APPLICATION NOTE

Characterisation of FNET Airplane Test Fixtures and
Multiport Port De-embedding Matrices

Objective

The objective of this procedure is to characterise the S matrix of a test fixture in order to use this matrix to remove the effect of the test fixture from a set of
results calibrated and the end of the test cables.

This method means that a calibration can be simply performed at the ends of the test leads, for example with an Ecal unit (or SMA calibration standards), and a
previously calculated and stored S-matrix can then be recalled to effectively calibrate out the test fixtures. In doing so the calibration process is greatly simplified
and significantly reduces the time taken to calibrate the setup.

This procedure focuses on the example of FNET Airplane fixtures, however the techniques can be applied to any set of mixed mode test fixtures.

This procedure describes characterisation of a single unbalanced 4 port S-Matrix which describes a single balanced port of the Test Fixture. The procedure can
be used to calculate all 8 or 16 ports of the test setup, or the resulting characterisation of the fixture can then be used to directly measure the S-Matrices of the
other ports.

1 3 511 SlZ 513 514
; S S S S
S = 5 2 B

This procedure also provides instructions regard how to characterise the fixture as an 8 or 16 port device.

Method

General Considerations

The accuracy of this procedure is greatly dependent on consistency of measurements, and extreme care should be taken to avoid any movement of test
fixtures, probes or cables during each of the measurements.

It is recommended to repeat this process several times in order to confirm the results of the characterisation.
It is recommended that averaging of 3 sweeps (minimum) is used for every measurement.

All results are to be taken in complex format (Re/Im).
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Calibration

Before beginning this process, the NA must be calibrated for a full 4 port calibration including isolation at the ends of test cables using an Ecal module or SMA
artefacts.

The Ecal is recommended.

Label Fixtures
Carefully label all ports of the both Near and Far end Test Fixtures.
The labelling shall include both the balanced measurement port, and consistent numbering for the connections to the network analyser.

In the case that a multiport switch is used, it may also be helpful to add the switch connection port to the labelling for network analyser port to aid easy
connection to the switch and ensure a constant path through the switch to the designated network analyser ports.

Mear End Far End
Unbalanced (SE) | Unbalanced (SE)
Portl Port9
Unbalanced (SE} | 1 Unbalanced (SE}
Port2 Port10
Unbalanced (SE) | Unbalanced |SE)
Port3 Port1l
Unbalanced (SE) | 1 Unbalanced (SE}
Port4 Portl2
ouT
Unbalanced (SE) | ! Unbalanced (SE)
Port5 Port13
Unbalanced (SE) | 1 Unbalanced (SE}
Port6 Port14
Unbalanced (SE) | ! Unbalanced (SE)
Port? Port 15
Unbalanced (SE) | 1 Unbalanced (SE}
Port3d Port16

Explanation of port labeling

Characterise Probe for 2 Port De-embedding

In order to characterise the IL and FEXT transmission S-Parameters of the test fixture, this method utilises a “probe” fixture to interface to the Port 3 and Port 4

Characterisation of FNET Airplane Test Fixtures and Multiport Port De-embedding Matrices Page 2 of 35



APPLICATION NOTE

of the test fixture.

In the example of the FNET Airplane fixtures, it is possible to use a series of probe fixtures as such a probes.

In the following example, the Port 9 and 10 are used as a probes, however this is arbitrary as all ports will be used for characterisation of the complete fixture.

Characterisation of FNET Airplane Test Fixtures and Multiport Port De-embedding Matrices Page 3 of 35



APPLICATION NOTE

I Prober for 1,2

M

AV

Reference plane
for pins 1 and 2

5, .
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Single Ended Measurements

e—| 1Probe3 3| o Spropes = (511 513)

o 2Probed 4| o 5. = (522 524)

e Connect Port 3 of the NA to Port 3 of Probe 3.

e Connect Port 4 of the NA to Port 4 of Probe 4.

« Term Probe with load Resistor (terminating S33 & S44 with 50 Ohm).
¢ Measure S33Load and S44Load.

¢ Measure S34Load and S43Load.

e Term Probe with Open cal (terminating S33 & S44 with open.

o Measure S330pen and S440pen.
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e Term Probe with Short cal (terminating S33 & S44 with short).

o Measure S33Short and S44Short.

After these measurements have been taken the probe should be prepared for though measurement. By soldering 0 Ohm or 50 Ohm to ground resistors in the
positions shown.

This 4 port procedure uses a total of 12 probes, 4 of these connect as 4 port probes to the pairs the ports 9-10, 11-12, 13-14 and 15, 16. The following 8 probes
connect to the a single port in each pair, with the other pair being terminated directly with 50 Ohm to ground..

Calculate 2 Port S-Matrices of Probe

The measurements taken in the previous section can be used to calculate the 2 Port S-matrices of each of the unbalance port in the balance port of Probe

Each of these should be calculated to give:
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S S
. 1Probe33| o 5 _ (S; S:z)
522 SZ4
e | 2Probed 4| o 5., . - ( )
542 S44

The mathematics to calculate these 2 port matrices is described in Annex A.

These probe matrices can then be used to de-embed from the results achieved as required when using the probe to measure transmission parameters of the
fixture.

Characterisation of 4 port Test Fixture S Matrix terms

The following procedure can be used to characterise the S-Matrix terms for any 4 port device.

The example used in the rest of this clauses is that of balanced Port 1N (SE Ports 1 and 2) of an airplane fixture. The process must be repeated for all 8
balanced ports of a pair of fixtures.

Although it is possible to shortcut this process by using the 4 Port matrix calculated for a given port to directly measure the 4 Port matrices for all other balanced
ports, it is recommended that each balanced port (and SE Port) is characterised by direct measurements where possible.

It can be helpful in understanding the SE port notation in the following sections as representing a direct connection of SE ports 1 and 2 of the near end fixture to
the VNA ports required to measure IL, i.e. VNA port 1 has a through connection to VNA port 3, and VNA port 2 a through connection to VNA port 4.

This 4 port process should be considered the minimum required to perform successful de-embedding, but can be improved by moving to an 8 port or 16 port
process, see Sections 5 and 6.

The object of characterising the 4 port Fixture is to populate every element of the following matrix.

S, _ =
Fixture= S31 S32 S3z Su

This can be achieved by the instructions provided in Section 4.
RL S-Parameters
S11

e Connect Port 1 of the NA to Port 1 of the Fixture.
» Connect Port 2 of the NA to Port 2 of the Fixture.
¢ Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.
e Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.

« Measure S11 of the Fixture.
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— 1 3o 50 Ohm

Fixture

e Provide the result S11Fixture.

S22
e Connect Port 1 of the NA to Port 1 of the Fixture.
o Connect Port 2 of the NA to Port 2 of the Fixture.
* Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.
¢ Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.
o Measure S22 of the Fixture.
PR 3 ® 50 Ohm
Fixture
¢ Provide the result S22Fixture.
S33

» Connect Port 1 of the NA to Port 1 of the Fixture
o Connect Port 2 of the NA to Port 2 of the Fixture
e Connect Port 3 of the NA to Port 3 of the Probe
* Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.

* Measure S33 of the Fixture and Probe.
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o—— 1 3 ® 1 Probe 3 | ¢

Fixture

— 2 4 ® 50 Ohm * |

¢ De-embed 2 port S-matrix of the probe, SProbe3, from the measurement using the cascading 2 port de-embedding method shown in Annex B.

o— 1 3 Py 1 Probe 3 ° 1 Probe! 3 | ¢

Fixture

— 2 4 ® 50 Ohm pe |

o T33Fixture= T33Probe-1T33Fixture+Probe

« Implies the result S33Fixture.

S33 Alternative
e Connect Port 1 of the NA to Port 3 of the Fixture.

e Connect Port 2 of the NA to Port 3 of the Fixture.

e Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.
¢ Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.
¢ Measure S11Load.

« Terminate Port 3 of the Fixture with Open cal at the calibration plane.

o Measure S110pen.

* Terminate Port 3 of the Fixture with Short cal at the calibration plane.

¢ Measure S11Short
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o— 1 3 PS OSL I

Fixture

PR PN 4| —eo 50 Ohm N |

e Use the results S11Load, S110pen, and S11Short with the equations in Annex A.

¢ Implies the result S33Fixture.

S44

« Connect Port 1 of the NA to Port 1 of the Fixture

e Connect Port 2 of the NA to Port 2 of the Fixture

o Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.

« Connect Port 4 of the NA to Port 4 of the Probe

o Measure S44 of the Fixture and Probe.

— 1 3| ¢— 500hm P

Fixture

Py 2 4 ° 2 Probe 4 | ¢

e De-embed 2 port S-matrix of the probe, SProbe4, from the measurement using the cascading 2 port de-embedding method shown in Annex B

o— 1 3|_e—] 500hm °

Fixture

° 2 4 ® 2 Probe 4 PN 2Probe’ 4| o

o T44Fixture= T44Probe-1T44Fixture+Probe

o Implies the result S44Fixture.
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S44 Alternative Procedure

e Connect Port 1 of the NA to Port 1 of the Fixture.

e Connect Port 2 of the NA to Port 2 of the Fixture.

¢ Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.

« Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.

o Measure S22Load.

* Terminate Port 4 of the Fixture with Open cal at the calibration plane.

* Measure S220pen.

¢ Terminate Port 4 of the Fixture with Short cal at the calibration plane.

e Measure S22Short

o1 1 3 o 50 Ohm . |

Fixture —

— 2 4 —— OoSL —®

e Use the results S22Load, S220pen, and S22Short with the equations in Annex A.
o Implies the result S44Fixture.
IL S-Parameters

S$13

¢ Connect Port 1 of the NA to Port 1 of the Fixture.

¢ Connect Port 2 of the NA to Port 2 of the Fixture.

« Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.
¢ Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.
e Measure S11Load.

« Terminate Port 3 of the Fixture with Open cal at the calibration plane.

¢ Measure S110pen.

e Terminate Port 3 of the Fixture with Short cal at the calibration plane.
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e Measure S11Short

| 1 3o osL L o

Fixture

— 2 41— e 50 Ohm °

o Use the results S11Load, S110pen, and S11Short with the equations in Annex A.

« Implies the result S13Fixture.

S24

e Connect Port 1 of the NA to Port 1 of the Fixture.

e Connect Port 2 of the NA to Port 2 of the Fixture.

¢ Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.

e Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.

e Measure S22Load.

* Terminate Port 4 of the Fixture with Open cal at the calibration plane.

e Measure S220pen.

» Terminate Port 4 of the Fixture with Short cal at the calibration plane.

e Measure S22Short

| 1 3| o 50 Ohm °

Fixture —

—2 4—e— OSL —e

e Use the results S22L.oad, S220pen, and S22Short with the equations in Annex A.

o Implies the result S24Fixture.
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S31
¢ Connect Port 1 of the NA to Port 3 of the Fixture.
e Connect Port 2 of the NA to Port 3 of the Fixture.
o Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.
« Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.
¢ Measure S11Load.
* Terminate Port 3 of the Fixture with Open cal at the calibration plane.
e Measure S110pen.
¢ Terminate Port 3 of the Fixture with Short cal at the calibration plane.
o Measure S11Short
® 1 3 o OSL °
Fixture
o—— 2 4 & 50 Ohm @ _l_
¢ Use the results S11Load, S110pen, and S11Short with the equations in Annex A.
o Implies the result S31Fixture.
S42

» Connect Port 1 of the NA to Port 1 of the Fixture.

¢ Connect Port 2 of the NA to Port 2 of the Fixture.

¢ Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.
* Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.
o Measure S22Load.

¢ Terminate Port 4 of the Fixture with Open cal at the calibration plane.

o Measure S220pen.

¢ Terminate Port 4 of the Fixture with Short cal at the calibration plane.
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e Measure S22Short

| 1 3o 50 Ohm °

Fixture —_—

—2 4 —e— OSL —e

o Use the results S22Load, S220pen, and S22Short with the equations in Annex A.

¢ Implies the result S42Fixture.

FEXT S-Parameters

S14

e Connect Port 1 of the NA to Port 1 of the Fixture

e Connect Port 2 of the NA to Port 2 of the Fixture

e Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.

e Connect Port 4 of the NA to Port 4 of the Probe

* Measure S14 of the Fixture and Probe.

— | 1 3o 50 Ohm o |

Fixture —

o—— 2 4 ® 2 Probe 4| o

o De-embed 2 port S-matrix of the probe, SProbe4, from the measurement using the cascading 2 port de-embedding method shown in Annex B.

o—| 1 3 50 Ohm °

L

Fixture —_—

2 4 PA 2 Probe 4 ® 2 Probe’ 4 | o

o T14Fixture= T14Fixture+ProbeT14Probe-1
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» Implies the result S14Fixture.

S41
o Connect Port 1 of the NA to Port 1 of the Fixture
» Connect Port 2 of the NA to Port 2 of the Fixture
¢ Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.
o Connect Port 4 of the NA to Port 4 of the Probe
¢ Measure S41 of the Fixture and Probe.
° 1 3 P 50 Ohm ® |
Fixture —
— 2 4 y'y 2 Probe 4| _o
o De-embed 2 port S-matrix of the probe, SProbe4, from the measurement using the cascading 2 port de-embedding method shown in Annex B.
o— 1 3 S 50 Ohm P |
Fixture —
® 2 4 o 2 Probe 4 Py 2Probe’ 4| o
e T41Fixture= T41Probe-1T41Fixture+Probe
o Implies the result S41Fixture.
S23

e Connect Port 1 of the NA to Port 1 of the Fixture
e Connect Port 2 of the NA to Port 2 of the Fixture
e Connect Port 3 of the NA to Port 3 of the Probe
¢ Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.

o Measure S23 of the Fixture and Probe.
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o—— 1 3 ° 1 Probe 3 | ¢

Fixture

e De-embed 2 port S-matrix of the probe, SProbe4, from the measurement using the cascading 2 port de-embedding method shown in Annex B.

—1 1 3 Py 1 Probe 3 Py 1 Probe!' 3|

Fixture

° 2 4 PS 50 Ohm P |

o T23Fixture= T23Fixture+Probe T23Probe-1

o Implies the result S23Fixture.

S$32

e Connect Port 1 of the NA to Port 1 of the Fixture

o Connect Port 2 of the NA to Port 2 of the Fixture

o Connect Port 3 of the NA to Port 3 of the Probe

e Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.

o Measure S32 of the Fixture and Probe.

— 1 3 ® 1 Probe 3 | —¢

Fixture

P 2 4 r ) 50 Ohm & |

* De-embed 2 port S-matrix of the probe, SProbe4, from the measurement using the cascading 2 port de-embedding method shown in Annex B.
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Fixture

— |2 4|—e—] 500hm .

1 Probe! 3

o T32Fixture= T32Probe-1T32Fixture+Probe

 Implies the result S32Fixture.

NEXT S-Parameters

S12
¢ Connect Port 1 of the NA to Port 1 of the Fixture
» Connect Port 2 of the NA to Port 2 of the Fixture
e Terminate Port 3 of the Fixture with 50 Ohms to ground at the calibration plane.
¢ Terminate Port 4 of the Fixture with 50 Ohms to ground at the calibration plane.
¢ Measure S12 of the Fixture and Probe.
— 1 3|—e—{ 500hm
Fixture
° 2 4 ® 50 Ohm
* Provides the result S21Fixture.
S21

e Connect Port 1 of the NA to Port 1 of the Fixture
e Connect Port 2 of the NA to Port 2 of the Fixture
¢ Connect Port 3 of the fixture with 50 Ohm to ground Resistor
o Connect Port 4 of the fixture with 50 Ohm to ground Resistor

o Measure S21 of the Fixture and Probe.

Characterisation of FNET Airplane Test Fixtures and Multiport Port De-embedding Matrices

Page 16 of 35



APPLICATION NOTE

o—— 1 3—e | 500hm

Fixture

— 2 4 PY 50 Ohm —_—

* Provides the result S21Fixture.

S34
o Connect Port 1 of the NA to Port 1 of the Fixture
o Connect Port 2 of the NA to Port 2 of the Fixture
e Connect Port 3 of the NA to Port 3 of the Probe
o Connect Port 4 of the NA to Port 4 of the Probe
« Measure S34 of the Fixture and Probe.
—| 1 3 |—e 1 3 —e
Fixture Probe
— |2 4 ° 2 41—
¢ De-embed 4 port S-matrix of the probe, including the NEXT S-Parameter S43Load and S34 Load measured in section 3.1 from the measurement using
the cascading 4 port de-embedding method shown in Annex B.
— 1 3 ° 1 3 * 1 3 ®
Fixture Probe Probe
—— 2 4 ® 2 4 —0—1 2 4 ®
o T34Fixture= T34Probe-1T34Fixture+Probe
o Implies the result S34Fixture.
S43

o Connect Port 1 of the NA to Port 1 of the Fixture
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« Connect Port 2 of the NA to Port 2 of the Fixture

e Connect Port 3 of the NA to Port 3 of the Probe

e Connect Port 4 of the NA to Port 4 of the Probe

« Measure S43 of the Fixture and Probe.

Fixture Probe

¢ De-embed 4 port S-matrix of the probe, including the NEXT S-Parameter S43Load and S34 Load measured in section 3.1 from the measurement using
the cascading 4 port de-embedding method shown in Annex C

Fixture Probe Probe

o T43Fixture= T43Probe-1T43Fixture+Probe

o Implies the result S43Fixture.

Port Characterisation Results

The above S parameters from the sub clauses in Section 4 can now be assembled into the S Matrix:

S _ =
Fixture= S31 S3z S3z Saa

This matrix can be used to de-embed the fixture using the 4 port cascaded de-embedding method or converted to a touchstone and used directly with the
analyser to de-embed the Fixture according to Annex C.

8 Port Method

In addition to those parameters characterised for the 4 Port method, the 8 Port method considers those SE NEXT and SE FEXT couplings that occur between
pairs that are part of the pair combination being tested. Such and 8 port device can be considered as being made of a pair of 4 port devices.

Characterisation of FNET Airplane Test Fixtures and Multiport Port De-embedding Matrices Page 18 of 35



APPLICATION NOTE

— 1 St—e o— 1 51—+
Fixture
o— 2 6 —e —| —e
Is equivalent to 2 Fixture
e 3 7 ® o— 3 7 }—e
Fixture
—— 4 8—=e — 4 8|—-o

S. =
Fixture Ss1 Sga S5z Ssa Sss St Ss7 Ssg

4 Port Elements of the 8 Port Matrix

Using the instructions in Section 4 it is possible to populate the highlighted elements below:

Se =
Fixture Sc1 Sso S5z Ssa Sss Sse S5z Ssg

Additional Coupling Elements of the 8 Port Matrix (FEXT)

Using the instructions in Section 4.3, it is possible to populate all of the additional FEXT terms of the Fixture matrix, e.g. By terminating Port 1 and 7 of the
Fixture to the VNA, and then all other ports to 50 Ohm to ground (This may be provide by VNA termination) provide the FEXT terms S17 and S71.

In this manner the Fixture matrix can be populated with the following highlighted terms.
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S. =
Fixture Seq Sca Sgz Ssa Sgs S Ss7 Sk

Additional Coupling Elements of the 8 Port Matrix (NEXT Near End)
S11 S - Si5 S1e S17 Sis
S21 S22 Sys Sz Sz Sas

S =
Fixture Ss1 Ssa2 Ssza Ssa Sss Sz Ss7 Ssg

Additional Coupling Elements of the 8 Port Matrix (NEXT Far End)

The provided airplane probes, either as a 2 port probe or a 4 port probe, do not allow for connections that would allow measurement of the remaining terms of
the 8 port matrix.

However, if using alternative probes or fixtures that do allow connection to Ports 5&8, 6&7, 5&7 and 6&8, a direct measurement of NEXT should be used to
populate the final terms of the matrix.

If by the nature of this fixturing it is not possible to take a direct measurement, a de-embedded probe may be used to qualify these NEXT terms.

Finally, if neither measurement technique is possible, it may be assumed that the Far end NEXT and the Near End NEXT are reciprocal, in which case:

S57 = S13 Ssg = S1a
Se7 = Sa23 Ses = S2a
S75 = S31 S76 = S32
Sgs = Su1 Sge = Sz

De-embedding of 8 Port Matrices

The de-embedding of 8 port matrices is identical to the 2 Port and 4 Port methodologies described in Annex B and Annex C, however the conversion from S to
T parameters becomes more complicated, hence it is convenient to adopt a matrix transformation function rather than explicit equations for each term of the
matrix. The details of this transformation are shown in Annex D

16 Port Method

In addition to those parameters characterised for the 4 Port method and the 8 Port method, the 16 port method considers those SE NEXT and SE FEXT
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couplings that occur between pairs that are part of the pair combination being tested and those that of the unused pairs.
It should be noted that in order to full describe the airplane fixture as a 16 port matrix it is necessary to use more than the 12 probes described in Section 3.

Such a 16 port device can be considered as being made of a pair of 8 port devices.

*—1 o—e — 1 o
o 2 101 _o ° 2 10| —e
Fixture 1
° 3 e Is equivalent to &— 3 1M
4 12 4 12
*— —@ Py o
Fixture
— 5 13— —] 5 131—e
— BFixture14 i o—| 6 14—
*— 7 15— — 7 15—
— 38 16— o 8 16—
The objective of the 16 port characterisation is to populate every element of the following matrix.
511 512 513 SJA— 515 516 517 518 519 Sllﬂ slll SJ.IZ 5113 5114 5115 5116

Sy Saz Saz Saq Sas Szg Sa; S2a S29 Sazo Saun S212 S21z Sz Suis Saae
531 S3z Saz Sas Sa; Sz Sy Sass S Sawo Samn Saaz Saiz Sas Sais Saie
Ss1 Ssz Saz Sas Sus Sss Sar Sag Sse Sazo San Ss1z Ss1z Sse Sas Saae
Ss1 Ss2 Ssa Sz Sss Sse Ss7 Ssa Sso Sszo Ssin Ssiz Ssiz Ssie Ssis Ssie
Se1 Sez  Sez  Ses  Ses  Ses  Sev Ses  Ses  Sewo Senn Seiz Serz Seis Seis  Ssis
S71 S72 S;a S74 S35 Sye Sy; Sya 0 Sye Syie Sy S712 S7az S7ie Sms S7ae
Sg1 Ssz Sga Sss Sas Sme  Sev Sss See Smro Se1n Ssiz Seiz Ssie Seis Saue
Se1 Soz  Sgz Ssa Ses Sge  Soy Ssa Ses Ssxo Seur Serz Seaz Ssie Sous Soue
Si01 S102 S10s Si0s Si0s Swe Sw7 Sios Sios Sio10 Siorz Sio1z Si01z Si01e Sims Siois

SF('Jct:.w =

S111 S11z Sz S11e Sias Siae S1ap Suie Suie Siase St Sinae Sinaz Sinie Sins Sinae
S121 Si2z Si1z Si24 Sizs Size S1z7 Sizs Sz Sizao Sizin Siziz Siziz Sizie Sizs Sizie
Siz1 Si32 Si3z Sizs Sizs Size Siaz Sizs Sizs Sizio Siz1n Si31z Siziz Sizie Sims Sizie
Sia1 S142 S1a3 S14s Siss Sise S1av Si1as S1as S1a10 Sia1n S1a12 S1aaz S1aae Siss Siase
Sist S1sz S1sz Sisa Siss Sise S5y Siss S1s9 Sis10 Sis1n Sis1z Sisiz Sisie Sisis Sisie
Sier S1e2 Sie3 Sies  Siss Sies S1e7  Sies Sies Sis10 Sie1n Sis1z Sie1z Sie1e Sie1s Sisls

4 Port Elements of the 16 Port Matrix

Using the instructions in Section 4 it is possible to populate the highlighted elements below:
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511 512 513 SJA— 515 516 51? 518 519 5110 5111 SJ.IZ 5113 5114 5115 5116
521 522 523 524 525 526 52_' 528 529 5210 5211 5212 5213 5214 5215 5216
531 532 533 534 535 536 53_' 538 53‘3 5310 5311 5312 5313 5314 5315 5316

541 542 543 544 545 546 54? 548 54‘3 5410 54-11 5412 5413 5414 54].5 5416
SSJ. 552 553 554 555 556 55? 558 55‘3 5510 SSJ.I 5512 5513 5514 5515 5516
561 562 563 564 565 566 56? 568 56‘3 5610 S&J.l 5612 5613 5614 5615 5616

S7i0 S711 S7iz Smz St Smis S7ae
Sg1 Ssz Sga Sas  Sas See  Sey Sss See Smio Se1n Ssiz Smiz Ssie Seis Saus
Ss1  Ssz Sz Sss Soz Soe Soy Seg S Ssao Soux Ssxz Ssuz Ssia Ssus Ssie
Si01 S102 S0z Si0+ Swos S10s S107 Si08 Si09 Sios0 S1011 Swo12 Sio1z Si01e Sioas Sioss

sF('Jct:.a e =

Si11 Sz Sz Si1ae Sias Suie Sur Sue Sue Siise Siann Sinae Siniz Sisae Sins Sinae
S121 Si2z Siza Siza Sizs Sz Sizz Sizs Sizs Sizi0 Sizzn Siman Siziz Sizas Simis Sizie
Siz1 Si3z Si33 Sizs Sias Size  Siaz Siza Sizs Sizio Sizin Sizzz Sisaz Sizae Sims Sizie
Sia1 S1az Sia3 Sias Siss Sise S1s7 Siss S1as Sia0 Sia1s Sia1z Siaaz Siaae Siss Siase
Sis1 Sisz Sz Sisa Siss Sise Sy S1ss S1s9 Sisi0 Sisin Sis1z Sisiz Sisie Sisis Sisie
Sier Siez Sie3 Sies  Siss Sies S1e7 Sies  Sies Sie1o Sie1n Sis1z Sie1z Sie1e Sie1s  Siels

Additional Coupling Elements of the 16 Port Matrix (FEXT)
Using the instructions in Section 5.2, it is possible to populate all of the additional FEXT terms of the Fixture matrix.

In this manner the Fixture matrix can be populated with the following highlighted terms.

S11 Sz 513 Sis Sis Sie S17 Sie Sie Sy00 Siin Suz Suz o Sy Sus Sie
S21 S22 Saz S52s Sas Sz Say Sz S29 S0 Saun Saiz Saaz Szie Sais Saue
531 Ssz Sasz Sas  Saz Sz Sz7 Sz Szm Sz Ssmn Saiz Saiz Sz Ssis Sase
Ss1 Ss2 Saz Sas Sus Sse Sar Sag Sae Sago Sann Ssz Ssz Sae Sas Sae
Ss1 Ss2 Ssa Ss4 Sss Sse  Ss7 Ssa Sse Ssio0 Ssin Ssiz Ssiz Ssie Ssas Ssis
Se1 Sez  Se3  Sea Ses  Ses Se7  Sea  Ses  Seio Senn Seiz  Se1s  Se1s  Seis  Seis
S710 S72 S;a S;a4 S35 Sy¢ Syz Sz Sye Syo Syin S71z S;iz S7ie Sms Sns
Se1 Sez Sazs Ses Sas Sas Sav Ses Sas S0 Senn Seiz Seiz Smis Seis Sais
Ss1 Ssz Ssa Sss Sos Sss Ssy Ssg Sss Ssun Ss;n Seaz Ssaz Ssus Ssus Saie
Si01 Si02 Sioz Sios+ Swos Siwe S107 Sios Si09 Siozo Sw011 Swo1z Sioiz Si01e Sioas Sioss

sFi.rt:.a e =

Siin S1z Siis Sie Sias Sue Sur Siie Sie Sune St Siniz Sz Sinie Sins Sine
Siz1 Si1zz Si23 Sizsa Sizs Size Sizz Size Si29 Sizio Siamn Siziz Siziz Sizis Sizms Sizae
Si31 Siaz Siaz Sias Sizs Size S137 Sizs Si39 Sizzo Sizin S1ziz Siziz Sizie Siais Sisie
Sia1 S1a2 Siaz S1as Sias Sise S1a7 Sias S149 Siaz0 S1a1n S1a12 Simz S1sae Siais Siase

\;151 5152 5153 5154 5155 5156 515? 5158 515‘3 51510 SlSJ.l 51512 51513 51514 51515 51516
161 5162 5163 5164 5165 5166 515? 5168 516‘3 51610 51611 51612 51613 51614 51615 51616

Additional Coupling Elements of the 16 Port Matrix (NEXT Near End)
Using the instructions in Section 5.3, it is possible to populate all of the additional near end NEXT terms of the Fixture matrix.

In this manner the Fixture matrix can be populated with the following highlighted terms.
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511 512 - - - - - - 519 Slltl 5111 3112 5113 5114 5115 5116
521 522 - - - - - - 529 SZID 5211 5212 5213 5214 5215 5216
- - 533 534 - - - - 539 5310 5311 5312 5313 5314 5315 5316
- - 543 544 - - - - 549 5410 54-11 5412 54-13 5414 5415 5416
- - - - 555 556 - - 559 5510 5511 5512 5513 5514 5515 5516
- - - - 565 566 - - 569 5610 5611 5612 5613 5614 5615 5616
- - - - - - 57? S?E 5?9 5?10 5711 5?12 5713 5’?14 5715 5’?16
SFi.rtus' — - . - - - - SB? 588 589 5810 5311 5812 5313 5814 5315 5916
591 592 593 594 595 596 59? 598 5‘39 S‘)lﬂ 5911 5912 5913 5914 5915 5916

5101 S0z Sioz Si0+ Sios S10s S107 Si08 Si09 Sios0 S1011 S1012 Siorz Si01e Sioas Siois
Spir Sz Sis Sus Sy Sue Sur Siie Sus Siise Stinn Swiar Stz Siie Sins Sine
Si21 Si122 Siza Si2a Sizs Size S127 S128 S129 Si20 S121n Siziz Siziz Si21e Sizis Sizie
Sia1 Siaz Siza Sias Sizs Size S137 S13s Si30 Sizzo Siz1n Siziz Simiz Sizie Sisis Sizie
S1a1 S1az S1az S1as Sias Sias S1e7 S S1a9 S1a10 S1a11 S1a1z Sz S1a1s Siss Siaie
\?151 Sis2 Sisz Sise Siss Sise Sisy Siss Sise Sisio Sisin Sisiz Sisiz Sisie Sisis Sisie

161 5162 5163 5164 5165 5166 516? 5168 5169 51610 SIEJ.I 51612 51613 51614 51615 51616

Additional Coupling Elements of the 16 Port Matrix (NEXT Far End)

Using the instructions in Section 5.4, it is possible to populate all of the additional near end NEXT terms of the Fixture matrix either by measurement or
substitution.

If no measurement is possible the reciprocal relationships of near to far end NEXT are provided below.

So11 = S13 S912 = S1a S913 = S5 S914 = S16 So15 = 517 S916 = S18
Si011 = Srz3 Si012 = Soa Sin1z = Sas S1014 = Srq Si015 = S»7 Si016 = Sig
S119 =831 S1110 = S32 S1113 = S35 S1114 = S36 S1115 = S37 S1116 = S3s
S129 = Suq S1210 = Sa> S1212 = Sus S1721a = Sua S1215 = Sa7 S1216 = Saa
S139 = 851 S1310 = Ss2 S1311 = Ss3 S1312 = Ssa S1315 = Ss7 S1316 = Sss
S1a0 = San Sia10 = Se> S1a11 = Saa S1212 = Sea Sia15 = Sar Si216 = Sen
Si59 =S S1510 = 572 S1511 = S73 Si512 = S7a Si513 = 575 Si514 = S76
S169 = Sas Sia10 = Sa> Sia11 = Saz Si612 = Saa Sia13 = Sas Si61a = Sas

De-embedding of 16 Port Matrices

The de-embedding of 16 port matrices is identical to the 2 Port and 4 Port methodologies described in Annex B and Annex C, however the conversion from S to
T parameters becomes more complicated, hence it is convenient to adopt a matrix transformation function rather than explicit equations for each term of the
matrix. The details of this transformation are shown in Annex E.

Annex A (informative)

Calculation of 2 Port Matrices from Single Ended Measurements

The following equations are used to derive the 2 port S-matrix based on single ended measurements.
These equations can be found in TIA 568C.2 Annex C.

It should be noted that the following calculations should be based on unwrapped phase information, this eliminates the 2*pi jumps in phase when plotted against

Characterisation of FNET Airplane Test Fixtures and Multiport Port De-embedding Matrices Page 23 of 35



APPLICATION NOTE

frequency that would otherwise result in choosing the ‘wrong’ root for some frequencies in the following equations

Look at each delta between angles as frequency increases. If the delta is greater than pi, add or subtract 2*pi from subsequent angles, depending on the sign of
the delta. If delta is positive, subtract 2*pi, and if negative, add 2*pi. The result of this should be a smoothly monotonic angle when plotted against frequencies,
with no big discontinuities.

S11 = Ioaa

_ (FO'peﬂ + FShort) - zﬁoad
(FO‘pen - ‘Ghort)

22

Z(and - Ghort)(FOpen - r;t.oad)
(‘%peﬂ - f}hort)

13 —

It is assumed that that S21 and S12 are reciprocal, therefore:

z(ﬂ.oaa‘. - I—:Short)(ro;:eﬂ - FLoad)
(rOpem - rSho'rt)

31 —

Using the measurements given in 3.1 we can then calculate the 2 port matrices for the two probes:

S _ 511 513
Probe3d — 531 533

S _ 522 SZ4
FProbed4 — 542 544

An example template and calculation is shown in the following embedded file:

Annex B (informative)

2 Port De-embedding (Cascade Method)
The following equations are used to de-embed the 2 port S-matrix of the probe from the 2-port S-Matrix of the probe and fixture measurements.
These equations can be found in TIA 568C.2 Annex C.

The S-Parameter Matrices of the Fixture and the Fixture+Probe are given by:
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S _ SllFixture SlZFixture
Fixture S i S X
21Fixture 22Fixture

SllFixture+Probe S12Fixtu re+Probe)

Skixture+Probe = (S . S
21Fixture+Probe 22Fixture+Probe

Converting to T-Parameter we state that:

Trixture+probe = TFixture ~ Tprobe = T~ Tp

_ . -1 _ 1
TFixt'ure - TFixture+131‘abe TProbe - TFP TP

The following conversions are used to convert S-Parameters to T-Parameters:

o1
11 821

_522

Ty = ——
12 521
Sll

Ty ==
21 821

. s
22 821

AS = (511 S22 —S12 " S21)

The following conversions are used to convert T to T-1:

T11_l = %
T12_1 = —aT;z
Tzz_l = %

AT = (Tn "Tye = Typ - T21)

Characterisation of FNET Airplane Test Fixtures and Multiport Port De-embedding Matrices

APPLICATION NOTE

Page 25 of 35



APPLICATION NOTE

Solving the above gives:

T (Tnp_l *Tyipp + lep_l ) T21!?13) (Tnp_l “Tyopp + lep_l ) TZZFP)
Fixt = - _ _ _
e (Tzu: . Tiipp + Tozp ! 'T21FP) ((sz . Tyzpp + Tozp . T22FP))

The following conversions are used to convert T-Parameters to S-Parameters:

S 1
21 = &=
Tll
s AT
12 = &7
Tia
S TZl
11 = &
Ty,
S, — —T13
22 = T
Tia
This resolves a 2 port value for the Test Fixture:
S _ SllFixture Sleixture
Fixture= — s . s .
21Fixture 22Fixture

The process can be described graphically by the following diagram:

o— 1 3 Py 1 Probe 3 Py 1 Probe!' 3| o
Fixture
—— 2 4 —e
Which is equivalent to:
o— 1 3|—e
Fixture
o—— 2 41 —e
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An example template and calculation is shown in the following embedded file:

Annex C (informative)

4 Port De-embedding (Cascade Method)

The following equations are used to de-embed the 4 port S-matrix of the probe from the 4-port S-Matrix of the probe and fixture measurements.

The S-Parameter Matrices of the Fixture and the Fixture+Probe are given by:

SllFixture SlZFixture S13Fi:=1tu.1‘e 514Fixtu1‘e

S _ Sleixture SZZFixture S23Fixture SZdl-Fixture
Fixture — S . S i S X S X
31Fixture 32Fixture 33Fixture 34Fixture

S41-1Fi)-(ture S41-2Fixture S41-3Fixture S44Fixture

S11Fi)(tur'e+l:'n:hbe SlZFixture+Probe Sl3Fixture+Probe Sl4Fixt‘ure+P1‘obe

g _ S21Fi:l(t'ure+13'1‘0be SZZFixture+Pr'obe S23Fi)(ture+F'1‘n:hbe SZ4Fixtu1‘e+Probe
Fixture+Probe — g . S X g . S .
31Fixture+Probe 32Fixture+Probe 33Fixture+Probe 34Fixture+Probe

Sq-lFixt'ure+P1‘obe S42Fixtu1‘e+Pr'obe S43Fixture+P1‘obe S44Fixtu1‘e+Probe

Converting to T-Parameter we state that:

Trixture+probe = IFixture ~ LProbe = 1F * Ip

— . -1 _ X -1
TFixt'ure - TFixt'ure+P1‘obe TPl‘obe - TFP TP

The following conversions are used to convert S-Parameters to T-Parameters:

Sz: =
Fixture 531 532 533 IS'34-1-

0 Sz 0 S
_ 0 S5 0 Sy
“71 -1 S5 0 Sy,
0 Sz -1 Sus
-5 1 -5, 0
yo =S 0 =S5 1
=S4 0 =54 0

T_Fixture = Inv(b) - a
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The following conversions are used to convert T-Parameters to S-Parameters:

Ty Ty, Ty Tia
T.. _ T Ty Toz Toy
Fixture T3, Top Tay Tay
Tay Tyo Taz Taa
-1 0 Tz T
a= 0 0 Ty T
0 -1 Ty Tuy
0 0 T, Ty
0 0 -T; —Ty
b1 0 —DTy Ty
0 0 T3 —Ti
0 1 —Ty —Tis
S_Fixture = Inv(b)-a
This resolves a 4 port value for the Test Fixture:
SllFixture SlZFixture Sl3Fixture Sl4Fixt‘ure
S _ SZlFixtm‘e SZZFixture SZSFixture 824Fixtu1‘e
Fixture= — S . S . S . S .
31Fixture 32Fixture 33Fixture 34Fixture
S41Fixture S42Fixtu1'e S43Fixtu1'e S44Fixtu1'e
The process can be described graphically by the following diagram:
— 1 3 ° ° 1 3l —e
Fixture Probe Probe-1
— 2 4 ® 4 ® 2 4 —e
Which is equivalent to:
*— 3 —9
Fixture
— 4 —e
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When using 2 fixtures to characterise a DUT, the process can be described graphically by the following diagram:

Fixturex-! EixtureX DUT Fi Y FixtureY-!

e 2 4 e 2 4 e 2 4 1o 2 4 e 2 4 e

Which is equivalent to:

Fixture

Converting to T-Parameter we state that:

Tpur+Fixtures = TFixturex * IpuT * Trixturey

e _1 . N N " _1
Tout = Trixturex = * Trixturex * Tout * Trixturey * Trixturey

Annex D (informative)

8 Port De-embedding (S-T and T-S Conversions)

The following conversion can be used to transform for 8 Port Fixture matrices from S to T matrices:
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S =
Fixture Ss1 S S5z Ssa Sss Sse Ss7 Sse

0 Sc 0 S 0 S, 0 Sg
0 Spc 0 S, 0 S, 0 Sy
0 S;gc 0 S 0 S;; 0 Sy
|0 S 0 S, 0 S, 0 S
@71 -1 Sec 0 S;¢ 0 So; O Seg
0 Sec —1 Seg 0 Se7 0 S
0 S 0 S, —1 S, 0 Sy
0 Sec O Sgg 0 Sg; —1 Sgg
=533 1 =55 0 =53 0 -5, O
—S531 0 —S;3 1 —S3 0 =S5, O
—S3; 0 —S§3 0 —S833 1 —53 0
b — —Sa1 0 =S5 0 =S4 0 =S54, 1
—Ssy 0 —Ss; 0 —Sg3 0 —Sgu O
—Se; 0 —Sg3 0 —Sg3 0 —S, O
~S;;, 0 —S;,, 0 —S,;3 0 —S, O
~Sg; 0 —Sg; 0 —Sgz 0 —Sg O

T_Fixture = Inv(b) - a

The following conversion can be used to transform for 8 Port Fixture matrices from S to T matrices:

Tl 1 TJ. 2 Tl 3 T14 Tl 5 Tl 6 Tl 7 Tl 8

T2 1 T2 2 TZ 3 T24 TZ 5 T2 6 TZ 7 TZ 8

TB 1 TB 2 TS 3 T34 T3 5 TB 6 T3 7 TS 8

Te. _ T4- 1 T42 T4 3 T4-4 T4- 5 T4-6 T47 T4 8
Fixture TSl TS 2 T53 T54 TSS TSG TE? TSB
T6 1 TG 2 Tt’: 3 T64 T& 5 T66 TE? Tt’: 8

T? 1 T? 2 T? 3 T74 T? 5 T?G T? 7 T? 8

TS 1 TB 2 TB 3 TBA- TS 5 TSG TB? TB 8
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-1 0 0 0 T, Ty Ty T
0 0 0 0 Ty Ty Ty To
6 -1 0 0 T3 Tzy Tz6 Tig
o 0o 0o 0 T, T, T T
Tl o 0 -1 0 Ty Tsy Tse Tss
0 0 0 0 Ty Teu Tes Tes
0 0 0 -1 T, Ty Ty To
0 0 0 0 Tsy Te Tee Tes
0 0 0 0 —-Ty; —-Ty3 -Tixs —-Ti;
1 0 0 0 —T5y —-Ta3 —Tos —Tyy
b= 0 1 0 0 —Ty Ty Ty —Ty
00 0 0 —Tgy —-Tgz Tz —Ts7
0 0 1 0 —Tg -Tgz3 —Tgs —Tg7
0 0 0 0 T4y —-T;3 —T55 —Tp

S Fixture = Inv(b) - a

The de-embedding is performed in the same way as 2 Port and 4 Port calculations, using cascaded T matrices, See Annex B and Annex C.

Annex E (informative)

Annex A 16 Port De-embedding (S-T and T-S Conversions)

The following conversion can be used to transform for 16 Port Fixture matrices from S to T matrices:

511 512 513 SJA— 515 516 51? 518 519 Sllﬂ 511]. SJ.IZ 5113 SJ.14 5115 5116
521 522 523 524 525 526 52? 528 529 5210 SZJ.I 5212 5213 5214 5215 5216
531 532 533 534 535 536 53? 538 539 5310 SEJ.I 5312 5313 5314 5315 5316
54]. 542 543 544 511-5 546 54? 548 549 5410 S‘l—ll 5412 5413 5414 54].5 5416
551 552 553 554 555 556 55? 558 559 5510 SSJ.I 5512 SSJ.S 5514 5515 5516
561 562 563 564 S&S 566 56? 568 569 5610 S&J.l 5612 S&J.S 5614 5615 5616
s?l 5?2 573 S?‘t— STS 5?6 5?? 5?8 5?9 5?10 STJ.I 5?12 S?J.S 5?14 5?15 5716
SBJ. 532 583 584 SES SEG 53? 588 589 5810 SEJ.I 5812 SEJ.S 5814 5315 5816

Srivrue =
Fixrus Ss1  Ssz Ssz Ssa Sss Sse Soy Ssa Sss Sszp Ssux Seaz Ssuz Saas Ssus Sous

Si01 S102 S103 Sios Sios Swe S0 Sws S109 Sw010 Sio1s Siorz Sioaz Sioae Siows Siois
Sy11 Sz S1is Si1ae Sias Siie Siar Sue Siie Suise Sians Siae Stz Sinae Siiis Sinie
S1z1 Si2z Siza Si24 Sizs Size Sizz Siz8 Sizs Sizwo Sizin Sizaz Simiz Si21a Simis Sizie
Sia1 Si3z Si3z Sizs Sias Size Siaz Sz S1zo S1zio Sizin Sizzz Sisiz Sizaze Sizis Sizie
Sia1 S1az S1a3 Sias Sias Sise S1ar S1as S1ao S1a10 Sisns Sia1o Siaaz Sig1e Sisrs Siase
Sis1 Sisz2 S1sz Sisa Siss Sise S1sv Siss S1s9 S1s10 S5 Sis1z Fisiz Sisie Sisis Sisie
Sie1 Sie2 S1s3 Sies  Sies Sies 167 S1es  S1e9 S0 Sie1n Sis1z Sie1z Sis1e Sie1s Siels
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0 S19 0 Sie 0 S111 0 Sii 0 Sus 0 S114 0 Sis 0 Sue
0 Sy 0 Sz 0 S211 0 Sz12 0 Su3 0 Sa14 0 Sas 0 Sus
U 0 Saio 0 Sa11 0 Sz 0 Sagz 0 S314 0 Sas 0 Sas
0 Sy, 0 Sy 0 Ss11 0 Si 0 Sys 0 Ss14 0 Sy 0S4,
0 S5 0 S50 0 Sgiz 0 Ssip 00 Sz 00 Sgia 00 Sz 00 Sy
0 S 0 Ssio 0 Se11 0 Sern 0 Sas 0 Se1a 0 Seis 0 Sas
0 Sy 0 S0 0 S711 0 S 0  Sns 0 S714 0 Sy 0 Sns
a= 0 S 0 Sayp 0 Sa11 0 Sgp 0 Sgs 0 Sa1s 0 Sgys 0 Sy
—1 Sg 0 Ssi0 0 So11 0 Sorz 0 Sgi3 0 So1a 0 Sog 0 Soie
0 Sies =1 Sio10 0 Sipas O Sz 0 Spoaz 0 Sipie 0 Sjoas 00 Sinie
0 Spe 0 Sypgp —1 Sy 00 S 00 Sypps 00 Sy @0 Sppas 00 Sipge
0 Sipg 0 Sizp 0 Spzgn =1 Si2az 00 Sizaz 00 Symae 00 Spmag 00 Sizie
0 Sias 0 Syzp 0 Spa;n 0 Sizaz =1 Simaz 00 Syzze 00 Spmas 00 Siaie
0 Sus 0 Sig0 0 Sy 0 Siap 00 Sz —1 Sjge 00 Sigs 00 Sjue
0 S5 0 S5 00 Sigyy 00 S5 00 Sy;3 00 Syge —1 S5 00 Sige
0 Sigs 0 Sigi0 0 Sjern 0 Sigrz 0 Sieuz 00 Sjers 00 Sigis —1 Sias
=51 1 =512 0 =553 0 =54 0 =55 0 -5 0 —5; 0 —55 0
=531 0 =53 1 =533 0 533 0 =533 0 =S5 0 —5;; 0 —S;3 0
=531 0 —S3; 0 —53 1 -S54 0 =535 0 -5 0 —55; 0 -5, 0
Sy 0 —Sp 0 =S5 0 -5,y 1 S, 0 -5, 0 —S5; 0 S, 0
551 0 =55 0 —S53 0 —S5s 0 =S5z 1 S5 0 —S;; 0 S5 O
—Se1 0 —Sez 0 =S5 0 -5 0 =S5 0 S 1 —S55 0 -5, 0
—54 0 —-S;p 0 —5;3 0 —5;4 0 =S5 0 =5, 0 —5S;7 1 =5, 0
— —Sg 0O Sz O Sgz 0 —S5 0 —Sg 0 53 0 =55 0 —55 1
b= -5 0 —S3; 0 =553 0 -S54 0 —55p 0 —5:; 0 —-55; 0 -5, O
—S101 0 —Sipz2 0 —Sppz 0 —Si0a 0 —Sigs 0 —Sipe 0 —Spp7 0 —Sps 0
—S11 0 =S85y, 0 =555 0 =55, 0 =555 0 =5, 0 —5,; 0 =534 O
—S123 0 =512 0 —Sp33 0 =524 0 —Sy35 0 —Spp¢ 0 =555 0 =S O
—S131 0 —Sizz 0 —Sp33 0 —5134 0 —Sizs 0 —Sizg 0 —Spz; 0 —Spas 0
—S1a1 0 —Siez 0 =Sz 0 —Siaa 0 —Spes 0 —Spee 0 —Spe; 0 —Spee 0
—S151 0 —Sygz 0 =Sz 0 —Sj5y 0 =Sy 0 —Sigg 0 =S5z 0 =Sy O
—S151 0 —Sigz 0 —Sigz 0 —Si5a 0 —Siss 0 —Sige 0 —Si57 0 —Sigs 0

T_Fixture = Inv(b) -a

The following conversion can be used to transform for 8 Port Fixture matrices from S to T matrices:

Ty, T, Tz Ty Tz T Tz Ty T Ty T Tz Tz Tie Tas Tige
Tyy Toz Toa Tos Tos Tae Top Tzg Too Togg Tozn Toaz Toazs Toua Toas Togg
Tsy Taz Taza Taa Tas Tae Taz Tag Tae Tazg Tazn Taiz Teaz Taaa Tais Tae
Ty Tao Tz Tae Tas Tae Tap Tas Tao Tase Tarn Tz Taas Tesa Taas Tags
Tsy Tsz Tsa Tsa Tss Tse Tsz Tse Tse Tsio Tz Tsiz Tsiz Tsae Tsais Tsaie
Tsxs Tez Teza Tea Tes Tee Ter Tee Teo Tero Tewn  Teaz  Terz  Tesa  Teis  Teis
Ty Ty Tz Toy Tos Te Top Tog Toe Toe Ton Trz Tois Toaw Tois Toge
T = Tegy Toz Tgzs Tga Tes Tae Tar Tas Teo Taso Tewn  Teaz Teaz Tesa Teis Tass

Toyy Toz Tozs Tos Tos Tres To; Tog Too  Toso  Tozs  Touz Toaz  Toxa  Toss  Toss
Tior Twz Tioa Tioa Tios Twe Tior Tios Tios Tiowo Tions Tiorz Tioazs Tions Thoas  Tioss
Tiys Tz Tias Tiaa Tias Tie Tiar Tie Tie Taave Tiaar Tiae Thnas Tiise Tiaas Thase
Tias Tizz Tizs Tiza Tios Tize Tizz Tize Tize Tizwe Tizanr Tiziz Tizazs Tizae Tioas Tiose
Tiay Tz Tizz Tias Tizs Tize Tz Thae Thiae Tizse Tz Tisiz Thziz Thzae Timis Thase
Tiyy Tigp Tias Tiga Tias Tise Tiar Tise Tise Tisgo Tiaar Tiasn Thass Thase Tias Thase

Tisy Tisz Tiss Tisa Tiss Tise Tisy Tise Tise Tisto Tisar Tisiz Tisaiz Tisze Tisis Tisie
Tier Tisz Ties Tiea Ties Tiss Tisr Ties Ties Tiswo Tienn Tierz Tiess Tisrs Tiers Tisis
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-1 0 o o o o o o T2 Tie Tig Tis Tio Tiz Tis Tie
0 o o o 0 0 0 0 Ty Tas Tae Tag Towo T212 T21sa Taie
0 -1 0 0o 0 o0 0 o0 T3 T3s T3g Tsg Tsio T312 Ts14 Tiie
0 0 0 0 0 0 0 0 T4 Tge Tag Tag Taro Ta12 Tas Tae
0 0o -1 0 0o o 0 0 Tsy Tsg Tsg Tsg Tsig Tsio Tsia Tsig
0o 0o o o o o o0 o Tg Ts Tee Teg Tewo Te1z Tes Teis
0 0o o -1 0 0o 0 o0 T3 T4 Tze T3 Trio T712 Trs Tyie
| @ 0 0 0 0 0 o0 o Tg Tge Tgs Tes Tsio Tsiz Teis Taie
0 0o o o -1 0 0 0 Tg Tog Tog Tog Toig To12 Tors Toie
o o o o o o 0o o0 Ty Tios Tio6 Ti08 T1010 Ti012 T1014 Ti016
o o o o o -1 0 o0 Typ Ty14 T11s6 T1s Ti10 T1112 T111a Tiite
0 0o o o o o o0 0 Tip»n T4 Ti26 Tizs Ti210 T1212 T1214 Ti216
o o o o o o -1 0 Ti3 T3¢ T35 T13s Ti310 T1312 T1314 Tis1e
0 o o o o0 o0 0 0 Ty Tiga T1a6 Ti4s T1s10 T1412 T1414 T1a1e
o0 o o o o0 o0 0 -1 Tisp Tisa Tis6 Tiss Tisio Tisiz Tisia Tisie
0 0 0 o0 0 0 0 0 Ty Ties Ties Ties Tis10 Ti1e12 Ti1e14 Tiete
00000000 Ty —Ty3 —Ti5 —-Tyz —Tyg —T11 Tz —Tis
1 0000000 —Ty —Ty3 —Typs —Tzy —Tz9 —Tr1 -T2z —Tas
00000000 —T3 —T33 —T3z —T3zy —Tzg —T311 —Tz1z —Ts5
01000000 —Ty Ty —Tys —Tay Ty —Ty1 —Taz —Tys
00000000 —Ts —Ts3 —Ts5 —Ts; —Tsg —Ts11 —Tsi3 —Tsi5
00100000 —Tg —Tg —Te —Tsgg —Teg —Te1 —Tez —Teis
00000000 —Tpy —T73 —T3s5 —Ty; —Ty9 —T71 —Trz —Tyis
p—|0 00 10000 —Tg ~—Tgs —Tgs —Ts7 —Te —Tsx —Tsi3 —Tgs
0 0000000 —Tg —To3 —Togs —Tgs —Tgg —To11 —To1z3 —Tois
0000100 0 —Tipt —Ti03 —T105 —Tio7 —T1o9 —T1011 —T1013 —Tio01s
0000000 0 —Tyyy —Ty3 —Tys —Ti17 —Tye9 —Ti111 —Tii3 —Tiss
0000010 0 —Ti3 —Ti3 —T12s —T127 —T129 —T1211 —Ti213 —Ti215
0000000 0 —Ti31z —Ti33 —T135 —T137 —T139 —T1311 —Tiz13 —Ti315
00000010 —Tyy —Ty3 —Tus Tz —Trae —Tig11 —T1a13 —Trass
0000000 0 —Ty519 —Ty53 —T155 —Ti1s7 —Tis9 —Ti511 —Tis13 —Tis15
00000001 —Tig —Tie3 —T16s —T167 —T1s9 —T1s11 —Ti1613 —Ti615

S_Fixture = Inv(b) - a

The deemebedding is performed in the same way as 2 Port and 4 Port calculations, using cascaded T matrices, See Annex B and Annex C.

Annex F (informative)

Conversion to 4 port Touchstone S4P

S11 Si2 S13 Sia

S _ [ S22 S22z Sa3 Sz
Adapter= "\ S3; S32 Saz S
Sa1 Ssz Siz Saa
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APPLICATION NOTE

About Fluke Networks

Fluke Networks is the worldwide leader in certification, troubleshooting, and installation tools for professionals who install and
maintain critical network cabling infrastructure. From installing the most advanced data centers to restoring service in the worst
weather, our combination of legendary reliability and unmatched performance ensure jobs are done efficiently. The company’s
flagship products include the innovative LinkWare™ Live, the world’s leading cloud-connected cable certification solution with

over fourteen million results uploaded to date.

1-800-283-5853 (US & Canada)
1-425-446-5500 (International)

http://www.flukenetworks.com
Descriptions, information, and viability of the information contained in this document are subject to change without notice.

Revised: March 8, 2024 9:38 AM

Literature ID:

© Fluke Networks 2018

Characterisation of FNET Airplane Test Fixtures and Multiport Port De-embedding Matrices Page 35 of 35



