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1. Scope—These SAE Recommended Practices are intended for light- and heavy-duty vehicles on- or off-road as
well as appropriate stationary applications which use vehicle derived components (e.g., generator sets).
Vehicles of interest include but are not limited to: on- and off-highway trucks and their trailers; construction
equipment; and agricultural equipment and implements.
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The purpose of these documents is to provide an open interconnect system for electronic systems. It is the
intention of these documents to allow electronic devices to communicate with each other by providing a standard
architecture.

2. References—General information regarding this series of recommended practices is found in SAE J1939.

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified

herein.

Unless otherwise indicated, the latest issue of SAE publications shall apply.

2.1.1 SAEP
SAE J

SAE J
SAE J]

2.1.2 ISO PU
ISO 67

2.1.3 Militany
Philag

MIL-C-

2.2 Relateql Publication—The following publication istprovided for information purposes only and is

part of
2.2.1 1SO Py

ISO 11

3. Network
3.1 Physig
(Electr
bus lin
electrid

| 113/13% Electromagnetic Compatibility Measurement Procedure for ¥ehicle
Part 13% Immunity to Electrostatic Discharge

| 128—Low-Tension Primary Cable

939 (Draft)¥s Recommended Practice for a Serial Control and Communication Vehicle N
blication—Available from ANSI, 11 West 42nd Street, New York, ‘NY“10036-8002.

22— Road vehicles—Unscreened low-tension cables

Publication—Auvailable from DODSSP, Subscripton Services Desk, Building 4D, 700 H
elphia, PA 19111-5094.

B5485—Cable, Electric, Filter Line

this document.
BLICATION—Available from ANSI, T1 West 42nd Street, New York, NY 10036-8002.

898% Road vehicles¥ Interchange of digital information¥s Controller Area Network (CAN
communication.

Physical Description

al Layer—The physical layer is a realization of an electrical connection of a nur
bnic Contfol)Units) to a network. The total number of ECUs will be limited by electric
b, Thissmaximum number of ECUs is fixed to 30, on a given segment, due to the d
al parameters given in the present specification

UBLICATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0(l)01.

Components¥s

etwork

Robins Avenue,

not a required

for high speed

nber of ECUs
Al loads on the
efinition of the

3.2 Physical Media—This document defines a physical median of shielded twisted pair. These
characteristic impedance of 120 W and are symmetrically driven with respect to the electrical currents. The
designations of the individual wires are CAN_H and CAN_L. The names of the corresponding pins of the
ECUs are also denoted by CAN_H and CAN_L, respectively. The third connection for the termination of the

shield i

s denoted by CAN_SHLD.

wires have a

3.3 Differential Voltage—The voltages of CAN_H and CAN_L relative to ground of each individual ECU are
denoted by Vcan Hand Vean L. The differential voltage between Vean 1 and Vean L is defined by Equation

1

Vit = Vean H- Vean L

(Eq.1)
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3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

Bus Levels—The bus lines can have one of the two logical states, recessive or dominant (see Figure 1). In
the recessive state, Vcan_q and Vean L are fixed to a mean voltage level. Vyiff is approximately zero on a
terminated bus. The recessive state is transmitted during bus idle or a recessive bit.

The dominant state is represented by a differential voltage greater than a minimum threshold. The dominant
state overwrites the recessive state and is transmitted during a dominant bit.

Bus Levels During Arbitration—A dominant and recessive bit imposed on the bus lines during a given bit

time by

Comm
levels
operati

Bus Té¢

shall 1
discon

Interna

CAN_H
Figure

Differg

betwesd
Figure

Internad
CAN_H

two different ECUs will result in a dominant bit.
i
VCAN_H —+—
|
v diff
VCAN L ——

recessive dominant  recessive
FIGURE 1342 PHYSICAL BIT REPRESENTATION

on Mode Bus Voltage Range—The common mode<bus voltage is defined as the bd
bf CAN_H and CAN_L, measured with respect to.the individual ground of each ECU, f
DN is guaranteed when all ECUs are connected-o the bus line.

ermination—The bus line is electrically terminated at each end with a load resistor den
ot be located within an ECU becausé the bus will lose termination if one of t
hected (see Figure 2). (Also see 5,2.3 for resistor characteristics.)

| Resistance—The internal-reésistance, R,,, of an ECU is defined as the resistance

(or CAN_L) and ground during the recessive state, with the ECU disconnected from th
B).

ntial Internal Registance—The differential internal resistance, Ry, is defined as the

n CAN_H and CAN_L during the recessive state, with the ECU disconnected from th
4).

| Capacitance—The internal capacitance, Cj,, of an ECU is defined as the capacitancg
(or,CAN_L) and ground during the recessive state, with the ECU disconnected from th

Figure

undary voltage
br which proper

bted by R.. R_
hese ECUs is

seen between
e bus line (see

esistance seen
e bus line (see

seen between
e bus line (see

B).

Differential Internal Capacitance—The differential internal capacitance, Gy, of an ECU is defined as the

capacitance seen between CAN_H and CAN_L during the recessive state, with the ECU disconnected from
the bus line (see Figure 4).

Bit Time—The bit time, tg, is defined as the duration of one bit (see Figure 5). Bus management functions

executed within this bit time, such as ECU synchronization behavior,

network transmission delay

compensation, and sample point positioning, are defined by the programmable bit timing logic of the CAN
protocol IC (Integrated Circuit). The bit time for this document is 4 us corresponding to 250 Kbit/s.

Various names for the bit segments are used by suppliers of CAN protocol ICs and it is possible that two bit
segments are defined as one.
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FIGURE 2% PHYSICAL LAYER FUNCTIONAL
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ECU :
i * > CAN_H
Rin :
—e > CAN_L
R
= = Sainh SR + CAN_SHLD
) ) Cin | Cin | Csh L

FIGURE 3% ILLUSTRATION OF INTERNAL CAPACITANCE AND RESISTANCE
OF AN ECU IN THE RECESSIVE STATE

ECU
CAN:H

/) CAN_L

FIGURE 4% ILLUSTRATION OF DIFFERENTIAL INTERNAL CAPACITANCE AND RESISTANCE
OF AN ECU INN\PHE RECESSIVE STATE

Mominal Bit Time

- —P

| SYNC_SEG PROF_SEG PHASE_SEG1 PHASE_SEG2
F 3

Sample Point

FIGURE 5% PARTITION OF THE BIT

. SYNC SEG%This part of the bit time is used to synchronize the various ECUs on the bus. An edge is
expected within this bit segment.

. PROP SEG¥%41This part of the bit time is used to compensate for the physical delay times within the
network. These delay times are caused by the propagation time of the bus line and the internal delay
time of the ECUs.

. PHASE SEG1, PHASE SEG2%These Phase-Buffer-Segments are used to compensate for phase-errors
and can be lengthened or shortened by resynchronization.

. Sample-Point¥2 The Sample-Point is the point of time at which the bus level is read and interpreted as the
value of that respective bit. Its location is at the end of PHASE_SEG1.
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3.13 Internal Delay Time—The internal delay time of an ECU, tg¢y,, is defined as the sum of all asynchronous

delays that occur along the transmission and reception path of the individual ECUSs, relative to the bit timing
logic unit of the protocol IC. For more details, see Figure 6.

a. Synchronization¥:Hard Synchronization and Resynchronization are the two forms of synchronization.

They obey the following rules:

1. Only one Synchronization within one bit time is allowed.

2. An edge will be used for Synchronization only if the value detected at the previous Sample Point
(previously Tead bus value) differs from the bus value immediately after the edge.
3] Hard Synchronization is performed during said edge whenever there is a ‘recessive’ to ‘dominant’
edge.
4] All other ‘recessive’ to ‘dominant’ edges fulfilling rules 1 and 2 will be usedyfor Regynchronization
with the exception that a transmitter will not perform Resynchronization as*a result pf a ‘recessive’
to ‘dominant’ edge with a positive Phase Error if only ‘recessive’ to Jdominant’ edges are used for
Resynchronization.
Synchronization Jump Width (SJW)3% As a result of SynchronizationfPHASE_SEG1 may]| be lengthened
of PHASE_SEG2 may be shortened. The amount of lengtheningor shortening of the Hhase Buffer bit
Segments has an upper bound given by the Synchronization Jump Width. The Synchrpnization Jump
Width is less than or equal to PHASE_SEG1.
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Bit n-1

Bit Timing of ECU A

Bitn

> <

>|* Bit n+1

Es*mc_sEG| PROP_SEG | PHASE_SEG1| PHASE_SEG2 |

L g e |
' Delay Times:
t AQutput | ! Alnput |

Bit Timing of ECUB

t Bus Line . (i Sample Point
| S Sample Point
t Binput r-_-—ifaﬂutpm
N ¢
[ sYnc_seG | PROP_sEG | PASE_sEG1| PHASE SEG2 |
Bitn-1 F“_ Bitn h{ I Bit n+1

1_ECU = t_Qutput +tinpuwt  [Where _ = ECU [AB...]]

| For proper arbitration, the following condition must be met:

LECU + tsECI+2" tays 1ng <= IPROP_SEG + (IPHASE_SEG1 - laaw!

i} The sum of output and inpul ECU delays, with ECU disconnected from the bus relative to the bit iming logig is critical.
The important characterstic parameter of an ECUS (see 3.12)

SYMNC_SEG is nat taken iflo account as it is possible that this segment is lost if there iz a phase shift between modules.

tg w15 part of PHASE, SEG1 to compensate phase-errors. 1t is subtracted from the avaidable time as it 5 popsible that a
spike may cause amissynchronization with a phase shift of 15 .

That meahs the leading transmitting bit iming logic with respect to synchronlzaton of ECU A must be able o know the
comect bus level of bit n at the sample point. The tolerable values of tgpyy strongly depends on the bit rate and line length
of the bus and of the possible bit timing as shown by the arbitraton condition.

3}~ The acceptable crystal tolerances of the protocol ICs ang the potential for missynchronization is uT-mned by
PHASE SEG1and 2

FIGURE 6% TIME RELATIONSHIP BETWEEN BIT TIMING LOGIC OF ECU
A AND B DURING ARBITRATION
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3.14 CAN Bit Timing Requirements—It is necessary to ensure that a reliable network can be constructed with
components from multiple suppliers. Without any bit timing restrictions, different devices may not be able to
properly receive and interpret valid messages. Under certain network conditions it may also be possible for a

particular device to have unfair access to the network.

In addition, it makes network management (system

diagnostics) much more difficult. CAN chip suppliers also recommend that all devices on a given network be
programmed with the same bit timing values.

All CAN ICs divide the bit time into smaller sections defined as tq (time quantum). For most CAN ICs 1 tq =

eliable network
hce. Note that

bcated as close

equencies. At
hbse as possible

250 nS (\IVIth [=8 lG rvl” :L b:U\.’:\) (dUtCIIII;IICd b_y UD\;I::C{:UI fl Cunll\;y al Id baud ICltC }JICD\;G:CI).
Therefpre specific values for the bit timing registers need to be defined to ensure thatya r|
exists for all nodes based on the best tradeoffs between propagation delay and clack-tolera
there are some differences in bit segment definition between manufacturers of CAN'devices.
It is re¢ommended that a tq be selected which permits the sample point (see Figure 5) to be |
to but|not later than 7/8 of a bit time (0.875x4uS = 3.5uS). This providés the best tradeoff between
propaggtion delay and clock tolerance.
The following values are recommended for typical controller ICs rUnning at standard clock f
other flequencies, different values may have to be selected tomaintain the sample point as cl
but notflater than the preferred time.

16 MHz

sample point = 0.875 tb

tq=2%0 ns (16 tg/bit)

tsyn¢=250 ns (1 tq)

TSEG1 = 3.25 us (13 tq)

TSEE2 =500 ns (2 tq)

20 MHz

sample point = 0.85 tb

tq = 200 ns (20 tq/bit)

tsyn¢ = 200 ns (1 tq)

TSEGL = 3.2 ps (16 tq)

TSEG2 =600 ns (3 tq)

SIW|=1 tq (SIW'is a part of TSEG1 and TSEG?2)

Tota| Bit Time'= TSEG1 + TSEG2 + Tsyncseg =13 +2+1=16tq=4 us

(Examplesfor 16 MHz clock)

PROP_SEG + PHASE_SEGI = TSEGI

PHASE_SEG2 = TSEG2,
SYNC_SEG = SYNC_SEG

This selection for the bit timing registers generally requires the use of Crystal Oscillators at all nodes so that
the clock tolerance given in Table 1 can be achieved.
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TABLE 1% AC PARAMETERS OF AN ECU DISCONNECTED FROM THE BUS LINE

Parameter Symbol Min Nom Max Unit Conditions
Bit time® tg 3.998 4.000 4.002 us 250 Kbit/s
Internal tecu 0.0 0.9 us

Delay Time®

Intethal Capacitance® Cin 0 50 100 pF 250 Kbit/s for CAN_H'andl
CAN_L relative to(Groungl
Diffefential Internal Cite 0 25 50 pF
Capacitance®
Available Time® tavail 2.5 us 40 m bus length
Signpl Rise, Fall Time® ton te 200 500 ns measured from 10% to 9p%
of the signal
1. Ipcluding initial tolerance, temperature, aging, etc.
2. T
[0
=
tl
1
3|
y
g
4 1
e
5 7

4. Functional Description—As shown'in’ Figure 2, the linear bus line is terminated with a load resi

end. The

The bus i
the mean
realized b

A domina
current flg

dfferential voltage level above Vg, = 0.5 V at each individual ECU (see Tables 3 and 4).

e value of t_, has to be guaranteed for a differential voltage of V.= 1.0 V for a transition from recéssive to dominant and of V= 0.5 V for a transitioj
bminant to recessive. With the bit timing from the example of note 1, a CAN-Interface delay of$500)ns is possible (controller not included) with a rest
bout 300 ns. This allows slower slopes (R3 and R4 in Figures Al and A2) and input filtering{(R5, R6, C1, C2 in Figures Al and A2). It is recommended
is feature due to EMC.

he minimal internal delay time may be zero. The maximum tolerable value is determined‘by the bit timing and the bus delay time.

e 0, the maximum tolerable values are determined by the bit timing and the néfork topology parameters | and d (see Table 8). Proper functior

paranteed if occurring cable resonant waves do not suppress the dominant differential voltage level below V,, = 1 V and do not increase the reg

he available time results from the bit timing unit of the protocalAC. For example, this time in most controller Cs corresponds to TSEG1.
issynchronization it is possible to lose the length of SIW. So the ‘available time (t, ;) with one missynchronization is TSEG1-SJW ms. A tq time of

hd SJW =11tq, TSEG1 = 13tq, TSEG2 = 2tq results int_ . 73,00 ms.

avail

he load on the ECU for the purpose of this parameter should\be 60 ohms between CAN_H and CAN_L in parallel with 200 pf of capacitance

be resistors suppress«eflections.

bus voltage is-generated by the passive biasing circuit in all ECUs on the bus. In
the resisterinetwork that defines the reference for the receive operation.

ht bit4s sent to the bus line if the bus driver circuit of at least one unit is switched on.

addition to the internal capacitance restrictions a bus connection should also have an,inductance as low as possible. The minimum values of C., and C] "

5 in the recessive.state if the bus transmitters of all ECUs on the bus are switched off.

h from

rve of
to use

may
ality is
lessive

ue to
50 ns

btor R_ on each

In this case,
Figure 2 this is

This induces a
the two wires.

w-~through the terminating resistors, and consequently, a differential voltage between

The dominant-and recessive states are passed by a resistor network which transforms the differemtial voltages of

the bus line to corresponding recessive and dominant voltage levels at the comparator input of the receiving
circuitry for detection.

5. Electrical Specification

5.1 Electrical Data—The parameter specifications in these tables must be fulfilled throughout the operating
temperature range of every ECU. These parameters allow up to a maximum of 30 ECUs to be connected to a
given bus segment.

5.1.1 ELECTRONIC CONTROL UNIT—The limits given in the Tables 1 to 4, apply to the CAN_H and CAN_L pins of
each ECU, with the ECU disconnected from the bus line (see Section 6).

-10 -
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TABLE 2% LIMITS OF Vcan_ HAND Vean | OF AN ECU DISCONNECTED FROM THE BUS LINE

FOR NOMINAL BATTERY VOLTAGES OF 12V AND 24 V

voltages which
the link is not

Parameter Symbol Min Nom Max Unit Conditions
Max. Voltage Vean | -3.0 16.0 \Y nominal battery voltage 12 V
A - -3.0 16.0 \Y
AN_L
Max. Ve antt -3.0 32.0 \ nominal battery voltage 24 V
Voltage V. -3.0 32.0 \Y
CAN_L
5.1.1.1 Absolute Maximum Ratings—The limits given in Table 2 are the absolute maximum DC
can|be connected to the bus lines without damage to transceiver circuits. Although
guafanteed to operate at these conditions, there is no time limit (operating €AN1Cs will go

afte

5.1.1.2 DC

respectively, of an ECU disconnected from the bus.

a period of time).

Parameters—Tables 3 and 4 define the DC parameters for the recessive and d

TABLE 3% DC¥% PARAMETERS FOR THE RECESSIVE STATE OF AN ECU
DISCONNECTED FROM THE BUS LINEY: RECESSIVE STATE

“error passive”

bminant states,

Paraneter Symbol Min Nom Max Unit Conditipns
Bus Vit Vean_H 2.0 25 3.0 \Y, no load
us viptage Vean L 2.0 25 3.0 v
Output Behavior
. . . Vi -1200 50 mvV no load
Differgntial Voltage Output Behavior dif_or
R 10 100 kw no load
Differgntial Internal Resistance &
) Rin 5 15 kw no load
Interngl Resistance®
Vit -1.0 0.5 % @@ @
Input Range

1. In

lef

rder to generate symmetrical waveforms and minimize EMI radiation, Rin of CAN_H and CAN_L should have almost the same value. The deviation

s than 5% relative to each,other:

has to be

2. The equivalent of the two terminating resistors in parallel (60 W is connected between CAN_H and CAN_L.
3. Refeption must be enstred.within the common mode voltage range defined in Table 5 and Table 6, respectively.
4. Although Vdiff < —1.0 V'is‘enly possible during fault conditions it should be interpreted as recessive.
TABLE(4%, DC¥% PARAMETERS FOR THE DOMINANT STATE OF AN ECU DISCONNECTED
FROMTHERBUSHINESA DOMINANTSTATE
Parameter Symbol Min Nom Max Unit Conditions
Bus Voltage Output Behavior VAN H 3.0 35 5.0 \Y @
Vean L 0.0 15 2.0 \Y
Differential Voltage Output Behavior Vit 1d 15 2.0 3.0 \% @
Input Range Vit 1.0 5.0 \Y (OS]

1.
2.

The

equivalent of the two terminating resistors in parallel (60 W is connected between CAN_H and CAN_L.

Reception must be ensured within the common mode voltage range defired in Tables 5 and 6, respectively.
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TABLE 5% BUS VOLTAGE PARAMETERS FOR THE RECESSIVE STATE WITH ALL ECUs
CONNECTED TO THE BUS LINE¥ RECESSIVE STATE

Parameter Symbol Min Nom Max Unit Conditions
Voltage on the bus line Vean L 0.1 25 4.5 \% measured with respect to ground of
each ECU
Differential A -400 0 12 mv measured at each ECUceohnected to
Bus Voltagel? the bus line

1. The differenfial bus voltage is determined by the output behavior of all ECUs during the recessive state. Therefore, Vit is approximately zero (see Tablg'3)! The

determinef by the requirement that a single transmitter must be able to represent a dominant bit by a minimum value of Vdiff =12V.

T

CONNECTED TO THE BUS LINE% DOMINANT STATE

\BLE 6% BUS VOLTAGE PARAMETERS FOR THE DOMINANT STATE WITH ALL E

Minimum value is

CUs

Parameter Symbol Min Nom Max Unit Conditions
Vqgltage on Bus® Vean_ H 35 7.0 Vi measured with respect
Vean L -2.0 15 to ground

of each ECU
Differential Vit 12 2.0 30 \ Measured at each
Bys Voltage® ECU connected to the

bus line

5.0 Vv during arbitration

The minimum value of Vean_n

determined by the maximum val

operation must not exceed 3 V.

(see Table 6).

ROSTATIC DISCHARGE (FSD)—CAN H and CAN | should be tested while disconnectd

ue of V,

CAN_H
The bus load increases as ECUs are added to the netyworkydue to R

of ECUs allowed on the bus. The maximum value of V.. is defined by the upper limit during arbitration. This maximum value of V. for si

minus the value,of V.

diff

‘diff

is determined by the minimumi\value of VcaN L Plus the minimum value of V.

Consequently, V.

decreases. The minimum value of V- determines the num

A[C Parameters—Tabhle 1 defines the AC Parameter requirements of the ECUs.

The maximum value of V.

VOLTAGES—OPERATIONAL—The parameters specified in Tables 5 and 6 apply when all
| 30) are connected to a correctly terminated bus line. The maximum allowable ground
FCUs on the bus is 2 V. The voltage extremes associated with this offset would occur

‘cAN |

S

per
e

(=3

FCUs (between
offset between
n the dominant

d from the bus

line according to SAE J1113/13 for ESD using 15 kV.

5.1.1.3
5.1.2 BUS
2 an
any
state|
5.1.3 ELEC
5.1.4

EXAMPLE PHYSICAL LAYER CIRCUITS—There are many possible discrete and integrated physical layer circuits

which meet the previous requirement. Examples of implementations are shown in Appendix A.

5.2

and topology of the network. (See Table 7.)

Physical Media Parameters—The following sections describe the characteristics of the cable, termination,
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TABLE 7% PHYSICAL MEDIA PARAMETERS FOR TWISTED SHIELDED CABLE

Parameter Symbol Min Nom Max Unit Conditions
Impedance z 108 120 132 w Three meter sample length measured at
1 Mhz between the two sig. wires, with
shield grounded, using open/short method.
Specific rh 0 25 50 mWm  measured at 20 °C &
Resistance
Specific Ling Delay t 5.0 ns/m 67% Vp@
Specific Cy 0 40 75 pF/m Between conductors
Capacitance c 0 70 110 pF/m Conductor to shield
S
Cable size ©)
0.5mm? Corjductor a, 0.508 mm2 @
(20 AWG)
Wire insul dig. . 2.23 3.05 mm
Cable diamgter ° 6.0 8.5 mm
C
0.8mm? Corjductor a, 0.760 mm2 @
(18 AWG)
Wire insul dig. . 25 35 mm
Cable diamdter dCI 8.5 1160 mm
C
Shield 200 225 mwW/m Surface transfer impedance up {o 1 MHz
Effectivenegs Test method per MIL-C-85485
Temperaturg Range C -40 +125 °C Heat aging: 3000 hours per ISO 6722,
Test with a mandrel 4-5x (liameter of
cable.®
Cable Bend|Radius r 4Axdia mm 90 degree bend radius without cable
of performance or physical degradlation
cable
1. The differgntial voltage on the bls line seen by a receiving ECU depends on the line resistance between it and the transmitting ECU. Therefore, the total resistdnce of the signal
wires is liffited by the bus level parameters of each ECU.
2. The mininjum delay tirfie-between two points of the bus line may be zero. The maximum value is determined by the bit time and the delay times of the transmit§ng and receiving
circuitry.
3. Other confluctor sizes available. Component insulation dimensions may be larger than those specified in SAE J1128. Design engineers should ensure compatibility between
cables, cohnegtors and contacts
4. Meet pi:'l‘ raqu i L SAE 11 1’)8 £ ”}:—‘ s GX1 ar SX] (includacs drain airag whar B \H hlg)

5.2.1

5.2.2

125°C or per OEM specification

BUs LINE—The bus line consists of a CAN_H, CAN_L and CAN_SHLD conductors. The CAN_H should be
yellow in color while the CAN_L should be green. In addition, the cable must meet the following minimum
requirements.

TOPOLOGY—The wiring topology of this network should be as close as possible to a linear structure in order
to avoid cable reflections. In practice, it may be necessary to connect short cable stubs to a main
backbone cable, as shown in Figure 7. To minimize standing waves, nodes should not be equally spaced
on the network and cable stub lengths, dimension S in Figure 7, should not all be the same length. The
dimensional requirements of the network are shown in Table 8.
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e

FIGURE 7% WIRING NETWORK TOPOLOGY

R) TABLE 8% NETWORK TOPOLOGY PARAMETERS
Parameter Symbol Min Nom Max Unit Conditions
Bus Length L 0 40 m not including cable stubs
Cable Stub S 0 1 m Note 1
Length®
Node d 0.1 40 m
Distance
Minimum do 0 m R, shall not be located within
Distance an ECU
from R

1. The cable stub length for the diagnostic connector+is 0.66 m maximum for the vehicle and 0.33 m maximum for the off-board
diagnostic tool.

5.2.3 TERNINATING RESISTOR—Each end-of the main ‘backbone’ of the linear bus must be terminated with an
appropriate resistance to provide_¢orrect termination of the CAN_H and CAN_L conductors. [This
termination resistance should be connected between the CAN_H and CAN_L conductors. The termination
resisfance should meet thecharacteristics specified in Table 9.

TABLE 9% TERMINATING RESISTOR PARAMETERS

Parameter Symbol Min Nom Max Unit Conditions

Resistance R, 110 120 130 W minimum power
dissipation 400 m\W/(®

Inductance 1 uh
1. Assumes a short of 16V to VCA

N_H

R) 5.2.4  SHIELD TERMINATION—The shield should be terminated by a wire conductor and directly grounded at only
one point.

General guidelines (in order of importance) for direct termination of the shield are:
1. Connect to the point of least electrical noise

2. Use the lowest impedance connection possible
3. The closest connection to the center of the network should be used.
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5.3

5.3.1

It is the responsibility of the vehicle manufacturer to identify the shield termination implementation.

Each node on the bus should also provide a shield ground; however, this connection of the CAN_SHLD
conductor should be by a series resistor and capacitor to the best ground connection within the node.
Recommended values are R =1 Wand C = 0.68 ni. (See Figures Al and A2.)

Connector Specifications—TWo types of connectors are shown that are capable of implementing all aspects

of the network. An ECU may be connected with either a hard splice (Appendix C) or connector.

If a

connector is to be used to connect an ECU to the 'backbone' of the network, it is called the Stub Connector

and is
conneq
such a
design

These
conneq
shall p

An exa

CON
shall

designated “A™ N FIgure 8. The Dackbone CONNector 1S Snown i Figare 9. The Co
t the termination resistor to the ends of the ‘backbone' cable or to pass through structt
s cab bulkheads, or to extend the ends of the 'backbone’ is called the ‘Through Co|
hted “B” in Figure 8. The ‘Through Connector’ is shown in Figure 10.

ting the network in a method that would be detrimental to proper communications.
ovide for the electrical connections of CAN_H, CAN_L, and drain wite“=CAN_SHLD.

mple of the use of this connector concept is shown in Figure 8.

ECU ECUZ ECUR ECLU et
I mA m A
=
| [ ™on == —1 L Y
= MATE MATE
m A
L A MATE
Piwm | MATE Em
m am am am
B B ~ B B B B g g HE
MATE . QN MATE o MATE MATE 8 B B
MATE | yiaTE
Bubezy [ | '—rr
E g

Can

FIGURE 8%AN EXAMPLE OF NETWORK CONNECTOR USAGE

NECTOR ELECTRICAL PERFORMANCE REQUIREMENTS—The connectors and their assod
meet theselectrical requirements specified in Table 10.

TABLE 10% CONNECTOR PARAMETERS

nector used to
ral boundaries,
hnector’ and is

fwo connectors are very similar in design, with different keying structures ‘te eliminate the possibility of
The connectors

iated terminals

Parameter Symbol Min Nom Max Unit Conditions

Voltage® Vean H 16 \Y nominal VBAT =12 V
Vean L 32 \Y nominal VBAT=24 V

Current | 0 25 80 mA

Peak Current I 500 mA Time restriction: 101tg @

Characteristic Impedance Z, 100 120 140 w

Transmission Frequency f 25 Mhz

Contact Resistance Rt 10 mw @

1. Bus fault.
2. The differential voltage on the bus line seen by a receiving ECU depends on the line resistance between this and the transmitting ECU. Therefore, the transmis
resistance of the signal wires is limited by the bus level parameters at each ECU.
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5.3.2

CONNECTOR MECHANICAL REQUIREMENTS—If connectors are used, these connectors should have locking,
polarizing, and retention devices that meet the requirements of the specific application. These connectors

should also incorporate environmental protection appropriate for the application.

The dimensional

characteristics of the Stub and Through connectors are shown in Figures 9 and 10, respectively.

1995
; fr——
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- 135 —=
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. 340

- 150

- 8 FLASTIC TO BE
FRATED FOR
-EE TO +125 C©

L. FINS TO BE
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COFFER.

f o033 R 3PL
£88 JF = 4
Seax .m0z @
-~ .15%0
— j—  EEBREF — ™
CAN _H ) FULL R.
" PIN 39D,
120 TYP I «
A1 1 @
[]
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]
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“ A
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K
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[]

g
;
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WZTD
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+.0010
.08187 oo @ 3PL

INTERFACE
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FOR J1929

STUB COMNMNECTOR

HIGURE 9% STUB CONNECTOR (WITH MALE KEY) DIMENSIONAL REQUIREMENTS

7

EE oM A-—R

(A)
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.lssc £ 003 R 3PL

physicgl layer, this section defines a portion of Transceiver compliance tests.
connedtion is not the same as*CAN_SHLD. The measurement ground reference should be the

6.1

i ECU

Recessive Output.efithe ECUs—The recessive output voltage can be measured as shown in

CAN_H 0

Note t

- 688 3PL .394 * .00z @
135 —= ye—o 18D
w\ — j— 88 REF — ™
CAN_H FF FULL R.
] I' ,/J\_ PIN 3PL.
.020 R 1z0 TYP ) X ]
ani 4] ! A % ‘
7 A | 1| 028 B\ o 1
[ & / ‘IR {
F r E : _ane E; L 635
.340 T - = 79 I | r‘;
s .0Z0 RTYP Z78 ]
* e .265 ’
3 ; CAN_SELD | 4
: - CAE L
.150 - E: e
@ 201000
- e g .683 * _po3 ’ L _oos
0615 2:355¢ @ 3PL SEcTION A-a
2.| PLASTIC TO EE
RATED FOR INTERFACE
R SRS DIMENS IONS
1.| PINS TO BE >
GOLD PLATED FOR JAR39
COFFER. THROUGSH CONNECTOR
FIGURE 10—THROUGH CONNECTOR (WITH FEMALE KEY) DIMENSIONAL REQUIREMENTS (B)
6. Confomance Tests—The following:figures and formulas show, in principle, how the parameters specified in
Section 5.1 should be verified by“/component manufacturers. While there are many requirements of the

at the ground
ECU ground.

Figure 11.

CAN L Fo0——

] '_.--"""\\1|\I
| '@ Vean L (W) Voan H

Ground —C

FIGURE 11%:MEASUREMENT OF Vcan 4 AND Vean L DURING THE BUS IDLE STATE

Vcan_Hand Vean L are measured unloaded while the bus is idle. Vi is then determined by

Vit = Vean H - Vean L

(Eq.2)
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6.2

6.3

Table 3 defines the limits during the recessive state.

NOTE¥aVcan_H and Vean L is measured with no load such that the worst case would be observed for the
maximum recessive condition.

Internal Resistance of CAN_H and CAN_L—The internal resistance, R,, of CAN_H and CAN_L can be
measured as shown in Figure 12.

ECU | Ht '
CAN_H [:i:z R o=
CAN L 2 o
| ®
Ground —o

Poiwer
! | Supply

FIQURE 12% MEASUREMENT OF R;y WHILE THE ECU PROTOCOL IC IS SET TO BUS|IDLE

Rin of CAN_H and CAN_L is determined for U = 0 V and U =\5 V, respectively, with Rest 4 5 KW. Ry, of
CAN_H and CAN_L is then calculated by

Veaht - VvV

Rin = Rtest V- U

(Eq.3)

where:

Vcan_p and Vean L are the open circuit.voltages according to Figure 11. Ry, is defined fof the recessive
state by Table 3, including Note 4, for DC - Parameters.

Interngl Differential Resistance—The internal differential resistance Ry can be measured as shown in
Figure [L3.

ECU Rest
'I::MNI_H s ,L\I g

v uL"'fr 48
CAN L —O kT/ L
Ground —O %

FIGURE 13%MEASUREMENT OF Rppg WHILE THE ECU PROTOCOL IC IS SET TO BUS IDLE

Ryifs is determined for U = 5 V and Riest = 10 kW during bus idle as shown in Equation 4:

(Vaitt - V)

it (Eq.4)

Ruiff = Riest

where:

Vit is the differential open circuit voltage according to 6.1.
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6.4 Recessive Input Threshold of an ECU—The recessive input threshold can be verified over the common
mode range as shown in Figure 14.

6.5

Curren
recess

to two
must n
by the

NOTES

Domin

ECU GAN_H _c I H 5 |
i s test | ﬁ 1kohm
- 'f:\] adn, 71 O
L U 1T I 5
Ground (—o . 12
| OWer
pply

FIGURE 14% TESTING THE INPUT THRESHOLD FOR RECESSIVE BITDETECTIO

[ | is adjusted to a value which develops 0.5 V (the upper limit for @detecting a recessiv
ve state) across Riest With Riest = 60 W (Bus Line Load Equivalent Resistance). In a

Suitable values that produce V =-2 V and V = 6 V during bus idle. Under these cond
protocol IC of the ECU. The level of the dominant bits issnearly independent of U.

L The 6 V value is used instead of 7 V since the maximum threshold for receiving a
0.5V per Table 2.

ant Output of an ECU—The dominant output of an ECU can be measured as shown in
ECU CAN-H —0— = !
< Riest |
CAN L |—o—L— |
v/ v/
Ground |—c ' |
Veant  VeanH

FIGURE 15% MEASUREMENT OF Vcan_HAND Veay | WHILE THE ECU SENDS A DOMIN

VeaN_
corresy

L and<¥can_L are measured during a dominant bit transmission. Ryest is set tg
onding value of Vs is given by

N

e bit during the
fdition, U is set
tions, the ECU

ot stop transmitting. This indicates that every transmitted recessive bit is still detected as recessive

recessive bit is

Figure 15.

ANT BIT

60 W. The

Vit = Vean_ H - Vean L

(Eq.5)

Note that the dominant state voltages of an ECU disconnected from the bus are defined in Table 4.
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6.6

6.7

Dominant Input Threshold of an ECU—The dominant input threshold of an ECU can be verified over the
common mode range as shown in Figure 16.

o ey R
R E
ECU % s | & tkohm

GANL -0 o ———
! W) s+l 9
o o | | lo |
TR
[ | Power
Supply

FIGURE 16% TESTING THE INPUT THRESHOLD FOR DOMINANT BIT DETECTION

Currenf | is adjusted to a value which induces, with Rggt = 60 W (Bus Line Load \Equivalent Resistance), the
upper threshold of 1 V required to detect a dominant bit during the recessive state. In addition, U is set to
two values that produce V =-2 V and V = 6 V during bus idle. Under thiese conditions, the ECU must stop
transmijtting the message which demonstrates that arbitration has begnZacknowledged. Thi$ indicates that
every transmitted recessive bit is detected as dominant by the protocohlC of the ECU. The leyel of dominant
bits is pearly independent of U.

NOTE3 The 6 V value is used instead of 7 V since the maximum threshold for receiving a dominant bit is 1 V
per Table 4.

Internal Delay Time—The internal delay time of an ECU can be measured as shown in Figure|17.

Test Unit
A somplepom  sampiepom
CANH | o x
! Idle .
ECU CAMN_L A—O—o
! rec. Start of iFlmI recessive |
Frame Identifier Bit
Groond —o— |

FIGURE 17%:MEASUREMENT OF THE INTERNAL DELAY TIME Tgcy BY PARTLY OVERWRITING

THE FIRST RECESSIVE IDENTIFIER BIT (SHADED AREA) BY A DOMINANT LEVEL UNTIL
THE ARBITRATION IS LOST

The testunit shown in Figure 17 synchronizes itself to the start of frame bit transmitted by the protocol IC of
the ECH—Upendetection-of-thefirstrecessiveidentifierbitthetest-unit parthy-everwritesthis recessive bit
for a time tyyerw by @ dominant level (shaded area in Figure 17). This overwriting is increased until the
protocol IC of the ECU loses arbitration and stops transmitting. If this situation is reached, the available part
of the bit time t5y4j for delay time compensation is just exhausted (see also Figures 5 and 6 and Table 7).
Then tgcy is calculated by Equation 6.

tecu = tavail = toverw (Eq.6)
where:

tavail IS known from the bit timing unit of the protocol IC and tyyery is known from the test unit.
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7.1

7.2

7.3

7.4

The dominant and recessive voltage levels are set by the test unit to the corresponding threshold voltages for

reception.

This means that the dominant overwriting level is 1 V, and the recessive level

ensures a uniquely defined relationship between voltage levels and internal delay time.

Discussion of Bus Faults—

a.
Loss qf Connection to Network—If a node becomes disconnected from the network, the.rs
shall ¢

Node Power or Ground Loss—If a node loses power, or if it is in a low voltage condition, thq
loaded

If a npde loses ground, the network shall not be biased up.
commu

Unconjnected Shield—In case the shield loses connection at ahg node, communication
electromagnetic interference increases. Common mode voltages can be induced between thq

is 0.5 V. This

Possible Failures¥. During normal operation, several bus failures can occur that may influence operation.

wires.

Open

rate, a$ interpreted by the electronic control units. S@me external events that may cause fail
in Figufe 18 and are discussed as follows:

a.

Case 1: CAN_H is Interrupted¥: Data communication between nodes on opposite sides of

is

posgsible, but with reduced signal-to-noise ratio.
Case 2: CAN_L is Interrupted¥sData communication between nodes on opposite sides of
possible, but with redueed-signal-to-noise ratio.

Case 3: CAN_H is Shorted to VBat¥ Data communication is not possible if VBat is g
mgximum allowed-common mode bus voltage.

Case 4:,CAN_L is Shorted to GND¥:Data communication is possible, because the bu
within sthe” allowed common mode voltage range.
indréased. The electromagnetic immunity is decreased.

These failures and the resulting network behavior are specified subsequently.

bntinue communication.

down, and the remaining nodes shall continue communication.

The -temaining nodes
nication.

hnd Short Failures—In principle, failures are detectable if there is a significant mess

not possible. Data communication between nodes on the same side of an interr

not possible. Data communication between nodes on the same side of an interr

Signal-to-noise ratio is reduced a

maining nodes

network is not

shall continue

s possible but
shield and the

hge destruction
ires are shown

an interruption
uption may be

an interruption
uption may be

reater than the

s voltages are
nd radiation is

Case 5: CAN_H is Shorted to GND% Data communication is not possible.

Case 6: CAN_L is Shorted to VBat¥%: Data communication is not possible.

Case 7: CAN_H is Shorted to CAN_L¥,Data communication is not possible.

Case 8: Both Bus Lines are Interrupted at the Same Location¥sData communication between nodes on
opposite sides of an interruption is not possible. Data communication between nodes on the same side
of an interruption may be possible, but with reduced signal-to-noise ratio.
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Case 9: Loss of Termination Resistor¥sData communication via the bus may be possible, but with
reduced signal-to-noise ratio.

Case 10: Topology Parameter Violations (i.e., Bus Length, Cable Stub Length, Node Distribution)%: Data
communication via the bus may be possible, but with reduced signal-to-noise ratio.

R
‘Ull.r"-nn.l [ prm— N e Vr‘*nhl []
T T SRy _ e
case 10
ECU 1
O—Pase 7
case 5
) | GND
caseb /T
"u'bat WL
I
ECU n-1
Vbat ® ® GND
case 3 1 case 4
(X Koo
|
) 1 \
| ECUn J case 8
i
cased >\\
RL

FIGURE 18% POSSIBLE FAILURES DUE TO EXTERNAL EVENTS
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(R) 8. Notes

8.1 Marginal Indicia—The (R) symbol is located in the left margin is for the convenience of the user in
locating areas where technical revisions have been made to the previous issue of the report. An (R)
symbol to the left of the document title indicates a complete revision of the report.

PREPARED BY THE SAE TRUCK AND BUS CONTROL AND'CGOMMUNICATIONS
NETWORK SUBCOMMITTEE OF THE SAE TRUCK AND BUS
ELECTRICAL AND ELECTRONIC COMMITTEE
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APPENDIX A

EXAMPLE PHYSICAL LAYER CIRCUITS

A.1 Example 1 Physical Layer—The following are three examples of physical layer circuits which meet the
electrical specifications contained within this document.

RI6 VCC

5@% 511K 5,_,.

FIGURE Al1¥% EXAMPLE 1 PHYSICAL LAYER CIRCUIT

The dircuit has a special_short-circuit protection for the CAN_L path. Therefore it uses ¢nly low power
comppnents but withstands voltages up to +50 V on the bus lines (e.g., load dump). R7, R§, R9, R10 form
the bipsing networkfor the recessive state; R5, R6, C1, C2 together with the biasing network form an input
filter with a corper frequency of about 1.2 MHz. R3, R4, R15, and R16 provide the drive impedance for Q1,
Q2; they should be chosen so that the switching waveforms of CAN_H and CAN_L are symmetrical during
transifions. “\R1 and R2, together with the on-resistance of Q1 and Q2, set the output impedance of the link
for thg dominant state; D1 and D2 are used for common mode decoupling. R12, R13, D3, Z1| and Q3 switch
Q2 offifvoltagetevetsat CAN—texceed—+10V(Q1isdecoupted—by Di—inthis—case): 3 isolates the
capacitance of Z1 from the bus line.

L1 is used to reduce the amount of high-frequency microprocessor switching noise coupled on the bus.
Testing has shown this component to reduce radiated emissions over the test range of 10 KHz to 200 MHz,
but particularly below 30 MHz. While this component improves radiated emissions performance, its use is
not essential to meeting the requirements of SAE J1939-11 and therefore not required. The radiated
emissions performance of ECU must be addressed on an individual basis.
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