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TEST PROCEDLRE No. 90

CROSSTALK RATIO TEST PROCEDURE
FOR
ELECTRICAL CONNECTORS, SOCKETS,
CABLE ASSEMELIES OR INTERCONNECT SYSTEMS

(From EIA Standards Proposal No, 3404, formulated under the cognizance EIA CE-2.0
Committee on National Connector Standards)

1 Introduction

1.1 Scope

T'his procedure applies to mterconnect assemblies, such as electrical connectors, sockets and
cable assemblies.

1.2 Object

This standard describcs test methods for measuring the magnitude of the electromagnetic
caupling berween driven snd quiet lines of an interconnect assembly. Both time domain
(method A) and frequency domain methods (method B), single-ended and differential
transmigsion. and insertion and reference fixiure techniques are described.

1.3 Definitions

1.3.1 Dnve signal

For the time domain method. the drive signal is a step waveform. For the frequency domain
method, the drive signal is sinusoidal.

1.3.2 Crosstalk ratio

The ratio of the signal coupled (induced) imnto the guiet signal conductor or conductor pair to the
magnitude of the signal in the driven conductor or conductor pair. Both signals shall have the
same units of either voltage or current, and the ratio may be expressed as percent or dB.

1.3.3 Necar end crosstalk rato (NEXT)

The crosstalk ratio calculated on the quiet line at or in proximity to the sending (signal source)
end of the driven line. This is the ratio of the near end quiet line signal amplitude to the near end
driven line signal amplitude.
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1.3.4 I'ar end crosstalk ratio (FEXT)

The crosstalk ratio caleulated on the quiet iine ar ar i proximity to the receiving (destination)
end of the dniven line. This 1s the ratio of the far end quiet line signal amphtude to the near end
driven line signal amplitude.

1.3.5 Measurement system rise time

Rise time measured with hixture m place, without the specimen, and with filtering (or
normalization). Rise time 18 typically measured from 109% to 90% levels.

1.3.6 Specimen environment impedance

The impedance presented to the specimen signal conductors by the fixture. This impedance is a
result of transmission lincs, tcrmination resistors, attached receivers or signal sources, and fixture

parasitics.
1.3.7 Step amplitudc

1he voltage difference berween the 0% and 100% leveis, ignoring overshoot and undershoot, as
indicated in figure 1.

1.3.8 Isolation standard

A reference fixture without a test specimen and with identical crosstalk characteristics as the test
fixtare. This fixture may or may not be part of the test board.

1.3.9 Termination (electronics usage)

An impedance connected to the end of a trangmission line, typically to minimize reflected energy
on the line.

2 Test resources
2.1 Equipment
2.1.1 Method A, time domain

2.1.1.1 A step generator is used on the driven line and an oscilloscope monitors the quiet line. In
a differential apphcation both shall be able to process differential signals. Typically, this means
complementary outputs with provision for amplitude and skew adjustment, and dual inputs with
a display of the difference and sum. Filtering or normahization shall be available for varying the
rise time. A time domain refiectometer (T'DR) is usually used.
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NOTE — The tesl professional should be aware of limitations of any math operation(s)
performed by an mstrument, (e.g. normalization or software filtering).

2.1.1.2 Probes

Probes, when used, shall have suitable rise time performance and circuit loading characteristics
(e.g. resistance and capacitance).

2.1.2 Method B, frequency domain

A network analyzer is preferred. When greater dynamic range is desired, a signal generator and

spectrum analyzer may alternatively be used. An 8 port network analyzer or baluns mayv be used
tor differential measurements.

2.2 Fixture

Unless otherwise specified in the referencing document the specimen environment impedance

shall match the impedance of the test equipment. Typically this will be 50 chms for single-ended
measurements and 100 ohms for differential.

2.2.1 Specimen conductor assignments

For each measurement, the driven and quiet lines shall be fixtured as indicated in the referencing
document. Adjacent signal lines to these should likewise be terminated if possible (electrically
long adjacent signal lines may resonate adding error to the results), Unless otherwise specified a

1:1 signal te ground ratio (one differential pair to one ground if differential measurements are
performed) shail be used with each end having all grounds commoned, for an example, see
[igure A.4. The fixture should be designed with equal delays for all lines.

NOTE — When the drive signal is differential and not balanced, the common mode
energy shall be terminated.

2.2.2 Termination

The far end ol the doven fines and both ends of the quiet line shall be terminated in the specimen
environment rmpedance specificd usmg one of the methods in figures A.2 and A.3, Matching
networks may be used if the specimen environment impedance does not match that of the test

equipment. Care shouid be taken to minimize the reactances of the resistive terminations over
the range of test frequencies.

NOTE — "The fixture geometry and materials may impact the measurements due to the

fixture parasitivs. Usually the product’s intended use dictates the most
meaningfu! way to fixture it.



STD.EIA EIA-3bY-90-ENGL 2000 NN 323%L00 DL384939 T73 W&

ElA-3064-90
Page 4

2.2.3 Crosstalk

It may be difficult to separate fixtore crosstalk from that of the specimen. The referencing
document should specify the fixture so that it8 crosstalk contribution 18 minimized.

NOTE 1—Since the test board footprint or cable assembly termination technique can

significantly impact the crosstalk it 18 recommended that an ssolation standard
(for measuring [1xture crosstalk) be included in the fixture.

2.2.4 Insertion technique fixture

The fixture shall be designed to allow measurement of crosstalk with and without the specimen,
see figure A1, If baluns arc uscd for a balanced measurement, or minimum loss pads used for
impedance matching; see figures AZ and A.3, these are included in the fixture.,

2.2.5 Keference fixture techmgue
In this technigue a separate fixture that combines both near end and far end is used for the fixture

crogstalk measurement. This fixture shali be a duplicate of the specimen fixture, only without
the specimen. Traces, if used, shall include fixture connectors, vias, bends and corners. If baluns

are used for a balanced measurement, or minimum ioss pads used for impedance marching; sce
figures A.2 and A.3, these are included 1n the fixture.

3 Test specimen
3.1 Descnption

For this test procedure the test specimen shall have more than one signal line and shall be one of
the foilowing:

3.1.1 Separable connectors

A mated connector pair.

3.1.2 Cable assembly

Assembled connectors and cables, and mating connectors.
3.1.3 Sockets

A socket and test device or a socket and pluggable header adapter.
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4 Test procedure

The far end of the driven lines and both ends of the quiet line(s) shall be terminated in the
specimen environment impedance specified usimg one of the methods in figures A2 and A.3.

4.1 Method A, titme domain

4.1.1 General

4.1.1.1 Place the specimen a minimum of 5 cm from any objects that would affect measured
results.

4.1.1.2 Reference measurement and fixture crossialk

4.1.1.2.1 Measure and record the measurement system nse time from 10% to 50% leve's, unless
otherwise specified in the referencing document.

4.1.1.2.2 Fixture crosstalk contnibutes to the specimen crosstalk. The fixture includes minimum
loss pads, if used. If the referencing document precisely describes the fixture so that its crosstalk
contribution 18 known, then the fixture c¢rosstalk measurement is optional. These results are a

magnitude versus ume plot. Measure the measurement system rise time, drive amplitude and
fixture crosstalk with one of the following techmigues.

4.1.2 Tnsertion technique

4121 Assemble the fixture so that the near end is connected to the far end without the
specimen In between, and connect the oscilloscope and pulse generator to the appropriate
locations of the dnven line fixture. For multiple simaltaneously driven lines, match amplitudes

and minumize the skew between lines, and if balanced, minimize skew within the pair. Measure
and report the skew values.

4.1.2.2 It the number of lines to be dnven simultaneously exceeds the cquipment capability or

channel skew elimination is a concern, the lines may be driven one at a time and the crosstalk
calcuiatcd by supcrposition.

4.1.2.5 Measuare the step tise tme and ampliude of the dnve signal transmitied through the
fixture alone. (I requested ihis can be done using the fixture with specimen.) Adjust the
filtering (or normalization) so the measured risc time matches the value yequested, or a value
from table 1.

4.1.24 Comnect the oscilloscope Lo the quiet line location as specified in the referencing
document. Measure the fixture crosstalk amplitude with the specimen removed. Calculate the
fixture crosstalk ratio by dividing the fixture crosstalk amplitude by the step amplitude and
express as a percent. Unless otherwisc specified record the peak values and the sign.
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4.1.3 Reference fixwre techmgue

4131 Connect the oscilloscope and pulse gznerator to the appropriate locations of the driven
line. For balanced measurements, make positive and negabve steps equal in amplitude and
remove skew at the signal source, (this assumes that the fixture has been designed with equal
delays between all Iimes). For multiple simultaneously driven lines, match amplitudes and
remove skew.

4.1.3.2 It the number of lines to be driven simultaneously exceeds the equipment capability or
channel skew climination is a concern, the lines may be driven one at a time and the crosstalk

calculated by superposition,

4.1.3.3 Measure the stcp rise time and amplitude of the drive signal transmitted through the
reference fixture. (If requested for FEXT do this using the fixiure with specimen). Adjust the
filtering {or normalization) so the measured nise time malches the value requested, or 2 value
from table 1.

Table 1 - Recommended measurement system rise time
(including fixture and fiitering)

Expected application signal rise time, Measurement system rise time,
picoseconds picoseconds
100 — 300 100
>500 - 1,000 b 500
> 1,000 1000

T

4.1.3.4 Cennect the oscillescope to the quiet line location of the reference fixtmre specified in
the referencing document. Measure the amplitude of the quiet line signal at its maximum
excursion. Subtract from this value the amplitude of the quiet line signal prior to the time of
the edge of the driven line gignal to obtain the quiet line crosstalk value (maintaining the sign).
Calculate the fixmre cresstaik ratio by dividing the quiet line crosstalk value by the step
amplinude and express as a percent.

4.1.4 Specimen crosstalk measurerent
4.1.4.1 Add specimen to fixture.

4.1.4.2 Connect the oscilloscope 10 the quiet line and the step generator to the driven line at the
locations requested. For balanced measurements, miake positive and negative steps equal in
amplitude and remove skew at the signal source, (this assumes that the fixture has been designed
with equal delays between all lines). For multiple simultaneously driven lines, match amplitudes
and remove skew,
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4.1.4.3 Tf the number of lines to be driven simultanecusly exceeds the equipment capability or

chennel skew climination is a concern, the lines may be driven one at a time and the crosstalk
calculated by superposition.

4.1.4.4 Measure the amplitude of the quiet line signal at its maximum excursion. Subtract from
this value the amplitude of the quiet line signal prior 1o the time of the edge of the driven line
signal to obtain the quiet line crosstalk value {mamtaimng the sign). Calculate the specimen-

with-fixture crossralk ratio by dividing the specimen-with-fixture quiet line crosstalk value by the
step amplitude and express as a percent.

NOTE — Care shall be taken in interpreting the results when the fixture crosstalk

approzches the same magnitude as the specimen-with-fixture crosstalk. Tt is
not valid to subtract hixtere crosstalk from this measurement.

4.2 Methoed B, frequency domain

4.2.1 General

4.2.1.1 Place the specimen a minimum of 5 cm from any objects that would affect measured
results.

4.2.1.2 Calibrator (reference measurement) and measurement of fixture crossialk.

If baluns are used for a balanced measurement, or minimum loss pads used for impedance
matching; see figures A 2 and A.3, thesc arc included in the term "fixwre". If the referencing

document specifies the fixture so that its crosstalk contribution is known, then the fixture
crosstalk measurement is optional.

4.2.1.3 Unless otherwise specified all measviement results shall contain a minimum of 200

frequency points. Generate a magnitude versus frequency plot; 10 dB per division vertical scalc

and log frequency sweep are recommended. When applicable, single frequency results shall be
tabulated, as specified in the referencing document.

4.2.2 Insertion techniquc

4221 Network analyzer

4.2.2.1.1 Assemble the fixture so that the near end is connected to the far end without the
specimen in between. Connect the network analyzer ports to the appropriate locations of the
fixture. Perform a "through” calibration. If the requesting document specifies the measurement

be referenced to the output of the drven line rather than the input. perform this calibration with
the specimen in the fixture.

42212 Measure S, in dB without the specimen, which is the fixture crosstalk ratio.
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4.2.2.2 Spectrum analyzer

4.2.2.2.1 Dnven line power

Assemble the fixture with the near end connected to the far end without the specimen in between.
Connect the signal generator and spectrum analyzer to the appropriate locations of the driven line
fixture. Measure and record the driven line signal power in dBm. When requested, this signal
may be measured &t the far end of the specimen by including the specimen in this measurement.

4.2.2.2.2 Future crosstaik ratio

Without changing any equipment settmgs, connect the spectruin analyzer to the quiet line
location requested in the referencing document. Measure and record the quiet line signal power
in dBm Divide these results by the drniven line power measurement (subtract dBm) to obtain the

fixture crosstalk ratic in dB.
4.2.2.2.3 Specrmen plus fixture crosstalk ratio

Insert the specimen and measure the quiet line gignal power in dBm. Divide this vaiue by the
driven line power measurement {subtract dBm) to obtain the fixture plus specimen crosstalk ratio

in dB.
4.2.2.2.4 Specimen crosstalk ratio

Divide the fixture plus specimen crasstalk ratio by the fxture crosstalk ratio (subtract dBm) to

obtain the specimen crosstalk ratio in dB. When requested, the reference signal may be
measured at the far end of the specimen by including the specimen in this measurement.

4.2.3 Reference fixture technigque

Construct 4 reference fixiure that is missing provision for @ specimen, but is otherwise identical.
This reference fhixture combines both the near end and far end. Connect the network analyzer
ports, or the signal generator and spectrum analyzer to the approprate locations of the driven line
fixture, Perform a "through” calibration with the network analyzer, or make a reference
measurement with the signal generator and spectrum analyzer. {If requested, do this using the
fixture with specimen). Connect the receiver port of the network analyzer or the spectrum
anatyzer 10 the quiet line location of the reterence fixture requesied in the referencing document.
Measure the fixture crosstalk ratio in dB {network analyzer) or {ixture crosstalk in dBm
(spectrum analyzer) without the specimen. To get fixture crosstalk ratic with a spectrum
anaiyzer, divide this by the reference measurement.
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4.24 Specimen crosstalk measurement

4.2.4.1 Add specimen to fixture.

4.2.4.2 Connect the signal source to the driven line and the receiver port of the network analyzer
or the spectrum analyzer (o the quiet line locations requested.

4.24.3 Record the crosstalk in dB. This will be the crosstalk ratio with a petwork analyzer.
When using a spectrum analyser, divide the specimen measurement by the reference

measurement, see 4.2.1.2. The resulting crosstalk ratio is a magnitude versus frequency plot.
Record single frequency results, if requested.

4244 Compare this measurement to the fixture crosstalk measured in 4.2.2 or 4.2.2. For all

frequencies, measured crosstalk shall be 20 dB greater than the fixture crosstalk. Data not
meeting tiis requirement shall be labeled appropriatelv.

NOTE — Care shall be taken in interpreting the results when fixture electrical length is
greater than 1/8 wavelength ar the highest test frequency, unless special

precautions are taken to ensure good impedance matching throughout the
measurement path. This can be confirmed by sweeping across a wide

frequency range and observing if there are nulis due to moding, fixture or
balun resonances, eic.

5 Details to be specified

The following details shall be specified in the referencing document:

3.1 All tests

3.1.1 Specimen signal and ground assignments for each measurement. At a minimum, the
driven conductors, quiet conductor(s), and associated {adjacent) grounds of all thesc, shall be

identinied. If different cresstalk ratio results can be expected due to different rows or parts of a
repeating pattern, measure each.

J.1.1.1 Unless otherwise specified for single-ended measurements a 1:1 signal to ground ratio

shall be used and the crosstalk shall be measured on the closest (adjacent) or the most closely
coupled quiet lings 1o the driven line.

3.1.1.2 Unless otherwisc specified for differential measurements one signal pair to one ground

ratio shall be used and the crosstalk shall be measured on the closest (adjacent) or the most
closely coupled quiet lines to the driven line.

2.1.2 Type of measurement, single-ended or differential

5.1.3 Specimen environment impedance
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5.1.4 Pomus at which the crosstalk shall be measured on the quiet conductor
5.1.5 The pomt where drive 1$ to be applied on the driven line
5.1.6 Whether Lhe relerence measurement is taken with or without the specimen

3.1.7 Maximum skew allowed between driven lines, and il differential, maximum skew ailowed
withim a pair
5.1.8 It is preferred that the referencing document preciselyv specify the fixture so that its

crosstalk contribunon 1s fixed and terrmmation 1mpedances are precisely specified; see 2.2.2. I
this is not done fixture crosstalk shall be measured; see 4.1.1.2 and 4.2.1.2.

5.2 Time domain only

3.2.1 Measurement system rise time and reference points, if other than from 10% to 90%. The
drive signal shail be defined, mcluding the minimum (0%} and maximum {100%) voltage levels,
nsetime(s ), and duty cycle,

J.2.2 Waveform plots, if desired

3.2.5 Peak-to-peak values, 1f desired

2.5 Frequency domain only

5.3.1 Frequency span

5.3.2 Plot magnitude format, if not dB and Jog frequency
5.3.3 Equipment preference, if any

J.3.4 Results at a single frequency, if any. When anly these results are desired instead of plots,
it shall be requesied.
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6 Test documentation

Documentation shall contain the detals specified in clause 5, with any exceptions, and the
following:

6.1 Title of test

6.2 Calculated crosstalk ratio (zero to peak) values including sign, either positive or negative
{(time domain), or pluts (frequency dumiin).

6.3 Fixture crosstalk matio peak valoes, either positive or negative (time domain), or plots
(frequency c¢omain)

0.4 All details relaing to data micrpretation when specimen oOr Specimen environment
impedance 1s not matched to the measurement system characteristuc impedance

6.5 Test equipment used, and date of last and next calibration

6.6 Name of operator and date of test

i .
input rise time 10% V ir,

r

Input wavetorm

Qutput rise time

Output waveform e 1 |

90% V gyt
10% V oy

NQOTE — Ignore overshoot and undershoot when calculating 6% and 100% levels.

Figure 1 - Waveform
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Specimen
fixture A

Source

Specimen

o

Specimen '
fixture B

Receiver

l Source i7

Source | b———r0

Specimen

Specimen
fixture A | foiture B

I—I Receiver

Figure A.1.2 « Insertion technique

Specimen fixture (with specimen) __l——- Receiver

P,

Reference fixture (withourt specimen) H Receivar

Figure A.1.b - Reference fixture technique

Figure A.1 - Technique diagrams
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v, + 2
————vrewne{")
Test
- specimen

O 50 ohm receiver

50 chun recelver
C. R‘l / R; S
| %Rz or R,
O O

Z, <50 Z,> 50

Minimum ioss pad eguations:

Ri=50{1-(Z/50]1" Ri=Z[1-(0/Z)]1"
R2=Z0/[1-(Zo/50)]65 R2=50/[1-(50/Z0)}05

Figure A.2 - Singi;;ndtd terminations
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v{l
-+ .
—_—)
Test R, R
_[ specimen e R 1
= 3 =3
— 0—é
Rl = Za R‘I — Zn f 2
b.
O
50 ¢hm
receivers
O—o

50 ohm

rece1vers

Z.> 100 Z, <100

Minimum loss pad equations:

Ri=Z,[1-(100/Z)]% /2 Ry=100[1-(Z,/100y1%% /2
R2 =100/[1-(I00/Zo}]0.3 R2=2Z0/[1-(Zo/100)]0.5

Figure A.3 - Differential (balanced} terminations
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NEAR END FIXTURE FAR END FIXTURE
-fx'-_;"lﬁ‘l'..;u-- mrrmmmr il e sl "Ih‘-.I J_:r.'l‘.-—
BALANCED ADJACENT PAIR A A
EIGMAL . --I|.-'.Il “f—_—_ S h e - 'H'. - E.AMNGED
GENERATOR . 7
e DRIVEN PATR = AECEIVER
= o= ———— ,
SR QUIET PAIR :

ALL INSTRUMENTS, CABLES AND RESISTORS 90 OHM:, SPECIMEN 100 OHMS BALANCED,
ALL INSTRUMENT CABLES EQUAL LENGTH.

Figure A.4 — Example of far end crosstalk with balanced terminations
[see figure A.J.a (2" and higure A.3.b {or Z,=100]
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B Informative

B.1 Pracucal guidance

Near perfect resistive terrmmations of the signal lines may not be possible at high frequencies due
to parasitc reactances m both signal and ground conductors. These reactances will have an
impact on measured results. In this case 3 1s desirable thar the test fixture duplicate the exact
geomcltry (parasitics) of the actual application. This may involve the use of transmission lines in
addition to the components of figures A.1 and A.2. Mest instruments used for these
measurements are mternally terminated in 50 chms at both source and detector ports.
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