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Abstract: This standard adopts MIPI Alliance—MIPI A-PHY Specification Version 1.0 as an IEEE
Standard. The adopted standard provides an asymmetric data link in a point-to-point or daisy-
chain topology, with high-speed unidirectional data, embedded bidirectional control data and
optional power delivery over a single cable. In this way, it reduces wiring, cost and weight, as
high-speed data, control data and optional power share the same physical wiring. For integration
with existing network backbones, it complements Ethernet, Controller Area Network (CAN),
FlexRay, and other interfaces.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing
varied viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers
are not necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or completeness of the material contained in its standards,
and expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to results and workmanlike effort. In
addition, IEEE does not warrant or represent that the use of the material contained in its standards is free
from patent infringement. IEEE Standards documents are supplied “AS 1S” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by
any other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon
his or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE is the approved IEEE
standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of
interests. For this reason, IEEE and the members of its Societies and Standards Coordinating Committees
are not able to provide an instant response to comments, or questions except in those cases where the matter
has previously been addressed. For the same reason, IEEE does not respond to interpretation requests. Any
person who would like to participate in evaluating comments or in revisions to an IEEE standard is
welcome to join the relevant IEEE working group. You can indicate interest in a working group using the
Interests tab in the Manage Profile & Interests area of the IEEE SA myProject system. An IEEE Account is
needed to access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable
regulatory requirements. Implementers of the standard are responsible for observing or referring to the
applicable regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action
that is not in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
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include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in
copyright to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.

This IEEE standard is based on a technical specification developed by a consortium. Patent declarations may have been
provided to the consortium as a membership requirement, or in compliance with the consortium’s intellectual property
rights (IPR) policies and procedures. Normative references in this standard may contain material subject to patent
claims that are also subject to the consortium’s or other organizations’ IPR policies and procedures. Additional
information about declarations may be available from the consortium’s website:

MIPI Alliance—http:// www.mipi.org/

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities
consider research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 2977-2021, IEEE Standard for Adoption of MIPI Alliance Specification for
A-PHY Interface (A-PHY) Version 1.0.

This IEEE standard is based on a technical specification developed by a consortium. Patent declarations may have
been provided to the consortium as a membership requirement, or in compliance with the consortium’s intellectual
property rights (IPR) policies and procedures. Normative references in this standard may contain material subject to
patent claims that are also subject to the consortium’s or other organizations’ IPR policies and procedures. Additional
information about declarations may be available from the consortium’s website:

MIPI Alliance—http:// www.mipi.org/

The A-PHY v1.0 specification was developed in 2018-2020 by member companies of the MIPI Alliance
and adopted by the MIPI Board of Directors in September 2020. MIPI Alliance is a collaborative global
organization serving industries that develop mobile and mobile-influenced devices.

In October 2020 a memorandum of understanding between MIPI Alliance and IEEE was announced, with
the purpose of facilitating a MIPI A-PHY v1.0 adoption process within IEEE. IEEE Std 2977 is intended to
bring MIPI A-PHY to a broader ecosystem beyond MIPI’s membership, which in turn will foster greater
interoperability, choice, and economies of scale for the global automotive industry. For IEEE, the
contribution of MIPI A-PHY will add a new asymmetric approach to its existing portfolio of IEEE
automotive standards.

MIPI A-PHY v1.0 is a long-reach serializer-deserializer (SerDes) physical layer interface for automotive
applications, including Advanced Driver-Assistance Systems (ADAS), Automated Driving Systems (ADS),
and other surround-sensor applications.

Ongoing development of the A-PHY specification will remain with MIPI Alliance.

Users should note that the only normative reference listed in the Reference clause of this adoption is to
Section 4.5 of M-PHY Specification [MIPIOS]. The referenced section is provided in Annex B.

Trademarks and service marks in this standard identify materials provided for the convenience of users and
do not constitute an endorsement by IEEE of these products. Equivalent products may be used if they can
be shown to lead to the same results.
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Version 1.0 Specification for A-PHY

06-Aug-2020
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1 Introduction

This document specifies MIPI A-PHY, a serial interface technology with high bandwidth capabilities
developed particularly for long reach (e.g., automotive) applications, enabling low pin count and a high level
of power efficiency.

w N

4 A-PHY is designed for a wide range of long reach applications, and specifically for automotive market, to
carry multiple protocols from MIPI Alliance such as CSI-2 for cameras, and DSI and DSI-2 for displays.
Non-MIPI protocols are also supported using a generic Data Link Layer Interface (APPI).

7 A-PHY features include:

8 e Long reach capability — optimized to support cables up to 15 m with up to 4 inline connectors

9 Multiple speed gears ranging from 2 Gbps up to 16 Gbps
10 Support for multiple cable types commonly used in automotive
11 Strong noise immunity for the harsh automotive environment
12 Generic Data Link Layer, supporting multiple protocols from MIPI Alliance and external entities

Ul

o

1.1 Scope
111 In Scope

o)

13 This A-PHY Specification document specifies the implementation of the A-PHY, including its layering,
14 electrical characteristics, and its optional features.

11.2 Out of Scope
15 Protocol Adaptation Layers (PALs)

16 A single A-PHY can serve multiple protocols at the same time, and each protocol has its own interface to the
17 Data Link Layer, called a Protocol Adaptation Layer (PAL). PALs are not part of this document.

18 Specific Channel Configurations

19 Different protocols employing A-PHY technology can have different constraints, which can require the use

20 of different approaches for operation control. Therefore, while this document provides the features to enable
21 stable, optimized Link configuration, it does not mandate specific configurations for specific channels.
1.2 Purpose

Long reach devices, and specifically automotive devices, face increasing bandwidth demands for each of
their functions, as well as an increase in the number of functions integrated into the system.

NN

w N

Addressing this demand requires wide bandwidth, low pin count (serial), highly power-efficient (network)
interfaces with sufficient flexibility to be attractive for multiple applications, while employing just a single
physical layer technology.

27 A-PHY complements MIPI Alliance’s existing D-PHY and C-PHY interfaces by addressing the long reach
28 automotive channel.

(&1

NN N

o
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2 Terminology

2.1 Use of Special Terms

29 The MIPI Alliance has adopted Section 13.1 of the /EEE Standards Style Manual, which dictates use of the
30 words “shall”, “should”, “may”, and “can” in the development of documentation, as follows:

31 The word shall is used to indicate mandatory requirements strictly to be followed in order
32 to conform to the Specification and from which no deviation is permitted (shall equals is
33 required to).

34 The use of the word must is deprecated and shall not be used when stating mandatory

35 requirements; must is used only to describe unavoidable situations.

36 The use of the word will is deprecated and shall not be used when stating mandatory
7 requirements; will is only used in statements of fact.

38 The word should is used to indicate that among several possibilities one is recommended

39 as particularly suitable, without mentioning or excluding others; or that a certain course of

40 action is preferred but not necessarily required; or that (in the negative form) a certain
41 course of action is deprecated but not prohibited (should equals is recommended that).

42 The word may is used to indicate a course of action permissible within the limits of the
43 Specification (may equals is permitted to).
44 The word can is used for statements of possibility and capability, whether material,
45 physical, or causal (can equals is able to).

46 All sections are normative, unless they are explicitly indicated to be informative.

2.2 Definitions

47 A-Packet: A-PHY packet. The A-PHY packet format is defined in Section 11.2 as a group of bytes organized
48 in a specified way to transfer data through the A-PHY interface. A packet consists of a specified set of
49 components: A-Packet Header, A-Packet Payload, and A-Packet Tail (or Footer). The byte is the fundamental
50 unit of data from which the A-Packet is made.

51 A-PHY Network: System of interconnected A-PHY Ports.
52 Device: Any product that implements at least one A-PHY Port.

53 Downlink: The Downlink is used for the High Throughput Uni-Directional Data and the forward part of the
54 Low Throughput Bi-Directional Controls.

55 Downstream-APPI: The traffic direction from the Adaptation Layer to the A-PHY Data Link Layer.

56 Forwarding: Function assigning A-Packet and its attributes to A-PHY Port destination in a Multi-Port
57 A-PHY Device. See Section 11.5.1.

58 Forwarding Element: An entity that applies a Forwarding function (e.g., an A-PHY Device acting as a
59 Forwarding Element).

60 Lane: Bi-directional, point-to-point, single-ended or differential connection between two Ports using an
1 Interconnect Structure.

62 Link: The logical connection between Source and Sink.

63 Master Clock: The Master’s local reference clock.

64 Multi-Port A-PHY Device: A-PHY Device that implements more than one single A-PHY Port.
65 Native Message: A standardized message in a given Native Protocol.

66 Native Protocol Adaptation Layer: Layer connecting between the Native protocol and A-PHY.
67 Native Protocol: Protocol that is being transferred over the A-PHY, e.g. CSI.
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68 Port: An A-PHY Source or Sink with supporting PCB circuitry and interfacing connector.

69 Reverse Clock Mastership: Clock scheme in which the Sink acts as the Clock Master and the Source acts
70 as the Clock Slave.

71 Routing: Part of the Forwarding function that selects destination A-PHY Port for each A-Packet in a
72 Multi-Port A-PHY Device. See Section 11.5.1.

73 RX or Receiver: The Receive function of an A-PHY Port, e.g. Sink Port consists of Downlink RX and Uplink
74 TX.

75 Sink: The entity that implements one instance of an A-PHY Link and PHY layers for a Downlink receiver
76 and an Uplink transmitter.

77 Source: The entity that implements one instance of an A-PHY Link and PHY layers for a Downlink
78 transmitter and an Uplink receiver.

79 TX or Transmitter: The transmit function of an A-PHY Port, e.g. Source Port consists of Downlink TX and
80 Uplink RX.

81 Uplink: Return part of the Low Throughput Bi-Directional Controls.

82 Upstream-APPI: The traffic direction from the A-PHY Data Link Layer to the Adaptation Layer.

2.3 Abbreviations
83 A Ampere (Amp)
84 A-PHY  MIPI Alliance A-PHY Interface (this specification)
85 C-PHY  MIPI Alliance C-PHY interface /[MIPIO07]
86 CSI-2 MIPI Alliance Camera Serial Interface 2 [MIPI02]

87 dB Decibel

88 D-PHY  MIPI Alliance D-PHY interface [MIPI01]

89 DSI MIPI Alliance Display Serial Interface /[MIPI03]
90 DSI-2 MIPI Alliance Display Serial Interface 2 [MIPI04]
91 e.g. For example (Latin: exempli gratia)

92 F Farad (capacitance unit)

93 GHz Gigahertz
94 GND Ground

95 H Henry (induction unit)

96 ie. That is (Latin: id est)

97 I’C NXP Inter Integrated Circuit interface [NXP01]
98 13C MIPI Alliance I3C interface [MIPI05]

99 MHz Megahertz
100 MIPI MIPI Alliance, Inc.
101 NAppClk Native Application Clock
102 PHY Physical Layer

103 RX Receive, Receiver
104 S Second (time unit)
105 X Transmit, Transmitter

06 \Y Volt

07 \\% Watt
108 Q Ohm
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2.4 Acronyms

109 Ack
110 ACMD
111 ACMP
112 ACMPI
113 ADC
114 AFE
115 APDLL
116 APPI
117 APPL
118 BCI
119 BER
120 BIST
121 BOM
122 CAL
123 CFS
124 CRC
125 DC
126 DCD
127 DJ
128 DUT
129 ECU
130 eDP
131 ENIS
132 EMC
133 EMI
134 EOI
135 ESD
136 GBaud
137 Gbps
138 GPIO
139 HDMI
140 IEC
141 IL
142 IPG
143 ISO
144 ISS
145 JITC
146 LSB
147 MAL
148 Mbps
149 MDI

4

Acknowledgement

A-PHY Control and Management Database
A-PHY Control and Management Protocol
ACMP Interrupt
Analog-to-Digital Converter
Analog Front End

A-PHY Data Link Layer

A-PHY Protocol Interface

A-PHY Physical Layer

Bulk Current Injection

Bit Error Rate

Built in Self-Test

Bill of Materials

Re-Constructing Adaptation Layer
Clock Forwarding Service
Cyclical Redundancy Checking
Direct Current

Duty Cycle Distortion
Deterministic Jitter

Device Under Test

Electronic Control Unit
embedded Display Port

End Node Interconnect Structure
Electromagnetic Compatibility
Electromagnetic Interference
End-Of-Idle

Electrostatic Discharge

Giga Baud

Gigabit Per Second

General Purpose Input/Output
High Definition Media Interface
International Electrotechnical Commission
Insertion Loss

Inter-Packet Gap

International Organization for Standardization
Inverted Scrambler Symbols
Just-In-Time Canceller

Least Significant Bit

Measuring Adaptation Layer
Megabit Per Second
Medium-Dependent Interface
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MSB

Most Significant Bit

NPAL Native Protocol Adaptation Layer
NRZ Non-Return to Zero

OSI Open Systems Interconnection
P1 Profile 1

P2 Profile 2

PAM Pulse Amplitude Modulation
PCB Printed Circuit Board

PCS Physical Coding Sub-Layer
PD Powered Device

PER Packet Error Rate

PI Power Injection

PJ Periodic Jitter

PMD Physical Media Dependent
POR Power-On Reset

PSCR Power Sum Crosstalk Ratio
PSD Power Spectral Density

PSE Power Sourcing Equipment
PSIJ Power Supply Induced Jitter
QoS Quality of Service

RD Running Disparity

RJ Random Jitter

RL Return Loss

RTD Round Trip Delay

RTS Retransmission

SCI Sub Constellation Index

SDO Standards Developing Organization
SDP Shielded Differential Pair
SER Symbol Error Rate

SoC System on a Chip

SPI Serial Peripheral Interface
SPP Shielded Parallel Pair

STP Shielded Twisted Pair

TJ Total Jitter

TLIS Transmission Line Interconnect Structure
UTP Unshielded Twisted Pair
WUP Wake-Up Pattern
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4 Overview

A-PHY addresses the need to move asymmetric, high-throughput data of sensors (e.g., Camera, Lidar, Radar,
and others) and display devices located around a vehicle to and from the system CPU over high speed links
with optimal wiring, cost, and weight. A-PHY can also be applied to many other, non-automotive use cases.

A-PHY provides a main uni-directional data stream, and a bi-directional low-throughput command and
control data stream, and can optionally also deliver the required power supply to peripheral units (i.e., the
sensors and/or displays at the edge of the network) directly via the A-PHY data lines.

Figure 1 illustrates the logical structure of the expected Link for sensors or displays. Note that high speed
data, control data, and the optional power supply all share the same physical wiring.

Power Power

Processing

Display Data (High Speed Uni-Directional)

Sensor Data (High Speed Uni-Directional)
__ Command and Control (Bi-Directional)
<

__ Command and Control (Bi-Directional)

Figure 1 Data and Power Logical Structure

As Figure 2 illustrates, A-PHY includes a generic Data Link Layer that supports a range of Protocol
Adaptation Layers for carriage of existing protocols both from MIPI (such as CSI-2 and 13C) and from other
sources (such as I°C).

S S
] ]
) )

Protocol A-PHY A-PHY Protocol

)

7

)

(NPAL)

Native Protocol
(NP)
Native Protocol Adaptation Layer
(NPAL)
Native Protocol Adaptation Layer
Native Protocol
(NP)

C
C
C
C

% Uni-Directional High Speed

ﬂl” Bi-Directional Low Speed

Figure 2 High Level Layer Structure
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5 Architecture

5.1 High Level Structure
235 An A-PHY system implements a layered solution, as shown in Figure 3.
236 The layers are:
237 ¢ Native Protocol Layer: The Native Protocol Layer implements a specific Native Protocol (and its
238 associated interface) in accordance with that protocol’s specification. This could be either a MIPI
239 protocol (such as CSI-2, DSI, etc.), or an external SDO’s protocol (such as eDP, HDMI, etc.).
240 Note:
241 The Protocol Layer is outside the scope of this specification.
242 * Native Protocol Adaptation Layer: The Native Protocol Adaptation Layer applies conversion of a
243 specific Native Protocol to and from A-Packet structure.
244 Note:
245 The Adaptation Layer is outside the scope of this specification.
246 e APPI: The APPI is the interface between the A-PHY and the upper layers (i.e., the Adaptation Layer
247 for each Native protocol). The APPI definition is part of this specification. All types of Adaptation
248 Layers shall specify the adaptation to that APPI, as shown in Figure 3.
249 e Data Link Layer: The A-PHY Data Link Layer interfaces with one or more Native Protocol
250 Adaptation Layers (each through its own APPI) and performs A-Packet scheduling, prioritization,

1 and forwarding.

Physical Layer: The A-PHY Physical Layer encodes and decodes symbols extracted from A-Packets
according to the modulation scheme used per Gear. It handles retransmission of A-Packet, as
necessary. The modulated symbols are being transmitted and received over the A-PHY interconnect
according to the medium-dependent electrical specifications.

NN NN
(SN IS, I E NG |
g s W N

[ ]
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Low Throughput Bi-Directional Control and Data

Figure 3 A-PHY High Level Structure

A-PHY supports two profiles to better fit the technical attributes and cost structure of the different automotive
58 market segments.

o Profile 1 (P1) is aimed at lower Downlink speeds and complexity implementations, with channel

260 attributes and design characteristics enabling lower cost implementations. This profile is based on
26 NRZ 8B/10B technology.
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262 ¢ Profile 2 (P2) is aimed at solutions requiring superior noise immunity and higher Downlink speeds;

263 it also has a better bandwidth utilization (i.e. net data rate per gear).
264 This profile is based on dynamic PAM scheme, local PHY level retransmission and noise
265 cancellers.

266 The profiles are interoperable at Gearl and Gear2.

267 The Data Link Layer, as described in Section 11, is common for both profiles.

5.3 Gears
268 e The A-PHY defines 5 discrete Downlink Gears: G1, G2, G3, G4, and G5. A-PHY downlink shall
269 operate at the defined data rates shown in Table 1.

\
[ ]

The A-PHY Uplink shall be 100 Mbps.
271 An A-PHY Device supporting Gear N (i.e., N could be 1-5) shall support all mandatory lower gears
272 per Table 1.

3 For each Gear there is a Mandatory profile implementation.
For G1-G3 there is also Normative Optional profile implementation that may be implemented in
275 addition to the Mandatory Profile. If an optional profile per Gear is supported in an implementation,
276 then it shall be implemented as explicitly defined within the A-PHY Specification.
277 Profile 1 (P1) is based on NRZ 8B/10B.

Profile 2 (P2) is based on multiple modulation scheme (see Table 1) with the addition of local

)
1
[ ]

)
1
[ ]

NS
1
[ ]

0
[ ]

279 retransmission and cancellers for improved noise immunity.
280 Table 1 A-PHY Gears Per Profile
Mandatory Optional
Gear Net Net
Profile: Symbol Application Packet Profile: Symbol Application Packet
Rate M f Rate Error A Rate Error
odulation (GBaud) Data Rate Rate Modulation (GBaud) Data Rate Rate
(Gbps) (Gbps)
G1
P1: NRZ-8B/10B 2 1.5 10° | P2: NRZ-8B/10B + RTS 2 1.5 108
2 Gbps
G2
P1:NRZ-8B/10B| 4 3 10° | P2: NRZ-8B/10B + RTS 4 3 108
4 Gbps
G3
P2: PAM4 4 7.2 107° P1: NRZ-8B/10B 8 6 10°
8 Gbps
G4
P2: PAM8 4 10.8 107° - - - -
12 Gbps
G5
P2: PAM16 4 14.4 10°1° = - - -
16 Gbps
281 Note:
282 1. P71 solution has lower noise immunity requirements vs. P2 solution (at the same Gear)
28 2. PER (Packet Error Rate) is equal or better than BER (Bit Error Rate) for the same data stream
284 3. P2 G3-G5 require PER < 10 Pre-RTS to reach PER < 10°" (Single RTS)
285 4. P2 G1-G2 require PER < 10° Pre-RTS to reach PER < 108 (Single RTS)
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5.4 Safety

286 Functional safety according to ISO 26262 [ISO01] includes the following measures, given a system-level
287 safety goal and allocated ASIL:

288 ¢ Control and avoidance of systematic failures — Ensured through Robust development process
289 e Control of random hardware failures — Ensured through robust design including mechanisms to
290 detect random HW failures, when they occur.

291 A-PHY packets are end-to-end protected as recommended in ISO-26262:2018:

292 e CRC-32 for each packet, providing a Hamming-Distance of more than 3.
293 e Message Counter that is 8 bits wide.
294 ¢ Timeout monitoring is fulfilled by the Keep-Alive function (see Section 11.3.2)

295 The above measures are necessary to argue a high diagnostic coverage for a communication bus, per
296 Table D.6 in ISO 26262-5:2018.
297 All other functional safety features necessary in order to fulfil the required system-level safety goal with

298 ASIL is expected to be managed by upper layers.
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6 Interconnect

299 The interconnect between an A-PHY Source and an A-PHY Sink carries the high-speed uni-directional data
300 stream, the low-speed bi-directional command and control data and optionally the power supply to an end
301 unit, e.g., an automotive surround sensor. The interconnect can be optimized for reliability, cost, or weight.
302 A-PHY is defined for two cable topologies consisting of potentially multi wire segments of either unbalanced
303 coax cables or balanced cables like a Shielded Twisted Pair (STP) or a Shielded Parallel Pair (SPP). The
304 characteristics of these interconnects are defined within this section. Other cable topologies are outside the
305 scope of this document though they can work as well. The total interconnect may include cable segments,
306 inline connectors, PCB mating connectors, PCB traces along with any related vias, as well as coupling
307 capacitors at both End Nodes.

308 A representative A-PHY interconnect is illustrated in Figure 4. The Power Sourcing Equipment (PSE) and
09 Powered Device (PD) blocks are optional, they can be used in systems employing either balanced or
310 unbalanced interconnects. While Figure 4 shows separated grounds for the End Nodes, there are also
311 common ground use cases to avoid ground loop challenges. Sensor modules may thus have a shared ground
312 with the ECU.

VOUT1, VOUT?, ... VIN
PD PSE |—————
Downstream——»
4 ----Power-==——-—
e.g.Camera <+—Upstream e.g. Auto ECU
A-PHY A-PHY
Source " " Sink
|| [ |
| | GND1 GND2 | |
GND1 —t — GND2
— End Node = = End Node —_
313

Figure 4 A-PHY Interconnect

6.1 Lane Configuration

314 The complete physical connection of a Lane consists of two End Nodes with a Transmission-Line-

315 Interconnect-Structure (TLIS) in between. An End Node comprises an A-PHY transceiver and an End-Node
316 Interconnect-Structure (ENIS), and may also include one PD or PSE block. The TLIS between End Nodes
317 may be formed by cable segments (Cable TLIS) or by PCB traces (PCB TLIS). This section defines the
318 required performance of the Transmission-Line-Interconnect-Structure for the signal and power routing as
319 well as interconnect related characteristics of the End Nodes. This, along with the A-PHY transceiver
320 characteristics and noise immunity profile of the Link, ensures the correct overall operation of a Lane.

321 A-PHY is a single lane, point-to-point, serial communication technology.

6.2 Cable Topology

322 A-PHY defines two cable topologies, consisting either of unbalanced Coax cables or balanced STP and SPP
323 cables, which are collectively referenced as Shielded Differential Pair (SDP) cables. The Cable TLIS

324 characteristics are defined for the following two topologies, which are also shown in Figure 5:

325 e Coax Topology: Coax cables of total 15 m, with 4 inline connectors and minimum cable segment
326 length of 30 cm.

327 e SDP Topology: SDP cables of total 10 m, with 4 inline connectors and minimum cable segment
328 length of 30 cm.
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329 The interconnect characteristics are derived for certain cable and connector models. A guidance for the
330 selection of such models is outside the scope of this document. The chosen cables and connectors impact the
331 maximum cable length supported.

332 An A-PHY implementation may support either Coax, SDP, or both cable topologies. An A-PHY
333 implementation shall support all interconnect characteristics defined within this Interconnect section for the
334 supported cable topology.

Coax Topology

ECU
End Node

Sensor/Display
End Node

T
Yy

15m

SDP Topology

Sensor/Display £ g £ £ ECU
End Node S S S S End Node

>
>

Lezend Inline Connectors
E PCB Mating Connectors

<
B

10m

Figure 5 Cable Topologies

6.3 Boundary Conditions

336 The reference characteristic impedance level is 100 Q differential, 50 Q2 single-ended, and 25 QQ common-
337 mode if applicable. The 50 Q impedance level for single-ended operation is also convenient for test and
338 characterization purposes.

339 These typical impedance levels are required for all parts of the interconnect including End Nodes. The
340 tolerances of characteristic impedances of the interconnect and the tolerances of line termination impedances
341 of End Nodes are specified by means of S-parameter templates over the whole operating frequency range.

6.4 S-Parameter Specifications

342 The characteristics of the physical connection are specified by means of S-parameters for TLIS and End
343 Nodes, specifically Insertion Loss (IL) and Return Loss (RL) parameters. The S-parameter limits are defined
344 up to a maximum frequency of 6 GHz; any A-PHY implementation shall meet the S-parameter limits up to a
345 minimum frequency of 1.5 * Fnyquist Of the highest gear supported, where Fyquist is the Nyquist frequency.

346 The budgeting of losses, reflections, and mode-conversions beyond what is defined in this standard, as well
347 as their allocation to individual physical parts of the interconnect, is left to the system designer.

6.5 Characterization Conditions

348 All S-parameter definitions are based on a 50 Q impedance reference level. The characterization of End
349 Nodes and TLIS can be done with a measurement system as shown in Figure 6.
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Figure 6 Set-up for S-parameter Characterization of End Nodes and TLIS
351 A differential End Node should interface a balanced TLIS through a two-pin connector or two pins in a multi-
352 Port connector.

353 A single-ended End Node should interface an unbalanced TLIS through a one pin connector or one pin in a
354 multi-Port connector.

355 The syntax of S-parameters is:

356 S[measured-mode][driven-mode][measured-port][driven-port]

357 Where:

358 In [measured-mode] and [driven-mode]: d is for differential, ¢ is for common-mode, and blank is
359 for single-ended

360 And [measured-port] and [driven-port] are both port numbers

361 Examples:

e Sdd21 is the differential signal at Port 2 due to a differential signal driven at Port 1

o Sdc22 is the measured differential reflected signal at Port 2 due to a common-mode signal driven at
Port 2

365 e S11 is the measured single-ended reflected signal at Port 1 due to a single-ended signal driven at

366 Port 1

6.6 Interconnect Specifications

367 The total interconnect is specified by means of S-parameter limits over the relevant frequency range. This
368 includes the insertion and return losses, and mode-conversion limits.

369 The interconnect is further sub-divided into:

370 e Cable Transmission-Line-Interconnect-Structure (TLIS) comprised of Coax/SDP cable segments

371 as well as inline connectors and two halves of the mating connectors.

372 ¢ End-Node-Interconnect-Structure (ENIS) comprised of half of the mating connector, PCB traces as
373 well as any related vias and supporting circuitry for ESD protection, power feed, diplexer including
374 AC caps, and other signal conditioning functions.
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375 The total interconnect along with the set of test points is shown in Figure 7. These test points (TPx) define
376 reference planes for parameters in the Electrical section (Section 9), as well as S-parameter definitions
377 contained within this section.

| Interconnect |

< »

: ENIS Cable TLIS | ENIS |

D 1 T o

End Node End Node

A-PHY o| PCBCircuitry | [ 1] . . PCB Circuitry A-PHY
Source ? (CMC, ESD, Filter, ... ? . ? S ? . ? (CMC, ESD, Filter, ... % Sink

E P TPA P TPB | :

TP3 P2 TP1 TP4  TP5 TP6

Legend Inline Connectors
E PCB Mating Connectors

Figure 7 Interconnect Test Points Definition

379 The S-parameter characteristics for the Cable TLIS and End Nodes are measured at TPA and TPB. The total

380 interconnect is defined between TP3 and TP6 which identify the signal pins of the A-PHY transceiver chips.
381 PCB circuitry and routing at the End Nodes is delimited by TP2-TP3 and TP5-TP6 with ENIS including the
382 additional mating connectors thus TPA-TP3 and TPB-TP6.

383 Some implementations may use PCB routing only for the interconnect. A PCB TLIS is defined in

384 Section 6.6.4, which replaces all the elements between TP2 and TP5. The overall PCB routing includes
385 contributions from ENIS and PCB TLIS.

6.6.1 Total Interconnect
386 Total interconnect includes two ENIS portions and a Cable TLIS or PCB TLIS whose characteristics are
387 defined in the following sub-sections.
388 The flight time Trrigar for signals across the total interconnect shall not exceed 100 ns.

6.6.2 Cable TLIS (Transmission Line Interconnect Structure)
6.6.2.1 Characteristic Impedance

389 The nominal characteristic impedance of Coax cable is 50 Q.

390 The nominal differential characteristic impedance of SDP cable is 100 Q.

6.6.2.2 Insertion Loss

391 The Coax and SDP Cable TLIS shall meet the Coax Cable Insertion Loss limit and the SDP Cable Insertion
392 Loss limit, respectively. These limits are defined by the following equations:

393 e Coax Cable Insertion Loss limit:

IL_COAX < 0.15 * (—1.3 + 0.0115*f+2*/f + 3.79 / Vf) (dB)
where f is Frequency in MHz

394

395 ¢ SDP Cable Insertion Loss limit:
IL_SDP < 0.0021 * f + 0.315 *Vf + 0.36 (dB)

where f is Frequency in MHz
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397 Insertion Loss limits include all expected degradations due to aging, humidity, temperature, and mechanical
398 stress.

399 Channel impairments resulting from resonance effects of wire lay length or shield stranding in the cable shall
400 not exceed the following limits:

401 ¢ 3 dB within any 10 MHz section in the frequency range up to 100 MHz.

402 ¢ 3 dB within any 100 MHz section above 100 MHz up to the operational frequency.

403 The Insertion Loss limits for both Coax and SDP cables are graphically shown in Figure 8 as Sddij or Sjj
404 limit lines, where i #j.

Sddij, Sij (dB)
)
o

0 1000 2000 3000 4000 5000 6000
Frequency (MHz)

Coax SDP

405
Figure 8 Coax and SDP Cable Insertion Loss Limits
6.6.2.3 Return Loss

406 The same Cable TLIS Return Loss (RL) limits apply for Coax and SDP topologies. The return loss limits
407 include all expected degradations due to aging, humidity, temperature, and mechanical stress.

408 There are two RL limits defined:
409 e RL Limit for a cable with maximum defined IL
410 o Relaxed RL Limit for a cable with up to half of the defined IL limit

411 The Relaxed RL Limit only applies to cables whose IL is equal or better than half the maximum

412 defined IL, as per Section 6.6.2.2 across all relevant operating frequencies.
413 The Cable RL shall meet the values in Table 2.
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414 Table 2 Cable TLIS Return Loss
Return Loss
Frequency (dB)
(MHz)
Maximum IL Half IL
5<f=<500 217 217
500 < f <2000 =17 - ((f-500) / (2000-500)) * 4 =17 - ((f-500) / (2000-500)) * 7

2000 < f < 3200 > 13 - ((f-2000) / (3200-2000)) * 1.5 > 10 - ((f-2000) / (3200-2000)) * 1.5

3200 <f<4500 | =11.5- ((-3200)/ (4500-3200))*6.5 | =8.5- ((f-3200)/ (4500-3200)) * 4.5

4500 < <6000 25 >4

415 The Cable RL limits are graphically shown in Figure 9 as Sddii or Sii limit lines.
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Figure 9 Cable TLIS Return Loss Limits
6.6.2.4 Coupling Attenuation

417 The Coupling Attenuation defines both the emission and immunity characteristics of the Cable TLIS and is
418 comprised of Screening Attenuation, a measure of the effectiveness of the cable shielding, and Unbalanced
419 Attenuation, a measure of the mode conversion.

420 Figure 10 shows how Coupling Attenuation is applicable to Coax and SDP cables. For Coax, the entire
421 Coupling Attenuation is provided by the cable shield alone (i.e., Screening Attenuation), whereas for SDP
422 cables, it is a combination of the shield and Unbalanced Attenuation.
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Figure 10 Cable TLIS Coupling Attenuation
424 The Coupling Attenuation shall exceed or at a minimum equal the limits shown in Table 3.

Table 3 Coupling Attenuation

425
Frequency Coupling Attenuation
(MHz) (dB)
30 < <4000 60
4000 < f = 6000 50

426 The Screening Attenuation shall exceed, or at a minimum equal, the limits shown in Table 4.

Table 4 Screening Attenuation

42
Frequency Screening Attenuation
(MHz) (dB)
f <6000 45
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428 The Unbalanced Attenuation shall exceed, or at a minimum equal, the limits shown in Table 5.

429 Table 5 Unbalanced Attenuation
Frequency Unbalanced Attenuation
(MHz) (dB)
30<f<1265 15
1265 < f <4000 15— 20 * log1o( f/1265 )
4000 < f <6000 5
430 The Cable TLIS Attenuation limit lines are graphically shown in Figure 11.
65
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g 35
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Figure 11 Cable TLIS Attenuation Limits
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10000

2 Coax and SDP cables shall comply with the limits shown in Table 3. SDP cables shall additionally comply
3 with the limits shown in Table 4 and Table 5.

6.6.2.5 Alien Cable Bundle Crosstalk

434 The Alien Cable Bundle Crosstalk consists of far-end and near-end crosstalk of alien cables, routed within
435 the same bundle (harness) together with the victim cable. The bundle may include both A-PHY and other
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aggressors, e.g., 100Base-T1, or 1000Base-T1, which can have different power levels within the same
frequency range.

The cable bundle crosstalk is constrained through PSCR_BUNDLE(f) parameter, defined as the ratio of the
power sum of the individual bundle crosstalk contributions at an A-PHY victim receiver to the aggressor’s
Transmitter power as captured in the equation below:

ZN P(f)BUNDLEXTALKVICTIM'N

PSCR_BUNDLE(f) = 10 x logm( ) (dB)

where P(f)sunpLE_xTALK vicTimN represents the power coupled into the A-PHY victim receiver from aggressor
N in the presence of the P(f)acoressor aggressor power.

The Alien Cable Bundle Crosstalk should meet the limits shown in Table 6.

Table 6 Alien Cable Bundle Crosstalk

P(f)AGGRESSOR

Frequency PSCR_BUNDLE
(MHz) (dB)
0 <f<500 =75
500 < f <6000 -125.434 + 18.686 * log1o(f)

The Alien Cable Bundle Crosstalk limit line is graphically shown in Figure 12.
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Figure 12 Alien Cable Bundle Crosstalk Limit
6.6.3 ENIS (End Node Interconnect Structure)

6.6.3.1 Characteristic Impedance

Differential End Nodes should use differential coupled traces with a nominal characteristic impedance of
100 Q to optimize signal integrity and minimize the impact of noise on an A-PHY transceiver.
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450 Single-ended End Nodes can use a combination of single-ended and differential structures as shown in Figure
451 13. This solution allows using the same A-PHY transceiver as in differential End Nodes while improving
452 EMI effects. Differential traces should be routed with nominal characteristic impedance of Z0' = 100 Q
453 differential. In places where differential routing is not possible, impractical, or not advised, such as the

454 connection between the coaxial connector and AC coupling capacitor, single-ended traces with nominal

455 characteristic impedance of Z0 = 50 Q should be used.

End Node
PD,
N Y
bp 20 () TLIS (Coax) )
A-PHY 70" \
Dn 20 1

L

456
Figure 13 Single-Ended End Node Routing Example
6.6.3.2 Insertion Loss
457 A-PHY implementations should allow for an End Node Insertion Loss at both ends of the Link as defined in
458 Table 7. The End Node Insertion Loss includes the contributions from ENIS and A-PHY transceiver.
459 Table 7 End Node Insertion Loss

Frequency Insertion Loss
(MHz) (dB)
f<A1 6 - 5.5 * log1o( f/0.1)
1<f<500 0.5

500 < f < 2000

0.5 - 1.66 * logio( 500/f )

2000 = f <6000

1.5 - 9.44 * log1o( 2000/ )

460 The End Node Insertion Loss limit is graphically shown in Figure 14 as an Sddij or Sij limit line, where i # j.

24
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Figure 14 End Node Insertion Loss Limit

6.6.3.3 Return Loss

462 The End Node Return Loss shall comply with the limits shown in Table 8. The End Node Return Loss
463 includes the contributions from ENIS and A-PHY transceiver.

464 All A-PHY Ports shall comply with the Return Loss 4 limits. A-PHY Ports operating at the optional Gear 3
465 NRZ 8b10b mode shall additionally comply with the Return Loss B limit.

466 Table 8 End Node Return Loss
Frequency Return Loss A Frequency Return Loss B
(MHz) (dB) (MHz) (dB)
f<0.5 0 f<0.5 0
05<f<5 18 — 18 * log1o( 5/f ) 05<f<5b 18 — 18 * log1o( 5/f )
5<f<500 18 5<f<600 18

500 < f< 2750

18 — 21.6 * logto( /500 )

600 < f <2390

18 — 20 * log1o( /600 )

2750 < f <6000

2

2390 < f <6000

6

467 The End Node Return Loss limits are graphically shown in Figure 15 as Sddii or Sii limit lines.
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