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Preface

This Application Note introduces the SFF-8639 (U.2) interface. The goal is to give an
overview of the technology and hint on how to design-in this technology for customer
carrier boards.

Disclaimer

The information contained within this Application Note, including but not limited to any
product specification, is subject to change without notice.

congatec AG provides no warranty with regard to this Application Note or any other
information contained herein and hereby expressly disclaims any implied warranties of
merchantability or fithess for any particular purpose with regard to any of the foregoing.
congatec AG assumes no liability for any damages incurred directly or indirectly from any
technical or typographical errors or omissions contained herein or for discrepancies between
the product and the Application Note. In no event shall congatec AG be liable for any
incidental, consequential, special, or exemplary damages, whether based on tort, contract or
otherwise, arising out of or in connection with this Application Note or any other
information contained herein or the use thereof.

Intended Audience

This Application Note is intended for technically qualified personnel. It is not intended for
general audiences.

Electrostatic Sensitive Device

All congatec AG products are electrostatic sensitive devices and are packaged
accordingly. Do not open or handle a congatec AG product except at an electrostatic-free
workstation. Additionally, do not ship or store congatec AG products near strong
electrostatic, electromagnetic, magnetic, or radioactive fields unless the device is
contained within its original manufacturer’s packaging. Be aware that failure to comply
with these guidelines will void the congatec AG Limited Warranty.

Technical Support

congatec AG technicians and engineers are committed to providing the best possible
technical support for our customers so that our products can be easily used and
implemented. We request that you first visit our website at www.congatec.com for the
latest documentation, utilities and drivers, which have been made available to assist you.
If you still require assistance after visiting our website then contact our technical support
department by email at support@congatec.com
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Symbols

The following are symbols used in this application note.

@ Note

Notes call attention to important information that should be observed.

A Caution

Cautions warn the user about how to prevent damage to hardware or loss of data.

A Warning

Warnings indicate that personal injury can occur if the information is not observed.

Copyright Notice

Copyright © 2020, congatec AG. All rights reserved. All text, pictures and graphics are
protected by copyrights. No copying is permitted without written permission from
congatec AG.

congatec AG has made every attempt to ensure that the information in this document is
accurate yet the information contained within is supplied “as-is”.

Trademarks
Product names, logos, brands, and other trademarks featured or referred to within this

user's guide or the congatec website, are the property of their respective trademark
holders. These trademark holders are not affiliated with congatec AG, our products, or our

website.
Terminology
Term Description
NVMe Non-Volatile Memory Express
SSD Solid State Drive
SAS Serial-Attached SCSI
SATA Serial ATA
SFF Small Form Factor
oD Open-Drain
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1 U.2 / SFF-8639 Introduction

11  Introduction

The U.2 specification (initially SFF-8639), which is released by the PCI-SIG group, describes
a hardware interface that supports several SSD interface technologies.

This specification is used mostly for connecting high performance NVMe SSDs. For
overview of the NVMe protocol, visit www.congatec.com and view the technote “NVMe
support on congatec COMs and SBCs” in the restricted area of the website.

To enable NVMe SSDs, the U.2 pinout features up to four PCle lanes for inter-connection.
Most often, this specification is used for SSDs in 2.5” form factor. This makes implementing
the U.2 form factor a good method of scaling up the system speed while still being able
to keep the same physical form factor for existing SATA-based SSDs.

In addition to PCle-based SSDs, the interface also supports SAS and SATA. This enables
the connector to work with different SSD technologies.

This application note is concerned with U.2 specification pinout as well as topologies that
can be used to design-in the interface.

1.2 Backward Compatibility

One of the advantages of this specification is that it allows SATA, SAS and U.2 NVMe SSDs
to be used on the same U.2 connector. This means that systems can be equipped with
different types of SSD, depending on the demands of the system. In that way, the system
can be scaled to perform different tasks, thereby improving the overall price efficiency of
the design.

1.3 Advantages

U.2 SSDs are often used in data centers and server-related ecosystems. The SSD housing
of a U2 SSD is bigger and more ruggedized when compared to the bare PCB M.2 SSDs.
This also allows U.2 devices to feature a bigger overall capacity.

U.2 devices can support hot-plug and hot-swap features. This capability allows new
devices to be connected to the platform (hot-plug) or devices of the same type can be
swapped out (hot-swap) while the system is up and running. The following conditions
need to be met to support these features:

1. The target SSD needs to support unplanned power loss.

2. The BIOS of the congatec module you want to use needs PCle hot-plug support.

U.2 SSDs often feature advanced power loss protection. This means that in a surprise power
loss event, mandatory data transactions that have been cached can still be completed, making
the SSD more robust to corruption in unstable power environments.

@=)> Note

If you are unsure about hot-plug support on your congatec module, contact your FAE.
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2 Connector Overview

This chapter gives a general overview of the U.2 connector. Sub-section 2.1 highlights the overall U.2
connector while sub-section 2.2 lists the pinout of all supported interfaces.

21 U.2 Connector Overview

Type Name
Pin Name Type
Ground |  Ground
E7 REFCLK+ Diff-Pair
Diff-Pair SOT+ (A+) E8 REFCLK- Diff-Pair
€9 Ground | Ground
Diff-Pair | SOT-(A-) E10 PETPO Diff-Pair
SAS/SATA o o e | o | omear :C'fi I;age [0]
rount rount e
Express Port 1 E12 | Ground | Ground
Diff-Pair | SOR-(B-) €13 PERNO | Diff-Pair
£14 PERPO | Diff-Pair
Diff-Pair | SOR+(B+)
€15 | Ground | Ground
—_—
Ground | Ground E16 | Reserved
— S8 Ground Ground
Diff-Pair | REFCLKB+
s9 ST+ Diff-Pair
Diff-Pair | REFCLKB-
s10 siT- Diff-Pair
R f |k1 Power +3.3 Vaux
PCle si de E . CIRRECH] s11 | Ground | Ground —  SAS/SATA
e Sideban Bi-Dir Express Port 2
PERSTBH 512 SIR- Diff-Pair P!
Output | PERSTH ST
s13 S1R+ Diff-Pair
- Reserved
p— s14 | Ground | Ground
Bi-Dir WAKE# s15 Reserved
—
S16 Ground Ground
- sPCleRst
517 PETPL | Diff-Pair
Output | PWRDIS s18 PETR1 | Dff-Pair
519 | Ground | Ground
nput foeté 520 | PERn1 | Diff-Pair
round | Ground s21 PERpL | Diff-Pair
s22 | Ground | Ground
Ground | Ground 523 PETP2 Diff-Pair
s24 PETn2 | Diff-Pair
Power 45V
2
Power 525 | Ground | Ground
— Power 45V 526 PERN2 | Diff-Pair .
SATA'Express L PCle Lanes [1:3]
Sideband 527 PERp2 Diff-Pair Sideband
Power 45V
528 | Ground | Ground
Input PRSNT# E17 PETp3 Diff-Pair
E18 PETn3 Diff-Pair
Input | ACTIVITY# E19 Ground | Ground
£20 PERN3 | Diff-Pair
Ground |  Ground
E21 PERp3 Diff-Pair
Power +12V E22 Ground Ground
23 | SMBCLK | Bi-Dir
Power +12V
€24 | SMBDAT | Bi-Dir
Power 2V €25 |DualPorténti| Output
(-
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2.2 General U.2 Connector Pinout

Pin
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
s1
S2
S3
S4
S5
S6
S7
S8
S9

S10

The table below lists the pinout of interfaces that are supported with U.2.

Q

congatec

Please note that for SATA and SATA Express implementations on U.2, the below signal
names do not match the SATA specification exactly.

Name
WAKE#

sPCleRst
PWRDIS
IfDet#
Ground
Ground
+5V

+5V

+5V
PRSNT#
ACTIVITY#
Ground
+12V
+12 'V
+12V
Ground
SOT+ (A+)
SOT- (A-)
Ground
SOR- (B-)
SOR+ (B+)
Ground
Ground
S1T+

S1T-
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PCle
Type NVMe
Bi-Dir

Output
Input
Ground

Ground

Power

Power

Power

Input Optional
Input Optional
Ground Optional
Power

Power

Power

Ground

Diff-Pair

Diff-Pair

Ground

Diff-Pair

Diff-Pair

Ground

Ground

Diff-Pair

Diff-Pair

AN44_U.2_Introduction.docx

SATA

Express
Optional

Optional

Optional

Optional
Optional

Optional

SAS x4
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S11 Ground Ground -
S12 S1R- Diff-Pair -
S13 S1R+ Diff-Pair -
S14 Ground Ground -
S15 Reserved -

S16 Ground Ground - -
S17 PETp1 Diff-Pair - -
S18 PETN1 Diff-Pair - -
S19 Ground Ground - -
S20 PERN1 Diff-Pair - -
s21 PERp1 Diff-Pair - -
S22 Ground Ground - -
S23 PETp2 Diff-Pair - -
S24 PETn2 Diff-Pair - -
S25 Ground Ground - -
S26 PERN2 Diff-Pair - -
s27 PERp2 Diff-Pair - -
S28 Ground Ground - -
El REFCLKB+ Diff-Pair -

E2 REFCLKB- Diff-Pair -

E3 +3.3 Vaux Power -

E4 CLKREQ#/ CLKREQ# -

PERSTB# is SSD
OD-Output

E5 PERST# Output -

E6 Reserved -

E7 REFCLK+ Diff-Pair -

ES REFCLK- Diff-Pair -

E9 Ground Ground -

E10 PETpO Diff-Pair -

E11l PETNO Diff-Pair -

E12 Ground Ground -
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E13

E14

E15

E16

E17

E18

E19

E20

E21

E22

E23

E24

E25

PERNO
PERpO
Ground
Reserved
PETp3
PETN3
Ground
PERN3
PERp3
Ground
SMBCLK
SMBDAT

DualPortEn#
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Diff-Pair

Diff-Pair

Ground

Diff-Pair
Diff-Pair
Ground
Diff-Pair
Diff-Pair
Ground
Bi-Dir
Bi-Dir

Output
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3 Topologies

3.1 Direct Connect Topologies

Carrier Board | 2 Carrier Board

™ SFF-84639 Madule

Adapter

Topology 1(left) connects a U.2 module directly to the standard connector. In this topology, SATA,
SAS and U.2 NVMe modules can be connected if the carrier board connector supports all U.2
interfaces.

Topology 2 (right) uses a PCl Express to U.2 adapter to connect a U.2 NVMe module. This topology
can be useful for testing SFF-8639 modules on existing carrier boards that have PCle slots. The
adapters currently on the market feature a PCle x4 lane configuration to utilize the full capacity
of the device.

3.2 Topologies with Cabling

Carrier Board 2 Carrier Board

SFF-863% Module

Cabling sets on the market right now focus on reusing existing SFF-8643 cables and connectors.
These Mini-SAS HD cables are capable of carrying PCle signals necessary for operating U2 NVMe
modules. Topology 1 depicts this setup. The carrier board features the SFF-8643 connector. An
SFF-8643 to U.2 cable is used to connect the device. In addition, power is supplied to the U2
module via a SATA power connector.

The second topology depicts a direct connection via U.2 cable.
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@ Note

Direct-connect U.2 cables are currently in development.

3 Carrier Board \ 4 Carrier Board

SFF-8639 Module SFF-8639 Module

Topologies 3 and 4 use the HD Mini-SAS to U.2 cable as described in the first topology. Both setups
can be used to determine the function of your U.2 module in existing carriers by using adapters on
existing interfaces.

Adapters exist for M.2 as well as PCl Express interfaces.

@ Note

Cabling and adapter solutions can negatively impact signal quality.
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