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CAN Protocol

(E

1= 2R [T B SEHY 2

=

/

H CAN bus 2K
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What’'s CAN Bus

CAN (Controller Area Network) B{E 7 ER 80 251t F Bosch B 428
&, R EREEARHEDSE LA E TR BB E
JEL IS IET 25 T RE SEb B AEL, t. 58 AR SRR AR R

T CAN Bus e AR A Z Hlj, 7= 4Bl S Bbles < IR 254
S RG Y BE A B DL SE R F S BRI A
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CAN Bus HY{EBE

+

= CAN BuUS [& 4%t
2 75 R e ) B A 2
{5 CAN bus, FEEFHE

5 5

] Z HI, $ZE ] 224184
L 2E DASE G2 il B et A A

A2 R ES 2 FER

AL B

=371 LB

| R R] 52 ity B2
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o
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W
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Panel
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CAN A HiHY i

o e ] | e [z e

Bosch start development on CAN B E—

e e D R T

CAN patent filed ‘e Introduction of TTCAN

CAN published at SAE congress Detroit
First CAN chips from Intel and Philips s

Specification of several
ISO 11898-x:

CAN introduced first in weaving machines _ data link layer
high-speed physical layer

First Mercedes-Benz S-class with CAN ﬂ fault-tolerant physica| |ayer
Foundation of CAN in Automation TTCAN

Standardization of CAN in ISO 11898 |°W'F_30WEF mode
selective wake-up

CANopen protocol published by CiA

Invention of CAN FD (ISO 11898-7)

—
' —_r
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#fEE RAVEF Bus ZXHEELER

MOST® Technology nG

< Sensors MM & DriverAssistanc>
MOST150
MOST50

N

l MOST25 l

)
o
o}
e
Q
e
1Y)
—
1
e
1)
(]

r Y

Point to Point

| Communications Speed |

Classic ~ ~
CAN Normal

| Communications Speed |

Application
CAN202C Workshop




MICROCHIP

MIASTERS 2015 iﬁ II EE‘EQ)\&(-‘ ==

_I_a )

5»; b

HEIHEK

~ Slow End of Line (EOL) Programming
» Increase of Flash size

~ Limited Operating Bandwidth

~ Continued growth of features/messages

~ Splitting of CAN buses in vehicle to support
bandwidth

~ Fragmented CAN Messages

~ Need more than 8 data bytes (authentication)
~ Functional Safety

~ Improved error detection

hnology Incorporated. All Rights Reserved
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N \ S—
merocwe CAN FD 414047 A3 AR R 2 78 L5 R

~ Increases typical system data rate
» From ~500kb/s to 2Mb/s (normal operation) & up to
5Mb/s (diagnostics or programming)

~ Increase payload from 8 data bytes in the
CAN message to 64 data bytes

~ Benefits of this new protocol
~ Significantly decreases EOL programming
~ Frees up bus bandwidth allowing more ECUs

~ Reduces post processing for data transmitted In
multiple CAN messages

nology Incorporated. All Rights Reserved'_____m uz CA ,_——-&“__ w



wessoe B CAN FD AHBIY ISO Standard

MASTERs 2015

> CAN FD = 1S011898-1:2015
» It describes classical CAN and CAN FD

~ Describes CAN data link layer (how digital
Information Is interchanged between CAN
nodes)

» 15011898-2:2016 describes the CAN FD
Physical Layer requirements




. ST TSNS THE—— ==~ _—~
N

MICROCHIP
MASTERs 2015

CAN classic standard format

e 12-bit J 6-bit ~ 8N-bit O<N<8) 15-bit _2-bit 7-bit u3—bit
Sl Arbitration 5 | Control Data CRC Ack End of IS
s |S Field - Field Field Field Field Frame

t (2 a o o

ol B o M O O

78 55083 &

A

Fixed up to 1Mbps

CAN FD standard format

e 12-bit 9Dt 6AN-bit (O<N=<8)  17-pbit /21-bit  2-bit 7-bit _  3-bit
gl Arbitration = Control Data CRC Ack| End of IFS
“s f Field g Field Field Field Field Frame
Sle 2 ™ o
i oDy »n_0O O —IX _

2 2ERRE%%a o 8[2 3

A

A
A

Arbitration Phase Rate J Data Phase Rate Arbitration Phase Rate

Fixed up to 2 / 5Mbps Fixed up to 1Mbps

Fixed up to 1Mbps
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MICROCHIP

MASTERs 2015
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CAN Network Solutions
Bosch Specifications

m Bosch Spec 2.0B (Active)

v CAN ZH(E 157 € HYmeT A
v A]fE 29 bit {Y Identifier (Extended Frame)

v SEEHIHE R R FHARY A A - Bosch spec 2.0A

v );}gzg{ Microchip #yY CAN devices #SE3Z CAN 2.0B
7

v Microchip #Y ATSAM MCU & ¥} CAN-FED £
Support

) CAN202C Workshop



CAN Network Solutions

Bosch Specifications

m Bosch Rev 2.0A

m Bosch 2.0A HY3

SRR TR 2 T R HYRRCES

m Rev2.0A - [
‘“standard fra

(EE U R —

CARCASHY 2880 10 E 2 B (5 5 BELRELY
me message” W&t (11-bit Identifier) .
Elextended frame message (29-bit

Identifier) RIJ&FELE -
= Rev2.0B Passive — [EiASHYE(E I ENRIA A BE

ER S EU &

—-rame)
= R

=1~ 2.0A FHEIRY message (Standard

“Extended Frame Message” , ‘&&= o] &

acknowledge {H 25 ZH&|:— message !
s Z/DGERR AN EEE AR H A A AsE R -8 CAN Bus

13 CAN202C Workshop




CAN Bus H}ER4&ES

B CAN 2l Se R SR YRS A E, BEA BRI L1 7 B ] 2
4 0 EHHEATS WflE [ P 4 Sk il e At

v" International Standards Organization (ISO)

v" Society of Automotive Engineers (SAE)

B CAN #z/E> B /A f T b, EAr AR M el 2 il
fE, KEL, AR EENEDLUR R R es

W U[ER S BHAGES 2478 (Ethemet USB, CAN, etc.), 77 gl Z:4t o8

R A Bl L T IhAE

4 ﬁ%ﬁﬁ"*ﬂ%&.ﬁﬂ’]@mﬁﬁﬁﬁfﬁﬁ

v REHATRYTIRE SR S —RE

v R R A T Y B A

m 1SO/OSI Seven Layer 48555 1605 35 T el S 4R A4

f

14 CAN202C Workshop



BASIC NETWORK OVERVIEW

ISO/OSI| Network Layering Reference Model for CAN Bus

High Layer Protocols (HLP) I\ [ Overload notfieation T

....... -CAL (CAN application Layer) ISO Layers e
------- TCANOREN e Application Medium A . Cg TG

_______ - PCAL (Portable-CAL) Sresentation Medium Access Control (MAC) .

~__-DeviceNet™ — | | -Data encapsulation(de-capsulation)

_______ -SDS™ (Smart Distributed System) Session _._-Frame coding(stuffing/de-stuffing)

-CAN Kingdom ™ Transport |/ [ -Error Detection/Signaling
Network -Serialization (de-serialization)

Data Link Layer| ~“Iphysical Signaling (PLS)

Physical Layer | | - Bit Encoding/Decoding |

15 CAN202C Workshop



CAN Network Solutions

Driver Seat Control Unit v
Oll Condition and Level

Sensor v
Diagnostics and Service Port
Steering Position Sensor y

Engine Sensor Module
v Temperature Sensor
v Alir Intake Position Sensor

v
v Pressure/Vacuum Sensors

Airbag Controller
Environmental Controls

v

16 CAN202C Workshop

ERE _ EHER

Engine Control
Applications

Transmission Control
Anti-Lock Brakes
Suspension Control

Dashboard/Instrument
ation Control

Power windows/Moon
roof

Power Mirrors



SN

CAN Network Solutions

fE IS AR TP

Controller for Swimming Poolv
Industrial Lighting Controller v

Building Networks

Security System
Control Systems

Elevator Control Panel
Lighting control

NS S S AUAN

Systems

Communication Protocol for

Industrial Copier
RAID Storage Systems

17 CAN202C Workshop

Elevator Position Sensor

Emergency Lighting/Warning

v

v

v

v

v

Hospital Bed Controller

ntercept Seeker for
_aser Targeting System

Battery Charger on
Forklift

GPS navigation system
for aviation

Avionics Control for
Model Rockets

Secure Medicine
Dispensing Machine
Network system for
Vending Machines




CAN Bus BYHH B AR

m |SO11898-1 : 7= | CAN Bus #Y Data Link & Physical
Layers

v {EAXEE PMA & MDI

m 5y T SRRESIRE R R R E Y ERE, 1ISO DL SAE LK
ezt CAN BERERYREOK, fESEREL M & PMA (Physical
Medium Attachment) &1 MDI (Medium Dependent
Interface) 25 1ISO 11898-1 K 7E FHHJFEAE
v 1SO11898-2 276 F i~ = 2 8 (S HI A E A & (Up to 1IMbps)

v 1S011898-3 J& (il 8 T i KA A (EHEEAE R &0 (Up to
125kbps)

v SAE J1939 Al HIlE IR (5 e R B M E LR HIIE A

18 CAN202C Workshop



ISO 11898-1 & CAN Bus Fi{EZ EFH

DataLink Layer

Logical Link Control (LLC)

» Acceptance Filtering

« Overload Notification

* Recover Management

Medium Access Control (MAC)
« Data Encapsulation/Decapsulation

» Frame Coding (stuffing/destuffing)

» Error Detection/Signaling

Physical Layer

Physical Signhaling (PLS)
Bit Encoding/Decoding
Bit Timing/Synchronization

19 CAN202C Workshop



ISO 11898-1 ¥ Ep )&
(EELA IS DR HE2RE 2

Physical Layer

Physical Medium Attachment (PMA)
Driver/Receiver Characteristics

Medium Dependent Interface (MDI)
Connectors

CAN High Speed

1SO11898-2:2016 specification
Supports up to 1Mbps bus speed

20 CAN202C Workshop
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CAN / Network Solutions

CAN Bus BYEEIN

= ERRE
= CAN fEE{EZEF R[5 25EH T 8 Byte AYER}
m {EEREEAR VS, (HIAFRHEE
Length (meters) (Bit per Second)
40m 1Mbps
500m 125Kbps
1,000m 50Kbps

CAN Network Hy#R 15

n 2.0B [RAAE(SHERE R 22° (i node

21 CAN202C Workshop






Key Element : Propagation Delay

Transmitted Bit from “Node A"

PhaseSeg1 (FS1) PhaseSeg2 (P52)

: Sample|FPoint
Fropagation Delay | |
|
I

4
“Node A" bit received by: “Node B”

FhaseSeqgl (F51) PhaseSeqg2 (P52)

Time (t)

23 CAN202C Workshop



CAN BUS
LENGTH -v- BIT RATES

m CAN belongs to a group of protocols known as -
‘In Bit Response’ protocols

m Requires that bit time to travel from transmitting node
to node farthest away shall take no longer than 2/3 of
total bit time

m Result Is a reduction Iin bus length with an increase
In bit rate

@ Remaining 1/3 of total bit time allows
m Recelving node to perform bit wise arbitration
m Switch into receive mode If arbitration lost

24 CAN202C Workshop



CAN BUS
LENGTH -v- BIT RATES

m Calculating Max. Transmission Distance for Bit
Rate

m Factors

m  Speed of electrical wave in copper is approx 2/3 of speed of lightin a
vacuum = 2/3 * 30cm/ns = 17cm/ns (t prop-ine)

m Average propagation delay in transceiver = 25ns (t prop-tcwr)

m  Equation - First step approximation
o 213 1 it >=4 * t prop-tcvr T 2>t prop-line
m  Resultsin ‘rule of thumb’ design rules
E 40m at 1Mbit/s (CAN max. bit rate)
= 400m at 100KDbit/s
= 1000m at 40KDbit/s
m Values may change depending on choice of transceiver

25 CAN202C Workshop



CAN BUS
CAN node Number definition

= Number of Nodes in a System
m Factors

m Electrical Characteristics of transceliver
m Application specific drivers

m Real Systems
m Standard Differential Line Drivers - 32 Nodes

m High Speed Diff. Line Drivers eg. MCP2561/2 =112
Nodes

26 CAN202C Workshop



What ISO 11898 Defined vs. solution

7- Layer OS5l

Application

Presentation

Session

Transport

Metwork

Data Link

Logical Link Control (LLC)
- Acceptance filtering
- Overload notification
- Recovery management

Fhysical

Medium Access Control (MAC)
- Data encapsulation/decapsulation

- Frame coding (stuffing/de-stuffing)
- Error detection/signaling
- Senalization/desenalization

Physical Signaling
- Bit encoding/decoding
- Bit timing/synchronization

Physical Medium Attachment
- Dnver/receiver charactenstics

Medium Dependent Interface
- Connectors/wires

Defined by

ISO11898

CAN Controller

Transceiver
MCP2551

CAN202C Workshop




CAN 5V Differential Physical Layer

HE I A CAN transceiver (19111:
MCP2551/MCP2561/MCP2562)

Vce H 4.5 to 5.5V
23 uC FrEHY TX H Rx & A58IHY

e A\ (S5

CANH 71 CANL R 28l {571 EE R

£y OV Zl 3.0V
v AV > 0.9V 7 5 dominant
v AV < 0.5V i 2 recessive Receiver

Up te +/-40V continueus capable on
CANH and CANL pins

+/- 200V transient capable en CANH 120 ohm
and CANL

40m max cable length @ 1Mbps

28 CAN202C Workshop



VR VIRV VY

A7

CAN High Speed Physical Layer

CAN FD transceiver (ATA6562/63 )
1SO11898-2:2016 compliant
Supports up to 5Mbps

VDD 4.5V to 5.5V

VIO - Supply voltage for I/O level
adaptor

TXD and RXD are digital I/O to the uC

CANH and CANL differential bus
> DV>0.9V is dominant (0)
> DV <O0.5Visrecessive (1)

Max rating -27 to 42V DC voltage on
CANH and CANL

Max rating -150V to 100V transient
Voltage on CANH and CANL

29 CAN202C Workshop




1ISO11898 Nominal Bit Level

Dominant
Differantial
Cutput
Range

Recessive
Differantial
Cutput
Range

30—

-

0.05 —

oo

CAN202C Workshop

Dominant
Differential
Input
Fange

¥ 0o

0.5

Feacassive
Differzniial

Input
¥ __1p Range




Comparing MCP2551 to ISO11898

| e et e
drameier nit omments
I W 0 I R i I

DC Voltage on CANH and CANL Exceeds 1SO-11898
Transient voltage on CANH and CANL -150 Exceeds 1SO-11898
Common Mode Bus Voltage Exceeds 1S0O-11898

Recessive Output Bus Voltage Meets [50-11898
Recessive Differential Output Voltage - mY | Meets |50-11898

Differential Internal Resistance - - ke | Meets |SO-11898

00
Common Mode Input Resistance --- k€d | Meets |S0O-11898

Differential Dominant Output Voltage Vo | Meets |50-11898
Dominant Output Voltage (CANH) Vo | Meets |ISO-11898
Dominant Output Voltage (CANL) Vo | Meets |SO-11898
FPermanent Dominant Detection (Driver) --_
Fower-On Reset and Brown-Out Detection _-_

31 CAN202C Workshop



CAN Protocol Basics
CAN iy F B {BBE B4

v [SE AN B3RS i B 2R TS Y X BE
v arrier ense ultiple ccessand ollision
etection with ollision esolution ( /CD-CR)

v Ll Message Fy(5 B EARRIHGEMIEALLE (Address)

v CAN Node =] DIEKE A T ZIE A E R 2K (32 H Remote
Transmit Request HYZ2K) , 81— ERARY =S B U5E
S, HEERHARS RIR (ochIEE 17

v ** CAN Z—fERER, A[SERYEE T T

32 CAN202C Workshop



0N

MA

CD

CR

CSMA/CD-CR

- [ERF KB BRI E I 2 Fil, 75—
CAN node PiZE{EH] bus _EAYEGEN EE — B HAR
AT (o] (S 55 5 B

- ERFENN— BRI NS 50E
2], &5F—{[E node &EH [E Y% o A 5 H S 2
CAN bus

, - AR node 1F [F]—HBF B 2%
Ejgﬂ%\, Al {eT 55@% 8 CAN PNVEESEAEH]H [ 1T
ZEH S

- {5 FH I BRE B O AR LT T APk

33 CAN202C Workshop



CR

CSMA/CD-CR
- JEREERE MR AR AL T Atk

R ERHE 28 24E, ATEEas £ Messages {578 PRiF
H5E R

——~ JJLSE

P T et E R A A T B s B r =k
iE AT A e P B Sh R

{EART A Ry B e s B i S A A o5 — Hs TRl (B Y SR S
B HER N — (o] {E R0V B EHY#E 2%

S 2l E A Ee Y FE oK

v Dominant LK recessive fi7 TCHISREE L EEHE R4 E

v = node AR ETHIEZ AL bus _ERVERIR, tb@@i‘ SN
AR R TE H3AF bus FAYERHE A |

34 CAN202C Workshop



CSMA/CD-CR
CR - JEBR R P 511

K & & Dominate fiz 7T
11 BBt

1 | I 6
001100 1f110

| U

1 | 9 =
vode  EICIENEEIEIEN -

U

&R RAE L Recessive fir TTif
= A, HE S Node A E5E 1R EE

35 CAN202C Workshop




Arbitration({f%%) BYSSREHI

File Control Setup Measure Analyze Ultilities Help

1.00 MSars

3) of5.00 v /div =

!
“T———_ Transmitted a Recessive (High)

/ Detected a Dominant(Low)
|

Lost arbitration

___Transmitted a Dominant (Low)

Detected a Dominant (Low)

l

Win arbitration

EIIWIEI us/div 'InI"u-I It |454_SUUUUD us 4| OI bI

CAN202C Workshop

|

|

|

|

J
-

|
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CAN Is Message-Based

(Not Address-Based)
Messages SRR B (R4, FH— (TRt (B 2 5 — (B
FEAREHE RS T ERAS DLRAB T 4R AH B =l

FrAHVETERL (nodes) S Eamby ERtaD e R, IAEWCE] IR
112 [0 fE ACK (NS CAN EiEAViEESTHAE )

#%{E Node BT/ A E LI L EHECE A ( A] &K FHERAG EGES
EiE =Y Masks DLk, Filters 2RZERL )

N By Y& message-based {YZEfE, node-to-node D Kz
broadcast ( AXFH—{[ELL_EAY node B2 R ) BYEHE B AT 4% H
MHIEIHYERE( message ) 2R {E

HTHY nodes AJ[EH 7 I A Z:dn o, HoAtlh nodes SiA &5 AR LT
node HYIILAM N FS BT Y EE AR

37 CAN202C Workshop



CAN

=Ll Message &z

R

s

(FEELE LA Address B’Jﬂrﬁ%‘%ﬁﬁ‘ﬁ)

Engine
Control

Car
Battery

38

1 | 9 | 6
0011001 110

U

5224 HREYEHE

ﬂﬂﬂﬂlﬂ

U

CAN202C Workshop
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Message Frames
e Data Frame

=y O i
» BRI —(E R E A FrA R R A

® Remote Frame

» B Data Frame & ZFHLL (RA RTR bit g% & 1)
> 1 2R [EIELEHY CAN node EEJZERER 2 A

® Error Frame
y FZRETAE CAN bus |75 $E SR YRS b 5B ]

® Overload Frame

> 2R RIEAHY CAN nodes, WiJH 7S B ZSHTHRHRI 2R B ER I
IR ERHITIRE IR N —{HE B s H ]

39 CAN202C Workshop




Start of Frame

Data Frame

A Wi AEAIZ=CHY Data Frame, {15 [EIRAHY CAN  fh e 57 Ee
A Z=2, (BT SR BRI A

BStandard Data Frame
B {(EET FHY CAN #HEIFTE]TE (versions 1.0 &z 2.0A). KK E
A 11 &7 T HY PP A2 ( identifier field )

— B —a—a—
Arbitration Control DEIF CRC Ack End of
Field Field Field Field Field Frame
™ o
= aELUB g 9 3| S T
a e x| o &) Q| A
ofol [ [ LTI IIIIIIZ0 LTI
11 bits | g Abits 15 bits J
\dentifier i 2| Da CRC |
@ Length
$  Code
04

40 CAN202C Workshop



Data Frame

m Extended Data Frame

= (KIBEFCHTHY CAN {5 E MR EF (version 2.0B).
%ﬁﬁﬁﬁﬁfii( identifier field ) %7~ 29 LT, B0 1
] Message HY#Ei=

5;:
)

— - T -

Start of Frame

Arbitration Control DEIF CRC Ack End of
Field Field Field Field Field Frame
S I ol o|S 8 5|5
a) o|%a|o gl'& zela o alg &8
EMIIIIIIII’/‘IIIIII’/‘II
11 msb " 18 Isb -a% » 4 bits 15 bits \
[dentifier [dentifier E Data CRC
& Length
8  Code
14

41 CAN202C Workshop



Remote Frame

B B Data Frame —&8, A lifEZI=(HY Remote Frame, {4 [GRk4s
HY CAN 154 7E AR ERIA 2= 52, [H T i vl H SR B HIRRAS

BT A EESRERTR AL TR S EE ” IRRRSN, B
Data Frame 2&3252-4H(5]

oA

q’ dl
E l
E Arbitration Control CRC Ack End of
45 Field Field Field Field Frame
™ o
judt Noo) [cel ln e N~ Ine Q O I _
L
g8 5|24z gldzelz 2 8 0 2
- J
» 11 msb n 18 Isb = 4 bits |} ¢ 15 bits
Identifier Identifier E Data CRC 1
o Length
o Code
x
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Error Frame
m Error Frame

= = CAN node {EH[%] CAN FiEFRHV R 2% IREH T
=R EBEEEAE Error Frame

= Error Frames jRHE1R 45H YT HH R 20

Error
Error Delimiter
Flag (EFFfrIT)
(HEFEArTT)
6-12 bits
Superposition of

Error Flags

43 CAN202C Workshop



Overload Frame

@ Overload Frame

= —{[E node 7522 HYHFE] AR P 3 AT REUHT SRR,

@29_% L Overload Frame

s EEIFLOT/ VIR EEER (5D
J@éﬁé%

21 3 (& recessive bits)

o F‘il%ﬁzin (Intermission) {55 CAN node & H3 i A

S

—Il—

Overload
Flag

6-12 bits

Superposition of
Overload Flags

44 CAN202C Workshop
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CAN ¥t Error By

5T IERERYEIEE A, CAN B3RS E IR st e 5
T EF s, B A [F AV (RS H 2 35 :;-%H“b
el S E( FRYE CAN #EfIES EHFHY Error State )

= FE{E messages [Y5E LM

n R EIEEAEHY node fife BN $ A T Ry (Fault

Confinement)

n  [KIESERRIEFEAY RN [E], CAN AV node B fs FHIE HHY L{ER
TUEE T ZE A\ S8 EREARAVINAS

n A GHREGERERY node R &R (R BAERY node [K
Ry NI A S0 (B A T (SR B A R B A
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CAN H{E ARy S TEgERR

CAN Message

L Arbitration Control Data CRC Ack End of
8 Field Field Field Field Field Frame

lllllllllllllllllllllllllll-lllllllllllTllllllIlIlIl

» CRC Error
> 15-bit i) CRC & HEIHY#EIN A# FH 2L 1Y Message 2 CRC

fRafr
> FAA node Erf#UL Message, WigTH CRC £ EL#2ULF#Y CRC

ERHHEEE
> & M# CRC AHFERIM R284: CRC $EaR 7 H A4 —1(
Error Frame

> {Hix Ik message HY CAN node {5 HI 2l b 55 3R & 15F BT K IR
A HY Message

46 CAN202C Workshop



{1

PALLY

CAN HB[{EHIHY S TEFERR
CAN Message

Arbitration Control Data CRC Ack End of
Field Field Field Field Field Frame

LL
O
0]
SEEEEESEESESEESEEEESEENEEEEENENEEEEENENEEEEEE EEEEEEEE

> Acknowledge Error (4 “EHIKNE]" frrag4)

> [EHEHHY node £ Ack Slot B tads Ack firoT, HERFEiEH —
{[& recessive fir Tl &G AW E] dominant {i77T

> IS{EHE] dominant fiztEs 4k, Fonz/ DA —1lE node 1
FEHN 7 %] Message

> B A Ack SEERERE, RELE—E  raREE(Error
Message)” il B2 & LAY =k

Pl
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CAN H{EHIHy 3 pE R

CAN Message

/.

L Arbitration Control Data CRC Ack End of
8 Field Field Field Field Field Frame |
EEEEREEREEEEREEEEENEEEEEEENEEENEEEEEEEEEEEE

» Form Error
> “1F—[& node 1+ CRC Delimiter, Ack Delimiter, End of Frame
(EOF) field =k, Interframe HYfEIFE{EHIE]AE dominate fi7 TRl ZE
A4 —(l& Error Frame #kFg5HH2%4 T Form Error
> JFE 4T message BHE Error Frame 45518 E5 1%

48 CAN202C Workshop



SOF

CAN m[{EHIHY X s sEER
CAN Message

Arbitration Control Data CRC Ack End of
Field Field Field Field Field Frame

a

Stuff Error

> CAN I EBHENESR , A A DIAEZ 5 {[ERFEAE [ERY bit
EAETEA, SN 5 ETEEIRY bit (2 —(E S A3HY bit
> YIERA 6 fH[EHY bit I SOF DL CRC Delimiter [E7EH4E2 4

, B Fyi2 2 1 i etEse ( bit Stuffing ) BYJFEEI, #FEAE
Error Frame A ] S H Ry s

> JEZEHN message #EHAE Error Frame 45518 B 7
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CAN B[{EHIY B s R

CAN Message

LL Arbitration Control Data CRC Ack End of
8 Field Field Field Field Field Frame |
TllllllllllllTllllllllllllll-lllllllllII-IIITIT T

> Bit Error
> EE RIS Bk YS9t
Al Bit Error 254
> MR -
> fhZFk (arbitration) AYIEE N &3, Error Frame ( FEXEAY(PEAZRF)

> 1F Ack bit FYIE R (R B E ka5 recessive 1] ACK M3k
dominate - #2#E[Y acknowledge £ +)

il

R HHIHAE CAN Bus [AYAR[E],

0] CAN202C Workshop



CAN HH58 0 R B R
(& CAN node =75 o5 H 1LY A DL R i

a1 #es (transmit DL Kz receive error counters) TEC i

Error Active Error Active Error Active
Counters Counters Counters
NOde TEC: 000 NOde TEC: 000 NOde TEC: 000
1 REC: 000 2 REC: 000 3 REC: 000
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CAN HfgE R BYERENEY PR
> MR1E node FrlvViRREA[E], 3% CAN bus HYEE 17

PR %L (Active > Passive > Bus-Off)
> WIRFET Bus- Off fyIREE(%{E ( TEC > 255, CAN

node H[Rf H B & iE 58 ERESHINAE
Error Active Error Active

Error
Counte rs
TEC 000
REC 002

Erro r
Counters

Error
Counte s

TEC 256
REC 051

*

A
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CAN ¥RV ERELHYFR il
> B HE A Bus-Off ARBERY node ; CAN EE T1E]H
(recovery) HYAEFE DA {EE B (] BT EE) (Active) jARE

> AEEAYMCE BT DARG (R ErEESEERAY node Fr4EIV(E A TR
T A FE I

Error Active Error Active Error Active

Error
Counters
TEC 000
REC 000

Error

Counters

Error
Counters
TEC 000
REC 002

J!
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CAN BUS
ERROR HANDLING

> Error States
» Error Modes - State Transition Diagram

Reset

REC > 127 or
TEC > 127
and TEC <= 255

REC < 127 or
TEC < 127

Error Passive

TEC > 255

‘Normal Mode Request’ 128
Occurrences of 11 Consecutive
‘Recessive’ Bits
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Error-Active ( BSFERAYEE R

1

—t
N )

CAN node =] Dl F &R B ER S (messages)

Error-Frames (—HEEE Y TAERE)

e HIZFEERHF, CAN node #&FDLiEH & Error Frame

IF {25y message

({55 FH 6 {lE dominate {i7 THY Active Error Flag)dy 7 =&

SIRHIBUEZE S T ALTCAE TR AL, P DAY CAN

node H7 i E4 =M E /Y Error Frames (78 Bz

FEEFE -> Error Echo Flags)

o R E A SR g e, I ISR F S (TEC 8¢

REC ) R# = rY R RS 21
— HError Frame 525 1&, bus By 58] X
> Message ;& i BT (e Ak 1!
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Error-Passive ( J5fExEY 2R 5] FE )

= TEC =¢ REC =t8zsiEd4% 7127, CAN node S5 A
Error-Passive BYREE

=z fjs Error-Passive ;RFERY node {EHIRISEER S5

S
|
L

H 722 HH—1{[E ] Passive Error Flag ( 6 [ recessive {i7j¢

)4H [ Error Frame

{5 Passive Error Flags HY Error Frames & sl 28

) Message
i B e | Bas ( TEC 24 REC ) [/ Il 2= 110

= Error Frame 5Z%12&, &~ Error-Passive HY node &%

FILL N RIS SR & HEEEE 25

> 1F dominate it Tt %A 3 {[E intermission BYALTCH0E 8 {Efr

JUHVIRF I FE
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Bus-Off jREE
& TEC siiEs{EiEas 255

> PElEarE A Bus-Off

IARE

JIEEFHY CAN node sRHEEEA SR BT (AIHY message

BRI RE

S RIAZRE, CAN node HJEfE

IARE

> PEGEIIERERY  “bus recovery” 2

S

|

2l Error Active

NEE Y SPAN

Bi¢

m 11 {FE4EHY recessive fiL Ta54:128 2 1

> A I S BER AG HY B

EN=EUlE

> RHEEEsERERR. “Configuration mode”
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Bt o (L HHYHY E

CAN nodes F (KGR EL EEAE
EI’J?W%U

——a

=

S

p, N
_.l%\\ % o~

ﬂr{

= FhHBC D EAMTES bus

78 DA = RERREH R A B D22 s e HY BEK

> Error-Active (IE& IVERERER)

> Error-Passive (JZ2%] bus BYEE T HERHK)

>  Bus-Off (4 £#25%#] CAN bus)

A[5] Error-States [ 7= AE el azHY node &% 1A #7[ R

T A

CAN ¥ gEaRErAYEE IR (Fault Confinement) wffjjiEA
ey node [H5-EE{[E A B & 12

58 CAN202C Workshop



Microchip CAN Solutions
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PIC18Fxx80 %4
A< CAN/ECAN Controller BYE

64Kb PIC18F2680 PIC18F4680 PICI8F6680  PIC18F8680
NW/EIS/ECAN NW/EIS/ECAN ECAN ECAN
48Kb
PIC18F2525 PIC18F4585 PIC18F6585 PIC18F8585
NW/EIS/ECAN NW/EIS/ECAN ECAN ECAN
32Kb PIC18F258 PIC18F458
CAN CAN
16Kb PIC18F248 PIC18F448
CAN CAN
28/40/44Pins 64/80 Pins
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e\

MICROCHIP

PIC18(L)FxxK80 ;

£

Integrated CAN Controler & 12b ADC

Features & Memory

PIC18F26K80
64KB / 1KB EE / 3648B

PIC18F25K80

32KB / 1KB EE / 3648B
8x12b ADC, 2xComp,
ECCP, 4xCCP, CTMU,
MULT, IDLE, PMD,
2XEUSART, SPI/MI2C, CAN

PIC18F46K80
64KB/ 1KB EE / 3648B

PIC18F45K80

32KB / 1KB EE / 3648B
11x12b ADC, 2xComp,
ECCP, 4xCCP, CTMU,
MULT, IDLE, PMD,
2XEUSART, SPI/MI2C, CAN

PIC18F66K80
64KB/ 1KB EE / 3648B

PIC18F65K80

32KB/ 1KB EE / 3648B
11x12b ADC, 2xComp,
ECCP, 4xCCP, CTMU,
MULT, IDLE, PMD, DSM,
2XEUSART, SPI/MI2C, CAN
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AW 16-bit MCU with CAN

64-144 Pins
Motor, USB, 2xCAN,
PMP, Aux Flash

MICROCHIP
dsPIC33EP512MU
70 MIPS
280-536KB / 28-52KB

Features/Memory

N —
e dsPIC33EP512GP/MC5
70 MIPS UL s
32-256KB | 4-48KB 32 - 512KB / 4 - 48KB
28-64 pins %/I8-t64 Op Amps, CAN
0 Or! p pS, 2
Motor, CAN, Op Amps ) PPS
N Y dsPIC33EP512GM7
PIC24HJ256GP dsPIC33FJ256GP/MC7 78 MIPS
40 MIPS 40 MIPS 128-512KB / 16-48KB
32-256KB 64 -256KB / 8-32KB 28-100 pins
28-100 pins 64-100 pins Dual Motor, Op Amps
CAN Motor, CAN | ' ’
J y) _ CAN, PPS
Y ™
O s J128GPMCS dsPIC33EV256GMO
70 MIPS, 5V
64 -128KB / 8KB 64-256KB / 8-16KB
28-44 pins 28 — 64 pins
Motor, Audio DAC, CAN, Motor CF,)AN OD AMDS
PMP, RTCC V. \ ’ e alll

PI1C24 dsPIC
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PIC32 Family

MICROCHIP

A

Features

PIC32MX1/2/5
40/50 MHz
64-512KB / 8-64KB
64/100 pins
USB, I12S, CAN,
PPS

PIC32MX1/2
40/50 MHz
256KB Flash

64KB RAM
USB, I2S, CTMU,
PPS

PIC32MX1/2
40/50 MHz
64KB-128KB Flash
16KB — 32KB RAM
USB, 12S, CTMU,
PPS

PIC32MX1/2
40/50 MHz
16KB-32KB Flash

4KB - 8KB RAM
USB, 12S, CTMU,
PPS

P1C32MX3
40 /80 MHz

32KB- 512KB Flash
8KB — 32KB RAM
GP

PIC32MX7
80 MHz
64KB- 512KB Flash
32KB - 128KB RAM
USB, CAN, Ethernet

PIC32MX6
80 MHz
64KB- 512KB Flash
32KB - 128KB RAM
USB, Ethernet

PIC32MX5
80 MHz
64KB- 512KB Flash
16 KB — 64 KB RAM
USB , CAN

PIC32MX4
80 MHz
32KB- 512KB Flash
8KB - 32KB RAM
UsB

PIC32MZEC
200 MHz
1MB- 2MB Flash

512KB RAM
USB, CAN,
Ethernet, EBI, SQI

PIC32MX3/4
100 MHz

64-512KB/16-128KB
USB, 12S, CTMU,
PPS

40/50 MHz

40/80 MHz

80 MHz

100/120 Mz [[LNZOOMHEI
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S

CAN Transcelver and

MICROCHIP Peripheral Products
MCP2561/2 MCP25625 MCP2515
High-Speed CAN Controller Stand-alone

CAN Transceivers W/HS CEJANUTra;scelver CAN Controller
Vio [1 RXD \_/I
= STEY NG 2] b7 vopa Txean Ot 18[J VDD
= = ves RXCAN ]2 171 RESET
[ 7] CANH oTBY o CLKOUT/SOF (|3 16[1TS
ABfcAaM TXIRTS [g] 3 TXORTS THORTS [ ]4 E 18[150
E [5]5PUToOr Vio i TXS:S% g';giﬁ THIRTS[]5 g 1475l
___________ 0sc1 [g] bg TXCAN ToRmTELls = 13[dsck
i o 1 voo T
Automotive Grade? R)iglt-j]ﬁ % g:E?E; 1??::;05,:
_..GAN 150 11898 Compliant = P veds o
SPLIT Option (common mode SoK B !

stabilization)

VIO Option (internal level
shifting)

CANH/L ESD > 14kV
Standby current < 5uA (Typ)
-40°C to +150°C
DFN/SOIC/PDIP 8L packages

!Meets OEM Hardware Requirements for
LIN, CAN and FlexRay Interfaces in
Automotive Applications”, Version 1.3, 2012

Automotive Grade

CAN 2.0 up to 1 Mb/s
Operation

Very Low Standby Current (10
HA, typ)
Up to 10 MHz SPI Clock Speed

Interfaces to MCUs with 2.7V to
5.5V /O

Available in SSOP-28L & 6x6
QFN-28L

-40°C to +125°C

CAN V2.0B at 1 Mb

2 receiver buffers, 6 filters and
2 masks

SPI interface up to 10MHz
Vdd 2.7V to 5.5V

Sleep mode current < 1uA
-40°C to +125°C

18L SOIC/PDIP, 20L
TSSOP/QFN

ISO-16845 DIS CAN
conformance

AIPD
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@ Microchip CAN & CAN FD

MICROCHIP -
Network Solutions
iCAN H/L CAN H/L i CAN H/L
CAN PHY CAN controller with
interated PHY
Can controller MCU with integrated $ SPI
¢Sp| CAN controller MCU
Microchip Solution Suggested Products Descriptions
. ATA6560/61
. « ATA6562/63/64 e CAN classic and CANFD

CAN transceiver (PHY) + ATA6565(Dual CAN Trx) compliance

. ATA6570 (Partial Networking)

e MCP2515
CAN controller . MCP2517ED Pl o CAN o .

. . o] classic bridge
QAN controllerW|t.h . MCP25625
integrated transceiver
MCU with integrated + 8- b|t/16 bltllglzz bltKl\gCUPsKv:vitShFEgéls\lor)noduIe(s)
xXK8x
CAN controller . %F&'C?’?’F dsI£IC33E
«  PIC32MYX, PIC32MZ
. SAM V7x with CAN FD controller
+ SAMC21
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Exercise O
CAN Bus Monitor
Introduction
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EDU1003 (APP044) f&§5#y CAN Bus Debugger

2 i MICROCHIP
L;_ﬂ 5 EDU1003 v1.10 20160322
1 Multi—-Function EUM Board

; A ca U2 s X1 2 A e / SN
; . PR N i i Wiy,

3 ¥ . I - S 7“:0 )
| & = E - v <
jad-a|0101 D102 S== _ - Szl g \/\ 2
i | D103 DI04 “—NTas - g = &[] ! = A 1

s [VIN 5V

=

C!

IS AA Y

,
;
iz

"

i

A B

13—~

N i & e

K

Eh
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Exercise 0 — @& {& FH EDU1003(APP044)

it 250y CAN Bus Debugger 2 =(E & ex T.5
Program & APP044

> CIA\RTC\CAN202C_V2\CAN202C_ExO0_Monitor
ZEA T Tera Term B2 ImARE A
s, USB CDC 2L 8 Y5 B T\ 2745 T i
i CAN Bus Debugger Wiifm & HE{F2 S IEF

(i
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EDU1003 (APP044) FR =]
{#FH dsPIC33EP512MU810, /5 USB & CAN
{sHF Microchip $2{tFy USB CDC #£E » H A (FXIRIRI SR ZLE R (v PAFE

Tera Term)
> [REHZE CAN Bus Eiflh - i AT ifEss ohae - nlaxdiHiEl Message

%

T COM7 - Tera Term Em
T: Dec ID=1024 DLen=8 Data = 45, 00, 56, 00, 1, 00, 60, 00 -
T: Dec ID=1024 DLen=8 Data = 46, 08, 56, 00, 1, 006, 60, 00

T: Dec ID=1024 DLen=8 Data = 46, 00, 56, 00, 1, 00, 00, 00

T: Dec ID=1024 DLen=8 Data = 47, 08, 56, 00, 1, 00, 60, 00

T: Dec ID=1024 DLen=8 Data = 47, 008, 56, 00, 1, 00, 00, 00

T: Dec ID=1024 DLen=8 Data = 48, 00, 56, 00, 1, 60, 00, 00

T: Dec ID=1032 DLen=4 Data = 255, 11, 00, 00

T: Dec ID=1032 DLen=4 Data = 255, 11, 00, 00

T: Dec ID=1032 DLen=4 Data = 255, 11, 00, 00

T: Dec ID=1032 DLen=4 Data = 255, 11, 00, 00

T: Dec ID=1032 DLen=4 Data = 255, 11, 00, 00

T - RTR : Dec ID= 512 DLen=0

R: Dec ID= 512 DLen=8 Data = 37, 25, 9, 0, 1, 2, 3, [
T - RTR : Dec ID= 512 DLen=0

R: Dec ID= 512 DLen=8 Data = 38, 25, 9, 0, 1, 2, 3, A
T - RTR : Dec ID= 512 DLen=0

R: Dec ID= 512 DLen=8 Data = 39, 25 0, 0, 1, 2, 3, A
R: Dec ID= 512 DLen=8 Data = 40, 25 0, 0, 1, 2, 3, [A
R: Dec ID= 520 DLen=4 Data = 125, ¥ 0, 1, 1, 2, 3, A
R: Dec ID= 512 DLen=8 Data = 42, 25, 0, 0, 1, 2, 3, (A
R: Dec ID= 520 DLen=4 Data =125, 7, 0, 1, 1, 2, 3, b
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EDU1003 (APP044) f5 51y CAN Bus Debugger

> DIP-SW6 Pl AN B /S HENLE
> ON = 16 #Efir , OFF = 10 #E({if

> DIP-SW1 =5l EDU1003 7%

i

H Message [

> ON = High Speed , OFF = Low Speed
> DIP-SW3 #2&%] EDU1003 HY Message ID
> ON = 0x400 & 0x408 , OFF = 0x600 & 0x608

= \
,,»‘”,_/—

CAN202C Workshop

< LED2 %:' LED1
BT4 -

m%‘r’:”_ﬁ—ﬂ




i

PRER

{5 Tera Term &

> Tera Term BY{5EH
> #%EHY Serial Port
> $5/3 EDU1003(APP044) Fii{Ey COM Port
> WERFEERV/N - A DIE Setup Djgez= F{ZX Font !

—

Tera Term: New connection

() TCPHP Host: imyhost.example.com
History
Telnet
@ SSH SSH version: [SSH2

Other
Protocol: |UNSPEC ~

© Serial Port: | COM7: USB Serial Port (COM7) =
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EDU1003 55 Hy CAN Bus Debugger

> % N BT4, £H EDU1003 #y CLOCK Message
> 0x400 or Ox600
> ¥ T BT2, A4 EDU1003 7Y VR1 Message
> 0x600 or Ox608
> Eﬁ BT3, £t ¥ Message ID = 0x200 #Y RTR =5
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Standard CAN HYEA support

m Standard CAN ( Mode O, legacy Mode )

m  Programmable bit rate up to 1 Mbps

m  Three Transmit, 2 Receive Message Buffers

m  SiX Acceptance Filters, 2 Acceptance Masks

= Wake-up on CAN message functionality

m  Programmable time-stamp operation

= Multiple operation modes
m  Supports to recelve/transmlt Remote Frames |

ilter

ilter

ilter

Acceptance Filter

_______________________________________

_________________________________________________________
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ECAN

ECAN

Microchip Hy ECAN solution
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PICmicro®s ECAN Module — PIC18F

= PIC18F Ay ECAN module ZjgELL Mode O HY
B ERR R SRS FHARY PIC18FXX8 MCU H1y

Standard (Legacy) CAN module
= PIC18F iy ECAN Engine mJZE{EFRLL T 3 T\
m “‘Mode 0 Legacy Mode ~ =<
s “Mode 17 Enhanced Mode )
= “Mode 2° FIFO Mode  ECAN

= Modes 1 and 2 =] L7 #2 DeviceNet Fyi# €
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dsPIC33EP Family
ECAN Engine

CAN202C Workshop



PICmicro®s ECAN Module — dsPIC/PIC24H

m dsPIC33F N7#RrY ECAN module IHEEEE PIC18F

HYZE S B > =

- R E AL & Ry 1 EEE A (S YA

e LA IR 2T R3S

s 32 (i Message
m Buffer 0..7

Buffer
A[FHE B Transmit/Receive Buffer

s Buffer 8..31 m]}HE] & Receive Buffer
s Receive Buffer B]LLH FIFO By 5 =k EEUE R

Ll DMA ZR52 1%

CAN IE A DL R UL

AL Es € B &)=
16 {[# Acceptan

17

7= Remote Frame
ce Filter DL & 3 {l&] Acceptance Filter Mask

~721% DeviceNet™ BESRHA E HEAA T
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dsPIC33EP %%I MCU N FirZes4akE

Figure 7-1: dsPIC33/PIC24 Family PLL Block Diagram

0.8 MHz < FpLLi < 8.0 MHz 15 MHz < FeLLo(") < 120 MHz @ +125°C
120 MHz < Fvcol!) < 340 MHz 15 MHz < FrLLol!) < 140 MHz @ +85°C

+ N1

= N2

iR T

PLLPOST<1:0>

PLLDIV<8:0>

Note 1: This frequency range must be met at all times.
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dsPIC33EP PLL &GHERNE

FEAYN(EETFEE — PLLFBD & CLKDIV

{* Configure Oscillator to operate the device at 60Mhz
Fosc= Fin*M/(N 1*N2), Fcy=Fosc/2
Fosc= BM*00/(2%2)=120Mhz for B8M mput clock */
PLLFBD = 58; * M=60 */
CLKDIVbits.PLLPOST = 0; * N1=2*/
CLKDIVbits.PLLPRE = 0; f* N2=2 *{

Equation 7-2:  FpLLO Calculation

NI x N2

M (PLLDIV + 2)
FPLLO = FIN X ( ) = FIN X ( )

(PLLPRE + 2) x 2(PLLPOST + 1)

Where,

N1 = PLLPRE +2
N2 =2 x (PLLPOST + 1)
M= PLLDIV +2
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dsPIC33EP ECAN Module & DMA

B PIC18 ECAN R[5 » dsPIC33EP ffJ ECAN
module H1SE] DMA HY support B A &R

Figure 21-2: @ ECAN™ Interaction with DMA

™ Message Buffer
ECAN™ Module (Device RAM)

X
ECAN Reques.t’ Message Buffer 0

Transmit TX DMA Messag:e Buffer 1
Register Interface DMA |
(CiTXD) ‘ Channel ‘ |
i |
|

CAN
Protocol
Engine

|
Message Buffer 7
Message Buffer 8
I

ECAN » DMA

Acceptance Receive Channel
Filter 0-15 Register

(CiRXD)

|
Message Buffer 31
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dsPIC33EP ECAN Module & DMA

ECAN &iRMe ik
e F oK (EH 2 &Y ECAN buffer BEf)) DMA HYZEHH

iz E i TX #9 DMA channel SEH1f## DMA &
i<HY buffer 37 H H_J‘E k2% 2| CITXD @?f 1=

ECAN ZkHR
A5 ER RX DMA channel 7% A MAB Y&
R R 5% DMA E@%p

RX DMA channe CiRXD #{z =58 Bl E B 5
AF5EHY ECAN buffer

ECAN EfME £ EEEIT=E 2 FH—(ff DMA Channel
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dsPIC33EP ECAN Module & DMA

dsPIC33EP ECAN module Y Buffer 45540
32 {[i] Message Buffer

32 {[i Buffer & a]fd#H =] & RX Buffer

Message Buffer 0..7 1] LIRS A TX g RX
Buffer
32 {i&] Message Buffer =] DIz EFME(RHY RAM [&
5] > EWVEE AR [ IR
B Message Buffer jZ& > Dual Port SRAM e
DIsE 7 DMA &0RHERH A5
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dsPIC33EP ECAN Module — T X Buffer

> TX Buffer : 552% 8 i — PEJ> Message Buffer 0..7
> &4 TX Buffer a]f&1r2%E Priority

Figure 21-8:

ECAN™ Transmission

Transmit Message

Device RAM

SID<10:0>

11

0

SRR IDE
|

Message Buffer 0

EID<17:6>

0

5 10
EID<5:0>

9
RTR

RB1

7

5

4
RBO

DLC<3:0>

Message Buffer 1

/

Data Byte 1

Data Byte 0

Message Buffer 2

Data Byte 3

Data Byte 2

Message Buffer 3
(TX)

Data Byte 6

Data Byte 4

Message Buffer 4

[SID] SRR | EID] RTR [ DLC| Extended
NN , Identifier
N /
*{SID| RTR|DLC) / standard

7

N , Identifier

/
/

IO OO .

Data Byte 7

Data Byte 6

Message Buffer 5

FILHIT<4:0>

Message Buffer 6

uonesiqly Ajuoud Jwsues)

Message Buffer 7

\

ECAN™ Data Frames
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dsPIC33EP ECAN Module — RX Buffer

Figure 21-13: Buffer Selection and DMA Transfer
ECAN module 28355 16
’f Fl It er ECAN™ Buffers in Device RAM Start of ECAN Bufers

=—(F Filter B LL{eE

Message Buifer 1

Message

IHl—{ Message Buffer fanerbl :

Transfer

FRBP Zci57Es Filter hit S
1T Zr I ) DMA 567 -

H5 Message Buffer
0..14 w] Dl Filter fi—% B
— E/\j TE fE_i Filter Buffer Pointers (0-15) .

Filter 0 Filter Match FOBP<3:.0>

1
Message Buffer 15..31 HI|
” 1
o X
1F FIFO Mode BEa] DLy oorDotneq [ —Eers — e
Acceptance - ;
Accep
1%% oTE)
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dsPIC33EP ECAN Module — RX Buffer

&= RS F FIFO mode B » 55261 DIA 32 i Receive
Buffer

Figure 21-14: Receiving Messages in FIFO

Filter Masks Message Acceptance Filters Device RAM

MASK 2 s Filter 15 _ -~ Message Buffer 0 FIFO
- - -~ -
MASK 1 - - Message Buffer 1
MASK 0 - i ; -/ FIFOBuffero /"

Fiter 0 i T /o [ FFoBuffer1 [

T

Message Buffer 5 FIFO Start II‘

) |
|
|
|

1
1
1
! [
Message Buffer 11 | riFO End \
1 1
I h 0 \

~

N \
~ \

|
: \
'i ~ Y FIFOBuffern \_

Message Buffer 31

Note 1: The Acceptance Filter Buffer Pointer (FNnBP) should be ‘1111’ to store the received message in FIFO.

2: The starting address of the FIFO is specified by the FSA<4:0> bits (CiFCTRL<4:0>). In the figure, FSA <4:0> = 00101.
3: The end address of the FIFO is specified by DMABS<2:0> = 011 (CiIFCTRL<15:13>).
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dsPIC33EP ECAN iz jtaH % s Bs e

Figure 21-17: ECAN™ Bit Timing

1TQ-8T
= —| Prop Seg |L>Q
| CiCFG2<PRSEG>
I 1TQ-8TQ
Fcan BAUD RATE | N Fra —| Phase Seg1 I—P
PRESCALER | ™ |=2|————*>
: Time Quanta ﬁ
I CiCFG2<SEG1PH>
' 1TQ-8TQ
1:64 — Phasjﬁ;gz —
T CiCFG2<SEG2PH=>
CiCFG1<BRP> 1T
—| Sync Seg |—Q>
CICFG1<SJW=>
Time Quanta
Time Segments gigc Propagation Segment Phase Segment 1 Phase Segment 2
<1 TQ» -—1TQ-8TQ > < 1TQ-8 T—r ——w——1 TQ - 8 TQ——>]
Sample Point
< CAN Nominal Bit Time >
- 8TQ-25TQ -




>

dsPIC33EP ECAN Engine Clock g% %E

[l

A [

EC NSRRI

> N = & bit sHEHY TQ Bi=

> FBAUD

> FCAN

Arae ERY CAN 415 2R
CiCTRL1.CANCKS 7E

Equation 21-2: Time Quantum Frequency (Ftaq)

87
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dsPIC33EP CAN Mgnual ¥ CANCKS
. 1F CCTRLL {525 ¥f CANCKS {ynifsts

Register 21-23: CiCTRL1: ECAN Control Register 1
U-0 U-0 R/W-0 R/W-0 R/W-0 - R/W-0
— — CSIDL ABAT CANCKS REQOP<2:0>
bit 15

R-1 R-0 R/W-0
OPMODE<2:0> CANCAP

bit 7

Legend: r = Reserved
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0’ =Bit is cleared X = Bit is unknown

bit 15-14 Unimplemented: Read as ‘0’
bit 13 CSIDL: Stop in Idle Mode bit

1 = Discontinue module operation when device enters |dle mode
0 = Continue module operation in Idle mode

ABAT: Abort All Pending Transmissions bit

1 = Signal all transmit buffers to abort transmission
0 = Module will clear this bit when all transmissions are aborted

CANCKS: ECAN Module Clock (FcaN) Source Select bit
1 =FcaNisequalto2*Fp
0 = FcaNis equal to Fp

CAN202C Workshop




CAN Message YL 4SS

CAN Message

Arbitration Control Data CRC
Field Field Field Field

SOF

Prop Seg | Phase Seg 1 | Phase Seg 2
T

HtE 2L (Sample Point)

(& CAN HY message bit ‘& 4 & Segment Fr4H K

89 CAN202C Workshop
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End of
Frame



CAN Message VAL TTESE

~

s &l CAN {iLT » B 4 {EEFRFHIEE T

s CAN ¥ Bus {Z5EIYHIEEEE#E 2 E4F Phase Segment 1 il
Phase Segment 2 fy%2 5L

Input
Signal

Bit Sync Propagation Phase Phase
Segment | Segment Segment 1 Segment 2

Time
Intervals
TQ

Sample Point

- @@ Nominal Bit Time
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CAN Message B TSRS

m & Bit Timing Segment 2 H B8 ([ B (17 F el &b e, T8 /&
Time Quanta (TQ)

Prop Seg Phase Seg 1 Phase Seg 2

T | T/ | T | T | T | T | 7@ | T@
1-8TQ 1-8TQ 1-8TQ

1TQ

> TQ HHEES % E 2*(BRP + 1) (Tosc) -> (Tosc = 1/Fosc)

> H 4 Baud Rate HYFHFREs (BRP) k555 TQ HYHFE]
> Min =11, Max = 1:64
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cE — = 2
SIW EEA TR HIER % (1)

HAEEY CAN &R - dm AGRaRM4r& A E Sync Segment =1 ([EE & 1 TQ)

1%%; Tﬁ%ﬁ%ﬁ@% > HIE R e mek2% | iy H. CAN Engine 77 tEAY clock t75 1

=/ HY ﬁ;’t%l:n: :

A& CAN 2 FE{HIE clock (B574a% 7 » AT AEE T HgesE (S 950y Edge 2K [E]5

=& Message iy SOF fiz tEl & CAN Bus HYREES [E]25

SOF 1zB[{# H{E550Y Edge + SIW 2k [E]25 (FrLL CAN H {7 TiE seHY ] )

Input
Signal

Bit Sync  Propagation Phase Phase
Segment | Segment Segment 1 Segment 2

Time
Intervals

TaQ

Sample Point

- @@ Nominal Bit Time
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SIW EEfir TTRIZHIEER(2)

E{EHHVEGORE] I Phase Segment 1 > (XFRHa A (S5
% 17 32{H CAN node Y Timing

o [LHFHEH SIW Zk it Phase Segment 1

o JERNFHEHVR AME F SIW SERIF (5x2%4TQ )

Input
Signal

Bit Prop Phase Phase
Time Sync Segment Segment 1 < Segment 2

Segments

TQ
Sample Point

Nominal Bit Length
- Actual Bit Length
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SIW EEfir JTRIZFHIEER(3)

E159HVES % E I Phase Segment 2 » (U3 A (S il
UTiJI i CAN node HY Timing

o [LHHEH SIW Zk4a%d Phase Segment 2
o FedEFEiFEIHY R ARME F SIW SERVIFHE (52 %4TQ)
o =t /(0] Phase Segment 2 FYHFRIEE >= SIW By F R

Prop Phase Phase
Segment Segment 1 Segment 2

Sample Point
44— ————— ActualBitLength ————— P
- NominalBitLength O O @@
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ECAN Module Initialization
:TE & Bit Rate Register BNEx E{E

SHERAEIAT
s ZEFRY baud rate & B

s # A CAN Engine FY/E3% By Fcan, 38HH Ry Tean
m 55— bit PruhiFRE] =Thit=1/B
TQ =2 * (BRP + 1) * Tean (A3 1)
TQ = Thit / N, N 245—( bit &1 TQ H&E (A= 2)
(A= 2 (RA A= 1)
f£ 8 <= N <= 25 FfikfF I » B (HECRATRERY N - Jf Ho e s T
%2 BRP {E R 5y

= ¥ BRP & A CiCFG1
m Phase Segment2 = SJW = N * 0.30 (H{%&)
= SIWHIRAER4TQ

= Prop Segment = 4 ({5 FimdRHY RS 058 752 5%5)
m  Phase Segmentl=N -1 -4 - Phase Segment 2
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ECAN Module Initialization
:THE % Bit Rate Register B&% E1H - Ea

= ff CPU 3ty /E???% 120 Mhz fyfsd: M= 125 kbps
1~y CAN Bit Rate (%7€ Fcan = FP=60Mhz)
m Thit=1/125kbps =8 uS
= ZEHUN = 20,
m (Fosc/N) /(2 *B) = (60MHz/20)/(2 *125kbps) = 12
= BRP=12-1 =11 (%550
m Phase Segment 2=SJW =20*0.30=06

. SIW W NE Ay 4
m Prop Segment =5

m Phase Segment1=20-1-5-6=38
gz A CICFGL & CICFG2 P {7 s Y4h R

m BRP<5:0>=11, SEG1PH = 7, SEG2PH =5, SJW = 3,
PRSEG =4
96
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Ecanl_config.h 523 CAN Timing BVEZE

o TFEIHIFRFLH » dSPIC33EP #hiHE( A 120Mhz &
gy A B A S EIIEE B A CPU [ Y2

o 7E:1HY Bit Rate & 125K
s bit 7Y TQ =5 20 (5K 5525)
o IHEIHIAY BRP-VAL f¥& %&aﬁﬁﬂuﬁﬂ :

/¥ CAN Baud Rate Configuration
#define FCAN  60000000L
#define BITRATE 125000

#define NTQ 20 // 20 Time Quanta in a Bit Time
#define BRP_VAL ( (FCAN /(2 * NTQ * BITRATE)) -1)
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Ecanl config.c ¥ CAN Timing B3l

# Synchronization Jump Width setto 4 TQ */
CIl1CFGlbits.5JW =0x3;

/#* Baud Rate Prescaler */
Cl1CFGlbits.BRP = EEF VAL:

/* Phase Segment 1 time 1s 8 TQ */

Cl1CFG2bits.SEG1PH = 0x7;

/# Phase Segment 2 time 1s set to be programmable */

CICFG2bits.SEGZ2PHTS = 0x1;

/#* Phase Segment 2 time 1s 6 TQ */
C1CFG2bits.SEG2PH = 0x5;

I Propagation Segment time 1s 5 TQ */

C1CFG2bits.PRSEG = 0x4;

# Bus line is sampled three times at the sample point */
CI1CFG2bits.5AM =0x1;
CAN202C Workshop




dsPIC33EP ECAN Transmit €

ECAN Transmit EHNEARZTFU N
s2E ECAN Message Buffer Bid DMA channel [37E4E
e 2 CAN Transmit HYy Message Buffer

SYAL

S IEMFEE Transmit Message Buffer Hy Priority

IFAGR Y SRR A% TE EHY Message Buffer
Identifier ~ Data Length, ID Type, Data

s € Transmit Request 17 TR EL K H 1%
CITRMNCON.TXREQm or CITRMnNCON.TXREQOnN

CAN TX Interrupt =] LI#Z Enable or Disable
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sx & dSPIC33EP DMA

> 1L DMA channel ] » Ezne EIEUTIENTY

el | {
> DMAOCON
~ DMA ] Mode OMAOCON = 0x2020;
> Word or Byte ODMAOPAD = (int ) &CI1TXD; /* ECAN 1 (C1TXD) */
> Direction OMAOCNT = 0x0007;
: g(:)derr?;i?):’\l/lls/l(iile INVAOREQ = 0x0046; /¥ ECAN 1 Transmit */
> DMAOPAD
- DMA SRR 2 fir ol #ifdef _HAS_DMA_
= DMAOCNT DMAOSTAL = builtin_d
- DMA EhiEmi R Sl
> DMAOREQ #else
> DMA 745N fE 32 RS DNVAOSTAL = (uintl6 )(nt least?4 )(&ecanlmsgBuf);
> DMAOSTAL DMAOSTAH = 0;
> DMA Buffer 24573k Low #endif
> DMAOSTAH DMAOCONDits.CHEN = 1;

> DMA Buffer #24a {71k High
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dsPIC33EP ECAN Message Buffer 5

> fF XC16 > HE—(E A/ B 32 * 8 words [ 5 & &R B
ECAN1IMSGBUF (l{l Message Buffer YA /]N s 8 words)

> FIFHILE R B E & —24718 & canlmsgBuf By Buffer » i ¥77% 32 *
16 bytes HVIEIE - WEE E(lE Buffer 75 & SyHyH4E 2= fH]

> DMA RYREAE N HEAERE 20 e (e 2172 — (& buffer RYFHEANLHE

#define ECAN1_MSG_BUF_LENGTH 32
typedef uintl6_t ECANIMSGBUF[ECAN]1_MSG_BUF_LENGTH][8];

// Define ECAN Message Buffers
_eds__ ECANIMSGBUF ecanlmsgBuf __attribute__( (space(eds), aligned(ECANI_MSG _BUEF _LENGTH * 16)) );
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dsPIC33EP ECAN gy CITRmnCON

EHEFET T {Fas Bl = Wil Message Buffer Byl T

TXEN : 1 = %€t Message Buffer & Transmit Buffer

TXREQ : 1 = {#xFKALTT

RTREN : 1 = Enable H&j RTR Frame [

TXmnPRI : & =(E Transmit Buffer BYE-554% (11 &, 00 51K )

> @J?@ Buffer # TXmnPRI % EfH[E - Al Buffer SERBHz AHIE SR
s

Register 21-25: CiTRmnCON: ECAN TX/RX Buffer m Control Register (m = 0,2,4,6; n = 1,3,5,7)

R/W-0 R-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TXENN TXABTN TXLARBN TXERRnN TXREQn RTRENnN TXnPRI<1:0>

bit 15 bit 8

>
>
>
>

R/W-0 R-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TXENmM TXABTM(N) | TXLARBmM{1) | TXERRm(!) | TXREQm RTRENmM TXmPRI<1:0>

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘O’ = Bit is cleared X = Bit is unknown
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#E4R dsPIC33EP ECAN {EHzEHV A

TEFTA BN A Message Buffer 12 - H5E TXREQX fiZyT
2 DMA j+ TX Message Buffer 255 CTXD HYEI{E & H &tk 25
h AR

void CAN Send CLOCK Message(void)

{

EcanlWriteTxMsgBuflId( 0, CLOCK _ID, 0, 0 );
EcanlWriteTxMsgBufData( 0, 8, (unsigned int) CLOCK]1.Second,
(unsigned 1nt) CLOCK1.Minute,

(unsigned 1nt) CLOCK]1.Hour ,
(unsigned int) BOARD ID.ID Byte);
CITROI1CONDbits. TXREQO =1 ;
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CANTX & CANRX IZRIEVEEE

dsPIC33EP ¥ #& PPS (Peripheral Pin Select)
{7 VAS S BIR B A RN BT Fas(Fa €

=1=
a

G

RPINRxx & RPORXx H{+

1/RPI44/RB12
0/RPI45/RB13

/RPI46/RB14
/RPI47/RB15

NN T T2

S @ T B

— o o —

PGEC1/AN6/RPI38/RB6
PGED1/AN7/RCV/RPI39/R
AN8/PMAG6/RPI40/RB8
AN9/PMA7//RP141/RB9
AN10/CVREF/PMA13/RP14
AN11/PMA12/RPI43/RB11
SDA2/PMA9/RP100/RF4
SCL2/PMAS8/RP101/RF5

VREF+RA10

AVDD

VREF-/RA9
RP79/RD15

AVSS

el L 1ol 1= E=d band L Eand Dol Bl Bh=d Rl 1<t [=A) =4 bl L] Rot] ol ) =l Lo Kol B =g
mmmmmmmmmm

-

Slg|=
@] |&]
<<§
(] e [7]

l I C8 O.IuF GND
- _ Cc9 0.luF GND
-_l e

GND
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CANTX & CANRX HZRIHEEE

> 1E ecanl _config.c f1¥f CANITX & CANIRX fillfir f/y#i &
. (FF4lE52% 10_PPS i K dSPIC33EP Z5I& R+

A

C1TX RPn tied to CAN1 Transmit
c2tx RPntiedto CAN2 Transmit

OO = 5 . S T
Reoria[oson | — | — | mewmso [ = [ = mwkee oo
Reoria[owo | — | = | memwee [ = [ = mwres_ o
Reorts[owe | — | — | memmee | = | = mwmee oo

/¥ Setup 1/0 pins */

/| The PPS configuration varies from device to device. R

// use the appropriate values for the RPINR/RPOR registers.
RPINR26b1ts. CIRXR = 108; /Iset CAN1 RX to RP108
RPOR12bi1ts.RP109R = 14; /IRPOR12bi1ts.RP109R = 14; set
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Exercise - 1

ECAN Module ]
&
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G — CAN ZoRHE%

K —IIHe

HiE] dsPIC33EP L{ESEZR ky 120 Mhz

DIFcan = 60 Mhz AfxiEsk#HE] ECAN Module

&+ Message Buffer 0 5% 7€ /5 TX Message Buffer
Ecanlinit(), Ecanl1ClkInit()

=v £ DMAO H7kshiT CAN Message Buffer HY{& 7%
DMAOInit();

[EEFHERE 5 4rHY functions ZEx &t El] CAN Bus
Ecan1WriteTxMsgBufld( )
EcanlWriteTxMsgBufData( )
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Ecan1WriteTxMsgBufld( )

= Transmit Buffer 2 A Message ID 37T

* Function: void EcanlWriteTxMsgBufld(uint16 t buf, int32 t txIdentifier, mint16 t ide,

mntl6 t remoteTransmit)
* PreCondition: None

* Input: buf > Transmit Buffer Number
txIdentifier
Extended Identifier (29-bits):

Standard Identifier (11-bits) :

"O" Message will transmit standard identifier
"1" Message will transmit extended i1dentifier
remoteTransmit -> "0" Message transmitted 1s a normal message

"1" Message transmitted 1s a remote message

CAN202C Workshop



Ecan1WriteTxMsgBufData( )
B Transmit Buffer & A &k

* Function: void EcanlWrniteTxMsgBufData(uintl6 t buf, mintl6 t datal.ength,

mntl6 t datal, mintl6 t data2, mintl6 t data3, mintl6 t datad)

PreCondition: None

Input: buf > Transmt Buffer Number

datal.ength -> data length 1n bytes.

actual data -> datal. data?2, data3, datad

* Output: None

None

This function transmits ECAN data.
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G — CAN ZoRHE%

> 4iiE— TX Data N

>
>

MY _CANID & CLOCK ID #4%5— define & 0x200
F1IFH BOARD_ID_Get() sEHUE Eatlk = DIP SW HYH

> BOARD_ID ff BOARD ID_Get()fE&f:

o E —IE S — P sE = update CLOCKI 25 HHY Second,
Minute L5z Hour
A ZEE—F)#EHY update, & CLOCKI 4itE 2L Message
Buffer 0 224} (5 CLOCK _ID /& CAN HYy Message ID)

> CLOCK1.Second , CLOCK1.Minutes, CLOCK1.Hour, BOARD_ID

Eﬁ?i AHENEZIN > W— PSS —(T CEE e B NS
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KE— CAN FrHEZS

- SE—UTEERU T - 7-Seg Display (55— T8~ —{E&E—F)

VAR

A==
!
==

“ﬁ‘

TR
dueiile, @
v
\J
L.Qu

\=
5N

TNy
oy

v,
TJ
-«

’

y &

”|

MICROCHIP
EDU1003 v1.10 20160322
Multi1-Function EUM Board

VIN 5V
3.3V 2.5uref

o

=
— -3
— )
—
— )
—
e
—
—
—
—_— D
- D
D
Y )

BATI

-7 LED3 B2L LeD2 R2Q LEDI

& s s lEe
[0 )L — [T LI ——
ﬁ,ﬂ-’*" " ﬁ?"‘ ™
= L g — LE =

32873 RIGBT2,
ﬁ., | —] ﬁ._ i
=] o= P ) ¥ | ~"‘t 1 1

L




R —

> CAN Bus Monitor Y8455

& — 2N

R
/IE'\

¥T. COMS3 -Tera Term VT

(R =IO

Hex
He:x
He:x
He:xx
Hex
He:xx
He:x
Hexx
Hex
He:x
He:x
Hexx
Hex
He:x
He:x
Hexx
He:
He:x
He:x
Hex
He:x
He:x

-:U:U:U:U:U:D:U:U:U:D:U:U:UIJ:U:U:U:U:U:U:U:U:U | \ 74
=
—
©
| | ﬂ
selaslsslesiosfoslesfuciusiusirsiesisslsslsslaclaslsslosfosfosies

Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data

I
=0 o0 TO ORI !'-“_'

SRR E

CAN

MNRNNMNNMNMNMNMNNONNOMNMNNNRNRMNRNRRN
QL@
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QLRI I

SR FTA
DIP SW K% 6 {ERHREHZ ON A AEfif CAN {#Hik



Exercise - 2

K FHRA{iE Transmit Buffer
H%¢% iz ADC HY Message
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—_—

W

EE‘Q—‘

Eﬁ:ﬁ@j—z_‘{ 200ms EI/\j Event if (Flag Timerl 200MS ==1)
FEIIE Event f1EEEHY VR1 Y ADC _

{E AD1CON1bits.SAMP =0 ;

Eri: ADC {EDA VR1_ID & while ( 'AD1CONI1bits.DONE) ;
Message ID |y Buffer 1 z£H VR1 Value = ADCIBUFO ;
%IIZHE[@D%EZ% 4 { Bytes (ADC ADC_Buf to LINE2() ;

HE A O .. 4095) if ('PIN_DSW5)
> 3 ADC BfELLF, BOARD ID CAN_Send VR1 Message() ;

4115 DIP Switch 6 = ON {54
7=ty CAN Message, Ji{sEHIEH

Flag Timerl 200MS =0 ;
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oE

CAN_Send VR1 Message( ) BIAE

> HakEiimE TXREQ 77T
void CAN Send VR1 Message(void)

{
if (! C1TRO1CONDits. TXREQI1 )

{

EcanlWnteTxMsgBufld( 1, VR1 ID, 0, 0 );
EcanlWnteTxMsgBufData( 1,4, VRI1 Value,
(unsigned 1nt) BOARD ID.ID Byte,
0x09,
0x09 );
CITROICONDits. TXREQI =1 ;
CANTX FLAG.TX1 Busy=1;

CAN202C Workshop



S
M
M

| |

IHF

=

B

Ot
|

1B

)

i

[

V%

-

o ol ¢

SCL2 SDA2
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L e }07 B ]
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nosi 21200y P PR L Multi-Function EUM Board

i1 1c2 ':
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AN3  AN4
oI UIO?
D103 DIO4 ©
VIN SV

=
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BEE

il

=/ |\ =)
&

53
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Lt F ] o,

e aae L

. Hex ID=208 DLen=8 Data

il 1 EEIH)

R = f, @, 1, B, B8, B8, 3, 06
R: Hex ID=200 DLen=8 Data = 16, @6, 1, 8, @, @, 3, @
R: Hex 1D=200 DLen=8 Data = 11, 6, 1, 6, 6, 6, 3, 0
R: Hex ID=200 DLen=8 Data = 12, @, 1, 8, @, @, 3, 0
R: Hex ID=200 DLen=8 Data = 13, @, 1, 8, @, @, 3, 08
R: Hex ID=200 DLen=8 Data = 14, @, 1, 8, 6, 6, 3, 0
R: Hex ID=200 DLen=8 Data = 15, @, 1, 8, @, @, 3, 0
R: Hex 1D=200 DLen=8 Data = 16, 6, 1, 8, 6, 6, 3, 0
R: Hex ID=200 DLen=8 Data = 1/, @, 1, 6, @6, 6, 3, 08
R: Hex ID=200 DLen=8 Data = 18, @, 1, 8, @, @, 3, 0
R: Hex ID=200 DLen=8 Data = 19, 6, 1, 6, 6, 6, 3, 0
R: Hex ID=208 DLen=8 Data = 2a, 8, 3, 8, @, @, B, 08
R: Hex ID=208 Dlen=8 Data = 2a, 8, 3, @8, 6, 0, 6, B
R: Hex ID=208 DLen=8 Data = 2a, 8, 3, 6, @, @6, B, 08
R: Hex ID=208 DLen=8 Data = 2a, 8, 3, 8, @, @, B0, 8
R: Hex ID=208 Dlen=8 Data = 2a, 8, 3, @8, 6, A, 6, B
R: Hex ID=208 DLen=8 Data = 2b, 8, 3, 6, @, @, B0, 8
R: Hex ID=208 DLen=8 Data = 2b, 8, 3, @, 0, 8, 0, @
R: Hex ID=208 DLen=8 Data = 2a, 8, 3, 6, @, @6, B, 08
R: Hex ID=208 DLen=8 Data = 2b, 8, 3, 8, @, @, 6, @
R: Hex 1D=208 DLen=8 Data = 2b, 8, 3, 6, @6, 6, 6, 0
R: Hex ID=208 DLen=8 Data = 2a, 8, 3, 8, @, @, B, 08
E = g, 3. B0, 8, B8, B, 0
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Masks H1 Filters HfES:

CAN Y Message @420 e MAB - & Mask & Filter Zk 7 7E
1 MAB Y Message B EHTREL ( L/L ID — Identifier 2R 5E )
Masks JEEARLE Filter fizyeira: k)= ID (Identifier)
m 1’ ={EHH Filter ZREEIEALIT

m {F ldentifier FEERYL T TR Filter ¥ fERYAL TTAHZEA R~
s ‘0= A Filter s ALTT (RERTRESZ)

" fF Identifier R ER LT AN E A 1 Bk 0 e i
Identifier @38 | Mask & Filter fyEFEEEZEERIA Sy E= UL

Message Acceptance Filters

Message
[dentifier | Acceptor
Mask Bitn |Filter Bitn Bitn Reject bitn
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414e] & FilterO .. Filter15 5% Mask

Eil PIC18F ECAN module 5] » dsPIC33EP By ECAN t] DL H 3
#4 Filter Bl Mask [ FERE (4
>

Register 21-8: CiFMSKSEL1: ECAN Filter 7-0 Mask Selection Register

F7MSK<1:0> F6MSK<1:0> F5MSK<1:0> FAMSK<1:0>

bit 15 bit 8

F3MSK<1:0> F2MSK<1:0> F1MSK<1:0> FOMSK<1:0>
bit 7 bit 0

Register 21-9: CiFMSKSEL2: ECAN Filter 15-8 Mask Selection Register

F15MSK<1:0> F14MSK<1:0> F13MSK<1:0> F12MSK<1:0>
bit 15 bit 8

F11MSK<1:0> F10MSK<1:0> FOMSK<1:0> F8MSK<1:0>
bit 7 bit 0
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48] & FilterO .. Filter1l5 35 %€

Message Buffer
> (] CIBUFPNT1 ~ CIBUFPNT4

> FHEPERE Fes 2] 4 (E Filter By Message Buffer %)

Register 21-10: CiBUFPNT1: ECAN Filter 0-3 Buffer Pointer Register
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F3BP<3:0> F2BP<3:0>

bit 15

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F1BP<3:0> FOBP<3:0>

bit 7

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15-12 F3BP<3:0>: RX Buffer Mask for Filter 3 bits
1111 = Filter hits received in RX FIFO buffer
1110 = Filter hits received in RX Buffer 14

0001 = Filter hits received in RX Buffer 1
0000 = Filter hits received in RX Buffer O

F2BP<3:0>: RX Buffer mask for Filter 2 bits (same values as bits 15-12)
F1BP<3:0>: RX Buffer mask for Filter 1 bits (same values as bits 15-12)
FOBP<3:0>: RX Buffer mask for Filter O bits (same values as bits 15-12)
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Exercise - 3

{# F Message Buffer 4
REUX
| LIE RV R (S 55
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&3 = — Single Message Buffer #Uk

> By T REIERERT AR, - WRSERL T TAE
> TEREHIERSE Filter (15

>

16 {[& Filter 75—z A& 28k
> (40 Filter 1)

> ﬁblﬂz%}ﬁ SETEY Filter 5% —1[E Mask
> T CRETERY Filter $5 8 R 288 50 I HY &1

h—

{[& Buffer

> fEIEMEE E R » B DUE 2B CAN 1Y EHR

Gk

i EAHEE Buffer BfERIHY RXFUL {i77T

> Wl e aA &R e DMA 52 A ECAN Y Message

Buffer

122
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> Ecanl config.c ¢
A% Filter DK, Mask i iEAfE
lter 1 %

>

>
>
>
>

&3 = — Single Message Buffer #Uk

1 Ecanlinit( ) IR\ E &

S AL e

a B

LS EXT CLOCK ID

X B

ter 1 #hifim Bt iR IV ERI A A Buffer 4

ter 1 #+sE
Maskl #7

=

o AE

] Mask 1 2R 7E W EE A7 e B i fm 2
Folmam—({E LT

EXT _CLOCK_ID £ common.h H#7 &

EcanlWriteRxAcptFilter( 1, (0x00 | EXXT CLOCK D), 0,04, 1);
EcanlWriteRxAcptFilter( 2, (0x00 | ExXT VEI 1D), 0, 15, 1 );

EcanlWriteRxAcptMask( 1, Ox1FFFFFFF, 1, 0 );l

123
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Ecan1WriteRxAcptFilter( )
> EcanlWriteRxAcptFilter( ) By 8 AT

exide,unsigned int bufPnt,unsigned int maskSel)

n=0to 15 -> Filter number

s with standard identifier addresses

s with extended i1dentifier addresses

Acceptance Mask 0 register contains mask

Acceptance Mask 1 register contains mask

Acceptance Mask 2 register contains mask

No Mask Selection
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Ecan1WriteRxAcptMask( )
EcanlWriteRxAcptMask( ) Y280 A4

EcanlWriteRxAcptMask(int m, long identifierMask, unsigned 1nt mide, unsigned int exide)

m=0to 2 -> Mask Number

identifier

mide = 0 -> Match either standard or extended address message 1f filters match

mide = 1 -> Match only message types that correpond to 'exide’ bit 1n filter

> Match messages with standard identifier addresses

> Match messages with extended identifier addresses
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10=1029 OLen=8 Data
10=1074 DLen=8 Data
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10=1074 DLen=8 Data
10=1079 OLen=8 Data
10=1074 DLen=8 Data
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SRE =T

> =B Host
> ¥ N EDU1003 BT4 ##¢#E H Clock HY &z

oo L_j”_')

¥ 4 MiCROCHIP f 1 oc2 gl o \ . = /

ELEVE] @ EDUI003 v1.10 20160322 } it i » i . Bt e .

ST ety on EUM Board rpCENNN 30 N ﬁ‘?f_lrm Y10
-0 N ; R —

N Hersia e
Hemn Hemgn

127 CANZ202C Workshop



Exercise - 4

#FH 16 {[& Message Buffer 2HpHY
FIFO Zk$EUL

A

S el VRL (LR (55
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%0 — ECAN FIFO ByfE

dsPIC33EP ECAN module B] LIS E 32 {F buffer
N Ee A &l B FIFO mode

[ CIFCTRL #% 7 ECAN 1 module
N E REAERGEEL A/

Register 21-18: CiFCTRL: ECAN FIFO Control Register

R/W-0 R/W-0 R/W-0 uU-0 u-0 U-0 uU-0 U-0
DMABS<2:0> L = I = 1 = I = [ =

bit 15 bit 8
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FSA izt AE F
DMABS 7 FI
WA R S4B N

bit 15-13

bit 12-5
bit 4-0

130

CiFCTRL BjfFzs

IFO ByREZaArHE
O By AN
17 H-Apel & (E FHEY TX or RX Buffer

DMABS<2:0>: Message Buffer Size bits

111 = Reserved; do not use

110 = 32 buffers in device RAM
101 = 24 buffers in device RAM
100 = 16 buffers in device RAM
011 = 12 buffers in device RAM
010 = Eight buffers in device RAM
001 = Six buffers in device RAM
000 = Four buffers in device RAM

Unimplemented: Read as ‘0’
FSA<4:0>: FIFO Start Area bits

11111 = Read buffer RB31
11110 = Read buffer RB30

00010 = TX/RX buffer TRB2
00001 = TX/RX buffer TRB1
00000 = TX/RX buffer TRBO
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FIFO HYfafiL =8

> CIFIFO H{Fass {7 FIFO Hyf5fir=s
> FBP : FIFO IH7F H af—1f& Buffer

> FNRB : FIFO FEEyi=mH HY Buffer 574
> Y15 FBP 1= FNRB 1= FIFO 5 A48y Buffer

> BB EI%HE% Buffer #Y RXFUL j5FR1%
FNRB {i7r = H##7 update

Register 21-19: CIiFIFO: ECAN FIFO Status Register

U-0 uU-0 R-0 R-0 R-0 R-0 R-0 R-0
L= = | FNRB<5:0>
bit 7 bit 0
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SR VU SE NHY T RE

~ I FIFO 2By Message ID EXT_VRIL_ID #1553 5cH]
&l — ERHEELECA (& 100ms —X)

» (i Check _CAN_FIFO( ) ElIf2=hRar It &kt
> R E R Ry FRAME_Bufferl fy4fts

> ¥ FRAME_Bufferl H1fy DataWord0 By{E 88~ F s EE
— nnE/j 7_4,

Check_CAN_FIFO();
if ( FRAME Buffer1.DATA IN)
{

EXT VR1 Value = FRAME Bufferl.DataWordO ;

EXT_ADC_Buf to LINE2() ;
FRAME Bufferl.DATA IN=0;
}

132 CANZ202C Workshop



Check CAN_FIFO( )
amE e RXFUL firt—EEel 5 bR

void Check CAN _FIFO( void )
{
if ( C1FIFObits.FBP != C1FIFObits.FNRB )

{
RXFUL_Var = C1FIFObits.FNRB ;

FRAME_Bufferl.SID = (ecanlmsgBuf[RXFUL_Var][0] >> 2 ) & Ox07ff ;
if ( FRAME_Buffer1.SID == EXT VR1_ID )
{

FRAME Bufferl.DataWord0) = ecanlmsgBuf[RXFUL Var][3] ;
FRAME_ Bufferl1. DATA IN=1;
}
RXFUL_Var = Oxfffe ;
for ( RXFUL_Loop = 0 ; RXFUL_Loop < C1FIFObits.FNRB; RXFUL_Loop++)
RXFUL Var<<=1;
r RXFUL Fl
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>

_I_A

i

>
>
>
>
>

Y

R U Filter 3 BN EEEEIH

H2Uf A Ecanl_config.c difg#s Ecanlinit( ) 2
B ASAH Filter LUK Mask  {fEESS E
% EXT_VR1_ID

ter 2 ¢YEv e

ter 2 #ra et mEiR BRI A FIFO

ter 2 {5 el

] Mask 1 3 E MR EE {7 T 2 i w2

Mask1 #755 E Ryt & s LT
EXT VR1 ID £ common.h H 5 &

EcanlWriteRxAcptFilter( 1, (0x00 | EXXT CLOCK D), 0,04, 1);
EcanlWriteRxAcptFilter( 2, (0x00 | ExXT VEI 1D), 0, 15, 1 );

EcanlWriteRxAcptMask( 1, Ox1FFFFFFF, 1, 0 );l

134 CANZ202C Workshop



YV VvV

S

e e e e e e e et e e s e i

SR VU TEER (1)

~ EDU1003 BT4 ##f{EY

1 Clock Hy&:

N EDU1003 BT2 ## i {EY

. COM4 -TeraTerm VT

St

Dec
D
Dec
D
[
D
[
ec
[
ec
[
ec
[
ec
D
Dec
D
Dec
D
Dec
D
[
D

(F Z{EE(E) FES

4 VR1 =i

=
=
-
=
- e -
=
=
>

I0=1024 Olen=8 Data = q, DD, D

I0=1024 DLen=5 Data = 22, 00, 4, 00, O, OO, OO0, OO
I0=1024 Olen=5 Data = 22, 00, 4, 00, 0O, 00, OO0, OO
I0=1024 DLen=5 Data = 25, 00, 4, 00, O, OO, OO0, OO
I0=1024 DLen=8 Data = 26, 00, 4, 00, d, 00, 00, OO
I0=1024 DLen=5 Data = 26, 00, 4, 00, O, OO, OO0, OO
I0=1024 DLen=8 Data = 26, 00, 4, 00, d, 0O, 00, OO
I0=1024 Olen=5 Data = 27, 0O0, 4, 00, 0O, 00, OO0, OO
I0=1024 DLen=8 Data = 28, 00, 4, 00, O, 0O, 00, OO
I0=1024 Olen=5 Data = 28, 00, 4, 00, 0O, OO, OO, OO
I0=1032 DLen=4 Data = 57, 4, 00, 00

I0=1032 DOlen=4 Data = 57, 4, 00, 00

I0=1032 DLen=4 Data = 57, 4, 00, 00

I0=1032 DOlen=4 Data = 57, 4, 00, 00

I0=1032 DLen=4 Data = %7, 4, 00, 00

I0=1032 DOlen=4 Data = 57, 4, 00, 00

I0=1032 DLen=4 Data = %7, 4, 00, 00

I0=1032 DOlen=4 Data = 57, 4, 00, 0O0

I0=1032 DLen=4 Data = 57, 4, 00, 00

I0=1032 DOlen=4 Data = 57, 4, 00, 0O0

I0=1032 DLen=4 Data = 57, 4, 00, 00

I0=1032 DLen=4 Data = 57, 4, 00, 00

I0=1032 DLen=4 Data = 57, 4, 00, 00 9
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Exercise -5

dsPIC33EP CAN Module
| By Remote Request
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RTR Frame ByA&=(,

2% Remote Transfer Request FYA[E]37 5
> [ Standard Frame 23]

> RTR i1 03w & Recessive

> ERHEE DLC 3E R 0 — B AR B R

Arbitration Field Control Field CRC Field ACK Field End-of-Frame (ECF)

SID10 SID1 | SIDO . o
RTR is Recessive (Logical ‘'1")

RBO is Dominant (Logical ‘0")

11-bit Identifier
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o] f€ Remote Transfer Request

> —f&HY CAN Controller 25354 rﬁﬁé’j Filter 257 > IFUZF| RTR
Frame 1% » DR = AREEE) &Y O] 2%
> dsPIC33EP #J CAN Engine A H&fj[o|E RTR AYIHAE » {H BTG
}fﬁ FMEYFE5 [ ZRIEMER E

ECAN Module Reference Manual #y 21.6.3.2

> %zﬁ E Y Acceptance Filter ;7 ID 5%7€ ~ f5 R 1EFERY Message Buffer -
=& TXEN LKz RTREN -

21.6.3.2 RESPOND TO A REMOTE FRAME

The node acting as the source to respond to the remote frame request needs to configure an
acceptance filter to match the identifier of the Remote Frame. Message buffers 0-7 can respond
to remote frames, so the Acceptance Filter Buffer Pointer (FnBP) should point to one of the eight

message buffers. The TX/RX Buffer Selection (TXENn) and Auto-Remote Transmit Enable
(RTRENmM) bits in the ECAN Transmit/Receive Control register (CiTRMNCON<7> and
CiITRmnCON<2>) must be set to respond to the Remote Frame.

This is the only case where the Acceptance Filter Buffer Pointer (FnBP) points to a message
buffer that is configured for transmission (TXENn = 1).
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Auto RTR Response HYFZZ & (1)
> ecanl_config.c ¥} Filter & Mask BVE% €

> DL Filter O Zc #2045 0x200 HY RTR » {55 Buffer 2

EcanlWriteRxAcptFilter( 1, (0x00 | EXT CLOCK 1D), 0, 04, 1); // Filter 1
EcanlWriteRxAcptFilter( 2, (0x00 | EXT VRI 1D ), 0, 15,1 ); /1 Filter 2
EcanlWriteRxAcptFilter( 0, 0x200 , 0, 02, 0 ); // Filter O point to B

/¥  Mask Configuration

EcanlWriteRxAcptMask(int m, long identifierMask, unsigned int mide, unsigned int exide)
m = 0 to 2 -> Mask Number
1dentifier -> SID <10:0> : EID <17:0>

mide = 0 -> Match either standard or extended address message if filters match

mide = 1 -> Match only message types that correpond to 'exide’ bit in filter

exide = 0 -> Match messages with standard identifier addresses

exide = 1 -> Match messages with extended 1dentifier addresses
*/

EcanlWriteRxAcptMask( 1, Ox1FFFFFFF, 1, 0 );

EcanlWriteRxAcptMask( 0, Ox1FFFFFFF, 1, 0 );
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Auto RTR Response HYFZZEp] (2)

> ecanl_config.c ¥} Message Buffer Hyz% €
> Message Buffer2 7y TXEN & RTREN #4725 E

[* ECAN transmit/receive message control */

CIRXFULI = CIRXFUL2 = CIRXOVFI = CIRXOVE2 = 0x0000:
CITRO1ICONDits. TXENO = 1; /* ECANI1, Buffer 0 1s a Transmit Buffer */
CITROICONDits. TXENI = 1; /¥ ECANI1, Buffer 1 is a Transmit Buffer */
C1TR23CONDits. TXEN2 = 1;

CI1TR23CONDits.RTREN2 =1 ; // Set TX Buffer0 as Auto response to Remote Transler

CITROICONDits. TXOPRI = 0bl1; /* Message Bulfer O Priority Level #/
CITROICONDits. TXIPRI = 0bl1; /* Message Bulfer O Priority Level */
CI1TR23CONDits. TX2PRI = 0bl1; /* Message Bulfer O Priority Level #/
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Auto RTR Response HFYFEZEp] (3)

H—FhEHIEE I > EREAETT CAN_Send-CLOCK_Remote( )
s ts > B A eE TXREQ2 » ([HIHSEERE & E B

> dsPIC33EP iy CAN Engine @ {£U4Zl¥% CLOCK _ID (0x200) #J RTR Frame H¥ H &/
o= TXREQ?2

voild CAN Send CLOCK Remote(void)
{

if (! C1TR23CONbDits. TXREQ2 )
{

Ecan1WriteTxMsgBufld( 2, CLOCK 1D, 0, 0);
EcanlWriteTxMsgBufData( 2, 8, (unsigned int) CLOCK]1.Second,

(unsigned 1nt) CLOCK1.Minute,
(unsigned 1nt) CLOCK1.Hour ,
(unsigned int) BOARD ID.ID Byte);
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GRE TLHIB TSGR

> 2 CAN Bus Debugger 11 BT3, 455
> CAN Node =/ Clock DL 0x200 Hy ID zz HH

. COMS - TeraTerm VT

E‘T
7{

MR |EE) RENQ) EZHO) ‘BEW) EZH)

: Hex ID=280 DLen=8 Data = 1,
- RTR : Hex ID=280 DLen=0

: Hex ID=280 DLen=8 Data = 1
- RTR : Hex ID=280 DLen=0

: Hex ID=280 DLen=8 Data = 2
- RTR : Hex ID=280 DLen=0

: Hex ID=288 DLen=8 Data = 2
- RTR : Hex ID=280 DLen=0

: Hex ID=2808 DLen=8 Data = 2
- RTR : Hex ID=280 DLen=0

: Hex ID=280 DLen=8 Data = 2
- RTR : Hex ID=280 DLen=0

: Hex ID=208 DLen=8 Data = 3,
- RTR : Hex ID=280 DLen=0

: Hex ID=2008 DLen=8 Data = 3
- RTR : Hex ID=280 DLen=0

: Hex ID=2008 DLen=8 Data = 3
- RTR : Hex ID=280 DLen=0

: Hex ID=280 DLen=8 Data = 3
- RTR : Hex ID=280 DLen=0

: Hex ID=280 DLen=8 Data = &
- RTR : Hex ID=280 DLen=0

: Hex ID=280 DLen=8 Data = 5

o — 0 — 0 — 00— 00— — 00— 00— 00— 00— 30—
FEEEEPrEEeEEEeEeS
P P PP === ===
FEEEEPrEEeEEEeEeS
FEEEEPrEEeEEEeEeS
FEEEEPrEEeEEEeEeS
e R
= = = = = = = = = = = =
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Any Question ?
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