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INTERTEK TESTING SERVICES, INC.

3933 US ROUTE 11, CORTLAND, NEW YORK 13045

GINMCE NERS

ORDER NO.: J99032023-406 DATE: May 23, 2000

REPORT NO.: J99032023-002

RENDERED TO:

Microtest
4747 North 22" Street
Phoenix, AZ 85016

TEST: Performance Verification testing to the Level lle and Level Ill requirements of EIA/TIA 568-A, Cat. 5e
and Cat. 6, Draft 5

STATEMENT OF LIMITATIONS: At the client's request, the purpose of this report is to provide electrical
performance data on the test sample. It is not valid to use this report for any
other purpose.

STANDARDS USED:

ASTM D4566-94, dated June 15, 1994, Standard Test Methods for Electrical Performance Properties of
Insulations and Jackets for Telecommunications Wire and Cable

ANSI/TIA/EIA-568-A Draft 5, Transmission Performance Specifications for 4 Pair, 100 W Category 6 Cabling.

ANSI/TIA/EIA-568-A-5-2000 dated January 27, 2000, Transmission Performance Specifications for 4-Pair, 100
W Category 5e Cabling

TSB95, Additional Transmission Performance Guidelines for 4-Pair 100 W Category 5e Cabling

AUTHORIZATION: The tests were authorized by Mr. Jim Sciacero, representing the client, Microtest, via
Purchase Order 5871.

SPECIMEN DESCRIPTION: The client supplied a set of OmniScanner, Field Test Instruments.

DATE(s) OF TEST: December 15, 1999 - February 16, 2000
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EQUIPMENT LIST:

The following equipment was employed in conducting the tests.

Model Serial Control Calibration
Equipment Used Number Number Number Date
Hewlett Packard vector Network Analyzer HP8753E US38161404 N/A 09/09/99

PROCEDURE(S), REQUIREMENT(S) AND RESULT(S):

I. Phase |

The scope of this phase was to determine compliance to Annex B of TIA/EIA 568-A-5 for Level lle and Annex B
of TIA/JEIA 568-A, Cat. 6, Draft 5 for Level Il accuracy. The testing was witnessed by an ITS representative at
the client's facility located at 4747 North 22™ Street Phoenix, AZ 85016. The procedures and results, as
provided by the client, for this phase are contained in Appendix A of this report. The requirements referenced
for compliance are contained in Annex B of TIA/EIA 568-A-5 for Level lle and Annex B of TIA/EIA 568-A, Cat.
6, Draft 5 for Level Ill accuracy. A total of five units were tested for this phase. The results from the five units
were consistent with each other, therefor Appendix A of this report contains the results of one of the five units
tested. The results of the remaining four units are on file and contained in report J99032023-001.

Il. Phase Il

The scope of this phase was to determine the correlation of the product tested compared to an HP 8753E
Network Analyzer. Comparison measurements were made for Attenuation, Near End Crosstalk (NEXT),
Return Loss (RL) and Far End Crosstalk (FEXT) from 1 — 250 MHz. The results are contained in Appendix B of
this report. The requirements for the comparison are derived from the accuracy of the field tester and the
network analyzer. The accuracies shown here were calculated using TIA and minimum compliant field tester
error models.

Accuracies for Field Tester

Frequency: 1 10 100 200 250
Attenuation: 1.10 0.78 0.92 1.01 1.55
NEXT: 1.26 1.48 1.60 1.78 2.32
RL: e 2.67 1.76 2.18 2.48

Accuracies for Network Analyzer

Frequency: 1 10 100 200 250
Attenuation: 0.18 0.22 0.22 0.22 0.22
NEXT: 0.30 0.28 0.38 0.48 0.53
RL: 0.00 0.35 0.26 0.31 0.44
ll. Set-Up

A sixty (60) meter basic link with Cat. 6 performance was used as the reference standard. The parameters
referenced in Phase Il were measured as indicated here after. The lab test fixture included a four (4) BH
baluns fixture connected to an HP 8753E Network Analyzer.
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PROCEDURE(S), REQUIREMENT(S) AND RESULT(S) (continued):

IV. Measurements
Attenuation

The Attenuation of all four conductor pairs was measured in accordance with ASTM D4566-94,
Paragraph 26.

Near-End Crosstalk (NEXT)

NEXT measurements were made between the six combinations of the four conductor pairs in
accordance with ASTM D4566-94, Paragraph 24.

Far-End Crosstalk (FEXT)

FEXT was measured on twelve permutations of four conductor pairs, in accordance with ASTM D
4566-94, Paragraph 25.

Return Loss

Return Loss was measured on four conductor pairs, in accordance with ASTM D 4566-94, Paragraph
45.3.
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CONCLUSION:

The Field Test Unit, as previously described and supplied by the client, was tested in accordance with the
procedures contained herein, and did comply with the indicated applicable requirements for Level lle (basic link
and channel) and Level Ill (basic link). The Phase | verification of the Field Test Unit intrinsic measurement
parameters, showed it fully complied with and exceeded the requirements of a Level Ill instrument. The Basic
Link Network Analyzer / Field Test Unit correlation tests conducted during Phase Il as defined by TIA/EIA 568-
A and the procedures in the report, showed good agreement between the Network Analyzer and OMNIScanner
measurements. In most cases the measurements from the Network Analyzer and the Field Test Unit are
coincident.

Reviewed and Approved By:

Brian Ensign
Technical Team Leader
Communications Products

Aaw niara /,

Edania Hernandez
Technical Writer
Communications Products

/%r LALT) 7'[)4,{ ,{;‘*‘7’('
/

Karen Harvey
Program Administrator
Communications Products
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APPENDIX A
Phase | Procedures and Results
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I nstrument M easurement Performance Verification
Test Procedurefor the OMNI Scanner 2

1 Scope

The purpose of this document is to outline the test procedures used to measure the ingtrinic
messurement performance parameters of the Microtest OMNIScanner 2 againgt the key
performance parameters outlined in TIA Leve 3 accuracy requirements.

2 Required Equipment / Resources

Microtest OMNIScanner 2

Microtest Matlab Test Scriptsand DLLs

Microtest Hypertext Scipts

Matlab V5.2

IBM compatible persona computer running MS Windows 98
HP4195A Network Anayzer and associate test sets
HP41952A Transmission/Reflection Test Set

HP 8495G 0-81 programmable Step Attenuators

Attenuator correction file “HPATTN.DAT”

Baune test head with multiple BH HF Baluns

Common mode test head using a precision matched resistor network

3 Accuracy Level 3 Performance Requirement Tests

The following basic instrument parameters shdl be evauated to show compliance with the Leve
3 requirements outlined in TIA Cat 6 d5 document.

Receiver Noise Floor

Resduad NEXT

Dynamic Accuracy

Resdud FEXT

Output Signa Baance
Common Mode Reection

RL Directivity

RL Tracking

RL Source Match
Measurement Port Return Loss



Characterization of only the OMNIScanner Main unit performance parmeters will be done.
The OMNIScanner 2 uses the indenitca measurement assembly and software in both the Main
and Remote unit; therfore, the measurement performance of both unitsisidentical.,

3.1 Receiver Noise

Receiver noise is a measure of the random noise relaive to a0 dB sgna when the tranamitter is
off. The measurements are made on dl four pairs usng a Matlab Script "OMNNOISE.M".
The script commands FEXT measurements on dl pairs which enables the insturments receives
across the frequency range of 1 - 300 MHz. Al pairs are terminated in 100 ohms &t the
intsrument test port. The results are graphed as well stored in an ASCI| file format on the
computer system.

The following test setup is used for Receiver Noise Floor measurements:

Computer

Svstem ‘ Instrument 100 Ohms
Y Under Test on all four pairs

Serial Communication Channel

Figurel: Recelver NOISE and Residual NEXT Test Setup
3.2 Residual NEXT

Residud NEXT isameasure of the coupling from the tranamit to receive port within the
insrument and interface connector. Residual NEXT is messured with al portsterminated in
100 ohms and performing a NEXT sweep by the instrument. The termination's are applied to
the mating instrument 160 pin interface connector. Thisis the same point at which the
ingrument makes the 0 dB reference measurement. The measurements are made on dl Six pair
combinations from 1 — 300 MHz using a Matlab script “OMNIRNXT.M” to capture the data.
Datais plotted aswell as stored in the specified file.

Since the noise floor of the measurement may dominate and mask the actua Residuad NEXT, 4
readings are taken and averaged to allow processing gain to reduce the noise so the actua
Residua NEXT can be observed.

Thetest configure of Figure 1 is used to perform the Residud NEXT characteriszation.



3.3 Dynamic Accuracy Test

Dynamic Accuracy isameasure of the performance of the instruments Signa detection process.
The OMNI Scanner uses a combination of different transmit sgnd levels and recelver gainsto
measure sgnd withing the indrument’ s dyanmic range. Correction factors derived during
ingrument factory cdibration are then applied to normdize the gpplied sgnd or gain changeto
arive a the agnd leve reative to O dB reference. Therefore, the test setup required to verify
the accuracy of the detection system must use the instruments transmitter asthe sgnal sourcein
oder to verify the measurement process. A programmable step atenuator whos attenuation has
been characterized using a Network Anayzer is used as the reference standard. The test setup
used for the dyanmic accuracy test isshown in

- Computer System

TX Pair

VT1x BH Balun

\ 4
Instrument
Under Test Programmable
RX Pair Step Attenuator

BH Balun

rd

Figure2: OMNIScanner Dynamic Accuracy Test Setup

The OMNI Scanner2 uses a single narrow band detector that operates at an | F frequency of
450 Khz. This detector ways operates at the same IF frequency regardless of operating
frequency. A test frequency of approximately 3 Mhz is choosen for thistest. The 3 Mhz point
just within the operating frequency of the externd bauns, but yet low enough S0 asto minimize
leakage around the attenuator.

Characterization of the insturments signa detection performance is done using script
“DYNACC .M”. This sripts commands OMNIScanner to make a NEXT measurement on the
desre TX and RX pairs. The script increments the attenuator setting from O to 65 dB and
performs a NEXT measurement at each attenuator setting. The script selectsthe 3



MHz data point and computes the difference between the measured attenuation and reference
attenuation.

The reference attenuation is computed at by combining the attenuator calibration data and fixed
loss through the baluns and cables used to interface the attenuator to the measurement system
[Ref Atten = Attenutor + offset]. Dyanmiac accuracy is computed as the difference between
the measured and reference attenuation. The script plots the the dyanmic accuracy as afuntion
of the reference attenuation

As part of the verification process a correction curve is obtained for the atenuator. This
correction curve is measured by connecting the attenuator to a Network Anayzer and
measuring the attenuation at each setting of the attenuator. The actua attenuation for each
setting isstored in afile caled “HPATTN.DAT.

3.4 Residual FEXT

Resdud FEXT isameaure of the coupling from an externd transmit pair to arecelve par on
the main unit. Residud FEXT is measured by attaching an OMNIScanner Remote device and
configuring it to be the externd tranamitter source. The Remote unit performs full frequency
sweeps (1-300 MHz). The main unit is configured as areceiver on a pair other than the
tranamit pair and programmed to track the sweep of the remote unit. Resdud FEXT is
meaured on 12 pair combinations. Only one Transmit wire is connected

Between the two units. All other pairs are terminated in 100 ohms. A zero dB referenceis
established viathe norma OMNIScanner Set Reference function. Matlab script
METAFXAL.M controls the main and remote units, graphs data and writes datato ASCI| files.

<«+—TX Signal

Computer OMNIScanner
System Main Unit |:|7 ORI\:Ir\Tl]I;t;aGEﬁr

Serid Communication Channel

Figure 3: Resdual FEXT Measurement Setup



3.5 Output Signal Balance

Output Signal Baance is aratio measurement of the differentia voltage with respect to the
common mode voltage present at the Tranamit port. Output Signd Baance is characterized
using the insurment under test in anorma NEXT measurement mode. The following figure
shows the test setup:

TX Pair
| Vcm
VX |
Matched R's OSB = 20Log(Vcm/Vix)
Instrument OSB = 20Log(Vrx/1.31/Vix)
Under Test OSB = 20Log(Vrx/Vtx) - 2.4 dB
RX Pair t
NEXT
BH Balun
Vdiff= 1.31 Vin
2.4 dB Gain

Vrx =1.31Vcm

Figure4: Output Signal Balance Test Setup

A pair of precisely match 50 ohm resistors are used to sense the un-baance or common mode
ggnd. Thissngle ended sgnd is converted to adifferentid Sgnd usng aBH baun whereisis
measured on arecelve port of the ingrument.  Using the instrument native NEXT mode
amplifies the measurement process since it eiminates the associated complexities and possible
inaccuracies of synchronizing externa equipment to the transmitter sweep. The RX sense baun
has an approximate voltge gain of 2.4 dB from the 50 ohm to 100 ohm baanced port. The 2.4
dB cons s of the 3 dB gain due to the impedance ratio and the balun loss. The actud balun loss
is characterized by measuring the thru loss of 2 baluns and scaling gppropriately for only one
baun. The actud baun gainis gpplied as a correction factor as shown in Figure 4.

The OSB measurement is made from 1-300 MHz using the 3 TX channds normdly used for
NEXT and FEXT measurements. These channdsare 12, 36, and 78. The 45 channd isonly
in receive mode during NEXT.



Common mode measurements are made with the balanced network in both Tip/Ring and
Ring/Tip orientations the T/R reversal. The actuad common mode voltage is assumed to be the
mean between the two readings.  The mean results are stored in an ASCI| file format on the

computer for later examination.

3.6 Common Mode Rejection

Common Mode Relection is aratio measurement of the differentid voltage with respect to the
common mode voltage gpplied to the load port. Thisis essentidly the compliment of the OSB
parameter and it is measured in asmilar manner. Figure 5 shows the test setup using the
ingrument under test NEXT mode to measure the amount of common voltage seen by the

CMR = 20Log(Vrx/Vcm)
CMR = 20Log(Vrx/Vix/1.31)
CMR = 20Log(Vrx/Vtx) + 2.4 dB

receiver.
RX Pair
| Vcm
Vrx |
Matched R's

Instrument
Under Test

TX Pair

Vix

BH Balun
Vout=Vdiff/1.31

-2.4 dB Gain

NEXT

Vem = Vix/1.31

Figure5: Common Mode Rejection Test Setup

A pair of precisdly match 50 ohm resstors are used to convert the sngle ended TX sgnd toa
common mode sgna applied to the differentid RX inputs. Using the instrument native NEXT
mode smplifies the measurement process since it eiminates the associated complexities and
possible inaccuracies of synchronizing externa equipment to the transmitter sveep. The BH
baun in the TX path converts the balanced ouput of theindrument to asingleend sgnd. The
volatge gain of this conversion is approx —2.4 dB. The actua balun gainis gpplied asa
correction factor as shown in Figure 5.

The CMR measurement is made from 1-300 MHz using the 4 RX channels Common mode
rejection measurements are made with the balanced network in both Tip/Ring and Ring/Tip
orientations. The actud common mode voltage is assumed to be the mean between the two



readings. The mean results are stored in an ASCI| file format on the computer for later
examingtion.

3.7 Return Loss Accuarcy Parameter (Directivity, Tracking and Source
Match)

The three important return loss accuacy paramters are Directivity, Tracking and Source Match.
These parmetes are measured and computed from refel ction measurements made with 100
reference, opens and shorts loads applied to the instrument measurement plane.
The error paramters are defined as follows.

Directivity = RL with 100 ohm reference load

Tr&kl ng - ZOLOg ((10Rlopen/20 + 1ORIshort/20)/2)

&)urce MatCh — 20LOg ((10Rlopen/20 _ 10R|ShOI’I/20) + loRlOO/ZO)
A single matlab script “OMRLPARM.M” runs the return loss measurements on al pairs from
1-300 MHz for the 3 required conditions. The measured directivity, and calculated tracking
and source match date is graphed and sored in files for later inspection.

The following test configuration is used to measure Return Loss under the 3 load conditions.

Computer ( )

Loads

System 100, open, short

on all four pairs

Serial Communication Channel

Figure6: Return L oss Parameter Test Setup

3.8 Measurement Port Return Loss

Measurement port Return Loss provides a measure of impedance of the measurement port
relative to the 100 ohm reference environment. The measurement port return lossis



characterized by setting the instrument in areceive and transmit mode and measuring the return
loss looking in the ingrument using a Network Andyzer. The measurement is made from 1-300
MHz.

The measurement is made through the mating 160 pin sub D connector.  The NA measurement
reference plane is extended to the point at which the measurement is made using afull port
cdibration of the Return Loss test head using an open, short, and 100 ohm .1% chip resistor.

The OMNIScanner 2 is then configured with the transmitter / receiver port enabled and the
Return loss is measured looking into the unit under test over the frequency range of

1-300 MHz. The software controls the instrument under test viaa seria communiceation port.
The results are stored in an ASCI| file format on the computer for later examination. The
process is repeated for al four pairs.

The following test setup is used for Return Loss measurements:

Pair 1,2,3,4 Instrument
NA { under test
Balun /
RL reference Plane
Computer
System

Figure7: Port Return Loss M easurement Test Setup
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OhdMlScanner Output Signal Balance Unit 071
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Figure 9: OMNIScanner NEXT TX Output Signal Balance

Page9

OMNI Scanner Unit 01



OhdMlScanner Common Mode Rejection Unit 01

CMR pairdb
ChWR pairds
CMR pairfd

ChMR pairl 2

L3 CMR Lmt |

(gp) uonoalay apopy UoWILOS

300

250

200

Freguency (MHZ)
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OrMIScanner Measurement Port EL Unit 01
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