Paxblsk

Flash SSD = AL~ T

NVRAMOS 2015

orAC|AT
FPGA 7|8t =239 SSD 47|

2015.10.22
TACIAT
olcy3|



PaxDisk NVRAMOS 2015
TFAL

IFEIZACIAT L ALCIAT SSD M8 Na

s R
WAC| AT SSD 7|20| EFRYEl WAty 2ot




PaxDisk

IFIHACIA3

NVRAMOS 2015

PaxDisk SSD Product

M VxWorks / Linux 3! ZtZ= OS 7|8to| SCSI QF PATA 4! SATA QIE{H 0| A SSD X| ¥
M SATA 6Gbps , PCI express 2 XMC , USB 3.x Interface X|&
-~

L)

SOLarIs

VxWorks 5.5.1
VWorks 6x

05/2 Warp 4.0 MacO5 6x ~ 9.x

Fedora Core & Open
MacQs X

Fedora7 Solaris 9

Cmbedded XP

# HI-SPEED
ULTRA
- USB

PCMCIA
CompactFlash

PaxDisk

Flash SSD

L Manufactured to OEM Specifications

g &

Internal 3.5 Inch SSD 24GB ULTRA NARROW SCSI

. PXD35US-24GB-X-P50-A
fﬂ/ ® Flash SSD
) e ——

i SERIAL
ULTRA
10"
CompactFlash 2.5" 25", 3.5 3.5", 2.5"
_CrAST PATA / IDE SATA ';!f!%g P




PaxDisk
E SSD X[& 219l Y

IFIFHACIAZ

1.0 inch 1.8 inch 2.5 inch 3.5inch Special USB
T PMC&XMC _ USB 2.0/3.x

PATA 2.5 S5D

SATA 2.5 SSD

PCl express

UItra

SCS12.555D




PaxDisk

NVRAMOS 2015

— — N\ ——
IFI=HALCIAT
PaxDisk 2 IP 8l H S AtH| ozt
Core-A G1: 300MHz 80E04 Sampling Modulel
P [ XH| B . AH| B .
cl Core-A G2: 800MHz o Al 80E04 Sampling Module2 o 3
PaxDSP16: 300MHz 3 80A02 EOS/ESD Protectl Chip Mounter
=
PaxVR8: 1GHz 80A02 EOS/ESD Protect?
80A05-10G CDR Module
I AMBA AHB/APB 80A06 Pattern Sync Trig MEFZ=0l7|
- | P80318 Dual TDR Probe | | Compressor |
c AMBA AXI 64bit P80318 Dual TDR Probe Compressor
| P7380SMA 8GHz Probe |
>AXI Interconnect 9 P7380SMA 8GHz Probe m—
>N P7513 13GHZ Tri-Probe 28H7|
ry Maufelliyeclii TS 5 0_P7313 13GHz Diff Probe CO2 20X otz 7|
T RARL BUS Matrix *N"P7206 6GHz Probe
AXI SRAM Controller DS ACHZ Probe _
[0}
AXI SATA Controller TCA-BNC x 2 ~ N IBM X3250 Server
AXI NAND Controller : SATAG] Protocol Analyzer
! TDS6804B : 8GHz Oscilloscope
AXI 2 AHB Bridge SATAG?2 Protocol Analyzer
AXI 2 APB Bridge TDS3032 : 300MHz Scope SATAG3 Protocol Analyzer
AXI 2 AXI Bridge AWG7102 : 10GHz Generator PATA Protocol Analyzer
- | SCSI Protocol Analyzer |
> [L_APB Interrupt _l_TLA-7P4 Logic16M Depth e Yreliele el TaN: V)
S | _PCle Protocol Analyzer |
ol APB Timer >N TLA-7E2 1GHZ OSC PCle Protocol Analyzer
N | USBGL Protocol Analyzer |
APB UART =B P6434 Probe USBG1 Protocol Analyzer
| USBG2 Protocol Analyzer |
APB GPIO P6245 1.5GHz Probe USBG2 Protocol Analyzer
; USBG3 Protocol Analyzer
APB_SPI TLA715 : Logic16M Depth :
APB 12C NTSC Video Analyzer
TLA714 : Logic128K Depth Xilinx Virtex4/5 B/D
Hybrid Mappin -
T s i TLA5203B : Logic2Mb Depth Altera Arria2/10 B/D
™ W Differential WearlLevel
Confidential Copyright © 2015 PaxDisk Co., Ltd.



PaxDisk NVRAMOS 2015
IFIHALCIAS —

o} A C| A3 FPGA 7|BF SSD2013 Z2H =

]

;:

4 p
<  Core-A
- 75MHz

SATA PHY

7|& ARM7TDMI MCU = Core-A 2 CHA| > ALTERA PHY
7|Z RS-ECC & BCH ECC 2 CHA > SATATI
7|Z& CPU + SRAM + SATA + FPGA = SlElIo 2 K| % NAND flash

> 4x'd NAND Flash ZHEZE 2
> 256GB

DRAM
- DDR 150MHz

REMAP Resat
TIMER
GPIO
UART
WoT

||n:n-o
g8
gre: re
|
—-Dmo

INTR
P

SPl
[} T 5 Bridge HP 12C
SYSCON

28591KB BCH ECC
NAND Conéroller

SATA Gan1/Gan2 Mo

70 KB BCH ECC
BHY Controller LPOOR

NAND Consredier

NAND Controller

28t iKB BCH ECC
NAND Controllar

l |
[ I
[ ]
i |
[ 28bY1KB BCH ECC |
L ]
E |
t |

ISSUELl. Ms x|t
ISSUE2. %%ﬁ K| st
\_ ISSUE3. Power Cycle Fail y




PaxDisk

NVRAMOS 2015

IFIFHACIAZ

DALAA FPGA JlgH SSD2015

=
=

%ﬂ

=L
[

NAND

NAND

NAND

NAND

NAND

NAND

NAND

NAND

2M|CHol| HSH
NAND 4xX S M 8XHE 2 S 7} (28bit-1KB BCH ECC 8x{d
FRAM X0 2|t Power Cycle Fail 2X| |2

SATA 6Gbps X| &

2571 EAielet

4ch

S x4 =

Block Diagram

eeeee

Gbps
PHY

N1/

AN

RS-232C

PaxDisk
Flash

SSD

Controller

LP
DDR

FRAM

2 TeraByte SLC Flash SSD

4ch

A

—

NAND

NAND

NAND

NAND

NAND

NAND

NAND

NAND

;

Hcore-A !
|

ssbce }

KOREA ES |




PaxDisk

IFIZACIAT TZFAC|A 3 FPGA 7|HF SSD2016 Z=HZ oA

Storage SoC ASIC

Linux
—

DIVE] WiFi Comm TCP/IP
Core Module SHA256 Link for DeDup
CPU I/F I/F WiFi
. I Core-A#1 : Linux 3.x.x - WiFi
64bit AXI Interconnect Core-A#2 : FTL 2! SSD

SATA mDDR 8-16ch Host System NAND
I/F I/F NAND Control Manage Control
A EE|X|8 SoC gt & AEZ|X|E F/W

24 AEX AR 5B




NVRAMOS 2015

PaxDisk

IFIHACIA3

A CIAA FPGA/ASIC JIEH FM2015

5 23
o =

Xl

AL
e el
 —}

FroggyMatrix(Torus & £ X)
1. &iX{ Core-A O Linux

2. WEX2| TXE 8 C Compiler ZE U T MHUZE
x0_00 x1 01

x2_02
|

x3_.03
|

& Quartus I 64-Bit - C/ALTERA2012/BWB_AGX260_Gen3 Reset SATA_F4 HEXA CoreA 20130711/ARRIA - ARRIA t =8 é}
Fie Edit View Project Assignments FProcessing Tools Window Help
DEEHE@ S §BE - > [wn HEY SR T rR D & B 4w
Project Navigator & x ‘ 2 Compilztion Report
] | Table of Contents &
Entity Flow Summar R Fitter Status Successful - Thu Jul 11 15:21:43 2013
= Y m Quartus IT G4-Eit Version 10.0 Buid 262 08/18/2010 SP 1.160 53 Full Version 00J10 01}11
§2° ResCrtiRescnt B Flow Settngs Revision Name ARRIA
0% mpsocv3iu_mpsoc_vO0 B Flow Non-Default Global Settin Top-evel Entity Name Top
b 8% mpsocv Liu_mpsoc_vOl ER Flow Elapsed Time Family Arria 1 GX
8% mpsocv Liu_mpsoc_v02 B Flow OS Summary Device EPZAGX260EF2913 lXﬁlO
# 32 mpsocyLiu_mpsoc_v03 B FlowLog Timing Models Final
# 32 mpsocyliu_mpsoc_v10 » £ Analyss & Syt Logic utilization 88 % -
b 553 mpsocy1:u_mpsoc vil i = _”a"s‘s ynthesis E Combinational ALUTs 124,878 / 205,200 (61 %)
b 35 mpsocyl:u_mpsoc_vi2 L Fitter Memory ALUTS 0/ 102,600 (0 %)
b 595 mpsocy Liu_mpsoc v13 £ B summary Dedicated logic registers 89,174 / 205,200 (43 %)
b 320 mpsocy1:u_mpsoc_v20 S settings Totel registers 89174
b 353 mpsocy1:u_mpsoc v21 B parallel Compilation I":; D‘"; ‘ saf “EE((EE)
— h > < otal virtual pins
QIR - B 1/0 Assignment Warrings Total block memory bits 5,011,876 /8,755,200 ( 57 %)
ER Netlist Optimizations DSP block 18-bit elements 128 [ 736 (17 %)
& Herarch Bl Fles | & DesignUnits ER 1gnored Assignments Total GB Receiver Channel PCS 0/12(0 %)
i t » (1 Incremental Compilation S1 Total GXB Receiver Channel PMA 0/12(0%)
Tasks &/ X B Pin-Cut File Total GXB Transmitter Channel PCS~ 0/12(0 %)
+ 0 Resource section Total GXB Transmitter Channel PMA 0/ 12(0 %)
Flow: [Compilation - Total PLLs 2/6(33%)
» (0 1/0 Rules Section Total DLLs 0/2(0%)
Task o E= Device Options
> W Analysis & Synthesis |£| EE Operating Settings and Cc
4 W Fitter Place &Route) > [ estimated Delay Added fu 2% 20 02
[T Edit Settings &) Messages ==
BB view Report 4 Suppressed Messages
& Chip Planner (Floorplar > 1 Assembler
—tt—an_vne . | | 4 C£J TimeQuest Timing Analyzer  ~
< n | Ly ] v
x
5 | Tvee Message 20130 21131
w | ¢ »
8
5 \_system /\ Processing ]\ Extra fnfo_/\ Info_/\ Warning J\_Critical Warning_J\Error /\_Suppressed /\ Fisa / 3x_30 03
“ 2 [Message: 4 | [ ¥ [Location: Locate i -
0%  00:00:00

I
4|

4x4 Torus ¢+ =




PaxDisk

NVRAMOS 2015

IFIFHACIAR

)
> ZHoI5| NAND
>

> W27t oA

OACAT NES
C

NAND I/O Pad 2

Ct2 ; NAND Flash Device O Al = O]

=8 2ielo] 20| st 0|8 2 &4
Cell 2o = MZISHAX|TL,...
| +=dfet S

o7

I/0 Pad

Ve Vu:-u Voo Vis Voo \J’s’w

4
Async NV-ODR NV-DDRZ
Q70 pq(7:0] DQ[}:DJ<:: e] Address register |
WA DOS Das contral
ilah i I = =
~ 1
| Command register |
ENi EMI ENI L
ENo  ENo  ENoe+— J —
CE# CE# CE#— j Column decode
CLE CLE CLE——»  Control @
ALE ALE ALE——p lagic 2
o | MAND Flash
WE# CLK WE# ——p
:‘j a array (2 planes) I O Ce”
RE#  WiR# RE#—p] o E
WA WP WP =
R/EN  REN R/ER -Q—| | ala register
‘J I z Cache register

e —
St

ol

Q=Ool H

i | ReadnandData DRC_008 2E4leg - mgﬁ.ﬁﬁ “

[ Zam =3E 440 =27)v) csuH)
(R EEE MA0) V) SETH)

| £02000] R

g g D g S
53 T[T £ 00 = (0 00— 0 O] = 0 [ —
fom Y e Y e i e o i e )
=
in

[SLSE
o}

40




