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Foreword  1 
The development work on this specification was done by the SNIA SFF TWG, an industry group. Since its 2 

formation as the SFF Committee in August 1990, the membership has included a mix of companies which 3 
are leaders across the industry.  4 

 5 

For those who wish to participate in the activities of the SFF TWG, the signup for membership can be found 6 
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Rev ision  History  9 

 10 
Rev 0.0.1  January 15, 2021:  11 

- Initial draft  12 

Rev 0.0.2  March 03, 2021:  13 
- Added ñMated Cable Assemblyò to the Section 4 heading. 14 

- Removed Section 4.1 through Section 4.4 and renumbered the remaining Section 4 15 
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all remaining Equations. 23 

- In Section 6.5.1, added hyphen to single-aggressor and edited new Equation 6-3 label. 24 

- In Section 6.5.2, edited new Equation 6 -4 label. 25 
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- In Section 6.6.2, edited new Equation 6-6 label. 27 
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accordingly. 29 

- In Section 6.8, edited new Equation labels and updated the formatting of several 30 
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6-15, renumbered the remaining Section 6 Figures, and updated the formatting of 33 
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- In Section 6.10, edited new Equation labels and updated the formatting of several 35 
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increase the text size. 38 

- In Appendix A, rotated Table A-1 3 in order to enlarge the table to increase the text 39 
size. 40 
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after step 43.  42 
- In Appendix B, Section B.5, removed all rows after step 45 in Table B-5. 43 
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1.  Scope  1 

This specification defines the test procedure and outlines the steps required to perform high speed signal 2 

integrity measurements on SFF-TA-1016 style mated cable assemblies. 3 

2.  References  and Conventions  4 

2.1  Industry Documents  5 

The following documents are relevant to this specification:  6 

- ASME Y14.5  Dimensioning and Tolerancing 7 
- EIA-364-1000  Environmental Test Methodology for Assessing the Performance of Electrical 8 

Connectors and Sockets Used in Controlled Environment Applications 9 
- REF-TA-1011 Cross Reference to Select SFF Connectors 10 

- Sample Doc # Sample Document Title 11 

- Sample Doc ##  Sample Document Title 2 12 
 13 

2.2  Sources  14 

The complete list of SFF documents which have been published, are currently being worked on, or that 15 
have been expired by the SFF Committee can be found at http://www.snia.org/sff/specifications . 16 

Suggestions for improvement of this specification will be wel come, they should be submitted to  17 
http://www.snia.org/feedback . 18 
 19 
EDITORôS NOTE: Delete sources not cited in Section 2.1; e.g. PCIe, SAS, etc. (or add in any missing 20 
references) 21 

 22 
Copies of PCIe standards may be obtained from PCI-SIG (http://pcisig.com ). 23 

 24 
Copies of InfiniBand standards may be obtained from the InfiniBand Trade Association (IBTA) 25 

(http://www.infinibandta.org ). 26 
 27 

Copies of IEEE standards may be obtained from the Institute of Electrical and Electronics Engineers (IEEE) 28 

(https://www.ieee.org ). 29 
 30 

Copies of SAS and other ANSI standards may be obtained from the International Committee for Inf ormation 31 
Technology Standards (INCITS) (http://www.incits.org ). 32 

 33 

Copies of JEDEC standards may be obtained from the Joint Electron Device Engineering Council  34 
(https://www.jedec.o rg). 35 

 36 
Copies of OIF Implementation Agreements may be obtained from the Optical Internetworking Forum 37 

(http://www.oiforum.com ). 38 

 39 
Copies of ASME standards may be obtained from the American Society of Mechanical Engineers 40 

(https://www.asme.org ). 41 
 42 

Copies of Electronic Industries Alliance (EIA) standards may be obtained from the Electronic Components 43 
Industry Association (ECIA) (https://www.ecianow .org). 44 

 45 

  46 
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2.3  Conventions  1 

The following conventions are used throughout this document:  2 

 3 
DEFINITIONS 4 

Certain words and terms used in this standard have a specific meaning beyond the normal English meaning. 5 

These words and terms are defined either in the definitions or in the text where they first appear.  6 
 7 

ORDER OF PRECEDENCE 8 
If a conflict arises between text, tables, or figures, the order of precedence to resolve the conflicts is text; 9 

then tables; and finally figures. Not all tables or figures are fully described in the text. Tables show data 10 

format and values. 11 
 12 

LISTS 13 
Lists sequenced by lowercase or uppercase letters show no ordering relationship between the listed items.  14 

 15 
EXAMPLE 1 - The following list shows no relationship between the named items:  16 

a. red (i.e., one of the following colors):  17 

A. crimson; or 18 
B. pink; 19 

b. blue; or  20 
c. green. 21 

 22 

Lists sequenced by numbers show an ordering relationship between the listed items.  23 
 24 

EXAMPLE 2 -The following list shows an ordered relationship between the named items:  25 
1. top;  26 

2. middle; and 27 

3. bottom.  28 
 29 

Lists are associated with an introductory paragraph or phrase, and are numbered relative to that paragraph 30 
or phrase (i.e., all lists begin with an a. or 1. entry).  31 

 32 
DIMENSIONING CONVENTIONS 33 

The dimensioning conventions are described in ASME-Y14.5, Geometric Dimensioning and Tolerancing. All 34 

dimensions are in millimeters, which are the controll ing dimensional units (if inches are supplied, they are 35 
for guidance only).  36 

 37 
NUMBERING CONVENTIONS 38 

The ISO convention of numbering is used (i.e., the thousands and higher multiples are separated by a 39 

space and a period is used as the decimal point). This is equivalent to the English/American convention of 40 
a comma and a period. 41 

 42 
American French ISO 

0.6 0,6 0.6 
1,000.0         1 000,0 1 000.0 

1,323,462.9 1 323 462,9  1 323 462.9 

 43 

  44 
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3.  Keywords, Acronyms, and Definitions  1 

For the purposes of this document, the following keywords, acronyms, and definitions apply. 2 
EDITORôS NOTES: 3 

- Add any abbreviations or definitions specific to the connector being defined. Keywords may not be 4 
added. 5 

- Remove keywords, acronyms, or definitions that are not relevant to this specification 6 

3.1  Keywords  7 

May/ may not:  Indicates flexibility of choice with no implied preference.  8 

 9 
Obsolete:  Indicates that an item was defined in prior specifications but has been removed from this 10 

specification. 11 

 12 
Optional: Describes features which are not required by the SFF specification. However, if any feature 13 

defined by the SFF specification is implemented, it shall be done in the same way as defined by the 14 
specification. Describing a feature as optional in the text is done to assist the reader.  15 

 16 

Prohibited:  Describes a feature, function, or coded value that is defined in a referenced specification to 17 
which this SFF specification makes a reference, where the use of said feature, function, or coded value is 18 

not allowed for implementations of this specification.  19 
 20 

Reserved:  Defines the signal on a connector contact [when] its actual function is set aside for future 21 
standardization. It is not available for vendor specific use. Where this term is used for bits, bytes, fields, 22 

and code values; the bits, bytes, fields, and code values are set aside for future standardization. The default 23 

value shall be zero. The originator is required to define a Reserved field or bit as zero, but the receiver 24 
should not check Reserved fields or bits for zero. 25 

 26 
Restricted:  Refers to features, bits, bytes, words, and fields that are set aside for other standardization 27 

purposes. If the context of the specification applies the restricted designation, then the  restricted bit, byte, 28 

word, or field shall be treated as a reserved bit, byte, word , or field (e.g., a restricted byte uses the same 29 
value as defined for a reserved byte). 30 

 31 
Shall:  Indicates a mandatory requirement. Designers are required to implement all such mandatory 32 

requirements to ensure interoperability with other products that conf orm to this specification.  33 
 34 

Should:  Indicates flexibility of choice with a strongly preferred alternative.  35 

 36 
Vendor specific:  Indicates something (e.g., a bit, field, code value) that is not defined by this specification. 37 

Specification of the referenced item is determined by the manufacturer and may be used differently in 38 
various implementations. 39 

 40 

  41 
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3.2  Acronyms  and Abbreviations  1 

AWG: American Wire Gauge 2 

dB: decibel, given in dB-volt i.e., 20log10(V2/V1) 3 
DUT: Device Under Test 4 

E-Cal: Electronic calibration 5 

EMLB:  Early Mate Late Break 6 
EIPS : Effective Intra -pair Skew 7 

EPPS: Effective Pair-to-Pair Skew 8 
ESD: Electrostatic Discharge 9 

Fmax : stop frequency, maximum operating frequency,  and frequency at which insertion loss ï return loss 10 

of the fixture 5 dB  11 
IDC : Insulation Displacement Contact 12 

IDT:  Insulation Displacement Termination 13 
Gbps : Gigabits per second 14 

GT/s : Giga-Transfers per second 15 
HVLP: Hyper Very Low Profile 16 

HVSP: Hyper Very Smooth Profile 17 

LLCR: Low Level Contact Resistance 18 
MCA: Mated Cable Assembly 19 

PCB: Printed Circuit Board 20 
PF: Press Fit 21 

PSFEXT: Power Sum Far End Crosstalk 22 

PSNEXT: Power Sum Near End Crosstalk 23 
PTH: Plated Through Hole 24 

RA: Right Angle 25 
RAR: Right Angle Receptacle 26 

RAND:  Reasonable and Non-Discriminatory 27 

RL: Return Loss 28 
SDD11 :  Input Diff erential Return Loss 29 

SDD12 : Output Differential Return Loss 30 
SDD21 : Input Differential Insertion Loss  31 

SDD22 : Output Differential Return Loss 32 
SMA: Sub-Miniature version A 33 

SMT: Surface Mount Technology 34 

SOLT: Short, Open, Load, Thru 35 
TDR: Time Domain Reflectometry 36 

TDT: Time Domain Through 37 
TEM: Transverse Electro-Magnetic 38 

TRL: Through, Reflect, Line 39 

VNA: Vector Network Analyzer 40 
VR: Vertical Receptacle 41 

VLC: Vertical Launch Connector 42 
VSP: Very Smooth Profile 43 

  44 
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3.3  Definitions  1 

Allen Test:  Insertion loss and return loss measurement of the primary thru, measurement made after 2 

SOLT/E-calibration and prior to TRL/2x Thru calibration to determine the maximum operational frequency 3 
of the VNA and fixture equipment set.  4 

 5 

Alignment guides:  A term used to describe features that p re-align the two halves of a connector interface 6 
before electrical contact is established. Other common terms include: guide pins, guide posts, blind mating 7 

features, mating features, alignment features, and mating guides.  8 
 9 

Basic (dimension): The theoretical exact size, profile, orientation, or location of a feature. It is used as 10 

the basis from which permissible variations are established by tolerances in notes or in feature control 11 
frames (GD&T). 12 

 13 
Cable Assembly: the combination of wire and free connector s 14 

 15 
Connector:  Each half of an interface that, when joined together, establish electrical contact and 16 

mechanical retention between two components. In this specification, the term connector does not apply to 17 

any specific gender; it is used to describe the receptacle, the plug or the card edge, or the union of 18 
receptacle to plug or card edge. Other common terms include: connector interface, mating interface, and 19 

separable interface. 20 
 21 

Contact mating sequence:  A term used to describe the order of electrical cont act established/ 22 

terminated during mating/un -mating. Other terms include: contact sequencing, contact positioning, mate 23 
first/break last, EMLB (early mate late break) staggered contacts, and long pin/short pin.  24 

 25 
Contacts:  A term used to describe connector terminals that make electrical connections across a separable 26 

interface.  27 

 28 
Datum: A point, line, plane, etc. assumed to be exact for the purposes of computation or reference, as 29 

established from actual features, and from which the location or geometric rel ationship of either feature is 30 
established. 31 

 32 
Device Under Test (DUT): The components within the measurement reference planes. 33 

 34 

Free Connector :  a connector, typically a plug, permanently attached to wire, creating a cable assembly . 35 
 36 

Fixed Connector:  a connector, typically a receptacle, permanently attached to the printed circuit board . 37 
 38 

Frontshell / Backshell: A term used to describe the metallic part of a module that provides mechanical 39 

and shielding continuity between the plug and receptacle. Other terms commonly used are: housing, snout, 40 
and metal shroud.  41 

 42 
Mated Cable Assembly (MCA) :  refers to the combination of copper wire, plugs, receptacles and 43 

receptacle footprint that comprise the device under test  in this specification. 44 
 45 

Module:  In this specification, module may refer to a  plug assembly at the end of a copper (electrical) cable 46 

(passive or active), an active optical cable (AOC), an optical transceiver, or a loopback. 47 
 48 

Plug:  A term used to describe the connector that contains the penetrating contacts  of the connector 49 
interface as shown in Figure 3-1. Plugs typically contain stationary contacts. Other common terms include 50 

male, pin connector, and card edge. 51 
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 1 

Figure 3-1  Plug and Receptacle Definition  2 

 3 

Plated through hole termination: A term used to describe a termination style in which rigid pins extend 4 
into or through the PCB. Pins are soldered to keep the connector or cage in place.  Other common terms 5 

are through hole or PTH. 6 

 7 
Press fit: A term used to describe a termination style in which collapsible pins penetrate the surface of a 8 

PCB.  Upon insertion, the pins collapse to fit inside the PCBôs plated through holes.  The connector or cage 9 
is held in place by the interference fit between the collapsed pins and the PCB. 10 

 11 
Receptacle:  A term used to describe the connector that contains the contacts that accept the plug contacts 12 

as shown in Figure 3-1. Receptacles typically contain spring contacts. Other common terms include female 13 

and socket connector. 14 
 15 

Reference (dimension): A dimension provided for information or convenience. It has no tolerance and 16 
is not to be used for inspection or conformance. It can be calculated from other tolerance dimensions or 17 

can be found elsewhere on the drawing with a tolerance. If removed, it would have no impact on the 18 

defined object or the ability or reproduce it.  19 
 20 

Reference Plane :  the location within the measurement fixture where user calibration is performed and 21 
where the measurement is made. 22 

 23 
Right Angle:  A term used to describe either a connector design where the mating direction is parallel to 24 

the plane of the printed circuit board upon which the connector is mounted or  a cable assembly design 25 

where the mating direction is perpendicular to the bulk cable.  26 

 
a) Right angle connector  

b) Right angle cable assembly 

Figure 3-2  Right Angle Connector and Cable Assembly  27 

 28 

Straddle mount:  A term used to describe a termination style that uses surface mount termination points 29 
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on both sides of a PCB.  1 
 2 

Straight:  A term used to describe a connector design where the mating direction is parallel to the bulk 3 
cable. 4 

 5 

Surface mount:  A term used to describe a termination style in w hich solder tails sit on pads on the surface 6 
of a PCB and are then soldered to keep the connector or cage in place.  Other common terms are surface 7 

mount technology or SMT. 8 
 9 

Termination: A term used to describe a connectorôs non-separable attachment point such as a connector 10 
contact to a bulk cable/ a cage to a PCB or flex circuit/ bulk cable to a PCB or flex circuit/ solder tail to PCB. 11 

Common PCB terminations include: surface mount (SMT), plated through hole termination (PTH), and press 12 

fit (PF). Common cable terminations include insulation displacement contact (IDC), insulation displacement 13 
termination (IDT), wire slots, solder, welds, crimps, and brazes.  14 

 15 
Vertical: A term used to describe a connector design where the mating direction is perpendicular to the 16 

printed circuit board upon which the connector is mounted.  17 

 18 
Wipe:  The distance a contact travels on the surface of its mating contact during the mating cycle as shown 19 

in Figure 3-3. 20 

 21 

Figure 3-3  Wipe for a Continuous Contact  22 

  23 
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4.  General Mated Cable Assembly Compliance Test Board 1 

Description  2 

4.1  Mated Cable Assembly Compliance Board Design  3 

Test boards are designed to support TRL calibration and 2x thru methods with launch to reference plane 4 

lengths equal within Ñ0.0005ò enabling accurate high-speed measurements of the mated cable assembly. 5 
Crosstalk spider patterns are used to estimate fixture crosstalk to aid in accurate characterization of cable 6 

assembly crosstalk. All boards are designed to achieve 42.5 ± 5% impedance control. Board stacks, 7 
materials, line lengths and calibration structur es are designed to allow mated cable assembly 8 

characterization. 9 
 10 

 11 

 12 

Figure 4-1  Mated Cable Assembly Evaluation Board Set: Cyllene RAR, Cyllene VR  13 

 14 

  15 
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4.2  Calibration Standards  1 

TRL calibration standards, one primary through, one short (reflect), three lines (called Secondary 1, 2 , and 2 

3) and one load are used as depicted in Figure 4-2. The frequency range for each secondary is written on 3 
the silkscreen. Secondary line delay labels are for reference only, use measured secondary delays for 4 

calibration. 2X through calibration is enabled using the primary though (2X  through).  5 

 6 

 7 

Figure 4-2  Mated Cable Assembly Evaluation TRL Calibration  Traces  8 

 9 
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4.3  Reference Plane Positions  1 

The primary through is designed to position the reference plane 0.050ò from the trace/anti-pad transition 2 

on the test board.   3 
 4 

 5 

Figure 4-3  Mated  Cable  Assembly  Evaluation  Board  Refe rence  Plane  Location:  RAR 6 

 7 
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 1 

Figure 4-4  Mated Cable Assembly Evaluation Board Reference Plane Location: VR  2 

 3 

The fixture FEXT removal structure is based on the four traces with highest potential for fixture c rosstalk 4 

in the vertical receptacle board. 5 
 6 
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 1 

Figure 4-5  Mated Cable Assembly Reference Plane Location in Crosstalk Spider  2 

 3 

4.4  Board Stack -up  4 

The VNA setup and test plan used in this procedure are designed to produce S-parameter measurements 5 
referenced to a 42.5 ohm single-ended impedance. All test traces are held to a characteristic impedance of 6 

42.5 ohms +/ - 5%. The test board is an eight layer stack -up. MEGTRON 6 or TU-883 are used for the 7 
laminate material on all layers. The stack-up details for the boards are shown in Figure 4-6. 8 

 9 
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 1 

Figure 4-6  The 8-Layer Stack -up for Cyllene RAR  & Cyllene VR Test Boards  2 

 3 

4.5  Fixed Connector Footprint  4 

Fixed connector surface pad, anti-pad, ground via size, and position have a significant impact on mated 5 
cable assembly performance. The following figures illustrate optimal fixed connector footprints for vertical 6 

and right angle receptacles. 7 

 8 

Figure 4-7  Mated Cable Assembly Evaluation Board Footprint Dimensions: RAR, VR  9 

 10 
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 1 

Figure 4-8  Mated Cable Assembly Evaluation Board Stack -up: RAR, VR  2 

 3 

4.6  Mated Cable Assembly Tes t Set -up  4 

The test boards should be attached to a rigid structure to ensure proper and stable mated cable assem bly 5 
configuration during test. Recommended mated cable assembly configurations are shown in Figure 4-9. 6 

 7 

 8 

Figure 4-9  Recommended Mated Cable Assembly Configurations  9 

 10 
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5.  Equipment Setting s, Calibration, & Verification  1 

5.1  Overview  2 

5.1.1  Device Under Test (DUT)  3 

Figure 5-1 illustrates the test setup f or the VNA measurement, location of the measurement reference 4 
planes, and mated cable assembly DUT descriptions. 5 

 6 

The vector network analyzer setup used in this test procedure performs single -ended S-parameter 7 
measurements that are used to calculate differential response in an 85 ohm characteristic impedance 8 

environment. 9 
 10 

Test traces on the board are maintained to 42.5 ±2.25 ohms (±5%).  Test boards are designed with trace 11 
length (L) from the launch connector to the reference plane to within ±0.0005. The bil l of materials is listed 12 

in Appendix A. 13 

 14 

 15 

Figure 5-1  Mated Cable Assembly Evaluation Device Under Test, VR -RAR Fixed Con nectors  16 

 17 

5.1.2   Time and Frequency Domain Measure Test Flow  18 

The test flow in the following figure describes the key steps and responses needed to complete accurate 19 

and repeatable time and frequency domain measurements. Key steps such as calibration, rise time 20 
verification, de-skew and Cal check should be performed daily, both before and after completing the 21 

measurement test plan to ensure stability of the test environment for the duration of the measurement 22 
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activity. 1 
 2 

 3 

Figure 5-2  Time and Frequency Domain Measurement Test Flow  4 

 5 

5.2  VNA Equipment Settings  6 

S-parameter measurements are made using a Vector Network Analyzer (VNA). VNA settings affect the 7 
measurement and calibration performance. To improve measurement accuracy and repeatability, use the 8 

baseline settings indicated in the following table when running a calibration procedure.  9 
 10 

Table 5-1  VNA Equipment Settings  11 

Frequency Range 0.01 GHz: 0.01 GHz: 40 GHz 

IF Bandwidth Ò 1 kHz 

Number of averages Averaging is not recommended 

Smoothing Off 
 12 

CAUTION :   WHEN ATTACHING  THE SMA  FEMALE/ MALE CONNECTORS BETWEEN THE FIXTURE AND THE VNA  13 

INSTRUMENT MAKE SURE  TO ROTATE THE EXTERNAL BOLT OF THE CONN ECTOR AVOIDING THE 14 
ROTATION OF T HE CABLES/ FIXTURE / CALIBRATION DEVICES TO AVOID  THE DAMAGE OF THE 15 

CENTRAL PIN . MAKE SURE TO TIGHTEN THE CONNECTIONS TO 8  IN -LBS USING A TORQUE 16 
WRENCH . 17 

 18 

5.2.1  Electronic Calibration (E -Cal)  19 

To carry out the calibration of the equipment using the E -Cal device, the number of points, IF bandwidth, 20 

and the start and stop frequencies must be set. With the proper setting of the VNA instrument, go to the 21 
calibration menu and choose the option E-Cal, then chose the proper E-Cal device and run the calibration 22 

making the proper connections as indicated by the wizard. Once the calibration is finished save the setup. 23 

 24 




































































