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OPEN Alliance Specification Copyright Notice and Disclaimer 

 

A. OPEN Specification Ownership and Usage Rights 

As between OPEN Alliance and OPEN Alliance Members whose contributions were incorporated in 

this OPEN Specification (the “Contributing Members”), the Contributing Members own the 

worldwide copyrights in and to their given contributions. Other than the Contributing Members’ 

contributions, OPEN Alliance owns the worldwide copyrights in and to compilation of those 

contributions forming this OPEN Specification. For OPEN Alliance Members (as that term is defined 

in the OPEN Alliance Bylaws), OPEN Alliance permits the use of this OPEN Specification on the 

terms in the OPEN Alliance Intellectual Property Rights Policy and the additional applicable terms 

below. For non-members of OPEN Alliance, OPEN Alliance permits the use of this OPEN 

Specification on the terms in the OPEN Alliance Specification License Agreement (available here: 

http://www.opensig.org/Automotive-Ethernet-Specifications/) and the additional applicable terms 

below. The usage permissions referenced and described here relate only to this OPEN Specification 

and do not include or cover a right to use any specification published elsewhere and referred to in this 

OPEN Specification. By using this OPEN Specification, you hereby agree to the following terms and 

usage restrictions: 

 

 A.i. Rights and Usage Restrictions Specific to OPEN Alliance Members 

FOR OPEN ALLIANCE MEMBERS ONLY: In addition to the usage terms and restrictions granted 

to Members in the OPEN Alliance Intellectual Property Rights Policy, Members’ use of this OPEN 

Specification is subject this Copyright Notice and Disclaimer. Members of OPEN Alliance have the 

right to use this OPEN Specification solely (i) during the term of a Member’s membership in OPEN 
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Intellectual Property Rights Policy, and the applicable OPEN Alliance Promoter or Adopter 
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Specification for implementation of this OPEN Specification in the Member’s products and services, 
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Property Rights Policy. Except and only to the extent required to use this OPEN Specification 

internally for implementation of this OPEN Specification in Member’s products and services, Member 

shall not modify, alter, combine, delete portions of, prepare derivative works of, or create derivative 

works based upon this OPEN Specification. If Member creates any modifications, alterations, or other 

derivative works of this OPEN Specification as permitted to use the same internally for 

implementation of this OPEN Specification in Member’s products and services, all such 

modifications, alterations, or other derivative works shall be deemed part of, and licensed to such 

Member under the same restrictions as, this OPEN Specification. For the avoidance of doubt, Member 

shall not include all or any portion of this OPEN Specification in any other technical specification or 

technical material, product manual, marketing material, or any other material without OPEN 

Alliance’s prior written consent. All rights not expressly granted to Member in the OPEN Alliance 

Intellectual Property Rights Policy are reserved; 
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 B.ii. Disclaimers and Limitations of Liability: 
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 B.iv. Automotive Applications Only: Without limiting the foregoing disclaimers or 

limitations of liability in any way, this OPEN Specification was developed for automotive applications 

only. This OPEN Specification has neither been developed, nor tested for, non-automotive 

applications. 

 

 B.v. Right to Withdraw or Modify: 

OPEN Alliance reserves the right to (but is not obligated to) withdraw, modify, or replace this OPEN 

Specification at any time, without notice. 

 

© 2021 OPEN Alliance. This document also contains contents, the copyrights of which are owned by 

third parties who are OPEN Alliance Contributing Members. Unauthorized Use Strictly Prohibited. 

All Rights Reserved. 
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Introduction 
 

The 10BASE-T1S is a 10 Mbps Ethernet PHY defined by the IEEE 802.3cg project (Clause 147). It is capable of 
operating in full/half duplex point-to-point or half-duplex multidrop mode over a single unshielded twisted 
pair (UTP) cable up to 25m long. 

Furthermore, the IEEE802.3cg project defines the new Physical Layer Collision Avoidance (PLCA) Reconciliation 
Sublayer (Clause 148) meant to provide improved determinism to the CSMA/CD media access method. PLCA 
works in conjunction with the 10BASE-T1S PHY operating in multi-drop mode. 

The 10BASE-T1S PHY is intended to cover the low-speed/low-cost applications in industrial and automotive 
environments. The large number of pins (16) required by the MII interface specified by the IEEE 802.3 in 
Clause 22 is one of the major cost factors that must be addressed to fulfill this objective. 

The 10BASE-T1S PMD Transceiver is a CAN-like solution suited for embedded systems where the digital 
portion of the PHY is fully integrated into an MCU, an Ethernet switch core, or any other suitable host where 
only the analog part is left into a separate chip (i.e., the PMD transceiver). 
 

 

Figure 1: Example of a 10BASE-T1S integrated PHY with an external PMD transceiver 

 
This solution, similar to the well-known CAN and FlexRay transceiver approach, features a simple and cost-
effective 3-pin clock-less interface between the host controller and the PMD transceiver chip. 

The PMD transceiver may support half-duplex, full-duplex, or both modes of operation. 
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Abbreviation/Symbols 
 

* May indicate either the arithmetical multiply operation or the logical AND function 

+ May indicate either the arithmetical sum operation or the logical OR function 

BER Bit Error Rate 

CAN Controller Area Network 

DME Differential Manchester Encoding 

IC Integrated Circuit 

MCU Micro Controller Unit 

MDC MDIO Clock 

MDIO Management Data Input/Output 

PCB Printed Circuit Board 

PMD Physical Medium Dependent 

POR Power On Reset 

NRZ Non-Return to Zero encoding 

RX Receive 

RZI Return to Zero Inverted encoding 

TX Transmit 

WUD Wake-Up Detect 

WUP Wake-Up Pulse 

WUT Wake-Up Tone 
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1 Scope 

The purpose of this document is to specify a clock-less interface between a 10BASE-T1S PMA (herein called 
host controller) and an analog frontend device (herein called “PMD transceiver”, or just “transceiver”). The 
normative requirements are provided in the form of interworking specifications, including the behavior and 
timings of the signals. The definition of the actual implementation of the transceiver and the host controller is 
beyond the scope of this document. 

The detailed specification numbers shall be understood from the perspective of the related device and not as 
global signals specifications. 

 

2 Normative References 
 

The following documents are referred to in the text in such a way that some or all of their content constitutes 
the requirements of this document. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 

[1]  IEEE 802.3cg Task Force, "IEEE Std 802.3cg™-2019, Amendment 5: Physical Layer Specifications and 
Management Parameters for 10 Mb/s Operation and Associated Power Delivery over a Single Balanced 
Pair of Conductors," IEEE Standards Association, New York, 2019. 

[2]  IEEE Computer Society, "IEEE Standard for Ethernet," IEEE Standards Association, New York, 2018. 
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3 Terms and Definitions 
 

For the purposes of this document, the terms and definitions given in [1] and [2] apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 

— ISO Online browsing platform: available at https://www.iso.org/obp 

— IEC Electropedia: available at http://www.electropedia.org/ 

 
3.1 
rise time 
 
The time a signal takes to rise from 20% to 80% of its nominal reference voltage. 

 

Figure 2: Signal rise time definition 

 
3.2 
fall time 
 
The time a signal takes to fall from 80% to 20% of its nominal reference voltage. 

 

rise time 

https://www.iso.org/obp
http://www.electropedia.org/
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Figure 3: Signal fall time definition 

fall time 
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4  Interface Definition 

4.1 Overview 

The interface between the 10BASE-T1S PMD transceiver and the digital host consists of three pins, one for the 
transmit path and two for the receive path.  

 

Figure 4: PMD Transceiver Pins 

The TX pin encodes the "data" and "data enable" logic functions. According to DME rules defined in Clause 
147.4.2 of [1], those are needed to drive the line interface with either a positive/negative differential voltage 
or high impedance. The TX pin is also used to enter or leave the low-power and configuration modes. 

The RX pin produces a low pulse each time the differential voltage at the LINE pins switches from positive to 
negative or vice-versa, following an RZI encoding scheme. 
The ED pin is essentially the filtered output of a window comparator that indicates whether the differential 
voltage at the LINE pins is contained within a specific amplitude band centered around zero. 
  
The host controller uses the RX and ED pins to decode DME data, detect activity, and detect collisions1 at the 
line interface. 

Additionally, when the PMD transceiver is set to configuration mode, the RX and ED pins are used as MII 
management interface (MIIM). 

All digital I/O signals should be implemented according to the appropriate JEDEC digital interface standard for 
the desired I/O voltage. 

  

 
1 When PLCA is enabled, physical collisions are not expected to happen.  
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4.2 Functional Modes 

The transceiver interface features a single TX pin to perform the required transmission functions and to 
convey the following commands: 

• TRANSMIT 

• RESET 

• LOWPWRRQ 

• CONFIG 
 

The working principle of the TX interface is that the host controller generates pulses of different duration to 
drive the transceiver into the different modes of operation. The transceiver operations are stateful and 
clock-less to minimize power consumption and electromagnetic emissions. 

The TRANSMIT command causes the transceiver to actively drive the line interface and encode subsequent 
pulses on the TX pin into a DME stream. The line interface is released (high-Z) when a RESET command is 
issued, or the jabber timer expires (see 4.2.1.2). 

The host can issue a RESET command anytime it is powered to ensure proper alignment of the host controller 
state with the transceiver state. This allows, for example, protection against spurious resets of the controller 
and recovering from unwanted state changes in case of HW/SW faults. For recommendations on how to 
achieve safe operation of the transceiver, see chapter 5. 

The LOWPWRRQ command can be used to put the transceiver in a low-power mode. This is represented by 
the transceiver being in LOW_POWER state. From the LOW_POWER state, the transceiver goes into the 
LOW_POWER_WAKE state upon detecting a local or remote wakeup condition. The LOW_POWER_WAKE state 
can be left using a RESET command when the ED pin is low. While the low power mode is in effect, the 
transceiver provides status information to the host via the RX and ED pins, as shown in Figure 5. For a 
description of low power mode, see chapter 7. 

The CONFIG command can be used to enter configuration mode. While in configuration mode, the RX and ED 
pins are used as the MDC and MDIO pins of a standard MIIM interface to access configuration registers. The 
configuration mode can be left using a RESET command. For a description of configuration mode, see chapter 
6. 

Both the CONFIG and LOWPWRRQ commands can only be issued when the transceiver is in NORMAL state. 

After power-on reset (POR), the transceiver enters the LOW_POWER_WAKE state and waits for a RESET 
command to enter NORMAL operating mode.  

4.2.1 PMD State Diagram 
The transceiver shall comply with the state diagram in Figure 5 to switch between the different functional 
modes.  

Note that the PMD transceiver shall never drive a differential voltage at the line interface unless it is in the 
TRANSMITTING state and the loop-back mode is disabled. 
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4.2.1.1 Variables 
 

cmd 

Command conveyed by the host controller to the transceiver. 
The encoding for the "cmd" variable is defined in 4.3. 
Values: RESET, LOWPWRRQ, CONFIG, TRANSMIT, or NONE. 

POR 

Power-On-Reset2. 
This variable is initialized to TRUE when the transceiver is powered up. It is reset to FALSE upon 
entering NORMAL state. 
Values: TRUE or FALSE 

ED 

The transceiver ED pin. 
In the LOW_POWER_WAKE state, the transceiver shall drive the ED pin low as soon as it is ready to 
accept a RESET command. 
Values: LOW or HIGH 

TX 

The transceiver TX pin (driven by the host). 
Values: LOW or HIGH 

 
2 POR is defined as a transition from a state where no power was applied and no configuration was loaded into the device 

Figure 5: PMD Transceiver functional modes 

cmd = CONFIG 

cmd = LOWPWRRQ 

cmd = TRANSMIT 

cmd = RESET * 
ED = LOW * 

!wake_timer_done 

NORMAL TRANSMITTING 

CONFIGURATION 

LOW_POWER 

cmd = RESET 

cmd = RESET + 
jabber_timer_done 

POR 
LOW_POWER_WAKE 

WUD + 
WAKE + 

negedge(TX) 

wake_timer_done 
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WAKE 

Optional, implementation-defined, external wake-up request event (e.g., asserting the WAKE pin in 
Figure 28 and Figure 29). If the external wake-up request functionality is not implemented, this 
variable is constantly set to FALSE. 
Values: TRUE or FALSE 

WUD 

Wake-Up Detect, set to TRUE when the transceiver detects the WUT as explained in the OPEN Alliance 

TC10/TC14 documentation. 

Values: TRUE or FALSE 

4.2.1.2 Timers 
 

jabber_timer 

The jabber timer starts when entering the TRANSMITTING state and is reset each time the TX pin is 
pulsed low. The "jabber_timer_done" variable becomes TRUE when the jabber timer expires. 
Duration: 8 μs 
Tolerance: ± 6 μs 

wake_timer 

The wake timer is started when entering the LOW_POWER_WAKE state, and it is reset when leaving it. 
The "wake_timer_done" variable becomes TRUE when the wake timer expires. 
Duration: 2 s 
Tolerance: ± 1 s 

 

4.2.1.3 Functions 
 
negedge(x) 

This function returns TRUE when the 'x' argument transitions from HIGH to LOW state. It returns 
FALSE otherwise. 
 

4.3 Transmit Path 

During NORMAL state, the host controller shall drive the TX pin high (de-asserted) until a command is 
conveyed to the transceiver. Besides, the value of the "cmd" variable defined in 4.2.1.1 is "NONE" until a 
command is initiated. 

A command is initiated when the TX pin is asserted low after a minimum de-assertion time. The next 
subchapters provide normative encoding for all the supported commands. Note that all timings are related to 
the host PMA clock; therefore are subject to deviations due to jitter and I/O pins slope times.  
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4.3.1 RESET command encoding 
The host controller conveys the RESET command by asserting the TX pin low for the length of one DME 
encoded "0" (80ns). A RESET command can be initiated at any time. 

The host controller shall comply with the timings specified in Figure 6 and Table 1 when issuing a RESET 
command3. 

 

 

Figure 6: RESET command encoding 

Table 1: RESET command timings 

PARAM MIN NOM MAX UNIT DESCRIPTION 

ttxda 20 - - ns TX pin de-assertion time before initiating a RESET 

ttxrst - 80 - ns TX pin assertion time to convey a valid RESET command 

tcgap 20 - - ns Inter-command gap time 

 
NOTE: This is a normative requirement for the host controller. The transceiver can decode a RESET command 
for values of "ttxrst" different than the ones specified in Table 1, as long as other commands are not confused 
with a RESET. 

4.3.2 TRANSMIT command encoding 
The TRANSMIT command is conveyed by the host controller by a sequence of two low pulses of the TX pin, as 
shown in Figure 7. The TRANSMIT command can only be issued when the transceiver is in the NORMAL state. 

The host controller shall comply with the timings specified in Figure 7 and Table 2 when issuing a TRANSMIT 
command. 

 

Figure 7: TRANSMIT command encoding 

Note that the TRANSMITTING command shall take effect on the second positive edge of the TX pin. 

 

 
3 The CMD waveform in Figure 6 is informative to help in the understanding of the state diagram in Figure 5. 
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Table 2: TRANSMIT command timings 

PARAM MIN NOM MAX UNIT DESCRIPTION 

ttxda 20 - - ns TX de-assertion time before initiating a TRANSMIT 

ttxpl - 20 - ns TX low pulse duration 

ttxph1 - 180 - ns TX high pulse duration 

ttxph2 - 20 - ns TX gap before data or command 

 

When the transceiver is in the TRANSMITTING state, the PMD shall drive a differential voltage at the line 
interface. Any subsequent falling edge of the TX pin shall invert the polarity of the differential voltage driven 
onto the line. When the TRANSMITTING state is left (either because of a RESET or because the jabber timer 
expires), the transceiver must stop driving the line interface within 40 ns to fulfill the requirement defined in 
clause 147.4.2 of the IEEE specifications [1]. 

The host controller shall comply with the timings specified in Figure 8 and Table 2 when transmitting the DME 
data. Timings for the DME are defined in clause 147.4.2 of [1]. 

 

Figure 8: Transmitting DATA 

In Figure 8, the duration of the high pulse on the TX pin is governed by the DME requirements. Therefore, the 
duration of the low TX pulse "ttxpl" is the only additional (normative) requirement here.  

4.3.3 LOWPWRRQ command encoding 
The host controller conveys the LOWPWRRQ command by asserting the TX pin low, as shown in Figure 9. The 
transceiver can only accept the LOWPWRRQ command during NORMAL state. 

The host controller shall comply with the timings specified in Figure 9 and Table 3 when issuing a LOWPWRRQ 
command. 

 

Figure 9: LOWPWRRQ command encoding 

When receiving the LOWPWRRQ command, the transceiver shall provide a high logical level on the RX and ED 
pins within 1us from the positive edge of the TX pin that indicates the end of the command (end of ttxlpw). 

The logical level, however, is not required if the host power is removed (e.g., when VIO in Figure 28 and Figure 
29 is unpowered).  
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Table 3: LOWPWRRQ command timings 

PARAM MIN TYP MAX UNIT DESCRIPTION 

ttxda 20 - - ns TX de-assertion time before initiating a LOWPWRRQ command 

ttxlpw 16 - - μs TX low-assertion time to convey a valid LOWPWRRQ command 

 

When the transceiver is in the LOW_POWER state, the line shall not be driven (high-Z). 

The limit for the line impedance value when the driver is in high-Z state is defined by the MDI electrical 
specification in Clause 147.9.2 of [1]. 

4.3.4 CONFIG command encoding 
The host controller conveys the CONFIG command by pulsing the TX pin low and asserting the TX pin low, as 
shown in Figure 10. The CONFIG command can only be issued when the transceiver is in the NORMAL state. 

The host controller shall comply with the timings specified in Figure 10 and Table 4 when issuing a CONFIG 
command. 

 

Figure 10: CONFIG command encoding 

The CONFIG command shall take effect on the second positive edge of the TX pin. 

Note that the CONFIG command differs from the LOWPWRRQ command only by an additional short TX pulse 
preceding the long pulse (see Figure 9 and Figure 10). A transceiver implementation must distinguish these 
cases by giving precedence to decoding the CONFIG command when a nominal 20ns low followed by 20ns 
high transition on the TX pin is detected. 

 

Table 4: CONFIG command timings 

PARAM MIN TYP MAX UNIT DESCRIPTION 

ttxda 20 - - ns TX de-assertion time before initiating a CONFIG command 

ttxpl - 20 - ns TX low pulse duration 

ttxph - 20 - ns TX high pulse duration 

ttxcfg 16 - - μs TX assertion time to convey a valid CONFIG command 

 

When the transceiver is in the CONFIGURATION state, no differential voltage shall be driven to the line 
(high-Z). The CONFIGURATION state can be exited using a RESET command. 

  

             

                     ttxda ttxpl ttxph ttxcfg 
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4.4 Receive path 

Two pins convey received data to the host controller: the receive pin (RX) and the energy detection pin (ED).  

When the transceiver is in configuration mode, the RX pin becomes the MDC input of the management 
interface, while the ED pin becomes the associated bidirectional MDIO pin. 

When the transceiver is in low power mode, the RX pin distinguishes between LOW_POWER (high) and 
LOW_POWER_WAKE (low) states, while the ED pin is used to report the transceiver status to the host. 

When the transceiver operates in data mode (i.e., NORMAL or TRANSMITTING state), the following 
specifications apply. 
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4.4.1 RX pin specifications 
The RX pin is the RZI-encoded output of a polarity-change detector centered around zero. 

By default, the transceiver shall drive the RX pin high. 

Anytime the differential voltage at the LINE pins changes polarity, the transceiver shall (in order): 

1. drive the RX pin low for at least 12 ns 
2. drive the RX pin high for at least 12 ns 

 
During that time, If the polarity of the differential voltage at the LINE pins changes again, the transceiver shall 
convey a new low-pulse on the RX pin as soon as the previous sequence is completed, following the same 
rules above. Therefore, the low/high pulse sequence is atomic and uninterruptible. 

Additionally, the transceiver must be ready to generate a new low pulse on the RX pin within the nominal DME 
baud rate (40 ns ± 100 ppm) to support the network bit rate and comply with the jitter specifications. 

 

 

Figure 11: RX pin behavior with RZI encoding 

≥12 ns ≥12 ns 
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4.4.2 ED pin specifications 
When the transceiver operates in TRANSMITTING state, the ED pin reports collision detection information to 
the host according to the following rules: 

• The ED pin shall be driven high upon entering the TRANSMITTING state 

• If the transceiver detects a collision during the transmission, it shall drive the ED pin low for at least 
30 ns ± 30% ns and up to the duration of the collision event4. 

• The method for detecting collisions is implementation-defined. 
 

When the transceiver operates in NORMAL state (receiving), the following specifications apply. 

The ED pin shall be asserted (logic-high) when the differential voltage present at the input of the LINE pins is 
greater than Vbh, or it is less than Vbl for at least 30 ns ± 30%. 

The ED pin shall be de-asserted (logic-low) when the differential voltage present at the input of the LINE pins is 
between Vbl and Vbh for at least 30 ns ± 30%.  

In other words, the ED pin is the output of a window comparator with a deglitch filter of 30 ns (nominal). 
Figure 12 shows an example where the signal at point "A" dwells within Vbh and Vbl for more than 30ns. 
 

 
4 The ED pulse is measured from 50% to 50% of the I/O voltage level 
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Figure 12: ED pin behavior 

 

The values of Vbh and Vbl shall conform to Table 5. 

Table 5: ED thresholds 

PARAM MIN TYP MAX UNIT DESCRIPTION 

(Vbh – Vbl) 270 300 330 mV comparator windows amplitude 

(Vbh + Vbl) -30 0 30 mV comparator window offset 

 

< 30 ns 
(block) 

Vbh 

Vbl 

> 30 ns 
(pass) 

A 

> 30ns 
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5 Functional Requirements 

This chapter contains a set of additional requirements, recommendations, and clarifications to ensure proper 
operation of the 10BASE-T1S host controller and transceiver. 

5.1 Boot 

When the host controller is first powered up, or if for any reason it is rebooted, its first action towards the 
transceiver shall be a RESET command. This is required to achieve functional safety requirements and ensure 
the transceiver is always in a known state at all times.  

Since the host controller may go through a reset while the transceiver is in low power mode, the host shall 
also check that the ED pin of the transceiver was low at the beginning of the RESET command. If not, the host 
controller shall keep sending RESET commands until the ED pin is low at the start of the command. The rate at 
which the host re-iterates the RESET commands is implementation-defined. 

A weak pull-up resistor on the TX pin is recommended to avoid spurious transitions during power-up. Glitches 
could be interpreted as commands by the transceiver, so it is essential to prevent those from happening and 
disrupting the communication on the shared bus. The weak pull-up resistor also ensures that the line will not 
be driven if the TX pin is left floating. This may happen, for example, because of permanent failure of the host. 

After a POR, the transceiver enters the LOW_POWER_WAKE state as described in 4.2.1, forcing the ED pin low 
as soon as it is ready to accept a RESET command. 

5.2 Loop-back mode 

To comply with the IEEE PMA specifications, the transceiver must support a loop-back mode. 

To enter loop-back mode, the host performs the following operations: 

1. enter CONFIGURATION mode (see chapter 6)  
2. set the LOOPBACK bit in register CTRL0 (see 6.1.3.4) 
3. leave CONFIGURATION mode using a RESET command (see Figure 5) 

 
During loop-back mode, the TX pin shall work as normal, performing the functions described in chapter 4.2.  

When the transceiver is in TRANSMITTING state and loop-back mode is enabled, the RX and ED pins shall 
function as follows: 

• The ED pin is driven high 

• The RX pin generates a low pulse of at least 12 ns at each falling edge of the TX pin (i.e., regardless of 
the signal at the line pins) 
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When the transceiver is in NORMAL state and loop-back mode is enabled, the RX and ED pins shall function as 
follows: 

• The ED pin is driven low 

• The RX pin is driven high 
 
While in loop-back mode, the transceiver shall not drive a differential voltage at the line interface with low 
impedance, as if it was in NORMAL state. 

5.3 Considerations of possible failures 

Several kinds of failures may affect the communication on the shared media. These are related mainly to the 
status of the TX pin in case, for example, of an unexpected reset of the host controller or physical failure of the 
pins. 

5.3.1 TX pin stuck at VCC 
If the host controller resets unexpectedly (or fails permanently) so that the TX pin is driven high, no commands 
are conveyed to the transceiver. If the transceiver was in any state other than TRANSMITTING, then 
communication on the line is unaffected. Instead, if the transceiver was in the TRANSMITTING state, the line 
will be driven with low impedance for the duration of the jabber timer. During this short time, the effective 
BER on the bus may increase. 

5.3.2 TX pin stuck at GND 
If the host controller resets unexpectedly (or fails permanently) so that the TX pin is driven low, the 
transceiver may interpret this as a command. If the transceiver goes in any state other than TRANSMITTING, 
then the communication on the line is unaffected. Instead, if the transceiver switches to the TRANSMITTING 
state, the line will be driven with low impedance for the duration of the jabber timer. During this very short 
time, the effective BER of the bus may increase. If the host recovers from the failure, the initial RESET 
command will restore the normal operation of the transceiver. 

5.3.3 TX pin left floating 
If the host controller resets unexpectedly (or fails permanently) so that the TX pin is left in high impedance, 
the transceiver may interpret this as a command. To prevent this from happening, a weak pull-up resistor on 
the TX pin, either internal or external, is recommended (see also 5.1). 
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6 Management Interface 

Configuration mode allows the host controller to perform basic management operations on the transceiver, 
such as identification, diagnostic, and vendor-defined functions. 

Configuration mode can only be enabled using a CONFIG command as described in 4.2.1 and 4.3.4. 
Configuration mode can only be disabled using a RESET command as described in 4.2.1 and 4.3.1 or by a 
power cycle. 

During configuration mode, the transceiver does not drive any differential voltage at the line interface with 
low impedance, regardless of any activity on the TX pin. The RX and ED pins are used respectively as the MDC 
clock input and the MDIO data input/output of an MII management interface (MIIM). 

 

 

Figure 13: Transceiver pins function during CONFIGURATION mode 

The MIIM interface specification shall comply with Clause 22.2.4.5 of [2]. The MIIM timings shall comply with 
Clause 22.3.4 of [2], although the transceiver can optionally support higher MDC clock rates. 

The transceiver shall always respond to the MIIM address (PHYAD) 0x01. 

The transceiver should include an internal weak pull-up resistor on the ED pin while operating in configuration 
mode. 

The management registers definition for the transceiver shall comply with chapter 6.1. 

As a general rule, reads to undefined, unimplemented, and reserved addresses shall result in reading all 
zeroes. Writes to such addresses shall have no effect. The same applies to individual bits in defined registers 
that are not assigned a function. 
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6.1 Registers Map 

The map of the transceiver registers is defined in Table 6. The data width of the MIIM registers is 16. 

Table 6: MIIM Registers map 

Address Name Description 

0x00 MIIMCTL MIIM Control Register 

0x01 - Reserved (Std. MIIM) 

0x02-0x03 PHYID MIIM PHY Identification Registers 

0x04-0x0F - Reserved (Std. MIIM) 

0x10 PMDCTL PMD  Control Register 

0x11-0x1F - Vendor Defined Space 

 

6.1.1 MIIMCTL – MIIM Control Register 
The assignment of bits in the control register #0 is shown in Table 7. 

Table 7: MIIMCTL register bits definition 

Bit(s) Name Description R/W a Default/Value 

15 RESET Reset RW 0 

14 LOOPBACK Loop-back mode enable RW 0 

13:0 - Reserved RO 0x0000 

NOTE 

a   RO = read-only, RW = read-write, SC = self-clearing 

 

6.1.1.1 RESET 
When the transceiver leaves the CONFIGURATION state, if this bit is set to '1', the transceiver shall reset all 
registers to their default values and return to the LOW_POWER_WAKE state, as if a POR condition occurred. 

6.1.1.2 LOOPBACK 
When the LOOPBACK bit is set, the transceiver operates in loop-back mode upon entering the TRANSMITTING 
state, as explained in chapter 5.2. When cleared (default), the transceiver operates in normal data mode. 

The value of this bit shall have no effect on the PMD transceiver when the TPEN bit in the PMDCTL register is 
set to 1. 

6.1.2 PHYID – PHY identification registers (0x02-0x03) 
The combination of the two registers at address 0x02 and 0x03 constitute the 32-bit wide PHYID register. The 
PHYID register is read-only and shall follow the same definition as the homonymous register in clause 
22.2.4.3.1 of [2]. 
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6.1.3 PMDCTL – PMD control register 
The assignment of bits in the PMD control register is shown in Table 8. 

Table 8: CTRL0 register bits definition 

Bit(s) Name Description R/W a Default/Value 

15 FDCAP Full-Duplex capability RO - 

14 HDCAP Half-Duplex capability RO - 

13:2 - Reserved RO 0x0000 

1 TPREFN TPD measured/reference node select RW 0 

0 TPEN Topology Discovery Enable RW 0 

NOTE 

a   RO = read-only, RW = read-write, SC = self-clearing 

 

6.1.3.1 FDCAP 
When FDCAP is set, the PMD transceiver supports full-duplex mode of operation. When cleared, full-duplex 
mode is not supported. A valid PMD transceiver implementation shall set at least one of the FDCAP and 
HDCAP bits. 

6.1.3.2 HDCAP 
When HDCAP is set, the PMD transceiver supports half-duplex mode of operation. When cleared, half-duplex 
mode is not supported. A valid PMD transceiver implementation shall set at least one of the FDCAP and 
HDCAP bits. 

6.1.3.3 TPREFN 
The TPREFN bit sets the topology discovery internal scrambler function to "measured" or "reference" node, as 
per the following table: 
 
0: Local node is the measured node 
1: Local node is the reference node 
 

6.1.3.4 TPEN 
When TPEN is set, the transceiver operates in "Topology Discovery Mode" upon entering the TRANSMITTING 
state, as explained in chapter 8. When cleared (default), the transceiver operates in normal data mode. 
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7 Low-Power Mode 

Low power mode allows the transceiver to support the sleep/wakeup requirements described in the OPEN 
Alliance TC10/TC14 JWG specifications. 
 
Low power mode can be enabled only using a LOWPWRRQ command as described in 4.2.1 and 4.3.3. 

The transceiver shall not drive the line with low impedance during low power mode, which includes both the 
LOW_POWER and LOW_POWER_WAKE states. 

To support the remote wakeup feature with partial networking, the RX and ED pins provide a status indication 
to the host controller according to the following rules: 

• When the LOW_POWER state is entered, both the RX and the ED pins shall be driven high or 
high-impedance with a weak pull-up. 

• During LOW_POWER state, if the wakeup tone (WUT) signal is present on the line, the transceiver 
transitions to LOW_POWER_WAKE. The method for detecting the WUT is implementation-defined. 

• During LOW_POWER state, if the host asserts the TX pin low, the transceiver transitions to 
LOW_POWER_WAKE state.  

• Entering LOW_POWER_WAKE state, the transceiver shall drive the RX pin low. In typical applications, 
this enables the main power supply. 

• During LOW_POWER_WAKE state, as soon as the transceiver is ready to support a change to NORMAL 
state, the transceiver shall drive the ED pin low. The host uses this information to stop sending RESET 
commands (see below). 

• During LOW_POWER_WAKE state, if the wake_timer expires before the transceiver receives a 
complete RESET command, the transceiver shall drive the ED and RX pins high while transitioning to 
LOW_POWER state.  

 
When the host controller awakens, it shall perform a RESET command as the first action toward the 
transceiver to restore normal operation. If the ED pin was high at the start of the RESET, the host must assume 
that the transceiver was not ready to accept the command. Therefore it shall keep sending RESET commands 
until the ED pin is low at the start of the command. The rate at which the host controller re-iterates the RESET 
commands is implementation-defined. 

7.1 Wake-up Timings 

The transceiver shall comply with the timings reported in Figure 14, Figure 15, and Table 9 when a remote or 
local wake-up condition is detected. 
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Figure 14: Remote wake-up 

 

 

Figure 15: Local wake-up 

 

Table 9: wake-up timings 

PARAM MIN MAX UNIT DESCRIPTION 

twdet - 35 μs Remote wake-up detection time5 

tedrdy - 1 ms Transceiver initialization time after wake-up 

trxup 12 - ns Minimum RX high time after initialization 

tlwake - 15 μs Local wake-up detection time 

 

 
5 Measured from the first transition of the WUP on the line 
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8 Support for Topology Discovery 

A transceiver implementation shall support the topology discovery feature described in the OPEN Alliance 
TC14 Topology Discovery specifications. This chapter defines specific requirements for a PMD Transceiver 
implementation to support the topology discovery feature. 

 

Figure 16: Topology Discovery Support Overview 

When the host enters topology discovery mode, it also configures the transceiver for topology discovery 
operation, following these steps: 

1. enter CONFIGURATION mode (see chapter 6)  
2. set the TPEN bit and configure the TPREFN bit in register CTRL0 (see 6.1.3.4 and 6.1.3.3) 
3. leave CONFIGURATION mode using a RESET command (see Figure 5) 

 
In topology discovery mode, the RX pin shall indicate the polarity of the differential signal at the line pins, 
using an NRZ coding instead of the default RZI coding. That is, the transceiver shall drive the RX pin high if the 
differential line voltage is greater than 0. Otherwise, it shall drive the RX pin low. 

The ED pin works as specified in 4.4.2, except that no filtering shall be applied.  

NOTE: this means that the ED pin is the output of an unfiltered window comparator with Vbh and Vbl defined 
by Table 5 (see also 4.4.2). 
 
When the TRANSMITTING state is entered, however, the TX pin function is changed to match the features 
depicted in Figure 16: 

• On the falling edge of the TX pin, the transceiver shall start driving the line with low impedance and 
polarity set after the serializer output, as defined in the Topology Discovery specifications. 

• The duration of the pulse driving the line is timed by the PMD transceiver and not by the duration of 
the TX pin low-pulse. The actual width of the pulse generated at the line interface shall match the 
TD_pulse duration reported in the Topology Discovery specifications. 

• After 20 ns to 30 ns (nominal time) from the initial TX pin falling edge, the host shall drive the TX pin at 
a logical high level. This is how the host produces a single TD_pulse, hence the PMD transceiver must 
not confuse the TX pulse with a RESET command. 

• At the end of the pulse at the line interface, the scrambler, the 1B/2B encoder, and the serializer 
blocks shall be updated to prepare for the next TD_pulse, as specified in the Topology Discovery 
specifications. 

 

The method to produce a TD_pulse of the required length is implementation-defined. 

1
B

/2
B
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Note that the transceiver must still decode RESET commands conveyed on the TX pin as specified in 4.3.1 to 
exit the TRANSMITTING state and return to NORMAL state. 
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9 Electrical Characteristics 

The electrical characteristic of the LINE pins of the transceiver shall comply with the ones specified in this 
chapter. 

All defined values shall be supported by implementations within their specified supply tolerance range. 

9.1 DC characteristics 

9.1.1 Differential line voltage amplitude 
The maximum peak-to-peak differential voltage (Vtx) shall be the one specified in Clause 147.5.4.1 (Transmitter 
output voltage) of [1]. 

9.1.2 Interface pins voltage 
The reference voltage for the TX, RX, and ED pins of the transceiver should conform to the appropriate JEDEC 
digital interface specification. 

9.2 AC Characteristics 

The AC characteristics test conditions are defined by the circuit in Figure 17. 

Note: VLINE is the differential voltage between the LINE+ and LINE- pins 

LINE+

RX

ED
LINE-

TX

RL

 0   
CL

15 pF 

15 pF 15 pF 

PMD transceiver

TX
VLINE

 

Figure 17: Timing test circuit 
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9.2.1 TX pin rise/fall timings 
When driven by the host controller, the rise time of the TX pin, regardless of the reference voltage, shall be 
less than 6 ns. 

When driven by the host controller, the fall time of the TX pin, regardless of the reference voltage, shall be 
less than 6 ns. 

On the transceiver IC it is recommended to implement a glitch filter of less than 10ns over the TX pin assertion 
to protect against spurious spikes which may occur, for example, because of imperfections of the PCB layout. 

9.2.2 RX and ED pins rise/fall timings 
When driven by the transceiver, both the rise and fall times of the RX and ED pins, regardless of the reference 
voltage, shall be less than 6 ns. 

9.2.3 Timings in CONFIGURATION state 
The total time between the CONFIG command issued6 and the transceiver entering the configuration mode 
shall be less than 80 ns. Note that this implies that the transceiver must set the RX and ED pins as inputs (MDC, 
MDIO) within that time to avoid contentions. 

When the transceiver is in CONFIGURATION state and the host issues a RESET command, the transceiver shall 
set the RX and ED pins back to outputs within 80 ns after the TX pin is asserted high. 

9.2.4 Timings in NORMAL and TRANSMITTING state 
 

20 ns

TX

VLINE

20 ns

+30 mV

-30 mV

tPROP(TX-LineL) tPROP(TX-LineH)

20 ns

RX

tPROP(LineL-RX) tPROP(LineH-RX) tHIGH(RX)

LINE low

LINE high

80% LINE high

20% LINE low

tFALL(LINE)

20 ns 20 ns 20 ns

tRISE(LINE)

tHIGH(RX)

tLOW(RX)

40 ns 40 ns 80 ns 40 ns 40 ns 80 ns

tWIDTH(LineL) tWIDTH(LineH)

tWIDTH(RX-L) tWIDTH(RX-H)

 

 
6 Measured form the last rising edge of the TX pin 
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Figure 18: Timings in TRANSMITTING or NORMAL state 
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Parameter Notation Min 
[ns] 

Max 
[ns] 

Remark 

Transmitter specification in TRANSMITTING state 

Propagation delay from TX 
falling edge to LINE high level 

tPROP(TX-LineH) - 50 Measured from falling edge crossing 50% level on 
TX to a LINE rising voltage crossing of +30 mV (see 
Figure 18) 

Propagation delay from TX 
falling edge to LINE low level 

tPROP(TX-LineL) - 50 Measured from falling edge crossing 50% level on 
TX to a LINE falling voltage crossing of -30 mV (see 
Figure 18) 

Width LINE low level  tWIDTH(LineL) 36 44 Measured from LINE falling voltage crossing 
of -30 mV to LINE rising voltage crossing of +30 mV 
during a DME 1 symbol (see Figure 18)  

Width LINE high level tWIDTH(LineH) 36 44 Measured from LINE rising voltage crossing of 
+30 mV to LINE falling voltage crossing of -30 mV 
during a DME 1 symbol (see Figure 18) 

Receiver specification in NORMAL and TRANSMITTING state 

Propagation delay from LINE 
low level to RX 

tPROP(LineL-RX) - 80 Measured from a LINE falling voltage 
crossing -30 mV to falling edge crossing 50% level 
on RX (see Figure 18) 

Propagation delay from LINE 
low level to RX 

tPROP(LineH-RX) - 80 Measured from a LINE rising voltage crossing 
+30 mV to falling edge crossing 50% level on RX 
(see Figure 18) 

Low time RX tLOW(RX) 12 - Low time RX (see Figure 18) 

High time RX tHIGH(RX) 12 - High time RX (see Figure 18) 

Receiver timing symmetry LINE 
low level 

tREC_LOW -4 +4 Calculated as tREC_LOW = tWIDTH(RX-L) - tWIDTH(LineL) (see 
Figure 18) during a DME 1 symbol 

Receiver timing symmetry LINE 
high level 

tREC_HIGH -4 +4 Calculated as tREC_HIGH = tWIDTH(RX-H) - tWIDTH(LineH)  (see 
Figure 18) during a DME 1 symbol 

Table 10 Timing in NORMAL and TRANSMIT state 
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9.2.5 Timing from NORMAL to TRANSMITTING state 
 

RX undefined

20 ns 20 ns 180 ns 20 ns

TRANSMITTING

20 ns

TX

VLINE

40 ns 80 ns

20 ns

80 ns

NORMAL / CMD=TRANSMIT

-30 mV

tPROP(TX-LineL)

20 ns

RX

tPROP(LineL-RX)

ED

tPROP(LineH-ED)

ZLINE High-Z Active Impedance

LINE low

LINE high

40 ns

180 mV

0V

decrease

 

Figure 19: Timing from NORMAL to TRANSMITTING state LINE high level starting with DME 0 symbol 
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Figure 20: Timing from NORMAL to TRANSMITTING state LINE low level starting with DME 0 symbol 
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Figure 21: Timing from NORMAL to TRANSMITTING state LINE high level starting with DME 1 symbol 
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Figure 22: Timing from NORMAL to TRANSMITTING state LINE low level starting with DME 1 symbol 

 

 

 

Parameter Notation Min 
[ns] 

Max 
[ns] 

Remark 

Transmitter specification from NORMAL to TRANSMITTING state  

Propagation delay from TX to 
active LINE high a 

tPROP(TX-ActH) - 50 Measured from rising edge crossing 50% level on 
TX at the end of TRANSMIT command to a LINE 
rising voltage crossing of +180 mV starting from 
High-Z (see Figure 19) 

Propagation delay from TX to 
active LINE low a 

tPROP(TX-ActL) - 50 Measured from rising edge crossing 50% level on 
TX at the end of TRANSMIT command to a LINE 
falling voltage crossing of -180 mV starting from 
High-Z (see Figure 20) 

Difference between LINE active 
and LINE low-level propagation 
delay b, d 

tPROP(ActH,LineL) - 30 Calculated as tPROP(TX-ActH)  - tPROP(TX-LineL) 

(see Figure 19 and Table 10) 

Difference between LINE active 
and LINE high-level propagation 
delay b, d 

tPROP(ActL,LineH) - 30 Calculated as tPROP(TX-ActL)  - tPROP(TX-LineH) 
(see Figure 20 and Table 10) 
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ED specification from NORMAL to TRANSMITTING state 

Propagation delay from LINE 
high level to ED high a 

tPROP(LineH-ED) - 130 Measured from a LINE rising voltage crossing 
+180 mV to rising edge crossing 50% level on ED 

Propagation delay from LINE 
low level to ED high a 

tPROP(LineL-ED) - 130 Measured from a LINE falling voltage 
crossing -180 mV to rising edge crossing 50% level 
on ED 

Difference between LINE high to 
ED propagation delay and LINE 
low level to RX propagation 
delay c,d 

tPROP(ED,LineL-RX) - 50 Calculated as tPROP(LineH-ED) - tPROP(LineL-RX) 
(see Figure 19 and Table 10) 

Difference between LINE low to 
ED propagation delay and LINE 
high level to RX propagation 
delay c,d 

tPROP(ED,LineH-RX) - 50 Calculated as tPROP(LineL-ED) - tPROP(LineH-RX) 

(see Figure 20 and Table 10) 

Table 11 Timing from NORMAL to TRANSMITTING state 

 

a The first transition from high-Z to active can be either driving the LINE high or the LINE low. If an 
implementation drives the line interface in only one direction, the opposite direction specification does not 
need to be tested. 

b The difference between TX-to-LINE active propagation delay and TX-to-LINE high/LINE low propagation delay 
is required to guarantee the detection of the first full transition on the LINE by the digital PHY in case of a DME 
0 symbol. 

c The difference between LINE-to-ED propagation delay and LINE-to-RX propagation delay is required to 
guarantee the detection of the first full transition on the LINE by the digital PHY in case of a DME 0 symbol. 

d If the first transmitted symbol is a DME 1 symbol, the transceiver will not be able to guarantee proper 
signaling on the ED for the HOST to decode the data edge on the LINE reliably.  
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9.2.6 Timing from TRANSMITTING to NORMAL state  
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Figure 23: Timing from TRANSMITTING LINE high level to NORMAL state  
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Figure 24: Timing from TRANSMITTING LINE low level to NORMAL state 

Parameter Notation Min 
[ns] 

Max 
[ns] 

Remark 

Transmitter specification from TRANSMITTING to NORMAL state  

Propagation delay from TX to 
LINE zero levela 

tPROP(TX-Idle) - 65 Measured from rising edge crossing 50% level on 
TX at the end of RESET command to a LINE falling 
voltage crossing of +120 mV or a LINE rising 
voltage crossing of -120 mV (see Figure 23 and 
Figure 24) 

Delay from TX to driving LINE 
with high impedancea 

tZLINE(Act-HiZ) - 110 Measured from rising edge crossing 50% level on 
TX at the end of RESET command to driving the 
LINE with high impedance (> minimum specified 
input impedance) (see Figure 23 and Figure 24) 

ED specification from TRANSMITTING to NORMAL state 

Propagation delay from LINE 
zero level to ED higha 

tPROP(Line-ED) - 130 Measured from a LINE falling voltage crossing of 
+120 mV or a LINE rising voltage crossing 
of -120 mV to falling edge crossing 50% level on ED 
(see Figure 23 and Figure 24) 

Table 12 Timing from TRANSMITTING to NORMAL state 
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a The last transition from active to high-z can be either driving VLINE from LINE high or LINE low. 

 

9.2.7 Timing of ED in TRANSMITTING state 
TRANSMITTING

20 ns

TX

VLINE

40 ns

20 ns 20 ns

ED

LINE low

LINE high

20 ns

80 ns

20 ns 20 ns

COLLISION

tCOLDETECT(ED)

tLOW(ED)

40 ns 80 ns 40 ns 40 ns

 

Figure 25: Timing of collision detect in TRANSMITTING state 

Parameter Notation Min 
[ns] 

Max 
[ns] 

Remark 

ED specification in TRANSMITTING state  

Collision detect delay time tCOLDETECT(ED) - 4500 Measured from the start of the corrupted 
transmitted signal at the LINE (see Figure 25) 

Low time ED tLOW(ED) 21 - Minimum low time ED after collision detection 
(see Figure 25) 

Table 13 Timing of collision detect in TRANSMITTING state 
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9.2.8 Timing of ED in NORMAL state 
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Figure 26: Timing of ED in NORMAL state with LINE high-level transition to/from idle 
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Figure 27: Timing of ED in NORMAL state with LINE low-level transition to/from idle 
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Parameter Notation Min [ns] Max 
[ns] 

Remark 

ED specification in NORMAL state 

Propagation delay from LINE 
level to ED higha 

tPROP(Line-EDH) - 130 Measured from a LINE rising voltage 
crossing +180 mV or a LINE falling voltage 
crossing -180 mV to rising edge crossing 
50% level on ED (see Figure 26 and Figure 
27) 

Propagation delay from LINE 
level to ED lowa 

tPROP(Line-EDL) - 130 Measured from a LINE rising voltage 
crossing +120 mV or a LINE falling voltage 
crossing -120 mV to rising edge crossing 
50% level on ED (see Figure 26 and Figure 
27) 

ED filter timeab tED(filter) 21 39 Filter time when the LINE voltage is outside 
the +180 mV / -180 mV window or is inside 
the +120 mV / -120 mV window (see Figure 
26 and Figure 27) 

Low time EDa tLOW(ED) 21 - Minimum low time ED after no carrier 
detection (see Figure 26 and Figure 27) 

a The transitions between active and idle can be either driving the LINE from/to high or from/to LINE low. 

b If the filter time is not reached (t<tED(filter)), the ED pin stays HIGH. 
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10 Appendix 

10.1 Recommended 8-pin layout 

For optimum EMC performance, a package with an exposed die pad is recommended. The exposed die pad 
shall be connected to GND. The optional pin 5 may act as a second GND line for better failure analysis 
capabilities (e.g., if the device needs to be decapsulated from the backside). During low power mode, the VIO 
pin shall be used as an "always on" supply to detect the WUT and power the RX and ED pins. 

 

Figure 28: 8-pin layout recommendation 

10.2 Recommended 14-pin layout 

Devices with enhanced low-power functionality should be footprint compatible with the 8-pin derivatives. A 
battery supply input terminal should be included, used to supply the wakeup capability in case there is no 
other supply available (VCC and VIO may be unsupplied). The pin INH provides a battery-related high-side 
activation signal, e.g., external voltage regulators indicating the wakeup event. The WAKE pin may act as an 
additional local wakeup source and shall be battery tolerant. The assertion of WAKE shall produce on the PMD 
transceiver the same effect as the WUD (wake-up tone detected on the line). Additionally, the WAKE pin can 
be used to perform active wake forwarding, as described in the OPEN Alliance TC10 documentation7. The 
remaining pins (5 to 7) may be used for device-specific functionality. If a dedicated MDIO interface is 
implemented, pins 6 and 7 shall be used as MDIO and MDC respectively, as shown in Figure 29. 
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Figure 29: 14-pin layout recommendation 

 
7 At the time of writing this specification, the exact functionality of WAKE forwarding is not fully defined in TC10 
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