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INTRODUCTION
The PHYs provide cable diagnostics that allow detection of open or shorted Ethernet cabling, as well as estimation of
cable length to the open or short fault. The cable diagnostics consist of two primary modes of operation:

» Time Domain Reflectometry (TDR) Cable Diagnostics, which enable the detection of open or shorted cabling on
the transmit (TX) or receive (RX) pair, as well as cable length estimation to the open or short fault

» Matched Cable Diagnostics, which enable cable length estimation on 100 Mbps-linked cables
This application note describes the cable diagnostics for the LAN9253 and LAN9254 devices.

Sections

This document includes the following topics:
Time Domain Reflectometry Cable Diagnostics on page 2
Matched Cable Diagnostics on page 4

References

Consult the following documents for details on the specific parts referred to in this document.

* LAN9253 Data Sheet (www.microchip.com/DS00003421)
* LAN9254 Data Sheet (www.microchip.com/DS00003422)
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TIME DOMAIN REFLECTOMETRY CABLE DIAGNOSTICS

The PHYs provide TDR cable diagnostics that enable the detection of open or shorted cabling on the TX or RX pair, as
well as cable length estimation to the open or short fault. To utilize the TDR cable diagnostics, Auto-MDIX and Auto
Negotiation must be disabled, and the PHY must be forced to 100 Mbps Full-duplex mode. These actions must be per-
formed before setting the TDR Enable bit in the PHY x TDR Control/Status Register (PHY_TDR_CONTROL_STAT_x).
With Auto-MDIX disabled, the TDR will test the TX or RX pair selected by register bit 27.13 (Auto-MDIX state (AMDIX-
STATE)). Proper cable testing should include a test of each pair. When TDR testing is complete, prior register settings
may be restored. Figure 1 provides a flow diagram of proper TDR usage.

FIGURE 1: TDR USAGE FLOW DIAGRAM
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The TDR operates by transmitting pulses on the selected twisted pair within the Ethernet cable (TX in MDI mode, and
RXin MDIX mode). If the pair being tested is open or shorted, the resulting impedance discontinuity results in a reflected
signal that can be detected by the PHY. The PHY measures the time between the transmitted signal and received reflec-
tion, and indicates the results in the TDR Channel Length field of the PHY x TDR Control/Status Register
(PHY_TDR_CONTROL_STAT_x). The TDR Channel Length field indicates the “electrical” length of the cable and can
be multiplied by the appropriate propagation constant in Table 1 to determine the approximate physical distance to the
fault.

Note: The TDR function is typically used when the link is inoperable. However, an active link will drop when oper-
ating the TDR.

TABLE 1: TDR PROPAGATION CONSTANTS

TDR Propagation Cable Type
Constant Unknown CAT 6 CAT 5E CAT5
PoPEN 0.769 0.745 0.76 0.85
PsHORT 0.793 0.759 0.788 0.873

Since the TDR relies on the reflected signal of an improperly terminated cable, several factors can affect the accuracy
of the physical length estimate, which include:

» Cable Type (CAT 5, CAT5e, CAT6): The electrical length of each cable type is slightly different due to the twists-
per-meter of the internal signal pairs and differences in signal propagation speeds. If the cable type is known, the
length estimate can be calculated more accurately by using the propagation constant appropriate for the cable
type (see Table 1). In many real-world applications, the cable type is unknown or may be a mix of different cable
types and lengths. In this case, use the propagation constant for the “Unknown” cable type (see Table 1).

» TX and RX Pair: For each cable type, the EIA standards specify different twist rates (twists-per-meter) for each
signal pair within the Ethernet cable. This results in different measurements for the TX and RX pairs.

« Actual Cable Length: The difference between the estimated cable length and actual cable length grows as the
physical cable length increases, with the most accurate results at less than approximately 100 meter.

* Open/Short Case: Open and shorted cases will return different TDR Channel Length values (electrical lengths)
for the same physical distance to the fault. Compensation for this is achieved using different propagation con-
stants to calculate the physical length of the cable.

For an open case, the estimated distance to the fault can be calculated as follows:
Distance to Open fault in meters = TDR Channel Length * Popgy
Where, Popgy is the propagation constant selected from Table 1

For a shorted case, the estimated distance to the fault can be calculated as follows:
Distance to Short fault in meters = TDR Channel Length * PsyorT
Where, PgyorT is the propagation constant selected from Table 1

The typical cable length measurement margin of error for Open and Shorted cases is dependent on system factors such
as the selected cable type and the distance of the open/short from the device. It is also dependent on other factors such
as connector selection and trace routing on the PCB. Table 2 and Table 3 detail the typical measurement error for Open
and Shorted cases, respectively. These numbers are provided as a reference. The customer should always test the
behavior with their specific system.

TABLE 2: TYPICAL MEASUREMENT ERROR FOR OPEN CABLE (* METERS)

Selected Propagation Constant
Physical Distance to Fault
POPEN =CAT 6
CAT 6 Cable, 10m 3
CAT 6 Cable, 50m 6
CAT 6 Cable, 100m 8
CAT 6 Cable, 140m 12
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TABLE 3: TYPICAL MEASUREMENT ERROR FOR SHORTED CABLE (+ METERS)

Selected Propagation Constant

Physical Distance to Fault
PSHORT =CAT6

CAT 6 Cable, 10m 1
CAT 6 Cable, 50m 5
CAT 6 Cable, 100m 7
CAT 6 Cable, 140m 11

MATCHED CABLE DIAGNOSTICS

Matched cable diagnostics enable cable length estimation on 100 Mbps-linked cables of up to 120 meters. If there is an
active 100 Mb link, the approximate distance to the link partner can be estimated using the PHY x Cable Length Register
(PHY_CABLE_LEN_Xx). If the cable is properly terminated, but there is no active 100 Mb link (for example, the link part-
ner is disabled, non-functional, the link is at 10 Mb, and so on), the cable length cannot be estimated and the

PHY x Cable Length Register (PHY_CABLE_LEN_x) should be ignored. The estimated distance to the link partner can
be determined via the Cable Length (CBLN) field of the PHY x Cable Length Register (PHY_CABLE_LEN_x) using the
lookup table provided in Table 4. The typical cable length measurement margin of error for a matched cable case is
+20m. The matched cable length margin of error is consistent for all cable types from 0 to 120m.

TABLE 4: MATCH CASE ESTIMATED CABLE LENGTH (CBLN) LOOKUP

CBLN Field Value Estimated Cable Length

O0to3 0
4 6
5 17
6 27
7 38
8 49
9 59
10 70
11 81
12 91
13 102
14 113
15 123

Note:  For a properly terminated cable (Match case), there is no reflected signal. In this case, the TDR Channel I
Length field is invalid and should be ignored.

SUMMARY

This application note describes the two primary modes of cable diagnostics for LAN9253 and LAN9254 devices, and
describes a way to locate a fault in the Ethernet cable in the EtherCAT system.
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APPENDIX A: APPLICATION NOTE REVISION HISTORY

TABLE A-1:  REVISION HISTORY

Revision Level & Date

Section/Figure/Entry

Correction

DS00003756A
(12-18-20)

Initial release
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at www.microchip.com. This web site is used as a means to make
files and information easily available to customers. Accessible by using your favorite Internet browser, the web site
contains the following information:

» Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQ), technical support requests, online discussion
groups, Microchip consultant program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

CUSTOMER CHANGE NOTIFICATION SERVICE

Microchip’s customer notification service helps keep customers current on Microchip products. Subscribers will receive
e-mail notification whenever there are changes, updates, revisions or errata related to a specified product family or
development tool of interest.

To register, access the Microchip web site at www.microchip.com. Under “Support”, click on “Customer Change Notifi-
cation” and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

» Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support. Local sales

offices are also available to help customers. A listing of sales offices and locations is included in the back of this
document.

Technical support is available through the web site at: http://microchip.com/support
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