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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 154: Serial Attached SCSI - 3 (SAS-3)

FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical

Interna

committees established by the respective organization to deal with particular fields of,technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other internpational

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take pa

tin the

work. In the field of information technology, ISO and IEC have established a joint technical compmittee,

ISO/IEC JTC 1.
The formal decisions or agreements of IEC and ISO on technical matters (express, as nqg
possible, an international consensus of opinion on the relevant subjects since each te

arly as
chnical

committee has representation from all interested IEC National Committeesi:and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for international use
accepted by IEC National Committees and ISO member bodies in’ that sense. While all reag
efforts are made to ensure that the technical content of IEC,\ISO and ISO/IEC publica
accurate, IEC or ISO cannot be held responsible for the way/in which they are used or
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees and ISO member
undertake to apply IEC, ISO and ISO/IEC publicationsdransparently to the maximum extent g
in their national and regional publications. Any divergence between any ISO, IEC or I3
publication and the corresponding national or regional publication should be clearly indicate
latter.

ISO and IEC do not provide any attestation’,of conformity. Independent certification bodies
conformity assessment services and, in some areas, access to IEC marks of conformity. ISO
are not responsible for any services caftied out by independent certification bodies.

All users should ensure that they have'the latest edition of this publication.

No liability shall attach to IEC or ISO or its directors, employees, servants or agents in
individual experts and mempbers of their technical committees and IEC National Commi
ISO member bodies for.any personal injury, property damage or other damage of any
whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses
out of the publication of, use of, or reliance upon, this ISO/IEC publication or any oth
ISO or ISO/IEC publications.

Attention is drawn’ to the normative references cited in this publication. Use of the refe
publications is.indispensable for the correct application of this publication.

Attentionds_drawn to the possibility that some of the elements of this ISO/IEC publicati
be the Subject of patent rights. ISO and IEC shall not be held responsible for identifying
all such patent rights.
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This publication contains attached files in the form of S-parameter files required for electrical performance
measurements and examples of scripts for running simulations.

The list of all currently available parts of the ISO/IEC 14776 series, under the general title Information
technology — Small computer system interface (SCSI), can be found on the IEC web site.

This International Standard has been approved by vote of the member bodies and the voting results may be
obtained from the address given on the second title page.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2, except as described in
3.4 and 3.5..

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates that
it contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

General

The SCSI family of standards provides for many different transport protocols that define the rules for
exchanging information between different SCSI devices. This document specifies the functional requirements
for the Serial Attached SCSI (SAS) physical interconnect, which is compatible with the Serial ATA physical
interconnect. The SAS Protocol Layer - 3 (SPL-3) standard documents the SAS protocol layer corresponding
to the Serial Attached SCSI - 3 (SAS-3), defining the rules for exchanging information between SCSI devices
using arseraknterconnect—Other SCS ' 4 j

informa

Figure [I shows the relationship of this document to the other standards and related projects incthe’ SCSI
family gf standards.

SCSI/ATA Translation
(SAT-3 (ISO/IEC 14776-923)) Other device-type specific Primary command $et
Direct-access block device Commaggg??fs % (Eheee ier ll evEs pes)
command set (ANSI INCITS 467:2011)) || SPC-4 (ISO/EC 14776-454)
SBC-3 (ISO/IEC 14776-323)

SCSI transport protocols (e.g.,
FCP-3 (ISO/IEC 14776-223),
SPL-3(ISO/IEC 14776-263))

SCSI Architecture Model
(SAM-5 (ISO/IEC 14776-415))

Interconnects (e.g.,
SPI-5 (ISO/IEC 14776-115),
SAS-3 (ISO/IEC 14776-154))

Figure 1 — SCSI document relationships
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Figure 2 shows the relationship of this document to other standards and related projects in the ATA family of

standards.

ATA/ATAPI
Command set-2
ACS-2 (ISO/IEC

17760-102)

451-208))

(Packet-delivered command sets)

Device-type specific command
sets

Primary command set
(shared for all device types)
(SPC-4 (ISO/IEC 14776-454))

ATA transport protocols (e.g., Q
Serial ATA, SPL-3 (ISO/IEC 14776-263)) "1,

ATA/ATAPI-8 Architecture Model
ATFAS-AAM-INGHS

ATA physical interconnects (e.g.,
SAS-3 (ISO/IEC 14776-154),

Serial ATA)

Figure || and figure 2 show the general relationship of the documents to one another, and do not imply a
relationship such as a hierarchy, protocol stack or system architecture.

These $tandards specify the interfaces, functions and operatiohs necessary to ensure interoperability

Figure 2 — ATA document relationships

between conforming implementations. This document is afunctional description. Conforming implemerjtations

may employ any design technique that does not violaté.interoperability.
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 154: Serial Attached SCSI - 3 (SAS-3)

pe
rt of ISO/IEC 14776 defines the physical layer of the Serial Attached SCSI (SAS) interconnect.

2 Nor

The fol
require
the late

ISO/IE
quality

ISO/IE
Attache

ISO/IE
Attache

INCITS
INCITS
INCITS
Serial £
SFF-80
SFF-80
SFF-80
SFF-81
SFF-82
SFF-83
SFF-84
SFF-84
SFF-84

mative references

owing documents are referred to in the text in such a way that some or all of their content-cong

st edition of the referenced document (including any amendments) applies.

C TR 1411625-1 17, Information technology — Fibre channel — Part 117: Methodologies for jitter and
MJSQ)

C 14776-151, Information technology - Small Computer System Interface (SCSI) — Part 151: S¢
d SCS/-1.1 (SAS-1.1)

C 14776-153, Information Technology - Small Computer System(interface (SCSI) — Part 153: S
d SCS/ - 2.1 (SAS-2.1)

457-2010, Information Technology - Serial Attached SCSI52 (SAS-2)
492-2015, SAS Protocol Layer-3 (SPL-3)

515-2016, SCSI Architecture Model - 5 (SAM-5)

TA Revision 3.1 (SATA). 18 July 2011 3

86, Compact Multilane Series: Common Elements 4

87, Compact Multilane Series: Unshiglded 4

88, Compact Multilane Series: Shielded *

47, 54mm x 71mm Form Factor w/micro SAS Connector 4

23, 2.5" Drive Form Facterwith Serial Connector 4

23, 3.5" Drive Form«Factor with Serial Connector #

10, HSS Coppef Testing and Performance Requirements 4

16, Measurement and Performance Requirements for HPEI Bulk Cable 4

49, Mini\Multilane Series Management Interface 4

SFF-8

titutes

ments of this document. For dated references, only the edition cited applies. For undated referg¢nces,

signal

brial

Brial

SFF-SjEBO, HSS Backplane Design Guidelines 4

824 "Multi-1 ane Unshielded Serial Attachment Connectors 4

SFF-8485, Serial GPIO (SGPIO) Bus 4
SFF-8486, Serial Attachment Micro Connector 4

1.1

NCITS TR-35-2004

2. When MJSQ is referenced from this document, the FC Port terminology used within MJSQ is
substituted with SAS phy terminology.

3. Serial ATA specifications are available from the Serial ATA International Organization (see
http://www.sata-io.org).

4. SFF specifications are available from the SNIA SFF Technology Affiliate (see
http://www.snia.org/sff).
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SFF-8523, 5.25" Drive Form Factor with Serial Connector

SFF-8630, Serial Attachment 12 Gbs 4X Unshielded Connector (Style B) 4
SFF-8636, Shielded Cables Common Management Interface 4
SFF-8639, Multifunction 12 Gb/s 6X Unshielded Connector *

SFF-8643, Mini Multilane Series: Unshielded HD Integrated Connector 4
SFF-8644, Mini Multilane Series: Shielded HD Integrated Connector 4
SFF-8680, Serial Attachment 12 Gb/s 2X Unshielded Connector
SFF-8685, QSFP+ 12 Gbrs 2X Pluggable Transcelver Sotation (QSFP 1)
SFF-9639, Multifunction 12 Gb/s 6X Unshielded Connector Pinouts *

Touchstone® File Format Specification. Revision 1.1. IBIS Open Forum

1

1. Touchstone® s a registered trademark of Agilent Corporation. This information is given for the con-
venience of users of this document and does not constitute an endorsement by IEC or ISO. For more
information on the Touchstone specification, contact the IBIS Open Forum (see
http://www.eigroup.org).
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3 Terms, definitions, symbols, abbreviations, keywords, and conventions

3.1 Terms and definitions

For the purposes of this document the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
"IEC Electropedia: available at http://www.electropedia.org/

"ISO Online browsing platform: available at http://www.iso.org/obp

3.141

active cable assembly
cable assembly (see 3.1.9) that requires power for internal circuitry used in the transmission of the'sighal
through the cable assembly

31.2
alternating current
A.C.
non-D.C. component of a signal

Note 1 [to entry: In this document, all frequency components greater than or équal to 100 kHz.

3.1.3
baud rate
nominal signaling speed, expressed as the maximum number of timies per second that the signal (see B.1.97)
may chgnge the state of the physical link (see 3.1.67)

Note 1 |to entry: Each state change produces a transition (i’ey/signal edge).

Note 2 |to entry: Baud rate is the reciprocal of the Ul (i.exs 5,9 = 1/ Ul) (see 3.1.116).

314
bit errgr ratio
BER
number of logical bits output from a receiver‘circuit that differ from the correct transmitted logical bits, dlivided
by the pumber of transmitted logical bits

Note 1 [to entry: BER is computed.en’the raw bit stream before 10b8b decoding.

Note 2 [to entry: BER is usually expressed as a coefficient and a power of 10 (e.g., 2 erroneous bits opt of
100 000 bits transmitted is expressed as 2 out of 10° or 2 x 10'5).

Note 3 |to entry: See MJSQ.

3.1.5
bit tim _ _ _
nomingl duration of a signal transmission bit (e.g., 666.6 ps at 1.5 Gbit/s, 333.3 ps at 3 Gbit/s, 166.6 p
6 Gbit/g, and-83.3 ps at 12 Gbit/s)

L2
Q
—

3.1.6

bounded uncorrelated jitter

BUJ

part of DJ (see 3.1.24) not aligned in time with the signal being measured

Note 1 to entry: Specifically, BUJ excludes ISI (see 3.1.48) and duty cycle distortion.
Note 2 to entry: See MJSQ.
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31.7
burst time
part of an OOB signal (see 3.1.61) where the OOB burst (see 3.1.57) is transmitted

Note 1 to entry: See 5.11.

3.1.8
byte
sequence of eight contiguous bits considered as a unit

3.1.9

cable gssembly
bulk caple with a separable connector at each end plus any retention, backshell, shielding features, or
circuitry used for cable management or signal transmission

Note 1 |to entry: See 5.4.3.

3.1.10
clock data recovery
CDR
function provided by the receiver circuit responsible for producing a regular clock signal (i.e., the reco
clock) from the received signal and for aligning the recovered clock to the symbals (i.e., bits) being tran
with the signal

Note 1 |to entry: CDR uses the recovered clock to recover the bits.
Note 2 |to entry: See MJSQ.

n SSC transmit clock

implemgntation that employs a single transmit clock formultiple transmitter devices and enables or dis
SSC (see 5.8.6) on the transmit clock signal to all.trafismitter devices in common rather than allowing
transmitter device to independently control SSC

3.1.12
complignce point
interopgrability point where interoperability specifications are met

Note 1 |to entry: See 5.3.

3.1.13
complint jitter tolerance pattern
CJTP.
test pattern for jitter, testing

Note 1 |to entry:See 5.8.3.5 and Annex A.

ered
smitted

ables
each

conne ¥

electro-mechanical components consisting of a receptacle and a plug that provide a separable interface

between two transmission segments

Note 1 to entry: See 5.4.3.

3.1.15

consecutive identical digits

CID

serial bit stream with repeated data bits of the same binary value
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3.1.16

cumulative distribution function

CDF

probability that jitter (see 3.1.49) is less than a given value

Note 1 to entry: See MJSQ.

3.1.17

D.C. idle

differential signal level that is nominally 0 V(P-P), used during the idle time (see 3.1.46) and negation time
(see 3.1.56) of an OOB signal (see 3.1.61) when D.C. mode (see 3.1.18) is enabled

Note 1 |to entry: See 5.8.4.

3.1.18
D.C. mpde
mode in which D.C. idle (see 3.1.17) is used during the idle time (see 3.1.46) and negation time (see 3.1.56)
of an QOB signal (see 3.1.61)

3.1.19
data d¢pendent jitter
DDJ
jitter (sg¢e 3.1.49) that is added when the transmission pattern is changed.\from a clock-like to a non-clqck-like
pattern

Note 1 |to entry: See MJSQ.

3.1.20
decibe
dB

ten tim¢s the common logarithm (i.e., log4g) of the ratioof relative powers

Note 1 [to entry: The ratio of powers P4 and P, in dB is 10 x logqq (P4 / Py). If Py = V42/ Ry, Py = Vo2 | Ry, and
R1 = Ry, then this ratio is equivalent to 20 times‘the common logarithm of the relative voltage ratio
(i.e., dB is 20 x log4q (V4 / V5)). A ratio of 1-results in a dB value of 0 (e.g., 20 x log4q (1) = 0 dB), a rafio
greater|than 1 results in a positive dB value (e.g., 20 x log4q (2) = 6 dB) and a ratio less than 1 results|in a
negative dB value (e.g., 20 x log4g (0:5) = -6 dB).

3.1.21
dB millivolts
dBmV
decibellratio of an rms Yoltage value relative to 1 mV

Note 1 [to entry: 20,mV(rms) is equal to 20 x log1o(20 mV / 1 mV) = 26 dBmV. This does not depend gn the
impedance level.

3.1.22
dB milliwatts

dBm

decibel ratio of a power value relative to 1 mW

Note 1 to entry: 20 mW is equal to 10 x log1g(20 mW / 1 mW) = 13 dBm. If power is measured with a 50 Q
impedance level, then 20 mW is equivalent to (0.02 W x 50 Q){"2) = 1V or 60 dBmV. If power is measured
with a 25 Q impedance level (i.e., the reference impedance for common mode measurements), then

20 mW is equivalent to (0.02 W x 25 Q)("2) = 0.707 V or 57 dBmV.

3.1.23

decision feedback equalizer

DFE

nonlinear equalizer that uses a feedback loop based on previously decoded symbols
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3.1.24
determ
DJ

inistic jitter

jitter (see 3.1.49) with non-Gaussian distribution that is bounded in amplitude and has specific causes

Note 1

3.1.25

to entry: See MJSQ.

direct current

D.C.

non-A.C. component of a signal

Note 1 |to entry: In this document, all frequency components below 100 kHz.
3.1.26

disparity

differenjce between the number of ones and zeros in a character

Note 1 |to entry: See SPL-3.

3.1.27

dispersion

signal gulse broadening and distortion from all causes

3.1.28

duty cycle distortion

DCD

one-half of the difference of the average width of a one and-the average width of a zero in a signal wa

eye paftern measurement

Note 1

3.1.29
dword
sequen

Note 1

3.1.30

electrgmagnetic interference

EMI
any ele
perforn

3.1.31
enclos

to entry: See MJSQ.

ce of four contiguous bytes or four cantiguous characters considered as a unit
to entry: See SPL-3.

ctromagnetic disturbance that interrupts, obstructs, or otherwise degrades or limits the effective
ance of electronies/electrical equipment

Lire

box, ra

electronic.interfaces for one or more end device(s) (see 3.1.35) and/or expander device(s) (see SPL-3

k, or.set of boxes providing the powering, cooling, mechanical protection, EMI protection, and €

eform

xternal

)

Note 1

3.1.32
enclos

to entry: Provides the outermost electromagnetic boundary and acts as an EMI barrier.

ure in port

set of expander phys with subtractive routing attributes using the same external connector (see 5.4.3.5)

Note 1

to entry: See SPL-3.
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3.1.33

enclosure out port

set of expander phys with table routing attributes in an expander device that does not support table-to-table
attachment using the same external connector (see 5.4.3.5)

Note 1 to entry: See SPL-3.

3.1.34

enclosure universal port

set of expander phys with table routing attributes in an expander device that supports table-to-table
attachment using the same external connector (see 5.4.3.5)

Note 1 |to entry: See SPL-3.

3.1.35
end deyice
SAS dgvice or SATA device that is not contained within an expander device (see 3.1.38)

Note 1 |to entry: See SPL-3.

3.1.36
end to flend simulation
simulatjon performed from a reference transmitter or from a captured signal‘to a reference receiver deyvice

3.1.37
etch
printed |circuit board copper conductor path

3.1.38
expander device
device that is part of a service delivery subsystem (see SAM-5), facilitates communication between SAS
deviceg (see 3.1.89) and SATA devices (see 3.1.93)

Note 1 |to entry: See SPL-3.

3.1.39
expander phy
phy in an expander device that interfaces to a service delivery subsystem (see SAM-5)

Note 1 |to entry: See SPL-3.

3.1.40
expander port
expander device object that interfaces to a service delivery subsystem (see SAM-5) and to SAS ports in other
deviceg

Note 1 |to entry: See SPL-3.

3.1.4
external connector

bulkhead connector (see 3.1.14) that carries signals into and out of an enclosure (see 3.1.31) and exits the
enclosure with only minor compromise to the shield effectiveness of the enclosure (e.g., a Mini SAS 4x
receptacle or Mini SAS HD receptacle)

Note 1 to entry: See 5.4.3.5.
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3.1.42

eye contour

locus of points in a signal level versus time eye diagram where the CDF of 10712 in the actual signal
population exists

Note 1 to entry: Comparison of the measured eye contour to the jitter eye mask determines whether a jitter
eye mask violation has occurred.

Note 2 to entry: For simulations, a CDF of 10°1% is used.
Note 3 to entry: See 5.8.3 and MJSQ.

3.1.43
fall timtt
time inferval for the falling signal edge to transit between specified percentages of the signal amplitude¢

Note 1 |to entry: In this document, the measurement points are the 80 % and 20 % voltage-levels.

Note 2 [to entry: Also see rise time (see 3.1.88).

3.1.44
fanout|cable assembly
cable assembly with one connector on one end and multiple connectors on the other end

Note 1 |to entry: See 5.4.4.1.3.

3.1.45
field
group df one or more contiguous bits

3.1.46
idle time
part of an OOB signal (see 3.1.61) where OOB idle-(see 3.1.17) is being transmitted

Note 1 [to entry: See 5.11.
3.1.47

insertion loss
ratio, usually expressed in dB, of incident power to delivered power

Note 1 [to entry: The dB magnitude of Sy, or S,4 is the negative of insertion loss in dB.
Note 2 |to entry: See clause:R11.

3.1.48
intersymbol interference

ISl
reduction in thexdistinction of a pulse caused by overlapping energy from neighboring pulses

Note 1 [tolentry: Neighboring pulses are pulses that are close enough to have significant energy overlapping

Note 2 to entry: May result in DDJ and vertical eye closure.

Note 3 to entry: Produced by several mechanisms (e.g., dispersion, reflections, and circuits that lead to
baseline wander).

Note 4 to entry: See MJSQ.
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3.1.49

jitter

collection of instantaneous deviations of signal edge times at a defined signal level of the signal from the
reference times (e.g., as defined by the jitter timing reference) for those events

Note 1 to entry: See MJSQ.

3.1.50
jitter timing reference
signal used as the basis for calculating the jitter in the signal under test

Note 1 to entry: See MJSQ.

3.1.51
jitter tglerance

ability gf the receiver device to recover transmitted bits in an incoming data stream in the presence of
specifigd jitter in the signal applied to the receiver device compliance point

Note 1 |to entry: See MJSQ.

3.1.52
jitter tglerance pattern
JTPAT
data te$t pattern for jitter testing of a receiver device contained within CJTPAT

Note 1 |to entry: See Annex A.

3.1.53
least mean square
LMS
algorithm for adaptively adjusting the tap coefficients of.a DFE (see 3.1.23) based on the difference bgtween
the desired and actual signal

3.1.54
managed connector category
category of connectors that support a cable management interface

Note 1 |to entry: See 5.4.3.2.

3.1.55
near-end crosstalk
NEXT
crosstalk that is propagated in a disturbed channel in the opposite direction as the propagation of a signal in
the disfurbing channel

Note 1 [to entry:The terminals of the disturbed channel, at which the near-end crosstalk is present, ar|d the
energized terminals of the disturbing channel are usually near each other.

3.1.56
negation time

part of an OOB signal (see 3.1.61) during which OOB idle (see 3.1.58) is transmitted after the last OOB burst
(see 3.1.57)

Note 1 to entry: See 5.11.

3.1.57
OOB burst
transmission of signal transitions or ALIGN3 primitives for a burst time (see 3.1.7)

Note 1 to entry: See 5.11.1.
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3.1.58

OOB idle

transmission of D.C. idle (see 3.1.17) when D.C. mode (see 3.1.18) is enabled or a defined sequence of
dwords when optical mode (see 3.1.62) is enabled

3.1.59

OOB interval

time basis for burst times (see 3.1.7), idle times (see 3.1.46), negation times (see 3.1.56), and signal times
(see 3.1.100) used to create OOB signals (see 3.1.61)

Note 1 to entry: See 5.11.1.

3.1.60
OOB sequence
sequenice where two phys exchange OOB signals (see 3.1.61)

Note 1 |to entry: See SPL-3.

3.1.61
OOB s|gnal
pattern|of idle time (see 3.1.46), burst time (see 3.1.7), and negation time (see 3.1.56) used during the link
reset se¢quence

Note 1 [to entry: See 5.11.

3.1.62
opticall mode
mode in which a defined sequence of dwords is used during'the idle time (see 3.1.46) and negation timhe
(see 3.]1.56) of an OOB signal (see 3.1.61)

Note 1 [to entry: See 5.11.

3.1.63
passive cable assembly
cable assembly (see 3.1.9) that does not require external power for internal circuitry used in the transnission
of the dignal through the cable assembly

3.1.64
passive TxRx connection
complete simplex signal pathtbetween the transmitter circuit (see 3.1.109) and receiver circuit (see 3.1.75)
that dog¢s not include powered circuitry used in the transmission of the signal through the TxRx conneg¢tion
(see 3.1.114)

Note 1 |to entry: See5.5.1.

3.1.65

phy
object in‘a‘device that is used to interface to other devices

EXAMPLE - An expander phy (see 3.1.39) or a SAS phy (see 3.1.90).
Note 1 to entry: See 4.1.

3.1.66

physical interconnect TxRx connection segment

PICS

TxRx connection segment (see 3.1.115) used to model channel loss between the TDCS (see 3.1.113) and the
RDCS (see 3.1.79)

Note 1 to entry: See 5.3.3.
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3.1.67
physical link
two differential signal pairs, one pair in each direction, that connect two physical phys (see 3.1.65)

Note 1 to entry: See 4.1.

3.1.68
physical link rate
link rate between two physical phys established as a result of speed negotiation between those phys

3.1.69
power pn
power being applied

3.1.70
probe point
physicgl position in a test load where signal characteristics for compliance points are measured

Note 1 |to entry: See 5.6.

3.1.71
post cursor equalization ratio
Rpost
ratio of|the equalization peak signal voltage to the nominal signal voltage after a signal voltage change

Note 1 [to entry: See 5.8.4.7.1.

3.1.72
precurgor equalization ratio
Rpre
ratio of|the equalization peak signal voltage to the_néminal signal voltage prior to a signal voltage change

Note 1 |to entry: See 5.8.4.7.1.

3.1.73
random jitter
RJ
jitter (s¢e 3.1.49) that is characterized by a Gaussian distribution and is unbounded

Note 1 [to entry: See MJSQ.
3.1.74

rate
data trgnsfer rate 6f.a physical or logical link

EXAMPLE - 1.5:Gbit/s, 3 Gbit/s, 6 Gbit/s, or 12 Gbit/s.

3.1.75
receiver circuit
electronic circuit that converts an analog serial input signal to a logic signal

3.1.76

receiver circuit TXRx connection segment

RCCS

TxRx connection segment (see 3.1.115) used to model package loss within the simulated receiver circuit (see
3.1.75)
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3.1.77
reference clock
clock generated by the PLL

Note 1 to entry: This clock is filtered by the JTF (see 5.8.3.2) and aligned with the zero-crossing instants.

3.1.78

receiver device

Rx

device downstream from a receiver device compliance point (see 3.1.12) containing a portion of the physical
link and a receiver circuit (see 3.1.75)

3.1.79
receivgr device TxRx connection segment
RDCS
TxRx cpnnection segment (see 3.1.115) between the simulated receiver circuit (see 3.1.75)and a sepgrable
connecjor

3.1.80
refererjice pulse response cursor
peak t¢ peak

cursor {hat is twice the amplitude of the response to a one Ul wide positivé.pdlse of the same amplitude and
transmitter equalization as the data stream it represents (see 5.7.3), sampled at the reference sampling
instant [see 3.1.83)

3.1.81
refererjce receiver device
set of parameters defining electrical performance characteristics that provide a set of minimum electrigal

performance requirements for a receiver device and that'are also used in mathematical modeling to determine
complignce of a TxRx connection or transmitter device

Note 1 |to entry: See 5.8.5.7.3.

3.1.82
refererjce sampling clock
referenge clock (see 3.1.77) shifted by-0.5 Ul (see 3.1.116)

3.1.83
refererjce sampling instant
instant pt which a reference,sampling clock (see 3.1.82) samples the maximum amplitude of the respgnse to
a positive pulse generated using the reference sampling clock

Note 1 [to entry: Seefigure 118.

3.1.84
refererjce-transmitter device
set of parameters defining electrical performance characteristics of a transmitter device that are used |n
mathematical modeling to determine compliance of a TxRx connection

Note 1 to entry: See 5.8.4.6.5 and 5.8.4.7.3.

3.1.85

reference transmitter test load

set of S-parameters defining the electrical characteristics of a TxRx connection used as the basis for
transmitter device and receiver device performance evaluation through mathematical modeling

Note 1 to entry: See 5.6.5.
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3.1.86
reflection coefficient

P
ratio of reflected voltage to incident voltage

3.1.87
return loss
ratio, usually expressed in dB, of incident power to reflected power

Note 1 to entry: The dB magnitude of S44 or Sy, is the negative of return loss in dB.

Note 2 to entry: See clause F.11

3.1.88
rise time
time inferval for the rising signal edge to transit between specified percentages of the signal amiplitude

Note 1 |to entry: In this document, the measurement points are the 20 % and 80 % voltage'levels.

Note 2 [to entry: Also see fall time (see 3.1.43).

3.1.89
SAS device
SAS initiator device (see SPL-3) and/or SAS target device (see SPL-3)

3.1.90
SAS phy
phy in @ SAS device (see 3.1.89) that interfaces to a service delivery subsystem (see SAM-5)

3.1.91
SAS target device
device fpontaining SSP, STP, and/or SMP target portsin a SAS domain

Note 1 |to entry: See SPL-3.

3.1.92
SAS ta’[get device circuitry
at a migimum, the circuitry in the SAS target device (see SPL-3) providing control of the SAS phy (see B.1.90)
and prqtocol support for communication through the physical link (see 3.1.67)

Note 1 |to entry: Application of power to the SAS target device circuitry results in actions defined for power on
(see SKL-3).

3.1.93
SATA device
ATA deyice that'contains a SATA device port in an ATA domain

Note 1 |to.entry: See SPL-3.

3.1.94

SATA phy

phy in a SATA device (see SPL-3) or SATA port selector (see SPL-3) that interfaces to a service delivery
subsystem (see SAM-5)

Note 1 to entry: Analogous to a SAS phy (see 3.1.90).

3.1.95

Serial ATA

SATA

protocol defined by SATA (see clause 2)
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3.1.96

Serial Attached SCSI

SAS

set of protocols defined in SPL-3 and the interconnect defined by this document

3.1.97
signal
detectable transmitted energy that is used to carry information

3.1.98

signal amplitude
property of the overall signal (see 3.1.97) that describes the peak or peak to peak values of the signalflevel
(see 3.1.99)

3.1.99
signal Jevel
instantaneous intensity of a signal (see 3.1.97) measured in volts

3.1.100
signal fime
time offan OOB signal (see 3.1.61), consisting of six burst times (see 3.1.7),/siX idle times (see 3.1.46), and
one negation time (see 3.1.56)

Note 1 [to entry: See 5.11.

3.1.101
signal folerance
ability gf the receiver device to recover transmitted bits in.an incoming data stream with maximum jittef and
minimum amplitude

Note 1 |to entry: See MJSQ.

3.1.102
signifi¢ant crosstalk

crosstalk source having a magnitude painb of its transfer function in excess of -50 dB in the range of
frequencies up to 6 GHz

3.1.103
sinusojdal jitter
SJ
single ffequency jitter applied during signal tolerance testing

Note 1 |to entry: SeesMJSQ.

3.1.10
spread spectrum clocking
SSC

technique of modulating the operating frequency of a transmitted signal (i.e., the physical link rate) to reduce
the measured peak amplitude of radiated emissions

Note 1 to entry: See SPL-3.

3.1.105
symbol
smallest unit of data transmission on a physical link (i.e., a bit)

Note 1 to entry: A symbol represents a single transition if the maximum transition rate (i.e., a 0101b pattern)
is occurring.


https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

-32- ISO/IEC 14776-154:2017 © ISO/IEC 2017

3.1.106

total jitter

TJ

jitter (see 3.1.73) from all sources

Note 1 to entry: See MJSQ.

3.1.107
trained
physical link rate negotiated with Train_Rx-SNW

Note 1 to entry: See SPL-3.

3.1.10
transce¢iver
physicgl entity that contains both a transmitter device (see 3.1.112) and a receiver device (see 3.1.78

3.1.109
transn]:tter circuit
electromic circuit that converts a logic signal to an analog serial output signal

3.1.110
transniitter circuit TxRx connection segment
TCCS
TxRx cpnnection segment (see 3.1.115) used to model package loss within the simulated transmitter gircuit
(see 3.1.109)

3.1.11
transniitter compliance transfer function
TCTF
mathematical statement of the transfer function thretgh which the transmitter shall be capable of prodjcing
acceptable signals as defined by a receive mask

Note 1 |to entry: See 5.8.4.1.

3.1.112
transmitter device
Tx
device pupstream from a transmitter device compliance point (see 3.1.12) containing a portion of the physical
link ang a transmitter circuity(see 3.1.109)

3.1.113
transniitter device, TxRx connection segment
TDCS
TxRx cpnnection segment (see 3.1.115) between the transmitter circuit (see 3.1.109) and a separable
connedor,

3.1.114
TxRx connection
complete simplex signal path between the transmitter circuit (see 3.1.109) and receiver circuit (see 3.1.75)

Note 1 to entry: See 5.5.1.
3.1.115
TxRx connection segment

portion of a TxRx connection (see 3.1.114) delimited by separable connectors or changes in the conductive
material

Note 1 to entry: See 5.5.1.
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3.1.116

unit interval

ul

normalized, dimensionless, nominal duration of a symbol (see 3.1.105)

EXAMPLE - 666.6 ps at 1.5 Gbit/s, 333.3 ps at 3 Gbit/s, 166.6 ps at 6 Gbit/s, and 83.3 ps at 12 Gbit/s.
Note 1 to entry: The Ul is the reciprocal of the baud rate (i.e., Ul = 1/ f,,,4) (see 3.1.3).

3.1.117

unmanaged active connector category
categofy of connectors that support power for Mini SAS 4x active external cable assemblies (see 5,4.4.2.2)
but do not support cable assemblies with a cable management interface

Note 1 [to entry: See 5.4.3.2.

3.1.118
unman@aged passive connector category

categofy of connectors that do not support power for Mini SAS 4x active external cable assemblies
(see 5.4.4.2.2) and do not support cable assemblies with a cable management interface

Note 1 [to entry: See 5.4.3.2.

3.1.119
untrairjed
physicdl link rate not negotiated with Train_Rx-SNW

Note 1 [to entry: See SPL-3.

3.1.120
usage pariable
SASWIDP parameter set to a value that determinesifthe stressor file is to be added to the simulation

Note 1 [to entry: See Annex B.

3.1.121
voltageé modulation amplitude
VMA
differerjce in electrical voltage ofia signal (see 3.1.97) between the stable one level and the stable zerg level

3.1.122
wavefgrm dispersion penalty
WDP
simulatpd measurg)of the deterministic penalty of the signal waveform from a particular transmitter de
transmitting a particular pattern and a particular test load with a reference receiver device

Note 1 [to entry: See 5.8.4.6.1 and Annex B.

ce

3.2 Symbolsand abbreviations

3.2.1 Abbreviations
See Annex J for abbreviations of standards bodies (e.g., ISO).

Units and abbreviations used in this Document:

Abbreviation Meaning

A.C. alternating current (see 3.1.2)
ATA AT attachment
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Abbreviation  Meaning

AWG American wire gauge (see ASTM Standard B 258-02 ) (see Bibliography)
BER bit error ratio (see 3.1.4)

BUJ bounded uncorrelated jitter (see 3.1.6)

C1 coefficient 1 (see 5.8.4.7.3)

C2 coefficient 2 (see 5.8.4.7.3)

C3 coefficient 3 (see 5.8.4.7.3)

CDF cumulative distribution function (see 3.1.16)

CDH clock data recovery (see 3.1.10)

CiC compliance interconnect channel (see SATA)

CID consecutive identical digits (see 3.1.15)

CJTPAT compliant jitter tolerance pattern (see 3.1.13)

CR inter-enclosure (i.e., cabinet) receiver device compliance point (see’5.3)
CT inter-enclosure (i.e., cabinet) transmitter device compliance point (see 5.3)
D.C direct current (see 3.1.25)

DCL duty cycle distortion (see 3.1.28)

DDJ data dependent jitter (see 3.1.19)

DFE decision feedback equalizer (see 3.1.23)

DJ deterministic jitter (see 3.1.24)

EMI electromagnetic interference (see 3.1.30)

ER end to end transmitter device compliance point (see 5.3)

ESDO electrostatic discharge

ET end to end receiver device compliance point (see 5.3)

G1 generation 1 physical linkrate (i.e., 1.5 Gbit/s)

G2 generation 2 physical link rate (i.e., 3 Gbit/s)

G3 generation 3 physical link rate (i.e., 6 Gbit/s)

G4 generation 4 physical link rate (i.e., 12 Gbit/s)

Gbitfs gigabit per-second (i.e., 109 bits per second)

Gen(li SATA-generation 1 physical link rate (i.e., 1.5 Gbit/s) (see SATA)

Genpi SATA generation 2 physical link rate (i.e., 3 Gbit/s) (see SATA)

Genpi SATA generation 3 physical link rate (i.e., 6 Gbit/s) (see SATA)

GPID general purpose input/output

HD high-density

IR intra-enclosure (i.e., internal) receiver device compliance point (see 5.3)
ISI intersymbol interference (see 3.1.48)

IT intra-enclosure (i.e., internal) transmitter device compliance point (see 5.3)
JMD jitter measurement device

JTF jitter transfer function (see 5.8.3.2)

JTPAT jitter tolerance pattern (see 3.1.52)

LED light-emitting diode

LMS least mean square (see 3.1.53)

MJSQ Methodologies for Jitter and Signal Quality Specification (see clause 2)

N/A not applicable
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Abbreviation
NEXT

Meaning
near-end crosstalk (see 3.1.55)

b a

00B out-of-band

OOBI out-of-band interval (see 3.1.59)

PCB printed circuit board

PICS physical interconnect TxRx connection segment (see 3.1.66)

PJ periodic jitter

PLL phase lock loop

P-P peak to peak

RC(@S receiver circuit TXRx connection segment (see 3.1.76)

RD running disparity (see SPL-3)

RDCS receiver device TxRx connection segment (see 3.1.79)

RJ random jitter (see 3.1.73)

RR receiver device die attachment point to RCCS

Rx receiver device (see 3.1.78)

RTTL reference transmitter test load (see 3.1.85)

SAM-5 SCSI Architecture Model - 5 standard (see clause-2)

SAS Serial Attached SCSI (see 3.1.96)

SAS-1.1 Serial Attached SCSI 1.1 (see clause 2)

SAS-2 Serial Attached SCSI 2 (see clause 2)

SAS-2.1 Serial Attached SCSI 2.1 (see clause2)

SATA Serial ATA (see 3.1.95) or the Sgrial ATA 3.1 specification (see clause 2)

SC3l Small Computer System Interface

SGRIO serial GPIO (see clause 2)

SJ sinusoidal jitter (see 3.1:103)

SMA subminiature version A connector (see Bibliography)

SPJ-4 SCSI Primary~Commands - 4 standard (see Bibliography)

SPL}3 SAS ProtocolLayer - 3 (see clause 2)

SSC spread.spectrum clocking

STH Sefial ATA Tunneled Protocol

TCQS transmitter circuit TxRx connection segment (see 3.1.110)

TCTF transmitter compliance transfer function (see 3.1.111)

TDAS transmitter device TxRx connection segment (see 3.1.113)

TDNA time domain network analyzer (i.e., TDR/TDT plus analysis software that perform
VNA-style output)

TDR time domain reflectometer

TDT time domain transmission

TJ total jitter (see 3.1.106)

TTIU transmitter training information unit (see SPL-3)

Tx transmitter device (see 3.1.112)

ul unit interval (see 3.1.116)

VMA voltage modulation amplitude (see 3.1.121)

VNA vector network analyzer
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Meaning
waveform dispersion penalty (see 3.1.122)
crosstalk connection segment (see 5.5.6)

Units used in this document:

Units

dB
dBm
dBmV
GHz
Hz
kHz
kQ
MA
uS
m
mA
MBppg
MHz
ms
mV
mW
nF
ns
ppm
ps
rms
S

\Y

w

Meaning

decibel (see 3.1.20)

decibel milliwatts (see 3.1.22)

decibel millivolts (see 3.1.21)

gigahertz (i.e., 109 cycles per second)(i.e., 3'9)
hertz (i.e., cycles per second)(i.e., s'1)
kilohertz (i.e., 10° cycles per second)(i.e., s2)
kiloohm (i.e., 10% ohms)

microampere (i.e., 106 amperes)
microsecond (i.e., 106 seconds)

meter

milliampere (i.e., 103 amperes)

megabytes per second (i.e., 108 bytes‘per second)
megahertz (i.e., 108 cycles per sécond)(i.e., 3'6)
millisecond (i.e., 10~ seconds)

millivolt (i.e., 107 volts)

milliwatt (i.e., 10~ watts)

nanofarad (i.e., 10:%farads)

nanosecond (i.€:; 107 seconds)

parts per million (i.e., 10'6)

picosecdnd (i.e., 10712 seconds)

root mean square (i.e., quadratic mean)
Second (i.e., unit of time)

volt

watt

3.2.2.2|Mathematical operators

Mathematical operators used in this document:

Mathematical

Operators
e
sgn

IA

Meaning

2.718 28..., the base of the natural (i.e., hyperbolic) system of logarithms

signum function (i.e., sign function)
exclusive logical OR

less than

less than or equal to
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Mathematical

Operators Meaning

> greater than

> greater than or equal to

+ plus or minus

x multiplication

/ division

[v]| the absolute value (i.e., magnitude) of v
~ approximately equal to

® convolution

3.2.2.3|0Other symbols

Other symbols used in this document:

Symbols
Dxx.y
Ko

Rpos
Rpre
®

Si
Scci
Scoi
Soci
Sppi
A (delta)

¢ (pHi)
7 (pi
p (rhp)
T (tad)
Q (ofnega)

Meaning

data character (see 3.1.19)

output gain

post cursor equalization ratio (see 3.1.71)

precursor equalization ratio (see 3.1.72)

registered trademark

S-parameter for port j to port i (see clatse’'F.11)

S-parameter for common mode to cemmon mode port j to port i (see clause F.11
S-parameter for differential to cemmon mode port j to port i (see clause F.11)
S-parameter for common mode to differential port j to port i (see clause F.11)
S-parameter for differential*to differential port j to port i (see clause F.11)
difference operator

phase

3.141 59... ,theratio of the circumference of a circle to its diameter
reflection coefficient (see 3.1.86)

time eenstant

ohimJ(i.e., unit of electrical resistance)
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3.3 Keywords

3.31
invalid
keyword used to describe an illegal or unsupported bit, byte, word, field or code value

Note 1 to entry: Receipt of an invalid bit, byte, word, field or code value shall be reported as an error.
3.3.2

mandatory
keyword indicating an item that is required to be implemented as defined in this document

3.3.3
may
keyworf that indicates flexibility of choice with no implied preference

3.34
may not
keyworf that indicates flexibility of choice with no implied preference

3.35
obsolete
keyworf indicating that an item was defined in prior SCSI standards but.has been removed from this
document

3.3.6
option] optional
keyworfs that describe features that are not required to e implemented by this document

Note 1 |to entry: If any optional feature defined by this decument is implemented, then it shall be implernented
as defimed in this document.

3.3.7
prohibjted
keyword used to describe a feature, function, or coded value that is defined in a a non-SCSI standard((i.e., a
standaid that is not a member of the-SESI family of standards) to which this document makes a normative
reference where the use of said feature, function, or coded value is not allowed for implementations of this
standard

3.3.8
reserved
keyworf referring tosbits, bytes, words, fields, and code values that are set aside for future standardization

Note 1 |to entry{ Aireserved bit, byte, word, or field shall be set to zero, or in accordance with a future
extensipn to-this'document.

Note 2 |to€ntry: Recipients are not required to check reserved bits, bytes, words, or fields for zero valpes.

Note 3 to entry: Receipt of reserved code values in defined fields shall be reported as error.

3.3.9

restricted

keyword referring to bits, bytes, words, and fields that are set aside for other identified standardization
purposes

Note 1 to entry: A restricted bit, byte, word, or field shall be treated as a reserved bit, byte, word or field in the
context where the restricted designation appears.
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3.3.10
shall
keyword indicating a mandatory requirement

Note 1 to entry: Designers are required to implement all such mandatory requirements to ensure
interoperability with other products that conform to this document.

3.3.11
should
keyword indicating flexibility of choice with a strongly preferred alternative

3.3.12
vendol specific
something (e.g., a bit, field, code value) that is not defined by this document

Note 1 [to entry: Specification of the referenced item is determined by the SCSI device vendorand mgy be
used differently in various implementations.

attribute possessed by an entity. When necessary for clarity, names of-objects, procedure calls, argumgnts or
states are capitalized or set in bold type. Names of fields are identified using small capital letters
(e.g., NACA bit).

Quantiﬂes having a defined numeric value are identified byAdarge capital letters (e.g., CHECK CONDITION).
Quantities having a discrete but unspecified value are identified using small capital letters. (e.g., TASK
COMPLHTE, indicates a quantity returned by the Execute. €ommand procedure call). Such quantities afe
associdted with an event or indication whose observable behavior or value is specific to a given
implemgentation standard.

©
3
»

Lists sgqquenced by lowercase or uppercase letters show no ordering relationship between the listed it
EXAMPLE 1 - The following list shows no relationship between the named items:

a) |red (i.e., one of the followingColors):
A) crimson; or

B) amber;

b) |blue; or

c) |green.

Lists sgquenced by numbers show an ordering relationship between the listed items.
EXAMPLE 2 - The following list shows an ordered relationship between the named items:
1) [tops

2) | middle; and
3) bottom.

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

If a conflict arises between text, tables, or figures, the order of precedence to resolve the conflicts is text; then
tables; and finally figures. Not all tables or figures are fully described in the text. Tables show data format and
values.

Notes and examples do not constitute any requirements for implementors and notes are numbered
consecutively throughout this document.
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3.5 Numeric and character conventions

3.5.1 Numeric conventions

A binary number is represented in this document by any sequence of digits comprised of only the Arabic
numerals 0 and 1 immediately followed by a lower-case b (e.g., 0101b). Underscores or spaces may be
included in binary number representations to increase readability or delineate field boundaries (e.g.,
00010101 11001110b, 00010101_11001110b, 0 0101 1010b, or 0_0101_1010b).

A hexadecimal number is represented in this document by any sequence of digits comprised of only the
Arabic numerals 0 to 9 and/or the upper-case Enghsh Ietters Ato F immediately followed by a Iower-case h

(e.g., Fy
readab

lity or delineate f|eld boundarles (e.g., B FD8C FA23h or B_FD8C_FA23h).

A decimal number is represented in this document by any sequence of digits comprised of onlysthe Argbic

numerdls 0 to 9 not immediately followed by a lower-case b or lower-case h (e.g., 25).

A rangg of numeric values is represented in this document in the form “a to z”, where a is the first value
includef in the range, all values between a and z are included in the range, and z is thellast value incl
the range (e.g., the representation “Oh to 3h” includes the values Oh, 1h, 2h, and 3h),

Variablgs (i.e., alphanumeric names that represent values in computations and other statements) are
represgnted in the same San-serif font as other information is this document,

This dgcument uses the following conventions for representing decimalnumbers:

a)
b)
c)
d)

Table 1[shows some examples of decimal numbers using.various conventions.

3.5.2 Uhits of measure

ded in

the decimal separator (i.e., separating the integer and fractional portions of the number) is a priod;

the thousands separator (i.e., separating groups of three digits in a portion of the number) is g space;
the thousands separator is used in both the integer poftion and the fraction portion of a numbegr; and
the decimal representation for a year is 1999 not 1,999.

Table 1 — Numbering conventions

ISO/IEC United States | This document
0,6 0.6 0.6
3,141 592 65 3.14159265 3.141 592 65
1000 1,000 1 000
1.323 462,95 1,323,462.95 1323 462.95

This dgcument represents values using both decimal units of measure and binary units of measure. Values

are repfesented-bysthe following formats:

a)

b)

for yalues based on decimal units of measure:

19, numerical value (e.g., 100);

2} snace:

3) prefix symbol and unit:
1) decimal prefix symbol (e.g., M) (see table 2); and
2) unit abbreviation;

and

for values based on binary units of measure:

1) numerical value (e.g., 1 024);

2) space;

3) prefix symbol and unit:
1) binary prefix symbol (e.g., Gi) (see table 2); and
2) unit abbreviation.
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Table 2 compares the prefix, symbols, and power of the binary and decimal units.

Table 2 — Comparison of decimal prefixes and binary prefixes

Decimal Binary
Prefix name Prefix symbol (b?;:ﬁrm Prefix name Prefix symbol (::sv:;)

kilo k 103 kibi Ki 210
mega M 108 mebi Mi 220
giga G T0° gibi Gi pA
tqra T 102 tebi Ti 240
péta P 1015 pebi Pi 250
eka E 1018 exbi Ei 260
zdtta z 1021 zebi Zi 279
ydtta Y 1024 yobi Yi 280

3.5.3 Byte encoded character strings conventions

When this document requires one or more bytes to contain specific encoded characters, the specific

characfers are enclosed in single quotation marks. The single quotatiorimarks identify the start and endl of the
characters that are required to be encoded but are not themselves:to be encoded. The characters that are to
be encoded are shown in the case that is to be encoded.

An ASCII space character (i.e., 20h) may be represented ira'string by the character ‘=’ (e.g., ‘SCSI~device’).

The engoded characters and the single quotation marks that enclose them are preceded by text that sgecifies

the chdracter encoding methodology and the number, of characters required to be encoded.

EXAMPLE - Using the notation described in this subclause, stating that eleven ASCII characters ‘SCSI device’ arg to be
encoded would be the same writing out the following,sequence of byte values: 53h 43h 53h 49h 20h 64h 65h 76h §9h 63h

65h.
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4 General

4.1 Physical links and phys

A physical link is a set of four wires used as two differential signal pairs. One differential signal transmits in
one direction while the other differential signal transmits in the opposite direction. Data may be transmitted in
both directions simultaneously.

A physical phy contains a transceiver which electrically interfaces to a physical link, which attaches to another
physical phy.

Phys are contained in ports (see SPL-3). Phys interface to a service delivery subsystem (see SAM-5).

Figure B shows two phys attached with a physical link.

Phy Phy
Transceiver ) o Physical link Transceiven\1
Differential signal pair \ (O'
transmitter e m recoivar
-Signal N\ / \ N e{(
+Signal\/ ‘

Differential signal pair.
receiver ﬂ/ transmitter
-Signal

]
Y

A

A

+Signal \/

Figure 3 — Physical links and phys

An attafhed phy is the phy to which a phy is/attached over a physical link.

The trahsceiver follows the electrical spegifications defined in 5.8. Phys transmit and receive bits at physical
link rates defined in 5.8. The bits are-parts of 10-bit characters (see SPL-3), which are parts of dwords
(see SRKL-3). The physical link rates.supported by a phy are specified or indicated by the following field$ in the

SMP D|SCOVER response (see SPL-3), the SMP PHY CONTROL request (see SPL-3), and the Phy Control
and Digcover mode page (seeSPL-3):

a) | the NEGOTIATED PHYSICAL LINK RATE field;

b) | the HARDWARE. MINIMUM PHYSICAL LINK RATE field;

c) | the HARDWARE MAXIMUM PHYSICAL LINK RATE field;

d) |the PROGRAMMED MINIMUM PHYSICAL LINK RATE field; and
e) | the PROGRAMMED MAXIMUM PHYSICAL LINK RATE field.

4.2 Phy test functions

Phy test functions (e.g., transmission of test patterns) are used for phy and interconnect characterization and
diagnosis. The phy may be attached to test equipment while performing a phy test function. See SPL-3 for the
optional mechanisms for invoking phy test function.

Each phy test function is optional.

If the phy test function requires a specific phy test pattern and/or phy test function physical link rate, then the

mechanism for invoking the phy test function (see SPL-3) also specifies the phy test pattern and phy test
function physical link rate.
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5 Physical layer

5.1 Physical layer overview

The physical layer defines:

a)
b)

passive interconnect (e.g., connectors and cable assemblies); and
transmitter and receiver device electrical characteristics.

Within this document, references to connector gender use the terms plug and receptacle as equivalent to the
terms free and fixed, respectively, that may be used in the references that define the connectors. Fixed and
free terminology has no relationship to the application of the connector.

5.2 Canventions for defining maximum limits for S-parameters

The following values are specified by this document to define the maximum limits for certain S-parame

(e.g., fa
devices

a)
b)
c)
d)
e)
f)

r cable assemblies and backplanes (see 5.5.3), transmitter devices (see 5.8.4.6.3)vand receiv
(see 5.8.5.7.2)):

L is the maximum value in dB at the low frequency asymptote;
N is the maximum value in dB at 3 GHz;

H is the maximum value in dB at the high frequency asymptote;
S is the slope in dB/decade;

frmin i the minimum frequency of interest; and

fmax is the maximum frequency of interest.

The frefjuencies at which L and H intersect the slope S may or may-not be within the region of f,,, to f,

frequen

cy for N is based on the Nyquist at 6 Gbit/s.

ters

er

Lx- The
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Figure 4 shows the values in a graph.

S-parameter

magnitude
0dB . .
Frequencies Frequencies
below fi, are above fnaare
informative informative
-5 dB The knee
may occur
above, at, or

below frax \\
10 dB - =
yd a
© 1o |
-15dB Invalid N/ AN
region / W

-20 dB ? //Valid region| <

D - o o - -4
-25dB ’\ The knee
may occur/
above, afyor
below fmin
-30 dB i —
0.1 GHz frin 1 GHz 3GHz 6GHz 10GHz
(e.g., 0.3 GHz)

Note: graph is not to scale

Figure 4 ~'Maximum limits for S-parameters definitions

5.3 Compliance points

53.1C
ATxR

A TxRX connection segment is that portion of a TxRx connection delimited by separable connectors o
changes in ‘conductive material.

.__lﬂgn 5:-:_
connection (see table 3):

a) for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT, IR, CT, and CR; and
b) for 12 Gbit/s IT, IR, CT, CR, ET, and ER.

Each compliant phy shall be compatible with these electrical requirements to allow interoperability within a
SAS environment.

mpliance paints overview

connectiofi/is'the complete simplex signal path between the transmitter circuit and receiver cirguit.

TxRx

The TxRx connection characteristics are defined in 5.5.

Signal behavior at separable connectors requires compliance with signal characteristics defined by this
document only if the connectors are identified as compliance points by the supplier of the parts that contain
the candidate compliance point.
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Signal characteristics for compliance points are measured at physical positions called probe points in a test
load (see 5.6). Measurements at the probe points in a test load approximate measurements at the compliance
point in the actual TxRx connection. Some components in the test load may be de-embedded as described in

F.5.
Table 3 — Compliance points
Compliance Type Description
point yp P
1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s compliance points
intra-enclosure The signal from a transmitter device, as measured at probe paints in
T . . ) .
(i.e., internal) a test load attached with an internal connector.
The location of a transmitter device where S-parameters.are
intra-enclosure measured and where the TxRx connection begins fof 1.5 Gbit/d|,
ITs (i.e., internal) 3 Gbit/s, and 6 Gbit/s. This location is at the transmitter device $ide
o of the internal connector with a test load or a;TxRx connection
attached with an internal connector.
intra-enclosure The signal going to a receiver device, as measured at probe points in
R . . ) .
(i.e., internal) a test load attached with an internal.ednnector.
ST inter-enclosure The signal from a transmitter device, as measured at probe points in
i (i.e., cabinet) a test load attached with an gxternal connector.
The location of a transmitter-device where S-parameters are
inter-enclosure measured and where the TxRx connection begins for 1.5 Gbit/d|,
dTs (i.e., cabinet) 3 Gbit/s, and 6 Gbit/s. This location is at the transmitter device $ide
U of the external connector with a test load or a TxRx connection
attached with an-éxternal connector.
CR inter-enclosure The signal'going to a receiver device, as measured at probe points in
[ (i.e., cabinet) a test load attached with an external connector.
12 Gpit/s only compliance points
ET transmitter circuit The output signal from a transmitter circuit measured with the tegt
load, TDCS, and TCCS de-embedded.
ER receiver post A point defined at the output of the reference receiver device.
i equalization
5.3.2 1]5 Gbit/s, 3 Gbit/s, and 6 Gbit/s compliance points
The 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s TxRx connection includes the characteristics of the mated connegtors at
both the transmitter device and receiver device ends. One end of a TxRx connection is a ITg compliande point
or CTglcompliance point, and the other end of the TxRx connection is the corresponding IR compliande point

or CR gompliance point.
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Figure 5 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s CT compliance points and CR
compliance points using an external cable assembly, and shows how two of the compliance points are tested
using test loads (see 5.6).

Enclosure Enclosure
T T e
| Transmitter device Receiver device :

Transmitter

r————=

circuit

____________ SAS external o
r- cable Al
| Receiver device assembly Transmitter device |
: Receiver Transmittery| |
| circuit cirguit :
' |
- 4 ____h ___ 2

Tepting the top-left CT:
Enclosure
e - -
| Transmitter device |
|
: Transmitter .
| circuit
|
'I'_—_—_—_—_—_—_—_—_—_—_—_: Probe pgg@
| Receiver device as de:§xe by
I circuit (%)
: | \\‘9 Test load
Tepting the top-right CR:
Enclosure

T N\
| Transmitter device
|
: Transmitter /\ .
I cireuit [\
|
iy .\ miionlpninlpiniin SAS external Probe points
I S : cable .
| Receiver device assembly as defined by
: @ \ the test load
| circuit
: U Test load

Figure 5 — 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s External cable assembly CT compliance points and CR
compliance points
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Figure 6 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a backplane with a SAS Drive backplane receptacle (see 5.4.3.4.1.3) that is not using SATA and
shows how the compliance points are tested using test loads (see 5.6).

(e.g., a backplane) (e.g., a disk drive)

———————————————————————— —— —_———— = ——————

| . . : .
| Transmitter device Receiver device :
[
: . I
|| Transmitter @ Receiver I
: circuit circuit |
I

var-cai Tranamittar davio
CCCTvCTGCTVICT rTartoTrrteT Ot vice

I

|

| Receiver Transmitter
: circuit q circuit

|

Testing IR: SAS Drive backplane receptacle

(e.g., a backplane) SAS Drive.plug

Transmitter
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Figure 6 — Backplane with SAS Drive connector 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points
and IR compliance points
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If the backplane supports SATA, then there are no 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points or IR
compliance points. SATA defines the signal characteristics that the SATA phy delivers and that the SAS
backplane is required to deliver to the SATA device, as shown in figure 7.

SAS Drive backplane receptacle SATA device plug

(e.g., a backplane) SATA device
———————————————————————————— H """~ —"————71
: Transmitter device Receiver device |
| |
I | Transmitter Receiver :
: circuit circuit I
——-—-—-—-—-—-—-—=-—=-=-= ::::::::::;
: Receiver device Transmitter device |
| |
I Receiver Transmitter :
: circuit circuit~" [,
| |
T T T d

o N

No specifications inside SATA host and SATA devige

the transmitter or characteristics are not defined
receiver devices in this standard (seeSATA)

Figurp 7 — Backplane with SAS Drive connector 1.5 Gbit/s, 3 Ghit/s; and 6 Gbit/s compliance goints
with SATA phy attached
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Figure 8 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a SAS multilane internal cable assembly, and shows how two of the compliance points are tested
using test loads (see 5.6).

(e.g., a board) (e.g., a board)
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|
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. Sl cable connector
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|
: Transmitter ]
| circuit
I Probe..
o T T T T poin
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| circuit
|
R | o Test load
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(e.g., a board) VS SAS multilane internal SAS multilane
- cable connector internal connector
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| Transmitter/device X/ | \Z
|
: Transmitter N\ b .
l circuit o
' SAS Probe
‘l:-_—_-_-_-_-_-_-_-_-_—_: multilane soflim s
| Receiver device internal cable .
| assembl defined by
i Receiver — y the tast load
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Figure 8 — SAS multilane internal cable assembly 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance
points and IR compliance points
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Figure 9 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a SAS multilane internal cable assembly attached to a backplane with a SAS Drive backplane

receptacle (see 5.4.3.4.1.3), where the backplane is not attached to a SATA device, and shows how two of the
compliance points are tested using test loads (see 5.6).
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Figure 9 — SAS multilane internal cable assembly and backplane 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT
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Figure 10 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance

—51—

points using a SAS multilane internal cable assembly attached to a backplane with a SAS Drive backplane

receptacle (see 5.4.3.4.1.3) that supports being attached to a SATA device. There are no IT compliance points
and IR compliance points at the SAS Drive backplane receptacle connector when a SATA device is attached.

In that case, SATA defines the signal characteristics that the SATA device delivers and that the SAS

backplane is required to deliver to the SATA device. There are compliance points at the SAS multilane internal
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Figure 10 — SAS multilane internal cable assembly and backplane 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT

VoS

compliance points and IR compliance points with SATA device attached
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Figure 11 shows the locations of the 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR compliance
points using a SAS Drive cable assembly, and shows how two of the compliance points are tested using test
loads (see 5.6).
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Figure 11 — SAS Drive cable assembly 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s IT compliance points and IR
compliance points
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5.3.3 12 Gbit/s compliance points

Figure 12 shows an example TxRx connection for trained 12 Gbit/s where PICS is the physical interconnect
connection segment.

Figure 13 shows an example of a simulated TxRx connection for trained 12 Gbit/s. where:

a)
b)
c)
d)
e)

If simulptions use a captured signal, then the TxRx connection/segments located between ET and the
complignce point used to capture the signal should be madéled as a single TxRx connection segment.
end sinpulations (see 5.7.1) compute characteristics of the signal at ET and ER, using measurements

a)

If the rgference TxRx connection segment models provided for end to end simulations (see clause D.2
represgnt TxRx connection segments that are adjacent in the TxRx connection segment, then the TxR

conne

( PICS
Transmitter device Passive Receiver device

channel
L3 4
\ Separable /
interfaces

Figure 12 — 12 Gbit/s TxRx connection and compliance points

TDCS is the transmitter device TxRx connection segment;
TCCS is the transmitter circuit TxRx connection segment;
RDCS is the receiver device TxRx connection segment;
RCCS is the receiver circuit TxRx connection segment; and
PICS is the physical interconnect connection segment,

at:

A) IT;

B) CT;

C) IR;or

D) CR;

or

between:

A) CTgandCR;or
B) ITgandIR.

ction segmentimodels may be combined to simulate a single TxRx connection segment model.

©

End to
aken:

~

Simulated transmitter device \ / Simulated receiver device

Simutated-tramsmitter circuit

Simulated Simutatedreceiver i
k PICS /
Reference TCCS TDCS Passive RDCS RCCS Refe_rence
transmitter channel receiver

cuit

\\ Nl /

interfaces
Transmitter Ball Receiver Ball

Figure 13 — Simulated 12 Gbit/s TxRx connection and compliance points
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Figure 14 shows:

a) the locations of the CTg compliance points and CR compliance points of an enclosure using an
external cable connector; and

b) how the enclosure CTg compliance point and the SAS active cable assembly for 12 Gbit/s CR
compliance point are tested using test loads (see 5.6).
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Figure 14 — 12 Gbit/s CTgand CR compliance points
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5.4 Interconnects

5.4.1 SATA connectors and cable assemblies

Figure 15 shows a representation of the connectors and cables defined by SATA. A SATA host is analogous to
a SAS initiator device (see SPL-3) and a SATA device is analogous to a SAS target device (see SPL-3).

Internal cable
environment Power cable receptacle connector
Power

sunply
Y

SATA SATA
host device

I ;

Signal host plug  Signal cable receptacle
connector connectors

Device plug confiector

Internal backplane
environment

SATA SATA
host device

Host receptacle connector Device plug connector

Figure 15 — SATA connectors and cables
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5.4.2 SAS connectors and cables

This document defines SAS Drive cable, SAS Drive backplane, SAS internal cable, and SAS external cable
environments.

Figure 16 shows a representation of the SAS Drive cable environments.

Single-port SAS Drive cable environment
Power / READY LED / POWER DISABLE
cable connection

SATA signal cable ——
SAS receptacle |
Tzl ey connector = SAS target
device or bk
expander Secondary port (not used)
device Primary port

Single-port SAS Drive cable ‘

SAS Drive cable
SATA host plug receptacle connector SAS Drive plug\connector

connector (1 physical link plus power) (2 physical links plus power)

Dual-port SAS Drive cable environment

SATA signal cable
receptacle connector Power / READY LED,/POWER DISABLE

SAS cable connection
initiator
device or Dual-port SAS
expander Drive cable SAS target
device Secondary port device
SATA host plug
connector ) Primary port
SAS ) T
initiator SAS Drive cable  gAS Drive plug
device or receptacl_e co.nnector connector
expander (2 physical link plus (2 physical links

device SATA signal-cable power) plus power)
receptacle connector

Figure 16 — SAS Drive cable environments
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Figure 17 shows a representation of the SAS Drive backplane environment.

Figure

SAS Drive backplane receptacle connector

(2 physical links plus power)

Backplane

Power /
READY LED /
POWER DISABLE

1 to 2 SAS initiator
device(s) —T

or expander device(s)

oA digcel
device

SAS

(4 physical links shown)

L L

SAS Drive plug connector
(2 physical links plus power)

Figure 17 — SAS Drive backplane environment

18 shows a representation of the SAS external cable environment:

SAS external cable connector

SAS

device(s) or

device(s) or

AAAA

expander

IVYY
AAAA

YVYY

expander

device(s)

1

SAS external connector
(4 physical links shown)

r/l'\
—

SAS external cable
(4 physical links shown)

device(s)

|

SAS external connector
(4 physical links shown)

Figure 18 — SAS external cable environment
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Figure 19 shows a representation of the SAS internal cable environment attaching a controller to a backplane
using a SAS internal symmetric cable (see 5.4.4.1.2).

SAS multilane internal cable connector
(4 physical links shown)

S

A SAS

wide lin

Figure

using g

Controller Backplane
SAS /\ SAS
device(s) [ device(s)
or expander '\ /' or expander
device(s) </ device(s)

I

(4 physical links shown)

A\S multilane internal connector

Symmetric SAS internal cable
(4 physical links shown)

Figure 19 — SAS internal symmetric cable environment - controller to backplane

PO shows a representation of the SAS internal cable environment-attaching a controller to a co
SAS internal symmetric cable (see 5.4.4.1.2).

SAS multilane internal cable‘¢onnector
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=
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Controller Controller
SAS /2N SAS
device(s) L\ device(s)
or expander (\ ll or expander
device(s) N4 device(s)

SAS internal symmetric cable
(4 physical links shown)

Figure 20 —SAS internal symmetric cable environment - controller to controller

SAS multilane internal connector

(4 physical links shown)
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Figure 21 shows a representation of the SAS internal cable environment using a SAS controller-based fanout

cable (see 5.4.4.1.3).

SAS Drive cable receptacle connectors
(each only using primary physical link)

Power / READY LED

cable connection

SAS multilane internal cable
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y A
Controller Power / READY LED
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fanout cable
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cable connegtion
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Figure
cable ($ee 5.4.4.1.3).

SATA signal cable receptacle connectors

SAS device or
SATA device

SAS Drive plug connectors

(each only using primary physical lifk)

or SATA device plug connectors

Figure 21 — SAS internal controller-based fanout cable environment

SAS multilane internal cable connector
(4 physical links shown)

P2 shows a representation of'the SAS internal cable environment using a SAS backplane-based fanout

SATA host plug connectors

SAS internal backplane-based
fanout cable
(4 physical links shown)
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1 — - r———

1

: SAS : [} | SAS |
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— 1 expander ] I expander
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L L .
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Figure 22 — SAS internal backplane-based fanout cable environment
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5.4.3 Connectors

5.4.3.1 Connectors overview

Table 4 summarizes the connectors defined in this document.

Table 4 — Connectors (part 1 of 3)

) Attaches to
Type of connector PI'Ily sklcal Reference Physical
Inks Type of connector links | Reference
SATA|internal connectors used by SAS
SATA signal cable 1 SATA | SATA host plug 1 SATA
recepfacle
SATA host plug 1 SATA SATA signal cable receptacle 1 SATA
SAS Drive cable receptacle 1or2 [54341.2
SAS Drive backplane 5 545413
receptacle N
SAS MultiLink Drive:cable 4 543416
SATA [evice plug 1 SATA | receptacle
SAS MultiLink ‘Brive backplane 4 548417
receptacle B
Multifunetion 12 Gbit/s 6x
Unshiglded receptacle 6 @ SFH-8639
connector
Micro [SATA device plug 1 SATA Micro SAS receptacle 2 5.4.34.1.10
SAS ipternal connectors - SAS Drive connectors
SAS Drive cable receptacle Tor2 |54341.2
SAS Drive backplane 5 548413
receptacle N
SAS MultiLink Drive cable 4 543416
SAS Drive plug 5 | 543411 |eceptacle
SAS MultiLink Drive backplane 4 548417
receptacle N
Multifunction 12 Gbit/s 6x
Unshielded receptacle 6 @ SFH-8639
connector
. SAS Drive plug 2 5.4.3.4.1.1
SAS [ pable 1or2 |5.4.3.4.1.2 | SAS MultiLink Drive plug 4 |543415
receplacle
SATA device plug 1 SATA
_ SAS Drive plug 2 54.3.4.1.1
SAS Drive backplane 2 5.4.3.4.1.3 | SAS MultiLink Drive plug 4 |5.434.15
receptacle
SATA device plug 1 SATA
a8 A maximum of four physical links support SAS applications.
b Not recommended for rates greater than 3 Gbit/s.
¢ Not recommended for rates greater than 6 Gbit/s.
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Table 4 — Connectors (part 2 of 3)

Attaches to
Physical
Type of connector links Reference Physical
Type of connector i Reference
inks
SAS Drive cable receptacle 1or2 543412
SAS Drive backplane > 543413
receptacle
SAS l\t/lulltiLink Drive cable " 543416
SAS Multilink Drive plug 4 5.4.3.4.1.5 |[ccoPEce
SAS MultiLink Drive backplane 4 548417
receptacle
Multifunction 12 Gbit/s 6x
Unshielded receptacle 6 @ SFH-8639
connector
- _ SAS Drive plug 2 5.4.8.4.1.1
SAS NultiLink Drive cable 4 5.4.3.4.1.6 | SAS MultiLink Drive plug 4 |543415
recepfacle
SATA device plug 1 SATA
- . SAS Drive plug 2 5.4.8.4.1.1
SAS NultiLink Drive 4 5.4.3.4.1.7 | SAS MultiLink Drive plug 4 |543415
backp|ane receptacle
SATA deviceplug 1 SATA
Multifinction 12 Gbits 6x | ¢ & SAS Brive plug 2 |543411
Unshiglded receptacle SFF-8639 | SAS.MultiLink Drive plug 4 54.3.4.1.5
connegtor SATA device plug 1 SATA
Micro [SAS plug 2 5.4.3.4.149.] Micro SAS receptacle 2 5.4.34.1.10
) Micro SAS plug 2 54.3.4.1.9
Micro [SAS receptacle 2 5434.1.10— -
Micro SATA device plug 1 SATA
SAS internal connectors - other
SAS 4|i cable receptacle b 4 5.4.3.4.2.1 | SAS 4i plug b 4 54.38.4.2.2
SAS 4 plug ° 4 5.4.3.4.2.2 | SAS 4i cable receptacle P 4 5.4.3.4.2.1
Mini SAS 4i cable plug 4 5.4.3.4.3.1 | Mini SAS 4i receptacle 4 54.3.4.3.2
Mini SAS 4i receptacle 4 5.4.3.4.3.2 | Mini SAS 4i cable plug 4 5.4.8.4.3.1
o _ Mini SAS HD 4i receptacle 4 54.3.4.4.3
g’l':; SAS HD 4icable 4 5.4.3.4.4.1 | Mini SAS HD 8i receptacle 8 |5434.44
Mini SAS HD 16i receptacle 16 543445
Mini SAS'AHD 8i cable Mini SAS HD 8i receptacle 8 54.344.4
8 5.4.3.4.4.2
plug Mini SAS HD 16i receptacle 16 54.3.4.4.5
Mini SAS HD 4i 4 5.4.3.4.4.3 | Mini SAS HD 4i cable plug 4 |5434.4.1
receptacle
ini i Mini SAS HD 4i cable plu 4 5.4.3.4.4.1
Mini SAS HD 8i 8 543444 ! ! plug
receptacle Mini SAS HD 8i cable plug 8 543442

a8 A maximum of four physical links support SAS applications.
b Not recommended for rates greater than 3 Gbit/s.
¢ Not recommended for rates greater than 6 Gbit/s.
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Table 4 — Connectors (part 3 of 3)
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) Attaches to
Type of connector PI}?L Sk':al Reference Physical
Type of connector ; Reference
links
ini i Mini SAS HD 4i cable plu 4 5.4.3.4.4.1
Mini SAS HD 16i 16 543445 n ! plug
receptacle Mini SAS HD 8i cable plug 8 54.34.4.2
SAS external connectors
- = Mini-SAS4receptacie
Mini SAS 4x cable plug 4 54.35.1.1 Mini SAS 4x active receptacle © 4 54.35.1.2
Mini SAS 4x receptacle °© 4 5.4.3.5.1.2 | Mini SAS 4x cable plug ° 4 5.4.3.5.1.1
Mini SAS 4x active cable 4 5.4.3.5.1.1 | Mini SAS 4x active receptacle | , @~ |54.3.5.1.2
assenbly plug
- . Mini SAS 4x cable plug ©
Mini SAS 4x active 4 5.4.3.5.1.2 | Mini SAS 4x active cable 4 |54351.1
receptacle c
assembly plug
o Mini SAS HD 4x receptacle 4 5.4.8.5.2.3
Z'L”g; SAS HD 4x cable 4 5.4.3.5.2.1 | Mini SAS HD 8x recepfacle 8 |543524
Mini SAS HD 16xreceptacle 16 54.8.5.2.5
Mini SIAS HD 8x cable 8 543522 Mini SAS HD\8x receptacle 8 54.8.5.24
plug | | T Mini SAS'HD 16x receptacle 16 54.8.5.2.5
Mini SAS HD 4x 4 5.4.3.5.2.3 | Mini.SAS HD 4x cable plug 4 |5435.2.1
recepqacle
ini Mini SAS HD 4x cable plu 4 5.4.3.5.2.1
Mini sts HD 8x 8 543524 Pu9
recepfacle Mini SAS HD 8x cable plug 8 54.3.5.2.2
ini Mini SAS HD 4x cable plu 4 5.4.3.5.2.1
Mini SAS HD 16x 16 543% 25 n plug
recepfacle Mini SAS HD 8x cable plug 8 54.8.5.2.2
QSFP cable plug 4 5.4.3.5.3.1 | QSFP+ receptacle 4 5.4.83.5.3.2
QSFPy+ receptacle 4 5.4.3.5.3.2 | QSFP+ cable plug 4 5.4.8.5.3.1
a8 A rpaximum of four physical links support SAS applications.
b Not recommended for-rates greater than 3 Gbit/s.
¢ Not recommended for-rates greater than 6 Gbit/s.
A SAS jcon (see annex |) should be placed on or near each SAS connector.
5.4.3.2|Connector categories
The relationship between connector categories and connectors is shown in table 5.

Table 5 — Connector categories

Connector category Connectors in category

All connectors listed in table 4 (see 5.4.3.1) that are
not listed elsewhere in this table

Mini SAS 4x active connectors (see 5.4.3.5.1)

Mini SAS HD external connectors (see 5.4.3.5.2)
QSFP+ connectors (see 5.4.3.5.3)

Unmanaged passive

Unmanaged active

Managed
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5.4.3.3 Recommended electrical performance limits for mated connector pairs supporting rates of
12 Gbit/s

Recommended electrical performance limits for connector mated pairs supporting rates of 12 Gbit/s are
defined in Table 6 and shown in figure 23. The TxRx connection shall meet the requirements of 5.5.6 or 5.5.7
for 12 Gbit/s applications.

Table 6 — Recommended electrical performance limits for the mated connector pairs that support
rates of 12 Gbit/s

Characteristic 2 P Units | Value
Nlaximum near-end crosstalk (NEXT) for each signal pair ¢ ¢ dB -35
Nlaximum far-end crosstalk (FEXT) for each signal pair © d dB 335
NMaximum Sppoo dB -12
Naximum Sgcoo dB -3.0
Nlinimum Spp»1 dB -1.0

F - All measurements apply to connector mated pairs supporting rates of.12'Gbit/s and include the

mounting footprint or wire termination.

All characteristic values apply to the frequency range from 100 MikiZ to 6 000 MHz. The

measurement output should include results to a minimum of.20 GHz.

F Determine all near-end and far-end significant crosstalk transfer modes. The sum of the
crosstalk transfer ratios is measured in the frequency domain. The following equation details|
the summation process of the valid near-end crosstalk-sources:

D

n

TotalNEXT(f) = 10 x Iog10 Z1O<NEXT(f)/1o>

1

where:
f  frequency; and
n number of the near-end crosstalk source.
All NEXT values expressed in,dB format in a passive transfer network shall have negative
dB magnitude.
The following equation details the summation process of the valid far-end crosstalk sources:

n

TotalFEXT(f) = 10 x Iog1oz1
1

o¢FEXT(f)/10)

where:

f ~frequency; and

n\-number of the far-end crosstalk source.
AI'FEXT values expressed in dB format in a passive transfer network shall have negative
dB magnitude.
Taotal T 'H tall L. Lal .1 + 4L _JdD 1 4l . total s o 1 A
TUWAD TATNA UUTITITULUIVIT VIVOOUWIN OlTUUTU VT Al ITdol Ty UD TTCOo0 UI'idiT Tto tuldl MToCTTUuUINT 1Voo. M

total TxRx connection crosstalk of -35 dB implies an acceptable TxRx connection total insertion
loss of 20 dB.
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Figure 23 shows the recommended |Sppa1l, ISce22l, ISpp2ol, NEXT, and FEXT limits connector mated pairs
supporting rates of 12 Gbit/s.

S-parameter

magnitude
Minimum |SDD21| limit
0dB
-5 dB o 7 S e
IVIEXTITIOTTT [OGC22| Tt
-10 dB
T A<
1 L res | TR / ; \
Maximum |S fimit
15 dB |Sop22] N
-20 dB )
-25dB AN
-30 dB
N
— 7! )
-35dB ——
Maximum NEXT and FEXT limit
'40 dB 1 1 > f
0.1 GHz 1 GHz 3 GHz 6 GHz 10 GHz
Figurd 23 — Recommended |Sppa1l; [Scc22ls [Spp22l; NEXT, and FEXT limits for connector mated pairs
supporting rates of 12 Gbit/s
5.4.3.4|SAS-internal connectors

5.4.3.4.1 SAS Drive connectors

5.4.3.4.1.1 SAS Drive plug connector
The SAS Drive plug connector is the Device Free (Plug) connector defined in SFF-8680.

See SFF-8223, SFF-8323, and SFF-8523 for the SAS Drive plug connector locations on common form
factors.
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Figure 24 shows the SAS Drive plug connector.

Table 7]

5.4.3.4]1.2 SAS Drive cable receptacle connector C)

The SAS Drive cable receptacle connector is the Internal Cable Fixed ( tacle) connector defined

SFF-8680. %
. . ) \
The single-port version attaches to: 6\

a)
b)

Figure R5 shows the single-port version of the SA&&ive cable receptacle connector.

Figure 24 — SAS Drive plug connector .

(see 5.4.3.4.1.4) defines the pin assignments for the SAS Drive plug conn@(/(}.
N

a SAS Drive plug connector, providing contact for th wer pins and only the primary physica
a SAS MultiLink Drive plug connector, providing ¢ t for the power pins and only the prima

physical link; or N\
a SATA device plug connector, providing conﬂ@\or the power pins and the primary physical

n

| link;
ry

ink.

Q/C)% Figure 25 — Single-port SAS Drive cable receptacle connector
N

The dual-port version attaches 1o:

a)
b)

c)

d)

a SAS Drive plug connector, providing contact for the power pins and only the primary physical link;
a SAS Drive plug connector, providing contact for the power pins and both the primary and secondary

physical links;

a SAS MultiLink Drive plug connector, providing contact for the power pins and both the primary and

secondary physical links; or
a SATA device plug connector, providing contact for the power pins and the primary physical

link.
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Figure

Table 7|(see 5.4.3.4.1.4) defines the pin assignments for the SAS Drive cable recep S@’connector. T

second

receptgcle.

5.4.3.4

The SAS Drive backplane receptacle connector is the Backplane Fix@Q\eceptacle) connector defined in
SFF-8680.

The SAS Drive backplane receptacle connector attaches to: O

a)
b)

c)

d)

Figure
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26 shows the dual-port version of the SAS Drive cable receptacle connector.

A
Q'\
’(‘L

Figure 26 — Dual-port SAS Drive cable receptacle connector '\qu‘

S1

ary physical link (i.e., pins S8 through S14) is not supported by the single-%é‘\t ternal cable

1.3 SAS Drive backplane receptacle connector \Q/

;\\

a SAS Drive plug connector, providing contact for@ower pins and only the primary physical link;
t

a SAS Drive plug connector, providing contact f
physical links; )
a SAS MultiLink Drive plug connector, providing contact for the power pins and both primary 3
secondary physical links; or \,\(\

power pins and both primary and secon

P7 shows the SAS Drive backplaneﬁe\eptacle connector.

a SATA device plug connector, provi%i@ contact for the power pins and the primary physical |i

he

Hary

nd

Figure 27 — SAS Drive backplane receptacle connector

Table 7 (see 5.4.3.4.1.4) defines the pin assignments for the SAS Drive backplane receptacle connector.
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5.4.3.4.1.4 SAS Drive connector pin assignments

Table 7 defines the SAS target device pin assignments for the SAS Drive plug connector (see 5.4.3.4.1.1), the
SAS Drive cable receptacle connector (see 5.4.3.4.1.2), and the SAS Drive backplane receptacle connector
(see 5.4.3.4.1.3). TP+, TP-, RP+, and RP- are used by the primary physical link. TS+, TS-, RS+, and RS- are
used by the secondary physical link, if any.

SAS Drive plug connector pin assignments, except for the addition of the secondary physical link when
present, are in the same locations as they are in a SATA device plug connector (see SATA).

Table 7 — SAS Drive connector pin assignments (part 1 of 2)

Segment Pin Backplane receptacle SAS Dri;mmive
S1 SIGNAL GROUND
S2 TP+ RP5
S3 TP- RP-
Primafy signal segment S4 SIGNAL GROUND:.
S5 RP- TP-
S6 RP+ TP+
S7 SIGNAL-GROUND
S8 SIGNAL GROUND
S9 TS+ RS+
S10 TS- RS-
Se g;dgg;igna' S SIGNAL GROUND
S12 RS- TS-
S13 RS+ TS+
S14 SIGNAL GROUND

a8 S4 through S14 are not connected on single-port implementations.

b SAS drive backplane receptacle-connectors and SAS Drive cable receptacle connectors provide V5 and
V. SAS Drive plug connectors receive Vg and V.

¢ Bghind a SAS Drive plug.connector, P1 and P2 are only connected to each other.

4 SAS devices (see SPLE3) with SAS Drive plug connectors compliant with SAS-1.1, SAS-2, or SAB-2.1
connected P1, P2 and P3 together. SAS Drive backplane connectors and SAS Drive cable receptacle
cohnectors compliant with SAS-1.1, SAS-2, or SAS-2.1 may provide V3 3 to P1, P2, and P3.

€ Elgctrical charagteristics and functions behind SAS Drive backplane connectors, SAS Drive cable
re¢ceptacles, SAS MultiLink Drive backplane connectors (see 5.4.3.4.1.7), and SAS MultiLink Driy
caple receptacle connectors (see 5.4.3.4.1.6) are beyond the scope of this specification.

' Dgvices supporting other interfaces have different electrical characteristics and functions. See
SHF-9639 for a list of interface references and their respective pin assignments.

9 P3'is not connected behind a SAS Drive plug connector if the POWER DISABLE signal is unsupported.

Electrical characteristics for the POWER DISABLE signal are defined in 5.10.

Behind a SAS Drive plug connector, the precharge pin and each corresponding voltage pin shall be

connected together on the SAS target device (e.g., the V5, precharge pin P7 is connected to the two V5

~ pins P8 and P9).

' Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different electrical
characteristics (see SATA).

®
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Table 7 — SAS Drive connector pin assignments (part 2 of 2)

Segment Pin Backplane receptacle SAS Drl‘;iz Il:gczr;?aiﬁ;s Drive

P1 Vendor specific 9 © See ¢ df
P2 Vendor specific 9 © See ¢ df
P3 Ve”d"glssngfg or POWER POWER DISABLE 9 f 9
P4 GRQUND
P5 GROUND
P6 GROUND
P7 Vs, precharge "

Poyver segment ° P8 Ve h
P9 Vg
P10 GROUND
P11 READY LED '
P12 GROUND
P13 \/43, precharge M
P14 Vi I
P15 Vi I

S8
S/
Vi
Be
S/
col
co|
El
re
cal
De
SH
P3
El
Be
col

through S14 are not connected on single-port implementations.

S drive backplane receptacle connectors and-SAS Drive cable receptacle connectors provide
. SAS Drive plug connectors receive Vgand Vy».

hind a SAS Drive plug connector, P1 and P2 are only connected to each other.

S devices (see SPL-3) with SAS Drive plug connectors compliant with SAS-1.1, SAS-2, or SA
hnected P1, P2, and P3 together.(SAS Drive backplane connectors and SAS Drive cable recef
nnectors compliant with SAS-1.1,"SAS-2, or SAS-2.1 may provide V3 3 to P1, P2, and P3.
bctrical characteristics and functions behind SAS Drive backplane connectors, SAS Drive cablg
Ceptacles, SAS MultiLink Drive backplane connectors (see 5.4.3.4.1.7), and SAS MultiLink Dri
ble receptacle connectors (see 5.4.3.4.1.6) are beyond the scope of this specification.

vices supporting other interfaces have different electrical characteristics and functions. See
F-9639 for a listof-interface references and their respective pin assignments.

is not connectedbehind a SAS Drive plug connector if the POWER DISABLE signal is unsupp
pctrical characteristics for the POWER DISABLE signal are defined in 5.10.

hind a SAS Drive plug connector, the precharge pin and each corresponding voltage pin shall
hnected-together on the SAS target device (e.g., the Vs, precharge pin P7 is connected to the {

pi

Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL

s P8.and P9).

5 and

5-2.1
tacle

[]

orted.

be
WO V5

-3.

SATA devices use P11 for activity indication and staggered spin-up disable and have different electrical

ch

aracteristics (see SATA).
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5.4.3.4.1.5 SAS MultiLink Drive plug connector

The SAS MultiLink Drive plug connector is the Device free (plug) connector defined in SFF-8630.

See SFF-8223, SFF-8323, and SFF-8523 for the SAS Drive plug connector locations on common form
factors.

Figure 28 shows the SAS MultiLink Drive plug connector

P15 N

Figure 28 — SAS MultLink Drive plug cc@é‘or
Table 8|(see 5.4.3.4.1.8) defines the pin assignments for the SAS N@%Zink Drive plug connector.
O

5.4.3.4)1.6 SAS MultiLink Drive cable receptacle connec

The SAS MultiLink Drive cable receptacle connector is tkﬁ%ternal Cable Fixed (Receptacle) connector
defined in SFF-8630. \\\}

The SAS MultiLink Drive cable receptacle attache

a) | a SAS Drive plug connector, providing &Q’r}act for the power pins and both the primary and secpndary
physical links; R

b) [a SAS MultiLink Drive plug connector, providing contact for the power pins and four physical links; or
c) | a SATA device plug connector,"yg%viding contact for the power pins and the primary physical link.

Figure P9 shows the SAS MultiLi&){Qﬁhve cable receptacle connector.

S28 31

Figure 29 — SAS MultiLink Drive cable receptacle connector

Table 8 (see 5.4.3.4.1.4) defines the pin assignments for the SAS MultiLink Drive cable receptacle connector.
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5.4.3.4.1.7 SAS MultiLink Drive backplane receptacle connector

The SAS MultiLink Drive backplane receptacle connector is the Backplane Fixed (Receptacle) connector
defined in SFF-8630.

The SAS MultiLink Drive backplane receptacle connector attaches to:

a) a SAS Drive plug connector, providing contact for the power pins and both primary and secondary
physical links;

b) a SAS MultiLink Drive plug connector, providing contact for the power pins and four physical links; or

c) a SATA device plug connector, providing contact for the power pins and the primary physical link.

Figure 30 — SAS MultiLink Drive batQp ane receptacle connector

11

N
Table 8| (see 5.4.3.4.1.8) defines the pin assignment&@he SAS MultiLink Drive backplane receptacl
connedfor. 8
b
5.4.3.4{1.8 SAS MultiLink Drive connector\@ﬁassignments

Table 8| defines the SAS target device pin-assignments for the SAS MultiLink Drive plug connector (se
5.4.3.4]1.5), the SAS MultiLink Drive receptacle connector (see 5.4.3.4.1.6), and the SAS Multiljink
Drive bpckplane receptacle con?é\@) see 5.4.3.4.1.7). TX0+, TX0-, RX0+, and RX0- are used by thg signal

[

segmeit O physical link. TX1+, , RX1+, and RX1- are used by the signal segment 1 physical link,|if any.
TX2+, TX2-, RX2+, and RX2: are used by the signal segment 2 physical link, if any. TX3+, TX3-, RX3%}, and
RX3- afe used by the sig@gment 3 physical link, if any.

O
® 3
é
&S
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Table 8 — SAS MultiLink connector pin assignments (part 1 of 3)

—

g

ceptacles, SAS MultiLink Drive backplane connectors, and SAS MultiLink Drive cable receptaqg

c
Di

- . SAS MultiLink Drive plug and
Segment pin | SAS MultiLink Drive backplane | g vyitiink Drive cable
receptacle
receptacle
S1 SIGNAL GROUND
S2 TX 0+ RX 0+
S8 TXO- RX0-
Signal segment 0 S4 SIGNAL GROUND
S5 RX 0- TX.0:
S6 RX 0+ TX0+
S7 SIGNAL GROUND
S8 SIGNAL GROUND
S9 TX 1+ RX 1+
S10 ™>X1- RX 1-
Signal segment 1 2@ S11 SIGNAL GROUND
S12 RX 1- X 1-
S13 RX 1+ TX 1+
S14 SIGNAL GROUND
S15 RESERVED
@ SB through S28 are not connected on-single-port implementations.
b g5 through S28 are not connected.on dual-port implementations.
€ Sp2 through S28 are not connegeted on triple-port implementations.
d s|AS MultiLink Drive backplahe teceptacle connectors and SAS MultiLink Drive cable receptacle
connectors provide Vs and V45. SAS MultiLink Drive plug connectors receive Vs and V5.
€ Bhind a SAS MultiLink:Drive plug connector, P1 and P2 are only connected to each other.
f S|AS devices (see SPL=3) with SAS Drive plug connectors (see 5.4.3.4.1.1) compliant with SAS-{1.1,
SAS-2, or SAS-24 connected P1, P2, and P3 together.
9 SIS Drive backplane connectors (see 5.4.3.4.1.3) and SAS Drive cable receptacle connectors (fee
514.3.4.1.2) compliant with SAS-1.1, SAS-2, or SAS-2.1 may provide V33 to P1, P2, and P3.
h Electrical.€haracteristics and functions behind SAS Drive backplane connectors, SAS Drive cable

bnnectors are beyond the scope of this specification.

evices supporting other interfaces that intermate with SAS devices backplanes or cables may!|

have

different electrical characteristics and functions on P1, P2, and P3. See SFF-9639 for a list of interface
references and their respective pin assignments.

P3 is not connected behind a SAS Drive plug connector if the POWER DISABLE signal is
unsupported. Electrical characteristics for the POWER DISABLE signal are defined in 5.10.
Behind a SAS MultiLink Drive plug connector, the precharge pin and each corresponding voltage pin
shall be connected together on the SAS target device (e.g., the Vs, precharge pin P7 is connected to
the two V5 pins P8 and P9).
Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different

el

ectrical characteristics (see SATA).
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Table 8 — SAS MultiLink connector pin assignments (part 2 of 3)

S16 SIGNAL GROUND
S17 TX 2+ RX 2+
S18 X 2- RX 2-

Sigrjal segment 2 @ ° S19 SIGNAL GROUND
S20 RX 2- TX 2-
S21 RX 2+ TX2¥
S22 SIGNAL GROUND
S23 TX 3+ RX 3+
S24 TX 3- RX 3-
S25 SIGNAL,GROUND

Signal segment 3 @ P ¢©

S26 RX 3- TX 3-
S27 RX 3+ TX 3+
S28 SIGNAL GROUND

o O T o

0]

SB through S28 are not connected on single-portimplementations.

S[15 through S28 are not connected on dual-port implementations.

SP2 through S28 are not connected on triple*port implementations.

SIS MultiLink Drive backplane receptacle-connectors and SAS MultiLink Drive cable receptacle
connectors provide Vg and V45. SAS MultiLink Drive plug connectors receive Vg and V4.
Behind a SAS MultiLink Drive plug connector, P1 and P2 are only connected to each other.
SAS devices (see SPL-3) with SASDrive plug connectors (see 5.4.3.4.1.1) compliant with SAS-{1.1,
SAS-2, or SAS-2.1 connected P1, P2, and P3 together.
SAS Drive backplane connectors (see 5.4.3.4.1.3) and SAS Drive cable receptacle connectors (see
514.3.4.1.2) compliant with SAS-1.1, SAS-2, or SAS-2.1 may provide V33 to P1, P2, and P3.
Electrical characteristics:and functions behind SAS Drive backplane connectors, SAS Drive cable

—
far)

ceptacles, SAS MultiLink Drive backplane connectors, and SAS MultiLink Drive cable receptagle
copnnectors are beyond the scope of this specification.
Devices supperting other interfaces that intermate with SAS devices, backplanes, or cables may|have
different elegtrical characteristics and functions on P1, P2, and P3. See SFF-9639 for a list of intgrface
rgferences-and their respective pin assignments.

PB is not'connected behind a SAS Drive plug connector if the POWER DISABLE signal is

u 1supported Electrlcal charactenshcs for the POWER DISABLE signal are deﬂned in 5 10.
Be

e pin
shall be connected together on the SAS target device (e g., the Vs, precharge pin P7 is connected to
the two V5 pins P8 and P9).

Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different
electrical characteristics (see SATA).
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Table 8 — SAS MultiLink connector pin assignments (part 3 of 3)

SAS MultiLink Drive backplane

SAS MultiLink Drive plug and

Segment Pin receptacle SAS MultiLink Drive cable
receptacle

P1 Vendor specific f 9 ' See efghi
P2 Vendor specific f 9 N See e fohi
P3 Ve”dr?{qsfﬁfiﬂ"f%r POWER POWER DISABLE f 9 h ]
P4 GROUND
PS5 GROUND
P6 GROUND
P7 Vs, precharge K

P¢wer segment ¢ - v
P9 Vs k
P10 GROUND
P11 READY LED !
P12 GROUND
P13 V45, precharge K
P14 Vi, K
P15 Vip k

o O T o

—h o

QOQ AMAOTUNNNTW NDWWW

8 through S28 are not connected on ‘single-port implementations.

15 through S28 are not connected on dual-port implementations.

P2 through S28 are not connected on triple-port implementations.

AS MultiLink Drive backplahe-feceptacle connectors and SAS MultiLink Drive cable receptacle
bnnectors provide V5 and\Wj,. SAS MultiLink Drive plug connectors receive Vg and V5.

ehind a SAS MultiLink.Drive plug connector, P1 and P2 are only connected to each other.

AS devices (see SPL:3) with SAS Drive plug connectors (see 5.4.3.4.1.1) compliant with SAS-{1.1,
AS-2, or SAS-2.1 connected P1, P2, and P3 together.
AS Drive backplane connectors (see 5.4.3.4.1.3) and SAS Drive cable receptacle connectors (kee
4.3.4.1.2) compliant with SAS-1.1, SAS-2, or SAS-2.1 may provide V33 to P1, P2, and P3.
ectrical characteristics and functions behind SAS Drive backplane connectors, SAS Drive cable
ceptaeles, SAS MultiLink Drive backplane connectors, and SAS MultiLink Drive cable receptagle
bnnectors are beyond the scope of this specification.
evices supporting other interfaces that intermate with SAS devices, backplanes, or cables may|have

references and their respective pin assignments.
P3 is not connected behind a SAS Drive plug connector if the POWER DISABLE signal is
unsupported. Electrical characteristics for the POWER DISABLE signal are defined in 5.10.

Behind a SAS MultiLink Drive plug connector, the precharge pin and each corresponding voltage pin
shall be connected together on the SAS target device (e.g., the V5, precharge pin P7 is connected to
the two V5 pins P8 and P9).
Electrical characteristics for READY LED are defined in 5.9 and signal behavior is defined in SPL-3.
SATA devices use P11 for activity indication and staggered spin-up disable and have different
electrical characteristics (see SATA).

fferent electrical characteristics and functions on P1, P2, and P3. See SFF-9639 for a list of interface
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5.4.3.4.1.9 Micro SAS plug connector
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The Micro SAS plug connector is defined in SFF-8486. The Micro SAS plug mates with the Micro SAS
Receptacle (see 5.4.3.4.1.10), but not the Micro SATA receptacle (see SATA).

See SFF-8147 for the Micro SAS plug connector locations on common form factors. Figure 31 shows the

Micro SAS plug connector.

5.4.3.4]1.10 Micro SAS receptacle connector

The Migro SAS receptacle connector is defined in SFF-

SAS plug connector (see 5.4.3.4.1.9) or the Micro SAT!@ewce plug (see SATA).

Figure B2 shows the Micro SAS receptacle conne@r.

N
N

Figure 31 — Micro SAS plug cé\}ector

&

The Micro SAS receptacle mates with th¢ Micro

Figure 32 — Micro SAS receptacle connector
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5.4.3.4.1.11 Micro SAS connector pin assignments

—75—

Table 9 defines the SAS target device pin assignments for the Micro SAS plug connector (see 5.4.3.4.1.9) and
the Micro SAS receptacle connector (see 5.4.3.4.1.10). TP+, TP-, RP+, and RP- are used by the primary
physical link. TS+, TS-, RS+, and RS- are used by the secondary physical link, if any.

Micro SAS plug connector pin assignments, except for the addition of the secondary physical link when
present, are in the same locations as they are in a Micro SATA device plug connector (see SATA).

Table 9 — Micro SAS connector pin assignments

Segment Pin Miero-SASreceptaclie—Miere-SASplug—Matinglevel 2
S1 SIGNAL GROUND Second
S2 TP+ RP+ Third
. _ S3 TP- RP- Third
primary signal sS4 SIGNAL GROUND Second
segment
S5 RP- TP- Third
S6 RP+ TP+ Third
S7 SIGNAL GROUND Second
S8 SIGNAL GROUND Second
S9 TS+ RS+ Third
_ S10 TS- RS- Third
Spcondary signal ™7 SIGNAL.GROUND Second
segment
S12 RS- TS- Third
S13 RS+ TS+ Third
S14 SIGNAL GROUND Second
P1 Vi3 @ Third
P2 V33, precharge d Second
P3 GROUND First
P4 GROUND First
Ppwer segment °© P5 Vs, precharge d Second
P6 Vg @ Third
P7 Reserved Third
P8 Not connected Manufacturing diagnostic Third
P9 Not connected Manufacturing diagnostic Third
- A1 Vender specific Third
Alixiliary contacts — -
A2 Vender specific Third
The mating level assumes zero angular oifset between connectors and indicates the physical
dimension of the contact (see SFF-8486 and SATA).
b 58 through S14 are not connected on single-port implementations.
€ The Micro SAS receptacle connector (see 5.4.3.4.1.10) provides V33 and V. The Micro SATA
power receptacle connector (see SATA) provides V33 and optionally V5. The Micro SAS plug
connector (see 5.4.3.4.1.9) receives V33 and Vs.
d Behind a Micro SAS plug connector (see 5.4.3.4.1.9), the precharge pin and each
corresponding voltage pin shall be connected together on the SAS target device (e.g., the V33,
precharge pin P2 is connected to the V33 pin P1).
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5.4.3.4.2 SAS 4i connectors

5.4.3.4.2.1 SAS 4i cable receptacle connector

The SAS 4i cable receptacle connector is the 4 Lane Cable Receptacle (fixed) with Backshell connector
defined in SFF-8484. The SAS 4i cable receptacle connector should not be used for rates greater than
3 Gbit/s.

Figure 33 shows the SAS 4i cable receptacle connector.

Key slot

Figure 33 — SAS 4i cable receptacle connector
Table 10 and table 11 (see 5.4.3.4.2.3) define the pin assignmeéits for the SAS 4i cable receptacle corjnector.

5.4.3.4{2.2 SAS 4i plug connector

The SAS 4i plug connector is the 4 Lane Vertical Plug (free) or 4 Lane R/A Plug (free) connector defingd in
SFF-8484. The SAS 4i plug connector should not:be"used for rates greater than 3 Gbit/s.

Figure B4 shows the SAS 4i plug connector.

Figure 34 — SAS 4i plug connector

Table 10 and table 11 (see 5.4.3.4.2.3) define the pin assignments for the SAS 4i plug connector.
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5.4.3.4.2.3 SAS 4i connector pin assignments

Table 10 defines the pin assignments for SAS 4i cable receptacle connectors (see 5.4.3.4.2.1) and SAS 4i
plug connectors (see 5.4.3.4.2.2) for controller applications using one, two, three, or four of the physical links.

Table 10 — Controller SAS 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly
One Two Three Four

RX O+ 2 2 2 2
RX 0- 3 3 3 3
TX0- 5 5 5
TX 0+ 6 6 6 6
RX 1+ N/C 8 8 8
RX 1- N/C 9 9 9
TX1- N/C 1 1 1
TX 1+ N/C 12 12 12

SIDEBAND 0 14 14 14 14

SIDEBAND 1 15 15 15 15

SIDEBAND 2 16 16 16 16

SIDEBAND 3 17 17 17 17

SIDEBAND 4 18 18 18 18

SIDEBAND 5 19 19 19 19
RX 2+ N/C N/C 21 21
RX 2- N/C N/C 22 22
TX 2- N/C N/C 24 24
TX 2+ N/C N/C 25 25
RX 3+ N/C N/C N/C 27
RX 3- N/C N/C N/C 28
TX 3- N/C N/C N/C 30
TX 3+ N/C N/C N/C 31

SIGNAL 1,4,7,10, 13,
GROUND 20, 23, 26, 29, 32
Key:
N/C = not connected

The use of the sideband signals by a controller is vendor specific. One implementation of the sideband signals
by a controller is an SGPIO initiator interface (see SFF-8485). Other implementations shall be compatible with
the signal levels defined in SFF-8485.
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Table 11 defines the pin assignments for SAS 4i plug connectors (see 5.4.3.4.2.1) and SAS 4i cable
receptacle connectors (see 5.4.3.4.2.1) for backplane applications using one, two, three, or four of the
physical links.

Table 11 — Backplane SAS 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly
One Two Three Four

RX 3+ N/C N/C N/C 2
RX 3- N/C N/C N/C 3
TX 3- N/C N/C N/C 5
TX 3+ N/C N/C N/C 6
RX 2+ N/C N/C 8 8
RX 2- N/C N/C 9 9
TX 2- N/C N/C 1 1
TX 2+ N/C N/C 12 12

SIDEBAND 5 14 14 14 14

SIDEBAND 4 15 15 15 15

SIDEBAND 3 16 16 16 16

SIDEBAND 2 17 17 17 17

SIDEBAND 1 18 18 18 18

SIDEBAND 0 19 19 19 19
RX 1+ N/C 21 21 21
RX 1- N/C 22 22 22
TX1- N/C 24 24 24
TX 1+ N/C 25 25 25
RX 0+ 27 27 27 27
RX 0- 28 28 28 28
TX0- 30 30 30 30
TX 0+ 31 31 31 31

SIGNAL 1,4,7,10, 13,
GROUND 20, 23, 26, 29, 32
Key:
N/C = not connected

The use of the sideband signals by a backplane is vendor specific. One implementation of the sideband
signals by a backplane is an SGPIO target interface (see SFF-8485). Other implementations shall be
compatible with the signal levels defined in SFF-8485.
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5.4.3.4.3 Mini SAS 4i connectors

5.4.3.4.3.1 Mini SAS 4i cable plug connector

The Mini SAS 4i cable plug connector is the free (plug) 36-circuit unshielded compact multilane connector
defined in SFF-8087 and SFF-8086.

Figure 35 shows the Mini SAS 4i cable plug connector.

A18
Figure 35 — Mini SAS 4i cable plug connector
Table 1P and table 13 (see 5.4.3.4.3.3) define the pin assignments-for the Mini SAS 4i cable plug conrjector.

5.4.3.4]3.2 Mini SAS 4i receptacle connector

The Mini SAS 4i receptacle connector is the fixed (receptacle) 36-circuit unshielded compact multilang
connector defined in SFF-8087 and SFF-8086.

Figure B6 shows the Mini SAS 4i receptacle connector.

A18

Figure 36 — Mini SAS 4i receptacle connector

Table 12 and table 13 (see 5.4.3.4.4.6) define the pin assignments for the Mini SAS 4i receptacle connector.
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5.4.3.4.3.3 Mini SAS 4i connector pin assignments

Table 12 defines the pin assignments for Mini SAS 4i plug connectors (see 5.4.3.4.3.1) and Mini SAS 4i cable
receptacle connectors (see 5.4.3.4.3.2) for controller applications using one, two, three, or four of the physical
links.

Table 12 — Controller Mini SAS 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly Mating level 2
One Two Three Four
RX 0+ A2 A2 A2 A2
RX 0- A3 A3 A3 A3 Third
RX 1+ N/C A5 A5 A5
RX 1- N/C A6 A6 A6
SIDEBAND 7 A8 A8 A8 A8
SIDEBAND 3 A9 A9 A9 A9 First
SIDEBAND 4 A10 A10 A10 A10
SIDEBAND 5 A1 A1 A1 A1
RX 2+ N/C N/C A13 A13
RX 2- N/C N/C Ad4 A14 Third
RX 3+ N/C N/C N/C A16
RX 3- N/C N/C N/C A17
TX 0+ B2 B2 B2 B2
TX0- B3 B3 B3 B3 Third
TX 1+ N/C B5 B5 B5
TX1- N/E B6 B6 B6
SIDEBAND 0 B8 B8 B8 B8
SIDEBAND 1 B9 B9 B9 B9 First
SIDEBAND-2 B10 B10 B10 B10
SIDEBAND 6 B11 B11 B11 B11
TX 2+ N/C N/C B13 B13
TX 2- N/C N/C B14 B14 Third
TX 3+ N/C N/C N/C B16
TX 3- N/C N/C N/C B17
SIGNAL A1, A4, A7, A12, A15, A18, First
GROUND B1, B4, B7, B12, B15, B18
Key:
N/C = not connected
@ The mating level indicates the physical dimension of the contact (see SFF-8086).
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The use of the sideband signals by controller applications is vendor specific. One implementation of the
sideband signals by a controller application is an SGPIO initiator interface (see SFF-8485). Other
implementations shall be compatible with the signal levels defined in SFF-8485.

Table 13 defines the pin assignments for Mini SAS 4i plug connectors (see 5.4.3.4.3.1) and Mini SAS 4i cable
receptacle connectors (see 5.4.3.4.3.2) for backplane applications using one, two, three, or four of the
physical links.

Table 13 — Backplane Mini SAS 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal lmllssl.mppn:ted.by_the_cable_assembly__matmg [evere
One Two Three Four
RX 0+ A2 A2 A2 A2
RX 0- A3 A3 A3 A3
Fhird
RX 1+ N/C A5 A5 A5
RX 1- N/C A6 A6 A6
SIDEBAND 0 A8 A8 A8 A8
SIDEBAND 1 A9 A9 A9 A9 First
irs
SIDEBAND 2 A10 A10 A10 A10
SIDEBAND 6 A11 A1 A11 A11
RX 2+ N/C N/C A13 A13
RX 2- N/C N/C A14 A14
Third
RX 3+ N/C N/C N/C A16
RX 3- N/C N/{C N/C A17
TX 0+ B2 B2 B2 B2
TX0- B3 B3 B3 B3
Third
TX 1+ N/C B5 B5 B5
X 1- N/C B6 B6 B6
SIDEBAND, % B8 B8 B8 B8
SIDEBAND)3 B9 B9 B9 B9 First
irs
SIDEBAND 4 B10 B10 B10 B10
SIDEBAND 5 B11 B11 B11 B11
TX 2+ N/C N/C B13 B13
TX2= NE NE B4 B4
Third
TX 3+ N/C N/C N/C B16
TX 3- N/C N/C N/C B17
SIGNAL A1, A4, A7, A12, A15, A18, First
GROUND B1, B4, B7, B12, B15, B18
Key:
N/C = not connected
8 The mating level indicates the physical dimension of the contact (see SFF-8086).
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The use of the sideband signals by backplane applications is vendor specific. One implementation of the
sideband signals by a backplane application is an SGPIO target interface (see SFF-8485). Other
implementations shall be compatible with the signal levels defined in SFF-8485.

5.4.3.4.4 Mini SAS HD internal connectors

5.4.3.4.4.1 Mini SAS HD 4i cable plug connector

The Mini SAS HD 4i cable plug connector is the four lane cable (free) connector defined in SFF-8643.
Figure 37 shows the Mini SAS HD 4i cable plug connector.

A9

Figure 37 — Mini SAS HD 4i cable plug connector

Table 12 and table 13 (see 5.4.3.4.4.6) define the pin assignments for the Mini SAS HD 4i cable plug
connector.
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5.4.3.4.4.2 Mini SAS HD 8i cable plug connector

The Mini SAS HD 8i cable plug connector is the dual four lane cable plug (free) connector defined in
SFF-8643.

Figure 38 shows the Mini SAS HD 8i cable plug connector. This connector is a modular version of repeating
Mini SAS HD 4i cable plug connectors (see 5.4.3.4.4.1). Module labeling is shown in figure 38. See figure 37
(see 5.4.3.4.4.1) for pin designations.

Table 1
connec
connec

Figure 38 — Mini SAS HD §8ble plug connector

O
P and table 13 (see 5.4.3.4.4.6) define the pi@fksignments for the Mini SAS HD 4i cable plug

for (see 5.4.3.4.4.1). The pin assignments:&te repeated for each module of the Mini SAS 8i cab
for.
R\
xO
<
<

le plug
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5.4.3.4.4.3 Mini SAS HD 4i receptacle connector

The Mini SAS HD 4i receptacle connector is the four lane receptacle (fixed) connector defined in SFF-8643.
Figure 39 shows the Mini SAS HD 4i receptacle connector.

h
Figure ?}— Mini SAS HD 4i receptacle connector

Table 1P and table 13 (see 5. 43@4 6) define the pin assignments for the Mini SAS HD 4i receptacle
connector.
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5.4.3.4.4.4 Mini SAS HD 8i receptacle connector

The Mini SAS HD 8i receptacle connector is a dual four lane receptacle (fixed) connector defined in

SFF-8643. Figure 40 shows the Mini SAS HD 8i receptacle connector. This connector is a modular version of

the Mini SAS HD 4i receptacle connector (see 5.4.3.4.4.3). Module labeling is shown in figure 40. See
figure 39 (see 5.4.3.4.4.3) for pin designations.

O
Figure 40 — Mini SAS HD 8i re@‘lacle connector

Table 14 and table 15 (see 5.4.3.4.4.6) define the pin aqu?ments for the Mini SAS HD 8i receptacle
connecfor. The connector is a modular design of repeating Mini SAS HD 4i receptacles (see 5.4.3.4.4.3
connecfor accepts one Mini SAS HD 8i cable pqu&@nector (see 5.4.3.4.4.2) or two Mini SAS HD 4i
plug connectors (see 5.4.3.4.4.1). \$\

¥
O
O
<

.

). This
cable



https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

- 86 — ISO/IEC 14776-154:2017 © ISO/IEC 2017

5.4.3.4.4.5 Mini SAS HD 16i receptacle connector

The Mini SAS HD 16i receptacle connector is a quad four lane receptacle (fixed) connector defined in
SFF-8643. Figure 41 shows the Mini SAS HD 16i receptacle connector. This connector is a modular version of

the Mini SAS HD 4i receptacle connector (see 5.4.3.4.4.3). Module labeling is shown in figure 41. See
figure 39 (see 5.4.3.4.4.3) for pin designations.

Figure 41 — Mini SAS HD 16i recgt@ e connector

Table 14 and table 15 (see 5.4.3.4.4.6) define the pin assi%Qnts for the Mini SAS HD 16i receptacle
i

connector. The connector is a modular design of repeating
Mini SAS HD 16i receptacle connector accepts: Q

a) | one or two Mini SAS HD 8i cable plug co %tors (see 5.4.3.4.4.2);
b) [ one, two, three, or four Mini SAS HD 4i.¢able plug connectors (see 5.4.3.4.4.1); or

¢) | a combination of one Mini SAS HD 8i(@able plug connector (see 5.4.3.4.4.2) and one or two Mihi SAS
HD 4i cable plug connectors (see 5:4.3.4.4.1).

ni SAS HD 4i receptacles (see 5.4.3.4.4.8). The

A Mini BAS HD 4i cable plug connec x?‘éee 5.4.3.4.4.1) may be plugged into module A, module B,

modulg C, or module D. A Mini SA 8i cable plug connector (see 5.4.3.4.4.2) may be plugged into fnodule
A and rpodule B, module B and ﬁd ule C, or module C and module D.

c)O® |
S S

%

S
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5.4.3.4.4.6 Mini SAS HD 4i connector pin assignments

Table 14 defines the pin assignments for Mini SAS HD 4i cable plug connectors (see 5.4.3.4.4.1) and Mini
SAS HD 4i receptacle connectors (see 5.4.3.4.4.3) for controller applications using one, two, three, or four of
the physical links.

Table 14 — Controller Mini SAS HD 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly Mating level 2
One Two Three Four
RX 0+ B4 B4 B4 B4
RX 0- B5 B5 B5 B5 Third
RX 1+ N/C A4 A4 A4
RX 1- N/C A5 A5 A5
SIDEBAND 7 A1 A1 A1 A1
SIDEBAND 3 B1 B1 B1 B1
SIDEBAND 4 C1 C1 C1 Ci Second
SIDEBAND 5 D1 D1 D1 D1
RX 2+ N/C N/C B7 B7
RX 2- N/C N/C B8 B8 Third
RX 3+ N/C N/C N/C A7
RX 3- N/C N/C N/C A8
TX 0+ D4 D4 D4 D4
TX0- D5 D5 D5 D5 Third
TX 1+ N/C C4 C4 C4
TX1- N/E C5 C5 C5
SIDEBAND 0 A2 A2 A2 A2
SIDEBAND 1 B2 B2 B2 B2
SIDEBAND-2 Cc2 C2 C2 C2 Second
SIDEBAND 6 D2 D2 D2 D2
TX 2+ N/C N/C D7 D7
TX 2- N/C N/C D8 D8 Third
TX 3+ N/C N/C N/C c7
TX 3- N/C N/C N/C Cc8
SIGNAL A3, A6, A9, B3, B6, B9, First
GROUND C3, C6, C9, D3, D6, D9
Key:
N/C = not connected
@ The mating level indicates the physical dimension of the contact (see SFF-8643).
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The use of the sideband signals by controller applications is vendor specific. One implementation of the
sideband signals by a controller application is an SGPIO initiator interface (see SFF-8485). Other
implementations shall be compatible with the signal levels defined in SFF-8485.

Table 15 defines the pin assignments for Mini SAS HD 4i cable plug connectors (see 5.4.3.4.4.1) and Mini
SAS HD 4i receptacle connectors (see 5.4.3.4.4.3) for backplane applications using one, two, three, or four of
the physical links.

Table 15 — Backplane Mini SAS HD 4i connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly Mating Tevel®
One Two Three Four
RX 0+ B4 B4 B4 B4
RX 0- B5 B5 B5 B5
Fhird
RX 1+ N/C A4 A4 A4
RX 1- N/C A5 A5 A5
SIDEBAND 0 A1 A1 A1 A1
SIDEBAND 1 B1 B1 B1 B9
Second
SIDEBAND 2 C1 C1 C1 C1
SIDEBAND 6 D1 D1 D1 D1
RX 2+ N/C N/C BT B7
RX 2- N/C N/C B8 B8
Third
RX 3+ N/C N/C N/C A7
RX 3- N/C N/{C N/C A8
TX 0+ D4 D4 D4 D4
TX0- D5 D5 D5 D5
Third
X 1+ N/C C4 C4 C4
X 1- N/C C5 C5 C5
SIDEBAND, % A2 A2 A2 A2
SIDEBAND)3 B2 B2 B2 B2
Second
SIDEBAND 4 Cc2 Cc2 Cc2 Cc2
SIDEBAND 5 D2 D2 D2 D2
TX 2+ N/C N/C D7 D7
TX2= NE N/E B8 b8
Third
TX 3+ N/C N/C N/C Cc7
TX 3- N/C N/C N/C Cc8
SIGNAL A3, A6, A9, B3, B6, B9, First
GROUND C3, C6, C9, D3, D6, D9
Key:
N/C = not connected
8 The mating level indicates the physical dimension of the contact (see SFF-8643).
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The use of the sideband signals by backplane applications is vendor specific. One implementation of the
sideband signals by a backplane application is an SGPIO target interface (see SFF-8485). Other
implementations shall be compatible with the signal levels defined in SFF-8485.
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5.4.3.5 SAS external connectors
5.4.3.5.1 Mini SAS 4x connectors

5.4.3.5.1.1 Mini SAS 4x cable plug connector

The Mini SAS 4x cable plug connector and the MiniSAS 4x active plug connector are the free (plug) 26-circuit
shielded compact multilane connector defined in SFF-8088 and SFF-8086. The Mini SAS 4x cable plug
connector should not be used for rates greater than 6 Gbit/s.

Figure 42 shows the Mini SAS 4x cable plug connector.

Figure 42 — Mini SAS 4x cable plug connector
If constructed with a pull tab as shown in figure 42, then the pull tab should use PANTONE 279 C (i.e., light
blue).

Table 18 (see 5.4.3.5.1.3) and table 19 (see 5.4.3.5.1.3) define the pin assignments for the Mini SAS 4x cable
plug connector.

Mini SAS 4x cable plug connectors shall include key slots to allow attachment to Mini SAS 4x receptacle
connectors (see 5.4.3.5.1.2) with matching keys and key slots.
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To ensure active cable assemblies are not intermateable with Mini SAS 4x receptacles that do not support
active cable assemblies, differentiating keying shall be provided by having a blocking key on the plug
connector in addition to the key slots. Table 16 defines the icons that shall be placed on or near Mini SAS 4x
cable plug connectors and the key slot and key positions (see SFF-8088) that shall be used by Mini SAS 4x

cable plug connectors.

Table 16 — Mini SAS 4x cable plug connector and Mini SAS 4x active cable plug connector icons, key
slot positions, and key positions

End of a SAS external cable con Key slot Key Reference
Elgctricatcomptitance T Attaches to positions __positions
Outorin ? D|ar2ic;(r:1|céand 2,4,6 none Figurd 43
Untrained 1.5 Gbit/s and
3 Gbit/s @ Out © Diamond 2,4 none Figurd 44
In d Circle 4,6 none Figurd 45
Outorin ? Two diamonds 2,4,6 3 Figurd 46
and two circles
Out © Two diamonds 2.4 3 Figurd 47
In d Two circles 4)6 Figurd 48
Trained 1.5 Gbit/s, . Two triangles, }
3 Gbit/s, and 6 Gbit/s © Outorin diamond, and 2,4,6 5 Figure 49
circle
out © Two triangles 2,4 5 Figure 50 f
and-diamond ’ 9
In ¢ Two triangles 4,6 5 Figure 51 '
and circle
a8 Complies with the TxRx connection characteristics for untrained 1.5 Gbit/s and 3 Gbit/s (see 5.5.4).
b Attaches to an end device, an enclosure out port, an enclosure in port, or an enclosure universal port.
¢ Attaches to an end device, an enclosure out port, or an enclosure universal port.
d' Attaches to an end device, anenclosure in port, or an enclosure universal port.
€ Complies with the TxRx connection characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
(pee 5.5.5) and does not comply with the TxRx connection characteristics for untrained 1.5 Gbit/q and
3 Gbit/s (see 5.5.4),
f Mini SAS 4x active'cable plug connector.
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Figure 43 shows the key slots on the Mini SAS 4x cable plug connector for a cable assembly supporting
untrained 1.5 Gbit/s and 3 Gbit/s that attaches to an end device or an enclosure universal port (see figure 53,
figure 56, and figure 59 in 5.4.3.5.1.2), an enclosure out port (see figure 54, figure 57, and figure 60 in

5.4.3.5.

1.2), or an enclosure in port (see figure 55, figure 58, and figure 61 in 5.4.3.5.1.2).

Diamond icon

Key slot 2

Key slot 6

Key slot 4

Figurte 43 — Mini SAS 4x cable plug connector for untrained 1.5 Ghit/s’and 3 Gbit/s that attaches to

Figure
untrain
figure 5
5.4.35

an enclosure out port or an enclosure'in port

14 shows the key slots on the Mini SAS 4x cable plug conréector for a cable assembly supporti
bd 1.5 Gbit/s and 3 Gbit/s that attaches to an end devicedor an enclosure universal port (see fig
6, and figure 59 in 5.4.3.5.1.2) or an enclosure out port/(see figure 54, figure 57, and figure 60
1.2).

Diamond icon

N

Key slot

19
ire 53,
in

Figu

an enclosure out port

es to
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Figure 45 shows the key slots on the Mini SAS 4x cable plug connector for a cable assembly supporting
untrained 1.5 Gbit/s and 3 Gbit/s that attaches to an end device or an enclosure universal port (see
figure 53, figure 56, and figure 59 in 5.4.3.5.1.2) or an enclosure in port (see figure 55, figure 58, and figure 61

in 5.4.3.5.1.2).

Figure

Figure #6 shows the key slots on the Mini SAS 4x cable plug connector for a cable assembly supporti

trained
figure §
enclosl

Figure

Key slot 6

an enclosure in port

1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universal port
6 and figure 59 in 5.4.3.5.1.2), an enclosure out port (see figure 57 and figure 60 in 5.4.3.5.1.2
re in port (figure 58 and figure 61 in 5.4.3.5.1.2).

Diamond icons
Key 3

Key slot 2

Key slot 6

Key slot 4

45 — Mini SAS 4x cable plug connector for untrained 1.5 Gbit/s and 3 Gbit/s that attaches to

9

see
,oran

laches

46"~ Mini SAS 4x cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that at

to



https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

-94 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

Figure 47 shows the key and key slots on the Mini SAS 4x cable plug connector for a cable assembly
supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universal
port (see figure 56 and figure 59 in 5.4.3.5.1.2) or an enclosure out port (see figure 57 and figure 60 in
5.4.3.5.1.2).

Diamond icon

Key 3
Key slot 2

Figure|47 — Mini SAS 4x cable plug connector for trained 1.5 Gbit/s, 3 'Gbit/s, and 6 Gbit/s that atfaches
to an enclosure out port

Figure #8 shows the key and key slots on the Mini SAS 4x cable plug connector for a cable assembly
supporling trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure uniyersal
port (sge figure 56 and figure 59 in 5.4.3.5.1.2) or an enclosure in port (see figure 58 and figure 61 in
5.4.3.5]1.2).

Circle icon

Circle icon

Key slot 6

Figure|48.< Mini SAS 4x cable plug connector for trained 1.5 Gbit/s. 3 Gbit/s. and 6 Gbit/s that attaches
to an enclosure in port
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Figure 49 shows the key slots on the Mini SAS 4x active cable plug connector for an active cable assembly
supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universal
port (see figure 59 in 5.4.3.5.1.2), an enclosure out port (see figure 60 in 5.4.3.5.1.2), or an enclosure in port
(see figure 61 in 5.4.3.5.1.2).

Diamond icon

Triangle icons

/

Key slot 2

Key slot 6 Key slot 4

Figure 49 — Mini SAS 4x active cable plug connector for trained. 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit|s that
attaches to an enclosure out port or an-enclosure in port

Figure p0 shows the key slots on the Mini SAS 4x active cable plug connector for an active cable assgmbly
supporiing trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure uniyersal
port (sge figure 59 in 5.4.3.5.1.2) or enclosure out port (see figure 60 in 5.4.3.5.1.2).

Diamend icon

Triangle icons

Key slot 4

Figure 50 — Mini SAS 4x active cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that
attaches to an enclosure out port
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Figure 51 shows the key slots on the Mini SAS 4x active cable plug connector for an active cable assembly
supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s that attaches to an end device or an enclosure universal
port (see figure 59 in 5.4.3.5.1.2) or an enclosure in port (see figure 61 in 5.4.3.5.1.2).

Triangle icons

Circle icon

Key 5

Key slot 6

Figure 51 — Mini SAS 4x active cable plug connector for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit|s that
attaches to an enclosure in“port
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5.4.3.5.1.2 Mini SAS 4x receptacle connector

The Mini SAS 4x receptacle connector is the fixed (receptacle) 26-circuit shielded compact multilane
connector defined in SFF-8088 and SFF-8086. The Mini SAS 4x receptacle connector should not be used for
rates greater than 6 Gbit/s.

A Mini SAS 4x receptacle connector may be used by one or more SAS devices (e.g., one SAS device using
physical links 0 and 3, another using physical link 1, and a third using physical link 2).

A Mini SAS 4x receptacle connector shall be used by no more than one expander device at a time, and all
physical links shall be used by the same expander port (i.e., all the expander phys shall have the same routing
attribute (e.g., subtractive or table) (see SPL-3)).

Figure b2 shows the Mini SAS 4x receptacle connector.

Figure 52 — Mini SAS 4x receptacle connector

Table 18 (see 5.4.3.5.1.3).and table 19 (see 5.4.3.5.1.3) define the pin assignments for the Mini SAS 4x
receptgcle connector.

Mini SAS 4x receptacle connectors and Mini SAS 4x active receptacle connectors shall include keys gnd key
slots to|prevent attachment to Mini SAS 4x cable plug connectors (see 5.4.3.5.1.1) without matching kqys and
key slots.
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Table 17 defines the icons that shall be placed on or near Mini SAS 4x receptacle connectors and the key and
key slot positions (see SFF-8088) that shall be used by Mini SAS 4x receptacle connectors.

Table 17 — Mini SAS 4x receptacle connector icons, key positions, and key slot positions

Electrical Key Key slot
. Use Icons e iy Reference
compliance position | position
. End de\{|ce or enclosure Diamond and circle 4 none Figure 53
Untrained universal port
1'2 ?\EIE/,S aand Enclosure out port Diamond 2 none Figure 54
Enclosure in port Circle 6 none Figure 55
End de\{lce or enclosure Two dlampnds and 4 3 Figurk 56
universal port two circles
Enclosure out port Two diamonds 2 3 Figure 57
Enclosure in port Two circles 6 3 Figure 58
Trained Two triandl
1.9 Gbit/s, End device or enclosure Wwo triang'es, .
3 Ghit/s, and universal port diamond, and 4 3,5 Figurel 59 ©
6 Gbit/s P circle
Enclosure out port Two tr_langles and 2 3,5 Figurel60 °©
diamond
Enclosure in port Two trlgngles and 6 3,5 Figurel61 °©
circle
a8 Cpmplies with the TxRx connection characteristics:for untrained 1.5 Gbit/s and 3 Gbit/s (see 5.54).
b Cpmplies with the TxRx connection characteristi¢s-for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
(see 5.5.5) and does not comply with the TxRxX«<onnection characteristics for untrained 1.5 Gbit/$ and
3 [Gbit/s (see 5.5.4).
¢ Mini SAS 4x active receptacle.

Figure 3 shows the key on a Mini SAS 4xreceptacle connector used by an end device or enclosure urfiversal
port thgt supports untrained 1.5 Ghit/s'and 3 Gbit/s. The Mini SAS 4x cable plug connectors shown in
figure 43, figure 44, and figure 45-(see 5.4.3.5.1.1) may be attached to this connector.

Key 4

Figure 53 — Mini SAS 4x receptacle connector - end device or enclosure universal port for untrained
1.5 Gbit/s and 3 Gbit/s
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Figure 54 shows the key on a Mini SAS 4x receptacle connector used by an enclosure out port that supports
untrained 1.5 Gbit/s and 3 Gbit/s. The Mini SAS 4x cable plug connectors shown in figure 43 and figure 44
(see 5.4.3.5.1.1) may be attached to this connector.

<>

NS
<
Key 2

Figure|54 — Mini SAS 4x receptacle connector - enclosure out port for untrained 1.5 Gbit/s and 3 Gbit/s
Figure 5 shows the key on a Mini SAS 4x receptacle connector used by an entlosure in port that supports
untraingd 1.5 Gbit/s and 3 Gbit/s. The Mini SAS 4x cable plug connectors;shown in figure 43 and figure 45
(see 5.4.3.5.1.1) may be attached to this connector.

Figurel 55 — Mini SAS 4x receptacle connector - enclosure in port for untrained 1.5 Gbit/s and 3| Gbit/s

Figure

enclosyre universal port that supports:

a)
b)

b6 shows the key-and key slot on a Mini SAS 4x receptacle connector used by an end device d

trained\1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
untrained 1.5 Gbit/s and 3 Gbit/s.
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The Mini SAS 4x cable plug connectors shown in figure 43, figure 44, figure 45, figure 46, figure 47, and
figure 48 (see 5.4.3.5.1.1) may be attached to this connector.

Key slot 3

Key 4

Figure 56 — Mini SAS 4x receptacle connector - end device or enclosure universal port for trgined
1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s and for untrained 1.5 Gbit/s)and 3 Gbit/s

Figure 57 shows the key and key slot on a Mini SAS 4x receptacle connector used by an enclosure oyt port
that supports:

a) | trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) | untrained 1.5 Gbit/s and 3 Gbit/s.

The Mini SAS 4x cable plug connectors shown in figure 43, figure 44, figure 46, and figure 47,
(see 5.4.3.5.1.1) may be attached to this connector.

Key slot 3

Figurel 57 — Mini‘SAS 4x receptacle connector - enclosure out port for trained 1.5 Gbit/s, 3 Gbit/s, and
6 Gbit/s and for untrained 1.5 Gbit/s and 3 Gbit/s
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Figure 58 shows the key and key slot on a Mini SAS 4x receptacle connector used by an enclosure in port that
supports:

a)
b)

trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
untrained 1.5 Gbit/s and 3 Gbit/s.

The Mini SAS 4x cable plug connectors shown in figure 43, figure 45, figure 46, and figure 48 (see 5.4.3.5.1.1)
may be attached to this connector.

Figure 58 — Mini SAS 4x receptacle connector - enclosure in port for trained 1.5 Gbit/s, 3 Gbit/s, and

Figure

port thg

a)
b)

The Mi
figure 4

6 Gbit/s and for untrained 1.5 Gbit/s and 3 Gbit/s

b9 shows an Mini SAS 4x active receptacle connector Used by end devices or an enclosure un
t supports:

trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
untrained 1.5 Gbit/s and 3 Gbit/s.

ni SAS 4x cable plug connectors shown in‘figure 43, figure 44, figure 45, figure 46, figure 47, fig
9, figure 50, and figure 51 (see 5.4.3.5.4:1) may be attached to this connector.

Key slot 3

versal

lire 48,

Figure 59 — Mini SAS 4x active receptacle connector - end device or enclosure universal port
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Figure 60 shows an Mini SAS 4x active receptacle connector used by an enclosure out port that supports:

a) trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) untrained 1.5 Gbit/s and 3 Gbit/s.

The Mini SAS 4x cable plug connectors shown in figure 43, figure 44, figure 46, figure 47, figure 49, and figure
50 (see 5.4.3.5.1.1) may be attached to this connector.

Key slot 3

Key 2

Figure 60 — Mini SAS 4x active receptacle connector--enclosure out port

Figure $1 shows an Mini SAS 4x active receptacle connector used by an enclosure in port that supports:

a) |trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s; and
b) | untrained 1.5 Gbit/s and 3 Gbit/s.

The Mini SAS 4x cable plug connectors shown in figure 43, figure 45, figure 46, figure 48, figure 49, and
figure 91 (see 5.4.3.5.1.1) may be attached to this cannector.

Key 6

Figure 61 — Mini SAS 4x active receptacle connector - enclosure in port
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5.4.3.5.1.3 Mini SAS 4x connector pin assignments

Table 18 defines the pin assignments for Mini SAS 4x cable plug connectors (see 5.4.3.5.1.1) and Mini SAS
4x receptacle connectors (see 5.4.3.5.1.2) for applications using one, two, three, or four of the physical links.

Table 18 — Mini SAS 4x connector pin assignments and physical link usage

Pin usage based on number of physical links
Signal supported by the cable assembly Mating level 2
One Two Three Four
RX O+ AZ A2 A2 A2
RX 0- A3 A3 A3 A3
RX 1+ N/C A5 A5 A5
RX 1- N/C A6 A6 AB
RX 2+ N/C N/C A8 A8
RX 2- N/C N/C A9 A9
RX 3+ N/C N/C N/C A1
RX 3- N/C N/C N/C A12
TX 0+ B2 B2 B2 B2 Third
TX0- B3 B3 B3 B3
TX 1+ N/C B5 B5 B5
X 1- N/C B6 B6 B6
TX 2+ N/C N/C B8 B8
TX 2- N/C N/C B9 B9
TX 3+ N/C N/E N/C B11
TX 3- N/C N/C N/C B12
SIGNAL A1, A4, A7, A10, A13 First
GROUND B1, B4, B7,B10, B13
(C;:g%ﬂg Housing N/A
Key:
N/C_=\iot connected.
@-The mating level indicates the physical dimension of the contact (see SFF-8086).
SIGNACGROUND shallnot be connected 1o CHASSTS GROUND in the connector when used in a cable

assembly.
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5.4.3.5.1.4 Mini SAS 4x active connector pin assignments

Table 19 defines the pin assignments for Mini SAS 4x active cable plug connectors (see 5.4.3.5.1.1) and Mini
SAS 4x active receptacle connectors (see 5.4.3.5.1.2) for implementations using one, two, three, or four of the
physical links.

Table 19 — Mini SAS 4x active connector pin assignments and physical link usage

Pin usage based on number of physical links
Signal supported by the cable assembly Mating level 2
One Two Three Four
RX 0+ A2 A2 A2 A2
RX 0- A3 A3 A3 A3
RX 1+ N/C A5 A5 A5
RX 1- N/C A6 A6 AB
RX 2+ N/C N/C A8 A8
RX 2- N/C N/C A9 A9
RX 3+ N/C N/C N/C A11
RX 3- N/C N/C N/C A12
TX 0+ B2 B2 B2 B2
TX0- B3 B3 B3 B3 Third
TX 1+ N/C B5 B5 B5
X 1- N/C B6 B6 B6
TX 2+ N/C N/C B8 B8
TX 2- N/C N/C B9 B9
TX 3+ N/C N/C N/C B11
TX 3- N/C N/C N/C B12
SENSE P B1
Vee © B13
GSFIQ%TJ?\IIID A1, A4, A7, A10, A13, B4, B7, B10 .
CHASSIS Housi First
GROUND ousing
Key:
N€—=Trotconmected
@ The mating level indicates the physical dimension of the contact (see SFF-8086).
b Electrical characteristics are defined in 5.4.3.5.1.5.
€ Electrical characteristics are defined in 5.4.3.5.1.5.

SIGNAL GROUND shall not be connected to CHASSIS GROUND in the connector when used in a cable
assembly.
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5.4.3.5.1.5 Mini SAS 4x active cable power requirements

Mini SAS 4x active cable assemblies may contain integrated circuitry (e.g., drivers, repeaters, or equalizers).
To enable the operation of circuitry inside the Mini SAS 4x active cable assemblies, Mini SAS 4x active
receptacle connectors provide power when connected to a Mini SAS 4x active cable assembly (see 5.4.4.2.2).
Mini SAS 4x active receptacle connectors shall be intermateable with Mini SAS 4x passive cable assemblies.
To be intermateable, Mini SAS 4x active receptacle connectors define a pin (i.e., SENSE (see table 19)

(see 5.4.3.5.1.4)) to allow control of power. Power shall only be applied to the Mini SAS 4x active cable
receptacle when a Mini SAS 4x active cable assembly is present. Power shall not be applied to the

Mini SAS 4x active cable receptacle when a Mini SAS 4x passive cable assembly or no cable assembly is
present. An example of a power supply logic circuitry design is shown in Annex H.

The voltage and current requirements for the power supplied to the Mini SAS 4x active cable receptacle
enable support for Mini SAS 4x active cable assemblies with power consumption of up to 1 W pereach end of
the cable assembly. These requirements are defined in table 20.

Table 20 — Mini SAS 4x active cable supplied power requirements

Characteristic Units Minimum Nominal Maximum
Supply voltage Y 3.135 @ 3.3 3.465 |
Supply current mA 319.4
Currgnt consumption mA 288.6

Powdr consumption mw 1000 9]©

a8 Atithe maximum supply current.

b The power supply shall not exceed this value at any current.

€ The power supply shall deliver this amount of current at the minimum voltage of 3.135 V.

d Maximum consumption for each end of the active cable assembly at the maximum voltage of 3.4p5 V.
€ This is a derived quantity obtained from: (maximum supply voltage) x (maximum current consumption).

The Mini SAS 4x active cable assembly shall provide a connection of the SENSE pin to ground through a
5 kQ resistor with a relative tolerance of £5_%.

The aclive cable power circuitry shall enable power to the Mini SAS 4x receptacle connector only wheh the
presenge of the sense resistor is detected and power shall be disabled if the SENSE pin is open (i.e., ho
Mini SAS 4x cable assembly plugged in) or shorted to ground (i.e., Mini SAS 4x passive cable plugged in).

The acfive cable power circuitry shall have protection against the connection of the V¢ pin to ground for
excess|ve current loadingc

To support hot plugging;-the active cable power circuitry shall be able to detect the sense resistor and provide
full curfent within 50vms of active cable assembly connection.

The acfive cablé assembly and Mini SAS active cable receptacle power pins (i.e., the V¢ pin and SENSE
pin) shall be-caupled to ground via bypass capacitors so that they possess low impedance to ground ffom
100 M)Iz to'4/5 times the fundamental frequency of the maximum baud rate supported by the attachef
transmitter’'device and the attached receiver device

The power planes of the printed circuit board on the receptacle side shall be coupled to ground.

In implementations where the circuitry in the Mini SAS 4x active cable assembly requires voltages other than
the provided 3.3 V, voltage regulators may be located within the Mini SAS 4x active cable assembly.
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5.4.3.5.2 Mini SAS HD external connectors

5.4.3.5.2.1 Mini SAS HD 4x cable plug connector
The Mini SAS HD 4x cable plug connector is the free (plug) 36-circuit connector defined in SFF-8644.
Figure 62 shows the Mini SAS HD 4x cable plug connector.

Figure 62 — Mini SAS HD 4x cable plug connector

If constructed with a pull tab as shown in figure 62, then the pull tab should use PANTONE 279 C (i.e., light
blue).
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Table 21 (see 5.4.3.5.2.6) define the pin assignments for the Mini SAS HD 4x cable plug connector.
The Mini SAS HD 4x cable plug connectors shall not include keying.

5.4.3.5.2.2 Mini SAS HD 8x cable plug connector

The Mini SAS HD 8i cable plug connector is the dual four lane cable plug (free) connector defined in
SFF-8644. Figure 63 shows the Mini SAS HD 8x cable plug connector. This connector is a modular version of
repeating Mini SAS HD 4x cable plug connectors (see 5.4.3.5.2.1). Module labeling is shown in figure 63. See
figure 62 (see 5.4.3.5.2.1) for pin designations. Mini SAS HD 8x cable plug connectors shall not include
keying.

Figure 63 — Mini SAS'HD 8x cable plug connector

Table 2[1 (see 5.4.3.5.2.6) define the pin assignments for the Mini SAS HD 4x cable plug connector
(see 5.4.3.5.2.1). The pin assignments are,repeated for each module of the Mini SAS 8x cable plug comnector.
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5.4.3.5.2.3 Mini SAS HD 4x receptacle connector

The Mini SAS HD 4x receptacle connector is the four-lane receptacle (fixed) connector defined in SFF-8644.
Figure 64 shows the Mini SAS HD 4x receptacle connector.

/17

01\
of ~__
B1 \

A1 -

Eigure 64 — Mini SAS HD 4x receptacle connector

Table 2[1 (see 5.4.3.5.2/6) defines the pin assignments for the Mini SAS HD 4x receptacle connector.
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5.4.3.5.2.4 Mini SAS HD 8x receptacle connector

The Mini SAS HD 8x receptacle connector is a dual four-lane receptacle (fixed) connector defined in
SFF-8644. Figure 65 shows the Mini SAS HD 8x receptacle connector. This connector is a modular version of
the Mini SAS HD 4x receptacle connector (see 5.4.3.5.2.3). Module labeling is shown in figure 65. See
figure 64 (see 5.4.3.5.2.3) for pin designations.

Figure 65 — Mini SAS HD 8x receptacle connector

Table 2[1 (see 5.4.3.5.2.6) defines the pin assignments for the Mini*SAS HD 8x receptacle connector. The

connedtor is a modular design of repeating Mini SAS HD 4x regeptacles (see 5.4.3.5.2.3). The Mini SAS HD
8x receptacle connector accepts one Mini SAS HD 8x plug cannector (see 5.4.3.5.2.2) or one or two Mini SAS
HD 4x plug connectors (see 5.4.3.5.2.1).
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5.4.3.5.2.5 Mini SAS HD 16x receptacle connector

The Mini SAS HD 16x receptacle connector is a quad four-lane receptacle (fixed) connector defined in
SFF-8644. Figure 66 shows the Mini SAS HD 16x receptacle connector. This connector is a modular version
of the Mini SAS HD 4x receptacle connector (see 5.4.3.5.2.3). Module labeling is shown in figure 66. See
figure 64 (see 5.4.3.5.2.3) for pin designations.

Figure 66 — Mini SAS HD, 16x receptacle connector

Table 2[1 (see 5.4.3.5.2.6) defines the pin assignmeénts for the Mini SAS HD 16x receptacle connector.| The
connector is a modular design of repeating Mini.SAS HD 4x receptacles (see 5.4.3.5.2.3). The Mini SAS HD
16x regeptacle connector accepts:

a) | one or two Mini SAS HD 8x cable plug connectors (see 5.4.3.5.2.2);

b) [ one, two, three, or four Mini SAS'HD 4x cable plug connectors (see 5.4.3.5.2.1); or
c) | a combination of one Mini SAS HD 8x cable plug connector (see 5.4.3.5.2.2) and one or two Mini SAS
HD 4x cable plug connectors (see 5.4.3.5.2.1).

A Mini BAS HD 4x cable plug\connector (see 5.4.3.5.2.1) may be plugged into module A, module B,
modulg C, or module D,.A Mini SAS HD 8x cable plug connectors (see 5.4.3.5.2.2) may be plugged into
modulg A and module B,-module B and module C, or module C and module D.



https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 -1 -

5.4.3.5.2.6 Mini SAS HD 4x connector pin assignments

Table 21 defines the pin assignments for Mini SAS HD 4x cable plug connectors (see 5.4.3.5.2.1) and
Mini SAS HD 4x receptacle connectors (see 5.4.3.5.2.3) for controller applications using one, two, three, or
four of the physical links.

Table 21 — Mini SAS HD 4x connector pin assignments and physical link usage

Pin usage based on number of physical
Signal links supported by the cable assembly Mating level 2
One Two Three Four
RX 0- B5 B5 B5 B5
RX 0+ B4 B4 B4 B4
Third
RX 1- N/C A5 A5 A5
RX 1+ N/C A4 A4 A4
IntL P A2 A2 A2 A2
Reserved ° A1 A1 A1 A1
Second
ModPrsL P B2 B2 B2 B2
Vact P B1 B1 B1 B1
RX 2- N/C N/C B8 B8
RX 2+ N/C N/C B7 B7
Third
RX 3- N/C N/C N/C A8
RX 3+ N/C N/C N/C A7
TX 0- D5 D5 D5 D5
TX 0+ D4 D4 D4 D4
Third
TX 1- N/C C5 C5 C5
TX 1+ N/E C4 C4 C4
SDA P c2 c2 c2 c2
scL C1 C1 C1 C1
H Second
Vman D2 D2 D2 D2
VactP D1 D1 D1 D1
TX 2- N/C N/C D8 D8
TX 2+ N/C N/C D7 D7
Third
TX 3- N/C N/C N/C Cc8
TX 3+ N/C N/C N/C Cc7
SIGNAL A3, A6, A9, B3, B6, B9, First
GROUND C3, C6, C9, D3, D6, D9
Key:
N/C = not connected
@ The mating level indicates the physical dimension of the contact (see SFF-8644).
b Table 22 (see 5.4.3.5.2.7) defines the connection requirements of this signal.
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5.4.3.5.2.7 Mini SAS HD external connector management interface
Each 4x module shall include a two-wire serial management interface to:

a) monitor circuitry residing in the cable assembly;

b) control circuitry residing in the cable assembly; and

c) obtain physical characteristics of the cable encoded in a non-volatile storage device located in the
cable assembly.

Table 22 defines the connection requirements of the management interface signals. The following connectors
shall support the signals in table 22 in each 4x module:

a) Mini SAS HD 4x receptacle connectors (see 5.4.3.5.2.3):

b) | Mini SAS HD 8x receptacle connectors (see 5.4.3.5.2.4);

¢) | Mini SAS HD 16x receptacle connectors (see 5.4.3.5.2.5);

d) | Mini SAS HD 4x cable plug connectors (see 5.4.3.5.2.1); and
e) | Mini SAS HD 8x cable plug connectors (see 5.4.3.5.2.2).

See SHF-8449 and SFF-8636 for a complete signal definition, management interface memory map, afd
timing diagrams for the two-wire interface.

Table 22 — Management interface connection requirements

Signal Connection requirements 2

Active Low Module Interrupt: This pin shall be connected to Vman (see SFF-8449) on
the receptacle side of the management interface, The source of the interrupt may b
identified using the two-wire serial managementinterface. If the cable assembly supports
interrupts, then the cable assembly shall assért this pin to indicate an interrupt bit has
IntL been set to one in the management interface memory map. If a cable assembly doef not
support interrupts, then all interrupt bits in the cable management interface memo

map shall be set to zero and the cable’assembly shall negate this pin (e.g., all interfupt
bits of a passive cable assembly may be programmed to a clear state and the IntL pih not
connected on the cable plug side of the management interface).

Active Low Module Present: On the cable plug side of the management interface,
ModPrsL shall be connetcted directly to the signal ground pins specified in table 21
MopPrsL (see 5.4.3.5.2.6). ModPrsL shall be connected to Vman (see SFF-8449) on the
receptacle side ofthe management interface to negate this signal when the plug is pot
fully mated to the.receptacle.

This pin shall be not connected on the receptacle side and cable plug side of the

Regerved .
management interface.
dcL Two-wire interface clock: The receptacle side of the management interface shall
b connect this signal to Vman (see SFF-8449).
dpA Two-wire interface data: The receptacle side of the management interface shall connect
N this signal to Vman (see SFF-8449).
Active cable power: If the receptacle side of the management interface supports afctive
cable assemblies, then It shall provide all nhon-management Interiace power to the cable
Vact assembly on the Vact pins. To support equal loading, both Vact pins shall be connected

together on the receptacle side of the management interface. If the receptacle side of the
management interface does not support active cable assemblies, then the Vact pins
should be not connected.

Management interface power: The receptacle side of the management interface shall
Vman provide power on the Vman pin to enable the management interface circuitry of the
cable. Power may be removed to reset the management circuitry in the cable assembly.

@ Electrical characteristics are defined in SFF-8449.
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5.4.3.5.2.8 Mini SAS HD external connector memory map

SFF-8636 defines the Mini SAS HD external connector management interface memory map. The Mini SAS
HD external cable assembly shall support the following management interface memory map registers:

a) supported SAS baud rate;

b) vendor name;
c) vendor part number;
d) vendor revision;

e) copper cable attenuation;

f) power class;

g) _minimum operating voltage:
h) | transmitter technology;

i) |cable width; and
i) |propagation delay.

5.4.3.5/3 QSFP+ connectors

5.4.3.5]3.1 QSFP+ cable plug

The QYFP+ cable plug connector is the free (plug) 38-circuit connector defined in"SFF-8685. Figure 67
the QSFP+ cable plug connector.

Optional pull tab

shows

Figure 67 — QSFP+ cable plug connector
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Table 23 (see 5.4.3.5.3.3) defines the pin assignments for the QSFP+ cable plug connector.

The QSFP+ cable plug connectors shall not include keying.

5.4.3.5.3.2 QSFP+ receptacle

The QSFP+ receptacle connector is the fixed (receptacle) 38-circuit connector defined in SFF-8685. Figure 68
shows the QSFP+ receptacle connector.

Optional gasket configuration

Figure 68 — QSFP+ receptacle connector

Table 23 (see 5.4.3.5.3.3) defines the pin assignments for the QSFP+ receptacle connector.

The QSFP+ receptacle connectors shall not include keying.
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5.4.3.5.3.3 QSFP+ connector pin assignments

Table 23 defines the pin assignments for QSFP+ connectors (see 5.4.3.5.3.1 and 5.4.3.5.3.2). Specific pins
are used to provide managed cable communication and power to the cable assembly.

Table 23 — QSFP+ connector pin assignments (part 1 of 2)

Pin Signal Description Mating level 2
1 GND P Ground First
2 Tx2n Transmitter inverted data input Third
3 Tx2p Transmitter non-inverted data input Third
4 GND P Ground First
5 Tx4n Transmitter inverted data input Third
6 Tx4p Transmitter non-inverted data input Third
7 GND P Ground First
8 ModSelL Module select Third
9 ResetlL Module reset Third
10 Veec Rx © +3.3 V power supply receiver Second
11 SCL two-wire serial interface, clock Third
12 SDA two-wire serial interface data Third
13 GND P Ground First
14 Rx3p Receiver non-inverted data output Third
15 Rx3n Receiveriinverted data output Third
16 GND P Ground First
17 Rx1p Receiver non-inverted data output Third
18 Rx1n Receiver inverted data output Third
19 GND P Ground First

20 GND ® Ground First

21 Rx2n Receiver inverted data output Third

22 Rx2p Receiver non-inverted data output Third

23 GND P Ground First

24 Rx4n Receiver inverted data output Third

25 Rx4p Receiver non-inverted data output Third
76 GND ® Ground FIrst
27 ModPrsL Module present Third
28 IntL Interrupt Third

@ The mating level indicates the physical dimension of the contact. See SFF-8685.

b GND is the symbol for signal ground and power ground for QSFP+. Signal ground
and power ground are common within the QSFP+ cable connector and all voltages
are referenced to this ground unless otherwise specified. Signal ground and
power ground shall be connected directly to the host board signal ground.

¢ Power shall be applied concurrently to Vcc Rx, Vee1, and Vee Tx. Within the QSFP+
cable connector, Vcc Rx, Vce1, and Vee Tx may be connected in any combination.
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Table 23 — QSFP+ connector pin assignments (part 2 of 2)

Pin Signal Description Mating level 2
29 Vee Tx © +3.3 V power supply transmitter Second
30 Veel © +3.3 V power supply Second
31 LPMode Low power mode Third
32 GND P Ground First
33 Tx3p Transmitter non-inverted data input Third
34 Tx3n Transmitter inverted data input Third
35 GND P Ground First
36 Tx1p Transmitter non-inverted data input Third
37 Tx1n Transmitter inverted data input Third
38 GND P Ground First

@ The mating level indicates the physical dimension of the contact. See SFF-8685.

b GND is the symbol for signal ground and power ground for QSEP+. Signal ground
and power ground are common within the QSFP+ cable connector and all voltages
are referenced to this ground unless otherwise specified.\Signal ground and
power ground shall be connected directly to the host board signal ground.

¢ Power shall be applied concurrently to Vcc Rx, Vecand Vee Tx. Within the QSFP+
cable connector, Vcc Rx, Vcc1, and Vee Tx maydbe connected in any combination.

5.4.3.5/3.4 QSFP+ memory map

The mgmory map for QSFP+ is used for identification.information, cable characteristics, control functiofps, and
digital monitoring. The two-wire serial interface is,réquired for all QSFP+ devices. SFF-8636 defines the
suppor{ed SAS baud rate codes. See SFF-8636\for register map details and the operation of the two-yire
serial interface.
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5.4.4 Cable assemblies

5.4.4.1

5.4.4.1
A SAS

a)
b)
c)

A SAS

a)
b)

A SAS

a)
b)

The po
A SAS

assembly. The signal assignment for the SAS initiator device or expander device (see SPL-3) with thig
connector shall be the same as that defined for a SATA host (seeSATA).

Figure

SAS internal cable assemblies

.1 SAS Drive cable assemblies
Drive cable assembly is either:

a single-port SAS Drive cable assembly;
a dual-port SAS Drive cable assembly; or
a MultiLink SAS Drive cable assembly.

ngfte-port Drive table assembty or SAS duat-port Drive cabte assembty has:

a SAS Drive cable receptacle connector (see 5.4.3.4.1.2) on the SAS target device end;-and
a SATA signal cable receptacle connector (see SATA) on the SAS initiator device or expander
end (see SPL-3).

MultiLink Drive cable assembly has:

a SAS MultiLink Drive cable receptacle connector (see 5.4.3.4.1.2) on the SAS target device ¢
a SATA signal cable receptacle connector (see SATA) on the SAS initiater'device or expander
end (see SPL-3).

ver, READY LED, and POWER DISABLE signal connection is vendor’specific.

nitiator device shall use a SATA host plug connector (see SATA)for connection to a SAS Drive

b9 shows the Single-port SAS Drive cable assembly:

Power/READY LED/POWER DISABLE
SATA signal cable connection

cable receptacle D—/— %3‘131 5
connector ; N
d h I
Selc_:os ar;t/p y(jlca S8_S14 |

J, ink (not used) ‘ SAS Drive cable

A — — — — — — — .- — S7 receptacle connector

g : (A) gg Legend:

v High-speed serial

4 ——————————— gg :O:: ::O: differential pairs

g lvl : e | 0020 0T - Signal return

1 F—— s — — — — — — S ——F—— Multiple signals
[ F— Kéy.

Figure 69 — Single-port SAS Drive cable assembly

device

hd; and
device

cable
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Figure 70 shows the Dual-port SAS Drive cable assembly.

SATA signal cable
receptacle

connector Power/READY LED/POWER DISABLE
cable connection
! | —+—P1-P15
/I m—————————— S14
6 |- ["] S13
5 |- o S12
4 m—————————— S11
3 &l P S10
2 o P g9
1T — = S8 .
[ ¥ Key #—— SAS Drive cable
receptacle connector
=== s7
g : [A] S6 Legend:
o S5 :@:: High*speed serial
4~ T T T T T T T - S4 ::D: differential pairs
3 P 53 | .
{ Signal return
2 —v > s2 o
1 e e e e e = = S1 ——/——— Multiple signals
[ k— Key

Figure 70 — Dual-port SAS Drive cable assembly
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Figure 71 shows the MultiLink SAS Drive cable assembly.

SATA signal cable
receptacle

connector

5.4.41

5.4.4.1

Power/READY LED/POWER DISABLE
cable connection

| —+—P1-P15

——————————— S28
- i S27
- < S26
——————————— S25

] B=—S27%
P 323
——————————— S22

S22
S21
S20
S19
lAl > S18
p| S17
\%4
____________ S16
L F—— Key <—— SAS MultiLink Drive cable
receptacle connector

———————————— S14

A S13
< 4 Legend:
< S12

7

6

5 g High-speed sefrial
gnh-speea seria

g ____________ SE\Q :©:: ::O: differential paits

5 9

1

————— Signal return

____________ :\\688 ——#——— Multiple signal

v

7 T T T T T T T AT S7
6 < FaN 86
4 | _ _ _ Cr_ _ _ _ S4
3
2
1

o p S3
U p S2
S1

Figure 71 — MultiLink SAS Drive cable assembly

2 SAS internal symmetric cable assemblies

.2.1 SAS internal symmetric cable assemblies overview

A SAS internal symmetric cable assembly has:

a)
b)
c)
d)
e)

f)

a SAS 4i cable receptacle connector (see 5.4.3.4.2.1) on each end (see 5.4.4.1.2.2);

a Mini SAS 4i cable plug connector (see 5.4.3.4.3.1) on each end (see 5.4.4.1.2.3);

a Mini SAS HD 4i cable plug connector on each end (see 5.4.4.1.2.4);

a Mini SAS HD 8i cable plug connector on each end (see 5.4.4.1.2.5);

a SAS 4i cable receptacle connector on one end and a Mini SAS 4i cable plug connector on the other
end, with vendor-specific sidebands (see 5.4.4.1.2.5);

a SAS 4i cable receptacle connector on the controller end and a Mini SAS 4i cable plug connector on
the backplane end, with sidebands supporting SGPIO (see 5.4.4.1.2.7);


https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

-120 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

g) a Mini SAS 4i cable plug connector on the controller end and a SAS 4i cable receptacle connector on
the backplane end, with sidebands supporting SGPIO (see 5.4.4.1.2.8); or

h) a Mini SAS 4i cable plug connector on one end and a Mini SAS HD 4i cable plug connector on the
other end (see 5.4.4.1.2.9).

In a SAS internal symmetric cable assembly, the TX signals on one end shall be connected to RX signals on
the other end (e.g., a TX+ of one connector shall connect to an RX+ of the other connector). SAS internal
symmetric cable assemblies should be labeled to indicate how many physical links are included (e.g., 1X, 2X,
3X, and 4X on each connector's housing). A SAS internal cable with a SAS 4i cable receptacle on either end
should not be used for rates greater than 3 Gbit/s.

5.4.4.112-2"SAS intermat symmetric cable assembly = SAS 41
Figure Y2 shows the SAS internal symmetric cable assembly with SAS 4i cable receptacle connegtors @t each
end.
Key slot—>
2 —m—————————— 1
31 i P 2
30 > 3
29 —m—————————— 4
28 |« (’\) 5
27 < o 6
B t——————————— 7
25 f » 8
24 » 9
23 m————————— = 10
22 |- A 11
21 |- 12
0 ———————— — —— 1 §
19 |l@—  — — — — . — . > 51‘
18 4— ............. >®1 5
17 e N 16
16 4— ............. > 17
15 @ — — — — . . > 18
14 [ — = 19
13— - 20
12 f > 21
11 Y > 22
100 ——————————— 23
9 = ] 24
8 |« 7 25
7 mo o ——————— 26
s oY > o
5 Y > 28
%0 ——————————— 29
~)2 : U 2(1) Legend: i . |
e _ -+ <4 High-speed seria
* o =P -~ differential pairs
ﬁs SAS 4icable receptacle 00— T T T T Signal return
Key slot connectors -@4— - — - 9 Sideband signal

Figure 72 — SAS internal symmetric cable assembly - SAS 4i

In addition to the signal return connections shown in figure 72, one or more of the signal returns may be
connected together in this cable assembly.

For controller-to-backplane applications, this cable assembly may support one to four physical links.
SIDEBAND signals on the controller are attached to the corresponding SIDEBAND signals on the backplane
(e.g., SIDEBANDO of the controller is attached to SIDEBANDO of the backplane).
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For controller-to-controller applications, this cable assembly shall support all four physical links and the
controllers should use all four physical links, because one controller’s physical links 0 and 1 are attached the
other controller’s physical links 3 and 2, respectively. If both controllers use one or two physical links starting
with physical links 0, communication is not possible. If both controllers use physical links 0, 1, and 2, then only
communication over physical links 1 and 2 is possible. SIDEBAND signals on one controller are not attached
to their corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is
attached to SIDEBANDS of the other controller).

5.4.4.1.2.3 SAS internal symmetric cable assembly - Mini SAS 4i

Figure 73 shows the SAS internal cable assembly with Mini SAS 4i cable plug connectors at each end.

B8 m—————————— A18

B17 P A17

B16 U > A16

B5 m—————————— A15

B13 o > A13

B2 m———— - —— —— A12

B11 |ea—  — « — o — e e — o — . e A11

Bl #— - — — - — - — - — . — > A10

Bg <— ............. > Ag

Bg *+— — — — — . — . —. > A8

B m—————————— A7

B6 p- A6

B5 U » A5

B4 —r ————— == ——— A4

B3 ('\) > A3

B2 P A2 ]

i )
AM—r—————— — — — =

A17 i “B17

A16 o B16
AMS—————— — — —>— B15

A14 f] B14

A13 7 B13
AM2——————— — — — — B12

Al g—  — . — . O | B11

A0 t— — — 5" — — —- - B10

A9 <_ ............. > Bg

A = —— = — > B8

ATl m— =i = e e = = — B7

A6 | (A) B6

A5 << v B5

A Ay ——————— — = B4 | Legend:

- A B3 High-speed serial
- U B2 :O:: ::O: differential pairs

MrFr—————————- Bl|] ————-— Signal return

<@— - — - 9 Sideband signal
Mini SAS 4i cable plug connectors

Figure 73 — SAS internal symmetric cable assembly - Mini SAS 4i
In addition to the signal return connections shown in figure 73, one or more of the signal returns may be
connected together in this cable assembly.

This cable assembly may support one to four physical links.

For controller-to-backplane applications, SIDEBAND signals on the controller are attached to the
corresponding SIDEBAND signals on the backplane (e.g., SIDEBANDO of the controller is attached to
SIDEBANDOQO of the backplane).


https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

122 -

ISO/IEC 14776-154:2017 © ISO/IEC 2017

For controller-to-controller applications, SIDEBAND signals on one controller are not attached to their
corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is attached to
SIDEBANDY of the other controller).

5.4.4.1.2.4 SAS internal symmetric cable assembly - Mini SAS HD 4i

Figure 74 shows the SAS internal cable assembly with Mini SAS HD 4i cable plug connectors at each end.

g —r——-——-——-—-—-——— B9

D8 ("] > B8

D7 v > B7

Dfm——— === — = B6

D5 (’\] > B5
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D2 |e— s p D1

Dl = — — — — — . — b D2

C1 - —  — o — . — —_— —. = C2

C2 4_ ............. > C1

Br—Fr—————————— A3

C4 i - A4

C5 P A5

Cb m—————————— A6

Cc7 0 A7

C8 P A8

O r—r—————————— A9

M —rk—mm—---—---—— D9

B8 = (") D8

B7 = 4 D7 {

B ——————————— gg\

B5 = i

B4 —=D4

B3 ———————=—— == D3

B2 lat—  — — = p B1

Bl @ — — — — 5= b B2

Al ([ — — — — — — - — - A2

A2 [E— — — . — . — . —. A1

A —m———— = ———- C3

A4 | (A) C4

A5 = o C5

Ab —m— — e ——————— C6 | Legend:

A7 - A Cc7 High-speed serial

A8 |- U C8 :O:: ::O: differential pairs

A s —— = | ————- Signal return

<@— - — - 9 Sideband signal

Mini SAS HD 4i cable plug connectors
Figure 74 — SAS internal symmetric cable assembly - Mini SAS HD 4i

In addition to the signal return connections shown in figure 74, one or more of the signal returns may be
connected together in this cable assembly.

This cable assembly may support one to four physical links.

For controller-to-backplane applications, SIDEBAND signals on the controller are attached to the
corresponding SIDEBAND signals on the backplane (e.g., SIDEBANDO of the controller is attached to
SIDEBANDOQO of the backplane).

For controller-to-controller applications, SIDEBAND signals on one controller are not attached to their
corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is attached to
SIDEBANDY of the other controller).
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5.4.4.1.2.5 SAS internal symmetric cable assembly - Mini SAS HD 8i

Figure 75 shows the SAS internal cable assembly with Mini SAS HD 8i cable plug connectors at each end.

g ——————————— B9
D8 (") > B8
D7 % > B7
Df ———————— === B6
D5 (") P> B5
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6 —m—————————— A6
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BE ————————— —— D6
B5 - 0 D5
B4 | 7 D4
B—r—————————— D3
B2 @ — — = === » B1
Bl «-— — — — — — . —. » B2
Al [ A2
A2 € — — = === > A1
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A4 A or
A5 | U ﬁ‘g
AB ————————— ==
A7 |- A C7 | Looking into the mating face of the Mini SAS HD
A8 <€ {J_| cg | 8icable plug P1. Mini SAS HD 8i cable plug P2
AD I — — e — — c9 | is on the other end of the cable assembly.
T )
P1-A - - P2-A
P1-B <& —» P2-B
Mini SAS HD,8i cable plug connectors
Figure 75 — SAS internal symmetric cable assembly - Mini SAS HD 8i
In addition tothesignal return connections shown in figure 75, one or more of the signal returns may be
connected together in this cable assembly.

This cable-assemblymay-suppg j i } i j i pported,
then module A shall be populated flrst foIIowed by module B (e.g., if six phy3|cal links are supported, then
module A has four physical links connected and module B has two physical inks connected). See 5.4.3.4.4.6
for connector module pin assignments.

For controller-to-backplane applications, SIDEBAND signals on the controller are attached to the
corresponding SIDEBAND signals on the backplane (e.g., SIDEBANDO of the controller is attached to
SIDEBANDO of the backplane).

For controller-to-controller applications, SIDEBAND signals on one controller are not attached to their
corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is attached to
SIDEBANDY of the other controller).
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5.4.4.1.2.6 SAS internal symmetric cable assembly - SAS 4i to Mini SAS 4i with vendor-specific
sidebands

Figure 76 shows the SAS internal symmetric cable assembly with a SAS 4i cable receptacle connector at one
end and a Mini SAS 4i cable plug connector at the other end, with vendor-specific sidebands.

— — — —B18
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28 - Ay B17
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23 —— —— — — — — A12
22 - A B14
21 |- U B13
20 —m——— — — — — B12

<@ P B11
19 |<@— - 9 Connections to <#— - | B10
18 [<— - P sideband - P B9
17 |4— - signalsare % ¥ B8
16 <— - - outside the -a— - 9 Al1
15 |<&— - % scope of this <#— - ¥ A10
14 [<— - P standard <P A9
-4 - | A8

—— — = B7
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9 |« (") B6
8 |« & B5
7 —— == = — — 1 B4
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2 |- U B2|  =———==-=- Signal return
1. =7 - — — /7 B1 <4— - — - » Sideband signal
ﬁf SAS 4i cable T
Kegslot receptacle Mini SAS 4i cable
connector plug connector
Figlrre 76— SAS internal symmetric cable assembly - SAS 4i to Mini SAS 4i with vendor-speg¢ific
ideband siqnal

The cable assembly shown in figure 76 may require different SIDEBAND signal routing based on whether the
controller or backplane is using the SAS 4i connector.

Each signal return on one end of this cable assembly shall be connected to at least one signal return on the
other end of the cable assembly. One or more of the signal returns may be connected together in this cable
assembly.

For controller-to-backplane applications with the SAS 4i cable receptacle connector on the controller end, this
cable assembly may support one to four physical links.

For controller-to-controller applications, this cable assembly may support one to four physical links.
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For controller-to-backplane applications with the Mini SAS 4i cable receptacle connector on the controller end,
this cable assembly shall support all four physical links and the controller should use all four physical links,
because the controller’s physical links 0, 1, 2, and 3 are attached to the backplane’s physical links 3, 2, 1, and
0, respectively. If both the controller and the backplane use one or two physical links starting with physical
links 0, communication is not possible. If both the controller and the backplane use physical links 0, 1, and 2,
then only communication over physical links 1 and 2 is possible.

5.4.4.1.2.7 SAS internal symmetric cable assembly - SAS 4i controller to Mini SAS 4i
backplane with SGPIO

Figure 77 shows the SAS internal symmetric cable assembly with a SAS 4i cable receptacle connector at the

controllgrendanda mni-SASZitabte ptugconmector at the backptane end; with sidebands connecte
suppor] SGPIO (see SFF-8485).
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—U—> ::O: differential pairs

Figure 77 — SAS internal symmetric cable assembly - SAS 4i controller to Mini SAS 4i backplane with
SGPIO connections
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Each signal return on one end of the cable assembly shown in figure 77 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.

This cable assembly may support one to four physical links.
5.4.4.1.2.8 SAS internal symmetric cable assembly - Mini SAS 4i controller to SAS 4i
backplane with SGPIO

Figure 78 shows the SAS internal symmetric cable assembly with a Mini SAS 4i cable receptacle connector at
the controller end and a SAS 4i cable plug connector at the backplane end, with sidebands connected to
support SGPIO (see SFF-8485).
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Figure 78 — SAS internal symmetric cable assembly - Mini SAS 4i controller to SAS 4i backplane with
SGPIO connections


https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 127 -

Each signal return on one end of the cable assembly shown in figure 78 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.

This cable assembly may support one to four physical links.

5.4.4.1.2.9 SAS internal symmetric cable assembly - Mini SAS 4i to Mini SAS HD 4i

Figure 79 shows the SAS internal symmetric cable assembly with a Mini SAS 4i cable plug connector at one
end and a Mini SAS HD 4i cable plug connector at the other end.
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Figure 79 — SAS internal symmetric cable assembly - Mini SAS 4i to Mini SAS HD 4i

In addition to the signal return connections shown in figure 79, one or more of the signal returns may be
connected together in this cable assembly.

This cable assembly may support one to four physical links.
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For controller-to-backplane applications, SIDEBAND signals on the controller are attached to the
corresponding SIDEBAND signals on the backplane (e.g., SIDEBANDO of the controller is attached to
SIDEBANDOQO of the backplane).

For controller-to-controller applications, SIDEBAND signals on one controller are not attached to their
corresponding SIDEBAND signals on the other controller (e.g., SIDEBANDO of one controller is attached to
SIDEBANDY of the other controller).

5.4.4.1

5.4.4.1
A SAS

a)

b)

In a SA
signals

.3 SAS internal fanout cable assemblies

.3.1 SAS internal fanout cable assemblies overview

nternal fanout cable assembly is either:

a SAS internal controller-based fanout cable assembly (see 5.4.4.1.3.2) with:

A) a SAS 4i cable receptacle connector on one end (i.e., the controller end) and four' SAS Dr|
cable receptacle connectors on the other end;

B) a Mini SAS 4i cable plug connector on one end (i.e., the controller end) and four SAS Driv
receptacle connectors on the other end; or

C) a Mini SAS HD 4i cable plug connector on one end (i.e., the controllerend) and four SAS
cable receptacle connectors on the other end;

or

a SAS internal backplane-based fanout cable assembly (see 5/4.4.1.3.3) with:

A) four SATA signal cable receptacle connectors on one end<{i.e., the controller end) and a §
cable receptacle connector on the other end (i.e., the backplane end);

B) four SATA signal cable receptacle connectors on one end (i.e., the controller end) and a Mi
4i cable plug connector on the other end (i.e., the backplane end); or

C) four SATA signal cable receptacle connectors on one end (i.e., the controller end) and a Mi
HD 4i cable plug connector on the other endy(i.e., the backplane end).

S internal fanout symmetric cable assembly;.the TX signals on one end shall be connected to |

on the other end (e.g., a TX+ of one connector shall connect to an RX+ of the other connector).

ve

p cable

Drive

AS 4i
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5.4.4.1.3.2 SAS internal controller-based fanout cable assemblies

Figure 80 shows the SAS internal controller-based fanout cable assembly with a SAS 4i cable receptacle
connector at the controller end.
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Figure 80 — SAS internal controller-based fanout cable assembly - SAS 4i

Each signal return on one end of the cable assembly shown in figure 80 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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Figure 81 shows the SAS internal controller-based fanout cable assembly with a Mini SAS 4i cable plug
connector at the controller end.
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Figure 81 — SAS internal controller-based fanout cable assembly - Mini SAS 4i

Each signal return on one end of the cable assembly shown in figure 81 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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Figure 82 shows the SAS internal controller-based fanout cable assembly with a Mini SAS HD 4i cable plug

connector at the controller end.
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Figure 82 — SAS internal controller-based fanout cable assembly - Mini SAS HD 4i

Each signal return on one end of the cable assembly shown in figure 82 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected

together in this cable assembly.
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5.4.4.1.3.3 SAS internal backplane-based fanout cable assemblies

Figure 83 shows the SAS internal backplane-based fanout cable assembly with the SAS 4i cable receptacle
connector.
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Figure 83 — SAS internal backplane-based fanout cable assembly - SAS 4i

Each signal return on one end of the cable assembly shown in figure 83 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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Figure 84 shows the SAS internal backplane-based fanout cable assembly with the Mini SAS 4i cable
receptacle connector.
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Each signal return on one end of the cable assembly shown in figure 84 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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Figure 85 shows the SAS internal backplane-based fanout cable assembly with the Mini SAS HD 4i cable
receptacle connector.
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Each signal return on one end of the cable assembly shown in figure 85 shall be connected to at least one
signal return on the other end of the cable assembly. One or more of the signal returns may be connected
together in this cable assembly.
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5.4.4.2

5.4.4.2,

SAS external cable assemblies

1 SAS external cable assemblies overview

A SAS external cable assembly has:

a)
b)
c)
d)

e)

a Mini SAS 4x cable plug connector (see 5.4.3.5.1.1) at each end (see 5.4.4.2.2);

a Mini SAS HD 4x cable plug connector (see 5.4.3.5.2.1) at each end (see 5.4.4.2.3);

a Mini SAS HD 8x cable plug connector (see 5.4.3.5.2.2) at each end (see 5.4.4.2.4);

a Mini SAS HD 8x cable plug connector (see 5.4.3.5.2.2) at one end and two Mini SAS HD 4x cable
plug connectors (see 5.4.3.5.2.1) at the other end (see 5.4.4.2.5);

a Mini SAS HD 4x cable plug connector at one end and a Mini SAS 4x cable plug connector at the

f)

SAS e
signal.

Althoug
supporf
physic3

The TX

one colnector shall be connected to RX0+ of the other connector).

Signal

other end (see 5.4.4.2.6); or
a QSFP+ cable plug connector (see 5.4.3.5.3.1) at each end (see 5.4.4.2.7).

ternal cable assemblies do not include power, the READY LED signal, or the POWER ‘DISABLE

h the connector always supports four or eight physical links, a SAS external cablé assembly may
one to eight physical links. SAS external cable assemblies should be labeled to indicate how many
I links are included (i.e., 1X, 2X, 3X, 4X, 5X, 6X, 7X, or 8X on each conngctor's housing).

signals on one end shall be connected to the corresponding RX signals of the other end (e.g., TX0+ of

eturns shall not be connected to CHASSIS GROUND in the cable’assembly.

In addition to the SAS icon (see Annex 1), additional icons are defined for external connectors to guidg users

into ma
table ro
Conneq
not hav

One en
port, or
attache
connec

king compatible attachments (i.e., not attaching expander device table routing phys to expander|device
uting phys in externally configurable expander devices,(see SPL-3), which is not allowed (see SPL-3)).
tors that have one or more matching icons are intended to be attached together. Connectors that do

e a matching icon should not be attached together:

d of the SAS external cable assembly shall support being attached to an end device, an enclospre out
an enclosure universal port. The other end-of the SAS external cable assembly shall support Qeing
d to an end device, an enclosure in port;*or an enclosure universal port. If a Mini SAS 4x cable|plug
tor is used, then it shall include icons,and key slots as defined in 5.4.3.5.1.1.
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5.4.4.2.2 SAS external cable assembly - Mini SAS 4x

Figure 86 shows the SAS external cable assembly with Mini SAS 4x cable plug connectors at each end. This
cable assembly should not be used for rates greater than 6 Gbit/s.
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Figure 86 — Mini SAS 4x external cable assembly

In addition to the signal return connegstions shown in figure 86, one or more of the signal returns may pe
connected together in this cable assembly.
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Figure 87 shows the SAS external cable assembly with Mini SAS 4x active cable assembly plug connectors at
each end.
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Figure 87 — Mini SAS 4x active external cable assembly

In addition to the signal return connections shown in figure 87, one or more of the signal returns may pe
connected together in this cable assembly.
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Figure 88 shows the an example cable with icons and key slots in the SAS external cable assembly with Mini
SAS 4x cable plug connectors at each end. Depending on the cable configuration, the Mini SAS 4x cable
connectors may also include different icon, key slot, and key combinations than shown in figure 88

(see 5.4.3.5.1.1).

Figure 88 — SAS external cable assembly with Mini SAS 4x cable plug connectors

Although the topology:is supported by this document and SPL-3, a SAS external cable assembly with [Mini
SAS 44 cable plug<onnectors on each end that attaches an enclosure in port to another enclosure in port is
not defined by this document and SPL-3.
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5.4.4.2.3 SAS external cable assembly - Mini SAS HD 4x

Figure 89 shows the SAS external cable assembly with Mini SAS HD 4x cable plug connectors at each end.
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Figure 89 — SAS external cable assembly - Mini SAS HD 4x
In addifion to the signal return connections shown in figure 89, one or more of the signal returns may pe
connected together in this cable assembly.
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Figure 90 shows an example SAS external cable assembly with Mini SAS HD 4x cable plug connectors at
each end.
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5.4.4.2,

4 SAS external cable assembly - Mini SAS HD 8x
Figure 91 shows the SAS external cable assembly with Mini SAS HD 8x cable plug connectors at each end.
g—r—————-————— B9
D8 0 » B8
D7 > B7
bf—————————— B6
D5 0 > B5
D4 > B4
BrF—————————— B3
5t =
D1 B1
C1 g % A1
C2 A2
C m—m———e e = — A3
C4 ) » A4
C5 > A5
C6b m—————————— AB
Cc7 (") : A7 Legend:
C8 A8 High-speed'serial
CO O — e e e e e = - A9 :D:: ::O: differential pairs
gg :_ T T T T T T T gg ————— Signal return
Power and management

B7 < U D7 <::| ::> interface
B6 m—————————— D6
B5 = ] D5
B4 = 7 D4
B—r—————————— D3
B2 D2
B1 D1
A1 C1
A2 C2 {
A = o ———— C%
A4
A5 | U ’g P1 or P2
A == — — — — = C6
A7 |- A C7 | Looking into the mating face of the Mini SAS HD
A8 | (LI cg | 8x cable plug P1. Mini SAS HD 8x cable plug P2
A = — = = — - C9 | is on the other end of the cable assembly.
) 1

P1-A P P2-A

P1-B - » P2-B

In addifion to the.signal return connections shown in figure 91, one or more of the signal returns may

connec

The ca

Mini SAS HD 8x cable plug connectors
Figure 91 — SAS external cable assembly - Mini SAS HD 8x

ed together in this cable assembly.

ble assembly shown in figure 91 may support one to eight physical links. If less than eight physig

De

al links

are supported, then module A shall be populated first, followed by module B (e.g., if six physical links are
supported, then module A has four physical links connected and module B has two physical inks connected).
See 5.4.3.5.2.6 for connector module pin assignments.
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Figure 92 shows an example SAS external cable assembly with Mini SAS HD 8x cable plug connectors at
each end.
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5.4.4.2.5 SAS external cable assembly - Mini SAS HD 8x to Mini SAS HD 4x

Figure 93 shows the SAS external cable assembly with a Mini SAS HD 8x cable plug connector at one end
and two Mini SAS HD 4x cable plug connectors at the other end.

Bg ___________ > gg Legend:
High-speed serial
b7 U > B7 :D:: ::O: differential pairs
pg m—————————=— N - - —— - Signal return
Bi O : gi = = Pgwer and management
D3 m——— — — — — — — — B3 interface
P2 ——B2
D1 B1
C1 A1
C2 A2
- ——— A3
Cc4 (’\] > Ad
C5 7 - A5
C6 m————————— = AB
C7 ("l > A7
c8 v > A8
=== == A9
M —r—m—— == —— D9
B (") D8
B7 < v D7
BE ——————————— D6
B5 = 0 D5
B4 = = D4
B3 m—————————— D3
B2 D2
B1 D1
A1 c1
A2 é@
NM—r———————— — —
A4 0 \04
A5 = 7 C5
A m——————— — = — C6
A7 |- A C7 |Looking into the mating face of the Mini SAS HD
A8 |- U C8 | 8x cable plug P1. Mini SAS HD 4x cable plug
A —m— — — — — - — — — C9 | P2-A and P2-B are on the other end of the cable
assembly.
[ Mini SAS HD'8x cable plug connector Mini SAS HD 4x cable plug connectors
P1-A - - P2-A
P1-B > P2-B
Figure-93 — SAS external cable assembly - Mini SAS HD 8x to Mini SAS HD 4x
In addifion to the signal return connections shown in figure 93, one or more of the signal returns may pe
connectedtogether in this cable assembly.

The cable assembly shown in figure 93 may support one to eight physical links. If less than eight physical links
are supported, then module A shall be populated first, followed by module B (e.g., if six physical links are
supported, then module A has four physical links connected and module B has two physical links connected).
See 5.4.3.5.2.6 for connector module pin assignments.
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Figure 94 shows an example SAS external cable assembly with a Mini SAS HD 8x cable plug connector at
one end and two Mini SAS HD 4x cable plug connectors at the other end.

b u |

O

N
igure 94 — SAS externa@able assembly with a Mini SAS HD 8x cable plug connector angd
@t’wo Mini SAS HD 4x cable plug connectors
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5.4.4.2.6 SAS external cable assembly - Mini SAS HD 4x to Mini SAS 4x

Figure 95 shows the SAS external cable assembly with a Mini SAS HD 4x cable plug connector at one end
and a Mini SAS 4x cable plug connector at the other end. This cable assembly should not be used for rates
greater than 6 Gbit/s.

D9 —m———
D8 0 > A9
D7 Y P A8
D6 —— — — —— — " A7
D5 (") P A3
B4 A2
D3 —— — — - - A1
D2
D1
C1
C2
C3 ———— ————= A
C4 » A5
C5 Y > A6
C6 m—— — — — ——=A10
Cc7 (") > A1l1
C8 P A12
C9 m——— — — — — A13
B9 —m ———
B8 = A B9
B7 = U B8
B6 —— — — —— — - B7
B5 - B3
B4 U 82
B8 - — — — ——— B
B2 %)
B1 &
A1
A2
A3 ;——— —— — —1 B4 | Legend:
A4 A B5 High-speed serial
A5 | (v) B6 ]3:: ::O: differential pairs
ﬁ? :_ - = - —A_ ] 31? ————— Signal return
t
A8 <€ U B12 L E?gvrgca;nd managemen
A —— —~= — — — —B13
Mini SAS HD4x cable plug connector
Mini SAS 4x cable plug connector
Figure 95 — SAS external cable assembly - Mini SAS HD 4x to Mini SAS 4x
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Figure 94 shows a example SAS external cable assembly with a Mini SAS HD 4x cable plug connector at one
end and a Mini SAS 4x cable plug connector at the other end.

B \O
O

N\
Figure 96 — SAS external lee assembly with a Mini SAS HD 4x cable plug connector and a
" Mini SAS 4x cable plug connector

signal return on th 2r end of the cable assembly. One or more of the signal returns may be conne¢ted

Each signal return og oge‘ end of the cable assembly shown in figure 96 shall be connected to at least{one
togethdr in this assembly.

5.4.4.2[7 %(ternal cable assembly - QSFP+

QSFP+{ cable assemblies are defined in SEFF-8685. QSFP+ cable assemblies for SAS shall comply with the
TxRx connection characteristics specified in this document (see 5.5).

5.4.5 Backplanes

SAS backplane designs should follow the recommendations in SFF-8460.
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5.5 TxRx connection characteristics

5.5.1 TxRx connection characteristics overview

Each TxRx connection shall support a bit error ratio (BER) that is less than 10712 (i.e., fewer than one bit error
per 1012 bits). The parameters specified in this document support meeting this requirement under all
conditions including the minimum input and output amplitude levels.

A TxRx connection may be constructed from multiple TxRx connection segments (e.g., backplanes and cable
assemblies). It is the responsibility of the implementer to ensure that the TxRx connection is constructed from
individual TxRx connection segments such that the overall TxRx connection requirements are met. Loss

characferistics for individual TxRx connection segments are beyond the scope of this document.

Each TkRx connection segment shall comply with the impedance requirements detailed in 5.5.2(or the
conductive material from which they are formed. A passive equalizer network, if present, shall-be’ condidered
part of fhe TXRx connection.

TxRx cpnnections shall be applied only to homogeneous ground applications (e.g., betweén devices within an
enclosyre or rack, or between enclosures interconnected by a common ground retutn‘or ground plane)).

Complignce points referenced in the electrical requirement tables are shown in 5.3 unless otherwise sgecified.
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5.5.2 TxRx connection general characteristics

Table 24 defines the TxRx connection general characteristics.

Table 24 — TxRx connection general characteristics

Characteristic 2 Units Value
Differential impedance (nominal) ‘ Q ‘ 100
Bulk cable or backplane:

Differential characteristic impedance de ‘ Q ‘ 100
Matefl connectors:

Differential characteristic impedancef ‘ Q ‘ 10
Passjve cable assembly and backplane:

Maxifnum propagation delay © ns 53
Mininpum |Spp21l for internal cable assemblies from 10 MHz to 4 500 MHz 9 dB -6
Mininlxum ISpp2+| for internal cable assemblies from 4 500 MHz to 9 000 MHz 9.1 dB -11
Mininjum |Spp24| for external cable assemblies and backplanes See 5.5

Mini BAS 4x active cable assembly:

Maxihum propagation delay ' ns 133

Differential characteristic impedance‘c Q 10(

Mandged cable assembly:

Maximum propagation delayj ns 51(

Differential characteristic impedance f Q 10(

a
b

Alf measurements are made through mated ‘connector pairs.
The equivalent maximum TDR rise time fram 20 % to 80 % shall be 70 ps. Filtering may be used|to
olftain the equivalent rise time. The filter‘eonsists of the two-way launch/return path of the test fixfure,
the two-way launch/return path of the test cable, and the software or hardware filtering of the TDR
sgope. The equivalent rise time.js the rise time of the TDR scope output after application of all filger
cdmponents. When configuring(software or hardware filters of the TDR scope to obtain the equivplent
rige time, filtering effects of test cables and test fixtures shall be included.
This is based on propagation delay for a 10 m Mini SAS 4x passive cable assembly. See SPL-3 for STP
flgw control details.

The impedance measurement identifies the impedance mismatches present in the bulk cable or
bgckplane whemterminated in its characteristic impedance. This measurement excludes mated
cdnnectors at’both ends of the bulk cable or backplane, when present, but includes any intermediate
cdnnectors or'splices.

Where the“bulk cable or backplane has an electrical length of > 4 ns the procedure detailed in
SKF-8410, or an equivalent procedure, shall be used to determine the impedance.

The characteristic impedance is a measurement reference impedance for the test environment.
An internal cable assembly may be a TxRx connection segment or a full TxRx connection. The full TxRx
connection is required to comply with the requirements at intra-enclosure compliance points defined in
5.3 and 5.3.3.

This requirement applies only for 12 Gbit/s passive cable assemblies.

This is based on propagation delay for a 25 m Mini SAS 4x active cable assembly. TxRx connections
with propagation delay > 53 ns may not support STP unless the necessary STP flow control buffer size
is implemented. See SPL-3 for STP flow control details.

This is based on propagation delay for a 100 m optical cable. Managed cables shall report the
propagation delay through the cable management interface (see 5.4.3.5.2.7). TxRx connections with
propagation delay > 53 ns may not support STP unless the necessary STP flow control buffer size is
implemented. See SPL-3 for STP flow control details.
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5.5.3 Passive TxRx connection S-parameter limits

S-parameters limits are calculated per the following formula:

Measured value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]

where:

L is the minimum value (i.e., the low frequency asymptote);
H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;
f
n
n

is the frequency of the signal in Hz;
ax [A, B] is the maximum of A and B; and
in [A, B] is the minimum of A and B.

The frepuency for N is based on the Nyquist at 6 Gbit/s.

Table 2b defines the maximum limits for S-parameter of the passive TxRx connection'segment betwegn ITg
and IRpr CTg and CR.
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Table 25 — Maximum limits for S-parameters of the passive TxRx connection between ITg and IR or
CTs and CR

L® N € H* s fmin € fmax € fmax €9

Characteristic 2P ¢d

dB | dB dB |dB/decade| MHz GHz GHz

[20 % Tog1o(IScpz1l) 1- [ 20 % 10g10(ISppa1]) ] 10 0 100 | 6.0 9.0

Maximum near-end crosstalk (NEXT) for

each receive signal pair f " -26 0 100 6.0

20 x 10g44(1Sppo2l) -10 | -7.9 1 -39 13.3 100 6.0 9.0
20 x [0g10(IScp22l) -26 |-12.7| -10 13.3 100 6.0 D.0
20 x [0g10(IScp24l) -18 0 100 6.0 D.0
Inserfion loss to crosstalk ratio (ICR(f)) 9 " ' -15 0 100 5.0

a8 Al measurements are made through mated connector pairs.

b Specifications apply to any combination of cable assemblies and backplanes that are used to form a
pgssive TxRx connection.

€ |Sc22| and [Spcoo| are not specified.

4 Fgr 12 Gbit/s, these characteristics only apply to cable assemblies between CTg and CR complignce

pqints. 12 Gbit/s passive cable assemblies shall also comply with passive TxRx connection

characteristics for trained 12 Gbit/s (see 5.5.6).

See figure 4 in 5.2 for definitions of L, N, H, S, fin, and -

Only applies for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.

Only applies for 12 Gbit/s.

Determine all near-end and far-end significant crosstalk.sources. The sum of the crosstalk transfer

rafios is measured in the frequency domain. The following equation details the summation process of

the valid near-end crosstalk sources:

ooQ o0

n

TotalNEXT(f) = 10x Iog10 Z10<NEXT(f)/1o>

1
where:

f is frequency; and

n is the number of the near-end crosstalk source.

All NEXT values expressedindB format in a passive transfer network shall have negative
dB magnitude.

The following equation.details the summation process of the valid far-end crosstalk sources:
n

TotalFEXT(f) = 10 x |0910 Z1O<FEXT(f)/1o>

1
where:

f is.frequency; and

' i, -is the number of the far-end crosstalk source.

I AILEEXT values nyprneend indB formatin a paeei\/n transfer network shall have nngnfi\/n
~ dB magnitude.

J" The following equation defines the insertion loss to crosstalk ratio:

|CR(f) - [10 X Iog10(10T0ta|NEXT(f)/10 + 10TotaIFEXT(f)/1O) ] _ [ 20 x |091o(|SDD21|) ]
where:

f is frequency;

TotalNEXT(f) is near-end crosstalk;

TotalFEXT(f) is far-end crosstalk; and

Spp21 is insertion loss.
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Figure 97 shows the passive TxRx connection |Sppas|, IScp2al, [Scpz4l, and NEXT limits defined in table 25.
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Figure 97 — Passive TxRx connéction [Sppaasl, [Scp22l [Scp21l; and NEXT limits

hssive TxRx connection characteristics for untrained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

rained 1.5 Gbit/s and 3 Ghit/s, each external passive TxRx connection shall be designed such
bracteristics are less than the loss of the TCTF test load plus I1SI at CT at 3 Gbit/s (see figure 1

qver the frequency range of 50 MHz to 3 000 MHz.

rained 1.5 Gbit/s.and 3 Gbit/s, each internal passive TxRx connection shall be designed such t
bracteristics are'less than:

the loss of the TCTF test load plus ISl at IT at 3 Gbit/s (see figure 107 in 5.6.3) over the frequ
rangéof 50 MHz to 3 000 MHz; or
thé tess of the low- Ioss TCTF test load plus ISI (see flgure 112 in 5.6. 4) over the frequency ra

receiver dewce does not support SATA Gen2i Ievels through theTCTF test load (see table 54
5.8.5.4).

rained 1.5 Gbit/s and 3 Gbit/s, each passive TxRx connection shall meet the delivered signal

specifications in table 54 (see 5.8.5.4).

hat its
D8 in

hat its

ENcy

ge of

n

For untrained 6 Gbit/s (i.e., SATA devices using Gena3i levels (see SATA)), then the internal passive TxRx
connection should be less than the CIC (see SATA). See SATA for delivered signal specifications.

For external cable assemblies, these electrical requirements are consistent with using good quality passive
cable assemblies constructed with shielded twinaxial cable with 24 AWG solid wire up to 6 m long, provided

that no

other TxRx connection segments are included in the TxRx connection.
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5.5.5 Passive TxRx connection characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

For trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s, the passive TxRx connection shall support a bit error ratio (BER)
that is less than 107"° (i.e., fewer than one bit error per 10° bits) based on simulation results using:

a) S-parameter measurements of the passive TxRx connection;
b) the reference transmitter device (see 5.8.4.6.5); and
c) the reference receiver device (see 5.8.5.7.3).

The simulation shall not include sources of crosstalk. Since simulations do not include all aspects of noise that
may degrade the received signal quality, a BER that is less than 1010 is expected to yield an actual BER that
is less than 10712,

The S-parameter measurements shall:

a) | have a maximum step size of 10 MHz;

b) | have a maximum frequency of at least 20 GHz;

c) | be passive (i.e., the output power is less than or equal to the input power); and
d) | be causal (i.e., the output depends only on past inputs).

Figure B8 shows an example circuit for simulation. The specific simulation program_used is not specified by
this dogument. Annex C includes the StatEye program from http://www.stateye.org, which is one such
simulatjon program.

Probe pqint

/
M ekoronce transm erehdey | ~ " Reference rdoeiver deyice |
| Reference transmitter device ererence receiver aeyvice :
| Receivey circuit |
: Transmitter N\ — |
I circuit 1 I
| Cable I
r_: ______________________________ assembly ::—_::::::—_—_:::—_:'::‘]
| Reference receiver device and/or Reference transmitter device |
| | ~"Receiver circuit backplane(s) Transmitte} | |
1 < DFE WV circuit :
I
___ _7L_ ____________ ' __________________ _

/
Probq point | |

TxRx connection under test
(S-parameters used in simulation)

Figurel 98 — Example.of a passive TxRx connection compliance testing for trained 1.5 Gbit/s, 3 Gbit/s,
and 6 Gbit/s

Table 2 defines the required passive TxRx connection characteristics.

Table 26 — Passive TxRx connection characteristics for trained 6 Gbit/s

Characteristic Units 6 Gbit/s
Minimum voltage @ mV(P-P) 84
Maximum TJ @ ul 0.64

@ As reported by simulation of the passive TxRx connection S-parameters with the
reference transmitter device and the reference receiver device. Values are reported at a
BER of 10"'% inside the reference receiver device after equalization at 6 Gbit/s. This
document does not define values for trained 3 Gbit/s and 1.5 Gbit/s. Passive TxRx
connections that comply with the 6 Gbit/s characteristics are expected to operate correctly
at slower physical link rates.
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For external cable assemblies, these electrical requirements are consistent with using good quality passive
cable assemblies constructed with shielded twinaxial cable with 24 AWG solid wire up to 10 m long, provided
that no other TxRx connection segments are included in the TxRx connection.

A passive TxRx connection supporting trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s may not support untrained
1.5 Gbit/s and 3 Gbit/s and may not support SATA. Trained transceiver devices incorporate features to allow
them to operate over the following passive TxRx connections:

a) passive TxRx connections with higher loss than TxRx connections;

b) passive TxRx connections defined in this document for untrained 1.5 Gbit/s and 3 Gbit/s (see 5.5.4);

and
c) _passive TxRx connections supporting SATA.

5.5.6 Ppssive TxRx connection characteristics for trained 12 Gbit/s

For trained 12 Gbit/s, the passive TxRx connection shall support a BER that is less than 1019 (i’e., fewpr than
one bit ferror per 1015 bits) based on end to end simulation results (see 5.7.1) using:

a) | S-parameter measurements or model of the passive TxRx connection segment from CTg to CR or ITg
to IR (see figure 13);

b) | S-parameter measurements of the passive connection, S-parameter models of the passive
connection, or reference S-parameter models (see clause D.2) from.all’ significant crosstalk

aggressors;
c) | reference transmitter devices (see 5.8.4.7.3) providing signals-te-the through channel and crogstalk

channels:
A) using the reference transmitter device peak to peak voltage defined in table 47;

B) using reference equalization coefficients (see 5.7-4); and

C) generating no RJ or TJ;
d) | the reference receiver device with optimal DFE weights (see 5.8.5.7.3 and table 27); and
e) | reference S-parameter models to complete the'simulation diagram (see figure 99), according o the

appropriate usage model (see D.2.3).

The simulation shall include all significant crosstalk sources. The crosstalk sources shall be modeled as
asynchronous to the TxRx connection segment under test (see clause D.1).

Simulations do not include all aspects of noise that may degrade the received signal quality, a BER tha} is less
than 10 "% is expected to yield an actual BER that is less than 10712,

The S-parameter measurements-shall:

a) | have a maximum step size of 10 MHz;

b) [ have a maximum/frequency of at least 20 GHz;

) | be passive (i.e{the output power is less than or equal to the input power); and
)

c
d) | be causal (i.ey.the output depends only on past inputs).
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Figure 99 shows an example TxRx connection for trained 12 Gbit/s.The TxRx connection segment under test
is the segment between CTg and CR or ITg and IR. XCS,, represents the crosstalk connection segments,
where n is a numerical index identifying multiple crosstalk aggressors.

The specific simulation program used is not specified by this document. See Annex D and Annex E.

TxRx connection
I<— segment under —|

: test
! Separable

Simulated transmitter device \ / interfaces \ / Simulated receiver device

Simulated transmitter circuit PICS Simulated receiver circuit
Reference Passive J/ RR Reference
transmitter TCCS vEes channel /4 Neles RO receiver

The fol
approp
a)
b)
Labels
accordi

Symmes
betwee
directio

Asymm
and IT4

Simulated crosstalk devices\

Crosstalk M
transmitters XCSn

Figure 99 — Example passive TxRx connection €ompliance testing for trained 12 Gbit/s

owing reference through S-parameter files shall.be used for this simulation, according to the
fiate usage model:

<usage>_ET_ITs.s4p: through betwee\ET and CTg or between ET and ITg; and
<usage>_CR_RR.s4p: through between CR and RR or between IR and RR.

beginning by <usage> indicate reference S-parameter files. <usage> represents a prefix that ig
hg to the selected usage model (see D.2.3). RR is the receiver die attachment point to RCCS.

trical models have the same-through transfer function between ET and CTg or between ET and
h CR and RR or between IR and RR. Symmetrical models shall use the same transfer function f]
hs (i.e., <usage>_ET.ITs.s4p).

etrical models do not have the same through transfer function between ET and CTg or betwee
as between,CR-and RR or between IR and RR. For asymmetrical models, the reverse transfe

set

ITgas
Dr both

N ET

-

function between E1-and CTg or between ET and ITg shall also be used (i.e., <usage>_ET_ITs_rev.44p).

For ead
simulat

h usage*model, four types of crosstalk aggressor reference S-parameter files are defined for th
on:

S

T and

<usage>_ET_ITs_FEXT.s4p: crosstalk caused by elements between ET and CTg or between

ITS;

<usage>_CR_RR_FEXT.s4p: crosstalk caused by elements between CR and RR or between
RR;

<usage>_CR_RR_NEXT.s4p: crosstalk caused by elements between CR and RR or between
RR; and

IR and

IR and

<usage>_ET_ITs_NEXT.s4p: crosstalk caused by elements between ET and CTg or between ET

and ITg.
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Figure 100 shows the usage of the crosstalk and through files defined for the end to end simulation of TxRx
connection segments between CTg and CR or ITg and IR. The boxes labeled PICS FEXT, PICS NEXT,
PICS rev, and PICS indicate measured transfer functions (e.g., S-parameters). The boxes with a dashed
boundary indicate reference S-parameter files. <usage> represents a prefix that is set according to the

selected usage model (see D.2.3).
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Figure 100 — Passive TxRx connection segment between CTg and CR or ITg and IR end to end

simulation diagram for trained 12 Gbit/s
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Table 27 defines the required passive TxRx connection characteristics. Refer to the reference transmitter
device (see 5.8.4.7.3) for definitions of coefficient 1 (i.e., C1), coefficient 2 (i.e., C2), and coefficient 3 (i.e., C3)
used in table 27.

Table 27 — Passive TxRx connection characteristics for trained 12 Gbit/s at ET and ER

Characteristic Units Minimum | Maximum Comp!lance
point

Coefficient 1 (i.e., C1)@P¢ VIV -0.15 0 ET
VMA d¢ mV(P-P) 80 ET
Coeffigient 3 (i.e., C3)@Pf VIV 0.3 0 Efr
Refere nce pulse response cursor peak to peak mV(P-P) 135 ER
amplithde 9
Vertical eye opening to reference pulse response cursor

T oYe opening P P % 45 ER
ratio
DFE coefflc[ent amplitude to reference pulse response o 50 50 ER
cursor ratio/

8 If £1 or C3 exceeds its maximum (positive) limit, then that coefficientisforced to its maximum linit and
the other coefficients are recalculated.
b c2=1-|C1|-|C3|
¢ If £1 exceeds its minimum (negative) limit, then that coefficient'is forced to its minimum limit and|C3 is
reralculated.
d VIMA = 2K, (C1 + C2 + C3)
where:
K{ is the output gain;
C1 is coefficient 1 (see 5.8.4.7.3);
C2 is coefficient 2 (see 5.8.4.7.3); and
C3 is coefficient 3 (see 5.8.4.7.3).
€ If VMA exceeds its minimum limit, then'C1 and C3 are forced to values that have the smallest digtance
tola point compliant to the VMA specification in the C1/C3 plane. The distance is defined as:

(1 -C1)% +(C3 - C39))0°

where:
C1’ and C3’ are valuesithat satisfy the minimum VMA criterion.
fIf £3 exceeds its minimum limit, then it is forced to its minimum limit and C1 is recalculated. If C1| had
already reachedior. éxceeded its minimum limit, then both C1 and C3 are forced to their minimunj limit.
9 The averagecamplitude of the eye for a random pattern digital input at the compliance point may pe
uged for this measurement. See figure 118.
_h The vertical eye opening includes the effects of crosstalk (see clause D.1).
' Thegend'to end simulation removes any remaining RJ and TJ (i.e., non-ISlI) of the transmitter device.
J" Thisus'the maximum of the absolute value of the reference DFE coefficients (i.e.. max(abs(di)) divided
by the reference pulse response cursor) (see 5.8.5.7.3).

For external cable assemblies, these electrical requirements are consistent with using good quality passive
Mini SAS HD cable assemblies constructed with shielded twinaxial cable with 24 AWG solid wire up to 6 m
long, provided that no other TxRx connection segments are included between CTg and CR in the TxRx
connection and the total ICR is below the limit specified in table 25.


https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 157 —

5.5.7 TxRx connection characteristics for active cable assemblies

5.5.7.1

Active cable assembly electrical characteristics for trained 6 Gbit/s overview

Active cable assemblies shall support a bit error ratio (BER) that is less than 1072 when used with transmitter
devices and trained receiver devices defined in 5.8.

In addition to complying with electrical characteristics necessary for the required BER performance, active
cable assemblies shall comply with the OOB signaling defined in 5.11. The circuitry incorporated in
unmanaged cable assemblies shall operate in the D.C. mode. Managed active cable assemblies supporting
6 Gbit/s operation may operate in the D.C. mode or in the optical mode (see 5.11). The circuitry incorporated

in activ
receive

5.5.7.2

Table 2

ECable assempties shattpreserve OOBsignats withr response times that support the 008 sign

I device detection requirements in table 78 (see 5.11.3).
Active cable assembly output electrical characteristics for trained 6 Gbit/s

8 defines active cable assembly output electrical characteristics for trained 6 Gbit/s:

Table 28 — Active cable assembly output electrical characteristics for trained 6 Gbit/s

al

Signal characteristic Units Minimum Nominal Maxipnum
Peak|to peak voltage mV (P-P) 400 1200
RJatd ul 0.22
TJ2add ul 0.56

ta
b Ty
D]
R
C TH
th
SH
d Ty

a8 Based on TX input per table 37 (see 5.8.4.6.1) and recdmmended TX interoperability settings pef

ple 40 (see 5.8.4.6.4).

e RJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,
P4.3)(see the phy test patterns in the Protocol-Specific diagnostic page in SPL-3) with SSC dis3

is 14 times the RJ 1 sigma value, based 9h'a BER of 10712,

e TJ measurement shall be performed with at least 58 dwords (i.e., 2 320 bits on the physical |
e SCRAMBLED_0 pattern (see the phytest patterns in the Protocol Specific diagnostic page in
PL-3) with SSC enabled.

e measurement shall include the-effects of the JTF (see 5.8.3.2).

bled.

nk) of

For act
circuitry
with 24
TxRx ¢

Active
Active
slower

ve cable assemblies, these’characteristics are consistent with good quality half-active (i.e., wit

only on the receive_end ‘of the assembly) cable assemblies constructed with shielded twinaxig
AWG solid wire upte25 m long, provided that no other TxRx connection segments are include
bnnection.

table assempbly output electrical characteristics are not defined for untrained 1.5 Gbit/s and 3 G
ables that\comply with trained 6 Gbit/s characteristics should operate within the specified error
bhysicallink rates.

X
| cable
i in the

bit/s.
rate at
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5.5.7.3 Active cable assembly S-parameter limits for trained 6 Gbit/s and trained 12 Gbit/s

S-parameter limits are calculated per the following formula:
Measured value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]

where:

L is the minimum value (i.e., the low frequency asymptote);
H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;
f

n

m

is the frequency of the signal in Hz;
ax [A, B] is the maximum of A and B; and
in [A, B] is the minimum of A and B.

The frefjuency for N is based on the Nyquist at 6 Gbit/s.
Table 2P defines the maximum limits for S-parameters of the active cable assemblyx

Table 29 — Maximum limits for S-parameters for active cable assemblies

Lc Nc Hc Sc fminc fmaxcd fmaxce
Chardcteristic 2 °

dB dB dB dB / decade MHz GHz 5HZz
1Sccodl ! -6.0 -5.0 -1.0 133 100 6.0 9.0
|Spp1ls |SD|322|‘c -10 -7.9 -3.9 13.3 100 6.0 9.0
|Scp1l, |SC|322|‘c -20 -12.7 -10 13.3 100 6.0 9.0
@ Power shall be applied to the active cable assembly during these measurements.
b 1Sdc11l ISpet1] and [Speasl are not specified:
¢ SeE figure 4 in 5.2 for definitions of L, N, HsS, frin, and fax-
4 Applies for 1.5 Gbit/s, 3 Gbit/s, and 6 Ghitls.
: Applies for 12 Gbit/s.

Fofl |Sce2ol, [Spp2zl and [Scpoo| méasurements, the transmitter device attached to the active cable
ass$embly under test shall transmita repeating 0011b pattern or 1100b pattern (e.g., D24.3)(see the phy
test patterns in the Protocol Specific diagnostic page in SPL-3). The amplitude applied by the test
eqlipment shall be less than -4.4 dBm (190 mV zero to peak) per port. See F.11.4.4 and F.11.4.5
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Figure 101 shows the active cable assembly |Scc2ol, 1ISpp11ls ISpp22ls 1Scp4] @nd [S¢paol limits defined in

table 29.
S-parameter
magnitude
0dB
|SCCZZ|
-5dB J/ » . -
|Soo11l, 1Sop2a] //
-10dB i/ / - e
-15dB ) |
|Sco11l, 1Scpzel (
-20 dB \ !
-25 dB 7
.30 dB i — |
0.1 GHz 1“GHz 3 GHz 6 GHz 10 GHz
Note: graph is not to scale
Figure 101— Active cable S-parameter limits
5.5.7.4(Active cable assembly electrical characteristics overview for 12 Gbit/s
Active ¢able assemblies supporting 12 Gbit/s operation shall comply with OOB in the optical mode (se
and shall support pass through of SSC. The optical mode does not support transmitter training. The ci
incorparated in these cable’assemblies preserves OOB signals with response times that support the
signal neceiver device detection requirements in table 78 (see 5.11.3).

e 5.11)
Feuitry
OB
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5.5.7.5 Active cable assembly electrical characteristics for 12 Gbit/s

Figure 102 describes the eye mask used to calibrate the input in an active cable assembly at CTg
(see figure 14) to test the output of an active cable assembly at CR (see figure 14) for 12 Gbit/s.

Absolute 4
amplitude
(inV)
z2

B — A

: : : >
0 X1 X2 1-X1 1

1-X2

Normalized time (in Ul)

Figure 102 — Active cable eye mask for12 Gbit/s

Table 3D defines the signal input and output characteristics\for an active cable assembly for 12(Gbit/s.

Table 30 — Active cable assembly electrical characteristics for 12 Gbit/s

Sjgnal characteristic Units CTg? CR
][\i/;aljﬁlernr(;nz)psgléto peak voltage (i.e., 2 x Z2'in mV(P-P) 1200 1200
Minimum eye opening (i.e., 2 x Z1 jn figure 102) P ¢ € mV(P-P) 200 360
Maximum half of TJ (i.e., X1 in figure 102) P ¢ € f ul 0.175 0.35
Maximum RJ P49 ul 0.15 0.45
Center of bit time (i.e., X2 in figure 102) Ul 0.5 0.5

This column represents signal input characteristics to a cable assembly under test.

All crosstalkisources shall be active with representative traffic during the measurement.
MaximumilJ'at CTg and maximum RJ at CTg shall be applied during this measurement.
The maximum peak to peak voltage measurement and RJ measurement shall be performed
with'arepeating 0011b pattern or 1100b pattern (e.g., D24.3)(see the phy test patterns in the
Protecol Specific diagnostic page in SPL-3) with SSC disabled. RJ is 14 times the RJ 1 sigm
value, based on a BER of 10712, T
The minimum eye opening measurement and TJ measurement shall be performed with the
SCRAMBLED_O pattern (see the phy test patterns in the Protocol Specific diagnostic page in
SPL-3) with SSC enabled for a period of at least 33.3 ys (i.e., a full SSC cycle).

The measurement shall include the effects of the JTF (see 5.8.3.2).

9 The maximum RJ at CTg shall be applied during this measurement.

o o > q

f

For active cable assemblies, these characteristics are consistent with good quality full-active cable
assemblies (i.e., with circuitry on both ends of each differential signal pair of the cable assembly) constructed
with shielded twinaxial cable with 26 AWG solid wire up to 15 m or optical cable assemblies up to 100 m,
provided that no other TxRx connection segments are included in the TxRx connection.
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Active cable assembly output electrical characteristics are not defined for untrained 1.5 Gbit/s and 3 Gbit/s.
Active cable assemblies that comply with active cable assembly electrical characteristics for 12 Gbit/s
characteristics should also comply with active cable assembly electrical characteristics for 6 Gbit/s

(see 5.5.7) with optical mode enabled and should operate within the specified bit error ratio at slower physical
link rates.

5.6 Test loads

5.6.1 Test loads overview

This dgcument uses a test load methodology to specify transmitter device signal output characteristics
(see 5.8.4.4 and 5.8.4.5) and delivered signal characteristics (see 5.8.5.4). This methodology specifie$ the
signal 3s measured at specified probe points in specified test loads.

For untrained 1.5 Gbit/s and 3 Gbit/s (e.g., the physical link rate is negotiated in Final-SNW\(See SPL-3) or the
physicgl link is SATA), the test loads used by the methodology are:

a) | zero-length test load (see 5.6.2): used for testing transmitter device compliance points and reg¢eiver
device compliance points;
b) [transmitter compliance transfer function (TCTF) test load (see 5.6.3):\used for testing transmifter
device compliance points;
c) |low-loss TCTF test load (see 5.6.4): used for testing transmitter.device compliance points if SATA

devices using Gen2i levels (see SATA) are supported and the-SAS receiver device does not upport
the signal levels received through a full TCTF test load (see*5.6.3); and
d) | CIC (see SATA): used for testing transmitter device compliance points if SATA devices using Gen3i
levels (see SATA) are supported.

For trained (e.g., the physical link rate is negotiated in Train_Rx-SNW (see SPL-3)) 1.5 Gbit/s, 3 Gbit/$, and
6 Gbit/g, the test loads used by the methodology are;

a) | zero-length test load (see 5.6.2) used for:

A) testing transmitter device compliante points;

B) testing receiver device compliance’ points; and

C) used with a reference receiver, device (see 5.8.5.7.3) in simulation to determine the delivefed
signal;

and

b) | reference transmitter test load (see 5.6.5): used with a reference receiver device (see 5.8.5.7.8) in

simulation to determine the delivered signal.

For 12 Gbit/s, the zero-length test load (see 5.6.2) test load is used for:

a) | testing transmitter device compliance points;
b) | testing receiver device compliance points;
¢) | measuring ‘crosstalk; and

d) | capturing signals for use in simulation.

In addifiencte measurement with the zero-length test load, 12 Gbit/s may end use to end simulation and,
dependi ; i i i i e 5.7
and Annex D.

Physical positions denoted as probe points identify the position in the test load where the signal properties are
measured, but do not imply that physical probing is used for the measurement. Physical probing may be
disruptive to the signal and should not be used unless verified to be non-disruptive.
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5.6.2 Zero-length test load

Figure 103 shows the zero-length test load as used for testing a transmitter device compliance point.

Transmitter device J_ Test load
D.C. 508

Txt black

Probe points (e.g., SMA connector, with

Transmitter . . .
termination provided by the test equipment)

circuit
- D.C. 508 —
- block
Transr_nitter deYice . Using D.C. blocks if transmitter
compliance point equivalent

- . devi res isolafi
Using the connector appropriate for evice requires 15oiation

the compliance point being tested
Figure 103 — Zero-length test load for transmitter device compliance point

Figure 104 shows the zero-length test load as used for testing a receiver device compliance point.
O‘\J

Test load

50Q

Transmitter device J__ —

4 b.C.
k\)lock
Probe p(@%.g., SMA connector, with

terminati\g rovided by the test equipment)
QO D.C. 500 —

s@w block

Tx+ =i

[

Transmitter
circuit

TX- o

s

Receiver device compliance Using D.C. blocks if transmitter

point equivalent device requires isolation
Using the connector appropriate for

the compliance point being tested

-

TxRx connection, if any

Figure 104 — Zero-length test load for receiver device compliance point

Figure 103 and figure 104 show ideal designs. Implementations may include:

a) | insertion lossthetween the compliance and probe points; and
b) [ return loss’due one or more impedance mismatches between the compliance point and 50 Q

termination points.

Not shqwn are*non-ideal effects of the test equipment raw measurements (e.g., additional insertion logs and
return Ipss),/For de-embedding methods to remove non-ideal effects, see Annex F.

Usage of fixturing and test equipment shall comply with the requirements defined in this subclause. The
requirements in this subclause include the combined effects of the fixturing and test equipment.

The zero-length test load is defined by a set of S-parameters (see clause F.11). Only the magnitude of
Spp21(f) and the magnitude of Spp4(f) are specified by this document.
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The zero-length test load, including all fixturing and instrumentation required for the measurement, shall

comply with the following equations:
For 50 MHz < f < 6.0 GHz:

ISpp2+ ()] < -20 x logyg(e) x ((1.0 x 1078 x 199) + (2.8 x 1071 x f) + (5.3 x 102! x %)) - 0.2 dB

ISpp11(f)l <-15 dB

where:
ISpp21(f)l  magnitude of Sppy4(f);
|SDD1’I(f)| magnitude of SDD11(f); and
f signal frequency in Hz.
Figure [105 shows the allowable |Spp4(f)| of a zero-length test load and the [Sppo1(f)| of a sample zero
test load.
|Sop21(f)l
(i.e., no loss) 0 dB |
I Valid region |
-1 dB—1'— I +Sample valid zero-
| v | length test load
| |
-2 dB JI- :
I I
| |
-3dBqt  Invalid region !
: Maximum loss
ABH——m——m = —— — ,
| |
| ; |
' . — f
50 MHz 3 GHz 6 GHz
Note: graph is not to scale
Figure 105.5 Zero-length test load |Spp,4(f)| requirements
5.6.3 TCTF test load
Figure 106 shows the TICTF test load. This test load is used for untrained 1.5 Gbit/s and 3 Gbit/s
characterization.
Transmitter device J_ 500 Test lopd
Tx+ ==
TCTF
N anarritier (includes D.C. blocks
- if transmitter device
requires isolation) 500 =
TX-

Transmitter device
compliance point equivalent

Using the connector appropriate for
the compliance point being tested

14
Probe points (e.g., SMA connector, with
termination provided by the test equipment)

Figure 106 — TCTF test load

tlength
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The TCTF test load shall meet the requirements in 5.5.2. The nominal impedance shall be the target
impedance.

The TCTF test load is defined by a set of S-parameters (see clause F.11). Only the magnitude of Sppy(f) is
specified by this document.

For testing an untrained 3 Gbit/s transmitter device at IT, the TCTF test load shall comply with the following
equations:

For 50 MHz < f < 3.0 GHz:
ISpp21 ()l < -20 x logyg(e) x ((6.5 x 1078 x 199) + (2.0 x 10710 x f) + (3.3 x 1020 x f2)) dB

and for 3.0 GHz < f < 5.0 GHz:

|Spp21(f)] <-10.9 dB

and, specifying a minimum ISl loss:

|SDD21(f =300 MHZ)l - |SDD21(f =1500 MHZ)l >3.9dB
where:

|SDD21(f)| magnitude of SDD21(f); and

f signal frequency in Hz.

Figure [[07 shows the allowable |Spp»4(f)] and minimum ISI loss of a TCTF test lead and the |Spp,4(f)] of a
sample| TCTF test load at IT for untrained 3 Gbit/s.

|Sop21(f)l
(i.e., noloss) 0 dB -
Invalid region
-2 dB
-4 dB
ISI loss > 3.9 dB between
-6 dB 0.3 GHz and 1.5 GHz
— Minimum loss
8dB_|{y _____
| |
| |
A0-dB : : Sample valid TCTF test load
109 dB—} - ————— b
| |
-12 dB [ I I
| | |
: : Valid region :
144 | ] |
H-aB | | |
| | |
| | |
| | | > f
| I |
0.3 GHz 1.5 GHz 3 GHz 5 GHz

Note: graph is not to scale

Figure 107 — TCTF test load |Spp,4(f)| and ISl loss requirements at IT for untrained 3 Gbit/s
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For testing an untrained 3 Gbit/s transmitter device at CT, the TCTF test load shall comply with the following
equations:

For 50 MHz < f < 3.0 GHz:
ISop21() < -20 x logsg(e) x (1.7 x 108 x 19-5) + (1.0 x 10710 x f)) dB

and for 3.0 GHz < f < 5.0 GHz:
|Spp21(f)] <-10.7 dB

and, specifying a minimum ISl loss:
|SDD21(f =300 MHZ)l - |SDD21(f =1 500 MHZ)l >3.9dB

where:

Ifal LE\] H oS | £ O LE\ <l
|UDD21\I’| IIIOHIIILUUU Ul \)DD21\I}, darid

f signal frequency in Hz.

Figure |08 shows the allowable |Spp»1(f)] and minimum ISI loss of a TCTF test load and the,|Sppo(f)] of a
sample| TCTF test load at CT for untrained 3 Gbit/s.

[Sop21 ()]
(i.e., no loss) 0 dB A a)

Invalid regfon
-2 dB !

4dB7 | )

ISl loss > 3.9 dB between
-6 dB 0:3'GHz and 1.5 GHz

| ———  Minimum loss
-8 dB_ »

-10dB —— Sample valid TCTF test load

107 dB—f et ————

|
-12dB

=14 dB

|

|

|

|
L
| |
|

|

|

|

|

|

|

|

|

|

]

i

03GHz 1.5GHz 3 GHz 5 GHz
Note: graph is not to scale

Figure 108 — TCTF test load |Spp,4(f)| and ISl loss requirements at CT for untrained 3 Gbit/s
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For testing an untrained 1.5 Gbit/s transmitter device at IT, the TCTF test load shall comply with the following
equations:

For 50 MHz < f < 1.5 GHz:
ISpp21 ()l < -20 x logyg(e) x ((6.5 x 107 x 199) + (2.0 x 10710 x f) + (3.3 x 1020 x f2)) dB
and for 1.5 GHz < f< 5.0 GHz:
ISpp21(f)l <-5.4 dB

and, specifying a minimum ISl loss:
|SDD21(f =150 MHZ)l - |SDD21(f =750 MHZ)l >2.0dB

where:

Ifal LE\] H oS | £ O LE\ <l
|UDD21\I’| IIIOHIIILUUU Ul \)DD21\I}, darid

f signal frequency in Hz.

Figure |09 shows the allowable |Spp»1(f)] and minimum ISI loss of a TCTF test load and the,|Sppo(f)] of a
sample| TCTF test load at IT for untrained 1.5 Gbit/s.

1Sop21(f)l

(i.e., noloss) 0 dB A N
Sample valid TCTF test load |
Invalid region

-2dB ]| Minimum loss

ISI loss > 2.0 dB between

4dB 150 MHz and-750 MHz

-5.4 dB—
-6 dB

-8 dB

-10dB

Valid region
-14 dB

|
|
|
|
|
|
|
|
|
|
|
|
|
|

-12dB - :
|
|
|
|
|
|
|
T P f
5

1.5 GHz 5 GHz
750 MHz Note: graph is not to scale

Figure 109 — TCTF test load |Spp,4(f)] and ISI loss requirements at IT for untrained 1.5 Gbit/s
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For testing an untrained 1.5 Gbit/s transmitter device at CT, the TCTF test load shall comply with the following
equations:

For 50 MHz < f < 1.5 GHz:
1Spp21(f)] < -20 x logqg(e) x (1.7 x 10 x %) + (1.0 x 10710 x f)) dB
and for 1.5 GHz < f< 5.0 GHz:
ISpp21(f)l <-7.0 dB

and, specifying a minimum ISl loss:
|SDD21(f =150 MHZ)l - |SDD21(f =750 MHZ)l >2.0dB

where:
iSDDZ‘] (f)i IIIOHI ||tudc Uf SDD21 (f), Al Id
f signal frequency in Hz.
Figure [[10 shows the allowable [Spp24(f)] and minimum ISI loss of a TCTF test load and the|Sppo1(f)] of a
sample| TCTF test load at CT for untrained 1.5 Gbit/s.
[Spp2s ()|
(i.e., noloss) 0 dB A N
Invalid region
-2dB : o
Sample valid TCTF testioad
-4 dB ISI loss > 2.0 dB between
150 MKiz,and 750 MHz
6dB—F--- /— Minimum loss
[ I
Sl IR
-8dB ]! | A\
[ I
[ I [
[ I [
10dB || :
[ I [
I I [
[ I [
-12dB | | I [
[ I [
[ I [
| | ( Valid region
-14dB | ! ' '
[ I [
[ I [
[ I [
[ I [
T T T - f
150 MHz 1.5 GHz 5.0 GHz
750 MHz Note: graph is not to scale

Figure 110 — TCTF test load [Spp,(f)| and ISI loss requirements at CT for untrained 1.5 Gbit/s
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5.6.4 Low-loss TCTF test load

C 2017

Figure 111 shows the low-loss TCTF test load. This test load is used for untrained 1.5 Gbit/s and 3 Gbit/s
characterization.

Transmitter device J_ Test load

500

Tx+ ==
Low-loss TCTF
(includes D.C. blocks
if transmitter device
requires isolation) nA

Transmitter
circuit

TX- e /Y
1 Z q,'\

The low
the targ

The low
Spp21(t

The low
For

for
and

wh

N 4
Transmitter device Probe points (e.g., SMA confector, with
compliance point equivalent termination provided by the test equipmen
5ing the connector appropriate for
b compliance point being tested

Figure 111 — Low-loss TCTF test load

-loss TCTF test load shall meet the requirements defined in 5.5:2yThe nominal impedance sh
et impedance.

-loss TCTF test load is defined by a set of S-parameters (see clause F.11). Only the magnitud
) is specified by this document.

-loss TCTF test load shall comply with the followingequations:

50 MHz < f < 3.0 GHz:
1Spp21(fl < -20 x logqg(e) x ((2.2 x 108 x f%53) + (6.9 x 107" x f) + (1.1 x 1020 x 2)) dB
3.0 GHz < f < 5.0 GHz:
ISpp21(f)l <-3.7 dB
, specifying a minimum IS| loss:
ISpp21(f = 300 MHZ)| - [Sppa4(f=1 500 MHz)| > 1.3 dB
bre:
|Spp21(f)l  magnitude of\Spp4(f); and
f signal frequency in Hz.

il be

14

b of
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Figure 112 shows the allowable |Spp24(f)] and minimum 1S1 loss of a low-loss TCTF test load and the
|Spp21(f)| of a sample low-loss TCTF test load.

1Sop21(f)l

(ie., noloss) 0 dB Sample valid low-

loss TCTF test load Invalid region

ISl loss > 1.3 dB between
0.3 GHz and 1.5 GHz

4y _____ é/— Minimum loss

n

-8 dB
-10dB
-12dB

Valid redion
-14 dB

|
0.3GHz _ +5'GHz 3 GHz 5 GHz

Note: graph is not to scale
Figure 112 — Low-loss-TCTF test load |[Spp»+(f)| and ISI loss requirements

5.6.5 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load

The reference transmitter\test load for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s is a set of parameters defining
the elegtrical performanee characteristics of a 10 m Mini SAS 4x cable assembly, used:

a) |in simulatioh-to determine compliance of a transmitter device (see 5.8.4.6); and
b) | as a representative component of an ISI generator used to determine compliance of a receiver|device
(see-5.8.5.7.6).

The following Touchstone model of the reference transmitter test load is included in this document:
a) SAS2_transmittertestload.s4p.

See Annex G for a description of how the Touchstone model was created.
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Figure 113 shows the reference transmitter test load |Spp24(f)| up to 6 GHz.

[Sop21(f)l

A

0dB ! ! ! ! !

-10dB

-20 dB

0 GHz 2 GHz 4 GHz 6 GHz

Figure 113 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter with a test load |Spjp,4(f)|
up.to 6 GHz
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Figure 114 shows the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load pulse response.

A

030 L. ﬂ _______ . S S S _
025 b . _
020 oo, o I S . S S S _

Figur¢ 114 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6.Gbit/s reference transmitter test load pulse response
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The following impulse response model of the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter
test load is included with this document:

a) sas2_stressor_6g0_16x.txt.

Figure 115 shows the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load impulse
response found in the sas2_stressor_6g0_16x.txt.
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0.020 | | | | .
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Figure 115 — Trained 1.5.Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter test load
impulse response for 6 Gbit/s
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Figure 116 shows the trained 1.5 Gbit/s, 3 Gbit/s, an 6 Gbit/s reference transmitter test load repeating 0011b
pattern or 1100b pattern (e.g., D24.3) response.
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Figure 116 — Trained 1.5 Gbit/s, 3 Gbit/s, and*6 Gbit/s reference transmitter test load D24.3 response

5.7 End to end simulation fortrained 12 Gbit/s

5.7.1 Ehd to end simulation for trained 12 Gbit/s overview

End to pnd simulation shall be used to verify characteristics of:

b) [transmitter devices connected to passive TxRx connections (see 5.8.4.7.4);
c) | passive TxRx connections (see 5.5.6); and

d) | ISI gengrators providing the stressed receiver signal input for receiver devices connected to ppssive
TxRx'eonnections (see 5.8.5.7.6.6).

The specifiec’end to end simulation procedures defined in 5.8.4.7.4, 5.5.6, and 5.8.5.7.6.6 follow this
sequence:

1) capture the signal from a transmitter device with no equalization and without SSC into a zero-length
test load or model the transmitter using the reference transmitter (see 5.8.4.7.3);

2) connect passive TxRx connection segments, crosstalk, reference transmitter, and reference receiver
according to the reference end to end simulation diagram (see 5.7.2 and D.2);

3) in the simulator, set the transmitter reference equalization (see 5.7.3 and figure 147) and set the
receiver reference DFE equalization (see 5.8.5.7.3); and

4) perform a linear simulation, including the effects of edge rates, ISI, and crosstalk (see clause D.1).

The end to end simulation uses a reference transmitter with RJ and TJ set to zero. RJ and TJ and non-linear
behavior present in the captured signal used for simulation are removed by the simulation process. Margins
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for these effects are provided in the required simulation characteristics. The simulation characteristics are
processed at a BER of 107"°.

Crosstalk transmitters are simulated using reference transmitters. These reference transmitters shall be set to
the characteristics of table D.1. The crosstalk transmitters shall be asynchronous to the data sent to the
channel under test.

Characteristics are measured from the simulation at specified measurement points for the usage model and
characterization type (see table 27, table 48, and table 63).

5.7.2 Usage models for end to end simulation for trained 12 Gbit/s

A set of transfer functions is required to complement the measured S-parameter or captured signal 16 ﬂ>rovide
an end|to end simulation model. D.2 describes the different S-parameter files that shall be used foreach
usage model, with their associated measurement points.

Each transmitter device, receiver device, or passive TxRx connection segment shall be simulated with the
appropfiate usage model (see clause D.2).

The S-parameter files provided in ISO/IEC 14776-154_2017.zip use the port mapping‘of F.11.3. The REXT
S-parameters and NEXT S-parameters are extracted as shown in figure 117.

100 Q diff 100 & diff
Recgiver port Near-gnd
p r‘: :’T transmittdr port
NEXT
Transnjitter port 1009 diff — —> 100 2 diff Receiver port
undér test Through under tefst

Faf-end
transmjitter port

Receiver port

FEXT
100 © diff F 100 Q diff

\\ J
Figure 117 — NEXT and FEXT measurement definition

See Annex' b for a description of the procedure that shall be used for end to end simulations. See clayse E.1
for addtioratinformation regarding the-S-parameter-for +2-Gbit/ssimutatiorns:
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5.7.3 Reference transmitter equalization for trained 12 Gbit/s

The reference transmitter equalization shall be calculated using the procedure described in this subclause,
which requires the unequalized pulse response of the TxRx connection between ET and the input of the
reference receiver (i.e., RR) (see clause D.2). Extraction of pulse responses from captured signals or transfer
functions is beyond the scope of this document, however, an example is provided in SAS3_EYEOPENING
(see ISO/IEC 14776-154_2017.zip).

The reference transmitter equalization procedure is as follows:

1)

compute the reference sampling instant from the un-equalized pulse response between ET and RR
(see figure 118):

2)
3)

Ideal d
stream i
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transm
equaliz

Outp
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channe
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equalizg
whe|
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ata
hput,
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tter
htion
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(Y)

8b10b data streany
used to synchronize the
reference sampling clock

set coefficient 2 (i.e., C2) of a reference transmitter to one and K to one;

provide the un-equalized pulse response between ET and RR as the input of the referenece
transmitter, and compute the coefficient 1 (i.e., C1) and coefficient 3 (i.e., C3) that result in a g
response with the smallest sum of squared error to an ideal pulse, at instants separated from
reference sampling instant by integer multiples of a one Ul period (see figure 119);

calculate an equalized pulse response by convolving the coefficients obtained(in'steps 2) and
the un-equalized pulse response between ET and RR;
calculate the reference sampling instant from the equalized pulse response;

repeat steps 2) through 5) until the coefficients and sampling point converge (see figure 120);
normalize the final coefficients found in steps 3) and 4) by dividingthem by (|C1| + |C3]| + 1).
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Figure 118 — Reference sampling point and reference pulse response cursor

Time


https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

- 176 — ISO/IEC 14776-154:2017 © ISO/IEC 2017

Figure 119 shows the computations of step 3). A one Ul spaced filter of coefficients [C1, C2 =1, C3]is
convolved with the extracted end to end pulse response. Coefficient 1 and coefficient 3 are computed to
produce an equalized pulse response that has the smallest sum of squared errors at the sampling instants

defined by a reference sampling clock.
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(V)

A Extracted pulse

response

/SN
O

Reference
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4

Time
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response

Amplitude
V) Ideal pulse
i / response
Equalized

pulse response

rror Error
— E / \ /j'L .
\j \;/Errorﬁ Time

| ke

Reference
samptmginstart

Figure 119 — Reference transmitter coefficient error computation

The reference sampling instant is computed from:

1) the un-equalized pulse response from ET to RR, for the first iteration; and
2) the equalized pulse response using transmitter coefficients from the previous iteration, for other

iterations.
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The reference sampling instant changes when the coefficients from the current iteration are used to compute
the equalized pulse response. As shown in figure 120, the process of calculating C1 and C3 is repeated with
the reference sampling instant computed from the last equalized pulse response, until the coefficients and
reference sampling instant converge to stable values.

Amplitude Updated C1 and C3 (computed from Amp\l/itude
) original extracted pulse response, but (‘)
using updated reference sampling instant) Updated pulse response
AC2
S / PasZal

N/ Time 0 Tme N/ Time
Updgted —[i—previous
refergnce reference 1
samg ||ng sampling C3

instant instant

Repeat until convergence

Figure 120 — Convergence of reference transmitter-équalization

If either coefficient 1 (i.e., C1) or coefficient 3 (i.e., C3) takes a positive-value during this procedure, its Jalue is
forced {o zero and only the other coefficient is computed. The procedure stops if both coefficients need to be
forced {o zero.

5.7.4 Crosstalk measurement for end to end simulations and 12 Gbit/s jitter tolerance

End to pnd channel simulation shall include crosstalk, Crosstalk shall be measured using:

a) | crosstalk transfer functions (e.g., S-parameters, see clause F.11); or
b) |total peak to peak crosstalk measuremeént.

The following procedure shall be used to measure total peak to peak crosstalk:

1) | calculate the reference transmitter equalization for the TxRx connection segment under test (§ee
5.7.3);
2) | terminate the TxRx connegction segment under test on the transmitter end;
3) | connect 12 Gbit/s transmitters to the source of all or a subset of crosstalk channels;
4) | set the crosstalk transmitters to transmit asynchronous IDLE dwords (see SPL-3) using the
characteristics in table D.1;
5) | measure the asynchronous amplitude histogram at the end of the TxRx connection segment ynder
test, into a’zero-length test load, with an acquisition bandwidth of at least 9 GHz, and a capturg of at
least 2 % 107 Ul;
6) | repeatsteps 2) through 4) until all crosstalk sources have been measured,;
7) | wher’multiple measurements are made, convolve the histograms to obtain the total crosstalk
histogram; and
8) from the total crosstalk histogram evaluate the crosstalk amplitude that is met or exceeded at a
cumulative probability of 10™ using the following procedure:
1) separate positive samples from negative samples, ensuring at least 107 samples are collected for
each type;
2) calculate the vertical histogram for the positive samples;
3) from the histogram, compute the crosstalk voltage that is met or exceeded at a probability of 10'6;
4) calculate the vertical histogram for the opposite of the negative samples (i.e., zero minus the
samples);
5) from the histogram, calculate the crosstalk voltage that is met or exceeded at a probability of 10';
and
6) sum the peak crosstalk voltages calculated in steps 3) and 5).
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To provide a variety of pattern combinations for the crosstalk measurement, the digital IDLE dwords should be
aligned differently one crosstalk channel to another and the transmission frequencies of the crosstalk
transmitters should be different one from another.

The channel under test shall be terminated with the characteristics of the transmitter device termination (see
table 34) on the transmitter end. The termination should be implemented using:

a) a high-bandwidth termination having impedance close to the nominal differential impedance (see
table 24), for TxRx connection segments; or
b) a transmitter device set to transmit D.C. idle while maintaining the characteristics of table 34 for
transmitter circuits and 1SI generators.
Active ¢f ; < :
active gircuits connected, the crosstalk value reported includes this noise. This is representative of.the noise
generafed when the active circuit is transmitting data. When multiple crosstalk measurements are perfprmed,
this noise may however be overestimated in the final crosstalk amplitude calculation. Appropriate
measulement techniques should be used to minimize these effects.

For trapsmitter device characterization, the crosstalk transmitters shall set coefficient 1(i.e., C1) to zefo, set
coefficient 3 (i.e., C3) to zero, and set maximum peak to peak voltage.

For recgiver ISI stress generators, the crosstalk is measured into a zero-length test load, and shall not {nclude
crosstalk from the receiver under test. A crosstalk generator channel should be’selected to provide signal
characferistics as close as possible to the required crosstalk signal characteristics (see table D.5), with the
crosstalk generator characteristics defined by table D.1. Peak to peak.voltage should then be adjusteq to
meet the required crosstalk characteristics.

5.8 Transmitter device and receiver device electrical characteristics

5.8.1 General electrical characteristics

Table 3|1 defines the general electrical characteristics, which apply to both transmitter devices and recgiver
devicey.

Table 31.5General electrical characteristics

Charhcteristic Units 1..5 Gbit/s 3 Gbit/s 6 Gbit/s 1? Gbit/s
(i.e., G1) (i.e., G2) | (i.e., G3) (i.e.| G4)

Physical link rate (nominat) MBps 150 300 600 1200

Unit ipterval (Ul) (noninal) @ ps 666.6 333.3 166.6 83.3

Baud|rate (fp5,q)-(ROminal) Gigasymbols/s 1.5 3 6 12

Maxillnum A.C._coupling capacitor b nF 12

’I[\iﬂn?élzlnum noise during OOB idle mV(P-P) 120

b

@ 666.6 (i.e., 2 000/ 3), 333.3 (i.e., 1 000/ 3), 166.6 (i.e., 500/ 3), and 83.3 (i.e., 250 / 3).
The coupling capacitor value for A.C. coupled transmit and receive pairs. See 5.8.4.2 for coupling
requirements for transmitter devices. See 5.8.5.2 for coupling requirements for receiver devices. The
equivalent series resistance at 3 GHz should be less than 1 Q.
¢ With a measurement bandwidth of 1.5 x f,, 4 (€.9., 18 GHz for 12 Gbit/s), no signal level during the idle
time shall exceed the specified maximum differential amplitude.

This is not applicable when optical mode is enabled.
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5.8.2 Transmitter device and receiver device transients

Transients may occur at transmitter devices or receiver devices as a result of changes in supply power
conditions or mode transitions.

A mode transition is an event that may result in a measurable transient due to the response of the transmitter
device or receiver device. The following conditions constitute a mode transition:

a) enabling or disabling driver circuitry;

b) enabling or disabling receiver common mode circuitry;
c) hot plug event;

d) _adjusting driver amplitude;

e) | enabling or disabling de-emphasis; and

f) |adjusting terminator impedance.

Transnitter device transients are measured at nodes Vp and Vy with respect to GROUND on the test circuit
shown |n figure 121 during all power state and mode transitions. Receiver device transients are measiired at
nodes Yp and Vy with respect to GROUND on the test circuit shown in figure 122 duripg.all power staje and
mode tfansitions. Test conditions shall include power supply power on and power off'conditions, voltage
sequencing, and mode transitions.

Figure 121 shows the test circuit attached to IT or CT to test transmitter device transients.

Transmitter device lJ_ Vp ansient test circuit

\
56 Q ©)
Tx+ —

&

Transmitter Probe points

circuit
Tx-
p
@

Figure 121'= Transmitter device transient test circuit

Figure 122 shows the test circuit attached to IR or CR to test receiver device transients.

Transientt)®\circuit 560 Vp | | Receiver device
N T R
Q. 12Q

. Probe points Receiver
é circuit
D) S

_ F =\ Rx-

"\ L\

5680 Vn ||

\
\
®

Figure 122 — Receiver device transient test circuit
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5.8.3 Eye masks and the JTF
5.8.3.1 Eye masks overview
The eye masks shown in 5.8.3 shall be interpreted as graphical representations of the voltage and time limits

of the signal. The eye mask boundaries define the eye contour of:

a) the 10'12jitter population for untrained 1.5 Gbit/s and 3 Gbit/s measured eyes; and
b) the 10'15jitter population for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s simulated eyes.

For untrained 1.5 Gbit/s and 3 Gbit/s, equivalent time sampling oscilloscope technology is not practical for
measurin mplian h masks. M for meth hat ar itable for verifyin mpliance to

(see SPL-3) and scrambling (see SPL-3).
5.8.3.2UTF

With the possible presence of SSC, the application of a single pole high-pass frequency-weighting funiction
that prqgressively attenuates jitter at 20 dB/decade below a frequency of (fysy9/ 1 667) as specified in
SAS-1.[1 does not separate the SSC component from the actual jitter and\thus may overstate the trangmitter
device |itter. To differentiate between allowable timing variation due to SSC'and jitter, the frequency-weighting
JTF shall be applied to the signal at the compliance point when determining the eye mask.

The jitt¢er measurement device shall comply with the JTF. The refefence clock characteristics are contrqglled by
the restilting JTF characteristics obtained by taking the time difference between the PLL output (i.e., the
referente clock) and the data stream sourced to the PLL. The"PLL’s closed loop transfer function’s -3 B

corner frequency and other adjustable parameters (e.g.,.peaking) are determined by the value requirefl to
meet the requirements of the JTF.

The JTF shall have the characteristics specified in‘table 32 for a repeating 0011b pattern or 1100b patjern
(e.g., D24.3). See the phy test patterns in the Protocol Specific diagnostic page in SPL-3.

The JTF -3 dB corner frequency and the magnitude peaking requirements shall be measured with SJ gpplied,
with a geak to peak amplitude of 0.3 Ul With a relative tolerance of £ 10 %. The relative attenuation at B0 kHz
shall bg¢ measured with sinusoidal phase (i.e., time) modulation applied, with a peak to peak amplitudg of

20.8 nq with a relative tolerance of*:10 %. See Annex F for the calibration procedure.

A propdrtional decrease of the JTF -3 dB corner frequency should be observed for a decrease in pattgrn
transition density compareditata 0.5 transition density. If a JMD shifts the JTF -3 dB corner frequency in a
mannef that does not match this characteristic, or does not shift at all, then measurements of jitter Wit:l:

patterng with transition densities different than 0.5 may lead to discrepancies in reported jitter levels. I the
case of{reported jitter.discrepancies between JMDs, the JMD with the shift of the -3 dB corner frequency that
is closdst to theproportional characteristic of the reference transmitter test load (see 5.6.5) shall be
considgred cerrect. This characteristic may be measured with the conditions defined above for measuring the
-3 dB cprner frequency but substituting other patterns with different transition densities.
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Table 32 — JTF parameters

fbaud

valu¢ for 6 Gbit/s.

Without SSC support With SSC support
Characteristic 15 3 6 12 15 3 6 12
Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s
JTF -3 dB point 900 1800+ | 3600+ | 3600+ | 1300% 1838+ | 2600+ | 2600+
(kHz) @ b + 500 500 500 500 500 500 500 500
JTF slope
(dB/decade) 20 20 20 20 40 40 40 40
Attenuation at
30 kHz + 1 % N/A N/A N/A N/A 615+ 67.5+ 735+ 735+
c 1.5 1.5 1.5 115
(dB)
Maximum
Pedking (dB) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 315
Key:
N/A E not applicable

D

= Hz (i.e., 1.5 GHz for 1.5 Gbit/s, 3.0 GHz for 3 Gbit/s, 6.0 GHz for& Gbit/s). 12 Gbit/s uses th

a

b

dB £ 1.5 dB for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s. 12 Gbit/s uses the value for 6 Gbit/s.

For untrained or trained without SSC support this value equals fy, /1 667 + 500 kHz for
.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s. 12 Gbit/s uses the value for.6 Gbit/s.

For untrained or trained with SSC support this value equals (fo,,q)"° X 33.566 x Hz®° + 500 kHE for
.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s. 12 Gbit/s uses the value for 6 Gbit/s.
For untrained or trained with SSC support this value equals 73.5 dB + [20 x log4o(foauq / 6 X 10° Hz)]

5.8.3.3

Figure
untrain

Transmitter device eye mask for untrained 1.5 Gbit/s and 3 Gbit/s

Absolute A
amplitude
(inV)

z2

Z1

: : >
X2 1-X1 1
1-X2

Normalized time (in Ul)

0 X1

Figure 123 — Transmitter device eye mask

123 describes the eye mask used fortesting the signal output of the transmitter device at IT and CT for
bd 1.5 Gbit/s and 3 Gbit/s (see table 36 in 5.8.4.5) and OOB signals (see table 50 in 5.8.4.8). This eye
mask applies to jitter after the application of the JTF (see 5.8.3.2).
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Verifying compliance with the limits represented by the transmitter device eye mask should be done with
reverse channel traffic present on the channel under test and with forward and reverse traffic present on all
other channels, in order that the effects of crosstalk are taken into account.

5.8.3.4

Receiver device eye mask for untrained 1.5 Gbit/s and 3 Gbit/s

Figure 124 describes the eye mask used for testing the signal delivered to the receiver device at IR and CR
for untrained 1.5 Gbit/s and 3 Gbit/s (see table 54 in 5.8.5.4). This eye mask applies to jitter after the
application of the JTF (see 5.8.3.2). This requirement accounts for the low frequency tracking properties and

respon

se time of the CDR circuitry in receiver devices.

Absolute 4
amplitude
(inV)

Z2

Z1

N

g g S e\ >
0 X1 X2 1-X1 1
1-X2

Normalized time (in Ul)

Figure 124 — Receiver device eye mask

Verifying compliance with the limits represented.by the receiver device eye mask should be done with feverse

channeg

5.8.3.5

Figure
untrain
toleran
(see 5.

The ey

a)
b)
c)

Receiver device jitter tolerance eye mask for untrained 1.5 Gbit/s and 3 Gbit/s

125 describes the eye mask used to test the jitter tolerance of the receiver device at IR and CR
bd 1.5 Gbit/s and 3 Gbit/s (see table 54 in 5.8.5.4). For trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/g

B.5.7.6).
b mask shdll-be constructed as follows:

X2 and:Z2 shall be the values for the delivered signal listed in table 54 (see 5.8.5.4);

| traffic present on the channel under.test and with forward and reverse traffic present on all other
channgls, in order that the effects of crosstalk are taken into account.

for
, jitter

Ce is included in the delivered signal specifications for stressed receiver device jitter tolerance festing

X145psshall be half the value of TJ for maximum delivered jitter listed in table 55 (see 5.8.5.5);

and

X17oL shall be half the value of TJ for receiver device jitter tolerance listed in table 56 (see 5.8.5.6),

for applied SJfrequencies above (Tpauq / 1 667).
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Figure 125 — Deriving a receiver device jitter tolerance eye mask'for untrained 1.5 Gbit/s apd
3 Gbit/s
The ledding and trailing edge slopes of the receiver device eye’mask in figure 124 (see 5.8.3.4) shall Ie
preserved. As a result, the amplitude value of Z1 is less than that given for the delivered signal in tablg¢ 54
(see 5.8.5.4), and Z11o. and Z1p shall be defined from.those slopes by the following equation:
ASJ
x2-(557) -Xtop
Z1 =Z14p
TOL oP X2 — X1 op
where:
ZfltoL is the value for Z1 to be“used for the receiver device jitter tolerance eye mask;
flop is the Z1 value forthe delivered signal in table 54;
Xop is the X1 value for the delivered signal in table 54;
Xp is the X2~value for the delivered signal in table 54; and
Ay is the additional SJ for applied SJ frequencies above (fy4,q/ 1 667)
(seefigure 139 in 5.8.5.6).
The X1|points in the receiver device jitter tolerance eye mask (see figure 125) are greater than the X1|points
in the receiverdevice eye mask (see figure 124) due to the addition of SJ.
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5.8.4 Transmitter device characteristics

5.8.4.1 Transmitter device characteristics overview

Transmitter devices operating at 1.5 Gbit/s, 3 Gbit/s, or 6 Gbit/s may or may not incorporate de-emphasis (i.e.,
pre-emphasis) and other forms of compensation. The transmitter device operating at 1.5 Gbit/s,

3 Gbit/s, or 6 Gbit/s shall use the same settings (e.g., de-emphasis and voltage swing) with both the
zero-length test load and the appropriate TCTF test load or reference transmitter test load (see 5.6).
Transmitter devices operating at 6 Gbit/s should use the transmitter equalization settings provided in table 40.
Transmitter devices operating at 12 Gbit/s shall support transmitter training (see SPL-3) unless the transmitter
device |s operating in the optical mode.

Complignce points referenced in the electrical requirement tables are shown in 5.3 unless otherwise sgecified.

See clduse F.7 for a methodology for measuring transmitter device signal output.
5.8.4.2|Transmitter device coupling requirements

Coupling requirements for transmitter devices are as follows:

a) | transmitter devices using inter-enclosure TxRx connections (i.e., attaChed to CT compliance points)
should be D.C. coupled, however, may be A.C. coupled to the intefedonnect through a transmigsion

network; or
b) [transmitter devices using intra-enclosure TxRx connections (i-e), attached to IT compliance pqints)
should be D.C. coupled, however, may be A.C. coupled.

If the transmitter device is attached to an IT compliance point.supporting SATA, then the coupling
requirements of Gen1i devices (see SATA) should be considered regarding its impact to the implementation.

See table 31 (see 5.8.1) for the coupling capacitor value.
5.8.4.3|Transmitter device general electrical characteristics

Table 33 defines the transmitter device general electrical characteristics.

Table 33 — Transmitter device general electrical characteristics

Charpcteristic Units | 1.5 Gbit/s | 3 Gbit/s | 6 Gbit/s | 12 Gbit/s

Phys|cal link rate accuracy® at IT and CT ppm +100

Physical link rate SSC-modulation at IT and CT | ppm See table 68, table 69, and table 70 in $.8.6

Maxillnum transmitter device transients ° V +1.2

a PI|1ysicaI linkrate accuracy shall be measured over a minimum of 1 x 108 Ul and should be meagured
uging a-minimum resolution of 100 Hz.
b Sfe 5.8:2 for transient test circuits and conditions.
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Table 34 defines the transmitter device termination characteristics.

Table 34 — Transmitter device termination characteristics

Trained
Untrained 1.5 Gbit/s, Trained
Characteristic Units 1.5 Gbit/s 3 Gbit/s, 12 Gbit/s
and 3 Gbit/s and
6 Gbit/s
Differential impedance 2 Q 464?: Tmlmfmm - C,S?e,, . - OSAee 1
Maximum differential impedance imbalance @ P Q 5 See Sioe
P 58463° | 584.72°
. b 15 minimum See Ses
Common mode impedance 2 | 40 maximum | 5.846.] 5.8.4.7.1

a
b 1
i
t

erminals.

A\l transmitter device termination measurements are made through mated cehnector pairs.
[he difference in measured impedance to SIGNAL GROUND on the plus and‘minus terminals o the
nterconnect, transmitter device, or receiver device, with a differential test signal applied to thosg

¢ Measurement replaced by Scp,, specifications (i.e., differential te-<common mode conversion).
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5.8.4.4 Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as
measured with the zero-length test load

Table 35 specifies the signal output characteristics for the transmitter device for untrained 1.5 Gbit/s and

3 Gbit/s as measured with the zero-length test load (see 5.6.2) attached at a transmitter device compliance
point (i.e., IT or CT). All specifications are based on differential measurements. See 5.8.4.6 for trained

1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device signal output characteristics. See SATA for untrained

6 Gbit/s (i.e., SATA Geng3i) transmitter device signal output characteristics.

Table 35 — Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as
measured with the zero-length test load at IT and CT

Untrained
Sign3l characteristic @ Units
1.5 Gbit/s 3 Gbjt/s
Maximum intra-pair skew b ps 20 15
Maxirmum transmitter device off voltage © d mV(P-P) 50
Maxirpum (i.e., slowest) rise/fall time © ps 273 137
Mininmjum (i.e., fastest) rise/fall time © ps 41.6
Maximum transmitter output imbalance f % 10
@ All tests in this table shall be performed with zero-length test load (see 5.6.2).
b THe intra-pair skew measurement shall be made at the midpaint of the transition with a repeating

01lb pattern or 10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specifjc
diagnostic page in SPL-3) on the physical link. The same’stable trigger, coherent to the data stream,
shall be used for both the TX+ and TX- signals. Intra-pair skew is defined as the time difference befween
th¢ means of the midpoint crossing times of the TX+ signal and the TX- signal.
¢ THe transmitter device off voltage is the maximiim A.C. voltage measured at compliance points IT and
CT when the transmitter is unpowered or transmitting D.C. idle (e.g., during idle time of an OOB gignal).
d' THis is not applicable when optical mode-is enabled.
€ Rie/fall times are measured from 20 % to 80 % of the transition with a repeating 01b pattern or 10b
pattern (e.g., D10.2 or D21.5) (see.the phy test patterns in the Protocol Specific diagnostic page in
SKL-3) on the physical link.
' THe maximum difference betweeh the V+ and V- A.C. rms transmitter device amplitudes measured with
CJTPAT (see Annex A) into the zero-length test load shown in figure 103 (see 5.6.2), as a percenthge of
the¢ average of the V+ ahd V- A.C. rms amplitudes.
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5.8.4.5 Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as
measured with each test load

Table 36 specifies the signal output characteristics for the transmitter device for untrained 1.5 Gbit/s and

3 Gbit/s as measured with each test load (i.e., the zero-length test load (see 5.6.2) and either the TCTF test
load (see 5.6.3) or the low-loss TCTF test load (see 5.6.4)) attached at a transmitter device compliance point
(i.e., IT or CT). All specifications are based on differential measurements. See 5.8.4.6 for trained 1.5 Gbit/s,
3 Gbit/s, and 6 Gbit/s transmitter device signal output characteristics. See SATA for untrained 6 Gbit/s

(i.e., SATA Gen3i) transmitter device signal output characteristics.
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Table 36 — Transmitter device signal output characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as

measured with each test load at IT and CT

IT, untrained CT, untrained

Signal characteristic Units 15 3 15 3

Gbit/s Gbit/s Gbit/s Gbit/s
Maximum voltage (non-operational) mV(P-P) 2 000
Maximum peak to peak voltage (i.e., 2 x Z2 in :
figure 123) if SATA is not supported mV(P-P) 1600
Maximum peak to peak voltage (i.e., 2 x Z2 in ) a
figurg 123) if SATA is supported mV(P-P) see SATA NAR
Minimum eye opening (i.e., 2 x Z1 in figure 123), _
if SATA is not supported mV(P-P) 325 275 275
Minimum eye opening (i.e., 2 x Z1 in figure 123), ) a
if SATA is supported mV(P-P) see SATA N/A
Maxifnum DJ P ¢d ul 0.35
Maxipnum half of TJ
(i.e., X1 in figure 123)bcdefgh ul 0.275
Center of bit time (i.e., X2 in figure 123) Ul 0.50

Maxifum intra-pair skew ' ps 80 75 80 75

a8 Amplitude measurement methodologies of SATA and this,document differ. Under conditions of
miximum rise/fall time and jitter, eye diagram methodologies used in this document may indicatg less
signal amplitude than the technique specified by SATA. Implementers of designs supporting SATA are
required to ensure interoperability and should pefform additional system characterization with anfeye
dingram methodology using SATA devices.

b Al DJ and TJ values are level 1 (see MJSQ):

¢ Tme values for jitter in this table are meastired at the average signal amplitude point.

4 The DJ and TJ values in this table apply to jitter measured as described in 5.8.3.3. Values for DJ|and
TJ shall be calculated from the CDFE_for the jitter population using the calculation of level 1 jitter
cgmpliance levels method in MJSQ.

€ TJ is specified at a CDF levelof10-12.

1 [TJ received at any point is-fess than the maximum allowed, then the jitter distribution of the sighal is
allowed to be asymmetfic. The TJ plus the magnitude of the asymmetry shall not exceed the allgwed
meaximum TJ. The namerical difference between the average of the peaks with a BER that is lesg than
10712 and the avefage of the individual events is the measure of the asymmetry.

Jitter peak to peak measured < (maximum TJ - |asymmetry|).

9 The value.for X1 applies at a TJ probability of 10712, At this level of probability, direct visual comparison
between the mask and actual signals is not a valid method for determining compliance with the jitter
relquirements.

N The-vatefe 3 atte 8 .5.5).

The test or analysis shall include the effects of the JTF
The intra-pair skew measurement shall be made at the midpoint of the transition with a repeating

(see 5.8.3.2).

01b pattern or 10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific

diagnostic page in SPL-3) on the physical link. The same stable trigger, coherent to the data stream,
shall be used for both the TX+ and TX- signals. Intra-pair skew is defined as the time difference
between the means of the midpoint crossing times of the TX+ signal and the TX- signal at the probe
points.
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5.8.4.6 Transmitter device signal output characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

5.8.4.6.1 Transmitter device signal output characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and
6 Gbit/s overview

Table 37 specifies the signal output characteristics for the transmitter device for trained 1.5 Gbit/s, 3 Gbit/s,
and 6 Gbit/s as measured with the zero-length test load (see 5.6.2), unless otherwise specified, attached at a
transmitter device compliance point (i.e., IT or CT). All specifications are based on differential measurements
except for common mode measurements.

Table 37 — Transmitter device signal output characteristics for trained 1.5 Gbit/s, 3 Gbit/s, and
6 Gbit/s at ITand CT

Signgl characteristic Units Minimum Nominal Maximum
Peak [to peak voltage (Vp_p) 2 mV(P-P) 850 120D
Transmitter device off voltage P © mV(P-P) 50
Withstanding voltage (non-operational) mV(P-P) 2000

Rise/fall time ¢ ps 41.6

Reference differential impedance © Q 100

Reference common mode impedance © Q 25

Common mode voltage limit (rms) ' mV 30
RJ9 ul 0.15[!
Ty ul 0.25[¢
WDP|at 6 Gbit/s ' dB 13
WDP|at 3 Gbit/s ' dB 7
WDP|at 1.5 Gbit/s ' dB 45

a8 Sge 5.8.4.6.6 for the Vp_p measurement method.

b THe transmitter device off voltage is-the maximum A.C. voltage measured at compliance points IT and
CT when the transmitter is unpowered or transmitting D.C. idle (e.g., during idle time of an OOB gignal).

¢ THis is not applicable when@©ptical mode is enabled.

d' Rike/fall times are measured from 20 % to 80 % of the transition with a repeating 01b pattern or
10b pattern (e.g., D10:2-0or D21.5) (see the phy test patterns in the Protocol Specific diagnostic page in
SKL-3) on the physicallink.

€ Sqe 5.8.4.6.3 fortransmitter device S-parameters characteristics.

' THis is a broadband limit. For additional limits on spectral content, see figure 126 and table 38.

9 THe RJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g., 024.3)
(s¢e thephytest patterns in the Protocol Specific diagnostic page in SPL-3) with SSC disabled. R{ is 14
times the' RJ 1 sigma value, based on a BER of 10"'2. For simulations based on a BER of 10°1%, the RJ
specified is 16 times the RJ 1 sigma value. lr

" The measurement shall include the effects of the JTF (see 5.8.3.2).

' 0.15 Ul is 25 ps at 6 Gbit/s, 50 ps at 3 Gbit/s, and 100 ps at 1.5 Gbit/s.

}" The TJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g., D24.3)
(see the phy test patterns in the Protocol Specific diagnostic page in SPL-3). If the transmitter device
supports SSC, then this test shall be performed with both SSC enabled and SSC disabled. TJ is
equivalent to BUJ + RJ. ISl is minimized by the test pattern.

K 0.25Ulis 41.6 ps at 6 Gbit/s, 83.3 ps at 3 Gbit/s, and 166.6 ps at 1.5 Gbit/s.

| See 5.8.4.6.2 for the transmitter device test procedure.
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Table 38 defines the transmitter device common mode voltage limit characteristics.

Table 38 — Transmitter device common mode voltage limit characteristics

L? N s? fmin a fmax a

Characteristic Reference
dBmvV P dBmv P ¢ dBmV/decade MHz GHz

Spectral limit of
common mode Figure 126 12.7 26.0 13.3 100 6.0
voltage ¢

a8 Sde figure 4in 5.2 for definitions of L, N, S, T, and Tax. FOT This parameter, units of dBmV isuged in
place of dB.

b Fdr dBmV, the reference level of 0 dBmV is 1 mV (rms). Hence, 0 dBm is 1 mW which is 58 mV/|(rms)
agross 25 Q (i.e., the reference impedance for common mode voltage) which is 20 x log4(158) =
+44 dBmV. +26 dBmV is therefore -18 dBm.

¢ Maximum value at the Nyquist frequency (i.e., 3 GHz) (see figure 126).

4 THe transmitter device common mode voltage shall be measured with a 1 MHzresolution bandwidth
thfough the range of 100 MHz to 6 GHz with the transmitter device output of CJTPAT (see Annex A).
THe end points of the range shall be at the center of the measurement bandwidth.

Figure 126 shows the transmitter device common mode voltage limit defined in table 38.

Vewm

A

30 dBmV

20 dBmV o))

12.7 dBmV N Valid region
10 dBmV NG

0dBmV | —P f
0.1 GHz 0.3 GHz 1 GHz 6 GHz 10 GHz
Note: graph is not to scale

Figure 126 — Transmitter device common mode voltage limit

5.8.4.6)2 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device test procedure

The trapsmitter device test procedure is as follows:

1) Lattac o trans
oscilloscope;

2) configure the transmitter device to transmit the SCRAMBLED _0 pattern (see the phy test patterns in
the Protocol Specific diagnostic page in SPL-3);

3) configure the transmitter device to minimize DCD and BUJ;

4) capture multiple sets of the first 58 data dwords (i.e., 2 320 bits on the physical link) of the
SCRAMBLED_0 pattern. Use averaging to minimize RJ; and

5) input the captured pattern into SASWDP simulation (see Annex B) with the usage variable set to
‘SAS2_TWDP'.

The WDP value is a characterization of the signal output within the reference receiver device (see 5.8.5.7.3)
after equalization. WDP values computed by SASWDP are influenced by all sources of eye closure including
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DCD, BUJ, and ISI, and increased variability in results may occur due to increases in those sources other
than ISI.

5.8.4.6.3 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s Transmitter device S-parameter limits

S-parameter limits are calculated per the following formula:
Measured value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]

where:

is the minimum value (i.e., the low frequency asymptote);

L

H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;

f is the frequency of the signal in Hz;

max [A, B] is the maximum of A and B; and

njin [A, B] is the minimum of A and B.

The frefluency for N is based on the Nyquist at 6 Gbit/s.

Table 3P defines the maximum limits for S-parameters of the transmitter deyice.

Table 39 — Maximum limits for S-parameters‘at ITg or CTg

L¢ N ¢ H® s¢ fnin © | fmax ©
Characteristic 2 °

dB dB dB dB / decade MHz GHz
ISce22l 6.0 -5.0 -1.0 13.3 100 6.0
ISpp22l -10 -7.9 -3.9 13.3 100 6.0
IScp22l -26 -12.7 -10 13.3 100 6.0

8 For S-parameter measurements,.tfié transmitter device under test shall transmit a repeating
0011b pattern or 1100b pattern.(€.g., D24.3) (see the phy test patterns in the Protocol
Specific diagnostic page in SPL-3). The amplitude applied by the test equipment shall be
less than -4.4 dBm (i.e.; 190 mV zero to peak) per port (see F.11.4.2).

b |Spc2ol| is not specified.

¢ See figure 4 for definitions of L, N, H, S, fin, and fax.
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Figure 127 shows the transmitter device [Sccosl, [Sppasl, and [Scpasl limits defined in table 39.

S-parameter

magnitude
0dB
|SCCZ2| - o -
-5dB \L Y.

[SpD22| /
-10 dB \l’

-15dB i
4,, , §
‘ ‘
.20 dB 2
|Scooz| -~
25 dB L

-30 dB | —
0.1 GHz 1.GHz 3 GHz 6 GHz 10 GHz

Note: graph is not to scale
Figure 127 — Transmitter device |Scca2l, |Spp2zl, and |Scpaal limits

5.8.4.6)4 Recommended trained 1.5/Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter device settings for
interopgerability

Table 40 defines recommended values for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter deviceq to
provideg interoperability withha broad range of implementations utilizing compliant TxRx connections arld
complignt receiver deviCes. The values are based on the evaluation of simulations with a variety of
characterized physical\hardware. Use of the recommended values does not guarantee that an implementation
is capaple of achieving a specific BER.

Specifi¢ implementations may obtain increased margin by deviating from the recommended values, hgwever,
such injplementations are beyond the scope of this document.

Table 30— Recommended trained 1.5 GbIt/s, 3 Gbit/s, and 6 Gbit/s transmitter device settings at IT
and CT compliance point
Characteristic Units | Minimum Nominal Maximum
Differential voltage swing (mode) (VMA) @ mV 600 707
Transmitter equalization @ dB 2 3 4
@ See 5.8.4.6.6 for measurement method.
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5.8.4.6.5 Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device characteristics

The trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device is a set of parameters defining the
electrical performance characteristics of a transmitter device used in simulation to determine compliance of a
TxRx connection (see 5.5.5).

Figure 128 shows a trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device.

\- - - T T T T T T oo 77
Reference transmitter device :

I
: Transmitter circuit

I Do cmnhacic

| De-emphasis

I

Figure 128 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device

Table 4/1 defines the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device characteris\Lcs.

Table |41 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device characteristicg at IT

and CT compliance point

Characteristic Units Value
Peak to peak voltage (Vp_p) @ mV(P-P) 850
Transmitter equalization @ dB 2
Maxirum (i.e., slowest) rise/fall time b Ul oy1°¢
RJ ul of15¢
BUJ Ul ofto®

a8 Sge 5.8.4.6.6 for measurement method.

b Rike/fall times are measured from 20 % t0'80 % of the transition with a repeating 01b pattern or

10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific diagnostic page in
SRL-3). _ o _

€ 0.41 Ul is 68.3 ps at 6 Gbit/s, 136.6ps at 3 Gbit/s, and 273.3 ps at 1.5 Gbit/s.

4 0.15Ulis 25 ps at 6 Gbit/s, 50.ps at 3 Gbit/s, and 100 ps at 1.5 Gbit/s.

€ 0.10 Ul is 16.6 ps at 6 Gbit/s, 83.3 ps at 3 Gbit/s, and 66.6 ps at 1.5 Gbit/s.

The following Touchstone model of the reference transmitter device termination is included in this doctiment:

f) | SAS2_TxRefTerm.s4p.
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Figure 129 shows the S-parameters of the trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter
device termination model.
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ure 129 — Trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s reference transmitter device terminatjon
S-parameters model

The Tolichstone model does not@xactly match the |Sccosl, [Sppaol, and [Scpasl limits defined in 5.8.4.6.3 at
all freqliencies, however, it is a‘'reasonable approximation for use in simulations. See Annex G for a
description of how the Touchstone model was created.

5.8.4.6)6 Trained 1.5.Gbit/s, 3 Gbit/s, and 6 Gbit/s Transmitter equalization, VMA, and Vp_p
measurement

The trajned 15-Gbit/s, 3 Gbit/s, and 6 Gbit/s transmitter equalization measurement shall be based on fthe
following yalues:

a) VIV a .C., Sgten T VvVarde O a—S€ Lo Treasurement,ana
b) Vp_p: a peak to peak measurement with a repeating 7Eh (i.e., D30.3) pattern (see the phy test

patterns in the Protocol Specific diagnostic page in SPL-3).

The VMA and Vp_p measurements shall be made with the transmitter device terminated through the
interoperability point into a zero-length test load (see 5.6.2).
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The VMA and Vp_p measurements shall be made using an equivalent time sampling scope with a histogram
function with the following or an equivalent procedure:

1)
2)

calibrate the sampling scope for measurement of a 3 GHz signal; and

determine VMA and Vp_p as shown in figure 130. A sample size of 1 000 minimum to 2 000 maximum
histogram hits for VMA shall be used to determine the values. The histogram is a combination of two
histograms (i.e., an upper histogram for TX+ and a lower histogram for TX-). The histograms on the

left represent the test pattern signal displayed on the right. VMA and Vp_p are determined by adding

the values measured for TX+ and TX-.

A A

The fol
Tra
where:

V]
V]

0.6

0.4

0.2

Differential Voltage
o
o

Differential Voltage

> ul

Occurrences . . . 2.0

Figure 130 — Transmitter equalization measurement

owing formula shall be used to calculate the transmitter equalization value:

nsmitter equalization = 20 x log¢q (Vpe'/ VMA) dB

b.p is the peak to peaK:value; and
MA is the mode value:
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5.8.4.7 Transmitter device signal output characteristics for trained 12 Gbit/s
5.8.4.7.1 Transmitter device signal output characteristics for trained 12 Gbit/s overview

Table 42 specifies the signal output characteristics for the transmitter device for trained 12 Gbit/s.

Table 42 — Transmitter device signal output characteristics for trained 12 Gbit/s at ET, IT, and CT
(part 1 of 2)

Signal characteristic

Units

Minimum

Nominal

Maximum

Pea ) a

toneak voltaae (\/
L J \

m\UP-P)
A 7

850

1200

P=P7

Trar|smitter device off voltage at IT or CT ° ¢

mV(P-P)

5(

Withstanding voltage (non-operational) at IT or CT

mV(P-P)

2000

Risd/fall time at IT or CT ¢

ps

20.8

Refgrence differential impedance at IT or CT ©

Q

100

Refgrence common mode impedance at IT or CT ©

Q

25

@ The Vp.p measurement shall be made with the transmitter device set to ne equalization (see tabl

nd amplitude set to maximum. The minimum value applies at ET_(se€ 5.3.3) and the maximunj
alue applies at IT (see 5.3.3) or CT (see 5.3.3). The measurement' is made with a repeating 7§

sing SAS3_EYEOPENING or equivalent tool for the measurement at ET, then IDLE dwords
see SPL-3) may be used for the test pattern.

he transmitter device off voltage is the maximum A.€voltage measured at compliance points
nd CT when the transmitter is unpowered or transmitting D.C. idle (e.g., during idle time of an
ignal).

optical mode is enabled the transmitter device off voltage is not applicable.

ise/fall times are measured from 20 % to 80 % of the transition with a repeating 01b pattern or
Ob pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific diagnostic
SPL-3) on the physical link.

ee 5.8.4.7.2 for transmitter device~S-parameters characteristics.

atio measured with post cursor equalization disabled and peak to peak voltage set to maximum|
repeating TRAIN_DONE prifnitive (see SPL-3 and figure 134). When both precursor and post
ursor equalization are active the maximum observed R, may be as high as 3.8 at the VMA lir

= T = 0 Q Jd-—~ C — < QO

ith IDLE dwords (see"SPL-3) as the test pattern.
atio measured with-precursor equalization disabled and peak to peak voltage set to maximum
repeating TRAIN__DONE primitive (see SPL-3 and figure 134). When both precursor and post
ursor equalization are active the maximum observed R, may be as high as 5.5 at the VMA i
easured as v, - V5 (see figure 134) with a repeating TRAIN_DONE primitive (see SPL-3).

his is-a-broadband limit. For additional limits on spectral content, see figure 132 and table 43.
he’Rd’/measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,
24.:3) (see the phy test patterns in the Protocol Specific diagnostic page in SPL-3) with SSC

.., D30.3) pattern (see the phy test patterns in the Protocol Specific diagnostic page in SPL-3].

T
DOB

bage

with

nit.

9 If a simulation tool (e.g., SAS3_EYEOPENING) is used, then this measurement may be performed

with

Mmit.

disabled. RJ is 14 times the RJ 1 sigma value, based on a BER of 1072, For simulations based
BER of 10715, the RJ specified is 16 times the RJ 1 sigma value.

The measurement shall include the effects of the JTF (see 5.8.3.2).

RJ and TJ are measured at IT (see 5.3.3) or CT (see 5.3.3).

0.15 Ul is 12.5 ps at 12 Gbit/s.

The TJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,

© 5 3 —

is equivalent to BUJ + RJ. ISI is minimized by the test pattern.
P 0.25 Ul is 20.8 ps at 12 Gbit/s.

ona

D24.3) (see the phy test patterns in the Protocol Specific diagnostic page in SPL-3). If the transmitter
device supports SSC, then this test shall be performed with both SSC enabled and SSC disabled. TJ
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Table 42 — Transmitter device signal output characteristics for trained 12 Gbit/s at ET, IT, and CT

(part 2 of 2)

Signal characteristic

Units Minimum Nominal

Maximum

Precursor equalization ratio Ry fg

VIV 1 1.6

6

Post cursor equalization ratio Ryt gh

VIV 1 3.3

3

VMA 9

mV(P-P) 80

Common mode voltage limit (rms)

mV

30

RJ K

I'm

ul 0415

—
[

Mm o

ul 0.25

o S5 3 —

he Vp_p measurement shall be made with the transmitter device set to no equalization\(see tabl
nd amplitude set to maximum. The minimum value applies at ET (see 5.3.3) and the'maximun
alue applies at IT (see 5.3.3) or CT (see 5.3.3). The measurement is made withca repeating 75

sing SAS3_EYEOPENING or equivalent tool for the measurement at ETy then IDLE dwords
see SPL-3) may be used for the test pattern.
he transmitter device off voltage is the maximum A.C. voltage measured at compliance points
nd CT when the transmitter is unpowered or transmitting D.C. idle,(e.g., during idle time of an
ignal).

optical mode is enabled the transmitter device off voltage is not applicable.

ise/fall times are measured from 20 % to 80 % of the transition with a repeating 01b pattern or|
Ob pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific diagnostic
in SPL-3) on the physical link.

ee 5.8.4.7.2 for transmitter device S-parameters.characteristics.

2atio measured with post cursor equalization disabled and peak to peak voltage set to maximum
gq repeating TRAIN_DONE primitive (see SPE=3 and figure 134). When both precursor and post
qursor equalization are active the maximum-observed R, may be as high as 3.8 at the VMA lir

= 0 = O QO - C — < Q -

.., D30.3) pattern (see the phy test patterns in the Protocol Specific diagnostic page in SPL-3]).

T
DOB

pbage

with

nit.

If a simulation tool (e.g., SAS3_EYEORENING) is used, then this measurement may be perfornjed

ith IDLE dwords (see SPL-3) as thetest pattern.

2atio measured with precursor equalization disabled and peak to peak voltage set to maximum
gq repeating TRAIN_DONE primitive (see SPL-3 and figure 134). When both precursor and post
qursor equalization are active.the maximum observed Ryost may be as high as 5.5 at the VMA i

easured as v; - v5 (see figure 134) with a repeating TRAIN_DONE primitive (see SPL-3).

his is a broadband limit. For additional limits on spectral content, see figure 132 and table 43.

he RJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern (e.g.,
[)24.3) (see the phy test patterns in the Protocol Specific diagnostic page in SPL-3) with SSC
disabled. RJ is 14 times the RJ 1 sigma value, based on a BER of 1072, For simulations based
BER of 10-°the RJ specified is 16 times the RJ 1 sigma value.

he measurement shall include the effects of the JTF (see 5.8.3.2).
RJ and TJ are measured at IT (see 5.3.3) or CT (see 5.3.3).

with

Mmit.

on a

D24.3)
device supports SSC, then this test shall be performed with both SSC enabled and SSC disabled. TJ
is equivalent to BUJ + RJ. ISI is minimized by the test pattern.
0.25 Ul is 20.8 ps at 12 Gbit/s.



https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

-198 — ISO/IEC 14776-154:2017 © ISO/IEC 2017

In addition to table 42, figure 131 specifies the transmitter coefficient ranges when the transmitter peak to
peak voltage is maximum. The coefficients are defined according to the reference transmitter (see 5.8.4.7.3).
The bottom left area of the minimum and maximum ranges in figure 131 are limited by VMA and vary
according to Vp_p noeq- Vp-P noeq is the amplitude at ET measured with the no_equalization setting as
specified in table 45.

0
-0.05
-0.1

0.15 = mds \ Minimum range

e Maximum range
Vp-p_noeq = 1200 mV
3 |02
== == Maximum range
Vp-p_noeq = 850 mV
0.25
b Y
by
Y
“
-0.3 \\
by
\
~
0.35
-0.4
-0.25 -0.2 -0.15 -0.1 -0.05 0

C1

Rigure 131°--Minimum and maximum coefficient ranges at maximum peak to peak voltag

W
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Table 43 defines the transmitter device common mode voltage limit characteristics.

Table 43 — 12 Gbit/s transmitter device common mode voltage limit characteristics

L? N2 s H?®@ fnin 2 | fmax 2
Characteristic | Reference
dBmVvVP® | dBmVPC¢ | dBmV/decade® | dBmVP | MHz | GHz
Spectral limit of
common mode | Figure 132 12.7 26.0 13.3 30.0 100 9.0
voltage ¢

place of dB.

b Fd

M

th

a SIe figure 4in 5.2 for definitions of L, N, S, Tyin, @nd Tmax. FOr this parameter, units of dBmV is,Us

r dBmV, the reference level of 0 dBmV is 1 mV (rms). Hence, 0 dBm is 1 mW which is 158mV|
agross 25 Q (i.e., the reference impedance for common mode voltage) which is 20 x 10g4¢(158) 3
+44 dBmV. +26 dBmV is therefore -18 dBm.
hximum value at 3 GHz (see figure 132).

4 THe transmitter device common mode voltage shall be measured with a 1 MHzresolution bandw
ough the range of 100 MHz to 6 GHz with the transmitter device output of €JTPAT (see Annex
ThHe end points of the range shall be at the center of the measurement bandwidth.

edin

(rms)

dth
A).

Figure

30 dBmV

20 dBmV

12.7 dBmV
10 dBmV

0 dBmV

Vewm

A

Valid region

132 shows the transmitter device common mode voltage limit defined in table 43.

P f

0.1 GHz

0.3 GHz

1 GHz

6 GHz 9 GHz

Note: graph is not to scale

Figure-132 — 12 Gbit/s transmitter device common mode voltage limit

Transnitter equalization coefficient adjustments are controlled using the protocol defined in SPL-3.
Transnitter circuits that support 12 Gbit/s, if not operating in optical mode, shall:

a)

sUpport the coefficient requests shown in table 44; and

b)

prn\/idn r=Yall 1alization r=Yal valent to the reference transmitter device (cnn 5847 Q)
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The algorithm for optimizing the transmitter coefficient is beyond the scope of this Document.

Table 44 — Transmitter coefficient requests and corresponding transmitter circuit response

Coeffi- | Coeffi- | Coeffi- R I A IS
cient1 | cient2 | cient3 Description HL 1 2 3
request | request | request mV(P-P) mv mv mv
Hold peak to peak
hold hold hold |voltage and hold -20t0+202 |-10to +102 | -10to +102 | -10to +10 2@
equatization
Increase precursor
dec dec hold |and hold -20 to +20 -40 to -10 -40 to -10 ~10 tp +10
peak to peak voltage
Decrease precursor
inc inc hold |and hold -20to +20 | +40to +10 | +40%0 +10 | -10tp +10
peak to peak voltage
Increase post cursor
hold dec dec |and hold -20to +20 | -10 to410 -40 to -10 -40 tp -10
peak to peak voltage
Decrease post cursor
hold inc inc and hold -20to +20 . -10to +10 | +40to +10 | +40tp +10
peak to peak voltage
Decrease
hold dec hold |peak to peak voltage | -40 10 -10 -20to -5 -20to -5 -20to -5
and hold equalization
Increase
hold inc hold |peak to peak voltage | +40to +10 | +20to +5 +20 to +5 +20 fo +5
and hold equalization
Increase _precursor
dec hold hold |and increase +40 to +10 -20to -5 -20to -5 +20 o +5
peak.lo peak voltage
Decrease precursor
inc hold hold«.\"and decrease -40 to -10 +20 to +5 +20 to +5 -20fo -5
peak to peak voltage
Increase post cursor
hold hold dec |and increase +40to +10 | +20to +5 -20to -5 -20fo -5
peak to peak voltage
Decrease post cursor
hold hold inc and decrease -40 to -10 -20to -5 +20 to +5 +20 fo +5
amplitude
Key:
hold = Requests no change be made to the coefficient. Equivalent to hold in SPL-3.
dec = Request to make the coefficient more negative. Equivalent to decrement in SPL-3.
inc = Request to make the coefficient more positive. Equivalent to increment in SPL-3.
@ The peak to peak voltage and equalization voltage differences between the initial condition and
following any single or consecutive hold/hold/hold command shall not be greater than the specified
range.
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The transmitter circuit responses specified in table 44 shall be measured with a zero-length test load as
shown in figure 133. The test fixture is de-embedded back to output of the transmitter circuit ET. D.C. losses
are not de-embedded. For de-embedding methods see clause F.5.

Test board
Test fixture F(s)
Transmitter device under test | _
.| D.C.
block
(\ 500 De-embed De-
AL Enbedded
;i ET
H(s)*F(s
DC. (H(s)*F(s))
| || 7] block
Appropriate
test cables N
and connectors Physical- »
/ measurem &Bint
/ :
Trangmitter circuit ,\b& Probe point

comgliance point

Figure 133 — Transmitter circuit compliance tett)\?g{figuration

S
N\
(s)\
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All response specifications are based on differential measurements.The output waveform for a TRAIN_DONE
primitive (see SPL-3) is shown in figure 134 where:

a)
b)
c)
d)
e)
f)

9)
h)

T is the symbol period;

t is the zero-crossing point of the rising edge of the positive 5 Ul CID;
t, is the zero-crossing point of the falling edge of the positive 5 Ul CID;
t; is the zero-crossing point of the falling edge of the negative 5 Ul CID;
t4 is the zero-crossing point of the rising edge of the negative 5 Ul CID;
v4 is the maximum voltage measured in the interval ty to ty + T;

Vv, is the average voltage measured in the interval ty + 2T to t; + 3T;

v3 is the maximum voltage measured in the interval t, - T to ty;

i)
)
k
1)

m)

)

Reped

Tx

Fequalized signal

V4 S the mimimumnm vottage measured i the mtervat tz to t+ 1,

vs is the average voltage measured in the interval t3 + 2T to t3 + 3T;
vg is the maximum voltage measured in the interval t4 - T to ty;

VMA is v, - vg; and

vy is the peak to peak voltage measured in the interval t4 to t; + 80T.

ting TRAIN_DONE
primitives

I

Positive 5-Ul portion

TP S CAPMOVL IO L o (LT LAY

[ | \[ I n W[ J\JI

I

'\ f‘{ I

/I

y
|

|

Alternating-bit portion

v Negative 5-Ul portion [ _"F\_ 'y [“.
1
|m\ v )
A . \ |
A ’ o5 ‘
§ VMA ( 1\
/ a L | |
|L\ II| Va % E ||. J 'IJI Ik ,|I
i i VHL
4 t+2T  t-T t3 t3+2T 44T
t+T t+3T t t3+T  3+3T 4

Figure 134 — 12 Gbit/s transmitter circuit output waveform

Equalization ratios are defined based on these voltages,

R V1
Vo

post™
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Transmitter coefficient presets may be requested using a protocol that is defined in the SPL-3 standard.
Transmitter circuits that support 12 Gbit/s shall:

a) support the coefficient settings shown in table 45; and
b) provide equalization equivalent to the reference transmitter device (see 5.8.4.7.3).

Table 45 — Transmitter circuit coefficient presets at ET

Rore (VIV) ° Rpost (V/V) °

Coefficient settings @

Min Nom Max Min Nom Max
normal ©
reference_1 de 2.10 2.52 2.97 2.94 3.52 4.16
reference_2 © f 1.05 1.26 1.49 1.19 1.43 1.68
no_equalization € 9 0.84 1.00 1.19 0.84 100 1.19
Key:

Max = Maximum
Min = Minimum
Nom = Nominal

8 The coefficient setting field in the TTIU (see SPI<3).

b All measurements are performed with a repeating TRAIN_DONE primitive
(see SPL-3 and figure 133). If a simulation:tool (e.g., SAS3_EYEOPENING) is used
then this measurement may be performedwith IDLE dwords (see SPL-3) as the test
pattern.

¢ See SPL-3.

Equivalent to the reference transiitter setting transmitter circuit coefficient 1

(i.e., C1) set to -0.15, coefficient’2 (i.e., C2) set to 0.6, and coefficient 3 (i.e., C3) set

to -0.25 with a + 1.5 dB tolerance on R and Ryogt-

The reference_1, reference 2, and no_equalization presets shall set the transmitter

to its maximum peak.fopeak voltage (Vp_p).

Equivalent to the reference transmitter setting transmitter circuit C1 set to -0.075, C2

set to 0.8, and,C3 set to -0.125 with a + 1.5 dB tolerance on R, and Rpgst-

9 Equivalent toithe reference transmitter setting transmitter circuit C1 set to zero, C2
set to ong; and C3 set to zero with a + 1.5 dB tolerance on R and Ryt

5.8.4.7]2 12 Gbit/s.Transmitter device S-parameter limits

S-pararEeter limits are calculated per the following formula:

Mepsured value <max [ L, min [H. N + 13.3 x log4n(f/ 3 GHz) 1]

where:
L is the minimum value (i.e., the low frequency asymptote);
H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;
f is the frequency of the signal in Hz;

max [A, B] s the maximum of A and B; and
min [A, B] is the minimum of A and B.

The frequency for N is based on the Nyquist at 6 Gbit/s.
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Table 46 defines the maximum limits for S-parameters of the 12 Gbit/s transmitter device.

Table 46 — 12 Gbit/s maximum limits for S-parameters at ITg or CTg

Figure

L€ N ¢ H ¢ s¢ fnin © fnax ©
Characteristic 2 P
dB dB dB dB / decade MHz GHz
ISceaal -6.0 -5.0 -1.0 13.3 100 9.0
|Spp22l -10 -7.9 -3.9 13.3 100 9.0
|Sepssl -26 127 -10 133 100 a0
P For S-parameter measurements, the transmitter device under test shall transmit a repeating
0011b pattern or 1100b pattern (e.g., D24.3)(see the phy test patterns in the Protocol Specific
diagnostic page in SPL-3). The amplitude applied by the test equipment shall be Jessthan
-4.4 dBm (i.e., 190 mV zero to peak) per port (see F.11.4.2).
P |Speasl is not specified.
° See figure 4 for definitions of L, N, H, S, f,in, and fiax-
135 shows the 12 Gbit/s transmitter device |Sccool, [Sppo2l, and [Sghzo] limits defined in table 46.
S-parameter
magnitude
0dB
|SCC22| - o e
-5dB \L | N
|Sop22] | " /
-10dB \l’ / - an an
15dB i
-20 dB
|SCD22|
=25 dB d
-30dB | —
0.1 GHz 1 GHz 3 GHz 6 GHz 10 GHz

Note: graph is not to scale

Figure 135 — 12 Gbit/s transmitter device |Scc22l, ISpp22l, and [Scpay| limits
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5.8.4.7.3 12 Gbit/s reference transmitter device

The 12 Gbit/s reference transmitter device is a set of parameters and equalization filters defining the electrical
performance characteristics of a transmitter circuit used in simulation. Figure 136 illustrates the reference
transmitter device.

Reference transmitter device

Reference transmitter circuit
Reference @( Tccs TDCS@
ransmitter N ~

Figure 136 — 12 Gbit/s reference transmitter device

Figure 137 shows the reference transmitter generating the signal at ET. Passive TxRx connection segments
TCCS and TDCS simulate the reference TxRx connection segment between ET'and CTg or ET and IT|g. See
clause P.2 for the description of the reference TxRx connection segments.

x(n+1) x(n) x(n-1)
Input 1UI | M1UIl
e Delay Delay
Coefficient 1 Coefficient 2 Coefficient 3
> +
Ko
ET

Figure 137 — 12 Gbit/s reference transmitter
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12 Gbit/s end to end simulations (see 5.7), the reference transmitter device parameters are optimized
to maximize the eye opening at the output of the reference receiver device (5.8.5.7.3) using the procedure
defined in 5.7.3. Table 47 defines the reference transmitter device characteristics. The reference transmitter
shall use the minimum peak to peak voltage and minimum rise/fall time. The input is a unitless stream
of pulses representing transmitted data. The amplitude of these pulses reach +1 or -1. The stream of pulses

contain the jitter and rise/fall time characteristics defined in table 47.

Table 47 — 12 Gbit/s reference transmitter device characteristics at ET

Signal characteristic Units Minimum Nominal Maximum
Outppt-geatrHg) VA 8425

Peal to peak voltage (Vp_p) 2 mV(P-P) 850

Preclirsor coefficient (i.e., coefficient 1) 2 VIV -0.15 0
VMA P mV(P-P) 80

Post|cursor coefficient (i.e., coefficient 3) @ VIV -0.3 0
Riseffall time © ps 25

RJ AP ul 0.1
DJf ul 0.1

a

¢ Riseffall times are measured from 20 % to.80-% of the transition with a repeating 01b pattern of
10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific diagnostic page

p.p is constrained in the reference transmitter device by
C2=1-|C1]|-|C3|
where:
C1 = coefficient 1;
C2 = coefficient 2; and
C3 = coefficient 3.
MA =2K;, (C1+C2+C3) V.

in SPL-3).

Q.15 Ul is 12.5 ps at 12 Gbit/s.

RJ is 14 times the RJ 1 sigma value, based on a BER of 10712,
Q.1 Ul is 8.3 ps at 12 Gbit/s.
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5.8.4.7.4 Transmitter device end to end simulation characteristics for trained 12 Gbit/s

The end to end simulation procedure for transmitter devices connected to passive TxRx connections is as
follows:

1) set the transmitter to output IDLE dwords (see SPL-3);

2) set the transmitter to the no_equalization coefficient setting (see SPL-3);

3) capture the signal at IT (see 5.3.3) or CT (see 5.3.3) into a zero-length test load (see 5.6.2);

4) measure the total crosstalk amplitude (see 5.7.4) or extract crosstalk transfer functions

(e.g., S-parameters);

5) connect TxRx connection segments, crosstalk segments, reference transmitter and reference
receiver Qr\r\nrding tothe reference end to end simulation diagram (cnn 57 ’), D21andD?2 ’)),
6) | set the reference transmitter equalization (see 5.7.3) and reference receiver DFE equalization
(see 5.8.5.7.3); and
7) | perform a linear simulation, including the effects of edge rates, I1SI and crosstalk (see clause [).1).

The characteristics of the signal at specified points in the simulation are defined in table 48,'See the reference
transmitter device (see 5.8.4.7.3) for definitions of coefficient 1 (i.e., C1), coefficient 2 (i.e:, C2), and
coefficient 3 (i.e., C3).

Table 48 — Transmitter device characteristics for trained 12 Gbit/s at ET and ER

Chardcteristic Units Minimum | Maximum Cor:z |:|tnce
Coeffigient 1 (i.e., C1)a@P ¢ VIV -0.15 0 Efr
VMA 9 ¢ mV(P-P) 80 E[r
Coeffigient 3 (i.e., C3)@Pf IV 0.3 0 E
Referencegpulse response cursor peak to peak mV(P-P) 135 ER
amplitude
Vertical eye opening to reference pulse response eursor

ricy eve opening P P % 45 ER
ratio
DFE coefflm.ent amplitude to reference pulse response o 50 50 ER
cursor| ratio !

a If C1 or C3 exceeds its maximum (positive) limit, then it is forced to its maximum limit and the otHer
cqgefficients are recalculated.
C2=1-|C1]-|C3|.

If £1 exceeds its minimum (negative) limit, then it is forced to its minimum limit and C3 is recalculated.
VIMA = 2K, (C1+ €2 + C3) V. See 5.8.4.7.3.
If VMA exceeds:its minimum limit, then C1 and C3 are forced to values that have the smallest didtance
tola point compliant to the VMA specification in the C1/C3 plane. The distance is defined as:

® Q O T

((C1)= C1)2 + (C3' - C3)?)05

where:
C1’ and C3’ are values that satisfy the minimum VMA criterion.

If C3 exceeds its minimum limit, then it is forced to its minimum limit and C1 is recalculated. If C1 had
already reached or exceeded its minimum limit, then both C1 and C3 are forced to their minimum limit.
9 The average amplitude of the eye for an IDLE pattern (see SPL-3) digital input at the compliance point
may be used for this measurement. See figure 118.
The vertical eye opening includes the effects of crosstalk (see clause D.1).
' The end to end simulation removes any remaining RJ and TJ (i.e., non-ISl) of the transmitter device.
}' The maximum of the absolute value of the reference DFE coefficients (i.e., max(abs(d;)) divided by the

reference pulse response cursor (see 5.8.5.7.3).
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The transmitter coefficients are simulated by replacing the test transmitter by the reference transmitter
generating no jitter (i.e., no RJ or TJ). This is equivalent to inserting a jitter-free reference transmitter with K
set to one (i.e., unit-less value) at the output of the transmitter device (see 5.8.4.7.3), using the transmitter
device output as the input of the reference transmitter instead of the +1/-1 digitized stream (see figure 138).
For non-separable TxRx connection segments, the reference simulation channel (i.e., <usage>_IR_RR) does
not include the reference PICS.

Simulated receiver device and PICS
(except separable interface)
x(n+1) x(n) X(n-1)

LN

4111
Tt

Delay Delay

Captured§ Coefficient 1 Coefficient 2 Coefficient 3 us AN Reference>®

waveform Sy receiver
+
KO é
Output

Figure 138 — Simulation of the reference transmitter from a captured signal

Input

5.8.4.7)5 Transmitter device signal output characteristics at CTg for 12 Gbit/s when an active
cable is connected

Transnitter devices supporting trained 12 Gbit/s that are.connected to an external cable connector shall

suppor{ the signal characteristics specified in table 49.at\CTg when an active cable is connected.

Table 49 — Transmitter device signal output characteristics for 12 Gbit/s at CTg when an active|cable
is connected

Signal characteristic Units CTg
Maximum peak to peak voltage (i.e., 2 x Z2 in figure 102) 2 P mV(P-P) 1200
Minimum eye opening (ize.»2 x Z1 in figure 102) @ © mV(P-P) 200
Maximum half of TJ ¢i.e:, X1 in figure 102) @ ¢ Ul 0.175
Maximum RJ 2 £ @ ul 0.15
Center of bit time (i.e., X2 in figure 102) ul 0.5

@ All grosstalk sources shall be active with representative traffic during the measurement.

b The:maximum peak to peak voltage measurement and RJ measurement shall be
performed with a repeating 0011b pattern or 1100b pattern (e.g., D24.3) (see the phy test
patterns in the Protocol Specific diagnostic page in SPL-3) with SSC disabled. RJ is 14
times the RJ 1 sigma value, based on a BER of 107'%.

¢ The minimum eye opening measurement and TJ measurement shall be performed with
the SCRAMBLED_O pattern (see the phy test patterns in the Protocol Specific diagnostic
page in SPL-3) with SSC enabled for a period of at least 33.3 s (i.e., a full SSC cycle).

4 The measurement shall include the effects of the JTF (see 5.8.3.2).

5.8.4.8 Transmitter device signal output characteristics for OOB signals

Transmitter devices supporting SATA shall use SATA Gen1i, Gen2i, or Gen3i signal output levels (see SATA)
during the first OOB sequence (see SPL-3) after a power on or hard reset. If the phy does not receive
COMINIT within a hot-plug timeout (see SPL-3), then the transmitter device shall increase its transmit levels
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to the OOB signal output levels specified in table 50 and perform the OOB sequence again. If no COMINIT is
received within a hot-plug timeout of the second OOB sequence, then the transmitter device shall initiate
another OOB sequence using SATA Gen1i, Gen2i, or Gen3i signal output levels. The transmitter device shall
continue alternating between transmitting COMINIT using SATA Gen1i, Gen2i, or Gen3i signal output levels
and transmitting COMINIT with SAS signal output levels until the phy receives COMINIT.

If the phy both transmits and receives COMSAS (i.e., a SAS phy or expander phy is attached), then the
transmitter device shall set its transmit levels to the SAS signal output levels (see 5.8.4.4, 5.8.4.5, and 5.8.4.6)
prior to beginning the SAS speed negotiation sequence (see SPL-3). If transmitter device had been using
SATA Gen1i, Gen2i, or Gengdi signal output levels, this mode transition (i.e., output voltage change) may result
in a transient (see 5.8.2) during the idle time between COMSAS and the SAS speed negotiation sequence.

If the transmitter device is using SAS signal output levels and the phy does not receive COMSAS (i.€/, a SATA
phy is gttached), then the transmitter device shall set its transmit levels to the SATA Gen1i, Gen2i, or (Gen3i
signal qutput levels and restart the OOB sequence.

Transnitter devices that do not support SATA or that have optical mode enabled shall transmit OOB sjgnals
using SAS signal output levels. In phy low power conditions (see SPL-3) the output common mode
specifiqation OOB common mode delta (see table 50) is relaxed to enable transmitter\device power savings.
During phy low power conditions, the transmitter device should reduce its output swing level to save ppwer.

Before exiting a phy low power condition the transmitter device shall wait for its Common mode to settle.

Table 50 defines the transmitter device signal output characteristics for OOBr signals.

Table 50 — Transmitter device signal output characteristics for OOB signals

Characteristic Units IT CcT
Maxirhum peak to peak voltage (i.e., 2 x Z2 in figure 123) 2 mV(P-P) 1600
OOB pffset delta ® © mvV +25
OOB fcommon mode delta © @ mV +50
Minimum OOB burst amplitude ©, if SATA is not’supported mV(P-P) 240
Minimum OOB burst amplitude ©, if SATA is(Supported mV(P-P) 24079 N/A

8 THe recommended maximum peak. o peak voltage is 1 200 mV(P-P).
b THe maximum difference in the average differential voltage (D.C. offset) component between the [burst
times and the idle times of an\QOB signal.

the

signal amplitude than the technique specified by SATA. Implementers of designs supporting SATA are
required to ensure interoperability and should perform additional system characterization with an eye
diagram methodology using SATA devices.



https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

-210 - ISO/IEC 14776-154:2017 © ISO/IEC 2017

5.8.5 Receiver device characteristics
5.8.5.1 Receiver device characteristics overview

The receiver device shall operate within the required BER (see 5.5.1) when a signal with valid voltage and
timing characteristics is delivered to the receiver device compliance point from a nominal 100 Q source. The
received signal shall be considered valid if it meets the voltage and timing limits specified in table 54

(see 5.8.5.4) for untrained 1.5 Gbit/s and 3 Gbit/s and table 58 (see 5.8.5.7.1) for trained 1.5 Gbit/s, 3 Gbit/s,
6 Gbit/s, and 12 Gbit/s. See SATA for untrained 6 Gbit/s (i.e., SATA Gen3i) receiver device requirements.

Additionally, for untrained 1.5 Gbit/s and 3 Gbit/s the receiver device shall operate within the required BER
when t ' iti ffred 8750 T signal
Ve asl specified in table 51 (see 5.8.1). Jitter tolerance for receiver device compliance points is showp in
figure 125 (see 5.8.3.5). Figure 125 assumes that any external interference occurs prior to the point al which
the tesf is applied. When testing the jitter tolerance capability of a receiver device, the additional’0.1 U] of SJ
reduced by an amount proportional to the actual externally induced interference bétween the
ion point of the test and the input to the receiver device. The additional jitter reduces the eye opening
in both voltage and time. For trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s the additional jitter is included
in the stressed receiver device jitter tolerance test (see 5.8.5.7.6).

Complignce points referenced in the electrical requirement tables are shown in"5.3 unless otherwise specified.
See cldquse F.10 for a methodology for measuring receiver device signal tolerance.

A receiyer device shall provide equivalent performance to the reference receiver device (see 5.8.5.7.3)) and
shall ogerate within the required BER when attached to:

a) | any transmitter device compliant with this document (see 5.8.4); and
b) | any TxRx connection compliant with this document-(see 5.5).

5.8.5.2|Receiver device coupling requirements

Coupling requirements for receiver devices are as follows:

a) | all receiver devices (i.e., attached to IR(see 5.3) or CR (see 5.3) compliance points) shall be A.C.
coupled to the interconnect through'a receive network.

See taljle 31 (see 5.8.1) for the coupling-capacitor value.
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5.8.5.3 Receiver device general electrical characteristics

Table 51 defines the receiver device general electrical characteristics.

Table 51 — Receiver device general electrical characteristics

Characteristic Units 1.5 Gbit/s 3 Gbit/s 6 Gbit/s 12 Gbit/s
Physical link rate accuracy @ tolerance

at IR if SATA is not supported ppm +100
PhysjeaHinkr+ate-acetracy-<tolerance

at IR|if SATA is supported ppm +350
Physjcal link rate SSC modulation ;
tolerance at IR and CR ppm See table 71in 5.8.6.3
Maxipum receiver device transients P \Y, +1.2
Minirhum receiver A.C.chmmon mode mV(P-P) 150

voltage tolerance Vg

Recgiver A.C. common mode . MHz 2 t0 200

frequency tolerance range Fy

lopd (see figure 105) (see 5.6.2).

@ Physical link rate accuracy shall be measured over a minimum“ofA x 108 Ul and should be meagured
uging @ minimum resolution of 100 Hz.
b Ske 5.8.2 for transient test circuits and conditions.
¢ REceiver devices shall tolerate sinusoidal common mede’noise components within the peak to ppak
amplitude (V¢)) and the frequency range (Fcopm)-
d The measurement shall be made with a channel equivalent to the channel used in the zero-length test

The common mode frequency tolerance rangefor 6 Gbit/s and 12 Gbit/s is extended to include the effects of
duty cyfle distortion. Measurement methods:for testing the extended frequency ranges for A.C. commion
mode tplerance are not defined by this decument; therefore the common mode signal characteristics defined

in tablel 52 are recommended design-guidelines for receiver devices supporting 6 Gbit/s and 12 Gbit/s

Taple 52 — Recommended ‘receiver device common mode tolerance for 6 Gbit/s, and 12 Gbit/s

Characteristic Units 6 Gbit/s 12 Gbit/s
Minimum receiver A.C. common

mode' voltage tolerance Vg 2 ° mV(P-P) 150

Receiver A.C. common mode . MHz 2103000 | 2to 6000
frequency tolerance range F¢ypy

8 Receiver devices should be designed to tolerate sinusoidal common

mode noise components within the peak to peak amplitude (V) and the
frequency range (Fcum)-

b The value represents the signal characteristic at IR or CR when the
channel between the transmitter device and IR or CR is equivalent to the
channel used in the zero-length test load (see figure 105) (see 5.6.2).
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Table 53 defines the receiver device termination characteristics.

Table 53 — Receiver device termination characteristics

Untrained Trained
1.5 Gbit/s,
Characteristic Units 3 Gbit/s,
1.5 Gbit/s | 3 Gbit/s 6 Gbit/s, and
12 Gbit/s
Differential impedance 20 ¢ Q 100 + 15 See 5.8.5.7.1
Maxillnum differential impedance imbalance 20 ¢4 Q 5 See 5.85.7.2°¢
Maxium receiver termination time constant 2 P © ps 150 100 N/A
Common mode impedance @ b Q 20 minimum See 5.8.5]7.1
40 maximum

a8 Al receiver device termination measurements are made through mated connéctor pairs.

b The receiver device termination impedance specification applies to all receiver devices in a TxRX
cgnnection and covers all time points between the connector nearest the receiver device, the regeiver
dgvice, and the transmission line terminator. This measurement shalkbe’‘made from that connectpr.

¢ Afthe time point corresponding to the connection of the receiver device to the transmission line, the
input capacitance of the receiver device and its connection to the‘fransmission line may cause the
measured impedance to fall below the minimum impedances_-specified in this table. With impedance
measured using amplitude in units of p (i.e., the reflection/coefficient, a dimensionless unit) and
ddration in units of time, the area of the impedance dip«caused by this capacitance is the receivef
tefmination time constant. The receiver termination time constant shall not be greater than the vglues
shown in this table.

An approximate value for the receiver termingtion time constant is given by the following equation:

RTTC = amp x width

where:

RTTC receiver termination time eonstant in seconds;

amp amplitude of the dip in uhits of p (i.e., the difference between the reflection coefficient at
the nominal impedance and the reflection coefficient at the minimum impedance point);
and

width  width of the dip-in units of time, as measured at the half amplitude point.

TRHe value of the recéiver device excess input capacitance is given by the following equation:

c- _RITC
(RGIIRR)
where:
C receiver device excess input capacitance in farads;
RT,TC receiver termination time constant in seconds;
Ry transmissiopine-characteristic-impedance-n-O;
Rr termination resistance at the receiver device in Q; and

(Ro Il RR) parallel combination of Ry and Rg
The difference in measured impedance to SIGNAL GROUND on the plus and minus terminals on the
interconnect, transmitter device, or receiver device, with a differential test signal applied to those
terminals.
¢ Measurement replaced by Scp1¢ specifications (i.e., differential to common mode conversion).
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5.8.5.4 Delivered signal characteristics for untrained 1.5 Gbit/s and 3 Gbit/s

Table 54 specifies the requirements of the signal delivered by the system with the zero-length test load
(see 5.6.2) at the receiver device compliance point (i.e., IR (see 5.3.2) or CR (see 5.3.2)) for untrained
1.5 Gbit/s and 3 Gbit/s. These also serve as the required signal tolerance characteristics of the receiver
device. For trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s, see 5.8.5.7.

Table 54 — Delivered signal characteristics for untrained 1.5 Gbit/s and 3 Gbit/s as measured with the
zero-length test load at IR and CR

IR, untrained | CR, untrained

SignJI characteristic Units 1.5 3 15 3
Gbit/s | Gbit/s | Gbit/s | Gbit/s

Maximum voltage (non-operational) mV(P-P) 2000

Maximum peak to peak voltage (i.e., 2 x Z2 in figure 124) if a

SATA|phy is not attached mV(P-P) 1600 1600
Maximum peak to peak voltage (i.e., 2 x Z2 in figure 124) if a ) a

SATA|phy is attached mV(P-P) | see'SATA N/A
Minimum eye opening (i.e., 2 x Z1 in figure 124), if a SATA mV(P-B) [ 325 275 074

phy ig not attached

Minimum eye opening (i.e., 2 x Z1 in figure 124), if a SATA
phy uging Gen1i levels is attached and the TxRx connection | mV(P-P) | 2252 N/A N/A
is chgracterized with the TCTF test load (see 5.6.3)

Minirmum eye opening (i.e., 2 x Z1 in figure 124), if a SATA
phy uging Genz2i levels is attached and the TxRx connegtion | mV(P-P) | N/A | 1752 N/A
is chgracterized with the TCTF test load (see 5.6.3)

Minirmum eye opening (i.e., 2 x Z1 in figure 124),if'a SATA

phy if attached and the TxRx connection is chiaracterized mV(P-P) 2752 N/A
with the low-loss TCTF test load (see 5.6.4)

Jitter jolerance (see figure 125 in 5.8.35) be N/A See table 56 in 5.8.5.p
Maximum half of TJ (i.e., X1 in figure-124) d ul 0.275

Centdr of bit time (i.e., X2 in figure 124) ul 0.50

Maxium intra-pair skew & ps 80 | 75 ‘ 80 ‘ 75

a8 Amplitude measurement methodologies of SATA and this document differ. Under conditions of
maximum rise/fall.time and jitter, eye diagram methodologies used in this document may indicate|less
signal amplityde-than the technique specified by SATA. Implementers of designs supporting SATA are
required to(ensure interoperability and should perform additional system characterization with an feye
diggrammethodology using SATA devices.

e value for X1 applies at a TJ probability of 10712, At this level of probability direct visual compgrison
between the mask and actual signals is not a valid method for determining compliance with the jitter
requirements.

¢ SSC shall be enabled if the receiver device supports being attached to SATA. Jitter setup shall be
performed prior to application of SSC.

d' The value for X1 shall be half the value given for TJ in table 55. When SSC is disabled, the test or

analysis shall include the effects of a single pole high-pass frequency-weighting function that

progressively attenuates jitter at 20 dB/decade below a frequency of (f,5,q / 1 667).

The intra-pair skew measurement shall be made at the midpoint of the transition with a repeating

01b pattern or 10b pattern (e.g., D10.2 or D21.5) (see the phy test patterns in the Protocol Specific

diagnostic page in SPL-3) on the physical link. The same stable trigger, coherent to the data stream,

shall be used for both the Rx+ and Rx- signals. Intra-pair skew is defined as the time difference between

the means of the midpoint crossing times of the Rx+ signal and the Rx- signal at the probe points.
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5.8.5.5 Maximum delivered jitter for untrained 1.5 Gbit/s and 3 Gbit/s

Table 55 defines the maximum jitter the system shall deliver to the receiver device at the receiver device
compliance point (i.e., IR (see 5.3.2) or CR (see 5.3.2)) for untrained 1.5 Gbit/s and 3 Gbit/s. For trained
1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s see 5.8.5.7.6.

Table 55 — Maximum delivered jitter for untrained 1.5 Gbit/s and 3 Gbit/s at IR and CR

Untrained
Signal characteristic 2 ° Units
1.5 Gbit/s 3 Gbit/s
Deterministic jitter (DJ) © ul 0.35
Total Jitter (TJ) ¢ 9 © ul 0.55

a8 AllDJ and TJ values are level 1 (see MJSQ).

b THe values for jitter in this table are measured at the average signal amplitude point.

¢ THe DJ and TJ values in this table apply to jitter measured as described in 5.8.3.3: Values for DJ gnd TJ
shill be calculated from the CDF for the jitter population using the calculation 'of level 1 jitter compliance
leyels method in MJSQ.

d TJis specified at a CDF level of 10712,

€ If TJ received at any point is less than the maximum allowed, then the jitter distribution of the signpal is
allpwed to be asymmetric. The TJ plus the magnitude of the asymetry shall not exceed the allowed
maximum TJ. The numerical difference between the average of the peaks with a BER that is lesq than

10712 and the average of the individual events is the measuré_of the asymmetry.

Jitter peak to peak measured < (maximum TJ - |Asymmetry|)
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5.8.5.6

Receiver device jitter tolerance for untrained 1.5 Gbit/s and 3 Gbit/s

Table 56 defines the amount of jitter the receiver device shall tolerate at the receiver device compliance point
(i.e., IR (see 5.3.2) or CR (see 5.3.2)) for untrained 1.5 Gbit/s and 3 Gbit/s. Receiver device jitter testing shall
be performed with the maximum (i.e., slowest) rise/fall times, minimum signal amplitude, and maximum TJ,
and should be performed with normal activity in the receiver device (e.g., with other transmitter circuits and
receiver circuits on the same board as the receiver device performing normal activity) with SSC enabled if
SSC is supported by the receiver device. Jitter setup shall be performed prior to application of SSC. For

trained

1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s see 5.8.5.7.6.

Table 56 — Receiver device jitter tolerance for untrained 1.5 Gbit/s and 3 Gbit/s at IR and CR

sh
ap

b Al
C Th
sh
le
4 Nd

that brings TJ to the stated value at a probability of 10712, The additional 0.1 Ul of applied SJ is ad

all be able to tolerate without exceeding the required BER (see-5.5.1). Receiver devices shall tg

DJ and TJ values are level 1 (see MJSQ).
e DJ and TJ values in this table apply to jitter measured’as described in 5.8.3.4. Values for DJ 3
all be calculated from the CDF for the jitter population using the calculation of level 1 jitter comp
els method in MJSQ.

value is given for RJ. For compliance with this document, the actual RJ amplitude shall be the

Untrained
Signal characteristic Units
1.5 Gbit/s 3 Gbhijt/s
Applig¢d sinusoidal jitter (SJ) from f; to f,ay 2 ul 0.10& 0.1¢f
Deterninistic jitter (DJ) © ¢ ul 0359 0.35"
Total fitter (TJ)P ¢4 ul 0.65
@ THe jitter values given are normative for a combination of applied SJ}.Dd, and TJ that receiver deyices

lerate

plied SJ of progressively greater amplitude at lower frequencies’than f;, according to figure 139, with
the¢ same DJ and RJ levels as were used from f; to f, -

nd TJ
liance

value
Hed to

ensure the receiver device has sufficient eperating margin in the presence of external interferencg.
¢ Agplied sinusoidal swept frequency for. 455 Gbit/s: 900 kHz to 5 MHz.
f Applied sinusoidal swept frequency for 3 Gbit/s: 1 800 kHz to 7.5 MHz.
9 THe measurement bandwidth for 1.5 Gbit/s shall be 900 kHz to 750 MHz.
" THe measurement bandwidth far3 Gbit/s shall be 1 800 kHz to 1 500 MHz.
Figure {139 defines the applied.SJ for table 56.
Peak-to-peak 4 (logio/logso plot)
applied SJ 1
(in Ul)
1.5

1.0

01 |-c-eeeee . ................... :

: - »
fmin = foaua / 25 000 P fmax

fc = fbaud /1667
Applied SJ frequency (in Hz)

Figure 139 — Applied SJ for untrained 1.5 Gbit/s and 3 Gbit/s
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Table 57 defines f.ip, fe, and fiax for figure 139. f, 5,4 is defined in table 31 (see 5.8.1).

Table 57 — f,in, fc, and f,,,ox for untrained 1.5 Gbit/s and 3 Gbit/s

Physical link rate | fi, f. frnax
1.5 Gbit/s 60 kHz 900 kHz 5 MHz
3 Gbit/s 120 kHz 1 800 kHz 7.5 MHz

5.8.5.7 Receiver device and delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s,
6 Gbit/g;-and-12-Gbit/s

5.8.5.7/1 Delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s

Table 58 specifies the requirements of the signal delivered by the system with the zero-length test loadl
(see 5.6.2), unless otherwise specified, attached at the receiver device compliance point (ive., IR (see [.3) or
CR (seg 5.3)) for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s. These also specify-the required dignal
tolerange characteristics of the receiver device. All specifications are based on differential measuremgnts
unless ptherwise stated.

Table $8 — Delivered signal characteristics for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s at IR
and CR compliance point

Characteristic Units Minimum | Nominal | MaXimum
Peak to peak voltage for trained 1.5 Gbit/s, 3 Gbit/s,

6 Gbil/s, and 12 Gbit/s 2P © mV(P-P) 11200
Non-gperational input voltage mV(P-P) 21000
Reference differential impedance d Q 100

Reference common mode impedance d Q 25

8 Sge 5.8.4.6.6 for the measurement method for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.

b Sde table 42 for the measurement method for 12 Gbit/s.

¢ Dyring OOB, SNW-1, SNW-2, and SNW-3 (see SPL-3), the untrained 1.5 Gbit/s and 3 Gbit/s
specifications in 5.8.5.4 apply.

4 Fdr receiver device S-parameter characteristics, see 5.8.5.7.2.

5.8.5.7)2 Receiver device S-parameter limits

S-parameter limits,are calculated per the following formula:
Mepsured value <max [ L, min [ H, N + 13.3 x log4o(f/ 3 GHz) ] ]

where:
L ;b t:‘lC III;II;IIIUIII va:uc (;.U., thc :UVV fl cqucnuy aaylllptutc),
H is the maximum value (i.e., the high frequency asymptote);
N is the value at 3 GHz;
f is the frequency of the signal in Hz;

max [A, B] is the maximum of A and B; and
min [A, B] is the minimum of A and B.

The frequency for N is based on the Nyquist at 6 Gbit/s.
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Table 59 defines the maximum limits for S-parameters of the receiver device.

Table 59 — Maximum limits for S-parameters at IR or CR

L NP HP sP fmin fmax °e fmax d
Characteristic 2
dB dB dB dB / decade MHz GHz GHz
IScel -6.0 -5.0 -1.0 13.3 100 6.0 9.0
ISpp11l -10 -7.9 -3.9 13.3 100 6.0 9.0
|Scpadd -26 -12.7 -10 13.3 100 6.0 9.0
8 18pc14l is not specified.
b Se figure 4 in 5.2 for definitions of L, N, H, S, frin, and frax-
¢ Applies only for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.
4 Applies only for 12 Gbit/s.
Figure 140 shows the receiver device |Sccq1l, ISpp11l, and [Scp44] limits defined in table 59.
S-parameter
magnitude
0dB D
1Scerl ) --
-5dB Y
|Soo11 [N /
10 dB VRS V% -
N /
! /
-15 dB . /
-20 dB QO //
[Sco1 /
-25.dB
-30 dB l —» f
0.1 GhHz 1T GHz o GHz o GHz 10 GHz

Note: graph is not to scale

Figure 140 — Receiver device [Sccq4l, ISpp11l, and [S¢pq4] limits
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3 Reference receiver device characteristics

3.1 Reference receiver device overview

The reference receiver device is a set of parameters defining the electrical performance characteristics of a
receiver device used in simulation to:

a)
b)

determine compliance of a transmitter device (see 5.8.4.6 and 5.8.4.7); and
determine compliance of a TxRx connection (see 5.5.5 and 5.5.6).

Figure 141 shows the reference receiver device for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.

Figure
RDCS

S S S S S S S ——

Reference receiver device

L]
i |
[

. I
| Reference receiver |
: circuit ]
i |
! I
' |
! I

QO—=

Probe point

Figure 141 — Reference receiver device for trained 1.5 Ghit/s; 3 Gbit/s, and 6 Gbit/s

142 shows the reference receiver device for trained 12 Gbit/s:\Passive TxRx connection segms
hnd RCCS simulate the reference TxRx connection segment'between IR and RR or CR and R

See clduse D.2 for the description of the reference TxRx connéction segments.

For trai
equaliz

For trai

1)
2)
3)

Reference receiver'device
Referencereceiver circuit

®<RDCS RCCS / RR Reference receiver

Figure 142 - Reference receiver device for trained 12 Gbit/s
ned 1.5 Gbit/s, 3 Gbit/s and 6 Gbit/s, the reference receiver circuit performs the reference DFE
htion at the centér,of the eye.
ned 12 Gbit/s;-the reference receiver device:

applies the reference receiver equalization (see 5.8.5.7.3.3);
samples the incoming data according to a reference sampling clock (see 3.1.82); and
performs the reference DFE equalization.

nts

The signal at the probe point or ai ER'is an analog signal.
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5.8.5.7.3.2 Reference receiver device DFE

The reference receiver device includes a multiple tap DFE with infinite precision taps and unit interval tap
spacing. The reference coefficient adaptation algorithm is the LMS algorithm. The DFE may be modeled at
the reference sampling instants as:

Ndfe

Yk = Xk~ Zdi x sgn(Yy _;)
i=1

where:

is the equalizer differential output voltage;
is the equalizer differential input voltage;
is the equalizer feedback coefficient;

~ o X <

is the sample index in Ul; and

is the number of equalizer DFE taps.
Ngse = 3 for the trained 1.5 Gbit/s,

Nafe 3 Gbit/s, and 6 Gbit/s reference receiver
device. Ny¢e = 5 for the 12 Gbit/s reference
receiver device.

The trajned 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s reference réceiver device feedback coefficients (i.e.,
d;) have absolute magnitudes that are less than 0.5 times the peak’of the equivalent pulse response of the
reference receiver device.

NOTE 1 - For more information on DFE and LMS, see John R. Barry, Edward A. Lee, and David G.
Messerschmitt. Digital Communication - Third Edition. Kltuwer Academic Publishing, 2003.

5.8.5.7]3.3 Reference receiver device equalization for trained 12 Gbit/s

The reference receiver applies a filter compased of three cascaded identical equalization stages. Each of
these sfages has the characteristics desg¢ribed in table 60. The frequency response of each stage is of the
form:

H(s) = (1+8/(2n x fzg)) / [(1 + /(27 x fpg)) x (1 + s/(2  fpq))]

where:
s represents 2m x f x (-1)°-2;
fzg is'the zero corner frequency;
fPo is the first pole corner frequency; and
fp4 is the second pole corner frequency.

Table 60 — Reference receiver equalization stage characteristics for trained 12 Gbit/s

Characteristic Units | Value
Zero corner frequency (fz) GHz 2.5
First pole corner frequency (fpg) GHz 4
Second pole corner frequency (fpq) GHz 10
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5.8.5.7.4 Reference receiver device termination characteristics for trained 1.5 Gbit/s, 3 Gbit/s,

and 6 Gbit/s

The following Touchstone model of the reference receiver device termination is included with this document:
a) SAS2_RxRefTerm.s4p.

Figure 143 shows the S-parameters of the reference receiver device termination model for trained 1.5 Gbit/s,

3 Gbit/s, and 6 Gbit/s.

S-parameter

______/’/%?‘li

N\
\

/' X

2T

magnitude
0dB
|S_CC.‘I1|
5dB limit
|SDD11|
limit
-10 dB frm
-15dB
-20 dB
[Scor1l
limit
-25dB
-30dB
0.1 GHz

1 GHz

— f
3GHz 6 GHz 10 GHz

Note: graph is not to scale

Figure 143 — Reference.receiver device termination S-parameters for trained 1.5 Gbit/s, 3 Gbit/s, and

6 Gbit/s

The Toyichstone'model does not exactly match the [Sccq4l, ISpp11l, and |Scpq4] limits defined in 5.8.5(7.2 at

all freqliencies,-hidowever, it is a reasonable approximation for use in simulations. See Annex G for a
ion 'of how the Touchstone model was created.

descri

5.8.5.7.5 Reference receiver device termination characteristics for trained 12 Gbit/s

The termination characteristics of the reference receiver device for trained 12 Gbit/s are determined by the
reference TxRx connection segments used in the simulations (see clause D.2). The reference transmitter
presents an ideal termination at RR.
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5.8.5.7.6 Stressed receiver device jitter tolerance test

5.8.5.7.6.1 Stressed receiver device jitter tolerance test overview for trained 1.5 Gbit/s,

3 Gbit/s, and 6 Gbit/s

A receiver device shall pass the stressed receiver device jitter tolerance test described in this subclause.

The stressed receiver device jitter tolerance test for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s shall be applied
at the receiver device compliance point (i.e., IR (see 5.3.2) or CR (see 5.3.2)) as a means to perform physical
validation of predicted performance of the receiver device. Any implementation of the stressed signal
generation hardware is permitted for the stressed receiver signal as long as it provides the I1SI-stressed signal

with jitt
Figure

BT-aTTd TTOTSE a5 defined i this subclause:

144 shows the block diagram of the stressed receiver device jitter tolerance test.

Crosstalk
source

4—  Clock source

. Receiverdevice

Test equipment
Hattern De-emphasis
generator generator
A
Clgck source
RJ :
+ Noise source
SJ
Mariable SJ
source
Fid
The ISI
(see 5.

“*®  Oscilloscope
A S p| (for calibration)

3 Gbit/s, and 6 Gbit/s

be used as a component ©f the ISI generator.

The red
(IShre
crossta

» S| generator ander test >

Err
dete

Dr
ctor

ure 144 — Stressed receiver device jitter tolerance test block diagram for trained 1.5 Gbi

generator shall be representative of, and at least as stressful as, the reference transmitter test
5.5). The reference transmitter test load (see 5.6.5), with a nominal |Sppy4| of -15 dB at (fy5,4 / 2

/s,

load
), may

eiver device under test demonstrates its ability to compensate for channel intersymbol interfergénce
bresentative)of the reference transmitter test load (see 5.6.5) while subjected to the budgeted jit
k sources.

er and
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Table 61 defines the stressed receiver device jitter tolerance test characteristics for trained 1.5 Gbit/s,
3 Gbit/s, and 6 Gbit/s. Unless otherwise noted, characteristics are measured at IR (see 5.3.2) or CR (see
5.3.2) in figure 144.

Table 61 — Stressed receiver device jitter tolerance test characteristics for trained 1.5 Gbit/s, 3 Gbit/s,

with€epresentative traffic with their maximum amplitude and maximum frequency of operation.

and 6 Gbit/s
Characteristic Units Minimum Nominal | Maximum | Reference
TX peak to peak voltage 2 mV(P-P) 850 5.8.4.6.1
Transmitter equalization @ dB 2 5.8.4.6.6
TXRyPcd ul 0.135¢© 0.150 0.1659 5.8.4.6.1
TXSJ° ul See figure 148 and figure 149 5.8.9.7.6.9
WDP|at 6 Gbit/s P " dB 13 14.5
WDP/at 3 Gbit/s ® " dB 7 85
WDP|at 1.5 Gbit/s © dB 4.5 6
D24.3 eye opening b mV(P-P) 200 215 230 5.4.3.4
NEXT offset frequency ik ppm 2500
Total frosstalk amplitude ' ¥ MVyms 4
Recefver device configuration '

8 FQr a characteristic with only a nominal value, the test settip shall be configured to be as close tofthat
vaue as possible while still complying with other characteristics in this table.

b Fqr characteristics with minimum and maximum values, the test setup shall be configured to be Within
the range specified by the minimum and maximum.values. The range shall not be used to define ¢orner
test conditions required for compliance.

¢ MIasured at point A in figure 144.

d Measured after application of the JTF (se&'5.8.3.2).

€ 0.135 Ul is 22.5 ps at 6 Gbit/s, 45 ps at\3 Gbit/s, and 90 ps at 1.5 Gbit/s.

f0.150 Ulis 25 ps at 6 Gbit/s, 50 ps.ab3 Gbit/s, and 100 ps at 1.5 Gbit/s.

9 0.165 Ul is 27.5 ps at 6 Gbit/s, 55-ps at 3 Gbit/s, and 110 ps at 1.5 Gbit/s.

" THis value is obtained by simulation with SASWDP (see Annex B). BUJ and RJ shall be minimizgd for
WDPP simulations. The WDP-wvalue is a characterization of the signal output within the reference receiver

~ dgvice (see 5.8.5.7.3) after‘equalization.

' THe repeating 0011b'pattern or 1100b pattern (e.g., D24.3) eye opening pertains to the delivered [signal

~ atfIR or CR. Figure 145 defines this value in an eye diagram.

J" THe NEXT source.may use SSC modulation rather than have a fixed offset frequency.

K Opserved with'a histogram of at least 1 000 samples. Additional pseudo-random crosstalk shall He
added, if needed, to meet the total crosstalk amplitude specification.

I All transmitter devices and receiver devices adjacent to the receiver device under test shall be adtive
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Figure 145 shows the stressed receiver device jitter tolerance test repeating 0011b pattern or 1100b pattern
(e.g., D24.3) eye opening for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s.

Figu

5.8.5.7

0.15

0.10

0.05

0.00 : .L.opening.;...........

Differential Voltage (V)

-0.05

-0.10

-0.15

e 145 — Stressed receiver device jittertolerance test D24.3 eye opening for trained 1.5 Gbit/s,

3.Gbit/s, and 6 Gbit/s

6.2 Stressed receiver device jitter tolerance test procedure for trained 1.5 Gbit/s,

3 Gbit/s, and 6 Gbit/s

The str
follows

1)
2)
3)

4)
5)
6)
7)
8)

bssed receiver device,jitter tolerance test procedure for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/

calibrate the test equipment and ISI generator as specified in 5.8.5.7.6.3;

calibrate the.crosstalk source as specified in 5.8.5.7.6.4;

attach theltest equipment and ISI generator and the crosstalk source to the receiver device ur
test;

configure the pattern generator to transmit a Train_Rx-SNW pattern (see SPL-3);

allow the receiver device to complete the Train_Rx-SNW;

5 is as

der

caonficrratha annliad S | ac cnacifind 1n £ Q B 7 0 Q-
SO guTrCTTeC PPt OvTaoopeomet 1T o005,

configure the pattern generator to transmit CJTPAT (see Annex A); and

ensure that the receiver device under test has a BER that is less than 1012 with a confidence level of

95 %.

This procedure requires the receiver under test to train during Train_Rx-SNW as specified in SPL-3. This
training may be performed by:

a)
b)

using the mechanisms defined in SPL-3; or
using an equivalent procedure.

The use of an equivalent procedure is outside the scope of this document.
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Table 62 defines the number of bits that shall be received with a certain number of errors to have a confidence
level of 95 % that the BER is less than 10712,

Table 62 — Number of bits received per number of errors for desired BER

Number of errors Number of bits
0 3.00 x 1012
1 4.74 x 102
2 6.30 x 102
3 7.75 x 1012
4 9.15 x 10'?
5 1.05 x 103

5.8.5.7]6.3 Test equipment calibration and ISI generator calibration for trained 1.5 Gbit/s,
3 Gbit/s, and 6 Gbit/s

The tedt equipment and ISI generator calibration procedure for trained 1.5Gbit/s, 3 Gbit/s, and 6 Gbit/s is as
follows

1) | ensure that the ISI generator has an |Sppo4| comparable to that of the reference transmitter tgst load
(see 5.6.5). |Spp24| delivered by the I1SI generator shall bé measured by observing the D24.3 gye
opening at IR or CR as defined in table 61;
2) | attach the test equipment and ISI generator to a zefo:length test load, where its signal output |s
captured by an oscilloscope;

3) | disable the crosstalk source;

4) | disable the variable SJ source and the randém noise source;
5) | configure the pattern generator to transmit.the SCRAMBLED_0 pattern (see the phy test pattgrns in
the Protocol Specific diagnostic page, intSPL-3);

6) | capture multiple sets of the first 58.data dwords (i.e., 2 320 bits on the physical link) of the
SCRAMBLED_0 pattern. Waveferm averaging shall be used to minimize the impact of measufement
noise and jitter on the WDP calculations;
7) | input the captured pattern.nto SASWDP simulation (see Annex B) with the usage variable sef to
‘SAS2_LDP’; and

8) | adjust the ISI generator until the WDP is within the range defined in table 61 (see 5.8.5.7.6.1)

WDP values computed by. SASWDP are influenced by all sources of eye closure including DCD, BUJ, gnd IS,
and ingreased variability-in results may occur due to increases in those sources other than ISI.

5.8.5.7]6.4 Crosstalk source calibration for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s

The crgsstalk source calibration procedure for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s is as follows:

1) Latiach the test equipment and IS| generator and the crosstalk source to a zero-length test load] where
its signal output is captured by an oscilloscope;

2) disable the pattern generator;

3) enable the crosstalk source;

4) set the center frequency of the crosstalk source to be frequency offset from the pattern generator to
sweep all potential relative phase alignments between the crosstalk source and the signal from the ISI
generator;

5) generate a histograph of the signal delivered to the test equipment; and

6) adjust the crosstalk source until the crosstalk amplitude complies with table 61 (see 5.8.5.7.6.1).
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5.8.5.7.6.5 Stressed receiver device jitter tolerance test procedure for trained 12 Gbit/s

The stressed receiver device jitter tolerance test procedure for 12 Gbit/s is as follows:

1)
2)
3)
4)

5)

calibrate the test equipment and ISI generator as specified in 5.8.5.7.6.6;

calibrate the crosstalk source as specified in 5.8.5.7.6.7;

attach the test equipment and ISI generator and the crosstalk generator to the receiver device under
test;

configure the devices on the receiver device board to transmit and receive representative traffic,
including the transmitter device associated with the receiver device under test;

configure the pattern generator to transmit a Train_Tx-SNW pattern (see SPL-3);

6)
7)
8)
9)
10
11)
12

The co
after th

This pr
in SPL-

a)
b)

The tes
under t

aftow the Teceiver to compiete the Traim_T x-S,

configure the pattern generator to transmit a Train_Rx-SNW pattern (see SPL-3);
allow the receiver to complete the Train_Rx-SNW;

configure the applied RJ as specified in 5.8.5.7.6.8;

configure the applied SJ as specified in 5.8.5.7.6.9;

configure the pattern generator to transmit CJTPAT (see Annex A); and

ensure that the receiver device under test has a BER that is less than 10712 with-a confidence [evel of
95 %.

pfiguration of the transmitter device associated with the receiver device under test may be perfprmed
b receiver training completes.

pcedure requires the receiver under test to train during Train_Tx-SNW and Train_Rx-SNW as specified
3 (see figure 146). This training may be performed by:

using the mechanisms defined in SPL-3; or
using an equivalent procedure.

t equipment shall be capable of adjusting its transmitter coefficients as requested by the receier
bst. The use of an equivalent procedure is outside the scope of this document.

(

Lrosstalk generator

Crosstalk
Crosstalk
- generator
transmitter
channel

\
. \ISI generator

|

I

[T
Jest ISI generator channel l Receiver devi der test
transmitter g eceiver device under tes

N ]

- N\ |
/®\ Transmitter equalization adjustment
i

Generator | | Generator | | Generator

DJ RJ SJ

Figure 146 — Stressed receiver transmitter equalization adjustment for 12 Gbit/s

5.8.5.7.6.6 ISI generator calibration for trained 12 Gbit/s

The delivered signal for stressed receiver device jitter tolerance test for 12 Gbit/s (see 5.8.5.7.6) shall provide
ISI characteristics defined in table 63.

The characteristics at ER shall be measured using end to end simulations (see 5.7.1 and Annex D).
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To simplify de-embedding to ET, the peak to peak voltage may be measured from the output of the ISI
generator’s transmitter, if the ISI channel has insertion loss less than 1.5 dB at 10 MHz (e.g.,10 MHz

represents effective D.C., excluding A.C. coupling). Using this method, the peak to peak voltage is computed

by scal

ing down the measured amplitude by the loss of the ISI channel at 10 MHz. This simplified

de-embedding method requires verification of the ISI channel insertion loss.

The effective ISI| generator’s transmitter output may include attenuators or power combiners. The

characteristics of the IS| generator’s transmitter, including transmitter circuit response to coefficient steps and

coefficient preset settings, are measured including the attenuators or power combiners.

The tra
genera
setto 1
referen

nsmitter coefficients are simulated by replacing the test transmitter by the reference transmitter

(unit-less value) at the output of the ISI generator, using the ISI generator’s output as the inpu
Ce transmitter, instead of the +1/-1 digitized stream (see figure 147).

ing no jitter (i.e.. no RJ or TJ). This is equivalent to inserting a jitter free reference transmitter with Kg

x(n+1) x(n) x(n-1) _ A _
1Ul 1UI Simulated receiver device
/— Input Delay Delay
+-1
. RR
Captdred Coefficient 1 Coefficient 2 Coefficient | <usage> @%’1 Reference
waveform ~ [ | receiver
L_ N~ _
+
Kovgé
Output
Figure 147 — Simulation of the reference transmitter from a captured signal
The ISl{generator’s transmitter device shall have the trained 12 Gbit/s transmitter characteristics (see 5|8.4.7).

The IS

back channel requests (see SPL-3). This may besperformed using a duplex link as defined in SPL-3, dr
througtl the use of an equivalent procedure. Theluse of an equivalent procedure is outside the scope ¢f this
document.

The ISl[generator calibration procedure.i§ as follows:

1)

2)
3)

4)

set the transmitter of the ISl@enerator to output no equalization (i.e. coefficient 1 set to zero,
coefficient 2 set to one, coefficient 3 set to zero);

attach the test equipment and ISI generator to a zero-length test load;

disable:

A) the crosstalk ‘'source;

B) the RJ saurce;

C) the DJ-saurce;

D) theSSC source; and

E) thewariable SJ source;

configure the pattern generator to transmit a repeating 7Eh (i.e., D30.3) pattern (see the phy test

patterns in the Protocol Specific diagnostic page in SPL-3);

5)
6)
7)
8)

9)

set the transmitter peak to peak voltage to the characteristics of table 63;

configure the pattern generator to transmit IDLE dwords (see SPL-3);

capture the signal at IR or CR;

simulate signal characteristics and reference transmitter characteristics (see clause D.1), using

reference <usage> CR_RR channel models of the appropriate usage model (see clause D.2); and

adjust the ISI generator channel for end to end simulation characteristics defined in table 63.

Table 63 defines the characteristics measured in end to end simulation of the delivered signal for trained
12 Gbit/s stressed receiver device jitter tolerance test.

generator shall be capable of changing its eqgualization in response to the attached receiver dgvice’s
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See the reference transmitter device (see 5.8.4.7.3) for definitions of coefficient 1 (i.e., C1), coefficient 2
(i.e., C2), and coefficient 3 (i.e., C3) used in table 63.

Table 63 — ISI generator characteristics for trained 12 Gbit/s at ET and ER

k

€ IffC1 or C3 exceeds its maximum (positive) limit, then'it is forced to its maximum limit and the ot

r
i

peating 7Eh (i.e., D30.3) pattern (see the phy test patterng-in the Protocol Specific diagnostic
SPL-3).
e peak to peak voltage is adjusted as close as possible to the minimum limit.

cpefficients are recalculated.
2=1-|C1|-]|C3|.
IfC1 exceeds its minimum (negative) limit, then it is forced to its minimum limit and C3 is recalcu

Characteristic Units Minimum | Maximum Comp!lance
point
Peak to peak voltage @ b mV(P-P) 850 1 000 ET (see 5.3.3)
Coefficient 1 (i.e., C1) © de VIV -0.15 0 ET
Coefficient 3(i.e., C3) ¢4 f VIV 0.3 0 ET
VMAP D mV(P-P) 80 ET
Reference pulse response cursor peak to peak i |
amplitude ') mV(P-P) 125 145 ER (see $.3.3)
Vertiqal eye opening to reference pulse response
9 eve apening pulse resp % 65 80 ER
cursor ratio!
DFE ¢oefficient magm:nude to reference pulse % 5 50 ER
respgnse cursor ratio
a8 The measurement shall be made with the ISI generator transmitter set to no equalization and a

hage

her

ated.

IffC3 exceeds its minimum limit, then it is. forced to its minimum limit and C1 is recalculated. If C1 had

MA = 2K, (C1+C2 + C3) V. See 5.8.4.7.3.
IffVMA exceeds its minimum limit, then C1 and C3 are forced to values that have the smallest disf
t@ a point compliant to the VMA jspecification in the C1/C3 plane. The distance is defined as:

((C1" - C1)2 + (C3 - €3)%)%5

here:

C1’ and C3 are values that satisfy the minimum VMA criterion.
e average-amplitude of the eye for a random pattern digital input at the compliance point may
uped for this;measurement. See figure 118.

transmitter.
e vertical eye opening does not include crosstalk. Crosstalk representing FEXT is calibrated &

e end-te'end simulation removes any remaining RJ and TJ (i.e., non-ISI) of the ISI generator’$

ajready reached or exceeded its minimum limit, then both C1 and C3 are forced to their minimun limit.

ance

be

specified in 5.8.5.7.6.7, while representative traffic is present during the test to provide NEXT
crosstalk (see 5.8.5.7.6.5).

The ISI generator is adjusted as close as possible to the maximum reference pulse response cu
and vertical eye opening to reference pulse response cursor ratio limits.

by the reference pulse response cursor (see 5.8.5.7.3)).

rsor

M This is the maximum of the absolute value of the reference DFE coefficients (i.e., max(abs(d;)) divided
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5.8.5.7.6.7 Crosstalk calibration for the trained 12 Gbit/s stressed receiver device jitter
tolerance test

Total peak to peak crosstalk noise shall be measured as defined in 5.7.4 at IR (see 5.3.3) or CR (see 5.3.3).
The crosstalk is added to the simulation as a measured peak to peak amplitude at a cumulative probability of
106 (see 5.7.4). The characteristics of the crosstalk amplitude are defined in table D.5. The crosstalk shall be
generated by a single transmitter with:

a) a minimum fixed offset frequency of 1 000 ppm; or
b) using SSC modulation rather than the fixed offset frequency.

5.8.5.7 [6:8-Applicd R -for traimedt2-Gbit/s stressed receiver device fitter toferance test————

The delivered signal for stressed receiver device jitter tolerance test (see 5.8.5.7.6.5) shall proyide RJ
characteristics defined in table 64.

lable 64 — RJ characteristics for trained 12 Gbit/s stressed receiver device tolerance tes

Characteristic Units Minimum Nominal Maximum

RJabed ul 0.135°¢ 0.150 f 0.1659

@ For characteristics with minimum and maximum values, the test'setup shall be configured
to be within the range specified by the minimum and maximdm values. The range shall not
be used to define corner test conditions required for compliance.

b Measured at ER, IR, or CR as shown in figure 147,

¢ The RJ measurement shall be performed with a repeating 0011b pattern or 1100b pattern

(e.g., D24.3) with SSC disabled. RJ is 14 times the RJ 1 sigma value, based on a

BER of 1072,

Measured after application of the JTF (see‘5:8.3.2).

0.135 Ul is 11.25 ps at 12 Gbit/s.

0.150 Ul is 12.5 ps at 12 Gbit/s.

0.165 Ul is 13.75 ps at 12 Gbit/s.

Q ™ o0 a

5.8.5.7]6.9 Applied SJ

Figure 148 defines the applied SJ for trained receiver devices that do not support SSC.

Peak-to-peak 4 (log1o/logo plot)

applied SJ
(in UI)
15 ....... :..':
1.0 \
ot o e \

fmin = fbaud /25000 fmax
fo = foaua / 1 667
(equations do not apply to 12 Gbit/s)

>

Applied SJ frequency (in Hz)

Figure 148 — Applied SJ for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s without SSC support
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Table 65 defines f.ip, fe, and fiax for figure 148. f, 5,4 is defined in table 31 (see 5.8.1).
Table 65 — f,,i, fc, and f,,,,x for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s without SSC support

Physical link rate frnin f. finax
1.5 Gbit/s 60 kHz 900 kHz 5 MHz
3 Gbit/s 120 kHz 1 800 kHz 7.5 MHz
6 Gbit/s 240 kHz 3600 kHz 15 MHz
12 Gbit/s 240 kHz 3 600 kHz 15 MHz

Figure 149 defines the applied SJ for trained receiver devices that support SSC.

Peak-to-peak 4 loalo ot
applied SJ (log1o/logso plot)
(in UI)

SJir

1.0

0.1

1:min fc fmax

Applied'SJ frequency (in Hz)

Figure 149 — Applied SJ for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s and 12 Gbit/s with SSC support

Table 66 defines fipn, fe, fmax, @nd SJjs for-figure 149.
Tablg 66 — i, fe, fmax and. SJjf for trained 1.5 Gbit/s, 3 Gbit/s, 6 Gbit/s, and 12 Gbit/s| with

SSC support
Physical link'rate frnin fc frnax SJjs
1.5(Gbit/s 97 kHz 1.03 MHz 5 MHz 11.3 Ul
3'Gbit/s 97 kHz 1.46 MHz 7.5 MHz 22.6 Ul
6 Gbit/s 97 kHz 2.06 MHz 15 MHz 45.3 Ul
12 Gbit/s 111 kHz 2.06 MHz 15 MHz 34.6 Ul
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5.8.5.8

Table 67 defines the amplitude requirements of the OOB signal delivered by the system with the zero-length
test load (see 5.6.2) at the receiver device compliance point (i.e., IR (see 5.3) or CR (see 5.3)). These also
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Delivered signal characteristics for OOB signals

serve as the required signal tolerance characteristics of the receiver device.

Table 67 — Delivered signal characteristics for OOB signals

sp

b Th
1.
¢ TH
1.
d An

Sig
re

ecified minimum differential amplitude before transitioning to the opposite bit value or\before
tefmination of the OOB burst.

5 Gbit/s ALIGN (0) primitives, or 3 Gbit/s ALIGN (0) primitives (see SPL-3).

maximum rise/fall time and jitter, eye diagram methodologies used:in‘\this document may indicate
nal amplitude than the technique specified by SATA. Implementers of designs supporting SATA are

diagram methodology using SATA devices.

Characteristic Units IR CR
Minimum OOB burst amplitude @, if SATA is not supported mV(P-P) 240°
Minimum OOB burst amplitude 2, if SATA is supported mV(P-P) 225¢d N/A
a8 With a measurement bandwidth of 4.5 GHz, each signal level during the OOB burst shall €xceed|the

e OOB burst contains either 1.5 Gbit/s repeating 0011b pattern or 1100b pattern(e.g., D24.3),
e OOB burst contains either 1.5 Gbit/s repeating 0011b pattern or 1100b,pattern (e.g., D24.3) ¢r

b Gbit/s ALIGN (0) primitives (see SPL-3 and SATA).
nplitude measurement methodologies of SATA and this document differ” Under conditions of

uired to ensure interoperability and should perform additional’'system characterization with anjeye

5.8.6 S
5.8.6.1

Spread
signal t

Phys tr

Table 6

pread spectrum clocking (SSC)

SSC overview

D

spectrum clocking (SSC) is the technique of modulating the operating frequency of a transmitted
b reduce the measured peak amplitude’of radiated emissions.

Ansmit with SSC as defined in 5.8.6.2 and receive with SSC as defined in 5.8.6.3.
8 defines the SSC modulation types.

Table 68 — SSC modulation types

less

Maximum SSC frequency deviation (SSC,,) 2
SSC¢ modulation type
1.5 Gbit/s 3 Gbit/s 6 Gbit/s 12 Gbit/s
(enter-spreading +2 300/ -2 300 ppm +1 000 /-1 000 ppm
No-Spreading +0 /-0 ppm +0/-0 ppm
[Down-spreading +0 /-2 300 ppm +0 /-1 000 ppm
SATA down-spreading b +0/-5000 ppm N/A

@ This is in addition to the physical link rate accuracy and tolerance defined in table 33 (see 5.8.4.3) and
table 51 (see 5.8.5.3).
b This is only used as a receiver parameter.

A phy may transmit with a different SSC modulation type than it receives (e.g., a phy may transmit with
center-spreading while it receives with down-spreading).

Ifthe S

SC modulation type is not no-spreading, then the phy shall transmit within the specified maximum SSC

frequency deviation with an SSC modulation frequency that is a minimum of 30 kHz and a maximum of
33 kHz.
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The SSC modulation profile (e.g., triangular) is vendor specific, but should provide the maximum amount of
EMI reduction. For center-spreading, the average amount of up-spreading (i.e., > 0 ppm) in the SSC
modulation profile shall be the same as the average amount of down-spreading (i.e., < 0 ppm). The amount of
asymmetry in the SSC modulation profile shall be less than 288 ppm.

NOTE 2 - 288 ppm is the rate of deletable primitives (see SPL-3) that are left over after accounting for the
physical link rate accuracy. It is calculated as the deletable primitive rate defined in the SAS standard of
1/2 048 (i.e., 488 ppm) minus the width between the extremes of the physical link rate accuracy of

+100 ppm to -100 ppm (i.e., 200 ppm).

SSC induced jitter is included in TJ at the transmitter output.

0.27 ug £ 0.01 ps interval of the SSC modulation profile, after filtering of the transmitter device jitteroufput by
a secod order Butterworth low pass filter with a cutoff frequency of 3.7 MHz + 0.2 MHz.

The sqpe of the frequency deviation should not exceed 850 ppm/us when computed over any
The slgpe is computed from the difference equation:

slope = (f(t) - f(t - 0.27 us)) / 0.27 ys
where:
f(h) is the SSC frequency deviation expressed in ppm.

A + 2 3D0 ppm triangular SSC modulation profile has a slope of approximately 310 ppm/ps and meets|the
informgtive slope specification. Other SSC modulation profiles (e.g., expenential) may not meet the slppe
requirement. A modulation profile that has a slope of + 850 ppm/us.over 0.27 us creates a residual jitter of
approximately 16.7 ps (i.e., 0.10 Ul at 6 Gbit/s) after filtering by theJTF. This consumes the total BUJ pudget
of the tfansmitter device, which does not allow the transmitter-dévice to contribute any other type of BUJ.

Activatipn or deactivation of SSC on a physical link that is not OOB idle or negotiation idle (see SPL-3) shall
be dong without violating TJ at the transmitter device output after application of the JTF.

5.8.6.2[Transmitter SSC modulation

A SAS phy transmits with the SSC modulatiofrtypes defined in table 69.

Table 69 — SAS phy transmitter SSC modulation types

SSC modulation type(s) @

Condition
Mandatory Optional

While attached-te.a phy that does not support SSC | No-spreading

While attached to a phy that supports SSC No-spreading Down-spreading

a8 SAS phys compliant with SAS-1.1 only transmitted with an SSC modulation type of
ne=spreading.
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An expander phy transmits with the SSC modulation types defined in table 70.

Table 70 — Expander phy transmitter SSC modulation types

SSC modaulation type(s) 2
Condition

Mandatory Optional

While attached to a SAS phy or expander phy that

does not support SSC No-spreading

While attached to a SAS phy or expander phy that

No-snreadina Center-snreading
Ll ~J Ll J

supports SSC

While attached to a SATA phy No-spreading Down-spreading

a8 Expander phys compliant with SAS-1.1 only transmitted with an SSC modulation|type of
no-spreading.

A SAS

device (see SPL-3) or expander device (see SPL-3) should provide independent control of SS

C on

each transmitter device. However, a SAS device or expander device may implement a common SSC tfansmit

clock in
such in

which multiple transmitter devices do not have independent controls o enable and disable SS
plementations, SSC may be disabled on a transmitter device that.is@lready transmitting with §

C.In
SC

enabled if another transmitter device sharing the same common SSC transmit clock is required to perform

SNW-1

If any tfansmitter device sharing a common SSC transmit clock enters a non-SSC transmission state

SNW-1
transm
complig
transm
frequer

The dis
Final-S

5.8.6.3

SAS pH

SNW-2, SNW-3, or Final-SNW (see SPL-3) or SAS speed nedotiation (see SPL-3).

SNW-2, Final-SNW, Train_Tx-SNW, or Train_Rx-SNW-with SSC disabled (see SPL-3)), then
tter device sharing that common SSC transmit clockimay disable SSC. These transmitter deviq
nt with the SSC requirements even if the transmitter'device has negotiated SSC enabled but it
t clock has SSC disabled, provided that the transmitted signal does not exceed the maximum §
cy deviation limits specified in table 68.

abling and enabling of SSC may occur atany time (see 5.8.6.1) except during SNW-1, SNW-2
NW (see SPL-3).

Receiver SSC modulation tolerance

ys and expander phys support (i.e., tolerate) receiving with SSC modulation types defined in tg

Table 71 — Receiver SSC modulation types tolerance

e.g.,
any

es are
S
bSC

and

ble 71.

Type

SSC modulation type(s) 2 P
of phys

Mandatory Optional ©

Phys

No-spreading and Center-spreading

that support being attached to SATA phys SATA down-spreading | down-spreading

and

Phys
phys

and

that-do-net-support-being-attachedto-SATA Genter-spreading
ATA Center-sproading

No-spreading down-spreading

be

@ This is in addition to the physical link rate accuracy tolerance defined in table 51 (see 5.8.5.3).

b Phys compliant with SAS-1.1 that do not support being attached to SATA devices were only required to
tolerate an SSC modulation type of no-spreading. Phys compliant with SAS-1.1 that support being
attached to SATA devices were only required to tolerate SSC modulation types of no-spreading and
SATA down-spreading.

€ If either the SSC modulation type of center-spreading or down-spreading is supported, then both shall

supported.
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5.8.6.4 Expander device center-spreading tolerance buffer

Expander devices supporting the SSC modulation type of center-spreading shall support a center-spreading
tolerance buffer for each connection with the buffer size defined in table 72. The expander device uses this
buffer to hold any dwords that it receives during the up-spreading portions of the SSC modulation period that
expander device is unable to forward as a result of:

a) the ECR (see SPL-3) and/or the transmitting expander phy is slower than the receiving expander phy;
and
b) the dword stream does not include enough deletable primitives (see SPL-3).

The expander device unloads the center-spreading tolerance buffer during the down-spreading portions of the
SSC mpdulation period when the receiving expander phy is slower than the ECR and the transmitting
expander phy.

Table 72 — Expander device center-spreading tolerance buffer

Physical link rate | Minimum buffer size
12 Gbit/s 14 dwords
6 Gbit/s 14 dwords
3 Gbit/s 8 dwords
1.5 Gbit/s 4 dwords

=

NPTE 3 - The minimum buffer size is based on the number of dwords that may be transmitted during half g
thee longest allowed SSC modulation period (i.e., half of the period indicated by 30 kHz) at the maximum
plysical link rate (i.e., +2 400 ppm for 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s or +1 100 ppm for 12 Gbit/s) minus the
nyimber that may be transmitted at the minimum physicallink rate (i.e., -2 400 ppm for 1.5 Gbit/s, 3 Gbit/s,

and 6 Gbit/s or -1 100 ppm for 12 Gbit/s). This accounts.for forwarding dwords in a connection (see SPL-3)
that originated from a phy compliant with SAS-1.1 (ié., a phy with an SSC modulation type of no-spreading
and inserting deletable primitives at a rate supporting only the frequency accuracy).
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Figure 150 shows an example of center-spreading tolerance buffer usage.

SSC modulation SSC modulation
ssC profile ssc profile
freqqer_mcy frequency
This phy has no deviation® ;30 kHz—s deviationt 4 / 30 kHz—>
SSC, 1/2 048 +2 300 ppm +2 300 ppm
deletable primitive
insertion rate 0 ppm time 0 ppm time
2 300 ppm 2300 ppm
K\
Expander device A Expander device.B
Center- Center-
spreadin spreadin
Phy —s Phy o PPN Ll Phy s Phy [l PETTY el Phy|
buffer / buffer /

N/ \ o/

Phyg compatible with this

stahdard insert enough While transmitting < 0 While transmitting < 0
extrh deletable primitives ppm, center-spreading ppm, center-spreading
tolerance buffer fills tolerance buffer fills

thaflthe expander device
is gble to delete them to

accdunt for the worst case
SSIC modulation profile

interactions.

Worst case is expander. dévice A transmitting with an SSC frequency
deviation of +2 300 ppm while expander device B is transmitting with an
SSC frequency deviation of -2 300 ppm. This is in addition to the long}t
term frequency.dceuracy of +100/-100 ppm.

Figure 150 — Center-spreading tolerance buffer

5.8.7 Npn-tracking clock architecture

Transcegivers shall be designed with-a non-tracking clock architecture (i.e., the receive clock derived frpm the
bit stream received by the receiver device shall not be used as the transmit clock by the transmitter dgvice).

Receiver devices that support SATA shall tolerate clock tracking by the SATA device. Receiver devices fthat do
not support SATA are not required to tolerate clock tracking by the SATA device.

5.9 READY_LED signal electrical characteristics

A SAS fargét device uses the READY LED signal to activate an externally visible LED that indicates thie state
of readiness and activity of the SAS target device.

All SAS target devices (see SPL-3) using the SAS Drive plug connector (see 5.4.3.4.1.1) or SAS MultiLink
Drive plug connector (see 5.4.3.4.1.5) shall support the READY LED signal.

The READY LED signal is designed to pull down the cathode of an LED using an open collector or open drain
transmitter circuit. The LED and the current limiting circuitry shall be external to the SAS target device.
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Table 73 describes the output characteristics of the READY LED signal.

Table 73 — Output characteristics of the READY LED signal

State Test condition Requirement
Negated (LED off) 0V<Vpu<36V -100 pA < lpy < 100 pA
Asserted (LED on) loL =15 mA 0<Vp £0.225V

The READY LED signal behavior is defined in SPL-3.

NPTE 4 - SATA devices use the pin used by the READY LED signal (i.e., P11) for activity indication and
di

isable staggered spin-up (see SATA). The output characteristics differ from those in table 73.

5.10 ROWER DISABLE signal electrical characteristics

The PQ
circuitry.

If the P

54.3.4

a)

b)

f)

page and the IDENTFY address frame (see SPL-3);
allow power to be applied to the SAS target device circuitry if the POWER DISABLE signal is

cable receptacle (see 5.4.3.4.1.6);

as defined in table 74;

disable power applied to the SAS target-device circuitry if:

1) the minimum negated hold time in-table 74 is met; and

2) the POWER DISABLE signal-is asserted as defined in table 74;
perform the actions defined for power on (see SPL-3) if:

1) the minimum negated haold time in table 74 is met;

2) the POWER DISABLE;signal is asserted as defined in table 74; and
3) the POWER DISABLE signal transitions from asserted to negated;
and

1 ys.

WER DISABLE signal, if implemented, may be used to disable power to the SAS target device

ODWER DISABLE signal is supported by a SAS target device with the’SAS Drive plug connector (see
1.1) or SAS MultiLink Drive plug connector (see 5.4.3.4.1.5), then\the SAS target device shall:

indicate that the POWER DISABLE signal is supported on the Protocol Specific Port Informatign VPD

not

connected on the SAS Drive backplane receptacle (see 5.4.3.4.1.3), SAS Drive cable receptadle (see
5.4.3.4.1.2), SAS MultiLink Drive backplane receptacle (see 5.4.3.4.1.7), or SAS MultiLink Driye

allow power to be applied to the SAS target device circuitry if the POWER DISABLE signal is negated

not respond to a-change of the POWER DISABLE signal from negated to asserted or asserted to
negated untilithe’POWER DISABLE signal is held at the asserted or negated level for a minimum of
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Table 74 describes the characteristics of the POWER DISABLE signal applied to the SAS target device.

Table 74 — Characteristics of the POWER DISABLE signal applied to the SAS target device

Characteristic Units Minimum | Typical | Maximum
Absolute maximum input voltage range \Y, -0.5 3.6
Negated voltage (power enabled) 2 b \Y -0.5 0.7
Asserted voltage (power disabled) © Vv 2.1 3.6
Driver sink/source current capability be A 100
POWER DISABLE asserted hold time 9 s 5.0
POWER DISABLE negated hold time 9 s 30.0

8 The SAS target device shall allow power to be applied to the SAS target devicécircuitry if
P3 is not connected on the SAS Drive backplane receptacle (see 5.4.3.4.1.3), SAS Drive
cable receptacle (see 5.4.3.4.1.2), SAS MultiLink Drive backplane receptacle (see
5.4.3.4.1.7), or SAS MultiLink Drive cable receptacle (see 5.4.3.4.1.6);

b The POWER DISABLE signal should be actively negated. If the POWER DISABLE signal
is not actively negated (e.g., open), then the specified values for POWER DISABLE signal
negated voltage and driver sink current capability applied to the'SAS target device do not
apply.

¢ The POWER DISABLE signal shall be actively asserted:

4 The hold time is the length of time the POWER DISABLE signal is asserted or negated.

The length of time after the POWER DISABLE signal is asserted or negated until the

disabling or allowing of power application to the-SAS target device circuitry is vendor

specific.

The POWER DISABLE signal should not transition from negated to asserted or asserted

to negated for the negated hold time:

a) after power is applied to the SAS:Drive backplane receptacle (see 5.4.3.4.1.3), SAS
Drive cable receptacle (see 5.4:3.4.1.2), SAS MultiLink Drive backplane receptacle
(see 5.4.3.4.1.7), or SAS MultiLink Drive cable receptacle (see 5.4.3.4.1.6); or

b) after the detection of a hot plug event.
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5.11 Out of band (OOB) signals

5.11.1 OOB signals overview

If D.C. mode is enabled, then OOB signals are low-speed signal patterns that do not appear in normal data
streams. If optical mode is enabled, then OOB signals consist of a defined series of dwords. OOB signals
consist of defined amounts of idle time followed by defined amounts of burst time. During the idle time, the

physica

I link carries OOB idle. During the burst time, the physical link carries dwords. The signals are

differentiated by the length of idle time between the burst times. OOB signals are not decoded unless dword
synchronization has been lost (see SPL-3). Once high-speed data transfers are underway, the data pattern
amplitude may fall to levels that are falsely detected as OOB signals. A phy shall either have D.C. mode

enabled or opfical mode enabled. The method o enable D.C. mode or opfical mode is oufside the scope of
this Dogument.
SATA defines two OOB signals (i.e., COMINIT/COMRESET and COMWAKE). COMINIT and COMRESET are
used in|this document interchangeably. Phys compliant with this document identify themselves with ar
additiomal SAS specific OOB signal called COMSAS.
Table 7p defines the timing specifications for OOB signals.
Table 75 — OOB signal timing specifications
Parameter Minimum Nominal Maximum Comments
OOB [Interval =~ b = . c = __ d | Tbetime basis for burst times and idle
(oonj) @ 665.06 ps 666.6 ps 668.26 ps times used to create OOB signals
L The minimum time a receiver device
(Cj::t)g/cl;tmtoi\nsﬂneout 13.686 us © shall allow to detect COMSAS after
transmitting COMSAS.
a8 OO0BI is different than UI(OOB) defined in SATA (e.9., SAS has tighter physical link rate accuracy and
different SSC frequency deviation). OOBI is based on:
A) 1.5 Gbit/s Ul (see table 31 in 5.8.1);
B)) physical link rate accuracy (see table,33 in 5.8.4.3); and
() center-spreading SSC (see table-68 in 5.8.6.1).
b 665.06 ps equals 666.6 ps x (1 - 0:002 4).
 666.6 ps equals 2 000 ps / 3.
d 668.26 ps equals 666.6 ps x1002 4.
€ 13.686 us is 512 x 40 x Maximum OOBI.
To interpperate with interconnects compliant with SAS-1.1, phys should create OOB burst times and idlg times
based ¢n the Ul for 1t§ Gbit/s without SSC modulation.
NPTE 5 - SAS+1.1 defined OOBI based on the nominal Ul for 1.5 Gbit/s (see table 31 in 5.8.1) with physicd|
link rate aceuracy (see table 33 in 5.8.4.3) but not with SSC modulation (see table 68 in 5.8.6.1).
Interconnects compliant with SAS-1.1 may have assumed phys had that characteristic.
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Table 76 describes the OOB signal transmitter requirements for the burst time, idle time, negation times, and
signal times that are used to form each OOB signal.

Table 76 — OOB signal transmitter device requirements

Signal Burst time Idle time Negation time | Signal time 2
COMWAKE 160 OOBI ® | 160 OOBI ® | 280 OOBI ¢ | 2200 OOBI 9
COMINIT/COMRESET | 160 OOBI ® | 480 00BI ¢ | 800 OOBI ¢ | 4640 OOBI '
COMSAS 160 OOBI P | 1440 OOBI T | 2400 OOBI ™ | 12 000 OOBI

A signal time is six burst times plus six idle times plus one negation time.
160 OOBI is nominally 106.6 ns (see table 75 in 5.11.1).

280 OOBI is nominally 186.6 ns.

480 OOBI is nominally 320 ns.

800 OOBI is nominally 533.3 ns.

1 440 OOBI is nominally 960 ns. _

2 200 OOBI (e.g., COMWAKE) is nominally 1 466.6 ns.

2 400 OOBI is nominally 1 600 ns. »

4 640 OOBI (e.g., COMINIT/COMRESET) is nominally 3 093:3.ns.

12 000 OOBI (e.g., COMSAS) is nominally 8 000 ns.

= T T Q@ 0o O 0 T 9o

If D.C.

If optical mode is enabled, then an OOB idle consists of repétitions of the following steps:

Mode is enabled, then an OOB idle consists of the transmission of D.C. idle.

1) | transmission of six OOB_IDLE primitives with either starting disparity at 3 Gbit/s; and
2) | transmission of up to 512 data dwords (e.g., two’data dwords for COMWAKE idle time, 18 dath
dwords for COMINIT/COMRESET idle time,<@nd 66 data dwords for COMSAS idle time) set tg
0000_0000h that are 8b10b encoded, scrambled, and transmitted at 3 Gbit/s.

An OOB burst consists of:

a) | if D.C. mode is enabled, then traismission of a repeating 0011b pattern or 1100b pattern
(e.g., D24.3) or ALIGN (0) primitives with either starting disparity. The OOB burst should cons|st of a
repeating 0011b pattern or:1100b pattern (e.g., D24.3) at 1.5 Gbit/s; or
b) | if optical mode is enabled,/then transmission of ALIGN (3) primitives with either starting dispatjity at
3 Gbit/s.

To trangmit an OOB signal,.the transmitter device shall:

1) | transmit OQBidle for an idle time;
2) | transmit an“©OB burst for a burst time; and
3) | repeatsteps 1) and 2) five additional times.

The trahsmitter device shall then transmit OOB idle for an OOB signal negation time.
The tra

If D.C. mode is enabled, then the repeating 0011b pattern or 1100b pattern (e.g., D24.3) or ALIGN (0)
primitives (see SPL-3) used in OOB signals shall be transmitted and the OOB burst is only required to
generate an envelope for the detection circuitry, as required for any signaling that may be A.C. coupled. A
burst of a repeating 0011b pattern or 1100b pattern (e.g., D24.3) at 1.5 Gbit/s is equivalent to a square wave
pattern that has a one for two OOBI and a zero for two OOBI. A transmitter may use this square wave pattern
for the OOB burst. The start of the pattern may be one or zero. The signal rise and fall times:

a) shall be greater than (i.e., slower) or equal to the minimum (i.e., fastest) rise and fall times allowed by
the fastest supported physical link rate of the transmitter device (see table 35in 5.8.4.4); and

b) shall be less than (i.e., faster) or equal to the maximum (i.e., slowest) rise and fall times allowed at
1.5 Gbit/s.
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Figure 151 describes OOB signal transmission.

TEEE
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dle negation

COMWAKE Time (not to scale)}——»

OOB burst

COMRESET/COMINIT
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o o
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negation

COMSAS
OpB burst

£ %% %}

i i
Il ll

1TTTT e

negation

COM >AS idle

Key:
. Zero or more OOB nth O0B 1die/O0B
= QOB idle m OOB burst ﬁ_m idle/OOB burst pairs L) purst pair

Note: OOB idle is shown here as a neutral signal for visual clarity only.

Figure 151 — OOB signal transmission
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5.11.3 Receiving OOB signals

Table 77 describes the OOB signal receiver device requirements for detecting burst times, assuming Tyt iS
the length of the detected burst time. The burst time is not used to distinguish between signals.

Table 77 — OOB signal receiver device burst time detection requirements

Signal 2 may detect shall detect
COMWAKE Tourst < 100 ns or Tyt > 112 ns 100 ns < Tyt < 112 ns
COMINIT/COMRESET | Tpyrst <100 ns or Tyyst > 112 ns 100 ns < Tpyst < 112 ns
COMSAS Tourst < 100 ns or Tyt > 112 ns 100 ns < Tyt < 112 ns
a Eaﬁhzt;urst time is transmitted as 160 OOBI, which is nominally 106.6 ns (see table-76 in
5.11.2).

Table 7B describes the OOB signal receiver device requirements for detecting idle times;assuming Tiqy is the
length ¢of the detected idle time.

Table 78 — OOB signal receiver device idle time detection.requirements

Signal may detect shall detect shall not deteg¢t
a ' ' Tidle< 35 ns of
COMWAKE 35ns <Tige <175 ns 101.3 ns < Tigje.< 112 ns Tow> 175 ns
COMINIT/ : ' Tige <175 ns ar
COMRESET b 175 ns < Tige <525 ns 304 NS Tigie < 336 ns Te > 525 ns
c Tigle <9525 ns qr
GOMSAS 525Nns < Tige <1575 ns | 91:7 ns < Tiye <1008 ns Tlidle > 1575 nd
a COMWAKE idle time is transmitted as 160°QOBI, which is nominally 106.6 ns (see table 76 in
5.11.2).
b GOMINIT/COMRESET idle time is transmitted as 480 OOBI, which is nominally 320 ns.
¢ GOMSAS idle time is transmitted as, 1 440 OOBI, which is nominally 960 ns.

Table 7P describes the OOB signalreceiver device requirements for detecting negation times, assuming Tiqje
is the length of the detected idle time.

Table 79 — OOB signal receiver device negation time detection requirements

Signal shall detect
COMWAKE 2 Tige> 175 ns
COMINIT/COMRESET P Tigie > 525 ns
COMSAS °© Tige> 1575 ns

a COMWAKE negation time is transmitted as 280 OOBI, which is nominally 186.6 ns (see
table 76 in 5.11.2).

b COMINIT/COMRESET negation time is transmitted as 800 OOBI, which is nominally 533.3 ns.
¢ COMSAS negation time, which is transmitted as 2 400 OOBI, which is nominally 1 600 ns.

If D.C. mode is enabled, then a SAS receiver device shall detect OOB bursts formed from any of the following:

a) D24.3 characters (see SPL-3) at 1.5 Gbit/s;
b) ALIGN (0) primitives (see SPL-3) at 1.5 Gbit/s; or
c) ALIGN (0) primitives at 3 Gbit/s.


https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 241 -

NOTE 6 - Detection of ALIGN (0) primitives at 3 Gbit/s provides interoperability with transmitter devices
compliant with SAS-1.1.

If D.C. mode is enabled, then a SAS receiver device shall not qualify the OOB burst based on the characters
received.

If optical mode is enabled, then a SAS receiver device shall detect OOB bursts formed from ALIGN (3)
primitives at 3 Gbit/s.

5.11.4 Transmitting the SATA port selection signal
The SATA port selection signal shown in figure 152 causes the attached SATA port selector (see SPL-3) to

select the attached phy (i.e., one of the SATA port selector’s host phys) as the active phy (see SATA).
SATA port selection signal ——Time (not to scale)—»
r A N\
COMINIT COMINIT COMINIT COI\}/IJNIT COMINIT
St

Any fransitions ”l

) NoteiD.C. idle is shown here as a
D.C.idle .l' OOB burst neitral signal for visual clarity only.
Il

Key:

Figure 152 — SATA port selection signal

The SATA port selection signal shall be compased of five COMINIT signals, each starting a specified jme
interval, T1 or T2, as shown in figure 152, after the start of the OOB burst portion of the previous COMINIT
signal. [The values of T1 and T2 shall be as shown in table 80.

Table 80 — SATA port selection signal transmitter device requirements

Parameter Time

T1 3x10%00B| 2
T2 12 x 108 0oBI P

a 3 x10% OOBI is nominally 2 ms (see table 75 in 5.11.1).
b 12 x 10® OOBI is nominally 8 ms.

See SHL=-3 forinformation-on usage of the SATA Ir_\nrf selection clgnnl
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Jitter tolerance pattern (JTPAT)

The jitter tolerance pattern (JTPAT) consists of:

1) along run of low transition density pattern;
2) along run of high transition density pattern; and
3) another short run of low transition density pattern.
The trapsitions between the pattern segments stress the receiver. The JTPAT is designed to containthe
phase shift in both polarities, from zero to one and from one to zero. The critical pattern sections.with {he
phase shifts are underlined in table A.1 and table A.2.
Table A.1 shows the JTPAT when there is positive running disparity (RD+) (see SPL-3) at the beginning of the
pattern| The 8b and 10b values of each character (see SPL-3) are shown.
Table A.1 — JTPAT for RD+
Dword(s) Beginning First Second Third Fourth Ending
RD character character character character RD
D30.3 (7Eh) | D30.3 (7Eh) | D30.3«(7Eh) | D30.3 (7Eh)
RD+ RD+
D to 40 10 0001 1100b|01 1110 0011b |10 0001 1100b| 01 1110 0011b
The above dword of low transition densitypattern is sent a total of forty-one times
RD D30.3 (7Eh) | D30.3 (7ER) |" D30.3 (7TEh) | D20.3 (74h) RD
+ -
41 10 0001 1100b|01 1110.0011b |10 0001 1100b|00 1011 1100b
The above dword containing-phase shift 111 0000 1011b is sent one time
RD D30.3 (7Eh) |-'B11.5 (ABh) | D21.5(B5h) | D21.5 (B5h) RD
- +
42 01 1110 0014b111 0100 1010b{10 1010 1010b|10 1010 1010b
The above dword containing phase shift 000 1111 0100b is sent one time
D245 (B5h) | D21.5(B5h) | D21.5(B5h) | D21.5 (B5h)
RD+ RD+
43 to 54 10 1010 1010b{10 1010 1010b|10 1010 1010b|10 1010 1010b
The(above dword of high transition density pattern is sent a total of twelve times
D21.5 (B5h) | D30.2 (5Eh) | D10.2 (4Ah) | D30.3 (7Eh)
RD+ RD+
55 10 1010 1010b|{10 0001 0101b|01 0101 0101b| 01 1110 0011b
The above dword containing phase shift 0101 0000b and 1010 1111b is sent one time
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If the same 8b characters specified in table A.1 are used when there is negative running disparity (RD-) at the
beginning of the pattern, then the resulting 10b pattern is different than the positive running disparity for the
same 8b character and does not provide the critical phase shifts. To achieve the same phase shift effects with
RD-, a different 8b pattern is required. Table A.2 shows the JTPAT when there is negative running disparity
(RD-) at the beginning of the pattern. The 8b and 10b values of each character are shown.

Table A.2 — JTPAT for RD-

Dword(s) Beginning First Second Third Fourth Ending
RD character character character character RD
- B36-3(HER—DB36-3{FER—TDB36-3{HER—D36-3+FEh) —y
0 to 40 01 1110 0011b |10 0001 1100b|01 1110 0011b |10 0001 1100b
The above dword of low transition density pattern is sent a total of forty-onetimes
RD. D30.3 (7Eh) | D30.3 (7Eh) | D30.3 (7Eh) | D11.3 (6Bh) RO+
41 01 1110 0011b |10 0001 1100b|01 1110 0011b |11 0100 0011b
The above dword containing phase shift 000 1111 0100b is:sent one time
D30.3 (7Eh) | D20.2 (54h) | D10.2 (4Ah) ( D10.2 (4Ah)
42 Rb* 10 0001 1100b|00 1011 0101b{01 0101 010+b{01 0101 0101b RO
The above dword containing phase shift 1119000 1011b is sent one time
D10.2 (4Ah) | D10.2 (4Ah) | D10.2 (4Ah) | D10.2 (4Ah)
43 to 54 RO 01 0101 0101bj01 0101 01016(01 0101 0101b|01 0101 0101b RO
The above dword of high transition:density pattern is sent a total of twelve times
D10.2 (4Ah) | D30.5 (BEh) | D21.5 (B5h) | D30.3 (7Eh)
55 RO 01 0101 0101b|0174410 1010b{10 1010 1010b(10 0001 1100b RO
The above dword containing phase shift 10101111b and 01010000b is sent one time
The copliant jitter tolerance patterny(CJTPAT) is the JTPAT for RD+ (see table A.1) and RD- (see table A.2)
includef as the payload in an SSP-DATA frame or an SMP frame. A phy or test equipment transmitting
CJTPAT outside connections may-transmit it with fixed content. See SPL-3.
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SASWDP

B.1 SASWDP introduction

ISO/IEC 14776-154:2017 © ISO/IEC 2017

SASWDP is a MATLAB program used for transmitter device compliance for trained 1.5 Gbit/s, 3 Gbit/s, and
6 Gbit/s (see 5.8.4.6.1) and for receiver device compliance for trained 1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s
(see 5.8.5.7.6). Equivalent simulation programs may be used if they lead to the same results.

B.2 SASWDP.m
MATLAB (R) script to compute TWDP, WDP, and NC-DDJ $%%%%%%%%%%%%%%%%%%5%%%%%%5%
Versfion: 1.9
Date|: September 11, 2009
© 2004, 2005, 2006, 2007, 2008, 2009 ClariPhy Communications, Incy and
LSI [Corporation. All rights reserved.
Permfission is hereby granted to the ANSI INCITS standards body. to copy and
distjribute this code in source and binary form, as necessatyvto publish the

The

indi
prod
THIS
AND

IMPIL
ARE
IN N
DIRE]
(INC
LOSS
ON Al
(INC
OTHE]
ADVTI
THE

INCL
CONT|

standard, namely the ANSI INCITS SAS-2.1 standard, to which this source or
binafry code applies provided that the following conditidns are met:
Redijstribution of source code must retain the above copyright notice, this
list] of conditions and the following disclaimer.

Redijstributions in binary form must retain the above copyright notice, this
list] of conditions and the following disclaimel) ¥n the documentation and/or
othefr materials provided with the distributien.

names of ClariPhy Communications, Inc.%MNLSI Corporation and the names of
vidual authors or contributors may NG@T) be used to endorse or promote
ucts derived from this software without specific prior written permission.
SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS”
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
DISCLAIMED. NO WARRANTY OFANON-INFRINGEMENT OF ANY PATENT IS PROVIDED.

0 EVENT SHALL THE COPYRLGHT OWNER (S) OR CONTRIBUTORS BE LIABLE FOR ANY
CT, INDIRECT, INCIDENF¥AL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
LUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
OF USE, DATA, ORSRROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
NY THEORY OF LIARILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
[LUDING INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS, NEGLIGENCE OR
RWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF

SED OF THE) POSSIBILITY OF SUCH DAMAGE. THE LICENSE GRANTED HEREIN IS TO
COPYRIGHT,"ON THE SOURCE AND BINARY FORMS OF THIS CODE ONLY AND DOES NOT

UDE A«-LICENSE TO ANY PATENT RIGHTS,

OWNED BY THE COPYRIGHT

RIBUTORS OR OTHERS,

WHICH MAY BE IMPLICATED BY THE MAKING,

HOLDERS,
USING,

SELLING, OFFERING FOR SALE OR IMPORTING OF THE SOFTWARE OR PRODUCTS MAKING

USE OF THE SOFIWARE.

Based on original TWDP methodology described in IEEE Std 802.3ag(TM)-2006
Reference: N. L. Swenson, P. Voois, T. Lindsay, and S. Zeng, "Standards
compliance testing of optical transmitters using a software-based equalizing

reference receiver", paper NWC3, Optical Fiber Communication Conference and
Exposition and The National Fiber Optic Engineers Conference on CD-ROM

(Optical Society of America, Washington, DC), Feb. 2007
Syntax:
[xWDP, ncDDJ, MeasuredxMA, yout] = SASWDP( WaveformFile, TxDataFile,

A0 o O° A0 O A° A0 A O A A A A O A A AN O AN A A A A A A A A A A AN AN A AN N A A AN A AN O A A I A O° O o° o

SymbolRate, OverSampleRate, Usage, ShowEye )
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WaveformFile: The waveform consists of exactly N samples per unit interval
T, where N is the oversampling rate. The waveform must be circularly
shifted to align with the transmit data sequence. The file format is ASCII
with a single column of chronological numerical samples, in signal level,
with no headers or footers. Enter as a string.

This may also be entered as a row or column vector of values.

TxDataFile: The transmit data sequence should be one of standard test
patterns The file format is ASCII with a single column of chronological
ones_and zeros with no headers or footer Enter as a string

Thils may also be entered as a row or column vector of values.
SymbjplRate: The reciprocal of the unit interval in GBd. Enter as a double.
OverfSampleRate: Number of samples, N, per unit interval. Enter as a double.

In [this version, the only permissible values are 'SAS2 TWDP' and

'SAIS2 LDP'. Enter as a string.
ShowEye: Controls the graphical display of the slicer input eye. Ap¥, value
grealter than zero enables the display (and is the figure number fior\ the
firsjt figure generated). Enter as a double.

Outputs:

XWDP|: Waveform Dispersion Penalty (dBe)

ncDDP: non-compensable DDJ. This is computed from twice the worst-case eye
closure and should be improved.

MeasjuredxMA: Approximative magnitude of the waveform (from 40-60% amplitude
of a 5-zeros/5-ones pattern)

yout]| is the result of the convolution with the “channel response

(for debugging purposes).

This| script requires the file 'sas2 styéssor 6g0 léx.txt' in
the |[same directory

A0 A o0 AC A A A0 A A A A A° A O A A AN A AN A A A A A A A A ° O o° o°

%% Funjction: SASWDP $%%%%%5%%%%5%%%5%5%%5%%%5%5%%%5%5%5%%5%5%%%5%5%%%5%%%%5%%%%5%5%%%%5%%%%%%%%
functijpn [xWDP,ncDDJ,MeasuredxMA,{out]=...
SASWDP (WaveformFile, TxDatakile, SymbolRate,OverSampleRate,Usage, ShowEye)

%% Projgram constants
SymbolPeriod=1/SymbolRate;

0=7.9¢4; % BER = 10" (-15)
% Loajd input waveformiand data sequence, generate filter and other matrices
Accept vectors
if ischar (WaveformFide)

youtf0=load (WayeformFile) ;

yout|0=WaveformFile (:) ;

if ischap/(IxDataFile)
Xmitlhata=load (TxDatabFile) -

Usage: Defines the parameter set specific to the requirement to be verified.

o

% Convert to double otherwise toeplitz may think it is logical...
XmitData=double (TxDataFile(:));

end

$youtO=load (WaveformFile) ;

$XmitData=load (TxDataFile) ;

PtrnLength=length (XmitData) ;
TotLen=PtrnLength*OverSampleRate;
Fgrid=(-TotLen/2:TotLen/2-1) .'/ (PtrnLength*SymbolPeriod) ;

% MG as a first thing, convolve with channel. MeasuredxMA is unused in GetParams
[

EQNf, EqgNb,H chan,AAfilter,H r,PAlloc,dBscale, xMAGain,UseLAMP]=. ..
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GetParams (Usage, Fgrid, SymbolPeriod, 1) ;
youtO=real (ifft (fft (youtO) .*fftshift (H chan)));

%% Enforce column vectors

yout0 = youtO(:);

XmitData = XmitData(:);

Normalize the received OMA or VMA to 1. Estimate the xMA of the captured
waveform by using a linear fit to estimate a pulse response, synthesize a
square wave, and calculate the xMA of the synthesized square wave per IEEE
802.3, clause 52.9.5.

o)

ant=4; mem=40; % Apnticipation and memorv parameters for linear fit

o0 o° o0 oe
o0 o° o° oo

Q

X=zerols (ant+mem+1, PtrnLength); % Size data matrix for linear fit
Y=zerols (OverSampleRate, PtrnLength); % Size observation matrix for linear fit
for ind=1l:ant+mem+l % Wrap appropriately for linear fit

X (ind, :)=XmitData (mod ( (0:PtrnLength-1)-ind+ant+1, PtrnLength)+1)."';

X=[X;ones (1,PtrnlLength)]; % The all-ones row is included to compute the-bias
for ind=1:0OverSampleRate
Y (ind, :)=youtO ( (0:PtrnLength-1) *OverSampleRate+ind)'; % 1 bit per, column

Qmat=YFX'* (X*X')"(-1); % Coefficient matrix resulting from linelan fit. Each

% coljumn (except the last) is one bit period of the pulse respense. The last
% column is the bias.
SaWvPelr=10; % Even number; sets the period of the sqg wave_used to compute xMA
SgWv=[|zeros (SqWvPer/2,1) ;ones (SqWvPer/2,1)]; % One period of sgq wave (column)

X=zerols (ant+mem+1, SgWvPer); % Size data matrix for syrnthesis
for ind=1:ant+mem+l % Wrap appropriately for synthesis

X (ind, :)=SgWv (mod ( (0:SgWvPer-1)-ind+ant+1, SgWyRer)+1)."';
end
X=[X;ones (1,SgWvPer)]; % Include the bias
Y=Omatp*X;Y=Y(:); % Synthesize the modulated,sguare wave, put into one column

Y=AligpnY (Y, SqWvPer,OverSampleRate) ;
avgposf (0.4*SqWvPer/2*0OverSampleRate:0.6*SqWvPer/2*0OverSampleRate) ;

ZeroLelvel=mean (Y (round (avgpos), :)); 3(PAverage over middle 20% of "zero" run
%% Avejrage over middle 20% of "one"-xun, compute xMA
MeasurfdxMA=mean (Y (round (SqWvPery/2*%0verSampleRate+avgpos), :)) -ZeroLevel;

oo
oe

Subjtract zero level and normalize xMA
outn={(yout0-ZeroLevel) /MeastredxMA;
Get| usage parameters for the application

oo kg

oe

=
Q

Removing the secOnd call to GetParams
[EqQNf|, EqNb, H chan,AAfilter,H r,PAlloc,dBscale, xMAGain, UseLAMP]=. ..
GetParams (UsageyFgrid, SymbolPeriod, MeasuredxMA) ;

o o° oo

O
Z
=
Il
]
o]

ks (Ptrnkenigth, 1) ;

Set| search™range for equalizer delay, specified in symbol periods. Lower end

range s minimum channel delay less 5 for a guardband. Upper end of range

accpunts for the FFE. Round up and add 5 to guardband for the channel and

antlhaligasing filtexr

EgDelMin=-5;

EgDelMax=ceil (EQNf/2)+5;

%% Compute the minimum slicer MSE and corresponding xWDP and ncDDJ

X=toeplitz (XmitData, [XmitData (1) ;XmitData (end:-1:end+1-EgNb)]);

Xtil=toeplitz (XmitData (mod((0:PtrnLength-1)-EgDelMin, PtrnLength )+1),...
XmitData (mod (-EgDelMin:-1:- (EgqDelMax+EgNb) , PtrnLength) +1)) ;

Rxx=X'*X; % Used in MSE calculation

for ii=l:size(H chan,2) % index for stressor

o)
Hh

o0 o0 do o
o o° oo o

Compute the noise autocorrelation sequence at the output of the front-end
antialiasing filter and rate-2/T sampler.
NO=SymbolPeriod/2/ (Q0*10” (PAlloc (ii) /dBscale))"2;
Snn=NO/2*fftshift(abs(H_r).AZ)*l/SymbolPeriod*OverSampleRate;
Rnn=real (ifft (Snn));
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Corr=Rnn (1:0verSampleRate/2:end) ;
C=toeplitz (Corr (1:EgNf));

% [MG] Removing convolution at this point

yout=youtn;

yout=real (1fft (fft (youtn) .*fftshift (H chan(:,1ii))));
if AAfilter > 0

%% Process signal through front-end antialiasing filter
yout=real (ifft (fft (yout).*fftshift(H r)));

oo

0]
ol
Q.

% Compute the sampling function and sample the processed waveform
k, tk, indexl]=CDRSample (yout, OverSampleRate, PtrnLength, UseLAMP) ;

00000000000000000000000000000000000000000000000000000000
Compute MMSE-DEE 2333338y e e e e e S N R S N R S S N R I S RS NSRS B R SS S

— o0

The MMSE-DFE filter coefficients computed below minimize mean-squared
error at the slicer input. The derivation follows from the fact that the
slicer input over the period of the data sequence can be expressed as
Z = (R+N)*W - X*[0 B]', where R and N are Toeplitz matrices constructed
from the signal and noise components, respectively, at the sampled
output of the antialiasing filter, W is the feedforward filter, Kris a
Toeplitz matrix constructed from the input data sequence, and,B, s the
feedback filter. The computed W and B minimize the mean square, error
between the input to the slicer and the transmitted sequence’ due to
residual ISI and Gaussian noise. Minimize MSE over FFE delay and
determine BER.
Rout=toeplitz (yk, [yk(1l);yk(end:-1:end-EqNf+2)]);
R=Rout (indexl:2:end, :);
RINV=inv ([R'*R+PtrnLength*C,R'*ONE;ONE'*R, PtrnLengthN;
RH[R,ONE]; % Add all-ones column to compute optimdl) offset
Rxr=Xtil'*R; Px r=RxXr*RINV*Rxr';
%% Minimize MSE over equalizer delay
MsOpt=Inf;
for kk=1:EgDelMax-EgDelMin+1
SubRange= (kk:kk+EgNDb) ;
SubRange=mod (SubRange-1, PtrnLengthh+1;
P=Rxx-Px r (SubRange, SubRange) ;
PO0O=P(1,1); PO1=P(1l,2:end); .PPI=P(2:end,2:end);
Mse=P00-POl*inv (P11)*P01"';
if (Mse < MseOpt)

MseOpt=Mse;

B=-inv (P11) *P01l'ys\\¥ Feedback filter

XSel=Xtil (:, SubRange) ;

W=RINV*R'*X3el*[1;B]; % Feedforward filter

Z=R*W-XSelX[0;B]; % Input to slicer

%% Compute/BER using semi-analytic method
MseGaussdan=W (1l:end-1) '*C*W(1l:end-1) ;
Ber=ftean (0.5*erfc ( (abs (Z-0.5) /sqrt (MseGaussian) ) /sqrt(2)));

0 o0 00 o0 o0 0 O° O d° d° od° o
o0 o o0 O o o0 O o0 o O o° o K

end

0]
o]
[oN

Confpute equivalent SNR $%%5%%%%5%5%5%%5%5%5%%5%5%5%%5%5%%%5%5%%%5%5%%5%5%5%%5%5%5%%%5%%%%5%5%%%5%5%%
This function computes the inverse of the Gaussian error probability

flunction The builit-—in function exrfocinw() 1s not ensitive enouach for

O 0o oo
(93

- 00 d° do o°

[
Hh

oe

low probability of error cases.
Ber>10" (-12),0=sqrt (2) *erfinv (1-2*Ber) ;
elseif Ber>107(-323),0=2.1143*(-1.0658-10gl1l0(Ber)) ."0.5024;
else Q=min (abs(Z-0.5))/sqrt (MseGaussian) ;
end
%% Compute penalty and ncDDJ $%5%%%%5%%%5%%5%%5%5%%%5%5%%5%5%5%%%5%5%%5%%5%%5%%5%%5%%%5%5%5%%%%%%
RefSNR=dBscale*1logl0 (Q0)+PAlloc (ii);
XWDP (11) =RefSNR-dBscale*1ogl0 (Q) ;
XWDP (11) =xWDP (11) -xMAGain (ii); % Offset xWDP by the eligible xMA gain
ncDDJ (ii)=AnalyzeEye (yout, tk, indexl,W,B,XSel,MseGaussian, ...
ShowEye, Usage, ii,MeasuredxMA,Q,Q0,xWDP (ii) ,dBscale) ;
end

o Qo 000000000000000000000000000000000000000000000000000000000000000
%% End of SASWDP $%%%%%%%%%%%%%%%%5%%%%%%%%%%%%5%5%5%%%%%%%%%5%%%5%%%%%%%5%%%5%%5%%%%%%%%
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oo ] . 2990900000000000000000000000000000000000000000000000000
%% Subfunction: GetParams $%%%%%%%%%%%%%% 5000 550 C000000000000000000000

function [EgNf,EqNb,H chan,AAfilter,H r,PAlloc,dBscale,xMAGain,UselLAMP]=...
GetParams (Usage, Fgrid, SymbolPeriod, MeasuredxMA)

switch upper (Usage)
case 'SAS2 TWDP'

EqgNf=1;

EgNb=3;

%% Import stressor response from file $%%%%5%%%%%%5%%5%5%5%5%5%5%%5%5%5%%5%%5%5%5%5%5%%%%
%% stressorFile : Contains the stressor impulse response(s) sampled

%% at an interval of "stressorStep". The file format is ASCII with a

2% column of chronological numerical samples for each stressor with

%% no headers or footers.

stressorFile='sas2 stressor 6g0 l6x.txt';

stressorStep=1/(16*6.0) ;

%% Resample the stressor at an interval of "SymbolPeriod/OverSampleRate"
OverSampleRate=round (length (Fgrid) *mean (diff (Fgrid) ) *SymbolPeriod)¥
stressorO=load(stressorFile);

stressor0Time=(0:1length (stressor0)-1) *stressorStep;

stressorTime= (0:1length (Fgrid)-1) *SymbolPeriod/OverSampleRate;
stressor=interpl (stressor0Time, stressor0.',stressorTime, 'Iihear',0);
stressor=stressor*SymbolPeriod/ (OverSampleRate*stressorStep) ;

H chan=fftshift (fft(stressor.'),1);

AAFilter disables anti-aliasing filter processipg\\0f the signal
under test (noise is still shaped). This parameter is used by
Fibre Channel but recommended to be set to 1L for other
applications.

AAfilter=1;

%% Denominator coefficients for 7.5 GHz Aypodrt Butterworth filter
a=[1,123.140658357,7581.81087032,273453.656327,4931335.23359];
AABW=0.75/SymbolPeriod; % Scale coeffdigients for different bandwidth
sc=(AABW/7.5).7[0:4]; a=a.*sc;

H r=a(end)./polyval (a, J*2*pi*Fgrid»;

PAlloc=15.4;

dBscale=20;

xMAGain=0;

UseLAMP=0;

% UseLAMP=1;

calse 'SAS2 LDP'

EgNf=1;

EgNb=3;

H chan=1;

AAFilter disables anti-aliasing filter processing of the signal
under tes¥ (noise is still shaped). This parameter is used by
FibreS€hannel but recommended to be set to 1 for other
applications.

AAfileer=1;

%% Denominator coefficients for 7.5 GHz 4-port Butterworth filter
a=[1,123.140658357,7581.81087032,273453.656327,4931335.23359];
AARW=0 75 Q_‘mhr\'I'Don'nfi- S Scale coefficient for differoent bandwidih
sc=(AABW/7.5).72[0:4]; a=a.*sc;

H r=a(end) ./polyval (a, j*2*pi*Fgrid);

PAlloc=15.4;

dBscale=20;

xMAGain=0;

UseLAMP=0;

% UseLAMP=1;

otherwise

o° o° o° o°
o de o o°

o0 de oo oe
o° e o° o°

error ('Usage not recognized.');
end

) 000000000000000000000000000000000000000000000000000000000000
%% End Of GetParamS 333555555 s S S S S S S5 5 55555555 55%55%555%55%5%55%5%5%5%5%%

oo : . : ©00000000000000000000000000000000000000000000000000000000
%% Subfunction: AllgnY 5000000000006 00000000000006000606000000000600060006000606000006060600
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function Y = AlignY (Y0, SgWvPer,OverSampleRate)
%% Aligns the mid crossing of the xMA square waveform to its ideal position.
Y=Y0-mean (Y0); % AC-couple so crossings are at 0.
Look only for the crossing in the middle by ignoring any within ~2 UI from
its beginning. Due to possible misalignment of the captured waveform, this
is the only crossing that is certain.
x=find (sign (Y (2*OverSampleRate:end-1))~=...
sign (Y (2*OverSampleRate+l:end)),1)+2*OverSampleRate-1;
min (find(sign (Y (2*OverSampleRate:end-1))~=...
sign (Y (2*OverSampleRate+l:end)))) +2*OverSampleRate-1;
%% Find a more exact crossing point.
xinterp=interpl ([Y(x) Y (x+1) ], [ +11,.0) ¢

o0 o0 oo oo oP
d° o° o° ode oo

X
I

%% Shilft to create the aligned square waveform.
SgWvLeh=SgWvPer*OverSampleRate;

Y=Y0 (mod ( (0:SgWvLen-1) -SgWvLen/2+x, SgWvLen)
(1:length(Y)) ';Y=interpl(X,Y, (1:length(Y)

— : v v o . +
= +xinterp-x, 'spline'); % Fine shift.
oo . 00000000000 0000000000 00000000000000000000000000000080000
%% Endl of AllgnY C00000000000000000000000000000000000000O00000O000O0000O0O00 IO G0 0000
oo : . ©0000000000000000000000000000000000000000008lclgbooooooo
%% Subffunction: CDRSample 600000000000 000000000000000600000006000000060,00{006060600600060

functijpn [vk,tk,indexl] =
CDRSample (yout, OverSampleRate, PtrnLength, UseLAMP)
%% Derlive normalized frequency grid from the input arguments
TotLenFOverSampleRate*PtrnLength;
FgridnF (-TotLen/2:TotLen/2-1) .'/PtrnLength;
%% Compute the frequency response for spectral line bandgass filter
wl=2*pji* (1-1/3000); % Define the pass band (normalized¢td signaling speed)
w2=2*pji* (1+1/3000) ;
wO=sqgrft (wl*w2) ;
Bw=w2-wl;
% Denominator and numerator coefficients for asprototype low pass filter
ap=[1,p,11;
bp=[0,p,11;
% Applly frequency transformation to realize the desired bandpass filter
s=j*2*pi*Fgridn (find (Fgridn ~= 0));
sprimef (s.”2+w0"2) ./ (Bw*s) ;
Hp=zerfos (1, TotLen) ;
Hp (find (Fgridn ~= 0))=polyval (bpy&prime) ./polyval (ap, sprime) ;
%% Compute the sampling functief_ and sample the waveform
kml=mod ( (0O:TotLen-1) -1, TotLe)+1;
kpl=mod ( (0:TotLen-1)+1, TotLen)+1;
if UselLAMP > 0
ylim=tanh (10* (yout=mean (yout))) ;
ycjlk=real (ifft (£t lfabs (ylim(kpl)-ylim(kml))) .*fftshift (Hp(:))));
else
yvcjlk=real (1£EEMfft (abs (yout (kpl)-yout (kml))) .*fftshift (Hp(:))))
end
yclk=yclk (kpl)»=yclk (kml) ;
time= (0:Tgtlen) .'/OverSampleRate;
yout=[yout,;,yout (1) ];
yelk=[kelksyoll (1)1,

Wrap waveforms to ensure all edges are
are detected

o
°
o
o

yclk=yclk/ (max (yclk)-min (yclk))+0.5; % Normalize clock waveform
kr=find(diff (yclk > 0.5) > 0); Eye center index

kf=find(diff (yclk > 0.5) < 0); Eye crossing index

k=sort ([kr;kf]):;

indexl=double (kr (1) > kf(l))+1l; % Index of the first eye center
tk=time (k) - (1/OverSampleRate) * (yclk (k) -0.5) ./ (yclk (k+1)-yclk(k)) ;
yk=interpl (time, yout, tk);

;
oo 0000000000000000000000000000090000000000990000000000909000000000
%% End of CDRSample %%%%%%%5%5%5%5%5%%%%%%5%5%5%5%5%5%5%%%%%%5%5%5%5%5%5%%%%%%5%5%5%5%5%5%%%%%%%5%5%5%5%5%%%%

o
°
o
°

0000000000000000000000

%% Subfunction: AnalyzeEye $%%%5%5%5%%%5%5%5%5%5%5%5%5%5%5%55%5%5%55%5%5%55%5%%5%5%%%5%5%%5%5%5%%%5%5%%5%5%5%%5%5%%
function ncDDJ=AnalyzeEye (yout, tk, indexl,W,B, XSel,MseGaussian,

showEye,usage, ii,MeasuredxMA, Q,Q0, xWDP, dBscale)
%% Extract required equalizer parameters from the input arguments.
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EgNf=length (W)-1; % Number of T/2-spaced feed-forward taps
EgNb=length(B); % Number of T-spaced feedback taps
xr=XSel (:, 1); % Error-free decisions
%% Define the axes of the bit error ratio map
dphi=1/100; % Phase step (unit interval)
dvee=1/200; % Eye diagram amplitude step (unit amplitude)
phiList=linspace (-0.5,0.5,round(1/dphi)+1);
veeList=linspace (-0.5,0.5, round(1/dvee) +1) ;
if ~(showEye > 0),veelList = 0;end
%% Compute the bit error ratio at each point in the time-amplitude grid.
PtrnLength=length (xr) ;
OverSampleRate=round (length (vout) /Ptrnlength) :
time= (0:OverSampleRate*PtrnLength) .'/OverSampleRate;
yout=[[yout;yout (1)1];
for jjfFl:length(philList)

phfi=phiList (37);

vkFinterpl (time, yout, mod (tk+phi, time (end))) ;

Yetoeplitz (vk, [yk(1l);yk(end:-1:end-EgNf+2)]);

Y=Y (indexl:2:end, :);

Y=[Y,ones (PtrnLength,1)];

zkFY*W-XSel*[0; B];
Compute the minimum distance from the noiseless, equalizled samples
to the decision threshold.
eyeLid0 (jj)=max (zk (find(xr == 0)));
veLidl (jj)=min(zk (find(xr == 1)));
%| Compute the bit error ratio as a function of offsef from the nominal
%| sampling time and decision threshold.
dkfFones (length (veelList),1) *zk.'-veelist (:) *ones¥d, PtrnLength) ;
dkl(:, find(xr == 0))=0.5-dk(:, find(xxr == 0)) ;
dkl(:, find(xr == 1))=dk(:, find(xr == 1))-0.5;
befrMap (:, jj)=mean (erfc (dk/sqgrt (2*MseGaussian))/2,2);

end
eyelisft=2*min ([0.5-eyelLid0;eyelLidl1-0.5])
%% Compute the non-compensable jitter.
kDDJ=flind (abs (diff (eyelList > 0)) > 0)¢
phiDDJFphilist (kDDJ) —~dphi*eyeList (kBDJ) ./ (eyeList (kDDJ+1) —eyeList (kDDJ)) ;
if lenjgth (phiDDJ) ==
phiDDJ=[0,01];
end
if length (phiDDJ) ==
phliDDJ=sort ([phiDDJ ,-Sign (phiDDJ) /21) ;
end
ncDDJ=l-2*max (min ( [»phiDDJ (1) ,phiDDJ(2)]1),0);
%% Disjplay the bit e¥ror ratio map, if requested.
if showEye > 0
fijgure (showkEye-1+ii) ;

clit;

impgegtC (philist, veelList+0.5,10gl0 (berMap) ) ;
holld on

pW #lphiTic‘r'axoT%dﬁ' '——" '(‘r\'\r\v‘" 'white') -
plot (philist,eyelidl, '--", 'Color', 'white');
hold off

jetColors=jet;
colormap (jet) ;
caxis ([round (logl0 (erfc(Q0/sqrt(2))/2)),01);

colorbar;

set (gca, 'YDir', 'normal') ;

set (gca, 'Color',jetColors(end, :));
if dBscale == 10,units={'W', 'dBo'};

else units={'V', 'dBe'};end

tapStr=sprintf ('\nxMA = %.3e %s',MeasuredxMA,units{l});
tapStr=[tapStr, sprintf ('\nW = [$.3f', W(l))];

for jj=2:EqgNf
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S

tapStr=[tapStr,sprintf (', %.
end
tapStr=[tapStr,
if EgqNb > 0
tapStr=[tapStr, sprintf ('\nB
for jj=2:EgNb
tapStr=[tapStr, sprintf ('
end
tapStr=[tapStr,']'];
else
tapStr=[tapStr, sprintf ('\nB

11
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3£, W(33))1s

[5.3£',B(1))];

5.3f',B(33)) 17

I4

(117

eV
Y
ey
ti
ti
te
te
ti
v
%1
end

>
3]

End

B.3 S|
The fol

)

5 SASW
clear
format]
x1="5C
x2="5C
x3="8C
x4="SC
y1l="S(
y2="5(
y3="S(
y4="5(
if 1=s
z=1load|
plot (m
clf,pl
end
for i
eval ([

1f %$s\n',dBscale*1ogl0(Q),units{2});

eStr=sprintf ('SNR 5.
eStr=[eyeStr, sprintf ('xWDP
eStr=[eyeStr, sprintf ('NC-DDJ

%.3f UI\n',ncDDJ)];

%.1f %$s\n',xWDP,units{2})];

tleStr=sprintf (' [SASWDP] %s',usage);
tleStr=[titleStr,sprintf (' (%d): Bit error ratio map',ii)];
<t (-0.45,0.90, tapStr, 'Color', 'white');

<t (-0.45,0.10,eyeStr, 'Color', 'white'");

tle(titleStr, 'Interpreter', 'none');

bbel ('Normalized amplitude');

bbel ('Time (UI) ') ;

of AnalyzeEye

ASWDP_testcase.m
owing MATLAB program runs SASWDP with a variety 6f input files.

DP testcase.m
b11,close all
compact
RAMBLED ORDP10m symbols.txt';
RAMBLED ORDN1O0m symbols.txt';
RAMBLED ORDP symbols.txt';
RAMBLED ORDN symbols.txt';
RAMBLED ORDP10m samples.txt s
RAMBLED ORDN1O0m samples.txti7
RAMBLED ORDP_ samples.txt';
RAMBLED ORDN samples /txt';

0 to check oversample rate
('"WaveformFile Om-prbsl0.txt')
od ([1:1length(z)] HN22),2,"'.")
ot (mod ([1:1length(z)]1,16),z,"

o

°

")

1:2

'Waveformtile

y',num2str (i),

’

'1)

’

'TxDataFile

Rate.= 6;

OverSampleRate 16;

Usage '"SAS2 LDP';

ShowEye = 1;

[WDP, ncDDJ, MeasuredxMA]=SASWDP (WaveformFile, TxDataFile, SymbolRate,OverSampleRate, Usage, Sh
owEye)

end

for i=3:4

eval ([ 'WaveformFile

eval (['TxDataFile

SymbolRate = 6;

OverSampleRate 16;

Usage = 'SAS2 TWDP';

ShowEye = 1;

[WDP, ncDDJ, MeasuredxMA]=SASWDP (WaveformFile, TxDataFile, SymbolRate,OverSampleRate, Usage, Sh

eval ([ x',num2str (i), "';"'])

Symbo 1|

y',num2str(i),';"

x',num2str (i), ';"'1)

1)

’
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Annex C
(informative)

StatEye

C.1 StatEye introduction

StatEye1 is a Python program that may be used for simulating TxRx connection compliance for trained
1.5 Gbit/s, 3 Gbit/s, and 6 Gbit/s (see 5.5.5).

C.2 amatysispy

The following Python file loads pattern measurement files, and is not used for TxRx connection compliance
simulatjons.

ffrom string import rstrip
ffrom re import split, search

version = “071210.a”

def loadcsv (filename, startline,endline,timecol, sigcoly
time = []

ignal = []

[ine = 0

lag = 0

%)

h |

fpr line in file(‘'%s.csv’%filename)

if flag ==
if search('*[0-9,]1’,1in&)
flag =1
if flag ==1
_line +=1
if ( line > endline) and (endline>0)
break
if line x(startline
line' = rstrip(line)
a.= split(',’,line)
~time = eval(altimecol])
_signal = eval(a[sigcol])
time += [ time]
signal += [ signal]

-

eturtN(Ptime, signal])

dpfivloadtxt (filename, startline,endline, timecol, sigcol)
time = []

signal = []

_line =0

flag = 0

for line in file(‘'%$s.txt’%filename)
if flag ==
if search('*[0-9,]1’,1line)

1.This information is given for the convenience of users of this document and does not constitute an
endorsement by IEC or ISO. See http://www.stateye.org for more information on StatEye. Equivalent
simulation programs may be used if they lead to the same results.
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flag = 1

if flag ==

_line +=1

if (_line > endline) and (endline>0)
break

if line > startline
line = rstrip(line)
a = split (' ',1line)
_time = eval(altimecol])
_signal = eval(aflsigcoll)
time += [ time]
signal += [ _signal]

-

bturn ([time, signall)

def polar2rect(r, w, deg=0):# radian if deg=0; degree if “deg=1
from math import cos, sin, pi

if deg:

wl=pi * w / 180.0

return [r * cos(w), ¥ * sin(w) ]

def rectl2polar(x, y, deg=0):# radian if deg=0; ‘degree if deg=1
from math import hypot, atan2, pi
if deg:

cturn hypot (x, y), 180.0 * atan2(y, x)/J/Vpi
else:

bturn [hypot (x, y), atan2(y, x)]

=

o

C.3 cdr.py

The following Python file extracts the clock from a pattern measurement and is not used for TxRx conpection
compliance simulations.

ffom numpy import *
flrom pylab import\¥

=

version 071210.a
def cdr A{&dges, k,m, name)

ppridéd( = min(diff (edges[10:2000]))

pETTod—Ttpertoati
phase = [edges[0]]
phaseError = []
nperiod = []

phaseInOld = edges[0]-period[-1]

for phaseIn in edges

nperiod += [ floor( (phaseIn+0.5*period[-1] - phaseInOld) /
period[-1]) 1

phaseInOld = phaseln

_phaseError = phaseIn - phase[-1] + period[-1]/2
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phaseError += [ mod( phaseError , period[-1]) - period[-1]1/2 ]
period += [period[-1] + phaseError[-1] * k]
phase += [phase[-1] + phaseError[-1] * m + nperiod[-1]*period[-1]

figure ()

subplot (3,1,1)

hold(0)

plot (phase/mean (period))
hold (1)

plot (edges/mean (period))

g9

idd)

]

X
Yy
t

<KX WQ T o To»

<X Q To»

%)

C.4 e
The fol

complignce simulations.

£
£

abel (‘time [UI]’)
| abel (‘Absolute Phase[UI]’)
i tle (name)

ibplot (3,1,2)

Lot (diff (edges))

b1d (1)

ot (array (period))

-id (1)

abel (‘time [UI]’)

[ abel (‘Period\nDeviation [%mean]’)

ibplot (3,1, 3)

ot (array (phaseError) / mean (period) )
rid (1)

abel (‘time [UI]’)

 abel (YPhase Error[UI]’)

hvefig (‘cdrExtraction.png’)

bturn ( [phaseError, period])

(tractJitter.py

owing Python file extracts jitter from a pattern measurement and is not used for TxRx connecti

rom numpy impdrt *
rom pylabsimport *

version’ 071210.a

bf\(extractJitter (inputT, outputsignalF, signalF, offset, RJ, timestep,

DN

#

f
f

YIengctir)
the offset parameter will eventually be automatically calculated

rom scipy.special import erfinv
rom penrose import

extractApproxEdge, extractAccurateEdge, extractAccurateEdge

f

rom cdr import cdr

import pdb

inputT = extractApproxEdge (inputT)
outputsignalF = extractAccurateEdge (outputsignalF)
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_signalF = extractAccurateE
J = array(_inputT) [offset:1
array(_outputsignalF) - arr

# extract the noise inbetwe
# this could be improved!!
noise []

for i in range(len(
noise +=
outputsignalF[

_outputs

int (

[ signalF[ int(
(
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dge (signalF)

(
outputsignalF) +offset]

en(_
ay (_

outputsignalF)+offset]
signalF) [offset:len(_ )

en two edges

ignalF)-1)
(_signalF[offset+i]+ signalF[offset+i+1]
outputsignalF[il+ outputsignalF[i+11)/2.0

0
]

)/2.
) ]

i gure ()
b1d (0)

Lot (noise)
rid (1)
Llabel (‘time [sample #]
abel (‘amplitude [V]')
itle (‘Transmitter Noise’
hvefig (‘noise.png’)

")

)

0 < X QT T Hh

O

it time arange (len (noise
hitfile open (‘noise.csv’,
br index in range (len (outt

outfile.writelines (!

Hh O

%e, %e\n’ % (outtimé[index]

)) * timestep

IWI)

ime))

,noise[index]))

oppitfile.close ()
iff O:
figure ()
hold (0)
plot (_inputT,’'x’)
hold (1)
plot (_outputsignalE,Dx’)
plot(_81gnalF,’x’)
plot(j,’0o")
grid (1)
[pe,per]l=cdr (j/04,005,0.005,"CDR Jitter Extraction’)
_per = mean(per[1000:7)
[pdf, t]=Hi¥stogram(array(pe[1000:])/ per,100)
#| pdb. set _trace()
pEE S AepafE<S+—b6
pdf = pdf*1.0 / sum(pdf)
mid = min(find(t>0))
left = max(find(pdf[:mid] == 0)) + 1
rght = min(find(pdf[mid:] == 0)) - 1 + mid
leftcdf = cumsum(pdf[left:mid])
leftcdf[find (leftcdf==1)] = 1-1e-15

rghtcdf

rghtcdf[find (rghtcdf==1)] =
leftt = t[left:mid]
rghtt = t[mid:rght]

flipud (cumsum (flipud (pdf[mid:rght])))

1-1le-15
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Qleft = -sqrt(2) * erfinv( 2.0 * (1 - leftcdf) -1 )
Qrght = -sqrt(2) * erfinv( 2.0 * (1 - rghtcdf) -1 )
npoints = 4
# Pleft = polyfit(leftt[O:npoints],Qleft[0:npoints],1)
# Prght = polyfit(rghtt[-npoints:],Qrght[-npoints:],1)
_Qleft = concatenate(( [-7] , Qleft ))
_Qrght = concatenate(( Qrght , [-7] ))
#/ RT = ( 1.0 / abs(Pleft[0]) + 1.0 / abs(Prght[0]) ) / 2.0
D = -Qrght[-1] * RJ - Qleft[0] * RJ
leftt = concatenate(( [ leftt[0] - (Qleft[0]+7)*RJ ] , leftt ))

rint ‘Extracted RJ = %0.4f, DJ = %0.4f’%(RJ, DJ)

o)

i gure ()

b1d (0)

Lot (_leftt, Qleft)

b1d (1)

Lot (_rghtt, Qrght)

-id (1)

label (‘Time [UI]’)

label ('Q")

itle (‘Extracted Transmit Jitter, RJ =\%0.4f, DJ =
hvefig (‘ExtractedJditter.png’)

0 T X QT o T Do o+

return ([RJ,DJ])

C.5 pénrose.py

The following Python file extracts the step response from a pattern measurement and is not used for T

connection compliance simulations.

rom analysis import *
rom numpy impdrt *
port numpy

port “dime
rom(string import rsplit, rstrip
ron sscipy import linalg, interp

f
f
i
from pylald import *
i
f
f
f

_fghtt = concatenate(( rghtt , [ rghtt[-1] + (Qrght[-1]+7)*RJIN~))

Olll e J‘.I[lpUJ'_L,

import pdb
# version 080110.a
def extractApproxEdge (x)

y = find( abs(diff( (array(x)>0)*1.0 )) == 1.0 )
return (y)

def extractAccurateEdge (x)
from scipy import interp

XRx
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y = []
for i in range(len(x)-1) :

if ( ((x[1i] < 0.0) and (x[i+1] > 0.0)) or ((x[i] > 0.0) and (x[i+1l] <
0.0)) ) :

_y = interp([0], [x[i],x[i+1]], [i,1i+1]) [O]

y += [_vy]
return (y)

def filter (x,k)

y = [x[0]]

for x in x:

y += [ ((x-y[-11)*k + y[-1] 1
return (y)

def buildM(x,1)

M = T[]

fpr i in range(len(x)-1)
M += [ x[i:i+1] ]

return (M)

def penrose(filename, mylength,start,finish,timeegel; sigcol)
#ylength = 800

#ptart = 37000

#finish = 41000

sfignalFilter= 0.90

skimFilter= 0.90

optputFilter= 0.90

Fime, signal]=1locadcsv (filename, start, finish, timecol, sigcol)
Fart = (array(signal)<0) .nongero () [0][0]
ehd = (array(signal)>0) .nonzero () [0][-1]

%)

pkint ‘Signal analysis firom %d to %d’%(start,end)

sfignalF filter (signal,signalFilter)

sfignalF = signalFfstart:end+1]

ihputT = (array(signalF)>0)*2.0-1.0
ihputF = fillter (inputT, stimFilter)
M| inputF =<buildM(inputF,mylength)

IM inputE\=linalg.pinv(transpose (M inputkF))

thps =

mptrixmultiply (transpose (IM inputF), (signalF[mylength/2:mylength/2 +
1pnf¢IM inputF)]))

o) ul

ES E= 2 1= E= 2 1= VAV S Eo AY
TP T STghoT oo rocrprytr— T iRpPag Tt oPSy

outputsignalF = filter (outputsignal,outputFilter)

testT = ones (mylength*10)*-1.0
testT[mylength*5:]= 1.0

testF = filter (testT,stimFilter)
M testF = buildM(testF,mylength)

outputtest = matrixmultiply(M testF, taps)
outputtestF filter (outputtest,outputFilter)

#figure ()
#hold (0)
#plot (taps)
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#grid (1)

#xlabel (‘time [sample #]1')
#ylabel (‘amplitude [V]')
#savefig(‘taps.png’)

figure ()

llength = 10000

hold(0)

plot (signalF[mylength/2-1:11length])

hold (1)

ot (inputFimylength/2-1:1lengthl])

ot (outputsignalF[:1length])

rid (1)

abel (‘time [sample #]')

| abel (‘amplitude [V]')

bgend ([ ‘Measured Signal’, ‘Fundamental Transmitter’, ‘Reconstructed’])
itle (‘'Signal Reconstruction’)

kis ([axis () [1]1/2,axis () [1]/241000,axis () [2],axis()[3]1])
bvefig (‘inAndOutSignal.png’)

o)

0 O < X QT

igure ()

b1d (0)

ot (outputtestF)

rid (1)

label (‘time [sample #]')

| abel (‘amplitude [V]')

hxis ([4900,5100,axis () [2],axis () [311])
itle (‘Extracted Step Response’)
hvefig (‘step.png’)

0 F X QT DS Hh

opttime = arange (len (outputtestFy)) * (time[l]l-time[0])

itfile = open(‘extractedStepmcsv’, ' w’)

fpr index in range (len (outtime))
outfile.writelines (X%e, %e\n’ % (outtime[index], outputtestF[index]))
oppitfile.close ()

O

return ([inputT, outpwtsignalF, signalF, time[l]-time[0]])

C.6 portalocker:py

The following Python file locks files for exclusive access.

NOTE'Z * See the ActiveState Code web site at
hitps/faspn.activestate.com/ASPN/Cookbook/Python/Recipe/65203 for information about the portalocker
code recipe.

# portalocker.py - Cross-platform (posix/nt) API for flock-style file
locking.

# Requires python 1.5.2 or better.

# The MIT License

#

# Copyright (c) 2008 Jonathan Feinberg

#

# Permission is hereby granted, free of charge, to any person obtaining a

copy
# of this software and associated documentation files (the “Software”), to
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deal

# in the Software without restriction, including without limitation the
rights

# to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
# copies of the Software, and to permit persons to whom the Software is

# furnished to do so, subject to the following conditions:

#

# The above copyright notice and this permission notice shall be included in
# all copies or substantial portions of the Software.

#

# THE SOFTWARE IS PROVIDED “AS T1S”, WITHOUT WARRANTY OF ANY KIND, EXPRFESS OR
#| IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABTLITY,

#| FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT~SHALL THE
#| AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR ,OTHHR

#| LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE; ARISING
FROM,

#] OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR QTHER DEALINGS IN
#| THE SOFTWARE.

P
z

‘““Cross-platform (posix/nt) API for flock-style file locking.
ynopsis:
import portalocker
file = open(“somefile”, “r+”)
portalocker.lock(file, portalocker.LOCKA\EX)
file.seek (12)
file.write (“foo”)
file.close()
f you know what you’re doing, you may choose to
portalocker.unlock(file)
bfore closing the fileylbut why?

cthods:

lock( file, (flags )
unlock ( fille )

bnstantst

LECK_EX
LOCK sH

OO NP
p= p NI

Exceptions:

LockException

Notes:

For the '‘nt’ platform, this module requires the Python Extensions for
Windows.
Be aware that this may not work as expected on Windows 95/98/ME.

History:


https://iecnorm.com/api/?name=c29a3feae6728e54a53e33852c418930

ISO/IEC 14776-154:2017 © ISO/IEC 2017 - 261 —

I learned the win32 technique for locking files from sample code
provided by John Nielsen <nielsenjf@my-deja.com> in the documentation
that accompanies the win32 modules.

Author: Jonathan Feinberg <jdf@pobox.com>,
Lowell Alleman <lalleman@mfps.com>
Version: $Id: portalocker.py 5474 2008-05-16 20:53:50Z lowell $

nan

lall = [

“lock”,
“unlock”,
“LOCK_EX”,
“LOCK_SH”,
“LOCK_NB”,
“LockException”,

[

hport os

cllass LockException (Exception) :
# Error codes:
LOCK _FAILED = 1

iff os.name == ‘nt’:

import win32con

import win32file

import pywintypes

LOCK_EX = win32con.LOCKEIEE' EXCLUSIVE LOCK

LOCK_SH 0 # the defauilt

LOCK NB = win32con.LOCKFILE FAIL IMMEDIATELY

# is there any reasdn not to reuse the following structure?
__overlapped = pywintypes.OVERLAPPED ()

ellif os.name == ‘posix’:

import fcntl

LOCK_EX = feptl.LOCK EX

LOCK_SH = ficntl.LOCK SH

LOCK_NB.=‘fcntl.LOCK NB

else:

raise/RuntimeError, “PortalLocker only defined for nt and posix platforms”

Il

if.9s. name == ‘nt’:
<l £ 1 leL 1 £1 \
ST T TN LT Loy L LTotgo/ .
hfile = win32file. get osfhandle(file.fileno())
try:

win32file.LockFileEx (hfile, flags, 0, -0x10000, _ overlapped)
except pywintypes.error, exc value:
# error: (33, ‘LockFileEx’, ‘The process cannot access the file
because another process has locked a portion of the file.’)
if exc valuel[0] == 33:
raise LockException (LockException.LOCK FAILED, exc valuel[2])
else:
# Q: Are there exceptions/codes we should be dealing with
here?
raise
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def unlock(file):

hfile = win32file. get osfhandle(file.fileno())

try:
win32file.UnlockFileEx (hfile, 0, -0x10000, _ overlapped)
except pywintypes.error, exc value:
if exc value[0] == 158:
# error: (158, ‘UnlockFileEx’, ‘The segment is already

unlocked.’)
# To match the ‘posix’ implementation,
error

silently ignore this

pass
else:

here?
raise

ellif os.name == ‘posix’:
def lock(file, flags):
try:
fentl.flock(file.fileno (), flags)
except IOError, exc value:

def unlock(file):
fentl.flock(file.fileno ()\a&fcntl.LOCK_UN)

if name == ' main_ "

from time import time, strftime, localtime
import sys

import portalocker

log = open(“Wog.txt’, “at”)
portalocken.lock (log, portalocker.LOCK EX)
logawrite( timestamp )

brint “Wrote lines. Hit enter to release lock.”

< — ol 1l L)
Sttty Y ORI o= mp o e e o & i\ o e e A e

# IOError: [Errno 11] Resource tenporarily unavailable

timestamp = strftime (“%m/%d/%Y %$H:%M:%S\n”, localtime (time()))

# Q: Are there exceptions/codes we should be dealing With

if exc valuel[0] == 11:

raise LockException (LockExeception.LOCK FAILED, exc valyel[l])
else:

raise

log.close ()

C.7 stateye.py
The following Python file computes the statistical eye.

from numpy import *
import pdb
import time
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from matplotlib import *

FHEFFAF AR A R A R R R A R S

# stateye class

class stateye

FHEFFAF AR A A R R R A R R S

# constructor

def init (self)

self.version='080110.a’

# debug file

self.debug = open(‘stateye.debug’,’'w’)

# transitionState[currentState] = [<possible next state>]

self.transitionState= []

# edge[currentState] = [<edge index corresponding to transitionSfate>]

self.edge = []

# step[<edge index>] = [<time vs. amplittude>]

# where @t=0;a=0, @t=inf;a=final

self.step = []

# length of each step must be the same and equal to rxLength

self.UImax = 0

# number of states.

self.nStates= 0

# bins construction

# bins is a Markov-pdf; bin[<state>] [<amplitude index>]

self.bins = N

# see binIndexwand binValue for explanation of bin coefficients

self.noBins™="4001

self.midBin = 2001

self.kBin = 2000

self<binMax = 2.0

sel¥Pinaxis= (arange(self.noBins) - self.midBin) * self.binMax
self.kBin

# parameters for cursor to step time conversion

AL 1 dad L L L

1T L == = aw A \AET Y T ~ T LTIy (= e I = = T1I =

# see cursor2index for details

self.nomUI = 1 # number of time indexes in step response for
Ul

self.nomOffset= 0 # simple offset for peak centring

# amplitude of pulse width shrinkage

self.pws =0 # in UI

def del (self)

self.debug.flush()
self.debug.close()

B A AR R A R R A R R R R S
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# simple routine to index into pdf bins given a value
def binIndex(self, x)
return( round(x / self.binMax * self.kBin) + self.midBin )

FHAFHHF SR S S
# simple route to find value for pdf bin given a index
def binValue (self, 1):
return( 1.0 * (i-self.midBin) / self.kBin * self.binMax )

FHAFHH AR S S
# simple routine to convert cursor index and sweep offset into time index of
sgep response

def cursor2index (self, cursor, sweep)

return( int ( round( (cursor+sweep) * self.nomUI + self.nomQffset

~
~
~

=+

TR o
simple routine to convert index to cursor

def index2cursor (self, index)

return( (index - self.nomOffset) * 1.0 / self.nomUI*)

=+

FH A H S R P
#| shift a pdf bin description as convolution
def binShift(self, bin, x)
i = self.midBin - self.binIndex (x)
if 1 <0
return( concatenate (( bin[-igN\» zeros(-1i) )) )
if 1 >0
return( concatenate(( zerds (i), bin[0:-1i] )) )
if i==

return (bin)

=+

perform stateye algorithm fer' single sample phase

clearly includes pws but nbt mid band jitter

ef calcpdf (self, sweepdelfa), startCursor, lastCursor,dj, rj,noise x,noise |y)
from pyllab import find

import pdb

self.cdf=[]

self.sweep % _drange (-0.75,0.75, sweepdelta)

#self.swgep = [0.0]

self.pdfszeros (( len(self.sweep), len(self.binaxis) ))

Q. =

# denerate a pre-indexed step response for acceleration of the pdf
chlculation
# should consider this for other variable as well, e.g. dfecoef

self.stepK = []
£ += 2 1£ =
for—step—in—selfstep
_stepK = []
for step in _step
_stepK += [self.midBin - self.binlIndex(__step)]
self.stepK += [ stepK ]

print ‘folding %d steps’%len(self.sweep)
binstore = [ 1.0*zeros((self.nStates,self.noBins)),
1.0*zeros ((self.nStates,self.noBins)) |
for i sweep in range(len(self.sweep))
#self.debug.writelines (‘at sweep %d from
%d\n’%(i_sweep,len(self.sweep)))
#delta = time.time () - tag
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9]

9]

C

C

print ‘%d’%(i_sweep+l),

#tag = time.time ()

# scan from last cursor to first cursor
# i.e. back cursor tracing

# for debug

bintag = 0

_bins = binstore[bintag]

bins = binstore[l-bintag]

bins = self.start bins

_bins[:] = 0.0

# the value of the step for the given cursor and sweep
_sweep = self.sweep[i sweep]

for cursor in flipud(range (startCursor,lastCursor))
# self.debug.writelines (‘at cursor %d\n’%cursor)
#print ‘at cursor %d’S%cursor

# where am I on the time axis
currentIndex = self.cursorZindex(cursor, ‘sweep)

# next Markov pdf contents

# perform Markov convolution

# scan through each state

for state in range(self.nStatles)

# enable for tracking speed of exection
# print ‘at state~%d’%state

# scan each possible transition from this stats
for transition in

hnge (len (self.transitionState([staté]))

#, Sweep the pws assuming a simple dirac

istribution
# for debug
# for pws in [-self.pws,self.pws]
for pws in [0]
# calculate the next state for the
Fate
_nextState =
bl f.transitiogState[state] [transition]

# the edge needed to get to this st
_edge =
b1 f.edge/lstate] [transition]

iven

ate

ndex

# when pws is enabled then current]

<l + N =1 <l ul = <l

et —reeces—eb rrecr—rodhraTed
_delta = -self.stepK[ _edge ][

urrentIndex + pws]

# perform a convoltion using a simple
shift and addition for the state given

if delta==
_bins[ nextState]+= bins[state]
else
if (_delta<O0)
_t = bins[state] [-_delta:]
_bins[ nextState][:len( t)]
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else
_t:
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bins[state] [:- delta]

_bins[ nextState][-len( _t):

# enable for dumping the pdfs as they are built up
#for state in range(self.nStates)

# if len(pylab.find(bins[ state]>0)
# print ‘%s =

> 0)

$s’% (self.states[ statel,arrayv2string(self.binValue(pylab.find(bins[ s

atel]>

(@)

)))

bintag = 1l-bintag

_bins = binstorelbintag]
bins = binstore[l-bintag]
_bins[:] = 0.0

# dfe condition
# this is also taking a second
if cursor==

That the threshold for greater than and Xess than is the same

that the gt and 1t results index are also inverse

for dfeCoef in self.dfeCpef
for state in randgey(self.nStates)

# going &6 make a big assumption here!!!

# &lVs6 going to make a bug assumption

if 1:
_threshold =
splf.binIndex(self.gt hO[state])
_shift = self.binShift (|\
concatenatqg (( \
zpros (_threshold), bims{state][ threshold:] )), \
-pelf.gt true[stabte] * dfeCoef )
_bins[state] = add(_bins[stafle],
_phift)
_shift = self.binShift ( |\
concatenatqg (( \
bl [state] [: threshold], zeros (self.noBins - threshold) )), \
-self.gt false[state] * dfeCoef )

_shift)

self.gt hO[state]

self.binValue (binIndex)

_bins[state] = add( _bins[state],

else
for binIndex in range (self.noBins)

if self.binValue (binIndex) >

_binvValue
* dfeCoef
else

+ self.gt true[state]

_binvalue
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self.binValue (binIndex) + self.gt false[state] * dfeCoef

_bins[state] [self.binIndex( binValue)] += bins[state] [binIndex]

o\°

(@)

0

n

bintag = 1l-bintag

_bins = binstore[bintag]
bins = binstore[l-bintag]
_bins[:] = 0.0

# enable for dumping the pdfs as they are built up

#for state in range(self.nStates)

5

)))

lpport. As

print

if 0:

bilse x[ noi

"% (self.states[ state],array2string(self.binValue (pylab.find(bins[ st
)

by be different???

brrect, but am checking it again

5\n’ $ (array2string (selfivbinvValue (find ( _pd£f>0)))))

# convolve thé noise into

# if len(pylab.find(bins[ state]>0) > 0)
# print ‘%$s =

_pdf = zeros(self.noBins)

# typical good place to break for debugging
# pdb.set trace()
# firstly what if sum = 0; secondly the &um for difference s

# this scaling of the pdf is still ¢t quite workig correct

bins = bins / bins.sum()

for state in range(self.nStates)
_pdf = add(_pdf, bins[state])
# this additional of <¢hé fliped array is mainly for 8§

we only run one set of thelcodes
# we need to add 1Im“the other half. I believe this id

_pdf = add(_pdfy flipud(bins[state]))
_pdf = pdf / pdf;sum()
self.pdf[i sweep]‘= pdf
self.debug.wniltelines (‘final =

‘\nfolding noise’

self.pdf n = zeros(( len(self.sweep), len(self.binaxis) ))
for i sweep in range(len(self.sweep))
for noise in range(len(noise x))
if noise_y[ noise] >0
_shift = self.binShift(self.pdf[i sweep],
se] ) * noise y[ noise]

ate]>

fates

ly

b1l0b

1£ A [ 1 =

SeTrrTT Pt T TS T

add(self.pdf n[i sweep], _shift)

self.pdf n[i sweep] = self.pdf n[i sweep] /

(self.pdf n[i sweep]) .sum()

else

print
# fina
if 1:

self.pdf n = self.pdf

‘folding jitter’
1 pdf containing the jittered version

self.p = []
sigma = rj;

mean

= dj/2;
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for sweep in self.sweep

g = 1/ (sigma*sqrt (2*pi)) * exp (- ((_sweep-mean)**2)/(2*sigma**2))
+ 0\
1/ (sigma*sqrt (2*pi)) *
exp (- ((_sweep+mean) **2) / (2*sigma**2)) + \

1/ (sigma*sqrt (2*pi)) * exp (- ((_sweep)**2)/(2*sigma**2
if p>1l.0e-12

self.p += [p]
else

self.p += [0.0]

self.p = self.p / sum(self.p);

self.pdf pj=zeros(( len(self.sweep), len(self.binaxis) ))
_jmid = len(self.sweep)/2
for 1 in range(len(self.sweep))
#print ‘at sweep %d’% 1
for J in range(len(self.sweep))
k= 1+ 3 - Jmid
if (_k > 0) and (_k<len(self.sweep))
self.pdf pj[ i] +=self.p[ j] * self.pdf n[ k]
self.pdf pj[ i] = self.pdf pjl 41"/ self.pdf pj[ i].s

dpf loadStep(self, inputStep, ui, pws)
from pylab import find

# define pulse response
self.inputStep = inputStep
self.converge= max (inputStep)
self.pulse = add(-inputStep[:=-\ui], +inputStep[ ui:])
self.nomOffset = find(self.plélse==max(self.pulse)) [0]

# load the step response parameters for
self.nomUI= ui
self.pws= pws

# start and last\cursor must allow for some margin
self.startCurser =

range (self.nomOffsét,0,- ui) [-2]-self.nomOffset)/ ui
self.lastCursor=

(fange (self.nomOffset, len (inputStep), ui) [-2]-self.nomOffset)/ ui
self«xindex =

afange (sgl/f~ cursor2index (self.startCursor,0),self.cursor2index (self.lasg
-, 0))

—

O

#print ‘start cursor %d, finish cursor

1£ i el e 7 el \
==

o\

H o fsetfsEarEcursorsetftasEcursor)
def create2TapFIR(self, c, noDFEtaps)
from pylab import find
# input step is the fundamental step response of the system to a
step, and is assumed to be 00@t=0
# ¢ is a 1x2 array containing the FIR coefficients

));

um ()

tCurs

1v

# this function defines the transitionStates, edge transitions and

generates the necessary steps
self.nStates = 4

# for each state x
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# 0 1 2 3

X = [ (0,01, (0,171, (1,01, (1,11 1

X = array(x)*2.0 - 1.0

self.states = [ ‘00", ‘017, ‘107, ‘117 ]

# load the possible state transition

self.transitionState = [ [O0,1]1, [2,3], [0,1], [2,3] ]

# define the edge used to move from state to state

self.edge = [ [0,11, [2,31, [4,571, [6,71 1

# load empty steps

self.step = [ (1,101, (1,01, 01, 01,002,101 1

# preload the Markov pdf with the converged values for the two/stlable
skates,

# leave the other state empty

self.start bins = zeros((self.nStates,selfsneBins))

self.start bins[0] [self.binIndex( sum(x[0]*c)*self.converge )] 1

self.start bins[3] [self.binIndex( sum(x[3]*c)*self.cenverge )] =|1

# this could be more efficient in storage of the )indexes, but fon a
simple example it doesn’t matter

# for each state and transitions an edge is defined

# copy the inputStep into each step array,,given the correct factor
needed to move states

for state in range(self.nStates)

for transition in range(len(self.edge[ state]))

k =
(pum(x[self.transitionState[ state] [ transition]]*flipud(c)) -
shm(x[_state]*flipud(c)))

self.debug.writelines (‘'in state %d, transitioning to $tate
%H, using %0.3f\n’\
%|(_state,self.transitionStatef state] [ transition],k))

self.stepf{self.edge[ state][ transition]] = self.inpufStep
*| k

# this is the peost equalised step response
self.pulse = add( add ( \

sélf.step[ self.edge[0][1] ][self.nomUI*2:] , \

self.step[ self.edge[1][0] ][self.nomUIl:-self.nomUI] () ,

self.step[ self.edge[2][0] ][:-self.nomUI*2] )

self«pulse = self.pulse/2.0
selfmomOffset = find(self.pulse==max(self.pulse)) [0]
self.dfeCoef = []

hO = self.pulse[self.cursor2index (0 , 0)]
priarE—fourd—ho—=%0-3FL%hb

# 00 01 10 11
self.gt h0O = [-h0, +h0, -h0, +hO0]
self.gt true = [-1.0, -1.0,-1.0,-1.0]
self.gt false = [+1.0, +1.0,+1.0,+1.0]
self.lt hO = [-h0,+h0O, -h0, +hO]
self.lt true = [+1.0,+1.0,+1.0, +1.0]
self.lt false = [-1.0,-1.0,-1.0, -1.0]

# clearly we need to include here the proper algorithm for finding the

optimum sampling point!!
for cursor in range (noDFEtaps)
self.dfeCoef +=

[ abs( self.pulse[self.cursor2index (cursor+l,
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01 ) ]

print ‘Extracting cursor %d, found %$0.3f’%(cursor+l,
self.dfeCoef[-11])

def create8blOb 2TapFIR(self, c,noDFEtaps)
from pylab import find
import pdb

wordlOb p = def8blOb ()
words = sort (wordlOb p)
states = ['x’,'x"]

# scan through all possible 8bl0b codes, truncating to a given lepgth 1
# collect all possible codes
for 1 in range(1,11)

for words in words

short = words[:1]
if not (any(array(states)==short))
states += [short]

# initialise the transition state matrix

transitionState = []

for i in range(len(states))
transitionState += [[]]

# fill transition state matrx
for i in range(len(states))

# as we search for where\this code could have come from, wel|only
Fart searching when the
# code would be a minimum of 2 characters long. e.g. if the|code
wprd is 1001, we search for
# 100 as the souxce of this code word
if len(states]D])>1

# find-the index into the state matrix, for the sourde of

%)

the current word

source = find(states[i][:-1]==array(states)) [0]

# ‘add this code word index to the transition matrix gntry

fpbr the source(of* this code wor
# clearly we will only find one single source per cod¢ word
transitionState[source] += [i]

# if we are at the final word, then also add the transitiors to

this entry in the transition

# matrix for getting back to 0 & 1. However, as we are

ipplementing a 2 tap FIR, we must maintain
#—atseo—the—-s Fre—erEry—her the—starsing—ostates—are—06+-6+ 10 &
11
if len(states[i])==10
if states[i][-1]1=='0’
transitionState[i] += [0]
transitionState[i] += [1]
if states[i][-1]=="1"'
transitionState[i] += [2]
transitionState[i] += [3]

# as stated above we must over write the first four states to be
correct
states[0:4] = [‘00’,701",710","11"]
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transitionState[0] = transitionState[2]
transitionState[1l] = transitionState[3]

# generate all possible transitions

k=[]
transitionLookUp = []
step = []
for 1 in range(2**3)
if 1 >0
transitionLookUp += [binary repr( i)]
else
transitionLookUp += ['']
while (len (transitionLookUp[-1])<3)
transitionLookUp[-1] = ‘0’ + transitionLookUp[-=1]
k=0
for J in range(2)
# the polarity here needs to be checked
_k -= (eval(transitionLookUp[-1][ j])*2.0-1.0) ~*
fllipud(c) [ _Jj] - (eval(transitionLookUp[-1][ j+1])*2.0-1.09 * flipud(c)
k += [ k]

step += [self.inputStep * k]
self.debug.writelines (‘edge %s/%d is
D.3f\n’ % (transitionLookUp[-1]1, i, k))

o\

edgeText = []
edge = []
for state in range(len(states))
_edgeText=[]
_edge=1[]
for transition in range(len(transitionState[ state]))
_nextstate ztransitionState[ state][ transition]
__edgeText\= states[ state] [-2:] + states[ nextstate]
_edgeTexd += [ edgeText]
__edde-= find( _ edgeText == array(transitionLookUp)
_edge”+= [ edge]

self.debug.writelines (‘from %s to %s using
s/%d\n’%(states[_state],states[_nextstate],__edgeText,__edge))

o\

# scan through actual transitions and ‘'enter edge index into array

edgey+= [ edge]
edgeText += [ edgeText]
self~states = states
self.transitionState = transitionState
self.edge = edge
self.step = step
self.nStates = len(self.states)
self.start bins = zeros ((self.nStates,self.noBins))

# this is the current initialisation matrix which need extending
# see the commented conditional statements below
if 0
self.start bins[0] [self.binIndex( self.converge *
sum(array([-1,-1])*c) )] =1
self.start bins]|
sum (array ([+1,+1])*c) )] =1
else

3] [self.binIndex( self.converge *

for states in range(len(states))
if (states[ states][-2:]=='00")

—

~
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self.start bins[ states] [self.binIndex (

self.converge * sum(array([-1,-1])*c) )] =1
#if (states[ states][-2:]=='01")
# self.start bins[ states] [self.binIndex (
self.converge * sum(array([-1,+1])*c) )] =1
#if (states[ states][-2:]=="10")
# self.start bins[ states] [self.binIndex (
self.converge * sum(array([+1,-1])*c) )] =1
if (states[ states][-2:]=="11")
self.start bins[ states] [self.binIndex(
self.converge * sum(array ([+1,+1])*c) )] = 1
# this is the post equalised step response
self.pulse = add( add ( \

self.step[ 1 ][self.nomUI*2:] , \
self.step[ 2 ][self.nomUI:-self.nomUI] ) , N
self.step[ 4 ][:-self.nomUI*2] )

self.pulse = self.pulse/2.0
self.nomOffset

find(self.pulse==max (self.pulse)) 0]

self.dfeCoef = [
[

]
hO = self.pulse[self.cursor2index(0 , 0)]

print ‘Extracting cursor %d, found %0.3f’%(cursor+l,
b1 f.dfeCoef[-11])

%)

# setup the DFE correction matrix
self.gt hO = []

self.gt true = []

self.gt false= []
self.lt hO = []
self.1lt true =
self.1lt false=
#pdb.set traceé ()

for statés in states

N
[]

if )(_states[-2:]1=="00") or ( states[-2:]=="10")
self.gt hO += [-hO0]
self.gt true+= [-1.0]
self.gt false+= [+1.0]
self.lt hO += [-hO]
self.lt true+= [+1.0]
getf S+ —fatset=—"t—1-04
if (_states[-2:]=='01") or ( states[-2:]=="11")
self.gt hO += [+hO]
self.gt true+= [-1.0]

self.gt false+= [+1.0]
self.lt hO += [+hO]

self.lt true+= [+1.0]
self.lt false+= [-1.0]

# simple example based on step.py in steptheory

# clearly we need to include here the proper” algorithm for finding the
optimum sampling point!!
for cursor in range (noDFEtaps)
self.dfeCoef += [ abs( self.pulse[self.cursor2index(cursor+l,

# probably doesn’t work anymore since extending the code to support more
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features

def bist (self)

states are

0=00

1 =01

2 =10
#3 =11
self.transitionState = [[0,1
self.edge = [[0,1
self.step = [[0.0,

0.0, 0.0, 0.0, 0.01,

H= = HE

1,02,31,10,1]1,(2,3]]
1,02,3]1,14,5]1,1[6,7]]
o, 0.0, 0.0, 0.0, 0.0, 0.0,

o
o
~
O~

0.

0,

0.0,

=

. 3600000000000001, 1.5200000000000002, 1.6000000000000001,
. 6000000000000001, 1.600000000000000171, \

=

L.1700000000000002, -1.53, -1.7100000000000002, -1.8, -1.8,
.o, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -0.1299999999999999%;

(@)

0.19999999999999996, -0.19999999999999996]1, \

11.1700000000000002, 1.53, 1.7100000000000002,% I8, 1.8, 1.81,

L.60000000000000017, \

oo, 0.0, 0.0, 0.0]1

self.steplLength= 15

self.nStates= 4

self.start bins= 1.0*zex0s ((self.nStates,self.noBins))
self.start bins[0] [sedf binIndex(-0.7)] = 1.0
self.start bins[3] [8elf.binIndex(+0.7)] = 1.0
self.calcpdf ()

HRAHFH AR A R
#| simple functiops to load all the possible 8bl0b words
HREHFH A AR R
dpf def8blQb)

wprd8b=|

“poooooeoo”, “000000017, “000000107”, “00000011”7,

“pooeorxoo”, “000001017, “000001107”, “00000111~",

“pooorooo~”, “000010017, “000010107”, “00001011~",

n“wponQol1 10077 AL NA WA WA WA N e A W /4 A\WAWANANA N M aW/4 oo 1.1 1. 77
T 7 Ty T e e g e

(.o, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, O.

(.o, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, O.

(.o, 0.0, 0.0, 0.0, 0.0, 0.0, 0.070.0, O.

0/.12999999999999998, 0.16999999999999996, 0.18999999999999997,

0/.19999999999999996, 0.19999999999999996, 0.1999999999999999%6],
(.o, 0.0, 0.0, 0.0, 0.0, 0.90,+40.0, 0.0, O.

(0.0, 0.0, 0.0, 0.0yN0.0, 0.0, 0.0, 0.0, O.

0,

Oy

1.

04y

=181, I

0,

0,

D.16999999999999996, -0.18999999999999997, -0.19999999999999996,

\

[0.

6.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -1.04, ~1.8600000000000001,
1 .5200000000000002, -1.60000000000000014~~1.6000000000000001,

0,

0.

0.

0, 0.

0,

d

0

r

*00010000”, “00010001”, “000100107, ™“00010011",
*00010100”, “00010101”, “000101107, ™“00010111”",
“*00011000”, “00011001”, “000110107, ™“00011011”",
“*00011100”, “00O11101”, “00O0111107", ™“00011111”",
*00100000”, “00100001”, “001000107, ™“00100011",
*00100100”, “00100101”, “001001107, ™“00100111",
*00101000”, “00101001”, “001010107, ™“00101011”",
“*00101100”, “00101101”, “001011107, ™“00101111”",
“*00110000”, “00110001”, “001100107, ™“00110011”",
“*00110100”, “00110101”, “001101107, ™“00110111”",
“*00111000”, “00111001”, “001110107, ™“00111011”",
“*00111100”, “0O111101”, “001111107”, ™“00111111”",

0.0,
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