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What is Flash

» Obviously, The Flash we are talking
about here is not an Player.

 Here, Flash is short for Flash Memory

» Flash memory iIs an electronic non-
volatile computer storage media that
can be electrically erased and
reprogrammed.

» Introduced by Toshiba in 1984
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What is Flash

» Flash Memory uses Floating-gate(FG)
transistor

» Categorized by the types of FG:
« NOR(&3E|]) Flash
- NAND(53E[7)) Flash

« Today, When we talk about Flash, mostly
it refers to NAND Flash.

« NOR Flash AIUAZFT515%EY, (HEREIRRIS
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Flash Cell

» Flash I FEEES/\EITT
(NAND FIash)

fE' BAEASEXTFlash AN

IR ERVER/\NERTT. (NAND
FIash)
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Flash Cell
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Flash Cell

» SLC: Single-Level Cell —M&Z%5
" JFhELbit £6E(0,1)

» MLC:Multi-Level Cell —MZ%E
| JF=E2bit23E(00,01,10,11)

» TLC:Triple-Level Cell, And you
got the idea.
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Flash Cell
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Flash Media 4BZR%E54

« MWNEIX

« Cell

+ Page/Ta (8KBZI16KBEGREH—IT,A~ZCel (&, Bl
152 HIZ2 16KBRY)

» Block/tR (256 ~ 512T02HR—#2f&LR, 4~ 8MB)

o DIG/LUH/UH‘ (1024 4096/\19%QE5JZ_ I ’LJ\J_I
4GB~16GB)

- Package/$1% (4 ~ 8 HEERE— %€, 16GB~128GB)
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Flash Media 4BZR%E54
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Flash Media [B2/E

1. [ FR{EBITPage/Ta(16KB) 40~80us

+ Read/iE, BN ESEAS, 2B A0 IESE S

» Write/Program/5, X33zl JN0EE ), BB BT fix

ERNIHNFR (One Way). [RFHR{EERTT:
Page/Ta(16KB) 0.5~2ms

. Erase/#Efg, — " B& K ProgramfiiPage, 1E4E
FrProgramz gids SRR (Dirty-> Clear), X324

RH1THER. [RF12{FETT:Block/tR(4MB)
1~4ms
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Flash Media [FF2{E

¢ D

741K/ — =
ek S@ +—|[t's me
/
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Flash Media [FF2{E

¢ D
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Flash Media [FF2{E

k
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Cell &34

GOPS2016 £ Bkiz# K= iR Y| ub



Cell &34
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Cell &34

X

«— K455
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Cell &34

X

«— K455
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Flash Cell Z£3%

o fEEraseldiZH, BT FtRh SEEEZ
BB ERVR S EE D& NFE(KE)

» IRZIRRVEraseNFR RSB ZBEIIFEE NIE

o HMEA Cell FEEBRMUETFEAT—> CellZ3Y

o M— 1 FrYCellZlCellZE53y, Cell#Erasery
IREN

» Flash P/E Cycle (Program/Erase)
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Flash Cell 5234

e« MLC
» HAFIP/E Cycle:5000;%
» P/E Cycle /R%EFlash Media F95&s

» ;FEP/E Cycle, AREFlashiZiEr=RAYE
(WA, WL)

« YJFlash MediaiF TR {EA=200Flash
Mediaf9%&dp
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Flash ZERFAME

A1 —
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Flash ZERFAME

| I T %
A1 —
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Flash ZERFAME

» BT FEFMRSENR < IBHYRE AL

» ANERFlashi<HAASINER, F Mtk PRIB IS
1 AR

- HDRIREZC N E=RELIRER.

. 38 P/E Cycle=0 104

. HanFaRAY P/E Cycle ##21£500089 34
H
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Flash ZERFAME

» BT FEFMRSENR < IBHYRE AL

» ANERFlashi<HAASINER, F Mtk PRIB IS
1 AR

- HDRIREZC N E=RELIRER.

. 38 P/E Cycle=0 104

. HanFaRAY P/E Cycle ##21£500089 34
H
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Flash ZERFAME

» RBUREEBIK LE—T
» RBURMEBK EFE—T
» RBURMEBK EFE—T
- BEREF/R=8
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Flash =59

« SSD is short for Solid State Disk

» Flash Media 2—FfMEARERIFEEN

« Don’ tPanic!

» {#iFlash F=RESLEEMFlash Media®
TR

» Driver/FW(FiR)
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Flash =59

« SSD is short for Solid State Disk

» Flash Media 2—FfMEARERIFEEN

« Don’ tPanic!

» {#iFlash F=RESLEEMFlash Media®
TR

» Driver/FW(FiR)

GOPS2016 £ iz # K< iR Yl uh



Flash }_L|:||:|/|_Elﬁ

 FTL: Flash Translation Layer

 Hintel 124
» Mapping Table + Flash Media&1&#
» VIR SZ RN RIMRGIER

+ BFRFEZINSZEHEU (AREFRY
AEXRE)
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Flash ==

ol
I3
=
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FTL,RAID,OP,GC,WL

» Mapping Table

. —ANKHUER TR (ERORY
SRR

» IFHETEDRAMAR g T {RIEIERE
» BEFRFAMAE
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FTL,RAID,OP,GC,WL

* LUEIRIF
- RAID
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FTL,RAID,GC,WL
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FTL,RAID,OP,GC,WL

» OPT=12{H

- OPHHY, fRiEFlashF=mrliz1T, BIFRYERE
585w

« GC, WL

o LIRS EIRIYE

o LKA ERY ARIEMERE
» BEiRtYE B RUEEdp
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S | m p | e SS D FT I_(Flash Translation Layer)

/ PBA
— Ad-emcmaeaaas A2------ Bl B2

AT
A2
A3
A4
B
B2
B3
B4
C1
C2
C3
C4

—_

A3 A4 : B3 B4

© O N oo O B~ W N

Over

C3 C4 D4

D ..
3F’I’OVISIOI’]

-4 a4
nn =+ O

Physical Capacity = 16page

User Capacity = 12page OP = 25%



Whole Disk Write

B1 B2
Al A2 1 Al xa
Xa Xb Xe X f 2 A2 xb
3 A3 xcC

A3 A4 B3 B4
4 A4 xd
XC Xd X Xh =BT e
o B2 xf

Cl Cc2 D1 D2
/ B3 xg
XI X] 8 B4 xh
C3 C4 D3 D4 9 C1 XI
10 C2 ¥j
XK X| 11 C3  xk
12 C4




| BA 1 xa->vya

B1l B2
A A 1 A1->D1 xa->ya
xa Xb Xe xf 2 A2 Xb
’ 3 A3 XC
A3 A4 B3 B4
4 A4 xd
XC Xd X(Q Xh 5 B e
¢} B2 xf
Cl C2 D1 D2
/ B3 Xg
XI X] ya 8 B4 xh
C3 C4 D3 D4 9 C1 XI
10 C2 X
XK X 11 C3 Xk
12 C4 x|




| BA 2 xb -> yb

B1l B2
A A2 1 D1 ya
XA D X e X f 2 A2->D2  xb->yb
g " 3 A3 XC
A3 A4 B3 B4
4 A4 xd
XC Xd X(Q Xh 5 B e
¢} B2 xf
Cl C2 D1 D2
/ B3 Xg
XI X] ya yb 8 B4 xh
C3 C4 D3 D4 9 CH XI
10 C2 X
XK x| 11 C3 Xk
12 C4 x|




| BA 3xC -> yC

B1l B2
A A 1 D va
xa xD Xe Xf 2 D2 yb
‘ o 3 A3->D3 xc->yc
A3 A4 B3 B4
. 4 A4 xd
XC xd XQ Xh 5 B Xe
' §) B2 xf
Cl C2 D1 D2
/ B3 Xg
XI X] ya yb 8 B4 xh
C3 C4 D3 D4 9 C1 XI
10 C2 X
C
Xk X y 11 C3 xk
12 C4 x|




| BA 5 xe -> ye

Al

L4
L4
L4
L/
Xa
L4
L4
L4

A3

C1l

X
C3

X K

L4
L4
L4

L4
xC
L4

L4
L4

A2

L4
L4
L4
'b'
L4
L4
L4

A4

X d

C2
X}
C4

X|

B1l

B3
XQ
D1

ya

D3

yC

B2

X f

B4

1

© O N oo O B~ W N

-4 a4
nn =+ O

D1
D2
D3
A4
B
B2
B3
B4
C1
C2
C3
C4

ya
yb
yC
xd
Xe
Xf
X9
xh
XI
X]
XK

X

LBA 5 xe ->ye



LBA 5 xe -> ye (error)

B1l B2
Al . Az . 1 D1 ya
xa XD xf 2 D2 yb
' o ' 3 D3 Ve
A3 A4 B3 B4
P 4 A4 xd
X%C xd X9 xh 5 B1->D4 xe->ye
' 6} B2 xf
Cl C2 D1 D2
/ B3 Xg
XI X] ya yb 8 B4 xh
C3 C4 D3 D4 9 CH X
10 C2 X
C
XK x| y ye 11 C3 XK
12 C4 x|

OPzE[r] N /b B — Mree block



Garbage Collection

0 w0 W0 Lw
o1
L0000
DLDDLDD
®
= O O T O + O £ = > X —
B> > > X X XX o x X XX X
o
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Garbage Collection

Over

A3ProvisioﬁA4

XI X]

C3 C4 5
4

XK xI ¢
1

B1l

B3
XQ
D1

ya

D3

yC

B2

X f

B4

X h

D2

D4

xXd

- NN W ~ O

- D W B~ O

GCE | Efree blockAyid 2
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-4 a4
nn =+ O

D1
D2
D3
D4
B
B2
B3
B4
C1
C2
C3
C4

ya

yC
xd
Xe
Xf
X9
xh
XI
X]
XK

X|

oo O &



LBA 5 xe -> ye

B1 B2
Al A2 , 1 D1 ya
xf 2 D2 yb
3 D3 yC
A3 Al B3 B4 5
) 4 4 D4 xd
3 X xh °
- g , 5 B1->A1 xe->ye
1 ! 6 B2 xf
c1 C2 D1 D2
7 B3 XJ
X| X] ya yb N o
c3 ca s D3 bd B ° - ‘
. ; 4 10 C2 X]
3 C X 3
xk xI ¢ y > | 11| c3 Xk
1
1 12 C4 X

Flash write = 17 page

Host write = 16 page

= 1.0625 (Write Amplifier)

life(A)=4
life(B)=5
life(C)=5
life(D)=5



LBA 1vya-> za

Al

A3
Xg
C1l

X
C3

X K

A2

X f

A4

X h

C2
X}
C4

X|

- NN W b

- N W B~ O

B1l

B3

D1

ya

D3

yC

D4

xXd

- NN W ~ O

- D W B~ O

1

© O N oo O B~ W N

-4 a4
nn =+ O

D1
D2
D3
D4
AT
B2->A2
B3->A3
B4->A4
C1
C2
C3
C4

ya
yb
yC
xd
ye
Xt
X9
xh
XI

X]

XK

X|

LBA 1lya->za
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Il

Il

Wear Leveling

L0000
L OO0
“B 5 0 O T O « O £ = = X —
> > > X > XX X X X % X
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FTL,RAID,OP,GC,WL

« GC/WL ®[E]

+ HER

» B HRYEBPRIR BRI ESHE IR FrIR EE
* BIRHERR

+ | HERIFERY

* KA

* BITRBIRAYLCF

N
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