10

11

12

13

14

15

16

17

18

19

20

21

22

23

y > L —

DSI3 Bus Standard

Revision 1.00

February 16, 2011

DENSO #* freescale” 1ty

semiconductor



24

25
26
27
28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46

47

48
49
50
51
52
53

DSI3 Bus Standard Revision 1.00

Table of Contents
R LN I (@ 16 @ I 1 1 ST TOTROPPRTRN 5
1.1 DSI3 GENERAL OVERVIEW ....ccuiiiiitiiiiieiiiteite ettt enite ettt esiteestteesatessateessseensseessseessseesssesssseesssesnsseesseessseesssesnnses 5
1.2 DSI3 PROTOCOL MAIN FEATURES ......ccootriitrurteteteteieianttntstssesetesesesesessstttssssesesesesasasassssssssssssssesesasassnsnsassasnes 5
1.2.1  DSI3 Bandwidth IMPrOVEMENTS ........cvitiiiiiieiieie sttt sttt bbb et e 5
O A =V (O 1 0] o] €01V/=] 11 1=] o O PO UPR P POPRTN 6
1.2.3  Data INtegrity IMPIrOVEMENTS . ......ciiiiieiteiete sttt ettt b et b ettt ettt n et 6
1,24 COSECONTIOIS ...ttt bbbt b bt b bbbt R bbbt b bt ne bt b bt n b 6
1.3 USE OF THE STANDARD AND LEGAL INFORMATION .......cocuttiiiiiimiirieieteininiinsesesietesseseesasesee e sessesssasesseees 6
2 DSI3BUS TOPOLOGIES, FUNCTIONAL CLASSES AND OPERATIONAL MODES..........ccccooiveenen. 7
2.1 OVERVIEW ...ttt ettt ettt ettt ettt ettt bt ettt bt e et e e bt e e st e s bt e e bt e e bt e e st e e bt e e st e e bbeesabe e bbeesabeenteesabeennbeesabeentes 7
2.2 BUS TOPOLOGIES ......cctttitteeiteattesitesteesttesteessteesseesssaessseessseeasseessseessseesssesssseessseessseesssesssseesssessssesssseessseensses 8
2.2.1  POoINt-t0-POINt BUS TOPOIOGY .. .cueiiiiiiitiiieitietiiiee ettt bbbt bbb b e b b e b sbesbe e e eneennen 8
2.2.2  Daisy-Chain BUS TOPOIOGY......cciveieieriiieiisise sttt et ae ettt stesseena e e eneeseestesbeaneereeneeneeneens 8
2.2.3  Parallel BUS TOPOIOQY .......coutiuiiiiieiieieie ettt ettt bbbttt b et bttt b e b et e b e sbesbesbesbesbeeneaneennen 9
2.3 FUNCTIONAL CLASSES OF OPERATION ......coetiiriititeteteteteteienttaesesesestetetesesesestaetasasssesssesesesesesesensasssssssssssenas 10
2.3.1  SIGNAI FUNCHION CIASS ... .eittiuieiieeiie ittt ettt sttt bbb e bbb e bt b e e s e e st e be st e besbesb e s b e eneeb e e e e b ee 10
2.3.2  POWEE FUNCLON CIASS ....ovvviriiiieeiiisieres et 10
2.4 MODES OF OPERATION.....ceiiitiitterittenteenittesteentttesiteestteesiteestteesateesseeesaseesseeesaseebaeessseesaeenseeasseeesssessseeanseesnns 11
2.4.1  Signal Function Class: Command and ReSpONSE MOUE.........cccucviierieriirerie e 11
2.4.2  Signal Function Class: Periodic Data ColleCtion MOGE ............coeiiiiiiiiiieiece e 11
2.4.3  Signal Function Class: Background Diagnostic MOGE .........ccccveveriererininnie e 12
2.4.4  Power Function Class: Command and ReSPONSE MOUE. ........ccereiirirriiniiie et 13
3 DSIB SCALABILITY woooeeet ettt seeeee et s s st eseee e e s eee s es e e e s e e s s e e s e s es e s es e e e s ee e et e e s en e aneeeeae 14
4 DSISPHYSICAL LAYER . ...t b bbbt e et e e bt e b e e e s e e sbe e ebeenbeanbeens 15
4.1 INTRODUCTION .....uttiiitiietteetieette ettt ettesbteeteesbteettesbte ettt sbteestesabaeanseesabaeasseesabeeesteanbeeenseesbeeenseesbaeenseesnne 15
42  FORWARD COMMUNICATION CHANNEL PHYSICAL LAYER .....cooititiueieieieiiiiieieieieeeieie e 15
4.2.1  Forward Channel Physical Layer - Master PerspeCctiVe ...........cceirriiiene e 16
4.2.2  Forward Channel Physical Layer - Slave PerspectiVe ........ccceierereririese s eee e enee s 17
4.2.3  Forward Communication Channel Data Bit ENCOOING ........cccueriiiiiiiiiiiiiiiiieeie e 18

]
Implementation of the Bus Standard is governed by the terms of Section 1.3 of this document. Changes to this specification must be agreed to by
DENSO CORPORATION, FREESCALE SEMICONDUCTOR INC. and TRW AUTOMOTIVE INC.

DSI3 Bus Standard Page 2 of 45 February 16, 2011



54
55
56
57
58
59
60
61
62

63
64
65
66
67
68
69
70
71
72
73
74
75

76
77
78
79
80
81
82

83
84

DSI3 Bus Standard Revision 1.00

4.2.4  Forward Communication Channel TiMiNg.......cccceverieiirieiiiise e 19
43  REVERSE COMMUNICATION CHANNEL PHYSICAL LAYER .....coovtuiiriririririinceeeeeeieesineceesesee e esseeeenes 20
4.3.1  Reverse Communication Channel Physical Layer - Slave Perspective ........c.cccceeveverieninnnsiesieeieesesennens 20
4.3.2  Reverse Communication Channel Physical Layer - Master Perspective ..........ccccocevveveiinenieeieieneie s 20
4.3.3  Reverse Communication Channel Data Bit ENCOUING.........ccccviiveieiimreresisese s 21
44  REVERSE COMMUNICATION CHANNEL TIMING CONSIDERATIONS........cotiurueueueirineeneaeeseeesesenesescsseeeenns 23
4.5  SYSTEM TIMING CONSIDERATIONS ......cutuiuitiirirtetetetetetetesesttaeseseessteaesesesesestaestsasssesesesesesesesssensasssssssssssenas 24
4.6 NUMBER OF DSI BUSES AND NODES .......ctotttiiitenttenitterteenittesiteesieeesiteesieeesitesssseesaseesseeesssesssseesssessseeesaesnns 25
47  CLASS-MIX AND MODE RESTRICTIONS AND NUMBER OF NODES........cccctotntrtriririrerieieieeeieeeeenenenesesesienas 25
5  DSISDATA LINK LAYER ...ttt sttt b e b e bbb e st e st e e sbeenbeeteaneesnes 26
5.1 INTRODUCGTION ....uititiiiiiteeiiitee ettt ettt e e ettt e e ettt e s euttee e sttt e e eabtee s abteeeaabbeessasbaeesabteesaabbeeesasbeeesbbaeeanabaeesaanaeas 26
51.1  Command MeSSage Bit OFUEN .........cccciiiiieiiiecie et st e et et be b e s teeneere e e e e s 26
5.1.2  ReSpONSe MESSAgE Bit OFUEN .......ccoiiiiiiiriee ettt bttt bt 26
5.2 SIGNAL FUNCTION CLASS ....cututuiiririrtetetetetestsestttetseesesesesasesasasestasssssssesesasesesessassssasesssesesesesasessnsssssssssesssasas 27
5.2.1  Command and Response Mode PaCKEt FOIMALS .........c.ccviireiieiiiie e 27
5.2.2  Periodic Data Collection Mode Packet FOMMALS .........cccoriueiririiininieinsee e 29
5.2.3  Background Diagnostic Mode Packet FOIMALS.........ccoeriiiiiiiiiice e 31
5.3  POWER FUNCTION CLASS TRANSACTIONS ......ccoetitrietrueteteietaiesinttsessssesesesesesesssssssssesssesesesesassssnsssssssssesesanas 33
5.4 ERROR CHECKING ...c.uttiitiieiieeiteeiiteeiteettestteeteesseessseesseessseessesssseesssessssessssessssesssseesssessnsessssesssseesssessssessnses 35
54.1 Command and Response MOAE CRC .........ccciiiiiiiieiie ettt a et sr et e b reene e s 35
5.4.2  Periodic Data Collection MOGE CRC ........ccooiiiiiiiiiieesieiee ettt 37
5.4.3  Background DiagnostiC MOAE CRC .........ccciuiiiiiiiiii ettt sttt sr et sbe s re e s 37
6 DSIS ADDRESSING ...ttt bbbttt e R bR R e bRt bRt R e re 38
6.1 INTRODUCTION ...c.oiiiiiieteteteteeeetsetatsesteteteteteseseaeaeeaeaeeseseseseseseseseatasaesseseses et et eseaeata et asasesesebeseseseneneasassessssstenas 38
6.2  PHYSICAL ADDRESSING FOR SLAVES ....cootttiittiiieiite et eiteetteeite st e st e sbee st e sbeesateesabeesateesaseesateesaseesanes 38
6.3  ADDRESS ASSIGNMENT METHODS .......coeuetiututiitnirirteteteteteseeesttaesesseseaesesesesesesttstasassseseseseseseseasasasssssssssenas 39
6.3.1  Address Assignment Method for Parallel Connected SIAVES...........ccoiiiiiiiiiniiice e 39
6.3.2  Address Assignment Method for Bus Switch Connected Daisy Chain DevViCesS........cc.cveveveververercreneenns 39
6.3.3  Address Assignment Method for Resistor Connected Daisy Chain DevViCes .........cccceirerieinienienieneniene 40
T SLAVE MEMORY MAP ...ttt bttt h e b e r et b e b e e b e e s beenreenesnnennes 42
7.1 REQUIRED SLAVE REGISTERS .......tititititetetetetiiiteietetetet ettt eetetsesteteteteteteseseatstesesesesesesesesesenesessesesesesesenas 42

Implementation of the Bus Standard is governed by the terms of Section 1.3 of this document. Changes to this specification must be agreed to by
DENSO CORPORATION, FREESCALE SEMICONDUCTOR INC. and TRW AUTOMOTIVE INC.

DSI3 Bus Standard Page 3 of 45 February 16, 2011



85
86
87
88
89
90
91
92
93

DSI3 Bus Standard Revision 1.00

5 S O I [ o =T 1 (-1 PSS 43
T.1.2  ICMEGID REQISIEN ...ttt sttt b ket b e b eb e bt bt b e se e e e b e sb e e be s bt eb e s b e eneeb e e e e b e 43
8 B (@0 Y =T 1) - PSSR 43
714 MODTYPE REQISIEIS....uiittitietieieie ittt sttt ettt e et st sbe b bt bt e st e e e besa e s be s beeb e et e e Rt en b e es e benbeebesbeaneab e e e enbeee 44
S O |V (@ 1 1V, D =T 1] (=T PSS 44
T7.1.6 MODREY REJISIEL .....viitiitiite ittt sttt b bbbt bt e e e b e bt eb e b e bt e bt e e et e sbesbesbeeneebe e e e b ee 44
5 A B 1] 1 L =T o 1) PSS 44
7.1.8  PHYSADDR REQISIEN .....eiitiiiiiiieteie sttt sttt sttt et b e b e s be bt e s e e me e be st e nbesbeebesbeeneabe e e enbeee 45
7.2 REQUIRED SLAVE DATA ..ottt ittt teeeete sttt s et eseseses s ssesss et esesss et sasassesesesesessssssssesesesesesnanans 45

]
Implementation of the Bus Standard is governed by the terms of Section 1.3 of this document. Changes to this specification must be agreed to by
DENSO CORPORATION, FREESCALE SEMICONDUCTOR INC. and TRW AUTOMOTIVE INC.

DSI3 Bus Standard Page 4 of 45 February 16, 2011



94

95

96
97
98
99

100
101
102
103
104

105
106
107
108
109

110
111
112

113
114

115

116
117
118

119
120
121
122
123
124

125
126
127

128

129
130
131

DSI3 Bus Standard Revision 1.00

1 INTRODUCTION

1.1 DSI3 General Overview

This document defines the 3rd generation Distributed System Interface (DSI3). It documents the bus topologies,
operational modes and functional classes of DSI3 bus systems and the associated electrical and physical characteristics.
It also defines the message protocol, message transaction models, message formats, bit transmission order and message
error checking.

DSI3 is a third generation satellite interface bus primarily intended for safety critical communication between a central
master interface and multiple satellite nodes, also called slaves. Slave nodes can be implemented as simple state
machines or as microprocessor or DSP based controllers. The slaves can provide raw data signal sources or pre-
processed signal sources. Each slave can contain a single data source or multiple data sources. Slave nodes can also
provide output and control functions.

Included within the DSI3 protocol is a Discovery Mode whereby slave devices automatically determine their position
on a serial daisy-chain bus and each slave is assigned a unique physical address. The Discovery Mode allows for the
identification of slaves with identical features and part number according to their position on the serial daisy-chain bus.
For slaves with unique characteristics, the Discovery Mode can be used to ensure that the device with the correct
capability is in the proper location of the serial daisy-chain bus.

DSI3 includes a fail silent philosophy and an optional Background Diagnostic Mode that operates during normal
periodic sampling mode. The Background Diagnostic Mode provides advanced services for diagnostics and functional
safety. The fail silent philosophy is enhanced by Background Diagnostic Mode.

The primary target application area for the DSI3 network is automotive airbag systems however it is anticipated that the
new features of the protocol will allow the use of DSI3 in other application areas.

1.2 DSI3 Protocol Main Features

The fundamental strengths of previous DSI versions remain and new elements have been adopted where necessary to
meet the expanded goals of an improved bus standard. Lessons learned from previous DSI versions, competing
strategies and the expectations of users have been considered in the development of DSI3.

DSI3 provides an efficient bi-directional communication scheme by means of forward and reverse channels. The
forward communication channel defines master to slave communication and the reverse communication channel
defines slave to master communication. The forward and reverse communication channels operate at half-duplex in
contrast to previous versions of the protocol. Several modes of operation are provided to optimize performance of both
the forward and reverse communication channels to match the needs of the application. All modes are synchronous
since all transactions are initiated by the master.

The DSI3 protocol has been designed to improve upon the capabilities of all existing sensor bus protocols. In
particular there are bandwidth improvements, EMC improvements and data integrity improvements. There are also
fundamental changes that allow for reduced cost implementations.

121 DSI3 Bandwidth Improvements

Bandwidth improvements are the result of an efficient Time-Division-Multiple-Access (TDMA) method utilizing
multi-level source coding of the response signal, a global clock management scheme, an optimized reverse channel
strategy and an increased bit-rate.

]
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122 EMC Improvements

DSI3 includes fundamental changes designed to improve electromagnetic compatibility. EMC improvements are
achieved by reducing the master induced voltage fluctuations on the bus. For DSI3 the reduction in the number of
master induced voltage fluctuations occurs as a result of a preconfigured periodic response stream. The fundamental
frequency of the master induced voltage fluctuations has been reduced by nearly two orders of magnitude (from
200kHz to approximately 4kHz) compared with previous versions of DSI, resulting in further significant AM band
emissions reductions.

1.2.3 Data Integrity Improvements

The DSI3 Protocol has features designed to address the requirements of safety critical communications. In particular
there are mechanisms built in to improve the safety case of the protocol. Examples of the mechanisms include: source
identification, Background Diagnostic Mode, keep alive counters, and increased error detection capability.

1.2.4 Cost Controls

The DSI3 Protocol adopts a philosophy that allows system and device implementers to scale the protocol to meet the
specific requirements of an application. The protocol can be scaled in several dimensions whereby a base functionality
is extended with additional features to meet more demanding or varied applications.

1.3 Use of the standard and Legal Information

This specification was developed within the DSI Consortium (“DSI”). Use of this specification is voluntary and is
subject to the DSI Consortium Bylaws and Membership Agreement.

This specification is supplied “AS IS.” DSI Disclaims liability for any personal injury, property, or other damage, of
any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting from
the publication, use of, or reliance upon this, or any other DSI document. DSI makes no warranties or representations
as to the accuracy or content of the material contained herein, and expressly disclaims any express or implied warranty,
including any implied warranty of merchantability or fitness for a specific purpose, or that the use of the material
contained herein is free from patent infringement.
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2 DSI3 Bus Topologies, Functional Classes and Operational Modes

2.1 Overview

The DSI3 protocol manages the formation of networks consisting of a master node and one or more slave nodes. A
system can consist of one or more master nodes. Communication between the master and slaves follows a command
and response transaction model with a separate command phase and response phase. The interconnection of a master
node and one or more slave nodes is defined by a bus topology. The DSI3 protocol defines point-to-point, serial daisy-
chain and parallel bus topologies.

The DSI3 protocol defines two functional classes of bus operation: the Signal Function Class and the Power Function
Class. The Signal Function Class is optimized for periodic data collection from data sources. Signal Function Class
slaves can also provide outputs to control logic level functions within the limits and restrictions placed on quiescent
current of the Signal Function Class. The Power Function Class is optimized to support power outputs but also
supports data sources. The Power Function Class utilizes an additional power-phase to supply bus power to the output
loads. For the Power Function Class, current draw restrictions place limits on when current is allowed to flow into the
loads. Generally the Signal Function Class and the Power Function Class must maintain a constant quiescent current
draw during at least the response phase but typically for both the command and response phases. In the context of this
specification Power Function Class implies that a slave controls a load and isolates the response communication current
draw from the master supplied load current delivered into a power output.

The DSI3 protocol provides several modes of operation. These are broadly divided into a Command and Response
Mode and a Periodic Data Collection Mode. For Signal Function Class devices, the Command and Response Mode is
utilized to start and configure the bus and thereby form the network. For an application that requires immediate
functionality at power-on, a pre-programmed configuration can be loaded into non volatile slave memory. In this case
the necessary bus configuration and network formation is available immediately after bus start-up. The Periodic Data
Collection Mode is entered after bus initialization, configuration and network formation. The Periodic Data Collection
Mode also defines an optional Background Diagnostic Mode for low speed diagnostics that occurs without interrupting
the periodic data collection.

For Power Function Class devices, the Command and Response Mode is used to control and monitor outputs and data
sources. The Periodic Data Collection Mode is not intended for the Power Function Class.

]
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2.2 Bus Topologies

2.2.1 Point-to-Point Bus Topology

The point to point topology consists of a single master node and a single slave node. For the Signal Function Class the
slave node can contain a single data source or multiple data sources. For the Power Function Class the slave node
provides output signals and optionally data sources. The wiring between the master and the slave are typically twisted
pairs and supply both communication signals and the quiescent current for basic slave internal operation. For Power
Function Class devices, power is delivered through an additional power phase.

R

M

%@ lresp

Master Slave

Figure 2-1: Point to Point Topology

2.2.2 Daisy-Chain Bus Topology

The fundamental application for the daisy-chain topology is to determine relative position within a series
interconnection of potentially identical slaves. This can be accomplished with either a series sense resistor or a series
bus switch.

If series sense resistors are used, the Discovery Mode determines a slave’s relative position in the serial daisy-chain and
manages address assignment during network formation. Typically slaves on a daisy-chain bus are assigned a physical
address at the time of network formation after bus power-up. Alternately the slaves can be pre-programmed with a
physical address and verified via Discovery Mode.

R, R R R

Master Slave 1 Slave 2 Slave n

Figure 2-2: Daisy Chain Topology with Sense Resistors

The serial daisy-chain can implement a bus switch in lieu of or in addition to the sense resistor. The use of a bus switch
allows isolation of faulted portions of the bus in applications that require fault isolation. A bus switch allows
connection of separate bus segments connected via the bus switch. The Discovery Mode acts on (discovers) individual
segments and each segment is discovered separately. When a bus switch is encountered at the end of a bus segment,
the master commands the slave to close the bus switch to connect the additional slaves to the bus. The new slaves are
discovered as each additional bus segment is connected. The master has a priori knowledge of the bus switches and
therefore the segmented bus architecture. The Discovery Mode is described later in this specification.
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2.2.3 Parallel Bus Topology

The parallel bus topology requires pre-programmed physical addresses. The main application for the parallel bus is to
limit the voltage drops along the bus and allow for more slave nodes on the bus.

RM
V, |
q
% IRESP
Master Slave 1
|q
% IRESP
Slave 2
8 |
% IRESP
Slave n

Figure 2-3: Parallel Bus Topology

The parallel connections can be implemented at the master side, the slave side or in the wire harness. When
implemented in the master side the master must provide the connection pins required for the required number of slaves
and make the pass thru trace connections. When implemented on the slave side the slave must provide the necessary
interconnection pins and the pass thru trace connections. When implemented in the harness the parallel connections are
typically splices.

The decision of where to make the parallel connections is an implementation choice and can impact the total system
level costs. The DSI3 protocol allows complete freedom of choice in the connection strategy of the parallel
connections.

The parallel connected slaves may include a bus switch. In this case the bus switches can connect new bus segments.
These new bus segments are discovered as described above for additional segments within a serial daisy-chain.

]
Implementation of the Bus Standard is governed by the terms of Section 1.3 of this document. Changes to this specification must be agreed to by
DENSO CORPORATION, FREESCALE SEMICONDUCTOR INC. and TRW AUTOMOTIVE INC.

DSI3 Bus Standard Page 9 of 45 February 16, 2011



227

228

229
230
231
232
233
234
235

236
237
238
239
240

241

242
243
244
245
246
247

248
249
250
251

252

DSI3 Bus Standard Revision 1.00

2.3 Functional Classes of Operation

2.3.1 Signal Function Class

The Signal Function Class is optimized for applications that prioritize high speed periodic data collection. Signal
Function Class slaves can implement single or multiple data sources at each slave node. The Signal Function Class can
utilize either the Command and Response Mode or the Periodic Data Collection Mode or a combination of both modes.
For example a pre-configured parallel connected network could transition immediately into the Periodic Data
Collection Mode. Whereas a serially connected daisy-chain bus would use the Command and Response Mode along
with the Discovery Mode to form and configure the network and then transition into the Periodic Data Collection
Mode.

As mentioned in section 2.1 there are restrictions on Signal Function Class quiescent current levels. The fundamental
restriction is that the quiescent current must remain relatively constant during the response phase within the limits
specified in Section 4.3. For Signal Function Class slaves the power supply is generally designed to draw constant
quiescent current for both the command and response phase as well as manage inrush current, energy extraction and
energy storage for micro-break backup purposes.

2.3.2 Power Function Class

The Power Function Class is optimized for applications with control functions that require power and current levels
that cannot be supported by the Signal Function Class. The Power Function Class utilizes the command phase and the
response phase with the addition of a power phase. The Power Function Class controls output loads by coordinating
the state of output signals during the command phase, the response phase and the power phase. Power Function Class
slaves can implement single or multiple output sources. Power Function Class slaves require an energy extraction
mechanism that provides isolation between the power phase and the command and response phases.

For Power Function Class slaves the same fundamental restriction for Signal Function Class slaves applies: the
quiescent current must remain relatively constant (or essentially zero) during the response phase, within the limits
specified Section4.3. During the power phase the Power Function Class must provide isolation between the voltage
level associated with the power phase and the voltage levels during the command and response phases.

]
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2.4 Modes of Operation

24.1 Signal Function Class: Command and Response Mode

The Command and Response Mode (CRM) is used for network formation and bus configuration for Signal Function
Classes. The Command and Response Mode provides services that allow for the reading of and writing to slave
memory and changing the internal state of the slave. The Command and Response Mode format is defined in Section 5
of this specification.

The following figure represents the Command and Response Mode timing philosophy for the Signal Function Class.
The command signals are Manchester encoded voltage levels defined as Vyygyand Viow. The response signals are
multi-level source encoded currents modulated on top of the total slave quiescent current that is present during the
response phase. The command and response timings, voltages, currents and encodings are described in Section 4 of
this specification.

V

HIGH ~
Command Command Command

VLOW -

|+ -
a RESIP Response Response Response

Figure 2-4: Signal Function Class - Command and Response Mode

2.4.2 Signal Function Class: Periodic Data Collection Mode

The Periodic Data Collection Mode (PDCM) is optimized for applications that require high speed synchronous data
collection. In the context of this specification synchronous data collection means that the data samples are
synchronized by the master through synchronization events. The actual data samples are therefore synchronous with
the master synchronization event however the data samples may or may not be simultaneous. The distinction between
simultaneous sampling and synchronous sampling is addressed by the implementation and is not controlled by this
specification. This allows the system implementer to either choose simultaneous sampling or prioritize the relative
latency of the data sources.

The following figure represents the command and response timing philosophy for the Periodic Data Collection Mode.
The command transmitted by the master can be either a single bit Broadcast Read Command or a Background
Diagnostic Mode command. The commands are Manchester encoded using the same voltage levels defined for the
commands used during the Command and Response Mode. The response signals are multi-level source encoded
currents assembled into packets modulated on top of the total slave quiescent current. Furthermore the response
packets from multiple data sources are time multiplexed utilizing a TDMA approach and separated by inter-packet
separations. The command and response timings, inter packet separation timings, voltages, currents and encodings are
further described in Sections 4 and 5 of this specification.

For the Periodic Data Collection Mode the protocol requires that the master node be synchronized with the ECU’s
clock and must meet the timing requirements as defined in Section 4 of this specification.

\ U U U
A R PRUTAN AN

Figure 2-5: Signal Function Class - Periodic Data Collection Mode
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2.4.3 Signal Function Class: Background Diagnostic Mode

An optional low speed diagnostic communication channel called Background Diagnostic Mode (BDM) is defined
within the DSI3 specification. The Background Diagnostic Mode does not interfere with the Periodic Data Collection
Mode; however the system implementer must reserve some bandwidth for the Background Diagnostic Mode. The
reserved bandwidth always starts at the beginning of the sample period. The percentage of the sample period reserved
can be adjusted to meet the needs of the application. The forward and reverse data packets are split into sequential
parts that are transmitted during consecutive periods — first the command bits and then the response bits. The reserved
bandwidth is shared between the low speed forward channel and the corresponding low speed reverse channel. The
Background Diagnostic Mode provides services for data integrity functionality and uses a different response format and
error detection format. This prevents the classic masquerade phenomena that could lead to misinterpretation of data.

0-0 0-1 1-0 11

Figure 2-6: Signal Function Class - Background Diagnostics Mode Command and Response Bits

Figure 2-6 shows a portion of a command sequence along with the normal periodic responses and a Background
Diagnostic Mode response. In the example shown in Figure 2-6 there are two command bits sent every period (0-0, 0-
1, 1-0 and 1-1). The command (complete command not shown) is followed by the response. The first three response
symbols are shown (1-2-1, 1-2-0, and 1-1-0). As in Periodic Data Collection Mode, each of the response symbols is a
coded representation of a corresponding 4-bit data nibble. The format for the command and response messages is
covered in Section 5.2.3.

The bit-rate of the Background Diagnostic Mode is determined by the number of forward and reverse channel bits that
can be transmitted in the time reserved. An example Background Diagnostic Mode configuration may use the
following:

e 10% of a 250uS sample period reserved for Background Diagnostic Mode
e A reverse chip time of 3 us. The forward bit time is fixed at 8 us.

With this configuration, 2 command bits or 4 response bits can be sent every 250uS. This results in a Background
Diagnostic Mode with an 8kbps forward bit-rate and a 16kbps reverse bit-rate. One 32-bit diagnostic command and one
32-bit diagnostic response can occur in every 6mS period of time.

Complex transactions are also possible whereby multiple slaves respond in successive sample intervals in the case of a
broadcast diagnostic request. In the case of a broadcast command, once the command is transmitted, the slaves transmit
their complete response in sequential order based on their source identification, starting from Source ID = 1.

]
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2.4.4  Power Function Class: Command and Response Mode

The Command and Response Mode is used for network formation, bus configuration and actuator controls for the
Power Function Class. The following figure represents the Command and Response Mode timing philosophy for the
Power Function Class. The Power Function Class uses the same command phase and response phase formats as the
Signal Function Class. The command signals are Manchester encoded voltage levels defined as Vyigy.pwr and Viow.
pwr- The power phase is implemented as an additional bus level defined as Vip . The response signals are multi-level
source encoded currents. The response current signals are required to be isolated from the slave load current. The
required isolation of response current from load current is a consequence of the energy extraction used for the Power
Function Class. The command and response timings, voltages, currents and encodings are described in Section 4 of
this specification.

VIDLE -

Power Power
Phase Phase

Vv

HIGH-PWR ~
Command Command

V

LOW-PWR ~

| -
RESP Response Response
0mA -

Figure 2-7: Power Function Class - Command and Response Mode
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3 DSI3 Scalability

The DSI3 protocol is scalable in several dimensions. In addition to choosing the functional classes and modes of
operation, the device and system implementers can scale additional elements of the DSI3 protocol to meet the system
requirements. Typically the protocol is scaled according to the target function class and the overall required
performance of the system. As the performance goals are expanded, elements of the protocol can added or scaled to
meet new requirements. The scalability allows optimization of cost versus performance. Within the context of the
protocol scalability the resultant system performance is based on the lowest common capability in a controlling
dimension. DSI3 systems may accommodate slaves with lower levels of performance in some of the scalable
dimensions. Scalable dimensions include the following:

1.

The minimum and maximum operating voltages can be defined by the system implementers within the limits
specified in Section 4.2. The minimum and maximum voltage capability of the resulting system is derived
from the least capable device on the bus.

The number of slaves in a system is based on the supply current capability and current limit of the master
device and can be defined by the system implementer within the limits specified in Section 4.2.1 and Section
4.3.1. The system must be designed such that it does not exceed the ratings of the least capable device on the
bus. Slaves designed with a lower fault current capability could be damaged if used in a system that could
supply higher fault current.

The sample rate of the system can be defined by the system implementers. The sample rate is a function of the
forward and reverse channel bit rates and the number of bits required in the sample interval. The number of
bits required in the sample interval is based on the data precision required, the number of data sources and the
required safety-case capability.

The reverse communication channel bit rate can be defined by the system implementers within the limits
specified in Section 4.3. The overall system reverse communication channel bit rate must fall within the
capability of every device in the system.

The Data Link Layer can be defined by the system implementers within the limit specified in Section 5. The
Data Link Layer can be hard-coded at either the master or the slaves. If the Data Link Layer is hard-coded at
the master then all devices must support the same Data Link Layer. If the master supports a configurable Data
Link Layer, then slaves with different Data Link Layers can be supported in any combination within the
capability of the system.

Clock synchronization and timing optimization occurs at multiple levels and is considered a shared
responsibility among the devices in the system. Simple low speed system goals can be met with minimal clock
synchronization and no timing optimization. More complex high speed system goals can be met by utilizing
the temporal framework to optimize system timing, as described in Section 4.5. Devices of minimal capability
can be mixed with more capable devices on a bus however the system implementers must configure the timing
to account for the mix of capabilities. The theoretical maximum system capability will be compromised by the
less capable devices.

System fault tolerance and operability can be defined by the system implementers through both physical layer
configurations and Data Link Layer configurations. Fault detection and operability is a shared responsibility
between the master and slave(s). If desired, fault isolation can be implemented at the slaves through the use of
bus switches.

Parameters in this document marked with a “{” are scalable parameters. Scalable parameters include a controlling
dimension number from the above list as well as a parenthetic suggested value for typical systems.

The scalable parameter capability of devices in a system must be documented in the device datasheets to allow the
system implementer to determine the lowest common capability in each controlling dimension.
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4 DSI3 Physical layer

4.1 Introduction

DSI3 defines a forward channel for master to slave communication and a reverse channel for slave to master
communication. The forward channel uses voltage fluctuations and the reverse channel uses current fluctuations. DSI3
uses a half-duplex command and response transaction model. With the command and response transaction model the
master always initiates the communication cycle via a command.

The physical layer consists of a connection between a single master and one or multiple slaves. The physical layer
interface provides both power and data communication signals. The bus topologies are defined in section 2.2.

The command and response transactions occur in sequence. The half-duplex command and response characteristic is
shown in section 2.4for both the Signal Function Class (Figure 2-4) and for the Power Function Class (Figure 2-7).

For the Periodic Data Collection Mode (Figure 2-5 and Figure 2-6), one or more slaves encode their data source(s)
utilizing an optimized multi-level source coded TDMA method. The source coding encodes data nibbles into multi-
level symbols. System timing optimizations are also possible through the use of the global clock synchronization, clock
management and innovative response time assignment methods. These system timing optimizations are covered in
Section 4.5.

4.2 Forward Communication Channel Physical Layer

Two modes of communication are defined. The Command and Response Mode is used for system configuration and
for applications that require significant message traffic in both the forward and reverse directions. The Periodic Data
Collection Mode is used for applications that require significant message traffic in only the reverse direction. The
Background Diagnostic Mode allows for low speed bidirectional message traffic while preserving most of the
bandwidth for high speed periodic data collection (reference Section 2.4.3).

The forward communication channel physical layer maximum ratings are listed in Table 4-1

Item | Characteristic / Symbol Condition / Notes Max Unit
1. VibLE Power Function Class 25 A\
2. VhiGu Signal Function Class 20 A\
3. Reverse Voltage Protection Power Function Class 12 (-IeL_pwr Max) mA
4. Reverse Voltage Protection Signal Function Class 12 (-Iev sic_max) mA

Table 4-1: Forward Communication Physical Layer Maximum Ratings

]
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396 4.2.1 Forward Channel Physical Layer - Master Perspective

397 4211 Signal Function Class Forward Channel Physical Layer — Master Perspective

398 The Vyign and Viow voltages are required for all operational modes of the Signal Function Class.

399 The average value of the Vg voltage is held constant and the Vi gy voltage is produced relative to Viygy such that
400 Viigy minus Vi ow is equivalent to Vpgta. For typical applications the master derives the Vg and Vi ow voltages
401 from an externally regulated voltage source with sufficient voltage and current capabilities.

402 The master is responsible for supplying power to the bus loads. The total bus load consists of static and dynamic loads.
403 The static loads are the slave quiescent currents. The dynamic loads consist of the response currents and the bus

404  currents required to charge and discharge the harness and load capacitors used for bus filtering and stabilization. The
405 slave quiescent current is typically supplied by the master at either of the Vigigy or Viow voltages. As an alternative for
406 extreme low voltage applications the Signal Function Class slave could supply quiescent current from a backup

407 capacitor while at the Vi gy voltage.

Item | Characteristic / Symbol Condition / Notes Min Typ Max Unit

5. Vhicu Signal High Voltage 11 (3) 20 A%
. Variation in Vygy Over 10ms Ignoring
6. Vg pop drift Effects of Signaling -150 150 mV
7. Rum Master Source Resistance 10 Q
. Measured at Master,
8. Viian_p-p During Response Phase Peak to Peak Response Current <27mA -500 500 my
Supply Voltage Current Limit,
% Lo si6 max Measured at Master 12.(30) 12 (100) mA
VH[GH Minus VLOW
10. Differential Signaling Voltage (Vpgrra) Measured at Master, I <40mA 1.75 2 225 v
11. Viign to Viow Slew Time Cgus = 15nF, 90% to 10% of Vpgrra 12(333) 1000 ns
12. Viow to Viigu Slew Time Cgus = 15nF, 10% to 90% of Vpgrta 12(333) 1000 ns
408 Table 4-2: Signal Function Class Forward Channel Physical Layer Parameters

409
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4.2.1.2  Power Function Class Forward Channel Physical Layer — Master Perspective

The Vyigu.pwr and Viow.pwr Voltages are required for all operational modes of the Power Function Class. The Vip g
voltage is required for the power phase.

The Viigu.pwr and Viow.pwr voltages are used for communication only. Vygupwr and Viow.pwr are fixed voltages as
specified in Table 4-3.

The slave load current comes from a reservoir capacitor (Hcap) during the command and response phase of the
communication cycle. The Hcap is re-supplied during the power phase of the communication cycle. Current for the
Power Function Class loads is supplied from the master during the power phase. The flow of current between the
master and the Hcap is controlled with a power extraction diode or by synchronous rectification with an active switch.

The total bus load consists of static and dynamic loads. The static loads are the slave quiescent currents and any
additional loads that do not vary significantly during the response phase. The dynamic loads consist of the response
currents, the currents to recharge the Heap and the bus currents required to charge and discharge the harness and load
capacitors used for bus filtering and stabilization.

Item | Characteristic / Symbol Condition / Notes Min Typ Max Unit

13. VibLE Power Phase Idle Voltage - 25 Vv

. Difference Between the Power Phase
14. Viore Minus Vicrr.pwr Idle Voltage and the Signal High Voltage ! v

Power Function Class Signal High

15. VhiGHPwR Voltage 3.5 4 4.5 A%
16. Viowrwr E](z)\ﬁzrg el:unctlon Class Signal Low 175 3 225 v
17. Ry Master Source Resistance 10 Q

. Measured at Master
18. Vinar.pwe_pp During Response Phase Peak to Peak Response Current <27mA -500 300 mv

Supply Voltage Current Limit,

19. Ter pwr max Measured at Master iZ (200) iZ (400) mA
20. VIIIGII—PWR to VLOW—PWR Slew Time CBUS = ISHF, 90% to 10% of VDELT/\ 12 (333) 1000 ns
21. VLOW-PWR to VHIGH-PWR Slew Time CBUS = ISHF, 10% to 90% OfVDE]_TA $2 (333) 1000 ns
.= 0 0 _
22. VIDLE to VHIGH—PWR Slew Time CBUS 15nF, 90%to 10% OfV[DLE 12 (1000) 8000 ns
VHIGH—PWR -
— 0 0, -
23. | Vignrw to Vioe Slew Time Cous = 15nF, 10% to 90% of Vipre 12 (1000) 8000 ns
VHIGH-I’WR -
Table 4-3: Power Function Class Forward Channel Physical Layer Parameters
4.2.2 Forward Channel Physical Layer - Slave Perspective

The slave must track the average value of the Vi gy voltage. From the average Vygy voltage the slave can determine
the Vi ow voltage relative to the Vg voltage.

The slave voltage regulation scheme must be designed to account for the Vyigy and Vi ow voltage levels (line
regulation). For Power Function Class slaves the slave must also detect the Vip g voltage and isolate load currents
from the communication response current during the response phase.

The slave quiescent current must remain stable during the response phase. For Signal Function Class slaves a series
voltage regulation scheme can ensure stable quiescent current draw. For Power Function Class slaves the energy
extraction scheme isolates the slave load current from the response current during response phase.

]
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4.2.3 Forward Communication Channel Data Bit Encoding

The master Manchester encodes forward channel data bits onto the bus as transitions between the Vg and Viow bus
voltages. For the Power Function Class, the transitions between the Vip g and the Viigu pwr voltages do not encode
any information.

4.2.3.1 Forward Channel Data Bit Encoding - Master Perspective

For Command and Response Mode the master directly encodes forward channel data bits using a Manchester-1 format
where Vg is considered the idle level and V| ow is considered the signal level. Logic 1 bits are encoded as a
transition from Vygy to Vi ow Whereas logic 0 bits are encoded as a transition from Vi gw to Vyigy as shown in Figure
4-1.

Figure 4-1: Forward Channel - Data Bit Encoding Examples

For Command and Response Mode all commands begin with a transition from the Vi gy voltage to the Vi ow voltage
levels and this transition occurs as defined within the temporal framework. The initial transition is followed by the
command bits as illustrated in Figure 4-1. The bit timing and tolerances are defined in Section 4.2.4.

For the Periodic Data Collection Mode the master sends a Broadcast Read Command. If the Background Diagnostic
Mode is used, the Broadcast Read Command is replaced by a predetermined number of Manchester encoded bits that
make up a complete diagnostic command over consecutive time periods. The number of diagnostic command bits sent
during each successive time period is based on the amount of reverse channel bandwidth allocated to the Background
Diagnostic Mode (reference Section 2.4.3).

The Vyigh to Viow voltage levels for the forward channel are specified in Section 4.2.1. The timings parameters for the
forward channel are specified in Section 4.2.4.
4.2.3.2  Forward Channel Data Bit Decoding ~ Slave Perspective

The slave must detect the transition and transition polarity between the Vyigy and Vi ow voltage levels. Polarity
discrimination is used for command decoding and for clock synchronization.
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459 4.2.4 Forward Communication Channel Timing

460 Figure 4-2 shows the standard timing for a single Command and Response Mode transaction. For Command and

461 Response Mode there are defined time delays between the command phase and the response phase. For Power

462 Function Class, the master asserts the power phase following the command and response phase with an associated time
463 delay. Timings for the Command and Response Mode are relative to the initial transition from Vygy to Viow and are
464 preceded by a defined quiet time.

465 Section 4.5 introduces methods to take advantage of the protocol temporal framework to improve the system timing.
466 Implicit start bits are not required.

R I R TN
o 4 Command . I
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| - ! ! S S ¢ e
q \ \ ‘
Command_n t . . Command_n t . , | ! ‘
Response_n t . Response_n t |
467 Command_n+1 t_ . .
468 Figure 4-2: Command and Response Mode Transaction

469 Figure 4-3 shows the standard timing for a single Periodic Data Collection Mode transaction. In the Periodic Data
470 Collection Mode the initial Vg to Vi ow transition occurs at a pre-defined period as required by the application and
471 verified by the temporal framework. Implicit start bits are not required.
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473 Figure 4-3: Periodic Data Collection Mode Transaction
Item | Characteristic / Symbol Condition / Notes Min Typ Max Unit
24. tair crv (Figure 4-1) Command Bit Time in CRM 8 us
25. tair poem (Figure 4-1) Command Bit Time in PDCM 8 us
26. tarr spm (Figure 4-1) Command Bit Time in BDM 8 us
27. teIT ToL Command Bit Time Tolerance 16 (-1) 16 (1) %
474 Table 4-4: Forward Communication Timing Parameters
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4.3 Reverse Communication Channel Physical Layer

The reverse communication physical layer is a current loop interface. There are three current levels defined for the
reverse channel: the total quiescent current of all connected slaves (Ig), the 1x response level (Irgsp) and the 2x
response level (2*Iggsp).

43.1 Reverse Communication Channel Physical Layer - Slave Perspective

Item | Characteristic / Symbol Condition / Notes Min Typ Max Unit
Second Level Response Current During
*
28. 2" Tnese Response Phase Not Including I, 21 24 27 mA
First Level Response Current During
29. Trese Response Phase No Including I, 105 12 133 mA
30. Response Current Slew Time 10% to 90% of 2*Irgsp 14 (200) 1000 ns

Table 4-5: General Reverse Channel Physical Layer Slave Parameters

For Signal Function Class slaves, the reverse channel response signal assumes 3 distinct values: I, Ig+Irgsp and

Io+2*Iresp. 1g is the total quiescent current for all connected slaves. I, must remain stable over periods of time
significantly longer than the message.

Item | Characteristic / Symbol Condition / Notes Min Typ Max Unit
31. Io Total Static Bus Loading 12 (40) mA
32. Iq stave Static Bus Loading per Slave 12 (10) mA
33. Al Change in Static Bus Loading Over Life -5 5 mA

Total Static Bus Load Rate of Change
34. d Io/dt During Response Phase Excluding 1 mA/s
Response Signal Current

Table 4-6: Signal Function Class Reverse Channel Physical Layer Slave Parameters

For Power Function Class slaves the reverse channel response signal assumes 3 distinct values: Ig pwr, Ig pwrtIrese

and I pwrT2*Iggsp. The load current and the response current are isolated from each other as described in Section
2.4.4.

Item | Characteristic / Symbol Condition / Notes Min Typ Max Unit
3s. ILoap pwr Total Bus Load in Idle Phase 12 (100) mA
36, To rwr Total Static Bus Loading During 1 mA

Communication Phase

Total Static Bus Load Rate of Change
37. d Io/dt During Response Phase Excluding 0.1 mA/s
Response Signal Current

Table 4-7: Power Function Class Reverse Channel Physical Layer Slave Parameters

4.3.2 Reverse Communication Channel Physical Layer - Master Perspective

The master interface must dynamically monitor the current supplied to the bus. In particular the master must sample
the current supplied to the bus with sufficient resolution and sample rate to detect and discriminate between the 3
distinct currents. This detection and discrimination must assess both the magnitudes of the currents and the transitions
between the various levels. Additionally the master must detect if the current is outside of the range appropriate for the
slave class or if the magnitudes or transitions violate specific timing and magnitude criteria.
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4.3.3 Reverse Communication Channel Data Bit Encoding

DSI3 uses multi-level source coded approach where data nibbles are first encoded into symbols and then the symbols
are encoded into current levels. Within a symbol there are 3 consecutive transmissions called chips that can assume
one of the three discrete current levels described in Section 4.3. Each symbol encodes the information of 4-bits. Figure
4-4 shows an example of a 3 symbol (9-chip) data packet (12 data bits).

Symbol
- 11 0/2 0 2, 2 1 2
+2%* - - < ~ N
+IRESP- : Y [ WL J(
RESP
IQ‘ J(\ m 4 ] w4
OmA - {st 2nd  3rd
Chip

Figure 4-4: Response Data Bit Encoding - ""Multi-Level Source Coded”

Of the 27 possible combinations for three consecutive tri-level chips, the combinations that begin with the null current
level (1) are discarded. Of the remaining 18 symbols, the two symbols that contain the same value for all three chips
are also discarded. The remaining 16 symbols all begin with a non-null current level and have at least one transition.
These characteristics guarantee that any response packet has a transition at the beginning of a packet and at least one
transition in every symbol. Table 4-8 specifies the symbol encoding used for DSI3 response transmissions.

Encoded Data (4-Bits) Symbol Transmitted
Binary Hexadecimal 1% Chip 2" Chip 3" Chip
0000 0 1 1 0
0001 1 2 1 1
0010 2 1 0 2
0011 3 2 0 2
0100 4 1 0 0
0101 5 2 1 2
0110 6 1 1 2
0111 7 2 0 1
1000 8 2 2 0
1001 9 2 1 0
1010 A 1 2 2
1011 B 2 2 1
1100 C 1 2 0
1101 D 2 0 0
1110 E 1 0 1
1111 E 1 2 1

Table 4-8: Symbol Mapping Example: Source 1D 0x00

The reverse communication chip and symbol timing parameters are specified in Section 4.4. The timing parameters are
typically global for all response packets on a DSI3 network. However the specification only requires that the master
and slave use the same chip timings. Slaves with different chip timings could exist on the same network if the master
has this capability.

]
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4.3.3.1 Reverse Communication Channel Data Bit Encoding - Slave Perspective

The slave encodes groups of 4 data bits into symbols. The chip timing for each specific slave and its master must
agree. The slave is responsible for encoding the timing information present in the symbols for recovery by the master.
The variations of chip times are actively controlled within the tolerances of the clock synchronization and management
scheme. Additional restrictions and requirements for slave response data encoding are specified in the data link layer
Section 5

4.3.3.2 Reverse Communication Channel Data Bit Decoding - Master Perspective

The master and slave must agree on a common chip time. The master synchronizes symbol recovery with the initial
transition that begins every response packet. Slave response symbols have at least one guaranteed transition, allowing
the master to re-synchronizes as necessary during symbol recovery. The master must ensure that the response current
levels are proper and that transitions between the specified levels occur at appropriate times. Finally each recovered
symbol must be one of the 16 possible symbols.

]
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526 4.4 Reverse Communication Channel Timing Considerations

527  For the Periodic Data Collection Mode of the Signal Function Class multiple symbols are assembled into data packets
528 and sent to the master as a TDMA frame. Figure 4-5 introduces the TDMA frame and some of the basic parameters
529 associated with the frame. Each packet in the frame has a start time defined as a percentage of the sample period or in
530 terms of real time. The time of the first packet is specified in terms of real time. The minimum or earliest time that the
531 first packet can start allows sufficient time for a single bit command and the associated settling time. The first response
532 packet in the TDMA frame may be further delayed based on the percentage of time reserved for Background

533 Diagnostic Mode.

534 Section 4.5 introduces methods to take advantage of the protocol temporal framework to improve the system timing.

12 2 (12 11 2 2]2 0 1[2 1 1] (1 2 2) (12 1]

RESP | ﬂ [ ‘ ﬂ
Hlresp T % ‘t\( A Naig (J

+2xI

q_all [ A S T N J . R . .
— etchip ppacketﬁn -1 tips ppacketﬁn 7tendﬁ
%tsymbolﬁ
OmA - N N {
tsta|1_1 tstart_n -1 tend_n -1 tstan_n tend_n
t_sample t_sample_,
535
536 Figure 4-5: Multi-Level Source Coded TDMA Response Frame
537
Item Characteristic / Symbol Condition / Notes Min Typ Max Unit
38. tenip Valid Range Range of Valid Chip Times 14 (2.70) 14 (10.0) us
39, tenip Tolerance Slave Chip Time Tolerance -5.0 5.0 %
40. toymbol Symbol Time 3% tonip us
41. tr start — te_start Response Start Time, CRM (Figure 4-2) 280 295 310 us
42. totare 1 — to_start Response Start time, PDCM (Figure 4-3) 15 us
43. tips Inter-Packet Separation (Figure 3-5) 1 Chips
44, tEND Quiet Time Before Next Sample Period iﬁ (10) us
538 Table 4-9 : Reverse Communication Channel Timing Parameters
539
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4.5 System Timing Considerations

DSI3 defines a temporal framework and provides services for clock management and clock synchronization. The
temporal framework enables the system to perform timing checks based on a common expectation of when events
should occur within the system. The temporal framework allows the system to validate changes of state including the
ordering of events within the changes of state. With the temporal framework all devices on a bus develop a common
sense of time. Clock management and clock synchronization can be used to improve the efficiency of the system.
Commands define a base period for Periodic Data Collection Mode and perform basic clock synchronization. The
temporal framework provides error checks and validates the expected timing of the synchronization events.

The master node transmits commands at Psys period from a stable time base of sufficient accuracy. The accuracy of the
system generated synchronization period APgyg is inherited by the master APy,g.r and then by the slave node APgaye.
The system period variation APgyg limits the overall accuracy of the system.

Clock management at slave nodes is based on the number of local oscillator cycles counted between commands. The
slave can also actively manage the local oscillator period to maintain the number of local oscillator cycles between
commands constant. Finally all of the timings in Periodic Data Collection Mode can be defined as fractional units of
the base period.

Table 4-10 shows an example set of system parameters using the temporal framework to improve system timing. These
parameters are not required by the standard, but are only included as an example to show the potential of the temporal
framework to improve system timing.

Item | Characteristic / Symbol Condition / Notes Min Typ Max Unit
4. Psvs gigrgnep?ef,Xgiignpglil(\)/{ulzzré?)isc’iﬁcation 100 5000 us
4. | APss Evample. ot an Absolute Speciiation 200 | ppm
47| Ao Example, not an Absalue Specificaion | 01 | %P
4. | AP Exampie. ot an Absolute Specifionson | 7 07 | %P
49| Ao s T Example,notan Absalte Specitesion | 0 03 %
0. Atperoa ngrrll\glgfi rﬁlilznple\rli(s)gliitzesri)eciﬁcation 0.1 0.1 % Prtaser

Table 4-10: Example of DSI3 Timing Parameters Utilizing the Temporal Framework
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4.6 Number of DSI Buses and Nodes

A DSI3 bus consists of single master and one or more slaves. The terms “network” and “bus” are used interchangeably
with additional specificity concerning topology and class. DSI3 defines no maximum limit to the number of busses
(networks) allowed in a system.

The maximum number of nodes on a DSI bus is 16 (1 master and 15 slaves). The minimum number is 2 (1 master and
1 slave). Each Signal Function Class slave supplies one or more data sources. Each Power Function Class slave
supplies one or more power outputs and signal sources required for the intended function.

4.7 Class-Mix and Mode Restrictions and Number of Nodes

Signal Function Class slaves can operate on the same bus with Power Function Class slaves provided that the master
accounts for the quiescent current of the Signal Function Class slaves. Also the Signal Function Class slave must
tolerate the idle voltage of the Power Function Class. Power Function Class slaves cannot exist on a Signal Function
Class bus since there is no power phase.

Signal Function Class and Power Function Class slaves both support the Command and Response Mode. The Signal
Function Class also supports the Periodic Data Collection Mode and, optionally, the Background Diagnostic Mode.

]
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5 DSI3 Data Link Layer

5.1 Introduction

The general philosophy of the DSI-3 data link layer follows earlier versions of the DSI specification in the sense that
there is sufficient flexibility to tailor the protocol to satisfy the needs of diverse applications. This section is concerned
primarily with the three fundamental modes of operation for the Signal Function Class: the Command and Response
Mode, the Periodic Data Collection Mode and the Background Diagnostic Mode, as well as the Command and
Response Mode for the Power Function Class.

For the Command and Response Mode a single command packet is followed by at most one response packet (There is
no response packet for a global command).

For the Periodic Data Collection Mode a command packet is followed by multiple response packets separated by inter-
packet separation times following a TDMA philosophy. The command packets for the Periodic Data Collection Mode
are strictly periodic. The DSI3 standard does not limit the maximum number of response packets or the lengths of the
response packets for Periodic Data Collection Mode. The master implementation imposes the practical limits on the
maximum number and lengths of the response packets. The Periodic Data Collection Mode response packet start
positions and lengths must be configured before entering Periodic Data Collection Mode. A preconfigured system can
transition into Periodic Data Collection Mode immediately after applying power to the bus.

51.1 Command Message Bit Order

Most significant bits/bytes are transmitted before least significant bits/bytes. This ordering applies to both the message
bits and the CRC bits. Messages bits are transmitted before the CRC bits. This ordering allows for in-line CRC serial
calculations that terminate in an all zero value for successful transfers.

5.1.2 Response Message Bit Order

Most significant bits/bytes are transmitted before least significant bits/bytes. This ordering applies to both the message
bits and the CRC bits. Messages bits are transmitted before the CRC bits. This ordering allows for in-line CRC serial
calculations that terminate in an all zero value for successful transfers.

]
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________________________________________________________________________________________________________________________|]
5.2 Signal Function Class

521 Command and Response Mode Packet Formats

Command and Response Mode data packets are exchanged primarily between a single master and a single slave. The
one exception to this is the use a global command which can be transmitted from one master to multiple slaves but
includes no slave response. The primary purpose of the command and response transactions are to read from and to
write to registers within the slave memory. Command and Response Mode utilizes a memory mapped access
philosophy to interface with slave registers. By changing the contents of slave data registers the application can read,
write or verify configuration of the slave and effect changes of state within the slave. The command, address and data
based interface used in previous versions of the protocol are also available. The system implementer may choose
between the memory mapped register access method and the command, address and data method. However the
memory mapped method provides greater flexibility.

The command and response structure provides all of the context information required for unambiguous single-exchange
transactions for extended memory applications requiring safety critical and efficient memory access. The structures
have pre-defined fixed bit timings for both the command and response packets. The transactions for the Signal
Function Class are intended to be periodic and this feature may be used for initial clock training and temporal frame
work initialization as described in Section 4.5. The standard defines a set of fields that constitute the command and
response message structure. The details of the command formats can be preprogrammed within the implementation or
configured at run-time.

The Command and Response Mode command format is shown in Table 5-1.

MSB LSB

Physical Address Command Extended Data Register Data CRC

PA[3:0] CMD[3:0] ED[7:0] RD[7:0] CRCJ[7:0]

Table 5-1: Command and Response Mode - Command Format

The Command and Response Mode response format is shown in Table 5-2.

MSB LSB

Physical Address Status Extended Data Register Data CRC

PA[3:0] S[3:0] ED[7:0] RD[7:0] CRCJ[7:0]

Table 5-2: Command and Response Mode - Response Format

The field definitions are shown in Table 5-3.

Field Command Packet L(eBr:?st)h Field Response Packet L(Iegr:?st)h
PA[3:0] Physical Address 4 PA[3:0] Physical Address 4
CMDJ3:0] Command 4 S[3:0] Status 4
ED[7:0] Extended Data 8 EDI[7:0] Extended Data 8
RD[7:0] Register Data 8 RD[7:0] Register Data 8
CR(C[7:0] 8 CRC(J[7:0] 8

Table 5-3: Command and Response Mode - Field Definitions

]
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The Command and Response Mode supports the commands listed in Table 5-4:

Command Command Description Extended Data ED[7:0]
0 Register Read Register Address RA[7:0]
2-17 Device / System Specific Device / System Specific
8 Register Write Register Address RA[7:0]
9-15 Device / System Specific Device / System Specific

Table 5-4: Command and Response Mode - Supported Commands

The Signal Function Class Command and Response Mode response status is defined in Table 5-5, with an example
implementation:

Commands 0 and 8

S[3] S[2:0] Standard Description Device Description (Example)

0 Normal Mode Normal Mode

1 Exception Condition 1 Self Test Active — Channel 1, Mode 1
2 Exception Condition 2 Self Test Active — Channel 1, Mode 2
3 Exception Condition 3 Self Test Active — Channel 1, Mode 3

Command Echo

4 Exception Condition 4 Self Test Active — Channel 2, Mode 1
5 Exception Condition 5 Self Test Active — Channel 2, Mode 2
6 Exception Condition 6 Self Test Active — Channel 2, Mode 3
7 Exception Condition 7 Internal Error

Commands 1 through 7 and 9 through 15

Command Echo

Table 5-5: Signal Function Class Command and Response Mode - Status Definitions
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5.2.2 Periodic Data Collection Mode Packet Formats

In order to maximize system flexibility, the transition from Command and Response Mode to Periodic Data Collection
Mode is managed by the system implementer and not covered by this standard. Three example transition methods are
described below:

1. A Special Global DSI Command and Response Mode command can be implemented to simultaneously
transition all slaves from Command and Response Mode to Periodic Data Collection Mode.

2. A normal Command and Response Mode register write can be transmitted to each slave individually to
transition the slave to Periodic Data Collection Mode.

3. All slaves automatically transition from Command and Response Mode to Period Data Collection Mode based
on the master command message type.

Periodic Data Collection Mode response data packets are transferred from one or multiple slaves to a single master.
The primary purpose of Periodic Data Collection Mode transactions is to transfer high speed synchronous data from
multiple data sources. Slaves transmit data upon receiving a Broadcast Read Command or a Background Diagnostic
Mode command packet using the TDMA approach described in Section 2.4.2.

Slaves may include multiple data sources and may have varying data lengths. For this reason, the field lengths for
Periodic Data Collection Mode are variable. The field lengths are typically global for all slaves on the DSI3 network.
However this specification only requires that the master and slave agree on the field lengths. Slaves with different field
lengths could exist on the same network if the master has this capability. The field lengths are bounded by the values
listed below.

]
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The Periodic Data Collection Mode response format is shown in Table 5-6:

MSB LSB
Source ID Keep Alive Counter Status Data CRC
SI[x:0] KAC[x:0] S[x:0] RD[x:0] CRCJ[7:0]
Min (Bits) | Max (Bits) | Min (Bits) | Max (Bits) | Min (Bits) | Max (Bits) | Min (Bits) | Max (Bits) (Bits)
0 8 0 4 0 4 8 8
Table 5-6: Periodic Data Collection Mode - Response Format
5.2.21 Source ID (SI)

The source identifier field includes a logical address for the data source. The Source identifier can be the same as the
physical address or a unique identifier. The source identifier can be pre-programmed, or assigned using Command and
Response Mode after a physical address is assigned as described in Section6.3. The Source ID field size is system
configurable from 0 (no source identifier included) to 8 bits.

5222

Keep Alive Counter (KAC)

The Keep Alive Counter (KAC) field is a free running rollover counter which is incremented after every message
transmitted from a slave. The purpose of the KAC is to identify if a message transmission is skipped, or to identify loss
of message synchronization between the master and a slave. The KAC counter size is system configurable from 0 (no

counter) to 4 bits.

5.2.2.3 Status (S)

The status field contains device status information specific to the slave. The status field size is system configurable
from O (no status) to 4 bits. The status field contents are system configurable.

5.2.24 Data (RD)

The data field includes the periodic data to be transmitted from the slave. The data field size and contents are system
configurable. The maximum data field size is not limited by this specification, only by the practical limits of the
system. The data field contents are typically exclusively sensor data. However, this field is not restricted to sensor data
only. It can also include status information, error information or other specific slave identification information.
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5.2.3 Background Diagnostic Mode Packet Formats

Background Diagnostic Mode Command and Response Mode data packets are exchanged between a single master and
a single slave. The primary purpose of Background Diagnostic Mode transactions are to verify status of slaves via
register reads. Secondarily, the Background Diagnostic Mode may also be used to change the state of a slave via
register writes.

The Background Diagnostic Mode command format is shown in Table 5-7.

MSB LSB

Physical Address Command Extended Data Register Data CRC

PA[3:0] CMD[3:0] ED[7:0] RD[7:0] CRCJ[7:0]

Table 5-7: Background Diagnostic Mode - Command Format

The Background Diagnostic Mode response format is shown in Table 5-8.

MSB LSB

Physical Address Status Extended Data Register Data CRC

PA[3:0] S[3:0] ED[7:0] RD[7:0] CRCJ[7:0]

Table 5-8: Background Diagnostic Mode - Response Format

The field definitions are shown in Table 5-9.

Field Command Packet L(eBr:gst)h Field Response Packet L(Iegr:?st)h
PA[3:0] Physical Address 4 PA[3:0] Physical Address 4
CMDJ[3:0] Command 4 S[3:0] Status 4
ED[7:0] Extended Data 8 EDI[7:0] Extended Data 8
RD[7:0] Register Data 8 RD[7:0] Register Data 8
CR(C[7:0] 8 CRC(J[7:0] 8

Table 5-9: Background Diagnostic Mode - Field Definitions

The Background Diagnostic Mode supports the commands listed in Table 5-10:

Command Command Description Extended Data ED[7:0]
0 Register Read Register Address RA[7:0]
2-17 Device / System Specific Device / System Specific
8 Register Write Register Address RA[7:0]
9-15 Device / System Specific Device / System Specific

Table 5-10: Background Diagnostic Mode - Supported Commands
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685 Background Diagnostic Mode response status is defined in Table 5-11, with an example implementation:

Commands 0 and 8

S[3] S[2:0] Standard Description Device Description (example)

0 Normal Mode Normal Mode

1 Exception Condition 1 Self Test Active — Channel 1, Mode 1
2 Exception Condition 2 Self Test Active — Channel 1, Mode 2
3 Exception Condition 3 Self Test Active — Channel 1, Mode 3

Command Echo

4 Exception Condition 4 Self Test Active — Channel 2, Mode 1
5 Exception Condition 5 Self Test Active — Channel 2, Mode 2
6 Exception Condition 6 Self Test Active — Channel 2, Mode 3
7 Exception Condition 7 Internal Error

Commands 1 through 7 and 9 through 15

Command Echo

686 Table 5-11: Background Diagnostic Mode - Status Definitions
687
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5.3 Power Function Class Transactions

The Power Function Class uses Command and Response Mode exclusively. Data packets are exchanged primarily
between a single master and a single slave. The one exception to this is the use a global command which can be
transmitted from one master to multiple slaves but includes no slave response. The primary purpose of the command
and response transactions are to read from and write to registers within the slave memory. Command and Response
Mode utilizes a memory mapped access philosophy to interface with slave registers. By changing the contents of slave
data registers the application can read, write or verify configuration of the slave and effect changes of state within the
slave. The command, address and data based interface used in previous versions of the protocol are also available. The
system implementer may choose between the memory mapped register access method and the command, address and
data method. However the memory mapped method provides greater flexibility.

The command and response structure provides all of the context information required for unambiguous single-exchange
transactions for extended memory applications requiring safety critical and efficient memory access. The structures
have pre-defined fixed bit timings for both the command and response packets. The standard defines a set of fields that
constitute the command and response message structures. The details of the command formats can be preprogrammed
within the implementation or configured at run-time.

The Power Function Class Command and Response Mode command format is shown in Table 5-12.

MSB LSB

Physical Address Command Extended Data Register Data CRC

PA[3:0] CMD[3:0] ED[7:0] RD[7:0] CRC[7:0]

Table 5-12: Power Function Class Command and Response Mode - Command Format

The Power Function Class Command and Response Mode response format is shown in Table 5-13.

MSB LSB

Physical Address Status Extended Data Register Data CRC

PA[3:0] S[3:0] ED[7:0] RD[7:0] CRC[7:0]

Table 5-13: Power Function Class Command and Response Mode - Response Format

The field definitions are shown in Table 5-14.

Field Command Packet L((ér:tgst)h Field Response Packet L(g:g[)h
PA[3:0] Physical Address 4 PA[3:0] Physical Address 4
CMD]J3:0] Command 4 S[3:0] Status 4
EDI[7:0] Extended Data 8 EDI[7:0] Extended Data 8
RD[7:0] Register Data 8 RD[7:0] Register Data 8
CR([7:0] 8 CR(J[7:0] 8

Table 5-14: Power Function Class Command and Response Mode - Field Definitions
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710 The Power Function Class Command and Response Mode supports the commands listed in Table 5-15.

Command Command Description Extended Data ED[7:0]
0 Register Read Register Address RA[7:0]
2-17 Device / System Specific Device / System Specific
8 Register Write Register Address RA[7:0]
9-15 Device / System Specific Device / System Specific
711 Table 5-15: Power Function Class Command and Response Mode - Supported Commands

712 The Power Function Class Command and Response Mode response status is defined in Table 5-16, with an example
713 implementation:

Commands 0 and 8

S[3] S[2:0] Standard Description Device Description (Example)

0 Normal Mode Normal Mode

1 Exception Condition 1 Actuator 1 State
2 Exception Condition 2 Actuator 2 State
3 Exception Condition 3 Actuator 3 State

Command Echo

4 Exception Condition 4 Actuator 4 State
5 Exception Condition 5 Actuator 5 State
6 Exception Condition 6 Actuator 6 State
7 Exception Condition 7 Internal Error

Commands 1 through 7 and 9 through 15

Command Echo

714 Table 5-16: Power Function Class Command and Response Mode - Status Definitions

715
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5.4 Error Checking

The master and slaves calculate a CRC on the entire message using the processes detailed below.

54.1 Command and Response Mode CRC

54.1.1 Command and Response Mode — Command CRC

The Command and Response Mode Command CRC is fixed at 8-bits in length for both Signal Function Class and

Power Function Class. It is calculated using the polynomial x8 + x5 +x3 + x2 + x +1 with a seed value of binary
‘I1111111°.

An example CRC encoding implementation is shown in Figure 5-1.

A A A A A
1*1 X X2 X3 0*X* 1°X° 0*X® 0*X’ X8

Figure 5-1: Command and Response Mode - Example CRC Encoder

The CRC encoding procedure is listed below:

1. The seed value is preset into the least significant bits of the shift register.
Using a serial CRC calculation method, the transmitter rotates the transmitted message into the least
significant bits of the shift register, MSB first.

3. Following the transmitted message, the transmitter feeds eight zeros into the shift register, to match the length
of the CRC.

4. When the last zero is fed into the input adder, the shift register contains the CRC.

5. The CRC is transmitted.

The CRC decoding procedure is listed below:
1. The seed value is preset into the least significant bits of the shift register.
2. Using a serial CRC calculation method, the receiver rotates the received message and CRC into the least
significant bits of the shift register in the order received (MSB first).
3. When the calculation on the last bit of the CRC is rotated into the shift register, the shift register contains the
CRC check result.
a. If the shift register contains all zeros, the CRC is correct.
b. If the shift register contains a value other than zero, the CRC is incorrect.

Table 5-17 includes some example CRC calculations for Command and Response Mode commands.

Physical Address (Hex) Command (Hex) Exte?gzg)Data Register Data (Hex) 8-Bit CRC (Hex)
0x01 0x08 0x11 0x86 0xB0
0x02 0x01 0x25 OxFF 0x38
0x03 0xOF 0x1A 0x41 0x2C
0x04 0x01 0x01 0x01 0xD4

Table 5-17: Command and Response Mode — Command CRC Calculation Examples
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748  5.4.1.2 Command and Response Mode — Response CRC

749 The Command and Response Mode response CRC is fixed at 8-bits in length for both Signal Function Class and Power
750 Function Class. It is calculated using the polynomial x8 + x5 +x3 + x2 + x +1 with a seed value of binary ‘11111111°.

751 The CRC encoding and decoding procedures are the same as the procedures for the Command and Response Mode
752 command CRC documented in section 5.4.1.1.

753 Table 5-18 includes some example CRC calculations for Command and Response Mode responses.

Physical Address (Hex) Status (Hex) Exte?gzg)Data Register Data (Hex) 8-Bit CRC (Hex)
0x01 0x09 0x11 0x86 0xBE
0x02 0x09 0x25 OxFF 0x48
0x03 0x09 Ox1A 0x41 0x08
0x04 0x09 0x01 0x01 0xA4
754 Table 5-18: Command and Response Mode — Response CRC Calculation Examples

755
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54.2 Periodic Data Collection Mode CRC

The Periodic Data Collection Mode Response CRC is fixed at 8-bits in length. It is calculated using the polynomial
x84+ x5+ x3+x2 + x +1. The seed value is determined using the Source ID as show in the following equation:

Seedcreg = SourcelD[7:0]

The CRC encoding and decoding procedures are the same as the procedures for the Command and Response Mode
command CRC documented in section 5.4.1.1.

Table 5-19 includes some example CRC calculations for Periodic Data Collection Mode responses.

8-Bit Source ID (Hex) 4&?}5:}‘;‘?}@;‘;‘3 4-Bit Status (Hex) | 8-BitData(Hex) | 8-Bit CRC (Hex)
0x01 0x8 0x1 0x23 0x57
0x02 0x1 0x1 0x55 0x4E
0x03 OxF 0x1 0xAA 0x6E
0x04 0xC 0x1 0xCE 0x78
4-Bit (Hex) 2-Bit (Hex) 4-Bit (Hex) 10-Bit (Hex) 8-Bit (Hex)
0x01 0x3 0x0 0x1FF 0xD6
0x02 0x2 0x0 0x1FE 0x70
0x03 0x1 0x0 0x20D 0xB0O
0x04 0x0 0x0 O0x1EA 0x5F

Table 5-19: Periodic Data Collection Mode — Response CRC Calculation Examples
543 Background Diagnostic Mode CRC

5.4.3.1 Background Diagnostic Mode — Command CRC

The Background Diagnostic Mode Command CRC is fixed at 8-bits in length. It is calculated using the polynomial
x8 + x5 +x3 + x2 + x +1 with a seed value of binary ‘11111111".

The CRC encoding and decoding procedures are the same as the procedures for the Command and Response Mode
command CRC documented in section 5.4.1.1.

5.4.3.2 Background Diagnostic Mode — Response CRC
The Background Diagnostic Mode response CRC is fixed at 8-bits in length. It is calculated using the polynomial
x8 + x5 +x3 + x2 + x +1 with a seed value of binary ‘11111111°.

The CRC encoding and decoding procedures are the same as the procedures for the Command and Response Mode
command CRC documented in section 5.4.1.1.
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6 DSI3 Addressing

6.1 Introduction

DSI3 uses a combination of physical and source identification addresses. Physical addresses are required for every
physical slave on a bus. A physical address can be augmented with a single or multiple source identification addresses.
This section establishes a method for physical addressing and programming slave addresses in the system.

6.2 Physical Addressing for Slaves

Each slave device on the bus must have a unique 4-bit physical address. The physical address may be pre-programmed
into the device or assigned automatically by the address assignment methods described in section 6.3.

Address 0 is reserved as a global address and is used for global commands. When using the global address the
command phase is generally not followed by response phase. In the absence of a physical response, the slaves typically
perform some action as a result of the global command. The device address encoding is shown in Figure 5-1.

PA3 PA2 PA1 PAO Slave Number
0 0 0 0 All Slaves
0 0 0 1 Slave 1
0 0 1 0 Slave 2
0 0 1 1 Slave 3
0 1 0 0 Slave 4
0 1 0 1 Slave 5
0 1 1 0 Slave 6
0 1 1 1 Slave 7
1 0 0 0 Slave 8
1 0 0 1 Slave 9
1 0 1 0 Slave 10
1 0 1 1 Slave 11
1 1 0 0 Slave 12
1 1 0 1 Slave 13
1 1 1 0 Slave 14
1 1 1 1 Slave 15

Table 6-1: Slave Address Encoding

Implementation of the Bus Standard is governed by the terms of Section 1.3 of this document. Changes to this specification must be agreed to by
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6.3 Address Assignment Methods

The method used to obtain the physical address is determined based on the bus segment type. The sections below
describe these methods. Devices with pre-programmed physical addresses begin with the highest available address for
the segment and count down. Devices with un-programmed physical addresses can use any remaining available
address provided that they comply with the restrictions stated in the address assignment methods below.

6.3.1 Address Assignment Method for Parallel Connected Slaves

Parallel connected slaves must have unique, pre-programmed address. These devices do not participate in any address
assignment method. The identity and existence of parallel connected slaves must be known in advance.

6.3.2 Address Assignment Method for Bus Switch Connected Daisy Chain Devices

A bus switch connected daisy chain device may have either a pre-programmed, or an un-programmed address. It must
contain a high side bus switch which can connect the Bus High voltage to additional devices on the bus. A bus switch

connected daisy chain device with an un-programmed address must be the only device with an un-programmed address
on its bus segment. On power up, the bus switch connected daisy chain device must have its bus switch open.

Once power is applied to a bus switch connected device, it is the only device on the segment which requires an address
assignment. Using Command and Response Mode, the bus master transmits a global write command to assign the
physical address to the device. Once a physical address is assigned to the device, Command and Response Mode is
used with the assigned physical address to read device type information and to configure the device. This includes
closing the bus switch to connect the next device and/or bus segment to the master.

]
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807 6.3.3 Address Assignment Method for Resistor Connected Daisy Chain Devices

808 A resistor connected daisy chain device has an un-programmed address. An address assignment method called
809 Discovery Mode is used to assign a physical address to each resistor connected daisy chain device on a bus segment.

810 Discovery Mode runs automatically after power is applied to the bus segment. The discovery time period begins

811 tpisc_stare after power is applied to the bus segment and requires tpjs; per fOr every resistor connected daisy chain device on
812 the bus segment. Once Discovery Mode is complete, the master reads type information from each device using

813 Command and Response Mode and the physical address assigned during Discovery Mode.

814 Discovery Mode follows the sequence listed below. Figure 6-1shows a timing diagram of the Discover Mode for a 4
815 device segment.

816 1. The master powers up the bus segment to a known state.

817 2. The Master transmits the Discovery Command as described in Table 6-2 and shown in Figure 6-1.

818 3. After a predetermined delay (tpis aiy), all devices without a physical address activate a current ramp to the 2x
819 response current.

820 4. Each device monitors the current through its sense resistor (Alggnsg).

821 a. If the current is above Irgsp, the device disables its response current, increments its physical address
822 counter and waits for the next Discovery Command.

823 b. If the current is less than Irgsp, the device continues to ramp its response current to 2* Irggp in time

824 tpisc_act and maintains the current at 2* Igsp for time tpisc accept-

825 c. After time tpisc accept> if @ device has not detected a current through its current sense resistor of Igggp or
826 greater, the device accepts physical address ‘1’ and disables its response current.

827 5. After a pre-defined period (tpis per), the master transmits another "Discovery Command".

828 6. The devices repeat steps 3 and 4 with the device accepting the address in its address assignment counter if the
829 sense current is low.

830 7. The Master repeats step 5 until it has transmitted discovery commands for all the devices it expects on the bus.
831 8. Device initialization can now begin.

]
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833 Figure 6-1: Discovery Mode Example for a 4 Device Bus Segment
834
Item Characteristic / Symbol Condition / Notes Min Typ Max Unit
Time from Power Applied to First Discovery | Determined by the Master Clock
S1. 5 ms
Command (tpisc start) Tolerance
Slave Discovery Window (Time from Power
32 Applied until Discovery is Ignored) (tpisc_gna) Measured at the Slave 12 ms
. . Determined by the Master Clock
53. Discovery Command Pulse Width (tpise puise) Tolerance 16 us
54, S!ave Discovery Response Current Delay Measured at the Slave 64 s
Time (tDiscidly)
55 Sl.ave Discovery Response Current Ramp Measured at the Slave 16 s
Tlme (chc?Acl)
Slave Discovery Response Current
56. Activation Time (toie Accep) Measured at the Slave 32 us
. . Determined by the Master Clock
57. Discovery Period (tpise per) Tolerance 125 us
Total Slave Current Sense Resistance on
58. RSfTota] One Bus ll (15) Q
835 Table 6-2: Discovery Mode Parameter Table
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836 7 Slave Memory Map

837 The DSI3 Slave Memory Map is divided into 16 byte pages. The data types for each page are defined in Table 7-1
838 below.

Page Address Description
$0x Device Traceability Information
$1x Protocol Information and Settings
$2x Device Specific (Example: Device Settings and Status)
$3x Device Specific (Example: Data Source 1 Specific Information)
$4x Device Specific (Example: Data Source 1 Specific Information)
$5x Device Specific (Example: Data Source 2 Specific Information)
$6x Device Specific (Example: Data Source 2 Specific Information)
$7x Device Specific (Example: Test Mode Information)
$80 - $FF Device Specific
839 Table 7-1: DSI3 Required Registers - Slave

840 7.1 Required Slave Registers

841 Table 7-2 includes the registers and addresses which all DSI3 slaves must support.

RegiSt(?_'"Q;j L R'ggi;;c:r Description Reg(iis?’tiet;)Size Register Type

$00 ICTYPEID IC Type Identifier 8 Read Only

$01 ICMFGID IC Manufacturer ID 8 Read Only

$02 ICREV IC Silicon Revision ID 8 Read Only

$03 MODTYPE Module Type Identifier Low Byte 8 One Time Programmable (OTP)
$04 MODMFGID Module Manufacturer ID 8 One Time Programmable (OTP)
$05 MODREV Module Revision ID 8 One Time Programmable (OTP)
$10 DSIREV DSI Protocol Revision Supported 8 Read Only

$11 PHYSADDR Physical Address 8 Read/Write or OTP

842 Table 7-2: DSI3 Required Registers - Slave

843

]
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7.1.1 ICTYPEID Register

The ICTYPEID Register defines the type of IC implemented in the slave as shown in Table 7-3.

IC Type Register Value (HEX)
Not Applicable $00
Inertial Sensor $01
Pressure Sensor $02
TBD $03 - $FE
Not Applicable $FF

Table 7-3: ICTYPE Register Defined Values

7.1.2 ICMFGID Register

The ICMFGID Register defines the type of IC manufacturer as shown in Table 7-4.

1C Manufacturer Register Value (HEX)
Not Applicable $00
DENSO $01
Freescale $02
TRW $03
TBD $04 - SFE
Not Applicable $FF

Table 7-4: ICMFGID Register Defined Values

7.1.3 ICREV Register

The ICREV Register defines the IC silicon revision. The upper byte indicates the full silicon revision and the lower
byte indicates the partial silicon revision.

]
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MODTYPE Registers

The MODTYPE Register defines the type of slave module as shown in Table 7-5.

Module Type Register Value (HEX)
Not Applicable $00
Inertial Sensor $01
Dual Axis Inertial Sensor $02
Three Axis Inertial Sensor $03
TBD $04 - $10
Pressure Sensor $11
TBD $12 - $FE
Not Applicable $FF

Table 7-5: MODTYPE Register Defined Values

MODMFGID Register

The MODMFGID Register defines the slave module Manufacturer ID as shown in Table 7-6.

Module Manufacturer Register Value (HEX)
Not Applicable $00
DENSO $01
Freescale $02
TRW $03
TBD $04 - $FE
Not Applicable $FF

Table 7-6: MODMFGID Register Defined Values

MODREYV Register

The MODREYV Register defines the module revision level.

DSIREV Register

The DSIREV Register defines the DSI protocol revision supported as shown in Table 7-7.

DSI Protocol Revision Register Value (HEX)
Not Applicable $00
DSI3 $01
TBD $02 - $FE
Not Applicable $FF

Revision 1.00

Table 7-7: DSIREV Register Defined Values
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7.1.8 PHYSADDR Register

The PHYSADDR Register contains the Physical Address of the slave. This register can be either a one-time
programmable register for slaves with pre-programmed addresses, or a Read/Write register for daisy chain connected
slaves. Physical Addresses are described in Section 6.2.

7.2 Required Slave Data

Table 7-8 includes the data which all DSI3 slaves must support. The location and size of this data can be determined
by the ICTYPE and MODTYPE registers values and thus, is not specified by this standard.

Device Type Page Location Description Mlgilge“iani tlz)ata Data Type
All Page 0 IC Serial Number 32 Read Only
All Page 2 Error Detection Details N/A Read Only
Page 1 Periodic Data Collection Mode: N/A Read / Write
Enable
Page 1 Perlo(i{lc Data C(S)llect}qn Mode: N/A Read / Write
Data Source esponse Start Time
Page 1 Periodic Data CollectlonAMode: N/A Read / Write
Response Configuration
Page 1 Background Diagnostic Mode: Enable N/A Read / Write

Table 7-8: DSI3 Required Registers - Slave
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