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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental _in liaison with ISQ_ also take part in the work 1ISO_collabhaorates closely with the

International

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan
adopted by fthe technical committees are circulated to the member bodies for voting. \Publication &

International

Attention is d

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 22896 w

and electronic equipment.

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of

as prepared by Technical Committee ISO/TC 22, Road vehic¢le’s, Subcommittee SC 3, Ele
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INTERNATIONAL STANDARD ISO 22896:2006(E)

Road vehicles — Deployment and sensor bus for occupant

safety systems

1 cope

This |nternational Standard is a specification of a serial communications bus protocol for automo
restraint systems. It covers Physical Layer and Data Link Layer and those parts of the Applicati
are npt supplier-specific.

2 Terms and definitions
For the purposes of this document, the following terms and definitions’apply.

21
analgogue safing
using a special bus level (LS0-level) for confirmation of deploy-messages

2.2
bitmap addressing

methpd of addressing one or several slaves at aime by assigning each bit of the address field
slave

23
bus level

one qut of four levels of the differential-bus voltage, whereof one forms the Power Phase and th
are uped for representation of a data*bit during the Data Phase

24
command
part of a D-Frame, transmitted by the master, defining the purpose of the frame

25
CRCffield
part ¢f a D-Frame or S-Frame

2.6

ive occupant
bn Layer that

to a different

e other three

data ffield

part of a D-Frame

2.7
Data Phase
part of a data bit providing the bit value

2.8
deploy command family
four commands for control of deployable devices

2.9

deployable device
irreversible actuator

© I1SO 2006 — All rights reserved
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2.10
D-Frame

type of frame primarily used for diagnostic communication and actuation of deployable devices

2.11

differential bus voltage
differential voltage between the two bus wires

212
duty cycle

percentage of a bit time that is assigned to the Power Phase

2.13
E-bit
bit in a D-Fra

214
half-rate

me indicating an error or a “read” command

mode used for sensors that shall not reply in every S-Frame

215

hold-up capfcitor

capacitor suf

216
latency time

plying power to a slave during the Data Phase

worst-case duration between the occurrence of an interrupt requesting event in the sensor and the actua

of an S-Fram

2.17
LSO0-level
bus level ind

2.18
LO-level
bus level ind

2.19
L1-level
bus level ind

2.20
master

e polling message

cating an error, a bus interrupt or a “0”with analogue safing

cating a “0”

cating a “1”

device respopsible forxcommunication on the bus and for power distribution over the bus

2.21
Multi-Shari

J

mode used in S-Frames for dynamic assignment of slave data to the first slot

2.22
node

master or slave

2.23

point-to-point addressing
addressing used for communication between the master and one slave

start
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2.24
power level
bus level forming the Power Phase

2.25
Power Phase
part of a data bit during which the master transmits the power level

2.26
R-bit
reserved bit in D-frames for future definition

2.27
SELpit
bit uged in S-Frames to control slaves configured for half-rate mode

2.28
S-Frame
type pf frame used by the master to collect dynamic data from slaves periodically

2.29
signII address
addregss assigned to peculiar signals provided by slaves, used in S-Frames for Multi-Sharing

2.30
slave
devige that is connected to the bus and is not the master:

2.31
slave address bitmap
part ¢f a D-Frame in which each bit corresponds to one slave

2.32
slot
part of an S-Frame assigned to a certain slave to be filled with its data

2.33
Slot Length
deterfmines the number of data bits that a slot consists of

2.34
Sub-Slot
sub-dection ofa-slot

2.35
T-bit

3 Abbreviations

ACU Airbag Control Unit

ASIC  Application-Specific Integrated Circuit
CRC  Cyclic Redundancy Check

ECU Electronic Control Unit

© I1SO 2006 — All rights reserved 3


https://standardsiso.com/api/?name=142fd49ca58e72be7d8249a45d39b953

ISO 22896:2006(E)

HSD High Side Driver

INT Interrupt

LSB Least Significant Bit

LSD Low Side Driver

MSA Multi-Sharing Address

MSB Most Significant Bit

MTP Mulfi Time Programmable

NVM Nor] Volatile Memory

ORC  Ocdupant Restraint Controller

OoTP Ong Time Programmable

RAM Rarjdom Access Memory

RCM  Redtraint Control Module

ROM  Redd Only Memory

SDM Sensing and Diagnostic Module

SEL Selgct

SOF Start Of Frame

SSB Slof Start Bit

4 General

Automotive qccupant restraint systems are controlled by a Sensing and Diagnostic Module (SDM), also
Airbag Contrpl Unit (ACU), Restraift Control Module (RCM) or Occupant Restraint Controller (ORC), wh
connected tg peripheral devices:

— dynamid sensors with/high update rates, e.g. for remote front and side impact sensing;

— static sepsors with Jow update rates, e.g. buckle switches, seat position and occupancy sensors;
— actuatorp, gspecially deployable devices, e.g. squibs.

The SDM is also referred to as “master”; the peripheral devices are also referred to as “slaves”.

alled
chis

The bus provides a two-wire connection between the SDM and the peripheral devices and supplies power to
the slaves. It offers bi-directional communication. The master’s bus interface sends energy into the bus, the
slave’s bus interface extracts power from the bus. The master determines the bus speed and initiates all
communication by sending message frames on the bus. Slaves may transmit their data within these frames
when requested by the master. Smart dynamic sensors (defined in 5.3) may send an interrupt to the master
while the bus is idle or while there is diagnostic communication on the bus. The master’s reaction to the
interrupt is application specific and typically lets the master stop diagnostic communication and start polling of
impact data instead.

© I1SO 2006 — All rights reserved
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The data is usually coded using differential bus voltage. On a bus, where several transmitters are sharing the
same wiring, using voltage as the data signal has a significant advantage over current, because it enables the
transmitter to verify the data that it sent on the bus. This is the most reliable way to detect bus collisions, e.g.
when two sensors are transmitting their data at the same time. For less critical data like diagnostics, reply data
from slaves can be coded using current, which allows connection of deployable slaves to the bus via isolation
resistors (see 6.6.4.2).

5 System architecture

5.1 General

The gpecification covers sensor busses, deployment busses and combined sensor/deploymenbbiisses.

The bus shall support 64 slave addresses, of which three shall be reserved for special(purposeg. The actual
number of slaves that can be connected to one bus is limited by the supply currentfor the slavgs and by the
pin capacitance of the slaves (see also Clause 6). Bandwidth limits shall also be gonsidered.

NOTH A single slave can incorporate the functionality of several slave addresses-

5.2 | Deployment bus

The geployment bus shall support deployable devices and static‘sensors. The bus shall provide point-to-point
mesgages for diagnostic communications between master and slaves. Since the deployment bus|shall support
fast gelective deployment of several deployable devices, the bus shall also provide a special deploy message,
which allows individual deployment control of up to 12 devices at a time. There shall be four deplpy messages
available, each controlling 12 device addresses:
— address range 0b000000 — 0b001011;
— address range 0b010000 — 0b011011;
— @ddress range 0b100000 — 0b101044;
— @ddress range 0b110000 — 0biM1011.
In this way, up to 4 x 12 = 48 deployable devices can be controlled by one bus. The address 0b0Q0000 should
not be used as a slave address, because this address shall be the default address of all slaves that have not

been|programmed yet:-See also 7.2.1, 7.3.2 and 7.4.8.

The geploymenttbus shall provide communication with and without a special “safing” signal, which may be
used|for additional differentiation between diagnostic communication and actual deploy commands.

5.3 | Sensor bus

The sensor bus shall support static and dynamic sensors. There may be two types of dynamic sensors.
— Raw-data sensors send time-critical data periodically to the SDM.

— Smart sensors send time-critical data event-driven only.

Smart sensors can easily coexist with static sensors on the same bus.

NOTE Raw-data sensors usually occupy the bus bandwidth all the time, while smart sensors usually need the full
bandwidth only for a short time during an event.

© I1SO 2006 — All rights reserved 5
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EXAMPLE

In the absence of an event, the master can poll diagnostic data and/or static sensor data from all s

laves.

When an event occurs, a smart sensor can stop this communication by sending an interrupt to the master and to the other
slaves. The master can then assign the full bus bandwidth for exclusive communication of time-critical data from smart

sensors to the

master.

The number of smart sensors that can be connected to the bus is usually limited by the ratio between the
available bandwidth and the latency time requirements for this data transfer. Additional static sensors on the
bus do not contribute to the latency time, but they contribute to the physical bus load, which also limits the
number of slaves (see Clause 6) on the bus.

On a sensor bus, the “safing” signal, known from the deployment bus, shall be used for error indication and

optionally for

the interrupt capability of smart sensors.

Since raw-dg
option. Devig
capability or

5.4 Comb

On a combir

have to share the available bandwidth and the available bus power. This shall’be taken into account

designing su

The “safing”

transmitted By the master), and on the other hand for signalling bus:collisions (i.e. LSO transmitted

dynamic sen
during a D-H
LSO-level ca

6 Physig

6.1

The bus can
on the bus td

6.2 Bus t¢

6.2.1

For a paralle
(see Figure 1

Bus medium

Parallel configuration

ta sensors usually are not required to send bus interrupts, they may be implemented withou

t this

es (master and slaves) made for raw-data sensor busses should either not have bus int¢rrupt

brovide a means to disable the bus interrupt function in a reliable way.

ined sensor and deployment bus

ed sensor and deployment bus, all types of slaves that are connected)to the same bus
Ch a mixed system.

tlevel LSO shall be used on the one hand for confirmation of deploy messages (i.e.
sor during an S-Frame) or for interrupting communication™(i.e. LSO transmitted by a smart s

rame). The deployment and sensor bus protocol shall ensure that the relevant function ¢
) be clearly identified by all nodes (see 8.5.4).

al Layer

use unshielded twisted pair_or-untwisted cable (see Table 3). The maximum bus length def
pology (see 6.2).

ppology

bus configuration, each slave shall be directly connected to the two bus wires Bus-A and E

~

vould
when

LSO
by a
BNSor
f the

ends

Bus-B

Slave Slave Slave

Bus-A

Bus-B

Figure 1 — Parallel connection of slaves to the bus
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In parallel configuration, the wires may be routed in a bus, tree or ring structure (see Figure 2) or combinations
of these. A ring may be implemented either by connecting both ends of the bus cable to a single bus output of
the master, or by connecting each end of the cable to a separate output of the master (see also 6.6.3.2).

Parallel squibs can be implemented as polarized or non-polarized devices. For non-polarized devices, it does
not matter which pin is connected to which bus wire. Dynamic sensors shall be polarized.

PP
R ¢

tree

ring
M @ @ (single master output)

©

ring
M (double master output)

Key
M = master
S =slave

Figure 2 — Bus topologies for parallel configuration

© I1SO 2006 — All rights reserved 7
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6.2.2 Daisy-chain configuration

slave slave slave
rO— O rO—
Bus-B As_ymmet_rical
daisy chain
Bus-A
slave slave slave
1+ 1+ —D—T‘
Bus-B Sy_mmetripal
daisy chain
Bus-A

For an asym
be routed th
bus sections
for the follow|

A

in-car &

(see Annex A);

recovery

For a sym
Ideally, the
the balance
chosen wher

In a daisy-ch
two daisy-ch

mitrical daisy-chain configuration, each slave shall switch Bus-B and insert an element into B

Figure 3 — Daisy-chain connection of slaves to the bus

metrical daisy-chain configuration, each slave shallbe directly connected to Bus-A. Bus-B
ough a switch in each slave (see Figure 3). These daisy-chain switches shall split the bu
Single switches can be opened in order to shut,down individual bus sections, which can be

ng:

ddress programming, where slaves:are identified by their position in the daisy-

from Bus-A to Bus-B shorts (see 6.6.4.3), where the faulty bus section is switched off.

n-resistance of the switch and the resistance of the element should be identical, in order to
f the bus voltage behind the daisy-chain slave. Symmetrical daisy-chain configurations shod
the bus is run permanently at high speed.

ain configufation, the wires may be routed in a bus or ring structure (see also 6.6.3.2). Bet
bin slaves, parallel slaves may be connected in a bus or tree structure.

Daisy-chain

ring, they shall-hot be polarized with respect to the exchange of switch input with switch output.

Slaves' shall be polarized with respect to the exchange of Bus-A with Bus-B. For operatior

shall
5 into
used

chain

us-A.

keep
Id be

ween

in a

6.3 Bus load

6.3.1

General

The master shall provide enough current to supply the slaves and to drive the signal edges. A slave replying
with voltage modulation shall sink enough current to drive the signal edges.

© I1SO 2006 — All rights reserved
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6.3.2 Bus capacitance

Each slave, the bus wires and the master itself contribute to the capacitance that is limiting the slope of the
signal edges. Since parallel slaves have less capacitance than daisy-chain slaves, a higher number of parallel
slaves and/or a longer bus may be admitted.

The total bus capacitance shall be less than the value that master and slaves can drive. The latter can depend
on the bus speed (i.e. higher bus speed requires lower capacitance).

EXAMPLE

Calc

n £ o 1 et
Aalliulls 1TUT a UCPIVYITICTIT DUS.

wherg

[. =61 pF/m

N 5nF

mstr =

L,

c is the cable capacity per metre;

is the master pin output capacitance (effective capacitance between Bus-A and Bus-B, when @
shorted to ground), see Table 1.

L
mstr

NOTH This corresponds for instance to 2,2 nF capacitors (with a relative tolerance of + 10 %) connect
to GND and from Bus-B to GND at both master outputs driving a ting.'If a single output is driving the bus
value$ can be doubled.

Calcyation for parallel slave configuration

b = 250 pF
bar =40 m
Noar = 16
where

[, is the maximal slave,eapacitance of each slave in parallel configuration;

Lor 1S the maximal permissible cable length in parallel configuration;

Noar is the maximal number of slaves that may be connected to the bus in parallel configuration.

The total bus capacitance in parallel configuration, Cyy,.. is calculated as follows:

wtotpar 2 (Cc X lpar) + (”par x Cab) + Cmstr

ne bus wire is

ed from Bus-A
the capacitor

Ciotpar = (61 PF/m x 40 m) + (16 x 250 pF) + 5 nF

Ciotpar = 244 NF + 4 nF + 5 nF = 11,44 nF

Calculation for daisy-chain slave configuration

Cyc =500 pF
lgo=25m
nge =12

© I1SO 2006 — All rights reserved
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where

to the bus);

is the maximal permissible cable length in daisy-chain configuration;

is the maximal number of slaves that may be connected to the bus in daisy-chain configuration.

The total bus capacitance in daisy-chain configuration, C, .. is calculated as follows:

Ciotde = (Cox Lye) + (g x Cyo) + Cpgyr

is the maximal slave capacitance of each slave in daisy-chain configuration (2 x C,,, because of two connections

Crotde = (
Ciotde =1

In these exan
40 m bus with

6.3.3 Slave supply current

A slave shall
of about 50 9
power pulseq
capacitor hag
about twice i
shall balancqg

6.4 Bus sjignals

The bus sha
transmitted 6
same polarity

1 pF/m x 25 m) + (12 x 500 pF) + 5 nF
525 nF + 6 nF + 5 nF = 12,525 nF

ples, the total bus capacitance is 12,525 nF for a 25 m bus with 12 daisy-chain slaves; or 11,44 nH
16 parallel slaves.

not get a d.c. supply current from the bus. The bus shall provide power pulses with a duty
6. A hold-up capacitor internal to each slave can be used tosupply power to the slave in bet
. A slave shall extract power from the power pulses only, €ven during power-on, when its hd

for a

cycle
ween
Id-up

not yet been charged up. The average surge current needed by the slave for power extractjon is

s average d.c. supply current, because of the 50 % daty cycle. A built-in current limit in the
the surge current over the length of the power pulse:

| use differential voltage signals for communications from master to slaves. Slave data sh
ither by differential voltage as well;or’by current modulation. All voltage signals shall hay
VBus-A — VBus-g > 0. Differential bus/voltages are shown in Figure 4.

slave

Al be
e the

10
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11V HVa

3V . —

ov

-~V

a FPower distribution level “P”.

b 1|0 = normal data level “0”.

¢ L1 = normal data level “1”.

d LSO = special data level “0” for safifhg, interrupt or error.

Figure 4 — Differential bus voltage levels

Therg¢ shall be one bus tevel for power distribution and three levels for data exchange:
— P =powerdevel,

— L0 =recessive data level for the bit value “0”;

L4 darminant-datal Lfartha it ] “qn.
T u

— LSO = dominant data level for either
— the interrupt signal,
— the bit value “0” with analogue safing (for deploy messages), or
— an error indication at certain bit positions (see 7.4.9 and 7.4.10).
A slave shall only transmit when the master does not output the power level. In order to allow a slave to

transmit, the master shall transmit a default “0” (LO-level), which a slave may overwrite by pulling the bus
down to the L1-level for transmission of a “1”. Dynamic sensors shall modulate the bus voltage for

© 1SO 2006 — All rights reserved 11
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transmission of data. This way they can read back the bus signal while transmitting and detect faults like
collisions with other transmitting nodes. On a deploy bus, static sensors or deployable devices may not be
able to modulate the bus voltage at high bus speeds, because their transmit current may be too weak to
discharge the bus capacitance in time. In this case the master shall recognize the slave data by evaluating the
bus current.

A dynamic sensor slave shall have the additional option to pull an LO- or L1-level down to the LSO-level, which
means either that the slave can submit an interrupt to the master or that it can indicate a detected error during
transmission (see 7.4.9 and 8.5.4).

The master shall use either the LO-level or the LSO0-level for the representation of a “0”, depending whether the

message is @

The P-level s
as OTP prog
for off-line u
level. All sla
into account

LO can be o
any other lev

NOTE Hi

] Lfiodl L5 1 £ AN « 1 Al 4
AR RRE-1] IIIUOOGHU Ul da Quaiicu UrTic \ allaluguc Oalllly }- VOCT dIioU V. T.

hall be about 12 V for normal operation, or it may be raised up to 30 V for special purposes
ramming in the slaves. Raising the P-level shall not be considered applicable in the systen
e only. Slaves not requiring an increased P-level for certain functions need notytolerate s
es shall tolerate and shall not be damaged by a differential bus voltage up, 4020 V. This
failure modes in the airbag ECU that may lead to a temporarily increased bus level.

erwritten by L1 or by LSO; L1 can be overwritten by LS0. The P-levelcannot be overwritt
el. The exact bus levels are specified in 6.8.

Oher voltage at same slew rate level implies lower speed.

6.5 Bit cqding

6.5.1

The time dur
the master t
Power and O
extract powe
be about 509

Speed chang
polling mess

Speed chan
see 6.5.2).

When the m
expects a slg
be overwrittg
bit value “0”,
pull the bus

Gengdral

ng which the master transmits the power levélis called the Power Phase. The time during
ansmits a data level is called the Data Phase. The master shall transmit a steady sequer
ata Phases. During one Data Phase, one“bit shall be transmitted (see Figure 5). The slaves|
I from the bus during the Power Phase only. The average duty cycle for the Power Phase s
0.

es for high-speed deploymentimessages can be initiated by the master. For high-speed s
hges, speed changes can be initiated by a sensor with interrupt capability.

jes shall go into effect_with the beginning of a new Power Phase (for details and restric

pster does natitransmit a message (= Bus Idle) or when the master transmits a frame in wh
ve to transmit data, the master shall transmit the LO-level during Data Phases. The LO-levg
n by another data level from a slave, when the slave is transmitting data. In order to transnm
the slave shall leave the Data Phase as is. In order to transmit the bit value “1”, the slave
voltage down to L1-level. On a deploy bus during D-Frames, the master shall read the s

transmit curr

such
N, but
ich a
fakes

bn by

vhich
ce of
shall
hould

ENSor

lions,

ich it
| can
it the
shall
ave’s

brit/instead of checking the bus voltage. Therefore, it is not necessary that the slave actuall

y pull

the bus voltage completely down to L1-level. In order to send an interrupt or to indicate an error during
S-Frames, the slave shall pull the bus voltage down to LS0-level (applicable to dynamic sensors only).

NOTE

of deploy messages, or for signalling an interrupt or error condition from a dynamic sensor to the master.

12

Data bits are surrounded by power distribution level phases. The level “LS0” is used either for analogue safing
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6.5.2

Bus level A
Power Power
p Phase Phase
Data Data Data
Phase Phase Phase
Lo v 4 -y
I S I I IR U o R
1 0 80
LSO

Figure 5 — lllustration of the bit coding

Start of frame (SOF)

The Physical Layer shall provide a special SOF symbol, which is characterized by a temporary dgubling of the
duratjon of the Power Phase (P) and of the following Data Phase (0) of one bit (see Figure 6).

The Bit level within the SOF shall indicate the type (“T”, see 7.4.2) of the subsequent frame.

The master shall start a new frame by sending the SOF symbol. Usually, this is done after completion of a

previ
the r

pus frame or during Bus)ldle. The master can also send a new SOF during a frame. This shall terminate
nning frame and shall'start a new one. For this case, the following rules apply.

The master shalnot send an SOF immediately after an SOF, there shall be at least onle data bit in
between.

[Vhensthe current frame is a D-Frame requesting data and the new frame is also a D-Framg (7.3.2), the

aster'shall send the SOF twice, with at least one idle bit in between (see also Annex C ). When the new
;[ame is a deploy command with safing. the idle bit(s) between the dual SOF shall be transmitted with

safing level as well (LSO).

© I1SO 2006 — All rights reserved
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o 00% 200% o 100%
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Y
A
y

SOF

A
 J

Figure 6 — Characterization of the SOF by a temporary doubling of the bit time

The start off a new message may also be used as the time to decrease(the bus speed permamently

(see Figure 7). Any lengthening of the bit time by a factor of two or more shall be recognized as the stant of a
new frame.

100% at
fast bit) rate 200 % at slow bit rate L 100 % at slow bit rate N
OPOIPO P 0 P 0
B SOF _

Figure 7 — Example for changing the bus speed from fast to slow with the start of a new frame

The bus speed may be increased at any time during a frame, except immediately before an SOF. If the
request to increase speed and an SOF occur coincidentally, the master shall switch to high speed one bit
before it sends the SOF (Figure 8).
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100 % at 200 % at
fast bit rate fast bit rate

100 % at
slow bit rate

A
Y

0 P 0 POl P 0 |POROP
SOF

A
A

t

Figure 8 — Example for changing the bus speed from slow to fast one bit before the start
of a new frame

NOTH For simplicity, the data values in Figure 6, Figare 7 and Figure 8 are all “0”.
6.6 | Fault tolerance

6.6.1| General

This goncept provides several options to implement fault tolerance. It shall cover
— ghorts of one bus wire,

— @pen circuits,

— shorts between the bus wires (A-to-B shorts).

6.6.2] Shorts of one bus wire

The nain approach for tolerance of single-wire shorts is to make the bus float. Due to the definition of a
steady 50 % duty cycle even during Bus Idle, capacitor-based circuitry can be used to make the bus float,
without having to use a transformer. This way, shorts of one wire to any voltage within the range of at least
-2V to + 16V are tolerated, no matter whether this is a transient, intermittent or continuous short and no
matter the resistance of the short.

6.6.3 Wire interruptions

6.6.3.1 General

Without a ring structure, the bus shall tolerate open bus wires by maintaining communication to all slaves
between the master and the fault.
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Ring structure

On a pure parallel bus, the ring can be driven by a single master output (see Figure 2). In this case, an open
wire within the ring shall be completely tolerated. The master cannot check whether the ring is open or closed.

The ring can be driven from two master outputs as well. In this configuration the master can check whether
the ring is open or closed. However, the electrical bus parameters on a closed ring differ from those on an
open ring. Therefore some restrictions apply, which are explained below.

All voltage-specific bus signals shall be independent of the status of the ring. This includes all urgent
messages I|ke commands from master to slaves ona deploy bus and sensor data on a sensor bus. For these

messages, the
both outputs

All current-sy
of the ring. W\

the ECU ma
two bus outp|

6.6.4 Bus |

6.6.4.1

The bus sha

The slaVv

When th
the othef
master 3

the actual sIave data being the result of a bit-wise OR functlon of the |nd|V|duaI S|gnals The
transfer of slich messages shall fully tolerate any opening or closure of the ring. No such message-sh
lost.

ecific bus signals, such as reply data from slaves within D-Frames, are dependent on the s
hen the master data bias current (Ipg,) (see Table 1) is driven from both sides”at the same
y not be able to receive such slave data. Therefore the following rules apply to a ring driv
uts.

For D-Frames, I, shall be switched off on one bus output during bits that earry slave data.

e current shall be checked at the one output at which /. iS\active.
ere is no slave reply detectable, the message frame shall be repeated with /. being act

hall locate the open wire by checking which slaveiis‘replying to which output.

\-to-B shorts

General

| fully tolerate Bus A-to-B short circuit currents of up to 5 mA. On a parallel bus, the ability to

and receive messages with safing level shall'be maintained even with short circuit currents of up to 20 m

a daisy-chair]
6.6.4.2

Parallel depl
discrete resig
part of the s
also be com
messages W
messages c

bus, short circuits of more'than 5 mA can be isolated by reconfiguration of the daisy-chain.

Recovery from A-to-B shorts on a deployment bus in parallel configuration

pyable devices{Or-static sensors on a deployment bus shall be connected to the bus th
tors. These fesistors prevent the slave from shorting the bus wires A-to-B. The resistors m
aves, or they are inserted in the wiring harness between master and slave. Both solutiong

output and checking the slave current from there. This could happen when the ring is open.

¢d on

e bus
bl be

tatus
time,
bn by

ve at
The

send
\. On

ough
hy be
may

bined (seéeFigure 10). However, such resistors shall only maintain the capability of trans

because of the-short

6.6.4.3

itting

th analogue safing from master to slaves, in spite of an A-to-B short. This means that deploy
n-still be sent, but diagnostic communication or polling of sensor data can no longer progeed,

Recovery from A-to-B shorts in daisy-chain configuration

There shall be two ways of recovering from an A-to-B short:

real-time recovery by hardware;

recovery by software.

Recovery by software may be chosen for all kind of problems where the origin of the problem is located by
testing the individual bus sections. Once it has been identified that the occurrence of the problem is correlated

16
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to the closure of one of the daisy-chain switches, the master can decide to leave this particular switch off in
order to maintain communication in the remaining bus sections.

Hardware recovery shall be available for recovery from “true” shorts. A “true” short is defined as a low-ohmic
short that prevents the master from generating a sufficient power level, 7| p, with the consequence that the
bus signal does not exceed the Vp( threshold at one or several nodes (which can include the master itself).

A slave shall detect a “true” short by checking the time having elapsed since the last Power Phase. When this
time is significantly longer than the duration of one bit at lowest bus speed, the slave shall assume the

presence of a “true” short and open its daisy-chain switch.

Am
lowel
outpy

4 ball dat 4 LTS 22 o TR la Lt Ll o ] <l H (m] DPlo ALl £l
ST oSlidil UTITULLU a UUT  oluUlt Uy CIITURNITTY UIT UUS TTVTT UUTITTYy T"UWTT T TIdoT. VVIITTT Ul
than the Vpg threshold, the master shall assume the presence of a “true” short and shutg
t.

bus level is
own the bus

When a slave has detected a “true” short and has opened its daisy-chain switch accordingly, it shall wait for a

bus

oltage higher than the V'p, threshold on one of the two sides of the daisy;chain switch.

available, it shall forward a test current to the other side during Power Phase. If thé bus voltage

exce
chain

pds the 74 threshold again, it is assumed that the short is gone and the(slave shall switch
switch again.

When this is
on this side
bn the daisy-

When a master has detected a “true” short and has switched off the/bus’ accordingly, it shall wait for one bit

time
the 1

again.

The

from
nega
whet

Durin
shall

and afterwards turn on a test current to check if the short is stillpresent. When the bus vol
04 threshold again, it is assumed that the short is gone and’the master shall switch on th

power-up behaviour of a master or a slave shall be basically the same as described above
an A-to-B short. The bus shall be tested with a test current: if positive, the bus shall be s
ive, the master can double-check by commanding the closure of a daisy-chain switch and s
ner it can still communicate afterwards.

g initial power-on of a slave, its daisy-chain switch shall be open. Immediately after power-
behave as after an A-to-B short detection: when 7 is reached on one side, the test cu

age reaches
e bus output

for recovery
vitched on; if
imply testing

pn, the slave

:l:ent shall be

switched on and the daisy-chain switch_shall be closed as soon as 7y, has been crossed on the other bus
side.

NOTH Even when the slave fajls’to close the switch automatically, the master can still command the|closure of the
daisy{chain switch to double-check-whether there is really an A-to-B short behind that slave.

6.7 | Use of analoglie safing on a deployment bus

6.7.1| General

The master.shall send out a message with analogue safing almost in the same way as without dafing. It shall
simply replace the LO-level by the LSO-level for representation of a “0”, and keep the|L1-level for
representation of a “1”.

A slave shall recognize both levels, LO and LSO, as a data bit value “0”. The LS0-level shall additionally qualify
a deploy message as a “serious” one.

A slave shall accept a message in two cases:

when all bits of content “0” are represented with LO-level;

when all bits of content “0” are represented with LSO-level.

When some bits of a frame are represented with LO-level and others with LS0-level (= inconsistent safing), the
message shall be ignored and regarded as a bus error (see 8.4.7). This gives additional protection against
corrupted messages. Slaves, for which this extra level of protection is not needed, may not be able to receive
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messages transmitted with safing. These slaves need not check for consistent safing and may not even be
able to recognize an LS0-level at all.

A message of the deploy command family (see 8.4.2) that is sent without safing level, shall be accepted by
the deploy slaves (i.e. not regarded as bus error), but a command to turn on a deploy switch shall be refused
in this case.

A slave shall not reply in a D-Frame that has been started with safing level.
Master and slave on a deploy bus should process the safing information as far as possible away from the

circuitry for handling the binary bit patterns of bus messages. Then the probability is low that a fault in a
device corrupts re-bit-patte ro-the-safing atiomratthe-same-time

6.7.2 Immunity to “babbling idiots”

When a pardllel slave ASIC is shorted or a slave is transmitting without having been asked to\do so (“balpbling
idiot”), a megsage sent by the master can get corrupted, since the defective slave can pull the LO-level down
to L1-level, though the slave cannot modify the L1-level significantly. The master can recognize such a fault by
reading bacl the bits while transmitting. The master shall then make the message_-artificially invalid to pvoid
the slaves rg¢ceiving wrong data. An appropriate way to make a message invalid-can be to send L1tlevel
during the E-pit slot. Alternatively, the master can interrupt the faulty message by-sending an SOF and starting
a new fram¢. In any case, the master can send out a message with analogue safing level, e.g. a “sefious”
deploy mesdage. Since a slave on the deployment bus cannot influence\the L1-level or the LSO-leve], the
message is tfansmitted and received without bit error.

6.8 Bus slignal parameters
Table 1 summarizes the bus signal parameters that are common for all implementations of the autonpotive
safety restraints bus. Other parameters depend on the appli¢ation. These are listed in Table 2, for a stapdard
deployment pus and for a standard sensor bus. For non-standard applications, these parameters may be
varied. A guifleline for such variations is given in Annex:B.

Table 3 lists fhe recommended cable parameters:Deviations are possible, depending on the actual bus gpeed
and bus topdlogy specifics.

Data bits shall consist of a sequence of Rower and Data Phases with a Power Phase duty cycle of at|least
50 % (see Figure 9). This ensures that the average surge current during the Power Phase is not much Higher
than twice the average supply currént of the slaves. The nominal duration of one bit (= 100 %) shall be
— between 5,5 ps (181,8 kbitls) and 14 ps (71,4 kbit/s) at high speed,

— between| 22 us (45,5 kbit/s) and 28 ps (35,7 kbit/s) at mid-speed,

— between| 44 us(22,7 kbit/s) and 56 ps (17,9 kbit/s) at low speed.

The devices may support other bit rates as well. A master implementation may support only a few discrete bus
speeds. A slave implementation shall support all bus speeds within the above-specified speed ranges. A slave
shall automatically adjust to the bus speed set by the master. Modules not requiring all three speed ranges
may support less than these three speed ranges.

EXAMPLE A side-impact acceleration sensor may be optimized for high-speed operation and not support lower
speeds.

The slew rate shall be high enough to guarantee a minimum data-signal dwell time below the respective

receiver threshold of 15 % of one bit time or 1 ps, whichever is longer. The Data Phase itself (i.e. the time for
which the bus voltage is lower than the V' threshold) shall be at least 30 % of one bit time. See also Figure 9.

18 © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=142fd49ca58e72be7d8249a45d39b953

ISO 22896:2006(E)

» 100 % .
>50%
Vius & o =30% |
Vie 7
[
IIII
Vo f
/ / I > 15%
I <
-
o ‘ //
\ >15% |11
\ |
[ (% \ Il |
\
Vs \ / \
V.SO | \\_ _____ -
t

Figure 9 — Duty cycle of the Power and’'Data Phases
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Figure 10 — Definition of parameters

© I1SO 2006 — All rights reserved

19


https://standardsiso.com/api/?name=142fd49ca58e72be7d8249a45d39b953

ISO 22896:2006(E)

Table 1 — Common bus parameters

Symbol |Parameter Condition/remarks Min. | Max. | Unit
Vip differential bus voltage at power level |normal operation 10,1 12,5 \Y,
OTP programming mode, max. 33 kbit/s 10,1 30 \Y
Veo receiver threshold P/0 6.6 8,0 \%
Vo differential bus voltage at data level 0 4,9 6,1 \%
Vor receiver threshold 0/1 3,6 4,4 \%
Vi4 differential bus voltage at data level 1, 2,5 3.1 \Y
mgsteristramsmitting
Vitsiv differential bus voltage at data level 1, | measured at slave, 2 2,9 \
slayve is transmitting 0<I<12mA,
(sIIves with voltage transmitter, e.g. | (/pgr =0, Roar = 0, R, =0)
sensors replying to S-Frames)
Vis0 redeiver threshold 1/S0 1,2 1,5 \Y
i s0 differential bus voltage at data level | measured at transmitter 0 0,5 \%
LSp (master or slave)
Ingre mgster data bias current master sends LO-level, 7, < V|, -5 -10 | mA
oy D-Frame slave data current threshold -5 -10 | mA
g tol¢rated leakage current during Data |Bus-A to Bus-B and Bus to.ground (bus 5 mA
Phpse isolation at master)
Ingat mgster data safing current master sends LO- or Li<level, Vo < V|4 -20 | —40 | mA
(only active when parallel deployable
deyices are on the bus)
Vpar bug voltage at parallel slave ASIC I=12mA 0,9 V
whjle transmitting during D-Frames
Ipixg slaive data transmit current 3.9V us 12 248 | ImA
(dgisy-chain deployable devices or a
semsors with current transmitter, i.e. 29V < Vpys <39V 0 24 mA
semsors not replying to S-Frames) Vius <25V 0 1 mA
measured at slave
Crnstr effgctive capacitance between Bus-A | one bus wire shorted to ground 5 nF
an{l Bus-B at master-because of
exfernal components
Lig tegt current during Power Phase for Vous <9V 2,2 4.4 mA
daisy-chain reeovery from A-to-B
shorts SV< V<75V 0 4,4 mA
(uded-by 'master before switching on 75V < Vous 0 0.1 mA
the-buserusedbystavebefore Measured attested bus section
closing daisy-chain switch)
o time-out for detection of an A-to-B time between end of previous Power Phase 60 b 240 us
short by a daisy-chain slave (Vbus < Vpg) and beginning of next Power
Phase (V}, s > Vpg) Mmeasured at slave
NOTE Unless specified differently, all bus voltages are measured at the master.

b

@8  The slave transmit current during the falling edge may be higher.

Allows bus speeds down to 20 kbit/s with a tolerance of — 10 %. For non-standard, lower bus speeds, this number shall be
increased accordingly.

20
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Table 2 — Application-specific parameters

Symbol |Parameter Condition/remarks Min. Max. [Unit

Standard deployment bus

Igrg Surge current of a slave Veus > 8V 448 mA
Vous <8V 0,1° |mA
Roar value of bus protection resistor at parallel pure parallel bus or mixed 75-5% | 75+5% |Q
slave parallel/daisy-chain bus,
two resistors of this value are
used
Riso value of bus protection resistor in harness pure parallel bus, 75-5% | F5|+5% |Q
between master and one parallel slave two resistors of this value are
used
Rye on-resistance of daisy-chain switch in slave 5 Q
Cap capacitance of external components applied 450 pF
between pins a and b or a and b of a slave
Moar number of slaves in a pure parallel bus 6 1
Nye number of slaves in a in a pure daisy-chain or 2 1
mixed parallel/daisy-chain bus
Ngem number of daisy-chain slaves between master |reference configuration: 4 1
and parallel slaves in a mixed parallel/daisy- | MDPPDPPDPPDPP
chain bus
M = master
Mpard number of parallel slaves between two daisy- |D = daisy-chain slave 2 1
chain slaves P =parallel slave

Stangdard sensor bus

Jirg surge current of a slave Veus > 8V 452  [mA
Vous <8V o1 |mA
Rye on-resistance of daisy-chain switch.ifi_slave 5 Q
Cap capacitance of external components applied 500 pF
between pins a and b or a and b of a slave
Moar number of slaves in a pure parallel bus master shall b¢ able to drive
”oar X ]srg ¢
Nye number of slaves’ind pure daisy-chain bus 4 1
Extended sensor bus
Igrg surge cureent of a slave Veus > 8V 308 |mA
Vous <8V o1 |mA
Ryc onsresistance of daisy-chain switch in slave 3 Q
Cap capacitance of external components applied 500 pF
between pins a and b or a and b of a slave
Moar number of slaves in a pure parallel bus master shall be able to drive
”oar X ]srg ¢
Nye number of slaves in a pure daisy-chain bus 6 1

NOTE “Non-standard” systems with different values are possible.

@ For daisy-chain operation, this limit shall be implemented in the slave’s power extractor. See also Annex A.

b Aslave shall not extract power during Data Phase.

Cc

At high speed, further restrictions apply (depending on actual speed and on implementation of devices).
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Table 3 — Recommended cable parameters

Symbol |Parameter Condition/remarks Min. Max. Unit

Zpar total bus cable length for pure parallel sum of lengths of all branches 402@ m
configuration

lee cable distance between any two cable ends 254 m

lyc total bus cable length for pure daisy-chain or |sum of lengths of all branches 252 m
mixed parallel/daisy-chain configuration

Z specific cable impedance 95 140 Q

C, cgbtecapacitance one bus wire shortedtogroumnd 61 mgF/m

@ At high spged, further restrictions apply (depending on actual speed and on implementation of devices).

7 Data Link Layer

7.1 Bus ldle

Bus Idle shall be represented by a continuously repeated sequence of levels P<0-P-LO-.... This ensure$ that

a maximum latency time for a sensor interrupt can be specified.

During powef-on, also a long Power Phase may be applied to the bussin“order to accelerate power-on ¢f the

slaves.

7.2 Addresses

7.21 Slave address

The bus sha
connected tg
also Clauses
addresses.

The slave ad
an address.

configuration|

NOTE W,
volatile memo

With the ad
programmed
and adopt th

| support 64 slave addresses, 0 through-63. However, the actual number of slaves that m
one bus is limited by the supply current for the slaves, the pin capacitance of the slaveg
5 and 6) and the bandwidth. A single slave may incorporate the functionality of several

dress 0b000000 (0x00) should be reserved for slaves that have not yet been programmeg
Slave addresses shall- be programmed into non-volatiie memory in slaves with pa

hen slaves are used in daisy-chain configuration, their slave address can be stored in their volatile o]
y.

Hress a-padrity bit shall be stored (even parity). When a slave detects a parity error f
address, it shall ignore the programmed address, set the “internal error” status (see Tab
b feserved address 62 = 0x3e for communication with the master.

by be
(see
slave

with
rallel

[ non-

Dr its
e 27)

The slave address 63 = 0x3f shall be reserved for optional broadcast commands from the master. All slaves,
independent of their actual programmed slave address, shall execute a command sent to slave address 63.
All slaves shall ignore a message requesting data from slave address 63.

Usage of slave addresses is given in Table 4.
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Table 4 — Usage of slave addresses

Slave address
Usage

decimal hex binary

63 0x3f 11 1111 broadcast commands: all slaves shall accept commands sent
to this address (optional feature)

62 0x3e 111110 address error: slaves that detect a parity error in their
programmed address shall switch to this address

60 — 61 0x3c — 0x3d 111100 - 11 1101 for sensors

48 —p9 OX30—0x%3b 0000 — 11101t for sensors or depfoyable devices

44 — 47 0x2c — 0x2f 10 1100 - 10 1111 for sensors

32-H43 0x20 — Ox2b 10 0000 - 10 1011 for sensors or deployable devices

28 -B1 Ox1c — Ox1f 01 1100 - 01 1111 for sensors

16 —p7 0x10 — Ox1b 01 0000 — 01 1011 for sensors or deployable device$

12-115 0x0c — 0x0f 00 1100 — 00 1111 for sensors

1-10 0x01 — 0x0b 00 0001 —00 1011 for sensors or deployable devices

0 0x00 00 0000 default address of @n unprogrammed slave

7.2.2] Memory address

Each| slave has internal memory, which may consist of velatile and/or non-volatile (register, RANI, OTP, MTP

or ROM) memory cells of 8-bit size. Each cell shall have a slave-specific memory address.

7.2.3| Signal address

A slaye with Multi-Sharing capability (see\7.3.3.4) shall use an individual 6-bit signal address fof each signal
that if can transmit during S-Frames. Like the slave address, each signal address shall be uniqye for a given
bus. When the slave serves only ong, signal, this signal address may be identical to the slave address of that

slavel.

The bkignal address shall (have an attribute “sample” or “no sample”, depending on its numerical value
(Table 5). The sampling.shall be performed by successful acceptation of any Multi-Sharing addfess with the
sampgling attribute set.te"fsample”. This shall be used for synchronization of signal samples (see 1.3.3.6).

Table 5 — Signal address attributes

Signal address Attribute
0x00 — Ox1f (i.e. MSB = 0) sample
0x20 — Ox3f (i.e. MSB = 1) no sample

Slave address, memory address and signal address of a sensor slave are illustrated in Figure 11.
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Sensor slave e -

slave address n-1 Memory

8-bit (optional 16-bit) n x 8 bit

memory address/,

| Dagn # | Pointer

Figure 1

7.3 Message frames

7.3.1 Gengdral

A message fi
from the ma
latter case, {
slave(s) shal

A message

message shall end when the specified number of data bits of the frame has been transmitted. After the €

a frame, the

message frame can be cancelled by sending a new SOF symbol before completion of the frame.

There are tw

L= __ _I
15 87 0 0000

7 0

signal 1 address Sensor signal 1

signal 2 address Sensor signal 2

— lllustration of slave address, memory address and signal address of a sensor slay

rame shall be transmitted exclusively by the master. Frames shall be used either to transfe
ster to one or several slaves, ar to transfer data from one or several slaves to the master.
he master shall send the frame with LO-level at all bit positions that will contain slave data
overwrite these bits according to the data to be sent to the master.

rame shall start with-an SOF symbol (see 6.5.2), which shall be transmitted by the mas

master may either start a new frame or continue with the Bus Idle signal. An already st

b different'message frame types available.

e

data
n the
. The

er. A
nd of
arted

— The D-Frame'shall be mainly used for diagnostic data and deploy commands.
— The S-Frame shall be mainly used for fast polling of sensor data (crash severity data or raw impact
sensing data).

The data level within the SOF shall indicate the frame type (“T”, see 7.4.2).
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7.3.2 D-Frames
Table 6 — Layout of the D-Frame
1 2 |3 |4 |5 |6 |7 |8 |9 |10(11(12(13(14|15|16|17|18|19]20(21(22(23|24|25|26|27 |28 |29
D-Frame with point-to-point addressing:
transmitted by master transmitted by master or by slave
T R |Command 6-bit slave address 8-bit Data 8-bit CRC E
D-Frame with bitmap addressing:
trangmitted by master transmitted by master or by slave transmitted by master
T R |Command Addr |Slave address bitmap 8-bit CRC E
MSBs
B |A|9 |8 |7 |6 |5 (4 (3 (244 |0
The layout of the D-Frame is shown in Table 6. It shall.include several bit fields, which are explhined later in
this Ipternational Standard. A D-Frame can use point-te-point addressing or bitmap addressing. Point-to-point
addrgssing shall be used for diagnostic communications on a deploy or sensor bus. Bitmap addressing shall
be uged for immediate control of deploy states of several deployable devices at a time. Both addfessing types
may pe used for sending data to slaves and for getting data from slaves.
NOTE Point-to-point addressing may alsebe used for broadcasting of commands, see 7.2.1.

When a D-Frame is used to carry data from the master to one or several slaves, the master s
ding bus level for each bit and verify with its receiver circuitry that the right bus levels actua
us. Depending on the resuli of this check, the master shall send a “0” (= ok) or a “1” (= erro

acco
the b
slot.

When a D-Frame is used'to carry data from a slave to the master, the master shall send LO-lev
CRC field andysend a “1” (= error) in the E-bit slot (see 7.4.10). The slave shall modulat

and
and/q

the npaster’s LO-level into L1-level or the level may be left as is. The slave shall ignore the bus
transmitting. The master shall receive slave data by evaluating the bus current and/or the

while]
Evaly

r the bus velitage in the data and CRC field according to the data to be sent. Current modu

atioh 'of the bus current is only necessary on a deploy bus.

nall send the
ly appear on
) in the E-bit

bl in the data
b the current
tion can turn
voltage level
bus voltage.

F:

Whe

d D-Frame IS used 10 ColleCt one-DIT data Trom several slaves (DY using dDitmap addressin

), the master

shall send LO-level in the address bitmap and CRC field and send a “1” (= error) in the E-bit slot. Each slave
that belongs to the selected address bank shall modulate the current and/or the bus voltage in its respective
address bitmap slot according to the bit information it wants to send. Current modulation can turn the master’'s
LO-level into L1-level or the level may be left as is. The slave shall ignore the bus voltage level while
transmitting. The master shall receive slave data by evaluating the bus current and/or the bus voltage. The

CRC

©I1SO

field shall not be filled with slave data and shall be ignored by master and by slaves.
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7.3.3 S-Frames

7.3.31

General

S-Frames have been defined for high throughput of sensor data to the master. The master shall start a frame
with SOF and the appropriate T-bit (see 7.4.2). Then the slaves shall fill in their data in the respective slots of
the frame, according to their set-up. Each slave shall append a CRC (see 7.4.9) to its data. Slaves shall
modulate the bus voltage for data transmission.

In general, the S-Frame can support any number of slots, any length of data and individual data length for
each sensor. However, the master shall know which sensor is using which data length and how many sensors

are sending [@ata within one frame. The data length should be eight or ten bits for raw-data sensors,-of four
bits for smart sensors sending crash severity levels (see Tables 7 and 8). For other sensors with shorf{ data
length, see glso 7.3.3.5. Accordingly, the bit number where the sensor’s data slot starts shall be programmed
into each slgve. A master implementation should have a programmable number of slots, at least'Gp to [three
slots.
The CRC-ler|gth used in S-Frames shall be either 3-bit or 8-bit. It shall be selectable as a global parameter for
one bus.
EXAMPLE 1 A master implementation may be programmable to use the 3-bit CRC orthe 8-bit CRC for all S-Fraies.
EXAMPLE 2 A raw-data sensor slave implementation may support 3-bit CRC ofily)
EXAMPLE 3 Slaves sending data that does not need CRC protection may-not send a CRC at all, which mearjs that
the CRC field nay be left empty (all 0).
Table] 7 — Example layout of an S-Frame with 4-bit crash severity data from three sensors
11213456789 |10(11]12]|13[44|15]|16 (17|18 |19[20 |21 |22 (23 |24]|25
1 213|456 |7 (8]9|10(11112|13 (1415|1617 |18 |19(20 |21 |22 |23||24
Header Slot 0 Slot 1 Slot 2
transmitted | by |transmitted by slave no."0 transmitted by slave no. 1 transmitted by slave no. 2
master
T M [|S [slave-0 data CRC slave-1 data CRC slave-2 data CRC
S |E
A |L

Slotbitno. (hex) (1 R 5 b 8B P c d f 10 11 (12 13 (14 |[15
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Table 8 — Example layout of an S-Frame with 8-bit raw-data from three sensors

112(3|4|5|6|7|8|9|10/[11(12|13|14|15|16 31(32|33(34|35(36]|37
1 2|13|4|5|6|7]|18]|9]10]|11]12{13|14|15 30131]132|33|34|35]|36
transmitted by | transmitted by slave no. 0 transmitted by slave no. 2
master
T M | S | slave-0 data CRC slave-2 data CRC
S | E
AL

If an |.SO-level is found within an S-Frame, the master shall not regard this as an interrdpt.

7.3.3}]2 Slot-Sharing
The fleld “SEL” shall select one out of two slaves sharing the same slot.

This way, sensors with fast sample rates can send their data with eaeh S-Frame. Two sensors jwith half that
sampgle rate can share the same slot in the S-Frame, with the SEL-bit)controlling which of the two[transmits.

EXAMPLE Sensors no. 1 and no. 2 are fast ones, no. 3, no. 4,,n0. 5 and no. 6 have half the samplg rate, and the
S-Frame has four slots.

First S-Frame, SEL = 1: no.1, no. 2, no. 3, no. 5.
Second S-Frame, SEL =0: no. 1, no. 2, no. 4, no)\6:
Third S-Frame, SEL = 1: no. 1, no. 2, no. 3,ho. 5.

And so on.

7.3.3}]3  Collision-Signalling

The fransmitting slave shall verify with its receiver circuitry that the right bus level actually appeargs on the bus.
If thi§ check has failed, the(slave shall send LSO-level during the CRC field in order to notify the master about
invalid data. This way the)master can reliably detect multiple bit errors caused by overlay of |two or more
slavess erroneously transmitting during the same slot (“bus collision”). Slaves not requiring this additional error
detegtion method may/be implemented without collision signalling, i.e. without a transmitter stage|for LSO-level.

7.3.3|14 Multi-Sharing

In adfition to sharing one slot between two sensors (see 7.3.3.2), there is an option to share the first slot of an
S-Framébetween multiple sensors. Slaves supporting this Multi-Sharing option shall reply in the $-Frame only
when addressed by the master. The master shall address (“call’) a Multi-Sharing slave by sending an
S-Frame with MSA = 1 and sending (one of) the slave’s 6-bit signal address(es) in the first slot. After having
been called successfully (i.e. received signal address matches (one of) its signal address(es) and CRC is
valid), a Multi-Sharing slave shall be prepared to reply one time to an S-Frame, provided that the master has
not called a different signal address in the meantime. The slave shall handle a matching signal address with
invalid CRC like a non-matching signal address (see Figure 12, Table 10 and Table 12).

Multi-Sharing can be applied with full-rate (SEL ignored) or half-rate [slave addressing by the master and
slave reply only for a certain value of SEL (see Table 9 and Table 11)].

When the master transmits the signal address, it shall leave the first two bits of the first slot empty (bit value 0),

then transmit the slave address, MSB first. Accordingly, in a 10-bit slot the master shall leave the two bits after
the signal address empty (bit value 0) as well.
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Table 9 — Example assignment of six sensor signals to three slots

Signal Slot no. | SEL-Filter Multi-Sharing

A 0 yes, SEL=0 no

B 1 no no

C 2 yes, SEL=0 no

D 0 yes, SEL =1 yes

E 2 yes, SEL =1 no

= 8 yes-SEE—1 yes

Table 10 — Example sequence of S-Frames for configuration of Table 9
S-Frame count MSA SEL Slot 0 Slot 1 Slot 2
1 0 0 Signal A Signal B Signal C
2 1 1 address of Signal D Signal B Signal E
3 0 0 Signal A Signal B Signal C
4 0 1 Signal D Signalh\B Signal E
5 0 0 Signal A Signal B Signal C
6 1 1 address of Signal F Signal B Signal E
7 0 0 Signal A Signal B Signal C
8 0 1 Signal F Signal B Signal E
Table 11 — Example assignment of six sensor signals to three slots

Signal Slot no. | SEL-Filter Multi-Sharing

A 0 no yes

B 1 no no

C 2 yes, SEL=0 no

D 0 no yes

E 2 yes, SEL =1 no

F 0 no yes
28 © ISO 2006 — All rights reserved
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Table 12 — Example sequence of S-Frames for a configuration as in Table 11

S-Frame count MSA SEL Slot 0 Slot 1 Slot 2

1 1 0 address of Signal A Signal B Signal C
2 0 1 Signal A Signal B Signal E
3 1 0 address of Signal D Signal B Signal C
4 0 1 Signal D Signal B Signal E
5 1 0 address of Signal A Signal B Signal C
6 0 1 Signal A Signal B Signal E
7 0 0 no reply @ Signal B Signal|C
8 1 1 address of Signal D @ Signal B Signal|E
9 1 0 address of Signal F Signal B Signal|C
10 0 1 Signal F Signal B Signal|E
11 0 0 no reply @ Signal B Signal|C
12 0 1 no reply @ Signal B Signal|E
@  These are examples illustrating the slave’s behaviour when the master does not keep the ‘usual order of messages.

Wait for-¢all

Call not matching
(any of) the slave's
signal address(es)
or call with invalid
CRC

Called, matching
(one of) theslave's
signal address(es)

Wait for slot

Appropriate S-Frame
(R=0, SEL = OK)
AND

sample available

Transmit
sample

Figure 12 — State diagram for a slave in Multi-Sharing mode (see also Figure 13)
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7.3.3.5 Sub-Slots

Slaves in Multi-Sharing mode may send a lower number of bits than available in the S-Frame slot. The slot
may be divided into Sub-Slots, and each Sub-Slot shall be assigned to a different slave, while all these slaves
shall be replying within the very same S-Frame slot (see Table 13, Table 15 and Table 16). Slaves sending in
Sub-Slots shall not send anything in the CRC field of the slot. Usage of parity bits in a Sub-Slot is optional.
The signal addresses for all slaves sending data in Sub-Slots within the very same S-Frame, shall have the
same MSBs and differ only in terms of the LSBs (see Table 14). The master shall call all slaves assigned to
the Sub-Slots of the S-Frame by sending the signal address of one of the slaves. All these slaves shall check
only the MSBs of the signal address sent by the master for a match with their own signal address. The LSBs
shall be ignored. The number of LSBs to be ignored may be 1, 2 or 3, depending on the number of slaves

replying withipthe-very-same-stot:

Table 13 — Example of an S-Frame with 2-bit Sub-Slots in an 8-bit slot

Header
T N [S |Slot0 Slot 1
$ |E
A (L
0 q (0/1|Sub- Sub- Sub- Sub- 000 Data CRC
Slot0 ([Slot1 [Slot2 |Slot3
Slotbitno| (hex) | 1 |2 |3 |4 |5[6 |78 |9]a|b]|c|ade]r]10]11]12]13]14]15
Table 14 — Example: Four slaves:tsing Sub-Slots
Slave Signal Address Signal addresses accepted
for being called
A 0x10 = 010000 0x10 up to 0x13
B 0x11 = 040001 = 0100XX
C 0x12 =640010 (X ="“don't care”)
D 0x13*= 010011

Table 15 — Example assignment of seven sensor signals to 3 slots

Signal Slot no. | SEL-Filter Multi-Sharing Sub-Slots, no.
A 0 no yes yes, 0

B 0 no yes yes, 1

C 0 no yes yes, 2

D 0 no yes yes, 3

E 0 no yes no

F 1 no no no

G 2 no no no

30
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Table 16 — Example sequence of S-Frames for a configuration as in Table 15

S-Frame count MSA SEL Slot 0 Slot 1 Slot 2

1 1 0 address of Signal A Signal F Signal G
2 0 0 Signals A, B, C, D Signal F Signal G
3 1 0 address of Signal E Signal F Signal G
4 0 0 Signal E Signal F Signal G
5 1 0 address of Signal C Signal F Signal G
6 0 0 Signals A, B, C D Signal F Signal G
7 0 0 no reply @ Signal F Signal|G
8 1 1 address of Signal A Signal F Signal|G
9 0 1 Signals A, B, C, D Signal F Signal|G
10 1 0 address of Signal A @ Signal F Signal|G
11 1 0 address of Signal E Signal F Signal|G
12 0 0 Signal E Signal\F Signal|G
13 0 0 no reply @ Signal F Signal|G

Q

1

hese are examples illustrating the slave’s behaviour when the master does/fiot\Keep the usual order of messages.

7.3.3

6 Sensor sampling synchronization

When processing sensor data, it is desirable to have synchronous sampling by all sensors bel

sameg

Slave
S-Fr4
samg
conn
the s

function, or at least to know at which times the' individual samples have been taken.

bnging to the

s shall take samples of time-variant sighals (to be transmitted within S-Frames) right after the SOF of an

me. This means that the data of all slots in the same S-Frame would represent samples

point of time. Exception: An jmplementation with one A/D converter and several ang
bcted via a multiplexer converts.one signal after the other, so that there would be a certain d
ample points of the individualsignals.

When slaves belong to the"same function (e.g. four strain gauge sensors for occupant weight

are s
their
S-Fra
the s

haring one slot in Mélti-Sharing mode, their data shall be transferred via several S-Frames. |
sample points cambe synchronized. This is achieved by taking (a) new sample(s) only
me after an S*Frame calling a Multi-Sharing signal address with attribute “sample” (see 7.
gnal address matches its own signal address or not. See Figure 13.

taken at the
logue inputs
blay between

sensing) and
levertheless,
with the first
p.3), whether
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Sample not
available

Master calls signal
address with "sample"
attribute

Wait for sample

itfor _ Sample
pOI?t (i.e. wait transmitted
or next in S-Frame

S-Frame)

Master calls signal
address with "sample”
atfribute

SOF with T=0
(i.e. S-Frame)

Take sample;
sample
available

Figure 13 — State diagram for signal'sampling by a slave in Multi-Sharing mode

Figure 14 shpws an example sequence of\S-Frames with Multi-Sharing where only the address of slave A has
the attribute fsample”.

call slave A |[skave A replies||callislave B ||slave B replies||call slave C|[slave C replies||call slave D ||slave D replies||call slave A

NOTE THe arrows;indicate the sample points of all slaves A — D.

Figu — = i i
of slave A has the attribute “sample”

7.4 Bit fields within a frame

7.4.1 Bit order

Within all bit fields of two or more bits, the MSB is transmitted first.
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T (Type)

The T-bit shall be a single bit defining the type of the frame (see Table 17). It shall be sent as an SOF symbol,
which usually needs as much time as two normal data bits. Therefore the T-bit occupies two columns in
Table 6, Table 7 and Table 8.

When an interrupt occurs during SOF, then automatically an SOF for an S-Frame”“shall be gen

mast
was i
startg

The

pend
overy
cann

743

This
Intern
recei
shall

74.4

In S-
MSA

Table 17 — Meaning of T-Bit-level

Value of T Meaning

0 This is an S-Frame.

1 This is a D-Frame.

SO This is an S-Frame that has been initiated by an interrupt during SOF;-or [that
has been started by the master before finishing a running frame.

br was intending to send an S-Frame anyway, then the interrupt shall not change anything.
htending to send a D-Frame, then the master shall recognize the interrapt and switch over

master can stop a D-Frame at any time by starting a new ffame, without having to take
ng slave data, which would overwrite its SOF. The “1” ‘in the SOF of a new D-Fram
vritten by slave reply data (0 or 1), and the master uses the “LS0” for indication of a new
bt collide with pending slave data either. See also 6.5.2.

R (Reserved)

bit has been reserved for future extensions' of the bus system. For the D-Frames des
ational Standard, the master shall transmit it as a “0”. Slaves shall accept D-Frames on
e a “0” (i.e. LO-level or LSO-level) atthis bit position. Slaves shall ignore D-Frames with R
be not regarded as a bus error.

MSA (Multi-Sharing Address)

-rames, the master shall 'send either MSA = 0 or MSA = 1. Slaves without Multi-Sharing sh
bit and shall reply only-based on the SEL-bit. When the master sends an S-Frame with MS

erated. If the
If the master
0 an already

d S-Frame, i.e. it shall continue the frame, as if it would have wanted\to send an S-Frame apyway.

into account
e cannot be
5-Frame that

ribed in this
y when they
=1, but this

bll ignore the
A =1, it shall
if this signal
1) shall reply
.

send|a signal address-in-the first slot and all slaves in Multi-Sharing mode shall then check

addrg¢ss matches (oneyof) their own signal address(es). Slaves in Multi-Sharing mode (see 7.3.3,

only in S-Frames with MSA = 0 and only after the appropriate signal address has been transmitte

7.4.5| Command

This #bit field shall provide 16 different commands. These are specified in Clause 8.

7.4.6 Slave address

This field shall specify the node address of the slave involved in this frame’s communication. See also 5.2, 7.2
and 7.3.2.

7.4.7 Address MSBs

This field shall specify the two most significant address bits of the slave addresses that are selected in the
following slave address bitmap.

©I1SO
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7.4.8 Slave address bitmap

For D-Frames with bitmapped addressing, this field shall not specify a single slave address. Depending on the
value in the field “Address MSBs”, it shall specify a bitmap for slave addresses 0x0 to 0xB, 0x10 to 0x1B, 0x20
to 0x2B or 0x30 to 0x3B. The layout of the bitmap is indicated in Table 6.

NOTE A single multi-stage deployable device can be controlled by more than just one bit in the bitmap (see
also 8.3.2.1).
749 CRC
In D-Frame
during SOF
frame. For data sent by a slave, the slave shall send the CRC (which covers the whole frame), idcludinlg the
T-bit, the R-pit and the command and address bits, which have been sent by the master. -The’ gengrator
polynomial of the 8-bit CRC shall be
8 413

X +X 44X +1,
which shall ipclude a parity check. The start value for the CRC shall be Oxff. The, ERC shall be transmitted
MSB first.
EXAMPLE 1
— A D-Frame (T = 1, R = 0) with all command, address and data bits being.“0"* carries the CRC 0xda.
— A D-Frane (T =1, R = 0) with all command, address and data bits.Being “1” carries the CRC 0x19.

For D-Framsg
not send a C|

s with bitmapped slave response, the master.8hall send out 0x00 for the CRC, but slaves
RC. The CRC shall be “don’t care” for master-and slaves in this case.

In S-Frames, the 3-bit CRC shall be a checksum for-the T-bit, the R-bit, the SEL-bit and the according

shall

data

bits sent by tfhe respective slave, or for the T-bit,\the MSA-bit, the SEL-bit and the signal address sent Ry the
master (in the first slot, when R = 1). The generator polynomial shall be
XX+,

The start val

e of the CRC shall be-0x07 (This start value ensures that data = 0 does not produce CRQ

The CRC shall be transmitted MSB first.

EXAMPLE 2

10-bit S-f

8-bit S-Filame reply.data (T = 0) with MSA, SEL and all eight data bits being “0” carries the 3-bit CRC 0x4.

Frame.reply data (T = 0) with MSA, SEL and all 10 data bits being “1” carries the 3-bit CRC 0x0.

Alternatively, S-Frames can use the 8-bit CRC that is known from D-Frames (polynomial and start value
described above). Like the 3-bit CRC, it shall cover T-bit, MSA-bit, SEL-bit and the data bits sent by the slave.

During S-Frames, each slave shall monitor the data it is transmitting bit-by-bit. If there is a mismatch between
the bit value found on the bus and the one it was intended to transmit (= “collision”), the slave may not append
a CRC to its data but transmit the LSO-level instead in all bits of the CRC field (= “collision signalling”, see
also 7.3.3.3). The presence of one or more LS0-bits in the CRC field shall tell the master that the data of that
slot is invalid.

Slaves shall not care about the CRC transmitted by other slaves and shall transmit data in their respective
slots regardless of the CRC field contents of previous slots. This implies that the master shall continue with
the S-Frame after such error.
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The “start value of the CRC” shall be the CRC result for n bits with » = 0. For implementations of the CRC
generator where the CRC register directly reflects the current CRC result after a data bit has been shifted in,
the “start value of the CRC” shall be equivalent to the “start value of the CRC register”.

Further CRC examples are listed in Annex E.

7.4.10 E (Error)

This bit shall be used within D-Frames by the master to indicate any detected mismatch between the data
seen on the bus, and the data that it actually intended to transmit. Such mismatch shall be indicated as an
error by sending a “1” at the E-bit position. Slaves shall ignore commands when the E-bit is “1”. For all
D-Frames that are used to get data from slaves, the E-bit shall be *1”. This ensures that other $laves do not
mix if up with a command message.

NOTH 1 The addressed slave would have sent its data before the E-bit was received.

NOTHB 2 A shorted squib on a parallel bus would turn all LO-level into L1-level, including the E-bit. Degloy messages
with gafing can still be sent, since they use the LSO0-level instead of the LO-level in order to indicate a valid jmessage. The
mastgr can indicate a faulty deploy message by transmitting L1-level at the E-bit positian.

For D-Frames requesting slave data, the master shall ignore the slave data if the master |[detects data
transmission by slaves during the command and address bits.

8 Application Layer

8.1 | General

The Application Layer shall support the architecture-of slaves with all slave resources being accegsible via the
bus through memory in the slave (see also 7.2,2). The master can access the memory of a glave by first
setting the memory pointer of the slave and then reading or writing the data. This can be exdcuted with a
sequence of D-Frames, using the following©ommands:

rite Page Number - optional for'slaves with memory size > 256 bytes;
ead Page Number - optignalfor slaves with memory size > 256 bytes;
rite Pointer;

ead Pointer;

These commands shall all use poin P g - For faster access to frequently used
control or status bits, three short-cut commands shall be available that do not need prior setting of the pointer:

— Status Change - controlling the slave;

— Read Status 1 - reading status or error information from the slave;
— Read Status 2 - reading status or error information from the slave.
These commands shall also use point-to-point addressing of the slaves.

There shall be seven commands with bit-mapped addressing for exclusive use with deployable devices
(see 8.4). Table 18 lists the various commands within D-Frames.
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Table 18 — Command set for deployable devices

Code Command Type DD 2 Remarks

0000 No Deploy bitmapped W The command code “00xy” requests a change in
- status of the two deploy switches HSD and LSD of a

0001 Test LSD bitmapped w deployable device (see also Figure 15), where “X’

0010 Test HSD bitmapped w refers to HSD and “y” refers to LSD, with “1” and “0”

requesting to switch on and off, respectively.

0011 Deploy bitmapped W

0100 Deploy Enable bitmapped W

0101 Enable-Status. hifm:ppnr’l response R

0110 Deploy Status bitmapped response R

0111 Write Page point to point w Devices with less than 257 bytes of memory may use

NU|nber this command differently.

1000 Relad Status1 point to point R

1001 Relad Status2 point to point R

1010 Status Change point to point W

1011 Read Page point to point R Devices with less thaf 257 bytes of memory may use

Number this command differéntly.

1100 Write Pointer point to point w

1101 Regd Pointer point to point R

1110 Write Memory point to point w

1111 Read Memory point to point R

@  Data Direq

tion: W = Write, i.e. from master to slave(s); R = Read, i-e\ from slave(s) to master.

8.2 Comn

hon D-Frame commands

8.2.1 “Write Pointer” message

The internal
in order to d

memory of a slave shall be’accessible by indirect addressing only. Two messages are necefsary
b one operation on pne-memory address. With the data field of the “Write Pointer” messade the

address is specified for which the-memory operation shall be executed. The memory operation itself shall be

requested wi

Indirect addr
lengths the s

The address

th a following “Write Memory” or “Read Memory” message.

ng’Capabilities can even be extended to cover memory sizes of up to 64 kbyte, see 8.2.5.

bssing has.the advantage that it supports a big memory size of 256 x 8 bits by keeping megsage
bme as other messages, thus reducing complexity in the communication ASICs.

8.2.2 “Read Pointer” message

The slave shall tell the master which memory address is currently selected.

8.2.3 “Write Memory” message

The data field holds the new value to be written to the memory location at the selected memory address.

8.2.4 “Read Memory” message

The slave shall transmit the actual value of the memory location at the selected memory address. If the data is
its slave address, it shall send the address and the parity bit of the address (see 7.2 and 8.3.2.2).

36
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“Write Page Number” message

Some slaves may have more than 256 bytes of memory. The “Write Page Number” message shall allow 16-bit
addressing to be used, if available by the slave. The data field of this message shall hold the 8-bit page
number of the slave memory. The 16-bit memory address shall comprise the 8-bit page number and the 8-bit
address (see also Figure 11), the latter being selected with the “Write Pointer” message (see 8.2.1). For
slaves with less than 257 bytes of memory, this message may be used for device-specific non-standard
commands to the slave.

8.2.6

“Read Page Number” message

The
257 |

8.3

8.3.1

The

Elave shall tell the master which memory page number is currenily selected. For slaves
ytes of memory, this message may be used for reading device-specific non-standard data-fi

Memory layout of slaves

General

nternal memory of a slave shall be organized in n x 8 bits. A memory) location (i.e. one

refer

[«

— y

8.3.2

8.3.2

All sl
0x00
confi
W =
acce

ed to as “register”. The contents of the memory shall be structured into three sections.
ection I: slave identification and set-up data with a common layout for all slaves (see 8.3.2).

ection Il: module-specific set-up and calibration data, and control registers, intended fo
pplication (see 8.5.2).

Bection Il implementation-specific registers, not .intended for use by the application (not co
hternational Standard).

Slave memory Section |

1 General
bves should have the same-layout for the lower part of their internal memory (Section |, a
puration for S-Frame ,service and bus interrupt. Table 19 lists its contents (R =readab

an be written or programmed, NVM = non-volatile memory, ROM = read-only memory, R
ES memory).

ith less than
om the slave.

byte) is also

use by the

vered by this

jdress range

to 0x2f). This part of thes.memory shall define the slave address, traceability data ang the slave’s

e over bus,
AM = random
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Table 19 — Layout of the lower part of a slave’s internal memory (Section I)

Addr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R/W 2 [Memory type
(hex) (typical)
00 Slave Address Configuration R/W NVM
Lock Parity Slave Address
NVM
01 IC Device Type R ROM
02 IC Manufacturer ID R ROM
03 IC Revisiorrtevet R RO
04 Moglule Type L R/W NVM
05 Mogule Type H R/W NVM
06 Moglule Manufacturer ID R/W NVM
07 Moglule Revision Level R/W NVM
08 Serlial Number Byte 0 (LSBs) RMW NVM
09 Seffal Number Byte 1 RW  |[NVM
0a Seffal Number Byte 2 RW  |[NVM
Ob Seffal Number Byte 3 RW  |NVM
Oc Serial Number Byte 4 (MSBs) R/W NVM or ROM
orR
0d — Of |Regerved (3 bytes)
10 Slaye Status 1 (Error Status) R VM
0xd0 = no error
all pther values = error (details are module specific)
11— 1f [Reserved (15 bytes)
20 Sighal 0 Assignment to S-Frames R/W NVM
MSA
0 S-Frame Slot Start Bit Number
1 SSB
0 Signal Address for Multi-Sharing
1 Slave Address Sub-Slot Start Bit Number
Mask Length 0000 = slot not used
00 = no mask 0001 = Sub-Slot starts at bit no.1
01=1LSB
10=218Bs 1010 = Sub-Slot starts at bit no.10
11=31LSBs 1011 — 1111 = slot not used
21 Signal 1 Assignment to S-Frames R/W NVM
MSA
0 S-Frame Slot Start Bit Number
1 res Slave Address for Multi-Sharing
22 Signal 2 Assignment to S-Frames (see Signal 1...) R/W NVM
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Table 19 (continued)

Addr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R/W 2 [Memory type
(hex) (typical)
23 Signal 3 Assignment to S-Frames (see Signal 1...) R/W NVM
24 Signal 4 Assignment to S-Frames (see Signal 1...) R/W NVM
25 Signal 5 Assignment to S-Frames (see Signal 1...) R/W NVM
26 Signal 6 Assignment to S-Frames (see Signal 1...) R/W NVM
27 Signal 7 Assignment to S-Frames (see Signal 1...) R/W NVM
28 Signal 0&1 Configuration R/W NVM
Signal 1 Signal 0
Data Length SEL Filter Data Length SEL Filter
00 = 8 bit 00 = ignore SEL 00 = 8 bit 00 = ignore SEL
01 =10 bit 01 =ignore SEL 01 =10 bit 01 =ignore SEL
10 = 4 bit 10 =[SEL=0] only |10 =4 bit 10 = [SEL=0]} only
11 = reserved 11 =[SEL=1]only |11 =reserved 11 = [SEL=1] only
29 Signal 2&3 Configuration (see Signal 0&1...) R/W NVM
2a Signal 4&5 Configuration (see Signal 0&1...) R/W NVM
2b Signal 6&7 Configuration (see Signal 0&1...) R/W NVM
2c Slot Configuration R or |ROM or NVM
CRC- res res Bus-INT |res Sub-Slot Length RIW
length 0=no 000 = no Sub-Slots
0: 3 bits 1=yes 001 =1 bit
1: 8 bits 010 = 2 bits
111 =7 bits
2d S-Frame Length (only far’sensors with bus interrupt capability) R/W NVM
2e-24 Reserved (2 bytes)
a Vhen NVM is locked, it can no longer be written. OTP memory can be written (i.e. programmed) only once.
8.3.2|2." \Slave Address Configuration

8.3.2.2.1 General

This memory location shall contain the slave address under which this slave can be accessed using D-Frames
with point-to-point addressing. The slave address shall also determine the relevant bit position in the bitmap of
a D-Frame with bitmapped addressing (see 7.4.8).

NOTE When, for example, a multi-stage deployable device is controlled by more than one bit in the bitmap, this
corresponds to an assignment of several slave addresses to that slave, of which only one slave address (the one that is
intended to be used for D-Frames with point-to-point addressing) would be stored in this memory location. The other slave
addresses would either be defined implicitly (i.e. an n-stage device would occupy »n addresses, starting with the one stored
in this location) or explicitly (e.g. a list of used addresses, stored in Memory Section II).

The default slave address (i.e. when the slave has not yet been programmed) shall be 0x00. See also 7.2.1.
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8.3.2.2.2 Address Parity

This bit shall be “0” when the slave address consists of an even number of bits of value “1”. The parity bit shall
be programmed together with the slave address. When the value of the parity check does not match the slave
address, this shall be regarded as an internal error and the slave shall adopt the reserved slave address 62.

8.3.2.2.3 Lock NVM

When this bit is programmed to “1”, the contents of the NVM shall be frozen.

8.3.2.3 IC Device Type

This byte shall be defined by the manufacturer of the integrated circuit.

8.3.2.4 IC|Manufacturer ID

This byte shall identify the manufacturer of the integrated circuit (see also Annex G).
8.3.2.5 IC|Revision Level

This byte shall be defined by the manufacturer of the integrated circuit.

8.3.2.6 Mpdule Type L and Module Type H

This shall bela 16-bit value identifying the module’s function in the car.

8.3.2.7 Mopdule Manufacturer ID

This byte shall identify the module manufacturer.

8.3.2.8  Mopdule Revision Level

This byte shall be defined by the manufacturer of the module.

8.3.2.9  Sérial Number Byte 0—4
The serial nUmber shall consist of five bytes. Byte 0 shall contain the LSBs.

NOTE Several billion devices may have the same contents in Byte 4, so that a ROM implementation of Byte 4 may
be considered

8.3.2.10 Slpve Status 1

The Slave Sfatus 1 Register can also be read with the short-cut D-Frame command “Read Status 1”. It should
contain error bits only. The other details of this register are implementation specific.

8.3.2.11 Signal 0-7 Assignment to S-Frames

A sensor slave may have up to eight signals that can be transmitted in S-Frames. For each signal one of
these registers may define the signal’s slot assignment. If a signal does not exist, the corresponding register
content shall be 0x00. Accordingly, for a device that does not reply to S-Frames at all, these register contents
shall be zero (0x00).

The MSA-bit shall determine whether the slave transmits this signal in Multi-Sharing (see 7.3.3.4) or in normal
mode.
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In normal mode (MSA = 0), the register shall contain the bit number within the S-Frame at which the slave
assumes the first bit of the slot to reply.

EXAMPLE

slots.

In Table 20, appropriate slot bit numbers would be 1 (= 0x01), 8 (= 0x08) and 15 (= 0x0f) for the three

Table 20 — Example of the slot bit numbers for an S-Frame with 4-bit data in each slot and 3-bit CRC

T M |S [slot-0 data slot-0 CRC |slot-1 data slot-1 CRC |slot-2 data slot-2 CRC
S |E
A (L
Bit nimber 112 (3|4 |5|6 |7 (891011121314 (15|16 | 1A[HN18 19|20 |21
In Mylti-Sharing mode (MSA = 1), the register shall contain the signal address that|has been asgigned to this
signdl. (See also 7.2.3)
For dignal 0 only, the Slot Start Bit (SSB) shall determine if the signal, whieh is transmitted in Multi-Sharing
mode, occupies the whole slot (SSB = 0) or only a Sub-Slot (SSB = 1),csee also 7.3.3.5. When |SSB =1, the
regisfer shall contain the bit number of the Sub-Slot start and the sighal address mask length, i.g. the number
of L§Bs to be ignored when checking the signal address.
For sjgnals 1 through 7, the reserved bit after MSA = 1 should-be “0”.
8.3.2|12 Signal 0&1 — 6&7 Configuration
Thesp registers shall contain the Slot Length and thecSEL Filter configuration for all available signals.

Whe

the Sub-Slot shall be defined in the Slot Configuration register (8.3.2.13).

The $EL Filter shall indicate if the signal’is transmitted in S-Frames with both values of the SEl
signdl is transmitted only in S-Frames. with a certain value of SEL.

NOTH
a slay

8.3.2

The
S-Fra

the signal is using Sub-Slots, the Slot Length value in this register shall have no meaning.

e.

13 Slot Configuration

CRC-lengthsbit shall define whether the 3-bit CRC or the 8-bit CRC is used for all signals t
mes.

The

The

8.3.2

us<NT bit shall define whether the slave uses bus interrupts or not.

The length of

| -bit, or if the

The filter would also apply to Multi-Sharing mode, including S-Frames with MSA = 1, i.e. when the master calls

ransmitted in

.14 S-Frame Length

If the slave uses bus interrupts, this register shall define the number of bits after the SEL-bit in an S-Frame
during which the slave shall not send interrupts. It should correspond to the actual length of the S-Frames
used in the application. For instance, an S-Frame with two 4-bit data slots would correspond to the number
2 x (4 +3)=14 = 0x0e.

8.3.2

.15 Reserved bytes

Reserved bytes in the lower part of the slave memory shall be reserved for future extensions. These locations
should not be used for other purposes.
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8.3.2.16 Configuration check sum
The memory locations defining the S-Frame configuration and other data critical for a proper system set-up
shall be protected by appropriate means, e.g. a check sum, so that single bit failures of the memory can be

detected. The slave shall permanently check for such bit failures and in case of a failure it shall not reply to
S-Frames and shall not send bus interrupts.

8.4 Application Layer for deployable devices

8.4.1 General

Application Uayer specifics for deployable devices (see also Annex F) are specified in 8.4.2 to 8.4.8~Wwhich
may also be [applicable to actuators in general, with “deploy” meaning “actuate”. Deployable devices:shall use
D-Frames eXclusively. They shall ignore S-Frames.

8.4.2 Deploy command family

The four commands “No Deploy”, “Deploy”, “Test LSD” and “Test HSD” shall be tréated as one comnand
where the two least-significant command bits (LSBs) define the requested operation of two deploy switches
(Table 21), g low-side driver (LSD) and a high-side driver (HSD), see example in Figure 15. The “Test|LSD”
and “Test H$D” commands shall allow diagnostic testing of the individual switches by a method that is sjmilar
to a deploymlent command.

Table 21 — Deploy command family

Code | [Meaning

0000 Switch off both HSD and LSD ( = No Deploy)

0001 Switch off HSD, switch on LSD (used to Test the'LSD)
0010 Switch on HSD, switch off LSD (used to Test'the HSD)
0011 Switch on both HSD and LSD (used,to Deploy)

High-side driver
(HSD)

Energy
—L_reserve Igniter
—— capacitor bridge
(ERC)

J Low-side driver
(LSD)

Figure 15 — Example of a deployable device with two deploy switches

These messages shall use the address and data fields together as a 12-bit bitmap for 12 deployable devices
as defined in Table 22. The code for this command shall be 00xy. The two LSBs “x” and “y” shall refer to the
two deploy switches HSD and LSD. A “1” shall indicate that the respective switch shall be switched on. A “0”

shall indicate that the respective switch shall be switched off.
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Deploy switches shall not be switched on unless

— deployment has been enabled before (see 8.4.3),

— the “Deploy” command has been transmitted with safing level (LS0) for all “0”s in the message,
— the CRC matches the data,

— the E-bit shall be “0".

Deploy switches shall be automatically switched off, when

— ln according command has been received with or without safing level,
— @ “Deploy Disable” command has been received.

Execltion of the “Test LSD” or “Test HSD” shall be executable only if the device jis not ready to fife. Execution
of sugh a command shall be in the following order:

a) o¢pen the other switch, if it was closed;

b) ¢lose the switch under test.

Table 22 — Value assignment for the bitmap of a “No-Deploy”, “Deploy”, “Test LSD” or “[Test HSD”
command message

Value Meaning
0 Execute the command
1 Do not execute thé \command

For rgsettable actuators, the “No Deploy*command may be used to reset the actuator.

A single multi-stage deployable deyice should be controlled with more than one bit in the bitmap.

8.4.3| “Deploy Enable” message

This [message shall-use bitmap addressing for 12 deployable devices. The bit value assignnjent shall be
according to Table 237 The “Deploy” and “Deploy Enable” messages shall use opposite value asgignments for
the bitmap. This\means that typically the “Deploy” message shall carry the inverted bitmap of the “Deploy
Enable” message in order to cause deployment of the selected squibs. In turn, any sequence |of a “Deploy
Enable” and.“Deploy” message with identical bitmap can not cause any deployment.

TFable 23—Vl . for-thebi - “Bestov-Emable

Value Meaning
0 Deploy Disable
1 Deploy Enable

8.4.4 “Enable Status” message

This message shall use bitmap addressing for the reply of 12 deployable devices. The slaves shall send their
deploy status in the corresponding slot within the address bitmap. The bit value assignment shall be according
to Table 23.

© IS0 2006 — Al rights reserved 43


https://standardsiso.com/api/?name=142fd49ca58e72be7d8249a45d39b953

ISO 22896:2006(E)

8.4.5

“Deploy Status” message

This message shall use bitmap addressing for the reply of 12 deployable devices. The slaves shall send their
deploy status in the corresponding slot within the address bitmap. The value assignment shall be according to
Table 24. The assignment shall be made in such a way that a non-responding slave produces the same data
as a responding slave, indicating that it did not execute a deploy command. This is opposite polarity to that
used for deploy commands.

Table 24 — Value assignment for the bitmap in the “Deploy Status” message

Value

Meaning

0

No deploy command executed

1

Deploy command executed

The deploy {
are in the st

8.4.6

This messag
coded in the

Activation of
of the switcH
actual positig

The commands “Squib Resistance Test”,

may not be 1
processed (s

tatus shall reflect the status of the control lines to the deploy switches. Whensboth control|lines
te to switch on the respective switch, the value of the deploy status shall be “1”. In all other ¢ases
the value of the deploy status shall be “0”.

ee 8.4.8).

“Status Change” message

e shall be transmitted to a slave in order to change its internal state. The requested state shgll be
data field (see Table 25).

the “High-side Driver Status Test” or “Low-side Driver<Status Test” shall not cause any operation
es. It shall only apply certain test currents to the switches in order to be able to evaluate the
n of the switches, on or off.

High-side,Driver Status Test” and “Low-side Driver Status [Test”
ecessary, if the device performs these actions automatically, when a “Read Status 2” message is

Table 25 + Example for the data byte.layout of a “Status Change” message to a deployable devjce
Bit no. | Squib status Value assignment
7 ERC 1 = charge
0 = discharge
6 Squib Resistance Test 1 =do test
(optional) 0 = no test
5 High-side Driver Status Test 1 =do test
(optional) 0 = no test
4 Low-side Driver Status Test 1 =do test
(optional) 0 = no test
3 Reserved
2 Reserved
1 Reset Error Status 1 =reset
(see 8.4.7) 0 = no reset
0 Daisy-chain switch 0 = off = open
(if available) 1 = on =close
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NOTE In some cases, the new status may be kept by the slave for a restricted time only. For instance, the “Squib
Resistance Test” request may be executed by the squib and the squib would automatically return to “no test” after
successful execution of the test.

8.4.7 “Read Status 1” message
All functional blocks relevant for deployment shall be covered by diagnostics.

The “Read Status 1” message shall be used to retrieve the actual primary status of the slave. The data field of
the frame shall be transmitted by the slave (see Table 26).

Table 26 — Example for the data byte layout of a “Read Status 1” message to a deployall)le device

Bit no. [Squib status Value assignment
7 HSD deploy switch status 2 1=on
0 = off
6 LSD deploy switch status 2 1=on
0 = off
5 Error level bit 1 see Table 27
Error level bit 0 see Table27
3 Daisy-chain switch status @ 1=o0n
0 =Joff
2 Deploy Enable Status 1\=‘deployment enabled
0 = deployment disabled
1 ERC all-fire level 1 = all-fire
0 = not all-fire
0 ERC no-fire level 1 = no-fire
0 = not no-fire

@  This is more the status of the controllines to the switch(es) than the actual status of the switch(es).

The error level bits 0 and 1 shall)form a two-bit error level number, which shall indicate the duality of bus
communication (see Table 27).-The device shall latch the highest error level number that has been entered
during operation. The error_level can be reset to “0” by the “Reset Error Status” command |of a “Status
Change” message (see.8.4:6). At power-on, the device shall start with error level 0.

Table 27 — Definition of error level bits

Errorx level Error level Meaning Explanation
bit 1 bit 0
0 0 Error level 0 normal operation
(ok)
0 1 Error level 1 a CRC error @ has been detected,
(noise info) or a message with both L0 and LSO level has been detected
1 0 Error level 2 a deploy command  has been received without safing level
(warning)
1 1 Error level 3 an internal error has been detected,
(error) e.g. address parity error (see also 7.2)
@ A CRC error is regarded as error only if the E-bit is “0”.
b Command code 0011.
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8.4.8 “Read Status 2” message

This message shall be used to retrieve the actual secondary state of the slave. The data field of the message
shall be transmitted by the slave.

Table 28 — Example for the data byte layout of a “Read Status 2” message to a deployable device

Bit no. |Squib status Value assignment
7 High-side driver 2 1 =on
0 = off
6 Low-side driver @ 1 = on
0 = off
5 Reserved
4 Reserved
3 Bridge resistance 1 00 = ok
2 Bridge resistance 0 01 =too high
10 = too low
11 = not tested
1 Bridge leakage 1 00 = no significant leakage detected
0 Bridge leakage 0 01 = leakage to Low detected
10 =leakage to High detected
11" = not defined

This is the actual status of the switches, which is enly valid when the appropriate test signals have been
tufned on, see “Status Change” command in 8.4.6

For some of [the status bits in this register, it may be necessary to turn on internal test signals. Dependipg on
the implementation, it may be required totactivate these tests with an appropriate “Status Change” megsage
before reading (see 8.4.6). Other implementations may activate these tests automatically upon reception of a
“Read Statug 2” command. In that case’they would reply with the status that was evaluated during a prejvious
“‘Read Statug 2" message and at the-same time they would do a new test. The result of this test would then be
sent with the[next “Read Status 2™message (see Figure 16).

Bus: Read Status 2 Read Status 2 Read Status 2
Result Result
Deployment
: Do Test Do Test Do Test
Slave:
_—
t
Figure 16 — lllustration of automatic execution of diagnostic tests upon reception

of “Read Status 2” messages

46 © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=142fd49ca58e72be7d8249a45d39b953

ISO 22896:2006(E)

8.5 Application Layer for sensor devices

8.5.1 General

Application Layer specifics for sensors are specified in 8.5.2 to 8.5.4. Sensors shall use the D-Frame
messages described in 8.2. The meaning of the data byte in “Read Status 1” / “Read Status 2” and “Status
Change” messages is sensor specific. Sensors shall ignore deploy command family messages, “Deploy
Enable”, “Deploy Status” and “Enable Status” messages. Sensors shall send their signal data into S-Frames
according to the set-up information stored in their memory.

8.5.2 Sensor slave memory Section Il

8.5.21 Memory map Section Il

Sectipn Il of a sensor's memory should include all information about the sensor nece§sary for [ts use in the
appligation. It may also include registers for control of the sensor via the bus.

Table 29 — Example for Section Il of the memory in a sensor slave

Addi. (hex) |Bit 7 |Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R/W | Memory type

0x30[— 0x31 [ Sensor configuration R/W  |NVM or ROM
orR

0x32|— 0x37 |Sensor calibration data R/W NVM

0x38|— 0x39 |Sensor control RW |VM

0x3a|— 0x3f [Reserved

8.5.2|12 Sensor configuration

Thesg optional registers may store static,'control data for the sensor module, if available. They|may contain
bits for adaptation of the bus interface-to the sensor.

8.5.2|3 Sensor calibration.data

Thesp memory locations sheuld be used to store sensor characteristics like sensitivity, offset, efc., which are
needpd to process the- sensor’s signal data correctly. Like the S-Frame set-up, these registefs should be
coveled by an integrity’check (e.g. check sum), see 8.3.2.16. For sensors not needing all sjx bytes, the
implgmented bytes should be available on the lower address locations (0x32 and higher).

8.5.2|l4 Sensor control

Thesg (optional registers should store dynamic control data for the sensor module, if available. They may
contaimbits—for—controt—of the—sensor's—testmode—Frequentty used—sensor—controtbits—should also be
accessible directly with the “Status Change” command.

8.5.3 Usage of S-Frame sensor data

When raw-data sensors are polled with S-Frames at high sample rates, there is usually no time available for
diagnostic communication between master and sensors. Nevertheless, there shall be possibility for the slave
to signal errors to the master.

— One of the values that can be represented by the data slot (e.g. 255 = Oxff in the case of 8-bit data)
should not be used for sensor signal data. Instead, it should represent an indication to the master that an
internal error condition would not allow sensor signal data to be sent. If the master received this value
several times in a row, it would recognize that the sensor slave is not healthy.

© I1SO 2006 — All rights reserved 47


https://standardsiso.com/api/?name=142fd49ca58e72be7d8249a45d39b953

ISO 22896:2006(E)

calibration data, it shall not reply to S-Frames.

8.54 Busi

nterrupt

When the slave detects an inconsistency (e.g. a check-sum error) in its S-Frame set-up or in its

When a smart sensor has recognized a critical impact, it shall request an interrupt (LSO-level) until it gets the
opportunity to send its data during an appropriate S-Frame without errors (right-hand state diagram in
Figure 17). In order to make sure that the interrupt is not lost (see also case study in Annex D), it may keep
the interrupt active until three interrupt bits have been transmitted. When a time-out is reached before the
interrupt request has been executed, the interrupt request shall be cancelled and the corresponding error

information s

hall be given to the attached microcontroller.

Actual interrlllpt transmission shall get disabled during S-Frames (T =0 or T =LS0) or after an LS0:b

been detects
NOTE1  TH
transmitted pe
announcing a

This implies th

During B
an SOF.

that has been initiated by this SOF.

data in th

During a
intended

during that frame. In this way, a deploy command that was sent with the safing level can not be interrupted.

NOTE 2  Ar
D-Frame (tran

During a
without i
swit

LSO

re-s
afte

NOTE 3 Th
last SOF. For

t
the mastir shall either

d on the bus during a D-Frame (i.e. S-Frames or D-Frames with safing shall not be interrupt
is includes the detection of the LSO0-bit when transmitting an interrupt (i.e. only one~interrupt bit
r D-Frame). Interrupt transmission gets enabled again when a frame has been finished; or when ar
D-Frame (i.e. T =1) is on the bus.

e following.

s |dle the slave may transmit up to three interrupt bits in a row, but this, shall be stopped immediatel
f all three interrupt bits have not yet been sent, the slave may continGéyto send interrupt bits after the

e appropriate slot with the data causing the interrupt.

D-Frame the slave shall transmit only one interruptibit, assuming that it could read back the LS
to send. However, if an LS0-bit had already been‘teceived during the D-Frame, no interrupt shall b

interrupt may be sent during the R-bit of @ D-Frame with a deploy command. Since the R-bit in {
smitted with safing) has the LS0-level anyway, the master cannot recognize the interrupt.

SOF, the slave may send one.interrupt bit. If the SOF is starting an S-Frame, the S-Frame shall co
erruption. If the SOF is startingya D-Frame, the interrupt changes the frame into an S-Frame. In thig

by the slave), or

art the D-Frame (recommended action when the D-Frame was a deploy frame) and send the S-
wards.

e sensor recognizes the end of a frame by counting the number of bits that have been on the bus sin
D-Frames, it counts 28 bits after the SOF (see Table 6). For S-Frames, the number of bits to waif|

t has
bd).

vill be
SOF

after
frame

During ap S-Frame, a slave shall not send an interrupt. If the interrupt.request was in time, it can already transmit

-bit it
b sent

uch a

htinue
case

Ch directly over to transmission of an S-Frame (e.g. by making use of the SOF that has been turned into an

Frame

Ce the
for is

specified in its|

memory (see 8.3.2.14)

The latency t
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imes for interrupts from smart sensors are discussed in Annex D.
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