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INTRODUCTION
This application note provides detailed information about the 1000BASE-T distortion behavior of Microchip PHYs. For
more information about IEEE standards, see IEEE 802.3-2008, clause 40.6 PMA electrical specifications. For more
information about the Tektronix® TDSET3 Ethernet test compliance software manual, see http://www.tek.com/manual/
tdset3-ethernet-test-compliance-software-printed-help-document.
The 1000BASE-T transmitter distortion test checks the accuracy of all 17 analog signal levels transmitted over the CAT5
media and ensures those levels are sufficiently accurate in the middle of the unit interval (UI) (that is, the middle of the
eye). That check guarantees a receiver that is correctly locked in the middle of the UI can recover the analog level cor-
responding to a specific symbol sent from its link partner’s transmitter.
When distortion versus phase offset is not plotted, the peak transmitter distortion figure reported does not tell the loca-
tion of the peak within the UI. Most likely, that distortion is located on the signal edges and is irrelevant for the system’s
performance. Moreover, the reported distortion figure does not provide any information about the distortion around the
middle of the eye, which is critical to message bit error rate.
For more than a decade, all Gigabit PHYs in the Ethernet industry have been successfully designed and tested with the
1000BASE-T distortion test using the best-phase approach evaluated at the eye midpoint. Before IEEE 802.3-2008
introduced a 60% UI minimum for peak distortion compliance, all available interoperability and Ethernet compliance soft-
ware within the industry, such as Tektronix TDSET3 Ethernet compliance software, tested in accordance with the best-
phase approach.
For Microchip VSC PHYs, the 1000BASE-T transmitter, operating in enhanced mode, will greatly exceed the IEEE
802.3-2008 distortion specification. However, the enhanced mode of operation sacrifices power efficiency in order to
decrease slew-rate-induced distortion with no benefit to system performance. Therefore, the enhanced mode of oper-
ation is not recommended.
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1000BASE-T TRANSMITTER TEST MODES
Two 1000BASE-T test modes help explain the transmitter distortion constraints:
• Transmitter Test Mode 1
• Transmitter Test Mode 4

Transmitter Test Mode 1
Figure 1 shows the waveform tested in Transmitter Test Mode 1, as it is described in Figure 40-19 of IEEE 802.3-2008.

This test mode checks for the following:
• Absolute accuracy of the amplitude of the signal for the positive and negative pulses (40.6.1.2.1)
• Symmetry of the positive and negative pulses (40.6.1.2.1)
• Shape of all the pulses (40.6.1.2.3)

FIGURE 1: TRANSMITTER TEST MODE 1
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The shape of the pulses is checked by using very tight templates from IEEE 802.3-2008 Figure 40-26, as seen in
Figure 2.

Microchip PHYs pass the amplitude and matching tests with good margin and excellent conformance for the template
tests.

FIGURE 2: NORMALIZED TRANSMIT TEMPLATES

Note 1: The horizontal opening of the templates around the 0.4 vertical value is about 1.25 ns, which means that
the edge rates of the signal are set with accuracy much better than 1 ns.

2: According to IEEE 802.3-2008 Figure 40-19, the signal is checked against 11 different templates, identi-
fied as templates A to M. Conformance with these templates guarantees that the spectral content of the
signal induced by the rise and fall times of the signal will not create EMI issues.
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Transmitter Test Mode 4
This test is described in IEEE 802.3-2008, subsection 40.6.1.24. A representative waveform associated with this test,
which is acquired from a Microchip PHY, is shown in Figure 3.

The top part of the oscilloscope trace shows the entire 2047-symbol waveform required by the standard, and the bottom
part zooms in on a portion of the signal bracketed in the top part. The distortion test is defined in subsection 40.6.1.24
by a MATLAB routine that is not reproduced here, but can be found at http://ieee802.org/3/publication/ab
/distortion.m.txt. For the purpose of this application note, it should be noted that the MATLAB code:
• describes an ideal signal that is 2047 symbols long with 17 levels that are generated after PAM-5 encoding and 

shaping through the transmit shaping filter, as seen in the zoomed part of illustration.
• determines a best-fit waveform by post-processing the acquired signal.
• computes the distortion as deviation of the acquired signal from the best-fit waveform.
The distortion is computed for all 2047 symbols. For each symbol, distortion is computed at a different time instance or
arbitrary phase during a unit interval (same as a transmit clock period). For each phase, the maximum error constitutes
the distortion. According to IEEE 802.3-2008, “A PHY is considered to pass this test if the peak distortion is below 10
mV for at least 60% of the UI within the eye opening.”

FIGURE 3: TRANSMITTER TEST MODE 4 WAVEFORM

 

http://ieee802.org/3/publication/ab/distortion.m.txt
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TRANSMITTER DISTORTION EXPLAINED
As explained in Transmitter Test Mode 1, the absolute amplitude accuracy and the shape of the signal are fully checked
using the Test Mode 1 signal. Because the 1000BASE-T transmission is PAM-based, a test that checks for the accuracy
of all amplitude levels used in the PAM encoding should exist. That is what the 1000BASE-T distortion test does.
The 1000BASE-T transmitter distortion test checks the accuracy of all 17 analog levels and ensures those levels are
sufficiently accurate in the middle of the UI. That check guarantees a receiver that is correctly locked in the middle of
the UI can recover the analog level corresponding to a specific symbol sent from its link partner’s transmitter.
Prior to the IEEE 802.3-2008 revision of the transmitter distortion specification, oscilloscope Ethernet compliance soft-
ware (such as Tektronix’s TDSET3) measured and reported as its 1000BASE-T distortion result the level error associ-
ated with a single phase, namely the best locking phase in the middle of the UI.
Since the introduction of the 802.3-2008 amendment, oscilloscope vendors have been updating Ethernet compliance
software to check distortion across the entire UI for 40 phases (for example, TDSET3 version 3.2.5 used for this report).
It should be stressed that for more than a decade, all Gigabit PHYs in the Ethernet industry have been designed and
tested with the 1000BASE-T distortion test using the original best-phase approach. Thus, the original best-phase
approach was acceptable for 1000BASE-T PHY adoption in the marketplace, as demonstrated by over a decade of
1000BASE-T proliferation prior to the IEEE 802.3-2008 amendment.
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MEASURING 1000BASE-T DISTORTION USING ETHERNET COMPLIANCE 
SOFTWARE
The following sections describe the results from measuring the 1000BASE-T distortion using Ethernet compliance soft-
ware.

Result #1: 100% of UI Passed
Figure 4 shows the distortion results for a Microchip PHY, as reported by the TDSET3 version 3.2.5 build 5. The report
shows that for all 40 phases, the distortion is below 10 mV. The peak distortion is reported as 7.792 mV.

However, the report does not tell the location of the distortion within the UI. Most likely, that distortion is located on the
signal edges and is irrelevant for the system’s performance.

FIGURE 4: ETHERNET COMPLIANCE REPORT FOR 100% OF THE UI PASSING
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Result #2: Less Than 100% of UI Passed
Figure 5 shows another Ethernet compliance report for a Microchip PHY that passes the transmitter distortion test over
less than 100% of the UI.

The previous report states the PHY passes for 85% of the tested phases and that the peak distortion is 9.982 mV. The
85% value (34 out of 40) is correct.
A distortion figure of 9.982 mV versus a 10 mV maximum value suggests a very marginal pass. Strictly speaking, the
9.982 mV figure is also correct but is irrelevant.

FIGURE 5: ETHERNET COMPLIANCE REPORT FOR LESS THAN 100% OF THE UI PASSING
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To provide better meaning to the distortion result, a plot of measured distortion versus phase within a UI should be
reported. Such a plot for a Microchip PHY that is generated using internal software is shown in Figure 6.

The red arrow indicates the peak distortion value reported by the oscilloscope. It is the last passing value before the first
failing value as the black arrow indicates. It can be seen that if the number of phase offsets were increased to several
hundreds, the reported figure of distortion would always be 9.999 mV.
Moreover, the reported distortion illustration does not provide any information about the distortion around the middle of
the eye, which is a very good value of 5.8 mV in this case. As previously discussed, old versions of Ethernet compliance
oscilloscope software (for example, TDSET3 version 3.2.1) would have reported the best-phase distortion value instead
of 9.982 mV. In accordance with the transmitter distortion requirement prior to IEEE 802.3-2008, the best-phase value
(5.8 mV) would be a well-understood figure of merit for evaluating a digital communications system, to the extent that it
provides useful information about the vertical opening of the eye.

FIGURE 6: TRANSMITTER DISTORTION VERSUS UI-NORMALIZED PHASE



 2020 Microchip Technology Inc. DS00003455B-page 9

AN3455
Figure 7 shows another distortion plot acquired at Microchip labs from a 1000BASE-T PHY. In this situation, TDSET3
reports a passing 36 phases out of 40 (that is, 90% of the UI). However, this case is technically a marginal distortion
result, as can be seen from careful study of measured distortion versus phase instead of the peak value. The distortion
in the eye’s middle is 9.8 mV and does not improve to less than 8 mV for a ±15% UI range around the middle of the eye.

The two previous examples show that reporting a peak distortion figure rather than an actual measured distortion versus
phase offset plot is irrelevant when evaluating transmitter distortion. Moreover, that data does not provide critical infor-
mation about distortion in the middle of the eye, where it would have direct impact on receiver performance.

FIGURE 7: TRANSMITTER DISTORTION PASSING OVER 90% OF THE UI
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Result #3: Distortion Tests Failed
Figure 8 shows a typical Ethernet compliance report for a PHY failing the distortion test.

The report shows the PHY passes for 18 phases, along with a distortion figure of 37.4 mV. Such a distortion peak value
is huge and, if it actually corresponds to a symbol sampling point, would be of real concern. In fact, no practical com-
munications system would work in the presence of such a huge received symbol distortion.

FIGURE 8: ETHERNET COMPLIANCE REPORT FOR A FAILING UI (LESS THAN 60% OF UI)
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Figure 9 shows the actual distortion behavior behind the result. In this case, the peak distortion figure as the oscillo-
scope reports is the highest value within the UI, indicated by the red arrow.

The actual distortion around the eye’s midpoint is 7.5 mV and remains less than 8 mV for almost 40% of the UI. The
peak distortion of 37 mV appears at the symbol edge, which is far from the eye opening, and is thus irrelevant. The
distortion at the symbol edge has no impact on system functionality.

FIGURE 9: TRANSMITTER DISTORTION FAILING MORE THAN 60% OF UI
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1000BASE-T TRANSMITTER DISTORTION BEHAVIOR
The following sections describe the 1000BASE-T distortion behavior for Microchip 1000BASE-T transmitters.

1000BASE-T Distortion in Normal Operation Mode
In the Normal Operation mode, a Microchip 1000BASE-T transmitter may marginally fail the distortion test in its most
recent measurement method. Figure 10 shows a typical plot for a complete PHY port (channels A, B, C, and D). The
average distortion in the middle of the eye is approximately 5 mV, and the distortion is flat for 15% of the UI range around
the midpoint of the eye.

There are two very distinct distortion mechanisms observable in the UI:
• Slew rate-induced (SR) distortion
• Amplitude settling-induced (AS) distortion
SR distortion appears during signal transients (at rise and fall times). In today’s industry-standard circuit solution, SR
distortion directly depends on the transmitter bias current. The only way to reduce SR distortion is to increase the trans-
mitter bias current. However, SR distortion performance is not integral to signal recovery.
On the other hand, AS distortion is observed in the middle of the eye (where the amplitude level is settled). The AS
distortion is important for signal recovery. The AS distortion also depends on the bias current, but can be satisfactorily
improved (with a Microchip-proprietary circuit solution) in the middle of the eye with a significantly lower bias level than
the industry-standard.
However, achieving an efficient bias level with a satisfactory amount of AS distortion also increases SR distortion. Thus,
the additional SR distortion does not affect overall system performance. That is a deliberate power versus percent UI
distortion trade-off, which offers a solid distortion figure for Microchip PHYs along with the lowest 1000BASE-T trans-
mitter power consumption figure in the industry.

FIGURE 10: TYPICAL DISTORTION FOR MICROCHIP PHY IN NORMAL OPERATION MODE
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Extensive system-level, validation, and characterization tests have been conducted using a bias level corresponding to
Normal Operation mode. Furthermore, extensive system-level tests have been conducted using the bias corresponding
to Normal Operation mode. All tests proved that Microchip PHYs meet all IEEE 802.3-2008 requirements with ample
margin.

1000BASE-T Distortion in Enhanced Operation Mode
Microchip’s VSC PHYs have the ability to operate its 1000BASE-T transmitter in a mode that is fully compliant with IEEE
802.3-2008. The distortion plot for the same PHY measured in the previous illustration is shown operating in Enhanced
Operation mode in Figure 11.

The distortion performance greatly surpasses the IEEE 802.3-2008 requirement, as it passes the 10 mV threshold
requirement for 100% of the UI versus the 60% UI required. Overall, the distortion is below 7.5 mV for every phase offset
and is approximately 5 mV in the middle of the eye.

FIGURE 11: TYPICAL DISTORTION FOR MICROCHIP VSC PHY IN ENHANCED OPERATION 
MODE
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DISTORTION BEHAVIOR IN NORMAL VERSUS ENHANCED OPERATION MODE
To analyze the costs and benefits of the two modes of operation, the distortion plots for both modes are overlaid, as
seen in Figure 12.

The distortion in the eye’s middle is practically the same for both modes of operation. In other words, additional power
burned to reduce SR-induced distortion does not improve system performance. The enhancement of distortion figure
flatness far from the eye’s midpoint is insignificant whenever the system is phase-locked near the middle of the eye (that
is, during normal transceiver operation). The Enhanced Operation mode has no value other than achieving standards-
compliance for the distortion test.

FIGURE 12: COMPARISON OF TYPICAL DISTORTION FOR MICROCHIP VSC PHY: NORMAL 
VERSUS ENHANCED OPERATION MODES
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Figure 13 illustrates a waveform comparison of the two modes of operation.

The zoomed portion of the oscilloscope screenshot shows no practical difference in the Test Mode 4 waveform between
the two operational modes. In fact, the slight difference corresponding to the SR-induced distortion region is hardly
noticeable as vertical “stripe artifacts,” where the green and brown reference waveforms are overlaid, as seen in
Figure 12.

FIGURE 13: COMPARISON OF TEST MODE 4 WAVEFORM: NORMAL VERSUS ENHANCED 
OPERATION MODE
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Figure 14 shows the Test Mode 4 waveform zoomed in.

FIGURE 14: ZOOMED-IN COMPARISON OF TEST MODE 4 WAVEFORM
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CONCLUSION
The 1000BASE-T distortion test was presented in the context of other relevant tests for the IEEE 802.3-2008 standard.
The main goal of the distortion test is to check the accuracy of the 17 analog levels used in the 1000BASE-T transmitted
signal. The distortion test does not aim to evaluate overall signal shape, which is primarily checked by the template tests
in Test Mode 1.
The 1000BASE-T distortion test results obtained from the TDSET3 software (version 3.2.5) have been analyzed and
interpreted using a Microchip-generated plot of distortion versus UI phase. The limited usefulness of the peak distortion
figure at an arbitrary phase in the UI has been emphasized.
The impact of the Enhanced Operation mode on the 1000BASE-T distortion behavior has been presented in detail and
has been contrasted with the Normal Operation mode. The Microchip 1000BASE-T transmitter, operating in Normal
Operation mode, may marginally fail IEEE 802.3-2008 distortion specification. However, that has no direct impact on
system-level performance or interoperability. Its sole impact is to the IEEE conformance test result.
The Microchip VSC PHY 1000BASE-T transmitter, operating in the Enhanced Operation mode, greatly exceeds IEEE
802.3-2008 distortion specification. However, the Enhanced Operation mode is less power-efficient, and the corre-
sponding distortion improvement has no significance in the overall system performance. Therefore, the Enhanced Oper-
ation mode is not recommended.
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APPENDIX A: APPLICATION NOTE REVISION HISTORY

TABLE A-1: REVISION HISTORY

Revision Level & Date Section/Figure/Entry Correction

DS00003455B
(09-24-20)

Changed the name of the author to Frederic Deboes.

DS00003455A
(04-16-20)

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

http://www.microchip.com
http://www.microchip.com
http://www.microchip.com


 2020 Microchip Technology Inc. DS00003455B-page 21

Information contained in this publication is provided for the sole purpose of designing with and using Microchip products. Information regarding device
applications and the like is provided only for your convenience and may be superseded by updates. It is your responsibility to ensure that your application
meets with your specifications. 

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND
WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT
NOT LIMITED TO ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE. 

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL OR CONSEQUENTIAL LOSS, DAMAGE,
COST OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP
HAS BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE WILL NOT EXCEED THE AMOUNT
OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR THE INFORMATION. Use of Microchip devices in life support and/or
safety applications is entirely at the buyer's risk, and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights
unless otherwise stated.

Trademarks
The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT, chipKIT logo, 
CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, 
MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, 
PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon, 
TempTrackr, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology Incorporated in the U.S.A. 
and other countries.

APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed Control, HyperLight Load, IntelliMOS, Libero, 
motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, 
TimeCesium, TimeHub, TimePictra, TimeProvider, Vite, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the 
U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BlueSky, BodyCom, CodeGuard, 
CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, 
ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP, INICnet, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, 
Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, 
PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI, SuperSwitcher, 
SuperSwitcher II, Total Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are trademarks of 
Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of Microchip Technology Inc. in 
other countries.
GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in other 
countries. 

All other trademarks mentioned herein are property of their respective companies.

© 2020, Microchip Technology Incorporated, All Rights Reserved.

ISBN: 978-1-5224-6837-0

Note the following details of the code protection feature on Microchip devices:
• Microchip products meet the specifications contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is secure when used in the intended manner and under normal conditions. 

• There are dishonest and possibly illegal methods being used in attempts to breach the code protection features of the Microchip 
devices. We believe that these methods  require using the Microchip products in a manner outside the operating specifications 
contained in Microchip's Data Sheets. Attempts to breach these code protection features, most likely, cannot be accomplished 
without violating Microchip's intellectual property rights. 

• Microchip is willing to work with any customer who is concerned about the integrity of its code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not 
mean that we are guaranteeing the product is "unbreakable." Code protection is constantly evolving. We at Microchip are 
committed to continuously improving the code protection features of our products. Attempts to break Microchip's code protection 
feature may be a violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software or 
other copyrighted work, you may have a right to sue for relief under that Act.

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.

www.microchip.com/quality


DS00003455B-page 22  2020 Microchip Technology Inc.

AMERICAS
Corporate Office
2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200 
Fax: 480-792-7277
Technical Support: 
http://www.microchip.com/
support
Web Address: 
www.microchip.com
Atlanta
Duluth, GA 
Tel: 678-957-9614 
Fax: 678-957-1455
Austin, TX
Tel: 512-257-3370 
Boston
Westborough, MA 
Tel: 774-760-0087 
Fax: 774-760-0088
Chicago
Itasca, IL 
Tel: 630-285-0071 
Fax: 630-285-0075
Dallas
Addison, TX 
Tel: 972-818-7423 
Fax: 972-818-2924
Detroit
Novi, MI 
Tel: 248-848-4000
Houston, TX 
Tel: 281-894-5983
Indianapolis
Noblesville, IN 
Tel: 317-773-8323
Fax: 317-773-5453
Tel: 317-536-2380
Los Angeles
Mission Viejo, CA 
Tel: 949-462-9523
Fax: 949-462-9608
Tel: 951-273-7800 
Raleigh, NC 
Tel: 919-844-7510
New York, NY 
Tel: 631-435-6000
San Jose, CA 
Tel: 408-735-9110
Tel: 408-436-4270
Canada - Toronto
Tel: 905-695-1980 
Fax: 905-695-2078

ASIA/PACIFIC
Australia - Sydney
Tel: 61-2-9868-6733
China - Beijing
Tel: 86-10-8569-7000 
China - Chengdu
Tel: 86-28-8665-5511
China - Chongqing
Tel: 86-23-8980-9588
China - Dongguan
Tel: 86-769-8702-9880 
China - Guangzhou
Tel: 86-20-8755-8029 
China - Hangzhou
Tel: 86-571-8792-8115 
China - Hong Kong SAR
Tel: 852-2943-5100 
China - Nanjing
Tel: 86-25-8473-2460
China - Qingdao
Tel: 86-532-8502-7355
China - Shanghai
Tel: 86-21-3326-8000 
China - Shenyang
Tel: 86-24-2334-2829
China - Shenzhen
Tel: 86-755-8864-2200 
China - Suzhou
Tel: 86-186-6233-1526 
China - Wuhan
Tel: 86-27-5980-5300
China - Xian
Tel: 86-29-8833-7252
China - Xiamen
Tel: 86-592-2388138 
China - Zhuhai
Tel: 86-756-3210040 

ASIA/PACIFIC
India - Bangalore
Tel: 91-80-3090-4444 
India - New Delhi
Tel: 91-11-4160-8631
India - Pune
Tel: 91-20-4121-0141
Japan - Osaka
Tel: 81-6-6152-7160 
Japan - Tokyo
Tel: 81-3-6880- 3770 
Korea - Daegu
Tel: 82-53-744-4301
Korea - Seoul
Tel: 82-2-554-7200
Malaysia - Kuala Lumpur
Tel: 60-3-7651-7906
Malaysia - Penang
Tel: 60-4-227-8870
Philippines - Manila
Tel: 63-2-634-9065
Singapore
Tel: 65-6334-8870
Taiwan - Hsin Chu
Tel: 886-3-577-8366
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei
Tel: 886-2-2508-8600 
Thailand - Bangkok
Tel: 66-2-694-1351
Vietnam - Ho Chi Minh
Tel: 84-28-5448-2100

EUROPE
Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4485-5910 
Fax: 45-4485-2829
Finland - Espoo
Tel: 358-9-4520-820
France - Paris
Tel: 33-1-69-53-63-20 
Fax: 33-1-69-30-90-79 
Germany - Garching
Tel: 49-8931-9700
Germany - Haan
Tel: 49-2129-3766400
Germany - Heilbronn
Tel: 49-7131-72400
Germany - Karlsruhe
Tel: 49-721-625370
Germany - Munich
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560
Israel - Ra’anana 
Tel: 972-9-744-7705
Italy - Milan 
Tel: 39-0331-742611 
Fax: 39-0331-466781
Italy - Padova
Tel: 39-049-7625286 
Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-7288-4388
Poland - Warsaw
Tel: 48-22-3325737 
Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Gothenberg
Tel: 46-31-704-60-40
Sweden - Stockholm
Tel: 46-8-5090-4654
UK - Wokingham
Tel: 44-118-921-5800
Fax: 44-118-921-5820

Worldwide Sales and Service

02/28/20

http://support.microchip.com
http://www.microchip.com

	Introduction
	1000BASE-T Transmitter Test Modes
	Transmitter Test Mode 1
	Transmitter Test Mode 4
	Transmitter Distortion Explained


	Measuring 1000BASE-T Distortion Using Ethernet Compliance Software
	Result #1: 100% of UI Passed
	Result #2: Less Than 100% of UI Passed
	Result #3: Distortion Tests Failed

	1000BASE-T Transmitter Distortion Behavior
	1000BASE-T Distortion in Normal Operation Mode
	1000BASE-T Distortion in Enhanced Operation Mode

	Distortion Behavior in Normal Versus Enhanced Operation Mode
	Conclusion
	Appendix A: Application Note Revision History
	The Microchip Web Site
	Customer Change Notification Service
	Customer Support
	Worldwide Sales and Service



