiiss s 51
13.4. Full Swing Crystal OSCIllator...........cccooiiiiiiinini 52
13.5. Low Frequency Crystal Oscillator..........ccooviniimniiiiisi e e 53
13.6. Calibrated Internal RC OSCIlIAtOr.......c.c.cccvemiiiniiimsinianiiisiiiininisi s satesasesssssssssessssssnesassssssnrnsns 54
13.7. 128KHzZ Interiial OBcIllator i iimmaiimsiissantiinmss i inisiania s isrivesssaaias s ssasssintsassssisassosnanis 55
13.8.  EXIOINE] CIOGK iosumimminesismmnssoo s smsss s iies s im fe st s s e ARSI 00888 SRR 56
13.9. Timer/Counter OSCIlAIOr. .......covvivieeeeere ettt e 57
13,10, Clock OUIDUL BUTTBE. ..oy s vt i s iass b e b e s i 57
13.11: System Clock PraSCaler: .. vinmisiimmin sorassiosussassassiiaristessssssasonssnsssnsssn saat snsmssasnsssrssararesns 57
13.12. Register DESCIIPHON. ......c.ciireiiiiiti it s 58
PM - Power Management and Sleep Modes..........cccoeiiiiiiiniiiiiiiiiiie 62
14,1, OVEIVIEW....ooo . ... oeeeeeneemgee N N h Ao chodifhofl e fonsinnnnsnsnsnsanen s g WG 45 osnsnmsibisnssnsvmaiunainnss 62
14,2, SIEEP MOUBS..ciuiiuerieeerieiere i e it in e be b se s e s e s e s v s n e ene et s s s sn s bt n e 62
14.3. BOD DISBhIE........ ;omssaci:s o ot Nty 0N ea s Dt om0 on e oo ssmmmre s v nmse n Mg QB v ns s s rmnensasnsnanas 63
017 T 3T 12Y 7, [ (- /— U SN, ' o Wy (PID [ SOSSEPHOPTY: T TR e 63
14.5. ADE Mboise Reduction-Modeil. ..ot d. 725 oot it Bl s Bl di i vvoviesnns Bhes B sisanisinnsnas 63
14.6. Bower-Down Modehed = 7. Sl /AW £ L D00 AN BERAN IR 0 By v icnvnnvannsns R Bssnnsisaans 64 .
14.7. [Power-saveNode.. 0. 2.5 eirmnnofonsesderahsidesshenss i snnmeaiinte 97057 oo Co sk snnsa bh Wi e e b e bocesansains 64
14.8.§ standby Made, o Fo'a ol B N om mnl.. /L SR A ot b o i o Tol o e, P ciiensenons Yo e 65
14.9) ExtspdedStandby'Mode. L.l 8. 5l OGSl FUL Al R Bt e, 65
14,10, Power Reduction RegiSter...cu i ittt i srassi s vesssns s snssrnssesdps s dusssesidussestnessms aminnsas 65
14.11. Minimizing Power ConSUMPHION...........ciiiiii i s 65
14,12} RegistenDBscriptiofsts=tal .. .3 F4. CULUTACATI A RAT . fvrbrbvatvsrdbdsd. . R GG B, 67
SCRSETe SysténCantiol and ReBBl - ammimmmt, - e b B i e Fovesose gomas ot 72
15.1% Redetting fheAVRY.LA Tt B Lt b UL I e TN L LA SR ) o e 72
152 W ReselBources B, M. N ... RN T e s AT semeng B s N W oo of ool s 72
15.3. POWET=0N RESEL...itiiiiemrereiviineeee ihres s ctaeenessussasssusssssasbitnnansstotsrseragiosatsessosssasesnsfaiinsanssinssdeessrineeses 73
154. ExterndlReset.... oo hinr b\ . 8. . 8. Lt . N Dol i 74
15.5. BrowRsoutDetection.e.. K. . LA 2 o B 8L T Mo reece ORG ee ol sss s 74
15.6. Watchdog SYStem RESEL.......ccriiiiiiiniiiinii e es et e 75
15.7. Internal Voltage REfEreNCe. . .....cccvieiiiiii it s 75
15.8, Watchdog TDTEE. ... 8. & g vniniinmiininmninsiineiieoon o R W g i, 76
15.9. RegiSter DeSCIIPHON. ... . vttt et sb e bbb 78
[ (=14 0] C ——— Wy oS OPOR——— 82
16.1. Interrupt Vectors in ATMegad28/P.......ccviiiiiiiiiiiiinin e 82
16.2. Register DeSCHPLION. ........c.ociciiiiresirires s b s e e 84
EXINT - External INterfUpls.. .. .cccomnmmcmammrmcamurenssnsemsessassssissinansiisas s iamasmssmansssassasmaiss 87
17.1. Pin Change Interrupt TIMING.......c.ccosvirieinminiirsie ettt st s nssnes 87
17.2. Register DeSCHPLION.......c.cisinimiiiismismssiiis i enisisistsssnsiassississsssimss st sssasssesssmnasisnsssasinstssasassns 88
L = - T R —— 97
B OVBETIEW s o o e v siois GRS S ST T o4 A B S R R A S ek K S 08 97
18.2. Ports as General Digital I/O.........cooeioiiieeieee s 98

Atmel ATmega328/P [DATASHEET]

Atmel-42735A-ATmega328/P_Datasheet_Complete-06/2016

4




19.

20.

21.

22,

Atmel

18:3: AMErNate Port FUNCHONS i imimumssiisisivmmisrviimmorassssmssssas st sivesnssiananss (rarsn smpmsasasnnsssass s 848 101
18.4. Register DeSCIIPHON.....ccoiiiieiei i 113
TCO - 8-bit Timer/Counter0 with PWM.........cccooiiiiiieescie e 125
10,0, FRAIUIES. .. eeeeiieveiireerasnismsasransmsessvasesssasassasasnsssns sasmens sassmsnsssssnbadoessisnssssnsasnnnssnssanissssvaiaraissnsaie 125
TOIDE OINBIVIBWE,. e oo o U 5 B o e S A A T 125
19:8. “Timer/Countalr ClOGK SOUMTESE .. wviussisuass svvinivsianisesisssssassersivesivnsiaassssasssasssnmns se amss snsssesy 127
19.4. COoUNET UNit...ooiiiiiieiiiiieeriniieieirises s e csrareese s rmres s e ees s e s es s asba s s s rat e s sanarasen s bmtmaannsssesasmanssnsbbaese 127
19.5. Output Compare Unif........c.coecceeiienioiimisiimiieiiimmisisisnesesssmsssnessssisessisrssane s sisssssnesasnsn 128
19.6. Compare Match Output Unit.......c.coovevoiiiiiiiiiiiis et 130
19.7. ModeS Of OPEIatiON......cieireeeieeee et 131
19.8. Timer/Counter Timing DIagrams...........coceiiiceisinisissnnsssinissssersmesssiinsisssisssissssssosasiissssassssssssnis 135
19.9. Registar Description.......... s o esssmmnianss - BB .0 bes b iestamassshas s insa e snssnsasasesmisnsns 137
TC1 - 16-bit Timer/BEUMET1 With PV (b seoriereieiisrie g gest+¢s11ssasssssraraansrre 149
20.1. Overview.. @ o.......ocoviv g o NSl b Ll s ativiicrivins s g Mgy 4+ + 01w swnasasomnnnnsis 149
202, Featuresl. 4........oommeagsseios st e O s oo s e ot e v eone s spnammnn o anon o-Bhue T r e 2o nnascpasnsiinns 149
20.3. BlOCKIDIAGIraM essessvs Jorvmnsnnsayohseme dpe tabsnasssessfeohannscmmsebis st ams sib s smmmrsmsn s srsasasassesssssetize sliessiesssnsennesas 149
20.4. Definitions..........uuihweermm il .t 2 L G B Wi e B o B d i s R Mo cviiesssnnnan 150
20.5. RBglsters..........c... b e CA I L/, 000 N R ALRA. Tow L o W B e 151
20.6. Accessing 16-bit REGISIErS.....c.ovvuriviiiieiie it 151
20.7. F TImeT/Counter ClaBKRSOMIERSY, ...l m. f: TRER: + i s s« coath e D 5 0 W B oM v n e v B SR e 154
20.8§ Sounter Unitd.... St LN L 0o 8 S0 1. et e B 0 LR 154
20.9. [InputsCapture LRt mmmml bl e fostidon ey Suge B o s VAP Db g et b o etncs 155
20.1080utput ComparetinitSmmr . A4 £- . Asdatolheh.... A R. NG, Bammmammman G- ooy ool Buas 157
20.11. Compare Match Output Unit...........cccooiviiiiininnns A A bt R A R BB 159
20.12. Modes OFf OPEIrAtION. i vnssnronees-« ool el csin st vaisssinrsvsensuns sse innaonssssessnsnansosns s e Thokmmtabe adbaseessasaesiasens 160
20.13. Timer/Counter Timing Diagrams.i o i it o ol i i e m e dlaatiee e sbne i e 168
20.14. Redister Description) .« Mt bl Bt stmmaeb i UL L S0 LA S ool Bt 169
TimekQourmer 0, 1 FIEACARES. .2l i AT /e 8D e ivnn g e ol 186
21.1. Intefnal*Clock SOUME?. Mo, . A QM B0 &0 L87% A . Nl o B 186
21.2. Prescaler ReSel... ..o il diiroron feenessessssnssstnesyasnesadsosedeesrasmessanssssesasnsealiisesssesbensdansssasessanees 186
21.3. ExterRaRClocISouICE v d bl oo Bl N Xl vmrress v Y L i ininanienin 186
21.4. RegisteRDBSCHMIONg viovoiris e Nre o vl oo ecnssisvnsss gt ve sl cniniiiinnins 187
TC2 - 8-bit Timer/Counter2 with PWM and Asynchronous Operation................... 189
22.1. Features...aiine M. i s vsmanensitossnetssorenssssiosssiasaB ol civisnsnsninsivssevasasss asanes sinsons 189
20.2. OVENIBW. .coovuisivimiiinionie s o e i g ..o ianiassssarninssnseysanss aseeseess esonariis 189
22.3. TiMer/Counter CIOCK SOUMTES.....uuuiierierieiieeitesite it seini s inssaas s esbe st sn s s 191
e N o [ (= || LT 191
22.5. Output ComMPAre UNit..........cocooiiiiiiiiiiiiii e 192
22.6. Compare Match Output Unit..........oooiiiiiiiiiiiiii s 194
22.7. Modes OF OPEIatioN.........ccocieiiiiieeiniitiiiesir o st s 195
22.8. Timer/Counter TIMing DIagramsS.........ccuieirininiininiir et 199
22.9. Asynchronous Operation of TImer/Counter2.........c..cooooiiiiiiii e 200
22.10. TIMEr/COUNET PrESCAIET.....cviviceeeririe ettt st 202
22.11. Register DeSCIIPHION. ...ccciiiiis et 202

Atmel ATmega328/P [DATASHEET]

Atmel-42735A-ATmega328/P_Datasheet_Complete-06/2016

5




23.

24.

25

26.

25

28.

Atmel

SPI — Serial Peripheral Interface...........coooc i 218

2311, FOAIUIES....cmerrenersmsrrssnssrssesnsasssnrssmnnssnnssssads 4355 H1ET USRS S E00R ibnsaav ARV Sesanda e Vo e mratiTunaabas abassavnss 215
D32 B VB s rmomsns svonnses s oo o s oas s oA o8 i o0 D00 A ST O S S RS R S P8 AN SR R S 215
23.3. S5 PN FUNCHONAIRY. ....cveveeteeeeeceeeeeieeee e eses ettt eb s ss bbb b s 219
234 Dala MOAES: ..o vocsreesersennnmnsssssarnssnsosssananesssssnsr i sies s sisss i TS NI s R v vs os RN AR u S s Fa 219
235, Register DesSCPtION. ...t tirineitivsiiinsmanassissssinsinssssiansssisresstesss masis seassiaianssnsassssasssnariessossneass 220
USART - Universal Synchronous Asynchronous Receiver Transceiver................ 225
i I - (1] =L O TR 225
P2, IOVBIVIBW, civsis covinsvevuauvisssssnas saeies sbes s s S 538 b B OR 44§ LA TE SRR S LT RS 1SS SRR A e n e e S 225
24.3. BlOCK DIBGIAIM......oiiiiiieeieiiieie it e b e s 225
24.4. Clock Generation....... i i i o s 5+ 554 s45 1486554540 dasssiivs b saivaaiive st snsansssmonsbrs 226
24.5. Frame Formats.........c.c.oa . .m0 ra e e e TP iRysa o+ » s o= s veverasisasenenesn nensonsssssnnnysananases 229
24.6. USART INitialization:.. ..t vieeriererrermierrereesersessasnnessnessossess itnsesdtipnsssesssasssssanssasssnsonantassasanns 230
24.7. Data Transmission'— The USART Transmitter.......o..iu itz st 231
24.8. Data Reception — The USART RECEIVET........ccociiiimi i 233
24.9. Asynchronous Data ReCEePHON....... ..o 237
24.10. Multi-Processor Communication MOGE......ccc..ovvriiiiiiieiiiiiniiiiie s sisssess s 239
24.11. Examples of Baud Rate Setting:....c.c..ciuiih it st il ah s samr et 240
24.12. Register Descriptiofi.......e.X... 3 o L B0 N e Bl oo Bvan oo g sngge o0 eonsvnamsns B B senaans 243
USARTSPI - USARTImSPEMaden:. /. S..\..am £ ad NMeaolm Lg. oveeeeno B0 254
251 Featdies. Rud. . odubbdadde 408 4. N1l ANFr0, Ca EAOAN LIS L, S L B 254
25.21 BOvEDiews 4.4 128 20001 N e ro e e e e Rea Rt ik il sneeeofes d 28 28 61 M Mg oo @ BB 254
25.3 EClock GeheralioR s oa e of...m. A LK Y AR L A Hals e algrint. o e 5L BL & 254
25.4. | SPI'Data Modesand TInning, .64 .., fisremravaremteadoss s hotaees ssas sorie STeg R T0TTTT 0o dbd doasssesssnssaesnbeconns 255
25.5 WFrapme Formatse”. X1s. ... 0. AU LA LU OO, 07 T el - o T B 255
25.61 Data Transfeled.. . 1o Lo o 0, Satrtond SR a0 L e 800 L e 257
25,78 AVR USARVMSPIMvs! AVRSEIML L. g J LD £ SR e N S LT R 258
25.8. Register DeSCriPHON. .......ierereieniii s rrsrssese e e saias et s e s 259
TWI - 2Wire’ Serial Itefaca .l L E. E2..... S L T T b 260
26.1. Features... . oo e A s AL g fre s Poc oo iieinie 260
26.2. Two-Wire Serial Interface Bus Definition.........ccitiumr it 260
26.3. Data Transfesand Fiapne Format....... . . ivmiienioogm M ol snen 261
26.4. Multi-master Bus Systems, Arbitration and Synchronization..........c.oeecnii 264
26.5. Overview of the TWI MOodUIE.......cc.cccviiinn it sibes i e smssanesnssibnanns s e s ssss s ssanssanasans 266
26.6. Using the TWliiuiimiiems i o iinas oo cosesissss s st e aggg s e vai it st vins s asasn s tananma snsnons 268
26.7. TransmiSSION MOGES.......ccccviiiiirerriiieesissesssieesisieesaisntr s ssres s bes s bessasee s ssbe e s e s b e s e srr e e s s rne s ns s s naee 271
26.8. Multi-master Systems and Arbitration........cccoviiiiiie 289
26.9. RegiSter DESCTIPHION...c.iveireiie it et 291
AC ~ARElog COMPAFALOT.....cusonssennssnmsspssssiisincalisssisetsssm iy iy 299
DT . OVETVIEW, ..o ss vt b b iahss v e oo o s S 3 o S N W A S0 A BN i s SR S R 299
27.2. Analog Comparator Multiplexed INPUL..........ccoviriiier 299
27.3. Register DeSCrPHION. .. .coooi it 300
ADC - Analog to Digital CONVEMEr.............cccoemiimmmniiecin e 305

Atmel ATmega328/P [DATASHEET]
Atmel-42735A-ATmega328/P_Datasheet_Complete-06/2016

6




29.

30.

3.

32.

Atmel

s O = | 111 T e TSP L1 T 305
28,2, DVBIVIBW. ..o ueiemrinmeeesnessnnsisessrassssisnmnrssssesass sassssssasass sinsses soaes s hoashainananss iunuvrssbnmnneessiidonmncavasavais 305
28.3. Starting @ CONVEISION. .....iuiiiiiaiitciei it 307
28.4. Prescaling and Conversion TIMING........cccuuiimerrir s 308
28.5. Changing Channel or Reference Selection..........cccooiiiiiiiii 310
28.6. ADC NOISE CANGCERIBT.......cuiurnrrisseerseessssisvsossmssbibasseesssissasssssissamsusssisssvesasasssis s i sasimivnsssnsennnossns 312
28.7. ADC Conversion REsUN . ...t isito s iresssns st santesasanss s rssass 315
28.8. Temperature MEeaSUTEMENT..... ..o 316
28.9. RegiSter DESCTIPHON...c.i. e 316
DBG - debugWIRE On-chip Debug System.........cccooiiiiini 327
20,0, FOALUMES.....cveveerssnessaseesissnnnssnnesssnrsasassassesnissssnssssisssdsassssntsissabnesatsnssnnes sssiss sasninssatansssiovivsnnsessavan 327
20,2, OVEIVIEW, wiiiiiiinsaivinimmsisvon i e oo TR v 4o cmbn s nssams s s stan ssmt e nasmnsianerasess 327
29.3. Physical INtErface. ...t veiiiiiii it e s s s 327
29.4. Software Break Points........ccccccoiiecsiondioh et desdialinstonsenencscoisinrseseithine s stiornensssssssasaissaissaranessanes 328
29.5. Limitations of debUgWIRE i, ueiiebe bbbt o fodoslosl sl st cnce s B i s sasaressssscnanes 328
20.6. Register DesCriptioNi . . . i tinateisit s s e aatsde aastTaeensnsnspamsmencesssistastins s agnsssnsnnasasssnesnans 328
BTLDR - Boot Loader Support — Read-While-Write Self-Programming................ 330
016 TR T (1]/-Y-TOORONON 0 Il S o O N R e PP ST1 PR 330
30.2. Dyverview b J o e Ll S 2 L N G o ol g R s 330
30.3. Application and Boot Loader Flash Sections..........co.occooiioiiiiinin s 330
30.4. Read-While-Write and No Read-While-Write Flash Sections...........cccooiiinin. 331
30.5! [Boatd.oadel LookrRItSTSN.. N, 8471 ... LG ooy St Ceaai o« SOTETBERIT O g o oo QB Tr ek ve b o oo 333
30.6. Entering the Boot Loader Program........ciu s it 334
30.7. Addressing the Flash During Self-Programming...........cccociiimiimmmi i 335
30.8. Self-Programming the FIAsh.......c.ccoriirimeieimi it s 336
30.9. RegiSter DESCIIPHON. .. cc.eu e iriiri et es e ettt e 344
MEMPROG- Memory Programming........c.....cooievesersresisnsasiusssianeennnsenssnseessssssanns 347
31.1. Program And Data Memory Lock BitS..........ccoiiiiiiiiiiiiiii i 347
31.2. PuseBitS.o........ 7. 0 AL R\ ... 7 Lo T e T ol 348
31.3. SIgNAtUrE ByIBS. ... cioeeiieiiiiii ittt 350
31.4. Calibration ByLe.........c.ciioveielevmisatiiine e es Busitanse e et asio e sunssesnonsanne bt e siesdonnsinessnsnsssnnssnss 351
31.5. Page SI2e.Mu... Sl geivivssen s N et Nt e s snsnaniens el 351
31.6. Parallel Programming Parameters, Pin Mapping, and Commands...........cocoomnnnnnannnins 351
31.7. Parallel Programiming.........cocieoeiriaisie e s s 353
31.8. Serial Downloading e, e iiaroiseseimrsstesrsonneesoionscioiasar, gl it 360
Elecitioal CharacletiBlins... ..ot o8 U A U a U A ATV S iRt 365
32.1. Absolute Maximum RatiNgS.......ccoccerreirrinisiesein e s s 365
32.2. Comman DC CharaCterStiCS. oo riieesersismiimmssrissmeassmsnmmesrnisineessssainsssnnsontssintsensssssesstissais soritva 365
32.3. SPEEU GrAUES. ....c.ecveii ettt e e e 368
30 4 Clock CharactEriSOs. ...y s s i o o s VSIS S VR s St 369
32.5. System and Reset Characteristics. ... 370
32.6. SPITiming CharacteriStiCs........cccoviimimiiniiieie i 371
32.7. Two-wire Serial Interface Characteristics..........coovvcieiiiiiiininiini 372
32,8, ADC CRATACHETISHIES crsmvsi: i s esmsiavsves e v i sirasssis 0 v s iaain oi Vs evssyassu e sy ensma sssnsnsars 374
32.9. Parallel Programming Charactenistics..........ccoiviiiiimiiiini e 375

Atmel ATmega328/P [DATASHEET]

Atmel-42735A-ATmega328/P_Datasheet_Complete-06/2016

7




33.

34.

35.

36.

ot

38.

39.

Atmel

Typical Characteristics (T = -40°C 10 85°C).....cciviniiiiiiii 378
33.1. ATmega328 Typical CharacteristiCs..........ccoouviireniniiiiic i e 378
Typical Characteristics (Ta = -40°C t0 105°C)....cccivnviiiininie, 403
34.1. ATmega328P Typical CharacteristiCs..........cccouiiiiniiin e 403
RETTISTET S CUTIRIREIY o a0 5 A S SR BN 5 A SRR S e s 428
A N B s ot o P P 53 AR 0 SN A ¥ s St s A AAE 0 430
[§E 108 eyt le) Ry TR 1) 4= | T PR NNEn SR RERET OO —————— 432
Packaging Information..........c..ccooiiiiiniiiiii e 436
i U [ L I oSy .. OO R 436
37.2. 32-pin B2M1=A ..o rsfe e essition e nsessnsesssssnessessassssssssnatnssessens SEme e MHRL s st e s s nern e b e e e e s e st 437
37.3. 28-pin 28M1.. o o ... ne DN b e e Mg W20t ms s s 438
B7.4. 28-PiN 28BP3...cciieii et isr s e e e R R st 439
Errata..... . ... onsninis om oMl o ooy ee s B rmor B nsssaamseneersons Moo B siadaissanss 440
38.1. EmatafATmega328/F: mrrrm, ot wr il ctnsehedenioon B0 T e 0 e mmms g v cn i nssnse i oo vnerninas 440
Dataghget Revisior ETRoRC |, -2/ S0\ 6 oSN Lo o g oo ooe s Qe ees 443
39.1. /Rev. A = 062018 M0 0 nl al e N, . com mial . fo Snt o ko s o vl S o o BV g A s 050 b sa oo sasnthananasini 443

Atmel ATmega328/P [DATASHEET]
Atmel-42735A-ATmega328/P_Datasheet_Complete-06/2016

8




Description

The Atmel 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 a single instruction executed in one clock cycle. The resulting architecture is more code
efficient while achieving throughputs up to ten times faster than conventional CISC microcontrollers.

The ATmega328/P provides the following features: 32Kbytes of In-System Programmable Flash with
Read-While-Write capabilities, 1Kbytes EEPROM, 2Kbytes SRAM, 23 general purpose I/O lines, 32
general purpose working registers, Real Time Counter (RTC), three flexible Timer/Counters with compare
modes and PWM, 1 serial programmable USARTs , 1 byte-oriented 2-wire Serial Interface (12C), a 6-
channel 10-bit ADC (8 channels in TQFP and QFN/MLF packages) , a programmable Watchdog Timer
with internal Oscillator, an SPI serial port, and six software selectable power saving modes. The Idle
mode stops the CPU while allowing the SRAM, Timer/Counters, 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 I/O modules except
asynchronous timer and ADC to minimize switching noise during ADC conversions. In Standby mode, the
crystaliresonator oscillator is running while the rest of the device is sleeping. This allows very fast start-up
combined with low power consumption. In Extended Standby mode, both the main oscillator and the
asynchronous timer continue to run.

Atmel offers the QTouch® library for embedding capacitive touch buttons, sliders and wheels functionality
into AVR microcontrollers. The patented charge-transfer signal acquisition offers robust sensing and
includes fully debounced reporting of touch keys and includes Adjacent Key Suppression® (AKS™)
technology for unambiguous detection of key events. The easy-to-use QTouch Suite toolchain allows you
to explore, develop and debug your own touch applications.

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 nonvolatile memory programmer, or by an On-chip Boot program 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 monolithic chip, the Atmel ATmega328/P is a powerful microcontroller that
provides a highly flexible and cost effective solution to many embedded control applications.

The ATmega328/P 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.
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2, Configuration Summary

| Pin Count 28/32

Flash (Bytes) a2k G

SRAM (Bytes) Ve 2K ;

'EEPROM (Bytes) i R i

' General Purpose l/O Lines 23

'SPl 0 2

TWI (12C) P S —

USART 2 T

ADC 4 < | 10-bit 15kSPS

ADC Channels NE e i %

8-bit Timer/Counters Y IG X \ 3

16-bitﬂwéffCouﬁter§_ _ v o A : & j1—_ : :
Atme[_ Atmel ATmega328/P [DATASHEET] 10
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3. Ordering Information

341, ATmega328
Speed [MHz]?)

Power Supply [V] Ordering Code(? Package(! | Operational Range

20 1.8-56.5 ATmega328-AU 39A Indu;atnal :
| ATmega328-AUR®) 32A (-40°C to 85°C)
ATmega328-MMH®) 28M1
' ATmega328-MMHR®)(®) 28M1
ATmega328-MU 32M1-A
' ATmega328-MUR®) | 32M1-A
' ATmega328-PU 128P3
Note

1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for
detailed ordering information and minimum quantities.

2. Pb-free packaging, complies to the European Directive for Restriction of Hazardous Substances
(RoHS directive). Also Halide free and fully Green.

3. Please refer to Speed Grades for Speed vs. Ve

4. Tape & Reel.

5. NiPdAu Lead Finish.

Package Type ;

'28M1  28-pad, 4 x 4 x 1.0 body, Lead Pitch 0.45mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/
Y MLF)

28P3  28-lead, 0. 300"' Wide, Plastic Dual Inline Package (PDIP)

} I L L DTSN e L L Lt

32M1-A 32 pad 5.x 5 X 0 body, Lead Pltch 0. 50mm Quad Flat No Lead/Mmro Lead Frame Package (QFN/
| MLF)

32A 32-Iead Thln (1' 0mrri) Plasﬁc Quad Flat Package (TQFP)

AtmeL Atmel ATmega328/P [DATASHEET] 11
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3.2 ATmega328P
Speed [MHz]®

| Package(

Ordering Code(?) Operational Range

Power Supply [V]

ki el ATmega328P-AU 32A nekisinal:
| ' ATmega328P-AUR®) 32A (-40°C to 85°C)
ATmega328P-MMH®) 28M1
ATmega328P-MMHR®)®) 28M1
ATmega328P-MU 32M1-A
ATmega328P-MUR®) 32M1-A
ATmega328P-PU 28P3
' ATmega328P-AN 32A {ndustrialiey ¢
| ' ATmega328P-ANR(®) 32A (-40°C to 105°C)
|  ATmega328P-MN 3OM1-A
| ‘ ' ATmega328P-MNR®) | 32M1-A

ATmega328P-PN 1 28P3

1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for
detailed ordering information and minimum quantities.

2. Pb-free packaging, complies to the European Directive for Restriction of Hazardous Substances
(RoHS directive). Also Halide free and fully Green.

3. Please refer to Speed Grades for Speed vs. Ve
4. Tape & Reel.
5. NiPdAu Lead Finish.

Package Type
128M1 | 28-pad, 4 x 4 x 1.0 body, Lead Pitch 0.45mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/
|
; MLF)

I 28P3 28 Iead 0 300" Wde Piastlc Dual Inhne Package (PDiP)

32M1-A 32-pad, 5 X 5 x1.0 bddy, Lead Pltch 0 50mm Quad Flat No-LeadfMlcro Lead Frame Package (QFN/
MLF)

32A  32dead, Thln (1.0mm) Plastld Qdéd Flat Package (TQFP)
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4, Block Diagram

Figure 4-1. Block Diagram

XTAL1/
TOSC1

ADC6,ADC7,PC[5:0] —= ADCI[7:0]
AREF -«—»  AREF

PD[7:0], PC[6:0), PB[7:0] —* PCINT[23:0]
PD3, PD2 — INT[1:0}

PB1, PB2 --—— OCI1AB
PD5 —» T
PBO — ICP1

pE3 <—  OC2A
PD3 <4— OC2B

Atmel

debugWire

wCcwrP-4>r0

-4— PD0
— PDI
<> ppy

- PC4
- PCS

PB[7:0]
PCI6:0]
PD[7:0]

TO -
OC0A —»
ocoB  —»

MISO0 -
MOSI0  —»-
SCKO =
§80 -

AIND -
AIN1 -—

ADCMUX -4—

PD4
PD6
PDS

PB4
PB3
PBS
PB2

PD6
PD7

ADCE, ADC7
PC[5:0]
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5. Pin Configurations

5.1. Pin-out
Figure 5-1. 28-pin PDIP

| (PCINT14/RESET) PC6
| (PCINT16/RXD) PDO
| (PCINT17/TXD) PDI
| (PCINT18/INTO0) PD2
(PCINT19/0C2B/INT1) PD3
! (PCINT20/XCK/T0) PD4
| Ve
| GND
‘ (PCINT6/XTAL1/TOSC1) PB6
| (PCINT7/XTAL2/TOSC2) PB7
(PCINT21/0COB/T1) PD5

(PCINT22/0COA/AINO) PD6 [l

(PCINT23/AIN1) PD7
(PCINTO/CLKO/ICP1) PBO

Atmel

28 [l PC5 (ADC5/SCL/PCINT13)

27 [l PC4 (ADC4/SDA/PCINT12)

26 |l PC3 (ADC3/PCINTI11)

25 [l PC2 (ADC2/PCINT10)

24 [l PC1 (ADC1/PCINT9)

23 [l PCO (ADCO/PCINTS)

22 Jll GND — i

21 |l AREF W Frosrammingiebug
20 i e a—

19 Bl PB5 (SCK/PCINTS) Bl oo

18
e/
16
15

PB4 (MISO/PCINT4)
PB3 (MOSI/OC2A/PCINT3)
PB2 (SS/OC1B/PCINT2)
PB1 (OC1A/PCINT1)
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High-speed CAN transceiver
Rev. 6 — 10 November 2017 Product data sheet

1. General description

The TJA1043 high-speed CAN transceiver provides an interface between a Controller
Area Network (CAN) protocol controller and the physical two-wire CAN bus. The
transceiver is designed for high-speed CAN applications in the automotive industry,
providing differential transmit and receive capability to (a microcontroller with) a CAN
protocol controller.

The TJA1043 belongs to the third generation of high-speed CAN transceivers from NXP
Semiconductors, offering significant improvements over first- and second-generation
devices such as the TJA1041A. It offers improved ElectroMagnetic Compatibility (EMC)
and ElectroStatic Discharge (ESD) performance, very low power consumption, and
passive behavior when the supply voltage is turned off. Advanced features include:

* Low-power management controls the power supply throughout the node while
supporting local and remote wake-up with wake-up source recognition

* Several protection and diagnostic functions including bus line short-circuit detection
and battery connection detection

* Can be interfaced directly to microcontrollers with supply voltages from 3V to 5V

The TJA1043 implements the CAN physical layer as defined in ISO 11898-2:2016 and
SAE J2284-1 to SAE J2284-5. This implementation enables reliable communication in the
CAN FD fast phase at data rates up to 5 Mbit/s.

These features make the TJA1043 the ideal choice for high speed CAN networks
containing nodes that need to be available all times, even when the internal Vo and Vcc
supplies are switched off.

2. Features and benefits

21

General

B SO 11898-2:2016 and SAE J2284-1 to SAE J2284-5 compliant

B Loop delay symmetry timing enables reliable communication at data rates up to
5 Mbit/s in the CAN FD fast phase

Suitable for 12 V and 24 V systems

Low ElectroMagnetic Emission (EME) and high ElectroMagnetic Immunity (EMI)
Vo input allows for direct interfacing with 3 V and 5 V microcontrollers

SPLIT voltage output for stabilizing the recessive bus level

Listen-only mode for node diagnosis and failure containment

Available in SO14 and HVSON14 packages
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Inspection (AOI)
AEC-Q100 qualif

compliant)

High-speed CAN transceiver

capability
ied

2.2 Low-power management

B
[ |

wake-up
® \Wake-up source
=

recognition

Very low current Standby and Sleep modes, with local and remote wake-up
Capability to power down the entire node while supporting local, remote and host

Transceiver disengages from the bus (zero load) when Vgar absent
Functional behavior predictable under all supply conditions

2.3 Protection and diagnosis (detection and signalling)

3. Quick reference data

High ESD handling capability on the bus pins
Bus pins and Vgar protected against transients in automotive environments
Transmit Data (TXD) dominant time-out function with diagnosis
TXD-to-RXD short-circuit handler with diagnosis
Thermal protection with diagnosis

Undervoltage detection and recovery on pins Vce, Vio and Vgar
Bus line short-circuit diagnosis

Bus dominant clamping diagnosis

Cold start diagnosis (first battery connection)

Leadless HVSON14 package (3.0 mm x 4.5 mm) with improved Automated Optical

Dark green product (halogen free and Restriction of Hazardous Substances (RoHS)

Table 1.  Quick reference data
Symbol Parameter Conditions Min Typ |Max Unit
Vee o ;upply voltage 7 - 45 |- 55 |V
Vio 'supply voltage on pin Vio - ) ~ 7 728 |- |55 |v
vuvd(V_CCS ) —i-undervolta-g:e deteéiion vol;nage_c;n ¥ 3__ 35 |4.3 Vv
pin Vee
Vadwio) | undervoltage detection voltage on  (Vgar orVec >45V 08 |18 25 |V
pin Vio
lcc supply current Normal mode; bus dominant 30 48 65 mA
Normal or Listen-only mode; bus recessive |3 6 9 mA
! Standby or Sleep mode 0 0.75 |2 HA
lio supply current on pin V|g Normal mode; Vxp = 0 V (dominant) - 150 |500 |pA
Normal or Listen-only mode; Vtxp = Vio 0 1 B pA
(recessive)
Standbf or éleeb mode 0 1 4 pAiﬁ
ED |electrostatic discharge voltage IEC 61000-4-2 at pins CANH and CANL 8 |- [+8 kv

TJA1043 Al infe

ided in this d
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High-speed CAN transceiver

Table1. Quick reference data ...continued

Symbol  Parameter Conditions Min |Typ |[Max |Unit
VeANH voltage on pin CANH -58 |- +58 |V
VeanL voltage on pin CANL -58 |- +58 |V
Ty |virtual junction temperature -40 |- +150 |°C

4. Ordering information

Table 2.  Ordering information

Type number Package
Name Description Version
TJA1043T S0O14 plastic small outline package; 14 leads; body width 3.9 mm SOT108-1
TJA1043TK HVSON14 |plastic, thermal enhanced very thin small outline package; no leads; S0OT1086-2
14 terminals; body 3 x 4.5 x 0.85 mm
TJA1043 NFNS9In Allinformation provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2017. All rights reserved.
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5. Block diagram

High-speed CAN transceiver

Vio Vco VBAT
| | |
5 3 [10
Vee TJA1043
TEMPERATURE ]
PROTECTION
= 31 canH
vV
. SLOPE
l é CONTROL
+
X0 — of FUEOK DRIVER = 12} coaNL
Vear - 4
WAKE —2 i ™
l MODE > SPUIT SPLIT
CONTROL
+
8 WAKE-UP Vear
ERR_N « CONTROL
14 Y
STB_N ERROR |
1 DETECTION X
INH
EN —2 %
4 /I—
| RXD <
MUX ~N
+
DRIVER
WAKE-UP
FILTER
|2
GND 015aaa061
Fig1. Block diagram
TJA1043 =~ All inf provided in this document is subject to legal di © NXP Semiconductors N.V. 2017, All rights reserved.
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6. Pinning information

High-speed CAN transceiver

6.1 Pinning
terminal 1
index area a
x0 [1] [74) sTB_N ™D [ 1] (4] sTBN
GND [2 | [13] CANH GND [ 2] (3] cann
Vee [3] [12] CANL Vec [ 3] (12| canL
rxD [4] |TJA1043T [11] SPLIT RXD [ 4] TJA1043TK [11]sPLIT
Vio [5] [10] Vear Vio | 5] (10] Vear
EN [€] 9] WAKE EN| 6] (o | wake
INH [7] 8] ERR_N INH[7) (8] ERRN
015aaa062 015aaa376
Fig 2. Pin configuration diagram: SO14 Fig 3. Pin configuration diagram: HVSON14
6.2 Pin description
Table 3.  Pin description
Symbol Pin ] Description ;
TXD 1 transmit data mput |
GNDIF> [T\ 12 Igroundsupply
Vee Py i |transceiver supply voltage_ [ =GN b -
RXD |4 |receive data output; reads out data from the bus lines o
Vio 5 supply voltage for 1/0 I;\E é&a;tar gl /7 ]
EN =" ~ |enable control |npt}(__ ~ /7 =
INH 7 linhibit output for swntchmg | external voltage regufaﬁs -
ERR. | N 8 ~ error and—poge?o_n indication outﬁ{_(_actlve LOVE’r)i -
WAKE 9 local wake- -up |nput .
V;A{ iy 10 battery supply voltage va g o : ]
LSPLIT 11 :common mode stabilization output =
CANL 12 'LOW-level CAN bus line o - ]
CANH 13 HIGH-level CAN bus line |
STB_N |14 - standby control mput (actwe LO\.T\I?)*W - -

[11 HVSON14 package die supply ground is connected to both the GND pin and the exposed center pad. The
GND pin must be soldered to board ground. For enhanced thermal and electrical performance, it is
recommended that the exposed center pad also be soldered to board ground.

7. Functional description

TJA1043

The TJA1043 is a stand-alone high-speed CAN transceiver with a number of operating
modes, fail-safe features and diagnostic features that offer enhanced system reliability
and advanced power management. The transceiver combines the functionality of the

All infe

ion provided in this document is subject to legal disclai
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TJA1043

71

High-speed CAN transceiver

TJA1041A with improved EMC and ESD capability and quiescent current performance.
Improved slope control and high DC handling capability on the bus pins provide additional

application flexibility.

Operating modes

The TJA1043 supports five operating modes. Control pins STB_N and EN are used to
select the operating mode. Switching between modes allows access to a number of
diagnostics flags via pin ERR_N. Table 4 describes how to switch between modes.
Figure 4 illustrates the mode transitions when Ve, Vio and Vpar are valid.

Table 4. Operating mode selection

Internal flags : Control pins Operating mode : Pin INH
UVnowlll [UVgar Wakel2] STB_NEl [EN N

From Normal, Listen-only, Standby and Go-to-Sleep modes

AL X Rl XZ X [sleepmode floating |
cleared st X |HIGH - |X Standby mode THIGH |
cleared | X 19 . “H/4 LR - F —__S-tandbgirhiodie CHIGH
cleared 1-~\ cleared —TL;Oiv\Ii Low Standibyimoae_ - HIGH
Gleared  |X  |cleared  |LOW  |HIGH |Go-to-Sleep modeldl HIGHHl
cleared  |cleared X  |HIGH  |LOW |Listen-onlymode  |HIGH
cleared  |cleared  |X  HIGH ___E_HI_GITV ~ |Normalmode ~ HIGH
mgfeep mode e\ T2 d - |
oY, AT s K1 ot W% |Sleepmode  |floating
cleared  |set  |X  |HIBH  |X |Standbymode |HIGH
cleared X |set Low X |Standbymode  |HIGH
ceasd X |deatsd LOW X |Sesmode ftoaing |
cleared  |cleared  [X HIGH LOW Listen-only mode HIGH |
cleared cleared X HIGH )'{'Q'f‘ = Norﬂa_l!_r_r_\cfleﬁ iHIGH__ :

(1
(2]
(3]
(4]

Setting the UVnom flag will clear the WAKE flag.
Setting the Wake flag will clear the UVyom flag.
A LOW-to-HIGH transition on pin STB_N will clear the UVyom flag

After the minimum hold time, in Go-to-Sleep mode, th(min), the transceiver will enter Sleep mode and pin

INH will be set floating.

@O NXP NV. 2017. All rights reserved.
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High-speed CAN transceiver

STB_.N=H
and
EN=H

LISTEN- |4 STB;;:; =H NORMAL

ONLY MODE BN el MODE

STB_N=H /
and
STB_N=H EN=H
STB_.N=H E:Inf " STB_N=H
and - and
EN=L EN=H
STB_N=L
st STB_N=LandEN=H

and
Wake flag cleared

STB_N=L
and \
/ EN=L

STB_.N=LandEN=H
and
Wake flag cleared

NTB_N =L
and

(EN = L or Wake flag set)

(EN = L or Wake flag set)

STANDBY
MODE

GO-TO-SLEEP
MODE

v

STB_ N=L Wake flag cleared
and and STB_N=Hand EN =H
STB_.N=Hand EN=L Wake flag set ‘/ t> thimin)
LEGEND:
=H,=L logical state of pin 015aaa063

Fig4. Mode transitions when valid Vg, Vio and Vgar voltages are present

Normal mode

In Normal mode, the transceiver can transmit and receive data via the bus lines CANH
and CANL (see Figure 1 for the block diagram). The differential receiver converts the
analog data on the bus lines into digital data which is output to pin RXD. The slopes of the
output signals on the bus lines are controlled internally and are optimized in a way that
guarantees the lowest possible EME. The bus pins are biased to 0.5V¢c (via R;). Pin INH
is active, so voltage regulators controlled by pin INH (see Figure 9) will be active too.

Listen-only mode

In Listen-only mode, the transceiver’s transmitter is disabled, effectively providing a
transceiver listen-only feature. The receiver will still convert the analog bus signal on
pins CANH and CANL into digital data, available for output on pin RXD. As in Normal
mode, the bus pins are biased at 0.5V and pin INH remains active.

Al on provided in this document is subject to legal i o __ ® NXP Semiconductors N.V. 2017, All rights reserved.
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e

High-speed CAN transceiver

Standby mode

Standby mode is the TJA1043's first-level power saving mode, offering reduced current
consumption. In Standby mode, the transceiver is unable to transmit or receive data and
the low-power receiver is activated to monitor bus activity. The bus pins are biased at
ground level (via R;). Pin INH is still active, so voltage regulators controlled by this pin will
also be active.

Pins RXD and ERR_N will reflect any active wake-up requests (provided that Vo and
VpgaT are present).

Go-to-Sleep mode

Go-to-Sleep mode is the controlled route for entering Sleep mode. In Go-to-Sleep mode,
the transceiver behaves as in Standby mode, with the addition that a go-to-sleep
command is issued to the transceiver. The transceiver will remain in Go-to-Sleep mode for
the minimum hold time (tnmin)) before entering Sleep mode. The transceiver will not enter
Sleep mode if the state of pin STB_N or pin EN is changed or if the Wake flag is set
before tmin) has elapsed.

Sleep mode

Sleep mode is second-level power saving mode of the TJA1043. Sleep mode is entered
via Go-to-Sleep mode, and also when the undervoltage detection time on either Vg or
Vo elapses before the relevant voltage level has recovered. In Sleep mode, the
transceiver behaves as described for Standby mode, with the exception that pin INH is set
floating. Voltage regulators controlled by this pin will be switched off, and the current into
pin Vgar will be reduced to a minimum. Pins STB_N, EN and the Wake flag can be used to
wake up a node from Sleep mode (see Table 4).

Internal flags

The TJA1043 makes use of seven internal flags for its fail-safe fallback mode control and
system diagnosis support. Five of these flags can be polled by the controller via pin
ERR_N. Which flag is available on pin ERR_N at any time depends on the active
operating mode and on a number of other conditions. Table 5 describes how to access
these flags.

Table 5. Accessing internal flags via pin ERR_N

Internal Flag is available on pin ERR_NL! Flag is cleared
flag
UVnom no by setting the Pwon or Wake flags, by a

LOW-to-HIGH transition on STB_N or
when both V|g and Vgar have

recovered.
WBAT no _ when Vgar has recovered
Pwon in Listen-only mode (corﬁing from-Standby on entering Normal mode
mode, Go-to-Sleep mode, or Sleep mode)
Wake in Standby mode, Go-to-Sleep mode, and |on entering Normal mode or by setting

Sleep mode (provided that Vo and Vear  |the UVnom flag
are present)

TIAI43) 2
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Table 5. Accessing internal flags via pin ERR_N ...continued

Internal Flag is available on pin ERR_NL Flag is cleared

flag

Wake-up in Normal mode (before the fourth on leaving Normal mode

source dominant-to-recessive edge on pin TXDI2)

Bus failure |in Normal mode (after the fourth on re-entering Normal mode or by

dominant-to-recessive edge on pin TXDI2]) setting the Pwon flag

Local failure |in Listen-only mode (coming from Normal | on entering Normal mode or when RXD ‘
mode) is dominant while TXD is recessive
(provided that all local failures are
resolved) or by setting the Pwon flag

[1] Pin ERR_N is an active-LOW output, so a LOW-level indicates a set flag and a HIGH-level indicates a
cleared flag. Allow pin ERR_N to stabilize for at least 8 ps after changing operating modes.

[2] Allow for a TXD dominant time of at least 4 us per dominant-recessive cycle.

7.21 UVNOM fIag

UVnow is the Vec and Vg undervoltage detection flag. The flag is set when the voltage on
pin V¢c drops below the Ve undervoltage detection voltage, Vud(vce), for longer than the
undervoltage detection time, tgeyuy), or when the voltage on pin Vo drops below Vy4(vio)
for longer than tgetuy). When the UVnow flag is set, the transceiver enters Sleep mode to
save power and to ensure the bus is not disturbed. In Sleep mode the voltage regulators
connected to pin INH are disabled, avoiding any extra power consumption that might be

generated as a result of a short-circuit condition.

Any wake-up request, setting the Pwon flag or a LOW-to-HIGH transition on STB_N will
clear UVnom and the timers, allowing the voltage regulators to be reactivated (at least until
UVnow is set again). UVnowm will also be cleared if both Ve and Vg recover for longer
than the undervoltage recovery time, trec(uy). The transceiver will then switch to the
operating mode indicated by the logic levels on pins STB_N and EN (see Table 4).

7.2.2 UVgar flag

UVgar is the Vgar undervoltage detection flag. This flag is set when the voltage on
pin Vgar drops below Vyqvear). When UVpar is set, the transceiver will try to enter
Standby mode to save power and will disengage from the bus (zero load). UVgar is
cleared when the voltage on pin Vgar recovers. The transceiver will then switch to the
operating mode indicated by the logic levels on pins STB_N and EN (see Table 4).

7.2.3 Pwon flag

Pwon is the Vgar power-on flag. This flag is set when the voltage on pin Vpar recovers
after previously dropping below Vqvear) (usually because the battery was
disconnected). Setting the Pwon flag clears the UVnow flag and timers. The Wake and
Wake-up source flags are set to ensure consistent system power-up under all supply
conditions. In Listen-only mode the Pwon flag can be polled via pin ERR_N (see Table 5).
The flag is cleared when the transceiver enters Normal mode.

7.2.4 Wake flag

The Wake flag is set when the transceiver detects a local or remote wake-up request. A
local wake-up request is detected when the logic level on pin WAKE changes, and the
new level remains stable for at least t,ake. The Wake flag can be set in Standby mode,
Go-to-Sleep mode or Sleep mode. Setting the Wake flag clears the UVnom flag and

TJA1043 V= . All information provided in this d t is subject to legal disclaimers. - © NXP Semiconductors N.V. 2017. All rights reserved.
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7.2.5

High-speed CAN transceiver

timers. Once set, the Wake flag status is immediately available on pins ERR_N and RXD
(provided Vo and Vgar are present). This flag is also set at power-on and cleared when
the UVnow flag is set or the transceiver enters Normal mode.

Remote wake-up (via the CAN bus)

The TJA1043 wakes up from Standby or Sleep mode when a dedicated wake-up pattern
(specified in ISO 11898-2: 2016) is detected on the bus. This filtering helps avoid spurious
wake-up events. A spurious wake-up sequence could be triggered by, for example, a
dominant clamped bus or by dominant phases due to noise or spikes on the bus.

The wake-up pattern consists of:

* a dominant phase of at least tyake(busdom) followed by
* arecessive phase of at least tyake(busrec) followed by
* a dominant phase of at least tyake(busdom)

Dominant or recessive bits between the above mentioned phases that are shorter than
twake(busdom) @Nd twake(busrec) respectively are ignored.

The complete dominant-recessive-dominant pattern must be received within to(wake)bus t0
be recognized as a valid wake-up pattern (see Figure 5). Otherwise, the internal wake-up
logic is reset. The complete wake-up pattern will then need to be retransmitted to trigger a
wake-up event. Pin RXD remains HIGH until the wake-up event has been triggered.

A wake-up event is not flagged on RXD if any of the following events occurs while a valid
wake-up pattern is being received:

* The TJA1043 switches to Normal mode

* The complete wake-up pattern was not received within tiowake)bus

* A Ve or Vip undervoltage is detected (UVnow flag set; see Section 2.1)

CANH ” /—‘ ;
Voudin ofam —
CANL 1 J
;,_‘ '
| ¥y i
twake(busclom) | t\.v\.rake(bus;rec) "wake(busdom)
RXD

< tto(wake)bus

aaa-021858

| Fig 5. Wake-up timing

7.2.6

TJA1043

Wake-up source flag

Wake-up source recognition is provided via the Wake-up source flag, which is set when
the Wake flag is set by a local wake-up request via the WAKE pin. The Wake-up source
flag can be polled via the ERR_N pin in Normal mode (see Table 5). This flag is also set at
power-on and cleared when the transceiver leaves Normal mode.

All information provided in this d 1t is subject to legal disclaimers. © NXP Semiconductors N.V. 2017. All rights reserved.
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7.2.8

7.5

7.3.1

7.3.2

7.3.3

TIA1043 o

High-speed CAN transceiver

Bus failure flag

The Bus failure flag is set if the transceiver detects a bus line short-circuit condition to
Vgar, Ve or GND during four consecutive dominant-recessive cycles on pin TXD, while
trying to drive the bus lines dominant. The Bus failure flag can be polled via the ERR_N
pin in Normal mode (see Table 5). This flag is cleared at power-on or when the transceiver
re-enters Normal mode.

Local failure flag

In Normal and Listen-only modes, the transceiver can distinguish four different local
failure events, any of which will cause the Local failure flag to be set. The four local failure
events are: TXD dominant clamping, TXD-to-RXD short circuit, bus dominant clamping
and an overtemperature event. The nature and detection of these local failures is
described in Section 7.3. The Local failure flag can be polled via the ERR_N pin in
Listen-only mode (see Table 5). This flag is cleared at power-on, when entering Normal
mode or when RXD is dominant while TXD is recessive, provided that all local failures
have been resolved.

Local failures

The TJA1043 can detect four different local failure conditions. Any of these failures will set
the Local failure flag, and in most cases the transmitter of the transceiver will be disabled.

TXD dominant time-out function

A permanent LOW level on pin TXD (due to a hardware or software application failure)
would drive the CAN bus into a permanent dominant state, blocking all network
communications. The TXD dominant time-out function prevents such a network lock-up by
disabling the transmitter if pin TXD remains LOW for longer than the TXD dominant
time-out time tiogom)Tx0- The tio(dom)Txp timer defines the minimum possible bit rate of

40 kbit/s. The transmitter remains disabled until the Local failure flag has been cleared.

TXD-to-RXD short-circuit detection

A short-circuit between pins RXD and TXD would lock the bus in a permanent dominant
state once it had been driven dominant, because the low-side driver of RXD is typically
stronger than the high-side driver of the controller connected to TXD. TXD-to-RXD
short-circuit detection prevents such a network lock-up by disabling the transmitter. The
transmitter remains disabled until the Local failure flag has been cleared.

Bus dominant time-out function

A CAN bus short circuit (to Vear, Ve or GND) or a failure in one of the other network
nodes could result in a differential voltage on the bus high enough to represent a bus
dominant state. Because a node will not start transmission if the bus is dominant, the
normal bus failure detection will not detect this failure, but the bus dominant clamping
detection will. The Local failure flag is set if the dominant state on the bus persists for
longer than ti(gom)bus- By checking this flag, the controller can determine if a clamped bus
is blocking network communications. There is no need to disable the transmitter. Note that
the Local failure flag does not retain a bus dominant clamping failure, and is released as
soon as the bus returns to recessive state.

~Allinfe ion provided in this document is subject to legal i ___©NxP Semiconductors N.V, 2017. All rights reserved.
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7.3.4 Overtemperature detection

TJA1043

7.4

7.5

7.6

If the junction temperature becomes excessive, the transmitter will shut down in time to
protect the output drivers from overheating without compromising the maximum operating
temperature. The transmitter will remain disabled until the Local failure flag has been
cleared.

SPLIT pin

Using the SPLIT pin on the TJA1043 in conjunction with a split termination network (see
Figure 6 and Figure 9) can help to stabilize the recessive voltage level on the bus. This
will reduce EME in networks with DC leakage to ground (e.g. from deactivated nodes with
poor bus leakage performance). In Normal and Listen-only modes, pin SPLIT delivers a
DC output voltage of 0.5Vcc. In Standby, Go-to-Sleep and Sleep modes, pin SPLIT is
floating.

Vee

TJA1043

et CANH

VspuT = 0.5Vee
in normal mode
and pwon/listen-only
mode;
otherwise floating

00 1

R 60 Q
SPLIT VspLIT

CANL

’J_’GND
015aaa064

Fig 6. Stabilization circuit and application

Vio supply pin

Pin Vg should be connected to the microcontroller supply voltage (see Figure 9). This will
cause the signal levels of pins TXD, RXD, STB_N, EN and ERR_N to be adjusted to the
/0 levels of the microcontroller, facilitating direct interfacing without the need for glue
logic.

WAKE pin

A local wake-up event is triggered by a LOW-to-HIGH or HIGH-to-LOW transition on the
WAKE pin, allowing for maximum flexibility when designing a local wake-up circuit.To
minimize current consumption, the internal bias voltage will follow the logic state on the
pin after a delay of t,ake. A HIGH level on pin WAKE is followed by an internal pull-up to
Vgar. A LOW level on pin WAKE is followed by an internal pull-down towards GND. In
applications that don't make use of the local wake-up facility, it is recommended that the
WAKE pin be connected to Vgar or GND to ensure optimal EMI performance.

© NXP Semiconductors N.V. 2017. All rights reserved.
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High-speed CAN transceiver with Standby mode
MANTIS Rev. 6 — 24 August 2017 Product data sheet

1. General description

The TJA1044 is part of the Mantis family of high-speed CAN transceivers. It provides an
interface between a Controller Area Network (CAN) protocol controller and the physical
two-wire CAN bus. The transceiver is designed for high-speed CAN applications in the
automotive industry, providing the differential transmit and receive capability to (a
microcontroller with) a CAN protocol controller.

The TJA1044 offers a feature set optimized for 12 V automotive applications, with
significant improvements over NXP's first- and second-generation CAN transceivers, such
as the TJA1040 and TJA1042, and excellent ElectroMagnetic Compatibility (EMC)
performance. Additionally, the TJA1044 features:

* |deal passive behavior to the CAN bus when the supply voltage is off
* A very low-current Standby mode with bus wake-up capability

* Excellent EMC performance at speeds up to 500 kbit/s, even without a common mode
choke

e TJA1044GT/3 and TJA1044GTK/3 can be interfaced directly to microcontrollers with
supply voltages from 3V to 5V

These features make the TJA1044 an excellent choice for all types of HS-CAN networks,
in nodes that require a low-power mode with wake-up capability via the CAN bus.

The TJA1044 implements the CAN physical layer as defined in SO 11898-2:2016 and
SAE J2284-1 to SAE J2284-5. The TJA1044T is specified for data rates up to 1 Mbit/s.
Additional timing parameters defining loop delay symmetry are specified for the other
variants. This implementation enables reliable communication in the CAN FD fast phase
at data rates up to 5 Mbit/s.

2. Features and benefits

2.1 General

B Fully ISO 11898-2:2016 and SAE J2284-1 to SAE J2284-5 compliant

B Very low-current Standby mode with host and bus wake-up capability

B Optimized for use in 12 V automotive systems

B EMC performance satisfies 'Hardware Requirements for LIN, CAN and FlexRay
Interfaces in Automotive Applications’, Version 1.3, May 2012.

AEC-Q100 qualified

Dark green product (halogen free and Restriction of Hazardous Substances (RoHS)
compliant)
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B Vo input on TJA1044x/3 variants allows for direct interfacing with 3V to 5V
microcontrollers. Variants without a Vg pin can interface with 3.3 V and 5 V-supplied
microcontrollers, provided the microcontroller I/Os are 5 V tolerant.

B Both Vg and non-V|g variants are available in SO8 and leadless HVSON8 (3.0
mm x 3.0 mm) packages; HVSONS with improved Automated Optical Inspection (AQI)
capability.

2.2 Predictable and fail-safe behavior

B Functional behavior predictable under all supply conditions

B Transceiver disengages from bus when not powered (zero load)
B Transmit Data (TXD) and bus dominant time-out functions

B Internal biasing of TXD and STB input pins

2.3 Protection

High ESD handling capability on the bus pins (8 kV IEC and HBM)
Bus pins protected against transients in automotive environments
Undervoltage detection on pins V¢ and Vio

Thermally protected

2.4 TJA1044 CAN FD (applicable to all product variants except TJA1044T)

®m Timing guaranteed for CAN FD data rates up to 5 Mbit/s
B Improved TXD to RXD propagation delay of 210 ns

TJA1044 ~ ] All infe ion provided in this document is subject to legal disclaimers. ) © NXP Semiconductors N.V. 2017. All rights reserved.
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3. Quick reference data

High-speed CAN transceiver with Standby mode

Table 1.  Quick reference data
Symbol Parameter {Conditions Typ Max
Vee supply voltage | 5.25
lec supply current Standby mode; variants without a Vg pin 10 15
Standby mode; variants with a Vg pin 5
Normal mode; bus recessive 10
Normal mode; bus dominant 45 70
Vuvd(stb)(vee) standby undervoltage detection [ ' 4.3
voltage on pin Ve
Vuvd(swofjivce)  |Switch-off undervoltage valid for variants without a Vo pin 2.4 3.4
detection voltage on pin Veg
Vio supbly voltage on pin V|g N Z - |5.25
E supply curre—nt bn pin \_/b T Staﬁat;rﬁ_oae = Vs B - 10  [165
| 'No_rm_odé; Esir&:é-smé‘ K= 80 200 |
Normal n*]ode; bus Eominant ﬁ 1&)?)
Vuvd(sw(;ff;(:ﬂo) switch-off mervoltage z ' ‘ = 1A\ |28
detection voltage on pin Vio
VEsp electrostatic discharge voltage |IEC 61000-4-2 at pins CANH and CANL +8
VEANH voltage on pin CANH ' limiting value according to IEC60134 +42
|Veant voltage on pin CANL {limiting value according to IEC60134 +42
:ij 7 vmua_l juﬁm&nﬁel—féture ‘ = b ~ 4150 |t
4. Ordering information
Table 2.  Ordering information
Type numberlll  |Package : )
Name Description [Version
TJA1044T S08 'plastic small outiine package; 8 leads; body width 3.9 mm 'SOT96-1
|TJA1044GT
TJA1044GT/3 ‘
TJA1044GTK HVSONS plastic thermal enhanced very thin small outlir-leipackage; no leads; ‘SOT782-1
TJA1044GTK/3 8 terminals; body 3 x 3 x 0.85 mm

[11 TJA1044GT/3 and TJA1044GTK/3 with V|g pin; all variants other than TJA1044T support CAN FD.

TJA1044

All info

tion provided in this document is subject to legal disclaimers.

N.V, 2017. All rights reserved.
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5. Block diagram

High-speed CAN transceiver with Standby mode

Vio Vee
! |
15 [3
TJA1044
Vee
TEMPERATURE - —|
PROTECTION
Viott) 7
10 Bl CANH
1 SLOPE
CONTROL
AND 6
XD TIME-OUT DRIVER =__<] CANL
V|O(1) _I
1 MODE
CONTROL
STB
RXD « b (ay <
AND e T Vio™
DRIVER
| WAKE-UP
FILTER
|2
GND aaa-023611
(1) Vio = Ve in non-Vig product variants.
Fig1. Block diagram
_Allir on provided in this document is subject to legal disclaimers. _@NXP Semico N.V. 2017. All rights reserved.
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6. Pinning information

6.1 Pinning
TJA1044T
TJA1044GT TJA1044GT/3
D [1] 8] sTB ™D [ [ 8] sTB
GND [2] [ 7] CANH GND [2] | 7] CANH
vee [3] 6] CANL Vee [3] [ 6] CANL
RXD [4 ] (5] nc. RXD [4 ] 5] vio
015aaa372 aaa-023660
a. SO8 b. S08 with Vg
terminal 1 TIA1044GTK frfég‘;"ﬂel\ TJA1044GTKI3
index area - ~
TXD [ (@] sTB XD [D @]sts
GND [ @] canH GND {2) (T GANH
Vee [ (] cANL Vee B E] cANL
RXD [4) Gl ne. i FQ |G Vio
Yoaloisade aaa-023661 |
Transparent top view Transparent top view '
c. HVSONS8 d. HVSONS8 with Vg
Fig 2. Pin configuration diagrams

6.2 Pin description

Table 3.

Pin description

Symbol

Pin |Description

TXD

transmit data input

GNDL

ground supply

Vee

supply voltage

RXD

\receive data output; reads out data from the bus lines

n.c.

Inot connected; TJA1044T, TUA1044GT and TJA1044GTK only

Vio

'supply voltage for I/O level adapter; TJA1044x/3 variants only

|CANL

LOW-level CAN bus line

CANH

HIGH-level CAN bus line

STB

O ~NO AR WN| =

Standby mode control input |

[1 HVSONS package die supply ground is connected to both the GND pin and the exposed center pad. The
GND pin must be soldered to board ground. For enhanced thermal and electrical performance, itis
recommended that the exposed center pad also be soldered to board ground.

TJA1044

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2017. All rights reserved.

Product data sheet

Rev. 6 — 24 August 2017 5 of 27



NXP Semiconductors TJA1 044

High-speed CAN transceiver with Standby mode

7. Functional description

7}

I

TJA1044

Il

1.1

1.2

7.2

Operating modes

The TJA1044 supports two operating modes, Normal and Standby. The operating mode is
selected via pin STB. See Table 4 for a description of the operating modes under normal
supply conditions.

Table 4. Operating modes

'Mode Inputs Outputs
PinSTB  |PinTXD  |CANdriver  [Pin RXD :
Normal LOW Low  |dominant | Low - |
[HIGH recessive LOW when bus dominant
HIGH when bus recessive o
Staﬁdgy} HIGH Ix_Ej S 7bias;éd“tgground follows BUS when wak_é-dp -
detected
iHIGH when no wake-up detected

[1] 'x'=don't care.

Normal mode

A LOW level on pin STB selects Normal mode. In this mode, the transceiver can transmit
and receive data via the bus lines CANH and CANL (see Figure 1 for the block diagram).
The differential receiver converts the analog data on the bus lines into digital data which is
output on pin RXD. The slopes of the output signals on the bus lines are controlled
internally and are optimized in a way that guarantees the lowest possible EME.

Standby mode

A HIGH level on pin STB selects Standby mode. In Standby mode, the transceiver is not
able to transmit or correctly receive data via the bus lines. The transmitter and
Normal-mode receiver blocks are switched off to reduce supply current, and only a
low-power differential receiver monitors the bus lines for activity.

In Standby mode, the bus lines are biased to ground to minimize system supply current.
The low-power receiver is supplied from Vg (Vcc in non-V|g variants) and can detect CAN
bus activity even if V|g is the only available supply voltage. Pin RXD follows the bus after
a wake-up request has been detected. A transition to Normal mode is triggered when STB
is forced LOW.

Remote wake-up (via the CAN bus)

The TJA1044 wakes up from Standby mode when a dedicated wake-up pattern (specified
in 1ISO 11898-2:2016) is detected on the bus. This filtering helps avoid spurious wake-up
events. A spurious wake-up sequence could be triggered by, for example, a dominant
clamped bus or by dominant phases due to noise or spikes on the bus.

The wake-up pattern consists of:

* a dominant phase of at least tyake(busdom) followed by
* arecessive phase of at least tyake(pusrec) followed by
* adominant phase of at least tyake(busdom)

© NXP Semi N.V. 2017. All rights reserved.

Allir jon provided in this document is subject to legal disclaim
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CANH

CANL

RXD

High-speed CAN transceiver with Standby mode

Dominant or recessive bits between the above mentioned phases that are shorter than
twake(busdom) @Nd twake(busrec) respectively are ignored.

The complete dominant-recessive-dominant pattern must be received within tig(wake)ous t0
be recognized as a valid wake-up pattern (see Figure 3). Otherwise, the internal wake-up
logic is reset. The complete wake-up pattern will then need to be retransmitted to trigger a
wake-up event. Pin RXD remains HIGH until the wake-up event has been triggered.

After a wake-up sequence has been detected, the TJA1044 will remain in Standby mode
with the bus signals reflected on RXD. Note that dominant or recessive phases lasting
less than tf(wake)pus Will not be detected by the low-power differential receiver and will not
be reflected on RXD in Standby mode.

A wake-up event is not flagged on RXD if any of the following events occurs while a valid
wake-up pattern is being received:

¢ The TJA1044 switches to Normal mode

* The complete wake-up pattern was not received within tiowake)bus

* A VCC or V|o undervcdtage is detected (VCC = Vuvd(swoﬁ}(VCC) or V|O < Vuvd(swoff)(\ﬂo:';
see Section 7.3.3)

e o s m ] /e __4?
Vo(dif) ,_ e ,._. e
——l-—,{}'-' /- _1 e et

twake(busdom) lwake(busrec)

twake(busdom) Hitr(wake)bus titr(wake)bus 1 < titr(wake)bus titr(wake)pus < titr(wake)bus

Fig 3.

7.3

7.3.1

< tto(wake)bus B -

Wake-up timing

015aaa373

Fail-safe features

TXD dominant time-out function

A 'TXD dominant time-out' timer is started when pin TXD is set LOW. If the LOW state on
this pin persists for longer than tio(gom)Txp, the transmitter is disabled, releasing the bus
lines to recessive state. This function prevents a hardware and/or software application
failure from driving the bus lines to a permanent dominant state (blocking all network
communications). The TXD dominant time-out timer is reset when pin TXD is set HIGH.
The TXD dominant time-out time also defines the minimum possible bit rate of
approximately 25 kbit/s.

@ NXP Se N.V. 2017. All rights reserved.
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High-speed CAN transceiver with Standby mode

7.3.2 Internal biasing of TXD and STB input pins

Pins TXD and STB have internal pull-ups to Ve (V|o for variants with a Vg pin) to ensure
a safe, defined state in case one or both of these pins are left floating. Pull-up currents
flow in these pins in all states; both pins should be held HIGH in Standby mode to
minimize supply current.

7.3.3 Undervoltage detection on pins V¢c and Vo

If Vo drops below the standby undervoltage detection level, Vyyq(stb)vee), the transceiver
switches to Standby mode. The logic state of pin STB is ignored until Vcc has recovered.

In versions with a Vg pin, if Vo drops below the switch-off undervoltage detection level
(Vuvd(swoffyvioy), the transceiver switches off and disengages from the bus (zero load) until
V|0 has recovered.

In versions without a Vg pin, if Ve drops below the switch-off undervoltage detection
level (Vyuvd(swoffvce)), the transceiver switches off and disengages from the bus (zero
load) until Ve has recovered.

7.3.4 Overtemperature protection

The output drivers are protected against overtemperature conditions. If the virtual junction
temperature exceeds the shutdown junction temperature, Tj(sq), both output drivers are
disabled. When the virtual junction temperature drops below Tjsq) again, the output
drivers recover once TXD has been reset to HIGH. Including the TXD condition prevents
output driver oscillation due to small variations in temperature.

7.4 Vo supply pin (TJA1044x/3 variants)

Pin V| should be connected to the microcontroller supply voltage (see Figure 7). This will
adjust the signal levels of pins TXD, RXD and STB to the I/O levels of the microcontroller.
Pin Vo also provides the internal supply voltage for the low-power differential receiver in
the transceiver. For applications running in low-power mode, this allows the bus lines to
be monitored for activity even if there is no supply voltage on pin V.

For variants of the TJA1044 without a Vg pin, all circuitry is connected to Ve (pin 5 is not
bonded). The signal levels of pins TXD, RXD and STB are then compatible with 5 V
microcontrollers. This allows the device to interface with both 3.3 V and 5 V-supplied
microcontrollers, provided the microcontroller I/Os are 5V tolerant.

TJA1044 3 ___ Allinfermation provided in this document is subject to legal disclaimers. _© NXP Semiconductors N.V, 2017. All rights reserved.
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1. General description

The TJA1048 is a dual high-speed CAN transceiver that provides an interface between a
Controller Area Network (CAN) protocol controller and the physical two-wire CAN bus.
The transceiver is designed for high-speed CAN applications in the automotive industry,
providing the differential transmit and receive capability to (a microcontroller with) a CAN
protocol controller.

The TJA1048 belongs to the third generation of high-speed CAN transceivers from NXP
Semiconductors, offering significant improvements over first- and second-generation
devices such as the TJA1040. It offers improved Electro Magnetic Compatibility (EMC)
and ElectroStatic Discharge (ESD) performance, and also features:

¢ |deal passive behavior to the CAN bus when the supply voltage is off

* A very low-current Standby mode with bus wake-up capability on both channels

 (Can be interfaced directly to microcontrollers with supply voltages from 3V to 5V
The TJA1048 implements the CAN physical layer as defined in 1ISO 11898-2:2016 and

SAE J2284-1 to SAE J2284-5. This implementation enables reliable communication in the
CAN FD fast phase at data rates up to 5 Mbit/s.

These features make the TJA1048 an excellent choice for all types of HS-CAN networks
containing more than one HS-CAN interface that require a low-power mode with wake-up
capability via the CAN bus, especially for Body Control and Gateway units.

2. Features and benefits

A |

General

Two TJA1042/3 HS-CAN transceivers combined monolithically in a single package
ISO 11898-2:2016 and SAE J2284-1 to SAE J2284-5 compliant

Timing guaranteed for data rates up to 5 Mbit/s in the CAN FD fast phase

Suitable for 12 V and 24 V systems

Low ElectroMagnetic Emission (EME) and high ElectroMagnetic Immunity (EMI)
Vo input allows for direct interfacing with 3V to 5 V microcontrollers

Available in SO14 and HYSON14 packages

Leadless HVSON14 package (3.0 mm x 4.5 mm) with improved Automated Optical
Inspection (AQI) capability

Dark green product (halogen free and Restriction of Hazardous Substances (RoHS)
compliant)

B AEC-Q100 qualified
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2.2 Low-power management

2.3 Protection

3. Quick reference data

High ESD handling capability on the bus pins
Bus pins protected against transients in automotive environments
Transmit Data (TXD) dominant time-out function

Undervoltage detection on pins Vgc and Vig
Thermally protected

Very low-current Standby mode with host and bus wake-up capability
Functional behavior predictable under all supply conditions
Transceiver disengages from the bus when not powered up (zero load)
Wake-up receiver powered by Vio; allows shut down of Ve

Table 1.  Quick reference data
Symbol |Parameter Conditions Min (Typ |Max |Unit
Vee supply voltage 45 |- 5.5 Vv
Vo supply voltage on pin V|g 28 |- 55 |V
Vuvdiveey  |undervoltage detection voltage on 35 |- 4.5 vV
pin Vee
Vuavioy |undervoltage detection voltage on 1.3% 129 §12.7 V
pin Vio
lee éupply Eurrént - Standby mode ) | B CY b.—s 2 HA
‘Normal mode N | AL Il B
~ both channels recessive oI 1o L F |20 [mA |
NorBchgmedomigm ) «— & ZF (80 [mA
both channels dominantﬂ P - o0 [140 'mA
o |supply curentonpinVio - |Standby modei Vo =Vio oo |-/ |165[26 [uA
'Normal mode O
both channels recessive . *\ & .~ -~ |- |- (35 [wA |
one channel dominant - - 300 HA
"~ both channels dominant I T
Vesp electrostatic di_scharge vo]tage 7 |IEC 61000-4-2 at pins CANHx and CANLx -6 - +6 kV
Vean | voltage on pin CANH - pins CANH1 and CANH2 ' 58 |- |+58 |V
Veanl  |voltage on pin CANL pins CANL1 and CANL2 |88 |- |+88 |V
T;j virtual junction temperature ' -40 |- +150 |°C N

TJA1048

s,
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4. Ordering information

Table 2.  Ordering information

14 terminals; body 3 x 4.5 x 0.85 mm

Type number Package |
Name Description Version

TJA1048T SO14 plastic small outline package; 14 leads; body width 3.9 mm SOT108-1

TJA1048TK HVSON14 plastic, thermal enhanced very thin small outline package; no leads; SOT1086-2

|

TJA1048

____ Allinfarmation provided in this document is subject to legal disclaimers.
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5. Block diagram

Vio Vce
|
1 3
VecVio
TEMPERATURE | | UNDERVOLTAGE
PROTECTION DETECTION
v
= 131 cANHI
SLOPE CONTROL 12
AND DRIVER CANL1
| +—— ——IJ
l@ MODE
TXD1 1 o TIME-OUT = CONTROL ! l__ %
NORMAL [+
RECEIVER
14
STBN1 > = Vio
i? i WAKE-UP || LOW-POWER [=—
FILTER RECEIVER
Vece
4 MUX and [+
RXD1 DRIVER |+
101 cANH2
Vio SLOPE CONTROL 9
AND DRIVER CANL2
1
S | TiME-oUT —
> FF
stenz -2 K . NORMAL [
l RECEIVER
— Vio
' | wake-up |_|Low-PowER [
l FILTER RECEIVER
7 MUX and
RXD2 DRIVER  |«—1
GNDA _ﬂz 21 GNDB

015aaal46

Fig1. Block diagram

TJA1048 1
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Dual high-speed CAN transceiver with Standby mode

6. Pinning information

6.1 Pinning

[
[ terminal 1
index area —f
01 [1] [14] STBN1 ™D1[ 1) (14] sTBNT
GNDA [2] [13] CANHT GNDA | 2] (73] cANH1
vee 3] [12] CANLT Vec | 3] (12] cAnL1
RxD1 [2] | TJA1048T [11] Vo RXD1 [ 4 [TJA1048TK| [11] Vio
GNDB [5 | [10] CANH2 GNDB | 5 ) (10] canH2
TxD2 [6] 9] canL2 TxD2 [ 6 ) (9] canL2
RxD2 [7] 8] STBN2 RXD2 | 7 ) (8 | sTBNZ
015aaa144 015aaa207
Fig2. Pin configuration diagram: SO14 Fig 3. Pin configuration diagram: HVSON14
L = E — b £ /RF- N J 3 SN R & , W

6.2 Pin description

Table 3.  Pin description

Symbol Pin |Description

TXDA1 1 transmit data input 1

GNDA 201 |transceiver ground

Vee 3 transceiver supply voltage

RXD1 4 lreceive data output 1; reads out data from bus line1
GNDB 501 ' transceiver ground

TXD2 6 transmit data input 2

RXD2 e receive data output 2; reads out data from bus line 2

STBN2 8 standby control input 2 (HIGH = Normal mode, LOW = Standby mode)
CANL2 9 LOW-level CAN bus line 2

CANH2 10 |HIGH-level CAN bus line 2

Vio 11 |supply voltage for I/O level adapter

CANL1 12 |LOW-level CAN bus line 1

CANH1 13 |HIGH-level CAN bus line 1

STBN1 14 | standby control input 1 (HIGH = Normal mode, LOW = Standby mode) ‘

[1] Pins 2 and 5 must be connected together externally in the application. HVSON14 package die supply
ground is connected to both the GND pin and the exposed center pad. The GND pin must be soldered to
board ground. For enhanced thermal and electrical performance, it is recommended that the exposed
center pad also be soldered to board ground.

TJA1048 All inf jon provided in this document is subject to legal imers. © NXP Semiconductors N.V. 2018. All rights reserved.
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Dual high-speed CAN transceiver with Standby mode

7. Functional description

7.1

711

e

7.1.3

The TJA1048 is a dual HS-CAN stand-alone transceiver with Standby mode and robust
ESD handling capability. It combines the functionality of two TJA1042/3 transceivers with
improved EMC and quiescent current performance. Improved slope control and high DC
handling capability on the bus pins provide additional application flexibility.

Operating modes

The TJA1048 supports two operating modes per transceiver, Normal and Standby. The
operating mode can be selected independently for each transceiver via pins STBN1 and
STBN2 (see Table 4).

Table 4.  Operating modes

Mode Pin STBN1/STBN2 |Pin RXD1/RXD2
LOW HIGH
Normal HIGH bus dominant bus recessive
Standby LOW wake-up request detected no wake-up request detected J

Normal mode

A HIGH level on pin STBN1/STBN2 selects Normal mode. In this mode, the transceiver
can transmit and receive data via the bus lines CANH1/CANL1 and CANH2/CANL2 (see
Figure 1 for the block diagram). The differential receiver converts the analog data on the
bus lines into digital data which is output on pin RXD1/RXD2. The slopes of the output
signals on the bus lines are controlled internally and are optimized in a way that
guarantees the lowest possible EME.

Standby mode

A LOW level on pin STBN1/STBN2 selects Standby mode. In Standby mode, the
transceiver is not able to transmit or correctly receive data via the bus lines. The
transmitter and Normal-mode receiver blocks are switched off to reduce supply current,
and only a low-power differential receiver monitors the bus lines for activity.

In Standby mode, the bus lines are biased to ground to minimize the system supply
current. The low-power receiver is supplied by Vo, and is capable of detecting CAN bus
activity even if Vg is the only supply voltage available. When pin RXD1/RXD2 goes LOW
to signal a wake-up request, a transition to Normal mode will not be triggered until
STBN1/STBN2 is forced HIGH.

Remote wake-up (via the CAN bus)

A dedicated wake-up sequence (specified in ISO 11898-2:2016) must be received to
wake-up the TJA1048 from a low-power mode. This filtering is necessary to avoid
spurious wake-up events due to a dominant clamped CAN bus or dominant phases

caused by noise or spikes on the bus.
A valid wake-up pattern consists of:

* A dominant phase of at least tyake(busdom) followed by
* A recessive phase of at least tyake(busrec) followed by
* A dominant phase of at least tyake(busdom)

Alli on provided in this document is subject to legal di i . © NXP Semiconductors N.V. 2018. All rights reserved.
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The complete dominant-recessive-dominant pattern must be received within ti(wake)bus t0
be recognized as a valid wake-up pattern (see Figure 4). Pin RXD1/RXD2 will remain
recessive until the wake-up event has been triggered.

After a wake-up sequence has been detected, the TJA1048 will remain in Standby mode
with the bus signals reflected on RXD1/RXD2. Note that dominant or recessive phases
lasting less than tg(wake)ous Will not be detected by the low-power differential receiver and
will not be reflected on RXD1/RXD2 in Standby mode.

A wake-up event will not be registered if any of the following events occurs while a
wake-up sequence is being transmitted:

* The TJA1048 switches to Normal mode
* The complete wake-up pattern was not received within tio(wake)bus
e A Vo undervoltage is detected (Vio < Vuvd(vio), see Section 7.2.3)
If any of these events occurs while a wake-up sequence is being received, the internal

wake-up logic will be reset and the complete wake-up sequence will have to be
re-transmitted to trigger a wake-up event.

/e W AN
CANH Fl
Vodif) — — — —
CANL l J
— wewei G e [T
twake(busdom) twake(busrec) twake(busdom) tfitr(wake)bus tI‘Ilr(wake]bus t< "ﬂlr(wake)bus tr(wake)bus t < titr(wake)bus
RXD
s ttc}(wake}l::us S~ N 015aaa373
Fig4. Wake-up timing

7.2 Fail-safe features

7.2.1 TXD dominant time-out function

A 'TXD dominant time-out' timer is started when pin TXD1/TXD2 is set LOW. If the LOW
state on this pin persists for longer than tiogom)TxD, the transmitter is disabled, releasing
the bus lines to recessive state. This function prevents a hardware and/or software
application failure from driving the bus lines to a permanent dominant state (blocking all
network communications). The TXD dominant time-out timer is reset when pin
TXD1/TXD2 is set HIGH. The TXD dominant time-out time also defines the minimum
possible bit rate of 40 kbit/s. The TJA1048 has two TXD dominant time-out timers that
operate independently of each other.

© NXP Semiconductors N.V. 2018. All rights reserved.
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2.3

2.4

7.3

Dual high-speed CAN transceiver with Standby mode

Internal biasing of TXD1, TXD2, STBN1 and STBN2 input pins

Pins TXD1 and TXD2 have internal pull-ups to Vi and pins STBN1 and STBN2 have
internal pull-downs to GNDA and GNDB. This ensures a safe, defined state if any of these
pins is left floating. Pins GNDA and GNDB must be connected together in the application.

Pull-up/pull-down currents flow in these pins in all states. Pins TXD1 and TXD2 should be
held HIGH in Standby mode to minimize the supply current; pins STBN1 and STBN2
should be held LOW.

Undervoltage detection on pins V¢ and Vi

Should Ve drop below the Ve undervoltage detection level, Viyygivee), both transceivers
will switch to Standby mode. The logic state of pins STBN1 and STBN2 will be ignored
until Ve has recovered.

Should V| drop below the V|o undervoltage detection level, Viyyd(vio), the transceivers will
switch off and disengage from the bus (zero load) until Vg has recovered.

Overtemperature protection

The output drivers are protected against overtemperature conditions. If the virtual junction
temperature exceeds the shutdown junction temperature, Tjsq), both output drivers will be
disabled. When the virtual junction temperature drops below Tjsq) again, the output
drivers will recover independently once TXD1/TXD2 has been reset to HIGH. Including
the TXD1/TXD2 condition prevents output driver oscillation due to small variations in
temperature.

Vo supply pin

Pin V|o should be connected to the microcontroller supply voltage (see Figure 7). This will
adjust the signal levels of pins TXD1, TXD2, RXD1, RXDZ, STBN1 and STBN2 to the I/O
levels of the microcontroller. Pin Vg also provides the internal supply voltage for the
transceiver's low-power differential receiver. For applications running in low-power mode,
this allows the bus lines to be monitored for activity even if there is no supply voltage on

pi['l Vcc;.

_ All information provided in this document is subject to legal disclaimers. E © NXP Semicond s N.V. 2018, All rights reserved.
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1. General description

2. Features

The TJA1055 is the interface between the protocol controller and the physical bus wires in
a Controller Area Network (CAN). It is primarily intended for low-speed applications up to
125 kBd in passenger cars. The device provides differential receive and transmit
capability but will switch to single-wire transmitter and/or receiver in error conditions. The
TJA1055 is the enhanced version of the TJA1054 and TJA1054A. TJA1055 has the same
functionality but in addition offering a number of improvements. The most important
improvements of the TJA1055 with respect to the TJA1054 and TJA1054A are:

* Improved ElectroStatic Discharge (ESD) performance
* Lower current consumption in sleep mode

e Wake-up signalling on RXD and ERR without Vcc active
* 3V interfacing with microcontroller possible with TJA1055T/3

2.1

2.2

Optimized for in-car low-speed communication

B Pin-to-pin compatible with TJA1054 and TJA1054A
Baud rate up to 125 kBd

Up to 32 nodes can be connected

Supports unshielded bus wires

Very low ElectroMagnetic Emission (EME) due to built-in slope control function and a
very good matching of the CANL and CANH bus outputs
Very high ElectroMagnetic Immunity (EMI) in normal operating mode and in low power
modes
Fully integrated receiver filters
Transmit Data (TxD) dominant time-out function
B High ESD robustness:

& +8 kV Electrostatic Discharge (ESD) protection Human Body Model (HBM) for

off-board pins

& +6 kV Electrostatic Discharge (ESD) protection IEC 61000-4-2 for off-board pins

B Low-voltage microcontroller support

Bus failure management

B Supports single-wire transmission modes with ground offset voltages up to 1.5V
B Automatic switching to single-wire mode in the event of bus failures, even when the
CANH bus wire is short-circuited to V¢

A fouﬁded by Philips



NXP Semiconductors

TJA1055

2.3

2.4

Enhanced fault-tolerant CAN transceiver

B Automatic reset to differential mode if bus failure is removed

B Full wake-up capability during failure modes

Protections

B Bus pins short-circuit safe to battery and to ground
Thermally protected

An unpowered node does not disturb the bus lines

Support for low power modes

Bus lines protected against transients in an automotive environment

Microcontroller interface without reverse current paths, if unpowered

B Low current sleep mode and standby mode with wake-up via the bus lines

B Software accessible power-on reset flag

3. Quick reference data

TJA1055_4

Table 1.  Quick reference data

Symbol Parameter Conditions

Vee supply voltage

Vear battery supply voltage no time limit
operating mode
load dump

IgAT battery supply current sleep mode at

VgL = Vwake = VinH =
Vear = 14V, Tamp =
—40°C to +125 °C

Voann  Vvoltage on pin CANH Vec=0Vto5.0V,;
Vaar 2 0 V; no time limit;
with respect to any other
pin

VeanL voltage on pin CANL Vee =0 Vto5.0V,
Vgar 2 0 V; no time limit;
with respect to any other

pin
Voom) dominant output voltage  Vrxp =0V, Ven=Vee
on pin CANH lcanH = =40 mA
on pin CANL lcanL = 40 mA
tep(L) propagation delay TXD no failures;
(LOW) to RXD (LOW) Rean L = Rean_H =
125 Q; Cean L =

CCAN_H =1nF;
see Figure 4 to Figure 6

Ty virtual junction temperature ol

Min
4.75
-0.3
5.0

Ver: 1

-40

Typ Max
- 5.25
- +40
- 40
- 58
25 40

- +58

- +58

- +150

Unit

us

°C

[1] Junction temperature in accordance with “/EC 60747-1", An alternative definition is: Tyj = Tamb + P X Rihgj-a)
where Rinyi-a) is a fixed value to be used for the calculation of T,;. The rating for T limits the allowable
combinations of power dissipation (P) and operating ambient temperature (Tamb):

ONXPBV. 2009. All rights reserved.
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4. Ordering information

Enhanced fault-tolerant CAN transceiver

Table 2.  Ordering information
Type number Package
Name Description Version
TJA1055T S014 plastic small outline package; 14 leads; body width 3.9mm SOT108-1
TJA1055T/3
5. Block diagram
BAT Vco
14 10
: é& '
i posm TEMPERATURE
WAKE —1= g [ oy TeE PROTECTION % } }
STB » CONTROL 91 RTL
EN > + 111 cand
I 121 canL
= DRIVER 8l _RrH
FAILURE DETECTOR ;
ERR «|2 PLUS WAKE-UP |,
PLUS TIME-OUT  [*
TJA1055T
Vee@ 1
FILTER [¢
rRxD 12 . RECEIVER
r FILTER f¢
13
GND 001aac769

Fig 1.

Block diagram

(1) For TJA1055T/3 current source to GND; for TJA1055T pull-up resistor to Vege.
(2) Not within TJIA1055T/3.

TJA1055_4
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6. Pinning information

Enhanced fault-tolerant CAN transceiver

TJA1055 4

6.1 Pinning

Fig2. Pin configuration

INH [ ] [14] BAT
™D [2] [13] GND
RXD [3 | [12] CANL
e (] |05, i o
§78 5] [10] Vee
EN [6 ] [ 9] RTL
WAKE [7 | 8] RTH

001aac770

6.2 Pin description

Table 3. Pin description

Symbol Pin Description

INH 1 inhibit output for switching an external voltage regulator if a
wake-up signal occurs

TXD transmit data input for activating the driver to the bus lines

RXD receive data output for reading out the data from the bus lines

ERR error, wake-up and power-on indication output; active LOW in
normal operating mode when a bus failure is detected; active LOW
in standby and sleep mode when a wake-up is detected; active
LOW in power-on standby when a Vgar power-on event is detected

STB 5 standby digital control signal input; together with the input signal
on pin EN this input determines the state of the transceiver;
see Table 5 and Figure 3

EN 6 enable digital control signal input; together with the input signal on
pin STB this input determines the state of the transceiver;
see Table 5 and Figure 3

WAKE 7 local wake-up signal input (active LOW); both falling and rising
edges are detected

RTH 8 termination resistor connection; in case of a CANH bus wire error
the line is terminated with a predefined impedance

RTL 9 termination resistor connection; in case of a CANL bus wire error
the line is terminated with a predefined impedance

Vee 10 supply voltage

CANH 11 HIGH-level CAN bus line

CANL 12 LOW-level CAN bus line

GND 13 ground

BAT 14 battery supply voltage

® NXP B.V. 2009. All rights reserved.

Product data sheet

Rev. 04 — 17 February 2009 4 of 26



NXP Semiconductors TJA1 055

Enhanced fault-tolerant CAN transceiver

7. Functional description

TJA1055_4

"1

The TJA1055 is the interface between the CAN protocol controller and the physical wires
of the CAN bus (see Figure 9 and Figure 10). It is primarily intended for low-speed
applications, up to 125 kBd, in passenger cars. The device provides differential transmit
capability to the CAN bus and differential receive capability to the CAN controller.

To reduce EME, the rise and fall slopes are limited. This allows the use of an unshielded
twisted pair or a parallel pair of wires for the bus lines. Moreover, the device supports
transmission capability on either bus line if one of the wires is corrupted. The failure
detection logic automatically selects a suitable transmission mode.

In normal operating mode (no wiring failures) the differential receiver is output on pin RXD
(see Figure 1). The differential receiver inputs are connected to pins CANH and CANL
through integrated filters. The filtered input signals are also used for the single-wire
receivers. The receivers connected to pins CANH and CANL have threshold voltages that
ensure a maximum noise margin in single-wire mode.

A timer function (TxD dominant time-out function) has been integrated to prevent the bus
lines from being driven into a permanent dominant state (thus blocking the entire network
communication) due to a situation in which pin TXD is permanently forced to a LOW level,
caused by a hardware and/or software application failure.

If the duration of the LOW level on pin TXD exceeds a certain time, the transmitter will be
disabled. The timer will be reset by a HIGH level on pin TXD.

Failure detector

The failure detector is fully active in the normal operating mode. After the detection of a
single bus failure the detector switches to the appropriate mode (see Table 4). The
differential receiver threshold voltage is set at -3.2 V typical (Ve = 5 V). This ensures
correct reception with a noise margin as high as possible in the normal operating mode
and in the event of failures 1, 2, 5 and 6a. These failures, or recovery from them, do not
destroy ongoing transmissions. The output drivers remain active, the termination does not
change and the receiver remains in differential mode (see Table 4).

Failures 3, 3a and 6 are detected by comparators connected to the CANH and CANL bus
lines. Failures 3 and 3a are detected in a two-step approach. If the CANH bus line
exceeds a certain voltage level, the differential comparator signals a continuous dominant
condition. Because of inter operability reasons with the predecessor products TJA1054
and TJA1054A, after a first time-out the transceiver switches to single-wire operation
through CANH. If the CANH bus line is still exceeding the CANH detection voltage for a
second time-out, the TJA1055 switches to CANL operation; the CANH driver is switched
off and the RTH bias changes to the pull-down current source. The time-outs (delays) are
needed to avoid false triggering by external RF fields.

© NXP B.V. 2009, All rights reserved.
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Enhanced fault-tolerant CAN transceiver

Table 4. Bus failures

Failure Description Termination Termination CANH CANL  Receiver
CANH (RTH) CANL (RTL) driver  driver mode

1 CANH wire on on on on differential
interrupted

2 CANL wire interrupted on on on on differential

3 CANH short-circuited  weakl!) on off on CANL
to battery

3a CANH short-circuited  weak[!l on off on CANL
to Ve

4 CANL short-circuited on weakl2l on off CANH
to ground

b CANH short-circuited on on on on differential
to ground

6 CANL short-circuited  on weak!2] on off CANH
to battery

6a CANL short-circuited on on on on differential
to Ve

7 CANL and CANH on weak[2! on off CANH
mutually

short-circuited

[11 A weak termination implies a pull-down current source behavior of 75 pA typical.

[2] A weak termination implies a pull-up current source behavior of 75 1A typical.

Failure 6 is detected if the CANL bus line exceeds its comparator threshold for a certain
period of time. This delay is needed to avoid false triggering by external RF fields. After
detection of failure 6, the reception is switched to the single-wire mode through CANH; the
CANL driver is switched off and the RTL bias changes to the pull-up current source.

Recovery from failures 3, 3a and 6 is detected automatically after reading a consecutive
recessive level by corresponding comparators for a certain period of time.

Failures 4 and 7 initially result in a permanent dominant level on pin RXD. After a time-out
the CANL driver is switched off and the RTL bias changes to the pull-up current source.
Reception continues by switching to the single-wire mode via pins CANH or CANL. When
failures 4 or 7 are removed, the recessive bus levels are restored. If the differential voltage
remains below the recessive threshold level for a certain period of time, reception and
transmission switch back to the differential mode.

If any of the wiring failure occurs, the output signal on pin ERR will be setto LOW. On
error recovery, the output signal on pin ERR will be set to HIGH again. In case of an
interrupted open bus wire, this failure will be detected and signalled only if there is an
open wire between the transmitting and receiving node(s). Thus, during open wire
failures, pin ERR typically toggles.

During all single-wire transmissions, EMC performance (both immunity and emission) is
worse than in the differential mode. The integrated receiver filters suppress any HF noise
induced into the bus wires. The cut-off frequency of these filters is a compromise between
propagation delay and HF suppression. In single-wire mode, LF noise cannot be
distinguished from the required signal.

© NXP B.V. 2009. All rights reserved.
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7.2 Low power modes

The transceiver provides three low power modes which can be entered and exited via
STB and EN (see Table 5 and Figure 3).

The sleep mode is the mode with the lowest power consumption. Pin INH is switched to
HIGH-impedance for deactivation of the external voltage regulator. Pin CANL is biased to
the battery voltage via pin RTL. Pins RXD and ERR will signal the wake-up interrupt even
in case Vg is not present.

The standby mode operates in the same way as the sleep mode but with a HIGH level on
pin INH.

The power-on standby mode is the same as the standby mode, however, in this mode the
battery power-on flag is shown on pin ERR instead of the wake-up interrupt signal. The
output on pin RXD will show the wake-up interrupt. This mode is only for reading out the
power-on flag.

TJA1055_4

Table 5. Normal operating and low power modes
Mode Pin STB PinEN Pin ERR Pin RXD Pin RTL

LowW HIGH LowW HIGH ts‘”“c“e"

(s]

Goto-sleep LOW HIGH wake-up (23 wake-up  [2B8 VaaT
command interrupt interrupt
Sleep LOW LOW.[il Signalm signalm
Standby LOW LOW
Power-on  HIGH LOW Vaar wake-up VAT
standby power-on interrupt

flagl®l signall’l
Normal HIGH HIGH error flag  no error dominant recessive Vcc
operating flag received  received

data data

[1] Wake-up interrupts are released when entering normal operating mode.

[2] For TJA1055T a diode is added in series with the high-side driver of ERR and RXD to prevent a reverse
current from ERR to V¢ in the unpowered state.

[3] For TJA1055T/3, ERR and RXD are open-drain.

[4] In case the goto-sleep command was used before. When Vcg drops, pin EN will become LOW, but due to
the fail-safe functionality this does not effect the internal functions.

[5] Vgar power-on flag will be reset when entering normal operating mode.

Wake-up requests are recognized by the transceiver through two possible channels:

* The bus lines for remote wake-up
e Pin WAKE for local wake-up

In order to wake-up the transceiver remotely through the bus lines, a filter mechanism is
integrated. This mechanism makes sure that noise and any present bus failure conditions
do not result into an erroneous wake-up. Because of this mechanism it is not sufficient to
simply pull the CANH or CANL bus lines to a dominant level for a certain time. To
guarantee a successful remote wake-up under all conditions, a message frame with a
dominant phase of at least the maximum specified tgom(canH) OF taom(cant) in it is required.

@ NXP B.V. 2009. Al rights reserved.

Product data sheet

Rev. 04 — 17 February 2009 7 of 26



NXP Semiconductors TJA1 055

TJA1055 4

7.3

7.4

Enhanced fault-tolerant CAN transceiver

A local wake-up through pin WAKE is detected by a rising or falling edge with a
consecutive level exceeding the maximum specified twake.

On a wake-up request the transceiver will set the output on pin INH to HIGH which can be
used to activate the external supply voltage regulator.

A wake-up request is signalled on ERR or RXD with an active LOW signal. So the external
microcontroller can activate the transceiver (switch to normal operating mode) via
pins STB and EN.

To prevent a false remote wake-up due to transients or RF fields, the wake-up voltage
levels have to be maintained for a certain period of time. In the low power modes the
failure detection circuit remains partly active to prevent an increased power consumption
in the event of failures 3, 3a, 4 and 7.

To prevent a false local wake-up during an open wire at pin WAKE, this pin has a weak
pull-up current source towards Vgar. However, in order to protect the transceiver against
any EMC immunity issues, it is recommended to connect a not used pin WAKE to pin
BAT. Pin INH is set to floating only if the goto-sleep command is entered successfully. To
enter a successful goto-sleep command under all conditions, this command must be kept
stable for the maximum specified tysieep)-

Pin INH will be set to a HIGH level again by the following events only:

* \gar power-on (cold start)
* Rising or falling edge on pin WAKE

A message frame with a dominant phase of at least the maximum specified tgom(canH)
or tgom(canL). While pin EN or pin STB is at a LOW level

* Pin STB goes to a HIGH level with V¢ active

To provide fail-safe functionality, the signals on pins STB and EN will internally be set to
LOW when V¢ is below a certain threshold voltage (Vce(sto))- An unused output pin INH
can simply be left open within the application.

Power-on

After power-on (Vgar switched on) the signal on pin INH will become HIGH and an internal
power-on flag will be set. This flag can be read in the power-on standby mode through
pin ERR (STB = 1; EN = 0) and will be reset by entering the normal operating mode.

Protections

A current limiting circuit protects the transmitter output stages against short-circuit to
positive and negative battery voltage.

If the junction temperature exceeds the typical value of 175 °C, the transmitter output
stages are disabled. Because the transmitter is responsible for the major part of the power
dissipation, this will result in a reduced power dissipation and hence a lower chip
temperature. All other parts of the device will continue to operate.

The pins CANH and CANL are protected against electrical transients which may occur in
an automotive environment.

© NXP B.V. 2009 All rights reserved.
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