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PCle Generation

* Performance doubles, Power Increases, and F/F evolves.
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U.2/M.2/AIC
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Standardization Organization
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Se rver SS D FO M Fa CtO [ (for Datacenter and Enterprise)

M.2/U.2/AIC EDSFF
o/ M.2 u.2 U.2 AlC E1.S E1S E1.S E1.S El1.S E1.L E1.L E3.S E3.S E3.L E3.L
22110 7mm 15mm HHHL 5.9mm 8.01mm 9.5mm 15mm 25mm 9.5mm 18mm 7.5mm 16.8mm 7.5mm 16.8mm
(2T) (2T)
Width 22 X 69.85 x 69.85 x 68.90 x 315 x 215 % 33.7h X 33 fh % 33.75 x 384 x 384 x 76.0 x 76.0 x 76.0 x 76.0 x
Length 110 x 10045 x 10045 x 16765x | 11149x 11149x 11875x 11875x 11875 x | 31875 x 31875 x | 11275 x 112.75 x 142.2 X 142.2 X
Thickness 3.85mm 7.0mm 15mm 14.47mm 5.9mm 8.01mm 9.5mm 15mm 25mm 9.5mm 18mm 7.5mm 16.8mm 7.5mm 16.8mm
Max
- 11.55W 25W 25W 25W 12W 16W 20W 25W 25W 25W 40W 25W 40W 40W 70W
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U.2

* What happened in 20217

* There was a voice of proposal to maintain SFF-8639 at PCle GEN4.
* But it was concluded to proceed SFF-8639 PCle GENS5.

* Discussion Background

SFF-8639 was never intended to run at PCle Gen5 frequencies

* There is significant concern that interoperability between receptacles and plugs from different suppliers
* Power and thermal limitations may limit full performance of Gen5 x4

* Market interest is shifting to a form factor with a longer expected lifespan

* There are other SSD form factors that were designed to support PCle Gen 5 / Gen 6 (and beyond)



U.2 PCle GENS5 Spec Status

SFF-8639 Module Spec Rev

SFF-8639 Module Spec Rev

2 2020

4.0 4

50 Q3 2021 Q4 2021
' WIP

* Major Discussion Items

SAMSUNG

Connector SI (Mated)
« TBD

Add-in-card Insertion Loss Budget
e -6.5dB? (at 16GHz)
Power
* 25W? (1.5A/Pin?)
13C?
Connector Interoperability
* receptacles and plugs from different vendors

Q3 2020 Q4. 2020 April 2021

Q1 2022 Q2 2022 Q2~Q3 2022

U.2 Device
8639 8639
Receptacle ¥ Plug



V1.2

¢ M.2 Form Factor R
 M.2 is widely adopted in Client applications. s 4_”_2 ’“a
* Laptop, Desktop, etc v UT = o=
* Thus, M.2 PCle GEN5 spec is going on smoothly. T )
* In DC/EP applications, M.2 22110 is mainly used. S | e, L;
widely used mainly used
in Client Appications. in Datacenter.

* Limitation of M.2 in Datacenter/Enterprise

* Limited number of NAND die placements (4 with use of PLP)
* Limited power envelope (11.55W)
* Limited thermal envelope

No hot-plug support




V.2

 What’s new in 2021
* There is a voice of needs about Higher Power

M.2vs. M.2-1A oo rorsc el oo Power Increase (0.5A/pin - 1A/pin)
-
No. of Current Max Power Current
-
M2=1 A Socket 1 0.5A 6.6 W 1.0A
N Socket 2 5 0.5A 8.25W 1.0A
T g o | IITATEONCCCONCCND AN Socket 3 9 0.5 A 11.55 W 1.0A
Backward Compatibility Works for all M.2 Cards
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M.2 + M.2-1A Socket : ok
M.2-1A +  M.2 Socket : not working
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M.2 PCle GENS Spec Status

M.2 Specification Q1 2019 Q1 2020 Q3 2020 Nov. 2020
Rev 4.0

M.2 Specificati
Rp;c;ga ion Q2 2021 Q3 2021 Q4 2021 Q1 2022 Q2 2022

WIP

* Major Discussion ltems
* Sl discussion was almost done.

Insertion Loss Return Loss PSNEXT PSFEXT
0

-10
o
B ls T 20
3 %. -
2 I~ g - —
@ s i 2
g = E g 0 -45 dB at 10 GHz
c 8 =
g E L 50 /

- - -

..‘a'-'.‘ g S .60 Acceptable Region

-70

» o 0 4 8 12 16 20 24
Freq (GHz) Freq (GHz) .
Freq (GHz) Freq (GHz)

SAMSUNG



Name “EDSFF”

e As-was (2017~2020) : Enterprise and Datacenter Form Factor

e As-is (2021~) : Enterprise and Datacenter Standard Form Factor

This specification originates from

Working Group (EDSFF). Based on

non-SSD devices also using EDSFF and agreement from the EDSFF Working Group, the SFF TA TWG agreed
changing EDSFF to Enterprise and Datacenter Standard Form Factor.

* cf. SFF has meant “Small Form Factor” since it came out in 1990, but it is not anymore now. Nowadays, SFF is just SFF.

Q2 2018:

- pin/signal spec Rev 2.0, E1.5 1.1,
SNIA. ™"

EDSFF
* EDSFF Brief History

EDSFF group formed

Q4 2017

Q3 2017

Intel launches “ruler” SSD at FMS

and intention to contribute to
EDSFF

EDSFF hands off to SNIA o 4 Ly
- ;f’F TS::’QCS o E1.S Rev 1.3a to ELS 1.4
; add x8 support add 15mm
—?— o 1'— T 1 T
Q12018 .
SFF publishes 1.0 specs for SFF-TA-1006 . (o %0 Q4 2019 Qrieny
(EL.S), SFF-TA-1007 (E1.L), SFF-TA-1008 ik 5 OCP storage Workgroup ~ Updated E3 spec in
ipport for 9.5mm an discuss use of EDSFF review

(E3)

SFF-TA-1009 1.0 published
(pin/signal spec)

3mm thick enclosures

[ Source : SNIA, EDSFF Webcast, 2020 ]



EDSFF Specitication Documents

* Specification Documents

* Electrical, PHY, Channel, Link, Retimers, Transaction, Config :
* PCle® Base Specification

* Pinout, Power, S|
* SFF-TA-1009 : Enterprise and Datacenter Standard Pin and Signal Specification (EDSFF)

* Form Factors
* SFF-TA-1006 : Enterprise and Datacenter 1U Short SSD Form Factor (E1.S)
* SFF-TA-1007 : Enterprise and Datacenter 1U Long SSD Form Factor (E1.L)
* SFF-TA-1008 : Enterprise and Datacenter SSD Form Factor (E3)

New in 2021

* Thermal
* SFF-TA-1023: Thermal Characterization Specification for EDSFF Devices



EDSFF

* Benefits

u.2 :
(25W, 4-Lane)

Designed to overcome conventional device limitations
Improves thermals, power, and scalability

Various power options - 25W, 40W, 70W

Various PCle lane options - x2, x4, x8, x16
Advantageous for high-speed interface (< PCle Genb5)

Built in LEDs, carrier-less design

HSBP
via via

8639
Receptacle

U.2 Device

h

8639
Plug

via

EDSFF Device

T —

SFF-TA-1002
Connector



EDSFF

* Benefits
* E1 and E3 based system can increase the performance and density

* Have more flexibilities than a traditional system

U.2 SSD x 10ea E1.S SSD x 32ea

VS.

U.2 SSD x 24ea

SmartSSD E3.5SSD CXL Memory NIC



Recent EDSFF Spec Changes

SFF-TA-1002  PCle Base Spec  SFF-TA-1009

<|

* SFF-TA-1009 Rev 3.0 (Pin/Signal Spec)
- REV 2.0 (18/05/22) 9 REV 3.0 (21/03/19)
* Electrical Requirements for 16 and 32 GT/s
* Lots of clarifications, cleanup, errata fixes

PCle Root
Complex I

Switch

Card Edge
Connector

* Note : Rev 3.0a (21/10/08)

» SFF-TA-1006 Rev 1.5 (E1.S Spec) ﬁ N
* Rev 1.4 50/03/27) 2 Rev 1.5 51/08/06) é
* Power/thermals update, general cleanup %
Tl T T 7 T T T T 777 TN f’/ 7777 //// 777
* SFF-TA-1007 Rev 1.2 (E1.L Spec) [// //1////7/ f //////{///// ////////////// 7/// /////////////;/////// //////////// ////////// ///////', ///////4,[////5%
| Rert > Rev 1.2 o L A
* Power/thermals update, general cleanup : ’ - ’ ’ S ’ -

* SFF-TA-1008 Rev 2.0 (E3 form factor)
* Length, connector position change
* Power/thermal update
* Connector aligned to OCP NIC 3.0

[ Source : SNIA, SDC21_SFF, 2021 ]
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SFF-TA-1023

* SFF-TA-1023 Rev 1.0 (Thermal Characterization)

* Proposal (20/06/22) —> Rev 1.0 (21/10/25)

* Defining Wind Tunnel for each EDSFF F/F
* Defining Air Flow Impedance Levels

* Defining Thermal Levels

Airflow Impedance Levels (AFI)
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Airflow per Device (CFM)

Airflow (CFM/dev)

L —— [ vt eveess]

E3 1T E1.L 9.5mm E1.L 18mm

E1.S 9.5mm E1.S 15mm E1.S 25mm

Thermal Levels

HT-LF Design Space

" EDSFF Recommended Design Space
30 15 4D 45 o

Approach Temperature (°C)



Samsung Server SSD

EDSFF

E1.59.5mm E1.S15mm E1.S 25mm E1.L 9.5mm E3.S 7.5mm E3.516.8mm

M.2 /U.2 /AIC

SAMSUNG

PM9A3

M.2 U.2 7mm U.2 15mm AlIC HHHL
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