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Company Overview

Headquarter
President
Web Site

Establishment
Paid-in Capital

Shareholders
Executives

Total Members

Locations

Yokohama-city Kanagawa-ken, Japan
Atsushi Esumi (President & CEO)
http://www.siglead.com

February 5, 2007

183million Japanese Yen

VC, Hon Hai Technology Group, Co-founders

Atsushi Esumi, Ichiro Myochin, Kazuo Migita
Yuichiro Saito

17

Headquarter : Yokohama-city Kanagawa-ken, Japan
SIGLEAD EUROPE Ltd. : Coventry, United Kingdom
SIGLEAD Taiwan Office: Hsinchu, TaiWan.
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SIGLEAD"™

Organization

Sharehold
—

B.oa rd Auditor Software
President System

Technology Digital éolut/on Unit
System Solution Unit

Overseas Overseas Engineering
Marketing Dept. of Marketing
Management Dept. of Management

Dept. of Finance

/_ ECC Dept. of Purchasing

Headquarter : Coventry, UK
SIGLEAD EUROPE Ltd. R&D team lead by Warwick University Professor

Advisor Warwick University Dr. Oleg Zaboronski | m
Chuo University Prof. Ken Takeuchi [ m
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Technical Team

v Highly experienced researchers / engineers from Toshiba, Rohm, Sony, TI,
Fujitsu, Warwick University, etc.

v" An international research team with more than 20 years of averaged
experience in R&D of signal processing algorithm for data storage.

v~ Around 80 patents in Japan, USA and UK registered as the inventors.

v" Full capability of algorithm, IC design, firmware and sales.
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ProTem Project

Cantlever amay on CMOS chip . Siglead Europe participated in the ProTem
~ project

- 4year EC-funded project

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

<3 Twente, Plarion

- Aim: To develop probe storage micro-
MEVS scenne’ nano techniques and systems for ultra-
high capacity, low power, small form-
factor memories, with a particular focus
on archival and backup applications.

Architecture of the 'Millipede’ concept (Figure courtesy I8M Zurich)

. Common to all proposal for probe storage
systems is an array of thousands of AFM
probes reading and writing in parallel
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SIGLEAD™

Core Competence

SIGLEAD
EUROPE Ltd.

SIGLEAD Inc. SIGLEAD

Taiwan Office

NAND, ECC

NAND, ECC IC/PCB Design Firmware

N\ /

N\ Tech. Integration

High Reliability Solution for Data Storage

/ ] N\
¢4 Market Expansion &

/ N\

ASIC

SSD Controller

IP

BCH, RS, LDPC

Tester

NAND, HDD
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Business Territory

e SSD |k = Tester / Analyzer juluiababr

» SSD Controller IC
» SSD Module (PCB, Firmware)

> NAND Flash Memory
Analyzer System (SigNAS)

High
Reliability

Solution > HDD Head
for Evaluation System

------------------- Data

> ECCIP Storage
BCH Code

Reed-Solomon Code
LDPC Code
etc.

=




2. SSD Controller IC

Line-up / Example of New ECC
Original Error Correction Technology
ECC Evaluation (Endurance, Data Retention)
Customer’s News Release
Firmware / SSD Module Testing Result




SIGLEAD"™
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SIGLEAD"™

Line-up
Consumer [ Enterprise
PCle SSD PCle SSD
: ~. / /
SL2007DH STYLUS STYLUS
Process Node 65nm LP 40nm or 28nm 28nm
Channel 8 4 8
Package 441ball BGA 225ball FC-BGA 461ball FC-BGA
Sequential Read 550MB/s T.B.D T.B.D
Sequential Write 520MB/s T.B.D T.B.D
4K Random Read 360MB/s T.B.D T.B.D
4K Random Write 310MB/s T.B.D T.B.D
Cache DDR3 Max.1GB DRAM less DDR4
Host I/F SATA3 (6.0Gbps) PCIe Gen3 x2 (NVMe) PCIe Gen3 x4 (NVMe)
ECC BCH + HRPC + 2DPC + BCH or LDPC_based BCH + LDPC_b_ased
3DPC + WCC SIGLEAD original SIGLEAD original
Encryption AES 128bit / 256bit AES 128bit / 256bit AES 128bit / 256bit

Wear Leveling
CPU
TLC / 3D NAND

dynamic / static
32bit RISC

dynamic / static
Undisclosed

Supported Supported

dynamic / static
Undisclosed

Supported

SIGLEAD Inc.
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SIGLEAD"™

Example of New ECC (Implemented in SL2007D)

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

Please refer to FMS2015 (Flash Memory
Summit) presentation for detail.

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

g

= 2B8xBCH(5256,4136) - 80bit correctable I PG00
== BCH(147164 115808) - 1742bit correctable
~5~LTCOLEA(ring) 7x4x612B, t=80, V/, =368, ¥/, =448 {counted)
Hine  LTCOLEA(ring) 7x4x512B, t=80, Vgluh=36B‘ VIDC=44B {theoretical error floor) |....... —
“ Reliability
| < SL2007D
® x100000000
SL2007C
x10000
[
Normal
| | | 1 1
2 2.15 =21 2.05 - 1.85 1.9 -1.85 18

Iogm(
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Original Error Correction Technology

Error number significantly reduced due to original technology

High reliability

& NAND Flash 8 6 a

5 automobile
Siglead ECC conventional NAND ; &

oM medical equipment

BCH code &8¢ SRS n
conventional NAND @ industrial equipment

Low cost

& NAND Flash

Siglead ECC next generation NAND

j —
[

IT appliance

NAND Flash

BCH code KL

next generation NAND




SIGLEAD™

ECC Evaluation: Endurance/Data Retention (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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ECC Evaluation: Endurance/Data Retention (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




SIGLEAD™

SONY released its products based on Siglead solution

SONY ELEht bH-t tabTud - ITLT IS
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2016%08H258 SO NY’S
announced its
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leading SSD
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G4 o %1

achieves longest
life time
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SIGLEAD"™

Firmware / SSD Module Testing Result (1)

For Industry: Stable read/write performance have been achieved.

= 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
- [1GB | [D: 0% (0/894GB) v| TR T
Read [M B/S] Write [ M B/S] ilg,s‘sﬁnjsnaa (360 £B) vl 3|--c BBk ells @ Exit ilg'SéD'uﬁﬂGB (960 £B) vl 3|--c BBk ells @ Exit
[ R 2.
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
5.00,
. | |
3271 3 1 1 2 2 8 2 8 O feed ©fleed
Q L L @ Write O Write
| | short stroke short stroke
Seq 493-4 458-0 LI CEREE
TE—— [A Transfer rate )
Minimurr 14K align
118.61 |72/39
u u Maximum
e —— 341.2 MB/s
Average
299.9 MB/s
[ Access time B
Fle View Help 00 me ] 000l
. 0 [ 8urst rate I - ek : ; e 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
- .
140 Comparisan 512 bytes | 14857 10PS | 0.205 ms | 0510 ms | 2372 MB/s
Transfer Sige: |512B | o |E4MB hd = R, - . e e
“ - & Dverlapped 170
TotalLength: |256MB = " Msither & HD Tune Pro 5.50 - Hard Disk/3SD Usility - O X | € HDTune Bro 5.50- Hard Disk/SSD Uity - 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 s
Read e
5128 i 29824 38144 ® 5
1KB 59648 B5E27 O wiite hd
i e s Dishorke
& KB - 351325 320881 0 S ECE
15Kp - 430248 02676 [0 Fue
32KB 482527 464703 Transfer rate
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
ove s momst P sorriors| 1033 1ors
12 MB 496723 540770 [A Access time. 4 KB random multi 72709 10PS 65518 IOPS
18 MB 433674 552841
Z er a0 Hlbusote D Blocksze messuremens
3; mg 430044 543072 s Jes Wread Wwrte
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 Testing Result (2)

For Server: Better or comparable performance have been achieved. (vs Intel 3520)

DHO0904A Vs Inter3520 performance comparison

--BW (KB/s)
600000
500000
400000
300000
200000

100000

Steady 128k 4h Read  Steady 128k 4h
write

Steady 4k4h rand
read

H DH-0904A ™ Intel3520

Comparison of 128k 4h read test

Steady 4k4h rand

write

600000
500000 : [d L4 :
400000 [
300000
200000
100000

0

0 2000 4000 6000 8000 10000 12000 14000  160i

® DHOS04A @ Intel3520

R/W Performance
after 1 hour 128K Sequential Write

Comparison of 128k 4h write test
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500000

400000

300000

200000

100000

8000 10000 12000 14000 16000

® DHOS04A @ Intel3520




3. NAND Analyzer System

NAND Flash Memory Tester SigNAS3 - SigNASII
Customer of SigNAS Series




SICGLEAD™

Catalog is available.

NAND Flash Memory Tester - SIGNAS3  hitp://www.siglead.com

New products based on SigNASII, Main-board
capable of testing up-to 128 NAND | ;. gOEl.gmmdx 498.5mm x 51.5mm
up-boar

simultaneously with advanced
analyzing features. Suitable for
massive humber of NAND Power Supply AC:90V~264V (DC:15V/40A)

279mm X 173mm X 45mm

accept_a_nce inspection and data Power Consumption | 360W (with 8 Sub-boards)
ach|S|t|0n.

NAND number Max. 128 (with 8 Sub-boards)

I/F USB2.0, USB3.0, Giga Ethernet

Storage Main-board -40~105°C
Temperature Sub-board -40~105%C

Operating Main-board 0~55°C
Temperature Sub-board -40~85%C

< Deliverables >

» Main-board, Sub-board

> Cable, Power unit

» Analysis software

» NAND controller and firmware
(implemented in Main-board)

» Operational guide

Main Board

Sub Board - TSOP48 BGA152
SIGLEAD Inc. 19




SIGLEAD"™

Catalog is available

NAND Flash Memory Tester - SlQNASII http://www.siglead..com

Easy-to-use NAND analyzer system, provides
operation verification of NAND flash memory
from various venders, error analysis, detailed
error cause analysis, measurement of ECC
performance, etc.

< Part of features >

> Error rate measurement (bit error rate, page error rate after ECC)

» Measurement of data retention, program disturb, read disturb

» Analysis of error distribution (page dependence, column dependence)
» Program pattern setting (increment, pseudo random, page stripe, etc.)
> Access time measurement e —

> Script execution to enable flexible measurement | o (5 = e e s

< Deliverables >

» Mother board, Daughter board

» Analysis software

» NAND controller and firmware
(implemented on Mother board)

» Operation manual

.....

SIGLEAD Inc. 20



SIGLEAD™

Customer of SigNAS Series

HITACHI SONY FUﬁT SU

Inspire the Next
g 'é Panasonic

MITSUBISHI
HUAWEI ELECTRIC

wax HAVaGO SIEMENS

TECHNOLOGIES

KEYENCE FANUC [ech,.. ‘Cgv
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4. Other Products

Error Correction IP
Signal Processing FPGA Board




SIGLEAD"™

Catalog is available.

Error Correction IP http://www.siglead.com

Error correction IP based on the development of SSD/HDD controller LSI
Widely applicable to communications, optical storage and flash memory etc.

ECCIP I_> Wireless comm.

SSD/HDD's > | » BCH code |_> Wire comm.
controller LSI l_/ > Reed-Solomon code
development > LDPC code |_> Data storage
» NAND controller | :> Image processing

< Deliverables >

Several kinds of deliverables can be provided to meet customer’s request

- Licensing of IP - RTL source code - FPGA netlist - ASIC netlist
- CPU/DSP source code etc.

IP customization and peripheral circuit design are also available.
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SICGLEAD"™

Catalog is available.

Signal Processing FPGA Board http://www.siglead.com

> Original FPGA board with high-speed AD/DA
» Suitable for high-speed signal processing and high-speed communication

FPGA Altera StratixIV
ADC 12bit 1Gsps 8-channels
DAC 14bit 2.4Gsps 4-channels
Memory DDR3 SDRAM 204pin Unbuffered SO-DIMM (Max 4GByte)

USB2.0 : B connector (x1)

SMA connector for transceiver : TX/RX 16pair (Max 8Gbps)
I/F MICTOR connector for logic analyzer (32 user pins)

DIP switch (x16)

Push button (x1)

LED (x8)

Customization is also available.
[ Customization example]
- FPGA board with 8bit 5Gsps ADC
- FPGA board with 16bit 105Msps ADC 18-channels
- FPGA board with WiFi module
- FPGA with 5GHz OFDM signal generator

SIGLEAD Inc. 24




Catalog is available.

Signal Processing FPGA Board http://www.siglead.com
USB
204pin DDR3 SO-DIMM . Connector

e
SPS%L.&.:&’*”Ei EE“,H

Transcele
T x8 / RX x8




