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ProTem Project

. Siglead Europe participated in the ProTem
project

- 4 year EC-funded project

Partners: University of Exeter, IBM
Zurich, Numonyx, CEA LETI, Fraunhofer
ISIT, RWTH-Aachen, University of
Twente, Plarion

t':l:’.&:-_ BINERFORFMFEAVRE Hik

Aim: To develop probe storage micro-

[T [T

- nano techniques and systems for ultra- LEL WENMRATERAF N PRI -38-10
—BCH(110bit/1KB) H high capacity, low power, small form- < 5
=~ (HRPC+2DFC+3DPC) H factor memories, with a particular focus #K%ﬂi ) —

21| - ~(PG+30Pe) i on archival and backup applications.
=0~Hard LDPC |
~0-1-4it LDPG 1 / / . Common to all proposal for probe storage

4| | &~ 2-bit LDPC H systems is an array of thousands of AFM

3-tit LDPC i 1 j probes reading and writing in parallel Eo e P I 4
- 4-tit LDPC

“High Radix” LDPC:

: Tanner Graph
/ | b= 2 merge variable/check nodes of binary LDPC...
! /

10 :
i
i
-12 i
1

2| FlashMemory

& '(ﬁ‘

||
|/
I

14 1
15 245 24 235 23 225 22 215 -2 -205 -2 -195 19 -185 -18 -175 -17 -165 -14

SIGLEAD Inc. 5



SICGLEAD™

A7 ESR

2OU—R #haE (KF)

et
TEFEAED

SIGLEAD
EUROPE Ltd.

s DETIERS

iR DETIER =S IN—RF 4 XD

\ itz fts /

sCEkz<IEFHER D

/7 _ \
THEANERM

/

REXRE

NAND, HDD

ASIC

SSD Controller BCH, RS, LDPC

SIGLEAD Inc. 6



I

I

» NANDTS w1 XEY I
MELEEE (SigNASSU—X) |
I

I

I

> HDDNAY RIEERE

i REER
mOIER et

> S LEEFPGA/‘I'\ =
> = DETIER=SIP
BCHfFS. LDPCH=.
Reed-Solomonfis & &

T I
|
|
|
AL —2HRFEEE . N [P5SZE - 0Dl N




2.SSD1>

MO—3SLSI

=54 >FwT - FTECCHAtadD—4H|
MBE DR D ETIE 21T
sIffESR (Endurance, Data Retention)

£

ES T

Firmware / SSD Module sHii#55R




SICLEAD"™

SIGLEAD Inc. 9



SA>FvD

Process Node

Channel
Package
Sequential Read
Sequential Write
4K Random Read
4K Random Write
Cache
Host I/F

ECC

Encryption
Wear Leveling
CPU
TLC / 3D NAND

65nm LP
8
441ball BGA

550MB/s

520MB/s

360MB/s

310MB/s
DDR3 Max.1GB
SATA3 (6.0Gpbs)

BCH + HRPC+ 2DPC +
3DPC + WCC

AES 128bit / 256bit
dynamic / static
32bit RISC
Fully Supported

28nm
8
461ball FC-BGA
T.B.D
T.B.D
T.B.D
T.B.D
DDR4
PCIe Gen3 x4 (NVMexti)

BCH + LDPC
based SIGLEAD original

AES 128bit / 256bit
dynamic / static
Undisclosed

Fully Supported
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New Technologyl: High Radix LDPC Like Code

New Technology2: Cascade Decoding )

log, (UPER)

h, h,, 0 0 0 0 h, 0]
hy 0 hy h, 0 0 0 ©
0 0 hy 0 hy h, 0 0
(0 0 0 0 hy 0 hy hy

Rtz EM (EFlash Memory Summit 20150
RERENEZELSZEL

7x4x512B LTCOLEA(ring). lma‘ ”=BO, aux=1B, crc=4B

—— 28xBCH(5256,4136) - 80bit correctable
=——BCH(147164,115808) - 1742bit correctable
~==LTCOLEA(ting) 7x4x5128, 1=80, V/,, =368, V, =448 (countec)

g

L LTCOLEA(ring) 7x4x512B, t=80, Vgluh=36B‘ VIDC=44B {theoretical error floor) |.......

Sk

.SL2007D

\‘ I ) x100000000
SL2007C

e | : x10000

Iogm(
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High reliability

& NAND Flash

Siglead ECC  conventional NAND

NAND Flash

BCHcode &

conventional NAND

Low cost

& NAND Flash

Siglead ECC  next generation NAND

BCH code & hlaUN:EE

next generation NAND

automobile

medical equipment

industrial equipment

-
(o

IT appliance
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Endurance/Data Retentions iR (MLC)

Controller : SIGLEAD SL2007D
NAND Flash Memory : Toshiba, 15nm, MLC, TH58TFGO9DFLBASC, BGA132

(SIGLEAD ECC)

Data Retention (month)
P/E cycle
0 6 12
3,000 PASS PASS PASS
10,000 PASS PASS PASS
15,000 PASS PASS FAIL
(BCH)
Data Retention (month)
P/E cycle
0 6 12
3,000 PASS PASS PASS
10,000 FAIL
15,000 FAIL
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Endurance/Data RetentionsFli#EER (TLC)

Controller : SIGLEAD SL2007D, NAND Flash Memory : 2D-TLC

(SIGLEAD ECC)

Data Retention (month)
P/E cycle
0 6 12 24 36 48
300 PASS PASS PASS PASS PASS PASS
600 PASS PASS PASS
1,000 PASS PASS
1,500 PASS
2,000 PASS
3,000 PASS
(BCH)
Data Retention (month)
P/E cycle
300
600
1,000
1,500
2,000

3,000
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Firmware / SSD Module sF{lii=5R
FEERR  TE UJ=Read/Writel4ge#E£1R

= CrystalDiskMark 5.1.2 x64 — X
File Settings Theme Help Language
- @ HD Tune Pro 5.50 - Hard Disk/SSD Utlity - o x @ HD Tune Pro 5.50 - Hard Disk/S5D Utlity - o x
- Ty -
- [1GB | [D: 0% (0/894GB) v| TR T
Read [M B/S] Write [M B/S] ib’s‘sﬁnjsnaa (360 £B) vl 3|--c BBk ells @ Exit i‘lzjé“ﬁﬂaa (960 £B) vl 3|--c BBk ells @ Exit
Seq | ‘ [#) File Benchmark [ Disk meniter G AAM [3) Random Access [ Extratests 9 Benchmark fi nic oh Health @ Error Scan [ Folder Usage W Erase
Q3271 5 5 z z 498 9 2 Benchmark §i info o Health @ Error Scan [ Folder Usage W Erase [@) File Benchmark [ Disk moniter G AAM [ Rendom Access e Exratests
| ] | s
1 5.00,
— | |
3271 3 1 1 2 2 8 2 8 O fead ©fead
Q L L @ Write O Write
| | short stroke short stroke
1 493-4 458-0 -t s L =
[A Transfer rate
Minimurr 14 KB align
118.61 |72/39
u u Maximum
e —— 341.2 MB/s
Average
299.9 MB/s
[ Access time B
Ble View Hep [ 00t | osonl
- = [ Burst rate I T ity i | e
M S| 2 |x? 576 672 768 854 96008
Drive: [T | T Force Wiite fccess [v Diect /0 ~ CPU usage transfer size | operations / sec | ave.access time | max. access time |  ave. speed
- .
" 4857 I0PS 0.205 0510 2372 MB/:
Trensfer Sige: [A12B v to [64MB + ; g”%m‘”a;'lsfg sebpe | 4S710FS | 1205 me | 1St | 2370 Mnss
* Dverlappe
TolalLength:  |256MB = " Meither @ HD Tune Pro 5.50 - Hard Disk/SSD Utiliey - o0 X { € HD Tune Pro 5.50 - Hard Disk/SSD Uiy - o x
Queue Depth: 4 ~ File Help ’ File Help
Controlled by SL_SSD_960GB (360 ¢B) v 8|--c BBk ells @ Exit SL_SSD_IB0GE (360 £B) vl 3|--c BBk ells @ Exit
= B #1216 #0.16
PP — [#) File Benchmark [ Disk meniter G AAM [3) Random Access [ Extratests 9 Benchmark fi nic oh Health @ Error Scan [ Folder Usage W Erase
s @ Benchmark i e &b Hesltn @ Eror Scan [ Folder Usage W Erese [#) File Benchmark [ Disk moniter P aam [£] Random Access i Extratests
Wite m— Foad m— Wite  Fiead Dive
5126 [l 29824 35144 ®Read 5
1KB 59648 B5E27 O wiite hd
e g Dsronsoke
& KB - 351325 320881 0 S ECE
15Kp - 430248 02676 [0 Fue
32KB 482527 464703
B4KB 459009 506257 Minimurr Data pattern
126K [N 509596 523518 Zero v
256KE 433112 542708 v
512KE 502923 552841 st 450
1 MB 438056 547827
2MB 434511 554109 Average Sequential 454044 KB/s| 422152 KB/s
4MB 457189 550323 s 3677 I0PS| 17833 I0PS
8 MB 493674 52841 K8 random single -
12MB 46723 548770 FAAccess time AK8 ndommuti [ 5 72700 10PS| 65518 IOPS
18 MB 433674 552841
436545 548770 . !
§§ ME 493674 550323 [ Burst rate [ 8lock size measurement .
13 ME 490044 549072 5 MBIs Wread Wwrite
54D 495085 550323 CPU usage
00 200 500 400 500 600 70D 00 S00 1000 [0 ] B Filelength
Transfer Rate - MB / Sec 18 v »
I_I ATTO Disk Benchmark v3.05
iy attotech.com b
< >
For Help, press F1
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Firmware / SSD Module SHili#ER (2)

H—)\—Hi& : Intel 3520&LERT. AFEULLELDRVLEREZER

DHO0904A Vs Inter3520 performance comparison
--BW (KB/s)
600000
500000

100000 R/W Performance
- I I after 1 hour 128K Sequential Write

Steady 128k 4h Read  Steady 128k 4h Steady 4k4h rand Steady 4k4h rand
write read write

® DH-0904A m Intel3520
Comparison of 128k 4h read test Comparison of 128k 4h write test

600000 600000
500000 : [d [d : 500000

400000 ® 400000

300000 300000

200000 200000

100000 100000

0 0
0 2000 4000 6000 8000 10000 12000 14000 1601 0 2000 4000 6000 8000 10000 12000 14000 16000

® DHOS04A @ Intel3520 ® DHOS04A @ Intel3520
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NANDISY A XEUFIY - SIGNAS3 1o suadcom

SigNASIID#EZkiktE T, BER AA =R
BATRENZSI SMERDS, B | spgrx | oM #28smmxstsmm
NANDD Sw= 1 XEUDXRT ER AC:90V~264V (DC:15V/40A)
ANRBEVPKRERT —YEUS(C SHEE S 360W XHI7R— ReLEHE
AHEUET NANDEIEEE | BA128M8 xH JR— ReLIEH
I/F USB2.0, USB3.0, Giga Ethernet
Feh 05 [F >(’I/>7|_§— l< '40’\’1050(:
M3 BIR—K  -40~105C
- AA>R—RKR 0~55C
BFmE BIMR—-K  -40~85C
<$Raein>

> AAR— R, HIR—R
> BRiER—JIL. 8FRI1I-v b
> BRIV D O )7
> NANDO> bO—Z[EfEET 7 — A
& -t (A1 >2ih— RI(CES)
HIR— K - TSOP4 BGA152 > 1RIFERBAE

SIGLEAD Inc. 19

AA SR— R




SIGLEAD"™

HhA 0045 o>0—R

NANDISWYS I XE UTZ& Slq NASII http://www.siglead.com

BEA—H—DNANDIT S v =1 XEYDEEIE
if. TS—f#th, TS—RERRDUID DT,
RDETIERSOMRAEREZSRICITOCE
MNTEDFRNZATLATT

<@V I RDTIF7TCETDZE (FrFH) >

> T>—L— NHIE (Bit Error Rate, Page Error Rate afer ECC)
> Data Retention JBIXE. Program Disturb BJXE. Read Disturbii|E

> TS —mfET (PagefkiF4. Columnikiz|4)
> Program /{5 —>:%7E (Increment, Pseudo Random, Page Stripe 7&¢&)
> VORI A LNAITE S

> AV T NEITHLEE ECRl o TRt
<S> - o e | EH S E
> TH—HR— R, R—F—R—RK i T =
> Y I RO T 7 e nr
> NANDOI> RO—SEEE T 7 — A
(YWY —R— R(CIEE)
> 1RVESEAE
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SigNASS U —XDERAEIE o
HITACHI SONY FUJITSU

Inspire the Next
g 'é Panasonic

MITSUBISHI
HUAWEI ELECTRIC

wwx) HAVaGO SIEMENS

TECHNOLOGIES

KEYENCE FANUC 5580 (¥
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UFS

eMMC M.2 pcIe (NVMe)

SD series M.2 SATA III

2.5" SSD MSATA
CFast / CFast 11

Half Slim
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= = ~ HhAO05o>0—R
ﬁﬁb ETIE?W%IP http://www.siglead.com

SSD/HDD> hO—SLSI FFE TIE > IefFflie R — X (C UFEIP
BEVET XD, IS5V 1 AFEURERLWVLDEFICISHDIEE

2RO ETIERSIP IR

SSD/HDD . | > BCH#&S ! ERBEME
3> hO—-5LSI ) | > Reed-SolomonffS ey
paFe > LDPCHIS | RiE

> NANDI> O—Z | B {5R4ULIE

<BHZE>
HEFRODEL(CEDETRHEALET

- IPSAtZ> X - RTLY—XO—F - FPGA®RY FUX
- ASIC*Y NUX K~ - CPU/DSPY—XJ— R etc.

IPONRINA X, EILEIEEHEETERIRET I . BIFTHMRSTZS0N,
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— = " R HA/OT5FD>0O0—R
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> mLAD/ DATE\.%ZO)”’&H% 'J /j‘) I/FPGA/‘I'\ I~

FPGA )L S &E StratixIV

ADC 12bit 1Gsps 8F+ > =)L

DAC 14bit 2.4Gsps 4F+ > Il
AEU DDR3 SDRAM 204 E > Unbuffered SO-DIMM (Max 4GByte)

USB2.0 : B4 (x1)

NS> —)VEHSMAORIAS : TX/RX 16/R7 (Max 8Gbps)
O>wO7FSAHAMICTORIRISY (A—H—32E>)
DIPX1wJF (x16)

JwamRa> (x1)

LED (x8)

M—RARGIIAXEHEITEAO>THENET,
[ REIA XEHE—HI]
- 8bit 5Gsps ADCI&&FPGA/R— R
- 16bit 105Msps ADC 18chiZ&FPGA/R— R
- WiFIi€E> 1 —)UEEFPGAR— R
- 5GHz OFDM{ES R4S s FPGA/R— K
SIGLEAD Inc. 27
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USB
204pin DDR3 SO-DIMM Connector

e
SP99°Z,::.:2"”Ei BRI
e 5;..EE E‘§

Trancele
TX x8 / RX x8
. : E a:

EE




