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Why PCI Express?
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Why PCI Express?
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« PCle is the Only

Why PCI Express?

Interface which Enable SSD to achieve

Higher Performance SSD than current SATA/SAS Interface
— Higher Bandwidth (1GB/S/Lane @Gen3)
— Scalable Bandwidth with Multi Lanes

— Software Compatibility (@Single Port AHCI Device)

Interface Bandwidth
(Specification Intro Date)

T 1GB/S/Lar
e —
LiAl | soome/s

PClex1

—— == |JSBE

=—l—=5ATA
| eeeerPATA

SATA 6G

600MB/S

PCle Gen2 x4

PCle Bandwidth Comparison (Each Direction)

PCle 2.x PCle 3.0

PCle 1.x
x1 250MB/sec
x2 500MB/sec
x4 1GBi/sec
2GB/sec

4GB/sec

500MB/sec

1GB/sec

1GB/sec

2GBlsec

2GB/S

4GB/sec

8GB/sec

8GB/sec

16GB/sec
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Memory Hierarchy

« Each Component’s Relative Performance

~ Multicore
¢ CPU
m Disk
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Memory Hierarchy

Each Component's Absolute Performance

Native PCle SSD :
PCle-Attach

* Storage plus application-specific
memory interfaces

* Application value focused

Ops / Second

1,000,000,000s

SATA/SAS SSDs :
Disk form factor I/ E 100 A

100,000,000's

* Coexists with legacy RAID
storage sub-systems
* Cost and packaging focused

100KIOPS
100,000’s

100's
20094E & 7|F=EXIE
SSD 4-50| Cta &
HI|Z|0 JAS

Picoseconds MNanoseconds Microseconds Milliseconds
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Memory Hierarchy

HDD Storage®} Memory AtO|Q| 7{LC}2F Latency X}O| Z=X|
NAND Flash MemoryZ 0| Z{C}2t Latency X}O|Z QI5t Application
Performance 5! User Experience XMSIE& HEH 2= AQI7}?

Caching Hot Data to System Main Memory (DRAM, <10us)
: Caching Hot Data to PCle SSD with NAND Flash
LS PCle SSD with NAND Flash (<100us)

SATA/SAS SSD with NAND Flash (100us)

Latency penalty for
leaving memory

hierarchy
SATA/SAS HDD with Rotating Media
T1 storage 10,000,000 ns (10 ms)

T2 storage 20,000,000 ns (20 ms)
NAS (Network Attached Storage, Ethernet)

I evnlle—_ or SAN (Storage Area Network, Fiber Channel)

http://electronicdesign.com/memory/evolution-solid-state-storage-e ' vers
Controller 7J&E] MT = £ M
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Memory Hierarchy

« SATA/SAS SSD with NAND Flash

SAS or SATA
HDD

B[ SAS or SATA
5D

x8 PCle slots

Drive mid-plane

SAS and SATA SSDs are supported today in standard storage bays with a RAID-

on-chip (ROC) controller on the server’'s PCle bus
Controller 712 E M3 FE =M




Memory Hierarchy

« Caching Hot Data to PCle SSD with
NAND Flash

SAS or SATA
HOD

SAS or SATA
SsD

Drrive mid-plone

PCle flash adapters overcome the limitations imposed by legacy storage
protocols, but they must be plugged directly into the server’s PCle bus.

Controller 7J2E] Al = £~ M



Memory Hierarchy

« PCle SSD with NAND Flash

SAS or SATA
HDD

SAS or SATA
SSD

Drive mid-plane

Express Bay fully supports the low latency of flash memory with the high
performance of PCle, while maintaining backwards compatibility with existing

SAS and SATA HDDs and SSDs.
Controller 7J{LEl AMSFE M @




Product Examples rsi::

+ PCle CEM Add-in Card SSD (Non-native PCle =~ OCZ
SATA or SAS RAID)

— OCZ Z-Drive R4 (PCle Gen2 x8)

— LSI RoC (RAID On Chip) Controller + 8 x SandForce/
Sandforce 2218 Controllers (SATA Gen3)

Sandforce is acquired by LSI.

Host CPU (2011, October)
A

s Plle 1.0 x4ix8
L)

LSI RoC Controtl

PCla-to-SATA

Contraller

: ++++++++++++++ E++++++++++++++++++=

b 4 b 4 b 4
SATA S5D SATASSD | . SATA S5D
Controller Contraller Controller
HERERNERN L[]
MAND NAND NAND

Controller 712 E M3 FE =M




Product Examples ##4=

 PCle CEM Add-in Card SSD (PCle AHCI)

— Marvell 88NV9145 (PCle Gen2 x1)
* 4-ch 4-way NAND flash system

— Scalable PCle SSD through PCle Switch for High-end
Servers (PCle Gen2 x8)

PCle Gen2 x1 -
PCle Gen2 x1 -
PCle Gen2 x1 _

3‘ 88NVO145 [fisfra

ﬂ KLMERTUREL. ¢

PCle Gen2 x8 |

Software RAID is Necessary! = BAD!

Controller 7J2E] Al = £~ M




Product Examples

 PCle CEM Add-in Card SSD (Native PCle NVMe) ﬁ' .
— Micron P320h cron
— PCle SSD for High-end Servers (PCle Gen2 x8)
— IDT Controllers (NVM Express) m

1517 pins. 32 NAND flash channels . . .
IDT is acquired by PMC Sierra.

NAND [ |NAND [ | NAND | | NaND | |NAND [ |NAND [T | NAND [T | NAND
(2013, May)
¥ Eoi y
32 channels, 64 placements of NAND memory

NI O] 7] O

NAND NAND NAND NAND NAND NAND NAND NAND

— L

Controller

|

PCle x 8 edge
connector




Acron
@IDT

« 2.5-inch Express SSD Drives (Native PCle NVMe)
— Micron P320h (with Dell)

— Hot swappable 2.5-inch FF (PCle Gen2 x4) Three 2.5-inch
« Improved Serviceability and Scalability Express Drive Bays
« Lowered TCO (Total Cost of Ownership) /

Product Examples

Y. ' L

Dell's 12-th Generation Server

Controller 7jj &
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Product Examples

 Drive Back-Plane

http://electronicdesign.com/memory/evolution-solid-state-storage-enterprise-servers

For Six 2.5-inch SATA/SAS Drive Bays SFF-8680 Spec.

For Two 2.5-inch Express Drive Bays m———  — e
I /L P15-P1 (15 pins) E6-E1 (six pins) $7-51 (seven pins)
Va e o e e e
|
SFF-8639 Spec. | [ A oo b= mli

4-lane PCle, 2-port SA

. — re— = T
g P*ilﬂlones 3-1, sideband SAS/SATA Express PCl lane 0, |

39-17 (23 pins) Second port RefClk,
$14-58 (seven pins) | [E16-E7 (10 pins)

Controller 7{&2El M3 FE 4
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New Physical FF Specifications

e For Servers SFF Committee SFF-8680Conneors

— SFF-8680 = SFF-8639

— Flexible & Universal Back-
Plane Implementation

SFF-8639 Connectors

For Two 2.5-inch Express Drive Bays

AN

Flexible
Storage
Backplane

PCle
Controller,

Root port

PCle x4 or x8

B¥S 5YS

SAS

Controller



New Physical FF Specifications

e SFF-8639 SFF Committee

— Enterprise Backplane Connector for 2.5-inch SSD covering
PCle, SATA, and SAS.

— 4 Lanes (red below) are Connected to CPU or Chipset for PCle
Support.

— 2 lanes (blue below) are Connected to an HBA/RAID Controller
or Chipset for SAS & SATA Support.

— Allows Client PCle SSDs to be Used in Enterprise Backplanes.

« Why 2.5-inch FF is Important?
— 2.5-inch is Critical Enterprise FF to Support Hot Swap

Backplanes.
SAS/SATA/SATA Express
Power, SATA Express sideband PCle sideband First port S F F = 8 6 3 9 S peC .
P15-P1 (15 pins) E6-E1 (six pins) S7-S1 (seven pins)

A \/—JHr A

Enterprise PCle

PCle lanes 3-1, sideband SAS/SATA Express PCl lane 0, SATA/
E39-17 (23 pins) Second port RefClk,
' : E S A
siuController 7| Mo E




New Physical FF Specifications

* For Clients (SATA Express) SATA Express

— SATA > SATA Express . SATA-I0O2| Marketing Name &
. . FF, Connector2t 9|
- F*?éiglﬁew%tt?ggboard . Software I/F= AHCI/NVMe/SCSle AFZ+g10|
A Ol
T AA DO
| Configurable SATA  Host
RIA | ‘;_)onorPCblan, ‘
—-
PCle Cable AI 5
Connector
=ud Legacy | PCle SSD
OR || PcePhy || Device

Existing SATA Cable
: | PCle Link

I PCle Transport

Device Controller

/I'\
AHCI / NVMe / SCSIe

PCle 2 lanes or

2-port SATA

The new SATA Express connector contains both 1Serial AT, ress.




New Physical FF Specifications

« For Clients (M.2) SERIAL
— MSATA > M.2 (NGFF) ] .
— Faster & Smaller & Thinner SSD Implementation |Z*A =

S (NN $9-EEE
W " e @

Vadel WZ-KPUSIIT REVO N
KCC-REM-SEC-UZ-HPUSIIT SO 3
RATED: 0C+1.3V == 254 Led,

- M2
. PCle 4 lane

or NGFF modules can come in different lengths, including 42, 60
and 80 mm. The longer modules can fit more flash chips. The

aNesS combination of the PCI-Express interface and multiple flashchips
that are parallel-controlled makes it so Ultrabook SSDs can also
be much faster than they are now. Another advantage is that
NGFF modules are even thinner than mSATA, s an
also be made thinner.

1 port SATA Controller 7|&El M F &M




New Physical FF Specifications

51mm x 30mm
Z:4.85mm

42mm x 22mm

z: 2.75mm single side?

i
MSATA

Z: 5.85mMm double side

...............
...........
...........
-----------

o gy
|NGFF Card| M.2

Proposed Serial ATA
Draft International Organization

Version 04

Auluﬂ 14, 2012

Serial ATA Technical Proposal #TPR_C112
Title: NGFF Card Format for SSDs

NE 15 a0 rtemy warking dotument of the Sena ATA Intermatonyl Crgancaton As such, the
ot 3 compieted Kandard and has not been approved. The Senal ATA Intemational Organiz ation
1oy modfy the conterts 3 any trme This dotumernt s made avalatie for revew 00 comment

= B B BT

Specification optimized for caching
devices or SSDs, includes a series of

module lengthsl_and_cg_anm&w
enabling SATA"| 2x or 4x PCI Express’




New Physical FF Specifications

* Form Factor & Connector Landscape
— CEM Add-in Card for Workstations and Servers
— SFF-8639 for Enterprise
— SATA Express (M.2 (NGFF)) for Ultrabook
— SATA Express (2.5-inch) for Desktop

Ultrabook™  Mobile All-in-one Desktop WS Server

. PCIy
. Jsie

_____________________________

_= PCle 1/2/4/8 Lanes, "

: i SFF-8639
SATA Express card : """""""""""""""" : PCle 4 Lanes

GeM2) | (— GRERERY W | 2-Port SAS or SATA
I ﬁ PCle 2/4 Lanes '\ 2.5” SATA Express Connector i

| . . PCle 2 Lanes

: 1-Port SATA o

"""""""""""""" | | A A 2-Port SATA

Controllér 7L el A&z 28



New Logical Protocol
Specifications

AHCI

¢ AH CI (Inte!: . IntelO| C}==2| Vendor0f 2|3t Proprietary Protocol

SATA HBA Controller= 2 ©QI8l| A{ SATA HDD7} a2& o

— Introduced as the 2 Intel Platform0f| £&te|X| 23k}, AHCI Specg XA
Serial ATA St AHCI ControllerE Intel Chipset0f LjZEst.
Programming Interface SATA HDD Programming
in 2004 by Intel -

intel, = Csili
. James Boyd (inteD) S22 icon
— Designed for HDD L
— Key Features: SERIAL A
» Native Command A! T
Queuing (32 Cmds) PCle-to-SATA

* Power Management
Features (Slumber,
Partial, etc)




New Logical Protocol
Specifications

Chipset System Memory

AHCI

HEA AHCI
. AHCI= 10t

. £ QoA Bt=
< PCI/PCI-X 7 > 0f7| N Oﬂ %

P2P
Bridge
< PCI/ PCI-X >

1

atia
Port
Nhﬂtl lier
7{ AHCI

HBA

Of
Of
Of

2zl Spece 2 SATA HDD
Mo, A= SSD7} EHY
Xl Spec

T

AHCI & SATA Deployment in Intel Architecture

Controller 7Jj2HE! MTSFE =M @




New Logical Protocol
Specifications
« NVM Express MVHT

— Introduced as the PCle SSD Programming Interface in
2011 by NVM Express Working Group

« Lead by Intel (Amber Huffman)
— Architected from the ground up for performance

— Designed for SSDs, with Scalability for Future NVM
Technologies (64K cmds, 64K Qs) Key NVMe Players

— Key features:
« Optimized Interrupt Architecture for Scalable I

inir
CIsSCO

http://uk.hardware

nvm-express-wher S OIDT

Controller 712 E M3 FE =M
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New Logical Protocol
Specifications
« NVM Express MV,

— Command Processing Flow

Host Writes Command to Host Processes
1) - 7 :
/ Submission Queue Entry / Completion Entry
Submission Completion
Queue Queue MSI-X
. Interrupt
HBEL\I;VI;.;?S — A Host Writes
Joorh . 8 Doorbell
Signaling 3
g ToRelease
New Command 3 .
. : Completl.on Entry
Controller ertirtzger :
P Fetches Completion Entry, *
: Command 5 Indicates Most 2
: Recent SQ :
: Entry Fetched ¢
Submission Queue Controller Controller Completion Queue
Tail Doorbell Executes Generates Head Doorbell
Command Interrupt
Controller

Controller 7J&E! MS M AMSUN
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New Logical Protocol
Specifications

« NVM Express nNvAl .,
— Large Scale Parallelism: Many & Deep Qs

— Optimized Interrupt Architecture: MSI-X
Vectored Interrupt

Controller
Managment

-
=
w
ko3
P Ty
=
-l
>
mewwww
=

NVMe Controller

Controller 7J&E] MT = £ M




New Logical Protocol
Specifications

Apos
OS/File System ' Legacy SATA
Upper Driver Layers
O‘ 9 e SATA Express/AHCI
ARCI NVMe e SATA Express/NVMe
| Oriver | | [ S
= Host
PCle :
[ Root Port Chip
Set
onfigurable SATA
____jportorPClelane § |
Legacy | 1 | PCle SSD
SATA OR PO Bhy Device
Device PCle Link
| 0 SrASpOTtY |
!j E! F ) AHCI NVMe
@t/el _ Controller | Controller .n/ EXPRESS D)

SATA Express SSD 59/

stem Example
ontroller 72 El

SATA / PCle (

du 42

il




New Logical Protocol
Specifications

How?
« AHCI vs. NVM Express ] s s e

—_ =

AHCI nvm -, St7] i M= 2

Programming Model H &

Uncacheable Register Reads 4 per command |
0 per command
Each consumes 2000 CPU cycles 8000 cycles, ~ 2.5 ps

MSI-X and Interrupt Steering - . How?
Ensures one core not I0OPs bottleneck . MSI-X Vector

Interrupt AFE

CETE RS GRS TN R LG IGEELR R Requires synchronization No locking, doorbell
Ensures one core not IOPs bottleneck lock to issue command register per Queue |

Maximum Queue Depth 1 Queue 64K Queues How?

Ensures one core not I0OPs bottleneck 32 Commands per Q 64K Commands per Q . NVMeO|A M2 CI2
Submission QE A7) A
Command parameters in Name Space% %%E"QE

Command parameters
require two serialized host

Efficiency for 4KB Commands

4KB critical in Client and Enterprise DRAM fetches one 648 fetch M 7S
NVM Express is optimized for SSDs, replacing the decade
old AHCI standard designed for the hard drive era I D F 201 2
http://www.nvmexpress.org/wp-content/uploads/2013/04/IDF-2012- T

NVM-Express-and-the-PCI-Express-SSD-Revolution.pdf
Controller 7{&El M= M
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New Logical Protocol
SpeCiﬁcatiOnS NVMe is Superior

to AHCI

* NVM Express o AHCI oo e

Completion

, 10 Request Submission Q Completion Q =
IO Completion i
— Interrupt Controller 74 MZ&E M




New Logical Protocol
Specifications
NVM Express Is

Capable of
Achlevmg ngher

In Servers or
Workstations.

« 100KIOPS / Core

e In Total, 1.6MIOPS

Controller 72 E]



New Logical Protocol
Specifications

« 16-Core Server Example =S
Xeon E5 CPUs Memory DSBF'DIG/SAS

{kio’& cores f:socket OP1 AERE BRSL . Dual Processor Server Board

2 QPI links RDIMM. UDIMM 16 DIMM E oy
, . 16- xpandabilit
N Xeon E5-2600 N Xeon E5-2600 VE: g s _— __., . 134

- -800 to -1600
- Up to 3 DPC
= 4 chan/socket

Manageability
Node Manager

Data Center
Manager

C600 Series PCI Express* 3.0
Chipset
(" C600 (Patsburg)

Optimized Server PCH
Integrated Storage:
Up to 8 ports 3Gb/s SAS
\__SAS RAID 5 optional

40 lanes per socket

NVM Express SSDs are Attached Here.

[ e e e o e e T

@ .
e it

> ———
5 e e b

Controller 7]
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z
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New Logical Protocol

Specifications
° SCSI EXpreSS %r:icc,%mmitteeﬂo

— SOP (SCSI Over PCle) + PQI (PCle Queuing
Interface)

— Still in the Draft Stage in T10 (INCITS)
Discussion

\STA’ @ Seagate

SCSI Trade Ass

Controller 712 E M3 FE =M



Samsung PCle SSD Controllers

http://www.anandtech.com/show/7058/2013-
macbook-air-pcie-ssd-and-haswell-ult-inside

« XP941 SSD (UAX)

— Performance
« Sequential R/W @Gen2 2-lane = 790/750 MB/S

800 QuickBench™ 4.0
| — [ Selected Volume: | Lo Macintosh HD 4 Asynchronous 1/O ]
(= | Volume Type:  MacOS Extended [ Cichs Brect 0
C Volume Size:  232.961 Gigabytes Read Delay: 30 ms el
Free Space:  217.972 Cigabytes Write Delay: 20 ms >
Extended Test (20-100 MB) - Numeric View $
| Transfer Size - Read Speed Write Speed
20 MegaBytes 785.154 MB/Sec 751.489 MB/Sec
30 MegaBytes 788.409 MB/Sec 767.448 MB/Sec
40 MegaBytes 791.074 MB/Sec 746.946 MB/Sec
50 MegaBytes 791.678 MB/Sec 727.163 MB/Sec
60 MegaBytes 792.496 MB/Sec 747.359 MB/Sec
70 MegaBytes 793.382 MB/Sec 728.795 MB/Sec
80 MegaBytes 793.550 MB/Sec 736.025 MB/Sec
90 MegaBytes 793.831 MB/Sec 733.058 MB/Sec
100 MegaBytes 785.228 MB/Sec 734.025 MB/Sec
Extended Test Averages 790.534 MB/Sec 741.368 MB/Sec
Test Option: Test Status

Cycles: 10 :

Extended Tests Completed Successfully

® 2000-2012 Intech Software Corporation « www.SpeedTools.com

mr7hlal-I=II=I i M

New MacBook Air ( WWDC 2013)

8eno

| ¥ Hardware
ATA
Audio
Blugtoath
Camera
Card Reader
Diagrostics
Disc Burning
Exhernet Cards
Fibre Channel
FireWire
Graphics/Displays
Hardware RAID

Memory
PCI Cards
Parallel SCSI
Power
Printers
SAS Vender e anpie 27
Product S50 Contraller
5Pl Physical Interconnect: PC
Storage Link Width: xi
Link Speed: 5.0 CT/s
g:"d"b"'t Description: AHCI Version 1.30 Supparted
¥ Metwork APPLE 55D 5M0256F:
Firewall
Locations Capacity 251 GB (251,000,193,024 bytes)
P, Model APPLE 55D SM0256F SMO256F
Volumes Serial Number: S1EWNYAD501835
WWaAN Native Command Queuing: Yes
Wi-Fi Queue Depth iz
Removable Media: No
¥ Sofu

Software Detachable Drive: No
Accessibiliny BSD Mame: diskd
Applications Medium Type: Solid State
Companents TRIM Supgort: Yes
Devel Partition Map Type: GPT [GUID Partition Table)
E'ﬁ'::ﬂ‘:pﬂtl’ll; S.MART. status: Verified

' Valumes:

Fonits diskis1:
Frameworks Capacity: 209.7 MB (209,715,200 bytes}

Installations BSD Narme: disk0sl

| \m Anand’s MacBook Air » Hardware » SATIN'SMAE:D'&“ » Apple 550 Controller
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Future Works

« Memory Hierarchy Vertical Optimization
Using a PCle I/F SSD

— Low Protocol Overhead With PCle I/F

— Example: Virtual Memory Expansion in
MemcCached Servers

Controller 7J2E] Al = £~ M



Future Works

MemCached Server Example
 Virtual Memory Expansion Example:
MemCached Server Virtual Memory

— Large Percentage of Data Remains Relatively
Constant

é')\)‘,‘i\‘@:
- Wikipedia Page Contents Wil vl

 YouTube Video Links - Yﬂu TUbE
o - NETELX

* NetFlix Video Links
— Poorly Designed Solutions Regenerate Data on

Each Request

* No Regenerate - Reqgurgitate

 Caching != Buffering

oy

I"|)|

Controller 7j2HEl MS



Future Works

MemCached Server Example

1. An application first checks to see
if the data is in the cache, which
is usually held in DRAM.

2. If so, the data is returned very
quickly.

3. If not, the data is retrieved from

the underlying database, such as

App App App App MySQL, and added into the cache

for the next access.

internet

/(node )( node ]( node)\ \

( node )( node )( node )
( node )( node ]( node )

( node ) node |( node )

( node )( node ]( node )
\ memcached /

Conventional DRAM Main Memory Conventional HDD

— - PCle SSDs through Virtual - SATA/SAS SSDs
Memory Expansion Controller 7JE] Mo FE =M

Mast Master | | Mas M

Backup| |Backup| | Backup| |Backu

user partitioning
databased /




Future Works

MemCached Server Example

* Virtual Memory Expansion y, — E
Example: MemCached DSBF-D16/SAS

Server Virtual Memory . Dual Processor Server Board

— # of Nodes Decreases by
1/16

« 16 Nodes, 128GB / Node in
DRAM

« 1 Node, 2TB / Node in PCle
SSD

— Value Shifts From Processo
& DRAM To Flash




Future Works

MemCached Server Example

Caching is a perfect application
for high-performance, high-

internet

Value Positioning
Processor <

capacity, NAND flash storage by
DRAM & fully utilizing high bandwidth of
SSD S & PCle interface.

Mem Cached with
PCIe SSD
16 Nodes = 1 Node

/(node )M(ﬁq\ Master| | Master| | Mas M \
(St ) ot ) (o

() o) ]

MMM Backup| | Backup| | Backup| | Backu
) S ) (e

user partitioning
databased /

\ memcached /

Conventional DRAM Main Memory Conventional HDD

— - PCle SSDs through Virtual - SATA/SAS SSDs
Memory Expansion Controller 7|&El MSx &M




Future Works

MemCached Server Example

Real World Example %Fugam

Without Schooner W

32servers, 17.9 kW 4 Membrain-

Mem Cached with PCle SSD il
. TCO saving & Energy saving :
. 32 Nodes = 4 Nodes (12.5%)
. 18kW - 2kW (11.1%)

Traditional memcached in DRAM versus
Schooner Membrain and Fusion-io drives

http://www.sandisk.com/products/enterprise-software/membrain/
Controller 7j2E! MSx &M
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Future Works

DRAM Interface SSD Example
* Interface Optimization

« Example: PCle > DRAM Interface

Publication number  US20130086311 Al
DIMM-based SSD technology should

Publication type Application . .
o be looked at as a serious alternative to
Application number  13/629,642 expensive high capacity DRAM. Since a
Publication date Apr 4, 2013 single SSD DIMM provides far inure
Filing date Sep 28, 2012 capacity than DRAM DIMI\/I can, the
S Dec 10. 2007 system can then use this storage as a
Priority date o cache or paging area for DRAM
Inventors Ming Huang, Zhiging Zhuang operations.
Original Assignee Ming Huang, Zhiging Zhuang

http://www.storage-switzerland.com/Articles/Entries/2011/8/26 SSD DIMM -
An_Alternative to PCle SSD.html
http://www.google.com/patents/US20130086311

Controller 71E 8 M3 &E =M
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Future Works

DRAM Interface SSD DRAM Interface SSD Example

- ML 2%k Main Memory X& 7tstt £FM

- NAND Flash Subsystem?| 4&0| PCle CHEZS H= £
M5 SSD /| 7ts

- PCle I/F CHH| System ®™H| & Q1 PCle Traffice| 0| 2 7|X o
Z Z0{=7| W20 System K| =2l Thermal/Power 71}

=1}
- dWl= 5T L2 71" =& (MAIE EXE?) DRAM Interface SSD Architecture
- Interrupt A5 5 DIMM A2 S ES|M O{EH MYEX| =
ST 22 ____ | \
' NAND Flash Chips DDR3 Chips J
A s N 4*‘-
___-_—__—_-:____-; e L0 - DQ o
¥ s |
NAND Flash Controller Data Interconnect
‘ DOS r ?
Value Positioning AHCI / NVMe Controllerl DDR3 I/F Controller.
DRAM ‘ I 4 ‘ 1%

>0 k ' : (\ml ADR [)(,*[)Q'
Interrupt  Figure s 4 YDQS 100

Controller 7j2WE! MSF= M




Diablo Technologies: eJk
- RR/RW = 150K / 60KIOPS

e rcessroves - EOture Works

DRAM Interface SSD Example

PCle AHCI / PCle NVMe /
PCle SCSIe / ...

Eontro"er 7H!EIE,=| !nlg!-.-s -,-!ﬂ_, | @ ml



Future Works

SATADIMM http://www.vikingtechnology.com

Controller 7j|'Z}El

DRAM Interface (?) SSD
Example

Cf. NVDIMM (Non-
Volatile DIMM)

— Battery-backed DIMM
(DRAM Only, No Flash)

>NVDIMM
(SSD O}))

MEE 4



http://www.vikingtechnology.com/arxcis-nv

