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Applicable Devices

This application note covers testing of the following Microchip 10/100/1000 transceivers devices:

B KSZ9031
B KSZ9897 (SoC with 5 embedded transceivers)

There may be other members of the family that share similar transceiver designs that Sifos has not yet tested. Additionally, there
exist Microchip devices, including the KSZ9477, that do not present the characteristics described in this application note.

PhyView Analyzer Attributes

The PhyView Analyzer from Sifos Technologies is a novel, plug’n play instrument for fully automated physical layer
inspection of 10/100/1000Base-T transceivers and interfaces. Several key features are:

®  Fully automated (one-click) testing of Auto-Neg responses, Transmitter Characteristics, and Receiver Performance
®  No requirement for oscilloscopes, test fixtures, active probes, or DUT test signals

B Ability to test up to 24 DUT ports (or 96 gigabit pairs) in a single automated test sequence

[

Impaired receiver testing including simulation of worst case IEEE 802.3 insertion loss, controlled alien crosstalk noise, and
controlled jitter

This last feature, impaired receiver testing, necessitates that the PhyView Analyzer test ports present a small amount of
wideband loss on the order of 2.5dB (0-100MHz). This fixed insertion loss impacts transmitted signal amplitudes so
that, for example, a nominal 2Vpp 100Base-T signal would be attenuated to ~1.5Vpp and a nominal 1000Base-T
transmit signal of 1.5Vpp would be attenuated to 1.12Vpp. While this does seem somewhat significant, it is well within
in the range that 10/100/1000 receivers must work with when signals run across long (e.g. 100M) lengths of cabling.

KSZ9*** Response to Small Wideband Insertion Losses

The above-mentioned Applicable Devices
demonstrate high sensitivity to the fixed | Microchip KSZ9897
wideband (2.5dB, 0-100MHz) loss presented by 3 :
the PhyView Analyzer (PVA) test ports. That
sensitivity typically prohibits or severely impairs
ability to link at 1000Base-T.

Port 1 Linked at

The situation can be replicated by simply 1000Base-T

inserting a fixed 2dB or 3dB wideband insertion i ‘
Port 2 with 2dB

loss, such as the Sifos PVA-PL4 module, between Wideband Loss ' e

the KSZ9*** port and any “known-good” omching T

10/100/1000 port. In Figure 1, Port 1 of a - i

“known-good” 10/100/1000Base-T switch is s

direct connected and linked at 1000Base-T to a
KSz9897 port. However, that same switch, when  Figure 1. KSZ9897 Unable to Link with 2dB Wideband Loss
connected via a 2dB wideband loss, is unable to

link with the KSZ9897.

A Microchip Errata document for the KSZ9897 includes an item described as: Register settings are needed to improve
PHY receive performance. These include seven volatile register settings that must be externally programmed each
time the device powers up. When those settings are applied, the symptoms described above and demonstrated in
Figure 1 will resolve and the KSZ9897 ports will link at 1000Base-T with 8dB or more of fixed wideband loss inserted in
the link. For this reason, the KSZ9897 must be managed by a host processor.
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The KSZ9031 exhibits a similar behavior when
attempting to link at 1000Base-T through a small
wideband insertion loss. In Figure 2, a KSZ9031 port is
B 4 connected through a 3dB (1dB + 2dB) wideband loss to
: 3dB (1+2 dB) the “known-good” 10/100/1000Base-T port. After a
Wideband period of time, the link comes up at 100Base-Tx, not

/ Insertion Loss 1000Base-T.
Port 2 Linked = N S

At 100Base-Tx : ~ = As of the publishing date of this document, there is no

g‘;g;:?;:;;"k L = published Microchip Errata document that appears to
address this specific limitation. There are a number of

errata that address other auto-negotiation issues.

Microchip KSz9031 |

Figure 2. KSZ9031 Unable to Link at 1000Base-T with 3dB
Wideband Loss One likely theory that would explain the 1000Base-T
link-up problems is that the small wideband loss at all
frequencies including low frequencies is interpreted by the receiver to be indicative of a very long cable where loss at
low frequency (e.g. 1IMHz) might actually be 2dB — 2.5dB while the loss at high frequencies will exceed 20dB. With that
interpretation, the receiver may over-range AGC and therefore over-drive front-end signal processing because it
expects much higher wideband power loss. This theory is consistent with the fact that both the KSZ9897 and the
KSZ9031 ports will consistently link to 1000Base-T with PVA test ports configured with the Line Loss Impairment
connected. In that configuration, the PVA test port inserts a physical impairment emulating worst case IEEE 802.3
insertion loss of a maximum length channel.

Testing KSZ9*** with the PHY Performance Test Suite
When the PHY Performance Test Suite (PTS)

PHY Performance Test Suite Report

is run, the first test, Basic Capabilities Test rort [N W i 25 2023 Teve EEEEET]
(pva_caps) will attempt to identify devices

such as the KSZ9031 and KSZ9897 by

assessing link-up stability/repeatability to %%mm& T T N N T
1000Base-T. Specifically, one component of [ 0K Toigtiode [WSFault [WstrFauit  [SivFauit [swbiiiy | Stabiliy Details \

that test identifies instability in 1000Base-T I e bor o ow e e teenie

link-ups and then, if discovered, determines if Figure 3. UNSTABLE Indication in 1000Base-T Link Metrics

application of the PVA Line Loss Filter (emulating worst case 100M insertion loss) resolves that instability. In the case

where “normal” 1000Base-T link-ups with no Line Loss are unstable but all link-ups with Line Loss inserted are

: successful, then the Stability metric will

o R - =2E  report UNSTABLE (see Figure 3). PSA
software versions 5.3.03 and later will also

include a Stability Details item indicating that

PVA_Coupler_Loss led to the instability.

PHY Performance Test Suite Report

The test suite will then try to accommodate
that instability during the upcoming
1000Base-T transmit and receive tests by
maximizing transmitted signal power to the
port-under-test during auto-negotiated link-
ups. This may or may not consistently
resolve the link-ups as needed for both
transmitter and receiver tests. In the worst
case, certain modes of auto-negotiation may
fail, such as when the PVA attempts to force
— 1000Base-T MASTER mode on the port-

: under-test.

HitH

e o e | Do e v soee In Figure 4, a KSZ9031 port was tested

Figure 4. 100Base-Tx and 1000Base-T Transmitter Testing on KS79031  successfully by a PVA test port.
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In Figure 5, a KSZ9897 port was tested
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Figure 5. 100Base-Tx and 1000Base-T Transmitter Testing on KSZ9897

The outcome from the 1000Base-T Receiver Test will also vary depending on
the degree of instability, or sensitivity to small wideband insertion loss during
link-ups. In Figure 6, the 1000Base-T Receiver Test ran successfully on a
KSZ9031 port. However, there may be cases where the forced MASTER or
forced SLAVE portion of this test will fail to report because of dropped links.

PVA Utilities for Assessing Auto-Negotiation

Q Sifos’

Technologies

similarly, however, the 1000Base-T link
instability issues manifested as a
marginally stable link when forced to
MASTER and link drops disrupted some of
the PSD measurements in this particular
case. As discussed above in KSZ9***
Response to Small Wideband Insertion
Losses, the KSZ9897 is more sensitive to
small wideband losses than the KSZ9031.

Slew_Rate= 3.5_ns -1.9dB 100/%
Slew_Rate= 5_ns -2.7dB 100(%
Noise -1 dB(40mV; 100{%
Noise 1.5 dB(40mV; 100(%
Noise 4 dB(40mV) 100|%
Jitter -4 dB(1.4ns) 100|%
Jitter -2 dB(1.4ns) 100|%
Jitter 0 dB(1.4ns; 100|%
Noise-+Jitter -15 -4.5 dB & dB 100|%
Noise+Jitter 1-3dB &dB 100/%
Noise+Jitter 3.5 -1dB & dB 100{% SNR3
1000Base-T SLAVE: Line Loss and Link_Mon
Slew_Rate= 5_ns -2.7dB 100(%
Tx Offset -100 ppm 100|%
Tx Offset 100 ppm 100|%
Tx Offset -115 ppm 100|%
Tx Offset 115 ppm 100|%
Offset+Noise -100_-1 ppm & dB 100|%
Offset+Noise 100_-1 ppm & dB 100(%
Offset+Noise -100_1.5 ppm & dB 100(%
Offset+Noise 100_1.5 ppm & dB 100{%
Offset+Noise -100_4 ppm & dB 100{%
Offset+Noise 100_4 ppm & dB 100|% SNR4

Figure 6. 1000Base-T Rx Test KSZ9031

The PhyView Analyzer offers a several tools that can produce some insight into the link-up problems described above.

First, the Link Partner Assessment
measurement in PVA Interactive provides
insight into auto-negotiation features and
behaviors of the port-under-test. This utility
can be optioned with “Gig Extras” to add
additional insight into 1000Base-T link-up
behaviors.

In Figure 7, the Link Partner Assessment was run
on a KSZ9031 port. Beside presenting all of the
advertised physical layer capabilities, the results
also include:

1. MASTER mode link-up time
2. SLAVE mode link-up time
3. (Gigabit Link-up) STABILITY

The two link-up times measure time from
physical connection until link is up. Often, when
auto-negotiation is marginally working, the link-

up times will report that as elongated times greater than 2 or 3 seconds. In this particular case with the KSZ9031, link-
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Figure 7. Link Partner Assessment with Gig Extras — KSZ9031

ups only succeeded when the Line Loss impairment was inserted by the test port, and in that condition, the link-up
times to both MASTER and SLAVE are relatively normal. The PRE_DISTORT result is what indicates that the Line Loss
impairment was required in order to get reliable 1000Base-T links.
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File Edit Help
A AL
PUA-1,1>pua_stability_check 1,1 -v

puva_stability_check:
puva_stability_check:

Determining maximum link rate...

Port under test links to 1008Base-T.

Q Sifos’
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Using PowerShell PSA software, the
instability can be more directly
inspected using the pva_stability_check
command. In Figure 8, the 1000Base-T

puva_stability_check: Configuring DUT to MASTER... . . .
pua_stability check: Configuring DUT to SLAUVE... link-up stability test is run on a KSZ9031
puva_stability_check: Applying line loss impairment.... . . .

pva_stability_check: Configuring DUT to MASTER... port andin Flgure 9' itisrunona

stability_check:

Configuring DUT to

SLAVE. ..

KSZ9897 port. In both cases, it is run

pva_
puva_stability_check:
PRE_DISTORT

PUA-1,1>

PUA-1,1> =

DUT Requires Line Loss to link?! Removing impairment...

m

with the -v option that produces some

diagnostic text. Evaluating the stability
check with the KSZ9031, the diagnostics
indicate that forced MASTER and forced

Figure 8. pva_stability_check* Run with KSZ9031 Port

SLAVE links are attempted and found to be unstable, so the utility then tries the link-up with the Line Loss impairment.
With the Line Loss impairment applied, it is discovered that both forced MASTER and SLAVE link-ups are stable and
reliable. Given this, the utility reports PRE_DISTORT.

In Figure 9, the same behavior is
observed where link-ups to forced
MASTER and/or SLAVE were unstable so
the Line Loss impairment was applied
and succeeded in getting reliable
1000Ba se-T linkups. Once again, the
utility reports PRE_DISTORT indicating
that without the Line Loss impairment,
1000Base-T links are not stable.

File Edit Help
PUA-1,1>
PUA-1,1>pua_stability check 18,1 -v

pva_stability_check: Determining maximum link rate...
pua_stability_check: Port under test links to 1008Base-T.
: Configuring DUT to MASTER...

: Configuring DUT to SLAVE...

: Applying line loss impairment....
: Configuring DUT to MASTER...

: Configuring DUT to SLAVE...

: DUT Requires Line Loss to link!?

Removing impairment...

m

Figure 9. pva_stability_check* Run with KSZ9897 Port

PowerShell PSA software also provides a command for
directly measuring link-up times, that is time from physical
connection until link indicates it is up. In Figure 10, this

File Edit Help

PUA-1,1>pva_linkup_time 18,2
Tx_Port: 10,2 LINK_TIME

H H H 18Base-T: 440 msec

command is run with two KSZ9897 ports. As was mentioned 100Baee T 280 moer
i i - 1000Base-T: 1720 msec —
earller, qne e.xternal sympt.or’r'1 of F')roblematlc.: auto gpace I: NS -
negotiations is elongated linking times. In this case, the PUA-10,2> ~

100Base-Tx link time is very normal on the first port but was
excessive (1100 msec) on then second port. The 1000Base-T F;@
. . . . . File Edit Help

link times are a bit on the high side of normal but not ”
PUA-1,1>pua_linkup_tine 2,1

excessive. Of course, without the Line Loss impairment Tx_Port: 2,7 LINK TIHE

connected, these links may not stay intact. spopasetti MO0 msec 3
1800Base-T: 1680 msec
AUTO-RATE: 1668 msec

PUA-D _1> A%

Figure 10. Link-Up Timing with KSZ9897 Port

Summary

The Microchip 10/100/1000 KSZ9*** transceivers are generally marketed to industrial or other “hardened” settings.
Typical 1000Base-T conformance testing of these devices relies on test signals and does not assess auto-negotiation
behaviors, transmission behaviors, or receiver performance while actually linked. The PhyView Analyzer relies on
auto-negotiation to link DUT ports as all transmitter, interface, and receiver testing is performed exclusively on linked
ports. The instrument has a strong track record of reliably linking to all of the “mainstream” transceivers in the market.

The KSZ9*** transceivers may test nominally when their test signals are activated and routed into oscilloscopes.
However, practical application of these devices should take into account a wider set of characteristics such as are
described in this application note.

* Examples were captured with PSA version 5.3.03 software and may look different with earlier versions.

Verilicadon, Simplified.
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