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EXPRESSI ON OF SUPPORT BY MANUFACTURERS
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The user's attention is called to the possibility that inplenmentation to this
Specification may require use of an invention covered by patent rights. By distribution
of this Specification, no position is taken with respect to the validity of this claim
or of any patent rights in connection therewith. The patent holder has filed a
staterment of willingness to grant a |license under these rights on reasonabl e and

non-di scrimnatory terms and conditions to applicants desiring to obtain such a

i cense.
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For eword

The devel opnent work on this specification was done by the SFF Committee, an industry
group. The menbership of the committee since its formation in August 1990 has i ncl uded
a mx of conpanies which are | eaders across the industry.

VWhen 2 1/2" dianeter disk drives were introduced, there was no conmponal ity on externa
di mensi ons e.g. physical size, nmounting |ocations, connector type, connector |ocation
bet ween vendors.

The first use of these disk drives was in specific applications such as | aptop portable
conputers and systemintegrators worked individually with vendors to devel op the
packagi ng. The result was w de diversity, and inconpatibility.

The problens faced by integrators, device suppliers, and conponent suppliers led to the
formation of the SFF Commttee as an industry ad hoc group to address the narketing and
engi neeri ng consi derations of the energi ng new technol ogy.

During the devel opnent of the formfactor definitions, other activities were suggested
because participants in the SFF Conmittee faced nore problens than the physical form
factors of disk drives. In Novenber 1992, the charter was expanded to address any

i ssues of general interest and concern to the storage industry. The SFF Comittee
becane a forumfor resolving industry issues that are either not addressed by the

st andards process or need an i nmedi ate sol ution.

Those conpani es whi ch have agreed to support a specification are identified in the
first pages of each SFF Specification. Industry consensus is not an essenti al

requi renent to publish an SFF Specification because it is recognized that in an
energi ng product area, there is roomfor nore than one approach. By making the
docunent ati on on conpeting proposals avail able, an integrator can exam ne the
alternatives avail abl e and sel ect the product that is felt to be npbst suitable.

SFF Conmittee neetings are held during T10 weeks (see www. t10.0rg), and Specific
Subj ect Working Goups are held at the conveni ence of the participants. Materia
presented at SFF Committee neetings becones public domain, and there are no
restrictions on the open mailing of naterial presented at conmittee neetings.

Most of the specifications devel oped by the SFF Committee have either been incorporated
into standards or adopted as standards by EIA (El ectronic Industries Association), ANS
(Anerican National Standards Institute) and I EC (International El ectrotechnica
Conmi ssi on).

If you are interested in participating or wish to follow the activities of the SFF
Committee, the signup for nmenbership and/ or docunentation can be found at:

wwv. sffcomm ttee. contie/join. htn

The conplete list of SFF Specifications which have been conpleted or are currently
bei ng worked on by the SFF Committee can be found at:

ftp://ftp.seagate. com sff/SFF-8000. TXT

If you wish to know nore about the SFF Committee, the principles which guide the
activities can be found at:

ftp://ftp.seagate. com sff/SFF-8032. TXT

Suggestions for inprovenent of this specification will be wel conme. They shoul d be sent
to the SFF Committee, 14426 Bl ack Wal nhut &, Saratoga, CA 95070.
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SFF Committee --

HPElI Passive Cabl e Assenbly and PCB S- Paraneter Measurenents

1. Scope

The SFF Conmittee was forned in August, 1990 to broaden the applications for storage
devices, and is an ad hoc industry group of conpani es representing systemintegrators,
peri pheral suppliers, and conponent suppliers.

2. References

The SFF Committee activities support the requirenents of the storage industry, and it
is involved with several standards.

2.1 I ndust ry Docunent s

The following interface standards are rel evant to many SFF Speci fi cati ons.

- X3.131R- 1994 SCSI -2 Smal | Conputer SystemInterface

- X3.253-1995 SPI (SCSI-3 Parallel Interface)

- X3.302- xxxx SPI-2 (SCSI-3 Parallel Interface -2)

- X3.277-1996 SCSI -3 Fast 20

- asd; LAKJ Pl P (Passi ve | nterconnect Performance)

- X3.221-1995 ATA (AT Attachnment) and subsequent extensions

- EI A PN-3651 Detail Specification for Trapezoi dal Connector 0.50" Pitch
used with Single Connector Attach -2.

- X3.230-1994 FC-PH (Fi bre Channel Physical Interface) and subsequent
extensions FC-PH 3, FGPI, FC-PI-2, FGPI-3 and FCGPI-4

- ANSI - Y14. 5M Di nensi on and Tol eranci ng

- ML-STD 1344, Met hod 3008 Shi el ding Effecti veness of Milticontact Connectors.

- 1 EC 96-1, Rever berati on Chanber nethod for neasuring the screening

ef fecti veness of passive m crowave conponents.
2.2 SFF Specifications

There are several projects active within the SFF Conmittee. The conplete list of
speci fications which have been conpleted or are still being worked on are listed in the
specification at ftp://ftp.seagate.conisff/SFF-8000. TXT

2.3 Sour ces

Those who join the SFF Conmittee as an Cbserver or Menber receive el ectronic copies of
the m nutes and SFF specifications (http://ww. sffcomittee.comie/join. htn).

Copi es of ANSI standards nmay be purchased fromthe InterNational Conmttee for
I nformati on Technol ogy Standards (http://tinyurl.com c4psg).

Copi es of SFF, T10 (SCSl), T11 (Fibre Channel) and T13 (ATA) standards and standards
still in devel opnent are avail able on the HPE version of CD Access
(http://tinyurl.coni 85fts).

2.4 Conventi ons

The American convention of nunbering is used i.e., the thousands and hi gher nultiples
are separated by a comma and a period is used as the decinmal point. This is equival ent
to the 1SQO I EC convention of a space and conma

Aneri can: | SO
0.6
1,0
1,3

0
00 1
23,462.9 1
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3. Description

Thi s docunent is about creating accurate and transportabl e S paraneter nmeasurenments on
physi cal interconnect cable assenblies and PCB' s (ternmed |UT for |nterconnect Under
Test). Many features of using S-paraneters inpact the testing or neasurenent process
so a description of what S-paraneters are and what is involved with creating a conplete
set of S-paraneters for IUT"s of interest is included.

Thi s technol ogy appears deceptively sinple yet is truly mathematically elegant in its
ability to describe very conpl ex behavi ors.

Use of S-paraneters is becom ng nore wi despread as different standards seek practica
ways to specify conplex signal performance without requiring ‘golden’ hardware and to
mtigate the chall enges of naking accurate wavef orm measurenents at very high
frequencies. Previously there has not been a significant demand for transportable S
paraneter files as nost uses were for design. However, when using S-paraneter based
nmet hods for conpliance to standards and for using S-paraneter based nethods to all ow
accurate sinulation of conplex waveforns, the transportability property rises to the
forefront.

This work conpl ements other work in the T11l (Fi bre Channel) conmittee under the signa
nodel i ng (FCSM 2) and signal performance specification (M5SQ@) projects by taking a
pragmatic view of the neasurenment portion.

Thi s docunent covers three broad areas:

Thor ough description of S-paraneters and the general requirenents for attaining
adequat e cover age

Specifies the format for transporting S-paranmeter files, including the formats
for transporting cross talk and other pair to pair (nore than four single ended
ports) interaction neasurenents.

Speci fies acceptance criteria for determ ning whether calibration structures
accurately represent the test fixture.

Thi s docunent does not provide detail ed step-by-step instructions for maki ng
calibrations or nmeasurenents because these are usually determ ned by the specific test
equi pment and its related calibration software. The test equi prent and software

manuf acturers provide calibration, test method step-by-step instructions, and
application notes.

The procedures described in this docunent are not optimzed for high volume production
testing. They are prinmarily intended for use as reference nethods that can resol ve
di sputes and del i ver adequate accuracy for use in conpliance testing and sinul ation.

4. CGeneral statenment of application space for this docunent

4.1 Physi cal conponents and frequency ranges

Physi cal inplenmentations are passive cable assenblies up to 15 neters |ong, PCB based

i nterconnects, and the conpliance interconnects (both cable and PCB based) used by
various standards to verify transmtter device conpliance. The lower length linmts are
determ ned by the properties of the S paraneter neasurement set up (typically around
one cm.

Signals used in the end application are between 1 GBaud and 12.75 GBaud serial NRZ
stream (800 M to ~10 Gb/s using 8b10b encoding). The higher the frequency range for
the S paraneters the nore conplete the S paraneter description of the IUT properties an
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the nore difficult the problem of obtaining transportable S-paraneters. The nethods
described in this docunent are suitable for a frequency range of up to 20 GHz based on
fundanmental considerations required to generate eye diagrans using the S-paraneter
nmeasurenents with a suitable sinulation tool

These constraints lead to requirenments on the frequency step size that depends on the
I ength such that the frequency step causes |ess than 360 degree phase change.

See clause 6 for the explanation of the insertion loss and return |loss terns used in
the foll owi ng paragraphs.

Insertion | oss type nmeasurenents are assunmed to have at |least — 60 dB noise floor with
| ower floors attainable w thout excessive effort. This noise floor is well belowthe
range of interest (around — 40 dB)

Return | oss type neasurenents are expected to have val ues in the nei ghborhood of -10 dB
at 9 GHz. A noise floor for return | oss neasurenents of better than -20 dB is required
at 9 GHz to achi eve adequate accuracy for product characterization.

There is a belief that there is a fundanmental challenge to nmaki ng adequate return | oss
nmeasurenents in the 10 Gz range and this is the reason for the relatively high return
loss target. Insertion |oss neasurenents under these conditions appear to be
reasonably attainable using well known nethods and equi prent.

4.2 Uses of S-paraneters

4.2.1 Overview

The purpose of this docunment is to ensure that the basic neasurenent of the S
paranet ers adequately and accurately captures the behavior of the IUT and that these
nmeasurenent results can be accurately repeated on the same | UT by other |aboratories.

The S paraneters neasured for the IUT after renoval of the test fixture contributions
can be used for a nunber of purposes. One use is as a nodel of the behavior of the |UT
wi t hout any concept of pass or fail. Qher uses may involve specifying pass-fai
criteria. The nodeling/characterization use is straightforward. The pass/fail uses,
however, are a subject of significant controversy in the industry.

Once the conplete set of S-parameters are known for an | UT one may cal cul ate or

simul ate wavef ormresponses for the IUT. The properties of these waveforns may be
criticized for conpliance. Sone standards choose to place limts on the val ues of the
S-paraneters thensel ves and others use a mi xture of waveform properties and S-paraneter
val ues for conpliance.

4,.2.2 Pass/fail schenes

4.2.2.1 Overvi ew

There are two pass/fail schemes in common use that are discussed in this clause. Both
require the use of sinple limt nmasks but one mask is specified in the time domain and
the other mask is specified in the frequency donmain. Masks can be arbitrarily conpl ex
and in the theoretical linmt both nethods yield equivalent results. In practice,
however, the need for having sinple nmasks drives significant differences between these
pass-fail nethods.

HPEl Passive Cabl e Assenbly and PCB S- Paraneter Measurenents Page 8
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4.2.2.2 Ti mre domai n nasks

One pass-fail schene for S-parameter files is in creating eye diagrans or other
sinmulated time domain responses by using a sinulation tool with the S-parameter file as
part of the simulation input. Pass or fail is indicated by whether the sinulated
signal violates a time domain limt mask (eye or other type of mask). This use
appropriately indicates the suitability of the IUT for a specific signal without any
over or under specification

A different tinme domain nmask is required for each behavior tested. For output
differential signals an eye mask that may not be crossed is often used. By using

nmul tiple launched signals at different ports the conbined effects of cross talk can be
included in the output differential signals. For output commobn node signals staying
bel ow a specified maxi mumtime donmain anplitude linmt may be all that is required. For
reflected signals a TDR type of time domain Iimt mask may be used.

However, just because a specific S-paraneter file passes the tine domain mask test for
a particular signal with a set of properties does not autonatically nean that sone
other signal with a different set of properties will also pass the tinme domain limt
mask test with that same IUT. If the IUT is to be used for a range of applications
then nultiple signals, each representing a specific set of conditions within the

all owed range of applications, are required to determ ne conpliance for the |UT

4.2.2.3 Frequency domai n masks

The ot her pass-fail schene for S-paraneter files is to place a frequency domain linit
mask directly on individual S-paranmeter files. Each different paraneter has a
different mask. |If any specific S-paraneter for the |UT exceeds its respective nask
then the 1UT fails. This pass-fail methodology is generally significantly over-
conservative and does not allow for any trade-offs between paraneters.

For exanple, an insertion |oss suckout at sone frequency nay be perfectly fine if there
is little frequency content in the signal at that frequency. But the insertion |oss
l[imt mask woul d probably fail the perfectly good IUT (for that signal).

In anot her exanple an I UT m ght have better insertion |loss but nore cross talk and the
two paraneters trade off to yield a good IUT. A limt nmask would fail the good IUT
(for that signal) for high cross talKk.

A benefit of the limt mask approach is that if the conplete set of (sinple) limt
masks for all S-paraneters for the IUT can all be nmet then it is likely that the 1UT
will work for a fairly broad range of applications. It may require significant cost
i ncreases or design constraints for the IUT to neet this set of requirenents.

4.2.2. 4 Cl osed eyes

It is worth noting that closed eyes on differential signals that nay be seen at the end
of lossy links are no problemfor using the eye mask schene for pass-fail purposes.
Wth cl osed eyes one nust sinply apply a reference receiver to the signals before

appl ying the eye di agram acceptance criteria (mask). The reference receiver processes
the signal in a specified and standard way such that the processed eye is open. Such
reference receivers are being specified in a nunber of standards and al so have the
benefit that they allow the Iink signal budget (jitter/anplitude etc.) to attain
‘credit’ for the signal processing done in receivers that process the signal (for
exanpl e using equalization). Having a closed eye going into the reference receiver is
not a valid reason to require the use of limt nmasks on the individual S-paraneters.
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4.2.3 Summary

It is not the purpose of this docunment to reconmmend whi ch nmet hod shoul d be used for
conpl i ance purposes as each has benefits and drawbacks. One key drawback to using
l[imts on S-paraneter values is the tendency to over specify perfornance; |oca

devi ations over a snmall frequency range may not harmthe application. Engineering
tradeoffs cannot easily be incorporated into the acceptance limts because there is no
relationship to the actual application requirements. One key benefit to using the s-
paraneter limt method is ease of inplenentation without needing a signal simnulation

t ool

5. Definitions

Bilateral: the ability of an IUT to remain invariant in all electrical properties upon
end to end reversal of the IUT. Bilaterality is only possible if the connectors on the
| UT have the sane design

Calibration - the process of renmoving instrunmentation errors at a specific point in the
systemcal l ed the reference plane, which may be | ocated as shown in Figure 13 and
Figure 14 in 8414 depending on the nethod. Use of known standards and/or defined
reference structures is required.

Calibration enabling structure — Special structures required in the instrunentation
cal i bration process

De enbeddi ng — the process of renoving test fixture effects by using matrix al gebra
where the Sij of the test fixture is known.

Instrunmentation — the collection of hardware and software that is used to excite and
detect signals applied to or detected fromthe reference plane used during the IUT

nmeasurenent. |Instrunmentation may or nmay not include test fixtures depending on the
nmet hod used. Instrunentation may or may not include internal calcul ations.
| UT — Interconnect under test

Normal i zation: a termused to describe a process of accounting for the test fixture
insertion |osses for the nmagnitude of the IUT insertion |oss and for the phase effect
of the test fixtures. This process is only accurate for test fixtures that produce no
refl ections.

Reci procal : the property of having identical waveshapes at the receiver and transnitter
if the position of the transmitter and receiver are reversed. Oten the inpedance of
the transmtter and receiver nake it inpractical to access the points in the system
where the ideal transmitter and receiver exist. Wveshapes determ ned only by the
insertion |oss properties are generally reciprocal even when the connectors are
different on each end of the IUT if the transmtter and receiver inpedance are
identical as required for S-paraneter neasurenent. Even though IUT"s with different
connectors have the sane insertion loss in either direction (i.e., S21=S12) this same
IUT will not have the sane return | oss on either end and therefore is not bilateral

The return loss is, however, still reciprocal even in the presence of unequa

refl ections on both ends of the | UT because by definition the transnmtter and the
receiver are at the same place on the sane end for return loss. And the IUT is also
reci procal even with unequal return | oss because the total effect of the reflections is
the sane at the ports even though the | osses occur at different places in the two
directions.

Ref erence plane: a defined location in the physical setup where nmeasurenents are
assuned to apply. Fornally reference planes require TEM (Transverse El ectroMagnetic)
transm ssion node (where the electric and nmagnetic fields are both perpendicular to the
direction of propagation) at the reference plane. This assunption is often not
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satisfied due to practical physical constructions of connectors. Only very high
quality straight transmssion |ines offers close to actual TEM conditions. The coaxia
construction is the closest. Wthin a PC board a straight trace is another exanple.
Non TEM constructions and inperfections in the construction are sources of neasurenent
error that cannot be fully corrected. In addition to practical design constraints of
maki ng TEM structures there is an error source because a fixture without the IUT does
not have the sane construction or inperfections as when the I1UT is attached. FErrors
fromthis source all have higher order propagati on nodes as the root cause

SOLT - short open load thru; an acronymfor a set of defined steps for calibrating and
renoving the effects of the test fixture. This process involves sequentially nmeasuring
the properties of the test fixture under different conditions of special short, open

| oad, and thru connections in place of the IUT. A separate set of calculations using
these results is required to account for the test fixture in the | UT neasurenent.

Symmetry — having identical properties with respect to a defined point, line, or plane.
Symmetry requires a nodifier to be unanbi guous. For exanple, mrror symetry describes
an obj ect whose reflection with respect to a plane is identical to the object. Oher
types may include: end to end, rotational, axial, etc.

Test fixture — the exact sanme hardware (sane trace, sanme wire, sane connector etc.)
that is used to physically connect to the IUT. The test fixture nay or may not be part
of the instrunmentation depending on the nethod.

Test fixture characterization structure — Special structures used to all ow renoval of
the test fixture effects fromthe neasurenent.

Time domain gating - a process of using only information the tine donmain response in
the tine regi on where the | UT exists

TRL - thru, reflect, line; an acronymfor a set of defined steps for calibrating and
renoving the effects of the test fixture. This process involves building a specia
calibration test fixture that is ‘identical’ to the test fixture to be used with the
IUT. This special test fixture has structures that emulate the thru, reflect, and line
conditions. A separate set of calculations using these results is required to account
for the test fixture in the IUT neasurenent.

6. Franmework for S-parameter neasurenents

6.1 Ceneral concept of S-paraneters

6.1.1 Overvi ew

S-paraneters or scattering paranmeters are one of many possi ble ways to represent the
behavior of a linear system S-paraneters are the ratio of the output anplitude to the
i nput anplitude and the difference between the output phase and the input phase.

Equi valently the real and inmaginary properties of the respective signals nay be used.
In S-paraneters the signal description includes the propagation direction. Thus it is
possi ble to have an S-paraneter for a single port by relating the reflected signal to

t he i ncom ng signal

S-paraneters assune a perfect resistive termnation (e.g., nost systens use 50 ohmns
singl e ended, 100 ohmdifferential) is attached to all ports. This includes active
ports where the signal is applied (signal source has perfect source inpedance), the
response port where the signal is neasured and any ‘not connected’ ports that are not
bei ng used for the nmeasurenent. As such, S-paraneters neasurenents are intrinsically
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‘laboratory’ neasurenents. The reference inpedance for the S-paraneter shall be
explicitly stated if not 50 ohns single ended or 100 ohns differential

Wil e S-paraneters can be neasured for a single frequency their utility is limted to

| UT properties only at that frequency. Since IUl"s are called on to transport conpl ex
data patterns and waveforns that contain a wi de range of frequencies it is necessary to
exam ne S-paraneters across the range of frequencies that are inportant to the end use
application. Wen the term*‘S-paraneter’, or one of the specified synbols that
identify the S-paranmeter, is used in this docunent it refers to the entire set of
properties across the frequency range and is actually a |large nunber of discrete val ues
that individually describe the signal |evel (or sinusoidal signal anplitude, rnms or

dB), the phase, and the frequency.

S paraneters are defined by a subscript systemwhere the first numerical subscript
defines the port nunber for the outbound response signal fromthe IUT and the second
nunerical subscript defines the port nunber for the applied incident signal to the IUT.
The applied incident signal is always propagating into the 1UT and the out bound
response signal is always propagating out of the IUT

It is not sufficient to only describe an S-paraneter by the two nunbered port
subscripts because both differential and common node signals nmay be described by S-
paraneters. The basic ternmnology is ‘D for differential and ‘C for common node

Mai nt ai ni ng the convention that the first subscript always descri bes the outbound
response signal fromthe IUT and the second subscript always describes the applied
incident signal into the IUT, a four subscript convention results, S,;.
For exanple S, ,defines the ratio of the differential signal coming out of differentia
port 1 to the common node signal applied at differential port 4. To avoid the

i nconveni ence of creating, acconmodating, and readi ng small subscripts the ‘subscripts’
are often raised to full font characters added after the letter ‘S . For exanple, the
S... could also be witten as SDCl4.

DC14

If no'D or ‘C is present then it is assunmed that the signals are single ended

It is conmon to calculate differential and conmmon node S-paraneters fromthe nmeasured
si ngl e ended responses to single ended applied signals.

The port nunbering schenme and the | UT description schenme can be conpl ex as di scussed in
6.3. The port nunbering scherme shall be clearly specified in the description of the
IUT in all cases.

Regardl ess of whether an S-paraneter port is single ended or differential (two single
ended ports per differential port) the description of the |IUT defines the port
nunbering. For exanple, an IUT could have differential port 1 consisting of single
ended port 1 and single ended port 3. In this case the IUT access points have multiple
accurate nunbering — one set for the differential ports and another set for the single
ended ports.

However, even if only differential ports are assigned nunbers is it still necessary to
separately identify each leg of the differential pair so that the commobn node and node
conversion properties are captured.

Differential port identification is usually assigned according to the single ended port
pairs connected to a single wire pair (e.g., twisted pair or twinax) in the |UT.
However, mathematically, S-paraneters allow assignnment of differential ports to
arbitrary pairs of single ended ports. |If the full S-parameter set is nmeasured for the
IUT then all the information for the 1UT will be in the results. It may require
careful mapping of ports nunbers to actual construction to nmake nuch sense of the data
unl ess an intelligent port nunbering schene is used up front.

HPEl Passive Cabl e Assenbly and PCB S- Paraneter Measurenents Page 12



Publ i shed SFF- 8414 Rev 10.1

6.1.2 Theoretical requirenments for S-paraneters at the measurenent systeminterface

A reference plane is defined as the location in the physical setup where neasurenents
are assunmed to apply. The formal definition of a reference plane requires TEM
(Transverse El ectroMagnetic) transm ssion (where the electric and nmagnetic fields are
bot h perpendicular to the direction of propagation) at the reference plane. This
assunption is often not satisfied due to practical physical constructions of
connectors. Only very high quality straight transm ssion lines offers close to actua
TEM condi tions. The coaxial construction is the closest. Wthin a PC board a strai ght
trace is another exanple. Non TEM constructions and inperfections in the construction
are sources of neasurenent error that cannot be fully corrected. In addition to
practical design constraints of making TEM structures there is an error source because
a fixture without the I UT does not have the sane construction or inperfections as when
the IUT is attached. Errors fromthis source all have hi gher order propagati on nodes
as the root cause.

6.2 Basi ¢ S paraneter signal neasurenent definitions

Figure 1 shows the connections, 1, 2, 3, and 4, made to a four port instrument such as
a vector network analyzer (VNA) or a tinme domain network anal yzer (TDNA) for measuring
S paraneters on a four single ended port ‘black box' device. Such a device could be a
single differential pair in an IUT. The instrunmentation recogni zes signals going into
the ‘black box’ denoted by the ‘a subscript and signals comng out of the ‘black box’
denoted by the ‘b’ subscript. These instrunents may do this separation via directiona
coupl ers, for exanple, but howthey do it is not part of this docunent. S-parameters
use only the voltages with the a and b subscripts since propagation direction is
required to be known. In the absence of directional separation the total voltage, V,
i s observed.

Al'l the neasurenents specified in this docunent relate to differential signal pairs.
It requires all four single ended instrunentation ports to neasure the properties of
two differential ports.

Instrumentation ports may be single ended with the differential and conmon node
properties for differential ports calculated, typically internal to the instrunent.
Sone instrunents may al so directly neasure and detect differential and/or conmon node
signals. No instrunments are presently known that extract the single ended behaviors
fromdifferential and common node neasurenents.
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“PHYSICAL BLACK BOX”

V
V1: Val + Vbl 1 3 u3
I Vs, V
1 A 2 4 A4
\ 4 \ 4

GROUND REFERENCE

“MATHEMATICAL BLACK BOX”

Va > Vs
NVu+— |1 3| Vis

Va2 Va4

Vo2 —— |5 4 Vo

Numbers are used to identify terms in this figure and do
not represent requirements on port numbering in general

Figure 1 - Architecture of a 4 port neasurenent (single ended neasurenents)

6.3 Definition of S paraneter nam ng conventions

6.3.1 IUT port identification

Subcl ause 6.1 defined the general nami ng conventions but there is another dinmension to
this topic, nanely, defining specifically which port gets which nunber for a real |UT
There is general agreenent that the downstream side of the IUT for nornmal signal flow
in service is generally assigned the higher differential port nunbers. The single
ended port nunbering may not follow this rule rigorously but usually the highest single
ended port nunber will be on the downstream side and the | owest single ended port
nunber will be on the upstreamside. So for identification of ports with nunbers the
problemis straightforward — sinply nake sure that the following information is

provi ded:

- The DD, CC,DC, CD, or none for single ended, conventions are used for all data
A clear picture of the IUT is provided with the file that shows which connector
contact (or contacts for differential) belongs to which port nunber

- A statenent of the normal signal flow direction in service for the 1UT being
measur ed.

There are several other legitimate port identification schemes in use. Figure 2 shows
five different schenmes each following a |l ogical (but different) pattern

When the S-paraneter files are finally created a nunbering schene shall be used in the
file so a translation between the contact nam ng schene used for the physical IUT and

the port nunbering schenme used in the data file nust be done and clearly docunent ed.
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Single pair IUT
View 1 View 2
2| |CH1L CH3
4 CH2 CH4
View 3 View 4 View 5
Tx+ RxH In+ out+ Diff | +s1G +sic | Diff
Port Port
Tx- Rx- In- Out A 1 |[-SIG -SIG 2

IUT port (pinout) identification conventions — five equivalent views:

View 1: IUT ports are identified according to the VNA port numbering scheme
(Agilent numbers shown, other numbers may be used for other instruments)
View 2: IUT ports are identified according to the TDNA channel numbering
scheme

View 3: IUT ports are identified according to the function provided by the device
that is connecting to the IUT in normal service

View 4: IUT ports are identified according to the signal flow through the IUT
View 5: IUT ports are identified according to SFF-84xx conventions using

+SIG and —SIG and differential port numbering

Figure 2 - Different schemes used for identifying |UT ports

Thi s docunent does not require any specific port identification or port nunbering
schenme for the physical |UT but conpliance with this docunent does require that the
three bulleted itens above be delivered with the S-paraneter data files that apply to
the IUT. It is worth noting that the In+, In-, Qut+, Qut- schene provides the best
overal | independence from specific service application and specific nmeasurenent mnethod.
The signal flow direction and the differential sense are explicitly defined. Since
sone IUT"s may not directly connect to transnmitter devices or receiver devices the
Tx, Rx schenme is | ess desirable.

6.3.2 Extension to a 2-pair 1UT

Figure 3 shows the definition of the differential ports and the differential-to-
differential S paraneters that nmay be acquired froma two pair IUT. |If using a four
singl e ended port instrunent only two differential ports may be nmeasured at one tine.
The physical reconfiguration required to access all the differential S paraneters
listed in Figure 3 is shown in Figure 4.
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*SIe PAIR 1 1% DiEF PoRT 2
DIFFPORT1 sie
+SIG +SIG
DIFF PORT 3 PAIR 2 DIFF PORT 4
- SIG - -SIG

SDD11 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 1

SDD22 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 2

SDD33 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 3

SDD44 = DIFFERENTIAL RETURN LOSS FROM DIFF PORT 4

SDD21 = DIFFERENTIAL INSERTION LOSS AT DIFF PORT 2 FROM DIFF PORT 1

SDD31 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 3 FROM DIFF PORT 1
SDDA41 = DIFFERENTIAL FAR END CROSS TALK AT DIFF PORT 4 FROM DIFF PORT 1
SDDA42 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 4 FROM DIFF PORT 2
SDDA43 = DIFFERENTIAL INSERTION LOSS AT DIFF PORT 4 FROM DIFF PORT 3

SDD32 = DIFFERENTIAL FAR END CROSS TALK AT DIFF PORT 3 FROM DIFF PORT 2
SDD34 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 3 FROM DIFF PORT 4
SDD12 = DIFFERENTIAL INSERTION LOSS AT DIFF PORT 1 FROM DIFF PORT 2

SDD13 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 1 FROM DIFF PORT 3
SDD14 = DIFFERENTIAL FAR END CROSS TALK AT DIFF PORT 1 FROM DIFF PORT 4
SDD23 = DIFFERENTIAL FAR END CROSS TALK AT DIFF PORT 2 FROM DIFF PORT 3
SDD24 = DIFFERENTIAL NEAR END CROSS TALK AT DIFF PORT 2 FROM DIFF PORT 4

Figure 3 - Definition of differential-to-differential S paraneters

In Figure 3 a partial mapping between the S paraneter nanes and the common verba
descriptions that may be used is given.

In general for the SABij shown in Figure 3:

-1f i=j, and A=B then the paraneter is a RETURN LCSS (going into and out of the
sane port with the sane node in and out)

-1f i, and A=B then the paraneter is an | NSERTI ON LOSS between ports i and j for
the same node in and out.

However for the special cases where the sanme wires are not connected
between ports i and j in the IUT then this type of insertion loss is called CROSS
TALK

Cross talk is NEAR END when ports i and j are on the same end of the IUT
and FAR END when ports i and j are on the opposite ends of the IUT

-1f AOB (not shown in Figure 3) then the parameter is a MODE CONVERSI ON

CAUTI ON:  S- PARAMETERS ARE A MEASURE OF GAI N (QUTPUT REFERRED TO | NPUT) BY DEFI NI Tl ON
HOAEVER COMMON USAGE HAS | NCORRECTLY | MPLEMENTED THE WORD ‘ LGSS | NSTEAD OF GAI N
PARAMETERS WHOSE AMPLI TUDE | S EXPRESSED AS A NEGATI VE DB VALUE REPRESENT A GAI N LESS
THAN ONE OR A PCSITIVE ' LOSS' .  PLEASE EXERCI SE CAUTION I N THI S AREA AND UNDERSTAND
THAT DATA MAY BE PRESENTED OR LABELED | NCORRECTLY (i.e, GAINS BEI NG LABELED AS LCSSES)

Figure 3 and Figure 4 list only the differential-to-differential S-paraneters (SDDij).
The conmon node-to- conmon node (SCCij), the comon node-to-differential (SDGj), and
the differential-to conmon node (SCDij) are also required for creating the conplete set
of 64 S-paraneters for the IUT
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6.4 Coverage of the S-paraneter matrix

6.4.1 Theoretical coverage

For an N-port IUT a conplete set of all S-paraneters is required to fully represent the
behavior of the IUT. For an IUT with Ndifferential ports this includes:

where both i and j are the differential port nunbers and both i and j are fully and
i ndependently varied from1 to Nto cover all of the differential ports on both ends of
the | UT.

It requires a lot of work and tine to neasure a full S-paraneter set even if the IUT is
only as conplex as two differential pairs. Even in this ‘sinple’ 2-pair case, it

requi res an 8-port single ended instrument to access all the single ended ports with a
single | UT physical connection. The practical limt for nost instruments is a single
differential pair (that requires 4 single ended ports).

For the sinple one pair case where N = 2 there are four single ended ports (two per
pair). Let us tenporarily call these single ended ports 1+, 1-, 2+ and 2- where the
nunmber is the nunber of the differential port and the + - is the leg of the pair. Each
singl e ended port requires four frequency sweeps to cover all the cases where that
single ended port is the source. So if single ended port 1+ is the source the conplete
set is S1+1+, S2+1+, Sl1-1+, S2-1+. Each port nust act as source in turn so it requires
16 sets of single ended data to conpletely populate the S-parameter matrix for an I UT
with a single pair. Fortunately, nost 4-port instruments available today automatically
connect the appropriate source, nmeasure at the appropriate output and keep track of all
the data that results.

It should be even nore obvious at this point that clear port nunbering is VITAL.

For a 2-pair |1UT having 8 single ended ports and using an 8 port (single ended)
instrunent the nunber of frequency sweeps is 64. The general fornula is:

Nurmber of frequency sweeps = (2N)?= (4P)?
where N is the nunber of differential ports and P is the nunber of pairs in the IUT.

See also 6.7 for discussion of partial coverage.

6.4.2 Practical issues relating to coverage

Figure 4 shows all the test configurations required for neasurenent of a conplete S
paraneter set for a 2-pair |UT when using a 4-port instrument. Al though Figure 4 shows
the connections for a VNA the sanme information nay be obtai ned by using tinme domain
nmeasurenents to acquire tinme donain waveforms. Practical coverage of a two-pair 1UT
with a 4 port instrument requires 6 different 1UT connections with 6 different sets of
4 port measurenent results. Note that termination is required on all differential
ports that are not connected to the instrunment during the measurenent.

Post processing of the 6 data sets is required to assenble the conplete S-paraneter set
for the 2-pair IUT into a single matrix set.

In Figure 4 only the SDDij are specifically called out. The SCGj, SCOj, and SDO j
may al so be obtained with these sane 6 physical |UT connections.
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HPEI

TERMINATOR

VNA or TDNA PORTS

VNA N

VNA PORTS ARE SINGLE ENDED

SOURCES ARE ASSUMED AS
VNA 1 AND VNA 3

RECEIVERS ARE ASSUMED AS
VNA 2 AND VNA 4

THE FUNCTION OF THE VNA PORTS
AS SOURCES OR RECEIVERS ARE
CONTROLLED BY THE VNA INTERNALLY

FOR SDDnn RETURN LOSS MEASUREMENT
THE VNA PROVIDES THE FAR END
TERMINATION INTERNALLY TO THE VNA

T

4 PORT VNA

NOMENCLATURE NOMENCLATURE

PAIR 1 ONLY
SDD11, sDD12,
SDD21, sbD22

PAIR 2 ONLY
SDD33, SDD34,
SDD43, SDD44

PAIR 1 AND PAIR 2
FAR END
INTERACTIONS
CONFIGURATION 1
SDD14,
SDD41

PAIR 1 AND PAIR 2
FAR END
INTERACTIONS
CONFIGURATION 2
SDD32, sbD23

PAIR 1 AND PAIR 2
NEAR END
INTERACTIONS
CONFIGURATION 3
SDD31, sbD13

PAIR 1 AND PAIR 2
NEAR END
INTERACTIONS
CONFIGURATION 3
SDD42, SDD24

PAIR 1 ONLY
SDD11, sDD12,
SDD21, SbD22

PAIR 2 ONLY
SDD11, sDD12,
SDD21, sbD22

PAIR 1 AND PAIR 2
FAR END
INTERACTIONS
CONFIGURATION 1
SDD12,
SDD21

PAIR 1 AND PAIR 2
FAR END
INTERACTIONS
CONFIGURATION 2
SDD12, sDD21

PAIR 1 AND PAIR 2
NEAR END
INTERACTIONS
CONFIGURATION 3
SDD12, sDD21

PAIR 1 AND PAIR 2
NEAR END
INTERACTIONS
CONFIGURATION 3
SDD12, sDD21
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DIFF PORT 1
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DIFF PORT 1

DIFF PORT 3

VNA 1
VNA 3

VNA 1
VNA 3

VNA 1
VNA 3

VNA 1
VNA 3

VNA 1
VNA 3

VNA 2
VNA 4
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PAIR 1
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+ SIG VNA 2

.siG VNA 4
+ SIG
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+ SIG VNA 2
-SIG VNA 4
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+ SIG VNA 2
-SIG VNA 4
+SIG VNA 2
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T
-siIc L
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T
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*+SIe VNA 1
-SIG VNA 3
+ SIG VNA 2
-SIG VNA 4

DIFF PORT 2

DIFF PORT 4

DIFF PORT 2

DIFF PORT 4

DIFF PORT 2

DIFF PORT 4

DIFF PORT 2

DIFF PORT 4

DIFF PORT 2

DIFF PORT 4

DIFF PORT 2

DIFF PORT 4

Figure 4 - Test configurations required when using a 4-port VNA or TDNA instrument with a 2-pair |UT
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An 8-port instrunent would be better than the 4-port instrunment shown because
there are intrinsic inefficiencies and risks listed belowthat are built into
doing the nmultiple IUT connections shown in Figure 4:

- Every I UT needs to be connected and reconnected to the instrumentation
multiple tines — this is not only time consum ng but every connection
and reconnection action noves the |UT, may damage the | UT and takes tine

- The instrunentation nay | ose calibration while executing the ful
coverage neasurenents

- There is an increased chance of connection error due to multiple
connecti ons

- There is an increased chance of data m smanagenent since several conplex
data sets are produced and nust be reconbined later to formthe overal
S-paraneter file set for the 1UT

- There are a nultiplicity of nmeasurenents that are duplicated. Al the
measurenents into and out of the sane port and all the neasurenents
across the sane differential port in both directions is duplicated 8
times in the exanple used in Figure 4.

In the case shown in Figure 4 there are 6 neasurenent configurations each with
16 frequency sweeps for a total of 6 X 16 = 94 frequency sweeps col | ect ed.
There are al so 8 cases where ports are neasured into and out of and across

t hensel ves that were al so nmeasured el sewhere. |In each of these cases 4
frequency sweeps were recorded. Wen these redundant measurenents are
accounted for we end up with 96 — 32 = 64 uni que frequency sweeps which is the
sane as that for the 8-port instrunent that did not have the duplications.
However, there may be value in this duplication in that one can conpare these
supposedl y redundant frequency sweeps to determ ne how repeatabl e the
neasurenents are and whet her the assunptions of ‘perfect’ term nation on all
ports was satisfied

Clearly there are many 1UT's that have nore than two differential pairs. The
amount of testing, data managenent, and post processing required for conplete
coverage goes up roughly as M with the pair count. So there is a practical
consideration with the neasurenent of S-paraneters of how nuch of the conplete
S-paraneter set is necessary to neasure and how nuch can be ‘assuned’ . The

i ssues associated with executing a reduction in coverage are di scussed nore
fully in sub-clause 6.7.

6.5 Rel ati onshi p between frequency donmain and tine donain instrunentation

6.5.1 CGeneral relationships

Thi s sub-clause defines the relationship between the neasurenent types
i nvol ved.

The frequency donmai n neasurenents excite and detect the properties of sine
waves at a single frequency. Miltiple frequencies are neasured in a sweep
across a defined frequency range. The tinme domain neasurenents excite and
detect waveforns. The waveforns contain all the signal |evel, frequency, and
phase information found in the frequency domai n et hods though in a different
form These waveforns may then be converted to S paraneters using a suitable
sof tware package typically using a version of Fourier transforms. Simlarly
the frequency donmai n neasurenents contain all the tine domain waveform

i nformation.

If the time domain waveformis excited and detected fromthe sane port it is
called a tinme dormain reflection measurenent or TDR |If the waveformis
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excited at one port and detected at another port it is cal
transm ssi on neasurenent or TDT

the differences between the excited and detected wavef or ns.

6.5.2 Mappi ng between S-paraneters and tinme domai n neasurenents

SFF-8414 Rev 10.1

a time domain
Ti me domai n nmeasur enents i nvol ve conpari ng

The following three figures contain 4 x 4 matrices that show all
differential
froma differential

t he
and node conversion S paraneters that are possible
2-port (single ended 4 port) IUT. The kind of tinme donmain

conmon node

nmeasurenents used to create the specific kind of frequency domain S paraneters
is shown with the doubl e headed arrows.

In Figure 5 the differentia
Figure 6 the conmon node only portions are shown in |arger font.
t he node conversion responses are shown in |arger font.

only portions are shown in larger font. In
In Figure 7
Transm ssi on

responses acquired via TDT and reflection responses acquired via TDR are

not ed.

Return | oss uses TDR net hods.

Insertion loss (including cross tal k) and node

conver si on uses TDT net hods.

For

SDD11 «
S «

DD21

differential
differential
stinmulus signals are used with common node response measurenents.
conversion neasurenents differentia
comon node stimulus with differential

TDRDDll

neasurenents differential
response neasurenents. For

stinmulus signals are used with
conmon node neasurenents conmon node
For node
stimulus with conmon node response or
response i s used.

SDD12 « TDT

DD12
T DT S « T D RD Socui® TDRocii  Spce® TDTperz
DD21 DD22 D22 Spcn« TDRocar Socze® TDRocz
Sco11€ TDRepin  Scp12® TDTepiz Scen® TDRecin Scez® TDTecrz
Scon€ TDTepn  Sepze® TDTepze Sccar® TDTecar  Scez TDRx%_
Figure 5 — Differential TDR stimulus, differential response

Soou« TDRppw
Sppzr € TDTypy
Sp1« TDRpy
Scpa14 TDTepa

HPEI

Figure 6 — Conmon node TDR sti mul us,
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common node response

Page 20



Publ i shed SFF- 8414 Rev 10.1

Sopun« TDRopir  Sppiz« TDTppyo SDCll« TDRDCll SDClZ« TDTDC12

Spp21« TDTppar  Sppze« TDRppy,
Socn€ TDTpey Spep« TDRpey,

Scp1r€ TDRep1n Scpip¢ TDTepy,
Sccn« TDRCCll S:c12« TDTCClZ
Scpau€ TDTepa Scpz« TDRepy, Sccar® TDTecar Scezz TDRecr |

Figure 7 — M xed node, two cases shown in one natrix for conveni ence

6.5.3 Practical full coverage conparison for tine domain and frequency donain
net hods

Sone practical time domain instrunents are capable of directly measuring and
detecting differential and common node signals as well as the single ended
signals. These tinme domain instrunents produce full coverage with a different
set of nmeasurenents than frequency donmain instrunents.

The nunber of measurenents required for full coverage (frequency sweeps or
wavef orm captures) is the sane for both frequency domain and tinme donain.
There are 16 neasurenents required for a 1l-pair IUT. This applies whether
single ended or differential signals are used by the instrunment. However, the
time to collect the data nmay be significantly less with the time domain
because the time domain instruments use real tine waveforns while the swept
frequency nethods use a ‘lock and roll’ techni que where each frequency is

| ocked on using an | F detector and neasured separately before rolling to the
next frequency.

The time required for frequency donmain frequency sweeps is determ ned nostly
by the nunber of frequency points required which in turn is determ ned by the
appl i cation.

The number of frequency points required is specified in several places. For
exanmpl e, for bulk cable testing SFF-8416 specifies how to determ ne the number
of frequency points. The Fibre Channel FCSM 2 document has requirenments
applying to signal nodeling applications. QOhers probably exist in other
standards and industry docunents. Conpliance with SFF-8414 requires

i mpl ementing the properties specified following in this sub-clause unless

ot herwi se specified in other application docunents.

Conpliance with the foll owi ng requirenments

Assures that any insertion | oss suckouts and return |oss and cross talk
peaks will be detected with good resol ution

Assures that the electrical length (defined i nmedi ately bel ow) and phase
content is adequately represented for the IUT — no mssing points due to
instrument limtations of reporting only values in the +- 360 degrees
range — IUT"s with nore than 360 degree phase rotation are at risk of
bei ng m s-represented ot herwi se.

Electrical length is defined as the nunber of degrees of phase rotation at the
output of the IUT at a given frequency. Electrical length is expected to vary
with frequency. Electrical length in degrees may be converted to electrica
length in tine with the equation: electrical length (s) = phase /
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[2*pi *frequency (Hz)]. Values of phase are reported by practical instruments
as nunbers between zero and 360 degrees, therefore a phase rotation of 380 is
reported by the instrument as a phase rotation of 20 degrees.

It is vital to the effective use of S-paraneter files that the actual phase
rotati on be known. This can be guaranteed by knowi ng the actual phase at the
| onest frequency and taking frequency steps that yield | ess than 360 degree
phase rotation. The actual phase is: (n*360 + reported value), where n is the
nunber of conpl ete 360 degrees phase rotations within the IUT at the neasured
frequency.

At the |l owest frequency n should be zero. |If nis not zero at the | owest
frequency the supplier of the data nust determ ne and report n at the | owest
frequency. Known physical properties of the IUT (relative dielectric constant
and physical length) may be used to derive n. For exanple, for equipnment with
a |lowest start frequency of 50 MEz the maxi numelectrical length for n = zero
is 20 nanoseconds (e.g., 4.0 neters with relative dielectric constant = 2,15
yi el ds 20 nanoseconds); if electrical length of the IUT is |onger than 20
nanoseconds at 50 MHz then the supplier of the data nust report the value of n
at 50 MHz.

The electrical length of the IUT is used when selecting time wi ndowin the
time domain or the frequency step in the frequency domain such that the
frequency step yields I ess than 360 degrees phase change. |n general test

nmet hods that use mathematics to convert between tine donmain and frequency
domain require that the delta phase between frequency data points be | ess than
360 degr ees.

The basic requirenent is that the frequency step size be | ess than 360 degrees
of phase change for the electrical length of the IUT. This maxi mum frequency
step size (Hz)is given by 1/(IUT electrical length in seconds). dder test
equi prent may have a limtation in that this step size needs to be | ess than
180 degrees, in which case divide the step size found above by 2.
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6.6 Docunentation of the S-paraneter file

6.6.1 Overview
S-paraneter files shall be docunented according to the format specified in this sub-clause.

6. 6.2 Docunentation of a single pair IUT file

The ASCI|I format to be used for single pair IU"s is specified below The commented nmaterial, denoted by ‘!’ shal
be i ncluded and conpletely filled out for every file.

The data portion of this file shall conformto the Touchstone® File Format Specification rev 1.1 (I1BI'S open forum.

In the exanple shown in this sub-clause the single ended S-paraneters froma 1-pair 1UT is shown. This may be
clearly seen fromthe exclusion of the DD, CC, CD, and DC in the S-paraneter |isting.
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I The material between !!11tirrrirrt gnd ttitrritrtilitl shall be added by the provider of the file

I

I Material following the second !'!!!1111ill js the file provided by the I UT nodeling tool or neasurenent of the |UT
!

I The actual format of the material following the second !ttt shall follow the Touchstone fornmat defined in

Iversion 1.1 of the Touchstone specification as shown in the exanple below. Mte that the S11, S21, etc map needs
to !'be explicitly shown for conpliance to this requirenment. The nami ng conventions described in sub-clause 6.1.1
shal | be used

|

IUse dB and angl e, magnitude and angle, or real and inagi nary forns.

The IUT for this file is [provide a physical description of the |UT including whether fixtures, pads, etc are
i ncl uded]

contact #, contact gender in+ >-+--+4+--> out+ contact gender, contact #
contact #, contact gender i n- >-!+-!+--> out - contact gender, contact #
Use the above diagramto fill in the foll owi ng expression:
param ports:[{in+} {in-} {out+} {out-}] I This expression is used to describe the actual connection of port

|

|

i

|

|

|

|

|

|

|

|

! nunbers to termnals of a differential in/ differential out DUT. Replace the port names in {} with the nunber
! used in the file. This expression as a comment is read by some tools - the expression shall be placed exactly
! as shown.

|

I Exanple valid configuration lines are: (The two dots are included to avoi d acci dental matches.)

|
|
|
|
|
|
|
|
|
|
|

exanpl el. param .ports[1 3 2 4] Input is {1,3} output is {2,4}
exanpl e2. param .ports[1 4 3 2] Input is {1,4} output is {3,2}

This file [does/does not chose one] conformto the passivity and causality tests defined by T11

This file [does/does not chose one] conformto the requirement of the phase shift fromD. C to the start
frequency being |l ess than 360 degrees. |If the file does not conformto this requirenment, then the file may not
yield accurate results.

If there are known reversals in the phase vs frequency, then frequency steps corresponding to phase shifts nuch
| ess than 180 degrees may be required.
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# MHZ S DB R 50. 00

I
I FREQ S11 S12 S13 S14
! S21 S22 S23 S24
! S31 S32 S33 S34
! $41 $42 $43 $44
! DB ANG DB ANG DB ANG DB ANG
0. 000 -58.94 - 0. 000000 -66. 06 0. 000000 -0.00 0. 000000 -70. 87 0. 000000
-66. 00 0. 000000 -59. 38 - 0. 000000 -71.30 - 0. 000000 -0.01 0. 000000
-0.00 0. 000000 -70.94 0. 000000 -63.53 - 0. 000000 -62. 96 - 0. 000000
-70.25 0. 000000 -0.01 0. 000000 -62. 87 - 0. 000000 -81.79 - 0. 000000
50. 000 -41. 33 81. 382332 -39. 49 86. 017905 -0.00 -1. 856410 -47.12  -92.722304
-39. 49 85. 981293 -41. 07 81. 785583 -47.14  -92.750495 -0.01 -1. 833449
-0.01 -1. 848768 -47.12  -92.462204 -40. 90 83. 808603 -39.65 85. 250282
-47.08  -92.182704 -0.01 -1. 835249 -39.65 85. 162887 -40. 32 86. 429201
100. 000 -35.09 83. 685011 -33.37 85. 843012 -0.01 - 3. 697857 -41.43  -99.953779
-33.37 85. 840106 -34.85 83. 633309 -41.45  -99. 864809 -0.01 - 3. 680551
-0.01 -3. 691578 -41.44  -99.827424 -34. 87 84. 084605 -33. 44 85. 804287
-41.42  -99.884793 -0.01 - 3. 682022 -33. 44 85. 793616 -34. 44 84. 002183

6. 6.3 Docunentation of a 2-pair IUT file

Figure 8 shows an exanple of a conplete set of differential to differential S paraneters froma 2-pair |UT as
produced by a commercial simulation tool. 1In this figure the notation should have indicated SDDij but the ‘DD is
not shown. CARE MUST BE EXERCI SED TO BE CERTAIN OF THE TYPE OF S- PARAMETER DATA BEI NG PRESENTED AS NOT ALL TOOLS
FOLLOW THE CONVENTI ONS REQUI RED BY TH S DOCUMENT FOR | DENTI FI CATI ON OF S- PARAMETERS

The i and j in this exanple refer to the DI FFERENTI AL port nunbers. |If this were single ended data then the
nunbers from5 through 8 would be required to identify all of the single ended ports on this 2-pair IUT. Foll ow ng
the conventions in this docunent the exanple data as literally shown woul d descri be single ended S-paraneters and
hal f of the single ended ports in the IUT woul d not be represented.

Simlar plots of SCGCj, SDCj, and SCDij are required for a conplete S-paraneter set for this exanple |IUT type.

Docunentation of the S-paraneter file follows the sane rules as specified in sub-clause 6.6.2 except that the
conpl ete set of S-paraneters (either differential formor single ended forn) shall be included.
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6.7 Partial coverage of the S-paraneter matrix

6.7.1 Overvi ew

It is a conmon practice to use only part of the full S-parameter matrix for specific
purposes. An exanple of a partial S-paraneter set that is commonly used is the
insertion loss only. However, insertion |oss alone does not describe the |UT s
behavi or. This sub-cl ause descri bes the considerations and i ssues when one needs to
reduce the nunber of neasurenents required for full coverage.

It is clear that full coverage can be expensive and error prone. (Quidance on howto
reduce full coverage w thout sacrificing the accuracy of the results for the
application is therefore inportant.

The main variables in determ ning coverage are:

Nunber of pairs per [UT
S-paraneters neasured (insertion loss, return |oss, cross talk, nodes neasured)

6.7.1.1 Measurenents on a single pair

Thi s sub-clause deals with coverage on a single pair only. No pair to pair
interactions are involved. Pair to pair interactions are covered in the foll ow ng sub-
cl ause.

The only coverage variable available is which S-paraneters to nmeasure. Conplete
coverage requires 16 nmeasurenents (16 frequency sweeps or 16 waveforns).

The primary behavior is contained in the SDDij paranmeters. The least inportant are the
SCCj and the SDGj since these both require common node excitation. The SCDj nay be
i mportant because of EM and cross talk through differential to common node conversion

The requirenents for differential frequency domain calculations that are derived from
si ngl e ended neasurenents require that all 16 single ended neasurenents be executed so
that the calculations will have the required inputs. There is no opportunity for
further reduction. There may be a slight reduction in not calculating all the SABij
paraneters but since that is only algebraic conputation this is mninmal opportunity.

For time domain differential and comobn node neasurenents, however, the AB quadrants

are independently nmeasured and this allows for elimnation of sone neasurenents.
Eli mi nati on may proceed as foll ows:

Elimnation of SCCj and SDGj elimnates 8 measurenents (total of 8 used)
Elimnation of SCDij elimnates another 4 nmeasurenents (total of 4 used)

Wthin SDDij quadrant one may elimnate either SDD21 or SDD12 (utilizing
reciprocity) because these will both be equal if the IUT is passive and |inear
(total of 3 used)

If the IUT is expected to be bilateral or if the IUT has low insertion |oss
(e.g., less than 3 dB) at the highest frequency of interest, then either SDDl1 or
SDD22 is not needed (total of 2 used)

If only insertion loss is required then only SDD12 or SDD21 is needed or if only
return loss is required then only SDD11 or SDD22 is needed. (total of 1)
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It may be desirable to check both ends for other reasons; use insertion loss to verify
instrumentation and use return loss to verify that bilaterality actually exists in the
| UT.)

Dependi ng on the needs up to 15 nmeasurenents or a 16x reduction in nunber of
nmeasurenents is possible using tine domai n et hods.

Determ nation of which level of elimnation is appropriate for the application is not
addressed in this docunent.

6.7.1.2 Measurenents on nultiple pairs

Many |1 UT' s consist of nore than one pair. Full coverage for N-pair |IUTs was addressed
in 6.4.1 where it was shown that the nunber of neasurenents required increases as the
square of the port count. Reduction of this nunber of neasurements is a primary target
- especially for IUT"s with nore than 2 pairs.

Consi derations that lead to reductions in the nunber of nmeasurenents in nmultiple pair
| UT" s:

Realizing that all pair to pair interactions are a formof cross talk and that
some pairs will not interact significantly due to proximty, shielding, etc

Speci fying the signal propagation direction in nornal service allows elimnation
of cross tal k neasurenments due to not ever having aggressors on half of the ends

Sone pairs may require less single pair coverage than others due to application
details

Use of these considerations is highly dependent on the application. Large reduction in
t he nunber of neasurenents required is likely in many cases.

For exanple for the second bullet above, if all pairs interact but each pair only has
one direction of propagation then the nunber of neasurenents required becones:

Nunber of neasurements = 16 [N+ (N1) +.+ (NN]

Thi s progresses as:

N (pairs in the IUT) Ful | coverage nunber Reduced coverage nunber
64 48
3 144 96
4 256 160

In addition to | UT construction details application properties include:

Pass fail

Transportability properties
Si mul ati on

St andar ds conpl i ance

Desi gn

Design validation

Troubl e shooti ng

It is not the intent of this docunment to make the recomendati ons for specific
applications.
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6.7.2 Main variables in determning coverage cost

Thi s sub-cl ause describes the main variables involved with the cost of neasuring S-
par anet ers.

It is assunmed that using the nmethod of stop testing on first failure to save testing
time for pass fail applications is inplenmented and that basic performance has al ready
been determned fromcontinuity and hi pot and possible skew testing prior to S

par anet er neasurenents.

Sone consi derations incl ude:

Time for data acquisition

Time for equi pnent set up and calibration

Cost of equi prent

Skill level required

Cost and conplexity of test fixtures

Life of test fixtures

Dat a managenent

Accuracy required

Measur enent nethod used (see later clauses for details on nmeasurenent nethods)

7. ldentification of the IUT
7.1 Overvi ew

Clear identification of the physical entity whose performance is represented by the S
paraneter file is required. This identification may be conpl ex because of the
theoretical requirements on reference planes may not match physical reality, and
because the couplings present during neasurenent are different fromthe couplings
present during calibration.

There are two nmajor topics that together conprise the IUT identification: reference
‘plane’ definition and physical |UT boundary description

7.2 Physi cal | UT boundary description

HPEl Passive Cabl e Assenbly S-Paraneter Measurenents Page 29



Publ i shed SFF- 8414 Rev 10.1

The IUT’s of interest for this document typically have separable connectors on both ends of the
IUT. Following the paradigm in SFF-8410, the IUT nominally begins and ends on the test fixture
at the point where connector joins the substrate. Part of the IUT intrinsically involves
connector halves that are not part of the separable IUT as shown in

TP1 PHYSICAL INTERCONNECT TP2
< UNDERTEST — o

k{c
- c|p
/ SEPARABLE INTERCONNECT

TEST FIXTURE COMPONENT UNDER TEST TEST FIXTURE

A, D = PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B, C = PART OF THE SEPARABLE INTERCONNECT UNDER TEST

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1 AND TP2

SEPARABLE INTERCONNECT PERFORMANCE IS JUDGED
BY ITS PERFORMANCE AT TP1 AND TP2 (WHICH INCLUDES
THE EFFECTS OF CONNECTORS A AND D)

TP1 PHYSICAL INTERCONNECT TP2
«— UNDER TEST —0

— L

::::::::::::;@A B C:[);::::::::::::

 E— —
SEPARABLE INTERCONNECT
TEST FIXTURE COMPONENT UNDER TEST TEST FIXTURE

A, D = PERMANENTLY MOUNTED CONNECTOR ON THE TEST FIXTURE
B, C = PART OF THE SEPARABLE INTERCONNECT UNDER TEST

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1 AND TP2

SEPARABLE INTERCONNECT PERFORMANCE IS JUDGED
BY ITS PERFORMANCE AT TP1 AND TP2 (WHICH INCLUDES
THE EFFECTS OF CONNECTORS A AND D)

Figure 9 — Definition of the IUT

For IUT"s that do not have separabl e connector (for exanple a connector by itself or a
backpl ane trace) these sane principles apply.

7.3 Ref erence pl ane

A reference plane is a physical boundary between the neasurenent system (incl uding
i nstrunmentation cables, probes and fixtures) and the IUT. The reference plane is
defined by the calibration process. A goal is to co-locate this reference plane with
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t he desired physical boundaries of the IUT. Perfectly realizing this goal may not
al ways be achi evabl e.

The details of the position of the reference plane are inportant to avoid double
counting and excessive penalty to the IUT or conversely causing the IUT to appear
better than it really is. The docunment reconmends that unavoi dabl e residual errors
shoul d make the | UT appear worse rather than better.

The physical boundary of the IUT is the portions of the |UT that nost closely
approxi mate the location of the calibration point on the reference plane as determ ned
by the calibration nethod.

7.4 Exanpl es of reference planes and | UT boundari es

Fi gure 10 shows an exanple of the reference plane and the calibration point for a
surface mount style of |UT connector.

Reference Plane Location

Calibration point on reference plane
Surface Mount

Connector

Surface Mount Board

| ——

Figure 10 — Reference plane and calibration point for a surface nmount style connector

Figure 11 shows an exanple of the reference plane and the calibration point for a
t hrough hol e style of |1UT connector.
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Calibration point on the reference plane

Reference Plane Location

Thru Hole Board
with three possible
trace attachment
points shown

Thru Hole
Connector

Top layer

Inner layer

Bottom layer™ '

. Copper pad
Connector protrusion pperp

Top view

Figure 11 — Reference plane, calibration points, and protrusion for a through hol e
styl e connector

This construction is nore conplex than the surface nount construction particularly
because of features that act as transmission |line stubs and the fact that the physical
boundary of the connector does not nmatch the physical reference plane and calibration
poi nt .

Stubs are defined as any connection to the transm ssion path that is not part of the
transm ssion path. Wth the construction in Figure 11 the choice of board | ayer used
for the instrunentati on attachnment changes which features are stubs and which are not.

If the top layer is used for the instrunmentation attachment then the stub contributors
are as shown in Figure 12
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Calibration point on the reference plane

Reference Plane Location

Thru Hole Board
with three possible
trace attachment
points shown

Thru Hole
Connector

Top layer —r— -

' ' Stub contributors if using the
Inner layer I / top layer for instrumentation

Bottom layer™ : '

/'{ '\/Copper pad

Connector protrusion

Top view

If the inner layer or bottomlayer is used for instrunentation then the stub
contributors are different. The |east stub effects are seen when there is only a
bottom | ayer connection and there is no connector protrusion

O eaner signals and less error in accounting for the test fixture contributions result
if stubs are mnimzed. In any case, one nust account for the entire test fixture
construction as it will be used during |IUT neasurenent.

The portion of the connector that enters the through hole at the calibration point (and
possi bly protrudes out the bottomof the board) is not considered part of the IUT. A
significant source of error exists if the test fixture effects are calibrated w thout
considering the effects of the connector protrusion. The best way is to have no
connector protrusion at all. One way to do this is to clip or mll any protrusion
after assenbling the connector to the test fixture board and to do so wi thout changing
any other properties of the board. Qherw se calibration becones probl enatic because
it is only AFTER the connector is assenbled to the text fixture board that the extent
of the protrusion is known.

8. Accounting for the test fixture in S paranmeter neasurenents

8.1 Overvi ew

O ause 8 describes the ways that test fixtures may be treated in terns of the overal
S- par anet er neasur ement process.
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8.2 Extraction of S-paraneters froma practical neasurenent

In a general sense the challenge is to neasure or deternine the S-paraneter of the IUT
alone. In order to do this it is necessary to either renove the effects of the
instrumentation and test fixtures or to include the instrunentation and test fixture
effects as part of the calibration process.

Figure 12 shows a view of the separate neasurenent of the test fixtures (or of the

calibration of the test fixtures + instrunentation) and the conbination of the test
fixtures with the | UT.

Measurement view

Fixture or fixture + instrumentation

— fix A —> characterization fix B "

Measurement of IUT + fixtures

fix B ——»

—rfix At —— sijIuT

IUT after removal of test fixture and instrumentation contributions

— Sij IUT —

Figure 12 — CGeneral process for achieving an IUT Sij]

Practically the determ nation of the Sij for the I UT uses one of the two basic mnethods
illustrated in Figure 13 and Figure 14. Each uses a different reference pl ane
posi tion.

Figure 12 shows the configurations used when a separate set of characterizations /
nmeasurenents are first done on the test fixtures. Then the test fixtures are attached
to the IUT and the Sij for the conposite is nmeasured. The reference plane for both the
IUT + test fixture and the separate test fixture nmeasurenent is at the
instrunmentation/test fixture interface. Subsequent renoval of the test fixture
contributions by nmatrix algebra is referred to as ‘' de-enbeddi ng’

HPEl Passive Cabl e Assenbly S-Paraneter Measurenents Page 34



Publ i shed SFF- 8414 Rev 10.1

Measurement view
Reference plane Reference plane

—Sij fix Af—n Fixture characterization Sij fix B

Measurement of IUT + fixtures

— Sijfix A — SijjIuT Sijfix B —»

IUT after removal of test fixture contributions

— Sij IUT —

Figure 13 — Calibration reference plane at instrunentation side of test fixture

The equation bel ow specifies the mathematical relationship for renoving the test
fixture effect by using T paraneters. The de-enbeddi ng works best if the S paraneters
are first converted to T paraneters

[Tij 1UT] =[Tij fixAl *[Measured Tij of IUT and fixtures]*[Tij fix B}

The T paraneters shall be converted to S paraneters and vice versa using standard
conver si on equati ons.

Fi gure 14 shows the configuration used when the test fixture effects are included as
part of the instrunentation as for exanple in the abbreviated SO.T, full SOLT, and TRL
nmethods. In this nmethod the reference plane is at the IUT/test fixture interface.

The test fixture effects are accounted for, not by direct neasurenment of the test
fixtures but rather by inferring what these effects are from other measurenents on
artifacts that are intended to represent the actual test fixture under different

i deal i zed conditi ons.

The nmeasurenent of the IUT + test fixtures is done in essentially the same way as for
t he de-enbeddi ng net hod but the test fixture effects are accounted for differently.
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Measurement view

Reference plane Reference plane

— fix A —n Fixture characterization fix B

Measurement of IUT + fixtures

fix B —f=—>

—r—fix A} —— sijIuT

IUT after removal of test fixture contributions

— Sij IUT —

Figure 14 - Calibration reference plane at |UT side of test fixture

The mat hematics of renoving the test fixture effects in this nmethod are conpl ex but
have been wel |l docunented, reviewed, and practically exercised. These nmathenmatics are
not specified in this docunent but typically are enbedded i n nmeasurenent equi pnent that
uses this nethod of accounting for the test fixture effects.

9. Basic neasurenent requirenents

9.1 Cener a

There are three elements to a basi c neasurement: measurenent instrumentation, hardware
bei ng nmeasured, and neasurenent procedure. This clause describes each of these
el ement s.

It requires conplete specification of all three elenments to produce an acceptable S

paraneter file. Annex Il uses an A, B, C, ...schene to identify specific conbinations of
the three el enents.

9.2 Measurenent instrunentation

9.2.1 Overvi ew

Measurenent instrumentation is the hardware and software that stinulates and detects
responses fromthe hardware being nmeasured. By convention the instrumentation ends
where it attaches to the test fixture. However, depending on the nmeasurenent

procedure, the calibration of the instrunentation may al so include the test fixture.
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When the instrunmentation calibration includes the test fixture, as shown in Figure 14,
the instrunentation formally ends at the IUT reference plane. See clause 8.

That notwi t hstanding, for the purposes of clarity and sinplicity, this docunent treats

the instrunentation as ending at the instrunentation side of the test fixture
regardl ess of the calibration scheme used for the overall |UT neasurenent.

9.2.2 Definition of instrunentation type

Instrunmentation provides tinme or frequency domain stimulus to the hardware being
nmeasured and provides a nmeans to report the detected results. The type of
instrunmentation is defined by the type of stimulus — not by the formof the display of
t he nmeasurenent results.

Instrunments that apply single frequency sinusoidal stimulus are frequency donain
instruments. Instrunents that apply tinme domain waveformstinmulus are tinme donain

i nstrunents.

Instrunmentation includes the instrunmentation quality cables required to attach the
i nstrumentation enclosure to the test fixture connectors.

Instrunmentation also includes any software used to process the detected signals prior

to displaying or otherwi se exporting the results provided that this software is run in
the sane encl osure that provides the stinulus and does the raw signal detection

9.2.3 Calibration of instrunentation

Thi s docunent assunes that the supplier of the instrunent and associ ated
instrumentation quality cables specifies the calibration procedure up to the end of the
cables. Further calibration to account for test fixture effects is part of the

nmeasur enent procedure.

9.2.4 TDNA resol uti on and bandw dt h consi derati ons

The foll owi ng applies when using tinme donmain network anal yzer instrunentation

Record length or time windowns, T

# of data points, N (gives Dt between points)

T = ND)

Upper frequency limt for nmeasurenent, Frmax is given by
Fmax = 1/2Dt = N 2T

Df is the frequency step in the nmeasured S paraneter result.

Df = 1T
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It is inportant to allow waveformcaptured fromthe IUT to settle to its steady state
D.C. level. The |low frequency content of the result is nore accurate for |onger
settling times. The settling tinme depends strongly on the sanple length, reflections,
and | osses.

The steady state value nmay be determ ned by observing the value at the end of the
wavef orm observed with the waveform neasuring instrunent set to its widest time scale
Typically this tine scale will have a range of hundreds of m croseconds.

For 1UT"s that have very small end point reflections and significant |oss, steady state
may be achieved with an acquisition window, T, that is 3 to 4 tines the one-way
el ectrical length of the IUT.

Df may be made nuch smaller than the value given by 1/T by using well established zero
paddi ng net hods. Values of Df in the single Hertz range nay be achieved

9.2.5 VNA (frequency donain) set-up considerations

The foll owi ng equi pnent settings are recommended by a maj or equi pmrent supplier, other
equi prent suppliers nmay have different reconmendations.

Start Frequency 10 Mz

Stop Frequency 20 GHz

Frequency step size 10 MHz (5 MHz for Tine Domain conversi ons)
Nunber of points 2000 (3999 for Tine Donmai n conversions)

| F Bandwi dt h 300 Hz

Power -8 dBm

Aver agi ng 1

Anal yzer Sweep Type St epped

9.3 Har dwar e bei ng neasured

9.3.1 Overvi ew

The hardware bei ng neasured consists of the test fixture that is required to adapt

bet ween the physical 1UT and the instrunentati on hardware. See subclause 9.3.2. As
di scussed in clauses 8 and 9 the additional measurenents required to account for the
test fixture are executed separately fromthe nmeasurenent done with the test fixture
and the IUT connected together. Therefore, the overall neasurenment requires that both
the 1UT and the test fixture be part of the hardware bei ng neasured regardl ess of how
test fixture effects are accounted for in the measurenent process.

9.3.2 Test fixture and associated calibration structure design

9.3.2.1 Basi c architecture

Wth the exception of cable assenblies that happen to use exactly the same connectors
as provided with the instrunentation cables, all S paraneter neasurenments require a
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separate piece of hardware that allows connection of neasurenment equipnent to the |IUT
This piece of hardware is called a test fixture in this docunment. It is inportant to
di stingui sh between the test fixture and the associated calibration structures. The
calibration structures may or nmay not be part of the same board as the test fixture.
Calibration structures are used to account for the effects of the test fixture on the
nmeasurenent of the |UT

Differential signals are assunmed, so corresponding signal pairs shall be naintained
between all calibration structures and the test fixture.

The connector half that mates to the IUT is part of the IUT in this docunent. The test
fixture formally ends at the calibration points defined in 7.4.

In an architecturally ideal world there would be no need for any separate calibration
structures and all calibration would be done directly on the actual test fixture to be
used for the neasurenent. Unfortunately, due to the fine geonetries required at the
connector attachnment points, present technol ogy does not allow attachment of known
standards or instrunentation cables to the calibration points defined in 7.4 without

i ntroduci ng unacceptable errors.

These errors are exacerbated at the 20G+# frequencies required for this docunent and
net hods t hat nmay have been useabl e at |ower frequencies are no |onger acceptable. The
HPEl group that devel oped this docunent explored at I ength the possibility of using the
actual test fixture for calibration because only that nethod does not require verifying
the uniformty of the boards used. Because of these difficulties calibrating the
actual test fixture was abandoned.

9.3.2.2 Exanpl e of a test fixture and associated calibration structures

Figure 15 shows a conceptual design for a test fixture and associated calibration
structures that inplenents the full SOLT calibration schemes. Similar figures apply
for the TRL, and abbreviated SOLT schenes.

The test fixtures consist of the portions highlighted in grey. Instrunentation

connectors include any that are well controlled and calibrateable. H gh frequency
probes are not excluded but nay require extra care to use acceptably.
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TEST FIXTURE Pl TEST FIXTURE

PHYSICAL INTERCONNECT
UNDER TEST

_ é
SEPARABLE INTERCONNECT

COMPONENT UNDER TEST

N

Through connection with

’Nr D connector pad

L

44— OpeNS

<4———Matching loads
to ground
‘\4— Shorts to Ground
o & Matching loads
to ground

CALIBRATION
STRUCTURES

Matching loads
to ground

\

Calibration board

\

A =Permanently mounted connector on the test fixture

B, C = Connector portions of the separable interconnect under test

D = Termination or permanently mounted connector on the other test fixture
0 =Instrumentation connector

€ =Instrumentation connector with matching load

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1 and TP2

Figure 15 — Proper test fixture and calibration structure design concept
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9.3.2.3 Special requirenents for all test fixtures and associated calibration
structures

One key requirenent where separate calibration structures are used is that the
calibration structures accurately represent the behavior of the test fixture. This is
achi eved by requiring that the calibration structures be designed to be electrically
and physically the sane.

Two i nmportant but often overl ooked properties that nust be considered in achieving this
simlarity are: (1) uniformty across boards and between boards and (2) electrica
coupli ng between the nmeasurenent traces and other parts of the test fixture or
calibration structure

It is well known that properties of printed circuit boards can vary significantly
across the sanme board and fromboard to board even if nade fromthe sane panel

Exanpl es of causes for this variation include linewi dth differences due to non uniform
nmetal thickness and inperfect artwork, different contributions fromthe reinforcing

gl ass fibers used for construction at different positions on the board, |amnate

t hi ckness variations, and alignment shifts between |ayers during curing. For this
reason it is required that tight specifications on the uniformty of the boards used be
enf or ced.

An exanpl e of test fixture and calibration structure designs that do not have simlar

el ectrical coupling and may be problematic for S-paraneter calibrations is shown where:
The traces on the actual test fixture are coupled to other portions of the test
fixture or other traces, while the calibration structures are typically isolated
and do not have the sane coupling to other traces as the actual fixture.
Actual fixtures have nany traces converging on the connector footprint while the
calibration structure nmay have only one trace or pair of traces converging on the
connector footprint.

Figure 15 shows calibration structures that rigorously apply only for the upper pair in
the left test fixture. Ternminations required for calibrating this pair are shown in
Figure 15. However, if it is determined that the lower pair and the pairs in the right
test fixture are the same according to the criteria specified in 9.3.2.3 then these
calibration structures may be used for all the test fixture pairs.

Some conpl ex test fixtures may have pairs that are different fromother pairs. 1In this
case a different set of calibration structures is required for each different pair.

Thi s docunent requires the followi ng properties fromall test fixtures and associ at ed
calibration structures independent of the actual calibration and nmeasurenent schemne
used.

The following requirenents apply wthout connectors A and Din Figure 15 installed on
the test fixture.

1) The singl e-ended i npedance profile of the calibration structures (measured
using a 30 ps rise tinme (20% 80% ) shall nmatch the corresponding test fixture
traces according to:

Measur ed si ngl e-ended i npedance of calibration structures shall be the sane
as the single ended i npedance of the corresponding part of the test fixture
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towithin £ 1%at every tine point across the profile between the | aunch
point and the calibration point.

Al'l traces except those under test shall be terminated on both ends with a
mat chi ng | oad during the nmeasurenent. This termination is either hard
wired into the calibration structure or is attached to an instrunmentation
connect or.

This applies to all calibration structures needed for the neasurenent

nmet hod being used. Notice that this is NOT a peak to peak requirenent and
that any reasonabl e variation that exists for BOTH the test fixture and the
corresponding calibration structure is acceptable. For exanple if the

i npedance lowers in the same way for both the calibration structure and the
test fixture as the calibration point associated with the connector is
approached (as one woul d expect) this change in inpedance |evel is
acceptable. Wiat is not acceptable is that the calibration structures

i npedance profile not match the test fixture inpedance profile.

Non uniformity in properties due, for exanple, to non uniformfiber glass
in boards may be a significant source of error. Board constructions using
thin or thick filmceramcs, other specialty materials or tightly
control | ed design and processing may be required to nmeet this requirenent.

2) The single ended S-paraneters of the calibration structures shall match the
corresponding S-paraneters of the test fixture (no connector installed) over the
frequency range specified in 4.1 according to the follow ng rul es:

Magni t ude of S21 (nmeasured in dB) of the ‘through’ connection calibration
structure equals the magnitude of S11 for the corresponding test fixture
trace (with the traces open as they exist with no connector in place)
within the greater of +/- 10% of the neasurenent or +/ - 0.2 dB

Magni t ude of S11 (measured in dB) of the ‘short’ calibration structure
equal s the magnitude of S11 of the corresponding test fixture trace (with
the traces open as they exist with no connector in place) within the
greater of +/- 10% of the neasurenent or +/ - 0.2 dB

Magni tude of S11 (measured in dB) of the ‘open’ calibration structure
equal s the magnitude of S11 of the corresponding test fixture trace (with
the traces open as they exist with no connector in place) within the
greater of +/- 10% of the neasurenent or +/ - 0.2 dB

Magni tude of S11 (measured in dB) of the ‘load’ calibration structure
before the load is mounted on the end of the ‘load calibration structure
equal s the magnitude of S11 of the corresponding test fixture trace (with
the traces open as they exist with no connector in place) within the
greater of +/- 10% of the neasurenent or +/ - 0.2 dB

Angl e of S21 (neasured in degrees) of the ‘through’ connection calibration
structure equals the angle of S11 for the corresponding test fixture trace
(with the traces open as they exist with no connector in place) within +/ -
20 degrees at all frequencies.

Angl e of S11 (neasured in degrees) of the ‘short’ calibration structure
equal s the angle of S11 of the corresponding test fixture trace (with the
traces open as they exist with no connector in place) within 180 +/ - 20
degrees at all frequencies.
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Angl e of S11 (neasured in degrees) of the ‘open’ calibration structure
equal s the angle of S11 of the corresponding test fixture trace (with the
traces open as they exist with no connector in place) within +/- 20 degrees
at all frequencies.

Angl e of S11 (nmeasured in degrees) of the ‘load’ calibration structure
before the load is mounted on the end of the ‘load calibration structure
equal s the angle of S11 of the corresponding test fixture trace (with the
traces open as they exist with no connector in place) within +/- 20 degrees
at all frequencies.

Al traces except those under test shall be terminated on both ends with a
mat chi ng |1 oad during the nmeasurenent. This termination is either hard
wired into the calibration structure or is attached to an instrunmentation
connect or.

Non-uniformty in properties due, for exanple, to non-uniformfiberglass in
boards may be a significant source of error. Board constructions using thin or
thick filmceramcs, other specialty naterials or tightly controlled design and
processing may be required to neet these requirenents.

These requi renents depend on the fact that the test fixture traces are open for this
nmeasur enent and that this open, though not ideal, will reflect nearly all of the signa
that reaches the open. Since the length of the path for the open neasurenent

approxi mates the length of the insertion |oss neasurenent for the through connection
the value for S11 (open) shoul d be approxi mately the same as the insertion |loss for the
through calibration structure.

9.3.2. 4 Sone exanpl es of poor calibration structure design

Several exanples of calibration structures that do not accurately represent the test
fixture are shown in Figure 16.
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*Trace angle on board
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fixture
A =Permanently mounted connector on the test fixture
B, C = Connector portions of the separable interconnect under test
D =Termination or permanently mounted connector on the other test fixture
0 =Instrumentation connector

TEST FIXTURE / MEASUREMENT PROCESS IS CALIBRATED
TO REPORT VALUES AT TP1 and TP2

Fi gure 16 — Exanpl es of poor calibration structure designs

9.4  Measurenent procedures

9.4.1 Overview

Thi s section describes three neasurenent procedures that may be used for S-paraneters:
SOLT (including abbreviated SOLT), TRL, normalization, and de-enbeddi ng.
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There are many different acronyns (TRL, SOLT, TRM LRM abbreviated SO.T, etc.) for
various test nethodol ogi es supplied by test equi pnent manufacturers. Each acronym
represents a different way of approaching calibration. These differences range from
small to very large. The error termeach calibration standard is addressing, the
nmeasur enent paraneter being neasured with the standard, and the paraneter the
calibration standard is correcting is different for each acronym

The test nethodol ogy industry for S-paraneters is changing very quickly, and no
docunment can be released that will not be outdated by the rel ease date if the docunent
attenpts to go into the step-by-step details of each acronym The detail ed net hodol ogy
associ ated with each acronymhas different requirenents for how accurately the
calibration structures nust represent the actual fixtures that are being used in the
actual neasurenents and whose effects need to be renoved.

Thi s docunent does not list the step-by-step instructions for each neasurenent nethod
as those instructions are readily available fromthe instrunent and software

manuf acturers. Rather, this docunent details a set of tolerances for how accurately
the calibration structures nust represent the actual fixtures. This docunent also
details a format for exporting S-paraneter data that does not exist el sewhere in the
i ndustry.

For each test nmethod (acronyn) selected by a user, the equi pnent and software

manuf acturer gives detail ed step-by-step instructions during the calibration and test
process. For exanple, “connect ‘short’ calibration standard to port 1". Refer to the
equi prent and software manufacturer for detailed instructions during the calibration
process.

Conpliance with the requirements specified in 9.3.2.3 is possible using high quality
processes and desi gn and specification nethods. However, it is easy to do what appears
to be a high quality design and specification and not nmeet these requirenents because
details not traditionally specified are critical. For exanple, copper thickness and
dielectric constants variation across the board and fromboard to board play a key role
in matching the test fixture and the calibration structure.

Conpliance with all of the requirenents specified in 9.3.2.3 assures that any
nmeasur enent net hod chosen is capabl e of achi eving accurate S-paraneters.

Sone specific test nethods nay all ow rel axi ng sonme of these requirenents for sone
calibration structures. Then the supplier of the neasurenent technique and data shal
denonstrate that the deviation is tolerable to the accuracy |evel of the S-parameter
nmeasurenent clained for the | UT.

If for any other reason a test fixture and its calibration structures do not conply
with the requirenents specified in 9.3.2.3 then the fact that such a deviation exists
shall be included in the test report along with a caution that a guard band is needed
when using the neasured S-paraneters. The anount of the deviation and its required
guard band shall be determi ned between the supplier of the measurenent and the user

9.4.2 SOLT net hod

The SCOLT nethod (Short, Open, Load, and Through) is actually a nane for two simlar
nmet hods: the full SCOLT and the abbreviated SO.T both requiring sone of all of Short,
Qpen, Load, and Through calibrati on nmeasurenents.

Thi s method requires nmaking prescri bed nmeasurenments on calibration structures and the
test fixture + IUT. The test fixture effects are renoved via a conpl ex set of
mat hemati cs that has been devel oped for many years and is now mature. This docunent
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accepts that this mathematics is valid. FErrors cone largely frominpl enenting
i nadequat e calibration structure discipline.

The abbreviated SOLT nethod requires only one or two of these calibration measurenents.
The choi ce of these calibration nmeasurenents depends on the kind of |UT neasurenent
desired and the kind of calibration structures available. 1In general, abbreviated SOT
insertion loss | UT neasurenents are best done using the through calibration neasurenent
and abbreviated SOLT return | oss | UT neasurenents are best done using the open and
short calibration neasurenents. The |load condition is used to inprove the accuracy of
the return | oss neasurements.

9.4.3 TRL net hod

The TRL nethod (Through, Reflect, Line) is actually one acronym anongst many that use
simlar assunptions about error sources and what calibration standards are needed to
obtain correction val ues.

Thi s method requires making prescri bed nmeasurenents on special TRL calibration
structures not described in this docunent and the test fixture + [UT. The test fixture
effects are renoved via a conplex set of mathematics that has been devel oped for many
years and is now mature. This docunent accepts that this mathematics is valid. FErrors
cone largely frominplenmenting i nadequate calibration structure discipline. The

equi prent and software manufacturers give design details for the calibration standards,
and step-by-step instructions for connecting the calibration standards during the
calibration process.

9. 4. 4 De-enbeddi ng

De- enbeddi ng obtains all the S-paraneters (including insertion and reflected | osses and
phase properties). The S-paraneters are obtained by the follow ng process:

1) Calibrate the test systemon a well known reference plane with well established
calibration standards and nethods for verifying measurenment accuracy

2) Measure or nodel the actual fixture, or neasure reference standards that represent
the actual fixture

3) Use post processing mathematics on a neasurenent of IUT plus fixture to renove the
fixture effects.

Measurenents of reflection and | oss standards are required, and are specified by the
equi prrent and/ or sof tware manuf act urer

9.4.5 Normalization nethod

Normal i zati on obtains only insertion | oss S-paraneters. This nethod does not obtain
corrected reflection S-paraneters. The insertion |oss S paraneters are obtai ned by 1)
measuring or nodeling either the actual fixture, or reference standards that represent
the actual fixture (note this does not need to be a “calibrated” measurenent if the IUT
plus fixture nmeasurenent is nade in the sanme set-up), and 2) use post processing

mat hemati cs on a neasurenent of IUT plus fixture to renove the fixture effects.
Typically a “2X’ through calibration structure is neasured and subtracted fromthe
nmeasur enent of | UT plus fixture.
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There are no known schenes that all ow adequately accurate separate extraction of the
test fixture properties as required by this method. This is essentially the sane
probl emas using the actual test fixture as the calibration fixture. The SOLT and TRL
nmet hods essentially integrate this neasurenent requirenent into their respective

net hods.
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Annex | — Exanple of a partial S-paraneter based specifications

This annex is provided to give an exanpl e of one specification currently in use by a
system specification. It may be interesting as an exercise for the reader to eval uate
its effectiveness against the criteria provided in this docunent.

I nsertion Loss and Return Loss
Measur enent Met hod

Test fixture calibration:

1. Calibrate test systemwith the reference plane defined as the SMA or 3.5 nm
interface. This step is not necessary if using a tine domain systemto obtain
i nsertion |oss.

2. Measure insertion loss of a thru calibration structure. Al transnmission line
characteristics in the fixtures and test |eads on both ends of an |IUT nust be
included in the thru calibration structure. Include a discontinuity at the
center of the thru calibration structure where the two halves of the calibration
structures nmeet. The discontinuity shall have the sanme di nensions as the nom na
nount i ng provisions of the IUT. For exanple if the IUT is via nounted then place
the sane via at the discontinuity where the two calibration structures neet. A
thru calibration structure represents the entire test systemwi thout the |UT.

Wien two different fixtures are used on each end of the | UT:

Option 1: nake a non-synmmetrical thru calibration structure that represents the two
different fixtures,

Option 2: Use two different thru calibration structures.

For scal ar the conbined insertion loss of the two fixtures is the average insertion
loss of the two thru calibration structures. This average is subtracted fromthe
insertion | oss neasurenent of the |UT plus fixtures to obtain the insertion |oss of
the | UT.

For vector the conbined insertion |loss of the thru calibration structures is the
square root of the insertion |oss of each of the two thru calibration structures
nmul tiplied together

I nsertion | oss:

1. Measure insertion |loss of the IUT plus fixtures.

2. Determne scalar insertion |oss by subtracting the insertion | oss nmeasurenment of
the thru calibration structure fromthe insertion | oss neasurenent of the |UT
plus fixtures.

O, determine vector insertion loss by dividing the insertion | oss measurenent of

the IUT plus fixtures by the insertion | oss neasurenent of the thru calibration

structure.

Return | oss:

1. Measure the return loss of the IUT plus fixtures.

2. Determne scalar return loss by subtracting the insertion |oss neasurenent of the
thru calibration structure fromthe return | oss nmeasurenent of the |UT plus
fixtures.

O, determine vector return loss by dividing the return | oss nmeasurenent of the |UT

plus fixtures by the insertion | oss measurenent of the thru calibration structure.
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Thi s nethod does not de-enbed the fixtures’ return |loss fromthe neasurenent, it
only renoves the fixture insertion loss fromthe IUT return | oss neasurenent.
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Annex Il - Trade off / properties summary matrix for neasurenent nethods
The following table provides a summary of sone tradeof fs between neasurenent nethods.

The nmet hods are | abeled A B, C...because nore than the calibration schene is invol ved
in the differentiati on between the overall neasurenent nethods.
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Met h | Ref erence Calibration | IUT Test Fixture Standards / | Frequency Comrent s Appar ent
od pl ane Met hod connection | Characterizati known range over al
| ocation nmet hod on structures ref erence attractiveness
not part of structures based on
test fixture attached in inputs from
pl ace of 05/ 24/ 06
1 UT neeting (1 to
3, 3 best)
A At I UT SOLT 1 SMA* to Separ at e Short open Depends on Must trust the 2-3
I Ut structures on load thru quality of conpl ex interna
connect or t he sanme board standards, d | cal cul ati ons
.c. to required, higher
20GHz + frequenci es may be
possi bl e a problem test
fixture cal not on
the same traces
used for
measur enent
B At TUT TRL SMA* to Special TRL None d.c. to Must trust the 2
I Ut structures 20GHz + conpl ex interna
connect or cal cul ati ons
required, special
structures nmay not
represent tests
fixture
C At IUT SOLT 2 Pr obe none Short open ?7? Needs 1
load thru investigation re:
connector attach
Probes at |UT
connect or not
shown to work
reliably,
groundi ng i ssue
D At IUT ABBREVI ATED | SMA to | UT | none Opt i onal d.c. to Requires tine 3
SOLT connect or | oads 20GHz + donai n
calibration,
VNA net hods not
presently
avail abl e
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Meth | Reference | Calibration | IUT Test Fixture Standards / | Frequency Comment s Appar ent
od Pl ane Met hod connection | Characterizati known range overal |
| ocation net hod on structures reference attractiveness
not part of structures based on
test fixture attached in inputs from
pl ace of 05/ 24/ 06
1 UT neeting (1 to
3, 3 best)
E At non Probe De- SMA to | UT | Actual test None ?7? Cal i brated probe 1-2
I UT side enbed connect or fixture is required to access
of test (Calibrate characterized I UT connection
fixtures to the end point on the test
of the SMA fixture to
connectors) characterize the
test fixture
F At non Test SMA to | UT | Model uses None ?7? Val i dati on of 1
I UT side Fi xture connect or measur ed test nmodel is not
of test Model fixture possi bl e
fixtures properties
(Calibrate
to the end
of the SMA

connect ors)

*SMA is a generic termused to describe any instrunentation quality connector
fixture
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used to attach test equipnent to the test




