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Introduction

_ _ _ SSD TAM
 Growing demand for Solid State Drives prrrrr—rrs =

in Enterprise and Client markets -

— Time to market is shortening s i - .
— NAND Flash is the technology of choice i I ss

22

* SSD is non-volatile storage that can be « I

108

electrically erased and reprogrammed alB

+ H|gh durab|||ty (VS_ hard d|SkS) 2012 2013 2014 2015 2016 2017 2012 2013 2014 2015 2016 2017

Source. Micron - Enterprise - Client

+ Fast access times (similar to DRAM)

— Finite number of writes to a block after
which it wears out
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NAND Flash memory organization

A NAND Flash A die contains A LUN is A LUN A ‘Block’ A ‘Page’ is
memory package is Logical Units organized contains contains composed of
composed of ‘dies’ (LUN) in ‘Planes’ ‘Blocks’ ‘Pages’ 8/16-bit words

/
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ONFI protocol

 Open NAND Flash Interface Specification

— www.onfi.org

34 standardized ONFI commands
(composed of cycles)

— 1 or 2 command cycles

— 0,1, 3 or 5 address cycles
— Variable data read/write cycles

Mandatory

Commands
Read

Optional
Commands

Multi-plane

Change Row Address

Change Read Column

Copyback Read

Volume Select

Block Erase

Change Read Column
Enhanced

ODT Configure

Read Status

Read Cache Random

Read Unique ID

Page Program

Read Cache Sequential

Get Features

Change Write Column

Read Cache End

Set Features

Read ID

Multi-plane

LUN Get Features

| I
Cycle Type —{ cmp }{ ADDR }{ ADDR }—— DIN {{ DIN }—

tCCS

I EE—
DQx —{ 8sh § c1 U_Cz_\)—{ Dk J,_,-’ Dk+1 }_
T [

SRIB]

Read Parameter Page

Read Status Enhanced

LUN Set Features

Reset

Multi-plane

ZQ Calibration Short

Page Cache Program

ZQ Calibration Long

Copyback Program

Reset LUN

Multi-plane

Synchronous Reset
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http://www.onfi.org/

SSD CHALLENGES
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NAND flash limitations

* Block erasure
— Erasure is always at a block level

* Memory wear
— NAND flash memory wears out, typically after 100k to 1M program/erase cycles
— Wear leveling balances write operations among blocks to avoid loss of capacity

e Read disturb

— Frequent reads between erases may change content of nearby cells

— The block’s content must copied over to another location and original block erased
2017
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System complexity

* Performance
— Dominated by controller latency and memory interface speeds
— Parallel NAND operations are required to scale bandwidth and hide latencies
— Fast host interfaces such PCle (NVMe) are required

e Reliability
— Improved through ECC and overprovisioning

* Security

— Encryption
2017,
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Firmware complexity

Host interface .
e SSD controllers are embedded processors executing

firmware-level software functions

/ \ — Bad block mapping
[ Host Interface Layer }

— Read and write caching

Flash Translation Layer — Encryption
(FTL) — Error detection and correction via Error-correcting code (ECC)
Wear Garbage | Bad Block - Garbage coII.ectlon .
Leveling | | Collection || Mapping — Read scrubbing and read disturb management

— Wear leveling
[ Low Level Driver ECC 1
\ / * Flexible to support evolving algorithms and interface standards

- e Optimized to provide highest performance
Nand Flash device P P 8 P T
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VIRTUAL PROTOTYPING
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Why do Virtual Prototyping?

S,

SoC Development

) )

\ Y \ \ Incremental Approach

Shift Left
<€

* Break Dependencies on RTL Availability (by using Transaction Level Models)
* Agile Software Development in Lock Step with Virtual Prototype Development
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Virtualizer Development Kits (VDKs)

®* Software Development Kits that use a Virtual Prototype as a target

* VDK'’s are fully functional models of the system executing target code (SW / FW)

Early Availability
Easier Deployment

Better SW Development
Productivity
 Visibility
« Control and repeatability
« Fault Injection support
» Scriptable

Development board
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Benefits and opportunities for SSD

* Mitigate risk

— Try new software, architectures and components before starting implementation

e Early firmware development

— Develop, integrate and test controller firmware before silicon

e Customer enablement

— Share VDK based Software development platform with device maker

* Improve reliability

— Use fault injection capabilities to ensure robustness of firmware
2017

accellera - V]
© Accellera Systems Initiative 13 CONFERENGE AND EXHIBITION

SYSTEMS INITIATIVE



SSD REFERENCE VDK OVERVIEW
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Methodology reference kits

-

SSD Reference VDK

\

s

-

Bare metal testing SW
For integration test build and source

~N

J

s

SSD firmware
FTL, NAND, PCle driver,...

~

\S

Initial Design
ARM Cluster, memory, ...

Host CPU Sub Your
Interface || System |peripherals

Memory NAND

IF Flash IF | | Storage
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Custom VDK

Integr. Tests
refined

Custom FW
refined

Custom Design
refined

\J

/

X SSD Reference VDK

Jump start your custom VDK Development

Simple Customization of your ARM CPU
subsystem

Extend with your own IP or Synopsys IP
Libraries

Simple Firmware booting out of the box as
a reference

ONFI compliant TLM model examples
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SSD Reference VDK Block Diagram

CPU subsystem FTL firmware

NAND PCle
4

driver | driver

NAND Flash Storage

interface ﬁ
NAND
Controller Flash

interface

a ) Memory
FTL interface

command
DRAM
- SSD device
2017
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SSD Reference VDK Design

* Virtualizer Studio based VDK
e Easy reconfiguration of CPU subsystem

— Any number and types of cores
— Automatic connectivity

e Largest library of TLM models for interface IP
— DesignWare PCle, USB3, SATA

* ONFI compliant configurable TLM models
— NAND Flash controller, including software driver
— NAND Flash memories with configurable number of LUN, planes, blocks, pages, etc.

e Script based FTL command generation with Python or TCL
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SSD Reference VDK in Virtualizer Studio

{} VDK System Browser Build: success

Design Hierarchy l-':lz :{__:-‘} - TestPlatformONF
F SpecFlow VDK Settings VDK Packaging | = Library Manager Interfaces | (<)= Parameters %Ducumentatiﬂn
A\ ﬁ'| = = 2P g ging y g
| t_',fFIE Filter text | Tables :{::p - w Add New EI'I"ZT!I
Mo table selected
4 [} TestPlatformONFI e filter text D Mo table selecte
typ
{f: ggiﬁiﬁ + £ Memory Map Mame: | | Interface: |
{ : CCLPVBUS_M - /CPU_55/CPU/CCI Start: | | Size: |
f“ SYSRST { "t MandFlashController.axi_initiator - /MandFlashs
f,F RAM “: PCle 2.0_EP.BusMaster - /HostlF/PCle 2 0_EP
1.7 DRAM 4 % Interrupt Table Connections
b E ;:Pp_:ﬁ £ GICIRQS - /CPU_SS/CPU/GIC [type fiter text
v Srph= 4 3 Reset Tree =
4 | NandFlashSS £ SYSRSTRST - /SYSRST
i,.; NandFlashController 4 £F Clock Tree 2 MandFlashController.onfiSocket - /MandFlash55/MNandFlashController
fﬂ NandTarget 0 " SYSCLK.CLK - /SYSCLE = MandTarget_0.onfiSocket - /MNandFlashS5/MandTarget 0
{7 NandTarget 1 4 £3 ONFI Network 2 MandTarget_l.onfiSocket - /MNandFlashSS/MandTarget_1
{,.F NandTarget 2 a5 ONFLNW_1 2 MandTarget_2.onfiSocket - /MandFlashS5/MandTarget 2
{..F NandTarget 3 2 MandTarget_3.onfiSocket - /MandFlashS5/MandTarget 3
4 [F HostlF
{ : PCle 2 0_EP
{ : I0_PCle_ 2 0_RC_stub
5 Extend design wsing SpecFlow
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NAND Flash Modeling Approach

e Separate Controller from Target devices
— Explicitly model the NAND Flash interface at the TLM level

* Provide reusable building blocks that encapsulate the NAND Flash protocol details
— Protocol engine(s) can be share across models
— Verify once, reuse many times
— Include best practices for simulation speed using callbacks and analysis instrumentation
* Include solution for model unit-testing
— Based on reusable objects and TLM Creator unit testing framework

* File based implementation to deal with high density storage

— Encapsulated as a reusable ‘Logical Unit” object with debug and analysis instrumentation
— Highly configurable

DESIGN AND VER%QJT?ON"
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ONFI protocol TLM Modeling

é )
NAND Flash Controller a NAND Flash Target A
1 ist config
n registers
socket 7 Ready/Busy ONFE| ONF]|
= callback ONFI ONF|
, protocol protocol Command
Register . socket socket .
callbacks A callbacks  WETVIY
Onfi/dma = ERX j
control | ! Ready b
AC FIFO| | EIFO
\_ FIFO 1 :f ) j _ P )
Protocol engine object allows different levels of :" ,
timing and accuracy on the interface: Protocol engine object Logical Unit object
 Single transfer with overall time (fastest) decodes ONFI commands models the storage

» Separate transfers for command, address and and triggers callbacks
data (more accurate)
7 cmrare sz e M
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Unit-Testing infrastructure

Component Test Setup

Component

Component Test Test Class

Infrastructure <=t

s TLM Creation - Thmer ) Tests/Unittests, Timer Test.ce - Virtuakeer Studio

Fle [dt Sorce Refactor Hovigete Sewrch Promct Fun WP Dgleer Window Heb

= R SR 8 move12.064 -

L Project Explorer B

- ®tamer

- O T TR O

B 8 timerTestHamess. b
Pakefile ifrse .l
Blakefide timer. windows
Lnps vppropct
EirnerTears we 10 sin
timeerTests we 10 woxproj
Rirree FTeitn, ve 1 0. vE & proj ke s
i Tests v 12.5in
timerTests vo 12 vexpro)
i TR, vE 1 2. v NP e

B8 timeriaror h

H0-Q-® G- I -0 G-

=8 = T tinnc @ vimerTest.cc &

vittaal void shutdown|) (
]

Fnethed after 0 secords
B gpowr
l l B o Documentaton void teatAlwayaSucceeda() | Runs: 3 B Errees: B O Fabores: |
i bl i iRy I
M Od el M I rro rM Od el - i Tests SCALZ_JSSERT THAT(true, “reat alvays succeeds®™):
l l w s Unstests ) = B T e (0.04)
¥ oo vpconfigs

void testInterruptEnable [} |
Hem port.weitedd (INT ENABLE, Oxi):

]

wald testContral®egiater() |
Hem pore.wricedl |CONTRCL, Ox100):

SCH.I.Z_J.SS[FI'_I‘!.I.III-!H_DML ceadil [mT_INAlLIl Jequals Bxl) .ute:_mllﬂo;. "test control

SCHLI RECISTER_TEST CROUP [TimsrTest):

Fodieos | 5 ([ cen 130y
= 0 CiC/Ce+nt 5 =8

v ‘J'f.:.:-:'-:Q- o E. ¥

fi bestibwaysSucceeds (0.0 <)
0. testintermuptEnable (0.0 5}
) bestControlf ageber (000 5)

%y Messoges ”Q-l.- i

b timerMurorate.h T =

void write_TheRegister() { §iaar

SystemC Aware

P.write32(TheRegister, 0x01); st ‘ -::f--._.--:-_-.::-_.;--'. .:T.'-',' :.|l=.':l.1 : '?Jf:.f:'::ff'::\'ff". ::_,,.l., g 5
. SCML2_ASSERT_THAT( B /iuiriumt Samers Srebte model under_ test(canst chars ram
Assertions P.read32(PERIOD.equals(0)); N o
} 3 £ Owverride tThis 17 you wan? To culomile Mt ructjon of pur mirror sodel
AvTubl  Ela Tt rrorBase® - Ciebe mleror Eoovl (EaakE Char® fimsd. £

SCML2 ASSERT THAT (condition);

SCML2 ASSERT THAT (socket.read32 (ADDRESS) .equals (value) ;

SCML2 ASSERT THAT (pin.equals(value));

SCML2 ASSERT THAT (pin.equals(value) .after ms (amount)) ;

SCML2 ASSERT THAT (pin.equals(value) .after ns(amount))

SCML2 ASSERT THAT (socket.read32 (ADDR) .equals(val) .after cycles (amount, CLK));
SCML2 ASSERT THAT (socket.read32 (ADDR) .equals(val) .within ms (amount)) ;

SCML2 ASSERT THAT (socket.read32 (ADDR) .equals(val) .within ns(amount)) :

 Automated execution
and reporting

* SystemC aware assertions
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ONFI Unit-Testing example

-

Test harness

-

NAND Flash Controller )

registers

2

Register
callbacks

AC

Ready/Busy
callback

ONFI
protocol
engine

FIFO

FIFO| | FIFO

Onfi/dma
control

r

Mirror
device

~

The test example below:

1. configures the target proxy

2. programs the controller to execute a read page command
3. waits until the command is completed

4. asserts that the command received is the one programmed

sC_cCore:

=apb
=apb
=apb
=apb
>apb
=apb
=apb
=apb

vold test_read_page_operation() {

target_proxy.set_chip_enable(®);
target_proxy.set_ready();
target_proxy.set_data_to_read(tmpData,

gthig-

this-
this-
this-
this-
this-
this-
this-

.write32(AC_FIFO,
.write32(AC_FIFO,
.write32(AC_FIFO,
.write32(AC_FIFO,
.write32(AC_FIFO,
.write32(AC_FIFO,
.write32(AC_FIFO,
.write32(AC_FIFO,

:wailt(target_proxy.

SCML2_ASSERT_THAT(target_proxy.received_command_is(tlm_onfi:

get_end _command_event());

(B_CT_COMMAND|B_WFR | B_CE_@|tlm onfi::READ));
(B_CT_ADDRESS|(column & @xFF}) J;
(B_CT_ADDRESS|((column => 8) & OxF)) );
(B_CT_ADDRESS|(rowAddr & OxFF)}) J;
(B_CT_ADDRESS|((rowAddr >> 8) & OxFF)) );
(B_CT_ADDRESS|((rowAddr == 16) & 0xFF)) );
(B_CT_COMMAND |B_WFR|B_CE_@8|tlm_onfi::READ_PAGE));
(B_CT_READ|B_WFR|B_LC|B_CE_®|B_IWC|(len-1)));

:CMD_READ_PAGE));
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SSD Reference VDK Capabilities

* Execute, debug and test full SSD software stacks

— Debug with full visibility and correlation on software and
hardware events

Automated testing for a large number of scenarios
Analyze software statistics and utilization

* Analyze ONFI metrics
— Utilization of the NAND Flash controller
— Number and type of ONFI commands per memory
— Per block, number of erase operation
— Per page, number of read and program operation
* Configure and inject errors

— Factory defect mapping and dynamic data corruption

accellera
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j4520878628083814 fs

2250 ms. 2256 ms.
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| e— o
o
i
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ONFBUS_STATE(IDLE] TOLE ] [ToCE [IOLE
TIONFI_IOPS 0.0 0.00000 [0.00000 [EESTTZE+18 TZE0088E /15 [0.00000 [1.00000E 12 T0.00000 o000
ONFI_CMD_STATE(SET_FEATURES]
ONFI_CHD_STATE(PROGRAM_PAGE]
ONFI_CHD_STATE(READ_PAGE)
ONFI_CMD_STATE(READ_STATLS) |
ONFI_CHD_STATE(BLOCK_ERASE)
ONFI_CMD_STATEIRESET]
ONFI_CHD_STATE(IDLE] TOLE [IGLE IDLE

I EﬂNFIJUH_EﬁﬂEK__EmE Elock_8300) 2
ONF_LUIK_BLOCK,_ERASE [Block_F3004

] E ‘wrtelbiFage_ ir ]
O wiitelatnP

[ OMA_LUN_BLOCK,_ERASE[E

=00y
DﬂNH‘:U:‘BmE}_ER&SEW:ﬁC?m

I} OMFI_LLIK_BLOCK_ERASE [Bkeck_26000

[ ONFI_ LUK BLOCK, ERASE [Biock_ 7500

B OMFI_LUH_BLOCE ERASEfRlock MO ¢ |

I OMFI_LLIK] BLOCY, ERASE [Elock_3300)

) ONFI_LUK_BLOCK,_ERASE [Block_X200)
DNFI_LUK_BLOCK,_ERASE [Bilack_3000Y
DMFI_LLIN_BLOCKE RASE Biock_ 300§
DNFA_LLIK_BLOCK,_ERASE [ilock_ 2300y

1
1 = 4
I OMFI LU BLOCK_ERASEBiock 25008 o 1

ONFI_LLIK_ FAGE_FrwiabsFisgn_528) 2--|

l:raun_:umms: AfibPige1)
ONFI" LUK BARE Ffihbelace

A Object
TestPlatformONFLMandFlash55 NandTarget_0.ONFL_PE:ONFI_CMD_STATE
TestPlatfoermONFLMNandFlash55. NandTarget_0.ONFI_PE:ONFI_CMD_STATE
TestPlatfermONFL.MandFlash55. NandTarget_0.OMNFI_PE:ONFI_CMD_STATE
TestPlatfermONFL.MandFlash55. NandTarget_0.OMNFI_PE:ONFI_CMD_STATE
TestPlatformONFL.NandFlash55. NandTarget_0.OMNFI_PE:ONFI_CMD_STATE

= State
IDLE
READ_STATUS
READ_PAGE
BLOCK_ERASE
PROGRAM_PAGE

= Count = % Duration
112 98.23%

58 0%

9 1.36%

41 0.01%

4 0.4%
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SSD Reference VDK Software

 SW based on the “Cosmos OpenSSD platform”
— http://www.openssd-project.org HAH?ANG%

- UMIVERSITY

* Page-level mapping ENGCLab
— Emulates the functionality of an HDD
— Every logical page is mapped to a physical page

— Redirect each write request from the host to an empty
area already erased

* Garbage collection
— Reclaim new free blocks for future write requests

— Greedy algorithm: victim block is selected to minimize
search time

e NAND Controller driver

— Provides basic commands: block erase, read page,
program page, read status, etc.

— Provide data corruption fault checking

accel/era © Accellera Systems Initiative 24
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/ Write sequence \

pre-read

DMA host to device

find free page

program SSD

update map

range done?

/ Read sequence \

select a page

logical to physical

read a page unit

range done?
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http://www.openssd-project.org/

Hardware / Software analysis

Scenario: NAND Flash Controller driver performing a reset command

|21 3633500 ns |21 3634 us |21 3634500 ns 213635 us 213635500 ns 213636 us i
|? Function Trace CS5Dzyz: RunDemolCT estBaze®)
. CSSDepz:RunDemol)
AT It andReset(]
F . f . w SedResetunsigned long, unsigned long]
unction trace otf main core v & Find in ourtent contest ; ; —
. Configure - [ CHandFlazhChl: ResetClunsigned long)
rU n n I ng FTL SOftwa re Select Function CMandFlazhChl: Readww ayStatuz{unzigned long)
CMandFlashChil: set_dezcriptor_list{unsigned long.
CHandFlashChl:wait_for_statuz_update[unsigned
M andFlazhiChl: delay[unzigned long
|? Register Trace - F HandFlashCortroller. registers 0= $
o — AC_FIFO=0xf2000 DF2000 § 0xFE0!
NAND Flash Controll — [ TASEr s e
- +] = =Ll b
aS On rO er Caonfigure...| + Platform Developer H —_ AC:FIFD:EDMF'LETE=D>:'I Tl ] [0 B0
bIOCk re isters + — AC_FIFO_STATUS=0x0 g:-:g 3}8(2 g:-:U o
= = INT_STATUS=0x7 N %3 3 o
g - STAT_4=Rx_DMA,_COMPLETE R _DMA_COMPL... [ COMMANDNVAILAELE COMMAND_aAWVAILABLE [R¥_DMA_COMPLETE
- reservedl_30=0x0 Y] \
| — [MT EMARLE=020 0 [[0=0 ¥ [ 02l [ 00
|7 Status Trace U * ¥ MandFlashCaontroller. mode/StatusT race |
Wity TING_AC_FIFD WAITING_aAE FIFD WITING_AC FIFD
NAND Fl as h Contro || er Mt sk COMMAND, SVAILABLE S
. u~- = ONFI_TRAMSFER
internal state Conine. |8 COMHAND_DONE
|? Status Trace U = ¥ MandFlashController.crd/Status T race D !
COMMAND
NAND Flash Controller &t E— — I
U~ = READ
a . - WHRITE
internal processed command type Confgur. | ADDRESS
|7 ONFI_BUS_STATE Trace | OMFI_BUS_STATE[ACTIVE)=ACTIVE —F [ACTIVE |.&CTIVE IIDLE
o . —| OMFI_BUS_STATE[IDLEJ=IDLE
ONFI bus state (Active|ldle) Hak i VLI
[# ONFI_CMD_STATE Trace | ONFI_CMD_STATE[SET FEATURES]
OMFI_CMD_STATE[READ_PAGE)
NAND T #O NadTanpet &M A OMFI_CMD_STATE[READ_STATUS]=READ_ST
arget * 4 Slice By Metric OMFI_CMD_STATE[RESET) . :—
Conti = OMFI_CMD_STATE[IDLE]=IDLE IDLE OLE
ONFI command received | (===
|? ONFI_RB_STATE Trace 4| ONFI_RB_STATE(BLISY)=BLISY [BUSY
AT gt RN FE ~ | ONFI_RE_STATE(READY)=READ'Y FEADY
| > % Slice By Meki =
NAND Target #0 state
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ONFI| Statistic

S

1005 2005 00 4005
[# ONFI_BUS_STATE Stats | LJONFI_BUS_GTATEACTIVE] = 17.2088% |
- - . Nt g | J DNFIBUS_STATE[DLE) =82.7112%
ONFI bus utilization in * ¢ Uization
* % Slice By Metic
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. o o o o o o = o o a8
[+ ONFLIOPS Stats T ONFI_IDFS = 383673 200000
Aanatasi T (N FE -
v ¥ Average -
IOPS ( CycC les per secon d S) E@g 200000 383673 409746 409800 409771 403571 409200
Configure...| 1o 141501
0 DANMWY
[+ ONFI_CMD_STATE Stats E DNFI_CMD_STATE[SET FEATURES| =1 7 h -
DNFI_CMD_STATE(PROGRAM_PAGE)
Num ber a nd t e Of O NFI Manclagret FOAFLAE ] OMFI_CMD_STATE[READ_PAGE] = 610 E10 [E50 [E50 ] [E50 [E50 273 Z0
yp > % Count ] ONFI_CMD_STATE[READ_STATUS) = 512 E12 [E&0 [E43 [E50 (550 [E50 078 249 (1258 703
% Slio By Melrc E OMFI_CMD_STATE(BLOCK_ERASE] : ] 7249 175 8]
v DNFI_CMD_ STATE(RESET] =1
commands per targEt D [~ 1224 [1300 [z (1233 [1300 [T300
Canfigure. .. -
|? ONFI_LUN_BLOCK_ERASE §| ONFI_LUUN_ELOCK_ER&SE
st angat (LENE
Number of erased blocks e
[T
[# ONFI_LUN_PAGE_RW Stats | Wi
p [ Read = 610 600
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* ¥ Mo Slicing |
Number of read and [ 4
. Configure...| ~ PR N T I £50 650 650 | 850 543 |43 550 | 650 650|650
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i prel e
O0'wrikefabsPage 9)
- T e B |
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Factory Defects and Error injection

SSD Reference VDK

Factory defect mapping (scriptable) Inject data corruption (scriptable)

def =et :a::::rg'_ee::i‘.‘_'re{Eelf}:

print( ) def inject data corruption(=zelf, nandIndex) :
for 1 in range(len(self.Nand)): . - -
) print ( )
self.Nand[i].=send command( ]
self.Nand[i].send command( ) zelf .Nand[nandIndex] .send command( )
self.Nand[i].send command/( )
self.Nand[i].=send command/( )
self.Nand[i].send command )
= Simulation Qutput B Console & Details [ Memory [EH UART_PHY &3 = Simulation Cutput ] Console B UART PHY 5% | = Details D |
Bunning Test: CorePe 1) - - SD svstem : BunDemo
PAGE MAP ADDR : S8c

[ s=d page map ini i Call check reguest..
[ checking bkad blocks. reqgquest receiwved..

coe s Configurable
curSect = Ox number of
corrupted bits

F FFd
(=R = -]

&)
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a3
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Wt omwwh
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PrePmBead pdie, ppn = 0, 2
PageRead operation @ row 268 with 10 error bits
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a3
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ILIee page: [V
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overwrite occurs!
[unlink] dieHo = 0, invalidPageCnt= 12, diePbn= 1
 gcMap.head= -1, gcMap.tail= -1
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Error injection analysis

SSD Reference VDK

435295 ms

435300 ms

Software routines checks
and clears the ECC fields
(assuming data integrity is
recovered by ECC hardware)

Error is exposed to the
Software through the
controller registers
(ECC_ERROR_LAST)

Next Read Page operation
triggers ECC error
(detected by the NAND
Flash Controller)

F Function Trace
oot

PrePmRead_HOST_CMD®, unsigned long)

SsdRead(unsigned long, unsigned long, unsigned [
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ST SsdPageR eadunzigned long, unsigned long, unzi [ ]
v_ i [ E:rurrent ] CHandFlashChl: PageR ead(unsigned long, unsign [ ]
Carlfigure.. CHandFlashChl: Readw ayStatusunsigned lang] m—
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= COMP_TYPE=0x0 i \‘ -
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Summary

* SSD market is growing rapidly

e Use Virtual Prototyping to manage SSD development risks and challenges
— Software complexity —> start firmware development months before hardware
— Time to market — enable customers early across the supply chain
— Performance optimization -2 analyze hardware/software interactions and trend
— Data reliability —> validate many (error) scenarios with regression testing

* The SSD Reference VDK is the best starting point to engage!
— Ready out of the box with configurable models and example software
— Easy to customize and match an specific customer design
— Great analysis and scripting capabilities —

accellera - iV
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Thank Youl!
Questions?

tim.kogel@synopsys.com

victor.reyes@synopsys.com
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